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Notice

1. All information included in this document 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 Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

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

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

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

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

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

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

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

"Specific": Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

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

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

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

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

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

(Note 1) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its majority-
owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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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 Precautionsin 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.

2. 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.

3. 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.

4. 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.

5. Differences between Products

Before changing from one product to another, i.e. to one with a different type number,

confirm that the change will not lead to problems.

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

This manual comprises the following items:

General Precautions in the Handling of MPU/MCU Product
Configuration of This Manual

Preface

Contents

Overview

Description of Functional Modules

¢ CPU and System-Control Modules

e On-Chip Peripheral Modules

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

i) Feature

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

v) Usage Note

o gk~ N PRE

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

7. List of Registers
8. Electrical Characteristics
9. Appendix
¢ Product Type, Package Dimensions, etc.
10. Main Revisions for This Edition (only for revised versions)

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

11. Index

ROLUH0283EJ0400 Rev. 4.00 Page v of xxiv
Aug 22, 2011 RENESAS



Preface

ThisLSl isan RISC (Reduced Instruction Set Computer) microcomputer which includes a
Renesas original RISC CPU asits core, and the peripheral functions required to configure a
system.

Target Users: This manual was written for users who will be using this LS| in the design of
application systems. Target users are expected to understand the fundamental s of
electrical circuits, logical circuits, and microcomputers.

Objective:  Thismanual was written to explain the hardware functions and electrical
characteristics of this LSl to the target users.
Refer to the SH-2A, SH2A-FPU Software Manual for a detailed description of the
instruction set.

Notes on reading this manual:

e |norder to understand the overall functions of the chip

Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions and electrical characteristics.

e |norder to understand the details of the CPU's functions
Read the SH-2A, SH2A-FPU Software Manual.
e Inorder to understand the details of aregister when its name is known

Read the index that isthe final part of the manual to find the page number of the entry on the
register. The addresses, bits, and initial values of the registers are summarized in section 24,
List of Registers.
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o Examples

The notation used for register names, bit names, numbers, and symbolsin this manual is
described below.

(1) Registers
The style (register name)_(channel number) is used in cases where the same or a
similar function is implemented on more than one channel.
Example: CMCSR_0

(2) Bits
When bit names are given in this manual, the higher-order bits are to the left and the
lower-order bits are to the right.
Example: CKS1, CKSO

Gl

Numbers

Binary numbers are given as B'xxxx, hexadecimal are given as H'xxxx, and decimal
are given as Xxxx.

Examples: B'11 or 11, H'EFAO, 1234

=z

Symbols
An overbar is added to the names of active-low signals.
Example: WDTOVF

14.2.2 Compare Match Control/Status Register_0, _{ (CMCSR_0,)CMCSR_1)

CMCSR indicates compar ation, enables or disables interrupts, and selects the counter L

t clock.Generation of § WDTOVF g initializes the TCNT value to 0. I

14.3
14.3.1 Interval Count Operation

‘When an internal clock is selected with lhebils in CMCSR and the STR bit in
CMSTR is set to 1, CMCNT starts incrementing usipg the selected clock. When the values in
CMCNT and the compare match constant register (((MCOR) match, CMCNT is cleared to H'0000
and the CMF flag in CMCSR is set to 1. When the KS1 and CKSO0 bits are set t( t this time,
a /4 clock is selected.

Rev. 0.50, 10/04, page 416 of 914

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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e 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.

[Bit Chart]
Bit:(_15 14 11 7 6 5 4 3 2 1 0
I — | — @Z‘ASIM ‘A@ — ‘ — ‘ — ‘ Q ‘ACMPZ‘ACMFH‘ACMPO‘ IFE I
Initial value: 0 0 0 0 0 0 0 0 0 0 0
RW: RW | RW 9 RW RW RW RW RW RW RW RW RW
F
[Table of Bits] (1) @ ®)
Bitl Bit Name _Initial Value R/W _ Description ‘
15 - i
14 - 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.
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.
Bit name
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) RW
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.
(5) Description
Describes the function of the bit or field and specifies the values for writing.

©

All trademarks and registered trademarks are the property of their respective owners.
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SH7206 Group Section 1 Overview

Section1 Overview

11 SH 7206 Featur es

ThisLSl isasingle-chip RISC (Reduced Instruction Set Computer) microprocessor that integrates
a Renesas original RISC CPU core with peripheral functions required for system configuration.

The CPU inthis LS| has a RISC-type instruction set and uses a superscalar architecture and a
Harvard architecture, which greatly improves instruction execution speed. In addition, the 32-bit
internal-bus architecture enhances data processing power. With this CPU, it has become possible
to assemble low-cost, high-performance, and high-functioning systems, even for applications that
were previously impossible with microprocessors, such as realtime control, which demands high
speeds.

In addition, this LSI includes on-chip peripheral functions necessary for system configuration,
such as a cache, alarge-capacity RAM, adirect memory access controller (DMAC), multi-
function timer pulse units 2 (MTUZ2 and MTU2S), a serial communication interface with FIFO
(SCIF), an A/D converter, aD/A converter, an interrupt controller (INTC), 1/O ports, and I°C bus
interface 3 (11C3).

This LSl also provides an external memory access support function to enable direct connection to
various memory devices or peripheral LSIs.

These on-chip functions significantly reduce costs of designing and manufacturing application
systems.

Furthermore, 1/O pinsin this LS| have weak keeper circuits that prevent the pin voltage from
entering an intermediate potential range. Therefore, no external circuitsto fix the input level are
required, which reduces the parts number considerably.

The features of thisLSI arelisted in table 1.1.
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Section1 Overview SH7206 Group

Tablel.1 SH7206 Features

Items Specification

CPU e Renesas original SuperH architecture
¢ Compatible with SH-1 and SH-2 at object code level
e 32-bit internal data bus
e Support of an abundant register-set
— Sixteen 32-bit general registers
— Four 32-bit control registers
— Four 32-bit system registers
— Register bank for high-speed response to interrupts
e RISC-type instruction set (upward compatible with SH series)
— Instruction length: 16-bit fixed-length basic instructions for improved
code efficiency and 32-bit instructions for high performance and
usability
— Load/store architecture
— Delayed branch instructions
— Instruction set based on C language
e Superscalar architecture to execute two instructions at one time
e Instruction execution time: Up to two instructions/cycle
e Address space: 4 Gbytes
e Internal multiplier
e Five-stage pipeline
e Harvard architecture

Page 2 of 1164 ROLUH0283EJ0400 Rev. 4.00
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SH7206 Group Section 1 Overview

ltems Specification

Cache memory e Instruction cache: 8 Kbytes
e Operand cache: 8 Kbytes

o 128-entry/way, 4-way set associative, 16-byte block length
configuration each for the instruction cache and operand cache

o Write-back, write-through, LRU replacement algorithm

e Way lock function available (only for operand cache); ways 2 and 3
can be locked

Interrupt controller e Seventeen external interrupt pins (NMI, IRQ7 to IRQO, and PINT7 to
(INTC) PINTO)

e On-chip peripheral interrupts: Priority level set for each module

e 16 priority levels available

e Register bank enabling fast register saving and restoring in interrupt

processing
Bus state controller e Address space divided into nine areas (0 to 8), each a maximum of 64
(BSC) Mbytes

e The following features settable for each area independently

— Bus size (8, 16, or 32 bits): Available sizes depend on the area.

— Number of access wait cycles (different wait cycles can be
specified for read and write access cycles in some areas)

— Idle wait cycle insertion (between same area access cycles or
different area access cycles)

— Specifying the memory to be connected to each area enables
direct connection to SRAM, SRAM with byte selection, SDRAM,
and burst ROM (clocked synchronous or asynchronous). The
address/data multiplexed I/0O (MPX) interface and burst MPX-I/O
interface are also available.

— PCMCIA interface

— Outputs a chip select signal (CSO to CS8) according to the target
area (CS assert or negate timing can be selected by software)

e SDRAM refresh
Auto refresh or self refresh mode selectable
e SDRAM burst access
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ltems Specification

Direct memory access ® Eight channels; external request available for four of them
controller (DMAC) e Can be activated by on-chip peripheral modules
e Burst mode and cycle steal mode
¢ Intermittent mode available (16 and 64 cycles supported)
e Transfer information can be automatically reloaded
Clock pulse e Clock mode: Input clock can be selected from external input (EXTAL
generator (CPG) or CKIO) or crystal resonator
e Input clock can be multiplied by 16 (max.) by the internal PLL circuit
e Four types of clocks generated:
— CPU clock: Maximum 200 MHz
— Bus clock: Maximum 66 MHz
— Peripheral clock: Maximum 33 MHz
— MTU clock: Maximum 100 MHz

Watchdog timer ¢ On-chip one-channel watchdog timer

(WDT) e A counter overflow can reset the LS|

Power-down modes e Three power-down modes provided to reduce the current consumption
in this LSI
— Sleep mode

— Software standby mode
— Module standby mode
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Section1 Overview

Items

Specification

Multi-function timer
pulse unit 2 (MTU2)

Maximum 16 lines of pulse input/output and 3 lines of pulse input
based on six channels of 16-bit timers

21 output compare and input capture registers
Input capture function
Pulse output modes

Toggle, PWM, complementary PWM, and reset-synchronized PWM
modes

Synchronization of multiple counters

Complementary PWM output mode

— Non-overlapping waveforms output for 3-phase inverter control
— Automatic dead time setting

— 0% to 100% PWM duty value specifiable

— AJ/D conversion delaying function

— Interrupt skipping at crest or trough

Reset-synchronized PWM mode

Three-phase PWM waveforms in positive and negative phases can be
output with a required duty value

Phase counting mode
Two-phase encoder pulse counting available

Multi-function timer
pulse unit 2S (MTU2S)

Subset of MTU2, included in channels 3to 5
Operating at 100 MHz max.

Port output enable 2
(POE2)

High-impedance control of high-current pins at a falling edge or low-
level input on the POE pin

Compare match timer
(CMT)

Two-channel 16-bit counters
Four types of clock can be selected (P¢/8, P$/32, P$/128, and P¢/512)

DMA transfer request or interrupt request can be issued when a
compare match occurs

Serial communication
interface with FIFO
(SCIF)

Four channels
Clocked synchronous or asynchronous mode selectable

Simultaneous transmission and reception (full-duplex communication)
supported

Dedicated baud rate generator
Separate 16-stage FIFO registers for transmission and reception
Modem control function (in asynchronous mode)
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SH7206 Group

Items

Specification

I°C bus interface 3
(IIC3)

One channel
Master mode and slave mode supported

I/O ports

Input or output can be selected for each bit
Internal weak keeper circuit

A/D converter (ADC)

10-bit resolution

Eight input channels

Conversion can be carried out simultaneously on two channels.
A/D conversion request by the external trigger or timer trigger

D/A converter (DAC)

8-bit resolution
Two output channels

User break controller
(UBC)

Two break channels

Addresses, data values, type of access, and data size can all be set
as break conditions

High-performance

E10A emulator support

user debugging e JTAG-standard pin assignment
interface (H-UDI)
On-chip RAM » Four pages

128-Kbyte large-capacity memory

Power supply voltage

Vcc: 1.15t01.35V
PVcc:3.0t0 3.6 V

Packages

LQFP2424-176Cu (0.5 pitch)

Page 6 of 1164

ROLUH0283EJ0400 Rev. 4.00
RRENESAS Aug 22, 2011



SH7206 Group

Section1 Overview

12

Block Diagram

SH-2A
CPU core

CPU instruction fetch bus (F bus)

< > | CPUbus
(C bu:
CPU memory access bus (M bus) | (| clock)
< >
Instruction Operand . User break -
cg:tigl?er cache memory cache memory O;ggh}l(pb F::SM controller E UBCTRG output
8 Kbytes 8 Kbytes 4 (UBC)
I I I I I Internal bus (I bus) (B clock)
< >
Bus state Peripheral Direct memory - DREQ input
controller eriphera access controller 5 | DACK output
(BSC) bus controller (DMAC) 2 | TEND output

External bus input/output
External bus width mode input

Peripheral bus (P clock)

) 1
i i Multi-function
Pin function Clock pulse Interrupt N:i“nlqt'e'I“”Lﬁ‘s'g” timer pulse Port output Compare
controller 1/0 ports generator (CPG) controller uni’tjz unbit 2t enable 2 match timer
PFC, INTC, subse POE2 CMT)
(PFC) (INTC) (MTU2) WTUBS) ( ) (CMT)
| Port | | Port | | Port | | Port Port | Port
General input/output EXTAL input, RES input, Timer pulse Timer pulse POE input
XTAL output, MRES input, input/output input/output
CKIO input/output, NMI input,
Clock mode input IRQ input,
PINT input,
IRQOUT output
] ! 1 1 I ! I
High-performance 12C bus Serial
P - U communication Watchd
user debugging ov::crjéjeown D/A converter A/D converter interface 3 Intorace ?ircnerog
interface control (DAC) (ADC) (ic3) with FIFO (WDT)
(H-UDI) (SCIF)
o | [ e | [ ]
JTAG input/output Analog output Analog input, ) 12C bus Serial input/output WDTOVF output
ADTRG input input/output

Figure1l.1 Block Diagram
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SH7206 Group

13 Pin Arrangement
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Dlamiocicbia 142 79 B Vee
DI3TIOC4BSPRI O 143 pyss
£
vediis =B Pvccaomocomuocwp&o
D12/TIOC4AS/PD12
o st 14 74 1 BS/RXD2/TIOC2B/UBCTRG/PE7
DH/TIOCIDSDTT g 145 73 BIRQUPOEY/SCLPBZ
D1 omocacsmmo i 7B LQEZB/DACKa/P\NT7/P0EB/PA25
BBTIoGsRs DB o ot 60 BSGRTIOCIA
8/ 3/ 152 SCK2/TI
D7 68 |1 CS1/POES/ DeSPAn
podiss LQFP-176 o8 P RRESTIOCABPET3
D5 :
oidise (Top view) Bprlss
D3 'ss
ves g 126 631 PVce
vee 159 62 I WAIT/DACK2/PA17
D2 160 61 B SCK/TIOC3B/RTS3IPEY
D1 161 60 [ FRAME/CKE/TCLKD/IRQ3/PA9
pVss 162 so v
PVee 163 58 B MD2
— I DO Q164 57 B Vee
CASU/P\NTS/CSS/CE1A[TIC5U/PA21 165 5601 Vss
- ASL/IRQY/POE3/PB5 O 166 55 AIMD_CLKO
WE/ICIOWR/AH/DQMUU/DREQ2/CKE/AUDSYNC/PA16 O 54 g’E}’IAC%/CKE/T\OCAD/IROOUT/PE15
J@
b1 A0/P
b A2 OREQUIRQUISCKOPAZ
[ A24/RxD1/PA3
D A23/TXD1/PA4
D) A22/DREQ1/IRQ1/SCK1/PAS
01 A21/IRQ7/ADTRG/POES/PBY
[ PVss

Figurel.2 Pin Arrangement
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SH7206 Group Section 1 Overview

14 Pin Functions

Table1.2 Pin Functions

Classification Symbol /O  Name Function

Power supply Vce | Power supply Power supply pins. All the Vcc pins
must be connected to the system
power supply. This LSI does not
operate correctly if there is a pin left
open.

Vss | Ground Ground pins. All the Vss pins must
be connected to the system power
supply (0 V). This LSI does not
operate correctly if there is a pin left

open.
PVcc | Power supply for Power supply for 1/O pins. All the
1/O circuits PVcc pins must be connected to the

system power supply. This LSI does
not operate correctly if there is a pin

left open.
PVss | Ground for I/O Ground pins for 1/0 pins. All the
circuits PVss pins must be connected to the

system power supply (0 V). This LSI
does not operate correctly if there is
a pin left open.

PLLVcc | Power supply for Power supply for the on-chip PLL
PLL oscillator.
PLLVss | Ground for PLL  Ground pin for the on-chip PLL
oscillator.
Clock EXTAL | External clock Connected to a crystal resonator.

An external clock signal may also be
input to the EXTAL pin.

XTAL (0] Crystal Connected to a crystal resonator.

CKIO /0 System clock I/O Inputs an external clock or supplies
the system clock to external devices.

ROLUH0283EJ0400 Rev. 4.00 Page 9 of 1164
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SH7206 Group

Classification Symbol /O  Name Function
Operating mode MD2, MDO | Mode set Sets the operating mode. Do not
control change the signal levels on these
pins during operation.
MD_CLK2, | Clock mode set  Sets the clock operating mode. Do
MD_CLKO not change the signal levels on these
pins during operation.
ASEMD | ASE mode If a low level is input at the ASEMD
pin while the RES pin is asserted,
ASE mode is entered; if a high level
is input, product chip mode is
entered.
In ASE mode, the emulator function
is enabled. When this function is not
in use, fix it high.
System control RES | Power-on reset  This LSI enters the power-on reset
state when this signal goes low.
MRES | Manual reset This LSI enters the manual reset
state when this signal goes low.
WDTOVF (0] Watchdog timer  Outputs an overflow signal from the
overflow WDT.
BREQ | Bus-mastership A low level is input to this pin when
request an external device requests the
release of the bus mastership.
BACK (0] Bus-mastership Indicates that the bus mastership
request has been released to an external
acknowledge device. Reception of the BACK
signal informs the device which has
output the BREQ signal that it has
acquired the bus.
Page 10 of 1164 RO1UH0283EJ0400 Rev. 4.00
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Section1 Overview

Classification  Symbol /O  Name Function
Interrupts NMI | Non-maskable Non-maskable interrupt request pin.
interrupt Fix it high when not in use.

IRQ7 to IRQO | Interrupt requests Maskable interrupt request pins.

7100 Level-input or edge-input detection
can be selected. When the edge-
input detection is selected, the rising
edge, falling edge, or both edges can
also be selected.

PINT7 to PINTO | Interrupt requests Maskable interrupt request pins.

700 Only level-input detection can be
selected.

IRQOUT (0] Interrupt request Indicates that an interrupt has

output occurred, enabling external devices
to be informed of an interrupt
occurrence even while the bus
mastership is released.

Address bus A25 to AO o Address bus Outputs addresses.

Data bus D31 to DO /O  Data bus Bidirectional data bus.

Bus control CS81to CSO (0] Chip select 8 to 0 Chip-select signals for external
memory or devices.

RD 0 Read Indicates that data is read from an
external device.

RD/WR 0 Read/write Read/write signal.

BS o] Bus start Bus-cycle start signal.

AH 0 Address hold Address hold timing signal for the
device that uses the address/data-
multiplexed bus.

FRAME (0] FRAME signal Connected to the FRAME signal in
the burst MPX-I/O interface.

WAIT | Wait Input signal for inserting a wait cycle
into the bus cycles during access to
the external space.

WEO (0] Byte select Indicates a write access to bits 7 to 0
of data of external memory or
device.

RO1UH0283EJ0400 Rev. 4.00 Page 11 of 1164
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SH7206 Group

Classification  Symbol /O  Name Function

Bus control WEH1 (0] Byte select Indicates a write access to bits 15 to
8 of data of external memory or
device.

WE2 (0] Byte select Indicates a write access to bits 23 to
16 of data of external memory or
device.

WES3 0] Byte select Indicates a write access to bits 31 to
24 of data of external memory or
device.

DQMLL (0] Byte select Selects bits D7 to DO when SDRAM
is connected.

DQMLU (0] Byte select Selects bits D15 to D8 when SDRAM
is connected.

DQMUL (0] Byte select Selects bits D23 to D16 when
SDRAM is connected.

DQMUU (0] Byte select Selects bits D31 to D24 when
SDRAM is connected.

RASU, RASL (e} RAS Connected to the RAS pin when
SDRAM is connected.

CASU, CASL (0] CAS Connected to the CAS pin when
SDRAM is connected.

CKE (0] CK enable Connected to the CKE pin when
SDRAM is connected.

CE1A, CE1B (e} Lower byte select Connected to PCMCIA card select

for PCMCIA card signals D7 to DO.

CE2A, CE2B (0] Upper byte select Connected to PCMCIA card select

for PCMCIA card signals D15 to D8.

ICIOWR (0] Write strobe for  Connected to the PCMCIA 1/O write

PCMCIA I/O strobe signal.
ICIORD (0] Read strobe for  Connected to the PCMCIA I/O read
PCMCIA I/O strobe signal.
WE 0 Write strobe for  Connected to the PCMCIA memory
PCMCIA memory write strobe signal.
I0IS16 PCMCIA dynamic Fix it low.
bus sizing
REFOUT (0] Refresh request Request signal for refresh execution.
Page 12 of 1164 RO1UH0283EJ0400 Rev. 4.00
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Section1 Overview

Classification  Symbol /O  Name Function
Direct memory DREQ3to I DMA-transfer Input pins to receive external
access controller DREQO request requests for DMA transfer.
(DMAC) DACKS to (0] DMA-transfer Output pins for signals indicating
DACKO request accept  acceptance of external requests from
external devices.
TEND1, TENDO O DMA-transfer end Output pins for DMA transfer end.
output
Multi-function TCLKA, MTU2 timer clock External clock input pins for the
timer pulse unit TCLKB, input timer.
2 (MTU2) TCLKC,
TCLKD
TIOCOA, /O MTU2 input The TGRA_0 to TGRD_0 input
TIOCOB, capture/output capture input/output compare
TIOCOC, compare output/PWM output pins.
TIOCOD (channel 0)
TIOC1A, /O MTUZ2 input The TGRA_1 and TGRB_1 input
TIOC1B capture/output capture input/output compare
compare output/PWM output pins.
(channel 1)
TIOC2A, /O MTUZ2 input The TGRA_2 and TGRB_2 input
TIOC2B capture/output capture input/output compare
compare output/PWM output pins.
(channel 2)
TIOC3A, /O  MTUZ2 input The TGRA_3 to TGRD_3 input
TIOC3B, capture/output capture input/output compare
TIOC3C, compare output/PWM output pins.
TIOC3D (channel 3)
TIOCA4A, /O MTUZ2 input The TGRA_4 and TGRB_4 input
TIOC4B, capture/output capture input/output compare
TIOC4C, compare output/PWM output pins.
TIOC4D (channel 4)
TIOC5U, MTU2 input The TGRU_5, TGRV_5, and
TIOCSV, capture TGRW_5 input capture input/dead
TIOC5W (channel 5) time compensation input pins.
RO1UH0283EJ0400 Rev. 4.00 Page 13 of 1164
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SH7206 Group

Classification  Symbol /O  Name Function
Multi-function TIOC3AS, /O MTU2S input The TGRA_3S to TGRD_3S input
timer pulse unit TIOC3BS, capture/output capture input/output compare
2S (MTU2S) TIOC3CS, compare output/PWM output pins.
TIOC3DS (channel 3)
TIOC4AS, /O MTU2S input The TGRA_4S and TGRB_4S input
TIOC4BS, capture/output capture input/output compare
TIOCA4CS, compare output/PWM output pins.
TIOC4DS (channel 4)
TIOC5US, MTU2S input The TGRU_5S, TGRV_5S, and
TIOC5VS, capture TGRW_5S input capture input/dead
TIOC5WS (channel 5) time compensation input pins.
Port output POES, POE3 to | Port output Request signal input to place the
enable 2 (POE2) POEO control MTU2 high-current pins in the high

impedance state.

POE7 to POE4 | Port output

control

Request signal input to place the
MTU2S high-current pins in the high
impedance state.

Serial
communication
interface with
FIFO (SCIF)

TxD3 to TxDO (0] Transmit data

Data output pins.

RxD3 to RxDO | Receive data

Data input pins.

SCK3to SCKO 1/0  Serial clock Clock input/output pins.
RTS3 0] Transmit request Modem control pin.
CTS3 I Transmit enable  Modem control pin.

I’C bus SCL I/O  Serial clock pin  Serial clock input/output pin.

interface 3 (11C3)

SDA I/O  Serial data pin Serial data input/output pin.
A/D converter AN7 to ANO I Analog input pins Analog input pins.
(ADC)
ADTRG I A/D conversion  External trigger input pin for starting
trigger input A/D conversion.
D/A converter DA1, DAO (0] Analog output Analog output pins.
(DAC) pins
Common to AVcc Analog power Power supply pins for the A/D
analog-related supply converter and D/A converter.
items AVss Analog ground Ground pins for the A/D converter
and D/A converter.
AVref Analog reference Analog reference voltage pins for the
voltage A/D converter and D/A converter.
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Classification Symbol /O  Name Function
I/O ports PA25 to /O General port 23-bit general input/output port pins.
PA16, PA13
to PA11, PA9
to PAO
PB9, PB5, /O  General port 3-bit general input/output port pins.
PB4
PB3, PB2 | General port 2-bit general input port pins.
PC1, PCO /O  General port 2-bit general input/output port pins.
PD31to PD8 I/O  General port 24-bit general input/output port pins.
PE15to PEO 1/O  General port 16-bit general input/output port pins.
PF7 to PFO | General port 8-bit general input port pins.
High-performance  TCK I Test clock Test-clock input pin.
iurig:fgggugg'ng T™MS I Test mode select Test-mode select signal input pin.
(H-UDI) TDI I Test data input  Serial input pin for instructions and
data.
TDO (0] Test data Serial output pin for instructions and
output data.
TRST I Test reset Initialization-signal input pin.
Emulator interface AUDATA3to O AUD data Branch source or destination
AUDATAO address output pins.
AUDCK (0] AUD clock Sync-clock output pin.
AUDSYNC O AUD sync Data start-position acknowledge-
signal signal output pin.
ASEBRKAK O Break mode Indicates that the E10A-USB
acknowledge emulator has entered its break
mode.
ASEBRK I Break request E10A-USB emulator break input pin.
ASEBCK (0] ASECK output Outputs the trace clock of the E10A-
USB emulator.
User break UBCTRG (0] User break Trigger output pin for UBC condition
controller (UBC) trigger output match.
RO1UH0283EJ0400 Rev. 4.00 Page 15 of 1164
Aug 22,2011 RENESAS



SH7206 Group

Section1 Overview

List of Pins

15

List of Pins

Table1.3

5 9 £ < N
.— — (2] - - (2] (2] (2] (2] (2] (2] (2] (2] (2] (2] (2] (2] (2] (2] (2] (2] (2] (2]
SeE 8|55 dld|lalalalalalala B e R i [ e ) [ B e 1
@2 glele ele|elelele|lelele ele|e|lele|lele ele|e
om m 3 > 3 > 3 > 3 > > 3 > > 3 > 3 > > 3 > 3 3
=5 5| 2 | | 2|2|2|2|2|2|2 | 2| 2| 2| 2|22 | 2| &
w L w w w w w w w w w w w w w w w w w w w
Qo
7
s
o
% W [%] 1] [%] 1] [%] 1] [%] 1] 1] [%] 1] 1] [%] 1] [%] 1] 1] [%] 1] [%] [%]
B I = B O I I -3 I - I - S22 2] 2|2 S| =2
B
f I|o O O A O O O O O O O [T
n
i I SN NN RSN U S N U OO U NN Y O AU U AU ISUU AU (U S U AU SN DU SUSUONN) SRS SR N
S 0 .
Q
= [
Z z || w O O A O O O O O O O [ ]
< @
o
- ef I O O A O O O O O O O [ ]
i SRS O NS U S A U HUI U AU S ISU IS ISR ISUN SN AU (SN S U SU SR PUS SN SRR SR N
S °
S £
c <
2 = I O O A O O O O O O O [ ]
c
£
o —
- el 1|2 O O A O O O O O O O [T
= [ R [ P - e o ([ -
S °
Q
sl 5|8
£ z| 18 O O A O O O O O O O [T
- x
£
o —
~ el 1|2 L O O O I O O O O O [T
sl SN S N N S NN U U EU AU NN NS IS A A S IS IS N Y S AU SN SO A R
- %)
S ] <
T 2013 b= I O O I O O O O O O [ ]
£ =
o
1mom Qlo|lo|o|o|lo|o|o]|o olo|lo|o|o|o]| o o|lo|o
c |----- SN U NP SO N U U U U Y AU U AU ISUUR AU (SN U (U AU SN DU SUPNONN) SRS SRS N
S ©
Sl Slel2|8|o|slolslelelslelelsls|8|8s|a|s|alslslslslslslsls
| ZfE|a|g|e ||| << ||| <S> 2| |Q|<|L|2|L|L|>5]|>|2|2|<
£
- N 3] < w © ~ [oe) o - — - — - — - — - - N N N N N N N N N

Aug 22, 2011

ROLUH0283EJ0400 Rev. 4.00
RRENESAS

Page 16 of 1164



Section1 Overview

SH7206 Group

= T
e E|la|3 = < © | o 0 3933193 < | < <
S E S — — — — - — — — — - — - — - - — - -
[a1] o D [ () () () () () (] [ () [ () [ () () [ () (<] ()
© = = = = = = = = = = = = = = = = = =
m ~ > 3 > 3 3 > 3 > 3
58| 3|3 E) E) 3|3 ) 2|l 2|2 2|2|2|2|2 2| 2 k=)
w w (TR [T [T [T (TR L (TR (TR w (TR w w L [T (TR [T
o
=3
:
=
[N
—
X [}
g 2|38 S| 8| 8| 8| 8| 8| 8] 8
28> > S>> >|>|>]|>] =
4
— —
el | e [ ] glo|lo|lo|o| ||o|o [] ]
wn
i SN (RS SN NN NN N N U I U NN N AU ISUU AUUUO NS (PSP (NSO AN SUPURS NP SN SN PPN S [N DR DR R
8 ®
° £ ~ ©
= @ [ o] N ] < 0 co w
=] o N o N {92] 4
z 21 1|k [ ] 70 12|88 |
= o o
o
— —
el | | f f -12 | 2] | || o f f
<
i SN (RS SN NN NN N N U I U NN N AU ISUU AUUUO NS (PSP (NSO AN SUPURS NP SN SN PPN S [N DR DR R
8 o _—
° =
2 £ S| = ) S R
7 z | | f f f = Q| [ 1< | R R I f
w - o | x o C |m
= < T |F
& [
o |l I ]o f f ol —| | [ || o f
=i - o L Y
(=]
= [
Q o i) o -
sl 5|8 N SIS || &) 1|r]g |1
T z i < @ b4
m = a [a) o
Q AR % | g Q
~ = i - i i =| & o =| =& ] i w i i
N 2 Z Z
- SN (RS N N NN NN N U I U NN N ASUPUN ISUU AU SN (SN (NSO A SUPURS NP SR SN PPN SR [N DR DR R
= [
c (e] ~ ) I = o <
7 22 f f elIs|ele1812] 118 f
L i x Q X x (@) < o
c m = [%] [ o n B
£
— —~| =~ —
Qo8 e z o|- e eleje)gel1e|1e19l8 gl e L
y = = = Z 2
o SN (RS SN NN NN N N U I U NN N AU ISUU AUUUO NS (PSP (NSO AN SUPURS NP SN SN PPN S [N DR DR R
gl e ¢le
Qe £ © o » A 8 o o | o | F » o | — » » ©o | n <13 o
S| o sls|2|18l1glé|z|>|8|k|é&| =|2|&|8(z|8|8|a|le|lz|2|g|8|ald o|o|8]8)|8
- s|l<|s|g|S|a|z|F|e|c|a|k|g|a|a|2|ae|a|a|jaja|ja|a]|a|a|a Alal>>]2
g S| =
S o
o — o < 0 © ~ o) (=) o — o [30] < wn © N~ o)

Page 17 of 1164

RENESAS

RO1UHO0283EJ0400 Rev. 4.00

Aug 22, 2011



Section1 Overview

SH7206 Group

Function 1 Function 2 Function 3 Function 4 Function 5 1/0 Buffer

Pin : : : : ! Weak Simplified

NO. | Pin Name E /10 | Pin Name E 110 | Pin Name E /0 | Pin Name E /0 | Pin Name E /0 | keeper | Pull-up | Diagram

59 MDO | I(s) — . — — . — — L — — . — Figure 1.4
1 1 1 1 1

60 PA9 ! /O | TCLKD ! Is) IRQ3 ! I(s) FRAME ' O CKE ! O Yes Figure 1.14

61 PE9 | 1O | TIOC3B ! I(s))O | SCK3 !Isyo| RTS3 | 1O — ' — | Yes Figure 1.14

62 PA17 ! IO WAT ' | DACK2 ! O S — ' — | Yes Figure 1.12
63 PVce \ \ \ \
64 PVss | | | | |
65 PVss | X ? | i
1 1 1 1 1

66 PE13 | /O | TIOC4B | I(s)/O MRES | I(s) — - — - Yes Figure 1.14
[ [ [ [ [

67 CsO | o [ — — = — = — = Yes Figure 1.9

68 PA11 ., /O CsT | O = POE5 . I(s) — o — Yes Figure 1.14

69 PE8 | /O | TIOC3A | I(s)/O SCK2 | I(s)/O — [— — = Yes Figure 1.14
T T T T T

70 PA24 1 IO CE2A |+ © DREQ3 | | PINTE | I(s) — = Yes Figure 1.14

71 PA25 1 /O CE2B + © DACK3 | O PINT7 1 I(s) POE8 1 I(s) | Yes Figure 1.14

72 PB3 1 I(s) IRQ1 1 I(s) POET . I(s) SDA 1 I(s)/ — e Figure 1.13
' ' ' 1 0(0) '

73 PB2 1 I(s) IRQO 1 I(s) POEO 1 I(s) SCL 1 I(s)/ — = Figure 1.13
: : : | 0(0) :
[ [ [ [ [

74 PE7 | I/0 | TIOC2B | I(s)lO RxD2 | I(s) BS e} UBCTRG | O Yes |Figure 1.16

75 PEO | /O | TIOCOA | I(s))O | DREQO . | AUDCK |, O — o — Yes Figure 1.14
76 PVce | | i i i
77 PVss i i i i i
; ; ; ; ;
78 Vss | i i i
79 Vee | : X ,
1 1 1 1 1

80 PE3 « /O | TIOCOD i I(s))O0 | TENDI i O | AUDATA3 i O — = Yes Figure 1.14

81 PAL i o) TXDO i o — i — PINT1 i I(s) CSS/CE1A! o Yes Figure 1.14

82 PE5 1 IO | TIOCIB i I(s)O | TxD3 | O | AUDATAL: O | CSGICETB: O Yes Figure 1.14

83 PEL | VO | TIOCOB ! I(s))O | TENDO i O — = — 1 — | VYes Figure 1.14

84 PE6 1 O | TIOC2A i ()0 | SCK3 1 1(s)O | AUDATAD i O CS7 : O | Yes Figure 1.14

85 PAO 1 1O RXDO 1 I(s) - = PINTO 1 I(s) CS& | O | Yes Figure 1.14

86 PE4 | O | TIOCIA I I(s)O | RxD3 | I(s) | AUDATA2 | O OIST6 1 | Yes Figure 1.14

87 PE2 ! O | TIOCOC ! I(s)/O | DREQL ! | - = — 0 — | Yes Figure 1.14
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Section1 Overview

SH7206 Group

Function 1 Function 2 Function 3 Function 4 Function 5 1/0 Buffer
Pin : : : : ! Weak Simplified
NO. | Pin Name E /10 | Pin Name E 110 | Pin Name E /0 | Pin Name E /0 | Pin Name E /0 | keeper | Pull-up | Diagram
116 ™S ! — — = I — Yes |Figure 1.7
V V V V V
117 PVce \ \ \ \ \
; ; ; ; ;
118 PVss | ' | | '
X X X X X
119 ASEMD | I(s) — T — — T — — T — — T — Figure 1.4
! ! ! ! !
120 TDO e — I — . — — .= — = Figure 1.8
121 PD31 | 1O D31 | IO | ADTRG | | TIOC3AS | I(s)/0 — 1 — | Yes Figure 1.14
: : : : :
122 PD30 | 1O D30 | /O | TRQOUT/ | O | TIOC3CS | I(s)/O — 1 — | Yes Figure 1.14
' ' REFOUT | ' '
! ! ! ! !
123 PD29 | 1O D29 | IO CS3 | o | TiocsBs | I(s)o — 0 — | Yes Figure 1.14
1 1 1 1 1
124 PD28 | IO D28 | IO Cs2 | O | Tiocabs | I(s)o — 1 — | Yes Figure 1.14
1 1 1 1 1
125 PVce | | | | '
: : : : :
126 PVss | ' ' | |
1 1 1 1 1
127 PD27 | 1O D27 | 1O DACKI | O | TIOC4AS ! I(s)iO — 0 — | Yes Figure 1.14
[ [ [ [ [
128 PD26 | 1O D26 | 1O DACKO | O TIOC4BS | I(s)/O — = Yes Figure 1.14
§ § § § §
129 PD25 | I/0 D25 | IO DREQL . | TIOC4CS | I(s)/O — = Yes Figure 1.14
| | | | |
130 PD24 | /O D24 1 IO DREQO i | TIOC4DS | I(s)/0 — - Yes Figure 1.14
7 7 7 7 7
131 PVce i i i i
) ) ) ) )
132 PD23 . 1O D23 1 /O IRQ7 1 I(s) — |\ — | AUDSYNC: O Yes Figure 1.14
: : : : :
133 PVss | | i |
: : : : :
134 PD22 1 I/O D22 . IO IRQ6 1 I(s) | TICBUS 1 I(s) | AUDCK 1 O Yes Figure 1.14
135 PD21 1 1O D21 1 1O IRQ5 1 I(s) | TIC5VS 1 I(s) — 1 — | Yes Figure 1.14
136 PD20 | 1O D20 | IO IRQ4 | Is) | TICSWS | I(s) — 1 — | Yes Figure 1.14
137 PD19 i 1O D19 i 1O IRQ3 1 I(s) POE7 | I(s) | AUDATA3 | © Yes Figure 1.14
138 PDI8 1 1O D18 | 1O IRQ2 1 I(s) FOE6 | I(s) | AUDATA2 | O | Yes Figure 1.14
139 PD17 i 1O D17 1 1O IRQL 1 I(s) POE5 | I(s) | AUDATAL | O | Yes Figure 1.14
140 PD16 ! 1O D16 ! 1O IRQD 1 I(s) POE4 | I(s) | AUDATAO | O | Yes Figure 1.14
41| PDI5 WO | D15 | WO — 1 — | mocaps tigio | — 1 — | ves Figure 1.14
142 PD14 | 1O Dl4 ! 1O — ' — | Tioc4cs ! is)o — 0 — | Yes Figure 1.14
43| Pp13 ' wo | D13 ! WO — 1 — | Tocass ‘0|  — 1 — | Yes Figure 1.14
144 Vss E E E E E
145 vee ! ' ' ' '
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SH7206 Group

Section1 Overview

Function 1 Function 2 Function 3 Function 4 Function 5 1/0 Buffer
Pin : : : : ! Weak Simplified
NO. | Pin Name E /10 | Pin Namei 110 | Pin Name E /0 | Pin Name E /10 | Pin Name E /0 | keeper | Pull-up | Diagram
146 PD12 ! 1O D12 ' /O — ' — | TIOC4AS !I(s)iO — ' — | Yes Figure 1.14
y y y y y
147 PVss \ \ \ \ \
148 PDI11 ! I/O D11 | IO — ' — | Tioc3Ds ! I(s)/o — ' — | Yes Figure 1.14
149 PVce | , , , ,
150 PD10 | 1O D10 ! IO — | — | Tiocscs ! is)io — ' — | Yes Figure 1.14
151 PD9 | /O D9 \ o — HEE— TIOC3BS | I(s)/O — y - Yes Figure 1.14
152 PD8 | 1O D8 | 1O — | — | TIOC3AS ! I(s)iO — 0 — | Yes Figure 1.14
1 1 1 1 1
153 D7 1o —_ 4 - — = — = — [ Yes Figure 1.12
[ [ [ [ [
154 D6 (e} [ — — = — = — = Yes Figure 1.12
155 D5 1o — 1 = — = — = — o — Yes Figure 1.12
156 D4 o S — = — [— — = Yes Figure 1.12
T T T T T
157 D3 o N - 1 = — = — = Yes Figure 1.12
158 Vss i | : X X
159 Vee i i | ?
160 D2 1 IO I — - = I - - = Yes Figure 1.12
161 D1 i 110 — i — — i — — i — — i — | ves Figure 1.12
162 PVss
163 PVec |
164 DO I 1O - = - = - = — 0 — | Yes Figure 1.12
165 PA21 | O |CSECETA! O CASU | © TIC5U 1 1(s) PINTS 1 I(s) | Yes Figure 1.14
166 PB5 1 10 IRQ3 1 I(s) POE3 ! I(s) CASL | © — 1 — | Yes Figure 1.14
167 PALS ! 1O WEZ O DREQ2 ! | |AUDSYNC:! O CKE | O | Yes Figure 1.12
DQMUU/ |
i AHL i : :
1 ICIOWR 1 i i i
168 PA6 1 IO | TCLKA 1 I(s) Cs2 . o — = — = Yes Figure 1.14
169 PA7 1 IO | TCLKB 1 I(s) Cs3 . © I - B Yes Figure 1.14
170 PA23 1 IO WE3/ : O - 4 = TICSW 1 I(s) — e Yes Figure 1.14
i DQMUU/ | i i i
| AHI ? | |
' [CIOWR ! ' ' '
RO1UH0283EJ0400 Rev. 4.00 Page 21 of 1164
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Section1 Overview

SH7206 Group

Function 1 Function 2 Function 3 Function 4 Function 5 1/0 Buffer
Pin ! ! ! ! ! Weak Simplified
NO. | Pin Name E /10 | Pin Namei 110 | Pin Name E /0 | Pin Name E /0 | Pin Name E /0 | keeper | Pull-up | Diagram
171 PA22 110 WE2/ o — — TIC5V I(s) — — | Yes Figure 1.14
DQMUL/ !
[CIORD |
172 PAI3 I VO | WET ! O B POE7 1 I(s) — 0 — | Yes Figure 1.14
DQMLU/ |
i WE | i i i
173 PAL2 i le) WEO/ i o — i — POE6 i I(s) — i — | ves Figure 1.14
i DQMLL | i i )
174 PB4 1 IO IRQ2 1 I(s) POEZ 1 I(s) RASL : O B Yes Figure 1.14
175 PA20 : 1/O ts4 . o RASU : O — f— PINT4A 1 I(s) | VYes Figure 1.14
176 PVce i i i i
[Legend]
(s): Schmitt
(a): Analog
(0): Open-drain
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SH7206 Group Section 1 Overview

xouT (xTAL) [X] - ) T)o— Input clock

1
T
]

XIN (EXTAL) [X]

b

Input enable

Figure1.3 Simplified Circuit Diagram (Oscillation Buffer)

Y

Input data

Figure1.4 Simplified Circuit Diagram (Schmitt Input Buffer)

PAD

Input data

b

Input enable

Figure1.5 Simplified Circuit Diagram (Schmitt OR Input Buffer)

PVce

PAD

Input data

Input enable

Figure1.6 Simplified Circuit Diagram (Schmitt OR Input Buffer with Pull-Up)
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Section1 Overview SH7206 Group

PVce

PAD

Input data

ER

Input enable

Figure 1.7 Simplified Circuit Diagram (TTL OR Input Buffer with Pull-Up)

Output enable
PAD

Output data

T

Figure1.8 Simplified Circuit Diagram (Output Buffer with Enable)

Output enable
PAD

Output data

ok

Figure1.9 Simplified Circuit Diagram (Output Buffer with Enable and Weak K eeper)

PVcc

Output enable
PAD

Output data

Figure1.10 Simplified Circuit Diagram (Output Buffer with Enable and Pull-Up)
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SH7206 Group Section 1 Overview

Output enable
PAD
Output data

- dataﬁ
Input enable

Figure1.11 Simplified Circuit Diagram (Bidirectional Buffer, TTL OR Input)

Output enable
PAD

Output data |

- dataﬂ
Input enable

Figure1.12 Simplified Circuit Diagram (Bidirectional Buffer, TTL OR Input, with Weak
K eeper)

PAD

Output data

- dataﬂ
Input enable

Figure1.13 Simplified Circuit Diagram (Open-Drain Output, Schmitt OR Input Buffer)
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Section1 Overview SH7206 Group

Output enable
PAD

Output data I
TTL input data ﬂ
TTL input enable
Schmitt input dataﬂ
Schmitt input enable

Figure1.14 Simplified Circuit Diagram (Bidirectional Buffer, TTL OR Input, Schmitt OR
Input, with Weak K eeper)

PVcc

Output enable
PAD

Output data

- dataﬁ
Input enable

Figure1.15 Simplified Circuit Diagram (Bidirectional Buffer, Schmitt OR Input, with Pull-
Up)
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PVce

Output enable
PAD

Output data

TTL input data

TTL input enable

Schmitt input data

aloy

Schmitt input enable

Figure1.16 Simplified Circuit Diagram (Bidirectional Buffer, TTL OR Input, Schmitt OR
Input, with Pull-Up)

A/D analog input enable 0

A/D analog input data 0

A/D analog input enable 1

PAD
A/D analog input data 1

TTL input data

pep

TTL input enable

Figure1.17 Simplified Circuit Diagram (TTL OR Input, Common Buffer for
A/D 2-Channel Input)
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D/A analog output enable

D/A analog output data

A/D analog input enable 0

A/D analog input data 0

A/D analog input enable 1

PAD
A/D analog input data 1

TTL input data

LGalaka

TTL input enable

Figure1.18 Simplified Circuit Diagram (TTL OR Input, Common Buffer for
A/D 2-Channel Input and D/A Output)
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SH7206 Group Section 2 CPU

Section2 CPU

2.1 Register Configuration

The register set consists of sixteen 32-bit general registers, four 32-bit control registers, and four
32-hit system registers.

211 General Registers
Figure 2.1 shows the genera registers.

The sixteen 32-bit general registers are numbered RO to R15. General registers are used for data
processing and address calculation. RO is aso used as an index register. Several instructions have
RO fixed as their only usable register. R15 is used as the hardware stack pointer (SP). Saving and
restoring the status register (SR) and program counter (PC) in exception handling is accomplished
by referencing the stack using R15.

31 0
Ro"!
R1

R2
R3
R4

R5
R6
R7
R8
R9
R10
R11

R12

R13
R14
R15, SP (hardware stack pointer)*2

Notes: 1. RO functions as an index register in the indexed register indirect addressing mode and indexed GBR indirect
addressing mode. In some instructions, RO functions as a fixed source register or destination register.
2. R15 functions as a hardware stack pointer (SP) during exception processing.

Figure2.1 General Registers
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212 Control Registers

The control registers consist of four 32-bit registers: the status register (SR), the global base
register (GBR), the vector base register (VBR), and the jump table base register (TBR).

The status register indicates instruction processing states.

The global base register functions as a base address for the GBR indirect addressing mode to
transfer data to the registers of on-chip peripheral modules.

The vector base register functions as the base address of the exception handling vector area
(including interrupts).

The jump table base register functions as the base address of the function table area.

31 1413 9876543210

| BOCS---M Q 13:0] -- s T| Status register (SR)

31 0

[ GBR | Global base register (GBR)

31 0

[ VBR | Vector base register (VBR)

31 0

I TBR | Jump table base register (TBR)

Figure2.2 Control Registers
(1) StatusRegister (SR)

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

[ - leofoes| - [ -] -Jmulal 150 [ - -[s]r]
Intialvaie: 0 0 0O 0 0 0 - - 1 1 1t o o - -

RW. R RW RW R R R RW RW RW RW RW RW R R RW RW
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Bit Bit Name |Initial Value R/W Description

31to 15 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

14 BO 0 R/W BO Bit
Indicates that a register bank has overflowed.
13 Cs 0 R/W CS Bit

Indicates that, in CLIP instruction execution, the value
has exceeded the saturation upper-limit value or
fallen below the saturation lower-limit value.

12t0 10 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

M — R/W M Bit
Q — R/W  QBit
Used by the DIVOS, DIVOU, and DIV1 instructions.
7t04 1[3:0] 1111 R/W Interrupt Mask Level
3,2 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

1 S — R/W S Bit
Specifies a saturation operation for a MAC
instruction.

0 T — R/W T Bit

True/false condition or carry/borrow bit

(2) Global Base Register (GBR)
GBR isreferenced as the base address in a GBR-referencing MOV instruction.
(3) Vector Base Register (VBR)

VBR isreferenced as the branch destination base address in the event of an exception or an
interrupt.

(4) Jump Table Base Register (TBR)

TBR isreferenced as the start address of a function table located in memory in a
JSR/N@@(disp8, TBR) table-referencing subroutine call instruction.
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213 System Registers

The system registers consist of four 32-bit registers. the high and low multiply and accumulate
registers (MACH and MACL), the procedure register (PR), and the program counter (PC). MACH
and MACL store the results of multiply or multiply and accumulate operations. PR stores the
return address from a subroutine procedure. PC points four bytes ahead of the current instruction
and controls the flow of the processing.

31 0 Multiply and accumulate register high (MACH) and multiply

MACH and accumulate register low (MACL):

MACL Store the results of multiply or multiply and accumulate operations.
31 0

Procedure register (PR):

| PR | Stores the return address from a subroutine procedure.
31 0 Program counter (PC):
| PC | Indicates the four bytes ahead of the current instruction.

Figure2.3 System Registers

() Multiply and Accumulate Register High (MACH) and Multiply and Accumulate
Register Low (MACL)

MACH and MACL are used as the addition value in aMAC instruction, and store the result of a
MAC or MUL instruction.

(2) ProcedureRegister (PR)

PR stores the return address of a subroutine call using a BSR, BSRF, or JSR instruction, and is
referenced by a subroutine return instruction (RTS).

(3) Program Counter (PC)

PC points four bytes ahead of the instruction being executed.
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214 Register Banks

For the nineteen 32-bit registers comprising general registers RO to R14, control register GBR, and
system registers MACH, MACL, and PR, high-speed register saving and restoration can be carried
out using aregister bank. The register contents are automatically saved in the bank after the CPU
accepts an interrupt that uses aregister bank. Restoration from the bank is executed by issuing a
RESBANK instruction in an interrupt processing routine.

ThisLSI has 15 banks. For details, see the SH-2A, SH2A-FPU Software Manual and section 5.8,
Register Banks.

215 Initial Values of Registers
Table 2.1 lists the values of the registers after areset.

Table2.1 Initial Values of Registers

Classification Register Initial Value
General registers RO to R14 Undefined
R15 (SP) Value of the stack pointer in the vector
address table
Control registers SR Bits I[3:0] are 1111 (H'F), BO and CS are
0, reserved bits are 0, and other bits are
undefined
GBR, TBR Undefined
VBR H'00000000
System registers MACH, MACL, PR Undefined
PC Value of the program counter in the vector

address table
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2.2 Data Formats

221 Data Format in Registers

Register operands are always longwords (32 bits). If the size of memory operand is a byte (8 bits)
or aword (16 bits), it is changed into alongword by expanding the sign-part when loaded into a
register.

31 0

Longword

Figure2.4 DataFormat in Registers

222 Data Formatsin Memory

Memory dataformats are classified into bytes, words, and longwords. Memory can be accessed in
8-bit bytes, 16-bit words, or 32-bit longwords. A memory operand of fewer than 32 bitsis stored
in aregister in sign-extended or zero-extended form.

A word operand should be accessed at a word boundary (an even address of multiple of two bytes:
address 2n), and alongword operand at alongword boundary (an even address of multiple of four
bytes: address 4n). Otherwise, an address error will occur. A byte operand can be accessed at any

address.

Only big-endian byte order can be selected for the data format.

Dataformatsin memory are shown in figure 2.5.

Address m + 1 Address m + 3
Address m Address m + 2
31 23 15 l 7 0]
Byte | Byte Byte | Byte
Address 2n —»; Word Word

1

Address 4n —» Longword

Big endian

Figure2.5 DataFormatsin Memory
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2.2.3 Immediate Data For mat

Byte (8-bit) immediate data is located in an instruction code. Immediate data accessed by the
MOV, ADD, and CMP/EQ instructions is sign-extended and handled in registers as longword
data. Immediate data accessed by the TST, AND, OR, and XOR instructions is zero-extended and
handled as longword data. Consequently, AND instructions with immediate data always clear the
upper 24 bits of the destination register.

20-bit immediate data is located in the code of aMOV120 or MOV 120S 32-hit transfer instruction.
The MOV 120 instruction stores immediate data in the destination register in sign-extended form.
The MOV I120S instruction shifts immediate data by eight bits in the upper direction, and stores it
in the destination register in sign-extended form.

Word or longword immediate data is not located in the instruction code, but rather isstoredin a
memory table. The memory tableis accessed by an immediate data transfer instruction (MOV)
using the PC relative addressing mode with displacement.

See examples given in section 2.3.1 (10), Immediate Data.
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2.3 I nstruction Features

231 RISC-Type Instruction Set

Instructions are RISC type. This section details their functions.

(1) 16-Bit Fixed-Length Instructions

Basic instructions have a fixed length of 16 bits, improving program code efficiency.
(2) 32-Bit Fixed-Length Instructions

The SH-2A additionally features 32-bit fixed-length instructions, improving performance and ease
of use.

(3) Onelnstruction per State
Each basic instruction can be executed in one cycle using the pipeline system.
(4) DatalLength

Longword isthe standard data length for all operations. Memory can be accessed in bytes, words,
or longwords. Byte or word datain memory is sign-extended and handled as longword data.
Immediate data is sign-extended for arithmetic operations or zero-extended for logic operations. It
is also handled as longword data.

Table2.2 Sign Extension of Word Data

SH2-A CPU Description Example of Other CPU

MOV . W @(disp, PC),R1 Datais sign-extendedto 32 ADD.W #H'1234,R0
bits, and R1 becomes

ADD R1,R0O )
H'00001234. It is next
"""""" operated upon by an ADD
.DATA.W H'1234 instruction.

Note: @(disp, PC) accesses the immediate data.

(5) Load-StoreArchitecture

Basic operations are executed between registers. For operations that involve memory access, data
isloaded to the registers and executed (load-store architecture). Instructions such as AND that
manipulate bits, however, are executed directly in memory.
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(6) Delayed Branch Instructions

With the exception of some instructions, unconditional branch instructions, etc., are executed as
delayed branch instructions. With a delayed branch instruction, the branch is taken after execution
of the instruction immediately following the delayed branch instruction. This reduces disturbance
of the pipeline control when abranch is taken.

In a delayed branch, the actual branch operation occurs after execution of the slot instruction.
However, instruction execution such as register updating excluding the actual branch operation, is
performed in the order of delayed branch instruction — delay slot instruction. For example, even
though the contents of the register holding the branch destination address are changed in the delay
slot, the branch destination address remains as the register contents prior to the change.

Table2.3 Delayed Branch Instructions

SH-2A CPU Description Example of Other CPU

BRA TRGET Executes the ADD before ADD.W R1,RO

branching to TRGET.

ADD R1,RO BRA TRGET

(7) Unconditional Branch Instructionswith No Delay Slot

The SH-2A additionally features unconditional branch instructionsin which adelay slot
instruction is not executed. This eliminates unnecessary NOP instructions, and so reduces the code
size.

(8) Multiply/Multiply-and-Accumulate Operations

16-bit x 16-bit — 32-bit multiply operations are executed in one to two cycles. 16-bit x 16-bit +
64-bit — 64-bit multiply-and-accumul ate operations are executed in two to three cycles. 32-bit x
32-bit — 64-bit multiply and 32-bit x 32-bit + 64-bit — 64-bit multiply-and-accumulate
operations are executed in two to four cycles.

(9) T Bit

The T bit in the status register (SR) changes according to the result of the comparison. Whether a
conditional branch istaken or not taken depends upon the T bit condition (true/false). The number
of instructions that change the T bit is kept to a minimum to improve the processing speed.
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Table2.4 T Bit

SH-2A CPU Description Example of Other CPU
CMP/GE R1,RO T bit is set when RO > R1. CMP.W RI1,RO0
BT TRGETO The program branches to TRGETO BGE TRGETO
BF TRGET1 when RO > R1 and to TRGET1 BLT TRGET1
when RO < R1.
ADD #-1,R0 T bit is not changed by ADD. SUB.W #1,R0
CMP/EQ #0,RO T bit is set when RO = 0. BEQ TRGET
BT TRGET The program branches if RO = 0.

(10) Immediate Data

Byte immediate datais located in an instruction code. Word or longword immediate data is not
located in instruction codes but in a memory table. The memory table is accessed by an immediate
datatransfer instruction (MOV) using the PC relative addressing mode with displacement.

With the SH-2A, 17- to 28-bit immediate data can be located in an instruction code. However, for
21- to 28-bit immediate data, an OR instruction must be executed after the datais transferred to a
register.

Table25 Immediate Data Accessing

Classification SH-2A CPU Example of Other CPU

8-bit immediate MOV #H'12,R0 MOV.B #H'12,R0

16-bit immediate MOVI20 #H'1234,R0 MOV.W #H'1234,R0

20-bitimmediate  MOVI20 #H'12345,R0 MOV.L #H'12345,R0

28-bit immediate MOVI20S #H'12345,R0 MOV.L #H'1234567,R0
OR #H'67,R0

32-bitimmediate MOV.L @(disp, PC),RO MOV.L #H'12345678,R0
.DATA.L H'12345678

Note: @(disp, PC) accesses the immediate data.
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(11) Absolute Address

When datais accessed by an absolute address, the absolute address value should be placed in the
memory table in advance. That value is transferred to the register by loading the immediate data
during the execution of the instruction, and the data is accessed in register indirect addressing
mode.

With the SH-2A, when dataiis referenced using an absolute address not exceeding 28 bits, it isalso
possible to transfer immediate data located in the instruction code to aregister and to reference the
datain register indirect addressing mode. However, when referencing data using an absolute
address of 21 to 28 bits, an OR instruction must be used after the data is transferred to aregister.

Table2.6  Absolute Address Accessing

Classification SH-2A CPU Example of Other CPU

Up to 20 bits MOVI20 #H'12345,R1 MOV.B @H'12345,R0
MOV .B @R1,R0

21 to 28 bits MOVI20S #H'12345,R1 MOV.B @H'1234567,R0
OR #H'67,R1
MOV.B @R1,RO

29 bits or more MOV . L @(disp, PC),R1 MOV.B @H'12345678,R0
MOV.B @R1,RO

.DATA.L H'12345678

(12) 16-Bit/32-Bit Displacement

When datais accessed by 16-bit or 32-bit displacement, the displacement value should be placed
in the memory table in advance. That value istransferred to the register by loading the immediate
data during the execution of the instruction, and the data is accessed in the indexed indirect
register addressing mode.

Table2.7 Displacement Accessing

Classification SH-2A CPU Example of Other CPU
16-bit displacement MOV.W @(disp,PC),RO MOV.W @(H'1234,R1),R2
MOV . W @(RO,R1),R2

.DATA.W H'1234
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SH7206 Group

232 Addressing Modes

Addressing modes and effective address calculation are as follows:

Table2.8 Addressing Modes and Effective Addr esses

Addressing Instruction
Mode Format Effective Address Calculation Equation
Register direct Rn The effective address is register Rn. (The operand —
is the contents of register Rn.)
Register indirect @rRn The effective address is the contents of register Rn. Rn
Register indirect @Rn+ The effective address is the contents of register Rn. Rn
with post- A constant is added to the contents of Rn after the (After
increment instruction is executed. 1 is added for a byte instruction
operation, 2 for a word operation, and 4 for a execution)
longword operation.
Byte:
Rn+1— Rn
Word:
Rn+2 — Rn
Longword:
Rn+4 —>Rn
Register indirect @-Rn The effective address is the value obtained by Byte:
with pre- subtracting a constant from Rn. 1 is subtracted for Rn—-1— Rn
decrement a byte operation, 2 for a word operation, and 4 for Word:
a longword operation. RN — 2 S Rn
Longword:
Rn—-4 —> Rn

(Instruction is
executed with
Rn after this
calculation)
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Addressing
Mode Effective Address Calculation Equation
Register indirect @ (disp:4, The effective address is the sum of Rn and a 4-bit Byte:
with displacement (disp). The value of disp is zero- Rn + disp
displacement extended, and remains unchanged for a byte Word:
operation, is doubled for a word operation, and is Rn + disp x 2
quadrupled for a longword operation.
Longword:
Rn Rn + disp x 4
disp + Rn + disp x 1/2/4
(zero-extended)
X
1/2/4
Register indirect @ (disp:12, The effective address is the sum of Rn and a 12- Byte:
with bit Rn + disp
displacement displacement (disp). The value of disp is zero- Word:
extended. Rn + disp
Longword:
Rn + disp
disp
(zero-extended)
Indexed register @ (R0, Rn) The effective address is the sum of Rn and RO. Rn + RO
indirect
©
GBR indirect The effective address is the sum of GBR value Byte:
with and an 8-bit displacement (disp). The value of GBR + disp
displacement disp is zero-extended, and remains unchanged for Word:
a byte operation, is doubled for a word operation, GBR + disp x 2
and is quadrupled for a longword operation.
Longword:
GBR + disp x 4

disp
(zero-extended)

GBR
+ disp x 1/2/4
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Addressing Instruction
Mode Format Effective Address Calculation Equation
Indexed GBR @ (RO, GBR) The effective address is the sum of GBR value GBR + RO
indirect and RO.
TBR duplicate @@ The effective address is the sum of TBR value Contents of
indirect with (disp:8, and an 8-bit displacement (disp). The value of address (TBR
displacement TBR) disp is zero-extended, and is multiplied by 4. + disp x 4)
disp TBR
(zero-extended) +disp x 4 —|
(TBR
+ disp x 4)
PC indirect with @ (disp:8, The effective address is the sum of PC value and Word:
displacement PC) an 8-bit displacement (disp). The value of dispis PC + disp x 2
zero-e_xtended, and is doubled for a word Longword:
operation, and quadrupled for a longword PC &
operation. For a longword operation, the lowest H'EFEEEEEC +
two bits of the PC value are masked. disp x 4

HFFFFFFFC

9 (for longword)

PC + disp x 2
or
PC & H'FFFFFFFC

disp + disp x 4
(zero-extended)
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Addressing Instruction

Mode Format Effective Address Calculation Equation

PC relative disp:8 The effective address is the sum of PC value and PC + disp x 2

the value that is obtained by doubling the sign-
extended 8-bit displacement (disp).

disp
(sign-extended)

PC + disp x 2

disp:12

The effective address is the sum of PC value and PC + disp x 2
the value that is obtained by doubling the sign-
extended 12-bit displacement (disp).

disp
(sign-extended)

Rn

PC +Rn

RO1UHO0283EJ0400 Rev. 4.00
Aug 22, 2011

Page 43 of 1164

RENESAS



Section2 CPU

SH7206 Group

Addressing Instruction
Mode Format Effective Address Calculation Equation
Immediate #imm:20 The 20-bit immediate data (imm) for the MOVI20 —

instruction is sign-extended.

31 19 0

ign- | - -
imm (20 bis)

The 20-bit immediate data (imm) for the MOVI20S —
instruction is shifted by eight bits to the left, the

upper bits are sign-extended, and the lower bits are
padded with zero.

3127 8 0

[ Jimm (20 bits) 00000000

Sign-extended

#imm: The 8-bit immediate data (imm) for the TST, AND, —
OR, and XOR instructions is zero-extended.

#imm: The 8-bit immediate data (imm) for the MOV, ADD, —
and CMP/EQ instructions is sign-extended.

#imm: The 8-bit immediate data (imm) for the TRAPA —
instruction is zero-extended and then quadrupled.

#imm: The 3-bit immediate data (imm) for the BAND, BOR, —

BXOR, BST, BLD, BSET, and BCLR instructions
indicates the target bit location.

Page 44 of 1164

ROLUH0283EJ0400 Rev. 4.00
RRENESAS Aug 22, 2011



SH7206 Group

Section2 CPU

2.3.3 Instruction Format

Theinstruction formats and the meaning of source and destination operands are described below.
The meaning of the operand depends on the instruction code. The symbols used are as follows:

e Xxxxx: Instruction code
e mmmm: Source register
e nnnn: Destination register

e iii: Immediate data
e dddd: Displacement

Table2.9 Instruction Formats
Source Destination
Instruction Formats Operand Operand Example
0 format — — NOP
15
| KXXX XXXX XXXX XXXX |
n format — nnnn: Register MOVT Rn
15 direct
| oo | ““““' oo XXXX' Control register or  nnnn: Register STS  MACH,Rn
system register direct
RO (Register direct) nnnn: Register DIVU RO,Rn
direct
Control register or  nnnn: Register STC.L SR,@-Rn
system register indirect with pre-
decrement
mmmm: Register R15 (Register MOVMU. L,
direct indirect with pre- Rm, @-R15
decrement)
R15 (Register nnnn: Register MOVMU. L
indirect with post-  direct @R15+,Rn
increment)
RO (Register direct) nnnn: (Register MOV.L RO, @Rn+

indirect with post-

increment)

RO1UHO0283EJ0400 Rev. 4.00
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Source Destination
Instruction Formats Operand Operand Example
m format mmmm: Register Control register or  LDC Rm, SR
15 0 direct system register
| XXXX| “‘m‘m| FHXK HHXX mmmm: Register Control registeror  LDC.L @Rm+, SR
indirect with post-  system register
increment

mmmm: Register
indirect

JMP @Rm

mmmm: Register
indirect with pre-

RO (Register direct)

MOV.L @-Rm,RO

decrement
mmmm: PC relative — BRAF Rm
using Rm

nm format mmmm: Register nnnn: Register ADD Rm, Rn
direct direct

| HKHXX | nnnn | mommm | XXXX| mmmm: Register nnnn: Register MOV.L Rm, @Rn
direct indirect
mmmm: Register MACH, MACL MAC.W @Rm+, @Rn+

indirect with post-
increment (multiply-
and-accumulate)
nnnn*: Register
indirect with post-
increment (multiply-
and-accumulate)

mmmm: Register
indirect with post-
increment

nnnn: Register
direct

MOV.L @Rm+,Rn

mmmm: Register
direct

nnnn: Register
indirect with pre-
decrement

MOV.L Rm,@-Rn

mmmm: Register

nnnn: Indexed

MOV.L

direct register indirect Rm, @ (RO, Rn)
md format mmmmdddd: RO (Register direct) MOV.B
15 0 Register indirect @(disp,Rm),RO
KXKX XXXX| m:(mmn| dddd | with displacement
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Source Destination
Instruction Formats Operand Operand Example
nd4 format RO (Register direct) nnnndddd: MOV.B
15 Register indirect RO, @(disp,Rn)

| XXXX XXXX | nnnn | dddd |

with displacement

nmd format

| XXXX | nnnn | mmrmm | dddd |

mmmm: Register nnnndddd: Register
direct indirect with
displacement

MOV.L
Rm, @ (disp, Rn)

mmmmdddd: nnnn: Register
Register indirect direct
with displacement

MOV.L
@(disp,Rm),Rn

nmd12 format

32 16

| XXXX| nnnn | mmmm | KKXXX |

mmmm: Register nnnndddd: Register
direct indirect with
displacement

MOV.L
Rm, @ (displ2,Rn)

15 0
| xxxx| dddd dddd dddd |

mmmmdddd: nnnn: Register
Register indirect direct
with displacement

MOV.L
@(displ2,Rm),Rn

d format

15 0
| XXXX XXXX | dddd dddd |

dddddddd: GBR RO (Register direct)
indirect with
displacement

MOV.L
@ (disp,GBR),R0O

RO (Register direct) dddddddd: GBR

MOV.L

indirect with RO, @ (disp,GBR)
displacement
dddddddd: PC RO (Register direct) MOvVA
relative with @ (disp, PC),RO
displacement
dddddddd: TBR — JSR/N
duplicate indirect @@ (disp8, TBR)
with displacement
dddddddd: PC — BF label
relative
d12 format dddddddddddd: PC — BRA label
15 0 relative (label = disp +
|xxxx| dddd dddd dddd| PC)
nd8 format dddddddd: PC nnnn: Register MOV.L
15 0 relative with direct @(disp, PC),Rn
[ 000 | nnnn [ adad dadd] displacement
RO1UH0283EJ0400 Rev. 4.00 Page 47 of 1164
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Source Destination
Instruction Formats Operand Operand Example
i format iiiiiiii; Immediate Indexed GBR AND.B
15 indirect #imm, @ (RO, GBR)
oo soood| $331 3344] Tiii: Immediate RO (Register direct) AND #imm, RO
iiiiiiii; Immediate — TRAPA  #imm
ni format iiiiiiii: Immediate nnnn: Register direct ADD #imm, Rn
15
| ploo e | nnnn | iiii diiid |
ni3 format nnnn: Register direct — BLD #imm3, Rn
15 iii: Immediate
| KXXX  KXXX | nnnn |x| iii| . . |
— nnnn: Register direct BST #imm3, Rn
iii; Immediate
ni20 format iiiiiiiiiiiiiiii; nnnn: Register direct MOVI20
32 16 Immediate #imm20, Rn
| xxxx| nnnn| iiii | XXXX |
15 0
[i1ii 1381 148 1idi |
nid format nnnndddddddddddd: — BLD.B
32 16 Register indirect with #imm3, @ (displ2,Rn

| xxxxl nnnnl xiii | KKXKXX |

15
| xxxxl dddd dddd dddd |

displacement
iii: Immediate

)

nnnndddddddddddd:
Register indirect with
displacement

iii. Immediate

BST.B
#imm3, @ (displ2,Rn
)

Note: *

In multiply-and-accumulate instructions, nnnn is the source register.
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24 I nstruction Set

24.1 Instruction Set by Classification

Table 2.10 lists the instructions according to their classification.

Table2.10 Classification of Instructions

Operation No. of
Classification Types Code Function Instructions
Data transfer 13 MOV Data transfer 62
Immediate data transfer
Peripheral module data transfer
Structure data transfer
Reverse stack transfer
MOVA Effective address transfer
MOVI20 20-bit immediate data transfer
MOVI20S 20-bit immediate data transfer
8-bit left-shit
MOVML RO—Rn register save/restore
MOVMU Rn—R14 and PR register save/restore
MOVRT T bit inversion and transfer to Rn
MOVT T bit transfer
MOVU Unsigned data transfer
NOTT T bit inversion
PREF Prefetch to operand cache
SWAP Swap of upper and lower bytes
XTRCT Extraction of the middle of registers connected
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Classification Types

No. of
Instructions

Arithmetic
operations

26

Operation

Code Function

ADD Binary addition

ADDC Binary addition with carry

ADDV Binary addition with overflow check

CMP/cond Comparison

CLIPS Signed saturation value comparison

CLIPU Unsigned saturation value comparison

DIVS Signed division (32 + 32)

DIVU Unsigned division (32 + 32)

DIVl One-step division

DIVOS Initialization of sighed one-step division

DIvou Initialization of unsigned one-step division

DMULS Signed double-precision multiplication

DMULU Unsigned double-precision multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply-and-accumulate, double-precision
multiply-and-accumulate operation

MUL Double-precision multiply operation

MULR Signed multiplication with result storage in Rn

MULS Signed multiplication

MULU Unsigned multiplication

NEG Negation

NEGC Negation with borrow

SUB Binary subtraction

SUBC Binary subtraction with borrow

SUBV Binary subtraction with underflow

40
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Operation No. of
Classification Types Code Function Instructions
Logic 6 AND Logical AND 14
Operations NOT Bit inversion

OR Logical OR

TAS Memory test and bit set

TST Logical AND and T bit set

XOR Exclusive OR
Shift 12 ROTL One-bit left rotation 16

ROTR One-bit right rotation

ROTCL One-bit left rotation with T bit
ROTCR One-bit right rotation with T bit

SHAD Dynamic arithmetic shift

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLD Dynamic logical shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

SHLRn n-bit logical right shift

Branch 10 BF Conditional branch, conditional delayed branch 15

(branch when T = 0)

BT Conditional branch, conditional delayed branch
(branch when T = 1)

BRA Unconditional delayed branch

BRAF Unconditional delayed branch

BSR Delayed branch to subroutine procedure

BSRF Delayed branch to subroutine procedure

JMP Unconditional delayed branch

JSR Branch to subroutine procedure

Delayed branch to subroutine procedure

RTS Return from subroutine procedure

Delayed return from subroutine procedure

RTVIN Return from subroutine procedure with Rm —
RO transfer

ROLUH0283EJ0400 Rev. 4.00 Page 51 of 1164
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Operation No. of
Classification Types Code Function Instructions
System 14 CLRT T bit clear 36
control CLRMAC MAC register clear

LDBANK  Register restoration from specified register

bank entry

LDC Load to control register

LDS Load to system register

NOP No operation

RESBANK Register restoration from register bank

RTE Return from exception handling

SETT T bit set

SLEEP Transition to power-down mode

STBANK  Register save to specified register bank entry

STC Store control register data

STS Store system register data

TRAPA Trap exception handling
Bit 10 BAND Bit AND 14
manipulation BCLR Bit clear

BLD Bit load

BOR Bit OR

BSET Bit set

BST Bit store

BXOR Bit exclusive OR

BANDNOT Bit NOT AND

BORNOT Bit NOT OR

BLDNOT  Bit NOT load
Total: 91 197
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The table below shows the format of instruction codes, operation, and execution states. They are
described by using this format according to their classification.

Instruction

Instruction Code

Execution

Operation States

T Bit

Indicated by mnemonic.

[Legend]

Rm: Source register
Rn:  Destination register
imm: Immediate data

disp: Displacement*’

Indicated in MSB <>
LSB order.

[Legend]
mmmm: Source register

nnnn: Destination register
0000: RO
0001: R1

1111: R15
iiii: Immediate data

dddd: Displacement

Value when no
wait states are
inserted.**

Indicates summary of
operation.

[Legend]

—, < Transfer direction
(xx): Memory operand
M/Q/T: Flag bits in SR

&: Logical AND of each bit
|: Logical OR of each bit

A Exclusive logical OR of
each bit

~: Logical NOT of each bit

<<n: n-bit left shift

>>n: n-bit right shift

Value of T bit after
instruction is
executed.

Explanation of
Symbols

—: No change

Notes: 1. Instruction execution cycles: The execution cycles shown in the table are minimums. In
practice, the number of instruction execution states will be increased in cases such as
the following:
a. When there is a conflict between an instruction fetch and a data access
b. When the destination register of a load instruction (memory — register) is the same

as the register used by the next instruction.
2. Depending on the operand size, displacement is scaled by x1, x2, or x4. For detalils,
refer to the SH-2A, SH2A-FPU Software Manual.
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Table2.11 Data T Transfer Instructions

Data Transfer Instructions

Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOV #imm,Rn 1110nnnniiiiiiii imm — sign extension - Rn 1 — Yes Yes Yes
MOV.W  @(disp,PC),Rn 1001nnnndddddddd (disp x 2 + PC) — sign 1 — Yes Yes Yes
extension —» Rn
MOV.L @(disp,PC),Rn 1101nnnndddddddd (disp x 4 + PC) > Rn 1 — Yes Yes  Yes
MOV Rm,Rn 0110nnnnmmmm0011 RmM — Rn 1 — Yes Yes Yes
MOV.B Rm,@Rn 0010nnnnmmmm0000 Rm — (Rn) 1 — Yes Yes Yes
MOV.W  Rm,@Rn 001 0nnnnmmmm0001  Rm — (Rn) 1 — Yes Yes Yes
MOV.L Rm,@Rn 0010nnnnmmmm0010 Rm — (Rn) 1 — Yes Yes Yes
MOV.B @Rm,Rn 0110nnnnmmmm0000 (Rm) — sign extension > Rn 1 — Yes Yes Yes
MOV.W  @Rm,Rn 0110nnnnmmmm0001  (Rm) — sign extension > Rn 1 — Yes Yes Yes
MOV.L @Rm,Rn 0110nnnnmmmm0010 (Rm) - Rn 1 — Yes Yes Yes
MOV.B Rm,@-Rn 0010nnnnmmmm0100 Rn-1 - Rn, Rm — (Rn) 1 — Yes Yes Yes
MOV.W Rm,@-Rn 0010nnnnmmmm0101  Rn-2 - Rn, Rm — (Rn) 1 — Yes Yes Yes
MOV.L Rm,@-Rn 0010nnnnmmmm0110 Rn-4 - Rn, Rm — (Rn) 1 — Yes Yes Yes
MOV.B @Rm+,Rn 0110nnnnmmmm0100 (Rm) — sign extension - Rn, 1 — Yes Yes Yes
Rm+1— Rm
MOV.W  @Rm+,Rn 0110nnnnmmmm0101  (Rm) — sign extension - Rn, 1 — Yes Yes Yes
Rm+2 - Rm
MOV.L @Rm+,Rn 0110nnnnmmmm0110 (Rm) - Rn, Rm +4 — Rm 1 — Yes Yes Yes
MOV.B RO,@(disp,Rn) 10000000nnnndddd RO — (disp + Rn) 1 — Yes Yes  Yes
MOV.W  RO,@(disp,Rn) 10000001nnnndddd RO — (disp x 2 + Rn) 1 — Yes Yes Yes
MOV.L Rm,@(disp,Rn) 000 1nnnnmmmmdddd Rm — (disp x 4 + Rn) 1 — Yes Yes Yes
MOV.B @(disp,Rm),R0O 10000100mmmmdddd (disp + Rm) — sign extension 1 — Yes Yes Yes
— RO
MOV.W  @(disp,Rm),RO  10000101lmmmmdddd (disp x 2 + Rm) > 1 — Yes Yes  Yes
sign extension - RO
MOV.L @(disp,Rm),Rn 0101lnnnnmmmmdddd (disp x 4 + Rm) - Rn 1 — Yes Yes Yes
MOV.B Rm,@(RO,Rn) 0000nnnnmmmm0100 Rm — (RO + Rn) 1 — Yes Yes Yes
MOV.W  Rm,@(RO,Rn) 0000nnnnmmmm0101  Rm — (RO + Rn) 1 — Yes Yes Yes
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Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOV.L Rm,@(RO,Rn) 0000nnnnmmmm0110 Rm — (RO + Rn) 1 — Yes Yes Yes
MOV.B @(RO,Rm),Rn 0000nnnnmmmm1100 (RO + Rm) > 1 — Yes Yes Yes
sign extension — Rn
MOV.W  @(RO,Rm),Rn 0000nnnnmmmm1101 (RO + Rm) — 1 — Yes Yes Yes
sign extension — Rn
MOV.L @(RO,Rm),Rn 0000nnnnmmmm1110 (RO + Rm) > Rn 1 — Yes Yes Yes
MOV.B RO,@(disp,GBR) 11000000dddddddd RO — (disp + GBR) 1 — Yes Yes Yes
MOV.W  RO,@(disp,GBR) 11000001dddddddd RO — (disp x 2 + GBR) 1 — Yes Yes Yes
MOV.L RO,@(disp,GBR) 11000010dddddddd RO — (disp x 4 + GBR) 1 — Yes Yes Yes
MOV.B @(disp,GBR),R0  11000100dddddddd (disp + GBR) — 1 — Yes Yes Yes
sign extension —» RO
MOV.W  @(disp,GBR),RO 11000101dddddddd (disp x 2 + GBR) —» 1 — Yes Yes Yes
sign extension —» RO
MOV.L @(disp,GBR),R0  11000110dddddddd (disp x 4 + GBR) — RO 1 — Yes Yes Yes
MOV.B RO,@Rn+ 0100nnnnl10001011 RO — (Rn),Rn+1 —>Rn 1 — Yes
MOV.W RO,@Rn+ 0100nnnnl10011011 RO — (Rn),Rn+2 - Rn 1 — Yes
MOV.L RO,@Rn+ 0100nnnnl10101011 RO— Rn),RNn+4 — Rn 1 — Yes
MOV.B @-Rm,RO 0100mmmm11001011 Rm-1— Rm, (Rm) —> 1 — Yes
sign extension - RO
MOV.W  @-Rm,RO 0100mmmm11011011 Rm-2 > Rm, (Rm) —> 1 — Yes
sign extension - RO
MOV.L @-Rm,RO 0100mmmm11101011 Rm-4 - Rm, (Rm) - RO 1 — Yes
MOV.B Rm,@(disp12,Rn) 0011lnnnnmmmm0001 Rm — (disp + Rn) 1 — Yes
0000dddddddddddd
MOV.W  Rm,@(disp12,Rn) 0011lnnnnmmmm0001 Rm — (disp x 2 + Rn) 1 — Yes
0001ddddddaddddd
MOV.L Rm,@(disp12,Rn) 0011lnnnnmmmm0001 Rm — (disp x 4 + Rn) 1 — Yes
0010dddddddddddd
MOV.B @(disp12,Rm),Rn 001 1lnnnnmmmm0001 (disp + Rm) — 1 — Yes
0100dddddddddddd sign extension — Rn
MOV.W  @(disp12,Rm),Rn 0011lnnnnmmmm0001 (disp x 2 + Rm) > 1 — Yes
0101dddddddddddd sign extension — Rn
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Compatibilit
Execu- P y
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOV.L @(disp12,Rm),Rn 001lnnnnmmmm0001 (disp x 4 + Rm) - Rn 1 — Yes
0110dddddddddddd
MOVA @(disp,PC),R0O 11000111dddddddd disp x 4 + PC —» RO 1 — Yes Yes Yes
MOVI20  #mm20,Rn 0000nnnniiii0000 imm — sign extension > Rn 1 — Yes
iiidiiiiidiiiiiiii
MOVI20S #imm20,Rn 0000nnnniiii0001 imm << 8 — sign extension 1 — Yes
................ —Rn
1111111111111111
MOVML.L Rm,@-R15 0100mmmm11110001 R15-4 - R15, Rm — (R15) l1tol6 — Yes
R15-4 - R15, Rm-1 — (R15)
R15-4 — R15, RO — (R15)
Note: When Rm = R15, read
Rm as PR
MOVML.L @R15+,Rn 0100nnnn11110101 (R15) > RO,R15+4 - R15 1to16 — Yes
(R15) - R1, R15 + 4 —» R15
(R15) > Rn
Note: When Rn = R15, read
Rn as PR
MOVMU.L Rm,@-R15 0100mmmm11110000 R15-4 — R15, PR — (R15) 1to16 — Yes
R15-4 — R15, R14 — (R15)
R15-4 - R15, Rm — (R15)
Note: When Rm = R15, read
Rm as PR
MOVMU.L @R15+,Rn 0100nnnnl11110100 (R15)—>Rn,R15+4 »>R15 1to1l6 — Yes
(R15) > Rn+1,R15+ 4 —
R15
(R15) - R14, R15 + 4 —» R15
(R15) - PR
Note: When Rn = R15, read
Rn as PR
MOVRT Rn 0000nnnn00111001 ~T > RN 1 — Yes
MOVT Rn 0000nnnn00101001 T —Rn 1 — Yes Yes Yes
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Compatibilit
Execu- P y
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOVU.B @(disp12,Rm),Rn 0011lnnnnmmmm0001 (disp + Rm) — 1 — Yes
1000dddddddddddd zero extension - Rn
MOVU.W  @(disp12,Rm),Rn 001lnnnnmmmm0001 (disp x 2 + Rm) — 1 — Yes
1001dddddddddddd zero extension - Rn
NOTT 0000000001101000 ~T—>T 1 Ope- Yes
ration
result
PREF @Rn 0000nnnn10000011 (Rn) — operand cache 1 — Yes  Yes
SWAP.B  Rm,Rn 0110nnnnmmmm1000 Rm — swap lower 2 bytes -» 1 — Yes Yes Yes
Rn
SWAP.W Rm,Rn 0110nnnnmmmm1001  Rm — swap upper and lower 1 — Yes Yes Yes
words — Rn
XTRCT Rm,Rn 0010nnnnmmmm1101 Middle 32 bits of Rm:Rn — Rn 1 — Yes Yes Yes
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Arithmetic Operation Instructions

Table2.12 Arithmetic Operation Instructions

Compatibilit
Execu- P Y
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
ADD Rm,Rn 0011nnnnmmmml100 Rn+Rm — Rn 1 — Yes Yes Yes
ADD #imm,Rn 011lnnnniiiiiiii Rn +imm —» Rn 1 — Yes Yes Yes
ADDC Rm,Rn 0011nnnnmmmm1110 Rn+Rm+T —>Rn,carry > T 1 Carry Yes Yes Yes
ADDV Rm,Rn 0011lnnnnmmmml111 Rn+Rm — Rn, overflow - T 1 Over- Yes Yes Yes
flow
CMP/EQ #imm,RO 10001000iiiiiiii WhenRO=imm,1—>T 1 Com- Yes Yes Yes
Otherwise, 0 > T parison
result
CMP/EQ Rm,Rn 0011lnnnnmmmm0000 WhenRn=Rm,1—>T 1 Com- Yes Yes Yes
Otherwise, 0 > T parison
result
CMP/HS Rm,Rn 001 1nnnnmmmm0010  When Rn > Rm (unsigned), 1 Com- Yes Yes Yes
15T parison
Otherwise, 0 > T result
CMP/GE Rm,Rn 0011nnnnmmmm0011  When Rn > Rm (signed), 1 Com- Yes Yes Yes
15T parison
Otherwise, 0 > T result
CMP/HI  Rm,Rn 0011lnnnnmmmm0110  When Rn > Rm (unsigned), 1 Com- Yes Yes Yes
1->T parison
Otherwise, 0 > T result
CMP/GT Rm,Rn 0011lnnnnmmmm0111  When Rn > Rm (signed), 1 Com- Yes Yes Yes
1->T parison
Otherwise, 0 > T result
CMP/PL  Rn 0100nnnn00010101 WhenRn>0,1—>T 1 Com- Yes Yes Yes
Otherwise, 0 > T parison
result
CMP/PZ Rn 0100nnnn00010001  WhenRn>0,1->T 1 Com- Yes Yes Yes
Otherwise, 0 > T parison
result
CMP/STR Rm,Rn 0010nnnnmmmm1100  When any bytes are equal, 1 Com- Yes Yes Yes
1->T parison
Otherwise, 0 > T result
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Execu- P y
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
CLIPS.B  Rn 0100nnnn10010001  When Rn > (H'0000007F), 1 — Yes
(H'0000007F) - Rn, 1 —» CS
when Rn < (H'FFFFFF80),
(H'FFFFFF80) - Rn, 1 - CS
CLIPSW Rn 0100nnnn10010101  When Rn > (H'00007FFF), 1 — Yes
(H'00007FFF) - Rn, 1 —» CS
When Rn < (H'FFFF8000),
(H'FFFF8000) —» Rn, 1 —» CS
CLIPUB Rn 0100nnnn10000001  When Rn > (H'000000FF), 1 — Yes
(H'000000FF) - Rn, 1 - CS
CLIPUW Rn 0100nnnn10000101  When Rn > (H'0000FFFF), 1 — Yes
(H'0000FFFF) - Rn, 1 —» CS
DIV1 Rm,Rn 0011lnnnnmmmm0100  1-step division (Rn + Rm) 1 Calcu- Yes Yes Yes
lation
result
DIVOS Rm,Rn 001 0nnnnmmmm0111  MSB of Rn - Q, 1 Calcu- Yes Yes Yes
MSBofRm —>M,M*"Q > T lation
result
DIVOoU 0000000000011001 0—> M/Q/T 1 0 Yes Yes Yes
DIVS RO,Rn 0100nnnnl10010100  Signed operation of RN+ RO 36 — Yes
— Rn 32 + 32 — 32 hits
DIVU RO,Rn 0100nnnnl10000100  Unsigned operation of Rn + RO 34 — Yes
— Rn 32 + 32 — 32 bits
DMULS.L Rm,Rn 0011lnnnnmmmml1101  Signed operation of Rn x Rm 2 — Yes Yes Yes
— MACH, MACL
32 x 32 — 64 bits
DMULU.L Rm,Rn 0011lnnnnmmmm0101  Unsigned operation of Rn x 2 — Yes Yes Yes
Rm — MACH, MACL
32 x 32 — 64 bits
DT Rn 0100nnnn00010000 Rn—-1—>Rn 1 Compa- Yes Yes Yes
WhenRnis 0,1 > T rison
When Rnisnot0,0 > T result
EXTS.B  Rm,Rn 0110nnnnmmmm1110  Byte in Rmis 1 — Yes Yes Yes
sign-extended — Rn
EXTS.W Rm,Rn 0110nnnnmmmml1111  Word in Rmis 1 — Yes Yes Yes

sign-extended — Rn
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Compatibilit
Execu- P Y
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
EXTU.B Rm,Rn 0110nnnnmmmm1100  Byte in Rmis 1 — Yes Yes Yes
zero-extended — Rn
EXTUW Rm,Rn 0110nnnnmmmm1101  Word in Rm is 1 — Yes Yes Yes
zero-extended — Rn
MAC.L @Rm+,@Rn+ 0000nnnnmmmm1111  Signed operation of (Rn) x 4 — Yes Yes Yes
(Rm) + MAC - MAC
32 x 32 + 64 — 64 bits
MAC.W  @Rm+,@Rn+ 0100nnnnmmmm1111  Signed operation of (Rn) x 3 — Yes Yes Yes
(Rm) + MAC - MAC
16 x 16 + 64 — 64 bits
MUL.L Rm,Rn 0000nnnnmmmm0111  Rn x Rm - MACL 2 — Yes Yes Yes
32 x 32 — 32 bits
MULR RO,Rn 0100nnnnl10000000 RO x Rn —» Rn 2 Yes
32 x 32 — 32 bits
MULS.W Rm,Rn 0010nnnnmmmm1111  Signed operation of Rn x Rm 1 — Yes Yes Yes
— MACL
16 x 16 — 32 bits
MULU.W Rm,Rn 0010nnnnmmmm1110  Unsigned operation of Rn x 1 — Yes Yes Yes
Rm — MACL
16 x 16 — 32 bits
NEG Rm,Rn 0110nnnnmmmm1011  0-Rm — Rn 1 — Yes Yes Yes
NEGC Rm,Rn 0110nnnnmmmm1010  0-Rm-T — Rn, borrow — T 1 Borrow Yes Yes Yes
SuB Rm,Rn 001 1lnnnnmmmml 000 Rn-Rm — Rn 1 — Yes Yes Yes
SUBC Rm,Rn 001 1nnnnmmmm1010 Rn-Rm-T — Rn, borrow — T 1 Borrow Yes Yes Yes
SUBV Rm,Rn 0011lnnnnmmmml1011  Rn-Rm — Rn, underflow > T 1 Over- Yes Yes Yes

flow
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Table2.13 Logic Operation Instructions

Logic Operation Instructions

Compatibilit
Execu- P Y
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
AND Rm,Rn 0010nnnnmMmm1001 Rn & Rm — Rn 1 — Yes Yes Yes
AND #imm,R0 11001001iiiiiiii RO&imm — RO 1 — Yes Yes Yes
AND.B #imm,@(RO,GBR)  11001101iiiiiiii (RO+ GBR)&imm — 3 — Yes Yes Yes
(RO + GBR)
NOT Rm,Rn 0110nnnnmmm®D111 ~Rm — Rn 1 — Yes Yes Yes
OR Rm,Rn 0010nnnnmMmmMl011 Rn|Rm — Rn 1 — Yes Yes Yes
OR #imm,R0 1100101%iiiiiiii RO|imm— RO 1 — Yes Yes Yes
OR.B #imm,@(RO,GBR)  11001111iiiiiiii (RO+ GBR)|imm — 3 — Yes Yes Yes
(RO + GBR)
TAS.B @Rn 0100nnnn00011011 When (Rn)is 0,1 —> T 3 Test Yes Yes Yes
Otherwise, 0 > T, result
1 — MSB of(Rn)
TST Rm,Rn 0010nnnnMmmL000 Rn & Rm 1 Test Yes Yes Yes
When theresultis 0,1 > T result
Otherwise, 0 > T
TST #imm,R0O 11001000iiiiiiii RO & imm 1 Test Yes Yes Yes
When the resultis 0,1 > T result
Otherwise, 0 > T
TST.B #imm,@(RO,GBR)  11001100iiiiiiii (RO+ GBR)&imm 3 Test Yes Yes Yes
When the resultis 0,1 > T result
Otherwise, 0 > T
XOR Rm,Rn 0010nnnnmmm1010 Rn”~Rm — Rn 1 — Yes Yes Yes
XOR #imm,R0O 11001010iiiiiiii RO~ imm — RO 1 — Yes Yes Yes
XOR.B #imm,@(RO,GBR)  11001110iiiiiiii (RO+ GBR)”imm — 3 — Yes Yes Yes
(RO + GBR)
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Shift Instructions

Table2.14 Shift Instructions

Compatibilit
Execu- P Y
tion SH2,

Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
ROTL Rn 0100nnnn00000100 T« Rn « MSB 1 MSB Yes Yes Yes
ROTR Rn 0100nnnn00000101 LSB—>Rn—>T 1 LSB Yes Yes Yes
ROTCL Rn 0100nnnn00100100 T« Rn«T 1 MSB Yes Yes Yes
ROTCR Rn 0100nnnn00100101 T>Rn->T 1 LSB Yes Yes Yes
SHAD Rm,Rn 0100nnnnmMMML100 WhenRm>0,Rn<<Rm —>Rn 1 — Yes Yes

When Rm <0, Rn >> |Rm| —

[MSB — Rn]
SHAL Rn 0100nnnn00100000 T« Rn«0 1 MSB Yes Yes Yes
SHAR Rn 0100nnnn00100001 MSB - Rn > T 1 LSB Yes Yes Yes
SHLD Rm,Rn 0100nnnnmmmi101 WhenRm >0, Rn<<Rm —>Rn 1 — Yes Yes

When Rm <0, Rn >> |Rm| —

[0 > Rn]
SHLL Rn 0100nnnn00000000 T« Rn«0 1 MSB Yes Yes Yes
SHLR Rn 0100nnnn00000001 0O->Rn->T 1 LSB Yes Yes Yes
SHLL2 Rn 0100nnnn00001000 Rn<<2 - Rn 1 — Yes  Yes Yes
SHLR2 Rn 0100nnnn00001001 Rn>>2 — Rn 1 — Yes Yes Yes
SHLL8 Rn 0100nnnn00011000 Rn<<8 - Rn 1 — Yes  Yes Yes
SHLR8 Rn 0100nnnn00011001 Rn>>8 — Rn 1 — Yes Yes Yes
SHLL16 Rn 0100nnnn00101000 Rn << 16 - Rn 1 — Yes  Yes Yes
SHLR16 Rn 0100nnnn00101001 Rn>>16 - Rn 1 — Yes  Yes Yes
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Branch Instructions

Table2.15 Branch Instructions

Compatibilit
Execu- P y
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
BF label 10001011dddddddd When T =0, dispx2+PC— 3/1* — Yes Yes Yes
PC,
When T =1, nop
BF/S label 10001111dddddddd  Delayed branch 2/1* — Yes Yes Yes
When T =0, disp x 2 + PC >
PC,
When T =1, nop
BT label 10001001dddddddd ~ When T=1,dispx2+PC— 3/1* — Yes Yes Yes
PC,
When T =0, nop
BT/S label 10001101dddddddd  Delayed branch 2/1* — Yes Yes Yes
When T =1, dispx2+PC—
PC,
When T =0, nop
BRA label 1010dddddddddddd Delayed branch, 2 — Yes Yes Yes
dispx 2+ PC - PC
BRAF Rm 0000mMmmMMD0100011  Delayed branch, 2 — Yes Yes Yes
Rm+ PC —» PC
BSR label 1011dddddddddddd Delayed branch, PC —» PR, 2 — Yes Yes Yes
dispx 2+ PC - PC
BSRF Rm 0000MmMMD0000011  Delayed branch, PC — PR, 2 — Yes Yes Yes
Rm+ PC —» PC
JMP @Rm 0100mMmmMmD0101011  Delayed branch, Rm — PC 2 — Yes Yes Yes
JSR @Rm 0100mMmmMmD0001011  Delayed branch, PC — PR, 2 — Yes Yes Yes
Rm — PC
JSRIN @Rm 0100mmMmMO01001011 PC-2 - PR,Rm — PC 3 — Yes
JSR/N @@(disp8,TBR) 10000011dddddddd PC-2 - PR, 5 — Yes
(disp x 4 + TBR) - PC
RTS 0000000000001011  Delayed branch, PR — PC 2 — Yes Yes Yes
RTS/N 0000000001101011 PR —>PC 3 — Yes
RTVIN Rm 0000mmD1111011 Rm — RO, PR —> PC 3 — Yes
Note: * One cycle when the program does not branch.
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System Control Instructions

Table2.16 System Control Instructions

Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
CLRT 0000000000001000 0—>T 1 0 Yes Yes Yes
CLRMAC 0000000000101000 0 — MACH,MACL 1 — Yes Yes Yes
LDBANK @Rm,RO 0100mmMm11100101  (Specified register bank entry) 6 — Yes
— RO
LDC Rm,SR 0100nmmD0001110 Rm — SR 3 LSB Yes Yes Yes
LDC Rm, TBR 0100mmD1001010 Rm — TBR 1 — Yes
LDC Rm,GBR 0100mmMmD0011110 Rm — GBR 1 — Yes Yes Yes
LDC Rm,VBR 0100mmD0101110 Rm — VBR 1 — Yes Yes Yes
LDC.L @Rm+,SR 0100mMmmMmD0000111 (Rm)—> SR, Rm+4 - Rm 5 LSB Yes Yes Yes
LDC.L @Rm+,GBR 0100mMmmMmD0010111 (Rm) > GBR,Rm+4 ->Rm 1 — Yes Yes Yes
LDC.L @Rm+,VBR 0100mmMmD0100111 (Rm)—»>VBR,Rm+4—>Rm 1 — Yes Yes Yes
LDS Rm,MACH 0100mmMmD0001010 Rm — MACH 1 — Yes Yes Yes
LDS Rm,MACL 0100mmD0011010 Rm — MACL 1 — Yes Yes Yes
LDS Rm,PR 0100mmMmD0101010 Rm — PR 1 — Yes Yes Yes
LDS.L @Rm+,MACH 0100mMmmMmMD0000110 (Rm) —»> MACH,Rm+4 —->Rm 1 — Yes Yes Yes
LDS.L @Rm+,MACL 0100mmmD0010110 (Rm)—> MACL,Rm+4 —>Rm 1 — Yes Yes Yes
LDS.L @Rm+,PR 0100mMmmMmD0100110 (Rm)—> PR, Rm+4 > Rm 1 — Yes Yes Yes
NOP 0000000000001001  No operation 1 — Yes Yes Yes
RESBANK 0000000001011011 Bank — RO to R14, GBR, o* — Yes
MACH, MACL, PR
RTE 0000000000101011  Delayed branch, 6 — Yes Yes Yes
stack area —» PC/SR
SETT 0000000000011000 1—>T 1 1 Yes Yes Yes
SLEEP 0000000000011011  Sleep 5 — Yes Yes Yes
STBANK RO,@Rn 0100nnnn11100001 RO — 7 — Yes
(specified register bank entry)
STC SR,Rn 0000nnnn00000010 SR —> RN 2 — Yes Yes Yes
STC TBR,Rn 0000nnnn01001010 TBR — Rn 1 — Yes
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Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
STC GBR,Rn 0000nnnn00010010 GBR — Rn 1 — Yes Yes Yes
STC VBR,Rn 0000nnnn00100010 VBR —» Rn 1 — Yes Yes Yes
STC.L SR,@-Rn 0100nnnn00000011 Rn-4 - Rn, SR — (Rn) 2 — Yes Yes Yes
STC.L GBR,@-Rn 0100nnnn00010011  Rn-4 - Rn, GBR — (Rn) 1 — Yes Yes Yes
STC.L VBR,@-Rn 0100nnnn00100011 Rn-4 —» Rn, VBR — (Rn) 1 — Yes Yes Yes
STS MACH,Rn 0000nnnn00001010 MACH — Rn 1 — Yes Yes Yes
STS MACL,Rn 0000nnnn00011010 MACL — Rn 1 — Yes Yes Yes
STS PR,Rn 0000nnnn00101010 PR —>Rn 1 — Yes Yes Yes
STS.L MACH,@-Rn 0100nnnn00000010  Rn-4 - Rn, MACH — (Rn) 1 — Yes Yes Yes
STS.L MACL,@-Rn 0100nnnn00010010  Rn-4 - Rn, MACL — (Rn) 1 — Yes Yes Yes
STS.L PR,@-Rn 0100nnnn00100010 Rn-4 - Rn, PR — (Rn) 1 — Yes Yes Yes
TRAPA  #imm 1100001%iiiiiiii PC/SR — stack area, 5 — Yes Yes Yes

(imm x 4 + VBR) - PC

Notes: Instruction execution cycles: The execution cycles shown in the table are minimums. In

practice, the number of instruction execution states in cases such as the following:
a. When there is a conflict between an instruction fetch and a data access

b. When the destination register of a load instruction (memory — register) is the same as
the register used by the next instruction.

* In the event of bank overflow, the number of cycles is 19.
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Table2.17 Bit Manipulation Instructions

Compatibilit
Execu- P y
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
BAND.B #imm3,@(disp12,Rn) 0011nnnnOiii 1001 (immof(disp+Rn))&T—> 3 Ope- Yes
0100dddddddddddd ration
result
BANDNOT.B #mm3,@(disp12,Rn)  0011nnnnOiii 1001 ~(imm of (disp+Rn))&T—>T 3 Ope- Yes
1100dddddddddddd ration
result
BCLR.B #imm3,@(disp12,Rn) 0011nnnn0iii 1001 0 — (imm of (disp + Rn)) 3 — Yes
0000dddddddddddd
BCLR #imm3,Rn 10000110nnnnOiii 0 — imm of Rn 1 — Yes
BLD.B #imm3,@(disp12,Rn) 0011nnnn0iii 1001 (imm of (disp + Rn)) —» 3 Ope- Yes
0011dddddddddddd ration
result
BLD #imm3,Rn 10000111nnnnliii immofRN > T 1 Ope- Yes
ration
result
BLDNOT.B  #mm3,@(disp12,Rn) 0011nnnn0iii 1001 ~(imm of (disp + Rn)) 3 Ope- Yes
1011dddddddddddd " ration
result
BOR.B #imm3,@(disp12,Rn) 0011nnnnOiii 1001 (immof(disp+Rn))|T—>T 3 Ope- Yes
0101dddddddddddd ration
result
BORNOT.B #mm3,@(disp12,Rn) 0011nnnn0Oiii 1001 ~(immof(disp+Rn))|T—>T 3 Ope- Yes
1101dddddddddddd ration
result
BSET.B #imm3,@(disp12,Rn) 0011nnnnOiii 1001 1 — (imm of (disp + Rn)) 3 — Yes
0001dddddddddddd
BSET #imm3,Rn 10000110nnnnliii 1 —immofRn 1 — Yes
BST.B #imm3,@(disp12,Rn) 0011nnnn0iii 1001 T — (imm of (disp + Rn)) 3 — Yes
0010dddddddddddd
BST #imm3,Rn 10000111nnnnOiii T — immofRn 1 — Yes
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Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
BXOR.B #imm3,@(disp12,Rn) 0011nnnn0Oiii 1001 (immof (disp+Rn)"T—>T 3 Ope- Yes
0110dddddddddddd ration
result

25 Processing States

The CPU has five processing states: reset, exception handling, bus-released, program execution,
and power-down. Figure 2.6 shows the transitions between the states.

Power-on reset from any state Manual reset from any state

Power-on reset state Manual reset state

Reset canceled Reset state

Exception
Interrupt source or handling state
DMA address error occurs 7y
BUs request NMI Iinterrupt or
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handling|  |handling
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Figure2.6 Transitions between Processing States
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(1) Reset State
In the reset state, the CPU is reset. There are two kinds of reset, power-on reset and manual reset.
(2) Exception Handling State

The exception handling state is atransient state that occurs when exception handling sources such
as resets or interrupts alter the CPU’ s processing state flow.

For areset, the initial values of the program counter (PC) (execution start address) and stack
pointer (SP) are fetched from the exception handling vector table and stored; the CPU then
branches to the execution start address and execution of the program begins.

For an interrupt, the stack pointer (SP) is accessed and the program counter (PC) and status
register (SR) are saved to the stack area. The exception service routine start address is fetched
from the exception handling vector table; the CPU then branches to that address and the program
starts executing, thereby entering the program execution state.

(3) Program Execution State
In the program execution state, the CPU sequentially executes the program.
(4) Power-Down State

In the power-down state, the CPU stops operating to reduce power consumption. The SLEEP
instruction places the CPU in the sleep mode or the software standby mode.

(5) Bus-Reeased State

In the bus-rel eased state, the CPU releases bus to a device that has requested it.
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Section 3 Clock Pulse Generator (CPG)

ThisLSl has aclock pulse generator (CPG) that generates a CPU clock (1¢), a peripheral clock
(P), abus clock (Bd), and an MTU clock (M¢). The CPG consists of acrystal oscillator, PLL
circuits, and divider circuits.

3.1 Features

e Two clock operating modes
The mode is selected from among the two clock operating modes by the selection of the
following three conditions: the frequency-divisor in use, whether the PLLs are on or off, and
whether the internal crystal resonator or the input on the external clock-signal lineis used.

e Four clocks generated independently
A CPU clock (1¢) for the CPU and cache; a peripheral clock (P) for the on-chip peripheral
modules; abus clock (B¢ = CKIO) for the external bus interface; an MTU clock (M¢) for the
MTU2S module.

e Frequency change function
CPU and peripheral clock frequencies can be changed independently using the PLL (phase
locked loop) circuits and divider circuits within the CPG. Frequencies are changed by software
using frequency control register (FRQCR) settings.

¢ Power-down mode control
The clock can be stopped for deep mode and software standby mode, and specific modules can
be stopped using the module standby function. For details on clock control in the power-down
modes, see section 22, Power-Down Modes.
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Figure 3.1 shows a block diagram of the clock pulse generator.

On-chip oscillator

Divider 2 E
x1 >
x1/2 _ |1 MTU clock
x1/3 o :' (M¢, Max. 100 MHz)
x1/4 > !
Divider 1 E
x1 >
— x1/2 :_E_» CPU clock
1PL2L c;r(;UItels » | x1/3 > (I9, Max. 200 MHz)
(x1,2,3,4,6,8) «1/4 >
x1/6 H
-l !
x1/8 »| ' Busclock
x1/12 » ™ (Bo = CKIO, Max. 66.67 MHz)
PLL circuit 2 1 perivheral clock
<l L eripheral cloc
(x4) » " (P9, Max. 33.33 MHz)

MD_CLK2
MD_CLKO

[Legend]
FRQCR:
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STBCR:
STBCR2:
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Clock frequency
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Standby control circuit

*

| FrRoCR | [ MCLKCR]
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i

Bus interface

Frequency control register

MTU clock frequency control register
Standby control register

Standby control register 2

Standby control register 3

Standby control register 4

{ Peripheral bus »

Figure3.1 Block Diagram of Clock Pulse Generator
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The clock pulse generator blocks function as follows:
(1) PLL Circuit 1

PLL circuit 1 multiplies the input clock frequency from the CKI1O pin by 1, 2, 3, 4, 6, or 8. The
multiplication rate is set by the frequency control register. When thisis done, the phase of the
rising edge of the internal clock is controlled so that it will agree with the phase of therising edge
of the CKIO pin.

(2) PLL Circuit 2
PLL circuit 2 multipliesthe crystal oscillator output or the external clock input by 4.
(8) Crystal Oscillator

The crystal oscillator is used when a crystal resonator is connected to the X TAL pin or EXTAL
pin.

(4) Divider 1

Divider 1 generates clock signals at the operating frequencies used by the CPU clock, peripheral
clock, and bus clock. The division ratios of the CPU clock and peripheral clock are set in the
frequency control register. The division ratio of the bus clock is determined by the multiplication
rate of PLL circuit 1.

(5) Divider 2

Divider 2 generates a clock signal at the operating frequency used by the MTU2S. The operating
frequency of the MTU2S can be 1, 1/2, 1/3, or 1/4 times the output frequency of PLL circuit 1,
whileit is an integer multiple of the peripheral clock (Pd). The divisionratio is set by the MTU
clock frequency control register.

(6) Clock Frequency Control Circuit

The clock frequency control circuit controls the clock frequency using the MD_CLKO and
MD_CLK?2 pins and the frequency control register (FRQCR).
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(7) Standby Control Circuit

The standby control circuit controls the states of the clock pulse generator and other modules
during clock switching, or sleep or software standby mode.

(8) Frequency Control Register (FRQCR)

The frequency control register (FRQCR) has control bits assigned for the following functions:
clock output/non-output from the CK10O pin during software standby mode, the frequency
multiplication ratio of PLL circuit 1, and the frequency division ratio of the CPU clock and the
peripheral clock (Po).

(99 MTU Clock Frequency Control Register (MCLKCR)

The MTU clock frequency control register (MCLKCR) has control bits assigned for the following
functions: MTU clock output/non-output and the frequency division ratio.

(10) Standby Control Register

The standby control register has bits for controlling the power-down modes. See section 22,
Power-Down Modes, for more information.
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3.2 I nput/Output Pins
Table 3.1 lists the clock pulse generator pins and their functions.

Table3.1 Pin Configuration and Functions of the Clock Pulse Generator

Function Function
Pin Name Symbol 110 (Clock Operating Mode 2) (Clock Operating Mode 7)
Mode control pins ~ MD_CLKO Input  Sets the clock operating mode. Sets the clock operating
mode.
MD_CLK2 Input  Sets the clock operating mode. Sets the clock operating
mode.
Crystal input/output  XTAL Output Connected to the crystal resonator. Leave this pin open.
pins (clock input (Leave this pin open when the
pins) crystal resonator is not in use.)
EXTAL Input  Connected to the crystal resonator  Fix (pull up/pull

or used to input an external clock.  down/connect to power
supply/connect to ground)

this pin.
Clock input/output ~ CKIO 110 Clock output pin. Clock input pin.
pin
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3.3 Clock Operating M odes

Table 3.2 shows the relationship between the combinations of the mode control pins (MD_CLK2
and MD_CLKO) and the clock operating modes. Table 3.3 shows the usable frequency rangesin
the clock operating modes.

Table3.2 Clock Operating Modes

Pin values Clock I/o PLL Circuit 2 PLL Circuit 1
Mode MD_CLK2 MD_CLKO Source Output On/Off On/Off CKIO Frequency
2 0 0 EXTAL or CKIO ON (x4) ON (x1, 2, 3, 4) (EXTAL or crystal
crystal resonator resonator) x4
7 1 1 CKIO — OFF ON (x1, 2, 3, 4, (CKIO)
6, 8)
e Mode2

The frequency of the signal received from the EXTAL pin or crystal resonator LSl is
quadrupled by the PLL circuit 2 before it is supplied as the clock signal. This enablesto use
the external clock of lower frequency. Either a crystal resonator with afrequency in the range
from 10 to 16.67 MHz or an external signal in the same frequency range input on the EXTAL
pin may be used. The frequency range of CKI1O isfrom 40 to 66.67 MHz.

e Mode?7

In mode 7, the CKI10 pin functions as an input pin and draws an external clock signal. The
PLL circuit 1 shapesits waveform and the setting of the frequency control register multiplies
its frequency before the clock entersthe LSI. For reduced current and hence power
consumption, fix (pull up/pull down/connect to power supply/connect to ground) the EXTAL
pin and open the XTAL pin when the LSl isused in mode 7.
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Table3.3 Relationship between Clock Operating M ode and Frequency Range

PLL Frequency Ratio of

Clock Multiplier Internal Clock Selectable Frequency Range (MHz)

Operating FRQCR pLL PLL Frequencies Output Clock CPU Clock Bus Clock Peripheral

Mode Setting  Circuit1 Circuit2 (:B:P)** Input Clock*?*  (CKIO Pin) (19) (Bo) Clock (P¢)

2 H'1001  ON (x1) ON(x4) 4:4:2 10 to 16.67 40 to 66.67 40 to 66.67 40 to 66.67 20t0 33.33
H'1002  ON (x1) ON(x4) 4:4:4/3 10 to 16.67 40 to 66.67 40 to 66.67 40 to 66.67 13.33t022.23
H'1003  ON (x1) ON (x4) 441 10 to 16.67 40 to 66.67 40 to 66.67 40 to 66.67 10to 16.67
H'1004  ON (x1) ON(x4) 4:4:2/3 10 to 16.67 40 to 66.67 40 to 66.67 40 to 66.67 6.7t0 11.11
H'1005 ON (x1) ON(x4) 4:4:1/2 10 to 16.67 40 to 66.67 40 to 66.67 40 to 66.67 5108.34
H'1006  ON (x1) ON(x4) 4:4:1/3 10 to 16.67 40 to 66.67 40 to 66.67 40 to 66.67 3.331t05.56
H'1103  ON (x2) ON (x4) 8:4:2 10 to 16.67 40 to 66.67 8010 133.36  40to0 66.67 20 to 33.33
H'1104 ON(x2) ON(x4) 8:4:4/3 10 to 16.67 40 to 66.67 8010 133.36  40to0 66.67 13.331022.23
H'1105 ON (x2) ON(x4) 841 10 to 16.67 40 to 66.67 801t0133.36  40t0 66.67 10 to 16.67
H'1106  ON (x2) ON(x4) 8:4:2/3 10 to 16.67 40 to 66.67 8010 133.36  40t0 66.67 6.7t0 11.11
H'1113  ON (x2) ON(x4) 4:4:2 10 to 16.67 40 to 66.67 40 to 66.67 40 to 66.67 20t0 33.33
H'1114  ON (x2) ON(x4) 4:4:4/3 10 to 16.67 40 to 66.67 40 to 66.67 40 to 66.67 13.331022.23
H'1115 ON (x2) ON(x4) 441 10 to 16.67 40 to 66.67 40 to 66.67 40 to 66.67 10 to 16.67
H'1116  ON (x2) ON(x4) 4:4:2/3 10 to 16.67 40 to 66.67 40 to 66.67 40 to 66.67 6.7t0 11.11
H'120C  ON (x3) ON (x4) 12:4:2 10 to 16.67 40 to 66.67 120 to 200 40 to 66.67 20 to 33.33
H'120E  ON (x3) ON (x4) 12:4:1 10 to 16.67 40 to 66.67 120 to 200 40 to 66.67 10 to 16.67
H'122C  ON (x3) ON (x4) 4:4:2 10 to 16.67 40 to 66.67 40 to 66.67 40 to 66.67 20 to 33.33
H'122E  ON (x3) ON (x4) 4:4:1 10 to 16.67 40 to 66.67 40 to 66.67 40 to 66.67 10 to 16.67
H'1305 ON (x4) ON (x4) 16:4:2 10to 12.5 40 to 50 160 to 200 40 to 50 20to 25
H'1306  ON (x4) ON (x4) 16:4:4/3 10to 12.5 40 to 50 160 to 200 40 to 50 13.331t0 16.67
H'1315 ON (x4) ON(x4) 8:4:2 10to 12.5 40 to 50 80 to 100 40 to 50 20to 25
H'1316  ON (x4) ON(x4) 8:4:4/3 10to 12.5 40 to 50 80 to 100 40 to 50 13.3310 16.67
H'1335 ON (x4) ON(x4) 4:4:2 10to 12.5 40 to 50 40 to 50 40 to 50 20to 25
H'1336  ON (x4) ON (x4)  4:4:4/3 10to 12.5 40 to 50 40 to 50 40 to 50 13.3310 16.67

7 H'1000 ON (x1) OFF 1:1:1 20t0 33.33 — 20t0 33.33 20to 33.33 20to 33.33
H'1001  ON(x1) OFF 1:1:1/2 20 to 66.67 — 20 to 66.67 20 to 66.67 10 t0 33.33
H'1002 ON (x1) OFF 1:1:1/3 20t0 66.67 — 20 t0 66.67 20 to 66.67 6.67 to 22.22
H'1003  ON (x1) OFF 1:1:1/4 20 to 66.67 — 20 to 66.67 20 to 66.67 5t0 16.67
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PLL Frequency Ratio of

Clock Multiplier Internal Clock Selectable Frequency Range (MHz)

Operating FRQCR  pLL PLL Frequencies Output Clock CPU Clock Bus Clock Peripheral

Mode Setting  Circuit1 Circuit2 (I:B:P)** Input Clock**  (CKIO Pin) ()] (Bo) Clock (P¢)

7 H'1004 ON (x1) OFF 1:1:1/6 20 t0 66.67 — 20 t0 66.67 20 to 66.67 3.33t0 11.11
H'1005 ON (x1) OFF 1:1:1/8 20 t0 66.67 — 20 t0 66.67 20 to 66.67 2.5108.33
H'1006 ON (x1) OFF 1:1:1/12 20 to 66.67 — 20 t0 66.67 20 to 66.67 1.67 to 5.56
H'1101 ON (x2) OFF 2:1:1 20 to 33.33 — 40 to 66.67 20t0 33.33 20t0 33.33
H'1103 ON (x2) OFF 2:1:1/2 20 to 66.67 — 4010 133.34 20 to 66.67 10to 33.33
H'1104 ON (x2) OFF 2:1:1/3 20 t0 66.67 — 4010 133.34 20 to 66.67 6.67 to 22.22
H'1105 ON (x2) OFF 2:1:1/4 20 t0 66.67 — 40to 133.34 20 to 66.67 510 16.67
H'1106 ON (x2) OFF 2:1:1/6 20 to 66.67 — 40to0 133.34 20 to 66.67 3.33t0 11.11
H'1111 ON (x2) OFF 1:1:1 20 to 33.33 — 20 to0 33.33 20t0 33.33 20t0 33.33
H'1113 ON (x2) OFF 1:1:1/2 20 t0 66.67 — 20 t0 66.67 20 to 66.67 10t0 33.33
H'1114 ON (x2) OFF 1:1:1/3 20 t0 66.67 — 20 t0 66.67 20 to 66.67 6.67 to 22.22
H'1115 ON (x2) OFF 1:1:1/4 20 t0 66.67 — 20 t0 66.67 20 to 66.67 510 16.67
H'1116 ON (x2) OFF 1:1:1/6 20 t0 66.67 — 20 t0 66.67 20 to 66.67 3.33t0 11.11
H'1202 ON (x3) OFF 3:1:1 20 to 33.33 — 60 to 100 20t0 33.33 20t0 33.33
H'1204 ON (x3) OFF 3:1:1/2 20 to 40 — 60 to 120 20to 40 10to 20
H'120C ON (x3) OFF 3:1:1/2 40 to 66.67 — 120 to 200 40 to 66.67 20t0 33.33
H'1206 ON (x3) OFF 3:1:1/4 20 to 40 — 60 to 120 20to 40 5to 10
H'120E  ON (x3) OFF 3:1:1/4 40 to 66.67 — 120 to 200 40 to 66.67 10 to 16.67
H'1222 ON (x3) OFF 1:1:1 20 t0 33.33 — 20 t0 33.33 20t0 33.33 20t0 33.33
H'1224 ON (x3) OFF 1:1:1/2 20 to 40 — 20 to 40 20to 40 10to 20
H'122C  ON (x3) OFF 1:1:1/2 40 to 66.67 — 40 to 66.67 40 to 66.67 20t0 33.33
H'1226 ON (x3) OFF 1:1:1/4 20 to 40 — 20 to 40 20to 40 5to 10
H'122E  ON (x3) OFF 1:1:1/4 40 to 66.67 — 40 to 66.67 40 to 66.67 10 to 16.67
H'1303 ON (x4) OFF 4:1:1 20 t0 33.33 — 80 to 133.34 20t0 33.33 20t0 33.33
H'1305 ON (x4) OFF 4:1:1/2 20 to 50 — 80 to 200 20 to 50 10to 25
H'1306 ON (x4) OFF 4:1:1/3 20 to 50 — 80 to 200 20 to 50 6.67 to 16.67
H'1313 ON (x4) OFF 2:1:1 20 to 33.33 — 40 to 66.67 20to0 33.33 20t0 33.33
H'1315 ON (x4) OFF 2:1:1/2 20 to 50 — 40 to 100 20 to 50 10to 25
H'1316 ON (x4) OFF 2:1:1/3 20 to 50 — 40 to 100 20 to 50 6.67 to 16.7
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PLL Frequency  Ratio of

Clock Multiplier Internal Clock Selectable Frequency Range (MHz)

Operating FRQCR  pLL PLL Frequencies Output Clock CPU Clock Bus Clock Peripheral

Mode Setting  Circuit1 Circuit2 (I:B:P)** Input Clock**  (CKIO Pin) ()] (Bo) Clock (P¢)

7 H'1333 ON (x4) OFF 1:1:1 20 to0 33.33 — 20 to0 33.33 20t0 33.33 20t0 33.33
H'1335 ON (x4) OFF 1:1:1/2 20 to 50 — 20 to 50 20 to 50 10to 25
H'1336 ON (x4) OFF 1:1:1/3 20 to 50 — 20 to 50 20 to 50 6.67 to 16.67
H'1404 ON (x6) OFF 6:1:1 20 to0 33.33 — 120 to 200 20t0 33.33 20t0 33.33
H'1406 ON (x6) OFF 6:1:1/2 20 t0 33.33 — 120 to 200 20to0 33.33 10 to 16.67
H'1414 ON (x6) OFF 3:1:1 20 to 33.33 — 60 to 100 20t0 33.33 20t0 33.33
H'1416 ON (x6) OFF 3:1:1/2 20 t0 33.33 — 60 to 100 20t0 33.33 10to 16.67
H'1424 ON (x6) OFF 2:1:1 20 t0 33.33 — 40 to 66.67 20t0 33.33 20t0 33.33
H'1426 ON (x6) OFF 2:1:1/2 20 to 33.33 — 40 to 66.67 20t0 33.33 10 to 16.67
H'1444 ON (x6) OFF 1:1:1 20 to 33.33 — 20 to 33.33 20t0 33.33 20t0 33.33
H'1446 ON (x6) OFF 1:1:1/2 20 to0 33.33 — 20 to0 33.33 20t0 33.33 10 to 16.67
H'1505 ON (x8) OFF 8:1:1 20to 25 — 160 to 200 20to 25 20to 25
H'1515 ON (x8) OFF 4:1:1 20to 25 — 80 to 100 20to 25 20to 25
H'1535 ON (x8) OFF 2:1:1 20to 25 — 40 to 50 20to 25 20to 25
H'1555 ON (x8) OFF 1:1:1 20to 25 — 20to 25 20to 25 20to 25

Notes: 1. The ratio of clock frequencies, where the input clock frequency is assumed to be 1.

In mode 2, the frequency of the clock input from the EXTAL pin or the frequency of
the crystal resonator. In mode 7, the frequency of the clock input from the CKIO pin.

Caution: Do not use this LSI for frequency settings other than those in table 3.3.

2.
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34 Register Descriptions
The clock pulse generator has the following registers.

Table3.4 Register Configuration

Register Name Abbreviation R/W Initial Value Address Access Size

Frequency control register FRQCR R/W H'1003 H'FFFEO0010 16

MTU clock frequency control MCLKCR R/W H'43 H'FFFE0410 8

register
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341 Frequency Control Register (FRQCR)

FRQCR is a 16-bit readable/writable register used to specify whether a clock is output from the
CKIO pin in software standby mode, the frequency multiplication ratio of PLL circuit 1, and the
frequency division ratio of the CPU clock and peripheral clock (P$). Only word access can be
used on FRQCR.

FRQCR isinitialized to H'1003 only by a power-on reset. FRQCR retains its previous value by a
manual reset or in software standby mode. The previous value is also retained when an internal
reset istriggered by an overflow of the WDT.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| - | - | - |CKOEN| - | STC[2:0] | - | IFC[2:0] |RNGS| PFC[2:0]

Initial value: 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1
RIW: R R R R/W R RW RW R/W R RW RW RW RW RW RW R/W

Initial
Bit Bit Name Value R/W Description
15t0 13 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

12 CKOEN 1 R/W Clock Output Enable

Specifies whether a clock is output from the CKIO pin,
or whether the CKIO pin is placed in the level-fixed
state during standby mode or cancellation of standby
mode.

If this bit is cleared to 0, the CKIO pin is fixed at low
during standby mode or cancellation of standby
mode. Therefore, the malfunction of an external circuit
because of an unstable CKIO clock during
cancellation of standby mode can be prevented. In
clock operating mode 7, the CKIO pin functions as an
input regardless of this bit value.

0: The CKIO pin is fixed to the low level during
standby mode or cancellation of standby mode.
(Clock is output during the period other than
standby mode or cancellation of standby mode.)

1: Clock is output from CKIO pin (placed in the high-
impedance state during standby mode).
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Initial
Bit Bit Name Value

R/W

Description

11 — 0

Reserved

This bit is always read as 0. The write value should
always be 0.

10t08 STC[20] 000

R/W

Frequency multiplication ratio of PLL circuit 1
000: x 1 time

001: x 2 times

010: x 3 times

011: x 4 times

100: x 6 times

101: x 8 times

Reserved

This bit is always read as 0. The write value should
always be 0.

6to4  IFC[2:0] 000

R/W

CPU Clock Frequency Division Ratio

These bits specify the frequency division ratio of the
CPU clock with respect to the output frequency of PLL
circuit 1.

000: x 1 time

001: x 1/2 time
010: x 1/3 time
011: x 1/4 time
100: x 1/6 time
101: x 1/8 time

3 RNGS 0

R/W

PLL Circuit 1 Output Range Select

Set this bit according to the output frequency of PLL
circuit 1 when the multiplication ratio of PLL circuit 1 is
set to 3 times. When any other multiplication ratio is
set, clear this bit to 0.

0: Low frequency mode
(when output frequency of PLL circuit 1 is 120 MHz
or less)

1: High frequency mode
(when multiplication ratio of PLL circuit 1 is 3 times
while its output frequency exceeds 120 MHz)
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Initial
Bit Bit Name Value R/W Description

2t00 PFC[2:0] 011 R/W Peripheral Clock Frequency Division Ratio

These bits specify the frequency division ratio of the
peripheral clock with respect to the output frequency
of PLL circuit 1.

000: x 1 time
001: x 1/2 time
010: x 1/3 time
011: x 1/4 time
100: x 1/6 time
101: x 1/8 time
110: x 1/12 time
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34.2 MTU Clock Freguency Control Register (MCLKCR)
MCLKCR is an 8-bit readable/writable register. Only byte access can be used on MCLKCR.

MCLKCR isinitialized to H'43 only by a power-on reset. MCLKCR retainsits previous value by
amanual reset or in software standby mode.

Bit: 7 6 5 4 3 2 1 0
| MSSCS[L:0] | - | - | - | - |MSDIVS[1:0]

Initial value: 0 1 0 0 0 0 1 1
R/W: R/W R/W R R R R R/W  R/W

Initial
Bit Bit Name Value R/W Description
7,6 MSSCS[1:0] 01 R/W Source Clock Select

These bits select the source clock.

00: Clock stop

01: PLL1 output clock

10: Reserved (setting prohibited)

11: Reserved (setting prohibited)
5to 2 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

1,0 MSDIVS[1:0] 11 R/W Division Ratio Select

These bits specify the frequency division ratio of the
source clock. Set these bits so that the output clock is
100 MHz or less, and also an integer multiple of the
peripheral clock frequency (P¢).

00: x 1 time

01: x 1/2 time
10: x 1/3 time
11: x 1/4 time

Page 82 of 1164 ROLUH0283EJ0400 Rev. 4.00
RRENESAS Aug 22, 2011



SH7206 Group Section 3 Clock Pulse Generator (CPG)

35 Changing the Frequency

The frequency of the CPU clock (19) and peripheral clock (Pp) can be changed either by changing
the multiplication rate of PLL circuit 1 or by changing the division rates of divider. All of these
are controlled by software through the frequency control register (FRQCR). The methods are
described below.

351 Changing the Multiplication Rate

A PLL settling timeis required when the multiplication rate of oscillation circuit 1 is changed. The
on-chip WDT counts the settling time. The oscillation stabilization time becomes the same time as
that of recovery from the software standby mode.

1. Intheinitial state, the multiplication rate of PLL circuit 1is1 time.

2. Set avauethat will become the specified oscillation settling time in the WDT and stop the
WDT. The following must be set:

WTCSR.TME = 0: WDT stops

WTCSR.CKS[2:0]: Division ratio of WDT count clock

WTCNT counter: Initial counter value

(The WDT count isincremented using the clock after the setting.)

3. Set the desired value in the STC[2:0] bits. The division ratio can also be set in the IFC[2:0] and
PFC[2:0] hits.

4. ThisLSI pausestemporarily and the WDT starts incrementing. The clock is supplied to the
WDT only, and the other internal clocks stop. The clock will continue to be output at the
CKIO pin. This state is the same as software standby mode. Whether or not registers are
initialized depends on the module. For details, see section 24.3, Register Statesin Each
Operating Mode.

5. Supply of the clock that has been set beginsat WDT count overflow, and this LS| begins
operating again. The WDT stops after it overflows.
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35.2 Changing the Division Ratio

Counting by the WDT does not proceed if the frequency divisor is changed but the multiplier is
not.

1. Intheinitia state, IFC[2:0] = B'000 and PFC[2:0] = B'011.

2. Set the desired value in the IFC[2:0] and PFC[2:0] bits. The values that can be set are limited
by the clock operating mode and the multiplication rate of PLL circuit 1. Note that if the wrong
valueis set, this LS| will malfunction.

3. After theregister bits (IFC[2:0] and PFC[2:0]) have been set, the clock is supplied of the new
division ratio.

Note: When executing the SLEEP instruction after the frequency has been changed, be sure to

read the frequency control register (FRQCR) three times before executing the SLEEP
instruction.

Page 84 of 1164 RO1UH0283EJ0400 Rev. 4.00
u zENESAS AUg 22,2011



SH7206 Group Section 3 Clock Pulse Generator (CPG)

3.6 Notes on Board Design

3.6.1 Note on Inputting External Clock

Figure 3.2 is an example of connecting the external clock input. When putting the XTAL pinin
open state, make sure the parasitic capacitance is less than or equal to 10 pF. To stably input the
external clock at power on or releasing the standby, wait longer than the oscillation stabilizing
time.

EXTAL J-I_l-l_l-l_ External clock input

XTAL Open state

Example of connection with XTAL pin open

Figure3.2 Example of Connecting External Clock

For details on input conditions of the external clock, see section 25.4.1, Clock Timing.

3.6.2 Note on Using an External Crystal Resonator

Place the crystal resonator and capacitors CL1 and CL2 as closeto the XTAL and EXTAL pinsas
possible. In addition, to minimize induction and thus obtain oscillation at the correct frequency,
the capacitors to be attached to the resonator must be grounded to the same ground. Do not bring
wiring patterns close to these components.

Signal lines prohibited

E cLA cL2 E Reference value
- e : CL1=10pF

= , CL2 = 10 pF

Note: The values for CL1 and CL2
should be determined after
consultation with the crystal
resonator manufacturer.

EXTAL XTAL

This LSI

Figure 3.3 Noteon Using a Crystal Resonator
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3.6.3 Note on Resonator

Since various characteristics related to the resonator are closely linked to the user’ s board design,
thorough evaluation is necessary on the user’ s part, using the resonator connection examples
shown in this section as a guide. Asthe parameters for the oscillation circuit will depend on the
floating capacitance of the resonator and the user board, the parameters should be determined in
consultation with the resonator manufacturer. The design must ensure that a voltage exceeding the
maximum rating is not applied to the resonator pin.

3.6.4 Note on Bypass Capacitor

A multilayer ceramic capacitor should be inserted for each pair of Vssand Vcc as a bypass
capacitor as many as possible. The bypass capacitor must be inserted as close to the power supply
pins of the LSl as possible. Note that the capacitance and frequency characteristics of the bypass
capacitor must be appropriate for the operating frequency of the LS.

3.65 Note on Using a PLL Oscillation Circuit

Inthe PLLVcc and PLLV ss connection pattern for the PLL, signal lines from the board power
supply pins must be as short as possible and pattern width must be as wide as possible to reduce
inductive interference.

Since the analog power supply pins of the PLL are sensitive to the noise, the system may
malfunction due to inductive interference at the other power supply pins. To prevent such
malfunction, the analog power supply pin Vcc and digital power supply pin PV cc should not
supply the same resources on the board if at all possible.

Signal lines prohibited

Power supply

PLLVce

PLLVss -|- i Vss

Vce

Figure3.4 Noteon UsingaPLL Oscillation Circuit
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Section 4 Exception Handling

4.1 Overview

411 Types of Exception Handling and Priority

Exception handling is started by sources, such as resets, address errors, register bank errors,
interrupts, and instructions. Table 4.1 shows their priorities. When several exception handling
sources occur at once, they are processed according to the priority shown.

Table4.1 Typesof Exception Handling and Priority Order

Type Exception Handling Priority

Reset Power-on reset High
A

Manual reset
Address CPU address error

error DMAC address error

Instruction  Integer division exception (division by zero)

Integer division exception (overflow)

Register Bank underflow
bank error

Bank overflow

Interrupt NMI

User break
H-UDI

IRQ

PINT

On-chip peripheral modules A/D converter (ADC)

Direct memory access controller (DMAC)

Compare match timer (CMT)

Bus state controller (BSC)
Watchdog timer (WDT)

Multi-function timer pulse unit 2 (MTU2)

v

Port output enable 2 (POE2): OEI1 and Low
OEI2 interrupts
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Type Exception Handling Priority

Interrupt On-chip peripheral modules  Multi-function timer pulse unit 2S (MTU2S) High
A

Port output enable 2 (POE2): OEI3
interrupt

I’C bus interface 3 (1IC3)

Serial communication interface with FIFO
(SCIF)

Instruction  Trap instruction (TRAPA instruction)

General illegal instructions (undefined code)

v
Slot illegal instructions (undefined code placed directly after a delayed Low
branch instruction**, instructions that rewrite the PC*?, 32-bit

instructions**, RESBANK instruction, DIVS instruction, and DIVU

instruction)

Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
BRAF.

2. Instructions that rewrite the PC: JMP, JSR, BRA, BSR, RTS, RTE, BT, BF, TRAPA,
BF/S, BT/S, BSRF, BRAF, JSR/N, RTV/N.

3. 32-bit instructions: BAND.B, BANDNOT.B, BCLR.B, BLD.B, BLDNOT.B, BOR.B,
BORNOT.B, BSET.B, BST.B, BXOR.B, MOV.B@disp12, MOV.W@disp12,
MOV.L@disp12, MOVI20, MOVI20S, MOVU.B, MOVU.W.

Page 88 of 1164 ROLUH0283EJ0400 Rev. 4.00
RRENESAS Aug 22, 2011



SH7206 Group

Section 4 Exception Handling

4.1.2

Exception Handling Oper ations

The exception handling sources are detected and begin processing according to the timing shown

intable 4.2.

Table4.2 Timing of Exception Sour ce Detection and Start of Exception Handling
Exception Source Timing of Source Detection and Start of Handling

Reset Power-on reset  Starts when the RES pin changes from low to high, when the

H-UDI reset negate command is set after the H-UDI reset
assert command has been set, or when the WDT overflows.

Manual reset

Starts when the MRES pin changes from low to high or when
the WDT overflows.

Address error

Detected when instruction is decoded and starts when the
previous executing instruction finishes executing.

Interrupts

Detected when instruction is decoded and starts when the
previous executing instruction finishes executing.

Register bank
error

Bank underflow

Starts upon attempted execution of a RESBANK instruction
when saving has not been performed to register banks.

Bank overflow

In the state where saving has been performed to all register
bank areas, starts when acceptance of register bank overflow
exception has been set by the interrupt controller (the BOVE bit
in IBNR of the INTC is 1) and an interrupt that uses a register
bank has occurred and been accepted by the CPU.

Instructions

Trap instruction

Starts from the execution of a TRAPA instruction.

General illegal

Starts from the decoding of undefined code anytime except

instructions immediately after a delayed branch instruction (delay slot).
Slot illegal Starts from the decoding of undefined code placed immediately
instructions after a delayed branch instruction (delay slot), of instructions

that rewrite the PC, of 32-bit instructions, of the RESBANK
instruction, of the DIVS instruction, or of the DIVU instruction.

Integer division
exceptions

Starts when detecting division-by-zero exception or overflow
exception caused by division of the negative maximum value
(H'80000000) by -1.
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When exception handling starts, the CPU operates as follows:
(1) Exception Handling Triggered by Reset

Theinitia values of the program counter (PC) and stack pointer (SP) are fetched from the
exception handling vector table (PC and SP are respectively the H'00000000 and H'00000004
addresses for power-on resets and the H'00000008 and H'0000000C addresses for manual resets).
See section 4.1.3, Exception Handling Vector Table, for more information. The vector base
register (VBR) isthen initialized to H'00000000, the interrupt mask level bits (13 to 10) of the
status register (SR) are initialized to H'F (B'1111), and the BO and CS bits are initialized. The BN
bit in IBNR of the interrupt controller (INTC) isaso initialized to 0. The program begins running
from the PC address fetched from the exception handling vector table.

(2) Exception Handling Triggered by AddressErrors, Register Bank Errors, Interrupts,
and Instructions

SR and PC are saved to the stack indicated by R15. In the case of interrupt exception handling
other than NMI or user breaks with usage of the register banks enabled, general registers RO to
R14, control register GBR, system registers MACH, MACL, and PR, and the vector table address
offset of the interrupt exception handling to be executed are saved to the register banks. In the case
of exception handling due to an address error, register bank error, NMI interrupt, user break
interrupt, or instruction, saving to aregister bank is not performed. When saving is performed to
al register banks, automatic saving to the stack is performed instead of register bank saving. In
this case, an interrupt controller setting must have been made so that register bank overflow
exceptions are not accepted (the BOVE bit in IBNR of the INTC is 0). If a setting to accept
register bank overflow exceptions has been made (the BOVE bit in IBNR of the INTC is 1),
register bank overflow exception will be generated. In the case of interrupt exception handling, the
interrupt priority level iswritten to the I3 to 10 bitsin SR. In the case of exception handling due to
an address error or instruction, the 13 to 10 bits are not affected. The exception service routine start
address is then fetched from the exception handling vector table and the program begins running
from that address.
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4.1.3 Exception Handling Vector Table

Before exception handling begins running, the exception handling vector table must be set in
memory. The exception handling vector table stores the start addresses of exception service
routines. (The reset exception handling table holds the initial values of PC and SP.)

All exception sources are given different vector numbers and vector table address offsets, from
which the vector table addresses are calculated. During exception handling, the start addresses of
the exception service routines are fetched from the exception handling vector table, which is
indicated by this vector table address.

Table 4.3 shows the vector numbers and vector table address offsets. Table 4.4 shows how vector
table addresses are calcul ated.

Table4.3 Exception Handling Vector Table
Vector

Exception Sources Numbers Vector Table Address Offset
Power-on reset PC 0 H'00000000 to H'00000003

SP 1 H'00000004 to H'00000007
Manual reset PC 2 H'00000008 to H'0000000B

SP 3 H'0000000C to H'0000000F
General illegal instruction 4 H'00000010 to H'00000013
(Reserved by system) 5 H'00000014 to H'00000017
Slot illegal instruction 6 H'00000018 to H'0000001B
(Reserved by system) 7 H'0000001C to H'0000001F

8 H'00000020 to H'00000023

CPU address error 9 H'00000024 to H'00000027
DMAC address error 10 H'00000028 to H'0000002B
Interrupts NMI 11 H'0000002C to H'0000002F

User break 12 H'00000030 to H'00000033
(Reserved by system) 13 H'00000034 to H'00000037
H-UDI 14 H'00000038 to H'0000003B
Bank overflow 15 H'0000003C to H'0000003F
Bank underflow 16 H'00000040 to H'00000043
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Vector
Exception Sources Numbers Vector Table Address Offset
Integer division exception 17 H'00000044 to H'00000047
(division by zero)
Integer division exception (overflow) 18 H'00000048 to H'0000004B
(Reserved by system) 19 H'0000004C to H'0000004F
31 H'0000007C to H'0000007F
Trap instruction (user vector) 32 H'00000080 to H'00000083
63 H'000000FC to H'000000FF
External interrupts (IRQ, PINT), 64 H'00000100 to H'00000103
on-chip peripheral module interrupts*
511 H'000007FC to H'000007FF

Note: * The vector numbers and vector table address offsets for each external interrupt and on-
chip peripheral module interrupt are given in table 5.4 in section 5, Interrupt Controller

(INTC).

Table4.4 Calculating Exception Handling Vector Table Addresses

Exception Source Vector Table Address Calculation

Resets Vector table address = (vector table address offset)

= (vector number) x 4

Address errors, register bank Vector table address = VBR + (vector table address offset)

errors, interrupts, instructions

= VBR + (vector number) x 4

Notes: 1. Vector table address offset: See table 4.3.

2. Vector number: See table 4.3.
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4.2 Resets

4.2.1 I nput/Output Pins
Table 4.5 shows the reset-related pin configuration.

Table4.5 Pin Configuration

Pin Name Symbol I/0 Function

Power-on reset ES Input When this pin is driven low, this LSI shifts to the power-
on reset processing

Manual reset MRES Input When this pin is driven low, this LSI shifts to the manual
reset processing.

4.2.2 Types of Reset

A reset is the highest-priority exception handling source. There are two kinds of reset, power-on
and manual. As shown in table 4.6, the CPU state is initialized in both a power-on reset and a
manual reset. On-chip peripheral module registers are initialized by a power-on reset, but not by a
manual reset.

Table4.6 Reset States

Conditions for Transition to Reset State Internal States
On-Chip WRCSR of
wWDT Peripheral WDT, FRQCR of

Type RES H-UDI Command MRES Overflow CPU Modules, I/0 Port CPG
Power-on Low — — — Initialized Initialized Initialized
reset High H-UDI reset assert — — Initialized Initialized Initialized

command is set

High Command other — Power-on Initialized |Initialized Not initialized

than H-UDI reset reset

assert is set
Manual High Command other Low — Initialized Not initialized* Not initialized
reset than H-UDI reset

assert is set

High Command other High Manual Initialized Not initialized* Not initialized
than H-UDI reset reset
assert is set

Note: * The BN bit in IBNR of the INTC is initialized.
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423 Power-On Reset
(1) Power-On Reset by Means of RES Pin

When the RES pin is driven low, this LSI enters the power-on reset state. To reliably reset this
LSI, the RES pin should be kept at the low level for the duration of the oscillation settling time at
power-on or when in software standby mode (when the clock is halted), or at least 20-tcyc
(unfixed) when the clock is running. In the power-on reset state, the internal state of the CPU and
al the on-chip peripheral module registers areinitialized. See appendix A, Pin States, for the
status of individual pins during the power-on reset state.

In the power-on reset state, power-on reset exception handling starts when the RES pinisfirst
driven low for afixed period and then returned to high. The CPU operates as follows:

1. Theinitia value (execution start address) of the program counter (PC) is fetched from the
exception handling vector table.

2. Theinitia value of the stack pointer (SP) is fetched from the exception handling vector table.

3. Thevector base register (VBR) is cleared to H'00000000, the interrupt mask level bits (I3 to
10) of the status register (SR) are initialized to H'F (B'1111), and the BO and CS bits are
initialized. The BN hit in IBNR of the INTC isalso initialized to 0.

4. The valuesfetched from the exception handling vector table are set in the PC and SP, and the
program begins executing.

Be certain to always perform power-on reset processing when turning the system power on.
(2) Power-On Reset by Means of H-UDI Reset Assert Command

When the H-UDI reset assert command is set, this LS| enters the power-on reset state. Power-on
reset by means of an H-UDI reset assert command is equivalent to power-on reset by means of the
RES pin. Setting the H-UDI reset negate command cancels the power-on reset state. Thetime
required between an H-UDI reset assert command and H-UDI reset negate command is the same
as the time to keep the RES pin low to initiate a power-on reset. In the power-on reset state
generated by an H-UDI reset assert command, setting the H-UDI reset negate command starts
power-on reset exception handling. The CPU operates in the same way as when a power-on reset
was caused by the RES pin.
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(3) Power-On Reset Initiated by WDT

When a setting is made for a power-on reset to be generated in the WDT’ s watchdog timer mode,
and WTCNT of the WDT overflows, this LS| enters the power-on reset state.

In this case, WRCSR of the WDT and FRQCR of the CPG are not initialized by the reset signal
generated by the WDT.

If areset caused by the RES pin or the H-UDI reset assert command occurs simultaneously with a
reset caused by WDT overflow, the reset caused by the RES pin or the H-UDI reset assert
command has priority, and the WOVF bit in WRCSR is cleared to 0. When power-on reset
exception processing is started by the WDT, the CPU operates in the same way as when a power-
on reset was caused by the RES pin.
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4.2.4 Manual Reset
(1) Manual Reset by Means of MRES Pin

When the MRES pin isdriven low, this LS| enters the manual reset state. In the manual reset state,
the CPU’sinternal stateisinitialized, but all the on-chip peripheral module registers are not
initialized. In the manual reset state, manual reset exception handling starts when the MRES pinis
first driven low for afixed period and then returned to high. The CPU operates as follows:

1. Theinitia value (execution start address) of the program counter (PC) is fetched from the
exception handling vector table.

2. Theinitial value of the stack pointer (SP) is fetched from the exception handling vector table.

3. The vector base register (VBR) is cleared to H'00000000, the interrupt mask level bits (13 to
10) of the status register (SR) areinitialized to H'F (B'1111), and the BO and CS bits are
initialized. The BN bit in IBNR of the INTC isalso initialized to 0.

4. The valuesfetched from the exception handling vector table are set in the PC and SP, and the
program begins executing.

(2) Manual Reset Initiated by WDT

When a setting is made for amanual reset to be generated in the WDT' s watchdog timer mode,
and WTCNT of the WDT overflows, thisLS| enters the manual reset state.

When manual reset exception processing is started by the WDT, the CPU operates in the same
way as when amanual reset was caused by the MRES pin.

(3 Noteon Manual Reset

When amanual reset is generated, the bus cycle isretained, but if amanual reset occurs while the
busisreleased or during DMAC burst transfer, manual reset exception handling will be deferred
until the CPU acquires the bus. However, if the interval from generation of the manual reset until
the end of the bus cycle is equal to or longer than the interval which MRES pin driven at low level
or the fixed internal manual reset interval cycles, the manual reset source isignored instead of
being deferred, and manual reset exception handling is not executed.
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4.3 AddressErrors

4.3.1

AddressError Sources

Address errors occur when instructions are fetched or data read or written, as shown in table 4.7.

Table4.7 BusCyclesand AddressErrors
Bus Cycle
Bus

Type Master Bus Cycle Description Address Errors

Instruction CPU Instruction fetched from even address None (normal)

. Instruction fetched from odd address Address error occurs
Instruction fetched from other than on-chip None (normal)
peripheral module space* or H'FO000000 to
H'F5FFFFFF in on-chip RAM space*

Instruction fetched from on-chip peripheral Address error occurs
module space* or H'FO000000 to
H'FSFFFFFF in on-chip RAM space*

Data CPU or Word data accessed from even address None (normal)

read/write e Word data accessed from odd address Address error occurs
Longword data accessed from a longword None (normal)
boundary
Longword data accessed from otherthana  Address error occurs
long-word boundary
Byte or word data accessed in on-chip None (normal)
peripheral module space*

Longword data accessed in 16-bit on-chip None (normal)
peripheral module space*
Longword data accessed in 8-bit on-chip None (normal)
peripheral module space*
Note: * See section 8, Bus State Controller (BSC), for details of the on-chip peripheral module

space and on-chip RAM space.
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4.3.2 Address Error Exception Handling

When an address error occurs, the bus cycle in which the address error occurred ends.* When the
executing instruction then finishes, address error exception handling starts. The CPU operates as
follows:

1. The exception service routine start address which corresponds to the address error that
occurred is fetched from the exception handling vector table.

2. The statusregister (SR) is saved to the stack.

3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last executed instruction.

4. After jumping to the exception service routine start address fetched from the exception
handling vector table, program execution starts. The jump that occursis not a delayed branch.

Note: * Inthe case of an address error caused by instruction fetching when dataiis read or
written, if the bus cycle on which the address error occurred is not completed by the
end of the operations described above, the CPU will recommence address error
exception processing until the end of that bus cycle.
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4.4 Register Bank Errors

44.1 Register Bank Error Sources
(1) Bank Overflow

In the state where saving has aready been performed to all register bank areas, bank overflow
occurs when acceptance of register bank overflow exception has been set by the interrupt
controller (the BOVE bit in IBNR of the INTC isset to 1) and an interrupt that uses a register
bank has occurred and been accepted by the CPU.

(2) Bank Underflow

Bank underflow occurs when an attempt is made to execute a RESBANK instruction while saving
has not been performed to register banks.

4.4.2 Register Bank Error Exception Handling

When aregister bank error occurs, register bank error exception handling starts. The CPU operates
asfollows:

1. The exception service routine start address which corresponds to the register bank error that
occurred is fetched from the exception handling vector table.

2. The statusregister (SR) is saved to the stack.

3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last executed instruction for a bank overflow, and the start
address of the executed RESBANK instruction for a bank underflow.

To prevent multiple interrupts from occurring at a bank overflow, the interrupt priority level
that caused the bank overflow is written to the interrupt mask level bits (13 to 10) of the status
register (SR).

4. After jumping to the exception service routine start address fetched from the exception
handling vector table, program execution starts. The jump that occursis not a delayed branch.
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4.5 Interrupts

45.1 Interrupt Sources

Table 4.8 shows the sources that start up interrupt exception handling. These are divided into
NMI, user breaks, H-UDI, IRQ, PINT, and on-chip peripheral modules.

Table4.8 Interrupt Sources

Number of
Type Request Source Sources
NMI NMI pin (external input) 1
User break User break controller (UBC) 1
H-UDI High-performance user debugging interface (H-UDI) 1
IRQ IRQO to IRQ7 pins (external input) 8
PINT PINTO to PINT7 pins (external input) 8
On-chip peripheral module  A/D converter (ADC) 2
Direct memory access controller (DMAC) 16
Compare match timer (CMT) 2
Bus state controller (BSC)
Watchdog timer (WDT) 1
Multi-function timer pulse unit 2 (MTU2) 26
Multi-function timer pulse unit 2S (MTU2S) 13
Port output enable 2 (POE2)
I’C bus interface 3 (1IC3)
Serial communication interface with FIFO (SCIF) 16

Each interrupt source is allocated a different vector number and vector table offset. Seetable 5.4 in
section 5, Interrupt Controller (INTC), for more information on vector numbers and vector table
address of fsets.
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45.2 Interrupt Priority Level

The interrupt priority order is predetermined. When multiple interrupts occur simultaneously

(overlap), the interrupt controller (INTC) determines their relative priorities and starts processing
according to the results.

The priority order of interruptsis expressed as priority levels 0 to 16, with priority O the lowest
and priority 16 the highest. The NMI interrupt has priority 16 and cannot be masked, soitis
aways accepted. The user break interrupt and H-UDI interrupt priority level is 15. Priority levels
of IRQ interrupts, PINT interrupts, and on-chip peripheral module interrupts can be set freely
using the interrupt priority registers 01, 02, and 05 to 14 (IPR01, IPR02, and IPRO5 to IPR14) of
the INTC as shown in table 4.9. The priority levelsthat can be set are 0 to 15. Level 16 cannot be
set. See section 5.3.1, Interrupt Priority Registers 01, 02, 05 to 14 (IPRO1, IPR02, IPRO5 to
IPR14), for details of IPRO1, IPRO2, and IPRO5 to IPR14.

Table4.9 Interrupt Priority Order

Type Priority Level Comment

NMI 16 Fixed priority level. Cannot be masked.

User break 15 Fixed priority level.

H-UDI 15 Fixed priority level.

IRQ Oto 15 Set with interrupt priority registers 01, 02, and 05
PINT to 14 (IPRO1, IPRO2, and IPRO5 to IPR14).

On-chip peripheral module
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453 Interrupt Exception Handling

When an interrupt occurs, its priority level is ascertained by the interrupt controller (INTC). NMI
is always accepted, but other interrupts are only accepted if they have a priority level higher than
the priority level set in the interrupt mask level bits (13 to 10) of the status register (SR).

When an interrupt is accepted, interrupt exception handling begins. In interrupt exception
handling, the CPU fetches the exception service routine start address which corresponds to the
accepted interrupt from the exception handling vector table, and saves SR and the program counter
(PC) to the stack. In the case of interrupt exception handling other than NMI or user breaks with
usage of the register banks enabled, general registers RO to R14, control register GBR, system
registers MACH, MACL, and PR, and the vector table address offset of the interrupt exception
handling to be executed are saved in the register banks. In the case of exception handling due to an
address error, NMI interrupt, user break interrupt, or instruction, saving is not performed to the
register banks. If saving has been performed to all register banks (0 to 14), automatic saving to the
stack is performed instead of register bank saving. In this case, an interrupt controller setting must
have been made so that register bank overflow exceptions are not accepted (the BOVE hit in
IBNR of the INTC is0). If a setting to accept register bank overflow exceptions has been made
(the BOVE bit in IBNR of the INTC is 1), register bank overflow exception occurs. Next, the
priority level value of the accepted interrupt is written to the 13 to 10 bitsin SR. For NMI,
however, the priority level is 16, but the value set in the 13 to 10 bitsis H'F (level 15). Then, after
jumping to the start address fetched from the exception handling vector table, program execution
starts. The jump that occursis not a delayed branch. See section 5.6, Operation, for further details
of interrupt exception handling.
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4.6 Exceptions Triggered by Instructions

4.6.1 Types of Exceptions Triggered by Instructions

Exception handling can be triggered by trap instructions, general illegal instructions, slot illegal
instructions, and integer division exceptions, as shown in table 4.10.

Table4.10 Types of Exceptions Triggered by Instructions

Type Source Instruction Comment
Trap instruction ~ TRAPA

Slot illegal Undefined code placed Delayed branch instructions: JMP, JSR,
instructions immediately after a delayed BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
branch instruction (delay slot), BRAF

instrgc_tions th_at rewrite the PC, Instructions that rewrite the PC: JMP, JSR,
32-bitinstructions, RESBANK  ppa 'BSR RTS, RTE, BT, BF, TRAPA,
instruction, DIVS instruction, and BF/S, BT/S, BSRF, BRAF, JSR/N, RTV/N

DIVU instruction
32-bit instructions: BAND.B, BANDNOT.B,
BCLR.B, BLD.B, BLDNOT.B, BOR.B,
BORNOT.B, BSET.B, BST.B, BXOR.B,
MOV.B@disp12, MOV.W@disp12,
MOV.L@disp12, MOVI20, MOVI20S,
MOVU.B, MOVU.W.

General illegal Undefined code anywhere

instructions besides in a delay slot

Integer division Division by zero DIVU, DIVS
exceptions

Negative maximum value + (-1) DIVS
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4.6.2 Trap Instructions

When a TRAPA instruction is executed, trap instruction exception handling starts. The CPU
operates asfollows:

1. The exception service routine start address which corresponds to the vector number specified
in the TRAPA instruction is fetched from the exception handling vector table.

2. The statusregister (SR) is saved to the stack.

3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the TRAPA instruction.

4. After jumping to the exception service routine start address fetched from the exception
handling vector table, program execution starts. The jump that occursis not a delayed branch.

4.6.3 Slot lllegal Instructions

An instruction placed immediately after a delayed branch instruction is said to be placed in adelay
slot. When the instruction placed in the delay slot is undefined code, an instruction that rewrites
the PC, a 32-hit instruction, an RESBANK instruction, a DIV Sinstruction, or a DIVU instruction,
dlot illegal exception handling starts when such kind of instruction is decoded. The CPU operates
asfollows:

1. The exception service routine start address is fetched from the exception handling vector table.
2. The statusregister (SR) is saved to the stack.

3. The program counter (PC) is saved to the stack. The PC value saved is the jump address of the
delayed branch instruction immediately before the undefined code, the instruction that rewrites
the PC, the 32-bit instruction, the RESBANK instruction, the DIV S instruction, or the DIVU
instruction.

4. After jumping to the exception service routine start address fetched from the exception
handling vector table, program execution starts. The jump that occursis not a delayed branch.

4.6.4 General Illegal Instructions

When undefined code placed anywhere other than immediately after a delayed branch instruction
(i.e.,inadelay slot) is decoded, general illegal instruction exception handling starts. The CPU
handles general illegal instructions in the same way as slot illegal instructions. Unlike processing
of dot illegal instructions, however, the program counter value stored is the start address of the
undefined code.
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4.6.5 Integer Division Exceptions

When an integer division instruction performs division by zero or the result of integer division
overflows, integer division instruction exception handling starts. The instructions that may become
the source of division-by-zero exception are DIVU and DIV S. The only source instruction of
overflow exception is DIVS, and overflow exception occurs only when the negative maximum
valueisdivided by —1. The CPU operates as follows:

1. The exception service routine start address which corresponds to the integer division
instruction exception that occurred is fetched from the exception handling vector table.

2. The statusregister (SR) is saved to the stack.

3. The program counter (PC) is saved to the stack. The PC value saved isthe start address of the
integer division instruction at which the exception occurred.

4. After jumping to the exception service routine start address fetched from the exception
handling vector table, program execution starts. The jump that occursis not a delayed branch.
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4.7 When Exception Sources Are Not Accepted

When an address error, register bank error (overflow), or interrupt is generated immediately after a
delayed branch instruction, it is sometimes not accepted immediately but stored instead, as shown
in table 4.11. When this happens, it will be accepted when an instruction that can accept the
exception is decoded.

Table4.11 Exception Source Generation Immediately after Delayed Branch Instruction

Exception Source

Register Bank Error
Point of Occurrence Address Error (Overflow) Interrupt

Immediately after a delayed  Not accepted Not accepted Not accepted
branch instruction*

Note: * Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
BRAF
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4.8 Stack Status after Exception Handling Ends
The status of the stack after exception handling ends is as shown in table 4.12.

Table4.12 Stack Status After Exception Handling Ends

Exception Type Stack Status
Address error E iy
SP > Address of |nst_ruct|on _ 32 bits
after executed instruction
SR 32 bits
Interrupt F T
SP » Address of mstrucﬂon _ 32 bits
after executed instruction
SR 32 bits
Register bank error (overflow) F T
Address of instruction .
SP > Lfter executed instruction 32 bits
SR 32 bits
Register bank error (underflow) E iy
Start address of relevant .
SP ™ RESBANK instruction 82 bits
SR 32 bits
Trap instruction E iy
Address of instruction .
SP after TRAPA instruction 32 bits
SR 32 bits
Slot illegal instruction T I
Jump destination address .
SP > of delayed branch instruction 32 bits
SR 32 bits
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Exception Type Stack Status
General illegal instruction T —
SP > llegainstructon - 32bits
SR 32 bits
Integer division exception - —
SP > ioger division istruaton 3291
SR 32 bits
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4.9 Usage Notes

49.1 Value of Stack Pointer (SP)

The value of the stack pointer must always be a multiple of four. If it is not, an address error will
occur when the stack is accessed during exception handling.

4.9.2 Value of Vector Base Register (VBR)

The value of the vector base register must always be a multiple of four. If it is not, an address error
will occur when the stack is accessed during exception handling.

493 Address Errors Caused by Stacking of Address Error Exception Handling

When the stack pointer is not a multiple of four, an address error will occur during stacking of the
exception handling (interrupts, etc.) and address error exception handling will start up as soon as
the first exception handling is ended. Address errors will then aso occur in the stacking for this
address error exception handling. To ensure that address error exception handling does not go into
an endless loop, no address errors are accepted at that point. This allows program control to be
shifted to the address error exception service routine and enables error processing.

When an address error occurs during exception handling stacking, the stacking bus cycle (write) is
executed. During stacking of the status register (SR) and program counter (PC), the SPis
decremented by 4 for both, so the value of SP will not be amultiple of four after the stacking
either. The address value output during stacking is the SP value, so the address where the error
occurred isitself output. This means the write data stacked will be undefined.

494 Interrupt Control via Modification of Interrupt Mask Bits

When enabling interrupts by changing the Interrupt Mask bits (13-10) of the Status Register (SR)
using the LDC or LDC.L instructions, interrupts might not be accepted during the execution of the
5 instructions immediately after the LDC/LDC.L instruction.

Therefore, when enabling/disabling interrupts by changing the Interrupt Mask bits (13-10) of the
Status Register (SR) using LDC/LDC.L instructions, please place at least 5 instructions between
the interrupt-enabl e instruction and the interrupt-disabl e instruction.
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4.9.5 Note before Exception Handling Begins Running

Before exception handling begins running, the exception handling vector table must be stored in a
memory, and the CPU must be able to access the memory. So, if the exception handling is
generated

e Ex. 1: when the exception handling vector table is stored in an external address space, but the
settings of bus state controller and general 1/0 ports to access the external address space
have been not completed yet, or

e Ex. 2: when the exception handling vector tableis stored in the on-chip RAM, but the vector
base register (VBR) has been not changed to the on-chip RAM address yet,

the CPU fetches an unintended value as the execution start address, and starts executing programs

from unintended address.
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Section 5 Interrupt Controller (INTC)

Theinterrupt controller (INTC) ascertains the priority of interrupt sources and controls interrupt
requests to the CPU. The INTC registers set the order of priority of each interrupt, allowing the
user to process interrupt requests according to the user-set priority.

51 Features

e 16 levels of interrupt priority can be set
By setting the twelve interrupt priority registers, the priorities of IRQ interrupts, PINT
interrupts, and on-chip peripheral module interrupts can be selected from 16 levels for request
Sources.

e NMI noise canceler function
An NMI input-level bit indicates the NMI pin state. By reading this bit in the interrupt
exception service routine, the pin state can be checked, enabling it to be used as the noise
canceler function.

e Occurrence of interrupt can be reported externally (IRQOUT pin)
For example, when this LS| has released the bus mastership, this LS| can inform the external
bus master of occurrence of an on-chip peripheral module interrupt and request for the bus
mastership.

¢ Register banks
This LSl hasregister banks that enable register saving and restoration required in the interrupt
processing to be performed at high speed.
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Figure 5.1 shows ablock diagram of the INTC.

IRQOUT =~ 5
NMI —— - :
IRQ7 to IRQD ———={ Input control - E
PINT7 to PINTO ———®= - H
: A :
UBC (Interrupt request) - :
H-UDI 1 (Interrupt request) - '
" (Interrupt request) - - ' Interrupt
DMAC - o ~ H request
CMT — (Interrupt request) - Com -
s - (Interrupt request) i parator !
WDT ' (Interrupt request) - _g’”?(_’f',‘y ' SR
: = identifier i
MTU2 : (Interrupt request) - : m
i (Interrupt request) . '
MTU2S — = |
POE2 —. (Interrupt request) o ' CPU
ADC —! (Interrupt request) - ,
IC3 ! (Interrupt request) - '
SCIF : (Interrupt request) - :
: Y I E
[ icro ][ icR1 ] !
' | icr2 || rarRr | ﬁ
. |[PnTER [ PRR ] | _IPR_|
\ IPRO1, IPR02, !
[_mcr || iBNR | IPROS to IPR14 ;
H ' >
' ' o
E \ Bus T ©
: < Module bus /A interface H %
e INTC === - mmmmmm oo ; &
[Legend]
UBC:  User break controller ICRO: Interrupt control register 0
H-UDI: High-performance user debugging interface ICR1: Interrupt control register 1
DMAC: Direct memory access controller ICR2: Interrupt control register 2
CMT:  Compare match timer IRQRR: IRQ interrupt request register
BSC: Bus state controller PINTER: PINT interrupt enable register
WDT: Watchdog timer PIRR: PINT interrupt request register
MTU2: Multi-function timer pulse unit 2 IBCR: Bank control register
MTU2S: Multi-function timer pulse unit 2S IBNR: Bank number register
POE2: Port output enable 2 IPRO1, IPRO2, IPRO5 to IPR14: Interrupt priority registers 01, 02,
ADC: A/D converter 05to 14
IIC3:  I12C bus interface 3
SCIF:  Serial communication interface with FIFO

Figure5.1 Block Diagram of INTC
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5.2 I nput/Output Pins
Table 5.1 shows the pin configuration of the INTC.

Table5.1 Pin Configuration

Pin Name Symbol I/O Function

Nonmaskable interrupt input ~ NMI Input Input of nonmaskable interrupt

pin request signal

Interrupt request input pins IRQ7 to IRQO Input Input of maskable interrupt request
PINT7 to PINTO Input __ S'9nals

Interrupt request output pin TRQOUT Output  Output of signal to report occurrence

of interrupt source
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53 Register Descriptions

The INTC has the following registers. These registers are used to set the interrupt priorities and
control detection of the external interrupt input signal.

Table5.2 Register Configuration

Initial Access

Register Name Abbreviation R/W Value Address Size

Interrupt control register O ICRO R/W *1 H'FFFEO800 16, 32
Interrupt control register 1 ICR1 R/W H'0000 H'FFFE0802 16, 32
Interrupt control register 2 ICR2 R/W H'0000 H'FFFEO0804 16, 32
IRQ interrupt request register IRQRR R/(W)*?  H'0000 H'FFFEO0806 16, 32
PINT interrupt enable register PINTER R/W H'0000 H'FFFEO808 16, 32
PINT interrupt request register PIRR R H'0000 H'FFFEO80A 16, 32
Bank control register IBCR R/W H'0000 H'FFFEO80C 16, 32
Bank number register IBNR R/W H'0000 H'FFFEO8SOE 16, 32
Interrupt priority register 01 IPRO1 R/W H'0000 H'FFFE0818 16, 32
Interrupt priority register 02 IPRO2 R/W H'0000 H'FFFEO81A 16, 32
Interrupt priority register 05 IPRO5 R/W H'0000 H'FFFE0820 16, 32
Interrupt priority register 06 IPRO6 R/W H'0000 H'FFFEOCO00 16, 32
Interrupt priority register 07 IPRO7 R/W H'0000 H'FFFEOC02 16, 32
Interrupt priority register 08 IPRO8 R/W H'0000 H'FFFEOC04 16, 32
Interrupt priority register 09 IPRO9 R/W H'0000 H'FFFEOC06 16, 32
Interrupt priority register 10 IPR10 R/W H'0000 H'FFFEOC08 16, 32
Interrupt priority register 11 IPR11 R/W H'0000 H'FFFEOCOA 16, 32
Interrupt priority register 12 IPR12 R/W H'0000 H'FFFEOCOC 16, 32
Interrupt priority register 13 IPR13 R/W H'0000 H'FFFEOCOE 16, 32
Interrupt priority register 14 IPR14 R/W H'0000 H'FFFEOC10 16, 32

Notes: 1. When the NMI pin is high, becomes H'8000; when low, becomes H'0000.
2. Only 0 can be written after reading 1, to clear the flag.
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531 Interrupt Priority Registers01, 02, 05 to 14 (IPR01, IPRO2, | PRO5 to | PR14)

IPRO1, IPRO2, and IPRO5 to IPR14 are 16-bit readabl e/writable registers in which priority levels
from 0 to 15 are set for IRQ interrupts, PINT interrupts, and on-chip peripheral module interrupts.
Table 5.3 shows the correspondence between the interrupt request sources and the bitsin IPROL,
IPRO2, and IPRO5 to IPR14.

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table5.3 Interrupt Request Sourcesand IPRO1, IPR0O2, and IPRO5 to |PR14

Register Name  Bits 15to 12 Bits 11to 8 Bits 7to 4 Bits 3to 0

Interrupt priority IRQO IRQ1 IRQ2 IRQ3

register 01

Interrupt priority IRQ4 IRQ5 IRQ6 IRQ7

register 02

Interrupt priority ~ PINT7 to PINTO  Reserved ADIO ADI1

register 05

Interrupt priority DMACO DMAC1 DMAC2 DMAC3

register 06

Interrupt priority ~ DMAC4 DMAC5 DMACG6 DMAC7

register 07

Interrupt priority ~ CMTO CMT1 BSC WDT

register 08

Interrupt priority ~ MTUO MTUO MTU1 MTU1

register 09 (TGIOA to TGIOD) (TCIoV, TGIOE, (TGI1A, TGI1B)  (TCI1V, TCI1U)
TGIOF)

Interrupt priority MTU2 MTU2 MTU3 MTU3

register 10 (TGI2A, TGI2B)  (TCI2V, TCI2U) (TGI3Ato TGI3D) (TCI3V)

Interrupt priority ~ MTU4 MTU4 MTUS POE2

register 11 (TGI4A to TGI4D) (TCl4V) (TGI5U, TGI5V, (OEI1, OEI2)

TGI5W)

Interrupt priority ~ MTU3S MTU3S MTU4S MTU4S

register 12 (TGI3Ato TGI3D) (TCI3V) (TGI4A to TGI4D) (TCl4V)
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Register Name Bits 15to 12 Bits 11to 8 Bits 7to 4 Bits 3to O
Interrupt priority ~ MTU5S POE2 IIC3 Reserved
register 13 (TGI5U, TGI5V,  (OEI3)

TGI5W)
Interrupt priority ~ SCIFO SCIF1 SCIF2 SCIF3
register 14

Asshown in table 5.3, by setting the 4-bit groups (bits 15 to 12, bits 11 to 8, bits 7 to 4, and bits 3
to 0) with values from H'0 (0000) to H'F (1111), the priority of each corresponding interrupt is set.

Setting of H'0 means priority level 0 (the lowest level) and H'F means priority level 15 (the
highest level).

IPRO1, IPRO2, and IPRO5 to IPR14 are initialized to H'0000 by a power-on reset.
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532 Interrupt Control Register 0 (ICRO)

ICRO is a 16-bit register that setsthe input signal detection mode for the external interrupt input
pin NMI, and indicates the input level at the NMI pin. ICRO isinitialized by a power-on reset.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

[l - | -] -] - - Jowef - J-F-F-F-J]-7J-]

Initial value: * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R/W R R R R R R R R

Note: * 1 when the NMI pin is high, and 0 when the NMI pin is low.

Initial
Bit Bit Name Value R/W  Description

15 NMIL * R NMI Input Level

Sets the level of the signal input at the NMI pin. The
NMI pin level can be obtained by reading this bit. This
bit cannot be modified.

0: Low level is input to NMI pin
1: High level is input to NMI pin
14t09 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.

8 NMIE 0 R/W  NMI Edge Select
Selects whether the falling or rising edge of the
interrupt request signal on the NMI pin is detected.
0: Interrupt request is detected on falling edge of NMI
input
1: Interrupt request is detected on rising edge of NMI
input
7t00 — All O R Reserved

These bits are always read as 0. The write value should
always be 0.
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533 Interrupt Control Register 1 (ICR1)

ICR1 isa 16-bit register that specifies the detection mode for external interrupt input pins IRQ7 to
IRQO individually: low level, falling edge, rising edge, or both edges. ICR1 isinitialized by a
power-on reset.

Btt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|IRQ71SllRQ7OS|IRQ61SllRQGOSlIRQ51 SllRQSOSlIRQ41SlIRQ4OS|IRQ31SllRQSOSlIR021SllRQZOSlIRQ1 1 S|IR01OS|IRQO1S|IRQOOS|
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
15 IRQ71S 0 R/W IRQ Sense Select
14 IRQ70S 0 R/W These bits select whether interrupt signals
13 IRQ61S 0 RIW corresponding to pins IRQ7 to IRQO are detected by a
low level, falling edge, rising edge, or both edges.
12 IRQ60S 0 RIW 00: Interrupt request is detected on low level of IRQn
11 IRQ51S 0 R/W input
10 IRQ50S 0 R/W  01: Interrupt request is detected on falling edge of IRQn
9 IRQ41S 0 RIW input
8 IRQ40S 0 RIW 10: Interrupt request is detected on rising edge of IRQn
input
! IRQ31S 0 RIW 11: Interrupt request is detected on both edges of IRQn
6 IRQ30S 0 R/IW input
5 IRQ21S 0 R/W
4 IRQ20S 0 R/W
3 IRQ11S 0 R/W
2 IRQ10S 0 R/W
1 IRQO1S 0 R/W
0 IRQO0S 0 R/W
[Legend]
n=7t0
Page 118 of 1164 RO1UHO0283EJ0400 Rev. 4.00

RENESAS Aug 22, 2011



SH7206 Group Section 5 Interrupt Controller (INTC)

534 Interrupt Control Register 2 (ICR2)

ICR2 is a 16-hit register that specifies the detection mode for external interrupt input pins PINT7
to PINTO individually: low level or high level. ICR2 isinitialized by a power-on reset.

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | - | - | - | - | - | - | - |F’INT7S|P|NTGS|PINTSS|P|NT4S|PINTSSlPINTZSlPINT1SlPINTOSl

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
15to8 — All0 R Reserved
These bits are always read as 0. The write value
should always be 0.
7 PINT7S 0 R/W  PINT Sense Select
6 PINT6S 0 R/W  These bits select whether interrupt signals
5 PINT5S 0 RIW corresponding t_o pins PINT7 to PINTO are detected by
a low level or high level.
4 PINT4S 0 RIW 0: Interrupt request is detected on low level of PINTn
3 PINT3S 0 R/W input
2 PINT2S 0 R/W  1: Interrupt request is detected on high level of PINTn
1 PINTIS 0 RWw  nput
0 PINTOS 0 R/W
[Legend]
n=7t0
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535 IRQ Interrupt Request Register (IRQRR)

IRQRR is a 16-hit register that indicates interrupt requests from external input pins IRQ7 to IRQO.
If edge detection is set for the IRQ7 to IRQO interrupts, writing 0 to the IRQ7F to IRQOF bits after
reading IRQ7F to IRQOF = 1 cancels the retained interrupts.

IRQRR isinitialized by a power-on reset.

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| R | R | R | ; | } | ; | ; | ] | IRQ7F| IHQGFl IROSFl IRQ4F| |R03F| IRQ2F | IRQ1F | IRQOFl

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW. R R R R R R R R RIW)*RI(W)*RI(W)* RAW)* RIW)* RIW)Y* RIW)* RIW)*

Note: * Only 0 can be written to clear the flag after 1 is read.

Initial
Bit Bit Name Value R/W Description
15to8 — All0 R Reserved
These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W Description
7 IRQ7F 0 R/(W)* IRQ Interrupt Request
6 IRQ6F 0 RI(W)* These bits indicate the status of the IRQ7 to IRQO
interrupt requests.
> IRQSF 0 RI(W)* Level detection:
4 IRQ4F 0 R/(W)* 0: IRQn interrupt request has not occurred
3 IRQ3F 0 R/(W)* [Clearing condition]
5 IRQ2F 0 RI(W)* . IRQn. input is high
1 ROLF 0 RIOW) 1: IRQn interrupt has occurred
[Setting condition]
0 IRQOF 0 R/I(W)* o IRQn inputis low
Edge detection:
0: IRQn interrupt request is not detected
[Clearing conditions]
e Cleared by reading IRQnF while IRQnF =1, then
writing 0 to IRQnF
e Cleared by executing IRQn interrupt exception
handling
1: IRQn interrupt request is detected
[Setting condition]
e Edge corresponding to IRQn1S or IRQNOS of
ICR1 has occurred at IRQn pin
[Legend]
n=7t0
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5.3.6 PINT Interrupt Enable Register (PINTER)

PINTER is a 16-hit register that enables interrupt request inputs to external interrupt input pins
PINT7 to PINTO. PINTER isinitialized by a power-on reset.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|- | - | - | - | - | - | - | - |F’INT7E|F’|NT6E|F’INT5E|PINT4E|PINTSElF’INTZElF’INT1E|F’|NTOE|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
15to8 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
7 PINT7E 0 R/W  PINT Enable
6 PINT6E 0 R/W These bits select whether to enable interrupt request
5 PINTSE 0 RIW inputs to external interrupt input pins PINT7 to PINTO.
0: PINTn input interrupt request is disabled
4 PINT4E 0 R/W ) ) )
1: PINTn input interrupt request is enabled
3 PINT3E 0 R/W
2 PINT2E 0 R/W
1 PINT1E 0 R/W
0 PINTOE 0 R/W
[Legend]
n=7t0
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537 PINT Interrupt Request Register (PIRR)

PIRR is a 16-hit register that indicates interrupt requests from external input pins PINT7 to
PINTO. PIRR isinitialized by a power-on reset.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|- | - | - | - | - | - | - | - |F’lNT7R|PINT6R|PINT5H|PINT4H|PINT3R|PINT2R|P|NT1R|F’INTORI

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Initial
Bit Bit Name Value R/W Description
15to8 — All0 R Reserved
These bits are always read as 0. The write value should
always be 0.
7 PINT7R 0 R PINT Interrupt Request
6 PINT6R 0 R These bits indicate the status of the PINT7 to PINTO
5 PINTSR 0 R interrupt requests.
0: No interrupt request at PINTn pin
4 PINT4R 0 R ]
1: Interrupt request at PINTn pin
3 PINT3R 0 R
2 PINT2R 0 R
1 PINT1R 0 R
0 PINTOR 0 R
[Legend]
n=7t0
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5.3.8 Bank Control Register (IBCR)

IBCR isa16-hit register that enables or disables use of register banks for each interrupt priority
level. IBCRisinitialized to H'0000 by a power-on reset.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

|E15|E14|E13|E12|E11|E10|E9|E8|E7|E6|E5|E4|E3|E2|E1|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R

Initial
Bit Bit Name Value R/W Description
15 E15 0 R/W  Enable
14 E14 0 R/W These bits enable or disable use of register banks for
13 E1 O R e Ahvays disabled for he user breal mertipte,
12 El2 0 RIW 0: Use of register banks is disabled
1 E11 0 RIW 1: Use of register banks is enabled
10 E10 0 R/W
9 E9 0 R/W
8 E8 0 R/W
7 E7 0 R/W
6 E6 0 R/W
5 E5 0 R/W
4 E4 0 R/W
3 E3 0 R/W
2 E2 0 R/W
1 El 0 R/W
0 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
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5.3.9 Bank Number Register (IBNR)

IBNR is a 16-hit register that enables or disables use of register banks and register bank overflow
exception. IBNR aso indicates the bank number to which saving is performed next through the
bits BN3 to BNO.

IBNR isinitialized to H'0000 by a power-on reset.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| BE[1:0] | BOVE | - | - | - | - | - | - | - | - | - | BN[3:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

Initial
Bit Bit Name Value R/W  Description
15,14 BE[1:0] 00 R/W  Register Bank Enable

These bits enable or disable use of register banks.

00: Use of register banks is disabled for all interrupts.
The setting of IBCR is ignored.

01: Use of register banks is enabled for all interrupts
except NMI and user break. The setting of IBCR is
ignored.

10: Reserved (setting prohibited)

11: Use of register banks is controlled by the setting of
IBCR.

13 BOVE 0 R/W  Register Bank Overflow Enable

Enables of disables register bank overflow exception.

0: Generation of register bank overflow exception is

disabled

1: Generation of register bank overflow exception is

enabled
12to4 — AllO R Reserved

These bits are always read as 0. The write value should

always be 0.
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Initial
Bit Bit Name Value R/W  Description

3to0 BN[3:0] 0000 R Bank Number

These bits indicate the bank number to which saving is
performed next. When an interrupt using register banks
is accepted, saving is performed to the register bank
indicated by these bits, and BN is incremented by 1.
After BN is decremented by 1 due to execution of a
RESBANK (restore from register bank) instruction,
restoration from the register bank is performed.
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54 Interrupt Sources

There are six types of interrupt sources: NMI, user break, H-UDI, IRQ, PINT, and on-chip
peripheral modules. Each interrupt has a priority level (0 to 16), with O the lowest and 16 the
highest. When set to level 0, that interrupt is masked at all times.

54.1 NMI Interrupt

The NMI interrupt has a priority level of 16 and is accepted at all times. NMI interrupt requests
are edge-detected, and the NMI edge select bit (NMIE) in interrupt control register 0 (ICRO)
selects whether the rising edge or falling edge is detected.

Though the priority level of the NMI interrupt is 16, the NMI interrupt exception handling sets the
interrupt mask level bits (13 to 10) in the status register (SR) to level 15.

5.4.2 User Break Interrupt

A user break interrupt which occurs when a break condition set in the user break controller (UBC)
matches has a priority level of 15. The user break interrupt exception handling setsthe 13 to 10 bits
in SR to level 15. For user break interrupts, see section 6, User Break Controller (UBC).

54.3 H-UDI Interrupt

The high-performance user debugging interface (H-UDI) interrupt has a priority level of 15, and
occurs at serial input of an H-UDI interrupt instruction. H-UDI interrupt requests are edge-
detected and retained until they are accepted. The H-UDI interrupt exception handling setsthe I3
to 10 bitsin SR to level 15. For H-UDI interrupts, see section 23, High-Performance User
Debugging Interface (H-UDI).
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54.4 IRQ Interrupts

IRQ interrupts are input from pins IRQ7 to IRQO. For the IRQ interrupts, low-level, falling-edge,
rising-edge, or both-edge detection can be selected individually for each pin by the IRQ sense
select bits (IRQ71S to IRQO1S and IRQ70S to IRQOQS) in interrupt control register 1 (ICR1). The
priority level can be set individually in arange from O to 15 for each pin by interrupt priority
registers 01 and 02 (IPRO1 and IPR0O2).

When using low-level sensing for IRQ interrupts, an interrupt request signal is sent to the INTC
while the IRQ7 to IRQO pins are low. An interrupt request signal is stopped being sent to the
INTC when the IRQ7 to IRQO pins are driven high. The status of the interrupt requests can be
checked by reading the IRQ interrupt request bits (IRQ7F to IRQOF) in the IRQ interrupt request
register (IRQRR).

When using edge-sensing for IRQ interrupts, an interrupt request is detected due to change of the
IRQY to IRQO pin states, and an interrupt request signal is sent to the INTC. The result of IRQ
interrupt request detection is retained until that interrupt request is accepted. Whether IRQ
interrupt requests have been detected or not can be checked by reading the IRQ7F to IRQOF bitsin
IRQRR. Writing 0 to these bits after reading them as 1 clears the result of IRQ interrupt request
detection.

The IRQ interrupt exception handling setsthe I3 to 10 bitsin SR to the priority level of the
accepted |RQ interrupt.

When returning from IRQ interrupt exception service routine, execute the RTE instruction after
confirming that the interrupt request has been cleared by the IRQ interrupt request register
(IRQRR) so as not to accidentally receive the interrupt request again.

54.5 PINT Interrupts

PINT interrupts are input from pins PINT7 to PINTO. Input of the interrupt requests is enabled by
the PINT enable bits (PINT7E to PINTOE) in the PINT interrupt enable register (PINTER). For
the PINT7 to PINTO interrupts, low-level or high-level detection can be selected individually for
each pin by the PINT sense select bits (PINT7S to PINTOS) in interrupt control register 2 (ICR2).
A single priority level in arange from O to 15 can be set for all PINT7 to PINTO interrupts by bits
15to 12 in interrupt priority register 05 (1PR05).

When using low-level sensing for the PINT7 to PINTO interrupts, an interrupt request signal is
sent to the INTC whilethe PINT7 to PINTO pins are low. An interrupt request signal is stopped
being sent to the INTC when the PINT7 to PINTO pins are driven high. The status of the interrupt
requests can be checked by reading the PINT interrupt request bits (PINT7R to PINTOR) in the
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PINT interrupt request register (PIRR). The above description also applies to when using high-
level sensing, except for the polarity being reversed. The PINT interrupt exception handling sets
the I3 to 10 bitsin SR to the priority level of the PINT interrupt.

When returning from IRQ interrupt exception service routine, execute the RTE instruction after
confirming that the interrupt request has been cleared by the PINT interrupt request register
(PIRR) so as not to accidentally receive the interrupt request again.

5.4.6 On-Chip Peripheral Module Interrupts
On-chip peripheral module interrupts are generated by the following on-chip peripheral modules:

e A/D converter (ADC)

e Direct memory access controller (DMAC)

e Compare match timer (CMT)

e Busstate controller (BSC)

e Watchdog timer (WDT)

e Multi-function timer pulse unit 2 (MTU2)

e Multi-function timer pulse unit 2S (MTU2S)

e Port output enable 2 (POE2)

e I°Cbusinterface 3 (11C3)

e Serial communication interface with FIFO (SCIF)

Asevery source is assigned a different interrupt vector, the source does not need to be identified in
the exception service routine. A priority level in arange from 0 to 15 can be set for each module
by interrupt priority registers 05 to 14 (IPRO5 to |PR14). The on-chip peripheral module interrupt
exception handling setsthe 13 to 10 bitsin SR to the priority level of the accepted on-chip
peripheral module interrupt.
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55 Interrupt Exception Handling Vector Table and Priority

Table 5.4 listsinterrupt sources and their vector numbers, vector table address offsets, and
interrupt priorities.

Each interrupt sourceis allocated a different vector number and vector table address offset. Vector
table addresses are cal culated from the vector numbers and vector table address offsets. In
interrupt exception handling, the interrupt exception service routine start address is fetched from
the vector table indicated by the vector table address. For details of calculation of the vector table
address, see table 4.4, Calculating Exception Handling Vector Table Addresses, in section 4,
Exception Handling.

The priorities of IRQ interrupts, PINT interrupts, and on-chip peripheral module interrupts can be
set freely between 0 and 15 for each pin or module by setting interrupt priority registers 01, 02,
and 05 to 14 (IPRO1, IPR0O2, and | PRO5 to IPR14). However, if two or more interrupts specified
by the same IPR among | PRO5 to | PR14 occur, the priorities are defined as shown in the IPR
setting unit internal priority of table 5.4, and the priorities cannot be changed. A power-on reset
assigns priority level 0 to IRQ interrupts, PINT interrupts, and on-chip peripheral module
interrupts. If the same priority level is assigned to two or more interrupt sources and interrupts
from those sources occur simultaneously, they are processed by the default prioritiesindicated in
table 5.4.
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Table5.4 Interrupt Exception Handling Vectorsand Priorities
Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
NMI 11 H'0000002Cto 16 — — High
H'0000002F A
User break 12 H'00000030to 15 — —
H'00000033
H-UDI 14 H'00000038to 15 — —
H'0000003B
IRQ IRQO 64 H'00000100to 0 to 15 (0) IPRO1 (15t0 12) —
H'00000103
IRQ1 65 H'00000104 to  0to 15 (0) IPRO1 (11t08) —
H'00000107
IRQ2 66 H'00000108to  0to 15 (0) IPRO1 (7 to 4) —
H'0000010B
IRQ3 67 H'0000010C to 0 to 15 (0) IPRO1 (3to 0) —
H'0000010F
IRQ4 68 H'00000110to  0to 15 (0) IPRO2 (15t0 12) —
H'00000113
IRQ5 69 H'00000114 to  0to 15 (0) IPRO2 (11t0 8) —
H'00000117
IRQ6 70 H'00000118to  0to 15 (0) IPRO2 (7 to 4) —
H'0000011B
IRQ7 71 H'0000011Cto 0to 15 (0) IPRO2 (3 to 0) — v
H'0000011F Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
PINT  PINTO 80 H'00000140to  Oto 15 (0) IPRO5 (15t012) 1 High
H'00000143 A
PINT1 81 H'00000144 to 2
H'00000147
PINT2 82 H'00000148 to 3
H'0000014B
PINT3 83 H'0000014C to 4
H'0000014F
PINT4 84 H'00000150 to 5
H'00000153
PINT5 85 H'00000154 to 6
H'00000157
PINT6 86 H'00000158 to 7
H'0000015B
PINT7 87 H'0000015C to 8
H'0000015F
ADC  ADIO 92 H'00000170to  Oto 15 (0) IPRO5 (7 to 4) —
H'00000173
ADI1 96 H'00000180to  Oto 15 (0) IPRO5 (3to 0) —
H'00000183
DMAC DMACO DEIO 108 H'000001BOto O to 15 (0) IPRO6 (15t0 12) 1
H'000001B3
HEIO 109 H'000001B4 to 2
H'000001B7
DMAC1 DEI1 112 H'000001COto Oto 15 (0) IPRO6 (11t0o8) 1
H'000001C3
HEI1 113 H'000001CA4 to 2
H'000001C7
DMAC2 DEI2 116 H'000001D0to 0Oto 15 (0) IPRO6 (7 to 4) 1
H'000001D3
HEI2 117 H'000001D4 to 2 v
H'000001D7 Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
DMAC DMAC3 DEI3 120 H'000001EOto  Oto 15 (0) IPRO6 (3 to 0) 1 High
H'000001E3 A
HEI3 121 H'000001E4 to 2
H'000001E7
DMAC4 DEI4 124 H'000001F0to  Oto 15 (0) IPRO7 (15t012) 1
H'000001F3
HEI4 125 H'000001F4 to 2
H'000001F7
DMACS5 DEI5 128 H'00000200to  Oto 15 (0) IPRO7 (11to8) 1
H'00000203
HEI5 129 H'00000204 to 2
H'00000207
DMAC6 DEI6 132 H'00000210to  Oto 15 (0) IPRO7 (7 to 4) 1
H'00000213
HEI6 133 H'00000214 to 2
H'00000217
DMAC7 DEI7 136 H'00000220to  Oto 15 (0) IPRO7 (3to 0) 1
H'00000223
HEI7 137 H'00000224 to 2
H'00000227
CMT  CMIO 140 H'00000230to  Oto 15 (0) IPRO8 (15t0 12) —
H'00000233
CMI1 144 H'00000240to  Oto 15 (0) IPRO8 (11t08) —
H'00000243
BSC CMI 148 H'00000250to O to 15 (0) IPRO8 (7 to 4) —
H'00000253
WDT  ITI 152 H'00000260to  Oto 15 (0) IPRO8 (3to 0) — v
H'00000263 Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
MTU2 MTUO TGIOA 156 H'00000270to  Oto 15 (0) IPRO9 (15t012) 1 High
H'00000273 A
TGIOB 157 H'00000274 to 2
H'00000277
TGIOC 158 H'00000278 to 3
H'0000027B
TGIOD 159 H'0000027C to 4
H'0000027F
TCIOV 160 H'00000280to  Oto 15 (0) IPRO9 (11t0o8) 1
H'00000283
TGIOE 161 H'00000284 to 2
H’00000287
TGIOF 162 H'00000288 to 3
H’0000028B
MTU1 TGI1A 164 H'00000290to  Oto 15 (0) IPRO9 (7 to 4) 1
H'00000293
TGI1B 165 H'00000294 to 2
H'00000297
TCIlV 168 H'000002A0to  Oto 15 (0) IPRO9 (3to 0) 1
H'000002A3
TCIIU 169 H'000002A4 to 2
H'000002A7
MTU2 TGI2A 172 H'000002BO to O to 15 (0) IPR10 (15t0 12) 1
H'000002B3
TGI2B 173 H'000002B4 to 2
H'000002B7
TCI2Vv 176 H'000002C0to 0Oto 15 (0) IPR10(11t0o8) 1
H'000002C3
TCIl2U 177 H'000002C4 to 2 v
H'000002C7 Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
MTU2 MTU3  TGI3A 180 H'000002D0 to  Oto 15 (0) IPR10 (7 to 4) 1 High
H'000002D3 A
TGI3B 181 H'000002D4 to 2
H'000002D7
TGI3C 182 H'000002D8 to 3
H'000002DB
TGI3D 183 H'000002DC to 4
H'000002DF
TCI3V 184 H'000002E0to  Oto 15 (0) IPR10 (3to 0) —
H'000002E3
MTU4  TGI4A 188 H'000002F0 to 0 to 15 (0) IPR11 (15t012) 1
H'000002F3
TGI4B 189 H'000002F4 to 2
H'000002F7
TGI4C 190 H'000002F8 to 3
H'000002FB
TGI4D 191 H'000002FC to 4
H'000002FF
TCl4V 192 H'00000300to 0 to 15 (0) IPR11 (11t0 8) —
H'00000303
MTU5  TGI5U 196 H'00000310to 0 to 15 (0) IPR11 (7 to 4) 1
H'00000313
TGISV 197 H'00000314 to 2
H'00000317
TGISW 198 H'00000318 to 3
H'0000031B
POE2 OEIl1 200 H'00000320to 0 to 15 (0) IPR11 (3to 0) 1
H'00000323
OEI2 201 H'00000324 to 2 v
H'00000327 Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
MTU2S MTU3S TGI3A 204 H'00000330to 0 to 15 (0) IPR12 (15t0 12) 1 High
H'00000333 A
TGI3B 205 H'00000334 to 2
H'00000337
TGI3C 206 H'00000338 to 3
H'0000033B
TGI3D 207 H'0000033C to 4
H'0000033F
TCI3V 208 H'00000340to  0to 15 (0) IPR12 (11t0 8) —
H'00000343
MTU4S TGI4A 212 H'00000350to 0 to 15 (0) IPR12 (7 to 4) 1
H'00000353
TGI4B 213 H'00000354 to 2
H'00000357
TGlAC 214 H'00000358 to 3
H'0000035B
TGI4D 215 H'0000035C to 4
H'0000035F
TCl4V 216 H'00000360to 0 to 15 (0) IPR12 (3to 0) —
H'00000363
MTU5S TGI5U 220 H'00000370to 0 to 15 (0) IPR13 (15t0 12) 1
H'00000373
TGI5V 221 H'00000374 to 2
H'00000377
TGI5SW 222 H'00000378 to 3
H'0000037B
POE2 OEI3 224 H'00000380to 0 to 15 (0) IPR13 (11t0o 8) — v
H'00000383 Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
1IC3 STPI 228 H'00000390 to O to 15 (0) IPR13 (7 to 4) 1 High
H'00000393 A
NAKI 229 H'00000394 to 2
H'00000397
RXI 230 H'00000398 to 3
H'0000039B
TXI 231 H'0000039C to 4
H'0000039F
TEI 232 H'000003A0 to 5
H'000003A3
SCIF SCIFO BRIO 240 H'000003C0to 0O to 15 (0) IPR14 (15t0 12) 1
H'000003C3
ERIO 241 H'000003C4 to 2
H'000003C7
RXI0 242 H'000003C8 to 3
H'000003CB
TXIO 243 H'000003CC to 4
H'000003CF
SCIF1 BRI1 244 H'000003D0to  0to 15 (0) IPR14 (11t08) 1
H'000003D3
ERI1 245 H'000003D4 to 2
H'000003D7
RXI1 246 H'000003D8 to 3
H'000003DB
TXI1 247 H'000003DC to 4
H'000003DF
SCIF2 BRI2 248 H'000003EOto  0to 15 (0) IPR14 (7 to 4) 1
H'000003E3
ERI2 249 H'000003E4 to 2
H'000003E7
RXI2 250 H'000003ES8 to 3
H'000003EB
TXI2 251 H'000003EC to 4 4
H'000003EF Low
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Interrupt Vector IPR
Setting
Interrupt Unit
Vector Table Priority Corresponding Internal Default
Interrupt Source Vector Address Offset (Initial Value) IPR (Bit) Priority  Priority
SCIF  SCIF3 BRI3 252 H'000003F0 to 0 to 15 (0) IPR14 (3to 0) 1 High
H'000003F3
ERI3 253 H'000003F4 to 2
H'000003F7
RXI3 254 H'000003F8 to 3
H'000003FB
TXI3 255 H'000003FC to 4
H'000003FF Low
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5.6 Operation

56.1 Interrupt Operation Sequence

The sequence of interrupt operations is described below. Figure 5.2 shows the operation flow.

1
2.

Theinterrupt request sources send interrupt request signalsto the interrupt controller.

Theinterrupt controller selects the highest-priority interrupt from the interrupt requests sent,
following the priority levels set in interrupt priority registers 01, 02, and 05 to 14 (IPRO1,
IPR0O2, and IPRO5 to IPR14). Lower priority interrupts are ignored*. If two of these interrupts
have the same priority level or if multiple interrupts occur within asingle IPR, the interrupt
with the highest priority is selected, according to the default priority and IPR setting unit
internal priority shown in table 5.4.

The priority level of the interrupt selected by the interrupt controller is compared with the
interrupt level mask bits (13 to 10) in the status register (SR) of the CPU. If the interrupt
request priority level is equal to or lessthan the level set in bits 13 to |0, the interrupt request is
ignored. If the interrupt request priority level is higher than the level in bits I3 to 10, the
interrupt controller accepts the interrupt and sends an interrupt request signal to the CPU.

When the interrupt controller accepts an interrupt, alow level is output from the IRQOUT pin.
The CPU detects the interrupt request sent from the interrupt controller when the CPU decodes
the instruction to be executed. Instead of executing the decoded instruction, the CPU starts
interrupt exception handling (figure 5.4).

The interrupt exception service routine start address is fetched from the exception handling
vector table corresponding to the accepted interrupt.

The status register (SR) is saved onto the stack, and the priority level of the accepted interrupt
iscopied to bits13to 10 in SR.

The program counter (PC) is saved onto the stack.

The CPU jumps to the fetched interrupt exception service routine start address and starts
executing the program. The jump that occursis not a delayed branch.

10. A high level is output from the IRQOUT pin. However, if the interrupt controller accepts an

interrupt with a higher priority than the interrupt just being accepted, the IRQOUT pin holds
low level.
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Notes: Theinterrupt source flag should be cleared in the interrupt handler. After clearing the
interrupt source flag, "time from occurrence of interrupt request until interrupt controller
identifies priority, compares it with mask bitsin SR, and sends interrupt request signal to
CPU" shown in table 5.5 is required before the interrupt source sent to the CPU is actually
cancelled. To ensure that an interrupt request that should have been cleared is not
inadvertently accepted again, read the interrupt source flag after it has been cleared, and
then execute an RTE instruction.

* Interrupt requests that are designated as edge-sensing are held pending until the
interrupt requests are accepted. IRQ interrupts, however, can be cancelled by accessing
the IRQ interrupt request register (IRQRR). For details, see section 5.4.4, IRQ

Interrupts.
Interrupts held pending due to edge-sensing are cleared by a power-on reset.
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Program
execution state

Y
e H-UDI No
interrupt?
No
Yes Level 15
interrupt?

Yes

13tol0<
level 14?

| IRQOUT = low

Read exception
handling vector table

1
| Save SR to stack |

Copy accept-interrupt
level to I3 to 10
1

| Save PC to stack

i
Branch to interrupt
exception service routine

| IRQOUT = high |

13to 10 <
level 13?

Level 14 N
interrupt?

Yes

Level 1
interrupt?

level 0?

No

Figure5.2 Interrupt Operation Flow
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56.2 Stack after Interrupt Exception Handling

Figure 5.3 shows the stack after interrupt exception handling.

Addres:v ™
4n-8 | PC*! 32 bits <l Sp#2
4n-4| SR 32 bits
4n
TR TR

Notes: 1. PC: Start address of the next instruction (return destination instruction)
after the executed instruction
2. Always make sure that SP is a multiple of 4.

Figure5.3 Stack after Interrupt Exception Handling

Page 142 of 1164 RO1UH0283EJ0400 Rev. 4.00
u zENESAS AUg 22,2011




SH7206 Group Section 5 Interrupt Controller (INTC)

5.7 Interrupt Response Time

Table 5.5 lists the interrupt response time, which is the time from the occurrence of an interrupt
request until the interrupt exception handling starts and fetching of the first instruction in the
exception service routine begins. The interrupt processing operations differ in the cases when
banking is disabled, when banking is enabled without register bank overflow, and when banking is
enabled with register bank overflow. Figures 5.4 and 5.5 show examples of pipeline operation
when banking is disabled. Figures 5.6 and 5.7 show examples of pipeline operation when banking
is enabled without register bank overflow. Figures 5.8 and 5.9 show examples of pipeline
operation when banking is enabled with register bank overflow.

Table5.5 Interrupt Response Time

Number of States

Peripheral
Item NMI User Break  H-UDI IRQ, PINT Module Remarks
Time from occurrence of interrupt 2 leyc + 3 lcyc 2 lcyc + 2 lcyc + 2 leyc +
request until interrupt controller 2 Beyc + 1 Pcyc 3 Beyc + 1 Beyc +
identifies priority, compares it with 1 Pcyc 1 Pcyc 1 Pcyc
mask bits in SR, and sends interrupt
request signal to CPU
Time from No register Min. 3lcyc + ml + m2 Min. is when the interrupt
input of bankin wait time is zero.
X P 9 Max. 4 lcyc +2(ml1+ m2) +m3 ) X
interrupt Max. is when a higher-
request signal priority interrupt request has
to CPU until occurred during interrupt
sequence exception handling.
currently being ) ) . .
. Register Min. — 3 lcyc + ml + m2 Min. is when the interrupt
executed is ) S
banking wait time is zero.
completed, ) Max. — 12 lcyc + m1 + m2 ) X
interrupt without Max. is when an interrupt
’_) register request has occurred during
exception )
. bank execution of the RESBANK
handling starts, . )
§ overflow instruction.
and first
instruction in Register Min.  — 3 lcyc + ml + m2 Min. is when the interrupt
interrupt banking wait time is zero.
. i Max. — 3lcyc + ml + m2 + 19(m4) X )
exception with Max. is when an interrupt
service routine register request has occurred during
is fetched bank execution of the RESBANK
overflow instruction.
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Number of States

Peripheral
Item NMI User Break H-UDI IRQ, PINT Module Remarks
Interrupt No register Min. 5 lcyc + 6 Icyc + 5lcyc + 5lcyc + 5 lcyc + 200-MHz operation****:
response time  banking 2 Beyc + ml+m2 1 Pcyc + 3 Beyc + 1 Beyc + 0.040 t0 0.110 ps
1 Pcyc + ml+m2 1 Pcyc + 1 Pcyc +
ml+m2 ml+m2 ml+m2
Max. 6 lcyc + 7 Ieyc + 6 Icyc + 6 Icyc + 6 Icyc + 200-MHz operation****:
2 Beyc + 2(ml1+m2)+ 1Pcyc+ 3 Beyc + 1 Beyc + 0.060 t0 0.130 us
1 Pcyc + m3 2(ml1+m2)+ 1Pcyc+ 1 Pcyc +
2(ml+m2)+ m3 2(ml1+m2)+ 2(ml+m2)+
m3 m3 m3
Register Min.  — — 5 Icyc + 5 lcyc + 5 Icyc + 200-MHz operation****:
banking 1 Pcyc + 3 Beyc + 1 Beyc + 0.040 t0 0.110 ps
without ml+m2 1 Pcyc + 1 Pcyc +
register ml+m2 ml+m2
bank .
overflow Max. — — 14 Icyc + 14 Icyc + 14 Icyc + 200-MHz operation****:
1 Pcyc + 3 Beyc + 1 Beyc + 0.085 t0 0.155 us
ml+m2 1 Pcyc + 1 Pcyc +
ml+m2 ml+m2
Register ~ Min.  — — 5 Icyc + 5 Icyc + 5 lcyc + 200-MHz operation****:
banking 1 Pcyc + 3 Beyc + 1Bcyc + 0.040 t0 0.110 ps
with ml+m2 1 Pcyc + 1 Pcyc +
register ml+m2 ml+ m2
bank .
overflow Max. — — 5lcyc + 5lcyc + 5 lcyc + 200-MHz operation*™**:
1Pcyc+ml+ 3Bcyc+ 1 Bcyc + 0.135t0 0.205 ps

m2+19(m4) 1Pcyc+ml+ 1Pcyc+ml+
m2 +19(m4) m2 + 19(m4)

Notes: m1 to m4 are the number of states needed for the following memory accesses.
ml: Vector address read (longword read)
m2: SR save (longword write)
m3: PC save (longword write)

m4: Banked registers (RO to R14, GBR, MACH, MACL, and PR) are restored from the
stack.

1. Inthe case thatml=m2 =m3=m4 =1 Icyc.
In the case that (19, B¢, P$) = (200 MHz, 66 MHz, 33 MHz).
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Interrupt acceptance

3lcyc + m1 + m2

2 Icyc + 3 Beye + 1 Peyc

IRQ —|

Instruction (instruction replacing
interrupt exception handling)

3 lcyc mi  m2 : m3

[Flolele|[m|[m]wm

First instruction in interrupt exception
service routine

-n
H

[Legend]

m1: Vector address read

m2: Saving of SR (stack)

m3: Saving of PC (stack)

F: Instruction fetch. Instruction is fetched from memory in which program is stored.

D: Instruction decoding. Fetched instruction is decoded.

E Instruction execution. Data operation or address calculation is performed in accordance with the result of decoding.
M Memory access. Memory data access is performed.

Figure5.4 Example of Pipeline Operation when IRQ Interrupt is Accepted
(No Register Banking)
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—_

2 lcyc + 3 Beye + 1 Peyc

IRQ —|

[Flo|lef[e|lm|[m]wm

3 lcyc + m1 Icyc + m1 + 2(m2) + m3

m1 m2 ' m3 mi1 ' m2

First instruction in interrupt exception
service routine

First instruction in multiple interrupt
exception service routine

H

|
|

- e oo

I Interrupt acceptance I I Multiple interrupt acceptance

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

Figure5.5 Example of Pipeline Operation for Multiple Interrupts
(No Register Banking)

Interrupt acceptance

3lcyc+ m1 + m2

2 lcyc + 3 Beye + 1 Peyc m3

IRQ —|

Instruction (instruction replacing
interrupt exception handling)

3 lcyc mi  m2

[Flo|lele|[m]|m|[m]E]

First instruction in interrupt exception
service routine

T
H

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

Figure5.6 Example of Pipeline Operation when IRQ Interrupt is Accepted
(Register Banking without Register Bank Overflow)
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2 leyc + 3 Beye + 1 Peye | 9 lcyc

IRQ _l

3lcyc + m1 + m2

'
' '
' '
| |
rReseANKinstrucon | F [ D | E[E| e e[ el e e e] e o .
" | rmirm2,m3:
' ' [P P
Instruction (instruction replacing ! [ . i . .
interrupt exception handling) H I D I E I E I M I M I M I E I
1 ! o ! .
' | ' I . |
First instruction in interrupt ' ' ' '
exception service routine : : ! ! n
' '

[Legend]

m1: Vector address read
m2:  Saving of SR (stack)
m3:  Saving of PC (stack)

Figure5.7 Example of Pipeline Operation when Interrupt is Accepted during RESBANK
Instruction Execution (Register Banking without Register Bank Overflow)

Interrupt acceptance

3lcyc + m1 + m2

2 lcyc + 3 Beyc + 1 Pcyci 3 lcyc ., ml m2 E m3 E
IRQ —| : 5 5 ' '
Instruction (instruction replacing
interrupt exception handling) | F D | E | E M| M| M| - | M |

First instruction in interrupt exception
service routine

-
@)

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

Figure5.8 Example of Pipeline Operation when IRQ Interrupt is Accepted
(Register Banking with Register Bank Overflow)
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2 leyc + 3 Beyc + 1 Peyc

IRQ _l

2 leyc + 17(m4) 1lcyc + m1 + m2 + 2(m4)

! ! !
i i i
E :m4:m4: :m1:m2:m3
ResBANKinstucon | F | D[ E[ M| m ]| M| . [m]m]m]|w]
1 1 ! 1
Instruction (instruction replacing : : : : : : :
interrupt exception handling) | I D ! E ! E ! M .I M I M I I
! [ T !
First instruction in interrupt ' ' : : : :
e>|<rcse ;I)rt]ior:uselr?/?cle ;gutir::p E oo | - [ o]
! oL

Interrupt acceptance

[Legend]

m1: Vector address read

m2:  Saving of SR (stack)

m3:  Saving of PC (stack)

m4: Restoration of banked registers

Figure5.9 Example of Pipeline Operation when Interrupt is Accepted during RESBANK
Instruction Execution (Register Banking with Register Bank Over flow)
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5.8 Register Banks

This LSl hasfifteen register banks used to perform register saving and restoration required in the
interrupt processing at high speed. Figure 5.10 shows the register bank configuration.

Registers Register banks
| Bank 0
General RO RO Bank 1
registers R1 R
. Interrupt generated . Bank 14
: (save) :
R14 R14
R15
GBR
Control SR
registers GBR MACH
VBR MACL
TBR BESBANK PR
instruction
1
System MACH (restore) V1O
registers MACL
PR |
PC
Bank control registers (interrupt controller)
Bank control register IBCR
Bank number register IBNR

Note: :I: Banked register
VTO: Vector table address offset

Figure5.10 Overview of Register Bank Configuration
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581 Banked Register and Input/Output of Banks
(1) Banked Register

The contents of the general registers (RO to R14), global base register (GBR), multiply and
accumulate registers (MACH and MACL), and procedure register (PR), and the vector table
address offset are banked.

(2) Input/Output of Banks

This LSl hasfifteen register banks, bank 0 to bank 14. Register banks are stacked in first-in last-
out (FILO) sequence. Saving takes place in order, beginning from bank 0, and restoration takes
place in the reverse order, beginning from the last bank saved to.

5.8.2 Bank Save and Restore Operations
(1) SavingtoBank

Figure 5.11 shows register bank save operations. The following operations are performed when an
interrupt for which usage of register banksis allowed is accepted by the CPU:

a. Assume that the bank number bit value in the bank number register (IBNR), BN, isi before the
interrupt is generated.

b. The contents of registers RO to R14, GBR, MACH, MACL, and PR, and the interrupt vector
table address offset (VTO) of the accepted interrupt are saved in the bank indicated by BN,
bank i.

c. TheBN valueisincremented by 1.

‘ Register banks Registers
Q Bank 0
(©) Bank ] RO to R14
: GBR
. MACH
(a) T (b) MACL
anki_J——
Bank i + 1 PR
: VTO
Bank 14

Figure5.11 Bank Save Operations
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Figure 5.12 shows the timing for saving to aregister bank. Saving to aregister bank takes place
between the start of interrupt exception handling and the start of fetching the first instruction in the
interrupt exception service routine.

' 3lcyc + m1 + m2 !

Instruction (instruction replacing
interrupt exception handling)

2 Icyc + 3 Beye + 1 Pcyci 3 Icyc . ml m2 + m3

[Flo|lelelm|m]|[m]|E

1 (1) VTO, PR, GBR, MACL

Overrun fetch

First instruction in interrupt exception E -“-
service routine I F E

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

Figure5.12 Bank Save Timing
(2) Restoration from Bank

The RESBANK (restore from register bank) instruction is used to restore data saved in aregister
bank. After restoring data from the register banks with the RESBANK instruction at the end of the
interrupt exception service routine, execute the RTE instruction to return from interrupt exception
service routine.
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583 Save and Restore Operations after Saving to All Banks

If an interrupt occurs and usage of the register banks is enabled for the interrupt accepted by the
CPU in a state where saving has been performed to all register banks, automatic saving to the
stack is performed instead of register bank saving if the BOVE bit in the bank number register
(IBNR) iscleared to 0. If the BOVE bit in IBNR is set to 1, register bank overflow exception
occurs and datais not saved to the stack.

Save and restore operations when using the stack are as follows:
(1) Savingto Stack

1. The statusregister (SR) and program counter (PC) are saved to the stack during interrupt
exception handling.

2. The contents of the banked registers (RO to R14, GBR, MACH, MACL, and PR) are saved to
the stack. The registers are saved to the stack in the order of MACL, MACH, GBR, PR, R14,
R13, ..., R1, and RO.

3. Theregister bank overflow bit (BO) in SRis set to 1.

4. The bank number bit (BN) value in the bank number register (IBNR) remains set to the
maximum value of 15.

(2) Restoration from Stack

When the RESBANK (restore from register bank) instruction is executed with the register bank
overflow bit (BO) in SR set to 1, the CPU operates as follows:

1. The contents of the banked registers (RO to R14, GBR, MACH, MACL, and PR) are restored
from the stack. The registers are restored from the stack in the order of RO, R1, ..., R13, R14,
PR, GBR, MACH, and MACL.

2. The bank number bit (BN) value in the bank number register (IBNR) remains set to the
maximum value of 15.
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584 Register Bank Exception

There are two register bank exceptions (register bank errors): register bank overflow and register
bank underflow.

(1) Register Bank Overflow

This exception occurs if, after data has been saved to all of the register banks, an interrupt for
which register bank use is alowed is accepted by the CPU, and the BOVE bit in the bank number
register (IBNR) isset to 1. In this case, the bank number bit (BN) value in the bank number
register (IBNR) remains set to the bank count of 15 and saving is not performed to the register
bank.

(2) Register Bank Underflow

This exception occursif the RESBANK (restore from register bank) instruction is executed when
no data has been saved to the register banks. In this case, the values of RO to R14, GBR, MACH,
MACL, and PR do not change. In addition, the bank number bit (BN) value in the bank number
register (IBNR) remains set to 0.

585 Register Bank Error Exception Handling

When aregister bank error occurs, register bank error exception handling starts. When this
happens, the CPU operates as follows:

1. The exception service routine start address which corresponds to the register bank error that
occurred is fetched from the exception handling vector table.

2. The statusregister (SR) is saved to the stack.

3. The program counter (PC) is saved to the stack. The PC value saved isthe start address of the
instruction to be executed after the last executed instruction for aregister bank overflow, and
the start address of the executed RESBANK instruction for aregister bank underflow. To
prevent multiple interrupts from occurring at aregister bank overflow, the interrupt priority
level that caused the register bank overflow iswritten to the interrupt mask level bits (13 to 10)
of the status register (SR).

4. Program execution starts from the exception service routine start address.
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5.9 Data Transfer with Interrupt Request Signals
Interrupt request signals can be used to activate the DMAC and transfer data.

Interrupt sources that are designated to activate the DMAC are masked without being input to the
INTC. The mask condition is as follows:

Mask condition = DME e (DEO e interrupt source select 0 + DE1 e interrupt source select 1
+ DE2 e interrupt source select 2 + DE3 e interrupt source select 3 +
DEA4 e interrupt source select 4 + DES5 e interrupt source select 5 + DE6
e interrupt source select 6 + DE7 e interrupt source select 7)

Figure 5.13 shows a block diagram of interrupt control.

Here, DME isbit 0in DMAOR of the DMAC, and DEn (n=0to 7) ishit 0 in CHCRO to CHCR?
of the DMAC. For details, see section 9, Direct Memory Access Controller (DMAC).

Interrupt source ——— |

DMAC
Interrupt source L

flag clearing
(by DMAC)

Interrupt source (not specified as DMAC activating source)

CPU interrupt request
INTC CPU

Figure5.13 Interrupt Control Block Diagram
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591 Handling Interrupt Request Signals as Sourcesfor CPU Interrupt but Not DMAC
Activating

1 Do not select DMAC activating sources or clear the DME bit to 0. If, DMAC activating
sources are selected, clear the DE bit to O for the relevant channel of the DMAC.

2. When interrupts occur, interrupt requests are sent to the CPU.

3. The CPU clearsthe interrupt source and performs the necessary processing in the interrupt
exception service routine.

5.9.2 Handling Interrupt Request Signals as Sour cesfor Activating DMAC but Not CPU
Interrupt

1. Select DMAC activating sources and set both the DE and DME bitsto 1. This masks CPU
interrupt sources regardless of the interrupt priority register settings.

2. Activating sources are applied to the DMAC when interrupts occur.
3. The DMAC clearsthe interrupt sources when starting transfer.
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510 Usage Note

5101 Timingto Clear an Interrupt Source

The interrupt source flags should be cleared in the interrupt exception service routine. After
clearing the interrupt source flag, "time from occurrence of interrupt request until interrupt
controller identifies priority, compares it with mask bitsin SR, and sends interrupt request signal
to CPU" shown in table 5.5 isrequired before the interrupt source sent to the CPU is actually
cancelled. To ensure that an interrupt request that should have been cleared is not inadvertently
accepted again, read the interrupt source flag after it has been cleared, and then execute an RTE
instruction.

5.10.2 Timing of IRQOUT Negation

Once the interrupt controller has accepted an interrupt request, the low level is output from the
IRQOUT pin until the CPU jumps to the first address of the interrupt exception service routine,
after which the high level is output from the IRQOUT pin.

If, however, the interrupt controller has accepted an interrupt request and the low level isbeing
output from the IRQOUT pin, but the interrupt request is canceled before the CPU has jumped to
the first address of the interrupt exception service routine, the low level continues to be output
from the IRQOUT pin until the CPU has jumped to the first address of the interrupt exception
service routine for the next interrupt request.

Page 156 of 1164 ROLUH0283EJ0400 Rev. 4.00
RRENESAS Aug 22, 2011



SH7206 Group Section 6 User Break Controller (UBC)

Section 6 User Break Controller (UBC)

The user break controller (UBC) provides functions that simplify program debugging. These
functions make it easy to design an effective self-monitoring debugger, enabling the chip to debug
programs without using an in-circuit emulator. Instruction fetch or data read/write (bus master
(CPU or DMAC) selection in the case of data read/write), data size, data contents, address value,
and stop timing in the case of instruction fetch are break conditions that can be set in the UBC.
Since this LSl uses a Harvard architecture, instruction fetch on the CPU bus (C bus) is performed
by issuing bus cycles on the instruction fetch bus (F bus), and data access on the C busis
performed by issuing bus cycles on the memory access bus (M bus). The UBC monitors the C bus
and internal bus (I bus).

6.1 Features

1. Thefollowing break comparison conditions can be set.

Number of break channels. two channels (channels 0 and 1)

User break can be requested as the independent condition on channels 0 and 1.
e Address

Comparison of the 32-bit address is maskable in 1-bit units.

One of the three address buses (F address bus (FAB), M address bus (MAB), and | address bus
(IAB)) can be selected.

e Data
Comparison of the 32-bit datais maskable in 1-bit units.
One of the two data buses (M data bus (MDB) and | data bus (IDB)) can be selected.
e Busmaster when | busis selected
Selection of CPU cyclesor DMAC cycles
e Buscycle
Instruction fetch (only when C bus is selected) or data access
e Read/write
e Operand size
Byte, word, and longword

2. Inaninstruction fetch cycle, it can be selected whether the start of user break interrupt
exception processing is set before or after an instruction is executed.

3. When abreak condition is satisfied, atrigger signal is output from the UBCTRG pin.
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SH7206 Group

Figure 6.1 shows a block diagram of the UBC.

| bus C bus
Access —M —_—
control  IDB  IAB MDB MAB FAB I bus
Access BBR 0
comparator
~—o BAR_0O —|
Address
comparator ] BAMR 0 ]|
Data ~— BDR_0 J—
comparator
P ~—o BDMR_0 |—
~ ] Channel 0
Access _
comparator BBR_1
~— BAR_1 —|
Address
comparator | BAMR 1 —o
Data o BDR_1 Je—
comparator
e BDMR_1 ]«
Channel 1
~— BRCR | DR
Control
|—> User break interrupt request
— UBCTRG pin output
[Legend]
BBR:  Break bus cycle register BDR:  Break data register
BAR:  Break address register BDMR: Break data mask registe
BAMR: Break address mask register BRCR: Break control register

Figure6.1 Block Diagram of UBC
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6.2 I nput/Output Pin
Table 6.1 shows the pin configuration of the UBC.

Table6.1 Pin Configuration

Pin Name Symbol I/0 Function

UBC trigger UBCTRG Output Indicates that a setting condition is
satisfied on either channel 0 or 1 of the
UBC.
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6.3 Register Descriptions

The UBC has the following registers. Five control registers for each channel and one common
control register for channel 0 and channel 1 are available. A register for each channel is described
asBAR_0for the BAR register in channel 0.

Table6.2 Register Configuration

Abbrevia- Access
Channel Register Name tion R/W Initial Value  Address Size
0 Break address register_0 BAR_O R/W H'00000000 H'FFFC0400 32

Break address mask register_0 BAMR_O R/W H'00000000 H'FFFC0404 32

Break bus cycle register_0 BBR_0 R/W H'0000 H'FFFCO4A0 16
Break data register_0 BDR_0 R/W H'00000000 H'FFFC0408 32
Break data mask register_0 BDMR_0O R/W H'00000000 H'FFFC040C 32
1 Break address register_1 BAR_1 R/W H'00000000 H'FFFC0410 32

Break address mask register_1 BAMR_1 R/W H'00000000 H'FFFC0414 32

Break bus cycle register_1 BBR_1 R/W H'0000 H'FFFC04B0 16
Break data register_1 BDR_1 R/W H'00000000 H'FFFC0418 32
Break data mask register_1 BDMR_1 R/W H'00000000 H'FFFC041C 32
Common Break control register BRCR R/W H'00000000 H'FFFC04C0 32
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6.3.1 Break Address Register (BAR)

BAR is a 32-bit readable/writable register. BAR specifies the address used as a break condition in
each channel. The control bits CD[1:0] in the break bus cycle register (BBR) select one of the
three address buses for a break condition. BAR isinitialized to H'00000000 by a power-on reset,
but retains its previous value by a manual reset or in software standby mode or sleep mode.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[ Ba31 | BAso | BA2o | BA28 | BA27 | BA2S | BARs | BA24 | BA23 | BA22 | BAR1 | BAZ0 | BAY9 | BAYS | BA17 | BATS |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BA15| BA14 | BA13 | BA12| BA11 | BA10| BA9 | BA8 | BA7 | BA6 | BA5 | BA4 | BA3 | BA2 | BA1 | BAO |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description

31to0 BA31 to BAO AllO R/W  Break Address

Store an address on the CPU address bus (FAB or
MAB) or IAB specifying break conditions.

When the C bus and instruction fetch cycle are
selected by BBR, specify an FAB address in bits BA31
to BAO.

When the C bus and data access cycle are selected by
BBR, specify an MAB address in bits BA31 to BAO.

Note: When setting the instruction fetch cycle as a break condition, clear the LSB in BAR to O.
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6.3.2 Break Address Mask Register (BAMR)

BAMR is a32-bit readable/writable register. BAMR specifies bits masked in the break address
bits specified by BAR. BAMR isinitialized to H'00000000 by a power-on reset, but retainsits
previous value by a manual reset or in software standby mode or sleep mode.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[5an31]BAMa0|BAM2|BAM8|BAME7|BAMES|BAM2S BAM24|BAM23|BAME2|BAM21[BAMZ0[BAM19|BAM18|BAM17|BAMI 6|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BAM15|BAM14|BAM13|BAM12|BAM11|BAM10| BAM9| BAM8| BAM7| BAM6| BAM5 | BAM4| BAM3| BAM2 | BAM1 | BAMOl

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description

31to0 BAM31 to AllO R/W  Break Address Mask
BAMO

Specify bits masked in the break address bits specified
by BAR (BA31 to BAO).

0: Break address bit BAn is included in the break
condition

1: Break address bit BAn is masked and not included
in the break condition

Note:n=31t0 0
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6.3.3 Break Data Register (BDR)

BDR is a 32-bit readable/writable register. The control bits CD[1:0]in the break bus cycle register
(BBR) select one of the two data buses for a break condition. BDR isinitialized to H'00000000 by
apower-on reset, but retains its previous value by amanual reset or in software standby mode or
sleep mode.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[ 8031 | BD30 | BD29 | BD28 | BD27 | BD26 | BD25 | BD24 | BD23 | BD22 | BD21 | BD20 | BD19 | BD18 | BD17 | BDIG |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BD15 | BD14| BD13| BD12 | BD11 | BD10| BD9 | BD8 | BD7 | BD6 | BD5 | BD4 | BD3 | BD2 | BD1 | BDO |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31to0 BD31toBDO AllO R/W  Break Data Bits

Store data which specifies a break condition.

If the | bus is selected in BBR, specify the break data
on IDB in bits BD31 to BDO.

If the C bus is selected in BBR, specify the break data
on MDB is set in bits BD31 to BDO.
Notes: 1. Set the operand size when specifying a value on a data bus as the break condition.

2. When the byte size is selected as a break condition, the same byte data must be set in
bits 31 to 24, 23 to 16, 15 to 8, and 7 to 0 in BDR as the break data. Similarly, when the
word size is selected, the same word data must be set in bits 31 to 16 and 15 to O.
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6.3.4 Break Data Mask Register (BDMR)

BDMR is a32-bit readable/writable register. BDMR specifies bits masked in the break data bits
specified by BDR. BDMR isinitialized to H'00000000 by a power-on reset, but retainsits
previous value by a manual reset or in software standby mode or sleep mode.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[owma1]soM30|BDM29|BDM28[BDME7|[BDM26|BDM2S|BDM24|BDME3|BDMA2|BDM21 |BDM20[BDM19]BDM18|BDM17|BDM16|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BDM15|BDM14|BDM1S|BDM12|BDM11|BDM10| BDM9 | BDM8| BDM7 | BDM6| BDM5 | BDM4| BDM3| BDM2 | BDM1 | BDMO|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31to0 BDMS31lto AllO R/W  Break Data Mask

BDMO Specify bits masked in the break data bits specified by

BDR (BD31 to BDO).
0: Break data bit BDn is included in the break condition

1: Break data bit BDn is masked and not included in
the break condition

Note:n=31t0 0

Notes: 1. Set the operand size when specifying a value on a data bus as the break condition.
2. When the byte size is selected as a break condition, the same byte data must be set in
bits 31 to 24, 23 to 16, 15 to 8, and 7 to O in BDMR as the break mask data. Similarly,
when the word size is selected, the same word data must be set in bits 31 to 16 and 15
to 0.
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6.3.5 Break Bus Cycle Register (BBR)

BBR is a 16-hit readable/writable register, which specifies (1) disabling or enabling of user break
interrupt requests, (2) including or excluding of the data bus value, (3) bus master of the | bus, (4)
C buscycle or | bus cycle, (5) instruction fetch or data access, (6) read or write, and (7) operand
size as the break conditions. BBR isinitialized to H'0000 by a power-on reset, but retains its
previous value by amanual reset or in software standby mode or sleep mode.

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ - [ - Juso|ose| - | - | crey [ coror | opop | Awiro s7[1:0)

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R RW  R/W R R RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
15, 14 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

13 UBID 0 R/W  User Break Interrupt Disable

Disables or enables user break interrupt requests
when a break condition is satisfied.

0: User break interrupt requests enabled
1: User break interrupt requests disabled
12 DBE 0 R/W  Data Break Enable

Selects whether the data bus condition is included in
the break conditions.

0: Data bus condition is not included in break
conditions

1: Data bus condition is included in break conditions
11, 10 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

9,8 CP[1:0] 00 R/W  |-Bus Bus Master Select

Select the bus master when the bus cycle of the break
condition is the | bus cycle. However, when the C bus
cycle is selected, this bit is invalidated (only the CPU
cycle).

x1: CPU cycle is included in break conditions
1x: DMAC cycle is included in break conditions
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Bit Bit Name

Initial
Value

R/W

Description

7,6  CD[L:0]

00

R/W

C Bus Cycle/l Bus Cycle Select

Select the C bus cycle or | bus cycle as the bus cycle
of the break condition.

00: Condition comparison is not performed

01: Break condition is the C bus (F bus or M bus) cycle
10: Break condition is the | bus cycle

11: Break condition is the C bus (F bus or M bus) cycle

5.4  ID[1:0]

00

R/W

Instruction Fetch/Data Access Select

Select the instruction fetch cycle or data access cycle
as the bus cycle of the break condition. If the
instruction fetch cycle is selected, select the C bus
cycle.

00: Condition comparison is not performed
01: Break condition is the instruction fetch cycle
10: Break condition is the data access cycle

11: Break condition is the instruction fetch cycle or
data access cycle

3,2  RWI[LO]

00

R/W

Read/Write Select

Select the read cycle or write cycle as the bus cycle of
the break condition.

00: Condition comparison is not performed

01: Break condition is the read cycle

10: Break condition is the write cycle

11: Break condition is the read cycle or write cycle

1,0  Sz[1.0]

00

R/W

Operand Size Select

Select the operand size of the bus cycle for the break
condition.

00: Break condition does not include operand size
01: Break condition is byte access

10: Break condition is word access

11: Break condition is longword access

[Legend]
X: Don't care
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6.3.6 Break Control Register (BRCR)
BRCR sets the following conditions:

1. Specifieswhether astart of user break interrupt exception processing by instruction fetch cycle
is set before or after instruction execution.

2. Specifiesthe pulse width of the UBCTRG output when a break condition is satisfied.

BRCR is a 32-bit readable/writabl e register that has break condition match flags and bits for
setting other break conditions. For the condition match flags of bits 15 to 12, writing 1 isinvalid
(previous values are retained) and writing 0 is only possible. To clear the flag, write 0 to the flag
bit to be cleared and 1 to al other flag bits. BRCR isinitialized to H'00000000 by a power-on
reset, but retains its previous value by a manual reset or in software standby mode or sleep mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

- l-r-r-[-1T-[-T-[-T-7-T-7]-]-] cksmo]
Inialvalue: 0 0o o0 o0 ©0 ©O0 0 ©O0O O 0 ©O0 O 0 0 0 0
RW. R R R R R R R R R R R R R R RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

|SCI\0/IFC|SCI;/IFC|SCI\O/IFD|SCI\1/IFD| R | R | R | B | R |PCB1|PCBO| R | B | . | - | - |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW R R R R R RW RW R R R R R
Initial
Bit Bit Name Value R/W  Description
31to 18 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

17,16 CKS[1:0] 00 R/W  Clock Select

Specifies the pulse width output to the UBCTRG pin
when a break condition is satisfied.

00: Pulse width of UBCTRG is one bus clock cycle
01: Pulse width of UBCTRG is two bus clock cycles
10: Pulse width of UBCTRG is four bus clock cycles
11: Pulse width of UBCTRG is eight bus clock cycles

ROLUH0283EJ0400 Rev. 4.00 Page 167 of 1164
Aug 22, 2011 RENESAS



Section 6 User Break Controller (UBC)

SH7206 Group

Initial
Bit Bit Name Value R/W  Description
15 SCMFCO 0 R/W  C Bus Cycle Condition Match Flag 0
When the C bus cycle condition in the break conditions
set for channel 0 is satisfied, this flag is set to 1. In
order to clear this flag, write O to this bit.
0: The C bus cycle condition for channel 0 does not
match
1: The C bus cycle condition for channel 0 matches
14 SCMFC1 0 R/W  C Bus Cycle Condition Match Flag 1
When the C bus cycle condition in the break conditions
set for channel 1 is satisfied, this flag is setto 1. In
order to clear this flag, write 0 to this bit.
0: The C bus cycle condition for channel 1 does not
match
1: The C bus cycle condition for channel 1 matches
13 SCMFDO 0 R/W 1 Bus Cycle Condition Match Flag 0
When the | bus cycle condition in the break conditions
set for channel 0 is satisfied, this flag is set to 1. In
order to clear this flag, write 0 to this bit.
0: The | bus cycle condition for channel O does not
match
1: The I bus cycle condition for channel 0 matches
12 SCMFD1 0 R/W 1 Bus Cycle Condition Match Flag 1
When the | bus cycle condition in the break conditions
set for channel 1 is satisfied, this flag is setto 1. In
order to clear this flag, write 0 to this bit.
0: The | bus cycle condition for channel 1 does not
match
1: The | bus cycle condition for channel 1 matches
11to7 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
6 PCB1 0 R/W  PC Break Select 1

Selects the break timing of the instruction fetch cycle
for channel 1 as before or after instruction execution.

0: PC break of channel 1 is generated before
instruction execution

1: PC break of channel 1 is generated after instruction
execution
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Initial
Bit Bit Name Value R/W  Description
5 PCBO 0 R/W  PC Break Select 0

Selects the break timing of the instruction fetch cycle
for channel 0 as before or after instruction execution.

0: PC break of channel O is generated before
instruction execution

1: PC break of channel 0 is generated after instruction
execution

4100 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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6.4 Operation

6.4.1 Flow of the User Break Operation

The flow from setting of break conditions to user break interrupt exception handling is described
below:

1. Thebreak addressisset in a break address register (BAR). The masked address bitsare setin a
break address mask register (BAMR). The break datais set in the break dataregister (BDR).
The masked data bits are set in the break data mask register (BDMR). The bus break
conditions are set in the break bus cycle register (BBR). Three control bit groups of BBR (C
bus cycle/l bus cycle select, instruction fetch/data access select, and read/write select) are each
set. No user break will be generated if even one of these groupsis set to 00. The relevant break
control conditions are set in the bits of the break control register (BRCR). Make sureto set all
registers related to breaks before setting BBR, and branch after reading from the last written
register. The newly written register values become valid from the instruction at the branch
destination.

2. Inthe case where the break conditions are satisfied and the user break interrupt request is
enabled, the UBC sends a user break interrupt request to the INTC, sets the C bus condition
match flag (SCMFC) or | bus condition match flag (SCMFD) for the appropriate channel, and
outputs a pulse to the UBCTRG pin with the width set by the CKS[1:0] bits. Setting the UBID
bit in BBR to 1 enables external monitoring of the trigger output without requesting user break
interrupts.

3. Onreceiving auser break interrupt request signal, the INTC determinesiits priority. Since the
user break interrupt has apriority level of 15, it is accepted when the priority level set in the
interrupt mask level bits (13 to 10) of the status register (SR) is 14 or lower. If the 13 to 10 bits
are set to apriority level of 15, the user break interrupt is not accepted, but the conditions are
checked, and condition match flags are set if the conditions match. For details on ascertaining
the priority, see section 5, Interrupt Controller (INTC).

4. Condition match flags (SCMFC and SCMFD) can be used to check which condition has been
satisfied. Clear the condition match flags during the user break interrupt exception processing
routine. The interrupt occurs again if this operation is not performed.

5. Thereisachance that the break set in channel 0 and the break set in channel 1 occur around
the sametime. In this case, there will be only one user break request to the INTC, but these
two break channel match flags may both be set.

6. When selecting the | bus as the break condition, note as follows:

— Several bus masters, including the CPU and DMAC, are connected to the | bus. The UBC
monitors bus cycles generated by the bus master specified by BBR, and determines the
condition match.
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— Whether or not an access issued on the C bus by the CPU isissued on the | bus depends on
the cache settings. Regarding the | bus operation under cache conditions, seetable 7.8 in
section 7, Cache.

— When abreak condition is specified for the | bus, only the data access cycle is monitored.
Theinstruction fetch cycle (including the cache renewal cycle) is not monitored.

— The DMAC only issues data access cycles for | bus cycles.

— If abreak condition is specified for the | bus, even when the condition matchesin an | bus
cycle resulting from an instruction executed by the CPU, at which instruction the user
break interrupt request is to be accepted cannot be clearly defined.
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6.4.2 Break on Instruction Fetch Cycle

1. When C bus/instruction fetch/read/word or longword is set in the break bus cycle register
(BBR), the break condition isthe FAB bus instruction fetch cycle. Whether a start of user
break interrupt exception processing is set before or after the execution of the instruction can
then be selected with the PCBO or PCBL1 bit of the break control register (BRCR) for the
appropriate channel. If an instruction fetch cycleis set as a break condition, clear BAO bit in
the break address register (BAR) to 0. A break cannot be generated as long asthis bit is set to
1.

2. A break for instruction fetch which is set as a break before instruction execution occurs when it
is confirmed that the instruction has been fetched and will be executed. This means a break
does not occur for instructions fetched by overrun (instructions fetched at a branch or during
an interrupt transition, but not to be executed). When this kind of break is set for the delay dot
of adelayed branch instruction, the user break interrupt request is not received until the
execution of the first instruction at the branch destination.

Note: If abranch does not occur at adelayed branch instruction, the subsequent instruction is
not recognized as adelay dot.

3. When setting a break condition for break after instruction execution, the instruction set with
the break condition is executed and then the break is generated prior to execution of the next
instruction. As with pre-execution breaks, a break does not occur with overrun fetch
instructions. When this kind of break is set for a delayed branch instruction and its delay dlot,
the user break interrupt request is not received until the first instruction at the branch
destination.

4. When aninstruction fetch cycleis set, the break dataregister (BDR) isignored. Therefore,
break data cannot be set for the break of the instruction fetch cycle.

5. If thel busisset for abreak of an instruction fetch cycle, the setting isinvalidated.
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6.4.3 Break on Data Access Cycle

1. If the C busis specified as a break condition for data access break, condition comparison is
performed for the addresses (and data) accessed by the executed instructions, and a break
occursif the condition is satisfied. If the | busis specified as a break condition, condition
comparison is performed for the addresses (and data) of the data access cycles that are issued
by the bus master specified by the bits to select the bus master of the | bus, and a break occurs
if the condition is satisfied. For details on the CPU bus cyclesissued onthe | bus, see 6. in
section 6.4.1, Flow of the User Break Operation.

2. The relationship between the data access cycle address and the comparison condition for each
operand sizeislisted in table 6.3.

Table6.3 Data Access Cycle Addressesand Operand Size Comparison Conditions

Access Size Address Compared

Longword Compares break address register bits 31 to 2 to address bus bits 31 to 2
Word Compares break address register bits 31 to 1 to address bus bits 31 to 1
Byte Compares break address register bits 31 to 0 to address bus bits 31 to 0

This means that when address H'00001003 is set in the break address register (BAR), for
example, the bus cycle in which the break condition is satisfied is as follows (where other
conditions are met).

Longword access at H'00001000

Word access at H'00001002

Byte access at H'00001003

3. When the data valueisincluded in the break conditions:

When the data valueisincluded in the break conditions, either longword, word, or byteis
specified as the operand size in the break bus cycle register (BBR). When data values are
included in break conditions, a break is generated when the address conditions and data
conditions both match. To specify byte data for this case, set the same datain the four bytes at
bits 31 to 24, 23 to 16, 15 to 8, and 7 to O of the break data register (BDR) and break data mask
register (BDMR). To specify word data for this case, set the same data in the two words at bits
31to16and 15t0 0.

4. Accesshby aPREF instruction is handled as read access in longword units without access data.
Therefore, if including the value of the data bus when a PREF instruction is specified asa
break condition, a break will not occur.

5. If the data access cycleis selected, the instruction at which the break will occur cannot be
determined.
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6.4.4 Value of Saved Program Counter

When auser break interrupt request is received, the address of the instruction from where
execution isto be resumed is saved to the stack, and the exception handling state is entered. If the
C bus (FAB)/instruction fetch cycle is specified as a break condition, the instruction at which the
break should occur can be uniquely determined. If the C bus/data access cycle or | bus/data access
cycleis specified as a break condition, the instruction at which the break should occur cannot be
uniquely determined.

1. When C bus (FAB)/instruction fetch (before instruction execution) is specified as a break
condition:
The address of the instruction that matched the break condition is saved to the stack. The
instruction that matched the condition is not executed, and the break occurs before it. However
when adelay slot instruction matches the condition, the instruction is executed, and the branch
destination address is saved to the stack.

2. When C bus (FAB)/instruction fetch (after instruction execution) is specified as a break
condition:
The address of the instruction following the instruction that matched the break conditionis
saved to the stack. The instruction that matches the condition is executed, and the break occurs
before the next instruction is executed. However when a delayed branch instruction or delay
slot matches the condition, the instruction is executed, and the branch destination addressis
saved to the stack.

3. When C bus/data access cycle or | bus/data access cycleis specified as a break condition:
The address after executing several instructions of the instruction that matched the break
condition is saved to the stack.
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6.4.5 Usage Examples

@

Break Condition Specified for C BusInstruction Fetch Cycle

(Example 1-1)

Register specifications

BAR_0 = H'00000404, BAMR_0 = H'00000000, BBR_0 = H'0054, BAR_1 = H'00008010,
BAMR_1 = H'00000006, BBR_1 = H'0054, BDR_1 = H'00000000, BDMR_1 = H'00000000,
BRCR = H'00000020

<Channel 0>

Address:  H'00000404, Address mask: H'00000000

Buscycle: C bug/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

<Channel 1>

Address.  H'00008010, Address mask: H'00000006

Data: H'00000000, Data mask: H'00000000

Buscycle: C bug/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

A user break occurs after an instruction of address H'00000404 is executed or before

instructions of addresses H'00008010 to H'00008016 are executed.

(Example 1-2)

Register specifications

BAR_0=H'00027128, BAMR_0 = H'00000000, BBR_0 = H'005A, BAR_1=H'00031415,

BAMR_1 = H'00000000, BBR_1 = H'0054, BDR_1 = H'00000000, BDMR_1 = H'00000000,

BRCR = H'00000000

<Channel 0>

Address.  H'00027128, Address mask: H'00000000

Buscycle: C bug/instruction fetch (before instruction execution)/write/word

<Channel 1>

Address;  H'00031415, Address mask: H'00000000

Data H'00000000, Data mask: H'00000000

Buscycle: C bug/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

On channel 0, a user break does not occur since instruction fetch is not awrite cycle. On

channel 1, auser break does not occur since instruction fetch is performed for an even address.
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(Example 1-3)

@

Register specifications

BAR_0 = H'00008404, BAMR_0 = H'00000FFF, BBR_0 = H'0054, BAR_1= H'00008010,

BAMR_1 = H'00000006, BBR_1 = H'0054, BDR_1 = H'00000000, BDMR_1 = H'00000000,

BRCR = H'00000020

<Channel 0>

Address.  H'00008404, Address mask: H'00000FFF

Buscycle: C bug/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

<Channel 1>

Address.  H'00008010, Address mask: H'00000006

Data H'00000000, Data mask: H'00000000

Buscycle: C bug/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

A user break occurs after an instruction with addresses H'00008000 to H'00008FFE is executed

or before an instruction with addresses H'00008010 to H'00008016 are executed.

Break Condition Specified for C Bus Data Access Cycle

(Example 2-1)

Register specifications

BAR_0=H'00123456, BAMR_0 = H'00000000, BBR_0 = H'0064, BAR_1= H'000ABCDE,
BAMR_1 = H'000000FF, BBR_1 = H'106A, BDR_1 = H'A512A512,

BDMR_1 = H'00000000, BRCR = H'00000000

<Channel 0>

Address.  H'00123456, Address mask: H'00000000

Buscycle: C bus/data access/read (operand size is not included in the condition)
<Channel 1>

Address. H'000ABCDE, Address mask: H'000000FF

Data H'0000A512, Data mask: H'00000000

Buscycle: C bug/data access/write/word

On channel 0, a user break occurs with longword read from address H'00123456, word read
from address H'00123456, or byte read from address H'00123456. On channel 1, a user break
occurs when word H'A512 iswritten in addresses H'000ABCO0 to H'000ABCFE.
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©)

Break Condition Specified for | Bus Data Access Cycle

(Example 3-1)

Register specifications

BAR_0 = H'00314156, BAMR_0 = H'00000000, BBR_0 = H'0094, BAR_1= H'00055555,
BAMR_1 = H'00000000, BBR_1 = H'12A9, BDR_1 = H'78787878, BDMR_1 = H'0OFOFOFOF,
BRCR = H'00000000

<Channel 0>

Address.  H'00314156, Address mask: H'00000000

Buscycle: | bug/instruction fetch/read (operand size is not included in the condition)
<Channel 1>

Address:  H'00055555, Address mask: H'00000000

Data H'00000078, Data mask: H'0000000F

Buscycle: | bugdata access/write/byte

On channel 0, the setting of | bus/instruction fetch is ignored.

On channel 1, a user break occurs when the DMAC writes byte data H'7x in address
H'00055555 on the | bus (write by the CPU does not generate a user break).
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6.5 Usage Notes

1. The CPU can read from or write to the UBC registers viathe | bus. Accordingly, during the
period from executing an instruction to rewrite the UBC register till the new valueis actually
rewritten, the desired break may not occur. In order to know the timing when the UBC register
is changed, read from the last written register. Instructions after then are valid for the newly
written register value.

2. The UBC cannot monitor access to the C bus and | bus cyclesin the same channel.

3. When auser break interrupt request and another exception source occur at the same
instruction, which has higher priority is determined according to the priority levels defined in
table 4.1 in section 4, Exception Handling. If an exception source with higher priority occurs,
the user break interrupt request is not received.

4. Note the following when abresk occursin adelay slot.

If apre-execution break is set at adelay dot instruction, the user break interrupt request is not
received immediately before execution of the branch destination.

5. User breaks are disabled during UBC module standby mode. Do not read from or write to the
UBC registers during UBC module standby mode; the values are not guaranteed.

6. Do not set an address within an interrupt exception handling routine whose interrupt priority
level isat least 15 (including user break interrupts) as a break address.

7. Do not set break after instruction execution for the SLEEP instruction or for the delayed
branch instruction where the SLEEP instruction is placed at its delay sot.

8. When setting a break for a 32-bit instruction, set the address where the upper 16 bits are
placed. If the address of the lower 16 bitsis set and a break before instruction execution is set
as abreak condition, the break is handled as a break after instruction execution.

9. Do not set a user break before instruction execution for the instruction following the DIVU or
DIVSinstruction. If auser break before instruction execution is set for the instruction
following the DIVU or DIV Sinstruction and an exception or interrupt occurs during execution
of the DIVU or DIVSinstruction, a user break occurs before instruction execution even though
execution of the DIVU or DIV Sinstruction is halted.

10. Do not set a user break both before instruction execution and after instruction execution for
instruction of the same address. If, for example, a user break before instruction execution on
channel 0 and a user break after instruction on channel 1 are set at the instruction of the same
address, the condition match flag for the channel 1 is set even though a user break on channel 0
occurs before instruction execution.
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Section 7 Cache

7.1 Features

e Capacity
Instruction cache: 8 Kbytes
Operand cache: 8 Kbytes
e Structure: Instructions/data separated, 4-way set associative
e Way lock function (only for operand cache): Way 2 and way 3 are lockable
e Linesize: 16 bytes
e Number of entries: 128 entries/way
o Write system: Write-back/write-through selectable
¢ Replacement method: Least-recently-used (LRU) algorithm

711 Cache Structure

The cache separates data and instructions and uses a 4-way set associative system. It is composed
of four ways (banks), each of which is divided into an address section and a data section.

Each of the address and data sectionsis divided into 128 entries per way. The data section of the
entry is called aline. Each line consists of 16 bytes (4 bytes x 4). The data capacity per way is 2
Kbytes (16 bytes x 128 entries), with atotal of 8 Kbytesin the cache as awhole (4 ways). Figure
7.1 shows the operand cache structure. The instruction cache structure is the same as the operand
cache structure except for not having the U bit.
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Address array (ways 0 to 3) Data array (ways O to 3) LRU
] '
1
1
Entry O | V| U | Tag address 0 LWO LW1 Lw2 LW3 0
Entry 1 1 1
Entry 127 | 127 L 127
23 (1 + 1+ 21) bits 128 (32 x 4) bits 6 bits
~—— ~—

LWO to LW3: Longword data 0 to 3

Figure7.1 Operand Cache Structure
(1) AddressArray

TheV bit indicates whether the entry datais valid. When the V bit is 1, datais valid; when 0, data
isnot valid.

The U bit (only for operand cache) indicates whether the entry has been written to in write-back
mode. When the U bit is 1, the entry has been written to; when 0, it has not.

The tag address holds the physical address used in the external memory access. It consists of 21
bits (address bits 31 to 11) used for comparison during cache searches. In this LS, the addresses
of the cache-enabled space are H'00000000 to H'1FFFFFFF (see section 8, Bus State Controller
(BSC)), and therefore the upper three bits of the tag address are cleared to 0.

TheV and U bitsare initialized to 0 by a power-on reset but not initialized by amanual reset or in
software standby mode. The tag addressis not initialized by a power-on reset or manual reset or in
software standby mode.

(2) DataArray
Holds a 16-byte instruction or data. Entries are registered in the cache in line units (16 bytes).

The data array is not initialized by a power-on reset or manual reset or in software standby mode.
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(3) LRU

With the 4-way set associative system, up to four instructions or data with the same entry address
can be registered in the cache. When an entry isregistered, LRU shows which of the four ways it
isrecorded in. There are six LRU bits, controlled by hardware. A least-recently-used (LRU)
algorithm is used to select the way that has been |east recently accessed.

Six LRU bitsindicate the way to be replaced in case of a cache miss. The relationship between
LRU and way replacement is shown in table 7.1 when the cache lock function (only for operand
cache) is not used (concerning the case where the cache lock function is used, see section 7.2.2,
Cache Control Register 2 (CCR2)). If ahit pattern other than those listed in table 7.1 is set in the
LRU bits by software, the cache will not function correctly. When modifying the LRU bits by
software, set one of the patternslisted in table 7.1.

The LRU bits are initialized to B'000000 by a power-on reset but not initialized by a manual reset
or in software standby mode.

Table7.1 LRU and Way Replacement (Cache Lock Function Not Used)

LRU (Bits 5to 0) Way to be Replaced
000000, 000100, 010100, 100000, 110000, 110100 3
000001, 000011, 001011, 100001, 101001, 101011 2
000110, 000111, 001111, 010110, 011110, 011111 1
111000, 111001, 111011, 111100, 111110, 122211 0
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7.2 Register Descriptions
The cache has the following registers.

Table7.2 Register Configuration

Register Name Abbreviation R/W Initial Value Address Access Size
Cache control register 1 CCR1 R/W  H'00000000 H'FFFC1000 32
Cache control register 2 CCR2 R/W  H'00000000 H'FFFC1004 32

721 Cache Control Register 1 (CCR1)

The instruction cache is enabled or disabled using the ICE bit. The ICF bit controls disabling of all
instruction cache entries. The operand cache is enabled or disabled using the OCE hit. The OCF
bit controls disabling of all operand cache entries. The WT bit selects either write-through mode or

write-back mode for operand cache.

Programs that change the contents of CCR1 should be placed in a cache-disabled space, and a
cache-enabled space should be accessed after reading the contents of CCRL.

CCRLlisinitialized to H'00000000 by a power-on reset but not initialized by a manual reset or in

software standby mode.

Bit: 31 30 29 28 27 26 25

23

22

21

20 19 18 17 16

Initial value: 0 0 0 0 0 0 0

R/W: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Lo |- [ -1 - Jee] -] [ee] [oor | - [ wr |oce]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R/W R R R/W R R R R R/W R R/W  R/W
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Bit

Bit Name

Initial
Value

R/W

Description

31to 12

AllO

Reserved

These bits are always read as 0. The write value should
always be 0.

11

ICF

R/W

Instruction Cache Flush

Writing 1 flushes all instruction cache entries (clears the
V and LRU bits of all instruction cache entries to 0).
Always reads 0. Write-back to external memory is not
performed when the instruction cache is flushed.

10,9

AllO

Reserved

These bits are always read as 0. The write value should
always be 0.

ICE

R/W

Instruction Cache Enable

Indicates whether the instruction cache function is
enabled/disabled.

0: Instruction cache disable
1: Instruction cache enable

7to4

AllO

Reserved

These bits are always read as 0. The write value should
always be 0.

OCF

R/W

Operand Cache Flush

Writing 1 flushes all operand cache entries (clears the
V, U, and LRU bits of all operand cache entries to 0).

Always reads 0. Write-back to external memory is not
performed when the operand cache is flushed.

Reserved

This bit is always read as 0. The write value should
always be 0.

WT

R/W

Write Through

Selects write-back mode or write-through mode.
0: Write-back mode

1: Write-through mode

OCE

R/W

Operand Cache Enable

Indicates whether the operand cache function is
enabled/disabled.

0: Operand cache disable
1: Operand cache enable
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7.2.2 Cache Control Register 2 (CCR2)

CCR2 is used to enable or disable the cache locking function for operand cache and isvalid in
cache locking mode only. In cache locking mode, the lock enable bit (the LE bit) in CCR2 is set to
1. In non-cache-locking mode, the cache locking function isinvalid.

When a cache miss occurs in cache locking mode by executing the prefetch instruction (PREF
@Rn), the line of data pointed to by Rn isloaded into the cache according to bits 9 and 8 (the
W3LOAD and W3LOCK hits) and bits 1 and 0 (the W2LOAD and W2LOCK bits) in CCR2. The
relationship between the setting of each bit and away, to be replaced when the prefetch instruction
is executed, are listed in table 7.3. On the other hand, when the prefetch instruction is executed
and a cache hit occurs, new datais not fetched and the entry which is already enabled is held. For
example, when the prefetch instruction is executed with W3LOAD =1 and W3LOCK =1
specified in cache locking mode while one-line data already exists in way 0 which is specified by
Rn, a cache hit occurs and datais not fetched to way 3.

In the cache access other than the prefetch instruction in cache locking mode, ways to be replaced
by bits W3LOCK and W2LOCK are restricted. The relationship between the setting of each bit in
CCR2 and waysto bereplaced arelisted in table 7.4.

Programs that change the contents of CCR2 should be placed in a cache-disabled space, and a
cache-enabled space should be accessed after reading the contents of CCR2.

CCR2 isinitialized to H'00000000 by a power-on reset but not initialized by a manual reset or in
software standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

S N N N N N N N N B B B N N T

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R/W

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
W3 W3 W2 W2
| ) | ) | ) | B | : | B LOAD*| LOCK B | B | B | B | B | B LOAD*| LOCK
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R RW  R/W R R R R R R RW R/W

Note: * The W3LOAD and W2LOAD bits should not be set to 1 at the same time.
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Initial
Bit Bit Name Value

R/W

Description

3ltol7 — AllO

Reserved

These bits are always read as 0. The write value should
always be 0.

16 LE 0

R/W

Lock Enable
Controls the cache locking function.

0: Not cache locking mode
1: Cache locking mode

15t0 10 — AllO

Reserved

These bits are always read as 0. The write value should
always be 0.

W3LOAD*
W3LOCK

R/W
R/W

Way 3 Load
Way 3 Lock

When a cache miss occurs by the prefetch instruction
while W3LOAD = 1 and W3LOCK = 1 in cache locking
mode, the data is always loaded into way 3. Under any
other condition, the cache miss data is loaded into the
way to which LRU points.

7t02 — AllO

Reserved

These bits are always read as 0. The write value should
always be 0.

W2LOAD*
0 W2LOCK

R/W
R/W

Way 2 Load
Way 2 Lock

When a cache miss occurs by the prefetch instruction
while W2LOAD = 1 and W2LOCK =1 in cache locking
mode, the data is always loaded into way 2. Under any
other condition, the cache miss data is loaded into the
way to which LRU points.

Note: * The W3LOAD and W2LOAD bits should not be set to 1 at the same time.
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Table7.3 Way to be Replaced when a Cache Miss Occursin PREF Instruction

LE W3LOAD*  W3LOCK W2LOAD*  W2LOCK Way to be Replaced

0 X X X X Decided by LRU (table 7.1)
1 X 0 X 0 Decided by LRU (table 7.1)
1 X 0 0 1 Decided by LRU (table 7.5)
1 0 1 X 0 Decided by LRU (table 7.6)
1 0 1 0 1 Decided by LRU (table 7.7)
1 0 X 1 1 Way 2

1 1 1 0 X Way 3

[Legend]

X: Don't care

Note: * The W3LOAD and W2LOAD bits should not be set to 1 at the same time.

Table7.4 Way to be Replaced when a Cache Miss Occursin Other than PREF Instruction

LE W3LOAD*  W3LOCK W2LOAD*  W2LOCK Way to be Replaced

0 X X X X Decided by LRU (table 7.1)
1 X 0 X 0 Decided by LRU (table 7.1)
1 X 0 X 1 Decided by LRU (table 7.5)
1 X 1 X 0 Decided by LRU (table 7.6)
1 X 1 X 1 Decided by LRU (table 7.7)
[Legend]

X: Don't care

Note: * The W3LOAD and W2LOAD bits should not be set to 1 at the same time.

Table7.5 LRU and Way Replacement (when W2L OCK =1 and W3LOCK=0)

LRU (Bits 5 to 0) Way to be Replaced
000000, 000001, 000100, 010100, 100000, 100001, 110000, 110100 3
000011, 000110, 000111, 001011, 001111, 010110, 011110, 011111 1
101001, 101011, 111000, 111001, 111011, 111100, 111110, 111111 0
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Table7.6 LRU and Way Replacement (when W2L OCK =0 and W3LOCK=1)

LRU (Bits 5to 0) Way to be Replaced

000000, 000001, 000011, 001011, 100000, 100001, 101001, 101011 2
000100, 000110, 000111, 001111, 010100, 010110, 011110, 011111 1
110000, 110100, 111000, 111001, 111011, 111100, 111110, 111111 0

Table7.7 LRU and Way Replacement (when W2LOCK=1 and W3LOCK=1)

LRU (Bits 5to 0) Way to be Replaced

000000, 000001, 000011, 000100, 000110, 000111, 001011, 001111, 1
010100, 010110, 011110, 011111
100000, 100001, 101001, 101011, 110000, 110100, 111000, 111001, 0

111011, 111100, 111110, 111111

RO1UHO0283EJ0400 Rev. 4.00
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7.3 Operation

Operations for the operand cache are described here. Operations for the instruction cache are
similar to those for the operand cache except for the address array not having the U bit, and there
being no prefetch operation or write operation, or awrite-back buffer.

731 Searching Cache

If the operand cache is enabled (OCE bit in CCR1 is 1), whenever datain a cache-enabled areais
accessed, the cache will be searched to seeif the desired dataisin the cache. Figure 7.2 illustrates
the method by which the cache is searched.

Entries are selected using bits 10 to 4 of the address used to access memory and the tag address of
that entry isread. At thistime, the upper three bits of the tag address are always cleared to 0. Bits
31 to 11 of the address used to access memory are compared with the read tag address. The
address comparison uses all four ways. When the comparison shows a match and the selected
entry isvalid (V = 1), acache hit occurs. When the comparison does not show a match or the
selected entry is not valid (V = 0), a cache miss occurs. Figure 7.2 shows a hit on way 1.
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Access address

31 11 10

4 3210

Entry selection | Longword (LW) selection
Address array Data array
(ways 0 to 3) (ways 0 to 3)
1
1
Entry0 | v | U | Tag address Entry0 | LWO LW1 Lw2 LW3
Entry 1 Entry 1
L ..
Entry 127 T Entry 127
(CMPO|CMP1|CMP2|CMP3
Hit signal (way 1)
[Legend]

CMPO to CMP3: Comparison circuits 0 to 3

Figure7.2 Cache Search Scheme
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7.3.2 Read Access
(1) Read Hit

In aread access, datais transferred from the cache to the CPU. LRU is updated so that the hit way
isthe latest.

(2) Read Miss

An external bus cycle starts and the entry is updated. The way replaced followstable 7.4. Entries
are updated in 16-byte units. When the desired data that caused the missisloaded from external
memory to the cache, the datais transferred to the CPU in parallel with being loaded to the cache.
When it isloaded in the cache, the V bit isset to 1, and LRU is updated so that the replaced way
becomes the latest. In operand cache, the U bit is additionally cleared to 0. When the U bit of the
entry to be replaced by updating the entry in write-back mode is 1, the cache update cycle starts
after the entry istransferred to the write-back buffer. After the cache completesits update cycle,
the write-back buffer writes the entry back to the memory. The write-back unit is 16 bytes. The
update of cache and write-back to memory are performed in wrap around method. For example,
the lower four bits of the address at which a read miss occurs indicate H'4, the update of cache and
write-back to memory are performed in the order of H'4, H'8, H'C, H'0, which are the lower four
bits of the address.

7.33 Prefetch Operation (Only for Operand Cache)
(1) Prefetch Hit

LRU is updated so that the hit way becomes the latest. The contentsin other caches are not
modified. No datais transferred to the CPU.

(2) Prefetch Miss

No dataistransferred to the CPU. The way to be replaced follows table 7.3. Other operations are
the same in case of read miss.
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734 Write Operation (Only for Operand Cache)
(1) WriteHit

In awrite access in write-back mode, the data is written to the cache and no external memory
write cycle isissued. The U bit of the entry written is set to 1 and LRU is updated so that the hit
way becomes the latest.

In write-through mode, the data is written to the cache and an external memory write cycleis
issued. The U bit of the written entry is not updated and LRU is updated so that the replaced way
becomes the | atest.

(2) WriteMiss

In write-back mode, an external bus cycle starts when awrite miss occurs, and the entry is
updated. The way to be replaced follows table 7.4. When the U hit of the entry to be replaced is 1,
the cache update cycle starts after the entry is transferred to the write-back buffer. Datais written
to the cache, the U bitisset to 1, and the V bit isset to 1. LRU is updated so that the replaced way
becomes the latest. After the cache completes its update cycle, the write-back buffer writes the
entry back to the memory. The write-back unit is 16 bytes. The update of cache and write-back to
memory are performed in wrap around method. For example, the lower four bits of the address at
which awrite miss occursindicate H'4, the update of cache and write-back to memory are
performed in the order of H'4, H'8, H'C, H'0, which are the lower four bits of the address.

In write-through mode, no write to cache occurs in awrite miss; the write is only to the external
memory.

7.35 Write-Back Buffer (Only for Operand Cache)

When the U bit of the entry to be replaced in the write-back modeis 1, it must be written back to
the external memory. To increase performance, the entry to be replaced isfirst transferred to the
write-back buffer and fetching of new entries to the cache takes priority over writing back to the
external memory. After the cache completes to fetch the new entry, the write-back buffer writes
the entry back to external memory. During the write-back cycles, the cache can be accessed. The
write-back buffer can hold one line of cache data (16 bytes) and its physical address. Figure 7.3
shows the configuration of the write-back buffer.
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A (3110 4)

Longword 0

Longword 1

Longword 2

Longword 3

A (31to 4):

Physical address written to external memory (upper three bits are 0)

Longword 0 to 3: One line of cache data to be written to external memory

Figure7.3 Write-Back Buffer Configuration

Operationsin sections 7.3.2 to 7.3.5 are compiled in table 7.8.

Table7.8 Cache Operations
Write-Back Mode/ External Memory
Hit/ Write-Through ] Accession
Cache CPU Cycle Miss Mode Bit  (through Internal Bus) Cache Contents
Instruction Instruction Hit — — Not generated Not renewed
cache fetch
Miss — — Cache renewal cycle is Renewed to new values by
generated cache renewal cycle
Operand Prefetch/ Hit Either mode is X Not generated Not renewed
cache read available
Miss Write-through — Cache renewal cycle is Renewed to new values by
mode generated cache renewal cycle
Write-back mode 0 Cache renewal cycle is Renewed to new values by
generated cache renewal cycle
1 Cache renewal cycle is Renewed to new values by
generated. Succeedingly cache renewal cycle
write-back cycle in write-back
buffer is generated.
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Write-Back Mode/

External Memory

Hit/ Write-Through ] Accession
Cache CPU Cycle Miss Mode Bit  (through Internal Bus) Cache Contents
Operand Write Hit Write-through —  Write cycle CPU issues is Renewed to new values by write
cache mode generated. cycle the CPU issues
Write-back mode  x Not generated Renewed to new values by write
cycle the CPU issues
Miss Write-through —  Write cycle CPU issues is Not renewed*
mode generated.
Write-back mode 0 Cache renewal cycle is Renewed to new values by
generated cache renewal cycle.
Subsequently renewed again to
new values in write cycle CPU
issues.
1 Cache renewal cycle is Renewed to new values by
generated. Succeedingly cache renewal cycle.
write-back cycle in write-back Subsequently renewed again to
buffer is generated. new values in write cycle CPU
issues.
[Legend]
X: Don't care.

Notes: Cache renewal cycle: 16-byte read access, write-back cycle in write-back buffer: 16-byte

write access

* Neither LRU renewed. LRU is renewed in all other cases.

7.3.6

Coherency of Cache and External Memory

Use software to ensure coherency between the cache and the external memory. When memory
shared by this LS| and another device is mapped in the cache-enabled space, operate the memory-
mapped cache to invalidate and write back as required.
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74 Memory-Mapped Cache

To dlow software management of the cache, cache contents can be read and written by means of
MOV instructions. The instruction cache address array is mapped onto addresses H'FO000000 to
H'FO7FFFFF, and the data array onto addresses H'F1000000 to H'F17FFFFF. The operand cache
address array is mapped onto addresses H'FO800000 to H'FOFFFFFF, and the data array onto
addresses H'F1800000 to H'F1FFFFFF. Only longword can be used as the access size for the
address array and data array, and instruction fetches cannot be performed.

74.1 Address Array

To access an address array, the 32-bit address field (for read/write accesses) and 32-bit data field
(for write accesses) must be specified.

In the address field, specify the entry address selecting the entry, The W bit for selecting the way,
and the A bit for specifying the existence of associative operation. In the W bit, B'00 isway 0,
B'0lisway 1, B'10isway 2, and B'11 isway 3. Since the access size of the address array is fixed
at longword, specify B'00 for bits 1 and O of the address.

The tag address, LRU hits, U bit (only for operand cache), and V bit are specified as data. Always
specify O for the upper three bits (bits 31 to 29) of the tag address.

For the address and data formats, see figure 7.4.
The following three operations are possible for the address array.
(1) AddressArray Read

The tag address, LRU bits, U bit (only for operand cache), and V bit are read from the entry
address specified by the address and the entry corresponding to the way. For the read operation,
associative operation is not performed regardless of whether the associative bit (A bit) specified by
the addressis 1 or O.

(2) Address-Array Write (Non-Associative Oper ation)

When the associative bit (A bit) in the addressfield is cleared to O, write the tag address, LRU bits,
U bit (only for operand cache), and V bit, specified by the data field, to the entry address specified
by the address and the entry corresponding to the way. When writing to a cache line for which the
U bit = 1 and the V bit =1 in the operand cache address array, write the contents of the cache line
back to memory, then write the tag address, LRU bits, U bit, and V bit specified by the data field.
When 0 iswritten to the V bit, 0 must also be written to the U bit of that entry. The write-back to
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memory is performed in the order of H'0, H'4, H'8, H'C, which are the lower four bits of the
address.

(3) Address-Array Write (Associative Oper ation)

When writing with the associative bit (A bit) of the address field set to 1, the addresses in the four
ways for the entry specified by the address field are compared with the tag address that is specified
by the datafield. Write the U bit (only for operand cache) and the V bit specified by the datafield
to the entry of the way that has a hit. However, the tag address and LRU bits remain unchanged.
When there is no way that has a hit, nothing is written and there is no operation.

Thisfunction is used to invalidate a specific entry in the cache. When the U hit of the entry that
has had a hit is 1 in the operand cache, writing back should be performed. However, when O is
written to the V bit, 0 must also be written to the U bit of that entry. The write-back to memory is
performed in the order of H'O, H'4, H'8, H'C, which are the lower four bits of the address.

74.2 Data Array

To access adata array, the 32-bit address field (for read/write accesses) and 32-bit data field (for
write accesses) must be specified. The address field specifies information for selecting the entry to
be accessed; the data field specifies the longword data to be written to the data array.

Specify the entry address for selecting the entry, the L bit indicating the longword position within
the (16-byte) line, and the W bit for selecting the way. In the L bit, B'00 islongword 0, B'01 is
longword 1, B'10 islongword 2, and B'11 islongword 3. In the W hit, B'00 isway 0, B'01 isway
1,B'10isway 2, and B'11 isway 3. Since the access size of the data array is fixed at longword,
specify B'00 for bits 1 and O of the address.

For the address and data formats, see figure 7.4.

The following two operations are possible for the data array. Information in the address array is
not modified by this operation.

(1) DataArray Read

The data specified by the L bit in the address is read from the entry address specified by the
address and the entry corresponding to the way.

(2) DataArray Write

The longword data specified by the data is written to the position specified by the L bit in the
address from the entry address specified by the address and the entry corresponding to the way.
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1. Instruction cache 2. Operand cache
1.1 Address array access 2.1 Address array access
(a) Address specification (a) Address specification

Read access Read access

31 23 22 183 12 11 10 4 3 2 1 0 31 23 22 13 12 11 10 4 3 2 1 0
|111100000] *--rmmmnme- =] w | Entryaddress [ o] =[o|o|  [111100001 «] w | Entryaddress [o] <[ o[o]
Write access Write access

31 23 22 13 12 11 10 4 3 2 1 0 31 23 22 13 12 11 10 4 3 2 1 0
1111100000/ #-reveeve- «| W | Entyaddress [A[ =] o]o|  [111100001] #-rrrrrmr «| w | Entryaddress [ A[ =] o0]o]
(b) Data specification (both read and write accesses) (b) Data specification (both read and write accesses)

31 29 28 1110 9 4 3 2 1 0 31 29 28 1110 9 4 3 2 1 0
|0 0 0Tagaddress (28to 1) E]  LRU [ X X X [V] |0 0 0Tagaddress (28to 1) E| LRU | X x|u|v]
1.2 Data array access (both read and write accesses) 2.2 Data array access (both read and write accesses)

(a) Address specification (a) Address specification

31 23 22 18 12 11 10 4 3 2 1 0 31 23 22 13 12 11 10 4 3 2 1 0
[111100010] #-vecee « | w | Entryaddress | L [ o[o|  [111100011] #errrrrrree «] w [ Entyaddress | L [o[o]
(b) Data specification (b) Data specification

31 0 31 0
| Longword data | | Longword data |
[Legend]

*: Don't care
E:  Bit 10 of entry address for read, don't care for write
X: 0 for read, don't care for write

Figure7.4 Specifying Addressand Data for Memory-Mapped Cache Access
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743 Usage Examples
(1) Invalidating Specific Entries

Specific cache entries can be invaidated by writing O to the entry's V bit in the memory mapping
cache access. When the A bit is 1, the tag address specified by the write datais compared to the
tag address within the cache selected by the entry address, and data is written to the bitsV and U
specified by the write data when a match is found. If no match isfound, thereis no operation.
When the V bit of an entry in the address array is set to 0, the entry is written back if the entry'sU
bitis1.

An example when awrite datais specified in RO and an address is specified in R1 is shown below.
; RO=H'0110 0010; tag address(28-11)=B'0 0001 0001 0000 0000 0, U=0, V=0

; RI=H'F080 0088; operand cache address array access, entry=B'000 1000, A=1

MOV.L RO,GR1

(2) Readingthe Data of a Specific Entry

The data section of a specific cache entry can be read by the memory mapping cache access. The
longword indicated in the datafield of the data array in figure 7.4 isread into the register.

An example when an address is specified in RO and dataisread in R1 is shown below.

; RO=H'F100 004C; instruction cache data array access, entry=B'000 0100,
; Way=0, longword address=3

MOV.L @RO,R1
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7.4.4 Notes

1. Programsthat access memory-mapped cache of the operand cache should be placed in a cache-
disabled space. Programs that access memory-mapped cache of the instruction cache should be
placed in a cache-disabled space, and in each of the beginning and the end of that, two or more
read accesses to on-chip peripheral modules or external address space (cache-disabled address)
should be executed.

2. Rewriting the address array contents so that two or more ways are hit simultaneoudly is
prohibited. Operation is not guaranteed if the address array contents are changed so that two or
more ways are hit simultaneoudly.

3. Memory-mapped cache can be accessed only by the CPU and not by the DMAC. Registers can
be accessed by the CPU and the DMAC.
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Section 8 Bus State Controller (BSC)

The bus state controller (BSC) outputs control signals for various types of memory that is
connected to the external address space and external devices. BSC functions enable this LSl to
connect directly with SRAM, SDRAM, and other memory storage devices, and external devices.

8.1 Features

1. External address space
— A maximum of 64 Mbytes for each of areas CS0 to CS8.

— Can specify the normal spaceinterface, SRAM interface with byte selection, burst ROM
(clocked synchronous or asynchronous), MPX-1/O, burst MPX-1/O, SDRAM, and
PCMCIA interface for each address space.

— Can select the data bus width (8, 16, or 32 bits) for each address space.
— Controlsinsertion of wait cycles for each address space.
— Controlsinsertion of wait cycles for each read access and write access.

— Can set independent idle cycles during the continuous access for five cases. read-write (in
same space/different spaces), read-read (in same space/different spaces), thefirst cycleisa
write access.

2. Normal space interface

— Supports the interface that can directly connect to the SRAM.
3. Burst ROM interface (clocked asynchronous)

— High-speed access to the ROM that has the page mode function.
4. MPX-1/O interface

— Can directly connect to a peripheral LS| that needs an address/data multiplexing.
5. SDRAM interface

— Can set the SDRAM in up to two areas.

— Multiplex output for row address/column address.

— Efficient access by single read/single write.

— High-speed access in bank-active mode.

— Supports an auto-refresh and self-refresh.

— Supports low-frequency and power-down modes.

— Issues MRS and EMRS commands.
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6. PCMCIA direct interface

— Supportsthe IC memory card and 1/0O card interface defined in JEIDA specifications Ver.
4.2 (PCMCIA2.1 Rev. 2.1).

— Wait-cycleinsertion controllable by program.
7. SRAM interface with byte selection
— Can connect directly to a SRAM with byte selection.
8. Burst MPX-I/O interface
— Can connect directly to aperipheral LS| that needs an address/data multiplexing.
— Supports burst transfer.
9. Burst ROM interface (clocked synchronous)
— Can connect directly to a ROM of the clocked synchronous type.
10. Bus arbitration

— Shares all of the resources with other CPU and outputs the bus enable after receiving the
bus request from external devices.

11. Refresh function

— Supports the auto-refresh and self-refresh functions.

— Specifiesthe refresh interval using the refresh counter and clock selection.

— Can execute concentrated refresh by specifying the refresh counts (1, 2, 4, 6, or 8).
12. Usage asinterval timer for refresh counter

— Generates an interrupt request at compare match.
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Figure 8.1 shows a block diagram of the BSC.

Y

\

4

SHRER Bus
BREQ mastership < I CMNCR |<->

BACK < controller

< ICSOWCR I4—>
— » Wait
WAIT controller

A

I CS8WCR I<—>

A

. < - Area E [ CS08CR |-

controller

MD2. MDO - CS8BCR | <=~

A

Y

A

A25 to AO,

D31 to DO Memory
- _ _ controller
BS, RD/WR, <
RD, WES3 to WEO,
RASU, RASL,
CASU,CASL
CKE, DQMxx, AH,
FRAME,
CE2A, CE2B 4
I B Refresh
REFOUT h controller
|
1
LI
[Legend]

CMNCR: Common control register

CSnWCR: CSn space wait control register (n = 0 to 8)
CSnBCR: CSn space bus control register (n = 0 to 8)
SDCR:  SDRAM control register

RTCSR: Refresh timer control/status register
RTCNT: Refresh timer counter

RTCOR: Refresh time constant register

Module bus

Internal bus

Figure8.1 Block Diagram of BSC
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8.2 I nput/Output Pins
Table 8.1 shows the pin configuration of the BSC.

Table8.1 Pin Configuration

Name I/O Function

A25 to AO Output Address bus

D31 to DO 1/0 Data bus

BS Output Bus cycle start

CS0to CS4,CS7, Output Chip select

CS8

CS5/CE1A, Output Chip select

CS6/CE1B Function as PCMCIA card select signals for D7 to DO when PCMCIA
is used.

CE2A, CE2B Output Function as PCMCIA card select signals for D15 to D8.

RD/WR Output Read/write
Connects to WE pins when SDRAM or SRAM with byte selection is
connected.

RD Output Read pulse signal (read data output enable signal)

Functions as a strobe signal for indicating memory read cycles when
PCMCIA is used.

WE3/DQMUU/ Output Indicates that D31 to D24 are being written to.

ICIOWR/AH Connected to the byte select signal when a SRAM with byte

selection is connected.

Functions as the select signals for D31 to D24 when SDRAM is
connected.

Functions as a strobe signal for indicating 1/0O write cycles when
PCMCIA is used.

Functions as the address hold signal when the MPX-1/O is used.

WE2/DQMUL/ Output Indicates that D23 to D16 are being written to.

Connected to the byte select signal when a SRAM with byte
selection is connected.

Functions as the select signals for D23 to D16 when SDRAM is
connected.

Functions as a strobe signal for indicating 1/0 read cycles when
PCMCIA is used.
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Name 1/0 Function

WE1/DQMLU/WE  Output Indicates that D15 to D8 are being written to.
Connected to the byte select signal when a SRAM with byte
selection is connected.
Functions as the select signals for D15 to D8 when SDRAM is
connected.
Functions as a strobe signal for indicating memory write cycles when
PCMCIA is used.

WEO/DQMLL Output Indicates that D7 to DO are being written to.
Connected to the byte select signal when a SRAM with byte
selection is connected.
Functions as the select signals for D7 to DO when SDRAM is
connected.

RASU, RASL Output Connects to RAS pin when SDRAM is connected.

CASU, CASL Output Connects to CAS pin when SDRAM is connected.

CKE Output Connects to CKE pin when SDRAM is connected.

FRAME Output Functions as FRAME signal when connected to burst MPX-I/O
interface

WAIT Input  External wait input

BREQ Input  Bus request input

BACK OQutput Bus enable output

REFOUT Output Refresh request output in bus-released state

MD2, MDO Input Select bus width of area 0 and initial bus width of areas 1 to 8.
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8.3 Area Overview

831 AddressMap

In the architecture, this LS| has a 32-bit address space, which is divided into cache-enabled, cache-
disabled, and on-chip spaces (on-chip RAM, on-chip peripheral modules, and reserved areas)
according to the upper bits of the address.

External address spaces CS0 to CS7 are cache-enabled when internal address A29 = 0 or cache-
disabled when A29 = 1. The CS8 space is aways cache-disabled.

The kind of memory to be connected and the data bus width are specified in each partial space.
The address map for the external address spaceislisted below.

Table8.2 AddressMap

Internal Address Space Memory to be Connected Cache
H'00000000 to H'03FFFFFF CSO Normal space, burst ROM (asynchronous or Cache-enabled
synchronous)

H'04000000 to H'07FFFFFF CS1 Normal space, SRAM with byte selection
H'08000000 to H'OBFFFFFF CS2 Normal space, SRAM with byte selection, SDRAM
H'0C000000 to H'OFFFFFFF CS3 Normal space, SRAM with byte selection, SDRAM

H'10000000 to H'13FFFFFF CS4 Normal space, SRAM with byte selection,
burst ROM (asynchronous)

H'14000000 to H'17FFFFFF CS5 Normal space, SRAM with byte selection, MPX-
1/0, PCMCIA

H'18000000 to H'1BFFFFFF CS6 Normal space, SRAM with byte selection,
burst MPX-1/O, PCMCIA

H'1C000000 to H'1IFFFFFFF CS7 Normal space, SRAM with byte selection

H'20000000 to H'23FFFFFF CSO Normal space, burst ROM (asynchronous or Cache-disabled
synchronous)

H'24000000 to H'27FFFFFF CS1 Normal space, SRAM with byte selection
H'28000000 to H'2BFFFFFF CS2 Normal space, SRAM with byte selection, SDRAM
H'2C000000 to H'2FFFFFFF CS3 Normal space, SRAM with byte selection, SDRAM

H'30000000 to H'33FFFFFF CS4 Normal space, SRAM with byte selection,
burst ROM (asynchronous)

H'34000000 to H'37FFFFFF CS5 Normal space, SRAM with byte selection, MPX-
I/0, PCMCIA

H'38000000 to H'3BFFFFFF CS6 Normal space, SRAM with byte selection,
burst MPX-1/0, PCMCIA

H'3C000000 to H'3FFFFFFF CS7 Normal space, SRAM with byte selection
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Internal Address Space Memory to be Connected Cache
H'40000000 to H'7FFFFFFF CS8 Normal space, SRAM with byte selection Cache-disabled
H'80000000 to H'FFFBFFFF Other  On-chip RAM, reserved area* —
H'FFFCO0000 to H'FFFFFFFF Other  On-chip peripheral modules, reserved area* —

Note: * For the on-chip RAM space, access the addresses shown in section 21, On-Chip RAM.
For the on-chip peripheral module space, access the addresses shown in section 24,
List of Registers. Do not access addresses which are not described in these sections.
Otherwise, the correct operation cannot be guaranteed.

8.3.2 Data Bus Width and Related Pin Function Settingsfor Each Area

The data bus width of area 0 can be set to 8, 16, or 32 bits by using external pins, but it cannot be
changed following startup by using software. The data bus width of areas 1 to 8 isinitially the
same as that of area 0, but it can be modified during program execution by means of register
settings.

Immediately after a power-on reset, only the pin functions necessary for reading datafrom area 0
of the ROM, namely a portion of the address bus, data bus, CS0, and RD, are selected
automatically astheinitial functions, but the initial function setting of all other pinsis general port
and they cannot be used until function settings are made by a program. Do not perform access
other than read accessto area O until the necessary pin function settings have been completed.

Table 8.3 lists the external pin settings and initial state of each area.

Note that the sample access waveforms shown in this section include other pins such asBS,
RD/WR, and WEn, which are available after their functions are specified by means of the pin
function controller. For example, to change the bus width of a space other than area 0 to 16 bits
after startup with a 32-bit databusit is necessary to set the function of the A1 pin, and to change
the bus width to 8 bitsit is necessary to set the functions of the A1 and A0 pins.

For details on pin function settings, see section 19, Pin Function Controller (PFC).
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Table8.3 External Pin (MD2 and MDO) Settingsand I nitial State of Each Area

MD2 MDO Item Area 0 Areas 1to 8
1 1 Data bus width Bus width fixed at 32 bits. Initial bus width setting 32 bits.
Not changeable. Can be changed by software.

Settings of BSC-
related pins

Functions of only pins A20 to A2, D31 to DO, CS0, and RD set
automatically. Functions of other pins must be set by software.

0 Data bus width

Bus width fixed at 16 bits. Initial bus width setting 16 bits.
Not changeable. Can be changed by software.

Settings of BSC-
related pins

Functions of only pins A20 to A1, D15 to DO, CS0, and RD set
automatically. Functions of other pins must be set by software.

0 1 Data bus width

Bus width fixed at 8 bits. Initial bus width setting 8 bits.
Not changeable. Can be changed by software.

Settings of BSC-
related pins

Functions of only pins A20 to A0, D7 to DO, CSO0, and RD set
automatically. Functions of other pins must be set by software.

0 Reserved (setting prohibited)

Notes: 1. When connecting ROM that uses address lines A21 and above for area 0, it is
necessary to pull down address lines A21 and above on the board.
2. The data bus width may be subject to limitations depending on the type of memory
used. For details, see 8.4.2, CSn Space Bus Control Register.
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8.4 Register Descriptions
The BSC has the following registers.

Do not access spaces other than area 0 until settings of the connected memory interface are
completed.

Table8.4 Register Configuration

Register Name Abbreviation R/W Initial Value  Address Access Size
Common control register CMNCR R/W  H'00001010 H'FFFC0000 32
CSO0 space bus control register CSOBCR R/W  H'36DB0600  H'FFFC0004 32
CS1 space bus control register CS1BCR R/W  H'36DB0600 H'FFFC0008 32
CS2 space bus control register CS2BCR R/W  H'36DB0600 H'FFFCO00C 32
CS3 space bus control register CS3BCR R/W  H'36DB0600 H'FFFC0010 32
CS4 space bus control register CS4BCR R/W  H'36DB0600 H'FFFC0014 32
CS5 space bus control register CS5BCR R/W  H'36DB0600 H'FFFC0018 32
CS6 space bus control register CS6BCR R/W  H'36DB0600 H'FFFC001C 32
CS7 space bus control register CS7BCR R/W  H'36DB0600  H'FFFC0020 32
CS8 space bus control register CS8BCR R/W  H'36DB0600 H'FFFC0024 32
CSO0 space wait control register CSOWCR R/W  H'00000500 H'FFFC0028 32
CS1 space wait control register CS1IWCR R/W  H'00000500 H'FFFC002C 32
CS2 space wait control register CS2WCR R/W  H'00000500 H'FFFC0030 32
CS3 space wait control register CS3WCR R/W  H'00000500 H'FFFC0034 32
CS4 space wait control register CS4WCR R/W  H'00000500 H'FFFC0038 32
CS5 space wait control register CS5WCR R/W  H'00000500 H'FFFC003C 32
CS6 space wait control register CS6WCR R/W  H'00000500 H'FFFC0040 32
CS7 space wait control register CS7WCR R/W  H'00000500 H'FFFC0044 32
CS8 space wait control register CS8WCR R/W  H'00000500 H'FFFC0048 32
SDRAM control register SDCR R/W  H'00000000 H'FFFC004C 32
Refresh timer control/status register RTCSR R/W  H'00000000 H'FFFC0050 32
Refresh timer counter RTCNT R/W  H'00000000 H'FFFC0054 32
Refresh time constant register RTCOR R/W  H'00000000 H'FFFC0058 32
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Register Name Abbreviation R/W Initial Value  Address Access Size
AC characteristics switching ACSWR R/W** H'00000000 H'FFFC180C 32
register

AC characteristics switching key ACKYER (VL — H'FFFC1BFC 8

register
Notes: 1. To write to this register, a special sequence using key registers for switching the AC
characteristics is required.
2. Write-only register. The write value is arbitrary.
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84.1

Common Control Register (CMNCR)

CMNCR isa32-bit register that controls the common items for each area. Thisregister is
initialized to H'00001010 by a power-on reset and retains the value by a manual reset and in

software standby mode.

Bit 31 3 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| ; | ; | | ; |BLOCK| DPRTY[1:0] DMAIW[2:0] | DA | ; | e | iz
Initial value: 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0
RW: R R R R RW RW RW RW RW RW RW R R R RW RW
Initial
Bit Bit Name Value R/W  Description
31t013 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
12 — 1 R Reserved
This bit is always read as 1. The write value should
always be 1.
11 BLOCK 0 R/W  Bus Lock
Specifies whether or not the BREQ signal is received.
0: Receives BREQ.
1: Does not receive BREQ.
10,9 DPRTY[1:0] 00 R/W  DMA Burst Transfer Priority
Specify the priority for a refresh request/bus
mastership request during DMA burst transfer.
00: Accepts a refresh request and bus mastership
request during DMA burst transfer.
01: Accepts a refresh request but does not accept a
bus mastership request during DMA burst transfer.
10: Accepts neither a refresh request nor a bus
mastership request during DMA burst transfer.
11: Reserved (setting prohibited)
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Bit Bit Name

Initial
Value

R/W

Description

8t06  DMAIW[2:0]

000

R/W

Wait states between access cycles when DMA single
address transfer is performed.

Specify the number of idle cycles to be inserted after
an access to an external device with DACK when DMA
single address transfer is performed. The method of
inserting idle cycles depends on the contents of
DMAIWA.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted

5 DMAIWA

0

R/W

Method of inserting wait states between access cycles
when DMA single address transfer is performed.

Specifies the method of inserting the idle cycles
specified by the DMAIW/[2:0] bit. Clearing this bit will
make this LSl insert the idle cycles when another
device, which includes this LSI, drives the data bus
after an external device with DACK drove it. However,
when the external device with DACK drives the data
bus continuously, idle cycles are not inserted. Setting
this bit will make this LSI insert the idle cycles after an
access to an external device with DACK, even when
the continuous access cycles to an external device
with DACK are performed.

0: Idle cycles inserted when another device drives the
data bus after an external device with DACK drove
it.

1: Idle cycles always inserted after an access to an
external device with DACK

Reserved

This bit is always read as 1. The write value should
always be 1.
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Bit Bit Name

Initial
Value

R/W

Description

3,2 —

AllO

R

Reserved

These bits are always read as 0. The write value
should always be 0.

1 HIZMEM

0

R/W

High-Z Memory Control

Specifies the pin state in software standby mode for
A25 to A0, BS, CSn, CE2x, RD/WR, WEn/DQMxx/AH,
RD, and FRAME. At bus-released state, these pin are
high-impedance states regardless of the setting value
of the HIZMEM bit.

0: High impedance in software standby mode.

1: Driven in software standby mode

0 HIZCNT

0

R/W

High-Z Control

Specifies the state in software standby mode and bus-
released state for CKIO, CKE, RASU, RASL, CASU,
and CASL.

0: High impedance in software standby mode and bus-
released state for CKIO, CKE, RASU, RASL, CASU,
and CASL.

1: Driven in software standby mode and bus-released
state for CKIO, CKE, RASU, RASL, CASU, and
CASL.
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8.4.2 CSn Space Bus Control Register (CSnBCR) (n =010 8)

CSnBCR is a 32-hit readable/writable register that specifies the function of each area, the number
of idle cycles between bus cycles, and the bus width. Thisregister isinitialized to H'36DB0x00 by
apower-on reset and retains the value by a manual reset and in software standby mode.

Do not access external memory other than area O until CSnBCR initial setting is completed.

Idle cycles may be inserted even when they are not specified. For details, see section 8.5.12, Wait
between Access Cycles.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I - ‘ IWW[2:0] IWRWD[2:0] IWRWS[2:0] IWRRD[2:0] IWRRS[2:0]

Initial value: 0 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1
R/W: R RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bt: 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
- | meeeo [ - Joeowo | -] -] [ -[ -] -] -] -]-]
Iniialvalie: 0 0 ©0 ©0O 0 1+ 1 o0 0 0O 0O 0 0 0 0 0
RW. R RW RW RW R RW RW R R R R R R R R R

Note: * CSnBCR samples the external pins (MD2 and MDO) that specify the bus width at power-on reset.

Initial
Bit Bit Name Value R/W  Description
31 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.

30t0 28 IWWI[2:0] 011 R/W Idle Cycles between Write-Read Cycles and Write-
Write Cycles
These bits specify the number of idle cycles to be
inserted after the access to a memory that is

connected to the space. The target access cycles are
the write-read cycle and write-write cycle.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted
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Initial
Bit Bit Name Value R/W  Description
27t025 IWRWD[2:0] 011 R/W  Idle Cycles for Another Space Read-Write

Specify the number of idle cycles to be inserted after
the access to a memory that is connected to the
space. The target access cycle is a read-write one in
which continuous access cycles switch between
different spaces.

000: No idle cycle inserted
001: 1 idle cycle inserted

010: 2 idle cycles inserted

011: 4 idle cycles inserted

100: 6 idle cycles inserted

101: 8 idle cycles inserted

110: 10 idle cycles inserted
111: 12 idle cycles inserted

241022 IWRWS[2:0] 011 R/W Idle Cycles for Read-Write in the Same Space

Specify the number of idle cycles to be inserted after
the access to a memory that is connected to the
space. The target cycle is a read-write cycle of which
continuous access cycles are for the same space.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted
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Bit

Bit Name

Initial
Value

R/W

Description

21t0 19

IWRRDI[2:0]

011

R/W

Idle Cycles for Read-Read in Another Space

Specify the number of idle cycles to be inserted after
the access to a memory that is connected to the
space. The target cycle is a read-read cycle of which
continuous access cycles switch between different
space.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted

18 to 16

IWRRS[2:0]

011

R/W

Idle Cycles for Read-Read in the Same Space

Specify the number of idle cycles to be inserted after
the access to a memory that is connected to the
space. The target cycle is a read-read cycle of which
continuous access cycles are for the same space.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted

15

Reserved

This bit is always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W  Description
14to12 TYPE[2:0] 000 R/W  Specify the type of memory connected to a space.
000: Normal space
001: Burst ROM (clocked asynchronous)
010: MPX-I/O
011: SRAM with byte selection
100: SDRAM
101: PCMCIA
110: Burst MPX-I/O
111: Burst ROM (clocked synchronous)

For details for memory type in each area, see table
8.2.

Note: When connecting the burst ROM to the CS0
space, change the CSOWCR register to the
settings by the burst ROM CSOWCR uses and
then set TYPE[2:0] to the burst ROM setting.

11 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W  Description

10,9 BSZ[1:0] 11* R/W  Data Bus Width Specification
Specify the data bus widths of spaces.
00: Reserved (setting prohibited)
01: 8-bit size
10: 16-bit size
11: 32-bit size
For MPX-1/O, selects bus width by address

Notes: 1. If area5 is specified as MPX-1/O, the bus
width can be specified as 8 bits or 16 bits
by the address according to the SZSEL bit
in CS5WCR by specifying the BSZ[1:0]
bits to 11. The fixed bus width can be
specified as 8 bits or 16 bits

2. The initial data bus width for areas 0 to 8
is specified by external pins. The BSZ[1:0]
bits settings in CSOBCR are ignored but
the bus width settings in CS1BCR to
CS8BCR can be modified.

3. If area 6 is specified as burst MPX-1/0
space, the bus width can be specified as
32 bits only.

4. If area 5 or area 6 is specified as PCMCIA
space, the bus width can be specified as
either 8 bits or 16 bits.

5. If area 2 or area 3 is specified as SDRAM
space, the bus width can be specified as
either 16 bits or 32 bits.

6. If area 0 is specified as clocked
synchronous burst ROM space, the bus
width can be specified as either 16 bits or
32 bits.

8to0 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

Note: * CSnBCR samples the external pins (MD2 and MDO) that specify the bus width at
power-on reset.
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8.4.3 CSn Space Wait Control Register (CSNWCR) (n =0to 8)

CSnWCR specifies various wait cycles for memory access. The bit configuration of this register
varies as shown below according to the memory type (TY PE2 to TY PEO) specified by the CSn
space bus control register (CSNBCR). Specify CSnWCR before accessing the target area. Specify
CSnBCR firgt, then specify CSnNWCR.

CSnWCR isinitialized to H'00000500 by a power-on reset and retains the value by a manual reset
and in software standby mode.

(1) Normal Space, SRAM with Byte Selection, MPX-1/0

e CSOWCR

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

-rt-r-r-r-r-r-7-7-7-7-7-7-JT-7-7-]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R RW RW R R RW RW
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - ‘ - ‘ - ‘ SWI[1:0] WR([3:0] ‘ WM ‘ - ‘ - ‘ - ‘ - ‘ HW[1:0]
Initial value: 0 0 0 o 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R RW RW RW RW RW RW RW R R R R RW RW
Initial
Bit Bit Name Value R/W  Description
31to22 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

21, 20 — AllO R/W  Reserved

Clear these bits to 0 when the interface for normal
space is used.

19, 18 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

17, 16 —* AllO R/W  Reserved

Clear these bits to 0 when the interface for normal
space is used.

15t013 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Bit

Bit Name

Initial
Value

R/W

Description

12,11

SW[1:0]

00

R/W

Number of Delay Cycles from Address, CSO Assertion
to RD, WEn Assertion

Specify the number of delay cycles from address and
CSO0 assertion to RD and WEn assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

10to 7

WR[3:0]

1010

R/W

Number of Access Wait Cycles

Specify the number of cycles that are necessary for
read/write access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

WM

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is valid.
The specification by this bit is valid even when the
number of access wait cycle is 0.

0: External wait input is valid

1: External wait input is ignored
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Initial
Bit Bit Name Value R/W  Description
5t0 2 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
1,0 HWI[1:0] 00 R/W  Delay Cycles from RD, WEn Negation to Address, CS0

Negation

Specify the number of delay cycles from RD and WEn
negation to address and CSO negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

Note: * To connect the burst ROM to the CS0 space and switch to burst ROM interface after
activation, set the TYPE[2:0] bits in CSOBCR after setting the burst number by the bits
20 and 21 and the burst wait cycle number by the bits 16 and 17. Do not write 1 to the
reserved bits other than above bits.
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e CSIWCR, CS/WCR, CSBWCR

Bit: 31 30 29 28 27 26

25 24 23 22 21 20 19 18 17 16

T T T T T Tws[ - e

Initial value: 0 0 0 0 0 0
R/W: R R R R R R

Bit: 15 14 13 12 11 10

0 0 0 0 0 0
R R R R R R/W R RW RW R/W

9 8 7 6 5 4 3 2 1 0

|-|-|—|SW[1:0]

WR[3:0] |WM| - | - | - | - | HWI[1:0]

Initial value: 0 0 0 0 0 1

0 1 0 0 0 0 0 0 0 0

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

Initial
Bit Bit Name Value R/W

Description

3l1to21 — All O R

Reserved

These bits are always read as 0. The write value
should always be 0.

20 BAS 0 R/W

SRAM with Byte Selection Byte Access Select

Specifies the WEn and RD/WR signal timing when the
SRAM interface with byte selection is used.

0: Asserts the WEn signal at the read/write timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read/write access
cycle and asserts the RD/WR signal at the write
timing.

19 — 0 R

Reserved

This bit is always read as 0. The write value should
always be 0.

18to 16 WW][2:0] 000 R/W

Number of Write Access Wait Cycles

Specify the number of cycles that are necessary for
write access.

000: The same cycles as WR[3:0] setting (humber of
read access wait cycles)

001: No cycle
010: 1 cycle

011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles
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Bit Bit Name

Initial
Value

R/W

Description

15t013 —

All 0

R

Reserved

These bits are always read as 0. The write value
should always be 0.

12,11  SW[1:0]

00

R/W

Number of Delay Cycles from Address, CSn Assertion
to RD, WEnN Assertion

Specify the number of delay cycles from address and
CSn assertion to RD and WEn assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

10t07  WR[3:0]

1010

R/W

Number of Read Access Wait Cycles

Specify the number of cycles that are necessary for
read access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is valid.
The specification by this bit is valid even when the
number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored
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Initial
Bit Bit Name  Value R/W  Description
5t0 2 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

1,0 HWI[1:0] 00 R/W  Delay Cycles from RD, WEn Negation to Address, CSn
Negation

Specify the number of delay cycles from RD and WEn
negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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SH7206 Group

Section 8 Bus State Controller (BSC)

e CS2WCR, CS3WCR

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L[ -1 | [T - [T -Jes] -] -] ]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R RW R R R R
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L[ -1 | WA [ [ T - -] -]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R R R RW RW RW RW RW R R R R R R
Initial
Bit Bit Name Value R/W  Description
31to21 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
20 BAS 0 R/W  SRAM with Byte Selection Byte Access Select
Specifies the WEn and RD/WR signal timing when the
SRAM interface with byte selection is used.
0: Asserts the WEN signal at the read timing and
asserts the RD/WR signal during the write access
cycle.
1: Asserts the WEn signal during the read access cycle
and asserts the RD/WR signal at the write timing.
19to 11 — AllO R Reserved

These bits are always read as 0. The write value

should always be 0.
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Section 8 Bus State Controller (BSC)

SH7206 Group

Bit Bit Name

Initial
Value

R/W

Description

10t07 WR[3:0]

1010

R/W

Number of Access Wait Cycles

Specify the number of cycles that are necessary for
read/write access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is valid.
The specification by this bit is valid even when the
number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored

5t00 —

AllO

R

Reserved

These bits are always read as 0. The write value
should always be 0.
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SH7206 Group Section 8 Bus State Controller (BSC)

e CHAWCR
Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L - -[- [ - T -[-F- T -[ [ -Jes[ ] wwen
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R RW R RW RW RW
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | - | - | SWI[1:0] WR[3:0] | WM | - | - | - | - | HW[1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R RW RW RW RW RW RW RW R R R R RW RW
Initial
Bit Bit Name Value R/W  Description
31to21 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

20 BAS 0 R/W  SRAM with Byte Selection Byte Access Select

Specifies the WEn and RD/WR signal timing when the
SRAM interface with byte selection is used.

0: Asserts the WEn signal at the read timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read access cycle
and asserts the RD/WR signal at the write timing.

19 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

18t0 16  WW][2:0] 000 R/W  Number of Write Access Wait Cycles

Specify the number of cycles that are necessary for
write access.

000: The same cycles as WR[3:0] setting (humber of
read access wait cycles)

001: No cycle
010: 1 cycle

011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles
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Section 8 Bus State Controller (BSC)

SH7206 Group

Initial

Bit Bit Name Value

R/W

Description

15t013 — AllO

Reserved

These bits are always read as 0. The write value
should always be 0.

12,11 SW[1:0] 00

R/W

Number of Delay Cycles from Address, CS4 Assertion
to RD, WE Assertion

Specify the number of delay cycles from address and
CS4 assertion to RD and WE assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

10t07  WR[3:0] 1010

R/W

Number of Read Access Wait Cycles

Specify the number of cycles that are necessary for
read access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)
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SH7206 Group

Section 8 Bus State Controller (BSC)

Initial
Bit Bit Name Value R/W  Description
6 WM 0 R/W  External Wait Mask Specification
Specifies whether or not the external wait input is valid.
The specification by this bit is valid even when the
number of access wait cycle is 0.
0: External wait input is valid
1: External wait input is ignored
5to 2 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
1,0 HWI[1:0] 00 R/W  Delay Cycles from RD, WEn Negation to Address, CS4
Negation
Specify the number of delay cycles from RD and WEn
negation to address and CS4 negation.
00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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Section 8 Bus State Controller (BSC) SH7206 Group

e CS5WCR

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

MPXW/ .
LT[ T T[] o8 - [ wwed

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R RW  R/W R RW RW R/W

Bt 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
| - | - | - | SWI[1:0] WRI[3:0] | WM | - | - | - | - | HWI1:0]
Iitialvalue:  © 0 o0 ©0 o0 1 0 1 0 o0 0 O 0 0 o0 o0

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

Initial
Bit Bit Name Value R/W  Description
3l1to22 — All0 R Reserved

These bits are always read as 0. The write value
should always be 0.

21 SZSEL 0 R/W  MPX-I/O Interface Bus Width Specification

Specifies an address to select the bus width when the
BSZ[1:0] of CS5BCR are specified as 11. This bit is
valid only when area 5 is specified as MPX-1/0.

0: Selects the bus width by address A14
1: Selects the bus width by address A21

The relationship between the SZSEL bit and bus width
selected by A14 or A21 are summarized below.

SZSEL Al4 A21 Bus Width
0 0 Not affected 8 bits
0 1 Not affected 16 bits
1 Not affected 0 8 bits
1 Not affected 1 16 bits
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SH7206 Group

Section 8 Bus State Controller (BSC)

Bit

Bit Name

Initial
Value

R/W

Description

20

MPXW

0

R/W

MPX-I/O Interface Address Wait

This bit setting is valid only when area 5 is specified as
MPX-1/0O. Specifies the address cycle insertion wait for
MPX-1/O interface.

0: Inserts no wait cycle
1: Inserts 1 wait cycle

BAS

R/W

SRAM with Byte Selection Byte Access Select

This bit setting is valid only when area 5 is specified as
SRAM with byte selection.

Specifies the WEn and RD/WR signal timing when the
SRAM interface with byte selection is used.

0: Asserts the WEn signal at the read timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read access cycle
and asserts the RD/WR signal at the write timing.

19

Reserved

This bit is always read as 0. The write value should
always be 0.

18 to 16

WWI[2:0]

000

R/W

Number of Write Access Wait Cycles

Specify the number of cycles that are necessary for
write access.

000: The same cycles as WR[3:0] setting (humber of
read access wait cycles)

001: No cycle
010: 1 cycle

011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles

15to 13

All0

Reserved

These bits are always read as 0. The write value
should always be 0.
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Section 8 Bus State Controller (BSC)

SH7206 Group

Bit

Bit Name

Initial
Value

R/W

Description

12,11

SW[1:0]

00

R/W

Number of Delay Cycles from Address, CS5 Assertion
to RD, WE Assertion

Specify the number of delay cycles from address and
CS5 assertion to RD and WE assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

10to 7

WR[3:0]

1010

R/W

Number of Read Access Wait Cycles

Specify the number of cycles that are necessary for
read access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

WM

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored

5to2

All 0

R

Reserved

These bits are always read as 0. The write value
should always be 0.
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SH7206 Group Section 8 Bus State Controller (BSC)

Initial
Bit Bit Name Value R/W  Description

1,0 HWI[1:0] 00 R/W  Delay Cycles from RD, WEn Negation to Address,
CS5 Negation

Specify the number of delay cycles from RD and WEn
negation to address and CS5 negation.

00: 0.5 cycles
01: 1.5 cycles

10: 2.5 cycles
11: 3.5 cycles
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Section 8 Bus State Controller (BSC)

SH7206 Group

e CS6WCR
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
(-1 -1-7-1T-J7-0T-fT-T-f]-7]-Jes]-J]-71-]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R/W R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | - | | SWI[1:0] WR[3:0] | WM | - | - | - | - | HWI[1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
R/W: R R R RW RW RW RW RW RW RW R R R R RW R/W

Bit Bit Name

Initial
Value R/W

Description

3lto21 —

AllO R

Reserved

These bits are always read as 0. The write value
should always be 0.

20 BAS

SRAM with Byte Selection Byte Access Select

Specifies the WEn and RD/WR signal timing when the
SRAM interface with byte selection is used.

0: Asserts the WEn signal at the read timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read/write access
cycle and asserts the RD/WR signal at the write
timing.

19t013 —

AllO R

Reserved

These bits are always read as 0. The write value
should always be 0.

12,11 SWI[1:0]

00 R/W

Number of Delay Cycles from Address, CS6 Assertion
to RD, WEn Assertion

Specify the number of delay cycles from address, CS6
assertion to RD and WEnN assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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SH7206 Group

Section 8 Bus State Controller (BSC)

Bit

Bit Name

Initial
Value

R/W

Description

10to 7

WR[3:0]

1010

R/W

Number of Access Wait Cycles

Specify the number of cycles that are necessary for
read/write access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

WN

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is valid.
The specification of this bit is valid even when the
number of access wait cycles is 0.

0: The external wait input is valid
1: The external wait input is ignored

5to 2

AllO

Reserved

These bits are always read as 0. The write value
should always be 0.

1,0

HWI[1:0]

00

R/W

Number of Delay Cycles from RD, WEn Negation to
Address, CS6 Negation

Specify the number of delay cycles from RD, WEn
negation to address, and CS6 negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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Section 8 Bus State Controller (BSC)

SH7206 Group

(2) Burst ROM (Clocked Asynchronous)
¢ CSOWCR
Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L[ -1 | [T - [ [ -Tesma | [ [ ewo
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R RW RW R R RW RW
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L[ -1 | Wiz [ [ T[]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R R R RW RW RW RW RW R R R R R R
Initial
Bit Bit Name Value R/W  Description
31to22 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
21,20 BST[1:0] 00 R/W  Burst Count Specification
Specify the burst count for 16-byte access. These bits
must not be set to B'11.
Bus Width BST[1:0] Burst count
8 bits 00 16 burst x one time
01 4 burst x four times
16 bits 00 8 burst x one time
01 2 burst x four times
10 4-4 or 2-4-2 burst
32 bits XX 4 burst x one time
19,18 — All O R Reserved

These bits are always read as 0. The write value

should always be 0.
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SH7206 Group Section 8 Bus State Controller (BSC)

Initial
Bit Bit Name Value R/W  Description

17,16 BWI[1:0] 00 R/W  Number of Burst Wait Cycles

Specify the number of wait cycles to be inserted
between the second or subsequent access cycles in
burst access.

00: No cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles
15to11 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

10to7  W[3:0] 1010 R/W  Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in the
first access cycle.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

ROLUH0283EJ0400 Rev. 4.00 Page 235 of 1164
Aug 22, 2011 RENESAS



Section 8 Bus State Controller (BSC) SH7206 Group

Initial
Bit Bit Name Value R/W  Description
6 WM 0 R/W  External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored

5to0 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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SH7206 Group Section 8 Bus State Controller (BSC)
e CHAWCR
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L -l -[-[- T -[-J-T -] Jema [ ]| [ ewo
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R RW RW R R RW RW
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | - | - | SW[1:0] W[3:0] |WM| - | - | - | - | HW[1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R RW RW RW RW RW RW RW R R R R RW RW
Initial
Bit Bit Name Value R/W Description
31to22 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
21,20 BST[1:0] 00 R/W Burst Count Specification
Specify the burst count for 16-byte access. These bits
must not be set to B'11.
Bus Width BST[1:0] Burst count
8 bits 00 16 burst x one time
01 4 burst x four times
16 bits 00 8 burst x one time
01 2 burst x four times
10 4-4 or 2-4-2 burst
32 bits XX 4 burst x one time
19,18 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
17,16 BWI[1:0] 00 R/W Number of Burst Wait Cycles
Specify the number of wait cycles to be inserted
between the second or subsequent access cycles in
burst access.
00: No cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles
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Section 8 Bus State Controller (BSC)

SH7206 Group

Initial

Bit Bit Name Value

R/W

Description

15t013 — AllO

R

Reserved

These bits are always read as 0. The write value
should always be 0.

12,11 SWI1:0] 00

R/W

Number of Delay Cycles from Address, CS4 Assertion
to RD, WE Assertion

Specify the number of delay cycles from address and
CS4 assertion to RD and WE assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

10to7  WI[3:0] 1010

R/W

Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in the
first access cycle.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)
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SH7206 Group Section 8 Bus State Controller (BSC)
Initial
Bit Bit Name Value R/W Description
6 WM 0 R/W External Wait Mask Specification
Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.
0: External wait input is valid
1: External wait input is ignored
5to 2 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
1,0 HWI[1:0] 00 R/W  Delay Cycles from RD, WEn Negation to Address,
CS4 Negation
Specify the number of delay cycles from RD and WEn
negation to address and CS4 negation.
00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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Section 8 Bus State Controller (BSC)

SH7206 Group

(3 SDRAM*
e CS2WCR
Bit 31 3 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L1 -] | - | - [wowar [ -] -] -] -] -[]-]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R R R R R RW RW R R R R R R R
Initial
Bit Bit Name Value R/W  Description
3ltol11 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
10 — 1 R Reserved
This bit is always read as 1. The write value should
always be 1.
9 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
8,7 A2CL[1:0] 10 R/W  CAS Latency for Area 2
Specify the CAS latency for area 2.
00: 1 cycle
01: 2 cycles
10: 3 cycles
11: 4 cycles
6to0 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
Note: * If only one area is connected to the SDRAM, specify area 3. In this case, specify area 2

as normal space or SRAM with byte selection.
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SH7206 Group Section 8 Bus State Controller (BSC)

e CS3WCR

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Bt 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
| - | WTRP[1:0]* - | WTRCD[1:0]* | - | A3CL[1:0] | - | - | TRWL[1:0]* | WTRC[1:0]*
Iitialvalve: ' © 0 ©0 ©0 o0 1 0 1 0 o0 0 ©0O 0 0 0 o0

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

us)
us)

RW R/W R RW R/W

Note: * If both areas 2 and 3 are specified as SDRAM, WTRP[1:0], WTRCDI1:0], TRWL[1:0], and WTRCJ1:0] bit settings are
used in both areas in common.

Initial
Bit Bit Name Value R/W Description
31tol5 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

14,13 WTRP[1:0]* 00 R/W  Number of Auto-Precharge Completion Wait Cycles

Specify the number of minimum precharge completion
wait cycles as shown below.

e From the start of auto-precharge and issuing of
ACTV command for the same bank

e From issuing of the PRE/PALL command to issuing
of the ACTV command for the same bank

e Till entering the power-down mode or deep power-
down mode

e From the issuing of PALL command to issuing REF
command in auto refresh mode

e From the issuing of PALL command to issuing
SELF command in self refresh mode

The setting for areas 2 and 3 is common.
00: No cycle

01: 1 cycle

10: 2 cycles

11: 3 cycles
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Section 8 Bus State Controller (BSC)

SH7206 Group

Bit

Bit Name

Initial
Value

R/W

Description

12

0

R

Reserved

This bit is always read as 0. The write value should
always be 0.

11, 10

WTRCD[1:0]* 01

R/W

Number of Wait Cycles between ACTV Command and
READ(A)/WRIT(A) Command

Specify the minimum number of wait cycles from
issuing the ACTV command to issuing the
READ(A)/WRIT(A) command. The setting for areas 2
and 3 is common.

00: No cycle
01: 1 cycle

10: 2 cycles
11: 3 cycles

Reserved

This bit is always read as 0. The write value should
always be 0.

8,7

A3CL[1:0]

10

R/W

CAS Latency for Area 3

Specify the CAS latency for area 3.
00: 1 cycle

01: 2 cycles

10: 3 cycles

11: 4 cycles

6,5

All 0

R

Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W Description
4,3 TRWL[1:0]* 00 R/W  Number of Auto-Precharge Startup Wait Cycles

Specify the number of minimum auto-precharge

startup wait cycles as shown below.

e Cycle number from the issuance of the WRITA
command by this LSI until the completion of auto-
precharge in the SDRAM.

Equivalent to the cycle number from the issuance
of the WRITA command until the issuance of the
ACTV command. Confirm that how many cycles
are required between the WRITA command receive
in the SDRAM and the auto-precharge activation,
referring to each SDRAM data sheet. And set the
cycle number so as not to exceed the cycle number
specified by this bit.

e Cycle number from the issuance of the WRIT
command until the issuance of the PRE command.
This is the case when accessing another low
address in the same bank in bank active mode.

The setting for areas 2 and 3 is common.

00: No cycle

01: 1 cycle

10: 2 cycles

11: 3 cycles

2 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W  Description
1,0 WTRCJ1:0]* 00 R/W  Number of Idle Cycles from REF Command/Self-

Refresh Release to ACTV/REF/MRS Command

Specify the number of minimum idle cycles in the
periods shown below.

¢ From the issuance of the REF command until the
issuance of the ACTV/REF/MRS command

e From releasing self-refresh until the issuance of the
ACTV/REF/MRS command.

The setting for areas 2 and 3 is common.
00: 2 cycles
01: 3 cycles
10: 5 cycles
11: 8 cycles

Note: * If both areas 2 and 3 are specified as SDRAM, WTRP[1:0], WTRCD[1:0], TRWL][1:0],
and WTRCJ1:0] bit settings are used in both areas in common.

If only one area is connected to the SDRAM, specify area 3. In this case, specify area 2
as normal space or SRAM with byte selection.
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(49 PCMCIA

e CS5WCR, CS6WCR

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

(-1 - -7 -1-7-7-T-T-T-7 swa |-]-71-]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R/W R/W R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | TEDJ[3:0] PCWI3:0] | WM | - | - | TEH[3:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0

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

Initial
Bit Bit Name Value R/W  Description
31to22 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

21,20 SA[1:0] 00 R/W  Space Attribute Specification

Select memory card interface or I/O card interface
when PCMCIA interface is selected.

SAL:

0: Selects memory card interface for the space for A25
=1.

1: Selects 1/O card interface for the space for A25 = 1.

SAO:

0: Selects memory card interface for the space for A25
=0.

1: Selects 1/O card interface for the space for A25 = 0.

19t0 15 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Bit Bit Name

Initial
Value

R/W

Description

14t0 11 TED[3:0]

0000

R/W

Number of Delay Cycles from Address Output to
RD/WE Assertion

Specify the number of delay cycles from address
output to RD/WE assertion for the memory card or to
ICIORD/ICIOWR assertion for the I/O card in PCMCIA
interface.

0000:
0001:
0010:
0011:
0100:

0101

0.5 cycles
1.5 cycles
2.5 cycles
3.5 cycles
4.5 cycles

: 5.5 cycles
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

6.5 cycles
7.5 cycles
8.5 cycles
9.5 cycles
10.5 cycles
11.5 cycles
12.5 cycles
13.5 cycles
14.5 cycles
15.5 cycles
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Initial
Bit Bit Name Value R/W  Description
10to7 PCWI[3:0] 1010 R/W  Number of Access Wait Cycles
Specify the number of wait cycles to be inserted.
0000: 3 cycles
0001: 6 cycles
0010: 9 cycles
0011: 12 cycles
0100: 15 cycles
0101: 18 cycles
0110: 22 cycles
0111: 26 cycles
1000: 30 cycles
1001: 33 cycles
1010: 36 cycles
1011: 38 cycles
1100: 52 cycles
1101: 60 cycles
1110: 64 cycles
1111: 80 cycles
6 WM 0 R/W  External Wait Mask Specification

Specifies whether or not the external wait input is valid.
The specification by this bit is valid even when the
number of access wait cycles is O.

0: External wait input is valid
1: External wait input is ignored
54 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.
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Bit Bit Name

Initial
Value

R/W

Description

3t00  TEH[3:0]

0000

R/W

Delay Cycles from RD/WE Negation to Address

Specify the number of address hold cycles from
RD/WE negation for the memory card or those from

ICIORD/ICIOWR negation for the I/O card in PCMCIA
interface.

0000:
0001:
0010:
0011:

0100

0.5 cycles
1.5 cycles
2.5 cycles
3.5 cycles

1 4.5 cycles
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

5.5 cycles
6.5 cycles
7.5 cycles
8.5 cycles
9.5 cycles
10.5 cycles
11.5 cycles
12.5 cycles
13.5 cycles
14.5 cycles
15.5 cycles
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(5) Burst MPX-1/0

e CS6WCR
Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | - | | | | - | - | - | - |MPXAW[1:0] |MPXMD| - | BWI[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R RW RW RW R PRW RW
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L[ -1 | Wiz fwn [ - -7 -]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R R R RW RW RW RW RW R R R R R R
Initial
Bit Bit Name Value R/W  Description
31to22 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
21,20 MPXAWI[1:0] 00 R/W  Number of Address Cycle Waits

Specify the number of waits to be inserted in the
address cycle.

00: No cycle
01: 1 cycle

10: 2 cycles
11: 3 cycles
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Initial
Bit Bit Name Value R/W  Description
19 MPXMD 0 R/W  Burst MPX-1/O Interface Mode Specification
Specify the access mode in 16-byte access
0: One 4-burst access by 16-byte transfer
1: Two 2-burst access cycles by quadword (8-byte)
transfer
Transfer size when MPXMD = O:
D31 D30 D29 Transfer Size
0 0 0 Byte (1 byte)
0 0 1 Word (2 bytes)
0 1 0 Longword (4 bytes)
0 1 1 Reserved (quadword) (8 bytes)
1 0 0 16 bytes
1 0 1 Reserved (32 bytes)
1 1 0 Reserved (64 bytes)
Transfer size when MPXMD = 1:
D31 D30 D29 Transfer Size
0 0 0 Byte (1 byte)
0 0 1 Word (2 bytes)
0 1 0 Longword (4 bytes)
0 1 1 Quadword (8 bytes)
1 0 0 Reserved (32 bytes)
18 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
17, 16 BWI[1:0] 00 R/W  Number of Burst Wait Cycles
Specify the number of wait cycles to be inserted at the
second or subsequent access cycles in burst access
00: No cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles
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Initial
Bit Bit Name Value R/W  Description
15t0 11 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

10to7  W[3:0] 1010 R/W  Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in the
first access cycle.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

6 WM 0 R/W  External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored
5t00 — All 0 R Reserved

These bits are always read as 0. The write value
should always be 0.
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(6) Burst ROM (Clocked Synchronous)
¢ CSOWCR
Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L[ -1 |- [T -[-T-1 [ [ - | ewo
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R RW RW
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L[ -1 | Wiz [ | | [ -1
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R R R RW RW RW RW RW R R R R R R
Initial
Bit Bit Name Value R/W  Description
31to 18 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
17,16 BWI[1:0] 00 R/W  Number of Burst Wait Cycles
Specify the number of wait cycles to be inserted
between the second or subsequent access cycles in
burst access.
00: No cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles
15to11 — All O R Reserved

These bits are always read as 0. The write value

should always be 0.
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Initial
Bit Bit Name Value R/W  Description
10to7  WI[3:0] 1010 R/W  Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in the
first access cycle.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)

1110: Reserved (setting prohibited)

1111: Reserved (setting prohibited)
6 WM 0 R/W  External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored
5t00 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.
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8.4.4 SDRAM Control Register (SDCR)

SDCR specifies the method to refresh and access SDRAM, and the types of SDRAMSsto be
connected.

SDCRisinitialized to H'00000000 by a power-on reset and retains the value by a manual reset and
in software standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

|.|.|.|.|.|.|-|-|-|-|-|A2ROW[1:O]|-|AZCOL[1:O]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R RW  R/W R R/W  R/W

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| - | - | DEEP | SLOW| RFSH |RMODE|PDOWV\4 BACTV| - | - | - | A3ROW[1:0] | - | A3COL[1:0]

o

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R RW RW RW RW RW RW RW R/W R RW R/W

y)
y)
)

Initial
Bit Bit Name Value R/W  Description
31to21 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
20,19 A2ROWI[1:0] 00 R/W  Number of Bits of Row Address for Area 2
Specify the number of bits of row address for area 2.
00: 11 bits
01: 12 bits
10: 13 hits
11: Reserved (setting prohibited)
18 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
17,16  A2COL[1:0] 00 R/W  Number of Bits of Column Address for Area 2
Specify the number of bits of column address for
area 2.
00: 8 hits
01: 9 bits
10: 10 bits
11: Reserved (setting prohibited)
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Bit Bit Name

Initial
Value

R/W

Description

15,14 —

AllO

Reserved

These bits are always read as 0. The write value
should always be 0.

13 DEEP

R/W

Deep Power-Down Mode

This bit is valid for low-power SDRAM. If the RFSH or
RMODE bit is set to 1 while this bit is set to 1, the deep
power-down entry command is issued and the low-
power SDRAM enters the deep power-down mode.

0: Self-refresh mode
1: Deep power-down mode

12 SLOW

0

R/W

Low-Frequency Mode

Specifies the output timing of command, address, and
write data for SDRAM and the latch timing of read data
from SDRAM. Setting this bit makes the hold time for
command, address, write and read data extended for
half cycle (output or read at the falling edge of CKIO).
This mode is suitable for SDRAM with low-frequency
clock.

0: Command, address, and write data for SDRAM is
output at the rising edge of CKIO. Read data from
SDRAM is latched at the rising edge of CKIO.

1: Command, address, and write data for SDRAM is
output at the falling edge of CKIO. Read data from
SDRAM is latched at the falling edge of CKIO.
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Initial
Bit Bit Name Value

R/W

Description

11 RFSH 0

R/W

Refresh Control

Specifies whether or not the refresh operation of the
SDRAM is performed.

0: No refresh

1: Refresh

10 RMODE 0

R/W

Refresh Control

Specifies whether to perform auto-refresh or self-
refresh when the RFSH bit is 1. When the RFSH bit is
1 and this bit is 1, self-refresh starts immediately.
When the RFSH bit is 1 and this bit is 0, auto-refresh
starts according to the contents that are set in
registers RTCSR, RTCNT, and RTCOR.

0: Auto-refresh is performed
1: Self-refresh is performed

9 PDOWN 0

Power-Down Mode

Specifies whether the SDRAM will enter the power-
down mode after the access to the SDRAM. With this
bit being set to 1, after the SDRAM is accessed, the
CKE signal is driven low and the SDRAM enters the
power-down mode.

0: The SDRAM does not enter the power-down mode
after being accessed.

1: The SDRAM enters the power-down mode after
being accessed.
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Initial

Bit Bit Name Value R/W  Description

8 BACTV 0 R/W  Bank Active Mode

Specifies to access whether in auto-precharge mode

(using READA and WRITA commands) or in bank

active mode (using READ and WRIT commands).

0: Auto-precharge mode (using READA and WRITA

commands)

1: Bank active mode (using READ and WRIT

commands)

Note: Bank active mode can be used only when
either the upper or lower bits of the CS3 space
are used. When both the CS2 and CS3
spaces are set to SDRAM, specify the auto-
precharge mode.

7t05 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.

4,3 A3ROWI[1:0] 00 R/W  Number of Bits of Row Address for Area 3

Specify the number of bits of the row address for

area 3.

00: 11 bits

01: 12 bits

10: 13 bits

11: Reserved (setting prohibited)

2 — 0 R Reserved

This bit is always read as 0. The write value should

always be 0.

1,0 A3COL[1:0] 00 R/W  Number of Bits of Column Address for Area 3

Specify the number of bits of the column address for

area 3.

00: 8 bits

01: 9 bits

10: 10 bits

11: Reserved (setting prohibited)
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8.4.5 Refresh Timer Control/Status Register (RTCSR)

RTCSR specifies various items about refresh for SDRAM. RTCSR isinitialized to H'00000000 by
apower-on reset and retains the value by a manual reset and in software standby mode.

When RTCSR is written, the upper 16 bits of the write data must be H'A55A to cancel write
protection.

The phase of the clock for incrementing the count in the refresh timer counter (RTCNT) is
adjusted only by a power-on reset. Note that there is an error in the time until the compare match
flag is set for the first time after the timer is started with the CKS[2:0] bits being set to avalue
other than B'000.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| - | - | - | - | - | - | - | - |CMF|CMIE| CKS[2:0] RRC[2:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R RW RW RW RW RW RW RW RW

)

Initial
Bit Bit Name Value R/W  Description
31to8 — AllO R Reserved
These bits are always read as 0.
7 CMF 0 R/W  Compare Match Flag

Indicates that a compare match occurs between the
refresh timer counter (RTCNT) and refresh time
constant register (RTCOR). This bit is set or cleared in
the following conditions.

0: Clearing condition: When 0 is written in CMF after
reading out RTCSR during CMF = 1.

1: Setting condition: When the condition RTCNT =
RTCOR is satisfied.
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Bit Bit Name

Initial
Value

R/W

Description

6 CMIE

0

R/W

Compare Match Interrupt Enable

Enables or disables CMF interrupt requests when the
CMF bitin RTCSRis setto 1.

0: Disables CMF interrupt requests.
1: Enables CMF interrupt requests.

5t03  CKS[2:0]

000

R/W

Clock Select

Select the clock input to count-up the refresh timer
counter (RTCNT).

000: Stop the counting-up
001: Bdp/4

010: B¢/16

011: B¢/64

100: By/256

101: B$/1024

110: B$/2048

111: B$/4096

2t00  RRC[2:0]

000

R/W

Refresh Count

Specify the number of continuous refresh cycles, when
the refresh request occurs after the coincidence of the
values of the refresh timer counter (RTCNT) and the
refresh time constant register (RTCOR). These bits
can make the period of occurrence of refresh long.

000: 1 time

001: 2 times

010: 4 times

011: 6 times

100: 8 times

101: Reserved (setting prohibited)
110: Reserved (setting prohibited)
111: Reserved (setting prohibited)
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8.4.6 Refresh Timer Counter (RTCNT)

RTCNT isan 8-hit counter that increments using the clock selected by bits CKS[2:0] in RTCSR.
When RTCNT matches RTCOR, RTCNT iscleared to 0. The valuein RTCNT returnsto O after
counting up to 255. When the RTCNT iswritten, the upper 16 bits of the write data must be
H'A55A to cancel write protection. This counter isinitialized to H'00000000 by a power-on reset
and retains the value by a manual reset and in software standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R RW RW RW RW RW RW RW RW
Initial
Bit Bit Name Value R/W  Description
31to8 — All O R Reserved
These bits are always read as 0.
7t00 AllO R/W  8-Bit Counter
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8.4.7 Refresh Time Constant Register (RTCOR)

RTCOR is an 8-bit register. When RTCOR matches RTCNT, the CMF bit in RTCSR isset to 1
and RTCNT iscleared to O.

When the RFSH bit in SDCR is 1, amemory refresh request is issued by this matching signal.
Thisrequest is maintained until the refresh operation is performed. If the request is hot processed
when the next matching occurs, the previous request isignored.

The REFOUT signal can be asserted when arefresh request is generated while the bus is released.
For details, see section 8.5.6 (9), Relationship between Refresh Requests and Bus Cycles, and
section 8.5.13, Bus Arbitration.

When the CMIE bit in RTCSR is set to 1, an interrupt request is issued by this matching signal.
The request continues to be output until the CMF bit in RTCSR is cleared. Clearing the CMF bit
only affects the interrupt request and does not clear the refresh request. Therefore, a combination
of refresh request and interval timer interrupt can be specified so that the number of refresh
requests are counted by using timer interrupts while refresh is performed periodically.

When RTCOR is written, the upper 16 bits of the write data must be H'A55A to cancel write
protection. This register isinitialized to H'00000000 by a power-on reset and retains the value by a
manual reset and in software standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RW: R R R R R R R R RW RW RW RW RW RW RW RW
Initial
Bit Bit Name Value R/W Description
31to8 — AllO R Reserved
These bits are always read as 0.
7t00 AllO R/W 8-Bit Counter
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8.4.38 AC Characteristics Switching Register (ACSWR)

To use the SDRAM in clock mode 2, set the AC characteristics switching register (ACSWR) and
AC characteristics key switching register (ACKEYR). In clock mode 7, set nothing to keep the
initial value.

ACSWR isinitialized to H'00000000 by a power-on reset, but not initialized and retains the value
by amanual reset or in software standby mode. Only a special sequence can write to this register
to prevent accidental erroneous write. The setting procedure is shown in section 8.4.10, Sequence
to Writeto ACSWR. Read is done by the normal longword.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

P S S S S A S A

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T -T- T [T T [T woomo
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

o

RW: R R R R R R R R R R R R RW RW RW RW
Initial
Bit Bit Name Value R/W Description
31to4 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

3t00 ACOSWI[3:0] 0000 R/W AC Characteristics Switch
Specifies AC characteristics switching
0000: Not extend the delay time

1001: Switches characteristics and extends the delay
time

Others: Setting prohibited
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8.4.9 AC Characteristics Switching Key Register (ACKEYR)

ACKEYR isawrite only 8-hit register to access the AC characteristics switching register
(ACSWR). The write value is ignored and the read value is undefined.

Bit: 7 6 5 4 3 2 1 0
| ACKEY[7:0] |

Initial value: - - - - - - -
RW: W w w w W w w w

Initial
Bit Bit Name Value R/W Description
7t00 ACKEY[7:0] — w AC Key
Writing to this bit is required to write to the ACSWR
register. The write value is arbitrary.
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8.4.10 SequencetoWriteto ACSWR

Figure 8.2 shows the sequence to write to ACSWR. Write must be executed in the on-chip RAM.

Main program routine

Transfer write subroutine

to on-ch|ip RAM

Execute write
subroutine

Subroutine executed in on-chip RAM

Write subroutine )

Byte write to ACKEYR (1)

Byte write to ACKEYR (2

Longword write 3
to ACSWR ©)

Read ACSWR
to confirm

Incorrectly written

Correcrly written

Return )

Make sure to read and confirm as in step (4) after the write in step (3).

If incorrectly written, execute from step (1) again.

Figure8.2 Recommended Sequenceto Writeto ACSWR
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8.5 Operation

85.1 Endian/Access Size and Data Alignment

This LSl supports big endian, in which the 0 address is the most significant byte (MSB) in the byte
data.

Three data bus widths (8 bits, 16 bits, and 32 bits) are available for normal memory and SRAM
with byte selection. Two data bus widths (16 bits and 32 bits) are available for SDRAM. Two data
bus widths (8 bits and 16 bits) are available for PCM CIA interface. For MPX-1/0, the data bus
width isfixed at 8 bits or 16 bits, or 8 bits or 16 bits can be selected by the access address. The
data bus width for burst MPX-1/O isfixed at 32 bits. Data alignment is performed in accordance
with the data bus width of the device. This also means that when longword datais read from a
byte-width device, the read operation must be done four times. In thisLSl, data alignment and
conversion of datalength is performed automatically between the respective interfaces.

Tables 8.5 to 8.7 show the relationship between device data width and access unit.

Table85  32-Bit External Device Access and Data Alignment

Data Bus Strobe Signals

D31 to D23 to D15 to WES, WE2, WET1, WEDQ,
Operation D24 D16 D8 D7 to DO DQMUU DQMUL DQMLU DQMLL
Byte access Data — — — Assert — — —
ato0 7t00
Byte access — Data — — — Assert — —
atl 7t00
Byte access — — Data — — — Assert —
at 2 7t00
Byte access — — — Data — — — Assert
at3 7t00
Word access Data Data — — Assert Assert — —
ato0 15t0 8 7t00
Word access — — Data Data — — Assert Assert
at 2 15t0 8 7t00
Longword Data Data Data Data Assert Assert Assert Assert

accessat0 31to24 2310 16 15t0 8 7t00
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Table8.6 16-Bit External Device Access and Data Alignment

Data Bus Strobe Signals
D31to D23to D15to WES, WE2, WET1, WEQ,
Operation D24 D16 D8 D7to DO DQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — Data — — — Assert —
7t00
Byte access at 1 — — — Data — — — Assert
7t00
Byte access at 2 — — Data — — — Assert —
7t00
Byte access at 3 — — — Data — — — Assert
7t00
Word access at 0 — — Data Data — — Assert Assert

15t0 8 7t00

Word access at 2 — — Data Data — — Assert Assert
15t0 8 7t00

Longword  1st — — Data Data — — Assert Assert
access at0 timeatO 31to24 23to16
2nd — — Data Data — — Assert Assert
time at 2 15t0 8 7t00
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Table8.7 8-Bit External Device Access and Data Alignment

Data Bus Strobe Signals
D31to D23to D15to WES, WE2, WET1, WEQ,
Operation D24 D16 D8 D7to DO DQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — — Data — — — Assert
7t00
Byte access at 1 — — — Data — — — Assert
7t00
Byte access at 2 — — — Data — — — Assert
7t00
Byte access at 3 — — — Data — — — Assert
7t00
Word 1sttime — — — Data — — — Assert
accessat0 atO 15t0 8
2nd time — — — Data — — — Assert
atl 7t00
Word 1sttime — — — Data — — — Assert
accessat2 at2 15t0 8
2nd time — — — Data — — — Assert
at 3 7t00
Longword 1sttime — — — Data — — — Assert
accessat0 atO 31to 24
2nd time — — — Data — — — Assert
atl 2310 16
3rd time — — — Data — — — Assert
at 2 15t0 8
4th time — — — Data — — — Assert
at3 7t00
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8.5.2 Normal Space Interface
(1) BasicTiming

For accessto anormal space, this LS| uses strobe signal output in consideration of the fact that
mainly static RAM will be directly connected. When using SRAM with a byte-selection pin, see
section 8.5.8, SRAM Interface with Byte Selection. Figure 8.3 shows the basic timings of normal
space access. A no-wait normal access is completed in two cycles. The BS signal is asserted for
one cycle to indicate the start of a bus cycle.

CKIO

woro X L X

" T
Read RD é ;\ E E/é

D31 to DO —— L \E

Write WEn 5\ /

Note: * The waveform for DACKn is when active low is specified.

Figure8.3 Normal Space Basic Access Timing (Access Wait 0)

There is no access size specification when reading. The correct access start addressis output in the
least significant bit of the address, but since there is no access size specification, 32 bits are always
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read in case of a 32-bit device, and 16 bitsin case of a 16-bit device. When writing, only the WEn
signal for the byte to be written is asserted.

It is necessary to output the data that has been read using RD when a buffer is established in the
data bus. The RD/WR signal isin aread state (high output) when no access has been carried out.
Therefore, care must be taken when controlling the external data buffer, to avoid collision.

Figures 8.4 and 8.5 show the basic timings of hormal space access. If the WM bit in CSh\WCR is
cleared to 0, a Tnop cycleisinserted after the CSn space access to eval uate the external wait
(figure 8.4). If the WM bit in CSnNWCR is set to 1, external waits are ignored and no Tnop cycleis
inserted (figure 8.5).

CKIO

A25 to AO

Write {

T T

Note: * The waveform for DACKn is when active low is specified.

Figure8.4 Continuous Accessfor Normal Space 1
Bus Width = 16 Bits, Longword Access, CShWCR.WM Bit =0
(Access Wait = 0, Cycle Wait =0)
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Tt T2 0 T T2
L e

CKIO

I U
1
1
1 1
1 1
A25 to AD X o
1

WEn
1 1 1 ) 1 1
Write { L L
1 T T
D15 to DO —< X
: 1 1
1 1 |
1 1 1 ) 1

>C

T

Sun ..>C
it
'%

P

DACKn* _\
wAT ///I///I/I/I///I///I/I/I///I//II/

Note: * The waveform for DACKn is when active low is specified.

Figure8.5 Continuous Accessfor Normal Space 2
Bus Width = 16 Bits, Longword Access, CSh\WCR.WM Bit =1
(Access Wait = 0, Cycle Wait =0)
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128K x 8-bit
This LSI SRAM
A18 . | A16
A2f ~ Ao
CSn Ccs
RD OE
D31 - 107
D24 : /00
WE3 WE
D23
D16 ¥ A16
WE2
D15 . A0
i : Ccs
D8 OE
WE1 — /07
D7 I
: : /00
DO WE
WEO
A16
Ao
¢S}
OE
107
1/00
WE
A16
Ao
cs
OE
107
1/00
WE

Figure 8.6 Example of 32-Bit Data-Width SRAM Connection
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This LSI

A17
_AT
CSn

RD
D15
D8
WE1
D7

DO
WEO

128K x 8-bit
SRAM

A16

A0

cs

OE

1107

1/00

WE

A6

Ao

cs

OE

1107

1/00

WE

Figure8.7 Example of 16-Bit Data-Width SRAM Connection

This LSI

A16
A0
CSn
RD
D7
DO
WEO

128K x 8-bit

SRAM

A16
A0
cs
OE
1107

1/00
WE

Figure8.8 Example of 8-Bit Data-Width SRAM Connection
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8.5.3 Access Wait Control

Wait cycle insertion on a normal space access can be controlled by the settings of bits WR3 to
WRO0 in CSnWCR. It ispossible for areas 1, 4, 5, 7, and 8 to insert wait cycles independently in
read access and in write access. Areas 0, 2, 3, and 6 have common access wait for read cycle and
write cycle. The specified number of Tw cycles are inserted as wait cyclesin anormal space
access shown in figure 8.9.

/—L
3 5

Note: * The waveform for DACKn is when active IoW is specified.

Figure8.9 Wait Timing for Normal Space Access (Software Wait Only)
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When the WM bit in CSnWCR is cleared to O, the external wait input WAIT signal isalso
sampled. WAIT pin sampling is shown in figure 8.10. A 2-cycle wait is specified as a software
wait. The WAIT signal is sampled on the falling edge of CKI1O at the transition from the T1 or Tw
cycleto the T2 cycle.

Wait states inserted
by WAIT signal
T1 Tw Tw Twx T2

WEn_‘_\
D31t0DO—§-(I I
war TIMWWIWNNT & /]
SN YT

oo N LT

Note: * The waveform for DACKn is when active low is specified.

Write

Figure8.10 Wait Cycle Timing for Normal Space Access
(Wait Cycle Insertion Using WAIT Signal)
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854 CSn Assert Period Expansion

The number of cycles from CSn assertion to RD, WEn assertion can be specified by setting bits
SW1 and SWO0 in CSnWCR. The number of cycles from RD, WEn negation to CSn negation can
be specified by setting bits HW1 and HWO. Therefore, aflexible interface to an external device
can be obtained. Figure 8.11 shows an example. A Th cycleand a Tf cycle are added before and
after an ordinary cycle, respectively. In these cycles, RD and WEn are not asserted, while other
signals are asserted. The data output is prolonged to the Tf cycle, and this prolongation is useful
for devices with slow writing operations.

. Th . AN . T2 . Tf .

oo S S S
A25 to AO :X

CSn

-

. /-

R C— —X
—

=

RD | | : | : | : :
Read ' ! : ! : : | |
D3toDO 1 i .

WEn . | 1 | 1 h ' |
Write { H . H . H | 1 i
D31 to DO —~

BS—\ | T

mowe N1 1 1 1 0

Note: * The waveform for DACKn is when active low is specified.

Figure8.11 CSn Assert Period Expansion
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8,55 MPX-I/O Interface

Accesstiming for the MPX space is shown below. In the MPX space, CS5, AH, RD, and WEn
signals control the accessing. The basic access for the MPX space consists of 2 cycles of address
output followed by an access to anormal space. The bus width for the address output cycle or the
datainput/output cycleisfixed to 8 bits or 16 bits. Alternatively, it can be 8 bits or 16 bits
depending on the address to be accessed.

Output of the addresses D15 to DO or D7 to DO is performed from cycle Ta2 to cycle Ta3.
Because cycle Tal has a high-impedance state, collisions of addresses and data can be avoided
without inserting idle cycles, even in continuous access cycles. Address output isincreased to 3
cycles by setting the MPXW bit in CSSWCR to 1.

The RD/WR signal is output at the same time as the CS5 signal; it is high in the read cycle and
low in the write cycle.

The data cycleisthe same asthat in anormal space access.

Timing charts are shown in figures 8.12 to 8.14.
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CKIO

D15/D7 to DO

{
{

Read

D15/D7 to DO

Write

Note: * The waveform for DACKn is when active low is specified.

Figure8.12 Access Timing for MPX Space (Address Cycle No Wait, Data Cycle No Wait)
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Tadw Ta2 Ta3 T T2

Tail

A25 to A0

Address

{ D15/D7 to DO

Read

S
©
..... -l
....... >
w
(%]
[
...... ke}
©
<

c
o
g s
=]
~
a
g
n
a
rJ\l\

Q
=

Note: * The waveform for DACKn is when active low is specified.

Figure8.13 Access Timing for MPX Space (Address Cycle Wait 1, Data Cycle No Wait)
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wen L . .\
Write ; E L : Lo Co |
D15/D7 to DO —+———— Address X

TV EANTURAVARAGUUVEUUVARRVARREARRARRRAN:

Read : : : ' 1 1 1 1 1 :
D15/D7 to DO —+———— Address ——

Note: * The waveform for DACKn is when active low is specified.

Figure8.14 AccessTiming for MPX Space
(Address Cycle Access Wait 1, Data Cycle Wait 1, External Wait 1)
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8.5.6 SDRAM Interface
(1) SDRAM Direct Connection

The SDRAM that can be connected to this LSl isa product that has 11/12/13 bits of row address,
8/9/10 bits of column address, 4 or less banks, and uses the A10 pin for setting precharge mode in
read and write command cycles.

The control signals for direct connection of SDRAM are RASU, RASL, CASU, CASL, RD/WR,
DQMUU, DQMUL, DQMLU, DQMLL, CKE, CS2, and CS3. All the signals other than CS2 and
CS3 are common to al areas, and signals other than CKE are valid when CS2 or CS3 is asserted.
SDRAM can be connected to up to 2 spaces. The data bus width of the areathat is connected to
SDRAM can be set to 32 or 16 hits.

Burst read/single write (burst length 1) and burst read/burst write (burst length 1) are supported as
the SDRAM operating mode.

Commands for SDRAM can be specified by RASU, RASL, CASU, CASL, RD/WR, and specific
address signals. These commands supports:

e NOP

e Auto-refresh (REF)

e Self-refresh (SELF)

o All banks pre-charge (PALL)

o Specified bank pre-charge (PRE)
e Bank active (ACTV)

e Read (READ)

e Read with pre-charge (READA)
o Write (WRIT)

o Writewith pre-charge (WRITA)
o Write mode register (MRS, EMRS)

The byte to be accessed is specified by DQMUU, DOMUL, DOQMLU, and DQMLL. Reading or
writing is performed for a byte whose corresponding DQMxx islow. For details on the
relationship between DQMxx and the byte to be accessed, see section 8.5.1, Endian/Access Size
and Data Alignment.

Figures 8.15 to 8.17 show examples of the connection of the SDRAM with the LS|.
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Asshown in figure 8.17, two sets of SDRAMs of 32 Mbytes or smaller can be connected to the
same CS space by using RASU, RASL, CASU, and CASL. Inthis case, atotal of 8 banksare
assigned to the same CS space: 4 banks specified by RASL and CASL, and 4 banks specified by

RASU and CASU. When accessing the address with A25 = 0, RASL and CASL are asserted.
When accessing the address with A25 = 1, RASU and CASU are asserted.

This LSI

A15

A2
CKE
CKIO
CSn
RASU
CASU
RASL
CASL
RD/WR
D31

D16
DQMUU
DQMUL
D15

DO
DQMLU
DQMLL

64M SDRAM
(1M x 16-bit x 4-bank)

A13

A0

CKE

CLK

Unused
Unused

CS

RAS

CAS

WE

1015

1100

DQMU

DQML

— A13

A0

CKE

CLK

CS

RAS

CAS

WE

I/Q15

1100

DQMU

DQML

Figure8.15 Example of 32-Bit Data Width SDRAM Connection

(RASU and CASU are Not Used)
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This LSI

Al4

A1
CKE
CKIO
Csn
RASU
CASU
RASL
CASL
RD/WR
D15

DO
DQMLU
DQMLL

64M SDRAM

(1M x 16-bit x 4-bank)

A13

A0

CKE

CLK

Unused
Unused

RAS

CAS

WE

1/015

17100

DQMU

DQML

Figure8.16 Example of 16-Bit Data Width SDRAM Connection

(RASU and CASU are Not Used)
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64M SDRAM
This LSI (1M x 16-bit x 4-bank)
A14 A13
A1 A0
CKE CKE
CKIO CLK
CSn csS
RASU
CASU
RASL RAS
CASL CAS
RD/WR WE
D15 /015
DO 1100
DQMLU DQMU
DQMLL DQML
— | A13
A0
CKE
CLK
CS
RAS
CAS
WE
1/1015
1/00
DQMU
DQML

Figure8.17 Example of 16-Bit Data Width SDRAM Connection
(RASU and CASU are Used)
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(2) AddressMultiplexing

An address multiplexing is specified so that SDRAM can be connected without external
multiplexing circuitry according to the setting of bits BSZ[1:0] in CSnBCR, bits A2ROW[1:0],
and A2COL[1:0], ABROW][1:0], and A3COL[1:0] in SDCR. Tables 8.8 to 8.13 show the
relationship between the settings of bits BSZ[1:0], A2ROW/[1:0], A2COL[1:0], ASROW[1:0], and
A3COL[1:0] and the bits output at the address pins. Do not specify those bits in the manner other
than this table, otherwise the operation of thisLSI is not guaranteed. A25 to A18 are not
multiplexed and the original values of address are always output at these pins.

When the data bus width is 16 bits (BSZ1 and BSZ0 = B'10), A0 of SDRAM specifiesaword
address. Therefore, connect this A0 pin of SDRAM to the Al pin of the LSI; the A1 pin of
SDRAM to the A2 pin of the LSI, and so on. When the data bus width is 32 bits (BSZ1 and BSZ0
= B'11), the AO pin of SDRAM specifies alongword address. Therefore, connect this AO pin of
SDRAM to the A2 pin of the LSI; the A1 pin of SDRAM to the A3 pin of the LSI, and so on.
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Table8.8 Relationship between BSZ[1:0], A2/3ROW/[1:0], A2/3COL[1:0], and Address
Multiplex Output (1)-1

Setting

A2/3 A2/3
BSz ROW CcoL
[1:0] [1:0] [1:0]
11 (32 bits) 00 (11 bits) 00 (8 bits)
Output Pin of Row Address  Column Address
This LSI Output Cycle  Output Cycle SDRAM Pin Function
Al7 A25 Al17 Unused
Al6 A24 Al16
A15 A23 Al5
Al4 A22%? A22%? Al12 (BAl) Specifies bank
Al13 A21** A21** All (BAO)
Al2 A20 L/H** A10/AP Specifies

address/precharge

All Al9 All A9 Address
A10 A18 A10 A8
A9 Al7 A9 A7
A8 Al6 A8 A6
A7 Al5 A7 A5
A6 Al4 A6 Ad
A5 A13 A5 A3
Ad Al2 A4 A2
A3 All A3 Al
A2 Al10 A2 A0
Al A9 Al Unused
A0 A8 AO

Example of connected memory

64-Mbit product (512 Kwords x 32 bits x 4 banks, column 8-bit product): 1
16-Mbit product (512 Kwords x 16 bits x 2 banks, column 8-bit product): 2

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification.
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Table8.8 Relationship between BSZ[1:0], A2/3ROW/[1:0], A2/3COL[1:0], and Address
Multiplex Output (1)-2

Setting

A2/3 A2/3
BSz ROW CcoL
[1:0] [1:0] [1:0]
11 (32 bits) 01 (12 bits) 00 (8 bits)
Output Pin of Row Address  Column Address
This LSI Output Cycle  Output Cycle SDRAM Pin Function
Al7 A25 Al17 Unused
Al6 A24 Al16
A15 A23*? A23*? Al13 (BA1) Specifies bank
Al4 A22%? A22*? Al2 (BAO)
Al13 A21 Al3 All Address
Al2 A20 L/H** A10/AP Specifies

address/precharge

All Al9 All A9 Address
A10 A18 A10 A8
A9 Al7 A9 A7
A8 Al6 A8 A6
A7 Al5 A7 A5
A6 Al4 A6 Ad
A5 A13 A5 A3
Ad Al2 A4 A2
A3 All A3 Al
A2 Al10 A2 A0
Al A9 Al Unused
A0 A8 AO

Example of connected memory

128-Mbit product (1 Mword x 32 bits x 4 banks, column 8-bit product): 1
64-Mbit product (1 Mword x 16 bits x 4 banks, column 8-bit product): 2

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification.
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Table8.9 Relationship between BSZ[1:0], A2/3ROW/[1:0], A2/3COL[1:0], and Address
Multiplex Output (2)-1

Setting

A2/3 A2/3
BSz ROW COL
[1:0] [1:0] [1:0]
11 (32 bits) 01 (12 bits) 01 (9 bits)
Output Pin of Row Address  Column Address
This LSI Output Cycle  Output Cycle SDRAM Pin Function
Al7 A26 Al17 Unused
Al6 A25 Al6
A15 A24+* A24%* Al3 (BAl) Specifies bank
Al4 A23*? A23** Al2 (BAO)
Al3 A22 Al3 All Address
Al2 A21 L/H** A10/AP Specifies

address/precharge

All A20 All A9 Address
A10 Al9 Al0 A8
A9 Al18 A9 A7
A8 Al7 A8 A6
A7 Al6 A7 A5
A6 Al5 A6 A4
A5 Al4 A5 A3
Ad Al13 Ad A2
A3 Al2 A3 Al
A2 All A2 A0
Al A10 Al Unused
A0 A9 A0

Example of connected memory

256-Mbit product (2 Mwords x 32 bits x 4 banks, column 9-bit product): 1
128-Mbit product (2 Mwords x 16 bits x 4 banks, column 9-bit product): 2

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.
2. Bank address specification.
3. Only the RASL pin is asserted because the A25 pin specified the bank address. RASU
is not asserted.
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Table8.9 Relationship between BSZ[1:0], A2/3ROW/[1:0], A2/3COL[1:0], and Address
Multiplex Output (2)-2

Setting

A2/3 A2/3
BSz ROW COoL
[1:0] [1:0] [1:0]
11 (32 bits) 01 (12 bits) 10 (10 bits)
Output Pin of Row Address  Column Address
This LSI Qutput Cycle Qutput Cycle SDRAM Pin Function
Al7 A27 Al17 Unused
Al6 A26 Al6
A15 A25* 23 A5 23 Al13 (BAl) Specifies bank
Al4 A24** A24+* A12 (BAO)
Al3 A23 Al13 All Address
Al2 A22 L/H** Al10/AP Specifies

address/precharge

All A21 All A9 Address
A10 A20 Al10 A8
A9 Al19 A9 A7
A8 Al18 A8 A6
A7 Al7 A7 A5
A6 Al6 A6 Ad
A5 Al5 A5 A3
Ad Al4 A4 A2
A3 Al3 A3 Al
A2 Al2 A2 AO
Al A1l Al Unused
A0 Al10 A0

Example of connected memory

512-Mbit product (4 Mwords x 32 bits x 4 banks, column 10-bit product): 1
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 10-bit product): 2

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.
2. Bank address specification.

3. Only the RASL pin is asserted because the A25 pin specified the bank address. RASU
is not asserted.
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Table8.10 Relationship between BSZ[1:0], A2/3ROW/[1:0], A2/3COL[1:0], and Address
Multiplex Output (3)

Setting

A2/3 A2/3
BSz ROW COoL
[1:0] [1:0] [1:0]
11 (32 bits) 10 (13 bits) 01 (9 bits)
Output Pin of Row Address  Column Address
This LSI Qutput Cycle Qutput Cycle SDRAM Pin Function
Al7 A26 Al17 Unused
Al6 A25* 23 A25* 23 Al4 (BAL) Specifies bank
A15 A24** A24+* A13 (BAO)
Al4 A23 Al4 Al2 Address
Al3 A22 Al13 All
Al2 A21 L/H** Al10/AP Specifies

address/precharge

All A20 All A9 Address
A10 Al9 Al10 A8
A9 Al18 A9 A7
A8 Al7 A8 A6
A7 Al6 A7 A5
A6 Al5 A6 Ad
A5 Al4 A5 A3
Ad Al13 A4 A2
A3 Al2 A3 Al
A2 All A2 AO
Al A10 Al Unused
A0 A9 A0

Example of connected memory

512-Mbit product (4 Mwords x 32 bits x 4 banks, column 9-bit product): 1
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 9-bit product): 2

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification.

3. Only the RASL pin is asserted because the A25 pin specified the bank address.
RASU is not asserted.
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Table8.11 Relationship between BSZ[1:0], A2/3ROW/[1:0], A2/3COL[1:0], and Address
Multiplex Output (4)-1

Setting
A2/3 A2/3
BSz ROW CcoL
[1:0] [1:0] [1:0]

10 (16 bits) 00 (11 bits) 00 (8 bits)
Output Pin of Row Address  Column Address

This LSI Qutput Cycle Qutput Cycle SDRAM Pin Function

Al7 A25 Al7 Unused

Al6 A24 Al6

Al15 A23 Al15

Al4 A22 Al4

Al13 A21 A21

A12 A20** A20** All (BA) Specifies bank

All Al19 L/H*! Al10/AP Specifies
address/precharge

A10 Al18 A10 A9 Address

A9 Al7 A9 A8

A8 Al6 A8 A7

A7 Al5 A7 A6

A6 Al4 A6 A5

A5 Al3 A5 A4

A4 Al2 A4 A3

A3 All A3 A2

A2 Al10 A2 Al

Al A9 Al A0

AO A8 AO Unused

Example of connected memory

16-Mbit product (512 Kwords x 16 bits x 2 banks, column 8-bit product): 1

Notes: 1. L/His a bit used in the command specification; it is fixed at low or high according to the
access mode.

2. Bank address specification.
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Table8.11 Relationship between BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and Address
Multiplex Output (4)-2

Setting

A2/3 A2/3
BSZ ROW COoL
[1:0] [1:0] [1:0]
10 (16 bits) 01 (12 bits) 00 (8 bits)
Output Pin of Row Address  Column Address
This LSI Qutput Cycle Qutput Cycle SDRAM Pin Function
Al7 A25 Al17 Unused
Al6 A24 Al6
A15 A23 Al5
Al4 A22%? A22%? Al3 (BAl) Specifies bank
Al13 A21** A21** A12 (BAO)
Al2 A20 Al2 All Address
All Al9 L/H** A10/AP Specifies

address/precharge

A10 A18 A10 A9 Address
A9 Al7 A9 A8
A8 Al6 A8 A7
A7 Al5 A7 A6
A6 Al4 A6 A5
A5 Al13 A5 A4
Ad Al2 A4 A3
A3 All A3 A2
A2 Al10 A2 Al
Al A9 Al A0
A0 A8 AO Unused

Example of connected memory

64-Mbit product (1 Mword x 16 bits x 4 banks, column 8-bit product): 1

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification.
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Table8.12 Relationship between BSZ[1:0], A2/3ROW/[1:0], A2/3COL[1:0], and Address
Multiplex Output (5)-1

Setting

A2/3 A2/3
BSZ ROW COoL
[1:0] [1:0] [1:0]
10 (16 bits) 01 (12 bits) 01 (9 bits)
Output Pin of Row Address  Column Address
This LSI Qutput Cycle Qutput Cycle SDRAM Pin Function
Al7 A26 Al17 Unused
Al6 A25 Al6
A15 A24 Al5
Al4 A23*? A23*? Al13 (BAl) Specifies bank
Al13 A22*? A22+? A12 (BAO)
Al2 A21 Al2 All Address
All A20 L/H** A10/AP Specifies

address/precharge

A10 A19 A10 A9 Address
A9 Al8 A9 A8
A8 Al7 A8 A7
A7 Al6 A7 A6
A6 Al5 A6 A5
A5 Al4 A5 Ad
Ad Al3 A4 A3
A3 Al2 A3 A2
A2 All A2 Al
Al Al10 Al AO
A0 A9 AO Unused

Example of connected memory

128-Mbit product (2 Mwords x 16 bits x 4 banks, column 9-bit product): 1

Notes: 1. L/His a bit used in the command specification; it is fixed at low or high according to the
access mode.

2. Bank address specification.
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Table8.12 Relationship between BSZ[1:0], A2/3ROW/[1:0], A2/3COL[1:0], and Address
Multiplex Output (5)-2

Setting

A2/3 A2/3
BSZ ROW COoL
[1:0] [1:0] [1:0]
10 (16 bits) 01 (12 bits) 10 (10 bits)
Output Pin of Row Address  Column Address
This LSI Qutput Cycle Qutput Cycle SDRAM Pin Function
Al7 A27 Al17 Unused
Al6 A26 Al6
A15 A25 Al5
Al4 A24%* A24%* Al3 (BAl) Specifies bank
Al13 A23*? A23*? A12 (BAO)
Al2 A22 Al2 All Address
All A21 L/H** A10/AP Specifies

address/precharge

A10 A20 A10 A9 Address
A9 Al9 A9 A8
A8 Al8 A8 A7
A7 Al7 A7 A6
A6 Al6 A6 A5
A5 Al5 A5 A4
Ad Al4 A4 A3
A3 Al13 A3 A2
A2 Al2 A2 Al
Al All Al AO
A0 A10 AO Unused

Example of connected memory

256-Mbit product (4 Mwords x 16 bits x 4 banks, column 10-bit product): 1

Notes: 1. L/His a bit used in the command specification; it is fixed at low or high according to the
access mode.

2. Bank address specification.
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Table8.13 Relationship between BSZ[1:0], A2/3ROW/[1:0], A2/3COL[1:0], and Address
Multiplex Output (6)-1

Setting

A2/3 A2/3
BSZ ROW COoL
[1:0] [1:0] [1:0]
10 (16 bits) 10 (13 bits) 01 (9 bits)
Output Pin of Row Address  Column Address
This LSI Qutput Cycle Qutput Cycle SDRAM Pin Function
Al7 A26 Al17 Unused
Al6 A25 Al6
A15 A24** A24+* Al4 (BAL) Specifies bank
Al4 A23*? A23*? Al13 (BAO)
Al13 A22 Al3 Al2 Address
Al2 A21 Al2 All
All A20 L/H** A10/AP Specifies

address/precharge

A10 A19 A10 A9 Address
A9 Al8 A9 A8
A8 Al7 A8 A7
A7 Al6 A7 A6
A6 Al5 A6 A5
A5 Al4 A5 Ad
Ad Al3 A4 A3
A3 Al2 A3 A2
A2 All A2 Al
Al Al10 Al AO
A0 A9 AO Unused

Example of connected memory

256-Mbit product (4 Mwords x 16 bits x 4 banks, column 9-bit product): 1

Notes: 1. L/His a bit used in the command specification; it is fixed at low or high according to the
access mode.
2. Bank address specification.

3. Only the RASL pin is asserted because the A25 pin specified the bank address. RASU
is not asserted.
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Table8.13 Relationship between BSZ[1:0], A2/3ROW/[1:0], A2/3COL[1:0], and Address
Multiplex Output (6)-2

Setting

A2/3 A2/3
BSZ ROW COoL
[1:0] [1:0] [1:0]
10 (16 bits) 10 (13 bits) 10 (10 bits)
Output Pin of Row Address  Column Address
This LSI Qutput Cycle Qutput Cycle SDRAM Pin Function
Al7 A27 Al17 Unused
Al6 A26 Al6
A15 A25* 23 A25* 23 Al4 (BAL) Specifies bank
Al4 A24%* A24%* Al13 (BAO)
Al13 A23 Al3 Al2 Address
Al2 A22 Al2 All
All A21 L/H** A10/AP Specifies

address/precharge

A10 A20 A10 A9 Address
A9 Al9 A9 A8
A8 Al8 A8 A7
A7 Al7 A7 A6
A6 Al6 A6 A5
A5 Al5 A5 A4
Ad Al4 A4 A3
A3 Al13 A3 A2
A2 Al2 A2 Al
Al All Al AO
A0 A10 AO Unused

Example of connected memory

512-Mbit product (8 Mwords x 16 bits x 4 banks, column 10-bit product): 1

Notes: 1. L/His a bit used in the command specification; it is fixed at low or high according to the
access mode.
2. Bank address specification.
3. Only the RASL pin is asserted because the A25 pin specified the bank address. RASU
is not asserted.

ROLUH0283EJ0400 Rev. 4.00 Page 295 of 1164
Aug 22, 2011 RENESAS



Section 8 Bus State Controller (BSC) SH7206 Group

(3) Burst Read
A burst read occursin the following cases with thisLS.

e Accesssizeinreading islarger than data bus width.
e 16-byte transfer in cache miss.
e 16-bytetransfer in DMAC

This LSl always accesses the SDRAM with burst length 1. For example, read access of burst
length 1 is performed consecutively 4 timesto read 16-byte continuous data from the SDRAM that
is connected to a 32-bit data bus. This accessis called the burst read with the burst number 4.
Table 8.14 shows the relationship between the access size and the number of bursts.

Table8.14 Relationship between Access Size and Number of Bursts

Bus Width Access Size Number of Bursts

16 bits 8 bits
16 bits
32 bits
16 bits

32 bits 8 bits
16 bits
32 bits
16 bits

ARr|lRr|R|O|N|R|R

Figures 8.18 and 8.19 show atiming chart in burst read. In burst read, an ACTV command is
output in the Tr cycle, the READ command isissued in the Tcl, Tc2, and Tc3 cycles, the READA
command isissued in the Tc4 cycle, and the read datais received at the rising edge of the external
clock (CKIO) inthe Td1 to Td4 cycles. The Tap cycleis used to wait for the completion of an
auto-precharge induced by the READA command in the SDRAM. In the Tap cycle, anew
command will not be issued to the same bank. However, access to another CS space or another
bank in the same SDRAM space is enabled. The number of Tap cyclesis specified by the WTRP1
and WTRPO bitsin CS3WCR.
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In this LSI, wait cycles can be inserted by specifying each bit in CS3WCR to connect the SDRAM
in variable frequencies. Figure 8.19 shows an example in which wait cycles are inserted. The
number of cyclesfrom the Tr cycle where the ACTV command is output to the Tcl cycle where
the READ command is output can be specified using the WTRCD1 and WTRCDO hitsin
CS3WCR. If the WTRCD1 and WTRCDO bits specify one cycles or more, a Trw cycle where the
NOT command isissued is inserted between the Tr cycle and Tcl cycle. The number of cycles
from the Tcl cycle where the READ command is output to the Td1 cycle where theread datais
latched can be specified for the CS2 and CS3 spaces independently, using the A2CL1 and A2CLO
bitsin CS2WCR or the A3CL 1 and A3CLO bitsin CS3WCR and WTRCDO bit in CS3WCR. The
number of cyclesfrom Tcl to Td1 correspondsto the SDRAM CAS latency. The CAS latency for
the SDRAM is normally defined as up to three cycles. However, the CAS latency in thisLSI can
be specified as 1 to 4 cycles. This CAS latency can be achieved by connecting alatch circuit
between this LS| and the SDRAM.

A Tdecycleisan idle cycle required to transfer the read data into this LS| and occurs once for
every burst read or every single read.
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Td2 Td3 Td4

Td1

CKIO

CASL, CASU
D31 to DO

A12/A11%1

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure8.18 Burst Read Basic Timing (CASLatency 1, Auto Pre-Charge)

Aug 22, 2011

ROLUH0283EJ0400 Rev. 4.00
RRENESAS

Page 298 of 1164



Page 299 of 1164

Section 8 Bus State Controller (BSC)
Td4

Td3

Td2

1l i i e i < B i
~~ ~ N SN

Td1

Tw

1 Cycle, Auto Pre-Charge)

RENESAS

SH7206 Group

CKIO

n

CASL, CASU
DQMxx

D31 to DO

A12/A11#1
RASL, RASU

2. The waveform for DACKn is when active low is specified.
WTRCD[1:0]

Figure8.19 Burst Read Wait Specification Timing (CASLatency 2,

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
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(4) SingleRead

A read access ends in one cycle when data exists in a cache-disabled space and the data bus width
islarger than or equal to the access size. Asthe SDRAM is set to the burst read with the burst
length 1, only the required data is output. A read access that ends in one cycle is called single read.

Figure 8.20 shows the single read basic timing.

o Tro Tel Tg1 + Tde . (Tap) .

CKIO

A25to A0

A12/A11#1

CSn

RASL, RASU

CASL, CASU

X
O
=\
\

DQMxx

D31 to DO

BS

DACKn*2

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure8.20 Basic Timing for Single Read (CAS Latency 1, Auto Pre-Charge)
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(5) Burst Write
A burst write occursin the following casesin thisLSI.

e Accesssizeinwriting islarger than data bus width.
e Write-back of the cache
e 16-bytetransferin DMAC

This LSl always accesses SDRAM with burst length 1. For example, write access of burst length 1
is performed continuously 4 times to write 16-byte continuous data to the SDRAM that is
connected to a 32-bit data bus. This accessis called burst write with the burst number 4.

The relationship between the access size and the number of burstsis shown in table 8.14.

Figure 8.21 shows atiming chart for burst writes. In burst write, an ACTV command is output in
the Tr cycle, the WRIT command isissued in the Tcl, Tc2, and Tc3 cycles, and the WRITA
command isissued to execute an auto-precharge in the Tc4 cycle. In the write cycle, the write data
is output simultaneoudly with the write command. After the write command with the auto-
prechargeis output, the Trwl cycle that waits for the auto-precharge initiation is followed by the
Tap cycle that waits for completion of the auto-precharge induced by the WRITA command in the
SDRAM. Between the Trwl and the Tap cycle, anew command will not be issued to the same
bank. However, access to another CS space or another bank in the same SDRAM space is enabled.
The number of Trwl cyclesis specified by the TRWL1 and TRWLO bitsin CS3WCR. The
number of Tap cyclesis specified by the WTRP1 and WTRPO bitsin CS3WCR.
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CKIO
A12/A11%1
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DQMxx
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DACKn*2
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2. The waveform for DACKn is when active low is specified.

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
Figure8.21 Basic Timing for Burst Write (Auto Pre-Charge)
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(6) SingleWrite

A write access endsin one cycle when data is written in a cache-disabled space and the data bus
width islarger than or equal to access size. Asasingle write or burst write with burst length 1 is
set in SDRAM, only the required data is output. The write access that endsin one cycleiscalled
single write. Figure 8.22 shows the single write basic timing.

CKIO

A25 to A0

A12/A11#1

CSn

CASL,CASU | . .\ [ T 1
RD/WR Y

DQMxx _é-\ E i i i ; 1 ; ;

D3110D0 —tt—t ™ i i

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure8.22 Single Write Basic Timing (Auto-Precharge)
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(7) Bank Active

The SDRAM bank function can be used to support high-speed access to the same row address.
When the BACTYV bitin SDCRis 1, access is performed using commands without auto-precharge
(READ or WRIT). Thisfunction is called bank-active function. This function isvalid only for
either the upper or lower bits of area 3. When area 3 is set to bank-active mode, area 2 should be
set to normal space or SRAM with byte selection. When areas 2 and 3 are both set to SDRAM or
both the upper and lower bits of area 3 are connected to SDRAM, auto precharge mode must be
Set.

When the bank-active function is used, precharging is not performed when the access ends. When
accessing the same row address in the same bank, it is possible to issue the READ or WRIT
command immediately, without issuing an ACTV command. As SDRAM isinternally divided
into several banks, it is possible to activate one row address in each bank. If the next accessisto a
different row address, a PRE command is first issued to precharge the relevant bank, then when
precharging is completed, the accessis performed by issuing an ACTV command followed by a
READ or WRIT command. If thisis followed by an access to a different row address, the access
time will be longer because of the precharging performed after the access request isissued. The
number of cycles between issuance of the PRE command and the ACTV command is determined
by the WTRP1 and WTPRO bitsin CS3WCR.

In awrite, when an auto-precharge is performed, a command cannot be issued to the same bank
for aperiod of Trwl + Tap cycles after issuance of the WRITA command. When bank active mode
isused, READ or WRIT commands can be issued successively if the row addressis the same. The
number of cycles can thus be reduced by Trwl + Tap cyclesfor each write.

Thereisalimit on tRAS, the time for placing each bank in the active state. If there is no guarantee
that there will not be a cache hit and another row address will be accessed within the period in
which this value is maintained by program execution, it is necessary to set auto-refresh and set the
refresh cycle to no more than the maximum value of tRAS.

A burst read cycle without auto-precharge is shown in figure 8.23, a burst read cycle for the same
row addressin figure 8.24, and a burst read cycle for different row addressesin figure 8.25.
Similarly, aburst write cycle without auto-precharge is shown in figure 8.26, aburst write cycle
for the same row addressin figure 8.27, and a burst write cycle for different row addressesin
figure 8.28.

In figure 8.24, aTnop cycle in which no operation is performed is inserted before the Tc cycle that
issues the READ command. The Tnop cycle isinserted to acquire two cycles of CAS latency for
the DQMxx signal that specifiesthe read byte in the data read from the SDRAM. If the CAS
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latency is specified as two cycles or more, the Thop cycle is not inserted because the two cycles of
latency can be acquired even if the DQMxx signal is asserted after the Tc cycle.

When bank active mode is set, if only access cycles to the respective banks in the area 3 space are
considered, as long as access cycles to the same row address continue, the operation starts with the
cyclein figure 8.23 or 8.26, followed by repetition of the cyclein figure 8.24 or 8.27. An access to
adifferent area during this time has no effect. If there is an access to a different row addressin the
bank active state, after thisis detected the bus cycle in figure 8.24 or 8.27 is executed instead of
that in figure 8.25 or 8.28. In bank active mode, too, all banks become inactive after arefresh
cycle or after the bus is released as the result of bus arbitration.

Td1 Td2 Td3 Td4
Tr Tel ) Tc2 ) Tc3 ) Tc4 ) ) Tde

CKIO

A25 to A0

A12/A11#1

S

@

RASL, RASU

CASL, CASU

—X
T\
o ST
gUEEEEEEEE NN
—\

DQMxx

D31 to DO

BS

DACKn*2

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure8.23 Burst Read Timing (Bank Active, Different Bank, CAS Latency 1)
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CKIO
A12/A11%#1
RASL, RASU
CASL, CASU
DQMxx

D31 to DO

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure8.24 Burst Read Timing (Bank Active, Same Row Addressesin the Same Bank, CAS

Latency 1)
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Td2 Td3 Td4
Tc4

Tc3

Td1
Tc2

CKIO
D31 to DO

CASL, CASU

1. Address pin to be connected to pin A10 of SDRAM.

Notes:

2. The waveform for DACKn is when active low is specified.

Figure8.25 Burst Read Timing (Bank Active, Different Row Addressesin the Same Bank,

CASLatency 1)
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CKIO

A25 to A0
A12/A11*1
CS3

RASL, RASU
CASL, CASU
RD/WR
DQMxx

D31 to DO
BS

DACKn*2

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
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2. The waveform for DACKn is when active low is specified.

Figure8.26 Single Write Timing (Bank Active, Different Bank)
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CS3

RASL, RASU

CASL, CASU

RD/WR

DQMxx

D31 to DO

BS

DACKn*2

-

A\

-

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure8.27 Single Write Timing (Bank Active, Same Row Addresses in the Same Bank)
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CKIO

RASL, RASU

CASL, CASU

D31 to DO

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure8.28 Single Write Timing (Bank Active, Different Row Addressesin the Same Bank)

Aug 22, 2011

ROLUH0283EJ0400 Rev. 4.00
RRENESAS

Page 310 of 1164



SH7206 Group Section 8 Bus State Controller (BSC)

(8) Refreshing

This LSl has afunction for controlling SDRAM refreshing. Auto-refreshing can be performed by
clearing the RMODE hit to 0 and setting the RFSH bit to 1 in SDCR. A continuous refreshing can
be performed by setting the RRC2 to RRCO bitsin RTCSR. If SDRAM is not accessed for along
period, self-refresh mode, in which the power consumption for data retention is low, can be
activated by setting both the RMODE bit and the RFSH bit to 1.

(a) Auto-refreshing

Refreshing is performed at intervals determined by the input clock selected by bits CKS2 to CKS0
in RTCSR, and the value set by in RTCOR. The value of hits CKS2 to CKS0 in RTCOR should
be set so asto satisfy the refresh interval stipulation for the SDRAM used. First make the settings
for RTCOR, RTCNT, and the RMODE and RFSH bitsin SDCR, then make the CKS2 to CKS0
and RRC2 to RRCO settings. When the clock is selected by bits CKS2 to CKSO, RTCNT starts
counting up from the value at that time. The RTCNT valueis constantly compared with the
RTCOR value, and if the two values are the same, a refresh request is generated and an auto-
refresh is performed for the number of times specified by the RRC2 to RRCO. At the sametime,
RTCNT iscleared to zero and the count-up is restarted.

Figure 8.29 shows the auto-refresh cycle timing. After starting, the auto refreshing, PALL
command isissued in the Tp cycle to make all the banks to pre-charged state from active state
when some bank is being pre-charged. Then REF command isissued in the Trr cycle after
inserting idle cycles of which number is specified by the WTRP1 and WTRPO bitsin CS3WCR. A
new command is not issued for the duration of the number of cycles specified by the WTRC1 and
WTRCO bitsin CS3WCR after the Trr cycle. The WTRC1 and WTRCO bits must be set so asto
satisfy the SDRAM refreshing cycle time stipulation (tRC). Anidle cycleisinserted between the
Tp cycle and Trr cycle when the setting value of the WTRP1 and WTRPO bitsin CS3WCR is
longer than or equal to 1 cycle.
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CKIO

CS

n

RASL, RASU

CASL, CASU

RD/WR

DQMxx

D31 to DO

DACKn*2

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure8.29 Auto-Refresh Timing
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(b) Self-Refreshing

Self-refresh mode in which the refresh timing and refresh addresses are generated within the
SDRAM. Self-refreshing is activated by setting both the RMODE bit and the RFSH bit in SDCR
to 1. After starting the self-refreshing, PALL command isissued in Tp cycle after the completion
of the pre-charging bank. A SELF command is then issued after inserting idle cycles of which
number is specified by the WTRP1 and WTRPO bitsin CS3WSR. SDRAM cannot be accessed
while in the self-refresh state. Self-refresh mode is cleared by clearing the RMODE hit to 0. After
self-refresh mode has been cleared, command issuance is disabled for the number of cycles
specified by the WTRC1 and WTRCO bitsin CS3WCR.

Self-refresh timing is shown in figure 8.30. Settings must be made so that self-refresh clearing and
data retention are performed correctly, and auto-refreshing is performed at the correct intervals.
When self-refreshing is activated from the state in which auto-refreshing is set, or when exiting
standby mode other than through a power-on reset, auto-refreshing is restarted if the RFSH bit is
set to 1 and the RMODE hit is cleared to 0 when self-refresh mode s cleared. If the transition
from clearing of self-refresh mode to the start of auto-refreshing takes time, this time should be
taken into consideration when setting the initial value of RTCNT. Making the RTCNT vaue 1 less
than the RTCOR value will enable refreshing to be started immediately.

After self-refreshing has been set, the self-refresh state continues even if the chip standby stateis
entered using the LS| standby function, and is maintained even after recovery from standby mode
due to an interrupt. Note that the necessary signals such as CKE must be driven even in standby
state by setting the HIZCNT bit in CMNCR to 1.

When the multiplication rate for the PLL circuit is changed, the CKI10O output will become
unstable or will be fixed low. For details on the CK10O output, see section 3, Clock Pulse
Generator (CPG). The contents of SDRAM can be retained by placing the SDRAM in the self-
refresh state before changing the multiplication rate.

The self-refresh state is not cleared by a manual reset. In case of a power-on reset, the bus state
controller's registers are initialized, and therefore the self-refresh stateis cleared.
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Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure8.30 Self-Refresh Timing
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(9) Relationship between Refresh Requests and Bus Cycles

If arefresh request occurs during bus cycle execution, the refresh cycle must wait for the bus cycle
to be completed. If arefresh request occurs while the bus is released by the bus arbitration
function, the refresh will not be executed until the bus mastership is acquired. This LS| hasthe
REFOUT pin to request the bus while waiting for refresh execution. For REFOUT pin function
selection, see section 19, Pin Function Controller (PFC). ThisLSI continues to assert REFOUT
(low level) until the busis acquired.

On receiving the asserted REFOUT signal, the external device must negate the BREQ signal and
return the bus. If the external bus does not return the bus for a period longer than the specified
refresh interval, refresh cannot be executed and the SDRAM contents may be |ost.

If anew refresh request occurs while waiting for the previous refresh request, the previous refresh
request is deleted. To refresh correctly, abus cycle longer than the refresh interval or the bus
mastership occupation must be prevented from occurring.

If abus mastership is requested during self-refresh, the bus will not be released until the refresh is
completed.
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(10) Low-Frequency Mode

When the SLOW bit in SDCR is set to 1, output of commands, addresses, and write data, and
fetch of read data are performed at atiming suitable for operating SDRAM at alow frequency.

Figure 8.31 shows the access timing in low-frequency mode. In this mode, commands, addresses,
and write data are output in synchronization with the falling edge of CKIO, which ishaf acycle
delayed than the normal timing. Read datais fetched at the rising edge of CKI10, which ishalf a
cycle faster than the normal timing. Thistiming allows the hold time of commands, addresses,
write data, and read data to be extended.

If SDRAM is operated at a high frequency with the SLOW bit set to 1, the setup time of
commands, addresses, write data, and read data are not guaranteed. Take the operating frequency
and timing design into consideration when making the SLOW bit setting.

Tr Tel Td1 Tde Tap Tr Tel Tnop Trwl Tap

A2510 A0 ___ IXI X I : X

A A
A12/A11*‘_,_X_'_/\X/\

RASL, RASU _\_,_/

CASL,CASU | o

RD/WR 5 /

DQMxx _i_i'\ i i

D31 to DO

BS

DACKn*Z_i'\E b

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure8.31 Low-Frequency Mode Access Timing
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(11) Power-Down Mode

If the PDOWN hit in SDCR is set to 1, the SDRAM is placed in power-down mode by bringing
the CKE signal to the low level in the non-access cycle. This power-down mode can effectively
lower the power consumption in the non-access cycle. However, please note that if an access
occurs in power-down mode, a cycle of overhead occurs because a cycle is needed to assert the
CKE in order to cancel the power-down mode.

Figure 8.32 shows the access timing in power-down mode.

Povyer—down
\

Tnop ) Tr Tel Td1

A25t°AO...X....-...
A12/A11 L X / \ : ' ;
A\ N SR UV B B
o A A
I e e S A R\ I B O B A S N
oows T T T TN TN
0911000 i (Y
N B A AN Y o O B A
YR T A S Y W

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure8.32 Power-Down Mode Access Timing
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(12) Power-On Sequence

In order to use SDRAM, mode setting must first be made for SDRAM after the pose interval
specified for the SDRAM to be used after powering on. The poseinterval should be obtained by a
power-on reset generating circuit or software.

To perform SDRAM initiaization correctly, the bus state controller registers must first be set,
followed by awrite to the SDRAM mode register. In SDRAM mode register setting, the address
signal value at that time is latched by a combination of the CSn, RASU, RASL, CASU, CASL,
and RD/WR signals. If the value to be set is X, the bus state controller provides for value X to be
written to the SDRAM mode register by performing awrite to address H'FFFC4000 + X for area 2
SDRAM, and to address H'FFFC5000 + X for area 3 SDRAM. In this operation the datais
ignored, but the mode write is performed as a byte-size access. To set burst read/single write, CAS
latency 2 to 3, wrap type = sequential, and burst length 1 supported by the LS|, arbitrary datais
written in a byte-size access to the addresses shown in table 8.15. In thistime O is output at the
external address pins of A12 or later.

Table8.15 AccessAddressin SDRAM Mode Register Write

e Setting for Area2
Burst read/single write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'FFFC4440 H'0000440

3 H'FFFC4460 H'0000460
32 bits 2 H'FFFC4880 H'0000880

3 H'FFFC48C0 H'00008C0

Burst read/burst write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'FFFC4040 H'0000040
3 H'FFFC4060 H'0000060
32 bits 2 H'FFFC4080 H'0000080
3 H'FFFC40CO0 H'00000C0
Page 318 of 1164 ROLUH0283EJ0400 Rev. 4.00

RENESAS Aug 22, 2011



SH7206 Group Section 8 Bus State Controller (BSC)

e Setting for Area3
Burst read/single write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'FFFC5440 H'0000440

3 H'FFFC5460 H'0000460
32 bits 2 H'FFFC5880 H'0000880

3 H'FFFC58C0 H'00008CO0

Burst read/burst write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'FFFC5040 H'0000040

3 H'FFFC5060 H'0000060
32 bits 2 H'FFFC5080 H'0000080

3 H'FFFC50CO0 H'00000CO0

Mode register setting timing is shown in figure 8.33. A PALL command (all bank pre-charge
command) isfirstly issued. A REF command (auto refresh command) is then issued 8 times. An
MRS command (mode register write command) isfinally issued. Idle cycles, of which number is
specified by the WTRP1 and WTRPO bitsin CS3WCR, are inserted between the PALL and the
first REF. Idle cycles, of which number is specified by the WTRC1 and WTRCO bitsin CS3WCR,
areinserted between REF and REF, and between the 8th REF and MRS. Idle cycles, of which
number is one or more, are inserted between the MRS and a command to be issued next.

It is necessary to keep idle time of certain cyclesfor SDRAM before issuing PALL command after
power-on. Refer to the manual of the SDRAM for the idle time to be needed. When the pulse
width of the reset signal islonger than the idle time, mode register setting can be started
immediately after the reset, but care should be taken when the pulse width of the reset signal is
shorter than theidle time.
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Tnop

Tmw

Trr Trc

Trc

Trr Trc

Tpw

A25 to A0

RASL, RASU
CASL, CASU

D31 to DO

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure8.33 SDRAM Mode Write Timing (Based on JEDEC)
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(13) Low-Power SDRAM
The low-power SDRAM can be accessed using the same protocol as the normal SDRAM.

The differences between the low-power SDRAM and normal SDRAM are that partial refresh
takes place that puts only a part of the SDRAM in the self-refresh state during the self-refresh
function, and that power consumption islow during refresh under user conditions such asthe
operating temperature. The partial refresh is effective in systemsin which there is datain awork
area other than the specific area can be lost without severe repercussions.

The low-power SDRAM supports the extension mode register (EMRS) in addition to the mode
registers as the normal SDRAM. This LSI supportsissuing of the EMRS command.

The EMRS command isissued according to the conditions specified in table below. For example,
if dataH'OYYYYYYY iswritten to address H'FFFC5XXO0 in longword, the commands are issued
to the CS3 space in the following sequence: PALL -> REF x 8 -> MRS -> EMRS. In this case, the
MRS and EMRS issue addresses are H'O000X X0 and HYYYYYYY, respectively. If data
H1YYYYYYY iswritten to address H'FFFC5X X0 in longword, the commands are issued to the
CS3 space in the following sequence: PALL -> MRS -> EMRS.

Table8.16 Output Addresseswhen EMRS Command Islssued

Write MRS EMRS
Command to be Access Access Command Command
Issued Address Access Data Size Issue Address Issue Address
CS2 MRS H'FFFCAXX0 H****xx*x 16 bits H'0000XX0 —
CS3 MRS H'FFFC5XX0 H™****x%x 16 bits H'0000XXO0 —
CS2 MRS + EMRS H'FFFC4XX0 H'OYYYYYYY 32 bits H'0000XX0 HYYYYYYY
(with refresh)
CS3MRS + EMRS HFFFC5XX0 HOYYYYYYY 32 bits H'0000XX0 HYYYYYYY
(with refresh)
CS2 MRS + EMRS  HFFFC4XX0 H1YYYYYYY 32 bits H'0000XXO0 HYYYYYYY
(without refresh)
CS3MRS + EMRS HFFFC5XX0 H1YYYYYYY 32 bits H'0000XX0 HYYYYYYY
(without refresh)
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Figure8.34 EMRS Command Issue Timing

2. Address pin to be connected to pin BAO of SDRAM.
4. The waveform for DACKn is when active low is specified.

Notes: 1. Address pin to be connected to pin BA1 of SDRAM.
3. Address pin to be connected to pin A10 of SDRAM.
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e Deep power-down mode

The low-power SDRAM supports the deep power-down mode as alow-power consumption
mode. In the partia self-refresh function, self-refresh is performed on a specific area. In the
deep power-down mode, self-refresh will not be performed on any memory area. Thismodeis
effective in systems where all of the system memory areas are used as work areas.

If the RMODE hit in the SDCR is set to 1 while the DEEP and RFSH bitsin the SDCR are set to
1, the low-power SDRAM enters the deep power-down mode. |If the RMODE bit is cleared to 0,
the CKE signal is pulled high to cancel the deep power-down mode. Before executing an access
after returning from the deep power-down mode, the power-up sequence must be re-executed.

Tp ) Tpw ) Tdpd , Trc Trc Trc ) Trc ) Trc

CKIO

CKE

A25 to A0

xXx—— X
A12/A11#1 _/ 5 5 5 | :\5 :ﬁ’ T T
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mASLAAST I\ /1 )

-

A T AAAAr

CASL,CASU;:;:..:.:»//:.:

- I A N N N N N N
oWR TN TN YT T
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D31 to DO )5/ H,L

BS oo obobooion o)
I L [y R S N N B - :
DACKn*2 ' T T T | 1 ' 1 ' )J H H H ' H H H
Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure8.35 Deep Power-Down Mode Transition Timing
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8.5.7 Burst ROM (Clocked Asynchronous) I nterface

The burst ROM (clocked asynchronous) interface is used to access a memory with a high-speed
read function using a method of address switching called the burst mode or page mode. In a burst
ROM (clocked asynchronous) interface, basically the same access as the normal spaceis
performed, but the 2nd and subsequent access cycles are performed only by changing the address,
without negating the RD signal at the end of the 1st cycle. In the 2nd and subsequent access
cycles, addresses are changed at the falling edge of the CKIO.

For the 1st access cycle, the number of wait cycles specified by the W3 to WO bitsin CSn\WCR is
inserted. For the 2nd and subsequent access cycles, the number of wait cycles specified by the W1
to WO bitsin CSnWCR isinserted.

In the access to the burst ROM (clocked asynchronous), the BS signal is asserted only to the first
access cycle. An external wait input isvalid only to the first access cycle.

In the single access or write access that does not perform the burst operation in the burst ROM
(clocked asynchronous) interface, accesstiming is same as a normal space. In addition, there are
some restrictions on 16-byte write access. For details, see section 8.6, Usage Notes.

Table 8.17 lists arelationship between bus width, access size, and the number of bursts. Figure
8.36 shows atiming chart.

Table8.17 Relationship between Bus Width, Access Size, and Number of Bursts

Bus Width  Access Size CSnWCR. BST[1:0] Bits Number of Bursts Access Count

8 bits 8 bits Not affected 1 1
16 bits Not affected 2 1
32 bits Not affected 4 1
16 bytes 00 16 1
01 4 4
16 bits 8 bits Not affected 1 1
16 bits Not affected 1 1
32 bits Not affected 2 1
16 bytes 00 8 1
01 2 4
10* 4 2
2,4,2 3
Page 324 of 1164 RO1UH0283EJ0400 Rev. 4.00

RENESAS Aug 22, 2011



SH7206 Group Section 8 Bus State Controller (BSC)

Bus Width  Access Size CSnWCR. BST[1:0] Bits Number of Bursts Access Count

32 bits 8 bits Not affected 1 1
16 bits Not affected 1 1
32 bits Not affected 1 1
16 bytes Not affected 4 1

Note: * When the bus width is 16 bits, the access size is 16 bits, and the BST[1:0] bits in
CSnWCR are 10, the number of bursts and access count depend on the access start
address. At address H'xxx0 or H'xxx8, 4-4 burst access is performed. At address H'xxx4
or H'xxxC, 2-4-2 burst access is performed.

C Tt Tw  Tw  T2B: Twb: T2B: Twb: T2B ' Twb:'@ T2 !

/_'_\F'_\I_'_\/_'_\
. . —__/

D31 to DO

\k“\\\\\\
T \
=

DACKn*

71

Note: * The waveform for DACKn is when active low is specified.

Figure8.36 Burst ROM Access Timing (Clocked Asynchronous)
(BusWidth = 32 Bits, 16-Byte Transfer (Number of Burst 4), Wait CyclesInserted in First
Access = 2, Wait CyclesInserted in Second and Subsequent Access Cycles=1)
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8.5.8 SRAM Interface with Byte Selection

The SRAM interface with byte selection is for access to an SRAM which has a byte-selection pin
(WEn). Thisinterface has 16-bit data pins and accesses SRAMs having upper and lower byte
selection pins, such asUB and LB.

When the BAS bit in CSnWCR is cleared to O (initial value), the write access timing of the SRAM
interface with byte selection is the same as that for the normal space interface. Whilein read
access of a byte-selection SRAM interface, the byte-selection signal is output from the WEn pin,
which is different from that for the normal space interface. The basic accesstiming is shownin
figure 8.37. In write access, datais written to the memory according to the timing of the byte-
selection pin (WEn). For details, please refer to the Data Sheet for the corresponding memory.

If the BAS bit in CSN\WCR is set to 1, the WEn pin and RD/WR pin timings change. Figure 8.38
shows the basic access timing. In write access, data is written to the memory according to the
timing of the write enable pin (RD/WR). The data hold timing from RD/WR negation to data write
must be acquired by setting the HW1 and HWO bitsin CSnWCR. Figure 8.39 shows the access
timing when a software wait is specified.
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Note: * The waveform for DACKn is when active low is specified.

Figure8.37 Basic Access Timing for SRAM with Byte Selection (BAS
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Note: * The waveform for DACKn is when active low is specified.

Figure8.38 Basic Access Timing for SRAM with Byte Selection (BAS=1)
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CKIO

A25 to A0

Read < RD

D31 to DO
\

RD/WR

Write < RD

_ D31to DO

DACKn*

Note: * The waveform for DACKn is when active low is specified.

Figure8.39 Wait Timing for SRAM with Byte Selection (BAS=1)
(SW[1:0] =01, WR[3:0] = 0001, HW[1:0] = 01)
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64K x 16-bit
This LSI SRAM
A17 A15
A2 AO
CSn Ccs
RD OE
RD/WR WE
D31 1015
D16 1/00
WE3 uB
WE2 B
D15
: | At5
DO :
WET A0
WEO CcS
OE
WE
/015
1/00
UB
B

Figure8.40 Example of Connection with 32-Bit Data-Width SRAM with Byte Selection

64K x 16-bit
This LSI SRAM
A16 Al5
A A0
CSn CS
RD OE
RD/WR WE
D15 110 15
Do 1100
WET UB
WEO B

Figure8.41 Example of Connection with 16-Bit Data-Width SRAM with Byte Selection
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8.5.9 PCMCIA Interface

With thisLSl, areas 5 and 6 can be used for the IC memory card and 1/O card interface defined in
the JEIDA specifications version 4.2 (PCMCIA2.1 Rev. 2.1) by specifying bits TYPE[2:0] in
CSnBCR (n =5 and 6) to B'101. In addition, the bits SA[1:0] in CShWCR (n = 5 and 6) assign the
upper or lower 32 Mbytes of each areato |C memory card or I/O card interface. For example, if
the bits SA1 and SAO in CSEWCR are set to 1 and cleared to 0, respectively, the upper 32 Mbytes
of area 5 are used for IC memory card interface and the lower 32 Mbytes are used for 1/O card
interface.

When the PCMCIA interface is used, the bus size must be specified as 8 bits or 16 bits using the
bits BSZ[1:0] in CS5BCR or CS6BCR.

Figure 8.42 shows an example of connection between this LS| and a PCMCIA card. To enable hot
swapping (insertion and removal of the PCMCIA card with the system power turned on), tri-state
buffers must be connected between the LS| and the PCMCIA card.

In the JEIDA and PCMCIA standards, operation in big endian mode is not clearly defined.
Consequently, the provided PCMCIA interface in big endian mode is available only for thisLSI.
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Figure8.42 Exampleof PCMCIA Interface Connection
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(1) Basic Timing for Memory Card Interface

Figure 8.43 shows the basic timing of the PCMCIA |C memory card interface. When areas 5 and 6
are specified as the PCMCIA interface, the bus is accessed with the |C memory card interface
according to the SA[1:0] bit settingsin CSSWCR and CS6WCR. If the external bus frequency
(CKIO) increases, the setup times and hold times for the address pins (A25 to A0), card enable
signals (CE1A, CE2A, CEIB, CE2B), and write data (D15 to DO) to the RD and WE signals
become insufficient. To prevent this error, this LS| enables the setup times and hold times for
areas 5 and 6 to be specified independently, using CS5SWCR and CS6WCR. In the PCMCIA
interface, asin the normal space interface, a software wait or hardware wait using the WAIT pin
can be inserted. Figure 8.44 shows the PCMCIA memory bus wait timing.

Tpem1 Tpemiw Tpemiw Tpemiw Tpem2
a4 b B ————— < —————— >

S

"D . | | |

Read o | s o
oo b

L N S S S S N S N

Write E ! : ! : ! | E : E E
D15 to DO —-( >_

Bs  \ / i i ' i '

Figure8.43 Basic Access Timing for PCMCIA Memory Card Interface
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TpemO TpcmOw Tpcm1  Tpecmiw  Tpecmiw Tpemiw  Tpemiw — Tpem2 — Tpem2w

WE T T\ e
Write { E : : : . : T T T T T T T T T 1 | . .
D15 to DO— T —

=N T
WA TYTTTITTVATTTTTVITTRTTT{TIRITRIARTINGR ;,  /© IRTYTTRITIRITIRIY

Figure8.44 Wait Timing for PCMCIA Memory Card Interface
(TEDI[3:0] = B'0010, PCW[3:0] = B'0000, TEH[3:0] = B'0001, Har dwar e Wait = 1)

A port is used to generate the REG signal that switches between the common memory and
attribute memory. As shown in the examplein figure 8.46, when the total memory space necessary
for the common memory and attribute memory is 32 Mbytes or less, pin A24 can be used as the
REG signal to allocate a 16-Mbyte common memory space and a 16-Mbyte attribute memory
space.

Page 334 of 1164 RO1UH0283EJ0400 Rev. 4.00
u zEN ESAS AUg 22,2011




SH7206 Group Section 8 Bus State Controller (BSC)

For 32-Mbyte capacity (I/O port is used for REG)

Area 5: H'14000000
Attribute memory/common memory

Area 6: H'16000000
I/O space

Area 5: H'18000000
Attribute memory/common memory

Area 6: H'1A000000
I/O space

For 16-Mbyte capacity (A24 is used for REG)

Area 5: H'14000000
Area 5: H'15000000
Area 5: H'16000000

H'17000000
Area 6: H'18000000
Area 6: H'19000000
Area 6: H'1A000000

H'1B000000

Attribute memory

Common memory

1/0 space

Attribute memory

Common memory

1/0 space

Figure8.45 Example of PCMCIA Space Allocation (CSSWCR.SA[1:0] = B'10,
CS6WCR.SA[1:0] = B'10)
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(2) Basic Timingfor 1/O Card Interface
Figures 8.46 and 8.47 show the basic timings for the PCMCIA 1/O card interface.

When accessing an I/0 card with the PCM CIA interface, be sure to access the cache-disabled
spaces.

The 1/O card and IC memory card interfaces are switched by an address to be accessed according
to the SA[1:0] bit settingsin CS5WCR and CS6WCR.

Note that the bus width cannot be switched dynamically with the IOIS16 signal, which is output
from an 1/0 card. The bus width must always be switched by modifying the CS5BCR or CS6BCR
setting. In addition, there are some restrictions on the bus width of the I/O card interface. For
details, see section 8.6, Usage Notes.

Tpcit Tpcilw Tpcilw Tpcilw Tpci2

A25toA0:X

Read | E E j E E :
D15 to DO : : : . : . : : . .
ICIOWR 5\ 5 ' 5 ' 5 ; :
Write E i : i | ! | | | | E

D15 to DO ——< >—
B O\ L h

Figure8.46 Basic Access Timing for PCMCIA I/O Card Interface
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Tpci0 TpciOow  Tpcit Tpcitlw ~ Tpcilw  Tpcitw  Tpcitw Tpci2 Tpci2w

CKIO

A25toA0:Xi X:
=X -
RoWR XL | e
{fc’_\/
ot —+—
=\
»—

ICIOWR T 7 T T T\
Write [ S B S
D15 to DO —

WAIT \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ :

INLLARASARARARRA N

Figure8.47 Wait Timing for PCMCIA 1/0 Card Interface
(TED[3:0] = B'0010, PCW[3:0] = B'0000, TEH[3:0] = B'0001, Har dwar e Wait = 1)
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8.5.10 Burst MPX-1/O Interface

Figure 8.48 shows an example of a connection between the LS| and the burst MPX device. Figures
8.49 to 8.52 show the burst MPX space access timings.

Area 6 can be specified as the address/data multiplex 1/0 (MPX-1/O) interface using the TY PE2 to
TYPEOQ bitsin CS6BCR. This MPX-I/O interface enables the LS| to be easily connected to an
external memory controller chip that uses an address/data multiplexed 32-bit single bus. In this
case, the address and the access size for the MPX-1/0 interface are output to D25 to DO and D31
to D29, respectively, in address cycles. For the access sizes of D31 to D29, see the description of
CSBWCR in section 8.4.3 (5), Burst MPX-1/0.

Address pins A25 to A0 are used to output normal addresses.

In the burst MPX-1/O interface, the bus size isfixed at 32 bits. The BSZ1 and BSZ0 hitsin
CSB6BCR must be specified as 32 hits. In the burst MPX-1/O interface, a software wait and
hardware wait using the WAIT pin can be inserted.

In read cycles, await cycle isinserted automatically following the address output even if the
software wait insertion is specified as O.

64K x 16-bit
This LS SRAM
CS6 CcS
BS BS
FRAME FRAME
RD/WR WE
D31 V031
Do 1100
WAIT WAIT

Figure8.48 Burst MPX Device Connection Example
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Tmdiw Tmd1

Tm1

D31 to DO

DACKn*

Note: * The waveform for DACKn is when active low is specified.

Figure8.49 Burst MPX Space Access Timing (Single Read, No Wait, or Software Wait 1)
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Tmdiw Tmdiw Tmd1

Tm1

|||\ |||||||||| —_—
..:.:Ilf ||||||||| _—
[m]
R —
R CCEEE] PP L __
|||\ |||||||||| —
B L NG N >
IS R <|_]

CKIO

D31 to DO :(
A25 to AO D (

T

S

CS6

WAIT

Note: * The waveform for DACKn is when active low is specified.

Figure 850 Burst MPX Space Access Timing
(Single Write, Software Wait 1, Hardwar e Wait 1)
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Tm1 Tmdiw Tmd1 Tmd2 Tmd3 Tmd4

NEpE AU AT pEpE )
e N[N

D31 to DO Do X D1 X D2 X D3 )a—

woe N L L L

Note: * The waveform for DACKn is when active low is specified.

Figure8.51 Burst MPX Space Access Timing
(Burst Read, No Wait, or Software Wait 1, CSBWCR.MPXMD = 0)
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Tmd1 Tmd2 Tmd3 Tmd4

Tm1

s when active low is specified.

Note: * The waveform for DACKn

Figure8.52 Burst MPX Space Access Timing
(Burst Write, No Wait, CSBWCR.MPXMD = 0)
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8.5.11 Burst ROM (Clocked Synchronous) Interface

The burst ROM (clocked synchronous) interface is supported to access a ROM with a synchronous
burst function at high speed. The burst ROM interface accesses the burst ROM in the same way as
anormal space. Thisinterfaceisvalid only for area 0.

In the first access cycle, wait cycles are inserted. In this case, the number of wait cyclesto be
inserted is specified by the W3 to WO bitsin CSOWCR. In the second and subsequent cycles, the
number of wait cyclesto be inserted is specified by the BW1 and BWO bitsin CSOWCR.

While the burst ROM (clocked synchronous) is accessed, the BS signal is asserted only for the
first access cycle and an external wait input is also valid for the first access cycle.

If the bus width is 16 bits, the burst length must be specified as 8. If the bus width is 32 bits, the
burst length must be specified as 4. The burst ROM interface does not support the 8-bit bus width
for the burst ROM.

The burst ROM interface performs burst operations for all read access. For example, ina
longword access over a 16-bit bus, valid 16-bit datais read two times and invalid 16-bit datais
read six times. These invalid data read cycles increase the memory access time and degrade the
program execution speed and DMA transfer speed. To prevent this problem, it is recommended
using a 16-byte read by cachefill in the cache-enabled spaces or 16-byte read by the DMA. The
burst ROM interface performs write access in the same way as normal space access.

T1 Tw Tw T2B Twb T2B Twb T2B Twb T2B Twb T2B Twb T2B Twb T2B Twb T2
r T T g d T S v T~ T <——

CKIO y Y

Azstvoi::::::x:.:x:.:x:.:Ix::zlxz.:x:.:x:.:xjc
CSO =\ & b e
ROWR 7=+ T T T T T
RD TN L
B T T S S o D D D e D D
LZYRARAN{\NNALLVANATAA VR LTV A L VLA ELYLELULTEU LT LA LR LT LU AT RALLRUARTUARUUAEITARLLVALETAAEUATARELRLLRARRLAREAARARAATRAAREVARAA AR
BS N /1
DACKn® =\ + t | 1 4 bbb b e

Note: * The waveform for DACKn is when active low is specified.

Figure8.53 Burst ROM Access Timing (Clocked Synchronous)
(Burst Length = 8, Wait CyclesInserted in First Access= 2,
Wait CyclesInserted in Second and Subsequent Access Cycles=1)
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8.5.12 Wait between Access Cycles

Asthe operating frequency of LSIs becomes higher, the off-operation of the data buffer often
collides with the next data access when the read operation from devices with slow access speed is
completed. Asaresult of these collisions, the reliability of the device islow and malfunctions may
occur. A function that avoids data collisions by inserting idle (wait) cycles between continuous
access cycles has been newly added.

The number of wait cycles between access cycles can be set by the WM hit in CShWCR, bits
IWW?2 to IWWO0, IWRWD2 to IWRWDO, IWRWS2 to IWRWS0, IWRRD2 to IWRRDO, and
IWRRS2 to IWRRS 0in CSnBCR, and bits DMAIW2 to DMAIWO0 and DMAIWA in CMNCR.
The conditions for setting the idle cycles between access cycles are shown below.

Continuous access cycles are write-read or write-write

Continuous access cycles are read-write for different spaces

Continuous access cycles are read-write for the same space

Continuous access cycles are read-read for different spaces

Continuous access cycles are read-read for the same space

Data output from an external device caused by DMA single address transfer is followed by
data output from another device that includesthisLSI (DMAIWA = 0)

7. Dataoutput from an external device caused by DMA single address transfer is followed by any
type of access (DMAIWA = 1)

o s~ DR

For the specification of the number of idle cycles between access cycles described above, refer to
the description of each register.

Besides the idle cycles between access cycles specified by the registers, idle cycles must be
inserted to interface with the internal bus or to obtain the minimum pulse width for a multiplexed
pin (WEn). The following gives detailed information about the idle cycles and describes how to
estimate the number of idle cycles.

The number of idle cycles on the external bus from CSn negation to CSn or CSm assertion is
described below. Here, CSn and CSm also include CE2A and CE2B for PCMCIA.

There are eight conditions that determine the number of idle cycles on the external bus as shown
in table 8.18. The effects of these conditions are shown in figure 8.54.
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Table8.18 Conditionsfor Determining Number of |dle Cycles

No. Condition Description Range Note
[1] DMAIW[2:0] in These bits specify the number of 0to 12 When 0 is specified for the
CMNCR idle cycles for DMA single address number of idle cycles, the
transfer. This condition is effective DACK signal may be asserted
only for single address transfer and continuously. This causes a
generates idle cycles after the discrepancy between the
access is completed. number of cycles detected by
the device with DACK and the
DMAC transfer count, resulting
in a malfunction.
[2] Iw***[2:0]in  These bits specify the number of 0to 12 Do not set 0 for the number of
CSnBCR idle cycles for access other than idle cycles between memory

single address transfer. The
number of idle cycles can be
specified independently for each
combination of the previous and
next cycles. For example, in the
case where reading CS1 space
followed by reading other CS
space, the bits IWRRD[2:0] in
CS1BCR should be set to B'100 to
specify six or more idle cycles. This
condition is effective only for access
cycles other than single address
transfer and generates idle cycles
after the access is completed.

types which are not allowed to
be accessed successively.

(3]

SDRAM-related
bits in
CSnWCR

These bits specify precharge 0to3
completion and startup wait cycles

and idle cycles between commands

for SDRAM access. This condition

is effective only for SDRAM access

and generates idle cycles after the

access is completed

Specify these bits in
accordance with the
specification of the target
SDRAM.

(4]

WM in
CSnWCR

This bit enables or disables external 0 or 1
WAIT pin input for the memory

types other than SDRAM. When

this bit is cleared to 0 (external

WAIT enabled), one idle cycle is

inserted to check the external WAIT

pin input after the access is

completed. When this bit is set to 1
(disabled), no idle cycle is

generated.
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No.

Condition

Description Range

Note

(5]

Read data
transfer cycle

One idle cycle is inserted after a Oorl
read access is completed. This idle

cycle is not generated for the first or
middle cycles in divided access

cycles. This is neither generated

when the HW([1:0] bits in CSnWCR

are not B'00.

One idle cycle is always
generated after a read cycle
with SDRAM or PCMCIA
interface.

(6]

Internal bus

idle cycles, etc.

External bus access requests from 0 or
the CPU or DMAC and their results larger
are passed through the internal

bus. The external bus enters idle

state during internal bus idle cycles

or while a bus other than the

external bus is being accessed.

This condition is not effective for

divided access cycles, which are
generated by the BSC when the

access size is larger than the

external data bus width.

The number of internal bus
idle cycles may not become 0
depending on the 1¢:B¢ clock
ratio. Tables 8.19 and 8.20
show the relationship between
the clock ratio and the
minimum number of internal
bus idle cycles.

(7]

Write data wait
cycles

During write access, a write cycleis 0or 1
executed on the external bus only
after the write data becomes ready.
This write data wait period
generates idle cycles before the
write cycle. Note that when the
previous cycle is a write cycle and
the internal bus idle cycles are
shorter than the previous write
cycle, write data can be prepared in
parallel with the previous write cycle
and therefore, no idle cycle is
generated (write buffer effect).

For write — write or write —
read access cycles,
successive access cycles
without idle cycles are
frequently available due to the
write buffer effect described in
the left column. If successive
access cycles without idle
cycles are not allowed, specify
the minimum number of idle
cycles between access cycles
through CSnBCR.

(8]

Idle cycles
between
different
memory types

To ensure the minimum pulse width 0to 2.5
on the signal-multiplexed pins, idle

cycles may be inserted before

access after memory types are

switched. For some memory types,

idle cycles are inserted even when

memory types are not switched.

The number of idle cycles
depends on the target memory
types. See table 8.21.
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In the above conditions, atotal of four conditions, that is, condition [1] or [2] (either oneis
effective), condition [3] or [4] (either oneis effective), a set of conditions[5] to [7] (these are
generated successively, and therefore the sum of them should be taken as one set of idle cycles),
and condition [8] are generated at the same time. The maximum number of idle cycles among
these four conditions become the number of idle cycles on the external bus. To ensure the
minimum idle cycles, be sure to make register settings for condition [1] or [2].

oo _TLILILT)

Previous access |

External bus idle cycles

—_—

CSn

Idle cycle after access
-

Y Y

pupipinip

i Next access
——————

Idle cycle before access
—

[1]DMAIWI[2:0] setting in CMNCR

[2]IWWI[2:0] setting in CSnBCR
IWRWD|2:0] setting in CSnBCR
IWRWSJ[2:0] setting in CSnBCR
IWRRDJ[2:0] setting in CSnBCR
IWRRSJ2:0] setting in CSnBCR

Either one of them
is effective

Condition [1] or [2]

[3]JWTRP[1:0] setting in CSnNWCR
TRWL[1:0] setting in CSnWCR
WTRCI1:0] setting in CShAWCR

Either one of them

is effective

[4]WM setting in CSNWCR

Condition [3] or [4]

[5]Read
data
transfer

[7] Write
data
wait

[6] Internal bus idle cycles, etc.

Set of conditions
[5]to [7]

[8] Idle cycles
between
different
memory types

Condition [8]

Note: A total of four conditions (condition [1] or [2], condition [3] or [4], a set of conditions [5] to [7],
and condition [8]) generate idle cycle at the same time. Accordingly, the maximum number of

cycles amon

g these four conditions become the number of idle cycles.

Figure8.54 Idle Cycle Conditions
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Table8.19 Minimum Number of Idle Cycleson Internal Bus (CPU Operation)

Clock Ratio (I1¢:B¢)

CPU Operation 8:1 6:1 4:1 3:1 2:1 1:1
Write — write 1 1 2 2 2 3
Write — read 0 0 0 0 0 1
Read — write 1 1 2 2 2 3
Read — read 0 0 0 0 0 1

Table8.20 Minimum Number of I1dle Cycleson Internal Bus (DM AC Operation)

Transfer Mode

DMAC Operation Dual Address Single Address
Write — write 0 2
Write — read Oor2 0
Read — write 0 0
Read — read 0 2

Notes: 1. The write — write and read — read columns in dual address transfer indicate the cycles

in the divided access cycles.

2. For the write — read cycles in dual address transfer, 0 means different channels are
activated successively and 2 means when the same channel is activated successively.

3. The write — read and read — write columns in single address transfer indicate the case
when different channels are activated successively. The "write" means transfer from a
device with DACK to external memory and the "read" means transfer from external
memory to a device with DACK.
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Table8.21 Number of Idle CyclesInserted between Access Cyclesto Different Memory

Types
Next Cycle
Byte  Byte SDRAM
SRAM SRAM (Low-
Burst ROM MPX- (BAS= (BAS= Frequency Burst Burst ROM
Previous Cycle SRAM (Asynchronous) I/O 0) 1) SDRAM Mode) PCMCIA MPX (Synchronous)
SRAM 0 0 1 0 1 1 1.5 0 0 0
Burst ROM 0 0 1 0 1 1 1.5 0 0 0
(asynchronous)
MPX-1/0 1 1 0 1 1 1 1.5 1 1 1
Byte SRAM 0 0 1 0 1 1 1.5 0 0 0
(BAS =0)
Byte SRAM 1 1 2 1 0 0 1.5 1 1 1
(BAS = 1)
SDRAM 1 1 2 1 0 0 — 1 1 1
SDRAM 1.5 1.5 25 1.5 0.5 — 1 1.5 1.5 1.5
(low-frequency
mode)
PCMCIA 0 0 1 0 1 1 1.5 0 0 0
Burst MPX 0 0 1 0 1 1 15 0 0 0
Burst ROM 0 0 1 0 1 1 1.5 0 0 0
(synchronous)

Figure 8.55 shows sample estimation of idle cycles between access cycles. In the actual operation,
the idle cycles may become shorter than the estimated value due to the write buffer effect or may
become longer due to internal busidle cycles caused by stalling in the pipeline due to CPU
instruction execution or CPU register conflicts. Please consider these errors when estimating the
idle cycles.
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Sample Estimation of Idle Cycles between Access Cycles

This example estimates the idle cycles for data transfer from the CS1 space to CS2 space by CPU access. Transfer is
repeated in the following order: CS1 read — CS1 read — CS2 write — CS2 write - CS1 read — ...

» Conditions
The bits for setting the idle cycles between access cycles in CS1BCR and CS2BCR are all set to 0.
In CS1WCR and CS2WCR, the WM bit is set to 1 (external WAIT pin disabled) and the HW[1:0] bits are set to 00
(CS negation is not extended).
10:B¢ is set to 4:1, and no other processing is done during transfer.
For both the CS1 and CS2 spaces, normal SRAM devices are connected, the bus width is 32 bits, and access size is
also 32 bits.

The idle cycles generated under each condition are estimated for each pair of access cycles. In the following table,
R indicates a read cycle and W indicates a write cycle.

Condition R>R |R->W |W->W|W->R Note

[1]1or[2] 0 0 0 0 CSnBCRis set to 0.

[3] or [4] 0 0 0 0 The WM bit is set to 1.

[5] 1 1 0 0 Generated after a read cycle.

[6] 0 2 2 0 See the 1¢9:Bo = 4:1 columns in table 8.19.

[7] 0 1 0 0 No idle cycle is generated for the second time due to the
write buffer effect.

[5] + [6] + [7] 0

[8] 0 0 0 0 Value for SRAM — SRAM access

Estimated idle 1 4 2 0 Maximum value among conditions [1] or [2], [3] or [4],

cycles [5] + [6] + [7], and [8]

Actual idle 1 4 2 1 The estimated value does not match the actual value in

cycles the W — R cycles because the internal idle cycles due to
condition [6] is estimated as 0 but actually an internal idle
cycle is generated due to execution of a loop condition
check instruction.

Figure8.55 Comparison between Estimated Idle Cyclesand Actual Value
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8.5.13 BusArhbitration

The bus arbitration of this LS| has the bus mastership in the normal state and releases the bus
mastership after receiving a bus request from another device.

Bus mastership is transferred at the boundary of bus cycles. Namely, bus mastership is released
immediately after receiving a bus request when a bus cycle is not being performed. The release of
bus mastership is delayed until the bus cycle is complete when abus cycleisin progress. Even
when from outside the L SI it looks like a bus cycle is not being performed, a bus cycle may be
performing internally, started by inserting wait cycles between access cycles. Therefore, it cannot
be immediately determined whether or not bus mastership has been released by looking at the CSn
signal or other bus control signals. The states that do not allow bus mastership release are shown
below.

16-byte transfer because of a cache miss
During write-back operation for the cache
Between the read and write cycles of a TAS instruction

Multiple bus cycles generated when the data bus width is smaller than the access size (for
example, between bus cycles when longword access is made to a memory with a data bus
width of 8 bits)

5. 16-bytetransfer by the DMAC
6. Setting the BLOCK bitin CMNCRto 1

A w DN e

Moreover, by using DPRTY bit in CMNCR, whether the bus mastership request is received or not
can be selected during DMAC burst transfer.

The LS| has the bus mastership until a bus request is received from another device. Upon
acknowledging the assertion (low level) of the external bus request signal BREQ, the LS| releases
the bus at the completion of the current bus cycle and assertsthe BACK signal. After the LS|
acknowledges the negation (high level) of the BREQ signal that indicates the external device has
released the bus, it negates the BACK signal and resumes the bus usage.

With the SDRAM interface, al bank pre-charge commands (PALLS) are issued when active banks
exist and the bus is released after completion of a PALL command.

The bus sequenceis as follows. The address bus and data bus are placed in a high-impedance state
synchronized with the rising edge of CKI10. The bus mastership enable signal is asserted 0.5
cycles after the above timing, synchronized with the falling edge of CKIO. The bus control signals
(BS, CSn, RASU, RASL, CASU, CASL, CKE, DQMxx, WEn, RD, and RD/WR) are placed in
the high-impedance state at subsequent rising edges of CK10. Bus request signals are sampled at
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the falling edge of CKIO. Note that CKE, RASU, RASL, CASU, and CASL can be continued to
be driven at the previous value even in the bus-released state by setting the HIZCNT bit in
CMNCR.

The sequence for reclaiming the bus mastership from an external deviceis described below. 1.5
cycles after the negation of BREQ is detected at the falling edge of CKIO, the bus control signals
are driven high. The bus acknowledge signal is negated at the next falling edge of the clock. The
fastest timing at which actual bus cycles can be resumed after bus control signal assertionis at the
rising edge of the CKIO where address and data signals are driven. Figure 8.56 shows the bus
arbitration timing.

When it is necessary to refresh SDRAM while releasing the bus mastership, the bus mastership
should be returned using the REFOUT signal. For details on the selection of REFOUT, see section
19, Pin Function Controller (PFC). The REFOUT signal is kept asserting at low level until the bus
mastership is acquired. The BREQ signal is negated by asserting the REFOUT signal and the bus
mastership is returned from the external device. If the bus mastership is not returned for a
refreshing period or longer, the contents of SDRAM cannot be guaranteed because a refreshing
cannot be executed.

While releasing the bus mastership, the SLEEP instruction (to enter the sleep mode or the software
standby mode), as well as amanual reset, cannot be executed until the LS| obtains the bus
mastership.

The BREQ input signal isignored in software standby mode and the BACK output signal is
placed in the high impedance state. If the bus mastership request isrequired in this state, the bus
mastership must be released by pulling down the BACK pin to enter software standby mode.

The bus mastership release (BREQ signal for high level negation) after the bus mastership request
(BREQ signal for low level assertion) must be performed after the bus usage permission (BACK
signal for low level assertion). If the BREQ signal is negated before the BACK signal is asserted,
only one cycle of the BACK signal is asserted depending on the timing of the BREQ signal to be
negated and this may cause a bus contention between the external device and the LSI.
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Figure8.56 BusArbitration Timing (Clock Mode 7)

85.14 Others
(1) Reset

The bus state controller (BSC) can be initialized completely only at power-on reset. At power-on
reset, all signals are negated and data output buffers are turned off regardless of the bus cycle state
after the internal reset is synchronized with the internal clock. All control registers areinitialized.
In software standby, leep, and manual reset, control registers of the bus state controller are not
initialized. At manual reset, only the current bus cycle being executed is completed. Since the
RTCNT continues counting up during manual reset signal assertion, a refresh request occurs to
initiate the refresh cycle.

(2) Accessfrom the Side of theL Sl Internal Bus Master

There are three types of LSl internal buses: a CPU bus, internal bus, and peripheral bus. The CPU
and cache memory are connected to the CPU bus. Internal bus masters other than the CPU and bus
state controller are connected to the internal bus. Low-speed peripheral modules are connected to
the peripheral bus. Internal memories other than the cache memory are connected bidirectionally
to the CPU bus and internal bus. Access from the CPU busto the internal busis enabled but
access from the internal bus to the cache busis disabled. This givesrise to the following problems.

On-chip bus masters such as DMAC other than the CPU can access internal memory other than
the cache memory but cannot access the cache memory. If an on-chip bus master other than the
CPU writes data to an external memory other than the cache, the contents of the external memory
may differ from that of the cache memory. To prevent this problem, if the external memory whose
contents is cached is written by an on-chip bus master other than the CPU, the corresponding
cache memory should be purged by software.

In a cache-enabled space, if the CPU initiates read access, the cache is searched. If the cache stores
data, the CPU latches the data and compl etes the read access. If the cache does not store data, the

ROLUH0283EJ0400 Rev. 4.00 Page 353 of 1164
Aug 22, 2011 RENESAS




Section 8 Bus State Controller (BSC) SH7206 Group

CPU performs four contiguous longword read cyclesto perform cachefill operations viathe
internal bus. If a cache miss occursin byte or word operand access or at a branch to an odd word
boundary (4n + 2), the CPU performs four contiguous longword access cycles to perform a cache
fill operation on the external interface. For a cache-disabled space, the CPU performs access
according to the actual access addresses. For an instruction fetch to an even word boundary (4n),
the CPU performs longword access. For an instruction fetch to an odd word boundary (4n + 2), the
CPU performs word access.

For aread cycle of an on-chip peripheral module, the cycle isinitiated through the internal bus and
peripheral bus. The read datais sent to the CPU viathe peripheral bus, internal bus, and CPU bus.

In awrite cycle for the cache-enabled space, the write cycle operation differs according to the
cache write methods.

In write-back mode, the cacheisfirst searched. If datais detected at the address corresponding to
the cache, the data is then re-written to the cache. In the actual memory, data will not be re-written
until data in the corresponding addressis re-written. If datais not detected at the address
corresponding to the cache, the cache is modified. In this case, datato be modified isfirst saved to
the internal buffer, 16-byte data including the data corresponding to the address is then read, and
datain the corresponding access of the cacheis finally modified. Following these operations, a
write-back cycle for the saved 16-byte data is executed.

In write-through mode, the cache isfirst searched. If datais detected at the address corresponding
to the cache, the data is re-written to the cache simultaneously with the actual write viathe internal
bus. If datais not detected at the address corresponding to the cache, the cache is not modified but
an actual writeis performed viathe internal bus.

Since the bus state controller (BSC) incorporates a one-stage write buffer, the BSC can execute an
access viathe internal bus before the previous external bus cycle is completed in awrite cycle. If
the on-chip module is read or written after the external low-speed memory is written, the on-chip
modul e can be accessed before the compl etion of the external |ow-speed memory write cycle.

In read cycles, the CPU is placed in the wait state until read operation has been completed. To
continue the process after the data write to the device has been completed, perform adummy read
to the same address to check for completion of the write before the next process to be executed.

The write buffer of the BSC functions in the same way for an access by a bus master other than the
CPU such asthe DMAC. Accordingly, to perform dual address DMA transfers, the next read cycle
isinitiated before the previous write cycle is completed. Note, however, that if both the DMA
source and destination addresses exist in external memory space, the next write cycle will not be
initiated until the previous write cycle is completed.
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Changing the registersin the BSC while the write buffer is operating may disrupt correct write
access. Therefore, do not change the registersin the BSC immediately after awrite access. If this
change becomes necessary, do it after executing adummy read of the write data.

(3) On-Chip Peripheral Module Access

To access an on-chip module register, two or more peripheral module clock (Pp) cyclesare
required. Care must be taken in system design.

When the CPU writes data to the internal peripheral registers, the CPU performs the succeeding
instructions without waiting for the completion of writing to registers.

For example, acase is described here in which the system is transferring to the software standby
mode for power savings. To make this transition, the SLEEP instruction must be performed after
setting the STBY bit in the STBCR register to 1. However adummy read of the STBCR register is
required before executing the SLEEP instruction. If adummy read is omitted, the CPU executes
the SLEEP instruction before the STBY bit is set to 1, thus the system enters sleep mode not
software standby mode. A dummy read of the STBCR register isindispensable to complete
writing to the STBY hit.

To reflect the change by internal peripheral registers while performing the succeeding instructions,
execute adummy read of registers to which write instruction is given and then perform the
succeeding instructions.
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8.6 Usage Notes

8.6.1 Burst ROM Interface

When the burst ROM interface (clocked asynchronous) is used and the following three conditions

are met, read/write access from the external bus space immediately after write access may be

invalid.

1. The 16-bit bus width is used for the burst ROM interface (clocked asynchronous). (The
CSnBCR.TY PE[2:0] setting is B'001 and the CSnWCR.BSZ[1:0] setting is B'10)

2. Theburst length is specified as 4. (The CSh\WCR.BST[1:0] setting is B'10)

3. Write-back is performed with operand cache or 16-byte write access is performed with the
DMAC for the burst ROM interface set as above.

8.6.2 PCMCIA |I/O Card Interface

When the following two conditions are met in the PCMCIA 1/O card interface, read/write access
may be performed with the 8-bit bus width even if the 16-bit bus width has been specified.

1. The 16-bit buswidth is specified for the PCMCIA 1/O card interface (The
CSnBCR.TY PE[2:0] setting is B'101, the CSnBCR.BSZ[1:0] setting is B'10, and the
CSNWCR.SA[1:0] setting is not B'00)

2. The number of delay cycles from address output to RD/WE assertion is specified as other than
0.5 cycle (The CSnNWCR.TED[3:0] setting is not B'0000)

8.6.3 Burst MPX-I/O Interface

When a contention occurs between SDRAM auto-refreshing and read/write access to the burst
MPX-1/O interface, both the CS signal of the SDRAM space and the CS signal of the burst MPX-
1/0 space are asserted and access to the burst MPX-1/0 may not be performed correctly.

Do not use the SDRAM interface and the burst MPX-1/O interface at the same time. Each can be
used independently, and SDRAM can be used with interfaces other than the burst MPX-1/0.
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Section 9 Direct Memory Access Controller (DMAC)

The DMAC can be used in place of the CPU to perform high-speed transfers between external
devicesthat have DACK (transfer request acknowledge signal), external memory, on-chip
memory, memory-mapped external devices, and on-chip peripheral modules.

9.1 Features

e Number of channels: Eight channels (channels 0 to 7) selectable
Four channels (channels 0 to 3) can receive external requests.
e 4-Gbyte physical address space
o Datatransfer unit is selectable: Byte, word (two bytes), longword (four bytes), and 16 bytes
(longword x 4)
e Maximum transfer count: 16,777,216 transfers (24 bits)
e Address mode: Dual address mode and single address mode are supported.
e Transfer requests
— External request
— On-chip peripheral module request
— Auto request
The following modules can issue on-chip peripheral module requests.

— Eight SCIF sources, two 11C3 sources, two A/D converter sources, five MTU2 sources, and
two CMT sources

e Selectable bus modes
— Cycle steal mode (norma mode and intermittent mode)
— Burst mode

e Selectable channel priority levels: The channel priority levels are selectable between fixed
mode and round-robin mode.

e Interrupt request: An interrupt request can be sent to the CPU on completion of half- or full-
datatransfer. Through the HE and HIE bitsin CHCR, an interrupt is specified to be issued to
the CPU when half of theinitially specified DMA transfer is completed.

e External request detection: There are following four types of DREQ input detection.
— Low level detection
— High level detection
— Rising edge detection
— Falling edge detection
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e Transfer request acknowledge and transfer end signals: Active levelsfor DACK and TEND
can be set independently.

e Support of reload functionsin DMA transfer information registers: DMA transfer using the
same information as the current transfer can be repeated automatically without specifying the
information again. Modifying the reload registers during DMA transfer enables next DMA
transfer to be done using different transfer information. The reload function can be enabled or
disabled independently in each channel.
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Figure 9.1 shows the block diagram of the DMAC.
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[Legend]
RDMATCR: DMA reload transfer count register CHCR: DMA channel control register
DMATCR: DMA transfer count register DMAOR: DMA operation register
RSAR: DMA reload source address register DMARSO to DMARS3: DMA extension resource selectors 0 to 3
SAR: DMA source address register HEIn: DMA transfer half-end interrupt request to the CPU
RDAR: DMA reload destination address register DElIn: DMA transfer end interrupt request to the CPU
DAR: DMA destination address register n=0to7
Figure9.1 Block Diagram of DMAC
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9.2 I nput/Output Pins

The external pinsfor DMAC are described below. Table 9.1 lists the configuration of the pins that
are connected to external bus. DMAC has pins for four channels (channels 0 to 3) for external bus
use.

Table9.1 Pin Configuration

Channel Name Abbreviation 1/0 Function
0 DMA transfer request DREQO | DMA transfer request input from an
external device to channel 0
DMA transfer request DACKO (0] DMA transfer request acknowledge
acknowledge output from channel 0 to an external
device
1 DMA transfer request DREQ1 | DMA transfer request input from an
external device to channel 1
DMA transfer request DACK1 (0] DMA transfer request acknowledge
acknowledge output from channel 1 to an external
device
2 DMA transfer request DREQ2 | DMA transfer request input from an
external device to channel 2
DMA transfer request DACK2 (0] DMA transfer request acknowledge
acknowledge output from channel 2 to an external
device
3 DMA transfer request DREQS3 | DMA transfer request input from an
external device to channel 3
DMA transfer request DACK3 (0] DMA transfer request acknowledge
acknowledge output from channel 3 to an external
device
0 DMA transfer end TENDO (0] DMA transfer end output for channel 0
DMA transfer end TEND1 (0] DMA transfer end output for channel 1
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9.3

Register Descriptions

The DMAC hastheregisterslisted in table 9.2. There are four control registers and three reload
registers for each channel, and one common control register is used by al channels. In addition,
there is one extension resource selector per two channels. Each channel number is expressed in the

register names, asin SAR_O for SAR in channel 0.

Table9.2 Register Configuration
Access
Channel Register Name Abbreviation R/W Initial Value Address Size
0 DMA source address  SAR_O R/W  H00000000 H'FFFE1000 16, 32
register_0
DMA destination DAR_O R/W H00000000 HFFFE1004 16,32
address register_0
DMA transfer count DMATCR_O0 R/W H00000000 HFFFE1008 16,32
register_0
DMA channel control CHCR_O R/W** H'00000000 H'FFFE100C 8, 16, 32
register_0
DMA reload source RSAR_O R/W  H00000000 HFFFE1100 16,32
address register_0
DMA reload destination RDAR_O R/W  H'00000000 H'FFFE1104 16, 32
address register_0
DMA reload transfer RDMATCR_0 R/W H'00000000 HFFFE1108 16, 32
count register_0
1 DMA source address  SAR_1 R/W  H00000000 HFFFE1010 16,32
register_1
DMA destination DAR_1 R/W  H'00000000 H'FFFE1014 16, 32
address register_1
DMA transfer count DMATCR_1 R/W H00000000 HFFFE1018 16,32
register_1
DMA channel control CHCR_1 R/W** H'00000000 H'FFFE101C 8, 16, 32
register_1
DMA reload source RSAR_1 R/W  H00000000 HFFFE1110 16,32
address register_1
DMA reload destination RDAR_1 R/W  H'00000000 H'FFFE1114 16, 32
address register_1
DMA reload transfer RDMATCR_1 R/W H00000000 HFFFE1118 16, 32
count register_1
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Access
Channel Register Name Abbreviation R/W Initial Value Address Size
2 DMA source address  SAR_2 R/W  H'00000000 H'FFFE1020 16, 32
register_2
DMA destination DAR_2 R/W H00000000 HFFFE1024 16,32
address register_2
DMA transfer count DMATCR_2 R/W H00000000 HFFFE1028 16,32
register_2
DMA channel control CHCR_2 R/W+' H'00000000 H'FFFE102C 8, 16, 32
register_2
DMA reload source RSAR_2 R/W  H00000000 HFFFE1120 16,32
address register_2
DMA reload destination RDAR_2 R/W  H'00000000 H'FFFE1124 16, 32
address register_2
DMA reload transfer RDMATCR_2 R/W H'00000000 HFFFE1128 16, 32
count register_2
3 DMA source address  SAR_3 R/W  H'00000000 H'FFFE1030 16, 32
register_3
DMA destination DAR_3 R/W  H'00000000 H'FFFE1034 16, 32
address register_3
DMA transfer count DMATCR_3 R/W H00000000 HFFFE1038 16,32
register_3
DMA channel control CHCR_3 R/W*' H'00000000 H'FFFE103C 8, 16, 32
register_3
DMA reload source RSAR_3 R/W  H00000000 HFFFE1130 16,32
address register_3
DMA reload destination RDAR_3 R/W  H'00000000 H'FFFE1134 16, 32
address register_3
DMA reload transfer RDMATCR_3 R/W H'00000000 HFFFE1138 16,32
count register_3
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Access
Channel Register Name Abbreviation R/W Initial Value Address Size
4 DMA source address  SAR_4 R/W  H'00000000 H'FFFE1040 16, 32
register_4
DMA destination DAR_4 R/W H00000000 HFFFE1044 16,32
address register_4
DMA transfer count DMATCR_4 R/W H00000000 HFFFE1048 16,32
register_4
DMA channel control CHCR_4 R/W*' H'00000000 H'FFFE104C 8, 16, 32
register_4
DMA reload source RSAR_4 R/W  H00000000 HFFFE1140 16,32
address register_4
DMA reload destination RDAR_4 R/W  H'00000000 H'FFFE1144 16, 32
address register_4
DMA reload transfer RDMATCR_4 R/W H00000000 HFFFE1148 16, 32
count register_4
5 DMA source address  SAR_5 R/W  H'00000000 H'FFFE1050 16, 32
register_5
DMA destination DAR_5 R/W  H'00000000 H'FFFE1054 16, 32
address register_5
DMA transfer count DMATCR_5 R/W H00000000 HFFFE1058 16,32
register_5
DMA channel control CHCR_5 R/W*' H'00000000 H'FFFE105C 8, 16, 32
register_5
DMA reload source RSAR_5 R/W  H00000000 HFFFE1150 16,32
address register_5
DMA reload destination RDAR_5 R/W  H'00000000 H'FFFE1154 16, 32
address register_5
DMA reload transfer RDMATCR_5 R/W H'00000000 HFFFE1158 16, 32
count register_5
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Access
Channel Register Name Abbreviation R/W Initial Value Address Size
6 DMA source address  SAR_6 R/W  H'00000000 H'FFFE1060 16, 32
register_6
DMA destination DAR_6 R/W H00000000 HFFFE1064 16,32
address register_6
DMA transfer count DMATCR_6 R/W H00000000 HFFFE1068 16,32
register_6
DMA channel control CHCR_6 R/W*' H'00000000 H'FFFE106C 8, 16, 32
register_6
DMA reload source RSAR_6 R/W  H00000000 HFFFE1160 16,32
address register_6
DMA reload destination RDAR_6 R/W  H'00000000 H'FFFE1164 16, 32
address register_6
DMA reload transfer RDMATCR_6 R/W H'00000000 HFFFE1168 16, 32
count register_6
7 DMA source address  SAR_7 R/W  H'00000000 H'FFFE1070 16, 32
register_7
DMA destination DAR_7 R/W  H'00000000 H'FFFE1074 16, 32
address register_7
DMA transfer count DMATCR_7 R/W H00000000 HFFFE1078 16,32
register_7
DMA channel control CHCR_7 R/W*' H'00000000 H'FFFE107C 8, 16, 32
register_7
DMA reload source RSAR_7 R/W  H00000000 HFFFE1170 16,32
address register_7
DMA reload destination RDAR_7 R/W  H'00000000 H'FFFE1174 16, 32
address register_7
DMA reload transfer RDMATCR_7 R/W H'00000000 HFFFE1178 16, 32
count register_7
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Access
Channel Register Name Abbreviation R/W Initial Value Address Size
Common DMA operation register DMAOR R/W*? H'0000 H'FFFE1200 8, 16
Oand 1 DMA extension DMARSO R/W  H0000 H'FFFE1300 16
resource selector 0
2and 3 DMA extension DMARS1 R/W  H'0000 H'FFFE1304 16
resource selector 1
4 and 5 DMA extension DMARS2 R/W  H'0000 H'FFFE1308 16
resource selector 2
6 and 7 DMA extension DMARS3 R/W  H0000 H'FFFE130C 16

resource selector 3

Notes: 1. Forthe HE and TE bits in CHCRn, only O can be written to clear the flags after 1 is
read.

2. For the AE and NMIF bits in DMAOR, only 0 can be written to clear the flags after 1 is
read.

931 DMA Source Address Registers (SAR)

The DMA source address registers (SAR) are 32-bit readable/writable registers that specify the
source address of a DMA transfer. During aDMA transfer, these registers indicate the next source
address. When the data of an external device with DACK istransferred in single address mode,
SARisignored.

To transfer datain word (2-byte), longword (4-byte), or 16-byte unit, specify the address with 2-
byte, 4-byte, or 16-byte address boundary respectively.

SAR isinitialized to H'00000000 by a power-on reset and retains the value in manual reset,
software standby mode, and module standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

-rt-r-r-r-r-r-7-7-7-7-7-7-JT-7-7-]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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9.3.2 DMA Destination Address Registers (DAR)

The DMA destination address registers (DAR) are 32-bit readable/writable registers that specify
the destination address of a DMA transfer. During a DMA transfer, these registers indicate the
next destination address. When the data of an external device with DACK istransferred in single
address mode, DAR isignored.

To transfer datain word (2-byte), longword (4-byte), or 16-byte unit, specify the address with 2-
byte, 4-byte, or 16-byte address boundary respectively.

DARisinitialized to H'00000000 by a power-on reset and retains the value in manual reset,
software standby mode, and module standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
- r-r-r-r-r-r-tr-t-ft-;t-71-7T-7T-7T-°]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
-r-r-r-r-r-fr-r-r-rer-r-repelel-

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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9.3.3 DMA Transfer Count Registers (DMATCR)

The DMA transfer count registers (DMATCR) are 32-bit readable/writable registers that specify
the number of DMA transfers. The transfer count is 1 when the setting is H'00000001, 16,777,215
when H'00FFFFFF is set, and 16,777,216 (the maximum) when H'00000000 is set. During a DMA
transfer, these registers indicate the remaining transfer count.

The upper eight bits of DMATCR are always read as 0, and the write value should alwaysbe 0. To
transfer datain 16 bytes, one 16-byte transfer (128 bits) counts one.

DMATCR isinitialized to H'00000000 by a power-on reset and retains the value in manual reset,
software standby mode, and module standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R RW RW RW RW RW RW RW RW
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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9.34 DMA Channel Control Registers (CHCR)

The DMA channel control registers (CHCR) are 32-bit readable/writable registers that control the
DMA transfer mode.

The DO, AM, AL, DL, and DS bits which specify the DREQ and DACK external pin functions
can be read and written to in channels 0 to 3, but they are reserved in channels4to 7. The TL hit
which specifies the TEND external pin function can be read and written to in channels 0 and 1, but
itisreserved in channels2to 7.

CHCR isinitialized to H'00000000 by a power-on reset and retains the value in manual reset,
software standby mode, and module standby mode.

Bt 31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16

e -] - Jmo| - | - [ -] -Jool | -] - [we][ue]am]al
Initialvale: 0 0 ©0 ©0 ©0 0 O 0 O 0 ©0 0 0 0 0 0
RW.: "W R R RW R R R R RW RW R R R(W* RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DM[1:0] SM[1:0] RS[3:0] ‘ DL ‘ DS ‘ B ‘ TS[1:0] ‘ IE ‘ TE ‘ DE I

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/(W)* RW

Note: * Only 0 can be written to clear the flag after 1 is read.

Initial
Bit Bit Name Value R/W  Descriptions
31 TC 0 R/W  Transfer Count Mode

Specifies whether to transmit data once or for the
count specified in DMATCR by one transfer request.
Note that when this bit is set to 0, the TB bit must not
be set to 1 (burst mode). When the SCIF or IIC3 is
selected for the transfer request source, this bit (TC)
must not be set to 1.

0: Transmits data once by one transfer request

1: Transmits data for the count specified in DMATCR
by one transfer request

30, 29 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Bit Bit Name

Initial
Value

R/W

Descriptions

28 RLD

0

R/W

Reload Function Enable or Disable
Enables or disables the reload function.
0: Disables the reload function

1: Enables the reload function

27t024 —

AllO

Reserved

These bits are always read as 0. The write value
should always be 0.

23 DO

R/W

DMA Overrun

Selects whether DREQ is detected by overrun O or by
overrun 1. This bit is valid only in level detection by
CHCR_0 to CHCR_3. This bit is reserved in CHCR_4
and CHCR_7; it is always read as 0 and the write
value should always be 0.

0: Detects DREQ by overrun O
1: Detects DREQ by overrun 1

22 TL

R/W

Transfer End Level

Specifies the TEND signal output is high active or low
active. This bit is valid only in CHCR_0 and CHCR_1.
This bit is reserved in CHCR_2 to CHCR_7; itis
always read as 0 and the write value should always be
0.

0: Low-active output from TEND
1: High-active output from TEND

21,20 —

AllO

Reserved

These bits are always read as 0. The write value
should always be 0.
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Bit

Bit Name

Initial
Value

R/W

Descriptions

19

HE

0

RI(W)*

Half-End Flag

This bit is set to 1 when the transfer count reaches half
of the DMATCR value that was specified before
transfer starts.

If DMA transfer ends because of an NMI interrupt, a
DMA address error, or clearing of the DE bit or the
DME bit in DMAOR before the transfer count reaches
half of the initial DMATCR value, the HE bit is not set
to 1. If DMA transfer ends due to an NMI interrupt, a
DMA address error, or clearing of the DE bit or the
DME bit in DMAOR after the HE bit is set to 1, the bit
remains set to 1.

To clear the HE bit, write O to it after HE = 1 is read.

0: DMATCR > (DMATCR set before transfer starts)/2
during DMA transfer or after DMA transfer is
terminated

[Clearing condition]
e Writing O after reading HE = 1.
1: DMATCR < (DMATCR set before transfer starts)/2

18

HIE

R/W

Half-End Interrupt Enable

Specifies whether to issue an interrupt request to the
CPU when the transfer count reaches half of the
DMATCR value that was specified before transfer
starts.

When the HIE bit is set to 1, the DMAC requests an
interrupt to the CPU when the HE bit becomes 1.

0: Disables an interrupt to be issued when DMATCR
= (DMATCR set before transfer starts)/2

1: Enables an interrupt to be issued when DMATCR
= (DMATCR set before transfer starts)/2

Page 370 of 1164

RO1UHO0283EJ0400 Rev. 4.00

RENESAS Aug 22, 2011



SH7206 Group

Section 9 Direct Memory Access Controller (DMAC)

Bit Bit Name

Initial
Value

R/W

Descriptions

17 AM

0

R/W

Acknowledge Mode

Specifies whether DACK and TEND are output in data
read cycle or in data write cycle in dual address mode.

In single address mode, DACK and TEND are always
output regardless of the specification by this bit.

This bit is valid only in CHCR_0 to CHCR_3. This bit is
reserved in CHCR_4 to CHCR_7; it is always read as
0 and the write value should always be 0.

0: DACK and TEND are outputs in read cycle
(dual address mode)

1: DACK and TEND are outputs in write cycle
(dual address mode)

16 AL

R/W

Acknowledge Level

Specifies the DACK (acknowledge) signal output is
high active or low active.

This bit is valid only in CHCR_0 to CHCR_3. This bit is
reserved in CHCR_4 to CHCR_7; it is always read as
0 and the write value should always be 0.

0: Low-active output from DACK
1: High-active output from DACK
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Initial
Bit Bit Name Value R/W  Descriptions
15,14 DM[1:0] 00 R/W  Destination Address Mode

These bits select whether the DMA destination
address is incremented, decremented, or left fixed. (In
single address mode, DM1 and DMO bits are ignored
when data is transferred to an external device with
DACK.)

00: Fixed destination address (Setting prohibited in 16-
byte transfer)

01: Destination address is incremented (+1 in 8-bit
transfer, +2 in 16-bit transfer, +4 in 32-bit transfer,
+16 in 16-byte transfer)

10: Destination address is decremented (-1 in 8-bit
transfer, —2 in 16-bit transfer, —4 in 32-bit transfer,
setting prohibited in 16-byte transfer)

11: Setting prohibited

13,12 SM[1:0] 00 R/W  Source Address Mode
These bits select whether the DMA source address is
incremented, decremented, or left fixed. (In single
address mode, SM1 and SMO bits are ignored when
data is transferred from an external device with
DACK.)

00: Fixed source address (Setting prohibited in 16-
byte-unit transfer)

01: Source address is incremented (+1 in byte-unit
transfer, +2 in word-unit transfer, +4 in longword-
unit transfer, +16 in 16-byte-unit transfer)

10: Source address is decremented (-1 in byte-unit
transfer, —2 in word-unit transfer, —4 in longword-
unit transfer, setting prohibited in 16-byte-unit
transfer)

11: Setting prohibited

Page 372 of 1164 ROLUH0283EJ0400 Rev. 4.00
RRENESAS Aug 22, 2011



SH7206 Group Section 9 Direct Memory Access Controller (DMAC)

Initial
Bit Bit Name Value R/W  Descriptions
11t0 8 RS[3:0] 0000 R/W Resource Select

These bits specify which transfer requests will be sent
to the DMAC. The changing of transfer request source
should be done in the state when DMA enable bit (DE)
is setto 0.

0000: External request, dual address mode

0001: Setting prohibited

0010: External request/single address mode
External address space — External device with
DACK

0011: External request/single address mode
External device with DACK — External address
space

0100: Auto request

0101: Setting prohibited

0110: Setting prohibited

0111: Setting prohibited

1000: DMA extension resource selector

1001: Setting prohibited

1010: Setting prohibited

1011: Setting prohibited

1100: Setting prohibited

1101: Setting prohibited

1110: Setting prohibited

1111: Setting prohibited

Note: External request specification is valid only in
CHCR_0 to CHCR_3. If a request source is
selected in channels CHCR_4 to CHCR_7, no
operation will be performed.
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Initial
Bit Bit Name Value R/W  Descriptions
7 DL 0 R/W  DREQ Level
6 DS 0 R/W  DREQ Edge Select

These bits specify the sampling method of the DREQ
pin input and the sampling level.

These bits are valid only in CHCR_0O to CHCR_3.
These bits are reserved in CHCR_4 to CHCR_7; they
are always read as 0 and the write value should
always be 0.

If the transfer request source is specified as an on-chip
peripheral module or if an auto-request is specified, the
specification by these bits is ignored.

00: DREQ detected in low level
01: DREQ detected at falling edge
10: DREQ detected in high level
11: DREQ detected at rising edge

5 B 0 R/W  Transfer Bus Mode

Specifies the bus mode when DMA transfers data.
Note that the burst mode must not be selected when
TC=0.

0: Cycle steal mode
1: Burst mode

4,3 TS[1:0] 00 R/W  Transfer Size
These bits specify the size of data to be transferred.

Select the size of data to be transferred when the
source or destination is an on-chip peripheral module
register of which transfer size is specified.

00: Byte unit

01: Word unit (two bytes)

10: Longword unit (four bytes)
11: 16-byte (four longword) unit

2 IE 0 R/W  Interrupt Enable

Specifies whether or not an interrupt request is
generated to the CPU at the end of the DMA transfer.
Setting this bit to 1 generates an interrupt request
(DEI) to the CPU when TE bit is set to 1.

0: Disables an interrupt request
1: Enables an interrupt request
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Bit

Bit Name

Initial
Value

R/W

Descriptions

TE

0

RI(W)*

Transfer End Flag

This bit is set to 1 when DMATCR becomes 0 and
DMA transfer ends.

The TE bit is not set to 1 in the following cases.

o DMA transfer ends due to an NMI interrupt or
DMA address error before DMATCR becomes 0.

o DMA transfer is ended by clearing the DE bit and
DME bit in DMA operation register (DMAOR).

To clear the TE bit, write O after reading TE = 1.

Even if the DE bit is set to 1 while this bit is set to 1,
transfer is not enabled.

0: During the DMA transfer or DMA transfer has been
terminated

[Clearing condition]
e Writing O after reading TE = 1

1: DMA transfer ends by the specified count
(DMATCR = 0)

DE

R/W

DMA Enable

Enables or disables the DMA transfer. In auto request
mode, DMA transfer starts by setting the DE bit and
DME bit in DMAOR to 1. In this case, all of the bits
TE, NMIF in DMAOR, and AE must be 0. In an
external request or peripheral module request, DMA
transfer starts if DMA transfer request is generated by
the devices or peripheral modules after setting the
bits DE and DME to 1. In this case, however, all of the
bits TE, NMIF, and AE must be 0 as in the case of
auto request mode. Clearing the DE bit to O can
terminate the DMA transfer.

0: DMA transfer disabled
1: DMA transfer enabled

Note:

Only 0 can be written to clear the flag after 1 is read.
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9.35 DMA Reload Source Address Registers (RSAR)
The DMA reload source address registers (RSAR) are 32-bit readable/writable registers.

When the reload function is enabled, the RSAR value is written to the source address register
(SAR) at the end of the current DMA transfer. In this case, anew value for the next DMA transfer
can be preset in RSAR during the current DMA transfer. When the reload function is disabled,
RSAR isignored.

To transfer datain word (2-byte), longword (4-byte), or 16-byte unit, specify the address with 2-
byte, 4-byte, or 16-byte address boundary respectively.

RSAR isinitialized to H'00000000 by a power-on reset and retains the value in manual reset,
software standby mode, and module standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
- r-r-r-r-r-r-tr-t-ft-;t-71-7T-7T-7T-°]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

-r-r-r-r-r-fr-r-r-rer-r-repelel-
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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9.3.6 DMA Reload Destination Address Registers (RDAR)
The DMA reload destination address registers (RDAR) are 32-hit readable/writable registers.

When the reload function is enabled, the RDAR value is written to the destination address register
(DAR) at the end of the current DMA transfer. In this case, anew value for the next DMA transfer
can be preset in RDAR during the current DMA transfer. When the reload function is disabled,
RDAR isignored.

To transfer datain word (2-byte), longword (4-byte), or 16-byte unit, specify the address with 2-
byte, 4-byte, or 16-byte address boundary respectively.

RDAR isinitialized to H'00000000 by a power-on reset and retains the value in manual reset,
software standby mode, and module standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
- r-r-r-r-r-r-tr-t-ft-;t-71-7T-7T-7T-°]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

-r-r-r-r-r-fr-r-r-rer-r-repelel-
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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9.3.7 DMA Reload Transfer Count Registers (RDMATCR)
The DMA reload transfer count registers (RDMATCR) are 32-bit readable/writable registers.

When the reload function is enabled, the RDMATCR value is written to the transfer count register
(DMATCR) at the end of the current DMA transfer. In this case, a new value for the next DMA
transfer can be preset in RDMATCR during the current DMA transfer. When the reload function
isdisabled, RDMATCR isignored.

The upper eight bits of RDMATCR are always read as 0, and the write value should always be 0.

Asin DMATCR, the transfer count is 1 when the setting is H'00000001, 16,777,215 when
H'00FFFFFF is set, and 16,777,216 (the maximum) when H'00000000 is set. To transfer datain
16 bytes, one 16-byte transfer (128 bits) counts one.

RDMATCR isinitialized to H'00000000 by a power-on reset and retains the value in manual reset,
software standby mode, and module standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

-1l r-r-r-fr-r- - Fe el
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

-1l r-r-r-r-rer-fre e
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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9.3.8 DMA Operation Register (DMAOR)

The DMA operation register (DMAOR) is a 16-bit readable/writable register that specifiesthe
priority level of channels at the DMA transfer. This register also shows the DMA transfer status.

DMAOR isinitialized to H'00000000 by a power-on reset and retains the value in manual reset,
software standby mode, and module standby mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - \ - \ CMS[1:0] \ - \ - \ PR[1:0] \ - \ - \ - \ - \ - \ AE \ NMIF‘ DME I
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R RW RW R R RW RW R R R R R R/AW)*RI(W)* RW

Note: * Only 0 can be written to clear the flag after 1 is read.

Initial
Bit Bit Name Value R/W  Description
15, 14 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

13,12 CMSJ[1:0] 00 R/W  Cycle Steal Mode Select

These bits select either normal mode or intermittent
mode in cycle steal mode.

It is necessary that the bus modes of all channels be
set to cycle steal mode to make the intermittent mode
valid.

00: Normal mode
01: Setting prohibited
10: Intermittent mode 16

Executes one DMA transfer for every 16 cycles of
B¢ clock.

11: Intermittent mode 64

Executes one DMA transfer for every 64 cycles of
B¢ clock.

11, 10 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.
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SH7206 Group

Initial
Bit Bit Name Value R/W Description
9,8 PR[1:0] 00 R/W Priority Mode
These bits select the priority level between channels
when there are transfer requests for multiple channels
simultaneously.
00: Fixed mode 1: CHO > CH1 > CH2 > CH3 > CH4 >
CH5 > CH6 > CH7
01: Fixed mode 2: CHO > CH4 > CH1 > CH5 > CH2 >
CH6 > CH3 > CH7
10: Setting prohibited
11: Round-robin mode (only supported in CHO to CH3)
7t03 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
2 AE 0 R/(W)** Address Error Flag
Indicates whether an address error has occurred by
the DMAC. When this bit is set, even if the DE bit in
CHCR and the DME bit in DMAOR are set to 1, DMA
transfer is not enabled. This bit can only be cleared by
writing O after reading 1.
0: No DMAC address error
1: DMAC address error occurred
[Clearing condition]
e Writing O after reading AE = 1
1 NMIF 0 R/(W)** NMI Flag

Indicates that an NMI interrupt occurred. When this bit
is set, even if the DE bit in CHCR and the DME bit in
DMAOR are set to 1, DMA transfer is not enabled. This
bit can only be cleared by writing 0 after reading 1.

When the NMI is input, the DMA transfer in progress
can be done in one transfer unit. Even if the NMI
interrupt is input while the DMAC is not in operation,
the NMIF bit is set to 1. *?

0: No NMI interrupt

1: NMl interrupt occurred

[Clearing condition]

e Writing O after reading NMIF = 1**
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Initial
Bit Bit Name Value R/W  Description
0 DME 0 R/W  DMA Master Enable

Enables or disables DMA transfer on all channels. If
the DME bit and DE bit in CHCR are set to 1, DMA
transfer is enabled.

However, transfer is enabled only when the TE bit in
CHCR of the transfer corresponding channel, the NMIF
bit in DMAOR, and the AE bit are all cleared to 0.
Clearing the DME bit to 0 can terminate the DMA
transfer on all channels.

0: DMA transfer is disabled on all channels
1: DMA transfer is enabled on all channels

Notes: 1. Only O can be written to clear the flag after 1 is read.

2. Ifthe flag is read at the same timing it is set to 1, the read data will be 0, but the internal
state may be the same as reading 1. Therefore, if 0 is written to the flag, the flag will be
cleared to 0 because the internal state is the same as when writing O after reading 1.
For details, refer to section 9.5.4, Notes on Using Flag Bits.

If the priority mode bits are modified after a DMA transfer, the channel priority isinitialized. If
fixed mode 2 is specified, the channel priority is specified as CHO > CH4 > CH1 > CH5 > CH2 >
CH6 > CH3 > CH7. If fixed mode 1 is specified, the channel priority is specified as CHO > CH1 >
CH2 > CH3 > CH4 > CH5 > CH6 > CH7. If the round-robin mode is specified, the transfer end
channel isreset.

Table 9.3 show the priority change in each mode (modes 0 to 2) specified by the priority mode
bits. In each priority mode, the channel priority to accept the next transfer request may changein
up to three ways according to the transfer end channel.

For example, when the transfer end channel is channel 1, the priority of the channel to accept the
next transfer request is specified as CH2 > CH3 > CHO >CH1 > CH4 > CH5 > CH6 > CH7. When
the transfer end channel is any one of the channels 4 to 7, round-robin will not be applied and the
priority level is not changed at the end of transfer in the channels4 to 7.

The DMAC internal operation for an address error is as follows:

o No address error: Read (source to DMAC) — Write (DMAC to destination)
e Addresserror in source address: Nop — Nop
e Address error in destination address: Read — Nop
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Table9.3 Combinationsof Priority Mode Bits

Priority Level at the End of Transfer

Transfer Priority Mode
End Bits High < » Low
Mode CH No. PR[1] PR[0] O 1 2 3 4 5 6 7
Mode 0 Any 0 0 CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7
(fixed mode 1) channel
Mode 1 Any 0 1 CHO CH4 CH1 CH5 CH2 CH6 CH3 CH7
(fixed mode 2) channel
Mode 2 CHO 1 1 CH1 CH2 CH3 CHO CH4 CH5 CH6 CH7
(round-robin mode) - ) 1 1 CH2 CH3 CHO CHI CH4 CH5 CH6 CH7
CH2 1 1 CH3 CHO CH1 CH2 CH4 CH5 CH6 CH7
CH3 1 1 CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7
CH4 1 1 CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7
CH5 1 1 CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7
CH6 1 1 CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7
CH7 1 1 CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7
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9.3.9 DMA Extension Resour ce Selectors0to 3 (DMARSOto DMARS3)

The DMA extension resource selectors (DMARS) are 16-bit readable/writable registers that
specify the DMA transfer sources from peripheral modules in each channel. DMARSO is for
channels 0 and 1, DMARSL isfor channels 2 and 3, DMARS2 isfor channels 4 and 5, and
DMARS3 isfor channels 6 and 7. Table 9.4 shows the specifiable combinations.

DMARS can specify transfer requests from eight SCIF sources, two [1C3 sources, two A/D
converter sources, five MTUZ2 sources, and two CMT sources.

DMARSisinitialized to H'00000000 by a power-on reset and retains the value in manual reset,
software standby mode, and module standby mode.

e DMARSO

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CH1 MID[5:0] CH1 RID[1:0] CHO MID[5:0] CHO RID[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

e DMARSL

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CH3 MID[5:0] CH3 RID[1:0] CH2 MID[5:0] CH2 RID[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

e DMARS2

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CH5 MID[5:0] CH5 RID[1:0] CH4 MID[5:0] CH4 RID[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

e DMARS3

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CH7 MID[5:0] CH7 RID[1:0] CHé MID[5:0] CH6 RID[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Transfer requests from the various modules specify MID and RID as shown in table 9.4.
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Table9.4 DMARS Settings

Setting Value for One

Peripheral Module  Channel ({MID, RID}) MID RID Function
SCIF_0 H'81 B'100000 B'01 Transmit
H'82 B'10 Receive
SCIF_1 H'85 B'100001 B'01 Transmit
H'86 B'10 Receive
SCIF_2 H'89 B'100010 B'01 Transmit
H'8A B'10 Receive
SCIF_3 H'8D B'100011 B'01 Transmit
H'8E B'10 Receive
IIC3 H'Al B'101000 B'01 Transmit
H'A2 B'10 Receive
A/D converter_0 H'B3 B'101100 B'11 —
A/D converter_1 H'B7 B'101101 B'11 —
MTU2_0 H'E3 B'111000 B'11 —
MTU2_1 H'E7 B'111001 B'11 —
MTU2_2 H'EB B'111010 B'11 —
MTU2_3 H'EF B'111011 B'11 —
MTU2_4 H'F3 B'111100 B'11 —
CMT_O H'FB B'111110 B'11 —
CMT_1 H'FF B'111111 B'11 —

When MID or RID other than the values listed in table 9.4 is set, the operation of thisLSl isnot
guaranteed. The transfer request from DMARS is valid only when the resource select bits
(RSY[3:0]) in CHCRO to CHCRY7 have been set to B'1000. Otherwise, even if DMARS has been set,
the transfer request source is not accepted.
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94 Operation

When thereisa DMA transfer request, the DMAC starts the transfer according to the
predetermined channel priority order; when the transfer end conditions are satisfied, it ends the
transfer. Transfers can be requested in three modes: auto request, external request, and on-chip
peripheral module request. In bus mode, the burst mode or the cycle steal mode can be selected.

94.1 Transfer Flow

After the DMA source address registers (SAR), DMA destination address registers (DAR), DMA
transfer count registers (DMATCR), DMA channel control registers (CHCR), DMA operation
register (DMAOR), and DMA extension resource selector (DMARS) are set for the target transfer
conditions, the DMAC transfers data according to the following procedure:

1. Checksto seeif transfer isenabled (DE=1, DME=1, TE=0, AE=0, NMIF=0)

2. When atransfer request comes and transfer is enabled, the DMAC transfers one transfer unit of
data (depending on the TS0 and TS1 settings). For an auto request, the transfer begins
automatically when the DE bit and DME bit are set to 1. The DMATCR value will be
decremented by 1 for each transfer. The actual transfer flows vary by address mode and bus
mode.

3. When half of the specified transfer count is exceeded (when DMATCR reaches half of the
initial value), an HEI interrupt is sent to the CPU if the HIE bit in CHCR is set to 1.

4. When transfer has been completed for the specified count (when DMATCR reaches 0), the
transfer ends normally. If the IE bit in CHCR is set to 1 at thistime, a DEI interrupt is sent to
the CPU.

5. When an address error in the DMAC or an NMI interrupt is generated, the transfer is
terminated. Transfers are also terminated when the DE bit in CHCR or the DME bit in
DMAOR iscleared to O.

Figure 9.2 isaflowchart of this procedure.
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Initial settings
(SAR, DAR, DMATCR, CHCR,
DMAOR, DMARS)

e —
Y

DE, DME =1 an
NMIF, AE, TE = 0?

Transfer request
occurs?+1

Bus mode,
transfer request mode,

Yes

V: *3 REQ detection syste
Transfer (one transfer unit);

DMATCR -1 — DMATCR, A

SAR and DAR updated

DMATCR = 0? No
Yes
DMATCR=1/2 ?
TE=1
* HE=1
DEI interrupt request
(when IE = 1) +
HEI interrupt request
When reload function is enabled, (when HE = 1)
RSAR — SAR, RDAR — DAR,
and RDMATCR — DMATCR y
v When the TC bit in CHCR is 0, or
For_ a request from an for a request from an on-chip peripheral
on-chip peripheral modu!e, module, the transfer acknowledge
the transfer acknowledge signal signal is sent to the module
is sent to the module. :

NMIF =1
orAE=10orDE=0
or DME = 0?

/
( Transfer end ) ( Normal end ) Cl'ransferterminated)

Notes: 1. In auto-request mode, transfer begins when the NMIF, AE, and TE bits are cleared to 0 and the
DE and DME bits are set to 1.
2. DREQ level detection in burst mode (external request) or cycle steal mode.
3. DREQ edge detection in burst mode (external request), or auto request mode in burst mode.

Figure9.2 DMA Transfer Flowchart
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94.2 DMA Transfer Requests

DMA transfer requests are basically generated in either the data transfer source or destination, but
they can also be generated in external devices and on-chip peripheral modules that are neither the
transfer source nor destination.

Transfers can be requested in three modes: auto request, external request, and on-chip peripheral
module request. The request mode is selected by the RS[3:0] bitsin CHCR_0to CHCR_7 and
DMARSO to DMARSS.

(1) Auto-Request Mode

When thereis no transfer request signal from an external source, asin a memory-to-memory
transfer or atransfer between memory and an on-chip peripheral module unable to request a
transfer, the auto-request mode allows the DMAC to automatically generate atransfer request
signal internally. When the DE bhitsin CHCR_0 to CHCR_7 and the DME bit in DMAOR are set
to 1, the transfer begins so long as the TE bitsin CHCR_0to CHCR_7, and the AE and NMIF bits
in DMAOR are 0.

(2) External Request Mode

In this mode atransfer is performed at the request signals (DREQO to DREQ3) of an externa
device. Choose one of the modes shown in table 9.5 according to the application system. When the
DMA transfer isenabled (DE=1, DME =1, TE=0, AE =0, NMIF = 0), DMA transfer is
performed upon arequest at the DREQ input.

Table9.5 Selecting External Request Modeswith the RS Bits

Transfer
RS[3] RS[2] RS[1] RS[0] Address Mode Transfer Source Destination
0 0 0 0 Dual address mode  Any Any
0 0 1 0 Single address mode External memory, External device with

memory-mapped DACK
external device

1 External device with External memory,
DACK memory-mapped
external device

Choose to detect DREQ by either the edge or level of the signal input with the DL and DS bitsin
CHCR _0to CHCR_3asshown in table 9.6. The source of the transfer request does not have to be
the data transfer source or destination.

ROLUH0283EJ0400 Rev. 4.00 Page 387 of 1164
Aug 22, 2011 RENESAS



Section 9 Direct Memory Access Controller (DMAC) SH7206 Group

Table9.6  Selecting External Reguest Detection with DL and DS Bits

CHCR
DL bit DS bit Detection of External Request
0 0 Low level detection
1 Falling edge detection
1 0 High level detection
1 Rising edge detection

When DREQ is accepted, the DREQ pin enters the request accept disabled state (non-sensitive
period). After issuing acknowledge DACK signal for the accepted DREQ, the DREQ pin again
enters the request accept enabled state.

When DREQ is used by level detection, there are following two cases by the timing to detect the
next DREQ after outputting DACK.

Overrun 0: Transfer isterminated after the same number of transfer has been performed as
requests.

Overrun 1: Transfer isterminated after transfers have been performed for (the number of requests
plus 1) times.

The DO bit in CHCR selects this overrun 0 or overrun 1.

Table9.7 Selecting External Request Detection with DO Bit

CHCR

DO bit External Request

0 Overrun O

1 Overrun 1
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(3) On-Chip Peripheral Module Request

In this mode, the transfer is performed in response to the DMA transfer request signal from an on-
chip peripheral module.

Signals that request DMA transfer from on-chip peripheral modules include transmit FIFO data
empty and receive FIFO data full from the SCIF, transmit data empty and receive data full from
the I1C3, A/D conversion end transfer requests from the A/D converter, input capture/compare
match from the MTUZ2, and compare match from the CMT.

When atransfer request signal is sent in on-chip peripheral module request mode while DMA
transfer isenabled (DE=1, DME =1, TE=0, AE =0, and NMIF = 0), DMA transfer is
performed.

When the transmit FIFO data empty from the SCIF is selected, specify the transfer destination as
the corresponding SCIF transmit FIFO data register. Likewise, when the receive FIFO data full
from the SCIF is selected, specify the transfer source as the corresponding SCIF receive FIFO data
register. When the transmit data empty from [1C3 is selected as the transfer request, the transfer
destination must be ICDRT; when the receive data full from 11C3 is selected as the transfer
request, the transfer source must be ICDRR. When atransfer request is set to the end of A/D
conversion by the A/D converter, the transfer source must be the A/D dataregister (ADDR). Any
address can be specified for data transfer source and destination when atransfer request is set to an
input capture/compare match from the MTU2 or compare match from the CMT.
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Table9.8  Selecting On-Chip Peripheral Module Request Modes with RS3 to RSO Bits

CHCR DMARS

DMA Transfer

Request DMA Transfer Transfer Transfer Bus
RS[3:0] MID RID Source Request Signal Source Destination Mode
1000 100000 01 SCIF_0transmit TXIO (transmit FIFO data empty) Any SCFTDR_0 Cycle
10 SCIF Oreceive RXIO (receive FIFO data full) SCFRDR_0 Any steal
100001 01 SCIF_1transmit TXI1 (transmit FIFO data empty) Any SCFTDR_1
10 SCIF_1receive RXI1 (receive FIFO data full) SCFRDR_1 Any
100010 01 SCIF_2transmit TXI2 (transmit FIFO data empty) Any SCFTDR_2
10 SCIF_2receive RXI2 (receive FIFO data full) SCFRDR_2 Any
100011 01 SCIF_3transmit TXI3 (transmit FIFO data empty) Any SCFTDR_3
10 SCIF_3receive RXI3 (receive FIFO data full) SCFRDR_3 Any
101000 01 IIC3 transmit TXI (transmit data empty) Any ICDRT Cycle
10 IC3 receive RXI (receive data full) ICDRR Any steal
101100 11 A/D converter_0 ADIO (A/D conversion end) ADDRO Any Cycle
101101 11 AJDconverter_1 ADI1 (A/D conversion end) ADDR1 Any steal
111000 11 MTU2_0 TGIOA (input capture/compare Any Any Cycle
match) steal or
111001 11 MTU2_1 TGI1A (input capture/compare Any Any burst
match)
111010 11 MTU2_2 TGI2A (input capture/compare Any Any
match)
111011 11 MTU2_3 TGI3A (input capture/compare Any Any
match)
111100 11 MTU2_4 TGI4A (input capture/compare Any Any
match)
111110 11 CMT_O CMIO (compare match) Any Any Cycle
111111 11 CMT 1 CMI1 (compare match) Any Any Ztea'tor
urs
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94.3 Channel Priority

When the DMAC receives simultaneous transfer requests on two or more channels, it selectsa
channel according to a predetermined priority order. Three modes (fixed mode 1, fixed mode 2,
and round-robin mode) are selected using the PR1 and PRO bitsin DMAOR.

(1) Fixed Mode

In fixed modes, the priority levels among the channels remain fixed. There are two kinds of fixed
modes as follows:

Fixed mode 1: CHO > CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7
Fixed mode 2: CHO > CH4 > CH1 > CH5 > CH2 > CH6 > CH3 > CH7
These are selected by the PR1 and PRO hitsin the DMA operation register (DMAOR).

(2) Round-Robin Mode

Each time one unit of word, byte, longword, or 16 bytesistransferred on one channel, the priority
order is rotated. The channel on which the transfer was just finished is rotated to the lowest of the
priority order among the four round-robin channels (channels 0 to 4). The priority of the channels
other than the round-robin channels (channels 0 to 4) does not change even in round-robin mode.
The round-robin mode operation is shown in figure 9.3. The priority in round-robin modeis CHO
> CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7 immediately after areset.

When the round-robin mode has been specified, do not concurrently specify cycle steal mode and
burst mode as the bus modes of any two or more channels.

ROLUH0283EJ0400 Rev. 4.00 Page 391 of 1164
Aug 22, 2011 RENESAS



Section 9 Direct Memory Access Controller (DMAC) SH7206 Group

(1) When channel 0 transfers

Initial priority order | CHO > CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7 | Channel 0 is given the lowest priority

among the round-robin channels.

| CHA1 >CH2>CH3>CHO>CH4>CH5>CH6>CH7|

Priority order
after transfer

(2) When channel 1 transfers

Initial priority order Channel 1 is given the lowest priority
p y CHO > CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7 among the round-robin channels. The

priority of channel 0, which was higher
than channel 1, is also shifted.

Priority order

after transfer | CH2 > CH3 > CHO > CH1 > CH4 > CH5 > CH6 > CH7 |

(3) When channel 2 transfers

Initial priority order | CHO > CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7 | Channel 2 is given the lowest priority
. among the round-robin channels. The
. priority of channels 0 and 1, which were
hee, higher than channel 2, is also shifted. If
----- y ; there is a transfer request only to
channel 5 immediately after that, the
| CH3 > CHO > CH1 > CH2 > CH4 > CH5 > CH6 > CH7 | priority does not change because

channel 5 is not a round-robin channel.

Priority order
after transfer

Post-transfer priority order )
when there is an | CH3 > CHO > CH1 > CH2 > CH4 > CH5 > CH6 > CH7 |
immediate transfer
request to channel 5 only

(4) When channel 7 transfers

Initial priority order | CHO > CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7 | Priority order does not change.

;

| CHO > CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7 |

Priority order
after transfer

Figure9.3 Round-Robin Mode
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Figure 9.4 shows how the priority order changes when channel 0 and channel 3 transfers are
requested simultaneously and a channel 1 transfer is requested during the channel 0 transfer. The
DMAC operates as follows:

1. Transfer requests are generated simultaneously to channels 0 and 3.

2. Channél 0 has a higher priority, so the channel 0 transfer beginsfirst (channel 3 waits for
transfer).

3. A channel 1 transfer request occurs during the channel 0 transfer (channels 1 and 3 are both
waiting)

4. When the channel 0 transfer ends, channel 0 is given the lowest priority among the round-robin
channels.

5. At thispoint, channel 1 has ahigher priority than channel 3, so the channel 1 transfer begins
(channel 3 waits for transfer).

6. When the channel 1 transfer ends, channel 1 is given the lowest priority among the round-robin
channels.

7. The channel 3 transfer begins.

8. When the channel 3 transfer ends, channels 3 and 2 are lowered in priority so that channel 3 is
given the lowest priority among the round-robin channels.

Transfer request ~ Waiting channel(s) DMAC operation Channel priority

(1) Channels 0 and 3
—— (2) Channel 0 transfer stat <——— 0>1>2>3>4>5>6>7

3
(8) Channel 1——> ——
Priority order

1,3 (4) Channel 0 transfer ends changes

——  (5) Channel 1 transfer starts /

1>2>3>0>4>5>6>7

Priority order
3 (6) Channel 1 transfer ends changes 2>3>0>1>4>5>6>7
= (7) Channel 3 transfer starts /
None Priority order
changes

—L— (8) Channel 3 transferendss —————— > 0>1>2>3>4>5>6>7

Figure9.4 Changesin Channel Priority in Round-Robin M ode
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944 DMA Transfer Types

DMA transfer has two types; single address mode transfer and dual address mode transfer. They
depend on the number of bus cycles of accessto the transfer source and destination. A data
transfer timing depends on the bus mode, which is the cycle steal mode or burst mode. The
DMAC supports the transfers shown in table 9.9.

Table9.9 Supported DMA Transfers

Transfer Destination

External Device External Memory-Mapped On-Chip On-Chip
Transfer Source  with DACK Memory External Device Peripheral Module Memory
External device Not available Dual, single Dual, single Not available Not available
with DACK
External memory  Dual, single Dual Dual Dual Dual
Memory-mapped  Dual, single Dual Dual Dual Dual
external device
On-chip Not available Dual Dual Dual Dual
peripheral module
On-chip memory  Not available Dual Dual Dual Dual

Notes: 1. Dual: Dual address mode
2. Single: Single address mode

3. 16-byte transfer is available only for on-chip peripheral modules that support longword
access.
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(1) AddressModes

(@) Dual AddressMode

In dual address mode, both the transfer source and destination are accessed (sel ected) by an
address. The transfer source and destination can be located externally or internally.

DMA transfer requires two bus cycles because datais read from the transfer source in a data read
cycle and written to the transfer destination in a data write cycle. At thistime, transfer dataiis
temporarily stored in the DMAC. In the transfer between external memories as shown in figure
9.5, dataisread to the DMAC from one external memory in a dataread cycle, and then that datais
written to the other external memory in adata write cycle.

Memory

Transfer source
module

.
Il
; |Data bufferl ; l\/

The SAR value is an address, data is read from the transfer source module,
and the data is tempolarily stored in the DMAC.

First bus cycle

Address bus

{ Data|bus )

Transfer destination
module

Memory

. |Data bufferl : .

The DAR value is an address and the value stored in the data buffer in the
DMAC is written to the transfer destination module.

Transfer source
module

Address bus

{ Data bus )

Transfer destination
module

Second bus cycle

Figure9.5 Data Flow of Dual Address Mode

Auto request, external request, and on-chip peripheral module request are available for the transfer
request. DACK can be output in read cycle or write cyclein dual address mode. The AM bit in the
channel control register (CHCR) can specify whether the DACK isoutput in read cycle or write
cycle.

Figure 9.6 shows an example of DMA transfer timing in dual address mode.
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CKIO | | |

Transfer source
A2510 A0 X address X

Transfer destination]
address J

= — s

D31 to DO : { ) '
E \ /

RD ' \ /

WEnR ;

/

DACKn \ (
(Active-low)

i Datareadcycle Data write cycle

(1st cycle) (2nd cycle) E

Note: In transfer between external memories, with DACK output in the read cycle,
DACK output timing is the same as that of CSn.

Figure9.6 Exampleof DMA Transfer Timingin Dual Mode
(Transfer Source: Normal Memory, Transfer Destination: Normal Memory)
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(b) Single Address Mode

In single address mode, both the transfer source and destination are external devices, either of
them is accessed (selected) by the DACK signal, and the other device is accessed by an address. In
this mode, the DMAC performs one DMA transfer in one bus cycle, accessing one of the external
devices by outputting the DACK transfer request acknowledge signal to it, and at the same time
outputting an address to the other device involved in the transfer. For example, in the case of
transfer between external memory and an external device with DACK shown in figure 9.7, when
the external device outputs data to the data bus, that datais written to the external memory in the
same bus cycle.

External address bus External data bus
A
This LS| 1 -
DMAC i External
memory
— —
I
A ;
E External device
KT with DACK
~ -/
DACK A
DREQ

rrrrrrrrrr » Data flow (from memory to device)

fffff » Data flow (from device to memory)

Figure9.7 DataFlow in Single Address Mode

Two kinds of transfer are possible in single address mode: (1) transfer between an external device
with DACK and a memory-mapped external device, and (2) transfer between an external device
with DACK and external memory. In both cases, only the external request signal (DREQ) is used
for transfer requests.

Figure 9.8 shows an example of DMA transfer timing in single address mode.
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CK _,_\_,_\_,_\_
A25 to AO ~<—— Address output to external memory space
CSn TN | ~<—— Select signal to external memory space
WEn |/ <—— Write strobe signal to external memory space
D31to D0 — Data output from external device with DACK
DACKn — | <«—— DACK signal (active-low) to external device with DACK

(a) External device with DACK — External memory space (normal memory)

ck L\
A25 to A0 <—— Address output to external memory space
CSn T N | <«— Select signal to external memory space
RD \_| / <—— Read strobe signal to external memory space
D31 to DO Data output from external memory space
DACKn ™ N__ | <~—— DACK signal (active-low) to external device with DACK

(b) External memory space (normal memory) — External device with DACK

@

Figure9.8 Example of DMA Transfer Timingin Single Address M ode

Bus Modes

There are two bus modes; cycle steal and burst. Select the mode by the TB bits in the channel
control registers (CHCR).

(@) Cycle Steal Mode

Normal mode

In normal mode of cycle steal, the bus mastership is given to another bus master after a one-
transfer-unit (byte, word, longword, or 16-byte unit) DMA transfer. When another transfer
request occurs, the bus mastership is obtained from another bus master and atransfer is
performed for one transfer unit. When that transfer ends, the bus mastership is passed to
another bus master. Thisis repeated until the transfer end conditions are satisfied.

The cycle-steal normal mode can be used for any transfer section; transfer request source,
transfer source, and transfer destination.

Figure 9.9 shows an example of DMA transfer timing in cycle-steal norma mode. Transfer
conditions shown in the figure are;

— Dual address mode

— DREQ low level detection
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DREQ ~ \ /

Bus mastership returned to CPU once

f_J%
Bus cycle X CPU X CPUX CPU XDMACYDMACK CPU XDMACXDMACK CPU X
Read/Write Read/Write

Figure9.9 DMA Transfer Examplein Cycle-Steal Normal Mode
(Dual Address, DREQ Low Level Detection)

e Intermittent Mode 16 and Intermittent Mode 64
In intermittent mode of cycle steal, DMAC returns the bus mastership to other bus master
whenever aunit of transfer (byte, word, longword, or 16 bytes) is completed. If the next
transfer request occurs after that, DMAC obtains the bus mastership from other bus master
after waiting for 16 or 64 cycles of B¢ clock. DMAC then transfers data of one unit and returns
the bus mastership to other bus master. These operations are repeated until the transfer end
condition is satisfied. It is thus possible to make lower the ratio of bus occupation by DMA
transfer than the norma mode of cycle steal.
When DMAC obtains again the bus mastership, DMA transfer may be postponed in case of
entry updating due to cache miss.
The cycle-stea intermittent mode can be used for any transfer section; transfer request source,
transfer source, and transfer destination. The bus modes, however, must be cycle steal mode in
al channels.
Figure 9.10 shows an example of DMA transfer timing in cycle-steal intermittent mode.
Transfer conditions shown in the figure are;
— Dual address mode
— DREQ low level detection

pREQ  \ {{/ /

More than 16 or 64 B¢ clock cycles
(depends on the CPU's condition of using bus)

Bus cycle :X CPU X CPU X CPU XDMACXDMACX CPU CPU XDMACXDMACX CPU x:
Read/Write Read/Write

Figure9.10 Example of DMA Transfer in Cycle-Steal I ntermittent Mode
(Dual Address, DREQ Low Level Detection)
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(b) Burst Mode

In burst mode, once the DMAC aobtains the bus mastership, it does not release the bus mastership
and continues to perform transfer until the transfer end condition is satisfied. In external request
mode with low level detection of the DREQ pin, however, when the DREQ pin isdriven high, the
bus mastership is passed to another bus master after the DMAC transfer request that has already
been accepted ends, even if the transfer end conditions have not been satisfied.

Figure 9.11 shows DMA transfer timing in burst mode.

DREQ \ /
Bus cycle XCPU X CPU X CPU XDMACXDMACXDMACXDMACX CPU X GPU X

Read Write Read Write

Figure9.11 DMA Transfer Examplein Burst Mode
(Dual Address, DREQ Low Level Detection)

(3 Reationship between Request Modes and Bus Modes by DMA Transfer Category

Table 9.10 shows the relationship between request modes and bus modes by DMA transfer
category.

Page 400 of 1164 RO1UH0283EJ0400 Rev. 4.00
u zENESAS AUg 22,2011




SH7206 Group Section 9 Direct Memory Access Controller (DMAC)

Table9.10 Relationship of Request Modes and Bus Modesby DMA Transfer Category

Address Request  Bus Transfer Usable
Mode Transfer Category Mode Mode Size (Bits) Channels
Dual External device with DACK and external memory External B/C 8/16/32/128 Oto3
External device with DACK and memory-mapped External B/C 8/16/32/128 Oto3
external device
External memory and external memory Allx* B/C 8/16/32/128  0Oto 7*°
External memory and memory-mapped external ~ All** B/C 8/16/32/128  0Oto 7*°
device
Memory-mapped external device and memory- All** B/C 8/16/32/128 0to 7*°
mapped external device
External memory and on-chip peripheral module ~ All** B/C*® 8/16/32/128** O0to 7*°
Memory-mapped external device and All** B/C*® 8/16/32/128** O0to 7*°
on-chip peripheral module
On-chip peripheral module and on-chip peripheral All** B/C*® 8/16/32/128** O0to 7*°
module
On-chip memory and on-chip memory All** B/C 8/16/32/128  0Oto 7*°
On-chip memory and memory-mapped external Allx* B/C 8/16/32/128 0to 7*°
device
On-chip memory and on-chip peripheral module  All** B/C*® 8/16/32/128** O0to 7*°
On-chip memory and external memory All** B/C 8/16/32/128  0Oto 7*°
Single External device with DACK and external memory External B/C 8/16/32/128 Oto3
External device with DACK and memory-mapped External B/C 8/16/32/128 Oto3
external device
[Legend]
B: Burst
C: Cycle steal
Notes: 1. External requests, auto requests, and on-chip peripheral module requests are all
available. However, in the case of internal module request, along with the exception of
MTU2 and CMT as the transfer request source, the requesting module must be
designated as the transfer source or the transfer destination.
2. Access size permitted for the on-chip peripheral module register functioning as the
transfer source or transfer destination.
3. If the transfer request is an external request, channels 0 to 3 are only available.
4. External requests, auto requests, and on-chip peripheral module requests are all
available. In the case of on-chip peripheral module requests, however, the CMT and
MTU2 are only available.
5. In the case of internal module request, only cycle steal except for the MTU2 and CMT

as the transfer request source.
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(4) BusModeand Channel Priority

In priority fixed mode (CHO > CH1), when channel 1 istransferring datain burst mode and a
request arrives for transfer on channel 0, which has higher-priority, the data transfer on channel 0
will begin immediately. In this case, if the transfer on channel 0 isalso in burst mode, the transfer
on channel 1 will only resume on completion of the transfer on channel 0.

When channel Oisin cycle steal mode, one transfer-unit of data on this channel, which has the
higher priority, istransferred. Datais then transferred continuously to channel 1 without releasing
the bus. The bus mastership will then switch between the two in this order: channel 0, channel 1,
channel 0, channel 1, etc. That is, the CPU cycle after the data transfer in cycle steal modeis
replaced with a burst-mode transfer cycle (priority execution of burst-mode cycle). An example of
thisis shown in figure 9.12.

When multiple channels are in burst mode, data transfer on the channel that has the highest
priority is given precedence. When DMA transfer is being performed on multiple channels, the
bus mastership is not released to another bus-master device until all of the competing burst-mode
transfers have been completed.

DMA DMA \/ DMA \/ DMA \/ DMA DMA DMA
X cPU X CH1 CH1 X CHO X CH1 /\ CHo /\ CH1 CH1 X CPU X

CH1 CHO
DMAC CH1 DMAC CHO and CH1 DMAC CHA1
CPU Burst mode Cycle steal mode Burst mode CPU
| | l

Priority: CHO > CH1
CHO: Cycle steal mode
CH1: Burst mode

Figure9.12 Bus State when Multiple Channels are Operating

In round-robin mode, the priority changes as shown in figure 9.3. Note that channelsin cycle steal
and burst modes must not be mixed.
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945 Number of Bus Cyclesand DREQ Pin Sampling Timing
(1) Number of BusCycles

When the DMAC is the bus master, the number of bus cyclesis controlled by the bus state
controller (BSC) in the same way as when the CPU is the bus master. For details, see section 8,
Bus State Controller (BSC).

(2) DREQ Pin Sampling Timing

Figures 9.13 t0 9.16 show the DREQ input sampling timings in each bus mode.

Bus cycle X_cpu X" cpru X" bmac X cPu X
. 1st acceptance 1 2nd acceptance

DREQ AT WY

(Rising) & on sensitive period

DACK | |
(Active-high)

E ™ Acceptance start

Figure9.13 Example of DREQ Input Detection in Cycle Steal M ode Edge Detection

Bus cycle X_CPu_X_ cpru DMAC X CPU

DREQ st acceptance 1 2nd acceptance

(Overunoat [T} Non sensite period T AN

DACK | l

(Active-high) > Acceptance
start

Bus cycle )( CPU__ X __cPU X bmac_ X__cpu_ X

DREQ é‘ S AN e :@2”" Accptance .

Overun tat [T\ tensersirerered [} NN

DACK | I_

(Active-high) > Acceptance

start

Figure9.14 Example of DREQ Input Detection in Cycle Steal Mode L evel Detection
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CKIO

Bus cycle X cpu X cpu X DMAC DMAC
DREQ ~ Burst acceptance

(Rising) \ Non sensitive period \

DACK | IJ/'

(Active-high)

Figure9.15 Example of DREQ Input Detection in Burst M ode Edge Detection

CKIO

Bus cycle X CPU X DMAC
DREQ . 1st acceptance

(Overrun 0 at ; o )

high level) _IN Non sensiive period\\

DACK

(Active-high)

|
— Acceptance
start

(Active-high)

CKIO
Bus cycle X_cpu_ X__cpu_ X DMAC DMAC
i | 1 3rd
DREQ . 1st acceptance . 2nd acceptance \\ racceptance
Overrun 1 at i iti ) v T
it 1T \Won sensiive period \\\" A\
DACK |

— Acceptance — Acceptance
start start

Figure9.16 Example of DREQ Input Detection in Burst Mode Level Detection
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Figure 9.17 shows the TEND output timing.

S0 SN I I I o Iy

End of DMA transfer
Buscycde X _DMAC X cPu_ X _DMAC X cpu_ X cpu_ X

DREQ

DACK I | I |
TEND | |

Figure9.17 Example of DMA Transfer End Signal Timing
(Cycle Steal Mode L evel Detection)

The unit of the DMA transfer is divided into multiple bus cycles when 16-byte transfer is
performed for an 8-bit, 16-bit, or 32-bit external device, when longword accessis performed for an
8-bit or 16-bit externa device, or when word accessis performed for an 8-bit external device.
When a setting is made so that the DMA transfer size is divided into multiple bus cycles and the
CS signal is negated between bus cycles, note that DACK and TEND are divided like the CS
signal for data alignment as shown in figure 9.18. Also, the DREQ sampling may not be detected
correctly with divided DACK, and one extra overrun may occur at maximum. Use a setting that
does not divide DACK or specify atransfer size smaller than the external device buswidth if
DACK isdivided.
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CKIO
Address
Data
DACKn
(Active low)
TEND
(Active low)
WAIT

Note: TEND is asserted for the last unit of DMA transfer. If a transfer unit

is divided into multiple bus cycles and the CS is negated between

the bus cycles, TEND is also divided.

Figure9.18 BSC Normal Memory Access
(No Wait, Idle Cycle 1, Longwor d Accessto 16-Bit Device)
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9.5 Usage Notes

951 Setting of the Half-End Flag and Generation of the Half-End Interrupt

When executing DMA transfer by reload function of DMAC, setting different value to DMA
reload transfer count register (RDMATCR_n) from the DMA transfer count register
(DMATCR_n) value set when transfer is started lead to an error in the operation of the half end
flag of DMA channel control register (CHCR_n). Even though the value of DMATCR nis
rewritten by reload operation, half end flag is set based on the value set when transfer is started.
Because of this, there may be errors where (@) the set timing of the half end flag is not correct, or
(b) the half end flag can not be set, may be generated. When executing DMA transfer by reload
function under the condition that different values are set to RDMATCR_n from DMATCR_n, do
not use half end flag or half end interrupt.

9.5.2 Timing of DACK and TEND Outputs

When the external memory isthe MPX-1/O or burst MPX-1/0, the DACK output is asserted with
the timing of the data cycle. For details, see the respective figuresin section 8.5.5, MPX-1/O
Interface, or section 8.5.10, Burst MPX-1/O Interface.

When the memory is other than the MPX-1/0 or burst MPX-1/O, the DACK output is asserted
with the same timing as the corresponding CS signal.

The TEND output does hot depend on the type of memory and is always asserted with the same
timing as the corresponding CS signal.

95.3 DREQ Sampling

There are cases that when DACK is split for an external access, DREQ can be sampled twice in
that access.

When DACK is split for an external access as following.
(1) Incasethat buswidth and access size are one of the following four cases

e 16 byte access

e 32 bit accessfor 8 bit space
e 16 hit accessfor 8 bit space
e 32 bit accessfor 16 bit space
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(2) and,in casethat the setting isone of the following three cases

o  Write-Write cycles (IWW[2:0]) >=001
e Read-Read cyclesin the same spaces (IWRRS[2:0]) >=001
e External Wait Mask Specification (WM) =0

In addition to above condition, DREQ sampling and access type is one of the following two cases,
DREQ can be sampled twice.

e For DREQ leve detection: only write access
¢ For DREQ edge detection: both write access and read access

Figures 9.19 to 9.22 show DREQ sampling timing for above access.
For the external access as shown above conditions, please use one of the following three ways.

o For DREQ edge detection: please input one DREQ edge at maximum in that external access.

e For DREQ level detection in overrun O: please negate DREQ after the detection of the first
DACK negation and before the second DACK negation.

e For DREQ level detection in overrun 1: please negate DREQ after the detection of the first
DACK assertion and before the second DACK assertion.
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when DACK is Split to 4 Dueto Idia Cycles

} ]
| |
| |
Bus cycle X CPU b( | DMAC Write or Read X
| |
|
|

: 1st acceptance

2nd acceptance

DREQ 3rd acceptance is after the next DACK assertion
(Rising) /
l Non sensitive period Non sensitive period
|
|
|

i

|
DACK ! [ | [
(Active-high) ' !

Figure9.20 Example of DREQ Input Detection in Cycle Steal M ode Edge Detection
when DACK is Split to 2 Dueto Idia Cycles

ROLUH0283EJ0400 Rev. 4.00 Page 409 of 1164
Aug 22, 2011 RENESAS




Section 9 Direct Memory Access Controller (DMAC) SH7206 Group

cKio SpEpEpEpipipipipEpipSpipipEp il

| 1
| [
| ! H
Bus cycle X CPU tx i DMAC Write X
| | |
| ]
I1st acceptance(( ’;\ 2nd acceptance : 3rd acceptance possible
DREQ ) N i
(Overrun 0 at — - H - o
high level) Non sensitive period : Non sensitive period :
h |

G-I SRR ey b A S s

oK SpNpEnEpipipEpipipipSpipipEp il

high level)

' i
| | !
Bus cycle A_CPU w ! DMAC Write X
1 | !
| ]
st acceptance/( A'\ 2nd acceptance : 3rd acceptance possible
DREQ A '
(Overrun 1 at ! !
|
|

1 Non sensitive period : Non sensitive period
| |
| L
|
I

(DAiier-high) —:HH I_lI I_I l_l l_

Figure9.21 Example of DREQ Input Detection in Cycle Steal Mode L evel Detection
when DACK is Split to 4 Dueto Idia Cycles

Page 410 of 1164 RO1UH0283EJ0400 Rev. 4.00
u zEN ESAS AUg 22,2011




SH7206 Group

Section 9 Direct Memory Access Controller (DMAC)

CKIO

Bus cycle

DREQ
(Overrun 0 at
high level)

DACK
(Active-high)

CKIO

Bus cycle

DREQ
(Overrun 1 at
high level)

DACK
(Active-high)

1
1
DMAC Write X

—p

I
2nd acceptance | .
3rd acceptance possible

n
a

©
Q
[}
@
p=t
S
3
5]
®

}
|

—
Non sensitive period iNon sensitive period)

Lo
)

;)( CPU )qw DMAC Writ X

\1st acceptance, | 2nd acceptance
(EEPN

i 3rd acceptance possible
N1 !

Non sensitive penoleon sensitive period|

e

Figure9.22 Example of DREQ Input Detection in Cycle Steal Mode L evel Detection

when DACK is Split to 2 Dueto Idia Cycles

RO1UHO0283EJ0400 Rev. 4.00

Aug 22, 2011

Page 411 of 1164
RENESAS




Section 9 Direct Memory Access Controller (DMAC) SH7206 Group

954 Notes on Using Flag Bits

If the NMIF (NMI flag) bit in the DMA operation register isread at the sametimeasitisset to 1,
the read data will be 0, but the internal state may be the same as when it isread as 1. Therefore, if
Oiswritten to the flag, the flag will be cleared to 0 because the internal state is the same as when

writing O after reading 1.

In the case of using aflag, to prevent from unintentionally clearing the flag bit to O, perform
read/write as follows:

(a) In the case of intended bit clear, write O to the flag bit after reading it as 1.
(b) In other cases, write 1 to the flag bit.

If aflag isnot used, just writing O to the flag bit does not generate errors (in the case of intended
bit clear, write 0 to the flag bit after reading it as 1).
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

ThisLSl has an on-chip multi-function timer pulse unit 2 (MTUZ2) that comprises six 16-bit timer
channels.

10.1 Features

e Maximum 16 pulse input/output lines and three pulse input lines
e Selection of eight counter input clocks for each channel (four clocks for channel 5)
e Thefollowing operations can be set for channels 0 to 4:

— Waveform output at compare match

— Input capture function

— Counter clear operation

— Multiple timer counters (TCNT) can be written to simultaneously

— Simultaneous clearing by compare match and input capture is possible

— Register simultaneous input/output is possible by synchronous counter operation

— A maximum 12-phase PWM output is possible in combination with synchronous operation
However, waveform output by compare match for channel 5 is not possible.

e Buffer operation settable for channels 0, 3, and 4

e Phase counting mode settable independently for each of channels 1 and 2

e Cascade connection operation

e Fast accessviainternal 16-bit bus

e 28interrupt sources

e Automatic transfer of register data

e A/D converter start trigger can be generated

e Module standby mode can be settable

e A total of six-phase waveform output, which includes complementary PWM output, and
positive and negative phases of reset PWM output by interlocking operation of channels 3 and
4, ispossible.

e AC synchronous motor (brushless DC motor) drive mode using complementary PWM output
and reset PWM output is settable by interlocking operation of channels 0, 3, and 4, and the
selection of two types of waveform outputs (chopping and level) is possible.

e Dead time compensation counter available in channel 5

¢ In complementary PWM mode, interrupts at the crest and trough of the counter value and A/D
converter start triggers can be skipped.

ROLUH0283EJ0400 Rev. 4.00 Page 413 of 1164
Aug 22, 2011 RENESAS



Section 10 Multi-Function Timer Pulse Unit 2 (MTU2) SH7206 Group

Table10.1 MTU2 Functions

Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
Count clock Pd/1 P/l Py/1 Pd/1 P/1 P/1
Po/4 Po/4 Py/4 Po/4 Po/4 Po/4
Pd/16 Pd/16 Py/16 Pd/16 P¢/16 P¢/16
Po/64 Py/64 Py/64 Po/64 Py/64 P¢/64
TCLKA P$/256 P$/1024 P$/256 P$/256
TCLKB TCLKA TCLKA P$/1024 P$/1024
TCLKC TCLKB TCLKB TCLKA TCLKA
TCLKD TCLKC TCLKB TCLKB

General registers TGRA_O TGRA_1 TGRA_2 TGRA_3 TGRA_4 TGRU_5
TGRB_0 TGRB_1 TGRB_2 TGRB_3 TGRB_4 TGRV_5

TGRE_0 TGRW _5
General registers/ TGRC_0 — — TGRC_3 TGRC_4 —
buffer registers TGRD_0 TGRD_3 TGRD_4
TGRF_0
1/0 pins TIOCOA TIOC1A TIOC2A TIOC3A TIOC4A Input pins
TIOCOB TIOC1B TIOC2B TIOC3B TIOC4B TIC5U
TlOCoC TIOC3C TIOC4C TIC5V
TIOCOD TIOC3D TIOC4D TIC5W
Counter clear TGR TGR TGR TGR TGR TGR
function compare compare compare compare compare compare
match or match or match or match or match or match or
input capture input capture input capture input capture input capture input capture
Compare 0 output V \/ \/ v v —
mateh 4 Gutput v v v v —
output
Toggle \/ \/ \/ y —
output
Input capture N N N v v v
function
Synchronous \/ \/ \/ v v —
operation
PWM mode 1 V d 3 3 y —
PWM mode 2 \/ \/ \/ — — —
Complementary  — — — v \/ —
PWM mode
Reset PWM mode — — — v v —
AC synchronous v — — v v —

motor drive mode
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Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
Phase counting  — v v — — —
mode
Buffer operation v — — N v —
Dead time — — — — — \/
compensation
counter function
DMAC activation TGR TGR TGR TGR TGR —
compare compare compare compare compare
match or match or match or match or match or
input capture input input capture input input capture
capture capture and TCNT
overflow or
underflow
A/D converter start TGRA_0 TGRA_1 TGRA_2 TGRA_3 TGRA_4 —
trigger compare compare compare compare compare
match or match or match or match or match or
input capture input input capture input input capture
TGRE 0 capture capture TCNT 4
compare underflow
match (trough) in
complement
ary PWM
mode
RO1UHO0283EJ0400 Rev. 4.00 Page 415 of 1164
Aug 22, 2011 RENESAS



Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

SH7206 Group

Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
Interrupt sources 7 sources 4 sources 4 sources 5 sources 5 sources 3 sources
e Compare e Compare e Compare e Compare e Compare e Compare
match or match or match or match or match or match or
input input input input input input
capture capture capture capture capture capture
0A 1A 2A 3A 4A 5U
e Compare e Compare e Compare e Compare e Compare e Compare
match or match or match or match or match or match or
input input input input input input
capture capture capture capture capture capture
0B 1B 2B 3B 4B 5V
e Compare e Overflow e Overflow e Compare e Compare e Compare
match or e Underflow ® Underflow match or match or match or
input input input input
capture capture capture capture
oC 3C 4C 5W
e Compare e Compare e Compare
match or match or match or
input input input
capture capture capture
0D 3D 4D
e Compare e OQverflow e Overflow
match OE or
e Compare underflow
match OF
e Overflow
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Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5

A/D converter start — — — — e AD —

request delaying converter

function start
request at
a match
between
TADCOR
A_4 and
TCNT 4

e A/D

converter
start
request at
a match
between
TADCOR
B_4 and
TCNT 4

Interrupt skipping — — — e  Skips e Skips —
function TGRA_3 TCIV_4
compare interrupts
match
interrupts

[Legend]
v Possible
— Not possible
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Figure 10.1 shows a block diagram of the MTU2.
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TSTR: Timer start register TCDR: Timer cycle data register
TSYR: Timer synchronous register TCBR: Timer cycle buffer register
TCR:  Timer control register TDDR: Timer dead time data register
TMDR: Timer mode register TGRA: Timer general register A
TIOR: Timer I/O control register TGRB: Timer general register B
TIORH: Timer I/O control register H TGRC: Timer general register C
TIORL: Timer I/O control register L TGRD: Timer general register D
TIER:  Timer interrupt enable register TGRE: Timer general register E
TGCR: Timer gate control register TGRF: Timer general register F
TOER: Timer output master enable register TGRU: Timer general register U
TOCR: Timer output control register TGRV: Timer general register V
TSR:  Timer status register TGRW: Timer general register W
TCNT: Timer counter

TCNTS: Timer subcounter

Figure 10.1 Block Diagram of MTU2
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10.2  Input/Output Pins

Table10.2 Pin Configuration

Channel Pin Name /O Function

Common TCLKA  Input External clock A input pin
(Channel 1 phase counting mode A phase input)

TCLKB Input  External clock B input pin
(Channel 1 phase counting mode B phase input)

TCLKC  Input External clock C input pin
(Channel 2 phase counting mode A phase input)

TCLKD  Input External clock D input pin
(Channel 2 phase counting mode B phase input)

0 TIOCOA 1/O TGRA_O input capture input/output compare output/PWM output pin

TIOCOB 1/O TGRB_0 input capture input/output compare output/PWM output pin

TIOCOC 1/O TGRC_0 input capture input/output compare output/PWM output pin

TIOCOD 1/O TGRD_0 input capture input/output compare output/PWM output pin

1 TIOC1A 1/O TGRA_1 input capture input/output compare output/PWM output pin

TIOC1B 1/O TGRB_1 input capture input/output compare output/PWM output pin

2 TIOC2A 1/O TGRA_2 input capture input/output compare output/PWM output pin

TIOC2B 1/O TGRB_2 input capture input/output compare output/PWM output pin

3 TIOC3A 1/O TGRA_3 input capture input/output compare output/PWM output pin

TIOC3B 1/O TGRB_3 input capture input/output compare output/PWM output pin

TIOC3C 1/O TGRC_3 input capture input/output compare output/PWM output pin

TIOC3D 1/O TGRD_3 input capture input/output compare output/PWM output pin

4 TIOC4A 1/O TGRA_4 input capture input/output compare output/PWM output pin

TIOC4B 1/O TGRB_4 input capture input/output compare output/PWM output pin

TIOC4C 1/O TGRC_4 input capture input/output compare output/PWM output pin

TIOC4D 1/O TGRD_4 input capture input/output compare output/PWM output pin

5 TIC5U Input  TGRU_5 input capture input/external pulse input pin

TIC5V Input  TGRV_5 input capture input/external pulse input pin

TIC5W Input  TGRW_5 input capture input/external pulse input pin

Note: For the pin configuration in complementary PWM mode, see table 10.54 in section 10.4.8,
Complementary PWM Mode.
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10.3

Register Descriptions

The MTUZ2 has the following registers. For details on register addresses and register states during
each process, refer to section 24, List of Registers. To distinguish registersin each channel, an
underscore and the channel number are added as a suffix to the register name; TCR for channel 0

isexpressed as TCR_0.

Table10.3 Register Descriptions

Abbrevia- Initial Access

Channel Register Name tion R/W value  Address Size

0 Timer control register_0 TCR_O R/W H'00 H'FFFE4300 8
Timer mode register_0 TMDR_0 R/W H'00 H'FFFE4301 8
Timer I/O control register H_0O TIORH_O R/W H'00 H'FFFE4302 8
Timer 1/O control register L_O  TIORL_O R/W H'00 H'FFFE4303 8
Timer interrupt enable TIER_O R/W H'00 H'FFFE4304 8
register_0
Timer status register_0 TSR O R/W H'CO H'FFFE4305 8
Timer counter_0 TCNT_O R/W H'0000 HFFFE4306 16
Timer general register A_0 TGRA_O R/W H'FFFF HFFFE4308 16
Timer general register B_0 TGRB_0 R/W HFFFF HFFFE430A 16
Timer general register C_0 TGRC_O R/W H'FFFF HFFFE430C 16
Timer general register D_0 TGRD_O R/W HFFFF HFFFE430E 16
Timer general register E_O TGRE_O R/W H'FFFF HFFFE4320 16
Timer general register F_0 TGRF_O R/W H'FFFF HFFFE4322 16
Timer interrupt enable TIER2_0 R/W H'00 H'FFFE4324 8
register2_0
Timer status register2_0 TSR2 0 R/W H'CO H'FFFE4325
Timer buffer operation transfer TBTM_O R/W H'00 H'FFFE4326 8
mode register_0

1 Timer control register_1 TCR 1 R/W H'00 H'FFFE4380 8
Timer mode register_1 TMDR_1 R/W H'00 H'FFFE4381 8
Timer I/O control register_1 TIOR_1 R/W H'00 H'FFFE4382 8
Timer interrupt enable TIER_1 R/W H'00 H'FFFE4384 8
register_1
Timer status register_1 TSR_1 R/W H'CO H'FFFE4385 8
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Abbrevia- Initial Access
Channel Register Name tion R/W value  Address Size
1 Timer counter_1 TCNT_1 R/W H'0000 HFFFE4386 16

Timer general register A_1 TGRA_1 R/W H'FFFF HFFFE4388 16
Timer general register B_1 TGRB_1 R/W H'FFFF HFFFE438A 16

Timer input capture control TICCR R/W H'00 H'FFFE4390 8
register

2 Timer control register_2 TCR_2 R/W H'00 H'FFFE4000 8
Timer mode register_2 TMDR_2 R/W H'00 H'FFFE4001 8
Timer I/O control register_2 TIOR_2 R/W H'00 H'FFFE4002 8
Timer interrupt enable TIER_2 R/W H'00 H'FFFE4004 8
register_2
Timer status register_2 TSR_2 R/W H'CO H'FFFE4005 8
Timer counter_2 TCNT_2 R/W H'0000 HFFFE4006 16

Timer general register A_2 TGRA_2 R/W H'FFFF HFFFE4008 16
Timer general register B_2 TGRB_2 R/W H'FFFF HFFFE400A 16
3 Timer control register_3 TCR_ 3 R/W H'00 H'FFFE4200 8
Timer mode register_3 TMDR_3 R/W  H'00 H'FFFE4202 8
Timer 1/O control register H_3 TIORH_3 R/W H'00 H'FFFE4204 8
8
8

Timer 1/O control register L_3  TIORL_3 R/W H'00 H'FFFE4205

Timer interrupt enable TIER_3 R/W H'00 H'FFFE4208
register_3

Timer status register_3 TSR_3 R/W H'CO H'FFFE422C 8
Timer counter_3 TCNT_3 R/W H'0000 HFFFE4210 16

Timer general register A_3 TGRA_3 R/W H'FFFF HFFFE4218 16
Timer general register B_3 TGRB_3 R/W H'FFFF HFFFE421A 16
Timer general register C_3 TGRC_3 R/W H'FFFF HFFFE4224 16
Timer general register D_3 TGRD_3 R/W H'FFFF HFFFE4226 16

Timer buffer operation transfer TBTM_3 R/W H'00 H'FFFE4238 8
mode register_3

4 Timer control register_4 TCR_4 R/W H'00 H'FFFE4201 8

Timer mode register_4 TMDR_4 R/W H'00 H'FFFE4203 8

Timer 1/O control register H_4 TIORH_4 R/W H'00 H'FFFE4206 8

Timer I/O control register L_4  TIORL_4 R/W  H'00 H'FFFE4207 8
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Abbrevia- Initial Access
Channel Register Name tion R/W value  Address Size
4 Timer interrupt enable TIER_4 R/W H'00 H'FFFE4209 8
register_4
Timer status register_4 TSR 4 R/W H'CO H'FFFE422D 8
Timer counter_4 TCNT_4 R/W H'0000 HFFFE4212 16
Timer general register A_4 TGRA_4 R/W H'FFFF HFFFE421C 16
Timer general register B_4 TGRB_4 R/W H'FFFF HFFFE421E 16
Timer general register C_4 TGRC_4 R/W H'FFFF HFFFE4228 16
Timer general register D_4 TGRD_4 R/W H'FFFF HFFFE422A 16
Timer buffer operation transfer TBTM_4 R/W H'00 H'FFFE4239 8
mode register_4
Timer A/D converter start TADCR R/W H'0000 HFFFE4240 16
request control register
Timer A/D converter start TADCORA 4 R/W H'FFFF HFFFE4244 16
request cycle set register A_4
Timer A/D converter start TADCORB_4 R/W HFFFF H'FFFE4246 16
request cycle set register B_4
Timer A/D converter start TADCOBRA_4 R/W HFFFF H'FFFE4248 16
request cycle set buffer register
A4
Timer A/D converter start TADCOBRB_4 R/W HFFFF H'FFFE424A 16
request cycle set buffer register
B 4
5 Timer control register U_5 TCRU_5 R/W H'00 H'FFFE4084 8
Timer control register V_5 TCRV_5 R/W H'00 H'FFFE4094 8
Timer control register W_5 TCRW_5 R/W HO00 H'FFFE40A4 8
Timer 1/O control register U_5 TIORU_5 R/W H00 H'FFFE4086 8
Timer 1/O control register V_5 TIORV_5 R/W H00 H'FFFE4096 8
Timer I/O control register W_5 TIORW_5 R/W H'00 H'FFFE40A6 8
Timer interrupt enable TIER_5 R/W H'00 H'FFFE40B2 8
register_5
Timer status register_5 TSR_5 R/W  H'00 H'FFFE40BO 8
Timer start register_5 TSTR_ 5 R/W H'00 H'FFFE40B4
Timer counter U_5 TCNTU_5 R/W HO0000 HFFFE4080 16
Timer counter V_5 TCNTV_5 R/W HO0000 HFFFE4090 16
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Abbrevia- Initial Access
Channel Register Name tion R/W value  Address Size
5 Timer counter W_5 TCNTW_5 R/W H'0000 HFFFE40A0 16

Timer general register U_5 TGRU_5 R/W H'FFFF HFFFE4082 16
Timer general register V_5 TGRV_5 R/W H'FFFF HFFFE4092 16
Timer general register W_5 TGRW_5 R/W HFFFF HFFFE40A2 16
Timer compare match clear TCNTCMPCLR R/W  H'00 H'FFFE40B6 8

register
Common Timer start register TSTR R/W H'00 H'FFFE4280
Timer synchronous register TSYR R/W  H'00 H'FFFE4281

Timer counter synchronous TCSYSTR R/W H'00 H'FFFE4282
start register

Timer read/write enable TRWER R/W H'01 H'FFFE4284 8
register

Common Timer output master enable TOER R/W H'CO H'FFFE420A 8

to3and register

4 Timer output control register 1 TOCR1 R/W H'00 H'FFFE420E
Timer output control register 2 TOCR2 R/W H'00 H'FFFE420F
Timer gate control register TGCR R/W H80 H'FFFE420D
Timer cycle control register TCDR R/W H'FFFF HFFFE4214 16
Timer dead time data register TDDR R/W H'FFFF HFFFE4216 16
Timer subcounter TCNTS R H'0000 H'FFFE4220 16
Timer cycle buffer register TCBR R/W HFFFF HFFFE4222 16
Timer interrupt skipping set TITCR R/W  H'00 H'FFFE4230 8
register
Timer interrupt skipping counter TITCNT R H'00 H'FFFE4231
Timer buffer transfer set TBTER R/W H'00 H'FFFE4232
register
Timer dead time enable TDER R/W H'01 H'FFFE4234 8
register
Timer synchronous clear TSYCR R/W H'00 H'FFFE4250 8
register
Timer waveform control register TWCR R/W H'00 H'FFFE4260
Timer output level buffer TOLBR R/W H'00 H'FFFE4236
register
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10.3.1 Timer Control Register (TCR)

The TCR registers are 8-bit readabl e/writable registers that control the TCNT operation for each
channel. The MTU2 has atotal of eight TCR registers, one each for channels 0 to 4 and three
(TCRU_5, TCRV_5, and TCRW_5) for channel 5. TCR register settings should be conducted
only when TCNT operation is stopped.

Bit: 7 6 5 4 3 2 1 0
| CCLR[2:0] CKEG[1:0] TPSC[2:0]

Initial value: 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
7t0o5 CCLR[2:0] 000 R/W Counter Clear 0 to 2

These bits select the TCNT counter clearing source.
See tables 10.4 and 10.5 for details.

4,3 CKEG[1:0] 00 R/W Clock Edge 0 and 1

These bits select the input clock edge. When the input
clock is counted using both edges, the input clock
period is halved (e.g. P¢/4 both edges = P¢/2 rising
edge). If phase counting mode is used on channels 1
and 2, this setting is ignored and the phase counting
mode setting has priority. Internal clock edge selection
is valid when the input clock is P¢/4 or slower. When
Pd/1, or the overflow/underflow of another channel is
selected for the input clock, although values can be
written, counter operation compiles with the initial value.

00: Count at rising edge

01: Count at falling edge

1x: Count at both edges
2to0 TPSC[2:0] 000 R/W Time Prescaler 0 to 2

These bits select the TCNT counter clock. The clock
source can be selected independently for each channel.
See tables 10.6 to 10.9 for detalils.

[Legend]
X: Don't care
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Table10.4 CCLROto CCLR2 (Channels0, 3, and 4)

Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0,34 0 0 0 TCNT clearing disabled
1 TCNT cleared by TGRA compare match/input
capture
1 0 TCNT cleared by TGRB compare match/input
capture
1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation**
1 0 0 TCNT clearing disabled
TCNT cleared by TGRC compare match/input
capture*?
1 0 TCNT cleared by TGRD compare match/input
capture*?
1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation**

Notes: 1. Synchronous operation is set by setting the SYNC bit in TSYR to 1.

2. When TGRC or TGRD is used as a buffer register, TCNT is not cleared because the
buffer register setting has priority, and compare match/input capture does not occur.

Table10.5 CCLROto CCLR2 (Channels1and 2)

Bit 7 Bit 6 Bit 5
Channel Reserved*’ CCLR1 CCLRO Description
1,2 0 0 0 TCNT clearing disabled
1 TCNT cleared by TGRA compare match/input
capture
1 0 TCNT cleared by TGRB compare match/input
capture
1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation**

Notes: 1. Synchronous operation is selected by setting the SYNC bit in TSYR to 1.
2. Bit 7 is reserved in channels 1 and 2. It is always read as 0 and cannot be modified.
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Table10.6 TPSCOto TPSC2 (Channel 0)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on P¢/1
1 Internal clock: counts on P¢/4
1 0 Internal clock: counts on P¢/16
1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 External clock: counts on TCLKD pin input

Table10.7 TPSCOto TPSC2 (Channe 1)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on P¢/1
1 Internal clock: counts on P¢/4
1 0 Internal clock: counts on P¢/16
1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Internal clock: counts on P$/256

1 Counts on TCNT_2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase counting mode.
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Table10.8 TPSCOto TPSC2 (Channd 2)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on P¢/1
1 Internal clock: counts on P¢/4
1 0 Internal clock: counts on P¢/16
1 Internal clock: counts on Py/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 Internal clock: counts on P¢/1024

Note: This setting is ignored when channel 2 is in phase counting mode.

Table10.9 TPSCOto TPSC2 (Channels 3 and 4)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
3,4 0 0 0 Internal clock: counts on P¢/1
1 Internal clock: counts on Py/4
1 0 Internal clock: counts on P¢/16
1 Internal clock: counts on P¢/64
1 0 0 Internal clock: counts on P¢/256
1 Internal clock: counts on P¢/1024
1 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input

RO1UHO0283EJ0400 Rev. 4.00
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Table 10.10 TPSC1 and TPSCO (Channel 5)

Bit 1 Bit 0
Channel TPSC1 TPSCO Description
5 0 0 Internal clock: counts on P¢/1
1 Internal clock: counts on P¢/4
1 0 Internal clock: counts on P¢/16
1 Internal clock: counts on P¢/64

Note: Bits 7 to 2 are reserved in channel 5. These bits are always read as 0. The write value
should always be 0.

10.3.2 Timer Mode Register (TMDR)

The TMDR registers are 8-bit readabl e/writable registers that are used to set the operating mode of
each channel. The MTU2 has five TMDR registers, one each for channels 0 to 4. TMDR register
settings should be changed only when TCNT operation is stopped.

Bit. 7 6 5 4 3 2 1 0
| ; | BFE | BFB | BFA | MD[3:0]

Initial value: 0 0 0 0 0 0 0 0
R/W: R RW RW RW RW RW RW RW

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

This bit is always read as 0. The write value should
always be 0.

6 BFE 0 R/W Buffer Operation E

Specifies whether TGRE_0 and TGRF_0 are to operate
in the normal way or to be used together for buffer
operation.

TGRF compare match is generated when TGRF is
used as the buffer register.

In channels 1 to 4, this bit is reserved. It is always read
as 0 and the write value should always be O.

0: TGRE_O and TGRF_0 operate normally

1: TGRE_O and TGRF_0 used together for buffer
operation
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Initial
Bit Bit Name Value

R/W

Description

5 BFB 0

R/W

Buffer Operation B

Specifies whether TGRB is to operate in the normal
way, or TGRB and TGRD are to be used together for
buffer operation. When TGRD is used as a buffer
register, TGRD input capture/output compare is not
generated in a mode other than complementary PWM.

In channels 1 and 2, which have no TGRD, bit 5 is
reserved. It is always read as 0 and cannot be modified.

0: TGRB and TGRD operate normally
1: TGRB and TGRD used together for buffer operation

4 BFA 0

R/W

Buffer Operation A

Specifies whether TGRA is to operate in the normal
way, or TGRA and TGRC are to be used together for
buffer operation. When TGRC is used as a buffer
register, TGRC input capture/output compare is not
generated in a mode other than complementary PWM.
TGRC compare match is generated when in
complementary PWM mode. When compare match for
channel 4 occurs during the Tb period in
complementary PWM mode, TGFC is set. Therefore,
set the TGIEC bit in the timer interrupt enable register 4
(TIER_4)t0 0.

In channels 1 and 2, which have no TGRC, bit 4 is
reserved. It is always read as 0 and cannot be modified.

0: TGRA and TGRC operate normally
1: TGRA and TGRC used together for buffer operation

3t00 MD[3:0] 0000

R/W

Modes O to 3
These bits are used to set the timer operating mode.
See table 10.11 for details.
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Table 10.11 Setting of Operation Mode by Bits MDO to MD3

Bit 3 Bit 2 Bit 1 Bit 0
MD3 MD2 MD1 MDO Description

0 0 0

o

Normal operation

Setting prohibited
PWM mode 1
PWM mode 2**

Phase counting mode 1**

Phase counting mode 2**

Phase counting mode 3**

Phase counting mode 4**

Reset synchronous PWM mode*®

Setting prohibited

Setting prohibited

Setting prohibited

Complementary PWM mode 1 (transmit at crest)**

Complementary PWM mode 2 (transmit at trough)*®

N
()
o
Rr|lo|lr|Oo|X|r|O|RrR|O|rR|O|rR|O|F

Complementary PWM mode 2 (transmit at crest and
trough)*°

[Legend]
X: Don't care
Notes: 1. PWM mode 2 cannot be set for channels 3 and 4.
2. Phase counting mode cannot be set for channels 0, 3, and 4.
3. Reset synchronous PWM mode, complementary PWM mode can only be set for
channel 3. When channel 3 is set to reset synchronous PWM mode or complementary
PWM mode, the channel 4 settings become ineffective and automatically conform to the
channel 3 settings. However, do not set channel 4 to reset synchronous PWM mode or
complementary PWM mode. Reset synchronous PWM mode and complementary PWM
mode cannot be set for channels 0, 1, and 2.
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10.3.3 Timer I/O Control Register (TIOR)

The TIOR registers are 8-hit readabl e/writable registers that control the TGR registers. The MTU2
has atotal of eleven TIOR registers, two each for channels 0, 3, and 4, one each for channels 1 and
2, and three (TIORU_5, TIORV_5, and TIORW_5) for channel 5.

TIOR should be set while TMDR is set in normal operation, PWM mode, or phase counting mode.

The initial output specified by TIOR isvalid when the counter is stopped (the CST bitin TSTRis
cleared to 0). Note also that, in PWM mode 2, the output at the point at which the counter is
cleared to 0 is specified.

When TGRC or TGRD is designated for buffer operation, this setting isinvalid and the register
operates as a buffer register.

e TIORH_O, TIOR_1, TIOR 2, TIORH_3, TIORH_4

Bit 7 6 5 4 3 2 1 0
[ I0B[3:0] | I0A[3:0]

Initial value: 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
7to4 10B[3:0] 0000 R/W I/O Control BO to B3
Specify the function of TGRB.
See the following tables.

TIORH_O: Table 10.12
TIOR_1: Table 10.14
TIOR_2: Table 10.15
TIORH_3: Table 10.16
TIORH_4: Table 10.18

3to0 I0A[3:0] 0000 R/W I/0 Control AO to A3
Specify the function of TGRA.
See the following tables.

TIORH_O: Table 10.20
TIOR_1: Table 10.22
TIOR_2: Table 10.23
TIORH_3: Table 10.24
TIORH_4: Table 10.26
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e TIORL_O, TIORL_3, TIORL_4

Bit: 7 6 5 4 3 2 1 0
| 10D[3:0] 10C[3:0]

Initial value: 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
7to4 10D[3:0] 0000 R/W I/O Control DO to D3
Specify the function of TGRD.
See the following tables.

TIORL_O: Table 10.13
TIORL_3: Table 10.17
TIORL_4: Table 10.19

3to0 10C[3:0] 0000 R/W I/0 Control CO to C3
Specify the function of TGRC.
See the following tables.

TIORL_O: Table 10.21
TIORL_3: Table 10.25
TIORL_4: Table 10.27

« TIORU_5, TIORV_5, TIORW_5
Bit 7 6 5 4 3 2 1 0
[ -] -] -] 10C[4:0]

Initial value: 0 0 0 0 0 0 0 0
R/W: R R R RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
7t05 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

4t00 10C[4:0] 00000 R/W I/O Control CO to C4

Specify the function of TGRU_5, TGRV_5, and
TGRW 5.

For details, see table 10.28.
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Table10.12 TIORH_O (Channel 0)

Description

Bit7 Bit6 Bit5 Bit4 TGRB_0
IOB3 [0B2 [10B1 [I0OBO Function TIOCOB Pin Function

0 0 0 0 Output Output retained*
7 compare
register

Initial output is O
0 output at compare match

1 0 Initial output is O
1 output at compare match

1 Initial output is O
Toggle output at compare match
1 0 0 QOutput retained

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

Input capture Input capture at rising edge
register

Input capture at falling edge

0
1

1 X Input capture at both edges
X

Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down

[Legend]
X: Don't care
Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.13 TIORL_0 (Channel 0)

Description
Bit7 Bit6 Bit5 Bit4 TGRD_O
IOD3 IOD2 10Dl 10DO0 Function TIOCOD Pin Function
0 0 0 0 Output Output retained**
1 con_wparez Initial output is O
register*
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 0 0 0 Input capture Input capture at rising edge
1 register* Input capture at falling edge
1 X Input capture at both edges
1 X X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down
[Legend]
X: Don't care

Notes: 1. After power-on reset, O is output until TIOR is set.

2. When the BFB bitin TMDR_O is set to 1 and TGRD_O0 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table10.14 TIOR_1 (Channel 1)

Description

Bit7 Bit6 Bit5 Bit4 TGRB_1
IOB3 [0B2 [10B1 [I0OBO Function TIOC1B Pin Function

0 0 0 0 Output Output retained*

1 compare

) Initial output is O
register

0 output at compare match

1 0 Initial output is O
1 output at compare match

1 Initial output is O

Toggle output at compare match

1 0 0 Output retained

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

Input capture Input capture at rising edge

register Input capture at falling edge

0
1

1 X Input capture at both edges
X

Input capture at generation of TGRC_0 compare
match/input capture

[Legend]
X: Don't care
Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.15 TIOR_2 (Channel 2)

Description
Bit7 Bit6 Bit5 Bit4 TGRB_2
IOB3 10B2 10B1 10BO Function TIOC2B Pin Function
0 0 0 0 Output Output retained*
1 compare Initial output is O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
register Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.16 TIORH_3 (Channel 3)

Description

Bit7 Bit6 Bit 5 Bit 4 TGRB_3
IOB3 10B2 I0B1 IOBO  Function TIOC3B Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
register Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.17 TIORL_3 (Channd 3)

Description

Bit7 Bit6 Bit 5 Bit 4 TGRD_3
IOD3 10D2 I0D1 IOD0  Function TIOC3D Pin Function

0 0 0 0 Output Output retained**
1 con_wparez Initial output is O
register*
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
register* Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFB bitin TMDR_3 is set to 1 and TGRD_3 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.

Page 438 of 1164 RO1UH0283EJ0400 Rev. 4.00
u zENESAS Aug 22,2011



SH7206 Group Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

Table10.18 TIORH_4 (Channel 4)

Description

Bit7 Bit6 Bit 5 Bit 4 TGRB_4
IOB3 10B2 I0B1 IOBO  Function TIOC4B Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
register Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table10.19 TIORL_4 (Channel 4)

Description

Bit7 Bit6 Bit 5 Bit 4 TGRD 4
IOD3 10D2 I0D1 IOD0  Function TIOC4D Pin Function

0 0 0 0 Output Output retained**
1 con_wparez Initial output is O
register*
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
register* Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFB bitin TMDR_4 is set to 1 and TGRD_4 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table 10.20 TIORH_0 (Channel 0)

Description

Bit3 Bit2 Bit 1 Bit 0 TGRA_O
IOA3 I0A2 IOA1 IOAO0  Function TIOCOA Pin Function

0 0 0 0 Output Output retained*
1 compare
register

Initial output is O
0 output at compare match

1 0 Initial output is O
1 output at compare match

1 Initial output is O
Toggle output at compare match
1 0 0 Output retained

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

Input capture Input capture at rising edge
register

Input capture at falling edge

0

1
1 X Input capture at both edges

X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down

[Legend]
X: Don't care
Note: * After power-on reset, 0 is output until TIOR is set.
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Table10.21 TIORL_0 (Channel 0)

Description
Bit3 Bit2 Bitl Bit0O TGRC_0O
IOC3 I10C2 IOCl1 I0CO Function TIOCOC Pin Function
0 0 0 0 Output Output retained**
1 con_wparez Initial output is O
register*
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 0 0 0 Input capture Input capture at rising edge
1 register* Input capture at falling edge
1 X Input capture at both edges
1 X X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down
[Legend]
X: Don't care

Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFA bitin TMDR_O is set to 1 and TGRC_O is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table10.22 TIOR_1 (Channel 1)

Description

Bit3 Bit2 Bitl Bit0 TGRA 1
IOA3 I0OA2 IOA1 IOAO0 Function TIOC1A Pin Function

0 0 0 0 Output Output retained*
7 compare
register

Initial output is O

0 output at compare match

1 0 Initial output is O
1 output at compare match

1 Initial output is O
Toggle output at compare match
1 0 0 Output retained

Initial output is 1

0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1

Toggle output at compare match

Input capture Input capture at rising edge
register

Input capture at falling edge

0
1

1 X Input capture at both edges
X

Input capture at generation of channel 0/TGRA_O
compare match/input capture

[Legend]
X: Don't care
Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.23 TIOR_2 (Channel 2)

Description
Bit3 Bit2 Bitl Bit0O TGRA_2
IOA3 IOA2 IOA1 IOAO0 Function TIOC2A Pin Function
0 0 0 0 Output Output retained*
1 compare Initial output is O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
register Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.24 TIORH_3 (Channel 3)

Description

Bit3 Bit2 Bitl Bit0 TGRA_ 3
IOA3 I0OA2 IOA1 IOAO0 Function TIOC3A Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
register Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.25 TIORL _3 (Channel 3)

Description

Bit3 Bit2 Bitl Bit0O TGRC_3
IOC3 10C2 I0C1 |0CO Function TIOC3C Pin Function

0 0 0 0 Output Output retained**
1 con_wparez Initial output is O
register*
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
register* Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFA bitin TMDR_3 is set to 1 and TGRC_3 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table10.26 TIORH_4 (Channel 4)

Description

Bit3 Bit2 Bitl Bit0 TGRA 4
IOA3 I0OA2 IOA1 IOAO0 Function TIOC4A Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
register Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table10.27 TIORL_4 (Channel 4)

Description

Bit3 Bit2 Bitl Bit0O TGRC_4
IOC3 10C2 I0C1 |0CO Function TIOCA4C Pin Function

0 0 0 0 Output Output retained**
1 con_wparez Initial output is O
register*
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture Input capture at rising edge
register* Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFA bitin TMDR_4 is set to 1 and TGRC_4 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table 10.28 TIORU_5, TIORV_5, and TIORW_5 (Channel 5)

Description

TGRU_5,
TGRV_5, and
Bit4 Bit3 Bit2 Bitl Bit0 TGRW_5
I0C4 10C3 10C2 I0OC1 10CO Function TIC5U, TIC5V, and TIC5W Pin Function

0 0 0 0 0 Compare Compare match
match register

Setting prohibited

Setting prohibited

Setting prohibited

Setting prohibited

=
X
O X | X ]| P

Input capture Setting prohibited
register

Input capture at rising edge

O|FRP|O|X|X| X|Pr

Input capture at falling edge

Input capture at both edges

Setting prohibited

._\
X
o|x|r

Setting prohibited

[EnY

Measurement of low pulse width of external input signal

Capture at trough

1 0 Measurement of low pulse width of external input signal

Capture at crest

1 Measurement of low pulse width of external input signal

Capture at crest and trough

1 0 0 Setting prohibited

1 Measurement of high pulse width of external input
signal

Capture at trough

1 0 Measurement of high pulse width of external input
signal

Capture at crest

1 Measurement of high pulse width of external input
signal

Capture at crest and trough

[Legend]
X: Don't care
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10.34 Timer Compare Match Clear Register (TCNTCMPCLR)

TCNTCMPCLR is an 8-bit readable/writable register that specifies requeststo clear TCNTU_5,
TCNTV_5, and TCNTW_5. The MTUZ2 has one TCNTCMPCLR in channel 5.

Bit: 7 6 5 4 3 2 1 0
| - | _ | R | _ | - | CMP | CMP | CMP
CLR5UICILR5V ICLRSW|

Initial value: 0 0 0 0 0 0 0 0

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

Initial
Bit Bit Name Value R/W Description

7t03 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.

2 CMPCLR5U 0 R/W TCNT Compare Clear 5U

Enables or disables requests to clear TCNTU_5 at
TGRU_5 compare match or input capture.

0: Disables TCNTU_5 to be cleared to H'0000 at
TCNTU_5 and TGRU_5 compare match or input
capture

1: Enables TCNTU_5 to be cleared to H'0000 at
TCNTU_5 and TGRU_5 compare match or input
capture

1 CMPCLR5V 0 R/W TCNT Compare Clear 5V

Enables or disables requests to clear TCNTV_5 at
TGRV_5 compare match or input capture.

0: Disables TCNTV_5 to be cleared to H'0000 at
TCNTV_5 and TGRV_5 compare match or input
capture

1: Enables TCNTV_5 to be cleared to H'0000 at
TCNTV_5 and TGRV_5 compare match or input
capture
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Initial
Bit Bit Name Value R/W Description
0 CMPCLR5W 0 R/W TCNT Compare Clear 5W

Enables or disables requests to clear TCNTW_5 at

TGRW_5 compare match or input capture.

0: Disables TCNTW_5 to be cleared to H'0000 at
TCNTW_5 and TGRW_5 compare match or input
capture

1: Enables TCNTW_5 to be cleared to H'0000 at
TCNTW_5 and TGRW_5 compare match or input
capture

10.3.5 Timer Interrupt Enable Register (TIER)

The TIER registers are 8-bit readable/writable registers that control enabling or disabling of
interrupt requests for each channel. The MTU2 has seven TIER registers, two for channel 0 and
one each for channels 1 to 5.

e TIER O, TIER 1, TIER 2, TIER 3, TIER 4

Bit. 7 6 5 4 3 2 1 0
|'I'I'GE |TI'GE2|TCIEU |TCIEV |TGIED |TGIEC | TGIEB |TGIEA|

Initial value: 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW

Initial

Bit Bit Name Value R/W Description
7 TTGE 0 R/W A/D Converter Start Request Enable

Enables or disables generation of A/D converter start

requests by TGRA input capture/compare match.

0: A/D converter start request generation disabled

1: A/D converter start request generation enabled
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Initial
Bit Bit Name Value R/W Description
6 TTGE2 0 R/W A/D Converter Start Request Enable 2

Enables or disables generation of A/D converter start
requests by TCNT_4 underflow (trough) in
complementary PWM mode.

In channels 0 to 3, bit 6 is reserved. It is always read as
0 and the write value should always be 0.

0: A/D converter start request generation by TCNT_4
underflow (trough) disabled

1: A/D converter start request generation by TCNT_4
underflow (trough) enabled

5 TCIEU 0 R/W Underflow Interrupt Enable

Enables or disables interrupt requests (TCIU) by the
TCFU flag when the TCFU flag in TSR is setto 1 in
channels 1 and 2.

In channels 0, 3, and 4, bit 5 is reserved. It is always
read as 0 and the write value should always be 0.

0: Interrupt requests (TCIU) by TCFU disabled
1: Interrupt requests (TCIU) by TCFU enabled
4 TCIEV 0 R/W Overflow Interrupt Enable

Enables or disables interrupt requests (TCIV) by the
TCFV flag when the TCFV flag in TSR is set to 1.

0: Interrupt requests (TCIV) by TCFV disabled
1: Interrupt requests (TCIV) by TCFV enabled
3 TGIED 0 R/W TGR Interrupt Enable D

Enables or disables interrupt requests (TGID) by the
TGFD bit when the TGFD bitin TSR is setto 1 in
channels 0, 3, and 4.

In channels 1 and 2, bit 3 is reserved. It is always read
as 0 and the write value should always be O.

0: Interrupt requests (TGID) by TGFD bit disabled
1: Interrupt requests (TGID) by TGFD bit enabled
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Initial
Bit Bit Name Value R/W Description
2 TGIEC 0 R/W TGR Interrupt Enable C

Enables or disables interrupt requests (TGIC) by the
TGFC bit when the TGFC bitin TSR is setto 1 in
channels 0, 3, and 4.

In channels 1 and 2, bit 2 is reserved. It is always read
as 0 and the write value should always be O.

0: Interrupt requests (TGIC) by TGFC bit disabled
1: Interrupt requests (TGIC) by TGFC bit enabled
1 TGIEB 0 R/W TGR Interrupt Enable B

Enables or disables interrupt requests (TGIB) by the
TGFB bit when the TGFB bit in TSR is set to 1.

0: Interrupt requests (TGIB) by TGFB bit disabled
1: Interrupt requests (TGIB) by TGFB bit enabled
0 TGIEA 0 R/W TGR Interrupt Enable A

Enables or disables interrupt requests (TGIA) by the
TGFA bit when the TGFA bit in TSR is set to 1.

0: Interrupt requests (TGIA) by TGFA bit disabled
1: Interrupt requests (TGIA) by TGFA bit enabled
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e TIER2.0

Bit: 7 6 5 4 3 2 1 0
|'I'I'GE2| - | - | - | - | - |TGIEF |TGIEE|

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R R R R R R/W  R/W

Initial
Bit Bit Name Value R/W Description

7 TTGE2 0 R/W A/D Converter Start Request Enable 2

Enables or disables generation of A/D converter start
requests by compare match between TCNT_0 and
TGRE_O.

0: A/D converter start request generation by compare
match between TCNT_0 and TGRE_O disabled

1: A/D converter start request generation by compare
match between TCNT_0 and TGRE_O enabled

6to2 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.

1 TGIEF 0 R/W TGR Interrupt Enable F

Enables or disables interrupt requests by compare
match between TCNT_0 and TGRF_O.

0: Interrupt requests (TGIF) by TGFE bit disabled
1: Interrupt requests (TGIF) by TGFE bit enabled

0 TGIEE 0 R/W TGR Interrupt Enable E

Enables or disables interrupt requests by compare
match between TCNT_0 and TGRE_O.

0: Interrupt requests (TGIE) by TGEE bit disabled
1: Interrupt requests (TGIE) by TGEE bit enabled
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e TIER 5

Initial value:
R/W:

Initial
Bit Bit Name Value

5 4 3 2 1 0

| ; | ; |TGIE5U|TGIE5V|TGIE5V\4

R/W

0 0 0 0 0 0
R R R RW RW R/W

Description

7t03 — AllO

Reserved

These bits are always read as 0. The write value should
always be 0.

2 TGIE5U 0

R/W

TGR Interrupt Enable 5U

Enables or disables interrupt requests (TGIU_5) by the
CMFUS bit when the CMFU5 bit in TSR_5 is set to 1.

0: Interrupt requests (TGIU_5) disabled
1: Interrupt requests (TGIU_5) enabled

1 TGIESV 0

R/W

TGR Interrupt Enable 5V

Enables or disables interrupt requests (TGIV_5) by the
CMFV5 bit when the CMFV5 bitin TSR_5is set to 1.

0: Interrupt requests (TGIV_5) disabled
1: Interrupt requests (TGIV_5) enabled

0 TGIESW 0

R/W

TGR Interrupt Enable 5W

Enables or disables interrupt requests (TGIW_5) by the
CMFWS5 bit when the CMFWS5 bit in TSR_5is set to 1.

0: Interrupt requests (TGIW_5) disabled
1: Interrupt requests (TGIW_5) enabled
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10.3.6 Timer Status Register (TSR)

The TSR registers are 8-bit readable/writable registers that indicate the status of each channel. The
MTU2 has seven TSR registers, two for channel 0 and one each for channels 1 to 5.

e TSR O,TSR 1, TSR 2, TSR 3, TSR 4

Bit: 7 6 5 4 3 2 1 0
[rcro | - | rcru | Tcrv | Tarp | TaFc | Tars | Tara |
Initial value: 1 1 0 0 0 0 0 0

RW: R R RAW)*TRIW)*TR/W)*TR/(W)*R/(W)* R/(W)*1

Note: 1. Writing 0 to this bit after reading it as 1 clears the flag and is the only allowed way.

Initial

Bit Bit Name Value R/W Description

7 TCFD 1 R Count Direction Flag
Status flag that shows the direction in which TCNT
counts in channels 1 to 4.
In channel 0, bit 7 is reserved. It is always read as 1
and the write value should always be 1.
0: TCNT counts down
1: TCNT counts up

6 — 1 R Reserved
This bit is always read as 1. The write value should
always be 1.

5 TCFU 0 R/(W)** Underflow Flag
Status flag that indicates that TCNT underflow has
occurred when channels 1 and 2 are set to phase
counting mode. Only O can be written, for flag clearing.
In channels 0, 3, and 4, bit 5 is reserved. It is always
read as 0 and the write value should always be 0.
[Clearing condition]
e When 0 is written to TCFU after reading TCFU = 1*?
[Setting condition]
e When the TCNT value underflows (changes from

H'0000 to H'FFFF)
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Initial
Bit Bit Name Value R/W Description
4 TCFV 0 R/(W)** Overflow Flag

Status flag that indicates that TCNT overflow has
occurred. Only O can be written, for flag clearing.

[Clearing condition]

e When 0 is written to TCFV after reading
TCFV = 1**

[Setting condition]

e When the TCNT value overflows (changes from
H'FFFF to H'0000)
In channel 4, when the TCNT_4 value underflows
(changes from H'0001 to H'0000) in complementary
PWM mode, this flag is also set.

3 TGFD 0 R/(W)*' Input Capture/Output Compare Flag D

Status flag that indicates the occurrence of TGRD input
capture or compare match in channels 0, 3, and 4.
Only 0 can be written, for flag clearing. In channels 1
and 2, bit 3 is reserved. It is always read as 0 and the
write value should always be 0.

[Clearing condition]

e When 0 is written to TGFD after reading
TGFD = 1**

[Setting conditions]

e When TCNT = TGRD and TGRD is functioning as
output compare register

e When TCNT value is transferred to TGRD by input
capture signal and TGRD is functioning as input
capture register
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Initial
Bit Bit Name Value R/W Description
2 TGFC 0 R/(W)** Input Capture/Output Compare Flag C
Status flag that indicates the occurrence of TGRC input
capture or compare match in channels 0, 3, and 4.
Only 0 can be written, for flag clearing. In channels 1
and 2, bit 2 is reserved. It is always read as 0 and the
write value should always be 0.
[Clearing condition]
e When 0 is written to TGFC after reading
TGFC = 1**
[Setting conditions]
e When TCNT = TGRC and TGRC is functioning as
output compare register
e When TCNT value is transferred to TGRC by input
capture signal and TGRC is functioning as input
capture register
1 TGFB 0 R/(W)** Input Capture/Output Compare Flag B

Status flag that indicates the occurrence of TGRB input
capture or compare match. Only 0 can be written, for
flag clearing.

[Clearing condition]

e When 0 is written to TGFB after reading
TGFB = 1**

[Setting conditions]

e When TCNT = TGRB and TGRB is functioning as
output compare register

e When TCNT value is transferred to TGRB by input
capture signal and TGRB is functioning as input
capture register
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Initial
Bit Bit Name Value R/W Description
0 TGFA 0 R/(W)** Input Capture/Output Compare Flag A

Status flag that indicates the occurrence of TGRA input
capture or compare match. Only 0 can be written, for
flag clearing.

[Clearing conditions]

e When DMAC is activated by TGIA interrupt

e When 0 is written to TGFA after reading
TGFA = 1**

[Setting conditions]

e When TCNT = TGRA and TGRA is functioning as
output compare register

e When TCNT value is transferred to TGRA by input
capture signal and TGRA is functioning as input
capture register

Notes: 1. Writing O to this bit after reading it as 1 clears the flag and is the only allowed way.
2. If the next flag is set before a flag is cleared to O after reading it as 1, the value of the
flag remains 1 even when 0 is written to it. In this case, read 1 from the flag again to
clearitto O.
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e TSR2 0
Bit: 6 5 4 3 2 1 0
A N N
Initial value: 1 0 0 0 0 0 0
R/W: R R R R R R/AW)*! R/(W)*1
Note: 1. Writing O to this bit after reading it as 1 clears the flag and is the only allowed way.
Initial
Bit Bit Name Value R/W Description
7,6 — All 1 R Reserved
These bits are always read as 1. The write value
should always be 1.
5t02 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
1 TGFF 0 R/(W)*' Compare Match Flag F
Status flag that indicates the occurrence of compare
match between TCNT_0 and TGRF_0.
[Clearing condition]
e When 0 is written to TGFF after reading
TGFF = 1**
[Setting condition]
e When TCNT_O0=TGRF_0 and TGRF_0is
functioning as compare register
0 TGFE 0 R/(W)** Compare Match Flag E

Status flag that indicates the occurrence of compare
match between TCNT_0 and TGRE_O.

[Clearing condition]

e When 0 is written to TGFE after reading
TGFE = 1*?

[Setting condition]

e When TCNT_0=TGRE_0 and TGRE_O is
functioning as compare register

Notes: 1. Writing O to this bit after reading it as 1 clears the flag and is the only allowed way.
2. If the next flag is set before a flag is cleared to O after reading it as 1, the value of the
flag remains 1 even when 0 is written to it. In this case, read 1 from the flag again to
clearitto O.
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e TSR 5
Bit: 7 6 5 4 3 2 1 0
[T -] ] - | - |owoslourvsowrwg
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R/AW)*T RAW)*TR/(W)*1
Note: 1. Writing 0 to this bit after reading it as 1 clears the flag and is the only allowed way.
Initial
Bit Bit Name Value R/W Description
703 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
2 CMFU5 0 R/(W)** Compare Match/Input Capture Flag U5

Status flag that indicates the occurrence of TGRU_5
input capture or compare match. Only O can be written,
for flag clearing.

[Clearing condition]

e When 0 is written to CMFU5 after reading CMFU5 =1

[Setting conditions]

e When TCNTU_5 = TGRU_5 and TGRU_5 is
functioning as output compare register

e When TCNTU_5 value is transferred to TGRU_5 by
input capture signal and TGRU_5 is functioning as
input capture register

e When TCNTU_5 value is transferred to TGRU_5 and

TGRU_5 is functioning as a register for measuring the
pulse width of the external input signal.**
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Bit

Bit Name

Initial
Value

R/W

Description

1

CMFV5

0

RI(W)**

Compare Match/Input Capture Flag V5

Status flag that indicates the occurrence of TGRV_5 input
capture or compare match. Only 0 can be written, for flag
clearing.

[Clearing condition]

e When 0 is written to CMFV5 after reading CMFV5 =1

[Setting conditions]

e When TCNTV_5=TGRV_5and TGRV_5is
functioning as output compare register

e When TCNTV_5 value is transferred to TGRV_5 by
input capture signal and TGRV_5 is functioning as
input capture register

e When TCNTV_5 value is transferred to TGRV_5 and

TGRV_5 is functioning as a register for measuring the
pulse width of the external input signal.**

CMFW5

0

RI(W)*

Compare Match/Input Capture Flag W5

Status flag that indicates the occurrence of TGRW_5
input capture or compare match.

[Clearing condition]

e When 0 is written to CMFWS5 after reading CMFW5 =
1

[Setting conditions]

e When TCNTW_5 =TGRW_5 and TGRW_5 is
functioning as output compare register

e When TCNTW_5 value is transferred to TGRW_5 by
input capture signal and TGRW_5 is functioning as
input capture register

e When TCNTW_5 value is transferred to TGRW_5 and
TGRW_5 is functioning as a register for measuring
the pulse width of the external input signal. **

Notes: 1. Writing O to this bit after reading it as 1 clears the flag and is the only allowed way.

(TIORU_5/V_5/W_5).

2. Timing for transfer is set by the I0C bit in the timer 1/O control register U_5/V_5/W_5
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10.3.7 Timer Buffer Operation Transfer Mode Register (TBTM)

The TBTM registers are 8-bit readable/writable registers that specify the timing for transferring
datafrom the buffer register to the timer general register in PWM mode. The MTU2 has three
TBTM registers, one each for channels 0, 3, and 4.

5 4 3 2 1 0

| - | - |TTSE|'I'I'SB|TTSA|

Initial value: 0

0 0 0 0 0 0

RW: R R R R RW RW RW
Initial

Bit Bit Name Value R/W Description

7103 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

2 TTSE 0 R/W Timing Select E
Specifies the timing for transferring data from TGRF_0
to TGRE_O when they are used together for buffer
operation.
In channels 3 and 4, bit 2 is reserved. It is always read
as 0 and the write value should always be O.
0: When compare match E occurs in channel 0
1: When TCNT_O is cleared

1 TTSB 0 R/W Timing Select B
Specifies the timing for transferring data from TGRD to
TGRB in each channel when they are used together for
buffer operation.
0: When compare match B occurs in each channel
1: When TCNT is cleared in each channel

0 TTSA 0 R/W Timing Select A

Specifies the timing for transferring data from TGRC to
TGRA in each channel when they are used together for
buffer operation.

0: When compare match A occurs in each channel
1: When TCNT is cleared in each channel
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10.3.8 Timer Input Capture Control Register (TICCR)

TICCR is an 8-hit readable/writable register that specifies input capture conditions when TCNT_1
and TCNT _2 are cascaded. The MTU2 has one TICCR in channel 1.

Bit: 7 6 5 4 3 2 1 0

| ; | ; | - | ; | 12BE | 12AE | 1BE | HAE |
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R RW RW RW RW

Initial
Bit Bit Name Value R/W Description
7t04 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
3 12BE 0 R/W Input Capture Enable

Specifies whether to include the TIOC2B pin in the
TGRB_1 input capture conditions.

0: Does not include the TIOC2B pin in the TGRB_1
input capture conditions

1: Includes the TIOC2B pin in the TGRB_1 input
capture conditions
2 I2AE 0 R/W Input Capture Enable

Specifies whether to include the TIOC2A pin in the
TGRA_1 input capture conditions.

0: Does not include the TIOC2A pin in the TGRA_1
input capture conditions

1: Includes the TIOC2A pin in the TGRA_1 input
capture conditions

1 11BE 0 R/W Input Capture Enable

Specifies whether to include the TIOC1B pin in the
TGRB_2 input capture conditions.

0: Does not include the TIOC1B pin in the TGRB_2
input capture conditions

1: Includes the TIOC1B pin in the TGRB_2 input
capture conditions
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Bit

Bit Name

Initial
Value

R/W

Description

0

I1AE

0

R/W

Input Capture Enable

Specifies whether to include the TIOC1A pin in the

TGRA_2 input capture conditions.

0: Does not include the TIOC1A pin in the TGRA_2
input capture conditions

1: Includes the TIOC1A pin in the TGRA_2 input
capture conditions

10.3.9

Timer Synchronous Clear Register (TSYCR)

TSYCR isan 8-hit readable/writable register that specifies conditions for clearing TCNT_3 and
TCNT_4 inthe MTU2S in synchronization with the MTU2. The MTU2S hasone TSYCR in

channel 3 but the MTU2 hasno TSYCR.

Bit

Bit Name

Bit:

Initial value:

7

5 4 3 2 1 0

[ ceoa | ceos | ceoc | ceop | ceta | cE1B | cE2a | cE2s |

0

0 0 0 0 0 0

RW: R'W RW RW RW RW RW RW RW

Initial
Value

R/W

Description

7

CEOA

0

R/W

Clear Enable 0A

Enables or disables counter clearing when the TGFA
flag of TSR_O in the MTU2 is set.

0: Disables counter clearing by the TGFA flag in TSR_0
1: Enables counter clearing by the TGFA flag in TSR_0

6

CEOB

R/W

Clear Enable 0B

Enables or disables counter clearing when the TGFB
flag of TSR_O in the MTU2 is set.

0: Disables counter clearing by the TGFB flag in TSR_0
1: Enables counter clearing by the TGFB flag in TSR_0
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Bit Bit Name

Initial
Value

R/W

Description

5 CEOC

0

R/W

Clear Enable 0C

Enables or disables counter clearing when the TGFC
flag of TSR_O in the MTU2 is set.

0: Disables counter clearing by the TGFC flag in TSR_O
1: Enables counter clearing by the TGFC flag in TSR_0

4 CEOD

R/W

Clear Enable OD

Enables or disables counter clearing when the TGFD
flag of TSR_O in the MTU2 is set.

0: Disables counter clearing by the TGFD flag in TSR_O
1: Enables counter clearing by the TGFD flag in TSR_0

3 CE1A

R/W

Clear Enable 1A

Enables or disables counter clearing when the TGFA
flag of TSR_1 in the MTU2 is set.

0: Disables counter clearing by the TGFA flag in TSR_1
1: Enables counter clearing by the TGFA flag in TSR_1

2 CEi1B

R/W

Clear Enable 1B

Enables or disables counter clearing when the TGFB
flag of TSR_1 in the MTU2 is set.

0: Disables counter clearing by the TGFB flag in TSR_1
1: Enables counter clearing by the TGFB flag in TSR_1

1 CE2A

R/W

Clear Enable 2A

Enables or disables counter clearing when the TGFA
flag of TSR_2 in the MTU2 is set.

0: Disables counter clearing by the TGFA flag in TSR_2
1: Enables counter clearing by the TGFA flag in TSR_2

0 CE2B

R/W

Clear Enable 2B

Enables or disables counter clearing when the TGFB
flag of TSR_2 in the MTU2 is set.

0: Disables counter clearing by the TGFB flag in TSR_2
1: Enables counter clearing by the TGFB flag in TSR_2
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10.3.10 Timer A/D Converter Start Request Control Register (TADCR)

TADCR is a 16-bit readable/writable register that enables or disables A/D converter start requests
and specifies whether to link A/D converter start requests with interrupt skipping operation. The
MTU2 has one TADCR in channel 4.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| BF[1:0] | - | - | - | - | - | - | UT4AE| DT4AE| UT4BE| DT4BE| ITASAE| ITA4VE| ITB3AE| ITB4VE|

Initial value: 0 0 0 0 0 0 0 0 0 0* 0 0* 0* 0* 0* 0%
R/W: R\W  R/W R R R R R R RW RW RW RW RW RW RW RW

Note: * Do not set to 1 when complementary PWM mode is not selected.

Initial

Bit Bit Name Value R/W Description

15,14 BF[1:0] 00 R/W TADCOBRA_4/TADCOBRB_4 Transfer Timing Select
Select the timing for transferring data from
TADCOBRA_4 and TADCOBRB_4 to TADCORA_4
and TADCORB_4.
For details, see table 10.29.

13to 8 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

7 UT4AE 0 R/W Up-Count TRG4AN Enable

Enables or disables A/D converter start requests
(TRG4AN) during TCNT_4 up-count operation.

0: A/D converter start requests (TRG4AN) disabled
during TCNT_4 up-count operation

1: A/D converter start requests (TRG4AN) enabled
during TCNT_4 up-count operation

6 DT4AE o* R/W Down-Count TRG4AN Enable

Enables or disables A/D converter start requests
(TRG4AN) during TCNT_4 down-count operation.

0: A/D converter start requests (TRG4AN) disabled
during TCNT_4 down-count operation

1: A/D converter start requests (TRG4AN) enabled
during TCNT_4 down-count operation
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Initial
Bit Bit Name Value R/W Description
5 UT4BE 0 R/W Up-Count TRG4BN Enable

Enables or disables A/D converter start requests
(TRG4BN) during TCNT_4 up-count operation.

0: A/D converter start requests (TRG4BN) disabled
during TCNT_4 up-count operation

1: A/D converter start requests (TRG4BN) enabled
during TCNT_4 up-count operation

4 DT4BE o* R/W Down-Count TRG4BN Enable

Enables or disables A/D converter start requests
(TRG4BN) during TCNT_4 down-count operation.

0: A/D converter start requests (TRG4BN) disabled
during TCNT_4 down-count operation

1: A/D converter start requests (TRG4BN) enabled
during TCNT_4 down-count operation

3 ITA3AE o* R/W TGIA_3 Interrupt Skipping Link Enable

Select whether to link A/D converter start requests
(TRG4AN) with TGIA_3 interrupt skipping operation.

0: Does not link with TGIA_3 interrupt skipping
1: Links with TGIA_3 interrupt skipping

2 ITAAVE 0* R/W TCIV_4 Interrupt Skipping Link Enable

Select whether to link A/D converter start requests
(TRG4AN) with TCIV_4 interrupt skipping operation.

0: Does not link with TCIV_4 interrupt skipping
1: Links with TCIV_4 interrupt skipping

1 ITB3AE o* R/W TGIA_3 Interrupt Skipping Link Enable

Select whether to link A/D converter start requests
(TRG4BN) with TGIA_3 interrupt skipping operation.

0: Does not link with TGIA_3 interrupt skipping
1: Links with TGIA_3 interrupt skipping
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Initial
Bit Bit Name Value R/W Description
0 ITB4VE 0* R/W TCIV_4 Interrupt Skipping Link Enable
Select whether to link A/D converter start requests
(TRG4BN) with TCIV_4 interrupt skipping operation.
0: Does not link with TCIV_4 interrupt skipping
1: Links with TCIV_4 interrupt skipping
Notes: 1. TADCR must not be accessed in eight bits; it should always be accessed in 16 bits.

2.

When interrupt skipping is disabled (the T3AEN and T4VEN bits in the timer interrupt
skipping set register (TITCR) are cleared to 0 or the skipping count set bits (3ACOR
and 4VCOR) in TITCR are cleared to 0), do not link A/D converter start requests with
interrupt skipping operation (clear the ITA3AE, ITA4VE, ITB3AE, and ITB4VE bits in the
timer A/D converter start request control register (TADCR) to 0).

If link with interrupt skipping is enabled while interrupt skipping is disabled, A/D
converter start requests will not be issued.

Do not set to 1 when complementary PWM mode is not selected.

Table 10.29 Setting of Transfer Timing by Bits BF1 and BFO

Bit 7 Bit 6

BF1 BFO Description

0 0 Does not transfer data from the cycle set buffer register to the cycle

set register.

0 1 Transfers data from the cycle set buffer register to the cycle set

register at the crest of the TCNT_4 count.**

1 0 Transfers data from the cycle set buffer register to the cycle set

register at the trough of the TCNT_4 count.**

1 1 Transfers data from the cycle set buffer register to the cycle set

register at the crest and trough of the TCNT_4 count.**

Notes: 1. Data is transferred from the cycle set buffer register to the cycle set register when the
crest of the TCNT_4 count is reached in complementary PWM mode, when compare
match occurs between TCNT_3 and TGRA_3 in reset-synchronized PWM mode, or
when compare match occurs between TCNT_4 and TGRA_4 in PWM mode 1 or
normal operation mode.

2. These settings are prohibited when complementary PWM mode is not selected.
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10.3.11 Timer A/D Converter Start Request Cycle Set Registers (TADCORA_4 and
TADCORB_4)

TADCORA_4 and TADCORB_4 are 16-bit readable/writable registers. When the TCNT_4 count
reaches the valuein TADCORA_4 or TADCORB_4, a corresponding A/D converter start request
will be issued.

TADCORA_4 and TADCORB_4 are initialized to H'FFFF.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: TADCORA _4 and TADCORB_4 must not be accessed in eight bits; they should always be accessed in 16 bits.

10.3.12 Timer A/D Converter Start Request Cycle Set Buffer Registers (TADCOBRA_4
and TADCOBRB_4)

TADCOBRA_4 and TADCOBRB_4 are 16-bit readable/writabl e registers. When the crest or
trough of the TCNT_4 count is reached, these register values are transferred to TADCORA_4 and
TADCORB_4, respectively.

TADCOBRA_4 and TADCOBRB_4 areinitialized to H'FFFF.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: TADCOBRA_4 and TADCOBRB_4 must not be accessed in eight bits; they should always be accessed in 16 bits.
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10.3.13 Timer Counter (TCNT)

The TCNT counters are 16-bit readable/writable counters. The MTU2 has eight TCNT counters,
one each for channels 0 to 4 and three (TCNTU_5, TCNTV_5, and TCNTW_5) for channel 5.

The TCNT counters are initialized to H'0000 by a reset.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: The TCNT counters must not be accessed in eight bits; they should always be accessed in 16 bits.

10.3.14 Timer General Register (TGR)

The TGR registers are 16-bit readable/writable registers. The MTU2 has 21 TGR registers, six for
channel 0, two each for channels 1 and 2, four each for channels 3 and 4, and three for channel 5.

TGRA, TGRB, TGRC, and TGRD function as either output compare or input capture registers.
TGRC and TGRD for channels 0, 3, and 4 can also be designated for operation as buffer registers.
TGR buffer register combinations are TGRA and TGRC, and TGRB and TGRD.

TGRE_0 and TGRF_0 function as compare registers. When the TCNT_0 count matches the
TGRE_0 value, an A/D converter start request can be issued. TGRF can also be designated for
operation as abuffer register. TGR buffer register combination is TGRE and TGRF.

TGRU_5, TGRV_5, and TGRW_5 function as compare match, input capture, or external pulse
width measurement registers.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: The TGR registers must not be accessed in eight bits; they should always be accessed in 16 bits.
TGR registers are initialized to H'FFFF.
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10.3.15 Timer Start Register (TSTR)

TSTR isan 8-hit readable/writable register that selects operation/stoppage of TCNT for channels 0
to4.

TSTR_5isan 8-bit readable/writable register that selects operation/stoppage of TCNTU_5,
TCNTV_5, and TCNTW_5 for channel 5.

When setting the operating mode in TMDR or setting the count clock in TCR, first stop the TCNT
counter.

e TSIR

Bit: 7 6 5 4 3 2 1 0
[cstacsta| - [ - | - [cst2|csti[csmo]
Initial value: 0 0 0 0 0 0 0
RW: RW RW R R R RW RW RW

o

Initial
Bit Bit Name Value R/W Description

7 CST4 0 R/W Counter Start 4 and 3
6 CST3 0 R/W These bits select operation or stoppage for TCNT.

If O is written to the CST bit during operation with the
TIOC pin designated for output, the counter stops but
the TIOC pin output compare output level is retained. If
TIOR is written to when the CST bit is cleared to 0, the
pin output level will be changed to the set initial output
value.

0: TCNT_4 and TCNT_3 count operation is stopped
1: TCNT_4 and TCNT_3 performs count operation

5t03 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value

R/W

Description

2 CST2 0

R/W

CST1 0

R/W

0 CSTO 0

R/W

Counter Start 2to 0
These bits select operation or stoppage for TCNT.

If O is written to the CST bit during operation with the
TIOC pin designated for output, the counter stops but
the TIOC pin output compare output level is retained. If
TIOR is written to when the CST bit is cleared to 0, the
pin output level will be changed to the set initial output
value.

0: TCNT_2 to TCNT_O count operation is stopped
1: TCNT_2 to TCNT_O performs count operation

e TSTR5
Initial value:
R/W:

Initial
Bit Bit Name Value

5 4 3 2 1 0

| ; | } |CSTU5|CSTV5|CSTW5|

R/W

0 0 0 0 0 0
R R R RW RW R/W

Description

7103 — AllO

Reserved

These bits are always read as 0. The write value should
always be 0.

2 CSTUS 0

R/W

Counter Start U5

Selects operation or stoppage for TCNTU_5.
0: TCNTU_5 count operation is stopped

1: TCNTU_5 performs count operation

1 CSTVS 0

R/W

Counter Start V5

Selects operation or stoppage for TCNTV_5.
0: TCNTV_5 count operation is stopped

1: TCNTV_5 performs count operation

0 CSTWS5S 0

R/W

Counter Start W5

Selects operation or stoppage for TCNTW_5.
0: TCNTW_5 count operation is stopped

1: TCNTW_5 performs count operation
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10.3.16 Timer Synchronous Register (TSYR)

TSYR isan 8-bit readable/writable register that selects independent operation or synchronous
operation for the channel 0to 4 TCNT counters. A channel performs synchronous operation when
the corresponding bitin TSYR isset to 1.

Bit: 7 6 5 4 3 2 1 0
[syncasynes| - [ - | - [synca|svnci[synco|
Initial value: 0 0 0 0 0 0 0 0

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

Initial
Bit Bit Name Value R/W Description
7 SYNC4 0 R/W Timer Synchronous operation 4 and 3

6 SYNC3 0 R/W These bits are used to select whether operation is
independent of or synchronized with other channels.

When synchronous operation is selected, the TCNT
synchronous presetting of multiple channels, and
synchronous clearing by counter clearing on another
channel, are possible.

To set synchronous operation, the SYNC bits for at
least two channels must be set to 1. To set
synchronous clearing, in addition to the SYNC bit , the
TCNT clearing source must also be set by means of
bits CCLRO to CCLR2 in TCR.

0: TCNT_4 and TCNT_3 operate independently (TCNT
presetting/clearing is unrelated to other channels)

1: TCNT_4 and TCNT_3 performs synchronous
operation
TCNT synchronous presetting/synchronous clearing
is possible

5t03 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description
2 SYNC2 0 R/W Timer Synchronous operation 2 to 0
SYNC1 0 R/W These bits are used to select whether operation is
0 SYNCO 0 RIW independent of or synchronized with other channels.

When synchronous operation is selected, the TCNT
synchronous presetting of multiple channels, and
synchronous clearing by counter clearing on another
channel, are possible.

To set synchronous operation, the SYNC bits for at
least two channels must be setto 1. To set
synchronous clearing, in addition to the SYNC bit, the
TCNT clearing source must also be set by means of
bits CCLRO to CCLR2 in TCR.

0: TCNT_2 to TCNT_O operates independently (TCNT
presetting /clearing is unrelated to other channels)

1: TCNT_2 to TCNT_O performs synchronous operation
TCNT synchronous presetting/synchronous clearing
is possible
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10.3.17 Timer Counter Synchronous Start Register (TCSYSTR)

TCSYSTR is an 8-hit readable/writable register that specifies synchronous start of the MTU2 and
MTU2S counters. Note that the MTU2S does not have TCSY STR.

Bit: 7 6 5 4 3 2 1 0
[ scHo | sch1 | scha [ scha [ scha | - [scras|schas|

Initial value: 0 0 0 0 0 0 0 0
RIW: R/A(W)* RW)* RIW)* RAW)* BI(W)* R R/W)* RI(W)*

Note: * Only 1 can be written to set the register.

Initial
Bit Bit Name Value R/W Description
7 SCHO 0 R/(W)* Synchronous Start
Controls synchronous start of TCNT_O in the MTU2.

0: Does not specify synchronous start for TCNT_O in
the MTU2

1: Specifies synchronous start for TCNT_O in the MTU2
[Clearing condition]

e When 1is set tothe CSTO bit of TSTR in MTU2
while SCHO =1

6 SCH1 0 R/(W)* Synchronous Start
Controls synchronous start of TCNT_1 in the MTU2.

0: Does not specify synchronous start for TCNT_1 in
the MTU2

1: Specifies synchronous start for TCNT_1 in the MTU2
[Clearing condition]

e When 1 is set to the CST1 bit of TSTR in MTU2
while SCH1 =1
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Bit

Bit Name

Initial
Value

R/W

Description

5

SCH2

0

RI(W)*

Synchronous Start
Controls synchronous start of TCNT_2 in the MTU2.

0: Does not specify synchronous start for TCNT_2 in
the MTU2

1: Specifies synchronous start for TCNT_2 in the MTU2

[Clearing condition]

e When 1is set tothe CST2 bit of TSTR in MTU2
while SCH2 =1

SCH3

RI(W)*

Synchronous Start
Controls synchronous start of TCNT_3 in the MTU2.

0: Does not specify synchronous start for TCNT_3 in
the MTU2

1: Specifies synchronous start for TCNT_3 in the MTU2
[Clearing condition]

e When 1 is set to the CST3 bit of TSTR in MTU2
while SCH3 =1

SCH4

RI(W)*

Synchronous Start
Controls synchronous start of TCNT_4 in the MTU2.

0: Does not specify synchronous start for TCNT_4 in
the MTU2

1: Specifies synchronous start for TCNT_4 in the MTU2

[Clearing condition]

e When 1is set to the CST4 bit of TSTR in MTU2
while SCH4 =1

Reserved

This bit is always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W

Description

1 SCH3S 0 RI(W)*

Synchronous Start
Controls synchronous start of TCNT_3S in the MTU2S.

0: Does not specify synchronous start for TCNT_3S in
the MTU2S

1: Specifies synchronous start for TCNT_3S in the
MTU2S
[Clearing condition]

e When 1is set to the CST3 bit of TSTRS in MTU2S
while SCH3S =1

0 SCH4S 0 RI(W)*

Synchronous Start
Controls synchronous start of TCNT_4S in the MTU2S.

0: Does not specify synchronous start for TCNT_4S in
the MTU2S

1: Specifies synchronous start for TCNT_4S in the
MTU2S
[Clearing condition]

e When 1 is set to the CST4 bit of TSTRS in MTU2S
while SCH4S =1

Note: Only 1 can be written to set the register.
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10.3.18 Timer Read/Write Enable Register (TRWER)

TRWER is an 8-bit readable/writable register that enables or disables access to the registers and
counters which have write-protection capability against accidental modification in channels 3 and
4.

Bit: 7 6 5 4 3 2 1 0
L[ - [ - [ - [ -] -] [wef

Initial value: 0 0 0 0 0 0 0 1
R/W: R R R R R R R R/W

Initial
Bit Bit Name Value R/W Description
701 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
0 RWE 1 R/W Read/Write Enable

Enables or disables access to the registers which have
write-protection capability against accidental
modification.

0: Disables read/write access to the registers
1: Enables read/write access to the registers
[Clearing condition]

¢ When 0 is written to the RWE bit after reading
RWE =1

¢ Registers and counters having write-protection capability against accidental modification
22 registers: TCR_3, TCR 4, TMDR_3, TMDR 4, TIORH_3, TIORH_4, TIORL _3,
TIORL 4, TIER 3, TIER 4, TGRA 3, TGRA 4, TGRB_3, TGRB 4, TOER, TOCR1,
TOCR2, TGCR, TCDR, TDDR, TCNT_3, and TCNT4.
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10.3.19 Timer Output Master Enable Register (TOER)

TOER is an 8-hit readabl e/writable register that enables/disables output settings for output pins
TIOCA4D, TIOCAC, TIOC3D, TIOC4B, TIOC4A, and TIOC3B. These pins do not output correctly
if the TOER bits have not been set. Set TOER of CH3 and CH4 prior to setting TIOR of CH3 and
CH4. Make TOER settings when channel 3 and channel 4 TCNT count operation is stopped.

Bit: 7 6 5 4 3 2 1 0
[ - | - |oe [oeac|oeap | oess | oEan | oEss |
Initial value: 1 1 0 0 0 0 0 0

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

Initial
Bit Bit Name Value R/W Description
7,6 — All 1 R Reserved
These bits are always read as 1. The write value should
always be 1.
5 OE4D 0 R/W Master Enable TIOC4D

This bit enables/disables the TIOC4D pin MTU2 output.
0: MTU2 output is disabled (inactive level)*
1: MTU2 output is enabled

4 OE4C 0 R/W Master Enable TIOC4C
This bit enables/disables the TIOC4C pin MTU2 output.
0: MTU2 output is disabled (inactive level)*
1: MTU2 output is enabled

3 OE3D 0 R/W Master Enable TIOC3D
This bit enables/disables the TIOC3D pin MTU2 output.
0: MTU2 output is disabled (inactive level)*
1: MTU2 output is enabled

2 OE4B 0 R/W Master Enable TIOC4B
This bit enables/disables the TIOC4B pin MTUZ2 output.
0: MTU2 output is disabled (inactive level)*
1: MTU2 output is enabled

1 OE4A 0 R/W Master Enable TIOC4A
This bit enables/disables the TIOC4A pin MTUZ2 output.
0: MTU2 output is disabled (inactive level)*
1: MTUZ2 output is enabled
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Initial
Bit Bit Name Value R/W Description
0 OE3B 0 R/W Master Enable TIOC3B

This bit enables/disables the TIOC3B pin MTUZ2 output.
0: MTU2 output is disabled (inactive level)*
1: MTU2 output is enabled
Note: * The inactive level is determined by the settings in timer output control registers 1 and 2
(TOCR1 and TOCR2). For details, refer to section 10.3.20, Timer Output Control
Register 1 (TOCR1), and section 10.3.21, Timer Output Control Register 2 (TOCR2).

Set these bits to 1 to enable MTU2 output in other than complementary PWM or reset-
synchronized PWM mode. When these bits are set to 0, low level is output.

10.3.20 Timer Output Control Register 1 (TOCR1)

TOCRL is an 8-hit readable/writable register that enables/disables PWM synchronized toggle
output in complementary PWM mode/reset synchronized PWM mode, and controls output level
inversion of PWM output.

Bit: 7 6 5 4 3 2 1 0
| ; | PSYE | ; | ; | TOCL |TOCS | OLSN | oLsp |
Initial value: 0 0 0 0 0 0 0 0
RW: R RW R R R/(W)* RW RW RW

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

This bit is always read as 0. The write value should
always be 0.

6 PSYE 0 R/W PWM Synchronous Output Enable

This bit selects the enable/disable of toggle output
synchronized with the PWM period.

0: Toggle output is disabled
1: Toggle output is enabled
54 — All O R Reserved

These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name value R/W Description
3 TOCL 0 R/(W)** TOC Register Write Protection**
This bit selects the enable/disable of write access to the
TOCS, OLSN, and OLSP bits in TOCR1.
0: Write access to the TOCS, OLSN, and OLSP bits is
enabled
1: Write access to the TOCS, OLSN, and OLSP bits is
disabled
2 TOCS 0 R/W TOC Select

This bit selects either the TOCR1 or TOCR2 setting to
be used for the output level in complementary PWM
mode and reset-synchronized PWM mode.

0: TOCRL1 setting is selected

1: TOCR?2 setting is selected

1 OLSN 0 R/W  Output Level Select N*>**
This bit selects the reverse phase output level in reset-
synchronized PWM mode/complementary PWM mode.
See table 10.30.

0 OoLSP 0 R/W  Output Level Select P*?
This bit selects the positive phase output level in reset-

synchronized PWM mode/complementary PWM mode.
See table 10.31.

Notes: 1. Setting the TOCL bit to 1 prevents accidental modification when the CPU goes out of
control.

2. Clearing the TOCSO bit to 0 makes this bit setting valid.

3. This bit can be set to 1 only once after a power-on reset. After 1 is written, O cannot be
written to the bit.

4. When no dead time is generated, reverse-phase output is inverted to forward-phase
output. Set OLSP and OLSN to the same value.

Table 10.30 Output Level Select Function

Bit 1 Function

Compare Match Output

OLSN Initial Output  Active Level Up Count Down Count
0 High level Low level High level Low level
1 Low level High level Low level High level

Note: The reverse phase waveform initial output value changes to active level after elapse of the
dead time after count start.
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Table 10.31 Output Level Select Function

Bit O Function

Compare Match Output

OLSP Initial Output  Active Level Up Count Down Count
0 High level Low level Low level High level
1 Low level High level High level Low level

Figure 10.2 shows an example of complementary PWM mode output (1 phase) when OLSN =1,
OLSP=1.

Compare match
output (up count)

TCNT_3, and
TCNT_4 values
A
TGRA_3 |
TCNT_3
TCNT 4 /
TGRA_4 4
TDDR ! : ; i ;
H'0000 : — AV iy Time
! : Compare match : H b
! I output (up count) o v
Positive 1 . - ! Compare match !
phase output Lt output | Active level ' output (down count) |
E v Initial ) E Compare match H
'+, output | ' output (down count) |

Active level

Reverse Active
phase output ! level

|__

Figure10.2 Complementary PWM Mode Output Level Example
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10.3.21 Timer Output Control Register 2 (TOCR?2)

TOCR2 is an 8-hit readabl e/writable register that controls output level inversion of PWM output
in complementary PWM mode and reset-synchronized PWM mode.

Bit: 7 6 5 4 3 2 1 0
| BF[1:0] |OLSSN|OLS3P|OL82N|OLSQP|OLS1N|OLS1P|

Initial value: 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW

Initial
Bit Bit Name value R/W Description
7,6 BF[1:0] 00 R/W TOLBR Buffer Transfer Timing Select

These bits select the timing for transferring data from
TOLBR to TOCR2.

For details, see table 10.32.

5 OLS3N 0 R/W Output Level Select 3N*

This bit selects the output level on TIOC4D in reset-
synchronized PWM mode/complementary PWM mode.
See table 10.33.

4 OLS3P 0 R/W Output Level Select 3P*

This bit selects the output level on TIOC4B in reset-
synchronized PWM mode/complementary PWM mode.
See table 10.34.

3 OLS2N 0 R/W Output Level Select 2N*

This bit selects the output level on TIOCA4C in reset-
synchronized PWM mode/complementary PWM mode.
See table 10.35.

2 OLS2P 0 R/W Output Level Select 2P*

This bit selects the output level on TIOC4A in reset-
synchronized PWM mode/complementary PWM mode.
See table 10.36.

1 OLSIN 0 R/W Output Level Select 1N*

This bit selects the output level on TIOC3D in reset-
synchronized PWM mode/complementary PWM mode.
See table 10.37.
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Initial

Bit Bit Name value R/W Description

0 OLS1P 0 R/W Output Level Select 1P*
This bit selects the output level on TIOC3B in reset-
synchronized PWM mode/complementary PWM mode.
See table 10.38.

Note: * Setting the TOCS bit in TOCRL1 to 1 makes this bit setting valid.

When no dead time is generated, reverse-phase output is inverted to forward-phase
output. Set OLSIP and OLSIN (i = 1, 2, 3) to the same value.

Table 10.32 Setting of Bits BF1 and BFO

Bit 7 Bit 6 Description
BF1 BFO Complementary PWM Mode Reset-Synchronized PWM Mode
0 0 Does not transfer data from the Does not transfer data from the
buffer register (TOLBR) to TOCR2. buffer register (TOLBR) to TOCR2.
0 1 Transfers data from the buffer Transfers data from the buffer
register (TOLBR) to TOCR2 at the register (TOLBR) to TOCR2 when
crest of the TCNT_4 count. TCNT_3/TCNT_4 is cleared
1 0 Transfers data from the buffer Setting prohibited
register (TOLBR) to TOCR2 at the
trough of the TCNT_4 count.
1 1 Transfers data from the buffer Setting prohibited

register (TOLBR) to TOCR2 at the
crest and trough of the TCNT_4
count.

Table 10.33 TIOC4D Output Level Select Function

Bit 5 Function

Compare Match Output
OLS3N Initial Output  Active Level Up Count Down Count
0 High level Low level High level Low level
1 Low level High level Low level High level

Note: The reverse phase waveform initial output value changes to the active level after elapse of
the dead time after count start.
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Table 10.34 TIOC4B Output Level Select Function

Bit 4 Function

Compare Match Output
OLS3P Initial Output  Active Level Up Count Down Count
0 High level Low level Low level High level
1 Low level High level High level Low level

Table 10.35 TIOCA4C Output Level Select Function

Bit 3 Function

Compare Match Output
OLS2N Initial Output  Active Level Up Count Down Count
0 High level Low level High level Low level
1 Low level High level Low level High level

Note: The reverse phase waveform initial output value changes to the active level after elapse of

the dead time after count start.

Table 10.36 TIOC4A Output Level Select Function

Bit 2 Function

Compare Match Output
OLS2P  Initial Output  Active Level Up Count Down Count
0 High level Low level Low level High level
1 Low level High level High level Low level

Table 10.37 TIOC3D Output Level Select Function

Bit 1 Function

Compare Match Output
OLSIN Initial Output  Active Level Up Count Down Count
0 High level Low level High level Low level
1 Low level High level Low level High level

Note: The reverse phase waveform initial output value changes to the active level after elapse of

the dead time after count start.
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Table 10.38 TIOC4B Output Level Select Function

Bit O Function

Compare Match Output

OLS1P Initial Output  Active Level Up Count Down Count
0 High level Low level Low level High level
1 Low level High level High level Low level

10.3.22 Timer Output Level Buffer Register (TOLBR)

TOLBR is an 8-hit readable/writable register that functions as a buffer for TOCR2 and specifies
the PWM output level in complementary PWM mode and reset-synchronized PWM mode.

Bit 7 6 5 4 3 2 1 0
| } | } |OL33N|OLSSP|OLS2N|OLSZP|OLS1N|OLS1P|

Initial value: 0 0 0 0 0 0 0 0
R/W: R R RW RW RW RW RW RW

Initial

Bit Bit Name value R/W Description

7,6 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.

5 OLS3N 0 R/W Specifies the buffer value to be transferred to the
OLS3N bit in TOCR2.

4 OLS3P 0 R/W Specifies the buffer value to be transferred to the
OLS3P bit in TOCR2.

3 OLS2N 0 R/W Specifies the buffer value to be transferred to the
OLS2N bit in TOCR2.

2 OLS2P 0 R/W Specifies the buffer value to be transferred to the
OLS2P bit in TOCR2.

1 OLS1N 0 R/W Specifies the buffer value to be transferred to the
OLSIN bit in TOCR2.

0 OLS1P 0 R/W Specifies the buffer value to be transferred to the
OLS1P bitin TOCR2.
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Figure 10.3 shows an example of the PWM output level setting procedure in buffer operation.

Set bit TOCS [1] [1] Set bit TOCS in TOCRT1 to 1 to enable the TOCR2 setting.

[2] Use bits BF1 and BFO in TOCR2 to select the TOLBR buffer
transfer timing. Use bits OLS3N to OLS1N and OLS3P to OLS1P
to specify the PWM output levels.

Set TOCR2 [2]

[38] The TOLBR initial setting must be the same value as specified in
bits OLS3N to OLS1N and OLS3P to OLS1P in TOCR2.

Set TOLBR [3]

Figure10.3 PWM Output Level Setting Procedurein Buffer Operation

10.3.23 Timer Gate Control Register (TGCR)

TGCR is an 8-hit readable/writable register that controls the waveform output necessary for
brushless DC motor control in reset-synchronized PWM mode/complementary PWM mode. These
register settings are ineffective for anything other than complementary PWM mode/reset-
synchronized PWM mode.

Bit: 7 6 5 4 3 2 1 0
| ] |BDC | N | P | FB | WF | VE | UF |
Initial value: 1 0 0 0 0 0 0 0

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

Initial
Bit Bit Name value R/W Description
7 — 1 R Reserved
This bit is always read as 1. The write value should
always be 1.
6 BDC 0 R/W Brushless DC Motor
This bit selects whether to make the functions of this
register (TGCR) effective or ineffective.
0: Ordinary output
1: Functions of this register are made effective
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Bit

Bit Name

Initial
value

R/W

Description

5

N

0

R/W

Reverse Phase Output (N) Control

This bit selects whether the level output or the reset-
synchronized PWM/complementary PWM output while
the reverse pins (TIOC3D, TIOC4C, and TIOC4D) are
output.

0: Level output

1: Reset synchronized PWM/complementary PWM
output

R/W

Positive Phase Output (P) Control

This bit selects whether the level output or the reset-
synchronized PWM/complementary PWM output while
the positive pin (TIOC3B, TIOC4A, and TIOC4B) are
output.

0: Level output

1: Reset synchronized PWM/complementary PWM
output

FB

R/W

External Feedback Signal Enable

This bit selects whether the switching of the output of
the positive/reverse phase is carried out automatically
with the MTU2/channel 0 TGRA, TGRB, TGRC input
capture signals or by writing 0 or 1 to bits 2 to 0 in
TGCR.

0: Output switching is external input (Input sources are
channel 0 TGRA, TGRB, TGRC input capture signal)

1: Output switching is carried out by software (setting
values of UF, VF, and WF in TGCR).

WF

R/W

VF

R/W

UF

R/W

Output Phase Switch 2to 0

These bits set the positive phase/negative phase output
phase on or off state. The setting of these bits is valid
only when the FB bit in this register is set to 1. In this
case, the setting of bits 2 to 0 is a substitute for external
input. See table 10.39.
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Table 10.39 Output level Select Function

Function
Bit 2 Bit 1 Bit 0 TIOC3B TIOC4A TIOC4B TIOC3D TIOC4C TIOC4D
WF VF UF U Phase V Phase W Phase UPhase V Phase W Phase
0 0 0 OFF OFF OFF OFF OFF OFF
1 ON OFF OFF OFF OFF ON
1 0 OFF ON OFF ON OFF OFF
1 OFF ON OFF OFF OFF ON
1 0 0 OFF OFF ON OFF ON OFF
1 ON OFF OFF OFF ON OFF
1 0 OFF OFF ON ON OFF OFF
1 OFF OFF OFF OFF OFF OFF

10.3.24 Timer Subcounter (TCNTS)
TCNTSisa 16-bit read-only counter that is used only in complementary PWM mode.

The initial value of TCNTS is H'0000.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Note:  Accessing the TCNTS in 8-bit units is prohibited. Always access in 16-bit units.
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10.3.25 Timer Dead Time Data Register (TDDR)

TDDR isa 16-hit register, used only in complementary PWM mode that specifiesthe TCNT_3
and TCNT_4 counter offset values. In complementary PWM mode, when the TCNT_3 and
TCNT_4 counters are cleared and then restarted, the TDDR register value is loaded into the
TCNT_3 counter and the count operation starts.

Theinitial value of TDDR is H'FFFF.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note:  Accessing the TDDR in 8-bit units is prohibited. Always access in 16-bit units.

10.3.26 Timer Cycle Data Register (TCDR)

TCDR isa 16-bit register used only in complementary PWM mode. Set half the PWM carrier sync
value asthe TCDR register value. Thisregister is constantly compared with the TCNTS counter in
complementary PWM mode, and when a match occurs, the TCNTS counter switches direction
(decrement to increment).

Theinitial value of TCDR is H'FFFF.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: Accessing the TCDR in 8-bit units is prohibited. Always access in 16-bit units.
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10.3.27 Timer Cycle Buffer Register (TCBR)

TCBR is a 16-bit register used only in complementary PWM mode. It functions as a buffer
register for the TCDR register. The TCBR register values are transferred to the TCDR register
with the transfer timing set in the TMDR register.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note:  Accessing the TCBR in 8-bit units is prohibited. Always access in 16-bit units.

10.3.28 Timer Interrupt Skipping Set Register (TITCR)

TITCR is an 8-hit readable/writable register that enables or disables interrupt skipping and
specifies the interrupt skipping count. The MTU2 hasone TITCR.

Bit: 7 6 5 4 3 2 1 0
|T3AEN | 3ACOR[2:0] |T4VEN | 4VCOR[2:0]

Initial value: 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW

Initial
Bit Bit Name value R/W Description
7 T3AEN 0 R/W T3AEN

Enables or disables TGIA_3 interrupt skipping.
0: TGIA_3 interrupt skipping disabled
1: TGIA_3 interrupt skipping enabled

6to4 3ACOR[2:0] 000 R/W These bits specify the TGIA_3 interrupt skipping count
within the range from 0 to 7.*

For details, see table 10.40.
3 T4AVEN 0 R/W T4AVEN
Enables or disables TCIV_4 interrupt skipping.

0: TCIV_4 interrupt skipping disabled
1: TCIV_4 interrupt skipping enabled
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Initial
Bit Bit Name value R/W Description
2to0 4VCOR[2:0] 000 R/W These bits specify the TCIV_4 interrupt skipping count

within the range from 0 to 7.*
For details, see table 10.41.

Note: * When O is specified for the interrupt skipping count, no interrupt skipping will be
performed. Before changing the interrupt skipping count, be sure to clear the T3AEN
and T4VEN bits to 0 to clear the skipping counter (TICNT).

Table 10.40 Setting of Interrupt Skipping Count by Bits 3ACOR2 to 3SACORO0

Bit 6 Bit 5 Bit 4

3ACOR2 3ACOR1 3ACORO Description

0 0 0 Does not skip TGIA_3 interrupts.

0 0 1 Sets the TGIA_3 interrupt skipping count to 1.
0 1 0 Sets the TGIA_3 interrupt skipping count to 2.
0 1 1 Sets the TGIA_3 interrupt skipping count to 3.
1 0 0 Sets the TGIA_3 interrupt skipping count to 4.
1 0 1 Sets the TGIA_3 interrupt skipping count to 5.
1 1 0 Sets the TGIA_3 interrupt skipping count to 6.
1 1 1 Sets the TGIA_3 interrupt skipping count to 7.

Table 10.41 Setting of Interrupt Skipping Count by Bits4VCOR2 to 4VCORO0

Bit 2 Bit 1 Bit 0
4VCOR2 4VCOR1 4VCORO Description

0 0 0 Does not skip TCIV_4 interrupts.

0 0 1 Sets the TCIV_4 interrupt skipping count to 1.

0 1 0 Sets the TCIV_4 interrupt skipping count to 2.

0 1 1 Sets the TCIV_4 interrupt skipping count to 3.

1 0 0 Sets the TCIV_4 interrupt skipping count to 4.

1 0 1 Sets the TCIV_4 interrupt skipping count to 5.

1 1 0 Sets the TCIV_4 interrupt skipping count to 6.

1 1 1 Sets the TCIV_4 interrupt skipping count to 7.
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10.3.29 Timer Interrupt Skipping Counter (TITCNT)

TITCNT isan 8-bit readable/writable counter. The MTU2 hasone TITCNT. TITCNT retainsits
value even after stopping the count operation of TCNT_3 and TCNT_4.

Bit: 7 6 5 4 3 2 1 0
| ] | 3ACNTI[2:0] | ] | 4VCNT[2:0] |

Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R

Initial
Bit Bit Name Value R/W Description

7 — 0 R Reserved
This bit is always read as 0.

6to4 3ACNT[2:0] 000 R TGIA_3 Interrupt Counter

While the T3AEN bit in TITCR is set to 1, the count in

these bits is incremented every time a TGIA_3 interrupt

occurs.

[Clearing conditions]

e When the 3ACNT2 to 3BACNTO value in TITCNT
matches the 3ACOR2 to 3ACORO0 value in TITCR

e When the T3AEN bitin TITCR is cleared to 0

e When the 3ACOR2 to 3ACORO bits in TITCR are
clearedto O

3 — 0 R Reserved

This bit is always read as 0.

2to 0 4VCNT[2:0] 000 R TCIV_4 Interrupt Counter

While the T4VEN bit in TITCR is set to 1, the count in

these bits is incremented every time a TCIV_4 interrupt

occurs.

[Clearing conditions]

e When the 4VCNT2 to 4VCNTO value in TITCNT
matches the 4VCOR2 to 4VCOR2 value in TITCR

e When the T4VEN bitin TITCR is cleared to 0

¢ When the 4VCOR2 to 4VCOR?2 bits in TITCR are
clearedto 0

Note: To clear the TITCNT, clear the bits TSAEN and T4VEN in TITCR to O.
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10.3.30 Timer Buffer Transfer Set Register (TBTER)

TBTER is an 8-bit readable/writable register that enables or disables transfer from the buffer
registers® used in complementary PWM mode to the temporary registers and specifies whether to
link the transfer with interrupt skipping operation. The MTU2 has one TBTER.

Bit: 7 6 5 4 3 2 1 0
L[ - [ -[-[- 1] srmea |

Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R/W  R/W

Initial
Bit Bit Name Value R/W Description
702 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
1,0 BTE[1:0] 00 R/W These bits enable or disable transfer from the buffer

registers* used in complementary PWM mode to the
temporary registers and specify whether to link the
transfer with interrupt skipping operation.

For details, see table 10.42.

Note: * Applicable buffer registers:
TGRC_3, TGRD_3, TGRC_4, TGRD_4, and TCBR
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Table 10.42 Setting of BitsBTE1 and BTEO

Bit 1 Bit 0

BTE1l BTEO Description

0 0 Enables transfer from the buffer registers to the temporary registers**
and does not link the transfer with interrupt skipping operation.

0 Disables transfer from the buffer registers to the temporary registers.

0 Links transfer from the buffer registers to the temporary registers with

interrupt skipping operation.**

1 1 Setting prohibited

Notes: 1. Data is transferred according to the MD3 to MDO bit setting in TMDR. For details, refer

2.

to section 10.4.8, Complementary PWM Mode.

When interrupt skipping is disabled (the T3AEN and T4VEN bits are cleared to 0 in the
timer interrupt skipping set register (TITCR) or the skipping count set bits (3ACOR and
4VCOR) in TITCR are cleared to 0)), be sure to disable link of buffer transfer with
interrupt skipping (clear the BTE1 bit in the timer buffer transfer set register (TBTER) to
0). If link with interrupt skipping is enabled while interrupt skipping is disabled, buffer
transfer will not be performed.
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10.3.31 Timer Dead Time Enable Register (TDER)

TDER is an 8-hit readable/writable register that controls dead time generation in complementary
PWM mode. The MTU2 has one TDER in channel 3. TDER must be modified only while TCNT
stops.

Bit: 7 6 5 4 3 2 1 0
L[ - [ - [-[-7-71- [we]|

Initial value: 0 0 0 0 0 0 0 1
R/W: R R R R R R R R/(W)

Initial
Bit Bit Name Value R/W Description
701 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
0 TDER 1 R/(W) Dead Time Enable

Specifies whether to generate dead time.

0: Does not generate dead time

1: Generates dead time*

[Clearing condition]

e When 0 is written to TDER after reading TDER =1
Note: * TDDR must be setto 1 or a larger value.
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10.3.32 Timer Waveform Control Register (TWCR)

TWCR is an 8-bit readable/writable register that controls the waveform when synchronous counter
clearing occursin TCNT_3 and TCNT_4 in complementary PWM mode and specifies whether to
clear the counters at TGRA _3 compare match. The CCE bit and WRE bit in TWCR must be
modified only while TCNT stops.

Bit: 7 6 5 4 3 2 1 0
fcce | - | - [ - | - | - [scc|wre]
Initial value:  0* 0 0 0 0 0 0 0

R/W: R/(W) R R R R R R/(W) R/(W)

Note: * Do not set to 1 when complementary PWM mode is not selected.

Initial

Bit Bit Name Value R/W Description

7 CCE

0* R/(W) Compare Match Clear Enable

Specifies whether to clear counters at TGRA_3
compare match in complementary PWM mode.

0: Does not clear counters at TGRA_3 compare match
1: Clears counters at TGRA_3 compare match
[Setting condition]

e When 1 is written to CCE after reading CCE =0

6to2 —

AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description

1 SCC 0 R/(W)  Synchronous Clearing Control

Specifies whether to clear TCNT_3 and TCNT_4 in the
MTU2S when synchronous counter clearing between
the MTU2 and MTU2S occurs in complementary PWM
mode.

When using this control, place the MTU2S in
complementary PWM mode.

When modifying the SCC bit while the counters are
operating, do not modify the CCE or WRE bits.

Counter clearing synchronized with the MTU2 is
disabled by the SCC bit setting only when synchronous
clearing occurs outside the Tb interval at the trough.
When synchronous clearing occurs in the Tb interval at
the trough including the period immediately after
TCNT_3 and TCNT_4 start operation, TCNT_3 and
TCNT_4 in the MTU2S are cleared.

For the Tb interval at the trough in complementary
PWM mode, see figure 10.40.

In the MTU2, this bit is reserved. It is always read as 0
and the write value should always be 0.

0: Enables clearing of TCNT_3 and TCNT_4 in the
MTU2S by MTU2-MTU2S synchronous clearing
operation

1: Disables clearing of TCNT_3 and TCNT_4 in the
MTU2S by MTU2-MTU2S synchronous clearing
operation

[Setting condition]

e When 1 is written to SCC after reading SCC =0
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Initial
Bit Bit Name Value R/W Description
0 WRE 0 R/(w) Initial Output Suppression Enable

Selects the waveform output when synchronous
counter clearing occurs in complementary PWM mode.
The initial output is suppressed only when synchronous
clearing occurs within the Tb interval at the trough in
complementary PWM mode. When synchronous
clearing occurs outside this interval, the initial value
specified in TOCR is output regardless of the WRE bit
setting. The initial value is also output when
synchronous clearing occurs in the Tb interval at the
trough immediately after TCNT_3 and TCNT_4 start
operation.

For the Th interval at the trough in complementary
PWM mode, see figure 10.40.

0: Outputs the initial value specified in TOCR

1: Suppresses initial output

[Setting condition]

e When 1 is written to WRE after reading WRE = 0
Note: * Do not setto 1 when complementary PWM mode is not selected.

10.3.33 BusMaster Interface

The timer counters (TCNT), general registers (TGR), timer subcounter (TCNTS), timer cycle
buffer register (TCBR), timer dead time data register (TDDR), timer cycle dataregister (TCDR),
timer A/D converter start request control register (TADCR), timer A/D converter start request
cycle set registers (TADCOR), and timer A/D converter start request cycle set buffer registers
(TADCOBR) are 16-bit registers. A 16-hit data bus to the bus master enables 16-bit read/writes. 8-
bit read/write is not possible. Always access in 16-bit units.

All registers other than the above registers are 8-bit registers. These are connected to the CPU by a
16-bit data bus, so 16-bit read/writes and 8-bit read/writes are both possible.
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10.4  Operation

10.4.1 Basic Functions

Each channel hasa TCNT and TGR register. TCNT performs up-counting, and is also capable of
free-running operation, cycle counting, and external event counting.

Each TGR can be used as an input capture register or output compare register.
Always select MTUZ2 external pins set function using the pin function controller (PFC).
(1) Counter Operation

When one of bits CSTOto CST4 in TSTR or bits CSTU5, CSTV5, and CSTW5in TSTR 5isset
to 1, the TCNT counter for the corresponding channel begins counting. TCNT can operate asa
free-running counter, periodic counter, for example.

(@) Exampleof Count Operation Setting Procedure

Figure 10.4 shows an example of the count operation setting procedure.

( Operation selection ) [1] Select the counter clock
with bits TPSC2 to TPSCO

| in TCR. At the same time,
| Select counter clock | ] select the input clock edge
with bits CKEG1 and
CKEGO in TCR.

| [2] For periodic counter
C Periodic counter ) C Free-running COU“‘”) operation, select the TGR
| to be used as the TCNT
- clearing source with bits
Select counter clearing 2] CCLR2 to CCLRO in TCR.
source

| [38] Designate the TGR
selected in [2] as an output

Select output compare | (3] compare register by means
register of TIOR.
| [4] Set the periodic counter
| Set period | [4] cycle in the TGR selected
T in [2].
Start count operation |[5 .
| Start count operation | [5] | : 51 5] 13? thte r(t:tShT bit in tTSTR to
— <Free-running counter> 0 start the counter
<Periodic counter> operation.

Figure 10.4 Example of Counter Operation Setting Procedure
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(b) Free-Running Count Operation and Periodic Count Operation:

Immediately after areset, the MTU2's TCNT counters are al designated as free-running counters.
When the relevant bit in TSTRis set to 1 the corresponding TCNT counter starts up-count
operation as afree-running counter. When TCNT overflows (from H'FFFF to H'0000), the TCFV
bitin TSR is set to 1. If the value of the corresponding TCIEV bitin TIER is 1 at this point, the
MTUZ2 requests an interrupt. After overflow, TCNT starts counting up again from H'0000.

Figure 10.5 illustrates free-running counter operation.

TCNT value

H'0000

CST bit |

TCFV

Time

Figure10.5 Free-Running Counter Operation

When compare match is selected asthe TCNT clearing source, the TCNT counter for the relevant
channel performs periodic count operation. The TGR register for setting the period is designated
as an output compare register, and counter clearing by compare match is selected by means of bits
CCLROto CCLR2 in TCR. After the settings have been made, TCNT starts up-count operation as
aperiodic counter when the corresponding bit in TSTR is set to 1. When the count value matches
thevaluein TGR, the TGF bitin TSR isset to 1 and TCNT is cleared to H'0000.

If the value of the corresponding TGIE bitin TIER is 1 at this point, the MTUZ2 requests an
interrupt. After acompare match, TCNT starts counting up again from H'0000.
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Figure 10.6 illustrates periodic counter operation.

Counter cleared by TGR
.~ compare match

TCNT value
TGR

H'0000 Time

Flag cleared by software or

CST bit | '
E .~ DMAC activation
TGF I—I—

Figure10.6 Periodic Counter Operation
(2) Waveform Output by Compare Match

The MTUZ2 can perform 0, 1, or toggle output from the corresponding output pin using compare
match.

(@) Example of Setting Procedurefor Waveform Output by Compare Match

Figure 10.7 shows an example of the setting procedure for waveform output by compare match

( Output selection ) [1] Select initial value O output or 1 output,
and compare match output value 0

output, 1 output, or toggle output, by
means of TIOR. The set initial value is

Select waveform output | [1] output at the TIOC pin until the first
compare match occurs.
mode

[2] Set the timing for compare match
generation in TGR.

[38] Setthe CST bitin TSTR to 1 to start the

Set output timing [2] count operation.
Start count operation [3]

<Waveform output>

Figure10.7 Example of Setting Procedure for Waveform Output by Compare Match
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(b) Examplesof Waveform Output Operation:

Figure 10.8 shows an example of 0 output/1 output.

In thisexample TCNT has been designated as a free-running counter, and settings have been made
such that 1 is output by compare match A, and 0 is output by compare match B. When the set level
and the pin level coincide, the pin level does not change.

TCNT value
H'FFFF
TGRA

TGRB
H'0000

E _~ No change E _~ No change

1 output

i

TIOCA
TIOCB ,%\ No change ,%\ No change 0 output

Figure 10.8 Example of 0 Output/1 Output Operation
Figure 10.9 shows an example of toggle output.

In this example, TCNT has been designated as a periodic counter (with counter clearing on
compare match B), and settings have been made such that the output istoggled by both compare
match A and compare match B.

TCNT value
Counter cleared by TGRB compare match
HFFFF |- ;;;zﬁf ..........................................

TGRB |- == - m oo e e e et
TGRA
H'0000 ; ' ; | ; | ; } Time

TIOCB 'ﬂ' I E | Toggle output
TIOCA | I | I Toggle output

Figure 10.9 Example of Toggle Output Operation
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(3) Input Capture Function
The TCNT value can be transferred to TGR on detection of the TIOC pin input edge.

Rising edge, falling edge, or both edges can be selected as the detected edge. For channels0 and 1,
it is also possible to specify another channel's counter input clock or compare match signal as the
input capture source.

Note:  When another channel's counter input clock is used as the input capture input for channels
0 and 1, P$/1 should not be selected as the counter input clock used for input capture
input. Input capture will not be generated if Pp/1 is selected.

(@) Exampleof Input Capture Operation Setting Procedure

Figure 10.10 shows an example of the input capture operation setting procedure.

( Input selection ) [1] Designate TGR as an input capture

register by means of TIOR, and select
rising edge, falling edge, or both edges
as the input capture source and input
signal edge.

Set the CST bitin TSTR to 1 to start
the count operation.

Select input capture input 1] [
2

Start count [2]

<Input capture operation>

Figure10.10 Example of Input Capture Operation Setting Procedure
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(b) Exampleof Input Capture Operation

Figure 10.11 shows an example of input capture operation.

In this example both rising and falling edges have been selected as the TIOCA pin input capture
input edge, the falling edge has been selected as the TIOCB pin input capture input edge, and
counter clearing by TGRB input capture has been designated for TCNT.

Counter cleared by TIOCB
TCNT value / input (falling edge)

HIO180 |- = - = = = e e et e e ) e

O O 2~ e

HO0010 |-ocoooeee 2. R I
HO005 |- -~ Y7 - mmmm e !
H'0000 ; \\
TIOCA \
TGRA X H0005
Toce — |
Tere X X H0180
Figure10.11 Example of Input Capture Operation
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10.4.2  Synchronous Operation

In synchronous operation, the valuesin a number of TCNT counters can be rewritten
simultaneously (synchronous presetting). Also, a number of TCNT counters can be cleared
simultaneously by making the appropriate setting in TCR (synchronous clearing).

Synchronous operation enables TGR to be incremented with respect to a single time base.

Channels 0 to 4 can al be designated for synchronous operation. Channel 5 cannot be used for
synchronous operation.

(1) Example of Synchronous Operation Setting Procedure

Figure 10.12 shows an example of the synchronous operation setting procedure.

Synchronous operation
selection

Set synchronous

operation 1]
|
(Synchronous presetting) ( Synchronous clearing)
I
Set TCNT [2]
Clearing No
source generation
channel?
Select counter 3] Set synchronous 4]
clearing source counter clearing
Start count (5] Start count (8]
<Synchronous presetting> <Counter clearing> <Synchronous clearing>

[1] Setto 1the SYNC bits in TSYR corresponding to the channels to be designated for synchronous
operation.

[2] When the TCNT counter of any of the channels designated for synchronous operation is written to,
the same value is simultaneously written to the other TCNT counters.

[3] Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare, etc.

[4] Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing source.

[5] Setto 1the CST bits in TSTR for the relevant channels, to start the count operation.

Figure10.12 Example of Synchronous Operation Setting Procedure
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(2) Example of Synchronous Operation
Figure 10.13 shows an example of synchronous operation.

In this example, synchronous operation and PIWM mode 1 have been designated for channels 0 to
2, TGRB_0 compare match has been set as the channel 0 counter clearing source, and
synchronous clearing has been set for the channel 1 and 2 counter clearing source.

Three-phase PWM waveforms are output from pins TIOCOA, TIOC1A, and TIOC2A. At this
time, synchronous presetting, and synchronous clearing by TGRB_0 compare match, are
performed for channel 0to 2 TCNT counters, and the data set in TGRB_0 is used as the PWM
cycle.

For details of PWM modes, see section 10.4.5, PWM Modes.

Synchronous clearing by TGRB_0 compare match

TCNTO to TCNT2
values / \
L2 1= 3 s
TGRB_1 f-----------m--- S G
TGRA_O f----------- SRR LR R SR B a
TGRB_2 f--------, R e R ARl RN EE
TGRA_1 f----- SRR EEEERD BEE SERRRETEELEEL EELELS A REREELEEE ROE
TGRA_2 |-~~~ e R D L At SEEE et
H'0000 — ¢ ————————¢————————¥¢—Time
TIOCOA ! : :
TIOC1A ! | ! | !
TIOC2A | | | | | |
Figure 10.13 Example of Synchronous Operation
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10.4.3 Buffer Operation

Buffer operation, provided for channels 0, 3, and 4, enables TGRC and TGRD to be used as buffer
registers. In channel 0, TGRF can also be used as a buffer register.

Buffer operation differs depending on whether TGR has been designated as an input capture
register or as a compare match register.

Note: TGRE_0 cannot be designated as an input capture register and can only operate as a
compare match register.

Table 10.43 shows the register combinations used in buffer operation.

Table 10.43 Register Combinationsin Buffer Operation

Channel Timer General Register Buffer Register

0 TGRA_O TGRC_O
TGRB_O TGRD_O
TGRE_O TGRF_ 0

3 TGRA_3 TGRC_3
TGRB_3 TGRD_3

4 TGRA 4 TGRC_4
TGRB_4 TGRD_4

e When TGR isan output compare register

When a compare match occurs, the value in the buffer register for the corresponding channel is
transferred to the timer general register.

This operation isillustrated in figure 10.14.

Compare match signal

l

Buffer Timer general [\ Yamm
«{ >— t TCNT
register register || Comparator |

Figure 10.14 Compare Match Buffer Operation
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e When TGRisan input capture register
When input capture occurs, the valuein TCNT istransferred to TGR and the value previously
held in the timer general register istransferred to the buffer register.
This operation isillustrated in figure 10.15.

signal

Buffer < ‘ Timer general < ‘ TCNT
register register

Input capture \ j

Figure10.15 Input Capture Buffer Operation
(1) Example of Buffer Operation Setting Procedure

Figure 10.16 shows an example of the buffer operation setting procedure.

Buffer operation [1] Designate TGR as an input capture register or
P output compare register by means of TIOR.
| [2] Designate TGR for buffer operation with bits
Select TGR function [1] BFA and BFB in TMDR.
| [3] Setthe CST bitin TSTR to 1 start the count
operation.
Set buffer operation [2]
Start count [3]

'

<Buffer operation>

Figure 10.16 Example of Buffer Operation Setting Procedure
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(2) Examplesof Buffer Operation

(@) When TGR isan output compareregister

Figure 10.16 shows an operation example in which PWM mode 1 has been designated for channel
0, and buffer operation has been designated for TGRA and TGRC. The settings used in this
example are TCNT clearing by compare match B, 1 output at compare match A, and O output at
compare match B. In this example, the TTSA bit in TBTM iscleared to 0.

As buffer operation has been set, when compare match A occurs the output changes and the value
in buffer register TGRC is simultaneously transferred to timer general register TGRA. This
operation is repeated each time that compare match A occurs.

For details of PWM modes, see section 10.4.5, PWM Modes.

TCNT value
TGRB_0 H0520
TGRA_0 ! ! : o
H'0000 — ' : — —— Time
TGRC_O H0200; X ' H0450 X | HO0520 co
Transferx :\ : :\ \ : AN
TGRA_O X T H0200! X | H0450 X
TIOCA | | | | | |

Figure 10.17 Example of Buffer Operation (1)

(b) When TGR isan input captureregister

Figure 10.18 shows an operation example in which TGRA has been designated as an input capture
register, and buffer operation has been designated for TGRA and TGRC.

Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling edges
have been selected as the TIOCA pin input capture input edge.

As buffer operation has been set, when the TCNT value is stored in TGRA upon the occurrence of
input capture A, the value previoudly stored in TGRA is simultaneously transferred to TGRC.
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