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Keep safety first in your circuit designs!

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

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

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corp. product best suited to the customer's application; they do not convey any license
under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or
a third party.

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

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

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising
from these inaccuracies or errors.

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

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

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

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

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

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

8. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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General Precautions on Handling of Product

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

The NC (not connected) pins are either not connected to any of the internal circuitry or are
used as test pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSI is not guaranteed.

2. Treatment of Unused Input Pins

Note:

Fix all unused input pins to high or low level.

Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
are in their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:

When power is first supplied, the product’s state is undefined.

The states of internal circuits are undefined until full power is supplied throughout the
chip and a low level is input on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing while it is in this
undefined state. For those products which have a reset function, reset the LSI immediately
after the power supply has been turned on.

4. Prohibition of Access to Undefined or Reserved Addresses

Note:

Access to undefined or reserved addresses is prohibited.

The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system’s
operation is not guaranteed if they are accessed.
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Preface

The SH7065 is a microprocessor that integrates peripheral functions necessary for system
configuration with a 32-bit internal architecture SH2-DSP CPU as its core.

On-chip peripheral functions include large-capacity ROM and RAM, an interrupt controller, four
kinds of timers, a serial communication interface, user break controller (UBC), bus state controller
(BSC), direct memory access controller (DMAC), A/D converter, D/A converter, and I/O ports,
enabling the SH7065 to be used as a microcontroller for electronic products requiring high speed
and low power consumption. Flash memory (F-ZTAT™™) and mask ROM are available as on-
chip ROM, enabling users to respond quickly and flexibly to changing application specifications
and the demands of the transition from initial to full-fledged volume production.

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

Intended Readership: This manual is intended for users undertaking the design of an application
system using the SH7065. Readers using this manual require a basic
knowledge of electrical circuits, logic circuits, and microcomputers.

Purpose: The purpose of this manual is to give users an understanding of the hardware
functions and electrical characteristics of the SH7065. Details of execution
instructions can be found in the SH-1, SH-2, SH-DSP Programming Manual,
which should be read in conjunction with the present manual.

Using this Manual:

e For an overall understanding of the SH7065’s functions
Follow the Table of Contents. This manual is broadly divided into sections on the CPU, system
control functions, peripheral functions, and electrical characteristics.

* For a detailed understanding of CPU functions
Refer to the separate publication SH-1, SH-2, SH-DSP Programming Manual.

Note on bit notation:  Bits are shown in high-to-low order from left to right.

Related Material:  The latest information is available at our Web Site. Please make sure that you
have the most up-to-date information available.
http://www.renesas.com/
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User’s Manuals on the SH7065:

Manual Title

Document No.

SH7065 Hardware Manual

This manual

SH-1, SH-2, SH-DSP Software Manual

REJ09B0171-0500

Users manuals for development tools:

Manual Title

Document No.

C/C++ Compiler, Assembler, Optimizing Linkage Editor User’s Manual

REJ10B0047-0100

Simulator/Debugger User's Manual

REJ10B0210-0200

High-performance Embedded Workshop User's Manual

REJ10B0025-0200

Application Note:

Manual Title

Document No.

C/C++ Compiler

REJ05B0463-0300
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Main Revisions for This Edition

Item Page Revision (See Manual for Details)

All — * Notification of change in company name amended
(Before) Hitachi, Ltd. — (After) Renesas Technology Corp.
9.3.4 Types of DMA 340 Table amended

Transfer Address Request Bus Transfer ~ Usable

Relati hi Mode Type of Transfer Mode Mode  Size (Bits) Channels
elations Ip between Dual External memory and external memory ~ Any** B/C 8/16/32 0-3

DMA Transfer Type! External memory and memory-mapped Any*1 B/C 8/16/32 0-3

Request Mode, and Bus external device

Mode Memory-mapped external device and Any*1 B/C 8/16/32 0-3

memory-mapped external device
Table 9.6 Re|ationship External memory and on-chip memory ~ Any** B/C 8/16/32 0-3
between DMA Transfer External memory and on-chip Any*? BIC 8/16/32*°  0-3

peripheral module

Type, RequeSt MOde’ Memory-mapped external device and Any** B/C 8/16/32 0-3
and Bus Mode on-chip memory

Memory-mapped external device and  Any*? BIC 8/16/32*°  0-3
on-chip peripheral module

On-chip memory and on-chip memory Any*1 B/C 8/16/32 0-3

On-chip memory and on-chip peripheral Any*? BIC 8/16/32*°  0-3
module

On-chip peripheral module and on-chip ~ Any*? B/C 8/16/32*°  0-3
peripheral module

11.6 Usage Notes 484 Description added

Pay Attention to the Notices Below, When a Value Is Written
into the Timer General Register U (TGRU), Timer General
Register V (TGRV), Timer General Register W (TGRW), and in
Case of Written into Free Operation Address (*): ...

Writing Operation into Timer Period Data Register (TPDR) and
Timer Dead Time Data Register (TDDR) When MMT Is
Operating: ...

Notes on Halting TCNT Counter Operation: ...

15.7.2 Handling of 619, 620 Description of preliminary deleted
Analog Input Pins

Figure 15.8 Example
of Analog Input Pin
Protection Circuit

Figure 15.9 Analog
Input Pin Equivalent
Circuit

Table 15.5 Analog
Input Pin
Specifications
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Item Page Revision (See Manual for Details)

22.3.1 Clock Timing 796 Table amended

Table 22.4 ClOCk Item Symbol  Min Max Unit Figure
o Operating frequency (master clock f 20 60 MHz Figure 22.2

Tlmlng P g freq Y ( ) op g

Clock cycle time teye 16.7 50 ns

Clock low-level pulse width toL 4.4 — ns

Clock high-level pulse width ten 4.4 — ns

Clock rise time ter — 4 ns

Clock fall time ter — 4 ns

EXTAL/CKIO clock input frequency fex 5 30 MHz Figure 22.3

EXTAL/CKIO clock input cycle time texcye 33.3 200 ns

EXTAL/CKIO clock input low-level pulse text 11.6 — ns

width

EXTAL/CKIO clock input high-level pulse  texu 11.6 — ns

width

EXTAL/CKIO clock input rise time texr — 5 ns

EXTAL/CKIO clock input fall time texr — 5 ns

Reset oscillation settling time tosc1 10 — ms Figure 22.4

Standby recovery oscillation settling time  tosc2 10 — ms
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Section 1 Overview

Section 1 Overview

1.1 Features of SH7065

The SH7065 is a CMOS single-chip microcomputer featuring an SH2-DSP core—a functionally
enhanced version of the SuperH RISC engine using an original Renesas Technology
architecture—with the same signal processing capability as a general-purpose digital signal
processor (DSP), together with peripheral functions required for system configuration.

The SH2-DSP core offers enhancement of the DSP functions (multiply and multiply-and-
accumulate) of the SuperH RISC engine, and provides full DSP type data bus functionality,
enabling efficient execution of various kinds of signal processing and image processing. With this
CPU, it has become possible to create low-cost, high-performance/high-functionality systems even
for applications such as realtime control, which could not previously be handled by
microcomputers because of their high-speed processing requirements.

In addition, the SH7065 includes on-chip peripheral functions necessary for system configuration,
such as large-capacity ROM and RAM, timers, a serial communication interface (SCI), A/D
converter, D/A converter, interrupt controller (INTC), and I/O ports. An external memory access
support function allows efficient connection of memory and peripheral LSIs, greatly reducing
system cost.

There are two versions of the SH7065, with different kinds of on-chip ROM: an F-ZTAT version
with on-chip flash memory, and a mask ROM version. In the F-ZTAT version, programs can be
written and rewritten with a Renesas-recommended ROM programmer, or on-board.
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Section 1 Overview

Table 1.1  Features

Item

Specifications

CPU

Original Renesas Technology architecture

32-bit internal configuration

General register machine

O Sixteen 32-bit general registers

O Six 32-bit control registers (including three added for DSP use)

O Ten 32-bit system registers (including six added for DSP use)

RISC (reduced instruction set computer) type instruction set

O Fixed 16-bit instruction length for improved code efficiency

O Load-store architecture (basic operations are executed between
registers)

O Delayed branch instructions reduce pipeline disruption during branches

O C-oriented instruction set

Instruction execution time: One instruction per cycle

Address space: Architecture supports 4 Gbytes

Enhanced on-chip multiplier:

O 16 x 16 - 32 multiply operations executed in one to three cycles

0 32 x 32 - 64 multiply operations executed in two to four cycles

O 32 x32+64 - 64 multiply-and-accumulate operations executed in two
to four cycles

Five-stage pipeline
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Section 1 Overview

Item

Specifications

DSP

DSP engine

O Multiplier

O Arithmetic logic unit (ALU)

O Shifter

O DSP registers

Multiplier

O 16 bits x 16 bits —» 32 bits

O Single-cycle multiplier

DSP registers

O Two 40-bit data registers

Six 32-bit data registers

Modulo register (MOD, 32 bits) added to control registers
Repeat counter (RC) added to status register (SR)

Repeat start register (RS, 32 bits) and repeat end register (RE, 32 bits)
added to control registers

DSP data bus
0 Extended Harvard architecture

O 0o g o

O Simultaneous access to two data buses and one instruction bus
Parallel processing

O Maximum of four parallel processes

O ALU operations, multiplication, and two loads or stores
Address processors

0 Two address processors

O Address operations to access two memories

DSP data addressing modes

O Increment and index

O Each with or without modulo addressing

Repeat control: Zero-overhead repeat (loop) control

Instruction set

O 16-bit length (in case of load or store only)

O 32-bit length (including ALU operations and multiplication)

O Added system control instructions for accessing DSP registers
Fifth and last pipeline stage is DSP stage
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Section 1 Overview

Item

Specifications

Interrupt
controller (INTC)

Nine external interrupt pins (NMI, IRQO to IRQ7)

15 external interrupt sources (encoded input) can also be selected for pins
IRQO to IRQ3

16 programmable priority levels

NMI noise canceler function

Interrupt acceptance can be reported externally (IRQOUT pin)

User break
controller (UBC)

Requests an interrupt when the CPU or DMAC generates a bus cycle with
specific set conditions

Simplifies configuration of an on-chip debugger

Bus state
controller (BSC)

Supports external expansion memory access
O 32-bit external data bus

Address space divided into six areas (four areas in SRAM space, two
areas in DRAM space), with the following parameters settable for each
area:

O Bus size (8/16/32 bits)
O Number of wait cycles

O SRAM, DRAM, and EDO DRAM easily connectable by space type
setting

O Output of RAS and CAS signals for DRAM and EDO DRAM

O Addressing multiplexing supported internally, allowing direct connection
of DRAM and EDO DRAM

DRAM and EDO DRAM burst access functions

O DRAM and EDO DRAM fast access mode supported

DRAM and EDO DRAM refresh functions

O Programmable refresh interval

O CAS-before-RAS refreshing and self-refreshing supported

O Up to eight consecutive CAS-before-RAS refreshes possible

Wait cycles can be inserted using an external WAIT signal

Can access |/O devices that use address/data multiplexing

Big-endian or little-endian mode can be set independently for each area
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Section 1 Overview

Item

Specifications

Direct memory
access controller
(DMAC)

(4 channels)

DMA transfer possible for the following devices:

O External memory, external I/O, on-chip supporting modules (excluding
DMAC, BSC, UBC)

DMA transfer requests by external pins (for two channels) and on-chip
peripheral modules, plus auto-request

Cycle steal or burst transfer

Relative channel priorities can be set

Selection of dual or single address mode transfer

Chain mode transfer possible

Transfer data width: 8/16/32 bits

4-Gbyte address space, maximum 4G (4,294,967,296) transfers

TEND output can be asserted for each channel at the end of DMA transfer

Timer pulse unit
(TPU)
(6 channels)

Maximum 16 kinds of waveform output or maximum 16 kinds of
input/output processing based on six 16-bit timer channels

16 dual-function output compare registers/input capture registers
Total of 16 independent comparators

Selection of eight counter input clocks

Input capture function

Pulse output modes

O One-shot, toggle, PWM

Phase counting mode

O Two-phase encoder count processing capability

Motor
management
timer (MMT)
(1 channel)

Non-overlap waveform output for 6-phase inverter control
Dead times generated by dead time counters

Any PWM duty from 0% to 100% can be set

Toggle output possible in synchronization with PWM cycle
Data transfer can be performed by DMAC activation

A/D converter conversion start trigger can be generated
Output-off functions
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Item

Specifications

Compare-match
timer (CMT)
(2 channels)

16-bit free-running counter
One compare register
Interrupt request generated by compare-match

Watchdog timer

(WDT) (1 channel) |

Can be switched between watchdog timer and interval timer function

Internal reset, external signal, or interrupt generated by count overflow

Serial
communication
interface (SCI)
(3 channels)

For each channel:

Selection of asynchronous or synchronous mode
Simultaneous transmission/reception (full-duplex) capability
Built-in dedicated baud rate generator

Multiprocessor communication function

Separate 16-stage FIFO registers for transmission and reception, enabling
continuous high-speed communication

Selection of MSB-first or LSB-first transfer
Selection of base clock of 4/8/16 times the bit rate in asynchronous mode
Built-in IrDA interface (conforming to IrDA 1.0)

I/0O ports

Total of 118 port pins: 110 input/output, 8 input
Input/output voltage level for some ports can be set by 1/O circuit power
Supply PVce

A/D converter

10 bits x 4 channels x 2 modules

Conversion can be activated by external trigger

D/A converter

8 bits x 2 channels

On-chip memory

ROM: 256 kbytes
X-RAM: 4 kbytes
Y-RAM: 4 kbytes
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Item

Specifications

Operating modes

e Operating modes
O Expanded ROMless mode
O Expanded ROM mode
O Single-chip mode
* Processing states
O Program execution state
O Exception handling state
O Bus-released state
¢ Power-down modes
Sleep mode
Hardware standby mode
Software standby mode
Module standby function

O 0o ogood

Module clock division function

Clock pulse
generator (CPG)

e Built-in clock pulse generator

Selection of crystal or external clock as clock source

e Built-in clock-multiplication PLL circuits

¢ Built-in PLL circuit for phase synchronization between external clock and

internal clock

« Internal clock and on-chip peripheral module clock frequencies can be

scaled independently

Package

176-pin plastic LQFP (LQFP2424-176), 0.5 mm pitch

Product lineup

SH7065: 256 kB flash/mask
Operating frequency: 60 MHz (max.)
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1.2 Block Diagram
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Figure 1.1 Block Diagram
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Section 1 Overview

1.3 Pin Arrangement and Pin Functions

1.3.1 Pin Arrangement
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Note: * Vss in the mask version (can be pulled down with a resistance of 5.0 kQ to 10 kQ)

Figure 1.2 Pin Arrangement
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Section 1 Overview

1.3.2 Pin Functions

Table 1.2 summarizes the pin functions.

Table 1.2  Pin Functions

Type Symbol /10 Name Function

Power supply Vcc Input Power supply For connection to the power supply.
Connect all V¢c pins to the system power
supply. The chip will not operate if there
are any open pins. Apply the same
voltage to all Vcc pins.*

Vss Input Ground For connection to ground. Connect all
Vss pins to the system ground. The chip
will not operate if there are any open
pins.

PVcc Input I/O circuit Power supply for the I/O circuits. The

power supply chip will not operate if there are any
open pins. Apply the same voltage to all
PVcc pins.*

PVss Input I/O circuit Ground for the 1/O circuits. The chip will
ground not operate if there are any open pins.
Clock PLLVcc Input PLL power On-chip PLL oscillator power supply. The

supply chip will not operate if there are any
open pins.

PLLVss Input PLL ground On-chip PLL oscillator ground. The chip
will not operate if there are any open
pins.

PLLCAP1 Input PLL capacitance On-chip PLL oscillator 1 external
capacitance pin.

PLLCAP2  Input PLL capacitance On-chip PLL oscillator 2 external
capacitance pin.

EXTAL Input External clock  For connection to a crystal resonator. An
external clock can also be input to the
EXTAL pin.

XTAL Output  Crystal For connection to a crystal resonator

CKIO I/0 System clock I/O Used as external clock input or internal
clock output pin.

CK Output  System clock Internal clock output pin.

output
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Type Symbol 110 Name Function
System control RES Input Power-on Executes a power-on reset when driven
reset low.
WDTOVF  Output Watchdog WDT overflow output signal
timer overflow
BREQ Input Bus request Driven low when an external device
requests release of the bus.
BACK Output  Bus request Indicates that the bus has been granted
acknowledge to an external device. The device that
output the BREQ signal recognizes that
the bus has been acquired when it
receives the BACK signal.
HSTBY Input Hardware Hardware standby input pin. Drive high
standby when not used.
Operating MDO-MD5  Input Mode setting These pins determine the operating
mode control mode. Do not change the input values
during operation.
FWE Input Flash write On-chip flash memory program/erase
enable hardware protection pin.
Interrupts NMI Input Nonmaskable = Nonmaskable interrupt request pin.
interrupt Acceptance at the rising edge or falling
edge can be selected.
IRQO-IRQ7 Input Interrupt Maskable interrupt request pins. Level
request 0to 7  input or edge input can be selected.
IRQOUT Output  Interrupt Indicates that an interrupt request has
request output  been generated. Enables interrupt
generation to be recognized in the bus-
released state.
Address bus  A0-A25 Output  Address bus Address output pins.
Data bus D0-D31 I/0 Data bus 32-bit bidirectional data bus.
Bus control CS0-CS5  Output  Chip select Chip select signals for external memory
Oto 5 or devices.
RD Output Read Indicates reading from an external
device.
RDWR Output  Read/write Used as the DRAM write directive signal.
WRLL Output  LL write Indicates writing of bits 7 to 0 of external
data.
WRLH Output  LH write Indicates writing of bits 15 to 8 of

external data.
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Type Symbol /10 Name Function
Bus control WRHL Output  HL write Indicates writing of bits 23 to 16 of
external data.

WRHH Output  HH write Indicates writing of bits 31 to 24 of
external data.

WAIT Input Wait Input for wait cycle insertion in bus
cycles during external space access

LLBS Output  LL byte strobe Indicates access to bits 7 to 0 of external
data.

LHBS Output  LH byte strobe Indicates access to bits 15 to 8 of
external data.

HLBS Output  HL byte strobe Indicates access to bits 23 to 16 of
external data.

HHBS Output  HH byte strobe Indicates access to bits 31 to 24 of
external data.

WR Output  Write Indicates the data bus input/output
direction. Also used as the write directive
for byte-strobe type memory.

RASO- Output Row address DRAM row address strobe timing signals

RASH1 strobe 0, 1

CASLLO-  Output LL column Output when accessing bits 7 to 0 of

CASLL1 address strobe DRAM data.

0, 1
CASLHO-  Output LH column Output when accessing bits 15 to 8 of
CASLH1 address strobe DRAM data.
0, 1
CASHLO-  Output HL column Output when accessing bits 23 to 16 of
CASHLA1 address strobe DRAM data.
0,1
CASHHO-  Output HH column Output when accessing bits 31 to 24 of
CASHH1 address strobe DRAM data.
0,1
OEO0-OE1  Output Output enable  Output enable signal for use of EDO
0,1 DRAM in RAS down mode.

AH Output Address hold  Address hold timing signal for a device
using a multiplexed address/data bus.

BS Output  Bus cycle start  Indicates the start of a bus cycle.
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Type Symbol /10 Name Function
Direct memory DREQO- Input DMA transfer Input pins for external requests for DMA
access DREQ1 request transfer.
controller (channels 0, 1)
(DMAC)
DRAKO- Output DREQrequest These pins output the input sampling
DRAK1 acknowledg- acknowledgment for external requests
ment for DMA transfer.
(channels 0, 1)
DACKO- Output DMA transfer These pins output a strobe to the
DACK1 strobe external I/O in external DMA transfer
(channels 0, 1) requests.
TENDO- Output DMA transfer These pins go low at the end of DMA
TEND1 end transfer.
(channels 0, 1)
Timer pulse TCLKA- Input TPU timer TPU counter external clock Input pins.
unit (TPU) TCLKD clock input
TIOCOA- 1/0 TPU input Channel 0 input capture input/output
TIOCOD capture/output  compare output/PWM output pins.
compare
(channel 0)
TIOC1A- 1/0 TPU input Channel 1 input capture input/output
TIOC1B capture/output  compare output/PWM output pins.
compare
(channel 1)
TIOC2A- 1/0 TPU input Channel 2 input capture input/output
TIOC2B capture/output  compare output/PWM output pins.
compare
(channel 2)
TIOC3A- 1/0 TPU input Channel 3 input capture input/output
TIOC3D capture/output  compare output/PWM output pins.
compare
(channel 3)
TIOC4A- 1/0 TPU input Channel 4 input capture input/output
TIOC4B capture/output  compare output/PWM output pins.
compare
(channel 4)
TIOC5A- 1/0 TPU input Channel 5 input capture input/output
TIOC5B capture/output compare output/PWM output pins.
compare
(channel 5)
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Type Symbol 110 Name Function
Motor PCI Input Counter clear  Counter clear input pin.
management input
timer (MMT) PCO Output  PWM cycle Pin for toggle output synchronized with
output PWM cycle.
PUOA- Output PWM U-phase PWM U-phase waveform output pin.
PUOB output
PVOA- Output PWM V-phase PWM V-phase waveform output pin.
PVOB output
PWOA- Output PWM W-phase PWM W-phase waveform output pin.
PWOB output
POEO- Input Port output These pins input request signals to place
POE3 enable input large-current pins in the high-impedance
state.
Serial TxDO- Output Transmitdata  Transmit data output pins.
communication TxD2 (channels 0 to 2)
interface (SCI) RxDO— Input Receive data Receive data input pins.
RxD2 (channels 0 to 2)
SCKO- 1/0 Serial clock Clock input/output pins.
SCK2 (channels 0 to 2)
Analog power AVcc Input Analog power  For connection to analog power supply.
supply supply
AVss Input Analog ground  For connection to analog power supply
ground.
A/D converter ANO-AN7  Input Analog input Analog signal input pins
ADTRG Input A/D conversion External input for starting A/D conversion
trigger input
D/A converter DAO-DA1 Output  Analog output  D/A converter analog signal output pins
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Type

Symbol 110 Name Function

I/0O ports

PA x 18 1/0 General port General input/output port pins. Input or
output can be specified bit by bit.

PB x 11 I/0 General port General input/output port pins. Input or
output can be specified bit by bit.

PC x 26 I/0 General port General input/output port pins. Input or
output can be specified bit by bit.

PD x 32 1/0 General port General input/output port pins. Input or
output can be specified bit by bit.

PE x 12 I/0 General port General input/output port pins. Input or
output can be specified bit by bit.

PF x 6 1/0 General port General input/output port pins. Input or
output can be specified bit by bit.

PG x3 1/0 General port General input/output port pins. Input or
output can be specified bit by bit.

PH x 2 I/0 General port General input/output port pins. Input or
output can be specified bit by bit.

Pl x8 Input General port General input port pins.

Notes: Unused input pins must be pulled up or pulled down with a resistance of 4.7 kQ to 10 kQ.

*

The following power-on/power-off order is recommended when applying a 5 V voltage
to power supply voltage pin PVcc. When PVcc is also used with the same 3 V voltage
as Vcc, etc., simultaneous powering on and off is recommended for all power supplies.

. Powering on

(1) Turn on the 5V power (PVcc) first, then the 3 V power (Vcc, PLLVcc, AVcc).
(2) Pin states are undefined while only 5 V power (PVcc) is on, as reset input is invalid.
Powering off

(1) Power off in the reverse order to powering on: Turn off the 3 V power first, then the
5V power.

(2) Pin states are undefined while only 5 V power is being supplied.
Power-on/off interval

To minimize the length of time during which pin states are undefined, the power-on/off
interval should be kept as short as possible. Also, the system design should ensure that
erroneous system operation will not result from pin states becoming undefined.
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Table 1.3  Pin Function List
Control
Power

No.* Supply Function 1 Function 2 Function 3 Function 4 Function 5
1 — PLLVcc — — — —
2 — PLVss — — — —
3 — PLLCAP1 — — — —
4 — PLLCAP2 — — — —
5 — AVcc — — — —
6 — AVss — — — —
7 Vcce EXTAL — — — —
8 Vcce XTAL — — — —
9 Vce CKIO — — — —
10 Vcc CK — — — —
11 Vce RES — — — —
12 Vce WDTOVF — — — —
13 Vce HSTBY — — — —
14  Vcc MD5 — — — —
15  Vcc MD4 — — — —
16 Vcc MD3 — — — —
17  Vcc MD2 — — —
18 Vcc MD1 — — — —
19 Vcc MDO — — — —
20 Vcc NMI — — — —
21 Vcc FWE — — —
22 Vcc General input/output (PA25) CS5 — — —
23 Vcc General input/output (PA24) CS4 — — —
24  Vcc General input/output (PA23) CS3 — — —
25 Vcc General input/output (PA22) CS2 — — —
26 Vcc General input/output (PA21) CST1 — — —
27 Vcc General input/output (PA20) CSO — — —
28 Vcc General input/output (PA19) BS — — —
29 Vcc General input/output (PA18) RD — — —
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Control
Power

No.* Supply Function 1 Function 2 Function 3 Function 4 Function 5
30 Vcc General input/output (PA17) WR — — —
31  Vcc General input/output (PA16) WRHH HHBS TCLKC TIOC3A
32  Vcc General input/output (PA15) WRHL HLBS TCLKD TIOC3B
33 Vcc General input/output (PA14) WRLH LHBS — —
34 Vcc General input/output (PA13) WRLL LLBS — —
35 Vcc General input/output (PA12)  WAIT — — —
36 Vce General input/output (PA9)  RAST — — —
37  Vcc General input/output (PA8)  RASO — — —
38 Vcc General input/output (PB23) CASHH1  TxD1 TENDO —
39 Vcc General input/output (PB22) CASHL1  RxD1 TEND1 —
40 Vce General input/output (PB21) CASLHT  — — —
41 Vce General input/output (PB20) CASLL1T  — — —
42 Vcc General input/output (PB19) CASHHO  TxDO — —
43  Vce General input/output (PB18) CASHLO  RxDO — —
44  Vcc General input/output (PB17) CASLHO  — — —
45  Vcc General input/output (PB16) CASLLO  — — —
46 Vcc General input/output (PB13) RDWR — — —
47 Vcc General input/output (PC25) A25 TIOC3B TCLKD —
48 Vcc General input/output (PC24) A24 TIOC3A TCLKC —
49 Vcc General input/output (PC23) A23 TIOC1B TCLKB —
50 Vcc General input/output (PC22) A22 TIOC1A TCLKA —
51 Vcc General input/output (PC21) A21 TIOC5B — —
52 Vcc General input/output (PC20) A20 TIOC5A — —
53 Vcc General input/output (PC19) A19 TIOC4B — —
54 Vcc General input/output (PC18) A18 TIOC4A — —
55 Vcc General input/output (PC17) A17 TIOC3B — —
56 Vcc General input/output (PC16) A16 TIOC3A — —
57 Vcc General input/output (PC15) A15 TIOC3D — —
58 Vcc General input/output (PC14) A14 TIOC3C — —
59 Vcc General input/output (PC13) A13 — — —
60 Vcc General input/output (PC12) A12 — — —
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Control
Power

No.* Supply Function 1 Function 2 Function 3 Function 4 Function 5
61 Vcc General input/output (PC11) A11 — — —
62 Vcc General input/output (PC10) A10 — — —
63 Vcc General input/output (PC9) A9 — — —
64 Vcc General input/output (PC8) A8 — — —
65 Vcc General input/output (PC7) A7 — — —
66 Vcc General input/output (PC6) A6 — — —
67 Vcc General input/output (PC5) A5 — — —
68 Vcc General input/output (PC4) A4 — — —
69 Vcc General input/output (PC3) A3 — — —
70 Vcc General input/output (PC2) A2 — — —
71 Vcc General input/output (PC1) A1 — — —
72  Vcc General input/output (PC0O) A0 — — —
73 Vcc General input/output (PD31) D31 RxD2 TIOC5A —
74 Vcc General input/output (PD30) D30 TxD2 TIOC4B —
75 Vcc General input/output (PD29) D29 SCK2 TIOC4A —
76  Vcc General input/output (PD28) D28 TCLKB TIOC3D —
77 Vcc General input/output (PD27) D27 TCLKA TIOC3C —
78 Vcc General input/output (PD26) D26 PWOB — —
79 Vcc General input/output (PD25) D25 PVOB — —
80 Vcc General input/output (PD24) D24 PUOB — —
81 Vcc General input/output (PD23) D23 PCO PCI SCK1
82 Vcc General input/output (PD22) D22 PWOA SCKO —
83 Vcc General input/output (PD21) D21 PVOA IRQ7 —
84 Vcc General input/output (PD20) D20 PUOA IRQ6 —
85 Vcc General input/output (PD19) D19 POE3 IRQ5 —
86 Vcc General input/output (PD18) D18 POE2 IRQ4 —
87 Vcc General input/output (PD17) D17 POE1 ADTRG —
88 Vcc General input/output (PD16) D16 POEO — —
89 Vcc General input/output (PD15) D15 TIOC5B — —
90 Vcc General input/output (PD14) D14 TIOC5A — —
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Control
Power
No.* Supply Function 1 Function 2 Function 3 Function 4 Function 5
91 Vcc General input/output (PD13) D13 TIOC4B — —
92 Vcc General input/output (PD12) D12 TIOC4A — —
93 Vcc General input/output (PD11) D11 TIOC2B — —
94  Vcc General input/output (PD10) D10 TIOC2A — —
95 Vcc General input/output (PD9) D9 TIOC1B — —
96 Vcc General input/output (PD8) D8 TIOC1A — —
97 Vcc General input/output (PD7) D7 — — —
98 Vcc General input/output (PD6) D6 — — —
99 Vcc General input/output (PD5) D5 — — —
100 Vcc General input/output (PD4) D4 — — —
101 Vcc General input/output (PD3) D3 — — —
102 Vcc General input/output (PD2) D2 — — —
103 Vcc General input/output (PD1) D1 — — —
104 Vcc General input/output (PD0O) DO — — —
105 Vcc General input/output (PA1)  OET — — —
106 Vcc General input/output (PA0)  OE0 — — —
107 PVcc General input/output (PE23) TRQ7 PWOB — —
108 PVcc General input/output (PE22) TRQ6 PVOB — —
109 PVcc General input/output (PE21) TRQ5 PUOB — —
110 PVcc General input/output (PE20) TRQ4 PCO PCI —
111 PVcc General input/output (PE19) TRQ3 PWOA — —
112 PVcc General input/output (PE18) TRQ2 PVOA — —
113 PVcc General input/output (PE17) TRQT PUOA SCKO —
114 PVcc  General input/output (PE16) TRQ0O SCK1 AH —
115 Vcc General input/output (PF7)  DREQ1 IRQOUT TIOCOD —
116 Vcc General input/output (PF6)  DRAK1 TxD1 TIOC2A —
117 Vcc General input/output (PF5) DACK1 RxD1 TIOC2B —
118 AVcc General input (P17) AN7 — — —
119 AVcc General input (P16) ANG6 — — —
120 AVcc General input (PI5) AN5 — — —
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Control
Power

No.* Supply Function 1 Function 2 Function 3 Function 4 Function 5
121 AVcc General input (P14) AN4 — — —
122 AVcc General input (P13) AN3 — — —
123 AVcc General input (P12) AN2 — — —
124 AVcc General input (P11) AN1 — — —
125 AVcc General input (P10) ANO — — —
126 AVcc General input/output (PH1)  DA1 — — —
127 AVcc General input/output (PHO)  DAO — — —
128 PVcc General input/output (PE12) TRQ4 — — —
129 PVcc General input/output (PE13) TRQ5 — — —
130 PVcc  General input/output (PE14) TRQ6 — — —
131 PVcc General input/output (PE15) TRQ7 — — —
132 PVcc General input/output (PG31) RxD2 — — —
133 PVcc General input/output (PG30) TxD2 — — —
134 PVcc General input/output (PG29) SCK2 — — —
135 Vcc General input/output (PF2)  DRAKO TIOCOC — —
136 Vcc General input/output (PF1) DACKO TIOCOB — —
137 Vcc General input/output (PF3)  DREQO TIOCOA — —
138 PVcc  General input/output (PB7)  BACK — — —
139 PVcc  General input/output (PB6) BREQ — — —
Note: * These numbers are not the package pin numbers.
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Section 2 CPU

2.1 Register Configuration

The SH7065 has sixteen 32-bit general registers, six 32-bit control registers, and ten 32-bit system
registers.

As the SH7065 is upward-compatible with the SH-1 and SH-2 at the object code level, a number
of registers have been added to those provided in previous SuperH microcomputers. The additions
comprise three control registers (the repeat start register (RS), repeat end register (RE), and
modulo register (MOD)), one system register (the DSP status register (DSR)), and six registers
(A0, A1, X0, X1, YO0, and Y1) within the DSP data registers.

With SuperH microcomputer type instructions, general registers are used in the same way as in the
SH-1 and SH-2, but with DSP type instructions, general registers are used as address and index
registers for accessing memory.

2.1.1 General Registers

There are sixteen 32-bit general registers (Rn), designated RO to R15. The general registers are
used for data processing and address calculation.

With SuperH microcomputer type instructions, RO is used as an index register. With a number of
instructions, RO is the only register that can be used. R15 is used as the stack pointer (SP). In
exception handling, R15 is used to reference the stack when saving and restoring the status register
(SR) and program counter (PC).

With DSP type instructions, eight of the sixteen general registers are used for addressing of X and
Y data memory and data memory (single data) that uses the I-bus.

To access X memory, R4 and RS are used as X address register [Ax] and R8 is used as X index
register [Ix]. To access Y memory, R6 and R7 are used as Y address register [Ay] and R9 is used
as Y index register [Iy]. To access single data that uses the I-bus, R2, R3, R4, and R5 are used as
single data address register [As] and RS is used as single data index register [Is].

DSP type instructions can access can access X and Y data memory simultaneously. Two sets of
address pointers are provided to specify the X and Y data memory addresses.

The general registers are shown in figure 2.1.
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31 0
RO*1

R1

R2, [As]*3
R3, [As]*3
R4, [As, Ax]*3
R5, [As, Ax]*3
R6, [Ay]*3
R7, [Ay]*®
RS, [Ix, Is]*3
R9, [ly]"3
R10

R11

R12

R13

R14

R15, SP*2

Notes: 1. The RO register is used as the index register in indexed register indirect addressing
mode and indexed GBR indirect addressing mode.
With certain instructions, RO only is used as the source register and destination
register.
2. The R15 register is used as the stack pointer (SP) during exception handling.
3. Used as the memory address register or memory index register with DSP type
instructions.

Figure 2.1 General Register Configuration

In assembler, the symbols R2, R3 ... R9 are used. If it is wished to use a name that indicates the
role of a register for DSP type instructions, a different register name (alias) can be used. The
coding in assembler is as follows.

I X: . REG (R8)
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The name Ix is the alias for R8. Other aliases are assigned as follows.

AX0: .REG (R4)
Ax1l: .REG (RS5)
I X: .REG (R8)
Ay0: . REG (R6)
Ayl: .REG (R7)
ly: .REG (R9)
AsO: .REG (R4); Definition when an alias is required for single data transfer.
Asl: .REG (R5); Definition when an alias is required for single data transfer.
As2: .REG (R2); Definition when an alias is required for single data transfer.
As3: .REG (R3); Definition when an alias is required for single data transfer.

I's: . REG (R8); Definition when an alias is required for single data transfer.

2.1.2 Control Registers

There are six 32-bit control registers: the status register (SR), repeat start register (RS), repeat end
register (RE), global base register (GBR), vector base register (VBR), and modulo register
(MOD).

The SR register shows the processing status.

The GBR register is used as the base address in GBR indirect addressing mode, and is used for
data transfer involving on-chip peripheral module registers, etc.

The VBR register is used as the base address of the exception handling vector area, including
interrupts.

The RS register and RE register are used to control program repeats (loops). The number of loops
is specified in the repeat counter (RC) in the SR register, the repeat start address is specified in the
RS register, and the repeat end address is specified in the RE register. However, the address values
stored in the RS register and RE register are not necessarily the same as the physical repeat start
address and end address.

The MOD register is used in modulo addressing for repeat data buffering. The modulo addressing
specification is made with the DMX or DMY bit in the SR register, the modulo end address (ME)
is specified in the upper 16 bits of the MOD register, and the modulo start address (MS) in the
lower 16 bits. The DMX and DMY bits cannot both specify modulo addressing simultaneously.
Modulo addressing can be used with the X and Y data transfer instructions (MOVX, MOVY), but
not with the single data transfer instruction (MOVS).
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Figure 2.2 shows the control register, and table 2.1 shows the bits in the SR register.

Status register (SR)
31 2827 161512 11 10 9 8 7 4 3 2 10
loooo| Rc |oo00|DMY|DMX|M[Q| IMASK |RF1|RFO[S|T|

Repeat start register (RS)
31 0

| RS |

Repeat end register (RE)
31 0
| RE |

Global base register (GBR)

31 0

| GBR |
Vector base register (VBR)

31 0

| VBR |

Modulo register (MOD)
31 16 15 0

| ME MS |

Legend:
ME: Modulo end address
MS: Modulo start address

Figure 2.2 Control Register Configuration
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Table 2.1 SR Register Bits
Bits Name (Abbreviation) Function
27-16 Repeat counter (RC) These bits specify number of repeats in repeat (loop)
control (2 to 4095).
11 Y pointer modulo addressing 1: Modulo addressing mode is enabled for Y memory
specification (DMY) address pointer Ay (R6, R7).
10 X pointer modulo addressing 1: Modulo addressing mode is enabled for X memory
specification (DMX) address pointer Ax (R4, R5).
9 M bit Used by DIVOS/U and DIV1 instructions.
8 Q bit
7-4 Interrupt request mask These bits show the interrupt request acceptance level
(IMASK) (0 to 15).
3,2 Repeat flags (RF1, RFO) Used for zero-overhead repeat (loop) control.
Set as follows when the SETRC instruction is used.
1-steprepeat: 00 RE-RS=-4
2-steprepeat: 01 RE-RS=-2
3-steprepeat: 11 RE-RS=0
4 or more steps:10 RE-RS >0
1 Saturation operation bit (S) Used with MAC and DSP instructions.
1: Specifies a saturation operation (preventing
overflow)
0 T bit With MOVT, CMP/cond, TAS, TST, BT, BT/S, BF,
BF/S, SETT, CLRT, and DT instructions:
0: Indicates True
1: Indicates False
With ADDV/C, SUBV/C, DIVOU/S, DIV1, NEGC,
SHARI/L, SHLR/L, ROTR/L. and ROTCR/L
instructions:
1: Indicates occurrence of carry, borrow, overflow, or
underflow
31-28, 0 bits 0: Always read as 0.
15-12

Only 0 should be written to these bits.
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Special load/store instructions are provided for accessing the RS, RE, and MOD registers. For
example, the coding for accessing the RS register is as follows.

LDC Rm RS; Rn - RS
LDC.L @m+, RS; (R - RS, Rm4 - Rm
STC RS, Rn; RS -~ Rn

STC.L RS, @Rn; R1-4 - Rn, RS - (Rn)

The instructions for setting an address in the RS and RE registers for zero-overhead repeat control
are as follows.

LDRS @disp, PO); disp x2 + PC - RS
LDRE @disp, PO); disp x2 + PC - RE

The GBR and VBR registers are the same as the previous SuperH microcomputer registers. In the
SH7065, four control bits (DMX, DMY, RF1, and RF0) and an RC counter have been added to the
SR register, and the RS, RE, and MOD registers are provided as new registers.

2.1.3 System Registers

There are four 32-bit system registers: the multiply and accumulate register high (MACH),
multiply and accumulate register low (MACL), procedure register (PR), and program counter
(PO).

MACH and MACL store the results of multiply or multiply and accumulate operations™, PR stores
the return destination address of a subroutine procedure, and PC shows the executing program
address and controls the processing flow. PC shows the address 4 bytes ahead of the currently
executing instruction. These registers are the same as the SuperH microcomputer registers.

Note: * These registers are used only when executing an instruction supported by the SH-1 and
SH-2. They are not used with the new multiply instruction provided in the SH-DSP
(PMULS).
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31 0 Multiply and accumulate
MACH register high (MACH)
MACL Mul_tiply and accumulate
register low (MACL)
31 0
| PR Procedure register (PR)
31 0
| PC Program counter (PC)

Figure 2.3 System Register Configuration

In the SH7065, of the DSP unit registers (DSP registers) described below, the DSP status register
(DSR) and five of the eight data registers (A0, X0, X1, YO, and Y1) are treated as system
registers. A0 is a 40-bit register, but when data is output from the A0 register the guard bit field
(AO0G) is ignored, and when data is input to the A0 register the MSB is copied into the guard bit
field (AOG).

2.14 DSP Registers
The DSP unit has eight data registers and one control register as DSP registers.

The DSP data registers comprise two 40-bit registers, A0 and A1, and six 32-bit registers, MO,
M1, X0, X1, Y0, and Y1. Registers AQ0 and Al each have an 8-bit guard bit field, designated A0OG
and A1G, respectively.

The DSP data registers are used as DSP instruction operands in DSP data transfer and processing.
Instructions that access the DSP data registers are of three types, for DSP data processing, and X
and Y data transfer processing.

The control register is the 32-bit DSP status register (DSR), which shows operation results. The
DSR register contains bits that indicate the result of an operation—the Signed Greater Than bit
(GT), Zero Value bit (Z), Negative Value bit (N), Overflow bit (V), and DSP Condition bit
(DC)—and also Condition Select bits (CS) that control the DC bit setting.

The DC bit is a status flag that closely resembles the T bit of the SuperH microcomputer CPU
core. In the case of a conditional DSP type instruction, execution during DSP data processing is
controlled in accordance with the DC bit. This control extends only to DSP unit execution, and
only DSP registers are updated. It has no effect on address calculation or SuperH microcomputer
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CPU core execution instructions such as load/store instructions. The CS control bits (bits 2 to 0)

specify the conditions for setting the DC bit.

DSP type instructions include unconditional DSP type instructions and conditional DSP type
instructions. In unconditional DSP type data processing, with the exception of the PMULS,
MOVX, MOVY, and MOVS instructions, the status bits and DC bit are updated. Conditional DSP
type instructions are executed in accordance with the DC bit setting, but the DSR register is not
updated regardless of whether or not these instructions are executed.

The DSP registers are shown in figure 2.4, and the DSR register bit functions are summarized in

table 2.2.

39

32

31

AOG

A0

DSP data registers

Al1G

Al

MO

M1

X0

X1

YO

Y1

321

0

ffffffffffffffff GT| Z

CS[2:0]

DC| DSP status register (DSR)

Figure 2.4 DSP Register Configuration
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Table 2.2

Bits

DSR Register Bits

Name (Abbreviation)

Function

31-8

Reserved

0: Always read as 0.
The write value should also be 0.

Signed Greater Than (GT)

Indicates that the operation result is positive (except
zero) or that operand 1 is greater than operand 2.

1: Operation result is positive or operand 1 is greater
than operand 2

Zero Value (2)

Indicates that the operation result is zero (0) or that
operand 1 is equal to operand 2.

1: Operation result is zero (0) or operands are equal

Negative Value (N)

Indicates that the operation result is negative or that
operand 1 is smaller than operand 2.

1: Operation result is negative or operand 1 is smaller
than operand 2

Overflow (V)

Indicates that the operation result has overflowed.

1: Operation result has overflowed

Condition Select (CS)

These bits specify the mode for selecting the operation
result status to be set in the DC bit.

Do not set these bits to 110 or 111.

000: Carry/borrow mode

001: Negative value mode

010: Zero mode

011: Overflow mode

100: Signed greater than mode

101: Signed greater than or equal to mode

DSP Condition (DC)

Sets the status of the operation result in the mode
specified by the CS bits.

0: Specified mode status has not occurred (false)
1: Specified mode status has occurred
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The DSR register is treated as a system register by CPU core instructions. The following
load/store instructions are used for data transfer to and from the DSR register.

STS DSR, Rn;
STS.L DSR @ Rn;
LDS Rn, DSR;
LDS. L  @un+, DSR;

The A0, X0, X1, YO0, and Y1 registers are also treated as system registers by CPU core
instructions. The following load/store instructions are used for data transfer to and from these
registers.

STS Dm Rn;
STS.L Dm @Rn;
LDS Rn, Dm

LDS.L @+, Dm
(Dm A0, X0, X1, YO, or Y1)

2.1.5 Notes on Guard Bits and Overflow Treatment

Data operations in the DSP unit are basically 32-bit operations, but these operations are always
executed with a 40-bit length including the 8-bit guard field. If the guard bit field does not match
the value of the MSB of the 32-bit field, the operation result is treated as overflow. In this case, the
N bit shows the correct status of the operation result regardless of whether or not overflow has
occurred. This also applies when the destination operand is a 32-bit register. The 8-bit guard bit
field is always assumed to present, and each status flag is updated.

If overflow occurs that prevents the result from being indicated correctly despite the use of the
guard bits, the N flag will not be able to show the correct status.
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2.1.6

Initial Register Values

Register values after a reset are shown in table 2.3.

Table 2.3  Initial Register Values
Type Registers Initial Value
General registers RO-R14 Undefined
R15 (SP) SP value in vector address table
Control registers SR I3 to 10 = 1111 (H'F); reserved bits, RC, DMY,
and DMX cleared to 0; other bits undefined
RS Undefined
RE
GBR Undefined
VBR H'0000 0000
MOD Undefined
System registers MACH, MACL, PR Undefined
PC PC value in vector address table
DSP registers A0, AOG, A1, A1G, MO, Undefined
M1, X0, X1, YO, Y1
DSR H'0000 0000
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2.2 Data Formats

2.2.1 Register Data Formats

The register operand data size is always longword (32 bits). When data in memory is loaded into a
register, if the memory operand data size is byte (8 bits) or word (16 bits), it is sign-extended to
longword length.

Longword

Figure 2.5 Register Data Format

2.2.2 Memory Data Formats
Byte, word, and longword data formats can be used.

Byte data can be located at any address, while word data must start at address 2n and longword
data at address 4n. If data is accessed other than at these boundaries, an address error will result,
and the result of the access cannot be guaranteed. In particular, since the program counter (PC)
and status register (SR) are stored in longword format in the stack area indicated by the stack
pointer (SP: R15), the setting musty be made so that stack pointer value is 4n.

Address m + 1 Address m + 3 Address m + 3 Address m + 1
Address m Address m + 2 Address m + 2 Address m
Ta1 l 23 15 l 7 of Ta1 23 l 15 7 l of
Byte | Byte Byte | Byte Byte | Byte Byte | Byte
Address 2n —p Word Word Word Word <«— Address 2n
Address 4n —» Longword Longword <«— Address 4n
Big-endian Little-endian

Figure 2.6 Memory Data Format
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2.23 Immediate Data Formats
Byte immediate data is placed inside the instruction code.

With the MOV, ADD, and CMP/EQ instructions, immediate data is sign-extended and a longword
operation is performed with a register. With the TST, AND, OR, and XOR instructions, on the
other hand, a longword operation is performed after zero-extending the immediate data. Therefore,
when immediate data is used with an AND instruction, the upper 24 bits of the destination register
are always cleared.

Word and longword immediate data should be placed in a table in memory, not inside the
instruction code. The table in memory should be referenced with an immediate data transfer
instruction (MOV) using PC relative addressing mode with displacement.

2.2.4 DSP Type Data Formats

The SH7065 has three different data formats for instructions: fixed-point data format, integer data
format, and logical data format.

In the DSP type fixed-point data format, there is a binary point between bit 31 and bit 30. There
are three kinds of format—with guard bits, without guard bits, and multiplication input—each
with a different valid bit length and range of expressable values.

In the DSP type integer data format, there is a binary point between bit 16 and bit 15. There are
three kinds of format—with guard bits, without guard bits, and shift amount—each with a
different valid bit length and range of expressable values. The shift amount for an arithmetic shift
(PSHA) is a 7-bit area, and values from —64 to +63 can be expressed, but only values from —32 to
+32 are actually valid. Similarly, the shift amount for a logical shift (PSHL) is a 6-bit area, but
only values from —16 to +16 are actually valid.

There is no radix point in the DSP type logical data format.
The data format and valid data length are determined by the DSP register.

The three DSP type data formats and the position of the binary point in each are shown in figure
2.7, together with a SuperH type data format for reference.
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DSP type fixed-point

39 32 3130 0
With guard bits | S | | | —28to +28— 231
A
3130 0
Without guard bits B | -Lto+1-2732
i
39 31 30 16 15 0
Multiplication input |S | —1to+1-2715
A
DSP type integer
39 3231 16 15 0
With guard bits | s | | 22310 +223 -1
A
31 16 15 0
Without guard bits | S | | 21510 +2151
A
31 22 16 15 0
Arithmetic shift (PSHA) | B | 3210 +32
i
31 21 16 15 0
Logical shift (PSHL) | s| | -16t0 +16
A
39 31 16 15 0
DSP type logical | | | | (16 bits)
S H i d = 0
uperH type integer (word) |SI 93110 4931 _1
[For reference] i
Legend:
S :Sign bit

A :Binary point
[] : Not related to processing (ignored)

Figure 2.7 DSP Type Data Formats
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2.2.5 DSP Type Instructions and Data Formats

The data format and valid data length are determined by the DSP type instruction and DSP
register. There are three types of instruction that access DSP data registers: DSP data processing
instructions, X and Y data transfer processing instructions, and single data transfer processing
instructions.

DSP Data Processing: When the A0 or A1 register is used as the source register in DSP fixed-
point data processing, the guard bits (bits 39 to 32) are valid. When a register other than A0 or Al
(register MO, M1, X0, X1, YO, or Y1) is used as the source register, the sign-extension of that
register data is used as the data in bits 39 to 32. When the A0 or A1 register is used as the
destination register, the guard bits (bits 39 to 32) are valid. When a register other than A0 or Al is
used as the destination register, bits 39 to 32 of the result data are ignored.

In DSP integer data processing, the situation is the same as for DSP fixed-point data processing,
except that the lower word (lower 16 bits: bits 15 to 0) of the source register is ignored, and the
lower word of the destination register is cleared to 0.

In DSP logical data processing, the upper word (upper 16 bits: bits 31 to 16) of the source register
is valid. The lower word and the guard bits of the A0 and A1 registers are ignored. The upper
word of the destination register is valid. The lower word and the guard bits of the A0 and A1l
registers are cleared to 0.

X and Y Data Transfer: The MOVX.W and MOVY.W instructions access X and Y memory via
the 16-bit X and Y data buses. The data loaded into a register and the data stored from a register is
always the upper word (upper 16 bits: bits 31 to 16).

In a load, MOVX.W loads X memory with the X0 or X1 register as the destination register, while
MOVY.W loads Y memory with the YO or Y1 register as the destination register. Data is loaded
into the upper word of the register, while the lower word is cleared to 0.

Data in the upper word of the A0 or Al register can be stored in X or Y memory with a data
transfer instruction, but data cannot be stored from any other register. The guard bits and lower
word of the A0 or Al register are ignored.

Single Data Transfer: The MOVS.W and MOVS.L instructions can access any memory via the
data bus (CDB). All the DSP registers are connected to the CDB bus, and are used as the source
and destination registers in a data transfer. There are two data transfer modes: word and longword.
In word mode, with the exception of the AOG and A1G registers, a load is performed to, or store
performed from, the upper word of a DSP register. In longword mode, with the exception of the
AO0G and A1G registers, a load is performed to, or store performed from, the 32 bits of a DSP
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register. In a single data transfer, the AOG and A1G registers can be handled as independent
registers. The load and store data length for the AOG and A1G registers is 8 bits.

When a DSP register is used as the source register in word mode, if data is stored from a register
other than AOG or A1G, the upper word of the register is transferred. In the case of the A0 and Al
registers, the guard bits are ignored. When the AOG or A1G register is used as the source register
in word mode, only 8 bits of data are stored from the register, and the upper bits are sign-extended.

When a DSP register is used as the destination register in word mode, with the exception of the
AO0G and A1G registers, data is loaded into the upper word of the register. When data is loaded
into a register other than AOG or A1G, the lower word of the register is cleared to 0. In the case of
the A0 and Al registers, the data sign is extended and loaded into the guard bits, and the lower
word is cleared to 0. When the AOG or A1G register is used as the destination register in word
mode, the lowest 8 bits of the data are loaded into the register, and the A0 or Al register is not
cleared to 0, but retains its prior value.

When a DSP register is used as the source register in longword mode, if data is stored from a
register other than AOG or A1G, the 32 bits of the register are transferred. When the A0 or Al
register is used as the source register, the guard bits are ignored. When the AOG or A1G register is
used as the source register in longword mode, only 8 bits of data are stored from the register, and
the upper bits are sign-extended.

When a DSP register is used as the destination register in longword mode, with the exception of
the AOG and A1G registers, data is loaded into the 32 bits of the register. In the case of the A0 and
Al registers, the data sign is extended and loaded into the guard bits. When the A0G or A1G
register is used as the destination register in longword mode, the lowest 8 bits of the data are
loaded into the register, and the AO or Al register is not cleared to 0, but retains its prior value.

The register data formats used with DSP instructions are shown in tables 2.4 and 2.5. With some
instructions, not all registers can be accessed. For example, with the PMULS instruction, the A1l
register can be specified as the source register, but the A0 register cannot. See the descriptions of
the instructions for details.

The relationship between the DSP registers and the buses in data transfer is shown in figure 2.8.
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Table 2.4  DSP Instruction Source Register Data Formats
Guard Bits Register Bits
Registers Instructions
39 3231 16 15 0
A0, A1 DSP Fixed-point, PDMSB, 40-bit data
operations PSHA
Integer 24-bit data
Logical, PSHL, PMULS 16-bit data
Data transfer |MOVX/Y.W, MOVS.W 16-bit data
MOVS.L 32-bit data
AO0G, Data transfer |MOVS.W Data
A1G MOVS L Data
X0, X1 DSP Fixed-point, PDMSB, Sign™ 32-bit data
YO, Y1 operations PSHA
MO, M1 Integer Sign* 16-bit data
Logical, PSHL, PMULS 16-bit data
Data transfer |MOVS.W 16-bit data
MOVS.L 32-bit data
Note: * The sign is extended and stored in the ALU guard bits.
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Table 2.5  DSP Instruction Destination Register Data Formats
Guard Bits Register Bits
Registers Instructions
39 3231 16 |15
A0, A1 DSP Fixed-point, PSHA, (Sign 40-bit result
operations PMULS extension)
Integer, PDMSB (Sign 24-bit result |Cleared to 0
extension)
Logical, PSHL Cleared to 0 |16-bit result |Cleared to O
Data transfer |MOVS.W Sign 16-bit result |Cleared to 0
extension
MOVS.L Sign 32-bit data
extension
AO0G, Data transfer | MOVS.W Data Not updated
A1G MOVS.L Data Not updated
X0, X1 DSP Fixed-point, PSHA, 32-bit result
YO0. Y1 operations PMULS
MO. M1 Integer, logical, PDMSB, 16-bit result |Cleared to 0
’ PSHL
Data transfer | MOVX.W, MOVY.W, 16-bit data |Cleared to O
MOVS.W
MOVS.L 32-bit data
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32 bits CDB
16 bits DB
16 bits |
[7:0] 1 _ YDB
8 bits 16 bits 32 bits
MOVS.W,
31 16 MOVS.L
MOVS.W, MOVX.W, 0
MOVS.L MOVY.W ] AO |
39 32 ] AL |
AOG MO |
A1G M1
DSR > X0 }
7 0 > X1 |
> YO |
> Y1 |

Figure 2.8 Relationship between DSP Registers and Buses in Data Transfer
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2.3 Features of CPU Core Instructions

The CPU core instructions are RISC type instructions with the following features:

Fixed 16-Bit Length: All instructions have a fixed length of 16 bits. This improves program code
efficiency.

One Instruction per State: Pipelining is used, and basic instructions can be executed in one state
(equivalent to 16.7 ns at 60-MHz operation).

Data Size: The basic data size for operations is longword. Byte, word, or longword can be
selected as the memory access size. Memory byte or word data is sign-extended and operated on
as longword data. Immediate data is sign-extended to longword size for arithmetic operations or
zero-extended to longword size for logical operations.

Table 2.6 Word Data Sign Extension

SH7065 CPU Description Example of Other CPU
MOV.W  @(disp,PC),R1 Sign-extended to 32 bits, R1 ADD.W  #H'1234,R0
ADD R1,RO becomes H'00001234, and is then

operated on by the ADD
-------- instruction.

.DATAW H'1234

Note: Immediate data is referenced by @(disp,PC).

Load/store Architecture: Basic operations are executed between registers. In operations
involving memory, data is first loaded into a register (load/store architecture). However, bit
manipulation instructions such as AND are executed directly on memory.

Delayed Branching: Unconditional branch instructions, etc., are executed as delayed branches.
With a delayed branch instruction, the branch is made after execution of the instruction (called the
slot instruction) immediately following the delayed branch instruction. This minimizes disruption
of the pipeline when a branch is made.

With a delayed branch, the actual branch operation occurs after execution of the slot instruction.
However, instruction execution for register updating, etc., excluding the branch operation, is
performed in delayed branch instruction — delay slot instruction order. 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.
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Table 2.7 Delayed Branch Instructions

SH7065 CPU Description Example of Other CPU
BRA TRGET ADD is executed before branch  ADD.W R1,R0
ADD R1,RO to TRGET. BRA  TRGET

Multiply/Multiply and Accumulate Operations: A 16 X 16 — 32 multiply operation is executed
in I to 3 states, and a 16 x 16 + 64 — 64 multiply and accumulate operation in 2 to 3 states. A 32
x 32 - 64 multiply operation and a 32 x 32 + 64 — 64 multiply and accumulate operation are
each executed in 2 to 4 states.

T Bit: The result of a comparison is indicated by the T bit in the status register (SR), and a
conditional branch is performed according to whether the result is True or False. Processing speed
has been improved by keeping the number of instructions that modify the T bit to a minimum.

Table 2.8 T Bit

SH7065 CPU Description Example of Other CPU
CMP/GE R1,RO If RO = R1, the T bit is set. CMP.W R1,R0
BT TRGETO A branch is made BGE TRGETO
BF TRGET1 to TRGETO if RO = R1, or BLT  TRGET1
to TRGET1 if RO < R1.
ADD #-1,R0 The T bit is not set by ADD. SUB.W #1,R0
CMP/EQ #0,R0 If RO =0, the T bit is set. BEQ TRGET
BT TRGET A branch is made if RO = 0.

Immediate Data: Byte immediate data is placed inside the instruction code. Word and longword
immediate data is not placed inside the instruction code, but in a table in memory. The table in
memory is referenced with an immediate data transfer instruction (MOV) using PC relative
addressing mode with displacement.
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Table 2.9 Immediate Data Referencing

Type SH7065 CPU Example of Other CPU
8-bit immediate MOV #H'12,R0 MOV.B #H"12,R0
16-bit immediate MOV.W  @(disp,PC),R0 MOV.W #H'1234,R0

.DATAW H"1234

32-bit immediate MOV.L @(disp,PC),R0 MOV.L #H'12345678,R0

.DATALL H'12345678

Note: Immediate data is referenced by @(disp,PC).

Absolute Addresses: When data is referenced by absolute address, the absolute address value is
placed in a table in memory beforehand. With the method whereby immediate data is loaded when
an instruction is executed, this value is transferred to a register and the data is referenced using
register indirect addressing mode.

Table 2.10 Absolute Address Referencing

Type SH7065 CPU Example of Other CPU

Absolute address MOV.L @(disp,PC),R1 MOV.B @H'12345678,R0
MOV.B  @R1,R0

.DATALL H'12345678

16-Bit/32-Bit Displacement: When data is referenced with a 16- or 32-bit displacement, the
displacement value is placed in a table in memory beforehand. With the method whereby
immediate data is loaded when an instruction is executed, this value is transferred to a register and
the data is referenced using indexed register indirect addressing mode.

Table 2.11 Displacement Referencing

Type SH7065 CPU Example of Other CPU

16-bit displacement MOV.W  @(disp,PC),R0 MOV.W @(H'1234,R1),R2
MOV.W  @(RO,R1),R2

.DATAW H"1234
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2.4 Instruction Formats

24.1 CPU Instruction Addressing Modes

The following table shows addressing modes and effective address calculation methods for
instructions executed by the CPU core.

Table 2.12 Addressing Modes and Effective Addresses for CPU Instructions

Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Register Rn Effective address is register Rn. —
direct (Operand is register Rn contents.)
Register @Rn Effective address is register Rn contents. Rn
indirect

e
Register @Rn+ Effective address is register Rn contents. Rn
indirect A constant is added to Rn after instruction After instruction
with post- execution: 1 for a byte operand, 2 for a word execution
increment operand, 4 for a longword operand.

Byte: Rn+1 - Rn
Word: Rn+2 - Rn

Longword:

Rn+4 - Rn
Register @-Rn Effective address is register Rn contents, Byte:Rn—1 - Rn
ingirect decremented by a constant beforehand: Word: Rn—2 _ Rn
with pre- 1 for a byte operand, 2 for a word operand,
decrement 4 for a longword operand. Longword:

Rn-4 - Rn

(Instruction
executed with Rn
after calculation)

Rn — 1/2/4

Rev. 5.00 Sep 11, 2006 page 43 of 916
REJ09B0332-0500

RENESAS



Section2 CPU

Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Register @(disp:4,Rn) Effective address is register Rn contents Byte: Rn + disp
indirect with with 4-bit displacement disp added. Word:
displacement After disp is zero-extended, it is multiplied RN + aisp x 2

by 1 (byte), 2 (word), or 4 (longword),

according to the operand size. Longword:

Rn + disp x 4
i Rn +
disp .

(zero-extended) disp x 1/2/4
Indexed @(RO,Rn) Effective address is sum of register Rn and Rn + RO
register RO contents.
indirect

GBR indirect @(disp:8,
with GBR)
displacement

Effective address is register GBR contents
with 8-bit displacement disp added.

After disp is zero-extended, it is multiplied
by 1 (byte), 2 (word), or 4 (longword),
according to the operand size.

disp
(zero-extended)

GBR +
disp x 1/2/4

Byte: GBR + disp

Word:
GBR + disp x 2

Longword:
GBR + disp x 4
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula

Indexed GBR @(RO,GBR) Effective address is sum of register GBRand GBR + R0
indirect RO contents.

GBR + RO

PC-relative @(disp:8,PC) Effective address is PC with 8-bit Word:

with displacement disp added. After disp is zero- PC + disp x 2

displacement extended, it is multiplied by 2 (word) or 4 Longword: PC &
(longword), according to the operand size. H'FEFFEFEC +

With a longword operand, the lower 2 bits

disp x4
of PC are masked.

PC + disp x 2
or
PC & H'FFFFFFFC
+ disp x4

disp
(zero-extended)

* With longword operand
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Addressing Instruction
Mode Format

Calculation
Effective Address Calculation Method Formula

PC-relative disp:8

Effective address is PC with 8-bit PC + disp x 2
displacement disp added after being sign-
extended and multiplied by 2.

disp
(sign-extended)

PC + disp x 2

disp:12

Effective address is PC with 12-bit PC + disp x 2
displacement disp added after being sign-
extended and multiplied by 2.

disp
(sign-extended)

PC + disp x 2

PC-relative Rn

Effective address is sum of PC and Rn. PC + Rn

(—»_Pcrrn

Immediate #imm:8

8-bit immediate data imm of TST, AND, OR, —
or XOR instruction is zero-extended.

#imm:8

8-bit immediate data imm of MOV, ADD, —
or CMP/EQ instruction is sign-extended.

#imm:8

8-bit immediate data imm of TRAPA instruction —
is zero-extended and multiplied by 4.
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2.4.2 DSP Data Addressing

Two different memory accesses are made with DSP instructions. The two kinds of instructions are
X and Y data transfer instructions (MOVX.W, MOVY.W) and single data transfer instructions
(MOVS.W, MOVSL). The data addressing is different for these two kinds of instruction. An
overview of the data transfer instructions is given in table 2.13.

Table 2.13 Overview of Data Transfer Instructions

X/Y Data Transfer Processing Single Data Transfer Processing

(MOVX.W, MOVY.W) (MOVS.W, MOVS.L)
Address register Ax: R4, R5; Ay: R6, R7 As: R2, R3, R4, R5
Index register Ix: R8, ly: R9 Is: R8
Addressing Nop/Inc (+2)/index addition: Nop/Inc (+2, +4)/index addition:
post-updating post-updating
— Dec (-2, —4): pre-updating
Modulo addressing Possible Not possible
Data bus XDB, YDB CDB
Data length 16 bits (word) 16/32 bits (word/longword)
Bus contention No Yes
Memory X/Y data memory Entire memory space
Source register Dx, Dy: A0, A1 Ds: A0/A1, MO/M1, X0/X1, YO/Y1,
AOG, A1G
Destination register Dx: X0/X1, Dy: YO/Y1 Ds: A0/A1, MO/M1, X0/X1, YO/Y1,
A0G, A1G
X/Y Data Addressing

With DSP instructions, the X and Y data memory can be accessed simultaneously using the
MOVX.W and MOVY.W instructions. Two address pointers are provided for DSP instructions to
enable simultaneous access to X and Y data memory. Only pointer addressing can be used with
DSP instructions; immediate addressing is not available. Address registers are divided into two,
with register R4 or RS functioning as the X memory address register (Ax), and register R6 or R7
as the Y memory address register (Ay). The following three kinds of addressing can be used with
X and Y data transfer instructions.

1. Non-update address register addressing:
The Ax and Ay registers are address pointers. They are not updated.
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2. Addition index register addressing:
The Ax and Ay registers are address pointers. After a data transfer, the value of the Ix or Iy
register is added to each (post-updating).

3. Increment address register addressing:
The Ax and Ay registers are address pointers. After a data transfer, they are each incremented
by 2 (post-updating).

There is an index register for each address pointer. The R8 register is the index register (Ix) for the
X memory address register (Ax), and the R9 register is the index register (ly) for the Y memory
address register (Ay).

The X and Y data transfer instructions perform word-length processing, and use 16-bit access to
the X/Y data memory. A value of 2 is therefore added to the address register in the increment
processing. To perform decrementing, —2 is set in the index register and addition index register
addressing is specified. In X/Y data addressing, only bits 1 to 15 of the address pointer are valid.
When using X/Y data addressing, 0 must always be written to bit 0 of the address pointer and
index register.

X/Y data transfer addressing is shown in figure 2.9. When accessing X and Y memory using the X
and Y buses, the upper word of Ax (R4 or R5) and Ay (R6 or R7) is ignored. The result of @AY+
or @Ay+ly is stored in the lower word of Ay, while the upper word retains its original value.

’ R8[IX] R4[AX] RO[ly] R6[AY]

R5[AX] R7[AY]
+2 (INC) +2 (INC)
+0 (no update) T +0 (no update) j

ALU AU

AU: Adder provided for DSP addressing

Note: Three address processing methods:
1. Increment
2. Index register addition (Ix/ly)
3. No update
Post-updating is used in all cases.
The address pointer can be decremented by setting —2/—4 in the index register.

Figure 2.9 X and Y Data Transfer Addressing
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Single Data Addressing

DSP instructions include two single data transfer instructions (MOVS.W, MOVS.L) that load data
into, or store data from, a DSP register. With these instructions, one of registers R2 to RS is used
as the single data transfer address register (As).

The following four kinds of addressing can be used with single data transfer instructions.

1.

Non-update address register addressing:

The As register is an address pointer. It is not updated.

Addition index register addressing:

The As register is an address pointer. After a data transfer, the value of the Is register is added
to the As register (post-updating).

Increment address register addressing:

The As register is an address pointer. After a data transfer, the As register is incremented by 2
or 4 (post-updating).

Decrement address register addressing:

The As register is an address pointer. Before a data transfer, —2 or —4 is added to the As
register (i.e. 2 or 4 is subtracted) (pre-updating).

The R8 register is the index register (Is) for the address pointer (As). Single data transfer
addressing is shown in figure 2.10.
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31 0
R2[As]
31 0 R3[As]
’ R8]ls] R4[As]
—2/-4 (DEC) R5[As]
+2/+4 (INC)
+0 (no update) 7
ALU
31
| MAB
— IAB
0

Note: Four address processing methods:
1. No update
2. Index register addition (Is) *\ .
3. Increment Post-updating
4. Decrement Pre-updating

Figure 2.10 Single Data Transfer Addressing

Modulo Addressing

Like other DSPs, the SH7065 has a modulo addressing mode. Address registers are updated in the
same way in this mode. When the address pointer value reaches the preset modulo end address, the
address pointer value becomes the modulo start address.

Modulo addressing is only available for the X and Y data transfer instructions (MOVX. W,
MOVY.W). Modulo addressing mode is specified for the X address register by setting the DMX
bit in the SR register, and for the Y address register by setting the DMY bit. Modulo addressing is
valid for either the X or the Y address register, only; it cannot be set for both at the same time.
Therefore, DMX and DMY cannot both be set simultaneously (if they are, the DMY setting will
be valid).

The MOD register is provided to set the start and end addresses of the modulo address area. The
MOD register contains MS (Modulo Start) and ME (Modulo End). An example of the use of the
MOD register (MS and ME fields) is shown below.
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ModAddr :

ModSt art :

ModEnd:

MOV. L MbdAddr, Rn; Rn=MbdEnd, ModStart

LDC Rn, MOD; ME=MbdEnd, MS=MbdSt art
. DATA. W nEnd; ModEnd
. DATA. W nStart; ModSt ar t
. DATA
. DATA

The start and end addresses are specified in MS and ME, then the DMX or DMY bit is set to 1.
The address register contents are compared with ME, and if they match, start address MS is stored
in the address register. The lower 16 bits of the address register are compared with ME.

The maximum modulo size is 64 kbytes. This is sufficient to access the X and Y memory. A block
diagram of modulo addressing is shown in figure 2.11.

Instruction (MOVX/MOVY)

31 1615 0 DPMXDMY o 1545 o
31 0 R4[AX] l R6[AyY] 31 0
[ Remg | RS[AX] T R7[AY] Ro[ly]
:€—| | T | n—Ig
y [ ms | ] Y,
ALU AU
| CMP
| aex | [ mME ] ABy
15 l 1 15 1 15 1
XAB YAB

Figure 2.11 Modulo Addressing
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An example of modulo addressing is given below.

MsS = H C008; ME = H COOC, R4 = H C008;

DWX = 1; DMWY = O; (Modulo addressing setting for address
register Ax (R4, RS))

As a result of the above settings, the R4 register changes as follows.

R4: H Q008
I nc. R4: H CO0A
I nc. R4: H C00C

I nc. R4: H 008  (Reaches modulo end address, so becomes modulo start address)

Place the data so that the upper 16 bits of the modulo start and end addresses are the same. This is
because the modulo start address overwrites only the lower 15 bits of the address register,
excluding bit 0.

Note: When addition indexing is used for DSP data addressing, the address pointer may exceed
the ME value without actually reaching it. In this case, the address pointer will not return
to the modulo start address. Not only with modulo addressing, but when X and Y data
addressing is used, bit 0 is ignored. 0 must always be written to bit 0 of the address
pointer, index register, MS, and ME.

DSP Addressing Operations

DSP addressing operations in the pipeline execution stage (EX), including modulo addressing, are
shown below.

if ( Operation is MOVX WMOWY.W) {
ABX=Ax; ABy=Ay,

/* menory access cycle uses ABx and ABy. The addresses to be used
have not been updated */

/* Ax is one of R4,5 */

if ( ==0 || ==1 && DMWY == 1 )} Ax=Ax+(+2 or R8[Ix] or +0);
/* Inc, | ndex, Not - Update */

else if (! not-update) Ax=nodul o( Ax, (+2 or R8[IX]) );

[* Ay is one of R6,7 */
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if ( DMY==0 ) Ay=Ay+(+2 or RO[ly] or +0); /* Inc,|ndex, Not-Update
*/
else if (! not-update) Ay=nodul o( Ay, (+2 or RO[ly]) );
}
else if ( Operation is MWS Wor MWS. L ) {
if ( Addressing is Nop, Inc, Add-index-reg ) {
MAB=As;

/* menory access cycle uses MAB. The address to be used has not
been updated */

/* As is one of R2-5 */
As=As+(+2 or +4 or R8[Is] or +0); /* Inc,I|ndex, Not-Update */
else { /* Decrement, Pre-update */
/* As is one of R2-5 */
As=As+(-2 or -4);
MAB=As;

/* menory access cycle uses MAB. The address to be used has been
updated */

}

/* The value to be added to the address regi ster depends on addressing
oper ati ons.

For exanple, (+2 or R8[Ix] or +0) neans that

+2 : if operation is increnent
R8[ I x] . if operation is add-index-reg
+0 : if operation is not-update

*/

function nodul o ( AddrReg, Index ) {
if ( AdrReg[15:0]==ME ) AdrReg[15: 0] ==Ms5;
el se Adr Reg=Adr Reg+l ndex;
return AddrReg;

Rev. 5.00 Sep 11, 2006 page 53 of 916
REJ09B0332-0500

RENESAS



Section2 CPU

243

CPU Instruction Formats

Table 2.14 shows the instruction formats, and the meaning of the source and destination operands,
of instructions executed by the CPU core. The meaning of the operands depends on the instruction
code. The following symbols are used in the table.

XXXX! Instruction code
mmmm: Source register
nnnn: Destination register
iiii: Immediate data
dddd: Displacement

Table 2.14 CPU Instruction Formats

Source Destination Sample

Instruction Formats Operand Operand Instruction

0 type 15 0o — — NOP

XXXX  XXXX XXXX  XXXX |
n type 15 0o — nnnn: register MOVT Rn
| XXXX | nnnn | XXXX  XXXX | direct

Control register  nnnn: register STS MACH,Rn
or system direct
register
Control register  nnnn: pre- STC.L SR,@-Rn
or system decrement
register register indirect

m type 15 0  mmmm register Control register LDC Rm,SR

| XXXX |mmmm| XXXX  XXXX direct or system
register

nmmm post- Control register LDC.L
increment or system @Rm+,SR
register indirect  register
nmmm register — JMP  @Rm
indirect
mmm PC-relative — BRAF Rm

using Rm
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Source Destination Sample
Instruction Formats Operand Operand Instruction
nmtype 15 0  mmmm register nnnn: register ADD Rm,Rn

| XXXX | nnnn |mmmm| XXXX | direct

direct

nmmm register

nnnn: register

MOV.L Rm,@Rn

direct indirect
nmmm post- MACH, MACL MAC.W
increment @Rm+,@Rn+
register indirect
(multiply and
accumulate
operation)
nnnn: * post-
increment
register indirect
(multiply and
accumulate
operation)
nmm post- nnnn: register MOV.L
increment direct @Rm+,Rn
register indirect
mmm register  nnnn: pre- MOV.L
direct decrement Rm,@-Rn
register indirect
nmmm register nnnn: indexed MOV.L
direct register indirect Rm,@(RO0,Rn)
md type 15 0  mmmdddd: RO (register MOV.B
XXXX  XXXX |mmmm| dddd| register direct) @(disp,Rm),R0O
indirect with
displacement
nd4 type 15 0 RO (register nnnndddd: MOV.B
XXXX  XXXX | nnnn | dddd | direct) register RO,@(disp,Rn)
indirect with
displacement
nmd type 15 0 mmm register  nnnndddd: MOV.L
XXXX | nnnn|mmmm| dddd | direct register Rm,@(disp,Rn)
indirect with

displacement

mmmdddd:
register
indirect with
displacement

nnnn: register

direct

MOV.L
@(disp,Rm),Rn
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Source Destination Sample
Instruction Formats Operand Operand Instruction
d type 15 0 dddddddd: RO (register MOV.L
xox oo | dddd  dddd | GBR direct) @(disp,GBR),R0
indirect with
displacement
RO (register dddddddd: MOV.L
direct) GBR RO,@(disp,GBR)
indirect with
displacement
dddddddd: RO (register MOVA

PC-relative with
displacement

direct)

@(disp,PC),R0

dddddddd: — BF label
PC-relative
d12type 15 0 dddddddddddd: — BRA label
| XXXX | dddd dddd dddd | PC-relative (label=disp+PC)
nd8 type 15 0 dddddddd: nnnn: register MOV.L

| XXXX | nnnn | dddd dddd|

PC-relative with
displacement

direct

@(disp,PC),Rn

i type 15 O iiiiiiii: Indexed GBR  AND.B
| oo oo | diii diii | immediate indirect #imm,@(R0,GBR)
Piiiiiiis: RO (register AND  #imm,RO
immediate direct)
Piiiiiii: — TRAPA #imm
immediate
ni type 15 O iiiiiiii: nnnn: register  AD #imm,Rn
| %o [ nnnn | iiii i immediate direct

Note: * In multiply and accumulate instructions, nnnn is the source register.
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2.4.4 DSP Instruction Formats

The SH7065 includes new instructions for digital signal processing. The new instructions are of

the following two kinds.

1. Memory and DSP register double and single data transfer instructions (16-bit length)
2. Parallel processing instructions processed by the DSP unit (32-bit length)

The instruction formats are shown in figure 2.12.

CPU core instructions

Double data transfer
instructions

Single data transfer
instructions

Parallel processing
instructions

15 0

0000

to

1110
15 10 9 0
111100 | Afled |
15 109 0
111101 | Afed |
31 26 25 16 15 0
111110 | Afield | B field

Figure 2.12 DSP Instruction Formats
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Double and Single Data Transfer Instructions

The format of double data transfer instructions is shown in table 2.15, and that of single data
transfer instructions in table 2.16.

Table 2.15 Double Data Transfer Instruction Formats

Type Mnemonic 15\14‘13‘12‘11‘10 8/7/6]5 3 \ 21 \ 0

X memory INOPX 111 10 0 0 0 0 0

data MOVX.W @Ax,Dx Ax| Dx| o] [0 1

transfer
MOVX.W @Ax+,Dx 10
MOVX.W @Ax+Ix,Dx 1 1
MOVX.W Da,@Ax Dal 1| |0 1
MOVX.W Da,@Ax+ 10
MOVX.W Da,@Ax+Ix 1 1

Y memory NOPY 111 10 0 0 0 0 0

?rit:‘sfer MOVY.W @Ay,Dy Ay| by 0 1
MOVY.W @Ay+,Dy 10
MOVY.W @Ay-+ly,Dy 1 1
MOVY.W Da,@Ay | |pa 0 1
MOVY.W Da,@Ay+ 10
MOVY.W Da,@Ay+ly 1 1

Legend:

Ax: 0=R4,1=R5

Ay: 0=R6,1=R7

Dx: 0=X0,1=X1

Dy: 0=Y0,1=Y1

Da: 0=A0, 1= A1
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Table 2.16 Single Data Transfer Instruction Formats

Type Mnemonic 15\14\13\12\11\10 9\8 7\6\5\4 3\2 1
Single |MOVSW@-AsDs |1 1 1 1 0 1| As | Ds 0¥ |0 00
data MOVS.W @As,Ds 0:R4 1:) |0 1
transfer

MOVS.W @As+,Ds 1:R5 22 |1 0
MOVS.W @As+Ix,Ds 2:R2 3(* [ 11
MOVS.W Ds,@-As 3:R3 4) |0 0 1
MOVS.W Ds,@As 5A1 | 0 1
MOVS.W Ds,@As+ 6:(*) |1 0
MOVS.W Ds,@As+Ix 7A0 |11
MOVS.L @-As,Ds 8X0 |0 0|1]0
MOVS.L @As,Ds 9X1 |0 1
MOVS.L @As+,Ds AYO |1 0
MOVS.L @As+Ix,Ds BY1 |1 1
MOVS.L Ds,@-As CMO |0 O 1
MOVS.L Ds,@As D:AIG| 0 1
MOVS.L Ds,@As+ EM1 |1 0
MOVS.L Ds,@As+Ix F:AOG | 1 1

Note: * Codes reserved for system use.

Parallel Processing Instructions

Parallel processing instructions are provided for efficient execution of digital signal processing
using the DSP unit. They are 32 bits long and allow four simultaneous processes, an ALU
operation, multiplication, and two data transfers.

Parallel processing instructions are divided into an A field and a B field. The A field defines data
transfer instructions and the B field an ALU operation instruction and multiply instruction. These
instructions can be defined independently, and the processing is executed in parallel,
independently and simultaneously. A field parallel data transfer instructions are shown in table
2.17, and B field ALU operation instructions and multiply instructions in table 2.18.
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Table 2.18 B Field ALU Operation Instructions and Multiply Instructions
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2.5 Instruction Set

SH7065 instructions can be divided into three kinds: CPU instructions executed by the CPU core,
and DSP data transfer instructions and DSP operation instructions executed by the DSP unit. CPU
instructions include several for supporting DSP functions. The instruction sets for each of these

three kinds of instructions are described below.

2.5.1 CPU Instruction Set

The CPU instructions are listed by type in table 2.19.

Table 2.19 CPU Instruction Types

Kinds of Number of
Type Instruction Op Code Function Instructions
Data transfer 5 MOV Data transfer 39
instructions Immediate data transfer
Peripheral module data transfer
Structure data transfer
MOVA Effective address transfer
MOVT T bit transfer
SWAP Upper/lower swap
XTRCT Extraction of middle of linked
registers
Arithmetic 21 ADD Binary addition 33
operation ADDC Binary addition with carry
instructions
ADDV Binary addition with overflow
CMP/cond Comparison
DIvV1 Division
DIVOS Signed division initialization
DIvVouU Unsigned division initialization
DMULS Signed double-precision
multiplication
DMULU Unsigned double-precision
multiplication
DT Decrement and test
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Kinds of Number of

Type Instruction Op Code Function Instructions
Arithmetic 21 EXTS Sign extension 33
Qperatign EXTU Zero extension
instructions

MAC Multiply and accumulate, double-

precision multiply and accumulate

MUL Double-precision multiplication

MULS Signed multiplication

MULU Unsigned multiplication

NEG Sign inversion

NEGC Sign inversion with borrow

SUB Binary subtraction

SUBC Binary subtraction with borrow

SUBV Binary subtraction with underflow
Logic operation 6 AND Logical AND 14
instructions NOT Bit inversion

OR Logical OR

TAS Memory test and bit set

TST Logical AND T bit state

XOR Exclusive logical OR
Shift 10 ROTCL 1-bit left shift with T bit 14
instructions ROTCR 1-bit right shift with T bit

ROTL 1-bit left shift

ROTR 1-bit right shift

SHAL Arithmetic 1-bit left shift

SHAR Arithmetic 1-bit right shift

SHLL Logical 1-bit left shift

SHLLn Logical n-bit left shift

SHLR Logical 1-bit right shift

SHLRn Logical n-bit right shift
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Kinds of Number of
Type Instruction Op Code Function Instructions
Branch 9 BF Condition branch, delayed 11
instructions conditional branch
(branches if T = 0)
BT Condition branch, delayed
conditional branch
(branches if T = 1)
BRA Unconditional branch
BRAF Unconditional branch
BSR Branch to subroutine procedure
BSRF Branch to subroutine procedure
JMP Unconditional branch
JSR Branch to subroutine procedure
RTS Return from subroutine procedure
System control 14 CLRMAC MAC register clear 71
instructions CLRT T bit clear
LDC Load into control register
LDRE Load into repeat end register
LDRS Load into repeat start register
LDS Load into system register
NOP No operation
RTE Return from exception handling
SETRC Repeat count setting
SETT T bit setting
SLEEP Transition to power-down mode
STC Store from control register
STS Store from system register
TRAPA Trap exception handling
Total: 65 Total: 182
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The instruction code, operation, and number of execution states of the CPU instructions are shown
in the following tables, classified by instruction type, using the format shown below.

Execution
Instruction Instruction Code Operation States T Bit
Indicated by Indicated in Indicates summary  Value when Value of T bit
mnemonic. MSB — -, LSB of operation. no wait after
order. states are instruction is
inserted®’  executed.

Explanation of
Symbols

OP.Sz SRC, DEST

OP:  Operation
code

Sz: Size

SRC: Source

DEST: Destination
Rm: Source register

Rn: Destination

register
imm: Immediate data

disp: Displacement™?

Explanation of
Symbols

nmmm Source
register

nnnn: Destination
register

0000: RO
0001: R1

1111: R15
iiii:Immediate
data

dddd: Displacement

Explanation of

Symbols

=, .

(xx):

M/Q/T:

&:

<<n:

>>n:

Explanation of

Transfer Symbols

direction —: No change

Memory
operand

Flag bits in
the SR

Logical AND
of each bit

Logical OR
of each bit

Exclusive
logical OR of
each bit

Logical NOT
of each bit

n-bit left shift
n-bit right shift

Notes: 1.

The table shows the minimum number of execution states. In practice, the number of

instruction execution states will be increased in cases such as the following:

*  When there is conflict between an instruction fetch and a data access

* When the destination register of a load instruction (memory - register) is also used
by the following instruction

2. Scaling (x1, x2, or x4) is executed according to the instruction operand size. See the
SH-1/SH-2/SH-DSP Software Manual for details.
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Table 2.20 Data Transfer Instructions

Execution

Instruction Instruction Code Operation States T Bit

MOV #imm,Rn 1110nnnniiiiiiii imm - sign extension 1 —
- Rn

MOV.W  @(disp,PC),Rn  1001nnnndddddddd (disp x2 + PC) - sign 1 —
extension — Rn

MOV.L @(disp,PC),Rn  1101nnnndddddddd (disp x4 +PC) - Rn 1 —

MOV Rm,Rn 0110nnnnmmD011 Rm - Rn 1 —

MOV.B Rm,@Rn 0010nnnnmmmD000 Rm - (Rn) 1 —

MOV.W Rm,@Rn 0010nnnnmmmD001 Rm - (Rn) 1 —

MOV.L Rm,@Rn 0010nnnnmmmD010 Rm - (Rn) 1 —

MOV.B @Rm,Rn 0110nnnnmmmD000 (Rm) - sign extension 1 —
- Rn

MOV.W @Rm,Rn 0110nnnnmmmD001 (Rm)- sign extension 1 —
- Rn

MOV.L @Rm,Rn 0110nnnnmmm®D010 (Rm) - Rn 1 —

MOV.B Rm,@-Rn 0010nnnnmmmD100 Rn-1 - Rn,Rm - (Rn) 1 —

MOV.W Rm,@-Rn 0010nnnnmmMm0101 Rn-2 - Rn,Rm - (Rn) 1 —

MOV.L Rm,@-Rn 0010nnnnmmm0110 Rn —4 - Rn,Rm - (Rn) 1 —

MOV.B @Rm+,Rn 0110nnnnmmmD100 (Rm) - sign extension 1 —
- Rn,Rm+1- Rm

MOV.W  @Rm+,Rn 0110nnnnmmmD101 (Rm) - sign extension 1 —
-~ Rn,Rm+2 -~ Rm

MOV.L @Rm+,Rn 0110nnnnmmm®0110 (Rm) - Rn,Rm+4 - 1 —
Rm

MOV.B RO,@(disp,Rn) 10000000nnnndddd RO - (disp + Rn) 1 —

MOV.W RO,@(disp,Rn) 10000001nnnndddd RO - (disp x2 + Rn) 1 —

MOV.L Rm,@(disp,Rn) 000lnnnnnmmmdddd Rm - (disp x4 + Rn) 1 —

MOV.B @(disp,Rm),R0 10000100nmmdddd (disp + Rm) - sign 1 —
extension — RO

MOV.W  @(disp,Rm),R0 10000101nmmmdddd (disp x2 + Rm) - sign 1 —
extension - RO

MOV.L @(disp,Rm),Rn 010lnnnnnmmmdddd (disp x4 +Rm) - Rn 1 —

MOV.B Rm,@(RO,Rn) 0000nnnnmMmmMMD100 Rm - (RO +Rn) 1 —
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Execution

Instruction Instruction Code Operation States T Bit

MOV.W Rm,@(RO,Rn) 0000nnnnmmmMD101 Rm - (RO +Rn) 1 —

MOV.L Rm,@(RO,Rn) 0000nnnnmmmMD110 Rm - (RO +Rn) 1 —

MOV.B @(RO,Rm),Rn 0000nnNNNMMML100 (RO +Rm) — sign 1 —
extension - Rn

MOV.W  @(RO,Rm),Rn 0000nnnnMMML101 (RO +Rm) - sign 1 —
extension — Rn

MOV.L @(RO,Rm),Rn oooonnnnmmm1110 (RO +Rm) - Rn 1 —

MOV.B RO,@(disp,GBR) 11000000dddddddd RO - (disp + GBR) 1 —

MOV.W RO,@(disp,GBR) 11000001dddddddd RO - (disp x2 + GBR) 1 —

MOV.L RO,@(disp,GBR) 11000010dddddddd RO - (disp x4 + GBR) 1 —

MOV.B @(disp,GBR),R0 11000100dddddddd (disp + GBR) - sign 1 —
extension - RO

MOV.W @(disp,GBR),R0 11000101dddddddd (disp x2 +GBR) - sign 1 —
extension - RO

MOV.L @(disp,GBR),RO 11000110dddddddd (disp x4 + GBR) - RO 1 —

MOVA  @(disp,PC),RO 11000111dddddddd disp x4 +PC - RO 1 —

MOVT Rn 0000nNnNn00101001 T - Rn 1 —

SWAP.B Rm,Rn 0110nnnnnmm 000 Rm - swap lower 1 —
2 bytes - Rn

SWAP.W Rm,Rn 0110nnnnmmmi1001 Rm - swap upper/lower 1 —
words - Rn

XTRCT Rm,Rn 0010nnnnmmmi101 Middle 32 bits of Rmand 1 —

Rn = Rn
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Table 2.21 Arithmetic Operation Instructions
Execution
Instruction Instruction Code Operation States T Bit
ADD Rm,Rn 0011nnnnmmmm1100 Rn+Rm - Rn 1 —
ADD #imm,Rn Olllnnnniiiiiiii Rn+imm - Rn 1 —
ADDC Rm,Rn 0011nnnnmmmmi110 Rn+Rm+T - Rn, 1 Carry
carry - T
ADDV Rm,Rn 0011nnnnmmmmi111 Rn +Rm- Rn, 1 Overflow
overflow - T
CMP/EQ #imm,R0O 10001000iiiiiiii When RO =imm, 1 Comparison
1T result
CMP/EQ Rm,Rn 0011nnnnmmm©D000 When Rn = Rm, 1 Comparison
1-T result
CMP/HS Rm,Rn 0011nnnnmmmm®D010 When Rn = Rm 1 Comparison
(unsigned), 1 - T result
CMP/GE Rm,Rn 0011nnnnmmmD011 When Rn = Rm (signed), 1 Comparison
1T result
CMP/HI Rm,Rn 0011nnnnmmm®D110 When Rn > Rm 1 Comparison
(unsigned), 1 - T result
CMP/GT Rm,Rn 0011nnnnmmm®D111 When Rn > Rm (signed), 1 Comparison
1T result
CMP/PL Rn 0100nnnn00010101 WhenRn>0,1 - T 1 Comparison
result
CMP/PZ Rn 0100nnnn00010001 WhenRn=0,1 - T 1 Comparison
result
CMP/STR Rm,Rn 0010nnnnmmm1100 When any bytes are 1 Comparison
equal,1- T result
DIV1 Rm,Rn 0011nnnnmmmD100 1-step division 1 Calculation
(Rn + Rm) result
DIVOS Rm,Rn 0010nnnnnmmD111 MSB of Rn - Q, 1 Calculation
MSB of Rm - M, result
MMQ - T
DIVOU 0000000000011001 0 - M/Q/T 1 0
DMULS.L Rm,Rn 0011nnnnmmml101 Signed, Rn x Rm - 2-4* —
MACH, MACL

32 x 32 - 64 bits
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Execution

Instruction Instruction Code Operation States T Bit

DMULU.L Rm,Rn 0011nnnnmmm0101 Unsigned, Rn x Rm - 2-4* —
MACH, MACL
32 x 32 - 64 bits

DT Rn 0100nnnNn00010000 Rn—-1 - Rn; 1 Comparison
whenRn=0,1 T result
WhenRn#0,0 - T

EXTS.B Rm,Rn 0110nnnnmmml110 Rm sign-extended 1 —
from byte -~ Rn

EXTS.W Rm,Rn 0110nnnnmmmi111l Rm sign-extended 1 —
from word - Rn

EXTU.B Rm,Rn 0110nnnnmmmmiL100 Rm zero-extended 1 —
from byte -~ Rn

EXTU.W Rm,Rn 0110nnnnmmm1101 Rm zero-extended 1 —
from word - Rn

MACL  @Rm+@Rn+ 0000nnnnmmmiL111 Signed, (Rn) x (Rm)+  3/(2-4)* —
MAC - MAC
32 x32 + 64 - 64 bits

MAC.W  @Rm+ @Rn+ 0100nnnnmmri11l Signed, (Rn) x (Rm)+  3/(2)* —
MAC - MAC
16 x 16 + 64 - 64 bits

MUL.L Rm,Rn 0000nnnnnMMMD111 Rn xRm - MACL 2-4* —
32 x 32 - 32 bits

MULS.W Rm,Rn 0010nnnnmmm1111 Signed, Rn x Rm - 1-3* —
MAC
16 x 16 - 32 bits

MULU.W Rm,Rn 0010nnnnmmml110 Unsigned, Rn x Rm - 1-3* —
MAC
16 x 16 - 32 bits

NEG Rm,Rn 0110nnnnmmmmi011 0-Rm - Rn 1 —

NEGC Rm,Rn 0110nnnnmmmm1010 0—-Rm-T - Rn, 1 Borrow
borrow - T

SUB Rm,Rn 0011nnnnmmmmi000 Rn-Rm - Rn 1 —
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Execution
Instruction Code Operation States T Bit
0011nnnnmmmm1010 Rn—-Rm-T - Rn, 1 Borrow
borrow - T
0011nnnnmmml011 Rn-Rm - Rn, 1 Underflow

underflow — T

The normal number of execution states is shown. The number in parentheses is the
number of execution cycles in the case of contention with preceding or following

Table 2.22 Logic Operation Instructions

Execution
Instruction Code Operation States T Bit
AND Rm,Rn 0010nnnnnmmL001 Rn & Rm - Rn 1 —
AND #imm,R0O 1100100%iiiiiiii RO&imm - RO 1 —
AND.B #imm,@(R0,GBR) 11001101iiiiiiii (RO+GBR)&imm - 3 —
(RO + GBR)
NOT Rm,Rn 0110nnnnmmmm®D111 ~Rm - Rn 1 —
0010nnnnmmm1011 Rn|Rm - Rn 1 —
1100101%iiiiiiii RO[|imm - RO 1 —
OR.B #imm,@(R0,GBR) 11001111iiiiiiii (RO+GBR)|imm - 3 —
(RO + GBR)
TAS.B @Rn 0100nnnn00011011 When (Rn)=0,1 - T, 4 Test
1 - MSB of (Rn) result
TST Rm,Rn 0010nnNnnmMmmmM1L000 Rn & Rm; 1 Test
whenresult=0,1 - T result
TST #imm,R0O 11001000iiiiiiii RO &imm; 1 Test
whenresult=0,1 - T result
TST.B #imm,@(R0,GBR) 11001100iiiiiiii (RO+ GBR)& imm; 3 Test
whenresult=0,1 - T result
XOR Rm,Rn 0010nnnnnmm010 Rn”*Rm - Rn 1 —
XOR #imm,R0O 11001010iiiiiiii RO”imm - RO 1 —
XOR.B #imm,@(R0,GBR) 11001110iiiiiiii (RO+GBR)”imm - 3 —
(RO + GBR)
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Table 2.23 Shift Instructions

Execution
Instruction Instruction Code Operation States T Bit
ROTL Rn 0100nnnn00000100 T ~ Rn ~ MSB 1 MSB
ROTR Rn 0100nnnn00000101 LSB- Rn-> T 1 LSB
ROTCL Rn 0100nnnn00100100 T <« Rn T 1 MSB
ROTCR Rn 0100nnnn00100101 T- Rn-> T 1 LSB
SHAL Rn 0100nnnn00100000 T -~ Rn 0 1 MSB
SHAR Rn 0100nnnn00100001 MSB- Rn- T 1 LSB
SHLL Rn 0100nnnn00000000 T -~ Rn 0 1 MSB
SHLR Rn 0100nnnn00000001 O0- Rn- T 1 LSB
SHLL2 Rn 0100nnnn00001000 Rn<<2 - Rn 1 —
SHLR2 Rn 0100nnnn00001001 Rn>>2 - Rn 1 —
SHLL8 Rn 0100nnnn00011000 Rn<<8 - Rn 1 —
SHLR8 Rn 0100nnnn00011001 Rn>>8 - Rn 1 —
SHLL16 Rn 0100nnnNn00101000 Rn<<16 - Rn 1 —
SHLR16 Rn 0100nnnNn00101001 Rn>>16 - Rn 1 —
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Table 2.24 Branch Instructions

Instruction

Instruction Code

Operation

Execution
States T Bit

BF

label

10001011dddddddd

When T =0,
dispx2 + PC - PC;
when T =1, nop

3/1* —

BF/S

label

10001111dddddddd

Delayed branch;
when T =0,

disp x2 + PC - PC;
when T =1, nop

2/1* —

BT

label

10001001dddddddd

When T =1,
disp x2 + PC - PC;
when T =0, nop

3/1* —

BT/S

label

10001101dddddddd

Delayed branch;
when T =1,

disp x2 + PC - PC;
when T =0, nop

2/1* —

BRA

label

1010dddddddddddd

Delayed branch,
dispx2+PC - PC

BRAF

Rm

0000mMmmMMD0100011

Delayed branch,
Rm +PC - PC

BSR

label

1011dddddddddddd

Delayed branch,
PC - PR,
dispx2+PC- PC

BSRF

Rm

0000MmMMD0000011

Delayed branch,
PC- PR,
Rm +PC- PC

JMP

@Rm

0100mMmMmM00101011

Delayed branch,
Rm- PC

JSR

@Rm

0100nmmMD0001011

Delayed branch,
PC- PR,Rm- PC

RTS

0000000000001011

Delayed branch,
PR- PC

Note:

* One state when the branch is not executed.
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Table 2.25 System Control Instructions

Execution
Instruction Instruction Code Operation States T Bit
CLRMAC 0000000000101000 0 - MACH, MACL 1 —
CLRT 0000000000001000 0 - T 1 0
LDC Rm,SR 0100nMmMmMD0001110 Rm - SR 1 LSB
LDC Rm,GBR 0100nmMmMD0011110 Rm - GBR 1 —
LDC Rm,VBR 0100nmmMmD0101110 Rm - VBR 1 —
LDC Rm,MOD 0100nmMmMD1011110 Rm - MOD 1 —
LDC Rm,RE 0100nmMmmMmD1111110 Rm - RE 1 —
LDC Rm,RS 0100nmMmmMmD1101110 Rm - RS 1 —
LDC.L @Rm+SR  0100mmmD0000111 (Rm) - SR,Rm+4 - Rm 3 LSB
LDCL @Rm+,GBR 0100mmm00010111 (Rm) -~ GBR,Rm+4 -~ Rm 3 —
LDC.L @Rm+,VBR 0100mmm00100111 (Rm) - VBR,Rm+4 - Rm 3 —
LDCL @Rm+MOD 0100mmm01010111 (Rm) -~ MOD,Rm+4 - Rm 3 —
LDCL @Rm+,RE  0100mmm01110111 (Rm) - RE,Rm+4 - Rm 3 —
LDCL @Rm+,RS 0100mmm01100111 (Rm) - RS,Rm+4 - Rm 3 —
LDRE @(disp,PC) 10001110dddddddd dispx2+PC - RE 1 —
LDRS @(disp,PC) 10001100dddddddd disp x2 +PC - RS 1 —
LDS Rm,MACH 0100nmMmMD0001010 Rm - MACH 1 —
LDS Rm,MACL 0100nmMmMmMD0011010 Rm - MACL 1 —
LDS Rm,PR 0100nmMmMD0101010 Rm - PR 1 —
LDS Rm,DSR 0100nmMmMD1101010 Rm - DSR 1 —
LDS Rm,A0 0100mMmmMmMD1111010 Rm - AOQ 1 —
LDS Rm, X0 0100nMmMm1 0001010 Rm - X0 1 —
LDS Rm, X1 0100mMmMmM10011010 Rm - X1 1 —
LDS Rm,Y0 0100nMmMm10101010 Rm - YO 1 —
LDS Rm,Y1 0100nMmMm10111010 Rm - Y1 1 —
LDSL @Rm+,MACH 0100mmm00000110 (Rm) -~ MACH,Rm +4 - Rm 1 —
LDS.L @Rm+,MACL 0100mmm00010110 (Rm) —» MACL,Rm +4 - Rm 1 —
LDSL @Rm+,PR  0100mmm00100110 (Rm) - PR,Rm+4 - Rm 1 —
LDSL @Rm+,DSR 0100mmm01100110 (Rm) - DSR,Rm+4 - Rm 1 —
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Execution
Instruction Instruction Code Operation States T Bit

LDSL @Rm+A0  0100mm01110110 (Rm) — AO,Rm+4 - Rm 1 —

LDS.L @Rm+,X0 0100nMmMM 0000110 (Rm) —» X0, Rm +4 - Rm 1 —
LDS.L @Rm+,X1 0100mMmMmM10010110 (Rm) - X1,Rm +4 - Rm 1 —
LDS.L @Rm+,YO 0100nMmMM 0100110 (Rm) - YO, Rm +4 - Rm 1 —
LDS.L @Rm+,Y1 0100mMmMmM10110110 (Rm) - Y1,Rm +4 - Rm 1 —
NOP 0000000000001001 No operation 1 —
RTE 0000000000101011 Delayed branch, 4 LSB
stack area -~ PC/SR
SETRC Rm 0100nMmMMD0010100 RE — RS operation result 1 —

(repeat status) - RF1, RFO
Rm [11:0] —» RC (SR [27:16])

SETRC #imm 10000010iiiiiiii RE-—RS operation result 1 1
(repeat status) - RF1, RFO
imm - RC (SR [23:16]),
zeros — SR [27:24]

SETT 0000000000011000 1 - T 1

SLEEP 0000000000011011 Sleep * —
STC SR,Rn 0000nnnn00000010 SR - Rn —
STC GBR,Rn 0000nnNnNn00010010 GBR - Rn —
STC VBR,Rn 0000nnnn00100010 VBR - Rn —
STC MOD,Rn 0000nnNnn01010010 MOD - Rn —
STC RE,Rn 0000nnnn01110010 RE - Rn —
STC RS,Rn 0000nnnn01100010 RS - Rn —

STC.L SR,@-Rn 0100nnnn00000011 Rn-4 - Rn,SR - (Rn)

STCL GBR@-Rn 0100nnnn00010011 Rn-4 - Rn,GBR - (Rn)

STC.L VBR,@-Rn 0100nnnn00100011 Rn-4 - Rn,VBR - (Rn)

STCL MOD,@-Rn  0100nnnn01010011 Rn-4 - Rn,MOD - (Rn)

STC.L RE,@-Rn 0100nnnn01110011 Rn-4 - Rn,RE - (Rn)

STCL RS@-Rn  0100nnnn01100011 Rn-4 - Rn,RS - (Rn)

STS MACH,Rn 0000nnnn00001010 MACH - Rn

STS MACL,Rn 0000nnNnn00011010 MACL - Rn

=R =SR2 N NN DN DN AR AR aWw -

STS PR,Rn 0000nnnn00101010 PR - Rn
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Execution
Instruction Instruction Code Operation States T Bit
STS DSR,Rn 0000nnnn01101010 DSR - Rn 1 —
STS AO,Rn 0000nnNnNn01111010 A0 - Rn 1 —
STS X0,Rn 0000nnnNn10001010 X0 - Rn 1 —
STS X1,Rn 0000nnNnNn10011010 X1 - Rn 1 —
STS YO,Rn 0000nnnNn10101010 YO - Rn 1 —
STS Y1,Rn 0000nnNnNn10111010 Y1 - Rn 1 —
STS.L MACH,@-Rn 0100nnnn00000010 Rn-4 - Rn, MACH - (Rn) 1 —
STS.L MACL,@-Rn 0100nnnn00010010 Rn-4 - Rn,MACL - (Rn) 1 —
STS.L PR@-Rn 0100nnnn00100010 Rn-4 - Rn,PR - (Rn) 1 —
STS.L DSR,@-Rn 0100nnnn01100010 Rn-4 - Rn,DSR - (Rn) 1 —
STS.L  A0,@-Rn 0100nnnn01110010 Rn-4 - Rn, A0 - (Rn) 1 —
STS.L  X0,@-Rn 0100nnnn10000010 Rn-4 - Rn, X0 - (Rn) 1 —
STSL X1,@-Rn 0100nnnn10010010 Rn-4 - Rn, X1 - (Rn) 1 —
STS.L  YO,@-Rn 0100nnnn10100010 Rn-4 - Rn, YO0 - (Rn) 1 —
STSL Y1,@-Rn 0100nnnn10110010 Rn-4 - Rn, Y1 - (Rn) 1 —
TRAPA #imm 11000011iiiiiiii PC/SR - stack area, 8 —

(imm x 4 + VBR) - PC

Note: * Number of states until transition to sleep state.

Caution:

* The table shows the minimum number of execution states. In practice, the number of
instruction execution states will be increased in cases such as the following:

0 When there is conflict between an instruction fetch and a data access

0 When the destination register of a load instruction (memory — register) is also used by the
following instruction

0 When the branch destination address of a branch instruction is address 4n + 2

0 Depending on the number of cycles of the instruction fetch destination or data access
destination (see 8.4, Number of Access Cycles (SH7065A) in section 8, Bus State
Controller (BSC), for details).
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CPU Instructions Supporting DSP Functions

A number of system control instructions have been added to the CPU core instructions to support
DSP functions. The RS, RE, and MOD registers have been added, supporting repeat control and
modulo addressing, and a repeat counter (RC) has been added to the status register (SR). LDC and
STC instructions have been added in order to access these new additions, while LDS and STS
instructions have been added to access DSP registers DSR, A0, X0, X1, YO0, and Y1.

Another addition is the SETRC instruction which sets a value in the repeat counter (RC: bits 27 to
16) and the repeat flags (RF1, RFO: bits 3 and 2) in the SR register. When an immediate operand is
used in the SETRC instruction, 8-bit immediate data is stored in bits 23 to 16 of SR, and bits 27 to
24 are cleared to 0. When the operand is a register, the 12 bits from bit 11 to bit 0 of the register
are stored in bits 27 to 16 of SR. According to the set values of RS and RE, 1-instruction repeat
(00), 2-instruction repeat (01), 3-instruction repeat (11), or 4-plus-instruction repeat (10) is set.

In addition to the LDC instruction, the LDRS and LDRE instructions have been added as
instructions that set the repeat start address and repeat end address in the RS and RE registers.

The added instructions are shown in table 2.26.

Table 2.26 Added CPU Instructions
Execution

Instruction Instruction Code Operation States T Bit
LDC Rm,MOD 0100mMmMm®D1011110 Rm - MOD 1 —
LDC Rm,RE 0100mmMmD1111110 Rm - RE 1 —
LDC Rm,RS 0100mMmmMm®D1101110 Rm - RS 1 —
LDC.L @Rm+,MOD 0100mmmD1010111 (Rm) -~ MOD,Rm+4 -~ Rm 3 —
LDC.L @Rm+,RE 0100mmMm®D1110111 (Rm) - RE,Rm +4 - Rm 3 —
LDC.L @Rm+,RS 0100mMmMm®D1100111 (Rm) - RS,Rm +4 - Rm 3 —
STC  MOD,Rn 0000nnNNNn01010010 MOD - Rn 1 —
STC RE,Rn 0000nnNnNn01110010 RE - Rn 1 —
STC RS,Rn 0000nNnNn01100010 RS - Rn 1 —
STC.L MOD,@-Rn 0100nnnn01010011 Rn-4 - Rn, MOD - (Rn) 2 —
STC.L RE,@-Rn 0100nnnNn01110011 Rn-4 - Rn,RE - (Rn) 2 —
STC.L RS,@-Rn 0100nnnn01100011 Rn-4 - Rn,RS - (Rn) 2 —
LDS Rm,DSR 0100mmMmD1101010 Rm - DSR 1 —
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Execution
Instruction Instruction Code Operation States T Bit
LDS.L @Rm+DSR 0100mmm®D1100110 (Rm) - DSR,Rm +4 - Rm 1 —
LDS Rm,A0Q 0100nMmMMD1111010 Rm - AO 1 —
LDS.L @Rm+,A0 0100mMmmMmD1110110 (Rm) - A0O,Rm+4 -~ Rm 1 —
LDS Rm,X0 0100nMmMM1 0001010 Rm - X0 1 —
LDS.L @Rm+,X0 0100mMmmmiL0000110 (Rm) —» X0,Rm +4 - Rm 1 —
LDS Rm,X1 0100mMmMM10011010 Rm - X1 1 —
LDS.L @Rm+,X1 0100mMmmL0010110 (Rm) — X1,Rm +4 - Rm 1 —
LDS Rm,YO0 0100nMmMM10101010 Rm - YO 1 —
LDS.L @Rm+,YO0 0100mMmMm10100110 (Rm) - YO,Rm +4 — Rm 1 —
LDS Rm,Y1 0100mMmmMm10111010 Rm - Y1 1 —
LDS.L @Rm+,Y1 0100mMmmMm10110110 (Rm) - Y1,Rm+4 — Rm 1 —
STS DSR,Rn 0000nnNnNn01101010 DSR - Rn 1 —
STS.L DSR,@-Rn 0100nnnn01100010 Rn-4 - Rn,DSR - (Rn) 1 —
STS AO,Rn 0000nnnNn01111010 A0 - Rn 1 —
STS.L A0,@-Rn 0100nnnNn01110010 Rn-4 - Rn,A0 - (Rn) 1 —
STS  XO,Rn 0000nnNnNn10001010 X0 - Rn 1 —
STS.L X0,@-Rn 0100nnnNn10000010 Rn-4 - Rn, X0 - (Rn) 1 —
STS X1,Rn 0000nnnNn10011010 X1 - Rn 1 —
STS.L X1,@-Rn 0100nnnNn10010010 Rn-4 - Rn, X1 - (Rn) 1 —
STS  YO,Rn 0000nnnNn10101010 YO - Rn 1 —
STS.L Y0,@-Rn 0100nnnNn10100010 Rn-4 - Rn, Y0 - (Rn) 1 —
STS Y1,Rn 0000nnnNn10111010 Y1- Rn 1 —
STS.L Y1,@-Rn 0100nnnNn10110010 Rn-4 - Rn,Y1- (Rn) 1 —
SETRC Rm 0100mMmmMmD0010100 Rm[11:0] - RC (SR [27:16]) 1 —
SETRC #mm 10000010iiiiiiii imm - RC (SR [23:16]), 1 —
0 - SR [27:24]
LDRS @(disp,PC) 10001100dddddddd dispx2+ PC - RS 1 —
LDRE @(disp,PC) 10001110dddddddd dispx2+PC - RE 1 —
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2.5.2 DSP Data Transfer Instruction Set
The DSP data transfer instructions are listed by type in table 2.27.

Table 2.27 DSP Data Transfer Instruction Types

Kinds of Number of
Type Instruction Op Code Function Instructions
Double data transfer 4 NOPX X memory no operation 14
instructions MOVX X memory data transfer
NOPY Y memory no operation
MOVY Y memory data transfer
Single data transfer 1 MOVS Single data transfer 16
instruction
Total: 5 Total: 30

Data transfer instructions are divided into two groups: double data transfer and single data
transfer. Double data transfer can be executed by DSP parallel processing instructions in
combination with DSP operation instructions. Parallel processing instructions are 32 bits long, and
incorporate a double data transfer instruction in the A field. Double data transfer instructions that
are not parallel processing instructions, and single data transfer instructions, are 16 bits long.

In double data transfer, X memory and Y memory can be simultaneously accessed in parallel.
Instructions are specified one by one from the X and Y memory data accesses, respectively. The
Ax pointer is used to access the X memory, and the Ay pointer to access the Y memory. Double
data transfer can only be used to access X and Y memory.

In single data transfer, access is possible from any area. In single data transfer, the Ax pointer and
two other pointers are used as the As pointer.
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Table 2.28 Double Data Transfer Instructions (X Memory Data)

Execution DC
Instruction Operation Instruction Code States Bit
NOPX No operation 1111000*0*0*00** 1 —
MOVX.W @Ax,Dx (AX) > MSW of Dx, 111100A*D*0*01** 1 —
0 - LSW of Dx
MOVX.W @Ax+,Dx (Ax) -» MSW of Dx, 111100A*D*0*10** 1 —
0 - LSW of Dx, Ax +2 - Ax
MOVX.W @Ax+Ix,Dx (Ax) - MSW of Dx, 111100A*D*0*11** 1 —
0 - LSW of Dx, Ax + Ix— Ax
MOVX.W Da,@Ax MSW of Da - (Ax) 111100A*D*1*01** 1 —
MOVX.W Da,@Ax+ MSW of Da - (Ax),Ax+2 - Ax 111100A*D*1*10** 1 —
MOVX.W Da,@Ax+Ix MSW of Da - (Ax), Ax +Ix - Ax 111100A*D*1*11** 1 —
Table 2.29 Double Data Transfer Instructions (Y Memory Data)
Execution DC
Instruction Operation Instruction Code States Bit
NOPY No operation 111100*0*0*0**00 1 —
MOVY.W @Ay,Dy (Ay) - MSW of Dy, 111100* A*D*0**01 1 —
0 - LSW of Dy
MOVY.W @Ay+,Dy (Ay) - MSW of Dy, 111100*A*D*0**10 1 —
0 - LSW of Dy, Ay +2 - Ay
MOVY.W @Ay+ly,Dy (Ay) - MSW of Dy, 111100*A*DF0**11 1 —
0 - LSW of Dy, Ay +1ly—~ Ay
MOVY.W Da,@Ay MSW of Da - (Ay) 111100* A*D*1**01 1 —
MOVY.W Da,@Ay+ MSW of Da - (Ay),Ay+2 - Ay 111100*A*D*1**10 1 —

MOVY.W Da,@Ay+ly MSW of Da - (Ay), Ay +ly - Ay

111100*A*D*1** 11
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Table 2.30 Single Data Transfer Instructions
Execution DC
Instruction Operation Instruction Code States Bit
MOVS.W @-As,Ds As -2 - As, (As) - MSW of 111101AADDDD0000 1 —
Ds,0 - LSW of Ds
MOVS.W @As,Ds (As)— MSW of Ds, 111101AADDDD0100 1 —
0 - LSW of Ds
MOVS.W @As+,Ds  (As)- MSW of Ds, 111101AADDDD1000 1 —
0- LSW of Ds,As +2 - As
MOVS.W @As+Ix,Ds (As) - MSW of Ds, 111101AADDDD1100 1 —
0 -~ LSW of Ds, As +Ix - As
MOVS.W Ds,@-As As—2 - As, MSW of Ds — (As)" 111101AADDDD0001 1 —
MOVS.W Ds,@As MSW of Ds — (As)* 111101AADDDD0101 1 —
MOVS.W Ds,@As+ MSW of Ds — (As)",As +2 — As 111101AADDDD1001 1 —
MOVS.W Ds,@As+ls MSW of Ds — (As)",As +Is ~ As111101AADDDD1101 1 —
MOVS.L @-As,Ds As -4 - As, (As) - Ds 111101AADDDD0O010 1 —
MOVS.L @As,Ds (As) - Ds 111101AADDDD0110 1 —
MOVS.L @As+,Ds (As) - Ds,As+4 - As 111101AADDDD1010 1 —
MOVS.L @As+ls,Ds (As) -~ Ds,As +Is - As 111101AADDDD1110 1 —
MOVS.L Ds,@-As As—4 - As,Ds - (As)* 111101AADDDD0O011 1 —
MOVS.L Ds,@As Ds - (As)* 111101AADDDDO111 1 —
MOVS.L Ds@As+ Ds - (As)",As+4 _ As 111101AADDDD1011 1 —
MOVS.L Ds,@As+ls Ds — (As)*,As +Is - As 111101AADDDD1111 1 —
Note: * When guard bit register AOG or A1G is specified as source operand Ds, the data is

sign-extended before being transferred.

The correspondence between DSP data transfer operands and registers is shown in table 2.31. CPU
core registers are used as a pointer address that indicates a memory address.
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Table 2.31 Correspondence between DSP Data Transfer Operands and Registers

SH (CPU Core) Register
R4 R5
I A A e A
As0) | As1) ’
Ax Yes Yes
Ix, (Is) Yes
Dx
Ay Yes Yes
ly Yes
Dy
Da
As Yes Yes Yes Yes
Ds
Operand DSP Register
X0 X1 YO Y1 MO M1 A0 A1 AOG | A1G
Ax
Ix, (Is)
Dx Yes Yes
Ay
ly
Dy Yes Yes
Da Yes Yes
As
Ds Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Legend:

Yes: Settable register
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2.5.3 DSP Operation Instruction Set

DSP operation instructions are instructions for digital signal processing performed by the DSP
unit. These instructions have a 32-bit instruction code, and multiple instructions can be executed in
parallel. The instruction code is divided into an A field and B field; a parallel data transfer
instruction is specified in the A field, and a single or double data transfer operation instruction in
the B field. Instructions can be specified independently, and are also executed independently. The
parallel data transfer instruction specified in the A field is exactly the same as a double data
transfer instruction.

B field data operation instructions are divided into three: double data operation instructions,
conditional single data operation instructions, and unconditional single data operation instructions.
The formats of the DSP operation instructions are shown in table 2.32. The respective operands
are selected independently from the DSP registers. The correspondence between DSP operation
instruction operands and registers is shown in table 2.33.

Table 2.32 DSP Operation Instruction Formats

Type Instruction Formats Instructions
Double data operation ALUop. Sx, Sy, Du PADD PMULS,
instructions (6 operands) MLTop. Se, Sf, Dg PSUB PMULS
Conditional 3 operands ALUop. Sx, Sy, Dz PADD, PAND, POR, PSHA,
single data DCT ALUop. Sx, Sy, Dz PSHL, PSUB, PXOR
operation DCF ALUop. Sx, Sy, D
instructions Op. ©X, oy, Dz
2 operands ALUop. Sx, Dz PCOPY, PDEC, PDMSB, PINC,
DCT ALUop. Sx, Dz PLDS, PSTS, PNEG
DCF ALUop. Sx, Dz
ALUop. Sy, Dz

DCT ALUop. Sy, Dz
DCF ALUop. Sy, Dz
1 operand ALUop. Dz PCLR
DCT ALUop. Dz
DCF ALUop. Dz

Unconditional 3 operands ALUop. Sx, Sy, Du PADDC, PSUBC, PMULS
Sing'etfjata MLTop. Se, Sf, Dg
operation
instructions 2 operands ALUop. Sx, Dz PCMP, PABS, PRND
ALUop. Sy, Dz
1 operand ALUop. Dz PSHA #imm, PSHL #imm
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Table 2.33 Correspondence between DSP Instruction Operands and Registers

ALU/BPU Instructions Multiply Instructions
Register

Sx Sy Dz Du Se Sf Dg
AO Yes Yes Yes Yes
A1 Yes Yes Yes Yes Yes Yes
MO Yes Yes Yes
M1 Yes Yes Yes
X0 Yes Yes Yes Yes Yes
X1 Yes Yes Yes
YO0 Yes Yes Yes Yes Yes
Y1 Yes Yes Yes

Legend:
Yes: Settable register

When writing parallel instructions, the B field instruction is written first, followed by the A field
instruction. A sample parallel processing program is shown in figure 2.13.

PADD A0, M), A0 PMJIS X0, YO, M MOVX. W @4+, X0 MOVY. W @6+, YO [;]
DCF PINC X1, Al MOVX. W A0, @R5+R8 MOVY. W @R7+, YO [;]
PCWP X1, M MOVX. W @R4 [NOPY] [;]

Figure 2.13 Sample Parallel Processing Program

Square brackets mean that the contents can be omitted. The no operation instructions NOPX and
NOPY can be omitted. A semicolon is the instruction line delimiter, but this can also be omitted. If
the semicolon delimiter is used, the area to the right of the semicolon can be used as a comment
field.

The DSR register status codes (DC, N, Z, V, and GT) are always updated by unconditional ALU
operation instructions and shift operation instructions. Conditional instructions do not update the
status codes even if the condition is satisfied. Multiply instructions, too, do not update the status
codes. The definition of the DC bit is determined by the specification of the CS bit in the DSR
register.

The DSP operation instructions are listed by type in table 2.34.
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Table 2.34 DSP Operation Instruction Types
Kinds of Number of
Type Instruction Op Code Function Instructions
ALU ALU fixed-point 11 PABS Absolute value operation 28
arithmetic  operation PADD Addition
operation instructions " 5
instructions PADD Addlltlo.n arld signed
PMULS multiplication
PADDC Addition with carry
PCLR Clear
PCMP Comparison
PCOPY Copy
PNEG Signed inversion
PSUB Subtraction
PSUB Subtraction and signed
PMULS multiplication
PSUBC Subtraction with borrow
ALU integer 2 PDEC Decrement 12
operation PINC Increment
instructions
MSB detection 1 PDMSB MSB detection 6
instructions
Rounding 1 PRND Rounding operation 2
operation
instructions
ALU logic operation 3 PAND Logical AND operation 9
instructions POR Logical OR operation
PXOR Exclusive logical OR
operation
Fixed-point multiply instruction 1 PMULS Signed multiplication 1
Shift Arithmetic shift 1 PSHA Arithmetic shift 4
operation
instructions
Logical shift 1 PSHL Logical shift 4
operation
instructions
System control instructions 2 PLDS System register load 12
PSTS Store from system register

Total: 23

Total: 78
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ALU Arithmetic Operation Instructions

Table 2.35 ALU Fixed-Point Operation Instructions

Execution
Instruction Operation Instruction Code States DC Bit
PABS Sx,Dz If Sx=0, Sx » Dz 111110*****xkxxx 1 Updated
IfSx<0,0-Sx - Dz 10001000xx00zzzz
PABS Sy,Dz IfSy>0,Sy - Dz 111220******xxxx 4 Updated
IfSy<0,0-Sy - Dz 1010100000yyzzzz
PADD Sx,Sy,Dz Sx+Sy - Dz 111110*****xkxxx 1 Updated
10110001xxyyzzzz
DCT PADD Sx,Sy,Dz IfDC=1,Sx+ Sy - Dz 111110*****xkxxx 1 —
If DC = 0, nop 10110010xxyyzzzz
DCF PADD Sx,Sy,Dz IfDC=0,Sx+ Sy - Dz 111220%*****xxxx 4 —
If DC =1, nop 10110011xxyyzzzz
PADD Sx,Sy,Du Sx +Sy - Du 111110Q*****kkkks Updated
PMULS Se,Sf,Dg Se upper word x Sf upper Ollleeffxxyygguu
word - Dg
PADDC Sx,Sy,Dz Sx +Sy +DC - Dz 111110*****x*kxxx 1 Updated
10110000xxyyzzzz
PCLR Dz H'00000000 - Dz 111220******xxxx 4 Updated
100011010000zzzz
DCT PCLR Dz If DC = 1, H'00000000 — Dz 11111Q*******%%% A —
If DC =0, nop 100011100000zzzz
DCF PCLR Dz If DC = 0, H'00000000 - Dz 11111Q*******%%% A —
If DC =1, nop 100011110000zzzz
PCMP Sx,Sy Sx — Sy 111110Q*****kkkks Updated
10000100xxyy0000
PCOPY Sx,Dz Sx - Dz 111110Q*****kkkks Updated
11011001xx00zzzz
PCOPY Sy,Dz Sy - Dz 111110Q*****kkkks Updated
1111100100yyzzzz
DCT PCOPY Sx,Dz IfDC=1,Sx - Dz 111220%*****xxxx 4 —
If DC =0, nop 11011010xx00zzzz
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Execution
Instruction Operation Instruction Code States DC Bit
DCT PCOPY Sy,Dz IfDC=1,Sy - Dz 111220%*****xxxx 4 —
If DC =0, nop 1111101000yyzzzz
DCF PCOPY Sx,Dz IfDC =0, Sx -» Dz 111220******xxxx 4 —
If DC =1, nop 11011011xx00zzzz
DCF PCOPY Sy,Dz IfDC=0,Sy - Dz 111220******xxxx 4 —
If DC = 1, nop 1111101100yyzzzz
PNEG Sx,Dz 0-Sx - Dz 111110*****xkxxx 1 Updated
11001001xx00zzzz
PNEG Sy,Dz 0-Sy - Dz 111220******xxxx 4 Updated
1110100100yyzzzz
DCT PNEG Sx,Dz fDC=1,0-Sx - Dz 111220******xxxx 4 —
If DC =0, nop 11001010xx00zzzz
DCT PNEG Sy,Dz fDC=1,0-Sy - Dz 111220******xxxx 4 —
If DC = 0, nop 1110101000yyzzzz
DCF PNEG Sx,Dz IfDC=0,0-Sx - Dz 111220******xxxx 4 —
If DC =1, nop 11001011xx00zzzz
DCF PNEG Sy,Dz IfDC=0,0-Sy - Dz 111220******xxxx 4 —
If DC = 1, nop 1110101100yyzzzz
PSUB Sx,Sy,Dz Sx-Sy - Dz 111110*****x*kxxx 1 Updated
10100001xxyyzzzz
DCT PSUB Sx,Sy,Dz IfDC=1,Sx—-Sy - Dz 111110*****xkxxx 1 —
If DC = 0, nop 10100010xxyyzzzz
DCF PSUB Sx,Sy,Dz IfDC=0,Sx—-Sy - Dz 111110*****xkxxx 1 —
If DC = 1, nop 10100011xxyyzzzz
PSUB Sx,Sy,Du  Sx-Sy - Du 111220******rxxx 4 Updated
PMULS Se,Sf,Dg Se upper word x Sf upper 0110eef f xxyygguu
word - Dg
PSUBC Sx,Sy,Dz Sx—-Sy—-DC - Dz 111110*****x*kxxx 1 Updated
10100000xxyyzzzz
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Table 2.36 ALU Integer Operation Instructions

Execution
Instruction Operation Instruction Code States DC Bit
PDEC Sx,Dz Sx upper word -1 - Dz 111110%***x**xx% A Updated
upper word 10001001xx002222
Dz lower word is cleared
PDEC Sy,Dz Sy upper word — 1 - Dz 111110%***x**xx% A Updated
upper word 1010100100yyzzzz
Dz lower word is cleared
DCT PDEC Sx,Dz IfDC =1, 111220******xxxx 4 —
Sx upper word — 1 — Dz 10001010xx00zzzz
upper word,
Dz lower word is cleared
If DC =0, nop
DCT PDEC Sy,Dz IfDC =1, 111220%*****xxxx 4 —
Sy upper word — 1 — Dz 1010101000yyzzzz
upper word,
Dz lower word is cleared
If DC =0, nop
DCF PDEC Sx,Dz If DC =0, 111220******xxxx 4 —
Sx upper word — 1 - Dz 10001011xx00zzzz
upper word,
Dz lower word is cleared
If DC =1, nop
DCF PDEC Sy,Dz If DC =0, 111220%***x*xxxx 4 —
Sy upper word — 1 — Dz 1010101100yyzzzz
upper word,
Dz lower word is cleared
If DC =1, nop
PINC Sx,Dz Sx upperword + 1 - Dz 111110%***x**xx* A Updated
upper word 10011001xx00zzzz
Dz lower word is cleared
PINC Sy,Dz Sy upper word + 1 - Dz 111110%***x**xx% A Updated
upper word 1011100100yyzzzz

Dz lower word is cleared
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Instruction

Operation

Instruction Code

Execution
States DC Bit

DCT PINC Sx,Dz

IfDC =1,

Sx upperword +1 - Dz
upper word,

Dz lower word is cleared

If DC =0, nop

111110**********
10011010xx00zzzz

1 —

DCT PINC Sy,Dz

IfDC =1,

Sy upper word + 1 - Dz
upper word,

Dz lower word is cleared

If DC =0, nop

111110**********
1011101000yyzzzz

DCF PINC Sx,Dz

IfDC =0,

Sx upper word + 1 - Dz
upper word,

Dz lower word is cleared

If DC =1, nop

111110**********
10011011xx00zzzz

DCF PINC Sy,Dz

IfDC =0,

Sy upper word + 1 - Dz
upper word,

Dz lower word is cleared

If DC =1, nop

111110**********
1011101100yyzzzz

Rev. 5.00 Sep 11, 2006 page 89 of 916

RENESAS

REJ09B0332-0500



Section2 CPU

Table 2.37 MSB Detection Instructions

Execution
Instruction Operation Instruction Code States DC Bit
PDMSB Sx,Dz MSB position of Sxdata -  111110******x*x%*x 1 Updated
Dz upper word, 10011101xx00zzzz
Dz lower word is cleared
PDMSB Sy,Dz MSB position of Sy data -  111110*****x=x*%* 1 Updated
Dz upper word,' 1011110100yyzzzz
Dz lower word is cleared
DCT PDMSB Sx,Dz IfDC =1, 111220%*****xxxx 4 —
MSB position of Sx data - 10011110xx002222
Dz upper word,
Dz lower word is cleared
If DC =0, nop
DCT PDMSB Sy,Dz IfDC =1, 111220******xxxx 4 —
MSB position of Sy data - 1011111000yyzzzz
Dz upper word,
Dz lower word is cleared
If DC =0, nop
DCF PDMSB Sx,Dz If DC =0, 111220******xxxx 4 —
MSB position of Sxdata -~ 17911111xx002222
Dz upper word,
Dz lower word is cleared
If DC =1, nop
DCF PDMSB Sy,Dz IfDC =0, 111210%****xxxxx 4 —
MSB position of Sy data - 1011111100yyzz27
Dz upper word,
Dz lower word is cleared
If DC =1, nop
Table 2.38 Rounding Operation Instructions
Execution
Instruction Operation Instruction Code States DC Bit
PRND Sx,Dz Sx +H'00008000 - Dz 111110****x**xxk A Updated
Dz lower word is cleared 10011000xx00zzzz
PRND Sy,Dz Sy +H'00008000 - Dz 111110****x**rxs o Updated
Dz lower word is cleared 1011100000yyzzzz

Rev. 5.00 Sep 11, 2006 page 90 of 916

REJ09B0332-0500

RENESAS



Section2 CPU

ALU Logic Operation Instructions

Table 2.39 ALU Logic Operation Instructions

Execution
Instruction Operation Instruction Code States DC Bit
PAND Sx,Sy,Dz Sx &Sy - Dz 111110*****x*kxxx 1 Updated
Dz lower word is cleared 10010101xxyyzzzz
DCT PAND Sx,Sy,Dz If DC =1, Sx&Sy - Dz, 111110*****xkxxx 1 —
Dz lower word is cleared 10010110xxyyzzzz
If DC =0, nop
DCF PAND Sx,Sy,Dz If DC =0, Sx&Sy - Dz, 111110*****x*kxxx 1 —
Dz lower word is cleared 10010111xxyyzzzz
If DC =1, nop
POR Sx,Sy,Dz  Sx|Sy - Dz 111220%*****xxxx 4 Updated
Dz lower word is cleared 10110101xxyyzzzz
DCT POR Sx,Sy,Dz If DC =1, Sx|Sy - Dz, 111110*****xkxxx 1 —
Dz lower word is cleared 10110110xxyyzzzz
If DC =0, nop
DCF POR Sx,Sy,Dz If DC = 0, Sx|Sy - Dz, 111110*****xkxxx 1 —
Dz lower word is cleared 10110111xxyyzzzz
If DC =1, nop
PXOR Sx,Sy,Dz Sx”*Sy - Dz 111110Q****kkkkks Updated
Dz lower word is cleared 10100101xxyyzzzz
DCT PXOR Sx,Sy,Dz If DC =1, Sx"Sy - Dz, 111220%*****xxxx 4 —
Dz lower word is cleared 10100110xxyyzzzz
If DC =0, nop
DCF PXOR Sx,Sy,Dz If DC =0, Sx"Sy - Dz, 111220%*****xxxx 4 —
Dz lower word is cleared 10100111xxyyzzzz

If DC =1, nop
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Fixed-Point Multiply Instruction

Table 2.40 Fixed-Point Multiply Instruction

Execution
Instruction Operation Instruction Code States DC Bit
PMULS Se,Sf,Dg Se upper word x Sf - upper 111110Q*********x A —
word - Dg 0100eef f 0000gg00
Shift Operation Instructions
Table 2.41 Arithmetic Shift Operation Instructions
Execution
Instruction Operation Instruction Code States DC Bit
PSHA Sx,Sy,Dz If Sy >0, Sx<<Sy - Dz 111110*****xkxxx 1 Updated
If Sy <0, Sx>>Sy - Dz 10010001xxyyzzzz
DCT PSHA Sx,Sy,Dz IfDC=1&Sy=0, 111110Q****wkwnss —
Sx<<8y - Dz 10010010xxyyzzzz
fDC=1&Sy<0,
Sx>>Sy - Dz
If DC =0, nop
DCF PSHA Sx,Sy,Dz IfDC=0&Sy=0, 111110Q****kkknss —
Sx<<8y - Dz 10010011xxyyzzzz
IfDC=0&Sy<0,
Sx>>Sy - Dz
If DC =1, nop
PSHA #imm,Dz  Ifimm >0, Dz<<imm — Dz 111110Q*********x 1 Updated
Ifimm <0, Dz>>imm - Dz 00010iiiiiiizzzz
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Table 2.42 Logical Shift Operation Instructions

Instruction

Operation

Instruction Code

Execution

States

DC Bit

PSHL Sx,Sy,Dz

If Sy = 0, Sx<<Sy - Dz,
Dz lower word is cleared

If Sy <0, Sx>>Sy - Dz,
Dz lower word is cleared

111110**********
10000001xxyyzzzz

1

Updated

DCT PSHL Sx,Sy,Dz

IfDC=1&Sy=0,
Sx<<Sy - Dz,

Dz lower word is cleared
fDC=1&Sy<0,
Sx>>Sy - Dz,

Dz lower word is cleared

If DC =0, nop

111110**********
10000010xxyyzzzz

DCF PSHL Sx,Sy,Dz

IfDC=0&Sy=0,
Sx<<Sy - Dz,

Dz lower word is cleared
IfDC=0&Sy<0,
Sx>>Sy - Dz,

Dz lower word is cleared

If DC =1, nop

111110**********
10000011xxyyzzzz

PSHL #imm,Dz

If imm =0, Dz<<imm - Dz,

Dz lower word is cleared

Ifimm < 0, Dz>>imm - Dz,

Dz lower word is cleared

111110**********

Updated
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System Control Instructions

Table 2.43 System Control Instructions

Execution
Instruction Operation Instruction Code States DC Bit

PLDS Dz,MACH Dz - MACH 111220******xxxx 4 —
111011010000zzzz

PLDS Dz,MACL Dz - MACL 111220%*****xxxx 4 —
111111010000zzzz

DCT PLDS Dz,MACH IfDC =1, Dz -~ MACH 111220%*****xxxx 4 —
If DC =0, nop 111011100000zzzz

DCT PLDS Dz,MACL IfDC =1, Dz - MACL 111220******xxxx 4 —
If DC =0, nop 111111100000zzzz

DCF PLDS Dz,MACH IfDC =0, Dz -~ MACH 111220%*****xxxx 4 —
If DC =1, nop 111011110000zzzz

DCF PLDS Dz,MACL IfDC =0, Dz -~ MACL 111220%*****xxxx 4 —
If DC =1, nop 111111110000zzzz

PSTS MACH,Dz MACH -, Dz 111220%*****xxxx 4 —
110011010000zzzz

PSTS MACL,Dz MACL - Dz 111220%*****xxxx 4 —
110111010000zzzz

DCT PSTS MACH,Dz IfDC =1, MACH - Dz 111220%*****xxxx 4 —
If DC =0, nop 110011100000zzzz

DCT PSTS MACL,Dz IfDC =1, MACL - Dz 111220%****xxxxx 4 —
If DC =0, nop 110111100000zzzz

DCF PSTS MACH,Dz IfDC =0, MACH - Dz 111220%*****xxxx 4 —
If DC =1, nop 110011110000zzzz

DCF PSTS MACL,Dz IfDC =0, MACL - Dz 111220%*****xxxx 4 —
If DC =1, nop 110111110000zzzz
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NOPX and NOPY Instruction Codes

When there is no data transfer instruction to be parallel-processed simultaneously with a DSP
operation instruction, an NOPX or NOPY instruction can be written as the data transfer
instruction, or the instruction can be omitted. The instruction code is the same whether an NOPX
or NOPY instruction is written or the instruction is omitted. Examples of NOPX and NOPY
instruction codes are shown in table 2.44.

Table 2.44 Sample NOPX and NOPY Instruction Codes

Instruction Code
PADD X0, YO, A0 MOVX. W @R4+, X0 MOVY.W @R6+R9, YO 1111100000001011
1011000100000111
PADD X0, YO0, AO NOPX MOVY.W @R6+R9, YO 1111100000000011
1011000100000111
PADD X0, YO, AO NOPX NOPY 1111100000000000
1011000100000111
PADD X0, YO, AO NOPX 1111100000000000
1011000100000111
PADD X0, Y0, AO 1111100000000000
1011000100000111
MOVX. W @R4+, X0 MOVY.W @R6+R9, YO 1111000000001011
MOVX. W @R4+, X0 NOPY 1111000000001000
MOVS. W @R4+, X0 1111010010001000
NOPX MOVY.W @R6+R9, YO 1111000000000011
MOVY.W @R6+R9, YO 1111000000000011
NOPX NOPY 1111000000000000
NOP 0000000000001001
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2.6 Usage Note

If a CPU instruction double-precision multiplication (MUL.L/DMUL.L/DMULS.L) or double-
precision multiply-and-accumulate operation (MAC.L) and a DSP computational instruction are
executed in combination, erroneous operation may occur.

1. Conditions for occurrence

If conditions a. and b. below occur simultaneously, the instructions noted in b. (2) may operate
erroneously.

a. Execution of instruction from on-chip X/Y memory
b. Execution of the following instruction sequence in the order (1) (2) (3)

(1) Double-precision multiplication (MUL.L/DMUL.L/DMULS.L) or double-precision
multiply-and-accumulate operation (MAC.L)

(2) DSP computational instruction other than PMULS, PSTS, or PLDS
(3) APMULS, PSTS, or PLDS instruction

The instructions in b. (1) above require a number of cycles for execution. Consequently, if an
instruction of the kind noted in b. (3) that uses the same resources is executed during execution
of the b. (1) instruction, the start of execution of (3) is suppressed until the executing
computational operation ends. As the instructions noted in (2) have no correlation with the
instructions noted in (1), the instruction is executed, but thereafter it may not be possible for
execution of a (2) instruction to be completed correctly due to the operation that suppresses
execution of (3) instructions. If there is no (2) instruction and a (1) instruction is followed
immediately by a (3) instruction, there is no problem and the instructions will be executed
normally. Also, there is no problem, and operation is normal, if instructions are executed from
on-chip ROM or external memory in b. above.

This also applies to the case where b. (1) above is immediately preceded by a delayed branch
instruction, the b. (1) instruction is in the delay slot, and b. (2) and (3) are written at the branch
destination.

Note: A “DSP computational instruction other than PMULS, PSTS, or PLDS” refers to any of
the following instructions.
PABS, PADD, PADDC, PAND, PCLR, PCMP, PCOPY, PDEC, PDMSB, PINC, PNEG,
POR, PRND, PSHA, PSHL, PSUB, PSUBC, PXOR
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2. Programming countermeasure

This restriction can be avoided by using any of methods (1) to (3) below.

(1) Do not execute an instruction sequence conforming to condition b. above in on-chip X/Y
memory.

(2) If an instruction sequence conforming to condition b. above is present in instruction code
and there is no problem if the order of instructions is changed, switch round instructions (2)
and (3).

(3) If an instruction sequence conforming to condition b. above is present in instruction code
and there is a problem with changing the order of instructions, insert one or more NOP
instructions, or CPU instructions unrelated to the multiplier, between instructions (1) and

Q).
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Section 3 Operating Modes

3.1 Operating Mode Selection

The SH7065 has ten operating modes. The settings of the mode pins (MDS5 to MDO0) determine the
mode in which the chip operates. The mode pin settings must not be changed while the chip is
operating (while power is being supplied).

The method of selecting the operating mode is shown in table 3.1

Table 3.1  Operating Mode Selection

Pin Settings CS0 Bus
Operating On-Chip Width
Mode No. Mode Name FWE MD5 MD4 MD3 MD2 MD1*' MDO ROM (Bits)
Single-chip 0 Used for clock 0 0 0 Enabled —
mode mode selection
1 MCU mode 1 0 0 0 1 Enabled 8/16/32
2 MCU mode 2 0 0 1 0 Disabled 32
3 MCU mode 3 0 0 1 1 Disabled 16
4 MCU mode 4 0 1 0 0 Disabled 8
Fo* User program 1 0 0 0 Enabled —
mode (single-
chip)
F1*3 User program 1 0 0 1 Enabled 8/16/32
mode
F2* Bootmode 1 0 1 0 Enabled —
(single-chip)
F3*3 Boot mode 1 0 1 1 Enabled 8/16/32
F7* PROM mode ** 1 1 1 Enabled —
(programmer
mode)

Other than Reserved — —
the above (Do not set)

Notes: 1. Inthe F-ZTAT version, it is possible to change MD1 during a power-on reset.
2. 0or1
3. FOto F7 can only be used in the F-ZTAT version.
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Table 3.2 shows the correspondence between the settings of mode pins MDS5 to MD3 and the

clock operating mode.

Clock Operating Mode Selection

Table 3.2

(Tx)
000%.H Tx Tx Tx Tx Ix NO 1 1 1 J
(zx)
SYOvH  Tx  Ix Ix TIx ¢gx Indino ndup 440 NO MO oo 0 T T 9
SYOVH  Zx  px  Zx  Ix  Px (1) T 0 T S
VWOrH Ix  vx Ix Ix  TIx ndino Z-H NO 440 0 0 T %
YPOOH  2x  bx  px  Zx  px T T 0 €
rx) (%)
WYWOOH Tx vx TIx TIx Ix Wndino ndino NO NO 0 T 0 z
GVOOH  ex  Zx  ox  Zx  bx loleuossal 1 0 o0 T
(2x) (2% MO [e1shio o
VVOOH Tx 2Zx Ix Ix TIx ndino ndino NO NO ‘OO 1v1X3 0 0 0 0
18181698 3o OO IND dMD WHD  Uld MO uld OIMD [4 T ndin0  82IN0S €N ¥AN SAW  'ON
Sfolo)SE ! joerels  joereis uUndNy UNdIID Alddng 9pon
o anje
! _m__:_n/_ (T =000 1ndu) [enuj reniu| 11d 11d on oD SbumPs Uig

olreyd X200 eniul

Rev. 5.00 Sep 11, 2006 page 100 of 916

REJ09B0332-0500

RENESAS



Section 3 Operating Modes

3.1.1 Operating Modes

Mode 0 (Single-Chip Mode): In single-chip mode any port can be used, but external addresses
cannot be used.

Mode 1 (MCU Mode 1): In mode 1, on-chip ROM is enabled. The bus width for on-chip ROM
space is 32 bits.

Mode 2 (MCU Mode 2): In mode 2, external memory space with a 32-bit CSO space bus width is
used.

Mode 3 (MCU Mode 3): In mode 3, external memory space with a 16-bit CSO space bus width is
used.

Mode 4 (MCU Mode 4): In mode 4, external memory space with an 8-bit CS0 space bus width is
used.

Modes F0 and F1 (User Program Modes): In the user program modes, on-chip flash memory
can be programmed, erased, and verified on-board. For details, see section 19, 256 kB Flash
Memory (F-ZTAT).

Modes F2 and F3 (Boot Modes): In the boot modes, on-chip flash memory can be programmed,
erased, and verified on-board. For details, see section 19, 256 kB Flash Memory (F-ZTAT).

Mode F7 (PROM (Programmer) Mode): In PROM (programmer) mode, on-chip flash memory
can be programmed using a PROM programmer recommended by Renesas. For details, see
section 19, 256 kB Flash Memory (F-ZTAT).
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3.1.2 Pin Configuration
The functions of pins relating to the operating modes are shown in table 3.3.

Table 3.3  Pin Functions

Pin Name /10 Function

MDO Input The level at this pin is used in the operating mode specification.
MD1 Input The level at this pin is used in the operating mode specification.
MD2 Input The level at this pin is used in the operating mode specification.
MD3 Input The level at this pin is used in the clock mode specification.
MD4 Input The level at this pin is used in the clock mode specification.
MD5 Input The level at this pin is used in the clock mode specification.
FWE Input Used for hardware protection against on-chip flash memory

programming/erasing. In the mask ROM version this pin is Vss.

3.13 Register Configuration
Table 3.4 summarizes the registers relating to the operating modes.

Table 3.4  Registers

Name Abbreviation R/W Initial Value Address Access Size
Mode status register MSR R — H'FFFF1020 8, 16, 32
Mode control register MODECR R/W H'001C H'FFFF102A 8, 16, 32
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3.2 Register Descriptions

3.21 Mode Status Register (MSR)

The mode status register (MSR) is a 16-bit read-only register used to monitor the operating mode
status.

Bit: 15 14 13 12 11 10 9 8

Initial value: Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
R/W: R R R R R R R R

Bit: 7 6 5 4 3 2 1 0
\ — \ — \ MD5 \ MD4 \ MD3 \ MD2 \ MD1 \ MDO \

Initial value: Undefined Undefined — — — — — —

RW: R R R R R R R R

Bits 15 to 6—Reserved: These bits always return an undefined value when read.

Bits 5 to 0—Mode (MDS5 to MDO0): These bits indicate the mode pin states in a power-on reset.

Bits 5 to 0:
MDS5 to MDO Description
Oor1 Indicates the mode pin state
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3.2.2 Mode Control Register (MODECR)

The mode control register (MODECR) is a 16-bit readable/writable register that selects the on-
chip ROM access mode.

MODECR is initialized to H'001C by a power-on reset, but is not initialized in standby mode.

Bit: 15 14 13 12 11 10 9 8
-1 -r1-r1T-7r-7rT=-7-=-17-=1

Initial value: 0 0 0 0 0 0 0 0

R/W:

Bit: 7 6 5 4 3 2 1 0

— — — ‘ROMMD‘ — — — —

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

Bits 15 to 5—Reserved: These bits are always read as 0 and should only be written with 0.

Bit 4—ROM Access Mode (ROMMD): Selects the on-chip ROM access mode. Normally, high-
speed mode should be used. For details, see section 8.4, Number of Access Cycles (SH7065A),
On-Chip ROM.

Bit 4: ROMMD Description
0 On-chip ROM is accessed in high-speed mode

1 On-chip ROM is accessed in low-speed mode (Initial value)

Bits 3 and 2—Reserved: These bits are always read as 1 and should only be written with 1.

Bits 1 and 0—Reserved: These bits are always read as 0 and should only be written with 0.
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Section 4 Clock Pulse Generator (CPG)
and Power-Down Modes

4.1 Overview

The SH7065 has an on-chip clock pulse generator (CPG) which is used to generate the clocks
supplied internally and control the power-down modes. In the power-down modes, the operation
of the on-chip peripheral modules and CPU, or of all functions, is halted. It is also possible to
select a division ratio for the clock supplied to individual modules, even during operation. These
features enable power consumption to be reduced.

4.1.1 Features
The CPG has the following features:

* Eight clock modes
Any of eight clock operating modes can be selected, differentiated by frequency range, power
consumption, and use of a crystal resonator or external clock input.

» Three clocks
The CPG can generate independently a master clock (CKM) used by the CPU, etc., a
peripheral clock (CKP) used by the peripheral modules, and an external bus clock (CKE) used
by the external bus interface.

* Frequency modification function
PLL (phase-locked loop) circuits and frequency dividers in the CPG enable the frequencies of
the master clock, peripheral clock, and external bus clock to be changed independently.

Frequency changes are performed by software in accordance with the settings in the frequency
control register (FRQCR).

The power-down modes include the following modes and functions:

¢ Power-down mode control

It is possible to stop the clock in sleep mode, software standby mode, and hardware standby
mode, to stop the clock supply to specific modules with the module standby function, and to
divide the frequency of clocks supplied to specific modules with the module clock division
function.
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4.1.2 Block Diagram of CPG

Figure 4.1 shows a block diagram of the CPG.

Oscillator circuit

CK
(Max. 60 MHz) W<}
CAP1[X ]
PLL circuit 1, Frequency
(x1, x2) divider 1
L x1 | Master clock
CKIO <} x1/2 (CKM)
(Max. 60 MHz) x1/4 — (Max. 60 MHz)
*— Frequency
divider 2 )
| x1 . Peripheral clock
x1/2 (CKP)*
x1/4 e (Max. 60 MHz)
*~— Frequency
divider 3
>  x1 ] External bus clock
x1/2 (CKE)
CAP2 X x1/4 [ (Max. 30 MHz)
Crystal
XTAL X< ‘ sl Frequency
oscillator divider 4
— x1 >
PLL circuit 2 x12 [
EXTAL X (x2, x4) <14 [
CPG control unit
Clock mode/ Standby
mgi % clock output control circuit Standby control
MD3 3 control circuit
Frequency Standby
control register control register
C Bus interface >

Internal bus

Note: * Peripheral clock CKP is divided by the module clock division function before being input to individual
modules. The maximum operating frequency of the peripheral modules is 30 MHz.
For details, see section 4.14, Module Clock Division Function.

Figure 4.1 Block Diagram of CPG
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The function of each of the CPG blocks is described below.

PLL Circuit 1: PLL circuit 1 has the function of multiplying the frequency of the clock from the
CKIO pin or PLL circuit 2 by a factor of 1 or 2. The phase of the rising edge of the external bus
clock (CKE) is controlled so that it matches the phase of the rising edge at the CKIO pin. The
multiplication factor is determined by the clock operating mode.

PLL Circuit 2: PLL circuit 2 has the function of multiplying the frequency of the input clock
from the crystal oscillator or EXTAL pin by a factor of 2 or 4. The multiplication factor is
determined by the clock operating mode.

Crystal Oscillator: This is the oscillator circuit used when a crystal resonator is connected to the
XTAL and EXTAL pins. Use of the crystal oscillator can be selected by a clock operating mode
setting,

Frequency Divider 1: Frequency divider 1 has the function of generating the master clock
(CKM). The master clock (CKM) operating frequency can be selected from 4, 2, 1, 1/2, or 1/4
times the input clock frequency according to the clock mode. The division ratio is set in the
frequency control register.

Frequency Divider 2: Frequency divider 2 has the function of generating the peripheral clock
(CKP). The peripheral clock (CKP) operating frequency can be selected from 4, 2, 1, 1/2, or 1/4
times the input clock frequency according to the clock mode. The division ratio is set in the
frequency control register.

Frequency Divider 3: Frequency divider 3 has the function of generating the external bus clock
(CKE). The external bus clock (CKE) operating frequency can be selected from 4, 2, 1, 1/2, or 1/4
times the input clock frequency according to the clock mode. The division ratio is set in the
frequency control register.

Frequency Divider 4: Frequency divider 4 has the function of generating external clock output
(CK). The external clock output (CK) operating frequency can be selected from 4, 2, 1, 1/2, or 1/4
times the input clock frequency according to the clock mode. The division ratio is set in the
frequency control register.

Clock Mode/Clock Output Control Circuit: The clock mode/clock output control circuit
controls the clock mode and the clock output from the CK/CKIO pin by means of the frequency
control register.

Standby Control Circuit: The standby control circuit controls the state of the on-chip oscillator
circuit and other modules when the clock is switched and in sleep and standby modes.
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Frequency Control Register: The frequency control register contains control bits for on/off
control of the clock output from the CK/CKIO pin, and the frequency division ratios for the master
clock, peripheral clock, external bus clock, and clock output.

Standby Control Register: The standby control register contains power-down mode control bits.

4.1.3 CPG Pin Configuration

Table 4.1 shows the CPG pins and their functions.

Table4.1 CPG Pins

Pin Name Abbreviation  1/0 Function

Mode control pins MD5-MD3 Input Set clock operating mode.

Crystal input/output pins  XTAL Output Connects crystal resonator.

(clock input pins) EXTAL Input Connects crystal resonator, or used as
external clock input pin.

Clock input/output pin CKIO 1/0 Used as external clock input or external
clock output pin. In output mode, can be
fixed in high-impedance state.

CK Output Used as external clock output pin. Can be
fixed in high-impedance state.

PLL capacitance CAP1 Input Connects capacitance (recommended

connection pins value: 470 pF) for PLL circuit 1 operation.

CAP2 Input Connects capacitance (recommended

value: 470 pF) for PLL circuit 2 operation.

4.1.4 CPG Register Configuration

Table 4.2 shows the CPG register configuration.

Table 4.2  CPG Register

Name Abbreviation R/W Initial Value = Address Access Size
Frequency control FRQCR R/W Depends on H'FFFF 1028 8, 16, 32
register clock mode
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Clock Operating Modes

4.2

Table 4.3 shows the clock operating modes corresponding to various combinations of mode

control pin (MD5 to MD3) settings.

Clock Operating Mode Settings

Table 4.3
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Modes 0 and 1

An external clock is input from the EXTAL pin, or a crystal resonator is connected, and PLL
circuits 1 and 2 operate. The frequency multiplication factor is fixed at 2 for both PLL circuit 1
and PLL circuit 2.

When the CKE clock is multiplied by 2 by means of a setting in the frequency control register
(FRQCR), a clock in phase with the CKE clock is output from the CKIO pin. When the CKE
clock is multiplied by 4, switching of CKIO output coincides with the rise of the CKE clock.
When the CKE clock is multiplied by 1, the rise of the CKIO output coincides with switching of
the CKE clock.

A clock with the frequency set by FRQCR (without phase coordination) is output from the CK
pin.

The CK pin can be set to the high-impedance state by means of a setting in FRQCR.

Modes 2 and 3

An external clock is input from the EXTAL pin, or a crystal resonator is connected, and PLL
circuits 1 and 2 operate. The frequency multiplication factor is fixed at 1 for PLL circuit 1 and 4
for PLL circuit 2.

When the CKE clock is multiplied by 4 by means of a setting in the frequency control register
(FRQCR), a clock in phase with the CKE clock is output from the CKIO pin. When the CKE
clock is multiplied by 1 or 2, the rise of the CKIO output coincides with switching of the CKE
clock.

A clock with the frequency set by FRQCR (without phase coordination) is output from the CK
pin.

The CK pin can be set to the high-impedance state by means of a setting in FRQCR.

Modes 4 and 5

An external clock is input from the EXTAL pin, or a crystal resonator is connected, and PLL
circuit 2 operates. The frequency multiplication factor is fixed at 4.

The CKIO pin is in the high-impedance state. PLL circuit 1 is off, and phase coordination is not
performed.
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A clock with the frequency set by FRQCR (without phase coordination) is output from the CK
pin.

The CK pin can be set to the high-impedance state and a clock output from the CKIO pin by
means of settings in FRQCR.
Mode 6

An external clock is input from the CKIO pin, and PLL circuit 1 operates. The frequency
multiplication factor is fixed at 2. PLL circuit 2 is off.

When the CKE clock is multiplied by 1 by means of a setting in FRQCR, a CKE clock in phase
with the CKIO pin is output. When the CKE clock is multiplied by 1/2, the rise of the CKIO
output coincides with switching of the CKE clock. When the CKE clock is multiplied by 2,
switching of CKIO output coincides with the rise of the CKE clock.

A clock with the frequency set by FRQCR (without phase coordination) is output from the CK
pin.

The CK pin can be set to the high-impedance state by means of a setting in FRQCR.

Mode 7

An external clock is input from the CKIO pin, and PLL circuit 1 operates. The frequency
multiplication factor is fixed at 1. PLL circuit 2 is off.

When the CKE clock is multiplied by 1 by means of a setting in FRQCR, a CKE clock in phase
with the CKIO pin is output. When the CKE clock is multiplied by 1/2 or 1/4, the rise of the CKIO
output coincides with switching of the CKE clock.

A clock with the frequency set by FRQCR (without phase coordination) is output from the CK
pin.

The CK pin can be set to the high-impedance state by means of a setting in FRQCR.
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4.3 CPG Register Description

4.3.1 Frequency Control Register (FRQCR)

The frequency control register (FRQCR) is a 16-bit readable/writable register used for on/off
control of clock output from the CKIO/CK pin, and specification of the frequency division ratios
for the master clock, peripheral clock, external bus clock, and clock output.

FRQCR is initialized to a value determined by the clock mode in a power-on reset, but is not
initialized in standby mode.

Bit: 15 14 13 12 11 10 9 8
ckiooE[ ckoE [ — [ — [ — [ — | — | —
Initial value: — 1 0 0 0 0 0 0

R/W: R/W R/W

Bit: 7 6 5 4 3 2 1 0

\ FR7 \ FR6 \ FR5 \ FR4 \ FR3 \ FR2 \ FR1 \ FRO

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit 15—CKIO Output Enable (CKIOOE): Specifies whether the CKIO pin outputs a clock or
goes to the high-impedance state. The initial value is determined by the clock operating mode. In
clock modes 6 and 7, CKIO is an input pin, and the initial value of this bit is 0.

Do not write 0 to this bit in clock operating mode 0, 1, 2, or 3, and do not write 1 in clock
operating mode 6 or 7.

Bit 15: CKIOOE Description

0 CKIO pin goes to high-impedance state
(initial value in clock operating modes 4, 5, 6, and 7)

1 CKIO pin outputs a clock
(initial value in clock operating modes 0, 1, 2, and 3)
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Bit 14—CK Output Enable (CKOE): Specifies whether the CK pin outputs a clock or goes to
the high-impedance state.

Bit 14: CKOE Description
0 CK pin goes to high-impedance state
1 CK pin outputs a clock (Initial value)

Bits 13 to 8—Reserved: These bits are always read as 0, and should only be written with 0.

Bits 7 to 0—Frequency Setting (FR7 to FR0): These bits set the frequency of the master clock
(CKM), peripheral clock (CKP), external bus clock (CKE), and clock output (CK). The initial
value is determined by the clock operating mode.

Table 4.8 shows settings of FR7 to FRO and the corresponding frequency ratios of the master
clock (CKM), peripheral clock (CKP), external bus clock (CKE), clock output (CK), and CKIO
pin, taking the external input clock frequency as 1.

Table 4.4  Frequency Divider 1 Control (CKM)

FR5 FR4 Frequency Divider 1 Control
0 0 x1

1 x1/2
1 0 x1/4

1 Do not set

Table 4.5  Frequency Divider 2 Control (CKP)

FR3 FR2 Frequency Divider 2 Control
0 0 x1

1 x1/2
1 0 x1/4

1 Do not set
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Table 4.6  Frequency Divider 3 Control (CKE)

FR1 FRO Frequency Divider 3 Control
0 0 x1

1 x1/2
1 0 x1/4

1 Do not set

Table 4.7  Frequency Divider 4 Control (CK Pin)

FR7 FR6 Frequency Divider 4 Control
0 0 x1

1 x1/2
1 0 x1/4

1 Do not set

Rev. 5.00 Sep 11, 2006 page 114 of 916
REJ09B0332-0500

RENESAS



Section 4 Clock Pulse Generator (CPG) and Power-Down Modes

Table 4.8 (1) FR Register Values and Frequency Ratios (Input Clock = 1)

Clock Modes 0 and 1

PLL PLL
FR Register Values Circuit1 Circuit 2 Clock Ratio Clock Input

Multipli- Multipli- Frequency

FR FR FR FR FR FR FR FR cation cation Range

7 6 5 4 3 2 1 0 Factor Factor CKM CKP CKE CKIO CK (MHz)

0O 0 0 O O O 0O 0 x2 x2 x4 x4 x4 x2 x4 5-15

0o 1 x2

1 0 x1

0 O 0o 1 x2 x4

0o 1 x2

1 0 x1

0 O 1 0 x1 x4

0o 1 x2

1 0 x1

0 0 0 1 0 0 x2 x4 x4

0o 1 x2

1 0 x1

0 0 0 1 x2 x4

0o 1 x2

1 0 x1

0 O 1 0 x1 x4

0o 1 x2

1 0 x1

0 0 1 0 0 0 x1 x4 x4

0o 1 x2

1 0 x1

0 O 0o 1 x2 x4

0o 1 x2

1 0 x1

0 O 1 0 x1 x4

0 1 x2

1 0

x1
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FR Register Values

6 5 4 3

2

1

R FR FR FR FR FR FR FR

0

PLL

PLL

Circuit 1 Circuit 2

Multipli- Multipli-

Clock Ratio

cation cation

Factor

Factor

CKM CKP CKE CKIO CK

Clock Input
Frequency
Range
(MHz)

0o 1 0

F
7
0 O
0o 1
1 0
0 O
0 1
1 0
0 O
0o 1
1 0
0 O
0 1
1 0
0 O
0o 1
1 0
0 O
0o 1
1 0
0 O
0o 1
1 0
0 O
0o 1
1 0
0 O
0 1
1 0

0

0

0

x2

x2 x2

x4

x4

x2

x4
x2
x1

x2

x4
x2
x1

x1

x4
x2
x1

x2

x4

x4
x2
x1

x2

x4
x2
x1

x1

x4
x2
x1

x1

x4

x4
x2
x1

x2

x4
x2
x1

x1

x4
x2
x1

5-15
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PLL PLL
FR Register Values Circuit1 Circuit 2 Clock Ratio Clock Input

FR FR FR FR FR FR FR FR Multipli- Multipli- "o e cke ckio ck  Freauency

7 6 5 4 3 2 1 0 cation cation Range
Factor Factor (MHz)

0 0 1 0 0 0 0 0 =x2 x2 x1 x4 x4 x2 x4 515

0 1 x2

1 0 x1

0 o0 0 1 x2 x4

0 1 x2

1 0 x1

) 1 0 1 x4

0 1 x2

1 0 x1

0 0 W x2 x4 x4

0 1 x2

1 0 x1

0 0 0o o1 x2 x4

0o 1 x2

1 0 x1

0 o 1 0 x1 x4

0o 1 x2

1 0 x1

0 o 1 0 0 0 x1 x4 x4

0o 1 x2

1 0 x1

0 o 0o 1 x2 x4

0o 1 x2

1 0 x1

0 0 ﬁ x1 x4

0 1 x2

1 0 x1
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Notes: The lower and upper limits of the clock input frequency range are determined by the
following conditions:

1. Lower-limit frequency
The output frequency of each PLL before division must be at least 10 MHz. The specific
clock input frequency lower limits are as follows: 2.5 MHz in clock modes 2, 3, 4, and 5
(as the PLL2 multiplication factor is x4), 5 MHz in clock modes 0 and 1 (as the PLL2
multiplication factor is x2), 5 MHz also in clock mode 6 (as the PLL1 multiplication factor
is x2), and 10 MHz in clock mode 7 (as the PLL1 multiplication factor is x1).
2. Upper-limit frequency
(1) Clock upper limits after division according to FRQCR register setting
CKM < 60 MHz, CKP < 60 MHz, CKE < 30 MHz
(2) Clock upper limits after division according to MCLKCR1-5 register setting
M@ < 60 MHz, Po< 30 MHz
The frequency that satisfies both (1) and (2) above is the clock input frequency upper
limit.
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Table 4.8 (2) FR Register Values and Frequency Ratios (Input Clock = 1)

Clock Modes 2 and 3

PLL PLL
FR Register Values Circuit1 Circuit 2 Clock Ratio Clock Input
Multipli- Multipli- Frequency

FR FR FR FR FR FR FR FR cation cation Range
7 6 5 4 3 2 1 0 Factor Factor  CKM CKP CKE CKIO CK (MHz)
0 0 0 O O O 0 o0 x1 x4 x4 x4 x4 x4 x4 2.5-15
0o 1 x2

1 0 x1

0 O o 1 x2 x4

0o 1 x2

1 0 x1

0 O 1 0 x1 x4

0o 1 x2

1 0 x1

0 O 0o 1 0 O x2 x4 x4

0o 1 x2

1 0 x1

0 O 0o 1 x2 x4

0o 1 x2

1 0 x1

0 O 1 0 x1 x4

0o 1 x2

1 0 x1

0 O 1 0 0 O x1 x4 x4

0o 1 x2

1 0 x1

0 O o 1 x2 x4

0o 1 x2

1 0 x1

0 O 1 0 x1 x4

0o 1 x2

1 0

x1
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FR Register Values

6

5

4

3

2

1

R FR FR FR FR FR FR FR

0

PLL
Circuit 1 Circuit 2
Multipli- Multipli-
cation
Factor

PLL

Clock Ratio

Clock Input

cation
Factor

Frequency
Range

CKM CKP CKE CKIO CK (MHz)

F
7
0 O
0o 1
1 0
0 O
0 1
1 0
0 O
0o 1
1 0
0 O
0 1
1 0
0 O
0o 1
1 0
0 O
0o 1
1 0
0 O
0o 1
1 0
0 O
0o 1
1 0
0 O
0 1
1 0

0

1

0

0

0

0

x1

x4 x2 x4 x4

x4

x4 2.5-15
x2
x1

x2

x4
x2
x1

x1

x4
x2
x1

x2 x4

x4
x2
x1

x2

x4
x2
x1

x1

x4
x2
x1

x1 x4

x4
x2
x1

x2

x4

x2
x1

x1

x4
x2
x1
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FR Register Values

PLL PLL
Circuit 1 Circuit 2

Clock Ratio

Clock Input

Multipli- Multipli-

R FR FR FR FR FR FR FR cation cation

6

5

4

3

2

1 0 Factor Factor

CKM CKP

Frequency
Range

CKE CKIO CK (MHz)

F
7
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1

0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0

1

0

0

0

0 0 x1 x4 x1

x4

x4

x4 x4 2.5-15

x2
x1

x2

x4
x2
x1

x1

x4
x2
x1

x2

x4

x4
x2
x1

x2

x4
x2
x1

x1

x4
x2
x1

x1

x4

x4
x2
x1

x2

x4
x2
x1

x1

x4
x2
x1
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Notes: The lower and upper limits of the clock input frequency range are determined by the
following conditions:

1. Lower-limit frequency

The output frequency of each PLL before division must be at least 10 MHz. The specific
clock input frequency lower limits are as follows: 2.5 MHz in clock modes 2, 3, 4, and 5
(as the PLL2 multiplication factor is x4), 5 MHz in clock modes 0 and 1 (as the PLL2
multiplication factor is x2), 5 MHz also in clock mode 6 (as the PLL1 multiplication factor
is x2), and 10 MHz in clock mode 7 (as the PLL1 multiplication factor is x1).

2. Upper-limit frequency
(1) Clock upper limits after division according to FRQCR register setting
CKM < 60 MHz, CKP < 60 MHz, CKE < 30 MHz
(2) Clock upper limits after division according to MCLKCR1-5 register setting
Mo < 60 MHz, Pg< 30 MHz

The frequency that satisfies both (1) and (2) above is the clock input frequency upper
limit.
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Table 4.8 (3) FR Register Values and Frequency Ratios (Input Clock = 1)

Clock Modes 4 and 5

PLL PLL
FR Register Values Circuit1 Circuit 2 Clock Ratio Clock Input
Multipli- Multipli- Frequency

FR FR FR FR FR FR FR FR cation cation Range
7 6 5 4 3 2 1 0 Factor Factor  CKM CKP CKE CKIO CK (MHz)
o o 0 o o o O 0 — x4 x4 x4 x4 x4 x4 2.5-15
0o 1 x2

1 0 x1

0 O o 1 x2 x4

0o 1 x2

1 0 x1

0 O 1 0 x1 x4

0o 1 x2

1 0 x1

0 O 0o 1 0 O x2 x4 x4

0o 1 x2

1 0 x1

0 O 0o 1 x2 x4

0o 1 x2

1 0 x1

0 O 1 0 x1 x4

0o 1 x2

1 0 x1

0 O 1 0 0 O x1 x4 x4

0o 1 x2

1 0 x1

0 O o 1 x2 x4

0o 1 x2

1 0 x1

0 O 1 0 x1 x4

0o 1 x2

1 0

x1
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FR Register Values

6 5 4 3

2

1

R FR FR FR FR FR FR FR

0

PLL

PLL

Circuit 1 Circuit 2

Multipli- Multipli-

Clock Ratio

cation cation

Factor

Factor

CKM CKP CKE CKIO CK

Clock Input
Frequency
Range
(MHz)

o 1 0

F
7
0 O
0o 1
1 0
0 O
0 1
1 0
0 O
0o 1
1 0
0 O
0 1
1 0
0 O
0o 1
1 0
0 O
0o 1
1 0
0 O
0o 1
1 0
0 O
0o 1
1 0
0 O
0 1
1 0

0

0

0

x4 x2

x4

x4

x4

x4
x2
x1

x2

x4
x2
x1

x1

x4
x2
x1

x2

x4

x4
x2
x1

x2

x4
x2
x1

x1

x4
x2
x1

x1

x4

x4
x2
x1

x2

x4
x2
x1

x1

x4
x2
x1

2.5-15
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FR Register Values

PLL PLL
Circuit 1 Circuit 2

Clock Ratio

Clock Input

Multipli- Multipli-

R FR FR FR FR FR FR FR cation cation

6

5

4

3

2

1 0 Factor Factor

CKM CKP

Frequency
Range

CKE CKIO CK (MHz)

F
7
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1

0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0

1

0

0

0

0o 0 — x4 x1

x4

x4

x4 x4 2515

x2
x1

x2

x4
x2
x1

x1

x4
x2
x1

x2

x4

x4
x2
x1

x2

x4
x2
x1

x1

x4
x2
x1

x1

x4

x4
x2
x1

x2

x4
x2
x1

x1

x4
x2
x1
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Notes: The lower and upper limits of the clock input frequency range are determined by the
following conditions:

1. Lower-limit frequency
The output frequency of each PLL before division must be at least 10 MHz. The specific
clock input frequency lower limits are as follows: 2.5 MHz in clock modes 2, 3, 4, and 5
(as the PLL2 multiplication factor is x4), 5 MHz in clock modes 0 and 1 (as the PLL2
multiplication factor is x2), 5 MHz also in clock mode 6 (as the PLL1 multiplication factor
is x2), and 10 MHz in clock mode 7 (as the PLL1 multiplication factor is x1).
2. Upper-limit frequency
(1) Clock upper limits after division according to FRQCR register setting
CKM < 60 MHz, CKP < 60 MHz, CKE < 30 MHz
(2) Clock upper limits after division according to MCLKCR1-5 register setting
M@ < 60 MHz, Po< 30 MHz
The frequency that satisfies both (1) and (2) above is the clock input frequency upper
limit.
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Table 4.8 (4) FR Register Values and Frequency Ratios (Input Clock = 1)

Clock Mode 6

PLL PLL
FR Register Values Circuit1 Circuit 2 Clock Ratio Clock Input

Multipli- Multipli- Frequency
R FR FR FR FR FR FR FR cation cation Range
6 5 4 3 2 1 0 Factor Factor CKM CKP CKE CKIO CK (MHz)

F

7

0 0 0 O O 0O 0 0 x2 — x2 x2 x2 — x2 5-30
0o 1 x1

1 0 x1/2

0 O 0o 1 x1 x2

0 1 x1

1 0 x1/2

0 O 1 0 x1/2 x2

0 1 x1

1 0 x1/2

0 O 0o 1 0 O x1 x2 x2

0o 1 x1

1 0 x1/2

0 O 0o 1 x1 x2
0o 1 x1
1 0

0 O

0o 1

1 0

0 O

0o 1

1 0

0 O

0o 1

1 0

0 O

0o 1

1 0

x1/2

10 x1/2 x2
x1

x1/2

1 0 0 0 x1/2 x2 x2
x1

x1/2

0 1 x1 x2
x1

x1/2

10 x1/2 x2
x1

x1/2
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FR Register Values

6 5 4 3

2

1

R FR FR FR FR FR FR FR

0

PLL

PLL

Circuit 1 Circuit 2

Multipli- Multipli-

Clock Ratio

cation cation

Factor Factor

CKM CKP CKE CKIO CK

Clock Input
Frequency
Range
(MHz)

o 1 0

F
7
0 O
0o 1
1 0
0 O
0 1
1 0
0 O
0o 1
1 0
0 O
0 1
1 0
0 O
0o 1
1 0
0 O
0o 1
1 0
0 O
0o 1
1 0
0 O
0o 1
1 0
0 O
0 1
1 0

0

0

0

x2

J— x1

x2

x2

x2
x1
x1/2

x1

x2
x1
x1/2

x1/2

x2
x1
x1/2

x1

x2

x2
x1
x1/2

x1

x2
x1
x1/2

x1/2

x2
x1
x1/2

x1/2

x2
x1
x1/2

x1

x2
x1
x1/2

x1/2

x2
x1
x1/2

5-30
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FR Register Values

PLL PLL
Circuit 1 Circuit 2 Clock Ratio Clock Input

Multipli- Multipli- Frequency

R FR FR FR FR FR FR FR cation cation Range

6

5

4

3

2

1 0 Factor Factor CKM CKP CKE CKIO CK (MHz)

F
7
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1

0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0

1

0

0

0

0 0 x2 — x1/2 %2 x2 — x2 5-30
x1
x1/2

0o 1 x1 x2

x1
x1/2

1.0 x1/2 x2

x1
x1/2
0 0 x1 x2 x2
x1
x1/2

0o 1 x1 x2

x1
x1/2

1.0 x1/2 x2

x1
x1/2
0 0 x1/2 %2 x2
x1
x1/2

0o 1 x1 x2

x1
x1/2

1 0 x1/2 x2

x1
x1/2
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Notes: The lower and upper limits of the clock input frequency range are determined by the
following conditions:

1. Lower-limit frequency
The output frequency of each PLL before division must be at least 10 MHz. The specific
clock input frequency lower limits are as follows: 2.5 MHz in clock modes 2, 3, 4, and 5
(as the PLL2 multiplication factor is x4), 5 MHz in clock modes 0 and 1 (as the PLL2
multiplication factor is x2), 5 MHz also in clock mode 6 (as the PLL1 multiplication factor
is x2), and 10 MHz in clock mode 7 (as the PLL1 multiplication factor is x1).
2. Upper-limit frequency
(1) Clock upper limits after division according to FRQCR register setting
CKM < 60 MHz, CKP < 60 MHz, CKE < 30 MHz
(2) Clock upper limits after division according to MCLKCR1-5 register setting
M@ < 60 MHz, Po< 30 MHz
The frequency that satisfies both (1) and (2) above is the clock input frequency upper
limit.
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Table 4.8 (5) FR Register Values and Frequency Ratios (Input Clock = 1)

Clock Mode 7

PLL PLL
FR Register Values Circuit1 Circuit 2 Clock Ratio Clock Input

Multipli- Multipli- Frequency
R FR FR FR FR FR FR FR cation cation Range
6 5 4 3 2 1 0 Factor Factor CKM CKP CKE CKIO CK (MHz)

F

7

0o 0 0 O O o 0 o0 x1 — x1 x1 x1 — x1 10-30
0o 1 x1/2

1 0 x1/4

0 O 0o 1 x1/2 x1

0 1 x1/2

1 0 x1/4

0 O 1 0 x1/4 x1

0 1 x1/2

1 0 x1/4

0 O 0o 1 0 O x1/2 x1 x1

0o 1 x1/2

1 0 x1/4

0 O 0o 1 x1/2 x1
0o 1 x1/2
1 0

0 O

0o 1

1 0

0 O

0o 1

1 0

0 O

0o 1

1 0

0 O

0o 1

1 0

x1/4

1.0 x1/4 x1
x1/2
x1/4

1 0 0 0 x1/4 x1 x1
x1/2
x1/4

0o 1 x1/2 x1
x1/2
x1/4

1.0 x1/4 x1
x1/2
x1/4
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PLL PLL
FR Register Values Circuit1 Circuit 2 Clock Ratio Clock Input

Multipli- Multipli- Frequency
R FR FR FR FR FR FR FR cation cation Range
6 5 4 3 2 1 0 Factor Factor CKM CKP CKE CKIO CK (MHz)

F

7

o 0 o0 1 0 0O 0 o0 x1 — x1/2 x1 x1 — x1 10-30
0o 1 x1/2

1 0 x1/4

0 O 0o 1 x1/2 x1

0 1 x1/2

1 0 x1/4

0 O 1 0 x1/4 x1

0o 1 x1/2

1 0 x1/4

0 O 0o 1 0 O x1/2 x1 x1

0 1 x1/2

1 0 x1/4

0 O 0o 1 x1/2 x1
0o 1 x1/2
1 0

0 O

0o 1

1 0

0 O

0o 1

1 0

0 O

0o 1

1 0

0 O

0 1

1 0

x1/4

1 0 x1/4 x1
x1/2
x1/4

1 0 0 0 x1/4 x1 x1
x1/2
x1/4

0o 1 x1/2 x1
x1/2
x1/4

1.0 x1/4 x1
x1/2
x1/4
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PLL PLL
FR Register Values Circuit1 Circuit 2 Clock Ratio Clock Input

Multipli- Multipli- Frequency
R FR FR FR FR FR FR FR cation cation Range
6 5 4 3 2 1 0 Factor Factor CKM CKP CKE CKIO CK (MHz)

F

7

o 0 1 0 O O 0 0 x1 — x1/4  x1 x1 — x1 10-30
0o 1 x1/2

1 0 x1/4

0 O 0o 1 x1/2 x1

0 1 x1/2

1 0 x1/4

0 O 1 0 x1/4 x1

0o 1 x1/2

1 0 x1/4

0 O 0o 1 0 O x1/2 x1 x1

0 1 x1/2

1 0 x1/4

0 O 0o 1 x1/2 x1
0o 1 x1/2
1 0

0 O

0o 1

1 0

0 O

0o 1

1 0

0 O

0o 1

1 0

0 O

0 1

1 0

x1/4

1 0 x1/4 x1
x1/2
x1/4

1 0 0 0 x1/4 x1 x1
x1/2
x1/4

0o 1 x1/2 x1
x1/2
x1/4

1.0 x1/4 x1
x1/2
x1/4
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Notes: The lower and upper limits of the clock input frequency range are determined by the
following conditions:

1. Lower-limit frequency

The output frequency of each PLL before division must be at least 10 MHz. The specific
clock input frequency lower limits are as follows: 2.5 MHz in clock modes 2, 3, 4, and 5
(as the PLL2 multiplication factor is x4), 5 MHz in clock modes 0 and 1 (as the PLL2
multiplication factor is x2), 5 MHz also in clock mode 6 (as the PLL1 multiplication factor
is x2), and 10 MHz in clock mode 7 (as the PLL1 multiplication factor is x1).

2. Upper-limit frequency
(1) Clock upper limits after division according to FRQCR register setting
CKM < 60 MHz, CKP < 60 MHz, CKE < 30 MHz
(2) Clock upper limits after division according to MCLKCR1-5 register setting
M@ < 60 MHz, Po< 30 MHz
The frequency that satisfies both (1) and (2) above is the clock input frequency upper
limit.

4.4 Changing the Frequency

Changes in the master clock, peripheral clock, external bus clock, and clock output frequencies are
controlled by software by means of the frequency control register.

The method of changing the frequencies is described below.

A frequency change is carried out by writing the required value in bits FR7 to FRO in the FRQCR
register. The write to FRQCR must be executed by a program in on-chip RAM or on-chip ROM.
Also note that the DMAC must not be used to access FRQCR.

If the frequency ratio of M@ (the clock resulting from master clock (CKM) division) to CKE (the
external bus clock) changes as a result of the frequency change, after the change FRQCR must be
read before making an external CS space access. (The FRQCR value read at this time will be
undefined.)
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4.5 Output Clock Control

The CKIO and CK pins can be switched between clock output and the high-impedance state by
means of the CKIOOE and CKOE bits in the FRQCR register. The initial values depend on the
clock mode. Table 4.9 shows the correspondence between the clock mode, the state of the CKIO
and CK pins, and the initial value of the CKIOOE and CKOE bits.

When the CKIOOE and CKOE bits are modified, the CKIO or CK output is changed immediately.

Table 4.9 Clock Modes, CKIO and CK Pin States, and Initial Value of CKIOOE and
CKOE bits
Bit Value
Clock Initial Pin State™ Initial Value Modification
Mode CKIO CK CKIOOE CKOE CKIOOE CKOE
0 External clock output  External clock output 1 1 Not Possible
possible
1 External clock output  External clock output 1 1 Not Possible
possible
2 External clock output  External clock output 1 1 Not Possible
possible
3 External clock output  External clock output 1 1 Not Possible
possible
High impedance External clock output 1 Possible Possible
High impedance External clock output 1 Possible Possible
Clock input External clock output 1 Not Possible
possible
7 Clock input External clock output 0 1 Not Possible
possible
Note: * If hardware standby mode is entered after power is applied without executing a power-

on reset, the pin states will be undefined. In this case, the RES pin must be driven low
in hardware standby mode in order to fix the initial pin states according to the clock
mode. When hardware standby mode is entered after a power-on reset, the prior pin
states are retained.
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4.6 Oscillator

There are two ways of supplying a clock: by connecting a crystal resonator and by inputting an
external clock.

4.6.1 Connecting a Crystal Resonator

Figure 4.2 shows an example of crystal resonator connection. The values of damping resistance Rd
and load capacitances CL1 and CL2 should be decided after investigating the components in
collaboration with the manufacturer of the crystal resonator to be used. The crystal resonator
should be an AT-cut parallel-resonance type. Place the crystal resonator and its load capacitors as
close as possible to the XTAL and EXTAL pins.

Other signal lines should be routed away from the oscillator circuit to prevent induction from
interfering with correct oscillation.

Reference Values:
CL1 =CL2 = 22pF Output or high

CKIO — .
impedance

Damping Resistance
Frequency (MHz) | 4 10 15 [

EXTAL
Rd (Q) 500 | 200 | 0 H 7;7
cL2

Rd

Notes: 1. The CKIO pin is an output in clock modes 0, 1, 2, and 3, and is high-impedance
in clock modes 4 and 5.
2. The values of CL1 and CL2 and damping resistance Rd should be decided after
consultation with the manufacturer of the crystal resonator to be used.

Figure 4.2 Example of Crystal Resonator Connection
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4.6.2 External Clock Input Methods

An external clock is input from the EXTAL pin or the CKIO pin, depending on the clock mode.

Clock Input from EXTAL Pin

This method can be used in clock modes 0, 1, 2, 3, 4, and 5.

The CKIO pin is an output in clock modes
0, 1, 2, and 3, and is high-impedance
in clock modes 4 and 5.

Output or

high-impedance

EXTAL |-—— External clock input

XTAL —— Open

CKIO —

Figure 4.3 External Clock Input Method

Clock Input from CKIO Pin

This method can be used in clock modes 6 and 7.

CKIO |=— External Clock Input

EXTAL —— Open

XTAL —— Open

Figure 4.4 External Clock Input Method
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4.6.3 Notes on Board Design
When Using a Crystal Resonator

Place the crystal resonator, capacitors CL1 and CL2, and damping resistance Rd as close as
possible to the EXTAL and XTAL pins. To prevent induction from interfering with correct
oscillation, use a common grounding point for the capacitors connected to the resonator, and do
not locate a wiring pattern near these components.

Avoid crossing signal lines

ETRNCT

1]

Rd

EXTAL XTAL

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

Figure 4.5 Points for Attention when Using Crystal Resonator

Rev. 5.00 Sep 11, 2006 page 138 of 916
REJ09B0332-0500

RENESAS



Section 4 Clock Pulse Generator (CPG) and Power-Down Modes

Bypass Capacitors

As far as possible, insert a laminated ceramic capacitor of 0.01 to 0.1 pF as a bypass capacitor for

each Vgs/Vcc pair. Mount the bypass capacitors as close as possible to the SH7065°s power supply
pins, and use components with a frequency characteristic suitable for the SH7065 operating
frequency, as well as a suitable capacitance value.

Table 4.10 Bypass Capacitor Power Supply Pairs (Recommended)

PLLVcc Pair AVcc Pair PVcc Pair
129(PLLVcc)—132(PLLVss)| © | 159(AVcc)—148(AVss) | © 5(PVce)—1(PVss) O
(See figure 4.6) (See figure 15.8) 173(PVec)—166(PVss) | O

Vcc Pair

26(Vce)—31(Vss) () 17(Vee)—21(Vss) O 39(Vce)—38(Vss) A
58(Vce)—54(Vss) (@) 70(Vcc)—64(Vss) O 48(Vce)—45(Vss) A
79(Vce)—T76(Vss) (@) 118(Vce)—124(Vss) O 92(Vee)—89(Vss) A
105(Vce)—101(Vss) () — — 140(Vce)—135(Vss) A

Note:

Priority order for inserting bypass capacitors:
O: Must be inserted

O: Insert as far as possible

A\ Insert if possible
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When Using PLL Oscillator Circuits

Keep the wiring from the PLL V¢ and Vgg connection pattern to the power supply pins short, and
make the pattern width large, to minimize the inductance component.

Ground the oscillation stabilization capacitors C1 and C2 to Vgg (PLL). Place C1 and C2 close to
the CAP1 and CAP2 pins and do not locate a wiring pattern in the vicinity.

Avoid crossing signal lines

PLLVss j
Cz C| :
PLLCAP2 B;/pass
capacitor
PLLCAP1 i
PLLVce 5

Power supply

Vss

Reference values:
C1 =(470) pF
C2 = (470) pF

Figure 4.6 Points for Attention when Using PLL Oscillator Circuits

Table 4.11 Capacitance Values (For Reference)

Capacitance

Value Mode 0 Mode1 Mode2 Mode3 Mode4 Mode5 Mode6 Mode?7

C1=470 pF Required Required Required Required Not Not Required Required
required required

C2 =470 pF Required Required Required Required Required Required Not Not

required required
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4.7 Oscillation Stoppage Detection Function

This CPG is provided with a function that automatically places the timer pins in the high-
impedance state when it detects clock stoppage to provide for cases where the oscillator halts due
to a system error of some kind. If the CPG detects a change in EXTAL or CKIO due to an
oscillator fault or stoppage of the external clock, it places the MMT (motor management timer) 6-
phase output pins multiplexed with port E*! and the MMT 6-phase output pins multiplexed with
port D*? in the high-impedance state.

Note that, in a software standby state transition, the pin states of the MMT 6-phase output pins
multiplexed with port E*! and the MMT 6-phase output pins multiplexed with port D** differ as
shown below according to the setting of bit 6 (HIZ) in the standby control register (SBYCR).

1. MMT 6-phase output pins multiplexed with port E*!

These pins go to the high-impedance state regardless of the setting of bit 6 in SBYCR and PFC
settings.

2. MMT 6-phase output pins multiplexed with port D*2
These pins go to the high-impedance state when a function other than the data bus function is
selected by a PFC setting, and when the setting of bit 6 in SBYCR is 1 (HIZ setting). When the
setting of bit 6 in SBYCR is 0, the previous pin states are retained. When the data bus function
is selected, the pins always go to the high-impedance state.

While external clock oscillation is stopped, other chip operations are undefined. Also, when
external clock oscillation is restarted after being stopped, chip operations, including those of the
above 12 pins, are undefined. A power-on reset must therefore be executed when resuming chip
operation.

Notes: 1. PE23/IRQ7/PWOB, PE22/IRQ6/PVOB, PE21/IRQ5/PUOB, PE19/IRQ3/PWOA,
PE18/IRQ2/PVOA, PE17/IRQ1/PUOA/SCKO
2. PD26/D26/PWOB, PD25/D25/PVOB, PD24/D24/PUOB, PD22/D22/PWOA/SCKO,
PD21/D21/PVOA/IRQ7, PD20/D20/PUOA/IRQ6
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4.8 Power-Down Modes

4.8.1 States in Power-Down Modes

Table 4.12 shows the conditions for entering the power-down modes from the program execution
state, the state of the CPU and peripheral modules in each mode, and the method of exiting each
mode.

Table 4.12 State of CPU and Peripheral Modules in Power-Down Modes

State
Power- On-chip
Down Entering CPU On-Chip  Peripheral Refresh Exiting
Mode Conditions CPG CPU Registers Memory Modules Pins Operations Conditions
Sleep SLEEP Operating Halted Held Held Operating Operating Refreshing 1. Interrupt
instruction 2. DMA address
executed error
while SBY 3. Power-on
bitis 0 in reset
SBYCR
Software SLEEP Halted Halted Held Held Halted Halted or  Self- 1. NMl interrupt
standby instruction high refreshing 2. Power-on
executed impedance reset
while SBY
bitis 1in
SBYCR
Hardware Low-level Halted Halted Undefined Held Halted High Refreshing High-level input
standby  input to impedance not to HSTBY pin
HSTBY pin possible during low-level
input to RES pin
Module  Setting Operating Operating Held Held Specified Held or Refreshing 1. Clearing
standby ~ MSTP bit modules initialized MSTP bit to 0
function to1in halted™ 2. Power-on
MSTPCR reset
Module Setting Clock to module corresponding to MCLK bit is further divided from master clock 1. Setting
clock MCLK bit  (CKM) or peripheral clock (CKP) set in CPG before being supplied MCLK bit to
division to1in initial value
MCLKCR 2. Power-on
reset

Note: * See section 4.9.2, Module Stop Control Registers 1 and 2 (MSTPCR1, MSTPCR2).

Rev. 5.00 Sep 11, 2006 page 142 of 916
REJ09B0332-0500

RENESAS



Section 4 Clock Pulse Generator (CPG) and Power-Down Modes

Register Configuration
Table 4.13 shows the registers used for power-down mode control.

Table 4.13 Power-Down Mode Registers

Access
Name Abbreviation R/W Initial Value Address Size
Standby control SBYCR R/W H'1F H'FFFF 1004 8, 16, 32
register
Module stop control MSTPCR1 R/W H'0000 H'FFFF 1030 8, 16, 32
register 1
Module stop control MSTPCR2 R/W H'0000 H'FFFF 1032 8, 16, 32
register 2
Module clock control  MCLKCR1 R/W  H'8888 (clock modes 1, 3,5,6) HFFFF 1034 8, 16, 32
register 1 H'FFFF (clock modes 0, 2, 4, 7)
Module clock control MCLKCR2 R/W  H'8888 (clock modes 1, 3,5,6) HFFFF 1036 8, 16, 32
register 2 H'FFFF (clock modes 0, 2, 4, 7)
Module clock control MCLKCR3 R/W  H'8888 (clock modes 1, 3,5,6) HFFFF 1038 8, 16, 32
register 3 H'FFFF (clock modes 0, 2, 4, 7)
Module clock control  MCLKCR4 R/W  H'8888 (clock modes 1, 3,5,6) HFFFF 103A 8, 16, 32
register 4 H'FFFF (clock modes 0, 2, 4, 7)
Module clock control MCLKCR5 R/W  H'CCCC (clock modes 1, 3, 5, 6) H'FFFF 103C 8, 16, 32
register 5 H'FFFF (clock modes 0, 2, 4, 7)
4.8.2 Pin Configuration
Table 4.14 shows the pin used for power-down mode control.
Table 4.14 Power-Down Mode Pin
Pin Name Abbreviation /0 Function
Hardware standby pin HSTBY Input Low-level input to this pin places the

chip in the hardware standby state.
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4.9 Register Descriptions

4.9.1 Standby Control Register (SBYCR)

The standby control register (SBYCR) is an 8-bit readable/writable register that specifies the
power-down mode status.

SBYCR is initialized to H'lF by a power-on reset, but is not initialized in software standby mode.

Bit 7 6 5 4 3 2 1 0

| sev [ w2 | — | = [ =[] -=-[]=1-

Initial value: 0 0 0 1 1 1 1 1
RW: RW  RW R R R R R R

Bit 7—Software Standby (SBY): Specifies a transition to software standby mode. The SBY bit
cannot be set to 1 while the watchdog timer (WDT) is operating (while the timer enable bit (TME)
is set to 1 in the watchdog timer’s timer control/status register (TCSR)). When making a transition
to software standby mode, the watchdog timer must be stopped by clearing the TME bit to 0
before the SBY bit is set.

Bit 7: SBY Description
0 Transition to sleep mode on execution of SLEEP instruction (Initial value)
1 Transition to software standby mode on execution of SLEEP instruction

Bit 6—Port High Impedance (HIZ): Selects whether specific output pins retain their state or
become high-impedance in software standby mode. See appendix B, Pin States, for the pins that
are controlled. The HIZ bit cannot be set to 1 when the TME bit is set to 1 in the watchdog timer’s
TCSR register. To set output pins to the high-impedance state, the TME bit must be cleared to 0
before the HIZ bit is set.

Bit 6: HIZ Description
0 Pin state retained in software standby mode (Initial value)
1 Pins go to high-impedance state in software standby mode

Bit 5—Reserved: This bit is always read as 0 and should only be written with 0.

Bits 4 to 0—Reserved: These bits are always read as 1 and should only be written with 1.
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4.9.2 Module Stop Control Registers 1 and 2 (MSTPCRI1, MSTPCR2)

Module stop control registers 1 and 2 (MSTPCR1, MSTPCR2) are 16-bit readable/writable
registers that specify the module stop mode status.

MSTPCRI1 and MSTPCR?2 are initialized to H'0000 by a power-on reset, but are not initialized in
software standby mode.

MSTPCRI1
Bitt 15 14 13 12 11 10 9 8
\MSTP15\MSTP14\MSTP13\MSTP12\MSTP11\MSTP10\MSTPg\ MSTPS‘
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
\ MSTP?‘ MSTPG‘ MSTPS‘ MSTP4‘ MSTPS‘ MSTP2‘ MSTP1‘ MSTPO‘
Initial value: 0 0 0 0 0 0 0 0

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

MSTPCR2
Bitt 15 14 13 12 11 10 9 8
\MSTP31\MSTP30\MSTP29\MSTP28\MSTP27\MSTP26\MSTP25\MSTP24\
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
‘MSTP23‘MSTP22‘MSTP21‘MSTP20‘MSTP19‘MSTP18‘MSTP17‘MSTP16‘
Initial value: 0 0 0 0 0 0 0 0

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

Bits 15 to 0—Module Stop 31 to 0 (MSTP31 to MSTPO): These bits specify stoppage of the
clock supply to the corresponding modules. See table 4.16 for the correspondence between the
register bits and modules.
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Bits 15 to 0: Description

MSTP31 to MSTPO

0 Clock is supplied to corresponding module (Initial value)
1 Clock supply to corresponding module is stopped

4.9.3 Module Clock Control Registers 1 to 5 (MCLKCRI1 to MCLKCRS)

Module clock control registers 1 to 5 (MCLKCR1 to MCLKCRY) are 16-bit readable/writable
registers that specify the division ratio for the clocks supplied to the modules.

Registers MCLKCR1 to MCLKCRS are initialized to a value determined by the clock mode in a
power-on reset, but are not initialized in software standby mode.

MCLKCR1
Bit: 15 14 13 12 11 10 9 8
— MCLK MCLK MCLK — MCLK MCLK MCLK
032 031 030 022 021 020
Initial value: 1 — — — 1 — — —
R/W: R R/W R/W R/W R R/W R/W R/W
Bit: 7 6 5 4 3 2 1 0
— MCLK MCLK MCLK — MCLK MCLK MCLK
012 011 010 002 001 000
Initial value: 1 — — — 1 — — —
R/W: R R/W R/W R/W R R/W R/W R/W
MCLKCR2
Bit: 15 14 13 12 11 10 9 8
— MCLK MCLK MCLK — MCLK MCLK MCLK
072 071 070 062 061 060
Initial value: 1 — — — 1 — — —
R/W: R R/W R/W R/W R R/W R/W R/W
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Bit:

Initial value:
R/W:

MCLKCR3

Bit:

Initial value:

R/W:

Bit:

Initial value:
R/W:

MCLKCR4

Bit:

Initial value:

R/W:

Bit:

Initial value:
R/W:

7 6 5 4 3 2 1 0
— MCLK | MCLK | MCLK | — MCLK | MCLK | MCLK
052 051 050 042 041 040
1 — — — 1 — — —
R RIW RIW RIW R RIW RIW RIW
15 14 13 12 11 10 9 8
— MCLK | MCLK | MCLK | — MCLK | MCLK | MCLK
112 111 110 102 101 100
1 — — — 1 — — —
R RIW RIW RIW R RIW RIW RIW
7 6 5 4 3 2 1 0
— MCLK | MCLK | MCLK | — MCLK | MCLK | MCLK
092 091 090 082 081 080
1 — — — 1 — — —
R RIW RIW RIW R RIW RIW RIW
15 14 13 12 11 10 9 8
— MCLK | MCLK | MCLK | — MCLK | MCLK | MCLK
152 151 150 142 141 140
1 — — — 1 — — —
R RIW RIW RIW R RIW RIW RIW
7 6 5 4 3 2 1 0
— MCLK | MCLK | MCLK | — MCLK | MCLK | MCLK
132 131 130 122 121 120
1 — — — 1 — — —
R RIW RIW RIW R RIW RIW RIW
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MCLKCRS5S
Bit: 15 14 13 12 11 10 9 8
— — MCLK | MCLK — — MCLK | MCLK
191 190 181 180
Initial value: 1 1 — — 1 1 — —
R/W: R R R/W R/W R R R/W R/W
Bit: 7 6 5 4 3 2 1 0
— — MCLK | MCLK — — MCLK | MCLK
171 170 161 160
Initial value: 1 1 — — 1 1 — —
R/W: R R R/W R/W R R R/W R/W

Bits 15, 11, 7, and 3—Reserved: These bits are always read as 1 and should only be written with
1.

Bits 14, 10, 6, and 2—Reserved (MCLKCKS only): These bits are always read as 1 and should
only be written with 1.

Other Bits—Module Clock 191 to 000 (MCLK191 to MCLKO000): These bits specify the clock
division ratio for the corresponding modules. A clock further divided from the master clock
(CKM) or peripheral clock (CKP) set in the frequency control register (FRQCR) of the clock pulse
generator (CPG) is supplied to the corresponding modules. The initial values depend on the clock
mode. See table 4.18 for the correspondence between the register bits and modules.

* MCLKI191 to MCLK160

Bit nn1: Bit nnO:

MCLKnn1 MCLKnnO Description

0 0 Clock supplied to module is not divided
(Initial value in clock modes 1, 3, 5, 6)
Reserved (Do not set)

1 0 Clock supplied to module is further divided by 8

Clock supplied to module is further divided by 64
(Initial value in clock modes 0, 2, 4, 7)
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* MCLK152 to MCLK000

Bit nn2: Bit nn1: Bit nn0:
MCLKnn2 MCLKnn1 MCLKnnO Description
0 0 0 Clock supplied to module is not divided
(Initial value in clock modes 1, 3, 5, 6)
1 Clock supplied to module is further divided by 2
1 0 Clock supplied to module is further divided by 3
1 Clock supplied to module is further divided by 5
1 0 0 Reserved (Do not set)
1 Reserved (Do not set)
1 0 Clock supplied to module is further divided by 8
1 Clock supplied to module is further divided by 64

(Initial value in clock modes 0, 2, 4, 7)

4.10  Sleep Mode

4.10.1 Transition to Sleep Mode

If a SLEEP instruction is executed when the SBY bit in SBYCR is cleared to 0, the chip switches
from the program execution state to sleep mode. After execution of the SLEEP instruction, the
CPU halts but its register contents are retained. The on-chip peripheral modules continue to
operate, and clocks continue to be output from the CKIO and CK pins. In sleep mode, external bus
release requests are not accepted.

The CPU regards the SBYCR write as being executed in one cycle, and performs the next
processing. However, the write actually takes the number of cycles shown in table 8.12 in section
8, Bus State Controller (BSC). To ensure that the value written from the CPU to SBYCR is
reliably reflected in the SLEEP instruction, either read SBYCR or else wait for the number of
cycles shown in table 8.12, before executing the SLEEP instruction.

4.10.2  Exit from Sleep Mode

Sleep mode is exited by means of an interrupt (NMI, IRQ, IRL, or on-chip peripheral module), a
DMAC address error, a power-on reset, or the HSTBY pin.

Exit by Interrupt: When an NMI, IRQ, IRL, or on-chip peripheral module interrupt is generated,
sleep mode is exited and interrupt exception handling is executed. The interrupt request is not
accepted and sleep mode is not exited when the priority level of the generated interrupt is not
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higher than the interrupt mask level set in the CPU’s status register (SR), or when an interrupt
from an on-chip peripheral module is disabled on the module side.

Exit by DMAC Address Error: When a DMAC address error occurs, sleep mode is exited and
DMAC address error exception handling is executed.

Exit by Power-On Reset: When the RES pin is driven low, the SH7065 enters the power-on reset
state and exits sleep mode.

Exit by HSTBY Pin: When the HSTBY pin is driven low, the SH7065 enters the hardware
standby mode state and exits sleep mode.

4.11  Software Standby Mode

4.11.1 Transition to Software Standby Mode

If a SLEEP instruction is executed when the SBY bit in SBYCR is set to 1, the chip switches from
the program execution state to software standby mode. In software standby mode, the clock and
on-chip peripheral modules halt as well as the CPU, reducing power consumption to an extremely
low level. Clock output from the CKIO and CK pins is also stopped.

CPU register contents and data in on-chip RAM are retained. Some on-chip peripheral module
registers are initialized. The state of the peripheral module registers in software standby mode is
shown in table 4.15. See appendix B, Pin States, for the pin states.

The CPU regards the SBYCR write as being executed in one cycle, and performs the next
processing. However, the write actually takes the number of cycles shown in table 8.12 in section
8, Bus State Controller (BSC). To ensure that the value written from the CPU to SBYCR is
reliably reflected in the SLEEP instruction, either read SBYCR or else wait for the number of
cycles shown in table 8.12, before executing the SLEEP instruction.

In the software standby state, external bus address/data/bus control signals (except DRAM signals)
go to the high-impedance state, i.e. the bus-released state. In the software standby state, the BREQ
bus release request input signal is ignored. Note that the following two cases apply to the BACK
bus use enable output signal.

1. Transition from bus-released state (BREQ input asserted low) to software standby state

When the bus release request signal (BREQ) is asserted low in the normal state, the BACK pin
is set to low output, indicating that the bus has been released. If the software standby state is
entered in this state, BACK output goes high, but other address, data, and bus control signals
remain in the high-impedance state, i.e. the bus-released state. If the software standby state is
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exited while BREQ input is still asserted, BACK output goes low and the bus-released state is
maintained. If software standby is exited while BREQ input is negated, BACK output goes
high and the chip returns to the normal state (in which the bus is not released).

2. Transition from normal state (BREQ input negated high) to software standby state

When a transition is made from the normal state to the software standby state, BACK output
goes to the Z (high-impedance) state, and the external bus goes to the high-impedance state,
i.e. the bus-released state. If this state is exited while BREQ input is negated, BACK output
returns to the high level. If BREQ input is in the asserted state when software standby is
exited, BACK is output high for 1.5 external clock (CKE) cycles, and then returns to the low

level, i.e. the bus-released state.

Table 4.15 State of Registers in Software Standby Mode

Registers Retaining

Module Initialized Registers Contents

Interrupt controller (INTC) — All registers
User break controller (UBC) — All registers
Bus state controller (BSC) — All registers
Clock pulse generator (CPG) — All registers

Direct memory access controller All registers —
(DMAC)

Timer pulse unit (TPU) All registers —
Motor management timer (MMT) All registers —

Watchdog timer (WDT)

* OVF, WT/IT, and TME
bits in TCSR register

* RSTCSR register

¢ Bits CKS2 to CKSO0 in
TCSR register

¢ TCNT registers

Serial communication interface (SCI) All registers —
A/D converter (A/D) All registers —
D/A converter (D/A) All registers —
Compare match timer (CMT) All registers —
Pin function controller (PFC) — All registers
I/O ports (I/0) — All registers
Power-down mode related modules — All registers
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4.11.2  Exit from Software Standby Mode

Software standby mode is exited by means of a power-on reset or the HSTBY pin.

Exit by NMI Interrupt: When a falling edge or rising edge (as selected with the NMI edge select
bit (NMIE) in interrupt control register 1 (ICR1) of the interrupt controller (INTC)) is detected in
the NMI signal, clock oscillation is started. This clock is supplied only to the watchdog timer
(WDT). When the time set in the clock select bits (CKS2 to CKS0) in the WDT’s timer
control/status register (TCSR) before entering software standby mode has elapsed, WDT overflow
occurs. This overflow is taken as an indication that the clock has settled, and the clock is then
supplied to the entire chip. Software standby mode is thus exited and NMI exception handling is
begun.

When exiting software standby mode by means of an NMI interrupt, set bit CKS2 to CKSO0 so that
the WDT overflow period is at least as long as the oscillation settling time.

When exiting software standby mode with the NMI pin designated for falling edge detection,
ensure that the NMI pin level goes high when software standby mode is entered (when the clock is
stopped) and low when recovering from software standby mode (when the clock is restarted after
the oscillation settling time). When exiting software standby mode with the NMI pin designated
for rising edge detection, ensure that the NMI pin level goes low when software standby mode is
entered (when the clock is stopped) and high when recovering from software standby mode (when
the clock is restarted after the oscillation settling time).

Exit by Power-On Reset: When the RES pin is driven low, the SH7065 enters the power-on reset
state and exits software standby mode. The RES pin must be held low until clock oscillation
settles.

Exit by HSTBY Pin: When the HSTBY pin is driven low, the SH7065 enters the hardware
standby mode state and exits software standby mode.
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4.11.3

Software Standby Mode Application Example

In the following example, software standby mode is entered at a falling edge on the NMI pin, and
exited at a rising edge. The timing for this example is shown in figure 4.7.

When the NMI pin level changes from high to low while the NMI edge select bit (NMIE) is
cleared to 0 (falling edge detection) in the interrupt control register 1 (ICR1), an NMI interrupt is
accepted. When the NMIE bit is set to 1 (rising edge detection), the standby bit (SBY) in the
standby control register is set to 1, and a SLEEP instruction is executed in the NMI exception
service routine, a transition is made to standby mode. When the NMI pin level is subsequently
changed from low to high, software standby mode is exited.

After the NMI pin level is changed to high, keep the high level until the NMI exception handling

starts.
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|
|
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NMIE
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) | settling time
T ™
} \
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handling  SLEEP instruction start time

Figure 4.7 NMI Timing in Standby Mode (Application Example)
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4.12 Hardware Standby Mode

4.12.1 Transition to Hardware Standby Mode

Regardless of its current state, the chip enters hardware standby mode whenever the HSTBY pin is
driven low.

Hardware standby mode reduces power consumption drastically by resetting and halting all
functions. As long as the specified voltage is supplied, on-chip RAM data is retained. However,
on-chip RAM contents may be lost if an access to on-chip RAM has been initiated when the
hardware standby state is entered. To retain RAM contents, the clock supply to RAM should be
halted with the module standby function before entering the hardware standby state. I/O ports are
placed in the high-impedance state.

The level of the mode pins (MD5 to MDO) should not be changed during hardware standby mode.

4.12.2  Exit from Hardware Standby Mode

Hardware standby mode is exited by means of the HSTBY and RES pins.

When HSTBY is driven high while RES is low, the power-on reset state is entered and hardware
standby mode is exited. The RES pin must be held low until clock oscillation settles.

4.12.3 Hardware Standby Mode Timing
Figure 4.8 shows the timing relationships for hardware standby mode.

To enter hardware standby mode, first drive RES low, then drive HSTBY low. To exit hardware
standby mode, first drive HSTBY high, wait for the clock to settle, then bring RES from low to
high.
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Figure 4.8 Hardware Standby Mode Timing

4.13 Module Standby Function

4.13.1 Transition to Module Standby Function

Setting an MSTP bit to 1 in module stop mode control register 1 or 2 (MSTPCR1, MSTPCR?2)
enables the clock supply to the corresponding on-chip peripheral module to be halted. Use of this
function allows power consumption to be reduced in normal operation and in sleep mode.

The correspondence between the MSTP bits and on-chip peripheral modules is shown in table
4.16.

In the module standby state, the SCI and A/D registers are initialized. Other registers retain their
states prior to halting of the module.

Registers of modules set to the module standby state cannot be read or written to.
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Table 4.16 MSTP Bits and Corresponding On-Chip Peripheral Modules

Bit* Description

MSTP31 X-RAM and Y-RAM

MSTP30 On-chip ROM

MSTP29 —

MSTP28 User break controller (UBC)

MSTP27 Direct memory access controller (DMAC)

MSTP26 —

MSTP25 —

MSTP24 —

MSTP23 —

MSTP22 —

MSTP21 —

MSTP20 —

MSTP19 —

MSTP18 —

MSTP17 —

MSTP16 —

MSTP15 Serial communication interface (SCI) channel 0

MSTP14 Serial communication interface (SCI) channel 1

MSTP13 Serial communication interface (SCI) channel 2

MSTP12 —

MSTP11 Compare match timer (CMT)

MSTP10 —

MSTP9 Motor management timer (MMT)

MSTP8 Port output enable (POE)

MSTP7 Timer pulse unit (TPU)

MSTP6 A/D converter (A/D)

MSTP5 D/A converter (D/A)

MSTP4 —

MSTP3 —

MSTP2 —

MSTP1 —

MSTPO —

Note: * Bits to which an on-chip peripheral module is not assigned must be written with 0.
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4.13.2  Exit from Module Standby Function
The module standby function is exited by clearing the MSTP bits to 0, or by a power-on reset.

When the X-RAM/Y-RAM or on-chip ROM module standby function is exited by modification of
the module stop control register (MSTPCR?2), following the register modification at least one
MSTPCR?2 register read must be performed before the above memory is accessed.

4.14 Module Clock Division Function

4.14.1 Clock Definitions

Definitions of the clocks used by the SH7065 are given in tables 4.17 and 4.18, and figure 4.9.

Table 4.17 Definitions of Internal Clocks

Abbreviation Name

CKM Master clock

CKP Peripheral clock
CKE External bus clock

Table 4.18 Definitions of Divided Clocks

Abbreviation Name
Mo Clock supplied to modules after division of master clock (CKM)
P Clock supplied to modules after division of peripheral clock (CKP)
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(CPU)
(WDT)
x1 (DMAC)
CKM—  x1/8 — M@ (ROM)
x1/64 (X-RAM)
(Y-RAM)
(UBC)
(SCI0)
x1 (SCl1)
x1/2 (SCI2)
x1/3 (CMT)
CKP —»= x1/5 — Po (MMT)
e
x1/64 (AID)
(D/A)

Figure 4.9 Divided Clocks and Corresponding Modules

4.14.2  Transition to Module Clock Division Function

Setting MCLK bits in module clock control registers 1 to 5 (MCLKCR1 to MCLKCRS) supplies a
clock obtained by further division of the master clock (CKM) or peripheral clock (CKP) set in the
frequency control register (FRQCR) of the clock pulse generator (CPG) to the corresponding
module. Use of this function allows power consumption to be reduced during normal operation.

The correspondence between the MCLK bits and on-chip peripheral modules is shown in table
4.19.
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Table 4.19 MCLK Bits and Corresponding On-Chip Peripheral Modules

Maximum Operating

Bit™’ Description Frequency
MCLK191-190 CPU*? 60 MHz
MCLK181-180 — —
MCLK171-170 — —
MCLK161-160 — —
MCLK152-150 Serial communication interface (SCI) channel 0 30 MHz
MCLK142-140 Serial communication interface (SCI) channel 1 30 MHz
MCLK132-130 Serial communication interface (SCI) channel 2 30 MHz
MCLK122-120 — —
MCLK112-110 Compare match timer (CMT) 30 MHz
MCLK102-100 — —
MCLK092-090 Motor management timer (MMT) 30 MHz
MCLK082-080 Port output enable (POE) 30 MHz
MCLK072-070 Timer pulse unit (TPU) 30 MHz
MCLK062-060 A/D converter (A/D) 20 MHz
(clock select CKS = 1)
30 MHz

(clock select CKS = 0)

MCLK052-050

D/A converter (D/A)

30 MHz

MCLK042-040

MCLK032-030

MCLK022-020

MCLK012-010

MCLK002-000

Notes: 1. Bits to which a module is not assigned must be written with their initial value.

2. Including the DMAC, ROM, X-RAM, Y-RAM, UBC, and WDT.
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4.14.3  Exit from Module Clock Division Function

The module clock division function is exited by setting the MCLK bits.

4.14.4 Notes on Use of Module Clock Division Function

1.

The module clock division ratio is changed by writing the required value in the MCLK bits in
the MCLKCR register.

The write to MCLKCR must be executed by a program in on-chip RAM or on-chip ROM.
Also note that the DMAC must not be used to access MCLKCR.

If the frequency ratio of M@ (the clock resulting from master clock (CKM) division) to CKE
(the external bus clock) changes as a result of the frequency change, after the change the
MCLKCRS register must be read before

+ an external space access, or
* atransition to sleep mode.
(The MCLKCRS register value read at this time will be undefined.)

When changing P@ (the clock resulting from peripheral clock (CKP) division), after the change
a register in the module corresponding to the changed P must be read before

* accessing a register in the module corresponding to the changed P,

* entering the module standby state for the module corresponding to the changed Pq,
* changing the changed P again, or

* entering software standby mode.

(The register value read at this time will be undefined.)

Ensure that CKM, CKP, CKE, and M@ and P@ supplied to the modules, do not exceed their
maximum frequency while the setting is being made.

Immediately after the value of the MCLK bits is changed, the module corresponding to the
changed M@ or P will temporarily enter the module standby state. Therefore, when an MCLK
bit value corresponding to the SCI or A/D converter is changed, the SCI or A/D converter
registers are initialized. However, there is no temporary transition to the module standby state
if the same value is written to the MCLK bits.

Do not set a combination that gives a division ratio of M@:CKE = 1/8:1/4 (taking the clock
input to dividers 1 to 4 in the CPG as 1); that is, a combination giving a CPG division setting
of CKM:CKE = 1:1/4, and a module clock division setting of CKM:M@= 1:1/8.
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4.15 Note on Initialization

To reduce current dissipation, the following instructions should be executed in application
software initialization.

PCLR AO ; Clear AO register to 0
PSHA #5, AOQ ; Left-shift5 bits

As there are nodes that are not initialized by a power-on reset after powering on, current
dissipation may increase by approximately 30 mA if the above instructions are not executed.
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Section 5 Exception Handling

5.1 Overview

5141 Exception Handling Types and Priority

As table 5.1 indicates, exception handling may be caused by a reset, address error, interrupt, or
instruction. Exception handling is prioritized as shown in table 5.1. If two or more exceptions
occur simultaneously, they are accepted and processed in order of priority.

Table 5.1  Exception Types and Priority

Exception Handling

Priority

Reset

Power-on reset

Address errors

CPU address error

DMAC address error

Interrupts

NMI

User break

External interrupt (IRQ/IRL)

On-chip peripheral Direct memory access controller (DMAC)

modules Bus state controller (BSC)

Watchdog timer (WDT)

Timer pulse unit (TPU)

Serial communication interface (SCI)

Compare match timer (CMT)

A/D converter (A/D)

Motor management timer (MMT)

Instructions

Trap instruction (TRAPA instruction)

General illegal instruction (undefined code)

Slot illegal instruction (undefined code or instruction that modifies

PC*' located immediately after delayed branch instruction™*?)

High
A

v
Low

Notes: 1. Instructions that modify PC: JMP, JSR, BRA, BSR, RTS, RTE, BT, BF, TRAPA, BF/S,
BT/S, BSRF, BRAF
2. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,

BRAF
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5.1.2 Timing of Exception Source Detection and Start of Exception Handling

Table 5.2 shows the timing of detection and the start of exception handling for each exception
source.

Table 5.2  Exception Source Detection and Exception Handling Start Timing

Exception Type Source Detection and Start of Exception Handling
Reset Power-on reset Started immediately after low-to-high transition at RES pin
Address error Detected when instruction is decoded; exception handling
Interrupt is started after completion of currently executing instruction
Instruction Trap instruction Started by execution of TRAPA instruction
General illegal Started when undefined code not in a delayed branch
instruction instruction (delay slot) is decoded
Slot illegal Started when undefined code or instruction that modifies
instruction PC located in a delayed branch instruction (delay slot) is
decoded

When exception handling is initiated, the CPU operates as follows.

Power-On Reset Exception Handling: The initial values of the program counter (PC) and stack
pointer (SP) are fetched from exception vector table addresses H'00000000 and H'00000004,
respectively. See section 5.1.3, Exception Vector Table, for details of the exception vector table.
Next, the vector base register (VBR) is cleared to 0 and the interrupt mask bits (I3 to 10) in the
status register (SR) are set to 1111. Program execution starts from the PC address fetched from the
exception vector table.

Address Error, Interrupt, or Instruction Exception Handling: SR and PC are saved on the
stack indicated by R15. In the case of interrupt exception handling, the interrupt priority level is
written to the interrupt mask bits (I3 to 10) in SR. In address error and instruction exception
handling, bits I3 to 10 are not affected. Next, the start address is fetched from the exception vector
table and program execution starts from that address.

51.3 Exception Vector Table

Before exception handling is executed, the exception vector table must have been set up in
memory. The exception vector table holds the start addresses of the exception service routines (the
reset exception handling table holds the initial values of PC and SP.

A different vector number and vector table address offset are assigned to each exception source.
The vector table address is calculated from the corresponding vector number and vector table
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address offset. In exception handling, the start address of the exception service routine is fetched
from the exception vector table entry indicated by this vector table address.

The vector numbers and vector table address offsets are shown in table 5.3, and the method of

calculating the vector table address in table 5.4.

Table 5.3  Exception Vector Table
Vector
Exception Source Number Vector Table Address Offset
Power-on reset PC 0 H'00000000-H'00000003
SP 1 H'00000004—-H'00000007
(Reserved for system) PC 2 H'00000008-H'0000000B
SP 3 H'0000000C—H'0000000F
General illegal instruction 4 H'00000010-H'00000013
(Reserved for system) 5 H'00000014-H'00000017
Slot illegal instruction 6 H'00000018-H'0000001B
(Reserved for system) 7 H'0000001C-H'0000001F
8 H'00000020-H'00000023
CPU address error 9 H'00000024-H'00000027
DMAC address error 10 H'00000028-H'0000002B
Interrupt (Reserved for system) 11 H'0000002C-H'0000002F
NMI 12 H'00000030-H'00000033
User break 13 H'00000034-H'00000037
(Reserved for system) 14 H'00000038-H'0000003B
?301 30000007C—H‘0000007F
Trap instruction (user vector) 32 H'00000080-H'00000083
2503 :—IO'OOOOOOFC—H'OOOOOOFF
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Vector
Exception Source Number Vector Table Address Offset
Interrupt IRQO 64 H'00000100-H'00000103
IRQ1, IRL1 65 H'00000104-H'00000107
IRQ2, IRL2 66 H'00000108-H'0000010B
IRQ3, IRL3 67 H'0000010C-H'0000010F
IRQ4 80 H'00000140-H'00000143
IRQ5 81 H'00000144-H'00000147
IRQ6 82 H'00000148-H'0000014B
IRQ7 83 H'0000014C—-H'0000014F
(Reserved for system) 84 H'00000150-H'00000153
85 H'00000154—-H'00000157
86 H'00000158-H'0000015B
87 H'0000015C-H'0000015F
88 H'00000160-H'00000163
89 H'00000164—-H'00000167
90 H'00000168-H'0000016B
91 H'0000016C—-H'0000016F
IRL4 to IRL15™’ 68 H'00000110-H'00000113
to to
79 H'0000013C-H'0000013F
(Reserved for system) 92 H'00000170-H'00000173
t1027 :-Io'000001 FC—-H'000001FF
On-chip peripheral module™*? 128 H'00000200-H'00000203
t2055 :-IO'OOOOOSFC—H'000003FF

Notes: 1. For the vector numbers and vector table offsets of external interrupts IRL4 and IRL5,
see table 6.3, IRL Interrupt Priority Levels and Vector Numbers, in section 6, Interrupt
Controller (INTC).
2. For the vector numbers and vector table offsets of on-chip peripheral module interrupts,
see table 6.6, On-Chip Peripheral Module Interrupt Exception Vectors and Priority
Order, in section 6, Interrupt Controller (INTC).
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Table 5.4  Exception Vector Table Address Calculation

Exception Source Vector Table Address Calculation

Reset Vector table address = (vector table address offset) = (vector number) x 4

Address error, Vector table address = VBR + (vector table address offset) = VBR +
interrupt, instruction (vector number) x 4

Notes: VBR: Vector base register
Vector table address offset: See table 5.3.
Vector number: See table 5.3.

5.2 Power-on Reset

When the RES pin is driven low, the SH7065 enters the power-on reset state. To ensure that the
SH7065 is properly reset, the RES pin must be held low for at least the oscillation settling time
when powering on or when in standby mode (when the clock is stopped), or at least 40 tcyc (of the
slowest module clock) when the clock is running. In the power-on reset state, the internal state of
the CPU and all on-chip peripheral module registers are initialized. See appendix B, Pin States, for
the pin states in the power-on reset state.

When the RES pin is driven high after being held low for the necessary time in the power-on reset
state, power-on reset exception handling is started. CPU operations are as follows.

1. The initial value of the program counter (PC) (i.e. the execution start address) is fetched from
the exception vector table.

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

3. The vector base register (VBR) is cleared to H'00000000, and the interrupt mask bits (I3 to 10)
in the status register (SR) are set to H'F (1111).

4. The values fetched from the exception vector table are set in the program counter (PC) and
stack pointer (SP), and program execution is started.

Power-on reset processing must always be executed when the system is powered on.
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5.3 Address Errors

5.3.1 Address Error Sources

Address errors occur in instruction fetches and data read/write accesses, as shown in table 5.5.

Table 5.5  Bus Cycles and Address Errors
Bus Cycle Address Error
Type Bus Master Bus Cycle Operation Occurrence
Instruction CPU Instruction fetched from even address No error (normal)
fetch Instruction fetched from odd address Address error
Instruction fetched from other than on-chip  No error (normal)
peripheral module space®
Instruction fetched from on-chip peripheral  Address error
module space®
Instruction fetched from external memory Address error
space in single-chip mode
Data CPU or Word data accessed from even address No error (normal)
read/write DMAC Word data accessed from odd address Address error
Longword data accessed from longword No error (normal)
boundary
Longword data accessed from other than Address error
longword boundary
Word data or byte data accessed in on-chip No error (normal)
peripheral module space®
Longword data accessed in 16-bit on-chip No error (normal)
peripheral module space®
Longword data accessed in 8-bit on-chip No error (normal)
peripheral module space®
External memory space accessed in single- Address error
chip mode
Note: * For details of the on-chip peripheral module space, see section 8, Bus State Controller

(BSC).
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5.3.2 Address Error Exception Handling

When an address error occurs, the CPU starts address error exception handling as shown below
after the end of the bus cycle in which the error occurred and completion of the currently
executing instruction.

1. The status register (SR) is saved on the stack.

2. The program counter (PC) is saved on the stack. The PC value saved is the start address of the
instruction following the last instruction executed.

3. The exception service routine start address is fetched from the exception vector table entry
corresponding to the address error, and program execution starts from that address. The jump
in this case is not a delayed branch.

5.4 Interrupts

5441 Interrupt Sources

Interrupt exception handling can be initiated by NMI, a user break, IRQ, or an on-chip peripheral
module, as shown in table 5.6.

Table 5.6  Interrupt Sources

Type Request Source

NMI NMI pin (external input)

User break User break controller

IRQ, IRL Pins IRQO to IRQ7 (external input)
On-chip peripheral module Direct memory access controller

Timer pulse unit

Compare match timer

A/D converter

Serial communication interface

Watchdog timer

Bus state controller

Motor management timer

Each interrupt source is assigned a different vector number and vector table offset. For details of
vector numbers and vector table address offsets, see section 6.2.5, Interrupt Exception Vectors and
Priority Order.
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5.4.2 Interrupt Priority

Interrupt sources are assigned priority levels. If a number of interrupts occur simultaneously
(multiple interruption), the priority order is determined by the interrupt controller (INTC) and
exception handling is initiated accordingly.

Interrupt source priority levels are expressed as values from 0 to 16, with 0 representing the lowest
priority level and 16 as the highest. The NMI interrupt is the highest-priority interrupt at level 16;
it cannot be masked and is always accepted. The user break interrupt is assigned priority level 15.
The priority level of IRQ interrupts and on-chip peripheral module interrupts can be set as desired
in the INTC’s interrupt priority registers A to L (IPRA to IPRL) (see table 5.7). Priority levels 0 to
15, but not 16, can be set. For details of IPRA to IPRL, see section 6.3.1, Interrupt Priority
Registers A to L (IPRA to IPRL).

Table 5.7  Interrupt Priority Levels

Type Priority Level Notes

NMI 16 Fixed priority level, not maskable

User break 15 Fixed priority level

IRQ, IRL Oto15 Can be set in interrupt priority registers A to L

On-chip peripheral module (IPRAto IPRL)

5.4.3 Interrupt Exception Handling

When an interrupt occurs, its priority is determined by the interrupt controller (INTC). NMI is
always accepted, but other interrupts are only accepted if their priority level is higher than the
priority level set in the interrupt mask bits (I3 to 10) in the status register (SR).

When an interrupt is accepted, interrupt exception handling is started. In interrupt exception
handling, the CPU saves SR and the program counter (PC) on the stack and writes the priority
level of the accepted interrupt to bits I3 to 10 in SR. In the case of NMI, however, although its
priority level is 16, H'F (level 15) is written to bits I3 to I0. Next, the CPU fetches the exception
service routine start address from the exception vector table entry corresponding to the accepted
interrupt, jumps to that address, and starts executing the exception service routine. For details of
interrupt exception handling, see section 6.4, Operation.

Rev. 5.00 Sep 11, 2006 page 170 of 916
REJ09B0332-0500

RENESAS



Section 5 Exception Handling

5.5 Instruction Exceptions

5.5.1 Types of Instruction Exception

There are three kinds of instruction that can initiate exception handling: the TRAP instruction, slot
illegal instructions, and general illegal instructions, These are summarized in table 5.8.

Table 5.8  Instruction Exception Types

Type Source Instructions Notes
Trap instruction TRAPA
Slot illegal instruction Undefined code or instruction Delayed branch instructions:
that modifies PC located JMP, JSR, BRA, BSR, RTS, RTE,

immediately after delayed BF/S, BT/S, BSRF, BRAF

branch instruction (in delay |nsryctions that modify PC:
slot) JMP, JSR, BRA, BSR, RTS, RTE, BT,
BF, TRAPA, BF/S, BT/S, BSRF, BRAF

General illegal Undefined code other than in
instruction delay slot

5.5.2 Trap Instruction

When a TRAPA instruction is executed, trap instruction exception handling is started. The CPU
operates as follows.

1. The status register (SR) is saved on the stack.

2. The program counter (PC) is saved on the stack. The PC value saved is the start address of the
instruction following the trap instruction.

3. The exception service routine start address is fetched from the exception vector table entry
corresponding to the vector number specified by the TRAPA instruction, a jump is made to
that address, and program execution starts from that point. The jump in this case is not a
delayed branch.
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5.5.3 Slot Illegal Instructions

An instruction located immediately after a delayed branch instruction is said to be located in the
delay slot. If the instruction in the delay slot is undefined code, slot illegal instruction exception
handling is started when that undefined code is decoded. Also, if the instruction in the delay slot is
one that modifies the program counter (PC), slot illegal instruction exception handling is started
when that instruction is decoded. CPU operations in slot illegal instruction exception handling are
as follows.

1. The status register (SR) is saved on the stack.

2. The program counter (PC) is saved on the stack. The PC value saved is the jump destination
address of the delayed branch instruction immediately preceding the undefined code or PC-
modifying instruction.

3. The exception service routine start address is fetched from the exception vector table entry
corresponding to the generated exception, a jump is made to that address, and program
execution starts from that point. The jump in this case is not a delayed branch.

554 General Illegal Instructions

When undefined code located other than immediately after a delayed branch instruction (in a delay
slot) is decoded, general illegal instruction exception handling is started. The CPU follows the
same procedure as in the case of slot illegal instruction exception handling, except that the
program counter (PC) value saved is the start address of the undefined code.
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5.6 Cases in Which Exceptions Are Not Accepted

There are cases, as shown in table 5.9, in which, if an address error or interrupt occurs after a
delayed branch instruction or an interrupt for which interruption is prohibited, the exception is not
accepted immediately, but is held pending. In such cases, the address error or interrupt will be
accepted when an instruction for which exception acceptance is permitted is decoded.

Table 5.9  Exception Occurrence: Special Cases

Exception Source

Point of Occurrence Address Error Interrupt
Immediately after a delayed branch instruction™’ Not accepted Not accepted
Imm(.aqiate*lz/ after an instruction for which interruption is Accepted Not accepted
prohibited

Repeat loop comprising up to three instructions Not accepted Not accepted

(instruction fetch cycle not generated)

First instruction or last three instructions in a repeat loop
containing four or more instructions

Fourth from last instruction in a repeat loop containing Accepted Not accepted
four or more instructions

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

2. Instructions for which interruption is prohibited: LDC, LDC.L, STC, STC.L, LDS, LDS.L,
STS, STS.L

5.6.1 After a Delayed Branch Instruction

When an instruction located immediately after a delayed branch instruction (i.e. in the delay slot)
is decoded, neither an address error nor an interrupt is accepted. As a delayed branch instruction
and the instruction located immediately after it (in the delay slot) are always executed
consecutively, exception handling is not initiated during this period.

5.6.2 After an Instruction for Which Interruption Is Prohibited

When the instruction immediately following an instruction for which interruption is prohibited is
decoded, an interrupt is not accepted. However, an address error exception is accepted.
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5.6.3 Instructions in Repeat Loops

If a repeat loop comprises up to three instructions, neither exceptions nor interrupts are accepted.
If a repeat loop contains four or more instructions, neither exceptions nor interrupts are accepted
during the execution cycle of the first instruction or the last three instructions. If a repeat loop
contains four or more instructions, address errors only are accepted during the execution cycle of
the fourth from last instruction. For more information, see the SH-1/SH-2/SH-DSP Software
Manual.

A. Allinterrupts and address errors are accepted.
B. Address errors only are accepted.
C. No interrupts or address errors are accepted.

When RC > = 1;
Operation depends on the number of instructions in the repeat loop, as follows.

1. One instruction 2. Two instructions 3. Three instructions
) < A ) < A ) < A
|nstr0<_B |nstr0<_'3 |nstrOHB
Start (End): instrl‘_ c Start:instrl{_ c Start:instrl(_ c
|nstr2‘_ A End: fnstrz‘_ c fnstrz(_ c
|nstr3‘_ A End: !nstr3h c
|nstr4H A
4. Four instructions 5. Five or more instructions
_ - A , - A
instrO — AorCH instrO — AorC*2
Start: instrl Start: instrl
. -~ B . - A
!nstr2 - :
fnstrS - A
End: ?nstr4 . fnstr n-3k B
instr5 C A !nstr n-2<_ c
.?nstr n-lh c
End: fnstr n . c
instr n+1<_ A

Notes: 1. On return from instr 4
2. On return from instr n

When RC = 0;
All interrupts and address errors are accepted.

Figure 5.1 Restrictions on Interrupt Acceptance in Repeat Mode
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5.7 Stack Status after Exception Handling

Table 5.10 shows the stack after completion of exception handling.

Table 5.10 Stack Status after Exception Handling

Type Stack Status
Address error -~ —
Address of instruction .
SP» following executed instruction 32 bits
SR 32 bits
TRAP instruction -~ —
Address of instruction .
SP > following TRAPA instruction 32 bits
SR 32 hits
General illegal instruction T oy
Start address of illegal .
SP 2 instruction 32 hits
SR 32 bits
Interrupt -+~ —~
Address of instruction .
SP > following executed instruction 32 bits
SR 32 bits
Slot illegal instruction -~ —
Jump destination address .
SP» of delayed branch instruction 32 bits
SR 32 bits
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5.8 Usage Notes

5.8.1 Stack Pointer (SP) Value

Ensure that the stack pointer (SP) value is a multiple of 4. If it is not, an address error will be
caused when the stack is accessed in exception handling.

5.8.2 Vector Base Register (VBR) Value

Ensure that the vector base register (VBR) value is a multiple of 4. If it is not, an address error will
be caused when the stack is accessed in exception handling.

5.8.3 Address Errors Occurring in Address Error Exception Handling Stacking

If the stack pointer (SP) value is not a multiple of 4, an address error will occur in exception
handling (interrupt, etc.) stacking, and after the exception handling is completed, address error
exception handling will be started. An address error will also occur in stacking in the address error
exception handling, but this address error will not be accepted in order to prevent endless stacking
due to address errors. This enables program control to be switched to the address error exception
service routine, and error handling to be carried out.

When an address error occurs in exception handling stacking, the stacking bus cycle (write) is
executed. In status register (SR) and program counter (PC) stacking, SP is decremented by 4 in
each case, and therefore the SP value is not a multiple of 4 after stacking is completed. Also, the
address value output in stacking is the SP value, and the actual address at which the error occurred
is output. In this case, the stacked write data is undefined.
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6.1

Section 6 Interrupt Controller (INTC)

Overview

The interrupt 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 handle interrupt requests according to a user-set priority order.

6.1.1 Features

The INTC has the following features.

Two external interrupt modes
0 IRQ mode

Eight external signals comprise independent interrupt sources (IRQ7 to IRQO). Each
interrupt source has an interrupt vector, and can be assigned a priority level.

O IRL mode

Four external interrupt signals (IRQ3 to IRQO) can be assigned a priority level from 1 to
15. External interrupt signals IRQ4 to IRQ7 function as independent interrupt sources.

16 interrupt priority levels

Using 12 interrupt priority registers, one of 15 priority levels can be assigned to each IRQ
interrupt and on-chip peripheral module interrupt source. Priority level 16 is automatically
assigned to the NMI interrupt.

NMI noise canceler function

An NMI input level bit is provided to indicate the NMI pin state. The pin state can be checked
by reading this bit in the interrupt exception service routine, enabling it to be used as a noise
canceler.

Interrupt occurrence can be reported externally (IRQOUT pin)

When the SH7065 has released the bus, for example, this function can be used to report
interrupt generation to an external bus master, and request the bus.
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6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the INTC.

IRQOUT = i
NMI ———» i
IRQ7-IRQ0 ——» > i
: o g Com- E
control parator | Interrupt
: : request
5 5 :
: i kS E SR
| g ; I3[12]11]IO]
UBC | L™ 1
DMAC — > ﬁ CcPU
TPU — > > :
CMT — > 5 5
scl — > & i
WDT — > 5
BSC — > E
A/D — > ;
MMT —; > ;
POE (1/0) — > 5
i ' ! e
5 IPR_j 5
ISR | -
5 IPRA-IPRL 5
; A A E
<V Module bus 4 . intgrl::lce E:}élpheral
S AGhECC L TR TR LEEE L P LR LR LRI R P PR LR L INTC----
Legend:
UBC: User break controller A/D: A/D converter
DMAC: Direct memory access controller ~ MMT: Motor management timer
TPU:  Timer pulse unit ICR1, ICR2: Interrupt control registers 1 and 2
CMT: Compare match timer ISR: IRQ status register
SClI: Serial communication interface IPRA to IPRL: Interrupt priority registers Ato L
WDT: Watchdog timer SR: Status register
BSC: Bus state controller POE (1/O): Port output enable

(DRAM refresh control unit)

Figure 6.1 Block Diagram of INTC
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6.1.3 Pin Configuration
Table 6.1 shows the INTC pin configuration.

Table 6.1 INTC Pins

Pin Name /10 Function

NMI Input Input of nonmaskable interrupt request signal
IRQ7-IRQ0 Input Input of maskable interrupt request signals

IRQOUT Output Output of signal indicating interrupt source occurrence

6.1.4 Register Configuration

The INTC has the 15 registers shown in table 6.2. The functions of these registers include interrupt
priority level setting and control of external interrupt input signal detection.

Table 6.2  INTC Registers

Name Abbreviation R/W Initial Value Address Access Size
Interrupt priority register A IPRA R/W H'0000 H'FFFF 1050 8, 16, 32
Interrupt priority register B IPRB R/W H'0000 H'FFFF 1052 8, 16, 32
Interrupt priority register C IPRC R/W H'0000 H'FFFF 1054 8, 16, 32
Interrupt priority register D IPRD R/W H'0000 H'FFFF 1056 8, 16, 32
Interrupt priority register E IPRE R/W H'0000 H'FFFF 1058 8, 16, 32
Interrupt priority register F IPRF R/W H'0000 H'FFFF 105A 8, 16, 32
Interrupt priority register G IPRG R/W H'0000 H'FFFF 105C 8, 16, 32
Interrupt priority register H  IPRH R/W H'0000 H'FFFF 105E 8, 16, 32
Interrupt priority register | IPRI R/W H'0000 H'FFFF 1060 8, 16, 32
Interrupt priority register J IPRJ R/W H'0000 H'FFFF 1062 8, 16, 32
Interrupt priority register K IPRK R/W H'0000 H'FFFF 1064 8, 16, 32
Interrupt priority register L IPRL R/W H'0000 H'FFFF 1066 8, 16, 32
Interrupt control register 1 ICR1 R/W *1 H'FFFF 106E 8, 16, 32
Interrupt control register 2 ICR2 R/W H'0000 H'FFFF 1070 8, 16, 32
IRQ status register ISR R/(W)”‘2 H'0000 H'FFFF 1072 8, 16, 32

Notes: 1. Bit 15 (NMIL) indicates the level of the signal being input to the NMI pin. For details, see
section 6.3.2, Interrupt Control Register 1 (ICR1).

2. See section 6.3.4, IRQ Status Register (ISR), for details.
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6.2 Interrupt Sources

There are four types of interrupt sources: NMI, user break, IRQ/IRL, and on-chip peripheral
modules. Each interrupt has a priority level (0 to 16), with level 0 as the lowest and level 16 as the
highest. If level 0 is set, the interrupt is masked.

6.2.1 NMI Interrupt

The NMI interrupt has the highest priority level of 16, and is always accepted. Input from the NMI
pin is edge-detected. The NMI edge select bit (NMIE) in the interrupt control register 1 (ICR1) is
used to select either rising or falling edge detection.

NMI interrupt exception handling sets the interrupt mask bits (I3 to 10) in the status register (SR)
to 15. The NMI pin level is set in the NMIL bit in the interrupt control register 1 (ICR1). Interrupt
requests resulting from erroneous edge detection due to noise can be avoided by referencing the
NMIL bit in the interrupt exception service routine.

6.2.2 User Break Interrupt

The user break interrupt is requested when a break condition set in the user break controller (UBC)
occurs. Its priority level is 15. A user break interrupt is edge-detected, and is retained until
acknowledged. User break exception handling sets the interrupt mask bits (I3 to 10) in the status
register (SR) to 15. For details of user breaks, see section 7, User Break Controller (UBC).

6.2.3 External Interrupts

IRQ interrupt mode (initial setting) or IRL interrupt mode can be selected for external interrupts.
The selection is made with the EXIMD bit in interrupt control register 1 (ICR1).

IRQ Interrupts

IRQ interrupts correspond to pins IRL7 to IRLO. Low-level detection or falling edge detection can
be selected independently for each pin with the IRQ sense select bits (IRQ7S to IRQOS) in the
interrupt control register 2 (ICR2), and a priority level of 0 to 15 can be selected independently for
each pin by means of interrupt priority registers A and B. IRQ interrupt exception handling sets
the interrupt mask bits (I3 to 10) in SR to the priority level of the accepted IRQ interrupt.

Rev. 5.00 Sep 11, 2006 page 180 of 916
REJ09B0332-0500
RENESAS



Section 6 Interrupt Controller (INTC)

IRL Interrupts

IRL interrupts are requested by input at external pins IRQ3 to IRQO. Fifteen interrupts, IRL15 to
IRL1, can be input from an external source by means of pins IRQ3 to IRQO. Interrupts IRL15 to
IRL1 have priority levels of 15 to 1, respectively, and are assigned vector numbers 79 to 64. In
IRL interrupt mode, external interrupts IRQ4 to IRQ7 are independent interrupt sources. The
priority levels of IRQ4 to IRQ7 can be set in interrupt priority register B (IPRB), as in IRQ
interrupt mode. (An example of interrupt connection is shown in figure 6.2.)

Table 6.3  IRL Interrupt Priority Levels and Vector Numbers

Signals
Interrupt IRQ3 IRQ2 IRQ1 IRQO Priority Level Vector Number
IRL15 0 0 0 0 15 79
IRL14 0 0 0 1 14 78
IRL13 0 0 1 0 13 77
IRL12 0 0 1 1 12 76
IRL11 0 1 0 0 11 75
IRL10 0 1 0 1 10 74
IRL9 0 1 1 0 9 73
IRL8 0 1 1 1 8 72
IRL7 1 0 0 0 7 7
IRL6 1 0 0 1 6 70
IRL5 1 0 1 0 5 69
IRL4 1 0 1 1 4 68
IRL3 1 1 0 0 3 67
IRL2 1 1 0 1 2 66
IRLA1 1 1 1 0 1 65
O 1 1 1 1 0 (no interrupt) 64
Interrupt :: Priority 4 .| sH7065
requests : encoder RO3_IRQ0 "

Figure 6.2 Example of IRL Mode Interrupt Connection
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6.2.4 On-Chip Peripheral Module Interrupts
On-chip peripheral module interrupts are generated by the following modules:

» Direct memory access controller (DMAC)
*  Watchdog timer (WDT)

e Bus state controller (BSC)

e Timer pulse unit (TPU)

e Serial communication interface (SCT)

* Compare match timer (CMT)

*  Motor management timer (MMT)

* A/D converter (A/D)

* Port output enable (POE (I/O))

As a different vector number is assigned to each source, it is not necessary to determine the source
in the exception service routine. A priority level in the range 0 to 15 can be set for each module
with interrupt priority registers E to L (IPRE to IPRL). In on-chip peripheral module interrupt
exception handling, the interrupt mask bits (I3 to 10) in the status register (SR) are set to the
priority level of the accepted on-chip peripheral module interrupt.

6.2.5 Interrupt Exception Vectors and Priority Order

Tables 6.4 to 6.6 show interrupt sources, vector numbers, vector table addresses, and default
interrupt priorities.

Each interrupt source is assigned a different vector number and vector table address offset. The
vector table address is calculated from the vector number and vector table address offset. In
interrupt exception handling, the start address of the exception service routine is fetched from the
vector table entry indicated by this vector table address. For the method of calculating the vector
table address, see table 5.4, Exception Vector Table Address Calculation, in section 5, Exception
Handling.

In IRQ mode, an interrupt priority level of 0 to 15 can be assigned to the IRQ interrupts using
interrupt priority registers A and B (IPRA, IPRB).

In IRL mode, IRL interrupts IRL15 to IRL1 are assigned interrupt priority levels 15 to 1,
respectively. The vectors shown in tables 6.3 to 6.5 can be used for the vector numbers of IRQ and
IRL interrupts.
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The priority of on-chip peripheral module interrupts can be set to any level from 0 to 15 for each
module using interrupt priority registers E to L (IPRE to IPRL). The “Priority within IPR Setting”
column in table 6.6 shows the relative priority of interrupts sharing the same IPR field. This
priority order cannot be changed. In a power-on reset, IRQ interrupts and on-chip peripheral
module interrupts are set to priority level 0. If two or more interrupt sources assigned the same
priority level occur simultaneously, they are handled according to the default priority order shown

in tables 6.4 to 6.6.
Table 6.4 IRQ Mode Interrupt Exception Vectors and Priority Order

Interrupt Vector
Interrupt Priority IPR Vector Vector Default
Source (Initial Value) (Bit Numbers)  Number Table Offset Priority
NMI 16 — 12 H'0000 0030 High
User break 15 — 13 H'0000 0034 +
IRQO 0-15 (0) IPRA (15-12) 64 H'0000 0100
IRQ1 0-15 (0) IPRA (11-8) 65 H'0000 0104
IRQ2 0-15 (0) IPRA (7-4) 66 H'0000 0108
IRQ3 0-15 (0) IPRA (3-0) 67 H'0000 010C
IRQ4 0-15 (0) IPRB (15-12) 80 H'0000 0140
IRQ5 0-15 (0) IPRB (11-8) 81 H'0000 0144
IRQ6 0-15 (0) IPRB (7-4) 82 H'0000 0148 v
IRQ7 0-15 (0) IPRB (3-0) 83 H'0000 014C Low
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Table 6.5 IRL Mode Interrupt Exception Vectors and Priority Order
Interrupt Vector
Interrupt Priority IPR Vector Vector Default
Source (Initial Value) (Bit Numbers)  Number Table Offset Priority
NMI 16 — 12 H'0000 0030 High
User break 15 — 13 H'0000 0034 +
IRL15 15 — 79 H'0000 013C
IRL14 14 — 78 H'0000 0138
IRL13 13 — 77 H'0000 0134
IRL12 12 — 76 H'0000 0130
IRL11 11 — 75 H'0000 012C
IRL10 10 — 74 H'0000 0128
IRL9 9 — 73 H'0000 0124
IRL8 8 — 72 H'0000 0120
IRL7 7 — 71 H'0000 011C
IRL6 6 — 70 H'0000 0118
IRL5 5 — 69 H'0000 0114
IRL4 4 — 68 H'0000 0110
IRL3 3 — 67 H'0000 010C
IRL2 2 — 66 H'0000 0108 v
IRL1 1 — 65 H'0000 0104 Low
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Table 6.6  On-Chip Peripheral Module Interrupt Exception Vectors and Priority Order

Interrupt
Priority IPR Priority
(Initial (Bit within IPR Vector Vector Default
Interrupt Source Value) Numbers) Setting Number Table Offset Priority
DMACO DEIO 0-15(0) IPRE (15-12) — 128 H'0000 0200 High
DMACA1 DEI1 0-15(0) IPRE(11-8) — 129 H'0000 0204 4
DMAC2 DEI2 0-15(0) IPRE(7—4) — 130 H'0000 0208
DMAC3 DEI3 0-15(0) IPRE(3-0) — 131 H'0000 020C
Reserved 0-15(0) IPRF (15-12) — 132 H'0000 0210
0-15(0) IPRF (11-8) — 133 H'0000 0214
0-15(0) IPRF (7-4) — 134 H'0000 0218
0-15(0) IPRF (3-0) — 135 H'0000 021C
BSC CMI 0-15(0) IPRG (15-12) — 136 H'0000 0220
ovi 0-15(0) IPRG (11-8) — 137 H'0000 0224
WDT ITI 0-15(0) IPRG (74) — 138 H'0000 0228
Reserved 0-15(0) IPRG(3-0) — 139 H'0000 022C
TPUO TGIOA 0-15(0) IPRH (15-12) High 140 H'0000 0230
TGIOB 141 H'0000 0234
TGIOC I 142 H'0000 0238
TGIOD Low 143 H'0000 023C
TCIOV 0-15(0) IPRH (11-8) High 144 H'0000 0240
Reserved 145 H'0000 0244
Reserved 146 H'0000 0248
Reserved Low 147 H'0000 024C
TPU1 TGHA 0-15(0) IPRH (7-4) High 148 H'0000 0250
TGI1B 149 H'0000 0254
Reserved 150 H'0000 0258
Reserved Low 151 H'0000 025C
TCIMV 0-15(0) IPRH (3-0) High 152 H'0000 0260
TCI1U 153 H'0000 0264
Reserved I 154 H'0000 0268 v
Reserved Low 155 H'0000 026C Low
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Interrupt
Priority IPR Priority
(Initial (Bit within IPR Vector Vector Default
Interrupt Source Value) Numbers) Setting Number Table Offset Priority
TPU2 TGI2A 0-15(0) IPRI(15-12) High 156 H'0000 0270 High
TGI2B 157 H'0000 0274 4
Reserved I 158 H'0000 0278
Reserved Low 159 H'0000 027C
TCI2V 0-15(0) IPRI(11-8) High 160 H'0000 0280
TCI2U 161 H'0000 0284
Reserved 162 H'0000 0288
Reserved Low 163 H'0000 028C
TPU3 TGI3A 0-15(0) IPRI (7-4) High 164 H'0000 0290
TGI3B I 165 H'0000 0294
TGI3C 166 H'0000 0298
TGI3D Low 167 H'0000 029C
TCI3V 0-15(0) IPRI (3-0) High 168 H'0000 02A0
Reserved 169 H'0000 02A4
Reserved 170 H'0000 02A8
Reserved Low 171 H'0000 02AC
TPU4 TGI4A 0-15(0) IPRJ(15-12) High 172 H'0000 02B0
TGI4B 173 H'0000 02B4
Reserved 174 H'0000 02B8
Reserved Low 175 H'0000 02BC
TCl4V 0-15(0) IPRJ(11-8)  High 176 H'0000 02C0
TCl4U 177 H'0000 02C4
Reserved I 178 H'0000 02C8 v
Reserved Low 179 H'0000 02CC Low
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Interrupt
Priority IPR Priority
(Initial (Bit within IPR Vector Vector Default
Interrupt Source Value) Numbers) Setting Number Table Offset Priority
TPUS TGI5A 0-15(0) IPRJ (7-4) High 180 H'0000 02D0 High
TGI5B 181 H0000 02D4 4
Reserved I 182 H'0000 02D8
Reserved Low 183 H'0000 02DC
TCISV 0-15(0) IPRJ (3-0) High 184 H'0000 02EOQ
TCI5U 185 H'0000 02E4
Reserved 186 H'0000 02E8
Reserved Low 187 H'0000 02EC
SCI0 ERIO 0-15(0) IPRK (15-12) High 188 H'0000 02F0
RXI0 189 H'0000 02F4
TXIO I 190 H'0000 02F8
TEIO Low 191 H'0000 02FC
SCH ERIM 0-15(0) IPRK(11-8) High 192 H'0000 0300
RXI1 193 H'0000 0304
XN I 194 H'0000 0308
TEN Low 195 H'0000 030C
SCI2 ERI2 0-15(0) IPRK (7-4) High 196 H'0000 0310
RXI2 197 H'0000 0314
TXI2 198 H'0000 0318
TEI2 Low 199 H'0000 031C
Reserved Reserved 0-15(0) IPRK (3-0) High 200 H'0000 0320
Reserved I 201 H'0000 0324
Reserved 202 H'0000 0328
Reserved Low 203 H'0000 032C
CMT CMIO 0-15(0) IPRL (15-12) High 204 H'0000 0330
CMI1 205 H'0000 0334
Reserved I 206 H'0000 0338 v
Reserved Low 207 H'0000 033C Low
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Interrupt
Priority IPR Priority
(Initial (Bit within IPR Vector Vector Default
Interrupt Source Value) Numbers) Setting Number Table Offset Priority
A/D ADIO 0-15(0) IPRL (11-8) High 208 H'0000 0340 High
ADI1 209 H0000 0344 1
Reserved I 210 H'0000 0348
Reserved Low 21 H'0000 034C
MMT TGIM 0-15(0) IPRL (7-4) High 212 H'0000 0350
TGIN 213 H'0000 0354
Reserved I 214 H'0000 0358
Reserved Low 215 H'0000 035C
POE (I/0) OEl 0-15(0) IPRL (3-0) High 216 H'0000 0360
Reserved 217 H'0000 0364
Reserved 218 H'0000 0368 ¢
Reserved Low 219 H'0000 036C Low

6.3 Register Descriptions

6.3.1 Interrupt Priority Registers A to L (IPRA to IPRL)

Bit: 15 14 13 12 11 10 9 8

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

Bit: 7 6 5 4 3 2 1 0

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

Interrupt priority registers A to L (IPRA to IPRL) are 16-bit readable/writable registers that set
priority levels from 0 to 15 for IRQ interrupts and on-chip peripheral module interrupts. Table 6.7
shows the relationship between the interrupt request sources and bits in registers IPRA to IPRL.
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Table 6.7 Interrupt Request Sources and Registers IPRA to IPRL

Bits
Register 15-12 11-8 7-4 3-0
Interrupt priority register A IRQO IRQT IRQ2 IRQ3
Interrupt priority register B IRQ4 IRQ5 IRQ6 IRQ7
Interrupt priority register C Reserved Reserved Reserved Reserved
Interrupt priority register D Reserved Reserved Reserved Reserved
Interrupt priority register E DMACO DMACA1 DMAC2 DMAC3
Interrupt priority register F Reserved Reserved Reserved Reserved
Interrupt priority register G BSC BSC WDT Reserved
Interrupt priority register H TPUO TPUO TPU1 TPU1
Interrupt priority register | TPU2 TPU2 TPU3 TPU3
Interrupt priority register J TPU4 TPU4 TPUS TPUS
Interrupt priority register K SCI0 SCH SCI2 Reserved
Interrupt priority register L CMT A/D MMT POE (I/0)

Four IRQ pins or four on-chip peripheral modules are assigned to one register. Interrupt priority
levels are established by setting a value from H'0 (0000) to H'F (1111) in each of the four-bit
groups: 15to 12, 11 to 8, 7 to 4, and 3 to 0. Setting H'0 designates priority level 0 (the lowest
level), and setting H'F designates priority level 15 (the highest level).

Registers IPRA to IPRL are initialized to H'0000 by a power-on reset. They are not initialized in
standby mode. Reserved bits are always read as 0, and should only be written with 0.
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6.3.2 Interrupt Control Register 1 (ICR1)

Bitt 15 14 13 12 11 10 8
\ NMIL* \ — — — — ‘EXIMD‘ \ NMIE \

Initial value: — 0 0 0 0 0 0
RIW: R — — — — RIW RIW

Bit: 7 6 5 4 3 2 0
=Tl -[-[-T-]-1-]

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

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

Interrupt control register 1 (ICR1) is a 16-bit register that sets the input signal detection mode for
external interrupt input pins NMI and IRQ7 to IRQO, and indicates the input level at the NMI pin.

ICR1 is initialized to H'0000 or H'8000 by a power-on reset. It is not initialized in standby mode.

Bit 15—NMI Input Level (NMIL): The level of the signal input to the NMI pin is set in this bit.
This bit can be read to determine the NMI pin level. It cannot be modified.

Bit 15: NMIL

Description

0

NMI pin input level is low

1

NMI pin input level is high

Bits 14 to 11—Reserved: These bits are always read as 0 and cannot be modified.

Bit 10—External Interrupt Vector Mode Select (EXIMD): This bit selects IRQ mode or IRL
mode. In IRQ mode, each of signals IRQ7 to IRQO functions as a separate interrupt source. In IRL
mode, signals IRQ3 to IRQO specify an interrupt priority level from 1 to 15, and each of signals
IRQ7 to IRQ4 functions as a separate interrupt source.

Bit 10: EXIMD Description
0 IRQ mode (Initial value)
1 IRL mode

Bit 9—Reserved: This bit is always read as 0 and cannot be modified.
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Bit 8—NMI Edge Select (NMIE): Specifies whether an interrupt request is detected at the falling
or rising edge of NMI input.

Bit 8: NMIE Description
0 Interrupt request detected at falling edge of NMI input (Initial value)
1 Interrupt request detected at rising edge of NMI input

Bits 7 to 0—Reserved: These bits are always read as 0 and cannot be modified.

6.3.3 Interrupt Control Register 2 (ICR2)

Bitt 15 14 13 12 11 10 9 8
-l -l -1=-1T-1=-7T-=-1="1]
Initial value: 0 0 0 0 0 0 0 0
RW:  — — — — — — — —
Bit: 7 6 5 4 3 2 1 0
\ IRQ7S \ IRQ6S \ IRQ5S \ IRQ4S \ IRQ3S \ IRQ2S \ IRQ1S \ IRQOS \
Initial value: 0 0 0 0 0 0 0 0

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

Interrupt control register 2 (ICR2) is a 16-bit register that sets the input signal detection mode for
IRQ7 to IRQO.

ICR?2 is initialized to H'0000 by a power-on reset. It is not initialized in standby mode.
Bits 15 to 8—Reserved: These bits are always read as 0 and cannot be modified.

Bits 7 to 0—IRQ7 to IRQO0 Sense Select (IRQ7S to IRQO0S): These bits set the IRQ detection
mode for IRQ7 to IRQO interrupt requests.

Bits 7 to 0:

IRQ7S to IRQO0S Description

0 Interrupt request detected at low level of IRQ input (Initial value)
1 Interrupt request detected at falling edge of IRQ input
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6.3.4 IRQ Status Register (ISR)

Bitt 15 14 13 12 11 10 9 8
-l -l -1=-1T-1=-7T-=-1="1]
Initial value: 0 0 0 0 0 0 0 0
R/W: — — — — — — — —
Bit: 7 6 5 4 3 2 1 0
\ IRQ7F \ IRQ6F \ IRQ5F \ IRQ4F \ IRQ3F \ IRQ2F \ IRQ1F \ IRQOF \
Initial value: 0 0 0 0 0 0 0 0

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

The IRQ status register (ISR) is a 16-bit register that indicates the interrupt request status of
external interrupt input pins IRQ7 to IRQO. When edge detection is set for an IRQ interrupt, an
interrupt request being retained can be cleared by reading IRQnF while set to 1 and then writing 0
to IRQnF.

ISR is initialized to H'0000 by a power-on reset. It is not initialized in standby mode.
Bits 15 to 8—Reserved: These bits are always read as 0 and cannot be modified.

Bits 7 to 0—IRQO0 to IRQ7 Flags (IRQOF to IRQ7F): These bits indicate the IRQ7 to IRQO
interrupt request status.
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Bits 7 to 0:
IRQOF to IRQ7F  Detection Setting

Description

0 Level detection

There is no IRQn interrupt request
[Clearing condition]
When IRQn input is high

Edge detection

An IRQn interrupt request has not been detected
[Clearing conditions]

e When 0 is written to IRQnF after reading IRQnF = 1
* When IRQn interrupt exception handling is executed

1 Level detection

There is no IRQn interrupt request
[Setting condition]
When IRQn input is low

Edge detection

An IRQn interrupt request has been detected
[Setting condition]

When a falling edge occurs in IRQn input

The edge detection circuit operates at all times, even when level detection is set. Note, therefore,
that IRQnF may be set when a switch is made to edge detection after level detection operation. To
cancel an interrupt request (clear IRQnF) when using edge detection, read IRQnF and then write 0
to it. Figure 6.3 shows the interrupt control circuit.

ISR.IRQNF
IRQNS
(O: level,
1: edge)
. Level * CPU
'RQ pin detection . interrupt
Selection request
Edge S N q
detection S Q
RESIRQn R

(IRQn interrupt acceptance/IRQnF = 0 write after IRQnF = 1 read)

Figure 6.3 External Interrupt Process
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6.4 Operation

6.4.1 Interrupt Operation Sequence

The sequence of operations when an interrupt is requested is described below. Figure 6.4 shows a
flowchart of the operations.

1. Interrupt request sources send interrupt request signals to the interrupt controller.

2. The interrupt controller selects the highest-priority interrupt from the interrupt requests sent,
according to the priority levels set in interrupt priority registers A to L (IPRA to IPRL).
Lower-priority interrupts are ignored™. If two of these interrupts have the same priority level,
or if multiple interrupts occur within the same module, the interrupt with the highest priority
according to the “Default Priority” and “Priority within IPR Setting” entries in table 6.6 is
selected. An ignored interrupt is accepted after completion of the higher-level interrupt
handling, or can be cleared before the end of the higher-level interrupt handling.

3. The priority level of the interrupt selected by the interrupt controller is compared with the
interrupt mask bits (I3 to 10) in the CPU’s status register (SR). An interrupt with a priority
level equal to or lower than that set in bits I3 to 10 will be ignored. If the interrupt priority level
is higher that the level in bits I3 to 10, the interrupt controller accepts the interrupt and sends an
interrupt request signal to the CPU.

4. When the interrupt controller accepts an interrupt, a low-level signal is output from the
IRQOUT pin.

5. The interrupt request sent from the interrupt controller is detected when the instruction about to
be executed by the CPU is decoded, and execution of that instruction is replaced by interrupt
exception handling (see figure 6.5).

6. The status register (SR) and program counter (PC) are saved to the stack.
7. The priority level of the accepted interrupt is written to bits I3 to 10 in SR.

8. If the accepted interrupt is level-detected, or is from an on-chip peripheral module, a high-level
signal is output from the IRQOUT pin. If the accepted interrupt is edge-detected, a high-level
signal is output from the IRQOUT pin at the point at which the instruction about to be
executed by the CPU is replaced by interrupt exception handling in (5). However, if the
interrupt controller accepts another interrupt of a higher level than the interrupt in the process
of being accepted, the IRQOUT pin remains low.

9. The start address of the exception service routine is fetched form the exception vector table
entry corresponding to the accepted interrupt, a jump is made to that address, and program
execution starts from that point. The jump in this case is not a delayed branch.

Note: * An interrupt request for which edge detection has been set will be held pending until it

can be acknowledged. However, an IRQ interrupt can be cleared by accessing the IRQ
status register (ISR). For details, see section 6.2.3, External Interrupts.

Rev. 5.00 Sep 11, 2006 page 194 of 916
REJ09B0332-0500

RENESAS



Section 6 Interrupt Controller (INTC)

* A

Program execution state

Interrupt
generated?

User break?

Level 15
interrupt?

Level 1
interrupt?

1I3to 10 =
level 0?

\ 4

| TRQOUT = low -
v

| Save SR to stack |

(]

| Save PC to stack |

Copy interrupt level
to 13to 10

| Read vector number |

[ iRaouT=high |?

vector table

]

Branch to exception
service routine

| Read exception |

Notes: I3 to 10: Interrupt mask bits in the CPU's status register (SR).

1. IRQOUT is the same signal as the interrupt request signal sent to the CPU (see figure 6.1), and so is output in the
event of an interrupt request with a higher priority level than that set in bits I3 to 10 in SR.

2. |If the accepted interrupt is edge-detected, IRQOUT goes high at the point at which the instruction about to be
executed by the CPU is replaced by interrupt exception handling (before SR is saved to the stack). If the interrupt
controller is accepting another interrupt with a higher priority level and an interrupt request is being output to the
CPU, the IRQOUT pin remains low.

Figure 6.4 Interrupt Operation Flowchart
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6.4.2 Interrupt Response Time

The time from generation of an interrupt request until interrupt exception handling is performed
and fetching of the first instruction of the exception service routine is started (the interrupt
response time) is shown in table 6.8. Figure 6.5 shows an example of pipeline operation when an
IRQ interrupt is accepted.

Table 6.8 Interrupt Response Time

Number of States

NMI, peripheral

Item Modules IRQ Notes

Time for priority 2 3

decision and SR

mask bit comparison

Wait time until end X (=0) X (=0) The longest sequence

of sequence being
executed by CPU

is for interrupt or
address error exception
handling (X=4+m1 +
m2 + m3 + m4).
However, the sequence
may be even longer if
an interrupt-masking
instruction follows.

Time from interrupt 5+m1+m2+m3
exception handling

until fetch of first

instruction of exception
service routine is

5+m1+m2+m3

SR and PC save and
vector address fetch
are performed.

started

Response Total 7+m1+m2+m3 8+m1+m2+m3

time Minimum 10 11 At 60-MHz operation:
case 0.17 t0 0.18 ps
Maximum 11+2 M1+ m2+m3) 12+2 (m1+m2+ m3) At60-MHz operation:

case +m4

+m4

0.30 to 0.32 ps™

Legend: m1 to m4 are the number of states required for the following memory accesses.

m1:
m2:
m3:
m4:

SR save (longword write)
PC save (longword write)

Vector address read (longword read)
Fetch of first instruction of interrupt service routine

Note: * Whenm1=m2=m3=m4 =1
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Interrupt acceptance

5+ml+m2+m3

3 imlim2: 1 m3:1
- - -

IRQ

Instruction (instruction replaced

by interrupt exception handling) FIP/E|[EMM|EIM]EE

Overrun fetch F

service routine

First instruction of interrupt F D| E

Legend:
F: Instruction fetch -+ Instruction is fetched from memory in which program is stored.
D: Instruction decode - Fetched instruction is decoded.

E: Instruction execution --- Data operation and address calculation are performed in
accordance with result of decoding.
M: Memory access -« Memory data access is performed.

Figure 6.5 Example of Pipeline Operations when IRQ Interrupt is Accepted
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6.4.3 Stack Status after Interrupt Exception Handling

Figure 6.6 shows the stack after completion of interrupt exception handling.

N N

N—" N—"
Address
4n -8 pC*! 32 bits <] sp*2
an-4 SR 32 hits
4n
/_\\/ /\\_/

Notes: 1. PC: Start address of instruction following executed instruction (i.e. return destination
instruction)
2. Ensure that the SP value is a multiple of 4.

Figure 6.6 Stack Status after Interrupt Exception Handling

6.5 Sampling of Signals IRQ3 to IRQO in IRL Mode

In IRL mode, interrupt request signals IRQ3 to IRQO pass through a noise canceler before being
sent by the interrupt controller to the CPU as an interrupt request. The noise canceler eliminates
minute width variations in the signals. The CPU samples interrupts between executing
instructions. During this period, the noise canceler varies its output according to the signal level
after noise cancellation, so the signal level must be held until the CPU completes its sampling
operation. Therefore, interrupt source clearing should normally be carried out after making the
transition to the interrupt routine.

Figure 6.7 shows a block diagram of the interrupt response mechanism, and figure 6.8 shows the
interrupt response timing.

Rev. 5.00 Sep 11, 2006 page 198 of 916
REJ09B0332-0500
RENESAS



Section 6 Interrupt Controller (INTC)

Interrupt
S request
IRQO ————» > >
IRQL ————»  Noise > Interrupt CPU
IRQ2 —— | canceler » controller
<= Accepted
IRQ3 > > __interrupt
Figure 6.7 Interrupt Response Block Diagram
1011 for one
IRQ3to IRQO clock due
signal levels to noise Level 2 interrupt Level 6 interrupt
1111 X101 1111 X 1101 X 1001
Cleared when interrupt is
Noise canceler output | accepted |
1111 X 1101 X 1001
Interrupt request to CPU D) <€
4

Interrupt acknowledge signal from CPU

/\

Figure 6.8 Interrupt Response Timing Chart

Data Transfer by Means of Interrupt Request Signal

The DMAC can be activated, and data transfer performed, by means of an interrupt request signal.
Interrupt sources designated as DMAC activation sources are masked, and not input to the INTC.
The mask condition is as follows:

Mask condition = DME - (DEO - source selection 0 + DEI - source selection 1 + DE2 - source

selection 2 + DE3 - source selection 3)

A control block diagram is shown in figure 6.9.
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DME is bit 0 of the DMAC’s DMAOR register, and DEn (n = 0 to 3) is bit 0 of DMAC registers
CHRO to CHR3. For details see section 9, Direct Memory Access Controller (DMAC).

Interrupt source ——»

DMAC
Interrupt source €———
flag clearing
(by DMAC) Interrupt source
vy (not designated as DMAC activation source)

INTC
—» CPU interrupt request

Figure 6.9 Interrupt Control Block Diagram

6.6.1 To Designate a Source as a DMAC Activation Source, Not a CPU Interrupt Source

1. Select the source in the DMAC, and set DE = 1, DME = 1. The CPU interrupt source is
masked regardless of the interrupt priority register settings.

2. When the interrupt is generated, the activation source is sent to the DMAC.

3. The DMAC clears the activation source when it performs transfer.

6.6.2 To Designate a Source as a CPU Interrupt Source, Not a DMAC Activation Source

1. Do not select the source in the DMAC, or clear the DME bit to 0. If the source has been
selected in the DMAC, clear the DE bit for the relevant DMAC channel to 0.

2. When the interrupt is generated, an interrupt request is sent to the CPU.

3. The CPU clears the interrupt source and performs the necessary processing in the interrupt
service routine.
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6.7 Usage Notes

6.7.1 IRQ3 to IRQO Sampling and Interrupt Source Determination in IRL Interrupt
Mode

Low level sensing or falling edge sensing can be set as the sampling method for each of pins IRQ3
to IRQO by means of IRQ sense select bits 3 to 0 in interrupt control register 2 (ICR2).

In IRL interrupt mode, the same sampling method must be set for all four pins, IRQ3 to IRQO.

When low level sensing is set for IRQ3 to IRQO, on acceptance of an interrupt request the
interrupt source (IRL1 to IRL15) is determined by the levels of IRQ3 to IRQO.

When falling edge sensing is set for IRQ3 to IRQO, the falling edge detection results for IRQ3 to
IRQO are retained. When an interrupt request is accepted, the interrupt source (IRL1 to IRL15) is
determined by the retained detection results.

For example, if level 3 (IRQ[3:0] = H'1100) input is not accepted, and this is followed by level 4
(IRQ[3:0] = H'1011) input without clearing the retained detection results, a level 7 (IRQ[3:0] =
H'1000) interrupt request will be judged to have been issued on the basis of the detection results
retained up to that point. In this example, in order to end up with a level 4 interrupt request, the
level 3 detection results must be cleared before the level 4 interrupt signal is input. Detection
results can be cleared by reading 1 from bits IRQ3F to IRQOF in the IRQ status register (ISR),
then writing 0 to these bits.

6.7.2 IRQ Pin Noise Cancellation Function

Signals IRQ7 to IRQO are sent to the interrupt controller via a noise canceler that eliminates noise
of one state or less in duration. Therefore, when edge detection is set for the IRQ pins, the IRQ
input must be at least 2.5 states in duration.
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Section 7 User Break Controller (UBC)

7.1 Overview

The user break controller (UBC) provides functions that simplify program debugging. When break
conditions are set in the UBC, a user break interrupt is generated according to the conditions of the
bus cycle generated by the CPU or on-chip DMAC. This function makes it easy to design an
effective self-monitoring debugger, enabling programs to be debugged with the chip alone,
without using a large-scale in-circuit emulator.

7.1.1 Features
The UBC has the following features:

* The following break conditions can be set:
O Address (bit masking possible)

Internal address bus (CAB)/internal address bus (IAB)/X memory address bus (XAB)/Y
memory address bus (YAB)

U Bus master
CPU cycle/DMA cycle
O Buscycle
Instruction fetch/data access
O Read/write
O Operand size
Byte/word/longword
» User break interrupt generation on occurrence of break condition
A user-written user break interrupt exception routine can be executed.

e When a user break is set for a CPU instruction fetch, the break is effected before execution of
the next instruction (post-execution break).
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7.1.2 Block Diagram

Figure 7.1 shows a block diagram of the UBC.

\i

U.stter breftik o | Interrupt
interrup request
generator

I
| l

: Module bus :

! I

! I

' ‘ ’ ‘ ’ (I

' I (| & [}
' L) |<| |3
: UBBR UBAMRH UBARH Q] = -
[ Llal |8 |8
| UBAMRL UBARL NEIRE qE)
| 2| (=

' U BB |2
! HEIREINES
' LE| |E] |X
| =

I

I —

: Break condition comparator >

I

: | 1 >
I

I

I

I

I

I

I >

I

|

I

I

I

___________________________________ | Interrupt controller
Legend:

UBARH, UBARL: User break address registers H and L

UBAMRH, UBAMRL: User break address mask registers H and L

UBBR: User break bus cycle register

Figure 7.1 Block Diagram of UBC

Rev. 5.00 Sep 11, 2006 page 204 of 916
REJ09B0332-0500

RENESAS



Section 7 User Break Controller (UBC)

7.1.3 Register Configuration

The UBC has the five registers shown in table 7.1. These registers are used to set the break
conditions.

Table 7.1  UBC Registers

Abbre- Initial Access
Name viation R/W Value Address Size
User break address register H UBARH R/W H'0000 H'FFFFOC80 16, 32
User break address register L UBARL R/W H'0000 H'FFFFOC82 16, 32

User break address mask register H  UBAMRH R/W H'0000 H'FFFFOC84 16, 32
User break address mask register L UBAMRL R/W H'0000 H'FFFFOC86 16, 32
User break bus cycle register UBBR R/W H'0000 H'FFFFOC88 16, 32

7.2 Register Descriptions

7.2.1 User Break Address Register (UBAR)

UBARH
Bitt 15 14 13 12 11 10 9 8
\ UBA31 \ UBA30 \ UBA29 \ UBA28 \ UBA27 \ UBA26 \ UBA25 \ UBA24 \
Initial value: 0 0 0 0 0 0 0 0
RW: R/W RIW RIW R/W R/W R/W R/W R/W
Bit: 7 6 5 4 3 2 1 0
\ UBA23 \ UBA22 \ UBA21 \ UBA20 \ UBA19 \ UBA18 \ UBA17 \ UBA16 \
Initial value: 0 0 0 0 0 0 0 0

RW: R/W R/W R/W R/W R/W R/W R/W R/W
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UBARL
Bitt 15 14 13 12 11 10 9 8
\ UBA15 \ UBA14 \ UBA13 \ UBA12 \ UBA11 \ UBA10 \ UBA9 \ UBAS \
Initial value: 0 0 0 0 0 0 0 0
RW: R/W RIW RIW RIW R/W RIW R/W R/W
Bit: 7 6 5 4 3 2 1 0
\ UBA7 \ UBA6 \ UBAS5 \ UBA4 \ UBA3 \ UBA2 \ UBA1 \ UBAO \
Initial value: 0 0 0 0 0 0 0 0

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

The user break address register (UBAR) consists of two 16-bit readable/writable registers: user
break address register H (UBARH) and user break address register L (UBARL).

Control bits XYE and XYS in the user break bus cycle register (UBBR) select the break condition
address bus. When XYE is 0, the break address is specified on the CAB internal address bus or
IAB internal address bus. In this case, UBARH specifies the upper half (bits 31 to 16) of the
address used as the break condition, and UBARL specifies the lower half (bits 15 to 0). When
XYE is 1, UBARH specifies the break address on X memory address bus XAB (bits 15 to 1), and
UBARL specifies the break address on Y memory address bus YAB (bits 15 to 1). As XAB and
YAB have only 15 bits, 0 must be set as the least significant bit. When XYE is 1, either XAB or
YAB must be selected with the XY'S bit in UBBR.

UBARH and UBARL are initialized to H'0000 by a power-on reset and in hardware standby
mode. They are not initialized by the module standby function or in software standby mode.

XYE UBARH UBARL
0 CAB31-CAB16/IAB31-I1AB16 CAB15-CABO/IAB15-1ABO
1 XAB15-XAB1 (XYS = 0) YAB15-YAB1 (XYS = 1)
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7.2.2 User Break Address Mask Register (UBAMR)

UBAMRH
Bitt 15 14 13 12 11 10 9 8
\ UBM31 \ UBM30 \ UBM29 \ UBM28 \ UBM27 \ UBM26 \ UBM25 \ UBM24 \
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
\ UBM23 \ UBM22 \ UBM21 \ UBM20 \ UBM19 \ UBM18 \ UBM17 \ UBM16 \
Initial value: 0 0 0 0 0 0 0 0

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

UBAMRL
Bitt 15 14 13 12 11 10 9 8
\ UBM15 \ UBM14 \ UBM13 \ UBM12 \ UBMA11 \ UBM10 \ UBM9 \ UBMS \
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
\ UBM7 \ UBM6 \ UBM5 \ UBM4 \ UBM3 \ UBM2 \ UBMH1 \ UBMO \
Initial value: 0 0 0 0 0 0 0 0

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

The user break address mask register (UBAMR) consists of two 16-bit readable/writable registers:
user break address mask register H (UBAMRH) and user break mask address register L
(UBAMRL).

Control bits XYE and XYS in the user break bus cycle register (UBBR) select the break condition
address bus. When XYE is 0, UBAR specifies a break address on the CAB internal address bus or
IAB internal address bus. In this case, UBAMRH specifies which bits of the break address set in
UBARH are to be masked, and UBAMRL specifies which bits of the break address set in UBARL
are to be masked. When XYE is 1, UBAMRH specifies which bits of the break address on XAB
(bits 15 to 1) set in UBARH are to be masked, and UBAMRL specifies which bits of the break
address on YAB (bits 15 to 1) set in UBARL are to be masked. As XAB and YAB have only 15
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bits, the setting of the least significant bit of UBAMRH and UBAMRL is invalid. When XYE is 1,
either XAB or YAB must be selected with the XY'S bit in UBBR.

UBAMRH and UBAMRL are initialized to H'0000 by a power-on reset and in hardware standby
mode. They are not initialized by the module standby function or in software standby mode.

XYE UBAMRH UBAMRL

0 CAB31-16/IAB31-16 masked CAB15-0/IAB15-0 masked

1 XAB15-1 masked (XYS = 0) YAB15-1 masked (XYS = 1)

Bits 15 to 0:

UBMn Description

0 User break address UBAn is included in break conditions (Initial value)
1 User break address UBAnN is not included in break conditions

Note: n=31to0

7.2.3 User Break Bus Cycle Register (UBBR)

Bit: 15 14 13 12 11 10 9 8
\ UBIE \ — \ — \ — \ — \ — \ XYE \ XYS \
Initial value: 0 0 0 0 0 0 0 0
RW: RW R R R R R RIW RIW
Bit: 7 6 5 4 3 2 1 0
\ CP1 \ CPO \ ID1 \ IDO \ RW1 \ RWO \ Sz1 \ SZ0 \
Initial value: 0 0 0 0 0 0 0 0

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

The user break bus cycle register (UBBR) is a 16-bit readable/writable register that sets five
conditions—(1) internal bus (C-bus) or internal bus (I-bus)/X memory bus or Y memory bus, (2)
CPU cycle/DMA cycle, (3) instruction fetch/data access, (4) read/write, and (5) operand size
(byte/word/longword)—and selects whether or not a user break interrupt is to generated when a
condition is matched. UBBR is initialized to H'0000 by a power-on reset and in hardware standby
mode. It is not initialized by the module standby function or in software standby mode.
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Bit 15—User Break Interrupt Enable (UBIE): Specifies whether or not a user break interrupt is
to be generated when the set break condition occurs.

Bit 15: UBIE Description
0 User break interrupt is not generated when break condition occurs

(Initial value)
1 User break interrupt is generated when break condition occurs

Bits 14 to 10—Reserved: These bits are always read as 0, and should only be written with 0.

Bit 9—X/Y Memory Bus Enable (XYE): Selects the C-bus/I-bus or the X/Y memory bus as the
break condition bus.

Bit 9: XYE Description
0 C-bus or I-bus is selected as break condition (Initial value)
1 X memory bus or Y memory bus is selected as break condition

Bit 8—X Memory Bus/Y Memory Bus Select (XYS): Selects the X memory bus or Y memory
bus as the break condition bus.

Bit 8: XYS Description
0 X memory bus is selected as break condition (Initial value)
1 Y memory bus is selected as break condition

Note: When XYE = 0, the setting of bit 8 is ignored.

Bits 7 and 6—CPU Cycle/DMA Cycle Select (CP1, CP0): These bits select the CPU or DMA as
the break condition bus master.

Bit 7: CP1 Bit 6: CP0O Description

0 0 User break interrupt is not generated (Initial value)
1 CPU cycle is selected as break condition

1 0 DMA cycle is selected as break condition
1 Both CPU cycle and DMA cycle are selected as break

conditions
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Bits 5 and 4—Instruction Fetch/Data Access Select (ID1, ID0): These bits select an instruction
fetch cycle or data access cycle as the break condition bus cycle.

Bit 5: ID1 Bit 4: IDO Description

0 0 User break interrupt is not generated (Initial value)
1 Instruction fetch cycle is selected as break condition

1 0 Data access cycle is selected as break condition
1 Both instruction fetch cycle and data access cycle are

selected as break conditions

Bits 3 and 2—Read/Write Select (RW1, RW0): These bits select a read cycle or write cycle as
the break condition access.

Bit 3: RW1 Bit 2: RW0 Description

0 0 User break interrupt is not generated (Initial value)
1 Read cycle is selected as break condition

1 0 Write cycle is selected as break condition
1 Both read cycle and write cycle are selected as break

conditions

Bits 1 and 0—Operand Size Select (SZ1, SZ0): These bits select the operand size of the break
condition bus cycle.

Bit 1: SZ1 Bit 0: SZ0 Description

0 0 Operand size is not included in break conditions
(Initial value)

Byte access is selected as break condition

1 0 Word access is selected as break condition

Longword access is selected as break condition

Rev. 5.00 Sep 11, 2006 page 210 of 916
REJ09B0332-0500

RENESAS



Section 7 User Break Controller (UBC)

7.3 Operation

7.3.1 User Break Operation Sequence

The sequence of operations from setting of break conditions to user break interrupt exception
handling is described below.

1.

As break conditions, set the user break address in the user break address register (UBAR), the
address bits to be masked in the user break address mask register (UBAMR), and the type of
bus cycle on which a break is to be executed in the user break bus cycle register (UBBR). If
any pair of bits from among the CPU cycle/DMA cycle select bits (CP1, CP0), instruction
fetch/data access select bits (ID1, ID0), or read/write select bits (RW1, RW0) in UBBR is set
to 00 (user break interrupt not generated), a user break interrupt will not be generated even if
other conditions are satisfied. If the user break interrupt is to be used, a condition must be set
in all of these bit pairs.

If the user break interrupt enable bit (UBIE) in the user break bus cycle register (UBBR) is set
to 1 when a break condition occurs, the UBC sends a user break interrupt request signal to the
interrupt controller (INTC).

When the INTC receives the user break interrupt request signal, it determines its priority. As
the priority level of the user break interrupt is 15, it is accepted if the level set in the interrupt
mask bits (I3 to 10) in the status register (SR) is 14 or less. If the level set in bits 13 to 10 is 15,
the user break interrupt is not accepted, but is held pending until it can be. As the setting of bits
I3 to 10 is 15 during NMI exception handling, a user break interrupt is not accepted during
execution of the NMI exception service routine. However, changing the setting of bits I3 to 10
to level 14 or below at the start of the NMI exception service routine will enable subsequent
user break interrupts to be accepted. For details of priority determination, see section 6,
Interrupt Controller (INTC).

The INTC sends a user break interrupt request signal to the CPU. On receiving this signal, the
CPU begins user break interrupt exception handling. For details of interrupt exception
handling, see section 5, Exception Handling, and section 6.4, Operation.
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7.3.2 Instruction Fetch Cycle Break

When an internal bus (C-bus)/CPU/instruction fetch/read setting is made in the user break bus
cycle register (UBBR), a CPU instruction fetch cycle can be selected as a user break condition. In
this case, an operand size setting is not necessary.

When a user break condition occurs, the instruction set in the user break conditions is executed,
and an interrupt is generated before execution of the next instruction. Therefore, a user break
cannot be specified for an instruction that is fetched but not executed, such as an overrun fetch
instruction. However, if a user break condition is set for a delayed branch instruction or an
interrupt-disabled instruction such as LDC, an interrupt will be generated before execution of the
next instruction at which the interrupt can be accepted.

When an instruction fetch cycle is set as a user break condition, the start address at which that
instruction is located should be set as the user break address. A user break will not occur if a
different address is set. Therefore, if the address of the lower word of a 32-bit instruction is set as
a user break condition, a user break will not occur.

7.3.3 Data Access Cycle Break

Memory cycles subject to a CPU data access break are memory cycles due to instructions and
stack operations and vector reads when exception handling is executed. Table 7.2 shows the bits of
the user break address register and the address bus that are compared for each operand size to
determine whether a break condition has been matched.

Table 7.2  Data Access Cycle Address and Operand Size Comparison Conditions

Access Size Compared Address Bits

Longword Bits 31-2 of break address register compared with bits 31-2 of address bus
Word Bits 31-1 of break address register compared with bits 31—1 of address bus
Byte Bits 31-0 of break address register compared with bits 31-0 of address bus

This means, for example, that if address H'00001003 is set without specifying an operand size
condition (i.e. the operand size select bits in the user break bus cycle register are set to 00), bus
cycles that satisfy the break conditions include the following(assuming that all other conditions are
satisfied):

* Longword access at H'00001000
*  Word access at H'00001002
* Byte access at H'00001003
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7.3.4 X Memory Bus or Y Memory Bus Cycle Break

When XYE is set to 1 in UBBR, break addresses on the X memory bus or Y memory bus are
selected. Either the X memory bus or the Y memory bus must be selected with the XYS bit in
UBBR; the X and Y memory buses cannot both be included in the break conditions at the same
time. The break conditions are applied to X memory bus cycles or Y memory bus cycles by
specifying the CPU bus master, data access cycle, read or write access, and word operand size or
operand size not included.

When the X memory address bus is selected as a break condition, specify the X memory address
in UBARH and UBAMRH; when the Y memory address bus is selected, specify the Y memory
address in UBARL and UBAMRL.

7.3.5 Program Counter (PC) Value Saved
‘When Instruction Fetch is Set as User Break Condition

The program counter (PC) value saved in user break interrupt exception handling is the address of
the instruction to be executed after the instruction at which the user break condition was satisfied.
The instruction at which the break condition was satisfied is executed, and a user break interrupt is
generated before execution of the next instruction. However, when a user break condition is set for
a delayed branch instruction, the delay slot instruction is executed, and the user break interrupt is
generated before execution of the branch instruction. In this case, the PC value is the address of
the branch destination instruction.

When Data Access (CPU/DMA) is Set as User Break Condition

The address saved is the start address of the instruction following the instruction for which
execution has been completed at the point at which user break exception handling starts. When a
data access (CPU/DMA) is set as a user break condition, it is not possible to specify where the
break will occur. The break will be effected at an instruction about to be fetched close to where the
break data access occurred.
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7.4 Examples of Use

CPU Instruction Fetch Cycle Break Condition Settings

Example of Valid Settings:

Register settings

UBARH = H'0000, UBARL = H'0404

UBAMRH = H'0000, UBAMRL = H'0000
UBBR = H'8054

Set conditions

Address: H'00000404; address mask: H'00000000

Bus cycle: CPU, instruction fetch, read (operand size not included)

A user break interrupt is generated after execution of the instruction at address H'00000404.

Example of Invalid Settings:

Register settings

UBARH =H'0015, UBARL = H'389C

UBAMRH = H'0000, UBAMRL = H'0000

UBBR = H'8058

Set conditions

Address: H'0015389C; address mask: H'00000000

Bus cycle: CPU, instruction fetch, write (operand size not included)

As an instruction fetch cycle is not a write cycle, a user break interrupt is not generated.

CPU Data Access Cycle (Internal Bus (C-Bus) Cycle) Break Condition Settings

Example of Valid Settings (1):

Register settings

UBARH =H'0012, UBARL = H'3456

UBAMRH = H'0000, UBAMRL = H'0000
UBBR = H'806A

Set conditions

Address: H'00123456; address mask: H'00000000

Bus cycle: CPU, data access, write, word

A user break interrupt is generated when word data is written to address H'00123456.
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Example of Valid Settings (2):
* Register settings
UBARH = H'00A8, UBARL = H'3901
UBAMRH = H'0000, UBAMRL = H'0000
UBBR = H'8066
e Set conditions
Address: H'00A80391; address mask: H'00000000
Bus cycle: CPU, data access, read, word

As a word access is performed on an even address, user break interrupt exception handling is
performed after address error exception handling.

Example of Invalid Settings:

* Register settings
UBARH = H'0034, UBARL = H'5024
UBAMRH = H'0000, UBAMRL = H'0000
UBBR = H'8062

* Set conditions
Address: H'00345024; address mask: H'00000000
Bus cycle: CPU, data access, —, word

As the access type has not been set as either read or write, a user break interrupt is not generated.

DMA Cycle Break Condition Settings

Example of Valid Settings:
* Register settings
UBARH = H'0076, UBARL = H'BCDC
UBAMRH = H'0000, UBAMRL = H'0000
UBBR = H'80A7
» Set conditions
Address: H'0076BCDC; address mask: H'00000000
Bus cycle: DMA, data access, longword
A user break interrupt is generated when longword data is read from address H'0076BCDC.
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Example of Invalid Settings:
* Register settings
UBARH = H'0023, UBARL = H'45C8
UBAMRH = H'0000, UBAMRL = H'0000
UBBR = H'8094
» Set conditions
Address: H'002345C8; address mask: H'00000000
Bus cycle: DMA, instruction fetch, write (operand size not included)

As an instruction fetch is not performed in a DMA cycle, a user break interrupt is not generated.

CPU Data Access Cycle (XY Memory Bus Cycle) Break Condition Settings

Example of Valid Settings:
* Register settings
UBARH = H'8000, UBARL = H'0000
UBAMRH = H'0000, UBAMRL = H'0000
UBBR = H'826A
» Set conditions
Address: HFFFF8000; address mask: H'00000000
Bus cycle: CPU, data access (X memory access using X memory bus), write, word

A user break access is generated when word data is written to address HFFFF8000 in X memory
space using the X memory bus.

Example of Invalid Settings:
* Register settings
UBARH = H'A000, UBARL = H'0000
UBAMRH = H'0000, UBAMRL = H'0000
UBBR = H'826B
* Set conditions
Address: HFFFFA000; address mask: H'00000000
Bus cycle: CPU, data access (Y memory access using Y memory bus), write, byte

As byte access cannot be performed in a data access cycle using the X/Y memory bus, a user
break interrupt is not generated.
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7.5 Usage Notes

7.5.1 Changes to UBC Register Settings

UBC register reads and writes are executed in the MA (memory access) stage of the instruction
pipeline, and checks are not carried out based on new user break conditions until register changes
have been completed. A user break based on new break conditions will not occur until register
setting changes have been completed. Thus, if the check stage of the succeeding instruction occurs
before new user break conditions are written to the UBC registers, a user break will not occur even
if the checked address matches the user break condition.

7.5.2 Repeat Condition Breaks

If repeated execution of a repeat instruction is included as a break condition, note that a user break
will not occur if a user break condition is set for an instruction being executed repeatedly during
execution of a repeat loop consisting of no more than three instructions.
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8.1

Section 8 Bus State Controller (BSC)

Overview

The functions of the bus state controller (BSC) include division of the address space and output of
control signals for various types of memory. The BSC functions allow DRAM, EDO DRAM,
SRAM, ROM, etc., to be connected directly to the SH7065 without the use of external circuitry.

8.1.1

Features

The BSC has the following features:

* Address space is managed as six independent areas

O

O

O o0Oood

O

CSO0 space: Maximum linear 48 Mbytes in on-chip ROM enabled modes, and maximum 64
Mbytes in on-chip ROM disabled modes

CS1 to CS3 spaces: Maximum linear 64 Mbytes for each
CS4, CS5 spaces: Dedicated DRAM spaces, maximum linear 64 Mbytes

Memory types (DRAM, EDO DRAM, SRAM, ROM, etc.) can be specified individually
for each space

Bus width (8, 16, or 32 bits) can be selected for each space
(Settable by external pin for CSO space only)
Wait states can be inserted by software for each space

Wait states can be inserted by the WAIT pin when accessing external memory space
Output of appropriate control signals for memory connected to each space

Automatic wait cycle insertion to prevent data bus collisions in case of consecutive
memory accesses to different CS spaces, or a read access followed by a write access to the
same area

Big-endian or little-endian mode can be set for each space

¢ Direct DRAM interface

g
O
g

Row address/column address multiplexed output according to DRAM capacity
Burst operation supported (fast page mode, EDO mode, RAS down mode)

Precharge cycle generated to secure RAS precharge interval

* Access control for various kinds of memory and peripheral chips

O

Address/data multiplexing
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* Refresh functions
O Supports CAS-before-RAS refreshing and self-refreshing

O Supports refresh operation immediately after self-refresh operation in low-power DRAM
by means of refresh counter overflow interrupt function

O Up to 8 consecutive CAS-before-RAS refreshes
* Refresh counter can be used as interval timer
O Interrupt request generated by compare match

U Interrupt request generated by refresh counter overflow
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8.1.2

Block Diagram

Figure 8.1 shows a block diagram of the BSC.
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Legend:
WCR: Wait control register RFCR: Refresh count register
ACR: Area control register RTCNT: Refresh timer count register
BCR: Bus control register RTCOR: Refresh time constant register
DCR: DRAM control register RTCSR: Refresh timer control/status register

Figure 8.1 Block Diagram of BSC

Rev. 5.00 Sep 11, 2006 page 221 of 916
REJ09B0332-0500

RENESAS



Section 8 Bus State Controller (BSC)

8.1.3 Pin Configuration
Table 8.1 shows the BSC pin configuration.

Table 8.1 BSC Pins

Name Signals /10 Function

Address bus A25-A0 Output Address output

Data bus D31-D0 I/0 Data input/output

Bus cycle start BS Output  Signal that indicates the start of a bus cycle. In
burst transfer, asserted each data cycle.

Chip select CS5-CS0 Output Chip select signals indicating the area being
accessed

Read RD Output  Strobe signal indicating a read cycle

Write LL WRLL Output Strobe signal indicating a D7—-DO0 write cycle

Write LH WRLH Output Strobe signal indicating a D15-D8 write cycle

Write HL WRHL Output Strobe signal indicating a D23—-D16 write cycle

Write HH WRHH Output Strobe signal indicating a D31-D24 write cycle

Write strobe LL LLBS Output Strobe signal indicating access to D7-D0

Write strobe LH LHBS Output Strobe signal indicating access to D15-D8

Write strobe HL HLBS Output Strobe signal indicating access to D23-D16

Write strobe HH  HHBS Output Strobe signal indicating access to D31-D24

Write WR Output Data bus input/output direction designation signal.
Used as write designation signal for byte-strobe
memory.

Read/write RDWR Output DRAM/EDO DRAM write designation signal

Row address RAS1, RASO Output RAS signals for DRAM connected to areas 5 and 4

strobe

Column address ~ CASLLA1, Output D7-DO0 CAS signals for DRAM connected to areas

strobe LL CASLLO 5and 4

Column address  CASLH1, Output D15-D8 CAS signals for DRAM connected to

strobe LH CASLHO areas 5 and 4

Column address  CASHLA1, Output D23-D16 CAS signals for DRAM connected to

strobe HL CASHLO areas 5 and 4

Column address  CASHH1, Output D31-D24 CAS signals for DRAM connected to

strobe HH CASHHO areas 5 and 4

Rev. 5.00 Sep 11, 2006 page 222 of 916
REJ09B0332-0500

RENESAS



Section 8 Bus State Controller (BSC)

Name Signals 110 Function

Output enable OE1, OEO Output Output enable signals for EDO DRAM connected to
areas 5 and 4. Used for access in RAS down
mode.

Address hold AH Output Signal for holding address in address/data
multiplexing

Wait WAIT Input Wait state request signal

Bus release BREQ Input Bus release request signal

request

Bus request BACK Output Signal granting use of the bus

acknowledge
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8.14 Register Configuration

The BSC has the 18 registers shown in table 8.2. The functions of these registers include control
of direct interfaces to various types of memory, wait states, and refreshing.

Table 8.2  BSC Registers

Abbre- Initial Access

Name viation R/W Value Address Size

Bus control register BCR R/W H'0000 H'FFFF 0CO0 8, 16, 32
Area control register 1 (for area 0) ACR1_0 R/W H'0O7FF H'FFFF 0C10 8, 16, 32
Area control register 1 (for area 1) ACR1_1 R/W H'07FF H'FFFF 0C12 8, 16, 32
Area control register 1 (for area 2) ACR1_2 R/W H'0O7FF H'FFFF 0C14 8, 16, 32
Area control register 1 (for area 3) ACR1_3 R/W H'07FF H'FFFF 0C16 8, 16, 32
Area control register 1 (for area 4) ACR1_4 R/W H'0000 H'FFFF O0C20 8, 16, 32
Area control register 1 (for area 5) ACR1_5 R/W H'0000 H'FFFF 0C22 8, 16, 32
Wait control register (for area 0) WCR_0 R/W HFFFE H'FFFF 0C30 8, 16, 32
Wait control register (for area 1) WCR_1 R/W HFFFE H'FFFF 0C32 8, 16, 32
Wait control register (for area 2) WCR_2 R/W H'FFFE H'FFFF 0C34 8, 16, 32
Wait control register (for area 3) WCR_3 R/W HFFFE H'FFFF 0C36 8, 16, 32
DRAM control register 1 DCR1 R/W H'0000 H'FFFF 0C40 8, 16, 32
DRAM control register 2 DCR2 R/W H1FEO H'FFFF0C42 8, 16, 32
DRAM control register 3 DCR3 R/W H'1800 H'FFFF 0C44 8, 16, 32
Refresh timer control/status register RTCSR R/W H'0000 H'FFFF 0C68 8, 16, 32
Refresh timer counter RTCNT R/W H'0000 H'FFFF OC6A 8, 16, 32
Refresh time constant counter RTCOR R/W H'0000 H'FFFF 0C6C 8, 16, 32
Refresh count register RFCR R/W H'0000 H'FFFF OC6E 8, 16, 32
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8.1.5 Address Format

Figure 8.2 shows the address format used in the SH7065.

A3l A30-A26 A25 AO

Output address: Output from address pins

CS space selection: Decoded, outputs CSO0 to CS5

Space selection: Not output externally; used for space type selection
0: CS space
1: XRAM/YRAM space, on-chip peripheral module space

Figure 8.2 Address Format
The SH7065 uses 32-bit addresses.
Bit A31 is used to select the type of space. This signal is not output externally.

Bits A30 to A26 are decoded to provide the chip select signal (CSO to CSS5) for the area, which is
output.

Bits A25 to A0 are output externally.

Table 8.3 shows the address maps when the maximum range is set for each space.
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Table 8.3  Address Maps

* In on-chip ROM disabled modes

Addresses Type of Space Type of Memory  Size Bus Width

H'0000 0000 to H'03FF FFFF CSO0 space Normal space 64 MB 8/16/32 bits

H'0400 0000 to H'07FF FFFF CS1 space Normal space/ 64 MB 8/16/32 bits

H'0800 0000 to HOBFF FFFF  CS2 space g‘pﬂ:g'exed VO ‘eamB  8/16/32 bits

H'0C00 0000 to H'OFFF FFFF  CS3 space 64 MB 8/16/32 bits

H'1000 0000 to H'3FFF FFFF Reserved Reserved

H'4000 0000 to H'43FF FFFF CS4 space DRAM 64 MB 8/16/32 bits

H'4400 0000 to H'47FF FFFF CS5 space 64 MB 8/16/32 bits

H'4800 0000 to H'57FF FFFF Reserved Reserved

H'5800 0000 to H'5803 FFFF  On-chip ROM™ On-chip ROM* 256 kB 32 bits

H'5804 0000 to H'FFFE FFFF Reserved Reserved

H'FFFF 0000 to H'FFFF 13FF  On-chip peripheral On-chip peripheral 5 kB 8/16 bits
module module

H'FFFF 1400 to H'FFFF 7FFF  Reserved Reserved

H'FFFF 8000 to H'FFFF 8FFF  XRAM XRAM 4 kB 32 bits

H'FFFF 9000 to H'FFFF 9FFF  Reserved Reserved

H'FFFF A00O to H'FFFF AFFF  YRAM YRAM 4 kB 32 bits

H'FFFF B0O0O to H'FFFF FFFF  Reserved Reserved

Note: *

In this mode, the power-on reset vector table is located in the CSO space (external

space). Also, addresses H'5800 0000 to H'5803 FFFF can be used as on-chip ROM.
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* In on-chip ROM enabled modes

Addresses Type of Space Type of Memory  Size Bus Width

H'0000 0000 to H'0003 FFFF On-chip ROM On-chip ROM 256 kB 32 bits

H'0004 0000 to H'0OFF FFFF Reserved Reserved

H'0100 0000 to H'03FF FFFF CSO0 space Normal space 48 MB 8/16/32 bits

H'0400 0000 to H'07FF FFFF CS1 space Normal space/ 64 MB 8/16/32 bits

H'0800 0000 to HOBFF FFFF  CS2 space ;”p‘ggg'exed /o 64MB  8/16/32 bits

H'0C00 0000 to H'OFFF FFFF  CS3 space 64 MB 8/16/32 bits

H'1000 0000 to H'3FFF FFFF Reserved Reserved

H'4000 0000 to H'43FF FFFF CS4 space DRAM 64 MB 8/16/32 bits

H'4400 0000 to H'47FF FFFF CS5 space 64 MB 8/16/32 bits

H'4800 0000 to H'57FF FFFF Reserved Reserved

H'5800 0000 to H'5803 FFFF On-chip ROM* On-chip ROM* 256 kB 32 bits

H'5804 0000 to H'FFFE FFFF  Reserved Reserved

H'FFFF 0000 to H'FFFF 13FF  On-chip peripheral On-chip peripheral 5 kB 8/16 bits
module module

H'FFFF 1400 to H'FFFF 7FFF  Reserved Reserved

H'FFFF 8000 to H'FFFF 8FFF  XRAM XRAM 4 kB 32 bits

H'FFFF 9000 to H'FFFF 9FFF  Reserved Reserved

H'FFFF A00O to H'FFFF AFFF  YRAM YRAM 4 kB 32 bits

H'FFFF B0O0O to H'FFFF FFFF  Reserved Reserved

Note: *
read.

The same data as in on-chip ROM addresses H'0000 0000 to H'0003 FFFF can be
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8.2 Register Descriptions

8.2.1 Bus Control Register (BCR)

The bus control register (BCR) is a 16-bit readable/writable register that specifies bus settings
common to all areas.

BCR is initialized to H'0000 by a power-on reset, but is not initialized in standby mode.

Bit: 15 14 13 12 11 10 9 8
\ BRQE \ BAS \ HIZCNT \ — ‘ — ‘ _ ‘ _ ‘ _
Initial value: 0 0 0 0 0 0 0 0

RW: R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
-l -1l1-1T-1T-1-=-1=1=

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

Bit 15—BREQ Enable (BRQE): Enables or disables acceptance of the bus release request
(BREQ).

Bit 15: BRQE Description

0 Bus release request (BREQ) is not accepted (Initial value)

1 Bus release request (BREQ) is accepted

Bit 14—Byte Access Specification (BAS): Specifies the byte access control signals.

Bit 14: BAS Description
0 Access by WRHH, WRHL, WRLH, and WRLL signals (Initial value)
1 Access by WR, HHBS, HLBS, LHBS, and LLBS signals
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Bit 13—High-Impedance Control (HIZCNT): Specifies the state of the RAS, CAS, and OE
signals (which control the DRAM self-refresh status) in standby mode and when the bus is
released. This enables the DRAM to be kept in the self-refresh state.

Bit 13: HIZCNT Description

0 The RAS, CAS, and OE signals go to the high-impedance (Hi-Z) state in
standby mode and when the bus is released (Initial value)

1 The RAS, CAS, and OE signals drive in standby mode and when the bus is
released

Bits 12 to 0—Reserved: These bits are always read as 0 and should only be written with 0.

8.2.2 Area Control Registers 1 (ACR1_0 to ACR1_5)

The ACRI registers are 16-bit readable/writable registers that specify the type of memory to be
connected to each area, acceptance of external waits, bus width, number of idle cycles, and
number of CS expansion cycles.

The ACRI registers are initialized to HO7FF (ACR1_0to ACR1 3 for areas 0 to 3) or H'0000
(ACRI1 4 and ACRI1 5 for areas 4 and 5) by a power-on reset, but are not initialized in standby
mode.

Registers ACR1_0 to ACR1_3 (forAreas 0 to 3)

Bitt 15 14 13 12 11 10 9 8
‘ENDIAN‘ TP1 \ TPO \ EXWE \ — \ sz1 \ SZ0 \ W2 \
Initial value: 0 0 0 0 0 1 1 1

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

Bit: 7 6 5 4 3 2 1 0
\ W1 \ WO \ SWH?2 \ SWH1 \ SHWO \ SWT2 \ SWT1 \ SWTO \
Initial value: 1 1 1 1 1 1 1 1

RW: R/W R/W R/W R/W R/W R/W R/W R/W
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Bit 15—Endian Specification (ENDIAN): Specifies the endian mode for each area.

Bit 15: ENDIAN Description
0 Big-endian mode (Initial value)

1 Little-endian mode

Bits 14 and 13—Memory Specification (TP1, TP0): These bits specify the type of memory or
I/O connected to each area.

Bit 14: TP1 Bit 13: TPO Description

0 0 Access as normal space (Initial value)
1 Reserved (Do not set)

1 0 Access as multiplexed address/data 1/O space
1 Reserved (Do not set)

Note: Area 0 is always normal space. For this space, these bits are always read as 0 and should
only be written with 0.

Bit 12—External Wait Enable (EXWE): Specifies for each area whether or not wait requests via
the external WAIT pin are to be accepted.

Bit 12: EXWE Description
0 External wait requests are accepted (Initial value)

1 External wait requests are not accepted

Bit 11—Reserved: This bit is always read as 0 and should only be written with 0.

Bits 10 and 9—Bus Width Specification (SZ1, SZ0): These bits specify the bus width of each
area.

Bit 10: SZ1 Bit 9: SZ0 Description
0 0 Reserved (Do not set)
1 8 bits
1 0 16 bits
1 32 bits (Initial value)

Note: In ROMless expanded mode, the bus width of the CSO space is set by pins MDO and MD1.
For details, see section 8.3.2, Areas.
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Bits 8 to 6—Inter-Cycle Idle Specification (IW2 to IW0): These bits specify the number of idle
cycles between bus cycles to be inserted for each area when switching to a different space, or from
read access to write access in the same space. The idle cycle specification for the area accessed
immediately before is valid. When switching to access to a different space, one idle cycle is
inserted automatically in the case of a read cycle, and two idle cycles in the case of a write cycle,
even if “No idle cycles” is set. When switching from read cycle to write cycle in the same space,
two idle cycles are inserted automatically even if “No idle cycles” is set.

Bit 8: IW2 Bit 7: IW1 Bit 6: IWO0 Description
0 0 0 No idle cycles
1 1 idle cycle inserted
1 0 2 idle cycles inserted
1 1 0 6 idle cycles inserted
1 7 idle cycles inserted (Initial value)

Bits 5 to 3—Extension Cycles after CS Assertion (SWH2 to SWHO0): These bits specify, for
each area, the number of cycles to be inserted between assertion of the CS signal and assertion of
the RD signal or WR signal.

Bit 5: SWH2 Bit 4: SWH1 Bit 3: SWHO Description
0 0 0 No extension cycles
1 1 extension cycle inserted
1 0 2 extension cycles inserted
1 1 0 6 extension cycles inserted

7 extension cycles inserted (Initial value)

Bits 2 to 0—Extension Cycles before CS Negation (SWH2 to SWHO0): These bits specify, for
each area, the number of cycles to be inserted between negation of the RD signal or WR signal
and negation of the CS signal.
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Bit 2: SWT2 Bit 1: SWT1 Bit 0: SWTO Description
0 0 0 No extension cycles
1 1 extension cycle inserted
1 0 2 extension cycles inserted
1 1 0 6 extension cycles inserted

7 extension cycles inserted (Initial value)

Registers ACR1_4 and ACR1_5 (for Areas 4 and 5)

Bit: 15 14 13 12 11 10 9 8
‘ENDIAN‘ — \ — \ EXWE \ — \ — \ — \ —

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R R R/W R R R R
Bit: 7 6 5 4 3 2 1 0
-l -1-1T-1T-1-=-71=1=

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

Bit 15—Endian Specification (ENDIAN): Specifies the endian mode for each area.

Bit 15: ENDIAN Description

0 Big-endian mode (Initial value)

1 Little-endian mode

Bits 14 and 13—Reserved: These bits are always read as 0 and should only be written with 0.

Bit 12—External Wait Enable (EXWE): Specifies for each area whether or not wait requests via
the external WAIT pin are to be accepted.

Bit 12: EXWE Description
0 External wait requests are accepted (Initial value)

1 External wait requests are not accepted

Bits 11 to 0—Reserved: These bits are always read as 0 and should only be written with 0.
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8.2.3 Wait Control Registers (WCR_0 to WCR _3)

The wait control registers (WCR) are 16-bit readable/writable registers that specify the number of
wait state cycles to be inserted in areas 0 to 3.

The WCR registers are initialized to HFFFE by a power-on reset, but are not initialized in standby
mode.

Bitt 15 14 13 12 11 10 9 8
\ W3 \ W2 \ W1 \ WO \ DSWW3 \ DSWW2 \ DSWW 1 \ DSWWO0 \
Initial value: 1 1 1 1 1 1 1 1

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

Bit: 7 6 5 4 3 2 1 0
‘DSWR3 \ DSWR?2 \ DSWRH1 ‘DSWRO‘ HWW2 \ HWW 1 \ HWWO0 \ — \
Initial value: 1 1 1 1 1 1 1 0

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

Bits 15 to 12—Wait State Insertion Cycle Specification (W3 to W0): These bits specify the
number of wait states to be inserted in areas 0 to 3.

Bit 15: W3 Bit 14: W2 Bit 13: W1 Bit 12: W0 Description
0 0 0 0 No waits
1 1 wait
1 0 2 waits
1 1 1 0 14 waits
15 waits (Initial value)

Bits 11 to 8—CS0 to CS3 Space DMA Single Address Mode Write Access Wait State
Insertion Cycle Specification (DSWW3 to DSWWO0): These bits specify the number of wait
states to be inserted in writes to spaces CSO to CS3 in DMA single address mode.
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Bit 11: DSWW3 Bit 10: DSWW2 Bit 9: DSWW1 Bit 8: DSWWO0 Description

0 0 0 0 No waits
1 1 wait
1 0 2 waits
1 1 1 0 14 waits
15 waits (Initial value)

Bits 7 to 4—CS0 to CS3 Space DMA Single Address Mode Read Access Wait State Insertion
Cycle Specification (DSWR3 to DSWRO0): These bits specify the number of wait states to be
inserted in reads from spaces CS0 to CS3 in DMA single address mode.

Bit 7: DSWR3 Bit6: DSWR2 Bit5: DSWR1 Bit4:DSWR0 Description

0 0 0 0 No waits
1 1 wait
1 0 2 walits
1 1 1 0 14 waits
15 waits (Initial value)

Bits 3 to 1—Wait State Insertion Cycles after External WAIT Pin Negation (HWW2 to
HWWO0): These bits specify the number of wait states to be inserted after external WAIT pin
negation in areas 0 to 3. This specification is valid only when a hard wait is inserted by means of
the external WAIT pin. If a hard wait is not inserted, the wait states specified by these bits will not
be inserted.

Bit 3: HWW2 Bit 2: HWWH1 Bit 1: HWWO0 Description

0 0 0 No waits
1 1 wait
1 0 2 waits
1 1 0 6 waits
1 7 waits (Initial value)

Bit 0—Reserved: This bit is always read as 0 and should only be written with 0.
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8.2.4 DRAM Control Register 1 (DCR1)

DRAM control register 1 (DCR1) is a 16-bit readable/writable register that specifies DRAM
control. Control is the same for CS4 and CS5 space accesses.

DCRI1 is initialized to H'0000 by a power-on reset, but is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
\ TPC1 \ TPCO \Tpcsz \ TPCS1 \TPcso\ RCD2 \ RCD1 \ RCDO \
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
\ — \ — \ DWW1 \ DWWO0 \ DWRH1 \ DWRO \ — \ — \
Initial value: 0 0 0 0 0 0 0 0
RW: R R RIW RIW RIW RIW R

Bits 15 and 14—RAS Precharge Interval Specification (TPC1, TPCO0): These bits specify, for
DRAM, the minimum number of cycles before RAS is asserted again after being negated.

Bit 15: TPCA1 Bit 14: TPCO Description

0 0 1 cycle (Initial value)
1 2 cycles

1 0 3 cycles
1 4 cycles

Bits 13 to 11—RAS Precharge Interval Immediately after Self-Refreshing (TPCS2 to
TPCS0): These bits specify, for DRAM, the RAS precharge interval immediately after self-
refreshing.
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Bit 13: TPCS2 Bit12: TPCS1 Bit11: TPCS0 Description

0 0 0 Cycles specified by TPC + 0 cycles
(Initial value)

1 Cycles specified by TPC + 1 cycle
1 0 Cycles specified by TPC + 2 cycles
1 1 0 Cycles specified by TPC + 6 cycles
1 Cycles specified by TPC + 7 cycles

Bits 10 to 8—RAS-CAS Delay specification (RCD2 to RCD0): These bits specify the DRAM
RAS-CAS delay time.

Description
Bit 10: RCD2  Bit 9: RCD1 Bit 8: RCDO Normal Access EDO Access
0 0 0 1 cycle (Initial value) 1 cycle (Initial value)
1 2 cycles Do not set
1 1 0 7 cycles Do not set
1 8 cycles Do not set

Note: Use the one cycle setting for EDO DRAM.

Bits 7 and 6—Reserved: These bits are always read as 0 and should only be written with 0.

Bits 5 and 4—Write Cycle Column Address Output Cycle Interval Specification (DWW]1,
DWWO0): These bits specify the column address output cycle interval in a DRAM write cycle.

Description
In Normal In EDO In EDO Burst
Bit 5: DWWA1 Bit 4: DWWO  Write Cycle Write Cycle Write Cycle
0 0 2 cycles (no waits)™ 2 cycles (no waits)* 1 cycle (no waits)*
1 3 cycles (1 wait) Do not set Do not set
1 0 4 cycles (2 waits) Do not set Do not set
1 5 cycles (3 waits) Do not set Do not set

Note: * Initial value
Use the no wait setting for EDO DRAM.
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Bits 3 and 2—Read Cycle Column Address Output Cycle Interval Specification (DWR1,
DWRO): These bits specify the column address output cycle interval in a DRAM read cycle.

Description
In Normal In EDO In EDO Burst
Bit 3: DWR1 Bit 2: DWRO Read Cycle Read Cycle Read Cycle
0 0 2 cycles (no waits)* 2 cycles (no waits)* 1 cycle (no waits)*
1 3 cycles (1 wait) Do not set Do not set
1 0 4 cycles (2 waits) Do not set Do not set
1 5 cycles (3 waits) Do not set Do not set

Note: * Initial value
Use the no wait setting for EDO DRAM.

Bits 1 and 0—Reserved: These bits are always read as 0 and should only be written with 0.

8.2.5 DRAM Control Register 2 (DCR2)

DRAM control register 2 (DCR2) is a 16-bit readable/writable register that specifies DRAM
control. Control is the same for CS4 and CS5 space accesses.

DCR?2 is initialized to H'1FEO by a power-on reset, but is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
\ DIW2 \ DIW1 \ DIWO \DDWW3\DDWW2\DDWW1\DDWWO\DDWRs\
Initial value: 0 0 0 1 1 1 1 1

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

Bit: 7 6 5 4 3 2 1 0
‘DDWR2‘DDWR1‘DDWRO‘ RDW \ TCAS \ — ‘ — ‘ — ‘
Initial value: 1 1 1 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W
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Bits 15 to 13—Idle Cycles after DRAM Access (DIW2 to DIWO0): These bits specify the
number of idle cycles to be inserted between bus cycles when access is switched from the CS4 or
CSS5 space to another space, or from read access to write access within the same CS4 or CS5
space. When switching to access to a different space, one idle cycle is inserted automatically in the
case of a read cycle, and two idle cycles in the case of a write cycle, even if “No idle cycles” is set.
When switching from a read cycle to a write cycle within the same space, two idle cycles are

inserted automatically.

Bit 15: DIW2 Bit 14: DIW1 Bit 13: DIWO0 Description

0 0 0 No idle cycles (Initial value)
1 1 idle cycle inserted
1 0 2 idle cycles inserted
1 1 0 6 idle cycles inserted

7 idle cycles inserted

Bits 12 to 9—DMA Single Address Mode Write Access Wait State Insertion Cycle
Specification (DDWW3 to DDWWO0): These bits specify the number of wait states to be inserted
in writes to DRAM in DMA single address mode.

Bit12:  Bit11:  Bit10:  Bit9: Description
DDWW3 DDwWw2 DDWW1 DDWWO0O Normal Access EDO Access
0 0 0 0 No waits No waits
1 1 wait Do not set
1 0 2 waits Do not set
1 1 1 0 14 waits Do not set

1

15 waits (Initial value)

Do not set (Initial value)

Note: Use the no wait setting for EDO DRAM.
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Bits 8 to S—DMA Single Address Mode Read Access Wait State Insertion Cycle
Specification (DDWR3 to DDWRO): These bits specify the number of wait states to be inserted
in reads from DRAM in DMA single address mode.

Bit 8: Bit 7: Bit 6: Bit 5: Description
DDWR3 DDWR2 DDWR1 DDWRO0 Normal Access EDO Access
0 0 0 0 No waits No waits
1 1 wait Do not set
1 0 2 waits Do not set
1 1 1 0 14 waits Do not set
1 15 waits (Initial value) Do not set (Initial value)

Note: Use the no wait setting for EDO DRAM.

Bit 4—Idle Cycle Insertion before Continuous Burst Operation in DMA Single Transfer in
RAS Down Mode (RDW): Specifies whether one idle cycle is to be inserted before burst
operation when the same DRAM row address is accessed in DMA single mode during RAS down
mode. This cycle is inserted only when access is switched from another space to the CS4 space or
CSS5 space, or from read access to write access within the same CS4 or CSS5 space.

Bit 4: RDW Description
0 No idle cycle (Initial value)
1 1 idle cycle inserted

Bit 3—Write Cycle CAS Assertion Width with Software Wait Setting (TCAS): Specifies the
CAS assertion width in a DRAM write cycle.

Description
Bit 3: TCAS Normal Access EDO Access
0 1 cycle (Initial value) 1 cycle (Initial value)
1 2 cycles Do not set

Note: Use the no wait setting for EDO DRAM.

Bits 2 to 0—Reserved: These bits are always read as 0 and should only be written with 0.
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8.2.6 DRAM Control Register 3 (DCR3)

DRAM control register 3 (DCR3) is a 16-bit readable/writable register that specifies DRAM
control. Control is the same for CS4 and CS5 space accesses.

DCR3 is initialized to H'1800 by a power-on reset, but is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
\ BE \ RSD \ EDO \ DSZ1 \ DSZ0 \ AMX2 \ AMX1 \ AMX0 \
Initial value: 0 0 0 1 1 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
RFSH | RWD | — | — [ — | — | — [ —

Initial value: 0 0 0 0 0 0 0 0

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

Bit 15—Burst Enable (BE): Specifies whether or not burst access is performed on DRAM.

Bit 15: BE Description
0 Burst disabled (Initial value)
1 Access in fast page mode

Bit 14—RAS Down Mode (RSD): Specifies whether or not RAS down mode access is performed
on DRAM.

Bit 14: RSD Description
0 DRAM accessed in RAS up mode (Initial value)
1 DRAM accessed in RAS down mode

Bit 13—EDO Mode (EDO): Specifies whether or not EDO mode access is performed on DRAM.

Bit 13: EDO Description
0 DRAM accessed in normal mode (Initial value)
1 DRAM accessed in EDO mode
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Bits 12 and 11—Bus Width Specification (DSZ1, DSZ0): These bits specify the bus width for
DRAM.

Bit 12: DSZ1 Bit 11: DSZ0 Description
0 0 Reserved (Do not set)
1 8 bits
1 0 16 bits
1 32 bits (Initial value)

Bits 10 to 8—Address Multiplexing Specification (AMX2 to AMXO0): These bits specify
DRAM address multiplexing.

Bit 10: AMX2 Bit 9: AMX1 Bit 8: AMX0 Description
0 0 0 9 bits (Initial value)
1 10 bits
1 0 11 bits
1 12 bits
1 0 0 13 bits
1 14 bits
1 0 15 bits
1 16 bits

Bit 7—Refresh Control (RFSH): Specifies whether or not refreshing is performed for DRAM.
When the refresh function is not used, the refresh request cycle generation timer can be used as an
interval timer.

Bit 7: RFSH Description
0 Refreshing is not performed (Initial value)
1 Refreshing is performed

Bit 6—Refresh Mode (RMD): Specifies whether normal refreshing or self-refreshing is
performed for DRAM when the RFSH bit is set to 1. When the RFSH bit is 1 and this bit is
cleared to 0, CAS-before-RAS refreshing is performed using the cycle set with refresh-related
registers RTCNT, RTCOR, and RTCSR. If a refresh request is issued during execution of an
external bus cycle, the refresh cycle is executed when the bus cycle ends. When the RFSH bit is 1
and this bit is set to 1, the self-refresh state is set after waiting for the end of any currently
executing external bus cycle. All refresh requests for memory in the self-refresh state are ignored.
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Bit 6: RMD Description
0 CAS-before-RAS refreshing is performed (Initial value)
1 Self-refreshing is performed

Bits 5 to 0—Reserved: These bits are always read as 0 and should only be written with 0.

8.2.7 Refresh Timer Control/Status Register (RTCSR)

The refresh timer control/status register (RTCSR) is a 16-bit readable/writable register that
specifies the refresh cycle, whether interrupts are to be generated, and if so the interrupt cycle.

RTCSR is initialized to H'0000 by a power-on reset, but is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
\ CMF \ CMIE \ CKS2 \ CKS1 \ CKSO \ OVF \ OVIE ‘LMTS1‘
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
\ LMTSO \ BREF2 \ BREF1 \ BREFO \ TRAS2 \ TRAS1 \ TRASO \ — \
Initial value: 0 0 0 0 0 0 0 0
RW: RW RIW RIW RIW RIW RIW RIW R

Bit 15—Compare Match Flag (CMF): Status flag that indicates a match between the refresh
timer counter (RTCNT) and refresh time constant register (RTCOR) values.

Bit 15: CMF Description
0 RTCNT and RTCOR values do not match (Initial value)
[Clearing condition]

When 0 is written to CMF after reading RTCSR when CMF = 1, or when
refreshing is performed with RFSH = 1 and RMD = 0 (CBR refreshing
performed)

1 RTCNT and RTCOR values match
[Setting condition]
When RTCNT = RTCOR
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Bit 14—Compare Match Interrupt Enable (CMIE): Controls generation or suppression of an
interrupt request when the CMF flag is set to 1 in RTCSR. Do not set this bit to 1 when CAS-
before-RAS refreshing is used.

Bit 14: CMIE Description
0 Interrupts initiated by CMF are disabled (Initial value)
1 Interrupts initiated by CMF are enabled

Bits 13 to 11—Clock Select Bits (CKS2 to CKS0): These bits select the RTCNT input clock.
The base clock is the external bus clock (CKE). The RTCNT count clock is obtained by scaling
CKE by the specified factor.

To change the division ratio (scaling factor), first clear bits CKS0 to CKS2 to 0, then write the
required value in these bits.

Bit 13: CKS2 Bit 12: CKS1 Bit 11: CKS0 Description
0 0

0 Clock input disabled (Initial value)
1 External bus clock (CKE) /4
0 External bus clock (CKE) /16
1 External bus clock (CKE) /64

1 0 0 External bus clock (CKE) /256
1 (CKE)
0 (CKE)
1 (CKE)

External bus clock (CKE) /1024
External bus clock (CKE) /2048
External bus clock (CKE) /4096

Bit 10—Refresh Count Overflow Flag (OVF): Status flag that indicates that the number of
refresh requests indicated by the refresh count register (RFCR) has exceeded the number specified
by the LMTS bits in RTCSR.

Bit 10: OVF Description
0 RFCR has not overflowed the count limit indicated by the LMTS bits

[Clearing condition]

When RTCSR is read while OVF = 1, then 0 is written to OVF  (Initial value)
1 RFCR has overflowed the count limit indicated by the LMTS bits

[Setting condition]

When RFCR overflows the count limit indicated by the LMTS bits
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Bit 9—Refresh Count Overflow Interrupt Enable (OVIE): Controls generation or suppression
of an interrupt request when the OVF flag is set to 1 in RTCSR.

Bit 9: OVIE Description
0 Interrupts initiated by OVF are disabled (Initial value)
1 Interrupts initiated by OVF are enabled

Bits 8 and 7—Refresh Count Overflow Limit Select (LMTS1, LMTSO0): These bits specify the
count limit to be compared with the refresh count indicated by the refresh count register (RFCR).
If the RFCR register value exceeds the value specified by the LMTS bits, the OVF flag is set to 1.

Bit 8: LMTS1 Bit 7: LMTSO0 Description

0 0 Refresh count limit is 4096 (Initial value)
1 Refresh count limit is 2048

1 0 Refresh count limit is 1024
1 Refresh count limit is 512

Bits 6 to 4—Refresh Request Number Select (BREF2 to BREF0): These bits specify the
number of consecutive refresh requests requested by a single compare match. The number of
CAS-before-RAS refreshes specified by these bits are performed consecutively.

Bit 6: Bit 5: Bit 4:
BREF2 BREF1 BREF0 Description
0 0 0 1 CAS-before-RAS refresh is performed  (Initial value)
1 2 consecutive CAS-before-RAS refreshes are performed
1 0 3 consecutive CAS-before-RAS refreshes are performed
1 4 consecutive CAS-before-RAS refreshes are performed
1 0 0 5 consecutive CAS-before-RAS refreshes are performed
1 6 consecutive CAS-before-RAS refreshes are performed
1 0 7 consecutive CAS-before-RAS refreshes are performed
1 8 consecutive CAS-before-RAS refreshes are performed

Bits 3 to 1—Refresh RAS Assertion Interval Specification (TRAS2 to TRASO): These bits
specify the refresh interval of the DRAM connected to areas 4 and 5. With DRAM, this is the RAS
assertion interval in CAS-before-RAS refreshing.
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Bit 3: Bit 2: Bit 1: Description
TRAS2 TRAS1 TRASO
0 0 0 2 cycles (Initial value)
1 3 cycles
1 0 4 cycles
1 5 cycles
1 0 0 6 cycles
1 7 cycles
1 0 8 cycles
1 9 cycles

Bit 0—Reserved: This bit is always read as 0 and should only be written with 0.

8.2.8 Refresh Timer Counter (RTCNT)

The refresh timer counter (RTCNT) is an 8-bit readable/writable counter that is incremented by
the input clock selected by bits CKS2 to CKSO0 in the RTCSR register. When the RTCNT counter
value matches the RTCOR register value, the CMF bit is set in the RTCSR register and the
RTCNT counter is cleared.

RTCNT bits 15 to 8 are reserved; they are always read as 0 and should only be written with 0.
RTCNT is initialized to H'00 by a power-on reset. In standby mode, RTCNT is not initialized, and
retains its contents.

Bitt 15 14 13 12 11 10 9 8
-l -1 -1=-71T-=-1=7T-1="]
Initial value: 0 0 0 0 0 0 0 0
RIW: R R R R R R R
Bit: 7 6 5 4 3 2 1 0
\ RTCNT7 \ RTCNT6 \ RTCNT5 \ RTCNT4 \ RTCNT3 \ RTCNT2 \ RTCNT1 \ RTCNTO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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8.2.9 Refresh Time Constant Register (RTCOR)

The refresh time constant register (RTCOR) is a 16-bit readable/writable register that specifies the
upper limit of the RTCNT counter. The RTCOR register and RTCNT counter values (lower 8 bits)
are constantly compared, and when they match the CMF bit is set in the RTCSR register and the
RTCNT counter is cleared to 0. If RFSH has been set to 1 and RMD has been cleared to 0 in
DRAM control register 3 (DCR3), CAS-before-RAS refreshing is performed. If the CMIE bit has

been set to 1 in RTCSR, a compare match interrupt (CMI) is generated.

RTCOR bits 15 to 8 are reserved; they are always read as 0 and should only be written with 0.

RTCOR is initialized to H'0000 by a power-on reset, but is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
-l -1 -1=-1T=-71T-=-7T=17T7="1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
\ RTCORY? \ RTCORS6 \ RTCOR5 \ RTCOR4 \ RTCOR3 \ RTCOR2 \ RTCOR1 \ RTCORO \
Initial value: 0 0 0 0 0 0 0 0
RW: R/W R/W RIW R/W R/W R/W R/W R/W
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8.2.10  Refresh Count Register (RFCR)

The refresh count register (RFCR) is a 12-bit readable/writable counter that counts the number of
refreshes by being incremented each time the RTCOR register and RTCNT counter values match.
If the RFCR register value exceeds the count limit specified by bits LMTS1 and LMTSO0 in the
RTCSR register, the OVF flag is set in the RTCSR register and the RFCR register is cleared.

RFCR bits 15 to 12 are reserved; they are always read as 0 and should only be written with 0.
RFCR is initialized to H'0000 by a power-on reset. In standby mode, RFCR is not initialized, and
retains its contents.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

15 14 13 12 11 10 9 8
\ — \ — \ — \ — ‘RFCR11 ‘RFCR10‘ RFCR9 \ RFCRS8 \
0 0 0 0 0 0 0 0
RIW RIW RIW RIW
7 6 5 4 3 2 1 0
\ RFCR7 \ RFCR6 \ RFCR5 \ RFCR4 \ RFCR3 \ RFCR2 \ RFCR1 \ RFCRO \
0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW
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8.3 Operation

8.3.1 Endian/Access Size and Data Alignment

The SH7065 supports both big-endian mode, in which the most significant byte (MSByte) is at the
0 address end in a string of byte data, and little-endian mode, in which the least significant byte
(LSByte) is at the 0 address end. The mode is set by means of the ENDIAN bit in area control
register 1| (ACR1_0 to ACRI1 _5).

A data bus width of 8, 16, or 32 bits can be selected for normal memory and DRAM. For
multiplexed I/O there is a choice of 8 or 16 bits. Data alignment is carried out according to the
data bus width and endian mode of each device. Thus, four read operations are needed to read
longword data from an 8-bit device. In the SH7065, data alignment and data length conversion
between the different interfaces is performed automatically.

The relationship between the endian mode, device data width, and access unit, is shown in tables
8.4 to 8.9. Instruction codes should be handled as word data. Similarly, with a 32-bit instruction
code, handle the A-field and B-field instruction codes as word data.

Table 8.4  32-Bit External Device/Big-Endian Access and Data Alignment

Data Bus Strobe Signals
WRHH, WRHL, WRLH, WRLL,
D31- D23- D15- D7- HHBS, HLBS, LHBS, LLBS,
Operation D24 D16 D8 DO CASHH CASHL CASLH CASLL
Address 0 byte access Data — — — Asserted
7-0
Address 1 byte access — Data — — Asserted
7-0
Address 2 byte access — — Data — Asserted
7-0
Address 3 byte access — — — Data Asserted
7-0
Address 0 word access Data Data — — Asserted Asserted
15-8 7-0
Address 2 word access — — Data Data Asserted Asserted
15-8 7-0
Address 0 longword Data Data Data Data Asserted Asserted Asserted Asserted
access 31-24 23-16 15-8 7-0
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Table 8.5  16-Bit External Device/Big-Endian Access and Data Alignment

Data Bus Strobe Signals
WRHH, WRHL, WRLH, WRLL,
D31- D23- D15- D7- HHBS, HLBS, LHBS, LLBS,
Operation D24 D16 D8 DO CASHH CASHL CASLH CASLL
Address 0 byte access — — Data — Asserted
7-0
Address 1 byte access — — — Data Asserted
7-0
Address 2 byte access — — Data — Asserted
7-0
Address 3 byte access — — — Data Asserted
7-0
Address 0 word access — — Data Data Asserted Asserted
15-8 7-0
Address 2 word access — — Data Data Asserted Asserted
15-8 7-0
Address 0 1staccess — — Data Data Asserted Asserted
longword (address 0) 31-24 23-16
access 2nd access — — Data Data Asserted Asserted
(address 2) 15-8 7-0
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Table 8.6  8-Bit External Device/Big-Endian Access and Data Alignment

Data Bus Strobe Signals
WRHH, WRHL, WRLH, WRLL,
D31- D23- D15- D7- HHBS, HLBS, LHBS, LLBS,
Operation D24 D16 D8 DO CASHH CASHL CASLH CASLL
Address 0 byte access — — — Data Asserted
7-0
Address 1 byte access — — — Data Asserted
7-0
Address 2 byte access — — — Data Asserted
7-0
Address 3 byte access — — — Data Asserted
7-0
Address  1staccess — — — Data Asserted
0 word (address 0) 15-8
access 2nd access — — — Data Asserted
(address 1) 7-0
Address  1staccess — — — Data Asserted
2 word (address 2) 15-8
access 2nd access — — — Data Asserted
(address 3) 7-0
Address 0 1staccess — — — Data Asserted
longword (address 0) 31-24
access 2nd access — — — Data Asserted
(address 1) 23-16
3rd access — — — Data Asserted
(address 2) 15-8
4th access — — — Data Asserted
(address 3) 7-0
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Table 8.7  32-Bit External Device/Little-Endian Access and Data Alignment

Data Bus Strobe Signals
WRHH, WRHL, WRLH, WRLL,
D31- D23- D15- D7- HHBS, HLBS, LHBS, LLBS,
Operation D24 D16 D8 DO CASHH CASHL CASLH CASLL
Address 0 byte access — — — Data Asserted
7-0
Address 1 byte access — — Data — Asserted
7-0
Address 2 byte access — Data — — Asserted
7-0
Address 3 byte access Data — — — Asserted
7-0
Address 0 word access — — Data Data Asserted Asserted
15-8 7-0
Address 2 word access Data Data — — Asserted Asserted
15-8 7-0
Address 0 longword Data Data Data Data Asserted Asserted Asserted Asserted
access 31-24 23-16 15-8 7-0
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Table 8.8  16-Bit External Device/Little-Endian Access and Data Alignment

Data Bus Strobe Signals
WRHH, WRHL, WRLH, WRLL,
D31- D23- D15- D7- HHBS, HLBS, LHBS, LLBS,
Operation D24 D16 D8 DO CASHH CASHL CASLH CASLL
Address 0 byte access — — — Data Asserted
7-0
Address 1 byte access — — Data — Asserted
7-0
Address 2 byte access — — — Data Asserted
7-0
Address 3 byte access — — Data — Asserted
7-0
Address 0 word access — — Data Data Asserted Asserted
15-8 7-0
Address 2 word access — — Data Data Asserted Asserted
15-8 7-0
Address 0 1staccess — — Data Data Asserted Asserted
longword (address 0) 15-8 7-0
access 2nd access — — Data Data Asserted Asserted
(address 2) 31-24 23-16
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Table 8.9  8-Bit External Device/Little-Endian Access and Data Alignment

Data Bus Strobe Signals
WRHH, WRHL, WRLH, WRLL,
D31- D23- D15- D7- HHBS, HLBS, LHBS, LLBS,
Operation D24 D16 D8 DO CASHH CASHL CASLH CASLL
Address 0 byte access — — — Data Asserted
7-0
Address 1 byte access — — — Data Asserted
7-0
Address 2 byte access — — — Data Asserted
7-0
Address 3 byte access — — — Data Asserted
7-0
Address 1staccess — — — Data Asserted
0 word (address 0) 7-0
access 2nd access — — — Data Asserted
(address 1) 15-8
Address  1staccess — — — Data Asserted
2 word (address 2) 7-0
access 2nd access — — — Data Asserted
(address 3) 15-8
Address 0 1staccess — — — Data Asserted
longword (address 0) 7-0
access 2nd access — — — Data Asserted
(address 1) 15-8
3rd access — — — Data Asserted
(address 2) 23-16
4th access — — — Data Asserted
(address 3) 31-24
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8.3.2 Areas
Area (

For area 0, address bits A31 to A26 are 000000. However, in the on-chip ROM enabled modes,
the space from H'0000 0000 to H'0003 FFFF is allocated to on-chip ROM. Enabling or disabling
of on-chip ROM is selected in a power-on reset by means of external pins MD2, MD1, and MDO.

Normal memory such as SRAM and ROM can be connected to this space. A value of 0 must
always be written to bits TP1 and TPO in the ACR1 register. These bits are always read as 0.

A bus width of 8, 16, or 32 bits can be selected in a power-on reset by means of external pins
MD1 and MDO.

When area 0 space is accessed, the CSO signal is asserted. In addition, the RD signal, which can be
used as the SRAM and ROM OE signal, and write control signals WRHH to WRLL, are asserted.

As regards the number of bus cycles, from 0 to 15 waits can be selected with bits W3 to WO in the
WCR register. In addition, any number of waits can be inserted in each bus cycle by means of the
external wait pin (WAIT).

Areas 1to 3
For areas 1 to 3, address bits A31 to A26 are 000001 to 000011.

Normal memory such as SRAM and ROM, and address/data multiplexed I/O devices, can be
connected to this space. The kind of memory control to be performed is set with bits TP1 and TPO
in the ACRI1 register provided for each area.

A bus width of 8, 16, or 32 bits can be selected in a power-on reset with bits SZ1 and SZ0 in the
ACRI register provided for each area. However, when a multiplexed address/data I/O device is

connected, bits SZ1 and SZO0 in the ACRI1 register are ignored, and the bus width is 8 bits when

address bit A14 is 0, and 16 bits when 1.

When area 1, 2, or 3 space is accessed, the CS1, CS2, or CS3 signal is asserted, respectively. In
addition, the RD signal, which can be used as the SRAM and ROM OE signal, and write control
signals WRHH to WRLL, are asserted.

As regards the number of bus cycles, from 0 to 15 waits can be selected with bits W3 to WO in the
WCR register provided for each area. In addition, any number of waits can be inserted in each bus
cycle by means of the external wait pin (WAIT).
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Areas 4 and S
For areas 4 and 5, address bits A31 to A26 are 010000 and 010001, respectively.

A bus width of 8, 16, or 32 bits can be selected in a power-on reset with bits DSZ1 and DSZO0 in
the DCR3 register.

When area 4 or 5 space is accessed, the CS4 or CS5 signal is asserted, respectively. The RAS
signal, the CASHH, CASHL, CASLH, and CASLL signals, and the RDWR signal are asserted,
and address multiplexing is performed. RAS, CAS, and data timing control, and address
multiplexing control, can be set with registers DCR1 to DCR3.

As regards the number of bus cycles, from 0 to 3 waits can be selected with a setting in the DCR1
register. In addition, any number of waits can be inserted in each bus cycle by means of the
external wait pin (WAIT). However, a wait setting should not be made for EDO DRAM.

8.3.3 Normal Space Access
Basic Timing

The SH7065 uses strobe signal output for normal space access in consideration of the fact that
mainly static RAM will be directly connected. Figure 8.3 shows the basic timing of normal space
accesses. 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.

There is no access size specification when reading. The correct access start address is output in the
least significant bit of the address, but since there is no access size specification, 32 bits are always
read in the case of a 32-bit device, and 16 bits in the case of a 16-bit device, using the necessary
byte value. When writing, only the WRLL to WRHH signal for the byte to be written, or the WR
signal and LLBS to HHBS are asserted, according to the setting of the BAS bit in the BCR
register. For details, see section 8.3.1, Endian/Access Size and Data Alignment.
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CKE*

A25-A0 X

Read
D31-D0
WRHH-WRLL
Write
D31-D0
BS
DACKn !

Note: * When the setting CKE = CKIO is made in clock mode 0 to 3, 6, or 7, CKE is identical to
CKIO on the timing chart.
In clock modes 4 and 5, the phases of CKE and CKIO do not coincide, but the relative
relationship of the AC specifications is the same as in the other clock modes.

Figure 8.3 Basic Timing of Normal Space Access
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Figures 8.4, 8.5, and 8.6 show examples of connection to 32-, 16-, and 8-bit data width SRAM.

Figures 8.7 and 8.8 show examples of connection to 32- and 16-bit data width byte-strobe SRAM.

128k x 8-bit
SH7065 SRAM
A18 A16
A2 |— ~{A0
CSn cs
RD OE
D31 1107
D24 | —{ oo
WRHH WE
D23
D16
WRHL Al6
D15 Co]
B AQ
o8 g
WRLH ol
D7 ‘
DO 1100
WRLL WE
Al6
AQ
cs
OE
1107
1100
WE
Al6
AQ
cs
OE
1107
1100
WE

Figure 8.4 Example of 32-Bit Data Width SRAM Connection

Rev. 5.00 Sep 11, 2006 page 257 of 916
REJ09B0332-0500
RENESAS




Section 8 Bus State Controller (BSC)

128k x 8-bit
SH7065 SRAM
A17 A16
AL AQ
CSn cs
RD OE
D15 1107
D8 1100
WRLH WE
D7
DO
WRLL Al6
AO
cs
OE
1107
Vo0
WE

Figure 8.5 Example of 16-Bit Data Width SRAM Connection

128k x 8-bit
SH7065 SRAM

Al6 Al6
AO AQ
Csn cs
RD OE

D7 1107

DO 1100
WRLL WE

Figure 8.6 Example of 8-Bit Data Width SRAM Connection

Rev. 5.00 Sep 11, 2006 page 258 of 916
REJ09B0332-0500

RENESAS



Section 8 Bus State Controller (BSC)

128k x 16-bit
SH7065 SRAM
A18 A16
A2 AO
CSn CS
RD OE
WR WE
D31 [ — 1015
D16 1100
HHBS UB
HLBS LB
D15
DO
LHBS Al
LLBS ! !
AO
cs
OE
WE
—1/015
1/00
UB
LB

Figure 8.7 Example of 32-Bit Data Width Byte-Strobe SRAM Connection

128k x 16-bit
SH7065 SRAM
AL7 A16
AL |— —{A0
CSn cs
D oF
WR WE
D15 V015
DO 1/00
LHBS UB
[LBS (B

Figure 8.8 Example of 16-Bit Data Width Byte-Strobe SRAM Connection
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Wait State Control

Wait state insertion in normal space access can be controlled by means of WCR settings. If the
WCR wait specification bits corresponding to a particular area are not zero, a software wait is
inserted in accordance with that specification. For details, see section 8.2.3, Wait Control
Registers (WCR_0 to WCR_3).

The number of Tw cycles specified in WCR are inserted as wait cycles using the basic interface
wait timing shown in figure 8.9.

CKE*

A25-A0

CSn

-
j : : :
WR ::X : ! : | |
—
T\

HHBS-LLBS ! ‘ ! ‘ WA
RD AN R Y A
D31-DO : 3 ; ! 3
WRHH-WRLL ! | 1 v
Write i i i

D31-DO

BS

DACKn

Note: * When the setting CKE = CKIO is made in clock mode 0 to 3, 6, or 7, CKE is identical to CKIO
on the timing chart.
In clock modes 4 and 5, the phases of CKE and CKIO do not coincide, but the relative
relationship of the AC specifications is the same as in the other clock modes.

Figure 8.9 Wait State Timing for Normal Space Access
(One Software Wait State Inserted)
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The wait input WAIT signal from an external source can be sampled by making the appropriate
setting for the EXWE bit in ACR1. WAIT signal sampling is shown in figure 8.10. The signal is
sampled at the rise of the clock in the T2 cycle.

By making a setting in bits HWW2 to HWWO0 in WCR, additional software wait states can be
inserted after the WAIT signal is negated. The specified number of Thww cycles (see figure 8.10)
are inserted as wait cycles after negation of the WAIT signal.

Wait state due to WAIT
signal input

T1 . Two . Thww T2
P

Lt

HHBS-LLBS

RD

Read

D31-D0

A~

WRHH-WRLL

Write

D31-D0

BS

o \ LT

A4
|

KT?TT?F?WF?

e
Nl
=
—
—
=
N

DACKn

1)
N

Note: * When the setting CKE = CKIO is made in clock mode 0 to 3, 6, or 7, CKE is identical to CKIO on the
timing chart.
In clock modes 4 and 5, the phases of CKE and CKIO do not coincide, but the relative relationship of
the AC specifications is the same as in the other clock modes.

Figure 8.10 Wait State Timing for Normal Space Access (One Wait Inserted by WAIT
Signal, and One Software Wait Inserted after Negation of WAIT Signal)
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SH7065F Bus Timing

Timing waveforms when longword access is performed to external word-size memory space are
shown in figure 8.11. The SH7065F performs external accesses consecutively. The CS signal is
asserted during this time, and remains asserted.

P T1 o T2 o T1 P T2 |
| | '
CKE _7£t \ 7[ \ 7[ \ 7[ \ 1,
AD | ‘ ‘ ‘ AD
A25-A2 X ! ! ! (
] I I tAD I I
Al Y e e
_lojteson \ \ \ L.|tcsp2
CSn R : ‘ : [
. [twsp2 1 ‘ 1 _[twsp1
_ r— : ‘ :
WR . : :
trsp1| fog | tRsp2 trsp1|toE
__ ‘ troDs ‘
Read < RD | A |
tacc ' lroH tacc
D15-DO )
. [bwsp1 |
WR ‘\( ! ! !
tAs twspz| twr | Tas
Write WRxx 3__» 3 zltW?H thm}\_ | 7
'twspr ! ! !
fwop '\ fwoD(min=tyor) !
D15-D0 |
tgspa | tasp | tesp1 ! tasp2 |
% ] | | 3 |

Figure 8.11 SH7065F Bus Timing
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Extension of CS Assertion Interval

By making settings in bits SWH2 to SWHO and SWT2 to SWTO in ACRI1, idle cycles can be
inserted to prevent the RD or WR assertion interval from extending beyond the CSn assertion
interval. This allows flexible interfacing to external circuitry. The timing is shown in figure 8.12.
The Th and Tt cycles are added before and after the normal cycles, respectively. The number of
Th cycles is set in bits SWH2 to SWHO, and the number of Tt cycles in bits SWT2 to SWTO. In
these cycles, only CSn is asserted; RD and WR are not. Also, since data is extended up to the Tt
cycle, this feature is useful for devices with slow write operations, for example.

p3-Do  — |
BS \ '/ 3
DACKn N

| Th l T1 l T2 I Tt |

=N o U o U o O o O
A25-A0 ) S X:
s 0 N\
W X

FFBS-LLBS | N\ §

w

Read 1 1 ‘

D31-DO S — - :

WRHH-WRLL N\ '/

Write
—

Note: * When the setting CKE = CKIO is made in clock mode 0 to 3, 6, or 7, CKE is identical to CKIO on the
timing chart.
In clock modes 4 and 5, the phases of CKE and CKIO do not coincide, but the relative relationship of
the AC specifications is the same as in the other clock modes.

Figure 8.12 CS Assertion Interval Extension (SWH =1, SWT =1)
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Byte Access Control

Making the appropriate setting for the BAS bit in BCR enables byte-strobe type 16-bit-width
SRAM to be connected directly. When the BAS bit is cleared to 0, access is performed using the
WRHH, WRHL, WRLH, and WRLL signals. When the BAS bit is set to 1, access is performed
using the WR, HHBS, HLBS, LHBS, and LLBS signals. Also, since the HHBS, HLBS, LHBS,
and LLBS signals are also asserted in read accesses, it is always possible to know which byte
position is being accessed.

Figure 8.13 shows the timing for a 32-bit-bus-width, big-endian, no-wait write cycle, and figure
8.14 shows the timing for a read cycle.
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Address 2

Address 1
byte access

Address 0
byte access

D31-D24
D23-D16

D15-D8

D7-D0

CKE*

When
BAS =
When
BAS
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Figure 8.13 Byte Access Control Timing

In clock modes 4 and 5, the phases of CKE and CKIO do not coincide, but the relative
(32-Bit Bus Width, Big-Endian Mode, No Waits, Write Cycle)

relationship of the AC specifications is the same as in the other clock modes.

Note: * When the setting CKE
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Address 1 Address 2 Address 3
byte access byte access byte access

Address 0
byte access

A25-A0

I O O O e ﬁuk_/
7
uu
] §
u “““““““““ D ]

o HUHHMHW

CKIO is made in clock mode 0 to 3, 6, or 7, CKE is identical to CKIO

Note: * When the setting CKE

on the timing chart.

In clock modes 4 and 5, the phases of CKE and CKIO do not coincide, but the relative

relationship of the AC specifications is the same as in the other clock modes.

Figure 8.14 Byte Access Control Timing
(32-Bit Bus Width, Big-Endian Mode, No Waits, Read Cycle)
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8.3.4 DRAM Interface
Direct Connection of DRAM

When area 4 or area 5 space is accessed, the target space is 64-Mbyte DRAM space, and the
DRAM interface function can then be used to connect DRAM directly to the SH7065.

As CAS is used to control byte access, 2-CAS type 16-bit-width DRAMs can be connected.

In addition to normal read and write access modes, fast page mode is supported for burst access.
EDO mode is similarly supported, enabling one-cycle access in burst mode, in particular.

Address Multiplexing

Address multiplexing is always performed in accesses to DRAM. This enables DRAM, which
requires row and column address multiplexing, to be connected directly to the SH7065 without
using an external address multiplexer circuit. Any of the eight multiplexing methods shown below
can be selected, by setting bits AMX2 to AMXO0 in DCR3. The relationship between bits AMX2
to AMXO0 and address multiplexing is shown in table 8.10. The address output pins subject to
address multiplexing are A15 to A0O. The original address signals are output to pins A25 to A16.
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Table 8.10 Relationship between Bits AMX2 to AMXO0 and Address Multiplexing

Number
of Column External Address Pins
Address
AMX2 AMX1 AMXO0 Bits Output Timing A0-A9 A10 A11 A12 A13 A14 A15
0 0 0 9 bits Column address A0-A9 A10 A11 A12 A13 A14 A15
Row address A9-A18 A19 A20 A21 A22 A23 A24
1 10 bits Column address A0-A9 A10 A11 A12 A13 A14 A15
Row address A10-A19 A20 A21 A22 A23 A24 A25
1 0 11 bits Column address A0-A9 A10 A11 A12 A13 A14 A15
Row address A11-A20 A21 A22 A23 A24 A25 A15
1 12 bits Column address A0-A9 A10 A11 A12 A13 A14 A15
Row address A12-A21 A22 A23 A24 A25 A14 A15
1 0 0 13 bits Column address A0-A9 A10 A11 A12 A13 A14 A15
Row address A13-A22 A23 A24 A25 A13 A14 A15
1 14 bits Column address A0-A9 A10 A11 A12 A13 A14 A15
Row address A14-A23 A24 A25 A12 A13 A14 A15
1 0 15 bits Column address A0-A9 A10 A11 A12 A13 A14 A15
Row address A15-A24 A25 A11 A12 A13 A14 A15
1 16 bits Column address A0-A9 A10 A11 A12 A13 A14 A15
Row address A16-A25 A10 A11 A12 A13 A14 A15
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Basic Timing

The basic timing for DRAM access is 3 cycles. This basic timing is shown in figure 8.15. Tr is the
RAS assert cycle, Tcl the CAS assert cycle, and Tc2 the read data latch cycle.

CKE

A25-A0

RDWR ) ¢
. A

CASxxn | | ! |

D31-D0 : : !
(read) !

D31-DO ‘ |
(write) w

BS : ; :

DACKn O\ 3

Figure 8.15 DRAM Basic Access Timing

Figures 8.16, 8.17, and 8.18 show examples of connection to 32-, 16-, and 8-bit data width
DRAM.
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64M x 16-bit
SH7065 DRAM
Al4 Al2
A2 A0
RASN RAS
OE
RDWR WE
D31 [— ‘ /015
D16 1/00
CASHHnN UCAS
CASHLn LCAS
D15
DO
CASLHn A8
CASLLn ! !
A0
RAS
OE
WE
: /015
1/100
UCAS
LCAS

T

Figure 8.16 Example of 32-Bit Data Width DRAM Connection

64M x 16-bit
SH7065 DRAM
A13 A12
ALl ~ {A0
RASH RAS
o
RDWR WE
D15 11015
Do _ oo
CASLHN UCAS
CASLLn LCAS

T

Figure 8.17 Example of 16-Bit Data Width DRAM Connection
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64M x 8-bit
SH7065 DRAM
A12 A12
AO | N

RASH RAS

OE

RDWR WE

D7 1107

DO — oo
CASLLn CAS

T

Figure 8.18 Example of 8-Bit Data Width DRAM Connection

Wait State Control

As the clock frequency increases, it becomes impossible to complete all states in one cycle as in
the basic cycle. Therefore, provision is made for state extension by using setting bits in the DCR1
and DCR2 registers. The timing with state extension using these settings is shown in figure 8.19.
Additional Tpc cycles (used to secure the RAS precharge time) can be inserted by means of the
TPC bits in the DCR1 register; from 1 to 4 cycles can be selected. The number of cycles from
RAS assertion to CAS assertion can be set to between 1 and 8 by inserting Trw cycles by means of
the RCD bits in the DCR1 register. The number of cycles from CAS assertion to the end of the
access can be varied, when reading, between 2 and 5 (1 cycle only in EDO mode) with the DWR
bits in the DCR1 register, enabling CAS negation to be extended, and when writing, between 2
and 5 (1 cycle only in EDO mode) with the DWW bits in the DCR1 register, enabling CAS
assertion to be extended. In a write, a CAS assertion width of 1 or 2 cycles can be set with the
TCAS bit in the DCR2 register. Also, when TCAS = 1, the end of the write is extended by 1 cycle.

As with normal space, the wait input WAIT signal from an external source can be sampled by
making the appropriate setting for the EXWE bit in ACR1. WAIT signal sampling is shown in
figure 8.20. The signal is sampled at the rise of the clock in the Tcl cycle.
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v Tr o Trw  Tel + Tew « Tew - Te2 .« (Tpc)

(Tcas):
:4—»

CKE

A25-A0

O
(4]
=)

RDWR

RASn

CASxxn
(read)

CASxxn
(write)

D31-DO0O
(read)

D31-D0
(write)

DACKn

Figure 8.19 DRAM Wait State Timing
(Normal Mode, RCD =1, TPC =1, DWR =2, DWW/TCAS =1)

Rev. 5.00 Sep 11, 2006 page 272 of 916
REJ09B0332-0500

RENESAS




Section 8 Bus State Controller (BSC)

Wait state due to WAIT
signal input

A25-A0 | X Row X | | Columri | X
csn N\
RDWR X : ! : ! : ! X
L A S S S N B VA
CASxxn ‘ i ‘ i
(read) 1 | \ 1 | 1 | 1 |
s ————— —
(write) | | | | | | | : :
D31-DO : 1 — : : : : :
(read) i ! = : : : ) ! :
D31-D0 | | L — |
(write) | | g W | : : | D
s N\
WAT o\ TN
2 W N T T S O R I o e

Figure 8.20 DRAM Basic Access Timing
(Wait State Inserted by WAIT Signal)
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Burst Access

n addition to the normal DRAM access mode in which a row address is output in each data access,
a fast page mode is also provided for the case where consecutive accesses are made to the same
row. This mode allows fast access to data by outputting the row address only once, then changing
only the column address for each subsequent access. Normal access or burst access using fast page
mode can be selected by means of the BE bit in DCR3. The timing for burst access using fast page
mode is shown in figure 8.21.

Burst transfer is performed when the access width exceeds the bus width, or in single address
transfer in burst mode by the DMAC.

v Tr + Tel  Tc2 + Tel + Te2  Tel + Tc2 + Tcl + Te2
<+ttt

CKE

A25-A0 X Row>< C(:JIun:"ln >< Ccz)lun:wn >< Célurﬁn >< C(:)Iurrzm X

o

CASxxn

D31-D0
(read)

D31-D0
(write)

Figure 8.21 Basic Timing of DRAM Burst Access
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EDO Mode

With DRAM, in addition to the mode in which data is output to the data bus only while the CAS
signal is asserted in a data read cycle, an EDO mode is also provided in which, once the CAS
signal is asserted while the RAS signal is asserted, even if the CAS signal is negated, data is
output to the data bus until the CAS signal is next asserted. Either normal access/burst access
using fast page mode, or EDO mode normal access/burst access, can be selected for DRAM with
the EDO bit in DCR3. EDO mode normal access is shown in figure 8.22, and burst access in
figure 8.23. In burst access, only one-cycle access is possible only when column addresses are
consecutive. No-wait access must be used for EDO DRAM. No-wait access must be used for EDO
DRAM, and wait state insertion by means of the WAIT pin must not be used.
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CKE
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Figure 8.22 DRAM Basic Access Timing in EDO Mode
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Figure 8.23 DRAM Burst Access Basic Timing in EDO Mode

RAS Down Mode

Even if burst operation is selected, it may happen that DRAM accesses are not consecutive, but are
interrupted by an access to a different space. With the normal setting, the RAS signal is
temporarily negated while a different space is being accessed, and must be reasserted to restart
burst operation when DRAM is next accessed. This is known as RAS up mode. However, it is
possible to keep the RAS signal asserted while a different space is being accessed, enabling burst
operation to be continued when the same DRAM row address is next accessed. This is known as

RAS down mode.
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To use RAS down mode, set both BE and RASD to 1 in DCR3. When using RAS down mode to
access DRAM in EDO mode, the OE signal must be connected to the SH7065. Figure 8.24 shows
the timing in RAS up mode, and figure 8.25 the timing in RAS down mode

Setting the RDW bit in the DCR2 register enables an idle cycle to be inserted before burst
operation when the same DRAM row address is accessed in DMA single address mode. The
DACK signal is asserted during this idle cycle, facilitating DMA single transfer. Figure 8.26
shows an example of idle cycle insertion in RAS down mode when using EDO mode.

Area 4 Area 1 Area 4
DRAM access SRAM access DRAM access
-y P B ESEE—

CKE

A25-A0

0
@

O‘
wn
~

RDWR

RASO

CASxx0

D31-DO

=

\

Figure 8.24 RAS Up Mode Basic Timing (Read Cycle)
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Area 4
DRAM access

Area l
SRAM access

Area 4
DRAM access

8.25 RAS Down Mode Basic Timing (Read Cycle)

Figure
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Area 4
DRAM access

Area 1

SRAM access

Area 4
DRAM access

CKE

RDWR
RASO
CASxx0
OE0
D31-DO

DACKn

Figure 8.26 Example of RAS Down Mode Wait Timing
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(EDO Mode, Read Cycle, RDW

Rev. 5.00 Sep 11, 2006 page 280 of 916

REJ09B0332-0500

RENESAS



Section 8 Bus State Controller (BSC)

Refresh Timing

The bus state controller includes a function for controlling DRAM refreshing. Distributed
refreshing using CAS-before-RAS refresh cycles can be performed for DRAM by clearing the
RMD bit to 0 and setting the RFSH bit to 1 in DCR3. Self-refresh mode is also supported.

CAS-before-RAS Refreshing: When CAS-before-RAS refresh cycles are executed, refreshing is
performed at intervals determined by the input clock selected by bits CKS2 to CKS0 in RTCSR,
and the value set in RTCOR. The value of bits CKS2 to CKSO0 in RTCOR should be set so as to
satisfy the specification for the DRAM refresh interval. To change the input clock, first clear bits
CKSO0 to CKS2 to 0, then write the required value in these bits. When the clock is selected by bits
CKS2 to CKS0, RTCNT starts counting up from the value at that time. The RTCNT value is
constantly compared with the RTCOR value, and if the two values are the same, a refresh request
is generated. At the same time, RTCNT is cleared to zero and the count-up is restarted. After
generation of the reference request, if the SH7065’s external bus can be used, CAS-before-RAS
refreshing is performed. A setting can be made in bits BREF2 to BREFO0 in RTCSR to specify
execution of from 1 to 8 consecutive CAS-before-RAS refreshes in response to a single refresh
request. Figure 8.27 shows the operation of CAS-before-RAS refreshing, and figure 8.28 shows
the timing of CMF bit setting.

RTCOR val
COR value RTCNT cleared to 0

A ~ When RTCNT = RTCOR

RTCNT

H'0000 > Time
RTCSR.CKS (2-0) =000 # 000
CMF ] N

CMF flag cleared by start

of refresh cycle

CAS-before-RAS refresh cycles

Figure 8.27 CAS-Before-RAS Refresh Operation
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Mo JUUUUUUL
CKE I S A
RTCNT input 4|—\
clock

RTCNT value N X 0

RTCOR value N

CMF

CMI

B
B

Refresh request |

Figure 8.28 Timing of CMF Bit Setting (when M0: CKE =1:1/2)
Figure 8.29 shows the timing of the CAS-before-RAS refresh cycle.

The number of RAS assert cycles in the refresh cycle is specified by the TRAS bits in RTCSR.
The specification of the RAS precharge time in the refresh cycle is determined by the setting of
the TPC bits in DCR1.

CAS-before-RAS refreshing is performed in normal operation, in sleep mode.
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CASxxn ‘ : \

Figure 8.29 Basic Timing of DRAM CAS-Before-RAS Refresh Cycle
Self-Refreshing: The self-refreshing supported by the SH7065 is shown in figure 8.30.

A transition to self-refresh mode is made by setting the RFSH bit and RMD bit to 1 in DCR. Self-
refresh mode is exited by clearing the RMD bit to 0 in DCR, than performing CAS-before-RAS
refreshing on all row addresses within the time specified for the DRAM. The RAS precharge time
immediately after the end of self-refreshing can be set with the TPCS bits in DCR. If there is a
delay between clearing self-refreshing and the start of CAS-before-RAS refreshing, this must be
taken into consideration when setting the initial RTCNT value. When the RTCNT value is set to
the same value as RTCOR, a refresh request is issued immediately.

To protect DRAM data, the DRAM should not be accessed during self-refreshing. [f DRAM is to
be accessed during self-refreshing, first clear self-refreshing, then perform refreshing of all row
addresses before making the access.

DRAMs include low-power products (L versions) with a long refresh cycle time (for example, the
HMS51W4160AL L version has a refresh cycle of 1024 cycles/128 ms compared with 1024
cycles/16 ms for the normal version). With these DRAMs, however, the same refresh cycle as for
the normal version is requested only in the case of refreshing immediately following self-
refreshing. To ensure efficient DRAM refreshing, therefore, processing is needed to generate an
overflow interrupt and restore the refresh cycle to the proper value, after the necessary CAS-
before-RAS refreshing has been performed following self-refreshing of an L-version DRAM,
using the OVF, OVIE, and LMTS bits in RTCSR, and the refresh controller’s refresh count
register (RFCR). The necessary procedure is as follows.
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1. Normally, set the refresh counter count cycle to the optimum value for the L version (e.g. 1024
cycles/128 ms).

2. When a transition is made to self-refreshing:

a. Provide an interrupt handler to restore the refresh counter count value to the optimum value
for the L version (e.g. 1024 cycles/128 ms) when a refresh counter overflow interrupt is
generated.

b. Re-set the refresh counter count cycle to the requested short cycle (e.g. 1024 cycles/16 ms),
set refresh controller overflow interruption, and clear the refresh controller’s refresh count
register (RFCR) to 0.

c. Set self-refresh mode.

By using this procedure, the refreshing immediately following a self-refresh will be performed in a
short cycle, and when refreshing ends, an interrupt is generated and the setting can be restored to
the original refresh cycle.

Self-refreshing is performed in normal operation, in sleep mode, and in standby mode.

When the bus has been released in response to a bus arbitration request, or when a transition is
made to standby mode, signals generally become high-impedance, but whether the RAS and CAS
signals for DRAM in the self-refresh state become high-impedance or continue to be output can be
controlled by the HIZCNT bit in BCR. The DRAM can be kept in the self-refresh state when the
bus is released and in standby mode by setting the HIZCNT bit to 1. However, in this case, too,
the DRAM should not be accessed during self-refreshing. Also, after self-refreshing is set, a bus
request, self-refresh clearing, or execution of a SLEEP instruction involving a transition to
software standby mode, should only be performed after another CS space has first been accessed.
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Figure 8.30 DRAM Self-Refresh Cycle Timing

Relationship between Refresh Requests and Bus Cycle Requests: If a refresh request is
generated during execution of a bus cycle, execution of the refresh is deferred until the bus cycle is
completed. If a refresh request occurs when the bus has been released by the bus arbiter, refresh
execution is deferred until the bus is acquired. If a match between RTCNT and RTCOR occurs
while a refresh is waiting to be executed, so that a new refresh request is generated, the previous
refresh request is eliminated. In order for refreshing to be performed normally, care must be taken
to ensure that no bus cycle or bus mastership occurs that is longer than the refresh interval. When
a refresh request is generated, the IRQOUT pin is asserted (driven low). Therefore, normal
refreshing can be performed by having the IRQOUT pin monitored by a bus master other than the
SH7065 requesting the bus, or the bus arbiter, and returning the bus to the SH7065. When
refreshing is started, and if no other interrupt request has been generated, the IRQOUT pin is
negated (driven high). For details, see section 17.3.27, Function Control Register (FCR).

Power-On Sequence

Regarding use of DRAM after powering on, it is requested that a wait time (at least 100 ps or 200
ps) during which no access can be performed be provided, followed by the prescribed number
(usually 8) or more dummy CAS-before-RAS refresh cycles. As the bus state controller does not
perform any special operations for a power-on reset, the necessary power-on sequence must be
carried out by the initialization program executed after a power-on reset.
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8.3.5 Multiplexed Address/Data I/O Interface
Basic Timing

A function is provided that performs multiplexed input/output of an address and data on pins D15
to DO when the appropriate setting is made in bits TP1 and TPO of the ACR1 registers for areas 1
to 3. This allows a peripheral LSI that requires address/data multiplexing to be connected to the
SH7065.

The bus width of multiplexed address/data I/O space is selected by the A14 bit. When A14 =0,
the data bus width is 8 bits; the address is output at pins D15 to DO and data is input/output at pins
D7 to DO. When A14 = 1, the address and data are both 16 bits, and address output and data
input/output is performed at pins D15 to DO.

In multiplexed address/data I/O space access, normal space type access is carried out after address
output has been performed for three cycles (fixed). The basic timing for multiplexed address/data
I/O space is shown in figure 8.31.
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Figure 8.31 Basic Access Timing for Multiplexed Address/Data 1/0 Space

Wait State Control

Wait control for multiplexed address/data I/O space access is carried out by making the
appropriate setting for bits W3 to W0 in WCR and the EXWE bit in ACR1. Software wait and
external wait insertion timing is the same as for normal space access. Figure 8.32 the timing for
two software wait insertion, and figure 8.33 shows the timing when one external wait is inserted,

Rev. 5.00 Sep 11, 2006 page 287 of 916
REJ09B0332-0500

RENESAS



Section 8 Bus State Controller (BSC)

and then an additional software wait state is inserted after negation of the WAIT signal. Figure
8.34 shows the timing when extension of CS assertion has been set.
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Figure 8.32 Wait State Timing for Multiplexed Address/Data I/O Space
(Two Software Waits)
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Figure 8.33 Wait State Timing for Multiplexed Address/Data I/O Space
(Insertion of One External Wait + One Software Wait after WAIT Pin Negation)
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Figure 8.34 Timing when Extension of CS Assertion is Set (SWH =1, SWT =1)
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8.3.6 Waits between Access Cycles

A problem associated with higher external memory bus operating frequencies is that data buffer
turn-off on completion of a read from a low-speed device may be too slow, causing a collision
with the data in the next access, and so resulting in lower reliability or incorrect operation. To
avoid this problem, a data collision prevention feature has been provided. This memorizes the
preceding access area and the kind of read/write, and if there is a possibility of a bus collision
when the next access is started, inserts a wait cycle before the access cycle to prevent a data
collision.

There are two cases in which wait cycles are inserted: (1) when an access is immediately followed
by an access to a different area, and (2) when a read cycle access is immediately followed by a
write access from the SH7065. When the SH7065 performs consecutive write cycles, the data
transfer direction is fixed (from the SH7065 to other memory) and there is no problem. With read
access to the same area, also, in principle data is assumed to be output from the same data buffer,
and the set wait cycle insertion is not performed. Figure 8.35 shows the timing of waits between
access cycles.

The number of idle cycles to be inserted between access cycles is specified by bits IW2 to IWO0 in
ACRI and bits DIW2 to DIWO0 in DCR2. If there is space between accesses to begin with, the
number of idle cycles inserted is the specified number of idle cycles minus the number of empty
cycles. When a write cycle is executed immediately after a read cycle, two wait cycles are inserted
automatically between the cycles even if the inter-cycle wait specification is 0. When switching to
access to a different space, also, one wait cycle is inserted automatically before a read cycle, and
two wait cycles before a write cycle, even if “No idle cycles” is set. In the case of consecutive
accesses to the same space, one wait cycle is inserted automatically in the case of a read cycle, and
two wait cycles in the case of a write cycle, regardless of the inter-cycle wait setting.

When bus arbitration is performed, empty cycles are inserted for arbitration purposes, and so waits
are not inserted between cycles.
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Figure 8.35 Example of Timing of Waits between Access Cycles (No
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8.3.7 Bus Arbitration

When the bus release request signal (BREQ) is asserted in accordance with the setting of the
BRQE bit in BCR, the SH7065 releases the bus as soon as the currently executing bus cycle ends,
and outputs the bus request acknowledge signal (BACK). However, bus release is not performed
between a read cycle and write cycle during execution of a TAS instruction (unless the destination
of TAS instruction execution is on-chip RAM). Also, bus arbitration is not performed between bus
cycles generated due to the fact that the data bus width is smaller than the access size, such as
when a longword access is made to 8-bit memory. When BREQ is negated, BACK is negated and
use of the bus is resumed. See Appendix B.1, Pin States in Reset, Power-Down State, and Bus-
Released State, for the pin states when the bus is released.

Sometimes, the SH7065 may want to take back the bus while in the process of releasing it. This
happens if a memory refresh request is generated internally, or an interrupt is requested, and the
relevant processing must be executed. For this reason, the SH7065 is provided with an IRQOUT
pin to output a bus request signal. If the SH7065 needs to take back the bus, it asserts the IRQOUT
signal. On receiving this IRQOUT signal assertion, the device that asserted the external bus
request negates the BREQ signal in order to release the bus. The bus is thereby returned to the
SH7065, which then carries out the necessary processing. Note that if the device that asserted the
external bus request does not return the bus within the time specified as the DRAM refresh
interval, the SH7065 will not be able to carry out refreshing, and RAM contents may be lost.
There are two cases in which the IRQOUT pin is asserted: (1) when a memory refresh request has
been issued and the refresh cycle has not yet begun, and (2) when an interrupt source occurs and
the interrupt request level is higher than that set in the interrupt mask bits (I3 to 10) in the status
register (SR).

The SH7065 has two internal bus masters: the CPU and the DMAC. When DRAM is connected
and refresh control is performed, refresh requests constitute a third bus master. In addition to these
are bus requests from external devices. If requests occur simultaneously, priority is given, in high-
to-low order, to a refresh request, a bus request from an external device, the DMAC, and the CPU.
If an external space access request by the CPU or DMAC and a bus request by an external device
occur, in that order, during execution of a refresh cycle, acceptance of the bus request by the
external device will be delayed until the refresh cycle and external space access have been
executed. Similarly, if an external space access request by the CPU or DMAC and a refresh
request occur, in that order, execution of the refresh cycle after the SH7065 acquires the bus will
be delayed until the external space access has been executed.

Bus requests from off-chip are not accepted in sleep mode.

If BREQ is asserted in sleep mode and the DMAC is subsequently activated, external access by
the DMAC is delayed until BREQ is negated.
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In the software standby state, external bus address/data/bus control signals (except DRAM signals)
go to the high-impedance state, that is, the bus-released state. In the software standby state, the
BREQ bus release request input signal is ignored. Note that the following two cases apply to the
BACK bus use enable output signal.

1. Transition from bus-released state (BREQ input asserted low) to software standby state

When the bus release request signal (BREQ) is asserted low in the normal state, the BACK pin
is set to low output, indicating that the bus has been released. If the software standby state is
entered in this state, BACK output goes high, but other address, data, and bus control signals
remain in the high-impedance state, that is, the bus-released state. If the software standby state
is exited while BREQ input is still asserted, BACK output goes low and the bus-released state
is maintained. If software standby is exited while BREQ input is negated, BACK output goes
high and the chip returns to the normal state (in which the bus is not released).

2. Transition from normal state (BREQ input negated high) to software standby state

When a transition is made from the normal state to the software standby state, BACK output
goes to the Z (high-impedance) state, and the external bus goes to the high-impedance state,
that is, the bus-released state. If this state is exited while BREQ input is negated, BACK output
returns to the high level. If BREQ input is in the asserted state when software standby is
exited, BACK is output high for 1.5 external clock (CKE) cycles, and then returns to the low
level, that is, the bus-released state.

When DMAC transfer is specified without regard to transfer space or transfer mode during
execution of a TAS instruction (unless the destination of TAS instruction execution is on-chip
RAM), DMA transfer cycles are inserted between a read and write cycles of the TAS
instruction. In this case, if the bus release request signal BREQ is asserted, bus authority is
released. All of the DMAC channels should be stopped before the execution of a TAS
instruction, when the bus release request can be occurred during execution of the TAS
instruction. (BREQ is not accepted during execution of a TAS instruction unless DMA transfer
cycles occur during the execution of the TAS instruction.)
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8.4 Number of Access Cycles (SH7065A)

External Memory and External I/O

Table 8.11 shows the number of external access cycles for M@:CKE division ratios of 1:1, 1:1/2,
and 1:1/4. The CPU regards an external space write as being executed in one cycle, and performs
the next processing. However, the write actually takes the number of cycles shown in table 8.11.
Therefore, execution of an on-chip register or external access following an external space write by
the CPU is delayed until the end of the external space write.

Table 8.12 shows the number of idle cycles. For the number of accesses on a CKE basis, add this
number of idle cycles to the number of external bus idle cycles.

Table 8.11 Number of External Access Cycles (M@ Basis)

Bus Master
M@CKE Cycles in Access Cycles in Access
Division Ratio Read/Write from CPU from DMAC
1:1 Read Number of external bus Number of external bus
cycles + 3 cycles + 1
Write Number of external bus Number of external bus
cycles + 4 cycles + 2
1:1/2 Read (Number of external bus (Number of external bus
cycles) x 2 + (4 or 5)* cycles) x 2 + (2 or 3)*
Write (Number of external bus (Number of external bus
cycles) x 2 + (6 or 7)* cycles) x 2 + (4 or 5)*
1:1/4 Read (Number of external bus (Number of external bus
cycles) x 4 + (5 to 8)* cycles) x 4 + (3 to 6)*
Write (Number of external bus (Number of external bus

cycles) x 4 + (9 to 12)*

cycles) x 4 + (7 to 10)*

Note: * Depends on the phase difference between M@ and CKE due to frequency division.
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Table 8.12 Number of Idle Cycles in Consecutive Accesses to External Space (CKE Basis)

M@ CKE = 1:1/2 M@CKE = 1:1/4

M@CKE = 1:1

JOVIAQ < OVING

Nndd < JVINQ

OVIAQ - NdD

Ndd < Ndd

OVIAQ - OVING

Ndd < JVINQ

OVIAQ < Ndd

Ndd < NddD

JOVIAQ < JOVING

Nndd < JVINQ

OVIAQ < NdD

Ndd < Ndd

Number of
*

Waits Set

by Idle
Function

Invalid
0
1

Type of
Access

Read - Read
Read - Write

Consecutive
accesses to
same CS
space

2
3

Invalid

Write » Read
Write - Write

Invalid

Read - Read 0

Consecutive
access to

other CS
space

0

Read - Write

Write -~ Read 0

0

Write —» Write

Number set by bits IW2 to IWO0 in ACR1 and bits DIW2 to DIWO0 in DCR2

*

Note:
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On-Chip Registers

In BSC, UBC, WDT, INTC, CPG, DMAC, PFC, I/O, flash memory related, and power-down
related register access: Table 8.13 shows the number of access cycles. The CPU regards an on-
chip register write as being executed in one cycle, and performs the next processing. However, the
write actually takes the number of cycles shown in table 8.13. When a value written to an on-chip
register is to be used by a later instruction, either read the written value or else wait for the number
of cycles shown in table 8.13, before executing that later instruction. Execution of an on-chip
register or external access following an on-chip register write by the CPU is delayed until the end
of the on-chip register write.

Table 8.13 Number of Access Cycles in BSC, UBC, WDT, INTC, CPG, DMA, PFC, /O,
Flash Memory Related, and Power-Down Related Register Access

Bus Master
Cycles in Access Cycles in Access
Operand Size Read/Write from CPU from DMAC
Word/byte™ Read 5 3
Write 6 4
Longword* Read 8 6
Write 9 7

Note: * Only byte access in the case of flash memory related registers.
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A/D, D/A, TPU, MMT, CMT, POE, and SCI internal register access: Table 8.14 shows the
number of access cycles for M@:P@ division ratios of 1:1, 1:1/2, and 1:1/3. The CPU regards an
on-chip register write as being executed in one cycle, and performs the next processing. However,
the write actually takes the number of cycles shown in table 8.14. When a value written to an on-
chip register is to be used by a later instruction, either read the written value or else wait for the
number of cycles shown in table 8.14, before executing that later instruction. Execution of an on-
chip register or external access following an on-chip register write by the CPU is delayed until the
end of the on-chip register write.

Table 8.14 Number of Access Cycles in A/D, D/A, TPU, MMT, CMT, POE, and SCI
Internal Register Access

Bus Master
Mg@Po Read/ Cycles in Access Cycles in Access
Division Ratio Operand Size Write from CPU from DMAC
111 Word/byte™*' Read 7 5
Write 7 5
Longword™? Read 9 7
Write 9 7
1:1/2 Word/byte™' Read 9,10™ 7,8%
Write 9,10* 7,8
Longword™*? Read 13, 14™ 11, 12™
Write 13, 14™ 11, 12*
1:1/3 Word/byte™' Read 12-14™ 10-12*
Write 12-14* 10-12*°
Longword™*? Read 18-20™ 16-18™
Write 18-20™° 16-18™°

Notes: 1. Only byte access applies in the case of A/D and D/A registers.
2. Only word access applies in the case of A/D and D/A registers.
3. Depends on the phase difference between M@ and Pgdue to frequency division.
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On-Chip ROM

In low-speed mode
All 2 cycles

In high-speed mode
O Consecutive instruction fetch cycles

1 cycle (However, in a branch to address 8n+4 or 8n+6, consecutive instruction fetch
cycles immediately after the branch instruction fetch cycle comprise two cycles.)

0 Branch instruction fetch cycle
2 to 3 cycles™

0 Data read cycle
2 to 3 cycles™

Note: * The number of cycles depends on the state of the CPU pipeline, and buffering between
the internal 32-bit data bus (CDB) and the 64-bit internal data ROM bus.
Figures 8.36 to 8.43 show the CPU pipeline state and the number of on-chip ROM
access cycles when no on-chip ROM data read cycles are generated.
Address Pipeline state
&n [ <] D | ex
8n+2 ] D EX
8n+4 [ie [ — [ [ ex
8n +6 ' ' D EX
8n+8 e | — | — | D | ex
8n+ 10 ? : : D | EX
8n + 12 | I= | — — ID EX ,
8n+14 , , ID EX
Access fetch fetch fetch nop fetch nop fetch nop fetch nop
Number | In low-speed mode 2 2 2 1 2 011 211 ¢ 2 01
ofcycles | high-speedmode! 2,30 1 ¢ 1 ¢ 1 ¢ 1 1 1 1 11 1 1 i1

Figure 8.36 Consecutive Execution of 16-Bit Instructions
(In Case of Branch to Address 8n)
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Pipeline state
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Figure 8.37 Consecutive Execution of 16-Bit Instructions

(In Case of Branch to Address 8n + 2)

Pipeline state
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Figure 8.38 Consecutive Execution of 16-Bit Instructions

(In Case of Branch to Address 8n + 4)
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Address Pipeline state
8n+6 <F| — | o | Ex S : : 5 5 5
8n+8 . IF — | D EX ; ; ; ; ;
8n+10 ! : : : D | Ex E E E 5
en+12 ¢+ 1 |k | — | — | iD [EX N
gn+14 | i 111 D | Ex L
8n+16 | 5 5 5 e | — | — | b | Ex 5
gn+18 ! | | | | | | ; ID | EX
Access ! fetch | fetch ! fetch | nop ' fetch | nop ' fetch | nop ' fetch | nop
Number |Inlow-speedmode : 2 @ 2 : 2 + 1 : 2 1 &+ 2 + 1 : 2 i 1
ofcycles | | high-speedmode! 2,30 2 ¢ 1 ¢ 1 ¢ 1 ¢+ 1 + 1+ 1t 1} 1
Figure 8.39 Consecutive Execution of 16-Bit Instructions
(In Case of Branch to Address 8n + 6)

Address Pipeline state

8n <F| ID | EX | MA |DsSP 5 5 5

8n+4 . IF ID | EX | MA |DSP 5 5

8n+8 | ; IF | ID | EX | MA | DSP ;

8n+12 i i IF | ID | EX | MA | DSP

Access gfetch ifetch fetch§ fetch§ fetch fetch§ fetch§ fetch
Number | Inlow-speedmode | 2 @ 2 @ 2 i 2 i 2 ! 2 ! 2 2
ofcycles| |y high-speedmode: 2,3 © 1 ! 1 i 1 . 1 ! 1 i 1 ! 1

Figure 8.40 Consecutive Execution of 32-Bit Instructions
(In Case of Branch to Address 8n)
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Address Pipeline state

8n+2 <F| — | ID | EX | MA |DSP 5 : i

8n+6 | IF | — | D | EX| MA |DSP 5 2

8n + 10 IF — ID EX MA | DSP

8n+14 5 : IF | — | D | EX| ™MA

Access fetch fetch fetch fetch fetch fetch fetch§ fetch

Number | In low-speed mode b2 b2 b2 2 02 0 20 20 2!
ofcycles| |y high-speed mode} 2,30 1 ¢ 1 ¢ 1 ¢ 1 ! 1 i 1 ' 1 |

Figure 8.41 Consecutive Execution of 32-Bit Instructions
(In Case of Branch to Address 8n + 2)

Address Pipeline state

8n+4 <F| D | EX | MA |DsSP 5 f f

8n+8 | IF | D | EX | MA |DSP : !

8n+ 12 IF ID EX MA | DSP

8n+16 | : i F | ID | EX | MA | DSP

Access fetch fetch fetch fetch fetch fetch fetch fetch

Number | In low-speed mode b2 2 020 20 202 2 2
ofcycles | high-speedmode! 2,3 2 ¢ 1 ¢ 1 ! 1 i 1 ! 1 | 1

Figure 8.42 Consecutive Execution of 32-Bit Instructions
(In Case of Branch to Address 8n + 4)
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Address Pipeline state

gn+6 [<F | — [ D | Ex | MA |DsP 5 f f

8n+10 | IF | — | ID | EX | MA |DSP 5 5

8n+14 IF — ID EX MA | DSP

8n+18 | 5 : F | — | D | EX| MA |DsP

Access fetch fetch fetch fetch fetch fetch fetch fetch fetch

Number | In low-speed mode P2 b2 b2 b2 b2 b2 2202
ofcycles| |y high-speedmode! 2,31 2 ¢ 1 1 1 ¢ 1 ! 1 @1 i 1

Figure 8.43 Consecutive Execution of 32-Bit Instructions
(In Case of Branch to Address 8n + 6)
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8.5

1.

Usage Notes

Even if a CAS assertion width of two cycles is set with the TCAS bit in DRAM control
register 2 (DCR2), the CAS assertion width will be one cycle in the second and subsequent
accesses when the access size exceeds the bus width (for example, accesses to addresses
4n+1/4n+2/4n+3 in the case of longword access to 8-bit-bus-width DRAM).

The following restrictions apply when using DRAM/EDO DRAM in RAS down mode.

RAS down mode is not supported when M (the clock obtained after frequency division of
the master clock (CKM)) is slower than CKE (the external bus clock).

In the event of a row address miss, the CS signal for the next space to be accessed is
asserted for one cycle before external bus cycle generation.

If the row address value in a CS4 space access is different from the previously accessed
CSS5 space row address value, RASI is negated.

In DMAC dual address mode, when the transfer source is CS4/5 space and the transfer
destination is CS space or on-chip register space, RAS1 is negated if the bit value
corresponding to the transfer destination row address is different from the transfer source
row address value.

When the DMAC is activated in dual address mode immediately after a CS4/5 space access
by the CPU, and the transfer source is a different CS space or on-chip register space, RAS1
is negated if the bit value corresponding to the transfer source row address is different from
the row address value in the preceding CS4/5 space access by the CPU. This negation
occurs only in the case of a transfer immediately after DMAC activation. It does not occur
in the second and subsequent transfers when the DMAC is in burst mode.

When the DMAC is activated with a different CS space access in single address mode
immediately after a CS4/5 space access by the CPU, RASI is negated if the bit value
corresponding to the different CS space row address is different from the row address value
in the preceding CS4/5 space access by the CPU. This negation occurs only in the case of a
transfer immediately after DMAC activation. It does not occur in the second and
subsequent transfers when the DMAC is in burst mode.

If a TAS instruction for the on-chip RAM space is executed while the bus is released, BACK is
first negated, then asserted again after execution is completed.
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Section 9 Direct Memory Access Controller (DMAC)

9.1 Overview

The SH7065 includes an on-chip four-channel direct memory access controller (DMAC). The
DMAC can be used in place of the CPU to perform high-speed data transfers among external
devices equipped with DACK (transfer request acknowledge signal), external memories, memory-
mapped external devices, and on-chip peripheral modules (except the DMAC, BSC, and UBC).
Using the DMAC reduces the burden on the CPU and increases the operating efficiency of the
entire chip.

Certain usage notes apply to this DMAC: see section 9.6, DMAC Restrictions.

9.1.1 Features
The DMAC has the following features.

* Four channels

* Four Gbytes of address space in the architecture

* Choice of 8-bit, 16-bit, or 32-bit transfer data length
e Maximum of 4G (4,294,967,296) transfers

* Choice of single or dual address mode

O Single address mode: Either the transfer source or the transfer destination (peripheral
device) is accessed by a DACK signal while the other is accessed by address. One data
transfer is completed in one bus cycle.

0 Dual address mode: Both the transfer source and transfer destination are accessed by
address. Values set in DMAC internal registers indicate the accessed address for both the
transfer source and the transfer destination. Two bus cycles are required for one data
transfer.

* Channel functions: The transfer mode can be set independently for each channel.
» Transfer requests: The following DMAC transfer activation requests are supported.

0 External request: From two DREQ pins. Either low level detection or falling edge detection
can be specified. When low level detection is selected, the sampled DREQ signal is stored
in a FIFO. Either a 1-stage or 16-stage FIFO can be selected.

O Internal requests: Transfer requests from on-chip modules such as the TPU and SCI.

* Choice of bus mode: cycle steal mode or burst mode
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*  Two types of DMAC channel priority ranking:
O Fixed priority mode: Channel priorities are permanently fixed.
0 Round robin mode: Sets the lowest priority for the channel that last received an execution

request.

* An interrupt request can be sent to the CPU on completion of the specified number of
transfers.

* Chain transfer allows a specified block of data to be transferred consecutively without CPU
processing after the end of the current data transfer.

* A transfer end signal (TEND) can be output for each channel at the end of DMA transfer.
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9.1.2 Block Diagram

Figure 9.1 shows a block diagram of the DMAC.

e DMACMOdUle
Chain transfer :
registers
X, YRAM
o L SARn NSARN
On-chip
peripheral *
module 2|8
= |2
T |8 Register DARnN NDARnN
Sls control
g |2
a
DMATCRnN NDMATCRnN
On-chip : .
ROM : Activation
. -
control -
R CHNCNTn
DREQn : CHCRn
TPU
SCIO0, SCI1, SCI2 - Request 1
AID converter priority control
MMT :
DEIn : DMAOR
DACKn
DRAKn :
TENDN :
n:0,1 : ‘
Bus
External C> : interface
ROM :
External C>
RAM » T
3
el
g
External I/O 5
(memory- <:> 5 Legend:
mapped) DMAOR: DMAC operation register
SARnN: DMAC source address register
External /0 DARn: DMAC destination address register
(with <:> DMATCRn: DMAC transfer count register
acknowledge) CHCRn: DMAC channel control register
NSARnN: Next source address register
NDARn: Next destination address register
NDMATCRnN: Next transfer count register

CHNCNTn:  Chain transfer count register
MMT: Motor management timer

Note: n=0to 3

Bus state
controller

Figure 9.1 Block Diagram of DMAC
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9.1.3 Pin Configuration
Table 9.1 shows the pins provided for each DMAC channel.

Table 9.1 DMAC Pins

Pin Name Abbreviation 1/0 Function

DMA transfer request DREQn Input DMA transfer request input from external
device to channel 0 or 1

DMA transfer request DRAKnN Output  Output of sampling acceptance signal for

acceptance DMA transfer request input to channel 0 or

1 from external device

DMA transfer strobe DACKn Output  Strobe output to external I/0O in case of
DMA transfer request from external device
to channel 0 or 1

DMA transfer end TENDnN Output  Output at end of DMA transfer on relevant
channel 0 or 1

9.14 Register Configuration

Table 9.2 summarizes the DMAC registers. The DMAC has a total of 33 registers. Eight registers
are allocated to each channel, and an additional control register is shared by all four channels.
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Table 9.2 DMAC Registers
Chan- Read/ Initial Register Access

Abbreviation Name nel Write Value Address Size Size

SARO DMA source 0 R/W  Undefined HFFFF1100 32 bits 16, 32
address register 0

DARO DMA destination 0 R/W  Undefined HFFFF1104 32 bits 16, 32
address register 0

DMATCRO DMA transfer 0 R/W  Undefined HFFFF1108 32 bits 16, 32
count register 0

CHCRO DMA channel 0 R/W*' 00000000 HFFFF110C 32 bits 16, 32
control register 0

NSARO Next source 0 R/W Undefined H'FFFF1110 32 bits 16, 32
address register 0

NDARO Next destination 0 R/W  Undefined HFFFF1114 32bits 16, 32
address register 0

NDMATCRO Next transfer 0 R/W  Undefined HFFFF1118 32bits 16, 32
count register 0

CHNCNTO Chain transfer 0 R/W Undefined H'FFFF111C 32 bits 16, 32
count register 0

SAR1 DMA source 1 R/W  Undefined HFFFF1120 32 bits 16, 32
address register 1

DAR1 DMA destination 1 R/W  Undefined HFFFF1124 32bits 16, 32
address register 1

DMATCR1 DMA transfer 1 R/W  Undefined HFFFF1128 32 bits 16, 32
count register 1

CHCR1 DMA channel 1 R/W*' 00000000 HFFFF112C 32 bits 16, 32
control register 1

NSAR1 Next source 1 R/W Undefined H'FFFF1130 32 bits 16, 32
address register 1

NDAR1 Next destination 1 R/W  Undefined HFFFF1134 32bits 16, 32
address register 1

NDMATCR1 Next transfer 1 R/W  Undefined HFFFF1138 32bits 16, 32
count register 1

CHNCNT1 Chain transfer 1 R/W Undefined H'FFFF113C 32 bits 16, 32
count register 1

SAR2 DMA source 2 R/W  Undefined HFFFF1140 32 bits 16, 32

address register 2
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Chan- Read/ Initial

Register Access

Abbreviation Name nel Write Value Address Size Size™?

DAR2 DMA destination 2 R/W  Undefined HFFFF1144 32bits 16, 32
address register 2

DMATCR2 DMA transfer 2 R/W  Undefined HFFFF1148 32 bits 16, 32
count register 2

CHCR2 DMA channel 2 R/W*' 00000000 HFFFF114C 32bits 16, 32
control register 2

NSAR2 Next source 2 R/W Undefined H'FFFF1150 32 bits 16, 32
address register 2

NDAR2 Next destination 2 R/W  Undefined HFFFF1154 32bits 16, 32
address register 2

NDMATCR2 Next transfer 2 R/W  Undefined HFFFF1158 32 bits 16, 32
count register 2

CHNCNT2 Chain transfer 2 R/W Undefined H'FFFF115C 32 bits 16, 32
count register 2

SAR3 DMA source 3 R/W  Undefined HFFFF1160 32 bits 16, 32
address register 3

DAR3 DMA destination 3 R/W  Undefined HFFFF1164 32 bits 16, 32
address register 3

DMATCR3 DMA transfer 3 R/W  Undefined HFFFF1168 32 bits 16, 32
count register 3

CHCR3 DMA channel 3 R/W*' 00000000 HFFFF116C 32 bits 16, 32
control register 3

NSAR3 Next source 3 R/W Undefined H'FFFF1170 32 bits 16, 32
address register 3

NDAR3 Next destination 3 R/W  Undefined HFFFF1174 32bits 16, 32
address register 3

NDMATCR3 Next transfer 3 R/W  Undefined HFFFF1178 32 bits 16, 32
count register 3

CHNCNT3 Chain transfer 3 R/W Undefined H'FFFF117C 32 bits 16, 32
count register 3

DMAOR DMA operation All R/W*' 0000 H'FFFF10F0 16 bits 16
register

Notes: 1. Bit 1 of CHCRO to CHCR3 and bits 1 and 2 of DMAOR can only be written with 0 after
being read as 1, to clear the flags.

2. When 16-bit access is used on SARO to SAR3, DARO to DAR3, or CHCRO to CHCR3,
the 16 bits that are not accessed retain their value.
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9.2 Register Descriptions

9.2.1 DMA Source Address Registers 0 to 3 (SAR0 to SAR3)

Bit: 31 30 29 28 27 26 25 24 23 0

T T T T T T T T T T |
Initial value: — — — _
R/W: RRW RW RW RW RW RW RW RW R/MW - R/W

DMA source address registers 0 to 3 (SARO to SAR3) are 32-bit readable/writable registers that
specify the source address of a DMA transfer. These registers have a count function, and during a
DMA transfer they indicate the next source address. In single address mode, the SAR value is
ignored when a device with DACK has been specified as the transfer source.

Specify a 16-bit boundary address in a 16-bit transfer, and a 32-bit boundary address in a 32-bit
transfer. Operation cannot be guaranteed if a different address is set.

The value of these registers is undefined after a power-on reset, and in hardware standby mode
and software standby mode.

9.2.2 DMA Destination Address Registers 0 to 3 (DARO to DAR3)

Bit: 31 30 29 28 27 26 25 24 23 0
S O B B et |

Initial value: — — — _

R/W: RRW RW RW RW RW RW RW RW R/W - R/W

DMA destination address registers 0 to 3 (DARO to DAR3) are 32-bit readable/writable registers
that specify the destination address of a DMA transfer. These registers have a count function, and
during a DMA transfer they indicate the next destination address. In single address mode, the
DAR value is ignored when a device with DACK has been specified as the transfer destination.

Specify a 16-bit boundary address in a 16-bit transfer, and a 32-bit boundary address in a 32-bit
transfer. Operation cannot be guaranteed if a different address is set.

The value of these registers is undefined after a power-on reset, and in hardware standby mode
and software standby mode.
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9.2.3 DMA Transfer Count Registers 0 to 3 (DMATCRO0 to DMATCR3)

Bit: 31 30 29 28 27 26 25 24 23 22 219 20 19 18 17 16

Initial value: — — — @ — @ — @ @— @ — @ @ — @ — @ — — — — — — =

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

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

Initial value;: — — — @ — - @ - @ - - - - @ — = @ — = - =

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

DMA transfer count registers 0 to 3 (DMATCRO to DMATCR3) are 32-bit readable/writable
registers that specify the transfer count for the channel (number of bytes, words, or longwords).
Setting H'00000001 gives a transfer count of 1, while H'00000000 gives the maximum setting of
4,294,967,296 (4G) transfers. During DMAC operation, the remaining number of transfers is
shown.

The value of these registers is undefined after a power-on reset, and in hardware standby mode
and software standby mode.
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9.2.4 DMA Channel Control Registers 0 to 3 (CHCRO0 to CHCR3)

Bit: 31 30 29 28 27 26 25 24
\ — \ — \ — \ RS4 \ RS3 \ RS2 \ RS1 \ RSO

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

Bit: 23 22 21 20 19 18 17 16

\ — \ FIFOS \ — \ — \ NDARE \ NSARE \ FCS \ TES

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

Bit: 15 14 13 12 11 10 9 8

\ DMH1 \ DMO \ SM1 \ SMo \ CHNE \ RL \ AM \ AL

Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
\ TEND \ DS \ ™ \ TS1 \ TSO \ IE \ TE* \ DE \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Note: * The TE bit can only be cleared by writing 0 after it is read as 1.

DMA channel control registers 0 to 3 (CHCRO to CHCR3) are 32-bit readable/writable registers
that specify the operating mode, transfer method, etc., for each channel.

All bits in these registers are initialized to 0 after a power-on reset, and in hardware standby mode
and software standby mode.

Bits 31 to 29—Reserved: These bits are always read as 0 and cannot be modified.
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Bits 28 to 24—Resource Select 4 to 0 (RS4 to RS0): These bits specify the transfer request
source.

Bit 28: Bit 27: Bit 26: Bit 25: Bit 24:

RS4 RS3 RS2 RS1 RS0 Description
0 0 0 0 0 External request, dual address mode (Initial value)
1 (Reserved)
1 0 External request, single address mode

External address space - external device

1 External request, single address mode
External device - external address space

1 0 0 Auto-request
1 (Reserved)
1 0 (Reserved)
1 (Reserved)
1 0 0 0 TPU TGIOA
1 TGHA
1 0 TGI2A
1 TGI3A
1 0 0 TGI4A
1 TGI5A
1 0 A/D ADIO
1 ADI 1
1 0 0 0 0 SCI0 TXIO
1 RXI0
1 0 SCI1 TXI1
1 RXI1
1 0 0 SCI2 TXI2
1 RXI2
1 0 (Reserved)
1 (Reserved)
1 0 0 0 MMT TGM
1 MMT TGN
1 0 (Reserved)
1 (Reserved)
1 0 0 (Reserved)
1 (Reserved)
1 0 (Reserved)
1 (Reserved)
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Bit 23—Reserved: This bit is always read as 0 and cannot be modified.

Bit 22—FIFO Select (FIFOS): Selects the FIFO to be used for DREQ level detection. This bit is
invalid when DREQ falling edge detection is used.

Bit 22: FIFOS Description
0 1-stage FIFO is used for DREQ level detection (Initial value)
1 16-stage FIFO is used for DREQ level detection

Bits 21 and 20—Reserved: These bits are always read as 0 and cannot be modified.

Bit 19—Next Destination Address Register Enable (NDARE): Selects whether or not the next
destination address register value is to be transferred to the destination address register to update
the destination address during chain transfer.

Bit 19: NDARE Description

0 In chain transfer, next destination address register value is not copied to
destination address register (Initial value)
1 In chain transfer, next destination address register value is copied to

destination address register

Bit 18—Next Source Address Register Enable (NSARE): Selects whether or not the next
source address register value is to be transferred to the source address register to update the source
address during chain transfer.

Bit 18: NSARE Description

0 In chain transfer, next source address register value is not copied to source
address register (Initial value)
1 In chain transfer, next source address register value is copied to source

address register

Bit 17—Flag Clear Timing Select (FCS): When a transfer request by an on-chip module is
accepted, the DMAC outputs a signal to clear the transfer request flag of the on-chip module that
made the transfer request. This bit selects whether this output is to be performed in the bus cycle
in which the transfer count register (DMATCRn) value becomes 0, or in every bus cycle. When
this bit is set to 1, the edge detection setting should be made in bit 6 (DREQ Select: DS).
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Bit 17: FCS Description

0 When an on-chip module is the transfer request source, the DMAC outputs the
flag clearing signal in the bus cycle in which the transfer count register
(DMATCRN) value becomes 0 (Initial value)

1 When an on-chip module is the transfer request source, the DMAC outputs the

flag clearing signal in every last bus cycle

Note: When DREQ is edge-detected, FCS can be used to select the edge clearing timing.

Bit 16—Transfer End Setting Select (TES): Specifies whether the transfer end bit (TE) is to be
set at the end of all the chain transfers specified in the chain count register (CHNCNT), or at the
end of the number of data transfers specified by DMATCRn.

This bit is valid regardless of the setting of bit 11 (Chain Transfer Enable: CHNE). Therefore,
when not performing chain transfer, either set this bit to 1 or else set a value of 0 in the CHNCNT.
When bit 2 (Interrupt Enable: IE) is set to 1, a transfer end interrupt (DEI) is requested when the
transfer end bit is set at the timing specified by this bit.

Bit 16: TES Description

0 Transfer end bit (TE) is set to 1 when CHNCNTn = 0 and DMATCRn =0
(Initial value)

1 Transfer end bit (TE) is set to 1 when DMATCRn =0

Note: With auto-request, this bit is invalid and an interrupt is requested when DMATCRn = 0.
When auto-request is selected, TES = 1 operation is used.

Bits 15 and 14—Destination Address Modes 1 and 0 (DM1, DMO0): These bits specify
incrementing/decrementing of the DMA transfer destination address. The specification of these
bits is ignored when data is transferred from address space to an external device in single address
mode.

Bit 15: DM1 Bit 14: DMO Description
0 0 Destination address fixed (Initial value)
1 Destination address incremented (+1 in 8-bit transfer, +2
in 16-bit transfer, +4 in 32-bit transfer)
1 0 Destination address decremented (—1 in 8-bit transfer, —2
in 16-bit transfer, —4 in 32-bit transfer)
1 (Use prohibited)
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Bits 13 and 12—Source Address Modes 1 and 0 (SM1, SM0): These bits specify incrementing/
decrementing of the DMA transfer source address. The specification of these bits is ignored when
data is transferred from an external device to address space in single address mode.

Bit 13: SM1 Bit 12: SM0 Description
0 0 Source address fixed (Initial value)
1 Source address incremented (+1 in 8-bit transfer, +2 in 16-
bit transfer, +4 in 32-bit transfer)
1 0 Source address decremented (-1 in 8-bit transfer, —2 in
16-bit transfer, —4 in 32-bit transfer)
1 (Use prohibited)

Bit 11—Chain Transfer Enable (CHNE): Selects whether or not chain transfer is performed in
DMAC transfer.

Bit 11: CHNE Description

0 Chain transfer is not performed (Initial value)

1 Chain transfer is performed

Bit 10—Request Check Level (RL): Selects whether the DRAK signal (that notifies an external
device of the acceptance of DREQ) is an active-high or active-low output. Note that the initial
value of this bit is the active-high setting.

Bit 10: RL Description
0 DRAK is an active-high output (Initial value)
1 DRAK is an active-low output

Bit 9—Acknowledge Mode (AM): In dual address mode, selects whether DACK is output in the
data read cycle or write cycle. In single address mode, DACK is always output regardless of the
setting of this bit.

Bit 9: AM Description
0 DACK is output in read cycle (Initial value)
1 DACK is output in write cycle
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Bit 8—Acknowledge Level (AL): Specifies the DACK (acknowledge) signal as active-high or
active-low. Note that the initial value of this bit is the active-high setting.

Bit 8: AL Description
0 Active-high output (Initial value)
1 Active-low output

Bit 7—TEND Select (TEND): Selects whether or not the TEND signal (notifying an external
device that transfer has ended) is to be output at the end of DMA transfer. When output is selected,
TEND is output in synchronization with DACK assertion at the end of transfer.

Bit 7: TEND Description
0 TEND is not output at end of DMA transfer (Initial value)
1 TEND is output at end of DMA transfer

Bit 6—DREQ Select (DS): Specifies either low level detection or falling edge detection as the
sampling method for the DREQ pin and on-chip peripheral module transfer requests used in
external request mode.

If auto-request is specified, the specification of this bit is ignored. Edge detection is not used with
auto-request.

Bit 6: DS Description
0 Low level detection (Initial value)
1 Falling edge detection

Bit 5—Transmit Mode (TM): Specifies the bus mode for transfer.

Bit 5: TM Description
0 Cycle steal mode (Initial value)
1 Burst mode
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Bits 4 and 3—Transmit Size 1 and 0 (TS1, TS0): These bits specify the transfer data size.

Bit 4: TS1 Bit 3: TSO Description

0 0 Byte size (8 bits) (Initial value)
1 Word size (16 bits)

1 0 Longword size (32 bits)
1 (Use prohibited)

Bit 2—Interrupt Enable (IE): When this bit is set to 1, an interrupt request is generated after the
number of data transfers specified in DMATCR, or after all chain transfers are completed.

Bit 2: IE Description

0 Interrupt request not generated after number of transfers specified in DMATCR
(Initial value)

1 Interrupt request generated after number of transfers specified in DMATCR

Bit 1—Transfer End (TE): This bit is set to 1 on completion of the number of transfers specified
in DMATCR, or on completion of all the chain transfers specified in CHNCNT. The timing of TE
bit setting is specified by bit 16 (TES). If the IE bit is set to 1 at this time, an interrupt request is
generated.

If data transfer ends before TE is set to 1 (for example, due to an NMI interrupt, address error, or
clearing of the DE bit or the DME bit in DMAOR), the TE bit is not set to 1. When this bit is 1,
data transfer is not enabled even if the DE bit is set to 1.

Bit1: TE Description
0 Number of transfers specified in DMATCR not completed (Initial value)

[Clearing conditions]
¢ When 0 is written to TE after reading TE = 1
¢ In a power-on reset, and in standby mode

1 Number of transfers specified in DMATCR completed, or all chain transfers
specified in CHNCNT completed

Note: Not initialized in module standby mode.
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Bit 0—DMAC Enable (DE): Enables operation of the corresponding channel.

Bit 0: DE Description
0 Operation of corresponding channel is disabled (Initial value)
1 Operation of corresponding channel is enabled

When auto-request is specified (with RS5 to RS0), transfer is begun when this bit is set to 1. In the
case of an external request or on-chip module request, transfer is begun when a transfer request is
issued after this bit is set to 1. Transfer can be suspended midway by clearing this bit to 0.

Even if the DE bit has been set, transfer is not enabled when TE is 1, when DME in DMAOR is 0,
or when the NMIF or AE bit in DMAOR is 1.

9.2.5 Next Source Address Registers 0 to 3 (NSARO to NSAR3)

Bit: 31 30 29 28 27 26 25 24 23 (0]
S O B B et |

Initial value: — — — _

R/W: RRW RW RW RW RW RW RW RW R/W - R/W

Next source address registers 0 to 3 (NSARO to NSAR3) are 32-bit readable/writable registers that
specify the source address for the next transfer when chain transfer is set. In single address mode,
the NSAR value is ignored when a device with DACK has been specified as the transfer
destination.

Specify a 16-bit boundary address in a 16-bit transfer, and a 32-bit boundary address in a 32-bit
transfer. Operation cannot be guaranteed if a different address is set.

The value of these registers is undefined after a power-on reset, and in hardware standby mode
and software standby mode.
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9.2.6 Next Destination Address Registers 0 to 3 (NDARO to NDAR3)

Bit: 31 30 29 28 27 26 25 24 23 0

T T T T T T T T T [ |
Initial value: — — —  — _
RW: RW RW RW RW RW RW RW R/W R/MW - R/W

Next destination address registers 0 to 3 (NDARO to NDAR3) are 32-bit readable/writable
registers that specify the destination address for the next transfer when chain transfer is set. In
single address mode, the NDAR value is ignored when a device with DACK has been specified as
the transfer destination.

Specify a 16-bit boundary address in a 16-bit transfer, and a 32-bit boundary address in a 32-bit
transfer. Operation cannot be guaranteed if a different address is set.

The value of these registers is undefined after a power-on reset, and in hardware standby mode
and software standby mode.

9.2.7 Next Transfer Count Registers 0 to 3 (NDMATCRO0 to NDMATCR3)

Bit: 31 30 29 28 27 26 25 24 23 22 219 20 19 18 17 16

Initial value: — — — — @ — @ @— @ — @ — @ — — — — — — — =

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

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

Initial value;: — — — @ — - @ - @ - - @ — - @ — = @ — = = =

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

Next transfer count registers 0 to 3 (NDMATCRO to NDMATCR3) are 32-bit readable/writable
registers that specify the transfer count for the next transfer on the channel (number of bytes,
words, or longwords) in chain transfer.

The value of these registers is undefined after a power-on reset, and in hardware standby mode
and software standby mode.
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9.2.8 Chain Transfer Count Registers 0 to 3 (CHNCNTO0 to CHNCNT3)

Bit: 31 30 29 28 27 26 25 24 23 22 219 20 19 18 17 16

Initial value: — — — @ — @ — @ @— @ — @ @ — @ — @ — — — — — — =

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

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

Initial value;: — — — @ — - @ - @ - - - - @ — = @ — = - =

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

Chain transfer count registers 0 to 3 (CHNCNTO to CHNCNT?3) are 32-bit readable/writable
registers that specify the chain transfer count when chain transfer is set.

The value of these registers is undefined after a power-on reset, and in hardware standby mode
and software standby mode. If chain transfer is not to be enabled, either initialize these registers to
0 or set bit 16 (TES) in CHCRn to 1 before enabling transfer.

9.2.9 DMA Operation Register DMAOR)

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

\ — \ — ‘ — \ — ‘RC3‘RCZ‘RC1‘RCO‘ — ‘ — \ — \ — ‘ — ‘AE ‘NMIF‘DME‘
Initialvalue: 0 0 ©0 O O O O O 0 0 0 0 0 O0 0 0
RW. — — — — RWRWRWRW R R R R R RI(WR/(W)RW

Note: The AE and NMIF bits can only be cleared to O after being read as 1.

The DMA operation register (DMAOR) is a 16-bit readable/writable register that specifies the
DMAC transfer mode.

DMAOR bits are initialized to 0 after a power-on reset, and in hardware standby mode and
software standby mode.

Bits 15 to 12—Reserved: These bits are always read as 0 and cannot be modified.
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Bits 11 to 8—Round Robin Channel Select 3 to 0 (RC3 to RC0): When there are simultaneous
transfer requests for a number of channels, these bits determine the channel priority order for
executing the transfers. Bits RC3 to RCO correspond to channels CH3 to CHO. When a bit is set to
1, the priority of the corresponding channel is determined according to the round robin method.

Bits 11 to 8:
RCn Description
0 The priority order of corresponding channel CHn (n = 0 to 3) is fixed. When all
RC bits are 0, the channel priority order is CHO > CH1 > CH2 > CH3.
(Initial value)
1 The priority order of corresponding channel CHn (n = 0 to 3) is determined
according to the round robin method.
Note: When the round robin method is set for the priority order, at least two RC bits should be set

to 1. If only one RC bit is set to 1, the inter-channel priority order will be CHO > CH1 > CH2
> CH3.

When the priority order of two or more channels is determined by the round robin method,
channels with consecutive channel numbers must be set (e.g. CH2 and CH3, or CH1, CH2,
and CH3). Operation cannot be guaranteed if channels with non-consecutive channel
numbers (such as CHO and CH2) are designated as having their priority order determined
by the round robin method.

If round robin priority is specified for CH1, CH2, and CH3, the channel priority relationship
with the other channel will be as follows:

CHO > CH1, CH2, CH3.
~__
Round Robin

Bits 7 to 3—Reserved: These bits are always read as 0 and cannot be modified.

Bit 2—Address Error Flag (AE): Flag that indicates the occurrence of an address error during
DMA transfer. If this bit is set during data transfer, transfers on all channels are suspended. The
CPU cannot write a 1 to AE. This bit can only be cleared by writing 0 after reading 1.

Bit 2: AE Description

0

No address error, DMA transfer enabled (Initial value)
[Clearing condition]
When 0 is written to AE after reading AE = 1

Address error, DMA transfer disabled
[Setting condition]
When an address error is caused by the DMAC
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Bit 1—NMI Flag (NMIF): Flag that indicates NMI input. Setting of this bit can be performed
regardless of whether the DMAC is operating or halted. If this bit is set during data transfer,
transfers on all channels are suspended. The CPU cannot write a 1 to NMIF. This bit can only be
cleared by writing 0 after reading 1.

Bit 1: NMIF Description

0 No NMI input, DMA transfer enabled (Initial value)
[Clearing condition]
When 0 is written to NMIF after reading NMIF = 1

1 NMI input, DMA transfer disabled
[Setting condition]

When an NMI interrupt is generated

Bit 0—DMAC Master Enable (DME): Enables activation of the entire DMAC. When the DME
bit and the DE bit of the CHCR register for the corresponding channel are set to 1, that channel is
enabled for transfer. If this bit is cleared during data transfer, transfers on all channels are
suspended.

Even if the DME bit has been set, transfer is not enabled when TE is 1 or DE is 0 in CHCR, or
when the NMIF or AE bit in DMAOR is 1.

Bit 0: DME Description
0 Operation disabled on all channels (Initial value)
1 Operation enabled on all channels

9.3 Operation

When there is a DMA transfer request, the DMAC starts the transfer according to the
predetermined channel priority order. It ends the transfer when the transfer end conditions are
satisfied. Transfers can be requested in three modes: auto-request, external request, and on-chip
peripheral module request. There are two modes for DMA transfer: single address mode and dual
address mode. Either burst mode or cycle steal mode can be selected as the bus mode.
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9.3.1 DMA Transfer Procedure

After the desired transfer conditions have been set in the DMA source address register (SAR),
DMA destination address register (DAR), DMA transfer count register (DMATCR), DMA
channel control register (CHCR), DMA operation register (DMAOR), next source address register
(NSAR), next destination address register (NDAR), next transfer count register (NDMATCR), and
chain transfer count register (CHNCNT), the DMAC executes data transfer according to the
following procedure:

1. The DMAC checks to see if transfer is enabled (DE = 1, DME = 1, TE = 0, NMIF = 0, AE =
0).

2. When a transfer request is issued while transfer is enabled, the DMAC transfers one transfer
unit of data (determined by the setting of TS0 and TS1). In auto-request mode, the transfer
begins automatically when the DE bit and DME bit are set to 1. The DMATCR value is
decremented by 1 for each transfer. The actual transfer flow depends on the address mode and
bus mode.

3. When the specified number of transfers have been completed (when the DMATCR value
reaches 0), the transfer ends normally. If the IE bit in CHCR is set to 1 at this time, a DEI
interrupt request is sent to the CPU.*

4. When a DMAC address error or NMI interrupt occurs, the transfer is suspended. Transfer is
also suspended when the DE bit in CHCR or the DME bit in DMAOR is cleared to 0.

5. In the case of auto-request, or when CHNE = 0 and TES = 1, transfer ends when DMATCRn =
0.

When the chain transfer enable bit (CHNE) is set to 1, the values in the next source address
register (NSAR), next destination address register (NDAR), and next transfer count register
(NDMATCR) are copied, respectively, to the DMA source address register (SAR), DMA
destination address register (DAR), and DMA transfer count register (DMATCR), and chain
transfer is started. Chain transfer ends when the value in the chain transfer count register
(CHNCNT) reaches 0.

Note: * Ifthe TES bit in CHCRn is cleared to 0, a DEI interrupt is generated when the
CHNCNTn and DMATCRn values both become 0.

Figure 9.2 shows a flowchart of this procedure.
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Initial settings
(SAR, DAR, DMATCR, CHCR,
DMAOR, NSAR, NDAR,
NDMATCR, CHNCNT)

DE,DME=1&
NMIF, AE, TE =02

Transfer request
issued?*1

Bus mode,

*3 transfer request mode,
DREQ detection

method

Yes l

Transfer (1 transfer unit)
DMATCR-1 - DMATCR,
SAR, DAR update

NSAR —— SAR *4
NDAR DAR

NDMATCR —*> DMATCR
CHNCNT-1 > CHNCNT

NMIF or AE =1 or
DE =0 or DME = 0?

DMATCR =0?

DE! interrupt request*>
(when IE = 1)

Transfer suspended

NMIF or AE =1 or
DE=00orDME=0?

TES=0
& CHNCNT = 0?
Yes

Yes Yes
( End of transfer ) ( End of transfer ) End of transfer End of transfer

Notes: 1. In auto-request mode, transfer begins when the NMIF, AE, and TE bits are all 0, and the DE and DME bits are
set to 1.
2. DREQ level detection (external request) in burst mode, or cycle steal mode.
When edge detection and edge clearing every cycle are set.

3. When transfer requests are edge-detected, and edge clearing is performed at the end of all transfers.

4. Whether or not NSAR - SAR and NDAR - DAR transfer is required can be set with the corresponding bits
in CHCR.

5. When the TES bit in CHCR is cleared to 0, the condition for interrupt generation is {CHNCNTn = 0 and
DMATCRnN = 0}. When the TES bit in CHCR is set to 1, the condition for interrupt generation is {DMATCRn = 0},
and the value of CHNCNTNn is immaterial.

6. When clearing CHNE to 0, either set TES to 1 or clear CHNCNT to 0.

Auto-request
or TES=1?

Figure 9.2 DMAC Transfer Flowchart
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9.3.2 DMA Transfer Requests

Transfer requests are basically generated at either the data transfer source or destination, but they
can also be issued by external devices or on-chip peripheral modules that are neither the source
nor the destination.

Transfers can be requested in three modes: auto-request, external request, and on-chip peripheral
module request. The transfer request mode is selected by means of bits RS4 to RS0 in DMA
channel control registers 0 to 3 (CHCRO to CHCR3).

Auto Request Mode

When there is no transfer request signal from an external source, as in a memory-to-memory
transfer or a transfer between memory and an on-chip peripheral module unable to request a
transfer, the auto-request mode allows the DMAC to automatically generate a transfer request
signal internally. When the RS bit in CHCRO to CHCR3 is set to auto-request mode, the DE bit is
set to 1, and the DME bit in the DMA operation register (DMAOR) is set to 1, the transfer begins
(so long as the TE bit in CHCRO to CHCR3 and the NMIF and AE bits in DMAOR are all 0).

External Request Mode

In this mode a transfer is performed in response to a transfer request signal (DREQ) from an
external device. One of the modes shown in table 9.3 should be chosen according to the
application system. If DMA transfer is enabled (DE = 1, DME = 1, TE = 0, NMIF =0, AE = 0),
transfer starts when DREQ is input. The DS bit in CHCRO to CHCR3 is used to select either
falling edge detection or low level detection for the DREQ signal (level detection when DS =0,
edge detection when DS = 1). When low level detection is used, the FIFO to be used can be
selected with the FIFOS bit. When edge detection is used, the edge clearing timing can be selected
with the FCS bit.

The source of the transfer request does not have to be the data transfer source or destination.
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Table 9.3  Selecting External Request Mode with RS Bits

RS4 RS3 RS2 RS1 RS0 Address Mode Transfer Source Transfer Destination

0 0 0 0 0 Dual address  Any* Any*
mode
0 0 0 1 0 Single address  External memory or External device with
mode memory-mapped DACK
external device
0 0 0 1 1 Single address  External device with External memory or
mode DACK memory-mapped

external device

Note: * External memory, memory-mapped external device, on-chip memory, on-chip
peripheral module (except DMAC, UBC, and BSC)

On-Chip Peripheral Module Request Mode

In this mode a transfer is performed in response to a transfer request signal (interrupt request
signal) from one of the SH7065’s on-chip peripheral modules. As shown in table 9.4, there are a
total of 16 transfer request signals: six compare match interrupts or input capture interrupts from
the timer pulse unit (TPU), receive-data-full interrupts (RXI) and transmit-data-empty interrupts
(TXT) from the three serial communication interface (SCI) channels, A/D conversion end
interrupts (ADI) from the two A/D converter channels, and two interrupts from the motor
management timer (MMT). If DMA transfer is enabled (DE = 1, DME = 1, TE = 0, NMIF = 0, AE
= 0), DMA transfer starts when a transfer request signal is input.

The source of the transfer request does not have to be the data transfer source or destination.
However, when the transfer request is set to RXI (transfer request by SCI receive-data-full
interrupt), the transfer source must be the SCI’s receive FIFO data register (SCFRDR). When the
transfer request is set to TXI (transfer request by SCI transmit-data-empty interrupt), the transfer
destination must be the SCI’s transmit FIFO data register (SCFTDR). When the transfer request is
set to ADIn, the transfer source must be the A/D data register (ADDRn).

To output a transfer request from an on-chip peripheral module, set the interrupt enable bit for the
module and output an interrupt signal.

When an on-chip peripheral module interrupt request signal is used as a DMA transfer request
signal, an interrupt is not issued to the CPU.

The transfer request signals shown in table 9.4 are cleared automatically when the corresponding
DMA transfer is performed. In cycle steal mode the signal is cleared for a single transfer; in burst
mode, there is a choice of clearance each time a transfer is executed or on execution of the last
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transfer. The flag clear timing select bit (FCS) in the channel control register (CHCR) is used to
select the transfer request signal clearing mode.

Table 9.4  Selecting On-Chip Peripheral Module Request Mode with RS Bits

DMAC
Transfer Transfer
Request DMAC Transfer Request Transfer Destina-
RS4 RS3 RS2 RS1 RS0 Source Signal Source tion Bus Mode
0 1 0 0 0 TPU TGIOA interrupt Any* Any* Burst/cycle
steal mode
1 TPU TGHA interrupt Any* Any* Burst/cycle
steal mode
1 0 TPU TGI2A interrupt Any* Any* Burst/cycle
steal mode
1 TPU TGI3A interrupt Any* Any* Burst/cycle
steal mode
1 0 0 TPU TGI4A interrupt Any* Any* Burst/cycle
steal mode
1 TPU TGI5A interrupt Any* Any* Burst/cycle
steal mode
1 0 A/D ADIO (A/D conversionend ADDRO  Any* Burst/cycle
converter interrupt) steal mode
1 A/D ADI1 (A/D conversionend ADDR1  Any* Burst/cycle
converter interrupt) steal mode
1 0 0 0 0 SCIO0 TXIO (SCIO transmit-data- ~ Any™ TDRO Burst/cycle
transmitter empty transfer request) steal mode
1 SCIO0 RXIO0 (SCIO receive-data-full RDRO Any* Burst/cycle
receiver transfer request) steal mode
1 0 SCH TXI1 (SCH transmit-data-  Any™ TDR1 Burst/cycle
transmitter empty transfer request) steal mode
1 SCH RXI1 (SCI1 receive-data-full RDR1 Any* Burst/cycle
receiver transfer request) steal mode
1 0 0 SCI2 TXI2 (SCI2 transmit-data- Any* TDR2 Burst/cycle
transmitter empty transfer request) steal mode
1 SCI2 RXI2 (SCI2 receive-data-full RDR2 Any* Burst/cycle
receiver transfer request) steal mode
1 0 0 MMT TGM Any* Any* Burst/cycle
steal mode
1 MMT TGN Any* Any* Burst/cycle
steal mode
Legend:
TPU: Timer pulse unit

SCI0, SCI1, SCI2:  Serial communication interface channels 0 to 2
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ADDRO, ADDR1: A/D data registers for A/D converters 0 and 1
TDRn, RDRn: SCFTDRn and SCFRDRn for SCI channel n (n = 0 to 2)
MMT: Motor management timer

Note: * External memory, memory-mapped external device, on-chip memory, on-chip
peripheral module (except DMAC, BSC, and UBC)

9.3.3 Channel Priorities

If the DMAC receives simultaneous transfer requests on two or more channels, it selects a channel
according to a predetermined priority system, either in a fixed mode or round robin mode. The
mode is selected with the round robin channel select bits (RCO to RC3) in the DMA operation
register (DMAOR). The fixed mode is selected for the channel priority order by clearing the round
robin channel select bits for all channels to 0. When using round robin mode, the round robin bits
for the channels to be used are set to 1. The channels specified in this case must have consecutive
channel numbers.

Fixed Mode

In the fixed mode, the channel priority order does not change. In this mode, the following initial
channel priority order is used.

CHO > CH1 > CH2 > CH3

To perform fixed mode transfer, the round robin channel select bits (RCO to RC3) in the DMA
operation register (DMAOR) must all be cleared to 0.

Round Robin Mode

In round robin mode, each time the transfer of one transfer unit (byte, word, or longword) ends on
a given channel, that channel is assigned the lowest priority level. The channels specified by the
round robin channel select bits (RCO to RC3) in the DMA operation register (DMAOR) are
subject to round robin control. Only channels with consecutive channel numbers can be specified;
operation cannot be guaranteed if non-consecutive channels are specified for round robin priority
control. If only one channel is specified, the channel priority order is the same as in the fixed
mode.

Figure 9.3 illustrates round robin operation for CHO to CH3. The order of priority in round robin
mode immediately after a reset is the initial priority order: CHO > CH1 > CH2 > CH3.
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1.

2.

3.

4.

Transfer on channel 0

Initial priority order | CHO > CH1 > CH2 > CH3

Channel 0 is given the lowest
priority.

Y

Priority order after
transfer

CH1 > CH2

> CH3 > CHO

Transfer on channel 1

Initial priority order | CHO > CH1 > CH2 > CH3

When channel 1 is given the
lowest priority, the priority of

channel 0, which was higher
than channel 1, is also shifted

LR EEEEEE R ; simultaneously.

Y Y

Priority order after

CH2 >
transfer

CH3 > CHO > CH1

Transfer on channel 2

When channel 2 is given the

Initial priority order | CHO > CH1 > CH2 > CH3 lowest priority, the priorities of

channels 0 and 1, which were

7777777777777777777 higher than channel 2, are also

: shifted simultaneously. If there
A Y Y is a transfer request for channel

Priority order after CH3 > CHO > CH1 > CH2 1 only immediately afterward,

transfer

Priority after transfer due to issuance
of a transfer request for channel 1 only

Transfer on channel 3

channel 1 is given the lowest
\— priority and the priorities of
channels 3 and 0 are
Y Y y Simultaneously shifted down.

CH2 > CH3 > CHO > CH1

Initial priority order | CHO > CH1 > CH2 > CH3 No change in priority order

Y

Priority order after
transfer

CHO > CH1 > CH2 > CH3

Figure

9.3 Round Robin Mode
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Figure 9.4 shows the changes in priority levels when transfer requests are issued simultaneously
for channels 0 and 3, and channel 1 receives a transfer request during a transfer on channel 0. The
operation of the DMAC in this case is as follows.

1. Transfer requests are issued simultaneously for channels 0 and 3.

2. Since channel 0 has a higher priority level than channel 3, the channel 0 transfer is executed
first (channel 3 is on transfer standby).

3. A transfer request is issued for channel 1 during the channel 0 transfer (channels 1 and 3 are on
transfer standby).

4. At the end of the channel 0 transfer, channel 0 shifts to the lowest priority level.

5. At this point, channel 1 has a higher priority level than channel 3, so the channel 1 transfer is
started (channel 3 is on transfer standby).

6. At the end of the channel 1 transfer, channel 1 shifts to the lowest priority level.
7. The channel 3 transfer is started.

8. At the end of the channel 3 transfer, the channel 3 and channel 2 priority levels are lowered,
giving channel 3 the lowest priority.
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Transfer Request Channel Waiting DMAC Operation Channel Priority
Order
1. Issued for channels
Oand3 \
_— 2. Startof channel0 <——— 0>1>2>3
3. Issued for channel 1 transfer
\ 3
Change of
priority order
1,3 4. Endofchannel0 — —  » 1>2>3>0
transfer
_ 5. Start of channel 1
transfer
Change of
3 6. End of channel 1 M 2>3>0>1
transfer
—_— 7. Start of channel 3
transfer
None
Change of
priority order
_— 8. End of channel 3

0>1>2>3

transfer

Figure 9.4 Example of Changes in Channel Priority Order in Round Robin Mode
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9.34 Types of DMA Transfer

The DMAC supports the transfers shown in table 9.5. It can operate in single address mode, in
which either the transfer source or the transfer destination is accessed using the acknowledge
signal, or in dual address mode, in which both the transfer source and transfer destination
addresses are output. The actual transfer operation timing depends on the bus mode, which can be
either burst mode or cycle steal mode.

Table 9.5

Transfer Source

Supported DMA Transfers

Transfer Destination

Device with

External
Memory

Memory-
Mapped
External
Device

On-Chip
Memory

On-Chip
Peripheral
Module

External device

with DACK

Not available

Single address Single address

mode

mode

Not available

Not available

External memory

Single address

Dual address
mode

Dual address
mode

Dual address
mode

Dual address
mode

Memory-mapped
external device

Single address

Dual address
mode

Dual address
mode

Dual address
mode

Dual address
mode

On-chip memory

Not available

Dual address
mode

Dual address
mode

Dual address
mode

Dual address
mode

On-chip peripheral Not available

module

Dual address
mode

Dual address
mode

Dual address
mode

Dual address
mode
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Address Modes

Single Address Mode: In single address mode, both the transfer source and the transfer
destination are external; one is accessed by the DACK signal and the other by an address. In this
mode, the DMAC performs a DMA transfer in one bus cycle by simultaneously outputting the
external I/O strobe signal (DACK) to either the transfer source or transfer destination external
device to access it, while outputting an address to the other side of the transfer. Figure 9.5 shows
an example of a transfer between external memory and an external device with DACK in which
the external device outputs data to the data bus while that data is written to external memory in the
same bus cycle.

External address bus  External data bus

SH7065 m ,,,,,,,,,,,,,,,,,,, N
External memory
DMAC
"""""""""" 7]  External device
with DACK
DACK
DREQ
—————— ~ Data flow

Figure 9.5 Data Flow in Single Address Mode

Two types 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. Only the external request signal (DREQ) is used in both these
cases.

Figure 9.6 shows the DMA transfer timing in single address mode.
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e LML

Address output to external memory space

a2s-nr0 X X

Data output from external device with DACK

DACK signal (active-low) to external device
with DACK

WR signal to external memory space

TEND output

(a) From external device with DACK to external memory space

oe LI LT L
A25-A0 >< ><

Address output to external memory space

D31-DO Data output from external memory space

BD RD signal to external memory space

DACK signal (active-low) to external device
with DACK

TEND output

(b) From external memory space to external device with DACK

Figure 9.6 DMA Transfer Timing in Single Address Mode

Dual Address Mode: Dual address mode is used to access both the transfer source and the
transfer destination by address. The transfer source and destination can be accessed either
internally or externally.
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In dual address mode, data is read from the transfer source in the data read cycle, and written to
the transfer destination in the data write cycle, so that the transfer is executed in two bus cycles.
The transfer data is temporarily stored in the DMAC. In a transfer between external memories
such as that shown in figure 9.7, data is read from external memory into the DMAC in the read
cycle, then written to the other external memory in the write cycle. Figure 9.8 shows the timing for

this operation.

: SAR Memory

' DMAC S

: = (%)

DAR L S

(9] o]
@ © Transfer source
3 8 module
<

Data buff : Transfer destination
ata burrer module

......................................

Taking the SAR value as the address, data is read from the transfer source module
and stored temporarily in the data buffer in the DMAC.

First bus cycle

: SAR Memory
gDMAC *
: g ”
DAR o S
[} o
@ © Transfer source
g S module
<

: Transfer destination
Data buffer module

......................................

Taking the DAR value as the address, the data stored in the DMAC is written to
the transfer destination module.

Second bus cycle

Figure 9.7 Direct Address Operation in Dual Address Mode
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eke | L L L L L [ |

' Transfer source Transfer destinatioﬁ
A25-A0 . address : address ><

D31-D0 >—<

WRxx

DACK

TEND

. Dataread cycle : Data write cycle :

(1st) | (2nd)

Transfer from external memory space to external memory space, TEND output enabled,
DACK output in read cycle

Figure 9.8 Example of Dual Address Mode Transfer Timing
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Bus Modes

There are two bus modes, cycle steal mode and burst mode, selected with the TM bit in CHCRO to
CHCR3.

Cycle Steal Mode: In cycle steal mode, the DMAC gives the bus to another bus master at the end
of each transfer-unit (8-bit, 16-bit, or 32-bit) transfer. When the next transfer request is issued, the
DMAC reacquires the bus from the other bus master and carries out another transfer-unit transfer.
At the end of this transfer, the bus is again given to another bus master. This is repeated until the
transfer end condition is satisfied.

Cycle steal mode can be used with all categories of transfer request source, transfer source, and
transfer destination.

Figure 9.9 shows an example of DMA transfer timing in cycle steal mode. The transfer conditions
in this example are dual address mode and DREQ level detection (using the 16-stage FIFO).

DREQ »
Bus temporarily returned to CPU
7N\
Bus cycle X CPU X cPuU X cPu X pMACXDMACK cPU XDMACYDMACX cPU Y cPu X
Read, write Read, write

Figure 9.9 Example of DMA Transfer in Cycle Steal Mode

Burst Mode: In burst mode, once the DMAC has acquired the bus it transfers data continuously
until the transfer end condition is satisfied. With DREQ low level detection in external request
mode, however, when DREQ is driven high the bus passes to another bus master after the end of
the DMAC transfer request that has already been accepted, even if the transfer end condition has
not been satisfied.

Figure 9.10 shows an example of DMA transfer timing in burst mode. The transfer conditions in
this example are single address mode and DREQ level detection (using the 16-stage FIFO).

DREQ %

Bus cycle X cPU )X cPU X cPU X DMACX DMAC)XDMACX DMAC)KDMAC X DMACK cPU X

Figure 9.10 Example of DMA Transfer in Burst Mode
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Relationship between DMA Transfer Type, Request Mode, and Bus Mode

Table 9.6 shows the relationship between the type of DMA transfer, the request mode, and the bus

mode.
Table 9.6  Relationship between DMA Transfer Type, Request Mode, and Bus Mode
Address Request Bus Transfer Usable
Mode Type of Transfer Mode Mode Size (Bits) Channels
Single External device with DACK and External B/C 8/16/32 0,1
external memory
External device with DACK and External B/C 8/16/32 0,1
memory-mapped external device
Dual External memory and external memory  Any™' B/C 8/16/32 0-3
External memory and memory-mapped Any*1 B/C 8/16/32 0-3
external device
Memory-mapped external device and Any*! B/C 8/16/32 0-3
memory-mapped external device
External memory and on-chip memory ~ Any™*' B/C 8/16/32 0-3
External memory and on-chip Any*? B/C 8/16/32*  0-3
peripheral module
Memory-mapped external device and Any*! B/C 8/16/32 0-3
on-chip memory
Memory-mapped external device and ~ Any™ B/IC 8/16/32*  0-3
on-chip peripheral module
On-chip memory and on-chip memory  Any™’ B/C 8/16/32 0-3
On-chip memory and on-chip peripheral Any*? B/C 8/16/32*  0-3
module
On-chip peripheral module and on-chip ~ Any*? B/C 8/16/32*  0-3
peripheral module
Legend: B: Burst
C: Cycle steal
Notes: 1. External request, auto-request, or on-chip peripheral module request possible. The SCI

or A/D converter cannot be specified as the transfer request source in on-chip
peripheral module request mode.

External request, auto-request, or on-chip peripheral module request possible. If the
transfer request source is also the SCI or A/D converter, the transfer source or transfer
destination must be the SCI or A/D converter.

Access size permitted for register of on-chip peripheral module that is the transfer
source or transfer destination.
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Bus Mode and Channel Priority Order

When, for example, channel 1 is transferring data in burst mode, and a transfer request is issued to
channel 0, which has a higher priority, the channel 0 transfer is started immediately.

If fixed mode has been set for the priority order (CHO > CH1), or if burst mode is set for channel
0, transfer on channel 1 is continued after transfer on channel 0 is completely finished.

If round robin mode has been set for the priority order, transfer on channel 1 is restarted after one
transfer unit of data is transferred on channel 0, regardless of whether cycle steal mode or burst
mode is set for channel 0. Bus mastership then alternates in the order: channel 1 — channel 0 —
channel 1 - channel 0.

Since channel 1 is in burst mode, the bus is not given to the CPU during this period, regardless of
whether fixed mode or round robin mode is set for the priority order.

An example of round robin mode operation is shown in figure 9.11.

>< cPU X DMAC CHLYDMAC CHLY DMAC CHO X DMAC CHLYCDMAC CHOXDMAC CHLYDMAC CHLYX CPU

CPU \ DMAC CH1 DMAC CHO and CH1 DMAC CH1 \ CPU
Burst mode Round robin mode Burst mode

Priority system: Round robin mode
Channel 0: Cycle steal mode
Channel 1: Burst mode

Figure 9.11 Bus Handling with Two DMAC Channels Operating
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9.3.5 Number of Bus Cycle States and DREQ Pin Sampling Timing
Number of Bus Cycle States

When the DMAC is the bus master, the number of bus cycle states is 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).

DREQ Pin Sampling and DRAK Signal

In external request mode, the DREQ pin for each channel is sampled using falling edge or low
level detection. The DREQ sampling circuit for each channel comprises a noise canceler and edge
detection circuit, a 16-stage FIFO, and a 1-stage FIFO.

Regardless of whether DREQ pin falling edge detection or low level detection is used, the signal is
sampled via a noise canceler circuit. The noise canceler eliminates noise of one clock cycle or less
in duration by ignoring the first clock cycle of DREQ input.

After passing through the noise canceler, an external request signal is sampled by one of three
DREQ sampling methods, as selected by the relevant register settings: falling edge detection, low
level detection using the 16-stage FIFO, or low level detection using the 1-stage FIFO.

Whichever DREQ sampling method is selected, the DRAK signal is output for one CKE state each
time DREQ is sampled. Regardless of whether cycle steal or burst mode is selected, and of the
DREQ sampling method, the DRAK signal is output when generation of a DMA transfer cycle in
response to the sampled DREQ signal is confirmed. DRAK signal output is synchronized with
CKE, but it is not possible to stipulate the output timing relative to the external bus cycle.

* DREQ falling edge detection
When DREQ falling edge detection is used, DREQ samples are not stored in a FIFO, and
DMA transfer is carried out in response to a single falling edge. Since the noise canceler
function ignores the first state of DREQ input, the DREQ signal must be input for at least two
states. DREQ sampling is performed in the same way regardless of whether single or dual
address mode, or cycle steal or burst mode, is selected.

With DREQ falling edge detection, the number of transfers to be initiated by detection of a
single falling edge can be set, regardless of whether single or dual address mode, or cycle steal
or burst mode, is selected. The following settings can be made with the Flag Clear Timing
Select (FCS) bit in the channel control register (CHCR) for each channel.

Rev. 5.00 Sep 11, 2006 page 342 of 916
REJ09B0332-0500

RENESAS



Section 9 Direct Memory Access Controller (DMAC)

O Execution of one transfer in response to one falling edge

O Execution of the number of transfers set in the DMA transfer count register (DMATCR) in
response to one falling edge

Regardless of the setting of the Flag Clear Timing Select (FCS) bit, while the transfer initiated
by the previously detected falling edge is in progress, there is a period during which the next
DREQ falling edge is ignored. Therefore, the next falling edge should not be input until the
final DRAK signal has been output for the currently executing transfer.

The DRAK signal is output once only for one falling edge. Regardless of the setting of the
Flag Clear Timing Select (FCS) bit, it is output at the same time as, or earlier than, address
output in the first DMA transfer cycle.

Figure 9.12 shows an example of the operation when one DMA transfer is performed in
response to one falling edge. The example in figure 9.12 is for cycle steal mode, but even if
burst mode is selected, the operation still ends after one transfer in response to one falling
edge. Figure 9.13 shows an example of the operation when the number of DMA transfers set in
the DMA transfer count register (DMATCR) are performed in response to one falling edge.

DREQ low level detection using 16-stage FIFO

When DREQ low level detection is selected, DREQ is sampled in every cycle at the rise of
CKE (figure 9.14). The noise canceler function prevents sampling of DREQ input at the first
rise of CKE. The sampled DREQ signal is stored in the 16-stage FIFO. One DMA transfer is
performed for one stored sampling result, and a number of transfers corresponding to the
number of stored samples are always carried out. If DREQ is input continuously, samples are
taken until the FIFO is full; once the FIFO is full, the DREQ input is no longer sampled (figure
9.15). The FIFO is incremented each time DREQ is sampled, and is decremented when
generation of the next DMA transfer cycle is confirmed. It is not always possible to stipulate
the FIFO decrement timing relative to the external bus cycle, but in the case of a CKE:CKM
frequency division ratio of 1:1, it will be at the start of the bus cycle before the DMA transfer
cycle (timings (A), (B), (C), (D), and (E) in figure 9.14). With the 16-stage FIFO, in the event
of contention between FIFO incrementing and decrementing, both are performed
simultaneously. The FIFO operation in this case is as shown at (A), (B), (C), (D), and (E) in
figure 9.14. The DRAK signal is output one state after the FIFO is decremented, and at the
same time as, or earlier than, address output in the corresponding DMA transfer cycle. The
DRAK signal is output once for each DREQ sample.

With this DREQ sampling method, sampling is carried out in the same way regardless of
whether single or dual address mode, or cycle steal or burst mode, is selected (figures 9.16 to
9.18).
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DREQ low level detection using 1-stage FIFO

DREQ low level sampling using the 1-stage FIFO should be selected when external bus cycles
are two CKE states or longer in maximum-speed operation. If external bus cycles are two CKE
states or longer in maximum-speed operation, when DREQ input is halted upon DRAK signal
output, one subsequent DMA transfer will always be performed after the DMA transfer cycle
corresponding to this DRAK signal output before transfer is halted (figure 9.19). If low level
detection using the 1-stage FIFO is selected when the external bus cycle is one CKE state in
maximum-speed operation, the amount of DMA cycle overrun cannot be guaranteed.

With the 1-stage FIFO, as with the 16-stage FIFO, DREQ sampling is performed at the rise of
CKE. The noise canceler function prevents sampling of DREQ input at the first rise of CKE.
The sampled DREQ signal is stored in the 1-stage FIFO, and the FIFO is full after one sample
is taken. The DRAK signal is output at the same time as, or earlier than, address output in the
corresponding DMA transfer cycle, and is output once for each DREQ sample.

The sampling conditions for the 1-stage FIFO are different from those for the 16-stage FIFO.
With the 16-stage FIFO, FIFO incrementing and decrementing are performed simultaneously
(see figure 9.19), but with the 1-stage FIFO, after the FIFO is cleared by decrementing, the
next sampling operation is performed. The FIFO decrement timing is the same as the DRAK
signal output timing. Figure 9.19 shows an example of the operation when single/burst mode
DMA transfer is carried out with DREQ sampling by low level detection using the 1-stage
FIFO. In figure 9.19, when DREQ input is halted (B in the figure) at the point at which DRAK
is output (A in the figure), transfer is terminated after execution of the DMA transfer cycle
following the corresponding DMA cycle. With this DREQ sampling method, sampling is
carried out in the same way regardless of whether single or dual address mode, or cycle steal or
burst mode, is selected (figures 9.20 to 9.22).
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Figure 9.12 Operation Example:
CKM, Edge Detection, One Transfer for One Edge
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Notes: 1. CKE:CKM =1:1

2. Cycle steal mode/dual address transfer

3. Number of transfers set in DMATCR are performed for one edge.

4. DRAK and DACK are active-low.
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