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Notes regarding these materials

This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.
Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.
You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.
All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.
When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high gquality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

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

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.
Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.
In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.
This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.
Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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General Precautionson 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 astest pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSl is not guaranteed.

2. Treatment of Unused Input Pins

Note: Fix al unused input pinsto high or low level.
Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
arein 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 isfirst supplied, the product's state is undefined.
The states of interna circuits are undefined until full power is supplied throughout the
chip and alow level isinput 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 whileitisin this
undefined state. For those products which have areset function, reset the LSl immediately
after the power supply has been turned on.

4. Prohibition of Accessto 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.

5. Treatment of Power Supply (0V) Pins

Note: There should be no voltage difference between the system ground pins (0 V power
supply), VssQ, Vss, Vss, Vss(PLL1), and Vss (PLL2).

If voltage difference is created between the system ground pins, malfunctions may occur or
excessive current flows during standby due to through current. Voltage difference should not
be created between the system ground pins, VssQ, Vss, Vss(PLL1), and Vss (PLL2).
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Important Notice on the Quality Assurancefor thisL S|

Although the wafer process of thisLSl is entrusted to the external silicon foundries, the quality of
this LSl is guaranteed for the customers under the quality assurance system of our company.

However, if it is clear that our company isresponsible for a defective product, we will only offer,
after the agreement of both parties, to exchange it with a new product from stock.

The following shows the robustness (reference values) of the LS| against static-electricity-induced
breakdown.

Robustness (Reference Values) of the LSl against Static-electricity-induced Breakdown

Machine Model Method + 200 V or more
Human Body Model Method + 1500 V or more
Charged Device Model Method + 1000 V or more

For the details on the quality assurance of this LSI, contact your nearest Renesas Technology sales
representative.
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Configuration of This Manual

This manual comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

Description of Functional Modules

* CPU and System-Control Modules

e On-Chip Peripheral Modules

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

i) Feature

ii) Input/Output Pin

iii) Register Description
iv) Operation

v) Usage Note

o 0k~ wbdPE

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

7. List of Registers

8. Electrical Characteristics

9. Appendix

10. Main Revisions and Additionsin this Edition (only for revised versions)

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

11. Index
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Preface

The SH7641 RISC (Reduced Instruction Set Computer) microcomputer includes a Renesas
Technology original RISC CPU asiits core, and the periphera functions required to configure a
system.

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

Objective:  This manua was written to explain the hardware functions and electrical
characteristics of this LSl to the above users.
Refer to the SH-3/SH-3E/SH3-DSP Software Manual for a detailed description of
the instruction set.

Notes on reading this manual:

* Product names
The following products are covered in this manual.

Product Classifications and Abbreviations

Basic Classification Product Code

SH7641 R4S76410

e Inorder to understand the overall functions of the chip

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

e |norder to understand the details of the CPU's functions
Read the SH-3/SH-3E/SH3-DSP Software Manual.

This product does not support the MMU functions. For example, the LDTLB instruction code
is executed as the NOP instruction.
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Rules: Register name:  The following notation is used for cases when the same or a
similar function, e.g. serial communication, is implemented
on more than one channel:

XXX_N (XXX istheregister name and N is the channel
number)

Bit order: The MSB (most significant bit) is on the left and the LSB
(least significant bit) is on theright.

Number notation: Binary is B'xxxx, hexadecimal is H'xxxx, decimal is XxxXx.
Signal notation:  An overbar is added to alow-active signal: Xxxxx
Related Manuals:  Thelatest versions of all related manuals are available from our web site.

Please ensure you have the latest versions of all documents you require.
http://www.renesas.com/

SH7641manuals:

Document Title Document No.
SuperH RISC engine SH7641Hardware Manual This manual
SH-3/SH-3E/SH3-DSP Software Manual REJO9B0171

Users manuals for development tools:

Document Title Document No.

SuperH™ RISC engine C/C++ Compiler,Assembler,Optimizing Linkage REJ10B0152
Editor Compiler Package V.9.00 User's Manual

SuperH™ RISC engine High-performance Embedded Workshop 3 REJ10B0025
Users Manual

SuperH RISC engine High-Performance Embedded Workshop 3 Tutorial REJ10B0023

Application note:

Document Title Document No.

SuperH RISC engine C/C++ Compiler Package Application Note REJO5B0463
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Abbreviations

ADC Analog to digital converter
ALU Arithmetic logic unit

bpp bits per pixel

bps bits per second

BSC Bus state controller

CODEC Coder-decoder

CPG Clock pulse generator

CPU Central processing unit

CRC Cyclic redundancy check
DMAC Direct memory access controller
DSP Digital signal processor

ESD Electrostatic discharge

ECC Error checking and correction
etu Elementary time unit

FIFO First-in first-out

Hi-Z High impedance

H-UDI User debugging interface
INTC Interrupt controller

LSB Least significant bit

MSB Most significant bit

PC Program counter

PFC Pin function controller

PLL Phase locked loop

RAM Random access memory
RISC Reduced instruction set computer
ROM Read only memory

SCIF Serial communication interface with FIFO
SOF Start of frame

TAP Test access port

T.B.D To be determined

UBC User break controller
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USB Universal serial bus
WDT Watch dog timer
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Section 1 Overview

Section 1 Overview

This LSI is a single-chip RISC microprocessor that integrates a Renesas Technology original 32-
bit SuperH RISC engine architecture CPU with a digital signal processing (DSP) extension as its
core, with 16-kbyte of cache memory, 16-kbyte of an on-chip X/Y memory, and peripheral
functions required for system configuration such as an interrupt controller. This LSI comes in 256-
pin package.

High-speed data transfers can be formed by an on-chip direct memory access controller (DMAC),
and an external memory access support function enables direct connection to different kinds of
memory. This LSI also supports powerful peripheral functions such as USB function and serial
communication interface with FIFO.

1.1 Features
The features of this LSI are listed in table 1.1.

Tablel.l Features

Iltems Specification

CPU e Renesas Technology original SuperH architecture
e Compatible with SH-1, SH-2 and SH-3 at object code level
e 32-bit internal data bus
e Support of an abundant register-set
— Sixteen 32-bit general registers (eight 32-bit bank registers)
— Eight 32-bit control registers
— Four 32-bit system registers
¢ RISC-type instruction set
— Instruction length: 16-bit fixed length for improved code efficiency
— Load/store architecture
— Delayed branch instructions
— Instruction set based on C language
¢ Instruction execution time: one instruction/cycle for basic instructions
e Logical address space: 4Gbytes
o Five-stage pipeline
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Section 1 Overview

Iltems Specification

DSP .
[ ]

Mixture of 16-bit and 32-bit instructions

32-/40-bit internal data paths

Multiplier, ALU, barrel shifter and DSP register

Large DSP data registers

— Six 32-bit data registers

— Two 40-bit data registers

Extended Harvard Architecture for DSP data bus

— Two data buses

— One instruction bus

Max. four parallel operations: ALU, multiply, and two load or store
Two addressing units to generate addresses for two memory access

DSP data addressing modes: increment, indexing (with or without
modulo addressing)

Zero-overhead repeat loop control
Conditional execution instructions

Clock pulse .
generator (CPG)

Clock mode: Input clock can be selected from external input (EXTAL
or CKIO) or crystal oscillator

Three types of clocks generated:

— CPU clock: maximum 100 MHz

— Bus clock: maximum 50 MHz

— Peripheral clock: maximum 33 MHz
Power-down modes:

— Sleep mode

— Standby mode

— Module standby mode

Three types of clock modes (selectable PLL2 x 2 / x 4, clock / crystal
oscillator)

Watchdog timer .

On-chip one-channel watchdog timer
Select from operation in watchdog-timer or interval-timer mode.
Interrupt generation is supported for the interval-timer mode.
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Section 1 Overview

Iltems Specification

Cache memory e 16-kbyte cache, mixed instruction/data
e 256 entries, 4-way set associative, 16-byte block length
o Write-back, write-through, LRU replacement algorithm
o 1-stage write-back buffer
e Maximum 2 ways of the cache can be locked

X/Y memory e Three independent read/write ports
— 8-/16-/32-bit access from the CPU
— Maximum two 16-bit accesses from the DSP
— 8-/16-/32-bit access from the DMAC
e Total memory: 16-kbyte (XRAM: 8-kbyte, YRAM: 8-kbyte)

Interrupt controller ¢ Nine external interrupt pins (NMI, IRQ7 to IRQO)

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

e Supports soft vector mode

User break controller e Addresses, data values, type of access, and data size can all be set
(UBC) as break conditions

e Supports a sequential break function
e Two break channels
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Section 1 Overview

Items

Specification

Bus state controller
(BSC)

Physical address space divided into eight areas, four areas (area 0,
areas 2 to 4), each a maximum of 64 Mbytes and other four areas
(areas 5A, 5B, areas 6A, 6B), each a maximum of 32 Mbytes

The following features settable for each area independently

— Bus size (8, 16, or 32 bits), but different support size by each areas

— Number of wait cycles (wait read/write settable independently area
exists)

— Idle wait cycles (same area/another area)

— Specifying the memory to be connected to each area enables
direct connection to SRAM, SDRAM, Burst ROM, address/data
MPX mode supporting area exists

— Outputs chip select signal (CS0, CS2 to CS4, CS5A/B, CS6A/B)
for corresponding area (selectable for programming CS
assert/negate timing)

SDRAM refresh function

— Supports auto-refresh and self-refresh mode

SDRAM burst access function
Area 2/3 enables connection to different SDRAM (size/latency)

Direct memory access
controller (DMAC)

Number of channels: four channels (two channels can accept external
requests)

Two types of bus modes

— Cycle steal mode and burst mode

Interrupt can be requested to the CPU at completion of data transfer
Supports intermittent mode (16/64 cycles)

User debugging
interface (H-UDI)

E10A emulator support
JTAG-standard pin assignment
Realtime branch trace
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Items

Specification

Advanced user
debugger (AUD)

Six output pins

Trace of branch source/destination address
Window data trace function

Full trace function

— All trace data can be output by stalling the CPU even when the
trace data is not output in time

Real-time trace function

— Function to output trace data that can be output at the range not to
stall the CPU

Multi-function timer
pulse unit (MTU)

Maximum 16-pulse input/output

Selection of 8 counter input clocks for each channel
The following operations can be set for each channel:
— Waveform output at compare match

— Input capture function

— Counter clear operation

— A maximum 12-phase PWM output is possible in combination with
synchronous operation

Buffer operation settable for channels 0,3,and 4

Phase counting mode settable independently for each of channels 1
and 2

Cascade connection operation

Fast access via internal 16-bit bus

23 interrupt sources

Automatic transfer of register data

A/D converter conversion start trigger can be generated
Module standby mode can be set
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Iltems Specification

Compare match timer e
(CMT)

16-bit counter x 2 channels
Selection of four clocks

Interrupt request or DMA transfer request can be generated by
compare-match

Serial communication e
interface with FIFO
(SCIF)

3 channels

Asynchronous mode or clock synchronous mode can be selected
Simultaneous transmission/reception (full-duplex) capability
Built-in dedicated baud rate generator

Separate 16-stage FIFO registers for transmission and reception
Dedicated Modem control function (Asynchronous mode)

I/0 ports o

Input or output can be selected for each bits

USB function module e

Conforming to the USB standard

Corresponds mode of USB internal transceiver or external transceiver
Supports control (endpoint 0), balk transmission (endpoint 1, 2),
interrupt (endpoint 3)

Supports USB standard command and transaction class or vendor
command in firmware

FIFO buffer for end point (128-byte/endpoint)

Module input clock: 48MHz. Either self-powered or bus-powered mode
can be selected.

I’C bus interface (1IC2) e

One channel

Conforms to the Phillips I°C bus interface specification.
Master/slave mode supported

Continuous transmission/reception supported

Either the I°C bus format or clock synchronous serial format is
selectable.

A/D converter e 10 bits+8 LSB, 8 channels
e Input range: 0 to AVcc (max. 3.6V)
U memory e Three independent read/write ports

— 8-/16-/32-bit access from the CPU
— 8-/16-/32-bit access from the DSP
— 8-/16-bit access from the DMAC
Total memory: 64-kbyte
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12 Block Diagram

The block diagram of this LSI is shown in figurel.1.

— ] E—=] sHs3
—1 —— CPU B
ol Jol | (= | s
e (N i ) i
YO A R P Y VY i —
Memory [(C—| [ [ [ Y M— DSP ) omr
_ Br—
m
4
U Memory |—= » > UBC < ) MTU
3
) AUD =
CACHE [—= -]
S ool ¢ Y SCIF
[
— O
INTC s
[0
opar | |* () ADC
WDT |—
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O K lc2
External Bus
Interface VO port
[Legend]
ADC: A/D converter DSP: Digital signal processor
AUD: Advanced user debugger H-UDI: User debugging interface
BSC: Bus state controller INTC: Interrupt controller
CACHE: Cache memory SCIF: Serial communication interface
CMT: Compare match timer UBC: User break controller
CPG/WDT: Clock Pulse generator/Watch dog Timer MTU: Multi-Function Timer Pulse unit
CPU: Central processing unit USB : USB function module
DMAC: Direct memory access controller IIC2:  12C bus interface

Figurel.1 Block Diagra
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Section 1 Overview

13 Pin Assignments

The pin assignments of this LSI is shown in figure 1.2.
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Figure 1.2 Pin Assignments (BGA-256)
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14 Pin functions

Table 1.2 summarizes the pin functions.

Table1.2 Pin functions

No.

(BGA256) Pin Name Description

B2 D7 Data bus

c2 D6 Data bus

D2 D5 Data bus

B1 D4 Data bus

E2 D3 Data bus

E3 D2 Data bus

C1 VssQ Ground for 1/O circuits (0V)

D3 D1 Data bus

D1 VeeQ Power supply for I/O circuits (3.3V)

E4 DO Data bus

F2 CS3/PTA[3] Chip select 3/Port A

F3 Vss Ground (0V)

E1 CS2/PTA[2] Chip select 2/Port A

F4 Vcce Power supply (1.8V)

G2 UCLK/PTBI0] USB external input clock/Port B

G3 VBUS/PTBJ[1] USB power detection/Port B

F1 SUSPND/PTBI2] USB suspend/Port B

G4 XVDATA/PTBI[3] Receive data input from USB differential receiver/Port B
H2 TXENL/PTB[4] USB output enable/Port B

H3 VeeQ Power supply for I/O circuits (3.3V)*°

G1 DP D+

H1 DM D-

H4 VssQ Power supply for US 1/O circuits (OV)*°

J3 TXDMNS/PTB[5] D- Transmit output for USB transceiver/Port B
J2 TXDPLS/PTBI[6] D+ Transmit output for USB transceiver/Port B
J4 DMNS/PTB[7] USB D- input from Receiver/Port B
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L\IBO(.3A256) Pin Name Description

Ji DPLS/PTBI[8] USB D+ input from Receiver/Port B
K3 Vss Ground (0V)

K2 A18 Address bus

K4 Vce Power supply (1.8V)

K1 A19/PTA[8] Address bus/Port A

L1 A20/PTA[9] Address bus/Port A

L4 A21/PTA[10] Address bus/Port A

M1 A22/PTA[11] Address bus/Port A

L3 A23/PTA[12] Address bus/Port A

L2 A24/PTA[13] Address bus/Port A

M4 VssQ Ground for 1/O circuits (0V)

N1 AUDCK AUD clock

M3 VeeQ Power supply for I/O circuits (3.3V)
M2 A25/PTA[14] Address bus/Port A

N4 AUDATAI[O)/PTJ[8] AUD data/Port J

P1 AUDATA[1)/PTJ[9] AUD data/Port J

N3 AUDATA[2]/PTJ[10] AUD data/Port J

N2 AUDATA[3)/PTJ[11] AUD data/Port J

P4 AUDSYNC/PTJ[12] AUD synchronized/Port J

R1 TCK Test clock

P3 TDI Test data input

T TDO Test data output

R4 TMS Test mode select

P2 TRST Test reset

R3 NMI Nonmaskable interrupt request
u1 TRQO/PTJ[0] External interrupt request/Port J
T4 Vce Power supply (1.8V)

R2 IRQ1/PTJ[1] External interrupt request/Port J
U4 Vss Ground (0V)

Vi1 VssQ Ground for 1/O circuits (0V)

u2 IRQ2/PTJ[2] External interrupt request/Port J
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L\IBO(.3A256) Pin Name Description

Wi+ VeeQ Power supply for I/O circuits (3.3V)
V3 IRQ3/PTJ[3] External interrupt request/Port J
T2 IRQ4/PTJ[4] External interrupt request/Port J
T3 IRQ5/PTJ[5] External interrupt request/Port J
us IRQ6/PTJ[6] External interrupt request/Port J
V2 IRQ7/PTJ[7] External interrupt request/Port J
Y1 SCKO/PTHI0] Serial clock 0/Port H

w2 CTSO/PTH[1] Transmit clear 0/Port H

W3 TxDO/PTH[2] Transmit data 0/Port H

W4 RxDO/PTH[3] Receive data 0/Port H

Y2 RTSO/PTH[4] Transmit request 0/Port H

W5 SCK1/PTHI[5] Serial clock 1/Port H

V5 CTS1/PTH[6] Transmit clear 1/Port H

Y3 TxD1/PTHI7] Transmit data 1/Port H

V4 RxD1/PTH[8] Receive data 1/Port H

Y4 RTS1/PTH[9] Transmit request 1/Port H

us SCK2/PTHI[10] Serial clock 2/Port H

W CTS2/PTH[11] Transmit clear 2/Port H

V6 Vss Ground (0V)

Y5 TxD2/PTH[12] Transmit data 2/Port H

ué Vcee Power supply (1.8V)

W7 RxD2/PTH[13] Receive data 2/Port H

V7 VeeQ Power supply for I/O circuits (3.3V)
Y6 RTS2/PTH[14] Transmit request 2/Port H

u7 VssQ Ground for 1/O circuits (0V)

W8 TIOC4D/PTE[0Q] Timer input output 4D/Port E
V8 TIOC4C/PTE[1] Timer input output 4C/Port E
Y7 TIOC4B/PTE[2] Timer input output 4B/Port E
us TIOC4A/PTE[3] Timer input output 4A/Port E
Y8 TIOC3D/PTE[4] Timer input output 3D/Port E
V9 TIOC3B/PTE[6] Timer input output 3B/Port E
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L\IBO(.3A256) Pin Name Description

w9 TIOC3C/PTE[5] Timer input output 3C/Port E

U9 TIOC3A/PTE[7] Timer input output 3A/Port E

Y9 TIOC2B/PTE[8] Timer input output 2B/Port E
V10 Vss Ground (0V)

W10 TIOC2A/PTE[9] Timer input output 2A/Port E
u10 Vce Power supply (1.8V)

Y10 TIOC1B/PTE[10] Timer input output 1B/Port E
Y11 TIOC1A/PTE[11] Timer input output 1A/Port E
uiti TIOCOD/PTE[12] Timer input output OD/Port E
Y12 TIOCOC/PTE[13] Timer input output 0C/Port E
Vi1 TIOCOB/PTE[14] Timer input output 0B/Port E
W11 TIOCOA/PTE[15] Timer input output 0A/Port E
ui2 VssQ Ground for I/O circuits (0V)

Y13 TCLKD/PTF[8] Timer Clock Input D/Port F

V12 VeeQ Power supply for I/O circuits (3.3V)
W12 TCLKC/PTF[9] Timer Clock Input C/Port F

ui13 TCLKB/PTF[10] Timer Clock Input B/Port F

Y14 TCLKA/PTF[11] Timer Clock Input A/Port F

V13 POEO/PTF[12] Port output enable input 0/Port F
w13 POE1/PTF[13] Port output enable input 1/Port F
ui4 POE2/PTF[14] Port output enable input 2/Port F
Y15 POES3/PTF[15] Port output enable input 3/Port F
Vi4 PTF[O] Port F

Y16 PTF[1] Port F

ui15s PTF[2] Port F

W14 PTF[3] Port F

V15 PTF[4] Port F

Y17 PTF[5] Port F

u16 Vece Power supply (1.8V)

W15 PTF[6] Port F

u17 Vss Ground (0V)
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L\IBO(.3A256) Pin Name Description

Y18 VssQ Ground for I/O circuits (0V)

W17 PTF[7] Port F

Y19 VeeQ Power supply for I/O circuits (3.3V)
V18 PTGI8] Port G

W16 SCL/PTGI9] Serial clock/Port G**

V16 SDA/PTG[10] Serial data/Port G**

V17 PTG[11] Port G

W18 PTG[12] Port G

Y20 PTG[13] Port G

W19 AVss (AD) Ground for A/D (0V)

V19 AN[O)/PTG[0] A/D converter input/Port G**

u19 AN[1)/PTG[1] A/D converter input/Port G**
W20 AN[2]/PTG[2] A/D converter input/Port G**

T19 AN[3)/PTG[3] A/D converter input/Port G**

T18 AN[4]/PTG[4] A/D converter input/Port G**

V20 AN[5)/PTG[5] A/D converter input/Port G**

uis AN[6]/PTG[6] A/D converter input/Port G**

u20 AVcc (AD) Power supply for A/D (3.3V)

T17 AN[7)/PTG[7] A/D converter input/Port G**

R19 VeeQ*! Power supply for I/O circuits (3.3V)*'
R18 Vss Ground (0V)

T20 DREQO/PTCI9] DMA request/Port C

R17 Vce Power supply (1.8V)

P19 DREQ1/PTCI[10] DMA request/Port C

P18 STATUSO/PTC[14] Processor status/Port C

R20 STATUS1/PTC[15] Processor status/Port C

P17 BREQ/PTC[6] Bus request/Port C

N19 BACK/PTC[7] Bus acknowledge/Port C

N18 VeeQ*' Power supply for I/O circuits (3.3V)*’
P20 VeeQ*' Power supply for I/O circuits (3.3V)*'
N17 ASEBRKAK/PTC[13] ASE brake acknowledge/Port C
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L\IBO(.3A256) Pin Name Description

N20 RESETP Power—on Reset request

M18 VeeQ Power supply for 1/O circuits (3.3V)
M19 VssQ Ground for 1/O circuits (0V)

M17 XTAL Clock oscillator pin

M20 EXTAL External clock/Crystal oscillator pin
L18 Vss Ground (0V)

L19 RESETM Manual Reset request

L17 Vce Power supply (1.8V)

L20 ASEMDO ASE mode

K20 Vss(PLL2) Ground for PLL 2 (0V)

K17 Vce(PLL2) Power supply for PLL 2 (1.8V)

J20 Vee(PLL1) Power supply for PLL 1 (1.8V)
K18 Vss(PLL1) Ground for PLL 1 (OV)

K19 MD3 Bus width set for area 0

J17 MD2 Clock mode set

H20 VeeQ*' Power supply for I/O circuits (3.3V)*'
J18 MDO Clock mode set

J19 CS6B/PTC[4] Chip select 6B/Port C

H17 VssQ Ground for 1/O circuits (0V)

G20 CS6A/PTC[3] Chip select 6A/Port C

H18 VeeQ Power supply for I/O circuits (3.3V)
H19 CS5B/PTC[2] Chip select 5B/Port C

G17 CS5A/PTC[1] Chip select 5A/Port C

F20 CS4/PTCI0] Chip select 4/Port C

G18 WAIT Hardware wait request

E20 CSo Chip select 0

F17 BS Bus cycle start

G19 TEND/PTCI[8] DMA transfer end/Port C

F18 FRAME/PTC[5] FRAME output/Port C

D20 RD Read strobe

E17 Vce Power supply (1.8V)
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L\IBO(.3A256) Pin Name Description

F19 DACKO/PTC[11] DMA request acknowledge/Port C
D17 Vss Ground (0V)

C20 VssQ Ground for I/O circuits (0V)

D19 DACK1/PTC[12] DMA request acknowledge/Port C
B20 VeeQ Power supply for 1/O circuits (3.3V)
c18 D31/PTD[15] Data bus/Port D

E19 D30/PTD[14] Data bus/Port D

E18 D29/PTD[13] Data bus/Port D

D18 D28/PTD[12] Data bus/Port D

Cc19 D27/PTD[11] Data bus/Port D

A20 D26/PTD[10] Data bus/Port D

B19 D25/PTD[9] Data bus/Port D

B18 D24/PTDI8] Data bus/Port D

B17 D23/PTD[7] Data bus/Port D

A19 D22/PTDI6] Data bus/Port D

B16 D21/PTD[5] Data bus/Port D

Ci16 D20/PTD[4] Data bus/Port D

A18 VssQ Ground for 1/O circuits (0V)

Cc17 D19/PTD[3] Data bus/Port D

A17 VeeQ Power supply for I/O circuits (3.3V)
D16 D18/PTDI[2] Data bus/Port D

B15 D17/PTD[1] Data bus/Port D

Ci5 Vss Ground (0V)

A16 D16/PTD|0] Data bus/Port D

D15 Vcee Power supply (1.8V)

B14 CKIO2 System clock output

C14 VeeQ Power supply for I/O circuits (3.3V)
A15 CKIO System clock for 1/O circuits

D14 VssQ Ground for 1/O circuits (0V)

B13 RD/WR Read/Write

C13 VeeQ Power supply for I/O circuits (3.3V)
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L\IBO(.3A256) Pin Name Description

Al14 WEO/DQMLL D7 to DO Select signal/DQM (SDRAM)

D13 VssQ Ground for I/O circuits (0V)

A13 WE1/DQMLU D15 to D8 Select signal/DQM (SDRAM)

Cc12 CASU/PTA[5] CAS for Upper-32M-byte address/Port A

B12 WES/DQMUU/AH D31 to D24 Select signal/DQM (SDRAM)/
Address hold (MPX)

D12 RASU/PTA[7] RAS for Upper-32M-byte address/Port A

A12 WE2/DQMUL D23 to D16 Select signal/DQM (SDRAM)

C11 Vss Ground (0V)

B11 CKE/PTA[1] CK enable/Port A

D11 Vce Power supply (1.8V)

Al1 CASL/PTA[4] CAS for Lower-32M-byte address/Port A

A10 RASL/PTA[6] RAS for Lower-32M-byte address/Port A

D10 A17 Address bus

A9 A16 Address bus

c10 A15 Address bus

B10 A14 Address bus

D9 A13 Address bus

A8 A12 Address bus

C9 A11 Address bus

B9 A10 Address bus

D8 VssQ Ground for 1/O circuits (0V)

A7 A9 Address bus

C8 VeeQ Power supply for I/O circuits (3.3V)

B8 A8 Address bus

D7 A7 Address bus

A6 A6 Address bus

c7 A5 Address bus

A5 A4 Address bus

D6 A3 Address bus

B7 A2 Address bus
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L\IBO(.3A256) Pin Name Description

cé6 A1 Address bus

A4 AOQ/PTA[0] Address bus/Port A

D5 Vcce Power supply (1.8V)

B6 D15 Data bus

D4 Vss Ground (0V)

A3 VssQ Ground for 1/O circuits (0V)
B4 D14 Data bus

A2 VeeQ Power supply for I/O circuits (3.3V)
C3 D13 Data bus

B5 D12 Data bus

C5 D11 Data bus

Cc4 D10 Data bus

B3 D9 Data bus

A1l D8 Data bus

Notes: Treatment of unused pins: All the 1/O buffers except PTG10, PTG9, and PTG 7 to PTG 0
(IIC2 and analog pins) have weak keepers. Weak-keeper circuits are provided on
input/output pins, and fix the pin inputs to high or low level when the pins are not driven
externally. Unused pins that are provided weak-keeper circuits need not to be fixed their
input levels. Fix unused pins that are not provided weak-keeper circuits to high or low level.
1. These pins are not real power supply for LSI, but each pin should be supplied each

specified voltage for correct action.

2. Weak-keeper circuits are not provided on the I/O buffer pins. Accordingly, pull the pins
up or down when they are not in use. Furthermore, do not apply intermediate voltages
to these pins when you are using them as port input pins.

3. H3 and H4 are a pair of power-supply pins located in the nearest position to the USB
module in this LSI.

Insert a bypass capacitor to the pair of pins to improve the electrical characteristic for
the USB input/output.
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Table 1.3 lists the pin functions.

Table1l.3 Pin Functions

Classification

Symbol 1/0

Name

Function

Power supply Vce |

Power supply

Power supply for the internal LSI.
Connect all Vce pins to the system.
There will be no operation if any pins
are open.

Vss |

Ground

Ground pin. Connect all Vss pins to
the system power supply (OV). There
will be no operation if any pins are
open.

VeeQ

Power supply

Power supply for I/O pins. Connect
all VccQ pins to the system power
supply. There will be no operation if
any pins are open.

VssQ

Ground

Ground pin. Connect all VssQ pins to
the system power supply (0V). There
will be no operation if any pins are
open.

Clock Vce (PLL1T) |

PLL1 power
supply

Power supply for the on-chip PLL1
oscillator

Vss (PLL1) |

PLL1 ground

Ground pin for the on-chip PLL1
oscillator

Vee (PLL2) |

PLL2 power
supply

Power supply for the on-chip PLL2
oscillator

Vee (PLL2) |

PLL2 ground

Ground pin for the on-chip PLL2
oscillator

EXTAL |

External clock

Connected to a crystal resonator.

An external clock signal may also be
input to the EXTAL pin. For
examples of the connection of crystal
resonator or an external clock signal,
see section 4, Clock Pulse
Generator (CPG).

XTAL o

Crystal

Connected to a crystal resonator.
For examples of the connection of
crystal resonator or an external clock
signal, see section 4, Clock Pulse
Generator (CPG).
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Classification Symbol /O  Name Function
Clock CKIO O System clock Supplies the system clock to external
devices.

CKIO2 (0] System clock Supplies the system clock to external

devices.
Operating mode MDS3, MD2, | Mode set Sets the operating mode. Do not
control MDO change values on these pins during
operation.
MD2, MDO set the clock mode, MD3
set the bus-width mode of area 0.
System control RESETP | Power-on reset  When low, this LSI enters the power-
on reset state.

RESETM | Manual reset When low, this LSI enters the

manual reset state.

STATUS1, O Status output Indicate that this LSl is in software

STATUSO standby, reset, or sleep mode.

BREQ | Bus-mastership  Low when an external device
request requests the release of the bus

mastership.

BACK O Bus-mastership  Indicates that the bus mastership
request has been released to an external
acknowledge device. Reception of the BACK

signal informs the device which has
output the BREQ signal that it has
acquired the bus.
Interrupts NMI | Non-maskable Non-maskable interrupt request pin.
interrupt Fix to high level when not in use.

IRQ7 to IRQO | Interrupt requests Maskable interrupt request pin.
7100 Selectable as level input or edge

input. The rising edge, falling edge,
and both edges are selectable as
edges.

Address bus A25 to AO o] Address bus Outputs addresses.

Data bus D31 to DO /O Data bus 32-bit bidirectional bus.

Bus control CSo, 0] Chip select 0, Chip-select signal for external

CS2 to CS4, 210 4, 5A, 5B, memory or devices.

CS5A, CS5B, 6A, 6B

CS6A, CS6B

RD 0 Read Indicates reading of data from

external devices.
Rev. 2.00 Mar. 15,2007 Page 19 of 986
RENESAS REJ09B0346-0200



Section 1 Overview

Classification  Symbol /O  Name Function

Bus control RD/WR O Read/write Read/write signal
BS 0 Bus start Bus-cycle start
@/DQMUU/ (0] Byte specification Indicates that bits 31 to 24 of the
AH data in the external memory or

device are being written.

Selects D31 to D24 when SDRAM is
connected.

Address hold signal for address/data
multiplexed 1/0.

WE2/DQMUL O

Byte specification

Indicates that bits 23 to 16 of the
data in the external memory or
device are being written.

Selects D23 to D16 when SDRAM is
connected.

=

E1/DQMLU O

Byte specification

Indicates that bits 15 to 8 of the data
in the external memory or device are
being written.

Selects D15 to D8 when SDRAM is
connected.

WEO/DQMLL O

Byte specification

Indicates that bits 7 to 0 of the data
in the external memory or device are
being written.

Selects D7 to DO when SDRAM is
connected.

RASU, RASL (0] RAS Connected to the RAS pin when the
SDRAM is connected.

CASU,CASL O CAS Connected to the CAS pin when the
SDRAM is connected.

CKE o CK enable Connected to the CKE pin when the
SDRAM is connected.

FRAME o FRAME signal Connects the FRAME signal for the
burst MPX-10 interface.

WAIT | Wait When active, inserts a wait cycle into
the bus cycles during access to the
external space.
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Classification Symbol /O Name Function
Direct memory DREQO, | DMA-transfer Input pin for external requests for
access controller DREQ1 request DMA transfer.
(DMAC) DACKO, O  DMA-transfer Output pin for request receive, in
DACK1 request receive  response to external requests for
DMA transfer.
TENDO (0] DMA-transfer end Output pin for DMA transfer end
output signal
User debugging TCK | Test clock Test-clock input pin.
'(ﬁeggf)e TMS | Test mode select Inputs the test-mode select signal.
TDI | Testdata input  Serial input pin for instructions and
data.
TDO (0] Test data Serial output pin for instructions and
output data.
TRST | Test reset Initialization-signal input pin.
Advanced user AUDATA3to O AUD data Data output pins in AUD-trace mode.
debugger AUDATAO
(AUD) AUDCK o AUD clock Sync-clock output pin in AUD-trace
mode.
AUDSYNC O AUD sync Data start-position acknowledge-
signal signal output pin in AlUD-trace
mode.
E10A interface ASEBRKAK O Break mode Indicates that the E10A emulator has
acknowledge entered its break mode.
For the connection with the E10A,
see the SH7641 E10A Emulator
User's Manual (tentative title).
ASEMDO | ASE mode Sets the ASE mode.
I’C bus interface 2  SCL I/lO  Serial clock pin  Serial clock input/output pin
SDA I/O  Serial data pin Serial data input/output pin

RENESAS
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Classification Symbol /O Name Function
Multi function timer- TCLKA | Clock input External clock input pins
pulse unit (MTU) TCLKB
TCLKC
TCLKD
TIOCOA /O Input capture/ The TGRA_0 to TGRD_O0 input
TIOCOB output compare  capture input/output compare
TIOCOC match output/PWM output pins.
TIOCOD
TIOC1A /O Input capture/ The TGRA_1 to TGRB_1 input
TIOC1B output compare  capture input/output compare
match output/PWM output pins.
TIOC2A 1/0  Input capture/ The TGRA_2 to TGRB_2 input
TIOC2B output compare  capture input/output compare
match output/PWM output pins.
TIOC3A /0 Input capture/ The TGRA_3 to TGRD_3 input
TIOC3B output compare  capture input/output compare
TIOC3C match output/PWM output pins.
TIOC3D
TIOC4A /0 Input capture/ The TGRA_4 to TGRB_4 input
TIOC4B output compare  capture input/output compare
TIOC4C output/PWM output pins
TIOC4D
Port output enable POE3 to | Port output Request signal input to set the high
(POE) POEO enable current pins to the high impedance
status
Serial SCKO /O Serial clock Clock input/output pins
communication SCK1
interface with FIFO SCK2
(SCIF) RxDO | Received data Data input pins
RxD1
RxD2
TxDO (0] Transmitted data Data output pins
TxD1
TxD2
RTSO /O Requesttosend Requestto send
RTSH1
RTS2
CTSO /O Clear to send Clear to send
CTS1
CTS2
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Classification Symbol /O Name Function
USB function XVDATA | Data input Input pin for receive data from USB
module differential receiver
DPLS | D+ input Input pin for D+ signal from USB
receiver
DMNS | D- input Input pin for D- signal from USB
receiver
TXDPLS (0] D+ output D+ transmit output pin to USB
transceiver
TXDMNS (0] D- output D- transmit output pin to USB
transceiver
TXENL (0] Output enable Output enable pin to USB
transceiver
VBUS | USB power USB cable connection monitor pin
supply monitor
SUSPND (0] Suspend USB transceiver suspend state
output pin
UCLK I USB clock USB clock input pin (48 MHz input)
DP /O D+ input/output  Input/output pin for D+ signal to/from
transceiver
DM /O D-input/output  Input/output pin for D- signal to/from
transceiver
A/D converter AN7 to ANO | Analog input pins  Analog input pins
AVcc | Analog power Power supply pin for the A/D
supply for the converter
A/D converter
AVss | Analog ground  The ground pin for the A/D

for the A/D
converter

converter.

RENESAS
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Classification Symbol /O Name Function

I/O ports PTA14 to /0 General purpose 15 bits general purpose input/output
PTAO port pins
PTB8 to I/O  General purpose 9 bits general purpose input/output
PTBO port pins
PTC15 to I/O  General purpose 16 bits general purpose input/output
PTCO port pins.
PTD15 to /0O General purpose 16 bits general purpose input/output
PTDO port pins
PTE15 to /O General purpose 16 bits general purpose input/output
PTEO port pins
PTF15 to /0  General purpose 16 bits general purpose input/output
PTFO port pins
PTG13 to /O General purpose 14 bits general purpose input/output
PTG8 port and input pins
PTG7 to |
PTGO
PTH14 to /O General purpose 15 bits general purpose input/output
PTGO port pins
PTJ12 to /0 General purpose 13 bits general purpose input/output
PTGO port pins
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Section2 CPU

2.1 Registers

This LSl has the same registers as the SH-3. In addition, this LS| aso supports the same DSP-
related registers asin the SH-DSP. The basic software-accessible registers are divided into four
distinct groups:

e Generd registers
« Control registers
e Systemregisters
» DSPregisters

With the exception of some DSP registers, all of these registers are 32-hit width. The general
registers are accessible, with RO to R7 banked to provide access to a separate set of RO to R7
registers (i.e. RO to R7_BANKO, and RO to R7_BANK?1) depending on the value of the RB hit. The
register bank (RB) bit in the status register (SR) defines which set of banked registers (RO to

R7 _BANKO or ROto R7_BANK1) are accessed as general registers, and which are accessed only
by LDC/STC instructions.

The control registers can be accessed by LDC/STC instructions. Control registers are:

e SR: Statusregister

e SSR: Saved status register

e SPC: Saved program counter

* GBR: Global base register

* VBR: Vector base register

* RS Repeat start register (DSP mode only)
* RE: Repesat end register (DSP mode only)
e MOD: Modulo register (DSP mode only)
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The system registers are accessed by the LDS/STS instructions (the PC is software-accessible, but
isincluded here because its contents are saved in, and restored from, SPC in exception handling).
The system registers are:

e MACH: Multiply and accumulate high register
MACL: Multiply and accumulate low register
* PR: Procedure register

« PC: Program counter

This section explains the usage of these registers in different modes.
Figures 2.1 and 2.2 show the register configuration in each processing mode.

The DSP mode is switched by means of the DSP bit in the status register.
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31 0 31 0
RO_BANK1*1 *2 RO_BANKO*Ls *3
R1_BANK1*2 R1_BANKO*3
R2_BANK1*2 R2_BANKO*3
R3_BANK1*?2 R3_BANKO*3
R4_BANK1*2 R4_BANKO*3
R5_BANK1*2 R5_BANKO*3
R6_BANK1*2 R6_BANKO*3
R7_BANK1*2 R7_BANKO*3
R8 R8
R9 R9
R10 R10
R11 R11
R12 R12
R13 R13
R14 R14
R15 R15
SR SR
SSR SSR
GBR GBR
MACH MACH
MACL MACL
PR PR
VBR VBR
PC PC
SPC SPC
RO_BANKQ*1,*3 RO BANKZ1*1, *2
R1_BANKO*3 R1 BANK1*2
R2_ BANKO*3 R2_BANK1*2
R3_BANKO*3 R3 BANK1*2
R4_BANKO*3 R4_BANK1*2
R5_BANKO*3 R5_BANK1*2
R6_BANKO*3 R6_BANK1*2
R7 BANKO*3 R7 BANK1*2

(a) Register configuration for DSP (b) Register configuration for DSP
mode and non_DSP mode (RB = 1) mode and non_DSP mode (RB = 0)

Notes: 1.The RO register is used as an index register in indexed register indirect addressing mode

and indexed GBR indirect addressing mode.

2. Bank register
Accessed as a general register when the RB bit is set to 1 in the SR register.
Accessed only by LDC/STC instructions when the RB bit is cleared to 0.

3. Bank register
Accessed as a general register when the RB bit is cleared to 0 in the SR register.
Accessed only by LDC/STC instructions when the RB bit is set to 1.

Figure2.1 Register Configuration in Each Processing Mode (1)
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39 3231

AO0G

A0

AlG

Al

MO

M1

X0

X1

YO

Y1

DSR

MS

ME

MOD

(c) DSP mode register configuration (DSP = 1)

Figure2.2 Register Configuration in Each Processing Mode (2)

Register values after areset are shown in table 2.1.

Table2.1 Initial Register Values

Type Registers

Initial Value*

General registers RO to R15

Undefined

Control registers SR

RB bit=1, BL bit=1,13to 10 =1111 (H'F),
The reserved bits other than bit 30 are all O;
bit 30 is 1, others undefined

GBR, SSR, SPC Undefined
VBR H'00000000
RS, RE Undefined
MOD Undefined
System registers MACH, MACL, PR Undefined
PC H'A0000000
DSP registers A0, AOG, Al, A1G, MO, M1, Undefined
X0, X1, YO, Y1
DSR H'00000000

Note: * Initialized by a power-on or manual reset.
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211 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 anumber of
instructions, RO is the only register that can be used.

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

To access X memory, R4 and R5 are used as the X address register [Ax] and R8 is used asthe X
index register [Ix]. To access Y memory, R6 and R7 are used asthe Y address register [Ay] and
R9isused asthe Y index register [ly]. To access single data that usesthe L-bus, R2, R3, R4, and
R5 are used as the single data address register [As] and R8 is used as the single data index register

.

Figure 2.3 shows the general registers, which are identical to those of the SH3, when DSP
extension is disabled.

31 0
RO*L*2 General Registers (when not in DSP mode)
Rl*Z . . . . .
Notes: 1. RO functions as an index register in the indexed

R2*2 register-indirect addressing mode and indexed

2 GBR-indirect addressing mode. In some
R3 instructions, only RO can be used as the source
R4*2 register or destination register.

> 2. RO to R7 are banked registers. SR.RB specifies
RS BANK.
R6%*2 SR.RB = 0; BANKO is used

3 SR.RB = 1; BANK1 is used

R7*
R8
R9
R10
R11
R12
R13
R14
R15

Figure2.3 General Registers(Not in DSP Mode)
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On the other hand, registers R2 to R9 are also used for DSP data address cal culation when DSP
extension is enabled (see figure 2.4). Other symbols that represent the purpose of the registersin
DSPtypeinstructionsisshownin| ].

31 0
RO General Registers (DSP mode enabled)
R1
R2 [As] X orY data transfer operation
R4, 5 [Ax]: Address register set for X data memory.
R3[As] R8 [x]: Index register for address register set Ax.
R4 [As, AX]
R6, 7 [Ay]:  Address register set for Y data memory.
RS [As, Ax] R9 [ly]: Index register for address register set Ay.
R6 [Ay]
Single data transfer operation
R7 [AY] R2 to 5 [As]: Address register set for memory.
R8 [Ix, Is] R8 [ls]: Index register for address register set As.
R9 [ly]
R10
R11
R12
R13
R14
R15

Figure2.4 General Registers(DSP Mode)

DSP type instructions can access X and Y data memory simultaneously. To specify addresses for
X and Y data memory, two address pointer sets are provided. These are;

R8[1x], R4,5[Ax] for X memory access, and R9[ly], R6,7[Ay] for Y memory access.

The symbols R2 to R9 are used by the assembler, but users can use other register names (aliases)
that indicate the purpose of the register in the DSP instruction. The coding in assembler is as
follows.

I X: .REG (R8)

The name Ix isthe dliasfor R8. Other aliases are as follows.

AxO: .REG (R4)
Ax1: .REG (R5)
I x: .REG (R8)
Ay0: .REG (R®6)
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Ay1l: .REG (R7)
ly: .REG (R9)
AsO: .REG (R4) ; Thisisoptiona, if another aliasisrequired for single data transfer.
As1: .REG (R5) ; Thisisoptiona, if another aliasisrequired for single data transfer.
As2: .REG (R2)
As3: .REG (R3)
Is: .REG (R8) ; Thisisoptiona, if another aliasisrequired for single data transfer.

212 Control Registers

This LS| has 8 control registers: SR, SSR, SPC, GBR, VBR, RS, RE, and MOD (figure 2.5). SSR,
SPC, GBR and VBR are the same as the SH-3 registers. The DSP mode is activated only when
SR.DSP=1.

Repeat start register RS, repeat end register RE, and repeat counter RC (12-bit part of SR) and
repeat control bits RFO and RF1 are new registers and control bits which are used for repeat
control. Modulo register MOD and modulo control bits DMX and DMY in SR are also new
register and control bits.

In SR, there are six additional control bits: RC11 to RCO, RFO, RF1, DMX, DMY and DSP. DM X
and DMY are used for modulo addressing control. If DM X is 1, the modulo addressing mode is
effective for the X memory address pointer, Ax (R4 or R5). If DMY is 1, the modulo addressing
mode is effective for the Y memory address pointer, Ay (R6 or R7). However, both X and Y
address pointers cannot be operated in modulo addressing mode even though both DM X and
DMY hits are set. The case where DMX = DMY = 1 isreserved for future expansion. If both
DMX and DMY are set simultaneously, the hardware will provisionally treat only the Y address
pointer as the modulo addressing mode pointer. Modulo addressing is available for X and Y data
transfer operations (MOV X and MOVY), but not for asingle data transfer operation (MOVS).

RF1 and RFO hold information on the number of repeat steps, and are set when a SETRC
instruction is executed. When RF1 and RFO = 00, the current repeat module consists of one
instruction step. RF1 and RFO = 01 means two instruction steps, RF1 and RFO = 11 means three
instruction steps, and RF1 and RFO = 10 means the current repeat module consists of four or more
instructions.

Although RC11 to RCO and RF1 and RFO can be changed by a store/load to SR, use of the
dedicated manipulation instruction SETRC is recommended.

SR also has a 12-hit repeat counter, RC, which isused for efficient loop control. The repeat start
register (RS) and repeat end register (RE) are also provided for loop control. They hold the start
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and end addresses of aloop (the contents of the RS and RE registers are slightly different from the
actual loop start and end addresses).

The modulo register, MOD, is provided to implement modulo addressing for circular data
buffering. MOD holds the modulo start address (MS) and modulo end address (ME).

In order to access RS, RE and MOD, load/store (control register) instructions for these registers
are provided. An example for RSis asfollows:

LDC RMRS; Rm-> RS
LDC.L @m+, RS, (Rm -> RS, Rmt4 -> Rm
STC RS,Rn; RS -> Rn
STC.L RS, @R1; Rn-4 -> Rn, RS -> (Rn)

Address set instructions for RS and RE are also provided.

LDRS @disp,PC); disp x 2 + PC -> RS
LDRE @disp,PC); disp x 2 + PC -> RE
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31 28 27 16 15 13 12 11 10 9 8 7 6 5 4 3 2 1 O

0-0 EDSP DMY DMX M Q 13 12 11 10 RFLRFO S T| SR (Status register)

01 RB BL: RC

RB bit: Register bank bit; used to define the general registers.
RB =1: RO_BANK1 to R7_BANK1 are used as general registers.
RO_BANKO to R7_BANKO accessed by LDC/STC instructions.
RB =0: RO_BANKO to R7_BANKO are used as general registers.
RO_BANK1 to R7_BANK1 accessed by LDC/STC instructions.

BL bit: Block bit; used to mask exception.
BL = 1: Interrupts are masked (not accepted)
BL = 0: Interrupts are accepted

RC [11:0]:  12-bit repeat counter

DSP bit: DSP operation mode

DSP =1: DSP instructions (LDS Rm, DSR/AQ/X0/X1/YO/Y1,
LDS.L @Rm+, DSR/AQ0/X0/X1/Y0/Y1, STS DSR/A0/X0/X1/Y0/Y1, Rn,
STS.L DSR/A0/X0/X1/Y0/Y1, @—Rn, LDC Rm, RS/RE/MOD,
LDC.L @Rm+, RS/RE/MOD, STC RS/RE/MOD,Rn, STC.L RS/RE/MOD, @-Rn,
LDRS, LDRE, SETRC, MOVS, MOVX, MOVY, Pxxx) are enabled.

DSP =0: All DSP instructions are treated as illegal instructions; only SH3 instructions are
supported.

DMY bit: Modulo addressing enable for Y side

DMX bit: Modulo addressing enable for X side

Q, M bit: Used by DIVOU/S and DIV1 instructions.

1[3:0]: 4-bit field indicating the interrupt request mask level.
RF [1:0]: Used for repeat control

S bit: Used by the MAC instructions and DSP data.

T bit: The MOVT, CMP/cond, TAS, TST, BT, BF, SETT, CLRT and DT instructions use the T bit to indicate true
(logic one) or false (logic zero). The ADDV/C, SUBV/C, DIVOU/S, DIV1, NEGC, SHAR/L, SHLRIL,
ROTR/L and ROTCRI/L instructions also use the T bit to indicate a carry, borrow, overflow, or underflow.

Reserved bits: A fixed value (either 0 or 1) is read from each of the bits. When writing, write the values shown in the
above register. Operation is not guaranteed if a value other than that given above is written to the
reserved bits.

Figure2.5 Control Registers (1)
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31 0
| SSR | Saved status register (SSR)
31 0
| SPC | Saved program counter (SPC)
31 0
| GBR | Global base register
31 0
| VBR | Vector base register
31 0
| RS | Repeat start register
31 0
| RE | Repeat end register
31 16 15 0
MOD | ME : MS | Modulo register

ME: Modulo end address, MS: Modulo start address

Saved status register (SSR)
Stores current SR value at time of exception to indicate processor status when returning to instruction stream from
exception handler.

Saved program counter (SPC)
Stores current PC value at time of exception to indicate return address on completion of exception handling.

Global base register (GBR)
Stores base address of GBR-indirect addressing mode. The GBR-indirect addressing mode is used for data transfer
and logical operations on the on-chip peripheral module register area.

Vector base register (VBR)
Stores base address of exception vector area.

Repeat start register (RS)
Used in DSP mode only. Indicates start address of repeat loop.

Repeat end register (RE)
Used in DSP mode only. Indicates address of repeat loop end.

Modulo register (MOD)

Used in DSP mode only.

MD[31:16]: ME: Modulo end address, MD[15:0]: Modulo start address.

In X/Y operand address generation, the CPU compares the address with ME, and if it is the same, loads MS in either
the X orY operand address register (depending on bits DMX and DMY in the SR register).

Figure2.5 Control Registers(2)
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213 System Registers

This LSl hasfour system registers, MACL, MACH, PR and PC (figure 2.6).

31 0
Multiply and accumulate high and low registers
MACH (MACH and MACL)
Store the results of multiplicationand accumulation
MACL -
operations.

31 Procedure register (PR)

0
| Stores the subroutine procedure return address.
0

Program counter (PC)

31 Indicates the start address of the current instruction.

Figure2.6 System Registers

The DSR, A0, X0, X1, YO and Y 1 registers are also treated as system registers. Therefore,
instructions for data transfer between general registers and system registers are supported for these
registers.

214 DSP Registers

This LSl has eight data registers and one control register as DSP registers (figure 2.7). The data
registers are 32-bit width with the exception of registers A0 and Al. Registers AO and Al include
8 guard hits (fields AOG and A1G), giving them atotal width of 40 hits.

Three kinds of operation access the DSP data registers. Thefirst is DSP data processing. When a
DSP fixed-point data operation uses AO or A1 as the source register, it uses the guard bits (bits 39
to 32). When it uses A0 or A1 as the destination register, guard bits 39 to 32 are valid. When a
DSP fixed-point data operation uses a DSP register other than A0 or A1 asthe source register, it
sign-extends the source value to bits 39 to 32. When it uses one of these registers as the
destination register, bits 39 to 32 of the result are discarded.

The second kind of operationisan X or Y datatransfer operation, "MOVX.W" or "MOVY .W".
This operation accesses the X and Y memories through the 16-bit X and Y data buses (figure 2.8).
The register to be loaded or stored by this operation always comprises the upper 16 bits (bits 31 to
16). X0 or X1 can be the destination of an X memory load and Y0 or Y 1 can be the destination of
a’Y memory load, but no other register can be the destination register in this operation.
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When dataisread into the upper 16 bits of aregister (bits 31 to 16), the lower 16 bits of the
register (bits 15 to 0) are automatically cleared. AO and A1 can be stored in the X or Y memory by
this operation, but no other registers can be stored.

Thethird kind of operation is a single-data transfer instruction, "MOVS.W" or "MOVS.L". These
instructions access any memory location through the LDB (figure 2.8). All DSP registers connect
to the LDB and can be the source or destination register of the data transfer. These instructions
have word and longword access modes. In word mode, registers to be loaded or stored by this
instruction comprise the upper 16 bits (bits 31 to 16) for DSP registers except AOG and A1G.
When datais loaded into aregister other than AOG and A1G in word mode, the lower half of the
register is cleared. When A0 or Al isused, the datais sign-extended to bits 39 to 32 and the lower
half is cleared. When AOG or A1G isthe destination register in word mode, datais |oaded into an
8-bit register, but AO or Al is not cleared. In longword mode, when the destination register is AO
or Al, itis sign-extended to bits 39 to 32.

Tables 2.2 and 2.3 show the data type of registers used in DSP instructions. Some instructions
cannot use some registers shown in the tables because of instruction code limitations. For
example, PMULS can use A1 as the source register, but cannot use AO. These tables ignore details
of register selectability.
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Table2.2 Destination Register in DSP Instructions
Guard Bits Register Bits
Registers Instructions 39 3231 16 15 0
A0, Al DSP Fixed-point, PSHA, Sign-extended 40-bit result
PMULS
Integer, PDMSB Sign-extended 24-bit result Cleared
Logical, PSHL Cleared 16-bit result Cleared
Data MOVS.W Sign-extended 16-bit data Cleared
transfer
MOVS.L Sign-extended 32-bit data
AOG, A1G Data MOVS.W Data No update
transfer MOVS.L Data No update
X0, X1 DSP Fixed-point, PSHA, 32-bit result
YO, Y1 PMULS
MO, M1 Integer, logical, 16-bitresult  Cleared
PDMSB, PSHL
Data MOVX/Y.W, MOVS.W 16-bitresult  Cleared
transfer  “Movs.L 32-bit data
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Table2.3 SourceRegister in DSP Operations

Guard Bits Register Bits

Registers Instructions 39 3231 16 15
A0, Al DSP Fixed-point, PDMSB, 40-bit data
PSHA
Integer 24-bit data
Logical, PSHL, PMULS 16-bit data
Data MOVX/Y.W, MOVS.W 16-bit data
transfer  “Movs.L 32-bit data
AO0G, A1G Data MOVS.W Data
transfer  “Movs.L Data
X0, X1 DSP Fixed-point, PDMSB, Sign* 32-bit data
YO0, Y1 PSHA
MO, M1 Integer Sign* 16-bit data
Logical, PSHL, PMULS 16-bit data
Data MOVS.W 16-bit data
transfer  “yiovs.L 32-bit data

Note: * The data is sign-extended and input to the ALU.
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39 32 31 0
A0G A0
AlG Al
MO
M1
X0
X1
YO
Y1
(a) DSP Data Registers
31 8, 7316,;5,4,3 2 1,0
""""""""""""""""" GT| Z | N CS[2:0] |DC
(b) DSP Status Register (DSR)
Reset status
DSR: All zeros
Others:  Undefined
Figure2.7 DSP Registers
LDB
16 bits
XDB
16 bits
YDB
8 bits | T 32 hits
MOVS.W, MOVX.W MOVY.W MOVS.W,
MOVS.L MOVS.L
31 16
39 32 ] 0
AO0G A0
ALG Al
MO
DSR ML
7 0 L <0
— X1
YO
Y1

Figure2.8 Connectionsof DSP Registersand Buses

RENESAS
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The DSP unit has one control register, the DSP status register (DSR). DSR holds the status of DSP
data operation results (zero, negative, and so on) and has a DC hit which issimilar to the T bit in
the CPU. The DC hit indicates one of the status flags. A DSP data processing instruction controls
its execution based on the DC bit. This control affects only the operations in the DSP unit; it
controls the update of DSP registers only. It cannot control operationsin the CPU, such as address
register updating and load/store operations. Control bits CS2 to CS0 specify the condition to be
reflected in the DC hit.

Unconditional DSP type data operations, except PMULS, MOV X, MOVY and MOV S, update the
condition flags and DC bit, but no CPU instructions, including MAC instructions, update the DC
bit. Conditional DSP type instructions do NOT update DSR either.
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Table24 DSR Register Bits
Bits Name (Abbreviation) Function
31to 8 Reserved bits 0: Always read as 0; always use 0 as the write value
7 Signed Greater Than bit (GT) Indicates that the operation result is positive (except 0),
or that operand 1 is greater than operand 2
1: Operation result is positive, or operand 1 is greater
than operand 2
6 Zero bit (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
5 Negative bit (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
4 Overflow bit (V) Indicates that the operation result has overflowed
1: Operation result has overflowed
3to1l Condition Select bits (CS) Designate 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 mode
101: Signed greater than or equal to mode
0 DSP Condition bit (DC) Sets the status of the operation result in the mode

designated by the CS bits
0: Designated mode status has not occurred (false)
1: Designated mode status has occurred

Note: After execution of a PADDC/PSUBC instruction, the DC bit sets the status of the operation
result in carry/borrow mode regardless of the CS bits.
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DSR isassigned as a system register and the following load/store instructions are provided:

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

When DSR isread by an STSinstruction, the upper bits (bits 31 to 8) are all 0.

2.2 Data Formats

221 Register Data Format (Non-DSP Type)

Register operands are always longwords (32 bits) (figure 2.9). When the memory operand is only
abyte (8 bits) or aword (16 hits), it is sign-extended into alongword when loaded into aregister.

Longword

Figure2.9 Longword Operand

222 DSP-Type Data For mats

ThisLSI has several different dataformats that depend on the instruction. This section explains
the data formats for DSP type instructions.

Figure 2.10 shows three DSP-type data formats with different binary point positions. A CPU-type
data format with the binary point to the right of bit 0 is aso shown for reference.

The DSP-type fixed point data format has the binary point between bit 31 and bit 30. The DSP-
type integer format has the binary point between bit 16 and bit 15. The DSP-type logical format
does not have a binary point. The valid data lengths of the data formats depend on the instruction
and the DSP register.
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DSP type fixed point

39 31 30 0
With guard bits |S| | | _28 0 +28 — 2-31
A
31 30 0
Without guard bits |S | —-1lto+1-231
A
39 31 30 16 15 0
Multiplier input | |5 | —-1to+1-2-15
A
DSP type integer
39 32 31 16 15 0
With guard bits |S| | | 023104223 _ 1
A
31 16 15 0
Without guard bits |s| | 15104215 _ 1
A
Shift amount for 31 22 16 15 0
arithmetic shift (PSHA) | [s| | 3210432
A
Shift amount for 31 2116 15 Y
logical shift (PSHL) | [s| | -16t0 +16
A
39 31 16 15 0
DSP type logical | |
CPU type integer
31 0
Longword |s| 23119 4231 _ 1
N
S: Sign bit A : Binary point I:l : Does not affect the operations

Figure2.10 Data Formats

The shift amount for the arithmetic shift (PSHA) instruction has a 7-bit field that can represent
values from —64 to +63, but —32 to +32 are valid numbers for the instruction. Also the shift
amount for alogical shift operation has a 6-bit field, but —16 to +16 are valid numbers for the

instruction.
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223 Memory Data For mats

Memory data formats are classified into byte, word, and longword. Byte data can be accessed
from any address, but an address error will occur if word data starting from an address other than
2n or longword data starting from an address other than 4n is accessed. In such cases, the data
accessed cannot be guaranteed (figure 2.11).

Address A + 1 Address A + 3
Address A Address A + 2 \
31 l 23 15 l 7 0
AddressA—»| Byte0 [ Byte1 | Byte2 | Byte3
Address A + 4 —» Word 0 Word 1

Address A + 8 —» Longword

Big-endian mode

Figure2.11 Byte, Word, and Longword Alignment

2.3 Features of CPU Corelnstructions
The CPU core instructions are RISC-type instructions with the following features:

Fixed 16-Bit Length: All instructions have afixed length of 16 bits. Thisimproves program code
efficiency.

Onelnstruction per State: Pipelining is used, and basic instructions can be executed in one state.

Data Size: The basic datasize 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.
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Table25 Word Data Sign Extension

This LSI's CPU Description Example of Other CPU
MOV.W @(disp,PC),R1  Sign-extended to 32 bits, R1 ADD.W  #H'1234,R0O
ADD R1RO becomes H'00001234, and is then

operated on by the ADD instruction.

.DATAW H'1234
Note: Immediate data is referenced by @(disp,PC).

L oad/Store Ar chitectur e: Basic operations are executed between registers. In operations
involving memory, dataisfirst loaded into aregister (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 adelayed branch instruction, the branch is made after execution of the instruction (called the
dot instruction) immediately following the delayed branch instruction. This minimizes disruption
of the pipeline when a branch is made.

With adelayed 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 dlot,
the branch destination address remains as the register contents prior to the change.

Table2.6 Delayed Branch Instructions

This LSI's CPU Description Example of Other CPU
BRA TRGET ADD is executed before branchto ADD.W R1,R0
ADD R1,RO TRGET. BRA  TRGET

Multiply/M ultiply-and-Accumulate Operations: A 16 x 16 — 32 multiply operation is
executed in 1 to 2 states, and a 16 x 16 + 64 — 64 multiply-and-accumulate operation in 2 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 3 states.

T Bit: Theresult of acomparison isindicated 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.
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Table2.7 T Bit

This LSI's CPU Description Example of Other CPU
CMP/GE R1,RO If RO = R1, the T bit is set. CMP.W R1,RO

BT TRGETO A branch is made to TRGETO BGE TRGETO
BE TRGET1 if RO 2 R1, or to TRGET1 if RO < R1. BLT TRGET1
ADD #-1,R0 The T bit is not set by ADD. SUB.W #1,RO
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 datais placed inside the instruction code. Word and longword
immediate datais not placed inside the instruction code, but in atable in memory. The tablein
memory is referenced with an immediate data transfer instruction (MOV) using PC-relative
addressing mode with displacement.

Table2.8 Immediate Data Referencing

Type This LSI's CPU Example of Other CPU
8-bit immediate MOV #H'12,R0 MOV.B #H'12,R0O
16-bit immediate MOV.W @(disp,PC),R0O MOV.W #H'1234,R0

.DATAW  H'1234

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

.DATA.L H'12345678

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

Absolute Addresses: When datais referenced by an absolute address, the absolute address value
is placed in atable in memory beforehand. Using the method whereby immediate datais |oaded
when an instruction is executed, this value is transferred to aregister and the datais referenced
using register indirect addressing mode.
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Table2.9 Absolute Address Referencing

Type This LSI's CPU Example of Other CPU
Absolute address MOV.L @(disp,PC),R1 MOV.B @H'12345678,R0O
MOV.B @R1,RO

.DATA.L H'12345678

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

Table2.10 Displacement Referencing

Type This LSI's 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  H1234
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24

241

Instruction Formats

CPU Instruction Addressing M odes

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

Table2.11 Addressing Modes and Effective Addresses for CPU Instructions

Addressing Instruction
Mode Format Effective Address Calculation Method Calculation Formula
Register direct Rn Effective address is register Rn. a
(Operand is register Rn contents.)
Register indirect @Rn Effective address is register Rn contents. Rn
Register @Rn+ Effective address is register Rn contents. Rn
|nd|rgct with A cons.tant is added to Rn after instruction After instruction execution
post-increment execution: 1 for a byte operand, 2 for a word
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. Itis Byte:Rn—1 - Rn
indirect with decremented by a constant beforehand: 1 for

pre-decrement

a byte operand, 2 for a word operand, 4 for
a longword operand.

Word: Rn—2 - Rn
Longword: Rn—4 - Rn

(Instruction executed with Rn
after calculation)
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Addressing Instruction
Mode Format Effective Address Calculation Method Calculation Formula
Register @(disp:4, Rn)  Effective address is register Rn contents with Byte: Rn + disp
|n-d|rect with 4-bit dlsplacem(?n-t disp gd.ded. After disp is Word: R + disp x 2
displacement zero-extended, it is multiplied by 1 (byte), )

2 (word), or 4 (longword), according to the ~ Longword: Rn +disp x 4

operand size.

- Rn
disp +disp x 1/2/4

(zero-extended)
Indexed @(RO, Rn) Effective address is sum of register Rnand Rn + R0
register indirect RO contents.

©

GBR @(disp:8, GBR) Effective address is register GBR contents Byte: GBR + disp
|qd|rect with with 8-p|t c.ilsplacement disp .at.:ided. o Word: GBR + disp x 2
displacement After disp is zero-extended, it is multiplied by

1 (byte), 2 (word), or 4 (longword), according L-ongword: GBR + disp x 4
to the operand size.

GBR
+ disp x 1/2/4

disp
(zero-extended)

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

GBR + RO
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Addressing Instruction
Mode Format

Effective Address Calculation Method

Calculation Formula

PC-relative with @(disp:8, PC)
displacement

Effective address is PC with 8-bit
displacement disp added. After disp is zero-
extended, it is multiplied by 2 (word) or 4
(longword),

according to the operand size. With a
longword operand, the lower 2 bits of PC are
masked.

PC + disp x 2
or
PC&H'FFFFFFFC
+disp x 4

disp
(zero-extended)

2/4 -
* : With longword operand

Word: PC + disp x 2

Longword:
PC&H'FFFFFFFC
+ disp x 4

PC-relative disp:8

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

PC +disp x 2

disp
(sign-extended)

PC + disp x 2

disp:12

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

Bl §
(sign-extended)

PC +disp x 2

Rn

Effective address is sum of PC and Rn.

PC + Rn
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Addressing Instruction
Mode Format Effective Address Calculation Method Calculation Formula
Immediate #imm:8 8-bit immediate data imm of TST, AND, OR, 0O
or XOR instruction is zero-extended.
#imm:8 8-bit immediate data imm of MOV, ADD, or ad
CMP/EQ instruction is sign-extended.
#imm:8 8-bit immediate data imm of TRAPA O

instruction
is zero-extended and multiplied by 4.

242 DSP Data Addressing

Two different memory accesses are made with DSP instructions. The two kinds of instructions are
X andY datatransfer instructions (MOV X.W and MOVY .W) and single data transfer instructions
(MOVS.W and MOV SL). The data addressing is different for these two kinds of instructions. An

overview of the data transfer instructionsis given in table 2.12.

Table2.12 Overview of Data Transfer I nstructions

X/Y Data Transfer Processing
(MOVX.W, MOVY.W)

Single Data Transfer Processing
(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:
post-increment

post-increment

Nop/Inc (+2, +4)/index addition:

O Dec (-2, —4): pre-decrement
Modulo addressing Possible Not possible
Data bus XDB, YDB LDB
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: AO, A1

Ds: A0/A1, MO/M1, X0/X1, YO/Y1, AOG, A1G

Destination register

Dx: X0/X1, Dy: YO/Y1

Ds: AO/A1, MO/M1, X0/X1, YO/Y1, AOG, A1G
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X/Y Data Addressing: With DSP instructions, the X and Y data memory can be accessed
simultaneously using the MOV X.W and MOVY .W instructions. Two address pointers are
provided for DSP instructions to enable simultaneous accessto 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 R5 functioning as the X memory
address register (AX), and register R6 or R7 asthe 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.

2. Addition index register addressing:
The Ax and Ay registers are address pointers. After adata transfer, the value of the Ix or ly
register is added to each (post-increment).

3. Increment address register addressing:

The Ax and Ay registers are address pointers. After a data transfer, they are each incremented
by 2 (post- increment).

Thereis an index register for each address pointer. The R8 register is the index register (1x) for the
X memory address register (Ax), and the R9 register isthe index register (ly) for the Y memory
addressregister (Ay).

The X and Y datatransfer instructions perform word-length processing, and use 16-bit access to
the X/Y datamemory. 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 datatransfer addressing is shown in figure 2.12. 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) isignored. The result of
@AY + or @Ay+ly isstored in the lower word of Ay, while the upper word retains its original
value.
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R8[IX]

RA[AX]

+2 (INC) —————

+0 (no update) —

R5[AX]

'
ALU

AU: Adder provided for DSP addressing

[Legend]

Note: Three address processing methods:
1. Increment
2. Index register addition (Ix/ly)
3. No increment

Post-updating is used in all cases.

RI[ly]

R6[AY]

+2 (INC) —————

+0 (no update) —

R7[AY]

The address pointer can be decremented by setting in the index register.

Figure2.12 X and Y Data Transfer Addressing

Single Data Addressing: DSP instructions include two single data transfer instructions
(MOVS.W and MOVS.L) that load data into, or store data from, a DSP register. With these
instructions, one of registers R2 to R5 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 adatatransfer, the value of the Isregister is added
to the Asregister (post-increment).

Increment address register addressing:

The Asregister is an address pointer. After adatatransfer, the Asregister isincremented by 2

or 4 (post-increment).

Decrement address register addressing:

The Asregister is an address pointer. Before adatatransfer, —2 or —4 is added to the As
register (i.e. 2 or 4 is subtracted) (pre-decrement).
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The R8 register isthe index register (Is) for the address pointer (As). Single data transfer
addressing is shown in figure 2.13.

31 0

31 0 R3[As

R8ls] RA4[As

—2/-4 (DEC) ———— R5[As

+2/+4 (INC)
"\
w MAB 8

+0 (no update)
Note: Four address processing methods:

CAB

1. No update

2. Index register addition (Is) Y

3. Increment |» Post-increment
4. Decrement Pre-decrement

Figure2.13 Single Data Transfer Addressing

Modulo Addressing: Like other DSPs, this L SI 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 (MOV X.W and
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, only the DMY setting
will bevalid.

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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MOV. L MobdAddr, Rn; Rn=MbdEnd, MbdSt art

LDC Rn, MOD; ME=ModEnd, MS=MbdSt art
ModAddr: . DATA. W mEnd; ModEnd

. DATA. W nStart; MbdSt ar t

ModStart: . DATA

ModEnd: . DATA
The start and end addresses are specified in MS and ME, then the DMX or DMY hit isset to 1.

When the X/Y datatransfer instruction set in DMX/DMY is executed, the address register
contents before update are compared with ME*". If they match, modulo start address M S is stored
in the address register as the updated value**. If non-update address register addressing is
specified for the X/Y data transfer instruction, the address pointer will not return to modulo start
address M S even though the address register contents match ME.

Notes: 1. Bits1 to 15 of the address register are used for comparison. Though ME retainsits
previous value for bit 0, 0 must always be written to bit O.
2. The MSvaueisstored in bits 1 to 15 of the address register. Though MSretains its
previous value for bit 0, 0 must always be written to bit O.

The maximum modulo size is 64-kbytes. Thisis sufficient to accessthe X and Y datamemory. A
block diagram of modulo addressing is shown in figure 2.14.

Instruction (MOVX/MOVY)

31 1615 O DMX | DMY 31 1615 0
31 0 R4[AX] 1 li R6[AY] 31 0
[ R8[Ix] | R5[AX] . R7[AY] [ ROlly] |
CONT
- | | conT | — =
*0 15 1 [ +0
|| MS ||
ALU -~ AU
CMP
- R T R .
15 1 1 15 1 15 1 1
XAB YAB

Figure2.14 Modulo Addressing
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An example of modulo addressing is given below.

M5 = H 7000; MeE=H 7004; R4=H A50070008;
DMX = 1; DW = 0: (Modulo addressing setting for address register Ax)

Asaresult of the above settings, the R4 register changes as follows.

; R4: H A5007000 (Initial value)
; R4: H A5007000 -> H A5007002
; R4: H A5007002 -> H A5007004

; R4: H A5007004 -> H A5007000 (After reading H'A5007004, MS valueiswritten to
address register)

; R4: H A5007000 -> H A5007002

Place the data so that the upper 16 bits of the modulo start and end addresses are the same. Thisis
because the modul o start address overwrites only the lower 16 bits of the address register.

Note: When addition index is the data addressing type for X and 'Y data transfer instructions, 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 isignored. 0 must always be
written to bit 0 of the address pointer, index register, MS, and ME.
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DSP Addressing Operations. DSP addressing operations in the pipeline execution stage (EX),

including modulo addressing, are shown below.

if ( Operation is MOWX WMWY.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 ( DW==0 || DMX==1 && DMWY == 1 )} Ax=Ax+(+2 or R8[Ix]
/* 1nc, | ndex, Not - Updat e */
else if (! not-update) Ax=nodul o( Ax, (+2 or R8[IX]) );

/* Ay is one of R6,7 */
if ( DW==0 ) Ay=Ay+(+2 or R9[ly] or +0);
else if (! not-update) Ay=nodul o( Ay, (+2 or RO[ly]) );
}
else if ( Operation is MOVS. Wor
if ( Addressing is Nop,
MAB=As;

MVS. L) {

Inc, Add-index-reg ) {

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

/* As is one of R2 to R5 */

As=As+(+2 or +4 or R8[Is] or +0);

else { /* Decrenent,
/* As is one of R2 to RS */
As=As+(-2 or -4);

MAB=As;

Pre-update */

or +0);

/* 1nc, | ndex, Not - Update */

been updated */

/* 1nc, I ndex, Not - Update */

/* 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 addressi ng operations.

For exanple, (+2 or R8[Ix] or +0) neans that
+2 : if operation is increnment

R8[ | 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] ==M5,
el se Adr Reg=Adr Reg+l ndex;
return AddrReg;

RENESAS
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2.4.3 CPU Instruction Formats

Table 2.13 shows the instruction formats, and the meaning of the source and destination operands,
for 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

Table2.13 CPU Instruction Formats

Source Destination
Instruction Format Operand Operand Sample Instruction
0 type 0 a NOP
15 0
| XXXX XXXX XXXX XXXX |
n type O nnnn: register MOV T Rn
15 0 direct
| XXXX | nnnn | XXXX XXXX |
Control register or nnnn: register STS MACH,Rn
system register direct
Control register or nnnn: pre- STC.L SR,@-Rn
system register decrement register
indirect
m type nmmm register Control register or LDC Rm,SR
15 o direct system register
| XXXX |mmmm| XXXX XXXX
nmm post- Control register or LDC.L @Rm+,SR
increment register  system register
indirect
nmmm register 0 JMP @Rm
indirect
PC-relative using O BRAF Rm
Rm
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Instruction Format

Source
Operand

Destination
Operand

Sample Instruction

nm type
15

| XXXX | nnnn |mmmm| XXXX |

nmmm register
direct

nnnn: register
direct

ADD Rm,Rn

nmmm register
direct

nnnn: register
indirect

MOV.L Rm,@Rn

nmmm post-

increment register
indirect (multiply-
and-accumulate

operation)
nnnn: * post-

increment register
indirect (multiply-
and-accumulate

operation)

MACH, MACL

MAC.W @Rm+,@Rn+

mmm post-

increment register

indirect

nnnn: register
direct

MOV.L @Rm+,Rn

nmmm register
direct

nnnn: pre-

decrement register

indirect

MOV.L Rm,@-Rn

nmmm register
direct

nnnn: indexed
register indirect

MOV.L Rm,@(RO,Rn)

md type
15 0

| XXXX

XXXX |mmmm| dddd |

mmmdddd:
register indirect

with displacement

RO (register direct)

MOV.B @(disp,Rm),R0

nd4 type
15 0
XXXX | nnnn | dddd |

| XXXX

RO (register direct)

nnnndddd:
register indirect

with displacement

MOV.B RO,@(disp,Rn)

nmd type
15 0

| XXXX | nnnn |mmmm| dddd |

nmmm register
direct

nnnndddd:
register indirect

with displacement

MOV.L Rm,@(disp,Rn)

mmmdddd:
register indirect

with displacement

nnnn: register
direct

MOV.L @(disp,Rm),Rn

Note: *

In multiply-and-accumulate instructions, nnnn is the source register.
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Source Destination
Instruction Format Operand Operand Sample Instruction
d type dddddddd: GBR RO (register direct)y MOV.L @(disp,GBR),R0
15 o indirect with
XXXX XXXX dddd  dddd | dISplacement
RO (register direct) dddddddd: GBR MOV.L
indirect with @RO,@(disp,GBR)
displacement
dddddddd: RO (register directy MOVA @(disp,PC),R0
PC-relative with
displacement
dddddddd: B BF label
PC-relative
di2 type dddddddddddd: O BRA label
15 o PC-relative (label=disp+PC)
| XXXX | dddd  dddd  dddd |
nd8 type dddddddd: PC- nnnn: register MOV.L @(disp,PC),Rn
15 o relative with direct
[ 00 | nonn | dddd  daad | displacement
i type Piiiiiii: Indexed GBR AND.B
15 o immediate indirect #imm,@(R0,GBR)
|xxxx xxxxl Piii i |
Piiiiiii: RO (register direct) AND #imm,R0
immediate
Piiiiiii: g TRAPA #imm
immediate
ni type piiiiiii: nnnn: register ADD #imm,Rn
15 o immediate direct

| XXXX | nnnn | Piii
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244 DSP Instruction Formats

This LSl 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. Paralel processing instructions processed by the DSP unit (32-bit length)

Theinstruction formats are shown in figure 2.15.

CPU core instructions

Double data transfer
instructions

Single data transfer
instructions

Parallel processing
instructions

15 0
0000
1110
15 10 9 0
|111100 | A field |
15 10 9 0
|llllOl | A field |
31 26 25 16 15 0
| 111110 | A field | B field

Figure2.15 DSP Instruction Formats
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Double and Single Data Transfer Instructions: The format of double data transfer instructions

isshown in table 2.14, and that of single datatransfer instructionsin table 2.15.

Table2.14 DoubleData Transfer Instruction Formats

Type Mnemonic 15[14|13[12[11]10] 9[8[ 7[6 |5 3l2]1]o0
X memory [INOPX 11 1 1 0 0]0 0 0 0|0
data MOVX.W @Ax,Dx ax| Ibox| |o| |ol1
transfer |MOVX.W @AXx+,Dx 10
MOVX.W @Ax+Ix,Dx 1)1
MOVX.W Da, @Ax pal 1] |01
MOVX.W Da,@Ax+ 10
MOVX.W 1)1
Da,@AXx+Ix
Y memory [INOPY 1 1 1 1 0 O 0 0 0 O
data MOVY.W @Ay,Dy ‘ay| oyl |of 0 1
transfer |MOVY.W @Ay+,Dy 1 0
MOVY.W @Ay-+ly,Dy 1 1
MOVY.W Da, @Ay Dal |1 0 1
MOVY.W Da, @Ay+ 1 0
MOVY.W 11
Da,@Ay+ly
Note: Ax: 0=R4,1=R5
Ay: 0=R6,1=R7
Dx: 0=X0,1=X1
Dy: 0=Y0,1=Y1
Da: 0=A0,1=Al
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Table2.15 Single Data Transfer Instruction Formats

Type Mnemonic 15‘14|13|12‘11‘1o 9‘8 7‘6|5|4 3‘2

Single MOVS.W @-As,Ds 11 1 1 0 1 As Ds 0:(*) 0O 0|0

data MOVS.W @As,Ds 0:R4 1:(*) 0 1

transfer |MOVS.W @As+,Ds 1:R5 2:(*) 1 0
MOVS.W @As+Ix,Ds 2:R2 3:(*) 1 1
MOVS.W Ds,@-As 3:R3 4:(*) 0 0|01
MOVS.W Ds,@As 5:A1 0 1
MOVS.W Ds,@As+ 6:(*) 10
MOVS.W Ds,@As+Ix 7:A0 1 1
MOVS.L @-As,Ds 8:X0 0 0|1/|0
MOVS.L @As,Ds 9:X1 0 1
MOVS.L @As+,Ds A:YO 1 0
MOVS.L @As+Ix,Ds B:Y1l 1 1
MOVS.L Ds,@-As C:MO 0O 0|11
MOVS.L Ds,@As D:A1IG |0 1
MOVS.L Ds,@As+ E:M1 1 0
MOVS.L Ds,@As+Ix FAOG |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
2.16, and B-field ALU operation instructions and multiply instructionsin table 2.17.
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Table2.17 B-Field ALU Operation Instructionsand Multiply Instructions (2)
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Section 2 CPU

25 Instruction Set

251 CPU Instruction Set

The SH-1/SH-2/SH-3 compatible instruction set consists of 67 basic instruction types divided into
seven functional groups, as shown in table 2.18. Tables 2.19 to 2.24 show the instruction notation,
machine code, execution time, and function.

Table2.18 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 34
operation ADDC Binary addition with carry
instructions ADDV Binary addition with overflow check

CMP/cond Comparison

DIV1 Division
DIVOS Signed division initialization
DIVOU Unsigned division initialization

DMULS Signed double-precision multiplication

DMULU Unsigned double-precision

multiplication
DT Decrement and test
EXTS Sign extension
EXTU Zero extension
MAC Multiply-and-accumulate, double-

precision multiply-and-accumulate
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Kinds of Number of

Type Instruction Op Code Function Instructions
Arithmetic 21 MUL Double-precision multiplication 34
operation (32 x 32 bits)
instructions MULS Signed multiplication (16 x 16 bits)

MULU Unsigned multiplication (16 x 16 bits)

NEG Sign inversion

NEGC Sign inversion with borrow

SUB Binary subtraction

SUBC Binary subtraction with carry

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

TAS Memory test and bit setting

TST Logical AND and T bit setting

XOR Exclusive logical OR
Shift 12 ROTL 1-bit left rotation 16
instructions ROTR 1-bit right rotation

ROTCL 1-bit left rotation with T bit

ROTCR 1-bit right rotation with T bit

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

SHAD Arithmetic dynamic shift

SHLD Logical dynamic shift
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Kinds of Number of

Type Instruction Op Code Function Instructions
Branch 9 BF Conditional branch, delayed 11
instructions conditional branch (T = 0)

BT Conditional branch, delayed

conditional branch (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 14 CLRT T bit clear 74
control CLRMAC MAC register clear
instructions CLRS S bit clear

LDC Load into control register

LDS Load into system register

NOP No operation

PREF Data prefetch to cache

RTE Return from exception handling

SETS S bit 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: 67 188
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Theinstruction 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.

Instruction

Instruction Code

Operation

Execution States

T Bit

Indicated by mnemonic.

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

Indicated in MSB
LSB order.

Explanation of Symbols
mmmm: Source register

nnnn: Destination register
0000: RO
0001: R1

1111: R15
iiii: Immediate data

dddd: Displacement**

Indicates summary of
operation.

Explanation of Symbols
-, «: Transfer direction
(xx): Memory operand
M/Q/T: Flag bits in SR

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

~: Exclusive logical OR of
each bit

~: Logical NOT of each bit

<<n: n-bit left shift

>>n: n-bit right shift

Value
when no wait states
are inserted**

Value of T bit
after instruction
is executed

Explanation of
Symbols

—: No change

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:

@)
@)

used by the following instruction
2. Scaled (x1, x2, or x4) according to the instruction operand size, etc.

When there is contention between an instruction fetch and a data access
When the destination register of a load instruction (memory - register) is also
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Data Transfer Instructions

Table2.19 Data Transfer Instructions

Execution
Instruction Instruction Code Operation States T Bit
MoV #i mm Rn 1110nnnniiiiiiii imm - Sign extension - Rn 1 O
MOV. W @disp, PC), Rn 1001nnnndddddddd  (disp x 2 + PC) - Sign 1 O
extension - Rn
MOV.L @disp, PO, Rn 1101nnnndddddddd  (disp x4 + PC) - Rn 1 O
MoV Rm Rn 0110nnnnmmm0011  Rm - Rn 1 —
MOV.B  Rm @n 0010nnnnmmmO000  Rm - (Rn) 1 —
MOV. W  Rm @n 0010nnnnnmMmMmMO001  Rm - (Rn) 1 —
MOV.L Rm @n 0010nnnnmmmD010 Rm - (Rn) 1 —
MOV.B @ m Rn 0110nnnnnmMmmDO000  (Rm) - Sign extension - Rn 1 —
MOV. W  @Rm Rn 0110nnnnmmm0001  (Rm) - Sign extension - Rn 1 —
MOV.L @m Rn 0110nnnnnmMmmD010 (Rm) - Rn 1 —
MOV. B Rm @Rn 0010nnnnmMmmMmMD100  Rn-1 - Rn, Rm - (Rn) 1 —
MOV. W  Rm @Rn 0010nnnnmmmD101  Rn-2 - Rn, Rm - (Rn) 1 —
MOV.L Rm @Rn 0010nnnnmmmMmM0110  Rn-4 - Rn, Rm - (Rn) 1 —
MOV.B @ m+, Rn 0110nnnnnmmmD100  (Rm) - Sign extension - Rn, 1 —
Rm+1 - Rm
MOV. W @ mt, Rn 0110nnnnnmmmD101  (Rm) - Sign extension - Rn, 1 —
Rm+2 -~ Rm
MOV.L @R+, Rn 0110nnnnmmm0D110 (Rm) - Rn,Rm +4 -, Rm 1 —
MOV.B RO, @di sp, Rn) 10000000nnnndddd RO - (disp + Rn) 1 —
MOV. W RO, @di sp, Rn) 10000001nnnndddd RO - (disp x 2 + Rn) 1 —
MOV.L Rm @di sp, Rn) 0001nnnnmmmmdddd  Rm - (disp x 4 + Rn) 1 —
MOV.B @disp, R, RO 10000100mmmdddd  (disp + Rm) - Sign 1 —
extension —» RO
MOV. W @disp, R, RO 10000101mmmdddd  (disp x 2 + Rm) - Sign 1 —
extension — RO
MOV.L @disp, R, Rn 0101nnnnmmmmdddd  (disp x4+ Rm) - Rn 1 —
MV.B Rm @ RO, Rn) 0000nnNNMMMD100  Rm — (RO + Rn) 1 —
MOV. W Rm @ RO, Rn) 0000nnnnmMmMMmMD101  Rm - (RO + Rn) 1 —
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Execution

Instruction Instruction Code Operation States T Bit

MOV.L Rm @RO, Rn) 0000NnNNNMMD110 Rm - (RO + Rn) 1 —

MOV.B  @RO,Rm, Rn 0000nNNNMMMML100 (RO + Rm) — Sign extension 1 —
- Rn

MOV. W @RO, RM), Rn 0000NnnNNNMML101 (RO + Rm) - Sign extension 1 —
- Rn

MOV.L @RO,RM,Rn 0000NnnNNMMML110 (RO+Rm) - Rn 1 —

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

MOV. W RO, @di sp, GBR) 11000001dddddddd RO - (disp x 2 + GBR) 1 —

MOV.L RO, @disp, GBR) 11000010dddddddd RO - (disp x 4 + GBR) 1 —

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

MV. W  @disp, GBR), RO 11000101dddddddd (disp x 2 + GBR) - 1 —
Sign extension —» RO

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

MOVA @di sp, PO), RO 11000111dddddddd dispx4 +PC - RO 1 —

MOVT Rn 0000nnNNn00101001 T - Rn 1 —

SWAP. B Rm Rn 0110nnnnnMmmmiL000 Rm - Swap lowest two 1 —
bytes - Rn

SWAP. W Rm Rn 0110nnnnnmmmil001 Rm - Swap two consecutive 1 —
words — Rn

XTRCT Rm Rn 0010nnnnmmM1101 Middle 32 bits of Rm and 1 O
Rn - Rn
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Arithmetic Operation I nstructions

Table2.20 Arithmetic Operation Instructions

Execution
Instruction Instruction Code Operation States T Bit
ADD Rm Rn 0011nnnnmmmi100 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 001lnnnnmmmllll  Rn+Rm - Rn, 1 Overflow
Overflow - T
CWP/ EQ #imm RO 10001000iiiiiiii IfRO=imm,1 - T 1 Comparison
result
CWP/ EQ Rm Rn 0011innnnnmmmmDO000 IfRNn=Rm,1 - T 1 Comparison
result
CWP/ HS Rm Rn 0011nnnnmmm0010  If Rn = Rm with 1 Comparison
unsigned data, 1 - T result
CwWPl GE Rm Rn 0011nnnnmmmD011  If Rn = Rm with signed data, 1 Comparison
1-T result
CvP/ HI Rm Rn 0011nnnnmmmm®O0110  If Rn > Rm with 1 Comparison
unsigned data, 1 - T result
CWP/ GT Rm Rn 0011lnnnnnmmmmOD111  If Rn > Rm with signed data, 1 Comparison
1-T result
CVP/ PL Rn 0100nnnn00010101 IfRN>0,1 - T 1 Comparison
result
CwP/ PZ Rn 0100nnnn00010001 IfRN=20,1 - T 1 Comparison
result
CwW/ STR Rm Rn 0010nnnnmmmml100  If Rn and Rm have an 1 Comparison
equivalent byte, 1 - T result
Dl vi Rm Rn 0011nnnnnmmmmD100  Single-step division (Rn/Rm) 1 Calculation
result
Dl VOS Rm Rn 0010nnnnmmm0111 MSB of Rn - Q, 1 Calculation
MSBof Rm - M,M*"Q - T result
DI VOU 0000000000011001 O - M/IQ/T 1 0
DMULS.L Rm Rn 001lnnnnmmmml101  Signed operation of 2(5) ** —

Rn x Rm - MACH,

MACL 32 x 32 - 64 bits
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Execution
Instruction Instruction Code Operation States T Bit
DMULU. L Rm Rn 0011nnnnnmmmOD101  Unsigned operation of 2(5)** —
Rn x Rm - MACH,
MACL 32 x 32 - 4 bits
DT Rn 0100nnnn00010000 Rn-1 - Rn,ifRNn=0,1 1 Comparison
- T,else0 - T result
EXTS.B RmRn 0110nnnnmmm110 A byte in Rm is sign-extended 1 —
- Rn
EXTS. W Rm Rn 0110nnnnmmmm111 A word in Rm is sign-extended 1 —
- Rn
EXTU. B RmRn 0110nnnnmmML100 A byte in Rm is zero-extended 1 —
- Rn
EXTU. W Rm Rn 0110nnnnmmmil101 A word in Rm is zero-extended 1 —
- Rn
MAC.L @m+, @n+ 0000nnnnmmmi111  Signed operation of (Rn) 2(5)** —
x (Rm) - MAC - MAC,
Rn+4 - Rn,Rm+4 -~ Rm
32 x 32 + 64 — 64 bits
MAC. W @m+, @n+ 0100nnnnmmmi111  Signed operation of (Rn) 2(5)** —
x (Rm) - MAC - MAC,
Rn+2 - Rn,Rm+2 - Rm
16 x 16 + 64 - 64 bits
MUL. L Rm Rn 0000NnnNNMMD111 Rn x Rm -~ MACL 2(5)** —
32 x 32 - 32 bits
MULS. W Rm Rn 0010nnnnmmmmil111  Signed operation of 1(3)** —
Rn x Rm - MAC
16 x 16 — 32 hits
MULU. W  Rm Rn 0010nnnnnmmm110  Unsigned operation of 1(3)** —
Rn x Rm - MAC
16 x 16 - 32 bits
NEG Rm Rn 0110nnnnmmmi011 0-Rm - Rn 1 —
NEGC Rm Rn 0110nnnnmmmm1010 O-Rm-T - Rn, 1 Borrow
Borrow - T
SuB Rm Rn 0011nnnnmmmmi000 Rn—-Rm - Rn 1 —
SUBC Rm Rn 0011nnnnmmmmi010 Rn—-Rm-T - Rn, 1 Borrow
Borrow - T
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Execution
Instruction Instruction Code Operation States T Bit
SuBvV Rm Rn 0011nnnnmmmm1l011  Rn-Rm - Rn, Underflow - T 1 Underflow

Notes: 1. The normal minimum number of execution cycles is two, but five cycles are required
when the operation result is read from the MAC register immediately after the

instruction.

2. The normal minimum number of execution cycles is one, but three cycles are required
when the operation result is read from the MAC register immediately after the MUL

instruction.

Logic Operation Instructions

Table2.21 Logic Operation Instructions

Execution
Instruction Instruction Code Operation States T Bit
AND Rm Rn 0010nnnnnMmm1001 Rn & Rm - Rn 1 —
AND #i mm RO 1100100%iiiiiiii RO & imm - RO 1 —
AND. B #i mm @ RO, GBR) 11002210%iiiiiiii (RO + GBR) & imm - 3 —
(RO + GBR)
NOT Rm Rn 0110nnnnmmmD111 ~Rm - Rn 1 —
oR Rm Rn 0010nnnnmmmml011 Rn|Rm - Rn 1 —
OoR #i mm RO 1100101%iiiiiiii RO | imm - RO 1 —
OR B #i mm @ RO, GBR) 11002211%idiiiiii (RO + GBR) | imm - 3 —
(RO + GBR)
TAS.B @n 0100nnnn00011011 If(Rn)is0,1 - T; 4 Test
1 - MSB of (Rn) result
TST Rm Rn 0010nnnnmmmm1L000 Rn & Rm; if the result 1 Test
is0,1-T result
TST #i mm RO 11001000iiiiiiii RO & imm; if the result 1 Test
is0,1-T result
TST.B #i nm @ RO, GBR) 110021100iiiiiiii (RO + GBR) & imm; 3 Test
iftheresultis0,1 - T result
XOR Rm Rn 0010nnnnnmmmmM1.010 Rn”~Rm - Rn 1 —
XOR #i mm RO 11001010iiiiiiii RO~ imm - RO 1 —
XOR B #i mm @ RO, GBR) 11001110iiiiiiii (RO + GBR) Nimm - 3 —

(RO + GBR)
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Shift Instructions

Table2.22 Shift Instructions

Execution

Instruction Instruction Code Operation States T Bit
ROTL Rn 0100nnnNn00000100 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
SHAD Rm Rn 0100nnnnmMmMML100 Rm =0: Rn<<Rm - Rn 1 —

Rm < 0: Rn>>Rm -

[MSB - Rn]
SHAL Rn 0100nnnn00100000 T-<Rn<0 1 MSB
SHAR Rn 0100nnnn00100001 MSB - Rn - T 1 LSB
SHLD Rm Rn 0100nnnnmmmm101 Rm=0:Rn<<Rm - Rn 1 —

Rm < 0: Rn>>Rm -

[0 -~ Rn]
SHLL Rn 0100nnnn00000000 T<Rn~0 1 MSB
SHLR Rn 0100nnnNn00000001 0-Rn-T 1 LSB
SHLL2 Rn 0100nnnNn00001000 Rn<<2 - Rn 1 —
SHLR2 Rn 0100nnnn00001001 Rn>>2 - Rn 1 —
SHLLS8 Rn 0100nnnNn00011000 Rn<<8 - Rn 1 —
SHLR8 Rn 0100nnnn00011001 Rn>>8 - Rn 1 —
SHLL16 Rn 0100nnnNn00101000 Rn<<16 - Rn 1 —
SHLR16 Rn 0100nnnn00101001 Rn>>16 - Rn 1 —
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Branch Instructions

Table2.23 Branch Instructions

Execution

Instruction Instruction Code Operation States T Bit

BF | abel 10001011dddddddd IfT=0,dispx2+PC - PC; 3/1* —
if T =1, nop (where label is
disp + PC)

BF/S | abel 10001111dddddddd Delayed branch, if T =0, 2/1* —
disp x 2 + PC - PC;
if T=1, nop

BT | abel 10001001dddddddd Delayed branch, if T =1, 3/1* —
disp x 2 + PC - PC;
if T=0, nop

BT/S | abel 10001101dddddddd IfT=1,dispx2+PC - PC; 2/1* —
if T=0, nop

BRA | abel 1010dddddddddddd Delayed branch, 2 —
dispx2+PC - PC

BRAF Rm 0000nMmMMMD0100011 Delayed branch, 2 —
Rm +PC - PC

BSR | abel 1011dddddddddddd Delayed branch, PC - PR, 2 —
dispx2+PC - PC

BSRF Rm 0000nMMMMD0000011 Delayed branch, PC - PR, 2 —
Rm + PC - PC

JwP @m 0100nmMmMMD0101011 Delayed branch, Rm - PC 2 —

JSR @Rm 0100nmMmMmMD0001011 Delayed branch, PC - PR, 2 —
Rm - PC

RTS 0000000000001011 Delayed branch, PR - PC 2 —

Note: * One state when the branch is not executed.
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System Control Instructions

Table2.24 System Control Instructions

Execution
Instruction Instruction Code Operation States T Bit
CLRVAC 0000000000101000 0 - MACH, MACL 1 —
CLRS 0000000001001000 0-S 1 —
CLRT 0000000000001000 0-T 1 0
LDC Rm SR 0100nMmMmMMD0001110 Rm - SR 6 LSB
LDC Rm GBR 0100mMmmMmMD0011110 Rm - GBR 4 —
LDC Rm VBR 0100mMmmMmMD0101110 Rm - VBR 4 —
LDC Rm SSR 0100nMMMD0111110 Rm - SSR 4 —
LDC Rm SPC 0100mMmmMmMD1001110 Rm - SPC 4 —
LDC Rm RO_BANK 0100nmMmMML0001110 Rm - RO_BANK 4 —
LDC Rm R1_BANK 0100mMmmMmM10011110 Rm - R1_BANK 4 —
LDC Rm R2_BANK 0100nmMmMMML0101110 Rm - R2_BANK 4 —
LDC Rm R3_BANK 0100nMmMM0111110 Rm - R3_BANK 4 —
LDC Rm R4_BANK 0100mMmmMmM11001110 Rm - R4_BANK 4 —
LDC Rm R5_BANK 0100nMmMM1011110 Rm - R5_BANK 1 —
LDC Rm R6_BANK 0100mMmmMM11101110 Rm - R6_BANK 4 —
LDC Rm R7_BANK 0100nmMmMmML1111110 Rm - R7_BANK 4 —
LDC. L @mt, SR 0100mMmMmMD0000111 (Rm) - SR,Rm+4 -, Rm 8 LSB
LDC. L @m+, GBR 0100mMmmMmMD0010111 (Rm) - GBR,Rm+4 - Rm 4 —
LDC. L @Rmt, VBR 0100nMmmMmMD0100111 (Rm) - VBR,Rm +4 - Rm 4 —
LDC. L @m+, SSR 0100mMmmMmMD0110111 (Rm) - SSR,Rm +4 - Rm 4 —
LDC. L @mt, SPC 0100nmMmMMD1000111 (Rm) - SPC,Rm+4 - Rm 4 —
LDC. L @rmt, 0100mMmMMT0000111 (Rm) - RO_BANK, 4 —
RO_BANK Rm+4 - Rm
LDC. L @rmt, 0100nmMmMML0010111 (Rm) - R1_BANK, 4 —
R1_BANK Rm+4 - Rm
LDC. L @rmt, 0100mMMMT0100111 (Rm) - R2_BANK, 4 —
R2_BANK Rm+4 - Rm
LDC. L @R+, 0100mMmMML0110111 (Rm) - R3_BANK, 4 —
R3_BANK Rm+4 - Rm
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Execution
Instruction Instruction Code Operation States T Bit
LDC. L @rmt, 0100mMmMm11000111 (Rm) - R4_BANK, 4 —
R4 _BANK Rm+4 - Rm
LDC.L @Rmt, 0100mMmMmM11010111 (Rm) - R5_BANK, 4 —
R5_BANK Rm+4 - Rm
LDC. L @, 0100mMmmMM11100111 (Rm) - R6_BANK, 4 —
R6_BANK Rm+4 - Rm
LDC.L @Rmt, 0100mMmMm11110111 (Rm) - R7_BANK, 4 —
R7_BANK Rm+4 - Rm
LDS Rm MACH 0100nMMMD0001010 Rm - MACH 1 —
LDS Rm MACL 0100nMmMm®D0011010 Rm - MACL 1 —
LDS Rm PR 0100mMmMm00101010 Rm - PR 1 —
LDS. L  @m+, MACH 0100nMmMmMD0000110 (Rm) - MACH, Rm +4 - Rm 1 —
LDS. L  @m+, MACL 0100mMmMm00010110 (Rm) - MACL,Rm +4 - Rm 1 —_
LDS.L  @m+, PR 0100mMMMD0100110 (Rm) - PR,Rm+4 - Rm 1 —
NOP 0000000000001001 No operation 1 —
PREF @m 0000mMmMM 0000011 (Rm) - cache 1 —
RTE 0000000000101011 Delayed branch, 5 —
SSR/SPC - SR/PC
SETS 0000000001011000 1.8 1 —
SETT 0000000000011000 1-T 1 1
SLEEP 0000000000011011 Sleep 4% —
STC SR, Rn 0000nnNnNn00000010 SR - Rn 1 —
STC GBR, Rn 0000nnNnNN00010010 GBR - Rn 1 —
STC VBR, Rn 0000nnnn00100010 VBR - Rn 1 —
STC SSR, Rn 0000nnnn00110010 SSR - Rn 1 —
STC SPC, Rn 0000nnNnNn01000010 SPC - Rn 1 —
STC RO_BANK, Rn 0000nnnn10000010 RO_BANK - Rn 1 —
STC R1_BANK, Rn 0000nnnn10010010 R1_BANK- Rn 1 —
STC R2_BANK, Rn 0000nnnn10100010 R2_BANK - Rn 1 —
STC R3_BANK, Rn 0000nnnn10110010 R3_BANK - Rn 1 —
STC R4_BANK, Rn 0000nnnn11000010 R4 _BANK - Rn 1 —
STC R5_BANK, Rn 0000nnnn11010010 R5_BANK - Rn 1 —
STC R6_BANK, Rn 0000nnnn11100010 R6_BANK - Rn 1 —

Rev. 2.00 Mar. 15, 2007 Page 79 of 986

RENESAS

REJ09B0346-0200



Section 2 CPU

Execution
Instruction Instruction Code Operation States T Bit
STC R7_BANK, Rn 0000nnnNn11110010 R7_BANK - Rn 1 —_
STC.L SR @Rn 0100nnnn00000011 Rn-4 - Rn, SR - (Rn) 1 —
STC.L GBR @Rn 0100nnnn00010011 Rn-4 - Rn, GBR - (Rn) 1 —
STC.L VBR @Rn 0100nnnn00100011 Rn-4 - Rn, VBR - (Rn) 1 —
STC.L SSR, @Rn 0100nnnn00110011 Rn-4 - Rn, SSR - (Rn) 1 —
STC.L SPC, @-Rn 0100nnnn01000011 Rn-4 - Rn, SPC - (Rn) 1 —
STC. L RO_BANK, 0100nnnn10000011 Rn-4 - Rn, RO_BANK - (Rn) 1 —
@Rn
STC.L RL1_BANK, 0100nnnn10010011 Rn—4 - Rn, R1_BANK - (Rn) 1 —
@Rn
STC. L R2_BANK, 0100nnnn10100011 Rn—4 - Rn, R2_BANK - (Rn) 1 —
@Rn
STC.L  R3_BANK, 0100nnnn10110011 Rn—4 - Rn, R3_BANK - (Rn) 1 —
@Rn
STC.L R4_BANK, 0100nnnn11000011 Rn—4 - Rn, R4 _BANK - (Rn) 1 —_
@Rn
STC. L R5_BANK, 0100nnnn11010011 Rn—4 - Rn, R5_BANK - (Rn) 1 —
@Rn
STC.L R6_BANK, 0100nnnn11100011 Rn—4 - Rn, R6_BANK - (Rn) 1 —_
@Rn
STC. L R7_BANK, 0100nnnn11110011 Rn—4 - Rn, R7_BANK - (Rn) 1 —
@Rn
STS MACH, Rn 0000nnNN00001010 MACH - Rn 1 —
STS MACL, Rn 0000nnnn00011010 MACL - Rn 1 —
STS PR, Rn 0000nnnNn00101010 PR - 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 —
TRAPA  #i nm 1100001%iiiiiiii PC - SPC, SR - SSR, 8 —
imm<<2 - TRA,
VBR + H'0100 - PC
Note: Number of states before the chip enters the sleep state.

The table shows the minimum number of clocks required for execution. In practice, the

number of execution cycles will be increased if there is contention between an
instruction fetch and a data access, or if the destination register of a load instruction
(memory - register) is also used by the following instruction.
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2.6 DSP Extended-Function Instructions

26.1 Introduction
The newly added instructions are classified into the following three groups:

1. Additional system control instructions for the CPU unit
2. DSP unit memory-register single and double data transfer
3. DSP unit parallel processing

Group 1 instructions are provided to support loop control and data transfer between CPU core
registers or memory and new control registers added to the CPU core. DSP operations employ a
multi-level nested-loop structure. With a single-level loop, use of the decrement and test, DTRn,
and conditional delayed branch BF/S instructions supported by the SH-3 is adequate. However,
with nested loops, DSP performance can be improved by means of a zero-overhead loop control
function.

The RS, RE, and MOD registers have been added to support loop control and modulo addressing
functions. Instructions are supported for data transfer between these new control registers and
general registers or memory. In addition, the LDRS and L DRE address calculation registers have
been added to reduce the code size for the initial settings for zero-overhead loop control.

An independent control register, DSR, is provided for the DSP engine. This register istreated asa
system register such as MACL and MACH. The A0, X0, X1, YO, and Y1 registers are treated as
system registers from the CPU side, and LDS/STS instructions are supported for the same
purpose. Table 2.25 shows the instruction code map for the new system control instructions for the
CPU core.

Group 2 instructions are provided to reduce DSP operation program code size. Data transfer
instructions that perform no data processing are frequently executed by the DSP engine. In this
case, a 32-bit instruction code is unnecessarily long, and wastes space in the program memory
area. All instructions in this class have a 16-hit code length, the same as conventional SH core
instructions. Single data transfer instructions have greater flexibility in terms of operands than the
double data transfer instruction or parallel instruction class.

Group 3 instructions are provided for fast execution of digital signal processing operations using
the DSP unit. These instructions have a 32-bit instruction code, so that a maximum of four
instructions—an ALU operation, multiplication, and two data transfer instructions—can be
executed in parallél.
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26.2 Added CPU System Control Instructions

The new instructions in this class are treated as part of the CPU core functions, and therefore all
the added instructions have a 16-bit code length. All the additional instructions belong to the
system control instruction group. Table 2.25 summarizes the added system instructions. New
control registers—RS, RE, and MOD—have been added to the CPU core to support loop control
and modulo addressing functions, and LDC and STS type instructions have been provided for
these registers.

The DSP engines DSR, A0, X0, X1, YO, and Y 1 registers are treated as system registers such as
MACH and MACL, and therefore STS and LDS instructions are supported for these registers. As
digital signal processing operations usually employ a multi-level nested-loop structure, DSP
performance can be improved by means of a zero-overhead |oop control function. SETRC type
instructions are provided to set the repeat count in the RC field in SR[27:16]. When an immediate
operand type SETRC instruction is executed, the 8-bit immediate operand datais set in SR[23:16],
and O is set in the remaining bits, SR[27:24]. When aregister operand type SETRC instruction is
executed, Rn[11:0] is set in SR[27:16]. The start address and end address of the repeat 1oop are set
in the RS register and RE register. There are two ways of setting the addresses: by using an LDC
typeinstruction, or by using the LDRS and L DRE instructions.

Table2.25 Added CPU System Control Instructions

Execution
Instruction Instruction Code Operation States T Bit
SETRC #i mm 10000010iiiiiiii imm - RC (of SR) 1 O
SETRC Rn 0100nnnn00010100 Rn[11:0] - R C (of SR) 1 a
LDRS @disp, PC) 10001100dddddddd (disp x 2+ PC) - RS 1 O
LDRE @disp, PC) 10001110dddddddd (disp x 2 + PC) - RE 1 O
STC MOD, Rn 0000nnnn01010010 MOD - Rn 1 ]
STC RS, Rn 0000nnnn01100010 RS - Rn 1 ]
STC RE, Rn 0000nnnn01110010 RE - Rn 1 ]
STS DSR, Rn 0000nnnNNn01101010 DSR - Rn 1 B
STS A0, Rn 0000nnnn01111010 A0 - Rn 1 a
STS X0, Rn 0000nnnn10001010 X0 - Rn 1 O
STS X1, Rn 0000nnnn10011010 X1 - Rn 1 a
STS YO, Rn 0000nnnNn10101010 YO - Rn 1 ]
STS Y1, Rn 0000nnnNn10111010 Y1 - Rn 1 a
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Execution
Instruction Instruction Code Operation States T Bit
STS.L DSR, @Rn 0100nnnn01100010 Rn-4 - Rn,DSR - (Rn) 1 ]
STS.L A0, ®Rn 0100nnnn01110010 Rn-4 - Rn, A0 - (Rn) 1 O
STS.L X0, @Rn 0100nnnn10000010 Rn-4 - Rn, X0 - (Rn) 1 ]
STS.L X1, ®Rn 0100nnnn10010010 Rn-4 - Rn, X1 - (Rn) 1 a
STS.L Y0, @Rn 0100nnnn10100010 Rn-4 - Rn, YO - (Rn) 1 a
STS.L Y1, ®Rn 0100nnnn10110010 Rn-4 - Rn, Y1 - (Rn) 1 a
STC.L MDD, @Rn 0100nnnn01010011 Rn-4 - Rn,MOD - (Rn) 1 a
STC.L RS, @Rn 0100nnnn01100011 Rn-4 - Rn,RS - (Rn) 1 ]
STC.L RE @Rn 0100nnnn01110011 Rn-4 - Rn, RE - (Rn) 1 a
LDS. L @+, DSR 0100nnnn01100110 (Rn) -~ DSR,Rn+4 5 Rn 1 O
LDS. L @Rn+, AO 0100nnnn01110110 (Rn) - A0, Rn+4 — Rn 1 a
LDS. L @n+, X0 0100nnnn10000110 (Rn) - X0, Rn+4 - Rn 1 O
LDS. L @+, X1 0100nnnn10010110 (Rn) - X1,Rn+4 - Rn 1 O
LDS. L @rn+, YO 0100nnnn10100110 (Rn) - YO, Rn+4 -~ Rn 1 0
LDS. L @+, Y1 0100nnnn10110110 (Rn) - Y1,Rn+4 - Rn 1 O
LDC. L @Rn+, MOD 0100nnnn010101112 (Rn) -~ MOD,Rn+4 - Rn 4 a
LDC.L @n+, RS 0100nnnn01100111 (Rn) -~ RS,Rn+4 - Rn 4 O
LDC. L @R+, RE 0100nnnn01110111 (Rn) - RE,Rn+4 - Rn 4 ]
LDS Rn, DSR 0100nnnn01101010 Rn - DSR 1 O
LDS Rn, AO 0100nnnn01111010 Rn - AO 1 ]
LDS Rn, X0 0100nnnn10001010 Rn - X0 1 O
LDS Rn, X1 0100nnnn10011010 Rn - X1 1 O
LDS Rn, YO 0100nnnNn10101010 Rn - YO 1 B
LDS Rn, Y1 0100nnnn10111010 Rn - VY1 1 a
LDC Rn, MOD 0100nnnn01011110 Rn - MOD 4 ]
LDC Rn, RS 0100nnnn01101110 Rn - RS 4 O
LDC Rn, RE 0100nnnn01111110 Rn - RE 4 ]
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2.6.3 Single and Double Data Transfer for DSP Data I nstructions

The new instructions in this class are provided to reduce the program code size for DSP
operations. All the new instructions in this class have a 16-bit code length. Instructionsin this
class are divided into two groups: single data transfer instructions and double data transfer
instructions. The double data-transfer instructions provide the same flexibility in operand specification asis
provided by the A fields of the data-transfer instruction fields of parallel-processing instructions. Thisis
described in section 2.4.4, DSP Instruction Formats. Conditional load instructions cannot be used with
these 16-hit instructions. In single transfer, the Ax pointer and two other pointers are used asthe
As pointer, but the Ay pointer isnot used. Tables 2.26 and 2.27 list the single and double data
transfer instructions.

With double data transfer group instructions, X memory and Y memory can be accessed in
parallel. The Ax pointer can only be used by X memory access instructions, and the Ay pointer
only by Y memory access instructions. Double data transfer instructions can only access the on-
chip X and Y memory areas. Single data transfer instructions use a 16-bit instruction code, and
can access any memory address space.

Rn (n=2to 7) registers are normally used as the Ax, Ay, and As pointers. The pointer names
themselves can be changed with the assembler rename function. The following renaming scheme
is recommended.

R2:As2, R3:As3, R4:Ax0 (As0D), R5:Ax1 (Asl), R6:Ay0, R7:Ayl, R8:I1x, R9:ly
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Table2.26 Double Data Transfer Instructions
Execu-
tion
Instruction Instruction Code Operation States DC
X memory NOPX 1111000*0*0*00** X memory no access 1 ]
da‘af MOVX. W @\, Dx 111100A*D*0*01**  (AX) » MSW of Dx, 1 O
transfer 0 — LSW of Dx
MOVX. W @\x+, Dx 111100A*D*0*10** (AX) > MSW of Dx, 1 0
0 - LSW of Dx,
AX + 2 - AX
MOVX. W @\x+I x, Dx 111100A*D*0*11** (AX) > MSWof Dx, 1 0
0 - LSW of Dx,
AX + IX - AXx
MOVX. W Da, @\x 111100A*D*1*01** MSW of Da - (Ax) 1 0
MOVX. W Da, @\x+ 111100A*D*1*10** MSW of Da - (Ax), 0
AX +2 - AX
MOVX. W Da, @+l x 111100A*D+1*11** MSW of Da - (Ax), 1 0
AX + IX - AXx
Y memory NCOPY 111100*0*0*0**00 Y memory no access 1 0
da‘af MOVY. W @y, Dy 111100*A*D*0**01  (Ay) — MSW of Dy, 1 O
transfer 0 & LSW of Dy
MOVY. W @\y +, Dy 111100*A*D*0**10 (Ay) - MSW of Dy, 1 0
0 — LSW of Dy,
Ay +2 - Ay
MOVY. W @\y+ly, Dy 111100*A*D*0**11 (Ay) - MSWof Dy, 1 0
0 - LSW of Dy,
Ay +1ly - Ay
MOVY. W Da, @y 111100*A*D*1**01 MSW of Da - (Ay) 1 0
MOVY. W Da, @y + 111100*A*D*1**10 MSW of Da - (Ay), 1 O
Ay +2 - Ay
MOVY. W Da, @\y+ly 111100*A*D*1**11 MSW of Da - (Ay), 1 |
Ay +1ly - Ay

RENESAS
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Table2.27 Single Data Transfer Instructions

Execution

Instruction Instruction Code Operation States DC

MOVS. W @ As, Ds 111101AADDDDO000 As-—2 - As, (As) - 1 d
MSW of Ds, 0 -~ LSW of Ds

MOVS. W @As, Ds 111101AADDDD0100  (As) -» MSW of Ds, 1 B
0 - LSW of Ds

MOVS. W @A\s+, Ds 111101AADDDD1000  (As) - MSW of Ds, 1 a
0 - LSWofDs,As+2 - As

MOVS. W @As+l s, Ds  111101AADDDD1100  (Asc) -» MSW of Ds, 1 B
0 - LSWofDs, As+1Is - As

MOVS. W Ds, @ As* 111101AADDDDO001 As-—-2 - As, 1 0
MSW of Ds - (As)

MOVS. W Ds, @\s* 111101AADDDD0101  MSW of Ds - (As) 1 a

MOVS. W Ds, @s+* 111101AADDDD1001  MSW of Ds — (As), 1 0
As+2 - As

MOVS. W Ds, @As+l s* 111101AADDDD1101  MSW of Ds — (As), 1 a
As +Is - As

MOVS. L @ As, Ds 111101AADDDD0010 As—4 - As, (As) - Ds 1 0

MOVS. L @As, Ds 111101AADDDD0110 (As) - Ds 1 a

MOVS. L @As+, Ds 111101AADDDD1010 (As) —» Ds,As+4 - As 1 0

MOVS. L @As+ls,Ds 111101AADDDD1110 (As) —» Ds,As+1s - As 1 0

MOVS. L Ds, @ As 111101AADDDD0011 As-—4 - As,Ds - (As) 1 a0

MOVS. L Ds, @s 111101AADDDD0111 Ds - (As) 1 0

MOVS. L Ds, @As+ 111101AADDDD1011 Ds - (As), As+4 - As 1 a

MOVS. L Ds, @s+ls 111101AADDDD1111 Ds - (As),As+1Is - As 1 0

Note: * If guard bit registers AOG and A1G are specified in source operand Ds, the data is

output to the LDB[7:0] bus and the sign bit is copied into the upper bits, [31:8].
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The correspondence between DSP data transfer operands and registersis shown in table 2.28.
CPU coreregisters are used as a pointer address that indicates a memory address.

Table2.28 Correspondence between DSP Data Transfer Operands and Registers

Register AX IX Dx Ay ly Dy Da As Ds
CPU RO ] g g g g g g g
registers pq O 0 0 0 0 0 0 O
R2 (As2) 0 a a a a a Yes O
R3 (As3) O a a a a a Yes 0
R4 (Ax0) Yes O a a a — a Yes O
R5 (Ax1)  Yes O ] ] ] — ] Yes O
R6 (Ay0) O O O Yes O O O O O
R7 (Ayl) O O O Yes O H O O 0
R8 (Ix) O Yes O O O O O O O
RO (ly) O — O O Yes | O O 0
DSP AO — 0 O O O O Yes O Yes
registers a1 — 0 0 O 0 0 Yes O Yes
MO O O — 3 d d d d Yes
M1 O O 9 — g g g g Yes
X0 ] ] Yes B B B B B Yes
X1 O 0 Yes ] ] ] ] ] Yes
YO O O ] a a Yes a a Yes
Y1l O O d d d Yes O O Yes
A0G O ] g g g g g g Yes
AlG ] ] g g g g g g Yes
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264 DSP Operation Instruction Set

DSP operation instructions are instructions for digital signal processing performed by the DSP
unit. These instructions have a 32-hit instruction code, and multiple instructions can be executed
in parallel. The instruction code isdivided into an A field and B field; a parallel datatransfer
instruction is specified in the A field, and asingle or double data operation instruction in the B
field. Instructions can be specified independently, and are also executed independently. The
parallel datatransfer instruction specified in the A field is exactly the same as a double data
transfer instruction. The function of the A field—that is, the data transfer instruction field—is
basically the same as in the double data transfer instructions described in section 2.6.3, Single and
Double Data Transfer for DSP Data Instructions, but has a special function in load instructions.

B-field data operation instructions are of three kinds: 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 2.29. The respective operands
are selected independently from the DSP registers. The correspondence between DSP operation
instruction operands and registersis shown in table 2.30.

Table2.29 DSP Operation Instruction Formats

Type Instruction Formats
Double data operation instructions ALUop. Sx, Sy, Du
M.Top. Se, Df, Dg
Conditional single data operation instructions ALUop. Sx, Sy, Dz
DCT ALUop. Sx, Sy, Dz
DCF ALUop. Sx, Sy, Dz
ALUop. Sx, Dz
DCT ALUop. Sx, Dz
DCF ALUop. Sx, Dz
ALUop. Sy, Dz
DCT ALUop. Sy, Dz
DCF ALUop. Sy, Dz
Unconditional single data operation instructions ALUop. Sx, Sy, Dz
ALUop. Sx, Dz
ALUop. Sy, Dz
M.Top. Se, Sf, Dg
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Table2.30 Correspondence between DSP Instruction Operands and Registers

ALU/BPU Operations Multiply Operations
Register SX Sy Dz Du Se Sf Dg
AO Yes — Yes Yes — — Yes
Al Yes — Yes Yes Yes Yes Yes
MO — Yes Yes — — — Yes
M1 — Yes Yes — — — Yes
X0 Yes — Yes Yes Yes Yes —
X1 Yes — Yes — Yes — —
YO — Yes Yes Yes Yes Yes —
Y1 — Yes Yes — — Yes —

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 2.16.

PADD A0, M), A0 PMILS X0, YO, M) MVX W @4+, X0 MOVY. W @6+, YO [;]
DCF PINC X1, Al MOVX. W AO, @5+R8 NOVY. W @7+, YO [;]
PCVP X1, M MOVX. W @R4 [NOPY] [;]

Figure2.16 Sample Parallel Instruction Program
Square brackets mean that the contents can be omitted.

The no operation instructions NOPX and NOPY can be omitted. Table 2.31 gives an overview of
the B field in parallel operation instructions.

A semicolon is the instruction line delimiter, but this can also be omitted. If the semicolon
delimiter is used, the areato the right of the semicolon can be used as a comment field. This has
the same function as with conventional SH tools.

The DSR register condition code bit (DC) is always updated on the basis of the result of an
unconditional ALU or shift operation instruction. Conditional instructions do not update the DC
bit. Multiply instructions, aso, do not update the DC bit. DC bit updating is performed by means
of bits CS0 to CS2 in the DSR register. The DC bit update rules are shown in table 2.32.
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Table2.31 DSP Operation Instructions

Execution
Instruction Instruction Code Operation States DC
PMULS Se, Sf, Dg 111110Q*********x Se * Sf - Dg (signed) 1 0
0100eef f 0000gg00
PADD Sx, Sy, DU 111110Q*********x Sx+ Sy - Du 1 *
PMULS Se, Sf, Dg 0llleeffxxyygguu <S¢ Sf -~ Dg(signed)
PSUB Sx, Sy, Du  111110Q**#*******x Sy-Sy - Du 1 *
PMILS Se, Sf, Dy 0110eef f xxyygguu >¢ " Sf - Dg (signed)
PADD Sx, Sy, Dz =~ 111110Q*******xxx Sx+ Sy - Dz 1 *
10110001xxyyzzzz
DCT PADD Sx, Sy, Dz = 111110*******xxx fDC=1,Sx+Sy -~ Dz 1 O
10110010xxyyzzzz If DC =0, nop
DCF PADD Sx, Sy, Dz = 111110*******xxx IfDC=0,Sx+Sy - Dz 1 O
10110011xxyyzzzz IfDC =1, nop
PSUB Sx, Sy, Dz =~ 111110Q********xx Sx—Sy - Dz 1 *
10100001xxyyzzzz
DCT PSUB Sx, Sy, Dz 111110Q********xx IfDC=1,Sx-Sy - Dz 1 O
10100010xxyyzzzz If DC =0, nop
DCF PSUB Sx, Sy, Dz 111110Q*********x IfDC=0,Sx-Sy - Dz 1 O
10100011xxyyzzzz If DC =1, nop
PSHA Sx, Sy, Dz = 111110Q********xx IfSy>=0,Sx<<Sy - Dz 1 *
10010001xxyyzzzz (arithmetic shift)
If Sy<0, Sx>>Sy - Dz
DCT PSHA Sx, Sy, Dz 111110********xx fDC=1&Sy>=0, 1 O
10010010xxyyzz22 Sx << Sy - Dz (arithmetic

shift)
IfDC=1&Sy<0,

Sx>> Sy - Dz
If DC =0, nop
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Execution
Instruction Instruction Code Operation States DC
DCF PSHA Sx, Sy, Dz 111110*********x fDC=0&Sy>=0, 1 O
10010011xxyyzzz2 Sx. << Sy - Dz (arithmetic
shift)
IfDC=0&Sy<0,
Sx>>Sy - Dz
If DC =1, nop
PSHL Sx, Sy, Dz = 111110Q********xx IfSy>=0,Sx<<Sy -~ Dz 1 *
10000001xxyyzzzz (logical shift)
If Sy<0,Sx>>Sy - Dz
DCT PSHL Sx, Sy, Dz 111110*********x fDC=1&Sy>=0, 1 O
10000010xxyyzz22 Sx << Sy - Dz (logical shift)
fDC=1&Sy<0,
Sx>>Sy - Dz
If DC =0, nop
DCF PSHL Sx, Sy, Dz 111110Q*********x fDC=0&Sy>=0, 1 O
10000011xxyyzz22 Sx << Sy - Dz (logical shift)
IfDC=0&Sy<0,
Sx>>Sy - Dz
If DC =1, nop
PCOPY Sx, Dz 111170 *x*kkkkkx Sx - Dz 1 *
11011001xx00zzzz
PCOPY Sy, Dz 111100 *x*kkkkkx Sy - Dz 1 *
1111100100yyzzzz
DCT PCOPY Sx, Dz 1172 0******kkxx IfDC=1, Sx - Dz 1 0
11011010xx00zzzz If DC =0, nop
DCT PCOPY Sy, Dz 111110*****xxkxx fDC=1,Sy - Dz 1 O
1111101000yyzzzz If DC =0, nop
DCF PCOPY Sx, Dz 111110%****xxxnx IfDC =0, Sx - Dz 1 O
11011011xx00zzzz IfDC =1, nop
DCF PCOPY Sy, Dz 111110%****xxxxx IfDC=0,Sy - Dz 1 O
1111101100yyzzzz IfDC =1, nop
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Execution
Instruction Instruction Code Operation States DC
PDVSB Sx, Dz 1112 10**x**xsxx* Sx - Dz normalization count 1 *
10011101xx00zzzz Shiftvalue
PDVSB Sy, Dz 111210Q**x**xwxx* Sx - Dz normalization count 1 *
1011110100yyzzzz Shift value
DCT PDWVMSB Sx, Dz 11117Q*****xrksx If DC = 1, normalization 1 O
10011110xx00zzzz count shift value Sx - Dz
If DC =0, nop
DCT PDWVSB Sy, Dz 11117Q*****xrksx If DC = 1, normalization 1 O
1011111000yyzzz7 count shift value Sy - Dz
If DC =0, nop
DCF PDWVSB Sx, Dz 11117Q*****xrkdx If DC = 0, normalization 1 O
10011111xx00zzzz count shift value Sx - Dz
If DC =1, nop
DCF PDWVSB Sy, Dz 11110Q****xkrkskx If DC = 0, normalization 1 O
1011111100yyzzz7 count shift value Sy - Dz
If DC =1, nop
PI NC Sx, Dz 11110Q****xkrkkx MSW of Sx — Dz 1 *
10011001xx00zzzz
PI NC Sy, Dz 11110Q*****krkskk MSW of Sy - Dz 1 *
1011100100yyzzzz
DCT PINC Sx, Dz 11177Q****xxkxkkx IfDC=1, MSWof Sx + 1 1 O
10011010xx00zzzz ~ PZ
If DC =0, nop
DCT PINC Sy, Dz 1110 10%***Kkkkix IfDC=1, MSWofSy+1 1 O
1011101000yyzzzz ~ DPZ
If DC =0, nop
DCF PINC Sx, Dz 11110Q****xkrkskx IfDC =0, MSWof Sx + 1 1 O
10011011xx00zzzz ~ DPZ
If DC =1, nop
DCF PINC Sy, Dz 11110Q****xkrkskx IfDC=0,MSWof Sy +1 1 O
1011101100yyzzzz ~ DPZ
If DC =1, nop
PNEG Sx, Dz 11110 Q*****krkskx 0-—Sx - Dz 1 *
11001001xx00zzzz
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Execution
Instruction Instruction Code Operation States DC
PNEG Sy, Dz 111110*****xkknx 0-Sy - Dz 1 *
1110100100yyzzzz
DCT PNEG Sx, Dz 111110*****xkknx fDC=1,0-Sx - Dz 1 O
11001010xx00zzzz IfDC =0, nop
DCT PNEG Sy, Dz 111110*****xkknx fDC=1,0-Sy - Dz 1 O
1110101000yyzzzz If DC =0, nop
DCF PNEG Sx, Dz 111110*****xkknk IfDC=0,0-Sx - Dz 1 O
11001011xx00zzzz IfDC=1, nop
DCF PNEG Sy, Dz 111110*****xkknk fDC=0,0-Sy - Dz 1 O
1110101100yyzzzz IfDC=1, nop
POR Sx, Sy, Dz 111110*****xkknx Sx | Sy - Dz 1 *
10110101xxyyzzzz
DCT POR Sx, Sy, Dz 111170 *x*kkkkkx IfDC=1,Sx|Sy - Dz 1 0
10110110xxyyzzzz If DC =0, nop
DCF POR Sx, Sy, Dz 111100 *x*kkkkkx IfDC=0,Sx|Sy - Dz 1 O
10110111xxyyzzzz IfDC =1, nop
PAND Sx, Sy, Dz = 111110********xx Sx &Sy - Dz 1 *
10010101xxyyzzzz
DCT PAND Sx, Sy, Dz = 111110Q********xx fDC=1,Sx&Sy - Dz 1 O
10010110xxyyzzzz If DC =0, nop
DCF PAND Sx, Sy, Dz = 111110Q*******xxx IfDC=0,Sx &Sy - Dz 1 O
10010111xxyyzzzz IfDC =1, nop
PXOR SX, Sy, Dz = 111110Q*******xxx Sx"Sy - Dz 1 *
10100101xxyyzzzz
DCT PXOR Sx, Sy, Dz 111110********xx fDC=1,Sx"Sy - Dz 1 O
10100110xxyyzzzz If DC =0, nop
DCF PXOR Sx, Sy, Dz 111110*********x fDC=1,Sx"Sy - Dz 1 O
10100111xxyyzzzz If DC =0, nop
PDEC Sx, Dz 111110*****xkknx Sx [39:16] -1 - Dz 1 *
10001001xx00zzzz
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Execution
Instruction Instruction Code Operation States DC
PDEC Sy, Dz 111170 xx*kkkksx Sy [31:16]-1 - Dz 1 *
1010100100yyzzzz
DCT PDEC Sx, Dz 111170 xx*kkkksx IfDC =1, Sx [39:16] - 1 1 O
10001010xx00zzzz ~ DZ
If DC =0, nop
DCT PDEC Sy, Dz 111170 xx*kkkssx IfDC =1, Sy [31:16] -1 1 O
1010101000yyzzzz ~ PZ
If DC =0, nop
DCF PDEC Sx, Dz 111170 *x*kkkkkx If DC =0, Sx [39:16] — 1 1 0
10001011xx00zzzz ~ DPZ
If DC =1, nop
DCF PDEC Sy, Dz 111170 xx*kkkkkx IfDC =0, Sy [31:16] - 1 1 0
1010101100yyzzzz ~— PZ?
If DC =1, nop
PCLR Dz 111170 xx*kkkkkx h'00000000 - Dz 1 *
100011010000zzzz
DCT PCLR Dz 111170 xx*kkkkkx If DC = 1, h'00000000 - Dz 1 0
100011100000zzzz If DC =0, nop
DCF PCLR Dz 111170 xx*kkkskx If DC = 0, h'00000000 - Dz 1 0
100011110000zzzz IfDC =1, nop
PSHA #i nm Dz 111770 xxx®kkkwx If imm > =0, Dz << imm 1 *
00010iiiiiiizzzz — DZ(@rithmetic shift
If imm<0, Dz>>imm - Dz
PSHL #i nm Dz 1120 0%*****kkxx Ifimm > =0, Dz <<imm 1 *
00000iiiiiiizzzz — Dz (logicalshift)
Ifimm <0, Dz >>imm - Dz
PSTS MACH, Dz 111170 xx*kkkkkx MACH - Dz 1 0
110011010000zzzz
DCT PSTS MACH, Dz 111170 xx*kkkkkx If DC =1, MACH - Dz 1 0
110011100000zzzz
DCF PSTS MACH, Dz 111170 xx*kkkksx If DC =0, MACH - Dz 1 O
110011110000zzzz
PSTS MACL, Dz 111170 xx*kkkssx MACL - Dz 1 O
110111010000zzzz
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Execution
Instruction Instruction Code Operation States DC
DCT PSTS MACL, Dz 111110*****xkknx fDC=1, MACL - Dz 1 O
110111100000zzzz
DCF PSTS MACL, Dz 111110*****xkknx fDC=0,MACL - Dz 1 O
110111110000zzzz
PLDS Dz, MACH  11111Q********xx Dz - MACH 1 O
111011010000zzzz
DCT PLDS Dz, MACH  11111Q********xx fDC=1,Dz - MACH 1 O
111011100000zzzz
DCF PLDS Dz, MACH  11111Q*********x fDC=0,Dz - MACH 1 O
111011110000zzzz
PLDS Dz, MACL 111110*****xkknx Dz - MACL 1 O
111111010000zzzz
DCT PLDS Dz, MACL 111170 *x*kkkkkx fDC=1,Dz - MACL 1 O
111111100000zzzz
DCF PLDS Dz, MACL 111100 *x*kkkkkx fDC=0,Dz - MACL 1 O
111111110000zzzz
PADDC Sx, Sy, Dz 111110********xx Sx+ Sy +DC - Dz 1 Carry
10110000xxyyzzzz Carry - DC
PSUBC Sx, Sy, Dz 111110Q********xx Sx—-Sy-DC - Dz 1 Borrow
10100000xxyyzzzz Borrow — DC
PCWP SXx, Sy T11110****xxxknx Sx — Sy - DC update* 1 *
10000100xxyy0000
PABS Sx, Dz T11110Q0*****kkknx IfSx<0,0-Sx - Dz 1 *
10001000xx00zzzz If Sx>=0, nop
PABS Sy, Dz 111110*****xkknx fSy<0,0-Sy - Dz 1 *
1010100000yyzzzz If Sx>=0, nop
PRND Sx, Dz 111110*****xkknx Sx + h'00008000 -~ Dz 1 *
10011000xx00zzzz LSW of Dz - h'0000
PRND Sy, Dz 111110*****xkknx Sy + h'00008000 -~ Dz 1 *
1011100000yyzzzz LSW of Dz - h'0000
Note: * See table 2.32.
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Table2.32 DC Bit Update Definitions

CS[2:0] Condition Mode

Description

0 0O O Carryorborrow
mode

The DC bit is set if an ALU arithmetic operation generates a carry
or borrow, and is cleared otherwise.

When a PSHA or PSHL shift instruction is executed, the last bit
data shifted out is copied into the DC hit.

When an ALU logical operation is executed, the DC bit is always
cleared.

0 0 1 Negative value
mode

When an ALU or shift (PSHA) arithmetic operation is executed,
the MSB of the result, including the guard bits, is copied into the
DC bhit.

When an ALU or shift (PSHL) logical operation is executed, the
MSB of the result, excluding the guard bits, is copied into the DC
bit.

0 1 0 Zerovalue mode

The DC bit is set if the result of an ALU or shift operation is all-
zeros, and is cleared otherwise.

0 1 1 Overflowmode

The DC bit is set if the result of an ALU or shift (PSHA) arithmetic
operation exceeds the destination register range, excluding the
guard bits, and is cleared otherwise.

When an ALU or shift (PSHL) logical operation is executed, the
DC bit is always cleared.

1 0 O Signed greater-than
mode

This mode is similar to signed greater-or-equal mode, but DC is
cleared if the result is all-zeros.

DC = ~{(negative value ~ over-range) | zero value};
In case of arithmetic operation

DC = 0; In case of logical operation

1 0 1 Signed greater-or-
equal mode

If the result of an ALU or shift (PSHA) arithmetic operation
exceeds the destination register range, including the guard bits
("over-range"), the definition is the same as in negative value
mode. If the result is not over-range, the definition is the opposite
of that in negative value mode.

When an ALU or shift (PSHL) logical operation is executed, the
DC bit is always cleared.

DC = ~(negative value " over-range);
In case of arithmetic operation

DC =0 In case of logical operation

1 1 0 Reserved

1 1 1 Reserved
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Conditional Operationsand Data Transfer: Some instructions belonging to this class can be
executed conditionally, as described earlier. The specified condition isvalid only for the B field of
the instruction, and is not valid for data transfer instructions for which a parallel specification is
made. Examples are shown in figure 2.17.

DCT PADD X0, YO, AO MOVX. W @4+, X0 MOVY. W A0, @GR6+R9 ;

When condition is True

Before execution: X0=H 33333333, YO=H 55555555, AO=H 123456789A,
R4=H 00008000, R6=H 00008233, R9=H 00000004
(R4)=H 1111, (R6)=H 2222

After execution:  X0=H 11110000, YO=H 55555555, AO=H 0088888888,
RA=H 00008002, R6=H 00008237, R9=H 00000004
(R4)=H 1111, (R6)=H 3456

When condition is False

Before execution: X0=H 33333333, YO=H 55555555, A0=H 123456789A,
RA=H 00008000, R6=H 00008233, R9=H 00000004
(RA)=H 1111, (R6)=H 2222

After execution:  X0=H 11110000, YO=H 55555555, AO=H 123456789A,
R4=H 00008002, ‘R6=H 00008237, R9=H 00000004
(R4)=H 1111, (R6)=H 3456

Figure2.17 Examplesof Conditional Operationsand Data Transfer I nstructions
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Assignment of 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 iswritten or the instruction is
omitted. Examples of NOPX and NOPY instruction codes are shown in table 2.33.

Table2.33 Examplesof NOPX and NOPY Instruction Codes

Instruction Code
PADD X0, YO, AO MOVX. W @4+, X0 MOVY. W @R6+R9, YO 1111100000001011
1011000100000111
PADD X0, YO, 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, YO, A0 1111100000000000
1011000100000111
MOVX. W @R4+, X0 MOVY. W @R6+R9, YO 1111000000001011
MOVX. W @4+, X0 NOPY 1111000000001000
MOVS. W @4+, X0 1111010010001000
NOPX MOVY. W @R6+R9, YO 1111000000000011
MOVY. W @R6+R9, YO 1111000000000011
NOPX NOPY 1111000000000000
NOP 0000000000001001
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Section 3 DSP Operation

31 Data Operations of DSP Unit

311 ALU Fixed-Point Operations

Figure 3.1 shows the ALU arithmetic operation flow. Table 3.1 shows the variation of this type of
operation and table 3.2 shows the correspondence between each operand and registers.

39 31 0 39 31 0

|Guard| Source 1 | |Guard| Source 2

Vv

ALU [cTTzT~NT Vv ]oc]
DSR

|Guard | Destination
39 31 0

Figure3.1 ALU Fixed-Point Arithmetic Operation Flow

Note: The ALU fixed-point arithmetic operations are basically 40-bit operation; 32 bits of the
base precision and 8 hits of the guard-hit parts. So the signed bit is copied to the guard-bit
parts when aregister not providing the guard-bit partsis specified as the source operand.
When aregister not providing the guard-bit partsis specified as a destination operand, the
lower 32 bits of the operation result are input into the destination register.

ALU fixed-point operations are executed between registers. Each source and destination
operand are selected independently from one of the DSP registers. When aregister
providing guard bits is specified as an operand, the guard bits are activated for this type of
operation. These operations are executed in the DSP stage, as shown in figure 3.2. The
DSP stage is the same stage as the MA stage in which memory accessis performed.
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Table3.1 Variation of ALU Fixed-Point Operations
Mnemonic Function Source 1 Source 2 Destination
PADD Addition SX Sy Dz (Du)
PSUB Subtraction SX Sy Dz (Du)
PADDC Addition with carry SX Sy Dz
PSUBC Subtraction with borrow  Sx Sy Dz
PCMP Comparison Sx Sy —
PCOPY Data copy Sx All O Dz
AllO Sy Dz
PABS Absolute Sx All 0 Dz
All O Sy Dz
PNEG Negation Sx All 0 Dz
All O Sy Dz
PCLR Clear All O All O Dz
Table3.2 Correspondence between Operands and Registers
Register SX Sy Dz Du
A0 Yes — Yes Yes
Al Yes — Yes Yes
MO — Yes Yes —
M1 — Yes Yes —
X0 Yes — Yes Yes
X1 Yes — Yes —
YO — Yes Yes Yes
Y1 — Yes Yes —

Asshown in figure 3.2, data loaded from the memory at the MA stage, which is programmed at
the same line asthe ALU operation, is not used as a source operand for this operation, even
though the destination operand of the data load operation isidentical to the source operand of the
ALU operation. In this case, previous operation results are used as the source operands for the
ALU operation, and then updated as the destination operand of the data load operation.
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Operation Sequence Example

MOVX.W @(R4, R8), X0

PADD X0, YO, A0 MOVX.W @R4+, X0

Sto08 Slot 1 2 4 5 6
IF MOVX MOVX & PADD
ID MOVX MOVX & PADD
EX Addressing Addressing
MA/DSP MOVX MOVX & PADD

Previous cycle result is used.\j

Figure3.2 Operation Sequence Example

Every time an ALU arithmetic operation is executed, the DC, N, Z, V, and GT bitsin DSR are
basically updated in accordance with the operation result. However, in case of a conditional
operation, they are not updated even though the specified condition is true and the operation is
executed. In case of an unconditional operation, they are always updated in accordance with the
operation result. The definition of aDC hit is selected by CS0O to CS2 (condition selection) bitsin

DSR. The DC bit result is as follows:

Carry or Borrow Mode: CS[2:0] = 000: The DC hit indicates that carry or borrow is generated
from the most significant bit of the operation result, except the guard-bit parts. Some examples are
shown in figure 3.3. This mode is the default condition. When the input datais negativein a PABS
or PNEG instruction, carry is generated to add 1 to the LSB.

Example 1
Guard bits
1
0000 0000 1111111111111111

+) 0000 0000 0000 0000 0000 0001
0000 0001 0000 0000 0000 0000

Carry detecting point

Carry is detected

Example 3
Guard bits
1
0000 0000 0000 0000 0000 0001

=) 0000 0000 0000 0000 0000 0001
0000 0000 0000 0000 0000 0000

Borrow detecting point

Borrow is not detected

Example 2
Guard bits
1
111111110111 0000 0000 0000

+) 0011 11110001 0000 0000 0000
(1)0011 11101000 0000 0000 0000

Carry detecting point

Carry is not detected

Example 4
Guard bits
1
0000 0000 0001 0000 0000 0001

—) 0000 0000 0001 0000 0000 0010
111111111111111111111111

Borrow detecting point

Borrow is detected

Figure3.3 DC Bit Generation Examplesin Carry or Borrow Mode

RENESAS
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Negative Value Mode: CS[2:0] = 001: The DC flag indicates the same state as the MSB of the
operation result. When the result is a negative number, the DC bit shows 1. When it is a positive
number, the DC bit shows 0. The ALU always executes 40-hit arithmetic operation, so the sign bit
to detect whether positive or negative is aways got from the MSB of the operation result
regardless of the destination operand. Some examples are shown in figure 3.4.

Example 1
Guard bits

1
1100 0000 0000 0000 0000 0000
+) 0000 0000 0000 0000 0000 0001

1100 0000 0000 0000 0000 0001
Sign bit

Negative value

Example 2
Guard bits
1
0011 0000 0000 0000 0000 0000

+) 0000 0000 1000 0000 0000 0001
0011 0000 1000 0000 0000 0001

Sign bit

Positive value

Figure 3.4 DC Bit Generation Examplesin Negative Value M ode

ZeroValueMode: CS[2:0] = 010: The DC flag indicates whether the operation result is 0 or not.
When the result is 0, the DC bit shows 1. When it is not 0, the DC bit shows 0.

Overflow Mode: CS2:0] = 011: The DC bit indicates whether or not overflow occursin the
result. When an operation yields a result beyond the range of the destination register, except the
guard-bit parts, the DC bit is set. Even though guard bits are provided, the DC bit always indicates
the result of when no guard bits are provided. So, the DC hit is always set if the guard-hit parts are
used for large number representation. Some DC hit generation examplesin overflow mode are

shown in figure 3.5.

Example 1
Guard bits

— @l
11111111121111121111111111
+) 111111111000 0000 0000 0000

111111110111111111111111

Overflow detecting field

Overflow case

Example 2
Guard bits

1
111111111111111111111111
+) 111111111000 0000 0000 0001

111111111000 0000 0000 0000

Overflow detecting field

Non overflow case

Figure3.5 DC Bit Generation Examplesin Overflow Maode
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Signed Greater Than Mode: CS[2:0] = 100: The DC bit indicates whether or not the source 1
data (signed) is greater than the source 2 data (signed) as the result of compare operation PCMP.
So, a PCMP operation should be executed in advance when a conditional operation is executed
under this condition mode. This modeis similar to the Negative Value Mode described before,
because the result of a compare operation is usually a positive value if the source 1 datais greater
than the source 2 data. However, the signed bit of the result shows a negative value if the compare
operation yields a result beyond the range of the destination operand, including the guard-bit parts
(called "Over-range"), even though the source 1 data is greater than the source 2 data. The DC bit
is updated concerning this type of specia casein this condition mode. The equation below shows
the definition of getting this condition:

DC = ~ {(Negative * Over-range) | Zero}

When the PCMP operation is executed under this condition mode, the result of the DC bit isthe
same asthe T bit's result of the CMP/GT operation of the SH core instruction.

Signed Greater Than or Equal Mode: CS[2:0] = 101: The DC hit indicates whether the source
1 data (signed) is greater than or equal to the source 2 data (signed) as the result of compare
operation PCMP. So, a PCMP operation should be executed in advance when a conditional
operation is executed under this condition mode. Thismode is similar to the Signed Greater Than
Mode described before but the equal caseis aso included in this mode. The equation below shows
the definition of getting this condition:

DC = ~ (Negative » Over-range)

When the PCMP operation is executed under this condition mode, the result of the DC bit isthe
same asthe T bit's result of a CMP/GE operation of the SH core instruction.

The N bit always indicates the same state as the DC hit set in negative value mode by the CS2:0]
bits. See the negative value mode part above. The Z bit always indicates the same state asthe DC
bit set in zero value mode by the CS[2:0] bits. See the zero value mode part above. The V bit
always indicates the same state as the DC bit set in overflow mode by the CS[2:0] bits. See the
overflow mode part above. The GT hit always indicates the same state as the DC bit set in signed
greater than mode by the CS[2:0] hits. See the signed greater than mode part above.

Note: TheDC bhit is always updated as the carry flag for "PADDC" and is aways updated as the
borrow flag for "PSUBC" regardless of the CS[2:0] state.

Overflow Protection: The Shitin SR is effective for any ALU fixed-point arithmetic operations
in the DSP unit. See section 3.1.8, Overflow Protection, for details.
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312 ALU Integer Operations

Figure 3.6 shows the ALU integer arithmetic operation flow. Table 3.3 shows the variation of this
type of operation. The correspondence between each operand and registersisthe same as ALU

fixed-point operations as shown in table 3.2.

39 31 0 39
|Guard| Source 1 | |Guard| Source 2
e et z[~n]vVv]DC|
DSR
I:I Ignored

|Guard | Destination

|:| Cleared

39 31

0

Figure3.6 ALU Integer Arithmetic Operation Flow

Table3.3 Variation of ALU Integer Operations

Mnemonic Function Source 1 Source 2 Destination
PINC Increment by 1 Sx +1 Dz

+1 Sy Dz
PDEC Decrement by 1 Sx -1 Dz

-1 Sy Dz

Note: The ALU integer operations are basically 24-bit operation, the upper 16 bits of the base
precision and 8 bits of the guard bits parts. So the signed bit is copied to the guard-bit parts
when a register not providing the guard-bit parts is specified as the source operand. When
a register not providing the guard-bit parts is specified as a destination operand, the upper
word excluding the guard bits of the operation result are input into the destination register.
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In ALU integer arithmetic operations, the lower word of the source operand isignored and the
lower word of the destination operand is automatically cleared. The guard-bit parts are effectivein
integer arithmetic operationsif they are supported. Others are basically the same operation as

ALU fixed-point arithmetic operations. As shown in table 3.3, however, this type of operation
provides two kinds of instructions only, so that the second operand is actually either +1 or —1.
When aword dataisloaded into one of the DSP unit's registers, it is input as an upper word data.
When aregister providing guard bits is specified as an operand, the guard bits are also activated.
These operations, as well as fixed-point operations, are executed in the DSP stage, as shown in
figure 3.2. The DSP stage is the same stage as the MA stage in which memory accessis
performed.

Every time an ALU arithmetic operation is executed, the DC, N, Z, V, and GT bitsin DSR are
basically updated in accordance with the operation result. This is the same as fixed-point
operations but the lower word of each source and destination operand is not used in order to
generate them. See section 3.1.1, ALU Fixed-Point Operations, for details.

In case of aconditional operation, they are not updated even though the specified condition is true
and the operation is executed. In case of an unconditional operation, they are always updated in
accordance with the operation result. See section 3.1.1, ALU Fixed-Point Operations, for details.

Overflow Protection: The Shitin SR is effective for any ALU integer arithmetic operationsin
DSP unit. See section 3.1.8, Overflow Protection, for details.

313 ALU Logical Operations

Figure 3.7 shows the ALU logica operation flow. Table 3.4 shows the variation of this type of
operation. The correspondence between each operand and registers is the same asthe ALU fixed-
point operations as shown in table 3.2.

Logical operations are also executed between registers. Each source and destination operand are
selected independently from one of the DSP registers. As shown in figure 3.7, this type of
operation uses only the upper word of each operand. The lower word and guard-bit parts are
ignored for the source operand and those of the destination operand are automatically cleared.
These operations are also executed in the DSP stage, as shown in figure 3.2. The DSP stage isthe
same stage as the MA stage in which memory access is performed.
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39 31 0 39 31 0
|Guard| Soruce 1 | |Guard| Source 2
ALU [cTTzT~NT Vv ]oc]
DSR
|:| Ignored
|Guard| Destination
I:I Cleared
39 31 0

Figure3.7 ALU Logical Operation Flow

Table3.4 Variation of ALU Logical Operations

Mnemonic Function Source 1 Source 2 Destination
PAND Logical AND SX Sy Dz
POR Logical OR Sx Sy Dz
PXOR Logical exclusive OR Sx Sy Dz

Every time an ALU logical operation is executed, the DC, N, Z, V, and GT hitsinthe DSR
register are basically updated in accordance with the operation result. In case of a conditional
operation, they are not updated even though the specified condition is true and the operation is
executed. In case of an unconditional operation, they are always updated in accordance with the
operation result. The definition of the DC bit is selected by the CS0 to CS2 (condition selection)
bitsin DSR. The DC bit resultis:

1. Carry or Borrow Mode: CS[2:0] = 000
The DC bit is aways cleared.
2. Negative Vaue Mode: CS[2:0] =001
Bit 31 of the operation result is loaded into the DC hit.
3. ZeroValue Mode: CS[2:0] =010
The DC hit is set when the operation result is zero; otherwiseit is cleared.
4. Overflow Mode: CS[2:0] =011
The DC bit is aways cleared.
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5. Signed Greater Than Mode: CS[2:0] = 100
The DC bit is aways cleared.

6. Signed Greater Than or Equal Mode: CS[2:0] = 101
The DC bit is aways cleared.

The N bit always indicates the same state as the DC hit set in negative value mode by the C§2:0]
bits. See the negative value mode part above. The Z bit always indicates the same state asthe DC
bit set in zero value mode by the CS[2:0] bits. See the zero value mode part above. The V bit
always indicates the same state as the DC bit set in overflow mode by the CS[2:0] bits. Seethe
overflow mode part above. The GT hit always indicates the same state as the DC hit set in signed
greater than mode by the CS[2:0] hits. See the signed greater than mode part above.

314 Fixed-Point Multiply Operation

Figure 3.8 shows the multiply operation flow. Table 3.5 shows the variation of this type of
operation and table 3.6 shows the correspondence between each operand and registers. The
multiply operation of the DSP unit is single-word signed single-precision multiplication. These
operations are executed in the DSP stage, as shown in figure 3.2. The DSP stage is the same stage
asthe MA stage in which memory accessis performed.

If adouble-precision multiply operation is needed, the SH-3's standard double-word multiply
instructions can be made of use.

39 31 0 39 31 0
T T
|Guard|S: Source 1 | | |Guard |S : Source 2
MAC
T T T
I:l Ignored |Guard |S: Destir]ation :0
39 31 10

Figure3.8 Fixed-Point Multiply Operation Flow
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Table3.5 Variation of Fixed-Point Multiply Operation

Mnemonic Function Source 1 Source 2 Destination
PMULS Signed multiplication Se Sf Dg

Table3.6 Correspondence between Operands and Registers

Register Se Sf Dg
A0 O t Yes

Al Yes Yes Yes
MO O t Yes
M1 u | Yes
X0 Yes Yes U
X1 Yes — g
YO Yes Yes O
Y1 O Yes g

Note: The multiply operations basically generate 32-bit operation results. So when a register
providing the guard-bit parts are specified as a destination operand, the guard-bit parts will
copy bit 31 of the operation result.

The multiply operation of the DSP unit sideis not integer but fixed-point arithmetic. So, the upper
words of each multiplier and multiplicand are input into aMAC unit as shown in figure 3.8. In the
SH's standard multiply operations, the lower words of both source operands are input intoaMAC
unit. The operation result is also different from the SH's case. The SH's multiply operation result is
aligned to the L SB of the destination, but the fixed-point multiply operation result is aligned to the
MSB, so that the L SB of the fixed-point multiply operation result is always 0.

This fixed-point multiply operation is executed in one cycle Multiply operation is aways
unconditional, but does not affect any condition code bits, DC, N, Z, V and GT, in DSR.

Overflow Protection: The Shitin SR is effective for this multiply operation in the DSP unit. See
section 3.1.8, Overflow Protection, for details.

If the Shitis 0, overflow occurs only when H 8000*H 8000 ((-1.0)*(- 1. 0)) operationis
executed as signed fixed-point multiply. TheresultisH 00 8000 0000 but it does not mean
(+1. 0). If the Shitis 1, overflow is prevented and theresultisH 00 7FFF FFFF.
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3.15 Shift Operations

Shift operations can use either register or immediate value as the shift amount operand. Other
source and destination operands are specified by the register. There are two kinds of shift
operations. Table 3.7 shows the variation of this type of operation. The correspondence between
each operand and registers, except for immediate operands, is the same as the ALU fixed-point

operations as shown in table 3.2.

Table3.7 Variation of Shift Operations

Mnemonic Function Source 1 Source 2 Destination
PSHA Sx, Sy, Dz  Arithmetic shift SX Sy Dz
PSHL Sx, Sy, Dz  Logical shift SX Sy Dz
PSHA #lmm1, Dz Arithmetic shift with Dz Imm1l Dz
immediate.
PSHL #lmm2, Dz  Logical shift with Dz Imm2 Dz
immediate.
Note: —-32 <=Imml <= +32, =16 <= Imm2 <= +16
Arithmetic Shift: Figure 3.9 shows the arithmetic shift operation flow.
Left Shift Right Shift
79  0Og 31 16 15 0 79  0Og 31 16 15 0
= = I s I |\
(MSB copy)
Shift out \ / Shift out
=0 0
> \ /<
+32t0 —32
79 0g 31 2322 1615 0 Updated
Shift amount data: | | | Sy | | DSR
(Source 2)
6 0
|:| Ignored

Figure3.9 Arithmetic Shift Operation Flow

Note: The arithmetic shift operations are basically 40-bit operation, that is, the 32 bits of the
base precision and 8 bits of the guard-bit parts. So the signed bit is copied to the guard-bit
parts when aregister not providing the guard-bit partsis specified as the source operand.
When aregister not providing the guard-bit partsis specified as a destination operand, the
lower 32 hits of the operation result are input into the destination register.
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In this arithmetic shift operation, all bits of the source 1 and destination operands are activated.
The shift amount is specified by the source 2 operand as an integer data. The source 2 operand can
be specified by either aregister or immediate operand. The available shift rangeis from

—32 to +32. Here, a negative value means the right shift, and a positive value means the left shift.
It ispossible for any source 2 operand to specify from —64 to +63 but the result is unknown if an
invalid shift valueis specified. In case of a shift with an immediate operand instruction, the source
1 operand must be the same register as the destination's. This operation is executed in the DSP
stage, as shown in figure 3.2 aswell asin fixed-point operations. The DSP stage is the same stage
asthe MA stage in which memory access is performed.

Every time an arithmetic shift operation is executed, the DC, N, Z, V, and GT bitsin DSR are
basically updated in accordance with the operation result. In case of a conditional operation, they
are not updated even though the specified condition is true and the operation is executed. In case
of an unconditional operation, they are always updated in accordance with the operation result.
The definition of the DC bit is selected by the C§[2:0] (condition selection) bitsin DSR. The DC
bit result is:

1. Carry or Borrow Mode: CS[2:0] = 000
The DC bit indicates the last shifted out data as the operation resullt.
2. Negative Vaue Mode: CS[2:0] =001

The DC hit is set when the operation result is anegative value, and cleared when the operation
result is zero or a positive value.

3. ZeroValue Mode: CS[2:0] =010
The DC hit is set when the operation result is zero; otherwiseit is cleared.
4. Overflow Mode: CS[2:0] =011
The DC hit is always cleared.
5. Signed Greater Than Mode: CS[2:0] = 100
The DC bit is aways cleared.
6. Signed Greater Than or Equal Mode: CS[2:0] = 101
The DC bit is aways cleared.

The N bit always indicates the same state as the DC bit set in negative value mode by the CS[2:0]
bits. See the negative value mode part above. The Z bit always indicates the same state asthe DC
bit set in zero value mode by the CS[2:0] bits. See the zero value mode part above. The V bit
always indicates the same state as the DC bit set in overflow mode by the CS[2:0] bits. See the
overflow mode part above. The GT hit always indicates the same state as the DC hit set in signed
greater than mode by the CS[2:0] hits. See the signed greater than mode part above.
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Overflow Protection: The Shit in SR isalso effective for arithmetic shift operation in the DSP
unit. See section 3.1.8, Overflow Protection, for details.

Logical Shift: Figure 3.10 shows the logical shift operation flow.

Left Shift Right Shift
79 0g 31 16 15 0 79 0g 31 16 15 0
I } N | I |/ |
Shift out 0 0 Shift out
= <0
N pd
+16 to —16
79 0g 31 2221 1615 0 Updated
Shift amount data: | | | Sy I | DSR
(Source 2) 5 o
[ 1gnored
:I Cleared

Figure3.10 Logical Shift Operation Flow

Asshown in figure 3.10, the logical shift operation uses the upper word of the source 1 operand
and the destination operand. The lower word and guard-bit parts are ignored for the source
operand and those of the destination operand are automatically cleared asin the ALU logical
operations. The shift amount is specified by the source 2 operand as an integer data. The source 2
operand can be specified by either the register or immediate operand. The available shift rangeis
from —16 to +16. Here, a negative value means the right shift, and a positive value means the left
shift. It is possible for any source 2 operand to specify from —32 to +31, but the result is unknown
if an invalid shift value is specified. In case of a shift with an immediate operand instruction, the
source 1 operand must be the same register as the destination's. These operations are executed in
the DSP stage, as shown in figure 3.2. The DSP stage is the same stage as the MA stage in which
memory access is performed.

Every time alogical shift operation is executed, the DC, N, Z, V and GT bitsin DSR are basically
updated in accordance with the operation result. In case of a conditional operation, they are not
updated even though the specified condition is true and the operation is executed. In case of an
unconditional operation, they are always updated in accordance with the operation result. The
definition of the DC bit is selected by the CS0 to CS2 (condition selection) bitsin DSR. The DC
bit result is:
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1. Carry or Borrow Mode: CS[2:0] = 000

The DC bit indicates the last shifted out data as the operation result.
2. Negative Vaue Mode: CS[2:0] =001

Bit 31 of the operation result is loaded into the DC hit.
3. ZeroValue Mode: CS[2:0] =010

The DC hit is set when the operation result is zero; otherwise it is cleared.
4. Overflow Mode: CS[2:0] =011

The DC bit is aways cleared.
5. Signed Greater Than Mode: CS[2:0] = 100

The DC bit is aways cleared.
6. Signed Greater Than or Equal Mode: CS[2:0] = 101

The DC bit is aways cleared.

The N bit always indicates the same state as the DC bit set in negative value mode by the CS[2:0]
bits. See the negative value mode part above. The Z bit always indicates the same state asthe DC
bit set in zero value mode by the CS[2:0] bits. See the zero value mode part above. The V bit
always indicates the same state as the DC bit set in overflow mode by the CS[2:0] bits, but it is
always cleared in this operation. So isthe GT bit.

316 Most Significant Bit Detection Operation

The PDMSB, most significant bit detection operation, is used to calculate the shift amount for
normalization. Figure 3.11 shows the PDMSB operation flow and table 3.8 shows the operation
definition. Table 3.9 shows the possible variations of this type of operation. The correspondence
between each operand and registersis the same as for ALU fixed-point operations, as shown in
table 3.2.

Note: Theresult of the MSB detection operation is basically 24 bitsaswell as ALU integer
operation, the upper 16 bits of the base precision and 8 bits of the guard-bit parts. When a
register not providing the guard-bit partsis specified as a destination operand, the upper
word of the operation result is input into the destination register.

Asshown in figure 3.11, the PDM SB operation uses all bits as a source operand, but the
destination operand is treated as an integer operation result because shift amount data for
normalization should be integer data as described in section 3.1.5 Shift Operations, Arithmetic
Shift. These operations are executed in the DSP stage, as shown in figure 3.2. The DSP stageis
the same stage as the MA stage in which memory access is performed.
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Every time a PDMSB operation is executed, the DC, N, Z, V, and GT bitsin DSR are basically
updated in accordance with the operation result. In case of a conditional operation, they are not
updated, even though the specified condition is true, and the operation is executed. In case of an
unconditional operation, they are always updated with the operation result.

39 31 0
T
Guard Source 1 or 2
Priority encoder 4" GTI 4 I N I \ |DC|
DSR
|Guard| Destination | | |:| Cleared
39 31 0

Figure3.11 PDM SB Operation Flow

The definition of the DC hit is selected by the CS0 to CS2 (condition selection) bitsin DSR. The
DC bit result is:

1.

Carry or Borrow Mode: CS[2:0] = 000

The DC bit is aways cleared.

Negative Vaue Mode: CS[2:0] = 001

The DC bit is set when the operation result is a negative value, and cleared when the operation
result is zero or apositive value.

Zero Value Mode: CS[2:0] =010

The DC hit is set when the operation result is zero; otherwiseit is cleared.

Overflow Mode: CS[2:0] = 011

The DC bit is aways cleared.

Signed Greater Than Mode: CS[2:0] = 100

The DC hit is set when the operation result is a positive value; otherwiseiit is cleared.

Signed Greater Than or Equal Mode: CS[2:0] = 101

The DC hit is set when the operation result is zero or a positive value; otherwise it is cleared.
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Table3.8 Operation Definition of PDM SB

Source Data Result for DST
Guard
Guard Bit Upper Word Lower Word Bit Upper Word
79 6g ... 1g 0g 31302928 ... 3 2 1 0 7gtoog31ito22 21 20 19 18 17 16 Decimal
00.. 0 00O0OO0OTP O 0 00O O AIO AIO 012 1 1 1 1 +31
0 0 0O 0 0 0 0 O 0 0 01 AIO AIO O 2 1 12 1 0 +30
0 0 0 0 00 OO 0 01 * AIO AIO 0 12 1 1 0 1 +29
0 0 0 0 00 OO 01 * * AIO AlO 0 1 1 1 0 O +28
0 0 0 0 0 0 0 1 * x % * A0 AIO O O O 0 1 O +2
0 0 0O 0 0 O * * % x * A0 AIO O O O O 0 1 +1
0 0 0o 00 1 * * ., * * % x AIO AIO O 0 0 0 0 O 0
0 0 o 01 * * * . *x * x *x A1 AI1L 1 1 1 1 1 1 -1
0 O o 1 * * x x . x x x x A1 All1 1 1 1 1 1 O -2
0O 1 .. * * x * x x . x x x x A1 All1 1 1 1 0 0 O -8
1 0 ... * * * * % % O * % % A1l AI1T 1 1 1 O 0 O -8
11 1 0 * * * * . * * % * A1 AI1T 1 1 1 1 1 O -2
11 1 1 0 * * * . * * *x * A1 Al1l 1 1 1 1 1 1 -1
11 1110 * * ... * * * * AJ0O AIO 0O O 0 0 0 O 0
11 11110 * ... * * * * A0 AIO O O 0 0 0 1 +1
11 1 1 11 10 * * x x A0 AIO O O O 0 1 O +2
11 1 1 11 11 1 0 * * AIO AIO 0 1 1 1 0 O +28
11 1 111 1 1 11 0 * AIO AIO O 1 1 1 0 1 +29
11 1 1 1 1 1 1 11 1 0 AlIO AIO 0 1 1 1 1 O +30
11 1 111 11 1 11 AlO AIO 0O 1 1 1 1 1 +31
Note: * means Don't care.
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Table3.9 Variation of PDMSB Operation

Mnemonic Function Source Source 2 Destination
PDMSB MSB detection Sx O Dz
O Sy Dz

The N bit always indicates the same state as the DC hit set in negative value mode by the CS2:0]
bits. See the negative value mode part above. The Z bit always indicates the same state asthe DC
bit set in zero value mode by the CS[2:0] bits. See the zero value mode part above. The V hit
always indicates the same state as the DC bit set in overflow mode by the CS[2:0] bits. See the
overflow mode part above. The GT hit always indicates the same state as the DC bit set in signed
greater than mode by the CS[2:0] bits. See the signed greater than mode part above.

317 Rounding Operation

The DSP unit provides the rounding function that rounds from 32 bits to 16 bits. In case of
providing guard-bit parts, it rounds from 40 bits to 24 bits. When a round instruction is executed,
H'00008000 is added to the source operand data and then, the lower word is cleared. Figure 3.12
shows the rounding operation flow and figure 3.13 shows the operation definition. Table 3.10
shows the variation of this type of operation. The correspondence between each operand and
registersisthe same as ALU fixed-point operations as shown in table 3.2.

As shown in figure 3.12, the rounding operation uses full-size data for both source and destination
operands. These operations are executed in the DSP stage as shown in figure 3.2. The DSP stage is
the same stage as the MA stage in which memory access is performed.

The rounding operation is always executed unconditionally, so that the DC, N, Z, V, and GT hits
in DSR are aways updated in accordance with the operation result. The definition of the DC bit is
selected by the CS[2:0] (condition selection) bitsin DSR. The result of these condition code bitsis
the same as the ALU-fixed point arithmetic operations.

Rev. 2.00 Mar. 15, 2007 Page 115 of 986
RENESAS REJO9B0346-0200



Section 3 DSP Operation

39 31 0
T
Guard Source 1 or 2 | H'00008000
Addition
ALU let] z|n ]V [DC|
DSR

Destination

|Guard | | |:| Cleared

39 31 0

Figure3.12 Rounding Operation Flow

Rounded result
A

H00 0002 ---1=---=

H'00 0001 ------
Analog value

True value

H'00 0001 8000 -t ---
H'00 0002 0000 -f-------
H'00 0002 8000

Figure3.13 Definition of Rounding Operation

Table3.10 Variation of Rounding Operation

Mnemonic Function Source 1 Source 2 Destination
PRND Rounding Sx ad Dz
O Sy Dz

Overflow Protection: The Shit in SR is effective for any rounding operations in the DSP unit.
See section 3.1.8, Overflow Protection, for details.
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3.18 Overflow Protection

The Shit in SR is effective for any arithmetic operations executed in the DSP unit, including the
SH's standard multiply and MAC operations. The Shit in SR, in SH's CPU core, is used as the
overflow protection enable bit. The arithmetic operation overflows when the operation result
exceeds the range of two's complement representation without guard-bit parts. Table 3.11 shows
the definition of overflow protection for fixed-point arithmetic operations, including fixed-point
signed by signed multiplication described in section 3.1.4, Fixed-Point Multiply Operation. Table
3.12 shows the definition of overflow protection for integer arithmetic operations. When an SH's
standard multiply or MAC operation is executed, the S bit function is completely the same as the
current SH CPU's definition.

When the overflow protection is effective, overflow never occurs. So, the V bit is cleared, and the
DC bit isaso cleared when the overflow mode is selected by the CS[2:0] bits.

Table3.11 Definition of Overflow Protection for Fixed-Point Arithmetic Operations

Sign Overflow Condition Fixed Value Hex Representation
Positive Result>1 -2 1-2% 00 7FFF FFFF
Negative Result < -1 -1 FF 8000 0000

Table3.12 Definition of Overflow Protection for Integer Arithmetic Operations

Sign Overflow Condition Fixed Value Hex Representation
Positive Result >2% -1 2% -1 00 7FFF ****
Negative Result < -2*° 2% FF 8000 ****

Note: * means Don't care.
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319 Data Transfer Operation

This LS| can execute a maximum of two data transfer operations between the DSP register and the
on-chip datamemory in parallel for the DSP unit. Three types of data transfer instructions are
provided for the DSP unit.

1. Parallel operation type (using XDB and Y DB buses)
2. Double datatransfer type (using XDB or Y DB buses)
3. Single datatransfer type (using LDB bus)

The type 1 instructions execute both DSP data processing and data transfer operationsin parallel.
The 32-hit instruction code is used for this type of instruction. Basically, two data transfer
operations can be specified by this type of instruction, but they don't always have to be specified.

One datatransfer isfor X memory and another isfor Y memory. Both of these data transfer
operations cannot be executed for one memory. A load instruction for X memory can specify
either the X0 or X1 register as a destination operand and for a load instruction for Y memory can
specify either the YO or Y 1 register as a destination operand. Both store operations for X and Y
memories can specify either the AO or A1l register as a source operand. Thistype of operation
treats only word data (16 bits). When aword data transfer operation is executed, the upper word of
the register operand is used. In case of word data load, the datais |oaded into the upper word of
the destination register, and then the lower side of the destination is automatically cleared.

When a conditional operation is specified as a data processing operation, the specified condition
does not affect any data transfer operations. Figure 3.14 shows this type of data transfer operation
flow.

Thistype of datatransfer operation can access X or Y memory only. Any other memory space
cannot be accessed.

Rev. 2.00 Mar. 15, 2007 Page 118 of 986
REJ09B0346-0200 RENESAS



Section 3 DSP Operation

X pointer (R4, R5) /> Y pointer (R6, R7) />

0, +2, +R8 0, +2, +R9
XAB [15:1] YAB [15:1]
X memory Y memory
(RAM, ROM) (RAM, ROM)
XDB [15:0] YDB [15:0]
X0 YO
X1 Y1
A0 MO
Al M1
[ aoc | aic | psr

I:l Not affected for store and cleared for load I:l Cannot be specitied

Figure3.14 Data Transfer Operation Flow

Type 2 instructions execute just two data transfer operations. The 16-bit instruction code is used

for thistype of instructions. Basically, operation and operand flexibility are the same asin type 1
but conditional operation is not supported. This type of data transfer operation can access X or Y
memory only. Any other memory space cannot be accessed.

Type 3 instructions execute single data transfer operations only. The 16-bit instruction codeis
used for this type of instructions. X pointers and other two extra pointers are available for thistype
of operation, but Y pointers are not available. Thistype of operation can access any memory
address space, and al registersin the DSP unit, except for DSR, can be specified for both source
and destination operands. The guard-bit registers, AOG and A1G, can also be specified as
independent registers.

This type of operation can treat both single-word data and longword data. When aword-data
transfer operation is executed, the upper word of the register operand is activated. In case of word
dataload, the dataisloaded into the upper word of the destination register, the lower side of the
destination register is automatically cleared, and the signed bit is copied into the guard-bit parts, if
supported. In case of longword data load, the data is |oaded into the upper word and lower word of
the destination register and the signed bit is sign-extended and copied into the guard-bit parts, if
supported. In case of the guard register store, the signed bit is sign-extended and copied on the
upper 24 bits of LDB. Figures 3.15 and 3.16 show this type of data transfer operation flows.
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Note: Datatransfer by an LDS or STSinstruction is possible since DSR is defined as a system

register.
Pointer (R2, R3, R4, R5) />

-2,0,+2, +R8

LAB [31:0]

Any memory areas

'LDB[lS:O]

X0 Y0

X1 Y1

A0 MO

AL M1
[ noc | a1 | Dsr

Not affected for store and cleared for load I:l Cannot be specified
See description of AOG and A1G.

Figure3.15 Single Data-Transfer Operation Flow (Word)
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Pointer (R2, R3, R4, R5)

24,0, +4,+R8
LAB [31:0]
Any memory areas
LDB [31:0]
X0 Y0
X1 V1
A0 Mo
Al M1
[ Aoc | A | psr

I:I Cannot be specified

Figure3.16 Single Data-Transfer Operation Flow (L ongword)

All datatransfer operations are executed in the MA stage of the pipeline.

All data transfer operations do not update any condition code bitsin DSR.
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3.1.10 Local Data Movelnstruction

The DSP unit of this LS| provides additional two independent registers, MACL and MACH, in
order to support SH's standard multiply/MAC operations. They can be also used as temporary
storage registers by local data move instructions between MACH/L and other DSP registers Figure
3.17 shows the flow of seven local data move instructions. Table 3.13 shows the variation of this
type of instruction.

MACH
MACL
PSTS PLDS
X0 Y0
X1 Y1
A0 MO
Al 1
A0G || A1G | DsRr

I:I Cannot be used

Figure3.17 Local Data Movelnstruction Flow

Table3.13 Variation of Local Data M ove Oper ations

Mnemonic Function Operand
PLDS Data move from DSP register to MACL/MACH Dz
PSTS Data move from MACL/MACH to DSP register Dz

Thisinstruction is very similar to other transfer instructions. If either the AO or Al register is
specified as the destination operand of PSTS, the signed bit is sign-extended and copied into the
corresponding guard-bit parts, AOG or A1G. The DC bit in DSR and other condition code bits are
not updated regardless of the instruction result. This instruction can operate with MOV X and
MOVY in parallel.
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3111 Operand Conflict

When an identical destination operand is specified with multiple parallel instructions, data conflict
occurs. Table 3.14 shows the correspondence between each operand and registers.

Table3.14 Correspondence between Operands and Registers

X-Memory Y-Memory 6-Instruction  3-Instruction  3-Instruction
Load Load ALU Multiply ALU
Ax Ix Dx Ay Iy Dy Sx Sy Du Se Sf Dg Sx Sy Dz
DSP AO *! *? . *!
Registers Al ol 22+l x1 | %2 1 ol
MO *1 %1 *1 %l
M1 *1 %1 *1 %l
XO *2 *1 *2 *x1 *1 *1 *2
X1 *2 *1 *1 *1 *2
YO *2 *1 k2 %1 xl *1 | %2
Y1 *2 *1 *1 *1 *2

Notes: 1. Registers available for operands
2. Registers available for operands (when there is operand conflict)

There are three cases of operand conflict problems.

1. When ALU and multiply instructions specify the same destination operand (Du and Dg)

2. When X-memory load and ALU instructions specify the same destination operand (Dx, Du,
and D2)

3. When Y-memory load and ALU instructions specify the same destination operand (Dy, Du,
and Dz)

In these cases above, the result is not guaranteed.
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3.2 DSP Addressing

321 DSP Repeat Control

This LSI prepares aspecia control mechanism for efficient repeat loop control. An instruction
SETRC sets the repeat times into the repeat counter RC (12 bits), and an execution mode in which
aprogram loop executes repetitively until RC isequal to 1. After completion of the repeat
instructions, the RC value becomes 0.

Repeat start address register RS keeps the start address of arepeat 1oop. Repeat end register RE
keeps the repeat end address. (There are some exceptions. See note, Actual Implementation
Options.) Repeat counter RC keeps the number of repeat times. In order to perform loop control,
the following steps are required.

Step 1) Set loop start addressinto RS
Step 2) Set loop end address into RE
Step 3) Set repeat counter into RC
Step 4) Start repeat control

To do steps 1 and 2, use the following instructions:

LDRS @di sp, PC)
LDRE @di sp, PC)

For steps 3 and 4, use the SETRC instruction. An operand of SETRC is an immediate value or one
of the general-purpose registers that will specify the repeat times.

SETRC #i mm #i mm >RC, enabl e repeat control
SETRC Rm Rm >RC, enabl e repeat control
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#imm is 8 bitswhile RC is 12 hits. Therefore, to set more than 256 into RC, use Rm. A sample
program is shown below.

LDRS Rpt Start;

LDRE Rpt End3+4;

SETRC #i nm RC = #imm
instroO;

; instrl-5 executes repeatedly

Rpt Start : instrl;
Rpt End3: instr2;
instr3;
instr4;
Rpt End: instrb;
i nstr6;

In thisimplementation, there are some restrictions to use this repest control function as follows:

1. There must be at least one instruction between SETRC and the first instruction in a repeat
loop.

2. LDRS and LDRE must be executed before SETRC.

3. Inacasethat the repeat loop has four or more instructionsin it, stall cycles are necessary
according to the pipeline state at execution.

4. If arepeat loop hasless than four instructions in it, it cannot have any branch instructions
(BRA, BSR, BT, BF, BT/S, BF/S, BSRF, RTS, BRAF, RTE, JSR and JMP), repesat control
instructions (SETRC, LDRS and LDRE), load instructions for SR, RS, RE, and a TRAPA
instruction in it. If these instructions are executed, agenera invalid instruction exception
handling starts, and a certain address value shown in table 3.15 is stored into SPC.

Table3.15 AddressValuetobe Stored into SPC (1)

Condition Location Address to be Pushed
RC=>2 Any RptStart
RC=1 Any Address of the illegal instruction
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5.

If arepeat loop has four or more instructionsin it, any branch instructions (BRA, BSR, BT,
BF, BT/S, BF/S, BSRF, RTS, BRAF, RTE, JSR and JMP), repeat control instructions
(SETRC, LDRS and LDRE), load instructions for SR, RS, RE, and the TRAPA instruction
must not be written within the last three instructions from the bottom of arepeat loop. If
written, ageneral invalid instruction exception handling starts, and a certain address value
shown in table 3.16 is stored into SPC. In cases of repeat control instructions (SETRC, LDRS
and LDRE) and load instructions for SR, RS, and RE, and the TRAPA instruction they cannot
be placed in any other location of the repeat loop, either. If they are, the operation is not
guaranteed.

Table3.16 AddressValuetobe Stored into SPC (2)

Condition Location Address to be Pushed
RC=>2 instr3 Address of the illegal instruction
instr4 RptStart — 4
instr5 RptStart — 2
RC=1 Any Address of the illegal instruction
6. If arepeat loop has less than four instructionsin it, any PC relative instructions (MOVA

@(disp, PC),RO0, etc.) don't work properly except for the instruction at the repeat top (instrl).
If arepeat loop has four or more instructionsin it, any PC relative instructions (MOV A
@(disp, PC),R0, etc.) don't work properly at two instructions from the bottom of the repeat
loop.

The CPU has no repeat enable flag, however it uses the condition RC = 0 to disable repeat
control. Whenever the RC is hot 0 and PC matches RE, the repeat control isalive. When O is
set in the RC, the repeat control is disabled but the repeat loop is executed once and does not
return to the repeat start as well asin the RC = 1 case. When RC = 1, therepeat loop is
executed once and does not return to the repeat start but the RC becomes 0 after completing
the execution of the repeat oop.

If arepeat loop has four or moreinstructionsin it, any branch instructions, including
subroutine call and return instructions, cannot specify the instruction from inst3 to inst5 in the
previous example as the branch target address. If executed, the repeat control doesn't work, so
the program goes to the following instruction and the RC is not updated. When a repeat |oop
has less than four instructionsin it, the repeat control doesn't work properly and the RC value
in SR is not updated if the branch target is RptStart or a subsequent address.

10. Exception acceptance is restricted during repeat loop processing. See figure 3.18 for details on

restrictions.
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In figure 3.18, exceptions generated by instructions marked as B and C are handled as follows:

e Interrupt and DMA address errors
An exception is accepted at neither instruction B or C, and the request is not even saved. A
regquest is detected for the first time and accepted when the next instruction A is executed.
Interrupts and DMA address errors are not accepted during a repeat loop with four or less
instructions, as shown in 1to 4 in figure 3.18.

» User break before execution
An exception is accepted at instruction B, and the address of instruction B is stored into SPC.
An exception is not accepted at instruction C, but the request is saved, and is accepted just
before the next instruction A or B isto be executed. The address of this next instruction A or B
is stored into SPC.

» User break after execution
An exception is accepted at neither instruction B nor C, but the request is saved, and is
accepted just before the next instruction A or B is to be executed. The address of this next
instruction A or B is stored into SPC.

» CPU address error
When a CPU address error occurs by execution of instruction B or C, the exception is
accepted, but the value stored into SPC is not the address of the instruction at where the
exception occurred. Therefore, return from the exception handler routine cannot be performed
correctly. In thiscase, H'070 is set in EXPEV T as the exception code (also see section 9,
Exception Handling). To finish the repeat loop correctly, a CPU error must not be generated at
instruction B or C.

Exception Type Instruction B Instruction C
Interrupt Not accepted Not accepted
DMA address error Not accepted Not accepted
UDI break Not accepted Not accepted
User break before execution ~ Not accepted Not accepted
User break after execution Not accepted Not accepted
CPU address error Accepted as exception code H'070 Accepted as exception code H'070
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A: Acceptable for any interrupts
B and C: Acceptable for some interrupts
RC>1:
1. 1 repeated step 2.2 repeated steps 3. 3 repeated steps
instr—1 ;A instr—1 ;A instr—1 ;A
instrO ;B instrO B instr0 ;B
Start(End):  instrl ;C Start: instrl ;C Start: instrl ;C
instr2 A End: instr2 ;C instr2 . C
instr3 A End: instr3 ;C
instr4 T A
4. 4 repeated steps 5.5 or more repeated steps
instr—1 ;A instr—1 A
instrO TA instrO TA
Start: instrl ;B Start: instrl TA
instr2 ;C :
instr3 ;. C :
End: instr4 ;C instrn—3 B
instr4 TA instrn—2 aC
instrn—1 @
End: instr n ;C
instrn+1 A
RC=0:
Acceptable for any interrupts

Figure3.18 Restriction of Interrupt Acceptancein Repeat L oop
Note 1: Actual Implementation

Repeat start and repeat end registers, RS and RE, specify the repeat start instruction and repeat end
instruction. The actual addresses that are kept in these registers depend on the number of
instructions in the repeat loop. Therule is asfollows:

Repeat_Start:  An address of the instruction at the repeat top
Repeat_Start0:  An address of the instruction before one instruction at the repeat top
Repeat_End3:  An address of the instruction before three instructions at the repeat bottom

Table3.17 RSand RE Setting Rule

Number of Instructions in Repeat Loop
1 2 3 =4

RS Repeat_startO + 8 Repeat_startO + 6 Repeat_startO + 4 Repeat_start

RE Repeat_startO + 4 Repeat_startO + 4 Repeat_startO + 4 Repeat_End3 + 4
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Based on thistable, the actual repeat programming for various cases should be described asin the
following examples:

CASE 1: 1 Repeated Instruction

LDRS Rpt St art 0+8;
LDRE Rpt St art 0+4;
SETRC Rpt Count ;

Rpt Start0: instroO;

RptStart: instril; Repeated instruction
instr2;

CASE 2: 2 Repeated Instructions

LDRS Rpt St art 0+6;
LDRE Rpt St art 0+4;
SETRC Rpt Count ;

Rpt Start0: instroO;

RptStart: instrl,; Repeated instruction 1
Rpt End: instr2; Repeated instruction 2
instr3;

CASE 3: 3 Repeated Instructions

LDRS Rpt St art 0+4;
LDRE Rpt St art 0+4;
SETRC Rpt Count ;

Rpt Start0: instroO;

RptStart: instril; Repeated instruction 1
instr2; Repeated instruction 2

Rpt End: instr3; Repeated instruction 3
instr4;
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CASE 4: 4 or More Repeated Instructions

LDRS Rpt Start;
LDRE Rpt End3+4;
SETRC Rpt Count ;

Rpt Start0: instroO;

RptStart: instril; Repeated instruction 1
instr2; Repeated instruction 2
instr3; Repeated instruction 3
Rpt End3: instrN-3; Repeated instruction N3
instrN-2; Repeated instruction N2
instrN-1; Repeated instruction N1
Rpt End: instrN; Repeated instruction N
i nstrN+1;

The examples above can be used as a template to program this repeat loop sequences. However,
for easy programming, an extended instruction REPEAT is provided to handle these complex
labeling and offset issues. Details will be described in the following note 2.

Note 2: Extended Instruction REPEAT

This REPEAT extended instruction will handle all the delicate labeling and offset processing
described in table 3.17 and note 1. The labels used here are:

Rptart:  An address of the instruction at the top of the repeat loop
RptEnd:  An address of the instruction at the bottom of the repeat loop
RptCount: Repeat count immediate number

This instruction can be used in the following way:

Here the repeat count can be specified as an immediate value #lmm or aregister indirect value Rn.
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CASE 1: 1 Repeated Instruction

REPEAT Rpt Start, RptStart, RptCount;

instrO;

RptStart: instril; Repeated instruction
instr2;

CASE 2: 2 Repeated Instructions

REPEAT Rpt Start, RptEnd, RptCount;

instroO;
RptStart: instrl, Repeated instruction 1
Rpt End: instr2; Repeated instruction 2

CASE 3: 3 Repeated Instructions

REPEAT Rpt Start, RptEnd, RptCount;

instro;
RptStart: instril; Repeated instruction 1
instr2; Repeated instruction 2
Rpt End: instr3; Repeated instruction 3
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CASE 4: 4 or More Repeated Instructions

REPEAT Rpt Start, RptEnd, RptCount;

instroO;
Rpt Start instril; Repeated instruction 1
instr2; Repeated instruction 2
instr3; Repeated instruction 3
instrN-3; Repeated instruction N3
instrN-2; Repeated instruction N2
instrN-1; Repeated instruction N1
Rpt End instrN; Repeated instruction N
i nstrN+1;

The expanded results of each case corresponds to the same case numbersin note 1.

322 DSP Data Addressing

This LSl has two types of memory access instructions: onetypeis X and Y datatransfer
instructions (MOVX.W and MOVY .W), and the other is single data transfer instructions
(MOVSW and MOVS.L). Data addressing of these two types of instruction are different. Table
3.18 shows a summary of DSP data transfer instructions.
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Table3.18 Summary of DSP Data Transfer Instructions

X and Y Data Transfer Single Data Transfer Operation
Operation (MOVX.W and (MOVS.W and MOVS.L)
MOVY.W)
Address registers  Ax: R4 and R5, Ay: R6 and R7 As: R2, R3, R4 and R5
Index register(s) Ix: R8, ly: R9 Is: R8
Addressing Not update/Increment (+2)/ Not update/Increment (+2)/
operations Add-index-register Add-index-register
Post-update Post-update
Decrement (—2, —4): Pre-update
Modulo addressing Yes No
Data bus XDB and YDB LDB
Data length 16 bits (word) 16 bits/32 bits (word/longword)
Bus conflict No Possible (same as the SH)
Memory X and Y data memories All memory spaces
Source registers Dx, Dy: A0 and A1 DS: AO/A1, MO/M1, X0/X1, YO/Y1, AOG,
AlG
Destination registers Dx: X0/X1, Dy: YO/Y1 Ds: AO/AL1, MO/M1, X0/X1, YO/Y1, AOG,
AlG

Addressing for MOV X.W and MOV.W: ThisLSI can access X and Y data memories
simultaneously (MOVX.W and MOV'Y .W). The DSP instructions have two address pointers that
simultaneously access X and'Y data memories. The DSP instruction has only pointer-addressing
(it does not have immediate-addressing). Address registers are divided into two sets, R4 and R5
(Ax: Addressregister for X memory) and R6 and R7 (Ay: Addressregister for Y memory). There
are three data addressing typesfor X and Y data transfer instructions.

1. Not-update address register
2. Add-index register
3. Increment address register

Each address pointer set has an index register, R8[Ix] for set Ax, and R9[ly] for set Ay. Address
instructions for set Ax use ALU in the CPU, and address instructions for set Ay use a different
address unit (figure 3.19).
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R8 [IX] R4 [AX] RO [ly] R6 [Ay]
+2 (INC) R5[A4 +2 (INC) R7 [Ay]
+0 (Not update) +0 (Not update)

Additional
adder for DSP
ALU addressing

Three address operation types:
1. Not update

2. Add-index-register (Ix/ly)

3. Increment

All operations are post-update type.

To decrement an address pointer, set —2 in an index register.

Figure3.19 DSP Addressing Instructionsfor MOVX.W and MOVY.W

Addressingin X and Y datatransfer operation is always word mode; that is accessto X and Y data
memories are 16-bit data width. Therefore, the increment operation adds 2 to an address register.
To realize decrement, set —2 in an index register and use add-index-register operation.

Addressing for MOVS: This LS| has single-data transfer instructions (MOVS.W and MOVS.L)
to load/store DSP data registers. In these instructions, R2 to R5 (As: Address register for single-
datatransfer) are used for the address pointer.

There are four data addressing types for single-data transfer operation.

Not-update address register

A w DN PR

Add-index register (post-update)
Increment address register (post-update)
Decrement address register (pre-update)

The address pointer set As has an index register R8[15] (figure 3.20)
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R2 [As]
R3 [As]
R8 [Is] R4 [As]
—2/-4 (DEC) R5 [As]
+2/+4 (INC)
+0 (No update)
ALU
Four address operation types:
1. Not update
2. Add-index-register (Is)
3. Increment |‘ Post-update
4. Decrement Pre-update

Figure3.20 DSP Addressing Instructionsfor MOVS

Modulo Addressing: This LS provides modulo addressing mode, which is commonin DSPs. In
modulo addressing mode, the address register is updated as explained above. When the address
pointer reaches the pre-defined address (modul o-end address), it goes to the modulo start address.

Modulo addressing is available for X and Y datatransfer instructions (MOV X and MOVY), but
not for the single-data transfer instruction (MOVS). DMX and DMY in SR are used for the
modulo addressing control. If DMX is 1, the modul o addressing mode is effective for the X
memory address pointer Ax (R4 or R5). If theDMY is 1, it is effective for the Y memory address
pointer Ay (R6 or R7). Modulo addressing is available for one of X and Y address registers at one
time. A DMX = DMY =1 caseisreserved for future expansion. When both DMX and DMY are
set simultaneously, the hardware will preliminary assume that the modulo addressing mode is
effective for the Y address pointer only.

To specify the start and end addresses of the modulo address area, the MOD register, which
includes MS (modulo start) and ME (modulo end) is prepared. The following example shows a
way to set the MOD (MS and ME) register.

MOV. L ModAddr, Rn; Rn=ModEnd, ModStart

LDC Rn, MOD; ME=MbdEnd, MS=MbdSt art
MbdAddr : . DATA. W nEnd; Lower 16 bits of MdEnd

. DATA. W nStart; Lower 16 bits of MdStart

ModStart: . DATA

MbdEnd: . DATA
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MS and ME are set to specify the start and end addresses, and then later to set the DMX or DMY
bit to 1.

When the X/Y datatransfer instruction set in DMX/DMY is executed, the address register
contents before update are compared with ME**. If they match, modulo start address M S is stored
in the address register as the updated value**. If non-update address register addressing is
specified for the X/Y data transfer instruction, the address pointer will not return to modulo start
address M S even though the address register contents match ME.

Notes: 1. Bits1 to 15 of the address register are used for comparison. Though ME retainsits
previous value for bit 0, 0 must always be written to bit O.

2. The MSvalueisstored in bits 1 to 15 of the address register. Though MSretains its
previous value for bit 0, 0 must always be written to bit O.

The maximum modulo size is 64-kbytes. Thisis sufficient for accessing the X or Y data memory.

Figure 3.21 shows ablock diagram of modulo addressing.

Instr (MOVX/Y)
31 1615 0 DMX |DMY 31 1615 0

31 0 R4[AX] 1 R6![Ay] 31 0
[ Re(x | R5![AX] [ cont] R7![AY] [ RoMyl |

+2 ——— 2
+0 j 15 1 +0
|

w w

CMP
15 1
ABX B
15 1 15 1 15 1
XAB YAB

Figure3.21 Modulo Addressing

Rev. 2.00 Mar. 15, 2007 Page 136 of 986
REJ09B0346-0200 RENESAS




Section 3 DSP Operation

An example is shown below.

MS=H 7000; ME=H 7004; R4=H A5007000;
DMX=1; DWMv=0 (nodul o addressing for address register Ax)
Asaresult of the above settings, the R4 register changes as follows.

; R4: H A5007000 (Initial value)

MOVX. W @4+, Dx ; R4: H A5007000 - H A5007002

MOVX. W @R4+, Dx ;. R4: H A5007002 - H A5007004

MOVX. W @R4+, Dx ; R4: H A5007004 - H A5007000 (After reading
H A5007004, MS value is witten to address
register)

MOVX. W @R4+, Dx ; R4: H A5007000 - H A5007002

Place the data so that the upper 16 bits of the modulo start and end addresses are the same. Thisis
because the modulo start address overwrites only the lower 16 bits of the address register.

Note: When addition index is the data addressing type for X and Y data transfer instructions, 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 dataaddressing is used, bit 0 isignored. 0 must aways be
written to bit 0 of the address pointer, index register, MS, and ME.

Rev. 2.00 Mar. 15, 2007 Page 137 of 986
RENESAS REJO9B0346-0200



Section 3 DSP Operation

Addressing Instructionsin Execution Stage: Addressinstructions, including modulo addressing,
are executed in the execution stage of the pipeline. Behavior of the DSP data addressing in the
execution stage is shown below.

if ( Operation is MOVX WMWY. 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 { DW==0 || ( DWX==1 && DW¥==1 )} Ax = Ax+(+2 or R8[Ix] or +0);
/* I nc, | ndex, Not - Updat e */

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

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

/* Menory access cycle uses MAB. The address to be used has not been
updat ed. */

/* As is one of R2 to R5 */

As = As+(+2 or +4 or R8[Is] or +0); /* Inc,|ndex, Not-Update */
else { /* Decrenment, Pre-update */

/* As is one of R2 to R5 */

As=As+(-2 or -4);

MAB=As;

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

}
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/* The value to be added to the address register depends on addressing
i nstructions.

For exanple, (+2 or R8[Ix] or +0) means that
+2: if instruction is increnent

R8[Ix]: if instruction is add-index-register
+0: if instruction is not-update

*/

function nmodul o ( AddrReg, Index ) {

if ( AddrReg[15: 1] ==ME[ 15: 1] ) Addr Reg[ 15: 1] ==Mg[ 15: 1] ;
el se Addr Reg=Addr Reg+l ndex;

return AddrReg;

}

X and Y Data Transfer Instructions (MOVX.W and MOVY.W): This type of instruction uses
the XDB and the YDB to access X and Y data memories (they cannot access other memory
spaces). These two buses are separate from the instruction bus, therefore, there is no access
conflict between data memory access and instruction memory access.

Figure 3.22 shows load/store control for X and Y data transfer instructions. All memory accesses
are word mode accesses.
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31 0 31 0
Instruction code for X R4 [AX] R6 [Ay] Instruction code forY
data-transfer operation R5 [AX] R7 [AY] data-transfer operation
) T &sl: =]: ]
Input/output | Input/output
control for Control ABX ABY Control Jp— control for
DSP data for Xmemory|] 3 7« |forY memory DSP data
registers . registers
X0/X1, AO/AL XAB 16-bit YO/Y1, AO/AL
X_MEM YAB 16-bit Y MEM
X data Y data
X RIW memory memory Y RIW
4 kbytes 4 kbytes
XDB 16-bij
YDB 7
16-bit

X_MEM and Y_MEM:
Select X and Y data memory

Figure3.22 Load/StoreControl for X and Y Data-Transfer Instructions

Control for X Memory:

if (!'Nop ) {
X_MEMEL; XAB=ABX;
if ( load operation ) {
Dx[ 31: 16] =XDB;
Dx[ 15: 0] =0x0000; /* Dx is X0 or X1 */
}
el se XDB = Dx[ 31: 16]; /* Dx is ADO or Al */
}

el se { X _MEMEO; XAB=0x000; }

The conditional execution based on the DC flag in DSR cannot control any MOV X/MOVY
instructions.
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Single-Data Transfer Instructions (MOVS.W and MOVS.L): ThisLSl has single load/store
instructions for the DSP registers. It is similar to aload/store instruction for a system register. It
transfers data between memory and DSP dataregisters using LAB and LDB buses. There may be
access conflict between data access and instruction fetch.

The single-data transfer instruction has word and longword access modes. Figure 3.23 shows a
block diagram of single-data transfer. The existing CPU core's hardware resource is used for

control of the memory address buffer (MAB) and memory selection.

31 0 Instruction code for single data transfer
R2 [As] operation
RS [As] As | mMs wifts| | bps
R4 [As] T
R5 [As] |
Control l
31 0 <=
in CPU
Vi Control S Lf
) . nput/output control for
32-hit DSP data registers
LAB T
Memory
LDB - I
32-bit

Figure3.23 Load/Store Control for Single-Data Transfer Instruction

RENESAS

Rev. 2.00 Mar. 15, 2007 Page 141 of 986

REJ09B0346-0200




Section 3 DSP Operation

Control

LAB=NAB;
if ( Ms!=NLS & WL is word access ) { /* MWVS W*/
if (LS==load) {
i f (Ds!=A0G && Ds!=A1G {
Ds[31:16] = LDB[15:0]; Ds[15:0] = 0x0000;
if (Ds==A0) A0F 7:0] si gn-ext ensi on of LDB;
if (Ds==Al) A1 7: 0] = sign-extension of LDB;

}
else Ds[7:0] = LDB[7:0]; /* Ds is AOGor ALG*/
}
else { /* Store */
if (Ds!=A0G && Ds!=A1G) LDB[15:0] = Ds[31:16];
/* Ds is AOG or AlG */
el se LDB[15:0] = Ds[7:0] with 8bit sign-extension;

}
elseif ( MAI=NLS & WL is long-word access ) { /* MOVS. L */
if (LS==load) {
if (Ds!=A0G && Ds!=A1G {
Ds[31: 0] = LDB[31:0];
if (BDs==A0) A0F 7:0] = sign-extension of LLCB;
if (Ds==Al) Al 7:0] = sign-extension of LCB;
}
else Ds[7:0] = LDB[7:0]; /* Ds is AOG or AlG */
}
else { /* Store */
if (Ds!=A0G && Ds!=A1G) LDB[31:0] = Ds[31:0];
/* Ds is AOG or AlG */
else LDB[31:0] = Ds[7:0] with 24bit sign-extension;
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Section4 Clock Pulse Generator (CPG)

This LS| has aclock pulse generator (CPG) that generates an internal clock (1¢), a peripheral clock
(Pg), and abus clock (Bg). The CPG consists of an oscillator, PLL circuit, and divider circuit.

4.1 Features

The CPG has the following features.

Three clock modes

The mode is selected from among the three clock modes by the selection of the following three
conditions; the frequency-divisor in use, whether the PLL is on or off, and whether the internal
crystal resonator or the input on the external clock-signal lineis used.

Three clocks generated independently

Aninternal clock (l¢) for the CPU and cache; a peripheral clock (Pg) for the on-chip
peripheral modules; abus clock (Bp= CKIO) for the external bus interface.

Frequency change function

Internal and peripheral clock frequencies can be changed independently using the PLL (phase
locked loop) circuit and divider circuit within the CPG. Frequencies are changed by software
using frequency control register (FRQCR) settings.

Power-down mode control

The clock can be stopped for sleep mode, and standby mode and specific modules can be
stopped using the module standby function. For details on clock control in the low-power
consumption modes, see section 6, Power-Down Modes.

A block diagram of the CPG isgivenin figure 4.1.
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Clock pulse generator

) Divider
o PLL circuit 1 o =1 _
(x1,2,3,4) x1/2
“1/3 ~ » Internal clock
x1/4 (19)
CKIO I
CKIO2 &—4—1 _
XTAL E Crystal ~ » Bus clock
oscillator [~ PLL circuit 2 > (B = CKIO)
x 2,4
ExTAL X ! > 24
~ » Peripheral clock
> (P9)
1 CPG control unit A
MD2 _
MDO Clock frequency N
control circuit Standby control circuit
FRQCR | stBCR | | sTBCR2 | [ STBCR3 | | STBCRA4 |
A
.
( Bus interface )
A
\
| Internal bus |
[Legend]

FRQCR: Frequency control register
STBCR: Standby control register

STBCR2: Standby control register 2
STBCRS3: Standby control register 3
STBCR4: Standby control register 4

Figure4.1 Block Diagram of Clock Pulse Generator
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The clock pulse generator blocks function as follows:

PLL Circuit 1: PLL circuit 1 doubles, triples, or quadruples, the input clock frequency from the
CKIO pin. The multiplication rate is set by the frequency control register. When thisis done, the
phase of the rising edge of theinternal clock is controlled so that it will agree with the phase of the
rising edge of the CKIO pin.

PLL Circuit 2: PLL circuit 2 doubles, or quadruples the input clock frequency from the crystal
oscillator or EXTAL pin. The multiplication rate is fixed according to the clock operating mode.
The clock operating mode is specified by the MDO, and MD2 pins. For details on clock operating
mode, see table 4.2.

Crystal Oscillator: The crystal oscillator isan oscillator circuit in which a crystal resonator is
connected to the XTAL pin or EXTAL pin. This can be used according to the clock operating
mode.

Divider: The divider generates a clock signal at the operating frequency used by the internal or
peripheral clock. The operating frequency can be 1, 1/2, 1/3 or 1/4 times the output frequency of
PLL circuit 1, aslong asit stays at or above the clock frequency of the CKIO pin. The division
ratio is set in the frequency control register.

Clock Frequency Control Circuit: The clock frequency control circuit controls the clock
frequency using the MDO, and MD2 pins and the frequency control register.

Standby Control Circuit: The standby control circuit controls the states of the clock pulse
generator and other modules during clock switching or sleep, or standby modes.

Frequency Control Register: The frequency control register has control bits assigned for the
following functions: clock output/non-output from the CKIO pin during standby modes, the
frequency multiplication ratio of PLL circuit 1, and the frequency division ratio of the internal
clock and the peripheral clock.

Standby Control Register: The standby control register has bits for controlling the power-down
modes. See section 6, Power-Down Modes, for more information.
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4.2 I nput/Output Pins
Table 4.1 lists the CPG pins and their functions.

Table4.1 Pin Configuration and Functions of the Clock Pulse Generator

Function Function
Pin Name Symbol /0 (clock operating modes 2 and 6) (clock operating mode 7)
Mode control pins MDO Input  Set the clock operating mode.
MD2 Input  Set the clock operating mode.

Crystal input/output pins  XTAL Output Connected to the crystal resonator (leave this pin open-circuit
(Clock input pins) when the crystal resonator is not in use).

EXTAL Input Connected to the crystal resonator or used to input an external
clock.

Clock input/output pin CKIO 1/0 Clock output pin. The pin can also Input for the external clock

be placed in the high-impedance pulse.
state.
Clock-output pin CKIO2 Output Low-level output or clock output pin. High impedance

The selection is described in the
description of the common control
registers in section 12, Bus State
Controller (BSC).

4.3 Clock Operating M odes

Table 4.2 shows the relationship between the mode control pins (MD2 and MDOQ) combinations
and the clock operating modes. Table 4.3 shows the usable frequency ranges in the clock operating
modes.

Table4.2 Clock Operating Modes

Pin Values Clock 110
PLL2 PLL1 CKIO Frequency

Mode MD2 MDO Source Output  On/Off On/Off
2 0 0 EXTAL or CKIO ON (x4) ON (x1, 2) (EXTAL or

Crystal resonator Crystal resonator) x4
6 1 0 EXTAL or CKIO ON (x2) ON (x1, 2,3,4) (EXTAL or

Crystal resonator Crystal resonator) x2
7 1 1 CKIO g OFF ON (x1, 2, 3,4) (CKIO)
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Mode 2: The frequency of the signal received from the EXTAL pin or crystal resonator LS| is
quadrupled by the PLL circuit 2 beforeit is supplied as the clock signal. This lowers the frequency
required of the externally generated clock. Either a crystal resonator with afrequency in the range
from 10 to 12.5 MHz or an externa signal in the same frequency range input on the EXTAL pin
may be used. The frequency range of CKIO isfrom 40 to 50 MHz.

Mode 6: The frequency of the signal received from the EXTAL pin or crystal resonator LSl is
doubled by the PLL circuit 2 before it is supplied as the clock signal. This lowers the frequency
required of the crystal resonator. A crystal resonator or an external signal with afreguency in the
range from 10 to 25 MHz may be used. The frequency range of CKIO isfrom 20 to 50 MHz.

Mode 7: In this mode, the CKI1O pin functions as an input pin. An external clock signal is
supplied to this pin; after thissignal isreceived, the PLL circuit 1 shapesits waveform and
multipliesits frequency. The resulting clock signal is then supplied within the LSI. For reduced
current and hence power consumption, pull up the EXTAL pin and open the XTAL pin when the
LSl isused in mode 7.

Table4.3 Relationship between Clock Mode and Frequency Range

PLL frequency

Clock FRQCR multiplier Ratio of internal Selectable frequency ranges (MHz)

operating register pLL PLL clock frequencies Output clock

mode setting  Circuit1 Circuit2 (I:B:P) Input clock (CKIO pin) Internal clock Bus clock Peripheral clock

2 H'1001 ON (x1) ON(x4) 4:4:2 10to 12.5 40 to 50 40 to 50 40 to 50 20to 25
H'1002 ON (x1) ON(x4)  4:4:4/3 10to 12.5 40 to 50 40 to 50 40 to 50 13.33 t0 16.66
H'1003  ON (x1) ON (x4) 4:4:1 10to 12.5 40 to 50 40 to 50 40 to 50 10to 12.5
H'1103 ON (x2) ON(x4) 8:4:2 10to 12.5 40 to 50 80 to 100 40 to 50 20to 25
H'1113 ON (x2) ON (x4) 4:4:2 10to 12.5 40 to 50 40 to 50 40 to 50 20to 25

6 H'1000 ON (x1) ON(x2) 2:2:2 10 to 16.66 2010 33.33 2010 33.33 201t0 33.33 20 to 33.33
H1001 ON(x1) ON(x2) 2:2:1 10to 25 20 to 50 20 to 50 20 to 50 10to 25
H'1002 ON(x1) ON(x2) 2:2:2/3 10to 25 20 to 50 20 to 50 20 to 50 6.66 to 16.66
H'1003 ON (x1) ON(x2) 2:2:1/2 10to 25 20 to 50 20to 50 20 to 50 5t0125
H'1101  ON (x2) ON (x2) 4:2:2 10 to 16.66 20 to 33.33 40 to 66.66 20to0 33.33 20 to 33.33
H'1103 ON (x2) ON(x2) 4:2:1 10to 25 20to 50 40 to 100 20 to 50 10to 25
H'1111  ON (x2) ON (x2) 2:2:2 10 to 16.66 20 to 33.33 20 to 33.33 20to0 33.33 20 to 33.33
H'1113  ON (x2) ON (x2) 2:2:1 10to 25 20 to 50 20 to 50 20to 50 10to 25
H'1202 ON (x3) ON(x2) 6:2:2 13.331t0 16.66 26.66 to 33.33 80 to 100 26.66 to 33.33 26.66 to 33.33
H'1222 ON (x3) ON(x2) 2:2:2 13.33t0 16.66 26.66 to 33.33 26.66 to 33.33 26.66 to 33.33 26.66 to 33.33
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PLL frequency

Clock FRQCR multiplier Ratio of internal Selectable frequency ranges (MHz)
operating register pLL PLL clock frequencies Output clock
mode setting  Circuit1 Circuit2 (I:B:P) Input clock (CKIO pin) Internal clock Bus clock Peripheral clock
6 H1303 ON (x4) ON (x2) 8:2:2 10t0 12.5 20to 25 80 to 100 20to 25 20to 25
H'1313 ON (x4) ON (x2) 4:2:2 10 to 16.66 20 to 33.33 40 to 66.66 20to0 33.33 20 to 33.33
H'1333 ON (x4) ON (x2) 2:2:2 10 to 16.66 20 to 33.33 20 to 33.33 20to0 33.33 20 t0 33.33

7 H'1000 ON (x1) OFF 111 20t0 33.33 20 to 33.33 20 to 33.33 20 to 33.33 2010 33.33
H'1001  ON (x1) OFF 1:1:1/2 20to 50 20 to 50 20 to 50 20to 50 10to 25
H'1002 ON (x1) OFF 1:1:1/3 20 to 50 20 to 50 20 to 50 20 to 50 6.66 t0 16.66
H'1003 ON (x1) OFF 1:1:1/4 20to 50 20 to 50 20 to 50 20 to 50 5t0 125
H'1101 ON (x2) OFF 2:1:1 20 t0 33.33 20 to 33.33 40 to 66.66 20 t0 33.33 20t0 33.33
H1103 ON (x2) OFF 2:1:1/2 20to 50 20 to 50 40 to 100 20 to 50 10to 25
H1111 ON(x2) OFF 1:1:1 20 to 33.33 20 to 33.33 20 to 33.33 20 to 33.33 20 t0 33.33
H1113 ON (x2) OFF 1:1:172 20to 50 20 to 50 20 to 50 20 to 50 10to 25
H'1202 ON (x3) OFF 3:1:1 26.66 to 33.33 26.66 to 33.33 80 to 100 26.66 to 33.33 26.66 to 33.33
H'1222 ON (x3) OFF 11 26.66 to 33.33 26.66 to 33.33 26.66 to 33.33 26.66 to 33.33 26.66 to 33.33
H'1303 ON (x4) OFF 4:1:1 20to 25 20to 25 80 to 100 20to 25 20to 25
H'1313 ON (x4) OFF 2:1:1 20 to 33.33 2010 33.33 40 to 66.66 20 t0 33.33 20 to 33.33
H1333 ON (x4) OFF 111 20 t0 33.33 20 to 33.33 20 to 33.33 20 t0 33.33 20 to 33.33

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

2. In modes 2 and 6, the frequency of the clock input from the EXTAL pin or the
frequency of the crystal resonator. In mode 7, the frequency of the clock input from
the CKIO pin.

Caution: 1. The frequency of the internal clock is the frequency of the signal input to the CKIO
pin after multiplication by the frequency-multiplier of PLL circuit 1 and division by the
divider's divisor. Do not set a frequency for the internal clock below the frequency of
the signal on the CKIO pin.

2. The frequency of the peripheral clock is the frequency of the signal input to the CKIO
pin after multiplication by the frequency-multiplier of PLL circuit 1 and division by the
divider's divisor. Set the frequency of the peripheral clock to 33.33 MHz or below. In
addition, do not set a higher frequency for the internal clock than the frequency on
the CKIO pin.

3. The frequency multiplier of the PLL circuit can be selected as x1, x2, x3 or x4. The
divisor of the divider can be selected as x1, x1/2, x1/3 or x1/4. The settings are made
in the respective frequency-control registers.

4. The signal output by PLL circuit 1 is the signal on the CKIO pin multiplied by the

frequency multiplier of PLL circuit 1. Ensure that the frequency of the signal from PLL
circuit 1 is no more than 100 MHz.
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4.4 Register Descriptions

The CPG's control register is called the frequency control register (FRQCR). Refer the section 24,
List of Registers, for the addresses of the registers and the state of each register in each processor
state.

441 Frequency Control Register (FRQCR)

The frequency control register (FRQCR) is a 16-bit readable/writable register used to specify
whether aclock is output from the CKI1O pin, the frequency multiplication ratio of PLL circuit 1,
and the frequency division ratio of theinternal clock and the peripheral clock.

Only word access can be used on the FRQCR register.

Thisregister isinitialized (to H'1003) only in the case of a power-on reset. Thisregister retains its
previous value after amanual reset or period in standby mode. The previous value is also retained
when an internal reset istriggered by an overflow of the WDT.

Initial
Bit Bit Name Value R/W Description
15t013 O Al 0 R Reserved

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

12 CKOEN 1 R/W Clock Output Enable

CKOEN specifies whether a clock is output from the
CKIO and CKIO2 pins, or whether the CKIO and
CKIO2 pins is placed in the level-fixed state during
release of the standby mode (until the state enters
STATUS1 =L and STATUSO = L from an interrupt). If
CKOEN is cleared to 0, the CKIO and CKIO2 pins are
fixed at low during STATUS1 = L and STATUSO = H.
Therefore, the malfunction of an external circuit
because of an unstable CKIO clock during release of
the standby mode can be prevented. In clock
operating mode 7, the CKIO pin functions as an input
regardless of this bit value.

0: The CKIO pin is fixed to the low level in the standby
mode and while the system is leaving standby
mode.

1: Clock is output from CKIO pin (placed in the high-
impedance state during periods in standby mode).
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Initial
Bit Bit Name Value R/W Description
11, 10 O Al 0 R Reserved
These bits are always read as 0. The write value
should always be 0.
STC1 0 R/W Frequency multiplication ratio of PLL circuit 1
STCO 0 R/W 00: x 1 time
01: x 2 times
10: x 3 times
11: x 4 times
7,6 ad Al 0 R Reserved
These bits are always read as 0. The write value
should always be 0.
IFC1 0 R/W Internal Clock Frequency Division Ratio
IFCO 0 R/W These bits specify the frequency division ratio of the
internal clock with respect to the o