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Notice

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Keep safety first in your circuit designs!

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

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

Notes regarding these materials

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

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

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

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

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

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

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

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

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

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

8. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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General 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 as test pins or to reduce noise. If something is connected to the NC pins, the
operation of the LS| 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 internal 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 whileitisinthis
undefined state. For those products which have a reset function, reset the LSl immediately
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Address

Note: Accessto 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 address. Do not access these registers, the system’s
operation is not guaranteed if they are accessed.
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Preface

The H8/300H Seriesis built around a 32-bit H8/300H CPU core with sixteen 16-bit registers,
aconcise, optimized instruction set designed for high-speed operation, and a 16-Mbyte linear
address space. For easy migration from the H8/300 Series, the instruction set is upward-
compatible with the H8/300 Series at the object-code level. Programs coded in the high-level
language C can be compiled to high-speed executable code.

This manual gives details of the H8/300H CPU instructions and can be used with all
microcontrollersin the H8/300H Series.

For hardware details, refer to the relevant microcontroller hardware manual.
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Main Revisions for this Edition

Iltem Page Revisions (See Manual for Details)

All ad All references to Hitachi, Hitachi, Ltd., Hitachi Semiconductors,
and other Hitachi brand names changed to Renesas Technology
Corp.

Designation for categories changed from “series” to “group”
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Section1l CPU

11 Overview

The H8/300H CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 CPU. The H8/300H CPU has sixteen 16-bit general
registers, can address a 16-Mbyte linear address space, and isideal for realtime control.

111 Features

The H8/300H CPU has the following features.

Upward-compatible with H8/300 CPU

0 Can execute H8/300 object programs

General-register architecture

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

Sixty-two basic instructions

O 8/16/32-bit arithmetic and logic instructions

O Multiply and divide instructions

O Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [ @ERN]

Register indirect with displacement [@(d:16,ERn) or @(d:24,ERn)]

Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]

Absolute address [ @aa:8, @aa: 16, or @aa:24]

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

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

Memory indirect [ @@aa: 8]

16-Mbyte address space

High-speed operation

O All frequently-used instructions execute in two to four states

O Maximum clock frequency: 16 MHz

O 8/16/32-bit register-register add/subtract: 125 ns

O 8 x 8-hit register-register multiply: 875 ns

OO0o0oo0ooogoo
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O 16 + 8-bit register-register divide: 875 ns
O 16 x 16-bit register-register multiply: 1375 ns
O 32+ 16-hit register-register divide: 1375 ns
* Two CPU operating modes
O Normal mode
O Advanced mode
¢ Low-power mode
O Transition to power-down state by SLEEP instruction

112 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8/300H CPU has the following enhancements.

e Moregeneral registers
Eight 16-bit registers have been added.
¢ Expanded address space
Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
Advanced mode supports a maximum 16-M byte address space.
» Enhanced addressing
The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.
* Enhanced instructions
Signed multiply/divide instructions and other instructions have been added.
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1.2 CPU Operating Modes

The H8/300H CPU has two operating modes. normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports up to 16 Mbytes. The mode is
selected at the mode pins of the microcontroller. For further information, refer to the relevant
hardware manual.

| Normal mod Maximum 64 kbytes, program
ormal mode and data areas combined

CPU operating modes }7

Maximum 16 Mbytes, program

Advanced mode and data areas combined

Figurel.1 CPU Operating Modes
(1) Normal Mode
The exception vector table and stack have the same structure asin the H8/300 CPU.
Address Space: A maximum address space of 64 kbytes can be accessed, asin the H8/300 CPU.

Extended Registers (En): The extended registers (EO to E7) can be used as 16-bit data registers,
or they can be combined with the general registers (RO to R7) for use as 32-bit data registers.
When En isused as a 16-bit register it can contain any value, even when the corresponding

general register (RO to R7) isused as an address register. |f the general register is referenced in the
register indirect addressing mode with pre-decrement (@-Rn) or post-increment (@Rn+) and a
carry or borrow occurs, however, the value in the corresponding extended register will be affected.

Instruction Set: All additional instructions and addressing modes of the H8/300 CPU can be
used. If a24-bit effective address (EA) is specified, only the lower 16 bits are used.

Exception Vector Table and Memory Indirect Branch Addresses: In hormal mode the top area
starting at H'0000 is allocated to the exception vector table. One branch addressis stored per 16
bits (figure 1.2). The exception vector table differs depending on the microcontroller, so see the
microcontroller hardware manual for further information.
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H'0000 |
H'0001

Reset exception vector

H'0002 |
H'0003 |
H'0004 |
H'0005

Reserved for system use

Exception
. p

H'0006 |
H'0007

Exception vector 1

vector table

H'0008 |
H'0009

Exception vector 2

O

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses

Figure 1.2 Exception Vector Table (normal mode)

an 8-bit absolute address to specify a memory operand that contains a branch address. In normal

mode the operand is a 16-bit word operand, providing a 16-bit branch address. Branch addresses

can be stored in the top area from H'0000 to H'OOFF. Note that this areais also used for the
exception vector table.

Stack Structure: When the program counter (PC) is pushed on the stack in a subroutine call, and
the PC and condition-code register (CCR) are pushed on the stack in exception handling, they are

stored in the same way asin the H8/300 CPU. See figure 1.3.

(a) Subroutine branch

sp—

Note:

\/—\

PC
(16 bits)

\/_\

* Ignored at return.

SP—>

(b) Exception handling

\/—\

CCR
CCR*

PC
(16 bits)

\/_\

Figure1.3 Stack Structure (normal mode)
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(2) Advanced Mode
In advanced mode the exception vector table and stack structure differ from the H8/300 CPU.
Address Space: Up to 16 Mbytes can be accessed linearly.

Extended Registers (En): The extended registers (EO to E7) can be used as 16-bit data registers,
or they can be combined with the general registers (RO to R7) for use as 32-bit data registers.
When a 32-hit register is used as an address register, the upper 8 bits are ignored.

Instruction Set: All additional instructions and addressing modes of the H8/300H can be used.

Exception Vector Tableand Memory Indirect Branch Addresses: In advanced mode the top
area starting at H'000000 is allocated to the exception vector table in units of 32 bits. In each 32
bits, the upper 8 bits are ignored and a branch addressis stored in the lower 24 bits (figure 1.4).
The exception vector table differs depending on the microcontroller, so see the relevant hardware
manual for further information.

H'000000 Don't care

Reset exception vector

H000003 |
H'000004 |
> Exception vector table
Reserved for system use
H00000B |
H'00000C | Don’t care

Exception vector

O

Figure1.4 Exception Vector Table (advanced mode)
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The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
an 8-bit absolute address to specify a memory operand that contains a branch address. In advanced
mode the operand is a 32-bit longword operand, of which the lower 24 bits are the branch address.
Branch addresses can be stored in the top area from H'000000 to H'0000FF. Note that thisareais
also used for the exception vector table.

Stack Structure:When the program counter (PC) is pushed on the stack in a subroutine call, and
the PC and condition-code register (CCR) are pushed on the stack in exception handling, they are
stored as shown in figure 1.5.

(a) Subroutine branch

\_/_\

(b) Exception handling

\_/_\

sP—~ Reserved SP— CCR
————— PC PC
,,,,, (24 bits) (24 bits)

\/_\

\_/_\

Figure1.5 Stack Structure (advanced mode)
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13 Address Space

Figure 1.6 shows a memory map of the H8/300H CPU.

(&) Normal mode (b) Advanced mode
H'0000 H'000000
H'FFFF
H'FFFFFF

Figurel1.6 Memory Map
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14 Register Configuration

141 Overview

The H8/300H CPU has the internal registers shown in figure 1.7. There are two types of registers:
general and extended registers, and control registers.

General registers (Rn) and extended registers (En)

15 07 07 0
EO ROH ROL
El R1H RiL
E2 R2H R2L
E3 R3H R3L
E4 R4H R4L
ES R5H R5L
E6 R6H R6L
SP E7 R7H R7L

Control registers (CR)

23 0
| PC |

76543210
CCR [ I |U[H|U|N|Z]V|C]|

Legend:

SP:  Stack pointer

PC:. Program counter

CCR: Condition code register
Interrupt mask bit

User bit or interrupt mask bit
Half-carry flag
Negative flag

Zero flag

Overflow flag

Carry flag

OsNzITC~

Figurel.7 CPU Registers
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142 General Registers

The H8/300H CPU has eight 32-bit general registers. These general registers are all functionally
alike and can be used without distinction between data registers and address registers. When a
general register isused as a dataregister, it can be accessed as a 32-bit, 16-bit, or 8-bit register.
When the general registers are used as 32-bit registers or as address registers, they are designated
by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

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

Figure 1.8 illustrates the usage of the general registers. The usage of each register can be selected
independently.

Address registers

» 32-bit registers « 16-bit registers « 8-hit registers
E registers (extended registers)
(EO0 to E7)

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

RL registers
(ROL to R7L)

Figure1.8 Usage of General Registers

General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 1.9 shows the
stack.
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Free area

SP (ER7)—»

Stack area

Figurel9 Stack

143 Control Registers

The control registers are the 24-bit program counter (PC) and the 8-bit condition-code register
(CCR).

(1) Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute. The length
of al CPU instructionsis 16 bits (one word) or amultiple of 16 bits, so the least significant PC bit
isignored. When an instruction is fetched, the least significant PC bit is regarded as 0.

(2) Condition Code Register (CCR)

This 8-bit register contains internal CPU status information, including the interrupt mask bit (1)
and half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

Bit 7—Interrupt Mask Bit (I): Masksinterrupts other than NMI when set to 1. (NMI is accepted
regardless of the | bit setting.) The | bit is set to 1 by hardware at the start of an exception-
handling sequence.

Bit 6—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, and
XORC instructions. This bit can also be used as an interrupt mask bit. For details see the relevant
microcontroller hardware manual.
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Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, thisflag isset to 1 if thereisacarry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
setto 1if thereisacarry or borrow at bit 11, and cleared to 0 otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L ingtruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to O otherwise.

Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, and
XORC ingtructions.

Bit 3—Negative Flag (N): Indicates the most significant bit (sign bit) of the result of an
instruction.

Bit 2—Zero Flag (Z): Set to 1 to indicate a zero result, and cleared to O to indicate a non-zero
result.

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

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

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

The carry flag isalso used as a bit accumulator by bit manipulation instructions. Some instructions
leave some or all of the flag bits unchanged. For the action of each instruction on the flag bits,
refer to the detailed descriptions of the instructions starting in section 2.2.1.

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

144 Initial Register Values

When the CPU isreset, the program counter (PC) isloaded from the vector table and the | bit in
the condition-code register (CCR) is set to 1. The other CCR bits and the general registers and
extended registers are not initialized. In particular, the stack pointer (extended register E7 and
general register R7) is not initialized. The stack pointer must therefore be initialized by an MOV .L
instruction executed immediately after areset.
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15 Data Formats
The H8/300H CPU can process 1-bit, 4-bit, 8-bit (byte), 16-bit (word), and 32-bit (longword) data.
Bit-manipulation instructions operate on 1-bit data by accessingbitn(n=0, 1, 2, ..., 7) of byte

operand data. The DAA and DAS decimal-adjust instructions treat byte data as two digits of 4-bit
BCD data.

151 General Register Data Formats

Figure 1.10 shows the data formats in general registers.

Data type Register number  Data format
1-bit data rRnH 7 0
|7[6[s]4[3]2[1]o]  Dontcare
1-bit data rRo
| Domtcare  |7]6[5]4[3]2[1]0]
4-bit BCD data RnH 7 43 O
| Upper | Lower |  Dontcare |
4-bit BCD data rRo. 7 43 0
______ Dontcare | Upper | Lower |
Byte data RnH 7 0
] oantee
MSB tse '
Byte data rRo. 7 0
. Dontcare | i1 i Qi
""""""""""" MSB LSB

Figure1.10 General Register Data Formats

Rev. 3.00 Dec 13, 2004 page 12 of 258
REJ09B0213-0300

RENESAS




Section1 CPU

Word data Rn

15
MSB
Word data En
15 0
MSB LSB
Longword data ERnN
31 16 15

Legend:

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

Figure1.10 General Register Data For mats (cont)
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152 Memory Data For mats

Figure 1.11 shows the data formats on memory. The H8/300H CPU can access word data and
longword data on memory, but word or longword data must begin at an even address. If an attempt
is made to access word or longword data at an odd address, no address error occurs but the |east
significant bit of the addressis regarded as 0, so the access starts at the preceding address. This
also appliesto instruction fetches.

Data type Data format
Address /\/
7 0
1-bit data AddressL| 7|6 |5|4|3|2|1]0
Byte data AddressL [MSBI | | | 1 | ILSB
Word data Address 2M [mMsB, | 0 1
Address 2M + 1 N
Longword data Address 2N |wsB:  © ¢ 1
Address 2N + 1
Address 2N + 2
Address 2N + 3 3'—55

Figure1.11 Memory Data Formats

When ERY7 is used as an address register to access the stack, the operand size should be word size
or longword size.
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1.6 I nstruction Set

1.6.1 Overview

The H8/300H CPU has 62 types of instructions, which are classified by function in table 1.1. For a
detailed description of each instruction see section 2.2, Instruction Descriptions.

Table1.1 Instruction Classification

Function Instructions Number
Data transfer MOV, PUSH**, POP*?, MOVTPE, MOVFPE 3

Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, 18
DAS, MULXU, MULXS, DIVXU, DIVXS, CMP, NEG, EXTS,

EXTU
Logic operations AND, OR, XOR, NOT
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR 8
Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, 14
BXOR, BIXOR, BLD, BILD, BST, BIST
Branch Bcc™?, JMP, BSR, JSR, RTS 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 9
Block data transfer EEPMOV 1

Total 62 types

Notes: The shaded instructions are not present in the H8/300 instruction set.
1. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn,
@-SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L
ERn, @-SP.

2. Bcc is the generic designation of a conditional branch instruction.
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16.2 Instructions and Addressing M odes

Table 1.2 indicates the instructions available in the H8/300H CPU.

Tablel1l.2 Instruction Set Overview
Addressing Modes
o
14
Function | Instructi EIlE|d G
unction nstruction @ x ® c 9 .
o < + © < o < X
sl &g e ¢ 8 < 3 ¢
x o lw | 2 /2w 8| & 8|2 20O
# o4 ® | ® ® ® ® ® ® | ® ® ® |
Data MOV BWL |BWL |[BWL |BWL |BWL [BWL| B |BWL | BWL| — — — —
transfer POP, PUSH | — _ _ _ _ — — — — — — | WL
MOVFPE, — | = =] = = — | B | —| =] =] =
MOVTPE
Arithmetic |ADD,CMP |BWL|BWL| — | — | — | — | — | — | — | — | — | — | —
operations [ ;g we lBwel — | — | | | =
ADDX, B B — — — —_ — — — — — — —
SUBX
ADDS, S Tk I (U R N IR U I (N R R
SUBS
INC, DEC — |BWL| — — — — — — — — — — —
DAA, DAS — B — — — — — — — — — — —
MULXU, — | BW | — — — — —_ — — — — — —
DIVXU
MULXS, — | BW | — — — — —_ — — — — — —
DIVXS
NEG — BWL| — | — | — | — | — | — | — | — | — | — | —
EXTU, EXTS| — | WL | — — — — — — — — — — —
Logic AND, OR, BWLBWL| — | — | — | — | —m | —m | —m | — | — | — | —
operations | XOR
NOT — BWL| — | — | — | — | — | — | — | — | — | — | —
Shift — BWL| — | — | — | — | — | — | — | — | — | — | —
Bit manipulation — B B — | - | = B — | = = = | = | =
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Addressing Modes
jo
@
F ti Instructi E E U'J %)
unction | Instruction i i ® g Q -
g8 8¢ e 33 < 8¢
x| c|w |2 2 w |8 |8 & 2 2 ©
#* o4 ® & | ® & | ® | ® | ® |  ® | B | © |
Branch Bcc, BSR — —_ —_ — — — — — — @) @) _ _
JMP, JSR — — O — — 0*2 — — O _
RTS — — —_ —_ — — — — — — — @)
System TRAPA SR [ U U S (P [ (U U — O]
control RTE — - == =] =] =]=1=1=1=1=10
SLEEP — — — —_ — — — — — — — _ @)
LDC B B W w w w — W W — — — —
STC — B \W w w w — \W \W — — — —
ANDC, B | — | — | — | — | = = ==l =]=1=1=
ORC,
XORC
NOP e e e e e R e e e e e e
Block data |EEPMOV.B | — | — — — | - =10
transfer EEPMOVW | — | — | — | — | — | [ 2121 2o
Legend:
B: Byte
wW:  Word
L: Longword

. Newly added instruction in H8/300H CPU

Notes: 1. The operand size of the ADDS and SUBS instructions of the H8/300H CPU has been
changed to longword size. (In the H8/300 CPU it was word size.)

Because of its larger address space, the H8/300H CPU uses a 24-bit absolute address

2.

for the JIMP and JSR instructions. (The H8/300 CPU used 16 bits.)
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16.3 Tables of Instructions Classified by Function

Table 1.3 summarizes the instructions in each functional category. The notation used in table 1.3
is defined next.

Operation Notation

Rd General register (destination)*
Rs General register (source)*
Rn General register*

ERN General register (32-bit register)
(EAd) Destination operand
(EAS) Source operand

CCR Condition code register

N N (negative) bit of CCR

z Z (zero) bit of CCR

\Y V (overflow) bit of CCR

C C (carry) bit of CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

O AND logical

O OR logical

O Exclusive OR logical

- Move

- Not

:3/:8/:16/:24 3-, 8-, 16-, or 24-bit length

Note: * General registers include 8-bit registers (ROH/ROL to R7H/R7L), 16-bit registers (RO to
R7, EO to E7), and 32-bit registers (ERO to ER7).
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Table1.3 Instructions Classified by Function
Type Instruction  Size* Function
Data transfer MOV B/W/L  (EAs) - Rd, Rs - (EAd)
Moves data between two general registers or between
a general register and memory, or moves immediate
data to a general register.
MOVFPE B (EAs) - Rd
Moves external memory contents (addressed by
@aa:16) to a general register in synchronization with
an E clock.
MOVTPE B Rs - (EAd)
Moves general register contents to an external memory
location (addressed by @aa:16) in synchronization with
an E clock.
POP WiL @SP+ - Rn
Pops a register from the stack. POP.W Rn is identical
to MOV.W @SP+, Rn. POP.L ERn is identical to
MOV.L @SP+, ERn.
PUSH WiL Rn - @-SP
Pushes a register onto the stack. PUSH.W Rn is
identical to MOV.W Rn, @-SP. PUSH.L ERn is
identical to MOV.L ERn, @-SP.
Arithmetic ADD B/W/L RdtRs - Rd, Rdz#IMM - Rd
operations SuB Performs addition or subtraction on data in two general
registers, or on immediate data and data in a general
register. (Immediate byte data cannot be subtracted
from data in a general register. Use the SUBX or ADD
instruction.)
ADDX B Rd+Rs+C - Rd,Rd+#IMM+ C - Rd
SUBX Performs addition or subtraction with carry or borrow
on byte data in two general registers, or on immediate
data and data in a general register.
INC BW/L Rd*1 -5 Rd, Rd+2 - Rd
DEC Increments or decrements a general register by 1 or 2.

(Byte operands can be incremented or decremented by
1 only.)
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Type Instruction  Size* Function
Arithmetic ADDS L Rd+*1 -5 Rd,Rd+2 - Rd,Rd+4 - Rd
operations SUBS Adds or subtracts the value 1, 2, or 4 to or from data in
a 32-bit register.
DAA B Rd decimal adjust - Rd
DAS Decimal-adjusts an addition or subtraction result in a
general register by referring to the CCR to produce 4-
bit BCD data.
MULXS B/W Rd xRs - Rd
Performs signed multiplication on data in two general
registers: either 8 bits x 8 bits — 16 bits or 16 bits x 16
bits - 32 bits.
MULXU B/W Rd xRs - Rd
Performs unsigned multiplication on data in two general
registers: either 8 bits x 8 bits — 16 bits or 16 bits x 16
bits - 32 bits.
DIVXS B/W Rd +Rs - Rd
Performs signed division on data in two general
registers: either 16 bits + 8 bits — 8-bit quotient and 8-
bit remainder or 32 bits + 16 bits - 16-bit quotient and
16-bit remainder.
DIVXU B/W Rd +Rs - Rd
Performs unsigned division on data in two general
registers: either 16 bits + 8 bits — 8-bit quotient and 8-
bit remainder or 32 bits + 16 bits — 16-bit quotient and
16-bit remainder.
CMP B/W/L  Rd-Rs, Rd —#MM
Compares data in a general register with data in
another general register or with immediate data, and
sets the CCR according to the result.
NEG B/W/L 0-Rd - Rd

Takes the two’s complement (arithmetic complement)
of data in a general register.
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Type Instruction  Size* Function
Arithmetic EXTS Wi/L Rd (sign extension) — Rd
operations Extends byte data in the lower 8 bits of a 16-bit register
to word data, or extends word data in the lower 16 bits
of a 32-bit register to longword data, by extending the
sign bit.
EXTU Wi/L Rd (zero extension) — Rd
Extends byte data in the lower 8 bits of a 16-bit register
to word data, or extends word data in the lower 16 bits
of a 32-bit register to longword data, by padding with
Zeros.
Logic operations AND B/W/L RdORs - Rd, Rd O#IMM - Rd
Performs a logical AND operation on a general register
and another general register or immediate data.
OR B/W/L RdORs - Rd, Rd O#IMM - Rd
Performs a logical OR operation on a general register
and another general register or immediate data.
XOR B/W/L RdORs - Rd,Rd O #IMM - Rd
Performs a logical exclusive OR operation on a general
register and another general register or immediate
data.
NOT B/W/L - (Rd) - (Rd)
Takes the one’s complement of general register
contents.
Shift operations  SHAL B/W/L  Rd (shift) - Rd
SHAR Performs an arithmetic shift on general register
contents.
SHLL B/W/L  Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
ROTL B/W/L  Rd (rotate) - Rd
ROTR Rotates general register contents.
ROTXL B/W/L  Rd (rotate) - Rd
ROTXR Rotates general register contents through the carry bit.
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Type Instruction

Size*

Function

Bit-manipulation BSET
instructions

1 - (<bit-No.> of <EAd>)

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

BCLR

0 - (<bit-No.> of <EAd>)

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

BNOT

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

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

BTST

- (<bit-No.> of <EAd>) - Z

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

BAND

BIAND

C O(<bit-No.> of <EAd>) - C

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

C O~ (<bit-No.> of <EAd>) -~ C

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

The bit number is specified by 3-bit immediate data.
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Type Instruction  Size* Function
Bit-manipulation BOR B C O(<bit-No.> of <EAd>) - C
instructions ORs the carry flag with a specified bit in a general
register or memory operand and stores the result in the
carry flag.
BIOR B C O[~ (<bit-No.> of <EAd>)] -~ C
ORs the carry flag with the inverse of a specified bit in
a general register or memory operand and stores the
result in the carry flag.
The bit number is specified by 3-bit immediate data.
BXOR B C O (<bit-No.> of <EAd>) - C
Exclusive-ORs the carry flag with a specified bit in a
general register or memory operand and stores the
result in the carry flag.
BIXOR B C O [~ (<bit-No.> of <EAd>)] - C
Exclusive-ORs the carry flag with the inverse of a
specified bit in a general register or memory operand
and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.
BLD B (<bit-No.> of <EAd>) -~ C
Transfers a specified bit in a general register or
memory operand to the carry flag.
BILD B 7 (<bit-No.> of <EAd>) -~ C
Transfers the inverse of a specified bit in a general
register or memory operand to the carry flag.
The bit number is specified by 3-bit immediate data.
BST B C - (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a
general register or memory operand.
BIST B 7 C - (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a
specified bit in a general register or memory operand.

The bit number is specified by 3-bit immediate data.
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Type Instruction  Size* Function
Branching Bcc — Branches to a specified address if a specified condition
instructions is true. The branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High cpoz=0
BLS Low or same cz=1
Bcc(BHS) Carry clear C=0
(high or same)
BCS(BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal zZ=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONOWV)=0
BLE Less or equal ZzONNOV)=1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine.
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Type Instruction  Size* Function
System control ~ TRAPA — Starts trap-instruction exception handling.
Instructions RTE — Returns from an exception-handling routine.
SLEEP — Causes a transition to the power-down state.
LDC B/W (EAs) - CCR
Moves the source operand contents to the condition
code register. Byte transfer is performed in the #xx:8,
Rs addressing mode and word transfer in other
addressing modes.
STC B/W CCR - (EAd)
Transfers the CCR contents to a destination location.
Byte transfer is performed in the Rd addressing mode
and word transfer in other addressing modes.
ANDC B CCR O#IMM - CCR
Logically ANDs the condition code register with
immediate data.
ORC B CCR O#IMM - CCR
Logically ORs the condition code register with
immediate data.
XORC B CCR O #IMM - CCR
Logically exclusive-ORs the condition code register
with immediate data.
NOP — PC+2 - PC

Only increments the program counter.
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Type Instruction  Size* Function

Block data EEPMOV.B — if R4L # 0 then
transfer Repeat @ERS5 + - @ER6 +
instruction R4L — 1 - RA4L
Until R4L =0
else next;

EEPMOV.W — if R4 # 0 then
Repeat @ERS5 +- @ER6 +
R4 —1-R4L
UntiR4=0
else next;

Transfers a data block according to parameters set in
general registers R4L or R4, ER5, and R6.

RA4L or R4: size of block (bytes)
ERS: starting source address
R6: starting destination address

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

Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword

1.6.4 Basic Instruction Formats

The H8/300H instructions consist of 2-byte (1-word) units. An instruction consists of an operation
field (OPfield), aregister field (r field), an effective address extension (EA field), and a condition
field (cc).

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

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

Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute
address, or adisplacement. A 24-bit address or a displacement is treated as 32-bit datain which
thefirst 8 bitsare 0.
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Condition Field: Specifies the branching condition of Bcc instructions.

Figure 1.12 shows examples of instruction formats.

(1) Operation field only

op

(2) Operation field and register fields

op

m

rm

NOP, RTS, etc.

ADD. Rn, Rm, etc.

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

op

m

rm

EA (disp)

MOV @(d:16, Rn), Rm

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

op

cc

EA (disp)

BRA @(d:8, PC)

Figure1.12 Instruction Formats
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165 Addressing M odes and Effective Address Calculation
(1) Addressing Modes

The H8/300H CPU supports the eight addressing modes listed in table 1.4. Each instruction uses a
subset of these addressing modes. Arithmetic and logic instructions can use the register direct and
immediate modes. Data transfer instructions can use all addressing modes except program-counter
relative and memory indirect. Bit manipulation instructions use register direct, register indirect, or
absolute (8-bit) addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT,
and BTST ingtructions) or immediate (3-bit) addressing mode to specify a bit number in the
operand.

Tablel.4 Addressing Modes

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

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

2 Register Indirect—@ERN: The register field of the instruction code specifies an address
register (ERn), the lower 24 hits of which contain the address of a memory operand.

3 Register Indirect with Displacement—@(d: 16, ERn) or @(d:24, ERn): A 16-bit or 24-bit
displacement contained in the instruction is added to an address register (an extended register
paired with a general register) specified by the register field of theinstruction, and the lower 24
bits of the sum specify the address of a memory operand. A 16-bit displacement is sign-extended
when added.
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4 Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERnN:

* Register indirect with post-increment—@ERN+
The register field of the instruction code specifies an address register (ERn), the lower 24 bits
of which contain the address of amemory operand. After the operand is accessed, 1, 2, or 4is
added to the address register contents (32 bits) and the sum is stored in the address register.
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For word or
longword access, the register value should be even.

* Register indirect with pre-decrement—@-ERn
Thevaluel, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the lower 24 bits of the result becomes the address of a memory
operand. The result is aso stored in the address register. The value subtracted is 1 for byte
access, 2 for word access, or 4 for longword access. For word or longword access, the resulting
register value should be even.

5 Absolute Address—@aa: 8, @aa: 16, or @aa: 24: The instruction code contains the absolute
address of amemory operand. The absol ute address may be 8 bits long (@aa:8), 16 bits long
(@aa:16), or 24 bitslong (@aa:24). For an 8-bit absolute address, the upper 16 bits are all
assumed to be 1 (H'FFFF). For a 16-bit absolute address the upper 8 bits are a sign extension.

A 24-bit absolute address can access the entire address space. Table 1.5 indicates the accessible
address ranges.

Table1l5 Absolute Address Access Ranges

Normal Mode Advanced Mode
8 bits H'FF00 to H'FFFF H'FFFFO0 to H'FFFFF
(@aa:8) (65,280 to 65,535) (16,776,960 to 16,777,215)
16 bits H'0000 to H'FFFF H'000000 to H'007FFF, H'FF8000 to H'FFFFFF
(@aa:16) (0 to 65,535) (0 to 32,767, 16,744,448 to 16,777,215)
24 bits H'0000 to H'FFFF H'00000 to H'FFFFF
(@aa:24) (0 to 65,535) (0 to 16,777,215)

For further details on the accessible range, see the relevant microcontroller hardware manual.

6 Immediate—#xx:8, #xx:16, or #xx:32: Theinstruction contains 8-hit (#xx:8), 16-bit (#xx:16),
or 32-bit (#xx:32) immediate data as an operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate dataimplicitly. Some bit
manipulation instructions contain 3-bit immediate data in the second or fourth byte of the
instruction, specifying a bit number. The TRAPA instruction contains 2-bit immediate datain the
second byte of the instruction, specifying a vector address.
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7 Program-Counter Relative—@(d:8, PC) or @(d: 16, PC): Thismodeisused in the Bcc and
BSR ingtructions. An 8-bit or 16-bit displacement contained in the instruction is sign-extended and
added to the 24-bit program counter (PC) contents to generate a branch address. The PC value to
which the displacement is added is the address of the first byte of the next instruction, so the
possible branching range is —126 to +128 bytes (—63 to +64 words) or —32766 to +32768 bytes
(16383 to +16384 words) from the branch instruction. The resulting value should be an even
number.

8 Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
second byte of the instruction specifies a memory operand by an 8-bit absolute address. This
memory operand contains a branch address. The upper 8 bits of the absolute address are assumed
to be 0 (H'00), so the address range is 0 to 255 (H’ 0000 to H’ 00FF in normal mode, H'000000 to
H'0000FF in advanced mode). In norma mode the memory operand is a word operand and the
branch address is 16 bits long. In advanced mode the memory operand is alongword operand. The
first byte isignored and the branch address is 24 bitslong. Note that the first part of the address
range is also the exception vector area. For further details see the relevant microcontroller
hardware manual.

J\ J\

Specified - Specified —~ Reserved
by @aa:8 | Branch address  ----1 by @aa:8

\/\

Branch address

(&) Normal mode (b) Advanced mode

Figure 1.13 Branch Address Specification in Memory Indirect Mode

If an odd address is specified in word or longword memory access, or as a branch address, the
least significant bit isregarded as 0, causing access to be performed at the address preceding the
specified address. [ See (2) Memory Data Formatsin section 1.5.2 for further information.]

(2) Effective Address Calculation

Table 1.6 indicates how effective addresses are calculated in each addressing mode. In normal
mode the upper 8 bits of the effective address are ignored in order to generate a 16-bit address.
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Section 2 Instruction Descriptions

2.1 Tablesand Symbols

This section explains how to read the tables describing each instruction. Note that the descriptions
of some instructions extend over two pages or more.

Mnemonic (full name): Gives the full and mnemonic names of the instruction.
Type: Indicates the type of instruction.
Operation: Describes the instruction in symbolic notation. (See section 2.1.2, Operation.)

Assembly-L anguage Format: Indicates the assembly-language format of the instruction. (See
section 2.1.1, Assembler Format.)

Operand Size: Indicates the available operand sizes.

Condition Code: Indicates the effect of instruction execution on the flag bitsin the CCR. (See
section 2.1.3, Condition Code.)

Description: Describes the operation of the instruction in detail.

Available Registers: Indicates which registers can be specified in the register field of the
instruction.

Operand Format and Number of States Required for Execution: Shows the addressing modes
and instruction format together with the number of states required for execution.

Notes: Gives notes concerning execution of the instruction.
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211 Assembler Format

Example: ADD. B <EAs>, Rd
—L Destination operand

Source operand

Size

L Mnemonic

The operand size is byte (B), word (W), or longword (L). Some instructions are restricted to a
limited set of operand sizes.

The symbol <EA> indicates that two or more addressing modes can be used. The H8/300H CPU
supports the eight addressing modes listed next. Effective address calculation is described in
section 1.7, Effective Address Calculation.

Symbol Addressing Mode

Rn Register direct

@ERN Register indirect

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

#xx:8/16/32 Immediate (8-bit, 16-bit, or 32-bit)

@(d:8, PC)/@(d:16, PC) Program-counter relative (8-bit or 16-bit)

@@aa:8 Memory indirect
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212

Operation

The symbols used in the operation descriptions are defined as follows.

Symbol Meaning

Rd General destination register”

Rs General source register”

Rn General register*

ERd General destination register (address register or 32-bit register)

ERs General source register (address register or 32-bit register)

ERnN General register (32-bit register)

(EAd) Destination operand

(EAS) Source operand

PC Program counter

SP Stack pointer

CCR Condition-code register

N N (negative) flag in CCR

4 Z (zero) flag in CCR

\% V (overflow) flag in CCR

C C (carry) flag in CCR

disp Displacement

- Transfer from the operand on the left to the operand on the right, or transition
from the state on the left to the state on the right

+ Addition of the operands on both sides

- Subtraction of the operand on the right from the operand on the left

X Multiplication of the operands on both sides

+ Division of the operand on the left by the operand on the right

O Logical AND of the operands on both sides

O Logical OR of the operands on both sides

O Logical exclusive OR of the operands on both sides

- Logical NOT (logical complement)

()< > Contents of effective address of the operand

Note: * General registers include 8-bit registers (ROH to R7H and ROL to R7L), 16-bit registers

(RO to R7 ad EO to E7) and 32-bit registers.
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2.1.3 Condition Code

The symbols used in the condition-code description are defined as follows.
Symbol Meaning
! Changes according to the result of the instruction
* Undetermined (no guaranteed value)
0 Always cleared to 0
— Not affected by execution of the instruction
A Varies depending on conditions; see the notes.
214 Instruction Format
The symbols used in the instruction format descriptions are listed below.
Symbol Meaning
IMM Immediate data (2, 3, 8, 16, or 32 bits)
abs Absolute address (8, 16, or 24 bits)
disp Displacement (8, 16, or 24 bits)
rs, rd, rn Register number (4 bits. The symbol rs corresponds to operand symbols such
as Rs. The symbol rd corresponds to operand symbols such as Rd. The symbol
rn corresponds to the operand symbol Rn.)
ers, erd, ern Register number (3 bits. The symbol ers corresponds to operand symbols such

as ERs. The symbol erd corresponds to operand symbols such as ERd and
@ERd. The symbol ern corresponds to the operand symbol ERn.)
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215 Register Specification

Address Register Specification: When a general register is used as an address register [ @ERN,
@(d:16, ERn), @(d:24, ERn), @ERN+, or @-ERnN], the register is specified by a 3-bit register
field (ers or erd). The lower 24 bits of the register are valid.

Data Register Specification: A general register can be used as a 32-bit, 16-bit, or 8-bit data
register, which is specified by a 3-bit register number. When a 32-bit register (ERn) isused asa
longword dataregister, it is specified by a 3-bit register field (ers, erd, or ern). When a 16-bit
register is used as aword data register, it is specified by a4-bit register field (rs, rd, or rn). The
lower 3 bits specify the register number. The upper bit is set to 1 to specify an extended register
(En) or cleared to 0 to specify ageneral register (Rn). When an 8-hit register is used as a byte data
register, it is specified by a 4-bit register field (rs, rd, or rn). The lower 3 bits specify the register
number. The upper bit is set to 1 to specify alow register (RnL) or cleared to O to specify ahigh
register (RnH). Thisis shown next.

Address Register

32-bit Register 16-bit Register 8-bit Register
Register General Register General Register General
Field Register Field Register Field Register
000 ERO 0000 RO 0000 ROH
001 ER1 0001 R1 0001 R1H
111 EIR7 Oill R7 0111 R7H
1000 EO 1000 EOL
1001 El 1001 E1L
1111 E7 1111 EI7L
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216 Bit Data Accessin Bit Manipulation Instructions

Bit datais accessed asthen-thbit (n=0, 1, 2, 3, ..., 7) of abyte operand in ageneral register or
memory. The bit number is given by 3-bit immediate data, or by the lower 3 bits of ageneral
register value.

Example1l: Tosethit3inR2Hto 1

BSET R1L, R2H

RIL| | Domtcare | |0 11

Bit number
ReH[oi1:1/0 01 0 1]

T

Setto 1

Example 2: To load bit 5 at address H'FFFFO2 into the bit accumulator

BLD #5, @FFFF02
#5
ﬁ\/

v
HFFo2 [1jo |1 o0i0i1{1 0

ﬁ\/ c

Load

The operand size and addressing mode are as indicated for register or memory operand data.
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2.2 Instruction Descriptions

The instructions are described starting in section 2.2.1.
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2.2.1(1) ADD (B)

ADD (ADD binary)

Add Binary

Operation
Rd + (EAs) - Rd

Assembly-L anguage For mat
ADD. B <EAs>, Rd

Condition Code

| U H U N Z V C
(==l el efefe]e]

H: Setto 1lif thereisacarry at bit 3;
otherwise cleared to 0.

N: Setto 1if theresult is negative; otherwise
cleared to 0.

Z: Settolif theresult is zero; otherwise
cleared to 0.

V: Setto 1if anoverflow occurs; otherwise

Operand Size
B cleared to 0.
yte C. Settolif thereisacarry at bit 7;
otherwise cleared to 0.
Description

Thisinstruction adds the source operand to the contents of an 8-hit register Rd (destination
operand) and stores the result in the 8-bit register Rd.

Available Registers

Rd: ROL to R7L, ROH to R7H
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Immediate ADD.B #xx:8, Rd 8 rd IMM 2
Register direct ADD.B Rs, Rd 0 8 rs rd 2
Notes
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2.2.1(2) ADD (W)

ADD (ADD binary)

Add Binary

Operation

Rd + (EAs) - Rd

Assembly-L anguage For mat
ADD. W <EAs>, Rd

Condition Code
I U H U N Z VvV C
SRR

H: Setto 1lif thereisacarry at bit 11,
otherwise cleared to 0.

N: Setto 1if theresult is negative; otherwise
cleared to 0.

Z: Settolif theresult is zero; otherwise
cleared to 0.

V: Setto 1if anoverflow occurs; otherwise

Operand Size
P z cleared to O.
Word C: Settolif thereisacarry at bit 15;
otherwise cleared to 0.
Description

This instruction adds the source operand to the contents of a 16-bit register Rd (destination
operand) and stores the result in the 16-bit register Rd.

Available Registers

Rd: ROto R7, EOto E7
Rs. ROtoR7,EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Immediate ADDW |#xx16,Rd | 7 ! 9 | 1 ! rd IMM 4
Register direct ADD.W |Rs, Rd 0 9 rs  rd 2

Notes
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2.2.1(3) ADD (L)

ADD (ADD binary)

Add Binary

Operation
ERd + (EAS) —» ERd

Condition Code
| U H U N Z VvV C
HE BRI

H: Setto 1lif thereisacarry at hit 27;

Assembly-L anguage For mat
ADD. L <EAs>, ERd

otherwise cleared to 0.

N: Setto 1if theresult is negative; otherwise
cleared to 0.

Z: Settolif theresult is zero; otherwise
cleared to 0.

Operand Size
Longword

V: Setto 1if anoverflow occurs; otherwise
cleared to 0.

C: Settolif thereisacarry at bit 31;
otherwise cleared to 0.

Description

This instruction adds the source operand to the contents of a 32-bit register ERd (destination
operand) and stores the result in the 32-bit register ERd.

Available Registers

ERd: EROto ER7
ERs. EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte | 5th byte | 6th byte |States
Immediate ADD.L |#xx:32,ERd| 7 ' A | 1 :0Oierd IMM 6
Register direct ADD.L |Rs, ERd 0 E A 1EersEOEerd ‘ | | 2

Notes
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2.2.2 ADDS

ADDS (ADD with Sign extension)

Add Binary Address Data

Operation Condition Code

Rd+1 - ERd H U N Z VvV C

Rd+2 - ERd _— e e = = = = | —

=== [= =]

H: Previous value remains unchanged.

Assembly-L anguage For mat N: Previous value remains unchanged.

ADDS #1, ERd Z: Previous value remains unchanged.

ADDS #2, ERd V: Previous value remains unchanged.

ADDS #4, ERd C: Previous value remains unchanged.

Operand Size

Longword

Description

Thisinstruction adds the immediate value 1, 2, or 4 to the contents of a 32-bit register ERd.

Differing from the ADD instruction, it does not affect the condition code flags.

Available Registers

ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands '
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States

Register direct ADDS #1, ERd 0 | B 0 :0:erd 2

Register direct ADDS #2, ERd 0 B 8 '0'erd 2

Register direct ADDS #4, ERd 0 B 9 :0'erd 2

Notes
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2.2.3 ADDX
ADDX (ADD with eXtend carry) Add with Carry
Operation Condition Code
Rd+ (EAs) + C - Rd | U H U N Z V C
[F1=T: =T+ ]+]
H: Setto 1lif thereisacarry at bit 3;
Assembly-L anguage For mat otherwise cleared to 0.
ADDX <EAs>, Rd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z:. Previous value remains unchanged if the
result is zero; otherwise cleared to 0.
Operand Size V: Setto 1if anoverflow occurs; otherwise
cleared to 0.
Byte C: Settolif thereisacarry at hit 7;
otherwise cleared to 0.
Description

Thisinstruction adds the source operand and carry flag to the contents of an 8-bit register Rd
(destination register) and stores the result in the 8-bit register Rd.

Available Registers

Rd: ROL to R7L, ROH to R7H
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Immediate ADDX |#xx:8,Rd | 9 | rd IMM 2
Register direct ADDX |Rs,Rd 0 ' E | rs rd 2
Notes
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2.24(1) AND (B)

AND (AND logical) Logical AND
Operation Condition Code
Rd O(EAs) - Rd |l U H U N Z V C
=== —[:[:]0]—]
Assembly-L anguage For mat H: Previous value remains unchanged.
AND. B <EAs>, Rd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultis zero; otherwise
. cleared to O.
Operand Size V: Alwayscleared to O.
Byte C: Previous value remains unchanged.
Description

Thisinstruction ANDs the source operand with the contents of an 8-bit register Rd (destination
register) and stores the result in the 8-bit register Rd.

Available Registers

Rd: ROL to R7L, ROH to R7H
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Immediate AND.B |#xx:8, Rd E ' rd IMM 2
Register direct | AND.B | Rs, Rd 1.6 |rs:d 2
Notes
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2.24(2) AND (W)

AND (AND logical) Logical AND
Operation Condition Code
Rd O(EAs) - Rd |l U H U N Z V C
=== =[:[:]0]~-]
Assembly-L anguage For mat H: Previous value remains unchanged.
AND. W <EAs>, Rd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultis zero; otherwise
. cleared to O.
Operand Size V: Alwayscleared to O.
Word C: Previous value remains unchanged.
Description

Thisinstruction ANDs the source operand with the contents of a 16-bit register Rd (destination
register) and stores the result in the 16-bit register Rd.

Available Registers

Rd: ROtoR7, EOto E7
Rs: ROtoR7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Immediate AND.W | #xx:16, Rd 7009 6 : rd IMM 4
Register direct AND.W |Rs, Rd 6 6 | s 2
Notes
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2.24(3) AND (L)

AND (AND logical)

Logical AND

Operation
ERd O(EAs) — ERd

Condition Code

| U H UN Z V C
(=l =[=l=f:]s]0 ][]

Assembly-L anguage For mat
AND. L <EAs>, ERd

H: Previous value remains unchanged.
N: Setto 1if theresult is negative; otherwise

cleared to 0.
Z. Settolif theresult iszero; otherwise
. cleared to 0.
Operand Size V: Alwayscleared to O.
Longword C: Previous value remains unchanged.
Description

Thisinstruction ANDs the source operand with the contents of a 32-bit register ERd (destination
register) and stores the result in the 32-bit register ERd.

Available Registers

ERd: EROto ER7
ERs: EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte | 5th byte | 6th byte |States
Immediate AND.L |#x32,ERd| 7 | A | 6 !0lerd IMM 6
Register direct | AND.L |Rs, ERd 01 Fi0 6 1 6 ‘Oiersioierd| | 4

Notes
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225 ANDC

ANDC (AND Control register) Logical AND with CCR
Operation Condition Code

CCR O#IMM - CCR | U H U N Z V C

Lefelefefefefofr]

Assembly-L anguage For mat Stores the corresponding bit of the result.

I

Ul: Stores the corresponding bit of the result
ANDC #xx:8, CCR H: Storesthe corresponding bit of the result.

U: Storesthe corresponding bit of the result

N: Storesthe corresponding bit of the result.
Operand Size Z:. Storesthe corresponding bit of the result.
Byte V: Storesthe corresponding bit of the result.

C: Storesthe corresponding hit of the result.
Description

Thisinstruction ANDs the contents of the condition-code register (CCR) with immediate data and
stores the result in the condition-code register. No interrupt requests, including NMI, are accepted
immediately after execution of thisinstruction.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte | 4th byte | States
Immediate ANDC | #xx8, CCR| 0 | 6 IMM 2
Notes

Rev. 3.00 Dec 13, 2004 page 50 of 258
REJ09B0213-0300

RENESAS



Section 2 Instruction Descriptions

2.2.6 BAND

BAND (Bit AND) Bit Logical AND
Operation Condition Code

C O(<bit No.> of <EAd>) - C | UU H UN Z V C

===l =] =]

Assembly-L anguage For mat

BAND #xx:3, <EAd> H: Previous value remains unchanged.
N: Previous value remains unchanged.
Operand Size Z: Previous value remains unchanged.
Byte V: Previous value remains unchanged.
C. Storestheresult of the operation.
Description

Thisinstruction ANDs a specified bit in the destination operand with the carry bit and stores the
result in the carry bit. The bit number is specified by 3-bit immediate data. The destination

operand contents remain unchanged.
Specified by #xx:3

BitNo. 7 J 0
\ 1 \

<EAd> —

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
. Mnemonic| Operands
Mode 1st byte 2nd byte 3rd byte 4th byte  |States
Register direct BAND |#xx:3.Rd 7 1 6 |0IIMM! rd 2
Register indirect | BAND |[#xx:3.@ERd | 7 : c |0ierd: O 7 ¢ 6 |0IMM: O 6
Absolute address| BAND |#xx:3.@aa:8 7 1 E abs 7 ¢ 6 |0IMM: O 6

Note: * The addressing mode is the addressing mode of the destination operand <EAd>.

Notes
See the corresponding L SI hardware manual for details on the access range for @aa : 8.
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2.2.7 Bcc

Bcc (Branch conditionally)

Conditional Branch

Operation

If condition istrue, then
PC +disp - PC

else next;

Condition Code
H U N Z V C

H: Previous value remains unchanged.
Assembly-L anguage For mat N: Previous value remains unchanged.
Bcc disp Z: Previous value remains unchanged.
_, Condition field V: Previous value remains unchanged.
C: Previous value remains unchanged.
Operand Size
Description

If the condition specified in the condition field (cc) istrue, a displacement is added to the program
counter (PC) and execution branches to the resulting address. The PC value used in the address
calculation isthe starting address of the instruction immediately following the Bec instruction.
The displacement is a signed 8-bit or 16-bit value. The branch destination address can be located
in the range from —126 to +128 bytes or —32766 to +32768 bytes from the Bcc instruction.

Mnemonic Meaning cc Condition Signed/Unsigned*
BRA (BT) Always (true) 0000 | True
BRn (BF) Never (false) 0001 | False
BHI High 0010 |COZ=0 X >Y (unsigned)
BLS Low or Same 0011 |CcOz=1 X <Y (unsigned)
BCC (BHS) Carry Clear (High or Same) 0100 |C=0 X =Y (unsigned)
BCS (BLO) Carry Set (LOw) 0101 |C=1 X <Y (unsigned)
BNE Not Equal 0110 |zZ=0 X #Y (unsigned or signed)
BEQ EQual 0111 |z=1 X >Y (unsigned or signed)
BvC oVerflow Clear 1000 | V=0
BVS oVerflow Set 1001 |v=1
BPL PLus 1010 N=0
BMI Minus 1011 N=1
BGE Greater or Equal 1100 NOV=0 X =Y (signed)
BLT Less Than 1101 NOV=1 X <Y (signed)
BGT Greater Than 1110 [ZO(NOV)=0 | X>Y (signed)
BLE Less or Equal 1111 | ZONNOV)=1 | X<Y (signed)

Note: * If the immediately preceding instruction is a CMP instruction, X is the destination operand and Y is the

source operand.
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Bcc

Bcc (Branch conditionally) Conditional Branch

Operand Format and Number of States Required for Execution

Addressin . Instruction Format No. of
Mode ’ Mnemonic | Operands 1st byte 2nd byte 3rd byte 4th byte States
Program-counter | BRA (BT) d:8 4 0 disp 4
relative d:16 5 i 8 0: 0 disp 6
Program-counter | BRN (BF) d:8 4 1 disp | 4
relative d:16 5 . 8 1.0 disp 6
Program-counter | BHI d:8 4 2 disp | 4
relative d:16 5 ' 8 2 0 disp 6
Program-counter | BLS d:8 4 3 disp | 4
relative d:16 5 : 8 3 10 disp 6
Program-counter | Bcc (BHS) d:8 4 1 4 disp | 4
relative d:16 5 . 8 4 10 disp 6
Program-counter | BCS (BLO) d:8 4 ' 5 disp | 4
relative d:16 5 . 8 5 . 0 disp 6
Program-counter | BNE d:8 4 1 6 disp | 4
relative d:16 5 . 8 6 . 0 disp 6
Program-counter | BEQ d:8 4 7 disp | 4
relative d:16 5 ' 8 7 0 disp 6
Program-counter | BVC d:8 4 8 disp | 4
relative d:16 5 . 8 8 . 0 disp 6
Program-counter | BVS d:8 4 . 9 disp | 4
relative d:16 5 . 8 9 I 0 disp 6
Program-counter | BPL d:8 4 A disp | 4
relative d:16 5 . 8 A0 disp 6
Program-counter | BMI d:8 4 B disp | 4
relative d:16 5 . 8 B ! 0 disp 6
Program-counter | BGE d:8 4 , C disp | 4
relative d:16 5 ' 8 cC o0 disp 6
Program-counter | BLT d:8 4 + D disp | 4
relative d:16 5 . 8 D . 0 disp 6
Program-counter | BGT d:8 4 . E disp | 4
relative d:16 5 ! 8 E ! O disp 6
Program-counter | BLE d:8 4 F disp | 4
relative d:16 5 : 8 F ' 0 disp 6
Notes
1. The branch destination address must be even.

2.

In machine language BRA, BRN, BCC, and BCS areidentical to BT, BF, BHS, and BLO,

respectively. The number of execution states for BRn (BF) is the same as for two NOP
instructions.
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228 BCLR

BCLR (Bit CLeaR)

Bit Clear

Operation
0 - (<bit No.> of <EAd>)

Condition Code

H U N Z V C

Assembly-L anguage For mat H: Previous value remains unchanged.

BCLR #xx:3, <EAd> N: Previous value remains unchanged.

BCLR Rn, <EAd> Z: Previous value remains unchanged.
V: Previous value remains unchanged.

Operand Size C: Previous value remains unchanged.

Byte

Description

Thisinstruction clears a specified bit in the destination operand to 0. The bit number can be
specified by 3-bit immediate data, or by the lower three bits of a general register (Rn). The
specified bit is not tested. The condition-code flags are not altered.

Specified by #xx:3 or Rn
Bit No. 7 i 0

<EAd> —»

O —b

Available Registers
Rd: ROL to R7L, ROH to R7H

Rn: ROL to R7L, ROH to R7H
ERd: EROto ER7
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BCLR

BCLR (Bit CLeaR) Bit Clear

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of

Mode* Mnemonic | Operands 1st byte 2nd byte 3rd byte 4th byte |States
Register direct BCLR |#xx:3, Rd 7 ¢ 2 [oIMM! d 2
Register indirect BCLR |#xx:3, @ERd | 7 D oi erd 0 7 1 2 |0IMM: O 8
Absolute address| BCLR  |#xx:3, @aa:8| 7 . F abs 7 ¢ 2 |0IMM: O 8
Register direct BCLR |Rn,Rd 6 ! 2 m rd 2
Register indirect BCLR |Rn, @ERd 7 + D |0ierd: O 6 : 2 m 8
Absolute address| BCLR |Rn, @aa:8 7 0 F abs 6 : 2 m . 8

Note: * The addressing mode is the addressing mode of the destination operand <EAd>.

Notes
For the @aa.8 access range, refer to the relevant microcontroller hardware manual.
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2.29 BIAND

BIAND (Bit Invert AND) Bit Logical AND
Operation Condition Code

C O[~= (<bit No.> of <EAd>)] - C | U H U N Z V C

']

Assembly-L anguage For mat

Bl AND #xx:3, <EAd> H: Previous value remains unchanged.
N: Previous value remains unchanged.
Operand Size Z: Previous value remains unchanged.
Byte V: Previous value remains unchanged.
C: Storestheresult of the operation.
Description

Thisinstruction ANDs the inverse of a specified bit in the destination operand with the carry bit
and stores the result in the carry bit. The bit number is specified by 3-bit immediate data. The

destination operand contents remain unchanged.

Specified by #xx:3

BitNo. 7 ¢ 0
<EAd> —» | —ﬁ‘ | |
$ . Invert
c a — c

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
. Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte  |States
Register direct BIAND |#xx:3.Rd 7 ¢ 6 |LIMM: rd 2
Register indirect | BIAND |#xx:3.@ERd | 7 | C |0lerd! O | 7 ! 6 |LIMM! 0 6
Absolute address| BIAND |#xx:3.@aa:8 7 E abs 7 6 1EIMME 0 6

Note: * The addressing mode is the addressing mode of the destination operand <EAd>.

Notes
For the @aa:8 access range, refer to the relevant microcontroller hardware manual.
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2.2.10 BILD

BILD (Bit Invert LoaD)

Bit Load

Operation
= (<bit No.> of <EAd>) - C

Assembly-L anguage For mat

Condition Code

| U H U N Z V C
===l =] =]

H: Previous value remains unchanged.
BI LD #xx:3, <EAd> N: Previous value remains unchanged.
Z: Previous value remains unchanged.
Operand Size V: Previous value remains unchanged.
Byte C: Loaded with the inverse of the specified
bit.
Description

Thisinstruction loads the inverse of a specified bit from the destination operand into the carry bit.
The bit number is specified by 3-bit immediate data. The destination operand contents remain

unchanged.

Specified by #xx:3

Bit No. 7

<EAd> —»]

£

Invert ——» C

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
. Mnemonic| Operands
Mode 1st byte 2nd byte 3rd byte 4th byte |States
Register direct BILD #xx:3.Rd 7 07 |1IMM: rd 2
Register indirect BILD #xx:3.@ERd 7 ! C |oled! 0 7 07 |1IMMl 0 6
Absolute address| BILD |#xx:3.@aa8 | 7 ' E abs 7 ¢ 7 |1IMM: 0 6

Note: * The addressing mode is the addressing mode of the destination operand <EAd>.

Notes

For the @aa:8 access range, refer to the relevant microcontroller hardware manual.
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2.2.11 BIOR

BIOR (Bit Invert inclusive OR) Bit Logical OR
Operation Condition Code

C O[~ (<bit No.> of <EAd>)] - C | U H U N Z V C

']

Assembly-L anguage For mat

Bl OR #xx:3, <EAd> H: Previous value remains unchanged.
N: Previous value remains unchanged.
Operand Size Z: Previous value remains unchanged.
Byte V: Previous value remains unchanged.
C: Storestheresult of the operation.
Description

Thisinstruction ORs the inverse of a specified bit in the destination operand with the carry bit and

stores the result in the carry bit. The bit number is specified by 3-bit immediate data. The
destination operand contents remain unchanged.

Specified by #xx:3

Bit No. 7 L 0
I I I I
<EAd> —»| 77

Invert

C 0 —> C

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
& Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte  |States
Register direct BIOR |#xx:3.Rd 7 0 4 |1IMM: rd 2
Register indirect BIOR |#xx:3.@ERd 7 . C |olerd! 0 7 0 4 |1IMM 0 6
Absolute address BIOR #xx:3.@aa:8 7 E abs 7 4 1EIMME 0 6

Note: * The addressing mode is the addressiné mode of the destinationloperand <EAd>.

Notes
For the @aa:8 access range, refer to the relevant microcontroller hardware manual.
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2212 BIST
BIST (Bit Invert STore) Bit Store
Operation Condition Code

C - (<bit No.> of <EAd>) H U N Z V C

Assembly-L anguage For mat

Bl ST #xx:3, <EAd> H: Previous value remains unchanged.
N: Previous value remains unchanged.
Operand Size Z: Previous value remains unchanged.
Byte V: Previous value remains unchanged.
C: Previous value remains unchanged.
Description

Thisinstruction stores the inverse of the carry bit in a specified bit location in the destination
operand. The bit number is specified by 3-bit immediate data. Other bits in the destination operand
remain unchanged.

Specified by #xx:3

Bit No. 7 0
\ \ \ \
AN

<EAd> —»]|

C —» Invert

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
" Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte  |States
Register direct BIST  [#xx:3,Rd 6 ' 7 [1IMM: rd 2
Register indirect BIST |[#x3,@ERd | 7 : D |0ierd: O 6 ¢ 7 |1UMM: 0 8
Absolute address BIST #xx:3,@aa:8 7 . F abs 6 ¢ 7 |1aMM: O 8

Note: * The addressing mode is the addressing mode of the destination operand <EAd>.

Notes
For the @aa:8 access range, refer to the relevant microcontroller hardware manual .
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2.2.13 BIXOR

BIXOR (Bit Invert eXclusive OR) Bit Exclusive Logical OR
Operation Condition Code

C O [~ (<bit No.> of <EAd>)] ~ C Il UU H UN Z V C

']

Assembly-L anguage For mat

Bl XOR #xx:3, <EAd> H: Previous value remains unchanged.
N: Previous value remains unchanged.
Operand Size Z: Previous value remains unchanged.
Byte V: Previous value remains unchanged.
C: Storestheresult of the operation.
Description

Thisinstruction exclusively ORs the inverse of a specified bit in the destination operand with the
carry bit and stores the result in the carry bit. The bit number is specified by 3-bit immediate data.

The destination operand contents remain unchanged.

Specified by #xx:3
Bit No. 7 ¢ 0
<EAd> —»| \ 77\ \ \

Invert

C O — C

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
" Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte  |States
Register direct | BIXOR |#0¢3,Rd 7 1 5 |1LIMM! 2
Register indirect | BIXOR |#xx:3,@ERd | 7 | C |0lerd! O | 7 ! 5 |1IMM 0 6
Absolute address| BIXOR |#xx:3,@aa:8 7 E abs 7 5 1EIMME 0 6

Note: * The addressing mode is the addressing mode of the destination operand <EAd>.

Notes
For the @aa:8 access range, refer to the relevant microcontroller hardware manual.
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2214 BLD

BLD (Bit LoaD) Bit Load

Operation Condition Code
(<Bit No.> of <EAd>) - C | UU H UN Z V C

===l =] =]

Assembly-L anguage For mat

BLD #xx:3, <EAd> H: Previous value remains unchanged.
N: Previous value remains unchanged.
Operand Size Z: Previous value remains unchanged.
Byte V: Previous value remains unchanged.
C: Loaded from the specified bit.
Description

Thisinstruction loads a specified bit from the destination operand into the carry bit. The bit
number is specified by 3-bit immediate data. The destination operand contents remain unchanged.

Specified by #xx:3

BitNo. 7 | 0
\ 1 \

<EAd> —»|

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
. Mnemonic| Operands
Mode 1st byte 2nd byte 3rd byte 4th byte |States
Register direct BLD #xx:3,Rd 7 ! 7 [oIMM! 2
Register indirect BLD |[#xx:3@ERd | 7 ! C |0ierd: O 7 ¢ 7 |oamm: 0O 6
Absolute address| BLD  |#xx:3,@aa8 | 7 ' E abs 7 ¢ 7 |0IMM: O 6

Note: * The addressing mode is the addressing mode of the destination operand <EAd>.

Notes

For the @aa.8 access range, refer to the relevant microcontroller hardware manual.
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2.2.15 BNOT

BNOT (Bit NOT)

Bit NOT

Operation Condition Code
= (<bit No.> of <EAd>) - (<bit No.> of H U N Z V C
<EAd) ]

Assembly-L anguage For mat H: Previous value remains unchanged.

BNOT #xx:3, <EAd> N: Previous value remains unchanged.

BNOT Rn, <EAd> Z: Previous value remains unchanged.
V: Previous value remains unchanged.

Operand Size C: Previous value remains unchanged.

Byte

Description

Thisinstruction inverts a specified bit in the destination operand. The bit number is specified by 3-
bit immediate data or by the lower 3 bits of ageneral register. The specified bit is not tested. The
condition code remains unchanged.

Specified by #xx:3 or Rn

BitNo. 7 | 0
! I R N

ZEAN

<EAd> —»

Available Registers
Rd: ROL to R7L, ROH to R7H

Rn:  ROL to R7L, ROH to R7H
ERd: EROto ER7
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Instruction Descriptions

BNOT
BNOT (Bit NOT) Bit NOT
Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of

. Mnemonic| Operands
Mode 1st byte 2nd byte 3rd byte 4th byte |States

Register direct BNOT |#xx:3, Rd 7 1 1 |0IMM! rd 2
Register indirect | BNOT |#xx:3, @ERd| 7 : D |Orerd: O 7 ¢ 1 |0IMM: O 8
Absolute address| BNOT  |#xx:3, @aa:8| 7 : F abs 7 ¢ 1 |0IMM: O 8
Register direct BNOT |Rn, Rd 6 ! 1 m rd 2
Register indirect BNOT |Rn, @ERd 7 ' D 0 erd 0 6 1 m 8
Absolute address| BNOT |Rn, @aa:8 7 . F abs 6 ¢ 1 m . 8

Note: * The addressing mode is the addressing mode of the destination operand <EAd>.

Notes

For the @aa.8 access range, refer to the relevant microcontroller hardware manual.
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2216 BOR

BOR (bit inclusive OR) Bit Logical OR
Operation Condition Code

C O[(<bit No.> of <EAd>)] - C | UU H UN Z V C

']

Assembly-L anguage For mat

BOR #xx:3, <EAd> H: Previous value remains unchanged.
N: Previous value remains unchanged.
Operand Size Z: Previous value remains unchanged.
Byte V: Previous value remains unchanged.
C. Storestheresult of the operation.
Description

Thisinstruction ORs a specified bit in the destination operand with the carry bit and stores the

result in the carry bit. The bit number is specified by 3-bit immediate data. The destination
operand contents remain unchanged.
Specified by #xx:3

BitNo. 7 | 0
\ 1 \

<EAd> —»]

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
. Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte |States
Register direct BOR |#xx:3,Rd 7 ¢ 4 |0IMM: rd 2
Register indirect BOR  |#xx:3,@ERd 7 ¢ C |0ierd: O 7 ¢ 4 |0iIMM: O 6
Absolute address| BOR  |#xx:3,@aa:8 | 7 . E abs 7 1 4 |[0IMM. 0 6

Note: * The addressing mode is the addressing mode of the destination operand <EAd>.

Notes
For the @aa:8 access range, refer to the relevant microcontroller hardware manual.
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2217 BSET

BSET (Bit SET)

Bit Set

Operation
1 - (<bit No.> of <EAd>)

Condition Code
H U N Z V C

Assembly-L anguage For mat

BSET #xx:3, <EAd> H: Previous value remains unchanged.
BSET Rn, <EAd> N: Previous value remains unchanged.
Z: Previous value remains unchanged.
Operand Size V: Previous value remains unchanged.
B C: Previous value remains unchanged.
yte
Description

Thisinstruction sets a specified bit in the destination operand to 1. The bit number can be
specified by 3-bit immediate data, or by the lower three bits of a general register. The specified bit
is not tested. The condition code flags are not altered.

Bit No.

7

Specified by #xx:3 or Rn

<EAd> —»|

Available Registers

Rd: ROL to R7L, ROH to R7H
Rn: ROL to R7L, ROH to R7H
ERd: EROto ER7
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Instruction Descriptions

BSET
BSET (Bit SET) Bit Set
Operand Format and Number of States Required for Execution
Addressing ) Instruction Format No. of
. Mnemonic| Operands '
Mode 1st byte 2nd byte 3rd byte 4th byte  |States
Register direct BSET |#xx:3, Rd 7 1 0 |0IMM! rd 2
Register indirect BSET |#xx3,@ERd| 7 : D |0ierd: O 7 0:IMM: 0 8
Absolute address BSET |#xx3,@aa8| 7 . F abs 70 0:/IMM: 0 8
Register direct BSET Rn, Rd 6 ! 0 m rd 2
Register indirect BSET Rn, @ERd 7 ' D 0 erd 0 6 ' 0 m 8
Absolute address| BSET |Rn, @aa:8 7 . F abs 6 : 0 m 8

Note: * The addressing mode is the addressing mode of the destination operand <EAd>.

Notes

For the @aa.8 access range, refer to the relevant microcontroller hardware manual.
<EAd> isbyte datain aregister or on memory.
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2.2.18 BSR
BSR (Branch to SubRoutine) Branch to Subroutine
Operation Condition Code
PC -~ @-SP H UN Z V C
PC + disp - PC =] —
® -

Assembly-L anguage For mat H: Previous value remains unchanged.
BSR disp N: Previous value remains unchanged.

Z: Previous value remains unchanged.

V: Previous value remains unchanged.
Operand Size C: Previous value remains unchanged.
Description

Thisinstruction branches to a subroutine at a specified address. It pushes the program counter
(PC) value onto the stack as arestart address, then adds a specified displacement to the PC value
and branches to the resulting address. The PC value pushed onto the stack is the address of the
instruction following the BSR instruction. The displacement is a signed 8-bit or 16-bit value, so
the possible branching range is —126 to +128 bytes or —32766 to +32768 bytes from the address of
the BSR instruction.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of States
q Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | Normal | Advanced
Program-counter | BSR d:8 515 disp 6 8
relative d:16 5:C| 0.0 disp 8 10
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BSR

BSR (Branch to SubRoutine) Branch to Subroutine

Notes

The stack structure differs between normal mode and advanced mode. In norma mode only the
lower 16 bits of the program counter are pushed on the stack.

N
TN Reserved
PC ‘ ! ! ‘ ) PC , | ‘ —___
23 16 15 87 0 23 16 15 87 0
Normal mode Advanced mode

The branch address must be even.

Rev. 3.00 Dec 13, 2004 page 68 of 258
REJ09B0213-0300

RENESAS



Section 2 Instruction Descriptions

2219 BST

BST (Bit STore) Bit Store
Operation Condition Code

C - (<bit No.> of <EAd>) H U N Z V C

Assembly-L anguage For mat

BST #xx:3, <EAd> H: Previous value remains unchanged.
N: Previous value remains unchanged.
Operand Size Z: Previous value remains unchanged.
Byte V: Previous value remains unchanged.
C: Previous value remains unchanged.
Description

Thisinstruction stores the carry bit in a specified bit location in the destination operand. The bit
number is specified by 3-bit immediate data. Other bits in the destination operand remain

unchanged.
Specified by #xx:3

BitNo. 7 | 0
\ 1 \

<EAd> —»]

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
. Mnemonic| Operands
Mode 1st byte 2nd byte 3rd byte 4th byte  |States
Register direct BST #xx:3,Rd 6 | 7 |0IMM! rd 2
Register indirect BST |#x3@ERd | 7 : D |0ierd: O 6 ' 7 |0IMM: O 8
Absolute address BST #xx:3,@aa:8 7 . F abs 6 . 7 |0AMM: O 8

Note: * The addressing mode is the addressing mode of the destination operand <EAd>.

Notes
For the @aa.8 access range, refer to the relevant microcontroller hardware manual.
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2220 BTST

BTST (Bit TeST)

Bit Test

Operation
- (<Bit No.> of <EAd>) - Z

Condition Code

| U H U N Z V C
===l l=] e =[]

Assembly-L anguage For mat

BTST #xx:3, <EAd>
BTST Rn, <EAd>

H: Previous value remains unchanged.

N: Previous value remains unchanged.

Z: Settolif the specified bit is zero;
otherwise cleared to 0.

Operand Size V: Previous value remains unchanged.

B C: Previous value remains unchanged.
yte

Description

Thisinstruction tests a specified bit in the destination operand and sets or clearsthe Z flag
according to the result. The bit number can be specified by 3-bit immediate data, or by the lower
three bits of ageneral register. The destination operand remains unchanged.

Bit No.

7

Specified by #xx:3 or Rn

<EAd> —»|

Test

Available Registers

Rd: ROL to R7L, ROH to R7H
Rn: ROL to R7L, ROH to R7H
ERd: EROto ER7
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BTST

BTST (Bit TeST) Bit Test

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of

Mode* Mnemonic | Operands 1st byte 2nd byte 3rd byte 4th byte |States
Register direct BTST |#xx:3, Rd 7 ¢ 3 |[0IMM! rd 2
Register indirect BTST |#xx:3, @ERd | 7 L C oi erd 0 7 ¢ 3 |0IMM: 0 6
Absolute address| BTST  |#xx:3, @aa8| 7 : E abs 7 ¢ 3 |0IMM: O 6
Register direct BTST Rn, Rd 6 ! 3 m rd 2
Register indirect BTST Rn, @ERd 7 '+ C 0 erd 0 6 3 m 6
Absolute address| BTST |Rn, @aa:8 7 . E abs 6 ! 3 m . 6

Note: * The addressing mode is the addressing mode of the destination operand <EAd>.

Notes
For the @aa.8 access range, refer to the relevant microcontroller hardware manual.
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2.2.21 BXOR

BXOR (Bit eXclusive OR) Bit Exclusive Logical OR
Operation Condition Code

C O (<bit No.> of <EAd>) - C | UU H UN Z V C

']

Assembly-L anguage For mat

BXOR #xx:3, <EAd> H: Previous value remains unchanged.
N: Previous value remains unchanged.
Operand Size Z: Previous value remains unchanged.
Byte V: Previous value remains unchanged.
C: Storestheresult of the operation.
Description

Thisinstruction exclusively ORs a specified bit in the destination operand with the carry bit and

stores the result in the carry bit. The bit number is specified by 3-bit immediate data. The
destination operand contents remain unchanged.

Specified by #xx:3

BitNo. 7 | 0
<EAd> —»| C |
c O — c

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
& Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte 4th byte  |States
Register direct BXOR |#xx:3,Rd 7 ¢ 5 |0iIMM: rd 2
Register indirect BXOR |#xx:3,@ERd 7 . C |olerd! 0 7 5 |0IMM! 0 6
Absolute address BXOR |#xx:3,@aa:8 7 E abs 7 5 OEIMME 0 6

Note: * The addressing mode is the addressing mode of the destination operand <EAd>.

Notes
For the @aa:8 access range, refer to the relevant microcontroller hardware manual.
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2.2.22(1) CMP (B)

CMP (CoM Pare)

Compare

Operation

Rd — (EAS), set or clear CCR

Assembly-L anguage For mat
CMVP. B <EAs>, Rd

Condition Code
I U H U N Z VvV C
SRR

H: Setto 1if thereisaborrow at bit 3;
otherwise cleared to 0.

N: Setto 1if theresult is negative; otherwise
cleared to 0.

Z: Settolif theresult is zero; otherwise
cleared to 0.

V: Setto 1if anoverflow occurs; otherwise

Operand Size
P cleared to O.
Byte C: Settolif thereisaborrow at bit 7;
otherwise cleared to 0.
Description

This instruction subtracts the source operand from the contents of an 8-bit register Rd (destination
register) and sets or clears the CCR bits according to the result. The destination register contents
remain unchanged.

Available Registers

Rd: ROL to R7L, ROH to R7H
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
Immediate CMP.B |#xx:8, Rd A rd IMM 2
Register direct CMP.B Rs, Rd 1 C rs rd 2

Notes
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2.2.22(2) CMP (W)

CMP (CoM Pare) Compare
Operation Condition Code

Rd - (EAS), set CCR | U H U N Z V C
(==l el efefe]e]

H: Setto 1if thereisaborrow at bit 11;

Assembly-L anguage For mat otherwise cleared to 0.
CWVP. W <EAs>, Rd N: Setto 1if theresult is negative; otherwise
cleared to 0.
Z: Settolif theresult is zero; otherwise
cleared to 0.
Operand Size V: Setto 1if an overflow occurs; otherwise
Word cleared to O.

C: Settolif thereisaborrow at bit 15;
otherwise cleared to 0.

Description

Thisinstruction subtracts the source operand from the contents of a 16-bit register Rd (destination
register) and sets or clears the CCR hits according to the result. The contents of the 16-hit register
Rd remain unchanged.

Available Registers

Rd: ROto R7, EOto E7
Rs. ROto R7,EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Immediate CMP.W |#xx:16,Rd | 7 ' 9 2 IMM 4
Register direct CMP.W |Rs, Rd 1 D rs rd 2
Notes
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2.2.22(3) CMP (L)

CMP (CoM Pare)

Compare

Operation

ERd — (EAS), set CCR

Condition Code

| U H U N Z V C
(==l el=lefefe]x]

Previous value remains unchanged.

Assembly-L anguage For mat : Setto 1if thereisaborrow at bit 27;
CWP. L <EAs>, ERd otherwise cleared to 0.
N: Setto 1if theresult is negative; otherwise
cleared to 0.
Z: Settolif theresult is zero; otherwise
) cleared to 0.
Operand Size V: Setto 1if anoverflow occurs; otherwise
Longword cleared to 0.
C. Settolif thereisaborrow at bit 31;
otherwise cleared to 0.
Description

Thisinstruction subtracts the source operand from the contents of a 32-bit register ERd
(destination register) and sets or clears the CCR bits according to the result. The contents of the
32-hit register ERd remain unchanged.

Available Registers

ERd: EROto ER7
ERs: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte | 5th byte | 6th byte |States
Immediate CMP.L |#xx32,ERd| 7 i A | 2 :0Oierd IMM 6
Register direct | CMP.L |ERs,ERd | 1 | F |llersi0lerd ‘ | | 2

Notes
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2.2.23 DAA

DAA (Decimal Adjust Add)

Decimal Adjust

Operation
Rd (decimal adjust) - Rd

Assembly-L anguage For mat
DAA Rd

Condition Code
| U H U N Z VvV C
HEREEREEE

H: Undetermined (no guaranteed value).

N: Setto 1if the adjusted result is negative;
otherwise cleared to 0.

Z: Settolif the adjusted result is zero;
otherwise cleared to 0.

Operand Size V: Undetermined (no guaranteed value).
Byte C: Settolif thereisacarry at bit 7;

otherwise left unchanged.
Description

Given that the result of an addition operation performed by an ADD.B or ADDX instruction on
4-bit BCD datais contained in an 8-bit register Rd (destination register) and the carry and half-
carry flags, the DAA instruction adjusts the general register contents by adding H'00, H'06, H'60,
or H'66 according to the table below.

C Flag Upper 4 Bits H Flag Lower 4 Bits Value Added C Flag
l_Jefore l_:)efore l_:)efore l_:)efore (hexadecimal) _after
Adjustment | Adjustment Adjustment Adjustment Adjustment
0 Oto9 0 Oto9 00 0
0 0Oto8 0 AtoF 06 0
0 0to9 1 Oto3 06 0
0 AtoF 0 0Oto9 60 1
0 9to F 0 AtoF 66 1
0 AtoF 1 Oto3 66 1
1 1to2 0 0Oto9 60 1
1 1to2 0 AtoF 66 1
1 1to3 1 Oto3 66 1

Available Registers
Rd: ROL to R7L, ROH to R7H
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DAA

DAA (Decimal Adjust Add) Decimal Adjust

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct DAA Rd 0! F 0 ! rd 2
Notes

Valid results (8-bit register Rd contentsand C, V, Z, N, and H flags) are not assured if this
instruction is executed under conditions other than those described above.
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2.2.24 DAS

DAS (Decimal Adjust Subtract)

Decimal Adjust

Operation
Rd (decimal adjust) - Rd

Assembly-L anguage For mat
DAS Rd

Condition Code
| U H U N Z VvV C
HEEEREEE

H: Undetermined (no guaranteed value).

N: Setto 1if the adjusted result is negative;
otherwise cleared to 0.

Z: Settolif the adjusted result is zero;
otherwise cleared to 0.

Operand Size V: Undetermined (no guaranteed value).
Byte C: Previous value remains unchanged.
Description

Given that the result of a subtraction operation performed by a SUB.B, SUBX.B, or NEG.B
instruction on 4-bit BCD datais contained in an 8-bit register Rd (destination register) and the
carry and half-carry flags, the DAS instruction adjusts the general register contents by adding
H'00, H'FA, H'AQ, or H'9A according to the table below.

C Flag Upper 4 Bits H Flag Lower 4 Bits value Added C Flag
t_)efore pefore pefore pefore (hexadecimal) _after
Adjustment | Adjustment Adjustment Adjustment Adjustment
0 Oto9 0 Oto9 00 0
0 Oto8 1 6toF FA 0
1 7toF 0 Oto9 AO 1
1 6toF 1 6toF 9A 1

Available Registers
Rd: ROL to R7L, ROH to R7H
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DAS

DAS (Decimal Adjust Subtract) Decimal Adjust

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct DAS Rd 1 F 0 ! rd 2
Notes

Valid results (8-bit register Rd contentsand C, V, Z, N, and H flags) are not assured if this
instruction is executed under conditions other than those described above.
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2.2.25(1) DEC (B)

DEC (DECrement)

Decrement

Operation
Rd-1 - Rd

Assembly-L anguage For mat
DEC. B Rd

Condition Code

| U H U N Z V C
(===l e e[ e [

H: Previous value remains unchanged.

N: Setto 1if theresult is negative; otherwise
cleared to O.

Z: Settolif theresultis zero; otherwise
cleared to O.

V: Setto 1if anoverflow occurs (the
previous value in Rd was H'80); otherwise

Operand Size

P cleared to 0.
Byte C: Previous value remains unchanged.
Description

This instruction decrements an 8-bit register Rd (destination register) and stores the result in the 8-

bit register Rd.

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct DEC.B Rd 1 A 0 i rd 2
Notes

An overflow is caused by the operation H'80 -1 - H'7F.
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2.2.25(2) DEC (W)

DEC (DECrement) Decrement
Operation Condition Code

Rd-1 - Rd |l U H U N Z V C
Rd-2 - Rd

Assembly-L anguage For mat

(===l el e e [

H: Previous value remains unchanged.
N: Setto 1if theresult is negative; otherwise

DEC. W #1, Rd cleared to 0.
DEC. W #2, Rd Z: Settolif theresultis zero; otherwise
cleared to O.

V: Setto 1if anoverflow occurs (the
Operand Size previous value in Rd was H'8000);
Word otherwise cleared to 0.

C: Previous value remains unchanged.
Description

Thisinstruction subtracts the immediate value 1 or 2 from the contents of a 16-bit register Rd
(destination register) and stores the result in the 16-bit register Rd.

Available Registers
Rd: ROtoR7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte | States
Register direct DEC.W #1, Rd 1B |5 :d | 2
Register direct DEC.W #2, Rd 1:B | D! ‘ 2
Notes

An overflow is caused by the operations H'8000 — 1 — H'7FFF, H'8000 —2 - H'7FFE, and

H'8001—-2 - H'7FFF.
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2.2.25(3) DEC (L)

DEC (DECrement) Decrement
Operation Condition Code

ERd-1 - ERd I U H U N Z V C
A2 - ER s N R

H: Previous value remains unchanged.

Assembly-L anguage For mat i X : )
N: Setto 1if theresult is negative; otherwise

DEC. L #1, ERd

DEC. L #2, ERd Cleared 1o 0.
' ' Z: Settolif theresultis zero; otherwise
cleared to 0.
Operand Size V: Setto 1if an overflow occurs; otherwise
Longword d eargd 1o 0. i
C: Previous value remains unchanged.
Description

Thisinstruction subtracts the immediate value 1 or 2 from the contents of a 32-bit register ERd
(destination register) and stores the result in the 32-bit register ERd.

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct DEC.L #1, ERd 1 B 7 0'erd 2
Register direct DEC.L #2, ERd 1. B F :0:erd 2
Notes

An overflow is caused by the operations H'80000000 — 1 — H'7FFFFFFF, H'80000000 — 2 —
H'7FFFFFFE, and H'80000001 —2 - H'7FFFFFFF.
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2.2.26 (1) DIVXS(B)

DIVXS (DIVide eXtend as Signed) Divide Signed

Operation Condition Code

Rd+ Rs - Rd I U H U N Z V C
= === =]

H: Previous value remains unchanged.

N: Setto 1if the quotient is negative;
otherwise cleared to 0.

Z: Settolif thedivisor is zero; otherwise

Assembly-L anguage For mat
Dl VXS. B Rs,Rd

cleared to 0.
Operand Size V: Previous value remains unchanged.
Byte C: Previous value remains unchanged.

Description

Thisinstruction divides the contents of a 16-bit register Rd (destination register) by the contents of
an 8-bit register Rs (source register) and stores the result in the 16-bit register Rd. The divisionis
signed. The operation performed is 16 bits + 8 bits — 8-bit quotient and 8-bit remainder. The
quotient is placed in the lower 8 bits of Rd. The remainder is placed in the upper 8 bits of Rd.

Rd Rs Rd
Dividend ’ + ‘ Divisor ‘ - ‘ Remainder | Quotient
16 bits 8 bits 8 bits 8 bits

Valid results are not assured if division by zero is attempted or an overflow occurs. For
information on avoiding overflow, see DIV XS Instruction, Zero Divide, and Overflow.

Available Registers

Rd: ROto R7, EOto E7
Rs: ROL to R7L, ROH to R7H
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DIVXS (B)

DIVXS (DIVide eXtend as Signed) Divide Signed

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct DIVXS.B Rs, Rd o1 | D:{0 |5 1t1|rs i 16
Notes

The N flag is set to 1 if the dividend and divisor have different signs, and cleared to O if they have
the same sign. The N flag may therefore be set to 1 when the quotient is zero.
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Section 2 Instruction Descriptions

2.2.26(2) DIVXS (W)

DIVXS (DIVide eXtend as Signed) Divide Signed

Operation Condition Code

ERd + Rs - ERd I U H U N Z V C
= === =]

H: Previous value remains unchanged.

N: Setto 1if the quotient is negative;
otherwise cleared to 0.

Z: Settolif thedivisor is zero; otherwise

Assembly-L anguage For mat
Dl VXS. W Rs, ERd

cleared to 0.
Operand Size V: Previous value remains unchanged.
Word C: Previous value remains unchanged.

Description

Thisinstruction divides the contents of a 32-bit register ERd (destination register) by the contents
of a 16-bit register Rs (source register) and stores the result in the 32-bit register ERd. The
division issigned. The operation performed is 32 bits + 16 bits - 16-bit quotient and 16-bit
remainder. The quotient is placed in the lower 16 bits (Rd) of the 32-bit register ERd. The
remainder is placed in the upper 16 bits (Ed).

ERd Rs ERd
Dividend ’ + ‘ Divisor ‘ - ‘ Remainder‘ Quotient
32 bits 16 bits 16 bits 16 bits

Valid results are not assured if division by zero is attempted or an overflow occurs. For
information on avoiding overflow, see DIV XS Instruction, Zero Divide, and Overflow.

Available Registers

ERd: EROto ER7
Rs: ROtoR7,EOto E7
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Section 2 Instruction Descriptions
DIVXS (W)
DIVXS (DIVide eXtend as Signed) Divide Signed
Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of

Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States

Register direct DIVXS.W Rs, ERd 0! 1 D! 0 5 1 3 rs 10!erd 24

Notes

The N flag is set to 1 if the dividend and divisor have different signs, and cleared to O if they have

the same sign. The N flag may therefore be set to 1 when the quotient is zero.
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Section 2 Instruction Descriptions

2.2.26(3) DIVXS

DIVXS (DIVide eXtend as Signed)

Divide Signed

DIVXSinstruction, Division by Zero, and Overflow

Since the DIV XS instruction does not detect division by zero or overflow, applications should
detect and handle division by zero and overflow using techniques similar to those used in the

following program.

1. Programming solution for DIVXS.B ROL, R1

Example 1: Convert dividend and divisor to non-negative numbers, then use DIVXU
programming solution for zero divide and overflow

MOV. B ROL, ROL
BEQ ZERODI V
ANDC #AF, CCR
BPL L1
NEG. B ROL
ORC #10, CCR

L1: MOV. W RL. R1
BPL L2
NEG. W RL
XORC #50, CCR

L2: MOV.B RLH, RoL
EXTUW R2
DIVXU.B ROL, R2
MOV. B ROH, R1H
DIVXU.B ROL, Rl
MOV. B ROL, R2H
MOV. B RIL, RoL
STC CCR, RIL
BTST #6, RIL
BEQ L3
NEG. B RLH

L3: BTST #4, RIL
BEQ L4
NEG. W R2

L4: RTS

ZERODI V:

; Test divisor

Branch to ZERODIV if ROL=0

; Clear CCR user bits (bits 6 and 4) to 0
; Branch to L1 if N flag = O (positive divisor)

Take 2's complement of ROL to make sign positive

; Set CCRbit4to 1
; Test dividend

Branch to L2 if N flag = O (positive dividend)
Take 2's complement of R1 to make sign positive

; Invert CCR bits 6 and 4

Use DIVXU.B instruction to divide non-negative dividend

; by positive divisor
; 16 bits + 8 bits - quotient (16 bits) and remainder (8 bits)

(See DIVXU Instruction, Zero Divide, and Overflow)

; Copy CCR contents to R1L

Test CCR bit 6

; Branchto L3ifbit6 =1
; Take 2's complement of R1H to make sign of remainder negative

Test CCR bit 4

; Branchto L4ifbit4=1
; Take 2's complement of R2 to make sign of quotient negative

Zero-divide handling routine
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Section 2 Instruction Descriptions

DIVXS

DIVXS (DIVide eXtend as Signed) Divide Signed

This program leaves a 16-bit quotient in R2 and an 8-bit remainder in R1H.

ROL ‘ Divisor ‘
RL | Dividend |
R2 ‘ Quotient ‘

Example 2: Sign extend the 8-bit divisor to 16 bits, sign extend the 16-bit dividend to 32 bits, and
then use DIV XSto divide

EXTS. W RO
BEQ ZERODI V
EXTS. L ER1
DI VXS. L RO, ER1
RTS

ZERODI V-

This program leaves the 16-bit quotient in R1 and the 8-bit remainder in E1 (in a 16-bit sign

extended format).
“
v

ER1 ‘ Sign extension ‘ Dividend ‘
ER1 ‘ Remainder ‘ Quotient ‘
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Section 2 Instruction Descriptions

DIVXS

DIVXS (DIVide eXtend as Signed) Divide Signed

2. Programming solution for DIVXSW RO, ER1

Example: Convert dividend and divisor to non-negative numbers, then use DIV XU programming
solution for zero divide and overflow

MOV. W RO, RO ; Test divisor
BEQ ZERODI V ;  Branch to ZERODIV if RO=0
ANDC #AF, CCR ; Clear CCR user bits (bits 6 and 4) to 0
BPL L1 ; Branchto L1 if N flag = O (positive divisor)
NEG W RO ;. Take 2's complement of RO to make sign positive
ORC #10, CCR . SetCCRbit4to1l
L1: MOV.L ER1, ER1 ;  Test dividend
BPL L2 ; Branchto L2 if N flag = O (positive dividend)
NEG. L ER1 ; Take 2's complement of ER1 to make sign positive
XORC #50, CCR . Invert CCR bits 6 and 4
L2: MOV. W El, R2 ;
EXTU. L ER2 ;
DI VXU. W RO, E2 ; Use DIVXU.W instruction to divide non-negative dividend
MOV. W E2, Rl ; by positive divisor
DI VXU. W RO, ER1 ; 32 bits + 16 bits - quotient (32 bits) and remainder
MOV. W R2, E2 (16 bits)
MoV, W Rl, R2 (See DIVXU Instruction, Zero Divide, and Overflow)
STC CCR, RIL ; Copy CCR contents to R1L
BTST #6, RIL ; Test CCRbit 6
BEQ L3 ; Branchto L3ifbit6 =1
NEG W E1l ; Take 2's complement of E1 to make sign of remainder negative
L3: BTST #4, RIL ;  Test CCR bit 4
BEQ L4 ;. Branchto L4 ifbit4=1
NEG L ER2 ;. Take 2's complement of ER2 to make sign of quotient negative
L4: RTS
ZERCDI V: ; Zero-divide handling routine
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Section 2 Instruction Descriptions

DIVXS

DIVXS (DIVide eXtend as Signed) Divide Signed

This program leaves a 32-bit quotient in ER2 and a 16-bit remainder in E1.

RO ‘ Divisor ‘
ER1 | Dividend |
e
ER2 ‘ Quotient ‘

The preceding two examples flag the status of the divisor and dividend in the Ul and U bitsin the
CCR, and modify the sign of the quotient and remainder in the unsigned division result of the
DIV XU instruction as shown next.

ul| u Divisor Dividend |Remainder| Quotient Sign Modification

0 | O | Positive Positive Positive Positive No sign modification

0 | 1 | Negative Positive Positive Negative Sign of quotient is reversed

1 | 0 | Negative Negative Negative Positive Sign of remainder is reversed

1| 1 | Positive Negative Negative Negative Signs of quotient and remainder
are both reversed
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Section 2 Instruction Descriptions

2.2.27 (1) DIVXU (B)

DIVXU (DIVide eXtend as Unsigned) Divide

Operation Condition Code

Rd+Rs - Rd I U H U N Z V C
(===l e[ =[]

Assembly-L anguage For mat H: Previous value remains unchanged.

Dl VXU. B Rs, Rd N: Setto 1if thedivisor isnegative;

otherwise cleared to 0.
Z: Settolif thedivisor is zero; otherwise
Operand Size cleared to O.
Byte V: Previous value remains unchanged.
C: Previous value remains unchanged.

Description

Thisinstruction divides the contents of a 16-bit register Rd (destination register) by the contents of
an 8-bit register Rs (source register) and stores the result in the 16-bit register Rd. The divisionis
unsigned. The operation performed is 16 bits + 8 bits - 8-bit quotient and 8-bit remainder. The
quotient is placed in the lower 8 bits of Rd. The remainder is placed in the upper 8 bits of Rd.

Rd Rs Rd
Dividend ’ + ‘ Divisor ‘ - ‘ Remainder | Quotient
16 bits 8 bits 8 bits 8 bits

Valid results are not assured if division by zero is attempted or an overflow occurs. For
information on avoiding overflow, see DIV XU Instruction, Zero Divide, and Overflow.

Available Registers

Rd: ROtoR7, EOto E7
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct DIVXU.B Rs, Rd 5 11 | rs i rd 14
Notes
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2.2.27(2) DIVXU (W)

DIVXU (DIVide eXtend as Unsigned) Divide

Operation Condition Code

ERd + Rs - ERd I UU H U N Z V C
SRR

Assembly-L anguage For mat H: Previous value remains unchanged.

DI VXU. W Rs, ERd N: Setto 1if thedivisor isnegative;

otherwise cleared to 0.
Z: Settolif thedivisor is zero; otherwise
Operand Size cleared to 0.
Word V: Previous value remains unchanged.
C: Previous value remains unchanged.

Description

Thisinstruction divides the contents of a 32-bit register ERd (destination register) by the contents
of a 16-hit register Rs (source register) and stores the result in the 32-bit register ERd. The
division isunsigned. The operation performed is 32 bits + 16 bits — 16-bit quotient and 16-bit
remainder. The quotient is placed in the lower 16 bits (Rd) of the 32-bit register ERd. The
remainder is placed in the upper 8 hits of (Ed).

ERd Rs ERd
Dividend ‘ + ‘ Divisor ‘ - ‘ Remainder‘ Quotient
32 bits 16 bits 16 bits 16 bits

Valid results are not assured if division by zero is attempted or an overflow occurs. For
information on avoiding overflow, see DIV XU Instruction, Zero Divide, and Overflow.

Available Registers

ERd: ERO to ER7
Rss ROtoR7,EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte 2nd byte | 3rd byte | 4th byte | States
Register direct | DIVXUW | Rs,ERd | 5 ! 3 | rs !0|ERd 22
Notes
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DIVXU

DIVXU (DIVide eXtend as Unsigned)

Divide

DIV XU Instruction, Zero Divide, and Overflow

Zero divide and overflow are not detected in the DIV XU instruction. A program like the following
can detect zero divisors and avoid overflow.

1. Programming solutionsfor DIVXU.B ROL, R1
Example 1. Divide upper 8 bits and lower 8 bits of 16-bit dividend separately and obtain 16-bit

quotient

C\P. B
BEQ

MOV. B
EXTU. W
DI VXU. B
MOV. B

DI VXU. B

MOV. B

MOV. B

RTS
ZERODI V-

#0, ROL
ZERODI V
R1H, R2L
R (*1).
ROL, R2 (*2)
R2H, R1H (*3)
ROL, RL (*4)

R2L, R2H
RIL, R2L (*5)

ROL = 0? (Zero divisor?)
Branch to ZERODIV if ROL = 0
Copy upper 8 bits of dividend to R2L and
zero-extend to 16 bits
Divide upper 8 bits of dividend
R2H - R1H (store partial remainder in R1H)
Divide lower 8 bits of dividend (including repeated
division of upper 8 hits)
Store upper part of quotient in R2H

Store lower part of quotient in R2L

Zero-divide handling routine
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Section 2 Instruction Descriptions

DIVXU

DIVXU (DIVide eXtend as Unsigned) Divide

The resulting operation is 16 bits + 8 bits — quotient (16 bits) and remainder (8 bits), and no
overflow occurs. The 16-bit quotient is stored in R2, the 8-bit remainder in R1H.

R1 | Dividend |

v

R2 | Sign extension ‘ Dividend (high) | *1)

'

R2 |Remainder (part)‘ Quotient (high) | (*2)

v

R1 |Remainder (part)‘ Dividend (low) | (*3)

'

R1 | Remainder ‘ Quotient (low) | (*4)

v

R1 | Remainder ‘ Quotient (low) |

R2 | Quotient | (*5)
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DIVXU

DIVXU (DIVide eXtend as Unsigned) Divide

Example 2: Zero-extend divisor from 8 to 16 bits and dividend from 16 to 32 bits before dividing

EXTU. W RO . Zero-extend 8-bit divisor to 16 bits

BEQ ZERODI V ;  Branch to ZERODIV if RO =0
EXTU. L ER1 . Zero-extend 16-bit dividend to 32 bits
EXTU. W RO, ER1 ;  Divide using DIVXU.W
RTS
ZERCDI V: ;. Zero-divide handling routine

Instead of 16 bits + 8 bits, the operation performed is 32 bits + 16 bits - quotient (16 bits) and
remainder (16 bits), and no overflow occurs. The 16-bit quotient is stored in R1 and the 8-bit
remainder in the lower 8 bits of E1. The upper 8 bitsof E1 are all 0.

RL | Dividend |

Y

ROL |Sign extension‘ Divisor |

ER1 | Sign extension ‘ Dividend |

'

ER1 | Remainder ‘ Quotient |
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DIVXU

DIVXU (DIVide eXtend as Unsigned) Divide

2. Programming solution for DIVXU.W RO, ER1

Example 1: Divide upper 16 bits and lower 16 bits of 32-bit dividend separately and obtain 32-bit
quotient

MOV. W RO, RO ;RO =07 (Zero divisor?)
BEQ ZERODI V ;  Branch to ZERODIV if RO=0
MOV, W El, E2 ; Copy upper 16 bits of dividend to R2 and
EXTU. L ER2 (*1) ;  zero-extend to 32 bits
Dl VXU. W RO, ER2 (*2) ;  Divide upper 16 bits of dividend
MOV. W E2, El1 (*3) ;  E2 - E1 (store partial remainder in E1)
Dl VXU. W RO, ER1 (*4) ;  Divide lower 16 bits of dividend (including repeated
division of upper 16 bits)
MOV, W R2, E2 ;. Store upper part of quotient in E2
MOV. W R, R2 (*5) ;  Store lower part of quotient in R2
RTS
ZERCDI V: ; Zero-divide handling routine

The resulting operation is 32 bits + 16 bits - quotient (32 bits) and remainder (16 bits), and no
overflow occurs. The 32-bit quotient is stored in ER2, the 16-bit remainder in E1.

o v ]

ERL | Dividend |

y

ER2 | Sign extension ‘ Dividend (high)

v

ER2 |Remainder (part)‘ Quotient (high)

y

ER1 |Remainder (part)‘ Dividend (low)

v

1

(*2)

*3)

ER1 | Remainder ‘ Quotient (low) | (*4)
ER1 | Remainder ‘ Quotient (low) |( )

*5
ER2 | Quotient
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2.2.28(1) EEPMOV (B)

EEPMOV (MOVedatato EEPROM) Block Data Transfer
Operation Condition Code
if RAL # 0 then H U N Z V C

repeat @ER5+ - @ER6+ |_‘_‘_‘_‘_‘_‘_‘_|

RAL —1 - R4L

until R4L =0 H: Previous value remains unchanged.

else next; N: Previous value remains unchanged.
Z: Previous value remains unchanged.

Assembly-L anguage For mat V: Previous value remains unchanged.
EEPMOV. B C: Previous value remains unchanged.
Operand Size
Description

Thisinstruction performs a block memory transfer. It moves data from the memory location
specified in ER5 to the memory location specified in ER6, increments ER5 and ER6, decrements
R4L, and repeats these operations until R4L reaches zero. Execution then proceeds to the next
instruction. No interrupts are detected while the block transfer isin progress. When the EEPMOV
instruction ends, R4L contains 0, and ER5 and ERG6 contain the last transfer address + 1. The data
transfer is performed a byte at atime, with R4L indicating the number of bytes to be transferred.
The byte symbol in the assembly-language format designates the size of R4L (and limitsthe
maximum number of bytes that can be transferred to 255).

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands

Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States

— EEPMOV.B 7 ' B 5 1 C 5 19 8  F 8+4n*

Note: * nis the initial value of R4L. Although n bytes of data are transferred, memory is accessed 2(n + 1)
times, requiring 4(n + 1) states. (=0, 1, 2, ..., 255).

Notes

Thisinstruction first reads the memory locations indicated by ER5 and ERG, then performs the
data transfer. The number of states required for execution differs from the H8/300 CPU.
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2.2.28(2) EEPMOV (W)

EEPMOV (MOVedatato EEPROM) Block Data Transfer
Operation Condition Code
if R4 # 0then H U N Z V C

repeat @ER5+ - @ER6+ |_‘_‘_‘_‘_‘_‘_‘_‘

R4-1 - R4

until R4 =0 H: Previous value remains unchanged.

else next; N: Previous value remains unchanged.
Z: Previous value remains unchanged.

Assembly-L anguage For mat V: Previous value remains unchanged.
EEPMOV. W C: Previous value remains unchanged.
Operand Size
Description

Thisinstruction performs a block memory transfer. It moves data from the memory location
specified in ER5 to the memory location specified in ER6, increments ER5 and ER6, decrements
R4, and repeats these operations until R4 reaches zero. Execution then proceeds to the next
instruction. No interrupts except NMI are detected while the block transfer isin progress. When
the EEPMQV instruction ends, R4 contains 0, and ER5 and ERG6 contain the last transfer address
+ 1. The datatransfer is performed abyte at atime, with R4 indicating the number of bytesto be
transferred. The word symbol in the assembly-language format designates the size of R4 (allowing
a maximum 65535 bytes to be transferred).

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands

Mode istbyte | 2nd byte | 3rd byte | 4th byte | States

— EEPMOV.W 7 B | D 4 5 19 8 ' F 8+4n

Note: nis the initial value of R4. Although n bytes of data are transferred, memory is accessed
2(n + 1) times, requiring 4(n + 1) states. (=0, 1, 2, ..., 65535).

Notes

Thisinstruction first reads memory at the addresses indicated by ER5 and ERG, then carries out
the block data transfer.
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EEPMOV (W)

EEPMOV (MOVedatato EEPROM) Block Data Transfer

EEPMOV.W Instruction and NM1 Interrupt

If an NMI request occurs while the EEPMOV.W instruction is being executed, NMI interrupt
exception handling is carried out at the end of the current read-write cycle. Register contents are
then asfollows:

ER5: address of the next byte to be transferred
ERG6: destination address of the next byte
R4:  number of bytes remaining to be transferred

The program counter value pushed on the stack in NMI interrupt exception handling is the address
of the next instruction after the EEPMOV.W instruction. Programs should be coded as follows to
alow for NMI interrupts during execution of the EEPMOV.W instruction.

Example:

L1: EEPMOV. W
MOV. W R4, R4
BNE L1

During execution of the EEPM OV .B instruction no interrupts are accepted, including NMI.
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2.2.29 (1) EXTS(W)

EXTS (EXTend as Signed) Sign Extension
Operation Condition Code
(<Bit 7> of Rd) — (<bits 15 to 8> of Rd> l U H U N Z V C
= = ==l [:]0]—]
Assembly-L anguage For mat H: Previous value remains unchanged.
EXTS. W Rd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultis zero; otherwise
. cleared to O.
Operand Size V: Alwayscleared to O.
Word C: Previous value remains unchanged.
Description

Thisinstruction copies the sign of the lower 8 bitsin a 16-bit register Rd in the upward direction
(copies Rd bit 7 to bits 15 to 8) to extend the data to signed word data.

Rd Rd

| — |Sign extension | ! |

| Don't care L

8 bits T 8 bits 8 bits 8 bits
Sign bit

Available Registers
Rd: ROtoR7,EQto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct EXTS.W Rd 1.7 D :rd 2
Notes
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2.2.29(2) EXTS(L)

EXTS (EXTend as Signed) Sign Extension

Operation Condition Code

(<Bit 15> of ERd) - (<bits 31 to 16> of | U H U N Z V C

ERd> | = — —
) = ===l s]0]—]

I: Previous value remains unchanged.

Assembly-L anguage For mat . X
H: Previous value remains unchanged.

EXTS. L ERd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultis zero; otherwise
Operand Size cleared to O.
Longword V: Alwgys cleared to 0..
C: Previous value remains unchanged.
Description

Thisinstruction copies the sign of the lower 16 bits (general register Rd) in a 32-bit register ERd
in the upward direction (copies ERd hit 15 to bits 31 to 16) to extend the data to signed longword

data.
ERd ERd

| — |Sign extension | ! |

| Don't care L
16 bits T 16 bits 16 bits 16 bits
Sign bit

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct EXTS.L ERd 1 7 F ioierd 2
Notes
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2.2.30(1) EXTU (W)

EXTU (EXTend as Unsigned) Zero Extension
Operation Condition Code
0 - (<bits 15 to 8> of Rd>) | U H U N Z V C
Zer0 et [=[—T—=ToT:To[-]
Assembly-L anguage For mat H: Previous value remains unchanged.
EXTU. W Rd N: Alwayscleared to O.

Z: Settolif theresultis zero; otherwise

cleared to O.

Operand Size V: AIWaySCIeared to 0.
Word C: Previous value remains unchanged.
Description

Thisinstruction extends the lower 8 bitsin a 16-bit register Rd to word data by padding with
zeros. That is, it clears the upper 8 bits of Rd (bits 15to 8) to 0.

Rd Rd
| Don't care | —> | Zero extension | |
8 bits 8 bits 8 bits 8 bits

Available Registers
Rd: ROtoR7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct EXTU.W Rd 1.7 5 i rd 2
Notes

Rev. 3.00 Dec 13, 2004 page 102 of 258
REJ09B0213-0300
RENESAS



Section 2 Instruction Descriptions

2230 (2) EXTU (L)

EXTU (EXTend as Unsigned) Zero Extension
Operation Condition Code
0 - (<hits 31 to 16> of ERd>) | U H U N Z V C
Zer0 dend ([ [—[=Tol 0[]
Assembly-L anguage For mat H: Previous value remains unchanged.
EXTU. L ERd N: Alwayscleared to O.

Z: Settolif theresultis zero; otherwise

cleared to O.

Operand Size V: AIWaySCIeared to 0.

C: Previous value remains unchanged.
Longword
Description

Thisinstruction extends the lower 16 bits (general register Rd) in a 32-bit register ERd to
longword data by padding with zeros. That is, it clears the upper 16 bits of ERd (bits 31 to 16) to

0.
ERd ERd

| Don't care | — | Zero extension |
16 bits 16 bits 16 bits 16 bits

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct EXTU.L ERd 17 7 :0terd 2
Notes
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2.2.31(1) INC (B)

INC (INCrement) Increment

Operation Condition Code

Rd+1 - Rd I U H U N Z V C
= = ==l ]=]

H: Previous value remains unchanged.

Assembly-L anguage Format N: Setto 1if theresult is negative; otherwise
I NC. B Rd cleared to 0.

Z. Settolif theresult is zero; otherwise

cleared to 0.

V: Setto 1if an overflow occurs; otherwise
Operand Size cleared to 0.
Byte C: Previous value remains unchanged.
Description

Thisinstruction increments an 8-bit register Rd (destination register) and stores the result in the
8-hit register Rd.

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct INC.B Rd 0 A 0 rd 2
Notes

An overflow is caused by the operation H'7F + 1 — H'80.
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2.2.31(2) INC (W)

INC (INCrement) Increment
Operation Condition Code

Rd+1 - Rd I U H U N Z V C
Rdv2 - R [ s R R

H: Previous value remains unchanged.

Assembly-L anguage For mat i X : )
N: Setto 1if theresult is negative; otherwise

INC. W#1, Rd

cleared to O.
INC. W#2, Rd Z. Settolif theresult is zero; otherwise
cleared to O.
Operand Size V: Setto 1if an overflow occurs; otherwise
Word cleared to O.
C: Previous value remains unchanged.
Description

Thisinstruction adds the immediate value 1 or 2 to the contents of a 16-bit register Rd (destination
register) and stores the result in the 16-bit register Rd.

Available Registers
Rd: ROto R7,EQto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct INC.W #1, Rd 0 ' B 5 ' rd 2
Register direct INC.W #2, Rd 0 . B D : rd 2
Notes

An overflow is caused by the operations H'7FFF + 1 - H'8000, H'7FFF + 2 - H'8001, and
H'7FFE + 2 - H'8000.
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Section 2 Instruction Descriptions

2.2.31(3) INC (L)

INC (INCrement) Increment
Operation Condition Code

ERd+1 - ERd Il UU H UN Z V C
ERd+2 - ERG [ s N R

H: Previous value remains unchanged.

Assembly-L anguage For mat i X : )
N: Setto 1if theresult is negative; otherwise

INC.L #1, ERd

INC. L #2, ERd Cleared 1o 0.
' ' Z: Settolif theresultis zero; otherwise
cleared to O.
Operand Size V: Setto 1if an overflow occurs; otherwise
Longword d eargd 1o 0. i
C: Previous value remains unchanged.
Description

Thisinstruction adds the immediate value 1 or 2 to the contents of a 32-bit register ERd
(destination register) and stores the result in the 32-bit register ERd.

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct INC.L #1, ERd 0 ' B 7 0'erd 2
Register direct INC.L #2,ERd | 0 | B | F i0'erd 2
Notes

An overflow is caused by the operations H'7FFFFFFF + 1 - H'80000000, H'7FFFFFFF + 2 —
H'80000001, and H'7FFFFFFE + 2 - H'80000000.
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Section 2 Instruction Descriptions

2232 JMP

IJMP (JuMP)

Unconditional Branch

Operation

Effective address - PC

Condition Code
H U N Z V C

Assembly-L anguage For mat H: Previous value remains unchanged.
JVWP <EA> N: Previous value remains unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
Operand Size C: Previous value remains unchanged.
Description

Thisinstruction branches unconditionally to a specified address

Available Registers
ERn: EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of States
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte Normal |Advanced
Register indirect JMP @ERnN 5 . 9 |0iernt O 4
Absolute address JMP @aa:24 5 E A abs 6
Memory indirect JMP @@aa:8 5. B abs 8 | 10

Notes

The structure of the branch address and the number of states required for execution differ between
normal mode and advanced mode.

The branch address must be even.
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Section 2 Instruction Descriptions

2.2.33 JSR

JSR (Jump to SubRoutine) Jump to Subroutine
Operation Condition Code

PC -~ @-SP H UN Z V C

Effective address — PC |_‘_‘_‘_‘_‘_‘_‘_‘

Assembly-L anguage For mat H: Previous value remains unchanged.
JSR <EA> N: Previous value remains unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
Operand Size C: Previous value remains unchanged.
Description

Thisinstruction pushes the program counter on the stack as areturn address, then branchesto a
specified effective address. The program counter value pushed on the stack is the address of the
instruction following the JSR instruction.

Available Registers
ERn: EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of States
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | Normal |Advanced
Register indirect JSR @ERnN 5 E D Oierni 0 6 8
Absolute address JSR @aa:24 5 | E abs 8 10
Memory indirect JSR @@aa:8 5 F abs 8 12
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Section 2 Instruction Descriptions

JSR

JSR (Jump to SubRoutine) Jump to Subroutine

Notes

Note that the structures of the stack and branch addresses differ between normal and advanced
mode. Only the lower 16 bits of the PC are saved in norma mode.

The branch address must be even.

N
TN Reserved
PC ! ! ‘ ) PC , | ‘ —___
23 16 15 87 0 23 16 15 87 0
Normal mode Advanced mode
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Section 2 Instruction Descriptions

2.2.34(1) LDC (B)

LDC (LoaD to Control register)

Load CCR

Operation
(EAs) - CCR

Assembly-L anguage For mat
LDC. B <EAs>, CCR

Operand Size
Byte

Condition Code

| U H U N Z V C
Lefelefefefefefr]

Loaded from the corresponding bit in the
source operand.

. Loaded from the corresponding bit in the

source operand.

. Loaded from the corresponding bit in the

source operand.
L oaded from the corresponding bit in the
source operand.

. Loaded from the corresponding bit in the

source operand.

. Loaded from the corresponding bit in the

source operand.

Description

Thisinstruction loads the source operand into the CCR.

Note that no interrupts, even NMI interrupts, will be accepted at the point that this instruction

completes.

Available Registers
Rs. ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Immediate LDC.B |#xx:8,CCR| 0 ! 7 IMM 2
Register direct LDC.B |Rs, CCR 0 : 3 0 i rs 2

Notes
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Section 2 Instruction Descriptions

2.2.34(2) LDC (W)

LDC (LoaD to Control register)

Load CCR

Operation
(EAs) - CCR

Condition Code

| U H U N Z V C
Lefefelefefefefn]

Assembly-L anguage For mat
LDC. W <EAs>, CCR

I:  Loaded from the corresponding bit in the
source operand.

H: Loaded from the corresponding bit in the
source operand.

N: Loaded from the corresponding bit in the

Operand Size
Word

source operand.

Z:. Loaded from the corresponding bit in the
source operand.

V: Loaded from the corresponding bit in the
source operand.

C: Loaded from the corresponding bit in the
source operand.

Description

Thisinstruction loads the source operand contents into the condition-code register (CCR).
Although CCR is a byte register, the source operand isword size. The contents of the even address

are loaded into CCR.

No interrupt requests, including NMI, are accepted immediately after execution of this instruction.

Available Registers
ERs. EROto ER7
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Section 2

LDC (W)

Load CCR

LDC (LoaD to Control register)
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Section 2 Instruction Descriptions

2.2.35(1) MOV (B)

MOV (MOVedata)

Move

Operation
Rs -~ Rd

Condition Code

| U H UN Z V C
(===l =f:]s]0[=]

Assembly-L anguage For mat

H: Previous value remains unchanged.
N: Setto 1if thedatavalueisnegative;

MOV. B Rs, Rd otherwise cleared to 0.
Z. Settolif thedatavalueis zero; otherwise
cleared to 0.
Operand Size V: Alwayscleared to O.
Byte C: Previous value remains unchanged.
Description

Thisinstruction transfers one byte of datafrom an 8-bit register Rs to an 8-hit register Rd, tests the
transferred data, and sets condition-code flags according to the result.

Available Registers

Rd: ROL to R7L, ROH to R7H
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct MOV.B Rs, Rd 0:cC rs @ rd 2
Notes
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Section 2 Instruction Descriptions

2.2.35(2) MOV (W)

MOV (MOVedata) Move

Operation Condition Code

Rs - Rd I U H U N Z V C
= = —=l:[:]0]—]

H: Previous value remains unchanged.

Assembly-L anguage For mat i ) )
N: Setto 1if thedatavalueis negative;

MV. W Rs, Rd otherwise cleared to 0.
Z. Settolif thedatavalueis zero; otherwise
cleared to 0.
Operand Size V: Alwayscleared to 0.
Word C: Previous value remains unchanged.
Description

Thisinstruction transfers one word of data from a 16-bit register Rsto a 16-bit register Rd, tests
the transferred data, and sets condition-code flags according to the result.

Available Registers

Rd: ROto R7, EOto E7
Rs. ROto R7,EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct MOV.W Rs, Rd 0D rs @ rd 2
Notes
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2.2.35(3) MOV (L)

MOV (MOVedata)

Move

Operation
ERs - ERd

Assembly-L anguage For mat
MOV. L ERs, ERd

Condition Code

| U H UN Z V C
(===l =f:]s]0[=]

H: Previous value remains unchanged.

N: Setto 1if thedatavalueisnegative;
otherwise cleared to 0.

Z. Settolif thedatavalueis zero; otherwise
cleared to 0.

Operand Size V: Alwayscleared to O.
Longword C: Previous value remains unchanged.
Description

Thisinstruction transfers one longword of datafrom a 32-bit register ERs to a 32-bit register ERd,
tests the transferred data, and sets condition-code flags according to the result.

Available Registers

ERd: ERO to ER7
ERs. EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct MOV.L ERs, ERd 0 ! F |1llers!0lerd 2
Notes
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2.2.35(4) MOV (B)

MOV (MOVedata) Move

Operation Condition Code

(EAs) — Rd |l U H U N Z V C
=== =[:[:]0]—]

H: Previous value remains unchanged.

N: Setto 1if thedatavalueis negative;
otherwise cleared to 0.

Z: Settolif thedatavalueis zero; otherwise

Assembly-L anguage For mat
MOV. B <EAs>, Rd

cleared to 0.
Operand Size V: Alwayscleared to 0.
Byte C: Previous value remains unchanged.

Description

Thisinstruction transfers the source operand contents to an 8-bit register Rs, tests the transferred
data, and sets condition-code flags according to the resullt.

Available Registers

Rd: ROL to R7L, ROH to R7H
ERs. EROto ER7
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Section 2

MOV (B)

Move

MOV (MOVedata)
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Section 2 Instruction Descriptions

2.2.35(5) MOV (W)

MOV (MOVedata) Move

Operation Condition Code

(EAs) — Rd |l U H U N Z V C
=== =[:[:]0]—]

H: Previous value remains unchanged.

N: Setto 1if thedatavalueis negative;
otherwise cleared to 0.

Z: Settolif thedatavalueis zero; otherwise

Assembly-L anguage For mat
MOV. W <EAs>, Rd

cleared to 0.
Operand Size V: Alwayscleared to 0.
Word C: Previous value remains unchanged.

Description

Thisinstruction transfers the source operand contentsto a 16-bit register Rd, tests the transferred
data, and sets condition-code flags according to the resullt.

Available Registers

Rd: ROtoR7, EOto E7
ERs. EROto ER7
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Section 2

MOV (W)

Move

MOV (MOVedata)
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Section 2 Instruction Descriptions

2.2.35(6) MOV (L)

MOV (MOVedata)

Move

Operation
(EAs) - ERd

Condition Code

I U H U N Z V C

(==l =l=l]e]o[~]

Assembly-L anguage For mat
MOV. L <EAs>, ERd

H: Previous value remains unchanged.
N: Setto 1if thedatavalueis negative;

otherwise cleared to 0.

Z: Settolif thedatavalueis zero; otherwise

cleared to O.
Operand Size V: Alwayscleared to 0.
Longword C: Previous value remains unchanged.
Description

Thisinstruction transfers the source operand contents to a specified 32-bit register (ERd), tests the
transferred data, and sets condition-code flags according to the result. The first memory word
located at the effective addressis stored in extended register Ed. The next word is stored in

general register Rd.

T~

MSB

«— EA

LSB

ERd | Ed

R\H |  RdL |

y e~

Available Registers

ERd: ERO to ER7
ERs. EROto ER7
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Section 2

MOV (L)

Move

MOV (MOVedata)
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Section 2 Instruction Descriptions

2.2.35(7) MOV (B)

MOV (MOVedata) Move

Operation Condition Code

Rs - (EAd) |l U H U N Z V C
=== =[:[:]0]—]

H: Previous value remains unchanged.

N: Setto 1if thedatavalueis negative;
otherwise cleared to 0.

Z: Settolif thedatavalueis zero; otherwise

Assembly-L anguage For mat
MOV. B Rs, <EAd>

cleared to 0.
Operand Size V: Alwayscleared to 0.
Byte C: Previous value remains unchanged.

Description

Thisinstruction transfers the contents of an 8-bit register Rs (source operand) to adestination
location, tests the transferred data, and sets condition-code flags according to the resullt.

Available Registers

Rs:  ROL to R7L, ROH to R7H
ERd: EROto ER7
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Section 2

MOV (B)

Move

MOV (MOVedata)
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Section 2 Instruction Descriptions

2.2.35(8) MOV (W)

MOV (MOVedata) Move

Operation Condition Code

Rs - (EAd) |l U H U N Z V C
=== =[:[:]0]—]

H: Previous value remains unchanged.

N: Setto 1if thedatavalueis negative;
otherwise cleared to 0.

Z: Settolif thedatavalueis zero; otherwise

Assembly-L anguage For mat
MOV. W Rs, <EAd>

cleared to 0.
Operand Size V: Alwayscleared to 0.
Word C: Previous value remains unchanged.

Description

Thisinstruction transfers the contents of a 16-bit register Rs (source operand) to a destination
location, tests the transferred data, and sets condition-code flags according to the resullt.

Available Registers

Rs. ROtoR7,EOto E7
ERd: ERO to ER7
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MOV (W)

Move

MOV (MOVedata)
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Section 2 Instruction Descriptions

2.2.35(9) MOV (L)

MOV (MOVedata)

Move

Operation
ERs - (EAd)

Condition Code

I U H U N Z V C

(==l =l=l]e]o[~]

Assembly-L anguage For mat
MOV. L ERs, <EAd>

H: Previous value remains unchanged.
N: Setto 1if thedatavalueis negative;

otherwise cleared to 0.

Z: Settolif thedatavalueis zero; otherwise

cleared to O.
Operand Size V: Alwayscleared to 0.
Longword C: Previous value remains unchanged.
Description

Thisinstruction transfers the contents of a 32-bit register ERs (source operand) to a destination
location, tests the transferred data, and sets condition-code flags according to the result. The
extended register (ES) contents are stored at the first word indicated by the effective address. The
general register (Rs) contents are stored at the next word.

T~

> MSB

«— EA

LSB

ERs | Es

RsH | RsL |

Available Registers

ERs. EROto ER7
ERd: ERO to ER7
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Section 2

MOV (L)

Move

MOV (MOVedata)
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Section 2 Instruction Descriptions

2.2.36 MOVFPE

MOVFPE (MOVe From Peripheral with E clock) Move Data with E Clock

Operation Condition Code

(EAs) — Rd |l U H U N Z V C

Synchronized with E clock |_‘_‘_‘_‘ ' ‘ T ‘ 0 ‘_‘

Assembly-L anguage For mat H: Previous value remains unchanged.

MOVFPE @aa:16, Rd N: Setto 1if thedatavalueis negative;
otherwise cleared to 0.

Operand Size Z: Setto1if the datavalueis zero; otherwise
cleared to O.

Byte

V: Alwayscleared to O.
C: Previous value remains unchanged.

Description

Thisinstruction transfers memory contents specified by a 16-bit absolute address to a general
register Rd in synchronization with an E clock, tests the transferred data, and sets condition-code
flags according to the result.

Note: Avoid using thisinstruction in microcontrollers not having an E clock output pin, or in
single-chip mode.

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Absolute address| MOVFPE |@aa:16,Rd| 6 @ A 4 abs *
Notes

1. Thisinstruction cannot be used with addressing modes other than the above, and cannot
transfer word data or longword data.

2. Datatransfer by thisinstruction requires 9 to 16 states, so the execution time is variable. For
details, refer to the relevant microcontroller hardware manual.
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Section 2 Instruction Descriptions

2.2.37 MOVTPE

MOVTPE (MOVeTo Peripheral with E clock) Move Data with E Clock
Operation Condition Code

Rs - (EAd) I UU H UN Z V C
Synchronized with E clock [—1—]—=]—=]:]:]0]—]
Assembly-L anguage For mat H: Previous value remains unchanged.
MOVTPE Rs, @aa:16 N: Setto 1if thedatavalueis negative;

otherwise cleared to 0.
Z: Settolif thedatavalueis zero; otherwise
Operand Size cleared to 0.
V: Alwayscleared to O.
C: Previous value remains unchanged.

Byte

Description

Thisinstruction transfers the contents of ageneral register Rs (source operand) to a destination
location specified by a 16-bit absolute address in synchronization with an E clock, tests the
transferred data, and sets condition-code flags according to the result.

Note: Avoid using thisinstruction in microcontrollers not having an E clock output pin, or in
single-chip mode.

Available Registers
Rs. ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Absolute address| MOVTPE |Rs, @aa:16| 6 : A C i rs abs *
Notes

1. Thisinstruction cannot be used with addressing modes other than the above, and cannot
transfer word data or longword data.

2. Datatransfer by thisinstruction requires 9 to 16 states, so the execution time is variable. For
details, refer to the relevant microcontroller hardware manual.
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Section 2 Instruction Descriptions

2.2.38(1) MULXS(B)

MULXS (MULtiply eXtend as Signed) Multiply Signed
Operation Condition Code
RdxRs - Rd I U H U N Z V C
= ===l [=1=]
Assembly-L anguage For mat H: Previous value remains unchanged.
MULXS. B Rs, Rd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultis zero; otherwise
Operand Size cleared to O.
Byte V: Previous value remains unchanged.

C: Previous value remains unchanged.

Description

Thisinstruction multiplies the lower 8 bits of a 16-bit register Rd (destination operand) by the
contents of an 8-bit register Rs (source operand) as signed data and stores the result in the 16-bit
register Rd. If Rd isageneral register, Rs can be the upper part (RdH) or lower part (RdL) of Rd.

The operation performed is 8-bit x 8-bit — 16-hit signed multiplication.

Rd Rs Rd
Don't care Multiplicand’ X ‘ Multiplier ‘ - ‘ Product ’
8 bits 8 bits 16 bits

Available Registers

Rd: ROtoR7, EOto E7
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct MULXS.B Rs, Rd 0! 1 c o 5 10 rs ! rd 16

Notes
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Section 2 Instruction Descriptions

2.2.38(2) MULXS (W)

MULXS (MULtiply eXtend as Signed)

Multiply Signed

Operation
ERd x Rs - ERd

Assembly-L anguage For mat
MULXS. W Rs, ERd

Condition Code

I U H U N Z V C

===l e e =[]

. Previous value remains unchanged.
. Setto 1if theresult is negative; otherwise

cleared to O.
. Setto1if theresult is zero; otherwise
Operand Size cleared to 0.
Word . Previous value remains unchanged.
. Previous value remains unchanged.
Description

Thisinstruction multiplies the lower 16 bits of a 32-bit register ERd (destination operand) by the
contents of a 16-bit register Rs (source operand) as signed data and stores the result in the 32-bit
register ERd. Rs can be the upper part (Ed) or lower part (Rd) of ERd. The operation performed is
16-bit x 16-bit — 32-bit signed multiplication.

ERd Rs ERd
Don't care Multiplicand’ X ‘ Multiplier ‘ . ‘ Product
16 bits 16 bits 32 bits

Available Registers

ERd: EROto ER7
Rss ROtoR7,EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct MULXS.W | Rs, ERd 0! 1 c ! o 5 1 2 rs '0lerd 24

Notes
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2.2.39(1) MULXU (B)

MUL XU (MULtiply eXtend as Unsigned) Multiply
Operation Condition Code
Rd x Rs - Rd H U N Z V C

Assembly-L anguage For mat

 XU. B Rs.Rd H: Previous value remains unchanged.

MLLXU. S N: Previous value remains unchanged.

Z: Previous value remains unchanged.

Operand Size V: Previous value remains unchanged.

Byte C: Previous value remains unchanged.
Description

Thisinstruction multiplies the lower 8 bits of a 16-bit register Rd (destination operand) by the
contents of an 8-bit register Rs (source operand) and stores the result in the 16-bit register Rd. If
Rd is a general register, Rs can be the upper part (RdH) or lower part (RdL) of Rd. The operation
performed is 8-bit x 8-bit - 16-bit multiplication.

Rd Rs Rd
Don’t care | Multiplicand ‘ X ‘ Multiplier ‘ - ‘ Product ‘
8 bits 8 bits 16 bits

Available Registers

Rd: ROto R7, EOto E7
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct | MULXU.B | Rs, Rd 5 :0 | rs ! 14
Notes
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Section 2 Instruction Descriptions

2.2.39(2) MULXU (W)

MUL XU (MULtiply eXtend as Unsigned) Multiply
Operation Condition Code
ERd x Rs - ERd H U N Z VvV C

Assembly-L anguage For mat

 XU. W Rs. ERd H: Previous value remains unchanged.

MLLXU. S N: Previous value remains unchanged.

Z: Previous value remains unchanged.

Operand Size V: Previous value remains unchanged.

Word C: Previous value remains unchanged.
Description

Thisinstruction multiplies the lower 16 bits of a 32-bit register ERd (destination operand) by the
contents of a 16-bit register Rs (source operand) and stores the result in the 32-bit register ERd. Rs
can be the upper part (Ed) or lower part (Rd) of ERd. The operation performed is 16-bit x 16-bit

— 32-bit multiplication.

ERd Rs ERd
Don'’t care‘ Multiplicand‘ X ‘ Multiplier ‘ ‘ Product
16 bits 16 bits 32 bits

Available Registers

ERd: EROto ER7
Rs: ROtoR7,EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct | MULXUW | Rs,ERd | 5 '@ 2 | rs !0lerd 22

Notes
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2240 (1) NEG (B)

NEG (NEGate) Negate Binary Signed
Operation Condition Code
0-Rd - Rd |l U H U N Z V C

SRS EIEIEIEN

H: Setto 1if thereisaborrow at bit 3;

Assembly-L anguage For mat otherwise cleared to 0.
NEG B Rd N: Setto 1if theresult is negative; otherwise
cleared to 0.
Z: Settolif theresult is zero; otherwise
cleared to 0.
Operand Size V: Setto 1if an overflow occurs; otherwise
Byte cleared to O.

C: Settolif thereisaborrow at bit 7;
otherwise cleared to 0.

Description

Thisinstruction takes the two’s complement of the contents of an 8-bit register Rd (destination
operand) and stores the result in the 8-bit register Rd (subtracting the register contents from H'00).
If the original contents of Rd was H'80, however, the result remains H'80.

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct NEG.B Rd 1.7 8 i rd 2
Notes

An overflow occursif the previous contents of Rd was H'80.
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2.2.40 (2) NEG (W)

NEG (NEGate)

Negate Binary Signed

Operation
0-Rd - Rd

Assembly-L anguage For mat
NEG. W Rd

Condition Code

| U H U N Z V C
(==l el=lefefe]]

H: Setto 1lif thereisaborrow at bit 11;
otherwise cleared to 0.

N: Setto 1if theresult is negative; otherwise
cleared to 0.

Z: Settolif theresult is zero; otherwise
cleared to 0.

Operand Size V: Setto 1if an overflow occurs; otherwise
Word cleared to 0.
C. Settolif thereisaborrow at bit 15;
otherwise cleared to 0.
Description

Thisinstruction takes the two’s complement of the contents of a 16-bit register Rd (destination
operand) and stores the result in the 16-bit register Rd (subtracting the register contents from
H'0000). If the original contents of Rd was H'8000, however, the result remains H'8000.

Available Registers
Rd: ROtoR7, EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct NEG.W Rd 1.7 9 i rd 2
Notes

An overflow occursif the previous contents of Rd was H'8000.
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2.2.40 (3) NEG (L)

NEG (NEGate) Negate Binary Signed
Operation Condition Code
0-ERd - ERd Il UU H UN Z V C

SRS EIEIEIEN

H: Setto 1if thereisaborrow at bit 27;

Assembly-L anguage For mat otherwise cleared to 0.
NEG. L ERd N: Setto 1if theresult is negative; otherwise
cleared to 0.
Z: Settolif theresult is zero; otherwise
cleared to 0.
Operand Size V: Setto 1if an overflow occurs; otherwise
Longword cleared to O.

C: Settolif thereisaborrow at bit 31;
otherwise cleared to 0.

Description

Thisinstruction takes the two’s complement of the contents of a 32-bit register ERd (destination
operand) and stores the result in the 32-bit register ERd (subtracting the register contents from
H'00000000). If the original contents of ERd was H'80000000, however, the result remains
H'80000000.

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct NEG.L ERd 17 B :0:erd 2
Notes

An overflow occursif the previous contents of ERd was H'80000000.
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2.241 NOP

NOP (No OPeration)

No Operation

Operation
PC+2 - PC

Condition Code
H U N Z V

C

Assembly-L anguage For mat H: Previous value remains unchanged.
NOP N: Previous value remains unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
Operand Size C: Previous value remains unchanged.
Description

Thisinstruction only increments the program counter, causing the next instruction to be executed.
Theinternal state of the CPU does not change.

Available Registers

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
— NOP 00| 010 2
Notes
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2242 (1) NOT (B)

NOT (NOT =logical complement) Logical Complement

Operation Condition Code

- Rd - Rd I U H U N Z V C
= = —=l:[:]0]—]

H: Previous value remains unchanged.

Assembly-L anguage For mat i . : )
N: Setto 1if theresult is negative; otherwise

NOT. B Rd cleared to O.
Z: Settolif theresultis zero; otherwise
cleared to 0.
Operand Size V: Alwayscleared to 0.
Byte C: Previous value remains unchanged.
Description

Thisinstruction takes the one’ s complement of the contents of an 8-hit register Rd (destination
operand) and stores the result in the 8-bit register Rd.

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct NOT.B Rd 17 0 ! rd 2
Notes
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2.2.42(2) NOT (W)

NOT (NOT =logical complement)

Logical Complement

Operation
- Rd - Rd

Assembly-L anguage For mat
NOT. W Rd

Condition Code

| U H UN Z V C
(===l =f:]s]0[=]

H: Previous value remains unchanged.

N: Setto 1if theresult is negative; otherwise
cleared to O.

Z: Settolif theresultiszero (the previous
Rd value was H'FFFF); otherwise cleared

Operand Size to 0
Word V: Alwayscleared to 0.

C: Previous value remains unchanged.
Description

Thisinstruction takes the one’ s complement of the contents of a 16-bit register Rd (destination
operand) and stores the result in the 16-bit register Rd.

Available Registers
Rd: ROtoR7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct NOT.W Rd 1.7 1. 2
Notes

Rev. 3.00 Dec 13, 2004 page 139 of 258
REJ09B0213-0300

RENESAS
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2.2.42(3) NOT (L)

NOT (NOT =logical complement)

Logical Complement

Operation
- ERd - ERd

Assembly-L anguage For mat
NOT. L ERd

Condition Code

| U H UN Z V C
HEEEREEIE

I: Previous value remains unchanged.

H: Previous value remains unchanged.

N: Setto 1if theresult is negative; otherwise
cleared to O.

Z: Settolif theresultis zero; otherwise

Operand Size cleared to 0
Longword V: Alwayscleared to 0.

C: Previous value remains unchanged.
Description

Thisinstruction takes the one’s complement of the contents of a 32-bit register ERd (destination
operand) and stores the result in the 32-bit register ERd.

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct NOT.L ERd 1.7 3 0.erd 2
Notes
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2.2.43(1) OR (B)

OR (inclusive OR logical) Logical OR

Operation Condition Code

Rd O(EAs) - Rd |l U H U N Z V C
=== —[:[:]0]—]

H: Previous value remains unchanged.

Assembly-L anguage For mat i . i )
N: Setto 1if theresult is negative; otherwise

OR B <EAs>, Rd

cleared to O.
Z: Settolif theresultis zero; otherwise
cleared to 0.
Operand Size V: Alwayscleared to O.
Byte C: Previous value remains unchanged.
Description

Thisinstruction ORs the source operand with the contents of an 8-bit register Rd (destination
register) and stores the result in the 8-bit register Rd.

Available Registers

Rd: ROL to R7L, ROH to R7H
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Immediate OR.B #xx:8, Rd (ORI (¢ IMM 2
Register direct OR.B Rs, Rd 1 4 rs rd 2
Notes
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2.243(2) OR (W)

OR (inclusive OR logical) Logical OR
Operation Condition Code
Rd O(EAs) - Rd |l U H U N Z V C
=== =[:[:]0]—]
Assembly-L anguage For mat H: Previous value remains unchanged.
OR. W <EAs>, Rd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultis zero; otherwise
. cleared to O.
Operand Size V: Alwayscleared to O.
Word C: Previous value remains unchanged.
Description

Thisinstruction ORs the source operand with the contents of a 16-bit register Rd (destination
register) and stores the result in the 16-bit register Rd.

Available Registers

Rd: ROtoR7, EOto E7
Rs: ROtoR7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte | States
Immediate OR.W #xx:16, Rd 7009 4 IMM 4
Register direct OR.W Rs, Rd 6 4 rs rd ‘ 2
Notes
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2.243(3) OR (L)

OR (inclusive OR logical) Logical OR
Operation Condition Code
ERd U (EAs) -~ ERd I U H U N Z V C
= ===l s]0]—]
Assembly-L anguage For mat H: Previous value remains unchanged.
OR L <EAs>, ERd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultis zero; otherwise
. cleared to O.
Operand Size V: Alwayscleared to O.
Longword C: Previous value remains unchanged.
Description

Thisinstruction ORs the source operand with the contents of a 32-bit register ERd (destination
register) and stores the result in the 32-bit register ERd.

Available Registers

ERd: EROto ER7
ERs: EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte | 5th byte | 6th byte |States
Immediate ORL |#xx32ERd| 7 | A | 4 !Olerd IMM 6
Register direct | OR.L  |ERs, ERd 01 Fi0 6 1 4 ‘Oiersioierd| | 4
Notes
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2.2.44 ORC

ORC (inclusive OR Control register)

Logical OR with CCR

Operation
CCRO#IMM - CCR

Condition Code

| U H U N Z V C
Lefelefefefefefr]

Assembly-L anguage For mat

Stores the corresponding bit of the result.

I:

Ul: Stores the corresponding bit of the result.
ORC #xx:8, CCR H: Storesthe corresponding bit of the result.

U: Storesthe corresponding bit of the result.

N: Storesthe corresponding bit of the result.
Operand Size Z:. Storesthe corresponding bit of the result.
Byte V: Storesthe corresponding bit of the result.

C: Storesthe corresponding hit of the result.
Description

Thisinstruction ORs the contents of the condition-code register (CCR) with immediate data and
stores the result in the condition-code register. No interrupt requests, including NMI, are accepted
immediately after execution of thisinstruction.

Operand Format and Number of Stat

es Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Immediate ORC #xx:8, CCR 0 4 IMM 2
Notes
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2.2.45(1) POP (W)

POP (POP data) Pop Data from Stack
Operation Condition Code
@SP+ - Rn Il U H U N Z V C

Assembly-L anguage For mat

PCOP. W Rn

Operand Size

Word

(==l =l=le]e]o[~]

H: Previous value remains unchanged.
N: Setto 1if thedatavalueisnegative;

otherwise cleared to 0.

Z: Settolif thedatavalueis zero; otherwise

cleared to 0.

V: Alwayscleared to O.

C: Previous value remains unchanged.

Description

Thisinstruction restores data from the stack to a 16-bit general register Rn, tests the restored data,
and sets condition-code flags according to the result.

Available Registers
Rn: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
— POP.W Rn 6 ! D | 7 i m 6
Notes

POP.W Rnisidentica to MOV.W @SP+, Rn.
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2.245(2) POP(L)

POP (POP data) Pop Data from Stack
Operation Condition Code
@SP+ - ERn Il U H U N Z V C
=== =[:[:]0]—]
Assembly-L anguage For mat H: Previous value remains unchanged.
POP. L ERnN N: Setto 1if thedatavalueis negative;
otherwise cleared to 0.
Z: Settolif thedatavalueis zero; otherwise
. cleared to O.
Operand Size V: Alwayscleared to O.
Longword C: Previous value remains unchanged.
Description

Thisinstruction restores data from the stack to a 32-bit general register ERn, tests the restored

data, and sets condition-code flags according to the resullt.

Available Registers
ERn: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
— POP.L ERn 0! 1|00 6! D/ 7 0en| 10
Notes

POP.L ERn isidentical to MOV.L @SP+, ERn.
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2.2.46 (1) PUSH (W)

PUSH (PUSH data)

Push Data on Stack

Operation
Rn - @-SP

Assembly-L anguage For mat

PUSH. W Rn

Operand Size

Word

Condition Code
| Ul

H U N Z VvV C

(==l =l=le]e]o[~]

H: Previous value remains unchanged.
N: Setto 1if thedatavalueisnegative;

otherwise cleared to 0.

Z: Settolif thedatavalueis zero; otherwise

cleared to 0.

V: Alwayscleared to O.

C: Previous value remains unchanged.

Description

Thisinstruction saves data from a 16-bit register Rn onto the stack, tests the saved data, and sets
condition-code flags according to the result.

Available Registers
Rn: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
— PUSH.W Rn 6 ' D | F i m 6
Notes

1. PUSH.W Rnisidentical to MOV.W Rn, @-SP.

2. When PUSH.W R7 or PUSH.W E7 is executed, the value saved on the stack is the lower part

(R7) or upper part (E7) of the value of ER7 before execution minus two.
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2.2.46 (2) PUSH (L)

PUSH (PUSH data) Push Data on Stack

Operation Condition Code

ERn - @-SP |l U H U N Z V C
HEEEREEIE

Assembly-L anguage For mat H: Previous value remains unchanged.

PUSH. L ERn N: Setto 1if thedatavalueis negative;

otherwise cleared to 0.
Z: Settolif thedatavalueis zero; otherwise

. cleared to 0.
Operand Size V: Alwayscleared to O.
Longword C: Previous value remains unchanged.
Description

Thisinstruction pushes data from a 32-bit register ERn onto the stack, tests the saved data, and
sets condition-code flags according to the result.

Available Registers
ERn: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
— PUSH.L ERn 0! 1| 0:!0 )| 6! D/ F !0en| 10
Notes

1. PUSH.L ERnisidentical to MOV.L ERn, @-SP.

2. When PUSH.L ERY7 is executed, the value saved on the stack is the value of ER7 before
execution minus four.
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Section 2 Instruction Descriptions

2247 (1) ROTL (B)

ROTL (ROTate L eft)

Rotate

Operation

Rd (left rotation) - Rd

Assembly-L anguage For mat

Condition Code

| U H UN Z V C
(= =[=I=f:]s]0]:]

H: Previous value remains unchanged.
N: Setto 1if theresult is negative; otherwise

ROTL. B Rd
cleared to O.
Z: Settolif theresultis zero; otherwise
. cleared to O.
Operand Size V: Alwayscleared to O.
Byte C: Receivesthe previousvauein bit 7.
Description

Thisinstruction rotates the bitsin an 8-bit register Rd (destination register) one bit to the left. The
most significant bit is rotated to the least significant bit (bit 0), and also copied to the carry flag.

MSB

LSB

b7

bo

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct ROTL.B Rd 1 2 8 ! rd 2

Notes
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2247 (2) ROTL (W)

ROTL (ROTate Left) Rotate
Operation Condition Code
Rd (left rotation) - Rd | UU H UN Z V C
(= ===l ]0]:]
Assembly-L anguage For mat H: Previous value remains unchanged.
ROTL. W Rd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultis zero; otherwise
. cleared to O.
Operand Size V: Alwayscleared to O.
Word C: Receivesthe previousvaluein bit 15.
Description

Thisinstruction rotates the bitsin a 16-bit register Rd (destination register) one bit to the left. The
most significant bit is rotated to the least significant bit (bit 0), and also copied to the carry flag.

MSB LSB

C bis bo

Available Registers
Rd: ROtoR7,EQto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct ROTL.W Rd 1 2 9 ! d 2
Notes
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Section 2 Instruction Descriptions

2247 (3) ROTL (L)

ROTL (ROTate L eft)

Rotate

Operation

ERd (left rotation) - ERd

Assembly-L anguage For mat

Condition Code

| U H UN Z V C
(===l =f:]s]0[=]

H: Previous value remains unchanged.
N: Setto 1if theresult is negative; otherwise

ROTL. L ERd
cleared to O.
Z: Settolif theresultis zero; otherwise
. cleared to O.
Operand Size V: Alwayscleared to O.
Longword C: Receivesthe previousvaluein bit 31.
Description

Thisinstruction rotates the bits in a 32-bit register ERd (destination register) one bit to the left.
The most significant bit is rotated to the least significant bit (bit 0), and aso copied to the carry

flag.

MSB

LSB

b31

bo

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTL.L ERd 12 B :0erd 2

Notes
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Section 2 Instruction Descriptions

2.2.48 (1) ROTR (B)

ROTR (ROTate Right) Rotate
Operation Condition Code
Rd (right rotation) — Rd | UU H UN Z V C

(===l =lfe]o]"]

Assembly-L anguage For mat H: Previous value remains unchanged.
ROTR. B Rd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultis zero; otherwise

. cleared to O.
Operand Size V: Alwayscleared to O.
Byte C: Receivesthe previousvauein bit 0.
Description

Thisinstruction rotates the bits in an 8-bit register Rd (destination register) one bit to the right.
Theleast significant bit is rotated to the most significant bit (bit 7), and also copied to the carry

flag.

MSB LSB

b7 bo C

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTR.B Rd 1 3 8 i rd 2
Notes
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Section 2 Instruction Descriptions

2.2.48(2) ROTR (W)

ROTR (ROTate Right)

Rotate

Operation

Rd (right rotation) — Rd

Assembly-L anguage For mat

Condition Code

| U H UN Z V C
(= =[=I=f:]s]0]:]

H: Previous value remains unchanged.
N: Setto 1if theresult is negative; otherwise

ROTR. W Rd
cleared to O.
Z: Settolif theresultis zero; otherwise
. cleared to O.
Operand Size V: Alwayscleared to O.
Word C: Receivesthe previous valuein bit 0.
Description

Thisinstruction rotates the bitsin a 16-bit register Rd (destination register) one bit to the right.
The least significant bit is rotated to the most significant bit (bit 15), and also copied to the carry

flag.

MSB

LSB

bis

bo C

Available Registers
Rd: ROtoR7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTR.W Rd 1 3 9 i rd 2

Notes
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Section 2 Instruction Descriptions

2.248(3) ROTR (L)

ROTR (ROTate Right) Rotate
Operation Condition Code
ERd (right rotation) — ERd | U H U N Z V C

(===l =lfe]o]"]

Assembly-L anguage For mat H: Previous value remains unchanged.
ROTR. L ERd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultis zero; otherwise

. cleared to O.
Operand Size V: Alwayscleared to O.
Longword C: Receivesthe previous valuein bit 0.
Description

Thisinstruction rotates the bits in a 32-bit register ERd (destination register) one bit to the right.
The least significant bit is rotated to the most significant bit (bit 31), and also copied to the carry

flag.

MSB LSB

b31 bo C

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTR.L ERd 1 3 B :0erd 2
Notes
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Section 2 Instruction Descriptions

2249 (1) ROTXL (B)

ROTXL (ROTatewith eXtend carry Left)

Rotate through Carry

Operation
Rd (left rotation through carry bit) —» Rd

Assembly-L anguage For mat

Condition Code

| U H UN Z V C
(= =[=I=f:]s]0]:]

H: Previous value remains unchanged.
N: Setto 1if theresult is negative; otherwise

ROTXL. B Rd
cleared to O.
Z: Settolif theresultis zero; otherwise
. cleared to O.
Operand Size V: Alwayscleared to O.
Byte C: Receivesthe previousvauein bit 7.
Description

Thisinstruction rotates the bits in an 8-bit register Rd (destination register) one bit to the left
through the carry flag. The carry flag is rotated into the least significant bit (bit 0). The most

significant bit rotates into the carry flag.

MSB LSB
C b7 bo
Available Registers
Rd: ROL to R7L, ROH to R7H
Operand Format and Number of States Required for Execution
Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | States
Register direct ROTXL.B Rd 1 2 0 rd 2
Notes
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Section 2 Instruction Descriptions

2249 (2) ROTXL (W)

ROTXL (ROTatewith eXtend carry Left) Rotate through Carry
Operation Condition Code
Rd (left rotation through carry bit) —» Rd | U H U N Z V C

(===l =lfe]o]"]

Assembly-L anguage For mat H: Previous value remains unchanged.
ROTXL. W Rd N: Setto 1if the result is negative; otherwise
cleared to O.
Z: Settolif theresultis zero; otherwise
. cleared to O.
Operand Size V: Alwayscleared to O.
Word C: Receivesthe previousvaluein bit 15.
Description

Thisinstruction rotates the bitsin a 16-bit register Rd (destination register) one bit to the left
through the carry flag. The carry flag is rotated into the least significant bit (bit 0). The most
significant bit rotates into the carry flag.

MSB LSB

C bis bo

Available Registers
Rd: ROtoR7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTXL.W Rd 1 2 1 rd 2
Notes
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Section 2 Instruction Descriptions

2249 (3) ROTXL (L)

ROTXL (ROTatewith eXtend carry Left)

Rotate through Carry

Operation
ERd (l€eft rotation through carry bit) -» ERd

Assembly-L anguage For mat

Condition Code

| U H UN Z V C
(= =[=I=f:]s]0]:]

H: Previous value remains unchanged.
N: Setto 1if theresult is negative; otherwise

ROTXL. L ERd
cleared to O.
Z: Settolif theresultis zero; otherwise
. cleared to O.
Operand Size V: Alwayscleared to O.
Longword C: Receivesthe previousvaluein bit 31.
Description

Thisinstruction rotates the bitsin a 32-bit register ERd (destination register) one bit to the left
through the carry flag. The carry flag is rotated into the least significant bit (bit 0). The most

significant bit rotates into the carry flag.

MSB LSB
C b31 bo
Available Registers
ERd: EROto ER7
Operand Format and Number of States Required for Execution
Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTXL.L ERd 1 2 3 0 erd 2
Notes
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Section 2 Instruction Descriptions

2.250 (1) ROTXR (B)

ROTXR (ROTatewith eXtend carry Right) Rotate through Carry
Operation Condition Code
Rd (right rotation through carry bit) - Rd | U H U N Z V C

(===l =lfe]o]"]

Assembly-L anguage For mat H: Previous value remains unchanged.
ROTXR B Rd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultis zero; otherwise

. cleared to O.
Operand Size V: Alwayscleared to O.
Byte C: Receivesthe previousvauein bit 0.
Description

Thisinstruction rotates the bits in an 8-bit register Rd (destination register) one bit to the right
through the carry flag. The carry flag isrotated into the most significant bit (bit 7). The least
significant bit rotates into the carry flag.

MSB LSB

b7 bo C

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTXR.B Rd 1 3 0 rd 2
Notes
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Section 2 Instruction Descriptions

2250 (2) ROTXR (W)

ROTXR (ROTatewith eXtend carry Right)

Rotate through Carry

Operation
Rd (right rotation through carry bit) —» Rd

Assembly-L anguage For mat

Condition Code

| U H UN Z V C
(= =[=I=f:]s]0]:]

H: Previous value remains unchanged.
N: Setto 1if theresult is negative; otherwise

ROTXR. W Rd
cleared to O.
Z: Settolif theresultis zero; otherwise
. cleared to O.
Operand Size V: Alwayscleared to O.
Word C: Receivesthe previous valuein bit 0.
Description

Thisinstruction rotates the bits in a 16-bit register Rd (destination register) one bit to the right
through the carry flag. The carry flag isrotated into the most significant bit (bit 15). The least

significant bit rotates into the carry flag.

MSB

LSB

bis

bo C

Available Registers
Rd: ROtoR7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTXR.W Rd 1 1 rd 2

Notes
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2.250(3) ROTXR (L)

ROTXR (ROTatewith eXtend carry Right) Rotate through Carry
Operation Condition Code
ERd (right rotation through carry bit) — ERd | U H U N Z V C

(===l =lfe]o]"]

Assembly-L anguage For mat H: Previous value remains unchanged.
ROTXR. L ERd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultis zero; otherwise

. cleared to O.
Operand Size V: Alwayscleared to O.
Longword C: Receivesthe previous valuein bit 0.
Description

Thisinstruction rotates the bits in a 32-bit register ERd (destination register) one bit to the right
through the carry flag. The carry flag isrotated into the most significant bit (bit 31). The least
significant bit rotates into the carry flag.

MSB LSB

ba1 bo C

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct ROTXR.L ERd 1.3 3 0.erd 2
Notes

Rev. 3.00 Dec 13, 2004 page 160 of 258
REJ09B0213-0300

RENESAS



Section 2 Instruction Descriptions

2251 RTE

RTE (ReTurn from Exception)

Return from Exception Handling

Operation

@SP+ - CCR
@SP+ - PC

Assembly-L anguage For mat
RTE

Operand Size

Condition Code

| U H U N Z V C
Lefefelefefefefn]

I: Restored from the corresponding bit on
the stack.

Ul: Restored from the corresponding bit on
the stack.

H: Restored from the corresponding bit on
the stack.

U: Restored from the corresponding bit on
the stack.

N: Restored from the corresponding bit on
the stack.

Z:. Restored from the corresponding bit on
the stack.

V: Restored from the corresponding bit on
the stack.

C: Restored from the corresponding bit on
the stack.

Description

Thisinstruction returns from an exception-handling routine by restoring the condition-code
register (CCR) and program counter (PC) from the stack. Program execution continues from the
address restored to the program counter. The CCR and PC contents at the time of execution of this

instruction are lost.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
— RTE 5 1 6 7 10 10
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RTE

RTE (ReTurn from Exception) Return from Exception Handling

Notes
The stack structure differs between norma mode and advanced mode.

/_\_/ /\_/
Don't care CCR l—:| CCR l—:|
TN A A g v v A
PC [ Undet. | 3 \ PC | i i |
Normal mode 23 16 15 87 0 Advanced mode 23 16 15 87 0
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2252 RTS

RTS (ReTurn from Subroutine) Return from Subroutine
Operation Condition Code

@SP+ - PC H UN Z V C

Assembly-L anguage For mat

RTS H: Previous value remains unchanged.
N: Previous value remains unchanged.
Operand Size Z: Previous value remains unchanged.
. V: Previous value remains unchanged.
C: Previous value remains unchanged.
Description

Thisinstruction returns from a subroutine by restoring the program counter (PC) from the stack.
Program execution continues from the address restored to the program counter. The PC contents at
the time of execution of thisinstruction are lost.

Available Registers

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of States
q Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | Normal | Advanced
— RTS 54710 8 10
Notes

The stack structure and number of states required for execution differ between norma mode and
advanced mode.

In normal mode, only the lower 16 bits of the program counter are restored.

T~
T~ Don't care
N y y TN v A 4 Y

PC [ Undet. ! | \ PC | | i |
Normal mode 23 16 15 87 0 Advanced mode 23 16 15 87 0
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Section 2 Instruction Descriptions

2.253(1) SHAL (B)

SHAL (SHift Arithmetic L eft) Shift Arithmetic
Operation Condition Code
Rd (left arithmetic shift) - Rd | U H U N Z V C

(===l e e o]

H: Previous value remains unchanged.

Assembly-L anguage For mat i X : )
N: Setto 1if theresult is negative; otherwise

SHAL. B Rd

cleared to O.
Z: Settolif theresultis zero; otherwise
cleared to 0.
Operand Size V: Setto 1if an overflow occurs; otherwise
Byte cleared to 0.
C: Receivesthe previousvauein bit 7.
Description

Thisinstruction shifts the bits in an 8-bit register Rd (destination operand) one bit to the left. The
most significant bit shiftsinto the carry flag. The least significant bit (bit 0) is cleared to 0.

<
<

MSB LSB

C b7 bo

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct SHAL.B Rd 1:0 8 2
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.
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2.253(2) SHAL (W)

SHAL (SHift Arithmetic L eft) Shift Arithmetic
Operation Condition Code
Rd (left arithmetic shift) - Rd | U H U N Z V C
= === el o] e
Assembly-L anguage For mat H: Previous value remains unchanged.
SHAL. W Rd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z. Settolif theresult iszero; otherwise
Operand Size cleared 10 0. _
Word V: Setto 1if anoverflow occurs; otherwise
cleared to 0.

C: Receivesthe previousvauein bit 15.

Description

Thisinstruction shifts the bitsin a 16-bit register Rd (destination operand) one bit to the left. The
most significant bit shiftsinto the carry flag. The least significant bit (bit 0) is cleared to 0.

<
<

MSB LSB

C bis bo

Available Registers
Rd: ROtoR7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct SHAL.W Rd 1 0 9 rd 2
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.
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2.253(3) SHAL (L)

SHAL (SHift Arithmetic L eft) Shift Arithmetic
Operation Condition Code
ERd (left arithmetic shift) -~ ERd | U H U N Z V C
=SSR
Assembly-L anguage For mat H: Previous value remains unchanged.
SHAL. L ERd N: Setto 1if theresult is negative; otherwise
cleared to 0.
Z. Settolif theresult iszero; otherwise
- cleared to 0.
Operand Size V: Setto 1if anoverflow occurs; otherwise
Longword cleared to 0.

C:. Receivesthe previousvaluein bit 31.

Description

Thisinstruction shifts the bitsin a 32-bit register ERd (destination operand) one bit to the left. The
most significant bit shiftsinto the carry flag. The least significant bit (bit 0) is cleared to 0.

<
<

MSB LSB

C b31 bo

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct SHAL.L ERd 1.0 B :0:erd 2
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.
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2.254(1) SHAR (B)

SHAR (SHift Arithmetic Right) Shift Arithmetic
Operation Condition Code
Rd (right arithmetic shift) — Rd | UU H UN Z V C

(===l ]e]o]]

Assembly-L anguage For mat H: Previous value remains unchanged.
SHAR B Rd N: Setto 1if theresult is negative; otherwise
cleared to 0.
Z. Settolif theresult iszero; otherwise
- cleared to 0.
Operand Size V: Setto lif anoverflow occurs; otherwise
Byte cleared to 0.

C: Receivesthe previousvauein bit 0.

Description
Thisinstruction shifts the bitsin an 8-bit register Rd (destination operand) one bit to the right. Bit
0 shiftsinto the carry flag. Bit 7 shiftsinto itself. Since bit 7 remains unaltered, the sign does not

change.
MSB LSB

»
»

b7 bo C

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHAR.B Rd 11 8 i rd 2
Notes
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2.254(2) SHAR (W)

SHAR (SHift Arithmetic Right) Shift Arithmetic
Operation Condition Code
Rd (right arithmetic shift) — Rd | UU H UN Z V C
===l ]s]0]—]
Assembly-L anguage For mat H: Previous value remains unchanged.
SHAR. W Rd N: Setto 1if theresult is negative; otherwise
cleared to 0.
Z. Settolif theresult iszero; otherwise
- cleared to 0.
Operand Size V: Setto 1if anoverflow occurs; otherwise
Word cleared to 0.

C: Receivesthe previousvauein bit 0.

Description

Thisinstruction shifts the bitsin a 16-bit register Rd (destination operand) one bit to the right. Bit
0 shiftsinto the carry flag. Bit 15 shiftsinto itself. Since bit 15 remains unaltered, the sign does

not change.
MSB LSB

»
»

bis bo C

Available Registers
Rd: ROtoR7,EQto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHAR.W Rd 11 9 i rd 2
Notes
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2.254(3) SHAR (L)

SHAR (SHift Arithmetic Right)

Shift Arithmetic

Operation

ERd (right arithmetic shift) - ERd

Assembly-L anguage For mat

Condition Code
H U N Z V C

I Ul

(= [=[=l=le]e]o]:]

H: Previous value remains unchanged.
N: Setto 1if theresult is negative; otherwise

SHAR. L ERd
cleared to 0.
Z. Settolif theresult iszero; otherwise
- cleared to 0.
Operand Size V: Setto lif anoverflow occurs; otherwise
Longword cleared to 0.
C: Receivesthe previousvauein bit 0.
Description

Thisinstruction shifts the bitsin a 32-bit register ERd (destination operand) one bit to the right.
Bit O shiftsinto the carry flag. Bit 31 shiftsinto itself. Since bit 31 remains unaltered, the sign

does not change.

MSB

LSB

»

»

b31

bo

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHAR.L ERd 11 B :0:erd 2

Notes
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2.255(1) SHLL (B)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code
Rd (left logical shift) - Rd | U H U N Z V C
= = ==l [:]0]—]
Assembly-L anguage For mat H: Previous value remains unchanged.
SHLL. B Rd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultis zero; otherwise
Operand Size cleared to O.
Byte V: Always cleared to 0.

C: Receivesthe previousvauein bit 7.

Description

Thisinstruction shifts the bits in an 8-bit register Rd (destination operand) one bit to the left. The
most significant bit shiftsinto the carry flag. The least significant bit (bit 0) is cleared to 0.

<
<

MSB LSB

C b7 bo

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct SHLL.B Rd 1.0 0 ! rd 2
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow flag.
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2.2.55(2) SHLL (W)

SHLL (SHift Logical Left)

Shift Logical

Operation
Rd (left logical shift) — Rd

Assembly-L anguage For mat
SHLL. WRd

Condition Code

| U H UN Z V C
(= =[=l=f:]s]0]:]

H: Previous value remains unchanged.

N: Setto 1if theresult is negative; otherwise
cleared to O.

Z: Settolif theresultis zero; otherwise

Operand Size cleared to O.
Word V: Alwayscleared to O.

C: Receivesthe previousvauein bit 15.
Description

Thisinstruction shifts the bitsin a 16-bit register Rd (destination operand) one bit to the left. The
most significant bit shiftsinto the carry flag. The least significant bit (bit 0) is cleared to 0.

<
<

MSB

LSB

C

bis

bo

Available Registers
Rd: ROtoR7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct SHLL.W Rd 1.0 1 rd 2
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow flag.
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2.255(3) SHLL (L)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code
ERd (left logical shift) — ERd | U H U N Z V C

(===l fefo]"]

Assembly-L anguage For mat H: Previous value remains unchanged.
SHLL. L ERd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultis zero; otherwise
Operand Size cleared to O.
Longword V: Always cleared to 0.

C: Receivesthe previousvauein bit 31.

Description

Thisinstruction shifts the bits in a 32-bit register ERd (destination operand) one bit to the left. The
most significant bit shiftsinto the carry flag. The least significant bit (bit 0) is cleared to 0.

<
<

MSB LSB

C b31 bo

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct SHLL.L ERd 1.0 3 i0ierd 2
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow flag.
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2.256(1) SHLR (B)

SHLR (SHift Logical Right) Shift Logical
Operation Condition Code
Rd (right logical shift) - Rd | U H U N Z V C
(= ———lol:][o]:]
Assembly-L anguage For mat H: Previous value remains unchanged.
SHLR. B Rd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultis zero; otherwise
. cleared to O.
Operand Size V: Alwayscleared to O.
Byte C: Receivesthe previousvauein bit 0.
Description

This instruction shifts the bitsin an 8-bit register Rd (destination operand) one bit to theright. The
least significant bit shiftsinto the carry flag. The most significant bit (bit 7) is cleared to 0.

»
>

MSB LSB

00—

b7 bo ()

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct SHLR.B Rd 11 0 ! rd 2
Notes
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2.256(2) SHLR (W)

SHLR (SHift Logical Right) Shift Logical
Operation Condition Code
Rd (right logical shift) - Rd l U H U N Z V C
(= —[——Jof[:]o]:]
Assembly-L anguage For mat H: Previous value remains unchanged.
SHLR. W Rd N: Alwaysclearedto 0.
Z: Settolif theresultis zero; otherwise
: cleared to 0.
Operand Size V: Alwayscleared to 0.
Word C: Receivesthe previousvaluein bit O.

Description

Thisinstruction shifts the bitsin a 16-bit register Rd (destination operand) one bit to the right. The
least significant bit shiftsinto the carry flag. The most significant bit (bit 15) is cleared to 0.

»
>

MSB LSB

00—

bis bo

Available Registers
Rd: ROtoR7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHLR.W Rd 101 1 2
Notes
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2.256 (3) SHLR (L)

SHLR (SHift Logical Right)

Shift Logical

Operation

ERd (right logical shift) - ERd

Assembly-L anguage For mat

Condition Code
H U N Z V C

I Ul

(= [=[=I=lof:]o]:]

H: Previous value remains unchanged.

SHLR L ERd N: Alwaysclearedto 0.
Z: Settolif theresultiszero; otherwise
cleared to O.
Operand Size V: Alwayscleared to 0.
Longword C: Receivesthe previousvauein bit 0.
Description

Thisinstruction shifts the bitsin a 32-bit register ERd (destination operand) one bit to the right.
Theleast significant bit shifts into the carry flag. The most significant bit (bit 31) is cleared to 0.

»

MSB

>

LSB

00—

b31

bo

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
Register direct SHLR.L ERd 101 3 0'erd 2

Notes
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2257 SLEEP

SLEEP (SLEEP)

Power-Down M ode

Operation
Program execution state — power-down mode

Assembly-L anguage For mat

Condition Code
H U N Z V C

H: Previous value remains unchanged.
SLEEP N: Previous value remains unchanged.

Z: Previous value remains unchanged.
Operand Size V: Previous value remains unchanged.
- C: Previous value remains unchanged.
Description

When the SLEEP instruction is executed, the CPU enters a power-down state. Itsinterna state

remains unchanged, but the CPU stops executing instructions and waits for an exception-handling
request. When it receives an exception-handling request, the CPU exits the power-down state and
begins the exception-handling sequence. Interrupt requests other than NMI cannot end the power-

down state if they are masked in the CPU.

Available Registers

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4th byte | States
- SLEEP 0! 1| 80 2
Notes

For information about the power-down state, see the relevant microcontroller hardware manual.
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Instruction Descriptions

2.258(1) STC (B)

STC (STorefrom Control register)

Store CCR

Operation
CCR - Rd

Condition Code
H U N Z V

C

Assembly-L anguage For mat H: Previous value remains unchanged.

STC. B CCR,Rd N: Previous value remains unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.

Operand Size C: Previous value remains unchanged.

Byte

Description

Thisinstruction copies the CCR contents to an 8-bit register Rd.

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct STC.B CCR,Rd | 0 ! 2 0 ' rd 2

Notes
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2.258(2) STC (W)

STC (STorefrom Control register) Store CCR
Operation Condition Code
CCR - (EAd) H UN Z V C

Assembly-L anguage For mat

H: Previous value remains unchanged.
STC. W CCR, <EAd> N: Previous value remains unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
Operand Size C: Previous value remains unchanged.
Word
Description

Thisinstruction copies the CCR contents to a destination location. Although CCR is abyte
register, the destination operand is a word operand. The CCR contents are stored at the even
address.

Available Registers
ERd: EROto ER7
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Section 2

STC (W)

Store CCR

STC (STorefrom Control register)
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2259 (1) SUB (B)

SUB (SUBtract binary)

Subtract Binary

Operation
Rd—Rs - Rd

Condition Code

| U H U N Z V C
(==l el efefe]]

Assembly-L anguage For mat
SUB. B Rs, Rd

H: Setto 1if thereisaborrow at bit 3;
otherwise cleared to 0.

N: Setto 1if theresult is negative; otherwise
cleared to 0.

Operand Size
Byte

Z: Settolif theresult is zero; otherwise
cleared to 0.

V: Setto 1if anoverflow occurs; otherwise
cleared to 0.

C. Settolif thereisaborrow at bit 7;
otherwise cleared to 0.

Description

Thisinstruction subtracts the contents of an 8-bit register Rs (source operand) from the contents of
an 8-bit register Rd (destination operand) and stores the result in the 8-bit register Rd.

Available Registers

Rd: ROL to R7L, ROH to R7H
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct SUB.B Rs, Rd 1.8 rs  rd 2
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SUB (B)

SUB (SUBtract binary) Subtract Binary

Notes

The SUB.B instruction can operate only on genera registers. Immediate data can be subtracted
from general register contents by using the SUBX instruction. Before executing SUBX #xx:8, Rd,
first set the Z flag to 1 and clear the C flag to 0. The following coding examples can also be used
to subtract nonzero immediate data #IMM.

(1) ORC #H 05, CCR
SUBX #(| MW-1), Rd

(2) ADD #(0-IMM), Rd
XORC #H 01, CCR
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2259 (2) SUB (W)

SUB (SUBtract binary) Subtract Binary
Operation Condition Code
Rd—(EAs) -~ Rd |l U H U N Z V C
(==l =fefe]e] ]
Assembly-L anguage For mat H: Setto 1if thereisaborrow at bit 11;
SUB. W <EAs>, Rd otherwise cleared to 0.
N: Setto 1if theresult is negative; otherwise
cleared to O.
Operand Size Z: Setto 1if theresult iszero; otherwise
Word cleared t.o 0. .
V: Setto 1if anoverflow occurs; otherwise
cleared to 0.

C: Settolif thereisaborrow at bit 15;
otherwise cleared to 0.

Description

Thisinstruction subtracts a source operand from the contents of a 16-bit register Rd (destination
operand) and stores the result in the 16-bit register Rd.

Available Registers

Rd: ROto R7, EOto E7
Rs. ROtoR7,EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte | States
Immediate SUBW |#x16,Rd | 7 | 9 | 3 | rd IMM 4
Register direct SUB.W |Rs, Rd 1 9 rs rd ‘ 2
Notes
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2.259(3) SUB (L)

SUB (SUBtract binary)

Subtract Binary

Operation
ERd -<EAs> - ERd

Condition Code
I U H U N Z VvV C
SRS

Assembly-L anguage For mat
SUB. L <EAs>, ERd

H: Setto 1if thereisaborrow at bit 27;
otherwise cleared to 0.

N: Setto 1if theresult is negative; otherwise
cleared to 0.

Operand Size
Longword

Z: Settolif theresult is zero; otherwise
cleared to 0.

V: Setto 1if anoverflow occurs; otherwise
cleared to 0.

C. Settolif thereisaborrow at bit 31;
otherwise cleared to 0.

Description

Thisinstruction subtracts a source operand from the contents of a 32-hit register ERd (destination
operand) and stores the result in the 32-bit register ERd.

Available Registers

ERd: EROto ER7
ERs: EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
Mnemonic| Operands
Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte | 5th byte | 6th byte |States
Immediate SUBL |#xx:32,ERd| 7 ' A | 3 i0lerd IMM 6
Register direct | SUB.L |ERs, ERd 1 1 A |liersiOierd ‘ | | 2

Notes
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2.2.60 SUBS

SUBS (SUBtract with Sign extension) Subtract Binary Address Data
Operation Condition Code

ERd-1 - ERd H U N Z VvV C
it -]

H: Previous value remains unchanged.
Assembly-L anguage For mat N: Previous value remains unchanged.
SUBS #1, ERd Z: Previous value remains unchanged.
SUBS #2, ERd V: Previous value remains unchanged.
SUBS #4, ERd C: Previous value remains unchanged.
Operand Size
Longword
Description

Thisinstruction subtracts the immediate value 1, 2, or 4 from the contents of a 32-bit register ERd
(destination register). Differing from the SUB instruction, it does not affect the condition-code

flags.

Available Registers
ERd: EROto ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Register direct SUBS #1, ERd 1. B 0 :0ierd 2
Register direct SUBS #2, ERd 1! B 8 '0'erd 2
Register direct SUBS | #4, ERd 1 B 9 :0verd 2
Notes
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2.2.61 SUBX

SUBX (SUBtract with eXtend carry)

Subtract with Borrow

Operation
Rd—(EAs)-C - Rd

Assembly-L anguage For mat
SUBX <EAs>, Rd

Operand Size
Byte

Condition Code

H U N Z VvV C

I Ul
==

e e] ]

: Setto 1if thereisaborrow from bit 3;

otherwise cleared to 0.

. Setto 1if theresult is negative; otherwise

cleared to 0.

. Setto 1if theresult is zero; otherwise

cleared to 0.

: Setto 1if an overflow occurs; otherwise

cleared to O.

. Setto 1if thereisaborrow from bit 7;

otherwise cleared to 0.

Description

Thisinstruction subtracts the source operand and carry flag from the contents of an 8-bit register
Rd (destination operand) and stores the result in the 8-bit register Rd.

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Immediate SUBX | #xx:8, Rd B ! rd IMM 2
Register direct SUBX |Rs,Rd 1 E |rs 2

Notes
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2.2.62 TRAPA
TRAPA (TRAP Always) Trap Unconditionally
Operation Condition Code
PC -~ @-SP |l U H U N Z V C
0R - @5 &[] ]
<Vector> - PC

I: Alwayssetto 1.
Assembly-L anguage For mat Ut See notes. _
TRAPA #x:2 H: Prev!ousvaluerema!nsunchanged.

N: Previous value remains unchanged.
Operand Size Z:. Previous value remains unchanged.

P V: Previous value remains unchanged.

- C: Previous value remains unchanged.
Description

Thisinstruction pushes the program counter (PC) and condition-code register (CCR) on the stack,
then setsthe | bit to 1 and branches to a new address. The new address is the contents of the vector
address corresponding to the specified vector number. The PC value pushed on the stack isthe
starting address of the next instruction after the TRAPA instruction.

Vector Address
#X Normal Mode Advanced Mode
0 H'0010 to H'0011 H'000020 to H'000023
1 H'0012 to H'0013 H'000024 to H'000027
2 H'0014 to H'0015 H'000028 to H'00002B
3 H'0016 to H'0017 H'00002C to H'00002F

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte 2nd byte 3rd byte | 4th byte [States
Register direct TRAPA |#x:2 5 ¢ 7 |00i/IMM! O 14
Notes

1. CCRbit 6issetto 1 when used as an interrupt mask bit, but retains its previous value when
used as a user hit.

2. The stack and vector structure differ between normal mode and advanced mode.
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2.2.63(1) XOR (B)

XOR (eXclusive OR logical)

Exclusive Logical OR

Operation

Rd O (EAS) - Rd

Assembly-L anguage For mat
XOR. B <EAs>, Rd

Condition Code

| U H UN Z V C
(===l =f:]s]0[=]

H: Previous value remains unchanged.

N: Setto 1if theresult is negative; otherwise
cleared to O.

Z: Settolif theresultis zero; otherwise
cleared to 0.

Operand Size V: Alwayscleared to O.
Byte C: Previous value remains unchanged.
Description

Thisinstruction exclusively ORs the source operand with the contents of an 8-bit register Rd
(destination register) and stores the result in the 8-bit register Rd.

Available Registers

Rd: ROL to R7L, ROH to R7H
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Instruction Format

Addressing . No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Immediate XOR.B | #xx:8, Rd D ! rd IMM 2
Register direct XOR.B |Rs, Rd 1.5 rs : rd 2

Notes
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2.2.63(2) XOR (W)

XOR (eXclusive OR logical) Exclusive Logical OR
Operation Condition Code
Rd O (EAs) - Rd |l U H U N Z V C
=== =[:[:]0]—]
Assembly-L anguage For mat H: Previous value remains unchanged.
XOR. W <EAs>, Rd N: Setto 1if theresult is negative; otherwise
cleared to O.
Z: Settolif theresultis zero; otherwise
. cleared to O.
Operand Size V: Alwayscleared to O.
Word C: Previous value remains unchanged.
Description

Thisinstruction exclusively ORs the source operand with the contents of a 16-bit register Rd
(destination register) and stores the result in the 16-bit register Rd.

Available Registers

Rd: ROtoR7, EOto E7
Rs: ROtoR7, EOto E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte | States
Immediate XOR.W | #xx:16, Rd 7009 5  rd IMM 4
Register direct XOR.W |Rs, Rd 6 5 rs rd ‘ 2
Notes
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2.2.63(3) XOR (L)

XOR (eXclusive OR logical)

Exclusive Logical OR

Operation
ERd O (EAs) - ERd

Condition Code

| U H UN Z V C
(===l =f:]s]0[=]

Assembly-L anguage For mat
XOR. L <EAs>, ERd

H: Previous value remains unchanged.
N: Setto 1if theresult is negative; otherwise

cleared to 0.
Z. Settolif theresult iszero; otherwise
. cleared to 0.
Operand Size V: Alwayscleared to O.
Longword C: Previous value remains unchanged.
Description

Thisinstruction exclusively ORs the source operand with the contents of a 32-bit register ERd
(destination register) and stores the result in the 32-bit register ERd.

Available Registers

ERd: EROto ER7
ERs: EROto ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte ‘ 4th byte | 5th byte | 6th byte |States
Immediate XORL |#32,ERd| 7 | A | 5 10lerd IMM 6
Register direct | XOR.L |ERs, ERd 01 F .0 6 : 5 ‘Oiersioierd| | 4

Notes
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2.2.64 XORC

XORC (eXclusive OR Control register) Exclusive Logical OR with CCR
Operation Condition Code

CCRO#MM - CCR | U H U N Z V C

Lefelefefefefefr]

Assembly-L anguage For mat Stores the corresponding bit of the result.

I

Ul: Storesthe corresponding bit of the result.
XORC #xx:8, CCR H: Storesthe corresponding bit of the result.

U: Storesthe corresponding bit of the result.

N: Storesthe corresponding bit of the result.
Operand Size Z:. Storesthe corresponding bit of the result.
Byte V: Storesthe corresponding bit of the result.

C: Storesthe corresponding hit of the result.
Description

Thisinstruction exclusively ORs the contents of the condition-code register (CCR) with
immediate data and stores the result in the condition-code register. No interrupt requests,
including NMI, are accepted immediately after execution of thisinstruction.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte | 4thbyte | States
Immediate XORC #xx:8, CCR 0 5 IMM 2
Notes
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2.3 Instruction Set Summary

Table2.1 Instruction Set Summary

Addressing Modes
o
4
. . |z |Y —
Function | Instruction o o ® ~ @)
w u =2 O a ©
o < + © < a < X
g2 S & S %92 2 &8
x o lw | 2 /2w 8| & 8|2 20O
¥ 04 ® ® ® ® ® ® ® ® ® ® |
Data MOV BWL |BWL |[BWL |BWL [BWL |[BWL| B |BWL|BWL| — | — | — | —
transfer POP,PUSH| — | — | — | — | — | — | — — | — ] = — |wL
MOVFPE, e e e e e et B B - = = | = | =
MOVTPE
Arithmetic |ADD,CMP |BWL/BWL| — | — | — | — | — | — | — | — | — | — | —
operations [ g WLlBWLl — | — [ — [ — [ — [ -1 =-—1TZ=-1Z
ADDX, B B — - - - = = = = = | = =
SUBX
ADDS, — L RN U S U N S U U (S I —
SUBS
INC, DEC — BWL| — | — | —m | —m | —m | —m | —m | — | — | — | —
DAA, DAS — B — - - = = = = =] =] = =
MULXU, — | BW| — | —m | —m | —m | —m | —m | —m | — | — | — | —
DIVXU,
MULXS,
DIVXS
NEG — BWL| — | — | — | — | —m | —m | — | — | — | — | —
EXTUEXTS| — |WL| — | — | — | —m | —m | — | —m | — | — | — | —
Logic AND, OR, BWLIBWL| — | — | — | — | — | — | — | — | — | — | —
operations | XOR
NOT — BWL| — | — | — | — | —m | —m | — | — | — | — | —
Shift operations —BWL| — | — | — | — | — | — | — | — | — | — | —
Bit manipulation — B B — | — | — B — | - - = | = | =
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Addressing Modes
jo
o
. . | |Y —
Function | Instruction o o ® ~ O
bl B S |l o |
cle g9 5|95
x| c|w |2 2 w| 8|8 & 2 2 ©
£ | | ©®© ©®8 ©®©  ® | ® | ® | ® | ® | ® | ©® |
Branch Bcc, BSR — — — — — — — — — @) @) _ —
JMP,JSR | — | — | O | — | — ol—-]1=1ol—-
RTS — — —_ — — — — — _ — _ O
System TRAPA, SR [ [N R S S e —_ e e e
control RTE,
SLEEP
LDC B W w w w — W W —_ — — —
STC — W w w w — W W — — — —
ANDC, B — — — — — — — — — — _ —
ORC,
XORC
NOP e e e e B B N N e e el )
Block data transfer — - - == - = | =] =] = =] =1]B8B
Legend:
B: Byte
W: Word
L: Longword
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Table2.2

Instruction Set

(1) DataTransfer Instructions

Ing‘:jéiiﬁ]ﬁi%ﬁﬁ?;};{;s) Condition Code | No. of States
&
= @5 _ Ad-
Mnemonic QC: B:-'. ;C: & P Operation I |[H|N|Z|V|C|Normal|vanced
MEIEET g2|®
(A ACICEICISISICI
MOV MOV.B #xx:8,Rd B|2 #xx:8 -~ Rd8 —|—|t|1]|0|— 2 2
MOV.B Rs,Rd B 2 Rs8 - Rd8 —|—|t|1]|0|— 2 2
MOV.B @ERs,Rd B 2 @ERs - Rd8 —|—|t]t|0]|— 4 4
MOV.B @(d:16, ERs), Rd| B 4 @(d:16,ERs) -~ Rd8 —|—|¢|t|0O]—| 6 6
MOV.B @(d:24,ERs),Rd | B 8 @(d24: ERs24) ~ Rd8 —|—|¢|t|0]—| 10 10
MOV.B @ERs+,Rd B 2 @ERs - Rd8,ERs32+1 — ERs32 —|—|t]t|0]|— 6 6
MOV.B @aa:8,Rd B 2 @aa:8 - Rd8 —|—lt]|0]|— 4 4
MOV.B @aa:16,Rd B 4 @aa:16 -~ Rd8 —|—lt]|0]|— 6 6
MOV.B @aa:24,Rd B 6 @aa:24 - Rd8 —|—lt]|0]|— 8 8
MOV.B Rs,@ERd B 2 Rs8 - @ERd24 —|—t]t|0]|— 4 4
MOV.B Rs,@(d:16,ERd) |B 4 Rd8 - @(d:16,ERd) —|—|¢|t|O0O]—| 6 6
MOV.B Rs,@(d:24,ERd) |B 8 Rd8 - @(d:24,ERd) —|—|¢t|t|0]—| 10 10
MOV.B Rs,@-ERd B 2 ERd32-1 - ERd32,Rs8 - @ERd —|—|s|s|0|—| & 6
MOV.B Rs,@aa:8 B 2 Rs8 - @aa:8 —|—|t|t|0O|— 4 4
MOV.B Rs,@aa:16 B 4 Rs8 - @aa:16 —|—|t]t|0]—| 6 6
MOV.B Rs,@aa:24 B 6 Rs8 - @aa:24 —|—|t]t|0]—| 8 8
MOV.W #xx:16,Rd W| 4 #xx:16 - Rd16 —|—|t]|t|0]|— 4 4
MOV.W Rs,Rd W 2 Rs16 - Rd16 —|—| ] t|0]|— 2 2
MOV.W @ERs,Rd w 2 @ERs24 - Rd16 —|—| ] t|0]|— 4 4
MOV.W @(d:16,ERs),Rd |W 4 @(d:16,ERs) ~ Rd16 —|—|¢t|t|0O]—| 6 6
MOV.W @(d:24,ERs),Rd |W 8 @(d:24,ERs) -~ Rd16 —|—| ]| s|0|—| 120 10
MOV.W @ERs+,Rd w 2 @ERs - Rd16,ERs32+2 . @ERd —|—||s|0|—| & 6
MOV.W @aa:16,Rd w 4 @aa:16 -~ Rd16 —|—|t| 1|0 |— 6 6
MOV.W @aa:24,Rd W 6 @aa:24 - Rd16 —|—lt]|0]|— 8 8
MOV.W Rs,@ERd W 2 Rs16 - @ERd —|—|t]t|0]|— 4 4
MOV.W Rs,@(d:16,ERd) |W 4 Rs16 - @(d:16,ERd) —|—|¢|t|O0O]—| 6 6
MOV.W Rs,@(d:24,ERd) |W 8 Rs16 - @(d:24,ERd) —|—|¢|t|O0O]— 8 10
MOV.W Rs,@-ERd w 2 ERd32-2 - ERd32,Rs16 ~ @ERd24 —|—|¢|t|O0O]—| 6 6
MOV.W Rs,@aa:16 w 4 Rs16 - @aa:16 —|—lt]|0]|— 6 6
MOV.W Rs,@aa:24 W 6 Rs16 - @aa:24 —|—lt]|0]|— 8 8
MOV.L #xx:32,ERd L|6 #xx:32 - ERd32 —|—|t|1]|0|— 8 6
MOV.L ERs,ERd L 2 ERs32 - ERd32 —|—lt]|0]|— 2 2
MOV.L @ERs,ERd L 4 @ERs - ERd32 —|—|t]t|0]|— 8 8
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Section 2

Instruction Descriptions

Addressing Mode and

Instruction Length (bytes)

Condition Code

No. of States

=t

o

Y
-|® Ad-

Mnemonic x|F o « Operation I |H|N|Z|V|C|Normallvanced
gY\g Qg
Slx|culElul 2o
[ ACICICISISICIE
MOV MOV.L @(d:16,ERs),ERd | L 6 @(d:16,ERs) -~ ERd32 —|—| ]| s|0|—| 120 10
MOV.L @(d:24,ERs),ERd | L 10 @(d:24,ERs) - ERd32 —|—|t]|s|0|—| 14 14
MOV.L @ERs+,ERd L 4 ERs - ERd32,ERs32+4 . @ERs32 —|—| ]| s|0|—| 120 10
MOV.L @aa:16,ERd L 6 @aa:16 - ERd32 —|—|t]t|0]—| 10 10
MOV.L @aa:24,ERd L 8 @aa:24 - ERd32 —|—|t]t|0]|—| 12 12
MOV.L ERs,@ERd L 4 ERs32 - @ERd24 —|—|s|t|0|—| 8 8
MOV.L ERs,@(d:16,ERd)| L 6 ERs32 - @(d:16,ERd) —|—|¢t|t|0]|—| 10 10
MOV.L ERs,@(d:24,ERd) | L 10 ERs32 - @(d:24,ERd) —|—|¢t|t|0]—| 14 14
MOV.L ERs,@-ERd L 4 ERd32-4 - ERd32,ERs32 -~ @ERd —|—|t|t|0|—| 10 10
MOV.L ERs,@aa:16 L 6 ERs32 - @aa:16 —|—|t]t|0]—| 10 10
MOV.L ERs,@aa:24 L 8 ERs32 - @aa:24 —|—|t]|0]|—| 12 12
POP POP.W Rn w 2 | @SP-Rn16,SP+2 - SP —|—|¢|t|O0O]—| 6 6
POP.L ERn L 4 | @SP - ERN32,SP+4 - SP —|—|t]t|O0]|— 8 10
PUSH PUSH.W Rn w 2 | SP-2-SP,Rn16 - @SP —|—|t]t|0]|— 6 6
PUSH.L ERNn L 4 | SP-4-SP,ERNn32 - @SP —|—|t]t|0]|— 8 10
MOVFPE| MOVFPE@aa:16,Rd B 4 @aa:16 - Rd (synchronized with —|—|t]t|0]|—| (6) (6)
E clock)
MOVTPE| MOVTPE Rs,@aa:16 B 4 Rs - @aa:16 (synchronized with —|—|t|t]|0|—| (&) (6)
E clock)R
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Instruction Descriptions

(2) Arithmetic Operation Instructions

Addressing Mode and
Instruction Length (bytes)

Condition Code

No. of States

g
zle| | Ad-
Mnemonic s Ei é 8, g Operation I |H|N|Z|V|C|Normallvanced
BlxlculE|lu|dlze
[ ACICICICIEIE
ADD ADD.B #xx:8,Rd B|2 Rd8+#xx:8 -~ Rd8 —l et e]s 2 2
ADD.B Rs,Rd B 2 Rd8+Rs8 - Rd8 —| ]|t 2 2
ADD.W #xx:16,Rd W| 4 Rd16+#xx:16 - Rd16 —|@f ¢t t] e 4 4
ADD.W Rs,Rd W 2 Rd16+Rs16 —~ Rd16 —|@f ¢t t] e 2 2
ADD.L #xx:32,ERd L6 ERd32+#xx:32 -~ ERd32 —l@)f |||t 6 6
ADD.L ERs,ERd L 2 ERd32+ERs32 - ERd32 —|@)f ¢t t] ]|t 2 2
ADDX ADDX #xx:8,Rd B|2 Rd8+#xx:8+C - Rd8 —| [ t|B)] ¢t 2 2
ADDX Rs,Rd B 2 Rd8+Rs8+C — Rd8 —| s |@®)| ]| 2 2
ADDS ADDS.L #1,ERd L 2 ERd32+1 - ERd32 —|—|—|—|—|— 2 2
ADDS.L #2,ERd L 2 ERd32+2 - ERd32 —|—|—|—|—|— 2 2
ADDS.L #4,ERd L 2 ERd32+4 - ERd32 —|—|—|—|—|— 2 2
INC INC.B Rd B 2 Rd8+1 - Rd8 —|=| || t]— 2 2
INC.W #1,Rd W 2 Rd16+1 - Rd16 —|— || t|— 2 2
INC.W #2,Rd w 2 Rd16+2-Rd16 —|=| || t]— 2 2
INC.L #1,ERd L 2 ERd32+1 - ERd32 —|— || t|— 2 2
INC.L #2,ERd L 2 ERd32+2 - ERd32 —|=| || t]— 2 2
DAA DAA Rd B 2 Rd8 decimal adjust - Rd8 —[* ] x| 2 2
SuB SUB.B Rs,Rd B 2 Rd8-Rs8 ~ Rd8 —| |t t]? 2 2
SUB.W #xx:16,Rd Wi 4 Rd16—#xx:16 - Rd16 —|@f ¢t t] |2 4 4
SUB.W Rs,Rd w 2 Rd16-Rs16 -~ Rd16 —|@f ¢ 1] |2 2 2
SUB.L #xx:32,ERd L6 ERd32—#xx:32 - ERd32 —|@)f 1] |2 6 6
SUB.L ERs,ERd L 2 ERd32-ERs32 - ERd32 —|@)f 1] |2 2 2
SUBX SUBX.B #xx:8,Rd B|2 Rd8—#xx:8—-C -~ Rd8 —| [ t|B)] s 2 2
SUBX.B Rs,Rd B 2 Rd8-Rs8-C - Rd8 —l || t|t| 2 2
SUBS SUBS.L #1,ERd L 2 Erd32-1 - ERd32 —|—|—|—|—|— 2 2
SUBS.L #2,ERd L 2 ERd32-2 - ERd32 —|—|—|—|—|— 2 2
SUBS.L #4,ERd L 2 ERd32-4 - ERd32 —|—|—|—|—|— 2 2
DEC DEC.B Rd B 2 Rd8-1-Rd8 —|—t| |t |— 2 2
DEC.W #1,Rd W 2 Rd16-1-Rd16 —|—t| |t |— 2 2
DEC.W #2,Rd W 2 Rd16-2 - Rd16 —|—t| |t |— 2 2
DEC.L #1,ERd L 2 ERd32-1 - ERd32 —|—t| |t |— 2 2
DEC.L #2,ERd L 2 ERd32-2 - ERd32 —|—t| |t |— 2 2
DAS DAS Rd B 2 Rd8 decimal adjust -~ Rd8 —|* Y= 2 2
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Instruction Descriptions

Instruction Length (bytes)

Addressing Mode and

Condition Code

No. of States

=t
o
Y
-|® Ad-
Mnemonic x|F o « Operation I |H|N|Z|V|C|Normallvanced
gY\g Qg
Slx|culElul 2o
[ZAEI-ACHCICICIEE]
NEG NEG.B Rd B 2 0-Rd8 - Rd8 —| |ttt 2 2
NEG.W Rd W 2 0-Rd16 - Rd16 —| |ttt 2 2
NEG.L ERd L 2 0-ERd32-ERd32 el B N R A A 2 2
CMP CMP.B #xx:8,Rd B|2 Rd8—#xx:8 —| |ttt 2 2
CMP.B Rs,Rd B 2 Rd8-Rs8 —| |ttt 2 2
CMP.W #xx:16,Rd W| 4 Rd16—#xx:16 —|@f e t] e 4 4
CMP.W Rs,Rd w| |2 Rd16-Rs16 —@ ]| s|t| 2 2
CMP.L #xx:32,ERd L6 ERd32-#xx:32 —(@)f s || 4 6
CMP.L ERs,ERd L 2 ERd32-ERs32 —l@)| ¢ t] ]|t 2 2
MULXU | MULXU.B Rs,Rd B 2 Rd8 x Rs8 -~ Rd16 —|—|—|—|—|—| 14 14
(unsigned operation)
MULXU.W Rs,ERd w 2 Rd16 x Rs16 -~ ERd32 —|—|—|—=|—|—| 22 22
(unsigned operation)
MULXS | MULXS.B Rs,Rd B 4 Rd8 x Rs8 - Rd16 —|— —|—| 16 16
(signed operation) te
MULXS.W Rs,ERd W 4 Rd16 x Rs16 — ERd32 ==, —|—| 24 24
(signed operation) :
DIVXU | DIVXU.B Rs,Rd B 2 Rd16 + Rs8 - Rd16 (RdH: remainder, |—|—|(6)((7)| —|—| 14 14
RdL: quotient) (unsigned operation)
DIVXU.W Rs,ERd W 2 ERd32 + Rs16 - ERd32 —|—®)|(7)|—|—| 22 22
(Ed: remainder, Rd: quotient) (unsigned
operation)
DIVXS |DIVXS.B Rs,Rd B 4 Rd16 + Rs8 - Rd16 (RdH: remainder, |—|—|(8)|(7)|—|—| 16 16
RdL: quotient) (signed operation)
DIVXS.W Rs,ERd w 4 ERd32 + Rs16 - ERd32 —|—®)|")|—|—| 24 24
(Ed: remainder, Rd: quotient) (signed
operation)
EXTU EXTU.W Rd W 2 0 - (<bits 15 to 8> of Rd16) —|—|0]|t|0]|— 2 2
EXTU.L ERd L 2 0 - (<bits 31 to 16> of ERd32) —|—|0]|t|0]|— 2 2
EXTS EXTS.W Rd w 2 (<bit 7> of Rd16) - (<bits 15t0 8>0of |—|—| | 1|0 |— 2 2
Rd16)
EXTS.L ERd L 2 (<bit 15> of ERd32) - (<bits 31to 16> |—|—| ¢t | 1|0 |— 2 2
of ERd32)
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Instruction Descriptions

(3) Logic Operation Instructions

Instruction Length (bytes)

Addressing Mode and

Condition Code

No. of States

g
zle| | Ad-
Mnemonic s Ei é 8, g Operation I |H|N|Z|V|C|Normallvanced
BlxlculE|lu|dlze
2RI ACHSHCHCICNE)
AND AND.B #xx:8,Rd B|2 Rd8 O#xx:8 -~ Rd8 —|—| ] t|0]|— 2 2
AND.B Rs,Rd B 2 Rd8 O Rs8 - Rd8 —|—| ] t|0]|— 2 2
AND.W #xx:16,Rd W| 4 Rd16 O#xx:16 -~ Rd16 —|—| ] t|0]|— 4 4
AND.W Rs,Rd W 2 Rd16 ORs16 -~ Rd16 —|—| ] t|0]|— 2 2
AND.L #xx:32,ERd L|6 ERd32 O#xx:32 - ERd32 —|—|t]|t|0]|— 6 6
AND.L ERs,ERd L 4 ERd32 OERs32 - ERd32 —|—| ] t|0]|— 4 4
OR OR.B #xx:8,Rd B|2 Rd8 O#xx:8 -~ Rd8 —|—| ] t|0]|— 2 2
OR.B Rs,Rd B 2 Rd8 [ Rs8 - Rd8 —|—| ] t|0]|— 2 2
OR.W #xx:16,Rd Ww|4 Rd16 O#xx:16 -~ Rd16 —|—| ] t|0]|— 4 4
OR.W Rs,Rd W 2 Rd16 ORs16 -~ Rd16 —|—| ] t|0]|— 2 2
OR.L #xx:32,ERd L|6 ERd32 O#xx:32 - ERd32 —|—|t]|t|0]|— 6 6
OR.L ERs,ERd L 4 ERd32 [ ERs32 - ERdA32 —|—|t|1]|0|— 4 4
XOR XOR.B #xx:8,Rd B|2 Rd80#xx:8 — Rd8 —|—|t|1]|0|— 2 2
XOR.B Rs,Rd B 2 Rd80Rs8 - Rd8 —|—=|t|t]|O0O|— 2 2
XOR.W #xx:16,Rd w4 Rd160#xx:16 -~ Rd16 —|—|t|1]|0|— 4 4
XOR.W Rs,Rd w 2 Rd16[1Rs16 - Rd16 —|—|t|1]|0|— 2 2
XOR.L #xx:32,ERd L6 ERd320#xx:32 - ERd32 —|—|t|1]|0|— 6 6
XOR.L ERs,ERd L 4 ERd32[JERs32 - ERd32 —|—|t|1]|0|— 4 4
NOT NOT.B Rd B 2 - Rd8 - Rd8 —|—=|t|t]|O|— 2 2
NOT.W Rd w 2 -Rd16 - Rd16 —|—=|t|t]|O0O|— 2 2
NOT.L ERd L 2 - Rd32-Rd32 —|—=|t|t]|O|— 2 2
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Instruction Descriptions

(4) Shift Instructions

Addre_ssmg Mode and Condition Code | No. of States
Instruction Length (bytes)
=
o
w
=l® Ad-
Mnemonic x| o « Operation I |H|N|Z|V|C|Normallvanced
ElYUIE|q|%|8
Qlxlc|uwiSluw g2|o
AEAACICICICICICIN
0
SHAL.W Rd w 2 c MSB LSB —|—t| ]t 2 2
SHAL.L ERd L 2 —|—t|t]t|? 2 2
SHAR SHAR.B Rd B 2 —|—t] 1|01 2 2
SHAR.W Rd w 2 : » —|—t] 1|01 2 2
MSB —- LSB C
SHAR.L ERd L 2 —|—t]t|0]1 2 2
0
SHLL.W Rd w 2 c MSB LSB —|—t]t|0]1 2 2
SHLL.L ERd L 2 —|—t] 1|01 2 2
SHLR SHLR.B Rd B 2 —|—t]t|0]1 2 2
o ]+
SHLR.W Rd w 2 MSB - LSB c == t1 1|01 2 2
SHLR.L ERd L 2 —lt|lt|0] 2 2
ROTXL |ROTXL.BRd B 2 —lt|t|0] 2 2
ROTHLW R w2 g e e
C MSB —— LSB
ROTXL.L ERd L 2 —lt|lt|0] 2 2
ROTXR | ROTXR.B Rd B 2 —lt|lt|0] 2 2
ROTXR.W Rd W 2 - - —lt|t|0] 2 2
MSB —-— LSB C
ROTXR.L ERd L 2 —lt|lt|0] 2 2
ROTL ROTL.B Rd B 2 —lt|t|0] 2 2
ROTLWRd Wz 1 Y T i v Y PY Y R
C MSB —— LSB
ROTL.L ERd L 2 —lt|lt|0] 2 2
ROTR ROTR.B Rd B 2 —lt|t|0] 2 2
ROTR.W Rd W 2 - - —lt|t|0] 2 2
MSB —- LSB C
ROTR.L ERd L 2 —|—t] 1|01 2 2
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Instruction Descriptions

(5) Bit Manipulation Instructions

Addressing Mode and

Instruction Length (bytes)

Condition Code | No. of States

g
= @ _ Ad-
Mnemonic s Ei é 8, g Operation I |H|N|Z|V|C|Normallvanced
Blzlc|w S| g2|®
[ ACICICICIEIE
BSET BSET #xx:3,Rd B (#xx:3 of Rd8) 1 — = === 2 2
BSET #xx:3,@ERd B 4 (#xx:3 of @ERd) ~ 1 —|—|—|—|—|— 8 8
BSET #xx:3,@aa:8 B 4 (#xx:3 of @aa:8) ~ 1 —|—|—|—|—|—| 8 8
BSET Rn,Rd B 2 (Rn8 of Rd8) ~ 1 — = === 2 2
BSET Rn,@ERd B 4 (Rn8 of @ERd) ~ 1 — = === 8 8
BSET Rn,@aa:8 B 4 (Rn8 of @aa:8) ~ 1 —|—|—|—=|—]— 8 8
BCLR BCLR #xx:3,Rd B 2 (#xx:3 of Rd8) -0 — = === 2 2
BCLR #xx:3,@ERd B 4 (#xx:3 of @ERd) -0 —|—|—|—|—|— 8 8
BCLR #xx:3,@aa:8 B 4 (#xx:3 of @aa:8) -0 —|—|—|—|—|—| 8 8
BCLR Rn,Rd B 2 (Rn8 of Rd8) ~ 0 — = === 2 2
BCLR Rn,@ERd B 4 (Rn8 of @ERd) 0 —|—|—|—|—|—| 8 8
BCLR Rn,@aa:8 B 4 (Rn8 of @aa:8) -0 —|—|—|—|—|— 8 8
BNOT BNOT #xx:3,Rd B 2 (#xx:3 of Rd8) — - (#xx:3 of Rd8) —|—|—=|—=|—|— 2 2
BNOT #xx:3,@ERd B 4 (#xx:3 of @ERd) — - (#xx:3 of @ERd) |—|—|—|—|—|— 8 8
BNOT #xx:3,@aa:8 B 4 (#xx:3 of @aa:8) — - (#xx:3 of @aa:8) |—|—|—|—|—|— 8 8
BNOT Rn,Rd B 2 (Rn8 of Rd8) — - (Rn8 of Rd8) —|—=|=|=|=]— 2 2
BNOT Rn,@ERd B 4 (Rn8 of @ERd) —~ - (Rn8 of @ERd) —|—=|—|—|—|—| 8 8
BNOT Rn,@aa:8 B 4 (Rn8 of @aa:8) — - (Rn8 of @aa:8) —|—|—=|—=|—|— 8 8
BTST BTST #xx:3,Rd B 2 (#xx:3 of Rd8) - Z — ==t == 2 2
BTST #xx:3,@ERd B 4 (#xx:3 of @ERd) - Z — ==t == 6 6
BTST #xx:3,@aa:8 B 4 (#xx:3 of @aa:8) - Z — ==t == 6 6
BTST Rn,Rd B 2 (Rn8 of Rd8) - Z — ==t |=]= 2 2
BTST Rn,@ERd B 4 (Rn8 of @ERd) -~ Z —|—|—| t|—|—| 6 6
BTST Rn,@aa:8 B 4 (Rn8 of @aa:8) ~Z —|—=|—] t|—|—| 6 6
BLD BLD #xx:3,Rd B 2 (#xx:3 of Rd8) -~ C — === ¢ 2 2
BLD #xx:3, @ERd B 4 (#xx:3 of @ERd) -~ C —|— ==t 6 6
BLD #xx:3,@aa:8 B 4 (#xx:3 of @aa:8) - C — === ¢ 6 6
BILD BILD #xx:3,Rd B 2 = (#xx:3 of Rd8) -~ C — ===t 2 2
BILD #xx:3,@ERd B 4 = (#xx:3 of @ERd24) - C —|——|——] ¢ 6 6
BILD #xx:3,@aa:8 B 4 - (#xx:3 of @aa:8) -~ C — === ¢ 6 6
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Instruction Descriptions

Addressing Mode and
Instruction Length (bytes)

Condition Code

No. of States

&
= @5 _ Ad-
Mnemonic QC: B:-'. ;—C: 8): P Operation I |H|N|Z|V|C|Normallvanced
MEIEET g2|®
[ ACICICISISICIE
BST BST #xx:3,Rd B 2 C - (#xx:3 of Rd8) — = === 2 2
BST #xx:3,@ERd B 4 C - (#xx:3 of @ERd24) —|—|—|—|—|— 8 8
BST #xx:3,@aa:8 B 4 C - (#xx:3 of @aa:8) —|—|—|—=|—]— 8 8
BIST BIST #xx:3,Rd B 2 /C - (#xx:3 of Rd8) — = === 2 2
BIST #xx:3,@ERd B 4 /C - (#xx:3 of @ERd24) —|—|—|—|—|— 8 8
BIST #xx:3,@aa:8 B 4 /C - (#xx:3 of @aa:8) —|—|—|—=|—]— 8 8
BAND BAND #xx:3,Rd B 2 CO#xx:3 of Rd8) - C — ===t 2 2
BAND #xx:3,@ERd B 4 CL(#xx:3 of @ERd24) - C —|—|—|——]t 6 6
BAND #xx:3,@aa:8 B 4 Cl(#xx:3 of @aa:8) -~ C —|—|—|——]t 6 6
BIAND | BIAND #xx:3,Rd B 2 Clh (/#xx:3 of Rd8) -~ C —|— == ¢ 2 2
BIAND #xx:3,@ERd B 4 Clh (/#xx:3 of @ERd24) - C —|—|—|——]t 6 6
BIAND #xx:3,@aa:8 B 4 Clh (/#xx:3 of @aa:8) -~ C —|—|—|——]t 6 6
BOR BOR #xx:3,Rd B 2 C O(#xx:3 0of Rd8) - C —|— == ¢ 2 2
BOR #xx:3,@ERd B 4 C O (#xx:3 of @ERd24) - C —|—|—|——]t 6 6
BOR #xx:3,@aa:8 B 4 C 0 (#xx:3 of @aa:8)-C —|—|—|——]t 6 6
BIOR BIOR #xx:3,Rd B 2 C O~(#xx:3 of Rd8) -~ C —|— == ¢ 2 2
BIOR #xx:3,@ERd B 4 C O~(#xx:3 of @ERd24) - C —|—|—|——]t 6 6
BIOR #xx:3,@aa:8 B 4 C 0~(#xx:3 of @aa:8)-C —|—|—|——]t 6 6
BXOR BXOR #xx:3,Rd B 2 C 0 (#xx:3 of Rd8) -~ C —|— == ¢ 2 2
BXOR #xx:3, @ERd B 4 C O (#xx:3 of @ERd24) - C —|—|—=|—=|— 1 6 6
BXOR #xx:3,@aa:8 B 4 C O (#xx:3 of @aa:8) -~ C —|—|—|—|—t 6 6
BIXOR |BIXOR #xx:3,Rd B 2 C O ~(#xx:3 of Rd8) - C — ===t 2 2
BIXOR #xx:3,@ERd B 4 C O ~(#xx:3 of @ERd24) - C —|— ===t 6 6
BIXOR #xx:3,@aa:8 B 4 C O ~(#xx:3 of @aa:8) - C —|——|——] ¢ 6 6
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Section 2

Instruction Descriptions

(6) Branch Instructions

Addressing Mode and
Instruction Length (bytes)

Condition Code

No. of States

€
° @ s Branch Ad-
Mnemonic c|E|E 8 « Operation condition | N|Z |V |C |Normaljvanced
AFAAE AR
[ ACICICICICICI
Bcc BRA d:8(BTd:8) — 2 if condition is true then | Always — —|—|—|— 4 4
BRA d:16(BTd:16) — 4 PC.-PC+d —===== s 6
else next;
BRN d:8(BFd:8) — 2 Never — —|—|—=]— 4 4
BRN d:16(BFd:16) — 4 — —|—|—=]—| 6 6
BHI d:8 — 2 coz=0 — —|—|=]=| 4 4
BHI d:16 — 4 —|—=|—=|—=|=|—| & 6
BLS d:8 — 2 coz=1 — —_ === 4 4
BLS d:16 — 4 — — === 6 6
BCC d:8(BHS d:8) — 2 Cc=0 —|—|—=|=|=]—| 4 4
BCC d:16(BHS d:16) — 4 —|—|—|—|—|—| 6 6
BCS d:8(BLO d:8) — 2 c=1 —|—|—=|=|=]—| 4 4
BCS d:16(BLO d:16) — 4 — —|—|—]—| & 6
BNE d:8 — 2 Z=0 — —_ == 4 4
BNE d:16 - 4 —|—|—|—|—|—| 6 6
BEQ d:8 — 2 z=1 —|—|—=|—=|—|—| 4 4
BEQ d:16 - 4 —|—|—|—|—|—| 6 6
BvC d:8 - 2 V=0 —|—=|—=|=|=]—| 4 4
BVC d:16 - 4 —|—|—|—|—|—| 6 6
BVS d:8 — 2 V=1 — —_ == 4 4
BVS d:16 - 4 —|—|—|—|—|—| 6 6
BPL d:8 - 2 N=0 —|—=|—=|=|=]—| 4 4
BPL d:16 - 4 —|—|—|—|—|—| 6 6
BMI d:8 - 2 N=1 —|—=|—=|=|=]—| 4 4
BMI d:16 — 4 —|—=|—=|—=|=|—| & 6
BGE d:8 — 2 NOV=0 — == 4 4
BGE d:16 — 4 — — === 6 6
BLT d:8 — 2 NOV=1 — == 4 4
BLT d:16 — 4 — — === 6 6
BGT d:8 — 2 ZONOV)=0 |—|—|—|—|—|—| 4 4
BGT d:16 — 4 —|—|—|—|—]—| 6 6
BLE d:8 — 2 ZONOV)=1 |—|—|—|—|—|—| 4 4
BLE d:16 — 4 —|—=|—=|—=|=|—| & 6
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Section 2

Instruction Descriptions

Addressing Mode and
Instruction Length (bytes)

Condition Code

No. of States

=t
o
Y
=l® Branch Ad-
Mnemonic - 5 E g « Operation condition I |H|N|Z|V|C|Normallvanced
L - | ©
M Hl=llglzle
[ ACICICISISICIE
IMP JMP @ERn — 2 PC —ERn —|—|—=|—=|—|—| 4 4
JMP @aa:24 — 4 PC ~aa:24 —|—|—|—|—|— 6 6
JMP @@aa:8 — 2 PC - @aa:8 —|—=|—=|—|—]—| 8 10
BSR BSR d:8 — 2 PC- @-SP, — = === 6 8
PC —PC+d:8
BSR d:16 — 4 PC- @-SP, —|—=|—|—|—|—| 8 10
PC —PC+d:16
JSR JSR @ERn — 2 PC- @-SP, — = === 6 8
PC ~ERN
JSR @aa:24 — 4 PC- @-SP, —|—|—|—|—|—| 8 10
PC ~aa:24
JSR @@aa:8 — 2 PC- @-SP, —|—=|—|—|—|—| 8 12
PC - @aa:8
RTS RTS — 2 |PC-@SP+ —|—=|—=|—=|=]—| 8 10
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Section 2

Instruction Descriptions

(7) System Control Instructions

Addressing Mode and
Instruction Length (bytes)

Condition Code | No. of States

=t
4
iy
=l® Ad-
Mnemonic x| o « Operation I |H|N|Z|V|C|Normallvanced
gYg © Qs
Qlxlc|wiSluw g2|o
[ ACICICICIEIE
TRAPA | TRAPA #x:2 — 2 |PC- @-SP, CCR-@-SP, Q|—|—|—|—|—| 14 14
<vector> — PC
RTE RTE — CCR - @SP+,PC - @SP+ F 20 T A A A 3 10 10
SLEEP |SLEEP — Transition to power-down state —|—=|==|=1—] 2 2
LDC LDC #xx:8,CCR B|2 #xx:8 -CCR E N I B B 2 2
LDC Rs,CCR B 2 Rs8 - CCR F T 0 S 3 IS 2 2
LDC @ERs,CCR w 4 @ERs-~CCR 2 I 2 I S N 6 6
LDC @(d:16,ERs),CCR (W 6 @(d:16,ERs) - CCR F A 2 A A 3 8 8
LDC @(d:16,ERs),CCR |W 10 @(d:24,ERs) - CCR tles|efe|t| 12 12
LDC @ERs+,CCR w 4 @ERs - CCR,ERs32+2  ERs32 E20 T 3 A N 8
LDC @aa:16,CCR W 6 @aa:16 - CCR E N I B B 8 8
LDC @aa:24,CCR W 8 @aa:24-CCR E N I B B 10 10
STC STC CCR,Rd B 2 CCR-Rd8 —|—=|=|=|=]— 2 2
STC CCR,@ERd w 4 CCR- @ERd —|—=|—|—|—|—| 6 6
STC CCR,@(d:16,ERs) |W 6 CCR- @(d:16,ERs24) —|—=|—|—|—|—| 8 8
STC CCR,@(d:24,ERs) |W 10 CCR- @(d:24,ERs24) —|—=|=|—|=]—| 12 12
STC CCR,@-ERs w 4 ERd32-2 - ERd24,CCR - @ERd24 —|—|—|—|—|—| 8 8
STC CCR,@aa:16 W 6 CCR- @aa:16 —|—=|—=|—|—|—| 8
STC CCR,@aa:24 W 8 CCR- @aa:24 —|—|—|—|—|—| 10 10
ANDC ANDC #xx:8,CCR B|2 CCR [#xx:8 -CCR F T T O 3 2 2
ORC ORC #xx:8,CCR B|2 CCR V#xx:8 - CCR F2 T T O 3 2 2
XORC XORC #xx:8,CCR B|2 CCRO#xx:8 -CCR F T T O 3 2 2
NOP NOP — 2 |PC~PC+2 — === 2 2
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Section 2

Instruction Descriptions

(8) Block Transfer Instructions

Mnemonic

Addressing Mode and

Instruction Length (bytes) Condition Code | No. of States

Ad-
Operation I'|H|[N|Z|V|C |Normaljvanced

Size

#XX

Rn

@ERN
@(d,ERn)
@ERN+/@-ERn
@aa

@(d,pC)
@@aa

EEPMOV

EEPMOV.B

if RAL # 0 || —|—|—|8+an*2|g+an*2
Repeat @R5 -~ @R6
R5+1-R5
R6+1 - R6
R4L-1-R4L
UntilR4L=0
else next;

I
N

EEPMOV.W —

ifR4#0 —|—|—|—|—|—|8+4n*2|8+4n*2
Repeat @R5 -~ @R6
R5+1-R5
R6+1 - R6
R4L-1-RA4L
Until R4 =0
else next;

iN

Notes:

1.

M
@)
©)
4)
®)

(6)
™
®)

The number of states is the number of states required for execution when the instruction and its
operands are located in on-chip memory. For other cases see section 2.6, Number of States
Required for Execution.

n is the value set in register R4L or R4.

Set to 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0.

Set to 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0.

Retains its previous value when the result is zero; otherwise cleared to 0.

Set to 1 when the adjustment produces a carry; otherwise retains its previous value.

The number of states required for execution of an instruction that transfers data in synchronization
with the E clock is variable.

Set to 1 when the divisor is negative; otherwise cleared to 0.
Set to 1 when the divisor is zero; otherwise cleared to 0.
Set to 1 when the quotient is negative; otherwise cleared to 0.
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Instruction Descriptions

Section 2

Instruction Codes

24

dsip S v | — (8:p 019) 8:p S04
0o ¥ 8 S — (91:p SHE) 9T:p 004
dsip 2 v | — (8:p SH8) 8:p 009
0o € 8 s | — 9T:pSIg
dsip € vo| — 8:psig
0oz 8 s | — 9T:p IHE
dsip z vo| — 8:p IHg
0o T 8 s | — (91:p 48) 9T:p NYg
dsip T vo| = (8:p 49) 8:p N¥g
0o : 0 8 S — (91:p 18) 9T:p Vg
dsip 0 4 — (8:p 18) 8:p Vg 209
sqe 3 L a 8:eR® EXx# ANVE
0 :pwi0ol O L g PHAD'€:Xx# ANVE
Pl IANNEO| 9 L a PY'EXX# ANVE anve
NI 9 0 El ¥OD'8xx# DOANY oaNy
EE T 0 1 py3'sy3 TANY
[ v L 1 pY3'ZEXX# T ANV
] si 9 9 M py'sd M'ANV
pi 9 6 L m PY'9TXX# M ANY
pi s1 9 T q py'sy 9'aNv
prio3 g PY'8:xx# §'ANY anvy
3 0 El py'sy xaav
pi 6 a PY'8x# XAav xaav
a 0 1 py3'v# Saav
] 0 1 py3'z# saav
a 0 1 py3'T# SAAY saav
v 0 1 py3's¥3 Taav
v L 1 py3'zEXH TAAv
6 0o [ m py'sy M'aav
[ T 6 L m PY'9TO% M'AAY
pi s 8 0 g py'sy g'aav
NI pl:o8 a py'gxx# 8'aav aav
kg ulor | @kquie | ekquig | elkauiz | elkquig | kg uig a1k Ui 014q pig a1Aq puz a1Aq 1sT
Jewi04 uonanAsul 9ZIS Jluowauy uonanisul
S9P0D uolpnIsu| g¢galqel
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Instruction Descriptions

Section 2

a1kg yiot

a1kg we

a1kq 18

alkq uiL

a14q Y19

akg uig

Jewso4 uononisu|

sqe 3 L g gree®@'exx# allg
0 : pie: 2 L a pHI®@‘EXx# @I
pIOWNNET] L L ] py‘exx# allg alg
sqe El L | 8:eR® EXX# ANVIE
0 :pwiol D L | PYI@‘e:xx# ANVIE
pICANWIET| 9 L | pY‘EXX# ANVIE anvig
sqe 4 L ] geR@'Uy ¥108
0 :piiol @ L g PYI@'uY ¥109
pioiow z 9 | py'uy Y109
sqe 4 L d 8'eR® 'CIXX# 109
0 :peiol a L | PYI@'exXx# Y109
Pl iWWIEO| 2 L g py'EXX# 4109 y108
0o i 4 8 s | — oT:p 318
dsip 4 v | — 8:p 319
0o : 3 8 s | — 9T:p 199
dsip 3 v | — 8:p 198
0o : a 8 s | — oT:p 178
dsip a v — 8:p 119
0 : 2 8 s | — 9T:p 398
dsip 2 v | — 8:p 399
0o : g 8 s | — 9T:P INg
dsip | v — 8:p INg
0 v 8 s | — 9T:p 1dg
dsip v v | — 8:p 1dg
0o 6 8 s | — 9T:p SAg
dsip 6 v | — 8:p SAG
0o 8 8 s | — 9T:p OAg
dsip 8 v | — 8:p ONG
0o i 2z 8 s | — 9T:p O3
dsip L v | — 8:p 039
0o 9 8 s | — 9T:p aNng
dsip 9 vo| = 8:p INg
0o S 8 g — (91:p 078) 9T:P S04 009
akquy [ ekqpig a1kq puz 914q 1T
9ZIS JluowauiN uononasul
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Instruction Descriptions

Section 2

214q yi0T

a14q yie

a1Aq y1g

814q yiL

814q Y19

a1kq uig

Jewso4 uononsu|

sqe 4 L | 8 geR®'EXX# 1S9

0 :pRi0l i L | @ PHID‘EXx# 158
piINWIEO| L 9 El py'exx# 1S9 1sg

0 : 0 2§ | — 9T:p ¥SE
dsip S s | — 8:p ¥sg usg

sqe 4 L | g gee®@'uy 1359

0 :p0l a L g pY3®‘uY 1359

pi w 0 9 | g py'ud 1359

sqe 4 L | g geR® e 1358

0 :peiol a L | PYI®@'e:xXx# 1358
pIIWWEO| O L | g py'exx4 1358 13s9

sqe 3. | g 8:ee® e XX YO8

0 ipeiof DL | 8 PHI@'EXxH HOd
pICANWNEOl v oL | 8 py‘EXx# YO8 dog

sqe 4 L | g g'ee®'ud LONg

0 :pwi0l @ L g PY3®'ud LONE

pi w T 9 | g py'uY LONS

sqe 4 L | g 8:2e®'EXX# LONE

0 :peiol a L | PYI®'e:Xx# LONE
pIiWWEO| T L | 8 pY'eXx# LONS LONg

sqe ERE geR® 'EXX# A8

0 :pwi0l D L | PYI®'eXx4 A8
pIWWEO| L L | a py'exx# a1g aig

sqe ERE 8:ee®'EXX# HOXIE

0 :peiol 2 L g PYI®'e:Xx# HOXIE
pIOWWET| S L | g py‘gxXx# HOXIE doxig

sqe 4 L | 8 8ee®'EXX# 1519

0 :pwiof @i L | 8 PHI@'EXx# 118
pIOWWET| 2 9 | g py'Exx# 1S19 1sig

sqe 3L |8 8:2R®‘EXX# HOIF

0 :pwiol O L | PYI®@'e:Xx4 HOlg
pIOWAET) v i L | 8 py'eXx# HOIg dolg

a1Aq U a1Aq pig a14q puz 914 1sT

9ZIS Jluowsupy uonanisul
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Instruction Descriptions

Section 2

a1kg yiot

a1kg we

a1kq w18

alka uiL

a1hq Y19

pY'z# MONI

PY'T# M'ONI

Py g'ONI

ONI

Pd3 TNLX3

PY M'NLX3

nix3a

pY3 1'S1X3

N IR

PY M'SLX3

S1X3

MAONd33

e
w|lolQlw|w|~o|w|O

9AONd33

AOWd33

B
2
o
[4

py3'sd M'NXAIQ

e
&

py'sy 9'NXAIQ

NXAIQ

py3‘'sd M'SXAIA

py'sy 9'SXAIQ

SXAIQ

py3‘e# 103a

pY3‘'T# 1'03a

pY'z# M'O3a

pY'T# M'O3a

py g03a

03a

Py sva

sva

o|lo|lo|w|O|~|L|O|O

Py vva

S19: T

PY3'sy3 TdND

pPY3‘ZeXXH# TdND

pY'sd MdIND

PY'9T:XX# MdWND

Ololold|L|L|jL|<| o0 d[dmoo~|~~~ < o]0

py'sy 9diND

kel
=

PY'8:XX# 9'dIND

dND

8ee® 'eIXx# YOXd

o
B

.o
o

PHI@'eXXH# YOXd

pY'ExXx# HOXd

doxga

g'ee@'uy 1s1d

pyI@'uY 1S19

py'ud 1s19

8'ee@ 'eXx# 1S19

alkg yig

kg uiy

alkq pig

0 I ppio

PYI@ ‘e 1S19

pi NI O

NI~ Is|los i~ N L AN AN AO|dA|dA|dA|H [ A | A O[O IL|N~IN|Hd|H|H|H|OlO| O

®olOojwmojw|w Oo|w

oo ooooononZ2oaoooIS|aja|nlSn|2

py'exx# 1S19

1s19

a1hq puz

81Aq 1T

Jewlo4 uononsu|

az1s

JluoWwaun

uonoanasu|
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Instruction Descriptions

Section 2

a1kg Yot

a1kg we

a1kq g

alka uiL

pi i siio|l 6 9 | m pY's43® MAOW
pi s a 0o | m pY'sd MAOW
pi 0 6 L m PY'9T:XX# MAOIW
s v v 9 | yZee®'sy 9AON
sl 8 v 9 ] 9T:ER®@'SY G'AOW
sqe B € | 8:ee®'sy GAONW
si i pRT D 9 g pY3-®@'sd GAON
0o :peol 8 L q (PY3'v2:P)@'sd IAOW
si ipRT 3 9 g (PH3'9T:P)@'SH IAOW
sl i pRiT| 8 9 g PHID'sd GAOW
pi z v 9 | py'vzee® g'AON
pi 0 v 9 g py'9TER® SAON
sqe p1 z | py‘gree® G'AON
proiswiol 0 ¢ 9 | a pu'+S430 GAOIN
0 sl 8 L g py'(sy3've:p)® a'AON
pi i swei0l 3 9 | PY'(s43'9T:P)® 8'AON
pi i siio| 8 9 g pY'syY3® G'AON
pi B 2 0 q py‘sd g'AON
NI p1 El | PY'8:Xx# §AOW AOW
0o ¥ T 0o | m ¥0O'vzee® 0Q1
0 14 T 0o | m ¥0O'9TeR® OQ1
0 2 T 0o | m ¥0D'+s¥3® 0a1
0 14 T 0 M ¥00'(s¥3'vz:P)® 0a1
0 14 T 0 M ¥00'(sy3'9T:P)® OA1
0 14 T 0o | m ¥0D'sy¥3® 0a1
s 0 € 0 | ¥00'sy 0a1
NI L 0 | ¥OO'8xx# 0a1 oal
sqe 4 s | — 8:ee@® USC
3 s | — yZ:ee® dSt
0 :uweiol @ s | — uy3® YSC yse
sqe | s | — 8:'e®® dNC
v s | — yz:ee® diNr
‘0| 6 s | — u¥3® dINC dne
| 0 hl py3'z# TONI
p1R:0: L 9 : 0 Bl pY3'T# TONI ONI
814d yi9 914q uig 91Aq Uiy 81Aq pig 81Aq puz 81Aq 1sT
9ZIS JluowaupN uononasul

Jewso4 uononisu
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Instruction Descriptions

Section 2

a1kg Yot

dON

dON

PY3 TO3aAN

Py M"'O3AN

ol o 0o

Pd @'93N

O3N

@

pya‘'sy M NXTININ

@

py'sy a'NXINN

NXINN

pY3a‘'sd M'SXININ

py'sy a'sSXINN

SXINN

9T:ee®'sy IdLAOW

3dLINON

pYy'9TeR® Id4AONW

3d4AON

vzee®@'sy3 TAOW

91ee®@'sy3 TAON

PH3-®@'sy3 TAOW

(py3'vZ:P)® sy TAON

(PYI'9T:P)®‘sHT TAOW

PYI@'sy3 TAOW

py3'vzeRe® TAON

py3'9T:ER® TAON

PY3‘'+sY3I® TAOW

py3‘(s¥3'rZ:P)® TAOW

pY3‘(sY3'9T:P)® TAOW

olLlo Q0 o|Ww|o|0|m|0
©o|lo|l~lo|o|o|lo|o|~|o|o]|o©

o|o|o|o|o|o|o|o|o|o|o|lo|s|0O|0]|0

pPY3'syY3I® TAOW

o
)

pPY3'sy3 TAON

o

pY'zEXX# TAOW

<

vzree®'sd MAOW

9T:ee®'sd MAOW

PY3I-®'sd MAOW

(PY3'YZ:P)®'sY MAOW

(PHI'9T:P)D'sH MAOW

Ao o

PH3@'sd MAOW

py'vzee® MAON

py'9T:ER® MAON

o

PY'+s43@ MAOW

s1:

o

PY‘(s¥3'vZ:P)® MAOW

dsip

pa

sia:

Liolojmm|o|Ljo/Q0|0(C|L|ld|/d|ld|/d|d|d|d[d |||/ ||| d|O|N|N~|N~I~|O
o|l~|lo|lo|lo|lolo|~|oO|o|lo|~|O|Oo|lo|lo|o|o|o|o|o|o|o|o|o|lo|o|o|o|w|w|d|d|ld|oO

EAEAEA A AR - = [ [ () ) Y [ [ Y ) ) ) U [y g ) R R R = R = R =

pY‘(s43'9T:P)® MAOW

AOW

kg e | akauig | a1kguiL kg g | a1kq uig kg uiy

alkq pug

a1hq puz

81Aq 1T

Jewlo4 uononsu|

[
N
2]

JluoWwaun

uonoanasu|

Rev. 3.00 Dec 13, 2004 page 210 of 258

REJ09B0213-0300

RENESAS



Instruction Descriptions

Section 2

PYa THVHS

PY M'HVHS

PY 9°YVHS

HVHS

PH3 TIVHS

PY MIVHS

[ R Y =

Py g7IVHS

VHS

S1d

S1d

Bk ]

EAR.]

pY3 TUXL0Y

PY M"UX10Y

Py g'uxX10d

yx10od

[2-Elhdrel.]

PY M7IX10d

Pd 71X10d

IX10d

PY3 TdL0d

PY M'H10d

Pd 84104

4104

py3 1111L0d

PY MT1LOH

Py @7110d

110d

ud3 THSNd

ud M'HSNd

HSNd

uy3 7dod

e
~NolL|ojlw|lo|djoloDo|dlm|o|d|lm|~~|o/o|0|o o] O

Uy M'dod

dOod

WAL

d02'8:Xx# D40

Jd0

py3'sy3 THO

81kquoT | eMqule | kg uis | 8hq yiL alkq 19 | @1hq uig

a1kq yiy

PYI'ZEXXH THO

py'sd MHO

PY'9T:XX# MHO

Stlo|F ||| |0 O|d|N|N[NO|OO|NN|NO O Oo|F OO/

py'sy 940

WWI

kel
=

pY'8:Xx# 9° 40

40

PY3 TLON

Pd M'LON

piioo

Al O|d|~|lo|~|O|O|0|O|0|O|d|dA|dA|dA|dA A | A A Al A A A OWO| A || A ||| A

N3 NS -0 I I R R . [ R (- [ . [ O - o [ R - o = QO - = g}

Py 10N

1ON

91Aq pig 91Aq puz

Jewso4 uononsu|

azis

Jluowsun

uonanasu|
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Instruction Descriptions

Section 2

HDD'8:XX# DHOX

jol=[0):¢

pY3'sy3 1THOX

pY3‘ZEXXH THOX

py'sd M'HOX

PY'9TXX# MHOX

py'sy g:40X

oo o

PY'8:Xx# 9°HOX

dOX

CX# VAV L

vdvdl

py'sd Xans

pY'g:xXx# XaNs

Xans

pPY3'v# sans

py3a‘z# sans

pia 0

pPY3‘T# sANs

sans
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Section 2 Instruction Descriptions

Legend:

IMM: Immediate data (2, 3, 8, 16, or 32 bits)

abs: Absolute address (8, 16, or 24 bits)

disp: Displacement (8, 16, or 24 bits)

rs, rd, rn: Register field (4 bits specifying an 8-bit or 16-bit register. rs corresponds to operand

symbols such as Rs, rd corresponds to operand symbols such as Rd, and rn
corresponds to the operand symbol Rn.)

ers, erd, ern: Register field (3 bits specifying a 32-bit register. ers corresponds to operand symbols
such as ERs, erd corresponds to operand symbols such as ERd, and ern
corresponds to the operand symbol ERn.)

The register fields specify general registers as follows.

Address Register

32-bit Register 16-bit Register 8-bit Register
Register General Register General Register General
Field Register Field Register Field Register
000 ERO 0000 RO 0000 ROH
001 ER1 0001 R1 0001 R1H
111 E|R7 Oill RI’7 0111 R|7H
1000 EO 1000 ROL
1001 El 1001 RiL
1111 E7 1111 RI7L

2.5 Operation Code Map

Tables 2.4 to 2.6 show an operation code map.
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2.6 Number of States Required for Instruction Execution

The tables in this section can be used to calcul ate the number of states required for instruction
execution by the H8/300H CPU. Table 2.8 indicates the number of instruction fetch, data
read/write, and other cycles occurring in each instruction. Table 2.7 indicates the number of states
required for each size. The number of states required for execution of an instruction can be
calculated from these two tables as follows:

Executionstates=1 xS +JxS+K xS +L xS +MxS, +NxS

Examples. Advanced mode, stack located in external memory, on-chip supporting modules
accessed with 8-bit bus width, external devices accessed in three states with one wait state and 16-
bit bus width.

1. BSET #0, @FFFFC7:8
From table 2.8:
I=L=2, J=K=M=N=0
From table 2.7:
Sl=4, SL=3
Number of statesrequired for execution= 2x4+2x3=14
2. ISR @@30
From table 2.8:
I1=J=K=2, L=M=N=0
From table 2.7:
SI=SJ=SK=4

Number of statesrequired for execution= 2x4+2x4+2x4=24
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Table2.7 Number of Statesper Cycle

Access Conditions
ovele On-Chip O”'Ch;\‘;osd‘:ﬁ’go”'”g 8-Bit Bus 16-Bit Bus
Y Memory
8-Bit 16-Bit 2-State | 3-State | 2-State | 3-State
Bus Bus Access | Access | Access | Access
Instruction fetch S, 2 6 3 4 6+2m 2 3+m*
Branch address read | S,
Stack operation S,
Byte data access S, 3 2 3+m
Word data access S, 6 4 6+2m
Internal operation S, 1 1 1 1 1 1 1

Note: * For the MOVFPE and MOVTPE instructions, refer to the relevant microcontroller
hardware manual.

Legend:
m: Number of wait states inserted into external device access
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Table2.8 Number of Cyclesin Instruction Execution

Branch
Instruction  Address Stack Byte Data Word Data Internal
Fetch Read Operation Access Access Operation

Instruction Mnemonic | J K L M N

ADD ADD.B #xx:8,Rd
ADD.B Rs,Rd
ADD.W #xx:16,Rd
ADD.W Rs,Rd
ADD.L #xx:32,ERd
ADD.L ERs,ERd
ADDS ADDS #1/2/4,ERd
ADDX ADDX #xx:8,Rd
ADDX Rs,Rd
AND AND.B #xx:8,Rd
AND.B Rs,Rd
AND.W #xx:16,Rd
AND.W Rs,Rd
AND.L #xx:32,ERd
AND.L ERs,ERd
ANDC ANDC #xx:8,CCR
BAND BAND #xx:3,Rd
BAND #xx:3,@ERd
BAND #xx:3,@aa:8
Bcc BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8
BLS d:8
BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8
BEQ d:8
BVC d:8
BVS d:8
BPL d:8
BMI d:8
BGE d:8
BLT d:8

NN N NN NN NMNRNRNRNNDNDPRPRPIN WP NP PRP[PIRPIPP W R, NP P
=
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Instruction

Mnemonic

Instruction  Address Stack
Fetch Read

Branch

Operation

Byte Data
Access

Word Data
Access

Internal
Operation

J K

L

M

N

Bcc

BGT d:8
BLE d:8

BRA d:16 (BT d:16)
BRN d:16 (BF d:16)
BHI d:16

BLS d:16

BCC d:16 (BHS d:16)
BCS d:16 (BLO d:16)
BNE d:16

BEQ d:16

BVC d:16

BVS d:16

BPL d:16

BMI d:16

BGE d:16

BLT d:16

BGT d:16

BLE d:16

N D N N DD NN DN DN DNDNDNDNDNDMDNDDNDDNDDN

BCLR

BCLR #xx:3,Rd
BCLR #xx:3,@ERd
BCLR #xx:3,@aa:8
BCLR Rn,Rd
BCLR Rn,@ERd
BCLR Rn,@aa:8

BIAND

BIAND #xx:3,Rd
BIAND #xx:3,@ERd
BIAND #xx:3,@aa:8

BILD

BILD #xx:3,Rd
BILD #xx:3,@ERd
BILD #xx:3,@aa:8

BIOR

BIOR #xx:8,Rd
BIOR #xx:8, @ERd
BIOR #xx:8,@aa:8

N N PN N PN DN PN DN P D DN RPN DN DNDNDNDNDNDDNDDNDNDNDNDNDNDDNDDNDDNDNNDN
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Branch
Instruction  Address Stack Byte Data Word Data Internal
Fetch Read Operation  Access Access Operation

Instruction Mnemonic | J K L M N
BIST BIST #xx:3,Rd 1

BIST #xx:3,@ERd 2 2

BIST #xx:3,@aa:8 2 2
BIXOR BIXOR #xx:3,Rd 1

BIXOR #xx:3,@ERd 2 1

BIXOR #xx:3,@aa:8 2 1
BLD BLD #xx:3,Rd 1

BLD #xx:3,@ERd 2 1

BLD #xx:3,@aa:8 2 1
BNOT BNOT #xx:3,Rd 1

BNOT #xx:3,@ERd 2 2

BNOT #xx:3,@aa:8 2 2

BNOT Rn,Rd 1

BNOT Rn,@ERd 2 2

BNOT Rn,@aa:8 2 2
BOR BOR #xx:3,Rd 1

BOR #xx:3,@ERd 2 1

BOR #xx:3,@aa:8 2 1
BSET BSET #xx:3,Rd 1

BSET #xx:3,@ERd 2 2

BSET #xx:3,@aa:8 2 2

BSET Rn,Rd 1

BSET Rn,@ERd 2 2

BSET Rn,@aa:8 2 2
BSR BSR d:8 Advanced 2 2

Normal 2 1
BSR d:16 Advanced 2 2 2
Normal 2 1 2

BST BST #xx:3,Rd 1

BST #xx:3,@ERd 2 2

BST #xx:3,@aa:8 2 2
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Branch
Instruction  Address Stack Byte Data Word Data Internal
Fetch Read Operation  Access Access Operation
Instruction Mnemonic | J K L M N

BTST BTST #xx:3,Rd
BTST #xx:3,@ERd
BTST #xx:3,@aa:8
BTST Rn,Rd
BTST Rn,@ERd
BTST Rn,@aa:8

BXOR BXOR #xx:3,Rd
BXOR #xx:3,@ERd
BXOR #xx:3,@aa:8

CMP CMP.B #xx:8,Rd
CMP.B Rs,Rd
CMP.W #xx:16,Rd
CMP.W Rs,Rd
CMP.L #xx:32,ERd
CMP.L ERs,ERd

DAA DAA Rd
DAS DAS Rd
DEC DEC.B Rd

DEC.W #1/2,Rd
DEC.L #1/2,ERd

DIVXS DIVXS.B Rs,Rd 12
DIVXS.W Rs,ERd 20
DIVXU DIVXU.B Rs,Rd 12
DIVXU.W Rs,ERd 20
EEPMOV EEPMOV.B 2n + 2*1
EEPMOV.W 2n + 2*1
EXTS EXTS.W Rd
EXTS.L ERd
EXTU EXTU.W Rd
EXTU.L ERd
INC INC.B Rd
INC.W #1/2,Rd

PR R(RP PR R[N NP R[N NRER R PRPIRP[RP[P O FP NP RPINMNNDNPRPRPINNRERNDNNPR

INC.L #1/2,ERd
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Instruction

Mnemonic

Instruction
Fetch

Branch
Address
Read

Stack
Operation

Byte Data
Access

Word Data
Access

Internal
Operation

J

K L

M N

JMP

JMP @ERnN

JMP @aa:24

JMP @@aa:8 Advanced

Normal

JSR

JSR @ERnN Advanced

Normal

JSR @aa:24 Advanced

Normal

JSR @@aa:8 Advanced

Normal

R IN P[NP N

LDC

LDC #xx:8,CCR

LDC Rs,CCR

LDC @ERs,CCR

LDC @(d:16,ERs),CCR
LDC @(d:24,ERs),CCR
LDC @ERs+,CCR
LDC @aa:16,CCR
LDC @aa:24,CCR

e

MOV

MOV.B #xx:8,Rd
MOV.B Rs,Rd

MOV.B @ERs,Rd
MOV.B @(d:16,ERs),Rd
MOV.B @(d:24,ERs),Rd
MOV.B @ERs+,Rd
MOV.B @aa:8,Rd
MOV.B @aa:16,Rd
MOV.B @aa:24,Rd
MOV.B Rs,@ERd
MOV.B Rs,@(d:16,ERd)
MOV.B Rs,@(d:24,ERd)
MOV.B Rs,@-ERd
MOV.B Rs,@aa:8
MOV.B Rs,@aa:16
MOV.B Rs,@aa:24

wWw N P P AN RFP WODN PP P BRADNPRP PP PRP[RAONDOOODN P RPINIDNIDNNDNDNIDNDIDNDNDDN

L N N N = e T T
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Instruction

Mnemonic

Instruction
Fetch Read

Branch
Address

Stack
Operation

Byte Data
Access

Word Data
Access

Internal
Operation

J K

L

M

N

MOV

MOV.W #xx:16,Rd
MOV.W Rs,Rd

MOV.W @ERs,Rd
MOV.W @(d:16,ERs),Rd
MOV.W @(d:24,ERs),Rd
MOV.W @ERs+,Rd
MOV.W @aa:16,Rd
MOV.W @aa:24,Rd
MOV.W Rs,@ERd
MOV.W Rs,@(d:16,ERd)
MOV.W Rs,@(d:24,ERd)
MOV.W Rs,@-ERd
MOV.W Rs,@aa:16
MOV.W Rs,@aa:24
MOV.L #xx:32,ERd
MOV.L ERs,ERd

MOV.L @ERs,ERd
MOV.L @(d:16,ERs),ERd
MOV.L @(d:24,ERs),ERd
MOV.L @ERs+,ERd
MOV.L @aa:16,ERd
MOV.L @aa:24,ERd
MOV.L ERs,@ERd
MOV.L ERs,@(d:16,ERd)
MOV.L ERs,@(d:24,ERd)
MOV.L ERs,@-ERd
MOV.L ERs,@aa:16
MOV.L ERs,@aa:24

L e = = T = = o T = S SRS

N NN N NN NN DN DN NN

MOVFPE

MOVFPE @:aa:16,Rd

1*2

MOVTPE

MOVTPE Rs,@:aa:16

1*2

MULXS

MULXS.B Rs,Rd
MULXS.W Rs,ERd

12
20

MULXU

MULXU.B Rs,Rd
MULXU.W Rs,ERd

P RPN NDINNAE W N OO WDN A WON OO WOWDN P W WDNDPFPD>A2ADNDPFP ODNPFP DMADNDPFP PP DN

12
20
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Instruction

Mnemonic

Branch
Instruction  Address Stack Byte Data Word Data Internal
Fetch Read Operation  Access Access Operation

| J K L M N

NEG

NEG.B Rd
NEG.W Rd
NEG.L ERd

NOP

NOP

NOT

NOT.B Rd
NOT.W Rd
NOT.L ERd

OR

OR.B #xx:8,Rd
OR.B Rs,Rd

OR.W #xx:16,Rd

OR.W Rs,Rd

OR.L #xx:32,ERd

OR.L ERs,ERd

ORC

ORC #xx:8,CCR

POP

POP.W Rn
POP.L ERn

PUSH

PUSH.W Rn
PUSH.L ERn

N PN P
N NN N

ROTL

ROTL.B Rd
ROTL.W Rd
ROTL.L ERd

ROTR

ROTR.B Rd
ROTR.W Rd
ROTR.L ERd

ROTXL

ROTXL.B Rd
ROTXL.W Rd
ROTXL.L ERd

ROTXR

ROTXR.B Rd
ROTXR.W Rd
ROTXR.L ERd

RTE

RTE

RTS

RTS

Advanced

NIN[(N[FP P P[P P PP P P[P P P[P RPN P[P O P NP P[P P P[RP[Rr P P

Normal
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Branch
Instruction  Address Stack Byte Data Word Data Internal
Fetch Read Operation  Access Access Operation

Instruction Mnemonic | J K L M N

SHAL SHAL.B Rd
SHAL.W Rd
SHAL.L ERd

SHAR SHAR.B Rd
SHAR.W Rd
SHAR.L ERd

SHLL SHLL.B Rd
SHLL.W Rd
SHLL.L ERd

SHLR SHLR.B Rd
SHLR.W Rd
SHLR.L ERd

SLEEP SLEEP

STC STC CCR,Rd
STC CCR,@ERd
STC CCR,@(d:16,ERd)
STC CCR,@(d:24,ERd)
STC CCR,@-ERd
STC CCR,@aa:16
STC CCR,@aa:24

L

SUB SUB.B Rs,Rd
SUB.W #xx:16,Rd
SUB.W Rs,Rd
SUB.L #xx:32,ERd
SUB.L ERs,ERd

SUBS SUBS #1/2/4,ERd

SUBX SUBX #xx:8,Rd
SUBX Rs,Rd

TRAPA TRAPA #x:2 Advanced

N IN|(RP P[P O FP N PAM N N P[RR P P[P P P[P P RPR[RP P P

Normal
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Branch
Instruction  Address Stack Byte Data Word Data Internal
Fetch Read Operation  Access Access Operation
Instruction Mnemonic | J K L M N
XOR XOR.B #xx:8,Rd
XOR.B Rs,Rd
XOR.W #xx:16,Rd
XOR.W Rs,Rd

XOR.L #xx:32,ERd

XOR.L ERs,ERd
XORC XORC #xx:8,CCR
Notes: 1. When n bytes of data are transferred.

PN W RN R R
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2.7 Condition Code M odification

This section indicates the effect of each CPU instruction on the condition code. The notation used
in the table is defined below.

m 31 for longword operands, 15 for word operands, 7 for byte operands
S, The i-th bit of the source operand

D, The i-th bit of the destination operand

R, The i-th bit of the result

D, The specified bit in the destination operand

— Not affected

3 Modified according to the result of the instruction (see definition)
0 Always cleared to 0

1 Always setto 1

* Undetermined (no guaranteed value)

z Z flag before instruction execution

c C flag before instruction execution
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Table2.9

Condition Code M odification

Instruction

Definition

ADD

H=Sm-4-Dm-4+Dm-4-/Rm-4+Sm-4-/Rm-4

N=Rm

Z=/Rm-/Rm-1-..-/RO
V=Sm:-Dm:-/Rm+/Sm-/Dm-Rm
C=Sm:-Dm+Dm:-/Rm+Sm-/Rm

ADDS

ADDX

H=Sm-4-Dm-4+Dm-4-/Rm-4+Sm-4-/Rm-4

N=Rm

Z=Z2'"-IRm-...-/RO
V=Sm:-Dm:-/Rm+/Sm-/Dm-Rm
C=Sm:-Dm+Dm:-/Rm+Sm-/Rm

AND

N=Rm
Z=/Rm-/Rm-1-...-/RO

ANDC

Stores the corresponding bits of the result

BAND

C=C'-Dn

Bcc

BCLR

BIAND

C=C'-/IDn

BILD

C=/Dn

BIOR

C=C'+/Dn

BIST

BIXOR

C=C'-/IDn+/C"'-/Dn

BLD

C=Dn

BNOT

BOR

C=C'+Dn

BSET

BSR

BST

BTST

Z=/Dn

BXOR

C=C'-/Dn+/C'-Dn
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Instruction HI{N|Z |V |C Definition

CMP tlt] ]t t|H=Sm-4-/Dm-4+/Dm-4-Rm-4+Sm-4-Rm-4
N=Rm

Z=/Rm-/Rm-1-...-/RO
V=/Sm-Dm-/Rm+Sm-/Dm-Rm
C=Sm-/Dm+/Dm-Rm+Sm-Rm

DAA o I R T IN=Rm
Z=/Rm-/Rm-1-..-/RO

C: decimal arithmetic carry

DAS o I R T IN=Rm
Z=/Rm-/Rm-1-..-/RO

C: decimal arithmetic borrow

DEC — |t |t t|—|N=Rm
Z=/Rm-/Rm-1-..-/RO
V=Dm-/Rm

DIVXS — |t |t |—|—|N=Sm:-/Dm+/Sm-Dm
Z=/Sm-/Sm-1-..-/S0

DIVXU — | ¢t | ¢t|—|—|N=Sm

Z=/Sm-/Sm-1-...-/S0

EEPMOV — == |—|—

EXTS — | ¢t t]|]O|—|N=Rm
Z=/Rm-/Rm-1-...-/RO

EXTU —|O0|¢t|O|—|Z=/Rm-/Rm-1-...-/RO

INC — |t |t t|—|N=Rm
Z=/Rm-/Rm-1-...-/RO
V=Dm-/Rm

JMP — = ===

JSR — | = ===

LDC t ] ¢] ¢ ] t| t|Storesthe corresponding bits of the result

MOV — |t |t |O|—|N=Rm
Z=/Rm-/Rm-1-..-/RO

MOVFPE — | ¢t t]|]O|—|N=Rm
Z=/Rm-/Rm-1-...-/RO

MOVTPE — 1] t]ol=|[N=Rm

Z=/Rm-/Rm-1-...-/RO
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Instruction

Definition

MULXS

N=R2m
Z=R2m-R2m-1-..-/RO

MULXU

NEG

H=Dm-4+Rm-4
N=Rm
Z=/Rm-/Rm-1-...-RO
V=Dm-Rm
C=Dm+Rm

NOP

NOT

N=Rm
Z=/Rm-/Rm-1-...-/RO

OR

N=Rm
Z=/Rm-/Rm-1-....-/RO

ORC

Stores the corresponding bits of the result

POP

N=Rm
Z=/Rm-/Rm-1-...-/RO

PUSH

N=Rm
Z=/Rm-/Rm-1-...-/RO

ROTL

N=Rm
Z=/IRm-/Rm-1-...-/RO
C=Dm

ROTR

N=Rm
Z=/Rm-/Rm-1-...-/RO
C=DO

ROTXL

N=Rm
Z=/Rm-/Rm-1-...-/RO
C=Dm

ROTXR

N=Rm
Z=/Rm-/Rm-1-...-/RO
C=DO

RTS

RTE

Stores the corresponding bits of the result
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Instruction H|{N|Z|V|C Definition
SHAL — |ttt t|IN=Rm
Z=/Rm-/Rm-1-..-/RO
V=Dm:-/Dm-1+/Dm-Dm-1
C=Dm
SHAR — |t t|O| t|[N=Rm
Z=/Rm-/Rm-1-...-/RO
C=DoO
SHLL — |t t|O| t|[N=Rm
Z=/Rm-/Rm-1-...-/RO
C=Dm
SHLR — |t t|O| t|[N=Rm
Z=/Rm-/Rm-1-...-/RO
C=DoO
SLEEP — == |—|—
STC — == ]=]=
SuUB tlt] ]t t|{H=Sm-4-/Dm-4+/Dm-4-Rm-4+Sm-4-Rm-4
N=Rm
Z=/Rm-/Rm-1-...-/RO
V=/Sm-Dm-/Rm+Sm-/Dm-Rm
C=Sm-/Dm+/Dm-Rm+Sm-Rm
SUBS — === ]=
SUBX tlt] ]t t|{H=Sm-4-/Dm-4+/Dm-4-Rm-4+Sm-4-Rm-4
N=Rm
Z=Z'"-/I1Rm-...-/RO
V=/Sm-Dm-/Rm+Sm-/Dm-Rm
C=Sm:/Dm+/Dm-Rm+Sm:-Rm
TRAPA — = ===
XOR — |t t|O|—|[N=Rm
Z=/Rm-/Rm-1-...-/RO
XORC t ]t | t| t] t |Storesthe corresponding bits of the result
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2.8 Bus Cycles During Instruction Execution

Table 2.10 indicates the bus cycles during instruction execution by the H8/300H CPU. For the
number of states per bus cycle, seetable 2.7, Number of States per Cycle.

How to read the table:

l Order of bus cycles
Y Y
Instruction 1 2 3 4 5 6 7 8
IMP @aa:24 RW2nd  [QSmaloPerion) Raw EA
T— End of instruction
Read effective address (word-size read)
No read or write
Read 2nd word of current instruction
(word-size read)
Legend
R:B Byte-size read
R:W Word-size read
W:B Byte-size write
wW:w Word-size write
2nd Address of 2nd word (3rd and 4th bytes)
3rd Address of 3rd word (5th and 6th bytes)
4th Address of 4th word (7th and 8th bytes)
5th Address of 5th word (9th and 10th bytes)
NEXT Address of next instruction
EA Effective address
VEC Vector address
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Figure 2.1 shows timing waveforms for the address bus and the RD and WR (HWR or LWR)
signals during execution of the above instruction with an 8-bit bus, using 3-state access with no
walit states.

. ‘ ‘ ‘ ‘ ‘ ‘

Address bus :X X X X X
o 2\ /4 VY | I W ) WY
WR I I - 3 I 3
(HWR or LWR) 3 ‘High level | 3 3

| R:W 2nd ' Internal R:W EA |

| | . operation | | |

| Fetching | Fetching | | Fetching | Fetching |

3rd byte 4th byte 1st byte of 2nd byte of
of instruction of instruction jump address  jump address

Figure2.1 AddressBus, RD, and WR (HWR or LWR) Timing
(8-bit bus, 3-state access, no wait states)
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v mH LX3AN MY 8P INg
v M LXaN M 8:p 1dg
vamH LX3AN MY 8:p SA9
vI M LXaN Mo 8:p ONE
vamy LX3AN M 8:p 038
vamy LX3AN MY 8:p INg
va M 1X3N MY (8'p 019) 8:p SO4d
vamy 1X3aN M (8:p SHa) 8:p 004
v M LXaN Mo 8:psig
vamH LX3AN MY 8P IHg
vamy 1X3AN M (8'p 49) 8:p NHg
vamy 1X3aN M (8'p 1L8) 8:p vy
LX3AN M v3 gy puz My 8:2e@'EXX# ANVE
LX3AN MY puz M pPYI®'€Xx# ANVE
AIX3AN M pY'ExXx# ANVE
1X3aN M ¥0D'8:xx# OANY
L1X3aN M puz Mo py3‘sy3 TANY
| LANMA | pig Mo puz m:d pUI'ZEXH TANY
1X3aN M py‘sd M'ANY
| DaANmA | puz m:d PA'9TXH M ANV
1X3aN M py'sy g'aNY
AIX3AN M pY'8ixx# g'ANY
1X3AN M py'sd xaavy
1X3aN M py'8:xx# Xaay
1X3AN M Py3‘p/2/T# Saav
1X3aN M py3'sy3 Taav
1X3aN M py'sd M'aav
| DaANMmA | puz My pY'9TOMH M'AQY
1X3AN M py'sy g'aav
1X3aN M py'8:xx# §:aav
T uononasul

sewrissng QOT'¢galqel
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saels g

‘uolyesado [eusau| puz m:d 9T:p 319
sarels ¢

‘uonelado feusau| puz m:y 9T:p 199
sarels ¢

‘uonelado feusau| puz m:d oT:p 179
sajels ¢

‘uonelado feusau| puz m:o 9T:p 309
saels g

‘uonelado feusau| puz m: 9T:P INg
sajels ¢

‘uonelado feussu| puz m:o 9T:p 1d9
sajels ¢

‘uonelado feussu| puz m:o 9T:p SAG
sajels ¢

‘uoiyesado feusau| puz m:y 9T:p OAE
sarels g

‘uonesado feusau| puz My 9T:p O39
sarels g

‘uoijesado feusau| puz m:y 9T:p ANG
sarels g

‘uonesado [eusaiul puz m:d (9Tp 0718) 9T:P S04
sarels g

‘uonesado feussu| puz My (9T:p SHE) 9T:p 209
sarels g

‘uonjesado feusau| puz m:y 9T:p S19
sarels g

‘uonesado reussu| puz My 9T'P IHG
sarels ¢

‘uonesado reussu| puz My (9T:p 49) 9T:p N¥g
sajels ¢

‘uonesado [eusajul puz My (9T!p L) 9T:P V¥4
Ya M 1IX3IN M 8:p 319
vamd LIX3IN M 8'p 199
Ya M 1IX3IN M 8:p 119
vamd LIX3IN M 8:p 3049

4 T uononasu|
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vaam 1X3aN M v3ad puz m:d g'ee®@'e:xx# 1359
1X3aN M v3ad puz M pPHI@'eXX# 1359
1X3aN M py'exxy 1359

1X3aN M va g puz m:d 8'ee® 'e:xXx# Hod
1X3aN M v3ad puz M PHI@ ‘e HOd
1X3aN M py'exx# yog

1X3aN M v3ad puz M 8'ee®@'uy 1ONg
1X3aN Mo v3ad puz m:d PY3@'uY LONE
AX3aN M py'uyd LONgG

1X3aN M v3ad puz m:d g'ee®'e:Xx# LONg
1X3aN M v3ad puz M PHI@'e:XX# LONG
1X3aN md pY'eXX# LONG

1X3aN M v3ad puz M gee@'exXx# d1d
1X3aN Mo v3ad puz m:d PYI@ ‘e dd
AX3aN M py'exx# a1g

1X3aN M v3ad puz m:d 8:ee®@ 'e:XxX# YOXI9
LX3aN M v3ad puz m:d PHID'e:XXH# YOXIF
1X3aN md py'exXx# HoXIg

1X3N M va g puz m:d gee® eixx# 1519
1X3aN Md v3ad puz M PHI@ ‘e LSIg
1X3aN M py'exx# 1S9

1X3aN M v3ad puz m:d 8:ee@)'8:XX# YOIg
1X3aN M v3ad puz m:d PYI@'8:Xx# HOIg
1X3aN M py'8:xx# Holg

1X3aN M va g puz m:d gree®@'exx¢ A1l
1X3aN M v3ad puz M PHI@ ‘e alig
1X3aN m™ py'exx# allg

1X3aN M v3ad puz M 8ee®@ 'exx# ANVIg
1X3aN M v3ad puz m:d PHI@'eXx# ANVIE
AIX3aN M pY'eXX# ANVIF

1X3aN M v3ad puz m:d g'ee®'ud Y109
1X3aN M v3ad puz M PHI@'uY Y1089
1X3aN md py'ud ¥109

1X3aN M v3ad puz M 8:ee@'e:XX# Y109
1X3aN Mo v3ad puz m:d PHI@ ‘e Y109
AX3aN M pY'exx# 4109

T

uoponsu|
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IXaN M 2. PV3 M z.Svaay .Pva gy 1. sva gy puz M MAOWd33
IXan m 2. PV3 M z.sva ey .Pva gy 7. sva gy puz M FAOWd3T
seyeIs 0z ‘uonesado [eusalu] LX3aN M pY3'sd MNXAIQ
sere1s ZT ‘uonesado [eusau] LXaN m py'sy g'NXAIQ
sejels 0z ‘uoneado eusau] LXaN M puz M py3'sd M'SXAIQ
serels ¢1 ‘uonelado feusaiu] IXan m puz M p'sY 8'SXAIQ
LXaN M pu3‘Z/T# 1030
LXaN my pY'Z/T# M'O3A
LXaN M py 8030
LXaN my pyd sva
LX3IN M pY vva
LXaN my py3'sy3 TdINO
LXaN m pa'SH MdIND
| aNmy | puz M PY'9TXH MAND
LXaN m py'sd 9dND
LXaN M PY'8:Xx# GdIND
IXaN m puz M 8:BRD EXX# HOXE
IXan md puz My PHID € Xx# HOXE
LXaN M pY'EXx# HOXE
IXaN m puz M gER@'UY 1S14
IXaN m puz M pY3I®‘UY 1S1d
LXaN my py'ud 1518
IXaN M puz M gee® e Xx# 1S14
IXan md puz M PYID'EXx# 1518
LXaN M pY'EXx# 1S14
1IXaN m puz M geR® e Xx# 158
IXaN M puz M PHI® EXx# 1S9
LXaN my py'EXx# 1S9
| opmsmm [ (H)wReIs wm VI MY |serers z opesado reusaw puz Mo | pasueApy
H0BIS MM VI M |serers z Uopesado rewsaiu puz M [eWION 9T:p Sud
(1) %0BIS MM (H) @oe18 MM vamH AIX3IN MY | padueApY
HOBIS MM vamud LXaN my [eWLON g:p sug
IXaN M v3au puz M gee® Uy 1359
IXan md v3auy puz M pY3I®'uY 1358
LX3IN M py'ud 13S9
1 uonannsuy|
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LX3aN M uw M pig M puz m:d pY'(s¥3'vZ:P)® aNON
1XaN md puz Mmoo Py (sY3'9T:P)® FAOW
vagyd LXaN M p'sH3I® AW
LX3aN M pa'sd gAOW
LXaN M pa'g:xXx# G'AON
| vamuy | LX3N MmN Uy Mo pig Mo puz mid H00'vzieed 0a
va Mo 1XaN m pig M puz m:d ¥00'9T:Ee® Od
sajels 7
V3 M | ‘uonesado fewssiu 1XaN m puz m:d DD'+SH3I® 0a
| vamd | DANmy | s M U M pig M puz Mmoo 00 (s¥3'vZ:p)® 0a
v Mo 1XaN md pig M puz m:d 00 (S¥F'9T:P)® OaT
vamy LXaN M puz m:d 400'sd3® 0a
1XaN M ¥00'sd 0a
LXaN M DD'8Xx# 01
| vama | (owpmsmm | (H)pes mm geR M gee Moy LXIN MY | paouenpy
va md HOBIS MM gee My LXaN M [ewoN 8:ee®® USC
(1) 10BISs MM (H) o IS MM V3 M | ‘uonelado [eusaiu puz My | paoueApy
sajels ¢
H0EIS MM V3 M | ‘uonelado feusaiul puz m:d [ewON vziee® use
(7) %o€1S MM (H) @9B1S MM va M 1X3IN MY | psoueApy
HOEIS MM vamy LXaN M [ewION UH3® HSC
V3 MY |‘uonelado feussiul gee My gee My IX3IN MY | paouerpy
sajels ¢
Ya M .:O_umhwno [eulaiu| g8'ee M\ IX3IN MH [ewloN wﬁ&@@ d\C
salels ¢
V3 M | ‘uonelado [eusaiul puz m:d vzee® dNe
vamy LXaN M Ud3® dINC
LXaN M pY3'Z/T# TONI
LXaN M PA'Z/T# MONI
LXaN M P 9°ONI
LXaN M NEREAIYE]
1XaN M pd M'NLX3
LX3aN M NEREINE]
1X3aN M P M'SLX3
T uononnsu|
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sajels ¢

Z+va M V3 MY | ‘uonesado eussu IXaN M puz M pY3+SHID TAOW
LXaN M s M By My pig Md puz M pU3(S¥3'vZ:P)® TAOW
Z+va M vamd IXan md pIg MA puz M Py (S¥3'9T:P)® TAOW
vam IXaN M puz M pYI'SUID TAOW
LXaN my pY3'sd3 TAOW
IXaN M pig M puz M pUIZEX% TAOW
IXan md pig Md puz M vZ:eR®'Sd MAOW
VI MM LXaN M puz M 9T:ERD'SH MAOW
sajels z
VI MM | ‘uonesado feusaul LXaIN M PUI-®'sd MAOW
| vamm | DaAanmd | Uy 3y pig M puz m:d (Pu3'vZ:p)®'sd MAOW
VI MM LXaIN M puz M (PH3'9T:P)®'SH MAOW
V3 MM LXaN m PH3D@'Sd MAOW
| vasy | IXaN M pig M puz M pY'vZ:ee® MAOW
vamd IXaN m puz M pY'9TEe® MAOW
sols Z
v3 M | ‘uoesado fewssiul LXaN My pY+SHI® MAOW
| vama | xanmy | Uy Mo pig M puz mad Py (s3'vZ:P)® MAOW
vam IXaN M puz M PY'(SHT'IT:P)® MAOW
vamuy LXaN m PY'SHI® MAOW
LX3IN M pY‘sd MAOW
IXaN M puz M PH'ITXX# MAOW
IXaN M pig Md puz M vZ:eR®'Sd SAOW
v3am IXan m puz M 9T:eRD'SH SAOW
v3 am LXaN M g:ee®'sd AW
salels ¢
‘uonresado ewssiu| LXaN M pYI-@'sd GAON
| vasm | Lanmy | pig M puz mid (PH3'vZ:P)®'SH GAON
IXaN M puz M (PH3'9T:P)D@'SH SAOW
v3 am LXaN my PYID'sd SAOW
| vasd | 1XaN M pig M puz m:d pY'vz:ee® 9AON
v3ay IXan m puz M pY'9TER® SAOW
v3au LX3IN M pY'8:ee® GAON
sajels z
‘uonresado fewsaiul IXaN M pY'+SHA® SAOW
z 1 uonannsuy|
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sajels ¢

(1) 3omIs MY (H) >0 IS MY | ‘uonesado feusdiu] 1X3N M puz m:d uy3 1dod
Salels ¢
H0eIS M | “uonesado feusaiu LXaN My ud Mdod
LXaN M UDD'GXX# OHO
1XaN M puz m:d py3'sY3 THO
| DANmA | pI M puz m:d pYA'ZE0H THO
LXIN M pY'SY MO
| DaNma | puz mid PTG M'HO
LXaN M pa'sy 840
LXaN m p'g:Xx# 8°40
LXaN my py3 T1ON
LXIN M Py M'LON
LXaN m pd 910N
LXIN M dON
LXaN my NEREED
LXaN M pd M'O3AN
LXaN m py g'93N
sajels Oz ‘uonesado [eusau] LXaN my pa3'sd M NXININ
saje)ls ¢T ‘uonesado feusaiul IX3aN MY py'syd g'nNXINN
serels 0z ‘uonelado feulelu] LXaN m puz Mmoo pa3'sd M'SXTNIN
sojels ZT ‘uonesado [eusaul LXaN m puz m:d pa'sy g'SXINN
Sajels ¢
V3¢, &M | ‘uonelado feusaul puz m:y 9T'ee® sy IdLAOW
Salels ¢
v3g, MY | uonesado feusaiu puz m:d pY‘9T:EE® Id4AOW
| zvamm | VI MM LX3aN M uw M pig M puz m:d vz:ee®'sy3 TAOW
Z+V3 MM V3 MM 1XaN md pig M puz m:d 9T:eE®'sy3 TAOW
sajels ¢
Z+v3 MM V3 MM | ‘uonesado jeusaul 1XaN M puz m:y pU3-®'sy3 TAOW
| Tvamm | vamm | LXaN mA WS Mo Uy Mo pig Mo puz m:d (PY3'vZ:P)®'SH3 TAON
VI MM 1XaN M pig M puz m:d (PY3'9T:P)®'SH3 TAOW
Z+Y3 MM V3 MM LXaN M puz m:d pHI®@'sd3 TAOW
| zrvama | vamy LX3aN M uw M pig M puz m:d pu3'vz:eE® TAON
Z+va Mo vam 1XaN m pig M puz m:d py3'9T:ERE® TAON
S ¥ € z T uonannsuy|
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1X3aN M PY'¥00 1S
1XaN M d331s
1X3AN M pY3 THIHS
1X3AN M Py MY THS
AIX3aN M Py 99 THS
1X3AN M pY3 TTIHS
AIX3AN M Py MTTHS
1X3AN M EERRES
AIX3AN M pPY3 THVHS
1X3aN M Py M UVHS
AIX3AN M Py 9°UVHS
1X3AN M pPY3 1IVHS
LX3AN M Py M IVHS
1X3aN M Py 9IVHS
(7+) M | ‘uonesado feusaiu) (1) 1oBs M (H) »oeIs Mo AIX3AN MY | paoueApy
selels g
(7) MY | ‘uonresado [eusai| ArIS My 1X3aN M [ewIoN SLy
(7x) M | ‘uonesado reussiul (1) o8I Mo (H) »oe1s My 1X3IN MY ALy
1X3AN M pPy3 1TUXLOY
1X3aN M Py M YXLOY
1X3AN M Py g9XLOd
1X3aN M py3 1IXLOY
1X3AN M Py MIXLOY
1X3aN M Py 8IX10Y
1X3AN M EERESITeN]
LIX3AN M Py MHLOY
1X3aN M Py 9°¥10Y
AIX3AN M py¥3 11L0d
1X3AN M Py M1LOY
1X3AN M Py 8710d
sajels g
(H) >oBIS MM (1) >oeIs MiM | ‘uonresado [eusaiu| L1X3aN M puz m:d uy3 THSNd
sajels g

H0BIS MM | ‘Uonresado feussiul L1X3aN M ud M'HSNd

S 14 € z T uopnonnsul
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sarels Z sarels ¢
‘uopresado [eussiu Z+03aA MY O3IA MY (H) %081 MM () 0e18 MM | ‘uoiresado [eussiug (9x) MY | padueApy
solEls Z selels z Buiipuey
(L+) M:d | ‘uonelado [eusoiu| (H) ®oe1s MM (1) ®oeIs MM | ‘uonesado [eusaiul (95) MY lewloN | uondaoxa ydnuei|
sajels g
(Gx) MY | ‘uonresado [eusaiul Z+03A MY D3IA MM | pasueApy
sereis ¢ Buipuey
(S%) M:d | ‘uonesado [eusoiu| 23A MY [ewioN uondaoxa 19say
1X3AN M HOD'8:XX# DHOX
1X3N M puz m:d py3‘sy3 1THOX
| panma | pig M puz m:d PH3'ZEXXH THOX
1X3AN M pY'sd M"HOX
| aNmy | puz m:d PA'9TXXH MHOX
1X3aN M py‘sy g-40X
AIX3AN M PY‘8Xx# 8°HOX
sarels Z sarels z
(Z+) MY | ‘uonesado feusajul Z+O3aA M (H) @oe18 MM (1) %981S MM | ‘uonesado feusaiul AIX3IN MY | padueApY
sorels z sarels ¢
(L) MY | ‘uoesado feusajul (H) @oe18 MM (1) %981S MM | ‘uonesado [eusaiul AX3IN MY [eULION TX# VAVHL
1X3aN M py'sy Xans
1X3AN M py'gxXx# XANS
1X3aN M py3‘v/2/T# SANS
1X3AN M py3‘'sy3 14aNs
1X3AN M py‘'sd M'ans
| LaNma | puz m:d PH'OTXXH# M'ENS
1X3aN M py'sy 9:aNs
| vamm | LX3aN M uw M pig M puz m:d ¥2ee® 400 O1S
V3 MM LX3AN M pIg M puz m:d 9T:ee® ‘Y00 OLS
saleIs g
VI MM | ‘uoesado feusaiu| 1X3N M puz m:d pPY3-®'¥0D OLS
| vamm [ Danm | s My Wy M pig M puz M (P3'¥Z:P)®"¥O0 OLS
V3 MM 1X3aN M pIgE M puz m:d (PY3'9T:P)@ YD 1S
VI MM LIX3aN M puz Mo PYI®'¥OD O1S
€ Z T uononasu|
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Section 2

Instruction Descriptions

Notes: 1.
2.

2

~

EAs is the contents of ER5. EAd is the contents of R6.

EAs is the contents of ER5. EAd is the contents of R6. Both registers are incremented
by 1 after execution of the instruction. n is the initial value of R4L or R4. If n = 0, these
bus cycles are not executed.

The number of states required for byte read or write varies from 9 to 16.
Starting address after return.
Starting address of the program.

Prefetch address, equal to two plus the PC value pushed on the stack. In recovery from
sleep mode or software standby mode the read operation is replaced by an internal
operation.

Starting address of the interrupt-handling routine.

NEXT: Next address after the current instruction.

2nd:  Address of the second word of the current instruction.
3rd: Address of the third word of the current instruction.
4th: Address of the fourth word of the current instruction.
5th: Address of the fifth word of the current instruction.
EA: Effective address.

VEC: Vector address.
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3.1 Overview

Section 3 Processing States

The CPU has five main processing states: the program execution state, exception handling state,
power-down state, reset state, and bus-released state. The power-down state includes sleep mode,
software standby mode, and hardware standby mode. Figure 3.1 shows a diagram of the
processing states. Figure 3.2 indicates the state transitions. For details, refer to the relevant
microcontroller hardware manual.

Processing
states

Program execution
state

The CPU executes program instructions in sequence.

Exception-handling
state

A transient state in which the CPU executes a hardware
sequence (saving the program counter and condition-code
register, fetching a vector, etc.) in response to a reset,
interrupt, or other exception.

Bus-released state

The external bus has been released in response to an external
or internal bus request signal.

Reset state

The CPU and all on-chip supporting modules have been
initialized and are stopped.

Power-down state Sleep mode

Some or all clock signals are
StOpped to conserve power. Software Standby
mode

Hardware standby
mode

Figure 3.1 Processing States
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End of bus-released state

Bus request
Program execution
state
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External interrupt

Exception-handling state y*

A

RES high

m STBY high, RES low
Reset state -

Hardware standby mode

Power-down state

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whenever RES
goes low.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.

Figure 3.2 State Transitions

3.2 Program Execution State

In this state the CPU executes program instructions in normal sequence.

3.3 Exception-Handling State

The exception-handling state is atransient state that occurs when the CPU alters the normal
program flow due to areset, interrupt, or trap instruction. The CPU fetches a starting address from
the exception vector table and branches to that address. In interrupt exception handling the CPU
references the stack pointer (ER7) and saves the program counter and condition-code register.
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331 Types of Exception Handling and Their Priority

Exception handling is performed for resets, interrupts, and trap instructions. Table 3.1 indicates

the types of exception handling and their priority.

Table3.1  Exception Handling Typesand Priority

Priority ~ Type of Exception Detection Timing

Start of Exception Handling

High Reset Synchronized with Exception handling starts
A clock immediately when RES changes
from low to high
Interrupt End of instruction When an interrupt is requested,

execution (see note)

exception handling starts at the end
of the current instruction or current
exception-handling sequence

Trap instruction When TRAPA
Low instruction is executed

Exception handling starts when a
trap (TRAPA) instruction is executed

Note: Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions, or

immediately after reset exception handling.

Figure 3.3 classifies the exception sources. For further details about exception sources, vector
numbers, and vector addresses refer to the relevant microcontroller hardware manual.

g Reset

Exception sources Interrupt

L Trap instruction

External interrupts

Internal interrupts (from on-chip supporting modules)

Figure3.3 Classification of Exception Sour ces

Rev. 3.00 Dec 13, 2004 page 247 of 258

RENESAS

REJ09B0213-0300




Section 3 Processing States

332 Exception-Handling Sequences

Reset Exception Handling: Reset exception handling has the highest priority. The reset stateis
entered when the RES signal goes low. Then, if RES goes high again, reset exception handling
starts when the reset condition is satisfied. Refer to the relevant microcontroller hardware manual
for details about the reset condition. When reset exception handling starts the CPU fetches a start
address from the exception vector table and starts program execution from that address. All
interrupts, including NMI, are disabled during the reset exception-handling sequence and
immediately after it ends.

Interrupt Exception Handling and Trap Instruction Exception Handling: When these exception-
handling sequences begin, the CPU references the stack pointer (ER7) and pushes the program
counter and condition-code register on the stack. Next, if the UE bit in the system control register
(SYSCR) isset to 1, the CPU setsthe | bit in the condition-code register to 1. If the UE bit is
cleared to O, the CPU sets both the | bit and the Ul bit in the condition-code register to 1. Then the
CPU fetches a start address from the exception vector table and execution branches to that
address.

The program-counter value pushed on the stack and the start address fetched from the vector table
are 16 bitslong in normal mode and 24 bits long in advanced mode. Figure 3.4 shows the stack
after the exception-handling sequence.
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D

\/\

SP (ER7) — CCR

SP+1 CCR*

SP +2 PCy

SP+3 PC_

SP+4 Even address

\_/\

- After exception

Pushed on stack

handling ends

(a) Stack structure in normal mode

"

SP (ER7) — CCR
SP+1 PCg
SP+2 PCy
SP+3 PC_
SP+4 Even address

_ -
Pushed on stack

O

After exception
handling ends

(b) Stack structure in advanced mode

SP-4

SP-3

SP-2

SP-1

SP (ER7) — Stack area
Before exception

handling starts

SP-4

SP-3

SP-2

SP-1

SP (ER7) - Stack area
Before exception

handling starts

Legend:

PCg: Program counter (PC) bits 23 to 16

PCy: Program counter (PC) bits 15 to 8

PC.: Program counter (PC) bits 7 to O

CCR: Condition code register

SP:  Stack pointer

Notes: * Ignored at return.

1. PCis the address of the first instruction executed after the return from the exception-handling

routine.

2. Registers must be saved and restored by word access or longword access, starting at

an even address.

Figure 3.4 Stack Structure after Exception Handling
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34 Bus-Released State

Thisisastate in which the bus has been released in response to a bus request from a bus master
other than the CPU. While the bus is released, the CPU halts except for internal operations. For
further details, refer to the relevant microcontroller hardware manual .

For further details, refer to the relevant microcontroller hardware manual.

35 Reset State

When the RES input goes low all current processing stops and the CPU enters the reset state. The |
bit in the condition-code register is set to 1 by areset. All interrupts are masked in the reset state.
Reset exception handling starts when the RES signal changes from low to high.

3.6 Power-Down State

In the power-down state the CPU stops operating to conserve power. There are three modes: sleep
mode, software standby mode, and hardware standby mode. For details, refer to the relevant
microcontroller hardware manual.

3.6.1 Sleep Mode

A transition to sleep mode is made if the SLEEP instruction is executed while the software
standby bit (SSBY) iscleared to 0.

CPU operations stop immediately after execution of the SLEEP instruction. The contents of CPU
registers are retained.

3.6.2 Softwar e Standby M ode

A transition to software standby mode is made if the SLEEP instruction is executed while the
SSBY bitissetto 1.

The CPU and clock halt and all on-chip supporting modules stop operating. The on-chip
supporting modules are reset, but as long as a specified voltage is supplied the contents of CPU
registers and on-chip RAM are retained. The |/O ports also remain in their existing states.
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3.6.3 Hardware Standby M ode
A transition to hardware standby mode is made when the STBY input goes low.

Asin software standby mode, the CPU and clock halt and the on-chip supporting modules are
reset, but aslong as a specified voltage is supplied, on-chip RAM contents are retained.
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Section4 Basic Timing

4.1 Overview

The CPU isdriven by aclock, denoted by the symbol ¢. One cycle of the clock isreferred to asa
“state.” The memory cycle or bus cycle consists of two or three states. Different methods are used
to access on-chip memory, on-chip supporting modules, and external devices. Refer to the relevant
microcontroller hardware manual for details.

4.2 On-Chip Memory (RAM, ROM)

For high-speed processing, on-chip memory is accessed in two states. The data busis 16 bitswide,
permitting both byte and word access. Figure 4.1 shows the on-chip memory access cycle. Figure
4.2 showsthe pin states.

! Bus cycle !
| T, state ; T, state 3
e T S E—
Internal address bus X Address |

_~

Internal read signal

Internal data bus 1 : Read d
(read access) :>—< _ Read data

Internal write signal \

Internal data bus :>—< Write data

(write access)

Faran

Figure4.1 On-Chip Memory Access Cycle
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! Bus cycle

Address bus X Address

AS :
High |

RD

High

WR (HWR or LWR) :
High !

Data bus

high-impedance state

Figure4.2 Pin Statesduring On-Chip Memory Access
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4.3 On-Chip Supporting Modules

The on-chip supporting modul es are accessed in three states. The data busis 8 bits or 16 bitswide.
Figure 4.3 shows the access timing for the on-chip supporting modules. Figure 4.4 shows the pin
states.

Bus cycle

T, state

Internal address ><
bus 1

Internal read \ /
signal 1 : : |
Internal data ! !
ernal data bus :>—< Read data >—

(read access)

Internal write i \ i
signal ! ; 1 / !
Internal data bus ‘ ‘ Write d ‘ :)
(write access) ‘ rite data 1

Figure4.3 On-Chip Supporting Module Access Cycle
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Bus cycle

T, state ! T, state ! T, state

Address bus >< Address ‘><

AS
High

RD 3 | | |
High |

WR (HWR or LWR)
High

Data bus ! ! ! !
high-impedance | ‘ ‘ |

state

Figure4.4 Pin Statesduring On-Chip Supporting Module Access

4.4 External Data Bus

The external data busis accessed with 8-bit or 16-bit bus width in two or three states. Figure 4.5
shows the read timing for two-state or three-state access. Figure 4.6 shows the write timing for
two-state or three-state access. In three-state access, wait states can be inserted by the wait-state
controller or other means. For further details refer to the relevant microcontroller hardware
manual.
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Read cycle

Address

Address bus

Read data

Data bus

(two-state access)

1%111‘11111
g
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s
(2]
o
T
2 [6)
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& s
- (2]
o
S| E
x
[6]
2
[o]
J
(2]
—
T
Y

Address

Read data

Address bus

Data bus

(three-state access)

Figure4.5 External Device Access Timing (1) Read Timing
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(b) Three-state access
Figure4.6 External Device Access Timing (2) Write Timing

Data bus
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