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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation puts the maximum effort into making semiconductor products better
and more reliable, but there is aways 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 areference to assist our customersin the selection of the Renesas
Technology Corporation 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
Corporation or athird party.

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

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 Corporation without notice due to product improvements or
other reasons. It istherefore recommended that customers contact Renesas Technology Corporation
or an authorized Renesas Technology Corporation 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 Corporation 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 Corporation by various
means, including the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).

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

Renesas Technology Corporation semiconductors are not designed or manufactured for usein adevice
or system that is used under circumstances in which human lifeis potentially at stake. Please contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation 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.

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

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.

Please contact Renesas Technology Corporation for further details on these materials or the products
contained therein.
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Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’'s or any third party’s
patent, copyright, trademark, or other intellectual property rights for information contained in
this document. Hitachi bears no responsibility for problems that may arise with third party’s
rights, including intellectual property rights, in connection with use of the information
contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that
have received the latest product standards or specifications before final design, purchase ol
use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability.
However, contact Hitachi’'s sales office before using the product in an application that
demands especially high quality and reliability or where its failure or malfunction may directl
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear
power, combustion control, transportation, traffic, safety equipment or medical equipment fo
life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi
particularly for maximum rating, operating supply voltage range, heat radiation characteristit
installation conditions and other characteristics. Hitachi bears no responsibility for failure or
damage when used beyond the guaranteed ranges. Even within the guaranteed ranges,
consider normally foreseeable failure rates or failure modes in semiconductor devices and
employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi
product does not cause bodily injury, fire or other consequential damage due to operatipn o
the Hitachi product.

5. This product is not designed to be radiation resistant.
6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this docume
without written approval from Hitachi.

7. Contact Hitachi’'s sales office for any questions regarding this document or Hitachi
semiconductor products.




Preface

The H8S/2600 Series and the H8S/2000 Series are built around an H8S/2000 CPU core.

The H8S/2600 and H8S/2000 CPUs have the same internal 32-bit architecture. Both CPUs
execute basic instructions in one state, have sixteen 16-bit registers, and have a concise, opti
instruction set. They can address a 16-Mbyte linear address space.Programs coded in the hi
level language C can be compiled to high-speed executable code.

For easy migration, the instruction set is upward-compatible with the H8/300H, H8/300, and
H8/300L Series at the object-code level.

The H8S/2600 CPU is upward-compatible with the H8S/2000 CPU at the object-code level, ar
supports sum of products instructions.

This manual gives details of the H8S/2600 and H8S/2000 instructions and can be sued with a
microcontrollers in the H8S/2600 Series and the H8S/2000 Series.

For hardware details, refer to the relevant microcontroller hardware manuals.

Rev. 3.0, 07/00, page iii of 12
RENESAS



Rev. 3.0, 07/00, page iv of 12
RENESAS



Main Revisions and Additions in this Edition

Page Item Revisions (See Manual for Details)

— All Notes on TAS Instruction added

Only register ERO, ER1, ER4, or ERS5 should be used
when using the TAS instruction.
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Section1l CPU

1.1 Overview

The H8S/2600 CPU and the H8S/2000 CPU are high-speed central processing units with a
common an internal 32-bit architecture. Each CPU is upward-compatible with the H8/300 anc
H8/300H CPUs. The H8S/2600 CPU and H8S/2000 CPU have sixteen 16-bit general register
can address a 4-Gbyte linear address space, and are ideal for realtime control.

1.1.1 Features
The H8S/2600 CPU and H8S/2000 CPU have the following features.

» Upward-compatible with H8/300 and H8/300H CPUs
0 Can execute H8/300 and H8/300H object programs
» General-register architecture
0 Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit
registers)
» Sixty-nine basic instructions (H8S/2000 CPU has sixty-five)
O 8/16/32-bit arithmetic and logic instructions
O Multiply and divide instructions
O Powerful bit-manipulation instructions
O Multiply-and-accumulate instruction (H8S/2600 CPU only)
» Eight addressing modes
Register direct [Rn]
Register indirect [@ERN]
Register indirect with displacement [@(d:16,ERn) or @(d:32,ERn)]
Register indirect with post-increment or pre-decrement [@ERN+ or @—ERN]
Absolute address [@aa:8, @aa:16, @aa:24, or @aa:32]
Immediate [#xx:8, #xx:16, or #xx:32]
Program-counter relative [@(d:8,PC) or @(d:16,PC)]
Memory indirect [@ @aa:8]
e 4-Gbyte address space
0 Program: 16 Mbytes
0 Data: 4 Gbytes

Oooooogoooaoo
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» High-speed operation

O All frequently-used instructions execute in one or two states

O Maximum clock frequency: 20 MHz

O 8/16/32-bit register-register add/subtract: 50 ns

O 8 x 8-hit register-register multiply: 150 ns (H8S/2000 CPU: 600 ns)
0 16+ 8-bit register-register divide: 600 ns

0 16 x 16-bit register-register multiply: 200 ns (H8S/2000 CPU: 1000 ns)
0 32+ 16-bit register-register divide: 1000 ns

» Two CPU operating modes
O Normal mode
0 Advanced mode
e Power-down modes
O Transition to power-down state by SLEEP instruction
O CPU clock speed selection

1.1.2 Differences between H8S/2600 CPU and H8S/2000 CPU
Differences between the H8S/2600 CPU and the H8S/2000 CPU are as follows.

» Register configuration
O The MAC register is supported only by the H8S/2600 CPU.
For details, see section 1.4, Register Configuration.
» Basic instructions

0 The MAC, CLRMAC, LDMAC, and STMAC instructions are supported only by the
H8S/2600 CPU.

For details, see section 1.6, Instruction Set, and Section 2, Instruction Descriptions.
* Number of states required for execution
O The number of states required for execution of the MULXU and MULXS instructions.
For details, see section 2.6, Number of States Required for Execution.

In addition, there may be defferences in address spaces, EXR register functions, power-down
states, and so on. For details, refer to the relevant microcontroller hardware manual.
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1.1.3 Differences from H8/300 CPU

In comparison with the H8/300 CPU, the H8S/2600 CPU and H8S/2000 CPU have the followi
enhancements.

* More general registers and control registers

O Eight 16-bit registers, one 8-bit and two 32-bit control registers have been added.
» Expanded address space

O Normal mode supports the same 64-kbyte address space as the H8/300 CPU.

0 Advanced mode supports a maximum 4-Gbyte address space.
e Enhanced addressing

0 The addressing modes have been enhanced to make effective use of the 4-Gbyte addr
space.

* Enhanced instructions
Addressing modes of bit-manipulation instructions have been enhanced.
Signed multiply and divide instructions have been added.
A multiply-and-accumulate instruction has been added. (H8S/2600CPU only)
Two-bit shift and rotate instructions have been added.
Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.
e Higher speed
0 Basic instructions execute twice as fast.

Oooooogodg
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1.1.4 Differences from H8/300H CPU

In comparison with the H8/300H CPU, the H8S/2600 CPU and H8S/2000 CPU have the followi
enhancements.

« Additional control register
O One 8-bit and two 32-bit control registers have been added.

* Expanded address space
O Advanced mode supports a maximum 4-Gbyte data address space.

» Enhanced instructions
O Addressing modes of bit-manipulation instructions have been enhanced.
O A multiply-and-accumulate instruction has been added (H8S/2600 CPU only).
O Two-bit shift and rotate instructions have been added.
O Instructions for saving and restoring multiple registers have been added.
O A test and set instruction has been added.

» Higher speed
O Basic instructions execute twice as fast.
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1.2 CPU Operating Modes

Like the H8/300H CPU, the H8S/2600 CPU has two operating modes: normal and advanced.
Normal mode supports a maximum 64-kbyte address space. Advanced mode supports a max
4-Gbyte total address space, of which up to 16 Mbytes can be used for program code and up
Gbytes for data. The mode is selected with the mode pins of the microcontroller. For further
information, refer to the relevant microcontroller hardware manual.

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

CPU operating modes li

Maximum 16-Mbyte program
area and 4-Gbyte data area,
maximum 4 Gbytes for program
and data areas combined

—' Advanced mode

Figure 1.1 CPU Operating Modes
(1) Normal Mode
The exception vector table and stack have the same structure as in the H8/300 CPU.
Address SpaceA maximum address space of 64 kbytes can be accessed, as in the H8/300 Cl

Extended Registers (En)The extended registers (EO to E7) can be used as 16-bit registers, or
the upper 16-bit segments of 32-bit registers. When En is used as a 16-bit register it can cont:
any value, even when the corresponding general register (RO to R7) is used as an address re
If the general register is referenced in the register indirect addressing mode with pre-decreme
(@-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 not found in the H8/300 CPU
can be used. Only the lower 16 bits of effective addresses (EA) are valid.
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Exception Vector Table and Memory Indirect Branch Addressestn normal mode the top area
starting at H'0000 is allocated to the exception vector table. One branch address is stored per
16 bits (figure 1.2). The exception vector table differs depending on the microcontroller. Refer t
the relevant microcontroller hardware manual for further information.

H'0000 - -- Power-on reset exception vector - )

H'0001 P

H'0002 ) Manual reset exception vector ---

H'0003

H'0004 | -

H'0005 | (Reserved for system use) - i

H'0006 | | - Excepton

H0007 vector table

H'0008 i

10009 Exception vector 1

ﬂgggg L-- Exception vector 2 -
\/\ J

Figure 1.2 Exception Vector Table (Normal Mode)

The memory indirect addressing mode (@ @aa:8) employed in the JMP and JSR instructions u
an 8-bit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In normal mode the operand is a 16-bit word operand, providing a
16-bit branch address. Branch addresses can be stored in the top area from H'0000 to H'OOFF.
Note that this area is also used for the exception vector table.
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Stack Structure: When the program counter (PC) is pushed onto the stack in a subroutine call
and the PC, condition-code register (CCR), and extended control register (EXR) are pushed o
the stack in exception handling, they are stored as shown in figure 1.3. When EXR is invalid, i
not pushed onto the stack. For details, see the relevant hardware manual.

Sl

\\\§__///////——\\\

PC
(16 bits)

\/\

(a) Subroutine Branch

SP—~

*2
(SP—)

\\\§__///////——\\\

EXR*1

Reserved* 13

CCR

CCR™3

PC
(16 bits)

\/\

(b) Exception Handling

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

2. SP when EXR is not used.
3. Ignored on return.

Figure 1.3 Stack Structure in Normal Mode

(2) Advanced Mode

In advanced mode the data address space is larger than for the H8/300H CPU.

Address SpaceThe 4-Gbyte maximum address space provides linear access to a maximum

16 Mbytes of program code and maximum 4 Gbytes of data.

Extended Registers (En)The extended registers (EO to E7) can be used as 16-bit registers, or
the upper 16-bit segments of 32-bit registers or address registers.

Instruction Set: All instructions and addressing modes can be used.

RENESAS
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Exception Vector Table and Memory Indirect Branch Addressesin advanced mode the top
area starting at H'00000000 is allocated to the exception vector table in units of 32 bits. In eact
32 bits, the upper 8 bits are ignored and a branch address is stored in the lower 24 bits (figure
The exception vector table differs depending on the microcontroller. Refer to the relevant
microcontroller hardware manual for further information.

H'00000000 Reserved )
~ Power-on reset exception vector ]
H'00000003
H'00000004 | | Reserved |
~ Manual reset exception vector ]
H'00000007
H'00000008 _
"1 > Exception vector table
H'0000000B | o
(Reserved for system use)
H'0000000C | O
H'000O00O01I0 | Reserved |
i Exception vector 1 ]

Figure 1.4 Exception Vector Table (Advanced Mode)

The memory indirect addressing mode (@ @aa:8) employed in the JMP and JSR instructions u
an 8-bit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In advanced mode the operand is a 32-bit longword operand, provi
a 32-bit branch address. The upper 8 bits of these 32 bits are a reserved area that is regarded
H'00. Branch addresses can be stored in the top area from H'00000000 to H'000000FF. Note tl
this area is also used for the exception vector table.
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Stack Structure: In advanced mode, when the program counter (PC) is pushed onto the stack
subroutine call, and the PC, condition-code register (CCR), and extended control register (EX
are pushed onto the stack in exception handling, they are stored as shown in figure 1.5. Wher
EXR is invalid, it is not pushed onto the stack. For details, see the relevant hardware manual.

\/\ \/\

SP— EXR"!
sP—~| Reserved ‘2 Reserved 13
(SP—) CCR
PC
Lo (24 bits) I L PC .
i (24 bits)
(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored on return.

Figure 1.5 Stack Structure in Advanced Mode
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1.3 Address Space

Figure 1.6 shows a memory map of the H8S/2600 CPU. The H8S/2600 CPU provides linear
access to a maximum 64-kbyte address space in normal mode, and a maximum 4-Gbyte addre
space in advanced mode. The address space differs depending on the operating mode. For de
refer to the relevant microcontroller hardware manual.

H'0000 H'00000000
HFFFF Program area
H'OOFFFFFF [ ... Data area
H'FFFFFFFF
(@) Normal Mode (b) Advanced Mode

Figure 1.6 Memory Map
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1.4 Register Configuration

1.4.1 Overview

The CPUs have the internal registers shown in figure 1.7. There are two types of registers: ge
registers and control registers. The H8S/2000 CPU does not support the MAC register.

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 El R1H RIL
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H RAL
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)
23 0
| PC |

76543210
EXR |T|—|—|—[-[12]iz]io]

76543210
ccr [ 1ulH]ulNz]vc]|

63 41 32
Sign extension | MACH
MAC :
MACL

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

ul: User bit or interrupt mask bit

Figure 1.7 CPU Registers
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1.4.2 General Registers

The CPUs have eight 32-bit general registers. These general registers are all functionally alike
can be used as both address registers and data registers. When a general register is used as «
register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. When the general registers are
as 32-bit registers or address registers, they are designated by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and
(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) a
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum sixteen 8-b
registers.

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

« Address registers

* 32-bit registers » 16-bit registers « 8-bit registers
E registers (extended registers)
(EO to E7)

ER regqisters RH registers
(ERO to ER7) (ROH to R7H)
R registers

(RO to R7)
RL registers
(ROL to R7L)

Figure 1.8 Usage of General Registers
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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 th
stack.

/\/

Free area

SP (ER7) —»

Stack area

/\/

Figure 1.9 Stack

1.4.3 Control Registers

The control registers are the 24-bit program counter (PC), 8-bit extended control register (EXF
8-bit condition-code register (CCR), and 64-bit multiply-accumulate register (MAC: H8S/2600
CPU only).

(1) Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute. The len
of all CPU instructions is 16 bits (one word) or a multiple of 16 bits, so the least significant PC
is ignored. When an instruction is fetched, the least significant PC bit is regarded as 0.

(2) Extended Control Register (EXR)
This 8-bit register contains the trace bit (T) and three interrupt mask bits (12 to 10).

Bit 7—Trace Bit (T): Selects trace mode. When this bit is cleared to 0, instructions are execut
in sequence. When this bit is set to 1, a trace exception is generated each time an instruction
executed.

Bits 6 to 3—ReservedThese bits are reserved, always read as 1.

Bits 2 to 0—Interrupt Mask Bits (12 to 10): These bits designate the interrupt mask level (0 to
7). For details refer to the relevant microcontroller hardware manual.
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Operations can be performed on the EXR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. All interrupts, including NMI, are disabled for three states after one of these
instructions is executed, except for STC.

(3) Condition-Code Register (CCR)

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

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

Bit 6—User Bit or Interrupt Mask Bit (Ul): 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 mas
bit. For details refer to the relevant microcontroller hardware manual.

Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, this flag is set to 1 if there is a carry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
set to 1 if there is a carry or borrow at bit 11, and cleared to 0 otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if there is a carry or
borrow at bit 27, and cleared to 0 otherwise.

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

Bit 3—Negative Flag (N):Stores the value of the most significant bit (sign bit) of data.
Bit 2—Zero Flag (2): Set to 1 to indicate zero data, and cleared to O to indicate non-zero data.

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

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

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

The carry flag is also 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 instructic
on the flag bits, refer to the detailed descriptions of the instructions starting in section 2.2.1.
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Operations can be performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branching conditions for conditional branch
(Bcc) instructions.

(4) Multiply-Accumulate Register (MAC)

The MAC register is supported only by the H8S/2600 CPU. This 64-bit register stores the rest
of multiply-and-accumulate operations. It consists of two 32-bit registers denoted MACH and
MACL. The lower 10 bits of MACH are valid; the upper bits are a sign extension.

1.4.4 Initial Register Values

Reset exception handling loads the CPU’s program counter (PC) from the vector table, clears
trace bit in EXR to 0, and sets the interrupt mask bits in CCR and EXR to 1. The other CCR bi
and the general registers are not initialized. In particular, the stack pointer (ER7) is not initializ
The stack pointer should therefore be initialized by an MOV.L instruction executed immediatel
after a reset.
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1.5 Data Formats

The CPUs can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit (longword) data
Bit-manipulation instructions operate on 1-bit data by accessing bitn (n =0, 1, 2, ..., 7) of byte
operand data. The DAA and DAS decimal-adjust instructions treat byte data as two digits of 4-|
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 RnH 7 O
7l6[s]4[3[2[1]o]  Dontcare |
1-bit data ko
| Dontcare [7]6]5[4]3[2|1]o|
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 O
TTTTT ] vonteae
MSB Lsg T
Byte data rROL 7 0
: Don’t care |
""""""""""" MSB LSB

Figure 1.10 General Register Data Formats
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Word data Rn

15
MSB
Word data En
15 0
MSB LSB
Longword data ERn
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

Figure 1.10 General Register Data Formats (cont)

RENESAS
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1.5.2 Memory Data Formats

Figure 1.11 shows the data formats in memory. The CPU can access word data and longword
in memory, but word or longword data must begin at an even address. If an attempt is made to
access word or longword data at an odd address, no address error occurs but the least signific
bit of the address is regarded as 0, so the access starts at the preceding address. This also ap
instruction fetches.

Data Type Data Format

Address /\/
0

1-bit data AddressL| 7|6 |5 |43 |21

Byte data AddressL |MSB | | | | | LB

Word data Address 2M MSB% Lo oo
Address 2M + 1 iLSB

Longword data Address 2N MSB% b oo

Address 2N + 1
Address 2N + 2 ! ! : 1 : : 3

Address2N+3| 1 1 1 1 1 s

Figure 1.11 Memory Data Formats

When the stack pointer (ER7) is used as an address register to access the stack, the operand -
should be word size or longword size.
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1.6 Instruction Set

1.6.1 Overview

The H8S/2600 CPU has 69types of instructions, while the H8S/2000 CPU has 65 types. The
instructions are classified by function as shown in table 1.1. For a detailed description of each
instruction, see section 2.2, Instruction Descriptions.

Table 1.1 Instruction Classification

Function Instructions Size Types
Data transfer MOV BWL 5

POP*2, PUSH** WL

LDM, STM L

MOVFPE, MOVTPE B
Arithmetic ADD, SUB, CMP, NEG BWL 19
operations ADDX, SUBX, DAA, DAS B

INC, DEC BWL

ADDS, SUBS L

MULXU, DIVXU, MULXS, DIVXS BW

EXTU, EXTS WL

TAS** B

MAC, LDMAC, STMAC, CLRMAC** — 4
Logic operations  AND, OR, XOR, NOT BWL 4
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BWL 8
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14

BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bcc*®, JMP, BSR, JSR, RTS — 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP — 9
Block data transfer EEPMOV — 1

H8S/2600 CPU: Total 69 types  H8S/2000 CPU: Total 65 types
Notes: B—byte size; W—word size; L—longword size.

1. The MAC, LDMAC, STMAC, and CLRMAC instructions are supported only by the
H8S/2600 CPU.

2. 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.

3. Bcc is the generic designation of a conditional branch instruction.

4. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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1.6.2 Instructions and Addressing Modes

Table 1.2 indicates the combinations of instructions and addressing modes that the H8S/2600
and H8S/2000 CPU can use.

Table 1.2  Combinations of Instructions and Addressing Modes
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1.6.3 Table of Instructions Classified by Function

Table 1.3 summarizes the instructions in each functional category. The notation used in table 1
is defined next.

Operation Notation

Rd General register (destination)*
Rs General register (source)*
Rn General register*
ERn General register (32-bit register)
MAC Multiply-accumulate register (32-bit register)
(EAd) Destination operand
(EAs) Source operand
EXR Extended control register
CCR Condition-code register
N N (negative) flag in CCR
Z Z (zero) flag in CCR
V (overflow) flag in CCR
C C (carry) flag in CCR
PC Program counter
SP Stack pointer
#IMM Immediate data
disp Displacement
+ Addition
- Subtraction
X Multiplication
= Division
ad Logical AND
ad Logical OR
ad Logical exclusive OR
- Move
- Logical not (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to
R7, EO to E7), and 32-bit registers (ERO to ER7).
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Table 1.3

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 - (EAs)
Moves general register contents to an external memory
location (addressed by @aa:16) in synchronization with
an E clock.

POP Wi/L @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+, ERnN.

PUSH WI/L 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.

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

STM L Rn (register list) -~ @-SP

Pushes two or more general registers onto the stack.
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Type Instruction ~ Size *'  Function
Arithmetic ADD B/W/L RdxRs - Rd, Rdz#MM - 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 byte data in a general register. Use the SUBX or
ADD instruction.)
ADDX B Rd+Rs+C - Rd, Rd+#MM+C — Rd
SUBX Performs addition or subtraction with carry or borrow
on byte data in two general registers, or on immediate
data and data in a general register.
INC B/W/L Rd+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.)
ADDS L Rd+1 - Rd, Rd+2 » Rd, Rd+4 - Rd
SUBS Adds or subtracts the value 1, 2, or 4 to or from data in
a 32-bit register.
DAA B Rd decimal adjust - Rd
DAS Decimal-adjusts an addition or subtraction result in a
general register by referring to the CCR to produce 4-
bit BCD data.
MULXU B/W Rd 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.
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.
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.
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.
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Type Instruction ~ Size *'  Function
Arithmetic CMP B/W/L Rd-Rs, Rd-#MM
operations Compares data in a general register with data in
another general register or with immediate data, and
sets CCR bits according to the result.
NEG B/W/L 0-Rd - Rd
Takes the two’s complement (arithmetic complement)
of data in a general register.
EXTU WI/L Rd (zero extension) - Rd
Extends the lower 8 bits of a 16-bit register to word
size, or the lower 16 bits of a 32-bit register to longword
size, by padding with zeros on the left.
EXTS WI/L Rd (sign extension) - Rd
Extends the lower 8 bits of a 16-bit register to word
size, or the lower 16 bits of a 32-bit register to longword
size, by extending the sign bit.
TAS B @ERd -0, 1 - (<bit 7> of @ERd)**
Tests memory contents, and sets the most significant
bit (bit 7) to 1.
MAC — (EAs) x (EAd) + MAC - MAC
Performs signed multiplication on memory contents
and adds the result to the multiply-accumulate register.
The following operations can be performed:
16 bits x 16 bits +32 bits - 32 bits, saturating
16 bits x 16 bits + 42 bits — 42 bits, non-saturating
Supported by H8S/2600 CPU only.
CLRMAC — 0 - MAC
Clears the multiply-accumulate register to zero.
Supported by H8S/2600 CPU only.
LDMAC L Rs - MAC, MAC - Rd
STMAC Transfers data between a general register and the

multiply-accumulate register.
Supported by H8S/2600 CPU only.
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Type Instruction ~ Size *'  Function
Logic operations AND B/W/L RdORs - Rd, RdO#MM - Rd
Performs a logical AND operation on a general register
and another general register or immediate data.
OR B/W/L RdORs - Rd, RdO#MM - Rd
Performs a logical OR operation on a general register
and another general register or immediate data.
XOR BW/L RdORs - Rd, RdO#MM - 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.
1-bit or 2-bit shift is possible.
SHLL B/W/L  Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
1-bit or 2-bit shift is possible.
ROTL B/W/L Rd (rotate) - Rd
ROTR Rotates general register contents.
1-bit or 2-bit rotation is possible.
ROTXL B/W/L Rd (rotate) - Rd
ROTXR Rotates general register contents through the carry bit.

1-bit or 2-bit rotation is possible.
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Type

Instruction

Size *!

Function

Bit-manipulation
instructions

BSET

B

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

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

BCLR

0 - (<hit-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>) - (<bhit-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

= (<hit-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.

BOR

BIOR

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

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

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.
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Type Instruction

Size *!

Function

Bit-manipulation BXOR
instructions

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

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

The bit number is specified by 3-bit imnmediate data.
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Type Instruction ~ Size *'  Function
Branch 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 ciz=0
BLS Low or same coz=1
BCC(BHS) Carry clear C=0
(high or same)
BCS(BLO) Carryset(low) C=1
BNE Not equal Z=0
BEQ Equal zZ=1
BvVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greaterorequal NOV =0
BLT Less than NOV=1
BGT Greater than ZONNOV)=0
BLE Less or equal ZzONOV)=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

RENESAS
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Type Instruction

Size

%1

Function

System control TRAPA

Starts trap-instruction exception handling.

instructions RTE

Returns from an exception-handling routine.

SLEEP

Causes a transition to a power-down state.

LDC

B/W

(EAs) - CCR, (EAs) - EXR

Moves the source operand contents or immediate data
to CCR or EXR. Although CCR and EXR are 8-bit
registers, word-size transfers are performed between
them and memory. The upper 8 bits are valid.

STC

B/W

CCR - (EAd), EXR - (EAd)

Transfers CCR or EXR contents to a general register or
memory. Although CCR and EXR are 8-bit registers,
word-size transfers are performed between them and
memory. The upper 8 bits are valid.

ANDC

CCR U#IMM - CCR, EXR O#IMM - EXR

Logically ANDs the CCR or EXR contents with
immediate data.

ORC

CCR O#IMM - CCR, EXR O#IMM - EXR

Logically ORs the CCR or EXR contents with
immediate data.

XORC

CCR O #IMM - CCR, EXR O #IMM - EXR

Logically exclusive-ORs the CCR or EXR contents with
immediate data.

NOP

PC+2 - PC
Only increments the program counter.
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Type

Instruction ~ Size *'  Function

Block data
transfer
instruction

EEPMOV.B — if R4L # 0 then
Repeat @ER5+ -~ @ER6+
R4L -1 - R4L
UntiilR4L =0
else next;

EEPMOV.W — if R4 # 0 then
Repeat @ER5+ -~ @ER6+
R4-1 - R4
UntiiR4=0
else next;

Transfers a data block according to parameters set in
general registers R4L or R4, ER5, and ERS6.

R4L or R4: size of block (bytes)
ERS5: starting source address
ERG6: starting destination address

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

Notes: 1.

Size refers to the operand size.

B: Byte

W: Word

L: Longword

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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1.6.4 Basic Instruction Formats

The H8S/2600 or H8S/2000 instructions consist of 2-byte (1-word) units. An instruction consist:
of an operation field (op field), a register field (r field), an effective address extension (EA field),
and a condition field (cc).

Operation Field: Indicates the function of the instruction, the addressing mode, and the operatic
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 a general 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 ExtensionEight, 16, or 32 bits specifying immediate data, an absolute
address, or a displacement.

Condition Field: Specifies the branching condition of Bcc instructions.

Figure 1.12 shows examples of instruction formats.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op m m ADD.B Rn, Rm, etc.

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

op m rm

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

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

op cc EA (disp) BRA d:8, etc

Figure 1.12 Instruction Formats
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1.7 Addressing Modes and Effective Address Calculation
(1) Addressing Modes

The CPUs support the eight addressing modes listed in table 1.4. Each instruction uses a sub
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-ct
relative and memory indirect. Bit manipulation instructions use register direct, register indirect
absolute addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT, ar
BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in the operar

Table 1.4  Addressing Modes

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

1. Register Direct—Rn:The register field of the instruction specifies an 8-, 16-, or 32-bit gener
register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit registe
RO to R7 and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specified as 3:
registers.

2. Register Indirect—@ERN: The register field of the instruction code specifies an address
register (ERn) which contains the address of the operand in memory. If the address is a progr
instruction address, the lower 24 bits are valid and the upper 8 bits are all assumed to be 0 (H

3. Reqgister Indirect with Displacement—@(d:16, ERn) or @(d:32, ERn)A 16-bit or 32-bit
displacement contained in the instruction is added to an address register (ERn) specified by tt
register field of the instruction, and the sum gives 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—@ERnN+ or @—ERnN:

* Register indirect with post-increment—@ERN+
The register field of the instruction code specifies an address register (ERn) which contains
address of a memory operand. After the operand is accessed, 1, 2, or 4 is added to the add
register contents and the sum is stored in the address register. The value added is 1 for byt
access, 2 for word access, or 4 for longword access. For word or longword access, the regi:
value should be even.

* Register indirect with pre-decrement—@-ERnN

The value 1, 2, or 4 is subtracted from an address register (ERn) specified by the register fie
in the instruction code, and the result becomes the address of a memory operand. The resu
also stored in the address register. The value subtracted is 1 for byte access, 2 for word acc
or 4 for longword access. For word or longword access, the register value should be even.

5. Absolute Address—@aa:8, @aa:16, @aa:24, or @aa:Jhe instruction code contains the
absolute address of a memory operand. The absolute address may be 8 bits long (@aa:8), 16
long (@aa:16), 24 bits long (@aa:24), or 32 bits long (@aa:32).

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

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

Table 1.5 indicates the accessible absolute address ranges.

Table 1.5 Absolute Address Access Ranges

Absolute Address Normal Mode Advanced Mode
Data address 8 hits (@aa:8) H'FFO00 to H'FFFF H'FFFFFF00 to H'FFFFFFFF

16 bits (@aa:16)  H'0000 to HFFFF  H'00000000 to H'00007FFF,
H'FFFF8000 to H'FFFFFFFF

32 bits (@aa:32) H'00000000 to H'FFFFFFFF

Program instruction 24 bits (@aa:24) H'00000000 to H'0OFFFFFF
address

For further details on the accessible range, refer to the relevant microcontroller hardware manu
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6. Immediate—#xx:8, #xx:16, or #xx:32The instruction contains 8-bit (#xx:8), 16-bit (#xx:16),
or 32-bit (#xx:32) immediate data as an operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some bit
manipulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate data in its instruction code, specifyir
vector address.

7. Program-Counter Relative—@(d:8, PC) or @(d:16, PC)This mode is used in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction is sign-extended
added to the 24-bit PC contents to generate a branch address. Only the lower 24 bits of this b
address are valid; the upper 8 bits are all assumed to be 0 (H'00). The PC value to which the
displacement is added is the address of the first byte of the next instruction, so the possible
branching range is —126 to +128 bytes (—63 to +64 words) or —32766 to +32768 bytes (-1638
+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 JMP 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 bits of the absolute address are all as
to be 0, so the address range is 0 to 255 (H'0000 to H'OOFF in normal mode, H'00000000 to
H'000000FF in advanced mode). In normal mode the memory operand is a word operand and
branch address is 16 bits long. In advanced mode the memory operand is a longword operan
first byte of which is assumed to be all 0 (H'00).

Note that the first part of the address range is also the exception vector area. For further detai
refer to the relevant microcontroller hardware manual.

\/\ \/\

Specified - Specified — Reserved
by @aa8 | Branch address - by @aa:8

\/\

Branch address

(@) Normal Mode (b) Advanced Mode

Figure 1.13 Branch Address Specification in Memory Indirect Mode
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If an odd address is specified in word or longword memory access, or as a branch address, the
least significant bit is regarded as 0, causing data to be accessed or an instruction code to be
fetched at the address preceding the specified address. (For further information, see section 1.
Memory Data Formats.)

(2) Effective Address Calculation

Table 1.6 indicates how effective addresses are calculated in each addressing mode. In norma
mode the upper 8 bits of the effective address are ignored in order to generate a 16-bit address
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Effective Address Calculation

Table 1.6
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Section 2 Instruction Descriptions

2.1 Tables and Symbols

This section explains how to read the tables in section 2.2, describing each instruction. Note t|
the descriptions of some instructions extend over more than one page.

[1] Mnemonic (Full Name) [2] Type

[3] Operation [6] Condition Code

[4] Assembly-Language Format

[5] Operand Size

[7] Description

[8] Available Registers

[9] Operand Format and Number of States Required for Execution

[10] Notes

[1] Mnemonic (Full Name): Gives the full and mnemonic names of the instruction.
[2] Type: Indicates the type of instruction.
[3] Operation: Describes the instruction in symbolic notation. (See section 2.1.2, Operation.)

[4] Assembly-Language Format: Indicates the assembly-language format of the instruction.
(See section 2.1.1, Assembler Format.)

[5] Operand Size: Indicates the available operand sizes.

[6] Condition Code: Indicates the effect of instruction execution on the flag bits in the CCR.
(See section 2.1.3, Condition Code.)

[7] Description: Describes the operation of the instruction in detail.

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

[9] 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.

[10] Notes: Gives notes concerning execution of the instruction.
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21.1 Assembly-Language Format

Example: ADD.B <EAs>, Rd

Destination operand

Source operand

Size

—— 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 H8S/2600 C
supports the eight addressing modes listed next. Effective address calculation is described in
section 1.7, Addressing Modes and Effective Address Calculation.

Symbol Addressing Mode

Rn Register direct

@ERN Register indirect

@(d:16, ERn)/@(d:32, ERnN) Register indirect with displacement (16-bit or 32-bit)
@ERN+/@-ERnN Register indirect with post-increment or pre-decrement
@aa:8/@aa:16/@aa:24/@aa:32 Absolute address (8-bit, 16-bit, 24-bit, or 32-bit)
#XX:8/#XX:16/#xX: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

The suffixes :8, :16, :24, and :32 may be omitted. In particular, if the :8, :16, :24, or :32
designation is omitted in an absolute address or displacement, the assembler will optimize the
length according to the value range. For details, refer to the H8S, H8/300 Series cross assemb
user’'s manual.

Note: “:2"and “:3”in “#xx (:2)" and “#xx (:3)" indicate the specifiable bit length. Do not
include (:2) or (:3) in the assembler notation.
Example: TRAPA #3
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2.1.2

Operation

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

Rd General register (destination)*

Rs General register (source)*

Rn General register*

ERn General register (32-bit register)

MAC Multiply-accumulate register (32-bit register)

(EAd) Destination operand

(EAS) Source operand

EXR Extended control register

CCR Condition-code register

N N (negative) flag in CCR

z Z (zero) flag in CCR
V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Add

- Subtract

x Multiply

+ Divide

g Logical AND

d Logical OR

ad Logical exclusive OR

- 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

- Logical NOT (logical complement)

() <> Contents of effective address of the operand

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

:24/:32

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

*

Undetermined (no guaranteed value)

0 Always cleared to 0

Always set to 1

— Not affected by execution of the instruction

A Varies depending on conditions; see the notes

For details on changes of the condition code, see section 2.8, Condition Code Modification.

2.1.4 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, 24, or 32 bits)

disp Displacement (8, 16, or 32 bits)

rs, rd, rn Register field (4 bits). The symbols rs, rd, and rn correspond to operand symbols
Rs, Rd, and Rn.

ers, erd, ern Register field (3 bits). The symbols ers, erd, and ern correspond to operand

symbols ERs, ERd, and ERn.
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215 Register Specification

Address Register SpecificationWhen a general register is used as an address register [@ERr
@(d:16, ERn), @(d:32, ERn), @ERN+, or @—ERN], the register is specified by a 3-bit register
field (ers or erd).

Data Register Specification:A general register can be used as a 32-bit, 16-bit, or 8-bit data
register.

When used as a 32-bit register, it is specified by a 3-bit register field (ers, erd, or ern).

When used as a 16-bit register, it is specified by a 4-bit register field (rs, rd, or rn). The lower :
bits specify the register number. The upper bit is set to 1 to specify an extended register (En) «
cleared to O to specify a general register (Rn).

When used as an 8-bit register, it is specified by a 4-bit register field (rs, rd, or rn). The lower :
bits specify the register number. The upper bit is set to 1 to specify a low register (RnL) or cle:
to 0 to specify a high register (RnH). This is 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 ER7 0111 R7 0111 R7H

1000 EO 1000 ROL

1001 El 1001 R1L

1111 E7 1111 R7L
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2.1.6 Bit Data Access in Bit Manipulation Instructions

Bit data is accessed as the n-th bit (n =0, 1, 2, 3, ..., 7) of a byte operand in a general register
memory. The bit number is given by 3-bit immediate data, or by the lower 3 bits of a general
register value.

Example 1: To sethbit3in R2Hto 1

BSET R1L, R2H

RIL | | Dontcare | 01111

Bit number
R2H[o 1.1 0 01 01|

Setto 1

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

BLD #5, @H'FFFF02

#5

HFFFFO2 [ 1 1o |10 0 11 0

ﬁ\/ C

Load

v

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-Language Format
ADD.B <EAs>, Rd

Operand Size
Byte

Condition Code

H UN Z V C
=l fe]e] ]

I Ul
(==

H: Setto 1 if there is a carry at bit 3;
otherwise cleared to 0.

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

Z: Setto 1 if the result is zero; otherwise
cleared to O.

V: Setto 1 if an overflow occurs; otherwise
cleared to O.

C: Setto 1ifthereis a carry at bit 7;
otherwise cleared to O.

Description

This instruction adds the source operand to 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

Instruction Format

Addressing . No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte  |4th byte States
Immediate ADD.B #xx:8, Rd 8 rd IMM 1
Register direct ADD.B Rs, Rd 0 8 rs rd 1

Notes
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2.2.1(2) ADD (W)

ADD (ADD Binary)

Add Binary

Operation
Rd + (EAs)- Rd

Assembly-Language Format
ADD.W <EAs>, Rd

Operand Size
Word

Condition Code

| UHUN Z V C
(== e [=e oo ]

H: Setto 1 if there is a carry at bit 11,
otherwise cleared to 0.

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

Z: Setto 1 if the result is zero; otherwise
cleared to O.

V: Setto 1 if an overflow occurs; otherwise
cleared to O.

C: Setto 1if there is a carry at bit 15;
otherwise cleared to O.

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, EO to 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 ADD.W #xx:16, Rd 7 9 1 rd IMM 2
Register direct ADD.W Rs, Rd 0 9 rs rd ‘ 1
Notes
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2.2.1(3) ADD (L)

ADD (ADD Binary)

Add Binary

Operation
ERd + (EAs)- ERd

Condition Code

| U HUN Z V C
(== e [=e oo ]

Assembly-Language Format
ADD.L < EAs>, ERd

H: Setto 1 if there is a carry at bit 27,
otherwise cleared to 0.

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

Z: Setto 1 if the result is zero; otherwise

Operand Size
Longword

cleared to O.

V: Setto 1 if an overflow occurs; otherwise
cleared to O.

C: Setto 1 if thereis a carry at bit 31;
otherwise cleared to O.

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: ERO to ER7
ERs: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
d Mnemonic | Operands
Mode 1stbyte |2nd byte |3rd byte }Ath byte %th byte #h byte States
Immediate ADD.L #xx:32, ERd| 7 A 1 |Ojerd IMM 3
Register direct ADD.L ERs, ERd 0 A l%ers O:erd ‘ ‘ ‘ 1
Notes
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2.2.2 ADDS

ADDS (ADD with Sign extension)

Add Binary Address Data

Operation

Rd+1- ERd
Rd +2- ERd
Rd + 4 - ERd

Condition Code

Assembly-Language Format H: Previous value remains unchanged.
ADDS #1, ERd N: Prev!ous value rema!ns unchanged.
Z: Previous value remains unchanged.
ADDS #2, ERd . .
V: Previous value remains unchanged.
ADDS #4, ERd A .
C: Previous value remains unchanged.
Operand Size
Longword
Description

This instruction adds the immediate value 1, 2, or 4 to the contents of a 32-bit register ERd
(destination operand). Unlike the ADD instruction, it does not affect the condition code flags.

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct ADDS #1, ERd 0 B 0 Oierd 1
Register direct ADDS #2, ERd 0 B 8 Oierd 1
Register direct ADDS #4, ERd 0 B 9 i0Oierd 1
Notes
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2.2.3 ADDX

ADDX (ADD with eXtend carry)

Add with Carry

Operation
Rd + (EAs) + C- Rd

Assembly-Language Format
ADDX <EAs>, Rd

Operand Size
Byte

Condition Code

H UN Z V C
=l fe]e] ]

I Ul
(==

H: Setto 1 if there is a carry at bit 3;
otherwise cleared to 0.

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

Z: Setto 1 if the result is zero; otherwise
cleared to O.

V: Setto 1 if an overflow occurs; otherwise
cleared to O.

C: Setto 1ifthereis a carry at bit 7;
otherwise cleared to O.

Description

This instruction adds the source operand and carry flag to 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

Instruction Format

Addressing . No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte  |4th byte States
Immediate ADDX #xx:8, Rd 9 rd IMM 1
Register direct ADDX Rs, Rd 0 E rs rd 1

Notes
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2.2.4(1) AND (B)

AND (AND logical) Logical AND
Operation Condition Code
Rd 0 (EAs) - Rd | U HUN Z V C
(===l [o]-]
Assembly-Language Format H: Previous value remains unchanged.
AND.B < EAs>. Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Previous value remains unchanged.
Byte
Description

This instruction ANDs the source operand with the contents of an 8-bit register Rd (destinatiol
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 | 3rdbyte  |4th byte States
Immediate AND.B #xx:8, Rd E rd IMM 1
Register direct AND.B Rs, Rd 1 6 rs rd 1
Notes
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2.2.4(2) AND (W)

AND (AND logical) Logical AND
Operation Condition Code
Rd 0 (EAs) - Rd | U HUN Z V C
(===l [o]-]
Assembly-Language Format H: Previous value remains unchanged.
AND.W <EAs>. Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Previous value remains unchanged.
Word
Description

This instruction ANDs the source operand with 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, EO to 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 | 3rdbyte |4th byte States
Immediate AND.W #xx:16, Rd 7 9 6 rd IMM 2
Register direct AND.W Rs, Rd 6 6 rs rd 1
Notes
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2.2.4(3) AND (L)

AND (AND logical) Logical AND
Operation Condition Code
(===l [o]-]
Assembly-Language Format H: Previous value remains unchanged.
AND.L < EAs>, ERd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Previous value remains unchanged.
Longword
Description

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

Available Registers

ERd: ERO to ER7
ERs: ERO to ER7Y

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
d Mnemonic | Operands
Mode 1stbyte |2nd byte |3rd byte }Ath byte %th byte #h byte States
Immediate AND.L  |#xx:32,ERd| 7 A 6 Oierd IMM 3
Registerdirect | ANDL | ERs,ERd | 0 | 1 | F | 0 | 6 | 6 ‘oﬁersﬁoﬁerd‘ ‘ 2
Notes
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2.2.5(1) ANDC

ANDC (AND Control register) Logical AND with CCR
Operation Condition Code
CCRO#IMM - CCR | U HUN Z V C

Lelefelefefele]]

Assembly-Language Format Stores the corresponding bit of the result.

I:
ANDC #xx:8, CCR Ul: Stores the correspondl.ng b|.t of the result.
H: Stores the corresponding bit of the result.
U: Stores the corresponding bit of the result.
N: Stores the corresponding bit of the result.
Operand Size Z: Stores the corresponding bit of the result.
V: Stores the corresponding bit of the result.
Byte . .
C: Stores the corresponding bit of the result.
Description

This instruction ANDs the contents of the condition-code register (CCR) with immediate data al
stores the result in the condition-code register. No interrupt requests, including NMI, are accep!
immediately after execution of this instruction.

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
Mnemonic | Operands
Mode Istbyte | 2ndbyte | 3rdbyte  |4th byte States
Immediate ANDC | #xx:8,CCR| 0 | 6 IMM 1
Notes
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2.25(2) ANDC

ANDC (AND Control register)

Logical AND with EXR

Operation
EXRO#IMM - EXR

Condition Code

Assembly-Language Format H: Previous value remains unchanged.

ANDC #xx:8, EXR N: Prev!ous value rema!ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Byte

Description

This instruction ANDs the contents of the extended control register (EXR) with immediate datz
and stores the result in the extended control register. No interrupt requests, including NMI, are
accepted for three states after execution of this instruction.

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte |4th byte States
Immediate ANDC |#xx8EXR| O =1 | 4 1 | 0 6 IMM 2
Notes
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2.26 BAND

BAND (Bit AND) Bit Logical AND
Operation Condition Code

Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Stores the result of the operation.

Assembly-Language Format
BAND #xx:3, <EAd>

OosNZzZIT

Operand Size
Byte

Description

This instruction ANDs a specified bit in the destination operand with the carry flag and stores tt
result in the carry flag. The bit number is specified by 3-bit immediate data. The destination
operand contents remain unchanged.

Specified by #xx:3

BitNo. 7 ! 0
| ] |

<EAd> —

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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Bit Logical AND

BAND (Bit AND)
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2.2.7 Bcc

Bcc (Branch conditionally) Conditional Branch
Operation Condition Code
If condition is true, then | U HUN Z V C

PC + disp—» PC |_‘_‘_‘_‘_‘_‘_‘_|
else next;

Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.

Assembly-Language Format

Bcc disp
Condition field

Operand Size

Description

If the condition specified in the condition field (cc) is true, a displacement is added to the progr:
counter (PC) and execution branches to the resulting address. If the condition is false, the next
instruction is executed. The PC value used in the address calculation is the starting address of
instruction immediately following the Bcc instruction. The displacement is a signed 8-bit or 16-k
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 |Cz=0 X >Y (unsigned)
BLS Low or Same 0011 |[Clz=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)
BVvVC 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 2Y (signed)
BLT Less Than 1101 [NOV=1 X <Y (signed)
BGT Greater Than 1110 |ZXNOV) =0 | X>Y (signed)
BLE Less or Equal 1111 |ZONOV) =1 | X <Y (signed)

Note: * If the immediately preceding instruction is a CMP instruction, X is the general register contents
(destination operand) and Y is the source operand.
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Bcc (Branch conditionally) Conditional Branch

Operand Format and Number of States Required for Execution

Addressing Mnemonic |Operands Instruction Format No. of

Mode 1stbyte | 2ndbyte | 3rd byte |4th byte States
Program-counter d:8 4 0 disp 2
relative BRABT) d:16 5 .8 0 0 disp 3
Program-counter d:8 4 1 disp 2
relative BRN (BF) d:16 5 8 110 di‘sp 3
Program—counter BHI d:8 4 2 digp ‘ 2
relative d:16 5 8 2 0 disp 3
Program—counter BLS d:8 4 3 disp ‘ 2
relative d:16 5 8 3 0 disp 3
Program-counter d:8 4 4 dis 2
reIa?ive Bec (BHS) d:16 5 8 | 4 | ° 0 di‘sp 3
Program-counter d:8 4 5 disp 2
relative BCS (BLO) d:16 5 8 5 {0 di‘sp 3
Program—counter BNE d:8 4 6 di§p ‘ 2
relative d:16 5 8 6 | 0 disp 3
Program—counter BEQ d:8 4 7 di§p ‘ 2
relative d:16 5 8 710 disp 3
Program-counter BVC d:8 4 8 di;p ‘ 2
relative d:16 5 8 8 : 0 disp 3
Program-counter | o/ d:8 4 9 disp \ 2
relative d:16 5 8 9 0 disp 3
Program—counter BPL d:8 4 A disp ‘ 2
relative d:16 5 8 A 0 disp 3
Program—counter BMI d:8 4 B di;p ‘ 2
relative d:16 5 8 B | 0 disp 3
Program-counter BGE d:8 4 C di;p ‘ 2
relative d:16 5 8 cC 0 disp 3
Program-counter | - d:8 4 | D disp \ 2
relative d:16 5 8 D | 0 disp 3
Program—counter BGT d:8 4 E disp ‘ 2
relative d:16 5 8 E | O disp 3
Program-counter BLE d:8 4 F di;p ‘ 2
relative d:16 5 8 F i 0 disp 3
Notes

1. The branch destination address must be even.

2. In machine language BRA, BRN, BCC, and BCS are identical to BT, BF, BHS, and BLO,
respectively.
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228 BCLR

BCLR (Bit CLeaR)

Bit Clear

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

Condition Code

Assembly-Language Format

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

Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.

Operand Size
Byte

Description

This instruction 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 an 8-bit register Rn. The specifie
bit is not tested. The condition-code flags are not altered.

Bit No.

7

Specified by #xx:3 or Rn

<EAd> —»

O —b

Available Registers

Rd: ROL to R7L, ROH to R7H

ERd: ERO to ER7

Rn: ROL to R7L, ROH to R7H
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Bit Clear

BCLR (Bit CLeaR)
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2.29 BIAND

BIAND (Bit Invert AND) Bit Logical AND
Operation Condition Code
cO [‘! (<b|t No.> of <EAd>)] - C | U H UN Z V C

Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Stores the result of the operation.

Assembly-Language Format
BIAND #xx:3, <EAd>

OosNZzZIT

Operand Size
Byte

Description

This instruction ANDs the inverse of a specified bit in the destination operand with the carry fla
and stores the result in the carry flag. The bit number is specified by 3-bit immediate data. The
destination operand contents remain unchanged.

Specified by #xx:3

BitNo. 7 i 0
<EAd> —» \ 77\ \ \
$ Invert
x
C 4 — C

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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Bit Logical AND
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2.210 BILD

BILD (Bit Invert LoaD) Bit Load
Operation Condition Code
- (<bit No.> of <EAd>)- C Il UU HUN Z V C

Assembly-Language Format H: Previous value remains unchanged.
BILD #xx:3, <EAd> N: Prev!ous value rema!ns unchanged.

Z: Previous value remains unchanged.

V: Previous value remains unchanged.

C: Loaded with the inverse of the specified
Operand Size bit.
Byte
Description

This instruction loads the inverse of a specified bit from the destination operand into the carry
flag. The bit number is specified by 3-bit immediate data. The destination operand contents
remain unchanged.
Specified by #xx:3
BitNo. 7 L 0
<EAd> —» | | | |

1 Invert ——» C

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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Bit Load
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2.211 BIOR

BIOR (Bit Invert inclusive OR) Bit Logical OR
Operation Condition Code
cO [‘! (<b|t No.> of <EAd>)] - C | U H UN Z V C

Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Stores the result of the operation.

Assembly-Language Format
BIOR #xx:3, <EAd>

OosNZzZIT

Operand Size
Byte

Description

This instruction ORs the inverse of a specified bit in the destination operand with the carry flag
and stores the result in the carry flag. The bit number is specified by 3-bit immediate data. The
destination operand contents remain unchanged.

Specified by #xx:3

BitNo. 7 i 0
<EAd> — | —ﬁ‘ | |
Invert
C 0 ‘/—> C

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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Bit Logical OR

BIOR (Bit Invert inclusive OR)
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2212 BIST

BIST (Bit Invert STore) Bit Store
Operation Condition Code
- C - (<bit No.> of <EAd>) | UU HUN Z V C

Assembly-Language Format H: Previous value remains unchanged.

BIST #xx:3, <EAd> N: Prev!ous value rema!ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Byte

Description

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

Specified by #xx:3
BitNo. 7 i 0

<EAd> —»

AN

C — |nvert

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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Bit Store
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2.2.13 BIXOR

BIXOR (Bit Invert eXclusive OR) Bit Exclusive Logical OR
Operation Condition Code
cO [‘! (<b|t No.> of <EAd>)] - C | U H UN Z V C

Assembly-Language Format H: Previous value remains unchanged.

BIXOR #xx:3, <EAd> N: Prev!ous value rema!ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C. Stores the result of the operation.

Operand Size

Byte

Description

This instruction exclusively ORs the inverse of a specified bit in the destination operand with th
carry flag and stores the result in the carry flag. The bit number is specified by 3-bit immediate
data. The destination operand contents remain unchanged.

Specified by #xx:3

BitNo. 7 i 0
<EAd> — | —ﬁ‘ | |
Invert
C ad —> Cc

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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Bit Exclusive Logical OR

BIXOR (Bit Invert eXclusive OR)
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2.2.14 BLD

BLD (Bit LoaD) Bit Load
Operation Condition Code
(<Bit No.> of <EAd>) - C Il UU HUN Z V C

Assembly-Language Format H: Previous value remains unchanged.

BLD #xx:3, <EAd> N: Prev!ous value rema!ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Loaded from the specified bit.

Operand Size

Byte

Description

This instruction loads a specified bit from the destination operand into the carry flag. The bit
number is specified by 3-bit immediate data. The destination operand contents remain unchan

Specified by #xx:3
BitNo. 7 i 0

<EAd> —»

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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Bit Load
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2.2.15 BNOT

BNOT (Bit NOT) Bit NOT
Operation Condition Code

= (<bit No.> of <EAd>)—> (blt No. of [ U H UN Z V C
<EAd>)

Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.

Assembly-Language Format

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

OosSNZZIT

Operand Size
Byte

Description

This instruction inverts a specified bit in the destination operand. The bit number is specified by
bit immediate data or by the lower 3 bits of an 8-bit register Rn. The specified bit is not tested.
The condition code remains unchanged.

Specified by #xx:3 or Rn

BitNo. 7 ! 0
| T T ]

A %

4N

<EAd> —»]

Available Registers
Rd: ROL to R7L, ROH to R7H

ERd: ERO to ER7
Rn: ROL to R7L, ROH to R7H
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Bit NOT

BNOT (Bit NOT)
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2216 BOR

BOR (Bit inclusive OR) Bit Logical OR
Operation Condition Code
C O(<bit No.> of <EAd>)- C | U H UN Z V C

Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Stores the result of the operation.

Assembly-Language Format
BOR #xx:3, <EAd>

OosNZzZIT

Operand Size
Byte

Description
This instruction ORs a specified bit in the destination operand with the carry flag and stores the

result in the carry flag. 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: ERO to ER7
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Bit Logical OR

BOR (Bit inclusive OR)
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2217 BSET

BSET (Bit SET)

Bit Set

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

Condition Code

Assembly-Language Format

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

Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.

Operand Size
Byte

Description

This instruction 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 an 8-bit register Rn. The specifie
bit is not tested. The condition code flags are not altered.

Bit No.

7

Specified by #xx:3 or Rn

<EAd> —»]

= —p

Available Registers

Rd: ROL to R7L, ROH to R7H

ERd: ERO to ER7

Rn: ROL to R7L, ROH to R7H
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Bit Set

BSET (Bit SET)
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2.218 BSR

BSR (Branch to SubRoutine) Branch to Subroutine
Operation Condition Code

PC- @-SP | UHUNZ V C

PC + disp—» PC

Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.

Assembly-Language Format
BSR disp

Operand Size

Description

This instruction branches to a subroutine at a specified address. It pushes the program countel
(PC) value onto the stack as a restart address, then adds a specified displacement to the PC v
and branches to the resulting address. The PC value pushed onto the stack is the address of t
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 addre:
the BSR instruction.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of States
Mnemonic | Operands
Mode 1st byte 2nd byte Brd byte 4th byte Normal Advanced
Program-counter BSR d:8 55 disp 3 4
relative d:16 5iCc|0 0 disp 4 5
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BSR (Branch to SubRoutine) Branch to Subroutine

Notes

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

Ensure that the branch destination address is even.

N
N Reserved
PC ! ! | = PC ! ! | =
23 16 15 87 0 23 16 15 87 0
Normal mode Advanced mode
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2219 BST

BST (Bit STore) Bit Store
Operation Condition Code
C - (<bit No.> of <EAd>) | UU HUN Z V C

Assembly-Language Format H: Previous value remains unchanged.

BST #xx:3, <EAd> N: Prev!ous value rema!ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Byte

Description

This instruction stores the carry flag in a specified bit location in the destination operand. The b
number is specified by 3-bit immediate data.

Specified by #xx:3
BitNo. 7 i 0

<EAd> —»

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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Bit Store

BST (Bit STore)
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2.2.20 BTST

BTST (Bit TeST)

Bit Test

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

Condition Code

Assembly-Language Format

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

H: Previous value remains unchanged.

N: Previous value remains unchanged.

Z: Setto 1 if the specified bit is zero;
otherwise cleared to O.

V: Previous value remains unchanged.

Operand Size
Byte

C: Previous value remains unchanged.

Description

This instruction tests a specified bit in the destination operand and sets or clears the zero flag
according to the result. The bit number can be specified by 3-bit immediate data, or by the lowe
three bits of an 8-bit register Rn. The destination operand contents remain unchanged.

Bit No.
<EAd> —

7

Specified by #xx:3 or Rn

Test

Available Registers

Rd: ROL to R7L, ROH to R7H

ERd: ERO to ER7

Rn: ROL to R7L, ROH to R7H
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Bit Test
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2.2.21 BXOR

BXOR (Bit eXclusive OR)

Bit Exclusive Logical OR

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

Condition Code

Assembly-Language Format H: Previous value remains unchanged.

BXOR #xx:3, <EAd> N: Prev!ous value rema!ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Stores the result of the operation.

Operand Size

Byte

Description

This instruction exclusively ORs a specified bit in the destination operand with the carry flag an
stores the result in the carry flag. The bit number is specified by 3-bit immediate data. The
destination operand contents remain unchanged.

Bit No.

Specified by #xx:3

<EAd> —»

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ERY
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Bit Exclusive Logical OR

BXOR (Bit eXclusive OR)
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2.2.22 CLRMAC

CLRMAC (CLeaR MAC register) Initialize Multiply-Accumulate Register

Operation Condition Code

Assembly-Language Format H: Previous value remains unchanged.

CLRMAC N: Prev!ous value rema!ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Description
This instruction simultaneously clears registers MACH and MACL.
It is supported only by the H8S/2600 CPU.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic |Operands
Mode 1stbyte | 2ndbyte | 3rdbyte |4th byte States
— CLRMAC — 01| A O o

Note: * A maximum of three additional states are required for execution of this instruction within
three states after execution of a MAC instruction. For example, if there is a one-state
instruction (such as NOP) between the MAC instruction and this instruction, this instruction
will be two states longer.

Notes
Execution of this instruction also clears the overflow flag in the multiplier to O.
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2.2.23(1) CMP (B)

CMP (CoMPare) Compare

Operation Condition Code

Rd— (EASs), set/clear CCR | U HUN Z V C
(===l e] el

Assembly-Language Format H: Setto 1 if there is a borrow at bit 3;

otherwise cleared to O.
N: Setto 1 if the result is negative; otherwise
cleared to O.
Z: Setto 1 if the result is zero; otherwise
Operand Size cleared to 0.
V: Setto 1 if an overflow occurs; otherwise
cleared to O.
C:. Setto 1 if there is a borrow at bit 7;
otherwise cleared to 0.

CMP.B <EAs>, Rd

Byte

Description

This instruction subtracts the source operand from the contents of an 8-bit register Rd (destin:
operand) and sets or clears the condition code bits according to the result. The contents of the
register Rd 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 i Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte |4th byte States
Immediate CMP.B #xx:8, Rd A rd IMM 1
Register direct CMP.B Rs, Rd 1 Cc rs rd 1
Notes
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2.2.23(2) CMP (W)

CMP (CoMPare) Compare

Operation Condition Code

Rd— (EASs), set/clear CCR | U HUN Z V C
(===l e] el

Assembly-Language Format H: Setto 1 if there is a borrow at bit 11,

otherwise cleared to 0.
N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
Operand Size cleared to 0.
V: Setto 1 if an overflow occurs; otherwise
Word
cleared to O.
C: Setto 1 if thereis a borrow at bit 15;
otherwise cleared to 0.

CMP.W <EAs>, Rd

Description

This instruction subtracts the source operand from the contents of a 16-bit register Rd (destina
operand) and sets or clears the condition code bits according to the result. The contents of the
bit register Rd remain unchanged.

Available Registers

Rd: ROto R7, EO to E7
Rs: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing i Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte ‘4th byte States
Immediate CMP.W #xx:16, Rd 7 9 2 rd IMM 2
Register direct CMP.W Rs, Rd 1 D rs rd ‘ 1
Notes
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2.2.23(3) CMP (L)

CMP (CoMPare)

Compare

Operation
ERd — (EASs), set/clear CCR

Condition Code

| UHUN Z V C
(== e [=e oo ]

Assembly-Language Format H: Setto 1 if there is a borrow at bit 27,
CMP.L < EAs>, ERd otherW|s_e cleared to.O. . .
N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
Operand Size cleared to 0.
V: Setto 1 if an overflow occurs; otherwise
Longword
cleared to O.
C: Setto 1 if thereis a borrow at bit 31;
otherwise cleared to 0.
Description

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

Available Registers

ERd: ERO to ER7
ERs: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mod Mnemonic | Operands
ode Istbyte |2ndbyte |3rd byte }thh byte #th byte #h byte | States
Immediate CMP.L #xx:32, ERd| 7 A 2 |Oierd IMM 3
Register direct CMP.L ERs, ERd 1 F l%ers Oierd ‘ ‘ ‘ 1
Notes
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2.2.24 DAA

DAA (Decimal Adjust Add)

Decimal Adjust

Operation
Rd (decimal adjust). Rd

Assembly-Language Format
DAA Rd

Operand Size
Byte

Condition Code

H UN Z V C
T[]+ ]1]

*

I Ul
==

H: Undetermined (no guaranteed value).

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

Z. Setto 1 if the adjusted result is zero;
otherwise cleared to 0.

V: Undetermined (no guaranteed value).

C: Setto 1if thereis a carry 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 data is contained in an 8-bit register Rd and the carry and half-carry flags, the DAA
instruction adjusts the contents of the 8-bit register Rd (destination operand) by adding H'00, H

H'60, or H'66 according to the table below.

C Flag Upper 4 Bits H Flag Lower 4 Bits Value C Flag
before before before before Added after
Adjustment Adjustment Adjustment Adjustment | (Hexadecimal) | Adjustment
0 0to9 0 0to9 00 0
0 0to8 0 AtoF 06 0
0 0to9 1 0to3 06 0
0 AtoF 0 0to9 60 1
0 9to F 0 AtoF 66 1
0 AtoF 1 O0to3 66 1
1 lto2 0 0to9 60 1
1 lto2 0 AtoF 66 1
1 1t03 1 0to3 66 1
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DAA (Decimal Adjust Add) Decimal Adjust

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 istbyte | 2ndbyte | 3rdbyte  |4th byte States
Register direct DAA Rd 0 | F 0 | rd 1
Notes

Valid results (8-bit register Rd contents and 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 DAS

DAS (Decimal Adjust Subtract)

Decimal Adjust

Operation
Rd (decimal adjust). Rd

Assembly-Language Format
DAS Rd

Operand Size
Byte

Condition Code

H UN Z V C
—‘I‘I 0|

* *

I Ul
==

H: Undetermined (no guaranteed value).

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

Z. Setto 1 if the adjusted result is zero;
otherwise cleared to 0.

V: Undetermined (no guaranteed value).

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 data is contained in an 8-bit register Rd and the carry and half-carry

flags, the DAS instruction adjusts the contents of the 8-bit register Rd (destination operand) by

adding H'00, H'FA, H'A0, or H'9A according to the table below.

C Flag Upper 4 Bits H Flag Lower 4 Bits Value C Flag
before before before before Added after
Adjustment Adjustment Adjustment Adjustment | (Hexadecimal) | Adjustment
0 0to9 0 0to9 00 0
0 0to 8 1 6toF FA 0
1 7toF 0 Oto9 A0 1
1 6toF 1 6toF 9A 1

Available Registers
Rd: ROL to R7L, ROH to R7H
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DAS (Decimal Adjust Subtract) Decimal Adjust

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct DAS Rd 1| F 0 1
Notes

Valid results (8-bit register Rd contents and 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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2.2.26 (1) DEC (B)

DEC (DECrement) Decrement

Operation Condition Code

Rd-1- Rd | UHUNZV C
(===l e[ ]

Assembly-Language Format H: Previous value remains unchanged.

DEC.B Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.

Z: Setto 1 if the result is zero; otherwise

cleared to 0.

Operand Size V: Setto 1 if an overflow occurs; otherwise
cleared to 0.

Byte

C: Previous value remains unchanged.

Description

This instruction decrements an 8-bit register Rd (destination operand) and stores the result in t
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 | 3rdbyte  |4th byte States
Register direct DEC.B Rd 1 A 0 rd 1
Notes

An overflow is caused by the operation H'80 = H'7F.
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2.2.26 (2) DEC (W)

DEC (DECrement)

Decrement

Operation
Rd-1- Rd
Rd-2- Rd

Assembly-Language Format

Condition Code

| UHUN Z V C
(=== [l e [

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

DEC.W#1, Rd clearedto 0
DEC.W #2, Rd e . .

Z. Setto 1 if the result is zero; otherwise

cleared to O.

Operand Size V: Setto 1 if an overflow occurs; otherwise
Word cleared to 0.

C: Previous value remains unchanged.
Description

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

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing i Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte  |4th byte States
Register direct DEC.W 1 B 5 rd 1
Register direct DEC.W 1 B D rd 1
Notes

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

H'8001 — 2 H'7FFF.
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2.2.26 (3) DEC (L)

DEC (DECrement) Decrement
Operation Condition Code
ERd —1- ERd | UHUNZVC
FRd 2 ERd (===l e[ ]
Assembly-Language Format H: Previous value remains unchanged.

N: Setto 1 if the result is negative; otherwise

DEC.L#1, ERd

cleared to 0.
pECLTE R Z: Setto 1 if the result is zero; otherwise
cleared to O.
Operand Size V: Setto 1 if an overflow occurs; otherwise
Longword cleared to 0.
C: Previous value remains unchanged.
Description

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

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing i Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte |4th byte States
Register direct DEC.L #1, ERd 1 B 7 iOierd 1
Register direct DEC.L #2, ERd 1 B F iOierd 1
Notes

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

DIVXS (DIVide eXtend as Signed) Divide Signed

Operation Condition Code

Rd=Rs- Rd | UHUN Z V C
(===l e =

Assembly-Language Format H: Previous value remains unchanged.

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

DIVXS.B Rs, Rd

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

This instruction divides the contents of a 16-bit register Rd (destination operand) by the contel
of an 8-bit register Rs (source operand) and stores the result in the 16-bit register Rd. The div
is signed. The operation performed is 16 bi&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.
sign of the remainder matches the sign of the dividend.

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.

Available Registers

Rd: ROto R7, EO to E7
Rs: ROL to R7L, ROH to R7H
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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 | 2ndbyte | 3rdbyte |4th byte States
Register direct DIVXS.B | Rs, Rd 0o/ 1|D 0|5 i1 |r i 13
Notes

The N flag is set to 1 if the dividend and divisor have different signs, and cleared to 0 if they ha
the same sign. The N flag may therefore be set to 1 when the quotient is zero.
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2.2.27 (2) DIVXS (W)

DIVXS (DIVide eXtend as Signed) Divide Signed

Operation Condition Code

ERd+ Rs - ERd | U HUN Z V C
(===l =]

Assembly-Language Format H: Previous value remains unchanged.

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

DIVXS.W Rs, ERd

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

This instruction divides the contents of a 32-bit register ERd (destination operand) by the cont
of a 16-bit register Rs (source operand) and stores the result in the 32-bit register ERd. The
division is signed. The operation performed is 32-bit$ 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). The sign of the remainder matches the sign of tl
dividend.

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.

Available Registers

ERd: ERO to ER7
Rs: ROto R7,EOto E7
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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 | 2ndbyte | 3rdbyte |4th byte States

Register direct | DIVXSW | Rs,ERd | 0 { 1 | D { 0 | 5 | 3 | rs Oerd| 21

Notes

The N flag is set to 1 if the dividend and divisor have different signs, and cleared to 0 if they ha
the same sign. The N flag may therefore be set to 1 when the quotient is zero.
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2.2.28 (1) DIVXU (B)

DIVXU (DIVide eXtend as Unsigned) Divide

Operation Condition Code

Rd=Rs- Rd | U H UN Z V C
(===l =]

Assembly-Language Format H: Previous value remains unchanged.

N: Setto 1 if the divisor is negative;
otherwise cleared to 0.
Z: Setto 1 if the divisor is zero; otherwise

DIVXU.B Rs, Rd

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

This instruction divides the contents of a 16-bit register Rd (destination operand) by the contel
of an 8-bit register Rs (source operand) and stores the result in the 16-bit register Rd. The div
is unsigned. The operation performed is 16 bisbits —» 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.

Available Registers

Rd: ROto R7, EO to E7
Rs: ROL to R7L, ROH to R7H
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DIVXU (DIVide eXtend as Unsigned) Divide

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct DIVXU.B | Rs,Rd 5 1 | rs i 12
Notes
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2.2.28 (2) DIVXU (W)

DIVXU (DIVide eXtend as Unsigned) Divide

Operation Condition Code

ERd+ Rs - ERd | U HUN Z V C
(===l =]

Assembly-Language Format H: Previous value remains unchanged.

N: Setto 1 if the divisor is negative;
otherwise cleared to 0.
Z: Setto 1 if the divisor is zero; otherwise

DIVXU.W Rs, ERd

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

This instruction divides the contents of a 32-bit register ERd (destination operand) by the cont
of a 16-bit register Rs (source register) and stores the result in the 32-bit register ERd. The
division is unsigned. The operation performed is 32-bit§ 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 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.

Available Registers

ERd: ERO to ER7
Rs: ROtoR7,EOto E7
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DIVXU (DIVide eXtend as Unsigned) Divide

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct | DIVXUW | Rs,ERd | 5 | 3 | rs i0erd 20
Notes
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2.2.29 (1) EEPMOV (B)

EEPMOV (MOVe data to EEPROM) Block Data Transfer
Operation Condition Code
if R4L # O then | UU HUN Z V C
repeat @ER5+. @ERG6+ |_‘_‘_‘_‘_‘_‘_‘_|
R4L - 1- R4L
until R4L =0 . .
i H: Previous value remains unchanged.
else next; . .
N: Previous value remains unchanged.
Assembly-Language Format Z: Previous value remains unchanged.
EEPMOV B V: Prew.ous value remal'ns unchanged.
C: Previous value remains unchanged.

Operand Size

Description

This instruction performs a block data transfer. It moves data from the memory location specif
in ER5 to the memory location specified in ER6, increments ER5 and ER6, decrements R4L,
repeats these operations until R4L reaches zero. Execution then proceeds to the next instruct
The data transfer is performed a byte at a time, with R4L indicating the number of bytes to be
transferred. The byte symbol in the assembly-language format designates the size of R4L (an
limits the maximum number of bytes that can be transferred to 255). No interrupts are detecte
while the block transfer is in progress.

When the EEPMOV.B instruction ends, R4L contains 0 (zero), and ER5 and ER6 contain the
transfer address + 1.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands

Mode 1stbyte | 2ndbyte | 3rdbyte  |4th byte States

— EEPMOV.B 7 B| 5 cl| 5 9|8 F |4+

Note: * nis the initial value of R4L. Although n bytes of data are transferred, 2(n + 1) data accesses are
performed, requiring 2(n + 1) states. (n =0, 1, 2, ..., 255).

Notes

This instruction first reads the memory locations indicated by ER5 and ERG6, then carries out t
block data transfer.
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2.2.29 (2) EEPMOV (W)

EEPMOV (MOVe data to EEPROM) Block Data Transfer
Operation Condition Code
if R4 # 0 then | UU HUN Z V C
repeat @ER5+. @ERG6+ |_‘_‘_‘_‘_‘_‘_‘_|
R4-1- R4
until R4 =0 . .
i H: Previous value remains unchanged.
else next; . .
N: Previous value remains unchanged.
Assembly-Language Format Z: Prev_ious value rema_ins unchanged.
EEPMOV. W V: Prew.ous value remal'ns unchanged.
C: Previous value remains unchanged.

Operand Size

Description

This instruction performs a block data transfer. It moves data from the memory location specifie
in ER5 to the memory location specified in ER6, increments ER5 and ER6, decrements R4, an
repeats these operations until R4 reaches zero. Execution then proceeds to the next instructior
The data transfer is performed a byte at a time, with R4 indicating the number of bytes to be
transferred. The word symbol in the assembly-language format designates the size of R4 (alloy
a maximum 65535 bytes to be transferred). All interrupts are detected while the block transfer i
in progress.

If no interrupt occurs while the EEPMOV.W instruction is executing, when the EEPMOV.W
instruction ends, R4 contains 0 (zero), and ER5 and ER6 contain the last transfer address + 1.

If an interrupt occurs, interrupt exception handling begins after the current byte has been
transferred. R4 indicates the number of bytes remaining to be transferred. ER5 and ERG6 indica
the next transfer addresses. The program counter value pushed onto the stack in interrupt
exception handling is the address of the next instruction after the EEPMOV.W instruction.

See the note on EEPMOV.W instruction and interrupt.
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EEPMOV (MOVe data to EEPROM) Block Data Transfer

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands

Mode istbyte | 2ndbyte | 3rdbyte |4th byte States

— EEPMOV.W 7 B | D 4|5 9|8 F | 4+

Note: * n is the initial value of R4. Although n bytes of data are transferred, 2(n + 1) data accesses are
performed, requiring 2(n + 1) states. (n =0, 1, 2, ..., 65535).

Notes

This instruction first reads memory at the addresses indicated by ER5 and ERG, then carries «
the block data transfer.

EEPMOV.W Instruction and Interrupt

If an interrupt request occurs while the EEPMOV.W instruction is being executed, interrupt
exception handling is carried out after the current byte has been transferred. Register content
then as follows:

ER5: address of the next byte to be transferred
ER6: destination address of the next byte
R4: number of bytes remaining to be transferred

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

Example:

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

Interrupt requests other than NMI are not accepted if they are masked in the CPU.

During execution of the EEPMOV.B instruction no interrupts are accepted, including NMI.

Rev. 3.0, 07/00, page 111 of 320
RENESAS



2.2.30 (1) EXTS (W)

EXTS (EXTend as Signed) Sign Extension
Operation Condition Code
(<Bit 7> of Rd) N (<bit$ 15 to 8> of Rd) [ UU H UN Z V C
(===l [o]-]
Assembly-Language Format H: Previous value remains unchanged.
EXTS.W Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Previous value remains unchanged.
Word
Description

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

Rd Rd
Bit 15 7 0 Bit 15 7 0
| Don'’t care | — | Sign extension
8 bits T 8 bits 8 bits 8 bits
Sign bit

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte |4th byte States
Register direct EXTS.W Rd 147 D | rd 1
Notes
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2.2.30 (2) EXTS (L)

EXTS (EXTend as Signed)

Sign Extension

Operation Condition Code
(<Bit 15> of ERd)—> (<bit$ 31 to 16> of ERd) | U H UN Z V C
(===l [o]-]
Assembly-Language Format H: Previous value remains unchanged.
EXTS.L ERd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Previous value remains unchanged.
Longword
Description

This instruction copies the sign of the lower 16 bits in a 32-bit register ERd in the upward
direction (copies ERd bit 15 to bits 31 to 16) to extend the data to signed longword data.

ERd ERd
Bit 31 15 0 Bit 31 15 0
| Don'tcare | | | — | Sign extension | |
16 bits T 16 bits 16 bits 16 bits
Sign bit
Available Registers
ERd: ERO to ER7
Operand Format and Number of States Required for Execution
Addressing i Instruction Format No. of
Mnemonic | Operands '
Mode 1stbyte | 2ndbyte | 3rdbyte  |4th byte States
Register direct EXTS.L ERd 1 7 | F Oled 1
Notes
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2.2.31 (1) EXTU (W)

EXTU (EXTend as Unsigned)

Zero Extension

Operation
0 - (<bits 15 to 8> of Rd)

Condition Code

| UHUN Z V C
(=== —Jol: o]~

Assembly-Language Format
EXTU.W Rd

H: Previous value remains unchanged.

N: Always cleared to 0.

Z. Setto 1 if the result is zero; otherwise
cleared to O.

V: Always cleared to 0.

Operand Size
Word

C: Previous value remains unchanged.

Description

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

Rd Rd
Bit 15 7 0 Bit 15 7 0
Don’t care | —> |Zero extension |
8 bits 8 bits 8 bits 8 bits
Available Registers
Rd: RO to R7, EO to E7
Operand Format and Number of States Required for Execution
Addressing . Instruction Format No. of
Mnemonic | Operands '
Mode istbyte | 2ndbyte |3rdbyte  |4th byte States
Register direct EXTU.W Rd 17 |5 o 1

Notes
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2.2.31(2) EXTU (L)

EXTU (EXTend as Unsigned)

Zero Extension

Operation
0 - (<bits 31 to 16> of ERd)

Assembly-Language Format
EXTU.L ERd

Operand Size
Longword

Condition Code

| U HUN Z V C
(=== —Jol: o]~

H: Previous value remains unchanged.

N: Always cleared to 0.

Z: Setto 1 if the result is zero; otherwise
cleared to 0.

V: Always cleared to O.

C: Previous value remains unchanged.

Description

This instruction 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)

0.
ERd
Bit 31 15

0

Don’t care

16 bits 16 bits

ERd
Bit 31 15 0

| — |Zero extension | |

16 bits 16 bits

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Register direct EXTU.L ERd 117 | 7 oed 1
Notes
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2.2.32(1) INC (B)

INC (INCrement) Increment

Operation Condition Code

Rd+1- Rd | UHUNZV C
(===l e[ ]

Assembly-Language Format H: Previous value remains unchanged.

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

Z: Setto 1 if the result is zero; otherwise

cleared to 0.

Operand Size V: Setto 1 if an overflow occurs; otherwise
cleared to 0.

Byte

C: Previous value remains unchanged.

Description

This instruction increments an 8-bit register Rd (destination operand) and stores the result in tt
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 | 3rdbyte  |4th byte States
Register direct INC.B Rd 0o A 0 | rd 1
Notes

An overflow is caused by the operation H'7F + 1H'80.
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2.2.32(2) INC (W)

INC (INCrement)

Increment

Operation

Rd +1- Rd
Rd+2- Rd

Assembly-Language Format

Condition Code

| UHUN Z V C
(=== [l e [

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

INC.W#1, Rd clearedto 0
INC.W #2, Rd e . .

Z: Setto 1 if the result is zero; otherwise

cleared to 0.

Operand Size V: Setto 1 if an overflow occurs; otherwise
Word cleared to 0.

C: Previous value remains unchanged.
Description

This instruction adds the immediate value 1 or 2 to the contents of a 16-bit register Rd (destin
operand) and stores the result in the 16-bit register Rd.

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing i Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte  |4th byte States
Register direct INC.W 0 B 5 rd 1
Register direct INC.W 0 B D rd 1
Notes

An overflow is caused by the operations H'7FFF + H'8000, H'7FFF + 2. H'8001, and

H'7FFE + 2 H'8000.
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2.2.32(3) INC (L)

INC (INCrement) Increment
Operation Condition Code
ERd + 1- ERd | U H U N Z V C
ERd + 2- ERd |—‘—‘—‘—‘I‘I‘i‘—|
Assembly-Language Format H: Previous value remains unchanged.
INC.L #1, ERd N: Sli;trzdltl(f)tge result is negative; otherwise
INC.L #2, ERd o . .
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Setto 1 if an overflow occurs; otherwise
cleared to 0.
Longword

C: Previous value remains unchanged.

Description

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

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing i Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte  |4th byte States
Register direct INC.L #1, ERd 0 B 7 iOierd 1
Register direct INC.L #2, ERd 0 B F iOierd 1
Notes

An overflow is caused by the operations H'7FFFFFFF- H'80000000, H'7FFFFFFF + 2
H'80000001, and H'7FFFFFFE +-2 H'80000000.
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2.2.33 JMP

JMP (JUuMP) Unconditional Branch

Operation Condition Code

Effective address. PC | U H UN Z V C

Assembly-Language Format H: Previous value remains unchanged.

IMP <EA> N: Prev!ous value rema!ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Description
This instruction branches unconditionally to a specified effective address.

Available Registers
ERn: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing Instruction Format No. of States
Mnemonic | Operands
Mode 1stbyte | 2nd byte |3rdbyte  |4th byte Normal 4dvanced
Register indirect JMP @ERnN 5 9 Oierni 0 2
Absolute address JMP @aa:24 5 A abs 3
Memory indirect JMP @@aa:8 5 B abs ‘ ‘ 4 ‘ 5
Notes

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

Ensure that the branch destination address is even.
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2.2.34 JSR

JSR (Jump to SubRoutine) Jump to Subroutine
Operation Condition Code
PC- @-SP | UHUN Z V C

Effective address> PC

Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.

Assembly-Language Format
JSR < EA>

Operand Size

Description

This instruction pushes the program counter onto the stack as a return address, then branches
specified effective address. The program counter value pushed onto the stack is the address o
instruction following the JSR instruction.

Available Registers
ERn: ERO to ER7Y

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of States
Mod Mnemonic | Operands
ode 1stbyte | 2nd byte |3rd byte |4th byte Normal Advanced
Register indirect JSR @ERnN 5 D Oierni 0 3 4
Absolute address JSR @aa:24 5 E abs 4 5
Memory indirect JSR @@aa:8 5 F abs ‘ ‘ 4 6
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JSR (Jump to SubRoutine) Jump to Subroutine

Notes

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

Ensure that the branch destination address is even.

/_\/
N
Reserved
PC | | | = PC | | | =
23 16 15 87 0 23 16 15 87 0
Normal mode Advanced mode
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2.2.35(1) LDC (B)

LDC (LoaD to Control register)

Load CCR

Operation

<EAs> -, CCR

Assembly-Language Format
LDC.B <EAs>, CCR

Condition Code

| UHUN ZV C
Lelefefefefelefe]

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 source operand.
Byte 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

This instruction loads the source operand contents into the condition-code register (CCR).

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

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 istbyte | 2ndbyte | 3rdbyte |4th byte States
Immediate LDC.B #xx:8,CCR| 0 7 IMM 1
Register direct LDC.B Rs,CCR | 0 3 0 s 1

Notes
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2.2.35(2) LDC (B)

LDC (LoaD to Control register) Load EXR
Operation Condition Code
<EAs> - EXR I UU H UN Z V C

Assembly-Language Format H: Previous value remains unchanged.

LDC.B < EAs>, EXR N: Prev!ous value rema!ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Byte

Description

This instruction loads the source operand contents into the extended control register (EXR).

No interrupt requests, including NMI, are accepted for three states after execution of this
instruction.

Available Registers
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing i Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte |4th byte States
Immediate LDC.B #xx:8, EXR| O 1 4 1 0 7 IMM 2
Register direct LDC.B Rs, EXR 0 3 1 rs 1
Notes
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2.2.35(3) LDC (W)

LDC (LoaD to Control register)

Load CCR

Operation
(EAs) - CCR

Condition Code

| UHUN ZV C
Lelefefefefelefe]

Assembly-Language Format
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

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

Word
source operand.
V: Loaded from the corresponding bit in the
source operand.
C:. Loaded from the corresponding bit in the
source operand.
Description

This instruction loads the source operand contents into the condition-code register (CCR).
Although CCR is a byte register, the source operand is word size. The contents of the even ad

are loaded into CCR.

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

Available Registers
ERs: ERO to ER7
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Load CCR
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2.2.35(4) LDC (W)

LDC (LoaD to Control register) Load EXR
Operation Condition Code
(EAs) - EXR I UU H UN Z V C

Assembly-Language Format H: Previous value remains unchanged.

LDC.W <EAs>, EXR N: Prev!ous value rema!ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Word

Description

This instruction loads the source operand contents into the extended control register (EXR).
Although EXR is a byte register, the source operand is word size. The contents of the even adc
are loaded into EXR.

No interrupt requests, including NMI, are accepted for three states after execution of this
instruction.

Available Registers
ERs: ERO to ER7
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Load EXR
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2.2.36 LDM

LDM (LoaD to Multiple registers) Restore Data from Stack
Operation Condition Code
@SP+- ERnN (register list) | UU HUN Z V C

Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.

Assembly-Language Format
LDM.L @SP+, <register list>

Operand Size
Longword

Description

This instruction restores data saved on the stack to a specified list of registers. Registers are
restored in descending order of register number.

Two, three, or four registers can be restored by one LDM instruction. The following ranges can
specified in the register list.

Two registers: ERO0-ER1, ER2-ER3, ER4-ER5, or ER6-ER7
Three registers: ERO-ER2 or ER4-ER6
Four registers: ERO-ER3 or ER4-ER7

Available Registers
ERn: ERO to ER7
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LDM (LoaD to Multiple registers) Restore Data from Stack

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
@SP+,
— LDM.L (ERN—ERnN+1) 0 1 1 0 6 D 7 Oiern+l 7
@SP+,
LDM.L (ERN-ERn+2) 0 1 2 0 6 D 7 Oiern+2 9
@SP+,
LDM.L (ERN-ERN+3) 0 1 3 0 6 D 7 Oiern+3 11
Notes
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2.2.37 LDMAC

LDMAC (LoaD to MAC register) Load MAC Register

Operation Condition Code

ERs - MACH | UHUNZVC

or

oRs. MACL (=== ===

Assembly-Language Format H: Prev?ous value rema?ns unchanged.

LDMACERS, MAC register N: Prev!ous value remains unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Longword

Description

This instruction moves the contents of a general register to a multiply-accumulate register (MA
or MACL). If the transfer is to MACH, only the lowest 10 bits of the general register are
transferred.

Supported only by the H8S/2600 CPU.

Available Registers
ERs: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte |3rdbyte |4th byte States
Register direct LDMAC |ERs, MACH| O 3 2 iOiers 2*
Register direct LDMAC |ERs,MACL| O 3 3 0iers 2%

Note: * A maximum of three additional states are required for execution of this instruction within three states
after execution of a MAC instruction. For example, if there is a one-state instruction (such as NOP)
between the MAC instruction and this instruction, this instruction will be two states longer.

Notes
Execution of this instruction clears the overflow flag in the multiplier to 0.
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2.2.38 MAC

MAC (Multiply and ACcumulate) Multiply and Accumulate
Operation Condition Code
(EAN) x (EAm) + MAC register— | U H UN Z V C

MAC register
ERn +2- ERn
ERm +2- ERm

Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.

Assembly-Language Format
MAC @ERNn+, @ERmM+

Operand Size

Description

This instruction performs signed multiplication on two 16-bit operands at addresses given by t
contents of general registers ERn and ERm, adds the 32-bit product to the contents of the MA
register, and stores the sum in the MAC register. After this operation, ERn and ERm are both
incremented by 2.

The operation can be carried out in saturating or non-saturating mode, depending on the MAC
bit in a system control register. (SYSCR)

See the relevant hardware manual for further information.

In non-saturating mode, MACH and MACL are concatenated to store a 42-bit result. The valu
bit 41 is copied into the upper 22 bits of MACH as a sign extension.

In saturating mode, only MACL is valid, and the result is limited to the range from H'80000000
(minimum value) to H'7FFFFFFF (maximum value). If the result overflows in the negative
direction, H'80000000 (the minimum value) is stored in MACL. If the result overflows in the
positive direction, H'7FFFFFFF (the maximum value) is stored in MACL. The LSB of the MAC
register indicates the status of the overflow flag (V-MULT) in the multiplier. Other bits retain
their previous contents.

This instruction is supported only by the H8S/2600 CPU.
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MAC (Multiply and ACcumulate) Multiply and Accumulate

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
+
indirect with mac | @ERM. 0 1 6 0 6 D [0iem 0 em| 4
. @ERM+
post-increment

Notes

1.

Flags (N, Z, V) indicating the result of the MAC instruction can be set in the condition-code

register (CCR) by the STMAC instruction.

If ERn and ERm are the same register, the execution addresses are ERn and ERn + 2. Aft
execution, the value of ERn is ERn + 4.

If MACS is modified during execution of a MAC instruction, the result cannot be guaranteec
It is essential to wait for at least three states after a MAC instruction before modifying MACE

Further Explanation of Instructions Using Multiplier

1.

Modification of flags

The multiplier has N-MULT, Z-MULT, and V-MULT flags that indicate the results of MAC
instructions. These flags are separated from the condition-code register (CCR). The values
these flags can be setin the N, Z, and V flags of the CCR only by the STMAC instruction.

N-MULT and Z-MULT are modified only by MAC instructions. V-MULT retains a value
indicating whether an overflow has occurred in the past, until it is cleared by execution of thi
CLRMAC or LDMAC instruction.

The setting and clearing conditions for these flags are given below.
¢« N-MULT (negative flag)

Saturating mode Set when bit 31 of register MACL is set to 1 by execution of a
MAC instruction

Cleared when bit 31 of register MACL is cleared to 0 by execution
of a MAC instruction

Non-saturating mode | Set when bit 41 of register MACH is set to 1 by execution of a
MAC instruction

Cleared when bit 41 of register MACH is cleared to 0 by execution
of a MAC instruction

Rev. 3.0, 07/00, page 132 of 320

RENESAS



MAC (Multiply and ACcumulate) Multiply and Accumulate

e Z-MULT (zero flag)

Saturating mode

Set when register MACL is cleared to 0 by execution of a MAC
instruction

Cleared when register MACL is not cleared to 0 by execution of a
MAC instruction

Non-saturating mode

Set when registers MACH and MACL are both cleared to 0 by
execution of a MAC instruction

Cleared when register MACH or MACL is not cleared to 0 by
execution of a MAC instruction

¢ V-MULT (overflow flag)

Saturating mode

Set when the result of the MAC instruction overflows the range
from H'80000000 (minimum) to H'7FFFFFFF (maximum)

Cleared when a CLRMAC or LDMAC instruction is executed

Note: Not cleared when the result of the MAC instruction is within
the above range

Non-saturating mode

Set when the result of the MAC instruction overflows the range
from H'20000000000 (minimum) to H'1FFFFFFFFFF (maximum)

Cleared when a CLRMAC or LDMAC instruction is executed

Note: Not cleared when the result of the MAC instruction is within
the above range

The N-MULT, Z-MULT, and V-MULT flags are not modified by switching between

saturating and non-saturating modes, or by execution of a multiply instruction (MULXU

MULXS).
2. Example
CLRMAC
MAC @ER1+ @ER2+
MAC @ER1+ @ER2+

MAC @ER1+ @ER2+
NOP

STMAC MACH,ER3
CLRMAC

STMAC MACH,ER3

00 Overflow occurs

~00 Result=0

~00 CCR(N=0,Z=1,V=1)

~00 CCR(N=0,Z=1,V=0)
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2.2.39 (1) MOV (B)

MOV (MOVe data) Move

Operation Condition Code

Rs- Rd | UHUNZV C
(===l [o]-]

Assembly-Language Format H: Previous value remains unchanged.

N: Setto 1 if the transferred data is negative;
otherwise cleared to O.

Z. Setto 1 if the transferred data is zero;
otherwise cleared to O.

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.

MOV.B Rs, Rd

Byte

Description

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

Available Registers

Rs: ROL to R7L, ROH to R7H
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 | 3rdbyte  |4th byte States
Register direct MOV.B Rs, Rd 0 C|rs 1
Notes
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2.2.39(2) MOV (W)

MOV (MOVe data) Move

Operation Condition Code

Rs- Rd | UHUNZ V C
(===l [o]-]

Assembly-Language Format H: Previous value remains unchanged.

N: Setto 1 if the transferred data is negative;
otherwise cleared to O.

Z. Setto 1 if the transferred data is zero;
otherwise cleared to O.

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.

MOV.WRs, Rd

Word

Description

This instruction transfers one word of data from a 16-bit register Rs to a 16-bit register Rd, tes
the transferred data, and sets condition-code flags according to the result.

Available Registers

Rd: ROto R7, EO to 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 | 3rdbyte |4th byte States
Register direct MOV.W Rs, Rd 0 D |rs 1
Notes
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2.2.39 (3) MOV (L)

MOV (MOVe data) Move

Operation Condition Code

ERs - ERd | UHUNZV C
(===l [o]-]

Assembly-Language Format H: Previous value remains unchanged.

N: Setto 1 if the transferred data is negative;
otherwise cleared to O.

Z. Setto 1 if the transferred data is zero;
otherwise cleared to O.

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.

MOV.L ERs, ERd

Longword

Description

This instruction transfers one word of data from 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: ERO to ER7

Operand Format and Number of States Required for Execution

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

MOV (MOVe data) Move

Operation Condition Code

(EAs) - Rd Il U HUN Z V C
= ===l efe]o /-]

Assembly-Language Format H: Previous value remains unchanged.

N: Setto 1 if the transferred data is negative;
otherwise cleared to O.

Z. Setto 1 if the transferred data is zero;
otherwise cleared to O.

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.

MOV.B <EAs>, Rd

Byte

Description

This instruction transfers the source operand contents to an 8-bit register Rd, tests the transfe
data, and sets condition-code flags according to the result.

Available Registers

Rd: ROL to R7L, ROH to R7H
ERs: ERO to ER7
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2.2.39 (5) MOV (W)

MOV (MOVe data) Move

Operation Condition Code

(EAs) - Rd Il U HUN Z V C
= ===l efe]o /-]

Assembly-Language Format H: Previous value remains unchanged.

N: Setto 1 if the transferred data is negative;
otherwise cleared to O.

Z. Setto 1 if the transferred data is zero;
otherwise cleared to O.

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.

MOV.W<EAs>, Rd

Word

Description

This instruction transfers the source operand contents to a 16-bit register Rd, tests the transfe
data, and sets condition-code flags according to the result.

Available Registers

Rd: ROto R7, EOto E7
ERs: ERO to ER7
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2.2.39 (6) MOV (L)

MOV (MOVe data) Move

Operation Condition Code

(EAs) - ERd I U H UN Z V C
= ===l efe]o /-]

Assembly-Language Format H: Previous value remains unchanged.

N: Setto 1 if the transferred data is negative;
otherwise cleared to O.

Z. Setto 1 if the transferred data is zero;
otherwise cleared to O.

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.

MOV.L <EAs>, ERd

Longword

Description

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

/_\_/
MSB «— EA

v , T

ERd | Ed R&H | RdL |

Available Registers

ERs: ERO to ER7
ERd: ERO to ER7
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2.2.39 (7) MOV (B)

MOV (MOVe data) Move

Operation Condition Code

Rs - (EAd) I U H UN Z V C
= ===l efe]o /-]

Assembly-Language Format H: Previous value remains unchanged.

N: Setto 1 if the transferred data is negative;
otherwise cleared to O.

Z. Setto 1 if the transferred data is zero;
otherwise cleared to O.

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.

MOV.B Rs, <EAd>

Byte

Description

This instruction transfers the contents of an 8-bit register Rs (source operand) to a destination
location, tests the transferred data, and sets condition-code flags according to the result.

Available Registers

Rs: ROL to R7L, ROH to R7H
ERd: ERO to ERY
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2.2.39 (8) MOV (W)

MOV (MOVe data) Move

Operation Condition Code

Rs - (EAd) I U H UN Z V C
= ===l efe]o /-]

Assembly-Language Format H: Previous value remains unchanged.

N: Setto 1 if the transferred data is negative;
otherwise cleared to O.

Z. Setto 1 if the transferred data is zero;
otherwise cleared to O.

Operand Size V: Always cleared to 0.

Word C: Previous value remains unchanged.

MOV.WRs, <EAd>

Description

This instruction 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 result.

Available Registers

Rs: ROtoR7,EOto E7
ERd: ERO to ER7
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2.2.39 (9) MOV (L)

MOV (MOVe data) Move

Operation Condition Code

ERs - (EAd) I U H UN Z V C
= ===l efe]o /-]

Assembly-Language Format H: Previous value remains unchanged.

N: Setto 1 if the transferred data is negative;
otherwise cleared to O.

Z. Setto 1 if the transferred data is zero;
otherwise cleared to O.

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.

MOV.L ERs, <EAd>

Longword

Description

This instruction transfers the contents of a 32-bit register ERs (source operand) to a destinatic
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.
general register (Rs) contents are stored at the next word.

/_\_/
> MSB +— EA

ERs | Es RsH [ RsL |

Available Registers

ERs: ERO to ER7
ERd: ERO to ER7
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2.240 MOVFPE

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

(EAs) - Rd Il U HUN Z V C
Synchronized with E clock |_‘_‘_‘_‘ I‘ I‘O‘—|
Assembly-Language Format H: Previous value remains unchanged.

N: Setto 1 if the transferred data is negative;
otherwise cleared to O.

Z. Setto 1 if the transferred data is zero;
otherwise cleared to O.

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.

MOVFPE@aa:16, Rd

Byte

Description

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

Note: Avoid using this instruction in microcontrollers without 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 istbyte | 2ndbyte | 3rdbyte |4th byte States
Absolute address| MOVFPE | @aa:16,Rd| 6 A 4 rd abs *

Note: * For details, refer to the relevant microcontroller hardware manual.

Notes

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

2. The number of states required for execution is variable. For details, refer to the relevant
microcontroller hardware manual.
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2.241 MOVTPE

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

Rs - (EAd) I U H UN Z V C
Synchronized with E clock |_‘_‘_‘_‘ I‘ I‘O‘—|
Assembly-Language Format H: Previous value remains unchanged.

N: Setto 1 if the transferred data is negative;
otherwise cleared to O.

Z. Setto 1 if the transferred data is zero;
otherwise cleared to O.

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.

MOVTPERSs, @aa:16

Byte

Description

This instruction transfers the contents of a general register Rs (source operand) to a destinatio
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 this instruction in microcontrollers without 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 | 2ndbyte | 3rdbyte |4th byte States
Absolute address| MOVTPE |Rs, @aa:16| 6 A C rs abs *

Note: * For details, refer to the relevant microcontroller hardware manual.

Notes

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

2. The number of states required for execution is variable. For details, refer to the relevant
microcontroller hardware manual.
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2.2.42 (1) MULXS (B)

MULXS (MULtiply eXtend as Signed)

Multiply Signed

Operation
Rdx Rs - Rd

Condition Code

Assembly-Language Format
MULXS.B Rs, Rd

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

cleared to 0.
Z: Setto 1 if the result is zero; otherwise
Operand Size cleared to 0.
Byte V: Previous value remains unchanged.
C: Previous value remains unchanged.
Description

This instruction 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 1
register Rd. If Rd is one of general registers RO to R7, Rs can be the upper part (RdH) or lowe
part (RdL) of Rd. The operation performed is 8 Bi& bits » 16 bits signed multiplication.

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

Available Registers

Rd: RO to 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 istbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct | MULXS.B | Rs, Rd 0o 1| c 0|5 {0 |rs 4

Note: * The number of states in the H8S/2000 CPU is 13.

A maximum of three additional states are required for execution of this instruction within three states
after execution of a MAC instruction. For example, if there is a one-state instruction (such as NOP)
between the MAC instruction and this instruction, this instruction will be two states longer.

Notes
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2.2.42 (2) MULXS (W)

MULXS (MULtiply eXtend as Signed)

Multiply Signed

Operation
ERdx Rs -~ ERd

Assembly-Language Format
MULXS.WRs, ERd

Condition Code

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

cleared to 0.
Z: Setto 1 if the result is zero; otherwise
Operand Size cleared to 0.
Word V: Previous value remains unchanged.
C: Previous value remains unchanged.
Description

This instruction 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

register ERd. Rs can be the upper part (Ed) or
16 bitsx 16 bits - 32 bits signed multiplication.

lower part (Rd) of ERd. The operation performe

ERd Rs ERd
Don't care | Multiplicand ‘ X ‘ Multiplier ‘ - ‘ Product
16 bits 16 bits 32 bits
Available Registers
ERd: ERO to ER7
Rs: ROtoR7,EOto 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 MULXS.W | Rs, ERd 0 i1

cC i 0o | 5 2 | rs 0ed| 5*

Note: * The number of states in the H8S/2000 CPU is 21.

A maximum of three additional states are required for execution of this instruction within three states
after execution of a MAC instruction. For example, if there is a one-state instruction (such as NOP)
between the MAC instruction and this instruction, this instruction will be two states longer.

Notes
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2.2.43 (1) MULXU (B)

MULXU (MULtiply eXtend as Unsigned) Multiply
Operation Condition Code
RdxRs - Rd | UHUNZVC

Assembly-Language Format

H: Previous value remains unchanged.
MULXU.B Rs, 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

This instruction 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 unsigned data and stores the result in the
register Rd. If Rd is one of general registers RO to R7, Rs can be the upper part (RdH) or lowe
part (RdL) of Rd. The operation performed is 8 Bi& bits » 16 bits unsigned multiplication.

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

Available Registers

Rd: RO to R7, EO to 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 istbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct | MULXUB | Rs, Rd 5 0 0 | rs | rd 3

Note: * The number of states in the H8S/2000 CPU is 12.
A maximum of three additional states are required for execution of this instruction within three states
after execution of a MAC instruction. For example, if there is a one-state instruction (such as NOP)
between the MAC instruction and this instruction, this instruction will be two states longer.

Notes
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2.2.43(2) MULXU (W)

MULXU (MULtiply eXtend as Unsigned) Multiply
Operation Condition Code
ERdx Rs - ERd | UHUNZVC

Assembly-Language Format

H: Previous value remains unchanged.
MULXU.WRs, ERd N: Previous value remains unchanged.
Z: Previous value remains unchanged.
- V: Previous value remains unchanged.
Operand Size C: Previous value remains unchanged.
Word
Description

This instruction 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 unsigned data and stores the result in the
register ERd. Rs can be the upper part (Ed) or lower part (Rd) of ERd. The operation performe
16 bitsx 16 bits— 32 bits unsigned multiplication.

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

Available Registers

ERd: ERO to ER7
Rs: ROto R7,EOto E7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte  |4th byte States
Register direct | MULXUW | Rs,ERd | 5 | 2 | rs [0erd 4*

Note: * The number of states in the H8S/2000 CPU is 20.

A maximum of three additional states are required for execution of this instruction within three states
after execution of a MAC instruction. For example, if there is a one-state instruction (such as NOP)
between the MAC instruction and this instruction, this instruction will be two states longer.

Notes
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2.2.44 (1) NEG (B)

NEG (NEGate)

Negate Binary Signed

Operation
0-Rd- Rd

Assembly-Language Format
NEG.B Rd

Operand Size
Byte

Condition Code

| UHUN Z V C
(== e [=e oo ]

H: Setto 1 if there is a borrow at bit 3;
otherwise cleared to O.

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

Z: Setto 1 if the result is zero; otherwise
cleared to O.

V: Setto 1 if an overflow occurs; otherwise
cleared to O.

C:. Setto 1 if there is a borrow at bit 7;
otherwise cleared to 0.

Description

This instruction takes the two’s complement of the contents of an 8-bit register Rd (destinatior
operand) and stores the result in the 8-bit register Rd (subtracting the register contents from F
If the original contents of Rd were 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 istbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct NEG.B Rd 107 8 | d 1
Notes

An overflow occurs if the original contents of Rd were H'80.
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2.2.44 (2) NEG (W)

NEG (NEGate) Negate Binary Signed
Operation Condition Code
0-Rd- Rd | UHUNZ V C
==l l=falefa]s]
Assembly-Language Format H: Setto 1 if there is a borrow at bit 11,
otherwise cleared to 0.
NEG.W Rd . . . .
N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
Operand Size cleared to 0.
V: Setto 1 if an overflow occurs; otherwise
Word
cleared to O.
C: Setto 1 if thereis a borrow at bit 15;
otherwise cleared to 0.
Description

This instruction 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 were H'8000, however, the result remains H'8000.

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte  |4th byte States
Register direct NEG.W Rd 1 7 9 rd 1
Notes

An overflow occurs if the original contents of Rd were H'8000.
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2.2.44 (3) NEG (L)

NEG (NEGate)

Negate Binary Signed

Operation
0 - ERd- ERd

Condition Code

| UHUN Z V C
(== e [=e oo ]

Assembly-Language Format
NEG.L ERd

H: Setto 1 if there is a borrow at bit 27;
otherwise cleared to O.

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

Z: Setto 1 if the result is zero; otherwise

Operand Size
Longword

cleared to O.

V: Setto 1 if an overflow occurs; otherwise
cleared to O.

C: Setto 1 if there is a borrow at bit 31;
otherwise cleared to 0.

Description

This instruction takes the two’s complement of the contents of a 32-bit register ERd (destinatic
operand) and stores the result in the 32-bit register ERd (subtracting the register contents fror
H'00000000). If the original contents of ERd were H'80000000, however, the result remains

H'80000000.

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct NEG.L ERd 1 7 B O erd 1
Notes

An overflow occurs if the original contents of ERd were H'80000000.
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2.245 NOP

NOP (No OPeration) No Operation
Operation Condition Code
PC+2- PC | UH UN Z V C

Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.

Assembly-Language Format
NOP

Operand Size

Description

This instruction only increments the program counter, causing the next instruction to be execut
The internal state of the CPU does not change.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte  |4th byte States
— NOP 0 0 0 0 1
Notes
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2.2.46 (1) NOT (B)

NOT (NOT = logical complement) Logical Complement
Operation Condition Code
- Rd- Rd I UU HUN Z V C
(===l [o]-]
Assembly-Language Format H: Previous value remains unchanged.
NOT.B Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Previous value remains unchanged.
Byte
Description

This instruction takes the one’s complement of the contents of an 8-bit register Rd (destinatiol
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 | 3rdbyte |4th byte States
Register direct NOT.B Rd 1 7 0 rd 1
Notes
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2.2.46 (2) NOT (W)

NOT (NOT = logical complement) Logical Complement
Operation Condition Code
- Rd- Rd I UU HUN Z V C
(===l [o]-]
Assembly-Language Format H: Previous value remains unchanged.
NOT.W Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Previous value remains unchanged.
Word
Description

This instruction 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: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Register direct NOT.W Rd 1 7 1 rd 1
Notes
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2.2.46 (3) NOT (L)

NOT (NOT = logical complement) Logical Complement
Operation Condition Code
- ERd - ERd | UHUNZ V C
(===l [o]-]
Assembly-Language Format H: Previous value remains unchanged.
NOT.L ERd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Previous value remains unchanged.
Longword
Description

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

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte |4th byte States
Register direct NOT.L ERd 17 | 3 [olerd 1
Notes
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2.2.47 (1) OR (B)

OR (inclusive OR logical)

Logical OR

Operation
RdO(EAs) - Rd

Assembly-Language Format
OR.B < EAs>, Rd

Operand Size
Byte

Condition Code

| U HUN Z V C
(=== —f:[¢ 0]~

H: Previous value remains unchanged.

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

Z: Setto 1 if the result is zero; otherwise
cleared to 0.

V: Always cleared to O.

C: Previous value remains unchanged.

Description

This instruction ORs the source operand with 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

Instruction Format

Addressing ) No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Immediate OR.B #xx:8, Rd C rd IMM 1
Register direct OR.B Rs, Rd 1 4 rs rd 1

Notes
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2.2.47 (2) OR (W)

OR (inclusive OR logical)

Logical OR

Operation
RdO(EAs) - Rd

Assembly-Language Format
OR.W <EAs>, Rd

Operand Size
Word

Condition Code

| U HUN Z V C
(=== =[]0l

H: Previous value remains unchanged.

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

Z: Setto 1 if the result is zero; otherwise
cleared to 0.

V: Always cleared to O.

C: Previous value remains unchanged.

Description

This instruction ORs the source operand with 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, EO to E7
Rs: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing i Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte ‘4th byte States
Immediate OR.W #xx:16, Rd 7 9 4 rd IMM 2
Register direct OR.W Rs, Rd 6 4 rs rd ‘ 1
Notes
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2.2.47 (3) OR (L)

OR (inclusive OR logical) Logical OR
Operation Condition Code
ERdO (EAS) -~ ERd | U H U N Z V C
(===l [o]-]
Assembly-Language Format H: Previous value remains unchanged.
OR.L < EAs>, ERd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Previous value remains unchanged.
Longword
Description

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

Available Registers

ERd: ERO to ER7
ERs: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mod Mnemonic | Operands
ode 1st byte |2nd byte |[3rd byte }Ath byte #th byte qkh byte States
Immediate OR.L #xx:32, ERd| 7 A 4 Oierd IMM 3
Register direct ORL |ERs,ERd | 0 | 1 | F i 0 |6 | 4 ‘oﬁersﬁoﬁerd‘ ‘ 2
Notes

Rev. 3.0, 07/00, page 164 of 320
RENESAS



2.2.48 (1) ORC

ORC (inclusive OR Control register) Logical OR with CCR
Operation Condition Code

Lelefelefefele]]

Assembly-Language Format Stores the corresponding bit of the result.

K
ORC #xx:8, CCR Ul: Stores the correspondi_ng bi_t of the result.
H: Stores the corresponding bit of the result.
U: Stores the corresponding bit of the result.
N: Stores the corresponding bit of the result.
Operand Size Z: Stores the corresponding bit of the result.
Byte V: Stores the corresponding bit of the result.
C. Stores the corresponding bit of the result.
Description

This instruction ORs the contents of the condition-code register (CCR) with immediate data ar
stores the result in the condition-code register. No interrupt requests, including NMI, are acce|
immediately after execution of this instruction.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte |4th byte States
Immediate ORC  |#xx8,CCR| 0 | 4 IMM 1
Notes
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2.2.48 (2) ORC

ORC (inclusive OR Control register) Logical OR with EXR
Operation Condition Code
EXRO#IMM - EXR | U HUN 2z V C

Assembly-Language Format H: Stores the corresponding bit of the result.

ORC #xx:8, EXR N: Stores the correspond!ng b!t of the result.
Z: Stores the corresponding bit of the result.
V. Stores the corresponding bit of the result.
C. Stores the corresponding bit of the result.

Operand Size

Byte

Description

This instruction ORs the contents of the extended control register (EXR) with immediate data a
stores the result in the extended control register. No interrupt requests, including NMI, are

accepted for three states after execution of this instruction.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Immediate ORC |#xx8EXR| 0 ' 1 | 4 | 1 | 0 4 IMM 2
Notes
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2.2.49 (1) POP (W)

POP (POP data) Pop Data from Stack

Operation Condition Code

@SP+- Rn | UH UN Z V C
(=== =[]0l

Assembly-Language Format H: Previous value remains unchanged.

N: Setto 1 if the transferred data is negative;
otherwise cleared to O.

Z. Setto 1 if the transferred data is zero;
otherwise cleared to O.

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.

POP.W Rn

Word

Description

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

Available Registers
Rn: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte |4th byte States
— POP.W Rn 6 | D 7 0 m 3
Notes

POP.W Rn is identical to MOV.W @SP+, Rn.
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2.2.49 (2) POP (L)

POP (POP data) Pop Data from Stack

Operation Condition Code

@SP+- ERn | UH UN Z V C
(=== —f:[¢ 0]~

Assembly-Language Format H: Previous value remains unchanged.

N: Setto 1 if the transferred data is negative;
otherwise cleared to O.

Z. Setto 1 if the transferred data is zero;
otherwise cleared to O.

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.

POP.L ERnN

Longword

Description

This instruction restores data from the stack to a 32-bit general register ERn, tests the restorec
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 | 3rdbyte  |4th byte States
— POP.L ERn 0 1|0 0| 6  D| 7 [0en| 5
Notes

POP.L ERn is identical to MOV.L @SP+, ERnN.
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2.2.50 (1) PUSH (W)

PUSH (PUSH data)

Push Data on Stack

Operation
Rn - @-SP

Condition Code

| U HUN Z V C
(=== =[]0l

Assembly-Language Format
PUSH.W Rn

H: Previous value remains unchanged.

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

Z: Setto 1 if the transferred data is zero;
otherwise cleared to 0.

Operand Size
Word

V: Always cleared to O.
C: Previous value remains unchanged.

Description

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

Available Registers
Rn: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte |4th byte States
- PUSH.W RN 6 D | F m 3
Notes

1. PUSH.W Rn is identical to MOV.W Rn, @-SP.

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

value after effective address calculation (after ER7 is decremented by 2).
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2.2.50 (2) PUSH (L)

PUSH (PUSH data) Push Data on Stack

Operation Condition Code

ERn - @-SP | UH UN Z V C
(=== —f:[¢ 0]~

Assembly-Language Format H: Previous value remains unchanged.

N: Setto 1 if the transferred data is negative;
otherwise cleared to O.

Z. Setto 1 if the transferred data is zero;
otherwise cleared to O.

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.

PUSH.L ERn

Longword

Description

This instruction pushes data from a 32-bit register ERn onto the stack, tests the saved data, an
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 | 2ndbyte | 3rdbyte |4th byte States
— PUSH.L ERn o 1]0 0|6 D|F 0em 5
Notes

1. PUSH.L ERn is identical to MOV.L ERn, @-SP.

2. When PUSH.L ER7 is executed, the value saved on the stack is the ER7 value after effecti
address calculation (after ER7 is decremented by 4).
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2.2.51 (1) ROTL (B)

ROTL (ROTate Left) Rotate
Operation Condition Code
Rd (Ieft rotation)_> Rd l UU H UN Z V C
(= ===l [:]o]:]
Assembly-Language Format H: Previous value remains unchanged.
ROTLB Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 7.
Byte
Description

This instruction rotates the bits in an 8-bit register Rd (destination operand) one bit to the left.
most significant bit (bit 7) is rotated to the least significant bit (bit 0), and also copied to the ca
flag.

MSB LSB

C b7 b0

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 | 3rdbyte |4th byte States
Register direct ROTL.B Rd 1 2 8 rd 1
Notes
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2.2.51(2) ROTL (B)

ROTL (ROTate Left) Rotate
Operation Condition Code
Rd (Ieft rotation)_> Rd l UU H UN Z V C
(= ===l :]o]:]
Assembly-Language Format H: Previous value remains unchanged.
ROTL.B #2, Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 6.
Byte
Description

This instruction rotates the bits in an 8-bit register Rd (destination operand) two bits to the left.
The most significant two bits (bits 7 and 6) are rotated to the least significant two bits (bits 1 an

0), and bit 6 is also copied to the carry flag.

MSB LSB

C b7 b6 bl boO

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 | 3rdbyte  |4th byte States
Register direct ROTL.B #2, Rd 11 2 c | 1
Notes
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2.2.51 (3) ROTL (W)

ROTL (ROTate Left)

Rotate

Operation
Rd (left rotation)— Rd

Condition Code

| U HUN Z V C
(=== —f:fe]o]:]

Assembly-Language Format
ROTL.W Rd

H: Previous value remains unchanged.

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

Z. Setto 1 if the result is zero; otherwise
cleared to O.

Operand Size
Word

V: Always cleared to O.
C: Receives the previous value in bit 15.

Description

This instruction rotates the bits in a 16-bit register Rd (destination operand) one bit to the left.
most significant bit (bit 15)is rotated to the least significant bit (bit 0), and also copied to the ce

flag.

MSB

LSB

C b15

b0

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte |4th byte States
Register direct ROTL.W Rd 112 9 1
Notes
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2.2.51 (4) ROTL (W)

ROTL (ROTate Left)

Rotate

Operation
Rd (left rotation)— Rd

Condition Code

| U HUN Z V C
(=== —f:[e]o]:]

Assembly-Language Format
ROTL.W #2, Rd

H: Previous value remains unchanged.

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

Z. Setto 1 if the result is zero; otherwise
cleared to O.

Operand Size
Word

V: Always cleared to O.
C: Receives the previous value in bit 14.

Description

This instruction rotates the bits in a 16-bit register Rd (destination operand) two bits to the left.
The most significant two bits (bits 15 and 14) are rotated to the least significant two bits (bits 1
and 0), and bit 14 is also copied to the carry flag.

MSB

LSB

C b15 bi4

bl boO

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Register direct ROTL.W #2, Rd 11 2 D | r 1

Notes
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2.2.51(5) ROTL (L)

ROTL (ROTate Left)

Rotate

Operation
ERd (left rotation)-» ERd

Condition Code

| U HUN Z V C
(=== —f:fe]o]:]

Assembly-Language Format
ROTL.L ERd

H: Previous value remains unchanged.

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

Z. Setto 1 if the result is zero; otherwise
cleared to O.

Operand Size
Longword

V: Always cleared to O.
C: Receives the previous value in bit 31.

Description

This instruction rotates the bits in a 32-bit register ERd (destination operand) one bit to the lef
The most significant bit (bit 31) is rotated to the least significant bit (bit 0), and also copied to t

carry flag.

MSB

LSB

C b31

b0

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte |4th byte States
Register direct ROTL.L ERd 1 2 | B 0ed 1
Notes
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2.2.51 (6) ROTL (L)

ROTL (ROTate Left) Rotate
Operation Condition Code
ERd (left rotation)-» ERd | U HUN Z V C
(= ===l :]o]:]
Assembly-Language Format H: Previous value remains unchanged.
ROTL.L #2, ERd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 30.
Longword
Description

This instruction rotates the bits in a 32-bit register ERd (destination operand) two bits to the left
The most significant two bits (bits 31 and 30) are rotated to the least significant two bits (bits 1
and 0), and bit 30 is also copied to the carry flag.

MSB LSB

C b31 b30 bl boO

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Register direct ROTLL | #,ERd | 1 | 2 | F [0led 1
Notes
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2.2.52 (1) ROTR (B)

ROTR (ROTate Right) Rotate
Operation Condition Code
Rd (right rotation)- Rd | UU HUN Z V C
(= ===l [:]o]:]
Assembly-Language Format H: Previous value remains unchanged.
ROTR.B Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 0.
Byte
Description

This instruction rotates the bits in an 8-bit register Rd (destination operand) one bit to the righ
The least significant bit (bit 0) is rotated to the most significant bit (bit 7), and also copied to th
carry flag.

MSB LSB

b7 b0 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 | 3rdbyte |4th byte States
Register direct ROTR.B Rd 1 3 8 rd 1
Notes
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2.252(2) ROTR (B)

ROTR (ROTate Right) Rotate
Operation Condition Code
Rd (right rotation)- Rd | U HUN Z V C
(= ===l :]o]:]
Assembly-Language Format H: Previous value remains unchanged.
ROTR.B #2, Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 1.
Byte
Description

This instruction rotates the bits in an 8-bit register Rd (destination operand) two bits to the right
The least significant two bits (bits 1 and 0) are rotated to the most significant two bits (bits 7 an

6), and bit 1 is also copied to the carry flag.

MSB LSB
b7 b6 bl 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 istbyte | 2ndbyte | 3rdbyte  |4th byte States
Register direct ROTR.B #2, Rd 1.3 C 1
Notes
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2.2.52(3) ROTR (W)

ROTR (ROTate Right)

Rotate

Operation
Rd (right rotation)- Rd

Condition Code

| U HUN Z V C
(=== —f:fe]o]:]

Assembly-Language Format
ROTR.WRd

H: Previous value remains unchanged.

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

Z. Setto 1 if the result is zero; otherwise
cleared to O.

Operand Size
Word

V: Always cleared to O.
C: Receives the previous value in bit 0.

Description

This instruction rotates the bits in a 16-bit register Rd (destination operand) one bit to the righ
The least significant bit (bit 0) is rotated to the most significant bit (bit 15), and also copied to t

carry flag.

MSB

LSB

b15

b0 C

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte |4th byte States
Register direct ROTR.W Rd 1 3 9 rd 1
Notes
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2.2.52 (4) ROTR (W)

ROTR (ROTate Right)

Rotate

Operation
Rd (right rotation)- Rd

Condition Code

| U HUN Z V C
(=== —f:[e]o]:]

Assembly-Language Format
ROTR.W#2, Rd

H: Previous value remains unchanged.

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

Z. Setto 1 if the result is zero; otherwise
cleared to O.

Operand Size
Word

V: Always cleared to O.
C: Receives the previous value in bit 1.

Description

This instruction rotates the bits in a 16-bit register Rd (destination operand) two bits to the right
The least significant two bits (bits 1 and 0) are rotated to the most significant two bits (bits 15 a
14), and bit 1 is also copied to the carry flag.

MSB

LSB

b15 bl4

bl bO C

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Register direct ROTR.W #2, Rd 11 3 D | rd 1

Notes
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2.2.52 (5) ROTR (L)

ROTR (ROTate Right)

Rotate

Operation
ERd (right rotation)- ERd

Condition Code

| U HUN Z V C
(=== —f:fe]o]:]

Assembly-Language Format
ROTR.L ERd

H: Previous value remains unchanged.

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

Z. Setto 1 if the result is zero; otherwise
cleared to O.

Operand Size
Longword

V: Always cleared to O.
C: Receives the previous value in bit 0.

Description

This instruction rotates the bits in a 32-bit register ERd (destination operand) one bit to the rig
The least significant bit (bit 0) is rotated to the most significant bit (bit 31), and also copied to t

carry flag.

MSB

LSB

b31

b0 C

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte |4th byte States
Register direct ROTR.L ERd 1|3 | B 0erd 1
Notes
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2.2.52(6) ROTR (L)

ROTR (ROTate Right) Rotate
Operation Condition Code
ERd (right rotation)- ERd | U HUN Z V C
(= ===l :]o]:]
Assembly-Language Format H: Previous value remains unchanged.
ROTR.L #2, ERd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 1.
Longword
Description

This instruction rotates the bits in a 32-bit register ERd (destination operand) two bits to the rigl
The least significant two bits (bits 1 and 0) are rotated to the most significant two bits (bits 31 a
30), and bit 1 is also copied to the carry flag.

MSB LSB

b31 b30 bl bO C

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Register direct ROTRL | #2,ERd | 1 | 3 | F [0erd 1
Notes
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2.2.53 (1) ROTXL (B)

ROTXL (ROTate with eXtend carry Left)

Rotate through Carry

Operation
Rd (left rotation through carry flag) Rd

Assembly-Language Format
ROTXL.B Rd

Operand Size
Byte

Condition Code

| U HUN Z V C
(=== —f:fe]o]:]

H: Previous value remains unchanged.

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

Z: Setto 1 if the result is zero; otherwise
cleared to 0.

V: Always cleared to O.

C: Receives the previous value in bit 7.

Description

This instruction rotates the bits in an 8-bit register Rd (destination operand) 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 (bit 7) rotates into the carry flag.

MSB LSB
C b7 b0
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 istbyte | 2nd byte | 3rd byte  |4th byte States
Register direct | ROTXL.B Rd 1.2 0 1
Notes
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2.2.53(2) ROTXL (B)

ROTXL (ROTate with eXtend carry Left)

Rotate through Carry

Operation
Rd (left rotation through carry flag) Rd

Assembly-Language Format
ROTXL.B #2, Rd

Operand Size
Byte

Condition Code

| U HUN Z V C
(=== —f:[e]o]:]

H: Previous value remains unchanged.

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

Z: Setto 1 if the result is zero; otherwise
cleared to 0.

V: Always cleared to O.

C: Receives the previous value in bit 6.

Description

This instruction rotates the bits in an 8-bit register Rd (destination operand) two bits to the left
through the carry flag. The carry flag rotates into bit 1, bit 7 rotates into bit 0, and bit 6 rotates i

the carry flag.

MSB LSB
C b7 b6 bl boO
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 istbyte | 2ndbyte | 3rdbyte  |4th byte States
Register direct | ROTXL.B | #2,Rd 1.2 | 4 1
Notes
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2.2.53 (3) ROTXL (W)

ROTXL (ROTate with eXtend carry Left)

Rotate through Carry

Operation
Rd (left rotation through carry flag) Rd

Assembly-Language Format
ROTXL.W Rd

Operand Size
Word

Condition Code

| U HUN Z V C
(=== —f:fe]o]:]

H: Previous value remains unchanged.

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

Z: Setto 1 if the result is zero; otherwise
cleared to 0.

V: Always cleared to O.

C: Receives the previous value in bit 15.

Description

This instruction rotates the bits in a 16-bit register Rd (destination operand) 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 (bit 15) rotates into the carry flag.

MSB LSB
C b15 b0
Available Registers
Rd: RO to R7, EO to E7
Operand Format and Number of States Required for Execution
Addressing . Instruction Format No. of
Mnemonic | Operands '
Mode 1stbyte | 2nd byte | 3rdbyte |4th byte States
Register direct ROTXL.W Rd 1 2 1 rd 1
Notes
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2.2.53 (4) ROTXL (W)

ROTXL (ROTate with eXtend carry Left)

Rotate through Carry

Operation
Rd (left rotation through carry flag) Rd

Assembly-Language Format
ROTXL.W #2, Rd

Operand Size
Word

Condition Code

| U HUN Z V C
(=== —f:[e]o]:]

H: Previous value remains unchanged.

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

Z: Setto 1 if the result is zero; otherwise
cleared to 0.

V: Always cleared to O.

C: Receives the previous value in bit 14.

Description

This instruction rotates the bits in a 16-bit register Rd (destination operand) two bits to the left
through the carry flag. The carry flag rotates into bit 1, bit 15 rotates into bit 0, and bit 14 rotate

into the carry flag.

MSB LSB
C bl5 bl4 bl bO
Available Registers
Rd: RO to R7, EO to E7
Operand Format and Number of States Required for Execution
Addressing . Instruction Format No. of
Mnemonic | Operands '
Mode 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Register direct | ROTXLW | #2, Rd 1 2|5 1
Notes
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2.2.53(5) ROTXL (L)

ROTXL (ROTate with eXtend carry Left) Rotate through Carry
Operation Condition Code
ERd (left rotation through carry flag) ERd | U HUN Z V C
(= ===l [:]o]:]
Assembly-Language Format H: Previous value remains unchanged.
ROTXL L ERd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 31.
Longword
Description

This instruction rotates the bits in a 32-bit register ERd (destination operand) one bit to the lef
through the carry flag. The carry flag is rotated into the least significant bit (bit 0). The most
significant bit (bit 31) rotates into the carry flag.

MSB LSB

C b31 b0

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte |4th byte States
Register direct | ROTXL.L ERd 1 2 | 3 ioerd 1
Notes
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2.2.53 (6) ROTXL (L)

ROTXL (ROTate with eXtend carry Left) Rotate through Carry
Operation Condition Code
ERd (left rotation through carry flag) ERd | U HUN Z V C
(= ===l :]o]:]
Assembly-Language Format H: Previous value remains unchanged.
ROTXL.L #2, ERd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 30.
Longword
Description

This instruction rotates the bits in a 32-bit register ERd (destination operand) two bits to the left
through the carry flag. The carry flag rotates into bit 1, bit 31 rotates into bit 0, and bit 30 rotate
into into the carry flag.

MSB LSB

C b31 b30 bl b0

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Register direct | ROTXLL | #2,ERd | 1 | 2 | 7 i0erd 1
Notes
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2.2.54 (1) ROTXR (B)

ROTXR (ROTate with eXtend carry Right) Rotate through Carry
Operation Condition Code
Rd (right rotation through carry flag) Rd | U H UN Z V C
(= ===l [:]o]:]
Assembly-Language Format H: Previous value remains unchanged.
ROTXR.B Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 0.
Byte
Description

This instruction rotates the bits in an 8-bit register Rd (destination operand) one bit to the righ
through the carry flag. The carry flag is rotated into the most significant bit (bit 7). The least
significant bit (bit 0) rotates into the carry flag.

MSB LSB

b7 b0 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 | 3rdbyte |4th byte States
Register direct ROTXR.B Rd 1 3 0 rd 1
Notes
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2.2.54 (2) ROTXR (B)

ROTXR (ROTate with eXtend carry Right)

Rotate through Carry

Operation
Rd (right rotation through carry flag) Rd

Assembly-Language Format
ROTXR.B #2, Rd

Operand Size
Byte

Condition Code

| U HUN Z V C
(=== —f:[e]o]:]

H: Previous value remains unchanged.

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

Z: Setto 1 if the result is zero; otherwise
cleared to 0.

V: Always cleared to O.

C: Receives the previous value in bit 1.

Description

This instruction rotates the bits in an 8-bit register Rd (destination operand) two bits to the right
through the carry flag. The carry flag rotates into bit 6, bit O rotates into bit 7, and bit 1 rotates i

the carry flag.

MSB LSB
C b7 b6 bl b0
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 istbyte | 2nd byte | 3rd byte  |4th byte States
Register direct | ROTXR.B | #2,Rd 1.3 | 4 1
Notes
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2.2.54 (3) ROTXR (W)

ROTXR (ROTate with eXtend carry Right) Rotate through Carry
Operation Condition Code
Rd (right rotation through carry flag) Rd | U H UN Z V C
(= ===l [:]o]:]
Assembly-Language Format H: Previous value remains unchanged.
ROTXR.WRd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 0.
Word
Description

This instruction rotates the bits in a 16-bit register Rd (destination operand) one bit to the righ
through the carry flag. The carry flag is rotated into the most significant bit (bit 15). The least
significant bit (bit 0) rotates into the carry flag.

MSB LSB

b15 bO C

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte |4th byte States
Register direct ROTXR.W Rd 11 3 1 o 1
Notes
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2.2.54 (4) ROTXR (W)

ROTXR (ROTate with eXtend carry Right) Rotate through Carry
Operation Condition Code
Rd (right rotation through carry flag) Rd | U H UN Z V C
(= ===l :]o]:]
Assembly-Language Format H: Previous value remains unchanged.
ROTXR.W#2, Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 1.
Word
Description

This instruction rotates the bits in a 16-bit register Rd (destination operand) two bits to the right
through the carry flag. The carry flag rotates into bit 14, bit O rotates into bit 15, and bit 1 rotate
into the carry flag.

MSB LSB

C b15 bi4 bl bO

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Register direct | ROTXR.W | #2, Rd 11 3 5 1
Notes
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2.2.54 (5) ROTXR (L)

ROTXR (ROTate with eXtend carry Right)

Rotate through Carry

Operation
ERd (right rotation through carry flag) ERd

Assembly-Language Format
ROTXR.L ERd

Operand Size
Longword

Condition Code

| U HUN Z V C
(=== —f:fe]o]:]

Previous value remains unchanged.

Set to 1 if the result is negative; otherwise
cleared to 0.

Set to 1 if the result is zero; otherwise
cleared to 0.

Always cleared to O.

Receives the previous value in bit 0.

Description

This instruction rotates the bits in a 32-bit register ERd (destination operand) one bit to the rig
through the carry flag. The carry flag is rotated into the most significant bit (bit 31). The least

significant bit (bit 0) rotates into the carry flag.

MSB

LSB

b31

bO C

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte |4th byte States
Register direct | ROTXR.L ERd 1 3 0erd 1

Notes
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2.2.54 (6) ROTXR (L)

ROTXR (ROTate with eXtend carry Right) Rotate through Carry
Operation Condition Code
ERd (right rotation through carry flag) ERd | U H UN Z V C
(= ===l :]o]:]
Assembly-Language Format H: Previous value remains unchanged.
ROTXR.L #2, ERd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 1.
Longword
Description

This instruction rotates the bits in a 32-bit register ERd (destination operand) two bits to the rigl
through the carry flag. The carry flag rotates into bit 30, bit O rotates into bit 31, and bit 1 rotate
into the carry flag.

MSB LSB

C b31 b30 bl bO

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Register direct | ROTXR.L | #2,ERd | 1 | 3 | 7 i0erd 1
Notes
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2.255 RTE

RTE (ReTurn from Exception) Return from Exception Handling
Operation Condition Code
* When EXR is invalid | Ul H 3] N Z V C
@5+ OCR [T
@SP+- PC
« When EXR is valid I:  Restored from the corresponding bit on
@SP+- EXR the stack.
@SP+_ CCR Ul: Restored from the corresponding bit on
@SP+_ PC the stack. _ _
H: Restored from the corresponding bit on
Assembly-Language Format the stack. o
U: Restored from the corresponding bit on
RTE
the stack.
N: Restored from the corresponding bit on
the stack.
Operand Size 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

This instruction returns from an exception-handling routine by restoring the EXR, condition-co
register (CCR) and program counter (PC) from the stack. Program execution continues from t
address restored to the program counter. The CCR and PC contents at the time of execution
instruction are lost. If the extended control regiser (EXR) is valid, it is also restored (and the
existing EXR contents are lost).

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte |4th byte States
— RTE 5 | 6 7 0 5+

Note: * Six states when EXR is valid.
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RTE (ReTurn from Exception) Return from Exception Handling

Notes
The stack structure differs between normal mode and advanced mode.

/_\/ /_\_/
Don’t care CCR Ii| CCR I—:|
. ‘ v ‘ v N y ‘ Y ‘ y
PC | Undet. ! : \ PC | : : \
Normal mode 23 16 15 87 0 Advanced mode 23 16 15 87 0
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2256 RTS

RTS (ReTurn from Subroutine) Return from Subroutine

Operation Condition Code

@SP+- PC | UHUNZV C

Assembly-Language Format H: Previous value remains unchanged.

RTS N: Previous value remains unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Description

This instruction returns from a subroutine by restoring the program counter (PC) from the stac
Program execution continues from the address restored to the program counter. The PC cont
the time of execution of this instruction are lost.

Operand Format and Number of States Required for Execution

Addressing i Instruction Format No. of States
Mnemonic | Operands
Mode st byte [2nd byte Brd byte 4th byte Normal Advanced
— RTS 5 4|7 0 4 5
Notes

The stack structure and number of states required for execution differ between normal mode :
advanced mode. In normal mode, only the lower 16 bits of the program counter are restored.

/_\_/ /_\_/
Don'’t care
TN ‘ Y ‘ v N v v v
PC [ Undet. | : \ PC | ‘ ‘
Normal mode 23 16 15 87 0 Advanced mode 23 16 15 87 0
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2.2.57 (1) SHAL (B)

SHAL (SHift Arithmetic Left) Shift Arithmetic

Operation Condition Code

Rd (left arithmetic shift}» Rd | U HUN Z V C
(===l e e ]

Assembly-Language Format H: Previous value remains unchanged.

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

Z: Setto 1 if the result is zero; otherwise

cleared to 0.

Operand Size V: Setto 1 if an overflow occurs; otherwise
cleared to 0.

Byte

C: Receives the previous value in bit 7.

Description

This instruction shifts the bits in an 8-bit register Rd (destination operand) one bit to the left. Th
most significant bit (bit 7) shifts into the carry flag. The least significant bit (bit 0) is cleared to O

MSB < LSB

C b7 b0

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 | 2ndbyte | 3rdbyte |4th byte States
Register direct SHAL.B Rd 110 8 | rd 1
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.
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2.2.57 (2) SHAL (B)

SHAL (SHift Arithmetic Left) Shift Arithmetic
Operation Condition Code
Rd (left arithmetic shift}» Rd | UU HUN Z V C
(===l e e ]
Assembly-Language Format H: Previous value remains unchanged.
SHAL.B #2, Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Setto 1 if an overflow occurs; otherwise
cleared to 0.
Byte . . L
C: Receives the previous value in bit 6.
Description

This instruction shifts the bits in an 8-bit register Rd (destination operand) two bits to the left. |
6 shifts into the carry flag. Bits 0 and 1 are cleared to O.

MSB < LSB
0 0 «—0
C b7 b6 bl 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 istbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SHAL.B #2, Rd 10| C 1
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.
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2.2.57 (3) SHAL (W)

SHAL (SHift Arithmetic Left) Shift Arithmetic
Operation Condition Code
Rd (left arithmetic shift}» Rd | U HUN Z V C
(===l e e ]
Assembly-Language Format H: Previous value remains unchanged.
SHAL W Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Setto 1 if an overflow occurs; otherwise
Word cleared to 0.

C: Receives the previous value in bit 15.

Description

This instruction shifts the bits in a 16-bit register Rd (destination operand) one bit to the left. Th
most significant bit (bit 15) shifts into the carry flag. The least significant bit (bit 0) is cleared to

MSB < LSB

C b15 b0

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SHAL.W Rd 110 9 | rd 1
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.
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2.2.57 (4) SHAL (W)

SHAL (SHift Arithmetic Left) Shift Arithmetic
Operation Condition Code
Rd (left arithmetic shift}» Rd | UU HUN Z V C
(===l e e ]
Assembly-Language Format H: Previous value remains unchanged.
SHAL.W #2, Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Setto 1 if an overflow occurs; otherwise
Word cleared to 0.
C: Receives the previous value in bit 14.
Description

This instruction shifts the bits in a 16-bit register Rd (destination operand) two bits to the left. |
14 shifts into the carry flag. Bits 0 and 1 are cleared to 0.

MSB < LSB
0 0 «—0
C b15 bi4 bl bO

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SHAL.W #2, Rd 110 D | rd 1
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.
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2.2.57 (5) SHAL (L)

SHAL (SHift Arithmetic Left) Shift Arithmetic

Operation Condition Code

ERd (left arithmetic shift}» ERd | U HUN Z V C
(===l e e ]

Assembly-Language Format H: Previous value remains unchanged.

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

Z: Setto 1 if the result is zero; otherwise

cleared to 0.

Operand Size V: Setto 1 if an overflow occurs; otherwise
cleared to 0.

Longword

C: Receives the previous value in bit 31.

Description

This instruction shifts the bits in a 32-bit register ERd (destination operand) one bit to the left. T
most significant bit (bit 31) shifts into the carry flag. The least significant bit (bit 0) is cleared to

MSB < LSB

C b31 b0

Available Registers
ERd: ERO to ER7Y

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SHAL.L ERd 110 | B oerd 1
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.
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2.2.57 (6) SHAL (L)

SHAL (SHift Arithmetic Left) Shift Arithmetic
Operation Condition Code
ERd (left arithmetic shift}» ERd | UU HUN Z V C
(===l e e ]
Assembly-Language Format H: Previous value remains unchanged.
SHAL.L #2, ERd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Setto 1 if an overflow occurs; otherwise
Lonaword cleared to 0.
9 C: Receives the previous value in bit 30.
Description

This instruction shifts the bits in a 32-bit register ERd (destination operand) two bits to the left
Bit 30 shifts into the carry flag. Bits 0 and 1 are cleared to 0.

MSB < LSB
0 0 «—0
C b31 b30 bl bO

Available Registers
ERd: ERO to ER7Y

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SHALL | #2,ERd | 1 | 0 | F Olerd 1
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.
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2.2.58 (1) SHAR (B)

SHAR (SHift Arithmetic Right) Shift Arithmetic
Operation Condition Code
Rd (right arithmetic shift)» Rd | U HUN Z V C
(= ===l :]o]:]
Assembly-Language Format H: Previous value remains unchanged.
SHAR B Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 0.
Byte
Description

This instruction shifts the bits in an 8-bit register Rd (destination operand) one bit to the right. B
0 shifts into the carry flag. Bit 7 shifts into itself. Since bit 7 remains unaltered, the sign does nc
change.

MSB

\

LSB

b7 o]0] 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 | 2ndbyte | 3rdbyte |4th byte States
Register direct SHAR.B Rd 141 8 | rd 1
Notes
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2.258 (2) SHAR (B)

SHAR (SHift Arithmetic Right) Shift Arithmetic
Operation Condition Code
Rd (right arithmetic shift)» Rd | UU HUN Z V C
(= ===l [:]o]:]
Assembly-Language Format H: Previous value remains unchanged.
SHAR.B #2, Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 1.
Byte
Description

This instruction shifts the bits in an 8-bit register Rd (destination operand) two bits to the right.
1 shifts into the carry flag. Bits 7 and 6 receive the previous value of bit 7. Since bit 7 remains
unaltered, the sign does not change.

MSB

v

LSB

b7 b6 b5 bl 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 istbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SHAR.B #2, Rd 11, cCc o 1
Notes
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2.2.58 (3) SHAR (W)

SHAR (SHift Arithmetic Right) Shift Arithmetic
Operation Condition Code
Rd (right arithmetic shift)» Rd | U HUN Z V C
(= ===l :]o]:]
Assembly-Language Format H: Previous value remains unchanged.
SHAR W Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 0.
Word
Description

This instruction shifts the bits in a 16-bit register Rd (destination operand) one bit to the right. B
0 shifts into the carry flag. Bit 15 shifts into itself. Since bit 15 remains unaltered, the sign does
not change.

MSB

\

LSB

b15 o]0] C

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SHAR.W Rd 111 | 9 1
Notes
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2.2.58 (4) SHAR (W)

SHAR (SHift Arithmetic Right)

Shift Arithmetic

Operation
Rd (right arithmetic shift)» Rd

Condition Code

| U HUN Z V C
(=== —f:fe]o]:]

Assembly-Language Format
SHAR.W #2, Rd

H: Previous value remains unchanged.

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

Z. Setto 1 if the result is zero; otherwise
cleared to O.

Operand Size
Word

V: Always cleared to O.
C: Receives the previous value in bit 1.

Description

This instruction shifts the bits in a 16-bit register Rd (destination operand) two bits to the right.
1 shifts into the carry flag. Bits 15 and 14 receive the previous value of bit 15. Since bit 15
remains unaltered, the sign does not change.

MSB

v

LSB

b15 bl4 b13

bl bO C

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SHAR.W #2, Rd 141 D 1

Notes
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2.2.58 (5) SHAR (L)

SHAR (SHift Arithmetic Right) Shift Arithmetic
Operation Condition Code
ERd (right arithmetic shift}. ERd | U H UN Z V C
(= ===l :]o]:]
Assembly-Language Format H: Previous value remains unchanged.
SHAR L ERd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 0.
Longword
Description

This instruction shifts the bits in a 32-bit register ERd (destination operand) one bit to the right.
Bit O shifts into the carry flag. Bit 31 shifts into itself. Since bit 31 remains unaltered, the sign
does not change.

MSB

\

LSB

b31 o]0] C

Available Registers
ERd: ERO to ER7Y

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SHAR.L ERd 111 | B oled 1
Notes
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2.2.58 (6) SHAR (L)

SHAR (SHift Arithmetic Right) Shift Arithmetic
Operation Condition Code
ERd (right arithmetic shift}. ERd | U H UN Z V C
(= ===l [:]o]:]
Assembly-Language Format H: Previous value remains unchanged.
SHAR.L #2, ERd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 1.
Longword
Description

This instruction shifts the bits in a 32-bit register ERd (destination operand) two bits to the rigl
Bit 1 shifts into the carry flag. Bits 31 and 30 receive the previous value of bit 31. Since bit 31
remains unaltered, the sign does not change.

MSB

v

LSB

b31 b30 b29 bl bO C

Available Registers
ERd: ERO to ER7Y

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SHARL | #,ERd | 1 | 1 | F 0erd 1
Notes
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2.2.59 (1) SHLL (B)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code
Rd (left logical shift)-» Rd | U HUN Z V C
(= ===l :]o]:]
Assembly-Language Format H: Previous value remains unchanged.
SHLLEB Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 7.
Byte
Description

This instruction shifts the bits in an 8-bit register Rd (destination operand) one bit to the left. Th
most significant bit (bit 7) shifts into the carry flag. The least significant bit (bit 0) is cleared to O

MSB = LSB

C b7 b0

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 | 2ndbyte | 3rdbyte |4th byte States
Register direct SHLL.B Rd 110 0 1
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow flag.
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2.2.59 (2) SHLL (B)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code
Rd (left logical shift)-» Rd | UU HUN Z V C
(= ===l [:]o]:]
Assembly-Language Format H: Previous value remains unchanged.
SHLLB #2, Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 6.
Byte
Description

This instruction shifts the bits in an 8-bit register Rd (destination operand) two bits to the left. |
6 shifts into the carry flag. Bits 0 and 1 are cleared to O.

MSB < LSB
0 0O «—0
C b7 b6 bl boO

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 istbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SHLL.B #2, Rd 110 4 | rd 1
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow flag.
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2.2.59 (3) SHLL (W)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code
Rd (left logical shift)-» Rd | U HUN Z V C
(= ===l :]o]:]
Assembly-Language Format H: Previous value remains unchanged.
SHLLW Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 15.
Word
Description

This instruction shifts the bits in a 16-bit register Rd (destination operand) one bit to the left. Th
most significant bit (bit 15) shifts into the carry flag. The least significant bit (bit 0) is cleared to

MSB = LSB

C b15 b0

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SHLL.W Rd 110 1 1
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow flag.
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2.2.59 (4) SHLL (W)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code
Rd (left logical shift)-» Rd | UU HUN Z V C
(= ===l [:]o]:]
Assembly-Language Format H: Previous value remains unchanged.
SHLLW #2, Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 14.
Word
Description

This instruction shifts the bits in a 16-bit register Rd (destination operand) two bits to the left. |
14 shifts into the carry flag. Bits 0 and 1 are cleared to 0.

MSB < LSB
0 0 «—0
C b15 bi4 bl boO

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SHLL.W #2, Rd 110 5 | rd 1
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow flag.
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2.2.59 (5) SHLL (L)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code
ERd (left logical shift)» ERd | U H UN Z V C
(= ===l :]o]:]
Assembly-Language Format H: Previous value remains unchanged.
SHLLL ERd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 31.
Longword
Description

This instruction shifts the bits in a 32-bit register ERd (destination operand) one bit to the left. T
most significant bit (bit 31) shifts into the carry flag. The least significant bit (bit 0) is cleared to

MSB = LSB

C b31 b0

Available Registers
ERd: ERO to ER7Y

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SHLL.L ERd 110 | 3 oed 1
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow flag.
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2.2.59 (6) SHLL (L)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code
ERd (left logical shift)» ERd | U H UN Z V C
(= ===l [:]o]:]
Assembly-Language Format H: Previous value remains unchanged.
SHLLL #2, ERd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Receives the previous value in bit 30.
Longword
Description

This instruction shifts the bits in a 32-bit register ERd (destination operand) two bits to the left

Bit 30 shifts into the carry flag. Bits 0 and 1 are cleared to 0.

MSB < LSB
0 0O «—0
C b31 b30 bl boO

Available Registers
ERd: ERO to ER7Y

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SHLLL | #,ERd | 1 | 0 | 7 0Oerd 1
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow flag.
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2.2.60 (1) SHLR (B)

SHLR (SHift Logical Right) Shift Logical
Operation Condition Code
Rd (right logical shift)- Rd | U HUN Z V C
(=== —Jol:o]:]
Assembly-Language Format H: Previous value remains unchanged.
N: Always cleared to 0.
SHLR.B Rd . . .
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
V: Always cleared to 0.
Operand Size C. Receives the previous value in bit 0.
Byte
Description

This instruction shifts the bits in an 8-bit register Rd (destination operand) one bit to the right. T
least significant bit (bit 0) shifts into the carry flag. The most significant bit (bit 7) is cleared to 0

MSB > LSB

b7 b0 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 | 2ndbyte | 3rdbyte |4th byte States
Register direct SHLR.B Rd 1110 1
Notes
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2.2.60 (2) SHLR (B)

SHLR (SHift Logical Right) Shift Logical

Operation Condition Code

Rd (right logical shift)- Rd | U HUN Z V C
[=[=[=[=[of+]o]+]

Assembly-Language Format H: Previous value remains unchanged.

N: Always cleared to 0.

HLR.B #2, R
S  Rd Z: Setto 1 if the result is zero; otherwise

cleared to 0.
V: Always cleared to O.
Operand Size C. Receives the previous value in bit 1.
Byte
Description

This instruction shifts the bits in an 8-bit register Rd (destination operand) two bits to the right.
1 shifts into the carry flag. Bits 7 and 6 are cleared to 0.

MSB > LSB
00— O 0
b7 b6 bl boO 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 istbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SHLR.B #2, Rd 141 4 | 1
Notes
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2.2.60 (3) SHLR (W)

SHLR (SHift Logical Right) Shift Logical
Operation Condition Code
Rd (right logical shift)- Rd | U HUN Z V C
(=== —Jol:o]:]
Assembly-Language Format H: Previous value remains unchanged.
N: Always cleared to 0.
SHLR.W Rd . . .
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
V: Always cleared to 0.
Operand Size C. Receives the previous value in bit 0.
Word
Description

This instruction shifts the bits in a 16-bit register Rd (destination operand) one bit to the right. T
least significant bit (bit 0) shifts into the carry flag. The most significant bit (bit 15) is cleared to

MSB > LSB

b15 b0 C

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SHLR.W Rd 141 1 1
Notes
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2.2.60 (4) SHLR (W)

SHLR (SHift Logical Right) Shift Logical

Operation Condition Code

Rd (right logical shift)- Rd | U HUN Z V C
[=[=[=[=[of+]o]+]

Assembly-Language Format H: Previous value remains unchanged.

N: Always cleared to 0.

HLR.W #2, R
S  Rd Z: Setto 1 if the result is zero; otherwise

cleared to 0.
V: Always cleared to O.
Operand Size C. Receives the previous value in bit 1.
Word
Description

This instruction shifts the bits in a 16-bit register Rd (destination operand) two bits to the right.
1 shifts into the carry flag. Bits 15 and 14 are cleared to 0.

MSB > LSB
0O—>» 0 0
b15 bl4 bl boO C

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SHLR.W #2, Rd 141 5 | 1
Notes
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2.2.60 (5) SHLR (L)

SHLR (SHift Logical Right) Shift Logical
Operation Condition Code
ERd (right logical shift)» ERd | U HUN Z V C
= — ——lof:]o ]
Assembly-Language Format H: Previous value remains unchanged.
N: Always cleared to 0.
SHLR.L ERd . . .
Z: Setto 1 if the result is zero; otherwise
cleared to O.
V: Always cleared to 0.
Operand Size C. Receives the previous value in bit 0.
Longword
Description

This instruction shifts the bits in a 32-bit register ERd (destination operand) one bit to the right.
The least significant bit (bit 0) shifts into the carry flag. The most significant bit (bit 31) is cleare
to 0.

MSB LSB

v

b31 b0 C

Available Registers
ERd: ERO to ER7Y

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SHLR.L ERd 111 | 3 oled 1
Notes
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2.2.60 (6) SHLR (L)

SHLR (SHift Logical Right) Shift Logical

Operation Condition Code

ERd (right logical shift)» ERd | U HUN Z V C
[=[=[=[=[of+]o]+]

Assembly-Language Format H: Previous value remains unchanged.

N: Always cleared to 0.

HLR.L #2, ER
S ' d Z: Setto 1 if the result is zero; otherwise

cleared to 0.
V: Always cleared to O.
Operand Size C. Receives the previous value in bit 1.
Longword
Description

This instruction shifts the bits in a 32-bit register ERd (destination operand) two bits to the rigt
Bit 1 shifts into the carry flag. Bits 31 and 30 are cleared to 0.

MSB > LSB
00— O 0
b31 b30 bl boO C

Available Registers
ERd: ERO to ER7Y

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SHIRL | #,ERd | 1 @ 1 | 7 [Olerd 1
Notes
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2.261 SLEEP

SLEEP (SLEEP)

Power-Down Mode

Operation
Program execution state power-down mode

Assembly-Language Format
SLEEP

Operand Size

Condition Code

Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.

Description

When the SLEEP instruction is executed, the CPU enters a power-down mode. Its internal stat
remains unchanged, but the CPU stops executing instructions and waits for an exception-hand
request. When it receives an exception-handling request, the CPU exits the power-down mode
begins the exception-handling sequence. Interrupt requests other than NMI cannot end the pov

down mode 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 | 2ndbyte | 3rdbyte |4th byte States
— SLEEP 0o 1 8 | 0 5
Notes

For information about power-down modes, see the relevant microcontroller hardware manual.
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2.2.62 (1) STC (B)

STC (STore from Control register)

Store CCR

Operation
CCR- Rd

Condition Code

Assembly-Language Format H: Previous value remains unchanged.

STC.B CCR, Rd N: Prev!ous value rema!ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Byte

Description

This instruction 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 istbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct STC.B CCR, Rd 0o | 2 0 1
Notes
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2.2.62(2) STC (B)

STC (STore from Control register) Store EXR
Operation Condition Code
EXR - Rd | UHUN Z V C

Assembly-Language Format H: Previous value remains unchanged.

STC.B EXR, Rd N: Prev!ous value rema!ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Byte

Description

This instruction copies the EXR 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 istbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct STC.B EXR, Rd 0 | 2 1 1
Notes
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2.2.62 (3) STC (W)

STC (STore from Control register)

Store CCR

Operation
CCR - (EAd)

Condition Code

Assembly-Language Format
STC.W CCR, <EAd>

Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.

Operand Size
Word

Description

This instruction copies the CCR contents to a destination location. Although CCR is a byte
register, the destination operand is a word operand. The CCR contents are stored at the even
address. Undetermined data is stored at the odd address.

Available Registers
ERd: ERO to ER7
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Store CCR

STC (STore from Control register)
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2.2.62(4) STC (W)

STC (STore from Control register)

Store EXR

Operation
EXR - (EAd)

Condition Code

Assembly-Language Format
STC.W EXR, <EAd>

Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.

Operand Size
Word

Description

This instruction copies the EXR contents to a destination location. Although EXR is a byte
register, the destination operand is a word operand. The EXR contents are stored at the even
address. Undetermined data is stored at the odd address.

Available Registers
ERd: ERO to ER7Y
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Store EXR

STC (STore from Control register)
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2.2.63 STM

STM (STore from Multiple registers)

Store Data on Stack

Operation
ERn (register list}» @-SP

Condition Code

Assembly-Language Format
STM.L <register list>, @—-SP

Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.

Operand Size
Longword

Description

This instruction saves a group of registers specified by a register list onto the stack. The regis
are saved in ascending order of register number.

Two, three, or four registers can be saved by one STM instruction. The following ranges can t

specified in the register list.

Two registers: ERO0-ER1, ER2-ER3, ER4-ER5, or ER6-ER7
Three registers: ERO-ER2 or ER4-ER6
Four registers: ERO-ER3 or ER4-ER7

Available Registers
ERn: ERO to ER7

Rev. 3.0, 07/00, page 229 of 320
RENESAS



STM (STore from Multiple registers) Store Data on Stack

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
o (ERn-ERN+1),
STM.L @-SP 0 1 1 0 6 D F 0 ern 7
B (ERN-ERN+2),
STM.L @-sP 0 1 2 0 6 D F 0i ern 9
B (ERN-ERN+3),
STM.L @-SP 0 1 3 0 6 D F 0! ern 11

Notes

When ER7 is saved, the value after effective address calculation (after ER7 is decremented by
is saved on the stack.
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2.2.64 STMAC

STMAC (STore from MAC register) Store Data from MAC Register
Operation Condition Code

MACH - ERd | UHUNZV C

" EERREEEE
MACL - ERd

H: Previous value remains unchanged.

N: Setto 1if a MAC instruction resulted in a
negative MAC register value; otherwise
cleared to O.

Z: Setto 1 if a MAC instruction resulted in a
zero MAC register value; otherwise
cleared to O.

Longword V: Setto 1 if a MAC instruction resulted in
an overflow; otherwise cleared to 0.

C: Previous value remains unchanged.

Assembly-Language Format
STMACMAC register, ERd

Operand Size

Note: * Execution of this instruction copies the N, Z,
and V flag values from the multiplier to the
condition-code register (CCR). If the STMAC
instruction is executed after a CLRMAC or
LDMAC instruction with no intervening MAC
instruction, the V flag will be 0 and the N and Z
flags will have undetermined values.

Description

This instruction moves the contents of a multiply-accumulate register (MACH or MACL) to a
general register. If the transfer is from MACH, the upper 22 bits transferred to the general regi
are a sign extension.

This instruction is supported by the H8S/2600 CPU only.

Available Registers
ERd: ERO to ER7
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STMAC (STore from MAC register)

Store Data from MAC Register

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct STMAC |MACH,ERd| 0 2 2 i0iers 1*
Register direct STMAC |MACL,ERd| O 2 3 i0Oiers 1*

Note: * A maximum of three additional states are required for execution of this instruction within three states
after execution of a MAC instruction. For example, if there is a one-state instruction (such as NOP)

between the MAC instruction and this instruction, this instruction will be two states longer.

Notes
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2.2.65(1) SUB (B)

SUB (SUBtract binary)

Subtract Binary

Operation
Rd — Rs- Rd

Condition Code

| UHUN Z V C
(== e [=e oo ]

Assembly-Language Format

H: Setto 1 if there is a borrow at bit 3;
otherwise cleared to 0.

SUB.B Rs, Rd . . . .
N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
Operand Size cleared to 0.
V: Setto 1 if an overflow occurs; otherwise
Byte
cleared to O.
C: Setto 1 if thereis a borrow at bit 7;
otherwise cleared to 0.
Description

This instruction subtracts the contents of an 8-bit register Rs (source operand) from the contel
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 | 3rdbyte |4th byte States
Register direct SUB.B Rs, Rd 118 rs | ord 1
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SUB (SUBtract binary) Subtract Binary

Notes

The SUB.B instruction can operate only on general registers. Immediate data can be subtracte
from general register contents by using the SUBX instruction. Before executing SUBX #xx:8, R
first set the Z flag to 1 and clear the C flag to 0. The following coding examples can also be use
to subtract nonzero immediate data #IMM.
(1) ORC #H'05,CCR

SUBX #(IMM-1),Rd
(2) ADD #(0-IMM),Rd

XORC #H'01,CCR
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2.2.65(2) SUB (W)

SUB (SUBtract binary)

Subtract Binary

Operation

Rd — (EAs)— Rd

Assembly-Language Format
SUB.W <EAs>, Rd

Operand Size

Condition Code

H UN Z V C

I Ul
(==

= e]efe] ]

otherwise cleared to 0.

N: Setto 1 if the result is negative; otherwise

cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to O.

V: Setto 1 if an overflow occurs; otherwise

Set to 1 if there is a borrow at bit 11;

Word
cleared to O.
C: Setto 1 if thereis a borrow at bit 15;
otherwise cleared to 0.
Description

This instruction subtracts a source operand from the contents of a 16-bit register Rd (destinati
operand) and stores the result in the 16-bit register Rd.

Available Registers

Rd: ROto R7, EO to E7
Rs: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing i Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte ‘4th byte States
Immediate SUB.W #xx:16, Rd 7 9 3 rd IMM 2
Register direct SUB.W Rs, Rd 1 9 rs rd ‘ 1

Notes

RENESAS
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2.2.65(3) SUB (L)

SUB (SUBtract binary)

Subtract Binary

Operation
ERd - (EAs)- ERd

Condition Code

| U HUN Z V C
(== e [=e oo ]

Assembly-Language Format H: Setto 1 if there is a borrow at bit 27,
SUB.L <EAs>, ERd otherW|s_e cleared to.O. . .
N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
Operand Size cleared to 0.
V: Setto 1 if an overflow occurs; otherwise
Longword
cleared to O.
C: Setto 1 if thereis a borrow at bit 31;
otherwise cleared to 0.
Description

This instruction subtracts a source operand from the contents of a 32-bit register ERd (destinat
operand) and stores the result in the 32-bit register ERd.

Available Registers

ERd: ERO to ER7
ERs: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
Mod Mnemonic | Operands
ode Istbyte |2ndbyte |3rd byte }thh byte #th byte #h byte | States
Immediate SUB.L #xx:32, ERd| 7 A 3 |Oierd IMM 3
Register direct SUB.L ERs, ERd 1 A l%ers O:erd ‘ ‘ ‘ 1
Notes
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2.2.66 SUBS

SUBS (SUBtract with Sign extension)

Subtract Binary Address Data

Operation

Rd-1- ERd
Rd-2- ERd
Rd-4- ERd

Condition Code

Assembly-Language Format H: Previous value remains unchanged.
SUBS #1, ERd N: Prev!ous value rema!ns unchanged.
Z: Previous value remains unchanged.
SUBS #2, ERd . .
V: Previous value remains unchanged.
SUBS #4, ERd A .
C: Previous value remains unchanged.
Operand Size
Longword
Description

This instruction subtracts the immediate value 1, 2, or 4 from the contents of a 32-bit register |
(destination operand). Unlike the SUB instruction, it does not affect the condition-code flags.

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte |4th byte States
Register direct SUBS #1, ERd 1 B 0 iOerd 1
Register direct SUBS #2, ERd 1 B 8 iOierd 1
Register direct SUBS #4, ERd 1 B 9 iOierd 1
Notes
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2.2.67 SUBX

SUBX (SUBtract with eXtend carry) Subtract with Borrow

Operation Condition Code

Rd — (EAs) — C- Rd

| U HUN Z V C
(== e [=e oo ]

Set to 1 if there is a borrow at bit 3;

otherwise cleared to O.

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

Z. Previous value remains unchanged when
the result is zero; otherwise cleared to 0.

V: Setto 1 if an overflow occurs; otherwise

Assembly-Language Format H:
SUBX <EAs>, Rd

Operand Size

Byte
y cleared to O.
C: Setto 1 if thereis a borrow at bit 7;
otherwise cleared to 0.
Description

This instruction subtracts the source operand and carry flag from the contents of an 8-bit regist
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

Instruction Format

Addressing . No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte  |4th byte States
Immediate SUBX #xx:8, Rd B rd IMM 1
Register direct SUBX Rs, Rd 1 E rs rd 1

Notes
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2.2.68 TAS

TAS (Test And Set)

Test and Set

Operation

@ERd — 0- set/clear CCR
1 - (<bit 7> of @ERA)

Condition Code

| U HUN Z V C
(=== =[]0l

Assembly-Language Format
TAS @ERd

H: Previous value remains unchanged.

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

Z. Setto 1 if the result is zero; otherwise
cleared to O.

Operand Size
Byte

V: Always cleared to O.
C: Previous value remains unchanged.

Description

This instruction tests a memory operand by comparing it with zero, and sets the condition-cod
register according to the result. Then it sets the most significant bit (bit 7) of the operand to 1.

Available Registers
ERd: ERO, ER1, ER4, ER5

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte |4th byte States
Register indirect TAS 0o 1 E | 0 7 | B |0ed C 4
Notes
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2.2.69 TRAPA

TRAPA (TRAP Always) Trap Unconditionally
Operation Condition Code
* When EXR is invalid | Ul H 3] N Z V C
C - @57 - === =[]
CCR - @-SP

<Vector> - PC Always set to 1.

I:
« When EXR is valid Ul: See note.
PC - @-SP H: Previous value remains unchanged.
CCR- @-SP N: Prev!ous value remains unchanged.
Z. Previous value remains unchanged.
EXR - @-SP ) . .
V: Previous value remains unchanged.
<Vector>- PC C: Previous value remains unchanged.
Assembly-Language Format Note: * The Ul bit is set to 1 when used as an interrupt

mask bit, but retains its previous value when
used as a user bit. For details, see the relevant
microcontroller hardware manual.

TRAPA #x:2

Operand Size

Description

This instruction pushes the program counter (PC) and condition-code register (CCR) onto the

stack, then sets the | bit to 1. If the extended control register (EXR) is valid, EXR is also saved
onto the stack, but bits 12 to 10 are not modified. Next execution branches to a new address giv
by the contents of the vector address corresponding to the specified vector number. The PC ve
pushed onto the stack is the starting address of the next instruction after the TRAPA instructior

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
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TRAPA (TRAP Always) Trap Unconditionally

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 00IMM 0 7%

Note: * Eight states when EXR is valid.

Notes

The stack and vector structure differ between normal mode and advanced mode, and depend
whether EXR is valid or invalid.
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2.2.70 (1) XOR (B)

XOR (eXclusive OR logical)

Exclusive Logical OR

Operation
RdO (EAs) - Rd

Assembly-Language Format
XOR.B < EAs>, Rd

Operand Size
Byte

Condition Code

| U HUN Z V C
(=== —f:[¢ 0]~

H: Previous value remains unchanged.

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

Z: Setto 1 if the result is zero; otherwise
cleared to 0.

V: Always cleared to O.

C: Previous value remains unchanged.

Description

This instruction exclusively ORs the source operand with 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

Instruction Format

Addressing . No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte  |4th byte States
Immediate XOR.B #xx:8, Rd D rd IMM 1
Register direct XOR.B Rs, Rd 1 5 rs rd 1

Notes
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2.2.70 (2) XOR (W)

XOR (eXclusive OR logical)

Exclusive Logical OR

Operation
RdO (EAs) - Rd

Assembly-Language Format
XOR.W <EAs>, Rd

Operand Size
Word

Condition Code

| U HUN Z V C
(=== =[]0l

H: Previous value remains unchanged.

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

Z: Setto 1 if the result is zero; otherwise
cleared to 0.

V: Always cleared to O.

C: Previous value remains unchanged.

Description

This instruction exclusively ORs the source operand with 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, EO to E7
Rs: ROto R7, EOto E7

Operand Format and Number of States Required for Execution

Addressing i Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte ‘4th byte States
Immediate XOR.W #xx:16, Rd 7 9 5 rd IMM 2
Register direct XOR.W Rs, Rd 6 5 rs rd ‘ 1
Notes
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2.2.70 (3) XOR (L)

XOR (eXclusive OR logical)

Exclusive Logical OR

Operation
ERdO (EAs) - ERd

Condition Code

| U HUN Z V C
(=== —f:[¢ 0]~

Assembly-Language Format
XOR.L < EAs>, ERd

H: Previous value remains unchanged.

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

Z. Setto 1 if the result is zero; otherwise
cleared to O.

Operand Size
Longword

V: Always cleared to O.
C: Previous value remains unchanged.

Description

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

Available Registers

ERd: ERO to ER7
ERs: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands s
Mode Istbyte |2ndbyte |3rd byte }thh byte #th byte #h byte tates
Immediate XOR.L #xx:32, ERd| 7 A 5 O%erd IMM 3
Register direct | XORL | ERs,ERd | 0 | 1 | F | 0 | 6 | 5 ‘oﬁers‘oﬁerd‘ ‘ 2
Notes
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2.2.71 (1) XORC

XORC (eXclusive OR Control register)

Exclusive Logical OR with CCR

Operation
CCRO #IMM - CCR

Assembly-Language Format
XORC#xx:8, CCR

Operand Size
Byte

OsSNzczxTCc™

Condition Code

| UHUN Z V C
Lelefefefefelefe]

Stores the corresponding bit of the result.
. Stores the corresponding bit of the result.
Stores the corresponding bit of the result.
Stores the corresponding bit of the result.
Stores the corresponding bit of the result.
Stores the corresponding bit of the result.
Stores the corresponding bit of the result.
Stores the corresponding bit of the result.

Description

This instruction 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 this instruction.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 2ndbyte | 3rdbyte  |4th byte States
Immediate XORC #xx:8, CCR IMM 1
Notes
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2.2.71(2) XORC

XORC (eXclusive OR Control register) Exclusive Logical OR with EXR
Operation Condition Code
EXRO#IMM - EXR | U HUN 2z V C

Assembly-Language Format H: Previous value remains unchanged.

XORC#xx:8, EXR N: Prev!ous value rema!ns unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Byte

Description

This instruction exclusively ORs the contents of the extended control register (EXR) with
immediate data and stores the result in the extended control register. No interrupt requests,
including NMI, are accepted for three states after execution of this instruction.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Immediate XORC | #xx:8,EXR| O | 1 | 4 | 1 | 0 | 5 IMM 2
Notes
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Instruction Set

2.3

Instruction Set

Table 2.1

¥ ot |t |— zeee® — 91sy 9 M zeree®'sd MAOW
€ ot [t ][— 9T:ER® ~ 9TSY 2 M 9T:ER®'SY MAON
€ ot |t ]|— ETO R} CNF 2NN E R a2 E] z M py3-®'sd MAOW
S ot |t |— (py3'2eP)O ~ 9TSY 8 M (PY3'2EP)D 'S MAOW
€ ot |t |— (PH3'9T:P)D ~9TSY ¥ M (PHI'9T:P)D 'S MAOW
z ot [ ]|— pPY3D - 9TSY z M pPHI®'sd MAOW
¥ ot ]t ]— 91pY - zeEeR® 9 M py‘zeEe® MAOW
€ ot |t |— 9TPY ~ 9T:ER® Iz M py‘9TEE® MAOW
€ ot |t ][— ZeSYIAD ~ ¢+2€SHT'9TPY ~ SYID z M py'+s43® MAON
S ot |t ]— 9TpY ~ (S43'2EP)® 8 M py‘(s43'z€:p)® MAOW
€ ot |t ]— 9TPY ~ (SYI'9T:P)® v M pY‘(s43'91:p)® MAOW
z ot |1 ][— 9TPY ~SY3® z M py's¥3® MAOW
T ot [ ]|— 9TPY — 9Ty z M py'sd MAOW
z ot |t ]— 9TPY — 9T XX# v M PYH'9TXX# MAOW
¥ ot ]t ]— zeee® — 8sy 9 ] zerer®'sy AONW
€ ot |t ]|— 9T:eR® ~ 85Y Iz ] 9T:ER®'SH GAOW
z ot |t ][— 8'ee® - 8sy z ] gee®'sy 9AOW
€ ot |t ]|— pPYI® ~ 8sY'zEPYT ~ T-ZEPYI z ] pY3-©'sd GAON
S ot |t ]|— (pd3‘2EP)® 8P 8 E] (pd3‘2EP)D'SH SANOW
€ ot |t |— (PY3'9T:P)@ — 8P 4 g (PY3'9T:P)@'sH GAOW
4 ot |t |— pPY3I® —8sy 4 g pPYI®@'sy GAON
2 ot [ |— 8pY ~ zeer® 9 q py'zeeR® GAON
€ ot ]t ]— 8pY ~ 9T:eR® v ] py'9TER® GAON
z ot |t |— 8pY — greR® z ] py‘gree® GAON
€ ot |t |— ZesyY3 -~ T+2EsYI'8pY ~ sYID® z ] pY'+s43® 9AON
S ot |t ]— 8pY ~ (s¥3'ze:P)© 8 E] py'(s43°cep)® SAOW
€ ot |t ]— 8pY ~ (s¥3'9T:P)® 4 E] pY (s¥3 ‘9T:P)® GAON
z ot |t ]— 8Py ~sY3® z ] py's43® 9AON
T ot |t ]— 8Py ~8sy z ] py'sy GAON
T ot |s]|— 8PY ~ 8iXX# z ] py‘8:xXx# GAON NOW

z | Z @' ® | ® | e | e | |3 | F

W m Al Z|N|H @ n)m g _.,u_m_ m m Es P

g > e 212"

uonelado .‘_@_._ = azIs JlUOWBUN
3p0D UONIPUOD 3
1+ SOMRIS +
4o 'ON

(sa14g) yibua uononssu| pue apow Buissalppy

suononsu| Jaysuel] ereq (1)

Rev. 3.0, 07/00, page 247 of 320

RENESAS



0010 3
(1) ot |t |— Unm paziuoiyouAs) Snm%n_@r_mm 14 g 9r'ee®'sy IdIAOWN | IdLAOW
(0010 3
(49)] ot |t |— UM PaZIUOIYDUAS) pY < 9T ee® 14 g pY'9T:EE@IAd4NON | Id4AOW
panes 1a)sibal yoea
exTT/6/L — === 1o} pareaday (dS® ~zeudIdS ~v—dS) | ¥ 1 dS—®@'(uy3-wy3) TWLS NLS
paJoisal Jaysibal yoea
exTT/6/L — === 10} pajeaday (dS < r+dS'zeudI ~dS®) | v 7| (uy3-wy3)'+dSO® TINAT Wai
S ot |t |— dS® ~zeud3dS~v—dS | ¥ il uy3 THSNd
€ ot ]t ]— dS® ~9TUNdS~2—dS | ¢ M ud M'HSNd HSNd
S ot |t ]— dS+dS'ZeUdI~dS® | ¥ il uy3 1dod
€ ot [t ]— dS—Z+dS'9TUY ~dS® | ¢ M uy Mdod dod
9 ot |t ]— zeer® ~zesya 8 hl zeer®@'sd3 TAON
S ot ]t ]— 9T:eR® ~2ESYT 9 il 9T:eR®'SY3 TAOW
S ot |t ]— PYI® - zesHA'ZEPHT ~ —2EPYT v hl pPY3-©‘sd3 TAOW
L ot ]t |— (pY3‘CEP)D ~ ZESYT 0T 1 (PY3‘2EP)D 'SYT TAON
S ot |t |— (PYI'9T:P)D ~ zESYT 9 1 (PYI'9T:P) D 'sYT TAON
Iz ot |t |— pYI® - zesy3 ¥ il pPYI®'sy3 TAOW
9 ot ]t ]|— zepy3 — zeee® 8 il py3'zeeR® TAON
S ot ]t ]|— Zepy3 ~ 9T RRD 9 il py3'9T:ER® TAONW
S ot |t ]— 254D ~ 7+2€SH3'ZEPYT ~SHIAD v il PY3'+s¥3® TAOW
L ot |t |— Zepyda — (sy3'cep)© ot 1 py3'(sy3‘zeP)® TAONW
S ot |t |— Zepya ~ (s¥3'9T:P)© 9 1 pY3'(s¥3'9T:P)® TAOW
v ot |t |— A ERENELC) ¥ hl py3's¥3I® TAOW
T ot |t ]|— Zepyd —zesy3 z hl py3'sy3 TAOW
€ ot ]t ]|— ZEPYT — ZEXXH 9 1 py3‘ZEXXH# TAOW NOW
g | g Al Z|N|H ! M ei1e|®|2|%8(% %
g2 2 2% |3 ;|2
g L g |2
uopesado @_._ = 2zIS JIUOWBUN
3p0D UoMpUoD 3
1+ SOEIS +
Jo 'oN

(sa14g) yibua uononusu| pue apoly Buissalppy

Rev. 3.0, 07/00, page 248 of 320

RENESAS



T R Zepy3 —2—2epy3 z Bl py3'z# 103a
T R Zepy3a ~ T-2epya z il py3'T# 1030
T vl [— 9TPY ~2-9TPY z M py‘z# MO3A
T vl [— 9TPY ~ T-9TPY z M py‘T# MO3A
T vl [ — 8Py ~ T-8PY z ] pd @03d 03a
T —|—|—]— Zepy3 —v—2epy3 z il py3'v# SANS
T - === zepyd — z—zepy3 z 1 py3'z# SaNs
T - === Zepyd ~ T-2Zepy3 z 1 py3'T# SANS sans
T ICIERE 8Py~ O—-8sH-8PY 4 g py'sy xans
T ECIERE 8PY — O—8:XX#—8PY z ] pY'8:Xx# XaNs Xans
T ERERIG) Zepy3 — zesy3—cepy3 4 1 py3'sy3 1ans
€ ERERIG) ZEPYT — ZEXX#—ZEPYT 9 1 pyIZEXX# 1ANS
T RN 9TPY ~ 9TSH-9TPY 4 M py'sy m'ans
z I ERERIA) 9TPY ~ 9T XX#—9TPY 4 M PH'9TXX# M'ENS
T E2 I A 8Py — 8sy-8py 4 g py'sy g'ans ans
T MEREN™ 8pY  Isnipe [ewroap gpy z ] Py vva vva
T vl [— zepyd — z+zepya z 1 pY3Z# TONI
T vl [— zepy3 ~ T+2epya z 1 pPY3T# TONI
T vl [— 9TPY ~Z+9TPY z M py‘z# MONI
T R 9TPY ~ T+9TPY z M pY‘T# MONI
T vl [— 8Py -~ T+8pY z ] pY g'ONI ONI
T — === zepya ~ r+zepya z 1 py3‘v# Saav
T —|—=]—]— zepy3 —z+zepya z il py3‘z# saav
T — === Zepy3 ~ T+2epya z il py3‘T# SAQv saav
T IR 8PY ~ D+8sy+8pY z ] py'sy xaav
T EICIERE 8PY ~ D+8:Xx#+8PY z ] py‘g:xx# Xaav xaav
T ERERIG) Zepya — zesyI+zepy3 z il py3'sy3 Taav
€ ERERIG ZEPYT — ZEXX#+ZEPHT 9 il py3'ZEXX# 1AQvY
T ERERIE 9TPY < 9TSH+9TPY z M py'sy maav
z 1] ]@ 9TPY ~ 9TIXX#+9TPY ¥ M PY‘9T:Xx# M'AAY
T ERERE 8pY ~ 8sH+8PY z ] py'sd g:aav
T ERERE 8PY ~ BIXX#+8PY z ] py‘g:Xxx# 9°aQV aav
g | g Al Z|IN|H m el |le e |2 ¥
] SO R I I e
g2 o 2|3
uonelado @_._ = azIS 2lUOWBUN
3p02 UoNpUOD 2
174 S91EIS 3
0 'ON

(sa14g) ybua uononasu| pue apol Buissalppy

suononsul uoneladO answyily (2)

Rev. 3.0, 07/00, page 249 of 320

RENESAS



[CREE)
4 —lo|t |t |— JO <2 M0>) < T "¥DD 189S ~ 0—PYID® v g ,PUID SVL SvL
(zepyd Jo
T —lo|t |t |— <97 0} T€ SNQ>) < (ZEPYI JO <GT 1G>) z il py3 1'S1X3
(9Tpy Jo
T —l0o|t |t |— <8 01 GT SHG>) ~ (9TPY JO <2 1G>) z M Py M'SLX3 S1X3
T —lolt]o]|— (zepy3 40 <9T 0} TE SUG>) — 0 z il Py TNLX3
T —lolt]o]|— (9TPY 40 <8 01 ST SHG>) — 0 z M Py M'NLX3 nix3
T R Zepy3 —2epya-0 z Bl FEERIGEN
T R 9TPY —~ 9TPY-0 z M Py M'O3IN
T R 8Py ~ 8PY—0 z ] pd 9'93N 93N
T RG] zesya-zepya z 1 py3a‘'sy3 TdWD
€ RG] ZEXXH—ZEPYT 9 1 PYI'ZEXX# TdIND
T A 9TSH-9TPY 4 M py'sd MdIWD
z R ERE 9T:XX#-9TPY v M PY'9T:XX# MdIND
T EEERERE 8sy-8pY z ] py‘sy 9dND
T EEERERE 8:Xx#-8pY z ] pY‘gxx# 9dIND diND
(uorsinip paubis) (quanonb :py
12 — =10 Q|- ‘Japurewal ;p3) ZEPHI < 9TSH-ZEPHI 14 M py3a‘'sy M'SXAIQ
(uoisinp paubis) (qusnonb py
€T — =10 Q0|— ‘Japurewal (HPY) 9TPY — 8SY+9TPY 14 a py'sy g'SXAIA SXAIQ
(uorsiaip paubisun) (juanonb :py
[or4 — =10 ©|— ‘Japurewal :p3) ZePHT < 9TSY+ZEPHT 4 M py3a‘'sy M'NXAID
(uoisinp pauBisun) (Juanonb py
43 — =10 @Q|— ‘Iapurewal (HPY) 9TPY ~ 8SH+9TPY z g py'syd g'NXAId NXAIQ
(uoneoydnnu paubis)
sx(1xTQ)G [ — | — |t |t |— 2EpY3 — 9TSUx9TPY 14 M py3‘'sd M'SXTNIN
(uoneadninw paubis)
sx (€)Y | — | — |t |t |— 9TPY — 8SYx8PY 14 EEl py'sd g'SXINN | SXININ
(uoneandninw paubisun)
v (0D Y | — | — | — | —|— ZEPYT ~ 9TSHXITPY z M py3‘'sy M NXTININ
(uoneaydninw paubisun)
v €| — | — | — | — | — 9TPY ~ 8SHx8PY z a py'sy @'NXINA | NXTINN
T — | x|t 1]« 8Py — Isn[pe [ewdap gpy z g py sva Sva
z z ® ® ® @ ® ® e ¥
m m O|A|Z|N|H @ m 5 H m m Es P
g | e |3
uonesado @_._ = azIs JlUOWAUN
9poDd uonIpuod 2
17+ SOPRIS *
jo 'ON

(se1Ag) ybua uononisu| pue apow bBuissaippy

Rev. 3.0, 07/00, page 250 of 320

RENESAS



ox T Tt t | — pPd3 <~ TOVIN Z 1 PH3TOVIN OVINLS
ox T Tt T pd3 ~ HOVIA I 1 PY3I'HOVIN OVIALS | 4, OVIALS
9x C — ||| TOVIN—sd3 I 1 JOVIN‘'SH3 OVINGT
9x C — || —|— HOVIN <~ sd3 c a HOVIN'SY3 OVINAT | ¢, OVINGT
9% C — || — | TOVIN ‘HOVIN =0 — OVINITO |4, OVINETO
wy3 — z+WyI'uy3a — g+uy3
8| @] () (uomeaydnw
14 — || — | paubis) OVIA — OVIN+WHIBXUHID 14 - +WHIO@'+uy3I® OVIN 6xOVIN
g | g Al Z|N|H © 199 09 e 2 ¥
s |2 §15 %35 2
3 2 ® O 2 o =
=% ~ @ =)
uopelado m azIS OlUOWAUN
8poD uonIpUoD o
1+ SOMRIS *
J0 'ON

(sa14g) yibua uononnsu| pue apo Buissalppy

Rev. 3.0, 07/00, page 251 of 320

RENESAS



T Ot |t |— 2epd —2epy - 4 1 Py TLON
T ot |t |— 9TPY ~ 9TPY - 4 M PY M'LON
T ot |t |— 8PY 8Py - 4 g pY 910N 10N
4 ot |t |— 2epda — ¢esy3ncepdd 14 il py3'syd3 190X
€ ot |t |— 2EPYT ~ ceXx#Icepya 9 al py3'zeXX# 1"HOX
T ot |t |— 9TPY < 9TSHO9TPY < M pY'sd M"HOX
4 ot |t |— 9TPY ~ 9T XX#9TPY 14 M PY'9TXX# M HOX
T ot |t |— 8Py~ 8sdI8PY < <] py'sy 940X
T ot |t |— 8Py ~ 8:Xx#18pY 4 g py‘8:xx# g° 40X HOX
Z ot |t |— 2epy3a —zesyacepda 14 1 py3'sd3 140
€ ot |t |— 2EPY3 — ZeXXHIZEPYT 9 l pY3‘ZEXXH# THO
T ot |t |— 9TPY ~ 9TSHI9TPY 4 M pY'sd M'HO
4 ot |t |— 9TPY ~ 9T:XX#I9TPY 4 M PY'9TXX# M'HO
T ot |t |— 8Py — 8syIgPY 4 g py'sy 9°40
T ot |t |— 8PY ~ 8IXX#18PY 4 g pY'8:XX# 8°HO (e}
4 ot |t |— 2epd3 — cesydicepy3 14 1 py3's¥d3 TANVY
€ ot |t |— 2EPYT ~ 2EXXHIZEPHT 9 1 py3‘zexXx# TANY
T ot |t |— 9TPY < 9TSHI9TPYH < M py'sd M'ANY
4 ot |t |— 9TPYH ~ 9T XXAI9TPYH 14 M PY'9T:XX# M'ANY
T ot |t |— 8Py — 8sd18PY I <) py'sy 9'aNy
T ot |t |— 8Py~ 8:XX#18PH 4 <) pY'8:Xx# 4'ANY (€[}
g | g Al Z|N|H m e1e|®12/8 (% |8
|8 g 2 |” |8 w3
] e 2|3
uopesado @_._ = azIS SlUOWAUN
3poQ uoMpUoD 3
T+ S9MRIS *
jo 'oN
(se14g) ybua uonanisu| pue apolA Buissalppy

suononJsu| uonelado 21607 (g)

Rev. 3.0, 07/00, page 252 of 320

RENESAS



4871 ——+8SN O

py3‘e# 1IX10d

Pd3 711X10d

py'z# MIXL1OY

Pd M1X10d

pY'z# 91X10d

Py @11X 10y

IX10d

pPY3'c# THTHS

PY3 THIHS

PY'z# MHTHS

PY MYTHS

pY'z# GYTHS

Pd g°dTHS

dTHS

as1 dsiN o}

pY3'z# TTIHS

PY3 TTTHS

PY'z# M 1THS

0— -]

Pd M TIHS

pY'z# 9 1IHS

Pd @717THS

TIHS

Oo|lOo|lO0o|lO0O|lO|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O

asin

pY3'2# 1"UVHS

Pd3 TYVHS

PY'z# M"HVHS

PY M'HVHS

PY'z# 9 UVHS

PY g’ dvHS

dVYHS

IR R R R R R R R R R R R Rl R I Rl Rl R I Rl R R R i Rl R R Rl R R R

o elele]ololelolalelelololele]<]<]~]|olololo|ol o]«
|

pY3‘2# 1 IVHS

Pd3 TIVHS

pY'z# MIVHS

Pd MIVHS

pY'z# 9IVHS

(S RN = I I R ) o = = D R o R Y = 1= T R . Y o = = O Y Yo o = = [ |

pPd @7VHS

VHS

pasueApY
[eWwIoN

>
N
=z
T

1xSOlEIS
10 "ON

3p0D UoNpUOD

uonelsado

UL [ov oo o on|ou| oo oo [ o f oo N e N N N NN NN

ee®

ee®®
(od'P®
(uy3'P)®
uy3®

+UHIO/UEI-O

XXH#

(sa14g) yibua uononnsu| pue apo Buissaippy

az1s

QJUOWaUN

suononasul Mys (v)

Rev. 3.0, 07/00, page 253 of 320

RENESAS



o dasi asi

S E—

pyY3'z# 1HL0Y

pY3 1H10d

pY'z# M Y10

Py Md10d

pY'z# 9910y

Py §°410d

d10d

as7 asn O

py3‘Z# 1110

pY3 171L0Y

py‘z# M110d

pPd M7110d

py‘z# €110

Py @7110d

1104

pY3'2# 1"YX10Y

pY3 TdX10d

PY'z# M UX10Y

Pd M'YX10d

I IR IR R R I R TR e I R R R R e ]

o|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o

pY'c# 9°9YX10d

[Fo ) N N = = R ) (' | o = = T QR G R ' ) I = QR

Pd 8°9X10d

dxX10d

paoueApy
[EWION

>
N
z
T

T+S3IRIS
jo oN

3p0D UoNIPUOD

uopesado

Ud oo oo oo oo o oo e e e e e e e

ee®®
(0d'P®
ee®
(uy3a'P®
U430

+UYIO/UNTF-O

XX#

(s@14g) yibua uononusu| pue apol Buissalppy

az1s

Jluowsu

Rev. 3.0, 07/00, page 254 of 320

RENESAS



9 — === [(zeee® Jo guy) -] ~ (zeeR® JO gUY) 8 g zeree®@'uy 1ONG
S — === [(91:eR® Jo gUY) -] ~ (9T ER® JO gUY) 9 ] 9T:ER®‘UY 1ONE
2 — === [(g:ee® Jo guy) -] ~ (8L JO BUY) I g g'ee® Uy 10NE
2 — === [(P¥3® jo 8uy) -] ~ (PY3D jo guY) 2 g pY3®@ Uy 1ONg
T — = —— [(8py Jo guy) =] ~ (8pY Jo guy) z ] py‘uy 10Ng
9 — === [(zeree® jo exx#) -] ~ (ze2R® JO £:XXH#) 8 g zeee® 'eixx# LONg
S — = —— [(9T:ee® Jo £xXx#) -] ~ (9T€RD JO £:XXH#) 9 g 9T'eR®‘EXX# 1ONE
Iz — === [(gree® jo exx#) -] ~ (8:eR® JO £:XXK) 2 g g'eR® €:XX# LONE
2 — === [(Py3® j0 €xx#) ~] ~ (PHID 4O E1XX#) 2 g pPYIO® €Xx# LONG
T — === [(8pY Jo gxxx#) =] — (8PY JO £1XX#) z g pY‘€Xx# LONG 10Ng
9 — === 0~ (ceee® Jo guy) 8 g zeree®@'uy 109
S - === 0~ (9T:ER® JO BUY) 9 g 9TRE@'UY ¥109
2 - === 0~ (gee® Jo guy) ¥ g gree®'uy ¥10d
2 — === 0~ (PY3® Jo 8uy) 2 g pYI®@ Uy Y109
T - === 0~ (8pY Jo guy) z ] py‘uy Y1089
9 —|—|—=]= 0~ (z€®RD JO £:XX#) 8 q zerer® exx# Y109
S — | —|—=]= 0~ (91D JO £:XX#) 9 q 9T:eR® EXX# Y109
2 —|—|—=]— 0~ (87eR® JO EXXH) v q 8:eR® 'EXX# Y108
2 —|—|—=]= 0~ (PH3D 0 ExXx) v q PYIAD ‘e:Xx# Y108
T —|—|—=]= 0~ (8PY 4O £:Xx#) z q pY'EXx# Y108 108
9 - === T~ (ceee® Jo guy) 8 ] zeree®@ Uy 13S9
S - === T~ (9T:ER® JO gUY) 9 ] gTIER@ UY 1359
2 - = —— 1~ (8:ee® Jo 8uy) 2 ] gee® Uy 1359
2 - = —— 1~ (PYI® Jo 8uy) v ] pyI® Uy 1359
T — === T~ (8pY Jo 8uy) 4 g py‘uy 13s9
9 - === T~ (zeer®d Jo £:xXx#) 8 ] zerer@ exXx# 1359
S - === T~ (9T:ER® JO £1XX#) 9 ] oT:ER@ ‘EXX# 1359
v - === T~ (8'€e® JO £:XX#) 2 ] gree® 'eXx# 1359
14 — === T~ (PYID 40 £:X%#) 4 g PYI@'EXX# 1359
T — == T~ (8PY JO €:Xx#) z ] py‘exXx# 1359 13s89

W. w AN|Z|NJ|H m \@ @V @ \@ ﬁ@._ EY W

ER 83| > |8 |fh|3

8 e S| 2

uonesado w = ?zIS JlUOWBUN
9p0D uonpuod W
1xSOMRIS +
Jo "ON

(sa14g) ybua uononnsu| pue apoln Buissalppy

suononnsuj uonendivey 1g (Q)

Rev. 3.0, 07/00, page 255 of 320

RENESAS



9 T =]=T= (zeeRd J0 £:XX#) <D © 8 a zeree@ eixx# 1S19
S — === (9TER® JO EXXH) ~ D - 9 ] oT:ER@ ‘EXX# 1S9
v — == (8eR® JO £3XX#) O - 2 ] geRe® 'eXX# 1519
v — === (7ZPY3® 4O £XXH) <D - ¥ ] pPHI@ EXx# 1SIg
T — == (8PY 4O £3Xx#) <= D - z ] py'exx# 1S19 1slg
9 — === (zeeR® JO EXXK) — O 8 ] zeeR® EIXXH 1SE
g N N R — — (9T:2R® J0 £:XX#) — D 9 q 9Tee®@'EXX# 1S9
v — == (872R® JO £:XX#) ~ O 2 ] 8:eE® 'EXX# 1S58
v — === (7ZPY3® 40 £XX#) D ¥ ] pPHI@ EXx# 1S9
T RN [ — — — (8PY J0 £:XX#) — D 4 d py'exd# 1S9 1sg
S v =]=]=]= O+ (zeee® Jo £:xx#) - 8 ] zeree®@ e Alg
2 v —=]=]—=]= 0+ (9TeR® JO £XXH) - 9 ] oTER®'EXX# A1lg
€ ] —==]=]= O+ (8'R® JO £XXH) - 2 ] gR@'eXx# A1lg
€ === ]= O~ (PHID Jo ExxH) = 2 ] pyI@ Exx# ATlg
T === ]= O (8PY 40 £xx#) - z ] py'exx# @119 ala
S === ]= 0 (zceee® JO £1xx#) 8 ] zereR@ e A1d
2 === ]= 0~ (9T:eR® JO £1XXH) 9 ] 9TER® 'EXX# A9
€ === ]= 0 (g8ee® 40 £:Xx#) v ] 8eE® EXX# A4
€ === ]= 0+~ (PH3D 40 £:Xx#) v ] pYI@ €Xx# A4
T === ]= 0= (8pY 40 £:xx#) z ] py'exx# 19 ala
S — =1t [—=]— 7 (zeee® Jo guy) 8 E] zeree@'uy 1S19
v — =1t [—=]— Z-(9T'ee® J0 8UY) 9 ] 9TER@'UY 1S19
€ — =t |[—|— Z - (gee® Jo guy) 4 E] gee@'uy 1S19
€ — =1t == 7 (P43 Jo guy) v E] pY3©@‘uY 1S19
T — =1t == 7~ (8pY Jo guy) z ] pyuy 1s19
S — =]+ —=]— Z - (zerer® JO £:XX#) 8 ] zeee®@ e 1S19
2 — =]+ —=]— Z - (9T:eR® JO £:XX#) 9 ] oTeR® 'EXX# 1S19
€ — =]+ —]— Z - (8'ee® JO £:XX#) v ] geR@'eXx# 1S19
€ — =]+ —]— Z - (PH3D JO £:Xx#) 2 ] pPHI@ Exx# 1S19
T — =]+ —=]— Z - (8PY JO £:XX#) z ] py'EXX# 1518 1s19
z =4 ® ® ® [S) ® @ e ¥
W m O|A|Z|N|H @ m 2 _E \_m_ _.uu_w 5 &
g | Yle 22
uonesado m azIS JlUOWBUN
9p0oH uonipuod W
T+S9MRIS 3
Jo "ON

(s@14g) yibua uononsu| pue apoly Buissalppy

Rev. 3.0, 07/00, page 256 of 320

RENESAS



S — === O [(eerer® Jo £:xx#) 100 8 g zeee®@ eixx# HoxIg
v — === O - [(9T:eR® JO £:XX#) ~]0D 9 g 9TeR® 'EIXX# HOXIE
€ —— == - [(gee® jo exx#) -100 4 g 8:ee®'€:XX# HOXI9
€ — === 0 [(rzpya® Jo exx) 100 14 g pYI®@ exXx# HOXIE
T — === D0 [(8py Jo exx#) -100 z ] py'eXx# YoxXig Joxig
S — == O (zeee® Jo £xx#)0D 8 g ZEeRRD EIXX# HOXE
v — | —|—]= 0+~ (9T'eR® JO EXXH) D 9 q 9TBR® € XX# HOXE
€ - ——— O+ (8ee® 40 £XX#) D Iz ] 8:ee® 'EXX# HOXE
€ —|—1—1— 0+ (yZPY3® 40 EXXH) 0D I ] pYI@‘€Xx# HOXE
T — === O (8pY 40 £:Xx#) 1D 4 g pY'exx# OxXd doxd
S — === O - l(zerer® Jo £:xxx#) =100 8 g ZER@ EIXX# YOI
4 — === O [(91eR® JO E:Xx#) ~100D 9 g 9TBE® 'EXX# YOI
€ — === o= [(gee® jo gxx) -100 4 g 8:ee® 'e:XX# HOIg
€ — === 0 < [(rzpy3® jo exx#) -100 ¥ ] P3O e:Xx# Yol
T — == O - [(8py Jo exx#) ~]0D z g py'eXx# yolg dolg
S —|—|—]= 0 (zeree® J0 :eXx#)10 8 ] zerer® e X 4Od
v - ——— 0 (91eE® JO EXX#)ID 9 ] 9T:ER® 'E:XX# HO9
€ —|—1—1— O (8ee® JO :EXX#)ID 2 ] 8eRe® 'CXX# Y04
€ — == 0~ (¥ZPY3® 40 EXXH)ID ¥ ] PHI@ €:Xx# HOd
T — | ——]— 0 (8pY 40 £XX#)1D z q py'exx# 409 dod
S — === O+ [(zeee® Jo £:xx#) -100 8 g zeee@ exx# ANVIE
4 — === O [(91eR® JO EXX#) ~100D 9 g 9T:eR® EXX# ANVIE
€ — === O -[(gee® jo exx#) -100 ¥ ] 8'er® €:XX# ANVIE
€ — === 0 (repya® Jo exx#) ~]0D ¥ g pPY3O@ €:Xx# ANVIE
T — === 0= [(8pY Jo gxx#) ~]0D 4 g py‘EXx# ANVIE anvig
5 — = —— O (zeee® Jo ExXx#)1D 8 ] zereR® g iXx# ANVE
v —|—=1—1— 0 (91R® JO EXX4)ID 9 ] 9T:ER® € :XX# ANVE
€ — === O~ (8D JO EXXHD 2 ] g'ee® '€:XX# ANVE
€ — === 0+ (yzpy3® J0 £XX#)ID 2 q pPYIAD 'e:Xx# ANVE
T — === 0 (8pY 4o £XX#)1D z ] pY‘EXx# ANVE anve
W W Al Z|N|H 2 m m m@: mw, m 2|
a = ] el 3 m 5
& X! S | 2
uonesado m = azIS OlUOWBUN
8poD uoNIPUOD 3
1+ SONRIS +
4o 'ON

(sa14g) yibua uononssu| pue apow Buissaippy

Rev. 3.0, 07/00, page 257 of 320

RENESAS



9T:p 314

€ ¥
z ———— T=(AON)JZ 4 — g:p 319
€ ——=1=1= 12 — 9T:p 199
z — === 0=(AON)JZ 4 — 8:p 199
s == v - oT:p 119
z —|—=]—=1— T=AON z — 8:p 119
€ ——=1—=1= ¥ — 9T:p 399
z — === 0=AON z — 8:p 399
s === v — 9T:p INg
z —|—=]—=1— =N z — 8:p INg
e === v — 9T:p 1d9
z — === 0=N z — 8:p 1dg
s === v — 9T:p SAE
z ——=]—=1— T=A z — 8:p SA9
s === I3 — 9T:p OAG
2 ——=]—1— 0=A z — 8:p OAg
e === v — 91:p O34
z ——=1—=1— 1=z z — 8:p O3g
s == v — 9T:p ANg
2 —|—=1—1— 0=Z 2 — 8:p 3INg
€ — | —=1—1- ¥ — (9T:p O19)9T:P SO9
z - —]—]— =0 4 — (8:p 079)8:p SO9
s iy o p— — I — (91:p SHE)9T:P D09
z iy g p— — 0=0 z — (8:p SHa)8:p 009
5 === I3 — 9T:p S
2 ——=1—=1— =710 z — 8:psg
s === v — 9T:p IHE
z —|—=]—=1— 0=710 z — 8:p IHg
e iy Ry p— — v — (9T:p 49)9T:p NHQ
z — === 19naN ‘xau as|o z — (8:p 49)8:p Nug
€ — === p+20d~0d 14 — (9T:p LE)9T:p Vg
z [ —— skem|y | Uay) anJ) SI UONHIPUOD JI z — (8:p 19)8:p vHa 20g
uonIpuo: I+
Wv W Al Z|IN|H c%gw_mu m \m % m@: \m m R
g§|® >3 137
uoielado @_._ = azIs SlUOWBUN
9p0Yd uonIpuod Ed
14SaeIS *
4O "ON

(se14g) yibua uononnsul pue spoN Buissaippy

suononsu| youelg (9)

Rev. 3.0, 07/00, page 258 of 320

RENESAS



s | v N +dS® ~ Od — s1y S1y
9 | v — === g8'ee~0ddS-® ~Od 2 - 8ED® ¥SC
s | v — | —=1=1— yzee - 0ddS—® ~ Od v - yeee® ¥se
v | € [ e R - u43~0ddS-® - 0d [Z - UH3D dSC gst
s | v ——=]—=1— 9T:P+0d ~ 0ddS—® ~ Od v - 9T-P ¥sg
v | € —[—=]—=]— 8:p+0d = 0ddS—® ~ Od 4 - 8:P ¥sd ds8
) v — === gree® — Od z — 8'ee@® dINC
€ — =] yzee—0d v — yzee® dNe
z === w3~ 0d z — ud3® dINC dIND
| z uonipuod ® 1 @ | ® | |9 |® |3 |§
=g AlZ|N|H youesg el |8 |h|=|Q|°|F
2
g | 2 = | 3 215>
= e} S | 3
@ =
uopesado m 9zIS 9UOWBUN
8p0J UoNIPUOD £
1.S9181S *
JooN

(se14g) yibua uonannsu| pue apon Buissaippy

Rev. 3.0, 07/00, page 259 of 320

RENESAS



S —| === Ux3 —zeeed® 8 M yx3'zerer® 0al
S N ERERE YOO~ zeee® 8 M ¥0D'zE®ED OAT
¥ — === UX3 —9T:eR® 9 M yx3'9T:eR® OA1
v HEERE ¥OD —9TeR® 9 M ¥00'9TRE® O
¥ — | —=1—1— 26€5Y3 ~ 2+2€SH3 UXT ~SHIAD 4 M YX3'+s43® Oa1
v ERERE 26593~ 2+2€SH3 YO0 ~ SHI® v M ¥OO'+s43® Oa1
9 — === Ux3 - (sy3'2eP)®@ 0T M yx3'(sy3'zep)®@ 0a
9 R ERE Y00~ (sya‘ceP)® ot M ¥o0o'(sya‘zep)®@ 0al
2 — === UX3 -~ (s4'9T:p)® 9 M Ux3'(sy3'9T:P)® Oa
2 I ERERE Y00~ (sy3'9T:p)® 9 M ¥00'(sy3'9T:p)@ Oa1
€ — == - EYERENElC) ¥ M Ux3'sy3®@ oal
€ N ERERE FeRRECELC) ¥ M ¥00's¥3I® Oa1
T —|—|—=]= X3 - 8sy z 9 ¥x3'sy 0a1l
1 HERERE 400 —8sy z q ¥00'sd 0a1
z —|—|—=]— X3 - g 2 q UX3'8xx# OaT
T ERERE Y00~ gxx# z q ¥OD'8Xx# Oa1 oal
z — === a1els umop-Jamod 03 uonisuel. — d33ais d331s
+dS® ~ 0d
(6)s N T B +dS® ~ ¥OO'+dS® ~ ¥X3 — ENE] EIES|
Od « <I0P_A>dS—® ~ ¥X3
(6)8](6) L — === dS—® ~ ¥400dS—® ~ Od — TXHVAVHL | VdvdL
g | g Al zZ|N|H @ o0 0 9 &3
3 | 3 ® |2 |8 | h|=2 |3
a I ] el X m 5
@® (9] =] pe)
o ~ = =
@ =
uonelsado m azIS JIUOWBUN
8p0D uonipuod uUu
TxS91RIS +
4O 'ON

(s@14g) ybua uononnsu| pue apoy Buissaippy

SuUONoNJISU| [0U0D WAISAS (1)

Rev. 3.0, 07/00, page 260 of 320

RENESAS



T — | —=1—1— 2+0d~0d — dON dON
z — == UX3 — 8xx#IUX 2 ] UX3GXx# DHOX
T R Y00~ 8Xx#[1H0D z g HOD'8Xx# DHOX 2HOX
z —|—]—=]—= UX3 ~ 80HIAXT v g YX3'8Xx# DHO
T ERERE YOO 8XX#1¥0D z q YOO'8:Xx# DHO 240
z — == UX3 ~ 8XxHIEX3 2 ] UX3'8:xx# DANY
T ERERE U0D ~ 8:Xx#140D z g HOD'8:Xx# DANY OaNY
S —|—=1—1— zeee® —ux3 8 M zeree® ' ¥X3 O1S
S — === zeree® — 400 8 M zeeR® YO0 OIS
v — == 9T:ER® ~ ¥X3 9 M 9T:ER®'YX3 OLS
4 —|—1—1— 9T:ER® ~ ¥ 9 M 9T:ER® YOO OLS
4 — == PY3® ~ UX3'2€PYT ~ 2—2EPUT 4 M pPY3-®"YX3 OLS
v — === PHI® YOO 'zEPYT — 2—2EPY v M pY3-@ ¥ O1S
9 — === (py3‘ZEP)D ~ UX3 [0)4 M (PY3‘2EP)D 'YX O1S
9 — === (PH3‘2EP)D ~ ¥ ot M (py3'2€:P)@'YDOD 1S
4 — === [CREEICENE] 9 M (PY3'9T:P)@"YX3 OLS
I — | —=|—— (PH3'9T:P)@ ~ HDD 9 M (PY3'9T:P)@ 'Y OLS
€ - ——— pPHI® —¥X3 Iz M pPHI® ' ¥X3 O1S
€ — == pYI® -~ ¥OO Iz M pPYI® 'Y O1S
T —|—=1—1— 8pY ~uX3 z g py'YX3 OLS
T —|—=1—1— 8Py~ 40D z q pyd'¥00 O1S o1s
g | g Al Z|N|H w 8|l9 9o |2 92 %
s 2 215 |52
g L |2
uopesado @_._ = azIS JlUOWSUN
8p0D UOMPUOD 2
1+ SONEIS 7
Jo 'ON

(sa14g) yibua uononusu| pue apoly Buissalppy

Rev. 3.0, 07/00, page 261 of 320

RENESAS



‘pIfeA SI 4X3 usym uofndaxa 1oy palinbai si ajels reuonippe auQ (6)

"PaINdaXa S| UoNINJISUI DVINLS 8y} uaym sBej} ayi ul paleslpul ale s)nsal uondnasul DN (8)

‘0 01 paJes|d asimiaylo ‘aaebau st uanonb ayi uaym T 0118S (L)

‘0 0} PaJea|d ASIMIBYIO (019Z S| JOSIAIP BY) UBYM T 03 19S (9)

'0 0) paJea|d asIMIBYIOo ‘DAehau S| JOSIAIP 8yl UBym T 0118S (S)

"0 01 paJea|d aSIMIBIO0 019Z SI JNSal 8yl Uaym anjeA snoinaid si sureldy (v)

‘0 0} PaJes|d 3SIMIBYIO /g 1] Je SIN220 MO.Jod Jo Aled e uaym T 03 38S (£)

‘0 01 paJeald 8sIMIBYI0 (TT 1 Je SIN220 M0o4Ioq 1o A1led e uaym T 0118S (2)

"3|qelieA S1 20|93 3y} YIM UOIeZIUOIYDUAS Ul elep SIajsuel) Tey) UONONIISUl Ue JO UonNoaxa Joj palinbal salels Jo Jaquinu ayl (T)

'NdD 0092/S8H 8y Aq Ajuo pauoddns ate suononisul 8sayl ‘6
‘uononuIsUl SYL ays Buisn usym pasn aq pinoys 43 40 ‘FH3 ‘THT ‘0Y3T JaisiBal Aluo '8
‘NdD 000¢/S8H 83Ul Jo4 L
"1896u0|
SaJels OM} aq |[IM UOONAISUL 1By} ‘SUOINIISUL 8SaY) JO BUO pUB UORONASUl DYIN B UamIag (dON Se YdNs) uononisul areis-auo e s| aiayl i ‘ajdwexa 104
"UOIONIISUI DY/IA B JO UONNISXa Jayje Salels aaly) UIYIM SUOONIISUI 8SaU} JO SUO JO UONNJaXa 10} palinbal ale salels [euonippe 9aiy} JO WNWIXew y ‘9
"18buo| a1eIS
9UO aq [[IM UoRONASUI SXTNIAI 8Y} ‘UOIONASUI SXTNIN B pue UoRINASUl DYIA e Udamiag (dON Se Yons) Uononiisul 8yeis-auo e si alay) Ji ‘ajdwexs 1o
"UORONIISUI DA B JO UONNISXa Jajye Salels OM) UIYIM UOIONASUI SXTNIN B JO UORNJaXa 1o} palinbal ale salels [euonippe oM} JO WNWIXeWw Y G
"196U0| sareIs oM} aq [|IM uonoNIsUl NX NN dY} ‘UonoNnasul NXTNIA B pue uoionasul DA e usamiag (dON Se yoans)
uo[1oNJISUl B1e)S-aUO0 B S| 813y} §I ‘a|dwexa 104 "UoINASUl DYIA € JO UONNIAXa Jaye Sajels aaly) UIYIM uoidnisul NXTNIA € JO Uoindaxa 1o} paiinbai are
S3JelS [eUONIPPE 931y} JO WNWIXBW € ‘OS|y "Uononisul DVINLS 10 ‘SXTNIN ‘NXTNIN B Jaye Aja1eipawiwll Uuonndaxa Joj palinbal si ayels [euonippe auQ v
's191s1691 1IN0} 10} SaYRIS UBA3|9 10 ‘s1a)sIBal 931y} 10} Sa1els aulu ‘siaisiBal om) Bulioisal Jo Buines Joj sarels Uanss g
‘¥ 10 Ty Jo Bumas fenur sy siu - g
‘Alowaw diyd-uo ui paredo| ale spuesado S} pue UOIONASUI SY) USYM UOINIAXS 10} palinbal sajels Jo Jaquinu ay SI Sa1els Jo Jaquinu 8yl T :SAION
{Jxau as|9
0=vd IMuN
¥ < T-vd
943~ T+943
GY3 - T+G43
+943O ~ +G4I D readay
gy | — | —|—|—|—|— o£vdN | v — MAOWJ3Z
BYCTIENE]
0="1rd 1N
e - T
943~ T+943
GY3 - T+G43
+943® ~ +543® readay
gy | — | — | —|—|—|— 0#IvdH | ¥ — 9AOWd33 | AOWd33
| 8 |o|Alz| N H|I elefefelelelz]t
S 3 @ o 2 m 2 ol
8| 513 2|3 3
=% ~ @ 3
uonelsadQ m azIS JluoWaBUN
9poD UonIpuUoD 2
T+SORIS +
Jo 'ON
(sa14g) yibua uononisu| pue apow Buissaippy

suononsul Jaysuell yoolg (8)

Rev. 3.0, 07/00, page 262 of 320

RENESAS



Instruction Code

2.4

Instruction Codes

Table 2.2

i dsip v v | — (8:p SHa) 8:p 008
dsip 0 ! € 8 S — 9T:p S19
i dsip e v | — gpsig
dsip 0 iz 8 S — 9T:p IHY
| dsip c v | — 8P IHg
dsip 0o T 8 s | — (91:p 48) 9T:P N8
7 dsip T v | — (8:p 48) 8:p N¥g
dsip 0 i o0 8 s | — (9T:p 18) 9T:P Vg
7 dsip 0 v | — (8:p 1) 8:p Vg 209
0 ‘Wwiio| 9 L sqe 0o i ¢ v 9 | zeeR@® XX ANVE
0 WWI0| 9 sqe 0 T v 9 g 9T:ER® 'EXX# ANVE
0 WWI0 L sqe E| L | 8:ee®'eXx# ANVE
0 AW L 0 ipwio] O L | pPYI®'€Xx# ANVE
pIOWWIO| 9 L | pY'ExXx# ANVE anve
INWI 0 T v T 0 | UX3'80# DANY
NI 9 0 | 0280 DANY OaNY
pid 0 s :0 9 EE T 0o |1 py3'sy3 TANY
W pi2:0: 9 v L 1 pY3ZEXX#H TANY
pi i sl 9 9 | M py'sd MANY
WA pri9 6 LM PY'9TXX# M'ANY
piios 9 T | py'sy 8'aNY
NI pi 3 | pY'g:Xx# 8'ANY anv
pi o sl E| 0 | py'sy Xaav
pi 6 | pY'8xx# Xaav xaav
g 0 1 py3'v# SAQY
q 0 1 py3'z# saav
Q 0 1 py3'T# SAAY saav
v 0 hl py3'sy¥3 Taav
NI v L 1 py3‘zeENK# TAAY
6 0o | m py'sd Maavy
NI 6 Lo m PY'9TXX# M'AAY
pi i sl 8 0 g py'sy g:aav
NI pI 8 | py'g:xx# 8}aQV aav
a1kq Yot a1ka uje a1Aq Y a14q Ui a1kg w19 akg g kg uiy a1kq pig a1kg puz alkq 1sT
azZ| Jluowsuyy uondnisu|

Jewlo- uononusuj

Rev. 3.0, 07/00, page 263 of 320

RENESAS



ul 9 sqe 8 [ € v 9 g zeiee®@'uy ¥1od
u z sqe 8 i1 v 9 | @ 9T:eR®'UY H109
ul 9 sqe El L q greR® Uy Y109
u 9 0 :p@io| a L q pY3I@ Uy Y109
pioiow z 9 | py‘uy Y109
L sqe 8 : ¢ v 9 | zeeR@ e Y108
z 8 T v 9 | 9T'ER® XX Y109
L sqe El L q 8eR@ EXX# Y108
L 0o ippi0o| a L q PYID €4 Y108
Pl INWEO| 2 L q py‘ExXx# Y108 u109
dsip 0o d 8 S — 9T:p 319
i dsip v | = 8:p 318
dsip 0 : 3 8 S — 9T:p 199
| dsip 3 v | — g 198
0o i a 8 s | — 9T:p 118
dsip a v | — 8:p 11d
0o 92 8 s | — 9T:p 399
dsip o) v | — 8:p 399
0o i g 8 s | — 9T:P ING
dsip a 14 — 8:p INg
dsip 0 Vv 8 S — 9T:p 1dg
i dsip v iy | — 8:p 1dg
dsip 0 : 6 8 S — 9T:p SA9
| dsip 6 v | — g:p SAg
dsip 0o 8 8 s | — 9T:p OAE
i dsip 8 v [ — 8P ong
dsip 0o i L 8 s | — 9T:p O34
i dsip L v [ — 8:p 038
dsip 0o : 9 8 S — 9T:p ING
i dsip 9 v [ — 8P INg
dsip 0 : S 8 S — (91:p 01g) 9T:p SO8
7 dsip 5 v | — (8:p 019) 8:p S08
dsip [ 8 : § — (9T:p SHA) 9T:p 009 209
a14q ulot @14q uie 2140 Ux RICIhY 814d w9 214g uig a1kq Wiy 7 a1q pig @1Aq puz 814q IsT
9Z| JIUOWBUA uonanisu|

Jewlo- uononusu|

Rev. 3.0, 07/00, page 264 of 320

RENESAS



py'ud LONd

HATATHY

sqe

zeee@'exXx# LONd

INNEO| T

sqe

9T:ee®@'EXX# LONE

SN

0

8'ee®'E:XX# LONE

SN

0

PYI@'EXX# LONG

pY'e:xx# LONg

1ONg

JNINEO

sqe

zceree@ eixxy A1d

NN L

sqe

9TeR@'eXX# A9

TN

0

gree®'sx# alg

RATAR

0

pHI@'exx# a9

py'exx# alg

alg

ST

sqe

zeeR@ EXX# HOXId

INWNET] S

sqe

9TeR® €:XXH# HOXId

SN

g:ee® 'e:XxX# HOXIg

RATAR

PY3 D@ e:xx# HOXI9

py'eXx# HOXI9

doxlig

SN T

sqe

zeee@ exx# 1S19

INWNET] L

sqe

9TeR@'EXX# 1SI9

SN

8'ee®@ 'e:Xx# 1519

RATAR

pPHI@'EXX# 1SI9

py'exx 1S9

1siga

SN T

sqe

Zere@ eXXH# HOlg

INNET] ¥

sqe

9T'eR@ 'EXX# HOIg

NN

8eR® '€:XX# HOI9

SN

pPY3I@ e:Xx# YOlg

py'exx# yold

dolg

SN T

sqe

zeree@'exx# alld

INWNET] L

sqe

gTeR@'EXX# ATl

SN

g'ee®@ 'e:xXx¢ allg

RATAR

pPHI@'eXX# ATl

py‘exx alg

amga

SN T

sqe

zeee@ exx# ANVIE

INWNET] 9

sqe

9T:ER® 'E:XX# ANVIE

SN

8'ee®@ 'e:XX# ANVIF

RATAR

0

PYIO@'eXX# ANVIF

pIAWET

OO |W ||~ 0 |W || |O W || I~O|L |0 O|W|<C (MO W< |0 (< ||
NI~~~ ©O OISO O[O~ O O[O~~~ O|O [~~~ ]o]©

000000000 ooooomonmonmooooooooonoono o oo omomo oo

pY'exx# ANvig

anvig

alAq y|

0T

alkq y

alkq ys

a14q Yy

a14g uig

alkq yig

alkg Uiy

a)Aq pig

alhq pug

a14q 1sT

Jewlo uondNASu|

[}
N
2

JlUOWBUN

uononusu|

Rev. 3.0, 07/00, page 265 of 320

RENESAS



ul

sqe

zeee@'uy 1s1d

ul €

sqe

gTeR@'UY 1S1d

ul

g'ee®@'uy 1S19

ul

pPY3I@'uY 1S19

py'uy 1s1d9

0

HATATHY

sqe

Zere@ eixXx# 1S19

0

CNNEEO| €

sqe

9T:ER®'EXX# 1S19

N

o

8'ee®@'e:Xx# 15149

SN

pPYI@'eXX# 1S19

py'exx# 1s19

1s1d

0

HATATHY

sqe

Zeee@ eixXx# 1S9

0

INNEO| L

sqe

9TeR®'EXX# 1S9

N

o

8'ee®@'e:XxX# 1S9

SN

pPYIO@'eXX# 1S9

OO0 oo o0o0o0nonomo oo o|aom

py'exx# 1S9

1sda

dsip

9T:p ¥sd

8:p ¥sd

dsd

ul

sqe

zeree@'uy 1359

u 0

sqe

gT'eE@'UY 13S9

ul

gree@'uy 1359

ul

pPYI®@'uY 1359

py'uy 1359

HATATHY

sqe

zeee@ exXx# 1359

sqe

9TeR® €XX# 13ST

N

o

8'ee®'e:xx# 1359

SN

PY3I@'exx# 13S9

py'exx# 1359

13sd

HATATH

sqe

zeeR@ eXXH# HOd

CNNEO| ¥

sqe

9T:ER® EXX# Y09

N

o

8:ee@'eXX# HOg

SN

PHI®@'€:XX# HOd

pY'eXX# HOd

dod

ul

sqe

zeree®@'ud LONgG

ul T

sqe

9T'eE@'UY 10ONg

ul

9

sqe

g'ee@'uyd LONd

ul

9

0

I

oL ||| F 0| C|o|o|L | C|C|o|O|L ||| |[O|~O|L || |0|W C/C|™m|O|W <<
N[OOI~ |N[N{O]O|N|N(N[O©[O[O(~~[©O©[O(W0[W0[O©|~|[~[O©[O|~|[~[~Olo|o|~[~[o]|o©

O OO0 oOo0No0nonomomoooonoo|o|m|o

pPYI®@'uY LONG

1ONg

a1hq y|

0T

&g y

6

a14q up

kg uy

a14q uig

akg yig

alka uiy

&g pig

a14q puz

a14q 1sT

Jewlo uononnsuj

Jluowau

uonanisu|

Rev. 3.0, 07/00, page 266 of 320

RENESAS



pI9 :0:

py3'2# TONI

PY3'T# TONI

pio 0:
pr o

pY'z# MONI

P4

PY'T# M'ONI

p

PY @'ONI

ONI

py3 TNLX3

pia i0:
R

pPd M'NLX3

IV E]

pio 0’

R ERRSIVE]

pa

= T = R ' T (= (= IO I g

Pd M'SLX3

S1X3a

MANOWd33

wolajw| ;v i~|o(n | O~

9dANONd33

NOWd33

py3a‘'sd M'NXAIQ

pR:0: s
pio

2

py'syd g'NXAIQ

NXAIQ

py3a‘'sd M'SXAIQ

p1ei0: si
pi s

py'sy @'SXAIQ

SXAId

pia o'

py3'e# 1034

pPY3'T# 103a

JERIH
pi

pd'z# MO3A

pA

pPY'T# M'O3d

pa

Py @03a

03a

pd svd

sva

ojolo|lw iAo~k |iOlO

p1

pPd vvd

p12i0isI T

py3a‘'sy3 1dND

pI9i0: 2

PYI‘ZEXXH TdIND

pi i osl

pPY'PY MdAIND

pIioz

PY'9T:XX# MdIND

il oSl

Olo|loj<|L|L|L|<omo@d|d|d|d|m|a(o|~|~[~|~<|o(o|m|o;

py'sd gdiND

WINI

s

S R = = N o o I o = (= R R o Y = o Y

pPY'8:xx# 9dIND

diND

OVINYTO

1,0VIWNE1D

0

HATAH

sqe

ZEeRD EXXH HOXE

0

WWEO| S 2

sqe

9TeRD'E:XX# HOXd

0 NWIO

sqe

8'ee®) 'E:XX# HOXE

0 WO

0 ipRo

PYIAD'E:XX# HOXE

Pl ANIEO

~is[~lo|lo|o|lg|dl~M|dAN|dH|O|d|dA|d|dA A | A OO LO|~|~|d|d|d|d|o|o|o|o|o

0O |W|C ||

O momn oo

pY‘EXX# HOXd

doxd

alAq y

0T

aliq y

6

a1Aq Y

a1kg |

Ak uig akq uig

akq

alkq pig

alkq pug

81Aq 1T

Jew.oH uonanusu|

JlUOWBUN

uononssu|

Rev. 3.0, 07/00, page 267 of 320

RENESAS



sqe

pY'9TEE® GAON

py'see® gAON

pY'+s43® 9NON

dsip

pl

pY'(sy3'ze:P)® GNONW

dsip

pY'(s¥3'9T:P)® GAONW

pY's¥3@ aAON

py'sd 9AON

0|0 omnin|m|m|m

PY'8:x# GAON

NOW

wia’

0:uwe:0| a

+WHID'+Ud3@ OVIN

+OVIN

TOVIN'SHE OVINGT

HOVIN'SH3 OVIANQT

1«0VINQT

€+Uy¥3-uy3)'+dS® TNA

T+

Z+UNT-UY3I)'+dS® TINAT

T+UNT-UYT)'+dSO TINAT

WNai

sqe

T 0

0

yx3'zeee® 04l

sqe

¥00'zeee® 041

sqe

yx3'9T:eR® 041

sqe

oo NN |~~~

400'9T'eR® Od1

dx3'+sy¥3® 0a1

¥00'+s¥3®@ 0a1

dsip

Yx3'(sy3'zep)®@ 0a

dsip

¥00'(sy3'zeP)@ 0a

UX3'(s¥3'9T:p)® Oa

¥00'(sy3'9T:p)® 0a

dXx3'sy¥3®@ 0a1

o|o|lo|o|o|o|o|o|o|o|o

o|o|lL|Ljo|o Q00000 oioia

olo|o|s|o]o]a]o

o|o|lo|o|~|~|o|o|lo|o|o|o|o|lo|®©

¥02'sy3®@ Oal

ux3'sy 0a1

d02'sy 041

WII L

O |H | F|F|F T F|F|F|F|TF T T F AN N ™| ©

UX3'8:xx# 0A1

WINI

AN R R R = = A A A A R R =S e B A A

¥O0'8:xx# 041

oan

sqe

8'ee@® HSC

sqe

vZee® dse

0 :uwL:Q

[EE[@RSE

dse

sqe

8'ee® dNC

sqe

vzee®@ dNe

0 :uB:o

wiw|(w(w|w|w|lo|o|lo|o|o|o|o|o|o|o|o|o|o|lo|o|o|o|o|o|o|o|o|L|o|o|o|~|© |

o< oWk~ Almoldld|d A A A A A | A | A A A A A0

u43® dNC

diNC

a1hq y|

0T

aAq uie

a14q uy

RIGCILY

akg g kg nig

alka yiy

a1kq pig

a14q puz

a14q 1sT

Jewlo uononnsuj

(] JIUOWBU

uononasuj

Rev. 3.0, 07/00, page 268 of 320

RENESAS



sqe

zeree®'sd3 TAON

sqe

sB0: 8

9T:ee®'sd3 TAON

pPY3-©@'sy3 TAON

SR

v g

0

sieigipie:

2, (PYI'ZEP) D@ 'sHT TAOW

dsip

(PY3'9T:P)®'sH3 TAOW

“|ao|d

PYI®@'sy3 TAOW

sqe

py3'zeree® TAONW

sqe

pPY3'9T:EE® TAOW

PY3'+s43® TAON

py3'(sy3'zeP)® TAON

pY3'(sY3'9T:P)® TAON

ol|slo|e

pie:p:sie:

oO|lL|o 000 |o|W|o Qoo
©o|lo|~|o|lo|lo|o|lo|~|o|o|o

o|lo|o|o|o|o|o|o|o|o|o|o

pY3'sY3I® TAONW

o|o|lo|o|o|o|o|o|o|o|o|o

=4
51

@
=

py3'sy3 TAON

WINI

=
5]
o

PY'zEXX# TAOW

sqe

[4

zeeR®@'sd MAOW

sqe

14

9T'ee®'Sd MAOW

&

PYI-@'sd MAOW

dsip

si v

(PY3'ZEP)D'sY MAOW

dsip

(PH3'9T:P)®'sY MAOW

o

PY3ID®'sd MAON

sqe

py'zereR® MAOW

sqe

py'9T:ER® MAOW

PY'+s43@ MAOW

dsip

proioz

pY'(sy3'2€:P)® MAOW

dsip

pY'(SY3'9T:P)® MAOW

ols|oo

pY's¥3®@ MAON

pY'sd MAOIN

PY'9T:XX# MAOW

sqe

zeee®@'sd 9AON

<|<|o|ojojL|jo|0jd(o|L o0 |C|W|d|d ||| |||

9T'eR®'SH 9AON

2

gree®'sy gAON

Sl

PY3-@'sd 9AON

dsip

sI:v

0

(PY3'2EP)D'SY GAON

dsip

sl

(PY3'9T:P)D'SY GAON

sl

| alod

pPYI®@'sd 9AON

sqe

pioioz

olo|lo|~|lo|m|o|o|~|lOojo|o|~|o|o|o|o|o|~|O|lo|o|~|O|Oo|0o|O0|Oo|O0|0|Oo|O|o|O|O |0

<L|o|W|wo| O

R R R Rl R N = I I = 1= = 1= =8 (= 1= 1 I (= (= IO [ [ T [y [ [ U O[O [

py'zeee® 9AON

NOW

akq y

poT

814q ule

aAq Yy

akg yi aka ng

alkq yis

aauw | aikape

alkq puz

ahq st

Jew.o- uonanusu|

[}
N

IS JIUOWBUN

uononasu|

Rev. 3.0, 07/00, page 269 of 320

RENESAS



pa

py‘z# M'H10Y

Py M'H10Y

pa

pY'z# ' H10Y

p1

Py g'd10d

d10d

py3‘z# 17110d

py3 7110d

p1

pY‘z# M 110

pa

pd M1L0Y

pd'z# @1109

p1

Py 9110y

1104

ue:o: o

ud3 THSNd

ul

ud MHSNd

HSNd

uR:0: /L

uyd3 1dod

ul

uyd MdOod

dOd

WINI

S|~jojL oo (Ol Q0L |wo | O|o|O

UX3'8:XX# DHO

WINI

dOD'8:xx# DHO

240

pi9:0:s19:0

py3a‘'sy3 1¥0

WINI

pPY3I‘TEXXH THO

py'sd MHO

WII

PY'9T:XX# M'HO

tlo|d || || |0 |0 | NN |N|NN|N|® m]|m]|o™

py'sd ' 4O

2

PY'8:XX# 9°40

d0

PY3 TLON

pPd M'ION

fo N I T I R Y = = IO [ I (' Y = [P = IO o I ' (= (= [P o o B =

PY 9'LON

1ON

dON

dON

PY3 TO3N

PY M'O3N

PY @'93N

O3N

py3‘'sy M NXINN

py'sy g'NXINN

NXTINA

pla:0: si

pY3‘'sd M'SXINN

pi

Sl

py'sy g'sXINN

SXINN

sqe

Sl

o)

9T:eR®'SY IdLNOW

AdLIAON

sqe

p1

14

olo|lolo|w|L|dA|d|d|O|d|d|[d]|O|d|~|O|~|O|O|0|0|O|©|O|d|d|d|d || |||

LA |A|[O|N |~~~ |O |~~~

nonon|T|o|(T|o|S|(2

pY'9Tee® Id4AON

3Ad4AON

aka y

0T

a1hq y

a14q uy

ahq ui

a14q uig akg ng

alkq

a1kq pig

&g puz

a14q 1ST

Jewlo uondnusu|

Jluowsupyy

uononusuj

Rev. 3.0, 07/00, page 270 of 320

RENESAS



PY'z# GHTHS

PY @' ¥THS

dTHS

pY3‘z# TTIHS

PY3 TTIHS

pY‘z# M TIHS

Pd MTTHS

pd'z# @ 1THS

pd g 1THS

TIHS

pPY3'2# THVHS

PY3 THVHS

PY'z# M HVHS

Pd MHVHS

PY'c# 9°HVHS

PY @'dVHS

dVHS

pY3a‘c# TIVHS

Pd3 TIVHS

pPY'z# MIVHS

PY MTIVHS

pY'z# 9IVHS

[o Qo I = = PN O ' T ' = = P I o ' = = (O O ' ')

Pd @1vVHS

VHS

S1d

S1d

EAR:]

ENR:]

py3‘c# TUX10Yd

PH3 TYX10d

pY'zH# M UX10Y

Py M"IX10d

PY'z# 9°4X10d

PY g'dX10d

UX10d

pY3‘z# 17IX10Y

PY3 T1X10d

pY‘z# MIX10d

Py M7IX10d

pd'z# 91X10d

pY g 1X10d

ax1iod

Lio|F|d|w|m|~|o|F ||| o~~~ lOjo0jmjwjo|Ojo |l o (n|m ~os

py3'z# 17H10Y

ool |N|N|N|[N[moooolo|o|ld|o|o|o|o|o|o|d|d|d|d|d|d|olo|o|o|o|o|d|H
AldA A A | A A | A A A A A A | A A OO [ A | A A A A A A A A A A A A A A A A A A A

PR I ' W v = (= QO S . (' Y = (=3 [ |

1]

pPy3 THL0d

4104

a1kq uig kg uig

JeuwloS uonanuisuj

[}
N

JlUOWBUN

uononsu|

Rev. 3.0, 07/00, page 271 of 320

RENESAS




~

X YdVd L

vdvdl

]

HEHY

—

£,PH3IO SYL

SVL

w

py'sd Xans

e

pY'8:Xx# XaNs

xans

B
[}
o
o

py3'v# sans

i<t
@

py3‘z# sans

2
)

pY3‘'T# SANS

sans

py3'sy3 1ans

sie

T|o
stetelals

o

)

pY3‘zeXX# 1'ANS

e
2

py'sd mans

WII

e
™

PY'9T:XX# M'ENS

2
&

pd'sd g'ans

ans

4
[
=)

PY3I1OVIN OVINLS

4]
5]
>

PY3'HOVIN OVINLS

1,OVNLS

dS-@'(€+uy3-uy3) TINLS

dS—©'(z+uy3-uy3) TNLS

dS—©'(T+ud3-uy3) TNLS

NL1S

sqe

zeee®@ dX3a MOLS

sqe

2€€R® YO0 MOLS

sqe

9TeR® 'YX3 MOLS

sqe

9T'ee® Y00 M'OLS

PY3I-@'YX3 MOLS

pPY3I-@'¥O0 MOLS

dsip

(PY3'ZEP)D'YXI MOLS

dsip

(PH32EP)O YOO MDOLS

(PY3'9T:P)D'YXI MDLS

(PYI'IT:P)D YOO M'DOLS

PYI@'YXI MOLS

o|o|lo|o|o|o|o|o|o|o|o|o

A|ld|d|d|o|o|d |+

o|o|lL|L|o|jol0l0jojonjo|0(a|la

o|lo|lo|lo|l~|~|lo|lo|o|o|o|o|o|o|o

o|d|lo|d|o|d|o|d|o|d|o|d|0|O|O

PYI@ YOI MOLS

pY'yX3 8°01s

PR R R = = = = = = = [ = RN (B IR [ ' Y = = [T [P [P QU T I <o o)

pPY'™¥OD 9°01S

a1s

d337s

d3371s

pY3‘z# THTHS

PY3 THTHS

WM~ |0 | |9 |99 |9 |9 ||| ||| AN N ™

pPY'Z# MHTHS

pa

el

Al A A A NN |A A A A | A A | A A A | A |A A A | A NN |0 | OO | |C|0O|0|D
H|d|d|+|o|o|o|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|d|~|d|~|dH|dA|ld A D] |0 (W

= R

Pd MWHTHS

dTHS

&g y

0T

Ak ule

a14q up

alkg w

a1kg uig ahq uig

kg yiy

alkq pig

ahq puz

a¥hq1sT

Jewlo4 uonanusu|

(] SIUOWAUA

uononasuj

Rev. 3.0, 07/00, page 272 of 320

RENESAS



1.4 17177 /3 11717

1Ty 00T 13 00T

104 000T 03 000T

H.Zd 1770 JA<| 1170 493 17T

HTY 1000 T 1000 T3 100

HOd 0000 0od 0000 043 000
1918169y plai4 1918169y plei4 1218169y plai4
IFENED) 1218160y EIETED) 1918160y EIETED) 1918169y

1o1s169y 1g-8

puelado 0] puodsaliod wWlia pue ‘uid ‘pIa ‘sia sjoquiAs ay] “1a1siBal 1g-zg 10 JaisiBal ssalppe ue BulAyoads sig €) plaly Jaisibay

1815169y 1g-97

1e1s1bey ug-z¢
1918169y SSsalppy

'SMOJ|0} Se sialsiBal [elauab Ajoads splaly Jaisibal ayL

('wy3 pue ‘uy3 ‘pY3 ‘'sy3 s|oquiks

RIERTIERJERIEY

(‘uy pue
‘pPY ‘s sjoqwiAs puelado 0} puodsaliod ul pue ‘pi ‘sl sjoquiAs ay] “iasibal 1g-9T 10 1g-g ue BulAjoads suq ) pial 1a1sibay Ul ‘paisi
(swq zg 10 ‘9T 'g) wawade|dsIq «dsip
(snd zg 10 'pZ ‘9T 'g) Ssaippe anjosqy 'sqe
(suq ze 10 ‘9T ‘8 ‘€ ‘2) erep srelpaww| NN
puabaT
‘uonoNIISUl S ay) Buisn uaym pasn aq pinoys 43 1o ‘vy3 ‘TH3 ‘043 Ja1siBal Auo '€
"0 40 T Jayyd og ued uonoNAsul (PY3'ZEP)@ ‘SY3 TAOW Y} JO 81Aq Uiy Ui Jo L Ng "2

*Aluo NdD 0092/S8H @Yl Aq pauoddns aJe suononnsul 8sayl T :S8I0N

NI S 0 T v T : 0 | g X380 DHOX
NI S o | @ HDD'8:XX# DHOX 2HOX

piei0:siei0| § 9 [EEE T 0o |1 py3'sy3 THOX

WINI pRi0: § v L1 PY3'ZEXXH THOX

pi i sl g 9 | m pa'sd M HOX

NI pi S 6 L | m PY'9TXXH# M HOX

pi:osi S T d pY'sy 9°HOX
NI piioa | g P8 8" 40X Hox

a14q Yot a14q yle 314 Y a14q Yy a14q Y19 alkq yig alkq yw a1Aq pig a1Aq puz 81Aq 1T
az|| aluUoWBUN uondnasu|
Jew.04 uonaNisu|

Rev. 3.0, 07/00, page 273 of 320

RENESAS



Operation Code Map

2.5

Table 2.3 shows an operation code map.

Operation Code Map (1)

Table 2.3
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Operation Code Map (2)

Table 2.3

*Aluo NdD 0092/S8H ayi Aq paoddns aJe suononasul 8sayl x 910N

awv | wox | 0 | ans | dwo | aav | AOW v
aNv | ¥ox | ¥o | ans | dwo | dav | AOW 6L
JdLAOW AOW AON 3dINON |(7) €200 AOW |(r)€ZoGRL  AOW v
EY: 7 198 7 e | 308 | we | 148 | sh@ | ong | 038 7 g 7 sog | 008 | s e | Nug | vg 8
dno sva 41
030 7 7 Ele 7 sans 03 7 7 GEle sans |
ans 03 VI
six3 sixa 7 7 93N 93N nixa nixa 10N LON i
uL0¥ 410¥ 410y uXL10Y uX10Y HXL10Y €1
1104 110y 1104 XL0Y X10Y XL0Y a
uvHs dvHs dvHs S ¥HS s 0
vHS HS HS THS THS THS or
AOW Wa 10
N 7 7 N 7 saay N 7 7 NI saav | €0
aay oNI V0
(e)ezagel svl |(e)ezameL(e) ez ameL <OVWYTD 43315 <OVN oS ~q| WS wa1 | AOW 10

4 3 a 0 8 v 6 8 L 9 s v g 7 ¢ 7 T 0 g

18 7 HE | W 7 HY
aKg puz alhq1sT
:3po2 uonelado

Rev. 3.0, 07/00, page 275 of 320

RENESAS



Operation Code Map (3)

Table 2.3
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Operation Code Map (4)

Table 2.3
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2.6 Number of States Required for Instruction Execution

The tables in this section can be used to calculate the number of states required for instruction
execution by the CPU. Table 2.5 indicates the number of instruction fetch, data read/write, and
other cycles occurring in each instruction. Table 2.4 indicates the number of states required for
each cycle, depending on its size. The humber of states required for each cycle depends on th
product. See the hardware manual named for the relevant product for details. The number of s
required for execution of an instruction can be calculated from these two tables as follows:

Execution states =4 § + IJx S +Kx§ +Lx§ +Mx §, + Nx §

Examples: Advanced mode, program code and stack located in external memory, on-chip
supporting modules accessed in two states with 8-bit bus width, external devices accessed in t
states with one wait state and 16-bit bus width.

1. BSET #0, @FFFFC7:8
From table 2.5:
I=L=2, J=K=M=N=0
From table 2.4:
S=4, S=2
Number of states required for execution x 2 + 2x 2 = 12
2. JSR @@30
From table 2.5:
I=J=K=2, L=M=N=0
From table 2.4:
S=S=5=4

Number of states required for execution x 2 + 2x 4 + 2x 4 =24
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Table 2.4 Number of States per Cycle

Access Conditions

On-Chip Supporting
Module

External Device

8-Bit Bus 16-Bit Bus

On-Chip 8-Bit 16-Bit 2-State  3-State 2-State  3-State
Cycle Memory Bus Bus Access  Access Access  Access
Instruction fetch S, 1 2n n 4 6 +2m 2 3+m*
Branch address read S,
Stack operation S,
Byte data access S, n 2 3+m
Word data access S, 2n 4 6 +2m
Internal operation S 1 1 1 1 1 1 1

N

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
n: Number of states required for access to an on-chip supporting module. For the specific number,

refer to the relevant microcontroller hardware manual.
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Table 2.5 Number of Cycles in 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.L #xx:32,ERd
AND.L ERs,ERd

ANDC ANDC #xx:8,CCR
ANDC #xx:8,EXR

BAND BAND #xx:3,Rd
BAND #xx:3,@ERd
BAND #xx:3,@aa:8
BAND #xx:3,@aa:16
BAND #xx:3,@aa:32

N

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
BGT d:8
BLE d:8
BRA d:16 (BT d:16)
BRN d:16 (BF d:16)

N RO RN RNMNNNRNNMNRNDMRNOMNMNNONNRNNNDNNDNE®O®ONDERNRINOWNR R[RPPRR[(RP WOWRL, NP R
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Instruction

Mnemonic

Instruction

Fetch

Branch
Address
Read

Operation  Access Access

Byte Data  Word Data Internal
Operation

L M N

Bcc

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 T e i T = T =

BCLR

BCLR #xx:3,Rd
BCLR #xx:3,@ERd
BCLR #xx:3,@aa:8
BCLR #xx:3,@aa:16
BCLR #xx:3,@aa:32
BCLR Rn,Rd

BCLR Rn,@ERd
BCLR Rn,@aa:8
BCLR Rn,@aa:16
BCLR Rn,@aa:32

N N NN

N N NN

BIAND

BIAND #xx:3,Rd
BIAND #xx:3,@ERd
BIAND #xx:3,@aa:8
BIAND #xx:3,@aa:16
BIAND #xx:3,@aa:32

= T =

BILD

BILD #xx:3,Rd
BILD #xx:3,@ERd
BILD #xx:3,@aa:8
BILD #xx:3,@aa:16
BILD #xx:3,@aa:32

i

BIOR

BIOR #xx:8,Rd
BIOR #xx:8, @ERd
BIOR #xx:8,@aa:8
BIOR #xx:8,@aa:16
BIOR #xx:8,@aa:32

B W NN PRI WONDNDPRPRPDE ONDNERPEAE ONMDNDEPDRONDMDNDEINDNDDNDDNDDNDDNDNDNDDNDDNDDNDDNDDNDDNDNDN

i
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Instruction

Mnemonic

Instruction

Fetch

Branch
Address
Read

Word Data  Internal
Access Operation

Byte Data
Access

K

M N

BIST

BIST #xx:3,Rd
BIST #xx:3,@ERd
BIST #xx:3,@aa:8
BIST #xx:3,@aa:16
BIST #xx:3,@aa:32

N N NN

BIXOR

BIXOR #xx:3,Rd
BIXOR #xx:3,@ERd
BIXOR #xx:3,@aa:8
BIXOR #xx:3,@aa:16
BIXOR #xx:3,@aa:32

s s

BLD

BLD #xx:3,Rd
BLD #xx:3,@ERd
BLD #xx:3,@aa:8
BLD #xx:3,@aa:16
BLD #xx:3,@aa:32

i

BNOT

BNOT #xx:3,Rd
BNOT #xx:3,@ERd
BNOT #xx:3,@aa:8
BNOT #xx:3,@aa:16
BNOT #xx:3,@aa:32
BNOT Rn,Rd

BNOT Rn,@ERd
BNOT Rn,@aa:8
BNOT Rn,@aa:16
BNOT Rn,@aa:32

N N NN

N N NN

BOR

BOR #xx:3,Rd
BOR #xx:3,@ERd
BOR #xx:3,@aa:8
BOR #xx:3,@aa:16
BOR #xx:3,@aa:32

i

BSET

BSET #xx:3,Rd
BSET #xx:3,@ERd
BSET #xx:3,@aa:8
BSET #xx:3,@aa:16
BSET #xx:3,@aa:32
BSET Rn,Rd

BSET Rn,@ERd
BSET Rn,@aa:8
BSET Rn,@aa:16
BSET Rn,@aa:32

A W NN EP DM ONDNDEREPDAR ONMDNERPRAEONMNDMEANONMNNDNDERRARONONNEREPIRARODNMDNDERAMONONDN PR

N N NN

N N NN
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Instruction

Mnemonic

Instruction

Fetch

Branch
Address
Read

Stack
Operation

Word Data
Access

Internal
Operation

Byte Data
Access

K

L M N

BSR

BSR d:8

Normal

Advanced

BSR d:16

Normal

Advanced

NI L[N

BST

BST #xx:3,Rd

BST #xx:3,@ERd
BST #xx:3,@aa:8
BST #xx:3,@aa:16
BST #xx:3,@aa:32

N N NN

BTST

BTST #xx:3,Rd
BTST #xx:3,@ERd
BTST #xx:3,@aa:8
BTST #xx:3,@aa:16
BTST #xx:3,@aa:32
BTST Rn,Rd

BTST Rn,@ERd
BTST Rn,@aa:8
BTST Rn,@aa:16
BTST Rn,@aa:32

e T

i

BXOR

BXOR #xx:3,Rd
BXOR #xx:3,@ERd
BXOR #xx:3,@aa:8
BXOR #xx:3,@aa:16
BXOR #xx:3,@aa:32

i

CLRMAC*

CLRMAC

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
DIVXS.W Rs,ERd

11
19

DIVXU

DIVXU.B Rs,Rd
DIVXU.W Rs,ERd

B R[N NP R RIRIRPIP O®REPNR RIRP(AEONMNEE®NNEDOWNNERDEOWNDNDER|[NMINMININ

11
19

RENESAS
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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

EEPMOV EEPMOV.B 2n + 2*%*
EEPMOV.W 2n + 2**

EXTS EXTS.W Rd
EXTS.L ERd

EXTU EXTU.W Rd
EXTU.L ERd

INC INC.B Rd
INC.W #1/2,Rd
INC.L #1/2,ERd

JMP JMP @ERnN
JMP @aa:24

JMP @@aa:8 Normal

Advanced

JSR JSR @ERnN Normal

Advanced

JSR @aa:24 Normal

Advanced

JSR @@aa:8 Normal

NP |IN P[NP

Advanced

LDC LDC #xx:8,CCR
LDC #xx:8,EXR
LDC Rs,CCR
LDC Rs,EXR
LDC @ERs,CCR
LDC @ERs,EXR
LDC @(d:16,ERs),CCR
LDC @(d:16,ERs),EXR
LDC @(d:32,ERs),CCR
LDC @(d:32,ERs),EXR
LDC @ERs+,CCR
LDC @ERs+,EXR
LDC @aa:16,CCR
LDC @aa:16,EXR
LDC @aa:32,CCR
LDC @aa:32,EXR

T

LDM LDM.L @SP+,(ERn-ERn+1)
LDM.L @SP+,(ERn-ERnN+2)
LDM.L @SP+,(ERn-ERn+3)

1*°
1*°

LDMAC* LDMAC ERs,MACH
LDMAC ERs,MACL

P RPN NN DA O WOWNDNDOOOTOWWDNNRERDNPRNINNNNNNDNODDNDNRNERERRRIR P[P P[NDN
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Instruction

Mnemonic

Branch

Instruction Address

Fetch

Read

Byte Data  Word Data Internal

Operation  Access Access Operation

K

L M N

MAC*

MAC @ERN+ @ERmM+

MOV

MOV.B #xx:8,Rd

MOV.B Rs,Rd

MOV.B @ERs,Rd
MOV.B @(d:16,ERs),Rd
MOV.B @(d:32,ERs),Rd
MOV.B @ERs+,Rd
MOV.B @aa:8,Rd
MOV.B @aa:16,Rd
MOV.B @aa:32,Rd
MOV.B Rs,@ERd
MOV.B Rs,@(d:16,ERd)
MOV.B Rs,@(d:32,ERd)
MOV.B Rs,@-ERd
MOV.B Rs,@aa:8
MOV.B Rs,@aa:16
MOV.B Rs,@aa:32
MOV.W #xx:16,Rd
MOV.W Rs,Rd

MOV.W @ERs,Rd
MOV.W @(d:16,ERs),Rd
MOV.W @(d:32,ERs),Rd
MOV.W @ERs+,Rd
MOV.W @aa:16,Rd
MOV.W @aa:32,Rd
MOV.W Rs,@ERd
MOV.W Rs,@(d:16,ERd)
MOV.W Rs,@(d:32,ERd)
MOV.W Rs,@-ERd
MOV.W Rs,@aa:16
MOV.W Rs,@aa:32
MOV.L #xx:32,ERd
MOV.L ERs,ERd

MOV.L @ERs,ERd
MOV.L @(d:16,ERs),ERd
MOV.L @(d:32,ERs),ERd
MOV.L @ERs+,ERd
MOV.L @aa:16,ERd
MOV.L @aa:32,ERd
MOV.L ERs,@ERd

N & W N OO WN P WWNERPBEDNDEPWOWNREPAEDNDERPRPDNDNONDERERPRPRPAEDNDEWONDERERPRPRPADNDEPRP|N

N T = T = e

= T = T = =

NN NN
=

RENESAS
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Instruction

Mnemonic

Branch
Address
Read

Stack
Operation

Word Data
Access

Internal
Operation

Instruction
Fetch

Byte Data
Access

J K L M N

MOV

MOV.L ERs,@(d:16,ERd)
MOV.L ERs,@(d:32,ERd)
MOV.L ERs,@-ERd
MOV.L ERs,@aa:16
MOV.L ERs,@aa:32

N NN NN
=

MOVFPE

MOVFPE @:aa:16,Rd

1*?

MOVTPE

MOVTPE Rs,@:aa:16

1*?

MULXS

MULXS.B Rs,Rd  H8S/2600
H8S/2000

2%3
11

MULXS.W Rs,ERd H8S/2600
H8S/2000

19

MULXU

MULXU.B Rs,Rd  H8S/2600

H8S/2000

2%3
11

MULXU.W Rs,ERd H8S/2600
H8S/2000

3%
19

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
ORC #xx:8,EXR

POP

POP.W Rn
POP.L ERn

PUSH

PUSH.W Rn
PUSH.L ERn

N RPN P
[ N N

ROTL

ROTL.B Rd
ROTL.B #2,Rd
ROTL.W Rd
ROTL.W #2,Rd
ROTL.L ERd
ROTL.L #2,ERd

PR R R R R(NRINREPINREPIN®ORNRRR R RR[R PR R(R R[RLRPRPINNNDNNNDS D O
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Instruction

Mnemonic

Branch
Address
Read

Instruction
Fetch

Stack
Operation

Word Data
Access

Internal
Operation

Byte Data
Access

K

L M N

ROTR

ROTR.B Rd
ROTR.B #2,Rd
ROTR.W Rd
ROTR.W #2,Rd
ROTR.L ERd
ROTR.L #2,ERd

ROTXL

ROTXL.B Rd
ROTXL.B #2,Rd
ROTXL.W Rd
ROTXL.W #2,Rd
ROTXL.L ERd
ROTXL.L #2,ERd

ROTXR

ROTXR.B Rd
ROTXR.B #2,Rd
ROTXR.W Rd
ROTXR.W #2,Rd
ROTXR.L ERd
ROTXR.L #2,ERd

RTE

RTE

2/3**

RTS

RTS Normal

Advanced

SHAL

SHAL.B Rd
SHAL.B #2,Rd
SHAL.W Rd
SHAL.W #2,Rd
SHAL.L ERd
SHAL.L #2,ERd

SHAR

SHAR.B Rd
SHAR.B #2,Rd
SHAR.W Rd
SHAR.W #2,Rd
SHAR.L ERd
SHAR.L #2,ERd

SHLL

SHLL.B Rd
SHLL.B #2,Rd
SHLL.W Rd
SHLL.W #2,Rd
SHLL.L ERd
SHLL.L #2,ERd

B R R R R R[(R R R R R RR R R R R RINININRP R R PR R RR PR RRPRR(R R R R R R

RENESAS
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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

SHLR SHLR.B Rd
SHLR.B #2,Rd
SHLR.W Rd
SHLR.W #2,Rd
SHLR.L ERd
SHLR.L #2,ERd

SLEEP SLEEP

STC STC.B CCR,Rd
STC.B EXR,Rd
STC.W CCR,@ERd
STC.W EXR,@ERd
STC.W CCR,@(d:16,ERd)
STC.W EXR,@(d:16,ERd)
STC.W CCR,@(d:32,ERd)
STC.W EXR,@(d:32,ERd)
STC.W CCR,@-ERd
STC.W EXR,@-ERd
STC.W CCR,@aa:16

STC.W CCR,@aa:32
STC.W EXR,@aa:32

T e = T = T = S =
[

STM STM.L (ERn-ERn+1),@-SP
STM.L(ERn-ERN+2),@-SP
STM.L(ERn-ERn+3),@-SP

STMAC* STMAC MACH,ERd
STMAC MACL,ERd

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

TAS TAS @ERd**

TRAPA TRAPA #x:2 Normal 2/3** 2

=

1
1
1
1
1
1
1
1
1
2
2
3
3
5
5
2
2
3
STC.W EXR,@aa:16 3
4
4
2
2
2
1
1
1
2
1
3
1
1
1
1
2
2
2

N

Advanced 2/3** 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
XOR XOR.B #xx:8,Rd 1
XOR.B Rs,Rd 1
XOR.W #xx:16,Rd 2
XOR.W Rs,Rd 1
XOR.L #xx:32,ERd 3
XOR.L ERs,ERd 2
XORC XORC #xx:8,CCR 1
XORC XORC #xx:8,EXR 2
Notes: * These instructions are supported by the H8S/2600 CPU only.
1. 2 when EXR is invalid, 3 when EXR is valid.
2. 5 for concatenated execution, 4 otherwise.
3. An internal operation may require between 0 and 3 additional states, depending on the
preceding instruction.
4. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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2.7 Bus States During Instruction Execution

Table 2.6 indicates the types of cycles that occur during instruction execution by the CPU. See
table 2.4 for the number of states per cycle.

How to Read the Table:

Order of execution

Instruction 1 2 3 4 5 6 7 8 9

Internal operation,
T— End of instruction

JMP @aa:24 R:W 2nd 1 state R:W EA
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

W:w Word-size write

‘M Transfer of the bus is not performed immediately after this cycle
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 arRDtendWR (HWR or LWR)
signals during execution of the above instruction with an 8-bit bus, using three-state access w
no wait states.

RD j j
WR (HWR or j S ‘ j
LWR) : . Highlevel ‘ ‘ :
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 instruction at instruction at

jump address  jump address

Figure 2.1 Address BusRD, and WR (HWR or LWR) Timing
(8-Bit Bus, Three-State Access, No Wait States)
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Instruction Execution Cycles

Table 2.6

vamd LX3aN M 8:p 199
vamd LX3aN M 8:p 119
vamd LX3aN M 8:p 399
vamd LXaN M 8:p INg
vamd LX3aN M 8:p 1dg
vamy LX3aN M 8:p SAd
vamd LX3aN M 8:p ONG
vamd LX3aN M 8:p O34
vamd LX3aN MY 8:p ang
va M A1X3IN M (8:p 019) 8:p S04
vamd LX3aN MY (8:p SHE) 8:p 009
vamd LX3aN M 8:psia
vamd LX3aN MY 8:p IHE
va M AIX3IN MY (8:p 49) 8:p NUg
vamd LX3aN MY (8:p 18) 8:p Vg
1X3N M v3ay iy M pig M puz m:d zeer®@ 'exXx# ANVE
1X3aN M vaa pige M puz m:d 9TeR® '€XX# ANVE
L1X3aN M v3a puz m:d 8'eR® € Xx# ANVE
1X3aN M v3a e puz M pPY3I@'eXx# ANVE
LX3aN M py‘eXx# ANVE
LX3aN M puz m:d YX3'8:Xx# OANY
LX3aN M H0D'8:Xx# DANY
LX3aN M puz M py3'sy3 TANY
L1X3N M pIge My puz m:d PYI‘CEXXH TANY
LX3aN M pY‘sd MANY
LX3aN M puz m:d PY‘9TXX# M ANY
LX3aN M py'sy 9NV
LX3aN M py'g:xx# g'ANY
LX3aN M py'sy xaav
LX3aN MY py'g:xx# Xaav
LX3aN M pPY3‘v/2/T# SAQV
LX3aN MY py3'sy3 Taav
L1X3aN M pige M puz m:d py3‘zEXX# Taqy
LXaN Mo py‘sd Maay
LX3N M puz m:d PH‘9TXX# M'AQY
LX3aN M py'sy g:aay
LX3aN M py'gxx# 4:aav
S 14 € z T uononnsu|
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vaam IX3IN WM\ v3a N:gd pIgE M puz m:d oTER®'EXX# Y109
v3am 1X3IN AN VY3 NGl puz m:d 8:ee@ 'e:Xx# Y109
Y3 am IX3aAN WA VY3 NG puz m:d PHIA@'E:Xx# Y1049
1IX3IN MY py'eXx# 4109
arels T
V3 M:d [uonesado jeussiu| puz m:d 9T:p 314
arels T
V3 MY [uonelado [eusayu| puz Mo 9T:p 199
arels T
V3 M:d [uonesado [eusaiu| puz m:d 9T:p 119
Qs T
V3 M:d [uonelado jeussiu| puz m:d 9T:p 399
arels T
V3 M:d [uonesado feusaiu] puz m:d 9T:p ING
arels T
V3 M:d [uonesado reusaiu] puz m:y 9T:p 1dg
arels T
V3 M:d [uonesado [eusaiu) puz m:d 9T:P SAD
arels T
V3 M:d [uonesado [eusaiu) puz m:d 9T:P OAd
oIS T
V3 M:d [uonesado [eusaiu) puz m:d 9T:p 039
oIS T
Y3 M:d [uonelado feussiu| puz m:d 9T:p ANG
oS T
V3 Mo [uonesado feussiu| puz m:d (91:p 078) 9T:P SO9
oS T
V3 M [uonesado [eussiu puz m:d (9T:p SHE) 9T:p D04
oS T
V3 M:d [uonelado feussiu| puz m:d 9T:p sS4
oS T
v3 M:d [uonelado [eussiu| puz m:d 9T:p IHG
oIS T
v3 M:d [uonelado [eussiu| puz m:d (91:p 49) 9T:p N¥g
arels T
V3 MY [uonelado [eusaiu| puz M (9T:p 19) 9T:P vHg
Y3 M IX3IN M 8:p 314
S v € z T uonannsuj
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1X3IN M

pY'exXx# LONg

1IX3N W\ v3 gy U md pIg M puz m:d zeee®@ exXx# g

LX3IN AN\ v3 gy pie M puz md 9T:ER® 'E:XX# Q19

1IX3IN W\ v3 gy puz m:d 8ee® 'eXX# 19

1IX3IN WM v3 g™ puz md py3I@'eXx# A9

1IX3IN M py‘exx# alig

IX3N W\ v3a gy Uy md pie M puz md zZeree@ EXXE YOXIg

IX3AN NN v3 gy pie M puz m:d 9TeR® EXX# HOXIF

IX3aN W\ v3a g puz m:d 8:ee®'e:XX# HOX|9

IX3IN WM\ V3 gy puz m:d pPHI@ €:xx# HOXIg

1IX3IN M py‘exx# Yyoxig

V3 gm AIX3IN W'\ V3 N‘g:d U m:d pig M puz m:d zeree@ exXxy 1S1g

Y3 am IX3AN NN VY3 N:gd pIg M puz m:d 9TER@'EXX# 1SId

v3am 1X3IN WM v3 W:g:d puz m:d g'ee@ 'eIXx# 1S9

v3aam IX3N W\ V3 Ngd puz m:d pPHID'eXX# 1SIg

1X3aN M py'exx# 119

IX3N W\ v3a gy U m:d pIg M puz m:d zeee@ eIXx# Yold

LX3IN NN v3 gy pie M puz m:d 9T:ER®) 'E€:XX# HOId

1IX3IN W\ v3 gy puz m:d 8'eR@ €IXX# YOId

1IX3IN WM v3 gy puz m:d pYI@'€:xXx# HOIg

1IX3IN M py'exx# Yold

1IX3IN WM v3 g™ U md pie M puz md zeree@ exxy dllg

IX3IAN NN v3 gy pie Mo puz m:d gTeR@ 'EXX4# ATIG

IX3N W\ v3a gy puz m:d gree@'e:xx# allg

AIX3IN W'\ v3 gy puz m:d pHI@'e:xx# AIg

1IX3IN M py'exx# allg

IX3IN W\ v3 gy U m:d pig M puz m:d zeree@ x4 ANVIE

IX3AN NN v3 g pIg M puz m:d 9TER®'E:XX# ANVIF

IX3IN W'\ v3 gy puz m:d 8:'ee® '€ IXX# ANVIE

IX3N W\ v3 gy puz m:d PHIA®@'E:Xx# ANVIE

1X3aN M py'EXX# ANVIE

Y3 am IX3N W\ VY3 N:ad Uy md pIg M puz m:d zeree@'uy ¥10d

v3 am 1X3IN NN V3 nagd pie M puz m:d 9T:EE®@'UY Y109

V3 gm IX3N W\ V3 N:gd puz m:d gree®'uy 4109

v3am IX3IN WM v3 Wgd puz m:d py3@'uY Y109

1IX3IN M py‘uy Y109

v3am IX3IN WM V3 Wad U md pie M puz m:d zeee@ eiXx# 4109
9 S 14 € Z T uononisu|
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LX3AN MY v3ay puz My pPYA@‘eX# 1519
1X3N M py‘Exx# 1S19
v3 am LX3aN M v3 g Uy M pig M puz My zeee® e 1S9
v3aMm|  LXaN MY v3 na pige My puz m:d 9T'eE® EXX# 1S9
v3am|  LXaN WM v3 N:g: puz m:d 8eR@ e XX# 1S9
v3am|  LXaN MY v3 n:a puz m:d pPHIO@'EXX# 1S9
1X3N M py'exx# 1S9
Qlels T
(1) 3oers mim| (H) Yoels MM V3 M- [uonelado feussiu) puz M:d | paoueapy
9)els T
%oeIS MM V3 MY [uonesado feussiul puz M|  [ewiON 9T:p USE
(7) >orIs MM | (H) oeIS IN:MIM vamd 1X3N M | peoueApy
YoelS MM va m:y IX3N M| [ewloN 8:p ¥sg
vagm|  LXaN WNmA v3 g Uy M pige M puz m:d zeree@'uy 1359
v3am|  LXaN WM v3 n:ad pig M puz m:d gT:eR® Uy 1359
v3am|  LXaN WM v3 N:a puz My gee® Uy 1359
v3am|  LXaN WM v3 n:g puz m:d pY3I@‘uY 1359
1X3N M py‘uy 1359
vagm|  LXaN WM v3 n:gd Uy MY pIge My puz m:d zeree® Xt 1359
v3am|  LXaN WM v3 NG pig M puz My oT'eR® '€Xx# 1359
v3am|  LXaN N v3 na puz m:d 8:eR® € XX# 1359
v3am|  LXaN WM v3 N:g: puz m:d pHI@‘€Xx# 1359
1X3N M py'exx# 1359
LX3AN WM v3a Uy MY pig M puz m:d zeeR@ eXX# Y09
LX3AN WM v3 gy pig M puz My 9TeR® 'EXXH# HOT
LX3AN WM vaa puz m:d 8BR®'EXX# HOE
LX3AN WM v3 gy puz Mm:y pPYI@'eXx# YO8
1X3N M py‘EXx# 409
vagm|  LXaN WNmA va g Uy M pIg M puz m:d zeree®@'ud 1ONg
v3am|  LXaN MY v3 N:ad pig M puz m:d gT:eR® Uy LONE
vaam|  LXaN WM va N:a puz m:d 8ee®'UY LONg
v3am|  LXaN WM v3 N:g:d puz m:d pY3@‘ud LONE
1X3aN M py‘ud LONg
vagm|  LXaN WM v3 n:ad Uy MY pige My puz m:d zeee® XX LONg
vagm|  1IXaN WM v3 g pIgE M puz My 9T:eR® '€XX# LONG
v3am|  LXaN MY v3 n:a puz m:d 8:eR® € :XX# LONE
v3am|  LXaN WM v3 N:ay puz My pPHI@‘€Xx# LONG
9 S 14 € z T uoponasu|
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1IX3N M P d°ONI
1IX3N M pd3 1TNLX3
IX3N M pPd M'NLX3
1IX3N M pd3 1'sS1X3
<00 g,Sown upalesday [0~ IX3N M Pd \'SLX3
IX3IN M 2« PV3 &M z, Sv3a 9 1. Pv3 gy 1, Sv3 9 puz m:d MAONd33
IX3aN M Z« PV3 aMm z.Sva gy 1. PV3 g 1.Sv3a gy puz M 9ANONd33
sajels 6T ‘uonesado [eusaiul 1IX3N M py3'sd M'NXAIA
sejejs TT ‘uonesado [eussiul IX3N M py'sy g'NXAId
sajels 6T ‘uonelado [eusaiu 1X3aN M puz m:d pY3a‘'sd M'SXAIQ
salels TT ‘uonesado feussiu| 1IX3IN M puz M py'sy 9'SXAId
1X3IN M pY3'2/T# 1°03a
1X3N M py‘e/T# MO3d
1X3IN M pd 9034
1X3N M pd sva
1X3IN MY pd vvd
1IX3N M py3‘'sy3 TdND
AIX3N M pig M puz M py3'cexXx# TdIND
1IX3N M py‘sd MdIND
1IX3IN M puz M PYH9TXX# MdND
1X3N M py'sy 9dND
IX3N M py‘8:Xx# adND
6+9181S T

‘uopesado [eussiul IX3N M *OVINETO
IX3AN NN v3 gy Uy M pie Md puz m:d zeree@ eixXxg OXd
IX3N W\ v3a gy ple M puz M 9TER@ EXX# YOXd
1X3IN NN v3 g™ puz m:d 8'ee@ 'e:XX# HOXd
IX3IN NN v3 g puz m:d PHID'€xXX# HOXd
1X3IN M pY'exXx# HOXd
IX3IN NN v3 g Uy M pIg M puz M zeee@'uy 1sS19
IX3IN WM v3 g™ pie Md puz mid gTee@'Uy 1S1d
IX3AN NN v3 g puz M gree®@'ud 1s19
LX3IN NN v3a gy puz mid py3@'uy 1s19
1X3N M pyud 1s19
IX3AN NN v3 g Uy M pie Md puz mid zeee@ eiXx# 1S1d
IX3IN W'\ v3 gy pie Md puz mid 9T:ER® 'C:XX# 1S14d
IX3AN NN v3 g puz M g'ee®@ 'e:Xx# 1S149

9 S 14 € I T uonannsu|
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alels
£.(1) %981 M:d | £.(H) %98IS W:M:H [uoielado _m“_wzﬁ_ LX3AN WM puz M| (T+ud3-uy3)'+dS® TINQAT
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2.8 Condition Code Modification

This section indicates the effect of each CPU instruction on the condition code. The notation us
in the table is defined below.

m = 31 for longword operands
15 for word operands

7 for byte operands

Si The i-th bit of the source operand

Di The i-th bit of the destination operand

Ri The i-th bit of the result

Dn The specified bit in the destination operand

— Not affected

! Modified according to the result of the instruction (see definition)
0 Always cleared to 0

1 Always set to 1

* Undetermined (no guaranteed value)

VA Z flag before instruction execution

c C flag before instruction execution
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Table 2.7 Condition Code Modification

Instruction H N zZz Vv C Definition

ADD O T H = Sm—4 - Dm-4 + Dm-4 - Rmb4+ Sm—4 - Rmb4
N =Rm
Z=Rm-Rmb1. ... -RO

V=Sm:Dm-Rm+Sm:Dm:Rm
C=Sm - Dm+Dm-Rm+ Sm - Rm

ADDS - = - - —

ADDX t ot 11t H = Sm-4 - Dm—4 + Dm-4 - Rmb4+ Sm-4 - Rmb4
N =Rm
Z=Z-Bm- ... -RO
V=Sm-Dm -Rm+Sm . Dm:Rm
C=Sm-Dm+Dm-Rm+Sm - Rm

AND — 1t 1 0 — N =Rm
Z=Rm-Rmbi- ... -RO

ANDC R Stores the corresponding bits of the result.
No flags change when the operand is EXR.

BAND — — — — 1 C=C'-Dn

Bcc _ = = - —

BCLR - = — - —

BIAND - — — — 1 C=C'-Dn

BILD - — — — 1 C=Dn

BIOR — — — — 1 C=C'+Dn

BIST - — - - —

BIXOR - — — — 1 C=C'-Dn+C' -Dn

BLD - — — — 1 C=Dn

BNOT - = — - —

BOR - — — — 1t C=C'+Dn

BSET - = - — —

BSR - = — - —

BST - = - - —

BTST - -t = — Z=Dn

BXOR —_ - — — C=C'-Dn+C'-Dn

CLRMAC* - = - - —

CMP O H = Sm—4 - Dmb4+ Dmb4- Rm—4 + Sm-4 - Rm—4

N =Rm
Z=Rm -Rmb1- .. -RO
V=Sm . Dm-Bm+Sm-Dm - Rm

C=Sm:Dm+Dm:Rm+Sm:Rm
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Instruction H N zZz Vv C Definition

DAA * ! o ? N =Rm
Z=Rm-Rmb1.- ..... -RO
C: decimal arithmetic carry
DAS * ! P t N =Rm
Z=Rm-Rmbi- ... RO
C: decimal arithmetic borrow
DEC — 1 ¢ - N =Rm
Z=Rm -Rmb1.- ..... -RO
V =Dm-Rm
DIVXS -t = — N=Sm-Dm+Sm - Dm
Z=Sm-Smbi- ... S0
DIVXU — ! r - = N =Sm
Z=Sm-Smbi- ... S0
EEPMOV - - - - —
EXTS — 3 0 — N =Rm
Z=Rm -Rmb1- ...... -RO
EXTU — 0 t 0 — Z=Rm -Rmbi- ... -RO
INC — - N =Rm
Z=Rm -Rmb1- ...... RO
V=Dm - Rm
IMP - - - - —
JSR - - - - —
LDC Tt e Tt Stores the corresponding bits of the result.

No flags change when the operand is EXR.

LDM _— - = =
LDMAC* _— - = =
MAC* — - - - —
MOV — 1 1 0 — N =Rm

Z=Rm-Rmb1- ...... -RO
MOVFPE — 1 1 0 — N =Rm

Z=Rm-RmbT- ... -RO
MOVTPE — 1 1 0 — N =Rm

Z=Rm -Rmbi- ...... RO
MULXS B N = R2m

Z=R2m -R2mbT- ...... RO
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Instruction H N z Vv C Definition
MULXU _ — = - —
NEG SR S S H = Dm—4 + Rm—4

N =Rm

Z=Rm - -Rmb1- ... RO

V=Dm - Rm

C=Dm+Rm
NOP _— = - —
NOT -t ¢t 0 — N =Rm

Z=Rm-Rmbf- ...... ‘RO
OR -t t 0 — N =Rm

Z=Rm - -Rmb1- ..... RO
ORC t ot t Stores the corresponding bits of the result.

No flags change when the operand is EXR.
POP -t ¢t 0 — N =Rm

Z=Rm-Rmb1- ...... ‘RO
PUSH -t ¢ 0 — N =Rm

Z=Rm-Rmb1- ... RO
ROTL — ¢t t 0 N =Rm

Z=Rm -Rmb1- ... RO

C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)
ROTR — ¢t t 0 N =Rm

Z=Rm - -Rmb1- ...... RO

C = DO (1-bit shift) or C = D1 (2-bit shift)
ROTXL — ¢t t 0 N =Rm

Z=Rm - -Rmb1. ...... RO

C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)
ROTXR — ¢t t 0 N =Rm

Z=Rm - -Rmb1- ... RO

C = DO (1-bit shift) or C = D1 (2-bit shift)
RTE tor ! Stores the corresponding bits of the result.
RTS _— = - —
SHAL — 1 : N =Rm

Z=Rm-Rmb1- ...... ‘RO

V = Dm - DmD1+ Dm - Dmb1 (1-bit shift)
V = Dm - DmD1- Dmb2+ Dm - DmBb1- Dmb2 (2-bit shift)
C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)
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Instruction H N zZz VvV C Definition

SHAR — t ¢t 0 N =Rm
Z=Rm -Rmbi- ...... -RO
C = DO (1-bit shift) or C = D1 (2-bit shift)

SHLL — ¢t ¢t 0 N =Rm
Z=Rm-Rmb1. ... ‘RO
C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)

SHLR — 0 ¢t 0 N =Rm
Z=Rm-Rmbf- ... RO
C = DO (1-bit shift) or C = D1 (2-bit shift)

SLEEP _ = = = —

STC - = = - —

STM —_ - = - —

STMAC* — t - N = 1 if MAC instruction resulted in negative value in MAC register
Z =1 if MAC instruction resulted in zero value in MAC register
V =1 if MAC instruction resulted in overflow

suB torot H = Sm—4 - Dmb4+ Dmb4- Rm—4 + Sm-4 - Rm—4
N =Rm
Z=Rm-Rmb1. ... ‘RO
V=Sm-Dm-Rm+Sm-Dm-Rm
C=Sm-Dm+Dm:Rm+Sm:Rm

SUBS - - - - —

SUBX T T H = Sm—4 - Dmb4+ Dmb4- Rm—4 + Sm-4 - Rm—4
N =Rm
Z=Z-Rm- ... -RO
V=8m-Dm-Rm+Sm-Dm - Rm
C=Sm-Dm+Dm:Rm+Sm-Rm

TAS — t t 0 — N =Dm
Z=Dm -DmbT- ..... -DO

TRAPA _ - = = —

XOR —t ¢t 0 — N =Rm
Z=Rm - Rmb1- ...... -RO

XORC Tt e tt Stores the corresponding bits of the result.

No flags change when the operand is EXR.

Note: * These instructions are supported by the H8S/2600 CPU only.
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Section 3 Processing States

3.1 Overview

The CPU has five main processing states: the reset state, exception handling state, program
execution state, bus-released state, and power-down state. Figure 3.1 shows a diagram of the
processing states. Figure 3.2 indicates the state transitions.

Reset state

The CPU and all on-chip supporting modules have been
initialized and are stopped.

Exception-handling
state

A transient state in which the CPU changes the normal
processing flow in response to a reset, interrupt, or trap

instruction.
Processing Program execution
states state

The CPU executes program instructions in sequence.

Bus-released state

The external bus has been released in response to a bus
request signal from a bus master other than the CPU.

Sleep mode

Software standby

Power-down state
mode

CPU operation is stopped
to conserve power.*

Hardware standby
mode

Note: * The power-down state also includes a medium-speed mode, module stop mode, etc.

Figure 3.1 Processing States
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End of bus request

Bus request
Program execution
state
End oftbus SLEEP
reques Bus instruction
request SLEEP with _
; . \SSBY =0
M instruction
with
Bus-released state SSBY =1
Request for |
E)?((:jeoiion exception ‘ —
handﬁng handling Sleep mode
Interrupt
request
Exception-handling state
[ External interrupt

RES = high

x STBY = high, RES = low -
Reset state”™! - Hardware standby mode*?

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 Reset State

When theRES input goes low all current processing stops and the CPU enters the reset state.
Reset exception handling starts whenRIES signal changes from low to high.

The reset state can also be entered by a watchdog timer overflow. For details, refer to the rele
microcontroller hardware manual.
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3.3 Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to a reset, interrupt, or trap instruction. The CPU fetches a start address
(vector) from the exception vector table and branches to that address.

3.3.1 Types of Exception Handling and Their Priority

Exception handling is performed for traces, resets, interrupts, and trap instructions. Table 3.1
indicates the types of exception handling and their priority. Trap instruction exception handling
always accepted, in the program execution state.

Exception handling and the stack structure differ according to the interrupt control mode set in
SYSCR.

Table 3.1  Exception Handling Types and Priority

Priority  Type of Exception  Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts
A immediately when RES changes
from low to high
Trace End of instruction When the trace (T) bit is set to 1, the
execution or end of trace starts at the end of the current
exception-handling instruction or current exception-
sequence** handling sequence
Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the end
exception-handling of the current instruction or current
sequence*’ exception-handling sequence
Trap instruction When TRAPA instruction  Exception handling starts when a
is executed trap (TRAPA) instruction is
Low executed*®

Notes: 1. Traces are enabled only in interrupt control modes 2 and 3. Trace exception-handling is
not executed at the end of the RTE instruction.

2. Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,
or immediately after reset exception handling.

3. Trap instruction exception handling is always accepted, in the program execution state.

For details on interrupt control modes, exception sources, and exception handling, refer to the
relevant microcontroller hardware manual.
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3.3.2 Reset Exception Handling

After theRES pin has gone low and the reset state has been entered, reset exception handling

starts wherRES goes high again. When reset exception handling starts the CPU fetches a start
address (vector) from the exception vector table and starts program execution from that addres
All interrupts, including NMI, are disabled during reset exception handling and after it ends.

3.3.3 Trace

Traces are enabled only in interrupt control modes 2 and 3. Trace mode is entered when the T
of EXR is set to 1. When trace mode is established, trace exception handling starts at the end
each instruction.

At the end of a trace exception-handling sequence, the T bit of EXR is cleared to 0 and trace rr
is cleared. Interrupt masks are not affected.

The T bit saved on the stack retains its value of 1, and when the RTE instruction is executed to
return from the trace exception-handling routine, trace mode is entered again. Trace exception:
handling is not executed at the end of the RTE instruction.

Trace mode is not entered in interrupt control modes 0 and 1, regardless of the state of the T b

3.34 Interrupt Exception Handling and Trap Instruction Exception Handling

When interrupt or trap-instruction exception handling begins, the CPU references the stack poi
(ER7) and pushes the program counter and other control registers onto the stack. Next, the CP
alters the settings of the interrupt mask bits in the control registers. Then the CPU fetches a st
address (vector) from the exception vector table and execution branches to that address.

Figure 3.3 shows the stack after exception handling ends, for the case of interrupt mode 1 in
advanced mode.
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Normal mode

\/—\

SP—~ EXR
Reserved*
SP—~ CCR CCR
CCR* CCR*
PC PC )
(16 bits) (16 bits)
(a) Interrupt control modes 0 & 1 (b) Interrupt control modes 2 & 3
Advanced mode \_/—\
SP—~ EXR
Reserved*
SP—~ CCR CCR
PC PC
(24 bits) (24 bits)
(c) Interrupt control modes 0 & 1 (d) Interrupt control modes 2 & 3

Note: * Ignored when returning.

Figure 3.3 Stack Structure after Exception Handling (Example)

3.4 Program Execution State

In this state the CPU executes program instructions in sequence.
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35 Bus-Released State

This is a state in which the bus has been released in response to a bus request from a bus ma
other than the CPU. While the bus is released, the CPU halts except for internal operations.

Bus masters other than the CPU may include the direct memory access controller (DMAC) and
data transfer controller (DTC).

For further details, refer to the relevant microcontroller hardware manual.

3.6 Power-Down State

The power-down state includes both modes in which the CPU stops operating and modes in w|
the CPU does not stop. There are three modes in which the CPU stops operating: sleep mode,
software standby mode, and hardware standby mode. There are also two other power-down
modes: medium-speed mode and module stop mode. In medium-speed mode the CPU and ot}
bus masters operate on a medium-speed clock. Module stop mode permits halting of the opera
of individual modules, other than the CPU. 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) in the system control register (SYSCR) is cleared to 0. In sleep mode, CPU
operations stop immediately after execution of the SLEEP instruction. The contents of CPU
registers are retained.

3.6.2 Software Standby Mode

A transition to software standby mode is made if the SLEEP instruction is executed while the
SSBY bitin SYSCR is set to 1. In software standby mode, the CPU and clock halt and all on-ct
operations stop. The on-chip supporting modules are reset, but as long as a specified voltage i
supplied, the contents of CPU registers and on-chip RAM are retained. The I/O ports also reme
in their existing states.

3.6.3 Hardware Standby Mode

A transition to hardware standby mode is made wheSTie' pin goes low. In hardware

standby mode, the CPU and clock halt and all on-chip operations stop. The on-chip supporting
modules are reset, but as long as a specified voltage is supplied, on-chip RAM contents are
retained.
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Section 4 Basic Timing

4.1 Overview

The CPU is driven by a system clock, denoted by the symbol g. The period from one rising ed
of @ to the next is referred to as a “state.” The memory cycle or bus cycle consists of one, two
three states. Different methods are used to access on-chip memory, on-chip supporting modu
and the external address space. Refer to the relevant microcontroller hardware manual for de

4.2 On-Chip Memory (ROM, RAM)

On-chip memory is accessed in one state. The data bus is 16 bits wide, permitting both byte &
word access. Figure 4.1 shows the on-chip memory access cycle. Figure 4.2 shows the pin st

! Bus cycle !

Internal address bus X Address X

Internal read signal 3\

!

Read !

access | 1
Internal data bus ( Read data >—
Internal write signal N\ 1/

Write ! i

access !
Internal data bus ;

N

Write data >—

Figure 4.1 On-Chip Memory Access Cycle
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Bus cycle

Address bus ‘ Unchanged |
AS High
RD High
HWR, LWR High
Data bus high-impedance statei
Figure 4.2 Pin States during On-Chip Memory Access
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4.3 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in two states. The data bus is either 8 bits or 1.
wide, depending on the particular on-chip register being accessed. Figure 4.3 shows the acce
timing for the on-chip supporting modules. Figure 4.4 shows the pin states.

Bus cycle

Internal address bus >< Address ><
Internal read signal A\ /

Read !

access ! / ‘
Internal data bus : L Read data >—
Internal write signal 3 \ 3/

Write 1

access 1 f 3
Internal data bus 1 < Write data >—

Figure 4.3 On-Chip Supporting Module Access Timing
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Bus cycle

Address bus | Unchanged

AS High
RD High
HWR, LWR High
Data bus

High-impedance state

Figure 4.4 Pin States during On-Chip Supporting Module Access

4.4 External Address Space Access Timing

The external address space is accessed with an 8-bit or 16-bit data bus width in a two-state or
three-state bus cycle. Figure 4.5 shows the read timing for two-state and three-state access. Fi
4.6 shows the write timing for two-state and three-state access. In three-state access, wait stat

can be inserted. For further details, refer to the relevant microcontroller hardware manual.
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(b) Three-State Access
Figure 4.5 External Device Access Timing (Read Timing)
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(b) Three-State Access
Figure 4.6 External Device Access Timing (Write Timing)
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