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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, op
instruction set. They can address a 16-Mbyte linear address space.Programs coded in the h
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,
supports sum of products instructions.

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

For hardware details, refer to the relevant microcontroller hardware manuals.
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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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Section1 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 ar
H8/300H CPUs. The H8S/2600 CPU and H8S/2000 CPU have sixteen 16-bit general registe
can address a 4-Gbyte linear address space, and are ideal for realtime control.

111 Features

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

Upward-compatible with H8/300 and H8/300H CPUs

— Can execute H8/300 and H8/300H object programs

General-register architecture

— 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)

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

— Multiply and divide instructions

— Powerful bit-manipulation instructions

— 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]

4-Gbyte address space

— Program: 16 Mbytes

— Data: 4 Gbytes
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e High-speed operation
— All frequently-used instructions execute in one or two states
— Maximum clock frequency: 20 MHz
— 8/16/32-bit register-register add/subtract: 50 ns

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

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

e Two CPU operating modes
— Normal mode
— Advanced mode
e Power-down modes
— Transition to power-down state by SLEEP instruction
— 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
— The MAC register is supported only by the H8S/2600 CPU.
For details, see section 1.4, Register Configuration.
e Basic instructions

— 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.
e Number of states required for execution
— 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 follow
enhancements.

e More general registers and control registers
— Eight 16-bit registers, one 8-bit and two 32-bit control registers have been added.
e Expanded address space
— Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
— Advanced mode supports a maximum 4-Gbyte address space.
e Enhanced addressing

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

e 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
— Basic instructions execute twice as fast.
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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 follov
enhancements.

e Additional control register
— One 8-hit and two 32-bit control registers have been added.

e Expanded address space
— Advanced mode supports a maximum 4-Gbyte data address space.

e Enhanced instructions
— Addressing modes of bit-manipulation instructions have been enhanced.
— A multiply-and-accumulate instruction has been added (H8S/2600 CPU 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
— 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 ma
4-Ghyte total address space, of which up to 16 Mbytes can be used for program code and uj
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 (

Extended Registers (En)The extended registers (EO to E7) can be used as 16-bit registers, ¢
the upper 16-bit segments of 32-hbit registers. When En is used as a 16-bit register it can con
any value, even when the corresponding general register (RO to R7) is used as an address r
If the general register is referenced in the register indirect addressing mode with pre-decrem
(@—-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 CP
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
the relevant microcontroller hardware manual for further information.

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

H'0001 P

H0002 | Manual reset exception vector -

H'0003

H'0004 | ,

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

H'0006 | BN Exception

H'0007 vector table

H'0008 ;

H'0009 Exception vector 1

:888@ k-~ Exception vector 2 -]
\/\ /

Figure 1.2 Exception Vector Table (Normal Mode)

The memory indirect addressing mode (@ @aa:8) employed in the IMP and JSR instructions
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'OOFI
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 ca
and the PC, condition-code register (CCR), and extended control register (EXR) are pushed
the stack in exception handling, they are stored as shown in figure 1.3. When EXR is invalid,
not pushed onto the stack. For details, see the relevant hardware manual.

\/\ \/\

SP—~| PC o SP—~ EXR"L
(16 bits) 2 Reserved1"3
(SP—) CCR
\/_\ CCR™
- - - - PC -
(16 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 1.3 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 Gbhytes of data.

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

Instruction Set: All instructions and addressing modes can be used.
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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 eac
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'0o000004 | | Reserved |
~ Manual reset exception vector ]
H'00000007
H'00000008
"1 > Exception vector table
H'0000000B | o
(Reserved for system use)
H'0000000C | )
H'000O00010 | Reserved |
7 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
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, pro\
a 32-bit branch address. The upper 8 bits of these 32 bits are a reserved area that is regardec
H'00. Branch addresses can be stored in the top area from H'00000000 to H'0O00000FF. Note
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 stac
subroutine call, and the PC, condition-code register (CCR), and extended control register (E:
are pushed onto the stack in exception handling, they are stored as shown in figure 1.5. Whe
EXR is invalid, it is not pushed onto the stack. For details, see the relevant hardware manual

\/\ \/\

SP— EXR"!
sP—~| Reserved ‘2 Reserved™1"3
(SP—) CCR
PC
(24 bits) PC
i (24 hits)
(@) 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 add
space in advanced mode. The address space differs depending on the operating mode. For d
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: g
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 R1L
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 |1 UlH|U|N|Z]V|C]

63 41 32
MAC Sign extension ! MACH
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 alik
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 ar
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) ant
(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) ¢
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum sixteen 8-
registers.

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

« Address registers

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

ER registers 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 1
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 (EX
8-bit condition-code register (CCR), and 64-bit multiply-accumulate register (MAC: H8S/260(
CPU only).

(1) Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute. The le
of all CPU instructions is 16 bits (one word) or a multiple of 16 bits, so the least significant P(
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 execu
in sequence. When this bit is set to 1, a trace exception is generated each time an instructior
executed.

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

Bits 2 to O—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) :
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 accepte
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 ma
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 |
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag i
set to 1 if there is a carry or borrow at bit 11, and cleared to 0 otherwise. When the ADD.L,
SUBL.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, a
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 oth
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
e 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 instruct
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 branct
(Bcc) instructions.

(4) Multiply-Accumulate Register (MAC)

The MAC register is supported only by the H8S/2600 CPU. This 64-bit register stores the res
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, clear
trace bit in EXR to 0, and sets the interrupt mask bits in CCR and EXR to 1. The other CCR |
and the general registers are not initialized. In particular, the stack pointer (ER7) is not initiali
The stack pointer should therefore be initialized by an MOV.L instruction executed immediat:
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) dat
Bit-manipulation instructions operate on 1-bit data by accessing bitn (n =0, 1, 2, ..., 7) of byt
operand data. The DAA and DAS decimal-adjust instructions treat byte data as two digits of 4
BCD data.

15.1 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[5]4[3]2[1]o]  Dontcare |
1-bit data R
| Dontcare [7]6]5[4]3[2|1]0|
4-bit BCD data RnH 7 43 O
| Upper | Lower |  Dontcare !
4-bit BCD data rRo 7 43 0
| Dontcare | Upper | Lower |
Byte data RnH 7 O
] otewe
MSB Lsg T
Byte data rRo.. 7 0
. Domtcare | i i1l
""""""""""" 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)
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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 longworc
in memory, but word or longword data must begin at an even address. If an attempt is made t
access word or longword data at an odd address, no address error occurs but the least signifi
bit of the address is regarded as 0, so the access starts at the preceding address. This also a
instruction fetches.

Data Type Data Format
Address e
7 0
1-bit data AddressL| 7|6 |54 [3]2|1|0
Byte data Address L [MSB: @ . i ISB
Word data Address 2M MSB; b AR
Address 2M + 1 iLSB
Longword data Address 2N MSB% ‘ ‘ AR
Address 2N + 1 A
Address 2N + 2 o Lo
Address2N+3| 1 1 i 1 1 ISB

Figure 1.11 Memory Data Formats

When the stack pointer (ER7) is used as an address register to access the stack, the operanc
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 eac

instruction, see section 2.2, Instruction Descriptions.

Table 1.1 Instruction Classification

Function Instructions Size Types
Data transfer MOV BWL 5

POP*? 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** — 41
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

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.

H8S/2000 CPU: Total 65 types

4. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.

HITACHI
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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/260C
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
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

A Logical AND

\ Logical OR

® 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 W/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.
ST™M 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 RdtRs—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 RdtRs+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—->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+t2—>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 x Rs - 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 x Rs — 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 RdaARs—Rd, Rda#MM — Rd
Performs a logical AND operation on a general register
and another general register or immediate data.
OR B/W/L RdvRs—Rd, Rdv#MM— Rd
Performs a logical OR operation on a general register
and another general register or immediate data.
XOR B/W/L Rd® Rs—» Rd, Rd® #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 — (<bit-No.> of <EAd>)

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

BNOT

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

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

BTST

— (<bit-No.> of <EAd>) — Z

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

BAND

BIAND

C A (<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 A = (<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 v (<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 v — (<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 @ (<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 @ — (<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 immediate 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 Cvz=0
BLS Low or same Cvz=1
BCC(BHS) Carry clear C=0
(high or same)
BCS(BLO) Carryset(low) C=1
BNE Not equal Z=0
BEQ Equal Z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greaterorequal N®V =0
BLT Less than NeVvV=1
BGT Greater than Zv(NeV)=0
BLE Less or equal Zv(NeVv)=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

HITACHI
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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 A #IMM — CCR, EXR A #IMM — EXR

Logically ANDs the CCR or EXR contents with
immediate data.

ORC

CCR v #IMM — CCR, EXR v #IMM — EXR

Logically ORs the CCR or EXR contents with
immediate data.

XORC

CCR @ #IMM — CCR, EXR & #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 ER6.

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 consis
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 operat
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

registers by 3 bits or 4 bits. Some instructions have two register fields. Some have no register

field.

are specified by 3 bits, data

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

(2) Operation field and register fields

op m rm

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

op m rm

EA (disp)

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

op cc EA (disp)

NOP, RTS, etc.

ADD.B Rn, Rm, etc.

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

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 su
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-«
relative and memory indirect. Bit manipulation instructions use register direct, register indirec
absolute addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT, &
BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in the opere

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 gene
register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit regist
RO to R7 and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specified as :
registers.

2. Register Indirect—@ERnN: 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 procg
instruction address, the lower 24 bits are valid and the upper 8 bits are all assumed to be 0 (

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
register field of the instruction, and the sum gives the address of a memory operand. A 16-bi
displacement is sign-extended when added.
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4. Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @—ERnN:

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

e Register indirect with pre-decrement—@—-ERn

The value 1, 2, or 4 is subtracted from an address register (ERn) specified by the register
in the instruction code, and the result becomes the address of a memory operand. The res
also stored in the address register. The value subtracted is 1 for byte access, 2 for word ac
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:32ie instruction code contains the
absolute address of a memory operand. The absolute address may be 8 bits long (@aa:8), 1¢
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-bit 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 ab:
address can access the entire address space.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The uppel
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 bits (@aa:8) H'FFO00 to H'FFFF H'FFFFFFOO 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'00FFFFFF
address

For further details on the accessible range, refer to the relevant microcontroller hardware man

Rev. 3.0, 07/00, page 34 of 320
HITACHI



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 bi
number. The TRAPA instruction contains 2-bit immediate data in its instruction code, specify
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-extende:
added to the 24-bit PC contents to generate a branch address. Only the lower 24 bits of this
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 (—163
+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. Th
second byte of the instruction specifies a memory operand by an 8-bit absolute address. Thi
memory operand contains a branch address. The upper bits of the absolute address are all &
to be 0, so the address range is 0 to 255 (H'0000 to H'00FF in normal mode, H'00000000 to
H'000000FF in advanced mode). In normal mode the memory operand is a word operand an
branch address is 16 bits long. In advanced mode the memory operand is a longword operal
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 det:
refer to the relevant microcontroller hardware manual.

J\ J\

Specified — Reserved
by @aa:8

Specified —
by @aa:8

77777 Branch address  -----

\/\

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, th
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 :
Memory Data Formats.)

(2) Effective Address Calculation

Table 1.6 indicates how effective addresses are calculated in each addressing mode. In norm
mode the upper 8 bits of the effective address are ignored in order to generate a 16-bit addre:
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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
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 |
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, ERn) Register indirect with displacement (16-bit or 32-bit)
@ERN+/@-ERn 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)
H#XX:8/H#XX:16/#xXx: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 assem
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
A Logical AND
\% Logical OR
@ 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)

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, r 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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2.15 Register Specification

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

Data Register SpecificationA 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 0 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 registe
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 setbit 3in R2H to 1

BSET R1L, R2H

RIL | | Dontcare | 011

Bit number
R2H|o 1 1 0|01 01|

Setto 1

Example 2: To load bit 5 at address H'FFFFO02 into the bit accumulator

BLD #5, @H'FFFF02

#5

—

\d
HFFFFO2 [ 1 10 |10 0 11 0

L~ \/ C

Load

A4

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
I UU H UN Z V C

(=== e o] ]

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 istbyte | 2nd byte | 3rd byte  |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

| UH UN Z V C
(===l efe]]

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 1ifthereis 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: RO to 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
I UU H UN Z V C

(=== e o] ]

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 1ifthereis 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 ERY
ERs: ERO to ER7Y

Operand Format and Number of States Required for Execution

Addressing Instruction Format No. of
Mnemonic | Operands ’
Mode Istbyte |2ndbyte |3rd byte }Ath byte %rh byte #h byte | States
Immediate ADD.L  |#xx:32,ERd| 7 A 1 |Oierd IMM 3
Register direct ADD.L ERs, ERd 0 A 1§ers Oierd ‘ ‘ ‘ 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 istbyte | 2nd byte | 3rd byte  |4th byte States
Register direct ADDS #1, ERd 0 B 0 O:erd 1
Register direct ADDS #2, ERd 0 B 8 0ierd 1
Register direct ADDS #4, ERd 0 B 9 iOierd 1
Notes

Rev. 3.0, 07/00, page 51 of 320

HITACHI



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
I UU H UN Z V C

(=== e o] ]

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 istbyte | 2nd byte | 3rd byte  |4th byte States
Immediate ADDX #xx:8, Rd 9 rd IMM 1
Register direct ADDX Rs, Rd 0 E |rs | 1

Notes
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2.2.4(1) AND (B)

AND (AND logical)

Logical AND

Operation
Rd A (EAs)— Rd

Condition Code

| 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 O.
Z: Setto 1if the result is zero; otherwise
cleared to O.
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 (destinati
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 istbyte | 2nd byte | 3rd byte  |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

HITACHI
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2.2.4(2) AND (W)

AND (AND logical)

Logical AND

Operation

Rd A (EAs)— Rd

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

Operand Size

Word

Condition Code

H UN Z V C

(== [=]=] ] ]o]-]

V: Always cleared to 0.

Previous value remains unchanged.
Set to 1 if the result is negative; otherwise
cleared to O.
Set to 1 if the result is zero; otherwise
cleared to O.

Previous value remains unchanged.

Description

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

Available Registers

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

Operand Format and Number of States Required for Execution

Instruction Format

Addressing . No. of
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte  |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
ERdA (EAs)— ERd

Condition Code

| U HUN Z V C
(===l [o]-]

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

H: Previous value remains unchanged.

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

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

Operand Size
Longword

V: Always cleared to 0.
C: Previous value remains unchanged.

Description

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

Available Registers

ERd: ERO to ERY
ERs: ERO to ER7Y

Operand Format and Number of States Required for Execution

Addressing Instruction Format No. of
Mnemonic | Operands ’
Mode Istbyte |2ndbyte |3rd byte }Ath byte %rh byte #h byte | States
Immediate AND.L  |#xx:32,ERd| 7 A 6 O%erd IMM 3
Register direct | AND.L | ERs,ERd | 0 | 1 | F | 0 | 6 | 6 ‘o ers§o§erd‘ ‘ 2
Notes
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2.2.5(1) ANDC

ANDC (AND Control register) Logical AND with CCR

Operation Condition Code

CCRA #IMM — CCR Il H UN Z V C

| U
Lelefefefefe]efe]

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
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 | 2ndbyte | 3rd byte |4th byte States
Immediate ANDC #xx:8,CCR| O 6 IMM 1
Notes
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2.25(2) ANDC

ANDC (AND Control register)

Logical AND with EXR

Operation
EXR A #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 da
and stores the result in the extended control register. No interrupt requests, including NMI, a
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 | 3rd byte 4th byte States
Immediate ANDC |#x8EXR| O | 1 | 4 | 1 | 0 | 6 IMM 2
Notes

HITACHI
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2.26 BAND

BAND (Bit AND) Bit Logical AND

Operation Condition Code

C A (<bit No.> of <EAd>)—> C | U H UN Z V C

(=== ===

Assembly-Language Format H: Previous value remains unchanged.

BAND #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 ANDs a specified bit in the destination operand with the carry flag and stores:
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)

‘fenuew arempJey Ja||01u020101W JUeAS|3 3Y) 0] Jajal ‘afuel ssadde 9T:eR[®)/g:eR® 8] 10
SSI0N

"<py3> puelado uoneunsap ayl jo apow Buissalppe ayi si apow Buissalppe 8yl x 910N

sqe : : ee® ‘e ssaippe

S 0 ° L q 0 e v 9w €xXx#|  ANvd Inosqy

: sqe ee® 'gixx ssalppe

4 0 Wwio| 9 L q 0 T |V io9 ou eXx#|  ANvd oInosay

: : . . ssaippe

€ 0 9 1L sqe 3 L | 8'e® ‘exx# | ANvd J———
: o w B 'Ec 121pUI

€ 0 9. L |0 Wu wo o) L | PYI®@ ‘€x# | AaNvd Jorsiboy

. e Palp

T PI WO 9 ¢ 2 pY ‘EXx# anve JorsiBoy
seEIs ahayig  aMhqulr  eMhauyn  akqug  aikquy|  alkqpig|  aikg puz | @lAgisT s +OPOIN

. puesadO | oluowaup
JO°ON Jewlo4 uononisul Buissalppy

uonnoax3 o} palinbay selels Jo JsquinN pue rewlod puelado

Rev. 3.0, 07/00, page 59 of 320

HITACHI



2.2.7 Bcc

Bcc (Branch conditionally)

Conditional Branch

Operation

If condition is true, then
PC + disp—» PC
else next;

Condition Code
I UU H UN Z V C

Assembly-Language Format

Bcc disp
Condition field

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

Operand Size

Description

If the condition specified in the condition field (cc) is true, a displacement is added to the prog
counter (PC) and execution branches to the resulting address. If the condition is false, the ne
instruction is executed. The PC value used in the address calculation is the starting address ¢
instruction immediately following the Bcc instruction. The displacement is a signed 8-bit or 16
value. The branch destination address can be located in the range from —126 to +128 bytes o

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 |[Cvz=0 X >Y (unsigned)
BLS Low or Same 0011 |[CvzZz=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 |[N®V =0 X>Y (signed)
BLT Less Than 1101 [Nev=1 X <Y (signed)
BGT Greater Than 1110 |[Zv(N@&V)=0 |X>Y (signed)
BLE Less or Equal 1111 |Zv(N&®V)=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.

Rev. 3.0, 07/00, page 60 of 320

HITACHI




Bcc (Branch conditionally) Conditional Branch

Operand Format and Number of States Required for Execution

Addressing Mnemonic |Operands Instruction Format No. of
Mode 1stbyte | 2nd byte | 3rd byte 4th byte States
Program-counter d:8 4 0 disp 2
relative BRA (BT) d:16 5 8 0 0 disp 3
Program-counter d:8 4 1 disp 2
relative BRN (BF) d:16 5 8 1 10 di‘sp 3
Program-counter BHI d:8 4 2 disp ‘ 2
relative d:16 5 8 2 10 disp 3
Program-counter BLS d:8 4 3 di;p ‘ 2
relative d:16 5 8 3 .0 disp 3
Program-counter d:8 4 4 dis 2
relagt]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 10 di‘sp 3
Program-counter BNE d:8 4 6 disp ‘ 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 7 00 disp 3
Program-counter BVC d:8 4 8 di;p ‘ 2
relative d:16 5 8 8 0 disp 3
Program-counter BVS 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 A0 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 BLT d:8 4 D di;p ‘ 2
relative d:16 5 8 D : 0 disp 3
Program-counter BGT d:8 4 E di;p ‘ 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 {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 specif
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 ERY
Rn: ROL to R7L, ROH to R7H
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Bit Clear
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2.29 BIAND

BIAND (Bit Invert AND) Bit Logical AND

Operation Condition Code

Cnh [—| (<b|t No.> of <EAd>)]—) C | U H UN Z V C

(=== ===

Assembly-Language Format H: Previous value remains unchanged.

BIAND #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 ANDs the inverse of a specified bit in the destination operand with the carry fl
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> \ ] \ \ \
$ Invert
rd
C g — C

Available Registers

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

BIAND (Bit Invert AND)
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2.210 BILD

BILD (Bit Invert LoaD) Bit Load

Operation Condition Code

- (<bit No.> of <EAd>)— C | U H UN 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 i 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

Cv [—| (<b|t No.> of <EAd>)]—) C | U H UN Z V C

(=== ===

Assembly-Language Format H: Previous value remains unchanged.

BIOR #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 ORSs 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

Bit No. 7 i 0
<EAd> —»| | —7‘ | |
Invert
Cc U ‘/—> C

Available Registers

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

Rev. 3.0, 07/00, page 68 of 320
HITACHI



Bit Logical OR

BIOR (Bit Invert inclusive OR)
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2212 BIST

BIST (Bit Invert STore) Bit Store

Operation Condition Code

-C—> (<b|t No.> of <EAd>) | Ul H U N Z \Vj 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 inmediate data. Other bits in the destination ope
remain unchanged.

Specified by #xx:3
Bit No. 7 L 0
\ \ \ \
MY

<EAd> —»

C —» |nvert

Available Registers

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

BIST (Bit Invert STore)
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2.2.13 BIXOR

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

Bit No. 7 i 0
<EAd> — | —7‘ | |
Invert
C O — C

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
(=== ===
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 unchar

Specified by #xx:3

BitNo. 7 ! 0

<EAd> > \ | \ \ \

e

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7Y
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Bit Load
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2.2.15 BNOT

BNOT (Bit NOT)

Bit NOT

Operation

Con

— (<bit No.> of <EAd>)— (bit No. of

<EAd>)

Assembly-Language Format

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

Operand Size
Byte

dition Code

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

Description

This instruction inverts a specified bit in the destination operand. The bit number is specified t
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.

Bit No. 7

Specified by #xx:3 or Rn

<EAd> —» |

A %

ZEWN

Available Registers
Rd: ROL to R7L, ROH to R7H

ERd: ERO to ERY
Rn: ROL to R7L, ROH to R7H
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Bit NOT
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2216 BOR

BOR (Bit inclusive OR) Bit Logical OR

Operation Condition Code

C v (<bit No.> of <EAd>)—> C | U H UN Z V C

(=== ===

Assembly-Language Format H: Previous value remains unchanged.

BOR #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 ORs a specified bit in the destination operand with the carry flag and stores tr

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 specif
bit is not tested. The condition code flags are not altered.

Bit No.

7

Specified by #xx:3 or Rn

<EAd> —»]

Available Registers

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

Rn: ROL to R7L, ROH to R7H
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Bit Set
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2.218 BSR

BSR (Branch to SubRoutine)

Branch to Subroutine

Operation

PC— @-SP
PC + disp—»> PC

Assembly-Language Format
BSR disp

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

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

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 55 disp 3 4
relative 5. C| 00 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 normal mode only
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
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
number is specified by 3-bit immediate data.

Specified by #xx:3

BitNo. 7 ! 0
| ] |

<EAd> —»

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7Y
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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 0.

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 low
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 @ (<bit No.> of <EAd>)—> C

Condition Code

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

Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
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 a
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 ER7Y
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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 | 2nd byte | 3rdbyte |4th byte States
— CLRMAC — 01 A0 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 also clears the overflow flag in the multiplier to O.
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2.2.23(1) CMP (B)

CMP (CoMPare)

Compare

Operation
Rd — (EASs), set/clear CCR

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

Operand Size
Byte

Condition Code

| UH UN Z V C
(===l efe]]

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 subtracts the source operand from the contents of an 8-bit register Rd (destir
operand) and sets or clears the condition code bits according to the result. The contents of t

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 . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte |4th byte States
Immediate CMP.B #xx:8, Rd A rd IMM 1
Register direct CMP.B Rs, Rd 1 cC|rrs o 1
Notes
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2.2.23(2) CMP (W)

CMP (CoMPare)

Compare

Operation
Rd — (EASs), set/clear CCR

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

Operand Size
Word

Condition Code

| UH UN Z V C
(===l efe]]

H: Setto 1 if there is a borrow at bit 11;
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 15;
otherwise cleared to 0.

Description

This instruction subtracts the source operand from the contents of a 16-bit register Rd (destin
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 . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 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

| UH UN Z V C
(===l efe]]

Assembly-Language Format
CMP.L < EAs>, 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 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
d Mnemonic | Operands ’
Mode 1stbyte |2nd byte |3rd byte }Ath byte %Sth byte (%th byte States
Immediate CMP.L |#xx:32,ERd| 7 A 2 |Oerd IMM 3
Register direct CMP.L ERs, ERd 1 F 1§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

I U H UN Z V C
EEGEnNn

* *

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 1ifthereis 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'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 Oto 8 0 AtoF 06 0
0 0to9 1 0to3 06 0
0 AtoF 0 Oto9 60 1
0 9to F 0 AtoF 66 1
0 AtoF 1 Oto3 66 1
1 lto2 0 0to9 60 1
1 1to2 0 AtoF 66 1
1 1to3 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 1stbyte | 2ndbyte | 3rdbyte  |4th byte States
Register direct DAA Rd 0o | 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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2.2.25 DAS

DAS (Decimal Adjust Subtract)

Decimal Adjust

Operation
Rd (decimal adjust)» Rd

Assembly-Language Format
DAS Rd

Operand Size
Byte

Condition Code

I U H UN Z V C
=L [=[:T:T*To]

* *

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) b
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 Oto8 1 6toF FA 0
1 7TtoF 0 0to9 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
Rd-1-Rd

Assembly-Language Format
DEC.B Rd

Condition Code

| UH UN Z V C
(= ===l e e =]

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.
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

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 1
Notes

An overflow is caused by the operation H'80 -1H'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

| UH UN 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 o . .

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 subtracts the immediate value 1 or 2 from the contents of a 16-bit register Rc
(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 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 | UHUNZV C
PRz ERd (===l e e [
Assembly-Language Format H: Previous value remains unchanged.
DECL#1, ERd N: zztatrzdl;(f)tge result is negative; otherwise
DEC.L #2, ERd L . .
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: Previous value remains unchanged.
Description

This instruction subtracts the immediate value 1 or 2 from the contents of a 32-bit register ER
(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 . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Register direct DEC.L #1, ERd 1 B 7 i0O:erd 1
Register direct DEC.L #2, ERd 1 B F iOierd 1
Notes

An overflow is caused by the operations H'80000006-»- #'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 | U HUNZVC

(= [==1=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 O.
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 cont
of an 8-bit register Rs (source operand) and stores the result in the 16-bit register Rd. The di
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, EOto 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 0/ 1|D 0|5 {1 |r 13
Notes

The N flag is set to 1 if the dividend and divisor have different signs, and cleared to 0 if they h
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 | 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.W Rs, ERd

cleared to O.
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 cor
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
dividend.

ERd Rs ERd
Dividend ‘ + ‘ Divisor ‘ - ‘ Remainder | Quotient
32 hits 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 [Olerd| 21

Notes

The N flag is set to 1 if the dividend and divisor have different signs, and cleared to 0 if they h
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 HUNZVC
(=== = e =]

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 O.
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 cont
of an 8-bit register Rs (source operand) and stores the result in the 16-bit register Rd. The di
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 s 12
Notes
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2.2.28 (2) DIVXU (W)

DIVXU (DIVide eXtend as Unsigned) Divide

Operation Condition Code

ERd+ Rs— ERd | UHUN Z V C
(===l e =]

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 O.
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 cor
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 hits 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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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 Olerd 20
Notes

Rev. 3.0, 07/00, page 108 of 320
HITACHI



2.2.29 (1) EEPMOV (B)

EEPMOV (MOVe data to EEPROM) Block Data Transfer
Operation Condition Code
if R4L = 0 then | U H U N Z V C
repeat @ER5+> @ERG6+ |_‘_‘_‘_‘_‘_‘_‘_|
R4L — 1 R4L
until R4L =0 . :
. H: Previous value remains unchanged.
else next; . .
N: Previous value remains unchanged.
Assembly-Language Format Z Prev_ious value rema_ins 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 spec
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 instru
The data transfer is performed a byte at a time, with R4L indicating the number of bytes to b
transferred. The byte symbol in the assembly-language format designates the size of R4L (a
limits the maximum number of bytes that can be transferred to 255). No interrupts are detect
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 | 2nd byte | 3rdbyte |4th byte States

— EEPMOV.B 7B |5 C |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
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 | U H U N 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 speci
in ER5 to the memory location specified in ER6, increments ER5 and ER6, decrements R4, a
repeats these operations until R4 reaches zero. Execution then proceeds to the next instructic
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 (allc
a maximum 65535 bytes to be transferred). All interrupts are detected while the block transfer
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 indic
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+2n"

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 conter
then as follows:

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

The program counter value pushed on the stack in interrupt exception handling is the addres
the next instruction after the EEPMOV.W instruction. Programs should be coded as follows t
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.
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2.2.30 (1) EXTS (W)

EXTS (EXTend as Signed) Sign Extension
Operation Condition Code
(<Bit 7> of Rd)— (<bits 15 to 8> of Rd) | U 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 O.
Z: Setto 1 if the result is zero; otherwise
cleared to O.
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 directic

(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 | 2ndbyte | 3rdbyte  |4th byte States
Register direct | EXTS.W Rd 1 7| D 1
Notes
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2.2.30 (2) EXTS (L)

EXTS (EXTend as Signed)

Sign Extension

Operation

(<Bit 15> of ERd)— (<bits 31 to 16> of ERd) LUl

Condition Code

HUNZV C
(===l [o]-]

Assembly-Language Format
EXTS.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: Previous value remains unchanged.

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't care | — | Sign extension | |
16 bits T 16 bits 16 bits 16 bits
Sign bit
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 | EXTS.L ERd 1 7 | F Oerd 1

Notes
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2.2.31 (1) EXTU (W)

EXTU (EXTend as Unsigned) Zero Extension
Operation Condition Code
0 — (<bits 15 to 8> of Rd) | UU H UN Z V C
(=== —Jol:]o]—]
Assembly-Language Format H: Previous value remains unchanged.
N: Always cleared to 0.
EXTU.W Rd . . .
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
V: Always cleared to 0.
Operand Size C. Previous value remains unchanged.
Word
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'tcare ! | —> | 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 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Register direct EXTUW Rd 17 |5 id 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

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 0.

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 1€

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 1. 7 | 7 [0Oed 1
Notes
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2.2.32(1) INC (B)

INC (INCrement) Increment

Operation Condition Code

Rd+1- Rd | UHUN Z V C
(===l [ [

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
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 0 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

| UH UN 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 o . .

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 (desti
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 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.

Rev. 3.0, 07/00, page 117 of 320

HITACHI



2.2.32(3) INC (L)

INC (INCrement) Increment
Operation Condition Code
ERd + 2— ERd |—‘—‘—‘—‘I‘$‘I‘—|
Assembly-Language Format H: Previous value remains unchanged.
INC.L #1, ERd N: zztatrzdl;(f)tge result is negative; otherwise
INC.L #2, ERd L . .
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 . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Register direct INC.L #1, ERd 0 B 7 i0:erd 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 (JUMP) 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 @ERN 5 9 O%ern% 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 be
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 I U HUN 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 branche
specified effective address. The program counter value pushed onto the stack is the address
instruction following the JSR instruction.

Available Registers
ERn: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing Instruction Format No. of States
d Mnemonic | Operands
Mode 1stbyte | 2ndbyte |3rdbyte |4th byte Normal  Advanced
Register indirect JSR @ERN 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
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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2.2.35(1) LDC (B)

LDC (LoaD to Control register) Load CCR

Operation Condition Code

<EAs>— CCR | UH UN Z V C
HEnnnnnn

Assembly-Language Format 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

LDC.B <EAs>, CCR

Byte
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 instruct

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
Immediate LDC.B #xx:8,CCR| 0 7 IMM 1
Register direct LDC.B Rs, CCR 0 3 0 rs 1
Notes
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2.2.35(2) LDC (B)

LDC (LoaD to Control register)

Load EXR

Operation
<EAs>— EXR

Condition Code

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 . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 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

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

| UH UN Z V C
Lelefefelefefe]e]

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 a

are loaded into CCR.

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

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

LDC (LoaD to Control register) Load EXR
Operation Condition Code
(EAs)—> EXR I U HUN 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 ac
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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LDC (LoaD to Control register)
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2236 LDM

LDM (LoaD to Multiple registers) Restore Data from Stack
Operation Condition Code
@SP+— ERnN (register list) | U H UN Z V C
Assembly-Language Format H: Previous value remains unchanged.
LDM.L @SP+, <register list> 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 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 ca
specified in the register list.

Two registers: ERO0-ER1, ER2-ER3, ER4-ERS5, 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+1 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

ERs 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 (M
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 1stbyte | 2nd byte | 3rdbyte |4th byte States
Register direct LDMAC |ERs, MACH| O 3 2 i0Oiers 2%
Register direct LDMAC |ERs,MACL| O 3 3 |Ojers Al

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 O.
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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— ERnN
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
contents of general registers ERn and ERm, adds the 32-bit product to the contents of the M
register, and stores the sum in the MAC register. After this operation, ERn and ERm are botl
incremented by 2.

The operation can be carried out in saturating or non-saturating mode, depending on the MA
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 val
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'8000000
(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 MA
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 @ERn+, 0 1 6 0 6 D 0 ern {0} erm 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.

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

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

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 value:
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 t
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
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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 (MULXL

MULXS).
2. Example
CLRMAC

MAC @ER1+ @ER2+

MAC @ER1+ @ER2+<«—— Overflow occurs

MAC @ER1+ @ER2+<«—— Result=0

NOP

STMAC MACH,ER3
CLRMAC

STMAC MACH,ER3

«— CCR(N=0,Z=1,V=1)

«— 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 0.

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

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, tes
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 rd 1
Notes
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2.2.39(2) MOV (W)

MOV (MOVe data)

Move

Operation
Rs— Rd

Condition Code

| U HUN Z V C
(===l [o]-]

Assembly-Language Format H: Previous value remains unchanged.
MOV.WRs, Rd 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.
C: Previous value remains unchanged.
Word
Description

This instruction transfers one word of data from a 16-bit register Rs to a 16-bit register Rd, te
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 rd 1
Notes

HITACHI
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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 0.

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

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 1 ers O erd 1
Notes
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2.2.39 (4) MOV (B)

MOV (MOVe data) Move

Operation Condition Code

(EAs)— Rd I U HUN Z V C
(=== =[] ]o]-]

Assembly-Language Format 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 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 transt
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 I U HUN Z V C
(=== =[] ]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.W<EAs>, Rd

Description

This instruction transfers the source operand contents to a 16-bit register Rd, tests the transt
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
(EAs)— ERd

Condition Code

I U H UN Z V C

(== [=]=] ] ]o]-]

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

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
Longword

V: Always cleared to O.

C: Previous value remains unchanged.

Description

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

general register Rd.

T~ A

MSB

«— EA

LSB

ERd | Ed

RAH |  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
(=== =[] ]o]-]

Assembly-Language Format 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 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 destinatic
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
(=== =[] ]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 destinatic
location, tests the transferred data, and sets condition-code flags according to the result.

Available Registers

Rs: ROto R7,EOto E7
ERd: ERO to ER7
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2.2.39 (9) MOV (L)

MOV (MOVe data)

Move

Operation
ERs— (EAd)

Condition Code

I U H UN Z V C

(== [=]=] ] ]o]-]

Assembly-Language Format
MOV.L ERs, <EAd>

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
Longword

V: Always cleared to O.

C: Previous value remains unchanged.

Description

This instruction transfers the contents of a 32-bit register ERs (source operand) to a destinat
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.

T~ A

> MSB

«— EA

LSB

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 UUHUNZV C
Synchronized with E clock |_‘_‘_‘_‘ 1‘ 1‘0‘—|
Assembly-Language Format 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 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 gener
register Rd in synchronization with an E clock, tests the transferred data, and sets condition-
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 1stbyte | 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) Il UUHUNZV C
Synchronized with E clock |_‘_‘_‘_‘ 1‘ 1‘0‘—|
Assembly-Language Format 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 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 destinati
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 Cc 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

Assembly-Language Format
MULXS.B Rs, Rd

Operand Size
Byte

Condition Code

| UH UN Z V C
(=== ]=l e [=]=]

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: 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 |
register Rd. If Rd is one of general registers RO to R7, Rs can be the upper part (RdH) or lov
part (RdL) of Rd. The operation performed is 8 Bi& bits— 16 bits signed multiplication.

Rd Rs Rd
‘Don’t care‘ Multiplicand \ x \ Multiplier \ N \ Product \
8 bits 8 bits 16 bits
Available Registers
Rd: ROto R7, EOto E7
Rs: ROL to R7L, ROH to R7H
Operand Format and Number of States Required for Execution
Addressing ) Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rd byte  |4th byte States
Register direct | MULXS.B | Rs, Rd 0o {1 |cio| 50 /|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 Condition Code

ERdx Rs— ERd | Uy H UN Z V C
(===l e =]

Assembly-Language Format . .
y guag H: Previous value remains unchanged.

MULXS.WRs, ERd 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.
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 tt
contents of a 16-bit register Rs (source operand) as signed data and stores the result in the 3
register ERd. Rs can be the upper part (Ed) or lower part (Rd) of ERd. The operation perform
16 bitsx 16 bits— 32 bits signed multiplication.

ERd Rs ERd
Don'’t care Multiplicand‘ x \ Multiplier‘ N \ 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

; Instruction Format
Addressing Mnemonic | Operands No. of

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

Register direct | MULXSW | Rs,ERd | 0 | 1 | C | 0 | 5 | 2 | rs [Ojerd| 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
Rdx Rs— 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 ih tr
register Rd. If Rd is one of general registers RO to R7, Rs can be the upper part (RdH) or lov
part (RdL) of Rd. The operation performed is 8 Bi& bits— 16 bits unsigned multiplication.

Rd Rs Rd
‘Don’t care‘ Multiplicand \ x \ Multiplier \ N \ 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 1stbyte | 2ndbyte | 3rd byte |4th byte States
Register direct MULXU.B Rs, Rd 5 10 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 | U H 9] N Z V C

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 tt
contents of a 16-bit register Rs (source operand) as unsigned data and stores the result ih the
register ERd. Rs can be the upper part (Ed) or lower part (Rd) of ERd. The operation performi
16 bitsx 16 bits— 32 bits unsigned multiplication.

ERd Rs ERd
Don'’t care Multiplicand‘ x \ Multiplier‘ N \ 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 1stbyte | 2ndbyte | 3rd byte |4th byte States
Register direct | MULXUW | Rs,ERd | 5 | 2 | rs [Olerd 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

| UH UN Z V C
(===l efe]]

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 (destinatic
operand) and stores the result in the 8-bit register Rd (subtracting the register contents from
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 1stbyte | 2nd byte | 3rdbyte |4th byte States
Register direct NEG.B Rd 1 7 8 rd 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 | UHUN Z V C
==l e[l ls]e]
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 there is 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 (destinatior
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 | 2nd byte | 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

Assembly-Language Format
NEG.L ERd

Operand Size
Longword

Condition Code

| UH UN Z V C
(===l efe]]

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
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 (destinat
operand) and stores the result in the 32-bit register ERd (subtracting the register contents frc
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 1stbyte | 2nd byte | 3rdbyte |4th byte States
Register direct NEG.L ERd 1 7 | B 0erd 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 | U 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
NOP

Operand Size

Description

This instruction only increments the program counter, causing the next instruction to be exect
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 0o . 0|0 © 1
Notes
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2.2.46 (1) NOT (B)

NOT (NOT = logical complement)

Logical Complement

Operation
- Rd— Rd

Condition Code

| U HUN Z V C
(===l [o]-]

Assembly-Language Format H: Previous value remains unchanged.
NOTB 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.
C: Previous value remains unchanged.
Byte
Description

This instruction takes the one’s complement of the contents of an 8-bit register Rd (destinatic
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 1710 id 1
Notes

HITACHI
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2.2.46 (2) NOT (W)

NOT (NOT = logical complement) Logical Complement
Operation Condition Code
-Rd—Rd | UHUN 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 O.
Z: Setto 1 if the result is zero; otherwise
cleared to O.
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 (destinatiol
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 17 1 o 1
Notes
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2.2.46 (3) NOT (L)

NOT (NOT = logical complement)

Logical Complement

Operation
- ERd— ERd

Condition Code

| U HUN Z 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.
C: Previous value remains unchanged.
Longword
Description

This instruction takes the one’s complement of the contents of a 32-bit register ERd (destina
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 1 7 | 3 0erd 1
Notes

HITACHI
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2.2.47 (1) OR (B)

OR (inclusive OR logical)

Logical OR

Operation
Rdv (EAs)— Rd

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

Operand Size
Byte

Condition Code

| U HUN Z V C
(===l [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: 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 | 1

Notes
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2.2.47 (2) OR (W)

OR (inclusive OR logical)

Logical OR

Operation
Rdv (EAs)— Rd

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

Operand Size
Word

Condition Code

| U HUN Z V C
(===l [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: Previous value remains unchanged.

Description

This instruction ORs the source operand with the contents of a 16-bit register Rd (destinatior
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 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
ERdv (EAs)— ERd

Condition Code

| U HUN Z V C
(===l [o]-]

Assembly-Language Format
OR.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 ORs the source operand with the contents of a 32-bit register ERd (destinatio
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 (%th byte States
Immediate OR.L #xx:32, ERd| 7 A 4 Oierd IMM 3
Register direct ORL |ERSERd | 0 | 1 | F 0 | 6 4 ‘o§ers§o§erd‘ ‘ 2
Notes
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2.2.48 (1) ORC

ORC (inclusive OR Control register)

Logical OR with CCR

Operation
CCRv #IMM — CCR

Condition Code

Assembly-Language Format
ORC #xx:8, CCR

Operand Size
Byte

OsSNzZcITC™

H UN Z V C
EIEIEIEIEIEN

Ul
L]

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 ORs the contents of the condition-code register (CCR) with immediate data
stores the result in the condition-code register. No interrupt requests, including NMI, are acct
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 #xx:8,CCR| 0 4 IMM 1
Notes

HITACHI
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2.2.48 (2) ORC

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

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
stores the result in the extended control register. No interrupt requests, including NMlI, 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 |#x8EXR| 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
@SP+— Rn

Condition Code

| U HUN Z V C
(===l [o]-]

Assembly-Language Format H: Previous value remains unchanged.
POP.W RN 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 V: Always cleared to 0.
C: Previous value remains unchanged.
Word
Description

This instruction restores data from the stack to a 16-bit general register Rn, tests the restore
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 im 3
Notes

POP.W Rn is identical to MOV.W @SP+, Rn.

HITACHI
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2.2.49 (2) POP (L)

POP (POP data) Pop Data from Stack

Operation Condition Code

@SP+-> ERn | U HUNZV C
(===l [o]-]

Assembly-Language Format 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 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 restore
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 o i 1|0 {0 /| 6 D] 7 0oem 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
(===l [o]-]

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, an
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 | 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 ol

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 | U HUNZV C
(===l [o]-]

Assembly-Language Format 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 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, a
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 o0 |6 D|F Oen 5
Notes

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

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

ROTL (ROTate Left)

Rotate

Operation
Rd (left rotation)}» Rd

Condition Code

| U HUN Z V C
(===l :]o]:]

Assembly-Language Format
ROTL.B 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
Byte

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
most significant bit (bit 7) is rotated to the least significant bit (bit 0), and also copied to the ¢

flag.

MSB

LSB

C b7

bo

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Register direct ROTL.B Rd 12 8 | rd 1
Notes
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2.2.51(2) ROTL (B)

ROTL (ROTate Left) Rotate

Operation Condition Code

Rd (|6ft rotation)—> Rd | U H UN Z V C
(=== =[:]e]o]]

Assembly-Language Format H: Previous value remains unchanged.

ROTL.B #2, Rd

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 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 a

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

MSB LSB

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 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Register direct ROTL.B #2, Rd 12 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
(===l :]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

flag.

MSB

LSB

C b15

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 ROTL.W Rd 12 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
(===l :]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 b14

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 ROTL.W #2, Rd 12 D | rd 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
(===l :]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 le
The most significant bit (bit 31) is rotated to the least significant bit (bit 0), and also copied to

carry flag.

MSB

LSB

C b31

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 ROTL.L ERd 1 2 | B 0erd 1
Notes
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2.2.51 (6) ROTL (L)

ROTL (ROTate Left) Rotate

Operation Condition Code

ERd (Ieft rotation)—> ERd | U H UN Z V C
(=== =[:]e]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 le
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 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 ROTLL | #2,ERd | 1 | 2 | F i0Olerd 1
Notes
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2.2.52 (1) ROTR (B)

ROTR (ROTate Right)

Rotate

Operation
Rd (right rotation}» Rd

Condition Code

| U HUN Z V C
(===l :]o]:]

Assembly-Language Format
ROTR.B 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
Byte

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

Description

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

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 13 8 | rd 1
Notes
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2.252(2) ROTR (B)

ROTR (ROTate Right) Rotate

Operation Condition Code

Rd (rlght rotation)—> Rd | U H UN Z V C
(=== =[:]e]o]]

Assembly-Language Format H: Previous value remains unchanged.

ROTR.B #2, Rd

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 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 rigl
The least significant two bits (bits 1 and 0) are rotated to the most significant two bits (bits 7 a

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 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Register direct ROTR.B | #2,Rd 13| c i 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
(===l :]o]:]

Assembly-Language Format H: Previous value remains unchanged.
ROTR.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.
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 rigl
The least significant bit (bit 0) is rotated to the most significant bit (bit 15), and also copied to

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 13| 9 1
Notes

HITACHI
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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
(===l :]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 rigl
The least significant two bits (bits 1 and 0) are rotated to the most significant two bits (bits 15
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 1 3 D | rd 1

Notes
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2.2.52 (5) ROTR (L)

ROTR (ROTate Right) Rotate
Operation Condition Code
ERd (right rotation}» ERd | U H U N Z V C

[=l=]=]=] [0 ]

Assembly-Language Format H: Previous value remains unchanged.
ROTR.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.
C: Receives the previous value in bit 0.
Longword
Description

This instruction rotates the bits in a 32-bit register ERd (destination operand) one bit to the ri
The least significant bit (bit 0) is rotated to the most significant bit (bit 31), and also copied to
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 H U N Z V C
(=== =[:]e]o]]

Assembly-Language Format H: Previous value remains unchanged.

ROTR.L #2, ERd

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 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 ri
The least significant two bits (bits 1 and 0) are rotated to the most significant two bits (bits 31

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 | 2ndbyte | 3rdbyte  |4th byte States
Register direct ROTRL | #,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

Condition Code

| U HUN Z V C
(===l :]o]:]

Assembly-Language Format H: Previous value remains unchanged.
ROTXLB 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.
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
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

bo

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Register direct ROTXL.B Rd 1 0 i 1

Notes

HITACHI
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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
(===l :]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

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 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Register direct ROTXLB | #2,Rd 12 4 o 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

Condition Code

| U HUN Z V C
(===l :]o]:]

Assembly-Language Format H: Previous value remains unchanged.
ROTXLW 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.
C: Receives the previous value in bit 15.
Word
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

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 ROTXL.W Rd 1 1 1

Notes

HITACHI
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2.2.53 (4) ROTXL (W)

ROTXL (ROTate with eXtend carry Left) Rotate through Carry
Operation Condition Code
Rd (left rotation through carry flag) Rd | U H UN Z V C

[=l=]=]=] [0 ]

Assembly-Language Format H: Previous value remains unchanged.
ROTXL.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.
C: Receives the previous value in bit 14.
Word
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 rotat
into the carry flag.

MSB LSB

C b15 bl4 bl 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 #2, Rd 12 5 | rd 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.
ROTXLL 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.
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 le
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

b31

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 ROTXL.L ERd 1 2 | 3 0lerd 1

Notes

HITACHI
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2.2.53 (6) ROTXL (L)

ROTXL (ROTate with eXtend carry Left)

Rotate through Carry

Operation
ERd (left rotation through carry flag» ERd

Assembly-Language Format
ROTXL.L #2, ERd

Operand Size
Longword

Condition Code

| U HUN Z V C
(===l :]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 0.

Receives the previous value in bit 30.

Description

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

into 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 | 2ndbyte | 3rdbyte  |4th byte States
Register direct ROTXLL | #2,ERd | 1 | 7 [0lerd 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 flagy Rd

| U HUN Z V C
(===l :]o]:]

Assembly-Language Format H: Previous value remains unchanged.
ROTXRB 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.
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 rigl
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

bo C

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

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

Notes

HITACHI
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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 flagy Rd

Condition Code

| U HUN Z V C
(===l :]o]:]

Assembly-Language Format H: Previous value remains unchanged.
ROTXR.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.
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 rigl
through the carry flag. The carry flag rotates into bit 6, bit O rotates into bit 7, and bit 1 rotates

the carry flag.

MSB

LSB

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 1stbyte | 2nd byte | 3rdbyte  |4th byte States
Register direct ROTXR.B | #2, Rd 1 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 flagy Rd

| U HUN 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.
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 rigl
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

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 | ROTXR.W Rd 13| 1id 1

Notes

HITACHI

Rev. 3.0, 07/00, page 191 of 320



2.2.54 (4) ROTXR (W)

ROTXR (ROTate with eXtend carry Right)

Rotate through Carry

Operation
Rd (right rotation through carry flagy Rd

Condition Code

| U HUN 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.
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 rigl
through the carry flag. The carry flag rotates into bit 14, bit O rotates into bit 15, and bit 1 rotat

into the carry flag.

MSB

LSB

C b15 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 | ROTXR.W | #2, Rd 1 5 @ rd 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
(===l :]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 0.

Description

This instruction rotates the bits in a 32-bit register ERd (destination operand) one bit to the ri
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

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 | ROTXR.L ERd 1 3 i0lerd 1
Notes
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2.2.54 (6) ROTXR (L)

ROTXR (ROTate with eXtend carry Right)

Rotate through Carry

Operation
ERd (right rotation through carry flagy ERd

Assembly-Language Format
ROTXR.L #2, ERd

Operand Size
Longword

Condition Code

| U HUN Z V C
(===l :]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 0.

Receives the previous value in bit 1.

Description

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

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 | 2ndbyte | 3rdbyte  |4th byte States
Register direct | ROTXR.L | #2,ERd | 1 | 7 [0lerd 1

Notes
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2.255 RTE

RTE (ReTurn from Exception) Return from Exception Handling
Operation Condition Code
e When EXR is invalid | U H §] N Z V C
@P— OCR [T e ]
@SP+— PC
e When EXR is valid I:  Restored from the corresponding bit on
@SP+— EXR the stack.
: Restored from the corresponding bit on
@SP+- CCR Uit R d from th ponding bi
@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-c
register (CCR) and program counter (PC) from the stack. Program execution continues from
address restored to the program counter. The CCR and PC contents at the time of executior
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 1stbyte | 2nd byte | 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 sta
Program execution continues from the address restored to the program counter. The PC cor
the time of execution of this instruction are lost.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of States
Mnemonic | Operands
Mode 1st byte 2nd byte B3rd byte 4th byte Normal Advanced
— RTS 514|710 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
g i Y i v g 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 H UN Z V C
(===l e 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 . . N
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. T
most significant bit (bit 7) shifts into the carry flag. The least significant bit (bit 0) is cleared to

MSB < LSB
«—0
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 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 | U H UN Z V C
(===l e 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 O.
Operand Size V: Setto 1 if an overflow occurs; otherwise
cleared to 0.
Byte . . N
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

Cc 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 1stbyte | 2ndbyte | 3rd byte |4th byte States
Register direct SHAL.B #2, Rd 110 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 H UN Z V C
(===l 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. T
most significant bit (bit 15) shifts into the carry flag. The least significant bit (bit 0) is cleared tc

MSB < LSB
«—0
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 | 3rd byte |4th byte States
Register direct SHAL.W Rd 1.0 9 1

Notes
The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.

Rev. 3.0, 07/00, page 200 of 320
HITACHI



2.2.57 (4) SHAL (W)

SHAL (SHift Arithmetic Left) Shift Arithmetic
Operation Condition Code
Rd (left arithmetic shift}> Rd | U H UN Z V C
(===l e 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 O.
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

Cc 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 | 2ndbyte | 3rd byte |4th byte States
Register direct SHAL.W #2, Rd 1.0 D | rd 1
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.

Rev. 3.0, 07/00, page 201 of 320
HITACHI



2.2.57 (5) SHAL (L)

SHAL (SHift Arithmetic Left) Shift Arithmetic
Operation Condition Code
ERd (left arithmetic shift}y> ERd | U H UN Z V C
(===l e e ] e ]
Assembly-Language Format H: Previous value remains unchanged.
SHALL ERd 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 V: Setto 1 if an overflow occurs; otherwise
Lonaword cleared to 0.
g 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.
most significant bit (bit 31) shifts into the carry flag. The least significant bit (bit 0) is cleared tc

MSB - LSB
«<—20
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 istbyte | 2nd byte | 3rd byte  |4th byte States
Register direct SHAL.L ERd 1 0 | B Olerd 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 | U H UN Z V C
(===l e 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 O.
Operand Size V: Setto 1 if an overflow occurs; otherwise
Lonaword cleared to 0.
g 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 lef
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 ER7

Operand Format and Number of States Required for Execution

Addressing ) Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rd byte |4th byte States
Register direct SHALL | #,ERd | 1 | 0 | F Oled 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 H UN Z V C

[=l=]=]=] [0 ]

Assembly-Language Format H: Previous value remains unchanged.
SHARB 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.
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.
0 shifts into the carry flag. Bit 7 shifts into itself. Since bit 7 remains unaltered, the sign does n
change.

MSB

LSB

v

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 | 3rd byte |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 | U H UN Z V C

[=l=]=]=] [0 ]

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.
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 righ
1 shifts into the carry flag. Bits 7 and 6 receive the previous value of bit 7. Since bit 7 remain
unaltered, the sign does not change.

MSB

LSB

v

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 1stbyte | 2ndbyte | 3rd byte |4th byte States
Register direct SHAR.B #2, Rd 141 c | 1
Notes
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2.2.58 (3) SHAR (W)

SHAR (SHift Arithmetic Right)

Shift Arithmetic

Operation
Rd (right arithmetic shift}> Rd

Condition Code

| U HUN Z V C
(===l :]o]:]

Assembly-Language Format
SHAR.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 0.

Description

This instruction shifts the bits in a 16-bit register Rd (destination operand) one bit to the right.
0 shifts into the carry flag. Bit 15 shifts into itself. Since bit 15 remains unaltered, the sign doe:

not change.

MSB

LSB

v

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 | 3rd byte |4th byte States
Register direct SHAR.W Rd 11 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
(===l :]o]:]

Assembly-Language Format H: Previous value remains unchanged.
SHAR.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.
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 righ
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

LSB

v

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 1stbyte | 2ndbyte | 3rd byte |4th byte States
Register direct SHAR.W #2, Rd 11 D | rd 1

Notes

HITACHI
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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=]=]=] [0 ]

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.
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 righ
Bit O shifts into the carry flag. Bit 31 shifts into itself. Since bit 31 remains unaltered, the sign
does not change.

MSB

LSB

v

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 | 2ndbyte | 3rd byte |4th byte States
Register direct SHAR.L ERd 1 1 | B Olerd 1
Notes
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2.2.58 (6) SHAR (L)

SHAR (SHift Arithmetic Right)

Shift Arithmetic

Operation
ERd (right arithmetic shift}» ERd

Condition Code

| U HUN 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.
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 ric
Bit 1 shifts into the carry flag. Bits 31 and 30 receive the previous value of bit 31. Since bit 3:
remains unaltered, the sign does not change.

MSB

LSB

v

b31 b30 b29

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 | 2ndbyte | 3rd byte |4th byte States
Register direct SHARL | #2,ERd | 1 | 1 | F 0erd 1

Notes

HITACHI
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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 H U N Z V C

[=l=]=]=] [0 ]

Assembly-Language Format H: Previous value remains unchanged.
SHLLB 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.
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. T
most significant bit (bit 7) shifts into the carry flag. The least significant bit (bit 0) is cleared to

MSB = LSB

Cc 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 | 3rd byte |4th byte States
Register direct SHLL.B Rd 110 0 | 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 (2) SHLL (B)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code
Rd (left logical shift}»> Rd | U H U N Z V C

[=l=]=]=] [0 ]

Assembly-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.
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 0 «—0
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 1stbyte | 2ndbyte | 3rd byte |4th byte States
Register direct SHLL.B #2, Rd 1.0 4 | rd 1
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow flag.

Rev. 3.0, 07/00, page 211 of 320
HITACHI



2.2.59 (3) SHLL (W)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code
Rd (left logical shift}»> Rd | U H U N Z V C

[=l=]=]=] [0 ]

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.
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. T
most significant bit (bit 15) shifts into the carry flag. The least significant bit (bit 0) is cleared tc

MSB = LSB

Cc 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 | 3rd byte |4th byte States
Register direct SHLL.W Rd 110 1| 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 (4) SHLL (W)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code
Rd (left logical shift}»> Rd | U H U N Z V C

[=l=]=]=] [0 ]

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.
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 bl5 bi4 bl 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 | 3rd byte |4th byte States
Register direct SHLL.W #2, Rd 1.0 5 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 shifty> ERd | U H UN Z V C

[=l=]=]=] [0 ]

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.
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.
most significant bit (bit 31) shifts into the carry flag. The least significant bit (bit 0) is cleared tc

MSB = LSB

Cc 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 | 2ndbyte | 3rd byte |4th byte States
Register direct SHLL.L ERd 1 0 | 3 olerd 1
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow flag.

Rev. 3.0, 07/00, page 214 of 320
HITACHI



2.2.59 (6) SHLL (L)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code
ERd (left logical shifty> ERd | U H UN Z V C

[=l=]=]=] [0 ]

Assembly-Language Format H: Previous value remains unchanged.
SHLL.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.
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 lef
Bit 30 shifts into the carry flag. Bits 0 and 1 are cleared to 0.

MSB < LSB
0 0 «—0
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 | 2ndbyte | 3rd byte |4th byte States
Register direct SHLLL | #2,ERd | 1 | 0 | 7 i0Oerd 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 H U N 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.
least significant bit (bit 0) shifts into the carry flag. The most significant bit (bit 7) is cleared to

MSB > LSB

b7 b0 Cc

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 | 3rd byte |4th byte States
Register direct SHLR.B Rd 11 0 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 H U N Z V C
(=== —Jol:]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 O.
V: Always cleared to 0.
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 righ
1 shifts into the carry flag. Bits 7 and 6 are cleared to 0.

MSB > LSB

0O—» O 0

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 1stbyte | 2ndbyte | 3rd byte |4th byte States
Register direct SHLR.B #2, Rd 11 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 H U N 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.
least significant bit (bit 0) shifts into the carry flag. The most significant bit (bit 15) is cleared tc

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 | 3rd byte |4th byte States
Register direct SHLR.W Rd 11 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 H U N Z V C
(=== —Jol:]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 O.
V: Always cleared to 0.
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 righ
1 shifts into the carry flag. Bits 15 and 14 are cleared to 0.

MSB > LSB

0O—» 0 0

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 | 2ndbyte | 3rd byte |4th byte States
Register direct SHLR.W #2, Rd 11 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 shifty> ERd | U H UN Z V C
(=== —Jol:]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 0.
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 righ
The least significant bit (bit 0) shifts into the carry flag. The most significant bit (bit 31) is clear
to 0.

MSB LSB

v

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 | 2ndbyte | 3rd byte |4th byte States
Register direct SHLR.L ERd 11 | 3 olerd 1
Notes
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2.2.60 (6) SHLR (L)

SHLR (SHift Logical Right) Shift Logical

Operation Condition Code

ERd (right logical shifty> ERd | U H UN Z V C
(=== —Jol:]o:]

Assembly-Language Format H: Previous value remains unchanged.

N: Always cleared to 0.

HLR.L #2, ER
S  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 1.
Longword
Description

This instruction shifts the bits in a 32-bit register ERd (destination operand) two bits to the rig
Bit 1 shifts into the carry flag. Bits 31 and 30 are cleared to 0.

MSB > LSB

0O—» O 0

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 | 2ndbyte | 3rd byte |4th byte States
Register direct SHLRL | #,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 ste
remains unchanged, but the CPU stops executing instructions and waits for an exception-han
request. When it receives an exception-handling request, the CPU exits the power-down mod
begins the exception-handling sequence. Interrupt requests other than NMI cannot end the pc

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 | 3rd byte |4th byte States
— SLEEP 0 |1 8 | 0 2
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 Condition Code
CCR—Rd | UHUN Z V C

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 1stbyte | 2ndbyte | 3rd byte  |4th byte States
Register direct STC.B CCR,Rd | 0 | 2 0 | rd 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 1stbyte | 2ndbyte | 3rd byte |4th byte States
Register direct STCB | EXRRd | 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)

Con

Assembly-Language Format
STC.W CCR, <EAd>

Operand Size
Word

dition Code

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

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 eve

address. Undetermined data is stored at the odd address.

Available Registers
ERd: ERO to ER7

HITACHI

Rev. 3.0, 07/00, page 225 of 320



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)

Con

Assembly-Language Format
STC.W EXR, <EAd>

Operand Size
Word

dition Code

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

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 eve

address. Undetermined data is stored at the odd address.

Available Registers
ERd: ERO to ER7

HITACHI
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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 listy> @-SP

Con

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

Operand Size
Longword

dition Code

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

Description

This instruction saves a group of registers specified by a register list onto the stack. The regi

are saved in ascending order of register number.

Two, three, or four registers can be saved by one STM instruction. The following ranges can

specified in the register list.

Two registers:

Three registers: ERO-ER2 or ER4-ER6

Four registers:

ERO-ERS3 or ER4-ER7

ERO-ER1, ER2-ERS3, ER4-ERS5, or ER6-ER7

Available Registers
ERn: ERO to ER7
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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
(ERn-ERN+1),
- ’ 7
STM.L @-SP 0 1 1 0 6 D F 0 ern
(ERn-ERN+2),
—_ STM.L @-SP 0 1 2 0 6 D F 0! ern 9
(ERN—-ERN+3),
—_ STM.L @-SP 0 1 3 0 6 D F 0! ern 11
Notes

When ERY is saved, the value after effective address calculation (after ER7 is decremented
is saved on the stack.

Rev. 3.0, 07/00, page 230 of 320
HITACHI



2.2.64 STMAC

STMAC (STore from MAC register)

Store Data from MAC Register

Operation

MACH — ERd
or
MACL — ERd

Condition Code

Assembly-Language Format
STMACMAC register, ERd

Operand Size
Longword

V:

C:

| UH UN Z V C
* * *
(=== =1 A F =]

Previous value remains unchanged.

Set to 1 if a MAC instruction resulted in a
negative MAC register value; otherwise
cleared to O.

Set to 1 if a MAC instruction resulted in a
zero MAC register value; otherwise
cleared to O.

Set to 1 if a MAC instruction resulted in
an overflow; otherwise cleared to 0.
Previous value remains unchanged.

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 re

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 0ers 1*
Register direct STMAC |MACL,ERd| O 2 3 iOiers 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

| UH UN Z V C
(===l efe]]

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 cont
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 1 8 rs rd 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 subtract
from general register contents by using the SUBX instruction. Before executing SUBX #xx:8, |
first set the Z flag to 1 and clear the C flag to 0. The following coding examples can also be us
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

Condition Code

| UH UN Z V C
(===l efe]]

Set to 1 if there is a borrow at bit 11;
otherwise cleared to O.

Set to 1 if the result is negative; otherwis
cleared to O.

Set to 1 if the result is zero; otherwise

Operand Size cleared to 0.
Set to 1 if an overflow occurs; otherwise
Word
cleared to O.
Set to 1 if there is 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 (destina
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 SUB.W #xx:16, Rd 7 9 3 rd IMM 2
Register direct SUB.W Rs, Rd 1 9 rs rd ‘ 1

Notes
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2.2.65(3) SUB (L)

SUB (SUBtract binary)

Subtract Binary

Operation
ERd - (EAs)— ERd

Condition Code

| UH UN Z V C
(===l efe]]

Assembly-Language Format
SUB.L <EAs>, 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 subtracts a source operand from the contents of a 32-bit register ERd (destine
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 (%th byte States
Immediate SUB.L #xx:32, ERd| 7 A 3 |Oerd IMM 3
Register direct SUBL | ERS,ERd | 1 | A |Leers|0jerd ‘ ‘ ‘ 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 registel
(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 :O:erd 1
Register direct SUBS #2, ERd 1 B 8 iOierd 1
Register direct SUBS #4, ERd 1 B 9 Oerd 1
Notes
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2.2.67 SUBX

SUBX (SUBtract with eXtend carry) Subtract with Borrow

Operation Condition Code

Rd — (EAs) - G»> Rd | U HUN Z V C
(==l l=l e fe [ o] ]

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: Previous value remains unchanged when
the result is zero; otherwise cleared to 0.

V: Setto 1 if an overflow occurs; otherwise

SUBX <EAs>, Rd

Operand Size

Byte
y cleared to O.
C: Setto 1if 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 regis
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 | 2nd byte | 3rdbyte  |4th byte States
Immediate SUBX #xx:8, Rd B rd IMM 1
Register direct SUBX Rs, Rd 1 E |rs | 1

Notes
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2.2.68 TAS

TAS (Test And Set) Test and Set
Operation Condition Code
@ERd - 0- set/clear CCR | U H UN Z V C
1 — (<bit 7> of @ERd) |_‘_‘_‘_‘ 1\ x\o\—|
Assembly-Language Format H: Previous value remains unchanged.
TAS @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.
Byte
Description

This instruction tests a memory operand by comparing it with zero, and sets the condition-co
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 @ERd 0 i 1| E {0 | 7 i B |oed C 4
Notes
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2.2.69 TRAPA

TRAPA (TRAP Always) Trap Unconditionally
Operation Condition Code
e When EXR is invalid | U H 9] N Z V C
o @5 DRSS
CCR—> @-SP

<Vector>— PC Always set to 1.

K
e 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 savec
onto the stack, but bits 12 to 10 are not modified. Next execution branches to a new address gi
by the contents of the vector address corresponding to the specified vector number. The PC v
pushed onto the stack is the starting address of the next instruction after the TRAPA instructic

Vector Address
™ 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 depen
whether EXR is valid or invalid.
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2.2.70 (1) XOR (B)

XOR (eXclusive OR logical)

Exclusive Logical OR

Operation
Rd® (EAs)— Rd

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

Operand Size
Byte

Condition Code

| U HUN Z V C
(===l [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: 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 | ord 1

Notes
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2.2.70 (2) XOR (W)

XOR (eXclusive OR logical)

Exclusive Logical OR

Operation
Rd® (EAs)— Rd

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

Operand Size
Word

Condition Code

| U HUN Z V C
(===l [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: 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 . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 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
ERd® (EAs)— ERd

Condition Code

| U HUN Z V C
(===l [o]-]

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 ERC
(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 (%th byte States
Immediate XOR.L  |#xx:32,ERd| 7 A 5 O%erd IMM 3
Register direct | XORL | ERs,ERd | 0 | 1 | F | 0 | 6 | 5 ‘o§ers‘o§erd‘ ‘ 2
Notes
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2.2.71 (1) XORC

XORC (eXclusive OR Control register) Exclusive Logical OR with CCR
Operation Condition Code
[elelefefefefe]e]

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

K
XORC#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 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 1stbyte | 2nd byte | 3rdbyte |4th byte States
Immediate XORC #xx:8,CCR| 0 5 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

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 |#xx8EXR| 0 | 1 | 4 | 1| 0o | 5 IMM 2
Notes
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Instruction Set

2.3

Instruction Set
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Instruction Code

2.4

Instruction Codes

Table 2.2

i dsip 4 v — (8:p SHa) 8:p 008
dsip 0 ! ¢ 8 s | — 9T:pS19
| dsip € v | — gpsia
dsip 0 iz 8 s | — 9T:p IHG
i dsip z v | — 8:p IHg
dsip 0o i1 8 s | — (91:p 49) 9T:P Nug
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7 dsip 0 v | — (8:p 18) 8:p vHg 209
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NI 0 T T 0 | X380 DANY
I 9 0 | ¥0D'80# DANY OaNY
pi2 :0:s1 :0 9 EE T 0o |1 py3'sy3 TANY
W pi2:0: 9 v L 1 pY3'ZEXXH TANY
pi i sl 9 9 | M pY'sd MANY
NI proio9 6 LM PY'9TXX# M'ANY
pi s 9 T | py'sy 9'aNY
I pi 3 g pY‘8:xx# 8'aANY anvy
pi sl E| 0 | py'sy xaav
pi 6 | py'gxx# Xaay xaav
9 0 1 py3'v# SAQY
q 0 1 py3‘z# saav
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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
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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 instructiol
execution by the CPU. Table 2.5 indicates the number of instruction fetch, data read/write, an
other cycles occurring in each instruction. Table 2.4 indicates the number of states required fc
each cycle, depending on its size. The number of states required for each cycle depends on t
product. See the hardware manual named for the relevant product for details. The number of
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
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 =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 =2 + 2x 4 + 2x 4 = 24
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Table 2.4

Number of States per Cycle

Access Conditions

On-Chip Supporting

External Device

Module 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.

HITACHI
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Table 2.5

Instruction  Mnemonic

Number of Cycles in Instruction Execution

Branch
Instruction Address  Stack
Fetch Read Operation

Internal
Operation

Word Data
Access

Byte Data
Access

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

Bce 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 DN NRNMNNRNRNMNNMNMNMNNONNNNNDNNDRNDE NN RN RINOWNRR(P PR(RRP OWRL, N PR PR
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Instruction

Mnemonic

Branch

Instruction Address

Fetch Read

Byte Data  Word Data Internal

Operation  Access Access 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 T = T = 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

N 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

A

BIOR

BIOR #xx:8,Rd
BIOR #xx:8, @ERd
BIOR #xx:8,@aa:8
BIOR #xx:8,@aa:16
BIOR #xx:8,@aa:32

AW NN PRPIAE ONDNDPRPDAONDNDERPRRE ONMDNDEPRAODNDMDNDEPINDNDDNDDNDNDNDDNDDNDDNDDNDDNDDNDDNDDNDNDN

i
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Instruction

Mnemonic

Branch

Instruction Address

Fetch Read

Byte Data  Word Data Internal
Access Access Operation

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

bR R e

BLD

BLD #xx:3,Rd
BLD #xx:3,@ERd
BLD #xx:3,@aa:8
BLD #xx:3,@aa:16
BLD #xx:3,@aa:32

A

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

s

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 PR DM ONNDEPAR ONMDNDERAEONNMNMENONNDNDEPR(AMRONOMNEPRA ODNMDNDIR[MRO®NONDNPR

N N NN

N N NN
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Instruction

Mnemonic

Branch
Instruction
Fetch Read

Address

Stack
Operation  Access Access

Byte Data  Word Data Internal
Operation

L M N

BSR

BSR d:8 Normal

Advanced

BSR d:16 Normal

Advanced

NI L[| NP

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

s

BXOR

BXOR #xx:3,Rd
BXOR #xx:3,@ERd
BXOR #xx:3,@aa:8
BXOR #xx:3,@aa:16
BXOR #xx:3,@aa:32

A

CLRMAC*

CLRMAC

1*°

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

R RN NP R RRIRPIRP ORPNRRIREREONMNNEEO®NNEDONNDIRIEONDNDER[NMINMININ

11
19
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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

2n +2%*

2n + 2**

EEPMOV EEPMOV.B
EEPMOV.W

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

NIFL|INIFP NP

Advanced

LDC LDC #xx:8,CCR
LDC #xx:8,EXR
LDC Rs,CCR
LDC Rs,EXR
LDC @ERs,CCR
LDC @ERSs,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

e R

LDM LDM.L @SP+,(ERn-ERn+1)
LDM.L @SP+,(ERn-ERN+2)
LDM.L @SP+,(ERn-ERnN+3)

LDMAC* LDMAC ERs,MACH
LDMAC ERs,MACL

P RIN NN DA O WOWNDNO OGO WWDNDNRERDNPRINNNNNRNNODNODDNDNRNERERRPRR P[P P[NMDNDN
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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 @ERnN+ @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 A WO N OO WNPRFP WWDNDNERPRD™MDNDE ONDMRPRPAENDEPERPRPDNDOWNERERRBAEDNDPRPEPOWNERERRPRAEDNDLEPRPRPRPRPN

N T T = T = S =

= = T = T = =

NN NN NN
=
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Instruction

Mnemonic

Branch
Address Stack
Read 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%°
11

MULXS.W Rs,ERd H8S/2600
H8S/2000

3*°
19

MULXU

MULXU.B Rs,Rd  H8S/2600

H8S/2000

2%°
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
L e N

ROTL

ROTL.B Rd
ROTL.B #2,Rd
ROTL.W Rd
ROTL.W #2,Rd
ROTL.L ERd
ROTL.L #2,ERd

B R R R PR RN RINREPINRERPIN®ORNRRR R R(R[RP P R[(R R[RLR RPN DNDNDNNNDE NN O
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Instruction

Mnemonic

Branch

Instruction Address

Fetch

Read

Stack

Byte Data  Word Data Internal

Operation  Access Access Operation

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 RRPRPRINININRPERRPRER R RRPR PR R R R R(R R R R P R
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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 EXR,@aa:16
STC.W CCR,@aa:32
STC.W EXR,@aa:32

T e = e = T =S =
[

STM STM.L (ERn—-ERn+1),@-SP
STM.L(ERn-ERN+2),@-SP
STM.L(ERn-ERN+3),@-SP

0**
0**

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

=

NININPFE RPIPIFP O FPNPRP[(PEPINMNNDDNDE A OWNDNNDOOOO®WWNDNPRPPRRPIRFP P PP PP

N

Advanced 2/3 **
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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 isinvalid, 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. Se
table 2.4 for the number of states per cycle.

How to Read the Table:

l l Order of execution
Instruction 1 2 3 4 5 6 7 8 9
IMP @aa:24 RW2nd  |Memaloperaion, gy ga

L End of instruction

Read effective address (word-size read)

No read or write

Read 2nd word of current instruction
(word-size read)

Legend

R:B Byte-size read

R:W Word-size read

W:B Byte-size write

wW:w Word-size write

‘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 arRDt@ndWR (HWR or LWR)
signals during execution of the above instruction with an 8-bit bus, using three-state access \
no wait states.

RD I I I
WR (HWRor j — ‘ j
LWR) : . Highlevel ‘ ‘ :
R:W 2nd Ihternél 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

v3 M 1X3N M 8:p 199
va md 1X3aN M 8:p 119
v3 M 1X3N M 8:p 399
vamy 1X3aN M 8:p INg
v3 M 1X3N M 8:p 1dg
vamy 1X3aN M 8:p SAd
v3 M L1X3aN M 8:p OAg
vamy 1X3aN M 8:p 039
v3 M L1X3aN M 8:p aNg
va md AX3IN M (8:p 019) 8:p S04
v3 M L1X3N M (8:p SHE) 8:p 009
vamy 1X3aN M 8:psig
v3 M L1X3N M 8:p IHg
va M AX3IN M (8:p 49) 8:p NUg
v3 M LX3N M (8:p 19) 8:p vyg
1X3N M vaay ur Mo pig M puz m:d zeee® exx# ANVE
1X3aN M vaay pige Mo puz My 9TRR® '€XX# ANVE
1X3N M v3ay puz m:d 8:eR® € XX# ANVE
1X3aN Mo v3ay puz My pYI@‘e:Xx# ANVE
L1X3aN M py‘eXx# ANVE
1X3aN M puz My YX3'8Xx# DANY
L1X3aN M HOD'8:Xx# DANY
1X3aN M puz My py3‘'sy3 TANY
1X3N M pig M:d puz m:d pY3‘CEXXH TANY
1X3aN M py'sy MANY
1X3N M puz m:d PY9TXXH# M ANV
LX3aN M py‘sy 9'aNV
LX3N M pY‘g:xXx# g'ANY
LX3aN M py‘sy xaavy
LX3N M py'gxx# Xaav
1X3aN M pPY3‘v/2/T# SAQY
LX3N MY py3'sy3 Taav
1X3N M pig M puz m:d py3‘zEXXH 1'aQv
1X3aN M py'sd Maav
1X3N M puz m:d PH9TXX# M'AQY
LX3aN M py'sy g:aav
LX3N M py‘gxx# g'aav
S 12 € z T uononusul
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v3aam IX3IN NN VY3 N:gd pIg M puz m:d 9TER®)'EXX# Y109
v3am 1X3IN WM v3 Wad puz m:d 8:ee@ 'e:Xx# Y109
Y3 am IX3N W\ VY3 g puz m:d PHIA@'€:XX# Y1049
AIX3IN M pPY'eXx# 41049
aels T
V3 MY [uonelado [eusayu| puz m:d 9T:p 374
Qs T
V3 M [uonelado [eusaiu| puz m:y 9T:p 199
Qlels T
V3 M:d [uonesado jeulsiu| puz m:o 9T:p 119
Qs T
V3 M:d [uonesado jeussiu| puz m:d 9T:p 3949
Qs T
v3a MY [uonesado [eusaiu) puz m:y 9T:P ING
Qs T
v3a MY [uonesado [eusaiu) puz m:y 9T:p 1dg
Qs T
v3a MY [uonesado [eusaiu) puz M 9T:p SAD
Qs T
V3 MY [uonesado [eusaiu puz m:d 9T:P OAd
Qs T
V3 MY [uonesado [eusaiu puz m:d 9T:p 039
Qs T
v3 M:d ['uonesado feussiu| puz m:d 9T:p ING
Qs T
V3 M [uonesado feussiu| puz m:d (91:p 078) 9T:P S04
Qs T
V3 M [uonelado [eussiu| puz m:d (9T:p SHE) 9T:p 004
QIS T
3 M:d [‘uoneiado [eussiu| puz m:d 9T:p ST19
QIS T
3 M:d [‘uonelado [eussiu| puz m: 9T:p IHG
QIS T
3 M:d [‘uoneiado [eussiu| puz m:d (9T:p 49) 9T:P N¥Q
Qs T
V3 M:d [uonelado [eusayu| puz Mo (9T:p 19) 9T:Pp VHg
Y3 M IX3IN M 8:p 314
S 14 € z T uononnsu|
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1X3N M:d

py'exx# LONg

1IX3IN W'\ v3 gy Uy Mo pIigE M puz m:d zeree@ exx# alg

1X3IN AN\ v3 g™ pig M puz m 9T:ER®) '€:XX# Q19

1IX3IN WM\ v3 gy puz m:d greR®@ eXX# A9

IX3IN WM v3 gy puz md pyI@'exXx# a1d

IX3IAN M py'exx# alg

IX3N W\ v3a g Uy Mo pig M puz md zeree@ XX 4oxId

IX3AN NN v3 gy pig M puz m:d 9TeR® €:XX# HOXIg

IX3N W\ v3 gy puz m:d 8ee®'e:XX# HOX|9

IX3IN WM\ v3 gy puz m:d pPHID E:Xx# HOXIF

IX3IN M py'exx# Yoxig

vagm IX3IN WM\ V3 Ng:d U Mo pige M puz m:d zeree@ XXy 1S19

Y3 am IX3AN NN Y3 N g pig M puz m:d oTER@'EXX# 1S9

v3aam 1IX3IN WM v3 N:g:d puz m:d g:ee®@ 'eIXx# 1SI9

V3 am IX3N W\ v3a Ngd puz m:d PHIA@'EXx# 1S19

1X3IN M py'exx# 119

IX3N W'\ v3 gy Uy Mo pIig M puz m:d zeeR@ X4 Yold

1X3IN N:MH v3 g™ pig M puz md 9Tee@ EXX# HOIg

IX3IN W'\ v3 gy puz m:d g8reR®@ eIXX# HOold

IX3IN WM v3 gy puz md pY3@'e:xXx# HOlg

IX3IAN M py‘exx# yolg

AIX3N W\ v3a g Uy Mo pig M puz md zceree@'exx# Al

IX3AN NN v3 gy pig M puz m:d 9gTeR@ 'eXX4# ATIg

IX3N W\ v3a g puz m:A gree®@'eixx# A1lg

AIX3IN WM\ v3 gy puz m:d pHI@‘eXX# AT

IX3AN M py'exx# allg

IX3IN WM\ v3 gy U Mo pig M puz m:d zeee@ eixXx# ANVIE

IX3AN NN v3 ad pIig M puz m:d 9TER®@'EXX# ANVIG

IX3IN WM v3 gy puz m:d 8:eR® '€ IXX# ANVIE

IX3N W\ v3 gy puz m:d PHIA® €:XX# ANVIE

1X3IN M py'exx# ANVIg

v3aam IX3N W\ v3a Ngd Uy Mo pig M puz m:d zeree@'uy 4109

v3 am 1X3IN NN V3 N:gd pie M puz m:d 9TeE@'UY Y109

VY3 am IX3IN W\ v3a Ngd puz m:d gree®@'uy 4109

v am IX3IN WM V3 g puz md py3@'uy Y109

IX3AN M py‘uy Y109

v3 am IX3IN WM v3 Wgd Uy Mo pig M puz md zeee®@ eiXx# 4109
S 14 € k4 T uononasu|
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LIX3AN MY v3ay puz m:y PYIA@ e 1519
LX3aN M py‘Exx# 1S19
V3 @M 1X3aN M vaa uw My pig M puz m:y zeree® et 1S9
v3am|  LXaN MY v3 n:a pige M:y puz m:d 9TeR® EXX# 1S9
v3am|  LXaN MY v3 na puz m:y 8eR@ e XX# 1S9
v3am|  LXaN MY v3 na puz m:y PHI@‘EXX# 1S9
LX3aN MY py'exXx# 1S9
Qlels T
(1) o8 MM | (H) oIS IN:MM V3 MY [uonesado feusaiul puz M:d| paouenpy
Qlels T
Yoels MM V3 MY [uonesado feusaiul puz M|  [ewioN 9T:p USq
(7) >oeIs MM | (H) 0818 IN:MIM va md 1X3N M:H| paouenpy
Yoeis MM va m:y LIXaNMH|  [ewioN 8:p ¥sa
vagm|  IXaN WM v3 g uw My pIgE MY puz My zeree@'uy 1359
v3am|  LXaN WM v3 N:g: pig M puz m:d gT:eR®‘UY 1359
v3am|  LXaN MY v3 g puz My geE®'UY 1359
v3am|  LXaN WM v3 n:a puz m:d pY3@‘uY 1359
LX3aN MY py‘uy 1359
V3 gm|  LX3N WM v3 n:a uw My pIg M:d puz m:d zerer®@ exx 1359
v3am|  LXaN WM v3 N:a pIgE M puz m:y oT:eR® 'eXx# 1359
v3am|  LXaN MY v3 na puz m:d 8eR® €XX# 1359
v3am|  LXaN MY v3 na puz m:y pPYIA@‘exx# 1359
LX3aN M py‘exx# 1359
LX3AN WM vaa uw My pIg M puz m:d zeeR® XX YO8
LX3AN MY v3 gy pIgE MY puz m:y 9TeR® EXXH# HOT
LIX3AN WY vaa puz m:d 8'eR® €% HOg
LX3AN MY v3 gy puz My PYI@'EXx# HOT
LX3aN M py‘exx# HO9
vagm|  IXaN WM v3 g uw My pIgE MY puz My ze'ee@'uy 1ONg
v3am|  LXaN M v3 N:g: pIg M:d puz m:d 9T:ER®‘'UY LONE
vaam|  LXaN MY v3 g puz My 8eE®'UY LONG
v3am|  LXaN WM v3 n:a puz m:d pY3©@‘ud LONG
LX3aN My py‘ud LONg
vagm|  LX3IN WM v3 n:a uw My pIg M puz m:d zeer® exx# LONg
vaam|  LXaN WM va N:a pIg M puz m:y 9T:eR®'EXX# LONG
v3am|  LXaN WM v3 na puz m:d 8:eR® € :XX# LONG
v3am|  LXaN WY v3 na puz m:y pPYIA@‘eXx# LONG
S 4 € z T uoponnsu|
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IX3N M PY g°ONI
1IX3IN M pd3 1TNLX3
IX3N M pPd M'NLX3
IX3IN M pd3 1'S1X3
<00 g,S8wnupsreadsy 00~ IX3N M pPd MW'S1X3
1IX3IN M Z: PV3 E'm z, Sv3a g 1. PV3 g 1. Sv3 g puz m:d MAONJ33
1IX3IN M z. PV3 aMm z.Sva gy 1. PV3 G 1.Sv3a gy puz m:d 9ANONd33
sorels 6T ‘uolresado [eusai] IX3IN M py3'sd M'NXAIQ
sejels 1T ‘uonesado [eussiu IX3IN M py'sy g'NXAId
sajels 6T ‘uonelado [eusaiu| 1X3IN M puz m:d py3’sd M'SXAIQ
sarels 1T ‘uonesado [eulaiu IX3AN M puz m:d py'sy g'sXAId
1X3IN M py3'e/T# 103a
IX3IN M py‘e/T# MO3d
1X3IN MY pd 9034
1IX3N M Pd sva
1X3IN MY pd vvd
IX3IN M py3a‘'sy3 TdND
IX3N M pig M puz m:d py3‘ZeXX# TdND
IX3IN M py‘sd MdIND
IX3AN M puz m:d PYH'9TXX# MdND
IX3IN M py'sy 9dND
IX3N M py'8:Xx# adIND
6x911S T

‘uonesado [eussiu IX3N M *OVINETO
IX3AN NN v3a gy Uy M pie M puz m:d zeree@ eixXxy OXd
IX3IN W\ v3 gy pIg M puz m:d 9TER® EXX# YOXd
1X3IN NN v3 g™ puz m:d 8:ee®'e:XX# HOXE
IX3AN NN v3a gy puz m:d PHI@ €:Xx# HOXE
1IX3IN MY pY'exXx# HoXd
IX3AN NN v3 gy Uy M pIg M puz m:d zeee@'uy 1S19
IX3IN WM v3 gy pie Md puz m:d 9Tee@'UY 1S1d
IX3AN NN v3a gy puz m:d gree®@'uy 1s19
LX3IN AN:MH v3 g™ puz m:d pYI@'UY 1S1d
IX3IN M py'ud 1s19
IX3IN NN v3 gy Uy M pig M puz m:d zeree®@ exXx# 1S1d
IX3IN WM v3 gy pie Mo puz m:d gTeR@'EXX# 1S149
IX3N NN v3a gy puz m:d greR®@ eixXX# 1S19

9 S 4 € z T uonansul
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alels
£.(7) %981 M:d | £.(H) %0BIS N:M:Y [uonesado _m“_wzﬁ_ LX3AN WM puz md|  (T+uyd3-uy3)+dS® TINaT
va M 1X3aN M U M pIgE MH puz M Ux3'zeeR® Oal
vamd 1X3N M U M pIgE M puz m:d ¥0D'zeer® 01
va My LX3aN M pig M puz M UX3'9T:eR® OQ1
v3 M LX3aN M pIgE MY puz m:d ¥00'9T:ER® OQ1
Q1eIs 1
V3 MY [uonelado [eusaiu| 1XaN Mo puz m:d UX3'+s¥3@ 0a1
alels T
V3 MY [uonesado [eussiul 1X3IN M puz m:d ¥OD'+sy3® 0aT
v3 M LX3aN Mo s M U M pIg M puz m:d UX3'(s¥3'zeP)@ Oal
vI M LX3aN MY s M U MY pIgE MY puz Mm:d ¥00'(sy3'zeP)® Oal
v3 M L1X3aN Mo pIg M puz m:d UX3'(s¥3'9T:P)@ Oa1
vame 1X3N MY pig MY puz M ¥00'(sy3'9T:P)@ Oa1
v md 1X3N M puz m:d UX3's430 Oa1
va M 1X3aN M puz m:d ¥00'sy3@ 0a1
LX3aN M dx3'sy 04l
LX3aN M ¥00'sy 0a1
1X3N M puz m:d UX3'8xXx# OA1
LX3aN M Y0D'8Xx# OQ1
vamd| (1) es M| (H) doeIs MM 8ee MY 8ree WM L1X3N MY | pasueApY
va M HoeIs MM gee M LIXaN M| [ewioN 8ee@® USC
oS T
(1) 9018 MiM| (H) 9IS INLMIM V3 M:d [uonrelado reusajul puz M:d | paoueApy
Qlels T
Jo.lS MM Y3a e ,co_ﬂm\_mao leusau| puz Mo [ewION vzee® dSr
(1) >0r18 MM | (H) >0BIS MM v M L1X3N MY | pasueApy
Hoels MM v3 M LIXaNMH|  [ewioN Uy3O ASC
aleis T
V3 M:Y [uonrelado feusajul gee My gree WY 1X3IN M:d | paoueApy
Qlels T
V3 MY [uonesado [eussiu| 8ee M IXaINMH|  [ewioN 8ee@® dINC
Qlels T
V3 MY [uonesado [eusaiul puz m:d vZee® diNe
va M LX3aN M uy3® dNC
LX3aN M pPY3‘2/T# TONI
LX3aN M PYZ/T# MONI
9 S v € z T uoponnsu|
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Va3 MM LX3aN M PHID®'Sd MAOW
va gy LX3N M pig M puz m: py'zeee® MAOIW
vam LX3N M puz m:y pY'9T:EE® MAOIW
arels T
V3 M:d [uonesado feussiul LX3aN M pY ‘+S43® MAOW
va My LX3N Mo uw M pig M puz m: pY'(sy3'zeP)® MAOI
vamd LX3N Mo puz m:d pY'(SH3'9T:P)® MAOW
vam LX3N M pY'syY3I® MAOW
1X3aN M py'sd MAOW
LX3N M puz m: PY'9TXX# MAOW
V3 g:m LX3aN M pig M puz m: zeee®'sd 9AOW
v3a g:m LX3N My puz m:y 9T:ee® 'Sy §AOW
V3 g:m 1X3aN M gree®'sy 9AOW
Qlels T
V3 g:M |uonesado [eulsiu] 1X3aN M PYI-®@'sd GAOW
v3a am LX3N M ur M pIE MY puz MY (PY3'2EP)D'SY GNON
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2.8 Condition Code Modification

This section indicates the effect of each CPU instruction on the condition code. The notation L
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 V C Definition

ADD tor ot 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 ottt 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 — 1 1 0 — N =Rm
Z=Rm-Rmb1- ... -RO
ANDC I Stores the corresponding bits of the result.
No flags change when the operand is EXR.
BAND — — — — 1t C=C'-Dn
Bcc —_ = = - —
BCLR - - - — —
BIAND - — — — 1 cC=C'-Dn
BILD - — — — 1 C=Dn
BIOR — — — — 1 Cc=C'+Dn
BIST _ = — - —
BIXOR - — — — 1 C=C'-Dn+C' -Dn
BLD - — — — 1 C=Dn
BNOT _ = — - —
BOR - — — — 1 C=C'+Dn
BSET - = — - —
BSR _ = — - —
BST - = - - —
BTST — — t = = Z=Dn
BXOR - — — — 1 C=C'-Dn+C'-Dn
CLRMAC* - = - - —
CMP t ot 11t H = Sm-4 - DmD4+ Dmb4.- Rm—-4 + Sm—4 - Rm—4

N =Rm
Z=Rm -Rmbi-...-RO
V=Sm:Dm:-Rm+Sm-Dm:Rm

C=Sm-Dm+Dm:Rm+Sm - Rm
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Instruction

Definition

DAA

N =Rm

C: decimal arithmetic carry

DAS

N =Rm
Z=Rm-RmbT. ... -RO

C: decimal arithmetic borrow

DEC

N =Rm

DIVXS

DIVXU

EEPMOV

EXTS

EXTU

INC

Z=Rm-Rmb1. ... -RO

V =Dm -Rm

N =Sm -Dm +Sm - Dm

Z=Sm-SmbT- ... -S0

N =Sm

Z=Sm-SmbT- ... -S0
=Rm

=Rm -Rmb1- ...... RO

Z=Rm-Rmb1. ...... -RO
Rm

Z=Rm-Rmb1- ... RO
=Dm - Rm

JMP

JSR

LDC

Stores the corresponding bits of the result.

No flags change when the operand is EXR.

LDM

LDMAC*

MAC*

MOV

MOVFPE

MOVTPE

MULXS

N =Rm

Z=Rm-RmbT. ...... -RO
N =Rm

Z=Rm-Rmb1.- ..... -RO
N =Rm

Z=Rm-Rmb1. .... RO
N =R2m

Z=R2m -R2mb1- ...... -RO
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Instruction H N Z VvV C Definition

MULXU _ — = - —
NEG ! tt tot 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-Rmbf1- ...... -RO
OR -t t 0 — N =Rm

Z=Rm-Rmbf1- ...... ‘RO
ORC ot t ot Stores the corresponding bits of the result.

No flags change when the operand is EXR.
POP -t ¢t 0 — N =Rm

Z=Rm-Rmbf1- ...... -RO
PUSH -t t 0 — N =Rm

Z=Rm-Rmbf1- ...... ‘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 t ot Stores the corresponding bits of the result.
RTS _ - - - —
SHAL — 1 tot N =Rm

Z=Rm-Rmbf1- ...... -RO

V = Dm - DmD1+ Dm - DmB1 (1-bit shift)
V =Dm - DmB1. 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 zZ V 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 ¢ 0 N =Rm
Z=Rm-Rmb1- ... RO
C = DO (1-bit shift) or C = D1 (2-bit shift)

SLEEP _ — = — —

STC - = = - —

ST™M _ — = - —

STMAC* — - 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 tor ot 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 O = Sm—4 - Dmb4+ Dmb4- Rm—4 + Sm—4 - Rm—4
N =Rm
Z=Z"-Rm- ... )
V=8m-Dm-Rm+Sm-Dm-Rm
C=Sm-Dm+Dm:Rm+Sm:Rm

TAS — 1t t 0 — N =Dm
Z=Dm -Dmb1- ..... -DO

TRAPA _ — = — —

XOR —t ¢t 0 — N =Rm
Z=Rm-Rmb1- ..... -RO

XORC R T - 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 tt
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

Power-down state Software standby

mode
CPU operation is stopped
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 Wi
; . \SSBY =0
v instruction
with
Bus-released state SSBY =1
Request for T VO
Eggeoiion exception 1 —
hand’I)ing 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 whenRI&S 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 handlir
always accepted, in the program execution state.

Exception handling and the stack structure differ according to the interrupt control mode set i
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 th
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 star
address (vector) from the exception vector table and starts program execution from that addre
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
of EXR is set to 1. When trace mode is established, trace exception handling starts at the enc
each instruction.

At the end of a trace exception-handling sequence, the T bit of EXR is cleared to 0 and trace |
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 1
return from the trace exception-handling routine, trace mode is entered again. Trace exceptiol
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

3.34 Interrupt Exception Handling and Trap Instruction Exception Handling

When interrupt or trap-instruction exception handling begins, the CPU references the stack pc
(ER7) and pushes the program counter and other control registers onto the stack. Next, the C
alters the settings of the interrupt mask bits in the control registers. Then the CPU fetches a s
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 m:
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) an
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 v
the CPU does not stop. There are three modes in which the CPU stops operating: sleep mod¢
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 o
bus masters operate on a medium-speed clock. Module stop mode permits halting of the opel
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, CP!
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-c
operations stop. The on-chip supporting modules are reset, but as long as a specified voltage
supplied, the contents of CPU registers and on-chip RAM are retained. The 1/O ports also remn
in their existing states.

3.6.3 Hardware Standby Mode

A transition to hardware standby mode is made wheSTBY pin goes low. In hardware

standby mode, the CPU and clock halt and all on-chip operations stop. The on-chip supportin
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 e
of g to the next is referred to as a “state.” The memory cycle or bus cycle consists of one, tw
three states. Different methods are used to access on-chip memory, on-chip supporting mod
and the external address space. Refer to the relevant microcontroller hardware manual for d

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 ¢

! Bus cycle !

Internal address bus X Address X

Internal read signal A\

!

Read !

access 3 1
Internal data bus : ( Readdata »——
Internal write signal A\ \/

Write ! !

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 .
wide, depending on the particular on-chip register being accessed. Figure 4.3 shows the acc
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 : \ Read data >—
Internal write signal 3 \ 3/

Write | : 1

access 1 f 3
Internal data bus < Write data >—

Figure 4.3 On-Chip Supporting Module Access Timing
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Bus cycle

Address bus | Unchanged

AS Hi:gh
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 o
three-state bus cycle. Figure 4.5 shows the read timing for two-state and three-state access. |
4.6 shows the write timing for two-state and three-state access. In three-state access, wait stz
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)




Write cycle
T2

Tl

Address

Address bus

>_

Write data

Data bus

(a) Two-State Access

Write cycle
T2 T3

T1

Address

Address bus

Write data

Data bus

(b) Three-State Access

Figure 4.6 External Device Access Timing (Write Timing)
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