Section 1 CPU

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 and
HS8/300H CPUs. The H8S/2600 CPU and H8S/2000 CPU have sixteen 16-bit general registers,
can address a 4-Gbyte linear address space, and are ideal for realtime control.

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

¢ Upward-compatible with H8/300 and H8/300H CPUs
— 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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* 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-bit register-register divide: 600 ns

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

¢ Two CPU operating modes
— Normal mode
— Advanced mode
¢ Power-down modes
— Transition to power-down state by SLEEP instruction
— CPU clock speed selection

Note: * The maximum operating frequency and instruction execution time differ depending on
the product.

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.
¢ 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.
* 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 following
enhancements.

* More general registers and control registers
— Eight 16-bit registers, one 8-bit and two 32-bit control registers have been added.
* Expanded address space
— Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
— Advanced mode supports a maximum 4-Gbyte address space.
¢ Enhanced addressing
— The addressing modes have been enhanced to make effective use of the 4-Gbyte address
space.
* Enhanced instructions
— Addressing modes of bit-manipulation instructions have been enhanced.
— Signed multiply and divide instructions have been added.
— A multiply-and-accumulate instruction has been added. (H8S/2600CPU only)
— Two-bit shift and rotate instructions have been added.
— Instructions for saving and restoring multiple registers have been added.
— A test and set instruction has been added.
* Higher speed

— Basic instructions execute twice as fast.
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114 Differences from H8/300H CPU

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

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

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

* 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.

* 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 maximum
4-Gbyte total address space, of which up to 16 Mbytes can be used for program code and up to 4
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 lf

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 Space: A maximum address space of 64 kbytes can be accessed, as in the H8/300 CPU.

Extended Registers (En): The extended registers (EO to E7) can be used as 16-bit registers, or as
the upper 16-bit segments of 32-bit registers. When En is used as a 16-bit register it can contain
any value, even when the corresponding general register (RO to R7) is used as an address register.
If the general register is referenced in the register indirect addressing mode with pre-decrement
(@-Rn) or post-increment (@Rn+) and a carry or borrow occurs, however, the value in the
corresponding extended register will be affected.

Instruction Set: All additional instructions and addressing modes not found in the H8/300 CPU
can be used. Only the lower 16 bits of effective addresses (EA) are valid.
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Exception Vector Table and Memory Indirect Branch Addresses: In 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 to
the relevant microcontroller hardware manual for further information.

H'0000
H'0001
H'0002 |
H'0003
H'0004 |
H0005] (Reserved for system use)  --- )
H'0006 | NI Exception

H'0007 vector table
H'0008 |
H'0009
H'000A|
H'000B

|- - Power-on reset exception vector - -

- Manual reset exception vector --

Exception vector 1 -

Exception vector 2 -

O

Figure 1.2 Exception Vector Table (Normal Mode)

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

\/\ \/\

SP—~ | PC - SP— EXR*1
(16 bits) % Reserved™! *3
(SP—) CCR
\/\ CCR™
PC o
(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 Space: The 4-Gbyte maximum address space provides linear access to a maximum
16 Mbytes of program code and maximum 4 Gbytes of data.

Extended Registers (En): The extended registers (EO to E7) can be used as 16-bit registers, or as
the upper 16-bit segments of 32-bit 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 Addresses: In advanced mode the top
area starting at H'00000000 is allocated to the exception vector table in units of 32 bits. In each

32 bits, the upper 8 bits are ignored and a branch address is stored in the lower 24 bits (figure 1.4).
The exception vector table differs depending on the microcontroller. Refer to the relevant
microcontroller hardware manual for further information.

H'00000000 Reserved N
B Power-on reset exception vector
H'00000003
Hooooo004 | | Reserved |
~ Manual reset exception vector o
H'00000007
H'00000008
I | > Exception vector table
H'0000000B | ]
(Reserved for system use)
H'0000000C | ]
H'o00O000OT0 | Bg§gfy§9 77777777777777777
Exception vector 1 o

Figure 1.4 Exception Vector Table (Advanced Mode)

The memory indirect addressing mode (@ @aa:8) employed in the JMP and JSR instructions uses
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, providing
a 32-bit branch address. The upper 8 bits of these 32 bits are a reserved area that is regarded as
H'00. Branch addresses can be stored in the top area from H'00000000 to H'0O00000FF. Note that
this area is also used for the exception vector table.
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Stack Structure: In advanced mode, when the program counter (PC) is pushed onto the stack in a
subroutine call, and the PC, condition-code register (CCR), and extended control register (EXR)
are pushed onto the stack in exception handling, they are stored as shown in figure 1.5. When
EXR is invalid, it is not pushed onto the stack. For details, see the relevant hardware manual.

\/\ \/\

SP—~ EXR*1
SP—~| Reserved % Reserved™! *3
(SP—) CCR
PC
(24 bits) PC
. (24 bits)
(a) Subroutine Branch (b) Exception Handling

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

Figure 1.5 Stack Structure in Advanced Mode
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14 Register Configuration

14.1 Overview

The CPUs have the internal registers shown in figure 1.7. There are two types of registers: general
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 E1 R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)

23 0
| PC |
76543210
EXR [T]-|-|-|-li2]it]io
76543210
ccR [IUTHUNZIVIC]
63 41 32
MAG 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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142 General Registers

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

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

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

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

» Address registers

+ 32-bit registers + 16-bit registers + 8-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

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

SP (ER7) —»|

Stack area

/\_/

Figure 1.9 Stack

143 Control Registers

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

(1) Program Counter (PC)

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

Bits 6 to 3—Reserved: These bits are reserved, always read as 1.

Bits 2 to 0 —Interrupt Mask Bits (I2 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 (I) and
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

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

Bit 6—User Bit or Interrupt Mask Bit (UI): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt mask
bit. For details refer to the relevant microcontroller hardware manual.

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

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

Bit 3—Negative Flag (N): Stores the value of the most significant bit (sign bit) of data.
Bit 2—Zero Flag (Z): 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 other
times.

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

* Add instructions, to indicate a carry
e Subtract instructions, to indicate a borrow

¢ Shift and rotate instructions, to store the value shifted out of the end bit

The carry flag is also used as a bit accumulator by bit manipulation instructions.
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152 Memory Data Formats

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

Data Type Data Format
Address /\/
0
1-bit data AddressL |7 |6 (5|43 |2|1|0
Byte data Address L [MSB: & iLSB
Word data Address 2M MSB%
AddresseM+1| | | 1 1 1 | lss
Longword data Address 2N MSB%
Address 2N + 1| !
Address 2N + 2
Address2N+3| @ @ 1 . | | SB

Figure 1.11 Memory Data Formats

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

1.6.1 Overview

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

instruction, see section 2.2, Instruction Descriptions.

Table 1.1 Instruction Classification

Function Instructions Size  Types
Data transfer MOV BWL 5
POP™, PUSH™ WL
LDM, STM L
MOVFPE, MOVTPE B
Arithmetic ADD, SUB, CMP, NEG BWL 19
operations ADDX, SUBX, DAA, DAS B
INC, DEC BWL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS™ B
MAC, LDMAC, STMAC, CLRMAC™*"' — 4*
Logic operations  AND, OR, XOR, NOT BWL 4
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BWL 8
Bit manipulation ~ BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bcc™, JMP, BSR, JSR, RTS — 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP — 9

Block data transfer EEPMOV

H8S/2600 CPU: Total 69 types  H8S/2000 CPU: Total 65 types

Legend: B: Byte size
W: Word size
L: Longword size

Notes: 1. The MAC, LDMAC, STMAC, and CLRMAC instructions are supported only by the

H8S/2600 CPU.

2. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn,
@-SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L

ERn, @-SP.
3. Bcc is the generic designation of a conditional branch instruction.

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

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

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

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

Operation Notation

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

Rn General register*

ERn General register (32-bit register)
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

V4 Z (zero) flag in CCR

\Y V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

# MM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

= Division

A Logical AND

v 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 WIL @SP+ — Rn
Pops a register from the stack. POP.W Rn is identical
to MOV.W @SP+, Rn. POP.L ERn is identical to
MOV.L @SP+, ERn.
PUSH WiL Rn — @-SP
Pushes a register onto the stack. PUSH.W Rn is
identical to MOV.W Rn, @—SP. PUSH.L ERn is
identical to MOV.L ERn, @-SP.
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 Rd=+Rs— Rd, Rd=#MM— Rd
operations SuB Performs addition or subtraction on data in two general
registers, or on immediate data and data in a general
register. (Immediate byte data cannot be subtracted
from byte data in a general register. Use the SUBX or
ADD instruction.)
ADDX B Rd+Rs+C — Rd, Rd=+#MM=C — Rd
SUBX Performs addition or subtraction with carry or borrow
on byte data in two general registers, or on immediate
data and data in a general register.
INC B/W/L Rd+1—-Rd, Rd+2—Rd
DEC Increments or decrements a general register by 1 or 2.
(Byte operands can be incremented or decremented by
1 only.)
ADDS L Rd+1—-Rd, Rd+2 - Rd, Rd+4 — Rd
SUBS Adds or subtracts the value 1, 2, or 4 to or from data in
a 32-bit register.
DAA B Rd decimal adjust — Rd
DAS Decimal-adjusts an addition or subtraction result in a
general register by referring to the CCR to produce 4-
bit BCD data.
MULXU B/W Rd 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-#IMM
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 RdaRs—Rd, Rda#IMM — Rd
Performs a logical AND operation on a general register
and another general register or immediate data.
OR B/W/L Rdv Rs—Rd, Rdv #IMM — 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® #IMM — Rd
Performs a logical exclusive OR operation on a general
register and another general register or immediate
data.
NOT B/W/L - (Rd) — (Rd)
Takes the one’s complement of general register
contents.
Shift operations  SHAL B/W/L  Rd (shift) — Rd
SHAR Performs an arithmetic shift on general register
contents.
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

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 B C @ (<bit-No.> of <EAd>) — C
instructions 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) Carry set (low) C=1
BNE Not equal Z=0
BEQ Equal Z=1
BVC Overflowclear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greaterorequal N®V =0
BLT Less than N®V=1
BGT Greater than Zv(NeV)=0
BLE Less or equal Zv(N®V)=1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS - Returns from a subroutine

RENESAS
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Type

Instruction

Size™

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

EEPMOV.W

if R4L = 0 then
Repeat @ER5+ — @ERG6G+
R4L -1 — R4L
UntilR4L =0
else next;

if R4 = 0 then
Repeat @ER5+ — @ERG6G+
R4-1—-R4
UntilR4 =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)
ER5:
ERG6:

starting source address
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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1.64 Basic Instruction Formats

The H8S/2600 or H8S/2000 instructions consist of 2-byte (1-word) units. An instruction consists
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 operation
to be carried out on the operand. The operation field always includes the first four bits of the
instruction. Some instructions have two operation fields.

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

Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute
address, or a displacement.

Condition Field: Specifies the branching condition of Bcc instructions.

Figure 1.12 shows examples of instruction formats.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

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

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

op mn rm

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

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

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

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

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

Table 1.4  Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERN
3 Register indirect with displacement @(d:16,ERn)/@(d:32,ERnN)
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 general
register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers.
RO to R7 and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specified as 32-bit
registers.

2. Register Indirect— @ERn: The register field of the instruction code specifies an address
register (ERn) which contains the address of the operand in memory. If the address is a program
instruction address, the lower 24 bits are valid and the upper 8 bits are all assumed to be 0 (H'00).

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

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

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

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

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

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper 8
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'FFO0 to H'FFFF H'FFFFFFOO to H'FFFFFFFF

16 bits (@aa:16)  H'0000 to HFFFF  H'00000000 to H'00007FFF,
HFFFF8000 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 manual.
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6. Immediate —#xx:8, #xx:16, or #xx:32: The instruction contains 8-bit (#xx:8), 16-bit (#xx:16),
or 32-bit (#xx:32) immediate data as an operand.

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

7. Program-Counter Relative— @(d:8, PC) or @(d:16, PC): This mode is used in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction is sign-extended and
added to the 24-bit PC contents to generate a branch address. Only the lower 24 bits of this branch
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 (—16383 to
+16384 words) from the branch instruction. The resulting value should be an even number.

8. Memory Indirect— @ @aa:8: This mode can be used by the JMP and JSR instructions. The
second byte of the instruction specifies a memory operand by an 8-bit absolute address. This
memory operand contains a branch address. The upper bits of the absolute address are all assumed
to be 0, so the address range is 0 to 255 (H'0000 to H'OOFF in normal mode, H'00000000 to
H'000000FF in advanced mode). In normal mode the memory operand is a word operand and the
branch address is 16 bits long. In advanced mode the memory operand is a longword operand, the
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 details
refer to the relevant microcontroller hardware manual.

\_/_\ \/_\

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

\_/_\

Branch address

(a) Normal Mode (b) Advanced Mode

Figure 1.13 Branch Address Specification in Memory Indirect Mode
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If an odd address is specified in word or longword memory access, or as a branch address, the
least significant bit is regarded as 0, causing data to be accessed or an instruction code to be
fetched at the address preceding the specified address. (For further information, see section 1.5.2,
Memory Data Formats.)

(2) Effective Address Calculation

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

Table 1.6
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Section 2 Instruction Descriptions

2.1

Section 2 Instruction Descriptions

Tables and Symbols

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

1
[2]
[31
(41

(5]
(6]

[71
(8l

(9]

[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

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

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

Operand Size: Indicates the available operand sizes.

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

Description: Describes the operation of the instruction in detail.

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

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

[10] Notes: Gives notes concerning execution of the instruction.
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2141 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 CPU
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

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

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

@@aa:8 Memory indirect

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

2.1.2

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

Operation

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

v 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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213 Condition Code

The symbols used in the condition-code description are defined as follows.

Symbol Meaning
! Changes according to the result of instruction execution
* Undetermined (no guaranteed value)
0 Always cleared to 0
1 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.

214 Instruction Format

The symbols used in the instruction format descriptions are listed below.

Symbol Meaning

IMM Immediate data (2, 3, 8, 16, or 32 bits)

abs Absolute address (8, 16, 24, or 32 bits)

disp Displacement (8, 16, or 32 bits)

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

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

symbols ERs, ERd, and ERn.
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215 Register Specification

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

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

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

When used as a 16-bit register, it is specified by a 4-bit register field (rs, rd, or rn). The lower 3
bits specify the register number. The upper bit is set to 1 to specify an extended register (En) or
cleared to O to specify a general register (Rn).

When used as an 8-bit register, it is specified by a 4-bit register field (rs, rd, or rn). The lower 3
bits specify the register number. The upper bit is set to 1 to specify a low register (RnL) or cleared
to O 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 E1 1001 R1L
1111 E7 1111 R7L
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2.1.6 Bit Data Access in Bit Manipulation Instructions

Bit data is accessed as the n-th bit (n =0, 1,2, 3, ..., 7) of a byte operand in a general register or
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 set bit 3 in R2H to 1

BSET R1L, R2H

R1L| D6n’tcére 0 1 1

Bit number

ReH|o0 1 1 0]o0]1i0 1|

Set to 1

Example 2: To load bit 5 at address HFFFF02 into the bit accumulator

BLD #5, @H'FFFF02

#5

HFFFFO2 [1 0 /1[0 0 1 1 0

ﬁ\/, C

Load

\4

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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221() ADD (B)

ADD (ADD Binary)

Add Binary

Operation
Rd + (EAs) — Rd

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

Condition Code

I U HUN Z V
— ==ttt

< |0

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 0.

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

Operand Size
Byte V: Setto 1 if an overflow occurs; otherwise
cleared to 0.
C: Setto 1 if there is a carry at bit 7;
otherwise cleared to 0.
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 R7TH
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | 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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221(2) ADD (W)

ADD (ADD Binary) Add Binary
Operation Condition Code
Rd + (EAs) — Rd I

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

U H UN Z V
R

-

C
!

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 0.
Z: Set to 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: Setto 1 if there is a carry at bit 15;
otherwise cleared to 0.
Description

This instruction adds the source operand to the contents of a 16-bit register Rd (destination

operand) and stores the result in the 16-bit register Rd.

Available Registers

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

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rd byte \ 4thbyte | 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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221(3) ADD (L)

ADD (ADD Binary) Add Binary
Operation Condition Code

—| =V =Py
Assembly-Language Format H: Setto 1 if there is a carry at bit 27;

otherwise cleared to 0.
ADD.L <EAs>,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 O.
V: Setto 1 if an overflow occurs; otherwise

L d
ongwor cleared to 0.
C: Setto 1 if there is a carry at bit 31;
otherwise cleared to 0.
Description

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

Available Registers

ERd: ERO to ER7
ERs: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands s
Mode 1stbyte | 2nd byte | 3rd byte ‘ 4th byte ’ 5th byte ‘ 6th byte | States
Immediate ADD.L #xx:32, ERd| 7 A 1 |Olerd IMM 3
Register direct ADD.L ERs, ERd 0 AN Eers Olerd ‘ ‘ ‘ 1
Notes
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222 ADDS

ADDS (ADD with Sign extension) Add Binary Address Data

Operation Condition Code

Rd+1—ERd I U HUN Z V C

Rd +2 — ERd T T T T T T1T_T1_

Rd +4 — ERd

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- Previ 1 . h d

ADDS #4. ERd : rev¥ous value rema%ns unchanged.
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 | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct ADDS #1, ERd 0 B 0 |Oferd 1
Register direct ADDS #2, ERd 0 B 8 |Ojerd 1
Register direct ADDS #4, ERd 0 B 9 iOierd 1
Notes
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223 ADDX
ADDX (ADD with eXtend carry) Add with Carry
Operation Condition Code

—| =V =Py

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 0.

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

Assembly-Language Format
ADDX <EAs>,Rd

Operand Size
Byte V: Setto 1 if an overflow occurs; otherwise
cleared to 0.
C: Setto 1 if there is a carry at bit 7;
otherwise cleared to 0.
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 R7TH
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Immediate ADDX #xx:8, Rd 9 rd IMM 1
Register direct ADDX Rs, Rd 0 E rs rd 1
Notes
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224(1) AND (B)

AND (AND logical)

Logical AND

Operation

Rd A (EAs) — Rd

Condition Code

I U HUN Z V C
titj]o

Assembly-Language Format H: Previous value remains unchanged.

AND.B <EAs>,Rd

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

Z: Set to 1 if 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 (destination
operand) and stores the result in the 8-bit register Rd.

Available Registers

Rd: ROL to R7L, ROH to R7TH
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Immediate AND.B #xx:8, Rd E rd IMM 1
Register direct AND.B Rs, Rd 1 6 rs rd 1

Notes
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224(2) AND (W)

AND (AND logical) Logical AND

Operation Condition Code

Rd A (EAs) ~Rd I UUH UN Z V C
——[=1=]s]t]o]=

Assembly-Language Format H: Previous value remains unchanged.

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

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

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.

AND.W <EAs>,Rd

Word

Description

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

Available Registers

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

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | 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

Rev. 4.00 Feb 24, 2006 page 54 of 322
REJ09B0139-0400
RENESAS



Section 2 Instruction Descriptions

2243) AND (L)

AND (AND logical)

Logical AND

Operation
ERd A (EAs) — ERd

Condition Code

I U HUN Z V C
titj]o

Assembly-Language Format H: Previous value remains unchanged.
AND.L <EAs>, ERd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
C: Previous value remains unchanged.
Longword
Description

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

Available Registers

ERd: ERO to ER7
ERs: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands s
Mode 1stbyte | 2nd byte | 3rd byte ‘ 4th byte ’ 5th byte ‘ 6th byte | States
Immediate AND.L #xx:32, ERd| 7 A 6 |[Olerd IMM 3
Register direct | ANDL | ERs,ERd | 0 | 1 | F | 0 | 6 | 6 ‘Ogersgogerd‘ ‘ 2
Notes
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225@1) ANDC

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

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

ANDC #xx:8, CCR UI: Stores the correspond%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.

Byte V: Stores the corresponding bit of the result.

y C: Stores the corresponding bit of the result.
Description

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

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Immediate ANDC | #xx:8,CCR| 0 6 IMM 1
Notes
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22.5(2)

ANDC

ANDC (AND Control register)

Logical AND with EXR

Operation

EXR A #IMM — EXR

Condition Code

I U H U N Z V C

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 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 | 4thbyte | States
Immediate ANDC | #xx:8,EXR| 0 § 1 4 i 0 i 6 IMM 2
Notes
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22.6 BAND

BAND (Bit AND) Bit Logical AND

Operation Condition Code

C A (<bit No> of <EAd>) — C 1 UL H U N Z V C
——]=]=]=]=]=12

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 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> — | | | |

Available Registers

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

BAND (Bit AND)
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227 Bcece
Bcce (Branch conditionally) Conditional Branch
Operation Condition Code
If condition is true, then 1 Ul H U N 7 AV C
PC + disp — PC T T T T T T1T_T1_
else next;
Assembly-Language Format H: Previous value remains unchanged.
) N: Previous value remains unchanged.
Bec disp o Z: Previous value remains unchanged.
Condition field . .
V: Previous value remains unchanged.
C: Previous value remains unchanged.
Operand Size
Description

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

Mnemonic Meaning cc Condition Signed/Unsigned*
BRA (BT) Always (true) 0000 | True
BRN (BF) Never (false) 0001 | False
BHI High 0010 [CvZ=0 X >Y (unsigned)
BLS Low or Same 0011 |CvZ=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 |[Z=0 X =Y (unsigned or signed)
BEQ EQual 0111 |Z=1 X =Y (unsigned or signed)
BVC oVerflow Clear 1000 (V=0
BVS oVerflow Set 1001 |V =1
BPL PLus 1010 [N=0
BMI Minus 1011 [N=1
BGE Greater or Equal 1100 |[N®V =0 X =Y (signed)
BLT Less Than 1101 |N@V =1 X <Y (signed)
BGT Greater Than 1110 [Zv(N®V) =0 | X >Y (signed)
BLE Less or Equal 1111 | Zv(NeV) =1 X =Y (signed)

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

Operand Format and Number of States Required for Execution

Addressing Mnemonic | Operands Instruction Format No. of
Mode 1st byte 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 8 110 di‘sp 3
Program-counter BHI d:8 4 2 disp ‘ 2
relative d:16 5 8 2 ] o disp 3
Program-counter BLS d:8 4 3 disp ‘ 2
relative d:16 5 8 3 {0 disp 3
Program-counter d:8 4 4 dis 2
relagt:]ive Bec (BHS) d:16 5 8 4 p 0 din 3
Program-counter d:8 4 5 disp 2
relative BCS (BLO) d:16 5 8 5 i 0 di‘sp 3
Program-counter BNE d:8 4 6 disp ‘ 2
relative d:16 5 8 6 i 0 disp 3
Program-counter BEQ d:8 4 7 disp ‘ 2
relative d:16 5 8 7 10 disp 3
Program-counter BVC d:8 4 8 di§p \ 2
relative d:16 5 8 8 i 0 disp 3
Program-counter BVS d:8 4 9 di.sp ‘ 2
relative d:16 5 8 9 | 0 disp 3
Program-counter BPL d:8 4 A disp ‘ 2
relative d:16 5 8 A i 0 disp 3
Program-counter BMI d:8 4 B disp ‘ 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 i o0 disp 3
Program-counter BLT d:8 4 D disp ‘ 2
relative d:16 5 8 D | o disp 3
Program-counter BGT d:8 4 E disp ‘ 2
relative d:16 5 8 E {0 disp 3
Program-counter BLE d:8 4 F di_sp ‘ 2
relative d:16 5 8 Fio0 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 Condition Code

0— (<bit No> of <EAd>) 1 Ul H U N Z V C

Assembly-Language Format H: Previous value remains unchanged.
BCLR #xx:3, <EAd> N: Prev%ous value rema%ns unchanged.
Z: Previous value remains unchanged.
BCLR Rn, <EAd> . .
V: Previous value remains unchanged.
C: 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 specified
bit is not tested. The condition-code flags are not altered.
Specified by #xx:3 or Rn
BitNo. 7 L 0

<EAd> —»

O —

Available Registers

Rd: ROL to R7L, ROH to R7TH
ERd: ERO to ER7

Rn: ROL to R7L, ROH to R7TH
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Bit Clear

BCLR (Bit CLeaR)
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229 BIAND

BIAND (Bit Invert AND) Bit Logical AND

Operation Condition Code

C A [~ (<bit No> of <EAd>)] — C 1 UL H U N Z V C
——]=]=]=]=]=12

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 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 ¢ 0
<EAd> — | $7 | |
Invert
re
C A — C

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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BIAND (Bit Invert AND)
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22.10 BILD
BILD (Bit Invert LoaD) Bit Load
Operation Condition Code
- (<bit No> of <EAd>) — C 1 Ul H U N Z V C
— === ]=]=]-1

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

Z: Previous value remains unchanged.

V: Previous value remains unchanged.

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

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

1 Invert ——» C

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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BILD (Bit Invert LoaD)
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Section 2 Instruction Descriptions

2211 BIOR

BIOR (Bit Invert inclusive OR) Bit Logical OR

Operation Condition Code

C v [- (<bit No> of <EAd>)] — C 1 UL H U N Z V C
——]=]=]=]=]=12

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

Specified by #xx:3

Bit No. 7 L 0
<EAd> — | —7‘ | |
Invert
Cc v — Cc

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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BIOR (Bit Invert inclusive OR)
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Section 2 Instruction Descriptions

2212 BIST

BIST (Bit Invert STore)

Bit Store

Operation
- C — (<bit No> of <EAd>)

Condition Code

I U H U N Z V C

Assembly-Language Format H: Previous value remains unchanged.

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

Operand Size

Byte

Description

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

remain unchanged.

Bit No. 7

Specified by #xx:3

<EAd> —»|

V\

—» Invert

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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BIST (Bit Invert STore)
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2213 BIXOR

BIXOR (Bit Invert eXclusive OR) Bit Exclusive Logical OR

Operation Condition Code

C @ [~ (<bit No> of <EAd>)] — C I1 UL H U N Z V C
——]=]=]=]=]=12

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

Specified by #xx:3

Bit No. 7 L 0
<EAd> — | —7‘ | |
Invert
C ® — C

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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BIXOR (Bit Invert eXclusive OR)
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Section 2 Instruction Descriptions

22.14 BLD

BLD (Bit LoaD) Bit Load

Operation Condition Code

(<Bit No.> of <EAd>) — C 1 UL H U N Z V C
——]=]=]=]=]=12

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 unchanged.

Specified by #xx:3
Bit No. 7 L 0
<EAd> —

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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BLD (Bit LoaD)
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Section 2 Instruction Descriptions

2215 BNOT

BNOT (Bit NOT) Bit NOT
Operation Condition Code

- (<bit No> of <EAd>) — (blt No. of 1 Ul H U N Z V C
<EAd>)

Assembly-Language Format H: Previous value remains unchanged.
BNOT #xx:3, <EAd> N: Prev%ous value rema%ns unchanged.
Z: Previous value remains unchanged.
BNOT Rn, <EAd> . .
V: Previous value remains unchanged.
C: Previous value remains unchanged.
Operand Size
Byte
Description

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

Specified by #xx:3 or Rn

BitNo. 7 ! 0
| T T 1

<EAd> —»|

|

ZEAN

Available Registers

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

Rn: ROL to R7L, ROH to R7H
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BNOT (Bit NOT)
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Section 2 Instruction Descriptions

22.16 BOR

BOR (Bit inclusive OR) Bit Logical OR

Operation Condition Code

C v (<bit No> of <EAd>) — C 1 UL H U N Z V C
——]=]=]=]=]=12

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

Specified by #xx:3

BitNo. 7 ' 0
| 1 |

<EAd> —»|

Available Registers

Rd: ROL to R7L, ROH to R7H
ERd: ERO to ER7
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Section 2 Instruction Descriptions

2217 BSET

BSET (Bit SET) Bit Set
Operation Condition Code

1— (<bit No.> of <EAd>) I1 Ul H U N Z V C

Assembly-Language Format H: Previous value remains unchanged.
BSET #xx:3, <EAd> N: Prev%ous value rema%ns unchanged.
Z: Previous value remains unchanged.
BSET Rn, <EAd> . .
V: Previous value remains unchanged.
C: 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 specified
bit is not tested. The condition code flags are not altered.
Specified by #xx:3 or Rn
Bit No. 7 L 0

<EAd> —»|

Available Registers
Rd: ROL to R7L, ROH to R7TH

ERd: ERO to ER7
Rn: ROL to R7L, ROH to R7H
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BSET (Bit SET)
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2218 BSR

BSR (Branch to SubRoutine)

Branch to Subroutine

Operation
PC — @-SP
PC + disp — PC

Condition Code

I

UL H U N Z V C

Assembly-Language Format H: Previous value remains unchanged.
. N: Previous value remains unchanged.
BSR disp . .
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.
Operand Size
Description

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

the BSR instruction.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of States
Mnemonic | Operands
Mode 1st byte | 2nd byte | 3rd byte | 4th byte | Normal |Advanced
Program-counter BSR d:8 5|5 | disp 3 4
relative d:16 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 the
lower 16 bits of the program counter are pushed onto the stack.

Ensure that the branch destination address is even.

N
TN Reserved
T T ] T T
PC ! ! ‘ ) PC | | ‘ _—
23 16 15 87 0 23 16 15 87 0
Normal mode Advanced mode
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2219 BST

BST (Bit STore) Bit Store
Operation Condition Code

C — (<bit No.> of <EAd>) I1 UL H U N Z V C

Assembly-Language Format H: Previous value remains unchanged.

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

Operand Size

Byte

Description

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

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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BST (Bit STore)
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2220 BTST
BTST (Bit TeST) Bit Test
Operation Condition Code
- (<Bit No> of <EAd>) — Z I Ul H U N Z V C
— === =] ==

Previous value remains unchanged.
Previous value remains unchanged.
Set to 1 if the specified bit is zero;
otherwise cleared to 0.

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

Assembly-Language Format

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

Byte

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 lower
three bits of an 8-bit register Rn. The destination operand contents remain unchanged.

Specified by #xx:3 or Rn

BitNo. 7 ' 0
| T T ]

<EAd> —»

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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BTST (Bit TeST)
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Section 2 Instruction Descriptions

2221 BXOR

BXOR (Bit eXclusive OR) Bit Exclusive Logical OR

Operation Condition Code

C @ (<bit No.> of <EAd>) — C I1 UL H U N Z V C
——]=]=]=]=]=12

Assembly-Language Format H: Previous value remains unchanged.

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

Operand Size

Byte

Description

This instruction exclusively ORs a specified bit in the destination operand with the carry flag 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
| 1 |

<EAd> —»|

Available Registers

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

Section 2

Bit Exclusive Logical OR

BXOR (Bit eXclusive OR)
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Section 2 Instruction Descriptions

22.22 CLRMAC

CLRMAC (CLeaR MAC register) Initialize Multiply-Accumulate Register
Operation Condition Code
0~ MACH, MACL I UHUNZ V C

Assembly-Language Format H: Previous value remains unchanged.
N: Previous value remains unchanged.
CLRMAC . .
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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
— CLRMAC — 0 i1 A o0 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.

The number of states may differ depending on the product. For details, refer to the relevant
microcontroller hardware manual of the product in question.

Notes

Execution of this instruction also clears the overflow flag in the multiplier to O.
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Section 2 Instruction Descriptions

22.23(1) CMP (B)

CMP (CoMPare)

Compare

Operation

Rd - (EAs), set/clear CCR

Condition Code

I U HUN Z V C
— ==t

Assembly-Language Format

CMP.B <EAs>,Rd

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

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

Z: Set to 1 if the result is zero; otherwise

cleared to O.

Operand Size
Byte V: Setto 1 if an overflow occurs; otherwise
cleared to 0.
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 (destination
operand) and sets or clears the condition code bits according to the result. The contents of the 8-bit
register Rd remain unchanged.

Available Registers

Rd: ROL to R7L, ROH to R7TH
Rs: ROL to R7L, ROH to R7TH

Operand Format and Number of States Required for Execution

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

Notes
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Section 2 Instruction Descriptions

2223(2) CMP (W)

CMP (CoMPare) Compare
Operation Condition Code
Rd - (EAS), set/clear CCR 1 Ul H U N Z V C

— ==l

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

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

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

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

Operand Size
V: Setto 1 if an overflow occurs; otherwise
Word
cleared to 0.
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 (destination
operand) and sets or clears the condition code bits according to the result. The contents of the 16-
bit register Rd remain unchanged.

Available Registers

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

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rd byte \ 4thbyte | 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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Section 2 Instruction Descriptions
22233) CMP (L)
CMP (CoMPare) Compare
Operation Condition Code
ERd - (EAs), set/clear CCR I UL H UN Z V C
— =t =10t

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

H: Setto 1 if there is a borrow at bit 27;

otherwise cleared to 0.

N: Setto 1 if the result is negative; otherwise

cleared to O.

7Z: Setto 1 if the result is zero; otherwise

cleared to O.

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

Instruction Format

Addressing . No. of
Mnemonic | Operands s
Mode 1stbyte | 2nd byte | 3rd byte ‘ 4th byte ’ 5th byte ‘ 6th byte | States
Immediate CMP.L #xx:32, ERd| 7 A 2 |Olerd IMM 3
Register direct CMP.L ERs, ERd 1 F |1 Eers Olerd ‘ ‘ ‘ 1

Notes

Rev. 4.00 Feb 24, 2006 page 93 of 322

RENESAS

REJ09B0139-0400



Section 2

Instruction Descriptions

2224 DAA
DAA (Decimal Adjust Add) Decimal Adjust
Operation Condition Code
Rd (decimal adjust) — Rd I UL H UN Z V C
— ===

Assembly-Language Format

DAA Rd

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.

Operand Size V: Undetermined (no guaranteed value).
Byte C: Setto 1 if there is a carry at bit 7;

y 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'06,
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 0Oto9 0 Oto9 00 0
0 0to8 0 AtoF 06 0
0 0Oto9 1 0Oto3 06 0
0 AtoF 0 0to9 60 1
0 9to F 0 AtoF 66 1
0 AtoF 1 0to3 66 1
1 Oto2 0 Oto9 60 1
1 Oto2 0 AtoF 66 1
1 0to3 1 Oto3 66 1
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Section 2

Instruction Descriptions

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 | 4thbyte | States
Register direct DAA Rd 0 | 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.

RENESAS
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Section 2 Instruction Descriptions

2225 DAS
DAS (Decimal Adjust Subtract) Decimal Adjust
Operation Condition Code
Rd (decimal adjust) — Rd 1 Ul H U N Z V C
— == =111 1*10

Assembly-Language Format

DAS Rd

Operand Size
Byte

H: Undetermined (no guaranteed value).

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

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

V: Undetermined (no guaranteed value).

C: Previous value remains unchanged.

Description

Given that the result of a subtraction operation performed by a SUB.B, SUBX.B, or NEG.B
instruction on 4-bit BCD data is contained in an 8-bit register Rd and the carry and half-carry
flags, the DAS instruction adjusts the contents of the 8-bit register Rd (destination operand) by
adding H'00, HFA, H'AO, 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 0Oto9 0 Oto9 00 0
0 0Oto8 1 6toF FA 0
1 7t0F 0 0to9 A0 1
1 6toF 1 6toF 9A 1

Available Registers
Rd: ROL to R7L, ROH to R7H
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Section 2 Instruction Descriptions

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 | 4thbyte | States
Register direct DAS Rd 11 F | o0oir 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.

RENESAS
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Section 2 Instruction Descriptions

22.26 (1) DEC (B)

DEC (DECrement) Decrement

Operation Condition Code

Rd-1—Rd 1 UUH UN Z V C
—=]=]=]s s ]2 |-

Assembly-Language Format H: Previous value remains unchanged.

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

cleared to 0.

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

V: Setto 1 if an overflow occurs; otherwise

Operand Size
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 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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct DEC.B Rd 1 A 0 rd 1
Notes

An overflow is caused by the operation H'80 — 1 — H'7F.
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2226((2) DECW)

DEC (DECrement) Decrement
Operation Condition Code
Rd-1—Rd 1 UUHUN Z V C
Rd-2—=Rd
—=]=]=]s s ]2 |-
Assembly-Language Format H: Previous value remains unchanged.
DEC.W #1.Rd N: Setto 1 if the result is negative; otherwise
DEC.W #2.Rd cleared to 0.
: ’ Z: Set to 1 if the result is zero; otherwise
cleared to O.
Operand Size V: Setto 1 if an overflow occurs; otherwise
Word clear.ed to 0. '
C: Previous value remains unchanged.
Description

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

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct DEC.W #1, Rd 1 B 5 rd 1
Register direct DEC.W #2, Rd 1 B D rd 1
Notes

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

2.2.26 (3) DEC (L)

DEC (DECrement) Decrement
Operation Condition Code
ERd-1—ERd I UUH UN Z V C
ERd -2 — ERd

—=]=]=]s s ]2 |-
Assembly-Language Format H: Previous value remains unchanged.

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

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

V: Setto 1 if an overflow occurs; otherwise

DEC.L #1, ERd
DEC.L #2, ERd

Operand Size
Loneword cleared to 0.

¢ C: Previous value remains unchanged.
Description

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

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct DEC.L #1, ERd 1 B 7 |Oferd 1
Register direct DEC.L #2, ERd 1 B F 10jerd 1
Notes

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

2227(1) DIVXS (B)

DIVXS (DIVide eXtend as Signed) Divide Signed

Operation Condition Code

Rd+Rs —Rd I UHUN Z V C
= =] = $ $ — | =

Assembly-Language Format H: Previous value remains unchanged.

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

Z: Set to 1 if the divisor is zero; otherwise
cleared to 0.

Operand Size V: Previous value remains unchanged.

C: Previous value remains unchanged.

DIVXS.B Rs,Rd

Byte

Description

This instruction divides the contents of a 16-bit register Rd (destination operand) by the contents
of an 8-bit register Rs (source operand) and stores the result in the 16-bit register Rd. The division
is signed. The operation performed is 16 bits + 8 bits — 8-bit quotient and 8-bit remainder. The
quotient is placed in the lower 8 bits of Rd. The remainder is placed in the upper 8 bits of Rd. The
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: RO to R7, EO to E7
Rs: ROL to R7L, ROH to R7TH
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Section 2

Instruction Descriptions

DIVXS (DIVide eXtend as Signed) Divide Signed
Operand Format and Number of States Required for Execution
Addressing Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct DIVXSB | Rs, Rd o{1|Djio | 5 i1 |rird 13

Notes

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

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

2227 (2) DIVXS (W)

DIVXS (DIVide eXtend as Signed) Divide Signed
Operation Condition Code

— =] =1 =11 Pl — ] =
Assembly-Language Format H: Previous value remains unchanged.

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

Z: Set to 1 if the divisor is zero; otherwise
cleared to 0.

Operand Size V: Previous value remains unchanged.

C: Previous value remains unchanged.

DIVXS.W Rs,ERd

Word

Description

This instruction divides the contents of a 32-bit register ERd (destination operand) by the contents
of a 16-bit register Rs (source operand) and stores the result in the 32-bit register ERd. The
division is signed. The operation performed is 32 bits + 16 bits — 16-bit quotient and 16-bit
remainder. The quotient is placed in the lower 16 bits (Rd) of the 32-bit register ERd. The
remainder is placed in the upper 16 bits (Ed). The sign of the remainder matches the sign of the
dividend.

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

Valid results are not assured if division by zero is attempted or an overflow occurs.

Available Registers

ERd: ERO to ER7
Rs: RO toR7,EO0 to E7
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Section 2

Instruction Descriptions

DIVXS (DIVide eXtend as Signed) Divide Signed
Operand Format and Number of States Required for Execution
Addressing Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Registerdirect | DIVXSW | Rs,ERd | 0 | 1 | D i 0 | 5 | 3 | rs iolerd| 21

Notes

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

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

2228 (1) DIVXU (B)

DIVXU (DIVide eXtend as Unsigned) Divide

Operation Condition Code

Rd+Rs—~Rd 1 UUH UN Z V C
= =] = $ $ — | =

Assembly-Language Format H: Previous value remains unchanged.

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

Z: Set to 1 if the divisor is zero; otherwise
cleared to O.

DIVXU.B Rs,Rd

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

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

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

Valid results are not assured if division by zero is attempted or an overflow occurs.

Available Registers

Rd: RO to R7, EO to E7
Rs: ROL to R7L, ROH to R7TH

Rev. 4.00 Feb 24, 2006 page 105 of 322
REJ09B0139-0400

RENESAS



Section 2

Instruction Descriptions

DIVXU (DIVide eXtend as Unsigned) Divide
Operand Format and Number of States Required for Execution
Addressing Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct DIVXU.B Rs, Rd | | 12

5 {1

rs i rd

Notes
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Section 2 Instruction Descriptions

2.2.28 (2) DIVXU (W)

DIVXU (DIVide eXtend as Unsigned) Divide
Operation Condition Code

= =] = $ $ — | =
Assembly-Language Format H: Previous value remains unchanged.

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

Z: Set to 1 if the divisor is zero; otherwise
cleared to O.

Operand Size V: Previous value remains unchanged.

C: Previous value remains unchanged.

DIVXU.W Rs,ERd

Word

Description

This instruction divides the contents of a 32-bit register ERd (destination operand) by the contents
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 bits + 16 bits — 16-bit quotient and 16-bit
remainder. The quotient is placed in the lower 16 bits (Rd) of the 32-bit register ERd. The
remainder is placed in the upper 16 bits of (Ed).

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

Valid results are not assured if division by zero is attempted or an overflow occurs.

Available Registers

ERd: ERO to ER7
Rs: RO toR7,EO0to 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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct | DIVXUW | Rs,ERd | 5 | 3 | rs iOjerd 20

Notes
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Section 2 Instruction Descriptions

2229 (1) EEPMOV (B)

EEPMOYV (MOVe data to EEPROM) Block Data Transfer
Operation Condition Code
repeat @ERS5+ — @ERG+ T T T T T T1T_T1_
R4L -1 —R4L
tilR4L =0

elsel:lrrllelxt' H: Previous value remains unchanged.

’ N: Previous value remains unchanged.
Assembly-Language Format Z: Previous value remains unchanged.
EEPMOV.B V: Prev¥ous value rema%ns unchanged.

C: Previous value remains unchanged.

Operand Size
Description

This instruction performs a block data transfer. It moves data from the memory location specified
in ERS to the memory location specified in ER6, increments ERS5 and ER6, decrements R4L., and
repeats these operations until R4L reaches zero. Execution then proceeds to the next instruction.
The data transfer is performed a byte at a time, with R4L indicating the number of bytes to be
transferred. The byte symbol in the assembly-language format designates the size of R4L (and
limits the maximum number of bytes that can be transferred to 255). No interrupts are detected
while the block transfer is in progress.

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

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands

Mode 1stbyte | 2nd byte | 3rdbyte | 4thbyte | States

- EEPMOV.B 7 iB|5icCc |5 1i9]| 81iF]|4+2on*

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 ER6, then carries out the
block data transfer.
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2229 (2) EEPMOYV (W)

EEPMOYV (MOVe data to EEPROM) Block Data Transfer
Operation Condition Code
repeat @ERS5+ — @ERG+ T T T T T T1T_T1_
R4-1—R4
tilR4=0
elsel:lrrllelxt' H: Previous value remains unchanged.
’ N: Previous value remains unchanged.
Assembly-Language Format Z: Previous value remains unchanged.
EEPMOV . W V: Prev¥ous value rema¥ns unchanged.
C: Previous value remains unchanged.
Operand Size
Description

This instruction performs a block data transfer. It moves data from the memory location specified
in ERS to the memory location specified in ER6, increments ER5 and ER6, decrements R4, and
repeats these operations until R4 reaches zero. Execution then proceeds to the next instruction.
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 (allowing
a maximum 65535 bytes to be transferred). All interrupts are detected while the block transfer is
in progress.

If no interrupt occurs while the EEPMOV.W instruction is executing, when the EEPMOV.W
instruction ends, R4 contains O (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. ERS and ER6 indicate
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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Section 2 Instruction Descriptions

EEPMOYV (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 | 4thbyte | States

— EEPMOV.W 7 | B D | 4 5 {9 8 | F | 4+2n*

Note: * nis 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 ERS and ERG6, then carries out
the block data transfer.

EEPMOYV.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 contents are
then as follows:

ERS5: address of the next byte to be transferred
ER6: destination address of the next byte
R4: number of bytes remaining to be transferred

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

Example:

Ll: 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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Section 2 Instruction Descriptions

2230(1) EXTS (W)

EXTS (EXTend as Signed) Sign Extension

Operation Condition Code

(<Bit 7> of Rd) — (<bitS 15 to 8> of Rd) 1 Ul H U N Z V C
——[=1=]s]t]o]=

Assembly-Language Format H: Previous value remains unchanged.

EXTS.W Rd N: Setto 1 if the result is negative; otherwise

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

0] d Si

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

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

Rd Rd
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 | 4thbyte | States
Register direct EXTS.W Rd 117 D {rd 1
Notes
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Section 2 Instruction Descriptions

2230 (2) EXTS (L)

EXTS (EXTend as Signed) Sign Extension

Operation Condition Code

(<Bit 15> of ERd) e (<bitS 31 to 16> of ERd) 1 Ul H U N Z V C
——[=1=]s]t]o]=

Assembly-Language Format H: Previous value remains unchanged.

EXTS.L ERd N: Setto 1 if the result is negative; otherwise

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

(0] d Si

perand Size V: Always cleared to 0.
Longword 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 ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct EXTS.L ERd 117 | F iolerd 1
Notes
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Section 2 Instruction Descriptions

2231 (1) EXTU W)

EXTU (EXTend as Unsigned) Zero Extension
Operation Condition Code
0— (<bitS 15 to 8> of Rd) 1 UL H UNZ V C

— |l —l=]l0l%l0]|—=

Assembly-Language Format H: Previous value remains unchanged.
EXTU.W Rd N: Always cleared to 0.

Z: Setto 1 if the result is zero; otherwise

cleared to 0.

Operand Size V: Alwe.lys cleared to O.'

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'’t care ! | —> | Zero extension
8 bits 8 bits 8 bits 8 bits

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct EXTU.W Rd 1 7 5 rd 1
Notes
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Section 2 Instruction Descriptions

2231(2) EXTU (L)

EXTU (EXTend as Unsigned) Zero Extension
Operation Condition Code
— ] —l=]l0l%l0]|—=

Assembly-Language Format H: Previous value remains unchanged.
EXTU.L ERd N: Always cleared to 0.

Z: Setto 1 if the result is zero; otherwise

cleared to 0.

Operand Size V: Alwe.lys cleared to 0.'

C: Previous value remains unchanged.
Longword
Description

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

0.
ERd ERd
Bit 31 15 0 Bit 31 15 0

Don’t care 3 | —> | Zero extension
16 bits 16 bits 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 | 4thbyte | States
Register direct EXTU.L ERd 1 17 | 7 lolerd 1
Notes
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2232(1) INC(B)

INC (INCrement) Increment

Operation Condition Code

Rd+1—Rd I1 UIH UN Z V C
—=]=]=]s s ]2 |-

Assembly-Language Format H: Previous value remains unchanged.

INC.B Rd N: Setto 1 if the result is negative; otherwise

cleared to 0.

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

V: Setto 1 if an overflow occurs; otherwise

Operand Size
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 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 | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct INC.B Rd 0 A 0 rd 1
Notes

An overflow is caused by the operation H'7F + 1 — H'80.
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2232(2) INCW)

INC (INCrement) Increment
Operation Condition Code
Rd+1—Rd I UUH UN Z V C
Rd+2 —Rd
” — ===t ]|
Assembly-Language Format H: Previous value remains unchanged.
INC.W #1.Rd N: Setto 1 if the result is negative; otherwise
INC.W #2.Rd cleared to 0.
: ’ Z: Set to 1 if the result is zero; otherwise
cleared to O.
Operand Size V: Setto 1 if an overflow occurs; otherwise
Word clear.ed 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 (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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct INC.W #1, Rd 0 B 5 rd 1
Register direct INC.W #2, Rd 0 B D rd 1
Notes

An overflow is caused by the operations H'7FFF + 1 — H'8000, H'7FFF + 2 — H'8001, and
H'7FFE + 2 — H'8000.
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22323) INC (L)

INC (INCrement) Increment
Operation Condition Code
ERd +1 —ERd I UUH UN Z V C
ERd + 2 — ERd

—=]=]=]s s ]2 |-
Assembly-Language Format H: Previous value remains unchanged.

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

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

V: Setto 1 if an overflow occurs; otherwise

INC.L #I1,ERd
INC.L #2,ERd

Operand Size
Loneword cleared to 0.

¢ 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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct INC.L #1, ERd 0 B 7 |Oferd 1
Register direct INC.L #2, ERd 0 B F 10jerd 1
Notes

An overflow is caused by the operations H'7FFFFFFF + 1 — H'80000000, H7FFFFFFF + 2 —
H'80000001, and H'7FFFFFFE + 2 — H'80000000.
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Section 2 Instruction Descriptions

2233 JMP

JMP (JuMP) Unconditional Branch
Operation Condition Code

Effective address — PC 1 Ul H U N 7 AV C

Assembly-Language Format H: Previous value remains unchanged.
N: Previous value remains unchanged.
JMP <EA> . .
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
M Mnemonic | Operands
ode 1stbyte | 2ndbyte | 3rdbyte | dthbyte | Normal | Advanced
Register indirect JMP @ERn 5 { 9 |ojem| O 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 between
normal mode and advanced mode.

Ensure that the branch destination address is even.
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2234 JSR

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

PC — @-5P 1 UUH UN Z V C

Effective address — PC

Assembly-Language Format H: Previous value remains unchanged.
N: Previous value remains unchanged.
JSR <EA> . .
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.
Operand Size
Description

This instruction pushes the program counter onto the stack as a return address, then branches to a
specified effective address. The program counter value pushed onto the stack is the address of the
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
M Mnemonic | Operands
ode istbyte | 2ndbyte | 3rdbyte | 4thbyte | Normal | Advanced
Register indirect JSR @ERn | 5 i D |olemi 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 the
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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Section 2 Instruction Descriptions

22351) LDC (B)

LDC (LoaD to Control register)

Load CCR

Operation
<EAs>— CCR

Con

dition Code

I U HUN Z V C
BEEEEERERAEEEEE

Assembly-Language Format I: Loaded from the corresponding bit in the
source operand.
LDC.B <EAs>, CCR H: Loaded from the corresponding bit in the
source operand.
N: Loaded from the corresponding bit in the
Operand Size source operand.
Byte Z: Loaded from the corresponding bit in the
source operand.
V: Loaded from the corresponding bit in the
source operand.
C: Loaded from the corresponding bit in the
source operand.
Description

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

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

Available Registers
Rs: ROL to R7L, ROH to R7TH

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | 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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22.35(2) LDC(B)

LDC (LoaD to Control register)

Load EXR

Operation
<EAs> — EXR

Condition Code

I U H U N Z V C

Assembly-Language Format H: Previous value remains unchanged.

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

Operand Size

Byte

Description

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

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

instruction.

Available Registers
Rs: ROL to R7L, ROH to R7H

Instruction Descriptions

Operand Format and Number of States Required for Execution

Addressing Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | 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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2235@3) LDCW)

LDC (LoaD to Control register)

Load CCR

Operation
(EAs) — CCR

Condition Code

I U HUN Z V C
BEBERK:

ViU

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

Operand Size
Word

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

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 address

are loaded into CCR.

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

Available Registers
ERs: ERO to ER7
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Section 2

Load CCR

LDC (LoaD to Control register)
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22391) MOV (B)

MOV (MOVe data) Move
Operation Condition Code
Rs—=Rd 1 UL H U C

N
!

Z VvV
110

Assembly-Language Format
MOV.B Rs,Rd

H: Previous value remains unchanged.
N: Setto 1 if the transferred data is negative;
otherwise cleared to 0.

7Z: Setto 1 if the transferred data is zero;

otherwise cleared to 0.

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.
Byte
Description

This instruction transfers one byte of data from an 8-bit register Rs to an 8-bit register Rd, tests the

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

Available Registers

Rs: ROL to R7L, ROH to R7TH
Rd: ROL to R7L, ROH to R7TH

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct MOV.B Rs, Rd 0 C rs rd 1
Notes
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Instruction Descriptions

2239(2) MOV (W)

MOV (MOVe data) Move
Operation Condition Code

Rs = Rd 1 UL H U C

Assembly-Language Format

MOV.W Rs,Rd

N
!

Z vV
110

H: Previous value remains unchanged.

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

7Z: Setto 1 if the transferred data is zero;
otherwise cleared to 0.

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

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

Available Registers

Rd: RO to R7, EO to E7
Rs: 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 | 4thbyte | States
Register direct MOV.W Rs, Rd 0 D rs rd 1

Notes
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22393) MOV (L)

MOV (MOVe data) Move
Operation Condition Code

N
!

Z VvV
110

Assembly-Language Format
MOV.L ERs,ERd

H: Previous value remains unchanged.
N: Setto 1 if the transferred data is negative;
otherwise cleared to 0.

7Z: Setto 1 if the transferred data is zero;

otherwise cleared to 0.

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.
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 | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct MOV.L ERs,ERd | 0 | F |1fers{0jerd 1
Notes
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Instruction Descriptions

22394 MOV (B)

MOV (MOVe data) Move
Operation Condition Code

N
!

Z V C
110

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

H: Previous value remains unchanged.
N: Setto 1 if the transferred data is negative;

otherwise cleared to 0.

7Z: Setto 1 if the transferred data is zero;

otherwise cleared to 0.

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.
Byte
Description

This instruction transfers the source operand contents to an 8-bit register Rd, tests the transferred
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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Move

MOV (MOVe data)
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Section 2

Instruction Descriptions

2239(5) MOV (W)

MOV (MOVe data) Move
Operation Condition Code

N
!

Z V C
110

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

H: Previous value remains unchanged.
N: Setto 1 if the transferred data is negative;

otherwise cleared to 0.

7Z: Setto 1 if the transferred data is zero;

otherwise cleared to 0.

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

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

Available Registers

Rd: RO toR7,EO0to E7
ERs: ERO to ER7
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Section 2

Move

MOV (MOVe data)
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Section 2

Instruction Descriptions

2239(6) MOV (L)

MOV (MOVe data)

Move

Operation
(EAs) — ERd

Condition Code

I UU H UN Z
B!

vV C
0

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.

7Z: Setto 1 if the transferred data is zero;
otherwise cleared to 0.

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.
Longword
Description

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

general register Rd.

T~

MSB

ERd | Ed

RdH |  RdL

LSB

<«— EA

Available Registers

ERs: ERO to ER7
ERd: ERO to ER7
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Instruction Descriptions

Section 2

Move

MOV (MOVe data)
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Section 2

Instruction Descriptions

2239 (7) MOV (B)

MOV (MOVe data) Move
Operation Condition Code

N
!

Z V C
110

Assembly-Language Format
MOV.B Rs,<EAd>

H: Previous value remains unchanged.
N: Setto 1 if the transferred data is negative;

otherwise cleared to 0.

7Z: Setto 1 if the transferred data is zero;

otherwise cleared to 0.

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.
Byte
Description

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

Available Registers

Rs:  ROL to R7L, ROH to R7H
ERd: ERO to ER7
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Instruction Descriptions

Section 2

Move

MOV (MOVe data)
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Section 2

Instruction Descriptions

2239@8) MOV (W)

MOV (MOVe data) Move
Operation Condition Code

N
!

Z V C
110

Assembly-Language Format
MOV.W Rs,<EAd>

H: Previous value remains unchanged.
N: Setto 1 if the transferred data is negative;

otherwise cleared to 0.

7Z: Setto 1 if the transferred data is zero;

otherwise cleared to 0.

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

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

Available Registers

Rs: RO toR7,EO0to E7
ERd: ERO to ER7
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Instruction Descriptions

Section 2

Move

MOV (MOVe data)
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Section 2

Instruction Descriptions

223909 MOV (L)

MOV (MOVe data)

Move

Operation
ERs — (EAd)

Condition Code

I UU H UN Z
B!

vV C
0

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.

7Z: Setto 1 if the transferred data is zero;
otherwise cleared to 0.

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.
Longword
Description

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

T~

» MSB

ERs ‘ Es

<«— EA

’—V LSB
N,

Available Registers

ERs: ERO to ER7
ERd: ERO to ER7
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Instruction Descriptions

Section 2

Move

MOV (MOVe data)

" — (UOTINOIXS 9I0Jq WYH JO NJBA) ST AN[RA PILIQJSURI) Y} ‘PAINOIXS ST UYH—® ‘UYH TAOWN USUM '€
"SYH THSN 03 [e20U2PI ST LYH-® ‘SYA TAON ‘2Sen3ue] auryoew u  'g
"SSQIPPE UAAD UR I8 PaJed0] 9q SNl <py> puelado uoneunsop oy, I

SION
9 sqe sio) v |89 |0io0o | Lo zeee® ‘su3 TAOW
R : : ssaippe
; enjosqy
S sqe g:9]0:0 L0 9lL'eR® ‘SY3 TAOW
juswaIoep
: 5 s . -a1d yum
[ ai9g|o : 0 Lo PHI-® ‘sH3 TAOW JooupUI
1918160y
L dsip s10i0l v | g 9 | 0 peiof 8 iz | 00| L o0 |(Pe3eEr®sHI| TAOW usw
F : Lo : : -ooe|dsip
I : Yim Jo8.1pul
S dsip sie:0:pieil| o 9 0:0 L 0 |(pu3‘OLP)® ‘sH3 | TAOW 10181B0Y
sla:Q: wa : ‘S| . 1adipul
v wow_g WF 6 : 9 | o0 w 0 L . 0 PHI® ‘sy3 TAOW JoisiBoy
sojeig| @Ma uioL | aMkauie | aMquig | aMkqui | eMquig | akquis | sMquiy | @Aqpig | aihq puz | akqist apo
1e1s PO
i spuesadQ aluowaup
jo°oN jewo4 uononasu| Buissaippy

UoNNIIXY JI0j PaImbay] saje)s Jo PqUINN pue jeurio] puerddQ

Rev. 4.00 Feb 24, 2006 page 148 of 322

REJ09B0139-0400

RENESAS



Section 2 Instruction Descriptions

2240 MOVFPE

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

(EAs) —=Rd 1 UUH U N Z V C
Synchronized with E clock T T TeTol=
Assembly-Language Format H: Previous value remains unchanged.
MOVFPE @aa:16,Rd N: Setto 1 if the transferred data is negative;

otherwise cleared to 0.
7Z: Setto 1 if the transferred data is zero;
otherwise cleared to 0.

(0] d Si

perand size V: Always cleared to 0.
Byte C: Previous value remains unchanged.
Description

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

Note: Avoid using this instruction in microcontrollers without an E clock output pin, or in
single-chip mode.

Available Registers
Rd: ROL to R7L, ROH to R7TH

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte | 4thbyte | States
Absolute address| MOVFPE | @aa:16,Rd| 6 | A 4 ird 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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Section 2 Instruction Descriptions

2241 MOVTPE

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

Rs — (EAd) 1 UUHUN Z V C
Synchronized with E clock T T TeTol=
Assembly-Language Format H: Previous value remains unchanged.
MOVTPE Rs, @aa:16 N: Setto 1 if the transferred data is negative;

otherwise cleared to 0.
7Z: Setto 1 if the transferred data is zero;
otherwise cleared to 0.

(0] d Si

perand size V: Always cleared to 0.
Byte C: Previous value remains unchanged.
Description

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

Note: Avoid using this instruction in microcontrollers without an E clock output pin, or in
single-chip mode.

Available Registers
Rs: ROL to R7L, ROH to R7TH

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte | 4thbyte | States
Absolute address| MOVTPE |Rs, @aa:16| 6 | A Cirs 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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Section 2 Instruction Descriptions

2242 (1) MULXS (B)

MULXS (MULtiply eXtend as Signed) Multiply Signed

Operation Condition Code

Rd x Rs — Rd I UL H U N Z V C
===t ==

Assembly-Language Format H: Previous value remains unchanged.

MULXS.B Rs,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.
Byte V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

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 16-bit
register Rd. If Rd is one of general registers RO to R7, Rs can be the upper part (RdH) or lower
part (RdL) of Rd. The operation performed is 8 bits x 8 bits — 16 bits signed multiplication.

Rd Rs Rd
Don't care Multiplicand‘ x \ Multiplier‘ - \ Product
8 bits 8 bits 16 bits

Available Registers

Rd: RO toR7,EO0to 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 | 3rdbyte | 4thbyte | States
Register direct | MULXS.B | Rs, Rd o1 ] cio|5 |0 |rmid 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.
The number of states may differ depending on the product. For details, refer to the relevant
microcontroller hardware manual of the product in question.

Notes
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Section 2 Instruction Descriptions

2242 (2) MULXS (W)

MULXS (MULtiply eXtend as Signed) Multiply Signed

Operation Condition Code

ERd x Rs — ERd I UL H U N Z V C
===t ==

Assembly-Language Format H: Previous value remains unchanged.

MULXS.W Rs, 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.
Word V: Previous value remains unchanged.
C: Previous value remains unchanged.

Operand Size

Description

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

ERd Rs ERd
Don't care Multiplicand‘ x \ Multiplier‘ - \ Product
16 bits 16 bits 32 bits

Available Registers

ERd: ERO to ER7
Rs: RO toR7,EO0to E7

Operand Format and Number of States Required for Execution

P Instruction Format
Addressing | \\ e monic Operands No. of

Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | 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.

The number of states may differ depending on the product. For details, refer to the relevant
microcontroller hardware manual of the product in question.

Notes
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Section 2 Instruction Descriptions

2243 (1) MULXU (B)

MULXU (MULtiply eXtend as Unsigned) Multiply
Operation Condition Code
RdxRs —Rd I UUH UN Z V C

Assembly-Language Format

MULXU.B Rs,Rd H: Previous value remains unchanged.
N: Previous value remains unchanged.
Operand Size Z: Previous value remains unchanged.
V: Previous value remains unchanged.
Byte . .
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 unsigned data and stores the result in the 16-bit
register Rd. If Rd is one of general registers RO to R7, Rs can be the upper part (RdH) or lower
part (RdL) of Rd. The operation performed is 8 bits x 8 bits — 16 bits unsigned multiplication.

Rd Rs Rd
Don't care Multiplicand‘ x \ Multiplier‘ - \ Product
8 bits 8 bits 16 bits

Available Registers

Rd: RO to R7, EO to E7
Rs: ROL to R7L, ROH to R7TH

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct MULXU.B Rs, Rd 5 {0 rs | rd 3

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

The number of states may differ depending on the product. For details, refer to the relevant
microcontroller hardware manual of the product in question.

Notes
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Section 2 Instruction Descriptions

2243 (2) MULXU (W)

MULXU (MULtiply eXtend as Unsigned) Multiply
Operation Condition Code

Assembly-Language Format

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

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

ERd Rs ERd
Don't care Multiplicand‘ x \ Multiplier‘ - \ Product
16 bits 16 bits 32 bits

Available Registers

ERd: ERO to ER7
Rs: RO toR7,EO0 to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct MULXU.W | Rs, ERd 5 | 2 rs {0jerd 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.

The number of states may differ depending on the product. For details, refer to the relevant
microcontroller hardware manual of the product in question.

Notes
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Section 2 Instruction Descriptions

2244 (1) NEG B)

NEG (NEGate)

Negate Binary Signed

Operation
0-Rd—Rd

Assembly-Language Format
NEG.B Rd

Condition Code

I U HUN Z V C
— ==t

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

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

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

Operand Size
Byte V: Setto 1 if an overflow occurs; otherwise
cleared to 0.
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 (destination
operand) and stores the result in the 8-bit register Rd (subtracting the register contents from H'00).
If the original contents of Rd were H'80, however, the result remains H'80.

Available Registers
Rd: ROL to R7L, ROH to R7TH

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct NEG.B Rd 117 8 ird 1
Notes

An overflow occurs if the original contents of Rd were H'80.
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Section 2 Instruction Descriptions

2244 (2) NEG (W)

NEG (NEGate) Negate Binary Signed
Operation Condition Code
0-Rd—Rd I UUH UN Z V C

—| =V =Py

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: Set to 1 if the result is zero; otherwise
Operand Size cleared to O.
V: Setto 1 if an overflow occurs; otherwise
Word
cleared to 0.
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 (destination
operand) and stores the result in the 16-bit register Rd (subtracting the register contents from
H'0000). If the original contents of Rd were H'8000, however, the result remains H'8000.

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte | 4thbyte | States
Register direct NEG.W Rd 117 9ind 1
Notes

An overflow occurs if the original contents of Rd were H'8000.
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Section 2 Instruction Descriptions

2244 (3) NEG (L)

NEG (NEGate)

Negate Binary Signed

Operation
0 - ERd — ERd

Condition Code

I U HUN Z V C
— ==t

Assembly-Language Format
NEG.L ERd

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

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

Z: Set to 1 if the result is zero; otherwise

cleared to O.

Operand Size
V: Setto 1 if an overflow occurs; otherwise
Longword
cleared to 0.
C: 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 (destination
operand) and stores the result in the 32-bit register ERd (subtracting the register contents from
H'00000000). If the original contents of ERd 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 | 4thbyte | States
Register direct NEG.L ERd 1 17 | B iojerd 1
Notes

An overflow occurs if the original contents of ERd were H'80000000.
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Section 2 Instruction Descriptions

2245 NOP

NOP (No OPeration) No Operation
Operation Condition Code

PC+2—FPC 1 UUH UN Z V C

Assembly-Language Format H: Previous value remains unchanged.

NOP 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 only increments the program counter, causing the next instruction to be executed.
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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
- NOP ofo | o0oio 1
Notes
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Section 2 Instruction Descriptions

2246 (1) NOT (B)

NOT (NOT = logical complement) Logical Complement
Operation Condition Code
~Rd—Rd 1 UUH U N Z V C
——[=1=]s]t]o]=
Assembly-Language Format H: Previous value remains unchanged.
N: Setto 1 if the result is negative; otherwise
NOT.B Rd

cleared to 0.
Z: Set to 1 if the result is zero; otherwise
cleared to O.
Operand Size V: Always cleared to 0.
C: Previous value remains unchanged.

Byte

Description

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

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct NOT.B Rd 1 7 0 rd 1
Notes
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Section 2 Instruction Descriptions

2246 (2) NOT (W)

NOT (NOT = logical complement)

Logical Complement

Operation Condition Code
~Rd—Rd I UL H U

C

N
!

Z VvV
110

Assembly-Language Format

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

NOT.W Rd
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
Operand Size V: Always cleared to 0.
Word C: Previous value remains unchanged.
Description

This instruction takes the one’s complement of the contents of a 16-bit register Rd (destination

operand) and stores the result in the 16-bit register Rd.

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct NOT.W Rd 1 7 1 rd 1
Notes
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Section 2 Instruction Descriptions

2246 (3) NOT (L)

NOT (NOT = logical complement) Logical Complement
Operation Condition Code
- ERd — ERd 1 UUH U N Z V C
——[=1=]s]t]o]=
Assembly-Language Format H: Previous value remains unchanged.
N: Setto 1 if the result is negative; otherwise
NOT.L ERd

cleared to 0.
Z: Set to 1 if the result is zero; otherwise
cleared to O.
Operand Size V: Always cleared to 0.
C: Previous value remains unchanged.

Longword

Description

This instruction takes the one’s complement of the contents of a 32-bit register ERd (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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct NOT.L ERd 1|17 |3 |O|erd 1
Notes
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Section 2 Instruction Descriptions

2247(1) OR (B)

OR (inclusive OR logical) Logical OR

Operation Condition Code

Rd v (EAs) ~Rd I UUH UN Z V C
——[=1=]s]t]o]=

Assembly-Language Format H: Previous value remains unchanged.

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

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

OR.B <EAs>,Rd

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.
Byte
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 R7TH
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 | 4thbyte | States
Immediate OR.B #xx:8, Rd C rd IMM 1
Register direct OR.B Rs, Rd 1 4 rs rd 1
Notes

Rev. 4.00 Feb 24, 2006 page 162 of 322
REJ09B0139-0400
RENESAS



Section 2 Instruction Descriptions

2247 (2) OR (W)

OR (inclusive OR logical) Logical OR

Operation Condition Code

Rd v (EAs) ~Rd 1 UUH UN Z V C
——[=1=]s]t]o]=

Assembly-Language Format H: Previous value remains unchanged.

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

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

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.

OR.W <EAs>,Rd

Word

Description

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

Available Registers

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

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rd byte \ 4thbyte | 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

Rev. 4.00 Feb 24, 2006 page 163 of 322
REJ09B0139-0400
RENESAS



Section 2 Instruction Descriptions

2247 3) OR (L)

OR (inclusive OR logical) Logical OR

Operation Condition Code
——[=1=]s]t]o]=

Assembly-Language Format H: Previous value remains unchanged.

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

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

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.

OR.L <EAs>, ERd

Longword

Description

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

Available Registers

ERd: ERO to ER7
ERs: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands s
Mode 1stbyte | 2nd byte | 3rd byte ‘ 4th byte ’ 5th byte ‘ 6th byte | States
Immediate OR.L #xx:32, ERd| 7 A 4 |Olerd IMM 3
Register direct ORL |ERs,ERd | 0 | 1 | Flo | 6 |4 ‘Ogersgogerd‘ ‘ 2
Notes
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Section 2 Instruction Descriptions

2248 (1) ORC

ORC (inclusive OR Control register)

Logical OR with CCR

Operation
CCR v #IMM — CCR

Condition Code

I U HUN Z V C
BEEEEERERAEEEER

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

ORC #xx:8.CCR UI: Stores the correspond%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.

Byte V: Stores the corresponding bit of the result.

y C: Stores the corresponding bit of the result.
Description

This instruction 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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Immediate ORC #xx:8,CCR| 0 4 IMM 1
Notes
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Section 2 Instruction Descriptions

2248 (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 and
stores the result in the extended control register. No interrupt requests, including NMI, are
accepted for three states after execution of this instruction.

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Immediate ORC |#xx8,EXR| 0 { 1 | 4 {1 | 0 | 4 IMM 2
Notes
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Section 2 Instruction Descriptions

2249(1) POP W)

POP (POP data)

Pop Data from Stack

Operation
@SP+ — Rn

Assembly-Language Format
POP.W Rn

Condition Code

I U HUN Z V C
titj]o

H: Previous value remains unchanged.

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

7Z: Setto 1 if the transferred data is zero;
otherwise cleared to 0.

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

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

Available Registers
Rn: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
— POP.W Rn 6 D 7 mn 3
Notes

POP.W Rn is identical to MOV.W @SP+, Rn.
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Section 2 Instruction Descriptions

2249 (2) POP (L)

POP (POP data) Pop Data from Stack

Operation Condition Code

@SP+ — ERn I U H UN Z V C
——[=1=]s]t]o]=

Assembly-Language Format

H: Previous value remains unchanged.
N: Setto 1 if the transferred data is negative;

POP.L ERn otherwise cleared to 0.
7Z: Setto 1 if the transferred data is zero;
otherwise cleared to 0.
Operand Size V: Always cleared to 0.
C: Previous value remains unchanged.
Longword
Description

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

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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
— POP.L ERn ol 1]l oo s6]|D]| 7 |o|ern 5
Notes

POP.L ERn is identical to MOV .L @SP+, ERn.
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Section 2 Instruction Descriptions

2250 (1) PUSH (W)

PUSH (PUSH data)

Push Data on Stack

Operation
Rn — @-SP

Assembly-Language Format
PUSH.W Rn

Condition Code

I U HUN Z V C
titj]o

H: Previous value remains unchanged.

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

7Z: Setto 1 if the transferred data is zero;
otherwise cleared to 0.

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

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

Available Registers
Rn: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
— PUSH.W Rn 6 D F m 3
Notes

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

2. When PUSH.W R7 or PUSH.W E7 is executed, the value saved on the stack is the R7 or E7
value after effective address calculation (after ER7 is decremented by 2).
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Section 2 Instruction Descriptions

22.50(2) PUSH (L)

PUSH (PUSH data) Push Data on Stack
Operation Condition Code
ERn — @-SP I U H UN Z V C
——[=1=]s]t]o]=
Assembly-Language Format H: Previous value remains unchanged.
N: Setto 1 if the transferred data is negative;
PUSH.L ERn

otherwise cleared to 0.
7Z: Setto 1 if the transferred data is zero;
otherwise cleared to 0.
Operand Size V: Always cleared to 0.
C: Previous value remains unchanged.

Longword

Description

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

Available Registers
ERn: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2nd byte | 3rdbyte | 4thbyte | States
- PUSH.L ERn 0 i1 0 i o0 6 i D F ioiem 5
Notes

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

2. When PUSH.L ER7 is executed, the value saved on the stack is the ER7 value after effective
address calculation (after ER7 is decremented by 4).
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Section 2

Instruction Descriptions

2251(1) ROTL (B)

ROTL (ROTate Left) Rotate

Operation Condition Code

Rd (left rotation) — Rd 1 Ul H U N Z V C
——l=]=]t]¢t]o]s

Assembly-Language Format
ROTL.B Rd

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

cleared to 0.

Z: Setto 1 if the result is zero; otherwise

cleared to O.

0] d Si

pecand Size V: Always cleared to 0.
Byte 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. The
most significant bit (bit 7) is rotated to the least significant bit (bit 0), and also copied to the carry

flag.

MSB

LSB

b0

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct ROTL.B Rd 112 8 {rd 1
Notes
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Section 2 Instruction Descriptions

2251(2) ROTL (B)

ROTL (ROTate Left) Rotate
Operation Condition Code
Rd (left rotation) — Rd 1 Ul H U N Z V C
——=T=]t ]t 0]
Assembly-Language Format H: Previous value remains unchanged.
ROTL.B #2,Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
(0] d Si
pecand Size V: Always cleared to 0.
Byte 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.
The most significant two bits (bits 7 and 6) are rotated to the least significant two bits (bits 1 and

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

MSB LSB

C b7 b6 b1 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 | 4thbyte | States
Register direct ROTL.B #2, Rd 112 C i 1
Notes
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Section 2

Instruction Descriptions

2251 3) ROTL (W)

ROTL (ROTate Left) Rotate

Operation Condition Code

Rd (left rotation) — Rd 1 Ul H U N Z V C
——l=]=]t]¢t]o]s

Assembly-Language Format
ROTL.W Rd

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

cleared to 0.

Z: Setto 1 if the result is zero; otherwise

cleared to O.

0] d Si

pecand Size V: Always cleared to 0.
Word 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. The
most significant bit (bit 15)is rotated to the least significant bit (bit 0), and also copied to the carry

flag.

MSB

LSB

C b15

b0

Available Registers
Rd: RO to R7,EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct ROTL.W Rd 112 9 i 1
Notes
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Section 2 Instruction Descriptions

2251 @) ROTL (W)

ROTL (ROTate Left) Rotate
Operation Condition Code
Rd (left rotation) — Rd 1 Ul H U N Z V C
——=T=]t ]t 0]
Assembly-Language Format H: Previous value remains unchanged.
ROTL.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.
(0] d Si
pecand Size V: Always cleared to 0.
Word 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 bi14 b1 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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct ROTL.W #2, Rd 1 2 D rd 1
Notes
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Section 2 Instruction Descriptions

22.51(5) ROTL (L)

ROTL (ROTate Left)

Rotate

Operation
ERd (left rotation) — ERd

Assembly-Language Format
ROTL.L ERd

Condition Code

I U HUN Z V C
Vivjod

H: Previous value remains unchanged.

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

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

(0] d Si

perand Size V: Always cleared to 0.
Longword 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 left.
The most significant bit (bit 31) is rotated to the least significant bit (bit 0), and also copied to the

carry flag.

MSB

LSB

C b31

b0

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct ROTL.L ERd 112 B i0ierd 1
Notes
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Section 2 Instruction Descriptions

2.2.51(6) ROTL (L)

ROTL (ROTate Left) Rotate
Operation Condition Code
ERd (left rotation) — ERd I1 UL H U N Z V C
——=T=]t ]t 0]
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.
(0] d Si
perang Size V: Always cleared to 0.
Longword C: 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 left.
The most significant two bits (bits 31 and 30) are rotated to the least significant two bits (bits 1

and 0), and bit 30 is also copied to the carry flag.

MSB LSB

C b31 b30 b1 b0

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct ROTL.L #2, ERd 112 F {oierd 1
Notes

Rev. 4.00 Feb 24, 2006 page 176 of 322
REJ09B0139-0400
RENESAS



Section 2 Instruction Descriptions

22.52(1) ROTR (B)

ROTR (ROTate Right) Rotate

Operation Condition Code

Rd (right rotation) — Rd I UL H UN Z V C
——]=T=]t ]t 0]

Assembly-Language Format H: Previous value remains unchanged.

ROTR.B Rd N: Setto 1 if the result is negative; otherwise

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

cleared to 0.

(0] d Si

pecand Size V: Always cleared to 0.
Byte 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 right.
The least significant bit (bit 0) is rotated to the most significant bit (bit 7), and also copied to the

carry flag.

MSB

LSB

b7

b0 C

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct ROTR.B Rd 113 8 {rd 1

Notes
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Section 2 Instruction Descriptions

22.52(2) ROTR (B)

ROTR (ROTate Right) Rotate
Operation Condition Code
Rd (rlght rotation) — Rd 1 Ul H U N Z V C
——=T=]t ]t 0]
Assembly-Language Format H: Previous value remains unchanged.
ROTR.B #2,Rd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
(0] d Si
pecand Size V: Always cleared to 0.
Byte C: Receives the previous value in bit 1.
Description

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

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

MSB LSB
b7 b6 b1 bo ]
Available Registers
Rd: ROL to R7L, ROH to R7H
Operand Format and Number of States Required for Execution
Addressing Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct ROTR.B #2, Rd 1 3 C rd 1
Notes
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Section 2 Instruction Descriptions

2252@3) ROTR W)

ROTR (ROTate Right) Rotate

Operation Condition Code

Rd (rlght rotation) — Rd 1 Ul H U N Z V C
——]=T=]t ]t 0]

Assembly-Language Format H: Previous value remains unchanged.

ROTR.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.

(0] d Si

pecand Size V: Always cleared to 0.
Word C: Receives the previous value in bit 0.
Description

This instruction rotates the bits in a 16-bit register Rd (destination operand) one bit to the right.
The least significant bit (bit 0) is rotated to the most significant bit (bit 15), and also copied to 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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct ROTR.W Rd 113 9 i 1

Notes

Rev. 4.00 Feb 24, 2006 page 179 of 322
REJ09B0139-0400

RENESAS
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22.52(4) ROTR (W)

ROTR (ROTate Right) Rotate
Operation Condition Code
Rd (rlght rotation) — Rd 1 Ul H U N Z V C
——=T=]t ]t 0]
Assembly-Language Format H: Previous value remains unchanged.
ROTR.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.
(0] d Si
pecand Size V: Always cleared to 0.
Word C: Receives the previous value in bit 1.
Description

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

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

MSB LSB
b15 b14 b1 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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct ROTR.W #2, Rd 1 3 D rd 1
Notes
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Section 2

Instruction Descriptions

2.2.52(5) ROTR (L)

ROTR (ROTate Right) Rotate

Operation Condition Code

ERd (right rotation) — ERd I UL H UN Z V C
——]=T=]t ]t 0]

Assembly-Language Format H: Previous value remains unchanged.

ROTR.IL 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.

(0] d Si

perang Size V: Always cleared to 0.
Longword 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 right.
The least significant bit (bit 0) is rotated to the most significant bit (bit 31), and also copied to 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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct ROTR.L ERd 113 B i0ierd 1

Notes
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2.2.52(6) ROTR (L)

ROTR (ROTate Right) Rotate
Operation Condition Code
ERd (right rotation) — ERd I1 UL H U N Z V C
——=T=]t ]t 0]
Assembly-Language Format H: Previous value remains unchanged.
ROTR.L #2,ERd N: Setto 1 if the result is negative; otherwise
cleared to 0.
Z: Setto 1 if the result is zero; otherwise
cleared to 0.
(0] d Si
perang Size V: Always cleared to 0.
Longword C: 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 right.
The least significant two bits (bits 1 and 0) are rotated to the most significant two bits (bits 31 and

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

MSB LSB
b31 b30 b1 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 | 3rdbyte | 4thbyte | States

Register direct ROTR.L #2, ERd 1 3 F EOEerd

1

Notes
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Section 2

Instruction Descriptions

22.53(1) ROTXL (B)

ROTXL (ROTate with eXtend carry Left)

Rotate through Carry

Operation

Rd (left rotation through carry flag) — Rd

Assembly-Language Format

Condition Code

I

Ul H U

N
!

Z vV
110

C
!

H: Previous value remains unchanged.

ROTXL.B Rd N: Setto 1 if the result is negative; otherwise

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

cleared to 0.

(0] d Si

pecand Size V: Always cleared to 0.
Byte C: Receives the previous value in bit 7.
Description

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

significant bit (bit 7) rotates into the carry flag.

MSB

LSB

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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct ROTXL.B Rd 112 0 {rd 1
Notes
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Section 2 Instruction Descriptions

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

Condition Code

I

Ul H U

N
!

Z VvV
110

C
!

H: Previous value remains unchanged.

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

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

0] d Si

pecand Size V: Always cleared to 0.
Byte 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 into

the carry flag.

MSB

LSB

C b7 b6

b1 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 | 4thbyte | States
Register direct ROTXL.B #2, Rd 112 4 i 1

Notes
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Section 2

Instruction Descriptions

2253 3) ROTXL (W)

ROTXL (ROTate with eXtend carry Left)

Rotate through Carry

Operation

Rd (left rotation through carry flag) — Rd

Assembly-Language Format

Condition Code

I

Ul H U

N
!

Z vV
110

C
!

H: Previous value remains unchanged.

ROTXL.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.

(0] d Si

pecand Size V: Always cleared to 0.
Word C: Receives the previous value in bit 15.
Description

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

MSB

LSB

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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct ROTXL.W Rd 1 2 1 rd 1

Notes
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Section 2 Instruction Descriptions

22534 ROTXL (W)

ROTXL (ROTate with eXtend carry Left)

Rotate through Carry

Operation

Rd (left rotation through carry flag) — Rd

Assembly-Language Format
ROTXL.W #2,Rd

Condition Code

I

Ul H U

N
!

Z VvV
110

C
!

H: Previous value remains unchanged.

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

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

0] d Si

pecand Size V: Always cleared to 0.
Word C: Receives the previous value in bit 14.
Description

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

into the carry flag.

MSB

LSB

C b15 b14

b1 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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct ROTXL.W #2, Rd 1 2 5 rd 1

Notes

Rev. 4.00 Feb 24, 2006 page 186 of 322

REJ09B0139-0400

RENESAS



Section 2 Instruction Descriptions

2253 (5) ROTXL (L)

ROTXL (ROTate with eXtend carry Left)

Rotate through Carry

Operation

ERd (left rotation through carry flag) — ERd

Assembly-Language Format
ROTXL.L ERd

Condition Code

I U HUN Z V C
Vivjod

H: Previous value remains unchanged.

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

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

(0] d Si

perand Size V: Always cleared to 0.
Longword 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 left
through the carry flag. The carry flag is rotated into the least significant bit (bit 0). The most

significant bit (bit 31) rotates into the carry flag.

MSB LSB
C b31 b0

Available Registers
ERd: ERO to ER7
Operand Format and Number of States Required for Execution

Addressing Instruction Format No. of

Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct ROTXL.L ERd 112 3 {0jerd 1

Notes
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2253 (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

Condition Code

I

Ul H U

N
!

Z VvV
110

C
!

H: Previous value remains unchanged.

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

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

(0] d Si

perand Size V: Always cleared to 0.
Longword C: 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 left
through the carry flag. The carry flag rotates into bit 1, bit 31 rotates into bit 0, and bit 30 rotates

into into the carry flag.

MSB

LSB

C b31 b30

b1 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 | 3rdbyte | 4thbyte | States
Register direct ROTXL.L | #2, ERd 112 7 {0Ojerd 1

Notes
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Section 2 Instruction Descriptions

22.54(1) ROTXR (B)

ROTXR (ROTate with eXtend carry Right) Rotate through Carry

Operation Condition Code

Rd (right rotation through carry flag) — Rd I UL H UN Z V C
——]=T=]t ]t 0]

Assembly-Language Format H: Previous value remains unchanged.

ROTXR.B Rd N: Setto 1 if the result is negative; otherwise

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

0] d Si

pecand Size V: Always cleared to 0.
Byte 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 right
through the carry flag. The carry flag is rotated into the most significant bit (bit 7). The least
significant bit (bit 0) rotates into the carry flag.

MSB LSB

b7 b0 C

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct ROTXR.B Rd 113 0 {rd 1
Notes
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Section 2 Instruction Descriptions

22.54(2) ROTXR (B)

ROTXR (ROTate with eXtend carry Right)

Rotate through Carry

Operation

Rd (right rotation through carry flag) — Rd

Assembly-Language Format
ROTXR.B #2,Rd

Condition Code

I U HUN Z V C
Pivjo gl

H: Previous value remains unchanged.

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

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

0] d Si

pecand Size V: Always cleared to 0.
Byte C: Receives the previous value in bit 1.
Description

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

the carry flag.

MSB

LSB

C b7 b6

b1 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 | 3rdbyte | 4thbyte | States
Register direct ROTXR.B #2, Rd 1 3 4 rd 1

Notes
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2254 (3) ROTXR (W)

ROTXR (ROTate with eXtend carry Right) Rotate through Carry

Operation Condition Code

Rd (right rotation through carry flag) — Rd I UL H UN Z V C
——]=T=]t ]t 0]

Assembly-Language Format H: Previous value remains unchanged.

ROTXR.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.

0] d Si

pecand Size V: Always cleared to 0.
Word C: Receives the previous value in bit 0.
Description

This instruction rotates the bits in a 16-bit register Rd (destination operand) one bit to the right
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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct ROTXR.W Rd 113 1 i 1
Notes
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Section 2 Instruction Descriptions

2.2.54(4) ROTXR (W)

ROTXR (ROTate with eXtend carry Right)

Rotate through Carry

Operation

Rd (right rotation through carry flag) — Rd

Assembly-Language Format
ROTXR.W #2,Rd

Condition Code

I U HUN Z V C
Pivjo gl

H: Previous value remains unchanged.

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

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

0] d Si

pecand Size V: Always cleared to 0.
Word C: Receives the previous value in bit 1.
Description

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

into the carry flag.

MSB

LSB

C b15 b14

b1 bO

Available Registers
Rd: RO to R7, EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct ROTXR.W #2, Rd 1 3 5 rd 1

Notes
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2254 (5) ROTXR (L)

ROTXR (ROTate with eXtend carry Right) Rotate through Carry

Operation Condition Code

ERd (right rotation through carry flag) — ERd I UL H UN Z V C
——]=T=]t ]t 0]

Assembly-Language Format H: Previous value remains unchanged.

ROTXR.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.

(0] d Si

perand Size V: Always cleared to 0.
Longword 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 right
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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct ROTXR.L ERd 113 3 {0jerd 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 flag) — ERd

Assembly-Language Format
ROTXR.L #2,ERd

Condition Code

I U HUN Z V C
Pivjo gl

H: Previous value remains unchanged.

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

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

(0] d Si

perand Size V: Always cleared to 0.
Longword C: 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 right
through the carry flag. The carry flag rotates into bit 30, bit O rotates into bit 31, and bit 1 rotates

into the carry flag.

MSB

LSB

C b31 b30

b1 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 | 4thbyte | States
Register direct ROTXR.L | #2,ERd 113 7 {0Ojerd 1

Notes
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2.2.55 RTE

RTE (ReTurn from Exception)

Return from Exception Handling

Operation Condition Code
* When EXR is invalid 1 UL H UN Z V C
@SP+ = CCR AEEERERERERERE
@SP+ — PC
*  When EXR is valid I: Restored from the corresponding bit on
@SP+ — EXR the stack.
@SP+ — CCR UI: Restored from the corresponding bit on
@SP+ — PC the stack.
H: Restored from the corresponding bit on
Assembly-Language Format the stack.
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.
N 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-code
register (CCR) and program counter (PC) from the stack. Program execution continues from the
address restored to the program counter. The CCR and PC contents at the time of execution of this
instruction are lost. 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 | 2ndbyte | 3rdbyte | 4thbyte | States
- RTE 5 | 6 7 1o 5+

Note: * Six states when EXR is valid.
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Section 2 Instruction Descriptions

RTE (ReTurn from Exception) Return from Exception Handling

Notes

The stack structure differs between normal mode and advanced mode.

/\_/ /_\_/
Don't care CCR l—:| CCR l—:|
N ‘ v ‘ v N v ‘ y ‘ v
PC | Undet. : \ PC | : : \
Normal mode 23 16 15 87 0 Advanced mode 23 16 15 87 0
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Section 2 Instruction Descriptions

2256 RTS

RTS (ReTurn from Subroutine) Return from Subroutine
Operation Condition Code

@SP+ — PC 1 UUH UN Z V 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.
Operand Size C: Previous value remains unchanged.
Description

This instruction returns from a subroutine by restoring the program counter (PC) from the stack.
Program execution continues from the address restored to the program counter. The PC contents at
the time of execution of 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 | 3rd byte | 4th byte | Normal |Advanced
— RTS 5 4 | 7 0 4 5
Notes

The stack structure and number of states required for execution differ between normal mode and
advanced mode. In normal mode, only the lower 16 bits of the program counter are restored.

/\_/ /_\_/
Don't care
NG ‘ v ‘ v TN v v 4
PC [ Undet. | ; \ PC | ‘ ‘
Normal mode 23 1615 87 0 Advanced mode o3 16 15 87 0
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2257(1) SHAL (B)

SHAL (SHift Arithmetic Left) Shift Arithmetic
Operation Condition Code
Rd (left arithmetic Shlft) — Rd 1 Ul H U N Z V C

— ===t ]T
Assembly-Language Format H: Previous value remains unchanged.
SHAL.B Rd N: Setto 1 if the result is negative; otherwise

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

Operand Size . .
P V: Setto 1 if an overflow occurs; otherwise
Byte cleared to 0.
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. The
most significant bit (bit 7) shifts into the carry flag. The least significant bit (bit 0) is cleared to 0.

MSB < LSB

C b7 b0

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct SHAL.B Rd 1 10| 8 | 1
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.
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22.57(2) SHAL (B)

SHAL (SHift Arithmetic Left) Shift Arithmetic
Operation Condition Code
Rd (left arithmetic Shlft) — Rd 1 Ul H U N Z V C

—| ===V T T
Assembly-Language Format H: Previous value remains unchanged.
SHAL.B #2,Rd N: Setto 1 if the result is negative; otherwise

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

Operand Size . .
P V: Setto 1 if an overflow occurs; otherwise
Byte cleared to 0.
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. Bit
6 shifts into the carry flag. Bits 0 and 1 are cleared to O.

MSB < LSB
0 0 <0
C b7 b6 b1 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 | 4thbyte | States
Register direct SHAL.B #2, Rd 110/ Cc | 1
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.
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22.573) SHAL (W)

SHAL (SHift Arithmetic Left) Shift Arithmetic
Operation Condition Code
Rd (left arithmetic Shlft) — Rd 1 Ul H U N Z V C

— ===t ]T
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.

(0] d Si
perand 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. The
most significant bit (bit 15) shifts into the carry flag. The least significant bit (bit 0) is cleared to 0.

MSB - LSB

C b15 b0

Available Registers
Rd: RO to R7,EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct SHAL.W Rd 1109 | 1
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.
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2.2.574) SHAL (W)

SHAL (SHift Arithmetic Left) Shift Arithmetic
Operation Condition Code
Rd (left arithmetic Shlft) — Rd 1 Ul H U N Z V C

—| ===V T T
Assembly-Language Format H: Previous value remains unchanged.
SHAL.W #2,Rd N: Setto 1 if the result is negative; otherwise

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

(0] d Si
perand 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. Bit
14 shifts into the carry flag. Bits 0 and 1 are cleared to 0.

MSB < LSB
0 0 <0
C b15 bi14 b1 b0

Available Registers
Rd: RO to R7,EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct SHALW | #2,Rd 110 | D | 1
Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.
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2.2.57(5) SHAL (L)

SHAL (SHift Arithmetic Left) Shift Arithmetic
Operation Condition Code
ERd (left arithmetic Shlft) — ERd 1 Ul H U N Z V C

— ===t ]T
Assembly-Language Format H: Previous value remains unchanged.
SHAL.L ERd N: Setto 1 if the result is negative; otherwise

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

Operand Size
P V: Setto 1 if an overflow occurs; otherwise
Longword cleared to 0.
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. The
most significant bit (bit 31) shifts into the carry flag. The least significant bit (bit 0) is cleared to 0.

MSB - LSB

C b31 b0

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct SHAL.L ERd 1 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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Instruction Descriptions

2.2.57(6) SHAL (L)

SHAL (SHift Arithmetic Left)

Shift Arithmetic

Operation

ERd (left arithmetic shift) — ERd

Assembly-Language Format

SHAL.L #2,ERd

Condition Code

I U HUN Z V C
BEBERK:

H: Previous value remains unchanged.

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

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

Operand Size
P V: Setto 1 if an overflow occurs; otherwise
Longword cleared to 0.
C: Receives the previous value in bit 30.
Description

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

MSB < LSB
0 0 <0
C b31 b30 b1 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 | 3rdbyte | 4thbyte | States
Register direct SHALL | #2,ERd | 1 | 0 | F |olerd 1

Notes

The SHAL instruction differs from the SHLL instruction in its effect on the overflow flag.
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2.2.58 (1) SHAR (B)

SHAR (SHift Arithmetic Right) Shift Arithmetic

Operation Condition Code

Rd (I’lght arithmetic Shlft) — Rd 1 Ul H U N Z V C
——=T=]t ]t 0]

Assembly-Language Format H: Previous value remains unchanged.

SHAR.B Rd N: Setto 1 if the result is negative; otherwise

cleared to 0.

Z: Setto 1 if the result is zero; otherwise

cleared to O.

0] d Si

pecand Size V: Always cleared to 0.
Byte C: Receives the previous value in bit 0.
Description

This instruction shifts the bits in an 8-bit register Rd (destination operand) one bit to the right. Bit
0 shifts into the carry flag. Bit 7 shifts into itself. Since bit 7 remains unaltered, the sign does not

change.
MSB > LSB
b7 b0 C
Available Registers
Rd: ROL to R7L, ROH to R7H
Operand Format and Number of States Required for Execution
Addressing Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct SHAR.B Rd 111 8 | rd 1
Notes
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2.2.58 (2) SHAR (B)

SHAR (SHift Arithmetic Right) Shift Arithmetic

Operation Condition Code

Rd (I’lght arithmetic Shlft) — Rd 1 Ul H U N Z V C
——]=T=]t ]t 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.

0] d Si

pecand Size V: Always cleared to 0.
Byte C: Receives the previous value in bit 1.
Description

This instruction shifts the bits in an 8-bit register Rd (destination operand) two bits to the right. Bit
1 shifts into the carry flag. Bits 7 and 6 receive the previous value of bit 7. Since bit 7 remains
unaltered, the sign does not change.

MSB LSB

A\

b7 b6 b5 b1 b0 C

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct SHARB | #2,Rd 111 ] c | 1
Notes
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Section 2 Instruction Descriptions

2258 3) SHAR W)

SHAR (SHift Arithmetic Right) Shift Arithmetic

Operation Condition Code

Rd (I’lght arithmetic Shlft) — Rd 1 Ul H U N Z V C
——=T=]t ]t 0]

Assembly-Language Format H: Previous value remains unchanged.

SHAR.W Rd N: Setto 1 if the result is negative; otherwise

cleared to 0.

Z: Setto 1 if the result is zero; otherwise

cleared to O.

0] d Si

pecand Size V: Always cleared to 0.
Word 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. Bit
0 shifts into the carry flag. Bit 15 shifts into itself. Since bit 15 remains unaltered, the sign does

not change.
MSB > LSB
b15 b0 C
Available Registers
Rd: RO to R7, EO to E7
Operand Format and Number of States Required for Execution
Addressing Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct SHAR.W Rd 111 9 | 1
Notes
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22584 SHAR W)

SHAR (SHift Arithmetic Right) Shift Arithmetic

Operation Condition Code

Rd (I’lght arithmetic Shlft) — Rd 1 Ul H U N Z V C
——]=T=]t ]t 0]

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.

0] d Si

pecand Size V: Always cleared to 0.
Word C: Receives the previous value in bit 1.
Description

This instruction shifts the bits in a 16-bit register Rd (destination operand) two bits to the right. Bit
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

A\

b15 b14 b13 b1 b0 C

Available Registers
Rd: RO to R7,EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct | SHARW | #2, Rd 111 | D | 1
Notes
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2.2.58(5) SHAR (L)

SHAR (SHift Arithmetic Right) Shift Arithmetic

Operation Condition Code

ERd (I‘lght arithmetic Shlft) — ERd 1 Ul H U N Z V C
——=T=]t ]t 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.

(0] d Si

perand Size V: Always cleared to 0.
Longword C: Receives the previous value in bit 0.
Description

This instruction shifts the bits in a 32-bit register ERd (destination operand) one bit to the right.
Bit O shifts into the carry flag. Bit 31 shifts into itself. Since bit 31 remains unaltered, the sign
does not change.

MSB LSB

A\

b31 bo C

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct SHAR.L ERd 1 11 | B |olerd 1
Notes
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2.2.58(6) SHAR (L)

SHAR (SHift Arithmetic Right) Shift Arithmetic

Operation Condition Code

ERd (I‘lght arithmetic Shlft) — ERd 1 Ul H U N Z V C
——]=T=]t ]t 0]

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.

(0] d Si

perand Size V: Always cleared to 0.
Longword C: Receives the previous value in bit 1.
Description

This instruction shifts the bits in a 32-bit register ERd (destination operand) two bits to the right.
Bit 1 shifts into the carry flag. Bits 31 and 30 receive the previous value of bit 31. Since bit 31
remains unaltered, the sign does not change.

MSB LSB

A\

b31 b30 b29 b1 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 | 3rdbyte | 4thbyte | States
Register direct SHARL | #2,ERd | 1 | 1 F |0]erd 1
Notes
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Section 2 Instruction Descriptions

2259 (1) SHLL (B)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code

——=T=]t ]t 0]
Assembly-Language Format H: Previous value remains unchanged.
SHLL.B Rd N: Setto 1 if the result is negative; otherwise

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

0] d Si

pecand Size V: Always cleared to 0.
Byte C: Receives the previous value in bit 7.
Description

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

MSB = LSB

C b7 b0

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct SHLL.B Rd 110 0| 1
Notes

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

2.2.59 (2) SHLL (B)

SHLL (SHift Logical Left)

Shift Logical

Operation

Rd (left logical shift) — Rd

Assembly-Language Format

SHLL.B #2,Rd

Condition Code

I U HUN Z V C
Vivjod

H: Previous value remains unchanged.

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

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

0] d Si

pecand Size V: Always cleared to 0.
Byte 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. Bit
6 shifts into the carry flag. Bits 0 and 1 are cleared to O.

MSB < LSB
0 0 «—O0
C b7 b6 b1 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 | 4thbyte | States
Register direct SHLL.B #2, Rd 1 10| 4 | 1

Notes

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

Rev. 4.00 Feb 24, 2006 page 211 of 322

RENESAS

REJ09B0139-0400



Section 2 Instruction Descriptions

22.59@3) SHLL (W)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code

——=T=]t ]t 0]
Assembly-Language Format H: Previous value remains unchanged.
SHLL.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.

0] d Si

pecand Size V: Always cleared to 0.
Word 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. The
most significant bit (bit 15) shifts into the carry flag. The least significant bit (bit 0) is cleared to 0.

MSB = LSB

C b15 b0

Available Registers
Rd: RO to R7,EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct SHLL.W Rd 110 | 1| 1
Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow flag.
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22594 SHLL (W)

SHLL (SHift Logical Left)

Shift Logical

Operation
Rd (left logical shift) — Rd

Assembly-Language Format
SHLL.W #2,Rd

Condition Code

I U HUN Z V C
Vivjod

H: Previous value remains unchanged.

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

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

0] d Si

pecand Size V: Always cleared to 0.
Word 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. Bit
14 shifts into the carry flag. Bits 0 and 1 are cleared to 0.

MSB < LSB
0 0 «——O0
C b15 b14 b1 b0

Available Registers
Rd: RO to R7,EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct SHLLW | #2,Rd 1 10| 5 | 1

Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow flag.
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Section 2 Instruction Descriptions

22.59(5) SHLL (L)

SHLL (SHift Logical Left) Shift Logical
Operation Condition Code

——=T=]t ]t 0]
Assembly-Language Format H: Previous value remains unchanged.
SHLL.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.

(0] d Si

perand Size V: Always cleared to 0.
Longword C: Receives the previous value in bit 31.
Description

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

MSB = LSB

C b31 b0

Available Registers
ERd: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct SHLL.L ERd 11 0 | 3 |oferd 1
Notes

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

2.2.59(6) SHLL (L)

SHLL (SHift Logical Left)

Shift Logical

Operation

ERd (left logical shift) — ERd

Assembly-Language Format
SHLL.L #2,ERd

Condition Code

I U HUN Z V C
Vivjod

H: Previous value remains unchanged.

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

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

(0] d Si

perand Size V: Always cleared to 0.
Longword C: Receives the previous value in bit 30.
Description

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

MSB < LSB
0 0 «—O0
C b31 b30 b1 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 | 3rdbyte | 4thbyte | States
Register direct SHLLL | #2,ERd | 1 | 0 | 7 |olerd 1

Notes

The SHLL instruction differs from the SHAL instruction in its effect on the overflow flag.
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Section 2 Instruction Descriptions

2.2.60 (1) SHLR (B)

SHLR (SHift Logical Right) Shift Logical
Operation Condition Code
——=1=]olt 0]

Assembly-Language Format H: Previous value remains unchanged.
SHLR.B Rd N: Always cleared to 0.

Z: Setto 1 if the result is zero; otherwise

cleared to 0.

Operand Size V: Alwgys cleared to'O. o

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. The
least significant bit (bit 0) shifts into the carry flag. The most significant bit (bit 7) is cleared to 0.

MSB > LSB

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 | 4thbyte | States
Register direct SHLR.B Rd 111 0 | 1
Notes
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2.2.60 (2) SHLR (B)

SHLR (SHift Logical Right) Shift Logical
Operation Condition Code
——=1=]olt 0]

Assembly-Language Format
SHLR.B #2,Rd

Previous value remains unchanged.
Always cleared to 0.

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

V: Always cleared to 0.

C: Receives the previous value in bit 1.

Operand Size
Byte

Description

This instruction shifts the bits in an 8-bit register Rd (destination operand) two bits to the right. Bit
1 shifts into the carry flag. Bits 7 and 6 are cleared to 0.

MSB > LSB
0O—> O 0
b7 b6 b1 b0 C

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct SHLR.B #2, Rd 111 4 | 1
Notes
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22,60 (3) SHLR (W)

SHLR (SHift Logical Right) Shift Logical
Operation Condition Code
——=1=]olt 0]

Assembly-Language Format H: Previous value remains unchanged.
SHLR.W Rd N: Always cleared to 0.

Z: Setto 1 if the result is zero; otherwise

cleared to 0.

Operand Size V: Alwgys cleared to'O. o

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

MSB > LSB

b15 b0

Available Registers
Rd: RO to R7,EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct SHLR.W Rd 111 1 | rd 1
Notes
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2.2.60 (4) SHLR (W)

SHLR (SHift Logical Right) Shift Logical
Operation Condition Code
——=1=]olt 0]

Assembly-Language Format
SHLR.W #2,Rd

Previous value remains unchanged.
Always cleared to 0.

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

V: Always cleared to 0.

C: Receives the previous value in bit 1.

Operand Size
Word

Description

This instruction shifts the bits in a 16-bit register Rd (destination operand) two bits to the right. Bit
1 shifts into the carry flag. Bits 15 and 14 are cleared to 0.

MSB > LSB
0O—> 0 0
b15 bi14 b1 b0 C

Available Registers
Rd: RO to R7,EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct SHLR.W #2, Rd 111 5 | rd 1
Notes
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22,60 (5) SHLR (L)

SHLR (SHift Logical Right) Shift Logical
Operation Condition Code
——=1=]olt 0]

Assembly-Language Format H: Previous value remains unchanged.
SHLR.L ERd N: Always cleared to 0.

Z: Setto 1 if the result is zero; otherwise

cleared to 0.

Operand Size V: Alwgys cleared to'O. o

C: Receives the previous value in bit 0.
Longword
Description

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

to 0.

MSB > LSB

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 | 3rdbyte | 4thbyte | States
Register direct SHLR.L ERd 111 3 |ojerd 1
Notes

Rev. 4.00 Feb 24, 2006 page 220 of 322
REJ09B0139-0400
RENESAS




Section 2 Instruction Descriptions

2.2.60 (6) SHLR (L)

SHLR (SHift Logical Right) Shift Logical
Operation Condition Code
——=1=]olt 0]

Assembly-Language Format
SHLR.L #2,ERd

Previous value remains unchanged.
Always cleared to 0.

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

V: Always cleared to 0.

C: Receives the previous value in bit 1.

Operand Size

Longword

Description

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

MSB > LSB
0O—> O 0
b31 b30 b1 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 | 3rdbyte | 4thbyte | States
Register direct SHLRL | #,ERd | 1 | 1 | 7 lolerd 1
Notes
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2.2.61 SLEEP

SLEEP (SLEEP) Power-Down Mode
Operation Condition Code

Program execution state — power-down mode I UL H UN Z V C

Assembly-Language Format H: Previous value remains unchanged.
SLEEP N: Previous value remains unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
. C: Previous value remains unchanged.
Operand Size £
Description

When the SLEEP instruction is executed, the CPU enters a power-down mode. Its internal state
remains unchanged, but the CPU stops executing instructions and waits for an exception-handling
request. When it receives an exception-handling request, the CPU exits the power-down mode and
begins the exception-handling sequence. Interrupt requests other than NMI cannot end the power-
down mode if they are masked in the CPU.

Available Registers

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode 1stbyte | 2ndbyte | 3rdbyte | 4thbyte | States
— SLEEP 0 1 8 0 2
Notes

For information about power-down modes, see the relevant microcontroller hardware manual.
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Instruction Descriptions

22.62(1) STC(B)

STC (STore from Control register)

Store CCR

Operation
CCR — Rd

Condition Code

I U H U N Z V C

Assembly-Language Format H: Previous value remains unchanged.

STC.B CCR,Rd N: Previous value remains unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.

Operand Size C: Previous value remains unchanged.

Byte

Description

This instruction copies the CCR contents to an 8-bit register Rd.

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct STC.B CCR, Rd 0 2 0 rd 1
Notes

Rev. 4.00 Feb 24, 2006 page 223 of 322
REJ09B0139-0400

RENESAS



Section 2 Instruction Descriptions

2.2.62(2) STC (B)

STC (STore from Control register) Store EXR
Operation Condition Code
EXR — Rd I1 UL H UN Z V C

Assembly-Language Format H: Previous value remains unchanged.

sTC.B EXR,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 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 | 3rdbyte | 4thbyte | States
Register direct STC.B EXR, Rd 0 2 1 rd 1
Notes
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2262 3) STC (W)

STC (STore from Control register) Store CCR
Operation Condition Code
CCR — (EAd) I1 UL H UN Z V C

Assembly-Language Format H: Previous value remains unchanged.

STC.W CCR, <EAd> N: Previous value remains unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.

Operand Size C: Previous value remains unchanged.

Word

Description

This instruction copies the CCR contents to a destination location. Although CCR is a byte
register, the destination operand is a word operand. The CCR contents are stored at the even
address. Undetermined data is stored at the odd address.

Available Registers
ERd: ERO to ER7
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Instruction Descriptions

Section 2

Store CCR

STC (STore from Control register)
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Section 2 Instruction Descriptions

22624 STCW)

STC (STore from Control register) Store EXR
Operation Condition Code
EXR — (EAd) I1 UL H UN Z V C

Assembly-Language Format H: Previous value remains unchanged.

STC.W EXR, <EAd> N: Previous value remains unchanged.
Z: Previous value remains unchanged.
V: Previous value remains unchanged.

Operand Size C: Previous value remains unchanged.

Word

Description

This instruction copies the EXR contents to a destination location. Although EXR is a byte
register, the destination operand is a word operand. The EXR contents are stored at the even
address. Undetermined data is stored at the odd address.

Available Registers
ERd: ERO to ER7
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Instruction Descriptions

Section 2

Store EXR

STC (STore from Control register)
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Section 2 Instruction Descriptions

22,63 STM

STM (STore from Multiple registers) Store Data on Stack
Operation Condition Code

ERn (register 1iS[) — @-SP 1 Ul H U N 7 AV C

Assembly-Language Format H: Previous value remains unchanged.
. . N: Previous value remains unchanged.
STM.L <register list>, @—SP . .
Z: Previous value remains unchanged.
V: Previous value remains unchanged.
C: Previous value remains unchanged.
Operand Size
Longword
Description

This instruction saves a group of registers specified by a register list onto the stack. The registers
are saved in ascending order of register number.

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

Two registers: ERO-ER1, ER2-ER3, ER4-ERS, 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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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 s
Mode 1st byte 2nd byte 3rd byte 4th byte tates
_ (ERn—-ERn+1),
STM.L @-SP 0 1 1 0 6 D F 0f ern 7
_ (ERn—-ERN+2),
STM.L @-SP 0 1 2 0 6 D F 0i ern 9
_ (ERn—-ERN+3),
STM.L @-SP 0 1 3 0 6 D F 0i ern 11

Notes

When ER7 is saved, the value after effective address calculation (after ER7 is decremented by 4)
is saved on the stack.
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2264 STMAC

STMAC (STore from MAC register)

Store Data from MAC Register

Operation

MACH — ERd
or
MACL — ERd

Assembly-Language Format
STMAC MAC register, ERd

Condition Code
I Ul H U N Z V C
H: Previous value remains unchanged.

Set to 1 if a MAC instruction resulted in a

negative MAC register value; otherwise
cleared to 0.

Operand Size

Longword

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

cleared to 0.

V:

Set to 1 if a MAC instruction resulted in

an overflow; otherwise cleared to 0.

C:

Note: *

Previous value remains unchanged.

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 register

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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct STMAC |MACH,ERd| 0 2 2 iOierd 1%
Register direct STMAC |MACL,ERd| 0 2 3 |Ojerd 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.

The number of states may differ depending on the product. For details, refer to the relevant
microcontroller hardware manual of the product in question.

Notes
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2265@1) SUB(B)

SUB (SUBtract binary)

Subtract Binary

Operation
Rd-Rs —Rd

Assembly-Language Format

Condition Code

I U HUN Z V C
— ==t

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.
7Z: Setto 1 if the result is zero; otherwise
Operand Size cleared to O.
Byte V: Setto 1 if an overflow occurs; otherwise
y cleared to 0.
C: Setto 1 if there is 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 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 R7TH
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | 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 subtracted
from general register contents by using the SUBX instruction. Before executing SUBX #xx:8, Rd,
first set the Z flag to 1 and clear the C flag to 0. The following coding examples can also be used
to subtract nonzero immediate data #IMM.
(1) ORC  #H'05,CCR

SUBX #(IMM-1),Rd
(2) ADD  #(0-IMM),Rd

XORC #H'01l,CCR
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2265(2) SUB (W)

SUB (SUBtract binary)

Subtract Binary

Operation
Rd - (EAs) = Rd

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

Condition Code

I U HUN Z V C
— ==t

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

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

Z: Set to 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: Setto 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 (destination
operand) and stores the result in the 16-bit register Rd.

Available Registers

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

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rd byte \ 4thbyte | States
Immediate sSuB.wW #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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2265@3) SUB(L)

SUB (SUBtract binary) Subtract Binary
Operation Condition Code
ERd - (EAs) — ERd I UL H UN Z V C

— =t =10t

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

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

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

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

Operand Size
V: Setto 1 if an overflow occurs; otherwise
Longword
cleared to 0.
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 (destination
operand) and stores the result in the 32-bit register ERd.

Available Registers

ERd: ERO to ER7
ERs: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands s
Mode 1stbyte | 2nd byte | 3rd byte ‘ 4th byte ’ 5th byte ‘ 6th byte | States
Immediate SUB.L #xx:32, ERd| 7 A 3 |[Olerd IMM 3
Register direct SUB.L ERs, ERd 1 AN Eers Olerd ‘ ‘ ‘ 1
Notes
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22,66 SUBS

SUBS (SUBtract with Sign extension)

Subtract Binary Address Data

Operation

Rd-1— ERd
Rd -2 — ERd
Rd-4 — ERd

Condition Code

I U H U N Z V C

Assembly-Language Format H: Previous value remains unchanged.
SUBS #1.ERd N: Prev%ous value rema%ns unchanged.
SUBS #2.ERd Z: Previous value remains unchanged.

’ V: Previous value remains unchanged.
SUBS #4,ERd . .

C: Previous value remains unchanged.

Operand Size
Longword
Description

This instruction subtracts the immediate value 1,2, or 4 from the contents of a 32-bit register ERd
(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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register direct SUBS #1, ERd 1 B 0 |Oferd 1
Register direct SUBS #2, ERd 1 B 8 |Ojerd 1
Register direct SUBS #4, ERd 1 B 9 iOierd 1
Notes
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2267 SUBX

SUBX (SUBtract with eXtend carry) Subtract with Borrow
Operation Condition Code
Rd - (EAs)-C—Rd I U HUN Z V C

— =t =10t

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

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.

Assembly-Language Format
SUBX <EAs>,Rd

Operand Size
Byte V: Setto 1 if an overflow occurs; otherwise
cleared to 0.
C: Setto 1 if there is 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 register
Rd (destination operand) and stores the result in the 8-bit register Rd.

Available Registers
Rd: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Immediate SUBX #xx:8, Rd B rd IMM 1
Register direct SUBX Rs, Rd 1 E rs rd 1
Notes
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2.2.68 TAS

TAS (Test And Set) Test and Set
Operation Condition Code

@ERd - 0 — set/clear CCR 1 Ul H U N 7 Vv C

1 — (<bit 7> of @ERd) T T TeTol=

Assembly-Language Format

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

TAS @ERd cleared to 0.
Z: Set to 1 if the result is zero; otherwise
cleared to O.
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-code
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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Register indirect TAS @ERd o1 E]o ] 7 | B o|erd| c 4

Notes
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2.2.69 TRAPA

TRAPA (TRAP Always) Trap Unconditionally
Operation Condition Code
*  When EXR is invalid I UL H U N 7 \Y4 C

PC — @-SP O P N R A I I

CCR — @-SP

<Vector> — PC

*  When EXR is valid
PC — @-SP
CCR — @-SP
EXR — @-SP
<Vector> — PC

Always setto 1.

: See note.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.
Previous value remains unchanged.

Q<NzZzIZgr

Assembly-Language Format
TRAPA #x:2

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.

Operand Size

Description

This instruction pushes the program counter (PC) and condition-code register (CCR) onto the
stack, then sets the I bit to 1. If the extended control register (EXR) is valid, EXR is also saved
onto the stack, but bits 12 to 10 are not modified. Next execution branches to a new address given
by the contents of the vector address corresponding to the specified vector number. The PC value
pushed onto the stack is the starting address of the next instruction after the TRAPA instruction.

Vector Address
#x Normal Mode Advanced Mode
0 H'0010 to H'0011 H'000020 to H'000023
1 H'0012 to H'0013 H'000024 to H'000027
2 H'0014 to H'0015 H'000028 to H'00002B
3 H'0016 to H'0017 H'00002C to H'00002F
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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 |00iMMi O 7%

Note: * Eight states when EXR is valid.

Notes

The stack and vector structure differ between normal mode and advanced mode, and depending on
whether EXR is valid or invalid.
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22.70(1) XOR (B)

XOR (eXclusive OR logical) Exclusive Logical OR

Operation Condition Code

Rd ® (EAs) =~ Rd 1 UUH UN Z V C
——[=1=]s]t]o]=

Assembly-Language Format

XOR.B <EAs>,Rd
5> cleared to 0.

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

Z: Setto 1 if the result is zero; otherwise

cleared to O.

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.
Byte
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 R7TH
Rs: ROL to R7L, ROH to R7H

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Immediate XOR.B #xx:8, Rd D rd IMM 1
Register direct XOR.B Rs, Rd 1 5 rs rd 1
Notes
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22.70(2) XOR (W)

XOR (eXclusive OR logical)

Exclusive Logical OR

Operation
Rd @ (EAs) — Rd

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

Condition Code

I U HUN Z V C
titj]o

H: Previous value remains unchanged.

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

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

Operand Size V: Always cleared to 0.
Word 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: RO to R7, EO to E7
Rs: RO to R7,EO to E7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2nd byte | 3rd byte \ 4thbyte | States
Immediate XOR.W #xx:16, Rd 7 9 5 rd IMM 2
Register direct XOR.W 6 5 rs rd ‘ 1

Notes
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2270 (3) XOR (L)

XOR (eXclusive OR logical) Exclusive Logical OR

Operation Condition Code
——[=1=]s]t]o]=

Assembly-Language Format H: Previous value remains unchanged.

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

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

Operand Size V: Always cleared to 0.

C: Previous value remains unchanged.

XOR.L <EAs>, ERd

Longword

Description

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

Available Registers

ERd: ERO to ER7
ERs: ERO to ER7

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands s
Mode 1stbyte | 2nd byte | 3rd byte ‘ 4th byte ’ 5th byte ‘ 6th byte | States
Immediate XOR.L #xx:32, ERd| 7 A 5 |Olerd IMM 3
Register direct | XORL | ERs,ERd | O | 1 | F | 0 | 6 | 5 ‘Ogers‘ogerd‘ ‘ 2
Notes
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2271 (1) XORC

XORC (eXclusive OR Control register)

Exclusive Logical OR with CCR

Operation

CCR @ #IMM — CCR

Assembly-Language Format
XORC #xx:8,CCR

Operand Size

Byte

Condition Code

I U HUN Z V C
BEEEEERERAEEEER

Stores the corresponding bit of the result.

: Stores the corresponding bit of the result.

Stores the corresponding bit of the result.
Stores the corresponding bit of the result.
Stores the corresponding bit of the result.
Stores the corresponding bit of the result.
Stores the corresponding bit of the result.
Stores the corresponding bit of the result.

Description

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

Operand Format and Number of States Required for Execution

Addressing . Instruction Format No. of
Mnemonic | Operands
Mode istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Immediate XORC #xx:8,CCR| 0 5 IMM 1
Notes
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2271 (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 istbyte | 2ndbyte | 3rdbyte | 4thbyte | States
Immediate XORC #xx:8,EXR| O 1 4 1 0 5 IMM 2
Notes
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L IR 91PY<91SH-91PY 2 M py‘sd M'ENs
C 1]t @ 9IPH<9LXX#-91PY 4 M py‘9L:xx# M'ENS
L AR RE 8pH<—8sH-8PY 2 g py‘sd g'ans ans
L — x| 0] 4] % 8Py < isnlpe [ewioap gpy 2 a Pd vva vva
i HEEEIEE Zepy3—z+zepya 2 1 PH3‘2# TONI
L HEERARAE 2epy3— L+2epya 2 1 pPH3‘L# TONI
L - 91PY<—2+9LPY 2 M PY2# MONI
L IR 91PY<—L+9LPY Z M PY‘L# MONI
L - 8PH<1+8PY z [E] PY €°ONI ONI
L | =]-1-1- ZePy3—p+zepya 2 1 Py3‘v# SQav
L - =|=-]-1- 2epy3—2+zepya 2 1 py3‘2# saav
L - =-]-1- 2Py L+2epya 2 1 py3‘1# saavy saav
L IR 8PY<-0+8sH+8py z g py‘sd Xxaav
i RIECAERE 8PH<-O+8:XX#+8PY z ] Py ‘g:xx# Xaay xaav
L RIEEERERE 2epy3—zesya+zepyd 2 1 py3‘sy3 Taayv
€ BIEEFRERC 2EPHI<-ZEXX#+ZEPHT 9 1 py3‘ZEeXX# 1TAAY
L BIEEFERE 91PH<-91SH+91PY Z M py‘sd Maav
2z IR 9LPH<-9LIXX#+91pY v M Py ‘9 LXx# M'AQY
i AR 8PH<-8SH+8PY 2 a py'sd a'aavy
L AR ER 8PH<—8:XX#+8PYH 4 [E] py‘g:Xx# 8°:aav aavy
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14 —lo|t|t|— 4O </ UG>)<—| ‘YOO 19S<-0-PHID 4 2] ¢:PHID SYL SvL
(zepd3 jo
L —lo|t|t|— <9} 0} L€ SHG>)<—(ZEPYT JO <G} UG>) z hl py3 1S1X3
(91py Jo
L -0t |- <8 0} G SHG>)<—(91PY JO </ UG>) 4 M PH M'SLX3 S1x3
L —lo|t|o0|— (2epy3 40 <91 0} LE SUG>)<—0 z il pPH3 TNLX3
L —lo|t|o0]|— (91PY J0 <8 0} G SUG>)<—0 2z M PH M'NLX3 nix3
L R 2ePyI<-2EPHI-0 Z 1 PH3 1'O3AN
I R 91PH<-9LPH-0 2z M PH MOIN
i R 8PH<-8PH-0 2z ] pd 893N 93aN
I G zesy3-zepya Z 1 pPY3a'sH3 TdND
€ G cEXX#—CEPHT 9 1 PHI'EXX# TdND
i R 91sH-91pH 4 M PYH'sH MdIND
2z R 9LIXX#—91LPY ¥ M P9 L:XX# MdIND
i R 8sH-8pY 2z g py‘sd gdIND
- AR R 8:XX#-8PY 2z g Py ‘8:XxX# GdIND do
(uosiAlp paubis) (Jusionb :py
12 | —|@Q| - ‘Japurewal :p3) gePHI<-91SH+ZEPHT 14 M PH3‘'sH M'SXAIQ
(uorsiaip paubis) (yuanonb :py
€l | —|@Q - ‘opurews. :HPY) 91 PH<-8SH+9LPY 14 g py‘sd g'SXAIQ SXAIQ
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[or4 - —10@|©|— ‘Joputewal :p3) gepHI<-9}SH+2EPHI Z M pH3‘sH M'NXAIQ
(uoisinlp pauBisun) (juanonb :py
4! | —0@|©|— ‘Jopurewal :HPY) 91 PH<-8SH+9 1Py 2z g pY'sH g'NXAId NXAIQ
Obsk Gk (uoneoydiynw paubis)
(g | — | —| V| V| — 2ePdI<-91syx91LpY 14 M py3‘sy M'SXTNIN
Obse ik (uoneoydiynw paubis)
(e)y | — | —| 0| V| = 91PH<-8sH*8pY 14 g py‘sd g'SXININ | SXTNIN
Ok bk (uoneoydiyinw paubisun)
(02)y | — | —|—|—|— 2epy3<-91syx9Lpy 4 M pH3'sY M NXININ
(uoneoidiyinw paubisun)
o e el el 91PY<-8sHx8PY 2z g py'sd gNXINN | NXININ
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ok 95 BIEEE PHI<T1OVIN 2 1 PH31OVIN OVINLS
ok 95 b e ] - PH3—HOVIN 2z bl PH3'HOVIN OVINLS | 6, OVINLS
015 948 —1-1-1- TOVIN—SsH3 2z bl TOVIN‘SH3 OVINGT
015 948 —1=-1-1- HOVIN<SH3 2z il HOVIN'SH3 OVINGT | 4, OVINGT
015 942 —1-1-1- TOVIN ‘HOVN<0 | 2 — OVNH1O [,,OVINHTO
wy3<—g+wy3'ug32g+uyl
(8| (8| (8 (uoneandiinw
4 | === paubis) OVIN—-OVN+WHIDXUHID 4 — +WHID +ud3® OVIN 6 OVIN
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L [ A A B ceEpY——cepPy - 4 a PH3 TLON
L [0 A B 91PH<-91PY - 4 M Pd MLON
L o 4|t |- 8PH<-8PY - 4 d PH 10N 1ON
4 o 4|t |— 2epy3<—gesya®eepy3 14 a pY3a‘sH3 THOX
3 ols]s]—- ZEPHI<2EXHDZEPHT 9 1 PHI‘ZEXX# THOX
L ols]s]—- 91PH<91SH®9PY 2 M PH'SH MHOX
4 ot |t |- 9IPH<-9 I:XX#DILPY 14 M PY'9L:XX# M'HOX
I ol st ]— 8PH<8SH®8PH 3 q PY'sH 9'HOX
3 [0 A B 8PH <8 XX#®8PYH 4 d pY'g:xx# €'HOX HOX
4 [ A A B 2epy3<—cesydargepyda 14 1 pY3‘sd3 THO
€ o4 |? |- 2EPHI e XX#AZEPHT 9 a pY3‘ZEXX# THO
3 o 4|t |- 91Pd<-91SdA91pY 4 M py‘sd M'HO
4 o 4|t |— 9LPH<-9 L:XX#A91PYH 14 M PH9L:XX# M'HO
L o4 |d |- 8PH<-8SHA8PYH 4 d pPY‘sH g'HO
L [ A B 8PH<—8:XX#A8PYH 4 d PH‘8:XX# 9'HO d0
4 o 4|t |- cEPY3<—cesyaveepyd3 14 a py3‘'sH3 TANVY
€ o 4|t |- 2EPHI<—CEXX#VEEPHT 9 a PYI‘ZEXX# TANY
L o 4|t |- 91PH<-91sHVvIlpPYH 4 M pY'sd M'ANY
4 o 4|t |- 9IPH<—9 L:XX#V91pY 14 M PY'9L:XX# M'ANY
b ot |t |- 8PYH<-8SHV8PY 4 d pY'sd g'aNY
3 ot |t |- 8PH<—8:XX#V8PYH 4 d PY'g:xx# g'ANY ANV
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as7 gsSnN O

PH3'2# 1IX10H

PH3 711X 10d

PH'2# MIX10Y

pd M1X10d

PYH2# 9 1X10H

PH g71X104 X104

PHI‘C# THIHS

PH3 THTHS

PH‘g# M'HTHS

Pd M'HTHS

PH'2# G'HTHS

PYd g'dIHS dTHS

pPH3A‘e# TTTHS

pHA TTIHS
- as1 asw 9 pHc# MTIHS
= 0—| -] PH MTTHS
- pH'c# 8 TIHS

pd @ TTHS TIHS

PHI'Z# THYHS

- PHI THVHS
- 0 8s1 gsn PY‘e# M'HVHS
- 00— ] PH M'HVHS
- PH'e# G'HVHS

PY 9'dVHS HVHS

e R D R R R R B R e e e B B e R e P N P e P P e B R R Ry
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PYI'C# TIVHS

PH3 17IVHS

PH‘g# M IVHS

Pd MIVHS

PH‘c# 9 TVHS

[N = DN R Y e - R o = = ) R . ) o = = ) G o R Y = I |

PYH 971VYHS VHS
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asn

PH3'Z# TH1OH

pd3 1'd10d

PH'Z# M'H1OH

Pd M'd104

PH'g# 9'HL10OY

PY 94104

d104d

as1 asnN O

pPY3A‘2# T110H

PY3 11L0d

PH‘2# M1LOY

Pd M1110d

PH'g# 91104

pd g71104d

1104

PY3'2# TYX10Y

PH3 7'UX10Y

PYH‘2# M'HXL1OH

Pd M'dX 104

O|0O|0|0|0|0|0|0O|0O|0O|0O|0O|O|O|O|O|O|O

D R R R R P e B R R R R e R e P R R

e R R R R P R e R R D e e R e e e
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PY‘e# 9'dXL1OH

i oo = = I B Y Y = = B D R R = = |

PYH 9'dX104

HX.10d
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9 el i [(zeree® Jo guy) -] —(ceree® 4o guy) 8 g Ze'ee@‘uyd LONE
S = =1- [(91:ee® Jo guy) -] —(91:ER® JO BUY) 9 g 9l'eE®‘Ud 1ONg
v i [(8:ee® JO BUH) -] —(8:EE® JO BUH) v g 8'ee®‘ud 1ONg
2 - —=—]- [(Pd3® 0 8uy) -] —(PHI® Jo 8uy) 2 [E] PHI® ‘ud LONE
L - =|-]- [(8rY Jo guy) -] —(8pPY 4o guY) 2 a py‘ud LONg
9 - —]—- [(zeer® Jo £:xX#) -] —(cEee® JO E:XX#) 8 [E] ZEERD E:XX# LONE
S === [(91:eB® JO E:XX#) -] —>(9}:€ED JO E:XX¥) 9 g 91'BB® ‘€ XX# LONE
4 i [(gee® Jo E:XX#) =] —(8EB®D JO E:XX#) 4 g 8:€B® ‘€:XX# LONd
2 - —=—]- [(PH3® Jo E:xx#) =] —(PHID JO E:XX#) 2 ] PHI® ‘€:Xx# LONE
L - =|-]- [(8PY Jo e:xx#) -] —(8PY JO £:XxX#) 2 ] pY‘e:xx# 10Ng 1ONd
9 - ——- 0—(ceee® JO 8UY) 8 [E] Zeee®‘ud 41049
S = =1- 0—(9}:eE® JO 8UY) 9 g 9}'eE®‘Ud 109
4 el 0—(8'ee® Jo guy) 4 g 8'ee® Uy Y1049
2 - —=|—]- 0—(PH3® Jo 8uy) 2 a PHI® ‘ud 1109
i - =]-1- 0—(8PY 4o 8uY) 2 a py‘ud H1089
9 - = —- 0—>(ceee® JO E:xx#) 8 [E] ZeEeR® ‘EIXX# Y109
S = —]- 0—>(91:BE® JO EXX#) 9 g 9}:ee® ‘e:XX# 41049
2 - === 0—(8:€B® 4O E:XX¥#) v a 8:BR® ‘€ XX# 1109
2 - —=—]- 0—(PHI® 40 E:XX#) 2 a PHI® ‘e:Xx# Y108
i - =]-1- 0—(8PY JO E:Xx#) 2 a py‘exx# 4108 410d
9 i 1—(2eee® Jo guy) 8 g geree@ud 1359
S e i 1—(91:ee® JO 8UY) 9 g gliee@‘ud 1359
4 e 1—(8:eE® JO 8UY) 4 g g'ee®'uy 1359
2 - —=|—1- 1—(PHU3® Jo 8uY) 2 a pPHI®‘ud 1359
i === 1—(8pY J0 guy) Z [E] pH‘ud 139
9 = —]- 1—(zeer® JO £:XX#) 8 g ceee ‘eixx# 13589
S - =|-]- L—(91BR® JO E:XX#) 9 a 9LeR® ‘€ XX# 1359
2 - === L —(8'BE® JO EIXX#) v [E] 8'ER® ‘CXX# 1359
2 -1 =|-]- 1—>(PHI® 10 EXX#) v a PHIA® ‘e:xx# 1359
! =] —-]- 1 —(8PY JO E:Xx#) Z [E] pyH‘exXx# 1359 13s9
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9 e el el B (eeee® JO EXXH) <D - 8 g ZEERD EXX# 1SIE
S e (918E® JO EXX#)<—D - 9 g 91'BB® ‘€ XX# 1519
¥ HEEEE (8BE® JO EXX#)<-D = 2 [E] 8'BE® ‘CXX# 1519
2 |\ =|—]1-- (¥2PHI® JO EXXH)<-D - 2 [E PHI® ‘eXX# 1Sl
L 1 =1-1-1- (8PY JO E:XX#) <O = 4 q py‘exx# 1S9 1s1g
9 e el (ceee® JO E:XX#)<—D 8 g 2EBR ‘EXX# 1S9
S e el (91:8E® JO E:XX#)<—D 9 g 9lieE® ‘e XX# 1S9
2 = |- (8:2B® JO E:XX#)<-O 2 [E] 8'EB® ‘CXX# 1S9
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3 V- - - O<(8Be® JO EXX#) = 2 [E 8'EE® ‘EXX# ATl
3 BEEEE O<(PHIA® 4O Exx#) = 4 q pHI®‘eXx# Alg
L N O<(8PY JO £:XX#) - e [E] pH‘exx# alg alg
S b= —1- O<(2eee® JO E:XXH#) 8 g zeee ‘exx# a1g
¥ BEEEE 0<(918E® JO E:XXH#) 9 [E] gLER® ‘EXX# A7g
€ V- — O<(8BR® JO E:XX#) 2 [E 8:BED ‘EXX# ATd
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L N O<(8PY JO £:XX#) 4 [E] py‘exXx# a1g alg
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S yl=1=-1-1- O<I[(zeee® J0 £:xxf) ~1®D 8 a 2EER® €1X# HOXIE
v 1= === O<Il(91eR® J0 EXXH) ~]®O 9 2] 91'BB® '£:XX# HOXIE
) 1= === D<[(gre® 4O £:XX#) =]®D ¥ g 8'BB® ‘€XX# HOXId
€ 1 =1=1=1= O<I[(rzpHa® jo e:xx#) -1®0 4 2] PHI® ‘€:Xx# HOXIF
l === 0<I(8Pd J0 £%#) —1@0 z q PH'EXX# HOXIE |  HOXIg
S 1 =1-1-1- O<(zeeE® JO EXXH)®D 8 g
v y 1 =1-1-1- O<(9L:eR® JO EXXH)DD 9 q 9L'BE® € XX# HOXd
o) y 1 =1-1-1- O<(8:BR® JO :XX#)DD 14 q 8'EB® '€ XX# HOXE
€ =1 =1=1= O« (¥2PHaA®D 40 EXXH)DD 14 a PHI® ‘€:Xx# HOXE
i v =1=1-1- 0<—(8PY JO EXX#)®D 4 a PH‘E2# HOXd d0xd
S T == =- O<I[(zeer® J0 €Xx#) =] AD 8 g CE'BRD ‘E1XX# HOIF
v T =1 === O<I[(91eR® JO €XX8) =] AD 9 g 91'BB® ‘€:XX# HOI
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ok:p3I1g

e 14
F —1T=1=1- 1=(A\ON)AZ [ - gp 318
€ T == v — 9L:p 199
z -[=1-1= 0=(A®N)AZ ¢ - 8P 108
< T == v — 9Lp 17d
3 T == L=AGN 2z - 8:p 119
e T == v - 9kip3Ivg
F T == 0=A®N 2z — 8:p 399
< i ey R v — 9L:p ING
2z Ry =N 2z — 8P INg
B i e R v — 9L:p 1dg
2z === 0=N 2z - 8:p1dg
s === v — 91:p SAG
2z T == 1=A 2z - 8:p SAd
e i B R v — 9L:p ONE
Z g ey 0=A 2z - 8:p OAE
€ T == v — 91:p D39
Z T == =7 2z — 8:p 03F
e T == v — 9L:p INg
Z T == 0=7 2z - 8:p ING
€ T == I3 - (91:p 018)94:P SOd
F == 1=0 2 — (8:p 0719)8:P SOd
€ T == ¥ — (91:p SHA)9L:P 008
2z === 0=0 2z - (8:p SHE)8:P 008
< i o R p— v — 9LpsIa
2 — =1 =1= 1=zAD 2 - 8:p S1g
s T == v — 9L:p IHg
Z T == 0=2AD 2z — 8:p IHE
e === v — (94:p 48)94:p NHE
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Instruction Descriptions

Section 2

S el e e e yX3<-ceeed 8 M yx3'zereed OqT
S R HO0<-2Ere® 8 M yo0o'zerer® OA
v === dX3<9l'eed 9 M gx3‘'oLee® 0471
4 AR HO0<91'BE® 9 M H00'9L'ee® Oa1
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Instruction Descriptions

Section 2

L —1-71-1- 2+0d—0d - dON dON
4 - =|-]- HXI—8XX#DUXT v ] HX3'8:Xx# OHOX
L HEAERE HOO8XX#®HD0 4 ] HOO'8:Xx# OHOX OHOX
2z - =|=]- HXT—8XX#AHXT v a HX3'8:Xx# OHO
L AEERE HOO—8:XX#AHOD z [E] HO0'8:Xx# OHO odO
2z -1=1-1- HXT—8XX#VHXT v a HX3'8:Xx# OANY
i NERERE HOO—8XX#VHOO 4 ] HOO'8:Xx# OANY OaNY
S - =|-]- zeee®<dX3 8 M 2e'ee® 'UX3 O1S
S - =|=]- 2eeR® <400 8 M 2E'ee® Y00 O1S
2 - =1=1- 9LEE®<HX3 9 M 9L'eE® 'YX3 OLS
2 - =|-]- 9LEE®<-HOD 9 M 91'eeE® ‘YO0 O1S
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Section 2
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Instruction Descriptions

Section 2

Instruction Code

24

Instruction Codes

Table 2.2

(8:p SHa) 8:p 00d

dsip

91:pS1d

8:pS1d

dsip

9L:p IHG

8:P IHg

dsip

(91:p 48) 91:p NHE

~|o|N|o|™m o<

(8:p 48) 8:p NHE

dsip

(91:p 19) 91:p vHE

(8:p 19) 8:p vHg

oog

0 N0

CEBe® £XX# ANVE

0 WWIO| 9 : £ sqe

9L'BE® E:XX# ANVE

0 W0

8'EB® ‘€ XX# ANVE

0 AWI0

PHI® ‘€ XX ANVE

PH'E:XX# ANVE

aNvd

WL

°X3'8:xx# OANY

©|~|o|O|W|<|<|O |

HOO'8:x# OANY

OdNV

p19:0 819 :0

0o : 4

pPH3'sH3 TANY

WAL

pio

PHI'2EXX# TANY

pl

PH'SH M'ANY

AINI

p1

PH9LXX# MANY

p1

PH'SH 8'ANY

PH‘8:XX# 9'ANV

ANV

pl

PH'sH Xaavy

PH'8:Xx# XAAY

Xxaav

pie :

pH3'v# Saav

pis

py3'z# saav

pio:

pH3'1# Saav

saav

pio

pH3'sH3 Taqv

pia:

PHI'ZeXxX# Taav

pi sl

PH'SH M'AAY

pI oL

PH'9LX# MAdY

pi sl

PH'sH g'aQY

WINI

non(Z|S|d|d|2 || |njn|n|n|ZT /2|22 |njn|jn|o|o|o|m

PH'8:Xx# g:aav

aav

a1Aq yioL

a1Aq yie

a1Aq yig

alAq iz

a1Aq yi9 alAq yig alAq uiy

alAq pig

a1hq puz

1ewJo4 uoponasu|

[
N
[

oluowaup

uononasu|
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Instruction Descriptions

Section 2

0w | z 9 sqe g i e | v .9 |a ZeeR® Uy U108
0o i w |z o9 sqe g i1 v io|a 9leR® Ul U108
0 ¢ w z i 9 sqe 4 . | g g:ee® ‘Ud H10g
0o i w | z o9 | o ipeiof a:i s |a pPH3®'ud U108
polow | 9 | a PH‘UY 4108
0 AWEO| 2 : L sqe 8 ¢ v 9 g zeee® exx# 41089
0 wwio] z 2 sqe g 1 v i 9 | a 9L:eR® ‘€0 H108
0 o] 2z oz sqe 4 . | g g:ee® e300 U108
0 z i . | o ipeiol a i s |a PHI® '€ 4108
I . | a PH'EX 4108 w108
dsip 0 : 4 8 S - 9L:p 319
i dsip 1w |- gp 318
dsip 0o : 3 8 S - 9k:p 199
i dsip 3 v |- gip 108
dsip o :a| s s | - oLp 19
i dsip a v |- gp 11g
dsip 0 : 0 8 S - 9k:p 399
| dsip 0o v |- gp 398
dsip 0 i g 8 s | - 91:p ING
i dsip a v |- 8P INg
dsip 0o v | 8 s | - 91:p1dg
i dsip v iy |- gp 1dg
dsip 0 : 6 8 S - 9k:p SAG
7 dsip 6 v | - g:p S
dsip 0 ! 8 8 s | - 91:p OAE
i dsip 8 v | — P oAg
dsip [ 8 S - 9L:p 039
i dsip L v | = 8:p 038
dsip 0 i 9 8 s | - 91:p ANg
i dsip 9 i v |- g:p aNg
dsip 0 i g 8 s | - (91:p O79) 91:P 508
i dsip s v |- (8P 0718) 8:P S08
dsip [ 8 : § - (91:p SHE) 9+:P 008 00g
ahquior | eihquie a1hq yig ahq yiz a1q g a1hq g akauw | aapic | aukapuz a1k st
az1S ajuowaupy uononsu|
1ewIo4 uononysu|
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PH'Ud LONg

HATATH

sqe

2EBe® 'EXX# 1ONg

0 WAIO| b i L

sqe

91'BR® ':XX# LONE

N

8'BB® ‘€0 LONE

Instruction Descriptions

N

PHI® ‘€XX# LONG

PH'eXX# LONE

10ONg

R

sqe

ceee® ‘e a9

0 WWIO| £ i 2

sqe

9l'BE® 'eXX# A9

NN

gERD ‘CXX# Ad

N

PHI® ‘€ dd

Section 2

py‘exx# a19

alg

NI

sqe

2EBE® 'SXX# HOXIE

0 WAL § L

sqe

9L'ER® 'E:XX# HOXIE

NN

8'EB® ‘€:XX# HOXIg

NI

PHI® ‘e:XX# HOXIE

PY'E:XxX# HOXIE

Hoxig

R

sqe

2eeR® eXx¢ 1519

0 WAL £ i 9

sqe

9LeE® 'eXX# 1819

SN

8'eB® ‘e:XX# 1819

N

PHI® ‘e XX# 1SI9

p1

PH'E:XX# 1SI9

1s19

NI

sqe

o

2E'BR® 'EXX# HOIF

0 WWEL v i 2

sqe

91:BB® €:XX# HOIE

NN

8:eB® ‘€:XX# HOI9

NN

PHIA® ‘e XX# HOIF

ps

PH'EXX# HOIg

dolg

AT

sqe

o

zeee® exx¢ Qg

0 WAL £ i L

sqe

o

9lBR® 'e:XX¢# A9

NI

8'BE® '€XX# A1l9

N

PHI® ‘eXX# a1lg

pH'exx# g

ang

R

sqe

2E'eR® eXX¢ ANVIE

0 WWIEL| 9 1 2

sqe

91'BE® 'SXX# ANVIE

SN

8'Be® ‘S XX# ANVIE

NN

0

PHI® ‘€ XX# ANVIE

pi

ololW |||~ O W | /< |F|O|W ||| ~MOjL << |0|0|W|C/I<|~MO|WC|<|~ (0| |||

OO0 00 O0OO0O0o0o0o0oMOmMM@OO0o0o0oomomonomonoonoomomonomoonomomnonom|o|o

PH'E:XX# ANVIE

aNvIg
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alAq uiy
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Instruction Descriptions

Section 2

0 ul € 9 sqe 0 ¢ v 9 ] Zeee@uy 1519
0 : w € 9 sqe [N v 9 g 9Lee®'ud 1S19
0 ¢ w e 9 sqe 3 . | a gee@'ud 1519
0 ul € 9 0 ipeio] O L q pyI®‘ud 1519
proow € 9 | py'ud 1519
0 WWIO| € ¢ 2 sqe 0 : ¢ v 9 q ZeeR® eXXH 1519
0 NNIO| € L sqe 0 v 9 g 9LEED ‘EXX# 1S16
0 WAEO| £ I 2 sqe 3 . | a gERD ‘CXX# 1519
0 IANWEO| € 1 £ 0 ipwio] O L a PH3I® ‘€xx# 1519
piINWEO| € L q py‘ExXX# 1516 1s18
0 WWEO| Z i 9 sqe 8 i ¢ v 9 g ZEERD EXX# 1S9
0 AWIO| £ 9 sqe 8 ! v 9 a 9LBR® ‘EXX# 1S9
0 WWIO| 2 9 sqe 4 K g:Be® ‘€% 159
0 ANWEO| L 9 0 :ipwio| a L g PHID ‘e:Xx# LS8
pINWEO| 2 9 g py‘eXx# 1S9 1s9
dsip 0 : 0 0 S - 91:p ¥sg
dsip S s | - 8:p Hsq ysg
0 ow 0o i 9 sqe g ¢ v 9 g zeree®@ Uy 1358
0 u 0 9 sqe 8 b v 9 g 9lEE® U 1358
0 ul 0 i 9 sqe 4 L | giEE® Uy 1359
0 u 0 9 0 :ipwio| @ L g py3®‘ud 1359
piiow 0 9 ] py‘ud 1358
0 WWEO| 0 I L sqe 8 i ¢ v 9 | ZeER® ‘eXXY 1358
0 ‘WWIO| 0 : 2 sqe 8 i1 v 9 g gLeE® 'e:XX# 1359
0 ‘WWEO| 0 : 2 sqe 4 . | g g'ee® ‘g0 1358
0 o] 0 ¢ ¢ 0 ipeio]| a L | g PHI®D ‘€0 1398
piIAWEO| 0 L g py‘exx# 1359 13s9
0 WWEEO| ¥ i 2 sqe 0 : ¢ v 9 a ZEER® ‘€30 HOT
0 NWEO| ¥ i L b sqe 0 v 9 g 9LIBR® ‘EXX# HOF
0 WAEO| ¥ : £ sqe 3 . | a 8:8E® ‘€0 HOE
0 ANWEO| v i L 0 ipeio| O L q PHI® ‘€ xx# HOg
pIINWEO| ¥ L q PY‘EXX#t HO8 Hosg
0w L9 sqe g i ¢ v 9 g 2eee® 'Ud 1ONg
0w L9 sqe 8 L v 9 q 9LEE®‘Ud LONG
0 w L 9 sqe 4 7 q 8:ee® ‘Ud 1ONg
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PH3'2# TONI

PH3'L# TONI

Instruction Descriptions

PY‘g# MONI

PY‘L# MONI

Pd g'ONI ONI

PY3 TNLX3

Pd M'NLX3 nix3

PY3 T'S1X3

Section 2

R R B = [ T

PH M'S1X3 S1X3

MAONd33

9AONd33 | AOWd33

pH3'sH M'NXAIQ

pd'sd g'NXAIQ NXAIQ

pi9i0: si € g PHI'SH M'SXAIQ

pi i osi | PH'sH g'SXAIQ SXAIQ

pH3‘2# 1°03a

pH3'L# 1'03a

py‘g# M'O3a

PY‘L# M'O3a

pd 9'03a o3a

Pd Sva Sva

o|o|o|wv| o~k OO

Pd vva vva

2
<

pH3'sH3 TdIND

o

PHI‘2eXX# TdINO

4

PH'PH MdINO

PH9LXX# MdINO

Oloa|l</b|L|L <O |~ |~ |~ |®O@O(~NNIMNNMN<< OO OO

sl PH‘sH 9dNO

s e = = T D o W o ' = = R T = e R

=
2
e

PY‘8:Xx# adINO dNO

OVNY10 ||, OVIAETO

0 :AWEO| § i Z sqe 0 2EBRD '£:XX# HOXE

0 WWIEO| § i £ sqe [ 91:BB® £:XX# HOXE

0 wwro| § : z sqe 8'BE® €00 HOXE

0 IWWEO| § I £ 0 ipwei0 PHI®D ‘SXX# HOXE

WO |W < ||
oo ooo

PINNIEO : PH'E:XX# HOXE dHoxd

~In|{~|N|lo|lolo|< - |~N|-|N|[-|o|- ||| |-|-|o|o|w|w|~|~N|r- ||~ |-|Oo|o|o|o|o

aikauiol | oiha uie aiha uig a1hq uiL aihq uig alhq uig aihq uiy aihq pig a1hq pug aihais

o215 oluowaup uononAsu|
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PH'9L'BR® GAON

pH'g:ee® 9AONW

PH'+sH3I® 9'AON

py‘(sy3'zeP)® aAON

pPY'(sH3'91:P)® GAON
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Operation Code Map

25

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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Section 2 Instruction Descriptions

2.6 Number of States Required for Instruction Execution

The tables in this section can be used to calculate the number of states required for instruction
execution by the CPU. Table 2.5 indicates the number of instruction fetch, data read/write, and
other cycles occurring in each instruction. Table 2.4 indicates the number of states required for
each cycle, depending on its size. The number of states required for each cycle depends on the
product. See the hardware manual named for the relevant product for details. The number of states
required for execution of an instruction can be calculated from these two tables as follows:

Execution states =Ix S+ I xS, + Kx S, + L xS + M x S, + N x S

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 three
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:

Number of states required for execution=2 x4 +2 x 2 =12
2. JSR @@30
From table 2.5:
I=J=K=2, L=M=N=0

From table 2 4:

Number of states required for execution=2 x4 +2 x4 +2 x4 =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 3+m
Word data access S 2n 6 +2m

M

Internal operation S,

1

1

1

1 1

1 1

Note: * For the MOVFPE and MOVTPE instructions, refer to the relevant microcontroller hardware

manual.
Legend:

m: Number of wait states inserted into external device access

n: Number of states required for access to an on-chip supporting module. For the specific number,
refer to the relevant microcontroller hardware manual.
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Table 2.5

Instruction

Number of Cycles in Instruction Execution

Mnemonic

Branch

Instruction Address Stack Byte Data Word Data Internal
Fetch Read Operation Access Access Operation

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

G R O O NS \ SO

-

ANDC

ANDC #xx:8,CCR
ANDC #xx:8,EXR

N =N W N

BAND

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

-

- A g

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

BEQd:8

BVC d:8

BVS d:8

BPL d:8

BMI d:8

BGE d:8

BLT d:8

BGT d:8

NN DN NN DN NN DNDDNDDNDDNDNDND DD 0NN
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Instruction

Mnemonic

Branch

Instruction Address
Fetch Read

Stack
Operation

Byte Data Word Data Internal

Access

Access Operation

J

K

L

M N

Bce

BLE d:8

BRA d:16 (BT d:16)
BRN d:16 (BF d:16)
BHI d:16

BLS d:16

BCC d:16 (BHS d:16)
BCS d:16 (BLO d:16)
BNE d:16

BEQd: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

NN DN NN MDD NN NDDNDNDDNDNDDNDDNDDND

- 4 4 4 a4 4 a4 a4 A A a A A A A

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

- A O NN =

A OO NODN

[ACIEN \CH \C I \V)

[ACIEN \CIN \C I \V)

BIAND

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

-

A OO NN

_ A a4

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 O NDDN

_ a4 a4
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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

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

-

A OO NODN
_- A g

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

-

A OO NODN
[ACIE \CIE LI V)

-

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

A OO NODN
_ A a4

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 O NODN
_ a4 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

-

[NSIE \C T VR \V]

[NSIEN \C T VR \V]

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

- a4 a4

BSET BSET #xx:3,Rd
BSET #xx:3,@ERd
BSET #xx:3,@aa:8

N D =D WD =2 O = NN
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Instruction

Mnemonic

Branch

Instruction Address
Fetch Read

Stack

Byte Data

Operation Access

Word Data Internal
Access Operation

J

K

L

M N

BSET

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

-

2

[ACIE \CI \C I V)

BSR

BSR d:8 Normal
Advanced

BSR d:16 Normal

Advanced

NN O NN

N =N =

BST

BST #xx:3,Rd

BST #xx:3, @ERd
BST #xx:3,@aa:8
BST #xx:3,@aa:16
BST #xx:3,@aa:32

[NSIEN \C T \C R \V]

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

_ a4 a4

_ a4 A

BXOR

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

_ a4 a4

CLRMAC™*®

CLRMAC

1*3>:<s

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

i I \C TR B B L2 N \ I \C T I - o B \C T \© B L -2 \° T \C Rl I S @S B \C R \C I
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Instruction Descriptions

Instruction

Mnemonic

Branch

Instruction Address
Fetch Read

Stack
Operation

Byte Data

Access

Word Data
Access

Internal
Operation

J

K

L

N

DAA

DAA Rd

1

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

NN

11
19

DIVXU

DIVXU.B Rs,Rd
DIVXU.W Rs,ERd

-

11
19

EEPMOV

EEPMOV.B
EEPMOV.W

2n + 2™
2n + 2™

EXTS

EXTS.W Rd
EXTS.L ERd

EXTU

EXTU.W Rd
EXTU.L ERd

INC

INC.B Rd
INC.W #1/2,Rd
INC.L #1/2,ERd

JMP

JMP @ERnN
JMP @aa:24

JMP @@aa:8 Normal

Advanced

JSR

JSR @ERn Normal

Advanced

JSR @aa:24 Normal

Advanced

JSR @@aa:8 Normal

Advanced

NININDINDINDINDINDININD N = 2 =22 o 2D N =

N[ =N = N =

LDC

LDC #xx:8,CCR

LDC #xx:8,EXR

LDC Rs,CCR

LDC Rs,EXR

LDC @ERs,CCR

LDC @ERs,EXR

LDC @(d:16,ERs),CCR
LDC @(d:16,ERs),EXR
LDC @(d:32,ERs),CCR
LDC @(d:32,ERs),EXR

-

-

g o W w NN

- A A g a4
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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

LDC LDC @ERs+,CCR 1
LDC @ERs+,EXR 1
LDC @aa:16,CCR
LDC @aa:16,EXR

- A a4 a4

LDC @aa:32,EXR

LDM LDM.L @SP+,(ERn—-ERn+1)
LDM.L @SP+,(ERn—-ERn+2)

2
2
3
3
LDC @aa:32,CCR 4
4
2
2
LDM.L @SP+,(ERn—ERn+3) 2

LDMAC™® LDMAC ERs,MACH 1 ko6
LDMAC ERs,MACL 1 ek

MAC™® MAC @ERn+,@ERm+ 2 2

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

-

- a4 4 a4 a4 A a4 a4 A A A A A

FEO I T N e TN T O N RS~ T N (O N SR

- A a4 a4 A
—_
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Instruction Descriptions

Instruction

Mnemonic

Branch

Instruction Address
Fetch Read

Byte Data
Access

Word Data
Access

Internal
Operation

J

L

N

MOV

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
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

- W wN

- A a4 A

NS \CT \C R \CRE \C I \C R \C I \C R VN SR S V]

MOVFPE

MOVFPE @:aa:16,Rd

1*2

MOVTPE

MOVTPE Rs,@:aa:16

1*2

MULXS

MULXS.B Rs,Rd  H8S/2600
H8S/2000

#3 %6
2

11

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

*3 %6
3

19

MULXU

MULXU.B Rs,Rd  H8S/2600
H8S/2000

2*3 *6

11

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

3*3 6

19

NEG

NEG.B Rd
NEG.W Rd
NEG.L ERd

NOP

NOP

NOT

NOT.B Rd
NOT.W Rd
NOT.L ERd

e B B B Bt B S I \C T B \C TR\ R B \© R B \C T I L B \ R &) B GV R\ I S ¢S B \C G I O I V)
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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
OR OR.B #xx:8,Rd 1

OR.B Rs,Rd 1

OR.W #xx:16,Rd 2

OR.W Rs,Rd 1

OR.L #xx:32,ERd 3

OR.L ERs,ERd 2

ORC ORC #xx:8,CCR 1
ORC #xx:8,EXR 2

POP POP.W Rn 1
POP.L ERn 2

PUSH PUSH.W Rn 1
PUSH.L ERn 2
ROTL ROTL.B Rd 1
ROTL.B #2,Rd
ROTL.W Rd
ROTL.W #2,Rd
ROTL.L ERd
ROTL.L #2,ERd
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

N =N =
_ aa o

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* 1

RTS RTS Normal

Advanced

N2 2 a4 a4 a4 ala a4 a4 a4 a4 ala a4 a4 a4 ala a4 a aa
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Branch
Instruction Address  Stack Byte Data Word Data Internal
Fetch Read Operation Access Access Operation

Instruction Mnemonic | J K L M N
SHAL SHAL.B Rd 1

SHAL.B #2,Rd 1

SHAL.W Rd 1

SHAL.W #2,Rd 1

SHAL.L ERd 1

SHAL.L #2,ERd 1
SHAR SHAR.B Rd 1

SHAR.B #2,Rd 1

SHAR.W Rd 1

SHAR.W #2,Rd 1

SHAR.L ERd 1

SHAR.L #2,ERd 1
SHLL SHLL.B Rd 1

SHLL.B #2,Rd 1

SHLL.W Rd 1

SHLL.W #2,Rd 1

SHLL.L ERd 1

SHLL.L #2,ERd 1
SHLR SHLR.B Rd 1

SHLR.B #2,Rd 1

SHLR.W Rd 1

SHLR.W #2,Rd 1

SHLR.L ERd 1

SHLR.L #2,ERd 1
SLEEP SLEEP 1 1
STC STC.B CCR,Rd 1

STC.B EXR,Rd 1

STC.W CCR,@ERd 2 1

STC.W EXR,@ERd 2 1

STC.W CCR,@(d:16,ERd) 3 1

STC.W EXR,@(d:16,ERd) 3 1

STC.W CCR,@(d:32,ERd) 5 1

STC.W EXR,@(d:32,ERd) 5 1

STC.W CCR,@-ERd 2 1 1

STC.W EXR,@-ERd 2 1 1

STC.W CCR,@aa:16 3 1

STC.W EXR,@aa:16 3 1

STC.W CCR,@aa:32 4 1

STC.W EXR,@aa:32 4 1
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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
ST™M STM.L (ERn—ERn+1),@-SP 2 4 1
STM.L(ERn-ERn+2),@-SP 2 6 1
STM.L(ERn-ERn+3),@-SP 2 8 1
STMAC™  STMAC MACH,ERd 1 [
STMAC MACL,ERd 1 orere
SuB SUB.B Rs,Rd 1
SUB.W #xx:16,Rd 2
SUB.W Rs,Rd 1
SUB.L #xx:32,ERd 3
SUB.L ERs,ERd 1
SUBS SUBS #1/2/4,ERd 1
SUBX SUBX #xx:8,Rd 1
SUBX Rs,Rd 1
TAS TAS @ERd™ 2 2
TRAPA TRAPA #x:2 Normal 2 2/3* 2
Advanced 2 2 2/3* 2
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: 1. 2 when EXR is invalid, 3 when EXR is valid.
2. 5 for concatenated execution, 4 otherwise.
3. Aninternal 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.
5. These instructions are supported by the H8S/2600 CPU only.
6. The number of states may differ depending on the product. For details, refer to the

relevant microcontroller hardware manual of the product in question.
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2.7 Bus States During Instruction Execution

Table 2.6 indicates the types of cycles that occur during instruction execution by the CPU. See
table 2.4 for the number of states per cycle.

How to Read the Table:
Order of execution
A
Instruction 1 2 3 4 5 6 7 8 9
JMP @aa:24 RWwand  |\mermaloperation, gy A
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:wW Word-size read
W:B Byte-size write
W:w Word-size write
2nd Address of 2nd word (3rd and 4th bytes)
3rd Address of 3rd word (5th and 6th bytes)
4th Address of 4th word (7th and 8th bytes)
5th Address of 5th word (9th and 10th bytes)
NEXT Address of next instruction
EA Effective address
VEC Vector address
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Instruction Execution Cycles

Table 2.6

vamy 1X3N MY 8p 199
VI MY LX3N MY 8:p 119
va M 1X3N MY 8:p 309
VI MY LIX3N MY 8P INg
va md 1X3N MY 8p1dg
vamy L1X3N MH 8:p SAg
v3I MH LX3N MY 8:p ONE
vamy 1X3N MY 8:p 039
VI MH LX3N MY 8:p INg
vamy 1X3N MY (8:p O19) 8:p SO9
va My 1X3N MH (8:p SHE) 8:p 004
vam 1X3N MY 8psIa
vamy L1X3N MY 8P IHg
vamy 1X3N M:H (8:p 49) 8:p NHg
v3I M 1X3N MH (8:p 16) 8:p vHa
1X3N MH v3 gy U M:d pIE MH puz My 2E'e® ‘CXX# ANVE
1X3N mH v3ay pig M puz M 9LEE® ‘EXX# ANVE
1X3aN mH va gy puz My 8BR® ‘€ XX# ANVE
1X3aN mH v3ad puz My PHI® ‘€ XX# ANVE
LIX3N MY Py ‘ExXx# ANVE
LX3N MY puz My HX3'8:XxX# OANY
1X3N MH HOO'8:Xx# OANV
L1X3N MY puz My pyH3‘sH3 TANY
1X3aN mH pIE M puz My PYI‘ZEXX# TANY
LX3N MH Py ‘s M'ANY
1X3aN mH puz My PH‘QLiXX# M'ANY
L1X3N MY PY‘sH 9'ANY
1X3N MY py‘8:Xx# §'ANY
L1X3N MY py‘sd Xaav
LX3N MH Py ‘8:xx# Xaay
L1X3N mH pPH3‘v/e/L# SAQV
LX3N MH py3‘sy3 Taav
1X3aN mH pIE M puz My py3‘ZeXX# 1AaY
LX3N MY pY'sd M'day
1X3aN mH puz My PY 9 LIXX# M'AQY
LIX3N MY pd‘sd g'aav
LX3N MY py‘g:xx# g:aQV
S v € 4 L uononsul
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v3igm 1IX3IN M:H v3 gy Pig MY pug mid 9lieR® 'e:XX# Y109
vigm 1IX3IN MY v3gd puc md 8'eR® 'e:XX# H109
vigm 1IX3IN M v3 gy pug mid PHI® ‘e:Xx# 41049
1X3IN M PYH'e:XX# 4109
ajels |
V3 MY [uonrelado [eussiu| pug md 9L:p 319
aels |
V3 M:H [uonesado [eusaiu puz My 9L:p 199
alels |
V3 MY [uolesado [eussiu| pug m:d 9Lp 19
aels |
V3 MY [uonesado [eusaiu pug My 9L:p 399
aels |
V3 M:d [uonesado [eusaiu| puz m:d 9L:P ING
aels |
V3 M:d [uonelado [eusaiu| puz m:d 91:p1dg
aels |
V3 M:Y [uonelado [eusaiu| puz m:d 9L:p SAd
ajels |
V3 MY [uonrelado [eussiu| pug md 9L:P ONE
ajels |
V3 MY [uoiesado [eussiul pue mid 9:p O34
aels |
V3 MY [uolesado [eussiu| pue mid 9L:p 3Ng
alels |
V3 M:H [uolesado [eusaju pug My (91:p 018) 91:p SOd
ajels |
V3 M:d [uonesado [eusaiu| puz M:H (91:p SHA) 91:p 004
alels |
V3 MY [uonesado [eussiu| pug md 9L:p s1d
aels |
V3 M:Y [uonelado [eusaiu| puz m:d 9L'P IHE
ajels |
V3 M:Y [uonelado [eusaiu| puz M\:H (91:p 49) 9+:P NHE
ajels |
V3 MY [uonrelado [eussiu| pug md (91:p 19) 94:p YHE
vamd 1X3N M 8:p 314
S 14 € c L uolonisu|
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1X3aN md

PYH'e:XX# 10NG

1X3IN M-d vaad Uy M:d piE MY pug " ceeR® ‘exx# a9

1X3aN md vagd PIgE MY pug md 9lLeR® 'e:XX# A9

1X3aN md vagd pug My 8'eB® ‘e Xx# A9

1X3aN mHd va gy pug mid PHI® ‘e Ad

1X3aN md py'exx# a1g

1X3IN M-d vagd U m:d piE MY pug mid 2EER® ‘EXX# HOXIE

1X3aN md vagd Pig MY puc md 91:BR® ‘e:XX# HOXIg

1X3aN md vagd pug My 8'BB® ‘S:XX# HOXIE

1X3aN md vagd pug mid PHI® ‘e:XX# HOXIE

1X3aN m-d PH‘EXx# HOXIE

v3gam 1X3aN md v3agd Uiy md PiE MY pug mid 2EBR® ‘XX# 1819

vagam 1X3aN md vaad Pig MY puc md 9L 'BR® 'EXX# 1SI9

vagm 1X3aN M vagd pug My 8'BB® ‘E:XX# 1519

v3agm 1X3aN md vagd puc md PHI® ‘e XX# 1SI9

1X3aN M- py‘e:xXx# 1SI9

1X3N Md vagd Uy Md Pig MY puc md 2EER® EXX# HOIF

1X3aN m" vaad piE MiH pug mid 91'BB® ‘€ XX# HOIF

1X3aN mHd va gy pue mid 8'8B® ‘€:XX# HOIg

1X3aN md vagd Puc md PHI® ‘€ Xx# HOIG

1X3aN m-d PH‘E:XX# HOIE

1X3N M:d vagad Uiy M:d Pig MY puc md zceeR@ exXx# a1l

1X3aN M vagd pie MY pug mid gLEE® 'eXX# Al

1X3aN md vagd puc md 8'ee® ‘e Xx# A7I9

1X3aN md vagd pug My PHI® ‘eXx# ATl

1X3aN md pH'exXx# allg

1X3N M:d vaad Uiy M:d pigE MiH pug My 2EBR® '©XX# ANVIE

1IX3IN md v3a gy Pig MY pue mid 9L'ER® 'S:XX# ANVIF

1X3aN md vagd puc md 8'BE® ‘e XX# ANVIZ

1X3aN mH vagd pug mid PHI® ‘e XX# ANVIE

1X3aN md PH'E:XX# ANVIE

vagm 1X3IN M vagd Uy M:d piE M pug My 2eee® Uy Y109

vagam 1IX3aN mHd vagd Pig MY puc md 9L:'EE® Ud Y1089

v3agm 1X3aN md vagd pug My 8'ee® ‘Ud H109

va gam 1X3aN md va gy pug My PHI®‘ud 4109

1X3aN md pPH'uy 4109

vagm 1X3IN M-d vagd U md piE MY pug My 2EBe® ‘EXX# Y1089
S v € [4 3 uonodnisul
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1X3aN MH va gy puz My PYI® ‘eXx# 1S1d
L1X3N mH py‘exx# 1S19
v3 gm LX3N M va gy U M:d pIE MH puz My zeee® ‘exXx# 156
vagm 1X3N mH v3ay pig M puz M gLER® ‘EXX# 1S9
v3 gm 1X3aN mH va gy puz My 8ER® ‘EXX# 1SH
va gm 1X3aN mH v3ad puz My pPHI® ‘€Xx# 1S9
LIX3N MY py‘Exx# 1S9
Qlels |
(1) 5%0BIS MM | (H) >0BIS MiM V3 M:H [uonesado [eusai] puz M| peoueApy
Qlels |
HoBIS MM V3 M:Y [uonesado [eusaju puz M|  [ewloN 9L:p HSa
(1) 5%0BIS MM | (H) 310BIS MiM VI MY 1X3N M:H | paoueapy
HoBIS MM va My IX3IN MH|  [ewioN 8:p ysg
v3 gm 1X3N mH v3 gy U M pIE M puz My Zeee@ ‘ud 1359
v3 gm 1X3N MH va gy pIE M puz My 9leE® UY 1359
v3am 1X3aN mH v3ay puz Mo g'eE® Uy 1359
v3 &M 1X3aN MY va gy puz My PYI® ud 1359
L1X3aN mH py‘ud 1359
v3 gm LX3N mH va gy U M pIE MH puz My 2EERD ‘CXX# 1358
vagm 1X3N mH v3ay pig M puz My 9lLER® ‘EXX# 1359
v3am 1X3N mH va gy puz My 8BR® ‘e XX# 1359
va gm 1X3N MY v3 ad puz M pHI® ‘exx# 1359
LIX3N MH py‘exx# 1359
LX3N mH va gy U M:d pIgE M puz My ZEee® ‘CXX# HOg
1X3N mH v3ay pIg M puz M 9LeR® ‘eXX# HOg
1X3aN MH va gy puz My 8BED ‘EXX# HOH
1X3aN mH v3ay puz My pPHI® ‘€ Xx# HOg
L1X3N MY pY‘€XxX# HOE
v3gm 1X3IN MY v3ad U M pig M puz My Ze'ee® ‘ud LONg
V3 gm 1X3N mH va gy pIE MY puz My 9lLEE®‘Ud LONE
v3 &M 1X3aN MY va gy puz My 8'Ee® ‘Ud L1ONg
v3am 1X3aN mH v3 ad puz Mo pPHI®‘ud 1ONg
LX3N MH pd‘ud 1ONE
v3gm LXaN md va gy U M pIE M puz My 2EER®D ‘EXX# LONG
v3 &M 1X3N mH v3a gy pIE MH puz My 9L:BR® ‘EXX# LONE
va gm 1X3aN mH v3ay puz My 8'BE® ‘€:XX# 1ONg
v3am 1X3N mH v3ay puz My PHI® ‘€ Xx# LONE
S v € 4 L uononisul
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1XaN MH PH 9'ONI
1XaN mH PHI TNLX3
1XaN mH PH M'NLX3
1XaN mH pH3 T'SIX3
<« ¢.S9Wi U pajeadey —— 1X3aN MH PH M'S1X3
1XaN mH z. PYI gMm z.svagd L. bvagH L. SvagH puz M:d MAOWd3
1XaN mH 2. PY3 &M z.svaay L. Pva gy 1. Svaay puz M:d GAONd3T
sajels 61 ‘uoelado feusaiul 1XaN mH PHI'SH M'NXAIQ
sajels || ‘uonesado [eusei 1XaN mH PH'SH 8'NXAIQ
sajes 61 ‘uoeledo euseiu 1XaN mH puz My PHI'SH M'SXAIQ
sajels || ‘uoyesado [eusely| LXaN mH puz Mt PH'SH 8'SXAIQ
1XaN MH pHI'Z/1# 1030
1XaN mH PH'2/L# M'O3A
1XaN mH pH 9'030
1XaN mH PH SVa
1XaN mH PH VVa
1XaN MH PHI'SHI TdIND
1X3aN mH pIgE MH puz M:d PHI'ZEXX# TdND
1XaN MH PH'SH MdIND
LXaN mH puz Mt PH'QLXX# MAIND
1XaN mH pH'SH 9dINO
1XaN mH PH'g:XX# GdIND
g+0lelS |

‘uopelado feusaiul 1XaN mH <OVINH1D
1X3aN mH va gy Ui MiH piE MY puz M:d 2eeR® 'S HOXE
1X3aN MY v3gy pig MY puz My 91:eB® ‘S XX# HOXE
1XaN mH vagy puz M:d 8'8B® 'S:XX# HOXE
1X3aN MY v3gy puz My PHIA® ‘€30 HOXE
1XaN mH PH'E:XX# HOXE
1X3aN mH v3 gy Ui MiH pIE MY puz M:d 2cee®@ U 1S19
1X3aN MH vagy pIE MH puz M:d 9liee® U 114
1XaN mH va gy puz M:d g'EE® U 1S19
1XaN MH vagy puz My PHI®'UH 1S18
1XaN mH PH'UH 1S19
1X3aN MY v3gy U My pig MY puz My 2eee® e 1519
1X3aN mH vagy pIE MH puz M:d 9L'BE® ‘SXX# 1514
1XaN mH v3 gy puz M:d g'eE® 'SXX# 1519

9 S v g 4 1 uononnsuj
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alels
(1) M0eIS MiH | g.(H) doEIS MiH |'uonesado _mn_wer_ 1X3N MY puz Md|  (1+ud3-ug3)'+dS® TINAT
v3 M 1X3N MH U M:H pIE M puz My Hyx3‘zeeed 0a1
v3 M 1X3aN mH U M pIE M puz My H00'gzeer® 01
v3 My 1X3aN mH pIE M puz My Hyx3‘oLee® 0a1
v3 M 1X3aN mH pig M puz My H00'9keR® O
alels |
V3 M:H [uolesado [eusei] L1X3N MY puz My EXERECEReley!
alels |
V3 MY [uonesado [eusajul L1X3N MY puz My H400'+sH3® 0a
v3my LXaN md us md U M pIE M puz My yx3‘(sg3a‘zep)® 0al
v3 my LX3aN mH uis Md U M pIE MY puz My HOO'(sy3‘zeP)® 0a
va M 1X3aN mH pig M:H puz M yx3‘(sga‘oL:p)® 0ai
VI MY 1X3IN MY pIE M puz My 400'(sH3‘9LP)® Oa1
v3 M LX3N MH puz My Hx3‘sy3@ 0al
vamy 1X3N MY puz Mo H00'sd3®@ 041
LX3N MY dx3'sd 0a1
1X3N MY H00'sd 01
L1X3aN MH puz My HX3'8:xx# OQ1
1X3N MY H00'8:xx# 0
vamd|  (Dxrs M| (H) 0BIS MiM (1) e MY (H) 8- MY 1X3N M:H | paoueApy
va My HOBIS MM g'ee M LIX3N MH|  [ewloN 8BED ® HSI
aels |
(7) MoeIs MM | (H) €IS MiM V3 MY [uolesado [eussiu| puz M:d | paoueApy
Qlels |
}oels MM V3 M:Y [uonelado [eussju) puz m:d |lewIoN vZee® HSr
() 50rIs MM | (H) >oBIS MiM vamy 1X3N M:d| peoueApy
YOBIS MM v3 My LIX3N MH|  [ewloN ud3a® 4sr
alels |
V3 MY [uonesado [eussiu| (7) g'ee Mi” (H) g'ee MY 1X3IN Md | peoueApy
alels |
V3 MY [uonesado [eusajul 8'ee MiH LX3N MH|  [ewloN 8EE®® dINl
Qlels |
V3 MY [uonesado [eusaju puz My yZeR® dINr
v3 My LX3N MY ug3® dINr
1X3aN md pPy3‘2/L# TONI
LIX3N MH P2/ L# MONI
9 S v € 4 L uononisul
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va MM 1X3N MY PHI® ‘s MAOW
va gy 1X3aN MY pIE MH puz My P 'zEER® MAOW
vamy 1X3N MY puz M PY‘9LEE® MAOW
Qlels |
V3 MY [uonelado [eusaiu LX3aN md Py “+s43® MAOW
v3my 1X3N mH U MY pIE M puz My PY‘(s43'2e:P)® MAOW
v3 M LX3N MY puz My py‘(s43‘9L:P)® MAOW
vamy 1X3N MY pY‘sd3® MAOW
LX3N MY pY‘sd MAOW
1X3aN mH puz My PH‘9L:XX# MAOIN
V3 gM 1X3N mH pIE M puz My 2eee®‘sy GAOW
va gm 1X3N MY puz M 9L'eR® 'Sy GAOIN
v3 am LIX3N MY 8:eB® ‘SH GAON
Qlels |
V3 g:M [uonesado [eussiy] L1X3N MH pPHI-®'sd GAONW
v3 &M 1X3N MY U M:H pIE MY puz My (PH3‘2EP)® ‘SH GAON
v3am 1X3N MY puz My (PH3‘9L:P)®‘SY GAOIN
v3 am LX3N MY PHI® ‘SH GAON
va gy 1X3aN mH pig MH puz My py‘geee® GAON
v3 ay LIX3N MY puz My py‘9L:ER® GAOW
v3 gy LX3N MH py‘g:eR® GAOW
aels |
V3 g:Y [uonesado [eussjul LX3aN MH pY‘+s43® GAOW
va gy 1X3N mH U MY pIE M puz My py‘(sy3‘zeP)® GAON
va gy L1X3aN MY puz My py‘(sd3‘9L:p)® GAOW
va gy 1X3N MY py‘sg3® GAON
L1X3aN MY Py ‘sH gAON
1X3N MY Py ‘g:xx# GAON
wy3 My uy3 mid 1X3N MH puz Mo |LHWHID +ud3® OVIN
6:91E1S |
‘uonesado [eusel| L1X3aN mH 11 TOVIN'SHI OVINGT
6+91E1S |
«——— g.Sown u pejeadey —— ‘uonesedo [eusel| 1X3N MY 1 1.HOVIN'SH3 OVINGT
Qlels |
e.(1)0BIs MiH | ¢.(H) YoBIS MiH ['uoesedo [eusei] 1X3aN mH puz Md|  (etud3-ug3a)+dS® TNA
alels |
£.(7)%08Is M| g.(H) Yoels My [uoiresado [eusaju] 1X3IN M:H puz Md|  (2+ud3-ug3)'+dS® TNA1
S v € 4 L uononisul
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1X3IN M- Pd 9'LON
1X3IN M dON
1X3IN M S ERRSEN
1X3IN M PH M'O3N
1X3N M:d pPd 993N

sejes 61 ‘uonesado [eulaiuy| 1X3N M:d| 0002/S8H
6.SOIeIS € ‘uonesado [eulajul 1X3AN M:H| 0092/S8H PHI'SH M'NXTNN

seels || ‘uoiesado eussiu 1X3N M:d| 0002/S8H
6.SO¥eIS g ‘uonesado [eusaiul 1X3N Md| 009¢/S8H pH'sH g'NXTINIA

SojelS 61 ‘uolelado [eussiu] 1X3IN M puZg Mid| 0002/S8H
6.SO1eIS € ‘uonesado Jeusaiul 1IX3IN M puz M:H| 0092/S8H PHI'SH M'SXTNIA

sojels || ‘uonelado eussju] 1X3IN M puZ M:d| 0002/S8H
6.SO1eIS g ‘uonesado Jeussiul 1IX3IN M pug M:d| 0092/S8H pY‘sd g'SX1NIN
V3 4. &M 1X3IN M pug md 91:ee®‘sH 3dLAON
V3 . MY 1X3IN M pug mid py‘9l:ee® Id4AON
¢tva MM VI MM IX3IN MY Uiy \d pig mid pug md 2€ee® 'sH3 TAON
¢tVi MM VI MM 1X3IN M pPig MY pug m:d 9l:ee®'s4d3 TAOW

ajels |
ctVI MM V3 M:M|[uonesado jeussjul 1X3IN M:d pug md PY3-®'s43 TAON
ctvVa MM VI MM IX3IN MY Uis \id Uiy \'d pig mid pug md (PH3'2E:P) @ ‘'SH3 TAOW
ctVI MM VI MM 1IX3IN M pig M pug md (PH3'9L:P)® ‘SH3 TAOW
2tVI MM VI MM 1IX3IN M pug md pPHI®'sd3 TAON
¢tva M vamd IX3IN MY Uiy \d pig mid pug md py3‘ceee® TAOW
¢tva M vamd 1IX3IN M Pig MY pug mid pY3‘'9L:EED® TAOW
ajels |
¢tva M V3 M:d [uolresado [eussju 1X3IN M puz mid py3‘+sy3® TAOW
ctva md V3 MH IX3IN MY Uis \id Uiy \d pPige md pug md pH3‘(sHI‘2EP)® TAOW
¢tva M vamd 1X3IN M pig M pug m:d py3‘(sYI‘9L:P)® TAOW
ctva md vIamd 1IX3IN M pug md pY3'sd3®@ TAON
1X3IN M pH3'sH3 TAON
1IX3IN M Pig MY pug mid PH3‘2eXX# TAOW
ajels |
V3 M:M[uoneiado jeussjul 1X3IN M PY3I-®'s4 MAOW
VI MM 1IX3IN MH pig mid pug md 2eee®'sd MAOW
VI MM 1X3N M puz md 91:'ee®‘SH MAOW
VI MM IX3IN MH Wy 34 pie mid pug md (PH3‘2EP) D ‘'SH MAOW
VI MM 1X3IN M pug md (PY3‘9L:P)® ‘S MAOW
L 9 S v € z 1 uononJisuj
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1X3N M PH 9'dX104d
1X3IN M:d pY3a‘2# 1IX104
1X3IN M PH3 711X 1OY
1X3IN M:d pPd‘2# MIX10Yd
1X3IN M PH MIX10d
1X3IN MH PH‘2# 9 1X10Y
1X3IN M:" P 91X104
1X3IN M PY3I'c# TH1OY
1X3IN M:H PY3 1'H10Y
1X3IN M pd‘z# M'H10Y
1X3IN M:d PH M'H104
1X3IN M pY‘e# a'H.10d
1X3IN M:H PH 94104
1X3IN M:" pH3‘2# 11104
1X3IN M pH3 71"110d
1X3IN M:d pPY‘2# M110H
1X3IN M PYH MT1LOY
1X3IN M:d PH‘e# 91104
1X3IN M pPH 971104
¢tvi MM V3 M:M | uonesado [eussju) 1X3IN M-" pug M ug3 T'HSNd
ajels |
V3 MM [uoijesado [eutajul 1X3IN M:" ug M'HSNd
ajels |
¢tvi md V3 M [uonesado [euseiul 1X3IN M:d pug m:d ug3 1dod
ajels |
V3 MY [uonesado [eussjul 1X3IN M:d ug MdOd
1X3IN M pug md HX3'8:XX# OHO
1X3IN M HOO'8:XX# OHO
1X3IN M:" pug m:d pY3a‘'syY3 THO
1X3IN md pig Md pug md PYHI‘2EXX# THO
1X3IN M:d pd‘sd M'HO
1X3IN M pug md PH'9L:XX# M'HO
1X3IN M:H PH'sH g°'HO
1X3IN M pPY‘8:XX# ' HO
1X3IN MH PH3 T1ON
1X3IN M:" Pd MLON
S 14 € 4 3 uopodnasu|
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LX3aN M PH'HOO OLS
LS |
‘uonesado [euselu| LX3aN mH d331s
LX3aN M py3‘2# THIHS
LX3aN mH PY3 THIHS
LXaN md Py ‘g# MHTHS
LX3aN md Py M'HTHS
LXaN md py‘e# 9HTHS
LX3N mH PY 8°HTHS
LXaN md pPy3‘2# TTIHS
LX3aN mH PY3 TTIHS
LXaN md PY‘g# M TTHS
LX3N mH PY M TTHS
LX3aN md PY‘z# G TTHS
LX3N mH PY 8 THS
LX3aN mH PY3‘2# THVHS
LX3aN M PY3 THVYHS
LX3aN md PY‘Z# M HVHS
LXaN md Pd M'HVHS
LX3aN md PY'2# G HVHS
LXaN My PY 9'HVHS
LX3aN mH pY3‘2# 1IVHS
LXaN md pPY3 TIVHS
LX3aN mH PY‘2# M IVHS
LX3aN md PH M IVHS
LX3N mH Py '2# g IVHS
LX3aN md Py G IVHS
ajels |
G« Mid [uonesado [eusajul (7) oeis My (H) YoBIs Mid 1X3N M:H | paoueApy
ajels |
. Mt fuonesado [eusaul Yoels MiH LIXaN MH|  [euloN Siy
Qlels |
G« M:H [uonelado [eusajul (1) s0r18 MY (H) »oeIs M:d | (4X3) oels M:H LX3aN M 31
LXaN md PY3‘2# 1HXLOY
LX3aN mH PY3 T'HXLOY
LXaN My PH‘2# M'HXLOY
LX3N mH PH M"HXLOH
LXaN md py‘g# 9'UX10d
[ 12 € 4 3 uononssuj
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1X3aN md

PYH'8XX# 9'HOX

ajels alels
g« Mt [uonesedo _mrwzcr_ 2+03aA MY O3A Mid| (dX3) Xoeis MiM|  (H) oeIs Mim| (1) oIS Mim [uoresedo _mvwz__ LX3N M:H| paoueApy
ajels | Qlels |
g. M:H [uonelado [eussyul O3A Mid| (dX3) doeis MiM|  (H) oeIs Mim | (1) 10BIs MM [uoiesado [eusajul LIX3aN MH|  [ewloN 2X# VdvdL
v3am va gy 1X3aN mH puz Mo 01.PHI® SVL
LX3N MY py'sd XaNs
L1X3N MH pY‘g:xx# XANS
LX3N MY Py ‘v/e/L# SENS
1X3aN mH py3‘'sy3 1aNs
1X3N mH pIE MH puz My py3‘ZEXX# 1'ENS
1X3aN md py‘sd M'ans
L1X3aN MH puz My PY9LXX# M'ENS
LX3N MY pd'sd g'dns
6 L1X3N mH 1 1-PHITOVIN OVINLS
<~ g, Sow u pajeadey —— 65 1X3N M:H 11PHI'HOVIN OVINLS
Qlels |
(1) 308IS MM | g.(H) oBIS MM [‘uoiesado [eussiu 1X3IN M:H puz Mo dS-®‘(e+ud3-uda)TINLS
Qlels |
(1) %081 MM | ¢, (H) 308IS M:M ‘uoiesado [eussiul 1X3N M:H puz Mo dS-®‘(g+ud3-uda)TINLS
alels |
2.(7) 08IS MM | g.(H) oBIS MiM [‘uoiresado [eussiu| 1X3N MY puz m:d dS—®‘(1+ud3-uda) TINLS
VI MM 1X3N MH U M:d pIE M puz My 2eee® 'dX3 OLS
VI MM 1X3N mH U M pIE M puz My 2E'ee® ‘"0 O1S
V3 MM 1X3N mH pIgE M puz My 9L'BE®‘"X3 OLS
va MM 1X3aN mH pig M puz My 91'eB® ‘Y00 O1S
Qlels |
V3 MM [uoielado eussiul 1X3aN mH puz My PY3I-®'UX3 OLS
aels |
V3 M:M [uolesado [eusaiu| L1X3N MY puz My PYI-® ‘YOO O1S
VI MM 1X3N mH s M U M pIE M puz My (Pg3‘2EP)® 'YX OLS
VI MM 1X3N MH uis Md U M:d pIE M puz My (PH3‘2EP)® ‘YO0 LS
va MM 1X3aN mH pig M:H puz My (Pg3‘9L:P)® 'YX OLS
V3 MM 1X3N mH pIE MY puz My (PH3‘9L:P)® ‘YOO OLS
va MM 1X3N MY puz My py3I® ‘"X O1S
v3 MM L1X3aN MY puz My PHI® ‘YO0 LS
LX3N MY PY'UX3 OLS
8 L 9 S v € 4 L uononisul
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*Aluo NdD 0092/S8H 8yl Aq pauoddns ase suononiisul 8say] “||
"uonoNIIsUl S 8y Buisn usym pasn aq pinoys g4 10 ‘pH3 ‘LY ‘043 Jeisibes Aluo oL

‘uononyisul Buipaoaid ayy uo Buipuadap ‘salels [euonippe € pue g usamiad alinbal Aew uonesado [eussul Uy ‘6
*aunnod Buljpuey-idniisiul 8y} Jo Ssalppe Uels ‘g
‘uoneJlado [eussjul ue Aq paoe|dai si uoijesado

peaJ a8y} apow Agpuels a1emyos 10 apow daajs woiy A1aA0081 Ul yoels 8yl ojuo paysnd anjea Dd ayl snid omy 0} [enbas ‘ssaippe ydleeid L

‘wesboud 8y} Jo ssalppe Uels 9

‘uinjal Jeye ssaippe LelS ‘g

‘lenuew arempJiey J9]|0Jju0d010IW JUBAS|S] By} 0} 18)a1 ‘D)lUM IO peal 8zis-8)Aq Jo} pasinbal sajels jo Jaquinu 8y} 104 ¥

'sJa)sibaJ 1oy 10} Sawi} INoj 10 ‘SivysiBal 98Iy} 104 SaWI} 98Iy} ‘s1alsIBal OM] 810)Sal IO BABS 0} Sawl} oM} pajeaday '€

"PBIN0aXa JoU dJe S8JoAd SN 9S8y} ‘0 = U J| "HY 10 Y JO anjea

[eriul 8y} S U "UOIONJISUI BY} JO UONNJSXS Jalje | AQ pajuswaloul ase siaisibal ylog "9y JO SJUSIU0D 8y} S| Py "'GHT JO SIUBJU0D BY) SISYT ‘2

‘943 JO SjUBU0d By} S Py 'GHT JO SIUBJU0D By} Sl SYF 'L :SSI0N
aels | olels |
g, M:H [uonesado [ewsaju) 2+03A MY OIA WM | (dX3) YoBIS MM | (H) doBIs MM | (1) %0BIS MM [‘uolesado [eussiul 1+ Md| paouenpy
aels | aels | Buipuey
8. MY [uoneiado [eulaiy O3A MiH| (HX3) %oe1s M:M (H) oB1s M:M (1) @oe1S MM |‘uoneiado jeutayu| 2« MiH JewsoN | uondaoxs ydnueiu|
Qlels |
9 Md .CO_«N‘_QQO |eusaju] Z2+O3aA md O33N M:d | padueapy

alels | Buipuey
9. M ‘uolyelado [eussju] O3A M:H lewlJoN uondaoxs josay
LX3N MH puz My HX3'8:Xx# OHOX
LX3N mH HOD'8:XX# OHOX
LX3N mH puz Mg pY3‘sH3 THOX
L1X3aN mH pig Md puz M:d PY32EXX# THOX
LX3IN MH pY‘sd M'HOX
L1X3aN md puz M:d PH 9 LIXX# MHOX
LX3N M:H py‘sy 8'HOX

6 8 L 9 S v € z L uononaisuj
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2.8 Condition Code Modification

This section indicates the effect of each CPU instruction on the condition code. The notation used
in the table is defined below.

m= 31 for longword operands
15 for word operands
7 for byte operands
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 Z VvV C Definition

ADD R A H =Sm-4 - Dm—4 + Dm—4 - Rm—4 + Sm—4 - Rm—4
N =Rm
Z=Rm-RBm-1-.... -RO
V=Sm:-Dm-Rm+Sm-Dm-Rm
C=Sm-Dm+Dm-Rm+Sm-Rm

ADDS - - = - =

ADDX R A A A H=Sm-4 - Dm—4 + Dm-4 - Rm—4 + Sm—4 - Rm—4
N =Rm
Z=Z"-Rm- ... ‘RO
V=Sm-Dm:Rm+Sm:Dm-Rm
C=Sm:-Dm+Dm:Rm +Sm-Rm

AND -1 ¢ 0o - N =Rm
Z=Rm-Rm—1- ... -RO

ANDC R A A A Stores the corresponding bits of the result.
No flags change when the operand is EXR.

BAND - - = =1 C=C'-Dn

Bcc - - = = =

BCLR - - - - -

BIAND - - = =1 C=C'-Dn

BILD - - = =1 C=Dn

BIOR - - = =1 C=C'+Dn

BIST - - = - -

BIXOR - - = =1 C=C'-Dn+C'-Dn

BLD - - - =1 C=Dn

BNOT - - = - =

BOR - - - =1 C=C'+Dn

BSET - - = - =

BSR - - = - =

BST - - = - =

BTST - -1 - - Z=Dn

BXOR - - - =1 C=C'-Dn+C'-Dn

CLRMAC* - - = = -

CMP A H = Sm—4 - Dm—4 + Dm—4 - Rm—4 + Sm-4 - Rm—4

N =Rm

Z=Rm-Rm-1-...-RO
V=Sm-Dm:Rm+Sm:Dm:Rm
C=Sm-Dm+Dm-Rm+Sm-Rm
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Instruction H N Z Definition
DAA b N=Rm
Z=Rm-Rm-1- ... -RO
C: decimal arithmetic carry
DAS = 0 1 N =Rm
Z=Rm-RBRm—1- ... -RO
C: decimal arithmetic borrow
DEC -4 1 N =Rm
Z=Rm-Rm-1-...... ‘RO
V=Dm-Rm
DIVXS -1 1 N=Sm-Dm +Sm - Dm
Z=Sm-Sm—1-.... - S0
DIVXU -1 1 N =Sm
Z=Sm-Sm—1- ... - S0
EEPMQOV - - =
EXTS -1 1 N =Rm
Z=Rm-Rm-1- ...... ‘RO
EXTU -0 ! Z=Rm-Rm-1-.....- RO
INC -1 1 N =Rm
Z=Rm-Rm-1 - ..... RO
V=Dm - Rm
JMP - - -
JSR - - =
LDC A A Stores the corresponding bits of the result.
No flags change when the operand is EXR.
LDM - - =
LDMAC* - - =
MAC* - - -
MOV -4 1 N =Rm
Z=Rm-Rm-1- ...... ‘RO
MOVFPE -1 N =Rm
Z=Rm-Rm-1- ...... ‘RO
MOVTPE -1 N =Rm
Z=Rm-Rm-1-..... RO
MULXS -1 N =R2m
Z=Rem-R2m—1 - ..... RO
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Instruction H N Z2 V Definition
MULXU - - = -
NEG A A H=Dm-4 + Rm—4

N =Rm

Z=Rm-Rm—1- ... -RO

V=Dm-Rm

C =Dm + Rm
NOP - - - -
NOT -1 ¢ 0 N =Rm

Z=Rm-Rm—1- ... ‘RO
OR -1t 1 o0 N =Rm

Z=Rm-Rm—1- ... ‘RO
ORC A Stores the corresponding bits of the result.

No flags change when the operand is EXR.
POP -1 ¢ 0 N =Rm

Z=Rm-Rm-1- ... ‘RO
PUSH -1 ¢ 0 N =Rm

Z=Rm-Rm—-1- ... ‘RO
ROTL -1 ¢ 0 N =Rm

Z=Rm-Rm—-1- ... ‘RO

C = Dm (1-bit shift) or C = Dm—1 (2-bit shift)
ROTR -1 1 0 N =Rm

Z=Rm-Rm-1-.....- RO

C = DO (1-bit shift) or C = D1 (2-bit shift)
ROTXL -1 ¢ 0 N =Rm

Z=Rm-Rm-1- ... ‘RO

C = Dm (1-bit shift) or C = Dm—1 (2-bit shift)
ROTXR -7 ¢ 0 N =Rm

Z=Rm-Rm—-1- ... ‘RO

C = DO (1-bit shift) or C = D1 (2-bit shift)
RTE A Stores the corresponding bits of the result.
RTS - - - -
SHAL -4 vt 1 N =Rm

Z=Rm-Rm-1- ... ‘RO

V = Dm - Dm—1 + Dm - Dm—1 (1-bit shift)
V =Dm - Dm—1 - Dm-2 + Dm - Dm—1 - Dm-2 (2-bit shift)
C = Dm (1-bit shift) or C = Dm—1 (2-bit shift)
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Instruction

H

SHAR

SHLL

SHLR

Definition

N =Rm

Z=Rm-Rm—1- ... -RO

C = DO (1-bit shift) or C = D1 (2-bit shift)

N =Rm

Z=Rm-Rm—1- ... ‘RO

C = Dm (1-bit shift) or C = Dm—1 (2-bit shift)
N =Rm

Z=Rm-RBRm—1- ... -RO

C = DO (1-bit shift) or C = D1 (2-bit shift)

SLEEP

STC

STM

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

H = Sm-4 - Dm—4 + Dm—4 - Rm-4 + Sm-4 - Rm—4
N =Rm

Z=Rm-RBRm—1- ... -RO
V=Sm-Dm:Rm+Sm:Dm:Rm

C=Sm-Dm+Dm-Rm+Sm - Rm

SUBS

SUBX

=Sm-4 - Dm—4 + Dm—4 - Rm—4 + Sm—-4 - Rm—4
=Rm

=Z"-Rm- ... -RO
=Sm-Dm - Rm+ Sm-Dm - Rm

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

TAS

TRAPA

XOR

N =Dm

Z=Dm-Dm-1-..... DO
=Rm

Z=Rm-Bm-1 - ..... -RO

XORC

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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