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About This Manual

This document contains a detailed description of the instruction set for the MN1030/MN103S Series.

This document concentrates on the AM 32 microcontroller core. When the specifications differ between cores,
separate descriptions appear next to icons indicating the appropriate core or cores

Chapter 1 provides an overview of the instruction set--instruction functions, formats, and the like.

Chapter 2 contains detailed descriptions of the individua instructions--operation, effect on PSW flags, and the like.
Chapter 3 contains usage notes--a description of the pipeline architecture, programming notes, usage
recommendations, and the like.

The Appendix contains charts for the entire instruction set and instruction mappings.

m Finding Information

This document incorporates the following aids for locating necessary information as quickly as possible.
(1 Index tabsin the inside margins of left-hand pages indicate Chapters.
(2) Thetable of contents near the beginning of this document lists section headings.
(3) Asyou flip through the document, the page header gives the chapter; the footer, the section heading.
(4) Theindex near the end of this document lists page references for all instructions and instruction variants.

In Chapter 2, the instruction mnemonic appearsin the page footer for right-hand pages.
m Related Manuals

The following related manual s are available. Please contact our sales representative for more details.

< For MN1030 Series Users >

MN21030 Series Cross Assembler User's Manual
<Describes the assembler syntax and notation>

MN1030 Series C Compiler User's Manual: Usage Guide
<Describes the installation, the commands, and options of the C Compiler>

MNZ1030/MN103S/MN103E Series C Compiler User's Manual: Language Description
<Describes the syntax of the C Compiler>

MNZ1030/MN103S/MN103E Series C Compiler User's Manual: Library Reference
<Describes the the standard library of the C Compiler>

MNZ1030/MN103S Series C Source Code Debugger for Windows® User's Manual
<Describes the use of the C source code debugger for Windows®>

MN1030/MN103S Series Installation Manual

<Describes the installation of the C compiler, cross-assembler and C source code debugger and the
procedure for bringing up the in-circuit emulator>
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< For MN103S Series Users >

MN103S Series Cross Assembler User's Manual
<Describes the assembler syntax and notation>

MN103S Series C Compiler User's Manual: Usage Guide
<Describes the installation, the commands, and options of the C Compiler>

MN1030/MN103S/MN103E Series C Compiler User's Manual: Language Description
<Describes the syntax of the C Compiler>

MNZ1030/MN103S/MN103E Series C Compiler User's Manual: Library Reference
<Describes the the standard library of the C Compiler>

MN1030/MN103S Series C Source Code Debugger for Windows® User's Manual
<Describes the use of the C source code debugger for Windows®>

MN1030/MN103S Series |nstallation Manual

<Describes the installation of the C compiler, cross-assembler and C source code debugger and the

procedure for bringing up the in-circuit emulator>
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Instruction function and type

Flag changes

Instruction format

Chapter 2 InSXglion Specifications

M OV B U Zero-extend Byte Move

Operation details

MOVBU Mem,Reg

e : may change

- :will not change
0: always 0

1: always 1

?: undifined

*: user defined

Code size, cycles

N
N

Assemble mnemonic

supplementr

icon core marks

Operation Mem->Reg
Byte-data-moves the contents of the memory(Mem) to the register(Reg)

» (8 bits—32 bits; zero-extended) K
Assembler mnemonic Notes V|C|N|Z]| size {Cycles
movbu_(Am).Dn === 2 1
movbu_ (d8,Am),Dn d8 is sign-extended —|==1-1 3 1
movbu (d16,Am),Dn d16 is sign-extended — === 4 1
movbu_ (d32,Am),.Dn === s 2
movbu (d8,SP),Dn d8 is zero-extended —|—|—|— 3 1
movbu_(d16,SP).Dn d16 zero-extended —T=T=1=1 4 1
movbu (d32,SP).Dn === & 5
movbu_(Di,Am).Dn === 2 1
movbu_(abs16),0n abs16 zero-extended —|=[=]—] s 1
movbu (abs32),0n === s 2

Flag Changes

VF: No Changes.

CF: No Changes.
NF: No Changes. <

requires following

conditions;

(1) no pipeline install

(2) instruction fetch: 2
data load/store : 1

Flag changes details

ZF: No Changes.

Notes

1 In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the
: address specified by based register(Am,SP) and the address derived from address caluculation are not in the same <

memory space, one cycle will be added

1 In register-relative indirect addressing mode or index decoration register indirect addressing
: % m mode, the address specified by based register(Am,SP) and the address derived from address

calculation must be in the same memory space.

indicates objective
micom core

Footer

indecates instructions

< About ThisManual - 3 >
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Read carefully to run
the program right.



m Page Layouts

The three layouts below are the standards for the three Chapters.

Chapter 1 pages give the section title, an overview, the main text, and notes.

Chapter 2 pages give the instruction syntax, operational description, and notes.

Chapter 3 pages feature such items as pipeline operation diagrams, code samples, and notes.

Chapter 1 Overview

Section title >
Instruction Functions
verview
O € € >~ The instruction set has been kept simple so that C compiler output is compact and highly optimized.
(Fl rst page Of section on |y) The following table shows all instructions divided into functional groups.
Data Transfer Sign Extension Clear
Transfer MoV EXT CLR
Instructions MOVBU EXTB
MOVB*1 EXTB
MOVHU EXTH
MOVH*1 EXTHU
MOVM
Arithmetic Addition Subtraction Multiplication Division
Instructions ADD suB MUL DIV
ADDC SUBC MuULU DIVU
INC
Table Summary of > o
. Compare Comparison
section contents Instructions oMP
Bitwise Logical Logical Sum Logical Product Inversion Exclusive OR
OR AND NOT XOR
Bit Manipula- Test Test and Set Test and Clear
tion Instructions BTST BSET BCLR
Shift Shift Rotation
Instructions ASR2 ROR
LSR*2 ROL
ASL
ASL2
Branch Branch Loop Setup Subroutine Call Return
Instructions Boc SETLB CALL RET
Lec CALLS RETF
MP JSR*1 RETS
TRAP RTS*1
RTI
NOP Instruction No Operation
NOP
Expansion
User Defined UDFnn
Instructions UDFUnn
*1.MOVB, MOVH, and JSR are assembler shorthand for instruction sequences. RTSis an liasfor RETS:
Notes Observe >_ *2. TheASR Dn and LSR Dn variants are assembler shorthand for single-bit shifts of the specified register.

these precautions to ensure
reliable program operation.

Core icons

The BSET and BCLR instructions temporarily disable interrupts and lock the bus for exclusive
= CPU use while they execute.

% % The BSET and BCLR instructions do not lock the bus for operations on data
in the cachable region of external memory.

-

Instruction Functions 7

These indicate the applicable

microcontroller cores.

MN1030 Series
AM30: First generation
AM31: Second generation

MN103S Series
AMB32: Third generation
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Expalanation for Code
Sequences to avoid

Chapter 3 Usage Notes

Description

(3) Cachable Memory, DCBY PS = 0, Follower Storing without d32/abs32

o [ Description]

Pipeline architecture

To prevent pipeline stalls, we recommend inserting at least one cycle when the DCBY PS bit is“0,”
m the leading instruction accesses cachable external memory, and the followina instruction stores the
data without using a d32 or abs32 operand.

o SOV 90 ot 32.bit immerdite valve

Example of problematic

s

we wiite cache )

cache readdus
e

program

Example of revised

program

Applicable instructions

[ Example]

» [ Problematic Version ]
inc al
mov (a0),d0  Load instruction
mov do,(al)  Instruction storing loaded data without d32/abs32 operand
Retrieving and aligning the data from the cache takes one cycle, so the pipeline stalls
until the data loaded with the first MOV instruction is available to the second MOV
instruction.

[ Revised Version ]

» mov (a0),d0  Load instruction
inc al
mov do,(al)  Instruction storing loaded data without d32/abs32 operand

The dataloaded with the first MOV instruction is available to the second MOV instruc-
tion, so the pipeline does not stall.

[ Applicable Instructions ]
> <Leading instruction> All load variants of MOV, MOVBU, and MOVHU

Notes

<Following instruction> MOV, MOVBU, MOVB, MOVHU, and MOVH store without d32/abs32
operands

Read carefully to run
the program right

< About ThisManua -5 >
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Chapter 1 Overview

Instruction Set

The MN1030/MN103S Series of 32-bit microcontrollers has a simple instruction set designed to make C
compiler output compact and highly optimized. It minimizes code size by adopting a variable length instruction
format with a basic instruction length of only one byte. It is thus able to minimize increases in assembler
program code size even though the only data transfers supported by the simple instruction set are load and
store.

CPU Cores

AM30, AM31, and AM32 are 32-bit embedded application microcontroller cores from the Matsushita AM
Series of C-oriented 8-, 16-, and 32-bit microcontrollers. Their specifications differ for certain instructions.
The following are brief overviews of these three cores.

MN1030 Series

AM30: First-generation microcontroller core
% supporting connection to ROM, RAM, and Flash memory for instructions and RAM
for data.

AM31: Second-generation microcontroller core

supporting connection to cache memory for both instructions and data.
General-purpose microcomputer based on this core:

MN103002A

MN103S Series

AM32: Third-generation microcontroller core
supporting connection to ROM, RAM, Flash memory, and cache memory for
% instructions and RAM and cache memory for data.

This document concentrates on the AM32 microcontroller core. When the specifications differ between
cores, separate descriptions appear next to icons indicating the appropriate core or cores.

2 Instruction Set



Chapter 1 Overview

Register Set

The register set includes data registers for arithmetic and general use, address registers for use as pointers,
and the stack pointer. This set greatly contributes to increasing the internal architecture's performance by
reducing code size and boosting parallel use of pipeline stages.

This register set incorporates features enabling the use of C and other high-level languages.

31 0
Data registers DO
D1
D2
D3
31 0
Address registers AO
Al
A2
A3
31 0
Stack pointer ‘ SP ‘
31 0
Program counter \ PC \
31 0
Multiply/divide register \ MDR \
15 0
Processor status word PSW
31 0
Loop instruction register \ LIR \
31 0
Loop address register ‘ LAR ‘

The Loop Instruction Register (LIR) and Loop Address Register (LAR) are for speeding up the branch to
and execution of the first instruction in a loop. The SETLB (Set Loop Beginning) instruction loads them
with the next four instruction bytes and the address of the fifth, respectively. The Lcc (Loop) instruction then
uses these stored values to jump-start execution of the first instruction in the loop while fetching additional
instruction bytes.

Register Set 3



Chapter 1 Overview

2.1 Data Registers

DO to D3: Data Registers (32 bits x 4)

These four 32-bit registers are for arithmetic and general use. Data values are automatically zero-extended
to 32 bits when they are loaded from memory. The EXTB and EXTH instructions are also available for sign-
extending them once loaded.

For 8-bit data, a load operation copies the data from memory into the lowest eight bits of the register and
zeros the other bits. A store copies the lowest eight bits of the register to memory. Following the load
operation with an EXTB instruction sign-extends it from 8 bits to 32.

For 16-bit data, a load operation copies the data from memory into the lowest 16 bits of the register and
zeros the other bits. A store copies the lowest 16 bits of the register to memory. Following the load operation
with an EXTH instruction sign-extends it from 16 bits to 32.

2.2 Address Registers

A0 to A3: Address Registers (32 bits x 4)

These four 32-bit registers are for use as address pointers, so support only the operations relevant to address
calculations: addition, subtraction, and comparison.

Because the contents are pointers, transfers to and from memory are always 32 bits wide.

2.3 Stack Pointer

SP: Stack Pointer (32 bits x 1)

This 32-bit pointer indicates the address at the top of the stack.
Because addressing is by the word, the lowest two bits of any value loaded into this register must be '00'--
that is, a multiple of four.

2.4 Program Counter
PC: Program Counter (32 bit x1)

This 32-bit register holds the address of the instruction currently executing.

2.5 Multielx/Divide Register

MDR: Multiply/ Divide Register (32 bits x 1)

This 32-bit register is for use by multiply and divide instructions. After a multiply operation, it holds the top
32 bits of the 64-bit result. After a divide operation, it holds the 32-bit remainder; before, the top 32 bits of
the 64-bit dividend.

4 Register Set



Chapter 1 Overview

2.6 Processor Status Word

PSW: Processor Status Word (16 bits x 1)

This 16-bit register displays CPU status and controls certain operations. Examples of the former function
include the flag bits indicating calculation results; of the latter, the interrupt mask level bits.

15 0

0|0 |S1|SO|IE |IM2{IM1|]IMOj O | O |O0O|O|V|C|N|Z

Z: Zero flag
This bit goes to "1" if the calculation leaves "0" in all bits of the result and to "0" otherwise. After a reset, it
is"0."

N: Negative flag
This bit goes to "1" if the calculation leaves "1" in the most significant bit (MSB) of the result and to "0"
otherwise. After a reset, it is "0."

C: Carry flag
This bit goes to "1" if the calculation produces a carry out of or borrow into the most significant bit (MSB)
of the result and to "0" otherwise. After a reset, it is "0."

V: Overflow flag
This bit goes to "1" if the result exceeds the bounds for signed integers and to "0" otherwise. After a reset, it
is"0."

IM2 to IMO: Interrupt mask level

These three bits offer a choice of eight interrupt mask levels from 0 (000B) to 7 (111B). The hardware
accepts only interrupt requests with levels higher than the specified value, and, when it accepts one, sets
these bits to the interrupt request level to block subsequent interrupt requests at that and lower levels until
interrupt processing is complete. After a reset, all bits are "0" for an interrupt mask level of 0.

IE: Interrupt Enable

This control bit is normally "1" to enable interrupts. When the hardware accepts an interrupt request, however,
this bit goes to "0" to disable further interrupts. To support nested interrupts, the user application program
must, therefore, reset this bit to "1." After a reset, itis "0."

S1 to SO: Software Bits
These two bits are for operating system use in controlling software. They are not for use by user application
programs. After a reset, they are both "0."

Register Set 5
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2.7 LooE Instruction Register

LIR: Loop Instruction Register (32 bits x 1)

This 32-bit register, used only by the SETLB (Set Loop Beginning) and Lcc (Loop) instructions, holds the
first four instruction bytes of the loop for use in speeding up iterations. The SETLB instruction loads it prior
to the loop, and the Lcc instruction at the end of the loop then executes the copy while the pipeline fetches
more instruction bytes starting from the fifth.

For further details, see the SETLB description in Chapter 2.

2.8 LooE Address Register

LAR: Loop Address Register (32 bit x 1)

This 32-bit register, used only by the SETLB (Set Loop Beginning) and Lcc (Loop) instructions, holds the
address of the fifth instruction byte of the loop.

6 Register Set



Instruction Functions

The instruction set has been kept simple so that C compiler output is compact and highly optimized.

The following table shows all instructions divided into functional groups.

Chapter 1 Overview

Data Transfer Sign Extension Clear
Transfer MOV EXT CLR
Instructions MOVBU EXTB
MOVB*1 EXTB
MOVHU EXTH
MOVH*1 EXTHU
MOVM
Arithmetic Addition Subtraction Multiplication Division
Instructions ADD SUB MUL DIv
ADDC SUBC MULU DIVU
INC
INC4
Compare Comparison
Instructions CMP
BitWise_Logical Logical Sum Logical Product Inversion Exclusive QR
Instructions OR AND NOT XOR
Bit Manipula- Test Test and Set Test and Clear
tion Instructions BTST BSET BCLR
Shift Shift Rotation
Instructions ASR*2 ROR
LSR*2 ROL
ASL
ASL2
Branch. Branch Loop Setup Subroutine Call Return
Instructions Bce SETLB CALL RET
Lcc CALLS RETF
JMP JSR*1 RETS
TRAP RTS*1
RTI
NOP Instruction No Operation
NOP
Expansion
User Defined UDFnn
Instructions UDFUNN
*1. MOVB, MOVH, and JSR are assembler shorthand for instruction sequences. RTS is an alias for RETS.
*2. The ASR Dn and LSR Dn variants are assembler shorthand for single-bit shifts of the specified register.
G The BSET and BCLR instructions temporarily disable interrupts and lock the bus for exclusive
= CPU use while they execute.

The BSET and BCLR instructions do not lock the bus for operations on

Q> B

data in the cachable region of external memory.

Instruction Functions 7
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3.1 Data Transfer Instructions

Data transfer instructions copy data between registers or between a register and memory. They fall into three
groups: MOV, EXT, and CLR.

The MOV group offers a variety of modes for addressing data and provides sign- and zero-extension as
necessary for displacements, immediate values, etc.

The EXT group provides sign- and zero-extension within the specified register or to the Multiply/Divide
Register (MDR).

The CLR instruction sets the specified register to zero.

Instruction | Description

MOV Word (32-bit) transfer between registers, word transfer between a register
and memory, or loading of an immediate value into a register
MOVBU Byte transfer between registers with zero-extension for loads
MOVB*1 | Byte transfer between registers with sign-extension for loads
MOVHU | Half-word (16-bit) transfer between registers with zero-extension for loads
MOVH*1 | Half-word (16-bit) transfer between registers with sign-extension for logds

MOVM Multiregister transfer to and from stack in memory

EXT Sign-extension of 32-bit word register into Multiply/Divide Register (MOR)
EXTB Sign-extension of byte to 32 bits

EXTBU Zero-extension of byte to 32 bits

EXTH Sign-extension of half-word to 32 bits

EXTHU Zero-extension of half-word to 32 bits

CLR Register clear

*1. MOVB and MOVH are assembler shorthand for instruction sequences.

3.2 Arithmetic Instructions

Arithmetic instructions perform an arithmetic operation on the two source operands (or one), store the result
in a register, and--except for INC and INC4 with address registers, ADD with the Stack Pointer (SP), etc.--
update the PSW flags according to the result. Because of their frequent use in address calculations, there are
separate instructions for incrementing by 1 and 4.

Instruction Description

Addition Addition with carry
Subtraction Subtraction with carry
Multiplication (signed) Multiplication (unsigned)
Division (signed) Division (unsigned)

8 Instruction Functions
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3.3 Comeare Instructions

The compare instructions subtract an immediate value or the contents of a register from the contents of
another register, setting PSW flags for use in conditional branch instructions.

Instruction Description
CMP Comparison

3.4 Bitwise Logical Instructions

Bitwise logical instructions perform a logical operation on the two source operands (or one), store the result
in a register, and update the PSW flags according to the result.

Instruction Description

AND Logical Product

OR Logical Sum

XOR Exclusive OR

NOT Inversion (ones complement)

3.5 Bit Manieulation Instructions

Bit manipulation instructions perform logical operations on the two source operands--an immediate value
and a register, an immediate value and a memory location, a register and a memory location--and update the
PSW flags according to the result.

Instruction Description

BTST Bit test

BSET Bit test and set (byte)
BCLR Bit test and clear (byte)

3.6 Shift Instructions

Shift instructions shift or rotate the specified register by the specified (or implied) amount and update the
PSW flags according to the result.

Instruction Description

ASR*2 Arithmetic shift right
LSR*2 Logical shift right

ASL Arithmetic shift left
ASL2 Arithmetic 2-bit shift left
ROR Single-bit rotation right
ROL Single-bit rotation left

*2. The ASR Dn and LSR Dn variants are assembler shorthand for single-bit shifts of the specified register.

Instruction Functions 9
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3.7 Branch Instructions

Branch instructions change the flow of execution. In addition to the usual conditional branch (Bcc) instruc-
tion, there is a separate variant (Lcc) for use in loops. The latter relies on special registers to reduce the
penalty normally associated with taking the branch and thus speed up loop execution. The subroutine call
and return instructions feature high-performance specifications that automatically take care of manipulating
the Program Counter (PC), saving the appropriate registers to and restoring them from the stack, and secur-
ing and releasing the necessary stack space.

Instruction Description

Bcc Conditional branch (relative to PC)

Lcc Loop conditional branch (relative to PC)

SETLB Loop setup

JMP Unconditional branch (relative to PC or register indirect)
CALL Subroutine call (high-performance variant)

CALLS Subroutine call

RET Return from subroutine (high-performance variant)
RETF Return from subroutine (high-performance, high-speed variant)
RETS Return from subroutine

JSR*3 Subroutine call

RTS*3 Return from subroutine

RTI Return from interrupt handler

TRAP Subroutine call to predetermined address

*3. JSR is assembler shorthand for an instruction sequence.
*4. RTS is an alias for RETS.

3.8 NOP Instruction

The NOP instruction does nothing but consume one cycle. It does not affect any resources.

Instruction

Description

NOP

No Operation

3.9 User Defined Instructions

User defined instructions access add-on expansion units. They have a fixed format and reserved positions in
. For further details, refer to the documentation for the particular device.

the instruction mapping

Instruction Description
UDFnn User defined instruction (with sign extension)
UDFUnn User defined instruction (with zero extension)

10 Instruction Functions
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The MN1030/MN103S Series of 32-bit microcontrollers has a 4-gigabyte linear address space. Memory

assignments within this address space follow the patterns below. Note how the memory map varies with
such factors as internal memory configuration and memory mode. One assignment that is common throughout,
however, is the location of the reset vector. It is always at 0x40000000.

m AM30

[Single chip mode]

- For instruction ROM -

[Expansion Memory Mode]
- For Instruction ROM/RAM -

0x0000000 0x00000000
Internal Internal
Data RAM
0x20000000 R A 0x20000000
Onboard Internal
inperipherals peripherals
0x4000000 0x40000000
Internal
Imem.al Instruction RAM
Instruction Instruction ROM
ROM
0x8000000 0x80000000
reserved External
memory
0xC000000! 0xC0000000
reserved reserved
OXFFFFFFFF OxFFFFFFFF
[Processor mode]
= AM31 - For Cache -
0x00000000
External memory
(cachable)
0x20000000 Onboard
peripherals

(uncachable)

0x40000000

External memory
(cachable)

0x80000000

External memory
(uncachable)

0xC000000

OxFFFFFFFF

reserved

[Processor mode]
- For Instruction ROM/RAM -

0x00000000
Internal
Data RAM
0x20000000|
Internal
peripherals
0x40000000|
External
Memory
0xC0000000
reserved
OXFFFFFFFF

Memory Layout
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m AM32

12

0x00000000
0x20000000 0x00000000
Onboard DI “tte’g:'M
: ata
ox40000000REMRNEralS 0x00008000
Onboard periphefa
0x0000C000
Internal External Memory
Program ROM 0x00010000
0x80000000 Internal
Data RAM
reserved
0xC0000000 7 o
reserved 020000000
OXFFFFFFFF
[Extended Memory Mode]
- for Program ROM/RAM -
0x00000000,
0x20000000 0x000000
Onboard Internal
peripherals Data RAM
0x40000000 0x00008000
Onboard periphefa
0x0000C000
Internal External Memory|
Program ROM / 0x00010000
RAM
0x80000000 Internal
Data RAM
External Memory|
0xC0000000 7 o
reserved 0x20000000
OXFFFFFFFF

Memory Layout

[Single Chip Mode]
- for Instruction ROM -

S

S



m AM32

Chapter 1 Overview

[Processor Mode]

- for Program in external memory -

0x0000000
0x2000000
Onboard
eripherals
0x4000000 perip
External Memory
0xC0000000
reserved
OXFFFFFFFF
0x00000000
0x20000000
Onboard
0x40000000|R€ripherals

0x8000000

External Memory
(cachable)

External Memory
(uncachable)

0xC0000000

OXFFFFFFFF

reserved

0x0000000
Internal
Data RAM
0x00008000
Onboard periphefials
0x0000C000
0x00010000 External Memol
Internal
Data RAM
0x20000000

[Processor Mode]
- with cache -

0x00000001
External memory

(uncachable)
0x00008000

0x0000C000

Onboard peripherals

External Memory
(cachable)

0x20000000

A > o> B

Memory layout varies with such factors as
model and pin specifications. For further
details, refer to the documentation for the
particular device

Memory Layout 13
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Addressing Modes

The addressing modes available consist of the following six most heavily used by C compilers.
1. Register direct
2. Immediate value
3. Register indirect
4. Register relative indirect
5. Absolute
6. Register indirect with indexing

Data transfer instructions offer all six addressing modes: register direct, immediate, register indirect, register
relative indirect, absolute, and register indirect with indexing.

Register arithmetic instructions offer only two addressing modes: register direct and absolute.

Register indirect addressing with indexing is for more efficient access to arrays and the like.

14 Addressing Mode
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Addressing Mode

Address Calculation

Final Address

Dm/Dn
Am/An
SP/PSW/MDR

Register direct

Immediate imm8/regs
imm16
imm24
imm32
imm40

imm48

Register indirect (am)/(An)

| Am/An |

31
| (32-bit address)

Register relative indirect : (d8,Am)/(d8,An)

1:d8 sigm-extended
| (d16,Am)/(d16,An)
: :d16 sign-extended

1(d32,Am)/(d32,An)

| only)

1(d8,PC)

: :d8 sign-extended
(d16,PC)

: :d16 sign-extended
1(d32,PC)

: :d8 zero-extended
1(d16, SP)

: :d16 zero-extended
'(d32, SP)

| Am/An |
+

31
| (32-bit address)

— O|— O

15 7 0
| d32/d6/d8 |

| (32-bit address) |
A

15 7 0
[ d32/dI6[ds |

| (32-bit address) |
A

15 7 0
| d32/d16/d8 |

Absolute (abs16)
:abs16 zero-extended

(abs32)

| absl6/abs32 |

31 0
| (32-bit address) |

Register indirect with indexing
(di,Am)/(Di,An)

| Am/An |

31 0
| (32-bitaddress) |
}

All three have the range 0O to 3.

Q

The suffixes m, n, and i indicate the source, destination, and index registers, respectively.
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51 Register Direct Addressing

Register direct addressing specifies an operand as the name of a register from the following list.

Dn/Dm  (32-hit) Data register

An/Am  (32-bit) Address register

SP (32-bit) Stack Pointer

PSW (16-bit) Processor Status Word
MDR (32-bit) Multiply/Divide Register

5.2 Immediate Addressing

Immediate addressing specifies an operand as a value incorporated as is into the instruction code. Examples
include numbers for loading into registers, masks, and multiregister specifications (regs) for transfers to and
from the stack.

These operands are abbreviated to imm8, imm16, imm24, imm32, imm40, and imm48, where the numeric
suffix indicates the size in bits.

The abbreviation regs denotes an 8-bit immediate value containing five bits specifying the registers D2, D3,
A2, and A3 individually and seven other registers as a group.

7 0

D2 | D3 |As | A3 |other| - - -

other :DO, D1, A0, Al, MDR, LIR, and LAR
- : Reserved (always set to 0)

53 Register Indirect Addressing

Register indirect addressing, (An) or (Am), specifies an address operand as the contents of a 32-bit address
register.

Operand format: (An) or (Am)
| An/Am

31 0
| |

32-bit value used as memory address

16 Addressing Mode
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5.4 Register Relative Indirect Addressing

Register relative indirect addressing specifies an address operand as the sum of a displacement and a base
address in an address register (An or Am), the Program Counter (PC), or Stack Pointer (SP). Displacements
can be 8, 16, or 32 bits wide.

Short (8- or 16-bit) displacements are zero-extended for the base register Stack Pointer (SP) and sign-
extended for the others (An, Am, and PC).

Operand formats: (d8, An) or (d8, Am) .d8 sign-extended
(d16, An) or (d16, Am) :d16 sign-extended
(d32, An) or (d32, Am)
(d8, PC) :d8 sign-extended
(d16, PC) :d16 sign-extended
(d32, PC) :
(d8, SP) .d8 zero-extended
(d16, SP) :d16 zero-extended
(d32, SP) :
An/Am
+
d8/d16/d32
PC
+
d8/d16/d32
SP
+
d8/d16/d32
31 0

32-bit value used as memory address

base register.

m The result of adding the displacement to the base register An, Am, or
G PC must be in the same memory address space as the address in the

Any overflow arising during addition to the Program Counter (PC) is ignored. The
G effective address is the lowest 32 bits of the result.
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5.5 Absolute Addressinc_)

Absolute addressing specifies an address operand as a 16- or 32-bit value incorporated as is into the instruc-
tion code.

A 16-bit operand is zero-extended to 32 bits.

Operand formats:  (abs16) :16-bit absolute address
(abs32) :32-bit absolute address
| zero extension| abs16 |
31 16 15 0
| abs32 |
31 0

32-bit value used as memory address

5.6 Register Indirect Addressing with Indexing

Register indirect addressing with indexing specifies an address operand as the sum of a base address in an
address register (An or Am) and an index in a data register (Di).

Operand format: (Di, An) or (Di, Am)

Am/An
+

Di

I |
32-bit value used as memory address

in the same memory address space as the address in the base

G m register.

ﬁ The result of adding the index to the base register (An or Am) must be

18 Addressing Mode
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Instruction Formats

There are 11 instruction formats.

8-bit

-
Format SO OP
Format S1 oP imm8, d8
Format S2 ‘ oP imm16, d16 , abs16
Format S4 OP imm32, d32, abs32
Format S6 OoP imm48
Format DO ‘ OoP ‘ OoP ‘
Format D1 OoP oP imm8/d8
Format D2 OoP OoP imm16/d16/abs16
Format D3 OP OoP imm24
Format D4 OoP OoP imm32/ d32/abs32
Format D5 OoP OoP imm40

The normal pattern consists of one or two opcode bytes following by an immediate value, displacement, or
absolute value that is 8, 16, or 32 bits long. Formats S2, S4, S6, D2, D3, and D5, however, can have two or
more such operands. For simplicity, the above diagram combines them under the immediate value labels
imm16, imm24, imm32, imm40, and imm48, where the numeric suffix indicates the size in bits.

The following are the instructions affected.

imm16: RET regs, imm8 imm32: CALL (D16, PC), regs, imm8
RETF  regs, imm8 imm40: BTST imm8, (abs32)
BTST imm8, (d8, An) BSET imm8, (abs32)
BSET imm8, (d8, An) BCLR imm8, (abs32)
BCLR imm3, (d8, An) imm48:  CALL (d32, PC), regs, imm8
imm24 BTST imm8, (absl16)

BSET imm8, (abs16)
BCLR imm8, (abs16)
The assembler does not normally specify the two operands regs and imm8 for the RET, RETF,
G and CALL instructions directly. It uses an indirect approach, specifying them, at the subroutine
.

entry point, in a directive subsequently resolved by the linker. For further details, refer to the
Cross Assembler User's Manual.
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6.1 Data Formats

Processing uses four data types: bit, byte, half-word, and word. The last three can be either signed or unsigned.
The sign bit is the most significant one (MSB) for the data size.

Alignment restrictions apply. The storage address for a word data item must have '00" in its lowest two bits-
-that is, must be a multiple of four. Similarly, that for a half-word data item must have '0' in its lowest bit--
that is, must be a multiple of two.

(1) Bit data
(2) Byte data

unsigned 8-bit data

signed 8-bit data (sign in bit 7) (signed:MSB)
(3) Half-word data

unsigned 16-bit data

signed 16-bit data (sign in bit 15) (signed: MSB)
(4) Word data

unsigned 32-bit data

signed 32-bit data (sign in bit 31) (signed: MSB)

MSB LSB

LTIy e iy Gy L rrrd ]
Bit number 31 24| 23 16 15 8 7 0
address in memory (4n+ 3) (4n+2) (4n+1) 4n

Upper half word Lower half word
word data
highest byte lowest byte

half word data highest byte lowest byte
byte data

20 Instruction Formats
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6.2 the Order

Byte order is little endian: the bytes making up a 16- or 32-bit immediate value, displacement, or absolute

value (imm16, d16, abs16, imm32, d32, or abs32) are stored from least significant byte to most as addresses
increase.

[Example]
Little endian order stores the four bytes in the 32-bit immediate value 0x01234567 in the following order.

Address n 0x67
Address n+1 0x45
Address n+2 0x23
Address n+3 0x01

The formats with two or more operands (S2, S4, S6, D2, D3, and D5) maintain little endian order for their

16- or 32-bit immediate values and displacements (d16, abs16, d32, and abs32), but the order of the operands

making up the fields abbreviated to imm16, imm24, imm32, imm40, and imm48 varies with the instruction.
RET/RETF regs, imm8

Address n RET/RETF | ... RET or RETF Opecode
Address n+1 regs
Address n+2 imm8

BTST/BSET/BCLR imm8, (d8, An)

Address n BTST/BSET/BCLR ..... BTST, BSET or BCLR Opecode
Address n+1

Address n+2 ds

Address n+3 imm8

BTST/BSET/BCLR imm8, (abs16)

Address n BTST/BSET/BCLUR ..... BTST, BSET or BCLR Opecode
Address n+1

Address n+2 absl6

Address n+3

Address n+4 imm8

Addressing Mode 21
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CALL (d16, PC), regs, imm8

Address n

CALL

Address n+1
Address n+2

di6

Address n+3

regs

Address n+4

imm8

BTST/BSET/BCLR imm8, (abs32)

Address n
Address n+1

BTST/BSET/BCL

R

Address n+2
Address n+3
Address n+4
Address n+5

abs32

Address n+6|

imm8

CALL (d32, PC), regs, imm8

Instruction Formats

Address n

CALL

Address n+1
Address n+2
Address n+3
Address n+4

d32

Address n+5

regs

Address n+6

imm8

CALL Opecode

..BTST, BSET or BCLR Opecode

CALL Opecode
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Chapter 2 Instruction Specifications

Sxmbol Definitions

m Following isthelist of symbols used in the instruction specifications.

Reg

Am, An
Dm, Dn,Di
MDR
PSW

PC

SP

LIR

LAR
{MDR,Dn}
Mem

imm
imm8
imm16
imm32

as

di6

d32

absl6
abs32

O

regs
0x....
.bpn
Isb
.msb

<<n
>>n
®

(sign_ext)
(zero_ext)
label

VF

CF

NF

ZF

temp

24

:register (used for general meaning)
:addressregister (m, n=31t0 0)
.dataregister (m, n, i=3t0 0)
:multiply/divide register

:processor status word

:program counter

:stack pointer

:loop instruction register

:loop address register

:64-hit data defined whose upper 32-bit in MDR and lower 32-bit in register Dn withina"{ }".
:memory (used for general meaning)
:immediate value (used for general meaning)
:8-bit immediate value

:16-bit immediate value

:32-bit immediate value

:8-bit displacement

:16-bit displacement

:32-bit displacement

:16-bit absolute

:32-hit absolute

;indirect addressing

Refer to "Chapter 1 section 5, Addressing Mode" for details.

:multiple registers specification
-hexadecimal notation(the numbers following Ox are expressed in hexadecimal notation.)
:bit location ("n" means location of bit; 0 to 31)
:bit location (bit 0)

:bit location (bit 31)

:logical AND

:logical OR

:exclusive OR

:bit inverted

:n-bit shift left

:n-bit shift right

:move

:reflection of operation result
:sign-extend

:zero-extend

:address

.overflow flag

:carry flag

:nagative flag

:zero flag

:temporary register

Explanation of Notations
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mem8(xxx) :8-bit datain memory specified with xxx
mem16(xxx) :16-bit datain memory specified with xxx
mem32(xxx) :32-bit datain memory specified with xxx
CodeSize  :code size of assembler mnemonic

m Following isthelist of symbols used in flag changes.
("flag" isageneral term of lower 4-bit(V, C, N, Z) of PSW.
:flag changes
:no flag change
‘flag isalways"0"
‘flag isalways"0"
:flag change undefined
* :change by user defined

N R O

m "Cycles" will be changed by status of pipeline or memory space to access.
"Cycles" written in this chapter are calculated on the following conditions;
(1) No piplelineinstallation
(2) Instruction fetch: 2 cycles, dataload/store: 1 cycle
(ROM/RAM/flash build-in products:
Instructions: accessing internal instruction ROM space or internal instruction RAM space
Data: accessomg internal data RAM space
Cache build-in products:
Instructions/data: when accessing cachable area, cache is aways hit.

Refer to "Chapter 3, Using Instructions' for influence by piplelineinstallation, LSl Manual of each product for

cycle changes in memory space.

m Symbolsfor Notation
Each microcomputer core has different notations. Therefore, each notation iswritten with each microcomputer
core mark in thismanual. The microcomputer core marks are as followings;

Notice for AM30 core

Notice for AM31 core

Notice for AM32 core

A2

Explanation of Notations =
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MOV ..

MOV Regl,Reg?2

Operation Regl - Reg2

Moves the contents of the register(Reg1l) to the register(Reg2). Not
moves to the same register.

Assembler mnemonic Notes V|C|N|Z| Size |Cycles
mov Dm,Dn Dm=Dn cannot be specified — | —|—|— 1 1
mov Dm,An — | — | —|— 2 1
mov Am,Dn — | —|—|— 2 1
mov Am,An Am=An cannot be specified — ||| 1 1
mov SP,An —|—— | 1 1
mov Am,SP — | —|—|— 2 1
mov PSW,Dn Zero-extends the upper 16 bits — || 2 1
mov Dm,PSW Omits the upper 16 bits ® | o |0 o 2 1
mov MDR,Dn — | —— | 2 1
mov Dm,MDR — ||| 2 1

Flag Changes

Other than mov Dm,PSW
VF: No Changes.
CF: No Changes.
NF: No Changes.
ZF: No Changes.

mov Dm,PSW
VF: Reflects the 3rd bit of Dm.
CF: Reflects the 2nd bit of Dm.
NF: Reflects the 1st bit of Dm.
ZF: Reflects the zero bit of Dm.

PSW-update by mov Dm,PSW instruction can be delayed for two instructions at most.
( Especially at interrupting affected by IE bit or IM field, note that the instruction during updating will be executethitughise$ore/after updaiing.

26 MOV
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MOV Mem,Reg
Operation Mem - Reg
Word-data-moves the contents of the memory(Mem) to the register(Reg).
Assembler mnemonic Notes V|C|N|Z]| Size |Cycles
mov (Am),Dn — | === 1 1
mov (d8,Am),Dn d8 is sign-extended —=1=1=1 3 1
mov (d16,Am),Dn d16 is sign-extended N IS N 4 1
mov (d32,Am),Dn ol 6 5
mov (d8,SP),Dn d8 is zero-extended == 2 1
mov (d16,SP),Dn d16 is zero-extended = 4 1
mov (d32,SP),Dn = 6 5
mov (Di,Am),Dn I 2 1
mov (abs16),Dn absl6 is zero-extended === 3 1
mov (abs32),Dn _ 11 6 5
mov (Am),An | === 2 1
mov (d8,Am),An ds is sign-exended —|—=|—=|—| 3 1
mov (d16,Am),An d16 is sign-extended === 4 1
mov (d32,Am),An S N N 6 2
mov (d8,SP),An d8 is zero-extended | = = — 2 1
mov (d16,SP),An d16 is zero-extended === 4 1
mov (d32,SP),An — === 6 2
mov (Di,Am),An _ 11— 2 1
mov (abs16),An abs16 is zero-extended — === 4 1
mov (abs32),An | === 6 2
mov (d8,Am),SP d8 is sign-extended N B 3 1
Flag Changes

VF: No Changes.

CF: No Changes.

NF: No Changes.

ZF: No Changes.

G The operation of the memory(Mem) address other than multiple of four is not guaranteed.
L}

‘ In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the
. address specified by based register(Am,SP) and the address derived from address caluculation are not in the same

memory space, one cycle will be added.

‘ In register-relative indirect addressing mode or index decoration register indirect addressing
H % mode, the address specified by based register(Am,SP) and the address derived from address

calculation must be in the same memory space.
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MOV Reg,Mem

Operation

Regl—Mem

Word-data-moves the contents of the memory(Mem) to the register(Reg).

Assembler mnemonic

Notes

Vv

Size

Cycles

mov Dm,(An)

mov Dm,(d8,An)

d8 is sign-extended

mov Dm,(d16,An)

d16 is sign-extended

mov Dm,(d32,An)

mov Dm,(d8,SP)

d8 is zero-extended

mov Dm,(d16,SP)

d16 is zero-extended

mov Dm,(d32,SP)

mov Dm,(Di,An)

mov Dm,(abs16)

abs16 is zero-extended

mov Dm,(abs32)

mov Am,(An)

mov Am,(d8,An)

d8 is sign-extended

mov Am,(d16,An)

d16 is sign-extended

mov Am,(d32,An)

mov Am,(d8,SP)

d8 is zero-extended

mov Am,(d16,SP)

d16 is zero-extended

mov Am,(d32,SP)

mov Am,(Di,An)

mov Am,(abs16)

abs16 is zero-extended

mov Am,(abs32)

mov SP,(d8,An)

d8 is sign-extended

WO [NMNO|MAIN|O|AR|W|IMO|WINO|MN|O||W

RIN(RIMvIMVIP(RINIPIRRINRININ(R R[NP |-

Flag Changes

VF: No Changes.
CF: No Changes.
NF: No Changes.
ZF: No Changes.

G The operation of the memory(Mem) address other than multiple of four is not guaranteed.

In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the
‘_ address specified by based register(An,SP) and the address derived from address caluculation are not in the same

memory space, one cycle will be added.

A
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In register-relative indirect addressing mode or index decoration register indirect addressing
mode, the address specified by based register(An,SP) and the address derived from address
calculation must be in the same memory space.



Chapter 2 Instruction Specifications

MOV imm,Reg

Operation imm - Reg
Moves the contents of the immediate value(imm) to the register(Reg).

Assembler mnemonic Notes V|IC|N|Z| Size |Cycles
mov imm8,Dn imm8 issign-extended — || 2 1
mov imm16,Dn imm16 is sign-extended — | === 3 1
mov imm32,Dn — | — || 6 2
mov imm8,An imm8 is zero-extended — || 2 1
mov imm16,An imm16 is zero-extended — || 3 1
mov imm32,An — | —|— | 6 2

Flag Changes

VF: No Changes.
CF: No Changes.
NF: No Changes.
ZF: No Changes.
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Chapter 2 Instruction Specifications

M OV B U Zero-extend Byte Move

MOVBU Mem,Reg

Operation Mem - Reg

Byte-data-moves the contents of the memory(Mem) to the register(Reg)
(8 bits— 32 hits; zero-extended)

Assembler mnemonic Notes V|C|N|Z | Size |Cycles
movbu (Am),Dn = == 1
movbu (d8,Am),Dn d8 is sign-extended — | === 3 1
movbu (d16,Am),Dn d16 is sign-extended — | —|—|— 4 1
movbu (d32,Am),Dn === 6 2
movbu (d8,SP),Dn d8 is zero-extended R U D 3 1
movbu (d16,SP),Dn d16 zero-extended === 4 1
movbu (d32,SP),Dn === 6 2
movbu (Di,Am),Dn === 2 1
movbu (abs16),Dn abs16 zero-extended — | —|— | 3 1
movbu (abs32),Dn === 6 2

Flag Changes

VF: No Changes.
CF: No Changes.
NF: No Changes.
ZF: No Changes.

‘ In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the
H address specified by based register(Am,SP) and the address derived from address caluculation are not in the same

memory space, one cycle will be added.

In register-relative indirect addressing mode or index decoration register indirect addressing
G m mode, the address specified by based register(Am,SP) and the address derived from address

calculation must be in the same memory space.
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Chapter 2 Instruction Specifications

MOVBU Reg,Mem

Operation Reg- Mem

Byte-moves the contents of the register(Reg) to the memory(Mem).
(32 bits- 8bits: Omit the upper)

Assembler mnemonic Notes V|C|N|[Z | Size |Cycles
movbu Dm,(An) === 2 1
movbu Dm,(d8,An) d8 is sign-extended — | — | —|— 1
movbu Dm,(d16,An) d16 is sign-extended — === 4 1
movbu Dm,(d32,An) === 6 2
movbu Dm,(d8,SP) d8 is zero-extended — === 3 1
movbu Dm,(d16,SP) d16 zero-extended — === 4 1
movbu Dm,(d32,SP) === 6 2
movbu Dm,(Di,An) === 2 2
movbu Dm,(abs16) abs16 zero-extended —|— | —|— 3 1
movbu Dm,(abs32) S N [ - 6 2

Flag Changes

VF: No Changes.
CF: No Changes.
NF: No Changes.
ZF: No Changes.

In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the
G address specified by based register(Am,SP) and the address derived from address caluculation are not in the same

memory space, one cycle will be added.

In register-relative indirect addressing mode or index decoration register indirect addressing
G m mode, the address specified by based register(An,SP) and the address derived from address

calculation must be in the same memory space.
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Chapter 2 Instruction Specifications

I\/I OV B Sign-extend Byte Move

[combination of multiple instructions]

MOVB Mem,Reg

Operation Mem - Reg

Byte-data-moves the contents of the memory(Mem) to the register(Reg).
(8 bits— 32bits: sign-extended)

Assembler mnemonic Notes VICI|N|Z| Size |Cycles
movb (Am),Dn I D D 3

movb (d8,Am),Dn d8 is sign-extended === 4 2
movb (d16,Am),Dn d16 is sign-extended === 5 2
movb (d32,Am),Dn | === 7 3
movb (d8,SP),Dn d8 is zero-extended N U P 4 2
movb (d16,SP),Dn d16 is zero-extended | === 5 2
movb (d32,SP),Dn === 7 3
movb (Di,Am),Dn === 3 2
movb (abs16),Dn abs16 is zero-extended —|—|—|— 4 2
movb (abs32),Dn === 7 3

Flag Changes

VF: No Changes.
CF: No Changes.
NF: No Changes.
ZF: No Changes.

instructions.
MOVBU Mem, Reg
EXTB Reg

G This instruction is executed with the combination of multiple instructions and the assembler generates the following
L]

‘ The numbers of Size and Cycles contain those of the multiple instructions mentioned above. For the optimaization of
= assembler, the location within the multiple instructions may change the number of Cycles. Refer to "Chapter 3 Using the
Instructions” for details.

address specified by based register(Am,SP) and the address derived from address caluculation are not in the same

In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the
G .
memory space, one cycle will be added.

In register-relative indirect addressing mode or index decoration register indirect addressing
G ‘% mode, the address specified by based register(Am,SP) and the address derived from address

calculation must be in the same memory space.
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Chapter 2 Instruction Specifications

MOVB Reg,Mem
Operation Reg-Mem
Byte-data-moves the contents of the register(Reg) to thememory(Mem) .
(32 bits- 8bits: Omit the upper)
Assembler mnemonic Notes V|C|N|Z]| Sign |Cycles
movb Dm,(An) === 2 1
movb Dm,(d8,An) d8 is sign-extended — | — =] — 1
movb Dm,(d16,An) d16 is sign-extended — | === 4 1
movb Dm,(d32,An) — | === 6 2
movb Dm,(d8,SP) d8 is zero-extended — | —=]=]—=] 3 1
movb Dm,(d16,SP) di6 is zero-extended —|—=]=]|=] a4 1
movb Dm,(d32,SP) — | = =] = 6 2
movb Dm,(Di,An) === 2 2
movb Dm,(abs16) abs16 is zero-extended —|—|—=]—] 3 1
movb Dm,(abs32) === 6 2
Flag Changes

VF: No Changes.

CF: No Changes.

NF: No Changes.

ZF: No Changes.

‘ This instruction is executed by overwriting the instructions and the assembler generates the following instructions.
H MOVBU Reg, Mem

C The numbers of Size and Cycles are those of the instructions mentioned above.

In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the
(‘ address specified by based register(An,SP) and the address derived from address caluculation are not in the same
| ]

memory space, one cycle will be added.

In register-relative indirect addressing mode or index decoration register indirect addressing
C‘_ % mode, the address specified by based register(An,SP) and the address derived from address

calculation must be in the same memory space.
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Chapter 2 Instruction Specifications

M OVI I U Zero-extend Half Word Move

MOVHU Mem,Reg

Operation Mem - Reg

Half-word-moves the contents of the memory(Mem) to the register(Reg).
(16 bits— 35bits: zero-extended)

Assembler mnemonic Notes V|C|N|Z| Size |Cycles
movhu (Am),Dn P D 2 1
movhu (d8,Am),Dn d8 is sign-extended === 3 1
movhu (d16,Am),Dn d16 is sign-extended — | ——=]—=] 4 1
movhu (d32,Am),Dn == 6 2
movhu (d8,SP),Dn d8 is zero-extended — === 3 1
movhu (d16,SP),Dn d16 is zero-extended —|—=|=]—=] 4 1
movhu (d32,SP),Dn === 6 2
movhu (Di,Am),Dn N [ 2 1
movhu (abs16),Dn abs16 is zero-extended R [ [ 3 1
movhu (abs32),Dn === 6 2

Flag Changes

VF: No Changes.
CF: No Changes.
NF: No Changes.
ZF: No Changes.

G The operation of the memory(Mem) address other than multiple of two is not guaranteed.
[ ]

address specified by based register(Am,SP) and the address derived from address caluculation are not in the same
memory space, one cycle will be added.

In register-relative indirect addressing mode or index decoration register indirect addressing
C‘ % mode, the address specified by based register(Am,SP) and the address derived from address

calculation must be in the same memory space.

C‘ In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the
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Chapter 2 Instruction Specifications

MOVHU Reg,Mem

Operation Reg- Mem

Half-word-moves the contents of the register(Reg) to the memory(Mem).
(32 bits- 16bits: Omit the upper)

Assembler mnemonic Notes V|C|N|Z| Size |Cycles
movhu Dm,(An) === 2

movhu Dm,(d8,An) d8 is sign-extended — = —|— 3 1
movhu Dm,(d16,An) d16 is sign-extended — | === 4 1
movhu Dm,(d32,An) — === 6 2
movhu Dm,(d8,SP) d8 is zero-extended — = —|— 3 1
movhu Dm,(d16,SP) d16 is zero-extended — | === 4 1
movhu Dm,(d32,SP) === 6 2
movhu Dm,(Di,An) == 2 2
movhu Dm,(abs16) absl16 is zero-extended — | —|—|— 3 1
movhu Dm,(abs32) — | === s 2

Flag Changes

VF: No Changes.
CF: No Changes.
NF: No Changes.
ZF: No Changes.

(‘ The operation of the memory(Mem) address other than multiple of two is not guaranteed.
[ ]

In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the
G address specified by based register(An,SP) and the address derived from address caluculation are not in the same

memory space, one cycle will be added.

In register-relative indirect addressing mode or index decoration register indirect addressing
G % mode, the address specified by based register(An,SP) and the address derived from address

calculation must be in the same memory space.
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Chapter 2 Instruction Specifications

M OVI I Sign-extend Half Word Move

[Combination of Multiple Instructions]

MOVH Mem,Reg

Operation Mem - Reg

Half-word-moves the contents of the memory(Mem) to the register(Reg).
(16 bits- 32bits: sign-extended)

Assembler mnemonic Notes V|C|N|Z]| Size |Cycles
movh (Am),Dn 1T 1= 3 5
movh (d8,Am),Dn d8 is sign-extended == 4 2
movh (d16,Am),Dn d16 is sign-extended R N N 5 2
movh (d32,Am),Dn — === 7 3
movh (d8,SP),Dn d8 is zero-extended = = 4 2
movh (d16,SP),Dn d16 is zero-extended R U N 5 2
movh (d32,SP),Dn == 7 3
movh (Di,Am),Dn === 3 2
movh (abs16),Dn abs16 is zero-extended | === 4 2
movh (abs32),Dn === 7 3

Flag Changes

VF: No Changes.
CF: No Changes.
NF: No Changes.
ZF: No Changes.

The operation of the memory(Mem) address other than multiple of two is not guaranteed.

[\

This instruction is executed with the combination of multiple instructions and the assembler generates the following
instructions.

MOVHU Mem, Reg

EXTH Reg

[\

C‘ The numbers of Size and Cycles contain those of the multiple instructions mentioned above. For the optimaization of
* assembler, the location within the multiple instructions may change the number of Cycles. Refer to "Chapter 3 Using the
Instructions" for details.

In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the

C‘ % address specified by based register(Am,SP) and the address derived from address caluculation are not in the same

memory space, one cycle will be added.

In register-relative indirect addressing mode or index decoration register indirect addressing
‘_ % mode, the address specified by based register(Am,SP) and the address derived from address

calculation must be in the same memory space.
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Chapter 2 Instruction Specifications

MOVH Reg,Mem

Operation Reg- Mem

Half-word-moves the contents of the register(Reg) to the memory(Mem).
(32 bits- 16 bits: Omit the upper)

Assembler mnemonic Notes V|C|N|Z]| Size |Cycles
movh Dm,(An) — | === 2 1
movh Dm,(d8,An) d8 is sign-extended — | —|—|— 3 1
movh Dm,(d16,An) d16 is sign-extended — | —|—|— 4 1
movh Dm,(d32,An) — | —|—|— 6 2
movh Dm,(d8,SP) d8 is zero-extended — | —|—|— 3 1
movh Dm,(d16,SP) d16 is zero-extended —|—|—|— 4 1
movh Dm,(d32,SP) — | === 6 2
movh Dm,(Di,An) —| === 2 2
movh Dm,(abs16) abs16 is zero-extended — | —|—|— 3 1
movh Dm,(abs32) — === 6 2

Flag Changes

VF: No Changes.
CF: No Changes.
NF: No Changes.
ZF: No Changes.

G The operation of the memory(Mem) address other than multiple of two is not guaranteed.
L}

MOVHU Reg, mem

G This instruction is executed by overwriting the instructions and the assembler generates the following instructions.

G The numbers of Size and Cycles are those of the instructions mentioned above.

In register-relative indirect addressing mode or index decoration register indirect addressing mode, when the
‘_ % address specified by based register(An,SP) and the address derived from address caluculation are not in the same

memory space, one cycle will be added.

In register-relative indirect addressing mode or index decoration register indirect addressing
@m m mode, the address specified by based register(An,SP) and the address derived from address

calculation must be in the same memory space.
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Chapter 2 Instruction Specifications

IVI OV IVI Move Between Multiple Memory

and Register

MOVM (SP),regs

Operation . . _ . e .
P No "other" in the specified register; "Other" in the specified register;
If regs = [Regl,Reg?2], If regs = [Regl,Reg2,Reg3,Reg4,Reg5]
(regs-specified registers=2) (regs-specified registers=11)
mem32(SP+4)—regl, mem32(SP+44)—D2,mem32(SP+40)—-D3,
mem32(SP)—reg2,SP+8—-SP mem32(SP+36)—A2,mem32(SP+32)—-A3,
off-set fromsp MeM32(SP+28)—D0,mem32(SP+24)—-D1,
address |0Wer | returned order before execution
sH before execution— reg? @ +0 mem32(SP+20)—A0,mem32(SP+16)—Al,
1 @ +4 - -
SP after execution— reg +8 mem32(SP+12)—-MDR,mem32(SP+8)—LIR,
mem32(SP+4)—LAR,SP+48—SP
SP before execution— | dummy area (-) 0
LAR (11) +4
Block-moves from the memory l\llTIIDRR ((19(;) :182
specified with SP to the multiple Al ®) +16
. A0 ()] +20
registers. D1 (6) +24
The "regs" specifies the multiple DO ©) +28
. . . A3 (4) +32
registers to move data and it can specify A2 ©) +36
D3 ()] +40
each D2,D3, A2, A3 and the other 52 &) +A4
registers(DO, D1, A0, A1, MDR, LIR, SP after execution— +48
LAR). address upper
Assembler mnemonic Notes V|C|N|Z| Size |Cycles
movm (SP),[Regl,..,Regn] |Block-moves from memory to multiple registers N [ P 2 1
(regs-specified registers=0)
(regs-specified registers = 1) N D 2 2
(regs-specified registers= 2 ) === 2 3
(regs-specified registers = 3) N [ P 2 4
(regs-specified registers = 4 ) — | === 2 5
(regs-specified registers = 7) N D 2 8
(regs-specified registers = 8 ) === 2 9
(regs-specified registers = 9) | === 2 10
(regs-specified registers=10) | — | — | — | — 2 11
(regs-specified registers=11) | — | — | —|— 2 12

Flag Changes

VF: No Changes.
CF: No Changes.
NF: No Changes.
ZF: No Changes.

‘ The register(any of D2,D3,A2, A3 or other) specified by the assembler is separatedwith comma(,) for each and parenthsize with
= ([ ]). However, you can not specifiy the same register twice or more.

other(DO, D1, A0, A1, MDR, LIR, LAR). (Non-specified registers will be skipped.) If specifying "other", 4 byte of dummy
area will be stored at last to simplify of move area calculation(4 byte x 8). (No moving operation.) If not specifying "other",
no dummy area will be stored.

G No order to speify the registers by the assembler, however, the order of the registers to be returned is fixed as D2, D3, A2, A3,

C‘ Refer to "Appendix : Instruction set" for operating expressions of each register specified with "regs".
[ ]
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Chapter 2 Instruction Specifications

MOVM egs,(SP)

Operation No "other" in the specified register; "Other" in the specified register;
If regs = [Regl,Reg?2], If regs = [Regl,Reg2,Reg3,Reg4,Reg5]
(regs-specified registers=2) (regs-specified registers=11)
regl - mem32(SP-4), D2 - mem32(SP-4),D3 - mem32(SP-8),
reg2 - mem32(SP-8),SP-8 - SP A2 .mem32(SP-12),A3 - mem32(SP-16),
off-setfrom sp DO — mem32(SP—20),D1 — mem32(SP-24),
address lowersaved order  otore execution
SP after execution reg2 @) 8 A0 --mem32(SP-28),A1 - mem32(SP-32),
. regl 1) 4 MDR - mem32(SP-36),LIR — mem32(SP-40),
SP before execution 0
LAR - mem32(SP-44),SP-48 - SP
address - upper address lowersaved order i:fzz z::cutf
SP after execution | dummy area (-) -48
Ay
Block-moves from the multiple registers ,\I,,':_—',?R (9) 36
ifi - Al (8 -32
to the memory s.p.ecmed Wlth-SP. 5 ) 58
The "regs" specifies the multiple D1 (6) -24
registers to move data and it can specify Rg Eig :ig
each D2,D3, A2, A3 and the other A2 (g) -12
registers(DO, D1, A0, AL, MDR, LIR, 23 @ 2
LAR). SP before execution 0
address upper
Assembler mnemonic Notes V|C|N|Z | Size |Cycles
movm [Regl,..,Regn],(SP) |Block-move from multiple registers to memory === 2 1
(regs-specified register =0)
(regs-specified register = 1) === 2 1
(regs-specified registers = 2) === 2 2
(regs-specified registers = 3) — | — == 2 3
(regs-specified registers=4) — | — == 2 4
(regs-specified registers=7) = == 2 8
(regs-specified registers=8) === 2 9
(regs-specified registers =9 ) === 2 10
(regs-specified registers =10) | —| — | — | — 2 11
(regs-specified registers =11) | —| — | — | — 2 12

Flag Changes

VF: No Changes.
CF: No Changes.
NF: No Changes.
ZF: No Changes.

The register(any of D2,D3,A2, A3 or other) specified by the assembler is separatedwith commay(,) for each and parenthsize with
([D. However, you can not specifiy the same register twice or more.

No order to speify the registers by the assembler, however, the order of the registers to be returned is fixed as D2,33, A2, A
other(DO, D1, A0, Al, MDR, LIR, LAR). (Non-specified registers will be skipped.) If specifying "other", 4 byte of dummy
area will be stored at last to simplify of move area calculation(4 byte x 8). (No moving operation.) If not specifying "other

no dummy area will be stored.

(o) (oo

(‘ Refer to "Appendix : Instruction set" for operating expressions of each specified register.
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Chapter 2

E X I Sign-extend Word Data to 64 Bits

Instruction Specifications

EXT

Dn

. If Dn.bp31= 0, 0x00000000 - MDR
Operation
If Dn.bp31= 1, OXFFFFFFFF - MDR
Sign-extends the value of register Dn to 64 bits and moves the extended upper 32 bits to MDR.
No changes for the contents of Dn register.
Assembler mnemonic Notes V|C Size |Cycles
ext Dn OO 2 1

Flag Changes

VF: Nochanges
CF: No changes

NF: No changes

ZF: No changes
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Chapter 2 Instruction Specifications

EX I B Sign-extend Byte Data to 32 Bits

EXTB Dn

Operation If Dn.bp7 = 0,Dn & 0xO000000FF - Dn
If Dn.bp7 = 1,Dn | OXFFFFFFOO - Dn

Sign-extends the lower 8 bits of register Dn to 32 bits and stores in register Dn.

Assembler mnemonic Notes VIC|IN|Z

Size |[Cycles
extb Dn

O
[
[
O
[EnY
[EnY

Flag Changes

VF: Nochanges
CF: No changes
NF: No changes
ZF: No changes
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Chapter 2 Instruction Specifications

E X I B U Zero-extend Byte Data to 32 Bits

EXTBU Dn

Operation Dn & 0xO00000FF - Dn

Zero-extends the lower 8 bits of regiser Dn to 32 bits and stores in register Dn.

Assembler mnemonic Notes V|C|N|Z | Size |Cycles
extbu Dn

[
]
]
[
[
[

Flag Changes

VF: Nochanges
CF: No changes
NF: No changes

ZF: No changes
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Chapter 2 Instruction Specifications

EX I I I Sign-extend Half Word Data to 32 Bits

EXTH Dn

Operation If Dn.bp15 = 0, Dn & 0X0000FFFF —.Dn
If Dn.bp15 = 1, Dn | OXFFFF0O000 - Dn

Sign-extends the lower 16 bits of register Dn to 32 bits and stores in register Dn.

Assembler mnemonic Notes V|C|N|Z | Size |Cycles

exth Dn 1 1

O
O
O
O

Flag Changes

VF: Nochanges
CF: No changes
NF: No changes
ZF: No changes
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Chapter 2 Instruction Specifications

E X I I I U Zero-extend Half Word Data to 32 Bits

EXTHU Dn

Operation Dn&0x0000FFFF - Dn

Zero-extends the lower 16 bits of register Dn to 32 bits and stores in register Dn.

Assembler mnemonic Notes VIC|N|Z
exthu Dn

Size |Cycles
1 1

O
O
O
O

Flag Changes

VF: Nochanges
CF: No changes
NF: No changes
ZF: No changes
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Chapter 2 Instruction Specifications

CLR ....

CLR Dn

Operation 0-Dn

Clears the contents of register Dn.

Assembler mnemonic Notes V

N | Z | Size |Cycles
clr Dn

[ ]
[ ]
[ ]
[EnY
[any
[EnY

Flag Changes

VF: Always 0
CF: Always 0
NF: Always 0
ZF: Always 1

‘ One instruction is delayed when updating PSW by flag-change.
= However, Bce and Lcc instructions can evaluate the flag before affecting the flag.
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Chapter 2 Instruction Specifications

ADD ..

ADD Regl,Reg?2

Operation Regl+Reg2 - Reg2

Adds the contents of the register(Regl) and the register(Reg2) and stores the resulty in the
register(Reg2).

Assembler mnemonic Notes VICI|N|Z| Size |Cycles
add Dm,Dn o |o |0 | o 1 1
add Dm,An o (o (o |0o 2 1
add Am,Dn o o o o 2 1
add Am,An o o (o 0o 2 1

Flag Changes

VF: 1 if an overflow is generated as 32 bits signed-numeric value; O otherwise.
CF: 1 if a carry is generated from bit 31; O otherwise.

NF: 1 if the bit 31 of the result is '1; O otherwise.

ZF: 1 if the result is '0"; 0 othewise.

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
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Chapter 2

Instruction Specifications

ADD imm,Reg

Operation | imm+Reg - Reg

Adds the immediate value(imm) and the contents of the register(Reg) and stores the resu
register(Reg).

Assembler mnemonic Notes V|IC|N|Z| Size |Cycles
add imm8,Dn imm8 is sign-extended. e |0 |e | @ 2 1
add imm16,Dn imm16 is sign-extended. o |0 | o | o 4 1
add imm32,Dn o |0 |0 |0 6 2
add imm8,An imm8 is sign-extended. e (o | o |0 2 1
add imm16,An imm16 is sign-extended. e (o o o 4 1
add imm32,An o |o e |0 6 2
add imm8,SP imm8 is sign-extended. O|0o|0oifag 3 1
add imm16,SP imm16 is sign-extended. gjo(go|o 4 1
add imm32,SP o|/ojo|o 6 2
Flag Change

Other than add imm,SP

VF: 1 if an overflow is generated as 32 bits signed numeric value; O otherwise.

CF: 1 if a carry is generated from bit 31; O otherwise.
NF: 1 if the bit 31 of the result is '1"; 0 otherwise.
ZF: 1 if the result is '0"; 0 othewise.

add imm,SP
VF: No Changes.
CF: No Changes.
NF: No Changes.
ZF: No Changes.

G Updating of PSW due to flag changes is delayed for one insturuction.

However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
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Chapter 2 Instruction Specifications

/ \D D C Addition With Carry

ADDC Dm,Dn

Operation Dm+Dn+CF - Dn

Adds the contents of register Dm including C flag and register Dn and stores the result in the register
Dn.

Assembler mnemonic Notes V|IC|N
addc Dm,Dn

Size |Cycles
2 1

Flag Changes
VF: 1 if an overflow is generated as 32 bits signed-numeric value; O otherwise.
CF: 1 if a carry is generated from bit 31; 0 otherwise.
NF: 1 if the bit 31 of the result is '1"; O otherwise.
ZF: 1 if the result is '0"; O othewise.

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

48 apbDC



Chapter 2 Instruction Specifications

S U B Subtraction

SUB Regl,Reg2

Operation Reg2-Regl - Reg2

Subtracts the contents of the register(Regl) from the register(Reg2) and stores the resdlt in the
register(Reg2).

Assembler mnemonic Notes VIC|N|Z| Size |Cycles
sub Dm,Dn EEREERK 2 1
sub Dm,An o (o |0 |0 2 1
sub Am,Dn e (o |0 |0 2 1
sub Am,An KR 2 1

Flag Changes

VF: 1 if an overflow is generated as 32 bits signed-numeric value; O otherwise.
CF: 1 if a carry is generated from bit 31; O otherwise.

NF: 1 if the bit 31 of the result is '1'; O otherwise.

ZF: 1 if the result is '0"; 0 othewise.

‘ Updating of PSW due to flag changes is delayed for one insturuction.
» However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
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Chapter 2 Instruction Specifications

SUB imm,Reg

Operation Reg- imm - Reg

Subtracts the immediate value from the register(Reg) and stores the result in the register(Reg).

Assembler mnemonic Notes V|IC|N|Z]| Size |Cycles
sub imm32,Dn oo |0 | 0o 6 2
sub imm32,An o | o |0 | o 6 2

Flag Changes

VF: 1 if an overflow is generated as 32 bits signed-numeric value; O otherwise.
CF: 1 if a carry is generated from bit 31; O otherwise.

NF: 1 if the bit 31 of the result is '1'; O otherwise.

ZF: 1 if the result is '0"; 0 othewise.

50

Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

G Using add imm,Reg instruction may shrink the instruction code size.

SUB



Chapter 2 Instruction Specifications

S U B C Subtraction With Borrow

SUBC Dm,Dn

Operation Dn-Dm-CF -Dn

Subtracts the contents of register Dm including C flag from register Dn and stores the result in

register
Dn.

Assembler mnemonic Notes V|C|N
subc Dm,Dn

Size |Cycles
2 1

Flag Changes

VF: 1 if an overflow is generated as 32 bits signed-numeric value; O otherwise.
CF: 1if a carry is generated from bit 31; O otherwise.

NF: 1 if the bit 31 of the result is '1"; O otherwise.

ZF: 1 if the result is '0"; 0 othewise.

Updating of PSW due to flag changes is delayed for one insturuction.
( However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
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Chapter 2 Instruction Specifications

I\/I U L Multiplication With Signed

MUL Dm,Dn
Operation (Dn*Dm) — { MDR, Dn}
Multiplicants the contents of register Dm(signed 32 bits integer: non-multiplier) and regjster
Dn(signed 32 bits integer:multiplier) and stores the upper 32 bits of the result(64 bits) in MDR and the
lower 32 bits in register Dn.
The siginificant number of bytes from the LSB of the multiplier loaded to Dn before the operation is
judged, and the operation is only performed for the range(byte unit) containing these significant
values. In other words, the smaller the contents loaded to Dn, the faster operation results|can be
obtained.
Assembler mnemonic Notes V|IC|N|Z]| Size |Cycles
mul Dm,Dn Dn=0 ?2|1?|e |e@ 2 3
Value Dn can specify by 1-byte. 21?2 |e |e 2 13
Value Dn can specify by 2-byte. 21?2 e |@ 2 21
Value Dn can specify by 3-byte. 21?20 |e@ 2 29
Value Dn can specify by 4-byte. 21?2 e |e 2 34
Flag Changes
VF: Undefined.
CF: Undefined.
NF: 1 if the bit 31 of the result of the lower 32-bit is '1'; O otherwise.
ZF: 1 if the lower 32-bit of the result is '0'; O otherwise.

However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

< Updating of PSW due to flag changes is delayed for one insturuction.

Q B>

52 MUL

Locating writing-instrucion to address register AO at one or two instructions preceding this instrucion is

prohibited. Refer to "Chapter 3, 2. 5 Notes for location of MUL/MULU instruction following AO writing-
instruction” for details. Some examples of prohibition are follows.

(Examplel) A writing-instruction to register AO is located in one instruction preceding this instruction
mov  0x80040900, a0
mul d1i, dO

(Example2) A writing-instruction to register AO is located in two instructions preceding this instruction.
mov  0x80040900, a0
mov  0x0c, dO
mul d1i, dO

(Example2) An instruction to write in register AO is located in one instruction preceding this instruction.

inc a0
mul di, do



Chapter 2 Instruction Specifications

IVI U L U Multiplication Without Signed

MULU Dm,Dn

_ (Dn*Dm) -»{ MDR, Dn}
Operation
Multiplicants the contents of register Dm(unsigned 32 bits integer: non-multiplier) and repgister
Dn(unsigned 32 bits integer:multiplier) and stores the upper 32 bits of the result(64 bits) in MDR and
the lower 32 bits in register Dn.
The siginificant number of bytes from the LSB of the multiplier loaded to Dn before the operation is
judged, and the operation is only performed for the range(byte unit) containing these sigrfificant
values. In other words, the smaller the contents loaded to Dn, the faster operation resultg can be
obtained.
Assembler mnemonic Notes VIC|N|Z ]| Size |Cycles
mulu Dm,Dn Dn=0 21?2 |e |e 2 3
Value Dn can specify by 1-byte. 21 ?2|e |e 2 13
Value Dn can specify by 2-byte. 21?2 |e |e 2 21
Value Dn can specify by 3-byte. ?2|?|e | e 2 29
Value Dn can specify by 4-byte. 21?2 |e |e 2 34

Flag Changes

VF: Undefined.

CF: Undefined.

NF: 1 if the bit 31 of the result of the lower 32-bit is '1"; 0 otherwise.
ZF: 1 if the lower 32-bit of the result is '0"; O otherwise.

Updating of PSW due to flag changes is delayed for one insturuction.
(‘ However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

Locating writing-instrucion to address register A0 at one or two instructions preceding this instrucion is
(‘ prohibited. Refer to "Chapter 3, 2. 5 Notes for location of MUL/MULU instruction following AO writing-

instruction" for details. Some examples of prohibition are follows.

(Examplel) A writing-instruction to register AO is located in one instruction preceding this instruction
mov  0x80040900, a0
mulu di, dO

(Example2) A writing-instruction to register AO is located in two instructions preceding this instruction.
mov  0x80040900, a0
mov  0xOc, dO
mulu di, dO

(Example2) An instruction to write in register AO is located in one instruction preceding this instruction.

inc a0
mulu di, dO
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Chapter 2 Instruction Specifications

DIV

Division with signed

DIV Dm,Dn

Operation

((MDR << 32)&0xFFFFFFFF00000000+Dn )/Dm - Dn
((MDR << 32)&0xFFFFFFFF00000000+Dn )%Dm — MDR

Divides signed 64-bit interger combined with MDR(undivided upper 32-bit) and Dn
register(undevided lower 32-bit) by the contents of register Dm(division of signed 32-bit inter
stores the remainder(32-bit) in MDR and the quotient(32-bit) in register Dn. If the quotient ca
be specified as signed 32-bit value, V flag will be '1' and MDR and register Dn will be undefing
When zero-division is performed(divisor=0), V flag will be '1".
The significant number of bytes from the LSB of the 64-bit dividend obtained by linking MDR andl Dn
before the operation is judged (none that MDR is judged in word units), and the operation i
performed for the range containing these significant values. In other words, the smaller the di
obtained by linking MDR and Dn, the faster operation results can be obtained.

Assembler mnemonic Notes VICIN Size |Cycles
div Dm,Dn Nomal performance | {MDR,Dn}=0 0| ?2|e |@ 2 4
(The operation Value {MDR,Dn} can specify by 1-byte. 0| ?2|e |@ 2 14
performed normally) | Value {MDR,Dn} can specify by 2-byte. 0| ?2|e |e@ 2 22
Value {MDR,Dn} can specify by 3-byte. O 2?2 |e |@ 2 30
Value {MDR,Dn} can specify by 4-byte ormore.| O | ? | ® | ® 2 38
Divisor not specified {MDR,Dn}=0 1?2?2172 2 4
as signed value Value {MDR,Dn} can specify by 1-byte. 1(1?2]?2]°? 2 14
or Value {MDR,Dn} can specify by 2-byte. 1?2?17 2 22
zero-division Value {MDR,Dn} can specify by 3-byte. 11?21?21 °? 2 30
Value {MDR,Dn} can specify by 4-byteormore.| 1 | ? | ? | ? 2 38

Flag Changes

VF: Always 0.
CF: Undefined.

VF: Always 1.

CF: Undefined.
NF: Undefined.
ZF: Undefined.

Nomal performance(the operation performed normally)

NF: 1 if MSB of the divisor(32-bit) is '1'. 0 otherwise.
ZF: 1 if the divisor(32-bit) is '0". 0 otherwise.
Divisor not specified as signed value or zero-division performed.

oo

d.

only
idend

(‘ After the operation, if V flag is '1', the other flog will be undefined. Also the divisor and the remainder will be undefined

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
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Chapter 2 Instruction Specifications

D I V U Division without signed

DIVU Dm,Dn

Operation ((MDR<<32)&0xFFFFFFFF00000000+Dn )/Dm - Dn
((MDR<<32)&0xFFFFFFFF00000000+Dn )%Dm - MDR

Divides signed 64-bit interger combined with MDR(undivided upper 32-bit) and|Dn
register(undevided lower 32-bit) by the contents of register Dm(division of signed 32-bit interger)
stores the remainder(32-bit) in MDR and the quotient(32-bit) in register Dn. If the quotient can pot be
specified as signed 32-bit value, V flag will be '1' and MDR and register Dn will be undefined. When
zero-division is performed(divisor=0), V flag will be '1'.
The significant number of bytes from the LSB of the 64-bit dividend obtained by linking MDR anfl Dn
before the operation is judged (none that MDR is judged in word units), and the operation i$ only
performed for the range containing these significant values. In other words, the smaller the diyidend
obtained by linking MDR and Dn, the faster operation results can be obtained.

Assembler mnemonic Notes V|C Size |Cycles
divu Dm,Dn Nomal performance | {MDR,Dn}=0 0| 2?2 |e |e 2 4
(The operation Value {MDR,Dn} can specify by 1-byte. O|?2|e|e 2 14
performed normally) | Value {MDR,Dn} can specify by 2-byte. 0|2 |e|e 2 22
Value {MDR,Dn} can specify by 3-byte. O|?|e | 2 30
Value {MDR,Dn} can specify by 4-byte ormore.| 0 | ? | ® | ® 2 38
Divisor not specified | {MDR,Dn}=0 11?21?27 2 4
as signed value Value {MDR,Dn} can specify by 1-byte. 11?2?27 2 14
or Value {MDR,Dn} can specify by 2-byte. 11?21?27 2 22
zero-division Value {MDR,Dn} can specify by 3-byte. 112?27 2 30
Value {MDR,Dn} can specify by 4-byte ormore.| 1 | ? | ? | ? 2 38

Flag Changes

Nomal performance(the operation performed normally)
VF: Always 0.
CF: Undefined.
NF: 1 if MSB of the divisor(32-bit) is '1'. 0 otherwise.
ZF: 1 if the divisor(32-bit) is '0". 0 otherwise.
Divisor not specified as signed value or zero-division performed.
VF: Always 1.
CF: Undefined.
NF: Undefined.
ZF: Undefined.

(‘ After the operation, if V flag is '1', the other flog will be undefined. Also the divisor and the remainder will be undefined

G Updating of PSW due to flag changes is delayed for one insturuction.
®* However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
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Chapter 2 Instruction Specifications

I N C 1 Addition

INC Reg

Operation Reg+1 - Reg

Adds '1' to the register(Reg) and stores the result in the register(Reg).

Assembler mnemonic Notes V|C|N|Z]| Size |Cycles
inc Dn

°
°
°
L]
[EnY
[En

inc An Oo|o|oifa 1 1

Flag Changes

inc Dn
VF: 1 if a divisor overflows as 32-bit signed numerical value. 0 otherwise.
CF: 1if a carry is generated from bit 31. O otherwise.
NF: 1 if bit 31 of the result is '1'. O otherwise.
ZF: 1 if the operation result is '0'. 0 otherwise

Other than inc Dn
VF: No changes.
CF: No changes.
NF: No changes.
ZF: No changes.

Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
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INC4 ...

Chapter 2

Instruction Specifications

INC4 An

Operation

An+4—An

Adds '4' to register A4 and stores the result in register An.

Assembler mnemonic Notes

Z | Size |Cycles

inc4 An

Flag Changes

VF: No changes.
CF: No changes.
NF: No changes.
ZF: No changes.
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Chapter 2 Instruction Specifications

C IVI I Comparison

CMP Regl,Reg2

Operation Reg2-Reg:PSW

Subtracts the contents of the register(Regl) from the register(Reg2) and reflects the result to
Tha same register can not be specified.

the flag.

Assembler mnemonic Notes Size | Cycles
cmp Dm,Dn Dm=Dn cannot be specified 1 1
cmp Dm,An 2 1
cmp Am,Dn 2 1
cmp Am,An Am=An cannot be specified 1 1
Flag Changes

VF: 1 if an overflows is generated as 32-bit signed numerical value. 0 otherwise.

CF: 1 if a borrow is generated from bit 31. O otherwise.

NF: 1 if bit 31 of the result is '1'. 0 otherwise.

ZF: 1 if the operation result is '0'. 0 otherwise

‘ Updating of PSW due to flag changes is delayed for one insturuction.

= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
CMP Imm,Reg
Operation Reg-imm:PSW

Subtracts the immediate value from the register(Reg) and reflets the resutls to the flag.

Assembler mnemonic Notes Size |Cycles
cmp imm8,Dn imm8 is signed-extended 2 1
cmp imm16,Dn imm16 is signed-extended 4 1
cmp imm32,Dn 6 2
cmp imm8,An imm8 is zero-extended 2 1
cmp imm16,An imm16 is zero-extended 4 1
cmp imm32,An 6 2

Flag Changes

VF: 1 if an overflows is generated as 32-bit signed numerical value. 0 otherwise.
CF: 1 if aborrow is generated from bit 31. 0 otherwise.

NF: 1 if bit 31 of the result is '1". O otherwise.

ZF: 1 if the operation result is '0". 0 otherwise

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
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AND ...

Chapter 2

Instruction Specifications

AND Dm,Dn

Operation Dmé&Dn - Dn
Performs a logical AND and stores the result in register Dn.
Assembler mnemonic Notes V|C|N|Z| Size |Cycles
and Dm,Dn O[O0 |e |e 2 1
Flag Changes
VF: Always 0.
CF: Always 0.

NF: 1 if bit 31 of the resultis '1'. 0 otherwise.
ZF: 1 if the operation result is '0'. 0 otherwise

‘ Updating of PSW due to flag changes is delayed for one insturuction.
» However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

AND imm,Dn

Operation imm&Dn - Dn
Performs a logical AND of the immediate value(imm) and register Dn and stores the res
register Dn.
Assembler mnemonic Notes V|C|N|Z| Size |Cycles
and imm8,Dn imm8 is zero-extended 0|0 |e |e 3 1
and imm16,Dn imm16 is zero-extended 0|0 |e |@ 4 1
and imm32,Dn 0|0 |e |e 6 2

Flag Changes

VF: Always O.

CF: Always 0.

NF: 1 if bit 31 of the result is '1". 0 otherwise.
ZF: 1 if the operation result is '0'. 0 otherwise

However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

G Updating of PSW due to flag changes is delayed for one insturuction.
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Chapter 2 Instruction Specifications

AND imm,PSW

Operation

imm&PSW - PSW

Performs a logical AND of the immediate value(imm) and stores the result.

Assembler mnemonic

Notes

Size

Cycles

and imm16,PSW

imm16 is zero-extended

Flag Changes

VF: Will be set to bit 3 of the result.
CF: Will be set to bit 2 of the result.
NF: Will be set to bit 1 of the result.
ZF: Will be set to bit O of the result.

<‘ Updating of PSW by and imm16, PSW is delayed for two instuructions at most.

Especially for interruption affected by IE bit or IM field, note that the instruction during updating will be executed in
the status before/after updating.
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O I a Logical OR

Chapter 2

Instruction Specifications

OR Dm,Dn

Operation Dm|Dn - Dn

Performs a logical OR of register Dm and register Dn and stores the result in register Dn.

Assembler mnemonic Notes

Z | Size

Cycles

or Dm,Dn

o

o

1

Flag Changes

VF: Always 0.

CF: Always 0.

NF: 1 if bit 31 of the resultis '1'. 0 otherwise.
ZF: 1 if the operation result is '0'. 0 otherwise

‘ Updating of PSW due to flag changes is delayed for one insturuction.
» However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

OR imm,Dn

Operation imm|Dn - Dn
Performs a logical OR of the immediate value(imm) and register Dn and stores the result in
Dn.
Assembler mnemonic Notes VI|C Z | Size |Cycles
or imm8,Dn imm8 is zero-extended 010 3 1
or imm16,Dn imm16 is zero-extended 00 4 1
or imm32,Dn 0|0 6 2
Flag Changes
VF: Always 0.
CF: Always 0.
NF: 1 if bit 31 of the resultis '1'. 0 otherwise.
ZF: 1 if the operation result is '0". 0 otherwise
‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
or 61
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Chapter 2 Instruction Specifications

OR imm,PSW

Operation imm|PSW - PSW

Performs a logical OR of the immediate value and PSW and stores the result in PSW.

Assembler mnemonic Notes VICIN|Z | size | Cycles
or imml16,PSW imm16 is zero-extended

Flag Changes

°
°
o
L]
N
[EnY

VF: Will be set to bit 3 of the result.
CF: Will be set to bit 2 of the result.
NF: Will be set to bit 1 of the result.
ZF: Will be set to bit O of the result.

<‘ Updating of PSW by and imm16, PSW is delayed for two instuructions at most.

Especially for interruption affected by IE bit or IM field, note that the instruction during updating will be executed in
the status before/after updating.
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Chapter 2 Instruction Specifications

X O I z Exclusive Logical OR

XOR Dm,Dn

Operation Dm~Dn—Dn

Performs an exclusive logical OR of register Dm and register Dn and stores the result in register

Dn.

Assembler mnemonic Notes VIC|N| Z | Size |Cycles
xor Dm,Dn O[O0 |e |@ 2 1
Flag Changes
VF: Always 0.
CF: AlwaysO0.

NF: 1if bit 31 of theresult is'1'. 0 otherwise.
ZF: 1if the operation result is'0'. O otherwise

‘ Updating of PSW due to flag changes is delayed for one insturuction.
» However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

XOR imm,Dn

Operation imm~Dn—Dn

Performs an exclusive logical OR of the immediate value and register Dn and stores the result in

register Dn.
Assembler mnemonic Notes VIC|N|Z| Size |Cycles
Xor imm16,Dn imm16 is zero-extended 0[O0 |e | 4 1
xor imm32,Dn O[O |e |@ 6 2
Flag Changes
VF: Always 0.
CF: AlwaysO0.

NF: 1if bit 31 of theresult is'1'". O otherwise.
ZF: 1if the operation result is'0'. 0 otherwise

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
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Chapter 2 Instruction Specifications

N O I All Bits Inverted

NOT Dn

Operation

Dn"OxFFFFFFFF - Dn

Inverts all bits in register Dn and stores the result in register Dn.

Assembler mnemonic

NF: 1 if bit 31 of the result is '1'. O otherwise.
ZF: 1 if the operation result is '0'. 0 otherwise

Notes VI IC Size | Cycles
not Dn 0|0 2 1
Flag Changes
VF: Always 0.
CF: Always 0.

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

64 NoT




Chapter 2

B I S I Multiple Bits Test

Instruction Specifications

BTST imm,Dn

Operation immé&Dn - PSW
Performs a logical AND of the immediate value and the contents of register Dn and reflects the
to the flag.
Assembler mnemonic Notes VIC|N Size |Cycles
btst imm8,Dn imm8 is zero-extended 0[O0 |e 3 1
btst imm16,Dn imm16 is zero-extended 0)0]|e 4 1
btst imm32,Dn 0|0 |e 6 2
Flag Changes
VF: Always 0.
CF: Always 0.

NF: 1 if bit 31 of the result is '1". 0 otherwise.
ZF: 1 if the operation result is '0". 0 otherwise.

esult

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

BTST imm,Mem

Operation imm & Mem:PSW

memory(Mem) zero-extended to 32-bit and reflects the result to the flag.

Performs a logical AND of the immediate value(imm) and the contents(byte data) @

Assembler mnemonic Notes V|IC|N Size |Cycles
btst imm8,(d8,An) imm8 is zero-extended, d8 is sign-extended 0|0]|O0 4 4
btst imm8,(abs16) imm8 is zero-extended, abs16 is zero-extended 0o|0]|O 5 4
btst imm8,(abs32) imm8 is zero-extended 0[0]|O0 7 5
Flag Changes
VF: Always 0.
CF: Always 0.
NF: Always 0.
ZF: 1 if the operation result is '0'. 0 otherwise.
‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
G % % btst imm8,(abs16) is only for Am32. Not usable for AM30/AM31.
BTST 65
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Chapter 2 Instruction Specifications

B S E I Multiple Bits Test & Set

BSET Dm,(An)

Operation mem8(An)(zero_ext) - temp
temp&Dm:PSW
temp|Dm - mem8(An)

1. Zero-extends the contents(byte data) of (An) to 32-bit and load to the internal temporary
register(temp).
2. Performs a logical AND of the contents of the temporary register(temp) and the contents of registe Dm and
reflects the result to PSW.
3. Performs a logical OR of the contents of the temporary register(temp) and the contents of register Dm @and stores
the lower 8-bit of the result in (An).

Assembler mnemonic Notes V |C |N |Z| Size |Cycles
bset Dm,(An) 5

o
o
o
[}

\V]

Flag Changes

VF: Always 0.
CF: Always 0.
NF: Always O.
ZF: 1 if the operation result is '0". 0 otherwise.

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

C‘ All the operation by this instruction will be done during bus-locked and interruption-disabled.

C‘ m % The operation corresponding to the data of cachable area in the external memory is not bus-
- locked.
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Chapter 2 Instruction Specifications

BSET imm,Mem

Operation Mem(zero_ext)—temp
temp&mm:PSW
templimm—-=Mem

1. Zero-extends the contents(byte data) of the memory(Mem) to 32-bit and loads to the internal
temporary register(temp).

2. Performs alogical AND of the contents of the temporary register(temp) and the immediate value(imm) and
reflects the result to PSW.

3. Performsalogical OR of the contents of the temporary register(temp) and immediate value(imm) and stores the
lower 8-bit of the result in the memory(Mem).

Assembler mnemonic Notes V|C|N|Z| size |Cycles
bset imm8,(d8,An) imm8 is zero-extended, d8 is sign-extended 0|0 |0 |e 4 5
bset imm8,(abs16) imm8 is zero-extended, abs16 is zero-extended 0|0|0|e 5 5
bset imm8,(abs32) imm8 is zero-extended 0[O0 |0 e 7 6
Flag Changes

VF: Always 0.

CF: AlwaysO0.

NF: AlwaysO.

ZF: 1if the operation result is'0". O otherwise.

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

C‘ % % The operation corresponding to the data of cachable area in the external memory is not bus-
= locked.
G % % btst imm8,(abs16) is only for Am32. Not usable for AM30/AM31.

(‘ All the operation by this instruction will be done during bus-locked and interruption-disabled.
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Chapter 2 Instruction Specifications

B C L I z Multiple Bits Test & Clear

BCLR Dm,(An)

Operation mem8(An)(zero_ext) - temp
temp&Dm:PSW
temp& (DM OXFFFFFFFF) . mem8(An)

1. Zero-extends the contents(byte data) of (An) to 32-bit and load to the internal temporary
register(temp).

2. Performs a logical AND of the contents of the temporary register(temp) and the contents of registerf Dm and
reflects the result to PSW.

3. Performs a logical AND of the contents of the temporary register(temp) and the logical-inverted data of the
contents of register Dm and stores the lower 8-bit of the result in (An).

Assembler mnemonic Notes V|IC|N Size |[Cycles
bclr Dm,(An) 0| 0|0 |e 2 5
Flag Changes
VF: Always 0.
CF: Always 0.
NF: Always 0.

ZF: 1 if the operation result is '0". 0 otherwise.

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

C‘ All the operation by this instruction will be done during bus-locked and interruption-disabled.

C‘ % % The operation corresponding to the data of cachable area in the external memory is not bus-
Ll
locked.
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Chapter 2 Instruction Specifications

BCLR imm,Mem

Operation Mem(zero_ext)—temp
temp&imm:PSW
temp&(imm"OxFFFFFFFF)—Mem

1. Zero-extends the contents(byte data) of the memory(Mem) to 32-bit and load to the internal
temporary register(temp).

2. Performs alogical AND of the contents of the temporary register(temp) and the immediate value(imm) and
reflects the result to PSW.

3. Performs alogical AND of the contents of the temporary register(temp) and the logical-inverted data of the
immediate value(imm) and stores the lower 8-bit of the result in the memory(Mem).

Assembler mnemonic Notes VICI|N Size |Cycles
bclr imm8,(d8,An) imm8 is zero-extended, d8 is sign-extended 0|0 |0 |e 4 5
bclr imm8,(abs16) imm8 is zero-extended, abs16 is zero extended 00|00 |e 5 5
bclr imm8,(abs32) imm8 is zero-extended 00|00 |e 7 6
Flag Changes

VF: Always 0.

CF: AlwaysO0.

NF: Always 0.

ZF: 1if the operation result is'0". O otherwise.

‘ Updating of PSW due to flag changes is delayed for one insturuction.
» However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

G All the operation by this instruction will be done during bus-locked and interruption-disabled.

G % % The operation corresponding to the data of cachable area in the external memory is not bus-
- locked.
<‘ % % belr imm8,(absl16) is only for Am32. Not usable for AM30/AM31.
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l \S I a Arithmetic Shift Right for Optional Bit

ASR Dm,Dn

Operation If not (DM&0x0000001F)=0

Dn.Isb - CF

(Dn >> (DmM&0x0000001F))(sign_ext) - Dn
If (DM & 0x0000001F) =0

PC+2-PC

Performs an arithmetic shift right on the contents of register Dn for bits specified with the lower 5 bits
of register Dm and stores the result in register Dn.

No shift-operation if the contents of lower 5 bits of register Dm is '0'.
The upper 27 bits of register Dm will be ignored.

Dm & 0x0000001F Dm & 0x0000001F
MSB LSB C flag
Assembler mnemonic Notes V|C|N|Z| Size | Cycle
asr Dm,Dn Contents of lower 5 bits of Dm are other than '0’ 2 e |e | e 2 1
Contents of lower 5 bits of Dm are '0' 21?2 |e | e

Flag Changes

Contents of lower 5 bits of Dm are other than '0'
VF: Not specified.
CF: Reflects the bit value firstly shifted out.
NF: 1 if bit 31 of the resultis '1'. 0 otherwise.
ZF: 1if the resultis '0". O otherwise.
Contents of lower 5 bits of Dm are 'O’
VF: Not specified.
CF: Not specified.
NF: 1 if bit 31 of Dn is '1". 0 otherwise.
ZF: 1ifDnis'0". 0O otherwise.

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
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ASR imma8,Dn

Operation If not (imm8 & 0x1F)=0

Dn.Isb—CF

(Dn>>(imm8&0x1F))( sign_ext )—Dn
If (imm8&0x1F)=0

PC+3—PC

Performs an arithmetic shift right on the contents of register Dn for bits specified with the lower 5
bits of the immediate value(imm8) and stores the result in register Dn.

No shift-operation if the contents of lower 5 bits of the immediate value(imm8) is '0'.
The upper 3 bits of the immediate value(imm8) will be ignored.

imm8 & Ox1F imm8 & Ox1F

MSB LSB C flag
Assembler mnemonic Notes V|C|N|Z| Size | Cycle
asr imm8,Dn Contents of lower 5 bits of imm8 are other than '0’ 2| e | e | e@ 3 1
Contents of lower 5 bits of imm8 are '0' 21 ?2|e| e

Flag Changes

Contents of lower 5 bits of imm8 are other than '0'
VF: Not specified.
CF: Reflects the bit value firstly shifted out.
NF: 1 if bit 31 of the resultis '1'. 0 otherwise.
ZF: 1 if the resultis '0'. 0 otherwise.

Contents of lower 5 bits of imm8 are 'O’
VF: Not specified.
CF: Not specified.
NF: 1 if bit 31 of Dnis '1". 0 otherwise.
ZF:1if Dnis'0'. 0 otherwise.

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
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/ \S I z 1 Bit Arithmetic Shift Right [Overwriting Instructions]

ASR Dn

) Dn.Isb-CF
Operation )
(Dn>>1)(sign_ext) - Dn
Performs a 1-bit arithmetic shift right on the contents of register Dn and stores in register Dn.
1bit 1bit
MSB LSB  Cflag
Assembler mnemonic Notes VIC|N|Z| Size | Cycle
asr Dn ? e o e 3 1

Flag Changes

VF: Not specified.

CF: Reflects the bit value firstly shifted out.
NF: 1 if bit 31 of the resultis '1'. 0 otherwise.
ZF: 1if the result is '0'. O otherwise.

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

[\

.This instruction is executed by overwriting the instructions and the assembler generates the following instructions.
asr 1,Dn

G The numbers of Size and Cycles are those of the instruction mentioned above.
| ]
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L S I z Logical Shift Right for Optional Bit

LSR Dm,Dn

. If not (Dm&0x0000001F)=0
Operation
Dn.Isb - CF
(Dn>>(Dm&0x0000001F))(zero_ext) - Dn
If (DM&O0x0000001F)=0
PC+2-PC
Performs a logical shift right on the contents of register Dn for bits specified with the lower 5 Hits of
register Dm and stores the result in register Dn.
No shift-operation if the contents of lower 5 bits of register Dm is '0'.
The upper 27 bits of register Dm will be ignored.
'0"is input in MSB.
Dm & 0x0000001F Dm & 0x0000001F
00...00 I I
MSB LSB  Cflag
Assembler mnemonic Notes V|C|N|Z]| Size | Cycle
Isr Dm,Dn Contents of lower 5 bits of Dm are other than '0' ?| e e |e 2 1
Contents of lower 5 bits of Dm are '0' ?2|1?|e |e

Flag Changes

Contents of lower 5 bits of Dm are other than '0’'
VF: Not specified.
CF: Reflects the bit value firstly shifted out.
NF: 1 if bit 31 of the result is '1". 0 otherwise.
ZF: 1 if the result is '0". 0 otherwise.
Contents of lower 5 bits of Dm are '0'
VF: Not specified.
CF: Not specified.
NF: 1 if bit 31 of Dn is '1'. 0 otherwise.
ZF: 1ifDnis'0". O otherwise.

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
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LSR imm8,Dn

Operation

If not (imm8&0x1F)=0

Dn.Isb- CF

(Dn>>( imm8&0x1F))(zero_ext) - Dn
If (imm8&0x1F)=0

PC+3-PC

imm8 & 0x1F

imm8 & Ox1F

\

00...00 I

MSB

Performs a logical shift right on the contents of register Dn for bits specified with the lower 5
the immediate value(imm8) and stores the result in register Dn.
No shift-operation if the contents of lower 5 bits of the immediate value(imm8) is '0".
The upper 3 bits of the immediate value(imm8) will be ignored.
'0" is input in MSB.

LSB C flag
Assembler mnemonic Notes VIC 7Z | Size | Cycle
Isr imm8,Dn Contents of lower 5 bits of imm8 are other than '0’ ?2 e ° 3 1
Contents of lower 5 bits of imm8 are '0' ?1? °

Flag Changes

VF: Not specified.

VF: Not specified.
CF: Not specified.

Contents of lower 5 bits of imm8 are other than '0’

CF: Reflects the hit value firstly shifted out.

NF: 1 if bit 31 of the resultis '1'. 0 otherwise.

ZF: 1if the resultis '0". O otherwise.
Contents of lower 5 bits of imm8 are '0’

NF: 1if bit 31 of Dnis '1'. 0 otherwise.
ZF:1if Dnis'0". O otherwise.

bits of

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
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L S I z 1 Bit Logical Shift Right [Overwriting Instructions]

LSR Dn

Operation Dn.lsbh - CF
(Dn>>1)(zero_ext) - Dn

Performs a 1-bit logical shift right on the contents of register Dn and stores the result in regist

1bit

1bit

0

MSB LSB  Cflag
Assembler mnemonic Notes V|C|N|Z| Size | Cycle
Isr Dn ? e |@® | @ 3 1

Flag Changes

VF: Not specified.

CF: Reflects the bit value firstly shifted out.
NF: 1 if bit 31 of the resultis '1'. 0 otherwise.
ZF: 1 if the resultis '0". 0 otherwise.

er Dn.

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

G .This instruction is executed by overwriting the instructions and the assembler generates the following instructions.

Isr 1,Dn

G The numbers of Size and Cycles are those of the instruction mentioned above.
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l \S L Arithmetic Shift Left for Optional Bit

ASL Dm,Dn

Operation

If not (DM&O0x0000001F)=0
Dn<<(Dm&O0x0000001F) - Dn
If (DM&OX0000001F)=0
PC+2.PC

Dm & 0x0000001F

Dm & 0x0000001F

Performs an arithmetic shift left on the contents of register Dn for bits specified with the lower 5
register Dm and stores the result in register Dn.
No shift-operation if the contents of lower 5 bits of register Dm is '0'.
The upper 27 bits of register Dm will be ignored.
'0"is input in LSB.

Contents of lower 5 bits of Dm are '0'

I 00...00
MSB LSB
Assembler mnemonic Notes V| C Size | Cycle
asl Dm,Dn Contents of lower 5 bits of Dm are other than '0’ ?17? 2 1

Flag Changes

VF: Not specified.
CF: Not specified.

VF: Not specified.
CF: Not specified.

Contents of lower 5 bits of Dm are other than '0'

NF: 1 if bit 31 of the resultis '1'. 0 otherwise.
ZF: 1 if the result is '0'. 0 otherwise.
Contents of lower 5 bits of Dm are '0'

NF: 1if bit 31 of Dnis '1'. 0 otherwise.
ZF:1if Dnis'0". O otherwise.

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
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Instruction Specifications

ASL imm8,Dn

Operation If not (imm8&0x1F)=0

Dn<<(imm8&0x1F) - Dn
If iImm8&0x1F)=0
PC+3-PC

imm8 & Ox1F imm8 & Ox1F

I 00...00

MSB

Performs an arithmetic shift left on the contents of register Dn for bits specified with the lowe
of the immediate value(imm8) and stores the result in register Dn.
No shift-operation if the contents of lower 5 bits of the immediate value(imm8) is '0'.
The upper 3 bits of the immediate value(imma8) will be ignored.
'0"is input in LSB.

LSB
Assembler mnemonic Notes V|C Z | Size | Cycle
asl imm8,Dn Contents of lower 5 bits of imm8 are other than '0' 2107 ) 3 1
Contents of lower 5 bits of imm8 are '0’
Flag Changes
Contents of lower 5 bits of imm8 are other than '0’
VF: Not specified.
CF: Not specified.
NF: 1 if bit 31 of the result is '1'. 0 otherwise.
ZF: 1 if the result is '0". 0 otherwise.
Contents of lower 5 bits of imm8 are 'O’
VF: Not specified.
CF: Not specified.
NF: 1 if bit 31 of Dn is '1'. 0 otherwise.
ZF: 1if Dnis'0". O otherwise.
G Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
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l \S L 2 2-Bit Arithmetic Shift Left

ASL2 Dn

Operation (Dn<< 2)&0XFFFFFFFC - Dn

Performs a 2-bitArithmetic shift left on the contents of register Dn and stores the result in regigter Dn.
'0"is input in LSB.

2bit 2 bit

MSB LSB

Assembler mnemonic Notes VICI|N|Z| Size | Cycle
asl2 Dn

N

D
(]
(]
-
-

Flag Changes

VF: Not specified.

CF: Not specified.

NF: 1 if bit 31 of the resultis '1'. 0 otherwise.
ZF: 1 if the result is '0". 0 otherwise.

‘ Updating of PSW due to flag changes is delayed for one insturuction.
s However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
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I RO I z 1-bit Rotate Right

ROR Dn

Operation CF<<31l-temp
Dn.Isb - CF
(Dn >>1)(zero_ext)| temp - Dn

Couples the register Dn and the carry flag(CF), perform a 1-bit rotate right on it and stores the result
in register Dn.

.

MSB LSB Cflag

Assembler mnemonic Notes V|IC|N|Z| Size | Cycle

ror Dn

o
°
°
o
N
A

Flag Changes

VF: Not specified.

CF: Not specified.

NF: 1 if bit 31 of the result is '1". O otherwise.
ZF: 1 if the result is '0". 0 otherwise.

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
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ROL

1-bit Rotate Left

ROL Dn

Operation CF —temp
Dn.msb - CF
(Dn<<1) | temp-Dn

Couples the register Dn and the carry flag(CF), perform a 1-bit rotate left on it and stores the rg
register Dn.

3

psult in

C flag MSB LSB
Assembler mnemonic Notes VICI|N|Z| Size | Cycle
rol Dn O|e |o | e 2 1

Flag Changes

VF: Not specified.
CF: Not specified.

NF: 1 if bit 31 of the result is '1'. 0 otherwise.
ZF: 1 if the resultis '0". 0 otherwise.

C Updating of PSW due to flag changes is delayed for one insturuction.

However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.
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B C C Branch on Condition Codes

Chapter 2

Instruction Specifications

Bcc label

Operation

When branch is taken,
PC d8(sign_ext) - PC

Sign-extends 8-bit displacement(d8), adds program counter(PC) and stores the result in the p

counter(PC).

Stores the result in the program counter(PC). Ignore it even if the result overflows.

When branch is not taken,
PC+CodeSize - PC

Executes following instructions.

Assebler mnemonic Notes VIC|N|Z| Size |Cycles
beq label Z Branches at Z flag set o|o|od|o 2 3/1
bne label ~Z Branches at Z flag clear go|o|o|o 2 3/1
bgt label ~(Z | (N*V)) Branches at < (with signed) gojo|g|o 2 3/1
bge label ~(N"V) Branches at < (with signed) o|o|o|o 2 3/1
ble label Z | (N™V) Branches at > (with signed) oo |o|o 2 3/1
bt label NAV Branches at > (with signed) g|o|o|o 2 3/1
bhi  label ~(C|2) Branches at < (no signed) o|o|o|o 2 3/1
bcc  label ~C Branches at <, C flag clear (no signed) U | O | O (0O 2 3/1
bls label Cl|z Branches at = (no signed) o|o|o|o 2 3/1
bcs label C Branches at >, C flag clear (no signed) O | O | O (0O 2 3/1
bvc label ~V Branches at V flag clear o|o|o|o 3 4/2
bvs label \% Branches at V flag set g|o|o|o 3 4/2
bnc label ~N Branches at N flag clear o|o|o|o 3 4/2
bns label N Branches at N flag set o|o|o|o 3 4/2
bra label None Branches unconditionally gj|o|o|o 2 3

Flag Changes
VF; No changes
CF: No changes
NF: No changes
ZF: No changes

(‘ "Cycles" describes the cycles of "branch"/"not branch".

C‘ The cycles of "not branch" depend on status of an instruction queue.

Bcc
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L C C Loop on Condition Codes

Instruction Specifications

Lcc
Operation When branch is taken,

LAR-4 - PC
The instruction loaded to the loop instruction register (LIR) is executed and instruction fetch s
the address loaded to the loop address register (LAR).
At the same time, 4 is subtracted from the loop address register (LAR) and the results are wr
the PC. Stores the result in the program counter(PC). Ignore it even if the result overflows.
Lcc is used together with SETLB in order to increase the loop execution speed, and performs conditiona
the top of the loop set by SETLB.
When branch is not taken,

LAR+1 - PC
Executes the following instructions.

Assebler mnemonic Notes V|IC|N|Z| Size |Cycles
leq 4 Branches at Z flag set Oo|o|o|0 1 1/2
Ine ~Z Branches at Z flag clear 0|00 |0 1 1/2
Igt ~(Z | (N™V)) Branches at <(with signed) o|o|o|0o 1 1/2
lge ~(N"V) Branches at <(with signed) g|joj|o o 1 1/2
lle Z | (N\V) Branches at 2(with signed) Oo|o0|0|0 1 1/2
It N2V Branches at >(with signed) o(o(o|o 1 1/2
Ihi ~(C|2) Branches at <(no signed) g|oj|o|o 1 1/2
Icc ~C Branches at g, C flag clear(no signed)| O | O | O O 1 1/2
lIs Cl|z Branches at 2(no signed) g|oj|o o 1 1/2
Ics C Branches at <, C flag set(no signed) |0 [ O |0 |0 1/2
Ira None Branches unconditionally o|oj|o o 1 1

Flag Changes

VF: No changes
CF: No changes
NF: No changes
ZF: No changes

(‘ The execution without corresponding to SETLB insturuction is not guaranteed.
L}

(‘ "Cycles" describes the cycles of "branch"/"not branch".

G The cycles of "not branch" depend on status of an instruction queue.
n
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Chapter 2

SETLB .o

Instruction Specifications

SETLB

struc-

Speed.

Operation mem32(PC+1)- LIR ,
PC+5-LAR
The 4-byte instruction string and 5th byte address following to SETLB are loaded to the loop in
tion register (LIR) and loop address register (LAR) respectively.
SETLB is used together with Lcc in order to increase the loop (the innermost loop) execution
The top of the loop is set by SETLB just before the loop entrance.

Assebler mnemonic Notes V|IC|N|Z| Size |Cycles
setlb Oo(ag g 1 1

Flag Changes

VF; No changes
CF: No changes
NF: No changes
ZF: No changes

A method of storing in LIR depends on microcomputer core type(AM30/AM31/

When the instrucion strings following to SETLB are the following,
SETLB

A
B
C
D

storing in LIR is as shown below.

AM30
[plclB | A]

AM31/AM32
| bl c |l B | A ]| ifuR=4n
lc /B[] A D] fur=4ann
| B | A D | c | rur=4n+2
| Al b c | B | ifLR=4n+3
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\] IVI I Unconditional branch

IMP (An)

Operation

An—PC

Stores the contents of register An in program counter(PC).

Assebler mnemonic Notes VICI|N

Size

Cycles

jmp (An)

Flag Changes

VF; No changes
CF: No changes
NF: No changes
ZF: No changes

JMP label
Operation If displacement from program counter(PC) ro label is performed in 16-bit,
PC+d16(sign_ext)—PC
Sign-extends d16, added to PC and stores the resultsin PC. Ignore it even if the results overflows and stores the)
result in PC.
If displacement from program counter(PC) ro label is performed in 32-bit,
PC+d32—PC
Adds the 32-bit displacement and PC and stores the results in PC. Ignore it even if the results
overflows and stores the result in PC.
Assebler mnemonic Notes VIC|N Size |Cycles
jmp label If displacement from program counter(PC) ro label is — | —— 3 2
performed in 16-bit;
If displacement from program counter(PC) ro label is — | —|— 5 3*
performed in 32-bit
Flag Changes
VF; No changes
CF: No changes
NF: No changes
ZF: No changes

C‘ m *: "Cycles" is four.

C‘. The assembler chooses the most suitable displacement; d16 or d32.
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CALL .

CALL label

Operation When displacement from program counter(PC) to label is performed within 16-bit,

If registers specified with "regs"= 2
PC+5 - mem32(SP),
regl - mem32(SP-4) , reg2 - mem32(SP-8) , SP-imm8(zero_ext) - SP,
PC+5 - MDR , PC+d16(sign_ext) -PC
If registers specified with "regs"= 11
PC+5=2mem32(SP)
D2 - mem32(SP-4), D3 - mem32(SP-8), A2 -mem32(SP-12),
A3 - mem32(SP-16), DO - mem32(SP-20), D1 - mem32(SP-24) ,
A0 - mem32(SP-28), A1 -mem32(SP-32),
MDR - mem32(SP-36), LIR - mem32(SP-40), LAR - mem32(SP-44) ,
SP-imm8(zero_ext) » SP, PC+5 - MDR, PC+d16(sign_ext) - PC

When displacement from program counter(PC) to label is performed within 32-bit,

If registers specified with "regs"= 2
PC+7 - mem32(SP),
regl - mem32(SP-4), reg2 - mem32(SP-8),
SP-imm8(zero_ext) - SP, PC+7 - MDR, PC+d32 . PC

If registers specified with "regs"= 11
PC+7 - mem32(SP)
D2 - mem32(SP-4), D3 - mem32(SP-8), A2 -mem32(SP-12) ,
A3 - mem32(SP-16), DO - mem32(SP-20), D1 - mem32(SP-24) ,
A0 - mem32(SP-28), A1 -mem32(SP-32) ,
MDR - mem32(SP-36), LIR - mem32(SP-40), LAR - mem32(SP-44) ,
SP-imm8(zero_ext) - SP, PC+7 - MDR, PC+d32 - PC

This instruction branches to the specified address after

. . . . address lower
saving the PC and multiple registers for the next instruc-
tion and restoring the stack area. The immediate .

o i ) SP after execution -
value(regs) specifies the multiple registers to be saved and ressﬁf'éda";fh
the immediate value(imm8:zero-extended) specifies the imm8
area to be restored (bytes). (Refer to MOVM instruction imm8
for details of "regs".) CALL is used together with RET or
RETF to save/restore registers and allocate/deallocate the Multiple

. . . . reglsters
stack area quickly during returning from subroutine. The specified with
status of the stack frame after CALL is shown at the right. gp pefore execution - [ PE

address upper
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Assebler mnemonic

Notes

Size

call label

When displacement

registers specified with"regs"=0

&)

from program counter

registers specified with"regs"=1

registers specified with"regs"=2

(PC) to label is

registers specified with"regs"=3

performed within 16-bit,

registers specified with"regs"=4

registers specified with"regs"=7

registers specified with"regs"=8

registers specified with"regs"=9

registers specified with"regs"=10

registers specified with"regs"=11

When displacement

registers specified with"regs"=0

from program counter

registers specified with"regs"=1

registers specified with"regs"=2

(PC) to label is

registers specified with"regs"=3

performed within 32-hit,

registers specified with"regs"=4

registers specified with"regs"=7

10*

registers specified with"regs"=8

11*

registers specified with"regs"=9

12*

registers specified with"regs"=10

13*

registers specified with"regs"=11

N[N (N[N (N (NN |N|N|N oo oo o oo o o

14*

Flag Changes

VF; No changes
CF: No changes
NF: No changes
ZF: No changes

<‘ Three operands of d16, regs, imm8 are used for the bit assignment.
= The assember does not specify the multiple registers to be saved and the area to be restored(regs, imm8). Pseud instruction at
subroutine CALL specifies them indirectly then finally the linker executes them.
Refer to "Cross Assembler User's Manua" for details.

C‘ Assembler selects d16 or d32 for the best.

G Refer to "Appendix Instruction Set" for operation expressions by each register specified with "regs".

<‘ % *:"Cycles" is the figures mentioned above plus 1.
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Chapter 2

CALLS ...

Instruction Specifications

CALLS (An)

Operation PC+2->mem32(SP) .
PC+2-MDR,
An-PC

allocated are unclear, and to maintain compatibility(use with JSR).

This instruction branches to the specified address after saving the PC for the next instructior
stack. CALLS is used together with RETS in the case of registers to be saved and the stack ar

to the
Pa to be

Assebler mnemonic Notes V|IC|N

Size | Cycles

calls (An) gjo|o

Flag Changes

VF; No changes
CF: No changes
NF: No changes
ZF: No changes
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CALLS label

Operation When displacement from program counter(PC) to label is performed within 16-bit,

PC+4—mem32(SP), PC+4—MDR,
PC+d16(sign_ext)—PC

When displacement from program counter(PC) to label is performed within 32-hit,
PC+6—mem32(SP), PC+6—MDR ,
PC+d32—PC

This instruction branches to the specified address after saving the PC for the next instruction to the
stack. Ignore them even if the result of addition is overflowed and store them into the PC. This
instruction is used together with RETS in the case of registers to be saved and the stack area to be
allocated are unclear, and to main compatibility(use with JSR).

performed within 32-bit

Assebler mnemonic Notes Size | Cycles
calls label When displacement from program counter(PC) to label is 4 3
performed within 16-bit
When displacement from program counter(PC) to label is 6 3*

Flag Changes

VF; No changes
CF: No changes
NF: No changes
ZF: No changes

C‘ % *: "Cycles" is four.
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RET

Chapter 2

Return from subroutine

Instruction Specifications

RET

Operation If registers specified with "regs"= 2

SP+imm8(zero_ext)—SP,
mem32(SP-4)—regl, mem32(SP-8)—reg2,
mem32(SP)—PC

If registers specified with "regs"= 11
SP+imm8(zero_ext)—SP,
mem32(SP-4)—D2, mem32(SP-8)—D3, mem32(SP-12)—A2 ,
mem32(SP-16)—A3, mem32(SP-20)—D0, mem32(SP-24)—D1 ,
mem32(SP-28)—A0, mem32(SP-32)—A1, mem32(SP-36)—MDR ,
mem32(SP-40)—LIR, mem32(SP-44)—LAR ,
mem32(SP)—PC

This instruction branches to the return address after saving the PC and multiple registers for the next
instruction and restoring the stack area. The immediate value(regs) specifies the multiple registers to
be saved and the immediate value(imm8:zero-extended) specifies the area to be restored (bytes).
(Refer to MOV M instruction for details of "regs".) CALL is used together with RET to save/restore

registers and allocate/deallocate the stack area quickly during returning from subroutine. If the
subroutine does not overwrite MDR, RETF deallocate quickly.
Assebler mnemonic Notes V|C|N|Z| Size | Cicles
ret Registers specified with "regs"=0 —|—|—]—| 3 5*
Registers specified with "regs"=1 —|—|—]— 3 5*
Registers specified with "regs"=2 —|—|—]—| 3 5*
Registers specified with "regs"=3 —|—|—]|— 3 5*
Registers specified with "regs"=4 —|—|—|—| 3 5
Registers specified with "regs"=7 —|—|—]|—] 3 8
Registers specified with "regs"=8 — || 3 9
Registers specified with "regs"=9 —|—|—]|—| 3 10
Registers specified with "regs"=10 —|—|—|—| 3 11
Registers specified with "regs"=11 —|—|—|— 3 12
Flag Changes
VF; No changes
CF: No changes
NF: No changes
ZF: No changes

G Two operands of regs, imma8 are used for the bit assignment.

= The assember does not specify the multiple registers to be saved and the area to be restored(regs, imm8). Pseud instruction at
subroutine CALL specifies them indirectly then finally the linker executes them.
Refer to "Cross Assembler User's Manual" for details.

@ Refer to "Appendix Instruction Set" for operation expressions by each register specified with "regs".

G % *: "Cycles" is four.

RET
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I aE I I Return from Subroutine

RETF

Operation If registers specified with "regs"= 2

SP+imm8(zero_ext)—SP, MDR—PC ,
mem32(SP-4)—regl, mem32(SP-8)—reg2
If registers specified with "regs"= 11
SP + imm8(zero_ext)—=SP, MDR—PC
mem32(SP-4)—D2, mem32(SP-8)—D3, mem32(SP-12)—A2 ,
mem32(SP-16)—A3, mem32(SP-20)—D0, mem32(SP-24)—-D1 ,
mem32(SP-28)—A0, mem32(SP-32)—A1, mem32(SP-36)—-MDR ,
mem32(SP-40)—LIR, mem32(SP-44)—LAR

This instruction branches to the return address in MDR after saving the multiple registers and
restoring the stack area. The immediate value(regs) specifies the multiple registers to be returned
and the immediate value(imm8:zero-extended) specifies the area to be restored (bytes). (Refer to
MOVM for details of "regs".) CALL is used together with RETF to save/restore registers and
allocate/deallocate the stack area quickly during returning from subroutine.

When overwriting MDR within suburoutine, the operation for returning is not guaranteed.(Use RET.)

Assebler mnemonic

Notes

Size

retf

Registers specified with "regs"=0

w

Registers specified with "regs"=1

Registers specified with "regs"=2

Registers specified with "regs"=3

Registers specified with "regs"=4

Registers specified with "regs"=7

Registers specified with "regs"=8

Registers specified with "regs"=9

Registers specified with "regs"=10

Registers specified with "regs"=11

WIW MWW ww(w|w|w

Flag Changes

VF; No changes
CF: No changes
NF: No changes
ZF: No changes

‘ Two operands of regs, imma8 are used for the bit assignment.
= The assember does not specify the multiple registers to be saved and the area to be restored(regs, imm8). Pseud instruction

at subroutine CALL specifies them indirectly then finally the linker executes them.

Refer to "Cross Assembler User's Manual” for details.

‘ When overwriting MDR within suburoutine, the operation for returning is not guaranteed.(Use RET.)
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Chapter 2 Instruction Specifications

I zE I S Return from Subroutine

RETS

Operation mem32(SP) - PC

Branches to the returning address stored in the stack.
RETS is used together with CALLS.
Also it is used to maintain compatibility(use with RTS).

Assebler mnemonic Notes V|C|N|Z| Size |Cycles

rets 5*

O
O
O
O
N

Flag Changes

VF; No changes
CF: No changes
NF: No changes
ZF: No changes

<‘ m *: "Cycles" is four.
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\J S I a Subroutine Call [Combination of Multiple Instructions]

JSR (An)

Operation SP-4.,SP,

PC+2- mem32(SP), PC+2 - MDR
An-PC

(subroutine execution)

SP+4_,SP

Branches to the specified address after saving the PC for the next instruction to the stack.

Assebler mnemonic Notes V|C|N |Z | Size |Cycles

jsr (An) o |0 o |0 8 5

Flag Changes

VF: Depends on the subroutine processing
CF: Depends on the subroutine processing
NF: Depends on the subroutine processing
ZF: Depends on the subroutine processing

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

This instruction is executed by overwriting the instructions and the assembler generates the following instructions.
‘_ ADD -4,SP

CALLS (An)

ADD 4,SP

The numbers of Size and Cycles are those of the instruction mentioned above. The optimization of assembler may change the
= cycles. Refer to "Chapter 3, Using Instructions".
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JSR label

Operation When displacement from program counter(PC) to label is performed within 16-bit,
SP-4_SP,

PC+4 - mem32(SP), PC+4 - MDR ,

PC+d16(sign_ext) - PC,

(subroutine execution)

SP+4 . SP

When displacement from program counter(PC) to label is performed within 32-bit,
SP-4-SP,
PC+6 - mem32(SP), PC+6 - MDR
PC+d32-PC,
(subroutine execution)
SP+4_,SP

Branches to the specified address after saving the PC for the next instruction to the stack.
Ignores even if the results overflows and stores the result in PC.

Assebler mnemonic Notes V |[C|N|Z| Size |Cycles
jsr label When displacement from program counter(PC) to label is R 10 5
performed within 16-bit,
When displacement from program counter(PC) to label is o (e |eo |0 12 5*
performed within 32-bit,

Flag Changes

VF: Depends on the subroutine processing
CF: Depends on the subroutine processing
NF: Depends on the subroutine processing
ZF: Depends on the subroutine processing

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

C‘ This instruction is executed by overwriting the instructions and the assembler generates the following instructions.

ADD -4,SP
CALLS label
ADD 4,SP

(‘ The numbers of Size and Cycles are those of the instruction mentioned above. The optimization of assembler may change the
* cycles. Refer to "Chapter 3, Using Instructions".

G % *: "Cycles" is six.
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I t I S Return from Subroutine [Instruction replacement]

RTS

Operation mem32(SP) - PC

Branches to the returning address stored in the stack.
RTS is used together with JSR to maintain compatibility.

Assebler mnemonic

Notes

Z | Size

Cycles

rts

O

Flag Changes

VF; No changes
CF: No changes
NF: No changes
ZF: No changes
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C‘ This instruction is executed by overwriting the instructions and the assembler generates the following instructions.
[ ]

rets

G The numbers of Size and Cycles are those of the instruction mentioned above.
[ ]
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RTI

Return from Program

Chapter 2

Instruction Specifications

RTI

Operation mem16(SP) - PSW ,
mem32(SP+4) . PC
SP+8-.SP

PSW contained in the stack.

Returns from the interrupt by branching to the return address stored in the stack after restoring the

Assebler mnemonic Notes VI|C Size | Cycles
rti o | o 2 4
Flag Changes
VF: TheV flag of the saved PSW.
CF: TheV flag of the saved PSW.
NF: TheV flag of the saved PSW.
ZF: The V flag of the saved PSW.
RTI o5
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I I zl \ I Subroutine Call to a specified Address

TRAP

D the

Operation PC+2 - mem32(SP),
0x40000010 -~ PC
Branches to the specified address (0x40000010) after saving the PC of the next instruction t
stack. It is used for system call (calling the OS and library).
Assebler mnemonic Notes V|IC|N|Z | Size |Cycles
trap O|0|0 |0 2 4

Flag Changes

VF; No changes
CF: No changes
NF: No changes
ZF: No changes
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N O I No Operation

NOP

Operation PC+1-PC

No operation.

Assebler mnemonic Notes
nop

\V C|IN|Z | Size |Cycles
g 0o |d

O

Flag Changes

VF; No changes
CF: No changes
NF: No changes
ZF: No changes
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U D I n n User Extension Instruction

UDFnn Dm,Dn (nn =00 to 15, 20 to 35)

Operation When nn=00 to 15,
Dm op Dn - Dn

Performs an operation on the contents of register Dm and register Dn and stores the resulft in
register Dn. The operation and flag changes are user defined.

When nn=20 to 35,
Dm op Dn

Performs an operation on the contents of register Dm and register Dn but the result is not writfen
into register Dn and the flags are not changed.

Assembler mnemonic Notes V|C|N|Z| Size | Cycles

udfnn Dm,Dn When nn =00 to 15 * User defined

When nn = 20 to 35 O|0|(0|O 2  |Userdefined
Flag Changes

*
*
*

N

When nn =00 to15
VF: User defined
CF: User defined
NF: User defined
ZF: User defined

When nn =20 to 35
VF: No changes
CF: No changes
NF: No changes
ZF: No changes

Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

G % MOVM [regs],(SP) can not be located in one instruction before this instruction.
[ ]
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UDFnn imm,Dn (nn=00 to 15, 20 to 35)
Operation When nn= 00 to 15,
imm op Reg- Reg
Performs an operation on the zero-extended immediate value(imm8 or imm16) or 32-bit immediate
value(imm32) and register Dn, then stores the result in register Dn.
The contents of the operation and flag changes are user defined.
When nn = 20 to 35,
imm op Reg
Performs an operation on the zero-extended immediate value(imm8 or imm16) or 32-bit immediate
value(imm32) and register Dn, then stores the result in register Dn.
The result is not written into register Dn and the flags are not changed.
Assembler mnemonic Notes VICI|IN|Z | Size | Cycles
udfnn imm8,Dn When nn=00 to 15, imm8 is sign-extended o R R el 3 User defined
udfnn imm16,Dn When nn=00 to 15, imm16 is sign-extended o R L 4 User defined
udfnn imm32,Dn When nn=00 to 15, S R e 6 User defined
udfnn imm8,Dn When nn=20 to 35, imm8 is sign-extended o (oo |o 3 User defined
udfnn imm16,Dn When nn=20 to 35, imm16 is sign-extended oo |o|o 4 User defined
udfnn_imm32,Dn When nn=20 to 35, 0|0 (0 (0 6 User defined
Flag Changes
When nn =00 to 15
VF: User defined
CF: User defined
NF: User defined
ZF: User defined
When nn =20 to 35
VF: No changes
CF: No changes
NF: No changes
ZF: No changes

Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

G % "nn=20 to 35" is only for AM31/AM32. It can not be used for AM30.
G % MOVM [regs],(SP) can not be located in one instruction before this instruction.
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U D I U n n User Extension Instruction

UDFUNnn imm,Dn (nn=00 to 15, 20 to 35)

Operation When nn=00 to 15,
imm op Reg - Reg
Performs an operation on the zero-extended immediate value(imm8 or imm16) or 32-bit immediate
value(imm32) and register Dn, then stores the result in register Dn.
The contents of the operation and flag changes are user defined.
When nn=20 to 35,
imm op Reg
Performs an operation on the zero-extended immediate value(imm8 or imm16) or 32-bit immediate
value(imm32) and register Dn, then stores the result in register Dn.
The result is not written into register Dn and the flags are not changed.
Assembler mnemonic Notes V |C|[N|Z | Size | Cycles
udfnn imm8,Dn When nn=00 to 15, imm8 is zero-extended. S I I 3 User defined
udfnn imm16,Dn When nn=00 to 15, imm16 is zero-extended. ol I B 4 User defined
udfnn imm32,Dn When nn=00 to 15, Rt 6 User defined
udfnn imm8,Dn When nn=20 to 35, imm8 is zero-extended. o |ojd|o 3 User defined
udfnn imm16,Dn When nn=20 to 35, imm16 is zero-extended. o |o|g|o 4 User defined
udfnn_imm32,Dn When nn=20 to 35, 0 |ojgdjg 6 User defined

Flag Changes

When nn =00 to 15
VF: User defined
CF: User defined
NF: User defined
ZF: User defined

When nn =20 to 35
VF: No changes
CF: No changes
NF: No changes
ZF: No changes

‘ Updating of PSW due to flag changes is delayed for one insturuction.
= However, Bcc and Lcc instructions can evaluate flag before reflecting to PSW.

G % "nn=20 to35" is only for AM31/AM32. It can not be used for AM30.

C‘ % MOVM [regs],(SP) can not be located in one instruction before this instruction.
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Chapter 3 Usage Notes

Notes to Programmers

The MN1030/MN103S Series of 32-bit microcontrollers incorporates the following enhancements for boosting
throughput.

« Lower cycle counts

Additional hardware bypasses and augments the five-stage pipeline to increase the execution speeds of such
instructions as Lcc, SETLB, RET, and RETF.

« Higher operating frequencies

Reorganizing the pipeline stages to eliminate the bottlenecks associated with such operations as aligning
and expanding load data has permitted the use of shorter clock cycles.

To help your programs to take maximum advantage of these throughput enhancements, this Chapter describes
the pipeline architecture, dangerous code sequences, code sequences to avoid, and boiler plate code sequences.

1. Pipeline Architecture

This Section covers the structure and operation of the five-stage pipeline incorporated into the MN1030/
MN2103S Series of 32-bit microcontrollers.

2. Dangerous Code Sequences

This Section describes instruction variants and instruction sequences that must be strictly avoided
because they lead to faulty operation.

3. Code Sequences to Avoid

This Section describes instruction variants and instruction sequences that should be avoided not
because they lead to faulty operation, but because they consume excess cycles.

4. Boiler Plate Code Sequences

This Section contains sample code for common programming tasks.
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Pigeline Architecture

The 32-bit microcontrollers in the MN1030/MN103S Series boost throughput with a five-stage pipeline
that, by overlapping instruction processing steps with stages operating in parallel, appears to execute a hew
instruction each machine cycle.

1.1 Pieeline Oeeration

The MN1030/MN103S pipeline has five stages.

‘ \ ‘
IF :instruction fetch : 3
‘
|
|

DEC ) ! 1
| | |
we | | | |
Instruction fetch (IF): This stage reads in the instruction from memory
Instruction decoding (DEC): This stage decodes the instruction. For some branch instructions, it
also calculates the target address.
Execution (EX): This stage performs the calculation or calculates the target address for
the decoded instruction.
Memory access (MEM): This stage accesses memory and updates PSW flags, if required by the
instruction.
Write-back (WB): This stage stores the calculation result in a register. If the instruction

reads in data from memory, this stage aligns it, extends it, and stores the
result in a register.

The instruction fetch and instruction decoding stages access an instruction queue preloaded with instructions
from memory. The instruction decoding stage does not start until this queue contains enough data to decode
and execute the instruction. If the queue is empty (immediately after a branch, for example) or does not have
all the bytes of an absolute address (abs) or immediate value (imm), the instruction decoding stage must wait
at least one cycle.

Instruction queue operation can normally be safely ignored by the programmer because the hardware
automatically controls it. Calculating code execution times, however, requires careful consideration of its
operation.

G For the AM31 and AM32 cores, accessing cachable memory takes both the memory access

and write-back stages. The write-back stage then aligns the data, extends it, and stores the
result in a register.
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1.2 Register-to-Register SRRZ Oeerations

For register-to-register operations, the pipeline stages perform the following operations.

DEC: This stage decodes the instruction.

EX: This stage performs the calculation for the decoded instruction.

MEM : If the instruction updates PSW flags, this stage does so based on the result of the preceding
stage.

WB : This stage stores the result in a register.

The instructions in this group include addition, subtraction, logical operations, and shifts.

‘ ‘ ‘ ‘
IF < >3 next instruction >3 3 3

instruction decodingi !

DEC : ( | 3

calculation | 3 3 |

ex C__ O

. flag updates

write in registers

WB

1.3 Data Load Oeerations

For data load operations, the pipeline stages perform the following operations.
DEC: This stage decodes the instruction.

EX: This stage calculates the load address and determines the corresponding address space.
MEM : This stage loads the data from memory or, if the memory is cachable, initiates cache access.
WB : This stage aligns the data, extends it, and stores the result in a register. If the memory is

cachable, this stage reads the data from the cache before performing this operation.

The instructions in this group include data transfers from memory into a register.

IF < >:< next instruction >

instruction decodingi
|
|
|

DEC | |
address calculationi ‘ 3 3
EX ‘ S s
| 3 memory read ! !
MEM | | | >< >
! ! " alignment/extension/ '

write in registers

WB
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1.4 Data Store Oeerations

For data store operations, the pipeline stages perform the following operations.
DEC:  This stage decodes the instruction.

EX: This stage calculates the store address and determines the corresponding address space.
MEM :  This stage aligns the data and writes it to memory or, if the memory is cachable, initiates
cache access.

WB : This stage does nothing or, if the memory is cachable, writes the data to the cache.

The instructions in this group include data transfers from a register to memory.

IF < >3<next instruction >3 ! ! 3

instruction decoding’ : ! } i

DEC | { | | |

address calculation’ 3 3 3

EX ‘ D 1

! . alignment/ ! | 3

| | write in registers | 1< >;

MEM l l | | !
WB

1.5 Branching Oeerations

For high-speed branching operations, the pipeline stages perform the following operations.
DEC: This stage decodes the instruction and calculates the jump target address for use in fetching the
instruction there during the next machine cycle.

EX: This stage does nothing.
MEM :  This stage does nothing.
WB : This stage does nothing.

Theinstructionsin this group include conditional branches.

IF < target instruction fetch > !
pEC [ : :
1 instruction decoding instruction !

/address calculation
EX \

MEM o X I | )
We i < ) i )

==
=<
L
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For normal branching operations, the pipeline stages perform the following operations.

DEC: This stage decodes the instruction.

EX: This stage calculates the jump target address for use in fetching the instruction there during

the next machine cycle.
MEM :  This stage does nothing.
WB : This stage does nothing.

The instructions in this group include unconditional branches using register indirect addressing.

IF < target instruction fetch >

[y . ! 1 n 0
vinstruction ! ! | instruction
|

Ex decoding < >< >< ><

address calculation
|

i

we { X

1.6 Comelex Instructions

Complex instructions always require multiple cycles for the execution, memory access, and write-back
stages to complete. The pipeline stages perform the following operations.

DEC: This stage decodes the instruction.

EX: This stage performs the calculation for the decoded instruction and calculates the memory
access address or jump target for use in fetching the instruction there during the next

machine cycle.

WB : This stage stores the calculation result in a register or aligns the data read in from memory,
extends it, and stores the result in a register. For some cycles, it can be idle.

The instructions in this group include bit manipulations.

DEC | )

instruction

()

instruction

EX /address calculati

decoding é < >

MEM { X:

we |
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1.7 Seecial Instructions

Certain instructions—Lcc, SETLB, RET, and RETF, for example—reorder the later pipeline stages or bypass
them with additional hardware to increase the execution speed.

Pipeline operation for SETLB

DEC < >§<next instructior}

instruction decoding !

EX

wB

© LIRwriting  LAR writing

Pipeline operation for Lcc

IF {  (target+4) instruction

DEC < >;<target instructir};in

instruction decoding/ |

LIR,LAR wiriting ) :
X L)

MEM |

wB
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1.8 Pieeline Stall

A pipeline stall is any situation interfering with the lockstep execution of the five pipeline stages as de-
scribed above—an instruction whose execution is delayed for hardware reasons or one which cannot begin
execution until a preceding instruction has completed execution.

The following examples illustrate such situations arising with load instructions.

Data loaded required by next instruction Source code.

[Example]

[Theoretical pipeline operation]
mov (a0), do
add do, d1
inc4 a0

[ IMPOSSIBLE pipeline operation ]

| memory read, data calculation start

mov(a0),d0 add do, d1 inc4 a0

pEC | i >1 j

instruction decoding  instruction decodgg  instruction decoding

EX < memory reaélj
a:ddress calculatiqn data calculatipn !
* | A ) )

' memory read

T —

alignment/extension/
write in registers

WB

memory read complete |

In this example, the ADD instruction immediately following the MOV instruction requires the data from
data register DO. This arrangement does not execute as expected because the ADD instruction’s execution
stage is simultaneous with the MOV instruction’s memory access stage, and the data from the latter is not
available until one cycle later. As a result, the ADD instruction would use the old contents of DO—not what
was intended.
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[ Actual pipeline operation ]

1cycle late ’ memory read data calculation star‘

mov(a0), dO add do, d1 inc4 a0 ) ) ‘
pec () > j 1 1
instruction decoding instruction decoding instruction de¢oding i !

emory read/
ata calculation:<

EX ()

address calculation

S

TTa

MEM

we | —

alignment/extension/
write in register

’ memory read complete ‘

To ensure proper operation, therefore, the hardware inserts a 1-cycle delay so that the ADD instruction does
not access DO until the preceding MOV instruction has finished loading it from memory.
This type of gap in pipeline operation is called a pipeline stall.

Pipeline stalls reduce throughput and thus execution speed. One way to eliminate such pipeline stalls is to
separate the two instructions with another—by moving in INC4, in our example. The resulting delay allows
the MOV instruction to load DO from memory by the time that the ADD instruction accesses that register, so
the pipeline does not stall. It goes without saying, of course, that the inserted instruction (INC4 here) must
not trigger a pipeline stall with the MOV instruction.

[ Example ]

[ Rearranged to eliminate pipeline stall ]
mov (a0), do
inc4 a0
add do, d1

[ Pipleline operation (for above example)]

| memory read, data calculation start

mov(a0),d0  add do, d1 inc4a0 | ‘

DEC | ) s | s
instruction decoding  instruction decoding  instruction *coding
EX | ( |

memory read !
data calculation

i
|
i ' i
:address calculation !
i
;
i

‘ i

memory rea

MEM

WB

ST S __

|
alignment/extension/
write in registers

memory read complete
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Dangerous Code Seguences

The following table lists instruction variants and instruction sequences that must be strictly avoided because
they lead to faulty operation.

Leading instruction Following instructjdRelative position] Recommend Section Cores

Load/store instruction The result of the 2-1 AM30
(d8,An), (d16,An),(d32,An), address calculation AM31
(d8,SP), (16,SP),(d32, SP), must be in the
MOV/MOVBU/MOVB/ same memory
MOVHU/MOVH with address space as
addressing mode of (Di, An) the address.

IE/IM writing instruction Instructions AM30
AND imm16,PSW, writing to IE and 2-2 AM31
OR imm186, IM bits (after 2 AM32
PSW, MOV Dm, PSW cycles)

Flag update instruction Flag reference  ffollowing required: more 23 AM30
CLR,ADD(exceptimm,SP) ADDC Dm,Dn, than 1 cycle AM31
ADDC,SUB,SUBC,MULU,| syBC Dm,Dn AM32
DIV,DIVU,INC Dn,CMP, ROR Dm,

AND(except imm16,PSW), ROL Dn,
OR(except imm16,PSW), | Users’ optional
XOR, NOT, BTST, BSET, | for flag refer-
BCLR, ASR, LSR, ASL, |ence*1

ASL2, ROR, ROL,

Users’ defined updating flags

Flag writing instruction Flag reference required: more
AND imm16, PSW, ADDC Dm,Dn following than 2 cycles 2-4 AM30
OR imm16, PSW, SUBC Dm,Dn AM31
MOV Dm, PSW ROR Dn AM32

ROL Dn
Users’ defned
for flag reference?|

AO writing instruction

MOV with AO writing MUL/MULU following required: more 2-5 AM30

ADD writing result in AO than 2 cycles

SUB writing result in AO,
INC, AO, INC4 AO
CALLS label, JSR label

CALLS(d16,PC), 2-6 AM31
JSR(d16,PC) is not
available.
MOVM [regs], (SP) .
users’ optional  {following required: more 2-7 AM31
than 1 cycle
BSET/BCLR
bus unlock: 2-8 AM31
cachable region / AM32

* Availability varies with model.
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The descriptions in this section have the following components.
[ Description ]

These portions describe the problems and include pipeline operation diagrams.

[Icons]

G Warning: This icon indicates warnings that must always be observed.
% % % These indicate the applicable microcontroller cores.
[ Example ]

These portions illustrate the problems with specific coding examples—both problematic versions that do
not execute as expected and revised versions guaranteed to execute properly.

[ Applicable Instructions ]

These portions list the instruction variants and instruction sequences exhibiting the problem.

expected results. If two instructions, A and B, must always be separated by at least one cycle,
they will still execute as expected together if memory location, interrupts, and other factors
conspire to delay the supply of instruction B to the pipeline. For “worst case” reliability,
however, always use the revised version instead.

G The coding examples labeled “problematic” below do not necessarily always fail to yield the

these are not the only candidates. Any instruction in the vicinity that can be moved into the
gap without changing program logic or presenting ordering problems of its own makes a
better candidate.

C For ease of clarification, the coding examples below use NOPs to separate instructions, but
[ |
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2.1 Load/Store Instructions

[ Description ]

To speed memory access, load/store instructions assume that the memory space accessed is that of the base
address, so determine it from that in an operation that runs parallel to the address calculation. If the result is

in a different memory space, however, faulty operation results. To avoid this problem, always make sure that
the base address and the result are in the same memory space.

Notes

address determined

starts for accessed space

;;’uii; accessing space

DEC

instruction decody

EX

i
i
' calculation

MEM ; L)
| memory access

[ Example ]

Problematic Version

mov 0x20, a0
mov (0x80000000,a0), dO

base address address calculation result
a0=0x00000020 a0+0x8000000
=0x8000020
ROM/RAM/Flash memory internal data RAM space  external memory space
with Cache cachable region for daqa uncachable region
| differeat——

This code does not execute as expected because the base address and the result are in different memory spaces.
Revised Version
mov 0x80000000, a0
mov (0x20, a0), dO

base address address calculation result
a0=0x00000020 a0+0x8000000
=0x8000020
ROM/RAM/Flash memoty internal data RAM space  external memory space
with Cache cachable region for data uncachable region

L same—

This code executes without problem because the base address and the result are in the same memory space.

[ Applicable Instructions ]
MOV, MOVBU, MOVB, MOVHU, and MOVH with the following addressing modes

Addressing Modes Base Address
(d8,An)/(d16,An)/(d32,An) An
(d8,SP)/(d16,SP)/(d32,SP SP
(Di,An) An
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2.2 Instructions Writing to IE and IM Bits

[ Description ]

The use of a pipeline means that instructions writing to the interrupt enable (IE) and interrupt mask (IM) bits

in the Processor Status Word (PSW) do not take effect until the write-back stage, two cycles after the execu-
tion stage. To put it another way, these instruction must precede by two cycles the code segment where such
changes—enabling or disabling interrupts, for example—are to take effect.

Within two cycles after executing an instruction to change the IE and IM bits, an interrupt can be accepted
according to the setting before the changes. In this case, the values of PSW saved in the stack on the interrupt
are based on the values after the instruction changed.

IE/IM update in effect

instruction decoding :
EX ) 1
MEM <:>

Wwe " write to PSW

|
[ Example ] complete

Problematic Version
and Oxf7ff,psw
mov (a0),do or
and Oxf7ff,psw
nop
mov (a0),do

Although the intention is to disable interrupts, because of the delay in updating the IE bit in the PSW, interrupts
are still enabled when the MOV instruction starts executing.

Revised Version
and Oxf7ff,psw
nop
nop
mov (a0),do

Here the MOV instruction can never be pre-empted by an interrupt.
[ Applicable Instructions ]
AND imm16,PSW, OR imm16,PSW, MOV Dm,PSW
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2.3 Sequences Updating and Referencing PSW Flags

[ Description ]

The use of a pipeline means that instructions updating PSW flags do not take effect until the memory access
stage, one cycle after the execution stage. There must, therefore, be a gap of at least one cycle before any
instructions can correctly reference those PSW flags.

Notes
updating flag available
one cycle gap
instruction updating PSW flags instruction refering PSW flags
L2 oec ()
instruction decoding | instruction decoding ‘

x o —

'\ caleulation T calculation i 3
3 flag detemination w i i
WB | | D B

flag updates complete

[ Example]

[ Problematic Version ]
add do,d1
addc d2,d3
Because the ADDC instruction starts executing before the ADD instruction has updated the carry flag, it
uses the old contents of the carry flag.

[ Revised Version |
add do,d1
nop
addc d2,d3

The ADDC instruction uses the properly updated contents of the carry flag.

[ Applicable Instructions ]

<Instructions setting PSW flags> CLR; ADDC; SUB; SUBC; MUL; MULU; DIV, DIVU; CMP;
XOR; NOT; BTST,; BSET; BCLR; ASR; LSR; ASL; ASL2; ROR;
ROL; ADD (except ADD imm, SP) AND (except AND imm16,
PSW) INC Dn OR (except OR imm16, PSW) User defined
instructions setting PSW flags*

<Instructions referencing PSW flags> User defined instructions referencing PSW flags*
(Availability varies with model. )
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2.4 Seguences Writing to and Referencing PSW Flags

[ Description ]
The use of a pipeline means that instructions writing to PSW flags do not take effect until the write-back

stage, two cycles after the execution stage. There must, therefore, be a gap of at least two cycles before any

instructions can correctly reference those PSW flags.

DEC

EX

MEM

WB

[ Example ]

instruction refering
PSW flags

P

2cyclesgap

instruction writing to
PSW flag

instruction decodingi

S -

calculation | calculation

flag updates
complete

Problematic Version

mov do,psw

addc d2,d3 or
mov do, psw

nop

addc d2,d3

Because the ADDC instruction starts executing before the MOV instruction has updated the carry flag,
it uses the old contents of the carry flag.

[ Revised Version ]

mov do,psw
nop

nop

addc d2,d3

The ADDC instruction uses the properly updated contents of the carry flag.

[ Applicable Instructions ]

<Instructions writing to PSW flags> AND imm16, PSW; OR imm16, PSW; MOV Dm, PSW
<Instructions referencing PSW flags> User defined instructions referencing PSW flags*

(* Availability varies with model.)
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2.5 MUL/MULU after Write to AO

[ Description ]

To boost execution speed, the AM30 versions of the MUL and MULU instructions modify pipeline opera-
tion in a way that interacts with the address register AO. As a result, there must be a gap of at least two cycles
after any instruction that writes to AO before these two instructions. Example

[Example ]
[ Problematic Version ]
mov 0x12345678,a0
mul do,d1 or
mov 0x12345678,a0
nop
mul do,d1

Assembling the source file (program.asm) containing the above code with the -mno-nopmul command
line option produces object code reflecting the source code exactly as written—

| as103 -mno-popmul program.asm

that is, no additional NOPs. This object code, however, does not always perform as intended.

[ Revised Version |
mov 0x12345678,a0
nop
nop
mul do,d1

Inserting the necessary NOPs or assembling the source file with the -mnopmul command line option
produces object code with the necessary two-cycle gap and thus guaranteed to execute properly.

| as103 -mnopmul program.asm

specifying these options is to insert two NOPs between Instruction writing to Ao and MUL/
NULU and generate the object files.

The assembler defaults to the -mnopmul command line option.

(1

[ Applicable Instructions ]
<Instruction writing to A0> all MOV, ADD, and SUB instructions writing to AO; INC AO; INC4 A0
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2.6 Diselacements with CALLS and JSR SAM31 Onlxz

|
[ Description ]

Notes To boost execution speed, the AM31 versions of the CALLS and JSR instructions modify pipeline operation
in a way that prevents the use of 16-bit displacements. The CALLS (d16, PC) and JSR (d16, PC) variants are
not available, so use the d32 variants instead.

The command line option for disabling the use of such 16-bit displacements is -mlongcalls.

[ Example ]
Assembling the source file (program.asm) containing the above code with the -mlongcalls command
line option produces object code reflecting the source code exactly as written—

as103 -mlongcalls program.asm

specifying these option is to generate the object files as CALL(d32,PC) or JSR(d32,PC) without using
CALLS(d16,PC) ir JSR(d16,PC)

[ Applicable Instructions ]

CALLS (d16,PC), JSR (d16,PC)

Dangerous Code Sequences 117



Chapter 3 Usage Notes

2.7 User Defined Instructions after MOVM [regs], (SP) (AM31 Onl

G [ Description ]

Notes 10 boost execution speed, the AM31 version of MOVM [regs], (SP) modifies pipeline operation in a way
that introduces a structural dependency with immediately following user defined instructions (UDFnn and

m UDFUNN). As a result, there must be a gap of at least one cycle between the two.

[ Example]

[ Problematic Version ]
movm [regs], (SP)
udf0o do, d1

Assembling the source file (program.asm) containing the above code with the -mno-nopmovm com-
mand line option produces object code reflecting the source code exactly as written—

as103 -mno-nopmovm program.asm

that is, no intervening NOP. This object code, however, does not always perform as intended.

[ Revised Version |

movm [regs], (SP)
nop
udfoo do, d1

Inserting the necessary NOP or assembling the source file with the -mnopmovm command line option
produces object code with the necessary one-cycle gap and thus guaranteed to execute properly.

as103 -mnopmovm program.asm

Specifying these options is to insert one NOP between MOVM][regs],(SP) and UDFnn/UDFUnn and
generates the object files.

( The assembler defaults to the -mnopmovm command line option.
[ ]

[ Applicable Instructions ]
<Leading instruction> MOVM][regs], (SP)
<User defined instructions> (UDFnn and UDFUNN)*
(* Availability varies with model. )
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2.8 BSET and BCLR with Cachable External Memorx
G [ Description ]

The bit manipulation instructions BSET and BCLR, because of their importance to semaphore management,
normally lock the bus for exclusive CPU use while they execute. The AM31 and AM32 versions, however,

% do not lock the bus for operations on data in the cachable region of external memory because the operations
bypass the bus, accessing the cache, not the memory itself.

% [ Applicable Instructions ]

BSET, BCLR

Notes
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Code Seguences to Avoid

The following table lists instruction variants and instruction sequences that should be strictly avoided because
they lead to pipeline stalls and thus lower throughput.

Leading instruction | Following instruction | Relativeposition Recommend Section Cores

Instructions needs i i allocate in cachable region 31 AMS0/

to execute with of locked external memory AM31

high-speed space AM32

Loard/Store _ ) The result of the address 3-2 AM32

(d8,An),(d16,An), calculation should be in the

(d32,An), (d8,SP) same memory address

(d16,5P),(d32,SP), space as the address in the

MOV/MOVB/ base register.

MOVB/MOVHU/

MOVH with

addressing mode of

(Di,An)

Lce all instructions target(branch) | Arrange short instructiong 3-3(1) AM30/
with low per-cycle AM31
consumption rates at AM32
branch target (start of 3-3(2) AM30/

target(branch loop) at 8n-4+m for small AM31AM32

except Lcc values of m.

following Arrange short instructions 3-3(3) AM30/

Bcc and Lcc . AM31
with low per-cycle con
sumption rates at branch tar- AMS32
get at 8n+m for small val-
ues of m.

Arrange short instructiong 3-3(4) AM30/
all except target )

(branch) with low per-cycle AM31
consumption rates AM32
immediately after branch
instruction.

Loard Instructions using | following insert 2 cycles Am31/

(DCBYPS=0in loaded data, without 3-4(2) AM32

cachable region of imm32/d32/abs32

the external memofynStructions using insert 1 cycle 3-4(2) Am31/

space) loaded data, with AM32

d32

instructions storing insert 1 cycle 3-4(3) Am31/
loaded data without AM32
d32/abs32
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Leading instruction Following instruction Relativeposition Recommend Section| Cores
Loard instructions using word data following . 3-4(4) |AM30/AM31
. insert 2 cycles
(DCBYPS=1in |loaded by LDUSE bit=1 AM32
cachable region of | without imm32/d32/abs32
the extenal memory |instructions using word data insert 1 cycle 3-4(5) AMZ0/AM3L
space, uncachable |loaded by LDUSE bit=1, with AMIZ2
region of the extenal |[d32
memory, instructions using word data 3-4(6) |AM30/AM31
ROM space, loaded,by LDUSE bit=0, without . AM32
insert 1 cycle
RAM space, imm32/d32/abs32
I/O space, or instructions using byte/half-byte 3-4(7) | AM30/AM31
uncachable in the | data loaded without imm32/d32/ ' AM32
insert 2 cycles
external memory abs32
space) instructions us.lng byte/half-byte insert 1 cycle 3-4(8) ::\‘:;g”'\""“l
data loaded with d32
instructions storing loaded datg, S RTTOTARTT
withd32/abs32 insert 1 cycle | 3-4(9) | \1130
DIV/DIVU instructionsusing contents of Dh  following
(dividend equals as Q¥or leading DIV/DIVU, without insert 2 cycle | 3-5(1) |AM30/AM31
imm32 d32/abs32 AM32
instructions using contents of Dn
for leading DIV/DIVU insert 1 cycle | 3-5(2) |AMSUAMS1
instructions storing contents of Dn AM32
for leading DIV/DIVU, without insert 1 cycle | 3-5(3) |AM30/AM31
imm32/d32/abs32 AM32
SETLB Lcc following insert 3 cycles AM30/AM31
3-6(1) AM32
MOVM(SP),regs following insert 3 cycles| 3-6(2) |AM30/AM31
RET/RETF return AM32
MOVM(SP), regs SETLB following insert 1 cycle| 3-7 |AM30/AM31
RET/RETF return AM32
MOV Dm,MDR RETF following insert 3 cycles| 3-8(1) |AM30/AM31
EXT, MUL/MULU AM32
DIV/DIVU following insert 2 cycles| 3-8(2) |AM30/AM31
CALL/CALLS target (branch) AM32
MOVM(SP),regs following insert 3 cycles| 3-8(3) |AM30/AM31
RET/RETF return AM32
CALL/CALLS MOV MDR,Dn target(branch)| insert 2 cycles| 3-9 |AM30/AM31
DIV/DIVU AM32

Code Sequences to Avoid 121




Chapter 3 Usage Notes

The descriptions in this section have the following components.
[ Description ]

These portions describe the recommendations—with pipeline operation diagrams as necessary.

[Icons ]
High-speed: This icon indicates a recommendation for boosting throughput by avoiding pipeline
stalls.
High-speed
% % % These indicate the applicable microcontroller cores.
[ Example ]

These portions illustrate the recommendations with specific coding examples—both problematic versions
that produce pipeline stalls and revised versions that run faster by avoiding pipeline stalls.

[ Applicable Instructions |

These portions list the instruction variants and instruction sequences covered by the recommendation.

For ease of clarification, the coding examples below avoid pipeline stalls by moving INC
G instructions, but these are not the only candidates. Any instruction in the vicinity that can be
. moved into the gap without changing program logic or presenting ordering problems of its
own makes a suitable candidate.
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3.1 Time-Critical Code

[ Description ]

High-speed 1 oxract maximum performance from the pipeline, the hardware must be able to fetch instructions

1%fast enough to keep the instruction queue supplied. This means, in turn, locating interrupt handlers
and other portions requiring the fastest response as well as libraries and other frequently used portions
in the internal program ROM, internal RAM, or cachable portions of external memory. Models with

%onboard cache, for example, can enjoy a performance boost by locking the cache with the external
memory containing such code.

[ Example ]
_TEXT section CODE, PUBLIC,1
sub_func
mov 0,d0
rts
end

The following command line relocates the machine code for the above source code (program.asm) to
boost its execution speed.

as103-o program.rf program.asm
|[d103-T@CODE=50000000 -0 program.ex program.rf

The above command line generates an executable file (program.ex) with the corresponding machine
code starting at address 0x50000000. For a model with onboard ROM, RAM, and Flash memory, the

best choice of address is within the internal program ROM; for a model with onboard cache, in the
cachable portions of external memory.

Code Sequences to Avoid 123



Chapter 3 Usage Notes

3.2 Load/Store Instructions

[ Description ]

High-speed  To speed memory access, load/store instructions assume that the memory space accessed is that of
the base address, so determine it from that in an operation that runs parallel to the address calcula-

% tion. If the result is in a different memory space, however, the hardware must repeat the memory
space determination, a step that takes an additional cycle. For maximum throughput, always make
sure that the base address and the result are in the same memory space.

start of memory space access address
determination available

oec ()

instruction decoding

EX

calculation

MEM 3 <:>

! memory access

e )

[ Example]
[ Problematic Version ]
mov 0x20,a0
mov (0x80000000,a0),d0
base address address calculation result
a0=0x00000020 a0+0x8000020
ROM/RAM/Flash memory internal data RAM spa¢e external memory space
with Cache cachable region for data  uncachable region

I— differem—,

This code executes slower because the base address and the result are in different memory

spaces.
[ Revised Version |
mov 0x80000000,a0
mov (0Ox20,a0).d0
base address address calculation result
a0=0x80000000 0x20+a0=0x80000020
ROM/RAM/Flash memory internal data RAM space external memory space
with Cache cachable region for daqa uncachable region

I— same

This code executes at maximum speed because the base address and the result are in the same
memory space.

[ Applicable Instructions ]

MOV, MOVBU, MOVB, MOVHU, and MOVH with the following addressing modes

Addressing mode base address
(d8,An)/(d16,An)/(d32,An) An
(d8,SP)/(d16,SP)/(d32,SP SP
(Di,An) An
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3.3 Instructions Following Branch and Other Instructions

(1) Lcc Branch Targets

[ Description ]

Because the instruction fetch hardware uses 8-byte alignment and the Loop Instruction Register (LIR)
holds the first four bytes of the loop, arranging short instructions with low per-cycle consumption

rates at the branch target (start of loop) at addresses 8n-4+m for small values of m produces higher
throughput.

[ Example ]
align 8
mov 0x00,a0
clr do
setlb
mov do,(a0) linstruction at address 8n-4
mov do,(0x10,a0)
mov do,(0x20,a0) :instruction at address 8n
mov do,(0x30,a0)
inc4 a0
cmp 0x10,a0
It

Instruction at address 8n The above example shows a branch target at an address four bytes before a
fetch boundary (8n-4). The SETLB instruction therefore loads the Loop Instruction Register (LIR)
with the two instructions MOV DO, (A0) and MOV DO, (0x10,A0) and the Loop Address Register
(LAR) with the boundary address (8n). When the Lcc instruction (LLT in this example) starts execut-

ing these instructions, it also simultaneously triggers a fetch of a full eight bytes, ensuring an ample
supply of instructions and thus preventing a pipeline stall—for models using onboard ROM for in-
structions and onboard RAM for data and onboard cache models with no hits, anyway.

[ Applicable Instructions ]

<Leading instruction> Lcc
<Target(branch)> any instructions
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High-speed

-
o
-
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(2) Branch Targets Other than Lcc
[ Description ]

Because the instruction fetch hardware uses 8-byte alignment, arranging short instructions with low
per-cycle consumption rates at the branch target at addresses 8n+m for small values of m produces

higher throughput.

[ Example ]
align 8
nop
nop
nop
nop
nop
mov 0x00,a0
clr do

LABEL mov do,(a0) sinstruction at address 8n

mov do,(0x10,a0)
mov do,(0x20,a0)
mov do,(0x30,a0)
inc4 a0
cmp 0x10,a0
bit LABEL

The above example shows a branch target at a fetch boundary (8n). When the branch instruction (BLT
in this example) starts executing these instructions, it triggers a fetch of a full eight bytes, ensuring an
ample supply of instructions and thus preventing a pipeline stall—for models using onboard ROM
for instructions and onboard RAM for data and onboard cache models with no hits, anyway.

[ Applicable Instructions ]

<Leading instruction> Bcc, JMP, CALL, CALLS, RET, RETF, RETS, RTI, TRAP
<Target(branch)> Any instructions
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(3) Instructions Following Bcc or Lcc
[ Description ]

Arranging short instructions with low per-cycle consumption rates after a conditional branch in-
struction maximizes supply, producing higher throughput.

[ Example]
blt LABEL
mul do,d1 Two-byte instruction requiring multiple cycles to execute

The above example shows a MUL instruction executed when the branch instruction (BLT in this
example) fails. Because the instruction requires multiple cycles, the core has time to fetch more
instruction bytes, ensuring a better supply and thus higher throughput.

[ Applicable Instructions |
< Leading instruction> Bcc or Lec
<Target(branch)> Any instructions

(4)Instructions Following Non-Branch Instructions

[ Description ]

Grouping long instructions together risks having instruction queue consumption outstrip supply.
For higher throughput, try to even out the consumption rate.

[ Example ]
mov 0x12345678,d0 six-byte instruction
mov (a0),d1 one byte instruction
inc do one byte instruction
add do,d1 one byte instruction
mov 0x9abcdef0,d2 six-byte instruction

The above example shows such a separation. This arrangement evens out the consumption rate,
preventing pipeline stalls with the longer instructions and thus delivering higher throughput.

[ Applicable Instructions ]

<Leading instruction> Any instruction except Bcc, Lcc, IMP, CALL, CALLS, RET, RETF,
RETS, RTI, TRAP

<Target(branch) Any instructions
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3.4 Instructions FoIIowinc_) Load Instructions

Load instructions normally require two cycles (memory access and write-back stages) to retrieve
the data from memory, so closely following instructions requiring that data for operands can stall
the pipeline.

Load instructions accessing cachable external memory initiate the cache access during the memory
access stage and retrieve the data from the cache during the write-back stage. Those accessing other
memory types (uncachable external memory, internal ROM, internal RAM, internal 1/O region, or
external memory for models without onboard cache) retrieve the data from memory during the
memory access stage and align, extend, and write that data to a register during the write-back stage.

Setting the DCBYPS bit in the core’s Memory Control Register (MEMCTRC) to “1” can, for mod-
els with operating frequencies low enough, shorten the cache initiate and retrieve process to a single
cycle in certain circumstances. For further details, refer to the documentation for the particular
device.

Setting the LDUSE bit in MEMCTRC to “0” makes a word (imm32, d32, or abs32) available for a
calculation (address or otherwise) in following instructions after a single cycle for the following
memory types (abbreviated to “any” in the rest of this section): cachable external memory with
DCBYPS =1, uncachable external memory, internal ROM, internal RAM, internal 1/O region, and
external memory for models without onboard cache—in other words, all types except cachable
external memory with DCBYPS = 0. For further details, refer to the documentation for the particu-
lar device.

(1) Cachable Memory, DCBYPS = 0, Follower without imm32/d32/abs32
_ [ Description ]

the loaded data other than as imm32, d32, or abs32 in its calcul

12

To prevent pipeline stalls, we recommend inserting at least two cycles when the DCBYPS bit is
“0,” the leading instruction accesses cachable external memory, and the following instruction uses

cache data
available

2cyclesgal ) —— .
yclesgap register-to-register instruction
load without 32-bit immediate valug,
DEC [ | 1 -

instruction decodingf ! | instruction |
! ! ! decoding !
EX L) : : :
' calculation | ' cache readout, |

| I | | data calculation | i
MEM 3 L s (N

cache access | | |

" — | =

cache readout/
alignment/extension
of memory data/
register write cache readout
complete
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[ Example ]
Problematic Version
inc a2
mov (a0),d0 : Load instruction
inc a3
add di,do . Instruction using loaded data other than as imm32, d32 or abs32
or
inc a2
inc a3
mov (a0),d0 : Load instruction
add d1,do I: nstruction using loaded data other than as imm32, d32 or abs32
Retrieving and aligning the data from the cache takes two cycles, so the pipeline stalls until
the data loaded with the MOV instruction is available to the ADD instruction.
Revised Version
mov (a0),do : Load instruction
inc a2
inc a3
add d1,do . Instruction using loaded data other than as imm32, d32 or abs32

The data loaded with the MOV instruction is available to the ADD instruction, so the pipeline
does not stall.

[ Applicable Instructions ]

<Leading instruction>

All load variants of MOV, MOVBU, MOVB,* MOVHU, and MOVH*
(* The MOVB Mem, Reg and MOVH Mem, Reg variants require only a one-

cycle gap.)

<Following instruction>  Any instruction using the loaded data other than as imm32, d32, or abs32 in its

calculations except the following; MOV PSW,Dn, MOV Dm,PSW,
AND imm16,PSW, OR imm16,PSW, Bcc, Lcc, JIMP, TRAP, NOP.

Here cachable external memory refers to the cachable portions of AM31 or AM32 external
G memory.
[ ]
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High-speed

w_—
-

DEC

MEM

WB

130

(2) Cachable Memory, DCBYPS = 0, Follower with d32

[ Description ]

To prevent pipeline stalls, we recommend inserting at least one cycle when the DCBYPS hit is “0,”
the leading instruction accesses cachable external memory, and the following instruction uses the

data together with a 32-bit displacement [imm327?] operar-

cache data
available
Loycle gap register-to-register instruction
load with 32-bit immediate value

instruction

| —

! cache readout, |

instruction decoding, i 32-bit immediate |

! ' value read

) |

1<:> | |

' calculation ! |
| |
i i
‘<:>‘
| |

i i
1 cache access |

<:>T

cache readout/
alignment/extension
of memory data/
register write

cache readout

1 data calculation ;<:>} |

[ Example ] complete
[ Problematic Version ]
inc al
mov (a0),do Load instruction
add 0x12345678,d0 Instruction using loaded data and 32-bit
displacement d32 operand
Retrieving and aligning the data from the cache takes one cycle, so the pipeline stalls
until the data loaded with the MOV instruction is available to the ADD instruction.

[ Revised Version ]

mov (a0),d0 Load instruction
inc al
add 0x12345678,d0

displacement d32 operand

Instruction using loaded data and 32-bit

<Leading instruction>
<Following instruction>

The data loaded with the MOV instruction is available to the ADD instruction, so the

pipeline does not stall.

[ Applicable Instructions ]

All load variants of MOV, MOVBU, and MOVHU
MOV, MOVBU, and MOVHU variants with 32-bit operands (d32).

external memory.

(1

Here cachable external memory refers to the cachable portions of AM31 or AM32
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(3) Cachable Memory, DCBYPS = 0, Follower Storing without d32/abs32

High-speed
To prevent pipeline stalls, we recommend inserting at least one cycle when the DCBYPS bit is “0,”

the leading instruction accesses cachable external memory, and the following instruction stores the
data without using a d32 or abs32 operand.

[ Description ]

-
-

cache data
available

1eycle gal Store instruction
load ycle gap without 32-bit immediate value

instruction decoding; I instruction

calculation calculation

DEC

MEM L) ) s
3 cache access | | cache access 3 3
WB S )
cache readout/ T write cache
alignment/extension readout-data
of memory data/
register write cache readout
complete
[ Example ]
[ Problematic Version ]
inc al
mov (a0),d0  Load instruction
mov do,(al) Instruction storing loaded data without d32/abs32 operand
Retrieving and aligning the data from the cache takes one cycle, so the pipeline stalls
l until the data loaded with the first MOV instruction is available to the second MOV
instruction.

[ Revised Version |

mov (a0),d0  Load instruction
inc al
mov do,(al)

Instruction storing loaded data without d32/abs32 operand

The data loaded with the first MOV instruction is available to the second MOV instruc-
tion, so the pipeline does not stall.

[ Applicable Instructions ]

All load variants of MOV, MOVBU, and MOVHU
MOV, MOVBU, MOVB, MOVHU, and MOVH store without d32/abs32
operands

<Leading instruction>
<Following instruction>

(1

Here cachable external memory refers to the cachable portions of AM31 or AM32
external memory.
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High-speed

-
-
-
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(4) Other Memory, LDUSE = 1, Word Data, Follower without imm32/d32/abs32
Here “other” means all memory types except cachable external memory with DCBYPS = 0.

[ Description ]

To prevent pipeline stalls, we recommend inserting at least two cycles when the LDUSE bit is “1,”
the leading instruction loads a word, and the following instruction uses the loaded data other than as
imm32, d32, or abs32 in its calculations.

cache/memory
readout-data available

RP without 32-bit

2-cycle ga|
load vele gap immediate value
instruction decoding | instruction 7 !
| i ! decoding ! !
ex — | —

. ! !
calculation ! ! calculation | cache/memory

3 ; ! ! readout/ | i
MEM ! ;<:>‘ | cache access (:>3

|
' cache/memory |
|

f S . ? ()
wB s | | ? | ;

I
alignment/extension
of memory data/
register write

alignment/extension

[ Example ] ey data
[ Problematic Version ]

inc a2

mov (a0),d0  Load instruction

inc a3

add d1,do Instruction using loaded data other than as imm32, d32 or
abs32
or

inc a2

inc a3

mov (a0),d0  Load instruction

add di,do Instruction using loaded data other than as imm32, d32 or
abs32

Retrieving and aligning the data from the cache or memory takes two cycles, so the pipeline

stalls until the data loaded with the MOV instruction is available to the ADD instruction.

[ Revised Version ]

mov (a0),d0  Load instruction

inc a2

inc a3

add d1,do Instruction using loaded data other than as imm32, d32 or
abs32

The data loaded with the MOV instruction is available to the ADD instruction, so the pipeline
does not stall.

[ Applicable Instructions ]

<Leading instruction> All load variants of MOV

<Following instruction> Any instruction using the loaded data other than as imm32, d32, or abs32
in its calculations except the following; MOV PSW,Dn , MOV Dm,PSW,
AND imm16,PSW, Bcc, Lcc, JMP, TRAP, NOP.
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(5) Other Memory, LDUSE = 1, Word Data, Follower with d32

Here “other” means all memory types except cachable external memory with DCBYPS = 0.

[ Description ]

To prevent pipeline stalls, we recommend inserting at least one cycle when the LDUSE bit is “1,” the leading
instruction loads a word, and the following instruction uses the data together with a 32-bit displacement [imm327?]

-
% operand.
-

cache/memory
readout-data available

RP without 32-bit

1 cycl
load eyele gap immediate value | .
DEC [ e X ) 1 s
instruction decodingi 332-bit immediate | instruction ! ! |
! 'value readout |  decoding | 3 3
EX L) s ) ;
3 calculation 3 3 3 cache/memory | 1
| | | | readout/ | 3
MEM ; ) eenenoess I
3 ' cache/memory ! ! | !
wB ! !
' alignment/extension ‘
of memory data/
register write
alignment/extension
of memory data
complete
[ Example ]
[ Problematic Version ]
inc al
mov (a0),d0 Load instruction
add 0x12345678,d0 Instruction using loaded data and 32-bit displacement
operand
Retrieving and aligning the data from the cache or memory takes one cycle, so the pipeline
stalls until the data loaded with the MOV instruction is available to the ADD instruction.
[ Revised Version ]
mov a(0),do Load instruction
inc al
add 0x12345678,d0 Instructions using loaded data and 32-bit

displacement operand

The data loaded with the MOV instruction is available to the ADD instruction, so the pipeline
does not stall.

[ Applicable Instructions ]

<Leading instruction> All load variants of MOV

<Following instruction > MOV, MOVBU, and MOVHU variants with 32-bit displacement
operands, ADD imm32,Dn, OR imm32,Dn, XOR imm32,Dn,
BTST imm32,Dn, UDFnn imm32,Dn, UDFUnNn imm32,Dn.
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(6) Other Memory, LDUSE = 0, Word Data, Follower without imm32/d32/abs32
M} Here “other” means all memory types except cachable external memory with DCBYPS = 0.

cache/memory
readout-data available

RP without 32-bit
immediate value

% To prevent pipeline stalls, we recommend inserting at least one cycle when the LDUSE bit is “0,”
load

the leading instruction loads a word, and the following instruction uses the loaded data other than
as imm32, d32, or abs32 in its calculations.

DEC [

instruction decoding, | instruction

! 3 decoding | 3
EX ) )

calculation ! | cache/memory !

3 S A
MEM ! ! ! cache access | !

I
|
! ' cache/memory | ! ! |
wB | | | | i
! ! alignment/extension !
of memory data/

register write

1 cycle gap

High-speed [ pegcription ]
E

memory readout

complete
[ Example ]
[ Problematic Version ]
inc al
mov (a0),d0 Load instruction
add d1,do Instruction using loaded data other than as imm32, d32
or abs32.

Retrieving and aligning the data from the cache or memory takes two cycles, so the
pipeline stalls until the data loaded with the MOV instruction is available to the ADD

instruction.
[ Revised Version |
mov (a0),do Load instruction
inc al
add d1,do Instruction using loaded data other than as imm32, d32
or abs32.

The data loaded with the MOV instruction is available to the ADD instruction, so the
pipeline does not stall.

[ Applicable Instructions ]

<Leading instruction> All load variants of MOV

<Following instruction>  Any instruction using the loaded data other than as imm32, d32, or
abs32 in its calculations except the following; MOV PSW,Dn,
MOV Dm,PSW, AND imm16,PSW, OR imm16,PSW, Bcc, Lcc,

JMP, TRAP NOP.
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High-s
g [ Description ]

d32, or abs32 in its calculations.

009

2-cycle gap
load

Chapter 3 Usage Notes

(7) Other Memory, Non-Word Data, Follower without imm32/d32/abs32
Here “other” means all memory types except cachable external memory with DCBYPS = 0.

To prevent pipeline stalls, we recommend inserting at least two cycles when the leading instruction
loads a byte or half-word, and the following instruction uses the loaded ¢ imm32,

memory
readout-data available

RP without 32-bit
immediate value

instruction

SO s SN - B S R

instruction decoding,

EX

calculation

MEM

(D

| |
| |
! . cache/memory
| |

(s )
! . cache access | i

cache/memory |
|

alignment/extension
of memory data/
register write

alignment/extension
complete

[ Example ]
[ Problematic Version ]

inc al
movbu (a0),do
inc a2
add d1,do
or
inc al
inc a2
movbu (a0),do
add d1,do

Load instruction
Instruction using loaded data other than as imm32, d32
abs32

or

Load instruction
Instruction using loaded data other than as imm32, d32
or abs32

Retrieving and aligning the data from the cache or memory takes two cycles, so the
pipeline stalls until the data loaded with the MOV instruction is available to the ADD

instruction.

[ Revised Version ]

movbu (a0),d0
inc al
inc a2

add d1,d0 Instruction using loaded data other than as imm32, d32 or abs32.

Load instruction

The data loaded with the MOV instruction is available to the ADD instruction, so the
pipeline does not stall.
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[ Applicable Instructions ]

<Leading instruction> All load variants of MOV, MOVBU, MOVB,* MOVHU, and
MOVH* (* The MOVB Mem, Reg and MOVH Mem, Reg variants
require only a one-cycle gap.)

<Following instruction>  Any instruction using the loaded data other than as imm32, d32, or
abs32 inits calculations except the following; MOV PSW,Dn,
MOV Dm,PSW, AND imm16,PSW, OR imm16,PSW, Bcc, Lcc, JMP,
TRAP, NOP.
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(8) Other Memory, Non-Word Data, Follower with d32
Here “other” means all memory types except cachable external memory with DCBYPS = 0.

[ Description ]

To prevent pipeline stalls, we recommend inserting at least one cycle when the leading instruction

loads a byte or half-word, and the following instruction uses the « vith a 32-bit displace-

ment [imm327?] operand.

1 cycle gap

load
S S P
instruction decoding;
EX
MEM
WwB
[ Example ]

cache/memory
readout-data available

RP without 32-bit
immediate value

i

132-bit immediate |

‘<:>: value readOUt
| |

| |

| |

|

|

calculation

| readout

alignmen

| cache/memory |
|

i
t/extension |
of memory data/

register write

instruction
decoding

| cache/memory | 3

| cache access
|

alignment/extension
of memory data
complete

inc
movbu
add

[ Problematic Version ]

al
(a0),do
0x12345678,d0

Load instruction
Instruction using loaded data and 32-bit

displacement operand

Retrieving and aligning the data from the cache or memory takes one cycle, so the

pipeline stalls until the data loaded with the MOVBU instruction is available to the

ADD instruction.
[ Revised Version ]

movbu
inc
add

(a0),do
al
0x12345678,d0

Load instruction

Instruction using loaded data and 32-bit
displacement operand

The data loaded with the MOVBU instruction is available to the ADD instruction, so
the pipeline does not stall.

[ Applicable Instructions ]

All load variants of MOVBU and MOVHU
MOVBU, MOVBU, and MOVHU variants with 32-bit displacement
operands; ADD imm32,Dn/An/SP, SUB imm32,Dn/An,
CMP imm32,Dn/An, AND imm32,Dn, OR imm32,Dn,
XOR imm32,Dn, BTST imm32,Dn, UDFnn imm32,Dn,
UDFUnn imm32,Dn

<Leading instruction>
<Following instruction>
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(9) Other Memory, Follower Storing without d32/abs32
Here “other” means all memory types except cachable external memory with DCBYPS = 0.

High- o
'gh-speed [ Description ]

To prevent pipeline stalls, we recommend inserting at least one cycle when the following instruction
stores the data without using a d32 or abs32 operand.

cache/memory
readout-data available

Store instruction

1 cycle gap without 32-bit
load immediate value |
—> | | |
pEC () : :
instruction decoding | instruction : | |
| . decoding | |
EX ) { ) :
3 calculation 3 3 calculation : !
MEM ‘ ) () :
3 ! cache/memory | 1 cache/memory !
! ' readout | | readout/ | |
e | | T
alignment/extension
of memory data/
register write
alignment/extension
of memory data
complete
[ Example ]
[ Problematic Version |
inc al
movbu (a0),d0 Load instruction
mov  dO0,(al) Instruction storing loaded data without d32/abs32 operand

Retrieving and aligning the data from the cache or memory takes one cycle, so the

pipeline stalls until the data loaded with the MOVBU instruction is available to the

MOV instruction.
[ Revised Version ]

movbu  (a0),d0 Load instruction
inc al
mov do,(al) Instruction storing loaded data without d32/abs32 operand

The data loaded with the MOVBU instruction is available to the MOV instruction, so
the pipeline does not stall.
[ Applicable Instructions ]

<Leading instruction> All load variants of MOVBU and MOVHU
<Following instruction> MOV, MOVBU, MOVB, MOVHU, and MOVH store without d32/
abs32 operands.
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3.5 Instructions FoIIowing DIV/DIVU with Zero Dividend

The DIV and DIVU instructions minimize their execution times by minimizing the size of the divi-
dend in bytes, but they still require a minimum of two cycles to store, during their write-back stage,
the result in the destination data register (Dn)—even when the dividend, originally in Dn, is 0 and the
result, stored in the same register, is the same.

(1) Follower without imm32/d32/abs32

S

Description
High-speed [ Description ]

To prevent pipeline stalls, we recommend inserting at least two cycles when the leading divide
instruction has a zero dividend and the following instruction uses the result (Dn) other than as imm32,
d32, or abs32 in its calculations.

data register available

009

DIV/DIVU

2-cycle gaj
final cycle yele gap RR !
b [ ) o~ Y

instruction decoding ! I instruction

register readout ! 1 decoding : :
EX L) : )

calculation

— |
wo —

‘
data register write ?

data register write

complete
[ Example ]
[ Problematic Version ]

clr do

mov d0o,mdr

mov 0x05,d1

inc a0

div di,do DIV/DIVU

inc al

add di,do Instruction using result(dn) other than as imm32, d32 or
abs32
or

clr do

mov dO,mdr

mov 0x05,d1

inc a0

inc a0

inc al

div d1,do DIV/DIVU

add di,do Instruction using result(Dn) other than as imm32, d32 or
abs32

Storing the result takes two cycles, so the pipeline stalls until the result of the divide
instruction is available to the ADD instruction.
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[ Revised Version ]
clr do
mov do,mdr
mov 0x05,d1
div di,do DIV/DIVU
inc a0
inc al
add d1,do Instruction using result (Dn) other than as imm32, d32
or abs32

The result of the divide instruction is available to the ADD instruction, so the pipeline
does not stall.

[ Applicable Instructions ]

<Leading instruction> DIV/DIVU instruction with zero dividend

<Following instruction>  Any instruction using the result (Dn) other than as imm32, d32, or abs32
in its calculations except the following; MOV PSW, Dn, MOV Dm,PSW,
AND imm16,PSW, OR imm16,PSW, Bcc, Lcc, JMP, TRAP, NOP.

(2) Follower with d32

[ Description ]

High-speed To prevent pipeline stalls, we recommend inserting at least one cycle when the leading divide in-
struction has a zero dividend and the following instruction uses the result (Dn) together with a 32-bit
displacement [imm327?] operand.

m data register available

DIV/DIVU

fnalcycle L YIIe 9P RR with 32-bit immediate value |

pec [ e A | :
instruction decoding/ ; 32-bit immediate iinstruction decodidg |

register readout 'value readout | ‘ |

EX ) )
calculation 3

MEM L)

wB

‘data register write

data register write
complete
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[ Example ]

[ Problematic Version ]
clr do
mov do,mdr
mov 0x05,d1
inc a0
div d1,do DIV/DIVU
add 0x12345678,d0 Instruction using result(Dn) and 32-bit

displacement operand

¢ Storing the result takes one cycle, so the pipeline stalls until the result of the divide
instruction is available to the ADD instruction.

[ Revised Version ]
clr do
mov dO,mdr
mov 0x05,d1
div d1,do DIV/DIVU
inc a0
add 0x12345678,d0 Instruction using result(dn) and 32-bit displacement

operand

The result of the divide instruction is available to the ADD instruction, so the pipeline
does not stall.

[ Applicable Instructions ]

<Leading instruction>
<Following instruction>

DIV/DIVU instruction with zero dividend

MOV, MOVBU, and MOVHU variants with 32-bit displacement
operands; ADD imm32,Dn/An/SP, SUB imm32,Dn/An,
CMP imm32,Dn/An, AND imm32,Dn, OR imm32,Dn,
XOR imm32,Dn, BTST imm32,Dn, UDFnn imm32,Dn,
UDFUnn imm32,Dn

Code Sequences to Avoid 141



Chapter 3 Usage Notes

(3) Follower Storing without d32/abs32

[ Description ]

To prevent pipeline stalls, we recommend inserting at least one cycle when the leading divide in-
High-speed  struction has a zero dividend and the following instruction stores the result (Dn) without using an
imm32, d32, or abs32 operand.

data register available

DIV/DIVU 1 cycle gap . .
final cycle Store instruction

pec [ e

instruction decoding!
|

register readout
EX )

\
|
‘
|
|
|
|
|
‘
|
!

calculation |
|
|
‘
|
|
|
|
‘
|
‘
‘
|

AA/

|
|

|

|

|

|

|

|

|

|

| -
' calculation
|

|

|

|

|

|

|

|

|

i

|

|

| — —
| 3 memory write
wWB <:>
' 'data register write*
data register write
complete
[ Example ]
[ Problematic Version ]
clr do
mov d0,mdr
mov 0x05,d1
inc a0
div d1,do DIV/DIVU
mov do,(al) Instruction storing result(Dn) without d32 or abs32
operand
Storing the result takes one cycle, so the pipeline stalls until the result (Dn) is available to the
MOV instruction.
[ Revised Version ]
clr do
mov dO,mdr
mov 0x05,d1
div di,do DIV/DIVU
inc a0
mov do,(al) Instruction storing result(Dn) without imm32, d32 or
abs32 operand

[ Applicable Instructions ]

<Leading instruction> DIV/DIVU instruction with zero dividend

<Following instruction> Any instruction using the result (Dn) other than as imm32, d32, or

abs32 in its calculations except the following; MOV PSW,Dn,
MOV Dm,PSW, AND imm16,PSW, OR imm16,PSW, Bcc, Lcc,
JMP, TRAP, NOP.
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3.6 Instructions Preceding Lcc

The Lcc instruction bypasses the five-stage pipeline with additional hardware to increase the execution
speed. To ensure proper interaction between the two, it must therefore wait for certain preceding instructions
to complete.

(1) SETLB
[ Description ]

To ensure smooth pipeline operation, we recommend inserting at least three cycles between the Lcc instruc-
tion and the preceding SETLB instruction setting up the two registers that it must reference: Loop Instruc-
tion Register (LIR) and Loop Address (LAR) Register.

Lcc available

3-cyclegap

DEC [«

instruction decoding ! ! ! inst;uction dzc@ding/
! ! LIR/LAR readotit

EX
MEM R !
we ) P 4
LIR write LAR write
SETLB
[ Example ] complete
[ Problematic Version ]
inc do
setlb SETLB
inc di
inc d2
Igt Lcc or
inc do
inc di
setlb SETLB
inc d2
Igt Lcc or
inc do
inc di
inc d2
setlb SETLB
Igt Lcc

Loading the LIR and LAR registers takes three cycles, so the pipeline stalls until their con-
tents are available to the LGT instruction.
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[ Revised Version ]
setlb SETLB
ubc do
inc dl
inc d2
Igt Lcc

The updated contents of the LIR and LAR registers are available to the LGT
instruction, so the pipeline does not stall.

[ Applicable Instructions ]

<Leading instruction> SETLB
<Following instruction> Lcc

(2) Other Instructions Modifying LIR and LAR

[ Description ]

To ensure smooth pipeline operation, we recommend inserting at least three cycles between the Lcc
instruction and other preceding instructions (MOVM, RET, and RETF) modifying the two registers

that it must reference: Loop Instruction Register (LIR) and Loop Address (LAR) Register.

LAR readout

available
MOVM/RET/RETF
final cycle 3-cyclegap
R R
instruction decoding ! instruction decoding/
| | | i LIR/LAR readout
calculation
MEM ! <:>
| I memory readout
WB 1
LAR write
SETLB
complete

144 Code Sequences to Avoid



Chapter 3 Usage Notes

[ Example ]
[ Problematic Version ]

inc do
movm (sp),[other] Instruction modifying LIR and LAR
inc dl
inc d2
Igt Lcc or
inc do
inc di
movm (sp),[other] Instruction modifying LIR and LAR
inc d2
Igt Lcc or
inc do
inc dl
inc d2
movm (sp),pother] Instruction modifying LIE and LAE
Igt Lcc

Loading the LIR and LAR registers takes three cycles, so the pipeline stalls until their
contents are available to the LGT instruction.

[ Revised Version ]

movm (sp),[other]  Instruction modifying LIR and LAR

inc do
inc dl
inc d2
Igt Lcc

The updated contents of the LIR and LAR registers are available to the LGT instruction,
so the pipeline does not stall.

[ Applicable Instructions ]

<Leading instruction> MOVM (SP),regs, RET, RETF
<Following instruction> Lcc
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Il 2

High-speed

3.7 Instructions Preceding SETLB

The SETLB instruction bypasses the five-stage pipeline with additional hardware to increase the
execution speed. To ensure proper interaction between the two, it must wait for preceding instruc-
tions (MOVM, RET, and RETF) modifying the two registers that it loads: Loop Instruction Register
(LIR) and Loop Address (LAR) Register.

[ Description ]
To ensure smooth pipeline operation, we therefore recommend inserting at least one cycle between
such instructions and the SETLB instruction.

006

SETLB
available
MOVM/RET/RETF
final cycle 1 cycle gap
DEC | i je——p SETS

instruction decodiing

instruction decoding

146

EX { i
| ' calculation |
MEM | <:><:>
| | . memory readout‘ ‘
o
LIR writeT T LAR write
LIR/LAR write
in parallel
[ Example ]

[ Problematic Version ]

inc do
movm (sp),[other] Instruction modifying LIR and LAR
setlb SETLB

;

Loading the LIR and LAR registers takes one cycle, so the pipeline stalls until their
contents are available to the SETLB instruction.

[ Revised Version |

movm (sp),[other] Instruction modifying LIR and LAR
inc do
setlb SETLB

The updated contents of the LIR and LAR registers are available to the SETLB in-

struction, so the pipeline does not stall.

[ Applicable Instructions ]

<Leading instruction>
<Following instruction>
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3.8 Instructions Preceding RETF

The RETF instruction takes its return address from the Multiply/Divide Register (MDR), not the
stack, so it must wait for preceding instructions modifying that register to complete. How long de-
pends on the position of the MDR update relative to the end of the preceding instruction.

(1) MDR Update in Last Cycle
[ Description ]

To ensure smooth pipeline operation, we recommend inserting at least three cycles between such
instructions and the RETF instruction.

RETF
available
MOVM/EXT or
MUL/MULU final cycle 3-cycle gap ‘ ‘
oEc [ | o B

‘ t : /
instruction decoding/ | 1 1instruction decoding/
| | ! MDR readout |

register readout : !

| calculation |

MEM I <:>

WB | 1 | |
‘ MDR write

MDR write
[ Example ] complete
[ Problematic Version ]
_func
_Ofunc FUNCINFO _func,8,[]
inc a0
mov do,mdr Instruction modifying MDR in last cycle
inc al
inc a2
retf RETF or
_func
_Ofunc FUNCINFO _func,8,[]
inc a0
inc al
mov do,mdr Instruction modifying MDR in last cycle
inc a2
retf RETF or
_func
_Ofunc FUNCINFO _func,8,[]
inc a0
inc al
inc a2
mov do,mdr Instruction modifying MDR in last cycle
retf RETF
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Loading the MDR register with the MOV instruction takes three cycles, so the pipe-
¢ line stalls until that register’s contents are available to the RETF instruction.
[ Revised Version |
_func
_funco FUNCINFO _func,8,[]
mov do,mdr Instruction modifying MDR in last cycle
inc a0
inc al
inc a2
retf retf

The updated contents of the MDR register are available to the RETF instruction, so
the pipeline does not stall.

[ Applicable Instructions |

<Leading instruction> MOVM Dm, MDR, EXT, MUL, MULU
<Following instruction> RETF

For a detailed description of FUNCINFO syntax, refer to the Cross Assembler
( User’s Manual.
[ |

(2) MDR Update in Second Last Cycle

[ Description ]
To ensure smooth pipeline operation, we recommend inserting at least two cycles between such
instructions and the RETF instruction.

High-speed

!Mii; RETF
available
CALL/CALLS/DIV/DIVU 2-cycle gap
final cycle } }
DEC | - 3 Y ReTF )
instruction decoding/ | | ' linstruction decoding/
register readout | i ! ! MDR readout |

I I
o

Jaddress calculation/
|

\calculation ‘<:>3 3
e | | ——

wB ! ! | ‘
MDR write

MDR write
complete

148 Code Sequences to Avoid



Chapter 3 Usage Notes

[ Example ]
[ Problematic Version |

_lab

LABEL FUNCINFO _lab,8,[]
inc a0
div d1i,do Instruction modifyint MDR in second last cycle
inc al
retf RETF or

_lab

LABEL FUNCINFO _lab,8,[]
inc a0

inc al
div d1,do Instruction modifying MDR in second last cycle
retf RETF

Updating the MDR register with the DIV instruction takes two cycles, so the pipeline stalls

until that register’s contents are available to the RETF instruction.

Revised Version

lab
LABEL FUNCINFO _lab,8,[]
div di,do Instruction modifying MDR in second last cycle
inc a0
inc al
retf RETF

The updated contents of the MDR register are available to the RETF instruction, so the pipe-
line does not stall.

Applicable Instructions

<Leading instruction> DIV, DIVU, CALL, CALLS
<Following instruction>  RETF

For a detailed description of FUNCINFO syntax, refer to the Cross Assembler User’s
G Manual.
[ |
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(3) MDR Update in Third Last Cycle

&

[ Description ]

High-speed ~ TO ensure smooth pipeline operation, we recommend inserting at least one cycle between such
instructions and the RETF instruction.

RETF
available
MOVM/RET/RETF final cycle
% 1-cycle gap ‘
DEC | ) { |e—-T_ REF
instruction decoding/ 3 3 tinstruction decodig/
register readout MDR readout !

o

.
address calculation/

— i >

|
|
memory readouti i
| |
{
|

we i i )
MDR write T
MDR write
complete
[ Example ]
[ Problematic Version ]
_lab
LABEL FUNCINFO  _lab,8,[]
inc do
movm (sp), [other] Instruction modifying MDR in third last
cycle
retf RETF

RETF instruction Reloading the MDR register with the MOVM instruction takes one
cycle, so the pipeline stalls until that register’s contents are available to the RETF
instruction.

[ Revised Version |

lab
LABEL FUNCINFO _lab,8,[]
movm (sp),[other] Instruction modifying MDR in third last
cycle
inc do
retf RETF

The updated contents of the MDR register are available to the RETF instruction, so
the pipeline does not stall.

[ Applicable Instructions ]

<Leading instruction> MOVM (SP),regs, RET, RETF
<Following instruction>  RETF

For a detailed description of FUNCINFO syntax, refer to the Cross Assembler
G User’s Manual.
[ ]
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3.9 Instructions at CALL/CALLS Targets

[ Description ]

To speed returns with the RETF instruction, the CALL and CALLS instructions store the return
High-speed address in the Multiply/Divide Register (MDR), not on the stack. We therefore recommend inserting
at least two cycles at the start of the subroutine to allow them time to complete the MDR update

% before using instructions (MOV, DIV, and DIVU) that reference that register.
MOV/DIV/DIVU
available
m CALL/CALLS 2-cycle gap
final cycle ‘ ‘
oEC | -« Y
instruction decoding/ ! ! tinstruction decodirig/
register readout ; ! ! ! MDR readout !

calculation

WB i i 3 |
‘ MDR write

MDR write
complete
[ Example ]
[ Problematic Version ]
call LABEL CALL/CALLS
LABEL inc a0
mov mdr,dO Instruction referring MDR ~ or
call LABEL CALL/CALLS
LABEL mov mdr,d0 Instruction referring MDR
inc a0
inc al

Loading the MDR register with the CALL/CALLS instruction takes two cycles, so the
pipeline stalls until that register’s contents are available to the MOV instruction.

[ Revised Version |
call LABEL CALL/CALLS
LABEL inc a0
inc al
mov mdr,d0 Instruction referring MDR

The updated contents of the MDR register are available to the MOV instruction, so the
pipeline does not stall.
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[ Applicable Instructions ]

<Leading instruction> CALL or CALLS
<Following instruction> MOV MDR, Dn, DIV, DIVU

instruction. For a detailed description of FUNCINFO syntax, refer to the Cross Assembler

C The above coding examples omit the FUNCINFO directives required with each CALL
- User’s Manual.
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Boiler Plate Code Seguences

4.1 Reset Routine

[ Description ]
A reset start leaves all registers with indeterminate contents, so always start by initiating registers.
The Stack Pointer (SP) is particularly important.
If the user application program uses level interrupts, initialize the interrupt vector registers as well.

Boiler plate

[ Example ]
IVARO equ 0x20000000
IVAR1 equ 0x20000004
IVAR2 equ 0x20000008
IVAR3 equ 0x2000000c
IVAR4 equ 0x20000010
IVARS equ 0x20000014

IVARG equ 0x20000018

Reset routine

org 0x40000000 ; Entry point for reset
RESET:

jmp STARTUP

org 0x40000008 ; Entry point for nonmaskable interrupt
NMIROUTINE:
STARTUP:

mov STCKTP,a0 ; Initialize Stack Pointer(SP) to word boundary

; (divisible by 4)

mov ao,sp

clr do ; Clear all registers

mov do,d1

mov do0,d2

mov do,d3

mov do,a0

mov do,a0

mov a0,al

mov a0,a2

mov a0,a3

mov IRQOROUTINE,a0 ; Set to lower 16 bits of entry point for level interrupt
handler

movhu  a0,(IVATo)

mov IRQ1ROUTINE,a0

movhu  a0,(IVAR1)

mov IRQ2ROUTINE,a0

movhu a0,a0,(IVAR2)
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mov IRQ3ROUTINE,a0
movhu a0,(IVAR3)
mov IRQ4ROUTINE,a0
movhu a0,(IVAR4)
mov IRQ5ROUTINE,a0
movhu a0,(IVARb5)
mov IRQ6ROUTINE,a0
movhu ao0,(IVAR®G)

4.2 Interruet Handlers

- [ Description
A There are twi

one interrupt
logic.

With store buffer models, always ensure clearing of the interrupt source by separating the write to the
interrupt control register and the RTI instruction--with a vacuous read of that register, for example.
For the serial debugger's special requirements for the nonmaskable interrupt handler, refer to the

]

o types of interrupt handlers: for nonmaskable interrupts and for level interrupts.
Boiler plate  For level interrupts, the Interrupt Group Register (IAGR) gives the group number. Assigning only
source to an interrupt level speeds response by eliminating the need for differentiation

MN210300 Series C Source Code Debugger User's Manual.

[ Example ]
Interrupt handler for NMI, level O interrupts and level 1 interrupts
IAGR equ 0x34000200
IVARO equ  0x20000000
IVAR1 equ 0x20000004
IVAR2 equ 0x20000008
IVAR3 equ 0x2000000c
IVAR4 equ 0x20000010
IVARS equ 0x20000014
IVARG equ 0x20000018
GO1CR equ  0x34000100
G31CR equ 0x3400010c
Nonmaskable interrupt handler
org  0x40000008 ; Entry point for nonmaskable interrupts
NMIROUTINE:
add -8,sp
mov  ao,(4,sp) ; Save registers used by handler
mov  dO,(sp)
mov GO1CR,a0
mov  (ao),d0 : Get NMI source
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mov 0x0f,d0
movbu do,(a0)
mov (sp),do
mov (4,sp),a0
add 8,sp

rti

; Level O interrupt handler

; Here G3ICR lists only one source for level O interrupts

IRQOROUTINE:
add -8,sp
mov ao,(4,sp)
mov 0x01,d0
mov do,(G3ICR)
mov (sp),do
mov (4,sp),a0
add 8,sp

rti

; Level 1 interrupt handler
; Level 1 interrupts have multiple sources

IRQ1ROUTINE:
add -16,sp
mov a0,(12,sp)
mov al,(8,sp)
mov do,(sp)
movhu (IAGR),a0
mov a0,al
add GO1CR,a0
add
movhu (a0),do
#IFDEFMULTIRQ
or 0x0800,psw
#ENDIF
mov (al),al
calls (al)
mov 0x0f,d0
movbu do,(a0)
mov (sp),do
mov (4,sp),al
mov (8,sp),a0
add 12,sp

rti

; Level 1 interrupt entry point from IVARI

IRQ_TBL,al ; Get entry point for group’s handler

Chapter 3 Usage Notes

; Processing according to source
; Clear NMI source flag inGO1CR

: Restore registers

; Level O interrupt entry point from IVARO

; Save registers used by handler

; Process according to source

; Clear source flag in G3ICR

; Writing “1” to a bit clears corresonding source
; Restore registers

; Save registers used by handler

; Get interrupt source

; Get address for group’s interrupt register

; Get level 1 interrupt source

; Enable nested interrupts(IE=1)

;Get handlers entry point

; Call handler, determine corresponding source

; ;or level 1 interrupt and process all corresponding
; sources

; Clear source flog in corresponding interrupt

; register

; Writing “1” to a bit clears corresponding source

; Restore registers
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4.3 Function Called with CALL Onlx

[ Description ]
The CALL, RET, and RETF instruction require FUNCINFO directives to specify the registers to
Boiler plate Save.
If the subroutine does not modify the Multiply/Divide Register (MDR), the RETF instruction provides
a faster return to the caller by using the return address in MDR.
For the procedures for calling C language functions from assembly language functions and assembly
language functions from C language functions, refer to the C Compiler User's Manual for Operation.

[ Example ]

; Calling function

_MAIN:

add -12,sp ; Secure space for subroutine parameters and return
value

mov do,(8,sp) ; Save parameters on stack

mov di,(4,sp)

call _OFUNC ; Call subroutine

add 12,sp
; Subroutine

; Subroutine uses 28 bytes of local storage for saving A2 and other purposes

_OFUNC FUNCINFO _FUNC,28,[a2] ; Entry point for CALL instructions
; Subroutine body
ret ; RETF may be used if subroutine does not modify MDR
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4.4 Function Called with Both CALL and CALLS

[ Description ]

A function called with both the CALL and CALLS instructions must provide two entry points because
CALLS does not provide CALL's register saving and local storage allocation features. The CALLS
entry point must provide them.

If the subroutine does not modify the Multiply/Divide Register (MDR), the RETF instruction provides

a faster return to the caller by using the return address in MDR.

For the procedures for calling C language functions from assembly language functions and assembly
language functions from C language functions, refer to the C Compiler User's Manual for Operation.

[ Example ]

; Calling function

_MAIN:
add -12,sp ; Secure space for subroutine parameters and return
mov do,(8,sp) ; Save parameters on stack
mov di,(4,sp)
call _FUNC ; Call subroutine with CALL instruction
add 12,sp
add -12,sp ; Secure space for fubroutine parameters and return
mov do,(8,sp) ; Save parameters on stack
mov di,(4,sp)
calls _FUNC ; Call subroutine with CALL instruction
add 12,sp
; Subroutine

; Subroutine uses 28 bytes of local storage for saving A2 and other purposes
; Subroutine may be called with CALL or CALLS instruction
_FUNC:

movm [a2],(sp) ; CALLS instruction entry point must save registers and

; allocate local storage

add -24,sp

_OFUNC FUNCINFO _FUNC,28[a2] ; Entry point for CALL instruction
; Subroutine body

ret ; RETF may be used if subroutine does not modify MDR
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8C “zesqe> TOWAd 000T 00TT TTTT|va| 2 | 9 (cesqe)zewaw < wq (zesqe)'wa AOW
8z < “rgTsge> Towd 0000 (eS| T | € ((1xe~ 0192)9TSqR)ZEWBW < WQ (9Tsqe)'wa AOW
[:14 uyld wato TI00 TITT(0A| ¢ | ¢ (uy+Q)zewaw < wa (uv'ia)'wa AowW
8¢ 'Zep> TOwWAa TOOT O00TT TITT|(va| ¢ | 9 (ds+zep)zewaw < wa (dS‘zep)'wa AOW
14 < 9Tp> TOWA TOOT OTO0T TITIT|2A| T | ¥ (dS+(xe ™ 019z)9Tp)ZEWBW < WA (ds‘otp)'wa AOW
8z <" gp> OTWA 00TO (TS| T | ¢ (dS+(xe ™ 018z)gp)zEWaW < WA (ds'8p)'wa AOW
8z Z€p> uywa TOOO O0TT TITT|¥A| ¢ | 9 (uv+zep)zewaw < wa (uv'zep)'wa AOW
8C < 9Tp> Uywa T000 OTOT TITT|2a| T | ¥ (uy+(xa~ ubIS)9TP)zEWAW < WA (uv'9TP)'wa AOW
8z <t gp> uywa TTTO 000T TITT(TA| T | € (uy+(xa™ubis)gp)zewaw — wa (uy'gp)'wa AOW
8z uywa OTT0|0S| T | T (uy)zewaw < waq Es wa AOW
L2 <" gp> wy0o0 TTTT 000T TTITT|TIA| T | € dS < (wy+(xa ubis)gp)zewaw dS'(wy‘sp) AOW
12 “rzesqe> uvyo0 OTOT O00TT TTTT|va| 2 | 9 uy < (zesqe)zewaw uy'(zesae) AOW
12 < “gTsge> Uy0o0 O0TOT OTOT TITT|2a| T | v uy «— ((1xe019z)9TSqR)ZEWBW uv‘(9Tsae) AOW
12 wyld uyoT TTO0 TITT|0d| T | ¢ Uy < Wy-+Q)zewaw <€<_ ) AOW
2 Z€P> UY00 TTOT OOTT TITT|vA| ¢ | 9 uy < (dS+zep)zewaw uy'(ds‘zep) AOW
yx4 < 9Tp> Uuv00 TTOT OTOT TTTT|2A| T | ¥ uy < (dS+(1xa 0192)9Tp)zEWaw uy'(ds'9Tp) AOW
12 <" gp> UVIT TOTO(TIS| T | ¢ uy < (dS+(xe~01az)gp)zeWwaw uy‘(ds'sp) AOW
yx4 Zep> wyuy Q0TO0 00TT TTITT|(vd| 2 | 9 uy < (Wy+zep)zewa uy'(wy‘zep) AOW
12 < 9TpP> Wyuy 0T00 OTOT TITT|2A| T | ¥ uy < (Wy+(xa ubIs)9Tp)zEWwa uy'(wy'9TP) AOW
x4 <" gp> Wyuy 0T00 000T TITT|TA| T | € uy < (wy+(xa” ubis)gp)zewaw cieie NOW
12 wyuy 0000 0000 TTTT|0Q| T |2 uy < (wy)zewaw v'(Wy) AOW
yra “rzesqe> udro OTOT O00TT TITTIT|va| 2 | 9 ug < (zesqe)zewaw ug amﬂ ) AOW
12 < “UgTsge> ugoo TTO0 (eS| T | € ua < ((ixe~ 0192)9TSqR)ZEWBW ug‘(9tsae) AOW
12 wyla ugoo TTO0 TITT|0d| T | 2 uq < (wy+a)zewsaw ug‘(wy'ia) AOW
12 Zep> uqro0 TIOT OOTT TITT|¥A| ¢ | 9 ua < (dS+zep)zewaw u@‘(ds‘zep) AOW
12 < 9Tp> uQTto0 TTIOT OTOT TTTT|2A| T | ¥ ug < (dS+(xe~ 0182)9TP)zEWBW ug'(ds'atP) AOW
12 <" gp> ugoT TOTO|TIS| T | ¢ ug < (ds+(xe o1ez)gp)zewaw ua‘(ds'sp) AOW
12 Z€p> Wyud 0000 O00TT TTITT(vA| 2 | 9 ug < (wy+zep)zewaw ug'(wv'zep) AOW
x4 < 9TpP> Wyud 0000 OTOT TITT|2A| T | ¥ ug < (wy+@xa” ubis)9Tp)zEWwaw ua'(wy'9Tp) AOW
12 <" 'gp> wwud 0000 000T TTTT|TA| T | € ug < (wy+(xa ubis)gp)zewaw ug‘(wy'gp) AOW
12 wyug TITO|0S| T | T ug < (wy)zewsw ug'(wy) AOW
9z TTwa TTIT 0T00 TITT|0Q| T | 2 HAW < wa YaN'wa AOW
9z ugoo OTTT 0T00 TTTT|(0d| T |2 ug < ¥anw ug'yan Aow
9z TTWa TITT 0T00 TITT|0Q| T | 2 MSd < wa MSd'Wa AOW
9z ugrto OTTT 0T00 TTTT|(0d| T |2 ug < (xo 019Z)MSd ug'msd AOW
9z oowy TTITT OTOO TITT(0A| T | ¢ dS < uy dS'wy AOW
9z UYTT TIO0|O0S| T | T uy < ds uy'ds AOW
9z uywy TO0T|O0S| T | T uy < wy uy'wy AOW
9z ugqwy TOTT T000 TITT|0Q| T | 2 ug < wy ug'wy AOW
9z uywda OTTT TO00 TITT|0a| T |2 uy < wg uy'wa AOW
9z ugqwa o000T|0S| T | T ug < wa ug'wa AOW | AOW
_mmmn_ SBI0N v et 2 R ot 6 8 wuo% w:_:ums_ s v € ¢ E a“u_ Elilte] %oo uonesado JIUOWBUN _Q:o_o_

134S NOILONYLSNI S3I43S SEOTNIN/OEOTNIN

Instruction Set



Appendix

1€ gesqe> oTwa 000T 00TT TITT|(val|lec | o | - | -] - | - (zesqe)gwaw < wa | (zesge)'wa NGAOW
1€ < “Uorsqe> QTwd 0000 (eS| T €| - |- |- |- ((xe~019z)9Tsge)gWAW < WA | (9TSAR)'WA NIAOW
1€ uyld wdaro o00to TTIT|odl ez |2 | - |- | - | - (uy+g)gwaw < wa | (uy'a)'wa NGAOW
1€ 2ep> OoTwa TOOT O0O0TT TITT(vA| ¢ |9 | - | - | - |- (dS+zep)gwa < wa | (dS'zep)'wd NGAOW
1€ < o9Tp> OQTWA  TOOT OTOT TITT|ed| T | v | - | - | - | - (dS+(xe 0192)9Tp)gWaW < wa | (dS'9TP)'WA NIAOW
1€ <" gp> QTwWA TOOT O000T TTIT|TIA| T (€| - | - |- |- (dS+(xe o1ez)gp)gwaw — wa | (dSs'sp)’'wd NIAOW
1€ 2ep> uywd TOTO O00TT TTIT|(vA| 2 |9 | - | - | - | - (uy+zep)gwaw < wa | (uvy'zep)'wd NGAOW
1€ < o9Ip> Uywd  TOTO OTOT TITT|e2d| T v | - | - | - | - (uy+9Tp)gwaw < wq | (uy'9TP)'wa NGAOW
T€ <" gp> uywd TOTO 000T TITT|TA| T | €| - | - | - |- (uy+gp)gwaw < wa | (uy'gp)’'wa NIAOW
1€ uywa TOTO 0000 TITT|(OoA| T |2 | - | - |- |- (uy)gwaw «— wa (uv)'wa NgAowW
0€ TZesqe> ugor OTOT 00TT TITT|vad| C | 9| - | - | - | - ug < (e osdz)(zesqe)gwaw | ua'(zesae) NGAON
0€ < “Uorsqe> udro TT00|eS| T | €| - | - | - | - ug < [1xa"019z)((1xa 019Z)9TSAR)gWAW | UQ'(9TSAE) NAAOW
o€ wyid ugoo 00t0 TITT|(OA| T (2| - |- | - |- ug < (e osRz)(wy+a)swaw [ ua‘(wy‘l) NGAOW
0€ 2€P> UuQoT TIOT O00TT TTIT|(va| 2 |9 | - | - | - | - ug < (xe 019z)(ds+zep)gwau | ua'(ds'zer) NGAOW
o€ < o 9IP> udoT TTOT OTOT TITT|e2a| T v | - | - | - | - ug < (xo~019z)(dS+(xa 019Z)9TP)gWBW | UQ'(dS‘'9TP) NFAOW
0€ <" gp> ugorT TIOT 000T TITT|TA| T | €| - |- | - |- ug < (e 019z)(dS+(xe 019Z)gp)gwaw | ua'(ds'sp) NGAOW
o€ 2€p> wwud 00T0 O00TT TTIT|(¥a| 2 |9 | - | - | - | - ug < [ixe~osaz)(Wy+zep)gwaw | ug'(wy'zep) NGAOW
0€ < TUo9TP> wwud 00TO OTOT TITT|2a| T (v |- | - | - |- ug < (xe o1az)(wy+(xa"ubis)oTp)gwaw | ug'(wy‘9Tp) NGAON
0 <" gp> wyud 00T0 000T TTIT|TA| T (€| - |- |- |- uag < (1xa-0saz)(wy+(xa” ubis)gp)gwaw | ug‘(wv‘gp) NGAOW
0€ wyug 00TO 0000 TITT|(OQ| T |2 | - |- |- |- ug < (1xe” 01az)(Wy)gwaw ua‘(wy) NGAOW [NGAOIW
62 ZEWwI> UyTT TOTT O00TT TTTT|va| 2 [9 | - |- |- |- uy < zewwl uy‘zeww! AOW
62 < TUQTWWI> UYTO 0T00 (eS| T |e| - |- |- |- uy < (1xo”049z)9TWwW} uy‘gTwwl AOW
62 <UUguwIl> uyuy TOOT (TS| T (2| - | - | - | - uy < [Ixa~osaz)guiul uy‘gwwl AOW
62 ZEWwl> udoT 00TT O00TT TITT|valc 9| - | - | - | - ug < zewwi ug‘zewwi AOW
62 < TUQTwwi> ugTlT 0Too (eS| T €| - | - |- |- ug < (1xa”ubis)gTwiwi ug'gTww AOW
62 <Ugwwil> ugud 000T (TS| T e | - |- | - |- uq < (1xa~ ubis)gwi ug‘gwwi AOW
214 <" gp> uvylo TTTT 000T TITT|(T@| T |€ |- |- |- |- (uv+(xa~ubis)gp)zewaw — ds (uv'gp)'dS AOW
8z gesge> QowyY Q00T OO0TT TITT(va| e |9 | - | - | - |- (zesqe)zewaw « wy (zesqe)'wy AOW
8¢ < Ugrsge> QOWY 000T OTOT TITT|2a| T (¥ |- | - | - |- ((xe™0192)9TSqE)ZEWBW < WY (9Tsqe)‘wy AOW
8¢ uyld wWyTtT TT00 TTTT|0Q| 2 |2 | - | - | - | - (uv+iQ)zewsw < wy (uv'1a)'wy AOW
8¢ 2€p> 00WY TOOT 00TT TITT|va@|cC |9 | - | - |- | - (dS+zep)zewaw « wy (ds'zep)'wy AOW
8¢ < TU9TP> 0wy  TOOT OTOT TTTT|ed| T | v | - |- | -] - (dS+(xe~ 019Z)9Tp)ZEWRW < WY (dS'9TP)'wy AOW
= <togp> TTWY 00TO (TS| T 2| - |- |- |- (dS+(1xo~ 019Z)gp)zEWBW < WY (ds'sp)'wy AOW
8¢ 2ep> uywy TTO0 00TT TTITT|vA| 2 |9 | - | - | - | - (uv+zep)zewaw < wy (uv'zep)'wy AOW
8C < U9Tp> uywy  TTO00 OTOT TTTT|2a| T | v |- | - | - |- (uy+(xa~ubIs)9Tp)ZEWBW < WY (uy'9TP)' WY AOW
14 <togp> uywy TT00 000T TITT|TA| T |€| - |- |- |- (uv+(ixa~ubis)gp)zewaw — wy (uv'gp)'wy AOW
14 uywy T000 0000 TTTT|OQ| T |2 | - |- |- |~ (uy)zewaw < wy (Uy)'wy AOW | AOW
_mmmn_ S3J0N vi et zt I ot 6 8 muo% mc_r_ow_\,_ s v € ¢ v .m““_ m_o>u_mww_w ZAENESIEN CO:Q@QO Jluowsup Q:O‘_O_
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Ge Urgesge> TTWd Q00T 00TT TTIT|va| e [ 9 | - | - | - | - (zesgr)9TWaW < wa (zesqe)'wa NHAOW
S€ < "UoTsqe> TTWA 0000 (eS| T €| - |- |-|- ((xa"0192)9TSAR)9TWAW « WA (9Tsge)'wa NHAOW
S€ uyld wartt 0010 TTIT|(O0d| 2 |2 | - | - | - | - (uy+Q)9TWaW < wa (uv'1ia)'wa NHAOW
13 Zep> TTWA TOOT OOTT TITT|(va| 2 |9 | - |- |- | - (dS+zep)oTwaw < wd | (dS'zep)'wa NHAOW
S€ oTp> TTWA TOOT OTOT TTIT|ea| T |v | - | - | - | - (dS+(xe 0182)9TP)9TWAW < WA |  (dS'9TP)'WA NHAOW
13 <" gp> TTWA TOOT 000T TTIT|TA| T (€| - | - | - | - (dS+(x@ 0182)gp)9TWaW < WA (ds'8p)'wa NHAOW
se Zep> uywa TTT0 O0TT TITT|(va| 2 [ 9| - | - | - | - (uv+zep)oTwaw < wa [ (uy'zep)'wa NHAOW
S€ oTp> Uuywd TITO OTOT TTIT|ea| T |v | - | - | - | - (uy+(xa~ubIs)oTp)9TWaW < wa [ (Uy'9TP)'Wd NHAOW
<13 <"gp> uywa TITO 000T TTIT|(Id| T |€ |- |- |- |- (uy+(1xa~ubIs)gp)9TIaW < wa (uy'gp)'wa NHAOW
<13 uywdg TTTO 0000 TTTT|O@| T (2| - | - |- |- (uv)gTwaw < wa (uy)'wa NHAOW
%3 Trgesqe> ugrt OTOT O00TT TITT(vad|cCc |9 | - | - | - | - ug < (xe 0192z)(zgsqe)9TWaW ua'(zesae) NHAOW
ve < “rorsge> uaot Ttoo(es| Tt e | - |- | -] - ug < (1xe 019z)((1xe" 0192)9TSqR)9TWAW ua'(9tsae) NHAOW
%3 wyld ugot 00T0 TITT|(OA| T (2| - |- |- |- ug < (1xe 0Jez)(Wy+Q)9TWaW u@‘(wv'i@) NHAOW
%3 2€p> udrT TIOT O00TT TTIT|(vA| 2 |9 | - |- | - |- ug < (xo 019z)(dS+zeP)9TWBW [ UQ'(dS'ZEP) NHAOW
13 9TP> udrT TTOT OT0OT TITT|2a| T | v | - | - | - | - | ud < (o 019z)(dS+(xo 018z)9Tp)9TWaW |  UQ'(dS'9TP) NHAOW
€ <" gp> uqrrt TIOT 000T TTIT|(ta@|T |€ |- |- |- |- ug < (@ 0192)(dS+(xa” 0192)gp)9TWaW ua‘(ds'sp) NHAOW
%3 2€p> wwud OTT0 O00TT TTIT|(¥vA| 2 |9 | - | - | - | - ug < (1xo-osaz)(Wy+zeP)9TWAW | uQ'(Wy'zep) NHAOW
ve 9Ip> Wyud OTT0 OTOT TITT|2a| T | v | - | - | - | - | ua < (xo osez)(wy+(xe ubis)oTp)9Twaw | ud'(wy'9Tp) NHAOW
v€ <" gp> wwud OTTO0 000T TTIT|(Tad| T |€ |- |- |- |- ug < (xaolaz)(wy+(xa” ubis)gp)9Twaw u@‘(wy'gp) NHAOW
¥€ wyug OTT0 0000 TITT|(OA| T (2| - |- | - |- ug < (1xa-0sez)(Wy)9TWaW ug‘(wy) NHAOW NHAOW
€e clol-1|-1-1- (zesge)gwaw — wqa (cesqe)'wa aAOn
€e Tle|--]-]- ((1xe~ 019z)9TSqE)gWAW < WA (91SgR)'WA GAON
€€ clel-|-1]-1|- (uy+g)gwaw < wqa (uy'i@)'wa aAon
€€ clol-|-1]-1- (dS+zep)gwaw — wa (ds‘zep)'wa aAon
€e Ty --]-]- (dS+(xe~ 0192)9TP)gWaW < WA (ds'9TP)'wa gAOW
€€ Tlel-|-1]-1|- (dS+(xe 01az)gp)gWwaw < wa (ds'sp)'wa aAon
€e clol-|-1-1- (uy+zep)gwaw — wa (uy‘zep)'wa aAon
€e Ty --]-]- (uv+(xa~ubIs)9Tp)gWal < wa (uy‘9TP)'Wa 9AON
€€ Tle|--]-]- (uv+(1xa~ubIs)gp)gwaw < wa (uy'gp)'wa gAOW
€€ Tlel-|-1]-1|- (uy)gwaw « wa (uy)'wa aAow
43 elL]--1-]- ug < (xa” ubis)(zesqe)gwaw ua‘(zesqe) gAOW
43 el v | -]-|-]- ug < (xa"ubis)((1xe~019z)9Tsqe)gUWAW ua'‘(gtsge) gaAon
43 clel-|-1-1- ug < (e ubis)(wy-+a)gwaw ug‘(wy'ia) aAON
43 elL]-|-1-]- ug < (xo" ubis)(dS+zep)gwaw ua‘(ds'zep) GAON
43 zls|-|-|-]- ug < (xa" ubis)(ds+(xa 019z)9TP)gWAW u@'(ds'oTh) GAOW
43 clv | -] -|-]- uq < (1xa”ubys)(dS+(xe~01az)gp)gWaw ua‘(ds'sp) aAON
43 elL]-|-1-]- uq < (ixa” ubis)(wy+zep)gwa uq‘(wy'zep) 9AOW
43 zls|-|-|-]- ug < (e ubis)(wy+(xa~ ubis)9Tp)gwa u@'(wy'9tp) SAON
43 clv |- -|-]- uq < (1xa” ubis)(wy+(xa™ ubis)gp)giaw u@'(wy'gp) GAOW
43 clel-|-1-1- ug < (1xe” ubis)(wy)gwaw ug‘(wy) 9AON | SAOW
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‘payjioads jou si yaiym siaisibal ayy diys ‘siaisibal

953U} SaIIS IS|GLISSSE B} UBYM JSNBW OU €Y PUB 2V ‘€ ‘ZA 43P0 Sy} Ul pauInial dJe ubal yum payoads si1aisiBal Ty
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S8

OENV 10} S3OAI G I«
T = sBas yum payroads Jeisibal
‘(0d'zep) = 19qel J1

B4

Od < ¢2Ep +0d
‘AN < L + 0d'dS < (1xa” 01ez)gwiwl - dS
(-dS)zewaw < Thas'(dS)zewaw < / + Od

S8

0SNYV 10} S8|1A2AD G
0 = sBal yum payoads siaisibal
(0d'zep) = [agey 4

< guuwE>

<

sBai>
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TOTT TOTT | 9S

Od < 2€p + 0d
‘AN < L + 0d'dS < (1xa” 018z)gwiwl - dS
‘(dS)zewaw < 2+0d

S8

TT = sbal yum payoads siaisibial
(0d'9TP) = [90®| )|

€T

‘0d < (1xe” ubIS)9TP+0d

‘AN < § + D2d'dS < (X8 ol1ez)gwuwi - S
(rr-dS)zEWBW <YV 1 (07-dS)ZEWBW <[
‘(9g-dS)zEWaW —HAIN'‘(ze-dS)zewaw Ty
‘(82-dS)zEWAW <OV (2-dS)zEWaW < Ta
‘(02-dS)zewaw «0Q‘(9T-dS)zewaw ey
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S8

0T = sbas yum paiyioads sisisibal
‘(0d'9TP) = Iaqel JI
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Od < (X3 uBIS)9TP + Od

‘YA < G + Dd'dS < (X8 o1az)gwwi - dS
‘(Op-dS)zEWaW < ¥y
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‘(zT-dS)zewaw —gbar(g-ds)zewaw «—zbal
‘(7-dS)zewaw <1681 (dS)zEWaW < G + Od

S8

6 = sbal yum payoads sialsibal
‘(0d'9TP) = 19qel JI
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Od < (1xo"ubIs)9Tp + Od
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‘(82-dS)zewaw < 4AW'(rz-dS)zewa <1V
‘(02-dS)zEWaW «0V'(9T-dS)zEWaW «1a
‘(zT-dS)zEWwaw «0q'‘(8-dS)zewaw « zhai
‘(r-dS)zewaw «—1haI(dS) ZEWsW « G + Od
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‘(ze-dS)zewaw < ¥yl
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OENY 10} SBJOAD 1T «
0T= sbaJ yum payioads siaisibal

Od < 2€p + Od

UAW < L + 2d'dS < (xa 01az)gwwl - dS
‘(Op-dS)zEwaw «—yv

‘(9e-dS)zeWwaW Y7 (2€-dS)zeWaW <yan
‘(82-dS)zEWBW «TV'(yg-dS)zewaw <o
‘(0z-dS)zewaw «—1a‘(9T-dS)zeWwaw <0a
‘(21-dS)zewaw ghar'(g-dSs)zewaw <ghal

S8 ‘(0d'zep) = [2gey 4 «€T| L ‘(-dS)zewaw <16l (dS)zewaw < / + Od
Od < 2€p + Od
"HAW < L + 0d'dS < (xo osaz)gwiwi - dS
‘(9e-dS)zEWwaW <Yy T'(2€-dS)zZEWBW Y|
‘(8z-dS)zEWBW — AW (Fz-dS)zewaw <Tv
OEINY 10} SBJIAD €T iy ‘(0z-dS)zewaw OV (9T-dS)zEWawW <1a
6 = sbBal yum payioads siaisibal ‘(zT-dS)zEwaw «-0Q‘(8-dS)zewaw < zbal
S8 ‘(0d'zep) = 19gel )1 «T| L ‘(r-dS)zewaw 1681 (dS)zEwdW < / + Od
Od < 2ep + Od
‘YA < L + Dd'dS < (xa 01az)gwwl - dS
‘(ze-dS)zewaw —yv
‘(82-dS)zewaw <y (rg-dS)zewaw —yadn
OENY 10} SBJ9AD 2T 1« ‘(0z-dS)zewaw «Tv'(9T-dS)zEWaW <0V
8 = sbal yum paiyoads siaysibal ‘(zT-dS)zewsw «1Q'(8-dS)zEwaw —0a
68 ‘(0d'zep) = 1ogel 4 SIT| L ‘(p-dS)zewaw < 1ba1 (dS)zEWaW < L + Od
Od < Z€P + Od
"YAW < L +0d'dS < (xe~ osaz)gwul - dS
‘(82-dS)zeWwBW — ¥y (rg-dS)zewaw < yIl
OEWY 10} S3J9AD TT iy ‘(0z-dS)zEWaW YA (9T-dS)zEWaw Ty
£ = sbal yum paiyoads siaysibal ‘(ZT-dS)zeWaw «—Qv'(8-dS)zEWwaw <1a
S8 ‘(0d'zep) = 1ogel 4 «0T| L ‘(p-dS)zEWaw <0a'(dS)zewal < £ + Od
Od < 2Z€P + Od
"YAW < L +0d'dS < (xe~ osaz)gwul - dS
OENY 10} SBJ0AD 8 i« ‘(9T1-dS)zEWBW <€V
¥ = sBal yum payioads siaisibal ‘(2T-dS)zewaw «gv'(8-dS)zeWwaw <€a
68 ‘(0d'zep) = 1ogel 4 «L| L ‘(r-dS)zewaw <za'(ds)zewaw < /£ + 0d
Od < 2€P + Od'YAWN < L + Od
OENY 40} SBJOAD / i« dS < (1xo~osaz)gwiwl - dS'(dS)zEWawW «ghias
€ = sbBaJ ynm payloads siaisibal (8-dS)zewaw «<zhal‘(y-dS)zewaw «t1bhas %
S8 ‘(0d'zep) = 1ogel 4 9 2L ‘(dS)zewaw < / + Od c
OENY 10} S8JA0A0 9 iy Od < 2€P + Od'YAN < £ + Od .m
2 = sbaJ ynm payioads siaisibal dS < (X8 01az)gwuwl - 4S‘(dS)zswaw «zbal m
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Od < (dS)zewaw

UV —(2e-dS)zewaw YIT —(8z-dS)zewaw
AW < (rZ-dS)zewaw TV <(02-dS)zewaw
0V <(9T-dS)zeWawW TA «(2T-dS)zEWaw
‘00 <(8-dS)zewaw T6a1 «(p-dS)zewaw
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68 6lel|-|-1]-|- 'dS < (e~ osez)gwwl + dS
Od < (dS)zewaw Yy —(82-dS)zewaw
"IN <(vrz-dS)zewaw YA <(0z-dS)zewaw
TV <—(9T-dS)zewaw oy «(zT-dS)zewaw
‘1d < (8-dS)zewsw'0d < (r-dS)zewaw
68 8= sbai yum payroads sialsibal gle| - - - - ‘dS < (o~ 019z)gwwl + dS
Od < (dS)zewaw
‘eV < (9T-dS)zewaw ey «(2T-dS)zewaw
‘ed —(8-dS)zewaw 'za —(p-dS)zewaw
68 /= sbai yum payioads siaisibal S| ¢ - - - - ‘dS < (X8~ oJaz)gwuwl + 4S
Od < (dS)zewaw'ghas «(zT-dS)zewaw
‘zBa1 < (8-dS)zewaw 1631 «(p-dS)zewaw
68 = sbai yum payroads sialsibal S|l el - - - - ‘dS < (xo~ 019zZ)gwwl + dS
Od < (dS)zewaw
OEINY 10} SBJOAD Pix ‘Zba1 <(8-dS)zewaw'Thas —(p-dS)zewaw
68 ¢= sbal ynm payioads siaisibal S| el - - - - ‘dS < (X8~ 019z)gwwl + dS
OEINV 10} 319D i Od < (dS)zewaw ‘Bas —(p-dS)zewaw
68 2= sbai yum payioads siaisibal S| €| - - - - ‘dS < (x8 019z)gwwl + dS
OENY 10§ S3|9KD 7y
68 1= sbai yum paiyoads siaisifal <tgwwl> o <ttosBal> TTTT TOTT|2S |5 | €| - | - | - | - [od < (dS)zewaw'ds < (xe~olaz)gwul + dS 13| 13d
OEINY 10} SBJOAD ¥ix Od < 2€P + Od "YAW < 9 + Od
88 0= sBau yum payioads siaisibal 2€P> TTITT TITT O0O0TT TITT|va|«€ | 9| - | - | - | - | ‘(dS)zewaw < g + Od ((Od'zep) = 13qel) I
Od < (x@ ubIs) 9TP+ Od 'YAW < ¥ + Od
88 OEINV 10} S319AD 7 1 9TP> TTTT TTITT OTOT TTITT|2A| € | v | - | - | - | - | ‘(dS)zewsw < ¥ +Od ‘((Od'9TP) = 19qe)) I [oel ST1vO
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1st byte
Upper/Lower 0 1 2 3 4 5 6 7 8 9 A B C D E F

o | & [uou e luown] on Juor lvow lwow] on Juor Juoms luomy] on Juor Tuowmy Tuows
1 EXTB Dn EXTBU Dn EXTH Dn EXTHU Dn
2 ADD imm8,An MOV imm16,An ADD imm8,Dn MOV imm16,Dn
3 MOV (abs16),Dn MOVBU (abs16),Dn MOVHU (abs16),Dn MOV SP,An
4 B\loc J::)C D’g%/S,SP)LO,(d&SP) Itr)\llc LNlc Dhi?c\ll&SP)‘A’\f,(()t}/&SP) I[?‘zc KVZC DNZ‘?C\I/&SP)AAQ%Q‘SP) I[’>\13C L{\‘?,C Dhg?c\i/&sp)Ahg%,SP)
5 INC4 An ASL2 Dn MOV (d8,SP),Dn MOV (d8,SP),An
6 MOV Dm,(An)
7 MOV (Am),Dn
8 MOV Dm,Dn (If m=nMQV, imm8,Dn)
9 MOV Am,An (If m=nMOV, imm8,An)
A CMP Dm,Dn ( If m=n, CMP imm8,Dn)
B CMP Am,An (If m=n, CMP imm8,An)
C | Bbcy faboy fecy| farcy fape tiec) torc thro tove | e | tpe | NOP | i6ro | 6P | (phess egs(oh
D | LLT | LGT, LGE, LLE | LCS, LHI | LCC, LLS | LEQ, LNE | LRA |SETLB| (60 | wporc |RETF| RET
E ADD Dm,Dn
F Code extension (2-byte) ‘ (c;gyet;xxension Code extension E:g-dbeyg;‘enswn g?gye[ee)xtejsion

2nd byte (1st byte:F0) Instruction for 2-byte

Upper/lower 0 1 2 3 4 5 6 7 8 9 A B C D E F
0 MOV (Am),An
1 MOV Am,(An)
2
3
4 MOVBU (Am),Dn
5 MOVBU Dm,(An)
6 MOVHU (Am),Dn
7 MOVHU Dm,(An)
8 BSET Dm,(An)
9 BCLR Dm,(An)
A
B
C
D
E
F CALLS (An) IMP (An) \RETS\ RTI \TRA#
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2nd byte (1st byte: F1)) Instruction for 2-byte

o

SUB Dm,Dn

SUB Am,Dn

SUB Dm,An

SUB Am,An

ADDC Dm,Dn

ADD Am,Dn

ADD Dm,An

ADD Am,An

SUBC Dm,Dn

CMP Am,Dn

CMP Dm,An

MOV Am,Dn

MOV Dm,An

m m O O T >» © 00 N o o b~ 0w N -

2nd byte(1st byte:F2) Instruction for 2-byte

o

AND Dm,Dn

OR Dm,Dn

XOR Dm,Dn

NOT Dn

MUL Dm,Dn

MULU Dm,Dn

DIV Dm,Dn

DIVU Dm,Dn

ROL Dn ROR Dn

ASL Dm,Dn

LSR Dm,Dn

ASR Dm,Dn

EXT Dn

MOV MDR,Dn MOV PSW,Dn

M m OO O ™ >» © 0o N o o &~ 00w N -

MoV MOV MoV MoV MOV MoV MoV MOV MOV MoV MOV MOV
A0,SP DO,MDR | DO,PSW| Al1,SP D1,MDR | D1,PSW| A2SP D2,MDR | D2,PSW | A3,SP D3,MDR | D3,PSW
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2nd byte (1st byte: F3) Instructions for 2-byte

Upper/lower 0 1 2 3 4 5 6 7 8 9 A B C D E F
0
1 .
MOV (Di,Am),Dn
2
3
4
5 .
6 MOV Dm,(Di,An)
7
8
9 .
MOV (Di,Am),An
A
B
C
D
E MOV Am,(Di,An)
F

2nd byte(1st byte: F4) Instruction for 2-byte)

Uppetfower 0 1 2 3 4 5 6 7 8 9 A B C D E F
0
1
) MOVBU (Di,Am),Dn
3
4
5
. MOVBU Dm,(Di,An)
:
8
9
A MOVHU (Di,Am),Dn
B
c
D
. MOVHU Dm, (Di,An)
F
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2nd byte(1st byte:F5) Instruction for 2-byte
Upper/lower 0 1 2 3 4

UDF20 Dm,Dn

UDF21 Dm,Dn

UDF22 Dm,Dn

UDF23 Dm,Dn

UDF24 Dm,Dn

UDF25 Dm,Dn

UDF26 Dm,Dn

UDF27 Dm,Dn

UDF28 Dm,Dn

UDF29 Dm,Dn

UDF30 Dm,Dn

UDF31 Dm,Dn

UDF32 Dm,Dn

UDF33 Dm,Dn

UDF34 Dm,Dn

M m O O W » © 0o ~N o o A wWw N B+~ O

UDF35 Dm,Dn

2nd byte (1st byte: F6) Instruction for 2-byte)
Upperflower 0 1 2 3 4

UDFO00 Dm,Dn

UDEQ1 Dm,Dn

UDF02 Dm,Dn

UDF03 Dm,Dn

UDF04 Dm,Dn

UDF05 Dm,Dn

UDF06 Dm,Dn

UDFO7 Dm,Dn

UDFO08 Dm,Dn

UDF09 Dm,Dn

UDF10 Dm,Dn

UDF11 Dm,Dn

UDF12 Dm,Dn

UDF13 Dm,Dn

UDF14 Dm,Dn

M m O O W >» © 0o N o o A wWw N -, O

UDF15 Dm,Dn
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2nd byte (1st byte:F8) Instruction for 3-byte

Upper/lower 0

1 2 3

4

Appendix

MOV (d8,Am),Dn

MOV Dm,(d8,An)

MOV (d8,Am),An

MOV Am,(d8,An)

MOVBU (d8,Am),Dn

MOVBU Dm,(d8,An)

MOVHU (d8,Am),Dn

MOVHU Dm,(d8,An)

MOVBU

MOVHU
DO,(d8,SP)DO, (d8,SP.

MOVBU

MOVHU
D1,(d8,SP) D1,(d8,SP,

MOVBU | MOVHU
D2,(d8,SP) D2,(d8,SP

MOVBU |MOVHU
D3,(d8,SP)D3,(d8,SP.

MOVBU (d8,SP),Dn

MOVHU (d8,SP),Dn

ASL imm8,Dn

LSR imm8,Dn

ASR imm8,Dn

AND imm8,Dn

OR imm8,Dn

BVC

(d8,PC)

BVS
(d8,PC)

BNC
(d8,PC)

BNS

(d8,PC)

BTST imm8,Dn

M m O O W >» © 0o N o o A W N B O

MOV (d8,An),SP

MOV SP,(d8,An)

imm8,SP

ADD |

2nd byte (1st byte:F9) Instruction for 3-byte

Upper/lower (

1 2 3

4

5 6

D E F

UDFO00 imm8,Dn

UDFUOQ0 imm8,Dn

UDF20 imm8,Dn*

UDFU20 imm8,Dn*

UDFO01 imm8,Dn

UDFUO01 imm8,Dn

UDF21 imm8,Dn*

UDFU21 imm8,Dn*

UDFO02 imm8,Dn

UDFUO02 imm8,Dn

UDF22 imm8,Dn*

UDFU22 imm8,Dn*

UDFO03 imm8,Dn

UDFUO03 imm8,Dn

UDF23 imm8,Dn*

UDFU23 imm8,Dn*

UDF04 imm8,Dn

UDFU04 imm8,Dn

UDF24 imm8,Dn*

UDFU24 imm8,Dn*

UDFO05 imm8,Dn

UDFUO05 imm8,Dn

UDF25 imm8,Dn*

UDFU25 imm8,Dn*

UDFO06 imm8,Dn

UDFUO06 imm8,Dn

UDF26 imm8,Dn*

UDFU26 imm8,Dn*

UDFO07 imm8,Dn

UDFUOQ7 imm8,Dn

UDF27 imm8,Dn*

UDFU27 imm8,Dn*

UDFO08 imm8,Dn

UDFUO08 imm8,Dn

UDF28 imm8,Dn*

UDFU28 imm8,Dn*

UDFO09 imm8,Dn

UDFUO09 imm8,Dn

UDF29 imm8,Dn*

UDFU29 imm8,Dn*

UDF10 imm8,Dn

UDFU10 imm8,Dn

UDF30 imm8,Dn*

UDFU30 imm8,Dn*

UDF11 imm8,Dn

UDFU11 imm8,Dn

UDF31 imm8,Dn*

UDFU31 imm8,Dn*

UDF12 imm8,Dn

UDFU12 imm8,Dn

UDF32 imm8,Dn*

UDFU32 imm8,Dn*

UDF13 imm8,Dn

UDFU13 imm8,Dn

UDF33 imm8,Dn*

UDFU33 imm8,Dn*

UDF14 imm8,Dn

UDFU14 imm8,Dn

UDF34 imm8,Dn*

UDFU34 imm8,Dn*

m m T O W » © 0o N o o A W N B O

UDF15 imm8,Dn

UDFU15 imm8,Dn

UDF35 imm8,Dn*

UDFU35 imm8,Dn*

-

*: Installed for AM30/AM32. Not used for AM30.
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2nd byte (1st byte: F4) Instruction for 4-byte
Upper/lower O

o

M mMm O O W > © 0 N o o b w N k-

2nd byte (1st byte: FB) Instruction for 4-byte

1 2 3 4

MOV (d16,Am),Dn

MOV Dm,(d16,An)

MOV (d16,Am),An

MOV Am,(d16,An)

MOVBU (d16,Am),Dn

MOVBU Dm,(d16,An)

MOVHU (d16,Am),Dn

MOVHU Dm,(d16,An)

MOV
A0, (al

MOV
bs16)|

Al,(abs16

MoV

A2,(abs16

MOV
A3,(abs16),

MoV

A0,(d16,SP

MOV
DO,(d16,SP

MOVBU
D0,(d16,SP,

MOVHU
D0,(d16,SP)

MOV
IA1,(d16

,SP

MOV
D1,(d16,SP,

MOVBU
D1,(d16,SP

MOVHU
D1,(d16,SP

MoV

A2,(d16,5P)

MOV
D2,(d16,SP

MOVBU
D2,(d16,SP

MOVHU
D2,(d16,SP)

MOV
A3,(d16,SP,

MOV
D3,(d16,SP

MOVBU
D3,(d16,SP

MOVHU
D3,(d16,SP

MOV (abs16),An

MOV (d16,SP),An

MOV (d16,SP),Dn

MOVBU (d16,SP),Dn

MOVHU (d16,SP),Dn

ADD imm16,Dn

ADD imm16,An

CMP imm16,Dn

CMP imm16,An

AND imm16,Dn

OR imm16,Dn

XOR imm16,Dn

BTST imm16,Dn

BSET imm8,(d8,An)

BCLR imm8,(d8,An)

BTST imm8,(d8,An)

AND
imm16,PS'

OR
imm16,PS)

ADD
imm16,SP

CALLS
(d16,PC)

Upper/lower 0

M m O O @ > © 0 N o o b W N B O

1 2 3 4

5 6 7

9 A B

C D E F

UDF00 imm16,Dn

UDFUOQ0 imm16,Dn

UDF20 imm16,Dn*

UDFU20 imm16,Dn*

UDFO1 imm16,Dn

UDFUO01 imm16,Dn

UDF21 imm16,Dn*

UDFU21 imm16,Dn*

UDF02 imm16,Dn

UDFUO02 imm16,Dn

UDF22 imm16,Dn*

UDFU22 imm16,Dn*

UDF03 imm16,Dn

UDFUO03 imm16,Dn

UDF23 imm16,Dn*

UDFU23 imm16,Dn*

UDF04 imm16,Dn

UDFUO04 imm16,Dn

UDF24 imm16,Dn*

UDFU24 imm16,Dn*

UDF05 imm16,Dn

UDFUO05 imm16,Dn

UDF25 imm16,Dn*

UDFU25 imm16,Dn*

UDF06 imm16,Dn

UDFUO06 imm16,Dn

UDF26 imm16,Dn*

UDFU26 imm16,Dn*

UDF07 imm16,Dn

UDFUOQ7 imm16,Dn

UDF27 imm16,Dn*

UDFU27 imm16,Dn*

UDF08 imm16,Dn

UDFUO08 imm16,Dn

UDF28 imm16,Dn*

UDFU28 imm16,Dn*

UDF09 imm16,Dn

UDFUO09 imm16,Dn

UDF29 imm16,Dn*

UDFU29 imm16,Dn*

UDF10 imm16,Dn

UDFU10 imm16,Dn

UDF30 imm16,Dn*

UDFU30 imm16,Dn*

UDF11 imm16,Dn

UDFU11 imm16,Dn

UDF31 imm16,Dn*

UDFU31 imm16,Dn*

UDF12 imm16,Dn

UDFU12 imm16,Dn

UDF32 imm16,Dn*

UDFU32 imm16,Dn*

UDF13 imm16,Dn

UDFU13 imm16,Dn

UDF33 imm16,Dn*

UDFU33 imm16,Dn*

UDF14 imm16,Dn

UDFU14 imm16,Dn

UDF34 imm16,Dn*

UDFU34 imm16,Dn*

UDF15 imm16,Dn

UDFU15 imm16,Dn

UDF35 imm16,Dn*

UDFU35 imm16,Dn*

m *: Installed for AM31/AM32. Not used for AM30.
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2nd byte (1st byte; FC) Instruction for 6-byte

Appendix

Upper/lower O 1 2 3 4 5 6 7 8 9 A B C D E F
0 MOV (d32,Am),Dn
1 MOV Dm,(d32,An)
2 MOV (d32,Am),An
3 MOV Am,(d32,An)
4 MOVBU (d32,Am),Dn
5 MOVBU Dm,(d32,An)
6 MOVHU (d32,Am),Dn
7 MOVHU Dm,(d32,An)
8. | A a2 | D abs2) D) D0 abs2) a2 D a2 D sz | D1 o) e abs2) | D2t | D2 s Dabs3) | Aas2) | D) | D3 | Db
9 A5 0016925700325 D625 |52 0.5 D252 5| 212 ) D52 52 5| 2525 A o )0 6259 3 2.5 Do)
A MOV (abs32),An MOV  (abs32),Dn MOVBU (abs32),Dn MOVHU (abs32),Dn
B MOV (d32,SP),An MOV (d32,SP),Dn MOVBU (d32,SP),Dn MOVHU (d32,SP),Dn
C ADD imm32,Dn SUB imm32,Dn CMP imm32,Dn MOV imm32,Dn
D ADD imm32,An SUB imm32,An CMP imm32,An MOV imm32,An
E AND imm32,Dn OR imm32,Dn XOR imm32,Dn BTST imm32,Dn
= mnase | (@3250)

2nd byte (1st byte: FD) Instruction for 6-byte

Upper/lower 0 1 2 3 4 5 6 7 8 9 A B C D E F
0 UDF00 imm32,Dn UDFU00 imm32,Dn UDF20 imm32,Dn* UDFU20 imm32,Dn*
1 UDF01 imm32,Dn UDFU01 imm32,Dn UDF21 imm32,Dn* UDFU21 imm32,Dn*
2 UDF02 imm32,Dn UDFU02 imm32,Dn UDF22 imm32,Dn* UDFU22 imm32,Dn*
3 UDF03 imm32,Dn UDFU03 imm32,Dn UDF23 imm32,Dn* UDFU23 imm32,Dn*
4 UDF04 imm32,Dn UDFU04 imm32,Dn UDF24 imm32,Dn* UDFU24 imm32,Dn*
5 UDF05 imm32,Dn UDFU05 imm32,Dn UDF25 imm32,Dn* UDFU25 imm32,Dn*
6 UDF06 imm32,Dn UDFU06 imm32,Dn UDF26 imm32,Dn* UDFU26 imm32,Dn*
7 UDF07 imm32,Dn UDFU07 imm32,Dn UDF27 imm32,Dn* UDFU27 imm32,Dn*
8 UDF08 imm32,Dn UDFU08 imm32,Dn UDF28 imm32,Dn* UDFU28 imm32,Dn*
9 UDF09 imm32,Dn UDFU09 imm32,Dn UDF29 imm32,Dn* UDFU29 imm32,Dn*
A UDF10 imm32,Dn UDFU10 imm32,Dn UDF30 imm32,Dn* UDFU30 imm32,Dn*
B UDF11 imm32,Dn UDFU11 imm32,Dn UDF31 imm32,Dn* UDFU31 imm32,Dn*
C UDF12 imm32,Dn UDFU12 imm32,Dn UDF32 imm32,Dn* UDFU32 imm32,Dn*
D UDF13 imm32,Dn UDFU13 imm32,Dn UDF33 imm32,Dn* UDFU33 imm32,Dn*
E UDF14 imm32,Dn UDFU14 imm32,Dn UDF34 imm32,Dn* UDFU34 imm32,Dn*
F UDFU35 imm32,Dn*

UDF15imm32,Dn

UDFU15 imm32,Dn

UDF35 imm32,Dn*

% * Installed for AM31/AM32. Not used for AM30.
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2nd byte (1st byte: FE) Instruction for 7/5-byte
Upper/lower 0 1 2 3 4 5 6 7 8 9 A B C

0 BSET imm8,) BCLR imm8| BTST imm|
(abs32) (abs32) (abs32)

BSET imm8, | BCLR imm8, BTST imm8,
(abs16)* (abs16)* (abs16)*

M m O O W » © 0 ~N o o b w N -

% % * - Installed for AM32. Not used for AM30/AMS31.

2nd byte (1st byte:F7) reserved map
Upper/lower Q 1 2 3 4 5 6 7 8 9 A B C

MM m O O W » © 0o ~N o o A W N B+ O
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ADDC
AND

ASL

ASL2
ASR

BCC
BCLR

BCS
BEQ
BGE
BGT
BHI

BLE
BLS
BLT

BNC
BNE
BNS

192 Index

AMAN e 46
AMDN i 46
DMDN . 46
DMDN i 46
IMMIG,AN e 47
IMMLB,DN ..o 47
IMMILG,SP ... 47
IMM3B2,AN e 47
IMM32,DN e 47
IMM32,SP ... 47
IMMB, AN .o 47
IMMB,DN ..o 47
IMMB,SP ... 47
DM,DN e, 438
DMDN .o, 59
IMMLB,DN ..o 59
iMM16,PSW ......coevieeciceeeeee 60
IMM32,DN ..o 59
IMMB,DN .. 59
DMDN e 76
IMMB,DN .. 77
5] 78
DMDN . 70
5] R 72
IMMB,DN .. 71
[QDEl oo 81
DM, (AN) e 68
imm8,(abS1B) .....ccccevveverereiecienenn, 69
immB,(abs32) .....cccovrviieie 69
imm8,(d8,AN) .......ccevvreerireieerei 69
[QDEl e 81
[QDEl oo 8l
[QDEl e 81
[QDEl oo 8l
[ADE e 81
[QDEl oo 81
[QDE! e 81
[QDEl o 81
[ADE e 81
[QDEl o 8l
[QDEl e 81

BSET

BTST

BvVC
BVS

CALL
CALLS

CLR
CMP

DIV
DIVU

EXT
EXTB
EXTBU
EXTH
EXTHU

INC

INC4

[QDEl e 81
DM, (AN) e 66
immMB,(aDS16) .....ccevvveerieirieriee 67
imMm8,(absS32) .....ccoevveveiiiieerei, 67
iMmM8,(d8,AN) .....cerererieireeeeeene 67
IMML6,DN ..o, 65
IMM32,DN e 65
imm8,(abS16) ......covevveerrveierieieeieae, 65
immB,(abS32) ....c.cvveevreeiriiiriiics 65
imm8,(d8,AN) .....ccoeveeererieeeerene 65
IMMB,DN ..o 65
[ADEl e, 81
[QDEl .o, 81
[ADEl o, 85
(AN et 87
[QDEl oo, 88
5] o IO 45
AMAN 58
AMDN . 58
DMAN e 58
DMDN o 58
IMMLG,AN (e 58
IMMIG,DN ..o 58
IMM32,AN i 58
IMM32,DN e 58
IMMBAN ...t 58
IMMB,DN ..o 58
DMDN oo 54
DMDN i 55
DN e 40
5] o IO 41
5] I 42
DN o 43
DN e 44
5] I 56
AN e 56
AN e 57



JMP

JSR

LCcC
LCS
LEQ
LGE
LGT
LHI

LLE
LLS
LLT

LNE
LRA
LSR

MOV

N S B

= Um0 io NN IV IO NN IV IO N NN

o0 TN~

o)

(AN e 8
[abel ..o, 8
(AN e 9
[abel ..o, 9
........................................................ 8
........................................................ 8
........................................................ 8
........................................................ 8
........................................................ 8
........................................................ 8
........................................................ 8
........................................................ 8
........................................................ 8
........................................................ 8
........................................................ 8
DM,DN e 7
DN e 7
IMMB,DN e 74
(absS16),AN ....eeiiiiii 2
(@bs16),DN ..oeevvveeeeiiiiiieeeeee, 2
(@bS32),AN ...ooiiiii 2
(@bs32),DN ..oeeevveeeeeiiiieeee 2
AM,(@DS16) ...oevviiiiiiiieii 2
Am,(abs32) .....ccccciiiieii 2
AMLAN L 26
AML(AN) e 28
AmM,(d16,AN) e 28
AM,(d16,SP) ..cooiiiiieeiiiiieee e 2
AmM,(d32,AN) i 28
AM,(d32,SP) ..o 2
AM,(d8,AN) ..ceviieeeeiiiiieee e 28
AM,(d8,SP) ..ooviiiiiiiiiiiiie 2
AM, (DLAN) e 28
AMDN 26
AM,SP 2
(AM),AN ..o 27
(AM),DN i 27
(d16,AM), AN .oiiiiiiiiee e 27
(d16,Am),DN...ccevvieiiiiiieeeciiiee e, 27
(d32,AM), AN cciiiiiiiiie e, 27
(d32,AmM),DN...covvvieiiiiiieeiciieee, 27

MOVB

(d8,AM),AN.....ovvviiiiiiieeeeee e, 27

(d8,AM),DN.cccvereeeiiiiiiiiiiiieeee e 27
(d8,AM),SP ..ot 27
(d16,SP),AN ..o, 27
(d16,SP),DN ..o 27
(d32,SP),AN ...t 27
(d32,SP),DN ..o, 27
(d8,SP),AN ..ot 27
(d8,SP),DN ...cccoiiiiiiiiiieeeeee e 27
(DILAM), AN ..o 27

(DTN 1 1) 15 o TS 27

Dm,(@bS16) ...coovvviiiiiiiiiiiiiei, 28
Dm,(absS32) ...cccvvvviiiieiieeeeee e, 28
DMAN 26
DM, (AN) e 28
DM, (d16,AN) ceeeiieiiiiiieeeeciieee e 28
DmM,(d16,SP) ..ccoveeeieiiiiiiiiiieeeeeee, 28
DM, (d32,AN) c.eeiiieiiiiiieeeeiieee e 28
DmM,(d32,SP) ..coeveeeiiiiiiiieeeeeee, 28
Dm,(d8,AN) ..cceeieiiiiiiiiieeeee e 28
DmM,(d8,SP) w.cevvvveeeieiiiiiieeeeeeee, 28
DM, (Di,AN) eoeiieeeeeiiieee e 28

DM,DN i, 26
DM,MDR ...oovviiiiieiiiiiieeiiieeeeee 26

DM,PSW ..o, 26
IMMLG,AN e 29
IMMLE,DN ., 29
IMM32,AN e 29
IMM32,DN oo, 29
IMMB,AN ..o 29
IMM8,DN v, 29
MDR,DN ..o 26

PSW,DN ..o, 26
SPAN (.o 26
SP,(d8,AN) ...t 28
(@bsS16),DN ..o 32
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