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PREFACE

H Objectives and Intended Readership

The F?MC-16LX series products are original 16-bit one-chip microcontrollers that support application
specific ICs (ASICs). They are suitable for use in various types of industrial equipment, office-automation
equipment, on-vehicle equipment, and other equipment that is required to operate at high speed in real-time
mode.

Note: FXMC is the abbreviation of FUIITSU Flexible Microcontroller.
B Trademark

The company names and brand names herein are the trademarks or registered trademarks of their respective
owners.

B Configuration of this Manual

This manual contains the following 9 chapters and appendix.

CHAPTER 1 OVERVIEW OF THE F2MC-16LX CPU CORE AND SAMPLE CONFIGURATION
INCLUDING IT

This chapter briefly describes the configuration of the F”MC-16LX CPU core, and presents a sample
configuration of a device incorporating it.
CHAPTER 2 MEMORY SPACE

This chapter describes the memory spaces of the F”MC-16LX CPU.
CHAPTER 3 DEDICATED REGISTERS

This chapter describes the dedicated registers of the F>MC-16LX CPU.
CHAPTER 4 GENERAL-PURPOSE REGISTERS

This chapter describes the general-purpose registers of the F>MC-16LX CPU.
CHAPTER 5 PREFIX CODES

The operation of an instruction can be modified by prefixing it with prefix code. This chapter explains
the prefix codes.

CHAPTER 6 INTERRUPT HANDLING

This chapter describes the F2MC-16LX interrupt handling functions and their operations.
CHAPTER 7 ADDRESSING

This chapter explains the addressing mode for each instruction of the F>MC-16LX.
CHAPTER 8 INSTRUCTION OVERVIEW

This chapter explains the meanings of items and symbols used in explanations in "CHAPTER 9
DETAILED EXECUTION INSTRUCTIONS".

CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

This chapter describes each execution instruction used in the assembler in a reference format.
APPENDIX

The appendix section includes lists of instructions used in the F?MC-16LX, as well as the related
instruction maps.



B References
The following manuals should be referred along with this manual:
« F?MC-16LX/16L/16/16H/16F Assembler Manual
« F’MC-16LX Model-Specific Hardware Manual

* The contents of this document are subject to change without notice.
Customers are advised to consult with sales representatives before ordering.

* The information, such as descriptions of function and application circuit examples, in this document are presented solely for the
purpose of reference to show examples of operations and uses of FUJITSU MICROELECTRONICS device; FUJITSU
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such use of the information. FUJITSU MICROELECTRONICS assumes no liability for any damages whatsoever arising out of
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the use or exercise of any intellectual property right, such as patent right or copyright, or any other right of FUJITSU
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liability for any infringement of the intellectual property rights or other rights of third parties which would result from the use of
information contained herein.
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could have a serious effect to the public, and could lead directly to death, personal injury, severe physical damage or other loss
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READING THIS MANUAL

B Page Layout

In this manual, an entire section is presented on a single page or spread whenever possible. You can thus
view a section without having to flip pages.

The content of each section is summarized immediately below the title. You can obtain a rough overview
of this product by reading through these summaries.

Also, higher level section headings are given in lower sections so that you can know to which section the
text your are currently reading belongs.
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Main changes in this edition

Page Changes (For details, refer to main body.)
188 | CHAPTER 9 "@ Assembler format:" is changed.
DETAILED EXECUTION INSTRUCTIONS | (MOV @AL,AH/ MOV @A, T — MOV @AL,AH)
9.1.66 MOV
(Move Byte Data from AH to Memory)
210 | CHAPTER 9 "@ Assembler format:" is changed.
DETAILED EXECUTION INSTRUCTIONS | (MOVW @AL,AH/MOV @A, T - MOVW @AL,AH)
9.1.80 MOVW
(Move Word Data from AH to Memory)
278 | CHAPTER 9 "@ Assembler format:" is changed.
DETAILED EXECUTION INSTRUCTIONS | (SWAPW /XCHW A,T — SWAPW)
9.1.125 SWAPW
(Swap Word Data of Accumulator)
305 | B.1 Transfer Instructions "Table B-1 Transfer Instruction (Byte): 41 Instructions" is
changed.
MOV @AL,AH/ MOV @A,T - MOV @AL,AH)
306 "Table B-2 Transfer Instruction (Word/Long-word):
38 Instructions" is changed.
MOVW @AL,AH/MOVW @A,T - MOVW @AL,AH)
315 | B.5 Branch Instructions CBNE Instruction in "Table B-14 Branch 2: 19 Instructions" is

changed.

(CBNE ear,#immg8,rel
CBNE ear #immS8,rel
-

CBNE ear#immS8,rel
CBNE eam,#imm8,rel

byte(A) not equal to imm8
byte(A) not equal to imm8

byte(ear) not equal to imm8
byte(eam) not equal to imm3)

CWBNE Instruction in "Table B-14 Branch 2: 19 Instructions" is
changed.

(CWBNE ear,#imm16,rel

CWBNE ear,#imm16,rel
-

CWBNE ear#imm16,rel

CWBNE eam, #imm16,rel)

Xi




Page

Changes (For details, refer to main body.)

316

317

318

B.6 Other Instructions

"Table B-15 Other Control Systems (Byte/Word/Long-word):
28 Instructions" is changed.
(+&— *5)

"Table B-15 Other Control Systems (Byte/Word/Long-word):
28 Instructions" is changed.

(*5: (number of POP operations), or (number of PUSH opera-
tions))

"Table B-17 Accumulator Operation Instruction (Byte/Word):
6 Instructions" is changed.

(SWAPW / XCHW A,T - SWAPW)

"Table B-18 String Instruction : 10 Instructions" is changed.
(+& = *5),(+) > *8)

The vertical lines marked in the left side of the page show the changes.
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CHAPTER 1
OVERVIEW OF

THE F°MC-16LX CPU CORE
AND SAMPLE
CONFIGURATION
INCLUDING IT

This chapter briefly describes the configuration of the

F2MC-16LX CPU core, and presents a sample
configuration of a device incorporating it.

1.2 Sample Configuration of an F°MC-16LX Device
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1.1 Overview of the FZMC-16LX CPU Core

The F2MC-16LX CPU core is an advanced 16-bit CPU designed for use in various types
of industrial equipment, office automation equipment, on-vehicle equipment, and other
equipment required to operate at high speed in real-time mode.

W Overview of the FZMC-16LX CPU Core

The FPMC-16LX CPU core is an advanced 16-bit CPU designed for use in various types of industrial
equipment, office automation equipment, on-vehicle equipment, and other equipment required to operate at

high speed in real-time mode. The design of the F?MC-16LX instruction set is optimized for use in
controllers. The instructions can perform various types of control at high speed and at high efficiency. The

F?MC-16LX is a suitable CPU for processing 16-bit data. Some of its instructions can be used also for 32-

bit data processing, because its CPU incorporates a 32-bit accumulator. The memory space of the F2MC-
16LX can be expanded up to 16 Mbytes. Each location in the memory space can be accessed using either a

linear pointer or a bank method. The instruction set is based on the F?MC-8 A-T architecture, but has been
enhanced by adding instructions that support high-level language, extending the addressing mode,
improving the multiplication and division instructions, and augmenting bit manipulation.

B Features of the FZMC-16LX CPU Core

@ Minimum instruction execution time: 62.5 ns (with internal clock at 16 MHz)
@ Memory space: Up to 16 Mbytes, accessible using either a linear or bank mode

@ Instruction set optimized for use in controllers

* Cornucopia of data types: Bit, byte, word, and long word
» Extended addressing mode: 23 types
* High code efficiency

* Reinforcement of high-precision calculation (32-bit length) by means of a 32-bit accumulator

@ Powerful interrupt functions

Interrupt priority levels: 8 levels (programmable)
@ CPU-independent automatic transfer function
@ Extended intelligent I/O service: Up to 16 channels

@ |Instruction supporting high-level language (C language) and multitasking

* Use of a system stack pointer
* Various pointers
* High symmetry of the instruction set

e Barrel shift instruction

@ Increased execution speed: Use of a 4-byte queue for waiting of instructions
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1.2 Sample Configuration of an F2MC-16LX Device

Figure 1.2-1 shows a sample configuration of an F2MC-16LX device.

B Sample Configuration of an FMC-16LX Device

Figure 1.2-1 F2MC-16LX Device Sample Configuration

Pin section peripheral to the CPU User pin section

Direct page I
Accumulator register Timer/counter
. Register bank L .
Stack pointer gpointer —  Serial port
3
Program Processor 2| ]
counter status || > A/D converter
register | 5?
(@)
=
(4]
LL
Bank register | F?MC-16LX CPU — RAM (data area)

ROM
(program area)

ALU

Interrupt
controller

Clock generator
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CHAPTER 2

MEMORY SPACE

This chapter describes memory spaces in the F2MC-
16LX CPU.

2.1 CPU Memory Space

2.2 Linear Addressing Mode

2.3 Bank Addressing Mode

2.4 Memory Space Divided into Banks and Value in Each Bank Register

2.5 Data Configuration of and Access to Multi-byte Data in Memory
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2.1 CPU Memory Space

All data, programs, and I/O areas managed in the FZMC-16LX CPU are allocated in its
16-Mbyte memory space. The CPU can access these resources using an address on
the 24-bit address bus (see Figure 2.1-1).

The F2MC-16LX addressing mode can be classified either as a linear or bank mode. The
linear mode specifies an entire 24-bit address using a instruction. The bank mode
specifies the upper 8 bits of each address using a bank register, and the remaining 16-
bit address using an instruction.

B CPU Memory Space

Figure 2.1-1 Example of Relationship between the F2MC-16LX System and Memory Map

FFFFFFy4
- Program { Program area
FF80004
2
FeMC-16LX{ | | | Data
CPU \% (810000
{‘ Data area
— Interrupt ‘
[ 800000y
| Peripheral 0000C0y
] circuit Interrupt controller
0000BO0Oy
Peripheral circuit
| |General-purpose 000020
port H
. \% { General-purpose port
[Device] 000000y,
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2.2 Linear Addressing Mode

The linear addressing mode of the F2MC-16LX specifies an entire 24-bit address using
an instruction.

The linear addressing mode can operate in two different ways. In the first way, an
operand of an instruction directly specifies an entire 24-bit address. In the second way,
the lower 24-bit of a 32-bit general-purpose register is referred as an address.

B Linear Addressing Mode

The linear addressing mode of the F”MC-16LX specifies an entire 24-bit address using an instruction. The
address mode of the F"MC-16LX is determined according to the specification of the effective address or
instruction code (implied) of an instruction.

The linear addressing mode can operate in two different ways. In the first way, an operand of an
instruction directly specifies an entire 24-bit address. In the second way, the lower 24-bit of a 32-bit
general-purpose register is referred as an address (see Figure 2.2-1 ).
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Figure 2.2-1 Examples of Generating an Address in the Linear Addressing Mode

Example 1: 24-bit Operand Specification in the Linear Addressing Mode
JMPP 123456H

Previous content of 17452Dy

program counter plus | 17~ 452D
program bank

JMPP 123456H

Latest content of 123456
program counter plus | 12 | 3456
program bank

Next instruction

Example 2: Indirect Addressing Based on 32-bit Register in the Linear Addressing Mode
MOV A @RL1+7

Previous content
of the AL | XXXX — 0907004 3A

RL1 240906F9
(Upper 8 bits are ignored.)

Latest content
of the AL | O003A
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2.3 Bank Addressing Mode

The bank addressing mode of the F2MC-16LX specifies the upper 8 bits of an address
using a bank register for use, and the remaining 16 bits using an instruction.

B Bank Addressing Mode
In the bank addressing mode, the 16-Mbyte memory space is divided into 256 banks of 64-Kbyte, and the

corresponding bank to each space is specified by the following 4 bank registers.

@ Program bank register (PCB)
A 64-Kbyte bank specified using the PCB register is called a program (PC) space. It is used to hold mainly
instruction codes, vector tables, and immediate data.

@ Data bank register (DTB)
A 64-Kbyte bank specified using the DTB register is called a data (DT) space. It is used to hold mainly
readable/writable data and control/data registers for internal and external resources.

@ User stack bank register (USB) and system stack bank register (SSB)

A 64-Kbyte bank specified using the USB or SSB register is called a stack (SP) space. It is accessed when
the execution of a push or pop instruction or interrupt handling is performed and which to be used, the USB
or SSB register, is determined according to the S flag in the condition code register to save register contents
and a stack access occurs.

@ Additional data bank register (ADB)

A 64-Kbyte bank specified using the ADB register is called an additional (AD) space. It is used to hold
mainly data overflowing from the DT space.
Each instruction is assigned with one of the default spaces by each addressing listed in Table 2.3-1 to

improve instruction code efficiency.

Table 2.3-1 Default Spaces

Default space Addressing
Program space PC-indirect, program access, branch type
Data space @A, addrl6, dir, or addressing using @RW0, @RW1, @RW4, or @RW5
Stack space Addressing using PUSHW, POPW, @RW3, @RW7, or @SP
Additional space Addressing using @RW2 or @RW6




CHAPTER 2 MEMORY SPACE

10

If a space other than a default space is used, an arbitrary bank space corresponding to a prefix code can be

accessed by specifying the prefix code before the instruction.

Table 2.3-2 lists bank select prefixes and the memory space selected using each prefix.

Table 2.3-2 Bank Selection Prefix

Bank select prefix

Selected space

PCB Program space

DTB Data space

ADB Additional space

SPB System or user stack space depending on the contents of the selected

stack flag

The DTB, USB, SSB, and ADB registers are initialized to "00y" at a reset. The PCB register is initialized

to "FFy" at a reset. After a reset, the data, stack, and additional spaces are allocated in bank 00g (0000004
to OOFFFFp), and the program space is allocated in bank FFy (FFO000y to FFFFFFy).
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2.4 Memory Space Divided into Banks and Value in Each Bank
Register

Figure 2.4-1 shows an example of a memory space divided into banks and a value in
each register bank.

B Memory Space Divided into Banks and Values in Each Register Bank

Figure 2.4-1 Example of the Physical Addresses of Each Space

“““““““ FFFFFF4
Program space
FFO000 < FFy | : PCB (program bank register)
B3FFFF4
Additional space
B30000y < B3y | : ADB (additional data bank register)
@
(0]
5 92FFFFy
1<_n:3 User stack space
8 9200004 < 92, | : USB (user stack bank register)
2
e
o
68FFFFy
Data space
680000y 684 | : DTB (data bank register)
4BFFFFy
System stack space
4B0000y < 4By | : SSB (system stack bank register)
"""""" 000000y

11
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2.5 Data Configuration of and Access to Multi-byte Data in
Memory

Multi-byte data is written to memory starting at the lowest address. If the multi-byte
data is 32-bit long, the lower 16 bits are written to memory first and then upper 16 bits.

B Multi-byte Data Layout in a Memory Space
Multi-byte data is written to memory starting at the lowest address. If the multi-byte data is 32-bit length,
the lower 16 bits are written to memory first and then upper 16 bits.
If a reset signal is input immediately after the low-order data is written to memory, the high-order data may
not be written. To keep the data in integrity, it is necessary to input a reset signal after the high-order data
is written.

Figure 2.5-1 shows the layout of multi-byte data in memory. The lower 8 bits are placed at address n, the
next lower 8 bits are placed at address n + 1, and the next lower 8 bits are placed at address n + 2, and so

on.
Figure 2.5-1 Multi-byte Data Layout in Memory
MSB LSB

H 01010101 | 11001100 | 11111111 | 00010100
)

01010101

11001100

11111111

Address n | 00010100

12
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B Access to Multi-byte Data

When multi-byte data is accessed, it is assumed that all parts of the multi-byte data are within a single bank.
To put it another way, an instruction accessing multi-byte data assumes that an address that follows address
FFFFy; is 0000y in the same bank as for FFFFy.

Figure 2.5-2 shows an execution example of an instruction accessing multi-byte data.

Figure 2.5-2 Execution Example of an Instruction (MOVPW A, 080FFFF) Accessing Multi-byte Data

Higher address
T AL before execution | ?? | ??

8OFFFFy | 01y

AL after execution 234(014

800000y 23y

'

Lower address

13
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CHAPTER 3

DEDICATED REGISTERS

The registers of the F2MC-16LX can be grouped into two
major categories: dedicated registers in the CPU and
general-purpose registers allocated in memory.

This chapter describes the F2MC-16LX dedicated
registers. These registers are the dedicated hardware in
the CPU. Their use is limited due to the architecture of
the CPU.

3.1 F2MC-16LX Dedicated Register Types

3.2 Accumulator (A)

3.3 User Stack Pointer (USP) and System Stack Pointer (SSP)
3.4 Processor Status (PS)

3.5 Program Counter (PC)

3.6 Direct Page Register (DPR)

3.7 Bank Registers

15
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3.1

F2MC-16LX Dedicated Register Types

There are 11 dedicated registers in the F2MC-16LX.

Accumulator (A=AH:AL) .
System stack pointer (SSP) .
Program counter (PC) J
Data bank register (DTB) J

System stack bank register (SSB)
Direct page register (DPR)

User stack pointer (USP)

Processor status (PS)

Program bank register (PCB)

User stack bank register (USB)
Additional data bank register (ADB)

B F2MC-16LX Dedicated Register Types

16

@ Accumulator (A=AH:AL)

This is a set of two 16-bit accumulators. It can be used as a single 32-bit accumulator.

@ User stack pointer (USP)

This is a 16-bit pointer indicating a user stack area.

@ System stack pointer (SSP)

This is a 16-bit pointer indicating a system stack area.

@ Processor status (PS)

This is a 16-bit register indicating the status of the system.

@ Program counter (PC)

This is a 16-bit register to hold an address where the next instruction to be executed is stored.

@ Program bank register (PCB)

This is an 8-bit register indicating the program space.

@ Data bank register (DTB)

This is an 8-bit register indicating the data space.

@ User stack bank register (USB)

This is an 8-bit register indicating the user stack space.

@ System stack bank register (SSB)

This is an 8-bit register indicating the system stack space.



@ Additional data bank register (ADB)
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This is an 8-bit register indicating the additional space.

@ Direct page register (DPR)

This is an 8-bit register indicating the direct page.

Figure 3.1-1 shows an image of the dedicated registers.

Figure 3.1-1 Dedicated Registers

AH AL

USP
SSP
PS
PC

PCB
DTB
USB
SSB
ADB
< 8 bits>
<— 16 bits —
«— 32 bits —

Accumulator

User stack pointer
System stack pointer
Processor status
Program counter

Direct page register

Program bank register

Data bank register

User stack bank register
System stack bank register
Additional data bank register

17
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3.2

Accumulator (A)

The accumulator (A) consists of two 16-bit length operation registers (AH and AL), is
used for temporary storage of the results for an operation or of data to be transferred.

Bl Accumulator (A)

The accumulator (A) consists of two 16-bit length operation registers (AH and AL), used for temporary
storage of the results for an operation or of data to be transferred. To process 32-bit data, the AH and AL
registers are concatenated (see Figure 3.2-1 ). To process 16-bit data (used in word-unit processing) or 8-
bit data (used in byte-unit processing), only the AL register is used (see Figure 3.2-2 ). Various types of
arithmetic and logical operations can be performed between data in the accumulator (A) and data in

memory or a register (such as Ri, RWi, or RLi). Similarly to the F>MC-8, the F"MC-16LX automatically
transfers data from the AL register to the AH register, if it receives new data at the AL register and the new
data is not larger than a word (data preservation function). Use of this data preservation function and a
function to perform arithmetic and logical operations between the AL and AH registers makes various
types of processing more efficient (see Figure 3.2-2 ).

If data transferred to the AL register is not larger than a byte, the data is sign- or zero-extended to 16 bits
and it is stored in the AL register. The data in the AL register can be handled as either a word or a byte. If
a byte-unit arithmetic operation is performed on the AL register, the upper 8 bits of data that have been
previously set in the AL register are ignored and reset to all "0"s.

Figure 3.2-1 Example of Transferring 32-bit Data

MOVL A, @ RW1+6

MSB LSB

Previous content

of the A register | XXXXp | XXXXy A61540y | 8Fy 74y

FA6153EH 2By | 524

DTB | A6y
+6
Latest content
of the A register 8F74y, | 2B52, RW1 154 381
AH AL

18
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Figure 3.2-2 Example of Transferring Data between the AL and AH Registers by Means of the Data
Preservation Function

MOVW A, @ RW1+6

MSB LSB

Previous content

of the A register | COH | 1234 A61540y | 8Fy | 74y

AB6153E | 2By 524
DTB | A6y
+6
Latest content
of the A register 1234, | 2B52, RW1 154 38y
AH AL

19
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3.3 User Stack Pointer (USP) and System Stack Pointer (SSP)

Both the user stack pointer (USP) and system stack pointer (SSP) are 16-bit registers.
They are used to indicate a data save address or return address when a push, pop
instruction, or subroutine is executed.

Basically, a value to be set in a stack pointer must be an even address.

B User Stack Pointer (USP) and System Stack Pointer (SSP)

Both the user stack pointer (USP) and system stack pointer (SSP) are a 16-bit register. They are used to
indicate a data save address or return address when a push, pop instruction, or subroutine is executed. The
USP and SSP registers are used by stack manipulation instructions in the same manner. If the S flag in the
condition code register (CCR) in the processor status (PS) register is "0", the USP register is active. If the
S flag is "1", the SSP register is active (see Figure 3.3-1 ). Because the S flag becomes "1" when an
interrupt is accepted, the SSP register is used to indicate a memory area to save register contents at an
interrupt. The SSP register is used by an interrupt routine for stack manipulation, while the USP register is
used by non-interrupt handling routines for stack manipulation. If it is unnecessary to divide the stack
space, only the SSP register should be used.

For the SSP register, the upper 8 bits of an address used for stack manipulation are indicated by the system
stack bank register (SSB). For the USP register, they are indicated by the user stack bank register (USB).

20
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Figure 3.3-1 Relationships between Stack Manipulation Instruction and Stack Pointer

Example 1: PUSHW A executed when the S flag is "0"
MSB LSB

Before execution &>  AL|A624,| USB| C6y | USP|F328,| C6F326, XX XX

S flag EI SsB| 56, | SSP| 1234y,

After execution > AL|A624y| USB| C6 | USP|F326,| <* The user stack is used
because the S flag is "0".

S flag EI SSB| 56 | SSP| 1234, | C6F326y| A6y | 24y

Example 2: PUSHW A executed when the S flag is "1"

Before execution > AL[A624| USB| C6y | USP|F328,| 5612324 XX XX

S flag SSB| 56, | SSP| 1234,

After execution > AL|A624y,| USB| C6y | USP|F328,| 561232,| A6y | 24

S flag SSB| 56, | SSP[ 1232, < The system stack is used
because the S flag is "1".

21
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3.4 Processor Status (PS)

The processor status (PS) register consists of bits for controlling the CPU and those for
indicating the status of the CPU. The PS register is divided into the following three

registers.

* Interrupt level mask register (ILM)
* Register bank pointer (RP)
e Condition code register (CCR)

B Processor Status (PS)

The processor status (PS) register consists of bits for controlling the CPU and those for indicating the status

of the CPU.

 Interrupt level mask register (ILM): Indicates the level of an interrupt to be accepted.

* Register bank pointer (RP): Indicates the start address of a register bank.

e Condition code register (CCR): Consists of various flags that are set or reset during instruction
execution or at an interrupt occurrence.

Figure 3.4-1 shows the structure of the processor status (PS) register.

Figure 3.4-1 Processor Status (PS) Register Structure

bit

PS

15

1312

87

0

ILM

RP

CCR

22



3.4.1 Interrupt Level Mask Register (ILM)

CHAPTER 3 DEDICATED REGISTERS

The following shows a configuration diagram of the interrupt level mask register (ILM).

ILM

ILM2

ILM1

ILMO

(Initial value)—

0

0

0

H Interrupt Level Mask Register (ILM)

The interrupt level mask register (ILM) consists of 3 bits. It indicates the levels of interrupts acceptable to

the CPU.

If an interrupt request whose level is higher than the level indicated using these 3 bits, the

interrupt is generated. Interrupt level O is the highest, and interrupt level 7 is the lowest (see Table 3.4-1 ).

In other words, for an interrupt to be accepted, its interrupt level value must be smaller than the value held

in the ILM register. When an interrupt is accepted, its interrupt level is set in the ILM register, thus

prohibiting interrupts on lower levels from being accepted. Because the ILM register is initialized to all

"0"s at a reset, the highest interrupt level is specified in the ILM register. It is possible to transfer 8-bit

immediate data to the ILM register, but only the lower 3 bits of the data can be used.

Table 3.4-1 Interrupt Levels Indicated in the Interrupt Level Mask Register (ILM)

ILM2 ILM1 ILMO Level value Levels of acceptable interrupts

0 0 0 0 Interrupt disabled

0 0 | 1 0

0 1 0 2 1 and below

0 1 1 3 2 and below

1 0 0 4 3 and below

1 0 1 5 4 and below

1 1 0 6 5 and below

1 1 1 7 6 and below

23
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3.4.2 Register Bank Pointer (RP)

The following shows a configuration diagram of the register bank pointer (RP).

RP B4 B3 B2 B1 BO

(Initial value)— 0 0 0 0 0

B Register Bank Pointer (RP)
The register bank pointer (RP) indicates the address of an internal RAM area where the general-purpose
registers of the F’MC-16LX are. The start memory address of a register bank currently in use is
represented using the following conversion expression: [000180y + RP x 10y]. The RP register consists
of 5 bits. It can hold any value between "00y" and "1Fy". So the start memory address of the register bank
can be set in the range between 000180y and 00037Fy. Therefore, the register bank can be allocated at
memory locations in the range between 000180y and 00037Fy. If the internal RAM area used as an

external area, however, it cannot be used as general-purpose registers even if the register bank is within that
range. It is possible to transfer 8-bit immediate data to the RP register, but only the lower 5 bits of the data
can be used.
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3.4.3 Condition Code Register (CCR)

The following shows a configuration diagram of the condition code register (CCR).

bit 7 6 5 4 3 2 1 0
CCR - I S T N z \ C
(Initial value)— 0 1 - - - - -

- Undefined

B Condition Code Register (CCR)

e [ (Interrupt enable flag): If the I flag is "1", all non-software interrupts are acceptable. If the flag is "0",
they are disabled. The flag is cleared by a reset.

* S (Stack flag): If the S flag is "0", the user stack pointer (USP) is active as a pointer for stack
manipulation. If the flag is "1", the system stack pointer (SSP) is active. The flag is set
at a reset and when an interrupt is accepted.

» T (Sticky bit flag): If at least one bit read from the C flag is "1" when a logical shift right instruction or
an arithmetic shift right instruction is executed, this flag becomes "1". Otherwise,
the flag becomes "0". The flag becomes "0" also if the amount of shifting is "0".

e N (Negative flag): If the most significant bit of an arithmetic or logical operation result is "1", this flag
is set. Ifitis "0", this flag is cleared.

e Z (Zero flag): If the result of an arithmetic or logical operation is all "0"s, this flag is set. Otherwise, it

is cleared.

eV (Overflow flag): This flag is set if a digit overflow occurs in a signed value generated as the result of

an arithmetic or logical operation. Otherwise, the flag is cleared.

e C (Carry flag): This flag is set if an arithmetic or logical operation causes a carry from or a borrow to
the most-significant bit. Otherwise, the flag is cleared.
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3.5 Program Counter (PC)

The program counter (PC) consists of 16 bits. It indicates the upper 16 bits of a
memory address where the next instruction to be executed by the CPU.

B Program Counter (PC)

The program counter (PC) consists of 16 bits. It indicates the lower 16 bits of a memory address where the
next instruction to be executed by the CPU is (see Figure 3.5-1 ). The upper 8 bits of the memory address
are indicated in the program bank register (PCB). The content of the PC register is updated, when a
conditional branch or subroutine call instruction is executed, upon an interrupt occurrence, or at a reset.
The PC register is used also as a base pointer for reading an operand.

Figure 3.5-1 Program Counter (PC)

PCB | FE4 | PC | ABCDy

Next instruction
to be executed

FEABCD
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3.6 Direct Page Register (DPR)

CHAPTER 3 DEDICATED REGISTERS

The direct page register (DPR) specifies bits 8 to 15 (addr8 to addr15) of an operand

address for an instruction in direct addressing mode.

B Direct Page Register (DPR)

The direct page register (DPR) specifies bits 8 to 15 (addr8 to addrl5) of an operand address for an

instruction in direct addressing mode, as shown in Figure 3.6-1 . The DPR register is 8 bits long. It is

initialized to "O1y" at a reset. It can be read- and write-accessed by an instruction.

Figure 3.6-1 Physical Address Specified in Direct Addressing Mode

DTB register DPR register Direct address in an instruction
OLOLOLOLOLOLOLOL PBRBRBRB Y
MSB LSB
24-bit aoooooooBPBRBRBR Y
physical address
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3.7

Bank Registers

The following 5 bank registers are available in the F2MC-16LX.

Program bank register (PCB)

Data bank register (DTB)

User stack bank register (USB)
System stack bank register (SSB)
Additional data bank register (ADB)

These registers indicate memory banks allocated for the program, data, user stack,
system stack, and additional spaces, respectively.

B Bank Registers

28

All of these bank registers are 1 byte length. At a reset, the PCB register is initialized to "OFFy", and the
other registers, to "00y". The PCB register can be read-accessed, but not write-accessed. The other bank

registers can be both read- and write-accessed. The content of the PCB register is updated, when a JMPP,
CALLP, RETP, or RETI instruction for a branch anywhere in the 16-Mbyte space is executed or an
interrupt occurs. See "CHAPTER 2 MEMORY SPACE" for descriptions about the operation of each
register.



CHAPTER 4

GENERAL-PURPOSE
REGISTERS

The registers of the F2MC-16LX can be grouped into two
major categories: dedicated registers in the CPU and
general-purpose registers allocated in memory.

This chapter describes the F2MC-16LX general-purpose
registers. These registers are allocated in a RAM in
address space of the CPU. Similarly to the dedicated
registers, the general-purpose registers can be
accessed without specifying their address. However,
the user can specify the purpose for which they are used
in the same manner as for ordinary memory.

4.1 Register Banks in RAM
4.2 Calling General-purpose Registers in RAM

29



CHAPTER 4 GENERAL-PURPOSE REGISTERS

4.1 Register Banks in RAM

Each register bank consists of 8 words (16 bytes). They can be used as general-
purpose registers (byte registers R0 to R7, word registers RW0 to RW7, and long word
registers RLO to RL3) for performing various types of operations and specifying
pointers. RLO to RL3 can be used also as a linear pointer to gain direct access to all

spaces in memory.

B Register Banks in RAM

Table 4.1-1 lists the function of each register, and Table 4.1-2 shows relationships between the registers.

Table 4.1-1 Functions of Each Register

Register name Function
Used to hold an operand in various types of instructions.
RO to R7 Note: RO is also used as a barrel shift counter and a counter of normarize
instruction.

Used to hold a pointer.

RWO to RW7 Used to hold an operand in various types of instructions.
Note: RWO is used also as a string instruction counter.

RLO to RL3 Used to hold a long pomt.er. . . '
Used to hold an operand in various types of instructions.

Table 4.1-2 Relationship between Registers

RWO
RLO
RW1
RW2
RL1
RW3
RO
RW4
R1
RL2
R2
RWS5
R3
R4
RW6
R5
RL3
R6
RW7
R7
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4.2 Calling General-purpose Registers in RAM

For general-purpose registers of the F2MC-16LX, the register bank pointer (RP) is used
to specify where in internal RAM between 000180, and 00037Fy the register bank
currently in use is allocated.

H Calling General-purpose Registers in RAM
The general-purpose registers of the F?MC-16LX are allocated in internal RAM between 000180y and

00037Fy (in maximum configuration). The register bank pointer (RP) is used to indicate where in internal
RAM between 000180y and 00037Fy the register bank currently in use is allocated. Each bank contains
the following 3 different registers. These registers are not independent of one another. Instead, they have
the relationships shown in Figure 4.2-1 .

e ROtoRT7: 8-bit general-purpose registers

* RWO to RW7: 16-bit general-purpose registers

e RLOtoRL3: 32-bit general-purpose registers

Figure 4.2-1 General-purpose Registers

MSB LSB
16 bits
| 000180y + RP x 10, |
Start address of a Lower order RWO AL
general-purpose RWi1
register RW2
RW3 RL1
R1 RO RW4
RS | R2 | Rws |
R5 R4 RW.
6 RL3
Higher order | R7 R6 RW7

The relationships among the high- and low-order bytes in word registers (RW4 to RW7) and byte registers
(RO to R7) are represented using the following expression:

RW (i+4)=R(ix2+1)x256+R (i x 2) [where i = 0 to 3]

The relationships among the high- and low-order bytes in long registers (RLO to RL3) and word registers
(RWO to RW7) are represented using the following expression:

RL (i) = RW (i x 2 + 1) x 65536 + RW (i x 2) [where i = 0 to 3]

For example, if the data in R1 and the data in RO are arranged as high- and low-order bytes, respectively,
the resulting data equals the data (2 bytes) in RW4.
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CHAPTER 5

PREFIX CODES

The operation of an instruction can be modified by
prefixing it with prefix code. The following 3 types of
prefix codes are available.

e Bank select prefix

e Common register bank prefix

* Flag change inhibit prefix code
This chapter describes these prefixes.

5.1 Bank Select Prefix
5.2 Common Register Bank Prefix (CMR)
5.8 Flag Change Inhibit Prefix Code (NCC)

5.4 Constraints Related to the Prefix Codes
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5.1

Bank Select Prefix

Placing a bank select prefix before an instruction enables selecting the memory space
accessed by the instruction regardless of what the current addressing mode is.

Bl Bank Select Prefix

34

The memory space of data to be accessed is determined according to the addressing mode. Placing a bank
select prefix before an instruction enables to select the memory space accessed by the instruction regardless
of what the current addressing mode is. Table 5.1-1 lists the bank select prefixes and the memory space
selected according to each bank select prefix.

Table 5.1-1 Bank Select Prefixes

Bank select prefix Memory space to be selected
PCB Program counter space
DTB Data space
ADB Additional space
SPB System or user stack space depending on the state of the stack flag

Be careful when using the following instructions.

@ Transfer instructions (I/O access)

MOV A,io MOV io, A MOVX A,io MOVW Aio
MOVW io,A MOV io,#imm8 MOVW io,#imm16

These instructions access the I/O space regardless of whether there is a prefix before them.

@ Branch instruction

RETI

The system stack bank (SSB) is used regardless of whether there is a prefix before the branch instruction.

@ Bit manipulation instructions (/O access)

MOVB Aio:bp MOVB io:bp,A SETB io:bp
CLRB io:bp BBC io:bp,rel BBS io:bp,rel
WBTC WBTS

The I/O space is accessed regardless of whether there is a prefix before those instructions.
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@ String manipulation instructions

MOVS MOVSW SCEQ SCWEQ FILS FILSW

A bank register specified in the operand is used regardless of whether there is a prefix before these
instructions.

@ Other types of control instructions (stack manipulation)

PUSHW POPW

The system stack bank (SSB) or user stack bank (USB) is used depending on the state of the S flag,
regardless of whether there is a prefix before these instructions.

POPW PS

In the following cases, the prefix of an instruction affects not only that instruction but also an instruction
that follows it.

@ Other types of control instructions (flag change)

AND CCR#mm8 OR CCR #mm§

The operations of these instructions are performed normally. The prefix of each of these instructions
affects not only the instructions but also an instruction that follows them.
@ Another type of control instruction (interrupt control)

MOV ILM,#imm§

The operation of the instruction is performed normally. The prefix of the instruction affects not only that
instruction but also an instruction that follows it.
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5.2

Common Register Bank Prefix (CMR)

Placing a common register bank prefix (CMR) before an instruction accessing a register
bank enables to change that the instruction is to access only the registers in a common
bank (register bank selected when RP = 0) allocated between 000180 and 00018F,

regardless of what the current value of the register bank pointer (RP) is.

B Common Register Bank Prefix (CMR)
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To make data exchange among tasks easier, it is necessary to use a method that can access a certain
specified register bank relatively easily no matter what value the RP register holds. To meet this

requirement, the F?MC-16LX has a register bank that can be used by all tasks in common. It is called a
common bank. The common bank is allocated in memory between address 000180y and 00018Fy. It is

selected when the RP register contains a value of "0".

Placing the common register bank prefix (CMR) before an instruction accessing a register bank enables to
change that the instruction is to access only the registers in a common bank (register bank selected when
RP = 0) allocated between 000180y and 00018Fy, regardless of what the current value of the register bank

pointer (RP) is.

Be careful when using the following instructions.

@ String instructions

MOVS NOVSW SCEQ FILS FILSW

If an interrupt is requested during execution of a string manipulation instruction attached with a prefix
code, the prefix becomes ineffective for the string manipulation instruction after a return is made from the
interrupt handling routine, possibly resulting in a malfunction. Do not place the CMR prefix before these
string manipulation instructions.

@ Other types of control instructions (flag change)

AND CCR#mm8 OR CCR#mm8 POPW PS

The operations of these instructions are performed normally. The prefix of each of these instructions
affects not only the instructions but also an instruction that follows them.

@® MOV ILM,#imm8

The operation of the instruction is performed normally. The prefix of the instruction affects not only that
instruction but also an instruction that follows it.
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5.3 Flag Change Inhibit Prefix Code (NCC)

Placing the flag change inhibit prefix code (NCC) before an instruction inhibits flags
from changing during execution of the instruction.

B Flag Change Inhibit Prefix Code (NCC)

The flag change inhibit prefix code (NCC) is used to suppress undesired changes to flags. Placing the NCC
prefix before an instruction inhibits flags from changing during execution of the instruction.

Be careful when using the following instructions.

@ Branch instructions

INT #vct8 INT9 INT addr16
INTP addr24 RETI

These instructions change the flags in the condition code register (CCR) regardless of whether there is a
prefix before them.

@ String instructions

MOVE MOVSW SCEQ SCWEQ FILS FISW

If an interrupt is requested during execution of a string manipulation instruction attached with a prefix
code, the prefix becomes ineffective for the string manipulation instruction after a return is made from the
interrupt handling routine, possibly resulting in a malfunction. Do not place the NCC prefix before these
string manipulation instructions.

@ Another type of control instruction (task switching)

ICTX @A

This instruction changes the flags in the CCR register regardless of whether there is a prefix before it.

@ Other types of control instructions (flag change)

AND CCR#mm8 OR CCR#imm8 POPW PS

These instructions change the flags in the CCR register regardless of whether there is a prefix before them.
The prefix of each of these instructions affects not only the instructions but also an instruction that follows
them.

@ Another type of control instruction (interrupt control)

MOV ILM,#imm§

The operation of the instruction is performed normally. The prefix of the instruction affects not only that
instruction but also an instruction that follows it.
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Constraints Related to the Prefix Codes

If a prefix code is placed before an instruction where interrupt and hold requests are
inhibited, the effect of the prefix code lasts until an instruction where neither an
interrupt nor hold request is inhibited appears for the first time, as shown in Figure 5.4-

2.

If a prefix is followed by conflicting prefix codes, the last one is valid.

B Relationships between Instructions Rejecting Interrupt Requests and Prefix Codes

The following 10 instructions/prefix codes reject interrupt and hold requests.

e MOV ILM,#imm§ ¢ AND CCR,#imm8
¢ OR CCR,#imm8 e POPW PS

e PCB « ADB

« NCC « DTB

« SPB ¢« CMR

If an interrupt or hold request is issued during execution of any of the above instructions, the request is
accepted only after any instruction not listed above appears for the first time after that instruction and is
executed, as shown in Figure 5.4-1 .

Figure 5.4-1 Instructions Rejecting Interrupt and Hold Requests

Instructions rejecting interrupt and hold requests

[T L] Leeeeeeee I [ L.
f ?

Interrupt request issued Interrupt accepted (a):Ordinary instruction

If a prefix code is placed before an instruction rejecting interrupt and hold requests, its effect lasts until an
instruction other than instructions rejecting interrupt and hold requests appears for the first time after the
prefix code and is executed, as shown in Figure 5.4-2 .

Figure 5.4-2 Instructions Rejecting Interrupt and Hold Requests and Prefix Code

Instructions rejecting interrupt and hold requests

MOV AFFH| [Ncc| [MOV ILM,#imms] | || cons | | |ADD A,01H
CCR: XXX10XX | T CCR: XXX10XX

The NCC protects the
CCR from changing.
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B If Two or More Prefix Codes Appear in Succession

If a prefix is followed by conflicting prefix codes, the last one is valid (see Figure 5.4-3 ).

Figure 5.4-3 Consecutive Prefix Codes

Prefix codes

eeees | [aDB] [DTB] [PCB| [ADDAOTH| [ eeee

/r The PCB prefix code is valid for this instruction.

The term "conflicting prefix codes" indicates PCB, ADB, DTB, and SPB in the above figure.
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CHAPTER 6

INTERRUPT HANDLING

This chapter describes the interrupt function and
operation of F2MC-16LX.

6.1 Interrupt Handling

6.2 Hardware Interrupt Operation Flow

6.3 Interrupt Handling Flowchart and Saving the Contents of Registers
6.4 Interrupt Vectors

6.5 Extended Intelligent I/O Service

6.6 Interrupt Control Register (ICR)

6.7 Meanings of the Bits of Interrupt Control Register (ICR)

6.8 Extended Intelligent I/O Service Descriptor (ISD)

6.9 Registers of Extended Intelligent I/O Service Descriptor

6.10 Exception Processing
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6.1

Interrupt Handling

In F2MC-16LX series, interrupt handling or extended intelligent I/O service is activated
by the interrupt request from an internal resource. For interrupt handling, the
processing appropriate to the interrupt request is performed by the interrupt handling
program. For extended intelligent I/O service, the data transfer between the requesting
internal resource and the memory is automatically performed. In addition, a function is
provided to stop the execution of the extended intelligent I/O service by the request
from the internal resource (such as built-in peripheral circuit).

B Interrupt Handling

42

To permit an internal resource to make a hardware interrupt request to the F’MC-16LX CPU, an interrupt
request flag and an interrupt enable flag are required for that resource. The interrupt request flag is set by
the occurrence of an event specific to the internal resource. When the interrupt request flag indicates the
request being made and the interrupt enable flag is set to the enabled state, a hardware interrupt request is
issued from the internal resource.

In the case of the internal resource that requires the activation of the extended intelligent I/O service
accompanied by the occurrence of a hardware interrupt request, an extended intelligent I/O service enable
(ISE) flag is provided in the interrupt control register (ICR) in the interrupt controller associated with that

resource.

The occurrence of an interrupt request with the ISE flag set to "1" activates the extended intelligent I/O
service. If only normal hardware interrupt requests are intended, set the ISE flag to "0".

For interrupt requests by the execution of the INT instruction, which are software interrupts, no interrupt
request and enable flags are applied. Whenever the INT instruction is executed, an interrupt request occurs.

Any interrupt level of hardware interrupt request can be assigned to a given group regarding interrupt
request. Interrupt levels are specified by the interrupt level setting bits (ILO, IL1, and IL2) in the ICR
register in the interrupt controller. It is possible to specify eight interrupt level settings O to 7. Definition
of the interrupt levels is such that "0" is the highest and "6" is the lowest.

From a group set to interrupt level 7, no interrupt requests can be made. Hardware interrupt requests are
maskable (enabled/disabled) by the I flag in the condition code register (CCR) of the processor status (PS)
and the ILM register (ILMO, ILM1, and ILM2).

When an unmasked interrupt request occurs, the CPU takes the following actions:
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(1) Saves the data (12 bytes) held by the following registers into the memory area indicated by the system
stack bank register (SSB) and the system stack pointer (SSP).

Processor status (PS)

Program counter (PC)

Program bank register (PCB)

Data bank register (DTB)
Additional data bank register (ADB)
Direct page register (DPR)
Accumulator (A)

(2) Reads the interrupt vector in 3 bytes to PC and PCB.

(3) Updates the ILM register in the PS to the level setting value of the accepted interrupt request and sets
the S flag in the CCR register.

(4) Initiates the instruction execution, starting with the address indicated by the interrupt vector.

For the INT instruction, the ILM register is not updated and the I flag in the CCR register is cleared.

Subsequent interrupt requests are put to the pending state.

As a special case, hardware interrupt requests cannot be accepted during writing into an I/O area. This is

intended to avoid the CPU malfunction, which might otherwise be caused by the occurrence of an interrupt

request while the related data in the interrupt control registers for the resources are being rewritten.
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6.2

Hardware Interrupt Operation Flow

Figure 6.2-1 shows the operation flow from the occurrence of a hardware interrupt
request until the interrupt request has been cleared and removed from within the
interrupt handling program.

B Hardware Interrupt Operation Flow

Figure 6.2-1 From the Hardware Interrupt Occurrence to its Clearance

F2MC-16 bus

A

Y

PS : Processor status
i i I :Interrupt enable flag
Register file ‘ PS ‘ [ ILM ‘ ‘ ILM : Interrupt level mask register
[ [ IR :Instruction register
Micro code
— IR - Check [—1 Comparator
(6)
4
F2MC-16LX CPU | ®) )
>— (3)
Peripheral
] 5 o
S 3
g 3
Enable FF [ s &
— AND > - E Int t
s 3 nterrup
Source FF — ) 3 £ controller
(1) Peripheral
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(1) An interrupt source occurs within the peripheral.

(2) If the interrupt enable bit within the peripheral is referred and it indicates the interrupt enabled state, an
interrupt request is issued from the peripheral to the interrupt controller.

(3) The interrupt controller that has received that interrupt request determines the priority between the
requests made at the same time and transfers the interrupt level corresponding to the appropriate
interrupt to the CPU.

(4) The CPU compares the interrupt level requested by the interrupt controller with the IL bit held in the
processor status register.

(5) Only if the result of this comparison is that the interrupt level priority is higher than the current interrupt
handling level, the CPU checks the content of the I flag in the same processor status register.

(6) Only if the result of the check in (5) is that the I flag is set in the interrupt enabled state, the CPU sets
the content of the IL bit to the requested level. Upon the completion of the ongoing instruction
execution, the CPU passes the control to the interrupt handling routine to initiate the handling of that
interrupt.

(7) When the software within the user’s interrupt handling routine clears the occurred interrupt cause as
mentioned in (1), this interrupt request process is terminated.
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6.3 Interrupt Handling Flowchart and Saving the Contents of
Registers

Figure 6.3-1 shows the interrupt handling flowchart and Figure 6.3-2 shows how the
contents of the registers are saved with interrupt handling.

H Interrupt Handling Flowchart

Figure 6.3-1 Interrupt Handling Flowchart

I: Flag in the CCR
ILM: Level register that holds a level value,
referenced by the CPU
IF: Interrupt request by an internal resource
IE: Interrupt enable flag for an internal resource
ISE:  EIPOS enable flag
IL: Interrupt request level of an internal resource
| & IF & IE=1 YES S: Flag in the CCR
AND
ILM > IL
NO NO YES
Fetch and decode next
instruction
Save the contents of PS. PC Perform extended intelligent
PCB. DTB. ADB. DPR. and A /O service processing
into the SSP stack. Then, ILM=IL.
YES |
INT instruction
NO
Save the contents of PS
Execute normal !
instruction PC, PCB, DTB, ADB, DPR,
and A into the SSP stack.
Then, | =0 and ILM = IL.
String-
NO processing S 1
instruction repetition Fetch an interrupt vector
completed
YES
Update PC
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Figure 6.3-2 How the Contents of the Registers are Saved with Interrupt Handling

—<

<— Word (16 bits) —>

MSB LSB

AH

AL

DPR ADB

DTB PCB

PC

PS

« SSP (a value of SSP before the interrupt occurrence)

<« SSP (a value of SSP after the interrupt occurrence)
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6.4 Interrupt Vectors

Interrupt vectors are stored at addresses FFFC00y to FFFFFF as shown in Table 6.4-1

Interrupt vectors share the same area for both hardware interrupt and software
interrupt.

B Interrupt Vectors

Table 6.4-1 Interrupt Vectors

Interrupt Vector address Vector address Vector address .
request L H bank Mode register
INTO *1 FFFFFCy FFFFFDy FFFFFEy Not used
INT1 *1 FFFFF8 FFFFF9 FFFFFAy Not used
INT7 *1 FFFFEOy FFFFEly FFFFE2y Not used
INTS *2 FFFFDCy FFFFDDy FFFFDEY FFFFDFy
INT9 FFFFD8y FFFFD9y FFFFDAY Not used
INT10 *3 FFFFD4y FFFFD5y FFFFD6y Not used
INT11 FFFFDOy FFFFD1y FFFFD2y Not used
INT 254 FFFC04y4 FFFCO5y FFFCO06y Not used
INT 254 FFFC00y FFFCO1y FFFC02y Not used

*1: Because the vector area for the CALLYV instruction is also used as the vector area for INT #vct8 (#0 to #7) when the PCB is "FFy", care

should be taken in using a vector for the CALLYV instruction.
*2: It becomes a reset vector.
*3: It becomes a vector for exception processing.
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6.5 Extended Intelligent I/O Service

The extended intelligent I/O service (EI?0S) is a function for automatic data transfer
between I/O and the memory. It enables the data transfer from/to I/O on a direct memory
access (DMA) basis, though this was performed by the interrupt handling program
before.

B Overview of Extended Intelligent I/O Service
The extended intelligent I/O service is one type of hardware interrupt. This service achieves automatic data
transfer between I/O and the memory, enabling the data transfer from/to I/O on a DMA basis, though this
was formerly performed by the interrupt handling program. As compared with the method applied before
as part of interrupt handling, the following advantages are added:
* Because the part of the program coded for data transfer is no longer needed, the program size is reduced.

e It is unnecessary to save the contents of registers because the internal registers are not used for data
transfer, thus enhancing the transfer rate.

e Because the data transfer can be stopped according to the I/O status, unnecessary data transfer is
eliminated.

* Buffer addresses can be selected without the need of increments and update.

* J/O register addresses can be selected without the need of increments and update.

When the extended intelligent I/O service is terminated, it sets the end condition before the automatic
branch to the interrupt handling routine. This allows the user to know what the end condition was.

B Structure of Extended Intelligent I/O Service

There are four functional entities below, which are related to the extended intelligent I/O service:

¢ Internal resource: Interrupt enable bit and interrupt request bit: Controls an interrupt request from a
resource.

e Interrupt controller: ICR: Assigns an interrupt level to each interrupt request, determines the priority
between the interrupts requested at the same time, and selects the operation

of EI?0S.

e CPU: I, ILM: Compares the requested interrupt level with the current level and verifies the interrupt
enabled state.

* RAM: Descriptor: Describes the transfer information of EI?OS.

Figure 6.5-1 shows the overview of extended intelligent I/O service.
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Figure 6.5-1 Overview of Extended Intelligent /O Service

by IOA Memory space | Peripheral
—>| |/Oregister |----------------- I/O register
1
CPU Interrupt request M
(3) by ICS :
ISD (2) Interrupt control
(3) register
Interrupt controller
by BAP
L] Buffer by DCT
(4)
(1) I/O requests data transfer.
(2) Interrupt controller selects the descriptor.
(3) Reads the transfer origin and destination from the descriptor.
(4) Data transfer between the 1/0 and the memory is performed.

Note:
Area that can be specified by the I/O address pointer (IOA) is 000000y to OOFFFF,.

Area that can be specified by the buffer address pointer (BAP) is 0000004 to 00FFFF.
The maximum transfer count that can be specified by the data counter (DCT) is 65536.
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6.5.1 Flowchart of Extended lintelligent I/O Service Operation

Figure 6.5-2 shows the flowchart of extended intelligent I/O service operation.

B Flowchart of Extended Intelligent I1/O Service Operation

Figure 6.5-2 Extended Intelligent I/O Service Operation Flowchart

Interrupt request |ssued

from an internal resourc BAP: Buffer address pointer
IOA: 10 address pointer
SE < ISD:  EI?OS descriptor
ISCS: EI?0S status
DCT: Data counter

ISE:  EI?OS enable bit

Read ISD/ISCS (__Interrupt sequence ) S1, SO: EI20S end status

End request
from the
resource

YES

SE =1
ﬁ/
Data indicated by I0A Data indicated by BAP
| (Data transfer) | (Data transfer)
Memory indicated by BAP Data indicated by IOA
YES

< 0 |

NO The updated vaIue| Update 10A

depends on BW. |
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The updated value Uodate BAP
NO depends on BW. | P |
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NO
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I
Clear the interrupt I \L
request from the | Clearing ISE to 0" ‘
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I
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6.5.2 Flowchart of Extended Intelligent I/O Service Application
Procedure

Figure 6.5-3 shows the flowchart of extended intelligent I/O service (EIZOS) application
procedure.

B Flowchart of Extended Intelligent I/O Service Application Procedure

Figure 6.5-3 Flowchart of Extended Intelligent I/O Service Application Procedure

Processing by CPU Processing by EI?0S

| EIPOS initialization |

. (Interrupt request) AND (ISE = 1) Normal termination
| Job execution | state

‘ Data transfer
Count-out OR
¢ Interrupt occurs by the end

o 2 request from a resource.
Reinitializing EI“OS

(Channel switch)

J

Processing the data in
the buffer
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6.6 Interrupt Control Register (ICR)

There are interrupt control registers (ICRs) in the interrupt controller. The number of
ICRs is equivalent to the number of all I/Os (internal resource 1/0Os) that have the
interrupt function.

B Functions of Interrupt Control Registers (ICR0 to ICR15)
Each interrupt control register (ICR) has the following three functions:
» Sets the interrupt level of the associated internal resource.

¢ Selects either normal interrupt or extended intelligent I/O service to be executed for the interrupt request
from the associated internal resource.

» Selects the channel for extended intelligent I/O service.
Access to this register by read-modify-write instructions should not be performed, because it may cause
faulty operation.
H Interrupt Control Register (ICR) Bit Configuration
Figure 6.6-1 shows the configuration of the bits of the interrupt control register (ICR).

Figure 6.6-1 Interrupt Control Register (ICR)

bit 15/7 14/6 13/5 12/4 11/3 10/2 9 8/0

00000111g when the
ICS3 ICS2 |I1CS1/S1 | ICS0/SO ISE IL2 IL1 ILO interrupt
control register (ICR) is reset.

W w * * R/W R/W R/W R/W
*:"1" is read by read operation.

Notes:

e |CS3 to ICSO0 are effective when the extended intelligent I/O service is activated. If the extended
intelligent 1/0O service is activated, set the ISE bit to "1". If not, set this bit to "0". Unless the
extended intelligent 1/O service is activated, the settings of ICS3 to ICS0 may be omitted.

* Only write is enabled for ISC1 and ICS0. Only read is enabled for S1 and SO.
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6.7 Meanings of the Bits of Interrupt Control Register (ICR)

The meanings of the bits of the interrupt control register (ICR) are as follows:

* Extended intelligent I/O service channel selection bits (ICS0 to ICS3):
Any combination of these bits specifies a channel for extended intelligent I/O
service.

¢ Extended intelligent I/O service end status (S0, S1):

The combinations of S0 and S1 bits indicate the end conditions of the
extended intelligent I/O service.

e Extended intelligent I/O service enable bit (ISE):

This bit activates the extended intelligent I/O service.

* Interrupt level setting bits (ILO to IL2):

Any combination of these bits sets an interrupt level.

B Extended Intelligent I/O Service Channel Selection Bits
(bit15 to bit12 or bit7 to bit4: ICS0 to ICS3)
These bits are used for write only and any combination of these bits specifies a channel for extended
intelligent I/O service. A value set by these bits determines the address in the memory of the extended
intelligent I/O service descriptor which is detailed later in this manual. All ICSs are initialized by reset.
Table 6.7-1 lists the correspondence between ICSs bits, the channel numbers, and descriptor addresses.

Table 6.7-1 Correspondence between ICS Bits, Channel Numbers, and Descriptor

Addresses
ICS3 ICS2 ICS1 ICS0 Selected channel Descriptor address
0 0 0 0 0 000100y
0 0 0 1 1 000108y
0 0 1 0 2 000110y
0 0 1 1 3 000118y
0 1 0 0 4 000120y
0 1 0 1 5 000128y
0 1 1 0 6 000130y
0 1 1 1 7 000138y
1 0 0 0 8 000140y
| 0 0 1 9 000148y
1 0 1 0 10 000150y
1 0 1 1 11 000158y
1 1 0 0 12 000160y
1 1 0 1 13 000168y
1 1 1 0 14 000170y
1 1 1 1 15 000178
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B Extended Intelligent I/O Service End Status (bit13, bit 12 or bit5, bit4: S0, S1)

These bits are used for read only. By checking a value set by these bits at the end of the extended
intelligent I/O service, you can know what the end condition was. After reset, any value becomes "00".

Table 6.7-2 shows the relationship between the SO and S1 bit settings and the end conditions.

Table 6.7-2 Extended Intelligent I/0 Service End Status Bits (S0 and S1) and End

Conditions
St SO End condition
0 0 Reserved
0 1 End by count out
1 0 Reserved
1 1 End by the request from an internal resource

B Extended Intelligent I/O Service Enable Bit (bit11 or bit3: ISE)

This bit is read and write enabled. If an interrupt request occurs with this bit set to "1", the extended
intelligent I/O service is activated. If an interrupt request occurs with this bit set to "0", the interrupt
sequence is activated. Furthermore, when any end condition for the extended intelligent I/O service is met
(that is, S1 and SO bits are other than "00"), the ISE bit is cleared. If the associated internal resource is not
provided with extended intelligent I/O service, the ISE bit must be set to "0" by software. The ISE bit is
initialized to "0" by reset.

H Interrupt Level Setting Bits (bit10 to bit8 or bit2 to bit0: IL2 to ILO)
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These bits are read and write enabled and any combination of these bits specifies an interrupt level of the
associated internal resource. The setting is initialized to level 7 (no interrupt) by reset. Table 6.7-3 shows

the relationship between the interrupt level setting bits and the interrupt levels.

Table 6.7-3 Interrupt Level Setting Bits and Associated Interrupt Levels

IL2 IL1 ILO Level value
0 0 0 0 (Highest priority)
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6 (Lowest priority)

1 1 1 7 (No interrupt)
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6.8 Extended Intelligent I/O Service Descriptor (ISD)

The extended intelligent I/O service descriptor (ISD) is allocated to the area of 000100
through 00017F in the internal RAM. It consists of the followings:

e Various types of control data for data transfer
e Status data
e Buffer address pointer

B Extended Intelligent I/O Service Descriptor (ISD)

Figure 6.8-1 shows the configuration of the extended intelligent I/O service descriptor (ISD).

Figure 6.8-1 Configuration of Extended Intelligent I/O Service Descriptor

MSB LSB

Upper 8 bits of data counter (DCTH) H

Lower 8 bits of data counter (DCTL)

Upper 8 bits of 1/0 address pointer (IOAH)

Lower 8 bits of I/O address pointer (IOAL)

EI0S status (ISCS)

Upper 8 bits of buffer address pointer (BAPH)

0001004 + 8 x ICS Medium 8 bits of buffer address pointer (BAPM)
ISD start address —> | Lower 8 bits of buffer address pointer (BAPL) L
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6.9 Registers of Extended Intelligent I/O Service Descriptor

The extended intelligent I/O service descriptor (ISD) consists of the following registers:
e Buffer address pointer (BAP)
* Extended intelligent I/O service status register (ISCS)
* 1/O register address pointer (I0A)
e Data counter (DCT)
Note that these registers are undefined when reset.

B Buffer Address Pointer (BAP)

The buffer address pointer (BAP) is a 24-bit register that holds an address to be used in the next transfer by
extended intelligent I/O service. An independent buffer address pointer (BAP) exists for each extended
intelligent I/O service channel. Thus, data transfer on each extended intelligent I/O service channel is
possible between an arbitrary address among 16 Mbytes and 1/O.

Note:

If the BF bit in the extended intelligent 1/O service status register (ISCS) indicates "update enabled",
only the lower 16 bits of BAP (BAPL) will change, but the upper 8 bits (BAPH) will not change.

B Extended Intelligent I/O Service Status Register (ISCS)

The extended intelligent I/O service status register (ISCS) is a register of 8-bit length. It indicates whether
the value is updated or fixed and incremental or decremental update is enabled regarding the buffer address
pointer and the I/O register address pointer. In addition, it indicates the data format (byte/word) for transfer
and the transfer direction. Figure 6.9-1 shows the configuration of the extended intelligent I/O service
status register (ISCS).

Figure 6.9-1 Configuration of Extended Intelligent I/O Service Status Register (ISCS)

bit 7 6 5 4 3 2 1 0
‘Reserved|Reserved‘Reserved‘ IF | BW ‘ BF ‘ DIR ‘ SE |:ISCS (undefined when reset)

Note: ISCS bit7 to bit5 must be coded with "0".

The contents of the bits of the ISCS register are as follows:

@ bit4 (IF): Specifies whether the I/O register address pointer is updated or fixed.

e 0: The I/O register address pointer is updated after the data transfer.
* 1: The I/O register address pointer is not updated after the data transfer.

Note: Only increment is enabled.
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@ bit3 (BW): Specifies the data length for transfer.
e 0: Byte
e 1: Word
@ bit2 (BF): Indicates whether the buffer address pointer is updated or fixed.

e 0: The buffer address pointer is updated after the data transfer.

e 1: The buffer address pointer is not updated after the data transfer.

Note: If updated, only the lower 16 bits of the buffer address pointer will change. Only increment is
enabled.

@ bit1 (DIR): Specifies the data transfer direction.
¢ 0: I/O — Buffer

e 1: Buffer » I/O

@ bit0 (SE): Controls the termination of the extended intelligent 1/0 service by the request from an
internal resource.

e 0: Does not terminate the extended intelligent I/O service by the request from an internal resource.

e 1: Terminates the extended intelligent I/O service by the request from an internal resource.

H I/O Register Address Pointer (I0A)

The /O register address pointer (IOA) is a register of 16-bit length. It indicates the lower digits of the
address (A15 to AO) of the I/O register that transfers data between itself and the buffer. All upper positions
of the address (A23 to A16) are coded with "0", and an arbitrary I/O address from 000000y to OOFFFFy

can be specified in the upper positions.
Figure 6.9-2 shows the configuration of the I/O register address pointer (IOA).
Figure 6.9-2 Configuration of /0 Register Address Pointer (I0A)

bit

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|A15]A14|A13[A12|A11]A10]A09 | AO8| AO7 | A6 | AD5| A04 | A03| AD2| A1 |A0O|: IOA (undefined when reset)

B Data Counter (DCT)

The data counter (DCT) is a register of 16-bit length and holds the data count for transfer. Before each data
is transferred, this counter is decremented by one. When this counter value becomes "0", the extended
intelligent I/O service is terminated.

Figure 6.9-3 shows the configuration of the data counter.

Figure 6.9-3 Configuration of Data Counter (DCT)

bit

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|B15|B14|B13|B12|B11]|B10|B09|B08 |B07|B06 | BOS | B04| BO3 |BO2|B01|B00|: DCT (Undefined when reset)
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6.10 Exception Processing

Exception processing is basically the same as interrupts. Upon the detection of an
exceptional event on a boundary between instructions, exception processing is
performed apart from normal execution. Generally, exception processing occurs as a
result of an unexpected action. Thus, it is recommended to use the exception
processing feature only for debugging purposes or reactivating the software for
recovery in case of emergency.

B Exception Occurrence because of the Execution of an Undefined Instruction

F?MC-16LX handles all codes that have not been defined in the instruction map as undefined instructions.

If an undefined instruction is executed, F°MC-16LX performs a processing similar to "INT10" which is a

software interrupt instruction. That is, the execution branches to a routine indicated by the interrupt

number 10 vector, after the contents of the following eight components are saved into the system stack:

Lower bits of accumulator (AL)
Lower bits of accumulator (AH)
Direct page register (DPR)

Data bank register (DTB)
Additional data bank register (ADB)
Program bank register (PCB)
Program counter (PC)

Processor status (PS)

Then, FPMC-16LX clears the interrupt enable flag (I flag) and sets the stack flag (S flag). The value of PC
saved into the stack is that address of the location where the undefined instruction is stored. For 2-byte or

longer instruction codes, it is that address of the location where the code identified as being undefined is

stored. It is possible to make recovery by the RETI instruction, but the same exception recurs, so there is

no point in making such recovery.
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ADDRESSING

This chapter describes addressing for the F2MC-16LX
instructions.

Addressing specifies the data to be used and an address.
In F2MC-16LX, effective addressing or an used instruction
code determines the address format (absolute address
or relative address). When the address format is determined
by the instruction code itself, an address must be specified
in compliance with the used instruction code.

Some instructions enable several types of addressing to
be specified.

7.1 Effective Address Field
7.2 Direct Addressing
7.3 Indirect Addressing
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7.1 Effective Address Field

Table 7.1-1 lists the address formats that may be specified in the effective address field.

B Effective Address Field
Table 7.1-1 Effective Address Field

Code Coding Address format Default bank
00 RO | RWO | RLO
01 RI + RWl 1 (RLO) Register direct
02 R2 | RW2 | RLI
8431 Ei : Egi : (EI:;) Each column corresponds to the address coding None
05 R5 : RW5 : (RL2) in the byte, W'ord, and long word types in the
06 R6 | RW6 , RL3 [|order leftto right.
07 R7 ' RwW7 ' (RL3)
08 @RWO0 DTB
09 @RW1 Reeister indirect DTB
0A @RW2 egister indirec ADB
08 @RW3 SPB
0C @RWO + DTB
0D @RW1 + N , . DTB
OE @RW? + Register indirect with post-increment ADB
OF @RW3 + SPB
10 @RWO + disp8 DTB
11 @RW1 + disp8 S . . DTB
12 @RW? + disp8 Register indirect with 8-bit displacement ADB
13 @RW3 + disp8 SPB
14 @RW4 + disp8 DTB
15 @RWS5 + disp8 L . - DTB
16 @RWG + disp8 Register indirect with 8-bit displacement ADB
17 @RW7 + disp8 SPB
18 @RWO + disp16 DTB
19 @RW]1 + disp16 o . o DTB
1A @RW? + disp16 Register indirect with 16-bit displacement ADB
1B @RWS3 + disp16 SPB
1C @RWO + RW7 Register indirect with index DTB
1D @RW1 + RW7 Register indirect with index DTB
1E @PC + disp16 PC indirect with 16-bit displacement PCB
1F addr16 Direct address DTB
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7.2 Direct Addressing

In direct addressing, a value, register, and address must be directly specified for the
operands.

B Direct Addressing

@ Immediate data (#imm)

Directly specify an operand value. There are four types of immediate data according to data length as
below:

e #imm4

e #imm3§

e #imml6

e #imm32

@ Register direct

Directly specify a register for the operand. Registers that can be specified are as below:

* General-purpose registers (Byte): RO, R1, R2, R3, R4, R5, R6, R7
(Word): RWO, RW1, RW2, RW3, RW4, RW5, RW6, RW7
(Long word): RLO, RL1, RL2, RL3

¢ Dedicated registers (Accumulator): A, AL

(Pointer): SP *

(Bank): PCB, DTB, USB, SSB, ADB
(Page): DPR

(Control): PS, CCR, RP, ILM

*: For SP, either user stack pointer (USP) or system stack pointer (SSP) is selected for use, according to
the value of the S flag in the condition code register (CCR). For branch instructions, program
counter (PC) is not described in the operand of the instruction, but it is automatically specified.

@ Direct branch address (addr16)

Directly specify an address to which the execution will branch by means of displacement. The address
length with displacement is 16 bits and the address indicates the destination of the branch in the logical
space. This addressing is applied to an unconditional branch instruction and a subroutine call instruction.
bits 16 to 23 of the address are given by the program bank register (PCB).

@ Physical direct branch address (addr24)

Directly specify a physical address to which the execution will branch by means of displacement. The data
length with displacement is 24 bits. This addressing is applied to an unconditional branch instruction, a
subroutine call instruction, and a software interrupt instruction.
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@ /O direct (io)

Directly specify a memory address in the operand by means of 8-bit displacement. Independently of the
respective values for data bank register (DTB) and direct page register (DPR), the I/O space with physical
addresses 000000y to 0000FFy is accessible. It is invalid to describe the bank select prefix to specify a

bank before an instruction using this addressing.

@ Abbreviated direct address (dir)
Specify lower eight bits of a memory address in the operand. Bits 8 to 15 of the address are given by the
direct page register (DPR). Bits 16 to 23 of the address are given by the data bank register (DTB).

@ Direct address (addr16)
Specify lower 16 bits of a memory address in the operand. Bits 16 to 23 of the address are given by the
data bank register (DTB).

@ 1/0 direct bit address (io:bp)

Directly specify a bit within the range of physical addresses 000000y to O000FFy. Bit position is

represented by :bp. The higher number is the most significant bit and the lower number is the least
significant bit.

@ Abbreviated direct bit address (dir:bp)

Directly specify lower eight bits of a memory address in the operand. Bits 8 to 15 of the address are given
by the direct page register (DPR). Bits 16 to 23 of the address are given by the data bank register (DTB).
Bit position is represented by :bp. The higher number is the most significant bit and the lower number is
the least significant bit.

@ Direct bit address (addr16:bp)

Directly specify an arbitrary bit within 64 Kbytes. Bits 16 to 23 of the address are given by the data bank
register (DTB). Bit position is represented by :bp. The higher number is the most significant bit and the
lower number is the least significant bit.

@ Vector address (#vct)

The address to which the execution will branch is determined by the content of the vector that is specified
herein. The vector number data length may be either four bits or eight bits. This addressing is applied to a
subroutine call instruction and a software interrupt instruction.
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Indirect Addressing

In indirect addressing, the data indicated by the operand you coded indirectly gives an

address.

B Indirect Addressing

@ Register indirect (@RW;j j = 0 to 3)

The register indirect addressing is used to access a memory location whose address is specified by the
content of general-purpose register RWj. Bits 16 to 23 of the address are given by the data bank register
(DTB) if RWO0 and RW1 are used, by the SPB if RW3 is used, and by the additional data bank register
(ADB) if RW2 is used.

@ Register indirect with post-increment (@ RWij+ j = 0 to 3)

This addressing is also used to access a memory location whose address is specified by the content of
general-purpose register RWj. After the execution of the operand operation, RWj is incremented by the
operand data length (1 for byte, 2 for word, and 4 for long word). Bits 16 to 23 of the address are given by
the data bank register (DTB) if RW0 and RW1 are used, by the SPB if RW3 is used, and by the additional
data bank register (ADB) if RW2 is used.

If the value resulting from post-increment indicates the address of the increment-specified register itself,
the value of this register is incremented when referred subsequently. Then, if a data write instruction is
issued to the register, the priority is given to the data write instruction, so that the register value, which
would otherwise be incremented, becomes the written data.

@ Register indirect with displacement (@ RWi+disp8 i =0 to 7, @ RWj+disp16 j =0 to 3)

This addressing is used to access a memory location whose address is specified by the displacement added
to the content of general-purpose register RWj. Displacement may be either byte or word and is added as a
signed value. Bits 16 to 23 of the address are given by the data bank register (DTB) if RW0, RW1, RW4,
and RWS5 are used. Bits 16 to 23 are given by the SPB if RW3 and RW7 and by the additional data bank
register (ADB) if RW2 and RW6 are used.

@ Long register indirect with displacement (@RLi+disp8 i = 0 to 3)

This addressing is used to access a memory location whose address is specified by the lower 24 bits that
result from the displacement added to the content of general-purpose register RLi. Displacement is eight
bits and added as a signed value.

@ Program counter indirect with displacement (@ PC+disp16)

This addressing is used to access a memory location whose address is specified by (address of instruction +
4 + displ6). Displacement is a word length. Bits 16 to 23 of the address are given by the program bank
register (PCB).

Note that respective operand addresses of the instructions listed next are not regarded as being (next
instruction address + disp16):
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e DBNZ eam, rel

¢« DWBNQ eam, rel

¢ CBNE eam, #immg8, rel

¢ CWBNE eam, #imml16, rel
* MOV eam, #imm§

¢ MOVM eam, #imml6

@ Register indirect with base index (@ RW0+RW7, @ RW1+RW?7)

This addressing is used to access a memory location whose address is specified by a value obtained by
adding the content of RWO0 or RW1 to the content of general-purpose register RW7. Bits 16 to 23 of the
address are given by the data bank register (DTB).

@ Program counter relative branch address (rel)

The address to which the execution will branch is determined by a value obtained by adding the 8-bit
displacement to the value of the program counter (PC). If the result of the addition exceeds 16 bits, the
bank register is not incremented or decremented and the part of excess is ignored. Consequently, the
address falls within the closed bank of 64 Kbytes. This addressing is applied to an unconditional or
conditional branch instruction. Bits 16 to 23 of the address are given by the program bank register (PCB).

@ Register List (rlst)

This addressing specifies a register subjected to push/pop for the stack (see Figure 7.3-1).

Figure 7.3-1 Configuration of Register List

MSB LSB
| Rw7 | Rwe | Rw5 | Rw4 | Rw3 | Rw2 | Rw1 | Rwo |

When the bit is "1", the associated register is selected. When the bit is "0",
the associated register is not selected.
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@ Accumulator indirect (@A)

This addressing is used to access a memory location whose address is specified by the 16-bit content of the
lower bytes of the accumulator (AL). Bits 16 to 23 of the address are given by the data bank register
(DTB).

@ Accumulator indirect branch address (@A)

The address to which the execution will branch is determined by the 16-bit content for the lower bytes of
the accumulator (AL). This address indicates the destination of the branch within the bank space. Bits 16
to 23 of the address are given by the program bank register (PCB). In the case of the jump context (JCTX)
instruction, however, bits 16 to 23 of the address are given by the data bank register (DTB). This
addressing is applied to an unconditional branch instruction.
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@ Indirectly specified branch address (@ear)

The word data with the address specified by ear corresponds to the address to which the execution will
branch.

@ Indirectly specified branch address (@eam)

The word data with the address specified by eam corresponds to the address to which the execution will
branch.
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CHAPTER 8

INSTRUCTION OVERVIEW

This chapter provides explanation for the items
described in "CHAPTER 9 DETAILED EXECUTION
INSTRUCTIONS" and what the symbols used therein
stand for.

8.1 Instruction Overview

8.2 Symbols (Abbreviations) Used in Detailed Execution Instructions
8.3 Effective Address Field

8.4 Execution Cycles
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8.1 Instruction Overview

In "CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS" the following items are
described for each instruction.

e Assembler format o Execution cycles
e Operation e Correction value
e CCR e Example

* Byte count

H Instruction Overview

In "CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS" the following items are described for each
instruction.

@ Assembler format

The format for coding each instruction into an assembler source program is presented.

» Upper case letters and symbols: Write them as they are into a source program.
* Lower case letters: Rewrite them into a source program.

¢ Number after a lower case letter: Indicates a bit width in the instruction.
@ Operation

The operation for registers and data by instruction execution is presented.

® CCR

The status of each flag (I, S, T, N, Z, V and C) of the condition code register (CCR) is presented.

*

: Denotes that the flag changes with the instruction execution.
e —: Denotes that the flag does not change.
e S: Denotes that the flag is set with the instruction execution.

¢ R: Denotes that the flag is reset with the instruction execution.

@ Byte count

The byte count of the instruction (machine language) after assembled is presented.

@ Execution cycles

The number of instruction execution cycles is presented.

For the meaning of the letter symbol used in the table, which is presented for description of execution
cycles, see Table 8.4-1 .

68



CHAPTER 8 INSTRUCTION OVERVIEW

@ Correction value

A correction value used for calculating the number of instruction execution cycles is presented. For the
meanings of the letter symbols ((b), (c), and (d)) used in the table, which is presented for description of
correction values, see Table 8.4-2 . The number of instruction execution cycles is determined by the sum of
a value given in the column of execution cycles and a value given in the column of correction value.

@ Example

An example of each instruction is presented.

All numeric values of the data given in any example are hexadecimal numbers. Any numeric value of the
data given in the operand represents a hexadecimal number with suffix (H).
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8.2

Symbols (Abbreviations) Used in Detailed Execution
Instructions

Table 8.2-1 lists the symbols used in detailed execution instruction.

B Symbols (abbreviations) Used in Detailed Execution Instructions

70

Table 8.2-1 Symbols (abbreviations) Used in Detailed Execution Instructions (1/2)

Coding Meaning
32-bit accumulator
The length of used bits varies depending on the instruction.
A Byte: Lower 8 bits of AL
Word: 16 bits of AL
Long word: 32 bits of AL and AH
AH Upper 16 bits of A
AL Lower 16 bits of A
SP Stack pointer (USP or SSP)
PC Program counter
PCB Program bank register
DTB Data bank register
ADB Additional data bank register
SSB System stack bank register
USB User stack bank register
DPR Direct page register
brgl DTB, ADB, SSB, USB, DPR, PCB
brg2 DTB, ADB, SSB, USB, DPR
Ri RO, R1, R2, R3, R4, R5, R6, R7
Rj RO, R1, R2, R3
RWi RWO, RW1, RW2, RW3, RW4, RW5, RW6, RW7
RW;j RWO0, RW1, RW2, RW3
RLi RLO, RL1, RL2, RL3
dir Abbreviated direct addressing
addr16 Direct addressing
addr24 Physical direct addressing
ad24 0-15 Bits 0 to 15 of addr24
ad24 16-23 Bits 16 to 23 of addr24
io I/O area (000000 to 0000FFy;)
imm4 4-bit immediate data
imm8 8-bit immediate data
imml6 16-bit immediate data
imm32 32-bit immediate data
ext (imm8) 16-bit data resulting from the signed extension of 8-bit immediate data




Table 8.2-1 Symbols (abbreviations) Used in Detailed Execution Instructions (2 / 2)

CHAPTER 8 INSTRUCTION OVERVIEW

Coding Meaning
disp8 8-bit displacement
disp16 16-bit displacement
bp Bit offset value
vetd Vector number (0 to 15)
vet8 Vector number (0 to 255)
( )b Bit address
rel Specifies a PC relative branch.
ear Effective addressing (codes 00 to 07)
eam Effective addressing (codes 08 to 1F)
rist Register list
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8.3 Effective Address Field

Table 8.3-1 lists the address formats that may be specified in the effective address field.

B Effective Address Field

Table 8.3-1 Effective Address Field

Code Coding Address format Byte count O.f aoidress
extension
00 RO RWO RLO Register direct
01 R1 RW1 (RLO)
02 R2 RW2 RLI ea corresponds to the address coding in the
03 R3 RW3 (RL1) byte, word, and long word types in the -
04 R4 Rw4 RL2 order left to right.
05 RS RW5 (RL2)
06 R6 RW6 RL3
07 R7 RW7 (RL3)
08 @RWO0
09 @RW1 . -
0A @RW2 Register indirect 0
0B @RW3
oC @RWO +
0D @RW1 + . - . .
O @RW? + Register indirect with post-increment 0
OF @RW3 +
11 @RW1 + disp8
12 @RW?2 + disp8
13 @RW3 + disp8 . . . o
14 @RW4 + disp8 Register indirect with 8-bit displacement 1
15 @RWS5 + disp8
16 @RW6 + disp8
17 @RW7 + disp8
18 @RWO + displ6
19 @RW1 + displ6 . - . o
1A @RW?2 + disp16 Register indirect with 16-bit displacement 2
1B @RW3 + displ6
1C @RWO0 + RW7 Register indirect with index 0
1D @RWI1 + RW7 Register indirect with index 0
1IE @PC + displ6 PC indirect with 16-bit displacement 2
1F addrl6 Direct address 2

*: The byte count of address extension corresponds to "#" (byte count) shown in the instruction list and "+" shown in the byte count field of
each detailed instruction.
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8.4 Execution Cycles

The number of cycles required for the execution of an instruction (execution cycles) is
obtained by adding a "correction value", which is determined according to the
condition, to the number of "cycles" specific to each instruction. However, actual
instruction execution cycles may include the cycles required for reading the program in
addition to the sum of "cycles" and a "correction value".

B Execution Cycles

The number of cycles required for the execution of an instruction is obtained by adding up the number of
"cycles" specific to each instruction, a "correction value", which is determined according to the condition,
and "cycles" required for program fetch.

When fetching a program stored in a memory connected to a 16-bit bus, such as built-in ROM, program
fetch is performed each time the instruction under execution passes over a 2-byte (word) boundary. If data
access interference occurs, it results in an increasing number of execution cycles.

When fetching a program stored in a memory connected to an 8-bit bus, which is an external data bus,
program fetch is performed per byte in the instruction under execution. If data access interference occurs,
it results in an increasing number of execution cycles.

During CPU intermittent operation, the access to a general-purpose register, built-in ROM, built-in RAM,
built-in I/O or external bus causes the CPU clock to make a halt for a certain time. This CPU halt time is
equivalent to the number of cycles specified by the CG1/CGO bit of the low power consumption mode
control register. Therefore, the number of cycles required for the execution of an instruction during the
CPU intermittent operation should be calculated differently. That is, add "a correction value" determined
by "the number of times for access" X "cycles" for the CPU halt time to normal execution cycles.
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B Calculating Execution Cycles

Table 8.4-1 , Table 8.4-2 , and Table 8.4-3 provide the referenced information which may help you to
calculate instruction execution cycles.

Table 8.4-1 Execution Cycles Specific to Each Addressing Method of an Effective Address

a) *
Code Operand - @ — Num'b.er of times of regigter access
P Execution cycles specific to specific to each addressing method
each addressing method

00 Ri

to RWi Presented in the instruction list. Presented in the instruction list.

07 RLi

08

to @RWj 2 1

0B

0c

to @RWj + 4 2

OF

10

to @RWi + disp8 2 1

17

18 @RWj +

o disp16 2 !

1B

1C @RWO0 + RW7 4 2

1D @RW1 + RW7 4 2

1E @PC + displ6 2 0

1F addr16 1 0

*: (a)isusedin "~" (cycles) and "B" (correction value) in "APPENDIX B FMC-16LX Instruction Lists (351
Instructions)" as well as "CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS".

Table 8.4-2 Correction Values for Cycles Used for Calculating Actual Execution Cycles

(b) * byte (c) * word (d) * long
The The The
Operand The number of The number of The number of
number of . number of . number of .
times of times of times of
cycles cycles cycles
access access access
Internal register +0 1 +0 1 +0 2
Internal memory even address +0 1 +0 1 +0 2
Internal memory odd address +0 1 +2 2 +4 4
External data bus 16-bit even
+1 1 +1 1 +2 2
address
External data bus 16-bit odd +1 1 +4 5 +8 4
address
External data bus 8-bit +1 1 +4 2 +8 4

*: (b), (c), and (d) are used in "~" (cycles) and "B" (correction value) in "APPENDIX B F2MC-16LX Instruction Lists (351 Instructions)"
as well as "CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS".

Note: For the application to external buses, the wait cycles for ready input and automatic ready must be added.
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Table 8.4-3 Correction Values for Cycles Used for Calculating Program Fetch Cycles

Instruction Byte boundary Word boundary
Internal memory - +2
External data bus 16-bit - +3

External data bus 8-bit

+3

Notes: o For the application to external buses, the wait cycles for ready input and automatic ready must

be added.

o Actually, all program fetches do not always cause the delay for the execution of an instruction.
Thus, these correction values should be used to calculate the required execution cycles in the

worst case.
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CHAPTER 9

DETAILED EXECUTION
INSTRUCTIONS

This chapter explains each of the execution instructions
used by the assembler, in reference format. The
execution instructions are presented in alphabetical
order.

9.1 Detailed Execution Instructions
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9.1 Detailed Execution Instructions

This section explains each of the execution instructions used by the assembiler, in
reference format. The execution instructions are presented in alphabetical order.

B Reading Detailed Execution Instructions

For an explanation of each of the items and symbols (abbreviations) used in the explanation of each
execution instruction, see "CHAPTER 8 INSTRUCTION OVERVIEW".

For an explanation of the alphabetical characters (a), (b), (c), and (d) used in an explanation (table) of
correction values and numbers of cycles, see Table 8.4-1 and Table 8.4-2 .
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9.1.1 ADD (Add Byte Data of Destination and Source to
Destination)

Add the byte data specified by the second operand to the byte data specified by the first
operand and store the result in the first operand. If the first operand is the accumulator
(A), "0" are transferred to bits 8 to 15 of A.

B ADD (Add Byte Data of Destination and Source to Destination)

@ Assembler format:

ADD A, #imm8 ADD A, dir

ADD A, ear ADD A,eam

ADD ear,A ADD eam,A
@ Operation:

(First operand) < (First operand)+(Second operand) (Byte addition)
® CCR:

I S T N 4 \ C

* * * *

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

V4 Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Set when a carry has occurred as a result of the operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

First operand A A A A ear eam
Second operand #im8 dir ear eam A A
Number of bytes 2 2 2 2+ 2 2+

Number of cycles 2 3 3 4+(a) 3 5+(a)

Correction value 0 (b) 0 (b) 0 2x(b)

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:

ADD A,0E021H
In this example, the data (ABp) at address E021y is added to the least significant byte data (46p) of A.

Al XX XX | A046 | Al XX XX | 00F1 |
CCR|X X X X X CCR|X1000
TNZVC TNZVC
Memory Memory
A B EO021 A B EO021
Before execution After execution
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CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

ADDC (Add Byte Data of AL and AH with Carry to AL)

Add the low-order byte data of AL, low-order byte data of AH, and carry bit (C) together
and restore the result in AL. "0" are transferred to the high-order byte of AL.

B ADDC (Add Byte Data of AL and AH with Carry to AL)

@® Assembler format:

ADDC A

@ Operation:

(AL) « (AH)+(AL)+(C) (Byte addition with a carry)

@® CCR:

I S T N 4 Vv C

* * * *

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Set when a carry has occurred as a result of the operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 2

Correction value: 0

@ Example:

ADDC A

In this example, the low-order byte data (05¢) of AH, low-order byte data (D4g) of AL, and carry bit (0)
are added together.

A| 0505 | 00D4 | Al 0505 | 00D9 |
CCR[X X X X 0 CCR[X 1000
TNZVC TNZVC

Before execution After execution
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9.1.3 ADDC (Add Byte Data of Accumulator and Effective
Address with Carry to Accumulator)

Add the least significant byte data of the accumulator (A), byte data at the effective
address, and carry bit (C) together and restore the result in the least significant byte of
A. "0" are transferred to bits 8 to 15 of A.

B ADDC (Add Byte Data of Accumulator and Effective Address with Carry to
Accumulator)

@® Assembler format:

ADDC A, ear
ADDC A, eam

@Operation:

(A) < (A)+Hea)+(C) (Byte addition with a carry)

@® CCR:

I S T N 4 Vv C

* * * *

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Set when a carry has occurred as a result of the operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

First operand A A
Second operand ear eam
Number of bytes 2 2+
Number of cycles 3 4+(a)
Number of accesses 0 (b)

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:

ADDC A, 0E035H
In this example, the least significant byte data (46¢) of A, data (D5y) at address EO35y, and carry bit (1)
are added together.

Al XX XX | A046 | A| XX XX 002C |
coR CeR
TNzZVC TNzZVC
Memory Memory
D 5 E035 D 5 E035
Before execution After execution
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9.1.4 ADDCW (Add Word Data of Accumulator and Effective
Address with Carry to Accumulator)

Add the low-order word data (AL) of the accumulator (A), word data specified by the
second operand, and carry bit (C) together and restore the result in the low-order word
of A.

B ADDCW (Add Word Data of Accumulator and Effective Address with Carry to
Accumulator)

@ Assembler format:

ADDCW A, ear
ADDCW A, eam

@ Operation:

(A) < (A)+(ea)+(C) (Word addition with a carry)

@® CCR:

I S T N 4 Vv C

* * * *

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Set when a carry has occurred as a result of the operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

First operand A A
Second operand ear eam

Number of bytes 2 2+
Number of cycles 3 4+(a)

Correction value 0 (©)

For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:

ADDCW A,@RWO0+
In this example, the low-order word data (2068y) of A, address data (8952y) specified by RWO0, and carry
bit (1) are added together.

Al Xxx XX | 2068 | Al XX XX | A9BB |
RWO‘ EO0 24 ‘CCR‘XXXX1| RWO EO 26 CCR|IX1000
TNZVC TNZVC
Memory Memory
8 9 E025 8 9 E025
5 2 E024 5 2 E024
Before execution After execution

85



CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

9.1.5 ADDDC (Add Decimal Data of AL and AH with Carry to
AL)

Add the low-order byte data of AL, low-order byte data of AH, and carry bit (C) together
in decimal and restore the result in the low-order byte of AL. "0" are transferred to the
high-order byte of AL.

B ADDDC (Add Decimal Data of AL and AH with Carry to AL)

@ Assembler format:

ADDDC A

@ Operation:

(AL) « (AH)+(AL)+(C) (Decimal addition with a carry)

@® CCR:

I S T N 4 \ C

* * * *

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Undefined

C Set when a carry has occurred as a result of the decimal operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 3

Correction value: 0

@ Example:

ADDDC A
In this example, the low-order byte data (62p) of AL, low-order byte data (58g) of AH, and carry bit (C)

are added together in decimal operation.

Al XX62 @ XX58 | Al Xxx62 @ 0020 |
CCR|X X X X 0| CCR|X 0 0 X 1
TNZVC TNZVC

Before execution After execution
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9.1.6 ADDL (Add Long Word Data of Destination and Source to
Destination)

Add the long word data specified by the second operand to the long word data specified
by the first operand and restore the result in the first operand.

B ADDL (Add Long Word Data of Destination and Source to Destination)

@® Assembler format:

ADDL A, #imm32

ADDL A, ear ADDL A,eam
@ Operation:

(First operand) < (First operand)+(Second operand) (Long word addition)
® CCR:

S T N 4 \Y% C

* * * &

I,S,and T: Unchanged

Z
V:
C

Set when the MSB of the operation result is "1", cleared otherwise.
Set when the operation result is "0", cleared otherwise.
Set when an overflow has occurred as a result of the operation, cleared otherwise.

Set when a carry has occurred as a result of the operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

First operand A A A
Second operand #i32 ear eam

Number of bytes 5 2 2+
Number of cycles 4 6 T+(a)

Correction value 0 0 (b)

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:
ADDL A,0E077H
In this example, the data (357F41ABy) at addresses EO77y to EO7Apg is added to the data (85B7A073g) of
A.
A| 85B7 | A073 | A| BB36  E21E |
CCR|X X X X X CCR|X1 000
TNzVC TNZVC
Memory Memory
35 EO7A 3 5 EO7A
7 F E079 7 F EO079
4 1 EO078 4 1 EO078
A B E077 A B E077
Before execution After execution
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9.1.7 ADDSP (Add Word Data of Stack Pointer and Immediate
Data to Stack Pointer)

Add 16-bit immediate data or the value resulting from sign-extending 8-bit immediate
data to the word data pointed to by SP (stack pointer) and restore the result in SP. If the
addition result exceeds 16 bits, an underflow occurs.

CCR does not indicate whether an underflow has occurred.

B ADDSP (Add Word Data of Stack Pointer and Imnmediate Data to Stack Pointer)

@ Assembler format:

(1) ADDSP #imm8
(2) ADDSP #imm16

@ Operation:

(1) (SP) « (SP)+Sign-extended #imm8 (Word addition)
(2) (SP) « (SP)+#imm16 (Word addition)

@® CCR:

I S T N 4 Vv C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Operand #im8 #i16
Number of bytes 2 3
Number of cycles 3 3
Correction value 0 0
@ Example:
ADDSP #89BAH

In this example, 89BA is added. The addition result exceeds 16 bits, causing an underflow.

SP E2 A4 SP 6C 5E
CCR| X0000 CCR| X0000
TNZVC TNZVC
Before execution After execution
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9.1.8

ADDW (Add Word Data of AL and AH to AL)

Add the word data of AH and that of AL together and restore the result to AL.

B ADDW (Add Word Data of AL and AH to AL)

@ Assembler format:

ADDW A

@ Operation:
(AL) < (AH)+(AL) (Word addition)

® CCR:

I S T N 4 \'% C

* * * *

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Set when a carry has occurred as a result of the operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 2

Correction value: 0

@ Example:

ADDW A

In this example, a carry occurs, causing the carry flag to be set.

Al 83A2 | 7F23 | Al 83A2 | 02C5 |
CCR|X X X X X CCR(X 0001
TNZVC TNZVC

Before execution After execution
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9.1.9 ADDW (Add Word Data of Destination and Source to
Destination)

Add the word data specified by the second operand to the word data specified by the
first operand and restore the result in the first operand.

B ADDW (Add Word Data of Destination and Source to Destination)

@ Assembler format:

ADDW A #imml6

ADDW A ear ADDW A,eam

ADDW ear,A ADDW eam,A
@ Operation:

(First operand) < (First operand)+(Second operand) (Word addition)
@® CCR:

I S T N 4 \ C

* * * *

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Set when a carry has occurred as a result of the operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

First operand A A A ear eam
Second operand #i16 ear eam A A
Number of bytes 3 2 2+ 2 2+
Number of cycles 2 3 4+(a) 3 5+(a)
Correction value 0 0 (©) 0 2x(c)

For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:

ADDW @RWO0O+1,A

In this example, the low-order word data (CD04y) of the accumulator is added to the address value
(315Dp) specified by @RWO+1.

Al XX XX  CDo04 | Al XX XX  CcDo04 |
RWO E2 A4 CCR|X X X X X RWO E2 A4 CCRIX1000
TNZVC TNZVC
Memory Memory

3 1 E2A6 F E E2A6

5 D E2A5 6 1 E2A5

X X E2A4 X X E2A4

Before execution After execution
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9.1.10 AND (And Byte Data of Destination and Source to
Destination)

Take the logical AND operation of the byte data specified by the first operand and the
byte data specified by the second operand and restore the result in the first operand.

H AND (And Byte Data of Destination and Source to Destination)

@ Assembler format:

AND A ,#mm8
AND A ,ear AND A,eam
AND ear,A AND eam,A
@ Operation:
(First operand) < (First operand) and (Second operand) (Byte logical AND)

The logical AND operation of the byte data specified by the first operand and the byte data specified by the
second operand is taken on a bit-by-bit basis and the result is restored in the first operand.

® CCR:

I S T N 4 \ C

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.
Z Set when the operation result is "0", cleared otherwise.

V: Cleared

C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

First operand A A A ear eam
Second operand #im8 ear eam A A
Number of bytes 2 2 2+ 2 2+

Number of cycles 2 3 4+(a) 3 5+(a)

Correction value 0 0 (b) 0 2x(b)

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:

AND 0052H,A
In this example, the logical AND operation is taken of the address data (FAy) at 0052y and the least

significant byte data (55¢) of the accumulator.

Al XX XX | 0055 | Al XX XX | 0055 |
CCR|X X X X X CCR|X 0 0 0 X
TNzZVC TNzZzVC
Memory Memory
F A 0052 50 0052
Before execution After execution
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9.1.11  AND (And Byte Data of Inmediate Data and Condition
Code Register)

Take the logical AND operation of the byte data of the condition code register (CCR) and
8-bit immediate data and restore the result in CCR.

In the logical AND operation, the most significant bit of the byte data is not taken into
consideration.

H AND (And Byte Data of Inmediate Data and Condition Code Register)
@ Assembler format:
AND CCR,#imm8
@ Operation:
(CCR) « (CCR) and #imm8 (Byte logical AND)

@® CCR:

I S T N 4 \ C

*

* * * * * *

Stores bit 6 of the operation result.
Stores bit 5 of the operation result.
Stores bit 4 of the operation result.
Stores bit 3 of the operation result.
Stores bit 2 of the operation result.

Stores bit 1 of the operation result.

O < Nz 34 «»u -~

Stores bit 0 of the operation result.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2
Number of cycles: 3

Correction value: 0
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@ Example:
AND CCR,#57TH
In this example, the logical AND operation is taken of the value (0110101g) of the condition code register
(CCR) and 57g.
Al XX XX | XX XX | Al XX XX | XX XX |
I S T N Z V C I S T N Z V C
ccrlo[1]1]o]1]o]1] ccr|ofol1]o]1]o]1]
ILM2 ILM1 ILMO ILM2 ILM1 ILMO
ILM ILM
MSB LSB MSB LSB
RP [ x [ x[x|x]x] RP [ x [ x[x]x]x]
Before execution After execution
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9.1.12 ANDL (And Long Word Data of Destination and Source to
Destination)

Take the logical AND operation for the long word data of the accumulator (A) and that
specified by the second operand in a bit-by-bit basis and restore the result in A.

H ANDL (And Long Word Data of Destination and Source to Destination)

@ Assembler format:

ANDL A,ear ANDL A,eam
@ Operation:

(A) < (A) and (Second operand) (Long word logical AND)
@® CCR:

I S T N 4 \Y% C

_ _ _ * * R _

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.
Z Set when the operation result is "0", cleared otherwise.

V: Cleared

C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

First operand A A
Second operand ear eam
Number of bytes 2 2+
Number of cycles 6 T+(a)
Correction value 0 (d)

For the explanation of (a) and (d) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:

ANDL A,0FFFOH
In this example, the logical AND operation is taken of the long word data (8252FEAC) of A and the data
(FF55AA00y) at OFFFOy to OFFF3y, in a bit-by-bit basis.

A| 8252 | FEAC | A| 8250 | AAO0O |
CCR|X X X X X CCR|X 100 X
TNzZVC TNZVC
Memory Memory

F F FFF3 F F FFF3

5 5 FFF2 5 5 FFF2

A A FFF1 A A FFF1

00 FFFO 00 FFFO

Before execution After execution
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9.1.13 ANDW (And Word Data of AH and AL to AL)

Take the logical AND operation of the word data of AH and that of AL and restore the
result in AL.

B ANDW (And Word Data of AH and AL to AL)

@ Assembler format:

ANDW A

@ Operation:

(AL) « (AH) and (AL) (Word logical AND)

@® CCR:

I S T N 4 Vv C

- — _ * * R _

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.
Z Set when the operation result is "0", cleared otherwise.

V: Cleared

C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 2

Correction value: 0

@ Example:
ANDW A
In this example, the logical AND operation is taken of the word data (0426y) of AH and word data
(AB98y) of AL.
A| 0426 | AB98 | Al 0426 0000 |
CCR|X X X X X CCR|X0 10X
TNZVC TNZVC
Before execution After execution
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9.1.14 ANDW (And Word Data of Destination and Source to
Destination)

Take the logical AND operation of the word data specified by the first operand and the
word data specified by the second operand and restore the reresult in the first operand.

B ANDW (And Word Data of Destination and Source to Destination)

@® Assembler format:

ANDW A #imml6

ANDW A ear ANDW A,eam

ANDW ear, A ANDW eam,A
@ Operation:

(First operand) «— (First operand) and (Second operand) (Word logical AND)
@® CCR:

I S T N 4 \ C

— — - * * R —

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.
Z Set when the operation result is "0", cleared otherwise.

V: Cleared

C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

First operand A A A ear eam
Second operand #i16 ear eam A A
Number of bytes 3 2 2+ 2 2+
Number of cycles 2 3 4+(a) 3 5+(a)
Correction value 0 0 (©) 0 2x(c)

For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 .

100



@ Example:

ANDW 0OE001H,A

CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

In this example, the logical AND operation is taken of the word data (8342p) at addresses OEOO1y and
0E002y and the low-order word data (5963y;) of the accumulator.

Al XX XX | 5963 | Al xX xx | 5963 |
CCR[X X X X X CCR[X 0 0 0 X
TNZVC TNZVC
Memory Memory
8 3 | E002 0 1 | E002
4 2 | E001 4 2 | EO001

Before execution

After execution
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9.1.15 ASR (Arithmetic Shift Byte Data of Accumulator to Right)

Shift the least significant byte data of the accumulator (A) arithmetically to the right by
the number of bits specified by the second operand. The most significant bit of the
least significant byte data for A is not changed. The bit last shifted out from the least
significant bit is stored in the carry bit (C) of the condition code register (CCR).

B ASR (Arithmetic Shift Byte Data of Accumulator to Right)

@ Assembler format:

ASR ARO

@ Operation:

® CCR:

I S T N 4 Vv C

— — * * * _ *
Iand S: Unchanged
T: Set when the shifted-out data from the carry contains one or more "1" bits, cleared

otherwise. Also cleared when the shift amount is "0".
Set when the MSB of the shifting result is "1", cleared otherwise.
Set when the shifting result is "0", cleared otherwise.

Unchanged

Stores the bit last shifted out from the LSB of A. Cleared when the shift amount is "0".

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2
Number of cycles: 6 when (RO) is equal to 0; otherwise, 5 + (RO)

Correction value: 0
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@ Example:

ASR A,R0
In this example, the least significant byte data (96y) of A is shifted arithmetically to the right by three bits.

A XX XX | XX96 | Al XX XX | XXF2 |
Ro[ 03 |CCR|[X X X X X] Ro[ 03 |CCR[1 10 X 1]
TNZVC TNZVC
Before execution After execution
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9.1.16  ASRL (Arithmetic Shift Long Word Data of Accumulator
to Right)

Shift the long word data of the accumulator (A) arithmetically to the right by the number
of bits specified by the second operand. The most significant bit of A is not changed.
The bit last shifted out from the least significant bit is stored in the carry bit (C) of the
condition code register (CCR).

B ASRL (Arithmetic Shift Long Word Data of Accumulator to Right)

@ Assembler format:

ASRL A,RO
@ Operation:

MSB LSB C T
' ' e e

A

® CCR:

I S T N 4 \'% C

— — * * k) _ *
Tand S: Unchanged
T: Set when the shifted-out data from the carry contains one or more "1" bits, cleared

otherwise. Also cleared when the shift amount is "0".
Set when the MSB of the shifting result is "1", cleared otherwise.
Set when the shifting result is "0", cleared otherwise.

Unchanged

Stores the bit last shifted out from the LSB of A. Cleared when the shift amount is "0".

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2
Number of cycles: 6 when (RO) is equal to 0; otherwise, 6 + (R0)

Correction value: 0
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@ Example:
ASRL A,RO

In this example, the long word data (12345678p) of A is shifted arithmetically to the right by two bits.

Al 1234 5678 | Al 048D @ 159E |

RO RO

CCR|X XX X0 CCR|1 00 X O

TNZVC TNzvC

Before execution After execution
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9.1.17 ASRW (Arithmetic Shift Word Data of Accumulator to
Right)

Shift the low-order word data of the accumulator (A) arithmetically to the right by one
bit. The most significant bit of the low-order word data for A is not changed. The bit
shifted out from the least significant bit is stored in the carry bit (C).

B ASRW (Arithmetic Shift Word Data of Accumulator to Right)

@ Assembler format:

ASRW A

@ Operation:

@® CCR:

I S T N 4 \ C

_ _ * * * *

Tand S: Unchanged

T: Set when the old carry value is equal to "1" or the old T value is equal to "1", cleared
otherwise.

Set when the MSB of the shifting result is "1", cleared otherwise.
Set when the shifting result is "0", cleared otherwise.

Unchanged

Stores the bit shifted out from the LSB of A.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 2

Correction value: 0
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@ Example:

ASRW A
In this example, the low-order word data (A096p) of A is shifted arithmetically to the right by one bit.

Al XX XX | A096 | Al XX XX | D04B |
CCR|0 X X X 1 CCR|1 1 0XDO0
TNZVC TNZVC

Before execution After execution
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9.1.18 ASRW (Arithmetic Shift Word Data of Accumulator to
Right)

Shift the low-order word data of the accumulator (A) arithmetically to the right by the
number of bits specified by the second operand. The most significant bit of the low-
order word data for A is not changed. The bit last shifted out from the least significant
bit is stored in the carry bit (C) of the condition code register (CCR).

B ASRW (Arithmetic Shift Word Data of Accumulator to Right)

@ Assembler format:

ASRW A RO

@ Operation:

® CCR:

I S T N 4 \'% C

— — * * k) _ *
Tand S: Unchanged
T: Set when the shifted-out data from the carry contains one or more "1" bits, cleared

otherwise. Also cleared when the shift amount is "0".
Set when the MSB of the shifting result is "1", cleared otherwise.
Set when the shifting result is "0", cleared otherwise.

Unchanged

Stores the bit last shifted out from the LSB of A. Cleared when the shift amount is "0".

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2
Number of states: 6 when (RO) is equal to 0; otherwise, 5 + (R0)

Correction value: 0

108



CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

@ Example:

ASRW A,RO
In this example, the low-order word data (A096p) of A is shifted arithmetically to the right by two bits.

Al Xxx XX | A096 | Al xx Xxx | Es25 |
Ro| 02 | CCR[X X X X 0] Ro| 02 | CCR[0 1 0 X 1]
TNZVC TNZVC
Before execution After execution
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9.1.19 BBcc (Branch if Bit Condition satisfied)

Cause a branch if the bit data specified by the first operand satisfies the condition.
Control is transferred to the address resulting from word-adding the sign-extended
data, specified by the second operand, to the address of the instruction following the
BBcc instruction.

B BBcc (Branch if Bit Condition satisfied)

@ Assembler format:

BBC <First operand>,rel BBS <First operand>,rel

110

@ Operation:
If the condition is satisfied: (PC) « (PC) + <Number of bytes> + rel (Word addition)
If the condition is not satisfied: (PC) « (PC)+<Number of bytes> (Word addition)
® CCR:
I S T N Z \Y C
_ _ _ _ * _ _
I, S, T, and N:Unchanged
Z: Set when the bit data is "0"; cleared when "1".
V and C: Unchanged
@ Number of bytes, Number of cycles, and Correction value:
BBcc BBC BBS
Condition Bit data =0 Bit data = 1
First . . . .
operand addr16:bp dir:bp io:bp addr16:bp dir:bp io:bp
Number of 5 4 4 5 4 4
bytes
If a branch is If a branch is If a branch is If a branch is If a branch is If a branch is
Number of taken: 8 taken: 8 taken: 7 taken: 8 taken: 8 taken: 7
cycles 1 If a branch is If a branch is If a branch is If a branch is If a branch is If a branch is
not taken: 7 not taken: 7 not taken: 6 not taken: 7 not taken: 7 not taken: 6
Correction
) (b) (b) (b) (b) (b) (b)
value

*1: “If a branch is taken” indicates the number of cycles assumed if a branch is taken. “If a branch is not taken” indicates
the number of cycles assumed if a branch is not taken.
*2: For the explanation of (b) in the table, see Table 8.4-2 .
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@ Example:

BBC 1234H:7,12H

In this example, a branch is taken if bit 7 of the data at memory address 1234y is equal to "0" (condition

satisfied).
pc | E100 + (12 + number of bytes 5)—> PC | E117
Memory Memory
X X X X
7 F |1234 : bit7 =0 7 F |1234
X X X X

Before execution After execution
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9.1.20 Bcc (Branch relative if Condition satisfied)

Each instruction causes a branch if the condition determined for that instruction is
satisfied. Control is transferred to the address resulting from word-adding the sign-
extended data, specified by the operand, to the address of the instruction following the
BBcc instruction.

B Bcc (Branch relative if Condition satisfied)

@ Assembler format:

BZ/BEQ rel BNZ/BNE rel

BC/BLO rel BNC/BHS  rel

BN rel BP rel

BV rel BNV rel

BT rel BNT rel

BLT rel BGE rel

BLE rel BGT rel

BLS rel BHI rel

BRA rel
@ Operation:

If the condition is satisfied: (PC) « (PC)+2+rel (Word addition)

If the condition is not satisfied: (PC) « (PC)+2 (Word addition)
® CCR:

I S T N 4 \ C

None of the flags is changed.
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Number of bytes:
Number of cycles:

Correction value:

2

0

Branch instruction and condition:

CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

@ Number of bytes, Number of cycles, and Correction value:

3 when branching is not performed, 4 otherwise.

BZ | BNZ/ | BC/ | BNC/
Bcc BEQ | BNE | BLO | Bus | BN | BP | BV | BNV | BT | BNT BRA
Condition 7=1 | 7z=0 | c=1 | c=0 | N=1 | N=0 | v=1 | v=0 | T=1 | T=0 | A&
satisfied
Bcc BLT BGE BLE BGT BLS BHI
Condition VxorN=1 VxorN=0 (Vxor N) or (V xor N) or CorZ=1 CorZ=0
Z=1 Z=0
@ Example:
BHI 50H

In this example, a branch is taken if either C or Z or both of the condition code register (CCR) are equal to

"0" (condition satisfied).

PClLE2 00

TNZVC

Before execution

+(2+50) —

CCRIo01010 %CorZ:O,then!r

PClL E2 52
CCR{01010

TNZVC

After execution
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9.1.21 CALL (Call Subroutine)

Cause a branch to the address specified by the operand. By executing the RET
instruction in the subroutine to which control has been transferred, control returns to
the instruction following the CALL instruction.

B CALL (Call Subroutine)

@ Assembler format:

CALL @ear CALL @eam
CALL addr16

@ Operation:

(SP) « (SP)-2 (Word subtraction), ((SP)) < (PC)+<Number of bytes>
(PC) « <Operand>

® CCR:

I S T N 4 \'% C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Operand @ear @eam ad16
Number of bytes 2 2+ 3
Number of cycles 6 T+(a) 6
Correction value (c) 2x(c) (©)

For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:

CALL @RWO

PC| E558 PC| DC 08

RWO| F340 | sP| 01 24 RWO| F340 | SP | 0122
Memory Memory
D C | F341 D C |F341
0 8 | F340 0 8 |F340

sSP—>| x x | o124 X X |0124
X X | 0123 E 5 |o0123
X X | 0122 SP> 5 A |o0122

Before execution After execution

115



CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

9.1.22 CALLP (Call Physical Address)

Cause a branch to the physical address specified by the operand. The program bank
register (PCB) stores the most significant byte of the data specified by the operand. By
executing the RETP instruction in the subroutine to which control has been transferred,
control returns to the instruction following the CALLP instruction.

B CALLP (Call physical Address)

@ Assembler format:

CALLP @ear CALLP @eam
CALLP addr24

@ Operation:

(SP) « (SP)-2 (Word subtraction), ((SP)) <« (PCB) (Zero extension)
(SP) « (SP)-2 (Word subtraction), ((SP)) <~ (PC)+<Number of bytes>
(PCB) « Physical address to branch to (High-order byte)

(PC) « Physical address to branch to (Low-order word)

@® CCR:

I S T N 4 \ C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Operand @ear @eam ad24
Number of bytes 2 2+ 4
Number of cycles 10 11+(a) 10
Correction value 2x(c) 3x(c)+(b) 2x(c)

For the explanation of (a), (b), and (c) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:

CALLP 080711H

CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

In this example, the most significant byte (08y;) of the operand is set in the program bank register (PCB).

PC| 4345 |SP| F900

PCB USB
CCR[X 0 X X X X X|
ISTNZVC
Memory

SP— X X |15F900

X X | 15F8FF

X X | 15F8FE

X X | 15F8FD

X X | 15F8FC

Before execution

Pc| 0711 |sP| F8FC

PCB USB
CCR[X 0 X X X X X|
ISTNZVC
Memory

X X | 15F900

0 0 |15F8FF

A D |15F8FE

4 3 | 15F8FD

SP—> 4 9 |15F8FC

After execution
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9.1.23 CALLYV (Call Vectored Subroutine)

Cause a branch to the address pointed to by the interrupt vector specified by the
operand. By executing the RET instruction in the subroutine to which control has been
transferred, control returns to the instruction following the CALLYV instruction. The RET
instruction is the same as that used with the CALL instruction.

B CALLV (Call Vectored Subroutine)

@ Assembler format:

CALLV #vct4

@ Operation:

(SP) « (SP)-2 (Word subtraction)  ((SP)) « (PC) +1
(PC) « Vector address

@® CCR:

I S T N 4 \Y% C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 7
Correction value:  2x(c)

Note: For the explanation of (c), see Table 8.4-2 .

Note:
When the value of the program bank register (PCB) is equal to "FF", the vector area is also used as

the vector area for INT #vct8 (#0 to #7). Caution must, therefore, be exercised when the area is
used. (See Table 9.1-1.)
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@ Example:
CALLV #15

CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

PC| F4A7 |SP| 0102

sP—

Memory

E 1 FFE1
5 4 FFEO
X X 0102
X X 0101
X X 0100

Before execution

PC

E154 |SP| 0100

Memory

E

1

5

4

X

X

F

4

SP— A

8

FFE1
FFEO

0102
0101
0100

After execution

Table 9.1-1 CALLYV Vector List

Instruction Vector address L Vector address H
CALLV #0 XXFFFEYH XXFFFFy
CALLV #1 XXFFFCy XXFFFDy
CALLV #2 XXFFFAy XXFFFBy
CALLV #3 XXFFF8y XXFFF9y
CALLV #4 XXFFF6y XXFFFTy
CALLV #5 XXFFF4y XXFFF5y
CALLV #6 XXFFF2y XXFFF3y
CALLV #7 XXFFFOy XXFFF1y
CALLV #8 XXFFEEy XXFFEFy
CALLV #9 XXFFECy XXFFEDy
CALLV #10 XXFFEAy XXFFEBy
CALLV #11 XXFFE8y XXFFE9y
CALLV #12 XXFFE6y XXFFETy
CALLV #13 XXFFE4y XXFFES5y
CALLV #14 XXFFE2yg XXFFE3y
CALLV #15 XXFFEOyg XXFFEly

Note:

XX is replaced by the value of the PCB register.
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9.1.24 CBNE (Compare Byte Data and Branch if not equal)

Perform byte comparison on the first and second operands (8-bit immediate data) and
cause a branch if the first and second operands are not equal. Control is transferred to
the address equal to the address of the instruction following the CBNE instruction plus
the word value resulting from sign-extending the third operand. A branch is not taken if
the first and second operands are equal.

Note that, when the first operand is @PC + disp16, the operand address is equal to the
"address of the location containing the machine instruction for the CBNE instruction + 4
+ disp16", not the "address of the location containing the machine instruction for the
instruction following the CBNE instruction 4 + disp16".

B CBNE (Compare Byte Data and Branch if not equal)

@ Assembler format:
CBNE A, #mm8,rel
CBNE ear,#immS8,rel
CBNE eam,#imm&,rel
@ Operation:
(First operand)#imm8 (Byte comparison) :(PC) «— (PC)+<Number of bytes>+rel

(First operand)=imm8 (Byte comparison) :(PC) <~ (PC)+<Number of bytes>

@® CCR:

I S T N 4 Vv C

— — — * * * *

I,S,and T: Unchanged

N: Set when the MSB of the compare operation result is "1", cleared otherwise.

Z: Set when (First operand) = immS8, cleared otherwise.

V: Set when an overflow has occurred as a result of the compare operation, cleared
otherwise.

C: Set when a borrow has occurred as a result of the compare operation, cleared otherwise.
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@ Number of bytes, Number of cycles, and Correction value:

First operand A ear eam
Number of bytes 3 4 4+
Number of cycles If a branch %s taken: 5 If a branch %s taken: 13 If a branch %s taken: 7+(a)
If a branch is not taken: 4 If a branch is not taken: 12 If a branch is not taken: 6+(a)
Correction value 0 0 (b)

*:  @Rwj+ addressing cannot be used in eam. If such code is executed, +4 is added to the contents of Rwj.
For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .

@Example:

CBNE A, #0F4H,55H

In this example, (First operand) # Second operand (8-bit immediate data) is indicated.

Al XX XX | 00F3 | . Al XX XX | 00F3 |

PC E310 +(554+Number of bytes: 3) —> PC E3 68
CCR|X X X X X CCR|X 100 1

TNZVC TNZVC

Before execution After execution
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9.1.25 CLRB (Clear Bit)

Clear the bit specified by bp to "0", in the memory location specified by the operand.

B CLRB (Clear Bit)

@ Assembler format:

CLRB dir:bp
CLRB io:bp
CLRB addr16:bp

@ Operation:

(Operand) b < 0 (Bit transfer)

@® CCR:

I S T N 4 Vv C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Operand dir:bp io:bp ad16:bp
Number of bytes 3 3 4
Number of cycles 7 7 7
Correction value 2x(b) 2x(b) 2x(b)

For the explanation of (b) in the table, see Table 8.4-2 .

@ Example:

CLRB 0AA55H:3
In this example, bit 3 of the data (FFy) at address AA55y is cleared to "0".

Memory Memory
X X X X
F F AA55 F 7 AA55
X X X X
Before execution After execution
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9.1.26 CMP (Compare Byte Data of Destination and Source)

CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

Compare the byte data specified by the first operand with that specified by the second

operand and set

the flag changes in the condition code register (CCR). The data

specified by the first operand and that by the second operand are not changed.
If only the accumulator (A) is specified as an operand, AH and AL are compared.

B CMP (Compare Byte Data of Destination and Source)

@ Assembler format:

ey

@)

@ Operation:

ey
@)

@® CCR:

CMP A #imm8

CMP A,ear CMP A,eam

CMP A

(First operand)—(Second operand) (Byte comparison)
(AH)-(AL) (Byte comparison)

S T N 4 \ C

* * * *

I,S,and T: Unchanged

Z
V:
C

Set when the MSB of the operation result is "1", cleared otherwise.
Set when the operation result is "0", cleared otherwise.
Set when an overflow has occurred as a result of the operation, cleared otherwise.

Set when a borrow has occurred as a result of the operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

First operand A A A AH
Second operand #im8 ear eam AL
Number of bytes 2 2 2+ 1
Number of cycles 2 2 3+(a) 1
Correction value 0 0 (b) 0

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:

CMP A #7FH
In this example, the least significant byte data (22y) of A is compared with 7Fy.

Al XX Xx | A022 | Al Xxx Xx | A022 |
CCR|X X X X X CCR(x 100 1
TNZVC TNZVC

Before execution After execution
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9.1.27 CMPL (Compare Long Word Data of Destination and
Source)

Compare the long word data specified by the first operand with that specified by the

second operand

and set the result in the condition code register (CCR). The data

specified by the first operand and that specified by the second are not changed.

B CMPL (Compare Long Word Data of Destination and Source)

@ Assembler format:

CMPL A #imm32
CMPL A ear CMPL A ,eam

@ Operation:

(First

@® CCR:

operand)—(Second operand) (Long word comparison)

S T N 4 Vv C

* * * *

I,S,and T: Unchanged

N:

Z
V:
C

Set when the MSB of the operation result is "1", cleared otherwise.
Set when the operation result is "0", cleared otherwise.
Set when an overflow has occurred as a result of the operation, cleared otherwise.

Set when a borrow has occurred as a result of the operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

First operand A A A
Second operand #i32 ear eam
Number of bytes 5 2 2+
Number of cycles 3 6 T+(a)
Correction value 0 0 (d)

For the explanation of (a) and (d) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:
CMPL A #12345678H
Al 1234 | 5678 | Al 1234 56 78 |
CCR|X X X X X CCR|X0100
TNZVC TNZVC
Before execution After execution
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9.1.28 CMPW (Compare Word Data of Destination and Source)

Compare the word data specified by the first operand with that specified by the second
operand and set the result in the condition code register (CCR). The data specified by

the first operand and that specified by the second operand are not changed.
If only A is specified as an operand, AH and AL are compared.

B CMPW (Compare Word Data of Destination and Source)

@ Assembler format:

) CMPW A #mml6
CMPW A ,ear CMPW A ,eam
2) CMPW A

@ Operation:
(1) (First operand)—(Second operand) (Word comparison)
2)  (AH)—(AL) (Word comparison)
@® CCR:

I S T N 4 \ C

* * * *

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Set when a borrow has occurred as a result of the operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

First operand A A A AH
Second operand #i16 ear eam AL
Number of bytes 3 2 2+ 1
Number of cycles 2 2 3+(a) 1
Correction value 0 0 (©) 0

For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:
CMPW A, RWO
In this example, the low-order word data (ABCDpg) of A is compared with the data (ABCCyy) specified by
RWO.
Al XX XX | ABCD | Al XX XX | ABCD |

RWo| AB CC RWo| AB CC
CCR|IX X X X X CCR|IX0000
TNZVC TNZVC

Before execution After execution
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9.1.29 CWBNE (Compare Word Data and Branch if not Equal)

Perform word comparison on the first and second operands (16-bit immediate data) and
cause a branch if the first and second operands are not equal. Control is transferred to
the address equal to the address of the instruction following the CWBNE instruction
plus the word data resulting from sign-extending the third operand. A branch is not
taken if the first and second operands are equal.

Note that, when the first operand is @PC + disp16, the operand address is equal to the
"address of the location containing the machine instruction for the CWBNE instruction +
4 + disp16", not the "address of the location containing the machine instruction for the
instruction following the CWBNE instruction + disp16".

B CWBNE (Compare Word Data and Branch if not Equal)

@ Assembler format:
CWBNE A, #imm16,rel
CWBNE ear,#imm16,rel
CWBNE eam, #imm16,rel
@ Operation:
(First operand)#imm16 (Word comparison) : (PC) «~ (PC)+<Number of bytes>+rel

(First operand)=imm16 (Word comparison) : (PC) <~ (PC)+<Number of bytes>

@® CCR:

I S T N 4 \Y C

— — — * * * *

I,S,and T: Unchanged

N: Set when the MSB of the comparison result is "1", cleared otherwise.

Z: Set when (First operand) = #imm16, cleared otherwise.

V: Set when an overflow has occurred as a result of the compare operation, cleared
otherwise.

C: Set when a borrow has occurred as a result of the compare operation, cleared otherwise.
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@ Number of bytes, Number of cycles, and Correction value:

First operand

A

ear

eam

Number of bytes

4

5+

Number of cycles

If a branch is taken: 5
If a branch is not taken: 4

If a branch is taken: 8
If a branch is not taken: 7

If a branch is taken: 7+(a)
If a branch is not taken:
6+(a)

Correction value

0

0

(c)

*: @Rwj+ addressing cannot be used in eam. If such code is executed, +4 is added to the contents of Rwj.
For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 .

@® Example:

CWBNE A #0ES5SES5H,30H

In this example, (First operand) #imm16.

Al XX XX

5EE5 | A

XX XX 5E E5

PC D8 56
CCR|X X X X X

PC| D8 8A
CCR|X0000

TNZVC

Before execution

TNZVC

After execution
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9.1.30 DBNZ (Decrement Byte Data and Branch if not "0")

Decrement the data specified by the first operand by one byte, and if the result is not
equal to "0", a branch is generated. Control is transferred to the address equal to the
address of the instruction following the DBNZ instruction plus the word data resulting
from sign-extending the data specified by the second operand. If the decrement result
is equal to "0", control is transferred to the next instruction.

Note that, when the first operand is @PC + disp16, the operand address is equal to the
"address of the location containing the machine instruction for the DBNZ instruction + 4 +
disp16", not the "address of the location containing the machine instruction for the
instruction following the DBNZ instruction + disp16".

B DBNZ (Decrement Byte Data and Branch if not "0")

@ Assembler format:

DBNZ ear,rel DBNZ eam,rel

@ Operation:

(ea) < (ea)-1 (Byte subtraction)
if (ea) # 0 : (PC) « (PC)+<Number of bytes>+rel
if (ea) =0 : (PC) « (PC)+<Number of bytes>

® CCR:

I S T N 4 \'% C

* * *

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

First operand ear eam
Number of bytes 3 3+
Number of cycles Ifa brancb is taken: 7 Ifa branch is taken: 8+(a)
If a branch is not taken: 6 If a branch is not taken: 7+(a)
Correction value 0 2x(b)

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:

DBNZ @RWO0+2,40H

In this example, (First operand) - 1 # 0 is shown.

PC| E358 PC| E39C
RWO 0120 RWO| 0120
CcCRlo o010 1 CCR|0OO0OO0O0 1
TNZVC TNZVC
Memory Memory
RWo+2—> 0 3 0122 RWo+2—> 0 2 0122
X X 0121 X X 0121
X X 0120 X X 0120
Before execution After execution
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9.1.31 DEC (Decrement Byte Data)

Decrement the byte data specified by the operand by one and store the result in the
operand.

B DEC (Decrement Byte Data)

@® Assembler format:

DEC ear DEC eam
@ Operation:

(ea) « (ea)-1 (Byte subtraction)
@® CCR:

I S T N 4 \Y% C

* * *

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Operand ear eam
Number of bytes 2 2+
Number of cycles 3 5+(a)
Correction value 0 2x(b)

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .

@ Example:
DECRI1

CoR[XX XXX COR[X0 01X

TNZVC TNZVC
Before execution After execution

133



CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

9.1.32 DECL (Decrement Long Word Data)

Decrement the long word data specified by the operand by one and restore the result in
the operand.

B DECL (Decrement Long Word Data)

@® Assembler format:

DECL ear DECL eam
@ Operation:

(ea) « (ea)-1 (Long word subtraction)
@® CCR:

I S T N 4 \Y% C

— — — * * * —

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Operand ear eam
Number of bytes 2 2+
Number of cycles 7 9+(a)
Correction value 0 2x(d)

For the explanation of (a) and (d) in the table, see Table 8.4-1 and Table 8.4-2 .

@ Example:
DECL RLO
RLO| 0000 10 00 | RLO| 0000 & OFFF |
CCR|X X X X X CCR(X 00 0 x
TNZVC TNZVC
Before execution After execution
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9.1.33 DECW (Decrement Word Data)

Decrement the word data specified by the operand by one and restore the result in the

operand.

B DECW (Decrement Word Data)

@® Assembler format:

DECW ear DECW eam
@ Operation:

(ea) « (ea)-1 (Word subtraction)
@® CCR:

I S T N 4 \ C

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Operand ear eam
Number of bytes 2 2+
Number of cycles 3 5+(a)
Correction value 0 2x(c)

For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:

DECW @RWO0+1000H

RWO 67 80 RWO 67 80
CCR|IX X X X X CCR|X 001X
TNZVC TNZVC
Memory Memory
0 0 7781 0 0 7781
RWO0+1000H—> 0 1 7780 RWO+1000H—> 0 O 7780
X X 777F X X 777F
Before execution After execution
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9.1.34 DIV (Divide Word Data by Byte Data)

Divide the word data specified by the first operand by the byte data specified by the
second operand and store the quotient (byte data) in the first operand and the
remainder (byte data) in the second operand. The operation assumes that the values
are signed ones.

If only A is specified by an operand, the word data of AH is divided by the byte data of
AL and the quotient (byte data) is stored in AL and the remainder (byte data) in AH. The
operation assumes that the values are signed ones.

If division by "0" occurs, the second operand or AL retains the value it had immediately
before the instruction was executed. If an overflow occurs, the contents of AL are
destroyed.

H DIV (Divide Word Data by Byte Data)

@ Assembler format:

(1) DIV A ear DIV A,eam
2) DIV A
@ Operation:

(1)  Word (A)/Byte (ea), Quotient - Byte (A), Remainder — Byte (ea)
2) Word (AH)/Byte (AL), Quotient — Byte (AL), Remainder —» Byte (AH)

@® CCR:

I S T N 4 \Y% C

I, S, T, N, and Z: Unchanged

V: Set when an overflow has occurred as a result of the operation or the divisor is "0",
cleared otherwise.

C: Set when the divisor is "0", cleared otherwise.
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@ Number of bytes, Number of cycles, and Correction value:

Second operand

DIV A

DIV A, ear

DIV A, eam

Number of bytes

2

2

2+

Number of cycles

Division by zero: 3
Overflow: 8 or 18
Normal termination: 18

Division by zero: 4
Overflow: 11 or 22
Normal termination: 23

Division by zero: 5+(a)
Overflow: 12+(a) or 23+(a)
Normal termination: 24+(a)

Correction value

0

0

*

*: (b) when division by zero or an overflow occurs; 2 x (b) when the instruction terminated normally.
For the explanation of (a) in the table and (b) in "*", see Table 8.4-1 and Table 8.4-2 .

@® Example:

DIVA

AH

AL

A 13567

00 AA |

ccR

TNZVC

Before execution

AH

A 00 31

ECD8 |

coR[x X % 0 0]

TNZVC

After execution
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9.1.35 DIVW (Divide Long Word Data by Word Data)

Divide the long word data specified by the first operand (A) by the word data specified
by the second operand and store the quotient (word data) in A and the remainder (word
data) in the second operand. The operation assumes that the values are signed ones.
If division by "0" occurs, the second operand or AL retains the value it had immediately
before the instruction was executed. If an overflow occurs, the contents of AL are
destroyed.

B DIVW (Divide Long Word Data by Word Data)

@ Assembler format:

DIVW A,ear DIVW A,eam

@ Operation:

Long word (A)/Word (ea), Quotient - Word (A), Remainder - Word (ea)

@® CCR:

I S T N 4 \ C

I, S, T, N, and Z: Unchanged

V: Set when an overflow has occurred as a result of the operation or the divisor is "0",
cleared otherwise.

C: Set when the divisor is "0", cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

Second operand DIVW A, ear DIVW A, eam
Sign of the dividend Plus Minus Plus Minus
Number of bytes 2 2 2+ 2+

Division by zero: 5+(a) | Division by zero: 5+(a)

Division by zero: 4 | Division by zero: 4 Overflow: 12+(a) or Overflow: 12+(a) or

Overflow: 11 or 30 |Overflow: 12 or 31

Number of cycles . .. 31+(a) 32+(a)
Normal termination: | Normal termination: .. ..
31 o Normal termination: Normal termination:
32+(a) 33+(a)
Correction value 0 0 * *

*: (c) when division by zero or an overflow occurs; 2 x (c) when the instruction terminated normally.
For the explanation of (a) in the table and (c) in "*", see Table 8.4-1 and Table 8.4-2 .
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@ Example:
DIVW A,7254H
AH AL AH AL
Al 0000 1357 | Al 0000 001D |
CCR|X X X X X CCR
TNZVC TNZVC
Memory Memory
0 0 |7255 0 0 | 7255
A A | 7254 1.5 | 7254

Before execution

After execution
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9.1.36 DIVU (Divide unsigned Word Data by unsigned Byte

Data)

Divide the word data specified by the first operand by the byte data specified by the
second operand and store the quotient (byte data) in the first operand and the
remainder (byte data) in the second operand. The operation assumes that the values
are unsigned ones.

If only A is specified by an operand, the word data of AH is divided by the byte data of
AL and the quotient (byte data) is stored in AL and the remainder (byte data) in AH. The
operation assumes that the values are unsigned ones.

If an overflow or division by "0" occurs, the second operand or AL retains the value it
had immediately before the instruction was executed.

H DIVU (Divide unsigned Word Data by unsigned Byte Data)

@ Assembler format:

(1) DIVU A,ear DIVU A,eam
2) DIVU A
@ Operation:

(1) Word (A)/Byte (ea), Quotient — Byte (A), Remainder — Byte (ea)
2) Word (AH)/Byte (AL), Quotient — Byte (AL), Remainder — Byte (AH)

® CCR:

I S T N 4 \ C

I, S, T, N, and Z: Unchanged

V: Set when an overflow has occurred as a result of the operation or the divisor is "0",
cleared otherwise.

C: Set when the divisor is "0", cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

Assembler format

DIVU A

DIVU A, ear

DIVU A, eam

Number of bytes

1

2

2+

Number of cycles

Division by zero: 3
Overflow: 7
Normal termination: 15

Division by zero: 4
Overflow: 8
Normal termination: 16

Division by zero: 6+(a)
Overflow: 9+(a)
Normal termination: 19+(a)

Correction value

0

0

*

*: (b) when division by zero or an overflow occurs; 2 x (b) when the instruction terminated normally.

For the explanation of (a) in the table and (b) in "*", see Table 8.4-1 and Table 8.4-2 .

141




CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

@ Example:
DIVU A
Al 1357 | 00AA | Al 0015 001D |
CCR CCR[XXX 00
TNzVC TNZVC
Before execution After execution
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9.1.37 DIVUW (Divide unsigned Long Word Data by unsigned
Word Data)

Divide the long word data specified by the first operand (A) by the word data specified
by the second operand and store the quotient (word data) in A and the remainder (word
data) in the second operand. The operation assumes that the values are unsigned
ones.

If an overflow or division by "0" occurs, the second operand or AL retains the value it
had immediately before the instruction was executed.

B DIVUW (Divide unsigned Long Word Data by unsigned Word Data)

@ Assembler format:

DIVUW A ear DIVUW A ,eam

@ Operation:

Long Word (A)/Word (ea), Quotient - Word (A), Remainder - Word (ea)

@® CCR:

I S T N z \ C

I, S, T, N, and Z: Unchanged

V: Set when an overflow has occurred as a result of the operation or the divisor is "0",
cleared otherwise.

C: Set when the divisor is "0", cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

Assembler format DIVU A, ear DIVU A, eam
Number of bytes 2 2+
Division by zero: 4 Division by zero: 6+(a)
Number of cycles Overflow: 7 Overflow: 8+(a)

Normal termination: 22 | Normal termination: 26+(a)

Correction value 0 *

*: (c) when division by zero or an overflow occurs; 2 x (c) when the instruction terminated normally.
For the explanation of (a) in the table and (c) in "*", see Table 8.4-1 and Table 8.4-2 .
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@ Example:
DIVUW A,7254H
A 0000 1357 A 0000 001D |
CCR|X X X X X CCRIXXX00O0
TNZVC TNZVC
Memory Memory
00 7255 00 7255
A A 7254 15 7254
Before execution After execution
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9.1.38 DWBNZ (Decrement Word Data and Branch if not Zero)

Decrement the data specified by the first operand by one word, and if the result is not
equal to "0", cause a branch. Control is transferred to the address equal to the address
of the instruction following the DWBNZ instruction plus the word data resulting from
sign-extending the data specified by the second operand. If the decrement result is
equal to "0", control is transferred to the instruction following the DWBNZ instruction.
When the first operand is @PC + disp16, the operand address is equal to the "address
of the location containing the machine instruction for the DWBNZ instruction + 4 +
disp16”, not the "address of the location containing the machine instruction for the
instruction following the DWBNZ instruction + disp16"”.

B DWBNZ (Decrement Word Data and Branch if not Zero)

@ Assembler format:

DWBNZ ear,rel DWBNZ eam,rel

@ Operation:

(First operand) < (First operand)-1 (Word subtraction)
When (First operand)#0, (PC) «— (PC)+<Number of bytes>+second operand
(PC) « (PC)+<Number of bytes>

® CCR:

I S T N 4 \'% C

* * *

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Second operand ear eam
Number of bytes 3 3+
Number of cycles If a branch %s taken: 7 If a branch %s taken: 8+(a)
If a branch is not taken: 6 If a branch is not taken: 7+(a)
Correction value 0 2x(c)

For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 .

145



CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

@ Example:
DWBNZ RW0,30H

In this example, (First operand) — 1 = 0.

PC| F820 PC| F823
RWO| 0001 RWoO| 0000
CCR|X X X X X CCR|X 0 0 0 X

TNZVC TNZVC

Before execution After execution
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9.1.39 EXT (Sign Extend from Byte Data to Word Data)

Extend the least significant byte data of A to word data as a signed binary number.

B EXT (Sign Extend from Byte Data to Word Data)

@ Assembler format:

EXT

@ Operation:

When bit 7 of A=0, bits 8 to 15 of A <~ 00y
When bit 7 of A#0, bits 8 to 15 of A < FFy

® CCR:

I S T N 4 \'% C

* * _

ILS,and T: Unchanged
N: Set when the MSB of the sign-extended data is "1", cleared otherwise.
Z: Set when the sign-extended data is "0", cleared otherwise.

V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 1

Correction value: 0

@® Example:
EXT

In this example, the most significant bit of the least significant byte data ("80y") for A is equal to "1", and

"FFy" is set in bits 8 to 15 of A to extend the byte data.

Al XX XX | XX 80 | Al XX XX | FF80 |
CCR|X X X X X CCR[X 1 0 X X
TNZVC TNZVC

Before execution After execution
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9.1.40 EXTW (Sign Extend from Word Data to Long Word Data)

Extend the low-order word data of A to long word data as a signed binary number.

B EXTW (Sign Extend from Word Data to Long Word Data)

@ Assembler format:

EXTW

@ Operation:

When bitl5 of A=0, bits 16 to 31 of A <~ 0000y
When bitl5 of A#0, bits 16 to 31 of A < FFFFy

® CCR:

I S T N 4 \'% C

* *

ILS,and T: Unchanged
N: Set when the MSB of the sign-extended data is "1", cleared otherwise.
Z: Set when the sign-extended data is "0", cleared otherwise.

V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 2

Correction value: 0

@® Example:
EXTW

In this example, the most significant bit of the low-order word data ("FF80y") for A is equal to "1", and
"FFFFy" is set in bits 16 to 31 of A to extend the low-order word data.

Al XX XX | FF80 | Al FFFF | FF80 |
CCR|IX X X X X CCR|X 1 0 X X
TNZVC TNZVC

Before execution After execution
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9.1.41 FILS (Fill String Byte)

Transfer the contents of AL to the RWO0-byte area that starts from the address whose
high-order eight bits are specified by the bank register specified by <bank> and whose
low-order 16 bits are specified by the contents of AH.

If RWO is equal to "0", transfer is not performed. If an interrupt occurs during the
execution of the instruction, the execution of the instruction is suspended. After the
interrupt has been handled, the execution of the instruction is resumed.

Four types of registers PCB, DTB, ADB, and SPB can be specified by <bank>. If <bank>
is omitted, DTB is assumed.

B FILS (Fill String Byte)

@® Assembler format:

FILS [I] [<bank>]

@ Operation:

While RWO # 0, the following operation is repeated:
((AH)) « (AL) (Byte transfer), (AH) < (AH)+1,
(RW0) « (RWO0)-1

@® CCR:

I S T N 4 \ C

* *

I,S,and T: Unchanged

N: Set when the MSB of the transferred data is "1", cleared otherwise.
Z: Set when the transferred data is "0", cleared otherwise.

V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2

Number of cycles: 6x(RWO0)+6
Correction value:  (b)x(RWO0)

For the explanation of (b), see Table 8.4-2 .
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@ Example:
FILS
AH AL AH AL
| BCO0O 00 E5 | | BD OO 00 E5 |
RWo| 0100 | DTB |94 RWo | 0000 | DTB |94 |
CCR|X X X X X CCR|IX 1 0 XX
TNZVC TNZVC
Memory Memory
X X 94BDO00 AH—= X X 94BDO00
X X 94BCFF E 5 94BCFF
X X 94BCFE E 5 94BCFE
X X 94BCO02 E 5 94BCO02
X X 94BCO01 E 5 94BCO01
AH—=> X X 94BC00 E 5 94BC00
Before execution After execution
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9.1.42 FILSW (Fill String Word)

Transfer the contents of AL to the RW0-word area that starts from the address whose
high-order eight bits are specified by the bank register specified by <bank> and whose
low-order 16 bits are specified by the contents of AH.

If RWO is equal to "0", transfer is not performed. If an interrupt occurs during the
execution of the instruction, the execution of the instruction is suspended. After the
interrupt has been handled, the execution of the instruction is resumed.

Four types of registers PCB, DTB, ADB, and SPB can be specified by <bank>. If <bank>
is omitted, DTB is assumed.

B FILSW (Fill String Word)

@® Assembler format:

FILSW [I] [<bank>]

@ Operation:

While RWO # 0, the following operation is repeated:
((AH)) « (AL) (Word transfer), (AH) < (AH)+2,
(RW0) « (RWO0)-1

@® CCR:

I S T N 4 \ C

* *

I,S,and T: Unchanged
N: Set when the MSB of the transferred data is "1", cleared otherwise.

Z: Set when the transferred data is "0", cleared otherwise.
V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2
Number of cycles: 6x(RW0)+6
Correction value: (c)x(RWO0)

For the explanation of (c), see Table 8.4-2 .
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@ Example:
FILSW ADB
AH AL AH AL
| ABFE E55E | | ACFE E55E |
RWO| 00 80 | ADB | 49 | RWO| 00 00 | ADB | 49 |
CCR CCR|X 0 0 X X
TNZVC TNZVC
Memory Memory
X X | 49ACFF X X | 49ACFF
X X | 49ACFE AH-> X X | 49ACFE
X X | 49ACFD E 5 | 49ACFD
X X | 49AC00 5 E | 49AC00
X X | 49ABFF E 5 | 49ABFF
AH—>{ X X | 49ABFE 5 E | 49ABFE
Before execution After execution
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9.1.43 INC (Increment Byte Data (Address Specification))

Increment the byte data specified by the operand by one and restore the result in the
operand.

H INC (Increment Byte Data (Address Specification))

@ Assembler format:

INC ear INC eam
@ Operation:

(Operand) < (Operand)+1 (Byte increment)
® CCR:

I S T N 4 Vv C

* * *

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Operand ear eam
Number of bytes 2 2+
Number of cycles 3 5+(a)
Correction value 0 2x(b)

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .

@ Example:
INC RO

RO RO
CCR CCR

TNZVC TNZVC

Before execution After execution

153



CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

9.1.44 INCL (Increment Long Word Data)

Increment the long word data specified by the operand by one and restore the result in
the operand.

B INCL (Increment Long Word Data)

@® Assembler format:

INCL ear INCL eam
@ Operation:

(Operand) < (Operand)+1 (Long word increment)
® CCR:

I S T N 4 Vv C

— — — * * * —

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Operand ear eam
Number of bytes 2 2+
Number of cycles 7 9+(a)
Correction value 0 2x(d)

For the explanation of (a) and (d) in the table, see Table 8.4-1 and Table 8.4-2 .

@® Example:
INCL RLO
RLO 7F FF FF FF \ A 8000 0000 |
CCR|X X X X X CCR|X 101X
TNZVC TNZVC
Before execution After execution
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9.1.45 INCW (Increment Word Data)

Increment the word data specified by the operand by one and restore the result in the
operand.

B INCW (Increment Word Data)

@® Assembler format:

INCW ear INCW eam
@ Operation:

(Operand) < (Operand)+1 (Word increment)
® CCR:

I S T N 4 Vv C

* * *

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Operand ear eam
Number of bytes 2 2+
Number of cycles 3 5+(a)
Correction value 0 2x(c)

For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:

INCW @RWO+

RWO
CCR

TNzVC
Memory

X X 0357
X X 0356
1
1

0 0355
RWO—>| 0 0354

Before execution

RWO
CCR

TNZVC

Memory
X X
RWO—> X X

0 1
0 2

After execution

0357
0356
0355
0354
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9.1.46 INT (Software Interrupt)

Cause a branch to the interrupt handling routine at the specified address in the bank
OFFH. By executing the RETI instruction in the interrupt handling routine to which
control has been transferred, control returns to the instruction following this
instruction.

B INT (Software Interrupt)

@ Assembler format:

INT addr16

@ Operation:

(SSP) <~ (SSP)-2, ((SSP)) <~ (AH), (SSP) <~ (SSP)-2, ((SSP)) « (AL)

(SSP) < (SSP)-2, ((SSP)) <~ (DPR) : (ADB)(DPR and ADB are saved as a set, DPR as the high-order
byte and ADB as the low-order byte.)

(SSP) « (SSP)-2, ((SSP)) « (DTB) : (PCB) (DTB and PCB are saved as a set, DTB as the high-order
byte and PCB as the low-order byte.)

(SSP) <~ (SSP)-2, ((SSP)) <~ (PC+3), (SSP) «— (SSP)-2, ((SSP)) « (PS)
(S)« 1,(I) « 0, (PCB) « OFFy, (PC) « addrl6

@® CCR:

I S T N 4 Vv C

R S - - - - -
1 . Cleared
S : Set

T,N,Z,V,and C : Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 3
Number of cycles: 16
Correction value: 6%(c)

For the explanation of (c), see Table 8.4-2 .
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@ Example:
INT 020F2H
SA SA
| FFEE | DDCC | | FFEE | DDcCC |
DTB PCB PC DTB PCB PC
| 99| |88]| 7766 | loo || FF]| 20F2 |
DPR ADB DPR ADB
BB||AA CCR CCR
LM RP_ 1STNZVC IM RP 1STNZVC
lo3|[10][oo000101] [03][10]l0100101]
SSB SSP SSB SSP
|03 ][ 8000 | (03 ][ 7FF4 |
Memory Memory
Ssp— 038000 038000
X X | 037FFF F F | 037FFF
X X | 037FFE E E | O37FFE
X X | 037FFD D D | 037FFD
X X | 037FFC C C | o037FFC
X X | 037FFB B B | 037FFB
X X | 037FFA A A | 037FFA
X X | 037FF9 9 9 | 037FF9
X X | 037FF8 8 8 | 037FF8
X X | 037FF7 7 7 | 037FF7
X X | 037FF6 6 9 | 037FF6
X X | 037FF5 7 0 | 037FFs5
X X | 037FF4 SSP—>| 8 5 | 037FF4

Before execution

After execution
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9.1.47 INT (Software Interrupt (Vector Specification))

Cause a branch to the interrupt handling routine pointed to by the interrupt vector
specified by the operand.

B INT (Software Interrupt (Vector Specification))

@ Assembler format:

INT #vct8

@ Operation:

(SSP) <« (SSP)-2, ((SSP)) « (AH), (SSP) « (SSP)-2, ((SSP) « (AL)

(SSP) < (SSP)-2, ((SSP)) <~ (DPR) : (ADB)(DPR and ADB are saved as a set, DPR as the high-order
byte and ADB as the low-order byte.)

(SSP) « (SSP)-2, ((SSP)) « (DTB) : (PCB) (DTB and PCB are saved as a set, DTB as the high-order
byte and PCB as the low-order byte.)

(SSP) « (SSP)-2, ((SSP)) <~ (PC+2), (SSP) « (SSP)-2, ((SSP)) « (PS)

S) « 1, « 0, (PCB) « Vector address (High-order byte)

(PC) « Vector address (Low-order word)

@® CCR:

I S T N 4 \ C

R S - - - - -
1 . Cleared
S : Set

T,N,Z,V,andC : Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2
Number of cycles: 20
Correction value:  8x(c)

For the explanation of (c), see Table 8.4-2 .
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@ Example:
INT #11
SA SA
| FFEE DDCC | | FFEE DDcCC |
DTB  PCB PC DTB  PCB PC
|99 ||88]|| 7766 | |99 |[89]|]| E795 |
DPR ADB DPR ADB
BB||AA]| CCR BB || AA CCR
LM RP 1 STNZVC LM RP 1 STNZVC
lo2][15][0o000101] lo2][15][01001 0 1]
SSB SsP SSB SSP
lo3]| 8000 | lo3 || 7FFa |
Memory Memory
8 9 | FFFFD2 8 9 | FFFFD2
E 7 | FFFFD1 E 7 | FFFFD1
9 5 | FFFFDO FFFFDO
ssp — 038000
X X | 037FFF F F | 037FFF
X X | 037FFE E E | 037FFE
X X | 037FFD D D | 037FFD
X X | 037FFC C C | 037FFC
X X | 037FFB B B | 037FFB
X X | 037FFA A A | 037FFA
X X | 037FF9 9 9 | 037FF9
X X | 037FF8 8 8 | 037FF8
X X | 037FF7 7 7| 037FF7
X X | 037FF6 6 8 | 037FF6
X X | 037FF5 5 5 | 037FFs
X X | 037FF4 SSP—>| 8 5 | 037FF4

Before execution

After execution
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9.1.48 INT9 (Software Interrupt)

Cause a branch to the interrupt handling routine pointed to by the vector.
By executing the RETI instruction in the interrupt handling routine to which control has
been transferred, control returns to the instruction following this instruction.

B INT9 (Software Interrupt)

@ Assembler format:

INT9

@ Operation:

(SSP) < (SSP)-2, ((SSP)) <~ (AH), (SSP) < (SSP)-2, ((SSP)) « (AL)

(SSP) « (SSP)-2, ((SSP)) « (DPR) : (ADB)(DPR and ADB are saved as a set, DPR as the high-order
byte and ADB as the low-order byte.)

(SSP) « (SSP)-2, ((SSP)) « (DTB) : (PCB) (DTB and PCB are saved as a set, DTB as the high-order
byte and PCB as the low-order byte.)

(SSP) « (SSP)-2, ((SSP)) « (PC+1), (SSP) « (SSP)-2, ((SSP)) « (PS)
S) « 1, « 0, (PCB) « Vector address (High-order byte)

(PC) <« Vector address (Low-order word)

@® CCR:

I S T N 4 \ C

R S — — _ _ _
1 . Cleared
S : Set

T,N,Z,V,andC : Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 20
Correction value:  8%(c)

For the explanation of (c), see Table 8.4-2 .
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@ Example:
INT9
SA SA
| 1122 3344 | | 1122 | 3344 |
DTB PCB PC DTB  PCB PC
|77 ][ 88| 99AA | | 77|89 E795 |
DPR ADB DPR ADB
55|66 | CeR 55 || 66 CCR
LM RP 1 STNZVC LM RP ISTNZVC
lo2][15][0o0001 0 1] lo2|[15]|[0o 10010 1]
SSB SSP SSB SSsP
| 03]| 8000 | |03 || 7FF4 |
Memory Memory
8 9 | FFFFDA 8 9 | FFFFDA
E 7 | FFFFD9 E 7 | FFFFD9
9 5 | FFFFD8 9 5 | FFFFD8
ssp— 038000
X X | 037FFF 1 1 | 037FFF
X X | 037FFE 2 2 | O37FFE
X X | 037FFD 3 3 | 037FFD
X X | 037FFC 4 4 | 037FFC
X X | 037FFB 5 5 | 037FFB
X X | 037FFA 6 6 | O37FFA
X X | 037FF9 7 7 | 037FF9
X X | 037FF8 8 8 | O37FF8
X X | 037FF7 9 9 | 037FF7
X X | 037FF6 A B | 037FF6
X X | 037FF5 5 5 | 037FF5
X X | 037FF4 SSP—>| 8 5 | 037FF4
Before execution After execution
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9.1.49 INTP (Software Interrupt)

Cause a branch to the interrupt handling routine at the 24-bit physical address specified
by the operand. Any address in the entire 16MB space can be specified.

By executing the RETI instruction in the interrupt handling routine to which control has
been transferred, control returns to the instruction following this instruction.

B INTP (Software Interrupt)

@ Assembler format:

INTP addr24

@ Operation:

(SSP) < (SSP)-2, ((SSP)) « (AH), (SSP) « (SSP)-2, ((SSP)) « (AL)

(SSP) « (SSP)-2, ((SSP)) «— (DPR) : (ADB)(DPR: High-order byte, ADB: Low-order byte)
(SSP) « (SSP)-2, ((SSP)) « (DTB) : (PCB) (DTB: High-order byte, PCB: Low-order byte)
(SSP) « (SSP)-2, ((SSP)) « (PC+4), (SSP) « (SSP)-2, ((SSP)) « (PS)

)« 1, « 0,PCB)« Mostsignificant byte of addr24,
(PC) <« Low-order word of addr24

@® CCR:

I S T N 4 \ C

R S - - - - -
I: Cleared
S: Set

T, N, Z, V,and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 4
Number of cycles: 17
Correction value:  6x(c)

For the explanation of (c), see Table 8.4-2 .
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@ Example:
INTP 0C8F220H
A A
| 1122 3344 | | 1122 | 3344 |
DTB  PCB PC DTB PCB PC
|77 ][88]|]| 99aAA | |77 ][cs]|| F220 |
DPR ADB DPR ADB
_CCR __COR
LM RP ISTNZVC ILIM RP ISTNZVC
|03 |[10][0o00010 1] lo3]|10][0100101
SSB SSP SSB sSSP
l03]|| 8000 | l03]| 7FF4 |
Memory Memory
sSsp— 038000 038000
X X | O37FFF 1 1 | 037FFF
X X | 037FFE 2 2 | 037FFE
X X | 037FFD 3 3 | 037FFD
X X | 037FFC 4 4 | 037FFC
X X | 037FFB 5 5 | 037FFB
X X | 037FFA 6 6 | O37FFA
X X | 037FF9 7 7 | 037FF9
X X | 037FF8 8 8 | 037FF8
X X | 037FF7 9 9 | 037FF7
X X | 037FF6 A E | 037FF6
X X | 037FF5 7 0 | 037FF5
X X | 037FF4 SSP—>| 8 5 | 037FF4
Before execution After execution
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9.1.50 JCTX (Jump Context)

Restore register contents or an address saved in memory.

B JCTX (Jump Context)

@ Assembler format:

JCTX @A
@ Operation:
(temp) <« (AL)
(PS) < ((temp)) : (temp) « (temp)+2
PC) < ((temp)) : (temp) « (temp)+2

(DTB), (PCB) <« ((temp)) : (temp) <« (temp)+2
(DPR), (ADB) <« ((temp)) : (temp) <« (temp)+2
(AL) < ((temp)) : (temp) <« (temp)+2
(AH) < ((temp))

® CCR:

I S T N 4 \'% C

* * * * * * *

Stores bit 6 of the address indicated by AL.
Stores bit 5 of the address indicated by AL.
Stores bit 4 of the address indicated by AL.
Stores bit 3 of the address indicated by AL.
Stores bit 2 of the address indicated by AL.
Stores bit 1 of the address indicated by AL.
Stores bit 0 of the address indicated by AL.

N < N zZz 34 v~

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 14
Correction value:  6x(c)

For the explanation of (c), see Table 8.4-2 .
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@ Example:
JCTX @A
SA SA
| XX XX E020 | | cB75 | 0250 |
DTB_ PCB PC DTB PCB PC
[ xxxx | [8o][s50][ 8801 |
DPR ADB CCR DPR ADB cch
- = S
M RP | STNZVC IIM RP 1STNZVC
xx ] [xx][x x x x x x x| [07][16] 000101 0]
Memory Memory
09E02C 09E02C
C B | 09E02B C B | 09E02B
7 5 | 09E02A 7 5 | 09E02A
0 2 | 09E029 0 2 | 09E029
5 0 | 09E028 5 0 | 09E028
0 8 | 09E027 0 8 | 09E027
C E | 09E026 C E | 09E026
8 0 | 09E025 8 0 | 09E025
5 0 | 09E024 5 0 | 09E024
8 8 | 09E023 8 8 | 09E023
0 1 | 09E022 0 1 | 09E022
F 6 | 09E021 F 6 | 09E021
AL —> 8 A | 09E020 8 A | 09E020

Before execution

After execution
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9.1.51 JMP (Jump Destination Address)

Read the word data from the address specified by the operand and cause a branch to

the address specified by the word data.

B JMP (Jump Destination Address)

@ Assembler format:

JMP @A JMP addr16
JMP @ear JMP @eam
@ Operation:

(PC) « (Operand)

@® CCR:

I S T

N 4

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Operand @A @ear @eam ad16
Number of bytes 1 2 2+ 3
Number of cycles 2 3 4+(a) 3

Correction value

0

0

©

0

For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 .

@® Example:
JMP @@RWO0+2

Memory

D B

RW0+2—

8 0
X X
X X

PC| EOO0O
RWO| AOQ AOQ

AOA3
AOA2
AOA1
AOAO

Before execution

PC| DB 80
RWo| A0 AQO

RWO0+2 —>

Memory
D B

8 0
X X
X X

After execution

AOA3
AOA2
AOA1
AOAO
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9.1.52 JMPP (Jump Destination Physical Address)

If the operand is addr24, this instruction causes a branch to the physical address
specified by addr24.

If the operand is @ea, the instruction causes a branch to the physical address specified
by the contents of the operand.

B JMPP (Jump Destination Physical Address)

@ Assembler format:

(1)  JMPP addr24
(2) JMPP @ecar JMPP @ecam

@ Operation:

(1):  (PC) < Low-order word of addr24
(PCB) < Most significant byte of addr24

2):  (PC) « (ea) (Word transfer)
(PCB) «— (ea+2) (Byte transfer)

@® CCR:

I S T N 4 \ C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Operand ad24 @ear @eam
Number of bytes 4 2 2+
Number of cycles 4 5 6+(a)
Correction value 0 0 (d)

For the explanation of (a) and (d) in the table, see Table 8.4-1 and Table 8.4-2 .

@® Example:

JMPP OFFC850H

PC PC
PCB PCB

Before execution After execution
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9.1.53 LINK (Link and create new stack frame)

Store the current value of the frame pointer (RW3) in a stack and set a new frame
pointer. This allows an area for a new local variable to be reserved. This instruction is
used before a function is called.

B LINK (Link and create new stack frame)

@ Assembler format:

LINK #immS§

@ Operation:

(sp) = (sp)-2: ((sp)) <= (RW3); (RW3) < (sp) ; (sp) <= (sp)-imm8

@® CCR:

I S T N 4 \ C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2
Number of cycles: 6
Correction value: (c)

For the explanation of (c), see Table 8.4-2 .

@ Example:
LINK #20H
SP| EO022 SP| EO0O0O
RW3 A0 46 RW3 E0 20
Memory Memory
A 0
SP—| X X EO22 4 6 EO020

SP—| X X E000

Before execution After execution
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9.1.54 LSL (Logical Shift Byte Data of Accumulator to Left)

Shift the least significant byte data of the accumulator (A) to the left by the number of
bits specified by the second operand. The least significant bit of A is set to "0". The bit
last shifted out from the most significant bit of the least significant byte data for A is
stored in the carry bit (C).

B LSL (Logical Shift Byte Data of Accumulator to Left)

@ Assembler format:

LSL A,RO

@ Operation:

C MSB A LSB
T 1

@® CCR:

I S T N 4 \ C

* * *

I,S,and T: Unchanged

N: Set when the MSB of the shifting result is "1", cleared otherwise.

z Set when the shifting result is "0", cleared otherwise.

V: Unchanged

C Stores the bit last shifted out from the MSB of A. Cleared when the shift amount is "0".

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2
Number of cycles: 6 when (RO) is equal to O ; otherwise, 5 + (R0O)

Correction value: 0

@® Example:
LSL A,RO
A| XX XX | XXFF | Al XX XX | XXFC |
RO RO
TNZVC TNZVC
Before execution After execution
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9.1.55 LSLL (Logical Shift Long Word Data of Accumulator to

Left)

Shift the long word data of the accumulator (A) to the left by the number of bits

specified by the second operand. The least significant bit of A is set to "0". The bit last

shifted out from the most significant bit is stored in the carry bit (C).

B LSLL (Logical Shift Long Word Data of Accumulator to Left)

@ Assembler format:

LSLL A,RO

@ Operation:

Cc MSB A LSB

@® CCR:

I S T N 4 \'% C

* * *

I,S,and T: Unchanged

N: Set when the MSB of the shifting result is "1", cleared otherwise.

Z Set when the shifting result is "0", cleared otherwise.

V: Unchanged

C Stores the bit last shifted out from the MSB of A. Cleared when the shift amount is "0".

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2
Number of cycles: 6 when (RO) is equal to 0; otherwise, 6 + (RO)

Correction value: 0

@ Example:
LSLL A,RO
A| 3333 | 3333 | Al cccc | cccc |
RO RO
CCR|X X X X X CCRIxX10XO0
TNZVC TNZVC
Before execution After execution
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9.1.56 LSLW (Logical Shift Word Data of Accumulator to Left)

Shift the low-order word data of the accumulator (A) to the left by one bit. The least
significant bit of A is set to "0". The bit shifted out from the most significant bit of the
low-order word data for A is stored in the carry bit (C).

B LSLW (Logical Shift Word Data of Accumulator to Left)

@ Assembler format:

LSLW A/SHLW A
@ Operation:
C MSB A LSB
T T 1T 17T 171 T 1T T T T°1
<« <~ |0
I N A | I S I I |
@® CCR:

I S T N 4 \ C

* * *

I,S,and T: Unchanged

N: Set when the MSB of the shifting result is "1", cleared otherwise.
z Set when the shifting result is "0", cleared otherwise.

V: Unchanged

C Stores the bit shifted out from the MSB of A.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 2

Correction value: 0

@® Example:
LSLW A
Al XX XX | AA55 | A| XX XX | 55AA |
CCR|X X X X X CCR|X 00 Xx 1
TNZVC TNZVC
Before execution After execution
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9.1.57 LSLW (Logical Shift Word Data of Accumulator to Left)

Shift the low-order word data of the accumulator (A) to the left by the number of bits
specified by the second operand. The least significant bit of A is set to "0". The bit last
shifted out from the most significant bit of the low-order word data for A is stored in the
carry bit (C).

B LSLW (Logical Shift Word Data of Accumulator to Left)

@ Assembler format:

LSLW A,RO
@ Operation:
C MSB A LSB
T T T 17T 171 T T T T 171
<« <~ o
I I Y | I I I A |
@® CCR:

I S T N 4 \ C

* * _ *

I,S,and T: Unchanged

N: Set when the MSB of the shifting result is "1", cleared otherwise.

Z Set when the shifting result is "0", cleared otherwise.

V: Unchanged

C Stores the bit last shifted out from the MSB of A. Cleared when the shift amount is "0".

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2
Number of cycles: 6 when (RO) is equal to 0; otherwise, 5 + (RO)

Correction value: 0

@ Example:
LSLW A,RO
Al XX XX | AA55 | Al XX XX | A550 |
RO RO
CCR CCR[X 10 X 0
TNZVC TNZVC
Before execution After execution
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9.1.58 LSR (Logical Shift Byte Data of Accumulator to Right)

Shift the least significant byte data of the accumulator (A) to the right by the number of
bits specified by the second operand. The most significant bit of the least significant

byte for A is set to "0". The bit last shifted out from the least significant bit is stored in
the carry bit (C).

B LSR (Logical Shift Byte Data of Accumulator to Right)

@ Assembler format:

LSR A,RO

@ Operation:

MSB A LSB C T
N I I
0| — — — 1

® CCR:

I S T N 4 \'% C

— — * * k) _ *
Iand S: Unchanged
T: Set when the shifted-out data from the carry contains one or more "1" bits, cleared

otherwise. Also cleared when the shift amount is "0".
Set when the MSB of the shifting result is "1", cleared otherwise.
Set when the shifting result is "0", cleared otherwise.

Unchanged

Stores the bit last shifted out from the LSB of A. Cleared when the shift amount is "0".

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2
Number of cycles: 6 when (RO) is equal to 0; otherwise, 5 + (RO)

Correction value: 0
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@ Example:
LSR A.RO
Al XX XX | XX FF | Al XX XX XXO07
RO| 05 | RO
CCR|X X X X X CCR[1 10X 1
TNZVC TNZVC

Before execution After execution
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9.1.59 LSRL (Logical Shift Long Word Data of Accumulator to
Right)

Shift the long word data of the accumulator (A) to the right by the number of bits
specified by the second operand. The most significant bit of A is set to "0". The bit last
shifted out from the least significant bit of A is stored in the carry bit (C).

B LSRL (Logical Shift Long Word Data of Accumulator to Right)

@ Assembler format:

LSRL A,RO

@ Operation:

MSB A LSB C T
| |
0| — — —> 1

® CCR:

I S T N 4 \ C

_ _ * * * _ *
Tand S: Unchanged
T: Set when the shifted-out data from the carry contains one or more "l1" bits, cleared

otherwise. Also cleared when the shift amount is "0".
Set when the MSB of the shifting result is "1", cleared otherwise.
Set when the shifting result is "0", cleared otherwise.

Unchanged

Stores the bit last shifted out from the LSB of A. Cleared when the shift amount is "0".

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2
Number of cycles: 6 when (RO) is equal to 0; otherwise, 6 + (RO)

Correction value: 0
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@ Example:
LSRL A.RO
A| 3333 3333 | A| 0000 | 3333 |
Ro[ 10 ] Ro[ 10 |
COR (XXX X X COR[T 0 0% 0
TNZVC TNZVC

Before execution After execution
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9.1.60 LSRW (Logical Shift Word Data of Accumulator to Right)

Shift the low-order word data of the accumulator (A) to the right by one bit. The most
significant bit of the low-order word data for A is set to "0". The least significant bit is
stored in the carry bit (C).

B LSRW (Logical Shift Word Data of Accumulator to Right)

@ Assembler format:

LSRW A/SHRW A
@ Operation:
MSB A LSB C T l
O%IIIIIIIIIIIIII% s 1
[ T T T Y
® CCR:
I S T N Z \'% C
— — % R % _ *
Tand S: Unchanged
T: Stores the OR of the shifted-out data from the carry and the old T flag value.
N: Cleared
Z: Set when the shifting result is "0", cleared otherwise.
V: Unchanged
C: Stores the bit shifted out from the LSB of A.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 2

Correction value: 0

@ Example:
LSRW A
Al XX XX | AAAA | A| XX XX | 5555 |
CCR|1 XX X0 CCR|1 00XDO
TNzZVC TNZVC
Before execution After execution
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9.1.61 LSRW (Logical Shift Word Data of Accumulator to Right)

Shift the low-order word data of the accumulator (A) to the right by the number of bits
specified by the second operand. The most significant bit of the low-order word data

for A is set to "0". The bit last shifted out from the least significant bit is stored in the
carry bit (C).

B LSRW (Logical Shift Word Data of Accumulator to Right)

@ Assembler format:

LSRW A,RO

@ Operation:

'VISBIIIIIIIAIIIIIIILSB C T
0| — — —> 1

® CCR:

I S T N 4 \ C

_ _ * * * _ *
Tand S: Unchanged
T: Set when the shifted-out data from the carry contains one or more "1" bits, cleared

otherwise. Also cleared when the shift amount is "0".
Set when the MSB of the shifting result is "1", cleared otherwise.
Set when the shifting result is "0", cleared otherwise.

Unchanged

Stores the bit last shifted out from the LSB of A. Cleared when the shift amount is "0".

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2
Number of cycles: 6 when (RO) is equal to 0; otherwise, 5 + (RO0)

Correction value: 0
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@ Example:
LSRW A,RO

Al XX XX 00O0A

Al XX XX | AAAA |

RO RO
CCR CCR

TNZVC TNZVC

Before execution After execution
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9.1.62 MOV (Move Byte Data from Source to Accumulator)

Transfer the values of bits 0 to 15 for the accumulator (A) to bits 16 to 31, then transfer
"0" to bits 8 to 15. The byte data specified by the second operand is transferred to bits
Oto7.

If the second operand is @A, transfer to bits 16 to 31 is not performed.

B MOV (Move Byte Data from Source to Accumulator)

@ Assembler format:

MOV A #mm8 MOV A Ri
MOV A,@A MOV A, dir
MOV A,@RLi + disp8 MOV A,addr16
MOV A,io MOV A,brgl
MOV A,eam MOV A,ear
@ Operation:
(A) < (Second operand) (Byte transfer)
@® CCR:

I S T N 4 \ C

* *

I,S,and T: Unchanged
N: Set when the MSB of the transferred data is "1", cleared otherwise.
Z: Set when the transferred data is "0", cleared otherwise.

V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Second operand #im8 | @A | @RLi+8 io ad16 Ri dir | ear eam brg1

Number of bytes 2 2 3 2 3 1 2 2 2+ 2
Number of cycles 2 3 10 3 4 2 3 2 3+(a) *
Correction value 0 (b) (b) (b) (b) 0 (b) 0 (b) 0

*: One cycle for the program bank register (PCB), additional data bank register (ADB), system stack bank register
(SSB), and user stack bank register (USB). Two cycles for the data bank register (DTB) and direct page register
(DPR).

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:
MOV A,0092H
Al XX XX | A046 | Al A046 | 0071 |
CCR|X X X X X CCR|X 0 0 X X
TNzZzVC TNZVC
Memory Memory
7 1 0092 7 1 0092

Before execution

After execution
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9.1.63 MOV (Move Byte Data from Accumulator to Destination)

Transfer the least significant byte data of the accumulator (A) to the address specified

by the first operand.

H MOV (Move Byte Data from Accumulator to Destination)

@ Assembler format:

MOV dir,A

MOV @RLi+disp8,A
MOV addr16,A
MOV ear,A

@ Operation:

(First operand) <« (A)

@® CCR:

MOV Ri,A
MOV io,A
MOV brg2, A
MOV eam,A

(Byte transfer)

I S T

N

*

I,S,and T: Unchanged

N: Set when the MSB of the transferred data is "1", cleared otherwise.

Z: Set when the transferred data is "0", cleared otherwise.

V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Second operand dir @RLi+8 ad16 io Ri ear eam brg2
Number of bytes 2 3 3 2 1 2 2+ 2
Number of cycles 3 10 4 3 2 2 3+(a) 1
Correction value (b) (b) (b) (b) 0 0 (b) 0

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .

@ Example:

MOV R1,A

Al XX XX

49 32 | Al XX XX | 4932 |

COR[XX XXX  Ri[xx]|  COR[X00xX| Rgi[32]

TNZVC

TNZVC

Before execution After execution
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9.1.64 MOV (Move Byte Immediate Data to Destination)

Transfer the 8-bit immediate data specified by the second operand to the address
specified by the first operand.

When the first operand is @PC + disp16, the data is transferred to the "address of the
location containing the machine instruction for the MOV instruction + 4 + rel", not the
"address of the location containing the machine instruction for the instruction following
the MOV instruction + rel".

B MOV (Move Byte Immediate Data to Destination)

@ Assembler format:

MOV RP.#imm8 MOV ILM. #immQ

MOV io,#imm8 MOV dir#imm8

MOV ear,#imm8 MOV eam, #imm8
@ Operation:

(First operand) «— #imm§

® CCR:
If the data is transferred to a general- If the data is transferred to a register other
purpose registers (RO to R7) or bank than the general-purpose registers (RO to
register R7) and the bank register
| S T N z \Y C | S T N 4 \Y C
% *

ILS,and T: Unchanged

N: Unchanged if the data is transferred to a register other than the general-purpose registers.
If the data is transferred to the general-purpose register, N is set when the MSB of the
transferred data is "1", cleared otherwise.

Z: Unchanged if the data is transferred to a register other than the general-purpose registers.
If the data is transferred to the general-purpose register, Z is set when the transferred data
is "0", cleared otherwise.

V and C: Unchanged
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@ Number of bytes, Number of cycles, and Correction value:

First operand RP ILM dir io ear eam

Second operand #im8 #im8 #im8 #im8 #im8 #im8
Number of bytes 2 2 3 3 3 3+

Number of cycles 2 2 5 5 2 4+(a)
Correction value 0 0 (b) (b) 0 (b)

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .

@® Example:
MOV 009FH,#22H
Al XX XX | XX XX | Al XX XX | XX XX |
CCR[X X X X X CCR[X X X X X
TNZVC TNZVC
Memory Memory
7 1| 009F 2 009F

Before execution

After execution
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9.1.65 MOV (Move Byte Data from Source to Destination)

Transfer the byte data specified by the second operand to the first operand.
MOV Ri, #imm8, described below, is an instruction contained in the basic page map
(see C.1 Table C-1), with code different from that contained in MOV ear, #imm8.

B MOV (Move Byte Data from Source to Destination)

@ Assembler format:

MOV Ri,#imm8

MOV Ri,ear MOV Ri,eam

MOV ear,Ri MOV eam,Ri
@ Operation:

(First operand) <— (Second operand) (Byte transfer)
@® CCR:

I S T N 4 \'% C

* *

I,S,and T: Unchanged
N: Set when the MSB of the transferred data is "1", cleared otherwise.

Z: Set when the transferred data is "0", cleared otherwise.

V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

First operand Ri Ri Ri ear eam
Second operand #im8 ear eam Ri Ri
Number of bytes 2 2 2+ 2 2+
Number of cycles 2 3 4+(a) 4 5+(a)
Correction value 0 0 (b) 0 (b)

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:
MOV R3,@RWO0
RWO RWO
R [x x] CCRX X X X X Rs [71] CCRIXX 00
TNZVC TNzZVC
Memory Memory
7 1 EO001 7 1 E001

Before execution

After execution
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9.1.66 MOV (Move Byte Data from AH to Memory)

Transfer the low-order byte data of AH to the memory location specified by the contents
of AL.

H MOV (Move Byte Data from AH to Memory)

@® Assembler format:

MOV @AL,AH

@ Operation:

((AL)) « (AH) (Byte transfer)

@® CCR:

I S T N 4 Vv C

* *

I,S,and T: Unchanged
N: Set when the MSB of the transferred data is "1", cleared otherwise.

Z: Set when the transferred data is "0", cleared otherwise.

V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2
Number of cycles: 3
Correction value:  (b)

For the explanation of (b), see Table 8.4-2 .

@ Example:
MOV @AL,AH
Al 0122 E084 | Al 0122 | E084 |
CCR|X X X X X CCR|X 0 0 X X
TNzZVC TNZVC
Memory Memory
7 1 E084 2 2 E084
Before execution After execution
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9.1.67 MOVB (Move Bit Data from Bit Address to Accumulator)

Transfer zeros to bits 8 to 15 of the accumulator (A). "004" is transferred to bits 0 to 7 of
A if the bit of the address specified by the second operand is equal to "0" and "FFy" is

transferred if the bit is equal to "1".

B MOVB (Move Bit Data from Bit Address to Accumulator)

@ Assembler format:

MOVB A,addr16:bp

MOVB A dir:bp
MOVB Aio:bp
@ Operation:
If (Second operand)=0: (A) <~ 00q4 (Byte transfer)
If (Second operand)=1: (A) <~ FFy (Byte transfer)
@® CCR:
I S T N Z \Y C
_ _ _ * * _ _
I,S,and T: Unchanged
N: Set when the transferred bit is "1", cleared when "0".
Z: Set when the transferred bit is "0", cleared when "1".

V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Second operand ad16:bp dir:bp io:bp
Number of bytes 4 3 3
Number of cycles 5 5 4
Correction value (b) (b) (b)

For the explanation of (b) in the table, see Table 8.4-2 .
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@ Example:
MOVB A,32H:3
Al XX XX | XX XX | A XX XX | 00FF |
CCR|X X X X X CCR[(X 1 0 X X
TNZVC TNZVC
Memory Memory
X X X X
7 F 0032 7 F 0032
X X X X
Before execution After execution
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9.1.68 MOVB (Move Bit Data from Accumulator to Bit Address)

Transfer bit data 0 to the bit address specified by the first operand if the least significant
byte data of the accumulator (A) is 00y.

Bit data 1 is transferred to the bit address specified by the first operand if the least
significant byte data of A is not 00y.

B MOVB (Move Bit Data from Accumulator to Bit Address)

@ Assembler format:

MOVB addr16:bp,A
MOVB dir:bp,A
MOVB io:bp,A

@ Operation:

If the byte data of (A) is 00y : (First operand) b=0 (Bit transfer)
If the byte data of (A) is not 00y : (First operand) b=1 (Bit transfer)

@® CCR:

I S T N 4 \ C

* *

ILS,and T: Unchanged

N: Set when the MSB of the byte data for A is "1", cleared otherwise.
Z: Set when the byte data of A is "0", cleared otherwise.

V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Second operand ad16:bp | dir:bp io:bp
Number of bytes 4 3 3
Number of cycles 7 7 6
Correction value 2x(b) 2x(b) 2x(b)

For the explanation of (b) in the table, see Table 8.4-2 .
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@ Example:
MOVB 765FH: 7,A
Al XX XX | xX01 | Al XX XX | xx01 |
CCR[X X X X X CCR[X 0 0 X X
TNZVC TNZVC
Memory Memory
X X X X
7 F | 765F F F_| 765F
X X X X

Before execution

After execution
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CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

Transfer the value specified by the second operand (effective address) to the first

operand. If a general-purpose register is specified by the second operand, the address

of the general-purpose register is transferred.

If the destination (first operand) is the accumulator (A), the pre-transfer values of bits 0
to 15 are transferred to bits 16 to 31 of A.

B MOVEA (Move Effective Address to Destination)

@ Assembler format:

MOVEA <destination>,ear MOVEA <destination>,eam

@ Operation:

First operand < ea (Word transfer)

@® CCR:

I S T N 4

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

First operand A A RWi RWi
Second operand ear eam ear eam
Number of bytes 2 2+ 2 2+
Number of cycles 1 1+(a) 3 2+(a)
Correction value 0 0 0 0

For the explanation of (a) in the table, see Table 8.4-1 .

@ Example:
MOVEA RW2,@RWO0+2

RWO 0069

RW2 | XX XX
CCR| X X X X X

TNZVC

Before execution

RWO 0069

RW2 006B
CCR| X X X X X

TNZVC

After execution
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9.1.70 MOVL (Move Long Word Data from Source to
Accumulator)

Transfer the long word data specified by the second operand to the accumulator (A).

B MOVL (Move Long Word Data from Source to Accumulator)

@ Assembler format:

MOVL A, #mm32

MOVL A, ear MOVL A,eam
@ Operation:

(A) « (Second operand) (Long word transfer)
@® CCR:

I S T N 4 \'% C

* *

I,S,and T: Unchanged
N: Set when the MSB of the transferred data is "1", cleared otherwise.

Z: Set when the transferred data is "0", cleared otherwise.

V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Second operand #i32 ear eam
Number of bytes 5 2 2+
Number of cycles 3 4 5+(a)
Correction value 0 0 (d)

For the explanation of (a) and (d) in the table, see Table 8.4-1 and Table 8.4-2 .

@ Example:
MOVL A #0053FF64H
Al XX XX | XX XX | A| 0053 | FF64 |
CCRIX X X X X CCR|X 0 0 X X
TNZVC TNZVC
Before execution After execution
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9.1.71  MOVL (Move Long Word Data from Accumulator to
Destination)

Transfer the long word data of the accumulator (A) to the first operand.

B MOVL (Move Long Word Data from Accumulator to Destination)

@ Assembler format:

MOVL ear,A MOVL eam,A
@ Operation:

(First operand) <« (A) (Long word transfer)
@® CCR:

I S T N 4 \ C

* *

ILS,and T: Unchanged
N: Set when the MSB of the transferred data is "1", cleared otherwise.

Z: Set when the transferred data is "0", cleared otherwise.

V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

First operand ear eam
Number of bytes 2 2+
Number of cycles 4 5+(a)
Correction value 0 (d

For the explanation of (a) and (d) in the table, see Table 8.4-1 and Table 8.4-2 .

@ Example:
MOVL RL1,A
Al 0197 A0 24 | Al 0197 | A024 |
RL1| XX XX | XX XX | RL1| 0197 | A024 |
CCR[X X X X X CCR[X 0 0 X X
TNZVC TNZVC
Before execution After execution
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9.1.72 MOVN (Move Immediate Nibble Data to Accumulator)

Transfer the values of bits 0 to 15 for the accumulator (A) to bits 16 to 31. "0" is
transferred to bits 4 to 15 and the nibble data specified by the second operand is
transferred to bits 0 to 3.

B MOVN (Move Immediate Nibble Data to Accumulator)

@ Assembler format:

MOVN A #imm4

@ Operation:

(A) « imm4 (Byte transfer)

@® CCR:

I S T N 4 \ C

_ _ _ R * _ _

I,S,and T: Unchanged
N: Cleared
Z: Set when the transferred data is "0", cleared otherwise.

V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 1

Correction value: 0

@ Example:
MOVN A #0FH
Al XX XX | 62 07 | Al 62 07 | 00 OF |
CCR|IX X X X X CCR|X 0 0 X X
TNZVC TNZVC
Before execution After execution
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9.1.73 MOVS (Move String Byte)

Transfer byte data from the address specified by AL in the space specified by <source
bank> to the address specified by AH in the space specified by <destination bank>. The
transfer is repeated the number of times specified by RWO0, with the addresses being
changed each time. The transfer is not performed if RWO0 is equal to "0". Four types of
registers PCB, DTB, ADB, and SPB can be used as <destination bank> and <source
bank>. By default, DTB is assumed.

The addresses can be either incremented or decremented. By default, the addresses
are incremented.

If an interrupt occurs during the transfer, the transfer is suspended to handle the
interrupt. The transfer is resumed after the interrupt has been handled.

B MOVS (Move String Byte)

@ Assembler format:

MOVSI [<destination bank>] [,<source bank>] (When the addresses are incremented)

MOVSD [<destination bank>] [,<source bank>] (When the addresses are decremented)

@ Operation:

The following is repeated until RWO becomes equal to "0":

((AH)) « ((AL)) (Byte transfer)

(AH) <« (AH)%1, (AL) « (AL)xl (+if MOVSWI, —if MOVSWD)
(RWO0) « (RW0)-1

@® CCR:

I S T N 4 \ C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2

Number of cycles: 5 if (RWO) is equal to "0"; otherwise, 4+8x(RW0)
Correction value:  2x(b)x(RWO0)

For the explanation of (b), see Table 8.4-2 .
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@ Example:
MOVSI ADB,PCB

AH AL

| 80 00 | 00 00

RWO [ 00 03 ] CCR[X XX X X]|

TNZVC
PCB ADB

Memory

F C FF0003

F D FF0002

F E FF0001
AL—> F F FF0000

X X 018003

X X 018002

X X 018001
AH— X X 018000

Before execution

AH AL

| 80 03 | 00 03

RWO CCR

TNZVC
PCB ADB
Memory
AL— F C FF0003
F D FF0002
F E FFO001
F F FFO000
AH—] X X 018003
F D 018002
F E 018001
F F 018000

After execution
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9.1.74 MOVSW (Move String Word)

Transfer word data from the address specified by AL in the space specified by <source
bank> to the address specified by AH in the space specified by <destination bank>. The
transfer is repeated the number of times specified by RWO0, with the addresses being
changed each time. The transfer is not performed if RWO0 is equal to "0". Four types of
registers PCB, DTB, ADB, and SPB can be used as <destination bank> and <source
bank>. By default, DTB is assumed.

The addresses can be either incremented or decremented. By default, the addresses
are incremented.

If an interrupt occurs during the transfer, the transfer is suspended to handle the
interrupt. The transfer is resumed after the interrupt has been handled.

B MOVSW (Move String Word)

@ Assembler format:

MOVSWI  [<destination bank>] [,<source bank>] (When the addresses are incremented)

MOVSWD [<destination bank>] [,<source bank>] (When the addresses are decremented)

@ Operation:

The following is repeated until RWO becomes equal to "0":

((AH)) « ((AL)) (Byte transfer)

(AH) <« (AH)%2, (AL) « (AL)£2 (+if MOVSWI, — for MOVSWD)
(RWO0) « (RW0)-1

® CCR:

I S T N 4 \ C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2

Number of cycles: 5 if (RWO) is equal to "0"; otherwise, 4 + 8xX(RWO0)
Correction value:  2X(c)X(RWO0)

For the explanation of (c), see Table 8.4-2 .
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@ Example:
MOVSW,ADB
AH AL AH A
| 0000 A0 00 | | 0006 @ A0O6 |
RWO| 0003 |CCR[XXXXX| RWO| 0000 |COR[XXXXX
TNZVC TNZVC
DTB[CD] ADB [ 38 ] DTB|[CcD | ADB | 38 |

Memory Memory
X X | CD0005 AH—{ 2 6 | CD0005
X X | CD0004 4 2 | CD0004
X X | cD0003 3 6 | CD0003
X X | cDo002 3 1| cbooo2
X X | CcD0001 4 D | cD00O01

AH—{ X X | CD0000 4 6 | CD0000

AL—>

2 6 | 38A005 2 6 | 38A005
4 2 | 38A004 4 2 | 38A004
3 6 | 38A003 3 6 | 38A003
3 1 | 38A002 3 1| 38A002
4 D | 38A001 4 D | 38A001

AL— 4 6 | 38A000 4 6 | 38A000

Before execution

After execution
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9.1.75 MOVW (Move Word Data from Source to Accumulator)

Transfer the values of bits 0 to 15 for the accumulator (A) to bits 16 to 31. Then, the
word data specified by the second operand is transferred to bit0 to bit15 of A. If the
second operand is @A, transfer the values of bits 0 to 15 of A to bits 16 to 31 is not
performed.

B MOVW (Move Word Data from Source to Accumulator)

@ Assembler format:

MOVW A #mml6 MOVW A,@RWi+disp8
MOVW A,@A MOVW A, addrl6
MOVW A,@RLi+disp8 MOVW A,RWi
MOVW A,SP MOVW A dir
MOVW A io
MOVW A ear MOVW A_,eam

@ Operation:

(A) « (Second operand) (Word transfer)

@® CCR:

I S T N 4 \ C

* *

ILS,and T: Unchanged
N: Set when the MSB of the transferred data is "1", cleared otherwise.
Z: Set when the transferred data is "0", cleared otherwise.

V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Second operand | #i16 | @A | @RLi+8 |[SP| io | @RWi+8 | ad16 | RWi | dir | ear eam

Number of bytes 3 2 3 1 2 2 3 1 2 2 2+
Number of cycles 2 3 10 1 3 5 4 2 3 2 3+(a)
Correction value 0 (c) (©) 0 | (¢ (©) (©) 0 (©) 0 (©)

For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:
MOVW A,0F9ACH
Al XX XX | 49 01 | Al 49 01 | AE 86 |
CCR[X X X X X CCR[X 1 0 X X
TNZVC TNZVC
Memory Memory
A E | FOA1 A E | F9A1
8 6 | F9AD 8 6 |F9A0

Before execution

After execution
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9.1.76 MOVW (Move Word Data from Accumulator to
Destination)

Transfer the low-order word data of the accumulator (A) to the first operand.

H MOVW (Move Word Data from Accumulator to Destination)

@ Assembler format:

MOVW @RLi+disp8,A MOVW addr16,A

MOVW SP,A MOVW RWi,A

MOVW io, A MOVW dir,A

MOVW @RWi+disp8,A

MOVW ear,A MOVW eam,A
@ Operation:

(First operand) < (A) (Word transfer)
@® CCR:

I S T N Z \ C

I,S,and T: Unchanged
N: Set when the MSB of the transferred data is "1", cleared otherwise.
Z: Set when the transferred data is "0", cleared otherwise.

V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

First operand dir @RLi+8 ad16 | SP | io @RWi+8 RWi | ear eam
Number of bytes 2 3 3 1 2 2 1 2 2+
Number of cycles 3 10 4 1 3 5 2 2 3+(a)
Correction value (c) (c) (©) 0 (c) (c) 0 0 (©)

For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:
MOVW RWO0,A

Al XX XX | 0000 |

RWO| XX XX RWO 0000

Al XX XX 0000

CCR X X X X X] CCR|[X 0 1 X X
TNZVC TNZVC

Before execution After execution

204



CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

9.1.77 MOVW (Move Immediate Word Data to Destination)

This instruction transfers the 16-bit immediate data to the first operand.

When the first operand is @PC + disp16, the transfer destination address is the address
where the machine instruction of the MOVW instruction is stored + 4 + disp16. Note
that this is not the address where the machine instruction of the instruction subsequent
to the MOVW instruction is stored+disp16.

B MOVW (Move Immediate Word Data to Destination)

@ Assembler format:

MOVW ear,#imm16 MOVW eam #imm16

@ Operation:

(First operand) <— #mm16

® CCR:
If the data is transferred to a general- If the data is transferred to a register
purpose register (RWO0 to RW7) other than the general-purpose registers
(RWO to RW7)
I S N z \ C I S T N z \Y C
I,S,and T: Unchanged
N: Unchanged if the data is transferred to a register other than the general-purpose registers.
If the data is transferred to the general-purpose register, N is set when the MSB of the
transferred data is "1", cleared otherwise.
Z: Unchanged if the data is transferred to a register other than the general-purpose registers.
If the data is transferred to the general-purpose register, Z is set when the transferred data
is "0", cleared otherwise.
V and C: Unchanged and none of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

First operand ear eam
Number of bytes 4 4+
Number of cycles 2 4+(a)
Correction value 0 (©)

For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:
MOVW RWO0,#2343H

CCR CCR[X 0 0 X X
TNZVC TNZVC

RWO| XX X X RWO| 23 43
Before execution After execution
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9.1.78 MOVW (Move Word Data from Source to Destination)

Transfer the word data specified by the second operand to the first operand.

H MOVW (Move Word Data from Source to Destination)

@ Assembler format:

MOVW RWi,#imm16

MOVW ear,RWi MOVW eam,RWi

MOVW RWi,ear MOVW RWi,eam
@ Operation:

(First operand) <— (Second operand) (Word transfer)
® CCR:

I S T N 4 Vv C

* *

I,S,and T: Unchanged
N: Set when the MSB of the transferred data is "1", cleared otherwise.

Z: Set when the transferred data is "0", cleared otherwise.

V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

First operand RWi RWi RWi ear eam
Second operand #i16 ear eam RWi RWi
Number of bytes 3 2 2+ 2 2+
Number of cycles 2 4 5+(a) 3 4+(a)
Correction value 0 0 (c) 0 (©)

For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:
MOVW RW1,RWO0

Al XX XX | XX XX
RWO
RWA
CCR XX XXX
TNZVC

Before execution

A

XX XX | XX XX |
RWO

RW1
cCRx 0 0%
TNZVC

After execution
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9.1.79 MOVW (Move Immediate Word Data to io)

Transfer 16-bit immediate data to the I/O area specified by the first operand.

H MOVW (Move Immediate Word Data to io)

@ Assembler format:

MOVW io,#imm16

@ Operation:

(First operand) <— imm16 (Word transfer)

® CCR:

I S T N 4 Vv C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 4
Number of cycles: 5
Correction value:  (c¢)

For the explanation of (c), see Table 8.4-2 .

@ Example:
MOVW 24H,#2343H
CCR CCR|[X X X X X
TNZVC TNZVC
Memory Memory
X X X X
X X 000025 2 3 000025
X X 000024 4 3 000024
X X X X
Before execution After execution
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9.1.80 MOVW (Move Word Data from AH to Memory)

Transfer the word data of AH to the memory location specified by the contents of AL.

H MOVW (Move Word Data from AH to Memory)

@ Assembler format:

MOVW @AL,AH

@ Operation:
((AL)) <« (AH) (Word transfer)

® CCR:

I S T N 4 \'% C

* *

I,S,and T: Unchanged
N: Set when the MSB of the transferred data is "1", cleared otherwise.

Z: Set when the transferred data is "0", cleared otherwise.

V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2
Number of cycles: 3
Correction value: (c)

For the explanation of (c), see Table 8.4-2 .

@ Example:
MOVW @AL,AH
A| 00CB FEFF | Al oocB | FEFF |
CCR|X X X X X CCR|X 1 0 X X
TNzZVC TNzVC
Memory Memory
7 1 FEFF CB FEFF
Before execution After execution
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9.1.81 MOVX (Move Byte Data with Sign Extension from Source
to Accumulator)

Transfer the values of bits 0 to 15 for the accumulator (A) to bits 16 to 31. Then, the
value resulting from sign-extending the second operand is transferred to bits 0 to 15 of
A. If the second operand is @A, transfer to bits 16 to 31 is not performed.

B MOVX (Move Byte Data with Sign Extension from Source to Accumulator)

@ Assembler format:

MOVX A #mm8 MOVX A,@RWi+disp8

MOVX A,@A MOVX A,addr16

MOVX A,@RLi+disp8 MOVX A Ri

MOVX A,dir MOVX A,io

MOVX A ear MOVX A,eam
@ Operation:

(A) « (Second operand) (Byte transfer with sign extension)
@® CCR:

I S T N 4 Vv C

* *

ILS,and T: Unchanged
N: Set when the MSB of the transferred data is "1", cleared otherwise.
Z: Set when the transferred data is "0", cleared otherwise.

V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Second operand #im8 | @A @RLi+8 dir | io @RWi+8 ad16 | Ri | ear | eam

Number of bytes 2 2 3 2 2 2 3 2 2 2+
Number of cycles 2 3 10 3 3 5 4 2 2 3+(a)
Correction value 0 (b) (b) () | (b) (b) (b) 0 0 (b)

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:
MOVX A,0E001H

Al XX XX | A0 46 |

CoR [ X X X

TNZVC
Memory

8 6 EOO1

Before execution

A

A0 46  FF 86 |

coR[x 1 0 XX

TNzZVC

Memory

8 6 EOO1

After execution
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9.1.82 MUL (Multiply Byte Data of Accumulator)

This instruction multiplies the low-order byte data of AH by that of AL as signed binary
numbers, then returns the result to AL of the accumulator (A).

B MUL (Multiply Byte Data of Accumulator)

@® Assembler format:

MUL A

@ Operation:

word (A) < byte (AH)xbyte (AL)

@® CCR:

(Byte multiplication)

S

T

N

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes:

Number of cycles:

2

3 if byte (AH) is equal to "0"; 12 if byte (AH) is not equal to "0" and the result is
positive; 13 if the result is negative.

Correction value: 0
@ Example:
MUL A
AH AL AH AL
A| 00FA 0011 | A| 00FA FF9A |
CCR[X X X X X CCR[X X X X X
TNZVC TNZVC

Before execution

After execution
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9.1.83 MUL (Multiply Byte Data of Accumulator and Effective
Address)

Multiply the byte data of the accumulator (A) by the byte data specified by the second
operand as signed binary numbers and restore the result in bits 0 to 15 of A.

B MUL (Multiply Byte Data of Accumulator and Effective Address)

@® Assembler format:

MUL A ,ear MUL A,eam
@ Operation:

word (A) < byte (A) x byte (ea) (Byte multiplication)
@® CCR:

I S T N 4 \Y% C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Second operand ear eam
Number of bytes 2 2+
Number of cycles *1 *2
Correction value 0 (b)

*1: 4 if byte (ear) is equal to "0"; 13 if byte (ear) is not equal to"0" and the result is positive; 14 if the result is negative.

*2:5 + (a) if byte (eam) is equal to "0"; 14 + (a) if byte (eam) is not equal to "0" and the result is positive; 15 + (a) if the
result is negative.

For the explanation of (b) in the table and (a) in *2, see Table 8.4-1 and Table 8.4-2 .

@ Example:
MUL A,R7

AH AL AH AL
Al XX XX 0085 | Al XX XX | 2BB9 |

CoR (XX X X ] coR XX ]

TNZVC TNZVC

Before execution After execution
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9.1.84 MULW (Multiply Word Data of Accumulator)

Multiply the word data of AH by the word data specified by AL as signed binary numbers
and restore the result in the accumulator as long word data.

B MULW (Multiply Word Data of Accumulator)

@® Assembler format:

MULW A

@ Operation:

Long (A) « word (AH)xword (AL) (Word multiplication)

@® CCR:

I S T N 4 \Y% C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2

Number of cycles: 3 if word (AH) is equal to "0"; 16 if word (AH) is not equal to "0" and the result is
positive; 19 if the result is negative.

Correction value: 0

@ Example:
MULW A
AH AL AH AL
A| AD01 | 05ED | A| FE14  2EED |
CCRIX X X X X CCR|X X X X X
TNZVC TNZVC
Before execution After execution
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9.1.85 MULW (Multiply Word Data of Accumulator and Effective

Address)

Multiply the word data of the accumulator (A) by the word data specified by the second
operand as signed binary numbers and restore the result in A as long word data.

B MULW (Multiply Word Data of Accumulator and Effective Address)

@ Assembler format:

MULW A ear MULW A ,eam
@ Operation:

Long (A) « word (A)xword (Second operand) (Word multiplication)
@® CCR:

I S T N Z \Y% C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Second operand ear eam
Number of bytes 2 2+
Number of cycles *1 *2
Correction value 0 (b)

*1: 4 if Word (ear) is equal to "0"; 17 if Word (ear) is not equal to "0" and the result is positive; 20 if the result is
negative.

*2:5 + (a) if Word (eam) is equal to "0"; 18 + (a) if Word (eam) is not equal to "0" and the result is positive; 21 + (a) if
the result is negative.

For the explanation of (b) in the table and (a) in *2, see Table 8.4-1 and Table 8.4-2 .

@ Example:
MULW A.RWS
AH AL AH AL
A| XX XX 8342 | A| DF50 87 28 |

RWs RWs
OOR[X X X X X COR XX XX X

TNZVC TNZVC

Before execution After execution
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CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

Multiply the low-order byte data of AH by the low-order byte data of AL as unsigned

binary numbers and restore the result in the AL of the accumulator (A).

H MULU (Multiply Unsigned Byte Data of Accumulator)

@® Assembler format:

MULU A

@ Operation:

word (A) < byte (AH)xbyte (AL)

@® CCR:

S

T

N 4 \Y

None of the flags is changed.

(Byte multiplication)

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 3 if byte (AH) is equal to "0"; 7 if byte (AH) is not equal to "0".
Correction value: 0
@® Example:
MULU A
A| O0FA | 0011 | A| 0O0FA  109A |

ccR

TNZVC

Before execution

COR[X X X X X

TNZVC

After execution
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9.1.87 MULU (Multiply Unsigned Byte Data of Accumulator and
Effective Address)

Multiply the byte data of the accumulator (A) by the byte data specified by the second
operand as unsigned binary numbers and restore the result in bits 0 to 15 of A.

H MULU (Multiply Unsigned Byte Data of Accumulator and Effective Address)

@ Assembler format:

MULU A,ear MULU A, eam

@ Operation:
word (A) < byte (A) x byte (Second operand) (Byte multiplication)

@® CCR:

I S T N 4 Vv C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Second operand ear eam
Number of bytes 2 2+
Number of cycles *1 *2
Correction value 0 (b)

*1: 4 if byte (ear) is equal to "0"; 8 if byte (ear) is not equal to "0".
*2:5 + (a) if byte (eam) is equal to "0"; 9 + (a) if not equal to "0".
For the explanation of (b) in the table and (a) in *2, see Table 8.4-1 and Table 8.4-2 .

@ Example:
MULU A, R7

Al XX XX | 0085 | Al XX XX 55 B9

R7 R7
CCR CCR

TNZVC TNZVC

After execution

Before execution
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9.1.88 MULUW (Multiply Unsigned Word Data of Accumulator)

Multiply the word data of AH by the word data of AL as unsigned binary numbers and

restore the result in the accumulator (A) as long word data.

B MULUW (Multiply Unsigned Word Data of Accumulator)

@ Assembler format:

MULUW A

@ Operation:

Long (A) « word (AH)xword (AL) (Word multiplication)

@® CCR:

I S T N 4 \Y C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1

Number of cycles: 3 if word (AH) is equal to "0"; 11 if word (AH) is not equal to "0".

Correction value: 0

@® Example:
MULUW A
A| ADO1 | 05ED | Al 0401 2EED |
CCR|X X X X X CCR[X X X X X
TNZVC TNZVC
Before execution After execution
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9.1.89 MULUW (Multiply Unsigned Word Data of Accumulator
and Effective Address)

Multiply the word data of the accumulator (A) by the word data specified by the second
operand as unsigned binary numbers and restore the result in A as long word data.

H MULUW (Multiply Unsigned Word Data of Accumulator and Effective Address)

@ Assembler format:

MULUW A, ear MULUW A, eam

@ Operation:

Long (A) « word (A)xword (Second operand) (Word multiplication)

@® CCR:

I S T N 4 \Y% C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Second operand ear eam
Number of bytes 2 2+
Number of cycles *1 *2
Correction value 0 (©)

*1: 4 if Word (ear) is equal to "0"; 12 if Word (ear) is not equal to "0".
*2:5 + (a) if Word (eam) is "0"; 13 + (a) if Word (eam) is not equal to "0".

For the explanation of (c) in the table and (a) in *2, see Table 8.4-1 and Table 8.4-2 .

@ Example:
MULUW A, RW5

Al XX XX | 83 42 | Al 2264 8728 |
RW5 43 14 CCR|X X X X X RW5 43 14 CCR|X X X X X
TNZVC TNZVC

Before execution After execution
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9.1.90 NEG (Negate Byte Data of Destination)

Take the 2's complement of the byte data specified by the operand and restore the
result in the operand. If the operand is the accumulator (A), the value resulting from

sign-extending the operation result is transferred to bits 8 to 15 of A.

B NEG (Negate Byte Data of Destination)

@ Assembler format:

NEG A

NEG ear NEG eam
@ Operation:

(Operand) < 0—(Operand) (Byte operation)
@® CCR:

S T N 4 \ C

* * * *

ILS,and T: Unchanged

Z
V:
C

Set when the MSB of the operation result is "1", cleared otherwise.

Set when the operation result is "0", cleared otherwise.

Set when an overflow has occurred as a result of the operation, cleared otherwise.

Set when a borrow has occurred as a result of the operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

Operand A ear eam
Number of bytes 1 2 2+
Number of cycles 2 3 5+(a)
Correction value 0 0 2x(b)

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .

@ Example:

NEG RO

CoR (XX X X ] CoR[x 100 1]

TNZVC TNZVC

Before execution After execution
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9.1.91 NEGW (Negate Word Data of Destination)

Take the 2's complement of the word data specified by the operand and restore the
result in the operand.

B NEGW (Negate Word Data of Destination)

@ Assembler format:

NEGW A

NEGW ear NEGW eam
@ Operation:

(Operand) <~ 0—(Operand) (Word operation)
@® CCR:

I S T N 4 \ C

* * * *

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Set when a borrow has occurred as a result of the operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

Operand A ear eam
Number of bytes 1 2 2+
Number of cycles 2 3 5+(a)
Correction value 0 0 2x(c)

For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 .

@ Example:
NEGW A
Al XX XX | AB98 | Al XX xX | 5468 |
CCR|X X X X X CCR|X00O0 1
TNZVC TNZVC
Before execution After execution
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9.1.92 NOP (No Operation)

Perform no operation.

B NOP (No Operation)

@ Assembler format:

NOP

@ Operation:

No operation is performed.

@® CCR:

I S T N 4 \'% C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 1

Correction value: 0

@ Example:
NOP

Al XX XX | XX XX | Al XX XX | XX XX |

PC PC
CCR[X X X X X| CCR [X X X X X]

TNZVC TNZVC
Memory Memory
X X FOO1 PC— X X FOO01
PC—= 0 0 FO00 00 FO00
Before execution After execution
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9.1.93 NOT (Not Byte Data of Destination)

Take the logical NOT of the byte data specified by the operand and restore the result in
the operand.

B NOT (Not Byte Data of Destination)

@® Assembler format:

NOT A

NOT ear NOT eam
@ Operation:

(Operand) < not (Operand) (Byte logical NOT)
@® CCR:

I S T N Z \ C

— — — * * R —

IS, and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.
Z Set when the operation result is "0", cleared otherwise.

V: Cleared

C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Operand A ear eam
Number of bytes 1 2 2+
Number of cycles 2 3 5+(a)
Correction value 0 0 2x(b)

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:

NOT 0071H

CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

A

XX XX | XX XX |

COR[X X X X ]

TNZVC

Memory

F F | 0071

Before execution

Al XX XX | XX XX

COR[X 0 1 0 ]

TNZVC

Memory

0o0 0071

After execution
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9.1.94 NOTW (Not Word Data of Destination)

Take the logical NOT of the word data specified by the operand and restore the result in
the operand.

B NOTW (Not Word Data of Destination)

@® Assembler format:

NOTW A

NOTW ear NOTW eam
@ Operation:

(Operand) < not (Operand) (Word logical NOT)
@® CCR:

I S T N Z \ C

_ _ _ #* * R -

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.
Z Set when the operation result is "0", cleared otherwise.

V: Cleared

C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Operand A ear eam
Number of bytes 1 2 2+
Number of cycles 2 3 5+(a)
Correction value 0 0 2x(c)

For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 .

@ Example:
NOTW RW3

RW3 | 25 8B RW3| DA 74
CCR|X X X X X CCR|X 1 00 X

TNZVC TNZVC

Before execution After execution
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9.1.95 NRML (NORMALIZE Long Word)

Shift the long word data of the accumulator (A) to the left until the most significant bit of
A becomes "1", if the long word data is not "0". RO is set to the number of shifts

required and the zero flag (Z) is cleared.
If the long word data of the accumulator (A) is “0", RO is set to "0" and the zero flag (Z)

is set.

B NRML (NORMALIZE Long Word)

@® Assembler format:

NRML A,RO

@ Operation:

If A#0:  The long word data is shifted to the left until the most significant bit of A becomes 1.
(RO) «— Number of shifts required, Z <~ 0

IfA=0: (RO)« 0,Z« 1

@® CCR:

I S T N 4 Vv C

— — — — *

IS, T,and N: Unchanged

Z: Set when A is equal to "0", cleared otherwise.

V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2
Number of cycles: 4 when the accumulator is equal to "0"; otherwise, 6 + (Number of shifts required)

Correction value: 0

@® Example:
NRML A,RO

Al 0000 8361 | A| 8361 0000 |

RO RO
con XXX con XX T X

TNZVC TNZVC

Before execution After execution
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9.1.96 OR (Or Byte Data of Destination and Source to
Destination)

Take the logical OR of the byte data specified by the first operand and the byte data
specified by the second operand and restore the result in the first operand.

B OR (Or Byte Data of Destination and Source to Destination)

@ Assembler format:

OR A #imm8

OR A,ear OR A,eam

OR ear,A OR eam,A
@ Operation:

(First operand) < (First operand) or (Second operand) (Byte logical OR)
@® CCR:

I S T N 4 \ C

— — — * * R —

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.
Z Set when the operation result is "0", cleared otherwise.

V: Cleared

C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

First operand A A A ear eam
Second operand #im8 ear eam A A
Number of bytes 2 2 2+ 2 2+
Number of cycles 2 3 4+(a) 3 5+(a)
Correction value 0 0 (b) 0 2x(b)

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:
OR 0052H,A

CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

Al XX XX | 0037 |

con

TNZVC

Memory

F A 0052

Before execution

Al XX XX | 0037 |

con

TNZVC

Memory

F F ]0052

After execution
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9.1.97 OR (Or Byte Data of Inmediate Data and Condition Code
Register to Condition Code Register)

Take the logical OR of the byte data in the condition code register (CCR) and specified
8-bit immediate data and restore the result in the condition code register (CCR).

Bit 7 of the immediate data is ignored because the condition code register (CCR) is 7
bits long.

H OR (Or Byte Data of Immediate Data and Condition Code Register to Condition Code
Register)

@® Assembler format:

OR CCR,#imm8

@ Operation:

(CCR) « (CCR) or #imm8 (Byte logical OR)

@® CCR:

I S T N 4 \ C

*

Stores bit 6 of the operation result.
Stores bit 5 of the operation result.
Stores bit 4 of the operation result.
: Stores bit 3 of the operation result.
Stores bit 2 of the operation result.

Stores bit 1 of the operation result.

N <Nz 3 v~

Stores bit 0 of the operation result.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2
Number of cycles: 3

Correction value: 0
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@ Example:
OR CCR.#57H

Al XX XX | XX XX | Al XX XX | XX XX |
| S TN Z V C | S TN Z V C
ccrRlol1]1]o]1]o0]1] ccR |11 ]1]o]1]1]1]
ILM2 ILM1 ILMO ILM2 ILM1 ILMO
ILM ILM
MSB LSB MSB LSB
RP | x| x|x|x]|x] RP x| x|x|x]|x]

Before execution After execution
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9.1.98 ORL (Or Long Word Data of Destination and Source to
Destination)

Take the logical OR of the long word data for the accumulator (A) and that specified by
the second operand and restore the result in A.

H ORL (Or Long Word Data of Destination and Source to Destination)

@® Assembler format:

ORL A,ear ORL A,eam

@ Operation:
(A) < (A) or (Second operand) (Long word logical OR)

@® CCR:

I S T N 4 Vv C

_ _ _ * * R _

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.
Z Set when the operation result is "0", cleared otherwise.

V: Cleared

C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

First operand A A
Second operand ear eam
Number of bytes 2 2+
Number of cycles 6 7+(a)
Correction value 0 (d)

For the explanation of (a) and (d) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:
ORL A,0FFFOH
Al 725D FO5C A| FF5D @ FA5C |
CCR|X X X X X CCR|X 100X
TNzZzVC TNzZzVC
Memory Memory

F F | FFF3 F F | FFF3

5 5 | FFF2 5 5 | FFF2

A A | FFF1 A A | FFF1

00 FFFO 00 FFFO

Before execution

After execution
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9.1.99 ORW (Or Word Data of AH and AL to AL)

Take the logical OR of the word data for AH and that for AL and restore the result in AL.

H ORW (Or Word Data of AH and AL to AL)

@ Assembler format:

ORW A

@ Operation:
(AL) <« (AH) or (AL) (Word logical OR)

@® CCR:

I S T N 4 \'% C

_ _ _ * * R —

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.
Z Set when the operation result is "0", cleared otherwise.

V: Cleared

C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 2

Correction value: 0

@ Example:
ORW A
Al 0426 | AB98 | Al 0426 | AFBE |
CCR|X X X X X CCR|X 10 0 X
TNZVC TNZVC
Before execution After execution
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9.1.100 ORW (Or Word Data of Destination and Source to
Destination)

Take the logical OR of the word data specified by the first operand and the word data
specified by the second operand and restore the result in the first operand.

B ORW (Or Word Data of Destination and Source to Destination)

@ Assembler format:

ORW A, #mml6

ORW A, ear ORW A,eam

ORW ear,A ORW eam,A
@ Operation:

(First operand) < (First operand) or (Second operand) (Word logical OR)
@® CCR:

I S T N 4 \ C

— — - * * R —

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.
Z Set when the operation result is "0", cleared otherwise.

V: Cleared

C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

First operand A A A ear eam
Second operand #i16 ear eam A A
Number of bytes 3 2 2+ 2 2+
Number of cycles 2 3 4+(a) 3 5+(a)
Correction value 0 0 (©) 0 2x(c)

For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 .

235



CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

@ Example:
ORW 0OEO001H,A

A| XX XX | 5963

COR[X X X XX

TNzZVC
Memory

E002
E001

A |00
N (W

Before execution

A

XX XX 5963 |

con

TNZVC

Memory

O
o

E002
E001

»
w

After execution
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9.1.101 POPW (Pop Word Data of Accumulator from Stack
Memory)

Transfer the values of bits 0 to 15 for the accumulator (A) to bits 16 to 31. Then, the
word data of the memory location pointed to by the stack pointer (SP) is transferred to
bits 0 to 15 of A. After the data is transferred, 0002, is word-added to the value of SP

(word data).

B POPW (Pop Word Data of Accumulator from Stack Memory)

@ Assembler format:

POPW A

@ Operation:

(A) « ((SP)) (Word transfer)
(SP) « (SP)+2  (Word addition)

@® CCR:

I S T N 4 \ C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 3
Correction value:  (c¢)

For the explanation of (c), see Table 8.4-2 .
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@ Example:
POPW A
A| 0422 | 1635 | A| 1635 | 10AC |
SP 0120 SP 0122
CCR|X X X X X CCR|X X X X X
TNzZVC TNZVC
Memory Memory
0122 SP— 0122
10 0121 10 0121
SP— A C 0120 A C 0120
Before execution After execution
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9.1.102 POPW (Pop Word Data of AH from Stack Memory)

Transfer word data from the memory location pointed to by the stack pointer (SP) to AH.
Then, 0002y is word-added to the value of SP (word data).

B POPW (Pop Word Data of AH from Stack Memory)

@® Assembler format:

POPW AH

@ Operation:

(AH) <« ((SP)) (Word transfer)
(SP) « (SP)+2 (Word addition)

® CCR:

I S T N 4 Vv C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 3
Correction value:  (¢)

For the explanation of (c), see Table 8.4-2 .

@® Example:
POPW AH
Al 0422 | 1635 | Al 4314 1635 |
SP| 0120 SP| 0122
CCR|X X X X X CCR|X X X X X
TNZVC TNZVC
Memory Memory

0122 SP— 0122

4 3 0121 4 3 0121

SP~ 1 4 0120 14 0120

Before execution After execution

239



CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

9.1.103 POPW (Pop Word Data of Program Status from Stack
Memory)

Transfer word data from the memory location pointed to by the stack pointer (SP) to the
processor status (PS). Bit 7 of the word data is ignored. Then, 0002, is word-added to

the value of SP (word data).

B POPW (Pop Word Data of Program Status from Stack Memory)

@ Assembler format:

POPW PS

@ Operation:

(PS) < ((SP)) (Word transfer)
(SP) « (SP)+2 (Word addition)

@® CCR:

I S T N z \ C

The values of the corresponding bits for the stack memory are transferred.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 4
Correction value: (c)

For the explanation of (c), see Table 8.4-2 .
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@ Example:
POPW PS
sP SP
I S N Z V I S T N Z V C
cCR | x| x| x| x[x][x]x] ccR|o]ol1]o1]o0]0]
ILM2 ILM1 ILMO MSB LSB ILM2 ILM1 ILMO MSB LSB
M | x| x| x| RP | x| x| x]|x]|x] M [o1]o|lRrP |0]o]o]1]1]
Memory Memory
0122 SP — 0122
4 3 0121 4 3 0121
SP—=> 1.4 |o0120 1.4 |0120

Before execution

After execution
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9.1.104 POPW (Pop Registers from Stack Memory)

Transfer the data pointed to by the stack pointer (SP) to the multiple general-purpose
word registers specified by the register list (rist).

In assembler representation, register names are enumerated as a register list. After
assembly, the register list turns into byte data.

B POPW (Pop Registers from Stack Memory)

@ Assembler format:

POPW rlst

@ Operation:

(RWx) « ((SP)) (Word transfer)
(SP) « (SP)+2 (Word addition)

The above operation is repeated for all the registers specified by rlst.

@® CCR:

I S T N 4 \Y% C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2

Number of cycles: 7 + 3 x (Number of transfers) + 2 x (Largest number in the transferred registers)
7 if rlst=0

Correction value:  (Number of transfers)x(c)

For the explanation of (c), see Table 8.4-2 .
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@ Example:

POPW (RW0,RW4)
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sP

RWO XX XX
RW1 XX | XX
RwW2 XX | XX
RW3 XX | XX
RW4 XX | XX
RW5 XX | XX
RW6 XX | XX
RW?7 XX | XX

Memory 34FE

0 4 | 34FD

0 3 | 34FC

0 2 | 34FB

SP—> 0 1 | 34FA

Before execution

SP 34 FE

RWO 02 01
RWi1 XX | XX
RW2 XX XX
RW3 XX | XX
RW4 04 03
RW5 XX | XX
RWe6 XX | XX
RW7 XX | XX

sp—s MmO 5 rp
0 4 | 34FD
0 34FC
0 2 | 34FB
0 1 | 34FA

After execution
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9.1.105 PUSHW (Push Word Data of Inherent Register to Stack
Memory)

Decrement the value of the stack pointer (SP) by two words and transfer the word data
of the register to the memory location pointed to by the resulting SP value.

B PUSHW (Push Word Data of Inherent Register to Stack Memory)

@® Assembler format:

PUSHW A
PUSHW AH
PUSHW PS

@ Operation:

(SP) « (SP)-2 (Word subtraction)
((SP)) « (Operand) (Word transfer)

® CCR:

I S T N 4 \ C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Operand A AH PS
Number of bytes 1 1 1
Number of cycles 4 4 4
Correction value (c) (c) (c)

For the explanation of (c) in the table, see Table 8.4-2 .
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@ Example:
PUSHW A
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A 45 A4
SP 0122

CCR|X X X X X
TNZVC
Memory
SP—> 0122
X X | 0121
X X | 0120

Before execution

A 45 A4

-
COR [ X X X

TNZVC
Memory
0122
4 5 0121
SP—1 A 4 | 0120

After execution
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9.1.106 PUSHW (Push Registers to Stack Memory)

Transfer the contents of the multiple general-purpose word registers specified by the
register list (rist) to the memory location pointed to by the stack pointer (SP).

In assembler representation, register names are enumerated as a register list. After
assembly, the register list turns into byte data.

B PUSHW (Push Registers to Stack Memory)

@ Assembler format:

PUSHW rlst

@ Operation:

(SP) « (SP)-2 (Word subtraction)
((SP))« (RWx) (Word transfer)

The above operation is repeated for all the registers specified by rlst.

@® CCR:

I S T N 4 \Y% C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2

Number of cycles: 29 + 3 x (Number of transfers) — 3 x (8 — Smallest number of the transferred registers)
8ifrlst=0

Correction value:  (Number of transfers)x(c)

For the explanation of (c), see Table 8.4-2 .
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@ Example:
PUSHW (RW1,RW3)

sP sP
RWO X X X X RWO X X X X
RWi1 35 A4 RWH1 35 A4
RW2 X X X X RwW2 X X X X
RW3 6D | FO RW3 6D | FO
RW4 X X | X X RwW4 X X | X X
RW5 X X | X X RW5 X X | X X
RW6 X X | X X RW6 X X | X X
RW7 X X | X X RW7 X X | X X
sp—> Memo g e Memory 4 4rg
X X | 34FD 6 D | 34FD
X X | 34FC F 0 | 384FC
X X | 34FB 3 5 34FB
X X | 34FA SP— A 4 | 34FA
Before execution After execution
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9.1.107 RET (Return from Subroutine)

Cause a branch to the address pointed to by the stack pointer (SP). If this instruction is
used in combination with a subroutine call instruction (CALL, CALLV), control returns to
the instruction following the subroutine call instruction after the branch operation is
completed.

B RET (Return from Subroutine)

@ Assembler format:

RET

@ Operation:

(PC) « ((SP)) (Word transfer)
(SP) « (SP)+2 (Word addition)

@® CCR:

I S T N 4 \Y% C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 4
Correction value:  (c¢)

For the explanation of (c), see Table 8.4-2 .

@® Example:
RET
SP | 0062 SP | 0064
PC | _FO0O02 PC | FC22
Memory Memory
0064 SP—> 0064
F C 0063 F C 0063
SP— 2 2 0062 2 2 0062
Before execution After execution
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9.1.108 RETI (Return from Interrupt)

This instruction returns the data in the memory that is indicated by (SSP) to PS to
detect interrupt requests performed using IF or ILM.

When the next interrupt request is received, the procedure branches to the detected
interruption vector. If no next interrupt is received, the procedure will return from the
interruption process.

B RETI (Return from Interrupt)

@® Assembler format:

RETI

@ Operation:

(1)  If the next interrupt is accepted

(PS) «— ((SSP))
(S) — 1, (PCB), (PC) « Interrupt vector address
(ILM) “— Accepted interrupt level

DTB, PCB, DPR, ADB, AL, and AH are not restored.

2) If control is returned from the next interrupt

(PS) «— ((SSP)), (SSP) «— (SSP)+2;
(PC) «— ((SSP)), (SSP) «— (SSP)+2;
(DTB),(PCB)  « ((SSP)), (SSP) «— (SSP)+2;
(DPR),(ADB)  « ((SSP)), (SSP) «— (SSP)+2;
(AL) «— ((SSP)), (SSP) «— (SSP)+2;
(AH) “— ((SSP)), (SSP) «— (SSP)+2
® CCR
(1) If the next interrupt is accepted (2) If control is returned from the next interrupt
I S T N z \ C I S T N z \Y C

Q<N Z3» =

Restored to the saved I value.

Set

Restored to the saved T value.
: Restored to the saved N value.
Restored to the saved Z value.
: Restored to the saved V value.

Restored to the saved C value.

Restored to the saved I value.

Restored to the saved S value.
Restored to the saved T value.
Restored to the saved N value.
Restored to the saved Z value.
Restored to the saved V value.

Restored to the saved C value.
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@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 15 if the next interrupt is accepted; 17 if control is returned from the next interrupt

Correction value: 3 x (b) + 2 x (c) if the next interrupt is accepted; 6 x (c) if control is returned from the
next interrupt

For the explanation of (b) and (c), see Table 8.4-2 .

@ Example:

RETI (if control is returned from the interrupt)

A A
| XXXX XXXX | | FFFE DDCC |
DTB PCB PC DTB PCB PC
[x x| [xx] [ xx xx| loo |88 ]| 7766 |
DPR ADB DPR ADB
__oR  [es][an] oo
IMm RP | STNZVC .M R 1TSTNZVC
[ xx][xx]|x xxxxxx| [03]/01][o 00000 0]
SSB SSP SSB SSP
03] | 7FF4 | lo3]| | 8000 |
Memory Memory
038000 SSP—| 038000
F F | 037FFF F F | 037FFF
E E | 037FFE E E | O37FFE
D D | 037FFD D D | 037FFD
C C | 037FFC C C | 037FFC
B B | 037FFB B B | 0O37FFB
A A | O37FFA A A | 037FFA
9 9 | 037FF9 9 9 | 037FF9
8 8 | 037FF8 8 8 | 0O37FF8
7 7 | 037FF7 7 7 | 037FF7
6 6 | 037FF6 6 6 | 037FF6
6 1 | 037FF5 6 1 | 037FF5
SSP—> 8 0 | 037FF4 8 0 | 037FF4
Before execution After execution
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9.1.109 RETP (Return from Physical Address)

Cause a branch to the physical address pointed to by the stack pointer (SP). If this
instruction is used in combination with the CALLP instruction, control returns to the
instruction following the CALLP instruction after the branch operation is completed.

B RETP (Return from Physical Address)

@ Assembler format:

RETP

@ Operation:

(PC) « ((SP)), (SP) « (SP)+2 (Word addition)
(PCB) « ((SP)) (Byte transfer), (SP) <« (SP)+2 (Word addition)

@® CCR:

I S T N 4 \ C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 6
Correction value:  (d)

For the explanation of (d), see Table 8.4-2 .
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@ Example:
RETP
pc| 22Fc |spP| FsFcC | PC| 4345 |SP| F900
PCB USB PCB USB
CCR [X 0 X X X X X| CCR [X 0 X X X X X]
I STNZVC I STNZVC
Memory Memory
X X 15F900 SP— X X 15F900
00 15F8FF 00 15F8FF
A D 15F8FE A D 15F8FE
4 3 15F8FD 4 3 15F8FD
SP—= 4 5 15F8FC 4 5 15F8FC
Before execution After execution
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9.1.110 ROLC (Rotate Byte Data of Accumulator with Carry to
Left)

Rotate or shift the byte data specified by the operand to the left by one bit, including the

carry bit (C). The most significant bit of the operand is placed in the carry bit (c).

B ROLC (Rotate Byte Data of Accumulator with Carry to Left)

@ Assembler format:

ROLC A
ROLCear ROLC eam

@ Operation:
A or operand M|SB| T |L|SB c
e
T T

® CCR:

I S T N z \Y C

— — — * * _ *

I,S,and T: Unchanged

N: Set when the MSB of the shifting result is "1", cleared otherwise.

Z: Set when the shifting result is "0", cleared otherwise.
V: Unchanged
C: Stores the bit shifted out from the MSB of A.

@ Number of bytes, Number of cycles, and Correction value:

Operand A ear eam
Number of bytes 2 2 2+
Number of cycles 2 3 5+(a)
Correction value 0 0 2x(b)

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:
ROLC A
Al XX XX | XX32 | Al XX XX | XX64 |
CCRIX XX XO0 CCRIX00Xx0O0
TNZVC TNZVC
Before execution After execution
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9.1.111 RORC (Rotate Byte Data of Accumulator with Carry to
Right)

Rotate or shift the byte data specified by the operand to the right by one bit, including
the carry bit (C). The least significant bit of the operand is placed in the carry bit (c).

H RORC (Rotate Byte Data of Accumulator with Carry to Right)

@ Assembler format:

RORC A
RORC ear RORC eam
@ Operation:
A or operand M|SB| T ,L|SB c
—
T T B
® CCR:
I S T N VA \'% C
ILS,and T: Unchanged
N: Set when the MSB of the shifting result is "1", cleared otherwise.

z Set when the shifting result is "0", cleared otherwise.
V: Unchanged
C Stores the bit shifted out from the LSB of A.

@ Number of bytes, Number of cycles, and Correction value:

Operand A ear eam
Number of bytes 2 2 2+
Number of cycles 2 3 5+(a)
Correction value 0 0 2x(b)

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:
RORC A
Al XX XX | XX32 | Al XX XX | XX19 |
CCR [XXXXO0 CCR |[X00 XO
TNZVC TNZVC
Before execution After execution
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9.1.112 SBBS (Set Bit and Branch if Bit Set)

Cause a branch if the bit data specified by the first operand is "1". Control is
transferred to the address resulting from word-adding the value resulting from sign-
extending the second operand to the address of the instruction following the SBBS
instruction.

After the instruction has been executed, the bit specified by the first operand is set to
e

H SBBS (Set Bit and Branch if Bit Set)

@ Assembler format:

SBBS addr16:bp,rel

@ Operation:

If the condition is satisfied:
(PC) « (PC)+<Number of bytes>+rel (Word addition), (addr16:bp) « 1
If the condition is not satisfied:

(PC) « (PC)+<Number of bytes> (Word addition), (addr16:bp) < 1

@® CCR:

I S T N 4 \Y% C

%

LS, T,and N: Unchanged
Z: Set when the bit data is "0", cleared otherwise.

V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 5
Number of cycles: 9 if the condition is not satisfied; 10 if the condition is satisfied
Correction value: 2x(b)

For the explanation of (b), see Table 8.4-2 .
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@ Example:
SBBS 1234H:5,20H

PC E100 PC E125
Memory Memory
X X X X
7 F 1234 7 F 1234
X X X X
Before execution After execution
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9.1.113 SCEQ (Scan String Byte Until Equal)

Compare the byte data specified by AH in the space specified by <bank> with the data
of AL. The address is incremented/decremented and RWO0 is decremented until the byte
data matches the data or RW0 becomes equal to "0".

Four types of registers PCB, DTB, ADB, and SPB can be specified by <bank>. By
default, DTB is assumed. The address can be either incremented or decremented. By
default, the address is incremented.

If RWO is equal to "0", comparison is not performed. If an interrupt occurs during the
execution of the instruction, the execution of the instruction is suspended to handle the
interrupt. After the interrupt has been handled, the execution of the instruction is
resumed.

B SCEQ (Scan String Byte Until Equal)

@ Assembler format:

SCEQ [<bank>] SCEQI [<bank>] (When the address is incremented)
SCEQD [<bank>] (When the address is decremented)

@ Operation:

The following operation is repeated until RWO = 0 or ((AH)) = (AL) (Byte comparison):
(AH) « (AH)x1
(RW0) « (RWO0)-1

@® CCR:

I S T N 4 \ C

_ _ _ * * * *

I,S,and T: Unchanged

N: Unchanged if the initial value of RWO0 is "0". If the initial value of RWO is not "0", N
is set when the MSB of the last compare operation result is "1", cleared otherwise.

Z: Unchanged if the initial value of RWO is "0". If the initial value of RWO is not "0", Z

is set when a match with the contents of AL is found; cleared when the instruction
terminates with RWO being set to "0".

V: Unchanged if the initial value of RWO0 is "0". If the initial value of RWO is not "0", V
is set when an overflow has occurred as a result of the last compare operation; cleared
otherwise.

C: Unchanged if the initial value of RWO0 is "0". If the initial value of RWO is not "0", V
is set when a borrow has occurred as a result of the last compare operation; cleared
otherwise.
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@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2

Number of cycles:

that is specified by bank

Correction value:

For the explanation of (b), see Table 8.4-2 .

5 when RWO0 is "0", 4 + 7 x (RWO0) when count-out is detected, and 7n + 5 when the
data in the AL register matches the byte data specified by the AH register in the space

(Number of times the operation was repeated)x(b)

@ Example:
SCEQ
AH AL AH AL
| 1580 | 0046 | | 1586 | 0046 |
RWo | 0100 |DTB RWO | 00 FA |DTB
CCR[X X X X X CCR[X X X X X
TNZVC TNZVC
Memo Memor
V' 031586 AH—> Y 131586
4 6 | 031585 4 6 | 031585
4 8 | 031584 4 8 | 031584
4 9 | 031583 4 9 | 031583
4 D | 031582 4 D | 031582
4 E | 031581 4 E | 031581
AH—=> 5 4 | 031580 5 4 | 031580

Before execution

After execution
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9.1.114 SCWEQ (Scan String Word Until Equal)

Compare the word data specified by AH in the space specified by <bank> with the data
of AL. The address is incremented/decremented and RWO is decremented until the
word data matches the data or RW0 becomes equal to "0".

Four types of registers PCB, DTB, ADB, and SPB can be specified by <bank>. By
default, DTB is assumed. The address can be either incremented or decremented. By
default, the address is incremented.

If RWO is equal to "0", comparison is not performed. If an interrupt occurs during the
execution of the instruction, the execution of the instruction is suspended to handle the
interrupt. After the interrupt has been handled, the execution of the instruction is
resumed.

B SCWEQ (Scan String Word until Equal)

@ Assembler format:

SCWEQ [<bank>] SCWEQI [<bank>] (When the address is incremented)
SCWEQD [<bank>] (When the address is decremented)

@ Operation:

The following operation is repeated until RWO = 0 or ((AH)) = (AL) (Word comparison):
(AH) « (AH)x2
(RW0) « (RWO0)-1

@® CCR:

I S T N 4 \ C

_ _ _ * * * %

I,S,and T: Unchanged

N: Unchanged if the initial value of RWO0 is "0". If the initial value of RWO is not "0", N
is set when the MSB of the last compare operation result is "1", cleared otherwise.

Z: Unchanged if the initial value of RWO is "0". If the initial value of RWO is not "0", Z

is set when a match with the contents of AL is found; cleared when the instruction
terminates with RWO being set to "0".

V: Unchanged if the initial value of RWO0 is "0". If the initial value of RWO is not "0", V
is set when an overflow has occurred as a result of the last compare operation; cleared
otherwise.

C: Unchanged if the initial value of RWO0 is "0". If the initial value of RWO is not "0", V
is set when a borrow has occurred as a result of the last compare operation; cleared
otherwise.
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@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 2

Number of cycles: 5 when RWO0 is "0", 4 + 7 x (RWO0) when count-out is detected, and 7n + 5 when the
data in the AL register matches the byte data specified by the AH register in the space
that is specified by bank

Correction value:  (Number of times the operation was repeated) x (c)

For the explanation of (c), see Table 8.4-2 .

@ Example:
SCWEQ
AH , AL AH ‘ AL
| Co00 | O00FF | | coos | 00FF |
RWo | 0003 | DTB RWO | 0000 |DTB
CCR|X X X X X CCR|X1 001
TNzZVC TNZVC
Memory Memory
E 6 | DEC006 AH— E 6 DECO006
E 5 DECO005 E 5 DECO005
E 4 DECO004 E 4 DECO004
E 3 DECO003 E 3 DECO003
E 2 DECO002 E 2 DECO002
E 1 DECO001 E 1 DECO001
AH—= E 0 DECO000 E O DECO000
Before execution After execution
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9.1.115 SETB (Set Bit)

Set the contents of the bit address specified by the operand to "“1".

B SETB (Set Bit)

@ Assembler format:

SETB addr16:bp
SETB dir:bp
SETB io:bp

@ Operation:

(Operand) b « 1 (Bit transfer)

@® CCR:

I S T N 4 \Y% C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Operand ad16:bp | dir:bp io:bp
Number of bytes 4 3 3
Number of cycles 7 7 7
Correction value 2x(b) 2x(b) 2x(b)

For the explanation of (b) in the table, see Table 8.4-2 .

@ Example:

SETB 0AAS55H:4

CCR | 00000 CCR | 00000O0
TNZVC TNZVC
Memory Memory

X X X X
6 F AA55 7 F AA55
X X X X

Before execution After execution
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9.1.116 SUB (Subtract Byte Data of Source from Destination to
Destination)

Subtract the byte data specified by the second operand from the byte data specified by
the first operand and restore the result in the first operand. If the first operand is A, "0"
is transferred to bits 8 to 15 of A.

B SUB (Subtract Byte Data of Source from Destination to Destination)

@ Assembler format:

SUB A, #mm8 SUB A,dir

SUB A,ear SUB A,eam

SUB ear,A SUB eam,A
@ Operation:

(First operand) < (First operand)—(Second operand) (Byte subtraction)
@® CCR:

I S T N 4 \ C

* * * *

ILS,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Set when a borrow has occurred as a result of the operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

First operand A A A A ear eam
Second operand #im8 dir ear eam A A
Number of bytes 2 2 2 2+ 2 2+

Number of cycles 2 5 3 4+(a) 3 5+(a)

Correction value 0 (b) 0 (b) 0 2x(b)

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:

SUB A #22H
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A

XX XX 49 01

COR[X X X X X

TNZVC

Before execution

Al XX XX | 00DF |

con

TNZVC

After execution
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9.1.117 SUBC (Subtract Byte Data of AL from AH with Carry to
AL)

Subtract the low-order byte data of AL and the carry bit (C) from the low-order byte data
of AH and restore the result in AL. "0" is transferred to bits 8 to 15 of the accumulator

(A).

B SUBC (Subtract Byte Data of AL from AH with Carry to AL)

@ Assembler format:

SUBC A

@ Operation:

(AL) < (AH)-(AL)-(C) (Byte subtraction with a carry)

@® CCR:

I S T N 4 \ C

— — — k % * *

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Set when a borrow has occurred as a result of the operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 2

Correction value: 0

@ Example:
SUBC A
A| 0505 | 00D4 | A|l 0505 | 0030 |
CCR|X X X X X CCR|X 1001
TNZVC TNZVC
Before execution After execution
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9.1.118 SUBC (Subtract Byte Data of Effective Address from
Accumulator with Carry to Accumulator)

Subtract the byte data specified by the second operand and the carry bit (C) from the

byte data of the accumulator (A) and restore the result in A. "0" is transferred to bits 8

to 15 of A.

B SUBC (Subtract Byte Data of Effective Address from Accumulator with Carry to

Accumulator)

@ Assembler format:

SUBC A,ear

@ Operation:

(A) < (A)—(Second operand)—(C)

SUBC A,eam

(Byte subtraction with a carry)

Set when the MSB of the operation result is "1", cleared otherwise.

Set when the operation result is "0", cleared otherwise.

Set when an overflow has occurred as a result of the operation, cleared otherwise.

® CCR:
I S T N z \Y C
ILS,and T: Unchanged
N:
Z
V:
C

Set when a borrow has occurred as a result of the operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

First operand A A
Second operand ear eam
Number of bytes 2 2+
Number of cycles 3 4+(a)
Correction value 0 (b)

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:
SUBC A,R1
Al XX XX 0035 | A| XX XX | 00E1 |
R1 R1
CCR|XXXXO0 CCR|X 100 1
TNZVC TNZVC
Before execution After execution
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9.1.119 SUBCW (Subtract Word Data of Effective Address from
Accumulator with Carry to Accumulator)

Subtract the word data specified by the second operand and the carry bit (C) from the
low-order word data of the accumulator (A) and restore the result in A.

B SUBCW (Subtract Word Data of Effective Address from Accumulator with Carry to
Accumulator)

@ Assembler format:

SUBCW A ,ear SUBCW A,eam

@ Operation:
(A) « (A)—(Second operand)—(C) (Word subtraction with a carry)

@® CCR:

I S T N 4 \ C

* * * *

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Set when a borrow has occurred as a result of the operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

First operand A A
Second operand ear eam
Number of bytes 2 2+
Number of cycles 3 4+(a)
Correction value 0 (b)

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .

269



CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

@ Example:
SUBCW A,0E024H

Al XX xx | 7558 |

CoR [ X X % 1]

TNZVC

Memory

E025
E024

o>
o (©

Before execution

A

XX XX | cBFC |

CoR[x 100 1]

TNZVC
Memory

E025
E024

o>
o (©

After execution
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9.1.120 SUBDC (Subtract Decimal Data of AL from AH with Carry to
AL)

Subtract the low-order byte data of AL and the carry bit (C) from the low-order byte data
of AH and restore the result in AL. "0" is transferred to bits 8 to 15 of A.

B SUBDC (Subtract Decimal Data of AL from AH with Carry to AL)

@® Assembler format:

SUBDC A

@ Operation:

(AL) <~ (AH)-(AL)-(C) (Decimal subtraction with a carry)

® CCR:

I S T N z \ C

* * * *

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

V4 Set when the operation result is "0", cleared otherwise.

V: Undefined

C Set when a borrow has occurred as a result of the decimal operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 3

Correction value: 0

@® Example:
SUBDC A
A| XX86 XX86 | A| Xx86 | 0000 |
CCRIXXXXO0 CCRIX0100
TNZVC TNZVC
Before execution After execution
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9.1.121 SUBL (Subtract Long Word Data of Source from
Destination to Destination)

Subtract the long word data specified by the second operand from the long word data of
the accumulator (A) and restore the result in A.

B SUBL (Subtract Long Word Data of Source from Destination to Destination)

@ Assembler format:

SUBL A #imm32
SUBL A ,ear SUBL A,eam

@ Operation:

(First operand) < (First operand)—(Second operand) (Long word subtraction)

@® CCR:

I S T N 4 Vv C

* * * *

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Set when a borrow has occurred as a result of the operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

First operand A A A
Second operand #i32 ear eam

Number of bytes 5 2 2+
Number of cycles 4 6 7+(a)

Correction value 0 0 (d)

For the explanation of (a) and (d) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:
SUBL A,0FD12H
A| 34B3  F201 | A| E254 Co44 |
CCR|X X X X X CCR|X 1001
TNZVC TNZVC
Memory Memory

FD16 FD16

5 2 FD15 5 2 FD15

5 F FD14 5 F FD14

3 1 FD13 3 1 FD13

B D FD12 B D FD12

Before execution

After execution
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9.1.122 SUBW (Subtract Word Data of Source from Destination to
Destination)

Subtract the word data specified by the second operand from the word data specified by
the first operand and restore the result in the first operand.

B SUBW (Subtract Word Data of Source from Destination to Destination)

@® Assembler format:

SUBW A #imm16
SUBW A ear SUBW A,eam
SUBW ear,A SUBW eam,A

@ Operation:

(First operand) < (First operand)—(Second operand) (Word subtraction)

@® CCR:

I S T N 4 \ C

% * * *

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Set when a borrow has occurred as a result of the operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

First operand A A A ear eam
Second operand #i16 ear eam A A
Number of bytes 3 2 2+ 2 2+
Number of cycles 2 3 4+(a) 3 5+(a)
Correction value 0 0 (©) 0 2x(c)

For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 .
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@ Example:
SUBW @RWO0+,A

Al XX XX 3104 | Al XX XX 3104 |
RWO | E2 A4 RWO | E2 A6
CCR CCR[X0000
TNZVC TNzZVC
Memory Memory
5D E2A5 2 C E2A5
A B E2A4 A7 E2A4
Before execution After execution
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9.1.123 SUBW (Subtract Word Data of AL from AH to AL)

Subtract the word data of AL from the word data of AH and restore the result to AL.

B SUBW (Subtract Word Data of AL from AH to AL)

@ Assembler format:

SUBW A

@ Operation:

(AL) « (AH)-(AL) (Word subtraction)

® CCR:

I S T N 4 \'% C

* * * *

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.

Z Set when the operation result is "0", cleared otherwise.

V: Set when an overflow has occurred as a result of the operation, cleared otherwise.
C Set when a borrow has occurred as a result of the operation, cleared otherwise.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 2

Correction value: 0

@ Example:
SUBW A
Al 83A2 | 1019 | A| 83A2 7389 |
CCR CCRIX0010
TNZVC TNZVC
Before execution After execution
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9.1.124 SWAP (Swap Byte Data of Accumulator)

Swap the high- and low-order bytes of the word data for the accumulator (A) with each

other.

B SWAP (Swap Byte Data of Accumulator)

@ Assembler format:

SWAP
@ Operation:
(A)Oto7 <> (A)8to 15 (Byte swapping)
® CCR:
I S T N z \ C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 3

Correction value: 0

@® Example:
SWAP

Al Xx xx | 0690 | Al Xxxxx | 9006 |

CCR[X X X X X CCR[X X X X X

TNZVC TNZVC

Before execution

After execution
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9.1.125 SWAPW (Swap Word Data of Accumulator)

Swap the high- and low-order words of the long word data for the accumulator (A) with
each other.

B SWAPW (Swap Word Data of Accumulator)

@® Assembler format:

SWAPW

@ Operation:

Bits 0 to 15 of A <> Bits 16 to 31 of A (Word swapping)

@® CCR:

I S T N 4 Vv C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 2

Correction value: 0

@® Example:
SWAPW
A|l 1986 | 9861 | A| 9861 1986 |
CCR CCR|X X X X X
TNZVC TNZVC
Before execution After execution
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9.1.126 UNLINK (Unlink and Create New Stack Frame)

Restore an old frame pointer from a stack.

B UNLINK (Unlink and Create New Stack Frame)

@ Assembler format:

UNLINK

@ Operation:
(sp) <= (RW3), (RW3) < ((sp)), (sp) < (sp)+2

® CCR:

I S T N 4 \'% C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 5
Correction value:  (c¢)

For the explanation of (c), see Table 8.4-2 .

@ Example:
UNLINK
SP EOO0O SP EO 22
RW3 E020 RW3 A0 46
Memory Memory
A0
4 6 E020 SP—> X X E022
A0 EO021
4 6 E020
SP— X X E000
Before execution After execution
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9.1.127 WBTc (Wait until Bit Condition Satisfied)

This instruction keeps reading data from the bit address specified by the operand until
that data satisfies the conditions. Once the data at the specified bit address satisfies
the conditions, control is transferred to the instruction subsequent to the WBTc
instruction.

B WBTc (Wait until Bit Condition Satisfied)

@ Assembler format:

WBTC io:bp
WBTS io:bp

@ Operation:
Data is read from the bit address specified by io:bp until the data satisfies the condition. If the data from
the bit address satisfies the condition, control is transferred to the next instruction.

Interrupts are acceptable while the read operation is repeated with the condition not satisfied. If an
interrupt is generated in this state, the RETI instruction causes control to return to the WBTc instruction,
not to the instruction following the WBTc instruction.

@® CCR:

I S T N 4 Vv C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

Instruction WBTC WBTS

Condition Bit data=0 Bit data=1
Number of bytes 3 3
Number of cycles Undefined Undefined
Correction value Until the condition is satisfied | Until the condition is satisfied
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@ Example:

WBTS 34H:7

PC E100

Memory
X X Data is read from address 34y until bit 7 is set to "1"
Peripheral 7 F 0034 (because of resource operation, for example).
register —— H  When bit 7 becomes "1", execute the next instruction.
Before execution After execution
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9.1.128 XCH (Exchange Byte Data of Source to Destination)

Exchange the byte data specified by the first operand with that specified by the second
operand.
If the first operand is A, the high-order byte of AL is set to 004.

B XCH (Exchange Byte Data of Source to Destination)

@® Assembler format:

XCH A ,ear XCH A,eam

XCH Ri,ear XCH Ri,eam
@ Operation:

(First operand) <> (Second operand) (Byte exchange)
@® CCR:

I S T N 4 \ C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

First operand A A Ri Ri
Second operand ear eam ear eam

Number of bytes 2 2+ 2 2+
Number of cycles 4 5+(a) 7 9+(a)
Correction value 0 2x(b) 0 2x(b)

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .
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XCH R4,@RWO0+

CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

RWO 0060

A
COR [ X X X

TNZVC

Memory

RW0—>|

0061
0060

Before execution

RWO
R4
CCR

TNzZVC
Memory

RW0 — 0061
F 1 0060

After execution
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9.1.129 XCHW (Exchange Word Data of Source to Destination)

Exchange the word data specified by the first operand with that specified by the second
operand.

B XCHW (Exchange Word Data of Source to Destination)

@ Assembler format:

XCHW A ear XCHW A,eam
XCHW RWi,ear XCHW RWi,eam

@ Operation:

(First operand) <> (Second operand) (Word exchange)

@® CCR:

I S T N 4 \ C

None of the flags is changed.

@ Number of bytes, Number of cycles, and Correction value:

First operand A A RWi RWi
Second operand ear eam ear eam
Number of bytes 2 2+ 2 2+
Number of cycles 4 5+(a) 7 9+(a)
Correction value 0 2x(c) 0 2x(c)

For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 .
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XCHW A,@RWO

CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

A| XX XX | 34B4 |

Awo
COR [ X X X

TNZVC

Memory

2 D E002
RWO—> 5 8 EO0O01

Before execution

Al XX XX | 2

D58 |

RWO EO 01
COR[X X X X X

T

Memory

3 4
RWO—> B 4

After execution

NZVC

E002
E001
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9.1.130 XOR (Exclusive Or Byte Data of Destination and Source
to Destination)

Take the logical exclusive OR of the byte data specified by the first operand and the
byte data specified by the second operand and restore the result in the first operand.

H XOR (Exclusive Or Byte Data of Destination and Source to Destination)

@ Assembler format:

XOR A #imm8
XOR A, ear XOR A,eam
XOR ear,A XOR eam,A

@ Operation:

(First operand) < (First operand) xor (Second operand) (Byte logical exclusive OR)

@® CCR:

I S T N 4 \ C

_ _ _ * * R _

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.
Z Set when the operation result is "0", cleared otherwise.

V: Cleared

C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

First operand A A A ear eam
Second operand #im8 ear eam A A
Number of bytes 2 2 2+ 2 2+
Number of cycles 2 3 4+(a) 3 5+(a)
Correction value 0 0 (b) 0 2x(b)

For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 .
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XOR 0052H,A

CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

Al XX XX 0

055

CoR [ X X X

TNZVC

Memory

Before execution

000052

Al XX XX | 0055 |

CoR[X T 00

TNZVC

Memory

A F 000052

After execution
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9.1.131 XORL (Exclusive Or Long Word Data of Destination and
Source to Destination)

Take the logical exclusive OR of the long word data for the accumulator (A) and that
specified by the second operand and restore the result in A.

B XORL (Exclusive Or Long Word Data of Destination and Source to Destination)

@® Assembler format:

XORL A,ear XORL A,eam

@ Operation:

(A) « (A) xor (Second operand) (Long word logical exclusive OR)

@® CCR:

I S T N 4 \Y% C

_ _ _ * * R _

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.
Z Set when the operation result is "0", cleared otherwise.

V: Cleared

C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

First operand A A
Second operand ear eam

Number of bytes 2 2+
Number of cycles 6 7+(a)

Correction value 0 (d)

For the explanation of (a) and (d) in the table, see Table 8.4-1 and Table 8.4-2 .
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XORL A,0FFFOH

CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

A| 8252 | FEAC |

CCR|X X X X X
TNzZVC
Memory
F F FFF3
55 FFF2
A A FFF1
00 FFFO

Before execution

A

7D 07 | 54 AC |

CCR|X 0 0 0 X
TNzZVC
Memory
F F FFF3
55 FFF2
A A FFF1
0o0 FFFO

After execution
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9.1.132 XORW (Exclusive Or Word Data of AH and AL to AL)

Take the logical exclusive OR for the word data of AH and that of AL and restore the
result in AL.

B XORW (Exclusive Or Word Data of AH and AL to AL)

@ Assembler format:

XORW A

@ Operation:

(AL) « (AH) xor (AL) (Word logical exclusive OR)

@® CCR:

I S T N 4 \Y% C

_ _ _ * * R _

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.
Z Set when the operation result is "0", cleared otherwise.

V: Cleared

C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 2

Correction value: 0

@ Example:
XORW A
Al 0426 | AB98 | A| 0426  AFBE |
CCRIX X X X X CCR|X 100X
TNZVC TNZVC
Before execution After execution
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9.1.133 XORW (Exclusive Or Word Data of Destination and
Source to Destination)

Take the logical exclusive OR of the word data specified by the first operand and the
word data specified by the second operand and restore the result in the first operand.

B XORW (Exclusive Or Word Data of Destination and Source to Destination)

@® Assembler format:

XORW A #imml6
XORW A ear XORW A,eam
XORW ear,A XORW eam,A

@ Operation:

(First operand) < (First operand) xor (Second operand) (Word logical exclusive OR)

@® CCR:

I S T N 4 \ C

— — - * * R —

I,S,and T: Unchanged

N: Set when the MSB of the operation result is "1", cleared otherwise.
Z Set when the operation result is "0", cleared otherwise.

V: Cleared

C Unchanged

@ Number of bytes, Number of cycles, and Correction value:

First operand A A A ear eam
Second operand #i16 ear eam A A
Number of bytes 3 2 2+ 2 2+

Number of cycles 2 3 4+(a) 3 5+(a)

Correction value 0 0 (©) 0 2x(c)

For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 .

291



CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS

@ Example:
XORW 0OEO001H,A

Al xxxx | 5963 |

COR [ X X X ]

TNZVC

Memory

E002
EO0O1

A (0
N (W

Before execution

A

XX XX | 5963 ]

CoR[X T 0 0%

TNzZzVC
Memory

D A E002
2 1 EO0O1

After execution
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9.1.134 ZEXT (Zero Extend from Byte Data to Word Data)

Transfer "0" to bits 8 to 15 of the accumulator (A).

B ZEXT (Zero Extend from Byte Data to Word Data)

@ Assembler format:

ZEXT

@ Operation:

Bits 8 to 15 of A < 00y

@® CCR:

I S T N 4 \Y% C

_ _ _ R #* - -

I,S,and T: Unchanged
N: Cleared

Z: Set when the zero-extended data is "0", cleared otherwise.
V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 1

Correction value: 0

@ Example:
ZEXT
Al XX xx | xx 80 | Al xx xx [ o080 |
CCR|IX X X X X CCR|X 0 0 X X
TNZVC TNZVC
Before execution After execution
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9.1.135 ZEXTW (Zero Extend from Word Data to Long Word Data)

Transfer "0" to bits 16 to 31 of the accumulator (A).

B ZEXTW (Zero Extend from Word Data to Long Word Data)

@ Assembler format:

ZEXTW

@ Operation:
Bits 16 to 31 of A <~ 0000y

@® CCR:

I S T N 4 \Y% C

_ _ _ R * - -

I, S, andT:  Unchanged
N: Cleared
Z: Set when the zero-extended data is "0", cleared otherwise.

V and C: Unchanged

@ Number of bytes, Number of cycles, and Correction value:

Number of bytes: 1
Number of cycles: 1

Correction value: 0

@ Example:
ZEXTW
Al XX XX | FFs8o | Al o000 | FFso |
CCR|X X X X X CCR|X 0 0 X X
TNZVC TNZVC
Before execution After execution
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APPENDIX

This appendix includes lists and maps of instructions
for the FMC-16LX.

APPENDIX A Explanation of Instruction Lists
APPENDIX B FPMC-16LX Instruction Lists (351 Instructions)
APPENDIX C F?MC-16LX Instruction Maps

295



APPENDIX

APPENDIX A Explanation of Instruction Lists

This section explains items and symbols used in each instruction list included in
Appendix B.

A.1 Items Used in Instruction Lists
A.2 Symbols Used in Instruction Lists
A.3 Effective Address Field

A.4 Calculating the Number of Execution Cycles
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A.1 Items Used in Instruction Lists

Table A-1 explains the items used in the instruction lists.

B Explanation of the Iltems Used in the Instruction Lists

Table A-1 Explanation of the Items Used in the Instruction Lists (1/2)

ltem Description

Upper-case letters and symbols: Described as they appear in assembler.
Mnemonic Lower-case letters: Replaced when described in assembler.
Numbers after lower-case letters: Indicate the bit width within the instruction.
# Indicates the number of bytes.

Indicates the number of cycles.
See Table A-4 for details about meanings of letters in items.

RG Indicates the register access count during execution of instruction.
Used to calculate compensation values for CPU intermittent operation.
Indicates the compensation value for calculating the number of actual cycles during
execution of instruction.

B . . . L .
The number of actual cycles during execution of instruction is the compensation
value summed with the value in the "~" column.

Operation Indicates operation of instruction.
Indicates special operations involving bits 15 through 08 of the accumulator.
Z: Transfers "0".
LH . . .
X: Sign-extended transfer through sign extension.
- : Transfers nothing.
Indicates special operations involving the high-order 16 bits in the accumulator.
*: Transfers from AL to AH.
AH - : No transfer
Z: Transfers 00y to AH.
X: Transfers 00y or FFy; to AH using sign extension AL.

I Indicates the status of each of the following flags: I (interrupt enable), S (stack),
T (sticky bit), N (negative), Z (zero), V (overflow), and C (carry).

S *: Changes due to execution of instruction.

T - : No change

S: Set by execution of instruction.

N R: Reset by execution of instruction.

zZ

A%

C
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Table A-1 Explanation of the Items Used in the Instruction Lists (2/2)

ltem Description

Indicates whether the instruction is a read-modify-write instruction (a single
instruction that reads data from memory, etc., processes the data, and then writes
the result to memory.).
*: Instruction is a read-modify-write instruction.
-: Instruction is not a read-modify-write instruction.
Note:
A read-modify-write instruction cannot be used on addresses that have different
meanings depending on whether they are read or written.

RMW

B Number of Execution Cycles

298

The number of cycles required to execute instructions (number of execution cycles) is the summation of the
number of cycles of each instruction, the compensation value determined by conditions, and the number of
cycles required to fetch programs. If, however, a program stored in memory that is connected to a 16-bit
bus such as internal ROMs is to be fetched, program fetch is executed every time instructions being
executed exceed the two byte (one word) boundary. Therefore, interference with data access will increase
the number of execution cycles. Since program fetch is executed for each byte of instructions being
executed when a program stored on the memory connected to an external 8-bit bus is fetched, data access
interference will increase the number of execution cycles.

When access is made to general-purpose registers, built-in ROMs, built-in RAMs, built-in I/O units, or
external buses during CPU intermittent operation, the CPU clock suspends its operation for the number of
cycles that is specified by the CGO/CG1 bit of the low-power-consumption-mode control register. Therefore,
to obtain the number of cycles required to execute instructions during CPU intermittent operation, add
these compensation values (the number of accesses multiplied by the number of cycled suspended) to the
number of normal execution cycles.
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A.2 Symbols Used in Instruction Lists

Table A-2 explains the symbols used in the instruction lists.

B Explanation of the Symbols Used in the Instruction Lists

Table A-2 Explanation of the Symbols Used in the Instruction Lists (1/2)

Symbol Explanation
32 bit accumulator
The bit length used is different for each instruction.
A Byte: Lower 8 bits of AL
Word: 16 bits of AL
Long: 32 bits of AL and AH
AH Upper 16 bits of A
AL Lower 16 bits of A
SP Stack pointer (USP or SSP)
PC Program counter
PCB Program bank register
DTB Data bank register
ADB Additional data bank register
SSB System stack bank register
USB User stack bank register
DPR Direct page register
brgl DTB, ADB, SSB, USB, DPR, PCB
brg2 DTB, ADB, SSB, USB, DPR
Ri RO, R1, R2, R3, R4, R5, R6, R7
Rj RO, R1, R2, R3
RWi RWO, RW1, RW2, RW3, RW4, RW5, RW6, RW7
RW;j RWO, RW1, RW2, RW3
RLi RLO, RL1, RL2, RL3
dir Abbreviated direct addressing
addrl6 Direct addressing
addr24 Physical direct addressing
ad24 0-15 BitO to bitl5 of address 24
ad24 16-23 Bit16 to bit23 of address 24
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Table A-2 Explanation of the Symbols Used in the Instruction Lists (2 /2)

Symbol Explanation
io I/O area (000000 to 0000FFy)
imm4 4-bit immediate data
imm§ 8-bit immediate data
imml6 16-bit immediate data
imm32 32-bit immediate data
ext (imm§) 16-bit data signed and extended from 8-bit immediate data
disp8 8-bit displacement
disp16 16-bit displacement
bp Bit offset value
vctd Vector number (0 to 15)
vct8 Vector number (0 to 255)
()b Bit address
rel Branch specification relative to PC
ear Effective addressing (codes 00 to 07)
eam Effective addressing (codes 08 to 1F)
rlst Register list
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A.3 Effective Address Field

Table A-3 lists address formats used in the effective address field.

B Effective Address Field

Table A-3 Effective Address Field

Number of bytes
Code Notation Address format of address
expansion part

00 RO RWO RLO
01 R1 RW1 (RLO)
02 R2 RW2 RL1
03 R3 RW3 (RL1) Regl.ster direct

Starting from the left, "ea" corresponds to the -
04 R4 RW4 RL2 byte, word and long-word types.
05 RS RW5 (RL2)
06 R6 RW6 RL3
07 R7 RW7 (RL3)
08 @RWO
09 @RW1 . o

Register indirect 0
0A @RW2
0B @RW3
0ocC @RWO0+
0D @RWI1+ L. . . .

Register indirect with post-incrementing 0
OE @RW2+
OF @RW3+
10 @RWO0+disp8
11 @RW 1+disp8
12 @RW2+disp8
13 @RW3+disp8 . o ) o

. Register indirect with 8-bit displacement 1
14 @RW4+disp8
15 @RW5+disp8
16 @RWO6+disp8
17 @RW7+disp8
18 @RWO0+disp16
19 @RW 1+displ16 . o . o
. Register indirect with 16-bit displacement 2

1A @RW2+disp16
1B @RW3+displ6
1C @RWO0+RW7 Register indirect with index 0
1D @RW1+RW7 Register indirect with index 0
1E @PC+displ6 PC indirect with 16-bit displacement 2
1IF addr16 Direct address 2

* : The number of bytes of the address expansion part is shown in the "#" (number of bytes) column or the figure
before "+" in the expression of bytes in the instruction details.
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A.4 Calculating the Number of Execution Cycles

Table A-4 , Table A-5, and Table A-6 show the method of calculating the number of
execution cycles of instructions.

B Calculating the Number of Execution Cycles

Table A-4 Number of Execution Cycles for Desighating Each Effective Address

(a)’
Code Operand Number of execution cycles (L“g‘c“ﬁ?g{rﬁfﬁcggjfeesssfﬁé
for each form of addressing
00 Ri
to Rwi Listed in Table of Instructions | Listed in Table of Instructions
07 RLi
08
to @RWj 2 1
0B
0C
to @RWj+ 4 2
OF
10
to @RWi+disp8 2 1
17
18
to @RWj+displ6 2 1
1B
1C @RWO+RW7 4 2
1D @RW1+RW7 4 2
1E @PC+displ6 2 0
1F addr16 1 0

*: (a)isused in "~" (number of cycles), "B" (compensation value) (both in "APPENDIX B F?MC-16LX Instruction
Lists (351 Instructions)”, and in "CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS".
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Table A-5 Compensation Values for Calculating the Number of Execution Cycles

(b) byte ~ (c) word ~ (d) long
Operand
Access Access Access

Cycles count Cycles count Cycles count
Internal register +0 1 +0 1 +0 2
Internal register even +0 | +0 1 +0 )
address
Internal register odd +0 1 2 ’ 4 4
address
Even address on external
data bus (16-bits) +l ! +l ! +2 2
Odd address on external
data bus (16-bits) *l ! 4 2 +8 4
g’fﬁi‘;al data bus +1 1 +4 2 +8 4

*: (b), (c), and (d) are used in "~" (number of cycles), "B" (compensation value) (both in "APPENDIX B F?MC-
16LX Instruction Lists (351 Instructions)", and in "CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS".

Note:
If external data buses are used, add the number of cycles that are weighted with ready input and
automatic ready.
Table A-6 Compensation Values for Calculating The Number of Program Fetch Cycles
Instruction Byte boundary Word boundary
Internal memory - +2
External data bus (16-bit) - +3
External data bus (8-bit) +3 -
Notes:

¢ If external data buses are used, add the number of cycles that are weighted with ready input and
automatic ready.

* Since all cases of program fetch do not delay the execution of instructions, use this compensation
value to calculate the worst case value.
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APPENDIX B F2MC-16LX Instruction Lists (351 Instructions)

This appendix lists the instructions used in assembler.

For items and symbols for each instruction list, see "APPENDIX A Explanation of
Instruction Lists".

B.1 Transfer Instructions

B.2 Numeric Data Operation Instructions
B.3 Logical Data Operation Instruction
B.4 Shift Instruction

B.5 Branch Instructions

B.6 Other Instructions
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B.1 Transfer Instructions

Table B-1 and Table B-2 lists the transfer instructions of the F2MC-16LX.
* Transfer instruction (Byte): 41 instructions in Table B-1
e Transfer instruction (Word/Long-word): 38 instructions in Table B-2

Bl Transfer Instructions

Table B-1 Transfer Instruction (Byte): 41 Instructions

Mnemonic # ~ RG B Operation LH|AH | I [ S| T|N|Z RMW

MOV A dir 2 3 0 (b) byte (A) « (dir) Z * w ook -
MOV A,addr16 3 4 0 (b) byte (A) « (addr16) Z * R -
MOV ARi 1 2 1 0 byte (A) < (Ri) Z * o OE -
MOV Aear 2 2 1 0 byte (A) < (ear) VA * Lk -
MOV A,eam 2+ 3+ (a) 0 (b) byte (A) < (eam) Z * * * -
MOV Ajio 2 3 0 (b) byte (A) « (io) Z * w oo -
MOV A #imm8 2 2 0 0 byte (A) « (imm8) Z * R -
MOV A @A 2 3 0 (b) byte (A) < ((A)) Z - w ok -
MOV A,@RLi+disp8 3 10 2 (b) byte (A) «— ((RLi)+disp8) Z * w oL -
MOVN A #imm4 1 1 0 0 byte (A) < imm4 Z * R | * -
MOVX  Adir 2 3 0 (b) byte (A) « (dir) X * w oL -
MOVX  A,addrl6 3 4 0 (b) byte (A) « (addr16) X * R -
MOVX  ARi 2 2 1 0 byte (A) « (Ri) X * w ook -
MOVX Aear 2 2 1 0 byte (A) < (ear) X * oL -
MOVX A,eam 2+ 3+ (a) 0 (b) byte (A) < (eam) X * * * -
MOVX Ao 2 3 0 (b) byte (A) « (io) X * w oL -
MOVX A #imm8 2 2 0 0 byte (A) < imm8 X * R -
MOVX A,@A 2 3 0 (b) byte (A) « ((A)) X - w ook -
MOVX  A,@RWi+disp8 2 5 1 (b) byte (A) « (RWi)+disp8) X * R -
MOVX  A,@RLi+disp8 3 10 2 (b) byte (A) < ((RLi)+disp8) X * | OE -
MOV dir,A 2 3 0 (b) byte (dir) «— (A) w oL -
MOV addr16,A 3 4 0 (b) byte (addr16) « (A) R -
MOV Ri,A 1 2 1 0 byte (Ri) « (A) w oL -
MOV ear,A 2 2 1 0 byte (ear) < (A) * *

MOV eam,A 2+ 3+ (a) 0 (b) byte (eam) < (A) * Ok -
MOV i0,A 2 3 0 (b) byte (i0) < (A) w oL -
MOV @RLi+disp8,A 3 10 2 (b) byte (RLi)+disp8) < (A) w oLk -
MOV Ri,ear 2 3 2 0 byte (Ri) < (ear) ok -
MOV Ri,eam 2+ 4 + (a) 1 (b) byte (Ri) < (eam) ok

MOV ear,Ri 2 4 2 0 byte (ear) < (Ri) * ok -
MOV eam,Ri 2+ 5+(a) 1 (b) byte (eam) « (Ri) ok

MOV Ri,#imm8 2 2 1 0 byte (Ri) - imm8 O -
MOV io,#imm§ 3 5 0 (b) byte (i0) - imm8 -
MOV dir,#imm8 3 5 0 (b) byte (dir) <~ imm8 - - -
MOV ear,#imm8 3 2 1 0 byte (ear) < imm8 * Ok -
MOV eam, #imm8 3+ 4 + (a) 0 (b) byte (eam) < imm8 - - -
MOV @AL,AH 2 3 0 (b) byte ((A)) « (AH) w oLk -
XCH Aear 2 4 2 0 byte (A) <> (ear) VA -
XCH A,eam 2+ 5+ (a) 0 2 x (b) byte (A) <> (eam) Z -
XCH Ri,ear 2 7 4 0 byte (Ri) <> (ear) -
XCH Ri,eam 2+ 9+ (a) 2 2 x (b) byte (Ri) <> (eam) -

Note: See Table A-4 and Table A-5 for information on (a) and (b) in the table.
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Table B-2 Transfer Instruction (Word/Long-word): 38 Instructions

Mnemonic # ~ RG B Operation LH | AH N|Z RMW
MOVW A dir 2 3 0 (c) word (A) < (dir) - * G -
MOVW  A,addrl6 3 4 0 (©) word (A) < (addr16) - * oL * -
MOVW  ASP 1 1 0 0 word (A) < (SP) - * O -
MOVW  ARWi 1 2 1 0 word (A) < (RWi) - * | E -
MOVW  Aear 2 2 1 0 word (A) « (ear) - * * ok -
MOVW  Aeam 2+ 3+ (a) 0 (c) word (A) « (eam) - * Lk -
MOVW  Ajio 2 3 0 (c) word (A) « (io) - * * Ok -
MOVW  A,@A 2 3 0 (c) word (A) < ((A)) - - R -
MOVW  A#imml6 3 2 2 0 word (A) < imml6 - * | E -
MOVW  A,@RWi+disp8 2 5 1 (c) word (A) < ((RWi)+disp8) - * R -
MOVW  A,@RLi+disp8 3 10 2 (c) word (A) < ((RLi)+disp8) - * G -
MOVW  dir, A 2 3 0 (c) word (dir) < (A) - - * |k -
MOVW  addrl6,A 3 4 0 (c) word (addr16) < (A) - - G -
MOVW  SPA 1 1 0 0 word (SP) « (A) - - | oE -
MOVW  RWiA 1 2 1 0 word (RWi) < (A) - - R -
MOVW  ear,A 2 2 1 0 word (ear) < (A) - - L -
MOVW  eam,A 2+ 3+ (a) 0 (c) word (eam) « (A) - - * Ok -
MOVW oA 2 3 0 (c) word (i0) < (A) - - G -
MOVW  @RWi+disp8,A 2 5 1 (c) word ((RWi)+disp8) < (A) - - * ok -
MOVW  @RLi+disp8,A 3 10 2 (c) word ((RLi)+disp8) < (A) - - R -
MOVW  RWi,ear 2 3 2 0 word (RW1i) « (ear) - - L -
MOVW  Rwi,eam 2+ 4+ (a) 1 (c) word (RW1i) < (eam) - - |k -
MOVW  ear,Rwi 2 4 2 0 word (ear) « (RWi) - - Lk -
MOVW  eam,Rwi 2+ 5+ (a) 1 (c) word (eam) « (RWi) - - * |k -
MOVW  RWi#imml6 3 2 1 0 word (RWi) - imm16 - - R -
MOVW  io#imml6 4 5 0 (c) word (i0) < imm16 - - - - -
MOVW  ear#imml6 4 2 1 0 word (ear) - imm16 - - ok -
MOVW  eam,#imml6 4+ 4+ (a) 0 (c) word (eam) < imm16 - - - - -
MOVW  @AL,AH 2 3 0 (c) word ((A)) < (AH) - - R -
XCHW Aear 2 4 2 0 word (A) <> (ear) - - - - -
XCHW A,eam 2+ 5+ (a) 0 2% (c) word (A) <> (eam) - - - - -
XCHW RWi, ear 2 7 4 0 word (RWi) <> (ear) - - - - -
XCHW RWi, eam 2+ 9+ (a) 2 2% (c) word (RWi) <> (eam) - - - - -
MOVL Aear 2 4 2 0 long (A) < (ear) - - * Ok -
MOVL A,eam 2+ 5+ (a) 0 (d) long (A) < (eam) - - Lk -
MOVL A #imm32 5 3 0 0 long (A) < imm32 - - * |k -
MOVL ear,A 2 4 2 0 long (earl) < (A) - - oLk -
MOVL eam,A 2+ 5+ (a) 0 (d) long(eaml) < (A) - - kL -

Note: See Table A-4 and Table A-5 for information on (a), (c) and (d) in the table.
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B.2 Numeric Data Operation Instructions

The numeric data operation instructions of the FZMC-16L are listed in the following five
tables:

« Table B-3 for addition and subtraction (Byte/Word/Long-word) : 42 instructions

Table B-4 for increment and decrement (Byte/Word/Long-word) : 12 instructions
Table B-5 for compare (Byte/Word/Long-word) : 11 instructions

Table B-6 for unsigned multiplication and division : 11 instructions (Word/Long-word)
Table B-7 for signed multiplication and division : 11 instructions (Word/Long-word)

B Numeric Data Operation Instructions

Table B-3 Addition and Subtraction (Byte/Word/Long-word): 42 Instructions

Mnemonic # ~ RG B Operation LH|AH | I [S|T|N|Z|V]|C|RMW
ADD A #imm8 2 2 0 0 byte (A) < (A) + imm8 Z wLOF
ADD A, dir 2 5 0 (b) byte (A) < (A) + (dir) Z o I B
ADD A,ear 2 3 1 0 byte (A) < (A) + (ear) V4 * ok
ADD A,eam 2+ 4+ (a) 0 (b) byte (A) - (A) + (eam) Z - -l - -] F *o¥
ADD ear,A 2 3 2 0 byte (ear) <— (ear) + (A) - - - - - * * * *
ADD eam,A 2+ 5+ (a) 0 2 % (b) byte (eam) < (eam) + (A) V4 o IR I *
ADDC A 1 2 0 0 byte (A) < (AH) + (AL) + (C) Z * * o
ADDC Aear 2 3 1 0 byte (A) - (A) + (ear)+ (C) Z * *o¥
ADDC A,eam 2+ 4+ (a) 0 (b) byte (A) < (A) + (eam)+ (C) z o I B
ADDDC A 1 3 0 0 byte (A) < (AH) + (AL) + (C) Z o I B
(decimal)
SUB A #mm8 2 2 0 0 byte (A) < (A) - imm8 Z o IR I
SUB A.dir 2 5 0 (b) byte (A) < (A) - (dir) Z * * o
SUB A ear 2 3 1 0 byte (A) <— (A) - (ear) Z * * * *
SUB A,eam 2+ 4+ (a) 0 (b) byte (A) < (A) - (eam) Z - RO I N T I B
SUB ear,A 2 3 2 0 byte (ear) < (ear) - (A) - - - - - * L -
SUB eam,A 2+ 5+ (a) 0 2 x (b) byte (eam) < (eam) - (A) - - - - - * Ok *
SUBC A 1 2 0 0 byte (A) < (AH) - (AL) - (C) Z * *o¥
SUBC Aear 2 3 1 0 byte (A) < (A) - (ear) - (C) z O I B
SUBC A,eam 2+ 4 + (a) 0 (b) byte (A) < (A) - (eam) - (C) Z * L
SUBDC A 1 3 0 0 byte (A) < (AH) - (AL) - (C) Z Ol I BN
(decimal)
ADDW A 1 2 0 0 word (A) < (AH) + (AL) - - R I N
ADDW Aear 2 3 1 0 word (A) < (A) + (ear) - - EE I N R R O
ADDW A,eam 2+ 4+(a) 0 (c) word (A) < (A) + (eam) - - - - - * * *
ADDW A#mml6 3 2 0 0 word (A) < (A) + imm16 - - R I N T A B
ADDW ear,A 2 3 2 0 word (ear) « (ear) + (A) - - - - - o IR I
ADDW eam,A 2+ 5+(a) 0 2% (c) word (eam) < (eam) + (A) - - - - - o IR I *
ADDCW  A.ear 2 3 1 0 word (A) < (A) + (ear) + (C) - - -l - -] F o
ADDCW  A,eam 2+ 4+(a) 0 (c) word (A) < (A) + (eam) + (C) - - R I N T I B
SUBW A 1 2 0 0 word (A) < (AH) - (AL) - - R N
SUBW Aear 2 3 1 0 word (A) < (A) - (ear) - - EE I N R R O
SUBW A,eam 2+ 4+(a) 0 (c) word (A) < (A) - (eam) - - - - - * * *
SUBW A#imml6 3 2 0 0 word (A) < (A) - imm16 - - RO N N R I B
SUBW ear,A 2 3 2 0 word (ear) « (ear) - (A) - - - - - S IR I
SUBW eam,A 2+ 5+(a) 0 2% (c) word (eam) < (eam) - (A) - - - - - * * * * *
SUBCW  A.ear 2 3 1 0 word (A) < (A) - (ear) - (C) - - -l - -] F *o¥
SUBCW  A.eam 2+ 4+(a) 0 (©) word (A) < (A) - (eam) - (C) - - EO I I R B I
ADDL Aear 2 6 2 0 long (A) < (A) + (ear) - - - - - S IR I
ADDL A,eam 2+ T+(a) 0 (d) long (A) < (A) + (eam) - - - - - * * * *
ADDL A #imm32 5 4 0 0 long (A) < (A) + imm32 - - -l - -] F *o¥
SUBL Aear 2 6 2 0 long (A) < (A) - (ear) - - - - - * * * *
SUBL A,eam 2+ T+(a) 0 (d) long (A) < (A) - (eam) - - - - - o IR I
SUBL A #imm32 5 4 0 0 long (A) < (A) - imm32 - - B I e e

Note: See Table A-4 and Table A-5 for information on (a) to (d) in the table.
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Table B-4 Increment and Decrement (Byte/Word/Long-word): 12 Instructions

Mnemonic # ~ RG B Operation LH|AH | I [S|T|N|Z|V]|C|RMW
INC ear 2 3 2 0 byte (ear) <— (ear) + 1 - - - - - * * * - -
INC eam 2+ 5+(a) 0 2% (b) byte (eam) < (eam) + 1 - - - - - Ol Bl - *
DEC ear 2 3 2 0 byte (ear) < (ear) - 1 - - - - PO I I R -
DEC eam 2+ 5+(a) 0 2 % (b) byte (eam) < (eam) - 1 - - - - RO R I R *
INCW ear 2 3 2 0 word (ear) « (ear) + 1 - - - - RO R I R -
INCW eam 2+ 5+(a) 0 2x(c) word (eam) < (eam) + 1 - - - - PO R I R *
DECW ear 2 3 2 0 word (ear) < (ear) - 1 - - - - - ook |k - -
DECW eam 2+ 5+(a) 0 2 x(c) word (eam) < (eam) - 1 - - - - - * * * - *
INCL ear 2 7 4 0 long (ear) < (ear) + 1 - - - - - * * * - -
INCL eam 2+ 9+(a) 0 2x(d) long (eam) < (eam) + 1 - - - - - * * * - *
DECL ear 2 7 4 0 long (ear) «— (ear) - 1 - - - - - Rl R B -
DECL eam 2+ 9+(a) 0 2 x(d) long (eam) < (eam) - 1 - - - - PO I I R *

Note: See Table A-4 and Table A-5 for information on (a) to (d) in the table.

Table B-5 Compare (Byte/Word/Long-word): 11 Instructions

Mnemonic # ~ RG B Operation LH|AH | I |S|T|N|Z|V]|C|RMW
CMP A 1 1 0 0 byte (AH) - (AL) - - E T N I I R -
CMP Aear 2 2 1 0 byte (A) - (ear) - - - - - ol I I -
CMP A,eam 2+ 3+(a) 0 (b) byte (A) - (eam) - - - - - * ol -
CMP A #imm8 2 2 0 0 byte (A) - imm8 - - B I e e -
CMPW A 1 1 0 0 word (AH) - (AL) - - EO T I R I I -
CMPW Aear 2 2 1 0 word (A) - (ear) - - - - EO O I O -
CMPW A,eam 2+ 3+(a) 0 (c) word (A) - (eam) - - - - - * ol ol -
CMPW A #mm16 3 2 0 0 word (A) - imm16 - - - - EO N I I -
CMPL A ear 2 6 2 0 long (A) - (ear) - - - - EO I I I -
CMPL A,eam 2+ 7+(a) 0 (d) long (A) - (eam) - - - - RO IR L B -
CMPL A #imm32 5 3 0 0 long (A) - imm32 - - R e -

Note: See Table A-4 and Table A-5 for information on (a) to (d) in the table.
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Table B-6 Unsigned Multiplication and Division: 11 Instructions (Word/Long-word)
Mnemonic # ~ RG B Operation LH | AH V | C | RMW
DIVU A 1 *] 0 0 word (AH) / byte (AL) - - *LOE -
quotient — byte (AL)
Remainder — byte (AH)
DIVU A ear 2 *2 1 0 word (A) / byte (ear) - - Ok -
quotient = byte (A)
Remainder — byte (ear)
DIVU A,eam 2+ *3 0 *6 word (A) / byte (eam) - - N -
quotient — byte (A)
Remainder — byte (eam)
DIVUW A ear 2 *4 1 0 long (A) / word (ear) - - |k -
quotient = word (A)
Remainder — word (ear)
DIVUW A,eam 2+ *5 0 *7 long (A) / word (eam) - - N -
quotient — word (A)
Remainder —» word (eam)
MULU A 1 *8 0 0 byte (AH) * byte (AL) — word (A) - - - - -
MULU A ear 2 *9 1 0 byte (A) * byte (ear) - word (A) - - - - -
MULU A,eam 2+ *10 0 (b) byte (A) * byte (eam) — word (A) - - - - -
MULUW A 1 *11 0 0 word (AH) * word (AL) — Long (A) - - - - -
MULUW A ear 2 *12 1 0 word (A) * word (ear) — Long (A) - - - - -
MULUW A,eam 2+ *13 0 (c) word (A) * word (eam) — Long (A) - - - - -

*1: 3 for zero-divide, 7 for overflow, 15 for normal
#2: 4 for zero-divide, 8 for overflow, 16 for normal
*3: 6 + (a) for zero-divide, 9 + (a) for overflow, 19 + (a) for normal
*4: 4 for zero-divide, 7 for overflow, 22 for normal
*5: 6 + (a) for zero-divide, 8 + (a) for overflow, 26 + (a) for normal
*6: (b) for zero-divide or overflow, 2 X (b) for normal
*#7: (c) for zero-divide or overflow, 2 X (c) for normal
*8: 3 when byte (AH) is 0, 7 when byte (AH) is not 0
*9: 4 when byte (ear) is 0, 8 when byte (ear) is not 0

*10: 5+ (a) when byte (eam) is 0, 9 + (a) when byte (eam) is not 0

*11: 3 when word (AH) is 0, 11 when word (AH) is not 0
*#12: 4 when word (ear) is 0, 12 when word (ear) is not 0

*13: 5 + (a) when word (eam) is 0, 13 + (a) when word (eam) is not 0
Note: See Table A-4 and Table A-5 for information on (a), (b) and (c) in the table.
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Table B-7 Signed Multiplication and Division: 11 Instructions (Word/Long-word)

Mnemonic # ~ RG B Operation LH|AH | I |[S|T|[N|Z]|V]|C|RMW

DIV A 2 *] 0 0 word (AH) / byte (AL) z - E T I I N O -
quotient — byte (AL)
Remainder — byte (AH)

DIV A ear 2 *2 1 0 word (A) / byte (ear) VA - - - - - R R -
quotient = byte (A)

Remainder — byte (ear)
DIV A,eam 2+ *3 0 *6 word (A) / byte (eam) Z - - - - - - N -
quotient — byte (A)

Remainder — byte (eam)
DIVW A ear 2 *4 1 0 long (A) / word (ear) - - - - - - R -
quotient = word (A)

Remainder — word (ear)
DIVW A,eam 2+ *5 0 *7 long (A) / word (eam) - - - - - - - N -

quotient — word (A)
Remainder —» word (eam)

MUL A 2 *8 0 0 byte (AH) * byte (AL) — word (A) - - P I R R I -
MUL Aear 2 *9 1 0 byte (A) * byte (ear) — word (A) - - I e e -
MUL A,eam 2+ *10 0 (b) | byte (A) * byte (eam) — word (A) - - I e e -
MULW A 2 *11 0 0 word (AH) * word (AL) — Long (A) - - I e -
MULW A ear 2 *12 1 0 word (A) * word (ear) — Long (A) - - - - - - - - - -
MULW A,eam 2+ *13 0 (c) | word (A) * word (eam) — Long (A) - - O I I I I I -

*#1: 3 for zero-divide, 8 or 18 for overflow, 18 for normal
#2: 4 for zero-divide, 11 or 22 for overflow, 23 for normal
*3: 5 + (a) for zero-divide, 12 + (a) or 23 + (a) for overflow, 24 + (a) for normal
*4: If the dividend is positive: 4 for zero-divide, 12 or 30 for overflow, 31 for normal
If the dividend is negative: 4 for zero-divide, 12 or 31 for overflow, 32 for normal
*5: If the dividend is positive: 5 + (a) for zero-divide, 12 + (a) or 31 + (a) for overflow, 32 + (a) for normal
If the dividend is negative: 5 + (a) for zero-divide, 12 + (a) or 32 + (a) for overflow, 33 + (a) for normal

*6: (b) for zero-divide or overflow, 2 x (b) for normal
*7: (c) for zero-divide or overflow, 2 x (¢) for normal
*8: 3 when byte (AH) is 0, 12 when the result is positive, 13 when the result is negative
*9: 4 when byte (ear) is 0, 13 when the result is positive, 14 when the result is negative
*10: 5+ (a) when byte (eam) is 0, 14 + (a) when the result is positive, 15 + (a) when the result is negative
*11: 3 when word (AH) is 0, 16 when the result is positive, 19 when the result is negative
*12: 4 when word (ear) is 0, 17 when the result is positive, 20 when the result is negative
*13: 5+ (a) when word (eam) is 0, 18 + (a) when the result is positive, 21 + (a) when the result is negative
Notes:

« There are two numbers of execution cycles when overflow occurs during execution of the DIV and DIVW instructions, depending on the number of execution cycles is

detected before or after operation.
« The content of AL is corrupted when overflow occurs during execution of the DIV and DIVW instructions.
« See Table A-4 and Table A-5 for information on (a), (b) and (c) in the table.
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B.3 Logical Data Operation Instruction

The logical data operation instructions of the F2MC-16L are listed in the following four
tables:

Table B-8 for logic 1 (Byte/Word): 39 instructions

Table B-9 for logic 2 (Long): 6 instructions

Table B-10 for sign inversion (Byte/Word): 6 instructions

Table B-11 for normalize instructions (Long): 1 instruction

B Logical Operation Instruction

Table B-8 Logic 1 (Byte/Word): 39 Instructions (1/2)

Mnemonic # ~ RG B Operation LH|AH | I |[S|T|N|Z]|V]|C|RMW

AND A #imm8 2 2 0 0 byte (A) <~ (A) and imm8 - - - - - | * | *|R

AND A ear 2 3 1 0 byte (A) < (A) and (ear) - - - - - | * | *|R

AND A,eam 2+ 4+(a) 0 (b) byte (A) < (A) and (eam) - - - - - | * | *|R

AND ear,A 2 3 2 0 byte (ear) <— (ear) and (A) - - - - - * #* | R | -

AND eam,A 2+ 5+(a) 0 2% (b) byte (eam) «— (eam) and (A) - - - - - * |1 * | R *
OR A #mm8 2 2 0 0 byte (A) < (A) or imm8 - - -l -l -] *|R

OR Aear 2 3 1 0 byte (A) <— (A) or (ear) - - - - - 1 * | R

OR A,eam 2+ 4+(a) 0 (b) byte (A) <— (A) or (eam) - - - - - * * | R

OR ear,A 2 3 2 0 byte (ear) <— (ear) or (A) - - - - - * * | R

OR eam,A 2+ 5+(a) 0 2 x (b) byte (eam) < (eam) or (A) - - - - - * * | R *
XOR A #imm8 2 2 0 0 byte (A) < (A) xor imm8 - - - - - | * | *|R

XOR A ear 2 3 1 0 byte (A) < (A) xor (ear) - - - - - | * | *|R

XOR A,eam 2+ 4+(a) 0 (b) byte (A) < (A) xor (eam) - - - - - | * | *|R

XOR ear,A 2 3 2 0 byte (ear) < (ear) xor (A) - - - - - * #* | R | -

XOR eam,A 2+ 5+(a) 0 2 x (b) byte (eam) «— (eam) xor (A) - - - - - #1* | R *
NOT A 1 2 0 0 byte (A) < not (A) - - -l -l -] *|R

NOT ear 2 3 2 0 byte (ear) < not (ear) - - - - - * * | R

NOT eam 2+ 5+(a) 0 2 x (b) byte (eam) < not (eam) - - - - - * * | R *
ANDW A 1 2 0 0 word (A) < (AH) and (A) - - - -l -] | R -
ANDW A #imml6 3 2 0 0 word (A) < (A) and imm16 - - - -l -] | R -
ANDW  Aear 2 3 1 0 word (A) « (A) and (ear) - - - - - * | * | R

ANDW  Aeam 2+ 4+(a) 0 (c) word (A) « (A) and (eam) - - - - - # % | R | -
ANDW  ear,A 2 3 2 0 word (ear) « (ear) and (A) - - - - - # % | R | -
ANDW  eam,A 2+ 5+(a) 0 2% (c) word (eam) < (eam) and (A) - - - - - 1 * R | - *
ORW A 1 2 0 word (A) < (AH) or (A) - - -l -l -] F R -

ORW A#imml6 3 2 0 word (A) < (A) or imm16 - - -l -l -] F R -

ORW A ear 2 3 1 word (A) « (A) or (ear) - - - - - * * | R

ORW A,eam 2+ 4+(a) 0 (c) word (A) < (A) or (eam) - - - - - * *| R | -

ORW ear,A 2 3 2 0 word (ear) < (ear) or (A) - - - - - * * | R | -

ORW eam,A 2+ 5+(a) 0 2x(c) word (eam) < (eam) or (A) - - - - - * * 'R *
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Table B-8 Logic 1 (Byte/Word): 39 Instructions (2 / 2)

Mnemonic # ~ RG B Operation LH | AH Vv RMW
XORW A 1 2 0 0 word (A) < (AH) xor (A) - - R -
XORW A #imml6 3 2 0 0 word (A) < (A) xor imm16 - - R -
XORW  A.ear 2 3 1 0 word (A) <« (A) xor (ear) - - R -
XORW A,eam 2+ 4+(a) 0 (c) word (A) < (A) xor (eam) - - R -
XORW ear,A 2 3 2 0 word (ear) < (ear) xor (A) - - R -
XORW eam,A 2+ 5+(a) 0 2x(c) word (eam) < (eam) xor (A) - - R *
NOTW A 1 2 0 0 word (A) < not (A) - - R -
NOTW  ear 2 3 2 0 word (ear) < not (ear) - - R -
NOTW  eam 2+ 5+(a) 0 2% (c) word (eam) «— not (eam) - - R *
Note: See Table A-4 and Table A-5 for information on (a), (b) and (c) in the table.
Table B-9 Logic 2 (Long): 6 Instructions
Mnemonic # ~ RG B Operation LH | AH RMW
ANDL Aear 2 6 2 0 long (A) < (A) and (ear) - - -
ANDL A,eam 2+ T+(a) 0 (d) long (A) < (A) and (eam) - - R -
ORL A ear 2 6 2 0 long (A) < (A) or (ear) - - R -
ORL A,eam 2+ T+(a) 0 (d) long (A) < (A) or (eam) - - R -
XORL A, ear 2 6 2 0 long (A) < (A) xor (ear) - - R -
XORL A,eam 2+ T+(a) 0 (d) long (A) < (A) xor (eam) - - R -
Note: See Table A-4 and Table A-5 for information on (a) and (d) in the table.
Table B-10 Sign Inversion (Byte/Word): 6 Instructions
Mnemonic # ~ RG B Operation LH | AH \ RMW
NEG A 1 2 0 0 byte (A) <~ 0-(A) X - * -
NEG ear 2 3 2 0 byte (ear) < 0 - (ear) - - * -
NEG eam 2+ 5+(a) 0 2 x (b) byte (eam) < 0 - (eam) - - * *
NEGW A 1 2 0 0 word (A) < 0 - (A) - - * -
NEGW ear 2 3 2 0 word (ear) - 0 - (ear) - - * -
NEGW eam 2+ 5+(a) 0 2% (c) word (eam) « 0 - (eam) - - * *
Note: See Table A-4 and Table A-5 for information on (a), ( b) and (c) in the table.
Table B-11 Normalize Instruction (Long): 1 Instruction
Mnemonic # ~ RG B Operation LH | AH Vv RMW
NRML A,RO 2 *1 1 0 long (A) < Shift to the first bit which is set to 1 - - - -

formerly placed

byte (R0O) «— Number of shifts at that time

*1: 4 when all accumulators have a value of 0; otherwise, 6+(R0)
Note: See Table A-3 and Table A-4 for information on (a), ( b) and (c) in the table.
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Table B-12 lists 18 shift instructions of F2MC-16L.

H Shift Instruction

Table B-12 Shift Instructions (Byte/Word/Long-word): 18 Instructions

RG

B

Operation

LH

AH

RMW

5+(a)

5+(a)
#1
#1

*1

(=]

S N O N

2% (b)

2x(b)

byte (A) < Right rotate with carry
byte (A) < Left rotate with carry

byte (ear) <— Right rotate with carry
byte (eam) < Right rotate with carry
byte (ear) < Left rotate with carry

byte (eam) < Left rotate with carry
byte (A) «— Arithmetic right shift (A, RO)

byte (A) « Logical right barrel shift (A, RO)
byte (A) «— Logical left barrel shift (A, RO)

2
2
2

*1
*1
*1

S © o

S © oo o <o

word (A) < Arithmetic right shift (A, 1 bit)
word (A) < Logical right shift (A, 1 bit)
word (A) < Logical left shift (A, 1 bit)

word (A) < Arithmetic right barrel shift (A, R0)

word (A) < Logical right barrel shift (A, R0O)
word (A) < Logical left barrel shift (A, RO)

Mnemonic
RORC A
ROLC A
RORC ear
RORC eam
ROLC ear
ROLC eam
ASR ARO
LSR ARO
LSL ARO
ASRW A
LSRW A/SHRW A
LSLW A/SHLW A
ASRW  ARO
LSRW  ARO
LSLW  ARO
ASRL ARO
LSRL ARO
LSLL ARO

LSS S SRS

i8]

*2
*2
*2

—_ = = = =

oS O ol o <O

long (A) < Arithmetic right barrel shift (A, RO)
long (A) < Logical right barrel shift (A, R0O)
long (A) <— Logical left barrel shift (A, R0)

*1: 6 when RO is 0; otherwise, 5 + (R0)
*#2: 6 when RO is 0; otherwise, 6 + (R0)
Note: See Table A-4 and Table A-5 for information on (a) and (b) in the table.
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B.5 Branch Instructions

The branch instructions of the F2MC-16L are listed in the following two tables:
* Table B-13 for branch 1: 31 instructions
* Table B-14 for branch 2: 19 instructions

B Branch Instruction

Table B-13 Branch 1: 31 Instructions

Mnemonic # ~ RG B Operation LH|AH | I |[S|T|N|Z]|V]|C|RMW
BZ/BEQ rel 2 *1 0 0 Branchon (Z) =1 - - SO T I S A I -
BNZ/BNE  rel 2 *1 0 0 Branchon (Z) =0 - - R I R T I -
BC/BLO rel 2 *1 0 0 Branch on (C) = 1 - - B T N T e -
BNC/BHS  rel 2 *1 0 0 Branch on (C) =0 - - T D e -
BN rel 2 *1 0 0 Branch on (N) =1 - - -l - - -] - - - -
BP rel 2 *1 0 0 Branch on (N) =0 - - A I I e -
BV rel 2 *1 0 0 Branchon (V) =1 - - A I I e -
BNV rel 2 *1 0 0 Branch on (V) =0 - - N T I N -
BT rel 2 *1 0 0 Branch on (T) =1 - - O I I -
BNT rel 2 *1 0 0 Branch on (T) =0 - - O I I -
BLT rel 2 *1 0 0 Branch on (V) xor (N) =1 - - -l - - -] - - -
BGE rel 2 *1 0 0 Branch on (V) xor (N) =0 - - SO T I S N I -
BLE rel 2 *1 0 0 Branch on ((V) xor (N)) or (Z) =1 - - -l - - -] - - - -
BGT rel 2 *1 0 0 Branch on ((V) xor (N)) or (Z) =0 - - -l - - -] - - - -
BLS rel 2 *1 0 0 Branchon (C)or (Z2)=1 - - A I e -
BHI rel 2 *1 0 0 Branch on (C) or (Z) =0 - - SO T I S A B -
BRA rel 2 *1 0 0 Unconditional branch - - I -
IMP @A 1 2 0 0 word (PC) < (A) - - I -
IMP addr16 3 3 0 0 word (PC) < addr16 - - - - - -] - - - -
IMP @ear 2 3 1 0 word (PC) <« (ear) - - N -
IMP @eam 2+ 4+(a) 0 (c) word (PC) < (eam) - - R I R I e -
IMPP @ear *3 2 5 2 0 word (PC) < (ear), (PCB) « (ear+2) - - SO IR I I N B -
IMPP @eam *3 2+ 6+(a) 0 (d) word (PC) < (eam), (PCB) « (eam+2) - - SO IR I I N B -
JMPP addr24 4 4 0 0 word (PC) « ad24 0-15, (PCB) « ad24 16-23 - - S T IR I S IR -
CALL @ear *4 2 6 1 (c) word (PC) <« (ear) - - O I I I e -
CALL @eam *4 2+ T+(a) 0 2x(c) | word (PC) < (eam) - - A I D -
CALL addrl6 *5 3 6 0 (©) word (PC) « addr16 - - R T I I I -
CALLV #vctd *5 1 7 0 2x(c) | Vector call instruction - - - - - - - - - -
CALLP @ear *6 2 10 2 2x(c) | word (PC) < (ear)0-15, (PCB) « (ear)16-23 - - -l - - -] - - - -
CALLP @eam *6 2+ 11+(a) 0 *2 word (PC) < (eam)0-15, (PCB) « (eam)16-23 - - S T I R I I -
CALLP addr24 *7 4 10 0 2x(c) | word (PC) < addr0-15, (PCB) < addr16-23 - - -l - - -] - - - -

*1: 4 when branch is made, 6 when branch is not made

#2:3 % (c) + (b)

*3: Read the branched address (word)

*4: W: Save to stack (word), R: Read the branched address (word)
*5: Save to stack (word)

*6: W: Save to stack (long), R: Read the branched address (long)
*7: Save to stack (long)

Note: See Table A-4 and for information on (a) to (d) in the table.
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Mnemonic # ~ RG B Operation LH | AH | I S RMW

CBNE A #imm8,rel 3 *1 0 0 Branch on byte (A) not equal to imm8 - - - - -
CWBNE A #imml6,rel 4 *1 0 0 Branch on word (A) not equal to imm16 - - - - -
CBNE ear,#imm8,rel 4 *2 1 0 Branch on byte (ear) not equal to imm8 - - - - -
CBNE eam,#imm§,rel *9 4+ *3 0 (b) Branch on byte (eam) not equal to imm§8 - - - - -
CWBNE ear#imml6,rel 5 *4 1 0 Branch on word (ear) not equal to imm16 - - - - -
CWBNE eam,#imm16,rel*9 5+ *3 0 (c) Branch on word (eam) not equal to imm16 - - - - -
DBNZ ear,rel 3 *5 2 0 Branch on byte (ear) = (ear) - 1, (ear) not equal to 0 - - - - -
DBNZ eam,rel 3+ *6 2 2 x (b) |Branch on byte (eam) = (eam) - 1, (eam) not equal to 0 - - - - *
DWBNZ ear,rel 3 *5 2 0 Branch on word (ear) = (ear) - 1, (ear) not equal to 0 - - - - -
DWBNZ eam,rel 3+ *6 2 2 x (c) |Branch on word (eam) = (eam) - 1, (eam) not equal to 0 - - - - *
INT #vct8 2 20 0 8 X (c) |Software interrupt - - R|S -
INT addrl6 3 16 0 6 X (c) |Software interrupt - - R[S -
INTP addr24 4 17 0 6 X% (c) |Software interrupt - - |R[S -
INT9 1 20 0 8 X (c) |Software interrupt - - R[S -
RETI 1 *8 0 *7 Return from interrupt - - *OF -
LINK #imm8 2 6 0 (c) At the entrance of function, save old frame pointers im - - - - -

stack, set up new frame pointers, reserve area for local

pointers.
UNLINK 1 5 0 (c) At the exit of function, recover the old frame pointers from - - - - -

the stack.
RET *10 1 4 0 (c) Return from subroutine - - - - -
RETP *11 1 6 0 (d) Return from subroutine - - - - -

*1: 5 when branch is made, 4 when branch is not made
*2: 13 when branch is made, 12 when branch is not made

*3: 7 + (a) when branch is made, 6 + (a) when branch is not made

*4; 8 when branch is made, 7 when branch is not made
*5: 7 when branch is made, 6 when branch is not made

*6: 8 + (a) when branch is made, 7 + (a) when branch is not made

*7: 3 x (b) + 2 x (c) when the sequence is branched to the next interrupt request, 6 X (c) when returned from the current interruption
*8: 15 when the sequence is branched to the next interrupt request, 17 when returned from the current interruption
*9: Do not use the RWj + addressing mode for the CBNE/CWBNE instruction.

*10: Return from stack (word)
*11: Return from stack (long)

Note: See Table A-5 and Table A-5 for information on (a) to (d) in the table.
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B.6 Other Instructions

Other instructions of the FMC-16L are listed in the following four tables:

Table B-15 for other control systems (Byte/Word/Long-word) : 28 instructions
Table B-16 for bit operation instructions: 21 instructions

Table B-17 for accumulator operation instructions (Byte/Word): 6 instructions
Table B-18 for string instructions: 10 instructions

H Other Instructions

Table B-15 Other Control Systems (Byte/Word/Long-word): 28 Instructions

Mnemonic # ~ RG B Operation LH|AH | I [S|T|N|Z RMW
PUSHW A 1 4 0 (©) word (SP) < (SP) - 2, ((SP)) «<— (A)
PUSHW  AH 1 4 0 (©) word (SP) « (SP) - 2, ((SP)) < (AH)
PUSHW  PS 1 4 0 (©) word (SP) < (SP) - 2, ((SP)) «<— (PS)
PUSHW  rlst 2 *3 *5 *4 (SP) «<— (SP) - 2n, ((SP)) « (1lst)
POPW A 1 3 0 (c) word (A) «<— ((SP)), (SP) « (SP) + 2 - *
POPW AH 1 3 0 (©) word (AH) < ((SP)), (SP) « (SP) + 2
POPW PS 1 4 0 (©) word (PS) < ((SP)), (SP) « (SP) + 2 - S e ] x| o
POPW rlst 2 ) *5 *4 (tlst) < ((SP)), (SP) « (SP)
JCTX @A 1 14 0 6% (c) Context switching instruction - - I R B I
AND CCR,#imm8 2 3 0 0 byte (CCR) < (CCR) and imm8 - - Sl R B R
OR CCR,#imm8 2 3 0 0 byte (CCR) < (CCR) or imm8 - - Sl R B O
MOV RP#mm8 2 2 0 0 byte (RP) <— imm8
MOV ILM,#imm8 2 2 0 0 byte (ILM) <— imm8
MOVEA  RWi,ear 2 3 1 0 word (RW1i) « ear
MOVEA  RWi,eam 2+ 2+(a) 1 0 word (RWi) <« eam
MOVEA  Aear 2 1 0 0 word (A) « ear - *
MOVEA  A,eam 2+ 1+(a) 0 0 word (A) ¢ eam - *
ADDSP #imm§ 2 3 0 0 word (SP) < ext(imm8)
ADDSP #imm16 3 3 0 0 word (SP) «— imm16
MOV Abrgl 2 *] 0 0 byte (A) « (brgl) /72 L R I R N
MOV brg2.A 2 1 0 0 byte (brg2) « (A) - N
NOP 1 1 0 0 No operation
ADB 1 1 0 0 Prefix code for AD space access - -
DTB 1 1 0 0 Prefix code for DT space access
PCB 1 1 0 0 Prefix code for PC space access - -
SPB 1 1 0 0 Prefix code for SP space access
NCC 1 1 0 0 Prefix code for flag unchange setting
CMR 1 1 0 0 Prefix for common register banks

*1: 1 for PCB, ADB, SSB, USB, and SPB 2 for DTB and DPR

#2: 7 + 3 x (number of POP operations) + 2 X (number of the last register that operates POP), 7 when RLST = 0 (no transfer register)
*3:29 + 3 x (number of PUSH operations) - 3 x (number of the last register that operates PUSH), 8 when RLST = 0 (no transfer register)
*4: (number of POP operations) X ¢, or (number of PUSH operations) X ¢

*5: (number of POP operations), or (number of PUSH operations)

Note: See Table A-4 and Table A-5 for information on (a) and (c) in the table.
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Table B-16 Bit Operation Instruction: 21 Instructions
Mnemonic # RG B Operation LH | AH V| C | RMW
MOVB  Adir:bp 3 5 0 (b) byte (A) « (dir:bp)b V4 * - - -
MOVB  A,addrl16:bp 4 5 0 (b) byte (A) < (addr16:bp)b z * - - -
MOVB  A,io:bp 3 4 0 (b) byte (A) < (io:bp)b Z * - - -
MOVB  dir:bp,A 3 7 0 2 x (b) | bit (dir:bp)b < (A) - - - - *
MOVB  addrl6:bp,A 4 7 0 2% (b) | bit (addr16:bp)b < (A) - - - - *
MOVB  io:bp,A 3 6 0 2 x (b) | bit (i0:bp)b < (A) - - - - *
SETB dir:bp 3 7 0 2 x(b) | bit (dir:bp)b « 1 - - - - *
SETB addr16:bp 4 7 0 2 x(b) | bit (addr16:bp)b « 1 - - - - *
SETB io:bp 3 7 0 2 x (b) | bit (io:bp)b « 1 - - - - *
CLRB  dir:bp 3 7 0 2% (b) | bit (dir:bp)b « 0 - - - - *
CLRB  addrl6:bp 4 7 0 2 x (b) | bit (addr16:bp)b « 0 - - - - *
CLRB  io:bp 3 7 0 2 x (b) | bit (io:bp)b < 0 - - - |- *
BBC dir:bp,rel 4 *1 0 (b) Branch on (dir:bp) b=0 - - - - -
BBC addr16:bp,rel 5 *]1 0 (b) Branch on (addr16:bp) b=0 - - - - -
BBC io:bp,rel 4 *2 0 (b) Branch on (io:bp) b=0 - - - - -
BBS dir:bp,rel 4 *1 0 (b) Branch on (dir:bp) b =1 - - - - -
BBS addr16:bp,rel 5 *1 0 (b) Branch on (addr16:bp) b =1 - - - - -
BBS io:bp,rel 4 *2 0 (b) Branch on (io:bp) b=1 - - - - -
SBBS addr16:bp,rel 5 *3 0 2 x (b) | Branch on (addrl6:bp) b= 1, bit=1 - - - - *
WBTS  io:bp 3 *4 0 *5 Waits until (io:bp) b= 1 - - - - -
WBTC  io:bp 3 *4 0 *5 Waits until (io:bp) b=0 - - - | - -
*1: 8 when branch is made, 7 when branch is not made
*#2: 7 when branch is made, 6 when branch is not made
*3: 10 when the condition is met, 9 when the condition is not met
: Undefined count
*5: Until the condition is met
Note: See Table A-5 for information on (b) in the table.
Table B-17 Accumulator Operation Instruction (Byte/Word): 6 Instructions
Mnemonic # ~ RG B Operation LH | AH V| C | RMW
SWAP 1 3 0 0 | byte (A)0-7 & (A)8-15 - - - - -
SWAPW 1 2 0 0 | word (AH) <> (AL) - * - - -
EXT 1 1 0 0 Byte signed extension X - - - -
EXTW 1 2 0 0 Word signed extension - X - - -
ZEXT 1 1 0 0 Byte zero extension Z - - - -
ZEXTW 1 1 0 0 Word zero extension - Z - - -
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Table B-18 String Instruction : 10 Instructions

Mnemonic # ~ RG B Operation LH|AH [ I | S| T Z|V|C|RMW
MOVS / MOVSI 2 *2 *5 *3 byte transfer @ AH+ <— @AL-+, counter = RWO0 - - - -] - -0 - - -
MOVSD 2 *2 *5 *3 | byte transfer @ AH- <— @AL-, counter = RW0 - - - - - E I -
SCEQ / SCEQI 2 *1 *8 *4 byte search @ AH+ «— AL, counter RW0O - - - - - S -
SCEQD 2 *1 *8 *4 byte search @ AH- <~ AL, counter RW0 - - -l -] - L -
FILS / FILSI 2 6m+6 *8 *3 byte fill @ AH+ < AL, counter RW0O - - - - - R -
MOVSW / MOVSWI 2 #2 *5 *6 word transfer @ AH+ < @ AL+, counter = RW0 - - - - - - - - -
MOVSWD 2 #2 *5 *6 word transfer @ AH- <~ @AL-, counter = RW0 - - - - - - - - -
SCWEQ / SCWEQI 2 *1 *8 *7 | word search @ AH+ - AL, counter = RW0 - - - - - Ol O -
SCWEQD 2 *1 *8 *7 word search @ AH- - AL, counter = RW0 - - - - - S o -
FILSW / FILSWI 2 6m+6 *8 *6 | word fill @AH+ < AL, counter = RW0 - - - -] - -] - -

*1: 5 when RWO is 0, 4 + 7 x (RW0) when count-out is detected, and 7n + 5 when the data in the AL register matches the byte data specified by the AH register in the space that

is specified by bank
*#2:5 when RWO is 0, 4 + 8 x (RWO) for otherwise

*3: (b) x (RWO0) + (b) x (RWO0):To access different areas for sources and destinations, calculate item (b) separately each other.

*4: (b)x n
*5: 2 x (b) X (RWO)

*6: (c) X (RWO0) + (c) x (RWO0):To access different areas for sources and destinations, calculate item (c) separately each other.

*7:(c)Xn
#8: (b) X (RWO0)

Notes: « m: RWO value (counter value), n: Number of loops

« See Table A-5 for information on (b) and (c) in the table.
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APPENDIX C F2MC-16LX Instruction Maps

This appendix describes FMC-16LX instruction maps.

C.1 Structure of the Instruction Map
C.2 Basic Page Map

C.3 Bit Operation Instruction Map
C.4 Character String Operation Instruction Map
C.5 2-byte Instruction Map

C.6 ea-type Instruction Map

C.7 MOVEA RWi, ea Instruction Map
C.8 MOV Ri, ea Instruction Map

C.9 MOVW RWi, ea Instruction Map
C.10 MOV ea, Ri Instruction Map
C.11 MOVW ea, RWi Instruction Map
C.12 XCH Ri, ea Instruction Map
C.13 XCHW RWi, ea Instruction Map
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C.1  Structure of the Instruction Map

Since the instruction code of the FPMC-16LX consists of one- and two-byte instructions,
the instruction map consists of more than one page that can be used for one- and two-
byte instructions.

B Structure of the Instruction Map

Figure C-1 shows the structure of the instruction map.

Figure C-1 Structure of the Instruction Map

‘ Basic page map ‘ : First byte
i i Character strin - -
Bit operation Speration 9 ~ 2-byte ~ eatype - Second byte
instruction instruction instructions instruction x 9

The instruction code is described on the basic page map for one-byte instructions (such as the NOP
instruction). For two-byte instructions (such as the MOVS instruction), see the basic page map to find the
name of the map that describes the second byte of the instruction code to be referenced next.

Figure C-2 shows the relationship between actual instruction codes and instruction maps.
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Figure C-2 Relationship Between Actual Instruction Codes and Instruction Maps

May not exist for
some instruction.

The length varies
| \ \ depending on
instructions.

Instruction ™o byte :Secondbyte; Operand | Operand
code :
[Basic page map]
XY
—
izl T
" [Extended page map]*
uv
\\
wl T

*:  Extended page map is a generic name for bit operation instruction, character string
operation instruction, 2-byte instruction, and ea-type instruction. More than one extended
page map exists for each type of instruction.

321



APPENDIX

C.2 Basic Page Map

Table C-1 shows the basic page map.

B Basic Page Map
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Table C-1 Basic Page Map

eo ‘MY

uononsul

1S

1sH

v

OL#

R I I | | | | I | |20 A 4+
IHE MHOX|  e¥az| mdod| MHSNd|  MLION| mninw|  dsaav|  musd
les N R | 1 | | |eo 4 Uonaido|Sd sd oty |V v I3+
S8 HOX|bussieem|  MdOd|  MHSNd|  muoX|  mHOX| Mdvms|  musv
lo1 R | I | | |imy ‘ee HY HY o'y v g+
194 fanomw Mdod|  mHSNd MHO MHO|  MLX3z
e R | I | | |y eo uogonuisul|y v o'y v v o+
379 AOW|uoreiado yg8|  MdOd|  MHSNd|  Manv|  many| muxa MIST
lo1 R | D I | | |2 ‘Imy v'ouppe [ze#'y  |olE'V |V eE'y v g+
3og MAOW 34|  MAOW|  TAOW|  MdWD|  MdWO|  1dwo|  moan
lo1 R | I | | |eo 1y vzippe  |oLppe'y |oL#y  fer‘oL#  |lea's#  |s# W 3% ‘M v+
17g AOW dINIl  mAOW|  MAOW|'Y 3NEMO ‘v aNED AOW AOW
lo1 R | L I | | D | | e MY [oLppE |V ‘Ol v Ip o'y v ZeH 'Y 6+
INg VIAOW Nl maow|  maow|  mans| mans 7ans|  MNMNN
les L V8PHM  [8PHMH®  |9L# MY [V IMH MY Y | 6 uoponasui|gions o'y 1p 'y o'y v Zed'y  |swuwng g+
19 o MAOW ~ ~VAOIN[ ~ TMACW| ~ ~ MAON| MAOW o Nl maow|  maow|  maav|  maav 7aav NI
A A A A A
lo1 I | D | | | I | g uogonzsul 9LpPE Y |V ‘dS v v 84 I+
ANE o 134 XAOW|  MAOW 1oN|  ninw|  dsaav gads
los R | D | | D | I | | £ uojoniisuy ol#'ol  |ds'v 84 'y v o+
Ag o di3d|  MAOW|  MAOW HOX nAId|  dvms aav|
lo1 R | D N I | R | D | g uogonnsullyzippe  fol ‘v 1p 'y 84 'V 8% ‘40O o+
dg eo|  dTWWO|  XAOW|  XAOW HO HO 1X3z g1a
los I | D L | | D | g uoponsulloppe (g4 ‘ol gEup sk 8% ‘400 -
Ne o Tv0 AOW AOW any anv 1xa g0d
lo1 R R | D N I | | e | I ¥ uojonnsullyzeppe v ‘9Lippe |84 ‘Y 84 'V v Vo v o+
SHE/ONE eo ddInr AOW|  XAOW dWD dWo XL10r D3N
lo1 R | D 1 I | R | D | guoponisulloLpPe  [91LPPE Y [8# Y v v v v 2+
o1a/08 o dINr AOW AOW|  oans|  oaav| oaans| oaaay
lo1 N L R o o O | R | | 2 uoonusullv @ v ‘ol v Ip 84 'V 1P 'y L+
3Na/ZNeg eo dmr AOW AOW ans ans 20N 6LNI
los b v# Y SPHMH®  |IH ‘Y 8# ‘o v " 'Y I uogonssuljes o'y 1p 'y 8# 'V 1P 'y o+
o3g/za 1v0 AOW| Y XAOW AOW AOW AOW AOW eo vug AOW AOW aav aav HIND dON
0od 03 od 00 od ov 06 08 0L 09 0s (1)74 0€ 0¢ (1] 8 00

Note: For the information about ea-type instruction from (1) to (9), see Table C.6,"ea-type Instruction".
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C.3 Bit Operation Instruction Map

Table C-2 shows the bit operation instruction map.
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B Bit Operation Instruction Map

6Ch)

Table C-2 Bit Operation Instruction Map (First Byte

A A A A A A A A A A A A A 4+
....... . I A I R R B .---lll-.--.---.-lll-.-.-m_+
....... - I A I R P .-------.--.---.-----.-.-ﬁ_+
....... . I A I Y B .......-.--.-......--.-.-O+
....... - I A I R e B .---lll-.--.---.-lll-.-.-m+
....... N I e A I e B e .-------.--.---.-----.-.-<+
....... [ T I O A A A R A R N N 6+
mm“mmn.um.- _@E@c?.m _mhuamuu_m -__Huq.a._m@.cmum ._m.h Hgm;._u. -mn.@.:wu.m. .&u._n N -a.gu.ormum. .%.E._n. N emamm.xunwm. ,.\Qm L._u. . .&ummumﬁ. -mnﬂh_w ”<. . g+

s4ads sgad sad og4 ogd 413s 413s ad10 a410 aAON dAON| ‘Y 9AONW aAON

4 4 4 4 4 4 4 4 /l+
........................................................ o+
........................................................ G+
..................................................... Y+
...................................................... e+
..................................................... ot
..................................................... L+
dgor dgor o ‘dgroy o ‘dgfo dgor dgor vdgor oy | or

0LaM S1am sgq ogd g13s a410 gAON aAON

o4 03 (1]¢] 00 og ov 06 08 0L 09 0S ot o€ 0c ol 00
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C.4 Character String Operation Instruction Map

Table C-3 shows the character string operation instruction map.
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B Character String Operation Instruction Map

6EH)

Table C-3 Character String Operation Instruction Map (First Byte

gt L 4 ads'ads) g+
D 1 1 1 1
N _ _ Jav‘ads | g+
N _ _ ala‘ads | g+
« " _ 30d ‘8dS | g+
« “ ” 3ds‘gav | g+
) _ _ Aaav ‘aav | g+
‘ _ _ aLa‘sav | g+
S S |.|||_ ||||||
« ; ; 10d‘gav | g+
« _ ” ads'aLa | 4+
« _ _ 3av‘a1d | g+
« " _ ala‘ald | g+
) _ _ 30d ‘910 | p+
gds 1 8ds 4 |8ds 4 |gds 4 |ads 4 |ads ¢ ) “ “ 3ds '8od | g+
gav gav gav gav gav aav ) _ _ 3av '80d | z+
ga1a a1a ga1a ga1a a1a a1a * " “ 31a'80d | 1+
80d 80d 80d 80d 80d 80d « _ ; 30d ‘80d | o+
IS714 ISTI4| O3IMOS| 03IMOS| dDIOS|  [030S OMSAOW | IMSAOW | OSAOW ' ISAOW
od 03 oa (1}0) og ov 06 08 0L 09 0S ov 115 114 oL 00
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C.5 2-byte Instruction Map

Table C-4 shows the 2-byte instruction map.
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6Fp)

Table C-4 2-byte Instruction Map (First Byte

B 2-byte Instruction Map

od ‘v 0d ‘v 0d ‘v 4+
............ ds 14s7 MYST
SHETHO 'V |V 'SPHETH® |0 VY 0d ‘v 0d ‘v I+
~ MAOW|  MAOW IS4 dsv MYSY
od ‘v HY “IV® |[VO® 'V a+
............ TNEN MAOW MAOW
8PHZIHO 'V |V '8P+ H® |0 VY 0d ‘v 0d ‘v o+
~ MAOW|  MAOW as1 11s7 MIST
a+
8P+ TH® 'V |V 'SP+ TH® v+
naid . MAOW| ~ MAOW
6+
mow
8PHIH® 'V |V ‘8P IH® g+
1NN MAOWN MAOW
A\ Y J+
.................. 0104 0104
SHETHO 'V |V SHETH® |8PHETHO V (VO 'V g0d ‘v 9+
.. NOW|__AOW|  XAOW NOW AOW
HY “IV® |[VO® 'V G+
.................. AOW AOWN
SPHZIHO 'V |V '8P+ H® |8P+2TH® 'V |V ‘'Hdd Hda ‘v P+
__ NOW|_AOW[ ~ XAOW AOW AOW
v ‘asn asn ‘v o+
.................. AOW AOWN
8P+ TH® 'V |V '8P+ TH® |8P+THO 'V |V ‘dSS gass ‘v 2+
__ MNOW|__AOW[  XAOW AOW AOW
Vv ‘aav aav ‘v L+
.................. AOW AOWN
gPHIH® 'V |V '8P+H0H® |8P+0THO 'V |V ‘dLd a1a ‘v o+
AOWN AOWN XAOW ANOWN AOIN
od 03 oa 00 og ov 06 08 0L 09 0S orv 0€ (114 (118 00
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C.6 ea-type Instruction Map

ea-type instruction maps (first byte = 70y to first byte = 78y) are shown in the following

nine tables:
» Table C-5 for ea-type instruction (1) (first byte = 70y)

* Table C-6 for ea-type instruction (2) (first byte = 71y)
» Table C-7 for ea-type instruction (3) (first byte = 72)
* Table C-8 for ea-type instruction (4) (first byte = 73)
* Table C-9 for ea-type instruction (5) (first byte = 74,)
* Table C-10 for ea-type instruction (6) (first byte = 75)
* Table C-11 for ea-type instruction (7) (first byte = 76y)
* Table C-12 for ea-type instruction (8) (first byte = 77Q)
» Table C-13 for ea-type instruction (9) (first byte = 78y)
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B ea-type Instruction Map

=70y)

Table C-5 ea-byte Instruction (1) (First Byte

{eMdo'Y

‘eMHDY

o1 ‘g#' palquoid|gLippe  4EMHO'Y |9LIPPE  +EMHD'Y |9Lippe HEMHOY |9HPPE  YEMHD®'Y |94 ‘9L#  pelayoid |9 Lippe gLippe 4+
‘Ouppe asn| ‘v THOX . THOX| ‘V THO , THO| ‘v IANY . IANY| VY 1dWO ., TdWO|‘9LppE esn| ‘v lgns . 1ans| ‘v 1aav . Jaav

o1 ‘g#' pauquoid| 9LP+Od® +ZMHO'Y | 9IP+Od® +EMHOY | 9LP+Od® +ZMHO'Y | 9IP+Od® +gMHDY [191'9l#  'pauquoid| 9Ip+tOd® +gMHDY | 9IPrOd® +eMHOY | g+
_9IPHOde |, esn| 'V THOX . THOX| 'V WO | THO| V. IONY . ANV 'V TdWO ,  IdWO|'9WtOd® . esn| v 1ans . 1ans| v ladv . 1dav

o1 ‘g#' PONAIOId | /MHHMED +IMHDY |/MHHMHD +IMHB'Y |/MEHMH® HMHOY |MHHMH® +HMH®'Y |104°91#  pelaiuoid |/MHHMHD +IMHBY |NHHMHED +HMHD'Y a+
INEHMED ! 8sN| 'V THOX ,  THOX| 'V THO ! THO| 'V IANY ! 1ANY| 'V TdNO ! TdIND [MEHMED | esn| ‘v lgns | 1lans| ‘v 1aav | 1aav

o1 ‘g#' PeNqOId | /MHOVHD HOMHB'Y |/MHHOMHD 1OMHOY | /MHHOVH® +OMHB'Y |/MEFOVH® FOMH®'Y |19 ‘0L  peuauold | /MeHOVHD +0MHBY |MEHOVHD +OMd®'Y o+
MgHOVED | esn| 'V THOX | WOX| Y WO THO| Y IANY i INY) Y WO 1 IdWO\vdtovde | esn| v Tans | Tans| v laadv | 1dav

o1 ‘g#' (o1°8#  |OIPHEMH® EMH®'Y [9IDHEMH® EMHOY |9IDHEMH® EMHO'Y |9HEMH® EMHO'Y |10 °Ol#  [01°OL#  |9IHEMH® EMHO'Y |9I+EMH® EMHO'Y a+
OIPEMHO 'EMH® | 'V THOX ' WOX| 'V WO . THO| 'V IANY :  IONY) 'Y TdWNO :  TdWO|oirteMd@ lemde | v ans ¢ Tans| v laadv r  1aav

o1 ‘g#' [o1'8%  |9IPHIMHD CMHO'Y [IPFEMHD ZMHO'Y |9IPHMHD gMHO'Y (9IPHZMH® ¢MH®'Y 194 ‘OL#  [01°OL#  [9IP+EMHO® ¢MHD'Y (9IPHMHD ¢MHO'Y | y+
9IPHZMHD ZMH® 'V TdOX +  THOX| YV THO . THO| ‘V IANY . IANY| YV 1dWND .+ TdIND [9IPHIMH® ZMH @ ‘v lans « ans| ‘v laav . 1aav
||||||| L e e T (e e L [ e R

o1 ‘g#' (o1'8#  |OIPHMHD FMHO'Y |9IPHMHD LMH'Y |OIPHMED tMHO'Y [OPHMHD IMHB'Y |[81°9L#  [81'9L#  |OLPHLMEHD [MHB'Y |9IPHMED IMHD'Y | g+
OIPHIME® \LMH® | 'V THOX . THOX| 'V HO ., THO| V. IONY , _ ONV| 'V TdWO,  1dWO|9IPHIMH® mH@ | v 18ns . T8ns| v 1adv . 1aav

o1 ‘g#' 1o1°8¢  |9IPHOMHD OMHD'Y |9IPHOMHD OMHD'Y |9IPHOMHD OMHO'Y [9LPHOMH® OMH®'Y |I91'9L#  [01°'9L#  |OLPHOMHD OMHB'Y |9LP+HOMH® OMHO'Y | g+
OIPHOMHO OMH® | 'V THOX . HOX| VO | THO| V. IANY | IANV| 'V TdNO | TdWO(oPOMH® oM€® | v 18ns . lans| v laav . 1aav

o1 ‘g 101 ‘g# 8P+H/MH® €14 ‘Y 8oHMH® €Td Y 8OHMHD €14 ‘Y SOHMHD €14 'Y [o1°9L#  |o1 QL o+HMHD £1d YV 8o+/MH® €14 ‘V I+
PHMEe 2|V HOX | HOX| 'V WO ) THO| 'V OIONY [ ANV 'V IdWO | IdWO| sPHMHD MY | v.1ens | 18ns| v laav | 1dav
loi‘'g# 0B | SOMH® €1V | SPHOMHO £THY | SPHOMHO ETHY | SPHOMHO ETHY  |191°9L#  jeiOl# | soMHD €Y | sproMde MY | g+
BPOMHO 9d | 'V HOX | HOX| 'V WO THO| 'V IANY o IANY| YV IdWO ¢ IdWO| SPMHe JoMd | v.lens | 1ans| 'v.laav ;  1dav

o1 ‘g (o1 '8 SPHSMH® ¢TH 'V eHSMH® ¢1d ‘Y PHSME® ¢1d ‘v HSME® ¢1d ‘v O TR R I SPHSMHD ¢TH 'V SPISMHD ¢1d 'V G+
peMEe s | 'V HOX b HOX| 'V WO . THO| 'V IONY o IANY| 'V IdWO o IdWO| sPHMHe ISMY | v ens - 18ns| v laav :  1dav

|91 ‘g# (o1 ‘g# 8PHMH® ¢1d 'V SPHMH® 1d 'Y PHMHD ¢TH Y PHMHD ¢TH ‘v |91 ‘9L# (o1 ‘9L# SPHMH® ¢1d ‘Y SPHMH® ¢1d ‘Y P+
PWMHe wd |V THOX .« HOX| 'V WO . THO| 'V IANY . IANY| YV IdWO L IdWO| sPHMHE MY | v .ens . 1ans| v laav . 1dav

o1 ‘i fe1 ‘g# 8HEMHD 1TH ‘Y gPHEMH® LY ‘Y SPHEMHD 1H 'Y SPHEMHD 1TH 'Y lo1°9L#  [olOL# SPHEMH® LTH Y SPHEMH® 1TH Y o+
SPEMHD e | 'V THOX . THOX| 'V WO | THO| V.IONY , IONV| 'V TdND ,  IdWO| sPEMHe M | v ens . 18ns| v laadv . 1dav

o1 ‘g# 101 ‘g# gp+eMH® 1TH ‘Y goreMED LTH 'Y ereMH® 1Y ‘Y goHeMH® 1YV [o1‘9L#  |o1 ‘L greMH® 1Y ‘Y 8o+eMH® 1YV 2+
PreMHO 7d | 'V HOX | HOX| 'V WO €Ol VOIONY [ IANY| YV TdWO [ TdWO| sPMH® eMY | v.ians | Ens| v laav | aav

o1 ‘i 101 ‘g# gPHIMH® 01d ‘Y 8OHMHE® 0T Y 8PHMHE® 0T ‘Y 8PHME® 0T 'V [o1°9L#  joI QL PHMHD 07d ‘V PHMHD® 07d ‘V L+
PHMEe 1 |V HOX | HOX| 'V WO ) THO| 'V OIONY o IANY| 'V IdNO o IdWO| sPHMHED IMY | v 1ens | 1Ens| v laadv | 1dav

[o1 ‘g# jo1 ‘g4 SOHOMH® 0T 'V g oMd® (1Y ‘v SPHOMH® DTH ‘Y SPHOMHD 0TH ‘Y 101914 [o1°OL# SHOMHD 0T ‘Y SOHOMHD 0T ‘Y o+
BPOMH@ lod | ¥V THOX ! HOX| 'V "0+ THO| V.IANY : o ANV Y IdND v TdINO| 8PtoMH®e oM | v.lans | 7Ens| v laav o 1dav
13NgD ‘1 3NgO 1 3ANGMO T INGMO

od o3 oa 00 od ov 06 08 0L 09 0S ov (1] (114 oL 00
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= 71H)

Table C-6 ea-type Instruction (2) (First Byte

HEMH®

I+EMH® ®

9LIPPE  '+EMH®'YV |8# 'OLIPPE !B +EMH® |V ‘OLIPPE |V4EMH® |OMPPE  +EMHO'V |9LIPPE  '+EMH® |9hippE 9LIpPe® 9LPPED | +EMHDO | 4+
VVYIAOW:  VIAOW| AOW: AOW|  AOW: — TAOW| 'V IAOW:  TAOW| ~ 103a.  103d) _ TONI  TONI|  dTWvO, ~dTvO|  ddir: — ddir
9LP+Od® ' +ZMHB'Y | 84 ‘9LP+Od® 8% “ZMHD |V 9IP+Od® 'V+ZMHD | 9LP+OJ® [+ZMHO'Y | 9LP+Od® '+ZMH® | 9IP+Od® +ZMH® | 9IP+0d00 '+ZMHO® | 9IP+0dD 0 ' +ZMHD® | g+
«ﬁ»o.s_._- vanow| AOW. AOW| — TAOW, ~ TAOW| 'V IAOW.  TAOW| = 103d, _103a) _ TONI L __TONI| __dTWO,  dTIWO| ddir, Lo ddnr
LIHMED +LMH 'Y | ¥ MEHMED '8 HLMHO | VIMHHMED Y+ IME® | LMEHMED '+HMHO'Y | LMEHIMED +LMH® | IMEHMED +LMHD | ZMU+IMED +IMBO® | IME+IMED +IMER® | g+
_YVANOW,  VAAOW| MW, AOW| - TAOW,  TAOW| 'V IAOW,  TAOW| 1030, 103a) 62__ __TONI| _@dTIv0;  dTIWO|  ® ddAr,  ddir
LMHFOME® 1 +OMH 'Y | 8 LNHOMHD 1 8# “OMH® | VLMHHOMHD 1 V+OMH® | LMHOMH® 1 +OMHD'Y | LMH+OMHO ++OMH® | LMH+OMHD | +OMH® | LMH+OMHD . +OMHD ® | LMH+OMH® 1+OMHD ® |
_VY3AOW,  VAAOW| AW, AOW| - C TOW,  TAOW| Y IAOW,  TAOW|  1030;  103d| TONIT - IONI @ m_._,._<.o_ __d1vo @ ddAr,  ddAr
ILPFEMHD | EMHD'Y | BFOLPHEMHD 8% ‘EMHD | VOIP+EMED \V'EMHD |OIPFEMH® ' EMHO'Y [9IP+HEMHD .EMHD  |ILPEMHD [EMH®  |9LP+EMHD [EMHD ® [9IP+eMHD .EMHD ® | g+
JVVIAOW'  VAAOW| ~ AOW!  AOW| — TAOW!  TIAOW| 'V TAOW _- _AOW| - 193dr  103a) NI ¢ TONI| @ dTvO:  dTIVO)  © ddil, — ddir
OIPHIMHD ZMHOD'Y | BHOIPHIMHD |84 TMHD | VOIPZMHO |VIMHD |9IPHIMED ZMHD'Y |9IP+HIMHD ZMHD  |9IP+EMHD 'TMHD  [9IPHIMHD |ZMHD © [91P+eMHD [eMHD @ |
VVIAOW:  VAAOW| ~  AOW:  AOW| ~ TAON'  TAOW| 'V IAOW _. _JMowp o ooad1oaa) TONI, - TONI -@.n_,._.,_<.o._ _ d1VO|  © ddir: - ddAr
OIPHLMHD | LMHD'Y | 8HIIPHIMH® |8# LMH® | VOIPHMHD |V LMH® |9IP+IMHD | LMHD'Y [9IP+HIMED  LMH®  |9IPHMHD ' LMHD  |9IP+IMHD ' IMH® @ |9IP+HMHD | LMHD ® | g+
JVV3NOW.  VAAOW| ~  AOW.  AOW| —_ TAOW.  TAOW| 'V IAOW: _ TAOW|  103a. _103a) TONIL ONI - @ dTIvO,  dTIVO| ® n._n_._\,_.ﬂ L _ddir
9IP+OMH® 'OMHD'Y | BHOIPHOMHD '8# OMH® | VOIPOMHO 'V'OMH® [9IPHOMH® OMHD'Y |9LPHOMH® 'OMHD  [9IP+OMHD .0MH®  |9IP+OMHD 'OMHD @ [91P+0MHD 'OMH@ @ | g+
-<.<.u\.6_>_. _Y3AOW| AW, AOW|  TAOW, ~ TAOW| 'V IAOW. _ TJAOW| ~ 103a, 103a| TONI' - TONI| @ dT1¥O,  dTIVO| @ ddir,  ddIAr
BPHMH® LMH Y | BHEDHMHD ‘84 L | VEPHMHD 'V ‘€T 8PHMHO 'ETH 'Y |8PHMHO ETH 8P+/MH® '€ SHMHRD €TH® | 8P MHO® 'STH® I+
‘VY3IAOW,  VIAOW| AOW, ~ AOW| ~ TAOW, IAOW| 'V TAOW,  TAOW| ~ 703@; 103a|  7TONI Lo TN m_d<.o_ _d1vO|  ddWr ddir
SPHOMH® 'OMH 'V | S#8PHOMHD 8% ‘OH | V'EPFOMHD 'V '€TH  |8PYOMH® €TH 'Y |8PYOMH® £TH 8P+OMH® '€ 1Y gHOMHDO ETHD | SPHMHR O 1E1H® o+
««w\wo.s_._- _Vanow| AOW!  AOW| -._>©§_ _JAOW] Y IAOW,  TAOW| - 103a: 103a)  TONI, TONI| dTWO!  dTWO|  ddAr  ddir
SPYSMH® SMH 'V | S¥SP+SMH® 8 'SH | V'SP+SMH® .V 2T | SPHSMH® 2T 'Y |8P+SME® 2T 8PHSMH® 12T SHSMERD 2THO | 8PHSMH® 2 TH® o+
VY3NON: Tvaton| | Aon: - Aowl O, on| v TAOW, ol 1030: 7030)  TIONIL oML aTO] _dTIvo| Nt _denr
BPHYMH® [PMH 'Y | BHSPHIMHD 8% ‘PH | VEPHMHO |V 21 | 8PHPMH® 21H 'Y |8PHPME® |2 8P+HYMH® 12T PHMHOD 'ZTHO | SPHMHDO | ZTHO o+
<<u>o_>__ VAAOW AOW:  AOW TOW:  IAOW| 'V IAOW'  IAOW| 1030 103a TONI' NI dTv0:  dTIvO ddNF ddir
IIIIIIIIIIIIIIIIIIII - -=-=-=-=-r-=-=-=-=--= - - - == IIIIIIIIIIIIIIIIIII-IIIIIIIIIIII - - --"-"fF--"--""-"5°-~"-~"~-""=-"~="°/-~"°~-~""~"=>"="°~"° - - - °-°
SP+EMH® 'EMH 'Y | 8#'8D+EMH® '8# ‘EH | V'SPtEMH® 'V ITH  |8P*EMH® LMY |8PreMH® ' LTd 8P+EMH® | LT PPIEMHOO ' LTHO | SPHEMHO O | LTHO o+
‘VYINON.  VIAOW| AOW.  AOW|  TAOW. TAOW| ¥ .._\.6_\,_ o MOWP o 103a. 103a) u_oz.__ __TONI|dTvO;  dTVO| ddir Lo _ddar
BPHIMHO 'TMH 'V [ BHEPHIMHD '8# T |V'EPHIMHO 'Y LTH  |SP+MH® ! LTH'Y  |8P+IME® ! LT 8p+zME® ' 11 PHMHDD ' 1 TH® PHMHDO ' 1 TH® 2+
‘VYIAOW,  VAAOW| AOW, _ AOW| — TAOW,  TAOW| 'V TAOW, o ThONL 1030, 103a)  JONIL  TONI| dTIWO;  dTIVO|  ddAr,  ddr
SPHLMH® ' LMH 'Y | S#'SPHLMHO 184 IH | V'SPHIMH® V0T |8PHLMH® '0TH 'Y |8PHLMH® 0TH 8P+LMH® '0TH SHME®D 0TH® | 8PHMHO® 0TH® L+
‘VYINOW, VIAOW| AOW, ~ AOW| ~ TAOW, TAOW| 'V JAOW,  TAOW| ~ 103a; 103a| _ TONI,  TONI| ~ dTIVO! dTI¥O|  ddir,  ddir
8PHOMH® OMH 'V | 8#'SP+OMH® 8% ‘0H | V'8P+OMH® .V ‘0TH | 8PHOMH® 0TH 'V |8P+OMH® .0TY 8P+OMH® 10T SPHOMHO @ ,0TH® | SPHOMHO® .0TH® o+
vV VIAON'  VIAOW AOW'  AOW JAON' IAOW| 'V TAOW'  1AOW|  103a* 103 TONI' 10N dTvD:  dTIVO ddNr ddir
04 03 oa 02 og ov 06 08 0L 09 0S oy o 0z oL 00
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APPENDIX C F2MC-16LX Instruction Maps

=72y)

Table C-7 ea-type Instruction (3) (First Byte

'+EMHD 'Y

HEMH®

ouppe ! 9LPPE | +EMH®'V |V ‘OLPPE |V 4EMH® [9LIPPE  |+EMH®'V |9LIPPE | +EMH® |[9LPPE  |+EMH® (9HPpE ouppe  +eMH® | g+
'Y HOX, HOX| 'V XAOW:  XAOW AOW: NOW|'Y  AOW:  AOW 03a: 03 ONI ONI| OdHOH, O”OH| O70d: OTOH
IIIIII [ I R ---"-"-"-"*Tr--"--""-""-{-""-""=--"-""-""-"7T-~"-~"=-""="="""-"-""-""=>"">""*®™-=-""-"=-""-"°9°-"°-""=-"~"~""~"y--~"-"~-~"~"~"~"r-"-"""~"5S-~"~-~"~=~""~"~"="\-~"=-~""="="="-"° - - - °-°
9LP+Od® '+ZMH®'Y | 9LP+Od® |+ZMH® 'Y | ¥ ‘9IP+Od® |V +ZMHD | 9LP+Od® +ZMH®'Y | 9LP+Od® | +ZMH® | 9LP+Od®@ ! +ZMH® | 9IP+Od® '+ZMH® | 9LP+Od® |+ZMH® | 3+
v _HOX. _ HOX|'V XAOW.  XAOW| __ AON. _ AON|'V AOW, _ AOW| 03, _ %3a| ONL___ (ONI| | _OHOH, OHOH)  O70H. = IO
LG+LMED '+ LME® 'Y | LME+ LMD ' +LME® Y | VIME+HMED' Y +LME® | MEHMED ' +LME 'Y | [ME+MED ' +LME® | MEHMED  +LMH® | LME+LMHD  +LME® | IME+HMED ' +IMED | g+
Y WX\ HOX| ¥ XAOW,  XAOW| ~ AON, _ AON| ¥ AOW,  AOW| 030,  03a| NI, _ONIl __ OHoW, OdOWf __Olod, Q7o
LIMEFOMED  +OMH D'V | LWHFOMHO +OMH®'Y | VZME-OMHD 'V +OMHD | LMH+OMYD +OMH®'Y | LME+0MHO' +OMH® | LMH+OMED +OMH® | LMH+0MHD  +OMH® | LMH+OME® - +OME® | o+
JY_HOXi o HOX| v XAOW,  XAOW| ___AOW, AWV AOW, _ AOW|  03a, _ 93a) ONIL___ ONI| __ OHOd| QHOM) w04, OI0H
IIPHEMHD [EMHO'Y |SIPHEMHO . EMHD'Y | VIIPHEMHD 1V EMHD |SIPFEMHD .EMHO'Y |9IPFEMHD EMHD  [9IPFEMHD . EMHD  (9IP+EMHD .EMHD  |9IP+eMED EMHD | g+
Y _HOX.  HOX| Y XAOW  XAOW| AW, _ AOW[ Y AON, _ AOW| 930, 23q) ONI__ONIT _DHOWT  OHOM)  J10d[ 910
9IPHZMED |ZMH®'Y | ILPHZMHD | ZMHD'Y | VIIPFIMHD Y ZMHD |9IP+HIMHD | ZMHD'Y |9IP+ZME®, ZMH®  [9LPHZMHD |ZMH®  |9IP+HIMHD | ZMHD  [9IPHZMHD . ZMHD [ v+
Y _HOX.  HOX| 'Y XAOW:  XAOW| — AOW, _ AOW| 'V _AOW' _ AOW _o3a _ o3aj ONI__ _ONIl __JHOW, OHOM)  O10H: 10
9IPHLMHD ' LMHO'Y | 9IPHME®D | LMHD'Y | VOIPHMED YV LMH® |9LP+IMED | LMH®'Y [9IP+HIMHO, LMH®  |9IP+LMHD  LMH®  [9LP+IMHD | LMHD  (9LP+IMED [ IMHD | g+

'V HOX, HOX| 'V XAOW:  XAOW AOW:  AOW| 'V AOW:  AOW o3a.  03a ONI, ONI|  OHOY, OHOH 0104 070
|||||||||||||||||| [ --T---"-TT/-- - --""7|-"-"°-"-"-""-"fs-----"°-FT--"-"-~"-TrTrT-----------TS-S--"-~"°-~"°-"r-"-"-""-""5-~"-~"=~"°="°="°7|\-~"=~"°="°=~"°="°="©°-°-~°-°-°
9IPHOMH® 'OMH®'Y | 9LP+OMH® |OMH®'Y | Y'9IPFOMHED |V ‘OMH® |9LP+OMH® 'OMH®'Y [9IP+OMH® | OMH®  |9IP+OMH® ' OMH®  |9IP+OMH® 'OMH®  |9IP+OMHD 'oMH® | g+
JY_HOX HOX| 'Y XAOW.  XAOW| — AOW, ~ AOW| 'V _AOW, __AOW _o3a. _ odaj ONI, __ ONI|  0HOd, OHOd| 0104, OTOH
8PHLME® 24 Y 8P+HMH® ' LH 'Y V'8P+HMHO 'V “2d 8P+HMH® ' LY ‘Y 8P+LMH® ' LY 8P+LMH® 1 LH 8P+HMH® ' L 8P+HLMH® ' LY I+
Y _HOX, __ HOX|'V XAOW, _ XAOW| __ AOW, _ AOW( AOW, _ AOW| __ 030, _ 03a| ___ ONIL __ ONI|  OHOW  OHOW| 0704, 070
8P+IMH® |9t 'V 8P+IMH® 1 9t 'V V'8P+IMH® 1V ‘9 8P+IMH® 1 9H ‘Y 8P+IMH® ' 9 8P+OMH® , 9 8PTOMH® 19 8P+IMH® 19 o+
v _HOXe  HOX['V XAOW, _ XAOW| — AOW, _ AOW|'V AOW[  AOW_ __03a, _ odaj ONIL___ONI _QHOM| OHOM) _ 9104 10
8P+SMH® |SH ‘Y 8P*SMH® , SH 'V V'8PHSME® ¥ ‘SH 8P+SMH® , SH 'Y 8PYSMH® « SH 8P+SMH® , S 8P+SMH® , S 8P+SMH® . SH G+
Y _HOX.  HOX|'V XAOW: _ XAOW| _ AOW, _ AOW|'V AOW. _ AoW| __o3a _ oda] _ ONI__ONI _QHOM:  OHOM) 9104 10
8P+HMH® |7 ‘Y 8P+HMH® | 7 'V V'8P+rME®D |V ‘v 8P+HMH® | 7H ‘Y 8P+YMH® | 7 8P+PMH® | 8P+HMH® | v 8P+HMHE® | 7 -
'V HOX, HOX| 'V XAOW:  XAOW ANOW'  AOW['Y AOW:  AOW 03a' 03 ONI, ONI|  OHOH: O”Od|  OTOH:  O70d
|||||| P el B e el el e e (e e T e e
8P+EMH® '€ 'V 8P+EMH® ! € 'V V'8P+EMH® |V ‘e 8P+EMH® |EY ‘Y 8P+EMH® | €Y 8P+EMH® ' €Y 8P+EMH® ' €Y 8P+EMH® |EY e+
Y _HOX, _ HOX|'V. XAOW. _ XAOW| __ AOW.  AOWI'V AOW, _ AOW| __93a: _ 03a} ONIL___ [ONIL _OHOM, OHOoH) _ JT0d.  J10H
8P+HIMH® 124 'V 8P+ZMH® ' 2H 'Y V'8P+zME® 'V ‘2 8P+ZMH® '2H ‘Y 8P+ZMH® ' 2 8P+ZMH® ' 2 8P+ZMH® ' 2 8P+ZMH® 'Y z+
V. _HOX| _ HOX['V XAOW. _ XAOW| —_ AOW,  AOW|'V AOW, _ AOW_ __03a, _ o3aj _ ONIL __ ONI|  OdOW, OHOd| _ 0704, = OTOH
8P+IME® 1Y ‘Y 8P+HLMH® ! 1H 'Y V'ePHLME® 'V ‘1Y 8P+HLMHE® ' 1Y ‘Y 8P+HLMH® ' 1Y 8P+LMH® .\ 1Y 8P+HLMHE® « 1Y 8P+HLMH® ' 1Y L+
V__HOX: _ HOX|'V XAOW,  XAOW| — AOW,  AOW|V AOW,  AOW| 030, _ 03a| ONI___ONIl _ _QWod| OHod|  O70d, 9o
8P+OMH® |0t 'V 8P+OMH® / OH 'V V'8P+OME® 1V ‘0H 8PHOMH®  0H 'V 8P+OMH® ' 0 8P+OMH® , O 8P+OMH® . 0 8P+OMH®  0H o+
'V HOX: HOX| 'V XAOW' — XAOW NOW' —— AOW['Y _ AOW' — AOW 03a! _ 03d ONI: ONI|  OHOH' O”Od| OTOH'  O70Y

04 03 oa 00 og ov 06 08 0L 09 0s or o€ 0c oL 00
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Table C-8 ea-type Instruction (4) (First Byte

'+EMHO 'Y

'+fEMH®

opppe ! OL# ‘OLIPPE 'OL# +EMH® |V ‘OLIPPE |V +EMH® [OLPPE | +EMH®'V [9MPPE  +EMH® |9LPPE ! 9HPPE® | YEMHO®® |9HPPED +EMHO®® | 4+
V_MHOX, _ MHOX|  MAOW. —_ MAOW| — MAOW: = MAON|'Y MAOW: _MAOW| = MO3d. MO3A} ~ MONI, MONI|  TIvO:  TwvO| _  dAWr: — dAr
9LP+Od® '+ZMH®'Y | 9k# ‘OLP+Od® '9H# +ZMH® |V '9IP+Od® 'V +ZMH® | 9IP+Od® ' +ZMH®'V | 9LP+Od® '+ZMH® | 9IP+0d0® ' +ZMH® | 9IP+HOdDD | +ZMHB ® | 9IP+OdD B | +eMHB ® | g+
'V MHOX|  MHOX| | MAOW,  MAOW|  MAOW.,  MAOW| 'V >>\.6_>__. _MAOW| ~ MO3A, MO3A|  MONIL MONI|  TIVO Lo TVOY o dar o dAr
LMEHME® +LMED'Y | OLFIMU+LMED ' 9L# +LMH® | VIMEHMED' V +LMH® | IMB+LMED! +LME DY | IME+IMHD ¥ LME® | LME+LMED HLME® | LMEHMED +LMHD © | LME*IMED +LMHD ® | g+
UV OMHOX| - MHOX| MAOW, ~  MAOWN| ~ MAON, ~ MAOWN| 'V MAON, ~MAOW| ~ MO3d, MOIA| © MONI' MONI| @70, ~ TI¥O| ~ @dwr,  dAr
LMEHOME® | OMED'Y | 9L IME+OMHD 191# +OME® | V'IMH+OMED  V +OME® | LME+OMHO +OME®'Y | LMHOMHD  +OMH® | LME+HOMED | +OMH® | LME+OMED +OME® ® | LME+OMH® +O0ME®® | o+
_Y MHOX: o MHOX| MAOW: — MAOW| ~  MAON, ~ MAOW| 'V MAOW, ~ MAOW| .30.%._. _MO3a] @ MONI MONI|  @TIVO,  TIVO| @ dAr  diAr
IP+EMH® |EMHD'Y | 9LHIID*EMYD | OL# ‘EMHD | YILPEMHD . ¥ ‘EMH® |9IP+EMHD . EMHD'Y [9IPHEMH® | EMH®  |ILP+EMHD 'EMH®  |9LP+EMHD | EMH® ® |9IP+EMH®D \EMH® ® a+
v E.Imvm_. _MHOX| MAON' ~ MAOW| ~ MAOW: ~ MAOW| 'V MAOW  MAOW| ~ MO3d' MO3d| © MONI, MONI| @7I¥0, TIvO| @ dAr,  dAr
9IPHEMH® [ZMHD'Y | 9HFIIPHIMHD |Ok# TMH® | VIIPHMED, V ‘TMHD |9IP+HIMHD, ZMHD'Y |9IP+MHD [SMED  [9IP+IMED 'SMHD  [9LP+HZMHD ,ZMHD ® |9IP+IMHD .ZMHB ® |
(Y MHOX.  MHOX| MAOW: ~ MAOW| MAON'  MAOW| ‘¥ MAOW: ~ MAOW| E.QM@_. _MO3d| ® MONI, MONI| @TWO: TIVO| @ dAr:  diAr
9IPHMED ' LMH®'Y | 9HIIPHIED |9k LMH® | VOIPHMED |V LMH® |9LP+HLMH® | LMHD'Y |9IP+LME®D | LMH®  |9LPHMHE® - [LMH®  |9IPHMED | IMH® ® |9LP+HIMHD | LME® ® 6+
¥ MHOX,  MHOX| MAON,  MAOW| ~ MAOW:.  MAOW| 'V .\s.%_\.f. _MAOW] ~ MO3a.  MO3A| @ MONI _- _MONI} @ d«@ ' TWOl @ dAr  dAP
9IP*OMH® 'OMH®'Y | 9H9IPHOMED 'Ok# 'OMH® | V'IIPHMED ! V'OMH® |9LPHOMH® ' OMH®'Y [9LP+OMH® 'OMH®  |9LP+OMH® ,OMH® [9LP+OMH® ! OMH® ® |9IP+OMHD |0MH® ® | g+
¥ MHOX,  MHOX| MAOW, - MAOW| -E@. _ MAOW| Y .>>.>©5_ o MAOW| - MO3A,  MO3A) @ MONI  MONI| @ TIvO L TIVO| & dAr. - dAP
GPHLMHD LMHY | SLFEPHMHD OLE LMY | VEPHMHD Y MY | SPHMH® ZMH Y |8PHMH® LMY 8P+/MH® | ZMH 8P+HMHO® ' LMY WHMHOO ' LMHD | s+
v E...@vm_. _MHOX| ] MAOW, ~ MAOW| ~ MAOW, . MAOW| 'V MAOW,  MAOW| ~ MO3Q; MO3A| ~ MONI.  MONI| T, . o m__z.?. __dwr
SPYOMH® (OMH 'V | O1#BPHOMHD 1OL# ‘OMH | V'SPFOMHO®: V ‘OMH | SPYOMH® OMH 'V |8P+OMH® : 9MH 8P+OMH ® ' OMY PHIMHOD 1 MY 8PHIMHOD | IMH © o+
V_MHOX'  MHOX| | MAOW:  MAOW| — MAOW,  MAOW| 'V 5.65__. _MAOW| ~ MO3a! MO3A|  MONI,  MONI|  TIVO.  TIvO| ~  dAr,  dAr
8P+SMH® 'SMH 'V | 91#8P+SMH® | OL# ‘SMH | V'8PHSMH®,V ‘SMH | SPHSMH® . SMY 'Y | 8P+SME® | SMY 8P+SMH ® 1 SMY 8P+SMEO ® , SMY gPHSMHO0 SMHD | G+
v E...@vm_. _MHOX| ] MAOW!  MAOW| — MAOW'  MAOW| 'V MAOW'  MAOW| ~ MO3d' MO3d| ~ MONI| MONI|  TIWO' TVl — dWr;  dAP
SPHYMH® 'PMH 'V | OHFSPHYMHO [9L# YMH | VEPHMHOV ‘YMH | SPHPMH®  YME Y [SP+YMH® | vMY 8P+HYME®  YMY 8PHMEO® | YMY WHMHOO ,TMED | p+
v >>_.._Qm_. _MHEOX) MAOW:  MAOW|  MAOW:  MAOW| 'V MAOW:  MAOW| _ ->>H.Vu.o._- _MO3A|  MONI MONI| - TVOr VD) dWr dIAP
BP+EMH® 'EMH VY | OLFBPIEMH® 19L# ‘EMH | VSPHEMUD .Y 'EMH  [BPHEMH® EMH Y [8P+EMH® 'EMY 8P+HEMH ® | EMY SHEMHDD ' EMY WHEMHOO [ EMHD | ot
V_MHOX,  MHOX| | MAOW. MAOW| —  MAOW.  MAOW| 'V >>\,65__. S MAOW| - MOFA. - MO3A] | MONI MONI - TIVO. TIVO) dAf AP
BP+ZMH® 'ZMH 'Y | OL#BPFIMH® 'O ‘TMH | V'8PHIMH®'Y 'TMH | 8PYZMH® 'ZMH 'Y |8P+ZMH® 'ZMY 8P+ZMHE® '2MY 8HIMED D ' ZMY WHMHOO 'ZMHD | g+
V_MHOX|  MHOX| | MAOW, ~ MAOW| ~ MAOW, ~MAOW| 'V MAOW, ~MAOW| ~MO3Q, MO3A| ~ MONI, MONI| 70, TWO| dnr, e
SP+HLMH® ' LMH 'Y | OHFSPHME®D OL# ‘LMY | V'BPHIMHO® WV 'LMH | SPHLMH® LMH 'Y |8P+LMH® ' LMY 8P+LMH® ' LMY 8O+HIMEO® ' LMY 8+HIMHO O ' LMH® L+
V_MHOX:  MHOX| | MAOW! — MAOW|  MAOW,  MAOW| 'V MAOW, ~MAOW| = MO3IA; MO3A| ~ MONI,  MONI|  TW¥0o,  TIvO| m__z.?. __.dwr
SP+OMH® [OMH ‘Y | OL#SP+OMH® 1 OL# ‘OMH | V'SPHOMH®. V ‘OMH | SP+OMH®  OMH 'V |8P+OMH® s OMH 8PHOMHE ® + OMY PHOMH®® | OMY 8PHOMED ® 1 OMH ® o+
‘Y MHOX'  MHOX MAOW'  MAOW MAOW'  MAOW| 'V MAOW' MAOW| MD3IA' MO3Id MONI'  MONI TVD' TIVO dinr! dINP
0d 03 od 00 od ov 06 08 0L 09 0s oY (1] 0c 1] 8 00
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APPENDIX C F2MC-16LX Instruction Maps

=T74y)

Table C-9 ea-type Instruction (5) (First Byte

9LIppe 'Y |+EMHD'Y

1°9LIPPE |1 +EMH® [9HPPE'Y +EMH®'Y|9LIPPE 'Y | +EMH®'Y [9LIPPE'Y |+EMH®'V |9LIPPE 'Y +EMH®'Y|9HPPE Y +EMH®'Y ! 9LIPPE 'Y [ +EMH®'V| L+

ZNga:  ZNsd HOX:  HOX HO. Ho anv:  any dWNO:.  dWD| odav.  oaay ans.  dns aav.  aav
IIIIII - ---"-"-"-"-"-"-"-"="-~"-""~-""=-""-""“"|/°-"-""-"""""""=>W%¥V-"~"~"=-"~-"“"f-"-""=""=""=""7T7-~"~-~"~""~"~=~"7|/-~"~""=""~>"="="° - - - °-° ---"-"-"-SH\V-"-"-"-"=""""-"--""-"""=""~"-~"~-~"~""="~"°7/-~""~""=>"="="°=~"9°c - - - °-°
1°9Lp+0d !4 +ZME® | 9LP+Od® |+ZMH®'Y | ‘9LP+Od® '+ZMH®'Y | 9LP+Od® | +ZMH®@'Y | 9LP+Od® ! +ZMH @'Y | 9LP+Od® '+ZMH® V| 9LP+Od® '+ZMH®'Y | 9LP+Od® | +ZMH® Y | 5+
®_ZNgd., ZN8d|'V  HOX,  HOX|V _ HO, _ HO|V ANV,  ONV)V dWNO,  dWO|'Y_0ddv, oddv|'v  &ns, _ &ns|v _dadv. _ day
TGN FLME® | IMEHLMED '+ EME®'Y | LMEHIMED '+IME®'Y | LMEHMED '+LME DY | LMEHIMED ' +LME®'Y | IMEHIMED ' +LME® Y | LMHHMED ' +LME® Y | ZME+IME® ' +IME® 'V [ g+
H0 ZN8Q,  ZNSQ| V¥ HOX,  WOX| ¥ O,  ¥O| ¥ ONv,  ONV| Vv dWD,  dWO| 'V 000v; Dadv| ¥ &ns,  ens| v da¥,  dav
1'LMEYOM 11 +OME® | LMH+0MED +OMHDY | LMHOMHO ++OMHO'Y | LMH+OMHD + +OMH @Y | LMH+OMED 1 *OME® 'V | ZMEFOMH® ++OMH® 'V | IMH+OMHD 1 *OME® 'V | LMH+OME® - +OME @V | o+
Ho ZN8d|  ZNEQ| Y HOX, _ HOX| ¥ WO[ WO\ vV aN, _ aNv] v dNO_  dWO| v 0davi oddv| v _ens;  &ns| v dav, _ day
1'9IP+EM 1 EMHD | ILPYEMHD EMH®'Y | 9IPHEMHD .EMHO'Y |9IPHEMED EMHO'Y |IIP+EMHD [ EMHO'Y |ILP+EMHD EMHD'Y |IIPFEMHD EMHD'Y [9IPHEMHD EMHD'Y | g+
HO ZN8Q;  ZNgQ| ¥ _HOX; _ HOX| 'V _ HOi __ WOl Y dNv) _ ONv] Y dND, _ dWOl v Oadv: oaav| v _ens; _ ans| v_ddy, _ dav
1°9LP+ZM ;4 ‘TMH® | 9IPHZMED .ZMHD'Y | 9LP+ZME® ZMH®'Y |9IPHIMHD .ZMHD'Y |9IPHZMH® ZMHD'Y (9LP+ZMH® [ZMHD'Y |9LP+ZMH®D | ZMH®'Y |9LPHZMHED .ZMED'Y | v+
"® ZNGd:  ZN8a| 'V HOX'  HOX| 'V HO: "O[ Y ONv:  aNV| 'V dNO.  dWO| 'V 0adv.  0aadv| ‘v 8ns:  8ns| ‘v aav:  aav
...... T O e B e e e
1'9IPHIM I LME® | 9PHLME® | LMY | 9IPHIMED | LMHD'Y | 9IPHME® | LMH®'Y [9LPHLME® | LMY |9IPHMED ' LMHD'Y [9IP+HIMHED | LMH®'Y (9LP+HLME®D | IMHD'Y | g+
HO ZN8d. _ ZNgQ| ¥ _HOX. _ HOX| 'V _ HO: __ WOl Y _ONv. _ ONV] Y dND. _ dWOl v Oadv. _oaav| v _e&ns, _ ans| v_ddy. _ dav
1°9LPOM 1 ‘OMH® | 9LPHOMH® 'OMH®'Y | 9LP+OMH® 'OMH®'Y |9IPHOMH® 'OMH®'Y |9IP+OMH® 'OMH®'Y |9LP+OMH® 'OMH®'Y |9LP+OMH® 'OME@'Y |9LP+OMHD '0OMHD'Y | g+
HO ZNEQ,  ZN8Q| vV HOX. _ HOX| 'V HO. __ ®O| Y __QNv, _ ONv| V_dAD, _ dNO| 'V 00Qv, _0dav| v &ns, _ 8ns| v adv. _ day
1'8P+IME LY 8P+HMH® ' LY ‘Y BPHMH® 'ZH'Y  |8PHMH®'ZH'Y  [8PHMH®'ZH'Y  |8PHMH® /H'Y  [8PYIMH® ZHY  |8PHMH® LMY I+
©_2ZN9Q| _ ZNSQ|'V_ WOX,  HOX|'V _ HO, _ HO|\'V.  dNv, _ dNV|V dWO___dWo|'v_oddv oadv|'v_ ans, _ dans|v _dav, _ dav
1'8POMY 1 ‘O 8P+IMH® 9H ‘Y 8PYOMH® 9H 'V [SPHOMH® OH'V  |SPOMHO . OH 'V  [SPYOMH® 9V |SPYOMHO .9H 'V  [8PYOMH® 19H 'V o+
®_ZN8Q]  ZN8Q|'V  €OX]  HOX|V _ HO | HO|'V ONv.  dNvV dWNO,  dWOl'v_Ddav: 0ddv|'v  ans; _ &ns\v _dav, _ dav
1'8P+SMH 14 'S 8P+SMH® .SH 'Y 8P*SMH® .SH'Y  [BP*SMH®.SH'Y  [8P*SMH®.SH'Y  [8P*SMH®,SH'Y  [8P*SMH®.SH'Y  |8P+SMH®.SH 'V G+
©_2ZNdq,  ZNSQ|'V_ HOX; _ HOX|Y MO __ MOV  ONv, _ QGNV]V _dWO.  dWO|'V_Ddav:  oadv|'v_ans: __€ns v adv, _ dav
1°8P+PMH 4 b 8P+HYME® | PH ‘Y BP+YMH® \PH 'Y [8PHMH® PV [8PHYMH® ¥H'Y  [8P+PMH® pH'Y  [8PHYMH® VY [8PHYMH®D b Y -
® zN8d.  ZNSa|‘'V  HOX:  HOX['V  HO: HO['Y aONV:  aNV['V dWO:  dWO|'Y 0aav. 0dav|‘v 8ns.  8ns|'v aav.  aav
IIIIII - - - -"-"-"r--""-"-"°"-"-"-"=-""-""|/-"-""=-""=""""""=7"”"¥W-"~"=~"=-"~-"“="(-"-""=""="°=""7T-~"-~"=~"°~"=~"7|-~"~""=""~="="="Q°-°- - °-° ---"-"-" V- -~ -~"-"-"--"F--"-"-""-"i-~" -~ -~ -~~~ °7-~"°-"=-"=-"°=-"°"-°" - - °-°--
1'8P+EMY 1 el 8P+EME® €H ‘Y 8PFEMH® |€H'VY  [8PYEMH®EH'Y  [8PYEMH®'EH'V  |8PYEMH® '€H'V  [BP+EMH® '€d'VY  [8P+EMH® |Ed 'V e+
©_2ZNed, _ ZNSQ|'V_ HOX.  WOX|'V _ HO. _ HO|'V ONv, _ dNv)'v dWD, _ dWO|'V_odav, 0oddv|'v_ ans, _ dns|'v _dav. = dav
1'gp+zmd 4 ‘2 8P+ZMH® '2H ‘Y 8PHZMH® '2H'Y  |8PHZMH®'ZH'Y  [8P+ZMH®'2H'Y  |8PHZMH®ZH'Y  [8PYZMH® 'ZH Y |8P+ZMH® '2d 'Y z+
©_2ZN9Q)  ZNGQ|'V_ WOX, _ HOX|'V _ HO, _ dO|'Vv dNv, _ QONV|V dWO, _ dWO|'V_0adv  oadv|'v_ dns, _ d€ns|v _dav, _ dav
1°8P+HLME LY 8P+HIME® ' 1Y ‘Y BPHLMHO |H'Y  |8PHLMHOIH'Y  [8PHIMH® LH'Y  |8PHLMH® IH'Y  [SPHLMHDIH'Y  [8PHIMHD hH Y L+
©_2ZNeQ) ZNSd|'V_ HOX, _ WOX|'V WO, __ HO|'V ONv, _ dNv)'v dWO, = dWO|'V_odavi oddv|'v_ ans, _ dns|'v. _dav, = dav
1'gP+OMY 14 ‘0d 8PHOME® 104 'V 8PYOMH® (OH 'V |SP*OMH® OH'V  |SPYOMH®.0H'V  |SP*OMH® OH'V  |SP+OMH®.0H'V  |SP+OMH® .0H 'V o+
® ZN8d'  ZNSd|'V_ HOX'  HOX|'V _ HO! HO['Y__aONV'  aNV['V  dWO'  dWO|'V_0aav:  0dav|‘v__8ns'  8ns|‘'v_ aadv'  dav

04 03 0a 02 og ov 06 08 0L 09 05 oy 0g 02 ol 00
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Table C-10 ea-type Instruction (6) (First Byte

+EMH®D

V ‘9LIPPE Y +EMH®

'+EMHO'Y

9lippe V ‘OLIPPR. Y +EMH® V ‘OLIPPR 'Y +EMH® |9LIPPE  +EMH® |9LIppe ! V ‘9LIPPR 'Y ‘+EMH® | V ‘9LIPPE, Y +EMH® J+
__ AON.LONp o WOX: o WOX| g0, __®O| _ _aNV. QW] 'V 53N ©3IN|'V Oans, o8ns| _ €ns. __&ns) adv.  dav
9LP+Od® '+SMH® | V'OIP+Od® |V 42MHO | Y'9IPHOd® 'Y +2MH® |V'9LP+Od® |V +ZMH® | 9LP+Od® | +ZMH® | 9LP+Od® '+ZMH®'Y | V'9IPTOd® 'V +2MH® | Y'9LP+Od® |V +eMH® | 3+
___dOND ION| - WOX.  HOX| MO, HO|  ONY, _ ONv| 'V O3N. ©3N|'V O8ns; o8ns| &ns, &ns| - dav. - Qay
IMEHMHD +LMH® | VIMEHMED 'Y +LMHO |VIMEFLME 1V +LMHO | VIMEFMEO 'Y +LMHO | LMH+MHD ' +LMH® | LMHHLMHO +LMHD'Y | VIMEHMED 1V +LMH® | VIMEHMED ' Y +LMH O a+
o fowl _ IONJ _HOX HOX| __HO[ _ HO| ¢ NV, NV Y OIN,  ©3N| vV 08ns;  o8ns|  ens, ens| e dav,  aay
IMEOMH® « +OMH® | VZME*OME® ¥ +OMH® |VZMHHOMHD ¥ +OMH® | VIMHOMED |V +OMHO | LMH+OMHO 1 +OMH® | ZME+OMH® HOMH®'Y | V'IMg+omE® 'V HOMH® | VZMEOMED 1 ¥ HOMH® o+

LON' 1ON Hox'! HOX HO'! HO anNy' any ‘Y 9aN! D3aN| ‘v 09ns: odans ans' ans| He aav! aav
|||||| Te o - = - |||||||<|||||||||||||r||||||||||||_|||||||||||V.VVVVV|||||||._.||||| e
9IP+EMH® , EMH® VOLPHEME® V¥ ‘EMH® | V'OLD+EMH® |V ‘EMHD | YILDHEMED |V ‘EMHE® |9IP+EMED (EME® | 9IP+EMHE® 'EMH® 'Y | V'OIPHEMHO WV EMH® | YOIPHEMED  V ‘EMH® g+
__odoN o LONp o HOX| o HOX|  HOr  HO| GNv: _ ONv) V93N O3N) 'V 0dns, oans| __ &ns: __8ns| de dav, = dav
9LP+ZMH® | 2MH® V'OLPHZMHD , V ‘ZMH® |V'OLP+eMH® 'V ‘ZMH® | YOIPHIME® |V ‘TMH® |9IP+ZMH® ZMH® 9LP+ZMH® 'ZMH® V| VOIPHIMHO |V ‘ZMH® | V'IIPHMED | V ‘SME @ v+
o AON. - IONj - HOX:  HOX| ~ HO.  HO| aNY:  AONV) Y 9AN' ©3N| V08NS, o8ns| _Ens: _8ns| ue dav  4av
9IPHIMHD | IMH D VOIPHIME® |V LMH® |V'IIPHIME® 'V ‘LMH® | YOIPHMES |V 'LMH® [9IPHIMHO | EMH®  |9LP+HIME® [IME® Y VOIPHMED |V 'LMH® | YOIPHIMED, V 'LMH® | g+
o dON.LONp - HOX.  HOX| _HO. _ HO| NV, NV} V93N, O3N) 'V 08ns; oans| __ &ns. __8ns| de dav. = dav
91P+OMH® 'OMH ® VOLPHOMED 'V 'OMH®@ | VOIP+OME® 'V 'OMH® | V'OIP+HOMHD v ‘OMH® |9LPtOME® | OMH @ 9LPHOME® , OMH® ‘V | V9IPHOMHD v ‘OMH® | YOIPHOME® ! Y ‘OMH®D | g+
___Mlon, _ION| HOX,  WOX| __HO, _ HO| NV, ONvV) 'V OaN,  O3N| 'V odns: odns| __&ns,  _8ns| aav._ __ dav
8P+/MH® ' /Y V ‘8P+H/MHO® 'V ‘2H Y '8P+MHO® 1V LY Y '8P+/MH® 'V ‘LY 8P+/MH® ' LY 8P+LMH® | /H 'Y YV ‘8P+/MHO 'V ‘LY vV ‘8P+/MHO ' V ‘LY I+
___AON[ _IONJ _HOX, _HOX| '} 4o _HO| NV, GONV| 'V 93aN, 93N|'V 08ns, o8ns| _&ns; _ans| dav, __ aay
8P+IME® 1 9H V ‘8P+OMH® ' V ‘9d V ‘8P*OMH® , V ‘9Y v ‘8P+OMH® |V ‘Ol 8P+OMH® 1 9H 8P+OMH® '9d VY v ‘80+OMH® |V ‘Ol Vv ‘8P+OMH® ' V ‘9Y o+
__ foNT o LONp o HOX[ o "OX] ok 4o, "ol GNv:  ONV) 'V O3N|  O3IN|V 0dns, odns| __&ns;  8ns| aav, __ aav
8P+GMH® | SH V ‘8P+SMHE® . V ‘SH Y ‘8P+SMHO |V ‘SH V 'SP+SMHO |V ‘GH 8P+SMH® , GH 8P+GMH® 'SH ‘Y V ‘SP+SMHO |V ‘GH V ‘8P+SMH®D . ¥ ‘SH G+
_o foNy o LONp o HOX o HOX] ok 4. "ol ¢ GNv:  ONvV) 'V ©3N:  93N|V o8NS oans| __&ns:  8ns| aav, _ aav
8P+YMU® | vH Vv ‘8PHMH® | V ‘PH VY ‘8PHMH® |V ‘vH Y 8PHMH® |V ‘P 8P+YMH® |, b 8P+HME® | Y Y Y ‘8P+MH® |V ‘P v ‘8PHMH® | V ‘b P+
___dON.ION} - HOX:  HOX| 4. "ol NV, ANV} 'V ©3N  O3N|'V odns: odns| __&ns.  8ns| aav __ dav
8P+EMH®D | £d V ‘8P+EMH® | V ‘€H vV 8PHEMHO 'V ‘EH Y ‘8P*EMH® 'V ‘€d 8P+EMH® | €Y 8P+EMH® €Y 'V V ‘8PHEMHO |V ‘e V '8P+EMHO | V ‘€Y e+
oo AON. o LONj o HOX. o HOX] ok #0, "ol ¢ NV, GONvV) 'V ©3N.  93N|'V 08NS, oans| __8ns.  8ns| aav. _ dav
8P+2MH® '2H V'8PHZMED ! V ‘2d V'8p+eMH® 'V ‘2 V'8P+eMHO 'V ‘eH 8P+ZMH® '2d 8P+ZMH® '2d ‘V V'8P+eMHO 'V ‘eH V'8P+eMED !V Y 2+
___AON[ _ION| _ _ HOX, __HOX| HO, ___HO| ¢ aNY,  ONV| 'V 93N, 93N|'V 08NS, o8ns| _&ns,  ans| aav,___ dav
8P+IMH® ' kY V '8P+iMH® 'V ‘1Y V8PHME® |V hY v '8P+LMH® 'V ‘LY 8P+IMH® ' kY 8P+IMH® ' kY ‘Y Y '8P+IMH® v kY v '8P+IMH® 'V ‘LY L+
__.dONIONj o HOX[ o HOX| 4o, "ol ¢ ANy, _ONv| 'V D3N, D3IN|'V O8ns, odns| _ 80s; _dns| aav, __ aav
8p+OMH® , 0Y V '8P+OME® + v ‘0Y V 'SP+0MH® . V ‘0Y v ‘8PHOME® 1V ‘0Y 8PHOMH® : O 8P+OMH® 1 0Y 'V v ‘8P+OME® .V ‘0Y v '8PHOME® + V ‘0H 0+

1ON' 10N HOxX' HOX HO! HO ANy aNv| ‘v D3aN' DIN|‘Y 08ns' 0dns ans ans aay' aavy

o4 03 oa 00 og ov 06 08 0L 09 0s (174 (11 (114 118 00
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Table C-11 ea-type Instruction (7) (First Byte

HEMHD 'Y

HEMHO'Y

'+HEMHO 'Y

9} JPPE +EMHD 'Y

1°9LIIppe |1 “+EMH® |91 JppE HEMH® V|91 Ippe 91 Jppe 91 JIppe 91 Jppe (HEMHD'Y 9l lppe  +EMH®'Y J+
ZNGMa. zNgma|'v >>IOX_ MHOX | 'V MYO, MHO| 'V MANV, MANV | ‘v >>n__>_O. MdIND <>>On_h_<. moaav| ‘v >>m_Dm_ mans| ‘v >>n_n_<. maav
......
19LP+0d® |4 +ZMH® | 9IP+Od® | +ZMHD V| ‘9LP+Od® (+EMHO V| 9IP+0d O _+N>>m_©"< ®5+On_©_+m\5m© V| 9IP+0d® ' +EMH® V| 91P+0d® _+N>>m_© V| 9IP+Od® | +2MHD Y I+
_ZNSMA, ZNEMA] 'V MHOX, L MHOX|'Y  MHO, ~ MHO|'V MANY, ~MANV|'V MdIND, MdJINO .,N@@o.e\._ _Moaay|'v mens, —_mens| v maav. L Maay
FLME+HMED 4 “+LMH D | ZMH+HMED _+F>>I©,< LMEHMEOD ' +LME DY | LMHHIMHD 1 +EMH O Y | LMEHEMHO ' +EMH® 'V | ZMHHEMHD ' +EMH DV | LMEHIMED ' +EMH® 'Y | LMH+HME D .+F>>I©_< a+
__ZNGMO, ZNSMA| 'V MHOX,  MHOX| 'V MHO, _ MHO| ¥V MONY, = MONV| VY MdNO MdNO| YMOOQY, MOQQY| Y MENs,  M8NS| ¥ mddy,  maay
FLME+OMH® 1 “+OMH @ | LMHHOMHD ' +OMH® V| LMHOMHO 1 +OMH® ‘Y tsm+o>>m©_+o>>m_©h< LMHYOMHD 1 *OMH® 'V | ZMH+OMH® ' +OMH® 'V | ZMHHOMH® + +OMH ® ‘Y | ZMH+OMH® ' +OMH® ‘Y o+
__ ZNGMO[ ZNESMA] ¥ MHOX|  MHOX| Y MHO,  MHO| v MANY, ~MANV| ¥ MdNO| MdINO| 'YMOOQY; MOQdv| Y %:.w_ _.mans| v Madv,  maay
T9IP+EMHD g ‘EMH O m%+m>>m©_m>>m©_< IIP+HEMH®  EMH® 'Y 9IP+EMHD . EMHD 'Y ILP+HEMH® . EMHD Y w%+m>>m©_m>>m©.< IIP+HEMHD , EMH B 'Y w%+m>>m©.m>>m©_< a+
2, NG Y MHOK! | MHOX| MO | MHO| Y MONY. | MONY Y MdRO:_MdWo| YAMOUOY MODDY| 'v_MENS: | eS| v Mady.  maay
I9IPFZMED |4 ZTMH® | 9LP+ZME® ,ZMHD'Y | 9LP+ZMHD |ZMHD'Y | 9IP+ZMH® [ZMHD'Y |9LP+ZMHD, ZMHD'Y | 9LP+ZMHD , ZMH®D'Y [9IPHZME®  ZMHD'Y |[9IP+ZME® ZMHD'Y | v+
N2m>>n__ ZNama| ‘v >>¢Ox_ MHOX| ¥V  MHO: MHO| ‘¥ >>n_z<_ MANV | ¥V MdNO: MdINO <>>On_n_<. Mmoaav| ‘v >>m_3w_ mans| ‘v >>DD<_ maav
..............................
T9IP+HIMED 1 ‘EMH® 9LP+IME® | LMH® 'Y 9IP+HIME® | IMH® 'Y w:o+§>m©_w>>m©< 9IP+IMH® | IMH®'Y | 9IPHIMH® | LMH®'Y |9IP+HIMHD | LMHD ‘Y 9LP+HIMH® | LMH® 'Y 6+
__ZN8MQ, ZN8MA| 'V MHOX. ~MHOX| 'V MHO. _ MHO| 'V MONY. = MANV| 'V MdNO. _MdINO| 'vVMOQQ¥. MOAQv| v ->.>m._:.ﬁ __Mmans| v maay. maay
19IP+OMH® T. ‘OMH® | 9IP+OMHD ! o>>m© vV | 9IP+tOMH® "o>>m_© V | 9IP+OMH® 'OMHD'Y |9IP+OMH® ! OMH® 'V | 9IP+OMH® ! OMH® 'V |9IP+OMHD _o>>m_© vV [9IPtOMHD ! o>>m© vV | g+
__ ZNema, zZNema] v .zE.ov.A __MHOX| V. MHO,  MHO| 'V MANY., MANY| 'V MdNO, _MdWO| VMOQQv, MOAAY| v MENs, ~_mans| ‘v .E.E . Maav
1'8P+/MH® 4 ‘LMY 8P+/MH® _h>>m ‘v 8P+/MH® ' LMY 'V 8P+/MH® ' /MH ‘Y 8P+/MH® ' LMY ‘¥ 8P+/MH® ' LMY ‘¥ 8P+/MH® ' L/MH ‘Y 8P+ MH®@ .h>>I ‘v /+
__ZNSMQ, ZNSMA|'V MHOX, ~MHOX|'V _MHO, = MHO| 'V MANY _. . MaNY] 'Y MO, MdWO| 'V MOQQv, MOdav| 'y .>\.,m_.:.m __mans|’v_maav, —maay
1'8P+OMH® y ‘OMYH 8P+9MH® ' OMH ‘Y P+OMH ® _o\Sm v 8P+OMH® 1 9MH 'V 8P+OMH @ . 9MY ‘¥ 8P+OMH®@ . 9MH ‘¥ 8P+OMH D « ©>>m_ ‘v 8P+9MH® ' 9OMH ‘V o+
__ZNSMQ@; ZNEMA|'V_MHOX _- _ MHOX|'Y \.sw_o_ __MHO|'V MANY.  MANY|'V MdNO;  MdWNO .ﬁ@o.e\._ _ Moaav| v .z.,m_.:.m_ __Méns|'v_maav _- . Maav
I'8P+GMH® |4 ‘SMY 8P+SMH® . LSMY Y 8P+SMH® , SMH ‘V 8P+SMH® , SMH VY 8P+SMH® , SMH ‘Y 8P+SMH® , SMH ‘Y 8P+GMH® , SMY 'Y 8P+SMH® . LSMY Y G+
_ZNGMd: ZNEMA|'V_ MHOX: ~ MHOX|'V MHO: ~ MHO|'Y MANY: = MANY|'V MdWO: MdJNO|'VMOAAY: MOAQY| 'V MENS: —MENS|'V_Maav.  maav
1'8P+HyMH® |4 ‘YMY 8P+HYMH® , YMH ‘V 8P+YMH® , MY VY 8P+YMH® | YMH 'V 8P+HYMH® | MY ‘V 8P+YMH® | MY ‘Y 8P+HYMH®D | YMH 'V 8P+HYMH® | YMH ‘V p+
__ZNGM@. ZNSMA|'V_ MHOX: ~ MHOX|'V \.sw_o_. _ . MHO| V. MANY. ©_ MANY]Y MdWO:  MdNO .ﬁ@o.e\._ _ Moaav| v .z.,m_.:.ﬁ __Mans|v_maav:  maav
1'8P+EMHO N ‘EMY 8P+*EMH® |EMY ‘V 8P+EMH® ' EMY ‘v 8P+EMHO 'EMH ‘v 8P+EMH® | EMY ‘v 8P+EMHD | EMY ‘v 8P+EMHD 'EMH ‘v 8P+EMH® |EMY ‘V o+
| ZNEMO, ZNSMQ| 'V MHOX: '+ MHOX]'Y  MHO, ~_ MHO|'Y MANY, MANY .<->.>n.__>._p_- _MdWO| 'V MOdQY, MOAQy| 'V MENS, _MEns|'v maay. L Maav
1'8P+ZMH® 1 ‘TMY 8P+eMH® 'cMY ‘v 8P+ZMH® '2MY 'V 8P+ZMH® 'eMH ‘Y 8P+ZMH® 'gMY 'V 8P+ZMH® ' SMY 'V 8P+ZMH® 'eMH ‘Y 8P+eMH® 'cMH ‘v 2+
__ZN8Md, ZNEMA|'V MHOX, ~ MHOX|'V \.sw_o_. _ . MHO|'V MANV|  MANV| 'V MdNO,  MdJND|'VMOGQY, MOAAv|'V MENS, ~MENs|v maay, = maav
18P+IMH® 4 ‘LMY 8P+LMH® ' LMY ‘¥ 8P+IMH® ' IMY 'Y 8P+IMH® . _ LMY Y 8P+LMH® ' LMY ‘Y 8P+LMH® ' LMY ‘¥ 8P+LMH® ' LMY ‘¥ 8P+LMH® ' LMY ‘Y 1+
__ZN8Ma; ZNEMA|'V_ MHOX|  MHOX|'Y = MHO, ~_ MHO|'V MANY, = MANV| 'V MWD, MdIND .<>>@@@<._ _Modav|'v mans;  Mens|’v_madav, = maav
I'8P+0MH® 14 ‘OMH 8P+0OMH @ “o>>m ‘v 8P+OMH @ LOMY ‘Y 8P+OMH ® , OMH 'V 8P+0OMH @ LOMH ‘V 8P+OMH® , OMH ‘V 8p+OMH®© LOMY ‘Y 8P+OMH @ _o>>I ‘v o+
ZNGMA' ZNEMAd| ‘Y MHOX' MHOX | 'V MHO' MHO| 'V MANV! MANV | 'V MdINOD! MdNO| ‘'Y MOaav' MOAav|‘v mans: Mans| ‘v maav' maav
0d 03 oa 00 og ov 06 08 0L 09 0S oy 0€ 114 0l 00
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Table C-12 ea-type Instruction (8) (First Byte

HEMH®

V ‘9LPPR Y +EMHD

'+EMHO'Y

91ippe V ‘9LIPPE Y “+EMH® V ‘9LIPPE Y 4EMH® [9HPPE  YEMH® |9LppE ! V ‘9LIPPE Y 4EMH® | V ‘OLIPPE Y *EMH® | 4+
MION, MION| ~ MHOX:  MHOX MHO,  MHO| ~ MANV: MONY| MO3N. MO3N|'VMOENS, MOENS| MENS: Mans|  maav.  maay
|||||| 5 L e B
9IP¥Od® '+ZMH® | V'9IP+OdD 'V +ZMH® | V'9IP+Od® 'V “ZMHD |V'9IP+Od® |V +ZMHD | 9IP+Od® | +ZMH® | 91P+Od® +ZMHD'Y | V9IP+OdD |V +ZMH® | V9IP+OdE |V +eMED [ 5+
. MION, ~MION| ~_ MHOX, _ MHOX| ~ MHO, MOl ~ MANV, MANY/ ~MO3N. MOIN|'VMOENS MOENS| _ Mans. ~MENS| _Madv, _Maay
IMEHIMED +LME® | VZMEHMED 1Y +LMHD |VZMEHIMEE 1Y +LMH®D | VIMEHIMES 'Y +HIMH® | IMEHIMED +LMH® | IMHFIMHD  +LMED'Y | VLMEHIMED 'Y “+LMHD | YNNG Y +IMED | q+
JoJWONT  MION|  MHOX,  MHOX| — MHO, MOl ~ MONY, _MONY| ~ MOIN, MOIN| YMOGNS MOGNS|  MENS,  MENS|  MAdY,  Maav
LIHONMHD  +OMH® | VLME-OMED 1Y HOMHD |VZMH-OMED | +OMH® | VZVE-OMED 1 ¥ +OMHO | LMH-OMHD 1 +OMH® | LMH+OMH® | +OMHD'Y | VZWOMEO 1V “+OMH® | Vamesomso v “+omee | o+
oL IONT MION)| - MHOXT  MHOX| — MHO' MO | MONV[  MONY|  MOIN, MOIN| VMOENS: MOENS|  MaNs,  MENS| _ Madv, _Maay
IIPFEMHD |EMHD | VOIPEMHD |V 'EMH® | YOIPHEMED |V 'EMH® | YOIPHEMHD Y 'EMHD |9IP+HEMED EMHD | 9IPFEMHD 'EMH® 'V | VOIDHEMED |V ‘EMH® | VIIDHEMED .V ‘EMHD | gy
o MIOND  MIONT  MHOXT  MHOX| ! MHO:  MHO|  MANV:  MANV|  MO3N: MOIN| VMOENS, MOENS| - MENs| MENS| ~ Mady;  maay
IIPHIMH® | ZMH® | VOIPHZIMED Y ZMH® | YOIPZMED |V 'ZMH® | VIIPIMED, YV ‘ZMED |9IPHZMHD ,ZMHD | 9LP+ZMH® 'ZMH® 'V | YIPHME® Y 'ZMH® | YIIPMED Y ZMH® | 7+
MION:  MLON MHOX:  MHOX MHO.  MHO MANY:  MANV|  MOIN:  MOIN| ‘v mO8NS! MOENS MENS'  Mans Maav:  maav
...... (el et Tl e St et Tl e ol ettty [ttt el ittt Bt
IIPHIMED | LMH® | VOIPHMED |V LMH® |VOIPHIMED 'Y ‘LMH® | YOIPHIMED |V LME® [IP+HIMHED | LMH® | 9LPHLME® | LME® 'V | Y9IPHMED Y ‘LMH® | VOIPHIMED |V ‘LMED | g+
. MION,  MION| — MHOX. MHOX| __MHO. _MHO| ~_ MANV. MANV| ~ MO3N. MOIN| VMOENS' MOENS| _MENs. MENS| —_ Mddv, —Mmaav
9IPHOMH® 'OMH® | YOIPHOMED 'Y ‘OMH® |V'9IP+OMED 'Y ‘OMH® | YIIPHOMED 'V 'OMH® [9LP+OMH® 'OMH® | 9LPHOMH® |0MH® 'V | Y9IP+0MED 'V ‘OMH® | Y9IP+OME® 'Y ‘OMH® [ g+
_MION,  MION|  MHOX, ~MHOX| ~ MHO, ~ MHO| ~ MANV, MANV| ~ MOIN, MOIN| VMOSNS: MOENS|  MaNS, MENS| — MAdv, maay
8P+HMH® ' LMY V'BPHIMHD 'Y LMY | VBPHMED VY ZMH |V SPHMHD 'Y ZMH  [8PTIMH® ZMH | BPHZMH® LMY Y |V '8PHIMHD Y LM |V 8PrMED Y LM [ 44
_MION  MION| — MHOX, _MHOX| | MHO\ __ MHO| _ MONY, MONY| MO3N, MO3N|'VMOBNS. MOENS| __MaNs, _MENS| MOy, Maay
8P+OMH® . 9MH VEPIOMHO V OMH | VEPHOMHO |V 'OMH | V'SPHOMHO .V 'OMH  |SPYOMH® .OMH | SPFOMH® 'OMH 'V |V SPHOMHO 1V ‘OMH |V GPrOME® 1V ‘OMH | g+
_MION:  MION|  MHOX| ~MHOX| — MHO, ~ MHO|  MANV MANV| ~MO3N MOIN|'VMOSNS, MOENS|  MaNS, MENS| — MAdv, —maay
8P+SMH® | SMY VEPHSMHD |V 'SMH | V'BPHSMHO |V 'SMH | V'BPHSMHD .V 'SMH  [8PYSMH® SMH | 8PYSMH® SMH 'Y | V'BPHSMHD .V 'SMH |V '8PHSMED Y 'SME | g+
_ MION,  MION|  MHOX:  MHOX| ! MHO: _MHO|  MANY:  MANV|  MOIN: MOIN|'VMOENS, MOENS| - MENs MENS| ~ Mady;  maay
8P+HMH® | YMY V'8DHMHD |V YME | V'SPHMHE |V PME |V SPHMED Y YMH  [8PHUMH® YMH | BPHYMH® PMH Y [V BPHMED Y ME [V SPHMED Y YME |
MLON:  MLON MHOX ' MHOX MHO.  MHO MONY:  MANV|  MO3N:  MO3N| 'V MOENS' modns MENS:  Mans Maav:  maav
IIIIII -SSP TS Ty --r---=-"F-=-"=-""="="="1=-"="="=-"=-"9°-"°-"~"°-"°-"°“"9F"”-°-"°-"°-"°=-"°"|-=-"=-"="=-"=-°3°-°-°---
BP+EMH® 'EMY V'SPYEMHD 'V 'EMH | V'SPYEMHD 'V 'EMH | VBPHEMHD |V ‘EMH  [BPHEMH® 'EMH | 8PYEMH® [EMH 'Y |V SPHEMHD |V ‘EMH |V 'SPHEMED |V 'EMH | g+
o MION,  MION|  MHOX. _MHOX| ! M40, MHO|  MANY., MANV| _ MOIN. MOIN|'VMOENS: MOENS| - MEns. MENS| ~_ Mady, maay
8P+ZMH® 'ZMY VEPHIMED 'V ‘TMH | V'BPHZMED 'Y TME | VBPHIMHD 'Y ZTMH  |8P+ZMH®'ZME [ 8PHZMH® 'ZMH Y | VEPHIMED 'Y TMH | VBPHIMHD 'Y TMH | Z+
__MION; MION| — MHOX| ~MHOX| —_ MHO ~ MHO| _ MONY, MONV| ~MO3N, MO3N|'VMOENS, MOENS|  MENS, MENS|  Madv, maay
8P+HLMH® + LMY VEPHMED W LME | Y SPHMED Y LME [ VEPHMED YV LME  [SPHLMH® EME | BPHLMH®  LMH Y [VSPHIMER Y LM |V EPHMED Y LMY | |4
S MIONT - MIONG - MHOX| - MHOX| MHO, _ _MHO| MOV, MONY| _ MOEN, MDIN| 'V MOENS Moans| _ mans,  mans|  Mddv,  mdav
8P+OMH® . OMH VEPHOMHD |V OMH | V 'SP+OMHO .V ‘OMH | V'SPHOMHO,V OMH  [SPHOMH®.OMH | SPYOMH® OMH 'V |V SPHOMH® W 'OMH |V SPHOMHD .V OMH | o+
MLON'  MION MHOX' MHOX MHO'  MHO MONY'  MANV|  MD3N'  MO3IN| ‘Y MOENS' MOENS MENS'  Mans Maav'  maav
04 03 oa (1) og ov 06 08 0L 09 0s or 0¢ 114 oL 00
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Table C-13 ea-type Instruction (9) (First Byte

HEMH®'Y

HEMH®'Y

9Lippe _+m>>m© v |9Lippe OLPPE  '+EMH®'V |9LIPPE  '+EMH®'Y |9LPPE  '+EMH®'Y |9kippE 9LIPPE +EMHO'Y [9LPPE  +eMue V| 4+
'V_MAIG. MNGlY  AdL ANa|Y MONIG: - MOAIGIY - NAIG. - DAIDEY MINING . MINW) Y. NN TN Y MO MAION v RILLARRLLY
OIPHO® ' +ZMHO'Y | OIPHO® '+ZMHO'Y | 9LP+Od® ' +ZMHE'Y | 9IP+Od®' +ZMHO'Y | 9LP+Od® ' +ZMHO'Y | 9IP+Od® ' +ZMHD'Y | 9LP+Od® '+ZMH®'Y | 91P+Od® '+eMHDY | g+
¥Y_MAId, - MAGlY o Ad, o Nap Y 3:»6.. _ MONGIY  NAIQ, NAIGLY MIOWL  MIONEY 0 TN -ﬁ%.._:.s_. __Mmnwg Y. -:.._o_m,_. __nnw
LMEFIMEO +IME'Y | LMHIMH® +IMEO'Y | MHFIMEO +IME'Y | IMHHMED  +IMHO'Y | IMHHLMED  +LMHD'Y | LMK+ MU 1 +LMHD'Y | ZMe+imE HLME'Y | LMEHME® I MHD'Y a+
_YoMAGD o MAIG| Y NIGL AQ] Y MOAIG,  MOAIG) Y NAIG, NAID] Y MO, MINIWY Y .J.é_ __ W] Y MOINWG - MO Y DTN, 00
LNMH+OMED  +OMHO'Y | LMH+OMHD +OMHD'Y | LMH-OMHD ' +OMHD'Y | LMHOMH®  +OMHD'Y | LMH+OMHD  +OMHO'Y | LMH+OMHD | *OMHO'Y | LMH*OMHO +OMHD'Y | ZME+OMHD 1 +OMH®Y | A+
v >.>>_o,_ ___Magi Yo aap o NG Y OMONG,  MOAIDE Y .2,_@_. __NNG| Y MW MINN Y T I .<.>>.3J_>_,_. MY NG NI
IP+EMHD . EMHO'Y | OLP+EMH® [EMHD'Y | OIP+HEMHD | EMHD'Y | 9LP+HEMHD | EMHO'Y [SIP+EMHO  EMH®'Y |ILP+EMHD | EMH® V| 9IPHEMHO .EMHOD'Y | 9IPHEMED . EMHO'Y | g+
Y OMAIGr MAIGYTY  ANIGr  AI0] Y MOAID MOAID] Y NAIG NAID] Y MIIA . MTININY Y -Ss_.. __ N Y MAINAE MOTNNG Y NTnee - NI
OLPHZMHD | ZMHO'Y | OIPHEMH® [ZMHO'Y | OLPHEMHO |ZMHO'Y | OLPHEMHD | ZMHO'Y |9IP+ZMHD | ZMHDY |9LP+EMHD ' ZMH® V| 9IP+EMHD ZMHD'Y | SIPHZMED [ZMHD'Y | v+
v .3>._o,_ __Madiy o oNdr o ANd] Y MOAGD  MOAIG)L Y .2./_@_. __Daiap v omanee o MINN Y e, NN .<.>>.3J_>_,_. MOINNY Y o._.:? __mnw
IIP+HLMHO ' LMH®'Y | OLPHLMH® ' LMH®'Y | 9LP+HIMHD | LMH®'Y |9IPHLMHO ' IMHO'Y |9LP+IMHO ! LMH®'Y |9IP+HLMHO ' LMH® 'V | OIP+HIME® | LMH®'Y | Olp+iMEe | IMHO'Y | g+
v .3>._o._ __Maajy o Ad, o Na) Y -\<.5.>_.o._ _MOAId Y NAIGC  NAIG] Y MINWG  MINING Y TN NN Y MDA MO Y NN NN
eﬁo;m@_ozm@{ 9IP+OME® 'OMHO'Y | 9IPHOMHD ' OMH®'Y | 9IPHOMHD' OMH®'Y |9LP+OMHD ' OMHD'V |9LPHOMHD | OMH® V| 9IPHOMHD 'OMH®'Y | 9LP+OMHED ' OMHD'Y | g+
YoMAIG, mAId|Y >6._ o Naj v ->\.5.>_.o. _Moaa) v .3\./_@_- __NANG] Y MINW,  MININCY TN TN Y MO, MOTAINY Y NN, n0ni
SPH/MH®  ZMH 'Y | SPHMH® 1/H 'Y BPHIMHD LMHY | 8PHMHD ZH Y |SPHMH® ZME Y |SPHMH® ' ZHY | 8PHMH® LMY |8PHME® 24 Y I+
Y_MAIQ, MAIGIY m/_m__ ___ NG|V MOAIGE MNAIGLY  NAID)  NAIG]Y WIS MDY 0N NI MOTNING. MOTNNY. NI i
BPHOMH® . OMH 'V | BP+OMH® 19 'V SP+OMH® 1 OMH 'Y | SPHOME® . 9H 'V 8PYOMH® OMH 'V [8P+OMH®'OH 'V |8P+OMH® .9MH 'V |8P+OMH® .9H ‘¥ o+
v .3>._o._ __Maaly o Aadr o Na)Y 332.0_ _MnAdl'Y o nAid . nAId| Y >.>._b_>_._ _UWINN YNNG INNY MOTAINY MO Y. TN NN
BPHSMH®  SMH 'V | 8PHSMH® |SH 'V BPHSMH® SMH 'V | BPHSMH® | SH 'Y  |SPYSMH®.SMH 'Y |SPYSMH® 'SH'Y | SPHSMH® [SMH 'Y |8PHSME® |SH 'Y o+
Y_MAIQ  MAIGIYY  AIdr ALY MOAIGY MOAIGLY  NAIG  NAIG] Y MO MINNY. TN TN Y MONIAE. MOTNN Y. NN NI
BPHPMH® PMHE 'Y | 8PHMH® 'tH Y SPHPMH® | PMHE 'V | SPHIME® PH'Y  |SPHIMH® PMH Y |8PHYMH® bHY | 8PHIMH® [YME 'Y |8PHIME® b 'Y -
v .3>._o._ _oMaaly o NG AIdEYMOAIGD MNAIGLY  NAIQe o NAILTY >.>._.J_>_._ oMWY e TN -<>>o.._:._>_. _MNInn | Y. .:.._o_m,__. __mnw
8P+EMH® 'EMH Y | SPYEMH®D '€H Y SPHEMHD 'EMH Y |SPHEMH® '€H'Y  |SP+EMH® 'EMH Y |SP+EMHO® . EH'Y  |SP+EMHO® 'EMH Y  |8P+EMH® 'Ed 'V o+
v MAID,  MAID| 'V AIQ! NG|V MOAIG. MNAIG'Y  NAID,  NAId| Y MININL MIAW| Y NG TN Y MATAING. MO YY ATNNG. NN
IIIIII _III|||III|||III|||I|I|||III|||II||Vllll_|V|IIl Vllll|_VIII|||III||_|III|||III|||III|||III|||III|||
BPHZMH® 'SMHE 'Y | 8P+ZMH® 12d 'V BPHEMH® 'ZMH 'V |SP+EMHD'ZH 'Y [SPHEMH®'TMH 'V |SPHEMH® '2H 'Y |SPHIMH® 'EMH 'Y [8P+eMH® '2H 'Y 2+
Y_MAId,  MAd| Y 29 ___Na|'YoMOAIG,  MNAIGY  NAID, NAIG] Y MINWNG  MINNE Y 0N TNY MOTNING. MOTNINY. AT i
SPHLMH®  LMH 'Y | SPHIMH® 1 1H ‘Y BPHIMH® ' LMH 'Y |8PHIMH® LH'Y  [SPHLMH® LMH Y [SPHIMH® ' JH'Y  |8PHIMH®  IMH 'Y |8PHLME® 1 1Y 'Y L+
Y_MAId)  MAIAIY  AIdD ALY MNAIDL MOAIGIYY  NAIDL  NAIGLY MINAG MO Y. IO TANY MOTAAG MOTNAEY. NG NN
8PHOMH® ., OMH 'Y | 8P+OMH® |0H ‘Y 8PHOMH® :OMH 'V | 8P+OMH® 0H'Y  |SP+OMH®.OMH 'V |8P+OMH® 0H'Y  |8P+OMH® .0OMH'Y |8PHOMH® :0H 'V o+
Y MAIQT  MAID| Y AT NG|V MNAIQT MNAIG'Y  NAIQT NAID| Y MINAT MTNAY Y DAY TNV MATAAE MAININY NI NN
04 03 oa 09 og ov 06 08 oL 09 0S o oe 0z oL 00
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APPENDIX

C.7 MOVEA RWi, ea Instruction Map

Table C-14 lists MOVEA RWi, ea instruction map.
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Table C-14 MOVEA RWi, ea Instruction (First Byte

B MOVEA RWi, ea Instruction Map

9HippPE ‘LMY “+m>>m©n>>m

9LP+0dO" +IMH® ‘LMY
LMH Y3AON
LME+HMEOD" +IMHO ‘LMY
LMH Y3AON

LMHHOMH®* +OMH® ‘LMY
LMY YIAON !

IIPHEMH®" EMHD LMY
LMY YIAOW

9IP+eMHD" _m>>m© ‘LMH
LMH Y3AON

IIPHIMHD' | IMHD LMY
LMEYIAON » - VIAOW
9IPHOMHD' 'OMH® ‘LMY
LMEYIAON , - VIAOW
8O+/MHO* 'ZMH' LMY
LMY YIAON |

EPHIMHO' IMHE‘LMY
LMHYINON | VIAON
BPHSMHO (SMHLMH
LM YIAOW *

PHHMED" PME LMY
LMH Y3AON

8PHEMHO" [SMH'ZMY
ZMH VIAON
8PHEMHD" 'ZMH‘LMY
LMEYINON . YIAOW
8PHLMHO 'LMH LMY
IMH YIAON
8P+OMH®’ 'OMH' LMY
IMHYIAON ' VIAOW

91LIpPE ‘MY FEMH® ‘IMY
| _vANoW - vanon

9IP+Ode" +ZMH®‘IMY
9MH YIAON ,
LMEHMED" +IME®‘IMY
| SMHYIAON, - V3NN
LMHHOMH®" +0MH® ‘9MH
9Md YIAONW *

IIPHEMHD' [EMHD IMY
MY VIAON

9IP+ZMED' ZMH O IMY

9MH YIAON +  YIAOW
ILPHIMED' | LME® ‘OMY
OMHYIAON . VIAOW

9IP+OMHD" 'OMH® ‘IMY
| OMJVIAON, _ _ VIAON
8PH/MH®' 'LMH9MY
9MY YIAOW '
8P+OMH® " 19MH‘OMY
9MY VIAOWN '

8PHSME®' 1SMHE'OMY
9MH YINOW

SPHMED’ PME'OMY
| OMHVIAON . - VIAOW
8PHEMHO" | EMH'9OMH
OMH VIAON |
BPHIMHD’ 'ZMH'OMY
| OMHVIAON, - VIAOW
SPHIMHD' ' LMY
MY VIAON '
SPHOMH®’ (OMY'IMY
IMHVIAON ' VIAOW

9LIPPE ‘GMY +EMH® 'SMY
__ _VEAOW . V3NOW
9LP+Od®" +2MHO ‘SMH
SMH VIAOW ,
LME+EMED® +LMHD 'SMY
SMYVYIAON, V3O
LMH+OMHO®* +OMHD 'SMH
SMY VIAON !
IIP+EMHD " EMH® ‘SMY
SMH VIAOW *

9LP+ZIMHD’ ZMH® SMY
SMYd YIAON

<
w
>
Qo
=

IIP+IMH®' | EMH® ‘SMH
SMYVIAON: - VIAON
9IP+OMHD" 'OMH® ‘SMY
SMYVIAON . VIAON
8P+H/MH®" 'ZMH'SMH
SMH YIAOIN
8PHIMH®" 19MH'SMY
SMH VIAOW *

!
8P+GMHD ' {SMH‘SMH
SMd YIAON '

8P+HFME®" PMH'SMY
SMYV3IAON +  VIAOW
8P+EMH® " |EMY‘SMY
SMH VIAOW |
8P+ZMH®" 'ZMH‘SMY
SMY VAN, VIAOW
8PHIME®" 'LMY'SMY
SMH YIAOW
8P+OMH®" 'OMH'SMY
SMHVIAON ' YIAOW

9Lippe ‘vMY _+m>>m©>§>m
| _YANOW_ vaAON

91p+0d®’ _+N>>m oYMy
¥MH YIAOW
LMEHEMED" +IME® YMY
| VIO VANON
LMH+OME D' +OME D ‘TMY
MY VIAON '
9LPHEME D’ €MD ‘YMY
MY VIAON *

9ID+ZMED" ,ZME® ‘TMY
MY YIAON

9IP+HIMED' | LMH® ‘PMY
| PMHY3AON . Y3AOW
9IP+OMH®’ 'OMH® ‘PMY
| PMEYIAON,__ VIAON
8P+HMH®' 'ZMH ‘MY
yMH YIAON !
8PHIMHO" OMH PMY
MY YIAON '

8PHSME®’ 1SMH PMY
PAH YIAOW

BOHMED" ,VMHE PMY
| PMHYIAON: - VIAOW
8P+EMHO" EMH ' YMY
MY VIAON
8P+ZMHD" '2MH ' YMY
| YMEYIAON, - VIAOW
8P+LMHO" ' LMY YMY
7MY VIAON |
8P+OMHD" OMH ' YMH
YMEYIAON ' VIAOW

9HIpPE ‘SMY HEMH® ‘EMY
| _V3AOW. - VIAOW
91P+Ode" +ZMH® ‘EMY
EMd YIAOW
LMEHME®" +LME® ‘MY
_EMHVINON V3NN
LMEHOMHO" +OMH®'SMY
EMd YIAON '

IIPHEMHD’ EME® ‘EMY
EMH VIAON

9IPFMHD' ,ZMH® ‘EMY
EMH YIAON
9IP+HIMED' | HMH® ‘EMY
_EMYVINON . VIAOW
9LP+HOMHO" 'OMH D ‘EMH
_EMGYINON, - VIAOW
8P+/MHD" 'ZMH‘EMY
EMH YIAON !
8P+OMHD" 1 OMH ‘EMH
EMY YIAON

8PHSME®' \SMHE‘EMY
EMHYINON + VIAOW

SPHMED’ PME'EMY
_EMHVIAON . VIAOWN
8PHEMHO" 'EMH'EMY
EMH VIAON |
PHIMED’ 'ZME'EMY
_EMHVIAON, - VIAOWN
HIMED' LME'EMY
£ Y3NOW '
SPHOME®’ (OMY'EMY
EMHVIAOW ©  VAAOW

9HIPPE MY +EMHD ‘MY
o vanow, - V3AOW]
9IPHOAD’ HIMHD T
2MH VINON !
LMEHMED' +MED'ZMY
2N VIAON !

LMEYOMHD" ,+OME® ZMY
MY YIAOW «
9IP+HEMHO" | EMH® TMH
CMEVINON, - VANON
9IP+ZMHD" 'SMH® ‘TMY
MY YIAOW
9IPHIMHO' 1 LMH® ZMH
ZMH VIAON !

9IPHOMHE®* .OMH® ZMH

MY YIAON + VIAOW
...... 1 VANOA]
8PHMH®’ | ZMH‘ZMY
IMHY3IAON,  VIAOW

8PIMHO 'IMH ZMH
_MHYINON,  VIAOW|
PHSME® 1SMHE'ZMY
2MH YIAOW '

BHYME®’ MY ZMY
MEYIAON VIAOW|
8PHEMHO | EMH'ZMY
2MH YIAOW
BPHIMED’ 'ZME'ZMY
_MHYIAON,  VIAOW|
HLMHO ' LME'ZMY
oMY YINON !
SPHOME®’ 1OMY'ZMY
IMHVIAON'  VIAOW

91IPPE ‘LMY +EMHB LMY
VIAOW :  VIAOW
9LP+0d@" +ZMH® ‘MY
MY YIAOW
LME+HMED +IMED LMY
[MEVIAON - V3AOH
LMEHOME®" +OME®' LMY
MY YIAOW _r
9IPHEMED" EMHD ‘LMY
MY YIAOWN *

IPZMED’ ZMHD LMY
MY YIAON

<
w
>
Qo
=

9IP+HIMHD' | LMH® MY
MEY3A0N . Y3AOI
9IP+HOMH®’ '0MHD MY
_MEVYIAON, - YIAOY
8o+/MHD" 'ZMH' LMY
LMY YIAOW
8P*OMH®" '9MH' LMY
I VINON |
8O+GMHD' SMH' LMY
LMY VIAON

8OHMH®’ FMHE LMY
IMYYIAON + VIAOW

8PHEMHD" 'EMY’ LMY
LMY YIAON
8PHZMH®" 'ZMY’ LMY
_MEYVIAON, - YIAOY
8PHLMH®" ' LMY LMY
LMY YIAOW
8P*OMH®" OMY' LMY
IMYIAON ' VIAOW

91IPPE ‘OMY +EMHB ‘OMY
_ _V3AOW: V3AOW

9IP+IdO’ +ZMHD OMY
OMY YIAOW ,
IME+MED" +IMEB ‘OMY
OMH YIAOW |

LMEHOMH®" +OMH® ‘OMY
OMY YIAOW '

9IPHEMED" 'EMH® ‘OMY
OMY VIAOW

9IP+ZMED" ZMH® OMH
OMYH Y3AOW

<
uw
>
[©]
=

9IP+HIMHO' | LMH® OMH
OMHYIAON « - YIAOW
9IP+HOMH®’ '0OMH® 'OMH
OMH YIAON . YIAON

8o+/MHD" 'ZMH OMY
0MH YIAON

8P*OMH®’ '9MH'0MY
0MH VIAON !

8P+SMH®" 1SMH‘0OMY
OMYH Y3AOW !

8OHMH®® FMEOMY
OMH Y3AON + -~ VIAOW
8PHEMHO" 'EMU‘OMY
OMH Y3AOW
8PHZME®’ 'ZMHE OMY
OMH Y3AON , - VIAOIN
8PHME® LM OMY
OMH Y3AON
8PHOME®’ OMH‘OMY
OMHY3AOW ' VIAOW

4+

I+

a+

ot

g+

Y+

6+

Q-+

,+

o+

G+

P+

c+

ot

L+

o+

0d 03

oa 00

og ov

06 08

0L 09

0S 17

0€ (114

1] 00
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C.8 MOV Ri, ea Instruction Map

Table C-15 lists MOV Ri, ea instruction map.
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Bl MOV Ri, ea Instruction Map

7An)

Table C-15 MOV Ri, ea Instruction (First Byte

oupPE  '+EMH®
‘4 AOW. ‘24 AOW

91P+0d® | +eMH @
‘2d AOW, ‘Zd AOW

LMY+ IMHD ' +LMH @
‘d NOW'! ‘Zd AOW

LMEHOME® « +OME ®
4 AOW' “‘ZH  NOW

8P+SMH® , GH ‘LY
‘44 AOW:

8P+YMH® | ¥4 ‘LY
‘/H >o_>_ .

8P+OME ® : 04 ‘2Y
‘4 AOW'  AOW

9LPPE  '+EMHO
‘94 AOW,‘'9d AOW

9IP+0d® '+eMH @
‘94 AOW,‘94 AOW

LMEHIMED +LME ®
‘94 NOW'‘9H AOW

LME+OMH® + +OMHE ®
‘94 AOW'‘9H AOW

‘94 AOW
|98 _AOW]  AOW

8p+OMH ® ;04 ‘OH
‘94 AOW'  AOW

oLIpPE | +EMH®
‘sH now: ‘SH AOW
9IP+Od® | +ZMH @
'S4 AOW,'SH AOW
LM LMED !+ LMH @
_ /Sd_AOW,’SH AOW
LMH+OMH® ' +OMH ®
‘S AOW'‘SH  AOW

‘G4 AOW.

8P+9MH® ' 9d ‘SH
‘SY NOW'

8P+IMH® ' 1Y ‘SH
‘SH AOW!

8P+OMH® + 0H ‘SH
'S4 AOW'  AOW

gLippE | +EMH®
‘vd NOW: ‘Yd AOW

91p+0d® ! +N>>m©
‘Y AOW.‘vd AOW

LMETIMED ' +LMEH @
‘4 NOW, ‘PH  AOW

LMHtOMH® ' tOMH @
‘P4 AOW!‘vd AOW

‘Y4 AOW! AOW

8P+OMH® 194 ‘vH
‘vd AOW!

8P+LMH® ' IH ‘PH
‘Y4 AOW!

8P+OMH® + 0H ‘PH
‘vH AOWN'  AOW

9LIPPE  '+EMH®
‘ed AOW.‘€d AOW

9IP+0d® ! tcMH @
‘ed AOW,‘ed AOW

LMEHMED 1 +LME ®
‘td AOW'‘EH AOW

LMEHOMH® |\ +OMH ®
't AON' ‘€ AOW

‘ed >O_>_ !

8P+OMH® ; 0Y ‘eH
‘e AOW'  AOW

+EMH ®
‘ed_AOW, ‘24 AOW
9LP+Od® ' +ZMH®
‘ed_AOW; ‘zd_ AOW
IMEME® , +LME ®
_d AOW'‘zd  AOW
LMGHOMH® | +FOMH @
e .>§_-N.m- AOW
IIPHEMHD ' EMH D '2H
‘24 AOW.!

9Hippe

91P+OMH® , OMH® ‘2H
e %s.__ ......
8P+/MH® ' ZH ‘2d
‘e \.6_\,__ ......
8P+OMH® ' 9H ‘2d
‘ed_AOW,  AONW
8P+SMH® 1 SH ‘24
‘ed_AOW;  AONW
8P+YMH ® | ¥H ‘2d
‘ed_AOW' - AOW
8P+EMH® ' €Y ‘2H
‘ed_AOW. _ AONW
8P+ZMH® ' 24 ‘2
‘ed_AOW,  AONW
8p+LMH® « bY ‘2H
‘e \.6_\,__ ......
8P+OMH ® , OH ‘2d
‘24 AOW: AOW

gLIppPE | +EMH®
| AOW:bd AOW
9LP+Od® +ZMH®
| 'ld AOW,‘HH AOW
LMHLMED '+ LMH @
| AOW,HH AOW
LMH+OMH® ' +OMH ®
‘4 AOW' ‘LY AOIW

mn+®>>m_© 94 ‘IH
‘14 NOW!

8PHEMH @ _mm Iy
| 'Hd AOW.  AOW
8P+ZMH® '2d ‘bY
| 'td AOW,  AOW
8PHLMHE® ' HH ‘1Y
‘Id AOW!

8P+OMH® +0H ‘1Y
‘ld AON'  AOW

gLippe  +EMH®
‘o4 NOW: ‘04 AOW
9LP+Od® | +ZMH ®
04 AOW, 0 AOW
LMEHIMEO ' +LMH ©
_ (04 _AOW,‘0d AOW
LMHHOMH® ' +OMH @
‘04 AOW'‘0d AOW

8P+9MH® 194 ‘0d
‘od AOW

8P+IMH® ' 1Y ‘Od
‘04 AOW!

8P+OMH® +0H ‘OH
‘04 AOW'  AOW

4+

3J+

a+

ot

g+

v+

6+

|+

/l+

o+

G+

7+

e+

ot

L+

o+

04 03

oa 00

0g ov

06 08

0L 09

0S ot

0€ 0c

ot 00
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APPENDIX

C.9 MOVW RWi, ea Instruction Map

Table C-16 lists MOVW RWi, ea instruction map.
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APPENDIX C F2MC-16LX Instruction Maps

B MOVW RWi, ea Instruction Map

7By)

Table C-16 MOVW RWi, ea Instruction (First Byte

91IPPE ‘SMH , *EME® 'SMH

9LIPPE ‘ZMY | +EME® ‘TMY

9LIPPE ‘LK, *EMED ‘LM

94IpPE ‘OMH , *EMH® 'OMH

OLIPPE LMY | +EMHD ‘LMY | 9LPPE ‘OMH | +EMHO ‘OMY 9LIPPE VMY | +EMHD ‘MY | 9LIPPE EMH | +EMHD ‘MY 4+
MAOI, MAOW MAOW, MAOW MAOW MAOW MAOW MAOW MAOW MAOW MAOW, MAOW MAOW MAOW MAOW MAOW
|||||| [ ||||||_||||||V|||||||||||||||||||_||||||||||||ﬂ||||||||||||_|||||||||||||||||||.||||||||||||
9IPHOdD +IMHO ZMH | OIPFOA® ' +IMHO ‘OMH | 9IPOd® | +IMHO SMH |  OIP*OJ® +IMHO YA |  OIP*OJ® +IMHD TMH |  9IPHOJD '+TMHO TMH |  9IPOJD +IMHO IMH | OIP*Od® +eMH® OMH | I+
“LMH MAOW | MAOW | ‘OMH MAOW | MAOW MAOW, AW | “PMH MAOW | MAOW | ‘EME MAOW, MAOW | ‘ZME MAOW ! MAOW | ‘LME MAOW MAON| — MAOW, MAOW
' ' _|||||||||||||_||||||||||||u||||||||||||_| |||||||||||| [ [
IMELMED | +HMHO UMH | ZWHHLMHO ' +LMED ‘IMH | LMEIME® | +IMHO ‘SMH | ZMHHLMHD ' +IMHO TMH | ZMH+LMHO ' +IMHO ‘EMH | ZMH+LMEO * +IMHO ‘2MH | LMEHMED | +IMHO ‘WM | ZME+MED | +imuo ‘omd | g+
ZMGMAON,  MAON | ‘OMEMAON,  MAON|  MAOW,  ~ MAOW| ‘pM4MAOW, ~~ MAON | ‘EMHMAON,  MAON| ZMSMAON MAOW| 'WMHMAOW, MAON| — MAOW, _  MAOW
' ' ' ' ' ' '
LMEHOMH® ' +OMHD'ZMY | LME+OMH® * +OMHD'IMH | LMHHOMU® ' +OMH®'SME | LMH+OMH® ' +OMH® ¥MH | LME+OMH® * +OMHD'SMY | ZNH+OMH® | +OMH® TMH | ZMH+OMH® ' +OMU® LMY | ZMU+0MH® ' +oMu® ‘oM | O+
LMYMAOW'  MAOW | ‘OMH MAOW' — MAOW| 'SMHMAON! ~ MAOW| 'WMHMAON' — MAON| ‘EMHMAON' — MAON| ZMHMAON: — MAOW| 'LMHMAOW' —  MAOW MAON' — MAOW
................................................................... o MAOW) IMEMAON, - MACW) - MAOW, - MO

IIDYEMHD 1 EMHO ZMH | 9LDYEMHO | EMHO'IMH | ILDYEMHO 'EMHO'SMH| SLPYEMHO 1 SMHOYMH | 9ID+EMHD |EMHOEME | 9LD+EMHD [EMHDZME| 9IDYEMHD 'EMHO LM | 9IP+EMH® 'EMHO OMH | g+
LM MAOW'  MAOW | ‘OMHMAOW' — MAOW| ‘SMHMAOW' —  MAOW| VM MAON! — MAOW| ‘SMHMAOW! MAOW| ‘ZMHMAON, — MAOW| WMHMAON'  MAOW|  MAOW! — MAOW
...........................................
OIPHIMHD | SMHD LMH | OLPHIMHD | ZMHD'OMH | 9IPHIMHE | ZMHD'SME | SLP+IMED | MH® YMH | SLPHIMHD | SMHB'EMH | SIP+IMH® 'ZMHBTME | 91PHMHE | ZMH®' LMK | 9LP+eMH® 1 amu®‘omd | v+
LMHMAOW!  MAON| OMHMAON:  MAOW| ‘SMHMAON'  MAOW| PMHMAOW:  MAOW| ‘EMHMAON:  MAOW| TMEMAON,  MAOWN| IMHMAON'  MAOW|  MAOW'  MAOW
IIIIII [ e T e e e A e e e e
OIPHMHO | LMH®'ZMH | 9IPHLMH® | LMH®'OME | 9LPHIMH® , LMHO'SMH | OIPHIMH® | IMH® YMH | 9LP+IMH® | LMHD'EMH | SIPHLMH® ' LMHO TME | 9IPHLMHO , LMH®'LMH | 9IP+LMH® | IMH® ‘OMH | 6+
LMEMAON, - MAOW| "OME MAOW,  ~ MAOW| "SMH MAOW: MAOW| ‘vMHMAOW: MAOW| EMHMAON, MAOW| ZMHMAOW | MAOW| IMEMAON: - MAON| — MAOW:  MAOW
9IPHOMH® 'OMH® ZMH | 9LP*OMH® ' OMH®'OMH | SLP+OMH® | OMH®'SMH | 9LP+OMH® ' OMH®'YMH | 9IP+OMH® 'OMHB'EME | 9LP+OMUD .OMH®'ZMH | 91PHOMH® |OMH® LMY | 9lP+oME® |oMH® oMy | g+
LMHMAOW,  MAON| ‘OMHMAON,  MAOW| ‘SMHMAON,  MAOW| PMHMAOWN,  MAOW| ‘EMHMAON,  MAOW| TMHMAON'  MAOWN| IMHMAOW,  MAOW|  MAOW,  MAOW
|||||| _|||||| ||||||_||||||v||||||_|||||||||||||_||||||||||||ﬂ||||||||||||_.||||||||||||.||||||.||||||.||||||

BPHMED 'LME LME | BPHMH® ' MHOMY | SDHIMHD LM 'SME | SPHMH® 'LMH ‘MY | SPHMH® LMY 'SMH | SPHMHD LMY TMH | SPHMH® MM LMY | 8PHMH® ! Md ‘oMY [ 2+
UMHMAOW!  MAOW| ‘OMHMAOW' — MAOW| ‘SMHMAON,  MAOW| /MHMAOW' — MAOW| ‘EMHMAON' — MAOW| ZMHMAOW,  MAOW| ‘LMHMAOW,  MAOW| — MAOW,  MAOW
|||||| P e e .-llll--.-ll_l.--.lll-..-l.lll-...|||.-...||||.

SPHOMED 1OME ZMH | BPHOMH® 1OMH ‘OMY | SPTOMYD'OMH ‘SMH | 8P*OMH® 'OMH MY | SPHOMH® 19MY ‘SMH | SPFOMYD |9MHY TMH | SP*OMYD 'OMH LMY | 8P+OMH®'oMH ‘omd [ g+
Em.;.%s__- _ _MAOW| "9ME MAON | MAOW | mgm.\s%_\,_. .. MAOW| sMEMAON; MAOW| EMHMAON: MAOW| ZM4 MAOW, _ MAOW] -SE\,\.,%_\.,_ L _MAOW| - mAOWT - MAOW

! '

SDIMHD |GMH ZMH | SDYMHD | GMH OME |  SDYSMHDSMH ‘SMH |  SP'GMHO.SMH TMH | 8DYMHD GMH EMH | GPYGMHO 'SMH TMH | SPHSMHO SMH LMH | BPYGMHD (SMH OMH | G+
LM MAOW'  MAOW | 'S MAOW:  MAOW| ‘SMEMAON!  MAOW | ‘sMEMAON!  MAOW| ‘SMHMAON:  MAOW| ZMHMAON | MAOW| ‘WM MAON'  MAOW| — MAOW' — MAOW
.......................................................

SOUMHD | PMH LME | SDUMHO | PMH OME |  SDHMHD . PMH ‘SMH |  SPHPMHO,TMH TMH |  SDYMHO pMH EMH |  SPHYMHO PMH TMH | SDHIMHO MH LMH | SP+VMHO bMH OME | b+
LB MO MAOW | ‘OME WAOW, ~ ~ MAOW | ‘S MAOW: _~ MAOW| ‘oM MAON:  ~ MAOW| ‘SMMAON:  MAOW| ‘TMHMAON'  MAOW| ‘iMEMAON'  MAON| — MAOW: ' MAOW
IIIIIIIIIIIIIIIIII - - -"-"-"r--""-""-""""="T-"-""-""=-""-""-"F"-""-""-""-"""5-~"-~"~-~"=~""="-“"F--~""-"""=""53y°-~-~--~--°-7-~- - - - -° ---"-"-""/-"-""-""""- -~ ~-"~-"=-"=-"1°-~"°-~"°-°- -9 - - - --

PHEMHD | EMH ‘LMY PHEMHD | EMH OMH |  SPHEMH® |EMH SMH |  BPEMH® |EMH YMY |  SPHEMH® EMH ‘EMH |  SPEMH® ,EMY TMY PHEMH® |EMH ‘IMH | SPHEMH® | EMH ‘OMY | g+
IMHMAON,  MAOIN| ‘OMHMAOW,  MAOW| SMHMAON:  MAOW| PMHMAON,  MAOW| EMHMAON,  MAOW| TMHMAOW:  MAOW| IMHMAON,  MAOW|  MAOW.  MAOW
|||||| . [ T e e S [ B

BPYZMHD |ZMH LMY | SPHEMHD 'ZMH OMH |  BPYEMH® |ZMH 'SMH |  8PZMHO 'ZMH YMH | BPYZMHO 'ZMHEMH |  SPYZMHO |ZMH EMH | BPYZMHD |ZMH IMH | SP+EMUO |Zmd ‘omy | Z+
LG MWAOW, - MAOW | "OMH AW, MAOI| 'SMEMAOW, _  MAOW| ‘v MAON, MAOW | ‘SME MAOW, MAOW | ‘MEMAON, _ MAOW| UMY MAON,  MAOW| _ MAOW, __MAOW

BOFLMHD ' LMH ZMH | SPHMHO ' LME'OME | BPHLMH® ' IMH 'SMH | BPHLMHO ' LMH VMH | BPHIMHO ' LMHEMH | 8PHLMHO 'LMH EMH | SPHLMH®'LMHIMH | 8PHIMH®'imH‘omd [ L+
NN, MAOW mgm.g.\,os_._ .- MAON[SMEMAON, | MAOW| MM MAOK,  MAOW| ‘e Eos_ . MAOW/| ZMHMAON,  MAOW| tMEMAON,  MAOW|  MAOW,  MAON

SDYOMHD OMH ZMH |  SP*OMH® |OMHOMH | GPYOMHO 'OMH ‘SMH | 8DYOMHO :OMH ‘VMH | SDYOMHD.OMH EMH | SPYOMHO ‘OMH ‘ZMH | GPFOMHO 'OMH LMY | 8P+OMH® 'OMH OMH | O+
LMHMAON'  MAOW| ‘OMHMAOW'  MAOW| ‘SMHMAON'  MAOW| PMHMAON'  MAOW| ‘EMHMAON'  MAOW| TMHMAON'  MAOW| IMHMAON' — MAOW|  MAOW' — MAOW

04 03 oa 00 og ov 06 08 0L 09 0s oy o€ (114 0l 00
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C.10 MOV ea, Ri Instruction Map

Table C-17 lists MOV ea, Ri instruction map.

B MOV ea, Ri Instruction Map
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APPENDIX C F2MC-16LX Instruction Maps

Table C-17 MOV ea, Ri Instruction (First Byte = 7Cp)

24 ‘9LIPPE! /4 “+eMHO | OH ‘OLIPPE!9d “+eMH® | SH ‘OLIPPE!SH +eMH® | YH ‘9LIPPE ! vd +eMH® | €H ‘9LIPPB'ed +eMd® | cd ‘91IPPE 12 +eMH® | LY ‘9LIPPE! |y emuD | OH ‘9LIppE 'od +emHO | 44
AON, AOW AON, NOW AOW! AOW NOWN, NOW NOW, AOW AOWN'! AOW NOW | NOW NOIN, AOW
LH'9IP+0d®@ ' /H “+ZMH® | 9H ‘9LP+Od® ' 9y “+zmy® | SH .o_u+on_©“mm +ZMH® | YH '9IP+Od® ' pY ‘+gMH® | €H ‘9IP+Od® 'eY +zmH® | ed d%+on*©_mm HZMH® | HH'9IP+OdD 1 1Y ‘+gMH® | 0Y ‘9LP+Od® 1Y “+2MHD I+
AOW! AOW AOW! AOW AOW! AOW AOW! AOW AOW! AOW AOW AOW AOW! AOW AOW! AOW
[H LM L FIMH® | o LiMEe 98 HHMH® | ou i+ IM® | SH HIMED |1 Zm i  H FIME® | e Limgimee 1B FIMHD |2y g |2 FIMHO | e « P HIMHO | o i 108 LMD a+
AOW! AOW AOW! NOW AOW! AOW AOW! NOW AOW! AOW NOW AOW AOW! NOW AOW! AOW
L4 IME+0MED 1 L4 HOMH® | o ‘Zis+oM® + 98 HOMH® | o1 ‘Zuis+omue | SH HOME® |54 Zmisomue  PH HOME® | ey ‘Zi+omye 14 HOMH® | 24 uneromd '2d *OME® | 1Y ‘ZME+OMH® L 1H YOMHO | 01 ‘ZMes*0MH 1 OH “+OMED o+
AOW' NOW AOW'! NOW NOW! NOW >o_>: NOW >o_>_L. NOW NOW NOW NOW* NOW NOW! AOW
IHOIPYEMHD . LH EMH® | 94 '9iptemue . 9H EME® | su'oipremue | SH 'EMHD | p'oiptemuo  PH EMH® | oo 'oipremue B 'EMH® | g 'oipremuo ‘2 ‘EMHD | |1 'oipremuo | HH 'EMH® | ou oiptemuo ;0H 'EMED | g+
NOW! ANOWN NOW'! AOWN NOW AOW NOW ANOWN NOW AOW AOW | NOWN NOW « AOW NOW ¢ AOW
LH9IPFIMHD , LH TMH® | 94 ‘9lptoMuD , 9H TMH® | G4 ‘9lpremte | SH SME® | 14 ‘9lp+emue | vH ‘SMHO | £y ‘91p+amue 8 TMHD | 24 ‘9ip+amue 128 TMH® | 1y '9ipramye | HH ‘TME® | od ‘91premue |0 TMED |yt
ANOW: ANON AOW: AOIN NOW NOW NOW: AOIN AOW: AOW NOW ! AOW NOW AOW NOW ANOW
24'9Ip+iMED L8 EME® | o4 '9lp+rimue 9 HMH® | o '9iptmEe 'S LIMH® | yH'oipHMue | VH LME® | e 9lprimbe B MH® | 2u'9iptimue 2H HMED | 1y IPHIMED | HH LME® | od‘9ip+iMye |0H LMED | G4+
NOW, AOW AOW, AOWN AOW, NOW NOW AOWN AOW, AOW NOW AOW NOW, AOW NOW AOW
||||||| _||||||||||||®|m<||||||.||||||.|||||| ||||||q|||||||||||||.|||||||||||||“|||||||||||||.|||||||||||||_|||||.
LH°9IPHOMHD , 2H ‘OMH® | ‘gIp+OmH® , 9H ‘OMH® | Gy ‘9ip+omd® | SH ‘OMHD | 1 ‘9ip+omde | YH ‘OMH® | 4 ‘9ip+omye | €H ‘OMHD | 2y ‘9ip+0MH® \2H 'OMED | 114 °9ip+0me | '0ME® | 0y ‘9ip+0omy | O '0MHD | g+
..... AOW. - AOW| —  AOW. ~ AOW| —  AOW, —_ AOW| ~  AOW, —_ AOW} — AOW. _ AOW)  AOW: _ AOW| AW, _ AOW| —  AOW., __AON] |
d'8ptME@! L8 28 | ou'gprmbe ' 9H L | gugprumde SH L | pueprumde ' VH LH | ey 'sprmde '€H LH | zdeprmye (28 LH | aeprumye HH LH | odsprmue 0 ZH |4
| how, o AOW| AW, AOW| . AOW,  AOW|  NOW, _ AOW[ AOW,  AOW| AOW. — AOW| — AOW; ~ AOW| — AOW, ~ AOW] |
[Hgptomue ' ZH ‘9d | ou‘gpromue ' 9H ‘9H | ou‘gpromue SH 9 | v ‘gpromue ' PH ‘9d £ ‘gp+omue ' €d ‘9d 2d ‘spromuie |2 ‘O 14 'gproMu@  bH ‘98 | od‘spromue 1OH 'OH | g+
| _AOoW_AOWL NOW,  AOW| NOW.  AOW[  AOW,  AOW| NOW;  AOW] AOW, _ AOW|  AOW: _ AOW| —  AQW ~ AON] |
L4 ‘gp+sMu@+ 2H ‘SH od ‘sp+smue 9 ‘S ot ‘8o+smue , G ‘G v ‘gpromu v ‘S o4 ‘sprsmu@ 1 € ‘SH 2 ‘gp+smue 1 2 ‘SH 1t ‘8+5Mu | HY ‘S 08 ‘sp+smu@  OY ‘GH G+
NOIN! AOW AOW' AOW AOW! AOW NON'! AOW NOW! AOW AOW'! AOW NOW'* AOW NOWN! NOW
||||||| e S N T T e T T T B A T T e P IS R S
'sptmee. 28 PH | ou'sorymbe, 98 PH | su'eprvmbe (SH PH | puspromue P P £x ‘gorvmde , € ‘P 2d ‘sp+vmue 2 ‘PH 1d‘go+mbe , bH ‘PH | od‘spromue ,OH PH |
AOW! ANON AOW'* AON AOW NOW AOW NOWN AOW NOWN AOW NON AOW AOW AOW AOWN
IIIIIII ------"r--"-"""""°-~----"r--"--"=-"=-"y9y9°-°---- ---"-"-"-"7T-"-"-"-""-""7-~"°-"°-""-"~""°%°-~"-~"~"~=~"~-~"°7/-~"°~-~"~"~"~"~""7"#4%-~”~-~"~"~-~" -~ "7y~ - -~~~ ,,T-T-T-TTT T T Ty
Ld'gprembo, 28 €Y | on'gpremde, OH €H | odgpremue |SH '€H | vu ‘spremue Y €Y ed ‘gp+emde | €4 ‘ed 2d ‘sp+emde ,od ‘€d 1dgpremu@ | HH ‘€H | od‘gpremuo (0H 'EH | o+
| AoWAOWL AOW: AOW| AOW,  AOW|  AOW. — AOW| AOW.  AOW] AOW: _ AOW| — AOW. _ AOW| —  AOW. — AOW] |
24'gprembe, L TH | ou'gorembe | 9H TH | ou'goremde ' SH TH | pu'gpramde | VH TH | ey'gpramde '€H TH | zd'epramde 12H 2H | lu'epramue ! M TH | od'spramue (0H 2H o+
| __AOW._AOW| AOW, - AOW| AOW,  AOW| — AOW, _ AOW| AOW,  AOW) - AOW, _ AOW| _ AOW, _ _AOW| — AOW. _AOW] |
4 °gp+iMd® ' 2H “IY 9 ‘sp+Lmue ' 9H ke SH ‘gp+iME® 1 SH “Hd v ‘gp+imue ' vH “I1d £d ‘gp+imue ' €H “Hd 24 ‘gp+imue 12 ‘1Y 14 ‘gp+imEe ' b kY 04 ‘gp+Lmu@ ' Od “HYd L+
L AOW___AOW| NOW, _ NOW| AOW,  NOW| AOW, —_ AOW] AOW, __ NOW) AOW; _ AOW| _  AON; _ AOW| —__AQW, _AOW] |
/4'gp+omue ' 28 0 | on'spromue 198 ‘08 | gy 'goromue . SH ‘OH | iy ‘spromue  bH OH £ ‘gp+omue + €4 ‘0d 24 ‘gp+omue 1 2d “Od 14 ‘gp+oMH@  bH ‘OH | od ‘spromu@ OH ‘0H | o+
AOW! AOW AOW' AOW AOW' AOW AOW! AOW AOWN'! AOW AOWN ' AOW AOWN'* AOW AOW'! AOWN
[VE] 03 oa 00 og ov 06 08 0L 09 0S oy o€ 0¢c 118 00
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C.11 MOVW ea, RWi Instruction Map

Table C-18 lists MOVW ea, RWi instruction map.

B MOVW ea, RWi Instruction Map
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APPENDIX C F2MC-16LX Instruction Maps

7Dy)

Table C-18 MOVW ea, RWi Instruction (First Byte

ZMY ‘9HIPPE | MY +EMED

LMY .otvvm“gm.é\sm@ 9MY ‘9LippE _o\sm»+m>>m© SMH ‘9 Cvum_m\sm{m\sm@ MY ‘91Lippe _v\sm.+m>>m® €MY ‘9Lippe “m>>m,+m>>m© , LMY ‘9 _x_unm" LMH+EME® | OMY .mtnnm_ OMY+EMHD H4+
__MAOW. _ MAOR| | MAOW. | MAON| __ MAON, | _MWAOW| _ MAON:_ _ MAOW| | MAQN:  _ _MWAON| _ _ MAON,  _ _MAON| | _ MAOW: __MAON| _ MAOW: _ _ MAON

il 1 | | [ \ i ' 1

LMY w_.u+“§>m.+m>>m© 9MY ‘91Lp+ _o>>m +IMdD SMY w_.v+_m>>m MO MY mru+_§>m +MdD EMY ‘91p+ _m>>m MO MY ‘91P+' gMH+eMHD LMY hw_.v+" LMH+ZMH @ omd ®FU+_O>>I +eMdo | 3+
OdOMAOW, _ _ MAON| Od® MAOW, _  MAOW| OJ@MAOW, _ _ MAOW| OdOMAOW, — MAON| Od@®MAOW, _ _MAON .o.a@?»@.a. _ . _MAON|_Od®MAOW, = MAOW| Od@MAOW, - MAOW

1 1 1 1 1 1 1 |

LMY m>>m+ LMH+HMED IMYH LM+ o\st IMHD SMY* m>>m+ SMY+IMHD MY LM+ _Ssm.+§>m® EMY’ LMY+ "m>>m +tIMH® N>>EN>>E+ 1ZMH+HMHD LMY N>>I+_ LM+ IME® OMY* n>>I+ Omd+imde |+
UMHBMAON, _ _ MAO| IMHOMAON. _ _ MAON| IMEBMAON, _ _ _MAOH| INHOMAON, _ _MAOK| IMHOMAON, | _MWAON| UWHBMAN: | MAO| IMHOMAON, __MAON| LMHOMAON! __ MAON

LMY LMY+ ' LM +OMHD OMY’ LMY+ 'OMH +0MH @ SMY‘ZMH+ ' SME+OMHD MY LMY+ _§>m MO EMH'ZMH+ 'EME+OMHD oMy n>>m+ CMUd+OMH® LMH'ZMY+! IMY +OME® OMY'ZMY+' OMH+OMHD o+
MHOMION, " MWION] OHSNAON " WAOH ONHONAON. . _WAON| OWGNAON. " _WIOH) OWIOMION] . HAOK| OMSOMAQN, _ _HAON| OWEBMAON, ' _ MONI OEBMAON, " MoK

LMY .m:u+ LMY ‘EMH® 9MH ‘91p+ m>>I ‘EMH® SMY .m_,_u+ 1GMH ‘EMH® MY d:u+ MY ‘EMH® EMY ‘9Lp+ _m>>m ‘EMH® ZMH ‘91Lp+! ,e\d ‘EMH® MY d:u+_ MY ‘EMH® oMy .w:u+_ OMH ‘emd® | g+
EMHOMAON! __ MAON| EMHOMAON: __ MWAOW| ENHOMAON | MAON| EMHOMAON: _ _ MAOW| EMHOMAON! _ MAON| EMHOMAON. _ MAON| EMHOMAON: __MAON| HOMAON' __ MAOW

_

LMY .o—u+ LMY ‘TMHO 9MY ‘9LP+, o>>m ‘TMHO SMd .o_.u+ SMH ‘TMH® MY ‘9Lp+ _¢>>I ‘TNHO EMH ‘9Lp+ _m>>m ‘TMHO MY ‘91P+'2MY ‘TMH® LMY 6-u+ LMH ‘TMH® oMy >w_.v+ OMH ‘TMH® | \/+
HOMAON: _ MAON| ZWHONAON: __ MACK| ZWIBMION, _ MAOH| ZWHONACH: " MAON| ZUHOMAON: _ MAOK| ZIMAON,  WAOK| GWHONACH: ' MAOK| ZMBMION. *__ MON

LMY .m—u+.m>>m ‘IMHO 9MHY ‘9}p+ _m>>I ‘IMH® SMY .m_,v+_m>>m ‘IMHO MY ‘9Pt _§>I IMH® EMY ‘9ILp+ _m>>m ‘IMHO oMY ®5+_N>>I IMH® MY m:u+_ MY IMH© U] .w:u+_ OMH ‘IMd® | 6+
LSDIMON, . JAON| JSBIION, " MION| IADIMON, " MAON] JBMION, " MION| MNDION, . AOH| ASBMION, _ _WAON . INOINON: | _ OH| 2o, o

1 1 1 1 1 1 - - I_ IIIIII [ |

LMY ‘91p+ “ LMY ‘OMH® 9MY ‘9Lp+ “o>>m ‘0MH® SMH ‘9Lp+ " SMH ‘OMH®@ MY ‘91p+ "¢>>I ‘OMH® EMH ‘9Lp+ _m>>m ‘OMH® oMd w_.v+ ¢MY ‘'0OMH® LMY 6-u+_ LMH ‘OMH® oMy >w_.v+_ OMH ‘omd@ | g+
OMHOMAON, __ MAON| OMHOMAON, _ MWAOW| OMHOMAON, __ MAON| OMHOMAOW, | MAOW| OMHOMAON, ~_ MAOW| OMHOMAON: | MAOW| OMHOMAON, ~__MAOW| OMHOMAON. ~__ MAOW

LMH '8P+ MH® “h>>r_ LMY | OMH ‘SPHMH® 'OMH ‘LMY | SMH ‘SP+HMH® ' SMH ‘LMY | 7MY ‘8D+HMH® ' vMH ‘ZMH | EMY ‘8D+HME® 'EMH ‘LMY | ZMY ‘SP+HMED | ,CMY LMY | IMH 8P+MH®"' EMH ‘ZMY | OMH ‘8P+HMH® ' OMH ‘LMY | /+
C MO, MOW| T MMON, | MAOW| T WON, | MAOW| | MAOW. | MAOW| " WAON; | MAOW| ' MAON  MWAOW| ' MAON.  MAOW| __MON __MAOM

1 ' ' ' ' ' ' '

LMY ‘8P+OMH® ' ZMH ‘OMYH | 9MH ‘8P+OMHD 'OMH ‘OMYH | SMH ‘8P+OMH® ' SMH ‘OMH | YMH ‘BPHIMHO 1 MY ‘OMH | EMY ‘8P+IMHO '€MYH ‘OMY | 2WH ‘8P+OMHD _ ZMH ‘9MY | HMH ‘8PHOMHOD ' LMY ‘9MY | OMH ‘8P+OMH® ' OMH ‘OMH | 9+
L .\S\./OE. R .>.>>.O§ o .>>m/0._2_ . >>\MO._>_ ..... M N/O._z_ . \.S\./O.S_ ..... >>.>@_2_ . m,>m/@_>_ ..... 3>@S_. . MAOW MAOW, MAOW >>>OS__ MAOW >>>O_2_ MAOW

LMH '8P+SMH D _h>>r_ SMd SMY ,mu+m>>m© 1GMY ‘SMY | YMH ‘8P+SMHD _v>>m SMY | EMY '8P+SMHD _m>>m SMY | 2WH ‘8P+SMH® ' 2MY ‘SMY | Imd wn+m>>m©_ LMY 'SMY | OMd wu+m>>m® 1OMYd 'SMY | G+
MAOW? MAOW >>>O_>__ MAOW MAOW MAOW MAOW ! MAOW >>>O_>_ ! MAOW MAOW! MAOW MAOW! MAOW

...... S BON, [ MAOW| WO MAON  MAOR:  MAOWI | MMOR _ MAOW| WO MAOW| _ mAod:  mAOW] |

LMY ‘8P+MH D _n>>I ‘YMY SMY >wu+§>m@ SMY ‘vMY | MY ‘8P+HME® _v>>¢ ‘PMY | EMH ‘8PHMHD _w>>m ‘YMY | 2MH >wu+§>1© ZMY ‘vMY | IMY ,wu+§>m©_ LMY ‘PMH | OMH ‘8P+HMED , _ OMH ‘YMY | +
. .\S\./sz. R .>.>>.O§ §>O§_ MAOW MAOW MAOW >>>OS__ MAOW >>>O_2_ MAOW MAOW MAOW >>>O_2_ MAOW

CMAON| - WAOR, - MAOW| | MAON: | MAOW| © MWAON'  MAOW| ' MAON Lol won - maor |

LMY ‘8P+EMH D .h>>r_ ‘EMH | IMY ‘BP+EMHD _©>>m ‘SMH | SMH ‘SP+EMHD | ,SMH ‘MY | YMY ‘8PHEMHD _v>>m ‘EMY | EMY ‘8P+EMHO _m>>m ‘EMY | emd ,wn+m\sm® ,eMYd ‘eMd | imd _wﬁ+m>>m©" LMY ‘EMH | OMH ‘SP+EMHD | ,OMY ‘MY c+
MAOW, MAOW ' MAOW MAOW, MAOW MAOW MAOW MAOW MAOW MAOW MAOW MAOW, MAOW MAOW, MAOW

i e e [ T [ A [ [ R c ot |

LMY ‘8P+ZMH D “QSI ‘TMY | 9MH ‘8P+eMHD _w>>¢ ‘TMY | SMY ‘8P+eMHD _ SMY ‘2MY | MY ‘8P+ZMH® 'YMH ‘2MY | EMH '8P+eMHD _w>>m ‘TMY | 2WH ‘8P+eMHD _ SMY ‘ZMY | LMY ‘8P+ZMHD ' EMY ‘MY | OMY ‘8P+ZMHO _ OMH ‘eMY | 2+
MAOW, MAOW MAOW | MAOW MAOW, MAOW MAOW " MAOW MAOW MAOW MAOW , MAOW >>>Os__ MAOW MAOW, MAOW

1 1 1 1 1 - I_ IIIIIIIIIIIII P P Bl

LMY ‘8P+HEMH® ' ZMY ‘LMY | 9MH ‘8P+HIME® 'OMY ‘LMY | SMY ‘8PHIMHE® ' SMY LMY | YMY ‘8PHIME® ' PMY LMY | EMY 8PHEME® 'EMY LMY | WY ‘8PHME® 'ZMY TEMY | EMH ‘8PHIME® ! LMY EME | OMY ‘8P+HME® ' OMY ‘EMY I+
§>O§_ MAOW MAOW “ MAOW §>O§" MAOW >>>O_2 ! MAOW MAOW _ MAOW MAOW _ MAOW >>>O_>__ MAOW >>>o_2" MAOW

LMY ‘8P+OMH® ' ZMH ‘OMY | 9MH ‘8P+OMH® '9MH ‘OMH | SMH ‘8P+OMH® ' SMY ‘OMH | YMH ‘8P+OMH D _v>>¢ ‘OMY | EMH ‘8PHOMHO '€MH ‘OMY | 2WH ‘8P+OMH® 1 2MY ‘OMY | HMH ‘8P+0MH® ' EMH ‘OMY | OMH ‘8PHOMH® ' OMH ‘OMY | 0+
MAOW* MAOW MAOW * MAOW MAOW* MAOW MAOW ! MAOW MAOW* MAOW MAOW* MAOW MAON'! MAOW MAON' MAOW

[VE] 03 oa 00 og ov 06 08 0L 09 0S oy (119 (114 (1]8 00

349



APPENDIX C F2MC-16LX Instruction Maps

C.12 XCH Ri, ea Instruction Map

Table C-19 lists XCH Ri, ea instruction map.
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B XCH Ri, ea Instruction Map

=7Ey)

Table C-19 XCH Ri, ea Instruction (First Byte

91Ippe ‘ZH ! +EMH® ‘LH

914PPE ‘9H | +EMH @ ‘9H

91LIPPE ‘6H ! +EMH @€Y

91pPE ‘2 ' +EMH D ‘eH

9HIppe ‘04 _+m>>m©>om

9IPPE ‘SH' +EMHD'SH | 9LIPPE ‘PH +EMHD VY 9LIPPE ‘1! +EMH D" 1 m
JoHOX. o HOX| o HOX, | HOX|  HOX:»  HOX| HOX, _HOX| HOX, __ HOX| _  HOX, _ HOX| | HOX. __ _HOX|  HOX. _ HOX
9LP+Od® '+ZMHD'LH | 9LP+Od® +ZMH®'9H | 9IP+Od® ' +ZMHD'SH | 9LP+O® +ZMH'VH | 9LP+Od® ' +ZMHD'EH | 9LP+Od® 1 +ZMHD 2H | 9LP+OJ® ' +ZMHD I | 9LP+Od® +eMH®'0H | g+
24 HOX,  HOX|'9d HOX,  HOX|'Sd HOX,  HOX|vH HOX,  HOX|'®d HOX,  HOX|'2d HOX|  HOX|'Wd HOX,  HOX|'0d HOX, _ HOX
LMBHMEO ++LMH®' 28 | LMHHLMED 1 +LMH DO | LMH+IMHE  +LMH @ SH | LM+ LMYO ++LMHOPH | LMU+LIMHE 1 +LMH® S | LMHMEO | +LMH®'2H | IMH+LMED + +LME® 1Y | ZMb+IMED  + LM 0d | g+
_4d WO, HOX| ' HOX[  HOX| 'S4 HOX, __ HOX| d HOX, __HOX| ‘€4 HOX, __ HOX| ‘2 HOX. _ HOX| W HOX, _ HOX| 04 HOX, ~_ HOX
LIG+OMEO . +OMH®'ZH | LMH-OMHO , +OMH®‘OH | LMH+OMHO  +OMH®'SH | LIMH-OMHO - +OMH® ‘PH | LMH+OMHO  +OMHOCH | LMH+0MHO +OMH®'2H | LMH-OMHD  +OMH® ‘Lt | ZMH+0MHD  +OMH®0H | 4
Jfd HOXI o HOX| ‘o HOX  HOX| G4 HOX] __ HOX| vH HOXI _HOX| '®d HOX  HOX| 2 HOX. _ HOX] W HOX,  HOX| '0d HOX: _ HOX
9IPHEMH® , EMH® LY | 9IP+EMH® | EMH® '9H | ILP*EMHD | EMH D 'St | IIPHEMED | EMH D 'PH | 9IP+EMH® , EMH® ‘EH | 9IP+EMH® 'EMH® ‘2H | 9IP+EMH®  EMH®' LY | ILP+EMHD | EMH® O | g+
J4d_ HOX:  HOX| 'ed HOX:  HOX| 'ed HOX: __HOX| ¥4 HOX: _ HOX| '8d HOX: _ HOX| ‘'sd HOX, _ HOX] 'td HOX: __ HOX| ‘0 HOX: __ HOX
VOIPFZM | SME® LU | V 'OIP+ZM | SME@'OH | V 'OLP+ZM. EMED®'SH | V 'OIP+ZM [ ZMED VY | V ‘9IP+IM | ZMHDSH | V ‘9IP+IM ZMHD2H | V '9IPYEM|ZMH® LY | V '9IPHeM ' ZMH® 0 [ v+
4 HOX.  HOX| 'od HOX.  HOX| 'S4 HOX:  HOX| 'vd HOX:  HOX| 'ed HOX.  HOX| ‘24 HOX'  HOX| ‘4 HOX:  HOX| ‘04 HOX,  HOX
|||||| [ e 5 e e e e R E - - =" -=-"="="="y - - - =" e
9IP+LME® ' LMH®'ZH | 9IP+LMH® ' LMH® OH | 9IP+LME® ' LMH® SH | 9IP+IME® | LMH® ‘VH | 9IP+LME® ' LMH® ‘EH | 91P+HME® | LME® ‘2H | 9IP+IMH® | LME® 'Lt | 91PHIME® ' LME D0 | g+
Jfd HOX,  HOX| '9d HOX. _ HOX| 'sd HOX, __HOX| ¥4 HOX, _ HOX| '6d HOX, _ HOX| ‘sd HOX: _ HOX] 'td HOX. __ HOX| ‘0 HOX, __ HOX
9LPHOMH® ' OMH® ' ZH | 9LP+OMH® ' OMH® 9 | 91P+OMH® ' OMH®'SH | 9LP+OMH® 'OMH® ‘VH | 9LP+OMH® ' OMH ®'EH | 9IP*OMH® | OMH® ‘2K | 9LP+OMH®' OMH®' Lt | 91P+OMH® ' OMH®0H | g+
(4 HOX,  HOX| ‘od HOX,  HOX| 'S4 HOX, __ HOX| ‘vd HOX, _ HOX| ‘®d HOX, _ HOX| ‘2d HOX: = HOX| ‘W HOX,  HOX| ‘04 HOX| _ HOX
8PHMHO ' LH'/H  [8PHMH® LH'OH  |8PHMH® H'SH  |SPHMH® LHPH  |SPHMH® ZH'EH  |8PHMH®'/HTH  |8PHMH® MM |8PHMH@.d 0 | 44
4d_HOX, __ HOX)'sd HOX; __HOX|'Sd HOX, _ HOX|'*d HOX, __HOX|'®d HOX, _ HOX|'zd HOX, _ HOX|'WH_ HOX, ~_ HOX|'OH HOX| __ HOX
8P+OMH® 9H ‘/H  [SP*OMH®.9H '9H  [SPYOMH®.9H 'SH  [SP+OMH® .9H VH  [SPYOMH® . 9H ‘EH  |SPTOMH® '9HZH  [SP+OMH®.9HIH  [SPYOMH®.9H 0H | g+
Zd_HOX)  HOX|'sd HOX: __HOX|'Sd HOX _ HOX|'vd HOX) _ HOX|'®d HOX' _ HOX|'Zd HOX_ _ HOX|'WH_ HOX| ~_ HOX|'O4 HOX: __ HOX
8P*SMH®SH ‘ZH  [SP+SMH®,SH OH  |SP+SMH®,SH'SH  |SP+SMH®.SH vH  [SP+SMH®,SH 'EH  [SP+SMH®.SH 2 |SP+SMH®.SH I |8P+SMH® |SH'OH | g+
‘4 HOX:  HOX|'9d HOX:  HOX|'SH HOX:  HOX|'H HOX:  HOX|'€H HOX:  HOX|'2d HOX'  HOX|'lH HOX'  HOX|'0d HOX:  HOX
|||||| e B i el e B R el B R e e e i I N TR SRS B PR R
8P+PMH® |VH 'L [8P+PMH® bHOH  [8P+PMH® bH'SH  |SPHPMH@ |bH 'PH  [BPHPMH® YH'EH  [BPHPMHO vH 2 |8PHYMHO | VH I |8PHYME® 't O | e
‘4 HOX.  HOX|'9d HOX.  HOX|'SH HOX.  HOX|'H HOX.  HOX|'®d HOX:  HOX|'2d HOX:  HOX|'ld HOX.  HOX|'0d HOX.  HOX
|||||| [ ----"-"5-~-~"-"-"-~"-"r---""-""-"5s%--~"-"-"°-"°"FF--"-"-"°-"i-~-~"-~-~"°-~°"f--""-"=-""°~"¢{y-~"-~"-~"°-~"~-~"°7|-~"°-~"°-~"°-~" -~ -,fC--T-T7T~TTT-TTyT--°-°" I R
8P*EMH® '€d'/H  [BP*EMH®'EH'OH  [SP*EMH® 'EH'SH  |SP*EMH®'EH 'VH  [BP*EMHO'EH'EH  [BP*EMHO EH'ZH  |BP*EMHO'EH'IH  |8P*EMHO'eH'OH | o4
44 HOX,  HOX|'9d HOX,  HOX|'Sd HOX,  HOX|'vd HOX,  HOX|'®d HOX,  HOX|'Zd HOX. ~_ HOX|'Hd HOX,  HOX|'Od HOX, _ HOX
8P+ZMH® '2H '/ [8P+IMH® '2H‘9H  [8P+IMH®'2H'SH  |8P+ZMH@'ZH 'PH  [8P+ZMH@ ' cH '€ [8P+IMH@'2H 2 |8P+EMHO'2H I |8premMH® 2H 0 | g4
4d_HOX,  HOX|'9d HOX| _ HOX|'Sd HOX,  HOX|'vd HOX,  HOX|'€d HOX| ~ HOX|'2d HOX, ~_ HOX|'td HOX, _ HOX|'0d HOX|  HOX
PHIMHO  1H'ZH  [8PHLMH® . LH'OH  [8PLMH® LH'SH  |SP+IMH® IH'PH  [SPFLMH®. LH'EH  [8PHIMH®.IH'TH  |SPFLMH® LH 14 [8P+iMH@.IH0d | |+
4d_HOX| __ HOX)'sd HOX] __HOX|'Sd HOX; _ HOX|'*d HOX, __HOX|'®d HOX| _ HOX|'zd HOX| _ HOX|'WH_ HOX, ~_ HOX|'OW HOX| _ HOX
8P+OMH® .04 ' [8P+OMH®.0d ‘9  [8P*OMH®.0H 'SH  |SP*OMH®.0H 'vH  [8P+OMH®.0H '€d  [8P+OMH®.0H'2d  |8P+OMH®.0H 'l  |8P+OMH® 08 '0H | o4
‘4 HOX'  HOX|'9d HOX'  HOX|'SH HOX'  HOX|'H HOX'  HOX|'®d HOX'  HOX|'2d HOX: _ HOX|'lH HOX' __ HOX|'0d HOX: __ HOX
04 03 oa 00 og v 06 08 0L 09 0s oy o€ 0z ok 00
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APPENDIX C F2MC-16LX Instruction Maps

C.13 XCHW RWi, ea Instruction Map

Table C-20 lists XCHW RWi, ea instruction map.

B XCHW RWi, ea Instruction Map
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7FR)

Table C-20 XCHW RWi, ea Instruction (First Byte

9kippe ‘LMY .“..m>>m©N>>m 9Hippe ‘9MY m..m>>m©6>>m 9HIpPE ‘SMY m..m>>m©hm>>m 9HIPPE ‘MY .“..m>>m©.§>m 9Lippe ‘MY “+m>>m©>m>>m 9Lippe ‘MY wm>>m©>m>>m 9kHippe ‘LMY T.m>>m©>—>>m 9Hippe ‘0MY ._fm>>m@>o>>m 4+
MHOX MHOX MHOX MHOX MHOX MHOX MHOX MHOX MHOX MHOX MHOX | MHOX MHOX MHOX MHOX MHOX
||||||| e [ e e T T 1 e Y S
91P+0d® ._fN>>m®N>>m 91P+0d® .“+N>>I©d>>m 91p+0d® w.m>>m_©,m>>m_ 91p+0d® ._+N>>I®.§>I 9IP+0d® w..m>>m®:m>>m 9IP+0d® +ZMH® ‘MY 91P+0d® w.m>>m®,—>>m 91P+0d® wm>>m©_o>>m 3J+
‘LMY MHOX MHOX | ‘OMY MHOX , MHOX | ‘GMH MHOX , MHOX | ‘PMY MHOX MHOX | ‘MY MHOX , MHOX | ‘MY MHOX ”. MHOX | ‘EMH MHOX MHOX | ‘OMd MHOX MHOX
LMH+IMHO *LMHO'ZMY | ZMH+IMHD *LMHO 'OMY | ZMH+IMHD ”.._.>>I©hm>>m LM IMH® w_.>>m©.§>m LMY+IMHO *IMHO'SMH | ZMH+IMHD +LMHD 2MH | ZMH+IMHD ”..—>>m©>—>>m LME+HIMH® +IMHOOMY | O+
LA MHOX | MHOX | ‘NS MHOX | MHOX| SN MHOX | " MHOX| ‘bW MHOX | MHOX| ‘oMU MHOX | MHOX| ‘I MHOX 1 MHOX| MY MHOX | " MHOX| ‘OM MHOX | MHOX
LMYHOMHD +OMHD ‘LMY | ZMH+OMH® +OMH® ‘OMY | ZME+OMH® +OMH® ‘SMY | ZMH+OMH® +OMH® ‘YMY | ZMHHOMH® +OMH®‘EMY | LMH+OMH® ._fo>>m®»m>>m LMHYOMHD® #OMH®'IMH | ZMH+OMH® +OMH®D ‘0MY o+
‘LMY MHOX ' MHOX | ‘OMY MHOX ' MHOX | ‘SMd >>on.“ MHOX | ‘PMY MHOX .“ MHOX | ‘MY MHOX ' MHOX | ‘2MY MHOX MHOX | ‘EMH MHOX " MHOX | ‘OMY MHOX ' MHOX
.......
IIP+EMHD® EMHO LMY | 9IP+HEMHD EMHD'OMH | 9IP+EMH® EMH®'SMY| 9IP+EMH® EMHO ‘YMY | ILP+EMHD EMHD'EMH| 9IP+EMH® w>>m©.N>>m IP+EMH® EMHD LMY | 9LP+EMHD EMHD 'OMY g+
‘LMY MHOX ' MHOX | ‘OMd MHOX MHOX | ‘SMH MHOX ' MHOX | ‘MY MHOX ! MHOX | ‘EMY MHOX MHOX | ‘2MY MHOX MHOX | ‘EMH MHOX ' MHOX | ‘'OMd MHOX MHOX
.......
:
9IP+ZMH® ¢MH® LMY [ 9IP+ZMH® _N>>I©>©\SI 9IP+ZMH® ZMH® 'SMH | 9LP+ZMH® eMH® ‘YMH | 9LP+ZMHD _N>>I©,m>>m 9IP+ZMH® EMH® MY | 9IP+ZMH® gMH® EMH | 9IP+ZMH® _N\Sm_@»o\sm v+
‘LMY MHOX MHOX | ‘OMH MHOX MHOX | ‘SMH MHOX MHOX | ‘YMH MHOX MHOX | ‘EMH MHOX MHOX | ‘2Md MHOX ”. MHOX | ‘bMH MHOX 1 MHOX | ‘OMH MHOX MHOX
||||||| - - - -7 - -5~ --=--"-°--"=-==-""-"°535°-~"-"=-"=-"=""7°-"°-~"°~""="="="°39°-°-°-°-° - - """y ---=--"r--=--=-- e e R e S
9Ip+IMHD w>>I©N>>I 9IP+IMHD ?>>I©.m>>m_ 9IP+IMHD ”_.>>I©,m>>r_ 9IP+IMHD w>>m©,v>>r_ 9Ip+IMHD __.>>m©,m>>m 9IP+IMH® +tMHDZMY | 9IP+HLMHD “r>>I©.r>>m 9IP+IMHD _;>I©.o>>I 6+
U MHOX 1 MHOX | ‘O MHOX | MHOX| 'S MHOX | MHOX| ‘bW MHOX , _ MHOX| ‘SMU MHOX | MHOX| ‘I MHOX ' MHOX| MM MHOX |~ MHOX| ‘OMY MHOX , ~_ MHOX
i | T T T L [ A P
91P+tOMH D ?SI@NEI 91P+tOMH D @>>I©>©\SI 9IptOMd® .c>>w_©»m>>w_ 9IpP+tOMH® @>>E©,¢>>I 91P+OMH D _c>>m©,m>>m 91P+OMH D w>>m©hm>>m 91P+OMH D _c\SI©.§>I 9IP+OMH® OMH® ‘OMY g+
‘LMH MHOX | MHOX | ‘9MH MHOX | MHOX | ‘SMH MHOX , MHOX | ‘YMH MHOX MHOX | ‘EMH MHOX MHOX | ‘@MH MHOX MHOX | ‘bMH MHOX MHOX | ‘OMH MHOX " MHOX
||||||| T T e e
8P+H/MH® LMY ‘LMY 8P+/MHD® LMY ‘9MY 8P+H/MH® LMY ‘SMY 8P+H/MH® LMY ‘vMY 8P+H/MH® LMY ‘MY 8P+ MHD ..\.>>I ‘Tmy 8P+HLMH® LMY ‘LMY 8P+/MHD® LMY ‘OMY /,+
U MHOX 1 MHOX | ‘M MHOX | MHOX| 'S MHOX | MHOX| ‘b MHOX | MHOX| ‘oMU MHOX | MHOX| ‘I MHOX | MHOX| M MHOX | " MHOX| ‘OM MHOX | MHOX
' ' ' ' ' ! ' '
8PYOMH® OMH ZMH | 8P*OMH® OMH ‘OMH | 8P+OMH® OMH ‘SMH | 8PYOMH® 9MH ‘YMH | 8P*OMH® OMH ‘EMH | SP+OMH® OMH ZTMH | 8PYOMH® OMH LMY |  8ptamH® emd ‘omd | o+
‘LMY MHOX _ MHOX | ‘OMH MHOX ' MHOX | ‘SMH MHOX ' MHOX | ‘YMH MHOX ' MHOX | ‘€EMH MHOX ! MHOX | ‘2Md MHOX _ MHOX | ‘tMH MHOX ' MHOX | ‘OMH MHOX ' MHOX
....................
1 ' 1 1 ' ' ' f
8P+SMH® EMY ‘LMY 8P+SMHD® SMH ‘9OMY 8P+SMH® EMY ‘SMY 8P+SMHD® EMH ‘vMY 8P+SMH® EMY ‘MY 8P+GMH® SMY ‘TMY 8P+SMH® EMHY ‘LMY 8P+GMHD GMH ‘OMH G+
‘LMH MHOX ' MHOX | ‘OMd MHOX MHOX | ‘SMH MHOX MHOX | ‘MY MHOX MHOX | ‘EMY MHOX MHOX | ‘2Md MHOX ”. MHOX | ‘EMH MHOX MHOX | ‘'OMd MHOX 1 MHOX
.......
8P+HYMH® YMY ‘LMY 8P+HYMH® MY ‘OMY 8P+tyMH @ .v>>m_ ‘SMY 8P+tyMH @ ,.n>>m ‘PMY 8PHYMH® yMY ‘EMY 8P+HYMH® YMY ‘2TMY 8P+tyMH @ _v\SI ‘LMY 8P+tYMH @ YSI ‘omd P+
‘LMY MHOX MHOX | ‘OMY MHOX MHOX | ‘SMH MHOX MHOX | ‘YMH MHOX MHOX | ‘EMH MHOX MHOX | ‘@MH MHOX MHOX | ‘tMH MHOX MHOX | ‘OMH MHOX MHOX
||||||| e e e e e T e e e R S
8P+EMHD w>>I ‘LMY 8p+tEMH D w>>r_ ‘oMY 8P+EMHD ~m>>r_ ‘SMY 8P+EMHD w>>m ‘YMY 8P+EMHD w>>m ‘EMY 8P+EMHD w>>m ‘TMy 8P+EMHD v>>I ‘LMY 8p+tEMH D ﬁ>>I ‘omy e+
LN MHOX 1 MHOX | ‘M MHOX [ MHOX| 'S MHOX , MHOX| ‘bW MHOX | MHOX| ‘SMU MHOX | MHOX| ‘ZMs MHOX  MHOX| 'l MHOX |~ MHOX| ‘OMY MHOX |~ MHOX
8PHZMH® ZMH LMY |  8P+ZMH® ZMH'OMH | 8PFZMH® EMH ‘SMH |  SP+ZMH® ZMH ‘PMH | BPHZMHO ZMH ‘EMH | 8PHIMH® ZMH TMH |  8PFZMHO ZMH LMH | 8P+ZMH® EMH ‘OMH | g+
LS MHOX [ MHOX | ‘W MHOX [ MHOX| 'S MHOX [ MHOX| ‘b MHOX [ MHOX| ‘oMU MHOX | MHOX| ‘I MHOX | MHOX| i MHOX | MHOX| ‘oM MHOX | MHOX
8P+HIMH® MY ‘LMY 8P+IMHD® MY ‘9MY 8P+HLMH® MY ‘SMY 8P+HIMH® MY ‘vMY 8P+HLMH® MY ‘MY 8P+HIMH® MY ‘TMY 8P+HIMH® MY ‘LMY 8P+LMHD® MY ‘OMY L+
U MHOX [ MHOX | ‘M MHOX | MHOX| 'S MHOX | MHOX| ‘b MHOX [ MHOX| ‘oMU MHOX | MHOX| ‘I MHOX | MHOX| ' MHOX | MHOX| ‘OM MHOX | MHOX
1 1 1 1 1 1 ' 1
8P+OMH® OMY ‘LMY 8P+OMH® OMY ‘9OMH 8P+OMH® OMY ‘SMY 8P+OMH® OMY ‘YMY 8P+OMH® OMY ‘EMY 8P+OMH® OMY ‘2TMY 8P+OMH® OMY ‘LMY 8P+OMH® OMHY ‘OMY o+
‘LMY MHOX ' MHOX | ‘OMY MHOX ' MHOX | ‘SMH MHOX ' MHOX | ‘YMH MHOX ' MHOX | ‘€EMH MHOX MHOX | ‘@MH MHOX MHOX | ‘tMH MHOX ! MHOX | ‘OMH MHOX ! MHOX
od 03 oa 00 ogd ov 06 08 0L 09 0S oY 11 114 ol 00

Note:RO is also used as a barrel shift counter or normalizing instruction counter.
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INDEX

INDEX

The index follows on the next page.
This is listed in alphabetic order.
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INDEX

Index

Numerics

2-byte Instruction

2-byte Instruction Map...........coeververmmmriinnnnnnnnnne 329
A
A

Accumulator (A) ..ooeeeeee e 18
Accumulator

Accumulator (A) ..oveeeeoeeeee e 18

ADDC (Add Byte Data of Accumulator and Effective
Address with Carry to Accumulator)....... 82
ADDCW (Add Word Data of Accumulator and

Effective  Address with  Carry to
Accumulator) ...c..eveeeeieieeiineeee e, 84
ASR (Arithmetic Shift Byte Data of Accumulator to
Right) .. 102
ASRL (Arithmetic Shift Long Word Data of
Accumulator to Right) ... 104
ASRW (Arithmetic Shift Word Data of Accumulator
t0 Right) .evvvveiieiieiiiiiieeee, 106, 108
LSL (Logical Shift Byte Data of Accumulator to Left)
.......................................................... 170
LSLL (Logical Shift Long Word Data of Accumulator
tO Left) covneiiieee e 171
LSLW (Logical Shift Word Data of Accumulator to
Left) .o 172,173
LSR (Logical Shift Byte Data of Accumulator to
Right) ... 174
LSRL (Logical Shift Long Word Data of Accumulator
to Right) ..eeeee 176
LSRW (Logical Shift Word Data of Accumulator to
Right)..coooiiee s 178,179
MOV (Move Byte Data from Accumulator to
Destination) ........ovvevueeeeeiineeeineeeeeeees 183
MOV (Move Byte Data from Source to Accumulator)
.......................................................... 181
MOVB (Move Bit Data from Accumulator to Bit
Address) .oeeeenieeeieieie e 191
MOVB (Move Bit Data from Bit Address to
Accumulator) ...c..vieveeieeiiieeee e 189
MOVL (Move Long Word Data from Accumulator to
Destination) .....c..evvevueeieeiineeeeeeeeaeeees 195
MOVL (Move Long Word Data from Source to
Accumulator) ...c..vveeeeeeeiiieeee e 194
MOVN (Move Immediate Nibble Data to
Accumulator) ...c..vveeeeeeeiiieeee e 196
MOVW (Move Word Data from Accumulator to
Destination) ........evveeueeeeeiineeein e 203
MOVW (Move Word Data from Source to
Accumulator) ...c..vveeeeeeeiiieeee e 201

356

MOVX (Move Byte Data with Sign Extension from

Source to Accumulator)...........c.ueeeeenn. 211
MUL (Multiply Byte Data of Accumulator)........ 213
MUL (Multiply Byte Data of Accumulator and

Effective Address) ...c..ovveveeeveeeniveennnnns 214
MULU  (Multiply Unsigned Byte Data of
FaXC01 1110101 F:170) ) 217
MULU (Multiply Unsigned Byte Data of Accumulator
and Effective Address) ......cccovvvvueeennn. 218
MULUW  (Multiply Unsigned Word Data of
FaX101 1110101 F:170) ) 219
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