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QUICK REFERENCE GUIDE

8-BIT SINGLE-CHIP MICROCOMPUTER

s CMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6301 SERIES

HD6301V1 HD6301X0
Type No. HD63A01V1 HD63A01X0
HD63B01V1 HD63B01X0
1.0 (HD6301V1) 1.0 (HD6301X0)
Bus Timing (MHz) 1.5 (HD63A01V1) 1.5 (HD63A01XO0)
2.0 (HD63BO1V1) 2.0 (HD63B01X0)
Lsi
Characteristics Supply Voitage (V) 5.0 50
Operating Temperature ("C) 0~ +70* " 0~ +70*3
Package * DP-40, FP-54, CG-40, CP-44, CP-52 DP-64S, FP-80, CP-68
Memoty ROM (k byte) 4 4
RAM (byte) 128 192
1/0 Port 29 24
1/0 Port Input Port 29 - 53 8
Output Port - 21
External 2 3
Interrupt Soft 2 2
Timer 3 4
Functions Serial 1 1
16-bitx 1 16-bit x 1
Free running counter x 1 Free running counter x 1
Output compare register x 1 Output compare register x2
Timer Input capture register x1 Input capture register x1
8-bit x 1
(B-bit up counter x 1 )
Time constant register x 1
SCI Asynchronous Asynchronous/Synchronous
External Memory Expansion 65k bytes 65k bytes
eError detection oError detection
eLow power dissipation eLow power dissipation
Other Features modes (sleep and standby) modes (sleep and standby)
e Slow memory interface
eHalt
. HD63701V0C HD63701X0C
EPROM on Chip Type HD637A01V0C HD637A01X0C
HD637801V0C HD637B01X0C
EPROM on the Package Type HDG63PO1M1 —

' Preliminary

*? Under development

** Wide temperature range (-40 ~ +125°C) version is available.

*? Wide temperature range (-40 ~ +85°C) version is available.

t  DP; Plastic DIP, FP; Plastic Flat Package, CG; Glass-sealed Ceramic Leadless Chip Carrier, CP; Plastic Leaded Chip Carrier (J-bend leads)
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QUICK REFERENCE GUIDE

HD6301Y0 HDB6303Y
HOG3A0T Y0 HDb3A03R HDB3A03X HoE3A0Y
HD63C01Y0 HD63BO3R HD63B03X HDB3CO3Y
1.0 (HD6301Y0) 1.0 {HD6303Y
e e e 12 [iesaal)
3.0 (HD63C01Y0) 2.0 (HD63B0O3R) 2.0 (HD63B0O3X) 3.0 (HD63CO3Y
5.0 5.0 5.0 5.0
0~ +70"? 0~ +70%," 0~+70" 0~ +70"
DP-64S, FP-64, FP-64A, CP-68 | DP-40, FP-54, CG-40, CP-52 DP-648, FP-80, CP-68 DP-64S, FP-64, FP-64A, CP-68
16 - - -
256 128 192 256
48 13 16 24
53 - 13 - 24 8 24 -
5 - - -
3 2 3 3
2 2 2 2
4 3 4 4
1 1 1 1
16-bit x 1 16-bit x 1 16-bitx 1 16-bit x 1

Free running counter x1
Output compare register x 2
Input capture register x 1
8-bit x 1
(B-bit up counter x 1 )
Time constant register x 1

Free running counter x 1
Output compare register x 1
Input capture register x 1

| )

Free running counter x1
Output compare register x 2
Input capture register x 1

(
<

)_

Free running counter x 1
QOutput compare register x 2
Input capture register x 1

|
<

)

Asynchronous/Synchronous

Asynchronous

8-bitx 1
Asynchronous/Synchronous

8-bitx 1
Asynchronous/Synchronous

65k bytes

65k bytes

8-bit up ‘counter x 1
65k bytes

8-bit up counter x 1
65k bytes

oError detection

o Low power dissipation
modes (sleep and standby)

eSlow memory interface

eHalt

oError detection
e ow power dissipation
modes (sleep and standby)

Time constant register x 1

eError detection

o ow power dissipation
modes (sleep and standby)

eSlow memory interface
oHalt

Time constant register x 1

eError detection

oLow power dissipation
modes (sleep and standby)

oSlow memory interface
oHalt

HD63701Y0C
HD637A01Y0C
HD637B01Y0C
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PACKAGE REFERENCE GUIDE

Hitachi microcomputer devices include various types of
package which meet a lot of requirements such as ever smaller,
thinner and more versatile electric appliances. When selecting a
package suitable for the customers’ use, please refer to the
following for Hitachi microcomputer packages.

1. Package Classification .
There are pin insertion types, surface mounting types and

multi-function types, applicable to each kind of mounting
method. Also, plastic and ceramic materials are offered ac-
cording to use.

Fig. 1 shows the package classification according to the
mounting types on the Printed Circuit Board (PCB) and the
materials.

Plastic DIP

|

Pin Insertion Type

SmndarGOU([ineA]——-l oip ]——H

Ceramic DIP

|

Sh

rink Outline S-DIP Shrink Typel Plastic DIP I

PGA J Shrink Type ‘Ceramic DIPJ

Package Classification ]—

Flat Package

S—

FLAT-DI F‘]————-I; SOP (Plastic)

Surface Mounting Type

S

FPP (Plastic)

FLAT- ! I

QuUIP

Chip Carrier

PLCC (Piastic)

1 e |

LCC J
(Glass Sealed Ceramic)

. . EPROM on the Package
ﬂulu-funcnon Type J_.{ Type 1

DIP; DUAL IN LINE PACKAGE

S-DIP; SHRINK DUAL IN LINE PACKAGE

PGA:PIN GRID ARRAY
FLAT-DIP; FLAT DUAL IN LINE

PACKAGE

FLAT-QUIP; FLAT QUAD IN LINE PACKAGE

CC: CHIP CARRIER
SOP; SMALL OUTLINE PACKAGE
FPP; FLAT PLASTIC PACKAGE

PLCC; PLASTIC LEADED CHIP CARRIER

LCC ; LEADLESS CHIP CARRIER

Fig. 1 Package Classification according to the Mounting

Type on the Printed Circuit Board and the Materials.
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| PLASTICDIP | Unit : mm(inch)
Scale: 1/1

* DP-40

52.8(2.079)
20 54.0max. (2.126max.) 21
nnoponanAananNAannAnNAnnQ

4

|=g=pep=p-gep-pegep-geg-pepegopn ey o

™
| 1.2 20
(0.047) 15.24
.2 > (0.600)

0~ "
15 &”‘“ﬁm

(0.200max.)

2542025
(0.100=0.010) (0.01920008) 3

2.54min.
(0.100min.)

Unit : mm\fnch)

| CERAMIC DIP ] Scale : 1/1

e DC-40
1 5026
(1979)
40 21
3
“le
(]
1 B
i 3 —esor—
=S—E8
g V)
Tz
ik
8
e

1,27 EE:E&"; f—
© 050) ©01023333)

2543025  llodBtol
10.10040.010) “1(0.019.40.004)

Unit : mm(inch)

| SHRINK TYPE PLASTIC | Scale : 1/1
e DP-64S
57.6(2.268)

o4 58.6max.(2.307max.) 2
[o]
! 1.0 32

(0.039)

. 19.05
< é (0.750) !
i |.mzo.zs e . T3 ol
1070 + 0.010) @013+ 0.008F ;,Egé o s oot #
~=
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| CERAMIC SHRINK TYPE | Unit : mm(inch)
Scale : 1/1

e DC-64S

57.3(2.256)

-
3|

64 3
1] @

18.8(0.740)

®

! 0.9(0.035)

5.6max.
(0.220max.)

19.05(0.750)

.

0.25:3.4
(0.01028 88%)

1.778+0.25 I 0.48+0.)
(0.070+0.010) (0.019+0.004)

0.51min(0.020min)
254min (0.100min)
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| FLAT PACKAGE | Unit : mmi(inch)

Scale : 3/2
¢ FP-54 256404
(1.0080.016) 2.9max.
20 (0.114max.)
43 (0.787) 3
50 32
1=
54 2l 218
o|H|H
1 S| ey
| 2~
- =3
5 23
6 22
100.09])| | oaszo I
T (0.014£0,008) 0153005
17203 0'~10°"
(0.067£0.012)
o FP-64
L 25.6+0.4(1.008 = 0.016)
R 20.0(0.187) . 29max.
51 3 (0.114max.)
52 32
ERE
“ITls
64 20
1 19 !
12045 03501 -
(0.039+0.006) (0,014 £0.004) 0152003 2
(0006 ~00%
~ S NTY
| Ao 00D
-] -
FP-64A 17.240.3(0.677+0.012)
2.90(0.114) max
] 0.1(0.004)
s (STAND OFF)
=18
Ha
3|
2le
?,” o
oSl
al=
N
=
L I 5 e
©.014 =0.002) 210 15(0.000) (0.006£0.002)
0-5
0.8
(0.031)
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* FP-80

. 25 630.4(1.008+0.016)

2.9max.
(0.114max.)

] | )
035001 | o

0.8(0.031) (0.014:£0.004)

1.1%0 3(0,051:!:0.0\2)

19.63:0.4
(0.77240.016)

01520 05
(0.006:£0.002)

0°~i5°

* FP-80A

17.2£0.3(0.67740.012)

~

S

o

+H

;

@

e

«

o

+H

N

:

o T | grvrtonms)
(0,012:£0.00) 1 210005

1.60(0.063)

0°~5°
%O 8

{0.031)

= 0.8
0. 10(0.004) {0.031)

2.90(0. 1 14) max
0.1(0.004)

[
(STAND OFF)

0.15+0.05
(0.006.+0.002)
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* FP-80B

. 24.84+0.4(0.976+0.016)

20.0(0.787) |y 29max.
s 33 (0.114max.)

@

52 ]
o

=4

8|2

205

§iS

7S

o

.64 w|s

il
1.0(0.039)]|

FITCTUOTIT

0.35%0.4

]| ENS—

R

2, &\

44102
(0.17340.008)

L\
u_lmmmmivilé%gg n)

18.0410.5
(0.710£0.020)

2550.1%

(0.100.+0.006)

(oo soopuy BATOIIE) SoT5s
(“m‘s-ﬂ) 00!
2 0 0°~10° ;
! Q47 £0.008) ENESE]
Unit : mmlinch)
| PLASTIC LEADED CHIP CARRIER | Scale : 3/2
e CP-44
17.530.12(0.630 +0.005)
g 39 ( g
S s H
g a & s
s EE :
g g S E
E E g
g 29 I g
[[) 28
N% g
3
He 16.58(0.653) H
-1 §
/—
S
:
8
15.50+0.50(0.610 4 0.020)
20.07£012
(0.790 £ 0.005)
e CP-52 - Aannadl
8 6 |3
: o : 5] = R
NER ] 2, = g
alS d °ll E b
o= b ~la'| E-S3ls
i b 25 | EREE
g ] =
20 b3a =
21 3
19.12
(0.753)
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25.1540.12
(0.990 + 0.005)

60

23.12+05
(0.910  0.020)

24.20(0.953)

1| 0.42+0.1000.017 + 0.008)

2.55+0.15
+0.006)

(0.100

Q] 0.10(0.004))

o CP-68
9 1 68 61
Aanooonacoacnanoa,
10 [@)
~ 8
3le
i
Yo
2
i
Nig
2
X
21 a3
24.20
(0.953)
3
~ 3
oo
+ o+
- ™
<=
S -27(0.050
23.12+0.5

(0.910 +0.020)

(SEATING PLANE)

10
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Unit : mm(inch)
Scale : 3/2

| LEADLESS CHIP CARRIER |

12.19+03
* CG-40 (0.480£0.012)

S

12.1940.3
(0.480+0.012)

0.75max.
(0.030max.)

(0.093max.)

tois] ||l ost
(0.040)] "(0.020)
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Addressing Modes, CPU Architecture, and Instruction Set
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ADDRESSING MODES, CPU ARCHITECTURE, AND INSTRUCTION SET

1. ASSEMBLY LANGUAGE
1.1 Addressing Modes

The assembler determines the addressing mode by referencing

the operator and operand fields. There are seven different
addressing modes available.

(1) Accumulator addressing
(2) Implied addressing

(3) Immediate addressing
(4) Direct addressing

(5) Extended addressing
(6) Indexed addressing

(7) Relative addressing

O HITACHI
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Before going into details about individual addressing modes,
we explain the dual operand mode in which an instruction has
two operands.

For eight instructions AIM, OIM, EIM, TIM, BCLR, BSET, BTGL
and BTST, the operand field requires two operands (the first

. The first operand includes the immediate

and second operands)
data (constant) for AIM, OIM and TIM; and the bit number for
bit operation for BCLR, BSET, BTGL and BTST. The second
operand specifies a memory address in either indexed or
direct addressing mode

(1) Accumulator Addressing
Thirteen instructions allow Accumulator A or B as an operand.
They are: ASL, ASR, CLR, COM, DEC, INC, LSR, NEG, PSH, PUL,
ROL, ROR and TST. In this case, an or @ between the
operator and the operand may be omitted. Each accumulator
addressing instructions is convefted into a one-byte machine

code by the assembler.

Example:
Instruction code Machine code (Hexadecimal)
ASL A or ASLA 48
ASR B or ASRB 57

(2) Implied Addressing

In the implied addressing mode, the instruction contained in
the operator field permits the address for operation to be
clear-cut. The operand is therefore unnecessary.

This implied addressing includes 31 instructions: ABA, ABX,
ASLD, CBA, CLC, CLI, CLV, DAA, DES, DEX, INS, INX, LSRL,
MUL, NOP, PSHX, PULX, RTI, RTS, SBA, SEC, SEI, SEV, SWI,
TAB, TAP, TBA, TPA, TSX, TXS and WAI. Each instruction

is converted into a one-byte machine code by the assembler.
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(3)

Immediate Addressing

There are 16 instructions that allow immediate addressing.
They are: ADC, ADD, AND, BIT, CMP, CPX, EOR, LDA, LDS,
LDX, ORA, SBC, SUB, LDD, ADDD and SUBD.

The operand field starts with #, followed by numerical data

in decimal, hexadecimal, octal or binary, symbols (labels)
that will take specific values during assembling, expressions

and ASCII constants.

In any case, the assembler converts the immediate data
(operand) into an unsigned 8-bit binary, or 16-bit binary

for CPX, LDS, LDX, LDD, ADD and SUBD. The resulting immediate
data range from O to 255, or O to 65535 for 16-bit operand

instructions.

Example:

Machine code (Hexadecimal)
Statement Label = 100

Byte 1 | Byte 2 | Byte 3
LDA A #25 86 19 =
LDA A #LABEL 86 64 -
LDA A #LABEL + 25 86 7D -
LDA A #'A 86 41 -
CPX #256 8C 01 00
In this case, the characters following "'" are converted into

7-bit ASCII data. The #'conversion is not generally used with
CPX, LDS and LDX instructions. If it is used, however, the
converted ASCII data is stored into byte 3. The assembler
enables each immediate addressing instruction to be converted
into 2 bytes in machine code (3 bytes in the case of CPX,

LDS, LDX, LDD, ADDD and SUBD).

Figure 1-1-1 shows how data flows in immediate addressing mode.

@ HITACHI
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(4)

CPU CPU
<::::- ACCA
| 25 | <=
RAM RAM
\.——- )
\f_ S~
L —— /—v
Program memory Program memory
T ———— "
pC |LpStrucs PC=5002 | LDA A
Data 25
- L
Outline flowchart Example

Fig. 1-1-1 Data Activity in Immediate Addressing Mode

Direct Addressing and Extended Addressing

In direct addressing mode, the assembler converts the instruc-
tion into 2 bytes of machine code. The second byte, after

conversion, includes an unsigned 8-bit binary address.

In extended addressing mode, the assembler converts the
instruction into 3 bytes of machine code. The second byte
includes the upper 8 bits of the address; and the third byte
includes the lower 8 bits. Both of them are unsigned 8-bit
in binary notation.

The assembler permits both direct addressing and extended
addressing to be translated into absolute addresses.

The assembler automatically selects direct addressing if the

address is within 0 - 255; and extended addressing if the
address is greater than 255.
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Example:

Machine code (Hexadecimal)
Statement Label address = 100

Byte 1 | Byte 2 | Byte 3

LDA A 100 96 64 -
LDA A LABEL 96 64 -
LDA A LABEL + 200 B6 01 2C

Figures 1-1-2 and 1-1-3 show how data flows in direct
addressing and extended addressing modes, respectively.

CPU CPU
ACCA
<= 5| <=
RAM RAM

"_\_‘
Address Data <— |address =100 35 <:::4

—
Program memory Program memory
T ——]
Instruc- —
ec | ien PC=5004 | LDA A
Address 100
—
__\-
Address=0 <255
Outline flowchart Example

Fig. 1-1-2 Data Activity in Direct Addressing Mode

@ HITACHI
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CPU CPU

ACCB
RAM RAM
Address Data <:::: Address =300 hd K::"
) E— S
Program memory Program memory
e ———]
Instruc- LDA B

tion

PC | Address <—

P C=5006l— 300 —

Address
L—
Address 2256
Outline flowchart Example

Fig. 1-1-3 Data Activity in Extended Addressing Mode

(5) Indexed Addressing
In Indexed addressing mode, the assembler converts the operand
into an unsigned 8-bit displacement "Disp". The displacement
"Disp" is added to the contents of the Index Register to

determine the effective address M.
M = Disp + (X)
As other addressing modes, the operand may contain symbols

(labels) and expression that are evaluated during assembling.

They must range from 0 to 255.

@ HITACHI
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Example:

Machine code (Hexadecimal)
Statement Label address = 100
Byte 1 Byte 2
LDA B X E6 00
LDA B, X E6 00
LDA B 5, X E6 05
LDA B LABEL, X E6 64
LDA B LABEL + 5, X E6 69

Figure 1-1-4 shows how data flows in indexed addressing mode.

CPU CPU
ACCS

Index register

RAM
Address=Index [___——] RAN

register+ Data <<::i Address = 405 59
Displacement

\/——\_
Program memory Program memory
\_——- ’\——
Instruc- = .

PC tion ] PC = 5006 LDA B
Displace- 5 —
ment

./\_‘
Displacement <256
Outline flowchart Example

Fig. 1-1-4 Data Activity in Indexed Addressing Mode
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(6) Relative Addressing

This mode is limited to branch instructions.

A relative addressing instruction is converted into 2 bytes of
machine code by the assembler. The second byte indudes an
8-bit relative address (Rel., used as two's complement) .

On execution, the relative address (Rel.), the contents of

the Program Counter (PC), and 2 are added to obtain the

absolute address (D) of the branch destination as follows.

D= (PC) + 2 + Rel.
D : absolute address of branch destination

Rel : relative address

Therefore, the branch destination is within -126 and +129 from

the OP-code address.

Example:
Machine code (Hexadecimal)
Statement Label address - (PC)-2 =100
Byte 1 Byte 2

REN *417 27 no

Doy Thaaq & vr

BEQ LABEL 27 64

BEQ LABEL - 105 27 FB

If, however, the branch destination is more than -126 to +129

away, JMP and JSR instructions can be used as shown below.
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Example:

Machine code (Hexadecimal)
Statement
Byte 1 | Byte 2 | Byte 3
JMP 300 7E 0l 2C
JSR 300 BD 01l 2C

Figure 1-1-5 shows how data flows in relative addressing mode.

CPU CPU
< HINZVC <]/
RAM RAM
\‘-——n
L | —
Program memory Program memory
——
Instruc- -
PC | tion < pc-soos| BEQ < —
Displace-
ment 1s
Next in- _ Next in-
(PC+2) | gtruction ?C'°010'struction | (2)%0
L
e —~——— 1
Next 1in- Next in- =
(PC+2) +| struction PC =5025|stryction | ()70
Displacement|
/\‘ _/\—

Fig. 1-1-5 Data Activity in Relative Addressing Mode

@ HITACHI

25




26

1.2 CPU Registers

The CPU has three 16-bit registers and three 8-bit registers. The
register configuration of the CPU is shown in Fig. 1-2-1.

is shown in Fig. 1-2-1.

Interrupt mask

7 0
Accumulator A
7 0
ACCB Accumulator B
15
| Ix | 1Index Register
15 0
L PC | Program Counter
15 0
L SP | Stack Pointer
7 0
CCR ll|1|H|IlN|z|v|c| Condition Code Register
_ carry-borrow, from bit 7
—. Overflow
t— 2ero
—— Negative

Half-carry, from bit 3

Fig. 1-2-1 CPU Registers

(1) Accumulators (ACCA & ACCB)

The CPU has two 8-bit accumulators that store the result of
arithmetic and logical operation.

If a double accumulator is specified, a pair of registers ACCA

and ACCB can be functions as an 16-bit register.

15 87 0
| acca | accB |

Fig. 1-2-2 ACCAB (Double Accumulator)
(2) 1Index register (IX)

The index register is a 2-byte (16-bit) register that stores
a 16-bit memory address used in indexed addressing mode or a
16-bit immediate data.
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(3)

(4)

(5)

Program counter (PC)
The program counter is a 2-byte (16-bit) register that indi-

cates the address of the instruction being executed by the CPU.
After the instruction execution, the program counter is
automatically incremented, indicating the address of the

next instruction.

Stack pointer (SP)

The stack pointer is a 2-byte (l16-bit) register that indi-
cates the next available location in the memory pushdown/
popup stacks. Any area of memory may serve as stacks; and
random access (read/write) memory is generally used as stacks.
In an application system which must hold data in stacks even
an application system which must hold data in stacks even
when power supply is off, the stacks normally use battery-
backed CMOS memory.

Condition code register (CCR)

The condition code register indicates the result of arithmetic
6peration, etc. It consists of six bits: zero (2), negative
(N), overflow (V), carry-borrow from bit 7 (C), half-carry
from bit 3 (H), and interrupt mask (I). These bits may be
tested by a variety of conditional branch instructions, which

is limited to relative addressing. It should be noted that
the upper two bits of the contition code register cannot be

used.
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1.3 Instruction Set Details
Meanings of symbols and mnemonics:

(1) Operation symbols

]
Q

ontents
CnTtenes

= Direction of data transfer
= From stack

To stack

= AND operation

= OR operation

= Exclusive-OR operation

= NOT operation

'OG'Q-O-'
[}

(2) Registers within MPU

ACCA = Accumulator A
ACCB = Accumulator B
ACCX = Accumulator A or B
ACCD = Double accumulator (ACCA + ACCB)
CC = Condition=-code register
IX = Index register, 16 bits
IXH = MSB 8 bits of index register
IXL = LSB 8 bits of index register
PC = Program counter, 16 bits
PCH = MSB 8 bits of program counter
PCL = LSB 8 bits of program counter
SP = Stack pointer, 16 bits
SPH = MSB 8 bits of stack pointer
SPL = LSB 8 bits of stack pointer

(3) Memory and addressing modes

M = Memory address
MH = MSB 8 bits of memory address
ML = LSB 8 bits of memory address
M+l = Memory address of memory address M + 1

Imm = Immediate data
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MSB 8 bits of immediate value

ImmL = LSB 8 bits of immediate value
Disp = Displacement = M - (IX)
Rel = Relative addressing = Branch destination absolute
address - (PC) - 2
ACCX = Accumulator addressing
IMMED = Immediate addressing
DIRECT = Direct addressing
INDEX = Index addressing
EXTEND = Extended addressing
RELATIVE = Relative addressing
IMPL = Implied addressing

(4) Meaning of bits 0 through 5 of condition-code register

C = Carry and borrow; bit 0
V = Overflow for 2's complement; bit 1
Z = Zero; bit 2
N = Negative; bit 3
I = Interrupt mask; bit 4
H = Half carry from bit 3 to bit 4; bit 5
(5) Bit status before run of instruction
An = Bit n of ACCA (n =7, 6, 5, ..., 0)
Bn = Bit n of ACCB (n =7, 6, 5, ..., 0)
Dn = Bit n of double accmulator (n = 15, 14, 13,..., 0)
IXn = Bit n of IX (n = 15, 14, 13,..., 0)
IXHn = Bit n of IXH (n =7, 6, 5,..., 0)
IXLn = Bit n of IXL (n =7, 6, 5,..., 0)
Mn = Bit n of M (n = 15, 14, 13,..., 0)
SPHn = Bit n of SPH (n = 7, 6, 5,..., 0)
SPLn = Bit n of SPL (n = 7, 6, 5,..., 0)
Xn = Bit n of ACCX (n =7, 6, 5,..., 0)
(6) Bit status after run of instruction
Rn = Bit n of result (n = 15, 14, 13,..., 0)
RHn = Bit n of resulting high-order byte
(n=7, 6, 5,..., 0)
RLn = Bit n of resulting low-order byte
(n =7, 6, 5,..., 0)
G HITACHI
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Add accumulator B to accumulator A

ABA

Category Function
Arithmetic| ACCA -— (ACCA) + (ACCB)

operation

(Two Adds the contents of ACCB to the contents of ACCA
operands) : ’

and stores the result into the ACCA.
Effects on the condition codes

H = A3-B3@B3:-R30R3°A3: Set if a carry from bit 3 is generated;

cleared otherwise.

N = R7:

Not affected.
Set if the result's MSB is "1";

cleared otherwise.

Set if the result is zerxo;

cleared otherwise.

A7.B7-R70A7.B7-R7:

Set if the result overflows; cleared

otherwise.

C = A7-B70B7-R7OR7-A7:

Set if a carry from the MSB is generated

cleared otherwise.

Addressing modes and CPU cycles

. Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format 1st 2nd 3rd instr.| cycles

byte | byte | byte| code
IMPL ABA 1B 1 1
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Add accumulator B to indeX register /' ABX

Category Function

Arithmetic| IX =-— (IX) + (ACCB)

operation
Adds the unsigned contents of ACCB to the contents of
the IX taking into account a carry from the low-order
byte of the IX, and stores the result into the IX.

Effects on the condition codes

H : Not affected.

I s n

N : "

Z : "

V s n

C : "

Addressing modes and CPU cycles

. Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format 1st 2nd 3rd instr.| CYcles

byte | byte | byte| code
IMPL ABX 3A 1 1
@ HITACH!
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ADd with Carry ADC

Category Function

Arithmetic | ACCX =— (ACCX) + (M) + (C)
operation
(Two Adds the contents of ACCX, memory M, and carry bit C,

operands) | ,,3 stores the result into the ACCX.

Effects on the condition codes

H = X3-M30M3-R30R3-X3: get if a carry from bit 3 is generated;

cleared otherwise.

I : Not affected.

N = R7: Set if the result's MSB is "1"; cleared otherwise.

Z = R7-R6-R5-R4-R3-R2-R1-R0: Set if the result is zero;

cleared otherwise.

V = X7-M7-R70X7-M7-R7: Set if the result overflows; cleared

otherwise.

C = X7-M70M7-R70R7-X7: Set if a carry from the MSB is generated;

cleared otherwise.

Addressing modes and CPU cycles

Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format 1st 2nd 3rd instr.

byte | byte | byte| code cycles
IMMED ADC A # Imm 89 Imm 2 2
DIRECT ADC A M 99 M 2 3
EXTND ADC A M B9 MH ML 3 4
INDEX ADC A Disp,X A9 |[Disp 2 4
IMMED ADC B #Imm co9 Imm 2 2
DIRECT ADC B M D9 M 2 3
EXTND ADC B M F9 MH ML 3 4
INDEX ADC B Disp,X E9 Disp 2 4
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ADD without carry ADD
Category Function
Arithmetic [ ACCX =-— (ACCX) + (M)

operation

(Two

operand) Adds the contents of memory M to the contents of ACCX

and stores the result into the ACCX.
Effects on the condition codes
H = X3-M30M3-R30R3-X3: Set if a carry from bit 3 is generated;

cleared otherwise.

I : Not affected.
= R7: Set if the result's MSB is "1"; cleared otherwise.

%z = R7'R6'R5°R4-R3°R2°R1‘R0: Set if the result is zero;

cleared otherwise.
V = X7-M7-R70X7-M7-R7: Set if the result overflows; cleared

otherwise.
C = X7-M70M7-R70R7-X7: Set if a carry from the MSB 16 generated;

cleared otherwise.

Addressing modes and CPU cycles
Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format 1st 2nd 3rd instr.| cycles
byte | byte | byte| code
IMMED ADD A # Imm 8B Imm 2 2
DIRECT ADD A M 9B M 2 3
EXTND ADD A M BB MH ML 3 4
INDEX ADD A Disp,X AB  |Disp 2 4
IMMED ADD B #Imm CB Imm 2 2
DIRECT ADD B M DB M 2 3
EXTND ADD B M FB MH ML 3 4
INDEX ADD B Disp,X EB Disp 2 4
G HITACHI
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Double ADD without carry / ADDD
Category Function
Arithmetic | ACCD —=— (ACCD) + (M:M+1)
operation
Adds the contents of memories M and M+l to the contents
of ACCD, and stores the result into the ACCD.
Effects on the condition codes
H : Not affected.
I : Not affected.
N : N=R1l5; Set if the result's MSB is "1"; cleared otherwise.
2 = R15°R14°R13 v RO: set if the result jis zero; cleared

otherwise.

V = AB15°M15°R150AB15-M15°R15:

cleared otherwise.

C = AB15-M156M15-R156GR15-AB15:

generated; cleared otherwise.

Set if the result overflows;

Set if a carry from the MSB is

Addressing modes and CPU cycles

Instruction code| Bytes CcPU
Addressing Operand of
mode Mnemonic format lst 2nd 3rd instr.| cycles
byte | byte | byte| code
IMMED ADDD # Imm C3 |ImmH |ImmL 3 3
DIRECT ADDD M D3 M 2 4
EXTND ADDD M F3 MH ML 3 5
INDEX ADDD Disp,X E3 |[Disp 2 5
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And IMmediate AIM

Category Function

Logic M —~— IM * (M)
operation

ANDs the immediate data and the contents of the memory

M, and stores the result into the meory M.

Effects on the condition codes

H : Not affected.

I : Not affected.

N = R7: Set if the result's MSB is "1"; cleared otherwise.

%z = R7-R6-R5-R4-R3-R2°RI'R0: Set if the result is zero; cleared
otherwise.

V = 0: Cleared.

C : Not affected.

Addressing modes and CPU cycles

. Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic | format 1st | 2nd | 3rd instr.| cycles

byte | byte | byte| code
DIRECT AIM #Imm,M 71 Imm M 3 6
INDEX AIM #Imm,Disp,X| 61 Imm [Disp 3 7
@ HITACHI
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logical AND AND
Category Function

Logic ACCX == (ACCX) -+ (M)

operation

the results into the ACCX.

ANDs the contents of ACCX and the memory M, and stores

Effects on the condition codes

: Not affected.
: Not affected.

N 2 -
]
o
~

Set if the result's MSB is "1";

cleared otherwise.

= R7°R6°R5°R4°R3°R2°R1°R0: Set if the result is zero; cleared

otherwise.
0: Cleared.
C : Not affected.

<
]

Addressing modes and CPU cycles

Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format 1st 2nd 3rd instr.| cycles

byte | byte | byte| code
IMMED AND A #Imm 84 Imm 2 2
DIRECT AND A M 94 M 2 3
EXTND AND A M B4 MH ML 3 4
INDEX AND A Disp,X A4 |Disp 2 4
IMMED AND B # Imm c4 Imm 2 2
DIRECT AND B M D4 M 2 3
EXTND AND B M F4 MH ML 3 4
INDEX AND B Disp,X E4 Disp 2 4
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Arithmetic Shift Left ASL

Category Function
shift & )
rotation —
CCITTITLL] —o
by B
Shifts ACCX or memory M by one bit to the left. Bit 0
takes "0". The original value of bit 7 moves into the

carry bit C.

Effects on the condition codes

Not affected.

Not affected.

R7: Set if the result's MSB is "1"; cleared otherwise.

= R7°R6*R5'R4'R4*R3*RZ'RI'R0: Set if the result is zero;
cleared otherwise.

V = N@&C: Set if either N=1 and C=0 or N=0 and C=1 after the

shift operation; cleared otherwise.

N Z H I
4

Note: The N and C are those. obtained after operation.
C = M7: Set if the MSB of ACCX or the memory is "1" before the
shift operation; cleared otherwise.

Addressing modes and CPU cycles

) Instruction code| Bytes cpu
Addressing Operand of -
mode Mnemonic | format 1st | 2nd | 3rd | instr.| cycles

byte | byte | byte| code
ACCX ASL A 48 1 1
ACCX ASL B 58 1 1
EXTND ASL M 78 MH ML 3 6
INDEX ASL Disp,X 68 |Disp 2 6
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Arithmetic Double Shift Left A:B

/ ASLD

Category Function
shift &
rotation CCTITTTTTTTITITITTI T+
bis bo
Shifts ACCD by one bit to the left. Bit 0 takes "O0".
The original value of bit 15 moves into carry bit C.
Effects on the condition codes
H : Not affected.
I ° "
N R15: Set if the result's MSB is "1"; cleared otherwise.
/ RI5S:RI4:RI3+++++++++-R0: Set if the result is zero;

cleared otherwise.

N@®C: Set if either N=1 and C=0 or N=0 and C=1 after the
shift operation;
Note: The N and C are those obtained after operation.
ABl15: Set if the MSB of ACCAB is "1" before the shift
operation; cleared otherwise.

cleared otherwise.

Addressing modes and CPU cycles

Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format 1st | 2nd | 3rd instr.| Cycles
byte | byte | byte| code
IMPL ASLD 05 1 1
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Arithmetic Shift Right ASR

Category Function

shift & —_—

rotation q TTTTT [T [_.E
br bo

Shifts the contents of ACCX or memory M by one bit to
the right. Bit 7 is not affected. The original value of
bit 0 moves into carry flag.

Effects on the condition codes

H : Not affected.
I : Not affected.
N = R7: Set if the result's MSB is "l1l"; cleared otherwise.
X = R7-R6-R5'RI-R3'R2'RI'R0: sSet if the result is zero; cleared
otherwise.
V = N&C: Set if either N=1 and C=0 or N=0 and C=1 after the
shift operation; cleared otherwise.
Note: The N and C are those obtained after operation.
C = M0: Set if the LSB is "1" before the shift operation;
cleared otherwise.
Addressing modes and CPU cycles
Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format 1st 2nd 3rd instr.| cycles
byte | byte | byte| code
ACCX ASR A 47 1 1
ACCX ASR B 57 1 1
EXTND ASR M 77 MH ML 3 6
INDEX ASR Disp,X 67 |Disp 2 6
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Branch if Carry Clear

BCC

Category Function
Condi- PC =— (PC) + 0002 + Rel If (C) =0
tional :
branch

Tests the state of carry bit C and causes a branch

if ¢ = 0.

Effects on the condition codes

H : Not affected.
I : "
N . "
z : "
V : "
c : n

Addressing modes and CPU cycles

. Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format 1st 2nd 3rd instr.| cycles

byte | byte | byte| code
RELATIVE BCC Rel 24 Rel 2 3
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/ BCLR

Bit CLeaR

Category Function

Logic Mi =— 0

operation Clears bit i (i=0 to 7) of the memory M. Other

bits are not affected.
* The machine code of this instruction is the same as
AIM.
Effects on the condition codes

H : Not affected.

I : Not affected.

N = R7: Set if the result's MSB is "l1"; cleared otherwise.

%2 = R7T*R6*R5*RA*R3*R2*'R1*R0: Set if the result is zero; cleared

otherwise.
V = 0: Cleared.
C : Not affected.
Addressing modes and CPU cycles
Instruction code Bytes
Addressing Operand of CPU
mode Mnemonic format lst 2nd 3rd instr. cycles
byte | byte | byte code

DIRECT BCLR o,M 71 FE M 3 6
" BCLR 1,M " FD " " "
" BCLR 2,M " FB " " "
" BCLR 3,M " F7 " " "
" BCLR 4,M " EF " " "
" BCLR 5,M " DF " " "
" BCLR 6,M " BF " " "
" BCLR 7,M " 7F " " "

INDEX BCLR 0,Disp,X 61 FE |Disp 3 7
" BCLR 1,Disp,X " FD " " "
" BCLR 2,Disp,X " FB " " "
" BCLR 3,Disp,X " F7 " " "
" BCLR 4,Disp,X " EF " " "
" BCLR 5,Disp,X " DF " " "
" BCLR 6,Disp,X " BF " " "
" BCLR 7,Disp,X " 7F " " "
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Branch if Carry Set BCS
Category Function
Condi- PC -— (PC) + 0002 + Rel If (C) =1
tional
branch

1€ 0~ = 1
ir C = 1.

Tests the state of carry bit C and causes a branch

Effects on the condition codes

H : Not affected.
I: "
N . n
Z : "
VvV : "
C : "
Addressing modes and CPU cycles
Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format lst 2nd 3rd instr. cycles
byte | byte | byte| code
‘ RELATIVE BCS Rel 25 Rel 2 3
@ HITACHI




Branch if EQual BEQ

Category Function
Condi- PC =— (PC) + 0002 + Rel If (Z2) =1
tional ’
branch

Tests the state of bit Z and causes a branch
if z=1.

Effects on the condition codes

H : Not affected.
I : "
N : "
Z "
VvV : "
C : "
Addressing modes and CPU cycles

. Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format lst 2nd 3rd instr. cycles

byte | byte | byte| code

RELATIVE BEQ Rel 27 Rel 2 3
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Branch if Greater than or Equal to zero

BGE

Category Function

Condi- PC =— (PC) + 0002 + Rel if (N) & (V) =0

tional . Lo .

branch that is, (ACCX) > (M); in the case of two's complement
Branches if N=1 and V=1 or if N=0 and V=0.
When a BGE instruction is executed immediately after
an instruction such as CBA, CMP, SBA or SUB has been
executed, a branch occurs if the minuend (ACCX) as a
two's complement is greater than, or equal to, the
subtracter (M) as a two's complement.

Effects on the condition codes

H : Not affected.

I : "

N : L

Z : "

V : "

C . Ll

Addressing modes and CPU cycles

Instruction code| Bytes
Addressing Operand . of CPU
mode Mnemonic | format lst | 2nd | 3rd instr.| cycles
byte | byte | byte| code
RELATIVE BGE Rel 2C | Rel 2 3
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Branch if Greater Than zero BGT

Category Function

Condi- PC = (PC) + 0002 + Rel If (Z)O[(N)®(V)] =0

tional . L. .

branch that is, (ACCX) > (M); in the case of two's complement

Branches if 7z=0 and N&V=1 or if Z=0 and N&V=0.
When a BGT instruction is eﬁecuted immediately
after an instruction such as CBA, CMP, SBA or SUB
has been executed, a branch occurs if the minuend
(ACCX) as a two's complement is greater than the
subtracter (M) as a two's complement.

Effects on the condition codes

H : Not affected.
I : n
N : n
Z : "
V : "
C : n
Addressing modes and CPU cycles
Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format 1st 2nd 3rd instr. cycles
byte | byte | byte| code
RELATIVE BGT Rel 2E Rel 2 3
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Branch if HIgher BHI
Category Function
Condi- PC =—— (PC) + 0002 + Rel If (C)e(Z2) =0
tional . . . .
branch That is, (ACCX) > (M); in the case of unsigned binary
Branches if C=0 and Z=0. When a BHI instruction
is executed immediately after an instruction such
as CBA, CMP, SBA or SUB has been executed, a branch
occurs if the minuend (ACCX) as a unsigned binary
is greater than the subtracter (M) as a unsigned
binary.
Effects on the condition codes
H : Not affected.
I . "
N : "
z : n
v s "
c : "

Addressing modes and CPU cycles

Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format 1st | 2nd | 3rd instr.| cycles
byte | byte | byte| code
RELATIVE BHI Rel 22 | Rel 2 3
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BIt Test BIT

Category Function

Logic (ACCX) -+ (M)
operation

Performs the logical "AND" operation between

the contents of ACCX and those of memory (M).
Then, the condition codes reflect the result.
The contents of the ACCX and those of memory M remain

unchanged.

Effects on the condition codes

: Not affected.

: Not affected.

Set if the result's MSB is "1"; cleared otherwise.

= R7°R6-R5°'R4-R3-R2°RI*R0O: Set if all bits of the result are
zeros; cleared otherwise.

0: Cleared.

C : Not affected.

N Z H o
1]
o
]

<
1]

Addressing modes and CPU cycles

Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format 1st 2nd 3rd instr.| CYcles

byte | byte | byte| code
IMMED ~ BIT A # Imm 85 Imm 2 2
DIRECT BIT A M 95 M 2 3
EXTND BIT A M B5 MH ML 3 4
INDEX BIT A Disp,X A5 |[Disp 2 4
IMMED BIT B # Imm C5 Imm 2 2
DIRECT BIT B M D5 M 2 3
EXTND BIT B M F5 MH ML 3 4
INDEX BIT B Disp, X E5 |Disp 2 4
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Branch. if Less than or Equal to zero BLE
Category Function
Condi~- PC =— (PC) + 0002 + Rel If (2) © [(N)e(V)] =1
g;:gii That is, (ACCX) £ (M); in the case of two's complement
Branches if Z=1 or N=1 & V=0 or N=0 & V=1.
When a BLE instruction is executed immediately
after an instruction such as CBA, CMP, SBA or SUB
has been executed, a branch occurs if the minuend
(ACCX) as a two's complement is smaller than, or
equal to, the subtracter (M) as a two's complement.
Effects on the condition codes
H : Not affected.
I . ”
N : n
Z : "
V : "
C : n

Addressing modes and CPU cycles

Instruction ccde| Bytes
Addressing Operand of CPU
mode Mnemonic | format 1st | 2nd | 3rd instr.| ¢cycles
byte | byte | byte| code
RELATIVE BLE Rel 2F Rel 2 3
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Branch if Lower or Same

BLS

Category Function

Condi- PC —=— (PC) + 0002 + Rel If (C) ©@ (2) =1

;;gggi That is, (AccX) £ (M); in the case of unsigned binary
Branches if C=1 or z=1.
When a BLS instruction is executed immediately
after an instruction such as CBA, CMP, SBA or SUB
has been executed, a branch occurs if the minuend
(ACCX) as a unsigned binary is smaller than, or
equal to, the subtracter (M) as a unsigned binary.

Effects on the condition codes

H : Not affected.

I . "

N : "

Z : "

V . n

C . n

Addressing modes and CPU cycles

. Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format 1st 2nd 3rd instr.| cycles

byte | byte | byte| code
RELATIVE BLS Rel 23 Rel 2 3
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Branch if Less Than zero

BLT
Category Function
Condi- PC =— (PC) + 0002 + Rel If (N) ® (V) =1
;;ZEZi That is, (ACCX) < (M); in the case of two's complement
Branches if N=1 & V=0 or N=0 & V=1.
When a BLT instruction is executed immediately
after an instruction such as CBA, CMP, SBA or SUB
has been executed, a branch occurs if the minuend
(ACCX) as a two's complement is smaller than the
substracter (M) as a two's complement.
Effects on the condition codes
H : Not affected.
I: "
N : ”
2 : "
V : L
C : n

Addressing modes and CPU cycles

Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic | format 1st | 2nd | 3rd | instr.| cycles
byte | byte | byte| code
RELATIVE BLT Rel 2D Rel 2 3
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Branch if MInus BMI

Category Function

Condi- PC =— (PC) + 0002 + Rel If (N) =1
tional
branch

Tests the state of negative bit N and causes a branch
if N=1.

Effects on the condition codes

H : Not affected.
I: "
N : "
Z : "
v : "
C : "
Addressing modes and CPU cycles

. Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format lst 2nd 3rd instr.| cycles

byte | byte | byte| code

RELATIVE BNI Rel 2B Rel 2 3
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Branch if Not Equal BNE

Category Function
Condi- PC —~— (PC) + 0002 + Rel If (2) =0
tional
branch
Tests the state of zero bit Z and causes a branch
if 72=0.
Effects on the condition codes
H Not affected.
I : "
N : "
Z . "
V : "
C : "

Addressing modes and CPU cycles

. Instruction code| Bytes
Addressing Operand of CpPU
mode Mnemonic | format 1st | 2nd | 3rd | instr.| cycles

byte | byte | byte| code
RELATIVE BNE Rel 26 Rel 2 3
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Branch if PLus BPL

Category Function

chdi— PC =— (PC) + 0002 + Rel If (N) =0
tional

branch

Tests the state of negative bit N and causes a branch

if N=0
ir 0

aN

Effects on the condition codes

H : Not affected
I: "
N : "
Z : "
vV : "
C : "
Addressing modes and CPU cycles

. Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic | format 1st | 2nd | 3rd | instr.| ©Ycles

byte | byte | byte| code

RELATIVE .BPL Rel 2A Rel 2 3
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BRanch Always

Category Function

Uncondi~- PC =— (PC) + 0002 + Rel

tional

branch &

jump
Branches unconditionally to the address resulting
from the above expression. "Rel" is the relative
address stored as a two's complement in the second
byte of the machine code of a branch instruction.

Effects on the condition codes

H : Not affected.

I: "

N . "

Z : "

Vo "

C : "

Addressing modes and CPU cycles

Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format 1st 2nd 3rd instr. cycles
byte | byte | byte| code
RELATIVE BRA Rel 20 Rel 2 3
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BRanch Never BRN

Category Function

Uncondi- PC =— (PC) + 0002

tional

branch &

jump A two-byte 3-cycle instruction that is equivalent to

NOP instruction. As a feature of the HD6301,
this instruction provides a function opposite to the
BRA instruction.

Note: The second byte of the instruction code takes
an arbitrary value (0 to $FF) at which a
branch may occur.

Effects on the condition codes

H : Not affected.
I: "
N : "
2 : "
vV : "
C : "
Addressing modes and CPU cycles
Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format lst 2nd 3rd instr.| cycles
byte | byte | byte| code
RELATIVE BRN Rel 21 Rel 2 3
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Bit SET / BSET
Category Function
Mi =— 1
gggigtion Sets bit i of the memory. (i = 6 to 7) Other bits
are not affected.
* The machine code of this instruction is the same as
OIM.
Effects on the condition codes
H : Not affected.
I : Not affected.
N = R7: Set if the result's MSB is "1"; cleared otherwise.
7 = R7'R6°*R5°R4*R3*R2°R1*R0: Set if the result is zero; cleared
otherwise.
V = 0: Cleared.
C : Not affected.
Addressing modes and CPU cycles
. Instruction code Bytes
Addressing Operand of CPU
mode Mnemonic format 1st 2nd 3rd instr. cycles
byte | byte | byte code
DIRECT BSET 0,M 72 0l M 3 6
" BSET 1,M " 02 " " "
" BSET 2,M " 04 " " "
" BSET 3,M " 08 " " "
" BSET 4,M " 10 " " "
" BSET 5,M " 20 " " "
» BSET 6,M " 40 " " "
" BSET 7,M " 80 " " "
INDEX BSET 0,Disp,X 62 01 |Disp 3 7
" BSET 1,Disp,X " 02 " " "
" BSET 2,Disp,X " 04 " " "
" BSET 3,Disp,X " 08 " " "
" BSET 4,Disp,X " 10 " " "
" BSET 5,Disp,X " 20 " " "
" BSET 6,Disp,X " 40 " " "
" BSET 7,Disp,X " 80 " " "
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Branch to SubRoutine

BSR
Category Function
Subroutine | PC =—— (PC) + 0002 1. Increments the PC by two.
control | (pcL) 2. saves the low-order byte of the
SP — (SP) - 0001 ; program coun;ersinzo the stack.
. Decrements the one.
{  (pch) Y
SP = (SP) - 0001 4. Saves the high-order byte of
the PC into the stack.
. D .
PC — (PC) + Rel 5 ecrements the SP by one
6. Branches to the address
indicated by the program.
Effects on the condition codes
H Not affected.
I: "
N : "
Z : "
Vv : "
C : "

Addressing modes and CPU cycles

Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic | format 1st | 2nd | 3rd | instr.| cycles
byte | byte | byte| code
RELATIVE BSR Rel 8D Rel 2 5
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Bit ToGgLe / BTGL
Category Function
_ Mi =— MI
Logic Inverts bit i of the memory M. (i = 0 to 7) Other
operation
bits are not affected.
NOTE) BTGL has the same instruction code as EIM.
Effects on the condition codes
H : Not affected.
I : Not affected.
N : R7: Set if the result's MSB is "1"; cleared otherwise.
Z = R7-R6-R5-R4-R3-R2-RI:R0: Set if the result is zero; cleared
otherwise.
V = 0: Cleared.
C : Not affected.
Addressing modes and CPU cycles
Instruction code Bytes
Addressing Operand of cpry
mode Mnemonic | format |[1lst | 2nd | 3rd instr. | cycles
byte | byte | byte code
DIRECT BTGL o,M 75 0l M 3 6
" BTGL 1,M " 02 " " "
" BTGL 2,M " 04 " " v
" BTGL 3,M " 08 " " "
" BTGL 4,M " 10 " " "
" BTGL 5,M " 20 " " "
" BTGL 6,M " 40 " " "
" BTGL 7,M " 80 " " "
INDEX BTGL 0,Disp,X 65 01 Disp 3 7
" BTGL 1,Disp,X " 02 " " "
" BTGL 2,Disp,X " 04 " " "
" BTGL 3,Disp,X " 08 " " "
" BTGL 4,Disp,X " 10 " " "
" BTGL 5,Disp,X " 20 " " "
" BTGL 6,Disp, X " 40 " " "
" BTGL 7,Disp,X " 80 " B "
G HITACHI



Bit TeST / BTST
Category Function

Mi - 1
Eggigtion Performs the logical "AND" operation between bit i

(i=0 to 7) of the memory M and "1".
Then, the condition codes reflect the result.

NOTE) BTST has the same instruction code as TIM.

Effects on the condition codes

H : Not affected.

I : Not affected.

N = R7 Set if the result's MSB is "1"; cleared otherwise.

%z = R7-R6-R5-R4-R3-RZ-R1-R0: Set if the result is zero; cleared

otherwise.
V = 0: Cleared.
C : Not affected.
Addressing modes and CPU cycles
Instruction code Bytes
Addressing Operand of CPU
mode Mnemonic format 1lst 2nd 3rd instr. cycles
byte | byte | byte code

DIRECT BTST o,M 7B 0l M 3 4
" BTST 1,M " 02 " " "
" BTST 2,M " 04 " " "
" BTST 3,M " 08 " " "
" BTST 4,M " 10 " " "
" BTST 5,M " 20 " " "
" BTST 6,M " 40 " " "
" BTST 7,M " 80 " " "

INDEX BTST 0,Disp,X 6B 01 |Disp 3 5
" BTST 1,Disp,X " 02 " " "
" BTST 2,Disp,X " 04 " " Cw
" BTST 3,Disp,X " 08 " " "
" BTST 4,Disp,X " 10 " " "
" BTST 5,Disp,X " 20 " " "
" BTST 6,Disp,X " 40 " " "
" BTST 7,Dis" ,X " 80 " " "
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Brancb if oVerflow Clear BVC

Category Function
Condi- PC =-— (PC) + 0002 + Rel If (V) =0
tional
branch
Tests the state of overflow bit V and causes a branch
if Vv = 0.
Effects on the condition codes
H : Not affected.
I: "
N : "
z : n
vV o "
C : "

Addressing modes and CPU cycles

. Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format 1st 2nd 3rd instr.| cycles

byte | byte | byte| code
RELATIVE BVC Rel 28 Rel 2 3
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Branch if oVerflow Set BVS

Category Function

Condi- PC =— (PC) + 0002 + Rel If (V) =1
tional

branch

Tests the state of overflow bit V and causes a branch if
v =1.

Effects on the condition codes

H Not affected.
I: "
N : "
Z : n
V . "
c . "
Addressing modes and CPU cycles
Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format 1st | 2nd | 3rd instr. cycles
byte | byte | byte| code
RELATIVE BVS Rel 29 Rel 2 3
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Compare Accumulators CBA

Category Function

Compare & (ACCA)
test

(ACCB)

Compares the contents of ACCA to those of ACCB and
sets the condition codes according to the result.

Used for a conditional branch in arithmetic or
logical operation. Both operands are not

affected.

Effects on the condition codes

Not affected.
Not affected.
Set if the MSB of the result is "1"; cleared otherwise.
= R7-R6-R5-R4-R3-R2-R1-R0: Set if the result is zero; cleared
otherwise.
V = A7-B7-R70A7-B7-R7: Set if the result overflows; cleared
otherwise.

N Z H I
]
w
~

C = A7-B70B7-R70R7-A7: Set if a borrow is generated; cleared

otherwise.
Addressing modes and CPU cycles
Instruction code| Bytes
Addressing Operand of CpU
mode Mnemonic format 1st 2nd 3rd instr. cycles
byte | byte | byte| code
IMPL CBA 11 1 1
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CLear Carry CLC

Category Function

Bit Bit C =— 0
control

Clears carry bit C.

Effects on the condition codes

Not affected.

N0 < N Z H

Addressing modes and CPU cycles

. Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format 1st 2nd 3rd instr. cycles

byte | byte | byte| code
IMPL CLC 0oC 1 1
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CLear Interrupt mask

CLI

Category Function

Bit Bit I —— 0

control
Clears the interrupt mask bit I of the condition code.
When an interrupt occurs in response to an interrupt
request from a peripheral, this instruction enables
the microprocessor to receive the interrupt request.

Effects on the condition codes

H : Not affected.

I=0 : Cleared.

N Not affected.

Z : "

VvV : "

c n

Addressing modes

and CPU cycles

64

Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format lst 2nd 3rd instr.| cycles
byte | byte | byte| code
IMPL CLI OE 1 1
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CLeaR CLR
Category Function
Arithmetic | ACCX =— 00 or M = 00
operation
(One
operand) Cleares the contents of ACCX or those of memory M
to zero.
Effects on the condition codes
H : Not affected.
I : n
N=0 : Cleared-.
Z=1 : Set.
V=0 : Cleared.
C=0 : Cleared.
Addressing modes and CPU cycles
Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format 1st 2nd 3rd instr.| CYCles
byte | byte | byte| code
ACCX CLR A 4F 1 1
ACCX CLR B SF 1 1
EXTND CLR M 7F MH ML 3 5
INDEX CLR Disp,X 6F Disp 2 5
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CLear two's complement oVerflow bit CLV

Category Function
Bit Bit V ~— 0
control
Clears the ovérflow bit V of the condition code.
Effects on the condition codes
H : Not affected.
I: "
N "
Z "
V=0 : Cleared.
C : Not affected.

Addressing modes and CPU cycles

. Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic | format lst | 2nd | 3rd instr.| cycles

byte | byte | byte| code
IMPL CLV 0A 1 1
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CoMPare CMP

Category Function

Compare (ACCX) - (M)
&
Test
Compares the contents of ACCX to those of memory M

and changes the condition codes according to the
result. The contents of the condition codes may
be referenced by the following conditional branch
instruction.

Both operands are not affected.

Effects on the condition codes

Not affected.
Not affected.
= R7: Set if the MSB of the result is "1"; cleared otherwise.

= R7*R6°R5-R4-R3-R2-R1:-R0: Set if the result 1is zero; cleared

N Z H I

otherwise.

V = X7-M7-R70X7-M7-R7: Set if the result overflows; cleared
otherwise.

C = X7-M70M7-R70R7-X7: Set if the absolute value of the memory

is greater than those of the accumulator; cleared otherwise.

Addressing modes and CPU cycles

Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic | format 1st | 2nd | 3rd instr.| cycles

byte | byte | byte| code
IMMED CMP A # Imm 81 Imm 2 2
DIRECT CMP A M 91 M 2 3
EXTND CMP A M Bl MH ML 3 4
INDEX CMP A Disp,X Al |Disp 2 4
IMMED CMP B # Imm Cl Imm 2 2
DIRECT CMP B M D1l M 2 3
EXTND CMP B M Fl MH ML 3 4
INDEX CMP B Disp,X El |Disp 2 4
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COMplement COM

Category Function

Logic ACCX === «~(ACCX) = FF - (ACCX) or
operation M —=— as(M) = FF = (M)

Takes one's complement of each bit in ACCX or

memory M.

Effects on the condition codes

H : Not affected.
I : Not affected.
N = R7: Set if the result's MSB is "1"; cleared otherwise.
Z = R7*R6-R5:R4-R3'R2'RI'R0: Set if the result is zero; cleared
otherwise.
V = 0: Cleared.
C =1: Set.
Addressing modes and CPU cycles

' Instruction code| Bytes
Addressing Operand o¥ Cru
mode Mnemonic | format lst |2nd | 3rd | instr| CYcles

byte | byte | byte| code

ACCX COM A 43 1 1
ACCX COM B 53 1 1
EXTND COM M 73 MH ML 3 6
INDEX coM Disp,X 63 |Disp 2 6
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ComPare indeX register CPX

Category Function

Index (IX) - (M : M + 1)
register
control

Compares the contents of the IX to those

of memories M and M+l.

Effects on the condition codes

: Not affected.
Not affected.
= R15: Set if the MSB of the result is "1"; cleared otherwise.

N 2 H

¢ Set if the result is "0"; cleared otherwise.

V = IX15-MI5-R150IX15-M15-R15: Set if the result overflows; and
cleared otherwise.

C = IXI5-M150M15-R150R15-IX15: Set if the absolute value of the
memory is greater than that of the index register; cleared

otherwise.
Addressing modes and CPU cycles
Instruction code| Bytes CPU
Addressing Operand of cveles
mode Mnemonic format 1st 2nd 3rd instr. y
byte | byte | byte| code
IMMED CPX # Imm 8C ImmH | ImmL 3 3
DIRECT CPX M 9C M 2 4
EXTND CPX M BC MH ML 3 5
INDEX CPX Disp,X AC [Disp 2 5
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Decimal Adjust ACCA

/o]

Category Function

DAA

Bit C before |0 0 0 0 0 0

High-order

(Bits 4 = 7)

4 bits 0-9 0-8 0-9 A-F 9-F A-F 0-2 0-2 0-3

Initial bitH
(Half carry)

Low=-order

(Bits 0 - 3)

4 bits 0-9 A-F 0-3 0-9 A-F 0-3 0-9 A-F 0-3

Hex. data
added to
ACCX by DAA

00 06 06 60 66 66 60 66

66

Bit ¢ after
DAA

Adds the hexa-
decimal data,
00, 06, 60 and
66, to ACCA
according to
the table.

For BCD (binary-
coded decimal)
addition by an
instruction
such as ABA,ADD
or ADC, DAA
executes this
function {f the
result is in
bits C and H of
ACCA.

Effects on the condition codes

Not affected.
Not affected.

N Z H I

otherwise.
Not affected.

<

C : Set or cleared as shown in the above table.

R7: Set if the MSB of the result is "1"; cleared otherwise.
= R7*R6*RE*RI'R3+RZ'RI'R0: Set if the result is zero; cleared

Addressing modes and CPU cycles

Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format lst 2nd 3rd instr.| cycles
: byte | byte | byte| code
IMPL DAA 19 1 2
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DECrement DEC

Category Function
Arithmetic ACCX =—— (ACCX) = 01 or
operation M (M) - 01

Subtracts 1 from the contents of ACCX or those

of memory M. Bits N, Z and V are set according

to the result. Bit C is not affected.

Effects on the condition codes

H : Not affected.
I : Not affected.
N = R7: Set if the MSB of the result is "1"; cleared otherwise.
%Z = R7-R6-R5-R4-R3-R2-R1-R0: Set if the result is zero; cleared

otherwise.

V = X7-X6-X5-X4-X3-X2-XI-X0 = R7-R6-R5-R4-R3-R2-R1-R0
: Set if the result overflows; cleared otherwise. An over-
flow occurs if the contents of ACCX or those of the memory
before operation are 80.

C : Not affected.

Addressing modes and CPU cycles

Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic | format 1st | 2nd | 3rd instr.| cycles

byte | byte | byte| code
ACCX DEC A 4A 1 1
ACCX DEC B 5A 1 1
EXTND DEC M 7A MH ML 3 6
INDEX DEC Disp,X 6A |Disp 2 6
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DEcrement Stack pointer DES
Category Function
Stack SPp =— (SP) - 0001
pointer
control
Subtracts 1 from the SP.
Effects on the condition codes
H : Not affected.
I: "
N : "
Z : "
vV : "
C : "
Addressing modes and CPU cycles
. Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic format lst | 2nd | 3rd instr,| cycles
byte | byte | byte| code
IMPL DES 34 1l 1l
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DEcrement indeX register DEX

Category Function

Index IX = (IX) - 0001
register
control

Subtracts 1 from the IX.

Bit Z is set or reset according to the result.

Effects on the condition codes

Not affected.

Not affected.

Not affected.

= (RH7-RH6-RH5-RH4 -RH3-RH2Z-RHI -RHO) - (RL7 *RL6-RL5-RL4-RL3-RL2-
RLI-RLO): Set if the result is zero; cleared otherwise.
Not affected. .

C : Not affected.

N Z +H I

<

Addressing modes and CPU cycles

, Instruction code| Bytes cpU
Addressing Operand of
mode Mnemonic format 1st | 2nd 3rd instr.| CYcles
byte | byte | byte| code
IMPL DEX 09 1 1

@ HITACHI
73



74

E-or IMmediate EIM
Category Function
Logic M —=— IM & (M)
operation

Performs the logical exclusive "OR" operation

between the immediate data and the contents of

memory M, and stores the result into the memory M.

Effects on the condition codes
H : Not affected.
I : Not affected.
N = M7: Set if the M's MSB is "1"; cleared otherwise.
Z = M7-M6-M5-M4-M3-M2-MI-M0: Set if the contents of M is zero,
cleared othérwise.
V = 0: Cleared.
C : Not affected.
Addressing modes and CPU cycles
Instruction code| Bytes
Addressing Operand of CPU
mode Mnemonic | format 1st | 2nd | 3rd | instr.| CYCles
byte | byte | byte] code
DIRECT EIM #Imm,M 75 Imm | M 3
INDEX EIM #Imm,Disp,X| 65 Imm |Disp 3
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Exclusive OR EOR

Category Function
Logic ACCX ==— (ACCX) & (M)
operation

Performs the logical exclusive "OR" operation between

the contents of ACCX and those of memory M, and stores
the result into the ACCX.

Effects on the condition codes

H : Not affected.

I : Not affected.

N = R7: Set if the MSB of the result is "1"; cleared otherwise.

2z = R7-R6-R5-R4-R3-R2.-RI-R0: Set if the result is zero; cleared
otherwise.

V = 0: Cleared.

C : Not affected.

Addressing modes and CPU cycles

. Instruction code| Bytes | py
Addressing Operand of cyel
mode Mnemonic | format 1st | 2nd | 3rd | instr. ycles

byte | byte | byte| code
IMMED EOR A  #Imm 88 | Imm 2 2
DIRECT EOR A M 928 M 2 3
EXTND EOR A M B8 MH ML 3 4
INDEX EOR A Disp,X A8 Disp 2 4
IMMED EOR B # Imm c8 Imm 2 2
DIRECT EOR B M D8 M 2 3
EXTND EOR B M F8 MH ML 3 4
INDEX EOR B Disp,X E8 [Disp 2 4
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INCrement INC

Category Function
Arithmetic ACCX =-=— (ACCX) + 01 or
operation M (M) + 01
Adds 1 to the contents of ACCX or those of
memory M. Bits N, Z and V are set according to
the result. Bit C is not affected.
Effects on the condition codes
H : Not affected.
I : Not affected.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>