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MEDICAL APPLICATIONS
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2. Allrights reserved: No one is permitted to reproduce or duplicate, in any
form, the whole or part of this manual without Hitachi’s permission.
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from accidents or any other reasons during operation of his unit according
to this manual.

4. This manual neither ensures the enforcement of any industrial properties
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5. Circuitry and other examples described herein are meant merely to indi-
cate characteristics and performance of Hitachi semiconductor-applied
products. Hitachi assumes no responsibility for any patent infringements
or other problems resulting from applications based on the examples
described herein.

6. No license is granted by implication or otherwise under any patents or
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QUICK REFERENCE GUIDE

= CMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6305 SERIES

HD6305U0 HD6305V0 HDB305X0 HD6305X 1
Type No. HD63A05U0 HD63A05V0 HD63A05X0 HD63A05X 1
HD63B05U0 HD63805V0 HD63BO5X0 HD63B05X 1
1.0 (HD6305U0) 1.0 (HD6305V0) 1.0 (HD6305X0) 1.0 (HD6305X 1)
Clock Frequency (MHz) 1.5 (HD63A05U0) | 1.5 (HD63A0SVO) | 1.5 (HDE3A05X0) | 1.5 (HDB3A0SX 1)
LS! 2.0 (HD63BO5UO) | 2.0 (HD63BOSVO) | 2.0 (HD63BO5X0) | 2.0 (HD63BOSX1)
Characteristics Supply Voltage (V) 5.0 5.0 5.0 5.0
Operating Temperature (°C) 0~+70 0~+70"! 0~ +70"! 0~ +70*"
Package ' DP-40,FP-54, CP-44 |DP-40,FP-54,CP-44 | DP-64S, FP-64 DP-64s, FP-64
Memory ROM _(k byte) 2 4 4 4
RAM _(byte) 128 192 128 128
1/0 Port 31 31 32 24
1/0 Port Input Port 31 - 31 - 55 7 31 7
Output Port - - 16 -
External 2 2 2 2
Interrupt Soft 1 1 1 !
Timer 2 2 2 2
Serial 1 1 1 1
Timer
SCI
External Memory Expansion - [ - - 12k bytes
Other Features
HD63705V0C HD63705v0C
EPROM on Chip Type HD637A05V0C HD637A05V0C - -
HD637805V0C HD637B05V0C
HD63P05Y0 HD63POSY1
EPROM on the Package Type - - HD63PAOSYO HD63PADSY 1
HD63PBOSYO HD63PBO5Y 1
Evaluation Chip - - - -
:‘_Wip! Temperature Range (—40 ~ +85°C) version is available.
tDP; Plastic DIP, FP; Plastic Flat Package, CP; Plastic Leaded Chip Carrier (J-bend leads)



QUICK REFERENCE GUIDE

HD6305X2 HD6305Y0 HD6305Y1 HD6305Y2
HD63A05X2 HD63A05Y0 HD63A05Y 1 HD63A05Y2 HD63LOSF1
HD63B05X2 HD63B05Y0 HD63B0O5Y 1 HD63B05Y2
1.0 (HD6305X2) 1.0 (HD6305Y0) 1.0 (HD6305Y 1) 1.0 (HD6305Y2)
1.5 (HD63A05X2) | 1.5 (HD63A05YO0) | 1.5 (HD63A05Y1) | 1.6 (HD63A05Y2) 0.125
2.0 (HD63B05X2) | 2.0 (HD63BO5YO0) |2.0 (HD63BOSY1) |2.0 (HD63BO5Y2)
5.0 5.0 5.0 5.0 3.0
0~ +70*! 0~ +70*! 0~+70"" 0~+70"' -20 ~ +75
DP-64S, FP-64 DP-64S, FP-64 DP-64S, FP-64 DP-64S, FP-64 DP-64S, FP-80
- 8 8 - 4
128 256 256 256 96
24 32 24 24 20
31 7 55 7 31 - 7 31 7 20 -
- 16 - - (19)
2 2 2 2 1
1 1 1 1 1
2 2 2 2 1
1 1 1 -
® 8-bit x 1 (with 7-bit prescaler) *8-bit x 1 (with
® 15-bit x 1 (combined with SCI) 7-bit prescaler)
Synchronous -
J 16k bytes [ - L 8k bytes l 16k bytes -
© Low power dissipation modes *8-bit A/D converter
(Wait, stop and standby) o LCD driver
(6 x 7 segment)
o Low power dis-
sipation modes
(Standby and halt)
HD63P05Y0 HD63PO5Y1
- HD63PAO5Y0 HD63PAO5Y1 - .
HDE3PBO5Y0 HD63PBOSY 1
- - - - HD63LOSE
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Section 2
Addressing Modes, CPU Architecture,
and Instruction Set
Table of Contents
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1.3 Instruction Set . ........ ... e 20
1.4 BitManipulation. ... ... ... .. e 27
1.5 Symbols and Abbreviations. . .......... ... .. .. 28
1.6 Executable Instructions. . ........ ... ... .. . i . 30
1.7  BIL/BIH Instruction Precaution . . ... ... ... ... ... .. ... ... ... 95

NOTE

This section 2 applies only to HD6305, HD63P05, and HD63705 devices. The addressing
modes, CPU architecture and instruction set for HD63L05 can be found in section 5.
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1.1 Addressing Modes

1)

(2)

(€))

%)

(5)

Ten different addressing modes are available.

Immediate

Refer to Fig. 1-2. The immediate addressing mode provides
access to a constant which does not vary during execution of the
program.

This access requires an instruction length of 2 bytes. The
effective address (EA) is PC and the operand is fetched from the

byte that follows the operation code.

Direct

Refer to Fig. 1-3. In the direct addressing mode, the
address of the operand is contained in the 2nd byte of the
instruction. The user can gain direct access to memory up to the
lower 255th address. All RAM and I/0 registers are on page 0 of

address space so that the direct addressing mode may be utilized.

Extended

Refer to Fig. 1-4. The extended addressing is used for
referencing to all addresses of memory. The EA is the contents of
the 2 bytes that follow the operation code. An extended address-

ing instruction requires a length of 3 bytes.

Relative

Refer to Fig. 1-5. The relative addressing mode is used
with branch instructions only. When a branch occurs, the program
counter is loaded with the contents of the byte following the
operation code. EA = (PC) + 2 + Rel., where Rel. indicates a
signed 8-bit data following the operation code. If no branch
occurs, Rel. = 0. When a branch occurs, the program jumps to any
byte in the range +129 to -127. A branch instruction requires a

length of 2 bytes.

Indexed (No Offset)

Refer to Fig. 1-6. The indexed addressing mode allows
access up to the lower 255th address of memory. In this mode, an
instruction requires a length of one byte. The EA is the contents

of the index register.

G HITACHI




(6)

0))

(8)

€))

(10)

14

Indexed (8-bit Offset)

Refer to Fig. 1-7. The EA is the contents of the byte
following the operation code, plus the contents of the index
register. This mode allows access up to the lower 511th address of
memory. Each instruction when used in the index addressing mode

(8-bit offset) requires a length of 2 bytes.

Indexed (16-bit Offset)

Refer to Fig. 1-8. The contents of the 2 bytes following
the operation code are added to content of the index register to
compute the value of EA. 1In this mode, the complete memory can
be accessed. When used in the indexed addressing mode (16-bit

offset), an instruction must be 3 bytes long.

Bit Set/Clear
Refer to Fig. 1-9. This addressing mode is applied to the
BSET and BCLR instructions that can set or clear any bit on page
0. The lower 3 bits of the operation code specify the bit to be
set or cleared. The byte that follows the operation code indicates

an address within page 0.

Bit Test and Branch

Refer to Fig. 1-10. This addressing mode is applied to the
BRSET and BRCLR instructions that can test any bit within page O
and can be branched in the relative addressing mode. The byte
to be tested is addressed depending on the contents of the byte
following the operation code. Individual bits within the byte to
be tested are specified by the lower 3 bits of the operation code.
The 3rd byte represents a relative value which will be added to
the program counter when a branch condition is established.
Each of these instructions should be 3 bytes long. The value of
the test bit is written in the carry bit of the condition code

register.

Implied

Refer to Fig. 1-11. This mode involves no EA. All informa-
tion needed for execution of an instruction is contained in the
operation code. Direct manipulation on the accumulator and index

register is included in the implied addressing mode. Other

instructions such as SWI and RTI are also used in this mode. All
instructions used in the implied addressing mode should have a

length of one byte.
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EA
Memory

Adder
Z \ N

PROG LDA =$F8 O5BE| A6
058F T8
H
I .
. 1]
Cvenrsmrmtmm——

A
[__Ff8__ ]
Index Reg

Stack Point

Prog Count

05Co

CCR

—/

Fig. 1-2 Example of Immediate Addressing

EA
Memory 0048

' H
' ' Adder
[ 1
1] 13
0000 2
CAT FCB 32 0048 |20 E:;zo
__\ndex Reg
b " Stack Point
PROG LDA CAT 052D B6
052€ 48 Prog Count
CoR
: d —/
1
1]
1] 1]
. i

Fig. 1-3 Example of Direct Addressing

PROG LDA CAT 0409 Cé
040A 06
0408 E5
H
CAT FCB 64 06ES5 20
'
| S

A
Index Reg

Stack Point

CCR

—3

Fig. 1-4 Example of Extended Addressing
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EA
Memory 04C1

comm

Adder A
N\ —
Index Reg

OR T Stack Point

0000 Prog Count
PROG BEQ PROG2 04A7 27
04A8 18

—_—

Fig. 1-5 Example of Relative Addressing

EA
Memory 0088

Adder

] A
TABL FCC LI 0088 4c 0000 4 4c |
49 index Reg

. . Stack Point
PROG LDA X 05F4 F6

Prog Count
CCR

 I—

Fig. 1-6 Example of Indexed (No Offset) Addressing

f EA
Memory 008C
1 H
H /" Adder  \
TABL FCB #BF 0089 F VaN

FCB #86 008A

B
86
fce #D8 0088[ OB '———
FCB #CF 008C C Index Reg

Stack Point

— 1T 1
Prog Count
0750

PROG LDA TABL X 075B) ' EB
075C 89

CCR

Fig. 1-7 Example of Indexed (8-bit Offset) Addressing
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A
DB
Index Reg
H 02
PROG LDA TABL.X 0892 b6 Stack Point
0693 07
0694 7€ og Count

T
TABL FCB #BF 077€ BF

FCB #86 077F 86
FCB #DB 0780 DB
FCB #CF 0781 CF

Fig. 1-8 Example of Indexed (16-bit Offset) Addressing

{ EA
Memory 0001

Adder
PORT B EQU 1 0001 BF 7\
Clear ' A
Bit 0000
8 I
Index Reg
PROG BCLR 6.PORT B 058F ) Stack Point
0590 01

Prog Count

CCR

—3

Fig. 1-9 Example of Bit Set/Clear Addressing

PORT C EQU 2.0002 FO - A

PROG BRCLR 2.PORT C.PROG 2 0574 05
0575 02
0576 10

In this example bit C of the CC
becomes ‘0",

Fig. 1-10 Example of Bit Test and Branch Addressing

@ HITACHI
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PROG TAX 05BA 97 Stack Point

Prog Count

0588

Fig. 1-11 Example of Implied Addressing

1.2 CPU Registers

This CPU contains five registers available to the programmer.
They are shown in Fig. 1-12.

0
A J Accumulator

0
Index
X JRegister
0

7
L
7
L

3

Program
Pc Counter
4]

3 65
ojofojojojof1]1]  sp Pomter

Condition
H] 1 [N]Z]C|Code

Lsegister
A
Zero
Negative
Interrupt
Mask
Half
Carry

Fig. 1-12 Programming Model

(1) Accumulator (A)

The accumulator is an 8-bit general purpose register which

holds operands and results of the arithmetic operations or data
manipulations. '
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(2) 1Index Register (X)
The index register is an 8-bit register used for the indexed

addressing mode. It contains an 8-bit value which is added to an
offset to create an effective address.

The index register can also be used for data manipulations
with read-modify-write instructions.

When not performing addressing operations, the register can

be used as a temporary storage area.

(3) Program Counter (PC)
The program counter is a l4-bit register which contains the

address of the next instruction to be executed.

(4) Stack Pointer (SP)
The stack pointer is a 1l4~bit register containing the address

of the next free location of the stack., Initially, the stack
pointer is set to location $00FF. It is decremented as a data is
pushed on to the stack and incremented as data is then pulled out
of the stack. The 8 high~order bits of the stack pointer are fixed
to 00000011. During an MCU reset or a reset stack pointer (RSP)
instruction, the pointer is set to location $00FF. Subroutines and
interrupts may be nested down to $00Cl, which allows programmers to
use up to 31 levels of subroutine calls and 12 levels of interrupt

responses.

(5) Condition Code Register (CCR)
The condition code register is a 5-bit register indicating the
results of the instruction just executed. These bits can be
individually tested by conditional branch instructions. Each bit

is described in the following paragraphs.

(a) Half Carry (H)
When set, this bit indicates that a carry occurred between

bit 3 and 4 during an arithmetic operation (ADD, ADC).

(b) Interrupt (I)

Setting this bit masks all interrupts except for software
ones. If an interrupt occurs while this bit is set, the interrupt
is latched and is processed as soon as the interrupt bit (I) is
cleared. (More precisely the interrupt enters the servicing

routine after the instruction next to the CLI is executed.)
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(c) Negative (N)
When set, this bit indicates that the result of the last
arithmetic, logical, or data manipulation is negative. (Bit 7

in the result is a logical "1".)

(d) Zero (2)
When set, this bit indicates that the result of the last

arithmetic, logical, or data manipulation is zero.

(e) Carry/Borrow (C)
When set, this bit indicates that a carry or borrow occurred

during the last arithmetic operation. This bit is also affected by

bit test and branch instructions, shifts and rotates.

Instruction Set

The HD6305U0, HD6305V0, and HD63705V0 MCU provide object codes
upward compatible with the HD6805 family. They are designed to save

execution time of key instructions in order to improve through put.
3 additional instructions; DAA, WAIT, STOP; are available.

The HD6305U0, and HD6305V0, HD63705V0 MCU have 62 basic instruc-
tions. They can be classified into five categories: register/memory,
read-modify-write, branch, bit manipulation, and control. The details
of each instruction are shown in the following tables. All the

instructions in a given type are presented in individual tables.

(1) Register/Memory Instruction
Most of these instructions use two operands. One operand is
either the accumulator or the index register. The other is obtain-
ed from memory by using one of the addressing modes. The un-
conditional jump :JMP) and the jump to subroutine (JSR) instruc-—

tions have no register operand. Refer to Table 1-1.

(2) Read-Modify-Write Instructions
These instructions read a memory location or a register,
modify or test its contents, and write the modified value back to
memory or to the register. The test for zero (TST) instruction is
an exception to the read-modify-write instructions since it does

not write data. Refer to Table 1-2.
G HITACHI



(3) Branch Instructions

The branch instruction cause a branch from the program when
a certain condition is met. Refer to Table 1-3.

(4) Bit Manipulation Instructions
These instructions are used on any bit in the lower 255 bytes
of the memory. Two groups are available, one either sets or

clears and the other performs the bit and test branch operations.
Refer to Table 1-4.

(5) Control Instructions

These instructions control the MCU operation during program
execution. Refer to Table 1-5.

(6) Alphabetical Listing
Table 1-6 lists the complete instruction set in alphabetical

order.

(7) Operation Code Map
Table 1-7 is an operation code map for the instructions
used on the MCU.
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Table 1-1 Register/Memory Instructions

Addressing Modes
1, Ind, Bool / C iti
o Immediate | Direct | Extended |(No Offset)|(8-Bit Offset)| (16-Bit Offset) ‘6',','.':’,'.'.';:? Code
OP| & | ~1OP| #|~|OP|s|~|OP|#|~|OP[2|~|OPf=]~ H|I1|NlZ|C
Load A from Memory LDA A6/ 2{21!B6|2|3|C6/3(4(F6|1 3|E6|2|4[D6|3|5|M-~A eleiAlA]le
Loodxfwm Memory LDX AE| 2|2 |BE| 2 |3 |CE[3 |4 |FE|1 |3 |EE| 2|4 |DE[3 |5 |M=X eloiAiAle
Store A in Memory STA —|=|=-|B7[2!3|C7(3|4(|F7|1]|4|E7|2]4|D7[{3|5|A-M (O (A[A]|®
Store X in Memory STX —~|=|~—~|BF| 2| 3ICF|3|4|FF| 1|4 [EF| 2|4 |DFf3 |5 ]|X-~M eleiA|A]e
Add Memory to A ADD AB|2(2BB|2|3|cB{3{4a|FB|1|3|EB[2|4iDB|3|5|A+M .A Al®|A|A|A
Add Memory and Carry
to A ADC A9/ 2|21B9{2|3|C9[3|4|F9|1|3|E9{2|4|(D9|3|5|A+M+C—~A A|l®|A|A|A
Subtract Memory sus A0O| 212iB0Oj 2 3|CO|3|4|FO|1]|3|E0|2|4|DO|3|5|A-M-A . AlAlA
Subtract Memory from
A with Borrow SBC A2(212/B2/2|3|C2(3|4|F2{1|{3/E2/2|4(D2/3|5|A-M~-C-A @ AIA|A
AND Memory to A AND A4| 2|2 /B4| 2 /3)C4{3|4|Fa] 1|3 |E4|2|4|D4|3 A-M A e|eIA|A]|e®
OR Memory with A ORA  |AAl 2|2 (Bal 2|3 |cal3|a|Fal 1|3 (eal 2 a[DA[3 5 [a+m -4~ TelelA[Ale
Exclusive OR Memory s
with A EOR A8/ 21288/ 2 3|C8/3|4|F8]1|3(68]2|4|D8(3|5[|A+M-A ele | A|A]|®
Arithmetic Compare A
with Memory CMmP Al 2121B1}2|3|C1{3|4afF1|1{3[E1{2[4D1{3|5}A-M e |®|A|AlA
Arithmetic Compare X
with Memory CPX A3/ 2|2(B3/2|3|C3[{3|4(F3]1|3]|E3{2|4|D3|3|5|X-M oo |[AlA|lA
Bit Test Memory with
A (Logical Compare) 8Ir A5 212(B5(2|3|c5{3|4a|F5]1([3}E5{2|4|D5 3> S51A-M e|O0|AlA|®
Jump Unconditional JMP - |~=|=—|BCj 2| 2]CC{3|3FCj1|2]EC|2]|3|DC|3 o|leo|ojeofe
Jump to Subroutine JSR ~|=~|—|BD|2|5|CD|3|6|FD|1|5|ED|2]5|DD|3 |6 elole L)
Symbols: Op = Operation
# = Number of bytes
~ = Number of cycles
Table 1-2 Read/Modify/Write Instructions
Addressing Modes
Op Mi Indexed Indexed Boolean/Arithmetic Operation cogg"’telon
Implied(A) | Implied(X) Direct |(No Offset) | (8-Bit Offset)
OP|#|~|OP & |~ |OP|s|~|OP| 2|~ |OP|=s|~ Hil[NlZI|C
Increment INC 4C| 1 12|8C{1[2|3C|2|65(7C{1|5|6C|2|6|A+1+AorX+1XorM+1-M @ @A |A|®
Decrement DEC 4A| 1 | 2|5A| 1|2 3A|2|5!7A| 1|5 |6A|2|6|A-1-sAorX—1<XorM-1-M @/ @|A|A]|®
Clear CLR 4F| 1 | 2|SF{ 1|2 |3F[ 2|5 |7F| 1|5 6F| 2|6 ]00-A or 00X or 00 -M ejej0it|e
Complement coM |43 1]2(83{1[2(33[2|5(73[1(563[2]|6[A~AorX-XorM-M ejo|A|A|
Negate 00-A A or 00—-X X
(2's Complement) NEG 40| 1| 2|50{1/2(30{2|5|70/1|5|60] 2|6 |or00-M--M o|e A A
Rotate Left Thru Carry RoL  |a9|1|2s9| 1|2 (392|579 1|5 [692]6 Lb_tﬁ:ﬁ_] o|elalAa]|a
Rotate Right Thru Carry ROR 46(1 121561 (2 (36(2 |5 (761 |5 (66(2 |6 E .m.. e |0 A |AIA
c b = [
Logical Shift Left LSt 48| 112158/ 1|2(38/2|5|78/1(5|68(2 6 . .m.. o|®|®|A|A|A
Logical Shift Right LSR 44| 1| 2|54 1| 2|34| 2|5(74( 15|64/ 2|6 o .m. £ o| e 0IA|A
" . by T bo (4
Arithmetic Shift Right ASR 47| 12|57/ 1]21{37/2|65(77)1|5(67{2|6 r..m.. - e|O0|A[A|A
Arithmetic Shift Left ASL 48/ 1 12158 1|2|38/2|5 78/ 1|5 68|26 |EqualtoLSL e O |A|A|A
Test for Negative
or Zero TST 4D} 1/ 215D{ 1] 2(3Dj2|{4|7D}1|4{6D| 2|6 |A-00or X~00 or M—00 O|OIA|A]S®
Symbols: Op = Operation
# = Number of bytes
~ = Number of cycles
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Table 1-3 Branch Instruction

Addressing Modes .
. . - Condition Code
Operations Mnemonic Relative Branch Test

OP | # ~ H|I|N]Z]|C
Branch Always BRA 20 2 3 | None (AR RN B N
Branch Never BRN 21 2 3 | None eo|oejoj0|0@
Branch IF Higher BHI 22 2 3 [C+2Z=0 o ofoflo0|e@
Branch IF Lower or Same BLS 23 2 3 |[C+Z=1 BN BN BN BN
Branch IF Carry Clear BCC 24 2 3 |C=0 BN BN NN BN}
(Branch IF Higher or Same) (BHS) 24 2 3 |C=0 (A AN BN B
Branch IF Carry Set BCS 25 2 3 |C=1 o|ojoj|o0|e@
(Branch IF Lower) (BLO) 25 2 3 |C=1 o|0o|oj0]|e
Branch IF Not Equal BNE 26 2 3 |2=0 eo(o/o|0 0@
Branch IF Equal BEQ 27 2 3 |{Z=1 ojo|oe|oe
Branch IF Half Carry Clear BHCC 28 2 3 {H=0 eo|oefo0o|o0e
Branch IF Half Carry Set BHCS 29 2 3 [H=1 o(oe | o000
Branch IF Plus BPL 2A 2 3 [N=0 (BN BN NN BN )
Branch IF Minus BMI 2B 2 3 |N=1 [N BN RN BN )
Branch IF Interrupt Mask
Bit is Clear BMC 2C 2 3 |I=0 e|o o000
Branch IF Interrupt Mask
Bit is Set BMS 2D | 2 3 |I=1 e|o o000
Branch IF Interrupt Line
is Low BIL 2E 2 3 |INT=0 o o000
Branch IF Interrupt Line )
is High BIH 2F 2 3 |INT=1 (BN B BN BN
Branch to Subroutine BSR AD | 2 5 | — [ BN BN NN NN}

Symbols: Op = Operation
# = Number of bytes
~ = Number of cycles

Table 1-4 Bit Manipulation Instructions

Addressing Modes Boolean/ .
Operations Mnemonic Bit Set/Clear | Bit Test and Branch | Arithmetic B_;_aer;::h Condition Code
oP 5| - oP = | - | Operation RTTINTZTC
Branch IF Bit n is set BRSET n(n=0---7) - —| = 2:n 3|5 —_— Mn=1 eojlo|o|e A
Branch IF Bit n is clear | BRCLR n(n=0---7) — —1—101+2-n| 3| 5 _ Mn=0 e|lo|o |0 (A
Set Bit n BSET n(n=0:--7) |10+2:n| 2| 5 — -] =] 1-Mn —_ e|loe|o|oie
Clear Bit n BCLRn(n=0---7) | 11+2.n} 2|5 - —{—]0-Mn _ ejeloefo}]e
Symbols: Op = Operation
# = Number of bytes
~ = Number of cycles
@ HITACHI
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Table 1-5 Control Instructions

Addressing Modes .
Operations Mnemonic Implied Boolean Operation Condition Code

OP | # ~ Hil|IN|Z|C
Transfer A to X TAX 97 1 2 |A-X [ BN RN B NN
Transfer X to A TXA SF 1 2 | X—A (BN BN BN BN
Set Carry Bit SEC 99 1 1 |1-C [ BN BN BN R
Clear Carry Bit CLC 98 1 1 |0-C e/e/oele|0
Set Interrupt Mask Bit SEI 9B 1 2 |1l e/1|eloe|e
Clear Interrupt Mask Bit Cul 9A | 1 2 [0 e/0Oj e 0@
Software Interrupt Swi 83 1 10 o1 ejo0]|e
Return from Subroutine RTS 81 1 |5 o|lo/olele
Return from Interrupt RTI 80 1 8 2020207417
Reset Stack Pointer RSP 9C 1 2 | $FF-SP e/ o/ e 00
No-Operation NOP 9D 1 1 | Advance Prog. Cntr. Only [ BN BN B B
Decimal Adjust A DAA 8D 1 2 gg?avz;:f“tapi‘nary add of BCD charcters into @ @[ Al | ¥
Stop STOP 8E 1 4 g1 e 0jloeje!le
Wait WAIT 8F 1 4 (01 e  0Ojleio o

Symbols: Op = Operation

# = Number of bytes

~ = Number of cy:

cles

* Are BCD characters of upper byte 10 or more? (They are not cleared if set in advance.)

Table 1-6

Instruction Set (in Alphabetical Order)

Addressing Modes

Condition Code

Mnemonic
Implied

Immediate

Direct

Extended

d | Indexed

Relative |(No Offset)

(8-Bit) | (16-Bit)

Bit
Set/
Clear

Bit
Test &
Branch

ADC

X

X

x

ADD

X

X

X

AND

X

X

X

>

ASL

>

ASR

X|X|X|X

XIX|X|X|X

XXX

BCLR

BCS

BEQ

BHCC

BHCS

BHI

(BHS)

BIH

BIL

x| x| x|x|x|x|x|x

BIT

(BLO)

BLS

BMC

BMI

BMS

BNE

BPL

o|lojlo|ojoj0o|0o|>0 0j0|l0i0|0j0(00|j0|>iI>I>i>|I>IN

BRA

XX |X|X|X|X]|X]|X

(IR AR AR AR B AN AN B B BN BN K BN BN BN BEK BN RIE AN NN Y Vel

o000 (00|00 > 00|00 0|0 0 0|0 0>

Condition Code Symbols:
H
| Interrupt Mask
N Negative (Sign Bit)
r4 Zero

24

Half Carry (From Bit 3)

>0 >0

Carry/Borrow

Test and Set if True, Cleared Otherwise
Not Affected

Load CC Register From Stack
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[ ]
L]
[ ]
L ]
L]
[ ]
L]
L]
°
[ ]
L]
L ]
L]
L]
L]
L]
L]
L]
[ ]
[ ]
[ ]
L]
o
be

continued)



Addressing Modes

Condition Code

Mnemonic
Implied | Immediate

Indexed | Indexed
Direct [Extended| Relative |(No Offset)| (8-Bit)

Bit

Indexed Set

(16-Bit)

Clear

Bit
Test &
Branch

BRN

X

BRCLR

BRSET

BSET

BSR

cLCc X

(ol X]

x

CLR X

CmpP X

COM X

XX | XX

CPX X

X[X[X|X
X|X|X|X

DAA X

DEC X

EOR X

X

INC X

JMP

JSR

LDA X

LDX X

XIX|{X|X

LSL

LSR

NEG

X{X|X|X

XXX [X|IX{X{X[{X[X[|X
X|X{X|X
X|IXIX[X|X|X{X|X|X[|X
XIX|X|X|X|X|X|X|X|X

NOP

ORA X

X
X
X
X

ROL

x
X
X

ROR

RSP

RTI

X[{X|X|X]|X

RTS

SBC X

SEC

X

SEI x

STA

STOP X

STX

suB b

swi

TAX

TST

TXA

X|X|X|X|X

WAIT

o{o/o/o/ojo/0o/0o|j0oje/0ojej0e/-|0/0o/0|/0j0o/0o/0/je/0e/0/0/j0o/ 00/ 0/f0/0 0/0/j0 06/0/ 0 0 0 06 ¢ T

oclele|eji=|e|e|c|e|—-|e|eje| 0|0 |e|e|ej0o|/0oje/e|/e/jeje|/0|j00ej0ej0e/eje/0e/O|l06 |0 o 0 0 o

ele(>jele(>(>le[>|eje>|e(~[e(>I>|>|e|>|0>(>(>(e|e|>|>>(>(>|>|>cjeje/e/e 0 606 Z

ele|>|elel>I>lei>|ele|>le|~le|>|>|>]e|>I>|>>>le|e|>|>I>>(>|>|>|=ejejee/0j0j0|N

.....>....-ﬂ>.'~'.>>..>>>...C...))-'>..OOO>>.O

Condition Code Symbols:
H Half Carry (From Bit 3)
| Interrupt Mask
N Negative (Sign Bit)
z 2Zero

~>®>0

Carry/Borrow

Test and Set if True, Cleared Otherwise
Not Affected

Load CC Register From Stack
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Table 1-7 Operation Code Map

Bit Manipulation Branch Read/Modify/Write Control Register/Memory
Test & Set/
Branch Clear Rel |DIR| A | X | X1| XO|IMP|IMP|IMM| DIR | EXT | X2 | X1 | X0
0 1 2 3/ a]s |6 7][8]9]A|B|cCc|D|E][]F]|-HGH
0| BRSETO | BSETO | BRA NEG RTIF] — SuB 0
1| BRCLRO | BCLRO | BRN — RTS'| — CMP 1
2 | BRSET1 | BSET1 BHI — ~ | - SBC 2
3| BRCLR1 | BCLRI BLS CoM swir| — CPX 3l
4 | BRSET2 | BSET2 | BCC LSR = AND 2|
5| BRCLR2 | BCLR2 | BCS — — | - BIT 5
6| BRSET3 | BSET3 | BNE ROR ) - = LDA 6
7| BRCLR3 | BCLR3 | BEQ ASR — Jrax ] =] STA s 7
8 | BRSET4 | BSET4 | BHCC LSL/ASL — [cLe EOR 8
9 [ BRCLR4 | BCLR4 | BHCS ROL — |sec ADC 9
A | BRSET5 | BSETS BPL DEC - |eur* ORA A
B| BRCLRS | BCLR5 | BMI - — [SEI* ADD B
C | BRSET6 | BSET6 | BMC INC — |rsp*| — JMP(—1) c
D| BRCLR6 | BCLR6 | BMS [1sT-1] TST | TST(—1) [DAA*|NOP[BSR'| JSR(+2) | JSR(+1) [ssh+2] D
E | BRSET7 | BSET? BIL — sToP’| — LDX E
F | BRCLR7 | BCLR7 BIH CLR WAIT' [ TXA'| — STX sTx+1| F
3/5 2/5 2/3 [2/51/2]1/2]2/6 [ /5[ 1/ [1/1][2/2]2/3]3/a]3/5]2/4|1/3
(NOTES) 1. “-"is an undefined operation code.
2. The lowermost bers in each p! a byte count and the number of cycles required (byte count/number of cycles).

26

The number of cycles for the mnemonics asterisked (*) is as follows:

RTI
RTS
swi
DAA
STOP
WAIT

5
10
2
4
4

TAX
RSP
TXA
BSR
cLi
SEI

2
2
5
2

2

3. The parenthesized numbers must be added to the cycle count of the particular instruction.

(11

Additional Instructions

DAA

WAIT

STOP

The following new instructions are used on the HD6305,
and HD63705.

Converts the contents of the accumulator into BCD code.

Causes the MCU to enter the wait mode.

Refer to "2.9 Low Power Consumption Mode".

Causes the MCU to enter the stop mode.

Refer to "2.9 Low Power Consumption Mode".
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1.4 Bit Manipulation

The HD6305, HD63705 MCU can use a single instruction (BSET or BCIR)
to set or clear one bit of the RAM or an I/O port.

Every bit of memory or I/0 within page 0 ($00 N $FF) can be
tested by the BRSET or BRCLR instruction depending on the result of
the test, the program can branch to required destinations. Since

bits in the RAM, or I/0 can be manipulated, the user may use a bit

within the RAM as a flag or handle a single I/0 bit as an independent
I/0 terminal. Fig. 1-13 shows an example of bit manipulation and the
validity of test instructions. In the example, the program is con-
figured assuming that bit O of port A is connected to a zero cross

detector circuit and bit 1 of the same port to the trigger of a triac.

The program shown can activate the triac within 10ps from zero-
crossing through the use of only 7 bytes on the ROM. The internal timer
provides a required time of delay and pulse width modulation of power is

also possible.

SELF 1. BRCLR O, PORT A, SELF 1
BSET 1, PORT A
BCLR 1, PORT A

.
.

Fig. 1-13 Example of Bit Manipulation

@ HITACHI
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1.5 Symbols and Abbreviations

¢9)

(2)

(3)

Shown below are the meanings of symbols and abbreviations.

Operation

()= contents

+ = movement direction
# = addition

- = subtraction

A = AND

v = OR

@® = Exclusive OR

X = NOT

Register symbols in CPU
ACCA = accumulator A

CCR = condition codes register

IX = index register, 8 bits

PC = program counter, 14 bits

PCH = the six most significant bits of program counter
PCL = the eight least significant bits of program counter

SP = stack pointer, 6 bits

Memory and addressing codes

M = stored address

MH = the eight most significant bits of stored address
ML = the eight least significant bits of stored address
M+1

L}

stored address M plus 1

Msp = stored address indicated by stack pointer

Imm = immediate value
Disp = displacement value = M - (IX)
M - (IX)

DH = displacement value = the eight most significant bits

D = displacement value

DL = displacement value = the eight least significant bits
Rel = relative value

IMPLIED = implied addressing

RELATIVE = relative addressing

ACCUMULATOR = accumulator addressing
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%)

(5

6)

)]

€:))

INDEX REG. = index register addressing

IMMEDIATE = immediate addressing

DIRECT = direct addressing

EXTENDED = extended addressing

INDEXED O BYTE OFFSET = indexed addressing O byte offset
INDEXED 1 BYTE OFFSET = indexed addressing 1 byte offset
INDEXED 2 BYTE OFFSET

EA = effective address

indexed addressing 2 byte offset

Contents of bits O through 4 of condition codes register

C = carry - borrow bit 0
Z = zero bit 1
N = negative bit 2
I = interrupt mask bit 3
H = half carry from bit 3 to bit &4 bit 4

Status of each bit before execution of instruction
An = bit n of ACCA (n =7, 6, 5, ...., 0)

Mn = bitnofM (m=7,6,5, ...., 0)

Xn = bitnof IX(n=7, 6, 5, «..., 0)

Status of each bit on result after execution of instruction

Rn = bit n of result m =7, 6, 5, «v.., 0)

Symbols on instruction's format

P = each addressing mode on Immediate, Direct, Extended and
index of 0, 1 and 2 byte offset

Q = each addressing mode on Direct and index of O and 1 byte
offset

A = accumulator addressing mode

X = index register addressing mode

DR = direct addressing mode

dd = relative operand (8 bits)

n = bit n of memory (n =7, 6, 5, ...., 0)

Status of HD6305's interrupt pin
INT = status of interrupt pin (high, low)

@ HITACHI
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1.6 Executable Instructions

Arithmetic Operation
ADC

[ ADC (ADd with Carry)

Format [ Condition Codes

H: Set if a carry occurs from bit 3;

ADC P otherwise reset.

I: Not affected.

N: Set if the most significant bit of
the result is set; reset otherwise.

Operation Z: Set if the result is 0; otherwise
reset.
C: Set if a carry occurs from the
ACCA <« (ACCA) + (M) + (© most significant bit of the result;

otherwise reset.

Description

Adds the contents of the carry bit C to the sum of the contents of ACCA and M
and stores the result into ACCA.

I Addressing Mode and Number of CPU Cycles

Addressing Mnemonics Operand IHSthCti°n ?ode Nuﬁ?er E?mggs

Mode ; type Byte 1 EByte 2 E‘Byte 3| bytes cycles
IMMEDIATE ADC | #Imm A9 | Inm | 2 2
DIRECT ADC ' M B9 I M i 2 3
EXTENDED ADC ' M c9 ! MH | ML 3 4
Eﬁ” 0 BYTE ADC | 0,X F9 ! i 1 3
INDEXED 1 BYTE [ i T
(I)FFSET - ADC :DlSP,X E9 v D 4'L 2 4
ormenr” 2 BYTE ADC  iDisp,X D9 | DE ! DL 3 5
I Example I
0100 B6 02 LDA VAL2 (EXVALS5 ,EXVAL6)+(VAL1,VAL2)
0102 CB 0006 ADD EXVAL6 * =(EXVAL5, EXVAL6)
0105 C7 0006 STA EXVAL6 *
0108 B6 01 LDA VAL1 *
010A C9 0005 ADC EXVAL5 falall
010D C7 0005 STA EXVAL5 *

@ HITACHI
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Arithmetic Operation

ADD

ADD (ADD without carry)

I Format I [7 Condition Codes

H: Set if a carry occurs from bit 3
ADD P otherwise reset.
I: Not affected.
N: Set if the significant bit of the
. result is 1l; otherwise reset.
Operation Z: Set if the result is 0; otherwise
reset.
C: Set if a carry occurs from the
ACCA <« (ACCA) + (M) most significant bit of the result;
otherwise reset.
Description

Adds the M contents to ACCA contents, and stores the result into ACCA.

[ Addressing Mode and Number of CPU Cycles
. ' ; Numb Numb
ﬁdgres51ng Mnemonic gperand Instructlon ?ode uzfer o?mCSE
ode , ype Byte 1 ! Byte 2 1 Byte 3| bytes cycles
IMMEDIATE ADD _#Tmm AB ! Tmm | 2 2
DIRECT ADD M BB | M i 2 3
EXTENDED ADD ' M B I ME | ML 3 4
[ TNDE. 1 i ]
oroeny. | PYTE ADD ! 0,X FB ! ; 1 3
INDEXED 1 BYTE : . H 1
QFFSET ADD , Di Sp ,X EB ' D ! 2 4
INDEXED 2 BYTE i . | !
OFFSET ADD : DlSp > X DB H DH ' DL 3 5
s i |
I Example I
0110 B6 10 LDA VAL1 (VALT)+(WORK)=(RESULT)
0112 BB FF ADD WORK *
0114 B7 50 STA RESULT *
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Logical Operation

AND

I

AND (logical AND)

I Format I

[7 Condition Codes

ACCA <« (ACCA) A

™)

H: Not affected.
AND P I: Not affected.
N: Set if the most significant bit of
the result is "1"; otherwise reset.
Operation Z: Set if the result is "0"; otherwise
reset.

C: Not affected.

Description

Performs logical AND between the ACCA contents and the M contents, and
stores the result into ACCA.

Addressing Mode and Number of CPU

32

Cycles
Addressing Mnemonici Operand InstFuction ?ode Nuzger E;mggg
Mode ) type Byte 1 EByte 2 | Byte 3 bytes cycles
IMMEDIATE AND | #Imm Ab | Imm 2 2
DIRECT AND ‘M B4 I M i 2 3
EXTENDED AND ' M C4 I MH | ML 3 4
orveay) O BYTE AND | 0,X F4 - 1 3
[TNDEXED 1 BYTE v H i
OFFSET AND \ Disp,X E4 + D H 2 4
INDEXED 7 BYTE AND ! Disp,X | D4 | DH i oL 3 5
Example
0107 Feé LDA 0,X ERASE UPPER 4 BITS
0108 A4 OF AND #$0F *
010A F7 STA 0,X (RESTORE)
010B 5C INC X *
010C 20 F2 BRA LOOP *
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Shift and Rotation
ASL

ASL (Arithmetic Shift Left)

I Format I Condition Codes 41
ASL Q H: Not affected.
ASL A
ASL X I: Not affected.
N: Set if the most significant bit of
the result is "1"; otherwise reset.
l Operation Z: Set if the result is "0"; otherwise
reset.
C: Set if the most significant bit is
— "1" before shifting; otherwise
reset.
C |« «— 0
b, bo
Description

Shifts the contents of ACCA, IX or M 1 bit to the left. The bit 0 is

loaded with "0". The carry bit C is loaded with the bit 7 of ACCA, IX or
M.

Addressing Mode and Number of CPU Cycles

Addressing Mnemonici Operand InStF“Ction ?Ode Nuzger gzmggg
Mode ) type Byte 1 EByte 2 | Byte 3| bytes cycles
ACCUMULATOR ASL 1 A 48 1 ! 1 2
INDEX REG. ASL L X 58 | ; 1 2
DIRECT ASL ! M 38 1 M 2 5
TNDEXED 0 BYIE T T ;
OFFSET ASL , 0,X 78 ! ! 1 5
INDEXED 1 BYTE ' \ !
OFFSET ASL » Disp,X 68 ' D . 2 6
] N :
Example |
010E B6 FF LDA WORK
0110 48 CHECK ASL A BRANCH FOLLOWING BIT
0111 25 2E BCS BITON * 7-6-5-4-3-2-1-0
0113 BITOFF  EQU *
0113 AE 64 LDX #100
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Shift and Rotation

————————

[

b

[TTTTT T[]

ASR
ASR (Arithmetic Shift Right)

Format I Condition Codes 1

ASR Q H: Not affected.

ASR A I: Not affected.

ASR X N: Set if the most significant bit of

the result is "1"; otherwise reset.

Operation Z: Set if the result is "Q0"; other-

wise reset.

C: Set if the most significant bit is
"1" before shifting; otherwise
reset.

Description

Shifts the contents of ACCA, IX or M 1-bit to the right.
not affected.

The bit 7 is

The bit 0 is loaded into the carry bit C.

Addressing Mode and Number of CPU Cycles

34

Addressing Mnemonicé Operand Instruction $ode Nuﬁ?er gszSE
Mode ) type Byte 1 EByte 2 E Byte 3| pytes cycles
ACCUMULATOR ASR 1 A 47 | 1 2
INDEX REG. ASR rooX 57 : 1 2
DIRECT ASR ! M 37 1 M| 2 5
OEFSET. ASR ! 0,X 77 ! D 1 5
[INDEXED 1 BYTE 0 H v
OFFSET ASR y Disp,X 67 1 ! 2 6
' ! :
I Example l
0143 37 FF ASR  WORK BRANCH OPTION (KEEPING BIT 7)
0145 25 17 BCS OPTO
0147 37 FF ASR  WORK
0149 25 1B BCS OPTI1
014B 37 FF ASR  WORK
014D 25 46 BCS OPT2
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Conditional Branch

BCC

BCC (Branch if Carry Clear)

| Format I Condition Codes

BCC dd

Not affected.

Operation

PC <« (PC)+0002+Rel if (C)=0

l Description

Tests the state of the C bit and causes a branch if C is "0".

Addressing Mode and Number of CPU Cycles

Addressing Mnemonici Operand InstFuction ?Ode Nuzger ggmg;;
Mode E type Byte 1 i Byte 2 E Byte 3| bytes cycles
RELATIVE BCC i Rel 26 ! Rel ! 2 3
: ! i
T 1 [
, ! !
: i i
: ' i
' ! '
Example I
014F B6 20 LDA VAL2
0151 CB 0600 ADD EXVAL6
0154 24 11 BCC NORMAL KETA AGARI NASHI
*
0156 5C INC X KETA AGARI
@ HITACHI
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Bit Control

BCLR

| BCLR (Bit CLeaR bit n)

I Format l

BCLR n, DR

l Condition Codes

Operation

Mn « O

Not affected.

Description

Clears the bit n (n = 0 through 7) of M.

The other

bits are unaffected.

36

Addressing Mode and Number of CPU Cycles
. ' Instructi d Ngmber | Number
ﬁgg:e531ng Mnemonic: Spe:and e fuc o8 ?o = of of CPU
' yP Byte 1 :Byte 2 : Byte 3 bytes cycles
DIRECT BCLR | O,M 11 | M | 2 5
DIRECT BCLR | 1,M 13+ oM 2 5
DIRECT BCLR | 2.M 15 § M 2 5
DIRECT BCLR | 3,M 17 ! 0M i 2 5
DIRECT BCLR | 4,M 19 | M i 2 5
DIRECT BCLR ! 5,M B+ M 2 5
DIRECT BCLR | 6,M D . M 2 5
DIRECT BCLR | 7,M IF | M 5 2 5
Example l
0157 B6 03 LDA CNTRL ** MAKE CONTROL CODE **
0159 A4 FO AND #$FO *
015B BA FF ORA WORK *
015D B7 03 STA CONTRL *
015F 11 03 BCLR 0,CNTRL CLEAR BIT 0,6,7 ABSOLUTELY
0161 1D 03 BCLR 6,CNTRL
0163 1F 03 BCLR 7 ,CNTRL
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Conditional Branch

BCS

BCS (Branch if Carry Set)

| Format I

BCS dd

Condition Codes

Operation

PC < (PC)+0002+Rel if (C)=1

Not affected.

Description

Tests the C-bit state and causes a branch if C is '"1".

Addressing Mode and Number of CPU Cycles

Addressing Mnemonics Operapd Instruction ?ode Nuz?er ggmggg
Mode ' type Byte 1 iByte 2 E Byte 3| bytes cycles
RELATIVE BCS | Rel 25 | Rel | 2 3
1 : :
T v y
: ! !
H i E
' ' i
i - E
Example I
0165 B6 10 LDA VAL1
0167 CB 0600 ADD EXVAL6
016A 25 13 BCS ABNML KETA AGARI
*
016C C7 0600 STA EXVALG6 KETA AGARI NASHI
(
@ HITACHI
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Conditional Branch

PC<+—(PC)+0002+Rel if (Z)=1

BEQ
BEQ (Branch of EQual)
Format Condition Codes
BEQ dd Not affected.
Operation

Description

Tests the Z-bit state and causes a branch if Z is "1".

Addressing Mode and Number of CPU Cycles

38

Addressing Mnemonici Operand InstFuction ?ode Nuzger §¥m2;;
Mode ; type Byte 1 EByte 2 E Byte 3| bytes cycles
RELATIVE BEQ Rel 27 | Rel | 2 3
- ! :
. ! !
: i ;
: E :
: i :
Example I
016F B6 FF LDA WORK
0171 27 18 BEQ AAAA WORK = 0
0173 B1 50 CMP RESULT
0175 27 28 BEQ BBBB WORK = RESULT
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Conditional Branch

BHCC

BHCC (Branch if Half Carry Clear)

I Format I l Condition Codes

BHCC dd Not affected.

Operation

PC ~ (PC)+0002+Rel if (H)=0

I Description

Tests the H-bit state and causes a branch if H is "0".

[7 Addressing Mode and Number of CPU Cycles
Addressing Mnemonici Operand Instfuction ?ode Nug?er g?mggg
Mode | type Byte 1 EByte 2 | Byte 3 bytes cycles
RELATIVE BHCC | Rel 28 | Rel ! 2 3
' ' i
T . :
: 4 !
: ; ;
: : i
! i !
Example I
OTE7 A1 09 CMP #$9
01E9 23 02 BLS DAALOW  $99 ---> INPUT
01EB AE 60 DAAH6 LDX #$60 HIGH NYBLE NEEDS CORRECTION
*
01ED 28 15 DAALOW BHCC  DAAL9
01EF 9F TXA
@ HITACHI
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Conditional Branch

BHCS

BHCS (Branch if Half Carry Set)

| Format I

BHCS dd

[47 Condition Codes ]

Not affected.

Operation

PC « (PC) + 0002 + Rel if (H) =1

Description ]

Tests the H-bit state and causes a branch if H is "1".

Addressing Mode and Number of CPU Cycles

40

ﬁdgreSSing Mnemonici Operand Instfuction ?ode Nu:?er ggmgga
. : type Byte 1 :Byte 2 : Byte 3 bytes cycles
RELATIVE BHCS | Rel 29 | Rel 2 3
Example I
01F0 A1 09 CMP #$9
01F2 23 02 BLS DAALW1 $99 ---  INPUT
01F4 AE 60 DAAH7 LDX #$60 HIGH NYBLE NEEDS CORRECTION
*
01¢6 29 16 DAALW1  BHCS DAALG
01F8 A4 OF AND #$F
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Conditional Branch

BHI

BHI (Branch if HIgher)

| Format Condition Codes AAJ

BHI dd Not affected.

Operation

PC < (PC)+0002+Rel if (C V Z)=0
i.e. if (ACCA) > (M)
(unsigned binary numbers)

Description
Causes a branch if both C-bit and Z-bit are "0".
When the BHI instruction is executed immediately after either CMP or SUB
instruction has been executed, a branch occurs if the minuend represented
by the unsigned binary number (i.e. ACCA) is greater than the subtrahend
represented by unsigned binary number (i.e. M).
[ Addressing Mode and Number of CPU Cycles
. ' Instructi d Number | Number
ﬁgg:eSSlng Mnemonici gpezand 2 ;uc — %9 = of of CPU
' P Byte 1 | Byte 2 ' Byte 3| bytes cycles
RELATIVE BHI | Rel 22 | Rel ! 2 3
i ! i
! E !
' : |
: : :
' , '
! - :
i : 3
[} | '
Example
0177 B6 10 LDA VAL1 .
0179 B1 20 CMP VAL2
017B 22 16 BHI Z1P25 VAL1 > VAL2 (IGNORE SIGN BIT)
*
017D B7 FF STA WORK VALT --> WORK (LOWER OR SAME)
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Conditional Branch

BHS

BHS (Branch if Higher or Same)

| Format

BHS dd

[7 Condition Codes

Not affected.

Operation

PC <« (PC)+0002+Rel if (C)=0

Description

When the BHS instruction is executed after comparing or subtracting
unsigned binary, if causes a branch if the register contents are greater
than or equal to the M contents.

Addressing Mode and Number of CPU Cycles

42

Addressing Mnemonici Operand Instruction ?ode Nuzger ggmggg
Mode ) type Byte 1 fote 2 E Byte 3| bytes cycles
RELATIVE BHS | Rel 24 | Rel | 2 3
: 5 E
E E 5
: i .
' : i
: | :
Example
0100 B6 10 LDA VAL1
0102 B1 20 CMP VAL2
0104 24 16 BHS ZIP26 VALT >= VAL2 [IGNORE SIGN BIT
0106 B7 FF STA WORK VALT ---> WORK (LOWER)
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Conditional Branch

BIH
BIH (Branch if Interrupt line is High) ]
I Format I Condition Codes J
BIH dd Not affected.

Operation

PC < (PC)+0002+Rel
if INT=1 (high)

Description I

Tests the external interrupt pin (INT) state and causes a branch if it is
high.

I Addressing Mode and Number of CPU Cycles
Addressing Mnemonici Operand InstFuction SPde Nuﬂ?er g?mggg
Mode ) type Byte 1 EByte 2 | Byte 3| bytes cycles
RELATIVE BIH | Rel 2F | Rel ! 2 3
: i 5
: E !
| 5 ;
: : :
Example
01C6 2F 04 BIH INTHO INT LINE CHECK
01C8 A6 28 INTLT LDA #$28 OUTPUT DATA = $28
01CA 20 02 BRA NEXT2
01CC A6 FF INTHO LDA #$FF OUTPUT DATA = $FF
01CE C7 06E0  NEXT2  STA PIA OUTPUT
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Conditional Branch

BIL

I BIL (Branch if Interrupt line is Low)

l Format l

BIL dd

[

Condition Codes

Operation

PC < (PC)+0002+Rel if INT=0 (low)

Not affected.

Description

Tests the external interrupt pin (INT) state and causes a branch if it is

44

low.
Addressing Mode and Number of CPU Cycles
itremins | oy | orera | Tizsetion ase | b | Mo
Mode j type Byte 1 EByte 2 E Byte 3| bytes cycles
RELATIVE BIL | Rel 2E | Rel | 2 3

: ! !

4 ] ]

: ! i

: i i

i ! i

y + N
Example I
01D1 2E 04 BIL INTL2  INT LINE CHECK
01D3 A6 45 INTH3  LDA #$45 OUTPUT DATA = $45
01D5 20 02 BRA NEXT4
01D7 A6 00 INTL2  LDA #$0 OUTPUT DATA = $00
01D9 C7 06E0 NEXT4 STA PIA OUTPUT
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Logical Operation

BIT

[ . BIT (BIt Test)

I Format l [7 Condition Codes

H: Not affected.

: Not affected.

N: Set if the most significant bit of
the result of the AND operand is

Operation 1; otherwise cleared.

Z: Set if all the bits of the result
of the AND operand are 0; other-

(ACCA)A\(M) wise cleared.

C: Not affected.

BIT P

—

I Description

Performs the logical AND operation between the ACCA contents and M contents
and modifies the condition codes respectively. The ACCA contents and M
contents are not affected.

[ Addressing Mode and Number of CPU Cycles
Addressing Mnemonicé Operand Inst?uction ?ode Nugger S?ngﬁ
Mode | type Byte 1 iByte 2 | Byte 3| bytes | cycles
IMMEDIATE BIT | #Imm A5 | TImm ! 2 2
DIRECT BIT | M B5 | M ! 2 3
EXTENDED BIT ! M c5 { ME 1 ML 3 4
pere? 0 BVIE BIT ! 0,X F5 L ; 1 3
bR T BYTE — : v
?FFSET BIT i+ Disp,X E5 ' D H 2 4
] ]
OFFSET BIT ! Disp,X D5 + DH ! DL 3 5
Example
0400 B6 10 EVBIT LDA VAL1
0402 A5 F8 BIT #$F8
0404 27 19 BEQ 0K 0 <= BIT ASSIGN (VAL1) <= 7
*
0406 A6 E3 NG LDA #227 SET ERROR NUMBER
0408 CC 0432 JMP ERROR
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Conditional Branch

BLO

L BLO (Branch if LOwer)

| Format I

BLO dd

I Condition Codes AJ

Not affected.

l Operation
N

PC « (PC)+0002+Rel if (C)=1

Description

less than M contents.

BLO is equivalent to BCS.

Causes a branch when executing BLO after compare if register contents are

[ Addressing Mode and Number of CPU Cycles
: Instruction code Number | Number
ﬁdgre351ng Mnemonic Sperand T of of CPU
ode ype Byte 1 'Byte 2 : Byte 3| pytes cycles
RELATIVE BLO Rel 25 Rel 2 3

U SN QU ISP ) N R pUIDE

ISRy R HPED DU PN RO S

Example l

46

0408 B6 10 LDA VAL
040D B1 20 CMP VAL2
040F 25 16 BLO Z1P27 VAL1 < VAL2 (IGNORE SIGN BIT)
*
0411 B7 FF STA WORK VAL1 --> WORK HIGHER OR SAME
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Conditional Branch

BLS

BLS (Branch if Lower or Same)

I Format I [; Condition Codes

BLS dd Not affected.

Operation

PC < (PC)+0002+Rel if (C V Z)=1
i.e. if (ACCA) < (M)

Description

Causes a branch if either C-bit or Z-bit is "1". When the BHI instruction

is executed immediately after either CMP or SUB instruction has been executed,
a branch occurs if the minuend represented by the unsigned binary number

(i.e. ACCA) is less than or equal to the subtrahend represented by unsigned
binary number (i.e. M).

Addressing Mode and Number of CPU Cycles

Addressing Mnemonic§ Operand IHStf“Cti°n ?ode Nuz?er E;mggé
Mode ) type Byte 1 EByte 2 | Byte 3| bytes cycles
RELATIVE BLS | Rel 23 | Rel ! 2 3
: ! !
5 5 i
' i i
i i i
1 " '
Example
0413 B6 10 LDA VAL1
0415 B1 20 CMP VAL2
0417 23 16 BLS ZIP28 VAL1 <= VAL2 1IGNORE SIGN BIT
*
0419 B7 FF STA WORK VAL1 ---> WORK (HIGHER)
GO HITACHI
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Conditional Branch
BMC

I BMC (Branch if interrupt Mask is Clear)

I Format I L, Condition Codes J

BMC dd Not affected.

l Operation

PC « (PC)+0002+Rel if (I)=0

Description

Tests the I-bit state and causes a branch if I is "0".

r Addressing Mode and Number of CPU Cycles
Addressing Mnemonics Operand IHSt£PCtion SOde Nuz?er g??;;E
Mode ) type Byte 1 EByte 2 E Byte 3| bytes cycles
RELATIVE BMC |_Rel 2 | Rel ! 2 3
' 1 i
; ! !
i ' i
[ \ '
Example I
0217 2C 07 BMC MSKOFF INTMSK OFF ?
0219 2E 05 BIL MSKOFF INT LINE LOW ?
021B C6 06EQ LDA PIA READ DATA
021E B7 FF STA WORK
0220 81 MSKOFF RTS
@ HITACHI
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Conditional Branch

BMI

BMI (Branch if MInus)

I Format l

BMI dd

[47 Condition Codes ]

Not affected.

Operation

PC < (PC)+0002+Rel if (N)=1

Description

Tests the N-bit state and causes a branch if N is "1".

l Addressing Mode and Number of CPU Cycles AJ
Addressing Mnemonic E Operand Instruction code Nut;ﬂfaer ggm(t:’;l];
Mode ; type Byte 1 EByte 2 E Byte 3| bytes cycles

RELATIVE BMI | Rel 2B | Rel ! 2 3

! ‘: !

: : :
Example
0425 B6 10 LDA VAL1
0427 2B 16 BMI ZIP29 VALT < 0

*
0429 B7 FF STA WORK VALT =-=> WORK (PLUS)
@ HITACHI
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Conditional Branch

BMS

L BMS (Branch if interrupt Mask is Set)

I Format I

BMS dd

[: Condition Codes

Not affected.

I Operation

PC < (PC)+0002+Rel if (I)=1

Description

Tests the I-bit state and causes a branch if I is '"1".

50

[ Addressing Mode and Number of CPU Cycles
Mode | type Byte 1 iByte 2 1 Byte 3| bytes cycles
RELATIVE BMS | Rel 2D | Rel ! 2 3
[l : :
) : L
: i |
' ' i
T - "
I Example I
0221 2D 01 BMS MSKON1 INTMSK ON ?
0223 81 MSKOF1 RTS NO
0224 2D FD MSKON1 BIL MSKOF1 INT LINE LOW ?
0226 C6 06E0 LDA PIA DATA
0229 B7 FF STA WORK
022B 81 RTS
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Conditional Branch

BNE
I BNE (Branch if Not Equal)
I Format I l, Condition Codes ]
BNE dd Not affected.

Operation

PC « (PC)+0002+Rel if (Z)=0

Description 1

Tests the Z-bit state and causes a branch if Z is "0".
Following a compare or subtract instruction, BNE will cause a branch
if the arguments were different.

l, Addressing Mode and Number of CPU Cycles
Addressing Mnemonics Operand InstFuction ?ode Nuz?er g?mgsg
Mode ; type Byte 1 5Byte 2 E Byte 3 bytes cycles
RELATIVE BNE | Rel 26 | Rel | 2 3
| s i
: 5 :
: g ;
: i i
1 1 :
Example I
020D B6 FF LDA WORK
020F 26 18 BNE ccce WORK NOT = 0
0211 B1 50 CMP RESULT
0213 26 1D BNE DDDD WORK NOT = RESULT
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Conditional Branch

BPL

BPL (Branch if PLus)

| Format

BPL dd

[ﬁ Condition Codes

Not affected.

Operation

PC «(PC)+0002+Rel if (N)=0

Description ]

Tests the N-bit state and causes a branch if N is "0".

Addressing Mode and Number of CPU Cycles

atreig | soemorn | Orecend | mimuciion code ] v | et
Mode , type Byte 1 !Byte 2 ! Byte 3| bytes cycles
RELATIVE BPL | Rel 24 | Rel 2 3
] : :
' ' !
' i i
' : i
| 1 :
Example |
0215 B6 10 LDA VAL1
0217 2A 16 BPL ZIP31 VAL >= 0
*
0219 B7 FF STA WORK VALT ---> WORK (MINUS)
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Unconditional Branch

BRA

BRA (BRanch Always)

‘ Format l

BRA dd

[7 Condition Codes ]

Not affected.

Operation

PC « (PC)+0002+Rel

Description

shown above.

Causes an unconditional branch to the address gain from the operation

Addressing Mode and Number of CPU Cycles

. E 1 Number [ Number
Adgre551ng Mnemonic Operand nstfuction ?ode of of CPU
Mode E type Byte 1 ! Byte 2 j Byte 3| bytes cycles

RELATIVE BRA | Rel 20 | Rel | 2 3
: ! E
T 1 1
: H '
: T :
' : i
! . !
: : ;
Example l

0100 Cé6 0500 LDA EXVAL5

0103 B7 50 STA RESULT

0105 20 1E BRA ENDO1 BRANCH TO ENDO1 ALWAYS

*
0107 CHECK8 EQU *
@ HITACHI
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Conditional Branch

BRCLR

BRCLR (BRanch if bit n is CLeaR)

| Format I

BRCLR n, DR, dd

[ﬁ Condition Codes

H: Not
I: Not
N: Not

Z: Not

Operation

PC < (PC)+0003+Rel if (Mn)=0

C: Set

affected.
affected.
affected.
affected.

if (Mn)=1; otherwise reset.

Description

Tests the bit n (n =
contents of Mn are '"0".

0 through 7) of M and causes a branch if the

Addressing Mode and Number of CPU Cycles
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. E Instructi d Number Number
ﬁggze331ng Mnemonic: gpezand = :uc ~on %o ° of of CPU
' yP Byte 1 ! Byte 24: Byte 3 bytes cycles
RELATIVE BRCLR i 0,M,Rel 01 : M ! Rel 3 5
RELATIVE BRCLR ! 1,M,Rel 03 | M i Rel 3 5
RELATTVE BRCLR ' 2,M,Rel 05 | M | Rel 3 5
RELATIVE BRCLR ! 3,M,Rel 07 ! M 1| Rel 3 5
RELATIVE BRCLR ! 4,M,Rel 09 + M I Rel 3 5
RELATTIVE BRCLR ! 5,M,Rel 0B : M | Rel 3 5
RELATIVE BRCLR ! 6,M,Rel o i M i Rel 3 5
RELATIVE BRCLR | 7,M,Rel OF | M ! Rel 3 5
Example I
0107 B6 03 LDA CNTRL ** SET CONTROL CODE **
0109 A4 OF AND #$0F
010B BA FF ORA WORK
010D B7 03 STA CNTRL
* ** ACTION **
010F 09 03 17 BRCLR 4 ,CNTRL ,ENGINE
0112 OF 03 28 BRCLR 7 ,CNTRL ,GASCHK
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Unconditional Branch

BRN
[47 BRN (BRanch Never)
l Format | [ Condition Codes
BRN dd Not affected.
Operation

PC < (PC)+0002

[7 Description 1

It does not cause a branch. BRN, which requires 2-byte and 3 cycle
long, is the inverse of BRA. This instruction is sometimes available
for debugging program.

[ Addressing Mode and Number of CPU Cycles
Addressing Mnemonici Operand Instruction code Nu:?er §¥mg§§
Mode ' type Byte 1 EByte 2 | Byte 3 bytes cycles
RELATIVE BRN | Rel 21 | Rel ! 2 3
; : :
: : H
! ! ;
: i |
] 1 ‘l
I Example l
0115 EF 04 STX 4.X
*
0117 21 FE BRN * ** DELAY **
0119 21 FE BRN *
011B 21 FE BRN *
011D 21 FE BRN *
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Conditional Branch

BRSET

3

BRSET (BRanch if bit n is SET)

I Format I'

BRSET n, DR, dd

Operation

PC « (PC)+0003+Rel if (Mn)=1

[7 Condition Codes

Not affected.
Not affected.
Not affected.
Not affected.
Set

QONZHD

if (Mn)=1; otherwise reset.

Description

Tests the bit n (n =0
Mn contents are "1".

through 7) of M, and causes a branch if the

=

56

Addressing Mode and Number of CPU Cycles
Addressing Mnemonici Operand Instfuction ?ode Nuzzer gzmggz
. , type Byte 1 iByte 2 . Byte 3 bytes cycles
s ! i
RELATIVE BRSET | 0,M,Rel 00 i\ M | Rel 3 5
RELATIVE BRSET 1 1,M,Rel 02 ! M | Rel 3 5
RELATIVE BRSET ! 2,M,Rel 04 ¢ M 1 Rel 3 5
RELATIVE BRSET 53,M,Re1 06 3 M E Rel 3 5
RELATIVE BRSET ! 4,M,Rel 08 | M | Rel 3 5
RELATIVE BRSET ! 5,M,Rel 0OA 4 M i Rel 3 5
RELATIVE BRSET ! 6,M,Rel oc i M i Rel 3 5
RELATIVE BRSET ! 7,M,Rel OE + M | Rel 3 5
Example I

011F B6 03 LDA CNTRL ** SET CONTROL CODE **

0121 A4 8E AND #$8E

0123 BA FF ORA WORK

0125 B7 03 STA CNTRL

* *x ACTION **
0127 00 03 17 PROC1 BRSET 0,CNTRL,OIL
012A OE 03 28 PROC2 BRSET 7 ,CNTRL ,GAS
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Bit Control

BSET

BSET (Bit SET bit n)

I Format I

BSET n,DR

L

Condition Codes

Operation

Mn < 1

Not affected.

[AiDescription

Sets the bit n (n =0

through 7) of M.

All other bits are unaffected.

Addressing Mode and Number of CPU Cycles ]
Addressing MnemonicE Operand Inst;uction ?ode Nuzzer E?mgss
Mode ' type Byte 1 iByte 2 | Byte 3| pytes cycles
: ! 1
DIRECT BSET | O,M 10 | M 2 5
DIRECT BSET ! 1,M 12 1 M ; 2 5
DIRECT BSET ! 2,M 14 ¢ M ' 2 5
DIRECT BSET f 3,M 16 | M i 2 5
DIRECT BSET i 4,M 18 4 M 2 5
DIRECT BSET | 5,M A oM 2 5
DIRECT BSET ! 6,M ic 1 oM 2 5
DIRECT BSET ! 7,M 1E | M : 2 5
Example l
0100 B6 50 LDA RESULT
0102 2A 04 BPL PLUS
* (MINUS)
0104 14 03 BSET 2,CNTRL
0106 16 FF BSET 3,WORK
0108 PLUS EQU *
0108 B6 20 LDA VAL?2
@ HITACHI
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Subroutine Control

BSR

BSR (Branch to SubRoutine)

| Format |

BSR dd

[7 Condition Codes

Not affected.

Operation

PC
Msp
Msp
PC

A4 4t

(PC)+0002
(PCL), SP <+ (SP)-0001
(PCH), SP <« (SP)-0001
(PC)+Rel

Description

The program counter is increased by "2".
(8-bits) of the program counter contents are pushed onto the stack.
Then, stackpointer is decreased by "1".
(6-bits) of the program counter contents are pushed onto the stack,
then stackpointer is decreased by "1".
address specified by the program counter.

The less significant bites
The more significant bits

Then a branch occurs to the

Addressing Mode and Number of CPU Cycles
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Addressi . E 0 Instruction cod Number | Number
Mode ssing Mnemonlc: tg;zand ™ ?0 ° of of CPU
| Byte 1 ! Byte 2 ! Byte 3| bytes cycles
RELATIVE BSR ! Rel AD | Rel | 2 5
' | i
: ] l'
' . !
: ! |
E 3 i
1 f 1
Example I
0T0A A6 3B LDA #$3B ACCA = INTERFACE (0011 1011)
010C AD 18 BSR HAND
*
010E A6 1E LDA #$1E ACCA = INTERFACE (0001 1110)
0110 AD 28 BSR FING
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Bit Control

CLC

CLC (CLear Carry)

l Format I

]

Condition Codes ]

H: Not affected.
cLe I: Not affected.
N: Not affected.
Z: Not affected.
Operation C: Reset.
C+«0

Description 4]

Resets the carry bit C in the condition code register.

Addressing Mode and Number of CPU Cycles

. ? Instructi d Number | Number
ﬁggze331ng Mnemonic gperand = fuc == ?0 = of of CPU
| type Byte 1 iByte 2 . Byte 3| pytes cycles
IMPLIED cLc | 98 | i 1 1
: E !
: | :
; : :
I Example I
0100 26 F8 BNE CHK83
0102 B7 50 STA RESULT
0104 98 CLC RETURN CODE SET 'OK'
0105 81 RTS
*
*
@ HITACHI
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Bit Control

CLI

3

CLI (CLear Interrupt mask)

I Format I

I Condition Codes

CLI H: Not affected.
I: Reset.
N: Not affected.
Z: Not affected.
Operation C: Not affected.
I<«0
Description

Resets the interrupt mask bit in the processor condition code register.

This enables the microprocessor to service interrupts that occurred

through an interrupt request from peripheral equipment.

Addressing Mode and Number of CPU Cycles
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A . E Inst ti d Number | Number
Mggzess1ng Mnemonic: ngzand ns fuc ion ?o e of of
| Byte 1 | Byte 2 ! Byte 3| bytes cycles
IMPLIED CLI | 9A | ! 1 2
T 2 i
[ . :
! ,: !
| s :
! i 5
Example I
01FA 9B SEI INTERRUPT DISABLE
01FB 9C RSP RESET STACK POINTER
01FC CD 06F0 JSR SYSINZ SYSTEM INITIALIZE
O1FF 9A CLI INTERRUPT ENABLE
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Arithmetic Operation

CLR
[ CLR (CLeaR)
| Format l I Condition Codes
CLR Q H: Not affected.
CLR A I: Not affected.
CLR X N: Reset.
X Z: Set.
Operation C: Not affected.
IX <« 0
or
ACCA < 0
or
M « 0

l Description

The contents of IX, ACCA or M are replaced with "0".

[ Addressing Mode and Number of CPU Cycles /
: E Instruction code Number | Number
ﬁdgressmg Mnemonic ! gpem“d . : of of CPU
ode , type Byte 1 ! Byte 2 ' Byte 3| bytes cycles
ACCUMULATOR CLR | A 4F ! 1 2
INDEX REG. CLR 1 X 5F_| ! 1 2
DIRECT CLR | M 3F | M 2 5
TRDEXED 0 BYTE T : y
OFFSET CLR i 0,X 7F ! 1 5
INDEXED 1 BYTE [ ' !
OFFSET CLR : DlSp > X 6F H D : 2 6
' ' H
i '
Example
* ** INITIALIZE **
0106 3F 07 CLR PNTR
0108 3F 08 CLR PNTR+1
010A 7F CLR 0,X
010B 4F CLR A
@ HITACHI
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Comparison and Test
CMP

I CMP (CoMPare)

l Format I [ Condition Codes

H: Not affected.
CHP P : Not affected.
N: Set if the most significant bit of

the result of the subtraction is

Operation "1"; otherwise reset.
Z: Set if the result of the subtraction
. is 0; otherwise reset.

C: Set if the absolute value of memory
(acca)-(n is greater than that of the
accumulator; otherwise reset.

—

Description

Compares the ACCA contents with M contents, and affects the condition
codes that can be referred to by conditional branch instructions.
Both operands are unaffected.

[ Addressing Mode and Number of CPU Cycles
; : Instruction code Number | Number
ﬁgg:e331ng Mnemonici gpe:and T T of of CPU
TP Byte 1 i Byte 2 1 Byte 3| bytes cycles
IMMEDIATE CMP i #Tmm Al | Imm | 2 2
N []
DIRECT CMP | M BL | M ! 2 3
EXTENDED cMP ! M cL | MAE i ML 3 4
TNDEXED 0 BYTE o o x —— : . ;
QFFSET ‘
INDEXED T BYTE — ' T
OFFSET cMP 1 Disp,X El ¢ D . 2 4
TNDE, i
orpenn - CYIE CMP  !Disp,X DL | DH ! DL 3 5
H ' '
1 -+ !
: : :
't 1 1)

Example l

0110 E6 07 LDA PNTR, X
*

0112 AT 41 CMP #'A

0114 27 1A BEQ SECTA ACCA = 'A?
0116 A1 42 CMP #'B

0118 27 2A BEQ SECTB ACCA = 'B'
011A 20 FO BRA INPUT

@ HITACHI
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Logical Operation

COM
COM (COMplement) ]
Format [7 Condition Codes ]
ggg 2 H: Not affected.
CoM X I: Not affected.
N: Set if the most significant bit of
the result is "1"; otherwise
Operation cleared.
Z: Set if the result is "0"; otherwise
IX « (TX) =$FF-(IX) c. gZiet'
or : -
ACCA + (ACCA) = SFF-(ACCA)
or

M+ (M) = $FF-(M)

LgiDescription 4]

Replaces the contents of ACCA, IX or M with its 1's complement.

L, Addressing Mode and Number of CPU Cycles
] E Inst ti d Number Number
32326351ng Mnemonic: Spe:and e ruc ~on %o ° of of CPU
[ P Byte 1 'Byte 2 ! Byte 3| pytes cycles
ACCUMULATOR coM i A 43 1 i 1 2
INDEX REG. coM 1 X 53 ! 1 2
DIRECT coM ! M 33 8 0M 2 5
é‘;ﬁiﬁn 0 BYTE COM : 0,X 73 ' 1 5
INDEXED 1 BYTE ' \ '
OFFSET COM y Disp,X 63 D ! 2 6
1 A !
Example I
; *
011C SUBIN  EQU *
011C 5C INC X
011D E6 07 LDA PNTR, X
011F 43 COM A MODIFY DATA (REVERSE)
0120 81 RTS
*
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Comparison and Test

CPX

CPX (ComPare indeX register)

l Format |

Condition Codes 44]

CPX P H: Not affected.
I: Not affected.
N: Set if the most significant bit of
the result is "1"; otherwise reset.
I Operation Z: Set if the result is "0"; otherwise
‘ reset.
C: Set if the absolute value of the
(IX)-(M) contents of the memory is greater
than that of the contents of IX;
otherwise reset.
Description

Compares the IX contents with M contents. The condition code can be
collated by means of the next conditional branch instruction. Both
operands are unaffected.

Addressing Mode and Number of CPU Cycles
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ﬁgg:eSSing Mnemonicg Spe:and Inst;uction ?ode Nuzger gzmggé
f yP Byte 1 | Byte 2 1 Byte 3| bytes cycles
IMMEDIATE CPX i #Imm A3 | Imm ! 2 2
DIRECT CPX | M B3 | M 2 3
EXTENDED CPX ! M c3 f MH 1 ML 3 4
["INDEXED O BYTE PX ' 0.x - ! ! 1 3
%EEEET [} rY ' [l
_gzzégn P CPX fDisp,X E3 j D E 2 4
INDEXED 2 BYTE i : .
OFFSET CPX 1 Disp,X D3 DH ! DL 3 5
Example
0121 A6 CC LDA #$CC ACCA = INTERFACE TO CR OR LF
0123 BE 07 LDX PNTR
0125 A3 0D CPX #$0D
0127 27 18 BEQ CR CARRIAGE RETURN
0129 A3 0A CPX #$0A
012B 27 28 BEQ LF LINE FEED
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Arithmetic Operation
DAA
[7 DAA (Decimal Adjust Accumulator)
I Format I Condition Codes
H: Not affected.
DAA e
I: Not affected.
N: Set if the most significant bit of
result is "1"; otherwise reset.
Operation Z: Set if the result is "0", other-
wise reset.
C: Set or reset with the rule under
Convert binary Add result which DAA and its previous ABA,
into Binary Coded Decimal (BCD). ADD and ADC is converted into BCD.
Description
Bit Condition|Lower [Early |Lower |Value added |[Bit condition| Add 00, 06, 60
of bit C 4 bits|H bit |4 bits|to ACCA by of bit C 66 (heradecimal)
before DAA (bit (Half | (bit DAA execution|before DAA to ACCA according
execution 4~ 7)|Carry)] 0~v3)| (hexadecimal) [execution to the table
0 0-9 0 0-9 00 0 shown left.
° P e o ’ If the BCD Add
0 A-F 0 0-9 60 1 result by ADD and
0 9-F 0 A-F 66 1 ADC instruction
0 ar | 1 0-3 ce 1 is in ACCA, bit
0 0-2 | o 0-9 60 1 € or bit H, DAA
0 0-2 0 A-F 66 1 executes above
0 0-3 | 1 0-3 66 1 function.
Addressing Mode and Number of CPU Cycles J
Addressing ! Operand Instruction code Number | Number
Mod Mnemonic tvpe T T of of CPU
]
€ VP Byte 1 !Byte 2 : Byte 3| pytes cycles
' | '
IMPLIED DAA 1 8D H 1 2
1 1
; : :
¥ ] ]
1 1 '
[ M -
! ! !
' ' :
] H 0
: ! :
] 1
: : :
)
i E g
1 ]
H H i
I Example I
- @HITACHI
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The C-bit is not affected.

Arithmetic Operation
DEC
DEC (DECrement)
Format Condition Codes
DEC Q H: Not affected.
DEC A I: Not affected.
DEC X N: Set if the most significant bit of
the result is "1"; otherwise reset.
Z: Set if the result is "0"; otherwise
Operation reset
C: Not affected.
IX < (IX)-01
or
ACCA + (ACCA)-01
or
M <+« (M)-01
Description

Subtracts "1" from the contents of ACCA, IX or M.
N and Z bits are set and reset according to the result of this operation.

l Addressing Mode and Number of CPU Cycles
Koorereins | oonge | Operand | Imatrustion code | Wober | R
Mode , type Byte 1 EByte 2. Byte 3| pytes cycles
ACCUMULATOR DEC | A LA ) | 1 2
INDEX REG. DEC | X sA | ; 1 2
DIRECT DEC ' M 3 0 0M 2 5
[INDEXED 0 BYTE ' | :
OFFEET DEC i 0,X 7A ! 1 5
mFst P DEC : Disp,X 6A . D | 2 6
' ! ;
i i |
E : 5
Example * ** MOVE **
012D 4A LOOP23 DEC A
012E 2B 07 BMI NEXT
0130 FE LDX 0,X *
0131 DF 0100 STX $100,X *
0134 5C INC X
0135 20 Fé BRA LOOP23
%*
0137 NEXT EQU *
@ HITACHI
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Logical Operation

EOR

[7 EOR (Exclusive OR)

l Format I [ Condition Codes

H: Not affected.

EOR P I: Not affected.
N: Set if the most significant bit of
the result is "1"; otherwise reset.
Operation Z: Set if the result is "0"; otherwise

reset.
C: Not affected.

ACCA + (ACCA) ® (M)

[7 Descriptiongg]

Performs the logical EXCLUSIVE OR between the ACCA contents and M
contents and stores the result into ACCA.

[ﬁ Addressing Mode and Number of CPU Cycles AJ
Addressing | Operand Instruction code Number | Number
Mod Mnemonic: c v T of of CPU

ode , Ipe Byte 1 ! Byte 2 1 Byte 3| bytes cycles
IMMEDTATE EOR | #Imm A8 |  Tmm ! 2 2
> : !
DIRECT EOR . M B8 ¢ M ! 2 3
EXTENDED EOR ' M c8 ! MH | ML 3 4
INDEXED O BYTE ! . !
OFFSET EOR ' 0,X F8 ' ! 1 3
INDEXED I BYTE T H .
OFFSET EOR : DlSp ,X E8 ] D : 2 4
TNDEXED 2 BYTE [ ) ]
OFFSET, EOR y Disp,X D8 DH | DL 3 5
; : :
L I
: : !
1 1 |

I Example I

* ** ARRANGE CONTROL CODE **
0137 B6 03 LDA CNTRL XXXX XXXX
0139 A8 99 EOR #$99 1001 1001
013B B7 03 STA CNTRL
013D 20 14 BRA ACTO1
@ HITACHI
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Arithmetic Operation
INC

INC (INCrement)

I Format I Condition Codes

igg 2 H: Not affected.
INC X I: Not affected.
N: Set if the most significant bit of
the result is "1"; otherwise reset.
l Operation Z: Set if the result is "0"; otherwise
reset.

IX « (IX)+01 C: Not affected.

or

ACCA + (ACCA)+01
or

M < (M)+01

Description

Adds "1" to the contents of ACCA, IX or M.
N and Z bits are set or reset according to the result of this operation.
The C bit is not affected.

[7 Addressing Mode and Number of CPU Cycles
Addressing Mnemonici Operand Instruction code Nuﬁger g?mgsg
Mode ! type Byte 1 EByte 2 | Byte 3 bytes cycles
ACCUMULATOR INC | A 4C ! 1 2
INDEX REG. NG | X 5¢ | | 1 2
DIRECT IN ! M 3¢ L M 2 5
[~ INDEXED O BYIE T T ! \ S
S T BT L 0.% e r ;
OFFSET INC i Disp,X 6C D ! 2 6
1 ) ]
Example
0100 4cC LOOP3  INC A *
0101 A1 64 CMP #100
0103 22 1B BHI EXIT CHECK COUNTER (100 TIMES)
0105 FE LDX 0,X
0106 DF 0300 STX $300,X MOVE
0109 5C INC X *
010A 20 F4 BRA LOOP3
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Conditional Branch

JMP
I IMP (JuMP)
I Format I [7 Condition Codes
JMP P Not affected.

Operation

PC « EA

[ﬁ Description ]

A jump occurs to the instruction stored at the effective address. The
effective address is obtained according to the rules for EXTended, DIRect
or INDexed addressing.

L Addressing Mode and Number of CPU Cycles
. i Inst ti d Number Number
ﬁ:gzess1ng Mnemonic: Spezand = ruc 1on4%9 = of of CPU
, P Byte 1 ! Byte 2 : Byte 3| bytes cycles
DIRECT M LM BC | M | 2 2
EXTENDED M LM cc ! oM 3 3
roE 0 e we | o | v i L
INDEXED 1 BYTE ! : i
OFFSET JMP , Disp,X EC D ! 2 3
TNDEXED 2 BYTE 0 H "
OFFSET JMP y Disp,X DC DH ! DL 3 4
1 M '
l Example l
010C B6 10 LDA VAL1
010E C7 0500 STA EXVAL5
0111 B6 20 LDA VAL2
0113 C7 0600 STA EXVAL6
0116 CC 0333 JMP END90 GO TO END-ROUTINE
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Subroutine Control

JSR

I

JSR (Jump to SubRoutine)

l Format I

JSR P

[7 Condition Codes 1

Not affected.

Operation

Note)
PC «
Msp <
Msp <
PC <«

(PC)+n

EA

(PCL), SP < (SP)-0001
(PCH), SP < (SP)-0001

Description

instruction code.

MPU cycles shown below.

The program counter is increased by 'n
then pushed onto the 2-byte stack.
A jump occurs to the specified address.

The effective address is obtained according to the rules for EXTended,
DIRect or INDexed addressing.

Note)
"n"in the addressing mcde,
And the stack point is apdated.

Note) n is equal to 1, 2 or 3, according to the number of bytes in the
Refer to the addressing code and the number of

Addressing Mode and Number of CPU Cycles
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aicessing | ppomonge | Orana | _nstrction coge | Vomber | o
ode ; type Byte 1 | Byte 2 ! Byte 3| bytes cycles
DIRECT JSR__ i M BD { M| 2 5
EXTENDED JSR I M co { ME | ML 3 6
ompereD O BYTE JSR ! 0,X FD | | 1 5
‘Tﬁﬁ%XED 1 BYTE T H !
| OFFSET JSR » Disp,X ED . D ! 2 5
INDEXED 2 BYTE ! ' !
QFFSET JSR 1 Disp,X DD DH ! DL 3 6 |
Example I
' * ** MAIN ROUTINE **
0119 START  EQU *
0119 CD 0407 JSR INTRTN INITIALIZE
011C CD 04E5 JSR KBRTN INPUT FROM KEY-BOARD
011F CD 03AD JSR ANARTN ANALYSE
0122 CD 053C JSR PRCRTN PROCESS
0125 CC 06CB JMP ENDRTN END
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Load & Store

LDA

LDA (LoaD Accumulator)

I Format |

Condition Codes

H: Not affected.
L
DA P I: Not affected.
N: Set if the most significant bit of
the result is "1"; otherwise reset.
Operation Z: Set if the result is "0"; other-
wise reset.
C: Not affected.
ACCA < (M)
Description
Loads the contents of memory into the accumulator.

Addressing Mode and Number of CPU Cycles

Addressing Mnemonics Operand IHSCEuCtion ?ode Nuzger E?mgss
Mode , type Byte 1 EByte 2 E Byte 3| bytes cycles
IMMEDIATE LDA | #Imm A6 | Imm | 2 2
DIRECT LDA | M B6 | M i 2 3
EXTENDED LDA ! M C6 ! MH i ML 3 4
TNDEXED O BYTE DA 1 0.% F6 4 : 1 3
I DRRED T BYTE I T v
QFFSET LDA  Disp,X E6 D ! 2 4
—INDEXED Z BYTE T X V
OFFSET LDA : DlSp ’ X D6 ! DH H DL 3 5
F —
) ' H
: : ;
Example l
0128 B6 10 LDA VAL1
012A B7 FF STA WORK
012C F6 LDA 0,X
012D B7 50 STA RESULT
012F A6 FF LDA #$FF
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Load & Store

LDX

LDX (LoaD indeX register)

l Format I

LDX P

[j Condition Codes

]

H:
I:
N:

Operation

IX <« (M)

Not affected.
Not affected.

Set if the most significant bit of
IX is "1"; otherwise reset.

: Set if all the bits of IX of the

result are "0"; otherwise reset.

: Not affected.

Description ]

Loads the M contents into IX.

The condition code is set according
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to data.
l Addressing Mode and Number of CPU Cycles
; E Instruction code Number | Number
Addressing Mnemonic | Operand : : of of CPU
Mode ) type Byte 1 ! Byte 2 . Byte 3| pytes cycles
IMMEDTATE LDX | #Imm AE | Tmm | 2 2
; : .
DIRECT DX .+ M BE ! M ! 2 3
EXTENDED LDX ' M CE { MH | ML 3 4
“INDEXED O BYTE T T i
OFFSET LDX ! 0,X FE ! ; 1 3
INDEXED 1 BYTE ' 1 '
OFFSET LDX y Disp,X EE D ! 2 4
INDEXED 2 BYTE T f )
OFFSET LDX H Disp , X DE ! DH : DL 3 5
] : :
: : T
I Example I
0131 BE 10 LDX VAL
0133 BF FF STX WORK
0135 FE LDX 0,X
0136 BF 50 STX RESULT
0138 AE FF LDX #$FF
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Shift & Rotation
LSL

LSL (Logical Shift Left)

| Format I [ Condition Codes

LSL Q H: Not affected.
LSL A I: Not affected.
LSL X N: Set if the most significant bit of

the result is "1"; otherwise reset.
Z: Set if the result is "0"; otherwise
reset.
C: Set if the least significant bit of
ACCA, IX or memory is "1" before

execution of an instruction;
('__ ‘ 0

Operation

otherwise reset.

b1 b0

l Description

Shifts the contents of ACCA, IX or M 1l-bit to the left. The bit 0 is
loaded with "0". The carry bit C is loaded with the most significant
bit of ACCA, IX or M.

Addressing Mode and Number of Cycles
! Instruction code Number | Number
ﬁdgressing Mnemonic 1 Operand T T of of CPU
ode ) type Byte 1 !Byte 2 . Byte 3| pytes cycles
ACCUMULATOR LSL i A 48 | : 1 2
+ i ]
INDEX REG. LSL X 58 ! 1 2
DIRECT ISL ! M 38 1 M 2 5
TNDEXED 0 BYTE T '
OFFSET LSL | 0,X 78 | ; 1 5
INDEXED 1 BYTE v ! '
OFFSET LSL \Disp,X 68 ' D ! 2 6
5 ! i
: : :
H E :
Example I
013A 38 FF LSL WORK *% MULTIPLY X 8 **
013C 38 FF LSL WORK
013E 38 FF LSL WORK
G HITACHI
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Shift & Rotation

LSR

LSR (Logical Shift Right)

| Format I | Condition Codes

LSR Q H: Not affected.
LSR A I: Not affected.
LSR X N: Reset.
Z: Set if the result is "0"; otherwise
Operation reset.
C: Set if the least significant bit of

ACCA, IX, or memory is "1" before
execution of an instruction;

otherwise reset.
o= -7

bs . bo

Description

Shifts the contents of ACCA, IX or M 1-bit to the right. The bit 7 is
loaded with "0". The carry bit C is loaded with the least significant
bit of ACCA, IX or M.

L k Addressing Mode and Number of CPU Cycles
; E Instruction code Number | Number
Addressing Mnemonic | Operand : : of of CPU
Mode | type Byte 1 iByte 2 : Byte 3| bytes cycles
ACCUMULATOR LSR | A 4h 1 ! 1 2
INDEX REG. LSR 1 X 54 : 1 2
DIRECT ISR ! M 3 1 M 2 5
orvennl O BYTE LSR | 0,X 74 | ! 1 5
[TINDEXED 1 BYTE N — 0
OFFSET LSR , Disp,X 64 D ! 2 6
\ ! :
: : ;
: : :
Example -|
0140 34 FF " LSR WORK ** DIVIDE / 16 **
0142 34 FF LSR WORK
0144 34 FF LSR WORK
0146 34 FF LSR WORK
GO HITACHI
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Arithmetic Operation

NEG
L NEG (NEGate)
I Format I [ﬁ Condition Codes 41
NEG Q H: Not affected.
NEG A I: Not affected.
NEG X N: Set if the most significant bit of
the result is "1"; otherwise reset.
Operation Z: Set if the result is '"0"; otherwise
reset.
IX « (IX)=00-(IX) C: Set if a borfow occurs; otherwise
or reset. Set if the contents of
ACCA < (ACCA)=00-(ACCA) ﬁgEA, IX or Memory are other than
or .
M <« (M)=00-(M)
Description
Replaces the contents of ACCA, IX or M with its two's complement, and
stores ACCA or IX contents into M contents. Note that $80 (-128) is
unaffected.
[ Addressing Mode and Number of CPU Cycles ]
; ! Instruction code Number | Number
ﬁdgres51ng Mnemonic 1 gperand T T of of CPU
ode , IPe Byte 1 !Byte 2 1 Byte 3| bytes cycles
ACCUMULATOR NEG i A 40 | ! 1 2
Ty 1
INDEX REG. NEG | X 50 : 1 2
DIRECT NEG ! M 30 1 M 2 5
INDEXED O BYTE i T [
OFFSET NEG H 0,X 70 ! 1 5
INDEXED 1 BYIE T T 0
OFFSET NEG y Disp,X 60 D ! 2 6
: ' :
i !
1 i T
E 5 :
l Example I
* CHECK RANGE (RELATIVE ADDRESSING)
0148 A1 81 CMP #129 CHECK RANGE
0T4A 24 44 BCC BERROR * BRANCH ERROR
014C 40 NEG A OFFSET
014D 20 14 BRA SET
*
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Unconditional Branch

NOP

NOP (No OPeration)

| Format |

NOP

’ Condition Codes

|

Not affected.

| Operation

Description

Other registers are unaffected.

This is a single-byte instruction which only causes the program
counter to be increased.

Addressing Mode and Number of CPU Cycles

76

Addressing Mnemonici Operand InSthCtion ?ode Nuzger E?mggﬁ
Mode ' type Byte 1 iByte 2 E Byte 3| bytes cycles
IMPLIED NOP | 9D . E 1 1
; E !
: | i
! B ;
: i ]
I Example |
014F 9D NOP ** DELAY **
0150 9D NOP
0151 9D NOP
0152 9D NOP
0153 9D NOP
0154 9D NOP
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Logical Operation

ORA

ORA (inclusive OR)

| Format I [47 Condition Codes A41

H: Not affected.
ORA I: Not affected.
N: Set if the most significant bit of
the result is "1"; otherwise reset.
Z: Set if all the bits of the result
Operation are "0"; otherwise reset.
C: Not affected.

ACCA < (ACCA)v (M)

Description
Performs logical OR between ACCA contents and M contents, and stores
the result into ACCA.
l Addressing Mode and Number of CPU Cycles
] 1 . Numb Numb
ﬁdgre551ng Mnemonic | Operand Insgfuctlon sode uzfer o?mcgg
ode ! type Byte 1 ! Byte 2 E Byte 3| pytes cycles
IMMEDIATE ORA | #Imm AA | Tom ] 2 2
DIRECT ORA I+ M BA | M | 2 3
EXTENDED ORA . M ca i oME 1 ML 3 4
~INDEXED O BYIE i T i
OFFSET ORA i 0,X FA . : 1 3
INDEXED I BYTE 1 T '
OFFSET ORA  Disp,X EA ! D H 2 4
INDEXED 2 BYIE 1 f '
OFFSET ORA ; Disp,X DA DH | DL 3 5
i —
Example I
0155 25 06 BCS SKIP
*
0157 ADCN EQU * *% ADDITION CONTROL BIT **
0157 A6 14 LDA #$14 0001 0100
0159 BA 03 ORA CNTRL
0158 B7 03 STA CNTRL
015D SKIP EQU *
@ HITACHI
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Shift & Rotation

ROL

ROL (ROtate

Left)

| Format I

ROL Q
ROL A
ROL X

Condition Codes

Operation

(-

gt

bq

bo

Z -

: Set

: Not affected.
: Not affected.
if the most significant bit of

the result is "1"; otherwise reset.
Z: Set of all the bits of the result
are "0"; otherwise reset.

C: Set

if the ACCA, IX, or the most

significant bit of the memory is

Hl"
’

before execution of an

instruction; otherwise reset.

Description

Shifts the contents of ACCA, IX or M 1-bit to the left.
loaded with the carry bit C, while the carry bit C is loaded with the
most significant bit of ACCA, IX or M.

The bit 0 is

78

Addressing Mode and Number of CPU Cycles
. E Inst ti d Number Number
ﬁggze831ng Mnemonic gperand - fuc = ?O ° of of CPU
, Pe Byte 1 !Byte 2 : Byte 3| pytes | cycles
ACCUMULATOR ROL |, A 49 | ; 1 2
INDEX REG. ROL + X 59 ! i 1 2
DIRECT ROL ! M 39 1 M, 2 5
[ INDEXED O BYTE i H !
TNDEXED 1 BYTE i T 0
OFFSET ROL 1 Disp,X 69 D ! 2 6
' ! ]
: : 5
:‘ H !
Example * ** REPEAT ACTION FOLLOWING CNTRL **
015D 98 CLC
015E REPEAT EQU *
015E 39 03 ROL CNTRL
0160 25 05 BCS ACTION  ACTION & REPEAT OR ESCAPE
0162 9D NOP *
0163 9D NOP ** DELAY **
0164 9D NOP *
0165 20 F7 BRA REPEAT
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Shift & Rotation
ROR

ROR (ROtate Right)

| Format I [ﬁr Condition Codes 4]

ggg 2 H: Not affected.
I: Not affected.
ROR X

N: Set if the most significant bit of
the result is "1"; otherwise reset.

Operation Z: Set if all the bits of the result
are "0"; otherwise reset.

C: Set if the ACCA, IX, or the least
significant bit of Memory is "1";

otherwise reset.
{c

b1 bO

Description

Shifts the contents of ACCA, IX or M one bit to the right. The bit 7 is
loaded with the carry bit C, while the bit 0 is loaded with the carry bit

C.
Addressing Mode and Number of CPU Cycles ]
; : Instruction code Number | Number
ﬁ:g;e881ng Mnemonici gpe;and T T of of CPU
;, YP Byte 1 ! Byte 2 1 Byte 3| bytes cycles
ACCUMULATOR ROR | A 46 | ! 1 2
N [
INDEX REG. ROR 1 X 56 ! ! 1 2
DIRECT ROR ' M 36 1 M, 2 5
TNDEXED 0 BYTE : T g
o ROR | 0,X 76 | ; 1 5
INDEXED 1 BYTE 0 : v
OFFSET ROR ; Disp,X 66 ! D ! 2 6
' ' :
' H [
: ; :
1 i
: : i
- 1 1
Example
I P I * ** REPEAT ACTION FOLLOWING CNTRL *=*
0167 98 CLC
0168 REPT1 EQU *
0168 36 03 ROR CNTRL
016A 25 05 BCS ACTN1 ACTION & REPEAT OR ESCAPE
016C 9D NOP *
016D 9D NOP ** DELAY **
016E 9D NOP *
016F 20 F7 BRA REPT1
@ HITACHI
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Stack Pointer Operation

RSP

RSP (Reset Stack Pointer)

I Format l

RSP

[47 Condition Codes

]

5

Operation

SP <« SFF

Not affected.

Description

Resets the stack pointer to the top ($FF) of the stack.

Addressing Mode and Number of CPU Cycles

80

. E Inst : d Number Number
ﬁgg:ess1ng Mnemonic: gggzand ns fuctlon ?o e e of OBl
, Byte 1 !Byte 2 ! Byte 3| bytes cycles
IMPLIED RSP | 9¢ | E 1 2
: ! E
T ) ]
: ! '
: 5 ;
' ' i
v ' '
I Example I
0200 9B SEI INTERRUPT DISABLE
0201 9C RSP RESET STACK POINTER
0202 CD 06F0 JSR SYSINZ SYSTEM INITIALIZE
0205 9A CLI INTERRUPT ENABLE
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Interrupt Control

RTI

RTI (ReTurn from Interrupt)

| Format I [ Condition Codes ]

RTI Recovers the state saved
onto the stack.

Operation

SP « (SP)+0001, CCR <« (SP)

SP <« (SP)+0001, ACCA < (SP)

SP < (SP)+0001, IX <« (SP)

SP < (SP)+0001, PCH <« (SP)

SP < (SP)+0001, PCL < (SP)
Description

Sets the stack contents indicated by SP to CCR, ACCA, IX, PCH, or PCL
increasing SP by "1". Note that I = 0 when the interrupt mask bit
of CCR saved onto the stack is "0".

Addressing Mode and Number of CPU Cycles

Addressing Mnemonice Operand Instfuction ?ode Nu:?er S?mESE
Mode | type Byte 1 ! Byte 2 E Byte 3| bytes cycles
IMPLIED RTI | 80 | : 1 8
' H :
. ; !
i E i
: : :
Example I
020C CD 0345 JSR KEYSCN KEY INPUT
020F B7 10 STA INKEY STORE KEY CODE
0211 CO 0400 JSR EXSWIN INPUT EXTERNAL SW
0214 B7 11 STA INSW STORE SW CONDITION
0216 80 RTI RETURN TO INTERRUPT
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Subroutine Control

RTS

RTS (ReTurn from Subroutine)

Format

RTS

L, Condition Codes

Not affected.

[ Operation

SP « (SP)+0001, PCH <« (SP)
SP « (SP)+0001, PCL « (SP)

Description

(8-bits) of PC.

Increases SP with "1" again,

Increases SP by "1" and sets the address contents indicated by SP to
more significant bits (6-bits) of PC.
and sets the address contents specified by SP to less significant bits

0179 81

RTS

RETURN CODE SET :
*

[ Addressing Mode and Number of CPU Cycles
. E Instructi d Number | Number
ﬁggzess1ng Mnemonic: gpezand =2 ruc e ?o‘e of of CPU
) tYP Byte 1 !Byte 2 ' Byte 3| bytes cycles
IMPLIED RIS | 81 | : 1 5
: ! i
K 1 ]
X ! !
| | :
: I i
1 i :
Example
0171 B7 FF STA WORK
0173 C6 0500 LDA EXVALS
0176 B7 50 STA RESULT
0178 98 CLC 0K

82
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Arithmetic Operation
SBC

SBC (SuBtract with Carry)

I Format [ Condition Codes

H: Not affected.

SBC P I: Not affected.
N: Set if the most significant bit of
the result is "1"; otherwise reset.
Operation Z: Set if the result is "0"; otherwise
reset.

C: Set if the absolute value of the
contents of memory plus the carry
bit C is greater than the absolute
value of the contents of ACCA;
otherwise reset.

ACCA <+ (ACCA)-(M)-(C)

Description

Subtracts the contents of M and the carry bit C from that of ACCA,
and stores the result into ACCA.

I Addressing Mode and Number of CPU Cycles ]
: ! Instruction code Number | Number
ﬁgg:e351ng Mnemonici Spezand T ' of of CPU
VP Byte 1 ! Byte 2 irByte 3| bytes cycles
IMMEDTATE SBC | #Imm A2 | Tom | 2 2
M []
DIRECT SBC 1+ M B2 ! M ! 2 3
EXTENDED SBC__ ! M c2 | w1 ML 3 4
TNDEXED 0 BYTE T T 4
| oFpSET SBC__ ! 0,X F2_ ! ! 1 3
TNDEXED 1 BYTE 0 T g
OFFSET SBC » Disp,X E2 D ! 2 4
STDeAED 2 BYTE SBC ! Disp,X D2 ! DH | DL 3 5
1 ' ,
1 L :
E E :

Example I * (VALT, VAL1+1)-(EXVAL5, EXVAL5+1)

=(EXVAL5, EXVAL5+1)

*

017A B6 11 LDA 'VALT#1 %

017C CO 0501 SUB EXVAL5+1 *

017F C7 0501 STA EXVAL5+] *

0182 B6 10 LDA VAL1 *

0184 C2 0500 SBC EXVALS ~ *

0187 C7 0500 STA EXVALS ~ *
@ HITACHI
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Bit Control

SEC

SEC (SEt Carry)

| Format

[ Condition Codes

H: Not affected.
SEC I: Not affected.
N: Not affected.
Z: Not affected.
C: Set.
Operation e
C bit « 1
Description

Sets the carry bit C in the condition code register.

84

I Addressing Mode and Number of CPU Cycles
Addressing Mnemonics Operand Instruction ?ode Nu:ger gzmgga
Mode ) type Byte 1 EByte 2 | Byte 3 bytes cycles
IMPLIED SEC 99 | : 1 1
+ v v
; : :
s -
: ; :
: H i
1 A ]
Example
018A 27 F8 BEQ CHK84
018C B7 50 STA RESULT
018E 99 SEC RETURN CODE SET : NG
018F 81 RTS
*
*
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Bit Control
SEI

SEI (SEt Interrupt mask)

I Format I [; Condition Codes ]
H: Not affected.
SEL I: Set.
N: Not affected.
Z: Not affected.
Operation C: Not affected.
I bit <« 1
Description

Sets the interrupt mask bit I in the condition code register. If this
bit is set, interrupt from peripheral equipment is disabled until the
interrupt mask bit is cleared.

[ Addressing Mode and Number of CPU Cycles ]
4 ; Number | Number
Addressing Mnemonic 1 Operand InStFUCtlon sode of of CPU
Mode : type Byte 1 :'Byte 2 : Byte 3 bytes cycles
3 1
1
IMPLIED SEI 1 9B . : 1 2
' ' :
1 [ ]
' ; !
! i :
: ! :
' ' '
: : 5
1 i
: : !
Il " 1

Example l

0206 9B SEI INTERRUPT DISABLE

0207 9C RSP RESET STACK POINTER

0208 CD 06F0 JSR SYSINZ SYSTEM INITIALIZE

020B 9A CLI INTERRUPT ENABLE
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Load & Store
STA

STA (STore Accumulator)

| Format l Condition Codes ]

H: Not affected.

I: Not affected.

N: Set if the most significant bit of
ACCA is "1"; otherwise reset.

Operation Z: Set if the contents of ACCA are "0";
otherwise reset.

C: Not affected.

STA P

M <+ (ACCA)

Description

Stores the ACCA contents into M. The ACCA contents are unaffected.

L Addressing Mode and Number of CPU Cycles
Addressing Mnemonics Operand InStFUCtion ?ode Nuzger ggmgsg
Mode | type Byte 1 iByte 2 | Byte 3| bytes | cycles
DIRECT STA 1 M B7 | M | 2 3
EXTENDED STA | M c7 f owH ! ML 3 4
[TINDEXED O BYIE STA T 0.X F7 | ! 1 4
—INbERED T BYTE i — E D i ) \
%EH% — STA : Disp.X E7 : L
OFFSET STA » Disp,X D7 ¢ DH : DL 3 5
: ! H
Example |
. 0190 B6 10 LDA VAL1
0192 B7 FF STA WORK
0194 B6 50 LDA RESULT
0196 F7 STA 0,X
0197 A6 FF LDA #$FF
0199 D7 0500 STA EXVAL5,X
@ HITACHI
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Power Control

STOP

I

STOP (STOP)

I Format I

STOP

[ Condition Codes

Not affected.

Operation

Description 4]

Enters into the STOP mode by STOP instruction
(For details, refer to STOP MODE in "2.9. Low
Power Consumption Mode".)

Addressing Mode and Number of CPU Cycles

Miressing | ypopong | Operand | Instruction code | Nerber | mker
Mode : type Byte 1 :Byte 2 : Byte 3 bytes cyc]_es
. ' i
IMPLIED STOP | 8E | ! 1 4
N [

: : :

: 1 1
1 : :

1 ™ 1
1 1 ]

] ' i
' i i
5 : 5
y ¢ y
1 | :

' : i
1 N ]

Example I
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Load & Store

STX

I

STX (STore indeX register)

l Format I

Condition Codes

H: Not affected.
STX P I: Not affected.
N: Set if the most significant bit
of IX is "1"; otherwise reset.
Operation Z: Set if the contents of IX are "0";
otherwise reset.
C: Not affected.
M « (IX)
Description
Stores the IX contents into memory. IX contents are unaffected.
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Addressing Mode and Number of CPU Cycles
Addressing Mnemonici Operand Instruction code Nug?er g?mggg
Mode ! type Byte 1 EByte 2 | Byte 3 bytes cycles
DIRECT STX 1+ M BF | M | 2 3
EXTENDED SIX 1+ M CF | MH ! ML 3 4
TRDEXED O BYTE T ' g
OFFSET STX ' 0,X FF :r ! 1 4
Crpenn. | DVTE STX ! Disp,X EF ! D | 2 4
INDEXED 2 BYTE ] H 1
OFFSET STX y Disp,X DF DH ! DL 3 5
' ! '
Example
019C BE 10 LDX VAL1
019E BF FF STX WORK
01A0 BE 50 LDX RESULT
01A2 FF STX 0,X
0TA3 AE FF LDX #$FF
0TA5 DF 0500 STX EXVAL5,X
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Arithmetic Operation
SUB

SUB (SUBtract)

Format [7 Condition Codes ]

H: Not affected:

I: Not affected.

N: Set if the most significant bit of
the result is "1"; otherwise reset.

Operation Z: Set if the contents of the result
are "0"; otherwise reset.

C: Set if the absolute value of the

contents of memory is greater than
ACCA < (ACCA)-() the absolute value of the contents
of ACCA; otherwise reset.

SUB P

DescriptiongA]

Subtracts M contents from ACCA contents, and stores the result

into ACCA.
r Addressing Mode and Number of CPU Cycles I
; 4? Instruction code Number | Number
ﬁig:e531ng Mnemonic: gpezand T T of of CPU
) yp Byte 1 :Byte 2 . Byte 3 bytes cycles
e -
IMMEDIATE SUB | #Imm A0 | Tmm | 2 2
DIRECT SUB . M BO | M ! 2 3
EXTENDED SUB ! M co ! MH I ML 3 4
INDEXED O BYTE ! T v
lopser SUB__ ! 0,X FO_ | : 1 3
| oppser. SUB__ ! Disp,X E0 i D | 2 4
INDEXED 2 BYTE 7 ' ;
QFFSET SUB y Disp,X DO DH | DL 3 5
i : :
L i :
Example I
01A8 B6 10 LDA VAL (VAL1)-(WORK)=(RESULT)
O0TAA BO FF SuB WORK
01AC B7 50 STA RESULT
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Interrupt Control

SWI

SWI (SoftWare Interrupt)

I Format I

Condition Codes ]

PC « (SWI interrupt vector address)

SWI ?f

N:

Z

Operation PC < (PC)+0001 C:
Msp <« (PCL), SP « (SP)-0001
Msp < (PCH), SP « (SP)-0001
Msp <« (IX), SP < (SP)-0001
Msp <« (ACCA), SP <« (SP)-0001
Msp <« (CCR), SP « (SP)-0001

I bit « 1

Not affected.
Set.
Not affected.

: Not affected.

Not affected.

Description

All the registers other than the stack pointer (SP) are pushed onto

90

the stack. The interrupt mask bit is then set. Performs vectoring
to the address indicated by the contents of the SWI interrupt vector
address.
[ Addressing Mode and Number of Cycles
Addressing Mnemonics Operand Instfuction ?ode Nuzger §¥m2§;
Mode ; type Byte 1 EByte 2 E Byte 3| pytes cycles
IMPLIED SWL_ ! 83 E 1 10
: ! E
: 1 1
. : !
! ! :
s S
1 ! :
: : ;
Example I
01DC A6 FF LDA #$FF *
O1DE B7 36 STA TIMER+1 * TIMER COUNTER SET
01E0 A6 3F LDA #$3F *
01E2 B7 35 STA TIMER *
01E4 A6 03 LDA #3 TIMER CODE SET
01E6 83 SWI MONITOR SERVICE CALL
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Transfer

TAX

TAX (Transfer Accumulator to indeX register)

| Format I [ Condition Codes ]

TAX Not affected.

Operation

IX « (ACCA)

Description

Transfers the ACCA contents to IX. The ACCA contents are unaffected.

l Addressing Mode and Number of CPU Cycles
. E Instructi d Number | Number
ﬁgg:eSSlng Mnemonic: Spe:and nsg:uc = ?o ° of of CPU
v P Byte 1 ! Byte 2 : Byte 3| bytes cycles
IMPLIED TAX | 97 : 1 2
s —
: ! 5
: ' i
] 1 :
Example I
O1AE 97 TAX SAVE ACCUMULATOR
O01AF A6 04 LDA #4 *
01B1 BB 50 ADD RESULT ** ADD (RESULT+4)
01B3 B7 50 STA RESULT *
01B5 9F TXA REVIVE ACCUMULATOR
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Comparison & Test

TST

TST (TeST)

I Format I

TST Q

Condition Codes

Sets N and Z bits of the condition code register
contents of ACCA, IX or M.

according to the

H: Not affected.
ggg g I: Not affected.
N: Set if the most significant bit of
ACCA, IX or M is "1"; otherwise
Operation reset.
Z: Set if the contents of ACCA, IX or
M are "0"; otherwise reset.
(IX)O; 00 C: Not affected.
(AccA) - 00
or
(M) - 00
Description

92

Addressing Mode and Number of CPU Cycles
. i Instructi d Number | Number
32323331ng Mnemonic: Spe:and HSA;UC -2 ?o = of of CPU
|\ typ Byte 1 ! Byte 2 ! Byte 3| bytes cycles
ACCUMULATOR ST 1 A 4 | ! 1 2
INDEX REG. ST ! X 5D | i 1 2
DIRECT ST ! M 3 ¢ oM 2 4
INDEXED O BYIE ST T o.x - T ; 1 3
—SNDEXED T BYTE — ; i
OFFSET TST i Disp,X 6D ¢ D ! 2 5
Example I
01BE 3D 03 TST CNTRL
01C0 27 18 BEQ INITOO  CNTRL=$00
*
01C2 3D FF TST WORK
01C4 2B 28 BMI MINSOO  WORK=(TXXX XXXX)
*
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Transfer

TXA

TXA (Transfer indeX register to Accumulator)

I Format I

TXA

[: Condition Codes ]

Not affected.

Operation

ACCA

< (IX)

Description 4]

Transfers the IX contents to ACCA. 1IX contents are unaffected.

Addressing Mode and Number of CPU Cycles

Addressing Mnemonici Operand IHStFUCCion SOde Nuz?er §¥m2§;
Mode ) type Byte 1 EByte 2 E Byte 3| bytes cycles
IMPLIED TXA | 9F | E 1 2
5 | i
' v i
| ! i
. ; :
Example
01B6 97 TAX SAVE ACCUMULATOR
01B7 A6 04 LDA #4 *
01B9 BB 50 ADD RESULT *% ADD (RESULT+4)
01BB B7 50 STA RESULT *
01BD 9F TXA REVIVE ACCUMULATOR
O HITACHI
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Power Control

WAIT

[ WAIT (WAIT)

I Format [ Condition Codes

WAIT Not affected.

Operation

Description

Enters into WAIT mode by WAIT instruction

(Refer to WAIT MODE in "2.9 Low Power Consumption Mode" for details).

[ Addressing Mode and Number of CPU Cycles
Number | Numb
Addressing Mnemonic | OPerand InsEfuction ode u:fe ogmcgg
Mode type Byte 1 EByte 2 Byte 3 bytes cycles
IMPLIED WAIT 8F 1 4

I Example |

@ HITACHI
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1.7 BIL/BIH Instruction Precaution

(1) Execute Instruction after the INT voltage level has stabilized above
Vy of below V.

(2) INT voltage level need to be stabilized while BIL/BIH Instruction
Execution.

There may be a malfunction by glitch on control signal if BIL/BIH Instruction
Execution has exercised in unstabilized INT signal level.

VIH [ A
INT /‘ \
VIL £ ; ; {
BIL/BIH [ BIL/BIH |
Avoid BIL/BIH Insruction Excution.
GO HITACHI
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1. OVERVIEW

1.1 Features of HD6305U0, HD6305V0, HD63705V0

computers containing CPU, RAM, I/0 on a single chip.

Hitachi's HD6305U0, HD6305V0 are CMOS 8-bit single-chip micro-

Features of this series are as follows;

(1) Powerful Bit Manipulation Instructions

Dew to upward compatibility with HD6805 family instruction set,

powerful bit manipulation instructions are provided so that bit set,

bit reset, bit test, and branch would be executed with a single

instruction.

These bit manipulation instructions are available to

I/0 and internal RAM as well.

(2) Low Power Consumption

To exploit the CMOS process technology fully, three low power

consumption modes; STOP, WAIT and STANDBY; are incorporated.

Table 1-1 Features of HD6305U0, HD6305V0 and HD63705V0

Type No.

HD6305U0

HD6305V0 HD63705V0
Package DP-40,FP-54,CP-44 DP-40,FP-54,CP-44 DC-40
ROM (k byte) 2 4 4
Memory

RAM (byte) 128 192 192

1/0 Port 3 31 31

external 2 2 2

soft 1 1 1

Interrupt

timer 2 2 2

serial 1 1 1

8-bit Timer 1 1 1

Timer

15-bit Timer 1 1 1

SCIL 1 (clock synchronous) |1 (clock synchronous) 1
1MHz HD6305U0 HD6305V0 HD63705V0
Speed Version 1.5MHz HD6 3A05U0 HD63A05V0 HD637A05V0
(5V £10%) 2MHz HD63B0O5U0 HD63BO5VO0 HD637BO5VO0

Operating
Voltage 0.1~ 0.5 MHz 3N 6.0V 3N 6.0V 4.5 v 5.5V
@ HITACHI
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Table 1-2 Feature of EPROM ON CHIP TYPE FAMILY

Type

HD63705V0C

Package

DC-40,
(with window)

Equivalent Device

HD6305U0, HD6305V0

Process

CMOS

Erasure

Possible

4k bytes of EPROM.

HD63705V0 is fully compatible with HD6305V0.
It is possible to program with EPROM programmers that are

commercially available (e.g 27256 type) since HD63705V0 contains

debugging as well as evaluating the program.

And this makes it possible to use them for

1.2 Block Diagram
A block diagram of HD6305U0, HD6305V0 is given in Fig. 1-1,
HD63705V in Fig. 1-2, respectively.
XTALEXTAL RES NUM INT STBY
. I ] (I
TIMER —+ Timer/ M Oscillator - Miscella-
5 Prescaler [o TN : : C:> neous b
Timer Control y Register
Accumulator
gf“‘_—. = gé / 2 Index CPU § D¢ /INT,
Port A > L 8| L2 : -] CK
e 131 N || o R
Terminals p—— 3&' fc Condition Code C:D é§ gg, *D3/Tx
&t 0.2 Register ex | % ]
A s © CCRl oy = D:
Stack Q °
g Pointer P
3°"“" N .la;)gram
i H @ unter q
Port B Bie— e m 5|28 6 “High”pcH ALY Comtao!
1/0 Bie—sl v 2|7 Q Program Register | Serial
. Bie—al 52| o Counter = ata
Terminals B .ol g c 8 “Low" PCL " Data
B o—] 8¢ ggt‘?n's Register
B, e—n = ] [ Register
C , — Y I I l r
C‘:—-—— 5 98
Port GT—%E|5% =N ROM* RAM*
o . Cio—l S8 o
Terminals Cse—el®x| BE
C ¢ s og
C, a—={ { | *HDE305UO0 ROM 2048x8, RAM 128x8

102

*HD6305V0 ROM 4096x8, RAM 192x8

Fig. 1-1 HD6305U0, HD6305V0 Block Diagram
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XTALEXTAL RES NUM STBY
EPROM Mode ‘ i
MCU Mode l I
Vv IMER — Timer/ | Oscillator Miscella-
pp/T o Prescater | o ntar : : neous
Timer Control Register NT/  EA,
Accumulator
Eg-;Ao"'—‘—' ™ 8
A ] | o8 e cPu € D¢ /INT,
Port A €O, ;A:‘————' < £ g § R.';m:r Control 2. - Ds /CK Port D
Vo EQN AT 53|5¢ KD x| HEH 0. /Ax ;
s /Ay o] & g s Condition Code <:> 5%ls S g,ln’x 1/0 Pins
S P S— g Register, sc &g 2
— 5 CCR 4 D,/
EO, /A, Seox cPU 8 Do
¢ Pointer 5|
=
' R t
Port B ——— el g §§ M 6 “H s",!"c" ALY C%’n’:::‘.bl
i a E1 h .
1/0 Ping EAL. /8] % % ?‘E' 2 Em::’\ Register s';.ml
EA/Be— i | E e g 18__ *Low"pcy Serisl | ata
6 e og atus egister
EA,/B; -] g I L Register
=
EA,/C 8 l 1r iy
B —————— | s
[y e emm— N Y EPROM Mode
Port C EA;/C; - O 8 .:vi, v 4096 x 8 192x8
1O Pins  EA,/C, T———————+1 £ | 5 8K EPROM RAM
A Cq 1 9 -1
s/Cs 2 < g s
EA /| - J
[ 3.3 [ e e———

Fig. 1-2 HD63705V0 Block Diagram

Precaution for using the MCU in the ceramic package with a window

(1) The data stored in EPROM may be lost or the MCU may be malfunc-
tioned by photocurrent if the MCU is exposed to strong light like
a fluorescent lamp or the sunlight. Therefore, it is recommended
to cover the window with an opaque label.

(2) Users should be particularly careful of static charge on the

window, as it affects the MCU function to malfunction the LSI.

The charge will be caused by rubbing the window with plastics or
dry cloths, or touching a charged body on it. The opaque label
that we recommended in (1) will be effective to distribute the

charge evenly, if it is conductive.

1.3 Terminal Functions
(1) Terminal functions of HD6305U0 and HD6305V0 are described below.

® Vcc, Vss
Terminals for applying voltage. Vgc provides 5.0Vi107

power supply, while Vgg is grounded.

e INT, INT,; INPUT, INPUT/OUTPUT
Terminals for external interrupt input to HD6305U0 and HD6305VO.
Refer to "2.7 Interrupt" for details. INT, is multiplexed with the Dg.

@ HITACHI
103




@ XTAL, EXTAL
Input terminals to the internal clock circuit. Connect a
crystal oscillator (AT cut, 2.0 V8.0MHz) or ceramic filter to these

terminals. Refer to "2.6 Internal Oscillator Options" for details.

@ TIMER; INPUT
An external input terminal for controling event counter.

Refer to "2.3 Timer" for details.

® RES; INPUT
Resets the MCU. Refer to "2.5 Reset" for details.

® NWM
NUM is not for user application. It can be used by connect-

ing to Vgg.

@® PORT A, B, C, D; INPUT/OUTPUT
31 terminals consist of three 8-bit I/0 ports (A, B, C) and
one 7-bit I/0 port (D). Each bit of these terminals function as input
or output terminals by programming the Data Direction Register.
Refer to "2.8 Input/Output" for details.
Dg of port D is multiplexed with INT,;. When Dg functions as
a port, set MRg in Miscellaneous Register to "1" in order to mask INT,

interrupt.

® STBY; INPUT
A terminal for permitting the MCU to enter into the Standby
Mode. When STBY goes to "Low" level, the oscillation stops and the
MCU enters into the Reset Mode. Refer to "Standby Mode" in "2.9 Low

Power Consumption Mode'" for details.

@ CK (Ds5); INPUT/OUTPUT
Terminal to transmit or receive SCI clock for serial data transfer.

Refer to "2.4 Serial Communication Interface" for details.

® T, (D3); INPUT/OUTPUT
This terminal used to transmit serial data. Refer to "2.4

Serial Communication Interface" for details.
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(2)

R, (D,); INPUT/OUTPUT
This terminal is used to receive serial data. Refer to "2.4

Serial Communication Interface" for details.

The followings describs HD63705V0 MCU input and output terminals.

Vees Vss
These are the power supply inputs. Vgc = 5.0V * 10%, Vgg = OV

(ground) .

TNTVEAg, INT,; INPUT, INPUT/OUTPUT

The MCU receives an external interrupt through these terminals.
For details, refer to "2.7 Interrupts". TINT, is multiplexed with
Port Dg. In the EPROM mode, INT is used as input of EAg.

XTAL, EXTAL
These pins are inputs of the internal oscillator circuit.

Connect crystal (AT cut, 2.0~8.0 MHz) or ceramic resonator

to them. Refer to "2.6 Internal Oscillator Options" for using

these inputs.

TIMER/Vpp; INPUT

This is an external input to control the internal timer
circuit. Refer to "2.3 Timer" for details.

In the EPROM mode, this terminal is used when programming EPROM.
The programming voltage Vpp is applied to this terminal.

When the voltage of 12.5V £ 0.3V is applied to this terminal and
CE and OE are set "Low" and "High" respectively, datas are written into
EPROM through Port A (EOy v EO;). EPROM addresses are input
through the Port C (EAg ™ EA;), Port B (EAg, EAyg "™ EAjp) and
INT (EAQ) .

RES; INPUT
This is used to reset the MCU. Refer to "2.5 Reset" for details.

NUM

This is not for user application. Connect this pin to the
Vgg in the MCU mode and to the Vg in the EPROM mode.
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PORT A, B, C, D; INPUT/OUTPUT

These 31 terminals consist of three 8-bit I/0 ports (A, B, C)
and a 7-bit I/0 port (D). Each bit of these pins can be programmed
as an input or output by programming the Data Direction Register.
Dg is multiplexed with the INT;. When using the Dg as a port,
set the INT, interrupt mask bit in the miscellaneous register to
"1" to prevent the INT, interrupt. Refer to "2.8 Input/Output"
for details.

STBY; INPUT

This is used to put the MCU into the standby mode. Setting
this pin to "low" level stops the internal oscillator and resets
the MCU internal state. Refer to "Standby Mode" in "2.9 Low Power
Consumption Mode" for details.

The followings are input/output pins for serial communication
interface (SCI). These are multiplexed with D3, D4, or Ds.

Refer to "2.4 Serial Communication Interface" for details.

CK (D5); INPUT/OUTPUT
This is used to input or output clocks when receiving or

transmitting serial data.

Ry (DA); INPUT/OUTPUT

This is used to receive serial data.

T, (D3); INPUT/OUTPUT

This is used to transmit serial data.
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2. INTERNAL HARDWARE AND OPERATIONS
2.1 Memory
Fig. 2-1 shows the memory map of HD6305U0, HD6305V0 and HD63705VO0.

During the processing of the interrupt, the register contents are
pushed onto the stack in the order shown in Fig. 2-2. The stack
pointer decrements. The low order byte (PCL) of the program counter
is stacked first and the high order byte (PCH) of the program, the
index register (X), the accumulator (A) and the condition code
register (CCR) are stacked in that order. For subroutine calls,

program counter (PCH, PCL) contents are pushed onto the stack.

$0000 O] PORTA Jsoo o[, G000 O]_PORT A__]$00 0 30000 0 500
/0 Ports [ _PORT B_|s01 170 Ports 1[“FORT 8_[s01 !0 Ports [ “FORT B |s01
Timer Timer FS0RT C Timer 2
SC) 2| PORT C |$02 ) 2] PORT C_ |$02 ) PORT C__ 1802
127 $007F 3[_PORTD 503 63 $003F 3 _PORTD s03 63 $003F 3| _PORTD |s03
128 RAM 0080 4] PORT A DDR 1$04 64 RAM 0040 4] PORT A DDR |$04 64 RAM 0040 4| PORT A DDR |$04
5| PORT 8 DDR |$05 192Byt 5| PORT 8 DDR |$05 192Byt 5[ PoRT B DDR |05
(128Bytes) 6| PorT C DOR |$06 ( s Byk”) 6] PORT C DOR |$06 { st vk“) 6] PORT C DDR |$06
255] Sk |doorr 7 ForToooR ]s07 255| tac :80“ 7] PoRT O OOR |SO7 25§ ac sgo,:p 7| PoRT D OOR ]$07
25 $0100 B[ Timer Data Reg |$08 25 100 8[ Timer Data Reg 1$08 25 $0100 8] Timer Data $08
Not Used 9[Timer CTRL Reg [$09 Not Used 9[Timer CTAL Reg |$09 Not Used \ 9 Timer CTRL Reg |$09
6143 $17FF 10| _Misc Reg |s0A 4095 $OFFF  10] Misc Reg lgoa 4095 $OFFF  10[ Misc Heg ls0A
6144 $1800 4096 $1000 4096 $1000
Internal Internal
ROM Not Used EPROM Not Used EPROM Not Used
(2,048Bytes) (4,0968Bytes) (4,0968Bytes)
boccennanad 16[ SCICTRL Reg |$10 becvecnnead 16] SCICTRL Reg |$10 —— - 16[ SCi CTRL Reg |$10
81801, terrupt $1FFa 170 SCISTS Reg |$11 8180 vtcrrum $ 1FF4 17 SCISTS Reg_|$11 8180 terrupt $1FF4 17{sci s $11
3181 ectors__IS1FFF \ 18[SCioaumeo g 12 3181 ectors _ IS1FFF \ 18[SCioe $12 81 q| _vectors I1S1FFF \ 18[SCioes Aes [$12
1 $2000 192] $2000 192 $2000
Not Used Not Used Not Used
Not Used Not Used Not Used
127 $7F 83 $3F 83 $3F
1638 S3FFF 1638 $3FFF 1638 S3FFF
HD6305U0 MCU HD6305V0 MCU HD63705V0 MCU
Fig. 2~-1 Memory Map
7 4
8.5 ] 2 10 Pull
n-al1 11 Condition n+1
Code Register
n=3 Accumulator n+2
n—-2 Index Register n+3
n=1]1 1 PCH* n+4
n PCL* n+5
Push

* In a subroutine call, only PCL and PCH are stacked.

Fig. 2-2 Sequence of Interrupt Stacking
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2.2 Registers

This CPU contains five registers available to the programmer.
They are shown in Fig. 2-3.

[0]
A l Accumulator

—— N

0l d
ndaex
X ]Register

0
Program
pC ICounter

3 66 0
oJojojojojof1]1]  sp Powter

Condmon
H]I1|[N]Z]C|Cod

Re glster
g,

Zero

————Negative
Interrupt
Mask
Half
Carry

Fig. 2-3 Programming Model

(1) Accumulator (A)

The accumulator is an 8-bit general purpose register which

holds operands and results of the arithmetic operations or data
manipulations.

(2) Index Register (X)

The index register is an 8-bit register used for the indexed

addressing mode. It contains an 8-bit value which is added to an
offset to create an effective address.

The index register can also be used for data manipulations
with read-modify-write instructions.

When not performing addressing operations, the register can
be used as a temporary storage area.

(3) Program Counter (PC)

The program counter is a l4-bit register which contains the

address of the next instruction to be executed.

(4) Stack Pointer (SP)

The stack pointer is a l4~bit register containing the address
of the next free location of the stack.

@ HITACHI

Initially, the stack



(5)

pointer is set to location $00FF. It is decremented as a data is
pushed on to the stack and incremented as data is then pulled out
of the stack. The 8 high-order bits of the stack pointer are fixed
to 00000011. During an MCU reset or a reset stack pointer (RSP)
instruction, the pointer is set to location $00FF. Subroutines and
interrupts may be nested down to $00Cl, which allows programmers to
use up to 31 levels of subroutine calls and 12 levels of interrupt

responses.

Condition Code Register (CCR)

(a)

(b)

(c)

(d)

(e)

The condition code register is a 5-bit register indicating the
results of the instruction just executed. These bits can be
individually tested by conditional branch instructions. Each bit

is described in the following paragraphs.

Half Carry (H)
When set, this bit indicates that a carry occurred between

bit 3 and 4 during an arithmetic operation (ADD, ADC).

Interrupt (I)

Setting this bit masks all interrupts except for software
ones. If an interrupt occurs while this bit is set, the interrupt
is latched and is processed as soon as the interrupt bit (I) is
cleared. (More precisely the interrupt enters the servicing

routine after the instruction next to the CLI is executed.)

Negative (N)
When set, this bit indicates that the result of the last
arithmetic, logical, or data manipulation is negative. (Bit 7

in the result is a logical "1'".)

Zero (Z)
When set, this bit indicates that the result of the last

arithmetic, logical, or data manipulation is zero.

Carry/Borrow (C)
When set, this bit indicates that a carry or borrow occurred
during the last arithmetic operation. This bit is also affected by

bit test and branch instructions, shifts and rotates.
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2.3 Timer

Fig. 2-4 contains a block diagram of the timer. The 8-bit
counter may be loaded under program control and is decremented towards
zero by the clock input. When the counter, that is, the timer data
register (TDR) reaches zero, the timer interrupt request bit (bit 7)
of the timer control register is set. When recognizing the interrupt
request, the MCU proceeds to store the current CPU state on the stack,
and then fetches the timer vector address from locations $1FF8 and
$1FF9 (or $1FF6 and $1FF7 if in the wait mode) in order to execute the
interrupt service routine. The timer interrupt can be masked by
setting the interrupt mask bit (bit 6) of the timer control register.
The mask bit (I) of the condition code register can also disable

the timer interrupt.

The clock input to the timer can be from an external source
applied to the TIMER input pin, or it can be the internal E signal
(which is a clock obtained by dividing the oscillator clock by four).
When the E signal is used as the source, it can be gated by an input
applied to the TIMER pin.

The counter start counting down from "$FF" after it reaches zero.
The counter may be monitored at any time by reading the contents of the
timer data register. This allows a program to determine the length of
the time since the occurrence of a timer interrupt without distarbing

the counter contents.

At reset, the prescaler and counter are initialized to "$7F" and
"$F0", respectively. The timer interrupt request bit (bit 7) is cleared

and the timer interrupt request mask (bit 6) is set.

The timer interrupt request bit must be cleared by software.
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Initialize
Timer Control
" . Register
o) 4| (TCR;$0009)
€ Prescaler TCR7|TCRE| u.uSlTuu TC! RY u.nol
TIMER +1 -:-2J+4 +Bl1+a 3—2 6-4 +128 '——+——J
Input 3
Terminal Multiplexer P2
Timer Data
Register  (TDR;$0008)
8-Bit Counter
Clock Input Timer Interrupt
Write Read
Fig. 2-4 Timer Block Diagram
Table 2-1
TCR7 Timer interrupt request
0 Absent
1 Present
TCR6 Timer interrupt mask
0 Enabled
1 Disabled

(1) Timer Control Register (TCR; $0009)
Selection of a clock source, selection of a prescaler fre-

quency division ratio, and a timer interrupt can be controlled by

the timer control register (TCR; $0009). (Refer toc Fig. 2-5).

For the selection of a clock source, any one of the four modes
(Refer to Table 2-2) can be selected by bits 5 and 4 of the timer
control register (TCR).

7 6 5 4 3 2 1 O
TCR7[TCRE|TCRS|TCR4| TCRSITCRZITCRI TCRO
L_ Prescaler division ratio sel
L Prescaler initi
Clock input source

Timer interrupt mask
Timer interrupt request

Fig. 2-5 Timer Control Register (TCR; $0009)
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After reset, the TCR is initialized to E under timer terminal
control (bit 5 = 0, bit 4 = 1). If the timer terminal is "1",
the counter starts counting down with "$F0" immediately after reset.

When "1" is written in bit 3, the prescaler is initialized.
This bit always shows "0" when read.

A prescaler division ratio is selected by the combination of
three bits (bits 0, 1 and 2) of the timer control register (Refer to
Table 2-3). There are eight different division ratios: 1, %2, %4,
+8, +16, +32, 64 and +128. After reset, the TCR is set to the 31
mode.

A timer interrupt is enabled when the timer interrupt mask bit
is "0", and disabled when the bit is "1". When a timer interrupt
occurs, "1" is set in the timer interrupt request bit. This bit

can be cleared by writing "0" in that bit.

Table 2-2 Clock Source Selection

Bit S TCR Bit & Clock input source
0 0 Internal clock E
0 1 E under timer terminal control
1 0 No clock input (counting stopped)
1 1 Event input from timer terminal

Table 2-3 Prescaler Division Ratio Selection

Bit 2 Bigkl Bit 0 Prescaler division ratio

0 0 0 +1

0 0 1 +2

0 1 0 4

0 1 1 +8

1 0 0 +16

1 0 1 +32

1 1 0 +64

1 1 1 +128
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2.4 Serial Communication Interface (SCI)

The SCI is used for transferring 8-bit data in serial. The transfer
clock width ranges from 1 us to about 32 ms (with a 4 MHz oscillator),
and sixteen types of transfer clock widths are available. The SCI
consists of three registers, an octal counter and a prescaler as shown
in Fig. 2-6. It communicates with CPU through the data bus lines and
with peripherals through bits 3, 4 and 5 of Port D. The followings

describe the registers and the data transfer operations.

SCI Control Registers (SCR; 0010)

SCR7|SCR6|SCR5| SCR4|SCR3| SCR2| SCR1[SCRO E

y |

= ] Multi-| Pre- Transfer
I J ] | S5
poo=Xeooy
Ds(CK) § ' > <
: H ; A
1 : SCIi Data Registers octal
; : (SDR: $0012) Corter
it
i : 7 6 __ 8§ 4 3 2 —T0 Initialize
H ]
D4 (Rx) | :'___ MSB LSB __|
D3(Tx) L
] ]
Looonee 4 v [ 5 & 3771
Ao
sSR7|ssre|ssRs | ssra|ssr3 e Siatun Regietrs
—
Not Used
SCI/TIMER;

Fig. 2-6 SCI Block Diagram

(1) SCI Control Register (SCR: $0010)
Fig. 2-7 shows SCI Control Register configulation.

Bit 7 (SCR7)
When this bit is set to "1", the DDR corresponding to Dj is
set to "1" and D4 functions as output of SCI data. After reset,

the bit is initialized to "0".
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Bit 6 (SCR6)

When this bit is set to "1", the DDR corresponding to D, is
set to "0" and D, functions as input of SCI data. After reset, the
bit is initialized to "0".

Bits 5 and 4 (SCRS5, SCR4)
These bits select a clock source. After reset, the bits are
initialized to "0".

Bits 3 ~ 0 (SCR3 " SCRO)
These bits select a transfer clock rate. After reset, the bits

are initialized to "0".

2 (] 5 4 3 2 1 0
SCR7JSCR6|SCR5ISCR£ SCR3]SCR2 SCR1 ISCRO

Fig. 2-7 SCI Control Register

Transfer clock rate
SCR3 SCR2 SCR1 SCRO
4,00 MHz 4,194 MHz
0 0 0. 0 1 us 0.95 us
0 0 0 1 2 us 1,91 us
0 0 1 0 4 us 3.82 us
0 0 1 1 8 us 7.64 us
1§ l l l l l
1 1 1 1 32768 us 1/32s
SCR7 D3 terminal
0 Used as I/0 terminal (by DDR).
1 Serial data output (DDR output)
SCR6 Dy terminal
0 Used as I/0 terminal (by DDR).
1 Serial data input (DDR input)
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SCR5 | SCR4 | Clock source D5 terminal
0 0 -
Used as 1/0 terminal (by DDR).
0 1 -
1 0 Internal Clock output (DDR output)
1 1 External Clock input (DDR input)

(2) SCI Data Register (SDR: $0012)

A serial-parallel conversion register used for data transfer.

(3) SCI Status Register (SSR: $0011)

1 6 -] 4 3 2 1 (]
SSR7| SSR6 | SSR5 | SSR4 | SSR3

Bit 7 (SSR7)

This is the SCI interrupt request bit which is set on the
completion of transmitting or receiving 8-bit data. It is cleared
when the MCU is reset or data is written to or read from the SCI
data register with the SCR5 = "1". This bit can also be cleared

by writing "0" into it.

Bit 6(SSR6)

This is the TIMER, interrupt request bit. The TIMER; is also
used as the serial clock generator, and this bit is set on the
every negative edge of the internal transfer clock. When the MCU
is reset, the bit is cleared. It can also be cleared by writing

"0" into it. (Refer to "2.3 Timer" for details).

Bit 5 (SSR5)

This is the SCI interrupt mask bit which can be set or cleared
by software. When this bit is "1", the SCI interrupt (SSR7) is
masked. Resetting the MCU sets this bit to "1".

Bit 4 (SSR4)

This is the TIMER, interrupt mask bit which can be set or
cleared by software. When this bit is "1", the TIMER, interrupt
(SSR6) is masked. Resetting the MCU sets this bit to "1".

Bit 3 (SSR3)
Writing "1" into this bit initializes the prescaler of the

transfer clock generator. A read of this bit always indicates "o".
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Bit 2 Vv Bit 0

Not used.

SSR7 SCI Interrupt Request
0 Not Requested
1 Requested

SSR6 TIMER; Interrupt Request
0 Not Requested
1 Requested

SSR5 SCI Interrupt Mask
0 Interrupt Allowed
1 Interrupt Inhibited

SSR4 TIMER, Interrupt Mask
0 Interrupt Allowed
1 Interrupt Inhibited

(4) Transmit Operations

116

The transfer clock width and the clock source are determined
by setting the corresponding SCI control register bits, and then
D3 and D5 are set to serial data output pin and serial clock
pin respectively. The transmit data should be moved from the
accumulator or the index register into the SCI data register.
Then, the data moved into the SCI data register is output through
the D3/Tx pin, starting with the LSB, synchronously with the

negative edge of the serial clock. Refer to Fig. 2-8. When
8 bits of data have been transmitted, the bit 7 of the SCI status

register (interrupt request bit) is set on the positive edge of the
last serial clock. This interrupt request can be masked by setting
bit 5 of the SCI status register. After completion of the data
transmission, the 8th bit of data (MSB) stays at the D3/Tx pin. If
the external clock source is selected, the transfer clock width
determined by bit O to bit 3 of the SCI control register is ignored
and the Dg/CK pin is set as input. If the internal clock source is
selected, the Dg5/CK is set as output and clocks are generated with
the transfer clock width selected by bit O to 3 of the SCI control

register.
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input Dets Latch
Timing (Co/Rx)

Fig. 2-8 SCI Timing

(5) Receive Operations
The transfer clock width and the clock source are determined
by setting the corresponding SCI control register bits, and the D,
pin and the Dg pin are set to serial data input pin and serial clock
pin respectively. Then the receive operation is enabled by dummy-
reading or -writing the SCI data register. (This procedure is not

needed after a data is received. It is needed after reset or when

no data is received yet.) The received data through the D4/Rx pin
is input to the SCI data register synchronously with the positive
edge of the serial clock. (Refer to Fig. 2-8.) At completion of 8-bit
data reception, the bit 7 in the SCI status register (interrupt
request bit) is set. This interrupt request can be masked by set-
ting bit 5 of the SCI status register. If the external clock
source is selected, the transfer clock width determined by bit 0 to
bit 3 of the SCI control register is ignored and data is received
synchronously with the clock input through the D5/CK pin. If the
internal clock source is selected, the D5/CK acts as an output and
clocks are output with the transfer clock selected by bit 0 to

bit 3 of the SCI control register.

(6) TIMER,

The SCI transfer clock generator functions as a timer. The
SCI clock selected by bits 3 to O of the SCI Control Register (4 us
to approx -32 ms in 4 MHz operation) is transmitted to bit 6 of the
SCI Status Register, and the timer 2 interrupt request bit is set
at each falling edge of the SCI clock. Since this interrupt occurs
periodically, Timery is available for a reload counter or a timer.

Timery is multiplexed with the SCI transfer clock generator.
When using Timer) independently of the SCI, external clock should
be selected as SCI clock source by setting both SC5 and SC4 to "1".

If Internal clock is selected as a SCI clock source, reading
from or writing to the SDR initializes the prescalor of the SCIL
trandfer clock generdtor.
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2.5

0] @® @6

@®  :Transfer clock generator is reset and mask bit (bit 4
of SCI status register) is cleared.

@, ® : TIMER; interrupt request
®,® : TIMER: interrupt request bit cleared

Reset

The MCU can be reset either by external reset (RES) or power-on
reset (Refer to Fig. 2-9). On power up, the reset input must be held
"Low" for at least tgogc to assure that the internal oscillator is
stabilized. A sufficient delay time can be obtained by connecting a

capacitance to the RES input as shown in Fig. 2-10.

5V 4.5V.
Vee /
ov

Vic RES
Terminal
tanL
Internal
Reset

Fig. 2-9 Power On and Reset Timing

Vee
100k typ |RESL=2.2,F

Fig. 2-10 Input Reset Delay Circuit
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2.6 Internal Oscillator Options

The internal oscillator circuit is designed to meet the require-
ment for minimum external configurations. It can be operated by
connecting a crystal (AT cut, 2.0 v 8.0 MHz) or ceramic oscillator
between pins 38 and 39 according to the required oscillation frequency
stability.

Fig. 2-11 shows three types of terminal connections, while
Fig. 2-12 and 2-13 illustrate the specifications and typical arrange-
ment of the crystal, respectively.

EXTAL C AT Cut
—e— — Y Y Y — A '&fﬂlﬂm
2.0~8.0MH:LD L Rs
AT == | XTAL -— —=  Co=7pF max.
7T 10 ;2 F+2'o Mcu XTAL Co EXTAL f=2.0~8.0MHz
~22pF£20% —{ |- Rs=60Q max.
N\ . 2= Parameters
Crystal Oscillator Fig. 2-12 Crystal
cL" 1 EXTAL
o]
I I XTAL =] .
Ci2 MCU EXTAL c
XTAL
External Ceramic Oscillator . Crystal
Clock n|
Input__ JEXTAL »]
NC  |xTAL mcu
MCU

(Note) Keep crystal leads and circuit connections as short as possible.
Do not allow these connections to cross others.

N

External Clock Drive

Fig. 2-13 Typical Arrangement of Crystal

Fig. 2-11 Internal Oscillator Options
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2.7 Interrupts

HD6305U0 and HD6305V0 have six interrupt sources; external inter-
rupt (INT, INTp), internal timer interrupt (TIMER, TIMER;), serial
interrupt (SCI) and interrupt by an instruction (SWI). 1INIp,

TIMER, SCI, and TIMER7 interrupts generate vector addresses.

When an interrupt occurs, the progressing program stops and the
current CPU status is pushed onto the stack. Then Interrupt Mask bit
(I) of Condition Code Register is set and the start address of the
interrupt service routine is obtained from a particular interrupt
vector address. Then the interrupt service routine starts from the
start address. System can return from the interrupt service routine
by RTI instruction. When RTI instruction is executed, the CPU status
before the interrupt (saved onto the stack) is pulled and the CPU restarts
the sequence with the instruction next to the one at which the inter-
rupt occurred. Table 2-4 lists the priority of interrupts and their

vector address.

A flowchart of the interrupt sequence is shown in 2-14. A block
diagram of the interrupt request source is shown in Fig. 2-15.
(1) External Interrupt
INT input can be selected as level and edge combination sense,
or edge sense by programming bit 5 of Miscellaneous Register.
(If bit 5 = 1, INT is level and edge sensitive. If bit 5 = 0, INT
is edge sensitive.) TNT; input is an edge triggered input. If the

falling edge of INT, or INT) input is detected, it is internally
latched and the interrupt request is accepted. Internally latched
edge sensitive INT request is automatically cleared when the CPU
initiates INT interrupt service routine. The TﬁT} interrupt
request is cleared when "0" is written to bit 7 of the Miscellaneous
Register.

If the I bit of the Condition Code Register is set to '"l1",
interrupt requests of the external interrupts (INT, INT,) are
retained, but not serviced. Immediately after the I bit is cleared,
the CPU jumps to the corresponding interrupt routine. The INT,
interrupt can be masked by setting bit 6 of the Miscellaneous
Register. )

The INT status can be tested by a BIL or BIH instruction.

The INT falling edge detector circuit and its latching circuit,
and INT, are not affected by executing BIL and BIH instructionms.
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(2) Internal Interrupt and SCI Interrupt
When I bit of the Condition Code Register is set to "1",

internal timer interrupts (TIMER, TIMERp) and SCI interrupt requests
are retained, without being serviced. Immediately after the I bit is
cleared, the CPU initiates the corresponding interrupt service
routine. Timer interrupt, SCI interrupt, Timery interrupt can be
masked by setting bit 6 of Timer Control Register, bit 5 of SCI
Status Register, and bit 4 of SCI Status Register, respectively.

Table 2-4 Interrupt Execution Priority

Interrupt Priority Vector Address
RES 1 $1FFE, $1FFF

SWI 2 $1FFC, $1FFD

INT 3 $1FFA, $1FFB
TIMER/INT, 4 $1FF8, $1FF9
TIMER (Wait Mode) 5 $1FF6, $1FF7
SCI/TIMER) 6 $1FF4, $1FF5

O HITACHI
121




122

1-1
$FF—SP

0—DDR'S

CLR INT Logic
$FO-TDR
$7F—Timer Prescaler
$50—-TCR
$3F--SSR
$00—-SCR

$5F—+MR

l

Load PC From
Reset:$1FFE, $1FFF

In
Reset?

N

-

Set}

Fetch
Instruction

SSRS =0.SSR?

N
TIMERZ
SSR4 =0.SSRE
TIMER:

SCi
=0,

Execute
Instruction

Execute
Instruction

L

T

Stack
PC, X, A, CCR

T
11 Bit

Load PC From
SWI'SIFFC.S1FFD
iNT S1FFA.$1FFB
TIMER $1FF8.$1FF9
iNT2 S1FFB.$1FF9
TIMER(Wait Mode);
$1FF6,$ 1FF7
SCI:$ 1FF4, $ 1FF5
TIMER2: $ 1FF4,$ 1FF5

T

G HITACHI

Fig. 2-14 Interrupt Flowchart




$1FFA, $S1FFB
BIH, BIL Test

Vector Address Generated:

Condition Code
Register (CCR)

INT

Timer Control

Interrupt Control
ircuit

Register (TCR)

TIMER [ TcR7|rcng

Vector Address Generated:
$1FF8, $1FF9

($1FF6, $1FF7 for

Serial Status
Register (SSR)

SCI/TIMER2 | SSR?7 |ssu| SSRS |ssa4| TIMER;

SCi

TIMER interrupt during
the WAIT mode)

p————== Vector Address Generated:
$1FF4, $1FFS

Fig. 2-15 Interrupt Request Generation Circuitry
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(3) Miscellaneous Register (MR: $000A)

Miscellaneous Register (MR: $000A) specifies INT request sense
(edge sense or level sense) and controls INT, interrupt. Bit 7 of
Miscellaneous Register is an INT, interrupt request flag. When the
falling edge of INT, is detected, MR7 is set to "1". 1In the inter-
rupt service routine (vector address: $1FF8, $1FF9), bit 7 is check~
ed by software if it is INT, interrupt or not. Bit 7 can be reset
by software. Bit 6 is the INT; interrupt mask bit. If this bit
is set to "1", the INT7 interrupt is disabled. Bit 7 is softwarely
readable and writable, but cannot be programmed to "1". This
means that an interrupt cannot be requested by software.

During reset, bit 7 and bit 5 are initialized to "0" and bit 6

is initialized to "1".

Miscellaneous Register (MR; $000A)
7 6 5 4 3 2 1 0

| umw{sw:s e e e

INT Input Select
INT; Interrupt Mask
INT; Interrupt Request

2.8 Input/Output

(1) 1/0 port :

31 Input/Output ports (port A, B, C, D) are provided. Each
of them can function as either input or output by programming the
Data Direction Register. If corresponding bit of Data Direction
Register is programmed to "0", the I/O port functions as an input.
While corresponding bit of Data Direction Register is programmed to
/"1", the I/0 port functions as an output (Refer to Fig. 2-16(a)).

During reset, all the Data Direction Registers are initialized
to "0" and all 1/0 ports function as input.

1/0 ports are compatible with TTL and CMOS in respect to both
input and output.

If I/0 ports are not used, they should be connected to Vgg through

resistors. If these terminals are left open, they may consume extra

power.
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Data

Direction
Register
g - outon
Input
Reg Bit
‘ pd
%
B;F of ?ata Bit of Status of Input to
1rection output
. output MCU
register data
1 0 0 0
1 1 1 1
0 x . 3-state Pin

a. HD6305U0, HD6305V0 (Ports A, B, C and D)

Direction
Register Bit

Output
Dan — Output
Bit

J
EPROM Dats 1

Diracti
Register Bit

Output

Py o
Data Output A
8it . -rm

Input
Reg Bit

p
Input|

170
w Port Bo~B, , B,
Port Dy, Dy ~ D,
Dsta
Direction
Register Bit
Output
Dsts \ g Output
Bit

Input
Reg Bt
p
Input
/0
w
PROM Mode

f

EPROM Address Input
1’)0!, & Signa! Input

Port C, Ports B., B, , B
Ports Dy, Dy

b. HD63705V0

Fig. 2-16 Input/Output Common Port Circuit Diagram
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2.9 Low Power Consumption Mode

The HD 6305U0, HD6305V0, HD63705V0 have 3 Low Power Consumption

Modes; Wait mode, Standby mode, Stop mode.

1)

2

Wait Mode

When WAIT instruction is executed, the MCU enters into the
WAIT mode, the oscillator does not stop, but the internal clock
stops. The CPU stops but the internal peripherals; Timer
and SCI; continue their current operations. (NOTE: Once the
system enters into the wait mode, the serial communication inter-
face can no longer be retriggered.) During the Wait mode, CPU
registers, except I bit of the Condition Code Register, RAM and I/0
terminals hold their conditions just before entering into the

wait mode. I bit of the Condition Code Register is cleared to "0".

The MCU is released from wait mode by an interrupt (INT,
TIMER/INT;, or SCI/TIMER,), RES or STBY. The RES resets the MCU,
and the STBY brings it into the standby mode. (Refer to Standby
mode for details).

When an interrupt request is accepted, the CPU is released
from the Wait mode to start interrupt response sequence for
vectoring to the interrupt service routine. If TIMER/INT, or
SCI/TIMER; interrupt is masked by programming the Timer Control
Register, Miscellaneous Register or SCI Status Register, the wait
mode cannot be released by interrupt.

Fig. 2-17 shows a flowchart when executing WAIT instruction.

Stop Mode

When STOP instruction is executed, the MCU enters into the
stop mode. In this mode, the oscillator stops, and the CPU and
internal peripherals stop operating. The RAM, registers (except
bit 6 and 7 of the timer control register and the I bit of the
condition code register) and I/0 terminals retain their condition
just before entering into the stop mode.

The MCU is recovered from the stop mode by the external
interrupt (INT, or INT3), RES or STBY. The RES resets the MCU,
and the STBY brings it into the standby mode.

When an interrupt request is accepted, the stop mode is exited
and the CPU begins the interrupt response sequence for vectoring to
the interrupt service routine. If the TﬁT} interrupt is masked by

programming Miscellaneous Register, the stop mode cannot be exited
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by INT, interrupt.

Fig. 2-18 shows a flowchart when executing STOP instruction.
And Fig. 2-19 shows a timing chart when recovering from stop mode.
When an interrupt (INT or INT,) occurs during stop mode, the
oscillation starts and 20 ms max later the stop mode is exited and
the interrupt response sequence starts. When RES input is held"Low"
for at least 20 ms during stop mode, the oscillator starts and the
MCU restarts operation by asserting RES "High". Note that RES
input should be held "Low" for at least 20 ms (tyg.) to assure

oscillator stabilization time.

(3) Standby Mode
The MCU goes into the standby mode when the STBY goes

"Low". In this mode, all MCU operations stop and the internal

condition is reset, holding the RAM contents. All I/0
terminals enters into high-impedance state. The standby mode can
be exited by asserting STBY "High", and RES "Low" simultaneously.
Then, RES should be held "Low" for at least 20 ms (tygc) to assure
oscillation stabilization time. Fig. 2-20 shows RES and STBY
timing.

Table 2-5 lists the status of each part of the MCU in each
low power dissipation modes. Transitions between each mode are

shown in Fig. 2-21.
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Oscillator Active
Timer and Serial
Clock Active

All Other Clocks

Stop
Clear | bit

to Standby
Mode

Restart
Processor Clocks

Initialize

CPU, TIMER, SCi,
1/0 and All

Other Functions

No

Yes

Load PC from
$1FFE, $1FFF

Restart
Processor Clocks

Load PC from
Interrupt Vector

Addresses

J

Fetch
Instruction

128

Fig. 2-17 Wait Mode Flowchart
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Stop Oscillator
and All Clocks
Clear | bit
TCR7 «~ O
TCR6 « 1
SSR7 —~ 0
SSR6 —~ 0
SSR5 « 1
SSR4 ~ 1
TDR « $F0

STB

to Standby

Mode
Turn on Oscillator
\Wiait for Time Delay
to Stabilize
No
RES
I
Yes
Load PC from Turn on Oscillator
$1FFE, $1FFF Wait for Time Delay
to Stabilize
Load PC from
Interrupt Vector
Addresses
J
Fetch
Instruction

Fig. 2-18 Stop Mode Flowchart
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Oscillator I"””””””””””””I

p et (R AR AR
e LU

o

| !

Time required for oscillation to become
=
STOP instruction

Interrupt stabilized (built-in delay time) i
executed

Instructions
restart

AN I I O T

(a) Restart by Interrupt

e LML

!

MUy uare

{(
I’

STOP i . Time required for oscillation to become
instruction —
executed stabilized (tosc) Reset
start
RES § —

(b) Restart by Reset

Fig. 2-19 Timing Chart of Releasing from Stop Mode

STBY ‘

RES

{( /
"
- - t (1 . J
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|

tosc | Restart

-
I

===
[
P_-_-—
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Fig. 2-20 Timing Chart of Releasing from Standby Mode
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Table 2-5 Status of Each Part of MCU in Low Power Dissipation Modes

Condition
Mode Start Oscil- cpy |Timer, Register®| RaM I/f) Escape
lator Serial terminal
WAIT in- STBY, RES, INT, INT,,
WAIT struction Active| Stop [Active Keep Keep Keep [|each interrupt request of
Soft~ TIMER, TIMER;, SCI
ware
STOP in- Kk S —
STOP struction Stop Stop Stop Keep Keep Keep STBY, RES, INT, INT,
Stand-| Hard- | w==o_n " High im- s e
by ware STBY=""Low Stop | Stop | Stop Reset Keep bedance STBY="High

* Internal Register (except I-bit of Condition Code Register).

** Refer to Fig. 2-20.

ST “0" Standby
Mode

BY =
RES -

Fig. 2-21 Transitions among Active Mode Wait Mode,

Stop Mode, Standby Mode and Reset
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2.10 EPROM Mode (HD63705V0)

(1) Mode Selection

The HD63705V0 has two operation modes; MCU mode and EPROM mode.
Each mode can be determined according to the NUM and STBY states
as Table 2-6 shows.

(a) MCU Mode

All ports are available in this mode. (Refer to Fig. 2-22).

Table 2-6 Mode Selection

Mode NUM | STBY | EPROM | RAN | Interrupt Vector Operation Mode
MCU Mode | "L" * I I I Single-chip mode
EPROM Mode | "H" | "L" I * * EPROM programming mode
"L" = logic "0", "H" = logic "1", I; Internal *; Don't care

(b) EPROM Mode

EPROM can be programmed in this mode. Refer to "Internal EPROM

Programming" for details.

(c) Overview of Mode and Port

Table 2-7 shows MCU signals in each mode.

Table 2-7 Overview of Mode and Port

Mode MCU Mode

EPROM Mode

Port A |I/0 port

Data bus (EOy v EO7)

Port B | I/0 port

Data Address Input EAg (By), EA;,, EA;; (Bs, B,) (Note 1)

Port C | 1/0 port

Address Input (EA; " EA;)

Port D | I/0 port

OE (D), CE (Dp)

(Note 2)

INT Input

Address Input (EA9)

TIMER Input

Program Voltage (VPP)

(Note 1) By v By are not used. Ground B3 to GND. Bg is not used.

(Note 2)

DO’ D3 v Dg are not used. Ground D6 to GND.
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Vee Vee

o [0 le——TIMER | NUM
STBY
STBY ——= .
i ma
b Port A
=E or
O —~ KD & Dot 8s
RES HD63705V0 Port C _ HD63705V0
McU p 81/0 Lines CE ——{ Mcu

INT

m—
Port A 8 Address Bus
8 1/0 Lines <:>

Vss sct, INT;

;

Port B Port D Port B, INT
8 1/0 Lines <:y @ 7 Lines v @ 4 Address Bus
SS
TIMER

Fig. 2-22 MCU Mode Fig. 2-23 EPROM Mode

(2) Memory Map
Fig. 2-24 shows a memory map in each mode. Internal registers

addresses are located in $0000 to $001F as shown in Table 2-8.

MCU Mode EPROM Mode

HD63705V0 HD63705V0

:m } il

Fig. 2-24 Memory Map
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Table 2-8 Internal Register

(R/W) : Read/Write Register
R) : Read Only Register
W) ¢ Write Only Register

. Read /Write*l/Initial Value after Reset
Register Address 7 J 3 l 5 [ Z I 3 ]' 2 I 1 f 0
R/W
Port A Data Register $00
$00
R/W
Port B Data Register $01 $00
R/W
Port C Data Register $02 $00
Not
. Used R/
Port D Data Register $03 1 $00
Port A Data Direction R/W
Register $04 $00
Port B Data Direction $05 R/
Register $00
Port C Data Direction $06 R/W
Register $00
Not R/W
Port D Data Direction $07 Uged /
Register 1 0 l 0 [ 0 l 0 ! 0 l 0 l 0
R/W
Timer Data Register $08
$FO
. . R/W
Timer Control Register $09
o 1 ]o]1]ofo]o]o
Miscell Regi $0A R/W Not Used
iscellaneous Register
o1 Jo 1 [1 1 J1 ]
$0B
Not Used e
$0F
R/W
SCI Control Register $10 $00
s11 R/W
SCI Status Register
& o2l 021 [1 [1 [1 |1 [
R/W
SCI Data Register $12 -
Undefined

*1 R: Read Only W: Write Only R/W: Readable/Writeable
*2 Only "0" can be written.
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(3) Internal EPROM Programming

When the HD63705V0 enters into EPROM mode, the CPU and internal
peripherals stop operations, and the MCU comes to be equivalent to 27256
type EPROM. Then, the 4k bytes of internal EPROM can be programmed
in the same way as 27256 type EPROM. The HD63705V0 enters into the
EPROM mode by pulling STBY "Low" and NUM "High" as shown in Table 2-6.
In this mode Ag v A7 are used as Data input/output, Cg v C7 and
B4, Bs and By are used as address input, D is used as OE input, and
D, is used as CE input. Note that the address range must be $0000 through
$00FF because the on-chip EPROM is 4k bytes. Fill remainder of EPROM with
FFFF for PROM programmer to correctly verify.

(a) Program/Verify

Data is input and output through Port A in EPROM mode.
Programming voltage should be applied to TIMER/Vpp for
EPROM programming and verification.

1f CE is asserted "Low" and OE is pulled "High', EPROM can
be programmed through Port A.

1f OE is asserted "Low" after programming, the program can
be verified through Port A.

1f both CE and OE are pulled "High", Port A enters into high-
impedance state to inhibit EPROM programming and verification.

Table 2-9 lists terminal state in EPROM mode.
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Table 2-9 Pin Conditions in EPROM Mode
TIMER pa Port COVC7,
MODE N
Vee | Vss (VPP) CE OE | Port Ag v Ay B4, Bs, By NWM | STBY |Port B3, 06
Programming +6 | GND | Vpp "L "H'" | Data input Address input | "H" | "L" GND
Verification +6 [GND | Vpp |Don't care| "L" | Data output |Address input | "H" | "L" GND
Programming/ High
Verification +6 | GND | Vpp "H" e | D18 Don't care "H" [ L™ GND
Disable impedance
Read +5 | GND +5 A "L" | Data output |Address input | "H" | "L" GND
Output Disable | +5|cNp | +5 e myn | High Don't care o | e GND
impedance
"H"; Viy level, "L'"; Vi level
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3. APPLICATION AND PRECAUTIONS
3.1 Watch-Dog Timer

(1) Purpose
A simple method of implementing the watch-dog timer, which is
generally known as a means of recovery from a system upset, will

be described below.

(2) Basic circuit

Fig. 3-1 shows the basic circuit for recovery from a system upset.

ES

= Microcomputer
T

Alive » oL -

Pulse < i C Port
Monostable

Multi-vibrator
l RESET Circuit l

Fig. 3-1 Basic Circuit for Recovery from a System Upset

(3) Operation outline

(i) In structuring system software, design the whole System so
that a pulse is generated through the port within a pre-

determined period (T<RC) if the program is normally executed.

(ii) When the system enters into the loop and is deadlocked or
when the system upsets the system presents no change in the
port output (e.g. it does not generate alive pulse), so that
the C) point potential increases and the microcomputer is

reset.

(iii) Preset the RC at above the maximum value among all of the
routes that can exist in normal operation. RC is set at a

value greater than 10 ms in the example below.
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(Example)

®:5ms + 5ms=10 ms

[ wmauze | ©: 7ms

* Preset as the pass = 10 ms<RC

START Pass @: S5ms +2ms= 7 ms

o\ [ ] 7
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3.2 Auto Reset Circuit

(1) Purpose
The following describes how to implement the reset circuit for

power-on reset or auto reset at VCC<VLM' (VpM; Threshold level.)

(2) Basic circuit

Fig. 3-2 shows the basic circuit of auto reset.

Vee
T
:EVF'l v D4 Vee 1
- Vougl to the RES V22
pin
GND 4|

—

W

3 |Ha17901
vz1 Bzoff i

or
| L HA17903
7 »r
@)

3 A

Fig. 3-2 Basic Circuit of Auto Reset

(3) Operation principle

(i) Power-on reset
V Vce

Vout ¢

" Cq xRy

Since the RES pin is pulled up by Ry, the RES rising time
is delayed by Cj°'R; during power up, so that the MCU can be

reset normally.

(ii) Auto-reset
The auto-reset operation of the basic circuits (a, b) in

Fig. 3-4 is performed as follows,

(a) Since the voltages Vy; and Vg, applied to ZD; and D1,
are constant even if Vg changes. The followings

describes the RES signals.

Vout = Vgc when Vee > Vz1 + Vpy
Vout = GND when VCC < VZl + vFl

(b) Since the voltage V75, applied to ZD3, and the ON
level Vg of Trj are constant, even if the Vg changes.
The followings describe the RES signals.

@ HITACHI
139



V|
(Threshold M
voltage)

1

Vout = Vg when Ve > Vyp + Vpp

VOUC = GND when VCC < sz + VF2

When the V;: changes, threshold level, Vpy is affected
by replacing the Zener diodes ZD; and ZD,.

(iii) The Auto-reset function will be more stabilized by feeding
back the output signal to the RES pin, tuning finely the
reference voltage, and providing hysteresis with the Vyy,
and the Vyyo. (VM1 is a voltage during the shifting from
operation to resetting, and VpM2 is the voltage in recover-

ing:)
3.3 Manual Reset Circuit

(1) Purpose
When the MCU is reset by an external switch, it is necessary to
prevent chattering. The following describes a reset circuit in
which chattering prevention and power-on reset functions are

provided.

(2) Basic circuit

Fig. 3-3 shows the basic circuit of manual reset.

t To the RES pin

[oo—{>
swin Ic HD74LS14

Fig. 3-3 Basic Circuit of Manual Reset

(3) Operation principle

(1) Power-on reset
During power-up, the capacitor C will be charged and the
Vin rising time will be delayed by the CR charge time, so
that power-on would reset normally.
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V Vee

— Vout
1.6V H- Vin

t=CxR

(ii) Manual reset
When SW is on, the V_ . goes "0" and the MCU is reset. When
SW is off, the capacitor C is charged, so that the rising
time of V, is delayed by the CR charge time. Chattering
is prevented by the capacitor C and the Schmidt trigger
HD74LS14.

: ! @ When SW OFF ..... ON,
: H Vout = GND when V;, < 0.8V

Vout I (@ When SW ON ..... OFF,

Vout ™ VCC when Vip > 1.6V

3.4 A/D Converter Circuit (1) ... High Speed

(1) Purpose
The following describes how to implement a simple A/D conversion
(analog-digital conversion) using the resistance radder (R-2R)

system.

(2) Basic circuit

Microcomputer
Analog  Vin . Vout

Dn _ Dn-1 D2 . D1 V: Voltage of the outpu
VREF=| — + =— +...+ ==+ — ge 0 tput
Input  VRee |* 5B REF (21 22 PR o 1" of the port
i B A on Vout =0 : Vin < VREF
2R :
b % [ [}rort | Necessary number of M Vout = 1 Vin > VREF
' : D‘s port=Accuracy bit+1
R$ 2R <
"‘“""<}P§?§' Vin
CHEID )
2Hl 2R : VREF
#  CMOS
HD14050 Vout 1"
g r"
Fig. 3-4 A/D Converter Basic Circuit Fig. 3-5 Timing Chart
@ HITACHI
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(3) Operation outline
The followings describe the operation outline of 3-bits A/D converter

circuit.

(i) The digital outputs (D3, Dy, D;) are changed from (1, 1, 1)
to (0, 0, 0) at the port. Vggp is reduced from 7/8 V to 0
by every 1/8 V according to Table 3-1.

(ii) The output Vout» Which is the result of comparison between
the analog input V; and Vggp, is reversed from "O" to "1"

when V; is greater than Vpgp as shown in Fig 3-5.

(iii) The value of (D3, Dy, Dl)’ when V.. is reversed from "0"

to "1", is a digital value to the analog input Vin-

Table 3-1 Value of VRgp

D3 |D2| D1 | VRgF VREF = (P—3 +2 +D-1) x vV

s To To 5 ol 22 23

0 (0 |1 |1/8xV D; to D3y are denoted by "1" or "O"
0 |1 {0 |2/8xV V: Voltage of the port output "1"
0 1 1 3/8 x V

1 0 |0 [4/8 xV

1 {0 |1 |5/8xV

1 1 10 |6/8xV

1 J1 |1 |7/8xV

START

| ©.0,,00=01,1,1 {

Yes
Vout=1 2 1

No The value of (D3, D3, D, ) is
; o
[ oeduct 1 from (0, 0,, 0,)] digital value of Vin

o
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3.5 A/D Converter Circuit (2) ... Low Speed

(1) Purpose
The following describes the A/D conversion system utilizing time
for charge/discharge to/from the CR circuit. This conversion

system is available even if the A/D conversion time is slow.

(2) Basic circuit

A |"'
Operation amplifier Microcomputer _—
Vi HA17902 Vin
oot N Ve VREF /
Input VREF Port :
Vout
“’ 1
R 3 n : Count value
A Number of n=101234----- TeToxn
c | Port port required Timer et °
g - 2

To : Timer interval

Fig. 3-6 A/D Converter Basic Circuit Fig. 3-7 Timing Chart

(3) Operation outline

(i) Set the output terminal A of the port to "1", discharge the
external condenser C for a sufficiently long period, decline
A from "1" to "0" synchronously with the timer interrupt

and charge C.

(ii) Check Voyt for each timer interrupt and observe the time T
in which Vg,¢ declines from "1" to "0". V,,4 becomes "0"
when Vi, is less than Vpgp, T is obtained as T=Tg X n,
where "n" represents the number of timer interrupts and T

represents the timer interval.

(iii) The obtained time T, which is voltage converted, is a digital

value of the analog input Vj,.
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A/D conversion
subroutine

START
initialize

Output “0" to A

Timer routine

Add + 1 to
the counter
No

et conversion
end flag

3.6 Precaution;- Board Design of Oscillation Circuit

When connecting crystal and ceramic resonator with the XTAL and
EXTAL pins to oscillate, observe the followings in designing the

board.

(1) Locate crystal, ceramic resonator, and load capacity Cj and Cy
as near the LSI as possible. (Induction of noise from outside

to the XTAL and EXTAL pins may cause trouble in oscillation.)

(2) Wire the signal lines to the neighbouring XTAL and EXTAL pins as

far apart as possible.

(3) Board design of situating signal lines or power supply lines
near the oscillator circuit as shown in Fig. 3-9, should not be
used because of trouble in oscillation by induction. The
resistor between the XTAL and EXTAL, and pins close to them
should be 10MQ or more.
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1 Signal C

L]

----|--4--1 -Signal B

XTAL 1 XTAL
EXTAL ﬁ"ﬁ EXTAL

=i

Fig. 3-8 Design of Oscillation Fig. 3-9 Example of Circuit Causing
Circuit Board Trouble in Oscillation

3.7 Precaution;- Sending/Receiving Program of Serial Data

Reading from or Writing into the SCI data register (SDR: $0012)
during sending/receiving of serial data may make sending/receiving

operation of SCI out of order.

3.8 Precaution;- WAIT/STOP Instructions Program

When I bit of condition code register is "1" and an interrupt
(INT, TIMER/INT,, SCI/TIMERZ) is held, the MCU does not enter into
WAIT mode by executing the WAIT instruction.

In that case, the MCU executes the corresponding interrupt proces-

sing routine after the 4 dummy cycles.

When external interrupts (INT, INT;) are held at the I bit mask, the
MCU does not enter into the STOP mode by the STOP instruction execu-
tion. The MCU executes the corresponding interrupt processing routine

after the 4 dummy cycles, in this case, either.
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4. PIN ARRANGEMENT AND DIMENSIONAL OUTLINE

(1) HD6305U0, HD6305V0

® HD6305U0P, HD6305VOP (DP-40)

o9PoOP9
Fesg

o0
Q8

® HD6305UQF, HD6305VOF (FP-54)

® HD6305U0CP, HD6305VOCP (CP-44)

";;mg>§§»§-
ﬁﬁ%hﬁm%mmm%

® HD63705V0C (DC-40)

Fig. 4-1 Pin Arrangement (Top View)
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Unit: mm(inch)

e DP-40

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

Je s
~ g E
51282
+ 2
L= HUUWUUWUOUWUOOUOUOU OO0 oo OO0
ll 1.2 2
(0.047) 15.24
3 = 0500
EE it :
s STES
els |85
we

254025 £ ey
10.100+0.010) (0019+0008) XS 0~ o "
~N g OO0
ol
=2
15.24

2.5410.25
(0.100£0.010)/

(0.100min) (0.200mex)

0263033
(0.010738H T

e FP-54
256+04
(1.008 +£0.016) 2.9max.
20 (0.114max.)
.787]
. (0.787) 3
S0 32
=
=] <l
54 5 3 z
! Bl S
- =
5 P |
6 22 P
1+£0.15 0.35+0.1
(0.039 +0.006) (0.014 + 0.004) 0154005
. (0.006£0002)
n
_Jffgmmmmmmmmmmmr%gs==%,
1.7+03 s
(0.0674£0.012)

(NOTE) Inch value indicated for your reference

Fig. 4-2 Dimensional Outline
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Unit: mm(inch)

® CP-44

17.53+0.12(0.690+0.005)

6 1'44 40
E{R) 39 g
-
o g O g- =]
H B 54
2 a 8 Ep=82
b 8 giErsya
(=] - =

s 3 stErdsg
S © =™ { o
g - -v- +
7 29 Es §
1 TooT— ) =

g 8 28
%
e 16.58(0.653) ,
s

]

2.5510.15(0.100+0.006)

15.50 +0.50(0.610 1 0.020)

Fig. 4-2 Dimensional Outline
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5. ELECTRICAL CHARACTERISTICS

5.1 Electrical Characteristics for HD6305U0, HD6305V0
M ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee -0.3 v +7.0 v
Input Voltage Vin -0.3 v Vee * 0.3 v
Operating Voltage Topr 0N +70 °C
Storage Voltage Toeg -55 v +150 °c

(Note)

These devices contain circuits to protect the inputs against high
static voltages or high electric fields. Be careful not to apply any
voltage higher than the absolute maximum rating to these high input
impedance circuits. For normal operation, we recommend the Vin and

Vout be constrained to the range Vgg = (Vin or vout) s Vee-

B MCU MODE ELECTRICAL CHARACTERISTICS

@ DC Characteristics (Voc = 5.0V + 10%, Vgg = GND, T, = 0 v +70°C
unless otherwise specified)

Test . .
Item Symbol Condition min typ max Unit
RES, STBY Vee=0.5| - |Vgct0.3
"yys n
Input “High™ Moyrar Vig Veex0.7| - |Vegt0.3 | V
Voltage ALl Others 2.0 | - [vgc+0.3
Input "Low" _ _
Voltage All Inputs ViL 0.3 0.8 v
Active - 5 10 mA
** Wait - 2 5 mA
Current Iec F=1MHZ*
Dissipation Stop - 2 10 HA
Standby - 2 10 HA
Input Leakage | TIMER/V 17 ] _ _ 1
Current INT, IL Vip=0.5 v A
Three State AQVA7,Bo"“B7, II l Vo0 5V
Leakage Co'\C7 ,Dp"Dg, TSI cc v - - 1
Current
Input f=1MHz, _ -
Capacitance All Inputs Cin Vin=0V 12 pF

* The value at

f=x MHz is gain by Igo=(f=xMHz) = Igc(f=1MHz) x X.
%% Vig min = Voo -1.0V, Vi, max =0.8V Penetrate current is not included.
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@ AC Characteristics (Vgc = 5.0V * 10%, Vgg = GND, T, = 0 v +70°C,
unless otherwise specified)

Test HD6305U0/V0 HD6 3A05U0 /VO HD63B0O5UQ /VO .
Item Symbol C ey T T T Unit
ondition min | typ | max min | typ | max min | typ | max
Clock
Frequency fe1 0.4 | - 4 0.4 | - 6 0.4 | - 8 | MHz
Cycle Time teye 1.0 - 10 |0.666 - 10 0.5 - 10 us
INT teye _ _ teye _ N teye _ _
Pulse Width tIWL +2%0 +2%0 +200 ns
INT, teye teye teye
Pulse Width tIWL2 £250 - - yzgo - = | +200 - - | ms
RES
Pulse Width | CRWL LI N LI R S T 7| teye
TIMER tcyc - - teye - - tcyc - _
Pulse Width | CTWL +250 +200 +200 ns
Oscillation CL = gg;n N
Start Time tose - - 20 - - 20 - - 20 ms
(Crystal) Rg = 600
max
1
Reset Delay exterr.\a
c t capacitance 80 - - 80 - - 80 - - ms
Time RHL 2.2 yF
@ Port Characteristics (Voo = 5.0V + 10%, Vgg = GND, T, = 0 % +70°C
unless otherwise specified)
Item Symbol | Test Condition min typ max Unit
Output Iog = -200pA 2.4 - - \'
"High" V
Voltage Port A, OH Iog = -10pA Vee-0.7| - - \4
{B, C, D
Output "'Low"
Voltage VOL IOL = 1.6mA - - 0.55 \'
Input "High"
Voltage Vin 2.0 = |Vect0.3 |V
Input "Low" |Port A,
Voltage B, C, D ViL 0.3 B 0.8 v
{Zla’::ge |11l Vin ~ - - 1 pA
Current 0.5Wgc -0.5V
@ HITACHI
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@ SCI Timing (Voo = 5.0V * 10%, Vgg = GND, T, = 0 * +70°C)
unless otherwise specified)

HD6305U0/V0 HD63A05U0/V0 HD63BO5UO0 /VO
Item Symbol Unit
min | typ | max min | typ | max min | typ | max
Clock Cycle Time tseye 1 - | 32768 | 0.67 - | 21845 | 0.5 - | 16384 us
Data Qutput Delay Time toxp - - 250 - - 250 - - 250 ( ns
Data Set-up Time tSRX 200 - - 200 - - 200 - - ns
Data Hold Time tHRX 100 - - 100 - - 100 - - ns

|
Clock Output (R
Ds/CK
0.6V
1t
Data Output X 2.4V X
D3/T,
3 0.6V 5
t
e-SPX tHRX
(e
Data Input 7 2.0V 2.0V K o
Ds/R
4/Rx 08V 0.8V «
| o

Fig. 5-1 SCI Timing (Internal Clock)

tScye

e
Cloc__k_l_nput / 2.0V
Ds/CK Y. 0.8v 08V X osv

— 'TXD L-.____. p
€
7
Data Output 24v
D3/Tx -0.6v »
7
tSRX
SR }n——- tHRX ——————af
- G
Data Input 2.0V 2.0V ked
D4/Rx 0.8V 0.8V .
RY

Fig. 5-2 SCI Timing (External Clock)

G HITACHI
151



5.2 Electrical Characteristics for HD63705V0

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit Note
Supply Voltage Vee -0.3+7.0 \
Program Voltage Vpp -0.3v+15.0 v
Input Voltage Vin -0.3Wgct+0.3 \
Operating Temperature Topr 0n+70 °c
Storage Temperature Tstg =55 v+125 °C

Note 1. Applied to TIMER/Vpp

Note 2. Applied to all terminals except TIMER/Vpp
(Note) These products have a protection circuit in their input terminals
against high electrostatic voltage or high electric fields.

Notwithstanding, be careful not to apply any voltage higher than
the absolute maximum rating to these high input impedance circuits.
To assure normal operation, we recommended Vin, Vou¢3 Vss<(Vin or

Vout) SVcc-

B ELECTRICAL CHARACTERISTICS

@® DC Characteristics (Vgc=5.0V +10%, Vss =GND and Tg =0 v+70°C unless otherwise specified)

Item Symbol c o:;:it ion min typ max Unit

RES, STBY Vce-0.5 - Vcet0.3 v
Input
voltage EXTAL Vin Veex0.7 - Vect0.3 v
"High"

Others 2.0 - Vgct0.3 v
Input volt-
age "Loy" All Input Vi1, -0.3 - 0.8 v

Operating - 5 10 mA

Ak

Current wait 1 f=1MHz* - 2 3 mA
dissipa- g, o _z - 2 10 A
tion P M

Standby - 2 10 HA
Input TIMER/Vpp - 1 100
leakage [Tyl uA
current INT,STBY V,=0.5v - - 1.0

n=0.

Three-~ Ag VAy, _
state Bg VB7, |Tparl Ve -0.5V _ - 1.0 LA
current Co"vC7, TSI ’

Do “Dg
Input TIMER/Vpp f=1MHz, - - 100 pF
capacity All termi- Cin Vin= OV _ _ 15

nalsexcept|

TIMER/Vpp

* The value at f =XMHz can be calculated by the following equation:

** At standby mode

**% Vry min = Voo - 1.0V, Vyp max = 0.8V, Penetrate current is not included.
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@ AC Characteristics (Vgg =5.0V £10%, Vgg =GND and T, =0 v+70°C unless otherwise specified)

Test HD63705V0 HD637A05V0 HD637BO5SVO
Unit
Ieem Symbol condition min typ max ain typ max ain typ max

Clock fe1 0.4 - 4 0.4 - 6 0.4 - 8 MHz
frequency
Cycle time teye 1.0 - 10 0.666 - 10 0.5 - 10 us
IRT pulse teye _ teyc _ _ teye _ _
width EINL +250 | +200 +200 ne
INT, pulse teye _ _ teye _ _ teye _ _
viden ‘L2 +250 +200 +200 ne
ﬁit:‘ll.‘ tRWL 5 - - 5 - - 5 - - teye
TIMER pulse t, _ _ teye ~ - teyc - - ns
width tTWL +2%0 +200 +200

= 22pFt
Oscillation L :g;l’
start time tosc Rg =600 - - 20 - - 20 - - 20 ns
(crystal) max
Reset delay External cap. - - - - 80 - - s
tine CRHL 2.2uF 8o 80

I PROM MODE ELECTRICAL CHARACTERISTICS

@® Programming Operation
DC Characteristics (VCC = 6V + 0.25V, Vpp = 12.5V + 0.3V,
Ty = 25°C * 5°C)

Item Symbol | Test Condition min typ max Unit
Input Leakage Current | Ijg Vin=6.25V/0.45V - - 2 HA
VoL Iop = 2.1 mA - - 0.45 v
Output Voltage Vou Iog = -400 WA 2.4 _ _ v
Power Supply Current _ _
(Active) Ice 30 mA
VIL _0 . 1 - 0 . 8 V
Input Voltage
Vg 2.2 - |vge0.3| v
Programming Current Ipp CE = vy, - - 40 mA

(NOTE) 1. Vpp(+12.5V) must be applied after Vgc (6V) is settled and must

be removed before Vg¢.

2. Vpp must not exceed +15V. Be careful to prevent overshoot of
the Vpp when switching to 12.5V.

3. The device must not be inserted into a board with Vpp at 12.5V
to prevent damage to the reliability of the device.

4. When CE = ViL» Vpp must not be changed from Voo to 12.5V or
from 12.5V to Vq¢.
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® AC Characteristics (Vgc = 6V * 0.25V, Vpp = 12,5V + 0.3V,
T, = 25°C * 5°C)

Item Symbol | Test Condition min typ max Unit
Address Set-up Time tas 2 - - Us
OE Set-up Time toEs 2 - - us
Data Set-up Time tps 2 - - us
Address Hold Time taAl 0 - - us
Data Hold Time tpy 2 - - us
gt;;zut Disable Delay tpp* Fig. 6-3 0 - 130 ns
Vpp Set-up Time typs 2 - - us
Program Pulse Width tpw 0.95 | 1.0 1.05 ms
Vec Set-up Time tycs 2 - - us
OE Output Delay Time toE 0 - 150 ns

Overprogramming CE
Pulse Width

topw 2,85 - 78.75 ms

* tpp is defined when any lines are not connected to output and the output

level can not be referred.
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Switching Characteristics

Test Condition;
Input pulse level .... 0.8V to 2.2V
Input rise/fall time.. < 20 ns

T +s.. input v, 2v
I1/0 timing reference level output 0.8V, 2V

Program Program Verify
Address X [<
tas taH
Das  —— Data In Stable Data Out Valid
tDs ‘DN tDF
Vep
Vee,
vee tvps
Vee
_ono]]
GN
Vee tves
TE
M toes || ‘o€
o€ —
forn| | S

Fig. 5-3 PROM Program/Verify Timing

@® Read Operation
DC Characteristics (Vgg = 5V % 10%, Vpp = V¢ + 0.6V, Ty, = 25°C + 5°C)

Item Symbol | Test Condition min typ max Unit
Veoe= 5.5V
cc 4 - ~
Input Leakage Current I Vio= GND ~ Ve 1 HA
Output Leakage I Vee= 5.5V, _ _ 1
Current LO Vout=GND " Ve HA
Programming Current Ipp Vpp=Vec - 1 100 HA
Power Supply Current * FF=0F=
(Active) Icc CE=OE=Vyy, - 30 mA
ViL -0.3 - 0.8 \
Input Voltage
Vin 2.2 - |Vget0.3] v
VoL Iop = 2.1 mA - - 0.40 v
o
utput Voltage Vou | Tow=-400ua | 2.4 | - - v
* [Excepts straight current through input.
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AC Characteristics (Vgg = 5V * 10%, Vpp = Vcc * O.

6V, Ta =25°C £5°C)

Item Symbol | Test Condition min max Unit
Access Time tace CE=0E=Vp, - 500 ns
CE Output Delay Time tcE OE=VL - 500 ns
OE Output Delay Time toE CE=vy, 10 150 ns
Outﬁut Disable Delay Time tpr* CE=vyp, 0 105 ns
Data Output Hold Time ton CE=0E=Vy, 0 - ns

* tpp is defined when any lines are not connected to output and the

output level can not be referred.

Test Condition;

Output load ...

Input pulse level ..

Input rise/fall time

Switching Characteristics

veees 0.8 to 2.2V
eees 220 ns

teseecsess 1TTL Gate+l00 pF

I/0 timing reference level ..... input ; 1v, 2v
output; 0.8V, 2V
X
Address
N
CE
tCE———=
OE
tOE—*1 tDF —
tacc tOH -+
o]
N

' Fig. 5-4 PROM Read Timing
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(1) HIGH~SPEED PROGRAMMING

The HD63705V0 provides the high-speed programming method
shown in the following flowchart. This method realizes faster program-
ming time without any voltage stress to the device nor deterioration
in reliability of programmed data.

f

SET PROG/VERIFY MODE
Ver=12.6V+0.3V,Vcc=6.0+0.26V

=0

did

n+1—n
YES
NO
@ [ Prooram tow=1mex6% ]
NoGo VERIFY l Address+ 1—Address 1
G0
§=26

[ Proramiopu=3ntma) |

LAST NO
Address?

YES

SET READ MODE
Vec=6.0V£0.5V, Vpp=Vcc£0.68V

Fig. 5-5 High-Speed Programming Flowchart
Fig. 5-6 shows a port test.

Vee (NOTE)
o 240
lou=1.6mA S <
Tout polnt o > — 1. The load capecitance includes stray capacitance caused by the probe, jig, etc.

J 2. Al diodes are 152074@).

= 40pF

12kQ

Fig. 5-6 Test Load
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PROGRAMMABLE ROM

HD63705V0 MCU stops functioning in PROM mode and can be programmed
as EPROM equivalent to 27256 type. (Refer to "2.10 EPROM Mode" about
PROM) .

HD63705V0 MCU can be programmed with commercially available PROM
programmer by using socket adapter in order to convert the pin arrange-

ment into that equivalent to single EPROM.

Table 6-1 show the recommended combination of PROM programmer and

socket adapter in programming HD63705V0 MCU.

Note that socket adapter selects 24 pins from 40 pins of MCU, then
converts from 40-pin socket to 24-pin socket with ordinary EPROM

(27256 type).

Table 6-1 PROM Programmer and Socket Adapter

PROM Programmer Socket Adapter
Maker Type No. Maker Type No.
121B DATA I1/0 HD63705V0
DATA I/0
29B HITACHI H35VSAO1A

6.1 Programming/Verification

158

When applying programming voltage (Vpp) to Vpp, asserting
OE to "High" and CE to "Low", HD63705V0 MCU write the data transmitted
from Port A by asserting both OE and CE to "Low". Refer to Fig. 5-3

and 5-4 about data transmit timing.

When both OE and CE are asserted to "Low", Port A will enter into

high impedance. This masks programming/verification of the PROM.

@ HITACHI



(1) Precaution of the PROM Programming

6.2

The PROM memory cell should be programmed with the specified
voltage and timing. The higher program voltage Vpp or the longer
program pulse width tpy is applied, the more will be the quantity of
electrons injected to the floating gate. However, a p-n junction
will be broken permanently if Vpp is applied to more than maximum
ratings. Especially Vpp overshoot of an EPROM programmer should be
checked.

Negative-noise to device pins may cause a parasitic transistor

effect and reduce the breakdown voltage.

Users should also be careful of the following, since PROM is
electrically connected to PROM programmer through HD63705V0 socket
adapter.

@ Confirm that socket adapter is fixed to PROM programmer
before programming.

@ Don't touch the socket adapter and the MCU while programming.

If you do, sometimes you cannot program because of malconnection.

Erasure (MCU with a window)

Internal PROM data can be erased if the memory elements are

exposed to ultraviolet light. The erased data is set to "1".

When erasing the data, the recommended conditions are as follows;

wavelength: 25374, an integrated does of at least: 1.5W-sec/cm)

Exposing the LSI to an ultraviolet lamp of 12000 uW/cm?
for about 20 minutes, at a distance of about 1 inch, would be

sufficient.

@ HITACHI
159




6.3 Application Notes

(1) The PROM Programming and Data Retention
HD63705V0's memory cell is the same as an EPROM device, and
it is programmed by hot electrons injected to the floating
gate with applying high voltage at the control gate and the
drain. The electrons have been trapped by the potential
barrier at the polysilicon-oxide (Si0y) by which the floating
gate is completely sorrounded. The programmed cell becomes a
"o".
The memory cell will be discharged by;
(:) Exposure to ultraviolet light; discharged by photo emitting

electrons (erasure principle).

C) Heat; discharged by thermal emitting electroms.
C) Applied with high voltage; discharged by high electric

field applied to control gate or drain.

If there is something wrong with the oxidation membrance
around the floating gate, the LSI will lose more electrons.
However, we usually eliminate these defective products, and a

LSI rarely loses electrons in the memory cell.

Memory elements without electrons in the floating gate is

usually set to "1".

Control gate
Floating gate
AYATAYaYaVa
Source \ ‘GAGA. Drain
N+ Nt

The programmed cell (“0”’)

Control gate
Si0,
Floating gate
S AN Drain
N ) pd
N+ e/ ~+

Fig. 6-1 Cross-section of An EPROM Memory Cell
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(2) Precaution for using the MCU in the ceramic package with a
window

(a) Window
Static charge on the window surface may adversely affect the
function of the MCU. The charge will be caused by rubbing
the window with plastics or dry cloths, or touching a charged
body on it. They can be discharged by exposure to ultraviolet
light for a short time. It is recommended to program the
memory cell again after exposure, since the electrons trapped
at the floating gate will reduce. The methods to prevent

static charge on the window are follows.
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C) Connect the body of an operator to the ground.
@ Do not rub the window with plastics or dry cloths.
() Do not use coolant sprays which contain some ions.

C) Use a conductive opaque label.
(b) Precaution after programming EPROM
The data stored in EPROM may be lost or the MCU may malfunction
by photocurrent if the MCU is exposed to strong light like a fluores-

cent lamp or the sunlight. Therefore, it is recommended to cover the
window with an opaque label.

Special labels are commercially available for this purpose.

Labels containing metal are effective in that they absorb ultraviolet
light.

Users should be careful to the followings in choosing opaque
labels.

() Adhesion; Opaque label will lose its adhesion in these cases:
Static electricity may be charged in removing the opaque label,
therefore it is recommended to erase or rewrite the data by

ultraviolet light after removing the opaque label.

C) Available range of temperature tolerance; The window should be
stained with an opaque label within available range of temperature
tolerance and operating environment temperature. Otherwise,
paste will be harden or cling to the window, causing the label

easily to be removed or the paste to remain on the back glass.

() Humidity; Opaque label covering tolerance of temperature and

operating environment condition should be used.

It is difficult to find an opaque label covering all environmental
conditions available to MCU. Therefore, users should make a

good choice according to the purpose.
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Table 6-2 Difference between HD6305V0 and HD63705V0

. Type HD6305V0 HD63705V0
tem
Operating _ _
Voltage Vec =37V 6V Voo = 4.5V 5.5V
XTAL . XTAL
s O (O
0sc Buffer) R¢ S R¢
Circuit at 3
STANDBY or EXTAL EXTAL
STOP Mode O
STBY, STOP
STBY, STOP
Vee
EXTAL is connected to VCC There is no pull up MOS.
through pull up MOS at EXTAL is at Vgg by Rf at
STANDBY or STOP Mode. STANDBY or STOP Mode.

7. ROM CODE ORDER METHOD
Users' programs are mask programmed into ROM by Hitachi, and are

shipped as LSI. We request users to hand in three EPROMs in which the
same contents are written, ordering specifications, and list of the

ROM contents.

Relationship between the mask ROM address and the EPROM address
is shown in Table 7-1. Program $FF for the unused address data of the
EPROM.

Table 7-1 Relationship between the Address of Mask ROM and that of EPROM

Type Name Address of Mask ROM Address of EPROM Remarks
$1800 $1800
e Cj e HN482764
$1FF3 $1FF3
HD6305U0 $1FF4 $1FF4 HN27C64
e CD ° or their equivalent
$1FFF $1FFF
$1000 $1000
4 Cj e HN482764
$1FF3 $1FF3 27C64
HD6305V0 S1FF4 S1FFA HN
o 4 ) > or their equivalent
$1FFF $1FFF
@ HITACHI
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APPENDIX

I. DESIGN PROCEDURES AND SUPPORT TOOLS
Cross assembler and hardware emulator, containing various kinds of

computers, are available as supporting systems to develop users' programs.
Users' programs are mask programmed into ROM and shipped by Hitachi.

Fig. I-1 shows a typical program design procedure and Table I-1
summarizes a set of system development support tool for HD6305U0 and

HD6305V0.

(1)
Text Editor
Host Computer
(2)

(3)

Assignment of
RAM and 1/0

(6)

Artwork

@ — Cross Assembler
List Assemble = Host Computer

Pattern Generator

Tape
Mask
]
Trial
Production
|
(5)
Sample [ — Emulator

EPROM On-Chip LSI,
HD63705V0C

7)

Engineering
Approval

No

Yes

Mass
Production

Fig. I-1 Program Design Procedure
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The following explains the system development procedure.

Specify functional assignment of I/O pins and allocation of RAM

area before starting programming.

Design a flowchart to implement the functions and encode

this flowchart with mnemonic codes.

Punch the coded format onto cards or write it on a floppy disk.

This set of coded form is a source program.

4, Assemble the source program to generage an object with a cross
system. And check errors out here.
5. Verify the program through hardware simulation with emulator or
EPROM on-chip microcomputer.
6. Send the completed program in EPROM to Hitachi.
7. After Hitachi received user's specified ROM pattern, Hitachi
fabricate sample LSI for users' evaluation for the functions. If
a user does not find any problem in the sample LSI, Hitachi will
start mass production of the LSI.
Table I-1 System Development Support Tools
EPROM IBM PC
Type No. Emulator
On-Chip LSI Cross Assembler
HD6305U0 HISNIX HD63705V0C S35IBMPC
HD6305V0 (HS35VEMLO3H)
@ HITACHI
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Single Chip Microcomputer ROM Ordering Procedure

(1) Development Flowchart

Single chip microcomputer device is developed according to
the following flowchart after program development.

Hitachi Customer Remarks
(@O ROM code *1 ¥1 2 sets of EPROM
(@ Mask Option List *2 %2 Part specific
(® ordering Specifica- *3 Generic for Hitachi
tions *3 microcomputers

rComputer processing I

*4 The same ROM code as

ROM code for confirma- submitted
tion of ROM fabricating
specifications *4 *¥5 Send it back after
approvin,
OK 1YY g
@ vVerification Listing
{ *> %6 3 pes
| Mask ] *7 Start the following
flowchart after approving
*¥8 Send back signed working
| Sample ] sample approval form

*¥9 10 pes

Working Sample (WS)
*6 ‘
@Confirmation of func-

tion, characteristics
*7  *g
r

OK

Y

Engineering Sample (ES)
*9

i
Confirmation of func-
tion, characteristics,
quality

l Commercial Sample (qgﬂ

(END)

(Note) Please send in@ ,®, and @at ROM ordering, and send back @ ’ @ after approving.
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(2) Data you send and precautions

(a) Ordering specifications ----- Common style for all Hitachi
single chip microcomputer
devices. Please enter as
for the followings. The
format is shown in the next
page.

o Basic ITEM

o Environment Check List

o Check List of attached data
o Customer

(b) ROM code =-=---- Please send in the ordering ROM code by 2
sets of EPROM the same contents are written.
Enter ROM code No. in them. It is de-
sirable to send in program list for easy
confirmation of the program contents.

(3) Change of ROM code

Note that if you change the ROM code once sended in or other
specification, the ROM must be developed from the beginning.
The cost of mask charge should be provided again in this case.

(4) Samples and Mass production

(Working Sample) —-=—===----- Sample for confirmation of theé
contents of ROM code and that
of mask option. Normally 3 samples
are sent, but not guaranteed as for
reliability. Please evaluate and
approve immediately because the
following sample making and mass
production are set about after
obtaining your evaluation.

(Engineering Sample) =------- Sample for evaluating also re-
liability. 10 pcs are included
in mask charge.

(Commercial Sample) =—=====-- Samples for pre-production which
maybe purchased separately.

(Mass Product) ---=--=------ Products for actual mass produc-
tion. Please enter the plan of
mass production in full.
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HD6305U0, HD6305V0
ORDERING SPECIFICATIONS

(1) GENERAL CHARACTERISTICS (Fill in blank space or appropriate box[1).

Device Package Outline
Type (See Section) [dpp40  []cp-44
3,4.1
(1 Fp-54
Application Options/Remarks:
(be specific)
Customer
ROM Code ID

ROM Code | LI EPROM  ypi specity:
Media (1 ztat™ PEEY: Customer Programmed Stop Address

Customer Programmed Start Address

Operating

Temperature [ Standard

R Specification (-40°C to +85°C), if offered

Remask D ‘Yes L:l No Previous Hitachi P/N

(2) OPERATING CHARACTERISTICS

LSI | Average C Target Level [ 500 Fit 1«
Ambient A .
Temperature Range C. °C Of Reliability ] 1000 Fit
I/i?rllbient Average % Acceptable ] 1.0% L1 0.4%
Humidity Range %- o | QualityLevel | ™ 46500 [ ¢
Power On Average | Hours/Day | Remarks:
Duration
Maximum Applied | Power [ Max V
Voltage To LSI Supply

/0 Max \%

(3) ELECTRICAL CHARACTERISTICS

[] Purchasing Specifications [ Hitachi's Standard Specifications

Refer To Data Sheet:

(4) CUSTOMER APPROVAL

( For Hitachi Use Only )
(5) ROM CODE VERIFICATION

PO#

Date

Customer Name, LSI Type No.
Accepted By (prin RO T Customer
Accepted By (signature)
Approved Date of
ROM From Customer

168
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HD6305/HD63L05 SERIES HANDBOOK

Section Four

e HDO30SX
e HDO30SY
e HDO3POSY
User’s Manual
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Section 4
HD6305X, HD6305Y, HD63P05Y User’s Manual
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5. ELECTRICAL CHARACTERISTICS
Electrical Characteristics of HD6305X0, HD6305Y0, HD63P05Y0
Electrical Characteristics of HD6305X1/X2, HD6305Y1/Y2, HD63P05Y1. . .

5.1
5.2

6. ROM CODE ORDER METHOD

SINGLE CHIP MICROCOMPUTER ROM ORDERING PROCEDURE

HD6305X0/X1, HD6305Y0/Y1 ORDERING SPECIFICATIONS
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1.

OVERVIEW

1.1 Features

The HD6305X0, HD6305X1, HD6305X2 MCU are CMOS 8-bit single chip
Microcomputers containing CPU, Clock Oscillator, ROM (HD6305X2 does
not contain Internal ROM), RAM, I/O port, Timer and Serial Communication
Interface (SCI) on a single chip. The HD6305X1 and HD6305X2 MCU con-
figurations are equivalent to the HD6305X0 MCU configuration except

the number of I/0 terminals.

The HD6305X0 and HD6305X1 MCU contain 4096 bytes of Internal ROM.
The HD6305X1 MCU expands its memory up to 1l2k-bytes externally. The
HD6305X2 MCU, without Internal ROM, expands its memory space up to 16k
bytes.

Features of these Microcomputers are as follows.

® Upward Compatible with the HD6805 Family Instructions

@® 8-bit Architecture ‘

@® 4096-Bytes of Internal ROM (HD6305X0)

@® 4096-Bytes of Internal ROM and 12k-Bytes of External Memory
(HD6305X1)

@® 16K-Bytes of External Memory (HD6305X2)

@® 128-Bytes of RAM

® I/0 Terminal x 32, Input Only Terminal x 7, Output Only Terminal x
16 (HD6305X0)

I/0 Terminal X 24, and Inpﬁt Only Terminal X 7 (HD6305X1,
HD6305X2)
® 2 Internal Timers
An 8-Bit Timer with 7-Bit Prescaler X 1
A 15-Bit Timer (Multiplexed with SCI Clock Driver) X 1
@® Internal Serial Communication Interface
@® Interrupts; External Interrupt X 2, Timer Interrupt X 2,
SCI Interrupt X 1, Soft Interrupt X 1
® Low Power Dissipation Modes
Wait Mode; Continues clock oscillation, stops CPU, permits
Timer/Serial/Interrupt to function
Stop Mode; Stops clock, holds RAM data I/0 Status, and
Register contents

Standby Mode; Stops clock, holds RAM data, resets internal options.
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@® Minimum Instruction Cycle Time
HD6305X0/X1/X2 .... 1 us (f= 1MHz)
HD63A05X0/X1/X2 ... 0.67 us (f= 1.5MHz)
HD63BO5X0/X1/X2 ... 0.5 us (f= 2MHz)
@® Wide Operation Range
Vee = 3 v 6V (£=0.1 ~ 0.5MHz)
HD6305X0/X1/X2  £=0.1 ~ IMHz  (Vgg=5V£10%)
HD63A05X0/X1 /X2 £=0.1 v 1.5MHz (Vcc=5V+10%)
HD63BO5X0/X1/X2 £=0.1 ~ 2MHz  (Vgg=5V+10%)
® Sufficient Supporting System by Evaluation Kit
3 Additional Instructions ... DAA, WAIT, STOP

The HD6305Y0, HD6305Y1, HD6305Y2 MCU are CMOS 8-bit single chip
Microcomputers containing CPU, Clock Oscillator, ROM (HD6305Y2 does not
contain Internal ROM), RAM, I/0O port, Timer, and Serial Communication
Interface (SCI) on a single chip. The HD6305Y1 and HD6305Y2 MCU configu-
rations are equivalent to the HD6305Y0 MCU configuration except the

number of I/0 terminals.

The HD6305Y0 and HD6305Y1 MCU contain 7872 bytes of Internal ROM.
The HD6305Y1 MCU expands its memory space up to 8k-bytes externally.
The HD6305Y2 MCU, without Internal ROM, expands its memory space up to

16k bytes externally.
Features of these Microcomputers are as follows.

@® Upward Compatible with the HD6805 Family Instructions

@® 8-bit Architecture

@® 7872-Bytes of Internal ROM (HD6305Y0)

@® 7872-Bytes of Internal ROM and 8k-Bytes of External Memory
(HD6305Y1)
16k-Bytes of External Memory (HD6305Y2)

@® 256-Bytes of RAM

@® I1/0 Terminal x 32, Input Only Termaiual X 7, Output Only Terminal
x 16 (HD6305Y0)
I1/0 Terminal X 24, and Input Only Terminal x 7 (HD6305Y1,
HD6305Y2)

@® 2 Internal Timers
An 8-Bits Timer with 7-Bits Prescaler X 1
A 15-Bits Timer (Multiplexed with SCI Clock Driver) X 1

® Internal Serial Communication Interface
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® Interrupts; External Interrupt X 2, Timer Interrupt X 2,
SCI Interrupt X 1, Soft Interrupt X 1.
@® Low Power Dissipation Modes
Wait Mode; Continues clock oscillation, stops CPU, permits
Timer/Serial/Interrupt to function.
Stop Mode; Stops clock, holds RAM data, I1/0 status, and
Register contents.
Standby Mode; Stops clock, holds RAM data, resets internal optioms.
® Minimum Instruction Cycle Time
HD6305Y0/Y1/Y2 .... 1 us (f= 1MHz)
HD63A05Y0/Y1/Y2 ... 0.67 us (f= 1.5MHz)
HD63B0O5Y0/Y1/Y2 ... 0.5 us (f= 2MHz)
® Wide Operation Range
Vee = 3 Vv 6V (£=0.1 " 0.5MHz)
HD6305Y0/Y1/Y2  £=0.1 v 1MHz (Ve=5V+10%)
HD63A05Y0/Y1/Y2 £=0.1 ~ 1.5MHz (Vcc=5V£1l0%)
HD63B05Y0/Y1/Y2 £=0.1 ~ 2MHz (Vee=5vV+10%)

® Sufficient Supporting System by Evaluation Kit
3 Additional Instructions ... DAA, WAIT, STOP

The HD6305 family instruction sets, which are completely compati-

ble, are available for system expansion.
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Table 1-1 and 1-2 summarizes

Table 1-1 Features

the features of each LSI.

of HD6305X, HD6305Y

176

HD6305X0 HD6305X1 HD6305X2 HD6305Y0 HD6305Y1 HD6305Y2
Type No. HD63A05X0 HD6 3A05X1 HD63A05X2 HD63A05Y0 HD63A05Y1 HD63A05Y2
HD63B05X0 HD63BO5X1 HD63B05X2 HD63B0O5Y0 HD63B0O5Y1 HD63B05Y2
Package DP-64S /FP-64 {DP-64S /FP~64 | DP~64S /FP-64 | DP~64S /FP-64 |DP-64S /FP-64|DP-64S /FP~64
Internal ROM(k bytes) 4 4 - 7.9 7.9 -
Memory  IpaM (bytes) 128 128 128 256 256 256
External (Expanded) _ .
Memory (K bytes) 12 16 8 16
Tnput
Output 32 24 24 32 24 24
I1/0 Port Input 55 7 31 7 31 7 55 7 31 7 31 7
Output 16 - - 16 - -
Nestings 12 12 12 12 12 12
External
Interrupt 2 2 2 2 2 2
Soft
Interrupt Interrupt 1 1 1 1 1 1
Timer
Interrupt 2 2 2 2 2 2
Serial
Interrupt ! L ! ! ! !
8 bits ’
(with 7 bits 1 1 1 1 1 1
Timer prescaler)
15 bits 1 1 1 1 1 1
Crystal Possible Possible Possible Possible Possible Possible
Oscillator 7
Cer?mlc Possible Possible Possible Possible Possible Possible
Oscillator
EPROM HD63P05Y0 HD63P05Y1 HD63P05Y0 HD63P0O5Y1
on-package HD63PA05Y0 HD63PAO5Y1 - HD63PAO5Y0 | HD63PAOSY1 —
type HD63PBO5Y0 HD63PBO5Y1 HD63PB05Y0 HD63PBO5Y1
Table 1-2 Features of EPROM On-Package Type Family
Type No. HD6 3P05Y0 HD6 3PA05YO HD6 3PBO5YO HD63P05Y1 HD6 3PAO5Y1 HD63PBO5Y1
Package DC-64SP DC-64SP DC-64SP DC-64SP DC-64SP DC~-64SP
HD6305X0 HD63A05X0 HD63B0O5X0 HD6 305X1 HD63A05X1 HD6 3B05X1
Equivalent Device
HD6305Y0 HD63A05Y0 HD63BO5YO HD6305Y1 HD63A05Y1 HD63BO5Y1
4 k bytes HN482732A-30 |HN482732A-30 | HN482732A~25| HN482732A-30 | HN482732A-30 |HN482732A-25
EPROM HN482764-3 HN482764-3 HN482764 HN482764-3 | HN482764~3 | HN482764
8 k bytes
HN27C64-30 HN27C64-30 HN27C64~-25 HN27C64~30 HN27C64-30 | HN27C64-25
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1.2 Block Diagram

Fig. 1-1 gives block diagrams of the HD6305X, HD6305Y, and

HD63P05Y MCU.

XTAL EXTAL RES wum Y STV

e e ]
Timer control
: 3 g% - Index . chu
At € J Control
'P,%nA :‘;—-—— 55 g & C:D s Register x
Torminals o, —J < | 2§ Condition Code
Ay el S Register
~ u B ceu
Stack
8 Pointer gp)
[p—— Program
[ | E Counter ALU E
Pong H— bt ,‘_‘"_'ﬂ.ﬂ( €
10 s 53[22K) ogram Jui—s
Torminsls oo =T} & & §s s Counter Y §; e
. £ ——=
: I =
— | I —
Port C — o |
10 2,.._. (3] Es 4096x8 128x8 _.:,'
Terminals C, = s 63@ AOM RAM wEl
Co ] } .
WX <|§ $ E‘g —
c./ J
CofTx ——°:.
",
Seri
Serisl ol G
Dsta "*"'C:u gk —)
egister L] K—N 5 ! "g 4
tor 8 5 S
T g
- 88 ——a
G

(a) HD6305X0

Fig. 1-1 Block Diagram (to be continued)
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XTAL EXTAL E RW

‘ e |
Timer/ M

RES NUM INT  STBY

TIMER Prescale Miscella-
o b " |s Counter F@ neous  [*)
Timer Control Register
Accumulator
r—1 1] ||F : .
Port A A ] <k §§ Index CPU D:/WT,
/0 A w2 |88 g Register Control o5 o
Terminals A, sg aC C:> 2 b
a c e g E + PortD
Asm—] "C | &5 Condition Code ¢ l—-0 Input
As s Register &€ fe——p, PV
Y SSC—— 5 CCR CPU —n, Terminals
Stack
¢ Pointer gp
: o
[p— H 8 Counter | ADR
Port B :z-._.—_ of §§ 6 High” pcH ALU O B== ADR::
1/0 3 —————end ° o Program ——— ADR.
Terminals  Bi e gg' s <::> cco‘;'rm,.- §= ———Aoa:;
Be—ej O |85 8 “Low" PCL @ = ADRy
B - 3 ADRg
By i @ ADR,
> g ADRg
5 ADRy
° ADR,
. ] ! < | ADR,s
Port C ) 8 ] " [ ADm
1/0 G- 0E| E2 4096 x8 128x8 L ADR.
Terminals  C;=——e= talo 4 <l‘:'\v ROM RAM Ro
Gl S g s
Cs/CK 186
Ce/Rx =
Comx * HD6305X2 does not [=—= DATA,
e DATAq
contain internal ROM 8 _ f=—DaTA,
@ 8 e DATA,
85 p=—=DATA;
Serial 5a
Serial | Gontrol ED [ pATA,
Register == DATA,
Data - L == DATA,
Register Serial
tatus L
egister

(b) HD6305X1, HD6305X2

Fig. 1-1 Block Diagram (to be continued)
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XTAL EXTAL RES NUM INT  STBY

Timer/ B L Oscillator — Miscella-
TIMER—=] Prescaler s Counter —] ‘ <":> neous =)
Timer control : : ] I Register
Accumulator
S g8 8 2 cPuU o,
PortA A < s ) Index Control D, INT;
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Fig. 1-1 Block Diagram(to be continued)
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XTAL EXTAL E R/MW

l RES NUM INT  STBY
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Fig. 1-1 Block Diagram (to be continued)
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Fig. 1-1 Block Diagram (to be continued)
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K ®
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3
Seria ) =t F—oam
Serial | Control 53 fm o DATA
Data Register [a) g:;:z
Regi Serial __.DAT‘“’
e Status
Register
On Package
———————— R
| |
| le— Ao | <—
1 [— A, | <
| T 1]
p-—— A] |<-_
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Fig. 1-1 Block Diagram
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Table 1-3 Terminal Functions

Terminals

Functions

Corresponding
Devices

vee, Vss

Voltage is applied to the MCU through
these terminals.

Vcc provides 5.0V+107 power supply,
while Vss is grounded.

These terminals function as external
interrupt request inputs to the MCU.
Refer to "2.7 INTERRUPT" for details.
The INT2 is multiplexed with the Dg.

XTAL,
EXTAL

These terminals are inputs to the
internal clock circuit. Connect a
crystal oscillator (AT cut, 2.0n8.0
MHz) or ceramic filter to these
terminals. Refer to '"2.6 INTERNAL
OSCILLATOR" for further informations.

HD6305X0/Y0
HD6305X1/Y1
HD6305X2/Y2
HD63P05Y0/Y1

TIMER

This external input terminal controls
internal timer circuit. Refer to
2.3 TIMER" for details.

This terminal resets the MCU.
Refer to "2.5 RESET" for details.

NUM

This terminal is not for user
application. Connect the HD6305X1,
HD6305Y1 and HD63P05Y1 MCU to V¢
through resistance 10kQ. Ground
HD6305X0, HD6305X2, HD6305YO0,
HD6305Y2 and HD63P05Y0 MCU to Vss.

Enable (E)

This terminal transmits E clock. This
output is of single phase and TTL
compatible, and has a clock frequency
which is a quarter of crystal
oscillation frequency or external
clock frequency.

This terminal drives one TTL load and
90pF capacitance.

HD6305X1/Y1
HD6305X2/Y2
HD63P0O5Y1
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Terminals

Functions

Corresponding

Devices
Port A I/0 terminals | Each terminal can be individually HD6305X0/Y0
(Ap"A7) | programmed as an input or as HD6305X1/Y1
Port B I/0 terminals | an output by programming the Data HD6305X2/Y2
(Bg"“B7) | Direction Register. HD63P05Y0/Y1
Port C I/0 terminals | Refer to "2.8 1I/0 Port" for details.| (HD6305X1/Yl,
(CoCy) HD6305X2/Y2,
Port G I/0 terminals HD63P05Y1
(Gg"Gy) don't contain
G Port I/0
terminal)
Port D Input These 7 terminals are TTL/CMOS
terminals (D1"Dy) |compatible Input Only terminals.
Dg of Port D is multiplexed with HD6305X0/Y0
INT2. When Dg functions as a port, HD6305X1/Y1
set INT2 interrupt mask bit of HD6305X2/Y2
Miscellaneous Register to "1" to HD63P05Y0/Y1
mask INT2 interrupt.
Port E Output These 16 terminals are TTL/CMOS
terminals (Ej“E7) compatible Output only terminals. HD6305X0/Y0
Port F Output HD63P05Y0
terminals (Fg"\F7)
Data bus These 8 I/0 terminals are for Data
(DATAONDAIA7) Bus. They drive one TTL load and
90pF capacitance. HD6305X1/Y1
HD6305X2/Y2
Address bus These 14 output only terminals are HD63P05Y1
(ADR(VADR 3) for Address Bus. They drive one TTL
i load and 90pF capacitance.
STBY This terminal permits the MCU to
enter into the Standby Mode. When
STBY goes into "Low'" level, the
oscillation stops and the MCU enters
into the Reset Mode.
Refer to "Standby Mode" in "2.9
LOW POWER CONSUMPTION MODE" for
details.
HD6305X0/Y0
CK (Cs) This terminal transmits or receives HD6305X1/Y1
SCI clock for SCI operation. Refer HD6305X2/Y2
to "2.4 SERIAL COMMUNICATION HD63P05Y0/Y1
INTERFACE" for details.
Rx (Cg) This terminal receives serial data.
Refer to "2.4 SERIAL COMMUNICATION
INTERFACE" for details.
Tx (C7) This terminal transmits serial data.

Refer to "2.4 SERIAL COMMUNICATION
INTERFACE" for details.
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2. INTERNAL HARDWARE AND OPERATIONS
2.1 Memory

Fig. 2-1 shows the memory map for the HD6305X, HD6305Y, HD63P05Y MCU.

When an interrupt occurs, the CPU register contents are pushed
onto the stack in the order as Fig. 2-2 shows, because stack pointer is
decreased during pushes.

The lower byte (PCL) of the Program Counter, the higher byte
(PCH) of the Program Counter, Index Register (IX), Accumulator (A) and

Condition Code Register are stacked in this order.

In a subroutine call, only the Program Counter (PCL, PCH) is
pushed onto the stack.

Note that the Stack Pointer specifies the next stack area to
store data and decreased after stacking 2-byte data. Meanwhile, the

Stack Pointer is increased before pulling l-byte from stack.

0 $00 0 $00
1/0 Ports 1 "PORT B__|$01 1/0 Ports 1 PORT B__|$01
Timer 2 PORT C_|$02 Timer 2| PORT C__|$02
sci 3[ PORT D_|$03" sci 3[“PORT D_ |$03"
127 Q07F . 127 007F 04°
128 0080 4| PORT A DDR |$04 128] 0080 4| PoRrT A DDR |$
RAM 5[ PoRT B DDR |$05° RAM s5{ PorT B8 DDR |$05*
(128Bytes) 6] PORT CDDR |$06* (128Bytes) 6] porT c DOR |$06°
Stack 7 _—PORT GODR |$07* Stack s FF Not Used
255 $QOFF 255 !
256 $0100 8| Timer Data Reg |$08 256! $0100 g Timer Data Reg 208
9[Timer CTRL Reg |$09 Timer CTRL Reg |$09
Not Used 10 - isc Reg ZOA External 10[ Misc Reg_|$0A
11" PORT E__|$08 Memary Space
121 PORTF |$0C
409% SOFFE 43 FORT G 409 $OF Not Used
409 oM I8! $0D 409%——R0M. $100
(4.096Bytes) | Not Used | (4.096Bytes)
g1g2f-======--- s 1FF6 16] SCICTRL Reg |$10 e 16[ SCi CTRL Reg |$10
terrupt 17[ SCisTs Reg |$11 8182 “interrupt - ($1FF6 \ 17] scisTs Reg |$11
g191|_Vectors  |s1rrr 18| 5T e g ] $12 g191]_Vectors IS1FFF \ 18] SCiData Res_]$12
819 $2000 819 $2000 Not Used
ot Use
Not Used 3 $1F
Not Used External External $20
‘$7F Memory Space 127 Memory Space $7F
* Write only register * Write only register
16383‘____‘33FFF o pee onl;y:egiicer 16383J_—‘$3FFF #% Read only register

* ROM area ($1000 Vv$1FFF) in
the HD6305X2 changes into
External Memory Space.

(a) HD6305X0 (b) HD6305X1, HD6305X2

Fig. 2-1 Memory Map
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Y 30000 O] _PORT A__]$00
1O Ports 1["PORT B ]$01
Tamer 2[PORT C_]$02
63 $003F 3] PORT D :82:’
64 RAM 0040 4| PORT ADDR '
(192Bytes) 5| PORT B DDR $05.
6] PORT C DDR |$06
255  Stack  ldoorr  7[ForTcoom ]s07°
256 RAM $0100 g :umercr):;i F;eg :gg
(64Bytes) imer e
319 Y $013F 10| Misc Reg |g0A
320 $0140 11 PORT E |$0B
12] PORT F__|s$0C
ROM 13| PORT G |$0D
(7.872Bytes) Not Used
8182 " ron [81F°6 \ (S ey
grg)f “ectors SIFFE | 18 Scow e 1512
Not Used
Not Used
63 $3F
* Write only register
16383 $3FFF #* Read only register
(c) HD6305Y0
$00
V %':‘;:" [ PORT B8 ]s01
sl 2] PORT C 802"
63 $003F 3| PORT D ]$03
64 RAM 0040 4| PORT ADDR [$04°
(192Bytes) : PORT 8 DDR sos:
Stack PORT C DDR sos.
255 s80|=r 7] PORT G DDR |$07
25 RAM __ |$0100  8[Timer Outa feg ]$08
(64Bytes) \ 9| Timer CTRL Reg |$09
319 $013F 10 ISC Reg 160A
320 $0140 11| POR $0B
12 PORT F__|s$0C
EPROM 13| _PORT G_ ]soD
(7,872Bytes) Not Used
YT ——— 16'_s'cms1o
8182 parrupt ‘ﬂswre e P
figg— e, | o
Not Used
Not Used
$3F
* Write only register
16383L__ saFFF #* Read only register

(e) HD63PO5Y0

186

Fig.

0 $0000  O[_PORT A__]$00.
I O Ports 1" PORT B_|301
ngf' 2[PORT C_|$02
63 $003F 3| _PORTD $03:’
64 RAM $0040 4| PORT ADDR |$04
5[ PORT B DDR |$05°
1
(192Bytes) 6| PorT C DDR |$06°
255 S lgoorr Not Used
256 RAM $0100 8| Timer Data Reg |$08
Bytes) \ 9[Timer CTRL Reg|$09
(64Bytes
319 Y so13F Of Misc Reg 1g0A
320 $0140
ROM* Not Used

(7,872Bytes)

o] 16[ SCICTRL Reg |$10
8182\ ierrupt  [S1FF6 \ 17 SCistsres [$11
8191 ectors $1FFF \ 18[ SCiData Reg |$12
8192 $2000

Not Used
2 It 313
External 32 External $20
Memory Space 63 Memory Space $3F

* Write only register

** Read only register

16383 $3FFF
*

ROM area ($0140 Vv$1FFF) in

the HD6305Y2 changes into
External Memory Space.

(d) HD6305Y1, HD6305Y2
0000 O |$00
170 Ports 1 PEET 3 Esor
Tamer 2[PORT C_|s02
63 $003F 3| _PORTD ]$03**
64 RAM $0040 4| PORT ADDR [$04°
(192Bytes) 5| PORT B DDR |$05°
Stack 6] PORT C DDR |$06*
255 $00FF Not Use
256 RAM $0100 8| Timer Data Reg |$08
64Bytes) 9| Timer CTRL Reg | $09
319].(___‘“; so13F 10 Misc Reg lg0A
320 $0140
EPROM Not Used
(7.872Bytes)
g182[~~=---=""1s1fre6 16] SCi CTRL Reg |$10
F 17[ SCisTs Reg [$11
Interrupt ]
8191L_Vectors |S1FFF \ 18] SCi Data Reg
8192 $2000 - $12
Not Used
3¢ "otUse $1F
External 3 External $2°
Memory Space 63 Memory Space $3F
* Write only register
** Read only register
16383 |s3rrr
(f) HD63PO5YL

2-1 Memory Map
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7 65 43 210 Pul
Condition u
n—4l1 11 Code Register n+1
n—3 Accumulator n+2
n—2 Index Register n+3
n—1]1 1 PCH* n+4
n PCL* n+5
Push
* 1In a subroutine call, only PCL
and PCH are stacked

Fig. 2-2 Sequence of Interrupt Stacking
2.2 Registers

CPU has 5 registers available to programmers. Fig. 2-3 shows

these.

0
A ] Accumulator

N
x

Register

0
] Index
Q

Program
pC Counter

3 6 5 [o]
ofoojojoJof1f1]  sP Pomter
Condition
IHI | lNlZlCICodg
T_Reglster
arry/
Orrow
Zero

Negative
Interrupt
Mask

Half
Carry

Fig. 2-3 Programming Model
(1) Accumulator (A)

An 8-bit general purpose register to hold operands, and

results of arithmetic operations and data processings.
(2) Index Register (X)

An 8-bit register for the Indexed Addressing Mode. An 8-bit
address contained in the Index Register will create an effective
address if an offset value is added to it.

When executing a read/modify/write instruction, the Index
Register is available for holding operands or the result of
operation instead of the Accumulator.

The Index Register is also available for storing data temporarily.
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(3) Program Counter (PC)
A 14-bit register which contains the address of the next
instruction to be executed.
(4) Stack Pointer (SP)
A 14-bit register that indicates the address of the next stack
space. Just after reset, the Stack Pointer is initialized to $00FF.
It is decreased when data is pushed onto the stack, and is increased
when data is pulled from the stack. The 8 most significant bits of
the Stack Pointer are fixed to 00000011. During the MCU is reset or
executing Reset Stack Pointer (RSP) instruction, the Stack Pointer
is set to $00FF. Since subroutines and interrupts are designed to
use memory space up to address $00Cl for stacking, programmers can

use up to 31 levels for subroutine, and up to 12 levels for interrupts.

(5) Condition Code Register (CCR)

A 5-bit register, each bit indicates the result of the instruc-
tion execution just executed. These bits can be individually
tested by conditional branch instructions. Condition Code Register
bits (H, I, N, Z, C) are described as follows.

Half Carry (H)

Set if a carry occurs between bit 3 and bit 4 during an
arithmetic operation (ADD, ADC).
Interrupt (I)

If this bit is set, all of the interrupts, except software
interrupts, will be masked.

If an interrupt occurs while this bit is set, the interrupt
will be held, and will be processed as soon as this interrupt mask
bit is reset.

After executing an instruction following to the CLI instruc-
tion, the CPU will enter into the interrupt service routine.
Negative (N)

Set if the result of the arithmetic operation, logical
operation or data processing is negative (bit 7 is set to "1");
otherwise reset.

Zero (Z)
Set if the result of the arithmetic operation, logical

operation, or data processing is "0'".
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2.3

Carry/Borrow (C)
Set if a carry or borrow occurs in the last arithmetic
operation. This bit is affected by Bit Test and Branch Instruction,

Shift Instruction, and Rotate Instruction.

Timer
Fig. 2-4 shows the MCU Timer Block Diagram.

8-bit Timer Data Register (TDR) is loaded by program control.

When it receives the clock input, it starts counting down.

When TDR counts down to "0'", the timer interrupt request bit

(ICR7) in the Timer Control Register (TCR) is set to "1".

In response to the interrupt request, the CPU saves its status
into the stack and fetches timer interrupt routine address from
addresses $1FF8 and $1FF9 and execute the interrupt routine. The
timer interrupt can be masked by setting the timer interrupt mask bit
(bit 6) in the timer control register. The mask bit (I) in the

condition code register can also mask the timer interrupt.

The source clock to the timer can be either an external signal
from the timer input terminal or the internal E signal (the oscillator
clock divided by 4). If the E signal is used as the source, the clock

input can be gated by the input to the timer input terminal.

Once the timer count has reached 0, it starts counting down with
"$FF". The count can be monitored whenever desired by reading the
timer data register. This permits the program to know the length of
time having passed after the occurrence of a timer interrupt, without

disturbing the contents of the counter.

When the MCU is reset, the prescaler and counter are both
initialized to logic "1". The timer interrupt request bit (bit 7)

is cleared and the timer interrupt mask bit (bit 6) is set.

Write "0" in that bit to clear the timer interrupt request bit
(bit 7). (Refer to Table 2-1)
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Initialize

Timer Control
(Internal Register
Clock) b | {TCR; $0009) )
g —
Prescaler TCR7 uwa]rcaslvcm ‘rcwlvcnchm TcnoI
TIMER +1 +2|+4{+8 |_6 .’;26_4 +128 L—(b—-J
Input 3
Terminal Multiplexer

Timer Data Register (TDR; $0008)

8-Bit Counter

Timer Interrupt

Clock Input
Write Read
Fig. 2-4 Timer Block Diagram
Table 2-1
TCR7 Timer interrupt request
0 Absent
1 Present
TCR6 Timer interrupt mask
0 Enabled
1 Disabled

(1) Timer Control Register (TCR; $0009)

Selection of a clock source, selection of a prescaler fre-
quency division ratio, and a timer interrupt can be controlled by
the timer control register (TCR; $0009).

For the selection of a clock source, any one of the four modes

(Refer to Table 2-2) can be selected by bits 5 and 4 of the timer

control register (TCR).

7 6 56 4 3 2 1 0
vLul|Lu6rCR5ﬁCR4TCRﬂTCR4TCR1TCND
L_prescaler division ratio selection
‘ Prescaler initialize
Clock input source
Timer interrupt mask

Timer interrupt request

Fig. 2-5 Timer Control Register (TCR; $0009)
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After reset, the TCR is initialized to "E under timer terminal

control" (bit 5 = 0, bit

4 =1). 1If the TIMER is set to "1", the

counter starts counting down with "$FF'" immediately after reset.

When "1" is written

in bit 3, the prescaler is initialized.

This bit is always initialized to "0'" when read.

A prescaler division ratio is selected by the combination of

three bits (bits 0, 1 and
to Table 2-3).
4, 8,

+1 mode.

There are
+16, *32, 64 and

A timer interrupt is
is "0", and disabled when
occurs, "1" is set in the

can be cleared by writing

2) of the timer control register (Refer
£2,
After reset, the TCR is set to the

eight different division ratios: =1
+128.

enabled when the timer interrupt mask bit
the bit is "1". When a timer interrupt
timer interrupt request bit. This bit

"0" in that bit.

Table 2-2 Clock Source Selection

TCR
Clock input source
Bit 5 Bit 4
0 0 Internal clock E
0 1 E under TIMER terminal control
1 0 No clock input (counting stopped)
1 1 Event input from TIMER terminal

Table 2-3 Prescaler Division Ratio Selection

TCR
Prescaler division ratio
Bit 2 Bit 1 Bit O

0 0 0 +1

0 0 1 +2

0 1 0 4

0 1 1 +8

1 0 0 +16
1 0 1 32
1 1 0 64
1 1 1 +128

@ HITACHI
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2.4 Serial Communication Interface (SCI)

The SCI is used to transmit or receive 8-bit data in serial
16 types of transfer rates, in the range from 1 us to approx.

32 ms in 4MHz operation, are available.
The SCI is consisted of 3 registers, 1 eighth counter, and 1

prescaler. (Refer to Fig. 2-6.)

The SCI communicates with the CPU through data bus, and
external I/0 devices through bit 3, 4 and 5 of Port C.

The following explains each register function and the SCI

operation.

SCI Control Registers (SCR; 0010)

SCR7|SCR6|SCR5] SCR4|SCR3]| SCR2| SCR1|SCRO

l v ~ J
] Multi- | pre- | Transfer
| L_L::::(> Mutdt | Pre- | clock

Generator
C5(CK 0 a
5(CK) i :‘ >
E i SCI Data Regi D Octal Initialize
a d GA

: ! (SDR: $0012) Counter

H ' 7 6 5 4 3 2 T

1
Co L2 : +— MsB LSB
Cq(Tx) 0 =_ —-]

i ]

""" N 17 6 5 3[ 2 1
SCI Status Registers
SSR7|SSR6| SSR5| SSR4 | SSR3 (SSR: $0011)

?—Iij Not Used

SCI/TIMER,

192

Fig. 2-6 SCI Block Diagram
(1) SCI Control Register (SCR: $0010)

Fig. 2-7 shows SCI Control Register configuration.
Bit 7 (SCR7)

When this bit is set to "1", the DDR corresponding to Cy is
set to "1" and Cy transmits SCI data. After reset, the bit is
initialized to "0".

Bit 6 (SCR6)
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When this bit is set to "1", the DDR corresponding to Ce is

set to "0" and Cq transmits SCI data. After reset, the bit is

initialized to "0".

Bits 5 and 4 (SCR5, SCR4)

These bits select a clock source. After reset, the bits are

initialized to "0".

Bits 3 v 0 (SCR3 ~v SCRO)

These bits select a transfer clock rate. After reset, the

bits are initialized to "0".

6 5 4 3 2 1 0

SCR7

SCR6|SCR5 |SCR4 |[SCR3|SCR2 | SCR1|SCRO

Fig. 2-7 SCI Control Register
Transfer clock rate
SCR3 SCR2 SCR1 SCRO
4.00 MHz 4.194 MHz
0 0 0 0 1 us 0.95 us
0 0 0 1 2 us 1.91 us
0 0 1 0 4 us 3.82 us
0 0 1 1 8 us 7.64 us
l e o e 2 4
1 1 1 1 32768 us 1/32s
SCR7 C7 terminal
0 Used as I/0 terminal (by DDR).
1 Serial data output (DDR output)
SCR6 Ce terminal
0 Used as I/0 terminal (by DDR).
1 Serial data input (DDR input)
SCR5 | SCR4 Clock source Cs terminal
0 0 -
Used as 1/0 terminal (by DDR).
0 1 -
1 0 Internal Clock output (DDR output)
1 1 External Clock input (DDR input)
G HITACHI
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(2)

(3)

SCI Data Register (SDR; $0012)

A serial-parallel conversion register that is used for transferring

data.
SCI Status Register (SSR; $0011)
Bit 7 (SSR7)

Bit 7 is the SCI interrupt request bit which is set upon
completion of transmitting or receiving 8-bit data. It is cleared
when reset or data is written to or read from the SCI data register
with the SCR5="1". The bit can also be cleared by writing "0" into
it.

Bit 6 (SSR6)

Bit 6 is the TIMER) interrupt request bit. TIMER; is multi-
plexed with the serial clock generator, and SSR6 is set each time
the internal transfer clock falls. When reset, the bit is cleared.
It also be cleared by writing "0" in it. (For details, see TIMERj.)
Bit 5 (SSR5)

Bit 5 is the SCI interrupt mask bit which can be set or
cleared by software. When this bit is set to "1", the SCI interrupt
(SSR7) is masked. When reset, it is set to "1".

Bit 4 (SSR4)

Bit 4 is the TIMER) interrupt mask bit which can be set or
cleared by software. When the bit is set to "1", the TIMER, inter-
rupt (SSR6) is masked. When reset, it is set to "l1'".

Bit 3 (SSR3)

When "1" is written into this bit, the prescaler of the transfer
clock generator is initialized. When read, the bit is always "0".
Bits 2 v 0

Not used.

7 6 5 4 3 2 1 0
SSR7| SSR6 | SSR5 | SSR4|SSR3

Fig. 2-8 SCI Status Register (SSR; $0011)
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(4)

SSR7 SCI interrupt request
0 Absent
1 Present

SSR6 TIMER, interrupt request
0 Absent
1 Present

SSR5 SCI interrupt mask
0 Enabled
1 Disabled

SSR4 TIMER; interrupt mask
0 Enabled
1 Disabled

Data Transmission

By writing the desired control bits into the SCI control
registers, a transfer rate and a source of transfer clock are
determined and bits 7 and 5 of port C are set at the serial data
output terminal and the serial clock terminal, respectively. The
transmit data should be stored from the accumulator or index
register into the SCI data register. The data written in the SCI
data register is transmitted from the C7/Tx terminal, starting with
the LSB, synchronously with the falling edge of the serial clock.
(Refer to Fig. 2-9.) When 8 bits of data have been transmitted,
the interrupt request bit is set in bit 7 of the SCI status register
with the rising edge of the last serial clock. This request can be
masked by setting bit 5 of the SCI status register. Once the data
has been transmitted, the 8th bit data (MSB) stays at the C7/Tx
terminal. If an external clock source has been selected, the
transfer rate determined by bits 0 © 3 of the SCI control register
is ignored, and the C5/Eﬁ terminal is set as input. If the internal
clock has been selected, the C5/CK terminal is set as output and
clocks are transmitted at the transfer rate selected by bits 0 v 3

of the SCI control register.
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Serial Clock (C4/TR)

Pravious
Output Date (C;/Tx) it

input Deta Latch
Timing (Co/Rx)

‘Fig. 2-9 SCI Timing Chart

(5) Data Reception

By writing the desired control bits into the SCI control
register, a transfer rate and a source of transfer clock are
determined and bit 6 and 5 of port C are set at the serial data
input terminal and the serial clock terminal, respectively. Then
dummy-writing or reading the SCI data register, the system is
ready for receiving data. (This procedure is not needed after
reading a subsequent received data. It must be taken after reset
and after not reading a subsequent received data.)

The data from the Cg/Rx terminal is input to the SCI data
register synchronously with the leading edge of the serial clock
(Refer to Fig. 2-9). When 8 bits of data have been received, the
interrupt request bit is set in bit 7 of the SCI status register.
This request can be masked by setting bit 5 of the SCI status
register. If an external clock source has been selected, the
transfer rate determined by bits O v 3 of the SCI control register
is ignored and the data is received synchronously with the clock
from the C5/CK terminal. If the internal clock has been selected,
the CS/EK terminal is set as output and clocks are output at the

transfer rate selected by bits 0 ™~ 3 of the SCI control register.

(6) TIMER,

The SCI transfer clock generator can be used as a timer. The.
SCI clock selected by bits 3 v 0 of the SCI Control Register
(4 us v approx. 32ms in 4MHz operation) is received by bit.6 of the
SCI Status Register, and the timer 2 interrupt request bit is set
at each falling edge of the SCI clock. Since this interrupt occurs
periodically, Timerp is available for a reload counter or a timer.

Timer, is multiplexed with the SCI tranmsfer clock generator.
When using Timery independently of the SCI, external clock should
be selected as SCI clock source by setting both SCR5 and SCR4 to
"1,

If Internal clock is selected as a SCI clock source, reading
from or writing to the SDR initializes the prescalor of the SCI

transfer clock generator.
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2.5

2.6

(O) @® @®®

® : Transfer clock generator is reset and mask bit (bit 4 of SCI
status registor) is cleared

@,® : TIMER2 interrupt request

®.® : TIMER) interrupt request bit cleared
Reset

The MCU can be reset either by external reset input (RES) or
power—-on reset. (Refer to Fig. 2-10.) On power up, the reset input
must be held "Low" for at least t ., to assure that the internal
oscillator is stabilized. A sufficient time of delay can be obtained

by connecting a capacitance to the RES inputs as shown in Fig. 2-11.

5V 4.5V
Vee /]
ov
=
RES ViL RES
Terminal
tRHL
Internal
Reset

Fig. 2-10 Power On and Reset Timing

Vee ~MWA—f—
100k typ EES—"‘L;’: 2.2,F
HD6305X/Y
MCuU

Fig. 2-11 1Input Reset Delay Circuit

Internal Oscillator Options

The internal oscillator circuit is designed to meet the require-
ment for minimum external configurations. It can be driven by connect-
ing a crystal (AT cut 2.0 ~ 8.0MHz) or ceramic oscillator between pins

5 and 6 depending on the required oscillation frequency stability.

Three different terminal connections are shown in Fig. 2-12.
Figs. 2-13 and 2-14 illustrate the specifications and typical arrange-

ment of the crystal, respectively.
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Fig. 2-12 1Internal Oscillator Circuit
Cy
| At Cut
v Y I Paralllle
L Rs Resonance
XTAL] TEXTAL Co = 7pF max.
Co £=2.0 ~8.0MHz
{1 Rs=6082 max.

Fig. 2-13 Parameters of Crystal
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[NOTE] Use as short wirings as possible for connection of the crystal
with the EXTAL and XTAL terminals. Do not allow these
wirings to cross others.
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Fig. 2-14 Typical Crystal Arrangement
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Interrupts

There are six interrupts: external interrupts (INT, INT3),
internal timer interrupts (TIMER, TIMERy), serial interrupt (SCI) and
interrupt by an instruction (SWI).

Of these six interrupts, the INT2 and TIMER interrupt or the SCI

and TIMER) interrupt generate the same vector address, respectively.

When an interrupt occurs, the program in progress stops and the
then CPU status is saved onto the stack. Then, the interrupt mask bit
(I) of the condition code register is set and the start address of the
interrupt processing routine is obtained from a particular interrupt
vector address. Then the interrupt routine starts from the start
address. System can exit from the interrupt routine by an