


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































.. Connection Arrangement and Application Circuit 
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DTMF SUPPLY VOLTAGE VS. LINE CURRENT 
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Appendix III. Instruction Set of the HD6305 Family 

Meanings of Symbols and abbreviations in the instruction set are as follows. 

(1) Operation 

(2) 

( ) = Contents 

~ = Data transfer direction 

+ Addition 

Subtraction 

A AND 

V OR 

€) = Exclusive OR 

X = NOT 

Register symbols in 

A Accumulator A 

X Index register 

SP Stack pointer, 

CCR Condition code 

MCU/MPU 

6 bits 

register 

(3) Contents of bits 0 through 4 of condition code 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 

(4) Memory and addressing codes 

M Stored address 

M+l Stored address M plus 1 

IMP Implied addressing 

Rel Relative addressing 

A Accumulator addressing 

X Index register addressing 

IMM Immediate addressing 

DIR Direct addressing 

EXT Extended addressing 

,XO Indexed addressing 0 byte offset 

,Xl Indexed addressing 1 byte offset 

,X2 Indexed addressing 2 byte offset 

~HITACHI 
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(5) Status of each bit before execution of instruction 

Mn Bit n of M (n=7, 6, 5, ... , 0) 

(6) Symbols in instruction format 

A Accumulator addressing mode 

X Index register addressing mode 

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

(7) Status of interrupt pin 

Status of interrupt pin (high, low) 

Register/Memory Instructions 

Qoerations 'tnemonic i 
: Immediate I 

Address>n, Modes I 
! i Indexed I Indexed Ii Indexed 
I ' I 

Direct i Extended ! (No Offset) [ (8-Bit Offset) i (16·&t Offsetli 

Boolean/ 
Arithmetic 

, 
1 

Load A from Memory , LOA 

Load X from Memory LOX 

Store A In Memory STA 

Store X In Memory I STX 

Add Memory to A , ADD 

Add Memory and Carry 1 
I to A I AOC 

Subtract Memory I SUB 

Subtract Memory from 
, 

A wnh Borrow I SBC 

AND Memory to A , AND 

OR Memory with A ! ORA 

Exclusive OR Memory 

with A EOR 

Arithmetic Compare A 

with Memory CMP 

Arithmetic Compare X 

with Memory CPX 

Bit rest Memory with 

A (Logical Compar., BIT 

Jump Unconditional JMP 

Jump 10 Subroutine JSR 

Syrnbo Is: Op = Operation 
# .. ~umber u f hytes 
- '" Number of eye les 

1192 

iopi • i-loP' • 1 - lOP! • I - :OPI • I -IOPI • I - !OPI • I =l 
Operation 

IASL 2 I 2 B612131C613 i 4 ,F61 1 13 IE61 2 141061 3 5 I M--A 

,AE! 2 ! 2 ,6E I 2 I 3 ICE i 3 I 4 ,FE, 1 I 3 1 EE! 2 I 4 I DE I 3 5 M-X 

I - 1 - 'B7[ 2 [ 3 ! c71 3 I 4 I F71 1 I 4 I E71 2 4 1071 3 5 A-M 

1 -li- BF I 2 I 3 i CF! 3 I 4 iFF' 1 I 4 1 EF! 2 4 ~DFL 3 5 X-M 

IABI 2 I 2 BB! 2 I 3 ICBI 3 I 4 I FB I'! 3 I EB! 2 4 !OBI 3 5 A+M ..... A 

1 Il i jA9 2 i 2 
I I I ' I ' ! I ! I 

B9, 2 i 3 I C91 3 4 I F91 t L 3 JE9 2 

iii 
4J0913! 5 i A+M+C-A 

: AO I 2 ! 2 ,BO I 2 I 3 I CO 1 3 I 4 I FO! t I 3 I EO I 2 I 4 'DO 1 3 5 ! A-M_A 

I Ii I i I I til i I I I ! 1 I : 
,A2 2: 2 IB21213 IC213, 4 IF21t 3 E21 2 1410213 51 A-M-C_A 

1 A41 2 1 2 I B41 2 1 3 I C41 3 i 4 1 F41 t 1 3 ,E41 2 I 4 104! 3 5: M M-A 

'AAI 2 I 2 IBAI 2 : 3 :cAI 3 I 4 IFA! t 13 lEAl 2 4 10AI 3 15 I AVM-A 
, I I I I I I 

, I 
1 1 , , 1 , 1 I , , , ' , , 1 I , I . 
:A812121B81213 .CB13141F81t 13 iEBI2 4 i0813 5 iA(-jjM_A 

1 , , ,I i f I 
:Al i 2 ! 2 ~S1: 2 : 3 iCl13 i 4 IFII 

I 
, A3 i 2 : 2 'B31 2 : 

: 'i " ! I I I ! I i ~ I 
; 3 i E5 i 2 ' 4 1051 3 IS! A"M 

I i I I : : : i I 
AS! 2 I 2 'B5 I 2 1 3 1 c51 3 I 4 ; F5' 1 

'SCI 2 I 2 icci 3 : 3 !Fe! 1 ! 2 lEe! 2 I 3 !DC! 3 j 4 I 

'8012 ! 5 !col 3 : 6 :r:O! 1 IS :eol 2 ! 5 roo! 3 16 i 

~HITACHI 
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Operations ~lnemon ic 

Increment i INC 

Decrement , DEC 
CI • ., 1 ClR 

Complement I COM 

Negete I 
(2', Com~m.nt) I NEG 

Rotate Left Thru Cerrv ROl 

Rotate RIght Thru Carry ROR 

Loglca' Shift Left lSl 

Logical Shift Right 

I 
lSR 

Arithmetic Shift Right ASR 

Arithmetic Shift Left I ASl 
Test for Negative 

I or Zero TST 

Symbo is: Op = Operation 

Ii "" Number of bytes 

~, .. Number of eye les 

, 
Operat.ions 

I 
Branch Always t 

Branch Never : 
Branch IF Higher i 
Branch IF lower Dr Same 1 

i 

Branch IF Carry Clear 

(Branch IF Higher or Same) 

Branch IF Carry Set i 

(Branch IF lower) 

Branch IF Not Equal 

Branch IF Equal 

Branch IF Half Carry Clear 

Branch IF Half Carry Set , 
Branch IF Plus 

Branch IF Minus 

Branch IF Interrupt Mask 

Bit IS Clear 

Branch IF Interrupt Mask 

BIt IS Set 

Branch IF Interrupt Line 

IS Low 

Branch If Interrupt LIne 

is High 

Branch to Subroutine 

Symbols: Op "" Operat ion , = !'lumber of ~vt:es 
= Number ot eye l~s 

Read/Modify/Write Instructions 
Addrt:!ssin~ ~odes 

Indexed i Indeked i 

Imph.dlAI Iml)hedIX}! DIrect INo OffsetlI IS·e.l Ottset:11 

OPi :s I - OPI .. i - OPi :% i - ,OPI .. I - IOPi :1 I - : - -
Boo l~an I Ari thmet ic 

Oper.ltLon 1 

C,mdition 
Cude 

i4Ci 1 I 2 .5Ci 112'3Ci21517C; 1 : 5 leC: 2 i 6 i A + 1 -A or X + 1 -X or M + 1 -M I- • i :\ I -. ! • 
14AI 1 I 2 iSAI 1 2 13.0.1 2 : S i 7AI , is 16AI 2! 6: 04,-1-04, or X-l-X or M-l_M 1-1- , ... I " 1 • , , , 
i 4F \ 1 I 2 i SF i 1 I 2 13F i 2 ! 5 i 7F I 1 I 5 16F I 2 I 6 I DO-A or DO-X or DO-M 1 _Ie ( 0 ! 1 : • 

,43 1 I 2 1531 1 i 2 \331 2 i 5 173, 1 , 5 63! 2] 6 1 A __ A or x-x or M-M i • I • j A, ! "'. \ ' 
i I I ' I 1 I iii I ! I ! I DO-A-A 0< DO-X-X I I , 

I 2 1501, i 2 130 I 2 is: 70 I 1401 1 1 5 601 2 I 6 lor DO-M-M ~ • "- " I A 

49 1 2 i 59! I 12 391 2 I 51791, 5 69 2 6 lb-ib• AOI'i orll ('~ (, - r, ,\ "-
i I I I I I I I 

46 1 2 
56

1 ' 

2 36 i 2 5 76 1 5 66 2 6 L-@_(I 1-1+':"1 .. ~ - - "- " " 1 I 

2 !581' 381 2 I C b. 
.. 

A I "-48 1 2 5 78 1 5 68 2 6 D-l I ~~:'H I 1 1- 0 - - " 

2H I i 2134: 2 
I ' 21 6 

b. .. C 
44 1 

51 741 ' I 
5 64 0-1 I I·H~:"I I 1-0 - - 0 , ,A 

1 I ! 

571 12H 2 +T I 
[(b. 

.. C 
47 1 2 1 5 671 2 6 H'~~:"I I ~ - • A " " I 
46 1 2 ,581 1 I 2 i 38' 2 I 5 I 78! 1 I 5 1661 2 I 6 EQual to LSl I-t-IA " A 

I 

2 !501 1 
i : Iii l I I i I 1-!.I,IJ-;4011 i 2 : 3D i 2 I 4 : 7D i 1 14 i601 2 I 5 A-OO or X-OO or 1104-00 , 

Branch Instructions 
Addressing Modes I 

Condition Code 
Mnemonic RelatIve I Branch Tes t 

OP i :: ! - ! 
~ 

H' I ' N 1 Z: C 

BRA 20 i 2 I 3 None '. i·i·l~ BRN 21 I 2 ! 3 ! None 
, 
• 1·1·1.1. : I 

BHI 22 I 2 3 :CVZ=O • I • I • j .1 • 
BlS 23 i 2 3 'CVZ=1 , • I·I.!.:. , I 

BeC 24 i 2 3 iC=O I • !.I.:.,. 
(BHS) 24 i 2 3 ,c=o .,.;., .. 
BCS 25 2 3 C=l • ~---:;-r;-

(BlO) 25 3 ·C=l 
I I I 

I , 2 , • • I • I • • 
BNE 26 

, 
2 3 'Z=O 

, I 
I • • I • • • 

BEQ 27 2 : 3 'Z=l • '. • • • 
BHCC 2B I 2 , 3 H=O ---~~-"~~ 
BHCS 29 , 2 3 H=l • • • • • 
BPl 2A 2 3 N=O • .' .' • • 
BMI 2B 2 3 N=l • • • 

1-":--

• • 
i 

BMC 2C I 2 3 1=0 • • .,. • 
BMS 20 2 3 1=1 • • • •• 
Bil 2E 2 3 INT=O • • • • • 

BIH 2F 2 3 INT=l • • • •• 
BSR AD 

, 2 5 • • • • • 

~HITACHI 
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Bit Manipulation Instructions 
Addressing ~odes 

Boo lean I 
Operations I Mnemonic Bit Set!Clear : BIt Test and Branch Ad thmetic 

I 
Branch IF Bit n is set BRSET n(r._0· .. 7) 

Branch IF Bit n is clear BRClR n(n=0···7) 

Set Bit n BSET n(n=0···7) 
Clear Bit n BClR n(n=0 .. ·7) 

Symbols: Op - Operation 
# '" Number oi bytes 
'\. • Number of cycles 

OP 

-
-

10+2·n 

: 11+2·n 

1= , - , OP 1=1-
Operation 

-i-; 2:n , 
31 5 -

- - ; 01 +2·n I 31 5 -
2 5! - 1-1- l-Mn 

2 5l - 1-1- O-Mn 

Control Instructions 
Addressing }lodeli I 

Operations Mnemonic Implied , Boolean Operacion 

OP # - L 
Transfer A to X TAX 97 1 2 iA-X 
Transfer X to A TXA 9F 1 2 I X-A 
Set Carry Bit SEC 99 1 1 11-C 
Clear Carry Bit ClC 9B 1 1 ,O-C 
Set Interrupt Mask Bit SEI 9B 1 2 ! 1-1 
Clear Interrupt Mask Bit ! CLI 9A 1 , 2 ! 0-1 
Software Interrupt SWI I 83 1 10 I 
Return from Subroutine RTS 81 1 5 ! --
Return from Interrupt RTI 80 1 ! 8 ! 
Reset Stack Pointer I RSP 9C 1 2 , $FF-SP 

No-Operation NOP 90 1 ! 1 i Advance Prog. Cntr. Only 

, 
Branch 
Test 

Mn_l 

Mn=O 

-
I -

Decimal Adjust A OAA , 80 1 I 2 I Converts bmarv add of BCD eharete,. Into 
i BCD format 

Stop 

Wait I 

Symbols: 00 = Op~r.:lti.)n 
:I • Xumbl:!c or' bytes 
~ '" .sumbl!r di L:yclcs 

STOP. 

WAIT 
i 8E 1 I 4 

1 8F 1 4 

* Are SCD L:h.tr:u.::t~rs ,)[ upper hycc to "r :':'lOre! (Tht!y . .lC~ not ,.;It:!ar~d if ~~t: in .ldvance.) 

~HITACHI 
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i Condition Code 

I 
I H I I IN! Z , C 

• .: • ! • I , 

I ·i .' • , • I r 

-; ., . , .\ • , . ' -: .,., . , 

Cond icion Code 

H I N ZlC 

• • .,.,. 
, .i. .,.,. 
• • .1.,1 

• • ., ."·0 

• 1 • -I· 
• 0 • .,. 
• 1 • .,. 
• • • ·1· 
? ? ? ? ! ? 

• • • .,. 
• • • -1-., • " " , ,,* I 
.1 .1 I 

I .' .,. 
: .1 ·i· '·: • 



Operation Code Map 
Bit Manipulation Branch Control ! 

I 
I I Test & Set. 

Branch Clear Rei : DIR A ! X ! .Xl 

o 2 ,3 4 : S 6 7 

0' BRSETO BSETO BRA NEG IRW: - ! 
BRCLRO BCLRO BRN i 

2' BRSETl BSETl i BHI 

3, BRCLRl BCLRl BLS 

4; BRSET2 I BSET2 i BCC i 
S' BRCLR2 ! BCLR2 ! BCS I 

I 
61 BRSET3 i BSET3 I BNE I 

l7 i BRCLR3 ! BCLR3 I BEQ 

I 8 ! BRSET4 BSET4 1 BHCC i 
, 9 ; BRCLR4 I BCLR4 I BHCS I 

I A I BRSETS I BSETS ! BPL I 
! B I BRCLRS ! BCLRS i BMI i 
I C I BRSET6 I BSET6 I BMC ! 
101 BRCLR6 I BCLR6 ! BMS ,TSTI-1I1 

~ E ' BRSET7 BSET7 i BIL 

F : BRCLR7 BCLR7 ! BIH 

3/S 2.'S i 2/3 2/S i 1 

'RTS'! - I , 
- I - 1 -J SBC I 2 ! 

COM ,SWI'I - I CPX 31 

LSR - I -
I 

AND -~ - I - , - I BIT S I 
I 

ROR ! - i -J LOA 61 

ASR , ,- ITAX': - I STA I STA(+1J! 7 I 

LSLlASL i - l CLC I EOR 81 

ROL , - I SEC I ADC 9 

DEC - I CU'I ORA A 

- , 
- I SEI'I ADD 8 

INC I - !RSP'I -! JMP(-l) , C I I 

TST i TST(-l) IDAA'I NOPIBSR'I JSR(+2) I JSR(+l) !JSAI+21ID 

- 'STOP', - I LOX I E 
CLR WAIT" I TXA'1 - ! STX I STXI+1Ji F I 

2 I 112 I 2/6 IllS I 1,' : 1,1 1 2/2 ! 2/3 ! 3/4 ! 31S I 2/4 I 1/3 

L 
o 
W 

(NOTES) 1_ "_" is an undefined operation code, 
2, Lowermost numbers in each column represent a byte count and the 

number of cycles required (byte count/number of cycles). 
Number of cycles for asterisked (,~) mnemonics is as follows: 

RTl 
RTS 
SWI 
DAA 
STOP 
WAIT 

8 
5 

10 
2 
4 
4 

TAX 
RSP 
TXA 
BSR 

2 
2 
2 
5 

3. Parenthesized numbers must be added to the cycle count of the 
particular instruction_ 
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NOTES 
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