Chap 3



CPU

ROM

IR table)




(operation code, opcode) + (operand)

opcode operand
< PC >
/ ROM
CPU Rk (

| . | v table)
! : stack Decoder

1. "# 3% I

2.

3. &( ALU




HTO6F50

Moving and Transferring Data
Arithmetic Operation
Logic and Rotate Operation

Branch and Control Transfer

Bit Operation
Table Read Operation
Other Operation HALT CLRWDT
CLRWDT1 CLR WDT2 "## $ 3-1-1%

& (



CPU

HT66Fx0 !"#$%& (

)* (Immediate Addressing Mode[* + /012
3+4 5

MOV  A,50h Acc 50h

AND A,55h Acc Acc AND 55h
/0 (Direct Addressing Mode)5 *  +6 /012 3
+4 5

MOV  A,[50h] Acc 50h

ADD A,[55h] Acc Acc AND 55h+78
90 (Indirect Addressing Mode) 5*  +6 <=>

?2.@ A MPOB MP15

MOV  A,50h Acc 50h

MOV  MPO,A

CLR IARO MPO  50h

[50h] 00h
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=>?:@ (Special Register Addressing Mod€{C DE=>7

@F 5
CLR WDT "4

G (Pointer Addressing Mode)5HI JK L 5
MOV A, 80 Acc 80h

MOV  TBLP,A  TBLP 80h

MOV A ,07h  ;ACC=07h

MOV  TBHP,A :TBHP=07h

TABRD  [50h] L $%8&" ( 078(h )
+, -./0 ( 50h)



- ex: ADD A, 56H

X IER

PC |—> Al 01000111 | &T

/‘_
01010110 ~~ & #4748
ADD A, 56H X ) Al 10011101 |4
00100100 | [¥€H #%4% 7t

01000111 ‘J(47H)
N> 01010110  (56H)

10011101  (9DH)




- ADD A, [34H]

01000111

A1 01000111

Al 10011101

(47H)

—> 01010110 (56H)

FZARER N R RAM
37
1
PC e 36
HHAzak [ 001101004 5 35
BH M T | 00100101 \»315 01010110
ADD A, [34H] i

10011101

(9DH)

_}::\J_:]_



: MPO, MP1 v.s. IARO, IAR1

MOV A, 50h
MOV MPO, A
MOV A, IARO
MPO RAM
ROM 2
) 50h
PC |——MoOV A, IARO L3 oson | sen L A




LED

S5v—24v
R

= 20mA

R = 1000(&/\RRERR)



LED

-

Q

(=]
H

C1

PC2
PC3

PC4
PC5

PC6

4700x8

LEDs

SO T T T T T T



» Include

# Iinclude HT66F50.INC

My data .section ‘DATA’
DEL1 DB ?
LED PORT EQU PA

My code .section ‘CODENY
ORG 00h
Main: MOV A, 08h,

CALL Delay

PROC
MOV DEL1, A

RET
Delay ENDP

END :




[ 1 [ or | N N

. | | |
v ! '
EX:  Delay: MOV A, 30 ; move value 30 to Accumulator

o
[Name( ] Op-Code [Operandl[,Operand2]] [;Comment]

GMN  Name Field(

N OP-code Field(
N Operand Field (
OPN Comment Field(



HTOOF

¢ Assembly Directives )*¥+,-[0MA28E5 (

e 6-47 8
SECTION PUBLIC EXTERN
ORG MACRO LOCAL
END ENDM
PROC ENDP $
EQU DBIT DB DW DUP
LOW HIGH OFFSET

INCLUDE DC



INCLUDE file-name or INCLUDE “file-name”

o ) file-name%* +,-./0 12345 +6789123
END
y ( )+<=>? @A-4

(included file)B-CD $
ORG expression

. I "#$ ROM % &
e EX: ORG 000h

JMP  Start

ORG 08h

Start:
namePROC v.s.nameENDP
e E ‘0
. EX: Delay PROC |
MOV a, 20

Delay ENDP




*+ , SECTION
- : name SECTION ‘class
— Class CODE DATA
— CODE ROM
— DATA ! RAM
Variable  .Section ‘DATA’
Delta db ?
Prog .Section ‘CODFE’
Main: MOV A,200
*+ , DC
-, [label] DC expression][,expressiond,...]]
- (ROM) ( code
)
e labeFGH"IJKL + expressionM expression2NO P _
ROM %* 16-bit
. Ex OXIFOO  ox01 i  oxes
ORG LASTPAGE gxgs gxig
X . X
table: DC 0128H, 025CH, 28H :

— @<QR +STU@ last page(0x1FO0~0x1FFRVW
XD"l YZ&'(]\ 16) 0128H] 025CH‘ 0028H

P .CXD"l



*+ , DBIT. DB. DW. DUP
-, [namg DB valuel],value2],...]]
[namg DW valuell,value?2],...]]
[namg DBIT

[nam@g DB repeated-counDUP(?)
[namg DW repeated-counDUP(?)

(ROM or RAM)
(DB) ! (DW)"
name £#3$% & name)( ) *+ ,
valuel ...-. " )/0123

— _ abcdW Oef&'( (RAM)[\ g
valueklJ  valuemnj o pF

4 DUP-. 56 (BYTE WORD)"' 7 8

MY_DATA .SECTION ‘DATA’
BUF1 DB ?

BUF2 DW ?

FLAG1 DBIT

ARRAY DB 20 DUP(?)

MY_CODE SECTION ‘CODE
TAB_1 DW 1,2,4,8, 16, 32, 64, 128, 25
TAB_2 DW ‘ABCDEFG’

(DBIT)

+h7ij k -J




LOW HIGH
LOW expression HIGH expression

expression (HIGH) (LOW)
EX

MAX EQU  8822H
HI_BYTE EQU HIGH MAX ;HI_BYTE =88H
LO_BYTE EQU LOW MAX ;LO_BYTE =22}

<= ") ?@ABC") D
—  eX

MOV AX, 20
JMP $




Instruction Set --

ADD A,[m] A A 1 Z,C,AC,0V
ADDM A,[m] A 1D Z,C,AC,0V
ADD A x A X 1 Z,C,AC,0V
ADC A,[m] A A 1 Z,C,AC,0V
ADCM A,[m] A 1M Z,C,AC,0OV
SUB A x A X 1 Z,C,AC,0V
SUB A,[m] A A 1 Z,C,AC,0OV
SUBM A,[m] A 10 Z,C,AC,0V
SBC A,[m] A R 1 Z,C,AC,0V
SBCM A,[m] A 1M Z,C,AC,0V
DAA [m] | 16 A H$%E& () +1$% 10 c
INCA [m] 1 A 1 Z
INC [m] 1 1@ 7
DECA [m] 1 A 1 Z
DEC [m] 1 1) VA




ADC A,[90h]

Add a,[90h] Addma,[90h]  Adda, 20H
data ADCM A,[90h]
data
data memory _dara data
memory | . Y memory
i i A | 8oH 20H | ;
20H v
80H 20K \ / 80H 20H |90H
80H 20H ¥ 80H
Y Y S0H
J30H +2oH \ / v v y 2o 80H 20H
+ A | AOH Y Y
\+J 7 /e c= \T/ o
v 90H | AOH i i
A | AoH A A 90H | AH
SUBA,20h
SUBA,[90h] SUBMA,[90R] ! SBCMA,[90h]
SBCA,[90h] e
data data A |80H 20H data memory
memory memory memory |
e s a0 s e
E i : 20H |90H
A | 80H A | soH l 80H
A [ son | 8oH | 20H
J8oH |20 80H 20H | 8oH | 20H
\ [ A 4 A 4 \ / \ / «— C =0
- \_/ - <+« C=0 l

90H

90H




ADD A,[90H] INC [90H] INCA [90H] DEC [90H]  DECA [90H]

data

memory data data data data
, memory memory memory memory
- 29H |90H ) 20H |90H ) 20H |90H ) 21H o
1
65H 29H
v v l J2oH J_\_/ J20H J_\_/ JH l [
I + + - \_—/
C=0 A l h 4
A | 8EH 90H | 21H A | 21H 90H | 204
. AC =0 A | 20H
DAA [90H]
90H | 94H
gr a DAASt@)] BCDuZrBvw +xyz{< $ +|Ut}~eC

OR a ADD A,[90H] ; A=0x65, [90H]=0x29
DAA [90H]

ADD A, [90H]w AN9 8EH
DAA[9OH] WN9  65+29 = 94 y€s" By ):



Logic Operation

AND A,[m]
OR A,[m]
XOR A [m]
ANDM A, [m]
ORM A, [m]
XORM A,[m]
AND A.x
ORAX
XOR Ax
CPL [m]
CPLA [m]

AND data memory to ACC

OR data memory to ACC
Exclusive-OR data memory to ACC
AND ACC to data memory

OR ACC to data memory
Exclusive-OR ACC to data memory
AND immediate data to ACC

OR immediate data to ACC
Exclusive-OR immediate data to ACC
Complement data memory
Complement data memory with resultin ACC

11

PN NN N NN NN M




AND A, [90H]

Aa 10001111 (2)
[90H]a 01001010 (2)

ANDa 00001010 (2)
'
A | OAH

ANDM A, [90H]

Aa 10001111 (2)
[90H]a 01001010 (2)

OR A, [90H]

Aa 10001111 (2)
[90H]a 01001010 (2)

XOR A, [90H]

Aa 10001111 (2)
[90H]a 01001010 (2)

ANDa 00001010 (2)
v

[90H]| OAH

ORa 11001111 (2)

'
A | CFH
ORM A, [90H]

Aa 10001111 (2)
[90H]a 01001010 (2)

XORa 11000101 (2)
|
A | C5H

XORM A, [90H]

Aa 10001111 (2)
[90H] a 01001010 (2)

ORa 11001111 (2)
'
[90H] CFH

XORMa 11000101 (2)
}

[90H] | CS5H




AND A, X

Aa 10001111 (2)

xa 01001010 (2)

ANDa 00001010 (2)

!

A OAH

CPL [m]

[90H]a 10001000 (2)
v 1'S
0111¢0111 (2)

OR A, X

Aa 10001111 (2)
xa 01001010 (2)

XOR A, X

Aa 10001111 (2)
xa 01001010 (2)

[90H]a

/7TH

ORa 11001111 (2)

!

A CFH

CPLA [m]

[90H]a 10001000 (2)
v 1'S
0111¢0111 (2)

Aa

/7TH

XORa 11000101 (2)
'
A | C5H




Instruction Set --

RRA [m] I "H#$%&( bit )*+,-./ 1 None
I "#$048& TR
RR [m] - #P%&'( bit )*+, 10 None
RRCA [m] I "H#3%&( bit 012345
)*+ _'/ 1 C
! n 0 1 H 12 4
RRC [m] )*+#$ {o&( bit 012345 10 c
RLA [m] I "#6%&( bit )*+,-./ 1 None
I "#6%4&' bit )*+,
RL [m] | #6%&'( it) 1) None
RLCA [m] I "#6%&( bit 012345
)*+ _./ 1 C
! n 0 1 H 12 4
RLC [m] )*+#6 {o&( bit 012345 1) C
CLR [m].i 7 1D None
SET [m].i 8 9@ 1M None




RL [m]

b7 b6 b5 b4 b3 b2 bl DbO

-« «— — «— < < «— 4—‘

b7 b6 b5 b4 b3 b2 bl DbO

RLA [m]

Aa

C

TI009000

b7 b6 b5 b4 b3 b2 bl bO
b7 b6 b5 b4 b3 b2 bl DbO

-« < ] «—— ] i« < ]

RLC [m] T




C b7 b6 b5 b4 b3 b2 bl bO

T

— e

RLCA [m]

Aa

b7 b6 b5 b4 b3 b2 Dbl bO

b7 b6 b5 b4 b3 b2 bl bO

b7 b6 b5 b4 b3 b2 bl DbO

RRA [m]

NI N N S N N

b7 b6 b5 b4 b3 b2 bl bO

Aa




C b7 b6 b5 b4 b3 b2 bl bO

RRC [m] |/ —> > L e e e Y e

LC b7 b6 b5 b4 b3 b2 bl DbO

ONONONONONONONON

b7 b6 b5 b4 b3 b2 bl DbO

RRCA [m]

Aa




Instruction Set --

*+ /0 *+12 3456
MOV A,[m] m A 1 None
MOV [m[,A ) A f, - m 11 None
MOV A,X X A 1 None




MOV A, 08H

MOV A,8H
MOV A,010H A=10u0)
MOV A,010 A=1Qho)



Instruction Set --

JMP addr 2 None
SZ[m] 12 None
SZA [m] I "#$ A%& !''( 1) None
SZ[m].i )* 1) None
SNZ[m].i )* 1) None
SIZ [m] "(+,%8&-. 163 None
SDZ[m] "(/,%&-. 1) None
szafm ST e 7 @A B> 1C) 10) None
CALL addr H IJ H 3< addr 2 None
RET H KL 2 None
RET A,X ;MN=  xOPA-./ @QH KL 2 None
RETI RSH KL 2 None




Instruction Set 4* #$

TU TBHP, TBLPVW (ROMX=@+Y )
TABRD [m] TBLH  [m] 2 None

VWZC'[ (last page) (ROMX=@+ 1)
TABRDL [m] Y TBLH [m] 2 None
NOP 123 1 None
CLR [m] 4 10 None
SET[m] 5 " OXff 1@ None
CLR WDT 4 6789:$ 1 TO,PD
CLR WDT1 \[7~_“abc/ 1 TO(4),PD(4)
CLR WDT2 \[7~_abc/ 1 TO(4),PD(4)
SWAP [m] " low-nibble  high-nibble<= 1M None

( low-nibble high-nibble<=>? 1

SWAPA [m] @"4$ None
HALT ABCDE 1 TO,PD




" If#%

e ExX1: If (x==0)

y=y+1,
else
z=z+ 1



Nonzero:

SZ X
JMP Nonzero
INC y
INC z

e EX1:

if (x ==0)

y=y+1,
else
z=z+1;

Nonzero:
Next:

SZ X

JMP Nonzero
INC y

JMP Next
INC z




% : & for loop#$

(& 1+2+...+10
)*+,-./0 SUM
e FOR (i = 0; i<100; i++)
{
X=X+I;

}



#INCLUDE

HT66F50.INC

.SECTION 'DATA'
DEL1
DEL2
DEL3

MY_CODE

MAIN:

LOOP:

DEL_1:
DEL_2:

DEL_3:

.SECTION 'CODE'
ORG

CLR

MOV

MOV

CALL DELAY
CPL

IJMP

PROC

MOV A,32
MOV DEL1,A
MOV A,50
MOV DEL2,A
MOV A,103
MOV DEL3,A
SDz DEL3
IJMP DEL_3
Sbz DEL2
IJMP DEL_2
Sbz DEL1
IJMP DEL_1
RET

ENDP

0000H

PBC
A, OFFH
PB, A

N )

example



Clock

e Execution Flow
— %&'( )*+ crystal-+ RC./
— 40%&'(1 10 23
— two-stage pipelind5
e Instruction fetch

e Execution

o If the instructions are not continued in the ROM, the
Instruction will consume 2 instruction cycle, otherwise
most of instruction only require 1 instruction cycle



& Clock

T1 T2 T3 T4 Tl T2 T3 T4 T1 T2 T3 T4
System Clock 1\ _/\_/ 1\ /L
OSC2(RCOnly) — — —
PC < PC PC+1 PC+2
Fetch INST(PC)

Execute INST(PC-1) Fetch INST(PC+1)
Execute INST(PC) Fetch INST(PC+2)
Execute INST(PC+1)

38 HT66FX0 2015/10/5



& HT66Fx0 Pipeline

1.MOV  A30

2.MOV  06,A

3. CALL AB

4. SET C

1 2 3 4
Fetch 1 Execute [L
Fetch 2 Execute }
Fetch 3 Execute

Fetch

o

Execute AR




 Holteko7 89) 10 23 <=
645> ?1 20 23
—~ "#$%&
PC+1
- (
— JMP, SZ [m], SZA [m], SZ [m].i, SNZ [m].i, SIZ [m], SDZ
[m], SIZA [m], SDZA [m], Call addr, RET, RET A, x, RET!
« @AB Holtek CD6EF'( fsys=4MHz,?#-
+ EF( fsys/4=1MHz

— )+ 1/1MHz=1us



41

& DELAY

© 0 XN O g R 0 R

= B =
N B O

DELAY: NUDW

DEL_1:

DEL_2

DEL_3:

MOV
MOV
MOV
MOV
SDZ
JMP
SDZ
JMP
SDZ
JMP
RET

A03
DEL2,A
A, 110
DEL3,A
DEL3
DEL 3
DEL2
DEL 2
DEL1
DEL 1

L i

; (109 1+2)
; 109 2

3
3
3
3
(2 1+2)
2 2

X X X X X X X

(X-1)+2
(X-1) 2

HT66Fx0

2015/10/5



pa
pac

reset:

start:

delay:
wait_1:

wait_2:

equ
equ
org
jmp
org
mov
mov
clr
call
se
call
jmp
mov
mov
mov
mov

sdz

jmp
sdz
jmp
ret

123

“~N

[60h]  1or 27 X=(FF-1)*3 + 2

or FF*3 -1

;_: (7TF-1)*(1+1+X+1+2)+
or 7F*(1+1+X+1+2)-1

[12h] 0

[13h] 0
Oh 0
reset 2

8h
a,00h 1
pac,a 1
pa.0 1
delay 2
pa.( 1
delay 2
start 2
a,07fh 1
[61h],a 1
a,0ffn 1
[60h],a 1
wait 2 2
[61h] lor2
wait 1 2
2

Delay=
1+1+Y+2

.




<

1"#$%

PCO
PC1

PC2

PC3

PC4

PC5

PC6

o




#INCLUDE HT66F50.INC

MY_DATA .SECTION
DEL1 DB ?
DEL2 DB ?
DEL3 DB ?

'DATA' ;== DATA SECTION
;DELAY LOOP COWMIT 1
;DELAY LOOP COWIT 2

;DELAY LOOP COUNT 3

LED_PORT EQU PC
LED_PORTC EQU PCC

;DEFINE LED_PORT
;DEFINE LED_PORT CONTROL REG.

MY_CODE .SECTION 'CODE! :== PROGRAM SECTION ==
ORG O00H 'HT66F50 RESET VECTR
MAIN: MOV A,08h :CP1 DISABLE
MOV CP1C,A
CLR LED_PORTC  ;CONFIG LED_PORT AS O/P MODE
CLR LED_PORT :SET INITIAL LED STATE
SET C :SET CARRY FLAG (STATUS.0)
RIGHT: RRC LED_PORT :SHIFT RIGHT
MOV A,100 :SET DELAY FACTOR
CALL DELAY :DELAY 100*1mS
SNZ LED_PORT.0 ;IS ALL LEDs HAVE BEEN LIT?
IJMP RIGHT :NO. CONTINUE RIGHT SHIFT.
LEFT:
RLC LED_PORT 'SHIFT LEFT
MOV A,200 :SET DALAY FACTOR
CALL DELAY :DELAY 200*1mS
SNZ LED_PORT.7 ;IS ALL LEDs HAVE BEEN LIT?
IJMP LEFT :NO. CONTINUE LEFT SHIFT.
IJMP RIGHT :REPEAT THE RIGHT PROCESS.
: PROC : DELAY
: FUNC : DEALY ABOUT ACC*1mS @fSYS=4MHz (1006 Acc)+2 Cycles!
: PARA : ACC : DELAY FACTOR
: REG : DEL1,DEL2,DEL3
DELAY PROC
MOV DEL1,A :SET DEL1 COUNTER
DEL_1: MOV A3
MOV DEL2,A :SET DEL2 COUNTER
DEL_2: MOV A,110
MOV DEL3,A :SET DEL3 COUNTER
DEL_3: sDz DEL3 :DEL3 DOWN COUNT
JMP DEL_3
Sbz DEL2 :DEL2 DOWN COUNT
JMP DEL_2
sbz DEL1 :DEL1 DOWN COUNT
JMP DEL_1

RET

MmNl AN/ [ NTaV oY



Table Location

« Any location in the program

Program Memory

TBHP Register
ROM can be used as look- Data
up tables 14~16 Bits
TBLP Register
e Two Instruction is used to P
take a table look-up Address
TBLH User Selected
— TABRD [m] TBHP TBLP Register Register [M]
« Read ROM[TBHP:TBLP] to
TBLH and [m]
— TABRDL [m] Variable  .Section  'DATA'
VAR1 DB ?
* Read last page PROG  .Section 'CODE'
e The location of the table read is | MOV Al

MOV TBLP,A

pointed by last page with offset TABRDL VARL
of register TBLP | ORG LASTPAGE
— Low-byte of look up results is Table: dc 3135h

dc1234h

stored in memory [m]
What are the values of VAR1 and TBLH ?

— High-byte of look up results is
stored in register TBLH (08H)




A

GHIJ  (Immediate addressing)
- MOV A 20H A=20H

KLIJ (Direct addressing)

— MOV A, [30H] 30H
MLIJ  (Indirect addressin St
— MOV A, 31H

— MOV MPO, A ;MPO: memory pointer register 0
- MOV A, 40H
— MOV |ARO, A

NIJ (Pointer addressing)

RAM

S55H [

55H

40H |

40H




« JARO 0O0h O Indirect Addressing Register O

« MPO O01h O Memory Pointer O

« JAR1 02h 1 Indirect Addressing Register 1

« MP1 O03h 1 Memory Pointer 1
80h~8Fh 16 Bytes 0

1. INCLUDE “HT66F50.INC”

2. MOV  A,80h

3. MOV  MPO,A MPO 01h

4, MOV A6 A 16

5. LOOP CLR IARO MPO

6. INC MPO MPO 1,

7. SDZ ACC ACC ACC 1

8. JMP LOOP ACC 0,"

9.



XOR

e ,-/0 12 34567
- MleM2=0 M1=M2
e 890:< NOT
— ~a=a+1
e #/0 12=>
c=a>b cPa=b,&S+b=a
EX: mov a, [90r
Xor  a, [91h]
xorm a,[90h]
xorm a,[91h]

e 7@A12BCD.E FG
mov a, [90h]
Xor a, [91h]
and a, 00000011b
xorm a,[90h]
xorm a,[91h]



« O HOTEKCDPQ

J
—H 1/0
ORG
MOV
MOV
MOV
MOV

TABRD

OP ROMEQ [TBHP, TBLP]=170H

(pointer addressing mode)

TBLP,JK LM
100H

A, 70H

TBLP, A

A, 1

TBHP,

[30H]

, R ROM6-STU NI

TABRDN TABRDL

ORG 170H
DC 1234H
DC 567/8F
DC 9ABCH

R ROM[170H]=1234H RAM[30H]= 34H TBLH=12H



e VWX

MAIN:

LOOP:

GET-VALUE

GET-VALUE

(Computation jJump)(1)

PCLYI LEDGZ][-S
CLR INDEX

CLR PAC

MOV A, 06

MOV COUNT, A
MOV A, INDEX
CALL GET-VALUE
MOV PA, A

CALL DELAY

INC INDEX

SDZ COUNT

JMP LOOP

JMP MAIN

PROC

ADDM A, PCL

RET A,10000001B
RET A,01000010B
RET A,00100100B
RET A,00011000B
RET A,00100100B
RET A,01000010B
ENDP

IR  MEMI[PC]
PC PC+1
=D @<ABOD [E



3 56 (2)

ADDM A, PCL
(such as Switch — case)
ADDM A, PCL ; PCL=Acc+PCL
JMF EQU-0; Jump to EQ!-0 if Acc=C
JMP EQU-1; Jump to EQU-1 if Acc=1
JMP EQU-2; Jump to EQU-2 if Acc=2

JMP EQU-3; Jump to EQU-3 if Acc=3



