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PLUSE WIDTH MODULATION INVERTER
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Mr. Vittaya Tipsuvanapon
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ABSTRACT

This thesis describes a designing of mwain-power
circuit,control circuit and based-drived circuit for
three phase induction motor of Pulse Width Modulation
(PWM) inverter using which six bridged transistors. It
also reports about those circuits used to protect overvoltage,
under-voltage and over-~current. While snubber circuit
reduce stress on transistors when turning on and off.
Besides, the transistor base-drived circuit are inciuded
and described by this thesis. By the way, This invention
can  be wused together with the PWM c¢ircuit for variable

i
speed of induction motor or D.C motor.
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MCSw-51 PR;OGRAMMER'S GUIDE AND INSTRUCTION SET

T

|
MCS®-51-INSTRUCTION SET

Interrupt Response Time: Refer to Hurdware De-
scription Chapter. : !

Instructlons that At{ect Flag Settlngs“)‘ -

Inatruction Flag Instruction Flag
C OV AC C OV AC

ADD X X X CLRC ! e}

ADDC X X X CPLC X

susB X X X ANLCbit X

MUL o X ANLC,/bit’" X

DIV 0 X OALCht X

DA X ORLCbit X’

RRC X MOVCHiL X

ALC X CINE = X

SETBC 1 !

(DNote that operations on SFR byle address 208 or
bit addresses 209-215 (i.e., the PSW or bils in the
PSW) will slso utlect flag settings.

Nofe on lustruction set und addressing modes:

Ra — Register R7-R0Q of the gurrently se-
lected Register Bunk.
direct  — 8-bit internal data location’s address.

1 This could be an Internal Data, RAM
location (0-127) or u SFR [i.e,, 170
port, control register, stutus register,
cte. (128-255)].

@Ri — 8-bit internal duta RAM localion (0-
255) addressed indirectly through reg-
ister R1 or RO, y

#data  — 8-bit constunt included in insteuction.

#datn 16 — 16-bit constunl incjuded in instruction.

addr 16 — 16-bil destination address. Used by
: LCALL & LIMP. A brangh ¢an be
anywhére within the §4K-byte Pro-
gram Meinory address’space.
addr 11— 11-bit destination address. Used by

ACALL & AIMP. The branch will be
within the sume 2K-byte page of pro-
grum memory as the fipst byje of the
following instruction. -

rel -— Signed (two's complement) 8-bit offset
“byte. Used by SIMP and all condition-
al jumps. Ruange is —128 to +127
bytes relatjve to first byte of the fol-
lowiug instruction,

bit —— Direct Addressed bit in Internul Data
RAM or Special Function Register,

Mnemonic

Table 10. 8051 Instruction Set Summary

Description

Bytle

Osciliator
Perlod

ARITHMETIC OPERATIONS

ADD
+

ADD

ADD

ADD
ADDC
ADDC

ADDC

ADDC
suBB
susse
suBB

suBB

INC

INC
INC

INC
DEC
DEC
DEC

DEC

ARn
A.direct
A@Ri

A, #data

ARn

A.direct

A @RI

A, #data

ARn

A, direct

AGRI.

A, +data

A

Rn
direct

@RI
A

An
direct

@Ri

Add register to
Accumulator

Add direct byte to
Accumulator

Add indirect RAM
to Accumutator
Add immediate
datato
Accumulator

Add register o
Accumutator

with Carry

Add direc byte to
Accumulator
wilh Carry

Add indirect
RAM 1o '
Accumulator
with Cany

Add immediate
data to Acc

with Canry
Subtract Reglster
from Acc with
borrow

Subtract direct
byte trom Acc
with borrow
Subtract indiract
RAM from ACC
with borrow
Subtract
jmmediate data
tfrom Acc with
borrow
Incramont
Accumulator
Increment registor
Increment direct
byte

Incrament direct
RAM

Decrement
Accumulalor
Decrement
Register
Deciement direct
byte

Decrement
Indirect RAM

13
12
12

12

12

12

12

12
12

12

12

12
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Tafﬂo 10. BO51 Instructiop Set Summary (Continued)

——|

Accumulator

v

1

6-21

Mnemonle | De‘ucrlpuon Byte 'Q:zl:::;or Mngmonlc -Description  Byte O:r:l:::;:‘or
ARITHMETIC OPERATIONS (Continued) (% 1% o2 'n LOGICAL OPERATIONS (Continued) .
INC ~ DPTR Incremeni Data /1 W 24 « AL A Rotate 124

Pointar .4t 5 Lt Al i . Accumutator Lett !
MUL AB s MulllyA&R of 1 ¢ 48, RLC A Rotate 1 12
DIV AB Divido ApyB « 1 = 48 . Accumutator Left 'i
DA A ' Declnl'laI Adjust .. 4 12 through the Carry g
Accymulatar, ' RR A flotate 1 12,
LOGICAL OPEFlATlONSjm,r' 3 B Accumulator 5
ANL ARn A\NDmeglsteno 1 12 Right '
Atcumulalor V' - RRC A Rotate 1 12‘
ANL  Adirect ANDidirect byte 2 12 Accumulator
' lo Acoumulator .+ . ¢ M Right through ’
ANL A @RI ANDindiect 1o 1 12 the Carry
RAMto . ¢ . SWAP A Swap nibblos 1 12
Accymulator’ . T within the !
ANL A#data  ANDiimmediale 1 2 12 Accumulator ‘
datato . i . b DATA TRANSFER :
Accumulator, MOV ARn Move 1 12
ANL  direct,A AND Accumulator 2 12 register to
B} . lp direct byte Accumutator
ANL direct, #data AND Immediate » 3 24 MOV  A,direc} Move diroct 2 12
data to direct byte “ byte to
ORL ARn OR register to 1 12 Accurnulator
Accumulator MOV A@&RI Move indirect 1 12
ORL Adiruct ORdirectbyteto 2 12 RAM 1o
Accumulator 1t Accumulator
ORL A,&Ri OR Indjrect RAM 1 12 MOV A, #data Move 2 12
to Accumulator Immadiato
OHL A, #data OR immediatle 2 12 data o
dalu o’ o ! ; Accumulator
Accuinulator MOV RnA’ Movu 1 12
ORL direct,A OR Accumulalor 2 12 Accumulator
todirectbyte ! 10 rogister
ORL diract, #data  OR immediate 3 24 MOV Rn,direct Move direct 2 24
data 1o direct byte C o ‘byte to
XAL ARn Exclusive-OR 1 12 ragisler
egisterto + . ' MOV  Rn,#data  Move 2 12
Accumulalor Immediate data
ML Adiroct Exclusive-OR 2 12 : 10 rogister
directbhyte to . MOV  direct,A Move 2 12
Accumulator Accumulator
XAL A@RI Exclusive-OR.. . 1 12 1o direct byte
Indirect RAM (o ) MOV  direct,Rn Move reglster 2 24
Accumulator ; 10 direct byle
XAL A, «data xclusive-OR 2 12 MOV direct,direct Move diract 3 24
ﬁnmediale data 1o byte o direct
pccumulator ! MOV  direct,@Ri  Movo indirect 2 24
XAL direct,A Exclusive-QR 2, 12 RAM lo
« Accumuialor (0 direct byte
directbyte , MOV direct, #duta Move 3 24
XAL diroch#data Exciusiye:OR . § , 24 ' immodiaje data
Immaediate data 1o diroct byle
to direct byte MOV  @Ri,A Move 1 12
CLA A Clear 1 12 Accumulator to
Accumulator indirect RAM
CPL A Compioment 1 12 All mnemonics copyrightod ®ntel Corporation 1960
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Table 10. 8051 Instruction Set Summary (Continued)
Muomu:-lu Duwuription  Uyle 9;2‘::::10‘ Mm:monlc‘ ) ,P_‘::HTHU': B l.j.).”u 0!“':’;':;:?: .
DATA THANSEER (Gontinuad) BOOLEAN VARIABLE MARIPULATION
MOV @Ridiruct Movao direct 2 24 CLR [of Ciaur Carry 1 12
byte lo CLR  bit Claur direct bit 2 12
indirect RAM SETB C Selt Carry 1 12
MOV  @Ri #data Move 2 12 SETB  bit Sel direct bit 2 12
Immaediate . CPL Cc Complemont 1 12
data lo Cany
Indirect RAM CPL bit Complement 2 12
MOV DPTR, #dalal6 LoadDala: 3 24 direct bit
Pointar with a ’ ANL C,bit AND diract bit 2 24
16-bit constant to CARAY
MOVC A,@A+DPTR Move Code 1 24 ANL C,/bit  AND comploment 2 24
byte relative to ol direct bit
DPTR 1o Acc " to Carry
MOVC A,@A +PC Move Code 1 24 ORL C.bit OR direct bit 2 24
1 bylo relative to lo Carry .
PCto Acc B ORL C./bit  Of complomont 2 24 !
MOVX A, @RI Move I 24 of direct bil
External to Carry
. RAM {8-bit MOV C,bit Move diract bit 2 12
addr) to Acc ) to Carry
MOVX A &DPTR Move 1 24 MOV bit,C Move Curry to 2 24
External direct bil
RAM (16-bit Jc 6| Jump it Carry 2 24
addr) 1o Acc is so}
MOVX «Ri,A Moves Acc to 1 24 JNC rel Jump if Carry 2 24
Extofnal RAM . noj sat
(8-bit addr) JB bitrel  Jump if direct 3 24
MOVX wDPTH,A Move Acc 1o 1 24 ~ Bitissel
Externul RAM JNB bit,rel - Jumpf direct 3 24
(16-bit addr) . Bit is Nat sel
PUSH direct Push direct 2 24 JBC bit,rel  Jump if direct ‘3 24
byte onto Bifis sel &
stack . . clear hit
POP  diract Pop diract 2 24 PROGRAM BRANCHING
byte from ACALL  addril  Absolute 2 24
slack Subrouline
XCH  AAn Exchange 1 12 Call
reglster with LCALL addr16 Long 3 24
Accumulator Subroutine
XCH  Adirect Exchange 2 12 Call
direct byte RET Return tiom 1 24
with Subroutine
Accumulalor RETI Return from 1 24
XCH A,@Ri Exchange 1 12 : interrupt
indiract RAM AJMP  addrt1  Absolute 2 24
with : Jump
Accumulator LIMP  addr16  Long Jump 3 24
XCHD A,@Ri Exchange lowr 1 12 SIMP  rel Short Jump 2 24
order Digit ' {relative addr)
indiract RAM full mnemonics copyrighted @lntel Corporation 1980
with Acc | “ '
v
! .
H !
;
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Table 10. 8051 Instruction Set Summary (Continued)

' Oscillator Osclilator
Mnumonlc Description ay”  Porlod Mnemonic Description Byte _ Pperlod
.PROGRAM BRANCHING (Continued) PROGRAM BRANCHING (Continued)
JMP  GA+DPTR! Jumpindirgct 1 24 . CJNE Rn,#datarel Compare 3 24
! relative to {he i immediato to ‘
PETR ) t 1 roglstur and
NY4 tol - Jump If 2 24 - Jump Il Not
* 1 Accumulutor i e Equal
T BZuro. CINE @R, ¢dulasul Compuro 3 24
JNZ ol Jump it 2 24 immodlaty (o
, Accumulator ! : indiroc} and
' la Nol Zuro Jump If Not
CINL - Aduvotral - Compuars J 24 1 yuul
diryctbyto to DINE  |ingul Dugiomnl Q 24
Acc und Juinp 1ogslur ung
If Not Equal Jumip it Not
CINE A, +datarel Compare 3 24 Zoro
immediate to DJINZ direct,rel Decrement 3 24
Acc and Jump direct byte
if Not Equal f and Jump i
R , © oy -Not Zero
. t ' NOP No Operalion 1 12
v i All mnpmonics copyrighted ©Intel Corporation 1080
‘ :
§ :
b
, ;
{ [
i N : l
5" '
o { <SB&
i 1 ’
1 1 ;
f K 4 !
1 | “ | ;
! 4 i: s
[ C i
1 {
i
]
i
e
T |
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Table 11. Instruction Optodes In Hexadeclmal Order

(?o °:u :'ug\yl:z: Mnsmonic Operands c”::g :'qs\yl::; Mnemonic Operands
00 1 NOP Y 33 1 .RLC A

01 2 AJMP cada addr 34 2 ADDC A,#dula

02 3 LJMP code addr 35 2 ADDC A,data addr
03 1 AR A 36 1 ADDC A,@RO

04 1 INC A 37 1 ADDC ARl

05 2 INC data addr 38 1 ADDC A.RO

06 1 ING @RO 39 1 ADDC AR1

07 1 INC @R\ 3A 1 ADDC AR2

00 i INC RO 38 1 ADDC ARY

00 i NG Ry 3C 1 ADDC A4

0A 1 INC R2 a 1 ADDG A5

o8 1 ING Fl? 3E 1 ADDC ARE

oC 1 ING R4 aF 1 ADDG AR7

0D 1 INC R$ 40 2 Je codu uddr
0E 1 INC R6 41 2 AJMP code addr
OF 1 NG A7 . 42 2 ORL dufa wddr,A
10 4 Jac bit uddr, codo ududr 43 3 ORL dutu addr, # dula
1 2 ACALL code addr 44 2 OAL A, #data

12 3 LCALL code addr 45 2 OAL A.data addy
13 1 . ARC A 48 1 ORL A,@RO

14 ] DEC A 47 1 OAL AWt

15 2 DEC daly addr 48 1 ORL A.RO

16 1 DEC @Ro 49 1 ORL AR

17 1 DEC @R1 4A 1 ORL AR2

18 1 DEC Ao 48 1 ORL ARA3

19 1 DEC A1 4C 1 ORL AR4

1A 1 DEC R2 4D 1 ORL AR5

1B 1 CEC R3 4E 1 ORL AR6

1C 1 DEC R4 4F 1 ORL AR?

10 1 DEC RS 50 2 JNC code addr
1E 1 DEC R8 51 2 ACALL codo addr
1F 1 DEC R7 52 2 ANL data addr,A
20 3 JB bit addr, code addr §3 3 ANL dala addr, # dala
21 2 AJMP code addr 54 2 ANL A, #data
22 1 RET 58 2 ANL A,déta addr
23 1 AL A 66 1 ANL A,@RO

24 2 ADD ° A, ¢#dala 57 1 ANL A,@GR1

25 2 ADD A.data addr 58 1 ANL ARO

26 1 ADD AGRO 59 1 ANL AR1

27 1 ADD AOR1 5A 1 ANL AR2

28 1 ADD ARO &8 1 ANL ARJ

29 1 ADD AR1 5C 1 ANL A.R4

2A 1 ADD AR2 5D 1 ANL ARS

28 1 ADD AR3 5E 1 ANL AR6

2C 1 ADD AR4 5F 1 ANL AR7 .

20 1 ADD ARS 60 2 Jz coda addr
2E 1 ADD ARE 61 2 AJMP code addr
2F 1 ACD AR7 62 2 XAL data addr,A
30 3 JINB bit addr, code addr 63 3 XRL data addr, # data
a1 2 ACALL code addr 64 2 XAL A, #dala

32 1 FIETI 65 2 XRL A,data addr

6-24
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Tabte 11. Instructlon Opcodes in Hexadeclmal Order (Conlinued)

6-25

(:i ::‘ ':'ug; l::: Mnemonic ' 'Oporands :::e :'u;‘v l::: Mngmonic Opurandy

66 1 XRAL A.@RO 99 1 SuBB AR

67 1 XAL A.@RY 9A 1 suBB AR2

66 Y XAL ARO 98 1 SuBB AR3

69 1 XRAL AR1 :10] 1 susB AR4

6A 1 XAL AR2 D 1 SuBg ARS

68 1 XAk AR3 9E 1 sues AR6

6C 1 XRL AR4 oF 1 susB AR7

60 1 XRL ARS A0 2 ORL C,/bit addr

6E 1 XAL ARG Al 2 AJIMP codo addr

6F 1 XRL AR7 A2 2 MOV C,bit addr

70 2 INZ . code addr Vo A3 1 INC -PPTR

n 2 ACAL| code addr A4 B MUL AB

72 2 ORL C,bit addr AS reservud

n 1 JMP @A+ DPTR ' A6 2 MOV @R0,data addr

4 2 MOV A, #data i AT 2 MOV @R 1,data addr

75 3 MOV data addr,»data, . A8 2 MOV RO,data addr

76 2 MOV @R0, #data . A9 2 MQV A1,data addr

77 2 Mav ®R1.#dala AA 2 MOV R2,data addr

78 2 MOV RO, #data " AB 2 MOV f3.data addr

78 .2 MOV ¢ A1, #data t AC 2 . MOV R4.dala addr

7A 2 MOV R2, ¢ dalg AD 2 MOV RS,dala addr

1B 2 MOV R3, ¢#dula AE 2 MOV R6,data addr

7€ 2 Mov R4, ¢#dala AF 2 MOV R7.data addr

D 2 MOY [, #data B0 2 ~ANL. C,/bit addr

7€ 2 Moy A6, #data [ B1 2 ACALL code addr

1F 2 MOV. R7, #data ' B2 2. CPL bit addr

a0 2 SUMP code addr B3 1] CPL C

o1 2 AJMP code addr B4 3 CJNE A, #data,code addr
82 2 ANL C.bit addr BS- 3 CJNE A.data addr,code addr
83 1 MOVC ABA+PC B6 3 CJNE @RO, + data,code adar
B4 1 oV’ AB 87 3 CINE @R1, # data,code addr
85 3 MOV data addr, data addr 88 3, GINE RO, #data,code addr
86 2 MOV data addr,@R0 B9 a3 CINE R1, # data,code addr
87 2 MOV dala addr,@R1 BA 3 CINE R2, # data,code addr
08 2 MQVY data addr,RO BB 3 CJNE R3, # data,code addr
a9 2 MOV data addr,A1 8C 3 CJINE R4, # duta,code addr
8A 2 MOV data addr,A2 BD 3 CJINE A5, # dala,code addr
88 2 MOV Jata addyr,R3 BE k] CJINE R6, # data,codo addr
8C 2 MoV data addr,R4 BF 3 CJINE R7, #duta,code addr
680 2 MOV data addr,RS Cco 2 PUSH dala add¢

8E 2 MoV data addr,R6 c1 2 AJMP codo addr

6F 2 MOV data addr,R7 c2 2 CLR bit addr

80 3 MoV DPTR,#data ca 1 CLA c

91 2 ACALL code addr C4 1 SWAP A

92 2’ MOV bit addr,C cs 2 XCH A.data addy

83 1 MOVC A@A+DPTR cé 1 XCH A,@RO

94 2 suBg A, #data c? 1 XCH A@RY

95 2 sugs A,data addr c8 ) XCH ARO

98 1 suaB ABRO ca 1 XCH AR1

07 1 suBB A@R1 CA 1 XCH AR2 !

08 1 suBB A,RO cB 1 XCH AR3

o~ TTEN
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Table 11. Instruction Opcodes in Hexadecimal Order (Conlinued)

g‘o ':;u :'";;L::: Mnemonlc Operands ' J‘oec;(e :'ug; l::; Mnemonic Opurandy
ccC 1 XCH AR4 E8 1 MOV A, 4RO

| co 1 XCH ARS E7 1 MOV A &R
CE 1 XCH AR6 £8 1 MOV ARO
CF 1 XCH AR?7 E9 1 MOV AR1
Do 2 POP data addr EA 1 MOV AR2
D1 2 ACALL code ‘addr EB 1 MOV AR3
D2 2 SET8 bit adgr EC 1 MOV AR4
03 1 SETB Cc ED 1 MOV ARS
D4 1 DA A EE 1 MOV A RS
D5 3 DUNZ dala addr,cods addr EF 1 MOV AR?7
Dé 1 XCHD A,GHO FO 1 MOVX @DPTR,A
07 1 XCHD A@R1 F1 2 ACALL code addr
D8 2 DJINZ R0,code addr F2 1 MOVX @RO,A
D9 2 DINZ A1.code addr F3 1 MOVX @R1,A
DA 2 DJINZ R2,code addr F4 1 CPL A
DB 2 DJINZ A3,code addr F5 . 2 MOV data addr,A
DC 2 DINZ R4,cade addr F6 1 MOV @RO,A
DD 2 DINZ R5,cade addr F7 1 MOV @R1,A
DE 2 DINZ R8,code addr F8 1 MoV RO,A
DF 2 DJINZ R7.code addr F9 1 MOV A1A
EO 1 MOVX A,@DPTR FA 1. MOV R2,A
El 2 AJMP code addr F8 i MOV R3,A
E2 1 MOVX A,@RO . FC it MOV R4,A
E3 1 MOVX ABGR1 FD 1 MOV A5.A
E4 1 CLR A FE 1 MOV R6,A
ES 2 MOV A,data addr FF 1 MOV A7,A
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ACALL addril

i
INSTRUGTION PEFINITIONS

!

i

!
Absql ite Call L !

! .

ACALL unconditionally calls a subroutine located at the indicaled address. The instruction
increments the PC gwice 1o obtain the address of the following instruciion, then pushes the
16-bit result onta the stack (low-order byte first) and increments the Stack Pointer twice. The
destinalion address js obtained by-successively concutenaling the five high-order bits of the
incremented PC, opcode bits 7-5, and the second byte of the instruction. The subroutine called
musy, therefore start within the same 2K block of thie program memory us the first byte of the
iustruction following ACALL. No flugs gre uffected.

!
lnilifnlly SP equals 07H, The lubel “SUBRTN" is at program memory Jocation 0345 H. After
execpting the insruction, « . ) oo

i ¢

ACQUL SUBRTN

' .
ut lqczq'(ion 0123H, SP will contain 091, internal RAM locations 08H and 09H will contain
. 25&!‘ and.01H, respectively, and the PC will contain 0345H.

2
2 b

|a10a9a81|0001'J l—;7a6a5a4 a8a2a1a(d '

ACALL

(PC) «— (PC) + 2
Py« (8P) + 1
((S1)) = (PCr0)
(SP) +— (SB) + 1 :
((8P)) + (PCys.8) : y
(PCjg.0) ¢ page address

e e

R
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’

ADD A,<src-byte> i ADD

Function:  Add

Description:  ADD adds the byte variable indicated 10 the Accumulator, leaving the result in the Accumula-

tor. The carry and auxilinry-carry flags are set, respectively, if there is a carry-out from bit 7 or
bit 3, and cleurcd otherwise. When adding unsigned integers, the carry flug indicates an
overflow accured., '
OV is sct if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not bit 6;
otherwise OV is cleared. When adding signed integers, QV indicates & negative number pro- |
duced as the sum of ywo positive operands, or a positive sum from two negative operands, ADIQ
Four source operand addressing modes are allowed: register, direct, register-indirect, or imme-
diale.

Example:  The Accumulator holds OC3IH ¢11000011B) and register 0 holds 0OAAH (10101010B). The
instruction,

ADD ARO

will Jeave 6DH (0110 1018) in the Accumulator with the AC flag cleared and both the carry
flag and OV st to L. .

>
o __

ADD ARnN ]
Bytus: 1
Cycles: 1

Encading: [0010|1rrr]

Operation:  ADD
(A) <= (A) + (Rn)

ADD  A.dircct !

"~

Bytes:
Cyclus: i

Encoding: 0010 l 0101 I I direct address

Operation:  ADD
(A) +— (A) + (direct)
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’

ADD A,@RI
Bytes: |
Cyclea: |

Encoding: | 0010]011i|
t

Operation: ADD |
(A)*JJ—(A) + (R))
ADD A, #duta !
1
Bytouw: 2 |
Cycless 1 1 |

PEN

{ Encoding: F) 010 l 0100 I I Immodiato daluJ

ADDC A,<grc-byte> ¢

Operation:

ADD
(A) £ (A) + #duta

i

1

!

BT SES e g

Function:

Descriptlon:

Exampla:

Add with Carry

ADDC simultuncously adds the byie variable indicated, the carry flag and the Accumulator
contents, leaving the result in_the Accumulatof. The carry and auxiliary-carry Nags are set,
respectively, if there is a carry-out from bit 7 or bit 3, and cleared otherwise. When adding
unsi}gncq integers, the curry {lug indicates an overflow occured.

OV is set il there is u curry-out of bit 6 but not out of bit 7, or u cutry-out of bit 7 but not out of
bit 6 otherwise OV is cleured. When adding signed iegers, GV indicates u negutive pumber
proa{uccd as (he sum of two positive operunds or u positive swn from (wo negutive operajjds.

1
Four source operund uddressing modes ure ullowed: register, direet, register-indirect, or imme-
diate.

The Accumulator holdg 0C3H{ (110000} 18) and register O holds GAAT (101010108) with the
curry flag set. The insilrwti.onJ B Ay 1 :

ADDC - A,RO

willJeuve 6EH (01101110B) in the Accumulator with AC cleured and both the Carry flug and
OY sct to 1.

i “

rrmiid N ek
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ADDC A,Rn
Bytes:
Cycles:
Encoding:

Operation:

ADDC A, direct
Bytes:

Cycles:
Encoding:

Operation:

ADDC A,@RI
Byles:
Cycles:
Encoding:

Operation:

ADDC A, #data
Bytes:

Cycles:
Encoding:

Operatlon:

I
|

|
[oo11]1rrr]

ADDC
(A) +—(A) + (O) +(Ry)

]
-

|

fo 011 l 0101 J [ direct address

ADDC
(A) 4 (A) + (C) + (direct)

(o011 [0 1]

ADDC
(A = (A) + (O) + ((R))

2
1 t

[0o011]0100]| | immediate data

ADDC }
(A) + (A) + (O) + #duta

6-30
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AJMP  addril

Function:

Description:

Example:

Bytes:
Cycles:

Encoding:

Operation:

Absolute Jump

AIMP transfers program execution to the indicated address, which is formed at run-time by

o,

coucatenating the high-order five bits of the PC (u/fter incrementing the PC twice), opcode bils
7-5, undjthe sccond byte of the instruction. The destination must therefore be within the sume
2K block of progrum memory a3 the first byle of the instruction following AJMP,

T hc'lubql "JMPAPR" is a1 progrun memory location 0123H. The instruction,
AIMP !JMPADR

is at location 0345H and will loud the PC with 0123H.
2 ! '

2
!

ra10a9a80|0001]'Waﬁa5a4|a382a1a0'

AIMP ! !
(PC) «— (PC) + 2 \
(PCjo-0) + page addyess

ANL  <dest-byte>, <src-byte>

Function:

Description:

Example:

Logical-AND for byte yariub!cs

ANL performs the bitwise logicul-AND operation between the variubles indicated und stores
the results in the destinution varisble. No flags are affected.

The two operunds allow six addressing mode combinations. When the destination is the Accu-
mulptor, the source can use register, direcy, register-indirect, pr inunediale addressing; when
the destination is a direct uddress, tlie source can be-the'Accunulator or immediate data.

Note: When Jhis instruction is used to modify an output port, the value used as the original
port duta will be read from the output data latch, not the input pins.

If the Accumulator holds 0C3H (11000011B) and register 0 holds 55H (OIOIOIOlB) then the
instruction,
ANL ARO

1

will leave 4]H (01000001B) in the Accumulator.

When the destination is a directly addressed byte, this instruction will elear combinutions of
bits in any RAM location or hardware register. The mask byte determining the pattern of bits
ta be cleared would cither be a constant contained in the instruction or u value computed in
the Accumulutor at fun-time. The instruction,

ANL P1,#01110011B

will clear bits 7, 3, zmdi 2 of gu‘wu; port ‘ .

6-31
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ANL ARn

Bytes:

Cycles:

Encoding:

Operatlon:

ANL A,direct
Bytes:
Cycles:
Encoding:

Operation:

ANL A,«RI
. Bytes:
Cycles:
Encoding:

Operatign:

ANL A, #data
Bytes:
Cyclus:

Encoding:

Opuratlon:

ANL  djrect,A

Bytes:
Cycles:

Encoding:

Operation:

AU

i

1
|

[oto1]1rrer]
ANL '
(A) < (A) A (Rn)

2 0!

+

! |

1

01010101

direct address

ANL !

(A) — (A) A (qirccx)

[o1o01]o0111]

ANL

|
(A) € (A) A ((Ri))

]
!
2

|0101l0100J Iimmedialadatal

ANL ’
(AY +— (A) A #duta

[o101]0010]

[ direct address J

ANL

(direct) < (din:ct) A (A)

N

e
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‘ |
ANL direct,#data

Bytes: 3’
Cycles: 2

U

Encoding: l Q ] 01 | 001 1_| I direct address I l immediale data ]

| o
Operation: .« ANl ~ . o
(diregy) += (direct) A #dita
' 2 s
ANL C;i<sre-bit> "~ '

"

Function:’ Logigul-AND for bit variubles ’ '

i .

Description:  Jfthe Boolean value of the source bit is a Jogical O then clear the carry ag; otherwise leave the
curry flag in its current state, A slash (/") preceding the operand in the ussembly languuge
indicates that the logical complement of the addsessed bit is used as the source value, but the
source bit itself is not affected. No other flugs are affected.

1
Only direct addressing is allowed for the source operand.
Example:  Set the carry flag if, and onlyif, PLO = 1, ACC. 7 = |, und OV = 0
3 ! N . +

g MOV C,l:l.O ;‘LoAD CARRY WITH INPUT PIN STATE
. ANL é,Acc.7 ;AND CARRY WITH ACCUM. BIT 7 l‘
ANL C/OV  ;AND WITH INVERSE OF OVERFLOW FLAG \
ANL C,blt - i
Bytes: 2
Cycles: 2

Encoding: | 10000010 [ bitaddress |

Operation: ANL \
(C) +—=(C) A (bit)

ANL C,/blt
Bytes: 2
Cycles: 2

Encoding: | 1011] 0000 | | bitaddress

Operation:  ANL
{C) +=(C) A 11 (biD)
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CJNE <dest-byte>,<src-hyte>,rel

Function:

Description:

Example:

Compare und Jump if Not Equal,

)
CINE compures the magnitudes of the first two operunds, und branches if their values ure not
equal. The branch destination is computed by adding the sigued relutive-displacement in the
lust instruction byte 10 the PC, afler incrementing the PC to the start of the next instruction.
The carry flag is set if the unsigned integer value of <dest-byte> is less than the unsigned
integer value of <src-byte>; otherwise, the carry is cleared. Neither operand is affected.

The first wo operands allow four addressing mode combinations: the Accumulutor may be
comnpured with any directly addressed byte or immediate datu, and any indirect RAM location
or working register cun be compured with an immediate constant.

The Accumulator contains 34H. Register 7 ¢onlains 56H‘. ’l"hg: Jirs| instruction in the se-
quence, |

) CINE . R7,#60H, NOT_EQ

; ee e ; R7 = 60H.
NOT__EQ: JIC  REQ_LOW : IFR7 < 6OH.
; i vee eeens i R7> 60H.

scts the curry flag und branches to the instryction at label NOT__EQ. By testing the carry flug,

_ this instruction determines whether R7 s greater or less (han 60},

If the duta being presented to Port | is ulso-34H, then the instruction,
4 '
WAIT: CINE A PLWAIT
1 W
clears the carry flag and continues with the next instruction in sequence, since the Accumula-
tor does equal the data pead from P, (If some other vulue was being input on P, the program
will loop ut this point yntil the P1 duta chuages (o 3411.)

CJNE A,dlrect,rul

Bytes:
Cycles:

Encoding:

Opuration:

3 5

o

l 1011 I 0101 l [ direct address ] | rel. address]

(PC) «— (PC) + 3
IF (A) <> (direct)
THEN
(PC) +— (PC) + relutive offser

IF (A) < (direct)

THEN
©«1
ELSE
(©)+=0
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CJNE A,#datarel

Bytes: 3
Cycles: 2 '

Encoding: I 101 1'l 0100 I | immediale data I [ rol. address ]

Operatlon: PC)y «—(PC) + 3
1F (A) <2 duta
THEN | :
(PC) +— (PC) + relative offse.

IF (A) < duta

THEN ! !
@+
ELSE !
(® 9
7S
CJNE Rn,#dala,rel R
Bytes: 3 '
Cycleg: 2
Encoding: 1011 [ 1rrr [immediate dala rel. address
¥ e e : I\ A ! !

Operation:  (PC) +—(PC) + 3 ¢
IF (Rn) <> daty )
THEN '+ Mot b
(PC) «— (PC) + relative offset
IF (Rn) < duata .
THEN
(€C) « 1|
ELSE )
’ (C)«0

CIJNE @RI, #data,rel
Bytes: 3
Cycles: 2

Encoding: L1 011 | 011 iJ I immediate data I | rel. address

Operation:  (PC)«— (PC) + 3
IF ((R)) <> daia
THEN
(IPC) «— (PC) + relutive offser

IF ((Ri)) < data

THEN ' —~— '
(C) «1
ELSE
(C)«—0
635
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CLR A ¢
T
Function:  Clear Accumulator
4 ' ;
Description:  The Accumulutor is cleared (all bits sct on zero), No flugs are affected.
Example:  The A,ccum}xlulo(r contuing 5CH (Q1031100B). The ipstruction,
- CLR A v ‘
v ,
will leave the Accumulator set to 00H (000000008).
Bytes: 1 1 l
Cycles: | |
- —h 3
Encoding: [1110] 0400
Operalion:  CLR
(A« 0
i i !
CLR bit |
Function:  Cleur bit
Description:  Tlhe indicuted bit is cleared (reset to 2¢r0). No other flags are allected. CLR can operate on the
carry flag or any directly addressable bi.
Example: Port | has previously bc’cn written with SDH (01011101B). The instruction,
|
CLR P12
will leave the port set to S9H (010110018). ’
CLR C :
Bytes: i 3
Cycles: I
Encoding: | 1100|0011
Operation:  CLR
(€)+0 |
CLR bit i !
Bytes: 2 J
Cycles: ! '
Encoding: | 11000010 | bitaddress
g T
Operation:  CLR
(bit) «—0

et
s s
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T

i

CPL A )
I
Functlan:  Complement Accumulator
Descriptlon:  Euch bit of the Accumulator is logically complemented (one’s complenient). Bits which previ-
ously contuined n one are changed (o0 4 zero and vice-versa. No flags are aflccled.
K .
Example:  The Accumulator contains SCH (01011 100B). The instruction,
cpL Al
will leave the Accumulator set {0 0A3H (1010001 1B).
Bytes: |
Cycles: 1 | ; )
Encoding: | 11111]0100]| . .
Ty MR L " [N \ ‘s
Opuration:  CPL- ! TR T
(A) —"1(4)
1 K ). 4 ’ B
R [ ' '
CPL blt -~
Function:  Complement bit
Description:  The bit vagiable specified is,complemented. A bif which had been u one is chunged 10 zero and
vice-versa. No ofher flugs are affected. CLR ‘can operate on the carry or uny dircetly address-
able bjt. ) o b “ "‘ =\ &
Note: Whey this instruction is used do modily un output pist, the yulue used us e original data
\yill be gead ,fru‘m the output d.z_.uu‘ lulch.' not the inpul pin.
Examplo;  Port | hus previously been wr:mcn with SBH (OlOHIOIB‘). The instruction sequence,
1
CPL PLi
CPL. PL.2
will leave the port set o SBH (010110118).
crL C
Bytes: 1
Cycles: |
Encoding: [ 10110011
Operation:  CPL
© =0
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CPL bit
Bytes: 2
Cycles: 1

Encoding: [1011 /0010 | bitaddess
i ! i v

Operation:  CPL ! '
(bit) +— " (bit)

DA A S o

Function:  Decimal-adjust Accumulator for Addition
i

Duscription: DA A sdjusts the cight-bit value in the Accumulator resulting fram the carlier addition of two
variables (cach in packed-BCD formut), producing iwo Jour-bit digits. Auy ADD or ADDC

insteuction muy have been used 10 perform ‘hc uddition.

I Accumulator bits 3-0 are greater than nine (xxax}010-xaxa1111), or if the AC ag is ong,
six is added (o the Accumulator producing the proper BCD digit in the low-order nibble. This
Jjuternal addijion would set the carry flag il s carry-out of the low-order four-bit ficld propagat
ed thyough ull high-order bits, but it would noi clear the carry {lug otherwise.

If the curry q.xg, is now sct, or if the four hxbh-ordcr bits now exceed nine (lOlexxx 111xxxx),
these high-order bits are incremented by six, producing the proper BCD digit in the high-order
! nibble. Again, this would set the carry flag if there was a carry-out of the high-order bits, bul
wouldn’t clear the carey; The'carry flag thus indicates if the sum of the onbuml two HCD
variubles is greuter thun (00, ullowing multiple precision decimul addition. OV is nol aflected,

All ol this occurs during the one instruction cyele. Essentiully, this instruction perforiis’ the
decimal conyersion by adding 00H, 0611, 60H, or 66H 10 the Au.umulawr depending on

initiul Accunulutor pnd PSW couditions.

¥

Notwe: DA A !cumwl simply convert o’ hexudecimal number in the Accumulutor to BCD nota-

tion, nor docs DA A apply to decimal subtraction,
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.

Example:

Bytes:
Cycles:

Encoding:

Operation:

The Accumulator holds the value 56H (010101108) representing the packed BCD digits of thy

BCD

3
dccinxul nunjber 56. Register 3 contuins the value 67H (01100111D) representing the packef)
digits of the decimal number 67. The carry flug is set. The instruction sequence. '

APDLC AR3 |
DA | &

|

s
!
'
3

will first perform a standard ;wos-compfcmcm binary addition, resubing in the value OBEN
e ! b

(1011 1}0)‘ ip the Accymulator. The urry.and guxiliary carry flags will be cleared.

(0010X
digits'

100B)
f the decimal sum of 56, 67, and the carry-in. The cacry flug will be sct by the Decimal

i

indicuting the packed BCD digits of the decimal number 24, the low-order two

The Ewimzil Adjust instruction will ' then alter the Accumulator to the value 24H

Adjus} instruction, indicating that a decimal overflow occurred. The true sum 56, 67, and | iy

124.

.

BCD Vurinbles cun be incremented or decremented by adding OLH or 99H. If the Accumulmui’

initially hold§ 30H (representing the digits of 30 decimal), thien the instruction sequence,
]

APD| 'A,$99H

DA | A ' ; |

! :
will leave the carry set and 29H in the Accumulator, since 30 + 99 = 129. The low-order
byte of the sym can be interpreted to mean 30 — 1 = 29, '

by
j

bl

[1101

|o100]

DA

-contents of Accumulator are BCD )

IF  ([(A30) > 91V [(AC) = 1}]
THEN(A1.9) «— (A3.0) + 6 | ;
AND

IF [i(A0) > 91 V [(©) = Il)
. THEN (Ar4) € (A7) + 6
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DEC byte
Function;  Decpement P ‘|I o ‘ )

Description:  The variable indicated is decremented by"l. An original value of 00i{ will underflow to OFFH.
! No Nugs are affected. Four operand addressing modes are allowed: sccumulator, register,
H direct, or regisier-indicect,

‘ Note: When this instruciion is’used 1o modify an output pori, the value used ps the original
) port data wil] be read from the output data latch, nof the input pins.
y Example:  Register 0 contains 7FH (011111}1B). Internal RAM locations 7EH and 7FH contuin 00H
| « and 40H, chpm.llvuly The m:.trm.uou sequence, )
| .
' DEC QRO ) '
DEC RP
DEC @’RO , :
]
|
will leave register 0 set to 7EH and internal RAM locations 7EH und 7FH set 10 OFFI und
! kY 2J | S
}
DEC A ; !
i Bytes: I !
; Cycles: | l
(Encoding: [0001 ][0 100
Operation:  DEC
(A) «—(A) ~ I
DEC Rn
t t
Bytes: 1 i :
Cycles: | :
Encodiny: [0001l1rrr]
Operatlon:  DEC i
| (Ru) «— (Rn) — |
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DEC direct

Bytos: 2
Cyclos: | | .
Encodlng;. r 00 1.l 010 1J rdiract addréssJ
Opuration:  DEC
(dlrect) = (direet) — |
DEC @RI
Bytos: | .
Cycles: 1 % T . :
¥ 4
1] . 1.
Encoding: IT)}O 01 I 011 IJ "'.
T |
Operatlon:  DEC i ‘{!
(R) +— (@) — 1
DIV AH
Function:  Divide
Duucription: DIV AB divides the unsigned cight-bit integer in the Accumulutor by the unsigned cight-bit
integer in register B. The Accumulator receives the integer part of the quotient; register I3
geceives the integer remainder. The curry and OV flags will be cleared.
(NI N
Exception: if B had originally contuined 00H, the values returned in the Accumulator und B-
' register Yvill be undefined and the overilow.flag will be set. The cusry flag is cleared in uny
cuse. O PR LA IO R B o !
Example:  The Accumulator contains 251 (OFBH or 111110118) and B contuins 18 (12H or 000100108).
The instruction,
DIV AB
will leave 13 in the Accumulutor (ODH or 00003101D) and the value 17 (1IH or 00010001 )
in B, ssncc 25] = (‘3 X 18) + }7. Carfy and OY yill both be cleared.
Bytes: 1 i
Cycles: 4
Encoding: | 1000 ]0100]
Opuralion: DIV
(As.s

(pg W/B)
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DJINZ <byte>,<rel-addr>

Function:  Dcerement and Jump il Not Zero

Description:  DJINZ decrements the lucation indicated by 1, and brunches to the uddress indicuted by the
second operand if the resulting value is not zero. An original value of 00H will underilow to
OFFH. No flugs are aflected. The branch destination would be computed by adding the signed
relative-displucement value in the last jnstruction byte to the PC, alier incrementing the PC to
the first byte of the foljowing instruction.

The location decremented may be a register or dircctly addressed byte.

Note: When this instruction is used to ‘modify an output port, the value used us the original
port data will be read from the output data latch, nor the input pins.

Example:  lniernal RAM locations 40H, 50H, und 60H contuin the values 01H4, 70H, und 15H, respee-
tively. The instruciion sequence,

DINZ 40H,LABEL__1 '
DINZ S0H,LABEL_2 .
DINZ 60}I,LABEL_3

|

will cause a jump to the instruction ut Jubel LABEL_2 with the vulues 00K, 6FI1, und 1511 in
the three RAM locations. The first jump was nof taken because the result was zero.

This instruction provides a simple way of exceuling a program loop a given number of times,
or for udding a moderate time delay (from 2 1o 512 machine cycles) with u single instruction.
The instruction sequence, ' '

"MOV, " OR2,#8§

TOGGLE; | CPL P17
I, DINZ R2,TOGGLE

' 3 '
will toggle P).7 eight times, cuusipg four output pulses to uppuar al bit 7 of output Port 1.
Euch pulsc will last three machine cycles; two fpr DINZ and one 10 alter the pin.

DJUNZ HAn,rel ' - /
Bytes: 2
Cycles: 2

Encoding: 1101 |,1 rrr I | rel. address T !

Operation:  DJNZ : :
(FC) = (PC) + 2
(Rn) «— (Rn) — |
, I (Rn) > Dor (Rn) <0
THEN .
(PC) «— (PC) + rel

6-42




intal

MCS“’"-51 PROGRAMMER'’S GUIDE AND INSTRUCTION SET

DINZ dlrect,rel
Bytes:
Cycles:

Encodlﬁg:

Operation:

INC <byte>

|

3

2

{11lo1]o 10 1] [ directaddress | [ rol. address
DINZ

(PC) 7— ¥C) +2
(direep) <— (direct) — 1
1F (direct) > 0 or (dircet) < 0
THEN
(PC) «— (PC) + rel

Functlon:

Description:

Example:

INC A
Bytys:
Cyclut}:
Encoding:

Opueratlon:

!
Increment

INC iperanents the indicated variuble by 1. An original value of OFFH will overtlow to 00H.
No flygs are affected. Three addressing modes are sllowed: register, direct, or register-indirect,

Note: When this instruction is used to modify an output port, the.vulue used as the original
port data will be reud from the output datu latch, not the input pins.

Register O containg TEH (011111110B). Internal RAM locations TEH und 7FH contain OFFH
and 40H, respectively. The instruction sequence,

.
i

INC @RO
INC RO
INC @RO

will leave register 0 sct to 71°H and internul RAM locations 7EH und TFH holding (respective-
ly) 00H und 41H. { /

!

[0000[p100] ;

INC '
(A)—(A) 1
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INC Hn \
Bytes: | ¥
i
Cycles: 1
!
Encoding: I 0000 l trre l
Operation: INC '
‘ (Ro) «— (Rn) + 1
13
INC direct
]
Bytes: 2 t
Cycles: |
|
. Encoding: |0000] 0101 | [ diectaddress |
1
Operation: INC |’
{ (direct) « (dirccs) + }
ING @RI .
i Bytes: ° | !
Cycles: |
[ «
Encodiny: ‘OOOO:I 01 ]iJ
Opuratieri: INC .
(R = (RD) + }
i .
INC DPTR { ’
¥ '
Function:  Increment Pula Pointer
Description:  lucrement the 16-bit duts pointer by 1, A 16-bit increment (moduio 216) iy performed; an
overflow of the low-order byte of the data pointer (DPL) from OFFH 1o 00H will increment
the high-order byte (DYH). No flugs are aflected.
This is the only 16-bit register which can be incremented.
Example:  Registers D:PH and DPL contain 12H and OFEH, respectively. The instruction sequence,
INC DPTR
INC DITR
INC DPTrR
will change DPH und DPL to 13H and OIH.
‘ " oByles: | i
Cycles: 2 i
Encoding: | 101010011
Operation:” INC :

!

(DFTR) <= (DPTR) + 1

[
!
13
i
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JB bitrel
Function:  Jump if Bit set
Daacrl;;llon: If the indicated bit is u one, jump 10 the address indicated; otherwise proceed with the next
instruction. The brapch desfination is computed by udding the signed relative-displuacement in
the third jnstruction byt to the PC, after incrementing the PC to the first byte of the neat
instruction. The bit tested is not modified. No flags are affecied. . o
Example:  The data present at input port 1 is 11001010B. The Accumulator holds 56 (01010110B). The
instruction sequence, ) ’
4B, P1.2,LABEL1
JB ACC.2,LABEL2
will cause program exccution 10 branch to the instruction at lubel LABEL2.
Bytes: 3 '
Cycleg: 2 T )
Encoding: l Q010 I 0000 I : ﬁit_ address J l rel. addressJ
14 lf +
Operation:  JB
(PC) «— (PC) + 3
JF (oit) = 1

JBC blrel

" (PC) « (PC) + rel

Y [

Function:

Description:

Example:

i )
+ Jump if Bit is set and Clear bit L i

If the indicated bit is one, brunch 1o the uddress indicuted; otherwise proceed with the neat
instruction. The bit will not be cleared {f i is already a zero. The brunch destinution is comput-
ed by adding the signed relative-displacement in the third instruction byte to the PC, alter
incrementing the PC to the {irst byte of the next instruction. No flugs are affected.

Note: When this instruction is used 1o test an output pin, the value uscd as the original duta
will be read from the output duta latch, not the input pin.

The Accumulator holds 56H (010101108). The instruction sequence,

IBC ACC.3,LABELI
JBC ACC2,LABEL2

will cause program execution to continue ut the instruction ideutilicd by the label LABEL2,
with the Accumulator modified to 521 (010100101B).
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Bywes: 3
Cycles: 2 '
)
Encoaing: ro 001 I 000 (lJ | bit address ] l rel. addresij
Opgration:  JBC . [ ' ’
| (PC) «— (PC)-+ 3
| IFopi =1 | - :
. THEN ! .
' (bit) «— 0
i (PC)l « (PC) + rel
! A
JC rel
Function:  Jump if Carry is set
Description:  1f the carry flug is set, branch to the address indicated; otherwise proceed with the next
instruction. The branch destination is computed by adding the signed relutive-displacement jo
the second ilstruction byte to she PC, after ingrementing the PC twice. No flugs ure uffected.
Exumple:  The curry 11;13 is cleared. The instrucjion gequence,
jc l.ABF.Ll
ceL C
: JIC  LABEL?2
! will sct the c]‘urry und Chuse program cxccution o continue ut the instruction identificd by the
| lubel LADL'ZIFL '
i
Bytes: 2 |
‘Cycles: 2
t
Encoding: i 0100}0000 J ryal. address l :
Operatlon: Jjc i
(PC) «— (PC) + 2
IF (©) = |

THEN
H(PC) «— (PC) + rel
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)

JMP @A-+DPTH

Functlon:
Description:

Exainple:

“Bytes:
Cycles:
Encoding:

Operation:

Jump indirect

Add the cight-bit unsigned contents of the Accumulator with the sixteen-bit duta pointer, und
loud the resulting sum to the program counter. T'his will be the nddress for subsequent instruc-

-tjon fetches. Sixteensbit uddition is performed (modulo 210): a curry-out from the low-order

cightibity propugutes through the higher-order bits. Neither the Accumulutor nor the Datp
Poluter i3 ?.ll‘cu,“' No flugy ure uﬂ'cc‘cd.
M + " ot ! [

An even number from 0 to 6 is in the Accumulator, The following sequence of instructions will
brunch 10 one of four AJMP instructions in u jump tuble starting w IMP__TulL:

MOY DIFFR, #IMIPP_TUL

Mp A+ DITR
IMp__TuL: AJMP LABELO

AIMP  LABEL1

AIMP LABEL2

AIJMP  LABEL]
If the Accumulator equajs O4H when sturting this sequence, exceution will jump to label
LABEL2.' Remember that AIMP is a two-byle instruction, 50 {he jump instructions start at
every other address.

{
2

0111]0011]

IMp
(PC) +— (A) + (DPTR)

6-47
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JNB  bitrel

Functlon:  Jump if Bit Not sef
Douscription: 11 the indicated bit is w zero, branch o the indicuted uddress; otherwise proceed with the nest
instruction. The brunch destination is computed by sdding the axbncd relative-displucement in
the third instruction byie o the PC, after incrementing the PC to the first byte of the nexl
Anstruction. The bit tested is not mnodified. No flugs are affecied.
Example:  The data present at input port | is 11001010B. The Accumnulator holds S6H (010101 IOD) The
magrucuon scqucncc, ,
JNB PI.B,LABELI
INB ACCJ3,LABEL2 ! . .
‘will cuuse progrum execution to coalinue at the iusiruclion ut lubel LABEL2.
Bytes: 3 ' ' ' i
Cycles: 2
Encoding: | 00110000 |, [ bitaddress | | rel. aaaress |
Opgyrutlon:  JNB
(PC) +—(PC) + 3
IF (bit) = 0
THEN (PC) +— (PC) + rel.
f
JNC  rel i
T
Function: ',lump if Carry not sct
Descrlption: If the carry flag is a zero, branch to the address indicated; otherwisc proceed with the next
instruction. The brunch destination is computed by adding the signed relative-displacement in
the second instruction byte 10 the PC, after incrementing the PC twice to point 1o the nest
instruction. The cursy flag is noj modified.
Exampla:  The curry flug is set. The instructjon sequence,
i
JNC LABELI
CPL C
INC LABEL2
will clear the carry and cause program execution to continue at the instruction identilicd by
the label LABEL2.
Bytes: 2
Cycles: 2
Encoding: 0101 J 0000 | | rel. address
i
Operution:  INC
(PC) ~ (PC) + 2
IF (C)=20

THEN (PC) « (PC) + rel
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JNZ rel

T :
|
|

Functlon:

Description:
!

1

t

1
Jun;p if Accumulator Not Zero

. If aqy bit of the Accymulatar is u one, brunch to the indicated nddress; otherwise proceed with

the ‘nexl instruction. The hranch destination is computed by ndding the signed relutive-dis-
placement in the second instruction byte to the PC, afier incrementing the PC twice, The
Accumulator Is not modified. Ng lags are aflected.

Exomple; ' .Th°| A:ccuxpu!ator or@ginul\ly holds 0QH. The instruction sequency,
g 3
INZ LABELI
INC .A v ! .
JNZ LABEL2 .
will.set the Accumulator to 01H and continue at labe] LABEL2.
i
3ytes: 1 .
3 L ‘
Cycles: 2 ] ’
Encodlng: l 0'111 l 0000 I I rel. addressJ
1
Operatlon:  JNZ
- (PC) «(PC) + 2
JF (A)#0
THEN (PC) «= (PC) + rel
JZ el
‘Functlon:  Jump if Accumulator Zero

Doscripllon:

Exumple:

Bytes:
Cycles:

Encoding:

Operatlon:

If all bits of the Accumulutor are zero, branch to the nddress indicuted; otherwise proceed wilh
the next instruction. The branch destination is computed by udding the signed relutive-dis-
placement in the second instruction byle to the PC, ufter incrementing the PC twice. The
Accumulator is nof modified. No flags are affected.

The Accumulator originally contains O1H. The instruction sequence,

JZ LABELl
DECA' '
]z LABEL2

will change the Accumulator to 00H and cause program exccution to continue at the instruc-
tion identified by the Jubel LABEL2.

2
2
u110'0000| lrel.addressJ
r 1
JZ
(PC) «— (PC) + 2
lf’ (A) =10
THEN (PC) « (PC) + rel
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LCALL addr16

Function:

Description:

|
Example:

Bytes:
Cycley:

£ncoding:

Opurullon:

LUMP addri16

Loug call

LCALL calls a subroutine located at the indicated address. The instruction adds three to the
program counter o gencraje the address of the next instruction and then pushes the 16-bit
result onto the stuck (low byte first), jncrementing the Stack Pointer by two. The high-order
and low-order bytes of the PC are then louded, respectively, with the second and third byies of
the LCALL instruction. Program execution cpatinues with the instruction at this address. The
subrouting may theretore begin anywhere in the full 64K-byle program memory address spuce.
No flags are allected.

Initially the Stack Pointer cquuls 07H. The label “SUBRTN" is usslylcd 10 prograi memory
location 1234H. After executing the instruction, )

LCALL SUBRTN

{ .. .
al location Q12341 the Stack Polnter will contuin O, nternal RAM locutions U811 und 091
will cunlujn 2001 und 011, und the PC will contain 123411, ,
3 {
!

2

| addris-adas | | adar7-adaro |

['000%]0010}

1.CALL

®C) «— (PC) + 3
(8r) «— (?l’) + 1

((8P)) +—~1(PC.0)

SP)y«—p) + 1

((SP)) +— (PCy5.y)
(PC) + addrys.g

t

!

Functlon:

Description:

Example:

Bytes:
Cycles:
Encoding:

9peratlon:

Long Jump

LIMP causes un uncoaditional brunch 10 the indicaled address, by londing the high-order and
lovs-arder bytes of the PC (rcspccnvcly) with the second and third instruction bytes. The
destination muy thercfore be anywhere in the full 64K program e :mory address spuce. No
Mags are ul]u.n.d

The label “IMPADR” is umbuud 1o the instruction at program memory lucation 123414, The
iustruction,

r
Limp J}\AI’ADR

ut location 0123H will load the progrum counter with ,2341-!.
3
2 {

loooo[oo010] [addrisadas | [ Taddr7-adaro |

LiMp |
(PC) ~ addrys.g
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MOV <dest-byte>,<src-bytep

Function:

Duscription:

Exampleo:

MOV Afn
Bytes:
Cycles:
Encoding:

Operation:

‘}OV  Adlrect
Bytes:

Cycles:
Encoding:

Operatlon:

|
Mochy(c vu}iublc

! .
The byte vuri'fblc indicated by thie second operund is copiud into the Jocution specificd by the
figst 0 crund.{l‘hc source byte is not affected. No other vegister or Mug is uflected.

i
This if by fap the most flexible gperation. Filteen combinutions of source und dcsuuuuonlr'
addresing modes are allowed. i

lnlcrnél RAM location 30H holds 40H. The value of RAM locution 401 is 108 The data)

prcscu; ul input port 1 is J10010108 (UCALL. ’

1

'

MOV ’, RO, #3041 ;RO <~ 301
MOV A, GKO ;A <= 40H
MOV 1 R1.A¢ iRl <= 40H
MOY | B,@R]1 ;B <= 10H
MOV | @R1,P}] ;RAM (40H) <= OCAH
MOV {P2,Pk  2'#0CAH
' y )y 1

s, e e

jeaves fhe valye J0H'in register 0, 40H in both the Accumulator and register 1, 10H in register|
B, andj0CAH (1100]010B) poth in RAM location 40H and output on port 2.

!f
\
, !
l
l

e o e e T

’
4
H

[1130['1rrr]

MOV - .
(A) = (Rn)

3
2‘ ‘?l
t
1 !

ik
[1110] 0101 [ droctaddross |

MOV |
(A) «= (direct)

i {

140V A,ACC is not a valid Instruction.
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MCS®-51 PROGRAMMER'S GUIDE A'ND INSTRUCTION SET

MOV A,@RI
Bytes:
Cycles:
Encoding:

Operatlon:
!

MOV A, #data
Bytes:

Cycles:
Encoding:

Operatlon:

MOV Rn,A
Byteu:
' Cycles:
Encoding:

Operatlon:
!

MOV HAn,direct
b Bytes:
Cyclou:

£ncoding:

Operation:

MOV Rn,#datzs
; Bytes:
| Cycles:
Encoding:

Operatlon:

!
b

.

[1110]011i

MOV
(&) < ((Ri))

2 !
1

(01110100 [immedite data |

Moy !
(A) « #daln

1-
l

[1111;l1rrr]

MOV
(Rn) «—(A)

L

2
2

[1010I1rrrl Idirecladdr.J

MOV
(Rn) «— (direct)
3

2

1

!
0111 | 1 rrr] Wmedlaledatal

MOV
(Rn) «— #duta
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MCS®-51 PROGRAMMER'S GUIDE AND INSTRUCTION SET

MOV direct,A
Byles:
Cycles:
Encoding:

Operatlon:

MOV direct,Ap
Bytes:

Cycles:
Encoding:

Operation:

[1 111 l 010 1J l directadd(essJ
! c

MO\{ -
(dircft) <+ (A)

e

2
2

l1d00 I 1rrrJ }I diractaddresaﬂ
\: T ¥

MOV
(direct) < (Rn)

MOV direct,direct

Bytes:
Cycles:
Encoding:

Operation:

MOV direct, @RI
Bytes:
Cyclos:
EncodlngE

Operation:

3
2

[1 000 i 0101 l : I dir. addr. (src) l ‘ dir. addr. (dest)J

MOY
(direet) < (direct)

2 '
2

[1000 o111} 7 drectadd
Moy PR i .
(direet) <= (@) -

e

MOV direct, #data

Bytes:
Cycles:

Encoding:

Oporation:

k!
2

Ll

I 01 1 1 l 0 1I 01 J ‘ [ direct address I | immediate data ]

MOY
(direct) < #duln
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MCS®-51 PROGRAMMER'S GUIDE AND INSTRUCTION SET

MOV  wHIA
Byluu:
Cycles:

Encoding:

Operatlon:

MOV @Ri,direct
Bytes:
Cycles:
Encoding:

Operation:

MOV @RI, #dala
Byteu:
Cycles:
Encoding:

Operaution:

!
|

[1111{01“], ‘ .

MOV
(R)) < (A)

1010|011i]%

rrditect add]’. J

MOV
((RD)) +— (direct)

o i ,

0111

011 | | immediate data

MOV
((RI)) «— #dala

MOV <dest-bit>, <src-bit>

Function:

Description:

Exuinple:

Move bit duta

The Doolean variable indicated by the second operand is copied into the location specificd by
the fiest operand. Qune of the operands niust be the carry flag; the ollncr may be any dm.clly
uddresuble bit. No other register or flag is affecred.

The caery lug is originully set. The data present at input Porf 3 is llOOOlOlB The dala
previously written 1o output Port 1 is 35H (00110101B),

MOV PL3C
MOV C,[3.3
MOV Ppl.2,C

will leave the cyrry cleured und change Port 1 to 39H (00111001B).

ty
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MC$®-51 PROGRAMMER'S GUIDE AND INSTRUCTION SET

uovV Cbit
Bytes:
Cycles:

Encoding:
Operatlop:
MOV bitC

Byles:
Cyclos:

Encoding:

Oporatlon:

[1o010[a010]| [ biraddress |
“Mov b
. (€] (vip)

[1001 0010 bit nddrose

MOV.
(bit) «—(C)

MOV DPTR, #datat6

Functlon:

Description:
t AN
1

Exumplo:

Bytes:
Cycluu:

Encoding:

Operatlon:

t

Loud Duta Pointer with u 16-bit constunt

The Data Pointcr' is Joaded with the }6-bi| constant indicated. The 16-bit constant is louded
into the second and third bytes of the instruction. The sccond byte:(DPH) is the high-order
byte, while the third byte (DPL) holds the low-order byte. No {lags ure aflected.

This is .thc only insuuclio;l which moves IQ t;its of .dutu al ouce.

'ﬂne insyruction, !

MOY DPTR, # 1234H .

will load the value 1234H into the Data Pointer: DPH will hold 12H and DPL wijll hold 3411.

3
2

Ll 001 | 0000 ] [ immed. data15-8 I . [ immad. data7-0

MOV
(DPTR) «— #datas.o
DPH p DPL «— #datusg [ #datagg
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MOVC A,@A+ <base-reg>

Function:

Description:

Example:

Move Code byte

The MOVYC instructions load the Accumulator with a code byte, or coastant from program
memory. The address of the byte fetched is the sum of the original unsigned eight-bit Accumu-
lutor contenty and the contents of a sixtcen-bit buse register, which may be cither the Duta

. Pointer or the PC. In the latter case, the PC is incremented to the address of the following
instruction before being added with the Accumulator; otherwise the base register is not al-
tered. Sixteer-bit addition is performed so a carry-out from the low-order cight bits may
propagute through higher-order bits. No flags are aflected.

A value belween 0 and 3 is in the Accumulutor, The following instructions will translate the
value in the Accumulator to one of four values defined by the DB (define byte) directive.

REL_PC: INC
MovC
RET
DB

A

A,@A+PC f

66H
77H
88H
99H

If the subroutine is culled with the Accumulutor equal to OLH, it will return with 77H in the
Accumulutor. The INC A before the MOVC instruction is aeeded 10 *gel around” the RET
instruction above the table. If severul bytes of code separated the MOVC from the table, the
corresponding number would be added to the Accumulator instead.

MOVC A,@A--DPTR I

Bytes:
Cycles:

Encoding:

Operatlon:

!
2

1
i

[1001]0011

MOVC

(A) £~ ((A) + (DPTR))

MOVC A,uA + PC

Bytes:
Cycles:

Encoding:

Operation:

i

2

4
[1000]o0011]

MOVC
(PC) ~— (1C) + 1
(A) « ((A) + (PC)

H
)
|
|
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MOVX <deul-byle>,<src-byte>

Functlon:

Duscription:

Exumple:

Move Baterual

] -
The MOVX instructions trunsfer duta belween the Accumulutor und u byte of externul daln
menory, heace the “X" uppended to MOV, There ure two types of instructions, differing in
whether they pravide un eighi-bit or sixtecn-bit indisect addrens 1o the calernul dutn RAM,

In the fiest type, the contenty off RO or R tn the curient reguter bank provide an clght-a
address multipleacd with data on PO, Bight bits are suflicient lor eaternal 170 eapaisiom
decoding or for u relutively smal} RAM urray. For somewhat larger urrays, uny output port
pins can be used (o output higher-order address bits. These pins would be controlled by un
output instruction preceding thé MOVX. R
In the second type of MOYX instyuction, the Data Pointer generates a sixteen-bit address. P2
outputs the high-order eight address bits (the contents of DPH) whilc PO multiplexes the low-
order cight bits (DPL) with data. The P2 Special Function Register retuins its previous con-
lenty while the P2 outpu} buffers are emitting the contents of DPH. This form js [aster and
more efficient when accessing very large data arrays (up to 64K bytes), since no udditional
instructions are nceded to set up the output ports. )
It'is possible in sonie situations to mix the two MOVX types. A lurge RAM array with its
high-order uddress lines driven by P2 can be addressed via the Duta Pointer, or with code to
output high-order address bits to P2 foljowed by a MOVX instruction using RO or R1.

An external 256 byre RAM using mulliplcxcd' address/data lines (c.g., an Intel 8155 RAM/
1/0/Timer) is-connected to the 8051 Port 0. Port 3 provides control fines for the external
RAM. Ports | and 2 are used for normal 1/70. Registers 0 und | contain 12H and 34H.
Location 34H of the externul RAM holds the value S6H. The instruction scquence,

MOVX A,@RI

MOVX @R0,A

cop.ics the valué S6H inta both the Accumulator and externul RAM location 12H.
' i
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Iﬁtef MCS®-51 PROGRAMMER'S GUIDE AND INSTRUCTION SET

MOVX A,@RlI
Bytes: l
Cycles: 2

Encoding: I1110[0011‘J

Operation; MOVX
(A) «— ((Ri))
MOVX A,@DPTR
Bytes: 1
Cycles: 2

Encoding: |[1110[0000

Operatlon:  MOVX

(A) «= ((DPTR)) ‘
MOVX @RLA
Bytos: 1
Cycles: 2

Encoding: | 1311]00711]

Operatlon: MOVX
((Ri)) «— (A)
MOVX @DPTR,A
Bytes: 1
Cycles: 2

Encoding: I 1111|0000

Operation:  MOVX
(DPTR) «— (A)

6-58




intel

i
MCS¥-51 rROGRAMMEH'S GUIDE AND INSTRUCTION SET

MUL AB

— N
i

Function:

Description:

Muliiply

MUL AB multiplics the unsigned cighl-bil inu:gcrs in the Accumulator and register B. The
low-prder byte of the sixjeen-bit product is left in the Au.umul.uor, and the high-order byle in
B 15 the product is greater than 255 (OFFH) the overflow flag is set; otherwise it is cleared.

Thc curry flag is always cleared. .
Example: | Ongmully the A;;gumulntp;j holds the valye 80 (SOH). Register B holds the value 160 (OAOH).
The instruction,
L ' f {
MUL, ‘AB .
-will give the product 12,800 (3200H), so B is chunged to 32H (00110010B) und the Accumulu-
tor ig cleared. The overflow flag is set, carry is cleared.
Liytes: !
Cycloa: 4 R AN SR 1Y
Encoding: [ 101.0 [0 1 00 ]
v KT ,1 ¥
Operatlon., " MUL . T .| : '
(Ao *"‘ Axm . .
(B)ys.8
NOP y
Function:  No Operation

Description:

Example:

Bytes:
Cycles:

Encoding:

Operation:

Execution contipues ut the following instruction. Other thun the PC, no rcyalcra or flags ure
affected.
i

It is desired to produce a low-going output pulse on bit 7 of Port 2 lasting exactly 5 cycles. A
simple SETB/CLR sequence would generate a opercycle pulse, so four additional cyclcs must
be inserted. This may be done (assuming no 1mcr{upls are enabled) with the insjruction
sequence,

CLR 2.7

NOP

NOP.

NOP

NOP

SETD P27

1
l

[0000 0000 |

NoOP
(PC) «— (¥C) + !
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MCS®-51 PROGRAMMER'S GUIDE AND INSTRUCTION SET

ORL <dust-byte> <src-byte>

Functlon:

Description:

Example:

ORL AHN
Bylud:
Cyclsu:
Encoding:

Operatlon:

Logical-OR lor byle variables

ORL performs the bitwise logical-OR operation between the indicated variables, storing the
results in the destination byte. No tlags are affected.
i

The two operunds allow six addressing mode combinations. When the destination is the Accu-
mulator, the source cun use régister, direct, rcgistcr-indiréct. or imnedinte addressing; when
the destination is a direct address, the source can be the Accumulator or immediate data.

Nute: When this instruction is used to modify an output port, the value used as the original
port duta will be read from the output datu laich, nof the input pins.

If the Accumulator holds 0C3H (110000118) and RO holds S5H (01010101DB) then the in-
struction,

ORL ARO

will leave the Accumulator holding the value 0D7TH (110101118).

When the destination is & directly addressed byte, the instruction can sct combinations of bits
in any RAM location or hardware register. The pattern of bits 1o be set is determined by u
-mask byte, which may be either a constant duta value in the instruction or a variable computed
in the Accumulator at run-time. The instruction,

ORL P1,4001100108

will set bits 5, 4, and 1 of output Port 1.

1

l
i

(0100 [1rrr]

ORL
(A) == (A) V (Rn)
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MCS4-51 PROGRAMMER'S GUIDE AND INSTRUCTION SET

ORL Adirect
Bytes:

Cycles:

Ehcodlng:'

Operatlon:

OAL A,@RI
Bytos:
Cycles:

Encoding:

Operation:

ORL A, #data
Bytes:
Cycles:
Encoding:

Operation:

OAL direct,A
Bytes:
Cycles:
Encoding:

Operation:

2] '
! ; o

0100 f 0101.| | diectaddress

+

W4
ORL
(A)'<t (A) MV (direct)

[o1fooko1ai]

ORL| - Lo
(A) s~ (A) V (RD)) .

2 .

2B

[0100]0100] [immediatedata |
ORL

(A) < (A) Y #dala

201
b

[0100[0010] | drectaddress

ORL
(direct) <= (direct) V (A)

ORL direct, #data

Bytes:
Cycles:

Encoding:

Operation:

3
2

[0100]o011] [ direct addr. | [ immediate data |

ORL
(dircct) < (direct) V #data
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[}
]
ORL C,<src-bit> '

Function:  Logicul-OR for bit varjables
Description:  Sct the carry flag if the Boolean valuc is a logicul 1; leave the carry in its current state
otherwise . A slush (/") preceding the operand in the assembly lunguage indicates that the
logical complement of the addressed bit is used as the source value, but the source bit itself is
not afTected. No other flags are affected.

Example:  Set the carry flag if and only if P1.0 = 1, ACC. 7 = |, or oV =0:"
MOV C,Pll.O ;LOAD CARRY WITH INPUT PIN P10
ORL C,ACC.7T ;OR CARRY WITH 'I"HE ACC. BIT?
ORL C,/0V {OR CARRY WITH THE INVERSE OF OV, |

ORL C,bit l
Bytes: 2 ‘
Cyclos: 2

Encoding: - 01110010 | | bitaddress |

Operation:  ORL
(C) = (C) V (vin)

ORL C,/blt
Bytes: 2
Cyclon: 2

Encoding: |1010[ 0000 | bitaddress | ?

Operation:  ORL =
@« ©V oYy

6-62
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MCS®-51 rﬁOGﬂAMMER‘S GUIDE AND INSTRUCTION SET (
|
|

POP direct
; ] '
Funcllon:  Pop|from :i'luck. ! r
Description:  The conlcuts of the internsl RAM location addressed by the Stack Pointer is read, and the
Stack Poinger is decremenied by one, The value read is then translerred 10 the directly z}d-
drespied byﬁu indicated. No flogs ure affected.

Exumplo:  Thel Stuck’ Pointer originully contuing the value 321, uwad interunl RAM Jocutious Ot
(iyough 321} contain the yalucs 2081, 2311, and 01U, |ua|-wuv~,ly The instruction sequcnee,
por DPH

por DP{. C e
wil} tcavc t xc Stuck Pointer equal to the value 30H and the Data Poinler set 10 0123H At this
poirft the i su'ucuou. h
i
POY SP .’
f 1 .
willjleave the Stack Pointer set to 20H. Note that in this special case the Stuck Pointer wus
decimented (o 2FH before being louded with the value popped (20H). ‘
Bytes: 2 X !
Cycles: 2 !
Encoding: 1ho1 | 000 OJ Ldirect address ]
Al
Operation:  POR

PUSH diroct

(diréct) <= ((SP))
(8P) +—(sP) =1

Function:

Pescriptjon:

Examp!p; '

Bytes:
Cycles:

Encoding:

Operallon:

g ks 1
l’ush onto alack touare

Thc Stack Pom(er 1s mcremcmcd by one. The comcnts of the indicated variable is then copied
into the internal RAM locution addressed by the Stuck Pointer. Otherwise no flugs ure allect-

ed.
3 | 1] 1

Pn eniering-un ;nlcrmpl rouunc the Stack Pointer contaips 09H. Fhe Data Pointer holds the
value 0123H. 'lhe instruction squcpcq,

PUSH DpL
PUSH DPH, . !

will leave the Stack Pointer set to OBH and store 23H and 01f in internal RAM locatious
0AH and OBH, respectively.

2
2

r1 100 I 0000 direct address

PUSH
(SP) +— (SP) + |
((SP)) «—= (direct)

" 6-63
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RET

Function:  Return from subroutine

Description:  IRET pops the high- and low-order bytes of the PC successively [rom the stuck, ‘decrementing
the Stuck Pointer by two. Program execulion continues at the resulling address, generally the
jnstruction immediately following ap ACALL or LCALL. No flags are affected.

Example:  The Stack Pointer originally contains the value OBH. Internal RAM locations 0AH und OBH
contain the values 23H and O1H, respectively. The instruction,

RET

i

will feuve the Stuck Pointer equal to the yulue 09H. Program execution will continue at
focution 012311

Bytes: |

Cyclos: 2

Encodmg: | 0010] 0010 |

Operatlon:  RET

(PC)s5.4) += ((SP))
(SP) «— (8P) — 1
(PCr.g) «— ((SP))
(SP) < (SP) — 1

-

RET!

Function: Return frum interrupt

Description:  RETL pups the highe und low-order byles of the PC successively [rom the stuch, and restores
the interrupt Jugic 10 aceept udditions) interrupts ut the swye prioity level us the one just
processed. The Stuck Pointer is Jeft degremented by two. No other registers ure allecled; the
PSW is nor automatically restored to its pre-interrupt status, Program exccution continues at
the resulting address, which is gencrally the instruction immediately affer the point at which
the ingercupt request was detected. If a lower- or sume-level interrupt had been pending when
the RETY instruction is exccuted, that one instruction will be exccuted before the pending
interrupt is processed. gk U \

Exumple:  The Stack Pointer originally comains the value OBH. An interrupt wus detected during the
instruction ending at. location 0122H. lnternal RAM locations 0AH und OBH contuin the
values 23H und 01, respectively. The instruction, ¢ !

RETI }

3
. will leaverthe Stack Pointer equal jo 09H and return program cxecution 1o location 0123H.

Bytes: | i )
Cycles: 2

Encoding: | 00110010 |

Operatlon:  RETI

i (PCys.g) +— ((SP))
(SP)y«—(Sp) — |
(PCq.0) +— ((SP))
(SP) —(SP) — |
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MCS°P[-51 PROGRAMMER'S GUIDE AND-INSTRUCTION SET ¢

4
T

AL A i
- i -
Functlon:  Rotate Accumulator Left
Deccription:  The eight bits in the Accumulator are rotaled one bit 10 thc left. Bit 7 is rOtated into the bit 0
posmoh No flugs are affected.
Example: The Afcumulator holds the value 0CSH (llOOOlOlB). The iastruction,
RL Ar
leaves the Accumulutor holding the value 88} (10001011B) with the carry unallected.
Bytes: |
Cycles: 1 !
Encoang: [0010[ 00711 |
Operation:  RL
(Ap + 1)+ (An) nn=0-6
(AQ) <= (AT)
ALC A
Function:  Rotate Accumulator Left through the Curry flug
Deseription: The cibht bits in the Accumulator aud the carry flag are together rotated one bit to the lelt. Bit
7 moves into the carry flag; the orlgmul stute of the carcy flag moves into the bit 0 position. No
other Mags are affected. wia 1 .
Example:  The Accumulator holds the vilue OCSH (110001018), and the carry is zero. The instruction,
. RLC A ‘
H
leaves the Accumulator holding the value 8BH (100010108) with the curry set.
Byfes: |
Cyclas: 1
Encoding: | 0011[0011]
Operution:  RLC
(An + 1)«=(An) n=0~-6
(A0) «— (O
(©) «— (A
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RA A

Functlon:  Rotate Accumulator Right

Description:  The cight bity in the Accumulutor arc rotated one bit to the right, Bit 0 is rotated into the bit 7
position. No flags are affected. :

Example:  The Accumulator holds the value 0CSH (110001018). The instruction,

RR A "

leaves the Accumulator holding the value 0E2H (11100010B) with the carry unaftected.
Bytes: 1} |
Cycles: 1 ;

Encoding: | 00000011

Operatlon:  RR
(An)e— (A, + 1) n=0-6
(A7) « (AD)
i
- |
RRC A i

)
Function:  Rotate Accumulutor Right through Carry flag

Description:  The cight bjts in the Accumulator and the carry {lag are togethier rotated one bit (w the right.
Bit 0 moves into the carcy flagy the original value of the carry flug moves into the bit 7
position. No other flags are affected.

1 3
Example:  The Accunulutor holds the value QCSI (11000101B), the carry is zero. The instruction,

RRC A !

H
Jeaves the Accumulator holding the value 62 (01100010B) wiih the caryy set.
Bytos: 1
Cycles: 1

Encoding: | 00010011 | :

Operatlon:  RRC
(Anys—=(An -+ 1) n=0-46
(A7) «— (C
(©) « (A0)
f

; 6-66
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SETB <blt>
Functlion:  Sct Bjs
Description:  SETB sets' the indicated bit to one. SETB cun operate on the carry flug o any directly
uddressuble bit. No othey flags are allected,
Cy . .
Example:  The carry flug is cleared. Output Port 1 has been written with the value 34H (00110100B). The
ipstructjons, o
SETB ¢
SETIB P10
will leave the carry {lug set 10 1 and change the data output on Port | 1o 35H (00110101B).
SETB C
Bytes: |
Cycles: |
Encoding: l_l101 l oo1ﬂ
‘Ope}atlon: "SETB
©) «—1
SETB blt
Bytes: 2
Cycles: |
Encoding: [ 1101]0010] [ bitaddress |
Operation:  SETB
(bit) «— |
6-67
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SIMP  rel

Functlon:  Short Jump- |

Description:  Progrum contral brunches unconditionally to the address ipdicated. The branch destinution is
computed by udding the signed displacemens in the second instruction byte to the PC, afier
incrementing the PC {wice. Therefore, the runge of destinations allowed is from 128 bytes
preceding this ipstruction to 127 bytes following it.

Examplo:  The lubel "liBLADR" is ussigned to an instruction at progrum memory location 0123H. The
instruction,

SIMP  RELADR

will ussemble into Jocation 0100H. Afier the instryction is executed, the PC will contain the
vulue 0123!’5.

(Vote: Under the ubove conditions the instruction following SIMP will be ut 1021]. Therefore,
the displacement byle of the instruction will be the relative offset (0123H-01021{) = 21H. Put
another way, mrl SIMP with a displacement of OFEH would be a one-instruction infinite'loop.)
Bytes: 2 l ' !
Cycles: 2 =

Encoding: [ 1000 I 0000 l rel. address

Operation:  SIMP
(PC) «— (PC) + 2
(PC) «— (P(?) + rel
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SUBB A, <urc-byte>

Function:

Duucription:

Example:

SUBB A,Rn
Bytes:
Cycles:
Encodlng:

Operatlon:

Subtract with burrow

SUBN subtracty the indicuted varinble and the carey Nag together i the Accamulatur,
leuving the result in the Accumulutor. SUBE sets the carry (borrow) flag il u borrow is necded
for bit 7, und clears G otherwise. (I C was set before exceuting u SUBD instyuction, this
indicates that u borrow was needed for the previous step in a mubltiple precision subtraction, so
the carry is subtracted from the Accumulator elong with the source operand.) AC is set il a
borrow is needed for bit 3, and cleared otherwise. OV is sct if a borrow is needed into bit 6, but
not into bit 7, pr into bit 7,"but not bit 6.

When subtructing signed integers OV indicates a negative naumber produced when a negative
value is subtructed from a positive value, or u positive result when a positive number is
subtruc}cd from a pegative number.

The source operand allows four addressing modes: regisier, direct, register-indirect, or imme-
diate. '

The Acpumulutor holds 0C9H (11001001B), register 2 holds 54H (01010100B), and the curry
flag is set. The instruction,

SUBB A,R2

will leave the valuc 74H (01110100B) in the uccumulator, with the carry flag und AC cleared
but OV set.

Notice that 0CIH minus 54H is 75H. The difference between this und the above result is due
1o the carry (borrow) flag being set before the operation. If the state of the carry is not known
before sturting a single or multiple-precision subtraction, it should be explicitly cleared by »
CLR C instruction, '

l
1

l1001|1rrrl

suup
(A) < (A) = (C) = (Rn)
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| .
SUBB A,direct ! :
Bytes: 2 ; ,
Cycles: | 5‘ : '
|

Encoding: | 1001 | ¢ 10 ‘1J | diract address ]
!

Operation:  SUBB ;
(A) «—(A) —l(C) —I(dircct)

suBs A,@Rl '
Bytes: 1

Cycles: 1

O et

Encoding: | 1001 011]]

Operation: SUBB
P (A) + (&) ~l©) -

((Ri))

SUBB A, #dala - !

Bytes: 2
Cycles: l

Encoding: I 1001 I 0100 I I immediate dataJ

Opuration:  5UBY
' (A) < (A) — (C) — #data

SWAP A

Function:  Swap nibbles within the Accumulutor

Descriptlon:  SWAP A interchanges the Jow- and high-order nibbles (four-bit ficlds) of the Accumulutor
(bits 3-0 and bits 7-4). The operation can also be thought of as 2 four-bit rotate instruction. No
Nags are affected.

Example:  The Accumulator holds the value 0CSH (110001018B). The instruction,
SWAP A 3
leaves the Accumulutor holding the value SCH (01011100B).
Bytes: 1
Cycles: l

Epcoding: [ 1100[0100

Opcration: SWAP
(A3.0) 2 (A7)

S |
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Y i |1

XCH A,<byte>

i i ' |

Functlon:

Description:

Example:

ACH AMHn
Bytos:
Cyclos:

Encoding:

-

Operation:

XCH A,dwrect
Byles:
Cycles:
E£ncoding:

Operatlon:

XCH A,@RI
Bytes:
Cycles:
Encoding:

Operatlon:

Excll\uugc-Accumplutor with byte variuble

XCH loudy the Accumulutor with the contents of the indicuted vuriuble, at the same time
writ}ng thqlorigiiml Accumulator contents (o the indicated variable. The source/destinution
opegand.can use register, direct, or register-indirect addressing, ‘

!

4 " J
RO contains the address 20H. The Accumulator holds the value 3FH (001111 11B). Internul
RA . location 20H holds the value 75H (01110101B). The instruction, i

XCH A.GRO

)
will leave RAM location 20H holding the values 3FH (0011111 1B8) and.75H (01110101B) in
the accumulator. |

l .
b

L ]
[1100 1rrr]

XCH
(A) = Rn)

2
{

[1 100 l 0101 I l directladdrussj

XCH
(A)- (direct)

1
!

[1100]0111]

XCH
(A) & ((Ri)) \
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XCHD A,@R!
Function:  Exchange Digit ,
Descriptlion:  XCHD exchanges the low-order nibble of the Accumulator (bits 3-0), generully representing a
hexadecimal or BCD digit, with that of the injernal RAM locatiop indirectly addressed by the
specified register. The high-order nibbles (bifs 7-4) of euch regisier are not affected. No flags
are aflected.
i .
Example: RO contams the address 20H. The Accumulator holds the value 3uH (001101108). Internul
RAM locution 2011 holds the vulue 75H (01110101B). The instruction,
XCHD A,@RO
will leave RAM location 20H holding the value 76H (011101108) und 351 (001 101018) in the
Accumulutor.
Bytes: 1 .
Cycles: 1
Encoding: | 11010111 |
i
Operation:  XCHD ,

(A3.0) 7 ((Riz.0)

XAL <dest-byte>,<usrc-byte>

Function:

Duscription:

Example:

Logical Eaclusive-OR for byte variables
XR1 performy the bitwise logicul Exclusive-OR operution belween the indicuted: variubles,
sturing the results in the destination. No (lugs ure ullected.

The two operunds allow six sddressing mode combinations. When he dustination is the Accu-
mulator, the source cun use register, direct, register-indirect, or immedinte addressing; when
the destination is a direct address, the source can be the Accumulator or immediate data,

(Note: When this instruction is used to modify an output port, the value used as the original
port dutu will be reud from the output data Jutch, not the input pins.)

If the Accumulutor holds OC3H (11000011B) and register O holds OAAH (101010108) then
the instruction,

XRL ARO

will leave the Accumulator holding the valuc 69H (011010018).

When the destinution is a dircctly uddressed byte, this instruction can complement combinu-
tions of bits in uny RAM location or hardware register. The pattern of bits 10 be complement-
ed is then determined by o mask byte, cither a constunt contained in the instruction oc u
variable computed in the Accumulator at run-time. The instruction,

XRL PL,#00110001D

will complement bits 5, 4, und 0 of ouiput Port 1.
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XRL ARn
Bytues:
Cycles:
Encoding:

Oporation:

XHL A,diroct
bytou:
Cydlus:
Encoding:

Operallon:

XRL A,@fl
bytou:
Cycles:
Encoding:

Operallon:

XAL A,#duta
Bytes:
Cycles:
Encoding:

Operatlon:

XRL direct,A
Bytes:
Cycles:
Encoding:

Oparation:

E1 10 l 1rer l
XRL .
(A) = (A ¥ ()
!
2
l '

10110 IOIO1 l [direcladdress

XRL
(A) +— (A) ¥ (direct)

!
1

[o110]o0111]

XRL
(A) = (A) ¥ ((Ri)

2
l

lot110]0100]| [ immediate date

XRL
(A) «—(A) ¥ #data

2
1

lo110]o0010]| [ diectaddess

XRL
(direct) <— (direct) ¥ (A)
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XAL direct, #data
Bytes: 3

Cycles: 2

Encoding: 0110 I 0011 J direct addressJ [ immediale dala

i
| Operation:  XRL
(direct) < (direct) ¥ #duta
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