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Abstract

This thesis are ‘concerning about fundamental of reading data

/;*

from magnet%c cardéfgjhere will be useful and widely use inrecent

future. An application which we have seen in daily life are cash
control for banking. Another example is credit card for department

stores. I.D. card and security passed card etc.
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3.1.3. 29949 ANALOG tO DIGITAL
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000

003
005

006

100. .

103
105
107
109
10B
10C
10D
10E
10F
110

112
113

115

117
118
11A

11C

24 00

34 69

1D

93

23

BA
BE
BD
BF
05
00

00

00

0A

F2

OA
F2

D2

04
F2
D2

24

B7

08
20
20

00

OF

37

12

37

1E

:JMP START
INTRP :CALL LDELAY
INC R5
- RETR .
START- - :MOV-A,- #B7- 3]~ - -
OUTL P1,A
MOV R2, #8 ;Bit Count
MOV R6, #20 ;Point Buffer
MOV R5; #20 ;Main Pointer
MOV R7, #0 ;Byte Buffer
EN T ”
1 ‘IN A, P2 yCHK CD
- JB 7’ l N
2 (IN A,P2
JB 17,DISP ;card out
JB 6, 2 ;CHK CILK
3 :IN A,P2
JB 17,DISP jcard out
JB 6, 4 ’
SMP 3 ;Untit Lood



11E
120
121
122

124

126

129

12¢
12
12E
12K
130
132
133
135
137
138
139
13B
13D
13k
140

142

00
0A

97

© B2

24

AT

FF

FE
A8
FE
AO
BEF
1E
BA
24
FD
A8
BY
34
FO
53
43

39

00

27

12

00

08

Iro

oD

Ik

[$2

o]

DIsp

:CALL DELAY

IN A,P2
CLR C
JB 5, 5

JMP 6

:CPL C

MOV A,R7

RLC A

MOV R7,A
DINZ R2, 2
MOV A,R6
MOV RO,A
MOV A,R7
MOV @RO;A
MOV RT7,#0
INC R6

MOV R2, #8

JMP 2

MOV A,RS

MOV RO,A
MOV R1,#0E
CALL SCAN
MOV A,@RO
ANL A, #FO
ORL A, #0D

OUTL  P1,A

;Read Data

\
;Shift bit

;7 -0
;Bit count
;RO - R6

;@R6 - R7

; 8 Bit count

/

;Col O
; LOW Nibble

;High Nibble

;Col 1
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145

146

148

14A
14B
14D
14F
150

152

160
161
162
164
165
166
168
169
16B
16D
16F
171
172
174
176
178

17A

34

18

B9

FO
53
43
39
34
0A
F2
24
1o
47
53
49
39
34
83

BB

BB
BC
EC
EB

83

72

0B

60

FO

07

72

37

00

O

72

00
6D

6B

05
AQ
76

74

DELAY
L2

L1

DELAY
LL2

LLY

CALL DELAY
INC RO
MOV R1,#0B

CALL SCAN

MOV A,@RO
ANL A, #FO
ORL A, #07
OUTL P1,A

CALL DELAY
IN  A,P2

JB 7,DISP

JMP START

MOV A,@RO

SWAP A
ANL A, #FO
ORL A,R1
OUTL P1,A
CALL DELAY

RET

MOV R3,#F0
MOV R4, #0

:DINZ R4,L1

DJINZ R3,L2

RET

MOV R3,#10
MOV R4, #10

:DJINZ R4,LL1

DINZ R3,LL2

RICL

6

;Col 2

; LOW Nibble

;High Nibble

;Col 3
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8048/8748/8035
SINGLE COMPONENT 8-BIT MICROCOMPUTER..+ % = ~oox e

- . < w

® 8-Bil CPU, ROM, RAM, /O In_ = > ~m¢ 1K' x-8"ROM/EPROM- - R R
Single Package- - . oot: 0 v 64 x 8 AAM Lo P

B 'lnterchangeabte ROM and EPROM _ﬂ.,;,,-._“_gl_!(,(?, Lines_ _;_._..J_;t.', R ( -
Versions. _.- - Y ... @ Interval Timer/Event Counter ot s oL L]

 Single 5V, SUPP‘Y 1 .7 ¢ W Easily Expandable Mefmory and 1/ s

m 2.5 psec ‘and 5. 0 psec Cycle Versmns— Compatlble with MCS-8 --«Perlpheralsw~
All Instructions 1 Or 2 Cyc'es - ol 8 | slngle Level Interrupt Smep g e tems e

B

Fery

E Over 90 Instructtons 70% Single Byte’ Ay T Tty T 1 |

The Intel® 8048/&748/8035 is a totally self- suﬂucnent 8-bit paraltel computer fabricated on a svngte s:hcon chipusing Intel's
N- channel silicon gate MOS process.

The 8046 contains a 1K x 8 program memory, 2 64 x 8 RAM data memory, 27 1/Q fines,and an £-bittimer/counter in addition
to on board oscillator and clock circuils. For systems that require extra capability, the 8048 can be expanded using
standard memories and MCS-80" (8080A) peripherals. The 8035 is the equivalent of an 8048 without program memory, _._ . ... ...

To recuce development problems 10 2 minimum and proyide maximum flexibility, three mterchangeable pin-compatible
versions of this single component microcomputer exist: the 8748 with user-programmable and erasabte EPROM program’
memory for prototype and preproduct-on systems, the 8048 with factory-programmed mask ROM program memory for

Iow-cost hrgh volume production, and the 8035 without program memory for use with external program m_empnes T e -

This mtcroprocessor is designed to be an efficient controlier as well asan anthmetlc processor The 8048 has extensive bit- R
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory resultsfrom
an instruction set consisting mostly of single byte instructions and no instructions_ over two bytes in length -

/

PIN CONFIGURATION LOGIC SYMBOL s BLOCK DIAGHAM
1
7 QAT
1 -
. eLock 1024 WORDS €4 WORDS
? "““{- o PROGRAM 0ATA
N p— MEMORY MEMORY »
s, T\ roat
. AESET — 2 .
L)
4 SINGLE
] sree b—= READ .
’ ErtERNAL - .
P My
8048 o)
o W RITE
r__
"i' -1
. PROLRAM
- R L sTOG¢
EnAMLE
INTEBALPY e
Anperss
— A, "
AB
, (waset EVENT COUNTER o LnEs
e 8 Y -
onl
\r = E2FANDEN
syausl
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8048/8748/8035

\ .
INSTRUCTION SET
Mnanwonic Description Bytes Cycls Mnemonic Description Bytes  Cycles
ADD A, R Add register to A 1 B é CALL -2 Jump to subxoutine 2 -2
ADD A, @R Add data memory to A 1 - 3 RET: Return 1 2
ADD A, #data  Add immediate to A 2 2 é RETR™ “~ Return and restore status T TR e e T
ADDCA,R Add reqgister with carry 1 1 ]
ADDC A, @R Add dsta memory with carry 1 t- - - - R
ADDC A, #dats  Add immedlate with carry 2 i CLR c_-. oLl Camy. #
ANLA,R And register to A ' 1 L crLc Complement Carry -
ANL A, @R And data memory to A - 1 oo fm ey 2 CLRth _:qlur Flag 0 -
ANLA, #dats  Andimmedista to A” 2 & CPL.FO, .. 5 Complement Flag O o~
ORL A, R Or register 1o A . 1 CLRFY .. ClearFlag1
% ORLA,@R  Ordatmemory 10 A, 1 CPLF1 Complement Flag 1
2 ORLA, #dsta’  Or immediste to A 2 ) ~ —~
g XRLA,R Exclusive Or register to A “<~ 1 MOV A ,_; Mo" register 0 A
g XRL A, @R Exclusive or dats memory to A 1 MOV‘A! é‘ﬁ‘ e .Move dau memory 10 A
XRL A, #data Exclusive or immedisteto A =~ 2 Sl Mo ed A
INCA IncrementA ! iTa_ Move immiedifte 10 A'
DECA™ -  Decrement A" = - 1 - - Move A torelgiRg -
CLRA’ Clear A i /) NPY SR VT 1o dauNeRory -
CPLA Complefnent A'v” L, . MOV A, #data, Move immediate 10 register...,-. -
OA A Docimat Adjust A 1 S MOV @R Fdata Movn nmmedme to data memory )
SWAPA Swap nibbles of A ¢ 45 — % o
RL A Rotate A left 1 s z
- “Exchan A and register.
‘RLE A . Rotate A (?It lhraugh-carry 1 o XCH“A ér .E'x'chln:: Aand d:gu memory
::CAA . :::::: : ::::: e oliss c.;rry : XCHD_ A @H Exchange mbblu of A and regmer
g o ¢ MOVX A, @R '“Move external data memory to A ©
MOVX @R, A Move A to external data memory
INA,P Input port to A 1 2 MOVP A, @A Move to A from current page
OUTLP, A Output A to port 1 2 MOVP3 A, @A Move to A from Page 3
. ANL P, #dats And immediate 1o port 2 2
3‘_ ORL P, #data Or immediate to port 2 S 2~_ MOV AL T . Read Tcm«lCOunlev ] B .
3 INS A, BUS Input B})S to A_ A 1 2 5 MOVHT A % Timet/Count Red “~1 =g - -
Q OUTLBUS,A  Output’A 10 BUS 1 2 140/ A Unspray - R B}
3 ANL BUS,#data  And immediste to BUS 2 2 3 (B arcns] St R
£ ORL BUS, *data -Or immediate to BUS .. 2.2 B SIS CNEs QRO Counter .
5 Al - B STOP TCNT Stop Timer/Counter 1 1 -
MOVD A, P input Expander port to A 1 2 £ O . -
MOVO P, A 0ot M 1€xpander port Y 2 = 5 ENTCNT! ~ _ E:xa_bzle_‘!'n'merlcoumer nterrupt 1 1
ANLD P A And A to Expander port 1 2 . DiS TCNTI Disable Timer/Counter Interrupt -1 .- -
ORLO P, A Or A to Expander port g\ 2
= EN| Enable external interrupt - 1 -
; INCR - lnuemer;t register 1 _ Disti Disable external interrupt 1 1 -
E INC @R Increment data memory 1 g SEL RBO Select register bank O 1 1
g DECR : Decremant register . 1 1 c- SELRBY Select register bank 1 l . 1
< . 8 seLmao Select memory benk 0 i 1
BN SEL MB1 Setect memory bank 1 1 1
IMP addr Jump unconditional 2 2 ENTOCLK Enable Clock output on TO 1 )
IMPP @A Jumg indirect 1 2 :
DINZ R, addr Decrement register and skip 2 2 .
JC addr Jumpon Carry = +— - 2 2 Noe No Operation ! '
JNC addr JumponCarry = 0 2 2
J 2 addr Jump on A Zero 2 2
INZ adds Jump on A not Zero 2 2 - .
fg JT0 addr JumponTOQ =1 , 2 2 = .
& JINTO adar JumponTO= 0 . 2 2
D 4T1addr JumponTl=t 2 2 :
JNTY addr JumponT1=0 2 2
.. JFO adar JumponFQ=1{ . 2 2 - -
T UFtesdr 4 mmponFiRd .2 2 )
JTF addr 9‘ Jump on timer tlag 2 2 -
IN! addr ' Jumpon INT = 0 2 2
JBb addr Jump on Accumulator Bit 2 2
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8048/8748/8035 TR R
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PIN DESCRIPTION - - i Sy,
RS Y, )
Designation  Pin #  Function Designation  Pin # Function o
Vss 20 Circuit GND potential - RO- ..——-B. _..Output strobe activated during s .
Voo 26 Programming power supply: %25V  .BUS read. Can be used 1o enable_
during program, +5V during oper-
ation for both ROM and PROM. . ..
Low’power standby pin in 8048 'f)iea'a‘s"s Read Strobe 10 External
ROM version. = * Data Memory {Active low)
Vee 40 . Main power supply: +5V_-dur|n9 RESET twhich i it used to initializ€ the
operation and programming. T piodeior Al used during PROM
- PROG 25..  Program pulse (+25V) input pi: Mool L L . programming verification, and -
N during 8748 programiming. - 7 zspower-down. (Active low) e
"Output strobe for 8243 1/0 " WR Output strobe during 2 BUS wirite.

i ) B expander. S (Active low)(Non 'ﬂ'L V.H)
P‘IO-PU 27-34._ _8-bn quasi- badlrecnonal port B ~ Used as wnw strobe to External
ggg;n '21. 24l s't: o v; idi D=7 Taee s 1] Byaliemond et

- . t quasi- irectiona -2y e Y e A T
Porf 2 3538 l qu §- aal ALETLY QN Address tham Erable, Thts sognal
P20-P23 contain the four high ~occurs once during each cycle and
ofder program counter bits dyring s a2 TicTiseful s Jéck Butput-
an external program memory fetch
and serve a5 2 4-bit 1/O expander The negative edge of ALE strobes
bus for 8243 b Vi “address into external data’ and pro-
L ram memor R
D0-D7 12-19  True bidirectional port which can A L N
BUS be written or read synchronously PSEN g Program Store Enable. This output.
- using the RD, WR strobes. The ,, occurs only duringa fetch to exter-
port can also be statically fatched. . ‘nal program megiogy. (Active tow)
Comair'\s the 8.iow orger program SS { © Single step mput_can be used in con-
counter bits during an external = junction with ALE to "snng!e step”’
program memory fetch, and receives the processor. through each in-
— i the addressed instruction under the X struction. (Active Jow)
e T ‘control of PSEN. Also contaiis the™” EA . External Access input which forces
address and data during an external . all program memory fetches to re-
- RAM data store ip_s_lruc:ion, under =~ -ference external memory. Useful
L control of ALE, RD, and WR, - for emulation and debug, and
TO . 1 input pin testable using the con- essential for testing 3nd program
ditional transfer instructions JTO veritication. (Active high}
and JNTO. TO can be designated as XTALY 2 One side of crystal input for inter.
a clock outputusing ENTO CLK nal oscillator, Also input for exter-
: instruction, TO is also used during nalsource, (Not TTL Compatible)
_\. programming. ) XTAL2 2 Other side of crystal input,
T 39 Input pin testable using the JT1, . .
_ and JNT1 instructions. Can be des-
- ignated the timer/counter input using -~ -
the STRT TNT instruction. =
ﬁ\ﬁ' 6 Intercupt input, Inmates an inter- .
. rupt if interrupt is enabled. Inter-
rupt is disabled after a reset. Aiso .
testable with conditional jump
instruction, (Active low) -
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8048/8748/8035 p@
: PRI 4
Il.orhno. ]'/,I'
) ll,,‘./”;" g,
! WAVEFORMS 1y,
INSTRUCTION FETCH FROM EXTERNAL PROGRAM MEMORY
— Yoy —— = mT
]
ALE R >
- - ; - . - Pantio o0 ppr . -
‘l —— ‘rr - - y~ -
b PSEN he e ' - - i
| . ) ; W s x .
l — . .
i == taL :
: . S e s e
BUS FLOATIN(;XZ X FLOATING - ——
I 4 ADDRESS 4 ‘*-'R'D——l INSTRUCTION e -
7 ‘a0 i . POl Sl -
! ' ¢
' READ FROM EXTERNAL DATA MEMORY T g e SR e e o
ALE I ‘ .
d . |<—- ‘cc—‘*l o P e i
RO - = -
i . tarc -~ — tor R - -
; FLOATING - -
| ) BUS FLOATING XADDRESSX XATX FLOATING == = ~m
L tap
WRITE TO EXTERNAL DATA MEMORY s '
i ALE l ) l l |
1- . e ]
1 ——
WA l I
’ !OW —*I‘-—o‘—- "WD
% -
': BUS FLOATING XY ADDRESS X FL ATINGX DATA X FLOATING
i
:4-—— taw —— .

ot
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. E "»""""!l G, o ‘{@4
ABSOLUTE MAXIMUM RATINGS* Hean LM
Ambient Temperature Under Bias ........... 0°Cto 70°C ‘COMMENT: e
Storage Temperature ......o.veeeennes -65°C {o +150°C Stresses above thosa listed undar "Absoluia Meximum Ratings™
. . . may cause permanent damage (0 ihe device. Thisis a siress rating
Voltage On Any Pin With ResPec‘ only and functionsl operation of the device at these or any other
‘to Ground ........ -0.5V to +7V conditions sbove those indicated in the operational sections of this

power Dissipation v 1.5 Watt

D.C. AND OPERATING CHARACTERISTICS Ta = 0°C 10 70°C, Vcc

specilication 1s not implied. e ames -

= Vpp = *5V £10%", Vgg= OV

Limits
0 P o=
. Symbo arameter M~ T Typ. | Max. U.D'l :
ViL Input Low Voltage :15' . .;..,:ng,..w.»v" e mn e s -
. (All'Except XTALY, XTAL2) - et ] - SRR [
Vin Input High Volhage
(All Except XTALI XTALZ, RESET)
Vidy lnpul High Voftage (R RESET,XTAL1
" Voo Output Low Voltage - .
to- (BUS RD WR PSEN ALE}
Vout Output Low Voltage
. {All Other Outputs Except PROG)
VoKt Output Hagh Vohage :
’ (BUS, RD WR, PSEN "ALE)
Vori Output High Voltage  ~
(Al Other Outputs) ™
I Input Leakage Current L - ) "4
(T1, EA, INT) +10 HA V$S<V1N<VCC
oL Output Leakage Cuerent {Bus, TO)
B, +
: {High Impedance State) 10 7k Vee 2Vin? Vss +.45
lop | Power Down Supply,Cirrent _ . |- ~-| 107 -L7-25.7[='mA |  Ta=25°C -
. lpp+ lec Total Supply Current | 65. ) 135 | mA | Ta=28°C = ¢ <7
C CHARACTERISTICS T, = 0°Cto 70° c vcc= Vgp = +5V £10%°, Vgg=.0V | A
= 8748-8 :
Y 8048/8748/8035 | -8035:8 3
Symbol Parameter Min, Max. Min. Max, Unit Conditions
L ALE Pulse Width 400 800 ns
taL Address Setup to ALE ' 150 *1 150 , ns ~ .
tLa | Address Hold from ALE 80 _ 80 ns
tee Control Pulse Width (PSEN, RD,WR) [ 900 1800 ns
tow Data Set-Up Before WR 500 - 1600 ns B
two Data Hold After WR 120 120 " ns | CL=20pF
tev Cycle Time Gy @ 50 15.0 ps q@xrm
. N { 2 XTAL for -8)
1R Data Hold 0 200 0 200 ns
tRD PSEN, RD to Data In 500 1000 ns
taw Address Setup to WR 230 260 ns
tAD Address Setup to Data in 950 1900 ns
" taFc Address Float 1o RD, PSEN o 0 ns .

A.C. TEST CONDITIONS Controt Qutputs:
BUS Outputs:

*Sundard 8748 and 8035 : 5%, 2 10% evailable.

Cy_ = 80 pF, 22K to Vg5, 4.3K to Vec
C = 150 pF, 2.2K 10 Vg, 4.3K to Ve

t cY = 2.5us
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INSTRUCTION SET SUMMARY

Mnemonic Description Bytes Cycle Mnemonic Description Bytes
ADD A, R At regester 10 A 1 Jump 10 subrouting
ADD A, @R Add data memory 1o A 1 ..Beurn
ADD A, =dota Adil immediate to A 2 Return and restore status
ADDCA,R Add register with carry 1 e g
ADDC A, @R Add data memory with cary -
ADDC A, Jdata  Add immediate with carry 2 . ,C!Fﬂ' Carry . .
ANL A, R And register 10 A 1 '. _an:\plemem ‘Carey -
ANL A, @R And data raemory 10 A 1 "Clear Flag 0 .
ANL A, =data  And immediate 10 A b1 Complément Flag 0 '
ORLA,R Orregriter 10 A 1 “CtearFlagt B .
5 ORLA, @R Ot data memory 10 A 1 “Complement Flag 3, -
2 ORLA, =data ~ Orimmediate 10 A 2 . X
g XRLA,R Excluscve O vegmer 10 A LY MOV AFR- - Move'registér 10 A \
S XRLA, @R Exclysive or data memory 10 A 1 MOV'A ®R ~ Move dati" memo:y 0A .
XRL A, =data Exclusive or immediate 1o A 2 : -
INCA * Increment A - -~ m:: :n‘r:e::':;’o A,-,___ N o ?
cin A A A YA NOV BR, A Moe A o dsts memoiy i
CPL.A o o S X . . MOV R,"=data_ Move :mmediate 10 register 2
DA A/ . B a1 Adiust A { MOV @R, "(mf Move immediste o data memory 2
SWAP A Swip nibbles adA 7% = MOV A P“W” Mg Méve PSW lo A ' ~ 1_ R
Rotate A felt : N 1 Maie A Lo PSW A Y i
Rotaté A left through carry 1 *-Ef'.c’u'.'?e A and register ~ L
" Rowte A right - 1 , Exchange A3nd data memory™ >+ 1
Rouxe A right Ihrough carry A XCHD /G Exchange rinble ol A and regmu 14
_____ - MOVX A, ®R  Move external data memory teA 1
"MOVX @R, A Move A 10 external data memory |
INA, P tnput port 10 A S 1 BN MOVP A, ®A  Move to A fram cutrent page 1
OUTLP, A Qutput A to port 1 2 MOVPI'A. @A Move to A from Page 3 1
ANL P, =data And immediate to port Az 2 . .
% ?NF*S L :-B'J;u ::'p:r;:;';:: r_fn.'f 3 =) m_?;. = MOV A;T--=  Read Timer/Counter ~ 1
© OUTLBUS,A  Output A to BUS S MOV T, A==  Load Timer/Counter 1
"3 ANL BUS,=data And immediate 1o BUS o) 2 B T S dimer !
£ ORL BUS, =cata_Or immediate.1d BUS® 20~ 2 Q- STRTCNT  Start.Counter, !
e gt AT - i . \W .3 & STOP TCNT ¢ Stop Timer/Counter 1
MOVD A, P ~ input Expander port 1o A 1 ;2 - £ EN TCNTH Eaable T . .
MOVD P, A Output A to Expander port Y &G | ey, 1 nable T."f_"a‘.’"‘" Imerrupt 1
ANLD P A And A 10 Expander port’ 1 2. DIS TCNT? Disable Timer/Counter ltﬂeﬂupl 1
ORLD P, A Or A to Expander port ¢ 2 D — -
ENT Enable :xlemal mleﬂ'upl 1
E INCR Ir\cren;em register 1 1 _ DISt Disable external m(eﬂupl 1
B INC @R tincrement data memory 1 4 SEL RBO Select register bank 0 i
% pecr Decrement register™ 1 1 < SEL RB1 Select register bank 1 1
< . O SEL MBO Select memory bank O 1
SEL MB1Y Select memory bank 1 . 1
IMP addr Jump unconditionat 2 2 ENTO CLK Enable Clotk output on T0 1
IMPP @A Jump indi-ect hd 1 2
DINZ R, addr Decrement register and skip 2 2 R
IC addt Jump 6n Carry + V| 2 2 nNoP No Operation
INC adds & Jump on Carry = 0 2 2
J 2 adds Jump on A Zero 2 2
INZ addr Jump on A not Zero 2 2 = -
£ =470 2ddi Jumpon TO = 1138) 2 2
S INTOaddr JumponTO=0(2 .)' 2 2 . .
8 47130k JumponTi=1 c2- 2 p
INTY addr JumponTi=0 2 "2
JFO addr JumponFO =1 2 2
JFladdv‘_ Jumponflel ° 2 2
JTF adde ‘ Jump on timer f1ag . 2 2
JNVaddr, s Jumpon INT = 0 2 2
JBH addr Jup on Accumulator Bit 2 2

SOV



AC

addr

Bb
"BS..

BUS- ..

CLK
CNT
of.
data
DBF
FO, F1

PSW

MCS-48™ INSTRUCTION SET . -

SYMBOLS AND ABBREVIATIONS USED. .. — .

Accumulator .. rem e amEIoz

S, - Saw R .

AUxillary Ca'rry IO oL .

" {oiit Program Memory Address - ) LT

Bit Desrgnator (b =0-7) R
. Bank Swrtc,h M/ T S LA SU

BUS Port S PP o L En

Carry . o AT

 Clock < )

EEvent Counter’ - SR mEnm e
Mnemonic for 4-Bit Digit (Nibble) * - C e
8-Bit Number or Expression™ -y vy - -
Memory Bank Flip-Flop

Flag 0, Flag 1

Interrupt”

Program Counter f
~Port Designator (p=1, 2 or 4-7) v A4

Program Status Word A7 AU

Register Designator (¢=0, 1 or 0-7) ™ T T T
" Stack Pointer

Timer

Timer Flag

Test 0, Test 1

Mnemonic for External RAM

Immediate Data Prefix

Indirect Address Prefix

Current Value of Program Counter

Contents of X

Contents of Location Addressed by X

Is Replaced by

72
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INSTRUCTION SET
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ADD AR,

Add Reglster Contents to Accumulator

Example:

‘} ADD A,@R, Add Data Memory Contents to Accumulator“"“ TR

[0110]1rrr] : ISR S

The contents of register 'r’ are added to the - . SR
accumulator. Carry is affected. - B iR L B N

(A)=-(A) + (Rr) - r=0-7 Lt .Et o

e N

ADDREG: ADD A,R6  ~ZADD'REG 6 CONTENTSES 1

;TO ACC

Example:

.ADD A, #data Add lmmedxate Data to Accumulator

L110|000r] , Q.fi"r-'r'-.--run,.-’g'

_The contents of the resident data memory Iocatlon =i
addressed by register ‘r' bits 0-5 argadded tg= " LT

the.accumulator. Carry is affected TREEILINTS BN Ta cedtteona®

(R)<=(AY+ (R0 reo D) T5 ) Ry T
ADDM: MOV RO, #0AFH :MOVE ‘AF"HEX TO'REG.0
ADD A, @RO “ADD VALUE OF LOCATION
147 TO ACC

- Example:

ADDC AR,

[0000J0011] [d7dsdsds [dadadidg|-
This is a 2-cycle instruction. The spécified data

_Is added to the accumulator. Carry is affecfed” = -

(A) = (A) + data

ADDID: ADD A, #ADDER: ;ADD VALUE OF SYMBOL
YADDER' TO ACC

Add Garry and Register Contents to Accumulator

"Example:

|o111]1r?]

The content of the rcarry bit is added to accumulator
location 0 and the ‘carry bit cleared. The contents

of register 'r" are then added to the accumulator.
Carry is affected.

(A)= (A)+(RO*(C)  r=0-7

ADDRGC: ADDC A R4 ADD CARRY AND REG 4
:CONTENTS TO ACC




|
I
i
i
|
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INSTRUCTION SET

'ADDC A,@R; Add Carry and Data Memory Contents :’6 Accumulator

Example:

ADDC A #data Add Carry and, lmmedlate Data to- Accumulator e

. .. Carry.is affected.

[o111]000r]

The content of the carry bit is added.to accumulator oo
location 0 and the carry bit cleared. Then the contents

of the resident data memory locatiorr addressed by: - - . S
register ' bits 0-5 are added to the accumulator— = ~vie “ e T T e P e 53

- - R oA e TR N ST M

(A) = (AVHRAHC) (20T ot wigmir S s o 7 %

% ey et R

ADDMC MOV R1,#40 ~;MOVE-'40' DEC.TO REG:1. <,
ADDC A,@R1 :ADD CARRY AND LOGATION:40-
CONTENTS TO ACC

"7 Thisis a 2- -cycle instruction. The content ot the—- B

Example:| .

~ the carty bit cleared.- Then the specnfled d,ata is .

|ooo1|001 1] |d7ded5d4 | d3 d2wd1do]

carry bit is added to accumdulator locatlon Oand- -~ A S S e

added to the accumulator Carry is affected.
(A) <~ (A)+data+(C)

ADDC A, #225 ;ADD. CARRY AND ‘225' DEC
TNV .TO ACC

ANL AR, Logical AND Accumulator With Register Mask Lo

Exarnple.

ANL A,@R, Logical AND  Accumulator With Memory Mask

mr1_(~)1|1rrr] LS AR

_Data in the accumulator is logically ANDed with the
" mask contained in working regtster r. -

(A)<— (A) AND (Rr) r=0-7

ANDREG ANL A, R3 _ ;'AND' ACC CONTENTS WITH MASK
N REG 3

~

'E__xample:

fo1o1]oo00r] |

Data in the accumulator is Ioglcally ANDed with the - i
mask contained in the data memory location referenced
by register 'r’, bits 0-5.

(A)=— (A) AND ((Rr)) r=0-1

ANDDM: MOV RO,40FFH ;MOVE ‘FF' HEX TO REG 0

ANL A, @R0  AND' ACC CONTENTS WITH
. :MASK IN LOCATION 63
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ANL Pp,#data Logical AND Port 1-2 With lmmedlate Mask

ANL A #data Logical AND Accumulator With Immediate Mask
fo101]0011] [d7dgdsdg]dadpdidgl

This is a 2-bycle instruction. Data in-the:accumulalor - cmac 0 5 .m T
is logically ANDed with an immediately-specified mask.
(A)-q— (A) AND data z;'?i}._.i‘ -'f."::i.i"':' JEE L

Examples ANDID ANL A,#OAFH :?;1AND“‘ACO CON'FENTS NPT AT TR T P T,
\WITH MASK 10101117 . e
ANL A#3+X/Y AND'ACC CONTENTS =—-- - --=f=77 .
‘WITH VALUE OF EXP : IR g e
1B+X/Y o Favsa

ANL BUS, #data Logical AND BUS With. Immediate: Mask SRR TIEE
“ Jr1oo01]1000]} {d7d6d5d41d3d2d,d5] ‘

_ThIS is a 2-cycle instruction. Data’on the BUS port.iSisrste b v, @ i -Smand i
) Iogucally ANDed with an immediately-specified mask: Thus e ot
. _mstructlon assumes prior specmcahon of an 'OUTL s wmerst e e

BUS, A’ mstrucnon A

(BUS) = ,(BUS) AND data

Example: ANDBUS: ANL BUS, #MASK ;'AND' BUS CONTENTS
- WITH MASK EQUAL.VALUE
3 J OF SYMBOL 'MASK’ Y N e M

P - e

|1oo1]10pp] [d7 dgds dg [d3dp didg]

This is a 2-cycle instruction. Data on port 'p' is. .- e
logically ANDed with an immediately-specified mask. -

(Pp) = {Pp) AND data ~ p=1-2

Example: ANDP2: ANL P2,#0FOH  ;’AND' PORT 2 CONTENTS
‘WITH MASK 'FO' HEX
»  ;(CLEAR P20-23)

ANLD Pp A Logical AND Port 4-7 With Accumulator Mask

t1001}11pp]

This is a 2-cycle instruction. Data on port 'p’ is ) ~
logically ANDed with the digit mask contamed in
accumulator bits 0-3.

"~‘~ " (Pp)~- (Pp) AND (AO-3) p=4-7




INSTRUCTION SET

CLR A Clear Accumulator
[oo10f0111]

The contents of the accum.ulator are cleared to zero,
A<-0

CLR C Clear Carry Bit
... [1o01]ot111]

~ During normal program exacution, the carry bit can
- ~ be set toone by the ADD, ADDC, RLC, CPL C, RRC, and.

DAA instructions. This lnstructlon resets the carry bit to zero,

C+0
CLR Fi Clear Flag 1
[1o1o|o1o1] 4,
Flag 1 IS cleared to zero.
s (F1) - O

' CLR FO Clear Flag 0.

f1oo00[o0101]
Flag 0is cleared to zero. & \ .
(FO)== 0. >

'CPL A Complement Accumulator

foo11]o0111]

. The contents of the acchmulator are complemented.
This is strictly a one's complement. Each one lS
changed to zero and vice-versa.

(A) -~ NOT (A)

Example: Assume accum.ulatdf contains 01101010.

. CPLA:CPLA JACC CONTENTS ARE COMPLE-
"MENTED TO 10010101

CPLC Complemént -éarry Bit
[1010]0111]

. The setting of the carry bit is complemented; one is
v changed to zero, and zero is changed to one.

(C) = NOT (C)

Example: Set C to one; current setting is unknown.

CTO1:CLR C .C IS CLEARED TO ZERO
cpLC :C IS SET TO ONE
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CPL FO Complement Flag 0

[1001]/0101] -

The setting of flag 0 is complemented; one is
changed to zero, and zero is changed to one.

FO—— NOT (FO}

_CPL F1 Complement Flag 1

|1o11]o1o1]

The settmg of ‘flag 1is complemented one is
changed to_zero, and zero is changed to one.

(F1)== NOT (F1)-

DA A Decimal Adjust Accumulator

e

DEC A iDecrem'ent—Accumulator

Example:

¢

[0101]0111]

‘The 8-bit accumulator value is adjusted to form two

4-bit Binary Coded Decimal (BCD) digits following
the binary addition of BCD nulnbers. The carry bit,
C is affected. If the contents of bits 0-3 are

greater than nine, or if AC lsgp_e the accumulator
is mcremente by six.

The four high-order bits are then checked. If bits
4-7 exceed nine, or :f C is one, these bits are

_increased by:six. If an overflow occurs, C'is

set to one; otherw:se it is cleared to zero.

Assume accumulator contains 10011011 qfl H= 1555

DA A :ACC ADJUSTED TO 00000001
C NN ;WITH C SET
C AC.7 4 3 0
00 1001 1011 '
0110  ADDSIXTOBITS 0§ 3
Q0 ° 1010 0,001 ,
0110 ADD SIX TO BITS 4-7

1T0 0000 0001 OVERFLOW TO C

’
Al

[ooo0]o111]
The contéents of the accumulator are decremented by one.
(A}== (A)-1
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7 : : :
Example: Decrement contents of external data memory location 63.

MOV RO,#3FH :MOVE '3F' HEX TO REG 0 .

MOVX A,@RO- :MOVE CONTENTS OF LOCATION 63
;TO ACC

DEC A ;DECREMENT ACC :

MOVX @RO,A :MOVE CONTENTS OF ACC TO
:LOCATION 63 IN EXPANDED
MEMORY TS

DEC R, Decrement Register” ~== =7 .= . 2= ni

[oofrreer} i -h <.

The contents of working reglster r are decremented e e meEET st

by one. * : ? = e

(Rr)-<—- (Rr)-1 N9 r=0-77 _:' ,._',:_ \ -

Example: DECR1: DEC "Il

Toevans e e

DIS | Disablé ‘External interrupt** X\ ?——;m; N T §
“[oootforos] ™ RN

External mterrupts are disabled. A low signal on
the mterrupt mput pin has no effect.

DIS TCNTI Disable- T'mer/Counter lnterrupt~ e (O | RIS

ro11]o1oJ

\ Tnmer/counter mterrupts are disabled. Any pending .
timer interrupt request is cleared. The interrupt _ -
sequence is not initiated by an overflow, but the- -

timer flag is set and time accumulation continues.. -~ .~ -~=

DJNZ Ry, address Decrement Register and Test

[1 110r1rfd [a7agasay [agagayag]|

This is a 2-cycle instryction. Register 'r' is
decremented and tested for zero. If the register |
contains all zeros, program control falls through

to the next instruction. If the register contents

are not zero, control jumps to the specxfled ‘address’'.

The address in this case rmust evaluate to 8-bits, that
is, the jump must be to a location within the current
256-location page.

" (Rr)~— (Rr)-1 r=0-7
If Rrnot 0
{PCp.7)~— addr

-7

s e
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.EN'| Enable External Interrupt

Note: A 12-bit address specification does not cause an
error if the DINZ instruction and the jump target are
on the same page. if the DUNZ instruction begins in

N location 255 of a page, it must jump to a target
address on the following page.

-

Example: " Increment values in data memory locations 50-54.
MOV RO,#50 ;MOVE '50' DEC TO ADDRESS
\REG O
MOV R3,45 YMOVE ‘5" DEC TO COUNTER
‘ - . REG'3
INCRT: INC @RO J[INCREMENT CONTENTS OF
p O JLOCATION ADDRESSED BY
: - JREG 0
INCRO - JINCREMENT ADDRESS IN REG 0
S DJNZ R3 INCRT ;DECREMENT REG 3 — JUMP TO
- . JINCRT' IF REG 3 NONZERO N
NEXT — ‘NEXT ROUTINE EXECUTED
' JIF R3 1S ZERO

|oooo[o1o1]

External interrupts are enabled A low sxgnal on
the mterrupt input pin initiates the mterrupt A,
sequencs.

EN TCNTI Enable Tlmer/Counter Interrupt
= T [0010]0101]

Tlmer/counter interrupts are enabled. An overflow
of-this register initiates the interrupt sequence.

ENTO CLK Enable Clock Output

|0111|o1o1|

The test 0 pin is enabled to act as the clock output.
~This function is disabled by a system reset.

Example: EMTSTO: ENTO CLK JENABLE TO AS CLOCK OQUTPUT

a

IN A,Pp lnput Port or Data to Accumulator

[0000[10ppJ

" This is a 2- -cycle instruction. Data present on port
K 'p’ is transferred (read) to the accumulator.

(A)= (Pp) p=1-2

80
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Example: INP12: IN A,P1 INPUT PORT 1 CONTENTS
;TO ACC )
-~ -MOV R§,A iMOVE ACC CONTENTS TO
. ) . REG 6
IN A,P2 JINPUT PORT 2 CONTENTS
o , ;TO ACC
MOV R7,A ;MOVE ACC CONTENTS TO REG 7

INC A Increment Accumulator

- E‘kémple:

Ll

‘Looﬂ'm 11]

The contents of the accumulator are mcremented
by one:

'(A)*— (A)+1

lncrement contents of locatlon 100 in external
data memory. ' X

INCA: MOV R0,#100  ;MOVE *100' DEC TO ADDRESS
" REGO ‘
MOVX A @R0 . :MOVE CONTENTS OF LOCATION
AGRAARA - ;100 TO ACC :
INC A JINCREMENT A

MOVX @RO.A ;MOVE ACC CONTENTS TO
. BT ' ;LOCATION 100

\
INC Ry Increment Register

tooo1]1rrrl

The contents of working register 'r’ are incremented
by one. .

(R~ (R0)+1 r=0-7
Example: INCRO: lNC RO INCREMENT ADDRESS REG O
INC @R, lncrement Data Memory Location
—-  |ooo1]ooor]| .

The contents of the resident data memory location
addressed by register '’ bits.0-5 are incremented
by one. - _ - L =
((Rr))<— ((Rr))+1 r=0-1

‘Example: INCDM: MOV R1,4#0FFH ;MOVE ONES TO REG 1

,
»
A
N

INC @R1 INCREMENT LOCATION 63
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INS A, BUS Strobed Input of BUS Data to Accumulator

JBb address Jump It Accumulator Bit'is Sel suwrmil frrum HiEnir € HT Tr,

Example:

foooolwoo]

This is a 2-cycle instruction. Data present on the

BUS port is transferred (read) to the accumulator. .. e -

when the RD pulse is dropped. (Refér to'sectisnon = "~ "L Tt e -
rogrammlng;memory expansion for details)...; » . sery ey EARIREE

PO OSSR

(A)= (BUS) - R

INPBUS: INS ABUS ~INPUT BUS CONTENTS™® = 1™ & s
- ;TO ACC - - o s

|b2b1b0‘]°°‘°][a7asasa4|333231ao] R

Thisis a 2-cycle mstructlon Control:passes to- the SERATTY 5 m, :

~ specified address if accumulator bit ‘b’ is set - -

Example:

“to one. > 4  —h

(PCg.7)~ addr i Bb=1
(PC) = (PC)+2 . If Bb=0

JB4IS1 JB4 NEXT JUMP TO ‘NEXT' ROUTINE

;IF ACC BIT 4=1

X

JC address jump If Carry Is Set -, .« 7Ll

Example:

[1111]0110] [a7agas34]azazarap)
This'is"a 2?6y7:‘lé instruction. Control‘passes to the - -

. specified address if the carry bit is-set to one. == = : : ce e

(PCg.7)~= addr 1t C=1
(PC)=(PC)+2, . 1t C=0

JC1: JG OVFLOW -JUMP TO ‘OVFLOW' ROUT!NE
' dF C= 1

JFO address Jump If Flag 0 Is Set

.

Example:

Y,

[1011]0110] fa;asasa4[a3a2a,ao]

This is a 2-cycle instruction. Control passes to the -
specified address if flag 0 is set fo one.

(PCp.7)=<— addr if FO=1
(PC) = (PC)+2 If FO=0

JFOIS1: JFO TOTAL :JUMP TQ 'TOTAL' ROUTINE
- JIF FO=1
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JF1 address Jump if Flag 11Is Set |

[o111]o110] [a726a5a4fazapasag] - -

i This is a 2-cycle instruction. Control passes to the == = =+ =< === = -

specified address if flag 1 is set to one.
(PCop-7) = addr If F1=1 el mE L UnE it o
(PC) = (PC)+2 IFFi=0  =o = <= .

Example: JF1IS1: JF1 FILBUF WUMP-TO ‘FILBUE. ~L-z 2t cmanvn L ETrymesel:

' ‘ ' ;ROUTINE IF F1=1- o .

JMP address D|rect Jump Wlthm 2K Block &= woou2e iL.'*‘“:" Wt el

[31039380]01OOI [a7asasa4las<a°a1aoj -
This is a 2-cycle instruction. Bits 0-10 of thesprogranys: ~.Jr-#w%in i Aitrzmds

counter. are. replaced with the directly-specified '}
address. The setting of PC bit 11 is determined by - ~~: & =780~
the most recent SELECT MB instruction:- » ~ == ===~ T35 &=

-+ - (PCg.10) =~ addr 8-10 : e K2\

(PCg.7) =~ addr 0-7
(PC“_) -4- DB_F_

JMP SUBTOT JUMP TO SUBROUTINE 'SUBTOT

Example: =
- JMP &6 JUMP TO INSTRUCTION SIX LOCATIONS .
| %o G- Np :BEFORE CURRENT LOCATION o
~JMP 2FH JUMP TO ADDRESS "2F' HEX T, T T
- JMPP @A Indirect Ju‘r’rib‘Within RBge (£ Xer ¢ =L LOS_f4 -

. Example:

"-[1o1ﬂoo11]

AT N A

This is a 2-cycle instruction. The contents of the
program memory location pomted to by the accumulator
are substituted for the ‘page’ portion of the program

: counter (PC bits 0-7).
: (PCo-7)<- ((A))

Assyme accumulator contains OFH. .

. JMPPA'G JMPP @A JUMP TO ADDRESS STORED IN

:LOCATION 15 IN CURRENT PAGE

JNC address Jump If Carry Is Not Set

|1110]011J - [8735858413‘38281 80]

.This is a 2-cycle instruction. Control passes to the
specified address if the carry bit is'not set, that
is, equals zero.
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/

(PCg.7)~— addr It C=0

(PC) = (PC)+2 IF C=1
Example: JCO: INC NOVFLO WJUMP TO ‘NOVFLO' ROUTINE
Jdf C=0

JNI address Jump If Interrupt Input is Low : ) :

[1 000' 0t 10] [37 as 85 84J33 axaj aoJ:’»— “;j-; o -"— TE oLt ".'_:f‘."
This is a 2-cycle instruction. Controlipasses to.the . ..l ciim e 5EIT 0 Scrrs s
- specified address if the interrupt input signalis oo .. . e . ST

low (=0), that is, an external interfupt has * * - o - I
- been signaled. (This sngnal initiates an interrupt.s -~ .. s e wEeT G

service sequence if the external interrupt-is enabled.) : .« = e i st o
:-  (PCop.7)=~addr’ f1=0  ewmm- == EES I
. (PC) = (PC)+2 1 3Gy - -
Examplé: LOC 3 JNI EXTINT ' JJUMP 10 EXT!NT’ ROUTINE e e e
’ ; A 1=0 \ P

.JNTO address Jump If Test 0ls Lows - - 9%

[0o0i10fo110] [a726dsas[a3azarae]

This is a 2-cycle instruction. Control passes to the
specified address, if the test 0 signal is low

(PCg.7) = addr _ T T80 N | Mgy NERY
: (PC) = (PC)*2 ~ ~ If TO=1 . ]
) ‘"“"Eia‘n‘iple JTOLOW UNTO 60 :JUMP TO LOCATION 60 DEC ' -
IF T0=0 :

JINTT address Jump I Test 1ls Low

[07006]0110] (372525 22 (3332 1 20]

Thig is a 2-cycle instruction. Control passes to the
specmed address, if the test 1 signal is low.

(PCo-7J<—addr ' If T1=0

; (PCy=(PC)+2, _ i Ti=1

~JNZ address Jump It Accumulator is Not Zero
[1001]0110] [37363524]azapasap]

This is a 2-cycle instruction. Control pases to the
specified address if the accumulator contents are : ‘

‘ nonzero at the time this instruction is executed.
' (PCp.7)~ addr If A#0
(PC) = (PC)+2 If A=0

Example: JACCNO: JNZ 0ABH °  :JUMP TO LOCATION ‘AB' HEX
) :IF ACC VALUE 1S NONZERO



INSTRUCTION SET

. ‘.

JTF address Jump If Timer Flag Is Set

[0001]0110] [e7agasay]azazayap)

This is a 2-cycle instruction. Control passes to the
specitied address if the timer flag is set to one,
that is, the timer/counter register has overflowed. - - =
Testing the timer flag resets it to zero-(Thisw = =3es™ =3 w=wrn &
overflow Initiates an interrupt service sequence=== st
if the timar-overflow interrupt is enabléd; )=~ =ririe houmai:

(PCo-7) = addr == If TF=1 . -
(PC) = (PC)+2 . \\ it TF 0 TN
Example: JTF1:JTF TIMER . =xUMPTQ: “TIMERTROUTINE Lo ey
. — JIF TF=1 oyper
JTO address * Jumip if Test 01s High=" == - - - ‘w-;:_fm
[0011]0110] [a72gasa4 ] azasa;80]) : = e
This is a 2-cycle instruction. Controlpasses to the'=:: = -z
specified address if the test 0 signal is high (=1).
(PCo.7)= addr If T0=1
(PC) = (PC)+2 - 1 T0=0
Example: JTOHI: JTOS3 ~ JUMP TQ LOCATION 53 DEC

IF TO=1" S

JT1 address Jump If Test 11s, High

Exampie:

L0101]0110J [a7asasa4|33'aza1301 . ST

This is a 2-cycle instruction. Control passes to the
specmed address if the test 1 signal is high (=1). o

(PCo.7) = addr if T1=1

(PC) = (PC)+2 If T1=0 .

JT1HE: JT1 COUNT JUMP TO 'COUNT' ROUTINE : ,
L . GIF T1=1 o

JZ address Jump If Accumulator Is Zero

.
k]

Example:

[1100]0110] [a73s3s524 [23apa4ag]
This is a-2-cycle instruction. Control passes to the

. specified address if the accumulator contains all

zeros at the time this instruction is executed.

(PCq.7)~ addr If A=Q |
(PC) = (PC)+2 It A#0
JACCO: JZ OA3H WJUMP TO LOCATION 'A3' HEX !

.IF ACC VALUE IS ZERO .
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MOV A, #data ‘Move Immediate Data to Accumulator . i

[o0.10]0011] _Ld7dsdsd4ld3déd1dgj__ i}

This is a 2-cycle instruction. The 8-bit value
specified by.‘data’ is loaded in the accumulator. -~~~ - At i

(A)=— data s : ,

Example: MOV A#0AZH  :-MOVE ‘A3-HEX T.b-A'cc e
MOV A, PSW Move PSW Contents to. AcCUMUIAtOr .7 Tuirmmrm Tr e sorseiiae

EECTICERR : ' e

Thé Contents of the program statu§word are moved“ rresemo s

1
}

to the accumulator.- B N
o (A) = (PSW) 8% b\ Cpe : fl" =T ] :
Example: "Jump to RB1SET' routine if. PSW bank swutch bll 4 P O
. - is set..

BSCHK MOV A PSW  MOVE PSW CONTENTS TO-ACC #7175 muxesenmmpews
* JB4 RBISET JUMP TO ‘RBISET' IFACC
: :BIT 4=1

MOV AR; Meve Register Contents to Accumulator
[1111l1rrrJ A AL gl ' o

- e

. - ‘8-bits of data are moved from workmg reglster r ¢o- - ‘ -
into the accumulator T ’

1+

A Eaa0 NS oy

‘Example:, MAR‘MOVARS - MOVE CONTENTS OF REG 3
: “TO ACC

MOV A,@R; Move Data Memory Contents %o Accumulator
[1711]o00r] -

- The contents of the resident-data memory Io(;ation
addressed by bits 0-5 of register v’ are moved to , :
the accumulator Register r' contents are unaffected.

(A)=<= ((Rr) r=0-1 _ o

Example: Assume R1 contains 01110110.

MADM MOV A,@R1. MOVE. CONTENTS OF DATA MEM
. \LOCATION 54 TO ACC




INSTRUCTION SET

ot i b e =k

MOV A,T Move Timer/Counter Contents to Accumutato;_u '
[o100]00710] ~ eI

The contents of the timer/event-counter register- T rEes -

are moved to the accumulator. fremeRENR TSR T A s L RS ;
(A)<=(T) S VR 1
Example: Jump to “EXIT" routine when:timer reaches:' B TR TG ¥R BIGA TAARs e

that is, when bit 6 set — assuming initfalizatiori 64T~~ - -

~ TIMCHK;MOVAT ,  ;MOVE TIMER.CONTENTS TO_
- - -JBé'EXIT ﬁgﬁp TO‘EXIT IFAGCBIT =~ .iwi
8 e B o
MOV PSW,A  Move Accumulator.Contents 1o psw - \ R
‘frorforaa] C - ]
The contents of the accumulator arc moued into- the R - = s~ SN PN

program status word. All condition bits and the .
stack pomter are affected by this move.

(PSW)=- (A) . e
Example: Move up stack pomter by”two memory locahons*" S - R AL s T
- that is, increment the pointer by one™ "~ Z_=: .. = .. . .. o
INCPTR: MOV A, PSW :MOVE PSW CONTENTS TO ACC e e
- . INC A INCREMENT ACC BY ONE  _ ST e
T AN S ___MOV.PSW, A . MOVE ACC CONTENTSTO PSW .75 = - -7 -
MOV R,A Move Accumulator Contents to Regtster A

|1010]1rrrJ

The contents of the accumulator are moved to
register 'r. :

(Rr) == (A) r=0-7 -
Example: MRA: MOV RO,A " ;MOVE CONTENTS OF ACC' TO
= ’ - ;REG 0

MOV Rr,.#dat‘a Move Immediate Data to Register

[1011]Traryrg ] -[d}dsdsd,, [ d3dp didp]

This is a 2-cycle instruction. The 8-bit value
specified by 'data’ is moved to register ‘r',

i (Rr)=<—data r=0-7
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Examples: MIR4:

MOV R4,#HEXTEN ;THE VALUE OF THE SYMBOL

“HEXTEN' IS MOVED INTO
;REG 4

MIR 5: MOV RS5,4PI*(R"R);THE VALUE.OF THE .. -

MIR 6: MOV R6, #0ADH

R

:EXPRESSION *PI*(R"R) .

:IS MOVED INTO REG 5
AD’ HEX IS MOVED.INTO 2
REG 6 '

MOV @R,,A Move Accumulatoc Contents to Data Memory ST

r‘f-' R

 —Example:

[1oio0loo00r]

The contents of the accumulator are’ moved to the
resident data memory location whose ad_d_ress N
. specified by bits 0-5 of register A Reglstet 2 naes
contents are unaffected. -

((RN)) = (A)

i

;=01 . -

Assume RO contains 11000111-, 2

MDMA: MOV @R0,A

:MOVE CONTENTS OF ACC TO
LOCATION 7 (REG 7)

- MoV @Rr,#data Move !mmedlate Data to Data Memory

Examples’

MOV TA

“fio11]0oo0r] Fd5d5d4ld3d2d1dJ | -

This is a 2-cycle mstructlon The 8-b|t value
specified by “data’ is moved to the resident data

((Rr))=— data

. memory location addressed by register-'r', bits 0-5. o B

r=0-1 ~d..

. n T TN - = e T

Move the hexadectma! value AC3F to locations 62-63.

MlDM MQV RO0,#62

:MOVE ‘62’ DEC TO ADDR REG 0

MOV @R0, #0ACH ;MOVE ‘AC' HEX TO LOCATION 62

INC RO

MOV @RO, #3FH

:INCREMENT REG 0 TO '63'
‘MOVE ‘3F' HEX TO LOCATION 63

Engpple:

!\iove Accumulator Contents to Timer/Counter

ﬁ1o|oo1J

The contents of the accumulator are moved to the
tlmer/event -counter fegister.

(M= (A)

=

Initialize and start event counter.

INITEC: CLR A
MOV T.A"
STRT CNT

{

:CLEAR ACC TO ZEROS

:MOVE ZEROS TO EVENT COUNTER
;START COUNTER

88
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e

MOVD A,Pp Move Port 4-7 Data to Accumulator

éxsmple

[oo00]|11pp]| SO

This is a 2-cycle instruction. Data on- 8243 port = fronhe =
'p' is moved (read) to accumulator bits 0-3.. .-

O U

PR e

Accumulator bits 4-7 'are zeroed.
(0-3) == (Pp) - PEET i .
{4-7)<-0 — SR
Note: Bits 0-1 of the opcode are used to represent ports- - -
4 7. If you are codmg in blnary rathie? than assembly L e
Ianguage the mappmg is @S fOllOWS v arivermcr i e r T2 TR
‘ . Bits 10 Port . '
S AT S 0 T ST
—% 01 G-V, .
10 6 = -
1 s 7 & LB

éTﬁOVEPORTSDATATOACCA
3BITS 0-3, ZERO ACC BITS 4-7.

INPPTS: MOVD A P5

BR a2 Sl

MOVD Pp,A Move Accumulator Data to Port 4-7

foot1]11pp] -

e
SN

Data in acéumulator bits 0-3 is moved"(written) fo =t W TEITL T o
8243 port 'p’. Accumulator blts 4-7 are unaffected T

ariie ¥ & 3 E T FPlae

(Pp)«- (Ao.3)
Example:
OUTP45: MOVD P4,A

SWAP A
~MOVD P5,A

p=4-7 <z e e

Move data in accumulator.to ports 4-and 5:. = ::

Tl SR

;MOVE ACC-BITS 0-3TO PORT 4
;EXCHANGE ACC BITS 0-3 AND 4-7
:MOVE ACC BITS 0-3 TO PORT §.

MOVP A,@A Move Current Page Data to Accumulator

{1010[0011]

The contents of the program memory location addressed

by the accumulator are moved to the accumulator. Only -
= bits 0-7 of the program counter are affected, limiting

the program memory reference to the current page. The

program counter is restored following this operation

, (PCo.7) = (A)
- (A)= ((PC))

/ : Note: This is a 1-byte, 2-cycle instruction. If it'éppears
in location 255 of a program memory page, @A addresses-
a location in the following page.

SIMIZT 4T Twes wdn o

89

PURYE
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s s e

Example: MOV128: MOV A#128  ;MOVE '128' DEC TO ACC
MOVP A,@A ;CONTENTS OF 126th LOCATION
‘IN CURRENT PAGE ARE MOVED TO .
_ :ACC . i

_MOVP3 A,@A Move Page 3 Data to-Accumulator. - . . - -

e e

[111010011] T

.aa._~-.. - =

This is a 2- cycle lnstrucnon The contents of the _._ = - ;
program memory. location (within page 3) addresseéd byr e edERTAL e et Y AOITH
L the accumulator are moved to the accumulator: The.w .+ ~.wren o .
. i _ program counter is restored following-this-operation. ==« it

(PCo.7) == (A) AN, I T
" (PCg-10)=- 011, T rnl - “ :
- TTT (A)=- ((PC)) - [ e\ e

Example: Look up ASCli equwalent of-hexadecimal codein: lable
\ ‘contained at the beginning-of page 3; -Note that ASCH
characters are desngnated by a 7 blt code the elghth :
P v bit is always reset. . : e e NET L lew  tw s
. TABSCH: MOV A,#0B8H ;MOVE 88‘ HEX TO ACC (10111000)
ANL A#7FH  ;LOGICAL AND ACC TO MASK BIT
' 47 (00111000)
MOVPS A,@A ;MOVE CONTENTS OF LOCATION
:'38' HEX IN PAGE 3 TO ACC WP Tl AR
(ASCI '8') T g
.o Access contents of Iocatlon in page ‘3 labelled TAB1:-- * - e -
e T - Assumé Current program-location is.not in page 3. _ -~ : - . -
TABSCH: MOV A #LOW. TAB1 ;ISOLATE BITS 0-7 OF LABEL - - -
. ;ADDRESS VALUE FRNC e e
MOVP3 A,@A :MOVE CONTENTS OF PAGE 3 PO
~ :LOCATION LABELED 'TABY
:TO ACC

~

MOVX A,@R; Move External-Data-Memory Contents to Accumulator

[1oo00]oo0or]

- i This is a 2-cycle instruction. The contents of the -
external data memory location addressed by register
r' are moved to the accumulator. Register 'r’ contents
are unaffected.

- (A)= ((R0) r=0-1

Example: Assume R1 contains 01110110.

i MAXDM: MOVX A, @R1 :MOVE CONTENTS OF LOCATION
; 1118 TO ACC
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MOVX @R, A Move Accumulator Contents to External Data Memory
{1001f000¢}

This is a 2-cycle instruction. The contents of thes~ « = .5 . ...
accumuiator are moved to the external data memory ’

NOP The NOP lnstructton : _‘iﬁ‘:ﬁ’f‘ Froa MOVE. Bestoontiar
[ooooToooo] S

91

location addressed by register ‘r'. Register r' 7= - - 2T s
contents are unaffected. w:::—,a:«»;f:'z,::;:mi.,‘._; R T
- ((Rr))==A, . : el TRl - e e %
Example:. Assume RO contairis 1100011177= ~~*::,:,::“:'.-f*‘_‘::-,--' P 2SS o T o
ST MXDMA. MOVX @RO.A :MOVE CONTENTS:OF'ACC TO ek S B
‘- ;:LOCATION 189 IN EXPANDED S :
DATA MEMORY

No. operation is performed Execution continueés w:th ey e T gy B efardiv

the followmg instruction. ! CEILERTE "R :;:‘._:; .

ORL A,R,. Loglcal OR Accumulalor With Reglster MASK « ot “simivivact +tis siesian oan

fo0100]trer] : - .

Data in the accumulator is logically ORed with the
mask contained in working register r'.

(A) = (A) OR (Rr) Q1T r=0-7 Ny QW ™

. Example: ORREG: ORL.A,R4’ "OR'ACC CONTENTS WITH . -

:MASK lN REG 4 /
ORL A,@R, Loglcal OR Accumulator wnh Memory Mask .
- [et1o00fooor] - s .

Data in-the accumul.ator is logically ORéd with the mask . -
contained in the resident data memory location referenced by |
register ‘r', bits 0-5. :

) ‘(A)=- (A) OR ((Rr)) r=0-1 '
Example: ORDM: MOV RO,#3FH - ;MOVE '3F' HEX TO REG 0° -
O_RL,A,@RO 'OR' ACC CONTENTS WITH MASK -

JIN LOCATION 63
ORL A, #data Logical OR Accumulator With Immediate Mask

, [o0100[0011] {d7dedsds|d3dsdidg!
"‘“-, . This is a 2-cycle instruction. Data in the accumulator
) is logic¢ally ORed with an immediately-specified mask. |
_ (A)=- (A) OR data . : [
" Example: ORID: ORL A #'X" - . JOR"ACC CONTENTS WITH MASK" |

101011000 (ASCII VALUE OF X’
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ORL BUS,#data Loglcal OR BUS With Immediate Mask
[1000]1000] [d7dgdsds[dadadide]

This is a 2-cycle instruction, Data on'the BUS port is . I
logically ORed with an immediately-specified mask. This
instruction assumes prior. specmcatmn of an*OUTL BUS,A’
instruction. fmnvrormafen

(BUS)=- (BUS) OR data- e e R sttt
Example: ORBUS: ORL BUS.#F{EXMSK +OR' BUS'.CONTENTSIWITH =277

;MASK EQUAL VALUE OF SYMBOL BN e g

v ; ' PHEXMSK'_

ORL Pp, #data Logical OR Port:176r 2 With. Immediate Mask
[1000]1 0pp] (6795 95 04 [ 93 0o} o

This is a 2-cycle mstrucnon Data on port ph = I
" is logically ORed with an lmmedlately—specmed mask,- S

: (Pp)== (Pp) OR data _ p=1-2- 24\
. Example: ORP1: ORL P1, #0FFH /R PORT 1 CONTENTS WITH
SEbi :MASK 'FF' HEX { SET PORT 1

;TO ALL ONES)

ORLD Pp,A_Logical OR Port 4-7. With Accumulator. Mask® .. %~ i

20 00 Dne KoY ', (67 18-~ @
Data on port ‘p' is loglcally ORed with the dlgnt : . e
mask contamed in accumulator bits 0-3-<-2: ceut= . = LT
(Pp)- (Pp) OR (Ap.3) p=4-7 —: : 3 J £

Example: ORP7: ORLD P7A . - 'OR' PORT 7 CONTENTS

. —¥0)ari JWITH ACC BITS 0-3.

NOUTIA. BUS A Output Accumulator Data to BUS
00000010

Data residing in the accumulator is transferred .
(written) to the BUS port and latched. The latched >
data remains valid until altered by another QUTL
instruction. Any other instruction requiring use
of the BUS port (except INS) destroys the contents
of the BUS latch. This includes expanded memory
Qperations (such as the MOVX instruction). Logical
L operations on BUS data (AND, OR) assume the QUTL
BUS,A instruction has been issued previously.

(BUS) = (A)

Example: OUTLBP: OUTL BUSA ;OUTPUT ACC CONTENTS TO BUS
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[T

OUTL Pp,A Output Accumulator Data to Port 1 or 2
[o011]10pp]

Data residing in the accumulator is-transferreds .. TTamrss be o2 238 w3 b Tei
(written) to port 'p' and latched. )

(Pp) = (A) p=1-2 iz - S5 : e E TR ek B
Example: OUTLP: MOV A,R7 ?:*‘:tsrz*.;MOVE‘REG~'7 CONTENTS TO ACCrswimsgmr= 113
OUTL P2,A ;OUTPUT ACC.CONTENTS TO PORT-2-=285-25 7
MOV A,R6 :MOVE REG 6 CONTENTS TOACC - - — - - 2. .-
OUTL P1,A JOUTPUT ACC'CONTENTS TO PORT"F A
RET Return Without PSW Restore I o 5 G s - ; .

— el

[foooloott] - - - . T

- This is a 2-cycle instruction. The stack painter: =~ -
(PSW bits 0-2) is decremented. The'program’ cdtnnter?‘i’r"?‘"‘--‘:
‘is then restored from the stack. PSW bits 4-7° areﬂ

. not restored WY kel ¥

- "~ (SP)<- (8P)-1
' (PC) =+ ((SP))

RETR Return With PSW Restore

fo e zed

’l1oo1loo11] ' _'**w%:séﬁéz%n.<» T B

This is a 2-cycle instruction. The stack pointer is

decremented. The program counter-and bits 4:7 of the .= ...

PSW are then restored from the stack. Note that - RETR:.-
- should be used to return from an interrupt, but

should not be used within the interrupt service ~ == - T

routine as it sngnals the end ‘of an_intecrupt. routme : .

e T (SPY=E (SP)-1 : ‘
(PC)~=~ ((SP)) : : -
(PSW 4-7) <= ((SP))

RL A Rotate Left Without Carry
[1110]0111]

The contents of the accumulator are rotated left ond
bit. Bit 7 is rotated into the bit 0 position.

(AN+1) <= (An)

« (AO)~= (A7) n=0-6
Example: Assume accumulator contains 10110001, :
X "-: RLNC: RL-A ‘NEW ACC CONTENTS ARE 01100011.

=
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SEL MBO Select Memory Bank 0

[1110]o101]

PC bit 11 is set to zero on next branch instruction.

All references to program memory addresses falF wWithifi =& =" 5t « Fieu
the range 0-2047.
(DBF)=-0 - e R x
Example: Assume program counter contding 834 Hex-and the::=-. RSt dtviie SIS s 1
carry bit is set. s
SEL MBO ~ +SELECT MEMORY-BANK 0
) - JC $+20 iIF C=1, JUMP-TO LOCATION _

148 HEX'

4_

SEL MB1  Select Memory Bank '~ *i—

'[1111]0101]

: .PC bit 11 is set to one on next branch lnsfructlon = e e
- All references to program memory addresses falI—~" L e
v ) . w:thm the range 2048-4095. LT T T TR

(DBF)=— 1
SEL RBO  Select _Register Bank 0
[1100fo107] g RN

A IERPL NS LSS e L

PSW bit 4 is set to zero. References to working> v+~ -
registers 0-7 -address data memory locations 0-7.

" Thisis the recommended setting for normal program -
execution. - '

(BS) ==
SEL RB1 Select Reglster Bank 1

[1101]0101]

PSW bit 4 is set to one. References to working registers . .
0-7 address data memory locations 24-31. This is the

recommended setting for interrupt service routines,

since locations 0-7 are left intact. The setting of

PSW bit 4 in effect at the time of an interrupt is

restored by the RETR instruction when the interrupt

service routine is completed.

(BS) =~ 1

Exa’mple: Assume an external interrupt has occurred, control
’ has passed to program memory location 3, and PSW bit
4 was zero before the interrupt. '
LOC3: UNI INIT . WJUMP TO ROUTINE INIT' IF
JINTERRUPT INPUT IS ZERO

. " e .
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STRT CNT Start Event Counter ’
[o0100]0101] -

The test 1 (T1) pin is enabled as the event-counter S oee e
input and the counter is started. The event-counter ' T -
register is incremented with each high-to-low transition - —= e owmr s
on the:T1 pin ST DT BRI b

Example: Initialize and start event counteri».Assume overflow. .o sus g__.m;:: AT s
is desired with first- T1 input. nemm TR . senias -

STARTC: EN TCNTI JENABLE COUNTERJNTERRUPT S
) MOV A #0FFH™ ;MOVE 'FF’ HEX (ONESY TO™ 75+ ’ R
JACC
I 4 MOV TA.. “MOVE ONES TO COUNTER- -

- f~ STRT CNT.® ;ENABLE TIAS COUNTER %" "
’ :INPUT. AND START

TR POk o Rl - -t

o wewie s s o oeRnihede -

STRT T Start Tlmer b i
“[ot101fo01 01] ; N e

Timer accumulation is initiated in the timer-register.s = ~ - =z s enm g
The register is incremented every 32 instruction cycles.
The prescaler which counts the 32 cycles is cleared -

“but the timer registér is'not.

Example: Initialize and start timer. —srmeemse | oo e D020 LT _— .
: STARTT: CLR A ;CLEAR ACC-TO ZEROS -
MOV T, A ;MOVE ZEROS TO TIMER .
EN TCNT! ;ENABLE TIMER INTERRUPT- - s
STRT T - START TIMER ™ S e e T
SWAP A Swap Nibbles Within Accumulator-==-#.. % .= wesizgasg

[0100[07111]

Bits 0-3 of the accumulator are ’swapped with bits
4-7 of the accumulator.

(A4-7) == (Ap-3)

.Examp_le: Pack bits 0-3 of locations 50-51 mto location 50.

PCKDIG: MOV RO, #50+ :MOVE '50° DEC TO REG 0 :

MOV R1,-451 ;MOVE '51' DEC TO REG 1 -

XCHD A,@RO ~ ;EXCHANGE BITS 0-3 OF ACC
:AND.LOCATION 50

: SWAPA . ;SWAP BITS 0-3 AND 4-7 OF ACC
y XCHD A, @R1 EXCHANGE BITS 0-3 OF ACC AND
X, :LOCATION 51

MOV @RO.A :MOVE CONTENTS OF ACC TO |
- ;LOCATION 50
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_XCH A,R, Exchange Accumulator-Register Cantents.. . s wn . P
ﬁ) 010 [ 1rr rJ N ' TR
The contents of the accumulator and_the contents of = == =~ = - = = -
working register 'r' are exchanged.. & _ .- . Tt oom cmemosren
(A) *_ (Rr) . r=0-7 =TT G - . PRIl o s o
Example: Move PSW contents to-Reg 7 without losing—=-=-=- - - = s Fn e s s
accumulator contents. e IR L LA
. XCHART7: XCH A,R7 ‘EXCHANGE.CONIENTS.OF REG 7755 m Bl
3 ;AND ACC - T
. “MOV A, PSW. ;MOVE PSW CONTENTS TO. ACC--, "
XCH AR7 :EXCHANGE CONTENTS;OF REG.T.gressy
R AND ACC AGAIN Y e
XCH A @Rr Exchange Accumulator and.Data, Memory Contentsix;;-;;a e SR
f7010]000r] N R -

The contents of the accumulator and the contents of
the resident data memory location addressed by bits
0-5 of register ‘r* are exchanged. Regxster r'
contents are unaffected. D1 B

(AL (R assenitiy

Example: Decrement contents of location 52. R
DEC52: MQV RO.#SZ ‘MOVE '52. DEC TO ADDRESS .

—

. REGO - -
XCH A @RO :EXCHANGE CONTENTS-OF ACC~ S Wi -
B : :AND LOCATION 52 |
DEC A - :DECREMENT ACC CONTENTS
XCH A,@RO . :EXCHANGE CONTENTS OF ACC

:AND LOCATION 52 AGAIN

\

XCHD A,@R, Exchange Accumulator and Data Memory 4-Bit Data

[oo1ifo00r} L —

This instruction exchanges bits 0-3 of the accumulator
< with bits 0-3 of the data memory location addressed by
bits 0-5 of register 'r'. Bits 4-7 of the accumulator,
* bits 4-7 of the data memory location, and the contents _
of register 'r' are unaffected. -

(Ag-3) = ((Rr0-3)) ~  r=0-1

S
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INSTRUCTION SET

Example: Assume program counter contents have. bépn stacked in <~
_locations 22-23.°
XCHNIB: MOV RO,#23  ;MOVE 23 DEG-TO"REG"(*
CLR A :CLEAR ACC TO ZEROS
XCHD A,@R0 ;EXCHANGE BITS 0-3.0F ACC--
;AND LOCATION 23 (BITS 8- 11

;OF PC ARE ZEROED, ADDRESS itz =

;REFERS TO PAGE 0)

XRL A,R[ Log|cal XOR Accumulator With Register-Mask oot s wiiin wan.era

I 1101 ] 1rr rJ o e i *’7“‘::?:'

Data in the accumulator in EXCLUSIVE ORed ‘with the mask -~ T
contained in working register 'r'. ot Fid R A B T e L Ay Sl

yeERE T I

RN

(A)<—(A) XOR (Rr)' Tty AR S — T

e ey, —ei-i- S0

Example: .XORREG. XBL AR5 "YXOR-ACC CONTENTS WITH
‘ ; . QA {MASK IN REG 5 :

XRL A,@R; Logxcal XOR Accumulator With Memory Mask
a [1101]000r]

.Data in'the accumulator is EXCLUSIVE ORed with the mask -
contained" in the data memory locatlon addressed by v
_register 'r’, bits 0-5. 7oy de - @& )
(A)=— (A) XOR ((Rr)) r=0-1 SN T

Examble: XORDM: MOV R1, #20H :MOVE '20' HEX TO REGT -~

XRL A,@R1 3'XOR' ACC CON I'ENTSWITH MASK
e ,,___-‘_..--~-~--~-~’""‘ ;IN LOCATION 32

XRL A,#data Logical XOR Accumulator With Immediate Mask

[(1101Joo11] [d7dsdsds]dsdz dydo]

This is a 2-cycle instruction. Data in the accumulator
is EXCLUSIVE ORed with an irpmediately-specified—mask. .

(A) < (A) XOR data

Example: XORID XOR A #HEXTEN';XOR CONTENTS OF ACC WITH

. MASK EQUAL VALUE OF SYMBOL
. "HEXTEN' -

‘°|0
1ot

1y 9¢C

k3

‘SC‘,

A
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