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Abstract

The damage of =lectrical devices has caused from disoder of
electriéa] s&stem emerged from blemish of electrical devices or
electrical-supply source. It makes much defect as decreasing in
the age of electrical devices or deteriorating in electrical
insulators. Principally it csuse burning } hence , protections
are designed to devices as fuses , circuit breakers.

Fuses and circuit breakers will open circuits toc protect
damage that effect devices connected to circuit breakers and
fuses. To use fuses and circuit breaker; sy there are some vital
conditions +that either fuses or circuit breakers are to open
circuits only disoder parts while others continue its functions.
In operation of both fuses and circuit breakers no other
functions are done except openming circuits when %t has defect.
Consequently if operations of devices can program functions , it
can open circuit ,or close circuir by rogramming function needed
to devices. So it‘hake system perfqrman&e flexible . If having

expands electrical systems , it will easily adjust by changing

prdgrams to correspond with demands of expanded.systen.
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(RD, Active low) bit # 7809 port 3 ATMUNUALATIINAIINILUAATUIA
64 K agfiusfivnun 28 u1

faodnvdt 14U EPROM Huud 8 K 3ufly 64 K 494 RAM AH1hAy
HUNA 8 K UMY 32 K wuraunendqaartusnfunndiesuaiuaTo tdantienn
jumper An1fNY1 address IHfundaaININUNI ARz AN it uUnIU
pullup Lﬁaﬂﬂuﬂ7n%ﬁﬁunuﬁﬂmaﬁuﬂﬁuuﬂmLﬁn}ﬁ

AITNKBINYITIUNT IR EAYROYNINAINI TN port agn?unwaﬂuﬁﬁﬂ

fygratasiuniaaiuan bit 4 0 use port 3 1GuAyYIN RXD uRy bit
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1 ey port 3 ifiufgyin TXD iwaneasfiuianaiuisont port 1 fiunua
WAy port 3 pin 2-5 1flu I/0 neoifiu-interrupt S7nATHUBN WA
timing input #

N1y 48 ANaINaTanay 170 AiAafusinniquntuatifin port
functionifBAa1uQN#E LY program HeRufesiiuan wdediefinang 2
18unte uuvy I/0f0990 I/0 UANABNRILABSURE Memory map I/C

antirufl 19798 crystal arnd 16 MHz 98RyLfuA sUREITIET. b
i afl

80c31-1 (14 ROM nanqu) 1fiu Hamqunn

- EPROM Aa7HuUan duU1m 64 KByte

RAM Atuuan uuta 32 KByte

1

8 port flatviufiay

4 port ﬁﬁﬁﬁﬁuﬂQUQu progrom

1 full-duplex serial port

clock m11ufl 16 MHz

Microcontroller Design U 1 u4aavn17adnuuuiafquangeny

Avidunged

AUALANIINTBUBN WAENIINDATHANYILAIINSINIBUDN
14 port 0 nanfinflifiu port #aya uszifiu port address byte
A  d2uport 2 (iU port address byte gy Haya uaz address byte
#1 1o port O %¥f time multiplex Af 373 fldafiy port 0 ifiukia
latch A7 address byte #9 sauibfugia  ALE  s7n 8051 (fullgginiu
N19 latch URs port 0 9 ifuthifiy input WAs output AINYUdIULAE

Lﬁuuﬁﬂqﬂ




i1 J0PF

H

XTAL

1unz.

1

{2 XOPF.

e

£310u

25

+5Y

RS .1K

WR 5
RO _
=
I +5v
/10K R233K RA 33K )
16 37 T
& 31 617 2 26t = Gt CEl
o 20CE 4 220¢€ €D
H H -
28 - 3 2 t 1 vep
18 27 2 e— 27 (PGM) 5 1ALUNC,
26 a1 n % (NCJ az T warce
Pon2 25 . 2 o 2
2 = 23 23
10 A10
23 = 21 e 21
19 22 = Y] =5 2
21 25 25
EPROMs Al4 RAM
2764 (84 m 6264 (8K)
712801600 A13 62256 (3210
8031 27256 132K
:7 " W B P EETERY :7 3
ki 16 4 2 4
e U 154 8 y 5
A1 gy 126 f e ~ &
35 =150 =53 wen 247 v v
14 — 1400 - 214 sHs T [
33 —{130RTD 0 4 ~o17 69 e 9
12 —120NTO —18 ; 41 210 10
i1 —117x0)
}o/-— e . AET L 19181716151312 11 9181716151312 11
= D7I DO o7 00
17 —48 2 AD
L6 —7 5 ADG
15 —6 N ‘;5
14 5 may oo 3 353
13 —{4 36 A)‘
12 —3 n 5
11 —{2 38
w—1 g W 209
F. Jumpet Table
}ll Memary Size EPROM RAM
I 8K None None
Reset 16K 1 NA
32K N2 A5
REB.2K 64K 120 NA
address u0Y RAM WAy ROM sudqefufifiguin  PSEN (Active

low)

180 PSEN Active uaavinifiuniafadafiy ROM

WRe dynya WR
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(Active low) %90 RD (Active low) Sg1Hanndy RAM URYHASIINUI
address flumnanvfiunasniosariuaniuudazuuan N9 1318918 jumper
Ul A2uMIUNIU pullup ﬁuﬁuQﬂﬁﬂﬁuﬂ?n%ﬁnuﬁmﬂuqumaﬁnaﬂiﬁquMSv
N19 A1971% jumper MUY 1 AHAMTU EPROM URs RAM U 2 UaAvAN

AududunendauadiNen A1uUlAENTHUBN

External ROM
0000h to FFFFh

External RAM
0000h to 7FFFh

Internal RAM
OCh to FFh

MOV MOVX @ Program ROM
MOVC @

1997 Reset WAy Clock 14 8051 Y1 Reset 9% Active high
LW?W&QzﬁHUﬁ Reset d¢#ovifiy high A4 2 machine cycle 1da 1 9udnn
wifue wasngeeinfiunn Reset Sz ifiu low 1AuAK2I9sT RC 1fni19udiy

widuvfltl Reset e ifiu high aunﬂsﬁqﬁnxﬁuuasi charge W14917 7

W ey
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2.5 V. 94n1%11 Reset 14 low UWREIsUUSELIuNTNIU  flu1 Reset

fi9fl Switch A M4U Reset Tzuuifinfatifnenns

Expanding I/0 Port 1 URy 3 ﬂquqﬂnﬂﬁtﬁunﬂnauqu LRzt L9
aanuoeiays  data bus i idaysuvfivaessnieuaniflateny 170  chip
I1/0 ﬁﬁau%ﬁtﬂu port #Aa 8255 Ay 8255 9:fl Register Cortrol word
A1N110 Set iR Software flanMumaf port uoy 8255 fldadn port
A, B, C fln1auau130ifiu input port,output port
TU 3 4ARSGAIT AN 8255 tH1iuluTsuunnnafinn i portuu s
8 bit 0f 3 port flyniuavniueiy  I/0 AoAlani§aBeiAasInnd 9ty
N171812871UN1 91881 control bitiU port 1 WAy 3 fdoufl I0 sn
VIULE U3 idunavn1Tueny I70 port Ao n1af 8051 AN HARMD

flunrsuansnsall port 1 URg 3

ol S : JSen
Reset
14 o 35 2 b~ Paz
Port 3 13 Al 9 1 }— PA3
12 =z 8 40 |— PA4
1 Brer 5 39 [— PAS
WR
10 16 38 }— PA6
37 p~— PA7
D0
1 = 34 18 }— pPBO
2 =3 33 19 t— P81
3 = 32 20 — PB2
8031 Portl D4 3, 8255 21 = P83
5 oz 0. 22 — PB4
6 o 29 23 p— PBS
7 7 28 24 }— PB6
- 8 27 25 p— P87
14 +— PCO
15 b— pCl
16 }— pc2
17 }— pc3
13 = pC4
12 p— PCS
11 |— pCB
10 }— pC7
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Memory-Mapped I/0 chip fafnune  port aiturqattifiuduawniagy
Arnenfiuignatituni 28anuuyY LAAVITIUNTY 4 1918787 700DNUUUIHIU32K
Houuu ( 8000H n4n genda ) AmiuniTusidg port Ay A1S (fiu
high 189810 32K upe RAM (7FFFH n4ad1nd1) A15 seiflu low fefiu

KBvn17 inverter iflpnnmafigssndivfufuaeniuinnciuen wae 170

To RAM CS Pin

A5 41— pad Al5 —
Reset 6 3~ PAl Al4 —
Reset o 35 - 2p—pA2 AL3 —
8051 A0 ———— 13 11— Pa3 A12 —
“"",'3”79“’ Al ——eeeeed 8 40— Pas All —
P36 RD - 5 39 }=— PAS ALO — l4Ls | FFFCF
TR — e 6 . 38 f— PG A9 ~— And b— FFFa-8
37 b= A7 A8 — Aey L FF47
N A7=—  leee L pepgg
ADO -—-m—-ﬁ-——-— 34 18 b= P8O A6 —
A0} ——— 33 19 - pB1 AS i
AD2 —————— 32 20— P82 A4 —
4 AD3 ——— 7t 3 5258 21— p83 A3 —
AD4 ——————105 30 22 }— PB4 A2 ~—
ADS mmm 1 29 23 f~= P8BS
ADG ————Eotmem 128 24 }— pgs
Py L A b 25 | ps? A e
ap—pco
18 — pC1
16 — PC2 10K
17— pC3
13— PC4
12— pCS Reset
11— PC6
10— pc7  18F I
8255 Cor For M b

Resat Circuit

n17nanuuunrIssnoasfafgdudatiaandy  RAM (fusuouNInuay
A119z3syAnunlviLiNauIunTIRadaly chip I/0 JU 4 uAavnrT8EnUULA
994 3 memory -mapped port 1 address FFFOH - FFF3H, FFF4H -
FFF7H,FFF8H - FFFBH WAy FFFCH - FFFFH a8 RAM atui3a4tfiufisin
0000H ~ FFEFH 1#

Memory-Mapped I/0 ﬂiﬂtﬂuﬁiﬂMﬂﬂﬂﬁ port 8% 80Siudtinifu

ife nafgyidy fufluaey RAM ifloununatitfin address #DY I/0 Anuae

SETTTN



z2

Auanguay  programss inflauliu port I/0 uandnsfiufiiavitanty Movx
fiu Memory—ﬁapped I/0 -

am¥uniusne 170 u 2 woufiu SeRsqewqntgifenatdeaatnn
T5UUBNABYASIN  AIINABNNTT I/0 port NINHEHLIYIMA URE UUAAURY

ndayniuIn

part Speed Hafsnswrtantedfinaz1luaangaunitnanuuy  Asdune
parutddagatiqussuy miagauafianuaszatiiaan tianstaya iy ns (19
arflatiaunisdiundn L duutiogandeainnnun address wi7)  (2a1qatffae
favfidananndaatuilatunitoanuuusuy 1aatfiatauntsaqundn 1iuutin
§R91IN RAM fiutiaiflafiiuniagiutiogasin RoMdviaa1fienuasy ifiuia i fan
1A uduaYTeUY  WAZUNIDEINYD Y13 EPROM ﬁLﬂﬂﬂﬁUﬁnﬁqﬂﬂunﬁﬁtﬁﬁ
fefiayR An 150 ns WAr RAM 141987 400 ns  audoudu idu 373 Byt
\Bufa latch a141701HAT50R LSTTL flunT¥)a HCMOSiWT18a27u 159109

Aquflegnivffiunau 199089 8051 NAN

nAAsuN1T00nLUY 180 hardware QnuTznBuNHIfuIn LfiukavaT1sADY
N17800UUL  1AENTTLEEU  progran funam3asAsunIMnII SapidNaan

program AUFIUNINTINAADUIUUAR LAY

NAADY Crystal Buwsntiownaasuasiduaaisidn 9993 Rest Uas
Crystal NINIUIAUNARDUIINAQQIA ALE AR29u8#7u oscilloscope 43
Arnduevlgyiw ALE #ovifiu 1/6 uav a2qutl crystal dmtufinaanunde
Reset 1AHNAUN Reset WAsMI7988Uq port funuadviinvadiuaniug
high (input)
nAASY ROM (fiu program naasuflandyfigaidaudisdnfianauguainisa it
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a v

wintfiogaean EPROM uay UNUUGUALA n1T fetch @INNTaNARBULAN

N13IRI99ABUUUARE address paY ROM dauq an4vni1InTenada n13nas
address ufifisgnaantinianszinn iy SAL LAY

1R TUUNAAsE address

address a¥vay 2 (M7 14U address ifBVIANIAEISg LU high u@n

fluse 1lu  low NI1INARDUSENARAY AUUNRE address UWAEMINNABUNNT
short fiuendiy 2 {4y

tiin1maanuan 199 program evya f address gegaflifiuiuih
‘ﬁﬂﬂ ROM 1t1address &1N130nAADULHAIYE logic probe @ﬁ address

gegafiesazuingdngdinsd d11waedl preve 9znagny fuforovuntuseuy

N1INAABUATINTINIUAAEAY 373, EPROM UUAR 64K, jump A§A1-3
LAENINTT  Reset 8051 NIINARBUAINIINMAIZNYAIUNN 7  address 1My

nianTeinniufl address fu #ondaviguinfiunaugatinuney progrom na

a9y ROM
ADDRESS MNEMONIC COMMENT

.org 0000h ;start at the bottom of ROM
begin: 1imp add2 ;test address line AC and Al

.org 0004h ;next jump at address 0004h (AZ2)
add2: 1 jmp add3 ;test address line A2

.org 0008h ;next jump at address 0008h (A3)
add3: 1 jmp add4 ;test address line A3

.org 0010h ;next jump at address 0010h (A4)
add4: 1jmp add53 ;test address 1line A4

.org 0020h ;next jump at address 0020h (AD)

R



adds:

addé6:

add7:

adds:

adds:

addlo:

addl1l:

addiz2:

addl3:

addl4:

add13:

1imp
.org
13imp
.org
13jimp
.org
1 jmp
.org
13imp
.org
1Jimp
.org
1 jmp

.org

1imp
.org
13mp
.org
limp

.org

;This address,

addé

0040h
add7

0080h
adds

0100h
add9

0200h
addio
0400h
addi1l
0800Mh
addl2
1000h

addis3
2000h
addl4
4000h
add1ls
8000Ch

addl5

AlS,

¥
.35

;test
;next
;test
;next
;test
;next
;test
;next
;test
;next
;test
;next
;test

;next

;test
;next
;test
;last
;test
;test

here

; jump

;assembler use

address
jump at
address
jump at
address
jump at

address

Jump at

address
jump at
address
jump at
address
jump at
aadress
jump at
address
jump at
address

address

here in

line A5
address
line A6
address
line A7
address
line A8
address
line A9
address
line Al0
address
line A1l

address

line Al12
address

line Al13

0040h

0080h

0100h

0200h

0400nh

0800h

1000h

2000h

address 4000h

line Al4

(A6)

(A7)

(A8)

(A9)

(A10)

(A11)

(A12)

(A13)

(Al4)

line Al5 and remain

a loop

will remain latched while A2-A14 will
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;remain low. AQ and Al will vary as the bytes of the Jump

;instruction are fetched

FIGURE 5 Assembled ROM Check Program

0000

U 5 UARY9IIHARE LBUANAN program fine address

.org

0000 020004 Dbegin: 13jmp

0004

0200u8

020010

020020

020040

020080

020100

020200

020400

addZ2:

add3:

add4:

add5s:

addé6:

add7:

adds:

addg:

.org
iimp
.org
1 jmp
.org
1 jmp
.org
1 jmp
.0rg
1 imp
.org
1imp
.org

1 jmp

.org
1imp

.org

0000h
addZ2
0004h
add3
0008h
add4
0010h
addSs
0020h
addsé
0040h
add?7
0080h
adds
0100h

addeo

0200h
addl1o0
0400h

;start at the

;test
;next
;test
;next
;test
;next
;test
;next
;test
;hext
;test
;next
;test
;next

;test

;next
;Lest

;next

address
jump at
address
jump at
address
jump at
address
jump at
address
jump at
address
Jump at
address
Jjump at

address

Jjump at
address

Jjump at

bottom of ROM

line AO
address
line A2
address
line 23
address

line A4

address

line AS
address
line A6
address
line A7
address

line A8

address

line AS

address

and Al
0004h (A2)

0008h(A3)

0010h (A4)

0020h

{45)

0040nh

(A6)

0080h

(A7)

0100h (A8)

0200h(A9)

0400h (A10)



33 .

0400 020800 addl0: 1jmp addll ;test address line A1l0

TR

0800 .org 0800h ;next jump at address 0800h(Al1l)

0800 021000 addll: ljmp addl2 ;test address line All

1000 - .0org 1000h ;next jump at address 1000h(A12)

1000 022000 addl12: ljmp addl3 ;test address line Al2

2000 .org 2000h ;next Jjump at address 2000h(A13)

2000 024000 addl3: 1ljmp addl4 ;test address line A13

4000 .org 4@00h ;last jump at address 4000h(A14)

4000 028000 addl4: 1ljmp addlS ;test address line Al4

8C00 .org 800Ch ;tes: address line AlT &und remain

;here

8000 028000 addl3: 1jmp addl5 ; jump here in a loop

8003 .end ;assembler use

NARAY RAM  A1N717AMTIIADUIINAIINAINGTOLONHIAIUANAUNT S
execute N1IMAADUIANT UYL 1 Guudrfigqusuufiunuauaviy RAM unfifinai
A1 ffiquuuuifiuianl adufiy 0 1o S5h n¥a ARh

UTUNTNADIL 19198 LEBUAT AN IMUAR NI RAM NNBUBN  UALEIUAD
NRUNIAT29RBUANLARY byte fiGuuavivlianiangassauiinings defiuncu
A ina2fun 19 1ARINDPTR register BY. Portl WAz bit A919u8¢ Port
3 A1unT0al LAufIuARNARINE DY DPTR 1

e 14 bit UBY port RAINITAUTIUAEIE (serial port
gewignatisieffu -bit 3.0 war 3.1 Wwifiu 88%¢ ) WAz LIHENNNT 15
bit AM%U address Bu1M 32 X qudld program ¢14NARDUAULIIY 8 K
A9l 13bit UN1TAI2988Y InTnsazfiussd 4 dquafnagou (32/8) UAw

HA1NT9nAABuHIY bit f 14 (port 3.5)asiflu 1 udl&uinad bit A 14




szifu 0 X
yafhirauasnianasauide sxinaaemsuiaentTIuutud  address
MINUT address flazul 8HIINIINARAY ROM {iin1nd1 address qntﬁuﬁﬁ

VIULHNTINARDUIENINIULE  program NAARY RAM i

ADDRESS MNEMONIC COMMENT
.equ ramstart,0000h ;set RAM test start address

.equ rmstphi, 20h ;set RAM test high stop address

.equ pattern,33h ;determine test pattern
.6qu good, Z0h ;RAM good pattern F3.5 =1
.equ bad,0dfh ; RAM bad pattern, P3.5 =0
.org 0200h ;begin test program at 000Ch
mov p3,#0ffh ;set port 3 high '
mov dptr,#ramstart ;initialize DPTR

test: mov a,#pattern ;set pattern byte
movex @dptr,a ;write byte to RAM
inc dptr ;point to next RAM byte
mov &, #rmstphi ;check to see if at stop address
cjine a,dph,test ;if not then loop until done

move dptr, #ramstart ;start read-back test

check: movx a,@dptr ;read byte from RAM
cjne a,#¥pattern,fail ;test against what was written
inc dptr ;go to next byte if tested ok
mov a,Frmstphi ;check to see if all bytes tested
cjne a,dph,check ;if not then check again

mov p3, #good ;checked ok, set Port 3 to good



here: sjmp here ;stop here
fail: mov p3.,dph ;test failed, get address

anl p3,#bad ;set p3.35 to zero

mov pl,dpl ;set Port 1 to low address byte
there: sjmp there ;stop there

.end

hofeinm \URHU ramstart WAy rmstphi (fanA&audiu 2000h — 3FFFh
, 4000h -5FFFh U8t 6000h - 7FFFh N1INARBUNUIHAININSENARDL
fiugau 1 Ao (20)00, (40)00, (60)00. WAy (80)00hU 80511HfATAY
halt wAAINIT09801I0T83RA LU loop Byffufiunuts

pusdLIMMARIUINI TN BUBATAANY B0S1 WNALAIUAE subroutine
Aatufiazgnatignauunds iy

Timing Subroutine subroutine ﬁgnt?anﬂﬁ A8 program WinNvzXov

L9 BUR NI MAANINLDY program WAN  LUAEUIY Saaunfuia n1a
18 subroutine Mﬂﬂiﬂﬂuﬂﬁﬂﬂﬂgﬂ A1yn8NaIN subroutine NvIU LRSS
subroutine Mavifiudrlunundaday ¢ UDYITULUAZATINITOUTIAN
indnfiunsunagnalivids subroutine nvauiA4S nﬁﬁmnmﬂuuaqﬁagﬂﬁxﬁu
eNannifl program nEN LRUNIBINTIE program nin YgANYRIY nn 7
AvinflouAnfiedsuaenfeniai9unat subroutine
gafinuanifiuiovdaneduiy  subroutine idaaui 20 iifiunda e

Ute@nfnw

Time Delays Uil subroutine itmanfianfide nq9miaviaa1fvadant

softwarequgu n9a1l Timer #u clock nruaufiis
hardware Timer ﬂﬂﬂﬂﬁiﬂﬁﬂﬁu software n9n hardware

mode U software mode {7 program &AIIIRDUNITILIAA overflow



AT

B~ o e v e e s e T

(9%
A

1oy Timer SAHSE N9e98RB8ANIIN loop Lﬂa overflow (N set RN
hardware mode 9gafim9va¥1vuoy 8051 #%U interrupt 910 Timer
overflor WAsAYNT interrupt program Hnfinfly

18017 interrupt Qnﬂﬁﬂuﬂ?ﬁﬁﬁﬁﬁuﬁuﬁﬂﬂq NAHRINITANTINAY
dudniuth  wasflagiugavioan  delay wAn19%H Software 1un1INUAY
1987URs Y softwaredINfil Timer AUNTINUINIIATAIAUANSINAINITO
runaeudutinusinaniandaviaan

finvin19 interrupt mode #i1 programﬂzﬁﬂﬁﬂﬂﬁuﬁah routine
1o intetrupt vector (#ININ149U program #8vf interrupt
control registor P aehit Qﬁﬁﬂz%ﬂﬂ&ﬂﬁu subroutine fun1iny

n1andne 1813889l Software #8 subroutine fln “softime"saufiinan

quntaniavlivund 1-65535 ms Saual Register R7 AUNTINNIRALIR1N19
alavdugIn 1 ms Agun1Tt9unE Ke9 load A112a79K89A0TMUANAY
Register A (LSB) WAy RegisterB (MSB)

A7 17R1N19MU2eAAT 21987199001 INTNNUAUNLARE Machine cycle
(12clockpulses) AIMYY crystal #21ufl 16 MHZ sgiff

Cycle Time = Mamp U S5 8S = 0.73 p#s

16,000,000 pulses/s
n17uduuarantduny crystal 3enqffA 194701 9MUINANL sub-

routine (URuUtUH Y

Softime 9NINTIMUIY N 1-65535 ms AINAIAiDYIU Register A
(LSB) WRy B (MSB) daun1918 Subroutine s#dN load A1RVAYU
Register A URg B {1 load A1AUBANIU Register fieapvazguaninad
Subroutine ANNTINWNIUNKUAH programnin fuf

ﬂ?Lﬂuﬁﬂgﬂﬁﬁcommaﬁsuﬂﬂﬂﬁﬂﬂﬁuﬁuﬂgﬁﬂuﬂﬂﬁﬁu loop NUINLIRN



ADDRESS

softime:

ok :
timer:

onemil:

’

MNEMONIC

.equ delay, Oech
.org (000O0h
push 07h

push acc

orl a.b

cjne a,#00h, ok
pop acc

sjmp done

pop acc

mov r7,#delay

nop

nop

dinz r7,onemil

37

COMMENT

;for 996 45 time delay = 222d
;8et origin

;save R7

;save A for A = B = 00 test
;Wwill be 00 if both 00
;return if all 00

;keep stack balanced

;not all zerces., proceed
Seng gl vfrellRIAl, %

;tune thé loop for 6 cycles, 1
;this makes 2 cycles total, 1
;3 cycles total, 1

;4 cycles total, 1

;count R7 down; 6 cycles total, 2

;total delay is 6 cycles (4.5 ,is) x 222d = 999d  us

’

nop

/s

;tune subroutine .75 s more

;total delay is 999.754s,which is as close as pbssible for the

; frequency used (1000 Ms = 4000/3 cycles)

’

djnz acc,timer

;count A and B down as one



A

cine a,b,bdown ;A = 00, count B down until = 00

sjmp done ;if so thén delay is done
bdown: dec b ;count B down and time again

sjmp timer

done: pop 07h ;restore R7 to original value
ret ;return to calling routine
.end

Hp&vinm Registor A AU program ﬂzqnnﬂnumﬂﬁﬁadq “At Befiuse L fiu
Registor #aiRuqfiy ACC BvlHIUNITUTENIANALAL AN IMuAtaas Regis—
tor R7 fvdaindndazatuny (Aafi1eiy Registor findnansiulia

idannuait A = B =00 ukqqunqnnLfinedy program {3ufly A
9710 00...FFh...00 u#288an hﬁﬁugnﬁnenﬁﬁﬁﬁﬂﬁuﬁanﬂﬁtﬂﬂﬁﬁnﬁﬂﬂn%UA
WAy B ﬁﬂﬁulﬂﬂu1nguﬂﬂﬁu17ﬂﬂﬂﬂﬂUﬁﬁﬂﬂﬂ?ﬂﬁH7 0000 uAagANIT setnay
flag flod" B amavsin 00 1fu FFh

AiNA2 N L iU Ui Lvaﬂﬁﬁaﬁﬁqmﬂunﬁvﬂuﬂvﬁa 1 ms Ry

L9ty subraoutine 1U1987 1014.75 55 W908A10ANRIA 1.5 %

N13nUIv 198198l softrare 42uHY Timer A1INUIYLIR13ANAY Timer

WazfldlUusoftware ADNMIISABU flag 99y set \fln Timer NINTULIRES
nirefiviusg indouffuntamdaviaanannnl software Aalnvnanuadiunig
Mi241U Register A wdr BuazfH291987 1-65535 ms

A uduny clock 8M%U  Timer Asmtiufl crystal ni3fiay 12
n48 1 machine cycle A9HATU 1287 1Y 0.75 ms andu Crystal 16

MHZ dfRgn19fu 1ms NInURIAY
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n17fuaandu 1000 s = 100070.75 = 1333.33 (1333)
nrannuandeaund stiud 1 wefdr@anatatiny i1 19879u01 92 9E YN n
1319¢inv 1400 crystal ANt 12 MHz uni1Inniaa Time delay &9
wiuaHifiu clock iflanmiaviagn |

Timer 0 Y¥{nAnuAIfiiy 1333 §n (0535h) 971 clock N8I
iAo ifat2a1miay fusIu A8 1 ms Register A URy B wqnfiuavida
TO 1A overflow 1889310 Timer ssfiufiuingnsasfiy 13958M1A7 two

complement Y8V 0535h iananuaat Lfiudd t9usuiun19tutey Timer

Timer N13942919873a8H Timer #8847 "Timer" 48 Timer 0 U3
Register A,B 1fl8n918a19879UN190U9998041Y 165535 ms ALY
Register A (filu (LSB)usz B 1fiu (MSB) uszifla load 41 0000h 9%

fuaafnrneunfuusyd programmdnfiuf

ADDRESS MNEMONIC COMMENT
.egu onemshi,0fah ;2's complement of 535h = FACBh

.equ onemslo,Ocbh

.org 0000h ;set program origin
timer: push t10 ;save timer O contents
push tho
cjne a,#00h,go ;test for A = 00
orl a.,b ;A = 00, test for B = 0C
jz done ;A will be 00 if A = B = 00
clr A ;B is not 00, clear A

go: anl tcon,#0cfh ;clear timer 0O overflow and run
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;flags in TCON

anl tmod,#0f0h ;clear TO part of TMOD,set TO for
| orl tmod, #01h ;timer operation, mode 1 (16 bit)
E onems: mov tl0,#onemslo ;set TO to count up from FACBh
n

mov th0, #onemshi

orl tcon,#10h ;start timer O
P wait: jbc t£0,dwnab ;poll TO overflow flag
simp wait ;loop until TO overflow
dwnab: anl tcon,#0efh ;stop TO
d3inz acc,onems ;count A down and loop until zero
cjne a,b,bdown if A = B = 00 then done, return

simp done
bdown: dec b ;decrement B and count again

sjmp onems

L

done: pop tho ;restore TO contents
pep tl10

ret
.end

bedving  d19u  TO 1Uﬂ1u17nﬁﬂznﬂnum%ﬂﬁnqnugnMauuaqLﬁaﬂiﬁaﬂwn
wdug i dulwda Se1ADen191fiv TCON war TMOD bit avmdy ToO WY
TO ﬂﬁuﬂﬁnQnﬁﬁtﬁﬂlﬁUﬁﬂHﬂ 1aufusy Liudqatfiviny

program i 994 TUR2eWHANTY program softime Lwﬁﬁsﬁﬁﬂﬂs
1811818V processor Ul program timer {dundniAntiopaudinuniiuta

nguraIn1TiudunauavAtflay load 1 TO  N94AINA20 1 UABUIINLIAT 1

R, o N -, . -
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[

W}
nuntentieifa#  program NMVINIUANDAET Timer Hunaviuiy
ta3sfifanianinuaiaanniuiuneis overflow (fiudav ¢ dvlindaviqand

NHUILURT29 overflow HAiipy LﬁuﬁuﬁQHﬂﬁWWﬂﬁﬂﬁﬂsﬁﬂﬂmﬁﬂ

N19MUI9 19899898 Hardware 1107994291 787U7U 7 w40 processoriy

ﬂﬁuqﬂnqmtﬂuanﬁuﬁtﬁuﬁqwtqaqﬁu 7 fafiu  sn i fiudinens interrupt
mode #vf '

1. nN17iNA overflow 981U interrupt processor feUAA Y9N
hardware ! 940 subicutine HHHMURKATNUATIUULAUAY ROM NANTINAYU

2. AINTI09¥AMUA subroutine AAUINAUAS 1281 f981unne
delay (fnwlf ,nraniviussdsAussitiud 1 gn interrupt)

LI87UN IMUINNIMUAIAEEAYE program ﬁﬂstﬁuﬂwﬁﬁavnwanuqq
14U RAMAYBuENUAUNIIAEndT “savetime” WA 19HN “startime” #4
S¢  set ¥WNIUNI9HU UWRY program nHANSsnuvIuULAEABYLfutIen g
A8

JULUUYBNY  proguam #8vf# rortines LAuU14lu  ROM iflpaft
program Ninvufianunuetl  1dainan1T  interrupt fugtiiannua
routine fAauvzfn191n1INUIN L8N

uiantivd 8 3 subroutine Aanuniy interrupt UGy ROM

1. Hardtime : Subroutine gNNIMUAIAEINATANINLI871UNTT
midvsgiadsfuidoin (i 1aafvAuge fiefu subroutine fivzAunuiy
program nﬁnuaug%ﬁ%umﬁquQﬂﬂuqn interrupt iAH timer flag #1117
aruanfutiuse 19unrt program“Usertime” )

2. Usertime : subroutime gnifuusnufitinanatiu#iaunigin

AN U9 ( @ ndudind el 1fusubroutime 41y T #pn19dendy )

£
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3. Stoptime : subroutime ﬁﬂshgﬂ Timer
Note #i7 assembler f@1utr9anamus 17 1abel Vifivfinusfiainguachiaibin
\BuHIDUIVHARDTIME, hardtime, WA¥ HaRdTiMe Szflpaaunniuinfloufy

N1IMUINLIRINALAY hardware AuAHRs1l Timer 1 a m¥uniifia
19877u31u 10 Timer 1 1AM overflow 9:fNA1U set flag UR¢ pro-
gram ﬁsﬂﬁiuﬁmﬁuﬂHQOOlBh U program memory {1 bit WWinterrupt
cortrol register IE URy IP.QD set

#2a819fgaHa18190 set Timer 1 am4uniamudaviaalvud  1-
65535 msIAUATINIMUALIIU RAM N18UBN WUANUNUY "savetime" (LSB)
URy "savetime"+1(MSB) A9U Regidter A Uay B ﬂsiﬂqnﬁﬁ Lﬁﬂvﬁﬁn
viuAdiuiinvnITuay program flesfiy Register 2 Kaf1A

N1INUYI9L118199AY hardware Qﬂl?ﬂﬂ11 "Hardtime" uazifanfn
(AU AINAUANAY  subroutine MU A9U  program unviat 1warsasliu
wwamag i isuaniafiounndn “User"
Hardtime sudroutine "hardtime" f9¢1# Thardware IRuvat1vifian
WNIINMUA LRI IMEIY  ifa 9NN IE.7 uRs  IE.3  (EA
Way ET1) HovQn set UA¥ subroutine ”startime; gnaaNsaTeaiag
3 AN VIAa AT Timer 1 anunisfl 001Bh  #D LIMP hardtime.
ACALL usertime (ffy label "Userdly"), WAy ACALL stoptime &nfN
LAYDAY interrupt ABATINIYA set bit IP.3 (PT1)fiu high (1) w9

low (0) AH9MUALIHUAUDN program WARVIHHIVATY

ADDRESS MNEMGNIC COMMENT
.equ savetime,0010h ;external RAM address for delay
userpgm: .org 0COCh ;start user program

sjmp userover ; jump over interrupt address
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.org 001bh ;interrupt location for TF1

1jmp hardtime :jﬁmp to time delay subroutine
userdly: acall usertime ;called if delay is up

acall stoptime ;dissable timer interrupt

reti ;return to main program

userover: mov dptr,#savetime ;point to delay address
mov a,#01lh . ;store desired delay, LSB first
movx @dptr.a
ine dptr ;point tﬁt next byte (MSB)
mov a,#10h
movx @dptr,a ;desired delay now stored

orl ie,#88h

..

enable T1 and ail_interrupts
acall startime ;start time delay

here: sjmp here :loop to simulate user program
;the user program now continues while timer 1 runs until TF1
=1 !

;the interrupt generated will vector to location 001Bh and
execute

;& jump to hardtime that will decrement the contents for
savetime

;until the desired time delay has been done; hardtime will
return to

;the main program if the delay is no£ finished,or to userdly

if the

;delay is up: userdly returns to call stoptime , which stops



the timer

;and returns

program

>

startime:

hardtime:

aff:

44

to the RETI instruction for return to the main

mov thl,#0fah ;set Tl for a 1 ms delay
mov t1l1,#0cbh ;(see TIMER example)

anl tmod,#0fh ;clear T1 part of TMOD

orl tmod, #40h ;set Tl to timer mode 1
orl tcon,#40h ;start timer‘l

ret ;return to calling program
push acc ;8ave registers to be used
pust dph

push dpl

mov dptr,#savetime ;get pointer to time delay

movx a,@dptr ;count delay number down to 0000

dec

a ;low byte first

cjine a,¥00h,aff ;check for 0000

movx @dptr,a ;save low byte = 00

inc dptr :get high byte and look faor GO

movx a,@dptr

jz

done ;done if low, high byte = 0

sjmp sava ;not 0, delay again

cine a,#0ffh,sava ;if low byte = FF dec high

movx @dptr,a ;save low byte = FF

inc dptr :peint to high byte

movx a,@dptr ;count high byte down
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dec a
sjmp sava ;save the high byte
done: pop dpl ;finsihed, jump to userdly
pop dph ;restore all registers used
pop acc
1imp userdly ;continue at user delay
sava: movx @dptr.a ;delay hot up, save byte
pop dpl . ;restore saved registers
pop dph
pop acc
acall startime ;start Tl for next 1 ms
reti ;return to user program

; the user program "usertime" can now be written as needed;
a return
;Wwill be used to simulate the user routine
usertime: ret
;after the user program is done then "stoptime" will stop
timer T1
;and return to the interrupted main program
stoptime: anl tcon,#0bfh ;stop timer T1
ret ;return to reti

.end
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findvine  aanfitasfigatuniamiavs 1 ms SELPAS TPETRE LT FERY
cycle NM%interuptlinfidnvuay  stack anenfia VIR HeMNAY routime
A147709%79U9f  interupt #Tuniy 001Bh

Ad Y RETI. anafilun13deniamaviufud  program nén nﬁqaﬂnqn
interrupt 10 1]

ANAY  RET  gnabiuni2d4vAusInna1i98n routine
wAdez1ugn19mT99a8uAY 1 SuuTN 1By GOO0N

2

Look up Table ATn4y 8051 fnajunadaunisanuan ifs iudouiandinty

wifugndingy #aadirefa ¢ tfunisiuduusiagnug ASCII anduiay 0-9
Wwifluiay birary (BCD) 8¢ ASCII 3Ch = 00d, 31h = 01d. sunvzfiy
39h syunafiy 09d

i a8 viuniiudeusan ASCIT 1uifiu BCD dsni3ay
A7 ASCII#qy 30h azidiau BCD aanun  A8dufignis9ta19191Auduny
\A1 BCD 1414 ROM a7 address flfududfiudn ASCII  dArdusaqau
address azqnﬁ InuKtin¥T ASCII uRglatinye ASCII 194n17 "looked
up" defafussifunuiay BCD

anduiusioodeiagtifainys ASCII 30h-3%h 19787819074 ¢

nprogramAniunnt 4 address ﬂzuﬂﬂvﬁﬁﬂﬁ?ﬁﬁﬂﬂﬁﬁﬂ .db

ADDRESS MNEMONIC COMMENT
.org 1030h ;start table at ROM location 1030h

.db 0O0h ;location 1030h contains 00 BCD
.db 01h ;location 1031h contains 01 BCD
.db 02h ;location 1032h contains 02 BCD

.db 03h ;location 1033h contains 03 BCD




U OV,
M e

47
.db 04h ;location 1034h contains 04 BCD
.db 05h ;location 1035h contains 05 BCD
.db 06h ;location 1036h contains 06 BCD
.db 07h ;location 1037h contains 07 BCD
.db 08h ;location 1038h contains 08 BCD
.db 05h ;location 103%h contains 0% BCD

WUAARL address byte A1 9y ifiufiafinus ASCII dvziAudl
fliMafuuay BCD 14 1 DPTR gn  load Hatd1 1000h 4z A AN load
WruArfinmuasan ASCIT  #eflu MOVC A,@ A + DPTR 4w adaufiiuiriany
BCD Dbyte andy A1au A

lookup table #1satiiflonadrfldsnan  idu nrqsusavadanuuas
exponentialiftilookup table #B9n17 1Ay vfudiu ROM 49N 1%n79uuAy
A1 i 8andratna9anuan

8051 988419 Lookup table 917anfvd1y 7 D MOVC 2. @A +
DPTR WR¥ MOVC A,@A + PC 310y 2 naflfinvat pointer n4nA1flanuin
29N  pointer ﬁqgntﬁﬂndn "offset" URz DPTR w93 PC o "base"
UV address WAIDHINAF YLD Vaddress M8 1000h WAzf offset (fiu
\AU3IN 30h-39h

N34  PC sggnafilanisudandsrtiamduniaivifn ¢ uwd DPTR
egnitiumieang 1 19902989109H861Y 7 U program

whey 2 naa Kavn11feenitioysiu  address 1nav  ROM %y
address 9%iM1ffu  base + offset U 6 LAANNIINT  address 1y

lookup table flanuaasan Register 31uﬁwﬂﬂﬂ
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DPTR + FFh

H
*
k]
DPTR + 01h
OPTR + OOh
A + DPTR = Any Address From DPTR To DPTR + FFh — PC + FFh
- .
I A Register + I OPTR = Any Number nn M
3} PC + O2h
PC + Olh

A + PC = Address From NI ToNI + FFh

¢ Next Instruction
[ A Register ] +l PC = Address Of Next Instruction J r MOVCA, @A + PC
\ . ;

j

MOVC A, @A + DPTR
MQV DPTR, #nn

External ROM

Haanfiaune lookup table (AASINAYAUANATISHULH IRUY 256 A7
f9 fHusz iufasnfanuintnenn 1y wdtasafadainisnatinataniTiudun
71U address Lﬂﬂﬂﬂﬂ?tﬁ“ﬂﬂﬂ offset 256 byte U7 Heflu  offset
A dindoufuatnnsa tuioftiayatuniaividny  address  fiutiannnng
wWABusIY  address  #e8d1v tdu nasivduudl DPTR %90 1000h fiu
1100h uM1919IURBY ASCII fiu BCD

fiv PC uay DPRT flifiugiu address ¢ iaunfiandivainuifingy

PC nﬁﬂﬁﬂﬁtﬂujﬁu ﬂuqﬂdﬂ A (fufqaiauagndny 00h URr Ofh AIN%udn
ANANADIUDY A AINITONTLASANNIT load A7 A AVAU B uktaiandy

MUL AB iflpa¥19ifiu lookup table
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mﬁﬁﬂﬂiﬁﬂﬁuﬁﬁnQﬂﬂﬂviﬁﬂﬁﬂﬂﬁﬁﬁ MovC ﬁavﬂnﬁﬁunﬁsiﬂmﬂgaz
n119  MOVC UB¥m1919 %98  program & fetch Bays byte usnuaznn
N7 execute N1 iflusiasn14d1dq” pe Heavifiudrnavandengzana (andy
fa1nanfy MOVE) ifledn address BANAIIINGNATU
PClook program "pclook" 84 PC 1fugiuuasdl offset fg A
NEIIINANAIMOVC AN Register A Ssfid1iflunndvanvunedr 1oy

ADDRESS MNEMONIC COMMENT

.0org 0000nh
pclook: mov a,#0ah ;find the square of 0Ah (64h)
add a,#02h ;adjust for two byte sjimp over

movc a,@a+pc :get aquivalent data from table to A
sjimp over ;jump over the lookup table

;the lookup table is inserted here , at PC + 2. (PC = 0005h)

. .db 00h ;begin table here, 00°2 = 00
.db 01h ;0172 = 014
.db 04h :02°2 = 04d
.db 0%h ;0372 = 09d
.db 10h ;0472 = 164
.db 19h ;0572 = 254
.db 24h ;0672 = 36d
.db 31h ;0772 = 494
.db 40h ;0872 = 64d

.db 51h ;0972 = 81d
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.db 64h ;0A"2 = 1004

.db 7%h ;0B"2 = 121d ,
.db S0h ;0C*2 = 1444

.db 0adSh ;0D"2 = 169d

.db Oc4h ;0E"2 = 1964

.db QOelh ;0F~2 = 225d

over: sjmp over ;simulate rest of user program

.end

U 7 UAANIHARs LHuADDY program Ay address
hofving  A1f9suIUINAUAT A NIIINA LD byte uN19HAn4e SIMP
—_——
B9 AU NI UINRAININAEAINRIVALAR overflow BUlY  Register & ifie
WauqIniIAundl  255dfiufionis9nfianavdtiunn Iy

FIGURE 7 Lookup Table using the PC

0000 .org 0000h

0000 740A pclook: mov a,#0ah ;find the square of 0Ah (64h)

0002 2402 add a,#02h ;adjust for two byte sjmp over

0004 83 movc a,@a+pc :get aquivalent data from
;table to A

0005 8010 sjmp over ; jump over the lookup table

8007 ;the lookup tabel is inserted here

at PC + 2. (PC = (0005h)
0007 00 .db 00h :begin table here, 00°2 = 00
0008 01 .db O1lh ;01°2 = 01d
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0009 04 .db 04h ;0272 = ogd
0COA 09 .db 0%h - ;0372 = 09d
000B 10 .db 10h ;0472 = 164
000C 19 .db 19%h ;0572 = 25d
000D 24 .db 24h ;0672 = 36d
0COE 31 db 31n ;0772 = 49d
000F 40 .db 40h : ;0872 = 64d
0010 51 .db 51h ;0972 = 81d
0011 64 .db 64h ¢ ;0A°2 = 100d
0012 79 .db 79h ;0B"2 = 1214
0013 90 .db $0h ;0C"2 = 1444
0014 A9 .dbL Ga%h ;0D"2 = 169d
0015 C4 .db Oc4h ;0E"2 = 196d
0016 E1 .db Oelh ;0F~2 = 2254

0017 80F over: sjmp over ;simulate rest of user program

0019 .end

DPTR nntinflifiugiu K1nd1vdotuqsay  DPTR WUNTIIZEIINTIIIY D194 AN

tosafiauae A fkevifiudrfitioonds 1on asnniafian A ayIsmdng 00h-
FFh WRe A1nnfvaavuovianfiuinndy  OFh wavavfuliavifividiunuin 4
pyte B49s1fiuid Register RG(LSB) Was R1 (MSB)

- ﬂaqmﬂawvﬂzqnﬂéﬂqﬁuuﬂﬂuuMﬂzﬂﬂu fladuuDy LSB URz@UUDY
MSB ¢ AHDPTR ifiusiafunefeaneanany n1e set Arqumianefiez aw1y

WARN AU ol iftprogram YsUARNATLSVIATYIIeATT e ity

Dplook program "dplook" 3z1En1ATINNARDINBIANIN Regidter A
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A9uafwduARNIHIN RO (LSB) WA¢ R1(MSB) Register A ¢ ifiuf1au R1

Vifiqagrad et 1iukinf MSB byte

ADDRESS

here:

MNEMONIC COMMENT

.equ lowbyte,0200h ;base addresss of LSB table
.equ hibyte, 0300h ‘;base address of MSB ﬁable
.org 0000h X

dplook:mov a,#5ah. ;find the square of S5Ah (1FA4h)
mov rl.a ;store A for later use

mov dptr.,#lowbyte ;set DPTR to base address of LSB

move &,@at+dptr ;get LSB
mov r0,a ;store LSB in RO
mov a,rl ;recover A for pointing to MSB

mov dptr,#hibyte ;set DPTR to base address of MSB

movc a,@a+dptr ;get MSB

mov rl,a ;Store MSEB in R1

sjmp here ;simulate rest of user program
.org lowbyte ;place LSB table starting here
.db 0GCh ;0072 = 0000

.db 01h ;0172 = 0001

;place rest of table up to the L3B of 5972 here

.org lowbyte + 5ah ;put LSB of 5A"2 hers

.db 0Oa4h ;LSB is A4h

;place rest of LSB table here

.org hibyte ;place MSB table starting here

iy ko e



.db 0O0h

.db 01h

;0072

0000

;0172

0001

;place rest of table up to the MSB of 59°2 here

.org hibyte + 5ah

.db 1fh

;place rest of MSB table here

Hogainm

program HfDNNIINIIUTUAN

.end

NI Y

wandengginntuindoniany

DPTR

;put MSB of SA°2 here
;MSB is 1Fh

INTI2UNRARITIINSEITNY Y

9z Lfludqaefl

U 8 UAANINYA 1BUAYDY program flay address

FIGURE 7.8 Lookup Table using the DPTR

0200
0300
0000
0000

0002
0003

0006
0007
0008

.equ lowbyte, 0200h
.equ hibyte,(0300h
.org 000GCh

745A dplook: mov a,#5ah

Fo mov rl.a

800200 mov dptr, #lowbyte
93 movc a,@a+dptr

F8 mov r0,a

ES mov a,ril

;store A

; base addresss of LSB table

;base address of MSB table

;find the square of SAh
; (1FA4h)

for later use

;set DPTR to base address
;of LSB

;get LSB

;store LSB in RO

;recover A for pointing



0009

goocC
000D
COOE

0200

0300
0301
0302
035a
035A
033B
035B

B ¥
- it wee B e B
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;Lo MSB

900300 mov dptr,#hibyte ;set DPTR to base address

93
F9

80FE

00
01

A4

00
01

1F

;of MSB

movc a,@a+dptr ;get MSB

mov ri,a ;Store MSB in R1

here: sjimp here ;simulate rest of user

: program

.org lowbyte ;iplace LSB table starting
;here

.db 00h ;0072 = 0000

.db 0O1h :017°2. = 0001

;place rest of table up tc the LSB of 59°2 here
.org lowbyte + Sah ;put LSB of S5A"2 here
.db Oa4h ;LSB is A4h

;place rest of L3B table here

.org hibyte ;place MSB table starting
;here

.db 00h ;0072 = 0000

.db 01h ;01°2 = 0001

;place rest of table up to the MSB of 59°2 here
.org hibyte + 5Sah ;put MSB of 5A°2 here
.db 1fh - ;:MSB is 1Fh

;place rest of MSB table here

.end

NIAvEIUiBYAUILONNTIN  Anumznranneiud inatunden 7 AU uaessuud
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1uuﬂaquUﬁzﬁ1mxdu ﬂﬁm%unﬁﬁﬁvﬁaqﬂﬁﬁunﬂnuqu T ﬂvﬂﬂgﬂﬁ
asynchro-nous mode ?zﬁﬁﬁﬂ uﬂsﬂﬁﬁﬁunﬂiﬂvﬁaQﬂUWQ 7 synchronous
mode g INNTEANNTI

W 8051 9¢# Serial port N8N BNAINIIONIMUANT NN
MMETRR NIRRT asynchronousiﬁﬁvnuﬂ 4 Juduy 9 mode 0-3 3uuuunﬁvnﬂv
fiunuads mode 11fluN1m9137% 8M%U UART mode uasfin 3 mode fvifiu
N19RAADULY  asynchronous 4y wzgnﬁmuﬂiﬁﬂuﬁﬁ d49U program Aty

Hou

N384 0439n8H Time delay Uaun?vﬁﬂnw?ﬁqﬁaqﬂwwnﬁqnququiuﬂv

A4 output 18U display %48 printer uMdz#a8nuIdaviuszatinanby
L 33.3 - 0.5 ms fusyfiudns1 baud rate flidanat #9 program #Hav
payaundndnuafidetudou Qn%uuﬂqﬂqﬁvﬁnuﬁﬁqﬁﬂiuLﬁniuﬂﬂLﬂmnﬂﬁqmtﬂa
BoyaIsndivntady ﬂﬁﬁdwaﬂunnﬁﬁauﬁun17§mﬂﬂu fantndavinangdsiioy

31ﬂﬂﬂ%ﬂﬂﬁ?ﬂﬁﬁﬂ§ﬂuﬂﬂ3ﬁ1

Sendchar program ﬁqntﬂﬂndﬁ "Sendchar"dv9zunfiatinuysan Register
A ANDBNIUUAEHNI MU LIRIEINAY BHITNAINIINTIUNAY  Timerl an
W idonIMuA baud rate iMAffu 1200 19an1mmdaeaandu 1 fafinssnds
10 bit A0 1000/120 %98 8.4 ms IAY software ﬁﬂﬁnuqutﬁaﬂqnﬁw
N19I0 Section 7.5 fAH§IMI9a7 1 msiufuuifugiuias 0.1 ms iny
nnananue "delay” nd Timer 1 #89N190918% baud rate AN 1200
10Ul crystal moutl 16 MHz A1fnTn19 load 1% Timer 1 fnm 256 —

16E6 / (16x12x1200) G993 iM9fy 186.6 n4aifiusmuauifiufo 187 4y

A1fla2n1180 831889 baud rate (M1l 1208

S B i
ergans w::ﬁz‘w"‘;ﬁ.eﬁ#
¥ PN
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ADDRESS MNEMONIC COMMENT
.org 000Ch i
.set delay,16h ;basic delay = 22d x 4.5 = 99 ss
mov a,#'A' ;for this example, send an A
acall sendchar ;send it
here: simp here ;éimulate rest for user program
sendchar: anl tcon,#0fh ;after timer 1 configuration only
’ orl tcon,#20h ;set timer 1 for mode 2(auto reload)
mov thl,#0bbh ;set reload number to 187d(256 - 69)
orl pcon,#80h ;set SMOD bit to 1
orl tcon,#40h ;start timer 1 by setting TR1
mov scon,#40h ;set serial port to mode 1
mov sbuf,a ;load transmit register and wait
] " mov a,#54h ;delay for 6.4 ms (84d = 54h)

acall softime

ret

;wait

;character now sent

;softime will be simulated by a return instruction

softime: ret

.end ;assembler use only

hafiving 1 Timerl WAr serial port QNitumndleKuiY programiiefiu
_—me—— Al

N17 push WAy pop Y¢fiNAanND  cortrol register uwds1547 T1 URe

SBUF ﬂnaﬁuﬂwuwanxﬁuqqnﬁﬁﬁﬂmﬁuxﬁu function ﬂﬂﬁaqaﬂnﬁﬂﬁucrystal
A Nfl 16 MHZ 1inunzanfufingt  baud rate N1eI13u #n 300, 1200

,2400,4800,9600 798 19200 IAUAIAANAIAIN crystal HUAAIIHET




A1 vf
#n99 ANBANATA (%)
300 0.08
1200 0.64
4800 2.12
9600 3.55
19200 8.51

ArBanatAssNantu g0 88 baud rate Argefin 191870710
W crystalnamd 11.059 MHZ (fnand 8BaNa1 A RERENTY 0. 002% 1k

na3dNdafinussnnal Polling ﬁﬁﬂq7ﬂﬂﬂﬂﬁﬂuUUﬂHﬂ?N Lﬂﬂﬂﬁ?ﬂﬁﬁﬂﬁ?ﬁq

Arfi1u LOBURNY SBUF 938019 set TI flag defu polling routine %3z
HOWNIN1T reset TI doudeefunianieiuas program fliunal n13Ay
NITIMIWIUIRYIN reset TI s AN Toavayatiuat ede 1
inatafigdeniduinaiudrnuey  program AEIKALDY un: routine
INAUIIENTT baud rate 9K AuHr0819H19198  Timer 1 a¥1y baud

rate #4N19a%998097 Baud rate aufuf1nUs e udq

Xmit rubroutine "xmit" S8fin19 set TI llag 14 Register SCON

ifan19198uRY SBUF 1a%48uAy

ADDRESS MNEMONIC COMMENT
.org 000Ch _
mov a,#'3"' :send an ASCII 3 for this example
acall xmit ;send the character using xmit
here: 3jmp here ;simulate remainder of user program
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xmit: mov sbuf,a ;transmit the contents of A and wait
wait: jnb scon.l,wait ;loopuntil TI = 1 (SBUF is empty)
clr scon.1 ;reset TI to O
ret
.end

Bafivinn TI ssavifiudlr 0 aunda SBUF szdav 1dafinqs reset 8051
L£gaving _

wdo1fla19ui0ataday TI ¢ set 1fiu ©

N1289M°8n499A8H Interrupt-Driven 784 3 ﬁlﬂﬂnﬁﬁﬂuﬁagﬂtﬂ%wﬁu

ANy 1EIATNA4INN1IT interrupt uAY 8051 interrupt vector vy
ﬁ address 0023h ATn%ufia interrupt N174¥ TI UA¢ interrupt N19
%u RI Lﬂﬂtﬁﬁ interrupt 990 serial port S¥fVNRIA program U
nvrudaauniy 00230 Evifiunavidnnay routine 4idinussy programer

#98 program 81u1909Y Subroutine 3A8N19 load fAfinuTAY
1UiU  SBUFUR® enable interrupt 18V port gunNTy U Register EI
tfle SBUF 119 TI 9sqn set SWAIKLAANTT interrupt 1UA address
0023h {1WAN17 reset TI nY%interrupt fiszifafudnieiiy  sup~
routine flanunuy 0023h  fygni9undn "Serial"vsinAn1T reset TI
nauﬁnsﬂunﬂ3nﬂqwu%ﬁﬁumﬂuanﬁqn interrupt

program An NN H1ENAAoUNT AN TN LFLIAMIUNT TR CHD AT Y

v

477 1 Bva¥inaga fugiusin program fi

SBUFR filu routine ﬁvnaqﬂﬁﬂuﬂﬁnﬁa interrupt an4unnsgdviinfinug
\Ru9k91fu B8 interrupt Fiuflanumiy  0023h @7uBas program f

1¥N7¢fUN1T interrupt routine WAAYYAHA AT off
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ADDRESS MNEMONIC COMMENT
.org 000GCh
sbhufr: sjmp user ; jump over interrupt vectors

.org 0023h ;put serial interrupt routine here

serial: clr scon.l ;clear TI
reti ;return to interrupted user program
user: mov sbuf,.#'X' ;send an X in this example
orl ie,#90h ;enable'serial interrupt
here: sjimp here ;eimulate remainder of program
.end

Bodviom 1 TIWNQN clear ABuATAN RETI 9¢n1#iNani3  interrupt
— ¥
nfutlumunidy 0023h 8n RETI QniﬁLﬁaﬂunqﬁnﬁvﬁuﬂﬂﬁuﬂquﬁgn inter-

rupt WitNHL1filun1e  clear interrupt bit

NIMUBBNAUUURUNTIN NIIRNSINATHUBANIHEY 8051 B199¢HBINTITNITENUA
aﬂﬂﬁuUuauﬁunwﬂﬂqnﬁa1nMaqn17ﬂ1ﬁﬁaﬂ1quﬂﬁuﬁ?nﬁﬂzﬂvimﬂnﬁnumtﬁén
At 1 Aaevigfat idn Lndauntoutunis9utiayafide itiun Aasoftware
polling %48 interrupt driven m13dvfiayaddv itinuafliagiday 7 #ov
18m91 baud rate ﬁﬂx mode UNIIANANIMUATIIMEIIIUET TaEndan 4y
U8V serial port ATMNIINNIMUAHATY  baud rate UWAY mode 1K 3N

program
i1 program %unmnEUﬂﬁnﬁugqmuasgﬁenu?uﬂu T %ALY

unidanuqafinadesuy gn1suaniuduutiayafiuodivid imuiean 19839809
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nivfignatinaaounianadafiutey program S1InEALUAREAY  SEAHN1799ADY
wgtudazauifiunion ¢ ndy idannmiasgnandafin was iflaniInarayuin
At CRT tfusnifuaiunivifionauitiivadte dessuansoyafisnuadonan
ADTendINADN T UL

Polling ﬂﬂn?u%uﬁagﬂ polling wznﬂﬂﬂudﬂﬁﬁagﬂﬂuuﬁn?aiuQﬂn RI

uAzIy 19Nl subroutine ifan1T4utioyaida RI gn set 1u routine
DY reset RI LﬁaiuﬂﬁtnmnqﬁﬂﬁuﬁagﬂLmunﬁwuwﬂn
- program YgIUJUNAADY flagﬂundﬂﬁagﬂﬂsgnﬁun%anﬁ?nﬂwﬂunav

programizu fiudunan ifanAany flag ANLAR:997 n37uguifnduTey
Intayafiduiianagniuniio  adiviafinaugasniatiasnn faoudusenneiy
urIguauInsinndvanetans programfnuez ifiuavnaw idufiasuouid pro-
gram navude UL itasisataya

AIANEDYAIY INAANRNA 1Al program HovatuaIsanaeiuiiuavas
ﬁﬂuu7dﬁuﬁquLdﬂﬁﬁﬂﬁﬂﬁn#unq7%uﬁnu3ﬁanﬂq,ﬁmnﬂﬁﬂuLnﬂﬂq giNgutinug
ﬁauanﬁﬁu&ﬂnuﬂzdavwﬂnﬂ buffer 7n94uny s idofnn9dedadan s L au
wonsfiafnusiansntelgndiuitgnsaiouandiuiintudanfl  bit gafiy
vaviiatinysiafanvesanysd #effutiayaes wigyniy uagsanuniinuIfades
1uhiay

(aanfafutinuesonty AosTuaNDEY bit AUKIANINIIHAY baud
rate AM4U mode 1 MafinusMndeszdfionua 10 bit fp bit start,
9%A 8bit, stop UA¥AHEMIN baud rate 1200 fiunalffinianadadoans
120 #28nuaRatuntl nda Laandakausafinuande 7 MMy 8.33 ms 1A
n17iaduafianfentdy 7a8A1u1987 18 gn Avifiuiaan 1.13 ms #eflu pro
gram Aa7ua30nnanfvduy 7 1 7371 ande  Avdrfndncuntisg ifudwasan
nduNIuauANdtYT 1198700 HBIN1TUINITI8INII0RA HATT baudrate

A8 300 (A0 program fiaainneiundiedunanty doussninnuam

i gwam :%, +
pilaiae s s
- .
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29K byte fufid1ifinuifiunduntivuny ROM 14 8051 fiifnq

The polling program for the loop approach follows:

ADDRESS MNEMONIC COMMENT
here: jnb scon.0, here ;wait here until RI = 1
clr scon.O ;cledar the RI bit
acall getchar : ;getchar is some user routing

;which reads SBUF

[ wiiad ..

The circular approach is very similar:

ADDRESS MNEMONIC COMMENT
jnb scon.0, there ;test for RI = 1, go on if not
cir scon.0 ;:clear the RI bit
acall getchar ;call user program getchar:
there: sjimp there ;reset of user program getchar
ret - ;simulate user routine
.end |

Interrupt-Driven Data Reception tdaﬂagaaﬂuouuﬂn T QNANNT  nn

AT ININUALIRTIUNT TSRy TNt 7 #HasfacnuidueaTenan T NnaH
polling iﬂlnuﬁzﬂuﬁunﬁiﬁuﬁﬂgﬂUWQT Wel inN1 8 AUNTITHUUYY interrupt
IWI1% Interrupt driven Ss8yg f1f program nviundlvdunasAtays

ﬂwiuw?auuﬂzﬂstﬁuMQﬂaanqﬂ program ;ﬁa%ﬁu7¥uﬁﬂ§ﬂLﬂaﬁagﬂwﬁﬂuuﬁq

979N interrupt vector

AR - el il
A T TR TR Ohgre R
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Intdat n17%ufleyauuy  interrupt-driven 9zl interrupt vector

f1ufl subroutine Auanunuy 0023h -

ADDRESS MNEMONIC COMMENT
.org 0000Ch

intdat: orl ie,#90h ;enable serial and all interrupts
sjmp over ;jump over the interrupt locations
.org 0023h ;put serial interrupt program here

jbc scon.l,xmit ;if TI bit set, clear it and jump

clr scon.0 ;must have been RI, clear it

lcall recv ;call receive subroutine

reti ;return to program where interrupted
xmit: lcall trans ;call transmit, program

] reti ;return to program where interrupted

oVer: sjmp over
trans: ret ;dummy transmit/receive routine
recv: ret

fodvinm 18y RI n4a” TI g0 set routine ﬁﬂsnﬂﬂﬁu?ﬂﬁﬁﬁuﬂﬁﬁﬂﬂﬂﬂ

—_— L'} L]

nivande RETI femiuuifiquandy LCALL RT wwfivavgn set iAnafaINT-
) TanfUIUATUNYY 0023h 188 routine nﬂﬁﬁuqntﬁunﬂﬁﬁw subroutine

nﬂﬂﬁugntﬁan A8 818NN LA uN TS U nu T ant 7 # oty Boya

T RYNIY

874 NTIDBNUUUTZUY microprocessor Y 8051 (flufia cortroller

7941y External EPROM uRy RAM fl@qun9aidanuunaty szuuflsanuuut
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Hod
RAM N7BUBN BUTR 8K —~32K byte
ROM N18UBN BUIA 8K —64K byte
I/0 port 1-8 bit 8110 port yav 8051
port 1 1 4 port 3.0 (RXD)

3.1 (TXD)

3.2 (INTO ,Active low)
3.3 (INT1 ,ACtive low)
3.4 (TO)

A\ 65 W T}

crystal acufl 16 MuZ
RIN1704E crystal  aouddu ¢ ANIRA%INILIIRIAHAY Timer 44
#ovidyu program ﬁuuﬂLﬁﬂnmﬂaunﬁﬁﬂﬂuﬁagﬂﬂﬂn ROMuUAgnagaun1vL1dyy
uavgdrudanasin RAM
Subroutine Agnimurisuandvau 8051 idouniuuTsyndasd
Time delays : software;timer, software polled;timer,
interrupt
driven
Lockup Tables : PC base, DPTR base
Serial data communications transmission : time delay,
software -
polled , interrupt driven
Serial data communications reception : software polled
,interrupt

driven



65

LaWNR LAty
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udaNITatifuuanNnA Laflutey CPU 8 nt#nannda
ABtUL71suANEI98Ae L8R navsATvAYIvENTdud4uResuTunand
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N17UURY A/D WAy D/A
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ﬁnumzuawﬂéﬂn1ﬂunquﬁvnuﬂ HENfR2INAINTII0NTLIAR. (NATUABHT)

n1q4uldanavAdes 10aT8ATUL2Y mS LﬂﬁﬂéQﬂnﬂuﬂvuﬂﬂﬂ #nunsunwHAadf
?QﬁLiquuuﬁuq351UaﬂuﬂanuaqLﬁu uﬂﬁﬂdﬁﬂvnuagiﬁuﬂuquﬁqv us 711
g1 AdlnTsiAn AUl RS flip-flop n9nmawua41auni1InuaeLagn

1a3vR%1vunvAdunda
fduadafiduny (funtdeiuaiuuavinavadiedauun ifivuaaatyifiunng

aanuuy 16 Ad fiequaay U ERLEA lead—per-key 1ﬁtdaﬂﬂéﬁau7qn1ﬁ

Kelyo | Kelyl Key 2 Key 3 Key 4 Key 5 Key 6 Key 7
i A el g K Yl N
Sl A s

(a) Lead - Per - Key Keyboard

Common

Key O Key 1 Key 2 Key 3
S\ AN NN @, 4

Row O 1.—?.—’ .—r.—*

Key 4 Key 5 Key 6 Key 7

2] |Gl (el [ 2te

Row 1 IQ—*I.—'T .—1’0—

Key 8 Key 9 Key A Key 8

=N AN
- W 9 o9 o9 o9 o

Key C Key O Key € Key F

Row 3 ?

Columns
(b) X-Y Matrix Keyboard

tdovsanudazAdarunsodafiunadniy  SquuAdSIIwWA9INy 16 A SATv

A1vuuuiifarnignflan
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nradauandng x-y #vqu 1 fdausn ifiufigeunnn idasmausdunnnda
10 uungnd ﬁu3uﬂnﬁn1quqﬂtdaﬁﬂtﬂuju square ifada%9un N 1#unny
X URe N LHunav Y szatifdfivnun N2 4 uinnduuudgsrardnfigaaamsy
Adeququnang

HARAUD4A (coded keyboard) ifuatiavfuuawndiafiunan angdwd
ﬁvmduqﬂavﬁunﬂﬁﬁuﬁaLﬂuqﬂmmnm nﬂﬁtﬂﬁ?ﬁaaquwanﬁﬁéqnnﬂnaﬁuTﬂéiﬁ
B d18uAN1TAT99uARA LA AN L A ind e d nea oy ey
nuuAdfuan nndduvufigiiog 16 A4 whadngratunflga

SUTLNINAINSUAE

suunsufiadafiunyudinududduadn edfinuusiof
N13n7$3AA (bounce) : N19MUIN L2871 19497 (AU Ind1Annua
Adnatufd : lawrsquuuutagrvianAdl valida dgnnateesuay
4y ' '
Adflifiudn . quuuudd valid  fA1A¥umBNSIIANI L 9nT TNt A
Qniay uazszduddiar undasstvgaviaandanty
nanadddan . n1esanuuyidoanfdgnauny Kautinaad Gandn 4
wyud Sz¥An
(davaatinufl ifiugnanty Adundanargndiuiuguuuuguacnuy nde
gruiane idafdgnna
anufialy Aduadasuqution 10y lead-per—-key ., coded A1M19Q
LLNEREDE LT uagfAdevduifutgaer A1 low RINUARY LAUGINITON Y
uaafin low #aun17 OR Huqu 2 wazdn Lfin Ly taaunaneuanuae INTX
Aduadauuuuunntgnanny 1ABUNRINLAY X U LARATHY uRE A2
fusnneafind v 1dtuidenr Aeafimaefiy navaunu X-v &urTaniianak
Meraunuddunda nﬁaﬂﬁwaénnnqiua%nanauﬂnﬁﬂtaaénﬂumﬁnqﬁnququﬁua

wn9y qvﬂaaunuqsxﬁuﬁuqunavﬁsuu N1 suIunNINSE i L2981 00NSUT L TR
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Key O Keyi _Key2 Key 3
] | | ]
I 111 R { 111
Common i
Key 4 Key 5 Key 6 Key 7
] | ] |
I I * T 11 T 1! R
Key 8 Key 9 Key A Key 8 Rows
1 ] ] |
I t & N ? ! AR
' !
1 ]
KeyC Key D Key € Key F
] | | !
[ I T AR e 4% S O N
1 2
Columns

(c) Coded Keyboard
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To Port Pins

} M —e 45V
Key 0 -
Key 1 M —e 45V
t . —_—
i Common Lead : - ——— To iNTX
Lead- Per-Key .
Keyboard M
Key F b AAA ¢ 45y
To Port Pins +5V T
AM—
1 M
AAA
2 AR T
3 MWV
4 -
'l'——- Common Lead ) TaINTX
Two-0f - Eight 5 p—
Coded Keyboard g paen — T 4
7 o Port Pins
Ll e

1449 nﬂqutnaénﬁanqnauwuumsﬁﬂé\uanﬂuﬂuLﬁuﬁ tdanagynnangy
fud navidenasndavnirifuadanadanny nﬂanawuaé%uaunauqnﬁaﬂuiﬂu
1UﬁtnatnaéQeUﬂnuuﬂn1nu uﬂsQﬁuquﬂngaﬁﬂﬂﬂnﬂQﬂﬁ

usunIuaLnugInsuddundasauautiny

fugugudndduodn 1ead-per-key anau e inaffuinIinenouinea
a4 Adundaf 10 Ad (0-9) WAL 1781N7LIAA (bounce time) = 20 mS
WwiknIugnrsaunuddundananaioan (desaddfignnadauss idungfin Adgn

Aofiuwadnl (0-7) uaswodn3.2 uay 3.3 (8-9) Heju 3
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KeyO_L
,'I_ - e Pl1.0 .
K'“__L P1.1
. P - 2
KcyZ_L
P1.2 3
s |
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th-L “Pl4
pe——— .——-—“5
Key 5
- P1.5 8031
= g
rovs ]
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Key7
=== P1.7 X
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__.—L P3.2 12
Key 9
AR P3.3 0

Getkey
MU getkey AunuAduuia 10 ddatnvdn idavdaunadn o uay 3 Ad

qnnﬁsﬁnﬁﬁq 2 firn1y (nA-udap) Uagaliiaan 50 mS nauﬂéququn%u

A1 wanquuuufdidgnitasfesgnugian

aunfindatu tfusuaunn getkey
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ADDRESS MNEMONIC | COMMENT
.equ bounce, 14h ;set debounce delay to 20d ms
.equ next,32h ;5et interval between keys to
. :50d ms
.equ newkey,70h ;store accepted key in internal RAM
.equ flag,00h ;addressable bit 00 used as a flag
.org 0000Ch
getkey: mov pl,#0ffh ;set ports 1 and 3 as inputs
mov p3,#0ffh X
scan: acall keydown :keydawn looks for any key(s) down
jz scan ;if A.= 0 then no key(s) down: loop
acall convert ;convert returns flag set if not
;valid
jbc flag,scan ;or A set to 00 to 09 for keys 0-9
TI¥ NOTesy,d ;store key and wait for deoocunce
;time .
mov a, #bounce ;then check to see if same key
acall softime .wait 20 ms
acall keydown ;see if a key is still down
Jjz scan ;if not down then must have been
;noise
acall convert ;see if key is still valid and
;matches
jbe flag,scan ;the original key found
cjne a,newkey,scan .check for equal
acall vendit .call vending machine subroutine
wait: acall keydown ;now wait for all keys to go up
jnz wait ;wait until A = 00: keys all up
mov a, #next ;wait 50d ms and see if all
;Still up
acall softime
acall keydown ;continue until keys: are up
jnz wait ;loop until keys up for 50d ms
sjmp scan .got next key

:'*keydown'' gets the contents of Pl and P3 pins, which are connected
:to the keys, and checks for any zero bits: no check is made to see
;if more than one bit is low

keydown: mov r0,pl ;got state of Pl keys to RO

mov a,p3d ;get state of P3 keys to A

orl a,#0f3h ;make bits 0,1,and 4-7 a one

anl a,r0 ;check for any one or more keys
,down

cpl a ;A = FFh if all keys up, now 00

ret ;if A not 00 then at least one key

;down
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Continued
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COMMENT

;''convert'' checks for more than one key down; if more than one key
;is down then addressable bit ""flag'' is set: if only one key is
;down then the one-of-ten bit pattern is converted to an
;equivalent 0-9 number in the A register and ‘"flag'* is reset
;valid patterns (a single 0 out of ten bits) are found by CJNE
;operations; A is counted up for each test to match the key number

convert: clr flag
clr a
mov rl,pl
mov r3,p3
orl 03h,#0f3h
TINE riyyifal, cne
sjmp check3
one: inc a
c¢jne rl, #0rdh, two

sjmp check3
two: inc a
¢jne rl, #0fbh, three
sjmp check3
inc a
¢ine rl,#0f7h, four
sjmp check3
inc a
cjne rl,#Qefh, five
sjmp check3
inc a
cjne rl,#0dfrh,six
sjmp check3
six: ‘inc a
cjne' rl, #0bfh, seven
sjmp check3
inc a
cine rl,#7fh,eight
sjmp check3
inc a
c¢jne r3,#0fdh, nine
Jnb p3.3 bad
sjmp good
inc a
‘cjne r3,#0f7h,bad
good: ret
check3: Jnb p3.3,bad

three:

four:

five:

seven:

eight:

nine:

Jnb p3.4,bad
sjmp good

+assume that key hit is valid

;A contains first possible key (00)
;g68t Pl key pattern in R1

i8et P3 key pattern in R3

;make r3 bits 0,1 and 4-7 a one
.Search Rl for a legal pattern
:check R3 for no key down

;A contains next key possible (01)
.continue this for all valid

;patterns
‘A = 02
‘A = 03
A = 04
A =05
A = 06
A= 07
A = 08

;now" look for a key in R3
icheck that key 9 is up

;A = 09
;redundant check

;if Rl has a low then P3 must be
high



A d

75

ADDRESS MNEMONIC COMMENT
bad: setb flag
ret
softime: ret
vendit: ret
.end

;signal an invalid key pattern

:simulate "softlme subroutine
;simulate "vendlt" subroutine
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Inkey
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ADDRESS MNEMONIC

.equ
.equ
.equ

.equ

.equ
.equ

.equ
.org
inkey: .8jm

.

75

COMMENT
newkey,70h :store any new key in RAM
flag,00h ;addressable bit 00 used as a flag
newflg,0lh ;when newflg = 1 then there is

;a key
timflg,02h ;tinflg = 0 for debounce, 1 for

;delay
bounce, 14h :8et debounce delay to 20d ms
next,32h ;set interval between keys to

. ;950d ms
savetime,0010h ;external RAM address for delay
0000h
p over ;Jump over interrupt locations

7

:desired delay. When the deiay

.org
limp
userdly: acal
reti

001bh
hardtime
1l usertime

;the main program begins here;

iis a new key to

be progessed,

;a key read is in progress

over: mov
mov’
clr
clr
clr
begin: jbe

jb t
acal
Jz m

acal
Jz m

mov
clr

mov
oov
movx

pl,#0rfh
p3,#0frh
newflg

flag

timflg
newflg, key -

con.6,mainprog
1 keydown
ainprog

1 convert
ainprog

newkey,a
timflg

dptr, #savetime
a, #bounce
@dptr.a

inc dptr

mov
movx

a, #00h
@dptr.a

:when T1 times out it vectors here and Jumps %o '‘hardtime'' for the

is up then tze Kay program is called,

;interrupt location for TF1
;Jump to time delay subroutine
;call usertime if delay done
;return to program when usertime
;done

the keyboard is scanned unless there
or Tl is counting, signifying that

:set ports 1 and 3 as inputs

;initialize all flags

icheck if a key is waiting and
;get it

;Af Tl is running then wait
;keydown looks for any key(s) down
;if A = 0 then no key(s) down:

;g0 on

;check for a valid key

;80 on with main program if not
svalid

:8tore key and start debounce timer
;signal interrupt program Tl
;running

;point to delay address

:set 20 ms delay

:point to next byte

;desired delay now stored

P



ADDRESS

key:
mainprog:

-

MNEMONIC

orl ie,#88h
acall startime
s)mp mainprog
mov a,newkey
sjmp begin

COMMENT

;enable interrupis and Tl interrupt
;start time delay go to mainprog

;get key and use in main program
:simulate main program and
;loop back

.
H BRARRERFFPEERRAEBRFR RGBSR RRRER SN CONVERT ERARBRERSRIFBRBRDER RS TP RO REOY

;''convert' checks for more than one key down; if more than one key

:is down then addressable

bit *'flag'' is set; if only one key is

;down then the one-of-ten bit pattern is converted to an
;oquivalent 0-S number in the A register and ‘'flag' is reset

.valid patterns (a single
.operations; A is counted

convert:

one:

two:
three:
rour;
five:
gix:
seven:

eight:

nine:

clr flag

clr a

mov rl,pl

mov r3,p3

orl 03h, #0{3h
cjne rl,#0feh,one
sjmp checkd

inc a

cjne rl,#0fdh, two

sjmp check3

inc a

cjne rl,#0fbh, three
sjmp check3d

inc a

cjne rl,#0f7h, four
sjmp check3d

inc a

cjne rl,#0efh, five
sjmp check3

inc a

cjne rl,#0dfh,six
sjmp check3

inc a

cjne rl, #0bfh, seven
sjmp check3

inc a

cjrne rl,#7fh,eight
sjmp check3

inc a

cjne r3,#0fdh,nine
jnb p3.3 bad

sjmp good

inc a

cjne r3,#0f7h,bad

0 out of ten bits) are found by CJNE
up for each test togatch ihe kev number

;assume that key hit is valid

JA

contains first possible key (00)

;get Pl key pattern in Rl
.get P3 key pattern in R3
;make R3 bits 0,1 and 4-7 a one
;search Rl for a legal pattern

scheck R3 for no key down

;A contains next key possible (01l)
;continue this for all valid

;patterns
;A = 02
;A = 03
A = 04
;A = 05
;A = 06
A = 07
;A = 08

;now look for a key in R3
.check key 9 is up

JA

= 09

;redundant check

R
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ADDRESS
Continued
good:
check3:

bad:

.
?

77

MNEMONIC
ret

Job p3.3,bad
jnb p3.4,bad
sjmp good
setb flag
ret

- © vt e e

COMMENT

;if Rl has a low then P3 must
;be high

igignal an invalid key pattern

; FEBRBPBERBRRRVRB R B AR R RRBRER HARDTIME BREERBFBRE B R B RRBPRERRBRA RN RS

;""hardtime'* will count the interrupts generated by Tl until the
;number placed in RAM location ''savetime'' is zero

hardtime:

arf:

done:

Sava:

.

push acc
push dph
push dpl

mov dptr, #savetime

movx a,@dptr
dec a

cjne a,#00h,aff
movx @dptr,a
inc dptr

movx a,@dptr
Jz done

sjmp sava
cjne a,#Qffh,sava
movx @dptr,a
inc dptr

movx a,@dptr
dec a

sjmp sava

pop dpl

pop dph

pop acc

ljmp userdly
movx @dptr.a
pop dpl

pop dph

pop acc

acall startime
reti

;Save Tagisters to be .oacd

:get pointer to time delay number
jcount delay number down to 0000
;low byte first

;check for 0000

;save low byte = 00

;get high byte and look for 00

.done if low byte = high byte = 00
;n0t 0000, reset Tl and delay again
;if low byte is FF then dec high
;save low byte = FF

;point to high byte

;count high byte down

;save the high byte
;delay is finished .
;restore all registers used

;continue at user delay program
.delay is not up, save the byte
;restore saved registers

;start Tl for next 1 ms delay
;return to place in user program

. * * FRBNEIENEBORR . »- e *
: FPEEERREERRREFRRRERRARERERBIRERD KEYDOWN * * » REBRAERBRRE RS

; ''keydown™ gets the contents of Pl and P3 pins that are connected
;to the keys and checks for any zero bits; no check is made to sese
;1f more than one bit is low

keydown:

mov .r0,pl

.get state of Pl keys to RO

g

R e e

v e
R

\/
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ADDRESS MNEMONIC COMMENT
mov a,p3 ;get state of P3 keys to A
orl a,#0f3h ;make bits 0,1,and 4-7 a one
anl a,r0 ;check for any one or more
:keys down
cpl a :A = FFh if all keys up, now 00
ret ;1f A not 00 then one or more down

; "l"IQO’QQ""}.!Q'I‘QQ"*&'Q STARTIME I.Q.Q.’Qiiiﬂ'f"!*‘lDII‘I.QI.}

:''startime'' initializes timer 1 and enables timing to begin

startime: mov thl, #0fah \ ;set Tl for a 1 ms delay
mov tll, #Ocbh i(see "'Timer'' example in
;Chapter 7)
anl tmod,#0fh iclear Tl gart of TMOD
orl tmod, #40h ;set Tl to timer mode 1
orl tcen, #40h ;start timer 1
ret ireturn to calling program

N ....QQ'..'Q..‘."”'Q'.Q"Q*I' STOPTIME “..'D.l‘"'l'{".I‘.‘.D’....Q.(

;''stoptime'' disables Tl

stoptime: anl tcon, #0bfh ;stop timer Tl
ret .

.
: QQIQ.”i'fl.li'..ﬁ’Q’i."'.’. USERTIME Q.Q'..D'DlilliilliﬁﬁﬁiiQQ'.DQQ

;''usertime, ''the user program called from the interrupt program after
;hardtime has timed out, will process the key and set the 50d ns
;delay if the key was valid

’

ugertime: acall stoptime ;stop timer and determine Tl use
jb timflg, keyup :if a delay then see if keys up
acall keydown ;see 1f a key is still down
jz goback ;if not down then must be noise
acall convert ;see 1f key is valid and matches
Jbe flag,goback ythe original key found
cjne a,newkey,goback y
setb newflg ;set new key flag for main program
delay: mov dptr, #savetime ;point to delay address
mov a, #next ;set 50d ms delay
movx @dptr,a
\\\\\ inc dptr .point to next byte
mov a, #00h
movx @dptr,a ;desired delay now stored
orl ie, #88h .enable interrupts and Tl interrupt
acall startime ;start time delay
setb timflg :set flag for delay condition
gnback: ret



ADDRESS
Continued
keyup:

Codekey

79

MNEMONIC

acall keydown
jnz delay
sjmp goback
.end

COMMENT -

:sea if Kkeys are up after delay
;1L not then delay again
ireturn with Tl stopped
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Keyboard Code

Key Pins Low

0 1 5

1 2 5

2 35

3 4 5

4 1 6

5 2 6

6 36

7 4 6

8 17

9 27

ardauadsavgnifuidaananae

(INTO)

8031

1y St



89

Adundanin two—of—eight fvafiauavAdfiy 10 givd

KET  CODE(HEX) KET  CODE(HEX)
0 EE 5 DD
1 ED 6 D8
2 EB 7 D7
3 E7 8 BE
4 DE 9 BD

GRELERETES TR AR udﬂeﬂUlﬁﬂﬂvﬁlﬂH; 1 onudnfudifiv o
(low) am¥uudazf: vaz 0 rlaw) 2 iU 8 Ananduudazfd HIURAY
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ADDRESS

codekey:

keyint:

timQ:

good:

Timl:

wait:

over:

simulate:

key:

MNEMONIC

.equ gzwkey,70h

.equ se,400h

.equ newflg,00h

.org 0000h
sjmp over
.org 0003h
sjmp keyint
.org 000bh
sjmp tim0
.org 001bh
sjmp timl
mov t10, #0d4h
mov thO, #97h
setb tcon.4
clr ie.0
reti

push acc
push dpl

push dph

clr tcon.4

mov a,pl

mov dptr, #base

move a,(@a+dptr
cjne a,#0ffh,good

pop dph
pop dpl
pop acc
setb ie.0
reti

mov newkey,a
setb newflg
anl tll,#00h
anl thl, #00h
setb tcon.6
pop dph

pop dpl

pop acc

reti

push acc
clr tcon.6
mov a,pl

cjne a,#0ffh,wait

setbh ie.0

pop ace

reti

anl tll, #00h
anl thl, #00h
setb tcon.é6
pop acc

reti

mov tconq, #0lh
mov ie, #8bh
mov tmod, #11lh
Jbc newflg, key
sjmp simulate
mov a,newkey
sjmp simulate
.org 04bdh

.db 0Sh
db 08h

81

COMMENT

;store a new key in RAM

;base of lookup table

;addressable bit 00 for new key flag

»Jump over. interrupt locaztions
;this is' the INTO interrupt vector

;timer, TO interrupt vector
;timer Tl interrupt vector

:set TO for 20 ws delay

;count from 97D4h to 0000
;start timer TO

;disable INTO interrupt -
;enable interrupt structure and
;return

;save registers used

;stop TO

;get key pattern

;set DPTR to point to lookup table
:not valid = FFh

;enable INTO interrupt

;enable interrupt structure and
;return

;store the newkey

;signal main program: new key presenat
;set Tl for maximum delay (49.1 ms)

;start timer T1
:restore retgisters

;enable interrup! structure and
;return

;8ave A

;8top T1

;see if keys up yet

;all inputs will be high if all up
.enable INTO for next key

;restart Tl and delay again
;start Tl

;return with interrupt enabled

;set INTO for falling edge interrupt
;enable INTO, TO, and Tl interrupts
;choose timer operation; mode 1

;see if there is a new key and get it

-;8imulate rest of program

;get key and simulate rest of progran

;place lookup table here, keys 9
;and 8 -

et



82

wunguamnutdundauuntnduunaang

fdundauunn 64 Ad diduvifiu 8 una 8 ABAuY  SsfuLABd (WANY
8051 HuquUSWA4N1 seABAULARSLAIIARYIY waantly & 1R ntdvEvi AN
8 Invgqnaiauiaunedn 3.2 wadnl szdusqneofiudfic 8 Ansapaktin
a4 tri-state s1nwedn3.3 Adfuanvssdquuuurasunafiunofuitni iy
AdfgnnanatuddazqnugiansaJuuuut wanyandanauaanataflafifu 1o A
flanysd 3 15iAA WAAZUNAQNAUNUINEINLIIRT 1 mS W4014LAAUUTA 8 mS
amdurduadafionun Addauyanasifiu indoutiufie 3 1808 dasanfiuko e
'ﬁﬂé1nugnnﬂnauﬁQaﬁuﬂﬁﬂéﬂnu n1anUaN 1,mSﬁsndﬂvnﬁaﬂunuqnaﬁﬂviau
nuiNed TO tusnNAfu Lo 44w

Bigkey

1UTUnIN Bigkey SsdunuunndndAddundnsunn 8x8 1auf TO A%1y
N1IMUINII87 1 mS wInuABu inadn whRsuaqQnALNUEIuLANEAT Buant «
QniusAuwednl WRsQnNATAIUIAUNDINSG. 2 pofindandaudautiningd  tri-
state nN1pAnITAUANNDINE4NS. 3 ﬂdﬂauqaaquuiuaunaunﬁn 1AuN19
KOUNAN  “newflg" At |AUAdARANUREATIHUAUATUALY  "newrow" Uy
"newcol” SUTunINnfntsgifin "newfig" tdaﬂéﬂnuqntwnﬁ Rg Qnafiifiu
Kafuin L Aaflfugdadi vanyad uAy 1ANITLAR L9AY Rs U Ly quuuyflaunuiy

woounu: f 1 anudafiudifiy o

niinfiatu ifususunan Bigkey



Lo Santeh T anection i
-1
i—. r Row -
Column l { Latch Row Pattern
8 x 8 Keyboard 12P3.2
Row | Coiumn - :
00123‘567 '2 13 1P1.0
| 1 s 4 2P11
I 2 16 7 arL2 |
3 T 9 8 4PL.3 !
4 ! 12 13 5P1.4
5 1 15 14 6P1.5
| 6 ! 16 17 7P1.6
8P1.7
7 } 19 IR '373 Latch
I I S
: 8031
_IM_ be 4+ 5V
R
Pullup Network
Hi-{
2 4 56 789 19 13P3.3 Read I
1 Columns
1817161514131211 —
| '541 Tel-State Buffer
ADDRESS MNEMONIC COMMENT

.equ newrow,70h
.equ newcol,71lh
.equ newflg,COh

;store any valid key row address
;store_any valid key column address
.use addressable bit as a new

;key flag

*:: iy



R e s T ¥ S 2:!:.::“,,', & ~ ns &
\ -
=4
i
ADDRESS MNEMONIC COMMENT !
.equ upflg,0lh ;upflag signals start of key up |
;delay
.org 0000h
bigkey: sjmp over ;Jump over TO interrupt to main
.program :

:The interrupt program begins here; TO is reloaded to permit
.the next interrupt in 1 ms

org 000bh :vector location for TO overflow
:flag
mov tl0, #0cbh :reload TO for next interrupt
mov thO, #0fah
push acc T .save A and the flags
push psw s
mov pl.rS ;get row scan patte:r.. ‘o pere !
setb p3.2 .generate a strobe to the latch
clr p3.2
mov pl,#0ffh ;set Pl as an input port
clr p3.3 ;read buffer and see if any
;key down
mov a,pl .get column pattern
setb p3.3 ;disable buffer 3
, jb upflg, upyet :1f upflg = 1 then wait for
;keys up
setb ¢ :set C to 1 and rotate A to find
b ;a low
} mov r3, #08h :8 rotates will restore A to
;original
look: rrec a ;see if only one zero in A (valid)
jnc test ;if C = 0 then see if A = FFh
dinz r3,1lo0k :go until C = 0 or rotate finished
mov a,r5 icheck for a key down previous scan
cjne a,newrow, goback
mov newrow, #00h ;if so then not repeated; zero
. ;newrow
mov r4, #00h ;if so then zsiro R4 and scan again
sjmp goback :return to main program
test: cjne a,#0ffh,bad :1f A not all ones then invalid key
here: rrec a ; good péttern; restore A
djnz r3,here
cjne r4, #00h,match ;R4 counts pattern matches
\ newone: mov newcol,a ;first time seen; see if it recurs
mov newrow, r5
inc r4 ' :R4 contains key detected count
sjmp goback
aatch: push ace :save A and check R53 fer a new row

mov a,rS



ADDRESS
Continued

good:

unk:
unkn:

bad:

upyet:

notup:
goback:

MNEMONIC

cjne a,newrow,unk
pop acc

cjne a,newcol,unkn
inc r4

cjne r4,#04h, goback
mov newrow, rb

mov newcol.,a

setb newflg

setb upflg

mov r4, #00h

sjmp goback

pop acc

mov r4, #00h

sjmp newone

mov r4, #00h
siap‘goback

cjne a,#0ffh,notup
inc r4

cjne r4,#18h, goback
clr upflg

mov r4, #00h

amov a,rb

rl a

mov rS5,a
Pop psw

pop ‘acc

reti

COMMENT

;1f no match then this is a new key
.restore A and check for a new
;column

;i€ no match then this is a new key
;match: see if 24 ms have expired
:keep if seen for at .least 3 cycles
;8ave new key row and column

;set up flag for 3 cycles up
;reset R4 to count key up cycles

;restore new column pattern to A
;reset r4 to reflect a new key
;look for matches on next cycles :
;reset match counter ’

;look for A = FFh

:R4 now counts 3 cycle of up time
;look for 24d scans (3 cycles)
;up time done, look for next key
;reset R4

;rotate RS low bit. to next. row

;restore PSW and A

;the interrupt program finishes here and the main program begins;
;the main program would normally get the new key row and column
;patterns and convert these to a single byte number

over:

main:

simulate:

nov rS,#0feh
mov tamod,#0lh
mov tl0, #0cbh
mov thO, #0fah
mov ie, #82h
setb tcon.4

,mov r4, #00h

clr upfrlg

clr newflg

Jbc newflg,simulate
sjmp main

nop

sjmp main
.end

;initialize RS for bottom row low
;set TO to mode 1

;8et TO for a 1 ms dslay .
icount 1333d @ .75 ps/count -
;enable the TO interrupt

;start timer

;reset R4 for no valid key

;reset key up flag

;reset new key flag

;get key row and column addresses
;simulate main program

;main program would get addresses
;here
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QBUAANKNR (Display)

trfduada i fiurdguutiouiand ina fHuduynuyuduadou Hvfiudauuaa
wafluaw i Aifunaauuanungna caynuyud douuanenani v funguuay
#nuvasfiv 3 4

1.Single lights

2.8ingle characters

3.Intelligent lphanumeric

AMUUAANHWAULY single light (fflu incandescent wazf LED (fiu
Kauvlseifiuiaugiuaaesonte M98a-19AIAUAUTLNIY WUY single-char-—
acter Sw3au#luiauwarand iidunvhatinug Bea1stiviey iffu 7-segment
LARNAIULARNHAULY intelligent dot matrix fluMafinys ASCII 8 fin
WA UUANTIAA ASCTI A#ifuuuuiatinuiflautiofin AUUARIUALYY intelli—
gent alphanumeric Yzf1N7iaTAuiInTniasdntutufignnnafinunsantiaa
Amduuawnd Lati sauansnanulunegnuaa iRty LCD Afnatuagn
w1 fenateifufituy douuasswafunedlan Ao fa cRT ascir deatiowinod
inaffunauRa Laadiggatinanuay

W AB97 (individual light) WASnuAAENETiAuafddrudantang
wodnfluanvin ndoatinueseainquguaad fia ascir da sagunf L fugunad
LITREIRY

&M%y 2 Handrvuund 7-segmentUf@vintelligent LCD display
Kaun12iugunaufiana

SBAMMUAANH LADUUY 7-segment

SEURAVHALNRR 7-segment sasfiauusenauiiay LED 19uvffuifiuian
8 uAasAHduiY 1 (HU(B13un w9 Ansaafild) uReRquflfiufars 7 any
AaMmsuudaenann LED W 6 WAANTUULY uﬂsqqaﬁﬂugﬂnavﬂanﬂﬁv 4v1fiu

garudquntagn faMaeniTsouaasnaninndn 1 e filan1909l time-mult—~

] .
s Fe
h



o v
L e

iplexed ATHAWNYHAINANNITAATIIVUNIINTLRILHIUARE YDUARNHANTEW L
nny 10 mS 1787 10 mS gnuuu%ﬂuiﬁuouﬂﬂuaavuaﬂgnﬂﬁﬁﬁﬁqvlqaﬂ
281914017 LURBULUR YD UAANKA

Hantvinaaaunavll  1HIOUARVHA 7-segment 4 fA HOYANANLARS
segment Lfiulaiynuawednl uay n17ifonarasannuunedn 3.2 0y 3.5
ﬂuaﬂv%ugu 7 segment YfuAvfidniflaany segment 1fiu highifsa1ioa
fldndau tfin low

naﬂuﬁﬂLnaéﬁﬂvﬂﬁﬁﬂnﬁ1ﬁun§suﬂ1wﬂﬁ ﬁuaﬁnﬁﬁiﬂﬂ LED flatifiu fp
10 mA M4U 1 segment WA¥ 70 mA aTn¥u 1 a1isadifiudnnszud ndy
NTvusgvqaseifiu 4 1in (B84 GHT8hn 2.5 mS UARZOUARYHAASE LARYHA
28NN (AWARA)

wwgunsuflatiida tRRBuinaddn  San TO Aufnuaz fuafuttisugunan
Bigkey UTunquduinaddwse ifiu 1 aumnunudefiv 4 uaviatinus 2 tudn
LALAUNTJUUIL segment uBvANZAASsQAuAntHunadny LAZIUUUDBIIUA
Qnuandfiunadn uaunIWNANIEAI919 lookup LRBUUANIINAY LAUFIY 16
\uguuuy segment amfuianfiuy dunavdiusuninsuinaddw szuansian
aziefimuinuiatutf Ausunsunfnanviuanundvuevhafinye  AUSUILNIN

ndninaaanundvuaNdgnuyg uasintﬁUQﬁavﬁuﬂagadﬂﬂsqnuﬂﬂqﬂﬂﬁ013

Segment Pattern Common Cathode
4 Segment Clrcuit
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Choose R for
Brightness.
Qa Qb Qc ad Qe Qt
4 ' 7
sy 7

— y D g

4

3

2

1

1 I ]
| I I 1
accdefag abcdefg abcdelg abcdelg
Display 1 Display 2 Display 3 Display 4
cc cc cc cc
01.04 a1 Q2 a3 a4

8> 1000 ) 12
13
14
15

x

Pt.6

P1.5
P14
P1.3
P1.2
P1.1
P1.0

8031

P3.2

P3.3
P3.4
P3.5

wode

wf"{;g

o ¥y
e
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sunseqg

UTUNTN sunseg ﬂsﬂﬂﬂﬂﬁﬂ@ﬂﬁ?ﬂwuﬂuﬂﬂunﬂd “"chi" {Iy "ch4"uu
7-segment A138ATIM 4 fa wadnl fluULUL segment S1ntudndnuay
chx TO A%14879198 MUY 2.5 mS Tend1vE28NEIIUIANADY (na44n U9
ungunfinatinna1y lookup LﬁﬂuUﬂqunLﬂnjqu 16 Lﬂuquuuuﬁanﬁuﬁu Ro
navuuvAl At (funas Laadunviatinuafuan

ADDRESS MNEMONIC COMMENT
.equ chl,50h ;assign RAM character locations
.equ c¢h2,52h ;two bytes per character
.equ ch3,54h
.equ ch4,56h
.org 0000h ;jump over TO interrupt location
svnseg: mov sp, #0fh ;get the Siack acove banyk ons
sjmp over

:begin the interrupt-driven program at the TO interrupt location

org 000bh
moy t10,#0fbh ;reload TO for next interrupt
mov thO,#0f2h
setb psw.3 ;select bank one
mov pl,@r0 ;place segment pattern on port 1
inc r0 ;point to accompanying cathode pattern
mov p3,@ro0 ;place cathode patten on port 3
inc ro0 ;check for fourth character =
¢jne r0,#58h,nxt
mov 10, #chl ;if ch4 just displayed go to chl
nxt: clr psw.3 ;return to register bank 0
reti ;return to main program
;the main program loads sample characters and starts the TO
;interrupt.
mov a,#00h ;use an example sequence of 0, 1, 2, 3
. acall convert ;convert to segment pattern and store
mov chl,a
mov a,#0lh
acall convert
mov ch2,a
mov a, #02h
acall convert
mov ¢h3,a
mov a, #03h
acall convert
mov chd,a ;last segment pattern stored
setb psw.3 ;select register bank one
mov ro0, #chl ;8et RO to point to chl RAM location
inc ro ;now load anode pattern for chl
mov @ro0, #20h ;set anode for character 1 only high
inc r0 ;point to next character and continue
inc ro ;load ch2 pattern
mov @ro0, #10h
inc ro
inc r0 ;load ch3 pattern
mov @r0, #08h
inc ro0 -
inc ro ;load chd4 pattern
mov @r0, #04h
mov r0Q, #chl ;point to RAM address for chl
mov t10, #0fbh ;load TO for first interrupt

“mov tho; #0f2h
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ADDRESS MNEMONIC COMMENT
mov tmod, #01lh ;set TO to mode 1
mov ie, #82h ;enable TO interrupt
setb tcon.4 ;start timer
clr psw.3 ireturn to register bank 0
here: sjmp here ;loop and simulate rest of program

;convert uses the PC to point to the base of the 16-byte table

convert: inc a .compensate for RET byte

mov a,@pc+a : ;get byte

ret ;return with segment pattern in A
.db cOh
.db f9h
.db a4h
.db bOh
.db 99h
.db 92h
.dR 82h
.db f8h
.db f0Oh
.db 98h
.db 88h
.db 83h
.db c6h
.db blh
.db 86h
.db 8eh
.end

TEOOTEODIDO K WD O

Intelligent LCD Display

naufl 199m972940Y intelligent LCD display uavAavA1H 204780
oA uflou Lmed 1WAy 8051 N17 handshaking UOMAIULARYHA LARITY
U 7 unsfuinodinafiu 8051 Auju 8

VUARININLTNOLH8ERA Lnndnuau 2 #e Handeannduande (RS=0)
wagdndadamusiagnuafiuans (RS=1) sasanvuaurgnauianfufivanflausunay
amduliat fSeaiuasagnivsunanidoadtekatinuatiiosnie degnnnifiuguuuy
AUt dot matrix iflnusnadiuuanddvTendnslufitaysfivansd 1udnandy
§7U 16 A1 80 dzafifauanvarrunnnufiuaniAd OOH UONWINLAVSDUARY

waflgn ifdan
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21

wadni gnafiidannangy ndatudintaya uagwaéna.z fIN3.4 1814an
ainnduns e mut i duundagny

qauaﬂwuaﬂﬁqﬁuautQﬂWMWQTHu lﬁﬂﬂﬁﬂﬂﬁﬁuﬂuju 8 nia4sfu LCD
in 7 gnRamandafaeqnifiy 1 tﬁaﬂﬁduﬂqdqﬂauﬂﬂvnﬂwﬂsiuqnLﬁuuﬁu L.}
LARYNA LCD fitutiaundn ifintian g (4linesx40lines) fignatiidatuyqy
Nfun1998 9881 901 2unnd iRefiuTunsutigu Lanunnynneny

+5

|

=5
3

10 11 12 13 14

T

D1 D2 D3 04 05 06 D7

o
Gy
z

£

i Intelligent LCC Dispiay
BT RS R/W D7 D6 DS D4 D3 D2 D1 DO Function
0 0 0 0 0 0 0 0 0 1 Clear LCD and memory, home cursor
0 4] 0 0 0 0 o 0 1 0 Clear and home cursor only
0 0] 0 0 4] 0 [¢] 1 o s Screen action as display character written

S = 1/0: Shift screen/cursar

110 = 1/0: Cursor R/L, screen L/R
0 0 0 0 0 0 1 D C 8 D = 1/0: Screen on/off

C = 1/0: Cursor on/off

B = 1/0: Cursor Blink/Noblink

0 0 0 0 0 1 SIC RIL O 0 SIC = 1/0: Screen/Cursor
R/L = 1/0: Shift one space R/L
0 0 0 0 1 DL N F 0 0 DL = 1/0: 8/4 Bits per character

N = 1/0; 2/1 Rows of characters
F = 1/0; 5X10/5X7 Dots/Character

0 0 1 Character address Wirite to character RAM Address after this
P 0 0 1 Display data address Wiriie to display RAM Address after this

0 1 BF Current address BF = 1/0: Busy/Notbusy

1 0 Character byte Write byte to fast RAM chosen

1 1 Character byte Read byte from last RAM chosen
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= +5V -5V
1 2 3 _
Two Line x 20 Character ‘EN
Intelligent LCD Display é 14P3.4
Enable Lo
14 13 12 11 10 9 8 7 . 5 4 ¥oq B0
D7 |ve | DS | D4 | D3 D2 |01 |DO| RW |RS
§ 12pP3.2
13P33
1PL.0
2P1.1
3P1.2
4P1.3

5P1.4
6P1.5
7P1.6
8P1.7

LCdisp
U9uN9N Lecdisp Avd198197 "hello" Uf intelligent LCD dis-

play UAAYIUTU 8 wWodnl A#iudntiaya wo4n3.2 1Aandsainod ifiuandvo
ndatiaya 1 wo4n3.3 fiun1787u 0 nda 1fuu 1 wAr wWedn3.4 a¥1enae
asnquuanfin low

JUTUNIN Ledisp waavagiiuuu

n194afad _
Lﬁutnaéqnﬂﬁaﬂn%uuawwﬂLnﬁu ﬁnququﬁnnwuqnﬂﬂnnﬂauuﬂzﬁﬁmné

vauna¥edadi wiadgtona iduatiunaansasasuutuia aoqutiioawnue e iny
adnaadne At duty cycle avfl uaftaduasadtudd iufsuuuaeii ifiuod
nv1iudsusuaviufauuatdanunzadaid tusuufarmatan nasiuduussee
arnunt1iad guatuaaiutifaed '

aqufldsa
niuined TO uwar T1 Atdamdandnrwuan  saunquiusdKant iy

vaiand uazatgnf1A¥I9E291287 timing wun1iualvuan  aqautduay

tuauNRAfty i fu
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unknown freq. = counter/timer
anftuiaadne Hriadinedtiu 200 #Rd wiam 0.15  Aasteany
nuinad adnudda
UF = 200/0.1 = 2000Hz
fiadguwndaviuduusan 1 iy 0 w 2 wunduin iAagatitunge £/24
gnifutinenfiauunt s iuduuuuawiadd ssastaaind 667 Hz featingaka 16Mx
antdngataiut 20ty gnenfAtAETEEE 19A1 A% VB AN T0U Y L AL

ndrn13tusufisnuaty timer roiloversﬁﬁﬂﬁﬂﬁaﬁiuaﬁNW1nnﬁ1ﬁuu07ﬁu

o
dflnflgargniy
S0e®q cmu inadf ius suenqud A Rauuanativiggratsgiuday o v
667 Hz unﬂuﬁQﬂmmﬂmQQﬂuﬁqu 1,000 Iy 10,000Hz
-’

#aadn ot Lo 10449498189 dc 910 0 v 5 198 f 0 eadien
wninuinadiiy 1,000Hz uasfafa 51044 e %N 1y 10,000Hz uaw 1
#avna24aianimsafiing 0.01 “aaduanfign wde 10Hz daviean 1S aday
At tdadt vunuey flanang 1 Hz

n174an2aund1eiad

wnrmaul] i §dnaddunn ifiu square wave acutuaviiadanuasa

iatitanni taanfiafy iy high (Tn) eoqudaefiu
UF = 1/(Tp*2)

i1 Tp (i 200 us Kekqodaedl 981 UF = 2500 Hz A ueuay
wn179ase Liuafusuwndd duty cycle 50%

nuedx a1gnatifdeanafanatuingniu tawae idenn INTX - 1 fiu
high 1au(fnonfl GATEx Wu TMOD AINBNuBU NN TS ASsnd LRueiy 1/2
BENRTULENNININEY YD 0.375 uS AMMFuATAfA 16 MHz Aq1nuyuauiing
vifidede Lduaudandugunnt 1ow uRgnya idatunndaiuifin low Aaw

nﬁquuauﬂaﬁﬁuﬂnndqnQﬂuﬂﬂuqénuauLnﬂﬁtua{ o 49.152 mS &a1W13048
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saufiuiairo4induavunanniu tund uﬂstﬁuﬁagaﬂulaﬁﬁtmaé

asgdanaiuuiuay TO sgatiffunfonaiuiy  fda  INTO 1fiv high
n114asewi9usundn  INTO (ufeudnn ‘high (filu low afitasadavtiny
100 vs iflaidn To nr7fannaunasfl INTO 1fiu high uaznyaifa INTO
(flu low ﬂnh%v uuqunnﬁﬁﬂquqaqnauLﬂﬂéﬂﬂﬁﬂﬂﬂﬁuwﬂnauxnnéﬁwﬁUINTo
unan IEO f1uns0ifinifde INTO ufleusan high ifiv low ifauanafsuse
wnIu L3utfua2 NN wlad uasﬁaiuﬁnqﬂ

D/A and A/D conversions

n17uUAvTEnday aunfion HuR mea  #BEvAtaves IC dsanuuuaniau
inad inafiuaauRacd Atuuasidnagfnuny ied
datinyauuiu: tri-state 8on
fiapdugu:a1ni30idan g/ idou flaya navau/d9y
tinoanuuusshinvttifituuavifunnundvaqusnuasuen  daffutiaadiusn
ndad fiugquned I/0 daffluwndn nHvenifBnuin AmANuRNILTUNTY wQn
*finav nﬂeuﬂuﬂﬂunuunQﬁuﬂﬂLﬁunaqﬁﬁﬁﬁuﬁnﬁqm finponuuuaetivoa
LATAURNLIN 32K #ruuuandusiquuasy  1flunrsuersnqiugiuatounwnadn
1autiuuudIaINen

D/A conversions

fauuae D/A nfl@ 1@ R-2R Lﬁuﬁuzquﬁﬂﬁﬁuaq gnﬂaﬁuwaénl Ry
3 #equ 9 wedni szuuaviudnfnaafustainsaurfion wa4dns RIUAN
BuauNIILUaY D/A Hauwuavfl 3 Hnune

Veef = +10 v -10V
conversion time : 5uS
control sequence : CS then WR

anndusiandivafunind 100 Hz flgna¥ivatuasatusunananiud i
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Vrer tA0ninafiy —1099ad unzaduszundvsan +9.96 39ad fiu 0 374
TBUYANARIN 4.48 1774 1u7un?u1ﬁmﬂﬁﬁy lookup &¥1vuUNAVAVUAAL YA
vavafuniud 19912818 20uavunudnna1 97 v L Bu B AR u e vady
LIATUBNATTUURN SRR g gR faun90a41 viauatiakiandny S
%uﬁQﬂﬂﬂ“ﬂﬂULQﬂﬂﬁﬂﬂﬂﬁﬂﬁlﬁu
Tmin = S * 5uS , fpayx = 200,000/S .
uuqﬂﬁuﬁaﬂnuUUtﬂunqqudqq Huwafindl high a w¥uadu 1000 Hz
S aq7iflu 2004 uaruifusdy (AN TR ER20d NN e Ldufl Sus
unTnaINn 0 inndtiaya uandfiayadunadn 1 uasaIaTUNEdn 3.3 W S
uS  NI9RTI3ATIUINNTL =2 dsin teﬂﬁﬁﬂﬁaﬁnﬂuganavndutﬂuq 1 9m
iy 6 us wariraraMYundudoriual 2.25 us S s ifiu 166d flaqu
d 1001.75 Hz

Reference
Voltage

P33 13 = I

P12 12 L4 _l l
¢s Rfb

12 8 9 % 1 Out
031 D To A Converter e
12 ’ v Out
7 6 5 4 16 15 14 13 “

H Operational
DO | D1|D2 03|04 ]|D5)D6 D7 Amplifier

P1.0
Pl
P1.2
P13
Pl4
P15
P1.6
P17

BN W aw N -

A/D conversion

N17uuRy A/D fl¥aufige Aauuy flash dennafinnsuuast ifivand a4
1avAaNNI I LaBdn1au nTuuaef i iaflaatiasndn 1 uskeiuanuined iand
ﬂﬂUﬁﬁngnuanﬂﬁliuﬁu uﬂzﬁﬂﬁﬁnﬂaﬁmavﬁuauﬂﬂanauﬂnﬂsgndﬂuﬁu 1 nin

2 anfvdaun aauiqnd taduundtainaddand (AuvndavanEu Yy 1 lagotiy

LS
R
..
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1?ﬁnqutqaqnaunﬂauuaanﬁuuqu 2-4 uS am¥u 8 fin :
Hnunsaouiaadinaduuy flash 1fiudef
Data:Vip = Vyef.data = 00h ; Vip = Vyer,data = FFh
conversion time: 1u$ ~
control sequence: CS then WR then RD

Qvﬂﬁﬁqaﬂﬂvuﬂﬂvﬂugu 10

+ VREF -

414
P13 13 .
P32 12 = jw;lﬁ‘b'

13 6 8 12 11
8031 ) Vinput — 1 Flash A To D Converter
i< 3 - 5 14 1> 16 17

P1.0 lDolm p2 [ 03{02] 05 [06 [ D7
P11
P1.2
P1.3
Pl.4
P15
P16
P17

ONOO W N~
e

wadni 1ﬁd1uﬁﬂuauwuénﬂuqﬁaniaaLmqauwn taswadn 3 AUANNT
WUANSz L3N AENAd (AU LTy Ly low uaztayagndiusaenaaf (fudu i fiy
low

N118U iNa44¥wnan uéiy

8051 #ou(nad4msinatuunn 2 fu Aeflun INTO uay INT1 f%uwn
iflavannduszuutfing uﬂnqnuﬁavnﬂvaﬂqtﬁuuﬁnndﬁﬁutnaéﬁw 2 nfl ﬁaq
nargAnuusn e maunAgY ina 49w fefunyfufnuns i of

nadaundvduinad4w (fludaudqu

AMUAUNANAU inad 4wt tinowy 4
W sd8uinaddwnruuanssuonin  low n13A8NUNaANBU ina$4w 1t e
INTX #0v18 open-collector nagunad tri-staten

aat14n171fu INTO 990 1 1fiu 8 na HaEqU 11 udRzUNAvAzLDn
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fin low iflnKoeniafu inaddw vruawadnndefiantiuqs1d  undenu inaddn
flnnuana ﬂUﬁunauauLﬂﬂé%Wﬂziuﬁnnﬁjﬁuﬁu1nﬂé?w Unaau inod4niia
%uﬁtﬁadﬂ Arufu inaddwunvundvarniraniu Ly high wadn 3 u1 3.3,
3.4 ,UA% 3.5 MWMHIU 5-to-8 decoder Kygratiaunfusenfutufvundeny
inad4wdgniny Hanoaafaitisaunn 3.0

N198u ina44unana g Kandauiy wdan19ianiurunguddutan 41 1ud
RINKENN UL INDdmanTada v Ldedau wiafigantandaniafuinedniaund g
AunuA1 low .

IgUU priority 877WAT  AIN170A%1 v idaundeau inad4wdansyuan
aaasqvasy (fuanfivugn WazlUIUNINAU INEd Yy uaua-ic sy 1299980y
priority flazifuaifduatinetuansuniaundanuavudazundy Tsuuflag (fua
i rauinadinsautiul  Hefiuntadiinanuduinoddwuas 1SuiAYANT IS YT
LnINU INE4Snuasundy ﬂutnaé#wﬁqwnNﬂqnunﬂvﬁﬂﬂﬁmndﬁ eniisug

un?uautnaéﬂwﬁnﬁagnaunqﬂ tagnnfiafu inoddwany

+5v
Interrupt Routine Signals Source When Finished z
15
14
:g 1}~ 13 P33
i1 214 P34
10 3f11s pas
b g 4
i [__‘. 7 5 8031
Interrupt i 138 10 P3.0
Sources 8 7 6 : 4 3 < g 10t8
INTO
—AN—L 111 ! ‘ : 12 P32
+5v 0.C.
Output 1 PLO
2 Pl1
3 PlL2
4 PL3
5 Pl4
6 Pls
7 PL6
8 P1.7
identitier Qutput

- .h;;.?@lp e
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2997074 8248n 4udu ina44wnan g

wanaviyn t9avau inad4wttuantu v ttiunnn19699uM997078uaN
ftiauflan  ds¥antatuduinaddwnatarhia 4 nansouty Mn1van4auad

arurtagnuene Liuundvau inad4w 256 undy #egu 12 2veefl 1fudauuuan

. b Inactin o— Inactin
Inactout F—o/.— Inactout '—‘\.

.
== +5V

_T_ +5v
k—- Intout
Y

Intout
Intin -——/’._ .+ intin

Reset Interrupt Resat Interrupt

l ~~eo—— Ackin

_/— Ackin
Ackout Ackout

Inactive Source Active Source
Lowest Priority Highest Priority =
interrupt Source Interrupt Source l
Inactout inactin [ —{ Inactout tnactin | inactout Inactin I Insctin INTO .
Intin tntout = Intin Intout =1 Intin Intout * intin Intout =112 £33
Ackout Ackin 1 Ackout Ackin | Ackout Ackin Ackaut Ackin 13 #35
04
AO 1 P
Al 2 P
A2
3 PHI
A3 4 r
Ad 1]
5 Pl
A 6 Pt
= 7 "4
8 7!

AuAafisnnacunsennuuugH el

1.unﬂuﬂutnaé5wﬁﬂﬁﬁmﬁqﬂ gnﬂaﬁuwuﬁnumsqnﬁﬁ ﬁuunﬂvﬁﬂﬂﬁmﬂau
N1 undefianAyiound190gH7 A

2. undvouinadwaiun 2anyadgyrafvnuaday flaginandannund

3.3ﬂuuawautnné%Wﬂﬁﬁuﬂmmﬁm ACKIN urdunfvsin 8051 ﬁgﬂﬁu@ﬂ

u8v3fiu doanfuundefuinad4wsz iafoulng INOUT WRYUDALATALEYUNA 4
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tuIm 8 fn xdn%ujnﬂaautnaéﬂw undfuinaddwiaeungny INOUT fiy

high aﬂﬂuﬂnﬂﬁqn 1 uwunfiuiding autnaé§w5ﬁu1?nQﬂnﬁ1tudﬂuﬂﬂnhigh
tflu low uu INTO 1#
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"MdoYy hardware controller

progranm test_portl 1ﬁﬂﬂﬂ0ﬂﬂﬂ?ﬂ701uﬂ80 8031 T?Uﬂﬂ ROM uauna
latch address Lﬁ&ﬂﬁ?ﬂﬂﬂﬂﬂﬂﬁ? fetch A19937N program memary (173171974
program uauuan17nweﬂuuaﬂ0131u7ﬂ A

progranm test —autput nadaung fetch ﬂwaoqqn program ‘memory
Luaaa out.put, 1ﬂuaﬂcnan port output [74LS374 (US)1 Tﬂﬂiﬁﬂﬁaﬂ MOVX @D-
PTR,A 138 address Al15 = "1" program uaswanwsnwowuuaﬂe1§1u7ﬂ B

program test_input Tﬁnﬂaaunﬁi Fetch ﬂﬁﬂﬂﬁﬁﬂ Program memory
LNOTU 1nput 9711 port input (74L5245) Tﬂﬂ1ﬁﬂ1aﬂ MOVX A,@DPTR uae udag
NRﬂW?TUﬂ port ocutput [T4LS374 (U5)1 Tﬂﬂ1ﬁﬁ7ﬂ0 MOVX @DPTR,A LNO adde-
ess A5 = “1" progran Uassaniaremanalilusi c v

program test _display nadsunnsy fetch ﬂﬁaﬁﬂﬂﬂ program memary
Naﬂﬂ output 1ﬂuﬂﬂﬂnar seven segment N1UNI latch 7419374 (U6) Tﬂﬂ1h
ﬂﬁao MOVX @DPTR,A \Na address A1§ = "Q" 71unonaaaun17 drive transis-
tar Fotminiifurn common cathode prograu uagnanyiremuaaslilugy o

program test_key Lﬂﬂﬂaauﬂﬁi fetch ﬂﬁﬂﬂﬂﬂn pragram memory
o ngdaun1Tng key lasannasnd Clifinane key) P1.s = "1v uay wandua
M3fIM port output (7415374 (U5)1 Taglid1de HOVX @DPTR,A g address
ALS = 1" progrem Uagwansiienuuanslilusy

Nan1Tnadoy hardware contraoller
15N8ﬂﬁﬂﬂ1708ﬂ&ﬂﬂ10ﬂ7



TEST_PORTL:
LOOP:

T_OUTPUT:

nov
Hov
ACALL
RL
SJnp

OV

. Hov

LO0P:

DELAY:
FIRST:
SECOND:

HOUX
ACALL
RL
SJNP

Hou
MOV
DJNZ
DJNZ
RET

703
PORT P1
F
H.
P47 L M
A, #04H ]
P1,A PL.6 L
DELAY § -
. P45 L M
H.
LOOP P14 L M
H.
P43 L 1
H.
PL.2 L 47
H-
P4 L 1 _y
H 1
Pi.0 L +— | I
FIGIURE
OUTPUT PORT (74L5374)
&
e H-
BIT? L i -
A, 4OLH .
DPH,H8GH  BIT6 L
OPTRA B —
DELAY "
A BIT4 L 1
LOOP H -
BIT3 L [
H.
BIT2 L M
H.
BITL L I [~
H-
BIT L+ | -
FIGIURE B
R6, 4OFFH
R7, #OFFH
R7, SECOND
R6,FIRST



B i R A
-t * R

INPUT FROM 74L$245 (MOUX 4,BDPTR)

4
BIT7 I
BIT6 | - il
T_INPUT: Hov DPH, #80H BITS imm i 'l
LOOP: HOUX A, 8DPIR
NOP BIT4 - ]
MOUX €DPIR,f W\ 7= -
. BIT3 A
SJINP LOOP ]
BIT2
l"_L ! j’_]
BITY |
pitg — L I 1

QUTPUT OF 74L8374 (HOUX @DPTR,A ;PIN 15 LOGIC = 71™)

4
pir? 1 ¥y
BIT6 ] 6 N
Birs | | M "
BIT4 b
BT —d
BITZ

I 1 f 1]

BITY -
pitg I—1 1

» 1
FIGTURE ¢



T_DISPLAY:

LOOP:

T_XEY:
LOQP:

KEY_IN:

Hov
Hov
HOUX
Hov
fov
ACALL
Hov
RL
fHov
CJNE
Hoy
3JHP

HOv
Hov
ORL
fov
ROP
Hov
JhZ
fiov
RL
1oy
CJNE
Hov
SJHP
HovX
ACALL
CLR
HOUX
§JHP

DPH, #8H
A, #OFFH
@DPIR, 4
Re, #01H
Pi,R0O
DELAY
f,RO

f

R@, A
A,#20H,L00P
R8, #04H
LOOP

R8, #04H
A, %208
A,R8
P18

apt°
KEY_IN
R,RO

A

RO, 4

#, #1DH;L00P
RO, #O1H
LOoP
€DPIR, A
DELAY

A
gDPIR, A
LOOP

108

COHHQN PIN OF SEVEM SEGMENT
Fy

¢OHS =

.
]

¢OM4

CON3 1

L
conz { &
cong {

FIGTYRE D

P1.5="0" SAME KEY_IN
4

PL.5 1

¢OM4 - U

GOM3 1

(0N2 -
COHt T LJ

QUTPUT PORT (74LS374 WHEN A15="1™)
4

BIT 4-7 |

BIT3 -
BIT2 ] M

BITY i1

BI10

FIGTURE E



iy

10)

9)

8)

7)

6)

5)

4)

3)

2)

1

12H

11H

10H

OFH

OEH

0DH

ocH

0BH

0AH

0SH

08H

CODE USER

XXH

XXH

XXH

XXH

XXH

LXH

XXH

XXH

XXH

XXH

XXH

106

IXTERNAL RAM
VARIABLE VALUE

L]

THO VALUE
1DH XXH
1CH XXH
188 | xxu
1AH XXH
19H XXH
18H XXH
17H XXH
16H XXH
15H XXH
14H XXH
134 XXH

TABLE OF USER

28H
27H
-26H
25H

24H

23H

221

21H

20H

{FH

1EH

TLO

VALUE

XXH

XXH

XXH

XXH

XXH

XXH

XXH

XXH

XXH

XXH

XXH




LA -4

2EH

20H

2CH

2BH

28H

output signal far

fall ﬁﬂqgﬁuﬁqﬂnao

3 Arnat

107 ) d

INTERNAL RAM
VARTABLE VALUE

G
\NUANEANNUE output signal

WAR9AN fall %enﬁudwﬁﬂqQﬁuﬁQﬂ

_ byte fl¥aToadouiiouly delay from cut

byte fildnTissoutdouly detay read (1,v)

address u?ﬂﬁiﬁﬂﬂﬂﬂﬂﬁ?ﬁﬂl?ﬂﬁ

MSB LSB

TTH|7T6H|75H|74H|73H|72H|71H|70H| 2EH BYTE

17/0y1/0(1/011/0{1/0
5 4 3 2 1 V&l

n

MSB LSB

6FH|6EH|6DH|6CH|6BH|6AH|69H|68H| 2DH BYTE

I/011/0{1/0{1/0{1/0




IS
MSB LSB
67h|66H{65H(64H|63H|62H(61H|60H| 2CH BYTE
| “0" fu averflow va9nn7idn
main breaker
" Lﬁu averflaw 189
delay read from cut main breaker
L "g" Lﬂu aoverflow ﬂgﬂﬂﬁilﬂﬂ sub-breaker
N AN Lﬂu overflow 989
delay read from cut sub-hreaker
Lowan iy overflow vaenisida 170 1
g Lﬁu cverflow 499 delay read from cut [/0 1
w0 fu overflow yaemmida 170 2
pivisly Lﬁu averflow Y84 delay read from cut [/0 2
L »0* §u overflow vaemsidn 170 3
3 tﬁu overflow Y99 delay read from cut [/0 3
] L vov (fiu averriow vaumsida 1/0 4
| " tﬁu averflaow 499 delay read from cut [/0 4
L w0v (4 overflow veenisidn 1/0 5
"y Lﬂu overflaow 409 delay read from cut [/0 §
MSB LsB
SFH|S5EH|SDH|S5CH|5BH{5AH|58H|58H| 2BH BYTE

L “0" delay lﬁaéﬁudﬁ current & set Lﬂu "y
"1 17 delay 1dudd

"0" delay twaaﬂuﬂw voltage & set Lﬂu nyv
“tn %017 delay 17udn

i



[/0 5

I/0 4

[70 3

[/0 2

/0 1

I,V

delay read from cut
when THO = FFH

TLO VALUE
d5H 0tH
34H O1H
33H OtH
32H 0tH
31H OtH
30H F6H
2FH F1H
444 FoH
45H F6H

1S

INTERNAL RAM
VARIABLE VALUE

value aof delgy open

THO VALUE TLO VALUE
3cH FFH A3H 01H
3BH FFH 42H 01H
3AH FFH 41H 01H
39H FFY A0H 01H
38H FFH 3FH 01H
37H B9H 3EH BOH
36H FEH 30H OCH

value of delay read 1|

value of delay read V

AMU39L2aIANeY set AvtTuusnTng load 97 ROM
aﬁuﬂtﬂtﬂﬁauuﬂaodw15nﬁuﬂ1ﬁuﬁaanﬁsuae§15

e L



ki
k)
)

[NTERNAL

RAN

VARIABLE VALUE

4AH buffer Y89 seven
4BH buffer 9489 seven
4CH buffer 1899 seven
4DH buffer 999 seven

segment

segment

seguent

sagment

g Ll am2 ! amal amn

LED SEVEN SEGMENT 4 DIGIT

a1

A 2

fan 3

fan 4



y
,m
ja\

EXTERKAL ROM
CONSTANT VALUE

delay read fromw cut
when THO = FFH
TLO VALUE THO VALUE
I/0 5 35H 0tH 3CH FFH
[7/0 4 34H 0tH | éBH FFH
[/0 3 23R OtH dAH FFH
170 2 32H 0tH 3SH FFH
i’z0 1 31H O0tH | 38H FFH
I,v 30H F6H 37H B9H
K 2;H FiH 36H FEH
444 F6H value of delay read I
45H F6H value of delay read V

]

43H

42H

41H

3DH

value of delasy open

TLO VALUE

O1H

G1lH

0tH

O1H

BOH

0CH




sl
:ni
L

set stack pointer #51ih
set counter® mode 4
load delay value

-

A 4
&5

input
signal ?

call subroutine

CHECKFALL

call subroutine

KEY

h 4

w

I £
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I

call subroutine
ERROR

cut main breaker

delay read from cut main breaker
(earth,current,voltage)

4
current

ah

h 4
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Ho

current ?

delay read

v

from cut Main
breaker ?

call subroutine

v

ERROR

delay read

from cut sub-
breaker ?

cut main
breaker

delay read

\ 4

Y

voltage

r 3




\3

-
‘4
-

Yrd

voltage

No

valiage ?

delay read™\_Yes

4

w

from cut main
breaker ?

| call subroutine

ERROR

delay read

b 4

from cut sub~-
breaker ?

delay read V

170 4~

&




iz

[
v

eut 1/0
delay read 1/0

¥

(e )

subroutine

KEY

4

delay
open

¥

select
port(i-7)

Y

from cut

¥

select
port(i-?)

4

delay
signal

select
(I, »

]

set delay value

{(Haximum value)
9 minute

39 second

998 millisecond

(step value)
10 millisecond

set delay value

(Haximum value)
% second

558 millisecond

(stef value)
18 millisecond

set delay value

(Haximum value)
% sec?nd

358 millisecond

(stgf yalue)
18 millisecond

ret

ret

ret




A
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delay open main breaker

\
reti

Yes

cut sub-breaker

delay read from cut
sub-breaker
(current,voltage)

from- de
open 7

s

Yes

¥y

aopen main breaker

current ?

from delay
read 1 ?

Ho

from delay
open ?

¥

LR S
A Pt

delay open sub-breaker

open sub-breaker




- e ares v‘:ﬁf;ﬁiﬁ

voltage ?

from delay
read U ?

from delay
open ?

y

delay open sub-breaker

open sub-breaker
3 cut sub-breaker
- delay read from cut :
sub-breaker ( reti )
(current,voltage)
i
reti '

4

170 {-5
overflow

from delay
open ?

Yy Y

H‘? delay open 1/0 open 1/0

«




LN

fad
sed
X

SH_TABLE

y

decrement number of user

number
of user = 8 ?

shift code down
shift data down

4

add data with number that counted

ret

- - \‘m_nﬁ



- Am J;.ﬁ:w%a;ﬁ‘
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CONPARE

number
of userz= 9 ?

Yes. keep code and data
increment number of user

1
change data on table by re
add data with number that counted

l

&

-w

data »
data of userX?

increment X

Yes

a
.

\\\:i:jx ?

No

Y

insert code and data
at position X

increment number of user

ret
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PROGRAM MEMORY



T R

BEGIN:

ORG

ORG

ORG
DB
DB
B
DB
DB
ORG
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
CRG
MOV

MOV
MOVX
MOV
MOVX
MOV

122

OES9CH

0000H

BEGIN -

000BH

OVERFLOW

002FH

OF1H, OF6H, 01H, 01H, 01H, 01H, 01H
OFEH, OB9H, OFFH, OFFH, OFFH, OFFH, OFFH
OCH, OBOH, 01H, 01H, 01H, 01H, 01H
OF6H, OF6H, 00H, O0H, 01H, 01H

OOH, 00H, O0H, OOH, 01H

004FH

3FH, 06H, 5BH, 4FH, 66H, 6DH, 7DH, 07H, 7FH, 6FH
77H,7CH, 39H, 5EH, 79H, 71H, O0H

OBFH, 86H, ODBH, OCFH, OE6H, OEDH
OFDH, 87H, OFFH, OEFH, 6DH, 79H, 0BSH
4QH, 73H, 38H, 0B9H, 54H, 44H, OD4H, 6DH
OCH, 54H, 44H, OEDH, OEDH, 54H, 44H, 6DH
SEH, 79H, OE6H, 30H, 3EH

SEH, 71H, OBSH

37H,07H, 04H, 58H, 50H, 5CH, 39H, 5CH, 54H, 46H
SO0H, SCH, 54H, 06H, 06H, 18H, 50H

OCH, OOH, O0H, OCH, 31H

009CH

SP,#51H

A

DPH, #80H

@DPTR,A

DPH,A

@DPIR.A

R7.A

-
v ¥ = '.--m-g:—:_ﬁ:-,ﬂ,:



S w T

DELAY SHOW:

MOV
MOV

MoV
MoV
MOV
MOV
MOV
INC
MOV

INC
MOV
MOVC
MOV

Mov
MOV
MOV
MOV
INC

MoV
ACALL

123

1 Ry gy

’

TCON,#0SH ;TRANSMITTION EXTERNAL INTERRUPT
TMOD, #25H ;COUNTER O MCDE 1 & TIMER 1 MODE 2
IE,#97H  ;DISAHLE TIMER 1 OVERFLOW
IP,40FEH  ;EXTERNAL INTERRUPT O LOW PRIORITY

RO, #29H

@RO, #08H

RO

@RO,A

RO, #2EH, CLEAR
RO

A.RO
A,QA+DPTR
@RO,A

RO, #4EH, SETVALUE
DPL, #4FH
A,#10H
R1,3#4AH
@R1.A

R1

R1,#4FH, BLANK
R6,#3FH

SCAN

R6,DELAY SHOW

-SCON, #0ECH ;SERIE MODE 3 & SM2=1
PCON,#80H ;SET SMOD

; F clear A1 RAM
;4 address 08H-2EH

;F load M1 delay
;1 990 ROM

;l clear AU buffer
;J Uty seven segment

; scan seven segment



SHOW1 :
SHOW2:

SHOW3 :

OUT_SHOW :

CHANGEL :

K_DELAY:
D Ra:
D_FIRST:

D_SECOND:

MoV
MOV
ACALL
MoV
MoV
ACALL
CINE

INC

MOV
XCH
DEC

MOV
MOV
MoV

124

RS, #36H
AR5
CHANGE -
R6,#20H
4EH, 2DH
SCAN

R2, #00H, OUT_SHOW

R6, SHOW3
RS

‘RS, $4BH, SHOW2

SHOW1
WORK

R1,#4DH

A,.@R1

R1

R1,3#49H, CHANGE1

R4, $02H
RO, #OFFH
R1,#O0FFH
R1,D_SECOND
RO,D_FIRST
R4,D_R4

..

Y

L ud@nIn1T LMY

subroutine n"mtinf
- shift AN buffer
Ui seven segment

L subroutine nmtinfl
delay f&m¥u key




WORK :

DELAYREAD:

NO_FLAG:

MOV
ACALL
MOV
MOVX

MOV
MoV
MOV
MOV

MOVX
CPL
ANL
MoV
MOV
JNZ
Mov

MoV
CLR
MoV

MoV
MOVX
MOV
MOV
ORL

MoV
MOV

125

DPH, #80H
K_DELAY
R3,#01H
A,@RO

A

R2,A

A, 2FH
@DPTR,A
RO, #10H
RO, DELAYREAD
A.€RO

A

A.R2
2DH, A
4FH, A
FALL
A,P1

A, #0FOH
P1,A

A

DPH, A
R3,#10H,NO_FLAG
A, 4FH
@DPTR, A
DPH, #80H
A.P1
A.R3

A, #20H
P1,A
A.R3

A

; L?'mtﬂfj main program

; read fall

; read fall again

; check real fall

"5y fa1l afedngm

; Jump {fl fall

’



NO _CH:

CON_KEY:

NO_KEY:
FALL:

MOV

Mov
MOV

MoV

MOV
MoV
ACALL
ACALL
ACALL
MOV
MOV

ACALL
MOV
SIMP

126

A,#10H, NO_CH
R3,#01H
CONKEY -~
R3,A

A.P1
P1.5,NO_KEY
A, 29H

A, $08H, NO_KEY
R7,#00H

DPH, #00H
K_DELAY

KEY

K_DELAY

DPH, #80H
R3,#01H
SCANFALL
CHECKFALL
R3, #01H
SCANFALL

; P1.5 = 0 finn78 key

; call subroutine key

; call checkfall



DELAY_OPEN:

DELAY_WORK:

DELAY_READ:

Mov
ACALL
MOV
ACALL

CINE

127

A, #1BH
SET

RO,A

SCAN

R2,#00H, DELAY_OPEN
SELECT

R2,#01H, DELAY_WORK
D_OPEN

R2,#02H, DELAY_READ
D_WORK

R2,#04H, SELECT
D_READ

; select mode

; set delay open

; set delay read niN9IN

AY output signal

; set delay read I,V



D_OPEN:

CON_OPEN:

MIN_SEC:

SCANZ2:

INC2:

INC21:

INC22:

DEC2:

MoV
MOV
ACALL

MOV
ACALL
MOV
ACALL

ACALL
ACALL
CoNE

Mov

MOV

DEC

128

R1,#35H
A, #1FH
PLC -

R1,#35H, CON_OPEN

A,#22H
SET
RO,A

~ SCAN
" R2,#01H,MIN_SEC

SETZERO
SCAN

R2, #00H, 0K2
SCAN2
R2,#01H, INC2
PAST2
R2,#02H,DEC2
€RO

RO, #4BH, INC21
@RO, #1BH, SCAN2
@RO, #11H

SCAN2

RO, #4CH, INC22
@RO, #06H, SCAN2
@RO, #OCH

@RO, #0AH, SCAN2
@RO, #O0H
SCAN2

R2,#04H, SHIFT2
@Ro

2, Fagerghy

; select port

; uAneafty et 1981
Y uafl fiu

; jump 1fBNA key 1 (OK)

; b N7 RN Lamn




DEC21:

DEC22:

SHIFTZ:

PAST2:

NOC1:

CINE

MOV

MOV

MOV

DEC

MOV

MOV

MoV

MOV
MOV
Mov
MoV

ADD

MOV

INC

MOV
MOV

129

RO, #4BH, DEC21
@RO, #10H, SCAN2
@RO, #1AH

SCAN2

@RO, #0FFH, SCAN2
RO, #4CH, DEC22
@RO, #0SH

SCANZ2

@RO, #0SH

SCAN2

RO

RO, #4AH, SCAN2

- RO, #4DH

SCAN2
A,4BH

@

A,#11H

B,#3CH

AB

R6,A

RS,B

A,4CH

B, #0AH

AB

A,4DH

A,R6

R6,A ’
NOC1

RS

AR5

B, #64H

»

.
’

; b NIRAAT LA

- shift digit

LSURUANAT 1787 Ludn HEX

s



NOC2:

MOV
MOV

ADD
JNC
INC
XCH
MoV
MOV

JNC
INC
ADD
MOV
Mov
ADDC
MOV
MOV
ACALL
Mov
ACALL

CINE
MOV

MoV

INC
MOV

DEC

130

B,#0FTH
R3,A

A.R3
NOC2

A,R6
R5,B
B, #64H

A,R6
R6,A
A.B
AR5
R5.A
A, #26H
SET
ROA

SCAN

R2,#01H,MS
RO, #4AH
@RO, #10H

A

RO

@RrRO,A

RO, #4DH, ZERO

RO

;A1 19R7 L fiudn HEX

; uARvgliedn (oA
vt 10 Q8%



A 4

SCANS:

INC3:

DEC3:

SHIFTS:

PAST3:

ACALL

INC

MOV

DEC

MOV

DEC

MOV

MOV

MOV

ADD
ADD

MoV

ADDC

MOV
MOV

131

SCAN

R2, #00H, OK3

SCAN3

R2,4#01H, INC3

PAST3 ; Jump (ans key 1 (CK)
R2,#02H,DEC3

@RO ;M3 ANAN (987
@RO, #0AH, SCAN3

@RO,#00H

SCAN3

R2,#04H, SHIFT3

@RO ; MIRAAT L9/
@RO, #0FFH, SCAN3

@RO, #0Sti

SCAN3

RO ; shift digit
RO, #4AH, SCAN3

RO, #4CH

SCAN3

A,4BH ; LUURNAN L2A0 fiudn HEX
B,#0AH

AB

A,4CH

A,R6

R6,A
A.R5

R3,A
A,#01H




FAIL3:

D_WORK:

CON_WORK :

ADD
MoV

ADDC
MOV
ACALL
ACALL

MoV
ADD
MOV

MOV
MoV

MOV
MOV
ACALL
CINE

ACALL

132

A,R6

R6,A

A

A.RS

R5,A ;1A LR fiudn HEX
CH_R5

SETACALL ; show value
R2,#01H,FAIL3 ; check AIUWAIS
A,#07H

A.R1

RO,A

IE.7

@R1,05H

@RO, O6H

1E.7

R1,#2EH

A, #33H

PLC ; select port
R1,#2EH, CON_WORK

H255 ; call subroutine for

set value



D_READ:

INCS:

DECS:

MOV
ACALL
ACALL

MOV
ADD
MOV

INC

MOV

CINE
DEC

MOV

PUSH
MOV
MOV
ADD

MOV
MOV
POP
ACALL
ACALL
MOV
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A, #2EH

SET

SCAN ]
R2, #00H, OKS
SCANS
R2,#01H, INCS
A #13H

A,@RO

R1,A

PASTS
R2,#02H, DECS
@RO

@RO, #33H, SCANS
@RO, #31H
SCANS
R2,#04H, READS
@RO

@RO, #30H, SCANS
@RO, #32H
SCANS

01H

A,@RO

RS,A

A,#13H

R1,A

A,@RL

R6,A

O1H

CH_B

CH_R6

RO, #00H

; jump fatiuin

;F select I orV

B Qﬂqlﬁn

- et ”?’3.‘



oo

READS1 :

READS2:

READS3:

PASTS:

ACALL

CINE

MOV
ACALL
MOV
MOV

ACALL
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SCAN

R2,#00H, READS2
READS1 -
R2,#01H,READS3

A,32FH
R_L

AR5
@RO,A

H255

. return \fewatsdnLny

; call subroutine for

set value



. 135
H255: MOV A,#2RH ; subroutine set value
ACAlLlL, SET
MoV RO,A -
SEC_MS: ACALL  SCAN ; uaavgtlive 1aa1u

ey W1 Ay (afund
\ CINE R2,4#01H,SEC_MS

REFAILA: ACALL.  SETZERO
MOV A, #05H
SCAN4 : ACALL  SCAN
CINE R2,#00H, OK4
SIMP SCAN4
OiK4: CINE R2,#01H, INC4
MOV A,4BH H
CLR C H
SUEB A,#11H y
% MoV B, #64H ;
MUL AB ;
MoV R6.A :
MOV A,4CH ;b wuavA 1aan 1iudn HEX
MOV B,#0AH ;
MUL AB
, ADD A,4DH
\ ADD A.R6
f y CPL A
INC A
MoV R6.A e
ACALL CHB
ACALL  SETACALL
CINE R2,#01H,FAIL4 ; Check ANMUWEINR
CLR IE.7

MOV @R1,06H

#f
.



FAILA:
INC4:

DEC4:

SHIFT4:

OUT S:

O4INC:

INC42:

INC44.

INC4_1:
INC43:

INC41:

*INC
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IE.7

R2,#02H, DEC4
O4INC

R2, #04H, SHIFT4
O4DEC

SCAN4

RO

RO, #4AH, OUT_S
RO, #4DH

SCAN4

@RO

RO, #4PH, INC41
@RO, #14H, INC42
€RO, #11H

@RO, #13H, INC4_1
A, 4CH, INC43

A, 4DH, INC44
INC4 1

4DH, A

INC4_1
4CH,A
4DH,A

RO, #4CH, INC45
R5,4BH

RS, #13H, INC46
@RO, #06H, INC47

; increment value

; decrement value

; shift digit



INC47:

INC49:

INCA_2:

INC46:

INC45:

P INC4 3:

INC48:

O4DEC:

DEC43:

DEC4_1:
DEC42:

MOV

My

CINE
MoV

MOV

DEC
CINE

MOV
CINE

JNC
MOV

JNC
MOV
MOV
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@RO, #00H

@RO,#05H, INC4_2
A,4DH, INC49
INC4 2

4DH, A

@RO, #0AH, INC4_2
@RO, #00H

RS, 4BH
RS, #13H, INC48
A,4CH, INC48

@RO, #06H, INC4_3
@RO, #00H

@RO,#0AH, INC4_3
@RO, #0CH

@RrO
RO, #4BH, DEC41
@RO, #10H,DEC4_1
@RO, #13H

A,4CH, DEC42
A,4DH, DEC43
DEC4_1

4DH, A

DEC4_1
4CH, A
4DH, A



L 4

DEC41 :

DEC46:

DEC4 2:

DEC45:

DEC44 :

DEC4_3:

DECA7:
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RO, #4CH, DEC44
RS, 4BH

RS, #13H, DEC45
@RO, #OFFH, DEC4_2
@RrO,A

A, 4DH, DEC46
DEC4 2

4DH, A

@RO, #0FFH, DEC4_2
@RO, $0SH

RS, 4BH
RS, #13H, DEC47
A,4CH, DEC47
@RO,#0FFH, DEC4_3
@RO,A

@RO, #0FFH, DEC4_3
@RO, #09H

B e



PIC:

SCAN1:

OK1:

INC1:

DEC1:

READ1 :

ACALL

MOV
ACALL

MOV
ADD
MOV

CINE
INC
CINE
MOV

DEC

MOV

PUSH

MoV
MOV
PUSH
ADD
MOV
MOV
MOV
MOV
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SET

@RO,#01H -
SCAN
R2,#00H, OK1
SCAN1
R2,#01H, INC1
ARl

A.@RO

R1,A

R2,#02H, DEC1
@RO

@RO, #08H, SCAN1
@RO, #01H
SCAN1

R2, #04H, READ1
@RO

@RO, #00H, SCAN1
@RO, #07H
SCAN1

01H

R1,%35H, READ11
B,#1FH

A,ERO

OEOH

A,R1

R1,A

A,@R1

R5,A

A,R1

; subroutine &M%U

select port

; return UUUHUWDASAN LAY

; aA LAy



READ11:

READ12:

READ13:

READ14:

READ15:

MOV
MOV
MOV
ACALL

MOV
MOV
PUSH
ADD
MOV
MoV
MOV
ACALL
ACALL
MOV
ACALL

140

A,%07H
R1,A

A,@R1

R6,A

CH_R5

READ12

A,@RO

B,#33H

OEOH

A,R1

R1,A

A,@R1

R6,A

CH B

CH_R6

RO, #00H

SCAN

R2, #00H, READ14
READ13
R2,#01H,READ1S
OEOH

01H

A.B
RL
OECH
01H
@RO,A

SCAN1

; return UUUNWBDISA LAY



CH_R6:

LOOPSET :

CONSET:

MOV
MoV
MOV

MOV

MOV

MoV

MOV

MOV

SWAP

MOV
MOV

MOV

MOV
MOV

INC
INC
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A,#10H ;
4AH,A ;
4BH, A

A,R6 3

A ;
A,#OFH ;
4CH, A

A, #0FH
4DH, A ;

AR5 3

A, #0FH ]

4AH,A H S

AR5
A,#0FH
4BH,A

RO, #4AH

@RO,A

RO, #4DH, CONSET

RO

LOOPSET

reset A1 digit f
1,2

;| set M digit fl
A.R6 i

3,4 WAl R6

set A1 digit fl
1,2 ;udT RS
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SETZERQ: MOV 4AH, #10H
MOV 4BH, #11H
MOV 4CH,#00H .
MOV RO, #4DH
MOV @RO, #00H

ERROR_FAIL: MOV 4AH, #10H .
MOV 4BH, #35H
MoV 4CH, #33H
MOV 4DH , #33H
MoV RO, #00H

ACALL  EMIT
RET
R_L: MoV RO, #4AH
LOOPR_L: MOV @RO.A
INC RO
INC A
CINE RO, #4DH, LOOPR_L
RET
EMIT: ACALL  SCAN
CINE R2,#0CH, EMIT1
SIMP EMIT
EMIT1: RET




QUES31.:

SETACALL:

SCAN:

CONK :

DELAY:

MOV
MOV
MOV
MOV
ACALL

ACALL
MOV

ACALL
ACALL

pET

- b 3L

ACALL
CINE

ACALL

PUSH

MoV

ACALL

POP
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4AH, #05H

4BH, #32H

4CH, #4BH

4DH, #OEH

SCAN

R2,#00H, QUES31
QUES3

CH_R6
RO, #00H
EMIT

R2,4#01H, NOOK

SUESCAN
R2,#01H, CONK
OK

R2,#00H, ELSE
SUBSCAN

OSH

RS, #20H
SUBSCAN
R5,DELAY
O5SH

; subroutine scan seven

segment



i

FUNCTION:

END_DELAY E:

LONG_E:

OPEN M:

OQUT_SIGNAL:

EEEEREN-Y:

MOV
XCH
ADD
XCH
XCH
ADDC
XCH
DEC
DEC

MOV
MoV

MOV
MOV
ACALL
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R2,A
A,@R1

A.R4 -
A.R6

A,@RO

A,R2

A,R6

RO

Rl

RO, #12H, DD
THO, 13H
TLO, 1EH

R3, #01H, OCURRENT
60H, END_DELAY_E
70H

OUT_SIGNAL
58H,LONG_E
R6,36H

R7,3DH

COMPARE

R3,#02H, OVOLTAGE
S9H, END_DELAY_RT
61H, END_DELAY M
62H,OUTM

6AH, CON_CUTM
69H, CON_CUTM

71H

A, 2EH

S A

[
o P
el i



MoV

MOV

PUSH

POP

MOV
PUSH

MoV

INC

POP
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P1.5,NOKEY
R4,#10H
R4,CHECK _
A,P1
P1.5,NOKEY
O3H

02H

R4, #0COH
OFOH

AB

OFOH
R4,LFALL
A.R3

A

R1

A, #20H, SHIFT
OEOH

O1H
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CHBECKFALL: MOV Fi,#UFOH
MOV R2,A ;KEFP ERROR IN R2
MOV A#01H
NEXT : MOV R3,A ;KEEP CONDITION CHECK
ANL A,R2
INZ EARTH
SIMP  CHECKNEXT
F CONCHECK : POP 03H
POP 02H
CHECKNEXT : MOV A,R3
RL A
CINE  A,#O1H,NEXT
RET
EARTH: PUSH  O2H
PUSH  O3H
CINE  R3,#01H, CURRENT
J JB 60H, CONCHECK
JNB 70H,NO_ERROR_E
ACALL  ERROR
AJMP  CONCHECK
NO_ERROR_E: SETB  70H
SETB  60H
MOV A, 2FH

MOVX  @DPIR.A

MOV R6,4#0FFH

MOV R7,2FH

MOV R3,#01H

ACALL  COMPARED

AMP  CONCHECK
CURRENT: CINE  R3,4%02H,VOLTAGE

B 60H,O0UTL -




OUTI:

NO_ERROR_I:

VOLTAGE:

NO_ERROR_V':

OTHER1:
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70H, NO_ERROR_I
ERROR

CONCHECK -
59H, OUTI

61H, OUTI
71H,NO_ERROR_E
59H

R6, #OFFH
R7,44H

R3,#02H
COMPARED
CONCHECK
R3,#04H, OTHER
60H, QUTV

“70H,NO_ERROR_V

ERROR
CONCHECK
S5AH,QUTV
61H,QUTV
71H,0UTV
5AH
R6,#0FFH
R7,45H
COMPAREO
CONCHECK
A.R3
A,2CH
OTHER1
CONCHECK
A.R3
A,ZEH

-
YW Lt



NORMAL, O:

NO_IN3:

NO_IN4:

IN1_IN2:

NO_IN2:

END_SET _R3:

ACALL

MOV

MoV
MOV
ORL
MoV
MOVX
MoV

MOV

Jc

CINE

MOV

MOV |

MOV

MOV
ACALL

148

NORMAL,_O
ERROR
CONCHECK
A.R3
A,2CH
2CH,A
A.R3
A,2EH
2EH, A
@PIR,A
R6, #0FFH

R3,#20H,NO_IN3

R7,33H

END_SET R3

IN1_IN2

R3,#40H,NO_IN4

R7,34H

END SET R3

R7,35H

END_SET R3,
R3,#10H, NO_IN2

R7,32H

END_SET R3

R7,31H
COMPAREQ
CONCHECK

fallie SRS N



i
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OVERFLOW : CLR TRO

PUSH  OEOH

PUSH  OOH ;

PUSH  OiH

PUSH  O2H

PUSH  O3H

PUSH  04H

PUSH  06H

PUSH  ODOH

MoV R3,#01H
KEEP: PUSH  0OeH

ACALL SH TAHLE

MOV A,13H

ORL A, 1EH

JINZ NO_ZERO

INC R3

SJMP  KEEP
NO_ZERO: DEC R3

CINE  R3,#00H,CON_GET

POP 03H

ACALI. FUNCTION
SIMP COMPLETE_SH

CON_GET: POP OEOH
PUSH  O3H
MOV R3.A
ACALL  FUNCTION
POP 034

COMPLETE_SH:  POP ODOH
POP 06H
POP 04H




SH TABLE:

USER:

POP
POP
POP
MOV

POP
RETI
POP

RETI

Mov

CINE

MOV

MoV

XCH

DEC

MoV

ADD
MOV
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O3H

02H

01H

O0H

A,28H

A, 4#08H, COUNT
OEOH

OEQH
TRO

29H ;DEC EMPTY BYTE
A,29H
A,#08H,USER

R1,A

A, #0BH

RO,A ;POINTER TO HIGH BYTE
A,@R1

R1

R1,#07H,CD

A,#0BH

A.RO

R1,A ;POINTER TO LOW BYIE
A

c .

A,1EHH

R4,A

A,13H



NNV

SHIFT:

CONR7 :

NCRO:

DARK :

PUSH
PUSH
MOV
Mov
MOV
MOV
MOV

INC
MOV

MoV
MOV

JNC
MOV

Move
MOV
MOV

MoV
MOV
MOVX
MoV
ORL
ORL
MOV
MoV
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O1H
OEOH
R2,#00H -
R1,#4AH
A,#01H

R3,A

A,R1

A.RO

NORO

R7

R4, #00H
R7,#11H, CONR7
R7,#0CH

A, #08H

A,R7

DARK

A,@R1
R1,#4FH, GET
LED

A, @A+DPTR
R4,A

A,P1

A, #0FOH
P1,A

A,R4
@PTR,A
A,P1

A,R3

A,#20H

P1,A

A,P1




N

END_DELAY RI:

CON_CUTM:

END_DELAY M:

LONG_I:
OVOLTAGE:

END_DELAY RV:

MOVX

MOV
MOVX
MOV
MOV
ACALL

MOV
MoV
ACALL
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@DPIR,A

69H,CUTM -

71H
61H
A,2EH
@DPTR, A
R6 ,#0FFH
R7,30H
COMPRARE

62H,LONG_I

.R6,37H

R7,3EH
COMPARE

5AH, END_DELAY RV
61H,END_DELAY M
62H, OUTOV

OPEN_M

62H, OUTOV

6AH, CUTM

A.R3
A,2CH
COTHER1
A

.A,2CH

2CH,A



NO_OV3:

NO_0OV4:

OV1_OV2:

END_SET R23:

OOTHER1 :

MOV
MOV

JC

MoV
MOV

MoV

MOV

MOV
MOV

MOV

MOV

ACALL

MOV
CPL

MOV
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R3,%20H, NO_OV3
R6,3AH .
R7,41H ]
END_SET_R23
OV1_OV2

R3, #40H, NO_OV4
R6,3BH

R7,42H
END_SET_R23
R6,3CH

R7,43H
END_SET_R23
R3,#10H, NO_OV2
R6,39H

R7,40H
END_SET_R23
R6,38H

R7,3FH

COMPARE

A,R3

A

A,2EH
2EH,A
@DPIR.A

PR e S



COMPAREQ :

COMPARE:

CON_COM:

NOFIRST:

CIR
ACALL

MOV
ORL
JNZ
ACALL

MoV
MOV

MOV
MoV
MoV
MoV
MOV
INC

MoV

Mov
MOV

MOV
DEC
ADD

T MOV
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TRO
COMPARE
TRO

A.R6
A.R7
CON_CCOM
FUNCTION

R1,#08H

A,29H
A,%08H,NOFIRST
THO,R6

TLO,R7

08H.R3

13H,R6

1EH,R7

29H

A.TLO
c
A,1EH
R5,A
A,THO
A,13H
R4,A
A,29H
A

A, #0BH
RO,A

; INSERT ADDRESS



CC:

A_SHIFT:

MOV
MOV

MOV
MoV

MOV
DEC
DEC

MOV
ADD
MoV
MOV
MoV
ADD
MoV

INC
INC

Jc
MOV
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A, #OBH
R1,A

A,@R1 ]
AR5

@RL,A
A,@RO

A.R4

@RO,A

RO

R1

RO, #12H, CC
A, 29H

A, #OBH
R4,A

A, #13H
RO,A

A, #$0BH
R1,A
SUBCOMP

Rl

RO

A.R4

A.RO
A_SHIFT

" AR7

A.GR1
A,R6
A.€RO

ARl

;RO = POINTER TO LOW BYTE

;REGISTER A KEEP LOW BYTE

;REGISTER A KEEP HIGH BYTE

-
e
-



e d

NO_CHANGE:
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CLR c
SUBB A,#16H
Mov R1,A

CINE R1,#08H, NO_CHANGE

MoV THO,R6
MOV TLO,R7
MoV A,R3
MOV RO, 29H
ACALL  SHIFTUP

MOV A.R1
ADD A,#0BH
MoV RL,A
MoV A,29H
ADD A, #0BH
MoV RO,A
MoV A.R6
ACALL  SHIFTUP
MoV A.R1
ADD A,#0BH
MoV R1,A
MOV A,25H
ADD A,#16H
MoV RO,A
MoV A.R7
ACALL  SHIFTUP
INC 29H

;R1 = FIRST BYIE



3 wEs W va
R (el S
v - - £ -

PR - -
|
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SHIFTUP: PUSH  O1H
SH_NEXT: PUSH  OEOH ;KEEP INSERT VALUE
MoV A,RO =
XRL ARl
g2 LAST ;CHECK LAST SHIFT
POP OECH
XCH A,GR1
INC R1
. SJMP  SH NEXT )
LAST: POP OEOH
XCH A,@R1
POP  0IH
RET
ERROR: MOV DPH,#OOH
MOV A,R3
MOVX  @PIR.A
MOV R2,#0FFH
DELAY_E1: MOV R3,40FFH
DELAY E2: DINZ  R3,DELAY_E2
DINZ  R2,DELAY_E1
CIR -

MOVX @DPTR, A
MoV DPH, #80H

s,
P,
|
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NnAadall program contraller

complier program 575 software SXAS1 Wasnadsy step n17ﬁﬁqﬁu

573 software 551

NANITNAAYY program contraoller

V499970 program UTEN2UNIE 2 AU AD  @IUNNT key A1 delay (i
. ' # ¥o o 1 v ' » ﬁ s - - 2
%5199 170 lamnnTmnassnaedin tusnazdinlaua. u1ﬂnﬁu3ﬂusaaaa LHetns
2 @i Foalaeiu sswutmn A1AI11AA91N stack averflow meuiiA overflow
Y99 timer |UGEN program ﬁ1owuaé1udaunﬁ1 key A1 delay

(ieRntamAIng1s N7 key A1 delay Fedidesnnn Ao ldanwnTe key
Atdelay 1AluBMEAAINTT 1Y timer wasNdadNiNYOINITIY Fault 970 port input

Ao ldaranTn n1999y raute 1Rluwmehiinas 1 key

azﬂuas3q17§uanwsnﬂaae

993 nunanaaAnluN1 700Nk hardware contealler ViufnnTe8n
KUY2997 LR RAI WA TONAAINAIREINTT IAEST AT (1ﬁﬂutdaa1unw71§ewu 10)
M INTIRYY  program  N9997(A9N  stack overflow \WT1877 #IUKELYEN
internal ram Qn1ﬁtﬂu buffer naoiaga iofilunnT oush pon  Sfemas wafo
NIRINAN stack \Soifin overflow fldan i I%AINAUNTA1OY  program
controller Mad7fn Ao 1ddwnTn key A1 delay 1alusarhsinnily timer uas
31931AY99NTTY fault 310 port input AD  ld@w1TR AT99%Y fault 1alu

weAun171y key
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