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ABSTRACT

The main goal of this project: -is to invent a public-
card telephone using single chip 8031 as a microcontroller. The
fundamental telephony circuits, e.g. detect ringback and RTC ,
are designed to acknowledge as well as check any signal. In
addition we apply stepper motor to feed card for data inspection
and disply value information. Of all these operations the

efficient depends on utilized language program. In this project,

we use assembly language to do so.
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Real Time Clock (RTC)
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The relation between the operation and the combination of RS, R/W

RS | RW ! E i OPERATION
!
0 0 x 'i Write instruction code
|
1
o 0 1 _/—_\_ ! Read busy flag and address counter
|
7 ;
1 0 —\_ 5' Write data
|
1 1 _/_\__ :[ Read data

When performing data and instruction code by 4 bit, transfer RS, R/W every time.

< o ¢ ) —
zﬂ‘ﬂ 1.10 URAYAITUANAUSTEHWAN RS, R/W uae E

s [ o < oy U
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Stepper Motor

< .
NOBHNITNINIU
R o ] < ' < Y P | <
N1 IUT DTS TASUANALARTAD uauﬁuuuLwanﬁgutﬁuaunuiaﬂﬁuaﬁaqakmﬂ
4 4 ] ' [ g' N o @ d s
LﬁaiuaLmaiqsuuomﬁuﬂunnuuLﬁaﬂwguu%eLﬂ@?ﬂﬂﬂﬂiwuﬁ@aqmnumqatmtmaiuuq
< s N A ¢ . o ¢ . < o .
Lﬂu?ﬁu@ﬂaguTwaﬂi(unlpolar)ﬂUTﬂTW&Wi(blpolar)Yugﬂﬂl.lluﬂﬂﬁﬁaﬂﬂﬂiﬂﬂ
' < s s PN 4 P s [ ' P~
qnuuuuQﬂaqﬁaqaLmﬂLﬁaiuaLaaiuuuguiwaws 41dd 279199z ULy Lvan
N By ' 4 T . ' < é
TagE L UREUNAN IV TUA TN FU TN UL HANN 1T THWARNSTUULNTARIATATAAGWUITTL OB 9
= pui XY FYPSIPN] 2 o éc ’
qswgu?ﬁ 90 @ﬁzﬁﬂ 1.11(0) UAITUNLaE? 29aWIauNuITLaasnasvuuly 45
9
- < 4 - ) a FYPYI a ¢ ¢ i :
a@gﬂﬂl.11(ﬁ)%ﬁuuumaqqzﬁswqus@n@imanawunuusn FradtdasuataascdiN 109
9
o < < ﬁ o B o448 ' < b+ . .
n19taapuNtGasdtadLdy 1.8 avd1avuungwltivian 50 ©2(90 /50 =1.8 )
S ' < [ I'4 4 4 a £y ' £y w < ﬂ
Fingdl.1intsantdusgiadidasualeaas ALWNﬂasquaaiugﬂmaquﬂquzLsﬂﬂt W
ki
) | < 2] < [ ] ° <~
LUY 2 tWAHINAINANUNINIEUTARIA 4 BANAIULEAITNISIUTANLWR 3viTaLWd 4
P [ & da < 4 FP N ' < YN é
HANLNINULANE 1 wTatdd 2 na9nd 4 nmntwa?meﬂaaanwsﬂanquLwﬂﬁﬁﬁaamﬁ
o < v 'S a § a [ < [~ < I's
spst4m1m1a?ﬁnwﬁLqainiﬂuﬁaLmasﬁumNPNaauﬁugﬂﬂl.12Lﬂuﬁmaaaﬁu@1u1waﬂi

a

< ] ' ¢ o ' P=3 <
LNaﬁmaamAuasBYugﬁuﬂizuanawﬁuﬁLmLmasqzLnaﬁauaswaﬂmwugﬂsﬁuwaﬁﬁii

ddal ' [ ' o '4 ' 4 A o
LARTNUA LN LARNGINNURLALARIDNAA fantdanIsLEntivatluraane A 1daau

a4 U
PN o = [ v ' 2 < = < <
NEANINNAUINLYUNRTHT WU LARANUAUY A LUR8UE39A S UK N waztidagu’nn
P~ e - PR ¥ a 7 . @ < du’d’
Nidu STiLmai?egnwaﬂ?ﬁﬂguﬂqutﬁuiﬂ 90 awauﬂﬂiﬂguﬁu 19autdud i la u

(4 .
AB—~AB—»AB—=AB—=AB # 4 #LAU9aE90

] & - < . ¢ &l e P
zﬂn 1.11 r1duduad tdg LNﬂ¢lﬂW€ﬁuTiLﬂaiﬂzLﬂu@ﬁgﬂ (N) UazLdaellas

. Iy @ I's o %o
¢2ﬂ101uw18uﬂuT1Lﬂﬂi?gLﬂ%ﬂﬁgﬂ 1)



PN]

< 4 ' < ¢ s
Fradtdaquataag AT LTI TURLADY

%
)

4, :
ﬁﬂﬂiﬂauquﬂﬁuﬁau N13A2UANE

Ty P P o . ﬁ ) < o w v
1A aNAN1SUaunAY 311 duAa AN ITUaUNA Y (A T8 16 11
nudFuanle, A1 LEAN1TIUTaL)
) 4 <t o 1 o ®au 4 P] ar 1
AMReIuLde L NguAYIuIaTYsIe | ANdsiue L neufiusuna U1 inaneds
TR IR Y

[ < : . v ]
LTSUTSRAWSIBE ANTAANIANIA LWT T YT I

o < X < c P{' s 4
qmﬁuum‘lum‘maaﬂﬂm ﬂ'l‘il]aﬂﬂﬂ\?aa\‘iﬂ'lﬁﬂﬂ"liLﬂ‘iﬂ‘n‘?’JL (251

< ' s b ¢ &
f197%n 1.1 uamﬁﬂaﬂuumﬂmﬂ@ﬁaqﬁzmﬁtﬂaiuaLmaiﬂum%kﬁaiiauaLmai

' 4 i ) 4 ) PN]
ﬂzﬁaLﬂmiaqﬂLuaLaaWﬂauﬁauaLwaﬂﬁuumazLNdﬂx%ﬂdﬂﬂﬂiﬁqaﬂizua

) £y < ' < o Py 4 < ey
ﬂauua?ﬂituﬁﬂdﬂaﬂLﬂaﬂuﬂﬁﬂﬂﬁQﬁﬂEﬂLﬂuﬁL@ﬂTﬂﬂa AB—>B—»AB—»A—3»AB—>B

. ﬁ “l e X < PV v W ' a
—AB—=A—AB NI9N19 UL YU UUNSR L e Uit duuatua1Tet duada 1uagn11dnaL w1y
P < ) PS] [~ é I's a X~ Y] o
A72917381NnT2u A IvaLAL WA L a8 dquatmﬂLﬂaiuaLaasuunguiwaﬁiﬂﬂaﬂﬂﬂnﬂ

¢ a - < ' N é < g ] [
TUTHWARITTaEAALWASEALAYD YuumazLwaﬁaqguiwaﬂiqsuuﬂﬂﬂaﬂﬁ Zyaenig iy

22

o P} & Y < fl < | ' A <
2ﬁﬂ@ﬁzﬁﬂ1.13@ﬁuuLNaﬁuﬂNuuLﬁRﬂLﬂaﬂuuﬂaﬁﬂizuﬂQ81NLﬂaﬂuﬂﬁﬂﬂﬁﬂﬂiYﬁaLﬁu

~

< ] 0 ° ) 4 1 S ~ [
‘nLLuuﬂu?'\a}qqqu?%ﬁ@ﬁﬂﬁ%aiwaq‘iwuL‘Viﬁl aunuutuIwany LLW%%TWRW?NLLﬂﬁQﬁ Ll

V] é a d [+ ' biel ' < o4 w ' é Y ' <
NR‘ZViLLE!NLLiJ‘A'—Lﬂiu%‘alﬂuﬂqwaﬂuﬂlLﬁaﬂuﬂ'\uaﬂﬂ'}']\lﬂiwaqiLW?WSQ%HN’HWNL!N Lan

& vewy - A& o ) < < ) < < @ ¢
NIAAUDEATHLISUANTUNURUIULN LHANNUBENINAE LUB L naunUTUTWRITRUA

< @
LAgINY
b2 Vo AA L ]

ﬂaﬂuaaﬁnﬂiiuﬂﬂiiﬁmuunﬁiﬁguﬂLnaqmiauazgﬂmaﬁﬂﬂiﬁguiuumasﬁan
'Y <t [ 4 ~ W Y] o ¢ é wa 4
ARNARLAUNINTY LT1ASAAYHTINAITTLADIURLHLALAATTHUNANETUTAEULENTARD 6
' e . 1 ' <
LERZLYABINAIANUTSTIULAAINTITNINIU L WALARS LWAABSAISLUA LANUD

. e o 4 ¢ . ; . ¢d &

Qﬂﬂ%%ﬂb&ﬂﬂﬂﬂﬂﬂqaﬁaﬁuﬂLma7Qﬂﬂ7%u®1ﬂEQQHHTSﬂBUﬁBGTTLﬂaiﬂtﬂu

o

' I . < 2 < § o éa 2 @
LHLHAan %GLﬂEI‘]‘ﬂﬂxﬂﬂllﬂ'\’i LAUE UL TIOUTDSTARIATUR LA LARTUANTT LYian DY
5
i}

[+ o 6 ] [~ b %) 1 é [~ < - A
Ldua1T9taa9y QuuLﬁaﬂuaﬂnaﬂaLmLmasuazLﬁuuunguiwaw1aauaaﬁ1ugﬂn 113



< ¢ =3 o ¢ . <
gﬂﬂ 1.12 TuTwa1ssiadiUasuateaanuy 2 tWd gUINLy Ll Wanae

o > P
tdaguluanaundniin 1 vatavnasna

A ] a ¢ < ¢ ¢ o o] ) < )
gﬂﬂ 1.13 guiwaWiaLmﬁkﬂaiuaLmai n19tdagugtytvanTagni9iviara v

PN o ' < i) P a é s
NZUANGINEANY ATSUAITUTIVANLAEIWIAUNY 2 16 TUAIFLELAAT LA INY

A1i1Nan318
' < < o aoa [~ £ ¢ ~ o
ﬂauﬂﬁzﬂ‘muaxﬂmﬂ?ﬂﬁﬂaﬂ&lﬁaﬁﬁLGlﬂLiJﬂi&JE]Lma‘iﬂﬁiqsﬂiﬂuﬂxﬁaﬂﬁmzqm
wa v £ o < ~ 19l ] '
FUUADANGINDLABINAUAITUAITINNT . Zqzﬁﬂﬂﬂ\iﬂﬁﬂlavf&lflﬂﬁﬂQﬁﬂ%}atlmagﬂﬂfl\i‘ﬂﬂ\3

I's ] EY) q 9] (Y]
UBLEBTUUNUIE LANTENARIHVHNaTle 2 UTzianaanisiWwILazn1vna ﬁagaﬂﬁﬁna

%4

[ < YR Y] 'Y 2 o a
Lﬁuﬂanaﬂkiﬁﬁﬂﬁﬂﬂi?ﬁﬁ?uﬁaﬂaﬂﬂﬁYNWW?ﬁﬁW%?UY%ﬂﬁSaBﬂuUUQ@?7&Laﬂﬂia

U
a ¢ o da o < 1Y < . a
UNF@ILAN G YINUAIINFIGPNIZADNAITINT1UAD pull-in rate (rduairun

9

b

v a o ' < . Pe) o € I'4 < @
AONAAUINLNOAATILTIFLOY) ?ﬁasuﬂaﬂuﬁuwuﬁﬂnﬂﬂiuLuumﬂQWuLaaﬂﬁaﬂmaii

q

4 J acva U ' s 4 o € < & o D '
LGB %ﬁ‘iuﬂ"\\iﬂaﬁmLLa')ﬂ'ITNLﬁlu(ﬂﬂ')"l&lLQE]E]HEI\?GI"AT’?Lﬁﬂ?%ﬂ‘(uﬂ'\\iﬂ{]ﬂ(ﬂlta?ﬂqiﬂ

23



24

Z < o 2 Y EY) 'y ¢ v < < " Y
LuumﬂaﬂuLaaﬂasLwu%u%mmaﬂnﬂinnwuuiagmqua1maiuaawanmﬂuuﬂﬂasﬂﬂYw
Y S
. s < ﬁ o oa ! o N
pull-in ratea@as mﬁﬁugﬂﬂl.lsg unﬁﬁwaﬂﬁmzqmﬂuumizﬁQWﬁTuLuumﬂUQQﬁua
[ v < 4 & 2 ' ¢ PU 53{'d ' 4 dd o
ALLUUTAINLHAANIUDLWHIUAINTULUUAIEREAY NLUULTUUALWIT 1227t UaA2LaNt 11
= . YA o ¢ < 4 84 FURY)
HIHSPU ﬂzﬂﬁ?ﬁﬂﬂaumﬂumuﬁﬂmaaamuuaLmLmaigﬁﬁuﬂizuaaziwaYmuaaaﬁuas
U
[~ IS .vrisu EY) =1 < . e )
LYUHATHR1dU 1L N LYanagavea s UBNINMNUNIZLINTNaTUIea10d8L 690 1L
P YR < w . ") — & ]
N0 YA s UL URNTIABENII AL T 20 28TIAINN I IWLAURAIDIATTH L LU 2 TuiLeuaan
. - . o A o &
N177W pull-in wag n37¥ pull-out n79W pull-in @1933=9F L UATUNDL GRS
F%) < PAI e v - Ve '
aaa@aﬂuaﬂ@ﬂﬂﬂﬁaﬁiuLuuMﬂasagnﬂﬂﬁuq funv v pull-out?a¥nunqt 9vttaz
f} e o o) ] d ' s ] . '
ﬂuQOﬂqwussaﬂiwnauiuﬂizgﬂ ?@ﬂﬂiutmuqu§0ﬂ11ﬂ51w pull-in HA2I9IFTAAY

Qu%u%auniﬂ

< g PN 2 a I's I'4
A998 1.2 gatqantazalididiganivnatasnisidW1gasgiadidasuataag

guﬁwqu‘lﬂ’lu 1 ady fih

° gﬁ'[wm?ﬁ’u‘lulwm? b
360/a vy lumavagly :

& aiiasuauiia

YT P LN C TR Y LI oo s

i | 1wy @ snanawtie i (L) , )
=l o (3 I3 o Car
3 A i ) S P] LT IE (AN ¢
© LI BNuA, Wuelusmdnngalunis TORT TR TIRAG

1

v e 1 =
- ufanlamailail¥ngu | AUAGTHEUHNEN -

e Lusud mede) WDunagumwineszgeeiiag | @ shnnainunu (R)
anfuuseiINgEyi

e i
IupgiuTW IOV LAR NS |

; P2 o 2

@ pull-in rate anudnSHaa ™ lasndel & nzuasIAEININgA
' fusogyife
S o w X ;
@ pull-out rate DATIVOIRALTIHDA NN TIAY
s -
€ a [ o o ]

e Luwdiden (1) Wunmriaussiusesingas

9

CRRHIESE AT




3 I I'4 I PREY] [~ : & < 4 <
Eﬂﬂ 1.14 dradirdasuateasniounulvianani %QLH%%Q?WLSHLNBY%LH%

¢ < N = ' 3 & @ i Y &
dpreanaliua 50 Hz LLRST}'}LL&IL‘ﬁaﬂﬂ‘u‘t‘iLﬁlﬂiﬁﬂﬂﬂ'éq‘ﬂ'éﬂuﬁl,G]Lﬁla‘i

o
ot
7.
/

< wa ) £ o <
Eﬂﬂ 1.15 ﬂsﬂwqmauumﬁzwqweTuLuumnnﬂaﬂun

25



< b e " g
UNN 2 29 TNTTIIULRENITLEBUG B

t* ' ¢ £
NNILAANGANINI1TALAT

n11.3as6a EPROM

Lﬁaﬁ?nﬂ EPROM 2732 Qﬂ?%LﬁuﬁﬁaﬂQQWNﬁwdﬁw%uiﬂiuﬂiu 5ﬁ5u 8031
?ﬁﬁaqﬁﬂﬂiL%ﬁﬁﬁﬁﬂaaﬂqﬂuﬁﬂTaaﬂﬂiEwﬁuaaLaiaiuﬁéﬂuaz data @71 Port O
397017 Multiplex dauuaaL@iainﬁgﬁazgﬂﬁiaadwu Port 2 &iudeael
7ALS373 1811015 Latch uaaLmiﬁinﬁﬁwugaﬂﬂLaﬂﬁgﬂﬁa@74LS378 4R BL T
flupIuaate@I8ay EPROM 2732 ®&7uzn data zav 2732 az@aud’an Port 0
784 8031 TAEATY ﬁﬂﬂiY%ﬁ?ﬂ?UQNﬂﬂiéﬂuﬁﬁgﬂ (BAPSEN) LilBHa9n1781ud 1

(Fetch Instruction) Tag@anun10E 189 2732 4az®1 CE 1892732 A=6d
Fumn 15 wav  TALS188 F4fi1n19006TREIINNITLEAIRE 4 Snuwna 91 aLee

K] :
LaYdnaanniy Port 2 nay 8031

n1Tidauda RAM

14 8031 ﬁﬁﬂﬁmsnnig§1§@wﬂaﬂﬂaﬁuﬁﬂiman1151ﬁuaaLﬂiﬁYnﬁﬁﬁuazdata
HAuPort 0 Tv1¥n17 Multiplex d?uua@Lﬂiﬁ?ﬂﬁ§ﬁ?s§ﬁ@imﬂdﬁu Port 2 v
%uﬁuﬂﬂiaaﬂunnaa@Y§74L3373 Lﬁaﬁﬂﬂﬂi Latch ua@LaiaYﬁﬁﬁﬂ uR2sinL 81N
UNHa 7ALS373 N1@RLINUIILEALATHTEY RAM 6264 ®7Iu1n data ©a< RAM
368NN Port O ¥AY 8031TAEATY ﬁﬂqsﬁﬁnﬂﬂququﬂWit§ﬂuuaséﬂu(ﬂﬂ16
2898031)@alUfiivn WE(D127) 18Y RAM 6264, 11 RD 184 8031 @afum1 OE
78¥ RAM 6264,2114 18v¥74LS138 %GYaﬂﬂﬂﬂﬁikgﬂiﬁﬁ 4 UNUUTANTILAALATH

£

Q‘ ' U o = '
Nnaann1y Port 2 ®as 8031 @atannunn C81 BaN6264 LLaziun CS2 Ggany Vv

= c

n1T138u68 % RTC MM58167

e : o <
WUN19TE I UT B TW RTC A<zaagiuaaladsfnay RTC aunn uﬂﬂt@iﬁﬂgﬂ

é I
WAanTain 8031 @acanuna Q,-Q, Pay 74LS373 uaziyn data a8y RTC [z
Y 's ' FY) 1 —_— _— T de —_— —
AaNUWaIN 0 may 80311aTaans #FIUT1 RD uag WR [=aanud RD uaz WR
789 8031  ©1 CS "=@al®1iuw1 13 pas T4LS138 5ﬁgﬁ T9H1IINNIT0 BTN

I AP
o171 WeIhn 2 ©ay 8031 gﬂﬂiﬂﬁuﬂ

26



CHECKING

RINGBACK TONE

CHECKING

STATUS OF

HOOK SWKITCH

e —

DISPLAY KEYBOARD
LCD
TELEPHONE
MODULE
[AY
825% C1D
| J.>
Pi.2 .
INTO | o & £
MICROCONTROLLER 2 R/ CARD
Pl.1 . S
=]
P1.3 3031
] MECHANICS
PL-O | 2 2. |la
1
(2]
2
REAL TIME
CLOCK
MMSE 167
SPEECH CCT. 4 DTMF DIALER
MC34014 T MC145412
l RELAY

DBRIDGEa

TIP O l BLOCK DIAGRAM
SizeDocument Number REV
RING O A
Date Marchh 19, 19534 Elhest : o G

L3



gn Handset

1RiI6T

4 o
TUTATAAUTINIRLADTDIUINA

U [ < <~ 1
Qﬂmﬂﬁuagiqﬂqﬂmﬁﬂlﬁaﬂag

o < <
LHANTIAIUATNLARD

Yu3a LCD

o PN '
MUTATABUINIRLAD IR ST L A s

[ o '4
CLosed sw GanUR18TNITAWN

NevNgLaln

» (RYDTMF)

28



Flash Hook

» 4
LAANWAEALadnne

Uusa LCD

Y

Fratu274

(1o Ew Busy Tone)

-~

On hook

A8

(tasu Ringback Tone)

L
10?1&51??Uﬂﬂ53%§@

#99 Ringback Tone

( 1
1NTATAAUTNTALRDTHITH

RTC 138311287

!

29



FUATTHUNUT, 218 Handset
s

14Ta90UTNIRLAALEANL IR0

@

Nty UULCD uazuldast2an

LY < " <

NIy LUdUITUIULNSY LAY

]
LEASUAan"LCD

4 . o a
14T aURTINTIRLADIUTIINUIUL I U

tUAnaan’annuas

uaaﬁwaﬁaeﬁadﬂﬁmi

< < !
ﬂLVi'&E]E]EI yusa LCD

<~ o
P euuaIasn L&azws‘{m

X
n1qudgaNswan’a LCD

30



31

< < <
NIFATNNITLIETN

v ] 4 %]
nTan 1 ﬂﬂ;;i———p-‘l AUNT—NADTMF—& 18711 9—>FUNI1—>0n -Hook—»=a14i61 9

Hook sw

P1.0

[
!

Pl

DTMF

RBT

IEO

P1.1 -———J ey

P1.2




AqLn 2 ﬂﬂ;j—»—‘m'ﬁm ‘:—»ﬂmDT_MF——»zﬁa‘Z;HW J—»Flash-Hook—»naDTMF

1 <~ v
—»F18319—>FUNUI—On-Hook—»AULUAT

. <2s.

Hook sw ————J

P1.0

L

P1.3

DTMF

Busy T.

RBT

TEO ——————J

INTO

P1.1 ]

P1.2



nan 3 ﬂﬂﬁ—~»1dﬁmi——»mmDTMF—a»aqﬂiﬂdﬂﬁ——»On—Hook—a-ﬁuﬁm1

CHOLT @ FUNB)

>2s.

Hook sw ————J

P1.0

]

DTMF j

Busy T.

RBT

TEO ————~—J

INTO

P1.2



<
nIun 4

Hook sw

P1.0 ——————J

P1.3 _—

34

BN Y—>1 AUAT—»NODTMF—e 181821 9—>F lash-Hook—»n&a DTMF

1 <~ o
—»F{18719—>0n-Hook—>»AU1i6 7

<2s.

(HSTHTAFUNU)

>2s.

DTMF

Busy T

RBT

IEO ——————J

INTO

P1.1 —

P1.2



10
TIP <Fo INIO—* ————
LG y s Tl E i i
ety »——O— :
. O
——r——
= = ::@ 100K
RING RELAY
1INS274 2NS40 1
C130V O =
10M +SV O h
1N4OO01 cs
12v i 2UF
- +
25Ccasg 300K éz |< I
== j RS R9 o0 =
4.7K 1Na7az ?
3 11
VR
2NSSS0 V-
T <e
= LC
R1 I 0.02UF
™ LR =
H e 240K
ICROPHONE iMIc 3
a3 sTA . 3K
1Na004a @
KEYPAD 22K 1 v cz2
1 A6 (TI a —
VD e e (a} D'STD.DSUF’
1. 2 = 16 |R1 oPL |_17 18T RXT
15 Rz DTMF | a8 17 mMs
a s | e — |— P 4.7K 10UF
14 [R3 MO |_11 RXO K
— M
7 =] ) I 13 |R4a c VDD RMT | 2
— 1
5 |c3 a 12 is RECEIVER
= u} e - = OH ]
4 jcz2 a = 1 ca
| ISP I — 1
[ 3 _Jc1 > _J+ ce O.0SUF
] 100K Tone —_
TSO 2N2222A l 30UF
I_B_osc:. T ==
B.ST7TOMH= [:———I MODE 10 = =
| 2 _J|oscz2 Pulse
vss
1NaocOoa
| [
SPEECH <CCT. R TONE DIALER
- Sixze [Document Number EWV
A
Date March 13, 1934 Ghaeet o Bl

se



LCD MODULE

w

= /
{1“-{ EA VP Po.0 4-fo0
5y e Po.1 35— 2101
2 x1 PO.2 | £Joz ]
Mz Fo-3 — 310 ]
S.6k ) 1k 18] w2 FO.S (43— & e —
I C2 20FFXT £o-8 +oe ~]
2 reser £
RESET J P2.0 |4
P2.1
b $3d 110 P2.2 > PB2 [49— [
| INT1 P2.3 4 re3
~— To P2 4 (g ———— PB4
STy P2.5 pes 83—
P2.6 (& PBé -
P10 P2.7 [& PB7
P1.
P1.2 g pC 1 l2]=
P13 - LAG 49l a0 &3 1%
1p1la PSE b Al rc2 H% ] a &
- P1.S ALE /P |y —] Az PC3 (o—r s
{rpile TXD ~_¢: a3 pca |43
P1.7 RXD |4 R aq PCS f 7 o
EOIT ~f—3 a5 pee a e
a6 PC7 |~ —
\ 1ha o
5 3] ho .
4] 1o
¢ A Yo etk
~ A
-—:g: B Y1 . N\ S
oo Pan c Y2 [ - 25T
o1 pal [— - Y3 fcf %% ¢32
D2 PA2 |— ¢ Ya <
v3 Pa% 1 YS <] 5t
Dq Aq G2a Y6
oS pas G28 Y7 LELL
us Bae TALEIIE 10k
407 PA7
RTC SV
¥ q}; PEN
% PE1L -—
&0 PB2 LIS oo
Al PB2 g
=3 E§SET PB4 2_[RD DE
< PB%S b b3
=13 3_MR Bé
PB? MMSB167 D6
pen ko b7 32.768kHz  S--30pF
PC1L o1 -
pe2 |- 2 osc IN W
£ee +3v 10 EJ jopr
pée osc our AL_AM_I_{@_
P
34 ..__”_ |_24 /00 vss (12
BZ5% (25 0. 1uF PHR_DHN.
inalasuz  F
From SRU_BEC> - 23
v 1Natas & L0uF
[From RBY _CIY b_t_{(..j‘
<TERETAYH 79 1onk” _J
=4 P -
__![: TaLs04
[From_HEZH . [
-1 =
— 33N a7

[FIx

ePocuthan amber ==
B

s Farch 1%, I39ARaet T of “Bx

Bat

HICROCONTROLLER




[ROoCi7z-g80=17 }

10K

.;l

+5

LCD

IPL.S5—F1.7/78G631 }

I

HRCI6-8031 > }

[P L i7id I

= NN
T3 g L] 0 5

[E@i77ats37a | 7
[EESETCS 7803151
EIZ77aL 51285
1 2
EE
_ér, I a =
13
-La T
L L b (. 7 =]
[#]
s n o
+Sv.
LLCD & KEYBOARD
Sire |[Document Numbar
A
et e Marckh 15, 19543 5haeet




YZ2<i3 77aC51I38 5 -

MHMRCie /80315 J

[E0—=—G3 773 SI73)

-5V

IN4 1482

1N4A 148 |

__T__O. 1uF
i

PO .0—F0.7,-,8031 ]

RTC
1 _|cs DO
i D1
2 [RD D2
i D3
3R D4
DS
MHMS2167 D6 [
o7 S—30pF
a]s} |¢
S a1 osSC IN|i0 I T\
Sl 1
2K 10 10pF
aa O0SC ouT |11 P I X
24 [vDD vss |12
PWR_DFN |

23

33k BCSa?

i RTC

Sixe |Docoament Numbear RE
[~

Oate FMarch 1%, 1934 5hast =Xl [ G

8¢



4= ]

1u/950v

]

DETECT RINGBACK <CCT.

Sire [Document Numbar

Date Mear-ih l1&, 193Aakhaest =X A =5

6€



) PA] P Y] ' PY
Yuﬂﬂiﬁ%WGQQWNﬂﬁaﬁﬁﬁ?iﬁﬂuLQaﬁﬂztaaﬂYﬁ X-tal 32.768 KHz a<6avy
< £ L < Ve
LAaNTHaIIUAIUNIUNT O 0SC__ ., tn1Au 10 © uaz C 10 pF FIUTI 0SC, _<¢
< 4 g_;lvd, < )d
A1 C Teuidsiuanta LwaYﬁgqaﬁm@waﬁmﬁaaﬂqQ

1 1] g LY 1 1
TudusIngldiagvaglrunay’agiwann powver supply

n19L3auaafiy LCD Module

9% LCD Module éu HDM-16418H T9a=i0u1@ 16 628085 4 usIne
' 's e s PN é I'4
Tmaﬂauqumﬂuwaiﬂ 8255 1 wadn WKL wWaTN P1.5-P1.7 an 1 wash WA N
v & ¢ P ¢ 4 & e
8255 1dtduwasn data TIRDNIAIAWEIN PA ﬂﬁuamLmia 3000H dqugﬂwaiﬂLﬁu
¢ o e —_ ' 1Y) @
Wa3IN Control NAANNIINNWAIN P1.5-P1.7 Tagiu RS, R/W tazE @atainuun

P1.5, P1.6 WagP1.7 @INR16U

2437609239 UR1 Ringback Tone

& ~ i Y] ~ - 4 Qo
QGQimiﬁﬁﬂﬂammﬂmLSﬂﬂﬂaUQSTﬁTHﬂWimi??ﬁaﬂﬁmmﬂmLiﬂﬂﬂau LU ARG

LR Y

<) o ] £y 1 < o ) U :
NILIENNRUULFANIINITAAADAIL IS UAWNSUUA18N1v8SIulaen Handset BNROIUY

©

X N < o I's
UAUIUNaNIINT1  Output Check 3=1d8 0 Iunsznvuniv8n Handset L aan

< ! .4 : FY) Y, o
yﬂaztﬁu 1 f29g82 128 MUY D9s T 1us9IunY  Status Flag aanids

/)
<o Y

@ o ) ' Y ! <
&ﬂiﬂﬁaﬂ%uﬂqim@auﬂﬂquzquﬁmgLQaqu%ﬂqqﬂaqﬂﬂqﬁﬂﬂﬁﬁuﬁiﬂﬂﬁﬂYN LUBARTIIS

U

b

o

U 1
}-%4 ' o <o - ' - o -
ﬁﬂﬁuaﬁ%ﬂ%qﬂaWﬂﬂqﬁﬂﬂﬁﬁuq%GQGLiN?ULQRWQHﬂﬁiﬂ@ﬂqﬂiﬂﬁiﬂuﬂitﬂﬁLaﬂ

< Py < « 1Y) ) a S I
FUNUINILTUANITATIIRDY Flag anagy LWBYﬁﬂTWU?WLRﬂNHﬂ%WuR??@ﬁ%@QﬂLQaﬂ

gL

q o ¢ =% % e
2945998187 PLL tuas NE 567 aziaaan 1 Tudnusdnalazlzantidy O
4 4 v da ¢ ;
(Pulse #BUTTIRY) LdpdAIINn 400 Hz LIANINBUUN LEﬂﬂﬂﬂﬁﬂﬁYﬂ%ﬂzﬁﬂ
] S e udvd&lu [ E ) %
WNAUNTIUTR LGB IHANAINMRINAIT SN auAIR1uTU91ad T4LS123 (Retriggable

U a < : 4 [
Monostable) TagirdnTunTangayanasy %ﬂtﬂﬂﬂwﬂﬂaﬁ 7415123 <ziiduw 1

o,

' - - 4 o < e il o
maamquﬂQWEWmﬂmL7ﬂﬂﬂauqzﬁ§m1ﬁ tdadpInLsannauvNaldssiwagaa g 1a vl
Voo . < I'4 a .;; d 98 o
ﬂizquiw 741S123 N9 dLanunaasn 1 29E LR IR IUNTAR ST
4‘ i < o cld d o .
QWﬂEﬂLuaﬁﬂﬂﬂ Ringback Tone tdudquinnda2iua 400 Hz 6y 1 241N
a o« ~ W wod o dd & [A
nea 4 UIN LT1RNADSLTNLIR1TaSaT 74LS123 vt duwadgnt duun tdul 280

< '
Aiugas  t = 0.29 R_C__, (1+40.7/RT) Ta&n R_ TMUI93THAT 80 KO

40



< . 82 a P} dao ¢
az  C__,  #67 220 uF 91Twtaen t o = 5.184 2un Tuspeniwasann NE
AN ' ' o & ) I's [ ] < I 1 &
567 NHIZHENINIEUAINWAAUBENIT L 1t mwntdy 1 eatuavnuldeanag a9
W 9

o v ey PN o a o I's 4 < <
uFnn AunanFunaa Seanduasunety as L AaTAg L 8AWND TALS121 L SuL iR
Al

ﬁ' < WU VoW . V< 3
0.7 R_C W9L3Laan R Twd@dinany 33 Ko C_ . Waning

T ext

e LV e ad" <
U 47 uF 11TUTewadung12d9s81 1.085 7417 TIUIUWENIEES 13§ URD 114

poe]

SR . w ' F TR
Taar8dauWi219la Tean196a87 13 #985 74LS121 YU ¥17u®1 P1.2 (%13) 189

4 .
8031 rwaunldmg13gauan1ue

1 o 1 ) . I's
ﬂﬂigﬁaumaﬂuizﬁQﬁ@ Speech cct.nu Tone DialeruazldlavaauInsatans

ﬂﬂiLgaudaﬁuisﬂiﬂﬁﬁﬁﬁiﬁﬁiﬁdﬂuﬁﬂLaﬁ (Pulse/Tone Dialer)
ﬁnlﬁﬂiﬂ?ﬂqutgﬁﬁﬂﬁ (Speech circuit) M1Tegn196an1 17 a8y MC34014
v . H < < o ]
flug1 10 789 MC145412 Zs11 MS U3z LN RN THaATMB g THTINaATaS DIMF
Dialing  Tmsni7dazn MS Ay V__ dquﬁmmwmﬂququﬂﬂiﬁmtﬁﬂﬁ (Mute)
MO (©111) 1may MC145412 a=@atdiius1  MT (©118) ©ay MC34014 &
Ta8AINLRYE, ©1 DTMF ©8¥ MC145412 A=@au1%A2186 4N 18N L3189 TI 98
v e 4‘1} < 2
MC34014 ua=w1 OH 1®ay MC145412 As@any V__ LHDTR L Tun1TA U L TR T
o & Y] I's 4 9
MC145412 &1%5uU5 1887142935 qzﬁﬂmauqui@sYaTﬂiﬂauTﬂiaLaai 8031 twaly
o ' o ¢ [ ) Y]
TUN1360IBABISITAURIETNIAUN TagaanuTl P1.3 89 8031 ©14A2I4E1UN Y
¢ 4 o ¢ a ¢ q_ o :
LARENTIUTRLADT 2SCA58 LWBIUALRE dauﬂaﬁﬂTuQGQ1u?ﬁLﬁu Hook Switch

S a4 4 2 <
Tyaeildunt vanaany 8031 LuB L dUNI3A3IFBUAD UL N1 T8N ¥38N17979% Tad

A8NUz7 P1.1 32y 8031 uaz@anuw1 INTO may 8031

41



. 4 U < o ' <
A19NINTUATAN LA IU- L BEUUATUHLARN

" . ) c 9 A, &5 o Y ) F
(1) LuﬂLgﬂﬂUﬂiuNLﬁaﬂLﬁﬂﬂbaﬁlsﬂm AT IRIUNNINL BT a9 L HEUAE A
¢ ) ¢ a 2 [ ) au ) - «
ﬁﬂuﬂﬂﬁﬁuaLmaitauwuw(wgumﬂutﬁuuﬂﬁﬂﬂ) dauuast a1 tdiutagay
4) ) -d <o . | ' < "‘j,f . U
(2) LHBUATLARAUNIDIAIUAUNHIDIU- L D8Y Iedd I READ GATE 119
' . do = ' [ ! b ) ' . .
ANATBIUNININ %auaﬂnuﬂﬂa%uuum1?sgﬂaﬂuaaﬂﬁaaﬂunaﬁ combination head
U
4 o o P e i o -
(3) LHBUATLARBUNIUWIDIUIUNUARNYIN  READ GATE 3=zu18Md @293
o < - < Y ¢ <
anﬂﬂawaﬂwqazﬂﬂQWuLﬁuwa?wuaLmaiﬁgﬂwgu (MUUAINL AHBITAT)
9

b2l

PANN o] ) I'e pr} .
(4) ﬁauaﬂaﬂuiﬂasgﬂm5aaaau@aagﬂﬂ3mﬂwauanLﬂsaﬁ waglsurldudszua
ua

18

1] &J 0] < ar d ! -
AR ﬂﬂﬂLﬁquuquL@uﬁaqnmingﬂuﬁ@ﬁﬂaau display

&4 X s < [~ [~ < . ')
(5) LpRURANITIUNUA NﬂLmﬂiqzﬁﬁuﬂ?utﬁuuﬂaﬂﬂtﬂuﬁLmﬁLWﬂﬂﬂﬂﬁiaUﬁﬂ
9

N @
santfuataaniy
U

(6) NBL&E?? ﬁuutWﬂﬂ?ﬂﬁ?ﬂuﬂﬂiaﬂﬂuﬂﬂﬂﬁﬁﬂﬂLgﬂU Lwaiﬂﬂﬁiﬂﬁaﬂﬂ

2 s egevil iy 1
7 Q’ - o . . g2 RTINS
ﬂms%\w sy 5 [ : T e e :

T : == : =k =
2 M?wr’ 1 = i~ -7 I3 r S J.__.—._..1..._'_1. foenpates b -;-—-»15

1 o ) e 2 {50 s s P ey e G =

iﬂﬂ 2 1 uamﬁiaayuniuﬂﬂiuuunaqnaLmas LuatﬁﬂnunitnﬂYﬂ Nﬂlﬂﬂﬁ?”

¢ A
%uuguaﬁmmnmﬁﬁnaaﬂ11ﬂ S.1 Lﬁaﬂuﬁﬂﬂ 0 Lﬁu 1 uatmaiqzwam%uuLuaﬁmm1m
5 9 ]

< < < ¢ [ & 0 e
#1nean’In S.1 uar S.2 i 1 uasLuauatmaswgu(mwuLﬁuuwﬁﬂﬂ) w3arun

qu%uéquﬁaga

42



— ]
Tt 154 i

Diagran

2 U¥6Y Timing

<
27dn 2



44

T ] 1oogei el g selinsalte s ve s alie o8
: k“% 16 é;QQ.L — :'1,! 'TT? ‘U’“i-lpéglpf i :"'_; ey o
g 9 4044 yaa 45 16 4 T2 s 4

ﬂﬂﬂrﬂﬂﬂﬂﬂﬂﬂﬂ””ﬂﬂ o

0 {ﬁﬁ

!

fmmﬂﬂﬂmmﬂ;

‘\l’h\s —_—

T,.
x L
b o
[+
l‘,,‘
mJ*
ﬁ-’
\
ix
ﬁ
S
c.P
&

Liﬁ:z_fif:;;.;

d
gﬂﬂ 2.3 #@y Bit Format

<
Eﬂﬂ 2.4 udgavy Byte Format



P EY) X ~ t) < o ' b ' <v
NI LTEUTDUAUULUD L NUUUL I I8 TTN 1L NUTAUAA YT UNRUIEAITINAIND UL A0 I
U U
1 [} < X ‘d . 1 3 1 < ° L}
ABEUUNNASTULUD L NUAINUBALATENLIINIVUADIIINATURUSTADSEIULHUNT R Ta s
X ;N 2 RPN § < Y o o 4 < @ -
LUBLNUNLS1TY =TT LWES 2 Unan uﬂiﬂwuﬁﬁnLﬂuiﬁﬁﬂaaaﬂsﬂuﬂawuau an

< g & YV 4 2 . a & o« 4 o [ o o W
uﬂin%u@?ﬁtﬂuiﬁﬂﬁagaﬂLﬂuﬂﬁu?utduﬂkﬁaa lNQU@TQﬂQqHTQﬂWQQWHTWﬁﬁﬂNR
U
Y]

[ ' s @ w % 4 < - o o o o
FAHANNFDIICOANDIUWIDUNY Tﬂﬂ?ﬁﬁﬁﬂﬂaﬂLﬁuﬂ?qﬂaﬂagﬁﬂﬁﬂiﬁﬂﬁ?ﬁﬂﬁﬂﬂaﬂ
Y U U

U

[~ Y] ' . Y o Y < o Y
LTWLﬂUTQ?uWH?ﬂﬂ?WNQWﬂ?glﬂﬂ ROM uaﬂqqﬂu%aliﬂﬂﬁﬂﬁaﬂ&ﬁ@ﬁqququLﬂu?z
o . a ~ ~ Y] ¢ = o 2 g Ve
GENHITUAIULIUNLVWRD LWENSWAG 8 YNTﬂiﬂﬂuTﬂjaL897QQQsﬂﬁﬂﬁiqﬁL BdGany

o 6w
{gTnTdunta

4 X P = o
Lua§u§aﬂﬂiﬁuﬂu1 LA NTTTUHIUE FUNUINIHANANUUTAE29S  RTC ?sgn

PA) e a o o FYREEN o " e X '
tdaaut duatuwaul yunly uanuﬁiﬂannuﬂﬁ§0§a taatnate FLaddun tapas

2

- b YV o ' ' & a . a &
%Humﬁuﬁﬂuﬁuuu MRQHQEWH%QﬂﬂﬂaU kﬂUﬂWTQNQququtﬁulﬂaﬂ 4 17N Luﬂau

A

v, ¥ 2 & o s § e ¢ X 4
qQﬂﬂiauﬂuﬂﬁﬁiﬁﬂﬁau 3 uIn Urldaufin taantnifiy 1 agmﬂﬁﬁuaLmaﬁqswgu
c & o 1 o & Y o ' 4 4 o
i 1 dteld U’ a1UINAagNINISaY wiauﬂnuaLmaiugutwagaaunmsYﬂﬂﬂq

%4
auapn

45



46

nN19aanlyuTdannsy

4. as . = u 2
ﬂ1iaaﬂuuuiﬂiuﬂiuﬂuﬂmﬂiﬁﬁﬁudﬂﬁ3Uﬂ1iﬂQuquszHUﬂ@ﬁu@uuazﬁﬁTﬁiuﬂim

X
a

[V £y ¢
AT L TUY (ASM51) Tealve2aautwaas CROSS 32 aauMdwiams TuUn s
. s 1 ' ) N
L;ﬂuTﬂiuﬂiuﬂ%uﬂuﬂﬂiﬂﬂﬁﬂuuuqzuUﬁLﬂuiﬂiuﬂiuﬁaﬂﬂﬂﬂﬁﬂ LWEAINHUA SO 20T
9
S.’) ﬁ; ol ) ul\g
ﬂﬂi?ﬁeﬁuuqnisﬂaumqadqumﬂﬁﬂ@ﬁmatuu
. c néy‘ FY Y ' s =
- 1nit_RAM LHUTUTU AT g eNT T TUN 178188 8URIINWUTEA 21T 1T
b
< v ' e oa DS )
EPROM 78y 8031 Tdinull89¥U1802143I1TUA RAM nagalEuan LU 3IINTUNT
Y J 50 T 'Y -%vq )
13Qﬂuﬁaﬁiﬂiuﬂiwﬁ@uﬂﬂiﬁﬁﬁaga%ﬁLUuaﬂﬁmsﬁaoﬂaﬂawuh@maﬁmnWitﬂuiq?u
o 5 ca'va; ~ w v w v X © . w )
EPROM mquuiuﬂWiLﬁumuﬁnqwuﬂqma@uﬂﬁiiauaﬂaﬁagaLﬁaﬂuiﬂtﬂuiaiuquﬂ
. IQ} Q' bl
ATUINANEUANNDUNIZ LTUN1TIH 9
> $ 5 |Ao . Q‘ﬂ.l 41}
- init_LCD L uiﬂiuﬂ1uﬂaaﬂazﬂ1ﬂﬂiﬂﬂwu@aa1uzL5umuﬁaqia%ﬂ1ﬁ
& & w © ) Vo w PR )
L@y LCD %ﬂ?sﬂaﬁLﬂmﬂﬁmﬂﬁﬂﬁﬂﬂiﬂﬂﬁiL5nmuﬂ131ﬁdﬂu LCD
.. < |<x; & - w 4.!)4
- 1init_RTC Lﬁuiﬂiuﬂiuﬂasﬁ@qzﬂﬂuuﬂaaﬂuzLiumunaﬁﬁaﬁﬂﬂwwuﬂﬂ
A - - > P U v ¥ oo N
LA AUUINAITUAITIUL 281 LARENTITANLIRL SUAUTWAUUIRA WAIBNNNTHUITNIL Ty
N9
. < .o % ' . < <
- Writeln Lﬁuﬂﬂiuﬂﬁﬂg@ﬂﬂﬂwuaaﬂaﬂuaﬂmwuaa@maﬂﬂa LCD Taan
Y] Ig [ I'e Qfalyy ) g
ﬁauaLwaﬁuazgﬂﬂﬁmwuwain 8255 14¥@BLIINY LCD &IUW1 control iy 3 @1
U
Y o r's Pe]
1849 LCD {iuaz&vu1uwasn P1.5-P1.7 189 8031 uazsshaviTlTunssTuonday
U
P U oo 4 4 . w o w v w
NNINITIRTINWAA (epulse) LwaﬂﬂﬁwaﬂﬁusnﬂsLﬂauﬁaaaﬁaﬁ LCD gﬂmﬂﬁ@?ﬂ
R < P v <.', ) a o«
- Get_Time LUUTUIU N8R ENNINITDIUATL 2R1BSUTENaUA DS M/WIN,
N o &5 « < L wd .
U, FrTu¥, U, LEaW 31n RTC AL AUTINHUIEAIINAN
i . < . v oo Ed . 3
- Disp_Time Lﬂuﬂﬁsuﬁﬁaga%ﬁLﬂuﬂﬁﬁa@anﬂ%ﬁﬂaﬂﬁuquHQQWunﬂYu
bl
1 . < by ' .
Tdsunquaasg Get_Time HIUFANHANaA LCD ea28TUSunsusas Writeln
. . [ S ™ <
- Diff_Time LﬂuTﬂiuﬂﬁuﬂaﬂﬂnﬁﬂﬂiﬂﬂuamL1a1ﬂ1§1ﬁ1uﬂﬁ7aunu1
' g ” Q's.}‘ o <
LAREATY TOHSICUTNLIRIAAUL THAUTIUATITTUNUA AIUABNIINLIRINAITIFTUNUTI LTSS
Y o y o~ ) . e B 4 <
FULA STuTdaunauu’zuTYsunsuegns BCD2Bin %ﬂlﬂuﬂﬁiuﬁaﬁtlaﬁﬂLﬂutaﬂ

b ¥

BCD 41

2a 2.

Al < e =)
ULATIUUITNABUAIIINANITRUNY
< ' : “ PAEREY) o
- DIsS Lﬂuiﬂiuﬂiuﬂaﬂ?qqzuwLaaﬂﬂiﬂiﬂiunﬁsaunuﬂuﬂua@@manQﬂ

i ' e v A o o<
LCD T94zaTUsunsugas Bin2BCD %ﬁtﬁuﬂﬂiuﬁaﬁLQRW?WﬂLRﬁYU%WiYHLﬂu BCD



o » P Y] [ £} ' - Y & o <
ABU  WA?39UIL2I81NTE TdiaytaTunulaa2183 a1nduIsuIldedaswanaa LCD
fa8TUsunTusas WriteLn
[ 2 < 2 < 3 a o o
- PLY LUUATTUI LR INTE Y TUA I TRUNU IS YA L YRR 12 L 30T 3] 1
&5 4 < . [ 5 s c
HUTUNITFUNUTY  @apldun1Tae UL dusan Tagn1viualIIn198unuirtduwt2an 3
pe) a < - a 4 ., v & . a v )
UM @A LyduIIUINLNSE 1 U1 LHBATUIUL IRTTHAL UUINTUIU L SULAINI =T AT il
' . < % a « e < U~ 9 <
Wn3dga8  Bin2BCD tUREUIINITUIULIUNLUUTUUIT WL dULas BCD wuaq3<Lny
s)e} ] . g < ° ﬂ, e ' =
TAINWUEAIINAT AU UINUITILRASHanaa LCD TeaTdsunsugas Writeln
< < & 4 . A 1 t9)
- SCANKB Lﬁuﬂﬂimiqqaauﬂﬂiﬂmﬂauaim%ﬁLﬂumaLaﬁmweﬂ LR UL A

< b 9] ' é . U
VNI LARINNEUUIUUID  LCD Tealdwadn 8255 wWaSnN PC_-PC, Taan 177y

‘x’; [V VoW < <
nqiﬁluﬂﬂiaﬁﬁagaLwamiqaﬁan ILag PC_PC, Ll

' I's
PC.-PC, Liuwaan
¢ o w ¢ 4 . P ad < o
waiﬂiﬂﬁaﬁaﬂﬂiﬂ@ﬂﬂ LwauﬂuﬂmiﬂﬂﬁaﬂiﬂﬂﬁYﬂQﬂﬂﬂ Ta8aNNITULFEANNAN3a LCD
<A | - & i Y
UUIZUFAIANIELRANNALWEN T GIALATLNIUY
< ' < £ Jq_;(’ .
- INT LU TUIUNINED N ITUIANTAULEARTIWN (interrupt service
. LR A a 4 ~ v @ a <&
routine) %qLﬁ%ﬂﬂi@iaqaauizﬂsLaaﬁﬂqﬂﬂaﬂﬁ ON #idN8av11 nﬂqﬂaaﬂﬁ ON
) ' a o ﬁ v Q(’ a @
UTUUBENTIT 2 IUIN nzLtdunig flash hook aﬂqQaanh ON “U4ULtAY 2 U
2 . a a ¢ s &
LaaN31tdun19  on  hook Tmﬂasﬂﬂﬂnimiaqaaunmnaqqﬂaaﬂﬁ Tunsant iy
L ° o '4 z
flash hook TUIUNTNHREIENINITIUNLIELATL TN Lwaiﬁﬁunﬁiiﬂiﬂiq

' 'EY [~ ’ oy VY o -
v wen1Ltdi on hook TYSUNSINEREILRITHAULGS uas%gmﬂWiﬂweﬂu

47



A}
UNN 3 HanITnNaaa

2439 Speech cct.&Tone Dialer

Qﬂﬂﬂﬁiﬂ@ﬂﬂdiﬂﬂﬂﬂﬁdﬂlﬁﬁiﬁﬂuzﬂ ugaﬂwuwaaqﬁﬁﬁﬂua§qﬂinﬂad1

o 1 [ ) b ugﬁce o @ d
gytadrusadsanie DTMF aanytle mﬂu%?@ﬂﬁﬂﬂi?ﬂ@ﬁmmﬂmﬂﬁﬁ TI 28y
~ o e < ' o e o s 2
MC34014 ingunudnuiunel DTMF fay MC145412 #i1ngr1szauuginns ulan
g o o< - I Y] ™
71 TI #32aUa1N3INE1 DTMF @9UUINNIN1TUSTUAI@14AIUN IR0 100K uR2

4 o 4 we . J 4 o C .
AIUARUTUYIUADUNN AR DTMFﬂinauﬂixﬂ@gﬁﬂauﬁmmwmiuaﬂmm(c11p) AUl a5e
U Y

5uﬁwm1m§@§m 1911071 1AAIINEIUNTY 4.7 KO

¢
NITINTaT@aUTINIaL RS

& Y ¢y
dﬂﬁiuﬂﬂiﬂaaaqiﬁﬁﬂuimiﬂiﬂauiﬂiaLaaiuu ﬂmaaﬁiaﬂnﬂiaﬁﬂu

- < U [ I's ) P
Tﬁiuﬂiuﬂ@ﬁﬂUﬂﬁiﬂﬂﬁﬂuTﬂﬂLﬁﬂuﬁaaawﬁuaﬂﬂwaiﬂ 8255 ﬂ?ﬂﬂﬁ?ﬂ%ﬂﬂaﬂﬂﬂﬁuﬂ

)

o o wad ' I'e 3 o 9 N P PN ] <
1uiﬂiuﬂTuﬂﬂﬁQNRﬂ?ﬂYﬂﬂuﬂRBWBiﬂﬁﬂﬂ 8255 UURTINU dntIUtwaNintaaIan

U

Y

: [ o > . < o ' U
A, T93z1duaain 0 aane WRYAINAUIIRIN1TIUREY 8255 §27msl WRaYI1N 21
o
N

d

4

v ¢ = 94- b2 <,
AR YQQWﬂwaiﬂuﬂﬂm5wﬂuﬂﬂ1wuﬂ1q?uTﬂiuﬂiuqﬂuﬂ
U

=24

) € o
nwsL§aumaaﬁa51uiﬂiﬂauiﬂiaLaaiﬂu LCD module

' o ¢ 1 's ;‘ﬂ
N1762 LCD module nuluTATAaUINTIaLand TA88IUWAETN 8255 U
g ] o '
AINNIINARANAIILTINTAENI9AaE1 data ¥ay LCD nuwasn PA_-PA_ ®av 8255
o £ 3 ' '
Laze1 control wavy LCD nuwssn PB_-PB_ uu# 1711087138 LCD Yud&1u19n
Y] & o oa . ) < o < 3

LRANKATE ENUUINNINITUNTETUIUAINLANUDE URZABSLUREUIIANITA AN
Y ' é i
control #avy LCD Mdaanuwasnuany P1.5-P1.7 #a< 8031 uni Hails1ngln

[ ' 1Y)
LCD ﬂﬁﬂuﬂiauaa@waiaaaﬂegnmaﬁ

) £ o
ﬂﬂigﬂNﬂBQQQTTNTﬂiﬂﬂuTﬂiaLaﬂiﬂﬂ RTC

B ¢ s © @E
uUn19@a RTC LuUd9 MMS58167 AUNITIUTATAUTINTALRATUY 1Y

LY

> ' : N [ = o ] »
N1INeaasaIILIndsIngl2n RTC ?Gﬂﬂdﬂutﬂuuﬁaﬂﬂuu HIIUEINITONAIN UL 61y

o < 0 0 E) I -
HHQQNqm7??ﬂﬂﬂ§ﬂ1ﬁ7uﬂ7N1uﬂqiﬂquﬂqLﬁaqqqﬂ RTC uaﬁuﬁYﬁTﬂi&ﬂiN%ﬁLﬂuﬂﬂ

48



49

- ' Q‘ . s 1 e - ' d -
control unvimaay RTC ﬂ??ﬂﬁﬁﬂuﬁaﬂﬁkiuﬂﬂﬁﬂuiﬂ LEENLOUTHINEIATS Y

ut

v 3 @ < ) < o = Y
@adnIn19deutdasauan R uag C nan OSCin thae OSCo RUNTENIL IR QUG

) 4 ' .
BHINLNUNGINLHUEN

744496092391 Ringback Tone

} %4 L)
e ) o s o W < o
(uﬂ?uﬁaﬁiﬁ?iﬂi??quﬂ11§u§ﬂﬂaﬁ Ringback Tone “usasunsusu
] <~ b2 }- ¥ < . - '9) o '
AR IINE BN ANEBNTHADINEIUNIUTUG  Trimmer 2908901901505 uag 19as
N A [y o AJ ) a v < &
LBHALWATHAIIRIUAIIUG 400 Hz Iu2939 PLL URz@DSLRaana1@2t nuds=atasin
]

b ¥4 ) 2\) 124 P ) A 2
A1UNTY TUFRIUDBSINITTUTUT LA L UARTHIAAI LI IN L RU IS RUBINAD NN S



50

FAKEF XK F KKk F A Xk ¥ ¥ F X2 4444 PROGRAM CONTROL * ¥k # k¥ kkkk F £ 5k ¥ Sk F 4 KA H 4 ¥ ¥

BegRAM:

Cti 8255

PDC8255:;
PDB8255:
LCDD:

RTC_Base:
RTC_Secl:
RTC_Sec2:
RTC_Sec3:

RTC_Min:

RTC_Hour:
RTC_DayW:
RTC_DayM:
RTC_Month:

Int_S_R:
Int_C_R:

Count_Rst:

RAM Rst:

2000h
RTC_Base+0
RTC_Base+1
RTC_Base+2
RTC_Base+3
RTC_Base+4
RTC_Base+5
RTC_Base+6
RTC_Base+7
RTC_Base+10
RTC_Base+11
RTC_Base+12
RTC_Base+13

Define Part

.
J

-
)

.
’

RAM Address of 8031
Port Address of 8255

LCD Data Address

Real Time Clock Address MAP



Stats B
Go_Com:

Stby _Int:

Call(StartTime:
Call(StopTime:
CallDiffTime:

PtrHi:

PtrLo:

Hund:

outa:

inpa:

pus ADPTR: macrto

popDPTR:

pushall:

popall:

delay:

dil:
d2:

movb:

macTo

mov

movx
endm

push
push
endm

macro

pop

pop
endm

macro
push
push
push
push

endm

macro
pop
pop
pop
pop
endm

macro
mov
Mmov
dinz
dinz
endm

macrTro
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equ RTC_Base+14

equ RTC Base+15

equ RTC_Base+16

equ 1600k

equ 1602h

equ 1604h

equ 07Dk ; High byte of RAMPtr

equ O7EA ; Low byte of RAMPtr

equ 31h ; Hundredth digit

———————————————————————————— Macro Part e e

PORTNUMBER, DATA ; OutPort macro from Data to PortNo
a,DATA
DPTR, PORTNUMBER
@DPTR, a
PORTNUMBER ; OutPort macrto from A to PortNo
DPTR, PORTNUMBER
@DPTR, a
PORTNUMBER ;: InPort mactro from PortNo to A
DPTR, PORTNUMBER

a, @DPTR

; Push DPTR macto
DPH
DPL

; Pop DPTR macrto
DPL

DPH

; Push all rtegister macrto
acc

DPH
DPL

; Pop all tegister macro
DPL
DPH

acc

TIME

r0, TIME
rl, O
rl, d2
0, dil

SOURCE, DEST ; Copy one byte from Source to Dest
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push acc
push DPH
push DPL
Mo v DPTR, SOURCE
MovVY a,@DPTR
mov DPTR, DEST
Mmovx @DPTR, a
pop DPL
pop DPH
pop acc
endm
MOVW: macto SOURCE, DEST ; Copy one word from Source to Dest
movb SOURCE, DEST
movb SOURCE+1, DEST+1
endm
movDPTRPtT: macro ; Copy DPTR to RAMPtr
mov PtrHi, DPH
™MoV PtrLo, DPL
endm
movPtrDPTR: macrto ; Copy RAMPtr to DPTR
mov DPH, PtrHi
tmov DPL, PtrLo
endm
e Main Part —-————————————————————————————
CPU "8051,TBL"
HOF "INT8"
org 0000H ; ROM Code statt up at 0000k
[ijmp ST
org 0003h ; Intertupt Service Routine
{jmp INT
ST: seth P1.3 ; Disconnect with telephone [ine
acall Init_ RAM ; Initial External RAM
out #Ctr_8255, #88h ; out 88h to 8255 Port
acafll Init_LCD ; Initialize LCD Module
acall Init_RTC ; Initialize RTC time
mov PSW, #00000000B
ib P1.0, STOP ; If code in card correct then
clr P1.3 ; connect with telephone [ine
TO: mov IE, #10000001B ; Enabel interrupt INTO
clr 01k
KOK: jb 01h, STOP
{call RETEL ; Call Processing
MNO: ib P1.2, MNO ; Jump (oop wait for end of ringbacktone
Mmov IE, #00000000B ; Disable interrtupt
acall Get_Time
movb #RTC_Hour, #Cal[StartTime : Get statrt HOUR in RAM
movb #RTC_Min, #Call[StartTime+1 ; Get start MIN in RAM
LMN: acall Disp_Time
jb P1.1, LMN : If hook switch "HOOK ON"
movb #RTC_Hour, #Cal(StopTime ; Get stop HOUR in RAM



53

movb #RTC_Min, #CallStopTime+l ; Get stop MIN in RAM
acall Diff Time
; Compute the time of conversation

acall DIS ; Disply time of conversation
acall PLY ; Disply fee of conversation
seth P1.3 ; Disconnect telephone [ine
ajmp ENDD ; Jump to end of program

B e S et e e e e e Procedure Part ———————mm——mm e

STOP: mov a, #4
mov DPTR, #CdOut
acal(l WriteLn
seth P1.3
ajmp ENDD
DIS: inpa #Cal(DiffTime
fecall Bin2BCD
push acc
anl a, #0Fh
add a, #30h
outa #Time _Used+8
pop acc
swap a
anl a, #0Fh
add a, #30h
outa #Time_ Used+7
PO: mov a, #3
mov DPTR, #Time_Used
acall Writeln
ret
PLY: inpa #Cal(DiffTime
Hov b ,#3
div ab
mov 5, b
cjne 5,#00h,ABC
ajmp DEF
ABC: inc a
DEF: [call Bin2BCD
push acc
anf a, #0Fh
add a, #30h
outa #Price+8
pop acc
swap a
anl a, #O0Fh
add a, #30h
outa #Price+7
TR: mov a, #4
mov DPTR, #Price
acall WriteLn
ret
Diff _Time:
pushall
inpa #Cal(StartTime ; Get Start’HH to RO
acall BCD2Bin ; Convert to Binary
tmov RO, a

inpa #Cal(StopTime ; Get Stop’HH to A
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.

acall BCD2Bin ; Convert to Binary

clr c : cleatr carry flag befor use subb

subb a, RO ; A = Stop’HH - Start’HH

jnc NoAdjust ;s A < 0 ?

add a, #24 ; Yes, adjust Hour by 24
NoAdjust: '

mov b, #60 ; Convert A to Minute

mu ab

mov RO, a ; Save LSB product in RO

inpa #Cal(StopTime+1 ; Get Stop’MM to A

acall BCD2Bin ; Convert to Binary

add a, RO ; add to A (MM)

jnc NoCarrty ; A > 255 ¢

inc b .3 Yes, adjust MSB too
NoCarr7ty:

push acc

inpa #Cal(StartTime+1 ;: Get Start’MM to A

acall BCD2Bin ; Convert to Binary

mov RO, a

pop acc

clr ol ; clear carry flag befor use subb

subb a, RO ; A= MM - Start’MM

jnc NoBorrow ; Set Borrow 7

dec b ; Yes, Decrement MSB
NoBorrow:

inc a ; Round off A

outa #Cal(DiffTime ; and Save to CalDiffTime

popall

Tet
BCD2Bin: ; Convert BCD in A to Bin in A

nov R7, a

anl a, #0FOh

TT a

mov R6, a

TT a

TT a

add a, R6

mov R6, a

mov a, R7

anl a, #0Fh

add a, R6

Tet
Bin2BCD: ; Convert Bin in A to BCD in A

mov b, #100

div ab

mov hund, a

MoV a, #10

xch a, b

div ab

swap a

add a, b

Tet

Disp_Time:

nov RO, 20
Pils: mov R1, O A
Pi2: dinz R1, Pi2 .

djinz RO, Pil
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acal( Get_ Time ' ; Disply DATE

mov a, #3
mov DPTR, #Date Mess
acall WriteLn
mov a, #4 ; Disply TIME
mov DPTR, #Time Mess
acall Writeln
Tet
Get_Time:
inpa #RTC_DayM ; Get Day of Month
push acce
anl a, #O0Fh c
add a, #30h
outa #Date_Mess+7 ; then put to Date Mess Dx-MM-197Y
pop acc
swap a
anf a, #0Fh
add a, #30h
outa #Date Mess+6 ; put to Date _Mess xD-MM—197YY
inpa #RTC_Month ; Get Month
push acc
anl( a, #O0Fh
add a, #30h
outa #Date Mess+10 ; then put to Date Mess DD-Mx-197Y
pop acc
swap a
anfl a, #0Fh
add a, #30h
outa #Date _Mess+9 ; put to Date_Mess DD-xM-197Y
inpa #RTC_Hour ; Get Hour
push acc
anf . a, #0FhA
add a, #30h
outa #Time_Mess+7 ; then put to Time Mess H-:MM:SS
pop acc
swap a
anl a, #0Fh
add a, #30h
outa #Time Mess+6 ; put to Time_Mess -H:MM:SS
inpa #RTC_Min ; Get Minute
push acc
anl a, #0Fh
add a, #30h
outa #Time_Mess+10 ; then put to Time Mess HH:M-:SS
pop acc
swap a
anl a, #O0Fh
add a, #30h
outa #Time_Mess+9 ; put to Time Mess HH:-M:SS
inpa #RTC_Sec3 ; Get Second
push acc
anl( a, #OFh
add a, #30h

outa #Time Mess+13 ; then put to Time Mess HH:MM:S—



pop
swap
anl
add
outa
Tet

WritelLn:

acall
pus ADPTR
outa

clr

clr
acal(
popDPTR

mov
WRL: Mmovy
mov
mov
acall
mov
inc
dinz -
Tet

wrbyte:

pus ADPTR
seth

out
acalfl
popDPTR
clr

ret

epulse: .
pushall
seth
mov

Pm1: mov

Pm2: dinz
dinz
clr
popall
rTet

ConvLine:
movce
ret
dfb
dfb
dfb
dfb

Init_LCD:
mov

WWI ; mov

WW2 : dinz
dinz
clr

acc

a
a, #OFh
a, #30h

¥Time _Mess+12

ConvLline

#LCDD
P1.6
P1.5
epulse

RO, #16
a, @DPTR
R2, a
122, RO
wrbyte
RO, 122
DPTR

RO, WRL

P1.5
#LCDD, R2
epulse

P1.5

P1.7
RO, 50
R1, 0
R1, Pm2
RO, Pmi
P1.7

a,@a+PC

080k
0COh
090k
0DOh

RO, 50
R1, 0
R1, wW2
RO, WW1
P1.5

; put to Time Mess HH:MM:-S

; Used with Writeln procedure

; Used with WriteLn procedure

; Convert Line to used in LCD

; Line 1
; Line 2
; Line 3
; Line 4

; Initial LCD Modufle
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clr P1.6
clr P1.7
out #L.CDD, #00111000B ; fn set 38h DL=1 8 bit,N=1 1/16
acall epulse ; Enable signal pulse
tHov RO, 20
F1l: mov R1, O
F2: dinz R1, F2
dinz RO, F1 ; delay 5 mSec
out #LCDD, #00001111B ; display on/off(D=0On,C=0On, B=Blink)
acall epulse
mov RO, 20
§S81: mov R1, O
SS82.: dinz R1, S8S2
dinz RO, SS1
out #LCDD, #00000110B ; Entty mode set I/D=1 Inc,S=0 Right
acall epulse
mov RO, 20
NN1: mov R1, O
NNZ2: dinz R1, NN2
dinz RO, NN1
out #LCDD, #00000001B ; Clear alf display
acal(l epulse
mo v RO, 20
G1: mov R1, O
G2: dinz R1, G2
dinz RO, G1
Tet
Init_RAM:
mov DPTR, #BegRAM
movDPTRPtr
mov DPTR, #BegROM ; Point to ROM Data
mov RO, #{EndROM-BegROM} ; Calculate Length of ROM Data
iLoop: clr a
move a, @a+DPTR ; Transfer data
pus ADPTR
movPt rDPTR
movy @DPTR, a
inc DPTR
movDPTRPtr
popDPTR
inc DPTR
dinz RO, iLoop
Tet
Init_RTC:
out #Int_C_R , #04H
out #RTC_Secl, #00H ; Set Time to 00:00:00
out #RTC_Sec2, #00H
out #RTC_Sec3, #00H ; Set Date to 31-12-1994
. out #RTC_Min , #O0OH
out #RTC_Hour, #O00H
out #RTC_DayM, #31H
out #¥RTC_Month,#12H
out #Go_Com, #01H ; Start !

mov a, #1



mov

acal(

Tet
SCANKB: :

SCANKEY :
NLOOP:

CV1:
Cv2:

VC1:
VC2:

KEYIN:

KL1:
KL2:

NPE:

PP1:
PP2:
PP3:
PP4:

NPD:

DPTR, #Set _Ti Mess

WriteLn

mo v
mov
mov
xch
out

Mmov
mov
dinz
dinz

inpa
mov
orl
cpl
jnz
xch
Tl
cjne

mov
mov
dinz
dinz

[imp

mov
jnb
jnb
jnb
jnb

mov
Mmov

dinz
dinz

[jmp

Mmov
inb
jnb
jinb
jinb
{jmp
[imp
[ jmp
[ jmp
[jmp

Mmov
inb
jnb
jnb
jnb

R5, #0O0H
R4, #O07H
a, #0FEH
a, R7

#PDC8255, R7

RO, 20
R1, O
R1, CV2
RO, CV1

#PDC8255
R6, a

a, #0FH
a

KEYIN

a, R7

a

a,#0DFH,NLOOP

RO, 50
R1, 0

R1, VC2
RO, VC1

SCANKEY

a, R7

ACC.0, NPE
ACC,1, NPD
ACC.2, NPB
ACC,3, NP7

RO, 50
R1, O

R1, KL2
RO, KL1

SCANKEY

a, R6
ACC.4, PP1
ACC.5, PP2
ACC.6, PP3
ACC.7, PP4
SCANKEY
PR1

PR2

PR3

PR4

a, R6

ACC.4, PP5
ACC.5, PPé6
ACC.6, PP7
ACC+'7, PP8

)

Scan kevboard



PP5:
PP6:
PP7:
PP8:

NPB:

PP9:

PP10:
PP11:
PP12:

NP7 :

PP13:
PP14:
PP15:
PP16:

PR1:
. PR2:
PR3:
PR4:
PR5:
PRE6 :
PR7:
PRS:

PRY9:

PR10:

PR11:

PR12:

PR13:

PR14:

PR15:;

PR16:

[ jmp
[ jmp
{ jmp
[jmp
[imp

Mmov
inb
inb
inb
jinb
{jmp
[imp
[imp
[ jmp
{imp

mov
inb
inb
jnb
jnb
[ jmp
(jmp
(jmp
{jmp
[ jmp

mov
[ jmp
mov
[ jmp
mov
[jmp
Mmov
{jmp

[jmp
mov
[ jmp
MOV
[jmp
mov
{jmp
mov
{jmp
MOV
(jmp
mov
{jmp
mov
[jmp
mov
[jmp
mov
[ jmp
mov
LJMP
mov
[jmp

SCANKEY
PR5
PR6
PR7
PR&

a, R6
ACC. 4,
ACC. 5,
ACC. 6,
ACC.7,
SCANKEY
PR9
PR10
PR11
PR12

a, R6
ACC. 4,
ACC,5,
ACC, 6,
ACC, 7,
SCANKEY
PR13
PR14
PR15
PR16

a, #01H
END1
a, #02H
END1
a, #03H
END1
a, #04H
END1
a, #04H
END1
a, #05H
END1
a, #06H
END1
a, #08H
END1
a, #0T7H
END1
a, #08H
END1
a, #09H
END1
a, #0BH
END1
a, #0CH
END1
a, #00H
END1
a, #0EH
END1
a, #OFH
END1

PP9

PP10
PP11
PP12

PP13
PP14
PP15
PP16



END1:

SCANAGAIN:
INT:
DELY:

DELGOG:
DEL1:

RTR:

RETEL:

cjine
mov
[ imp
Mmov
mov
push
anl
add
Mmovx
pop
inc
mov
mov
Mmov
mov
acall
dec
dinz
Tet

[ jmp

mov
mov
mov
dinz
dinz
dinz

mov
jinb

mov

mov
mMovx
mov
inc
Movx
dinz

mov
mov
acall
mov
mov
acall

tmov
mov
dec
nmov
inc
mov
reti

mov
mov
acall

R3,#00H,XxrZ1

60

DPTR, #Phone Mess+8

XYZ2
DPL, 124
DPH, 123
acc

a, #O0FH
a, #30H
@DPTR, a
acc i
DPTR
124, DPL
123, DPH
a, #2

DPTR, #Phone Mess

Writeln
R5

R4, SCANAGAIN

SCANKEY
R7, #0CH
RO, #O0FFH
R1, #O0FFH
R1, DEL1
RO, DELO
R7, DELY

IE, #00000000B
P1.1, CARDOUT

a, #20h

Interrupt service routine

Delay about 2 second

; Disable interrupt
; If hook switch "FLASH HOOK"

; then tecall
; IF hook switch "ON HOOK"

DPTR, #Phone_Mess+8 ; then end of processing

@DPTR, a
R3, #07h
DPTR

@DPTR, a
R3, RTR

a, #1

DPTR, #Space
Writeln

a, #2

DPTR, #Space
WritelLn

R1, 081hA

@R1, #00h
R1

@R1, #1Ch
R1

081f, R1

a, #1
DPTR, #Linel
WritelLn

; Recall processing



CARDOUT :

e —— e — — — — —— — — ———

Time_Mess:
Date_Mess:

Phone Mess:

Set_Ti Mess:

Linel:
Time_Used:
Price:
Deposite:
CdOut:
Space:
EndROM:

ENDD:

acal(
Tet

seth
Mo v
Mo v
dec
mov
inc
mov
Teti

SCANKB

01k

R1, 081k

@R1, #00h

R1

@R1, #21hk

R1

081k, R1

eXternal RAM data Part
$

equ $-BegROM+BegRAM
"Time: HH:MM:SS "
equ $-BegROM+BegRAM
"Date: DD/MM/1994"
equ $-BegROM+BegRAM
" Number "
equ $-BegROM+BegRAM
" Set Clock OK ! "
equ $-BegROM+BegRAM
" Push Number "
equ $-BegROM+BegRAM
" Used XX Min "
equ $-BegROM+BegRAM
" Paid XX Baht "
equ $-BegROM+BegRAM
"The Rest XX Baht'"
equ $-BegROM+BegRAM
. ,CARD, . ,OUurT, "
equ $-BegROM+BegRAM

$
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PRELIMINARY

SU3TARH/8051AH
SINGLE-COMPCONERNT 8-BIT MiCROCOMPUTER
£ 8031AH — Control-Orlented CPU with RAM and I/O

E 8051AH — An 8031AH with Faclory Mask-Pregrammable ROM
B Fabricated with Intel's HMOS Il Process

g 4>~ § ROWM (8U51AK only) u 128K Accessible External Memory
E 128 x 8 RA & Boolean Prockssor :

& 321/0 Lines {Four 8-Bit Ports) & 4 us Multiply and Divide

@ Two 16-Bit Timer/Counters & 21& User Bit-Addressabie Locatlons
B Programmabie Full-Duplex Seria! Channel i 100 mA Typical Supply Current

The BO31AH/BOS1AH is Intel's HMOS Il version of the high performance 8-bit 8031/8051 microcomputer.
While the 8031AH/8051AH features the same powerful architecture and instruction set as its HMOS |
predecessor, it offers the additional benefit of lower power supply current.

The 8031AH/8051AH provides a cost-effective solution for those controller applications requiring up to 64K
bytes of program and/or 64K bytes of data storage. Specifically, the 8031AH contains 128 bytes of read/
write data memory; 32 I/0 lines configured as four 8-bit paraliel ports; two 16-bit timer/counters; a five-
source, two-priority level, nested interrupt structure; a programmable serial I/0 port; and an on-chip oscil-
lator with clock circuitry. The 8051AH has all of these 8031AH features plus 4K bytes of nonvolatile read
only program memory. Both microcomputers can use standard TTL compatible memories and most byte-
oriented MCS®-80 and MCS-85 peripherals for additional IO and memory capabilities. .

The 8031AH/8051AH microcomputer, characteristic of the entire MCS-51 family, is efficient in both control and
computational type applications. This results from extensive BCD/binary arithmetic and bit-handling facili-
ties. The BO31AH/B051AH also makes efficient use of its program memory space with an instruction set consisting
of 44% one-byle, 41% two-byte, and 15% three-byte instructions. Al 12MHz CPU operation, over half of
the instiuctions execute in just 1.0ps, while the longestinstructions, multiply and divide, require only 4ps.

Pue g riokrrl

Lf"“'}J " Figure 1. Block Diagram o
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8031AH/BOS1AH PIN DESCRIPTIONS

Vss
Circuit ground potential,

Ve
SV power supply input for normal operation and
program verification.

Port 0

Port 0 is an 8-bit open drain bidirectional 1/0 port.
It is also the multiplexed low-order address and
data bus when using external memory. It is used
for data output during program verification Port 0
can sink/source eight LS TTL loads.

Port1

Port 1 is an 8-bit quasi-bidirectional 1/0 port. It is
also used for the low-order address byle during
program verification. Port 1 can sink/source four
LS TTL loads.

Port 2

Port 2 is an 8-bit quasi-bidirectional /0 port. It
also emits the high-order address byte when
accessing external memory. It is used for the high-
order address and the control signals during
program verification. Port 2 can sink/s6urce four
LS TTL loads.

Port3
Port 3 is an 8-bit bidirectional I/0 port with inter-
nal pullups. It also serves the functions of various
special features of the MCS-51 Family, as listed
below:
Port Pin Alternate Function

P3.0  RXD (serial input port)

P3.1 TXD (serial output port)

P3.2  INTO (external interrupt)

P3.3  INTT (external interrupt)

P3.4  TO(Timer/counter 0 external input)

P3.5  T1(Timer/counter 1 external input)

P3.6 \—W(exlemal Data Memory write strobe)

P3.7 RD (external Data Memory read strobe)

The output latch corresponding to a secondary
function must be programmed to a one (1) for that
function to operate. Port 3 can sink/source four LS
TTL loads.

RST/Vpp

A high on this pin for two machine cycles while the
oscillator is running resets the device. A small ex-
ternal pulldown resistor (=8 2k} from RST/VPD
to Vgg permits power-on reset when a capacitor
(=10 u!) is also connected from ttiis pintoVco

IWRST/Vpp is held within the Vpp spec while Vo
drops below its spec, RST/Vpp will provide standby
power fo the RAM. When RST/Vpp is low, the RAM's
currentis drawn from V.

ALE

Address Latch Enable output for laiching the low
byte of the address during accesses to external
memory. ALE is activated at a constant rate of 1/6
the oscillator frequency except duiing an external
data memory access at which time one ALE pulse
is skipped. ALE can sink/source 8 LS TTL inputs.

PSEN

The Program Store Enable output is a control
signal that enables the external Program Memory
to the bus during external fetch opcrations. It is
activated every six osciliator periods except during

external data memory access PSEN remains high
during’internal program execution.

P1.0—{1 ~ 40l5Vee

P12 39{~jP0.0/ADO
P123 38{~1P0.1/AD1
P1.3]4 37{3PG.2/AD2
Placys 36[C3P0.3/AD3
P1.5(6 35[5P0.4/AD4

P1.6 7 go31AH, 34| D PO.5/ADS
P1.7C38 s051AH 33[3P0.6/ADG

RST/Vpp (39 32{33P0.7/ADT
RXD/P3.0(]10 31[DJEA
TXD/P3.1 T]11 30[DALE
TNT8/P3.2 12 29[ JPSEN
INTi/P3.3 13 28[JP2.7/A15
TO/P3.4T]14 27[2P2.6/A14
T1/P3.4 {15 26{P2.5/A13
WR/P3.6 (Z]16 25[73P2.4/A12
RD/P3.7 17 24{DP2.3/A11
XTAL2]18 23[3P2.2/A10
XTAL1C]19 22[73P2.1/A9
Vss C_j‘zo 21[3P2.0/A8

Flgure 2. Pin Configuraticn
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EA

When held at a TTL high level, the 8051AH
executes instructions from the internal ROM when
the PC is less than 4036 When held at a TTL low
level, the 8031AH/8051AH fetches a!l instructions
from external Program Memory. Do not float EA
during normal operation. )

. XTAL1

Input to the inverting amplifier that forms part of
the oscillator. This pin should be connected to
ground when an external oscillator is used.

XTAL2

Output of the inverting amplifier that forms part of
the oscillator, and input to the internal clock
generator. XTALZ receives the oscillator signal
when an external oscillator is used.

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under 8ias ... 0°Cto70"C

Storage Temperature .......... -65"Cto +150"C

Voltage on Any Pin With

Respect to Ground (VSS) ......... -0.5Vio+7V

Power Dissipation 1 Watt

‘NOTICE: Stresses above those listcd under
"Absolule Maximum Ratings™ may cause permanent
damage to the device. This is a stress rating only
and functional operation of the device at these or
any other conditions above those indicated in the
operational sections of this specification 1s not
implied. Cxposure to absolute maximum rating
cond:tions (or oxtendnd periods may alfect device
reliab:hity.

DC CHARACTERISTICS (T = 0°C 1o 70" C. VGG = 4 5V 10 5.5V.Vgg = OV)

Symbol Parameter Min Max Unit Test Conditions
VIL Input Low Voltage -0.5 08 "
ViH Input High Voltage 20 Vegc+0b Vv
(Except RST/Vpp and XTAL2)
VIiH1 Input High Voltage to 25 Voo t0b V. [XTAL1toVgg
RST/Vpp For Reset, XTAL2
VeD Power Down Voltage to RST/Vpp 45 55 V {Vgg =0V
VOL Outpul Low Voltage Ports. 1,2, 3 (Note 1) 0.45 I0L = 1.6mA
VOL1 | Output Low Voltage Port 0, ALE. PSEN 0.45 iOL =3.2mA
(Note 1)
VOH Output High Voltage Ports 1,2, 3 2.4 V. {IOH = -80uA
VOH1 | Qutput High Voltage Port 0, ALE, PSEN 2.4 vV |IOH = -400uA
HL Logical Jinput Current Poris 1,2. 3 -800 uA tVin = 345V
12 Logical 0 Input Current for XTAL 2 -2.5 mA |XTALT = Vgg, Vin = 0.45V
1Lt Input Leakage Current To Port 0. EA ‘10 nA 0,45V <Vin <V~
1H1 Input High Current to RST/Vpr For Reset 500 HA Vin TV - 1.5V
ICC Power Supply Current 125 mA [All outputs disconnected
IPD Power Down Current 10 mA |Vgg =0V
ClO Capacitance of /0 Butfer 10 pf [fo = IMHz, TA =25°C ]

See payge 4 for Notey,
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Note 1: VOL is degraded when the BO31AH/B8051AH rapidly discharges external capacitance. This AC noise is mos!
pronounced during emission of address data When using external memory, locate the latch or butier as close to the
B031AH/B051AH as possible

VOL
Emilling | Degraded (peak)
Daium Ports 1/0 Lines (max)
Address P2, PO P1, P3 08V
Write Data PO P1, P3, ALE o8V

EXTERNAL CLOCK DRIVE CHARACTERISTICS (XTAL2)

Variable Clock
freq = 1.2 MHz to 12 MHz
Symbol Parameter Min Max Unit
TCLCL Osciilator Period 83.3 833.3 ns
ITCHCX High Time 20 ns
TCLCX Low Time 20 ns
TCLCH Rise Time 20 ns
ITCHCL Fall Time 20 ns

———TCHCX — ! TCLCH — =~ ’«—— | !—-— TCHCL

f=— Tolex—] '

S Y A —
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AC CHARACTERISTICS (T, = 0°C 10 70°C. Vg = 5V 110%, Vgg = 0V, G for Port 0, ALE and PSEN
Outputs = 100 pF; C_for all other outputs = 80 pF)
EXTERNAL PROGRAM MEMORY CHARACTERISTICS

Varlabte Clock

12 MHz Clock 1/TCLCL = 1.2 MHz to 12 #4H2
Symbol Parameler win Max Unit wiin Fhax Unit
TLHLL ALE Pulse Width 127 ns | 2TCLCL-40 ns
TAVLL Address Setup to ALE 43 ns TCLCL-40 ns
TLLAX Address Hold After ALE 48 ns TCLCL-35 ns
TLLIV ALE to Valid Instr In 233 ns . 4TCLCL-100 | ns
TLLPL ALE To PSEN -58 | ns TCLCL-25 ns
TPLPH PSEN Pulse Width 215 ns | 3TCLCL-35 ns
TPLIV PSEN To Valid Instr In 125 ns 3TCLCL-125 | ns
TPXIX Input Instr Hold After PSEN 0 ns 0 ns
TPXIZ Input Instr Float After PSEN 63 ns TCLCL-20 | ms
TPXAV Address Valid After PSEN 75 ns TCLCL-8 ns
TAVIV Address To Valid Instr In 302 ns 5TCLCL-115 | ns
TAZPL Address Float To PSEN 0 ns 0 ns

EXTERNAL DATA MEMORY CHARACTERISTICS

Variable Clock

12 MHz Clock 1/TCLCL = 1.2 MKz to 12 MHz

Symbol Parameter Min Max Unit Min Max Unit
TRLRH | RD Puise Width 400 ns | 6TCLCL-100 ns
TWLWH | WR Pulse Width 4C0 ns 5TCLCL-100 ns
TLLAX Address Hold After ALE 48 ns TCLCL-35

TRLDV RD To Valid Data In 250 ns STCLCL-165 | ns
TRHDX | Data Hold After RD 0 ns 0 ns
TRHDZ | Data Float After RD 97 ns 2TCLCL-70 | ns
TLLDV ALE To Valid Data In " BT ns 8TCLCL-150 | ns
TAVDV Address To Valid Data In 585 ns 8TCLCL-165 | ns
TLLWL | ALE To WRor RD 200 | 300 | ns | 3TCLCL-50 |3TCLCL+50 | ns
TAVWL | Address To WR or RD 203 ns | 4TCLCL-130 ns
TWHLH | WR or RD High To ALE High 43 123 ns TCLCL-40 TCLCL +40 | ns
TDVWX | Data Valid To WR Transition 23 ns TCLCL-60 ns
TQVWH | Data Setup Before WR 433 ns 7TCLCL-150 ns
TWHQX | Data Hold After WR 33 ns TCLCL-50 ns
TRLAZ Adrress Float After RD 0 ns 0 ns
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AC TIMING DIAGRARMS

EXTERNAL PROGRAM MEMORY READ CYCLE
}_._,v,_m‘ S —— -~ == - 127CLCL -- . - =
|
I

1
“ T s f e B ttes i |

ﬁ«—»nu& i —
ALE g N | i
| — e TPLPH —— =
PSEN -/ I § ~ ——{TPXAV
z TULAX = . ‘

TAVLL - -

1= TAZPL Trxax=] | j= TPz
ponTo 'NSTRIN AO-AT | INSTR IN ] A0-AT7 |N51Rn§—

— TAVIV———] ’

ADDRESS
PORT2  QRSIR-P2 ADDRESS AB-A15 >4 ADDRESS AB-A15

EXTERNAL DATA MEMORY READ CYCLE
TWHLH o] =

| S
. m TLLDV —-—{’ ’ “V—
I !
PSEN __/ : :

AD

TAVOVY | i e e TRHDX . ! o |

= > | DY
PORT 0 >‘ | A0-A7 ) DATA IN T
~ 4 |~-- TRLAZ

] ADDRESS AB-A15 OR SFR-P2

PORT 2 OR SFR-P2

EXTERNAL DATA MEMORY WRITE CYCLE :
TWHLH -~

| X H

we N ' A
PSEN —/ e TLLWL —— = :
—— TWIWH-— )

WR !

- TAVWL ‘ ;
—TLLAX S I TOVWX  vovwHo ., |_TwHOX.|

porto D> - Aoar ) DATA OUT .I

ADDRESS >;’ \
PORT 2 OR SFR.P2 ADDURESS AB-A15 OR SFR-P2

ACTESTING INPUT/OUTPUT, FLOAT WAVEFORMS

INPUT/OUTPUT FLOAT )
FLOAT
24 i 2.4 24
7 20 2.0 ~’r\z.o 240/?«
TEST POINTS / |
\0.8 08 ‘045 £08 0.8 Sk 045

0.45 t

ACinputs duringtesting are driven at 2.4V foralogic "1"and 0.45V for a logic "0". Timing measurements are made at2 0V for
alogic”1"and 0 8V foralogic "0". For timing purposes. the float state is delined as the point at which a PO pin sinks 2.4mA or

sources 400 uA at the vollage test levels
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CLOCK WAVEFORMS

STATES |
P1 | P2

STATE 4
P1 l P2

STATE 6 | STATE 1
Pt P2 | p1 | p2

STATE 3
P1 l P2

STATE 5
P1 I P2

XTaL2 mmdm_mmm"

ALE w
\ THESE SIGNALS ARE NOT

EXTERNAL PROGRAK MEMORY FETCH ACTIVATED DURING THE
EXECUTION OF A MOVX INSTRUCTION

PSCH m I\
PO Joatal [pclooT 1 JoaTA] [Pclout l [oatal [ Pciour 1
SAMPLED

L SAMPLED SAMPLED
FLOCAT & FLOAT —— f’“‘—“FLOAT’—°

P2(EXT) [ INDICATES ADDRESS TRANSIONS | [

READ CYCLE
—_——c

o L ]

STATE 2
pi | P2

INTERNAL | STATE4
CLOCK P1 | P2

00H IS EMITTED PCL OUT (¥ PROGRAM
DURING THIS PERIOD MEMORY IS EXTERNAL)
'
OPL OR R ; BRTA
o — e L L ol .
i T FLOAT T e——— -

P2 -\_J INDICATES DPHORP2SFR TO PCHTRANSITIONS L—

WRITE CYCLE

WR [PcLOUT(EVEN IF PROGRZM
MEMORY IS INTERNAL)

DPL OR Ri ‘:\_ .
I — XU S —

—————vataouT — V0, OUT (IF PROGRAM
TMEMORY 15
P2 . | - INDICATESDPH OR P2 SFR TO PCH TRANSITIONS
PORT OPERATION
itatall s ot |
MOV PORT, SRC OLD DATA [NEW DATA
PO PINS SAMPLED

MOV DEST, Po L?L %

MOV DEST, PORT (P1. P2, P3) PO PINS SAMPLED
(INCLUDES INTO, INT1, T0, T1)

P1,P2. P3PINS SAMPLED P1,PZ.P3
SERIAL PORT SHIFT CLOCK . PINS SAMPLED
.
TXD ;_\‘ l ‘L 5‘ l
{MODE 0) RXD SAMPLED RXD SAMPLED
This diagram indicates when signals are clncked infernally. The time it takes the signals 1o propagate (o the pins. however,

ranges from 2510 125ns This propejation deiay s dependent on vanables such as lemperature and pinloading Fropagation
alsovariesfromoutputto oulputandcomponent to component. Typically though, (TA=25°C, tully loaded) RD a~2 WR prop-
agationdelays are approximately 50 ns. The othersignals are typically 85 ns Propagation delays are incorporatedinthe AC
specifications




Eﬂtef 8031AH/8051AH

Table 1. MCS--51Instruction Set Description

ARITHMETIC OPERATIONS LOGICAL OPERATIONS (CONTINUED)
Mnemonic Descriplion Byte Cyc Mnemonic Destination Byte Cyc
ADD A.Rn Add reqister to ORL A @R OR indircct RAM to
Accumulator 1 1 Accumulator 1 1
ADD A direct Add direct byte to ORL A tidata ORimmediate dats (o
Accumulator 2 1 Accumulator 2 1
ADD A @Ri Add indirect RAN to ORL direct.A OR Accurmulator to
Accumulator 1 1 direct byte 2 1
ADD A tdala Addimmediate datato ORL direct.#data  OR immediate datc to
Accumulator 2 1 : direct byte 3 2
ADDC A.Rn Add reqister to XRL A.Rn Exclusive-OR iegister to
Accumuiator with Carry 1 1 Accumulator 1 1
ADDC A direct Add direct byte to A XRL A direct Exclusive-OR direct
with Carry flag 2 1 byte to Accumulator 2 1
ADDC A.@Ri Add indirect RAM 1o A XRL A @R Exclusive-OR indirect
with Carry flag 1 1 RAM1o A 1 1
ADDC A #4data Add immediale data to L XRL A tdata Exclusive-OR
A with Carry flag 2 1 immediate datato A 2 1
sSuBB ARn Subtract register from A XRL direct.A Exclusive-OR Accumu-
with Borrow 1 1 lator to direct byte 2 1
SUBB A.direct Subtract direct byte XRL cdirect.zdata Exclusive-OR im-
from A with Borrow ? 1 mediate data to direct 3 2
SuUBB A @RI Subtractindirect RAM CLR A Ciear Accumuiator 1 1
from A with Borrow 1 1 CPL A Complement
suBB  A¢data Subtractimmed data Accumulator 1 1
from A with Borrow 2 1 RL A Rotate Accumulator Left 1 1
INC A Incrernent Accumulator 1 1 RLC A Rotate A Left throuah
INC Rn Increment reqister 1 1 the Carry tlag 1 1
INC direct Increment direct byte 2 1 RR A Rotate Accumulator
INC @Ri Increment indirect RAM 1 1 Right L
INC DPTR Increment Data Pointer 1 2 RRC A Rotate A Right through
DEC A Decrement Accumulator 1 1 Carry flag 1 1
DEC Rn Dectrementregister - 1 1 SWAP A Swap nibbles within the
DEC  direct Decrement direct byte 2 1 Accumulator 1 1
DEC @Ri Decrement indirect
RAM 1 1 DATA TRANSFER
MUL  AB MP‘_“DW A&B ! 4 Mnemonic Description Byte Cyc
bliv AB Divide A by B o4 MOV . ARn Move register 1o
DA A Decimal Adjust . Accumulator 1 1
Accumulator 1 ! MOV A direct Move direct byte to
Accumulator 2 1
LEGICAL O EHSRIRLE MOV  A@Ri Move indirect RAM to
Mnemonlc Destination Byte Cyc © Accumulator 1 1
ANL  ARn AND register to MOV A #data Mov immediate data lo
Accumulator 1 1 Accumulator 2 1
ANL  A.direct AND direct byte to MOV AnA Move Accumulator to
Accumulator 2 1 ¢ register 1 1
ANL A @Ri AND indirect RAM to MOV  Rn.direct Move direct byte to
Accumulator 1 1 register 2 2
ANL A #data AND immediate data to MOV  Rn,#data Move immediate dala to
Accumulator 2 1 register 2 1
ANL  direct.A AND Accumulator to MOV direct,A Move Accumulator to
direct byte 2 1 direct byte 2 1
ANL direct.fidata AND immediate datalo MOV  direct,Rn Move register to cirect
direct byte 3 2 byte 2 2
ORL  ARn OR register to MOV  direct.direct  Move direct byte {0
Accumulator 1 1 direct 3 2
ORL A direct OR direct byte to MOV  direct.@Ri Move indirect RAM to
Accumulator 2 1 direct byte 2 2




intgl

8031AH/8051AH

RN O
AR

Table 1. (Cont.)

DATA TRANSFER (CONTIRUED)

Mnemonic
MOV  direct,4data

Descriplion
Mave immediate data to
direct byte

MOV  @RiA Move Accumulato: to
indirect RAM

MOV @R direct Move direct byte to
indirect RAM

MOV  @Ritdala Move immediate data to
indirect RAM

MOV DPTR.#data16 Load Data Pointer with
a 16-bit constant

MOVC A@A+*DPTR Move Code byle refative
to DPTR 10 A

MOVC A @A+PC Move Code byle relative
loPCtoA

MOVX A @Ri Move External RAM (8-
bit addr) 1o A

MOVX A @DPTR Move External RAN (16-
bit addr) to A

MOVX @Ri,A Move A to External RAM
(8-bit addr)

MOVX @DPTR.A Move A to External RAM
(16-bit addr)

PU3SH duect Push direct byte onto
stack

POP direct Pop direct byte from
stack

XCH  ARn Exchange register vath
Accumulator

XCH  Adirect Exchange direct byte
with Accumulator

XCH A @R Exchange ingdirect RAM

with A  »
Exchange low-order
Digitind RAM w A

XCHD A.@Ri

BOOLEAN VARIABLE MANIPULATION

Mnemonic Description

CLR C Ciear Carry flag

CLR bit Clear direct bit

SETB C Set Carry flag

SETB bt Set direct Bit

ceL C Complement Carry flag

CcPL bit Complement direct bit

ANL C.bit AND direct bitto Carry
filag

ANL C.1bit AND complement of
direct bitto Carry

ORL C/bit OR direct hitto Carry
flag

ORL  C,1bit OR complement of
direct bit to Carry

MOV C/bit Move direct bitto Carry
flag

MOV bit.C Move Carry flag to
direct bil

Byte Cyc
3 2
1 1
2 2
2 1
3 2
1 2
1 2
1 2
1 2
1 2
1 2
2 -2
2 2
1 1
2 1
1 T
1 1

Byte Cyc
1 1
2 1
1 1
2 1
1 1
2 1
2 2
2 2
e @2
2 2
2 1
20 2

PROGRAM AND MACHINE CONRTROL

Mnemonic
ACALL addri1

LCALL

RET
RET!
AJMP
LIMp
SIMP
JMP
Jz
JINZ
JC
JNC
JB
JNB
JBC
CJINF
CJINE
CJINE
C.NE
DJINZ
DJUNZ

NOP

Description Byte Cyc

Absolule Subroutine

Cail 2 2
addr16 Long Subroutine Call 3 2

Return from subroutine 1 ?

Return from interrupt 1 ?
addr11 Absolute Jump 4 ?
addri6 Long Jump 3 2
rel Short Jump (relative

addr) 2 2
(@A+DPTR Jump indirect relative {0

the DPTR oo ?
rel Jump it Accurnulator s :

Zero " ?
rel Jumpif Accumulator is

Not Zero 2 2
rel Jump if Carry flag is set 2 ?
rel Jump il No Carry tiag ? 2
bitrel Jump i direct Bit set 3 2
bit.rel Jump if direct Bit Not

set 3 2
bit.rel Jump if direct Bit 1s set

& Clear bit 3 ?
A direct el Compare direct to A &

Jumpif Not Equal 3 2
A Hgata el Comp. immed,. to A &

Jumpaf Not Equal i ’
Rnf#datarel  Comp.immed.toreg &

Jumpif Not Equal 2 ¢
OReAdatv el Comp, immed, toind. &

Jumpif Not Equal 3 2
Ro.rel Decrement register 8

Jumpf Not Zero 7 ?
direct,ref Decrement direct &

. Jump i Not Zero 3 7
No operation i 1

Notes on data addressing modes:

Rn
direct

@RI

fidata

—Working register R0-R7

— 128 internal RAM locations, any 1/ port,
controi or status register

—Indirect internal RAM location accressed by
register RO or R1

—B8-bit constantincluded in instruction

#data1l6 —16-bit constantincluded as bytes 2 & 3 of

bit

instruction
—128 software fiags, any 1/O pin, control or
status bit

Notes on program addressing modes:

addrif

Addr 11

rel

—Destination address for LCALL & LUMP may
e anywhere within the 64-K program
memory address space

—Destination address for ACALL & AJMP will be
within the same 2-K page of program
memary as the irst byte of the folfowing
instryction

—-SJMP and all conditional jumps include an B-
bit offset byte, Range is +127-128 Lyt2s relative

byte of instruction

to first the following

Ali mnemonics copyrighted © Intel Corporation 1079
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Table 2. Instructionn Opcodes in Hexadecimal Order

Hex Number Mnemonic Operands Hex HNumber Mnemonic Operonds
Code ofByles Code ofBytes
00 1 WOP 33 1 RLC A
01 2 AJMP code addr 34 ~ 2 ADDC A &data
02 3 LIJMP code addr 35 2 ADDC
03 1 RR A 36 1 ADDC
04 1 INC A 37 1 ADDC
05 2 INC. data addr 38 1 ADDC
06 1 INC @Ro 39 1 ADDC
07 1 INC @R 3A 1 ADDC
o8 1 INC RO 38 1 ADDC
09 1 INC R1 0 1 ADDC
0A 1 INC R?2 3D 1 ADDC
0B 1 INC R3 3E 1 ADDC
ocC 1 INC R4 3F 1 ADDC
0D | INC R5 40 2 JC code addr
OE 1 INC R6 41 2 AJMP code addr
OF 1 INC R7 42 2 ORL data addr.A
10 3 JBC bit addr. code addr 43 3 ORL data addr. #data
" 2 ACALL code addt 44 2 ORL A #data
12 3 LCALL code addr 45 2 ORL A.data addr
13 1 RRC A 46 1 ORL A@ERO
14 1 DEC A 47 1 ORL AL@R1
15 2 DEC data addr 48 1 ORL A RO
16 1 DEC @R0 49 1 ORL AR!
17 1 DEC @R1 4A 1 ORL A R2
18 1 DEC RO 4B 1 ORL A R3
19 1 DEC R1 4C 1 ORL A.R4
1A 1 DEC R2 4D 1 ORL AR
18 1 DEC R3 ¢ 4E 1 ORL A.R6
1C 1 DEC R4 4F 1 ORL A R7
1D 1 DEC R5 50 2 JNC code addr
1E 1 DEC R6 51 2 ACALL code addr
1F 1 DEC R7 52 2 ANL data addr.A
20 3 JB bit addr, code addr 53 3 ANL data addr,#data .
21 2 AJMP code addr 54 2 ANL A #data
22 1 RET 55 2 ANL A.data addr
23 1 RL A 56 1 ANL A.@RO
24 2 ADD A Kdala 57 1 ANL A@R1
25 2 ADD A.data addr 58 1 ANL A RO
26 1 ADD A.@RO 59 1 ANL AR1
27 1 ADD A.@R1 5A 1 ANL AR2
28 1 ADD A.RO 58 1 ANL A.R3
29 1 ADD AR1 5C 1 ANL AR4
2A 1 ADD AR2 5D 1 ANL AR5
28 1 ADD AR3 5E 1 ANL A.R6
2C 1 ADD A.R4 SF 1 ANL A.RT
2D 1 ADD AR5 60 2 Jz code addr
2E 1 ADD A.R6 61 2 AJMP code addr
2F 1 ADD AR7 62 2 XRL data addr.A
30 3 JNB bit addr, code addr 63 3 XRL data addr,#dala
31 2 ACALL code addr 64 2 XRL A #data
32 1 RETI 65 2 XRL A, data addr
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Table 2. (Cont.)

Hex Number Mnemonic Operands Hex Number Mnemonic Operands
Code ofByles Code ofBytes
66 1 XRL A.@RO 99 1 suBB AR1
67 1 XRL A @R! 9A 1 suBB AR2
68 1 XRL A.RO 9B 1 suBB AR3
69 1 XRL AR1 9C 1 suBB A R4
6A 1 XRL AR2 ¢ 9D 1 suBB AR5
68 1 XRL A.R3 SE 1 suBB AR6
6C 1 RL AR4 . . 8F 1 suBs A.R7
6D 1 XRL AR5 A0, 2 OAL C./bit addr
6E 1 XRL A.R6 Al 2 AJMP code addr
6F 1 XRL AR7 . A2 2 MOV C.bit addr
70 2 JNZ code addr A3 1 INC DPTR
71 2 ACALL code addr A4 1 MUL AB
72 2 O#3L C.bit adui A5 reserved
73 1 JMP @A+DPTR AG ‘ 2 MOV @RO0, data addr
74 2 MOV A #data AT 2 MOV @R 1,data addr
75 <) MOV data addr #cata AB 2 MOV RO.data addr
76 s MOV @RO, #1414 : A9 2 MOV R1.data addr
77 & MOV @R1.kdata AA 2 MOV R2.data adar
78 i MOV RO.#data A 2 MoV R3.data agdr
/9 2 MOV R1ad4t4 AC 2 MOV R4.data adadr
A 2 MOV R2.#data AD 2 tAOV. R5.dala addr
8 e MOV R3.sdata AE 2 MOV RE.data agdr
7C 2 MOV Rd.rdata Al 2 MOV R7.data adi
70 D MOV RS5.sdata B0 2 ANL C./bit adar
7E & MOV RG.7data ! 2 ACALL code addr
7F 2 A0V R7.#ddta B2 2 cPL bit adar
80 2 SJUMP code adr B3 1 CPL C
81 4 AJMP = code addr B4 3 CJINE A.rdata.code addr
82 2 ANL C.bit adur B5 3 CJINE A.datla addr.code adar
83 b MOVC A (@A PC Bo 2 ARG (RO #daty code addr
84 1 DiVv. AB B7 3 CJINE (vR1.#data code addr
85 gt MOV data addr data aadr B4 H CUNE RO #data.code addr
86 2 MOV data addr.a 0 B89 K CJINE R1.#data.code addr
87 ) MOV data addr R BA ! CUNEL H2.#data,code addr
&g 2 MOV data adar RO B8 3 CUNE R3,#data,code addr
89 Pl MOV data adar R1 BC 3 CJUNE R4 #data.code addr
8A X 2 MOV data addr R2 . 80D 3 CINE R5 4data,code addr
88 2 MOV data addr R3 B 3 CJUNE R6 #data code addr
8C 2 MOV data aadi R4 BF 3 CINE R7 #data.code audr
8D 2 MOV data addr RS Co 2 HUSH data addr
8E 2 MOV data addr.R6 Ci 2 AIMP code adur
8F . 2 1OV dataasar.R, c2 2 CLR LIt addr
90 3 MOV DPTR s:14ta C3 1 CLR (&
91 2 ACALL code adur 4 1 SWAP A
92 2 MOV bit agdr.C 5 2 xCH A.data agar
a3 3 MOVC ALLA-DPTR C6 ! xCH A (RO
94 & 5088 A sdata Cc7 i YOH A@i
95 2 SUBB °  Adataaadr (oF:] 1 XOCH A RO
96 1 sSuBB A @RO (of*] 1 XCH AR
a7 1 sSu38 A (@i CA ! AOH A R2
98 ! SUBB A.RO cu i XCH AR3
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