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ABSTRACT

This report presents an application of a Micro-controller to control the househoid
electrical appliances. In this system, there are master controller and slave controller. To control
electrical equipmenis can control at the master and slave which tne master can control each
slaves, but slave can not control master. The master and slave can define the time to control
electrical equipments.The principle we foliowed was to modulate the control signat into 220 voit
ac line using FSK modulation. The hardware we used, include transmitter which tranmits the
control signal, a signal modulated between the digital signal from controlier and the carrier and
then transmits it into the ac-line which has a, or more receivers connected to it. The receiver
receives the control signal and then converts it back to a digital signal, therefore making it

possible to control the ON/OFF switch of the household electrical appliances.
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4 Valid Transmission (VT) 111 Output azitluszsiuga (High) e

1. nN3de Address Msanu Address 18961231

2. n1389 Data Ward LInuazand feamsaiv

97 VT Azt “High” aunszrne sl smudenly e lkiddinadian Wi
4 Data bit

97 Voo, iHtaumaane tan

40 Vo, surrumasans ey (@aulynldidu nsos)

1

T

13

H> o

13

| o —[>i2m:a

CONTROL
LOGEIC
T
BEZUENSER CIRCUIT

5 43 2 1

¥
CH

<

!
LAT:
=

4-BIT ¢HIFT REGISTER

433 £ AT ]

<] | EXTRACTOR Cin
s P | l iﬁ Ypp = AN 16
’“’——Eﬂ j 10 '__L V55 =FM83

3“]_]17‘1 3.11 DECODER BLOCK DIAGRAM MC145027
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1$16NNT0RANULLNIAT DECODER Iéisananslugii 3.9 lnuAunane R, C,, R, C,

%ph
CApF
T
T
]

e

=

S
L

3
> TRINARY
e ADDRESSES

7 SH
2 ey |2— 204

i

(>0

Cq

==
QY
|

||H

l=

BE

19

—_ |-—‘
A
e
=

el
~N
(2
ra
| [
4
»

|

REFEAT 2F ABGYE

REFEAT OF ABOYE

II'l

9171 3.129393 DECODER

MNGAT fose = 1/42.3 " Ree"Crp)
RYT, SEON NG
R 577 BCy
Fapin R 2 10K
100 pF £ €, S 15 uF
> 10K

400 pF

i
A%

100 K

$
\AR\Y%

700 pF
A FOSC = 616 Hz uazld CTC = 0.047 uF
Fars R, =1/(6162.3%0.047710-6) = 15K
AN R,*C, = 3.95 * Ryc*Cre WIC, = 0.12 uF
FWRMR, = (3.59°15"108'0.04710-6)/(0.12°10-6) =23.2 K 1H 24 K
N RC, = 7T*R*Cre W C,=0.12 uF
Fadi R, = (77715710°0.047710°) 1 (0.1210°)
=452.04 KW 470K
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3.3 daunangLaLAas (Modulator) uazAnangLamas (Demodulator)

‘luma‘mﬁmmwquﬁﬂﬁmmmmé’mmwim’hiﬁ@%dLflu 2u2LINOUNTNHT NG IAALLIY
FSK nazdaliuugnelinmgs (AC Line) T Tunisiu a=yinnnsananlng PLL sauviadilames
Adndtyninssunaueanty z%m?umﬁm’ﬁm&@ﬂmﬂnﬂmmumqLﬁm

3.3.1 FSK Modulator

14 1C XR2206 Hinutinil Modulator Iatl 1C XR2206 1luginend SiaAnsatindnlflunaaing

o b . K g B d = o
AN SanARlaY 159 Exar Integrated Systems taefiguUnsnifinliannInnaznanAnan Sine,
= =y = v ' Kﬂl 4 v o o

Square, Triangle AT Pulse wave forms NLﬂmmﬂﬁW@,ﬂMmmLLuuﬂuL‘ﬂﬂﬂ‘ﬂh a11130 Out put
wave form &1xn3n7iazFLssFULEIss (Amplitude) UATATNTINANNANU (Modulate) Tne1aNAe L3
o d‘d’ 6 or f:l/ a U il ] < n:ll
ALNIAINNNELBN mmquﬂnmmfmmm’mmam‘l&mg’lwmq 0.01 Hz f94 1 MHz ANH0UeINI?
Sweep t114N91 2000 : 1 QEIANIT WAYEINN AR NINFOATUEYITUILNIY

nsdszenslldanldBnuaaedaaty

- Wave form Generation

- Sweep Generation

- AM/FM Generation

- V/F Conversion

- FSK Generation

- Phase Locked Loops (VCO)

139 3.2 ATANNNEEIGRTBIC XR2206

AMMANURT0Y XR2206

Low sine wave Distortion 0.5 % typical
Excellent Temperature stability 20 ppm/c. typical
Wide Sweep Range 2000 : 1 typical
Low Supply Sentivity 0.01% V typical

Linear Amplitude Modulation

TTL Compatible FSK Control

Wide Supply Range 10V to 26V

Adjusttable Duty Cycle 1% to 99 %
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ABSOLUTE MAXIMUM RATINGS
Power Supply 26 V
Power Dissipation 750 mw
Derate Above 25 Deg.c 5 mw / Deg.c
Total Timing Current 6 mw
Storage Temperature -65Deg .c to +150 Deg.c
40
ol ) (:}———- J————@s;mcza
[eloxin i) - iz (G s,g,x.,‘,a_____ 1
nrohiy [~ £ : ‘
Bt | S, B
Vi3 ®_—'— ! ;‘é'l?i%gﬁ" >—@ ST
raxt (Ey———i
anast (Qr— (D e
WAVEAT @
veimaz (—
st (B
sz (—

21J#1 313 uasaasaznIelues XR2206

Usznausae 4 Block Mty i Ag Voltage Controlled Oscillator (VCO) , Analog multiplier
LAz Sine — shaper, A unity gain buffer Amplifier, WaZ Set of current swiches VCO HURZHAR
ANBEanNN1e Out put Midndaudullmiunszug Input fBpIANAMIuazgNiTUningA R
uaz C Tneisieineuiu Ground

ABEInTnazgidentddiag R1, R2 uaz C 33191911 5,6,7 WAz 8 Aryay1nd FSK Input

5, Al 58 5 ada o 5 Y
azgnilewdinfinn 9 luiitlisivuaasd lunsdidszaudnyn o 17 1w 9 Idann
f,=1/(RC)
| P P
WazITAUATUEYNN “0” HAND

f,= 1/ (RLC)
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Tneit R, uay R, denufu ohm dwi C flenflu Farads R, uax R, iF1agsz1d19 10 Kohm
24100 Kohm uas C dhunwanTnaanfuewn (Polycarbonate) waalasaw (polystyrene), vize Tuas
(Mylar) dFugaunndiaad 1nldidenld C = 0.001 uF

lunsalildaad (F) 95KHz 1R, = 10.53 Kohm

Tunsiiildaad (f,) 100 KHz W R,= 10.00 Kohm

Y
0
 ——
3
lu
- =
in put m
9 2
[a] FEETH R op o FSK out
¥ s} >
v —E " 17
o 90l , YR =) —i)
‘ S ) YE-220¢ 4
WAVE
_m{}{x ot S
I L%
L 2588
= meE = 008
o (B 4 ~M
<[; - 1
[ _J_ .
VR1
2
<=7 e ¢
e $1132¢
w7\
IV S ]
0 100
x5 Bl
AN AN

21/71:3.14 7933 FSK Modulator Ine/ldf IC tua§ XR-2206

mwm’Lummwh R, uaz R, msldrfianaa 1 % vireaialdanusunuliuawios
U EaaruAiiaRanan 5% aaaxiiiadenindiAgs dmiu R fisasznanam 13 uax
12 WumsUE g idpsfianny nenassld R = 200 Tovildunililnenase
11150 Output ABBNN1AINTN 2,3 uaT 11 ussn e vimine 2

= 0y < T ! o)

ipsanin sadulail (Sine wave) Tunisuengian (Modulate) 89111 3 azii)u Mult.out
iazsie R, e i muauent e vaewiniinn 2 qunsnlsina 7 e ssadiaiesnm
: i
FlaANNDANE

Fryrynsignuenguanudiazgnadadiauaremsugames BD139 TRz I AL UTIA

= - e Say e o ST )
wmmm@mmemmu‘lﬂmmmmmlmmmnmL‘um‘mﬂa@L@mmegﬂm@LmﬂdeuneAmphf
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k%

lneld IF Coil Pdulgugisemnuiusafiulszqdsamanléainniair IF Coil lliadia

wileinaatl
L, =0.207 mH
Ly = 0.395 mH
\Ha9ann Wo = 1/4/(LC)

AMNUMIANCH C = 83 nF

120\/ 0.22u/600

PP == 2 " = <
A0 T }T‘E-’WH AC line 220 V
] Vo

0.3 mH

—H o

0.22u/600

N

A7

eI

1% 3.15 uamasasrenadryanninanpaniasAiaes

gousnuFsndaes IF Col szilludouddssiefudulwiinszuaasu Taonawdngany’v
¥ ¥ ) o & = ' n‘l n:ll ° o o o
thuazfasihudafvdszamauanszmasaruiigauazanuimesnainiu  uaztleaiuisasugs
anaglii Avdaiulszanld AusnldainAranumioninluswnRaniilag
Wo = 1/4/(LC/2)
A1nN19IA L =25 uH
AwanuléiAn C =021 uF

lunaasidanldan C = 022 UF
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3.3.2 FSK DEMODULATOR

% 1C XR2211 Wi demodulator Tnei lo@sati 1 la7 Phase Locked Loop
(PLL) 151Jg,ﬂ®‘ﬂﬂLL‘U‘USJWLﬁ@ﬂﬂ??ﬂ‘i’]’ayﬂﬂtmﬂL@‘W’}:LL’&ZLMNW;‘:@EJ'NEIQ@WHS‘/U FSK Application 374
oo wuiing1annAe Faus 4.5 iy 20 V LAz TaNT8IANNRTAEIN TNl A T
0.01 Hz 711 300 KHz Lm:ﬁqmmmﬁ@ﬂ%ﬁuﬁmmwm@uwwﬁzﬂuammn (Analog) 721979 2 mV
4az 3 mv wananiudadaldsauiugunsninmsgdlddn igunan DTL, TTL uazasza ECL

XR2211 mmimﬁf«):ﬂa:%;nm“lﬂ‘l‘ﬂﬁﬂu@mﬁmm

- FSK Demodulation

- Data Synchronization

- Tone Decoding

- FM Detection

- Carrier Detection

AN3N 3.3 ATANLRUY XR2211

AANLIRTAY XR2211

Wide Frequency Range 0.01 Hz to 300 KHz
Wide Supply Voltage Range 45Vto 20V

Wide Synamic Range 2mV to3Vrms
Excellent Temp. Stability 20 ppm/ c. typcial

Adjustable Tracking Range (+ /-1 % to +/-80 %)

DTL /TTL / ECL Logic Compatibility

FSK Demodulation with Carrier detection

ABSOLUTE MAXIMUM RATING

Power supply 20 V

Input Signal Level 3 Vrms

Power Dissipation

Ceramic Package 750 mw
Derate above T, = +25 Degree C. 6 mV / Degree C.
Plastic Package 625 mV

Derate above T, = +25 Degree C. 50  mw/DegreeC.
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SHD NZ

Ne Amplifizr @ T
INP @ -
l/ Locp 3 LDF

w-Dat

TIM 1 @ I ek

Diztact

B P\, Comparater { 03) LEEG

TIM 22 @ Zuad
TIMR @ 77 | s oo
Int=rnal
Vprp 09 rl VREF lr \ -
/ S

( ) Rzfzrznos F3K Comp
ZIOMP 8

21171 3.16 uanI9asNliaey XR2211

antpnadieasilsynaudnagausiag ) Taefinanlugf fia PLL Faiilulaseasiennann input
Preamplifier kaAnentaWIaen’d Phase detector LAXMANNNFIA98d VCO Preamplifier axldlaei
Fasimnsunmlifuldndr 2 mv rms Wunipsenefiazasiilusziuresdygindumngs 7 1es
Phase detector 1l digital exclusive OR Gate Miawiymaylinasanganin wazanudiiuans
4 289 input WAz VCO 1@1Mny VCO 1u [funslnszuamuaunisuananundmiu fo dugn
Auualag Ro fil Ground WAZNIEHANNIAIN Phase detector
Referance Voltage , V(11710 ) 1uanifl bias nmelufiwssdunfauiian Tag
V,=V /2 - 650 mV
sxuussy DC nantiannusssuBauiaunnaluliiiusyfuaesuseduiian 5, 8, 11 usz
12 791 10 Banaazld C = 0.1 uF unAe AL Ground Liie bypass lHasasianuetwasinane
d‘ d‘ d’l = L3 C‘Id ' ¥ ¥ 0 o/
Loop Phase Detector Output (119 11) fieiliflueinmaisidanusinmiugelddmiu
< = . | dl i Idl dd‘ o/ 1=
Loop Phase Detector PLL fiazdl Loop filter iluuuulag R, uaz C, nreagnan 11 neaune L

Foyrynnudunnyiselaiil phase error il PLL s2iU78U390U DC HhazlndiAeaniu Vv,
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+2V
[
input Signal |
1

m
___”__ 2 [ o mepp—2 1! ; l 3
0l 3 B =
PELLC LOCE
¢D 13 703 101%
L $m _]:— T2
0ln o 1
LDFICVP
000l l 14 1 =
Tl S TIpF
+5V == . ><z3m
=] ¥R-2211 _—
XL ¢ -
DEIOR .
31K comp |2
7 —LCF
DAIAQP LoogF
3 % 2
] “
9‘ - data out
—0
0ln —L'

11171 3.17 292371 lun"9 Demodulation

VCO Control Input (mﬁ 12\ s f:LﬂquWuﬁﬁﬁai&’m@@mmm?ﬁ'\m:ﬁmqmw’xmlﬁ‘lm

external timing resistor, Ro mmﬁﬁmmiﬁfmn@m
Fo =1/ (RoCo) Hz

Toei Co \fhu fiming Capacitor Asaxsefuy 13 LAz 14 [alATTnWIaINTRNNUA
Srvuelsf Ro e¢/lutaa 10 Kohm. 14 100 Kohm Lz, 12 BHAaANEuMAMEn VCO Timing
Capacitor : (11 13 18z 14) AR VCO Tasifludadauiuan G nauen uazanaazldAinauqly
£i114 200 pF 014 10 uF VCO Frequency Adjustment Arunsona=Usuusalaasiana A uNLLEUAY
AYNINIL Ro 7 12

nnsnaniuLTuAAEAUENALe demodulate @:gmhuiﬂ‘lﬁﬁ@,uﬁﬂmq‘ummwuﬁ"ﬁl
g vuansAmA (detect) 10113 naaAe LR ATandtyn g iitao g 05
L&z 100 KHz 1s1enansniasAanian Compound sing 7 dlaeldgms Falnevihlazeglugo
10 Kohm £14 100 Kohm

wanld G, = 820 pF

Lasiii89annAUENANITBIRRLIN T Fy = (95 + 100 ) KHZ /2

= 97.5 KHz
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Auandldl R, = 12.5129 KHz

yn9agaz1EAuEM 10 Kohm eunsu Al AausunnuliuAflé 5 Kohm

R, =2Rofo. = 470 Kohm
(f1 - 2)
C,=1250*Co =8.72 pF , (O =0.5)

R, * O
R.=5*R,= 2.35 Mohm
Rg= 5*R.= 12 Mohm
Reum = (Re#R)" Ry
(R,+R+R,)

Ce=_40.25 =91 pF ,( Baud Rate = 1200 bit / seconds)

(Ry,y * Baud Rate)
CD>16/Af ' CinuF ,CD>32nF
\wen’d CD = 0.01 uF

RD = 470 Kohm

NQ?@)%LL@:ﬁﬂLU@@ﬂTune and Coupler Circuit)

qq@@f«guumﬁﬂLﬂ@@?’ﬂa:ﬁmﬁwﬁLLfmﬁn&m;ﬁmmmﬁQqaﬂﬂmnﬁmmﬁmﬂqmﬁm"ﬁwﬁq
=3 & s =3 o/ ‘;/ as o ar 1 d [ :,/ o d’ YN}
Autlszatasfulszasidannunsoiiemiiusidiganarusania QAN AT N R IR
a3 TUNE Tne'ld IF Goil siesaufudnifiutlssqiialinsasiudtyoyiniiiidmenizivign dminas
ﬁﬁmmmﬁaLﬁﬂﬂ?:ﬂgﬁ‘lﬂummmﬁmmwm'a@ﬂ%ﬂfﬁ“ﬂgnﬁmivdﬁwm:umﬁu 50 Hz wazfoLiy
Uszqn 4 lua9as TUNE aunsna AR sREatuaasluntage dryryiniiAainag

Lo .:4' a4 Ry a0 . =< . o ¥

astifafidryoynunz i BnReai IR sunUANONIU (Band Pass Filter) Teaznany lwindese

T

989N FOIUDLIAINNDHU (bandpass filter)
v a e‘:,/ o ¥ ' = ' ¥ = &
M9i%99a R amafRuN U T ugUI93 BUNY (Input) NAULINNITANDAGLALRADT
dFrynnusunawla 1 Aeatlaziinaiuaninineenas dmis IC wef XR2211 AR=RIUNAIAIN
HANAIARTLAY ﬂ‘ﬁﬁmm’]mﬁmgwms@qnfjwmﬁmtywma?unqummﬁ@ﬂ 6 WwalUA (db)
sl uanDmAames (Chebychev Filter) Failasasimilawiuat] 3 A Taurivug

AR L UREWINY 975 KHzZ
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Rl C
Vin o—~ A %

7117 3.18 peasianianiaime ¥

{INgLnB48

Wo = (1/C)[(R1+R3)/R1R2R3]"”

GAIN at Wo = -R2/R1

N9ANIATY

R1

QIPTF4CAL)

R2\= QATTFLQ)

R3 = Q/2TF,C)(2Q°- A)
A, = RI2R
Q = F/BW

Heuly A, < 2Q°

W F,=97.5KHz, A.=2,C = 1nF, R
AanAsls

Q = 1225

R3 = 66.667 Ohm

R2 = 40Kohm

BW = 7.96 KHz

= 10Kohm

—0 Yout
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From mcsbl g [ ' 10T 005 QE(I%IDM 230 1W
- HOC3023 ? —
Len Pl;gi\
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o
unan 4

NISNARBAILATNANITVNIARNE]

4.1 NNSVNARBININATUES
411 NsnAaaINIsLansialaelalad MC145026

Foyafiuninmadnniais ©010001000”

Tek S8 2kS/s 5 Acgs
: I T
/ L5 ¥ i)
T NN : ?hggfﬁq
: . : : : i3 . . . -1 153.8 hz
ATUATTTEALE L FUTEHTTEL ot
- Ch1 Pk—Pk

5.28V

15 Oct 2001
11:06:50

4 < v
U9 4.1 FYmunauamnmnann nastingma



4.1.2 N1sviAaa9 FSK Modulator

Tek SIX3H 20MS/s 249 Acgs
I H & b}
i L v 3
R L. - ERELRRERETET - CERLELILE | ch1 Freq
: : - : - T : . : : 102.4kHz
Ch1 Pk—Pk
3.68 V
Lﬁm =) & M 2SS ChT 7 240m\
15 Oct 2001
09:56:21

7171 4.2 A ase winynzega Modulator Lila Bunmiluasdn 0

Tek EIGHRE 20MS/s 142 Acqgs
: f F }
"""" Ch1 Freq
97.72kHz
Ch1 Pk—Pk
3.68V
15 Oct 2001
09:53:31

517t 4.3 Aryrunnae1yiunueaga Modulator e Buwnifuaedn 1



15 Oct 2001
10:06:12
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Tek HTXE 500kS/s

= e~ &
N X N = =4 o © o ol o
STEY o STe o o g .20 1> ST >
S¥ ;o | vl L= N TToE X T x
o= Xo© My > s Tes &R % ad
w= o o e o1 - O L Ny 0
o o N oan W ] [ B o~ Nt
§°3g =@ §=2 &7 2L g 8= = g2 =7
5-38 57 97 5 o= i -0
...... == = T w b -
: ——— 1€ ;
—— o {
............... — W
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———=—— I~ 3. 22 \
== = 4 . ¢
— = % “ ,
= ¥ ¢ >
— JQ LA " SNSRI Si -
—_— = o 3 : 1w
—— 1@ L f : 43,
=——— 2 - ™ _ "
= — E— .0 P S ) i
................... =— | ha =
» ————— e . Wik . M : P
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: S . O . R. ¢ .
. 1 L pe [ i ]
e o by -\ - i : 7
. : : : 4> [=< .
i ” : o e
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) » : o
. . J= @)
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KHz

'

1

=

AUALVAINAINY

'
&

q

WALTILA

a

=l

(1)

NVUBIGA Modulator LB B

L

TaTalaNttoiei

4.4 &ty

2117
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4.2 NISNARBIVNIIAIUSU
4.2.1 NMMTNARILA Demodulator

Tek 1MS/s 50 Acqs
H T

B

R R EEEEERERUEE SRR L1 T chit Freq
: : : : ] y 102.5kHz
Low res

| Ch1Pk-Pk
1 1.28V

WG Zo0mvh M S0ps Chi F 240mv

S Oct 2001
1R

1
1 9:41

5171 4.5 ATUTUIMADYINAIRT Tune

Tek SR 1MS/s 26 Acgs

—_—
e

98.61kHz2
Low res

'/ chi Freq

: : Ch1 Pk—Pk
| WL 274V

“soomve STUTW S0us ChT 7 240mV

15 Oct 2001
11:27:42

E e ol
917 4.6 W0 WinviierIW Band pass filter



Tek Eitelsg 2kS/s 10 Acgs
: I s 5 1
T L R BN SIS
- R SR EE R L 1 chii Freg
i ﬂ ! : ] Low res
) 1 ¢ht Pk-Pk
(Y| DN S I T T Y IO O I I 36 A O 5.12V
o = o oh Bl alersrperoser M.
15 Oct 2001
11:10:47

gﬂﬁ 4.7 REUITBLOIWVINNAINIAT Demodulator

4.2.2 NMNSNARBINITNDATHA

Arypunountifainaeas Demodulator azgnadngiasnensvia MNgaaIs AN IR rIL9eT

nansia ATURUNd VT 71911 vale® MC145027 Sailulefneasiatazi)aguann LOW 1 HIGH

Tek HGEE 100 S/s 1 Acgs

Ch1 Freq
o« H2
No period
found

Ch1 Pk-Pk
5.2V

Ch | JERY ' : —Hs00ms Ch1 J 2d0mVv

5 Oct 2001
1:

1
11:14:56

511 4.8 Atyeynu VT 7177 11 189 MC145027
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423 Han1snAaaY band pass filter

Houdryryruadulnd 1unn 1 Vp-p  AiRanuisna)iinnag U7 Bunneedneas band

pass filter

N7 4.1 TUALSITUETNYEI band pass filter NAINDGNT

AN (kHz) 19951 (vpp)
90 0:5
92 1.1
93 1.5
94 1.9
95 2.1
96 24
97 2.6
98 3
99 3.3
100 355
101 34
102 2.9
103 209
104 2.3
105 -9
106 1.4
107 0.8
108 0.7
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tindeyalumssndeansvineuauespnuildfagili 4.9

dB
20
10 A
f{/
7
0 v g , - annd (KHz)
85 80 / 95 100 105
]

VINEWAE  BNUNeY AR A9TMT (KHz)
UNURY P 20log(Vo/Vi) dB

21071 4.9 ngReUANBIAINE 184 Band pass filter

N\, Su 2

annnswAsag Lisail

_annns W lEanudANean® 97 KHz fiu 102.5 KHz
UUBAAIFTRILUUANIARAABTVNAL 5.5 KHZ

_ anedsunapes (Q) 1euuuannaiamaiivindy 18.13
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4.3 nanaaadlnenis §u - 49 dayganane o A

rmanadiEnsTuAnanAtune wdal szuans luluinsnealnraised Tulnsnaalnag
o fazdadioyastallfeasdiisvia ieinnsuangian wdagalumuang i (220 v)

o 4 o i Y wmwa A o = Y v o wri

Fiasuasinmassvialinen  Wedeyaanisredaudiniuan  AzNINNIRTIARDUIUAN

o A , oA s v & = Y - . = s

assfuviel dlesianssiufatimeiudeyaiiniuiirsesiudsanunsnuanualas LED (7R - o)
lunsaifaaluinsaiufasiaiunmaunu 1 LED fnviFesld

Tummaaetdatasinnsdeyefitiansiuany ] AT Wenaagulsz@nmNg
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TisunsuAILANNISINNMU MASTER

ENDM3 EQU 47H
xrncr s annon \JAGTER *¥artewwsrserssasnes
ENDM4 EQU 48H
ENDMS EQU 49H
BEGIN EQU 50H
ENDMALL EQU 4BH
ENDDO EQU 51H
OPEN EQU 75H
SHIFT EQU 52H
CLOSE EQU 76H
CANSET EQU 53H
BYT2 EQU 81H
ERR EQU 54H
BYT3 EQU 82H
CLK EQU 55H
BYT4 EQU 83H
SETT EQU 56H
BYTS EQU 84H
MIN EQU 57H
BYT6 EQU 85H
MLS EQU 58H
BYT9 EQU OCOH
MSH EQU 59H
BYT10 EQU OC1H
ML EQU 5FH
BYT13 EQU 0C4H
KEYDAT EQU 5AH
BYT14 EQU 0C5H
KEYFLAG EQU 5FH
FNCSET EQU 38H
SECOND EQU 5BH
LOOPW EQU 77H
ST1 EQU 70H
EN EQU P3.5
ST2 EQU 71H
RS EQU P3.7
ST3 EQU 72H
RW EQU P3.6
ST4 EQU 73H
TE EQU P3.0
STS EQU 74H
LED2 EQU R1.7
ST_ALL EQU 78H
LED3 EQU P1.6
STAT1 EQU 30H
LED4 EQU P1.5
STAT2 EQU 31H
LERS: EQU P1.4
STAT3 EQU 32H
STAT4 EQU 33H
ORG 0000H
STATS EQU 34H
STATA EQU 35H
LIMP MAIN
BEG1 EQU 60H
BEG2 EQU 61H
ORG 000BH ; TIMERO
BEG3 EQU 62H
BEG4 EQU 63H
LIMP CLOCK
BEGS EQU 64H
BEGALL EQU TAH
ORG 0030H
END1 EQU 65H
END2 EQU’ 66H
MAIN: MOV P1,#0FH
END3 EQU 67H
SETB TE
END4 EQU 68H
CLR P3.1
ENDS EQU 69H
MOV BEGM1,#0
ENDALL EQU 79H
MOV BEGM2,#0
BEGM1 EQU 40H
MOV BEGMS,#0
BEGM2 EQU 41H
MOV BEGM4,#0
BEGM3 EQU 42H
MOV BEGMS5,#0
BEGM4 EQU 43H
MOV ENDM?1,#0
BEGMS EQU 44H
MOV ENDM2,#0
BEGMALL EQU 4AH
MOV ENDM3,#0
ENDM1 EQU 45H
MOV ENDM4,#0
ENDM2 EQU 46H

MOV ENDM5,#0



TIMER:

INILCD:

STROBE:

LCD_EN:

MOV
CLR
CLR
CLR
CLR
LCALL
LCALL
MOV
SETB
SETB
SETB
MOV
MOV
SETB
LIMP

LCALL
CLR
CLR
MOV
LCALL
LCALL
MOV
LCALL
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
RET

LCALL
CLR
MOV
LCALL
RET

SETB
LCALL
CLR
LCALL
RET

SECOND,#0
CLK

SHIFT
BEGIN
ENDDO
INILCD
TITLE
TMOD,#06H
IP.A

IEA

IE7
THO,#192
TLO,#192
TRO

PRESS

xxmrmerraaxaxennnenns |N|TIAL LD ***r**rsssannsrsssnunes

DEL_50mS
RS

RW

PO #FNCSET
LCD_EN
DEL_10mS
PO#FNCSET
LCD_EN
DEL_200uS
A HFNCSET
STROBE

A HO8H
STROBE
AHOFH
STROBE
AHOIH
STROBE
AH#OBH
STROBE

DEL_2mS
RW

PO.A
LCD_EN

EN
DEL_2mS
EN
DEL_2mS$

WRWORD: MOV

R5,#0

A.RS
A@A+DPTR
WRBYT

DON

RS

AR5

A,LOOPW WRITE

STROBE

STROBE

WRMAND

‘'WELCOME "
‘TO KMITL®
'HOME POW!
'ER CONTR'
'<PRESS B'
'UTTON..>
ON'

"OQFF'

0K

'ERR’

ALL’

'‘CLR*

'None E'

WRITE: MOV
MOVC
LCALL
Jz
INC
MOV
CJINE
DON: RET
WRMAND: CLR RS
LCALL
RET
WRBYT:  SETB RS
LCALL
RET
CLRDSP:~ MOV A#OTH
LCALL
RET
srressrresssns s ests | O DATA *UrTe s mmmmases s aee
INTRO: DB
INTRO2: DB
INTRO3: DB
INTRO4: DB
DOWNDAT: DB
DOWNDAT2: DB
ONDAT: DB
OFFDAT: DB
OKDAT: DB
ERRDAT: DB
ALLDAT: DB
CLRDAT: DB
NONEDAT: DB
NONEDAT2: DB

‘quipment’

amamanaaranrnsnrnsrss TITLE WORD LCD ******wsss"*+*=

TITLE:

MOV
MOV
LCALL
MOV
LCALL
MOV
LCALL
LCALL
LCALL

DPTRAINTRO
LOOPW, #8
WRWORD
AHBYT9
WRMAND
DPTR#INTRO2
WRWORD
DEL_1S
CLRDSP



MOV
LCALL
MOV
LCALL
MOV
LCALL
LCALL
RET

DPTR#INTRO3
WRWORD
AH#BYTO
WRMAND
DPTR#INTRO4
WRWORD
DEL_1S

srmrerreseessesees READ KEYBORD **+wtrenssress s

PRESS:

SCANKEY: MOV

SCAN:

WAIT:

KEYDOWN: MOV

GETKEY:

KEYO:

LCALL
MOV
MOV
LCALL
MOV
LCALL
MOV
LCALL

CLRDSP
DPTR,#DOWNDAT
LOOPW,#8
WRWORD
AHBYTY

WRMAND
DPTR,#DOWNDAT2

WRWORD

DPTR#ROUTINE

LCALL
MOV
MUL
JMP

ACALL
JZ
ACALL
JBC
MOV

ACALL
INZ
ACALL
JNZ
MOV .
RET

AP1
ANL
ORL
CPL
RET

CLR
MOV

ANL

MOV

SCAN
B,#3
AB

@A+DPTR

KEYDOWN
SCAN

GETKEY
KEYFLAG,SCAN
KEYDAT.R5

KEYDOWN
WAIT
KEYDOWN
WAIT

A KEYDAT

AHOFH
A H#OFOH

A

KEYFLAG
AP1

A HOFH

R5,£0

KEY1:

KEY2:

KEY3:

KEY4:

KEY5:

KEY6:

KEYT7:

KEY8:

KEY9:

KEY10:

KEY11:

BADKEY:

CJINE
RET

INC
CJINE
RET

INC
CJINE
RET

INC
CJINE
RET

INC
CJINE
RET

INC
CJINE
RET

INC
CJINE
RET

INC
CJUNE
RET

INC
CJINE
RET

INC
CINE
RET

INC
CJINE
RET

INC
CJINE
RET

SETB
RET

A#ODH,KEY1

RS
A#00H,KEY2

R5
AHOTH,KEY3

R5
AHO2H, KEY4

R5
A #04H,KEYS

RS
A #O5H,KEY6

R5
A HOBH KEY7

RS
A#O8H KEY8

RS
A,#09H,KEYS

RS
AHOAH,KEY10

R5
AH#OCH,KEY11

R5
AHOEH,BADKEY

KEYFLAG



ROUTINE:

LJMP
LJMP
LIMP
LJMP
LIMP
LJMP
LJMP
LIMP
LIMP
LIMP
LIMP
LIMP

SWO0
SW1
SW2
SW3
Sw4
SW5
SW6
SW7
Sw8
SW9
SWSH
ENTER

wrmrerarnansmerss DOEGG BITTON () #**+#rsvsssitssx

SWO:

DSPO:

KBTO:

ALL:

JB

JB

JB
MOV
LCALL
LCALL
LIMP

MOV
LCALL
RET

LCALL
MOV
LCALL

LIJMP

LCALL
MOV
LCALL
CLR |
MOV
LIMP

SHIFT,ALL
BEGIN ,KBTO
ENDDO,KBTO
R3,40FOH
CLRDSP
DSPO
SCANKEY

AHO'

WRBYT

DSPO
AHO
KBTIM
SCANKEY

CLRDSP
AHA
WRBYT
SHIFT
R3,#0FAH
SCANKEY

nanaxararararans DREGG BUTTON 1 *orensssenmesrswss

SW1:

JB

JB

JB
MOV
LCALL
LCALL
LIMP

SHIFT,KBON
BEGIN,KBT1
ENDDO,KBT1
R3,#0F 1H
CLRDSP
DSP1
SCANKEY

DSP1: MOV
LCALL
RET

KBT1: LCALL
MOV
LCALL
LIJMP

A#T

WRBYT

DSP1
A#1
KBTIM
SCANKEY

wwnwersareaverss DREGG BUTTON QN s smmssssssns

KBON: LCALL UNSH
MOV DPTR,#ONDAT
MOV A#BYT3
LCALL WRMAND
MOV LOOPW #2
LCALL WRWORD
CLR SHIFT
SETB OPEN
LCALL ON
SETB CANSET
LIMP SCANKEY
srrerespensssinass DREGG BUTTON 2 *4*++sratrananens
SW2: JB SHIFT,KBOFF
JB BEGIN,KBT2
JB ENDDO KBT2
MOV R3,#0F2H
LCALL CLRISH
LCALL DSP2
LIMP SCANKEY
DSP2; MOV A2
LCALL WRBYT
RET
KBT2: LCALL DSP2
MOV AH2
LCALL KBTIM
LIMP SCANKEY

vrnreeeesssasess DREGG BUTTON OFF #rtsststrssernes

KBOFF: LCALL
MOV
MOV
LCALL
MOV

LCALL

UNSH

DPTR #0OFFDAT
AHBYT2
WRMAND
LOOPW,#3
WRWORD



CLR
SETB
LCALL
SETB
LIMP

SHIFT
CLOSE
OFF
CANSET
SCANKEY

srxmnearivasarnes DOECGS QI JTTON 3 #rteraesvassensases

SW3: JB BEGIN,KBT3
JB ENDDO,KBT3
MOV R3,#0F3H
LCALL CLRDSP
LCALL DSP3
LIMP SCANKEY
DSP3: MOV AHZ
LCALL WRBYT
RET
KBT3: LCALL DSP3
MOV AH3
LCALL KBTIM
LIMP SCANKEY
esrasassnens DREGS BUTTON 4ttt Httisssssssscar
SWa4: JB SHIFT,KBBEG
JB BEGIN KBT4
JB ENDDO,KBT4
MOV R3,#0F4H
LCALL CLRDSP
LCALL DSP4
LIMP SCANKEY
DSP4: MOV A4
LCALL WRBYT
RET
KBT4: LCALL DSP4
MOV A #4
LCALL KBTIM
LIMP SCANKEY

ssrerssssassaes DRESS BUTTON BEGIN **r***sss=sess

KBBEG: JNB
SETB
MOV
MOV
MOV

CANSET KBERR2
BEGIN

AR3

R7.A

R1,#03H

DSP_B:

CLR
CLR
LCALL
LCALL
MOV
LCALL
MOV
LCALL
LIMP

CLOSE
OPEN
FTEMP
UNSH
AHBYTS
WRMAND
AHB'
WRBYT
SCANKEY

xrrreasareos DREGG BUTTON § **rerssreesrensarers

SW5:

DSP5:

KBTS:

KBERR2:

JB

JB

JB
MOV
LCALL
LCALL
LIMP

MOV
LCALL
RET

LCALL
MOV
LCALL
LIMP

LIMP

SHIFT,KBEND
BEGIN KBTS
ENDDO,KBT5S
R3,#0F5H
CLRDSP
DSPS
SCANKEY

A
WRBYT

DSP5
A5
KBTIM

SCANKEY

NOTSHE

xsFEassssrarenes DRECS BUTTON END 145+ esrrreses

KBEND:

DSP_E:

JNB
SETB
MOV
CLR
MOV
MOV
MOV
CLR
CLR
LCALL

LCALL
MOV
LCALL
MOV
LCALL
LIMP

CANSET KBERR2
ENDDO

R1,#3H

CANSET

AR3

R7.A

R1,#03H

CLOSE

OPEN

FTEMP

UNSH
AHBYT9
WRMAND
ARE
WRBYT
SCANKEY



swrnamerrrenes DREGG BUTTON 6 ****+*#swwsassssnss

SW6: JB
JB
JB
MOV
LCALL
LCALL
LJMP

DSP6: MOV
LCALL
RET

KBT6: LCALL
MOV
LCALL
LIMP

SHIFT,KBCLR
BEGIN,KBT6
ENDDO,KBT6
R3,#0F6H
CLRDSP
DSP6
SCANKEY

AH'6'
WRBYT

DSP6

A KB
KBTIM
SCANKEY

axexsanesnanns DRESGS BUTTON CLEAR ****rresessanssces

KBCLR: LCALL
MOV
MOV
MOV
LCALL
LCALL
CLR
CLR
LCALL
LIMP

resnenseensensasas DRESS BUTTON 7

SWT: JB
JB

MOV |

LCALL

LCALL
LIMP

DSP7: MOV
LCALL
RET

KBT7: LCALL
MOV
LCALL
LJMP

UNSH
DPTR,#CLRDAT
LOOPW #3
AHBYTS
WRMAND
WRWORD
SHIFT

CANSET
CLEAR
SCANKEY

AR R AR ARATRT

BEGIN,KBT7
ENDDO,KBT7
R3,#0F7H
CLRDSP
DSP7
SCANKEY

AHRT

WRBYT

DSP7
AHT
KBTIM
SCANKEY

rrermrsrersenenerex DREGG BUTTON 8 **Hrr*ssssasssassxsax

Swa: JB
JB
MOV
LCALL
LCALL
LJMP

DSP8: MOV
LCALL
RET

KBT8: LCALL
MOV
LCALL

LIMP

BEGIN,KBT8
ENDDO,KBT8
R3,#0F8H
CLRDSP
DSP8
SCANKEY

AH8
WRBYT

DSP8
AH8
KBTIM
SCANKEY

srmasvassansmennaen DRESG BYTTON Q **eearsassrromnssars

SW9: JB
JB
MOV
LCALL
LCALL

LIMP

DSPS: MOV
LCALL
RET

KBT9: LCALL
MOV
LCALL

LIMP

BEGIN KBT9
ENDDO,KBT9
R3,#0F9H
CLRDSP
DSP9
SCANKEY

ARY

WRBYT

DSP9
AH9
KBTIM
SCANKEY

sevweressearararens DREGS BUTTON SHIFT ***srsrwsssnnanass

SWSH: JB

SETB
CLR
MOV
LCALL
MOV
LCALL
LIMP

NOTSHF: LCALL

LIMP

SHIFT,NOTSHF
SHIFT

SETT
AH#BYT14
WRMAND
AH's'

WRBYT
SCANKEY

UNSH
SCANKEY



UNSH:

RET
ENT_ON4:
ssrsssnnserseo PREGS BUTTON ENTER *##ersssssrsssnsss
ENTER: MOV AHBYT14
LCALL WRMAND
MOV DPTR,#OKDAT
LCALL WRWORD
CLR CANSET
ENT_ON1: CJINE R3,#0F1H,ENT_ON2 ENT_OFF4:
JB BEGIN,ENT_CLR1
JB ENDDO,ENT_CLR1
JNB GPEN BT LA
JNB ST1,ENT_OFF1
SETB P31 ENT_ONS:
ENT_CLR1: LUIMP ENT_CLR
ENT_OFF1: UNB CLOSE,ENT_CLR1
CLR P3.1
CLR ST1
LIMP ENT_CLR
ENT_ONZ2: CJINE R3,#0F2H,ENT_ON3
JB BEGIN,ENT_CLR1 ENT_OFF5:
JB ENDDO ENT_CLR1
JNB OPEN,ENT_OFF2
JNB ST2,ENT_OFF2
SETB LED2
MOV | P2,#0F2H ENT_ONALL:
LIMP SEND

ENT_OFF2: UNB

ENT_ON3:

CLR SHIFT

MOV A#BYT14

LCALL WRMAND

MOV AR ENT_OFF3:
LCALL WRBYT

LCALL WRBYT

LCALL WRBYT

CLOSE,ENT_CLR1

CLR LED2

MOV P2,#02H

LIMP SEND

CJNE R3#0F3H,ENT_ON4
JB BEGIN,ENT_CLR1
JB ENDDO,ENT_CLR1
JNB OPEN,ENT_OFF3
JNB ST3,ENT_OFF3

SETB LED3

MOV
LIMP

JNB
CLR
MOV
LIMP

CJINE
JB

JB
JNB
JNB
SETB
MOV
LIMP

JNB
CLR
MOV

LIMP

CINE
JB

JB
JNB
JNB
SETB
MOV

LIMP

JNB
CLR
MOV

LIMP

CJNE
JB

JB
JNB
JNB
SETB
SETB
MOV
CLR
LCALL
LCALL
SETB
SETB

MOV

P2,#0F3H
SEND

CLOSE,ENT_CLR1
LED3

P2,#03H

SEND

R3,#0F4H,ENT_ONS
BEGIN,ENT_CLR1
ENDDO,ENT_CLR1
OPEN.ENT_OFF4
ST4,ENT_OFF4
LED4

P2,#0F4H

SEND

CLOSE.ENT_CLR2
LED4
P2,#04H

SEND

R3.#0F5H,ENT_ONALL
BEGIN,ENT_CLR2
ENDDO,ENT_CLR2
OPEN.ENT_OFF5
ST5,ENT_OFF5

LEDS

P2,#0FSH

SEND

CLOSE.ENT_CLR2
LEDS

P2,#05H

SEND

R3,#0FAH,ENT_CLR2
BEGIN,ENT_CLR2
ENDDO.ENT_CLR2
OPEN,ENT_OFFALL
ST_ALL.ENT_OFFALL
ST1

P3.1

P2,#0F2H

TE

DEL_1S

DEL_15

LED2

ST2

P2.#0F3H



CLR TE SEND: CLR TE

LCALL DEL_1S LCALL DEL_1S
LCALL DEL_1S LCALL DEL_1S
SETB LED3 SETB TE
SETB ST13 ENT_CLR: CLR BEGIN

MOV P2,#0F4H CLR ENDDO
CLR TE CLR CLOSE
LCALL DEL_1S CLR OPEN
LCALL DEL_1S CLR CANSET
SETB LED4 CLR SHIFT
SETB ST4 LCALL DEL_1S
MOV P2 #0FSH LIMP PRESS
CLR TE

LCALL DEL_1S S 8] ADRESS TIME ON,OFF rrrrmsassessss

LCALL DEL_1S

SETB LEDS FTEMP: CJINE R7 #OF1H, TEMP2

SETB ST5 JB ENDDO,TEMP1_E

SETB TE CPL ST1
ENT_CLR2: LIMP ENT_CLR MOV C.S§1

MOV STAT1,C

ENT_OFFALL: JNB CLOSE,ENT_CLR2 MOV RO,#40H

CLR ST1 SETB BEG1

CLR P3.1 LIMP RETCLR

MOV P2 #02H TEMP1_E: MOV RO,#45H

CLR T SETB END1

LCALL DEL 1S LIMP RETCLR

LCALL DEL 18

CLR LED2 TEMP2: CINE R7,#0F2H TEMP3
CLR ST2 JB ENDDO.TEMP2_E
MOV P2 #03H CPL ST2

CLR §E MOV CiST12

LCALL DEL_1S MOV STAT2,C

LCALL DEL_1S MOV RO,#41H

CLR LED3 SETB BEG2

CLR ST3 LIMP RETCLR

MOV P2#04H TEMP2_E: MOV RO,#46H

CLR , TE SETB END2

LCALL DEL_1S LIMP RETCLR

LCALL DEL_1S

CLR LED4 TEMP3: CJINE R7,#0F3H,TEMP4
CLR ST4 JB ENDDO,TEMP3_E
MOV P2,#05H CPL ST3

CLR TE MOV C,ST3

LCALL DEL_1S MOV STAT3,C

LCALL DEL_1S MOV RO,#42H

CLR LEDS SETB BEG3

CLR ST5 SIMP RETCLR

SETB TE TEMP3_E: MOV RO,#47H

LJMP ENT_CLR SETB END3

SIMP RETCLR



TEMP4:

TEMP4_E:

TEMPS:

TEMPS_E:

TEMPALL:

TEMPALL_E:

ERROR2:

RETCLR:

CINE R7 #0F4H,TEMP5

JB ENDDO,TEMP4_E
CPL ST4

MOV C,ST4

MOV STAT4,C

MOV RO,#43H

SETB BEG4

SIMP RETCLR

MOV RO,#48H

SETB END4

SIMP RETCLR

CJNE R7,#0F5H,TEMPALL
JB ENDDO,TEMPS_E
CPL STS

MOV C.ST5

MOV STAT5,C

MOV RO, #44H

SETB BEG5

SIMP RETCLR

MOV RO,#49H

SETB END5

SIMP RETCLR

CJNE R7,#0FAH,ERROR2
JB ENDDO,TEMPALL_E
CPL ST_ALL

MOV C.8F ALY

MOV STATA.C

MOV RO,#4AH

SETB BEGALL

SIMP RETCLR

MOV RO #4BH

SETB ENDALL

SIMP RETCLR

CLR , BEGIN

CLR ENDDO

RET

MOV @RO0,#0

RET

axramrareerseearaess CTORE TIME ¥*Hosssssnsassasssnas

KBTIM:

CALSTR:

CJNE R1,#03H,KBTIM2
MOV B,#64H
CLR ERR

LCALL STORE
JB ERRKBERR
RET

KBERR:

ERR_E:

KBTIM2:

KBTIM3:

STORE:

COUNT:

OK:

ERROR:

weressmaanareensss O EAR TIME ON & OFF ****svewsssananen

CLEAR:

MOV
LCALL
MOV
MOV
LCALL
JB
MOV
LIMP

MOV
LIMP
CJINE
MOV
SJMP

MOV
SIMP

ANL
MOV
ADD
JC
MOV
CLR
MuUL
JB
CLR
ADD
JB
MOV
DEC
MOV
JZ
RET

MOV
MOV
MOV
RET

SETB
MOV
MOV
RET

CJNE
CLR
CLR

A#BYT14
WRMAND
DPTR,#ERRDAT
LOOPW,#3
WRWORD
ENDDO,ERR_E
AH#BYTE
WRMAND

AHBYT10
WRMAND
R1,#02H,KBTIM3
B,#0AH

CALSTR

B.#01H
CALSTR

A HOFH
R6.A

A HOFEH
COUNT
A,R6

ov

AB
OV,ERROR
Cy

A@RO
CY,ERROR
@RO,A

R1

AR1

OK

AR7
R3,A
R1,#03H

ERR
R1,#03H
@RO,#0

R3,#0F1H,CLR2
BEG1
END1



MOV BEGM1,#00H CLR END4

MOV BEGM1,#00H MOV BEGM4,#00H
RET MOV ENDM4,#00H
CLR BEGS
CLR2: CINE R3,#0F2H,CLR3 CLR ENDS
CLR BEG2 MOV BEGMS5,#00H
CLR END2 MOV ENDMS,#00H
MOV BEGM2,#00H BCK: RET
MOV ENDM2,#00H
RET amsseresmesssensss Timor O interupt routing **ee+essvssasssses
CLR3: CINE R3,40F3H,CLR4 CLOCK: PUSH PSW
CLR BEG3 PUSH ACC
CLR END3 PUSH B
MOV BEGM3,#00H MOV A,SECOND
MOV ENDM3,#00H INC A
RET MOV SECOND,A
CINE AHB0,FINI
CLR4: CINE R3,#0F4H,CLR5 MOV SECOND, #0
CLR BEG4 LCALL  CHKTM
CLR END4
MOV BEGM4,#00H FINI: POP B
MOV ENDM4, #00H POP ACC
RET i POP PSW
RETI
CLRS: CINE R3,H0F5H,CLR_ALL
W ' e g GHEGKHEON & OFE Pirerfrofiesersens
CLR ENDS
MOV BEGMS, #00H CHKTM: JNB BEG1,CKEND1
MOV ENDMS, #00H MOV ABEGM1
RET NV4 CKEND1
DINZ BEGM1,CKBEG2
CLR_ALL: CINE R3.40FAH,BCK CLR BEGT
CLR BEGALL JB STAT1,TIME_OFF1
CLR ENDALL SIMP TIME_ON1
MOV BEGMALL #OOH
MOV .  ENDMALLAOOH CKEND1: JNB END1,CKBEG2
CLR BEG1 MOV AENDM1
CLR END1 Jz CKBEG2
MOV BEGM1,#00H DINZ ENDM1,CKBEG2
MOV BEGM1,#00H CLR END1
CLR BEG2 INB STAT1,TIME_OFF1
CLR END2 TIME_ON1: SETB P3.1
MOV BEGM2,#00H SETB -~ ST
MOV ENDM2,#00H SIMP CKBEG2
CLR BEG3 TIME_OFF1: CLR P3.1
CLR END3 CLR ST
MOV BEGM3, #00H
MOV ENDM3, #00H CKBEG2: JNB BEG2,CKEND2

CLR BEG4 MOV A.BEGM2



CKEND2:

TIME_ON2:

TIME_OFF2:

CKBEGS:

CKEND3:

TIME_ON3:

TIME_OFF3:

CKBEG4:

Jz
DJINZ
CLR
JB
SIMP

INB
MOV
iz
DINZ
CLR
INB
SETB
SETB
MOV
LCALL
SIMP
CLR
CLR
MOV
LCALL

JNB
MOV
Jz
DJINZ
CLR
JB
SJMP

JNB
MOV
Y4
DINZ
CLR
JUNB
SETB
SETB
MOV
LCALL
SIMP
CLR
CLR
MOV
LCALL

JNB
MOV
JZ
DJINZ

CKEND2
BEGM2,CKBEG3
BEG2
STAT2,TIME_OFF2
TIME_ON2 CKEND4:
END2,CKBEG3

AENDM2

CKBEG3

ENDM2,CKBEG3

END2 TIME_ON4:
STAT2, TIME_OFF2
LED2

ST2

pP2,#0F2H
SEND_DAT
CKBEG3

LED2

ST2

P2,#02H
SEND_DAT CKBEGS:
BEG3,CKEND3

A BEGM3
CKEND3
BEGM3,CKBEG4
BEG3

STAT3. TIME_OFF3
TIME_ON3 CKENDS:
END3,CKBEG4
A,ENDM3
CKBEG4
ENDM3,CKBEG4
END3
STAT3,TIME_OFF3 TIME_ONS:
LED3

ST3

P2,#0F3H

SEND_DAT

CKBEG4

LED3 TIME_OFFS5:

ST3
P2,#03H
SEND_DAT

BEG4,CKEND4 CKBALL:
A,BEGM4

CKEND4

BEGM4,CKBEGS

TIME_OFF4:

CLR
JB
SIMP

JNB
MOV
Jz
DINZ
CLR
JNB
SETB
SETB
MOV
LCALL
SIMP
CLR
CLR
MOV
LCALL

JNB
MOV
7
DJINZ
CLR
JB

SIMP

JNB
MOV
Jz
DINZ
CLR
JNB

SETB
SETB
MOV
LCALL
SIMP

CLR
CLR
MOV
LCALL

JNB
MOV
Jz
DJINZ

BEG4
STAT4,TIME_OFF4
TIME_ON4

END4,CKBEGS
A,ENDM4
CKBEG5
ENDM4,CKBEGS
END4
STAT4,TIME_OFF4
LED4

ST4

P2,#0F4H
SEND_DAT
CKBEGS

LED4

ST4

P2,#04H

SEND_DAT

BEGS5,CKENDS
A.BEGMS
CKENDS
BEGMS,CKBALL
BEGS
STAT5,TIME_OFF5
TIME_ONS

ENDS5,CKBALL

A ENDMS

CKBALL
ENDM4,CKBALL
END5S
STATS,TIME_OFF5

LEDS

ST5

P2 #0F5H
SEND_DAT
CKBALL

LEDS

ST5
P2,#05H
SEND_DAT

BEGALL,CKEALL
ABEGMALL
CKEALL
BEGMALL,FIN1



FIN1:
CKEALL:

TIME_ONALL:

TIME_OFFALL:

CLR
JB
SIMP
RET
JNB
MOV
Jz
DJINZ
CLR
JNB

SETB
SETB
SETB
MOV
CLR
LCALL
SETB
SETB
MOV
CLR
LCALL
SETB
SETB
MOV
CLR
LCALL
SETB
SETB
MOV
CLR
LCALL
SETB
SETB
SETB
RET

CLR
CLR
CLR
MOV
CLR
LCALL
CLR
CLR
MOV
CLR
LCALL
CLR
CLR

BEGALL MOV P2,#04H
STATA, TIME_OFFALL CLR TE
TIME_ONALL LCALL SEND_DAT
CLR LED4
ENDALL,FIN1 CLR ST4
A ENDMALL MOV P2,#05H
FIN1 CLR TE
ENDMALL,FIN1 LCALL SEND_DAT
ENDALL CLR LEDS
STATA, TIME_OFFALL CLR ST5
SETB TE
ST_ALL RET
ST1
P3.1 SEND_DAT:CLR TE
P2,#0F2H LCALL DEL_1S
JF LCALL DEL_1S
SEND_DAT SETB LE
LED2 FIN: RET
ST2
P2 #OF3H A ON
BE
SEND_DAT ON: CINE R3,#0F1H,ON_2
ST3 SETB S
LED3 RET
P2 #0F4H
ik ON_2: CJUNE R3.#0F2H.ON_3
SEND_DAT SETB ST2
LED4 RET
ST4
P2 #0F5H ON_3: CINE R3,#0F3H,ON_4
IE SETB Sl®
SEND_DAT RET
SUg
LEDS ON_4: CINE R3,#0F4H,ON_5
TE SETB ST4
RET
ST_ALL ON_S: CJINE R3,#0F5H,ON_ALL
ST1 SETB ST5
P3.1 RET
P2,#02H
TE ON_ALL: CJINE R3,#0FAH,NON_EQUIP
SEND_DAT SETB ST_ALL
LED2 RET
ST2
P2,#03H OFF
TE
SEND_DAT OFF: CJINE R3,#0F1H,OFF_2
LED3 CLR ST1
ST3 RET



OFF_2: CINE R3,#0F2H,0FF_3
CLR 8§72
RET DEL_10mS: MOV
DELAY_10mS1:
OFF_3: CINE R3,4#0F3H,0FF_4 DELAY_10mS2:
CLR §T3
RET
OFF_4: CJNE R3,#0F4H,0FF_5
CLR ST4
RET DEL_20mS: MOV
DELAY_20mS1:
OFF_5: CJINE R3,#0F5H,0FF_ALL DELAY_20mS2:
CLR ST5
RET
OFF_ALL: CJINE R3,#0FAH NON_EQUIP
CER ST_ALL
RET DEL_50mS: MOV
DELAY_50mS1:
NON_EQUIP: MOV A#BYT2 DELAY_50mS2:
LCALL WRMAND
MOV DPTR,#NONEDAT
MOV LOOPW.#7
LCALL WRWORD
MOV A#BYTQ
LCALL WRMAND DEL_100mS:
MOV DPTR #NONEDAT2 DELAY_100mS1:
MOV LOOPW #8 DELAY_100mS2:
LCALL WRWORD
CLR BEGIN
CLR ENDDO
CLR CLSgE
CLR OPEN
CLR CANSET DEL_1S: =~ MOV
CLR SHIFT LOOP:
LIMP SCANKEY
DELAY S——
DEL_200uS: MOV MLS, #62H
LOOP_1: DINZ MLS,LOOP_1
RET
DEL_2mS: MOV MLS,#2
DELAY_2mS1: MOV MSH,#0FAH
DELAY_2mS2: NOP
NOP
DINZ MSH,DELAY _2mS2

DJINZ
RET

MLS,#10
MOV
NOP
NOP
DJINZ
DINZ
RET

MLS,#20
MOV
NOP
NOP
DJINZ
DJINZ
RET

MLS,#50
MOV
NOP
NOP
DJINZ
DINZ
RET

MOV
MOV
NOP
NOP
DJINZ
DINZ
RET

ML,#10
ACALL
DJINZ
RET
END

MLS,DELAY_2mS1

MSH, #0FAH

MSH,DELAY_10mS2
MLS,DELAY_10mS1

MSH,#0FAH

MSH,DELAY_20mS2
MLS,DELAY_20mS1

MSH, #0FAH

MSH,DELAY_50mS2
MLS,DELAY_50mS1

MLS,#100
MSH,#0FAH

MSH,DELAY_100mS2
MLS,DELAY_100m§1

DEL_100mS
ML,LOOP



TdsunsuALANMSYNUTDY Slave

ORG 000BH ; TIMERO

SLAVE **=vesersvmssevananis LIMP CLOCK
BEGIN EQU 50H ORG 0030H
ENDDO EQU 51H
SHIFT EQU 52H MAIN: MOV P1,#0FFH
CANSET EQU 53H MOV P2,#00H
ERR EQU 54H CLR P2.0
CLK EQU 55H SETB P3.0
SETT EQU 56H MOV BEGM1,#0
MIN EQU 57H MOV ENDM1,#0
MLS EQU 58H MOV SECOND,#0
MSH EQU 59H CLR CLK
ML EQu SFH CLR SHIFT
KEYDAT EQU S5AH CLR BEGIN
KEYFLAG EQU 5FH CLR ENDDO
SECOND EQU 5BH LCALL INILCD
ST1 EQU 70H LCALL TITLE
STAT1 EQU 7MH
BEG1 EQU 60H TIMER: MOV TMOD, #06H
END1 EQU B5H SETB IP.1
SETB IP.0
BEGM1 EQU 40H SETB IE
ENDM1 EQU 45H SETB EA
OPEN EQU 75H MOV THO,#192
CLOSE EQU 81H MOV TLO.#192
BYT3 EQU 82H SETB TRO
BYT4 EQU 83H SETB EXO
BYTS EQU 8dH SETB ITO
BYT6 EQU 85H LIMP PRESS
BYT9 EQU OCOH
BYT10 EQU OCIH
BYT13 EQU 0CA4H B N N T T R rm—
BYT14 EQU 0CsH
FNCSET EQU 38H INILCD: LCALL  DEL_50mS
LOOPW EQU 77H CLR RS
EN EQu’ P35 CLR RW
RS EQU P37 MOV PO,#FNCSET
RW EQU P36 LCALL LCD_EN
LCALL DEL_10m$
MOV PO,#FNCSET
ORG 0000H LCALL LCD_EN
LCALL DEL_200uS
LIMP MAIN MOV AHFNCSET
LCALL STROBE
ORG 0003H ; INTO MOV A,HO8H
LCALL STROBE
LIMP RECIVE MOV A#OFH
LCALL STROBE



STROBE:

LCD_EN:

WRWORD: MOV
WRITE:

DON:

WRMAND: CLR

WRBYT: SETB

CLRDSP: MOV

MOV
LCALL
MOV
LCALL
RET

LCALL
CLR
MOV
LCALL
RET

SETB
LCALL
CLR
LCALL
RET

R5,#0
MOV
MOVC
LCALL
JZ

INC
MOV
CJINE
RET

RS
LCALL
RET

RS
LCALL
RET

AHOTH
LCALL
RET

AHOTH
STROBE
A #O6H
STROBE

DEL_2mS
RW

PO,A
LCD_EN

EN
DEL_2mS
EN
DEL_2mS$S

AR5
A@A+DPTR
WRBYT

DON

R5

AR5
A,LOOPWWRITE

STROBE

STROBE

WRMAND

exevarensaenenrannenny | O DATA PHerresressessanansanen

INTRO:
INTRO2:
INTROS:
INTRO4:
DOWNDAT: DB
DOWNDAT2:
ONDAT:
OFFDAT:

DB
DB
DB
DB

'<PRESS B'

DB
DB
DB

‘'WELCOME *
‘TO KMITL'
'HOME POW*
'‘ER CONTR’

'UTTON..>'
ON'
‘OFF

OKDAT: DB 'OK.

ERRDAT: DB ‘ERR’
CLRDAT: DB ‘CLR'
NONEDAT: DB "None E'

NONEDAT2: DB ‘quipment’

wxeamrmsarmanavsernns TIT) E WORD LCD ****rrtrasnsrss

TITLE:

B R T T PRSP

PRESS:

SCANKEY: MOV

SCAN:

WAIT:

MOV DPTR,#INTRO
MOV LOOPW,#8
LCALL WRWORD
MOV AHBYTY
LCALL WRMAND

MOV DPTR,#INTRO2
LCALL WRWORD
LCALL DEL_1S

LCALL CLRDSP

MOV DPTR,#INTRO3
LCALL WRWORD
MOV AHBYTY
LCALL WRMAND

MOV DPTR,#INTRO4
LCALL WRWORD
LCALL DEL_1S

RET

READ KEYBORD **=++stanssssnnesss

LCALL CLRDSP

MOV DPTR,#DOWNDAT
MOV LOOPW,#8

LCALL WRWORD

MOV AHBYT9

LCALL WRMAND

MOV DPTR,#DOWNDAT2
LCALL WRWORD

DPTR,#ROUTINE
LCALL SCAN

MOV B.#3
MUL AB
JMP @A+DPTR

ACALL KEYDOWN

Jz SCAN

ACALL GETKEY

JBC KEYFLAG,SCAN
MOV KEYDAT,R5

ACALL KEYDOWN



KEYDOWN: MOV

GETKEY:

KEYO:

KEY1:

KEY2:

KEY3:

KEY4:

KEYS5:

KEY6:

KEY7:

KEY8:

JINZ
ACALL
JNZ
MOV
RET

AP1
ANL
ORL
CPL
RET

CLR
MOV
ANL

MOV
CJINE
RET

INC
CJINE
RET

INC
CJNE
RET

INC
CINE
RET

INC
CJNE
RET

INC
CJINE
RET

INC
CJINE
RET

INC
CJINE
RET
INC
CJNE
RET

WAIT
KEYDOWN
WAIT
A KEYDAT

AH#OFH
A #OFOH
A

KEYFLAG
AP1

AHOFH

R5,#0

A,#0DH,KEY1

RS
A #00H,KEY2

RS
A#01H KEY3

R5

#02H KEY4

RS

A #04H KEYS

R5
A,#05H,KEY6

R5
A #0BH,KEY7

R5

A#08H,KEY8

R5
A #O9H, KEY9

KEY9: INC R5
CJINE A#OAH KEY10
RET
KEY10: INC R5
CJINE A#OCH KEY11
RET
KEY11: INC RS
CJINE A #OEH,BADKEY
RET
BADKEY: SETB KEYFLAG
RET
ROUTINE: LJMP  SWO
LIMP  SW1
LIJMP  SW2
LIMP  SW3
LIMP ~ SW4
LJMP  SW5
LIJMP  SW6
LIMP  SW7
LUMP  SW8
LIMP.~SW9
LJMP  SWSH
LIJMP _ENTER
crreertsrsnegnans DREGS BUTTON ( THarwnessssanes
SWO: JB BEGIN KBTO
JB ENDDO,KBTO
MOV R3,#0F0H
LCALL CLRDSP
LCALL DSPO
LIMP SCANKEY
DSPO: MOV ARO
LCALL WRBYT
RET
KBTO: LCALL DSPO
MOV A KO
LCALL KBTIM
LIMP SCANKEY

sarasarannanaarans PREGG BUTTON 1 *rrersnessnneeans

SWi:

JB
JB

SHIFT,KBON
BEGIN KBT1



JB
MOV
LCALL
LCALL
LIMP

DSP1: MOV
LCALL
RET

KBT1: LCALL
MOV
LCALL
LIMP

xwsarararrnacasy DREGS BUTTON QN **Artsessrsssnsss

KBON: LCALL
MOV
MOV
LCALL
MOV
LCALL
CLR
SETB
LCALL
SETB
LJMP

rrrmxararssa i DREGS BUTTON Q #15+##sserrassssen

SW2: JB
JB
JB
MOV
LCALL
LCALIT
LIMP

DSP2: MOV
LCALL
RET

KBT2: LCALL
MOV
LCALL
LJIMP

xrenarssxnrrsces DREGS BUTTON OFF **#rrtsxssrsenras

ENDDO,KBT1 KBOFF: LCALL UNSH
R3,#0F1H MOV DPTR,#OFFDAT
CLRDSP MOV AHBYT2
DSP1 LCALL WRMAND
SCANKEY MOV LOOPW,#3
LCALL WRWORD
A#T CLR SHIFT
WRBYT SETB CLOSE
LCALL OFF
SETB CANSET
DSP1 LJMP SCANKEY
A#1
KBTIM rrsssssssner DREGS BUTTON 3 **Hrmssoxsssarss
SCANKEY
SW3: JB BEGIN,KBT3
JB ENDDO,KBT3
MOV R3,#0F3H
UNSH LCALL CLRDSP
DPTR,#ONDAT LCALL DSP3
AHBYT3 LJMP SCANKEY
WRMAND DSP3: MOV A#3
LOOPW,#2 LCALL WRBYT
WRWORD RET
SHIFT
OPEN KBT3: LCALL DSP3
ON MOV AH3
CANSET LCALL KBTIM
SCANKEY LIMP SCANKEY
e sereasesaans DREGG BUTTON 4 *#*wersssanssavsses
SHIFT, KBOFF Swa: JB SHIFT,KBBEG
BEGIN,KBT2 JB BEGIN,KBT4
ENDDO,KBT2 JB ENDDO,KBT4
R3,#0F2H © MOV R3,#0F4H
CLRDSP LCALL CLRDSP
DSP2 LCALL DSP4
SCANKEY LIMP SCANKEY
AH2 DSP4: MOV A4
WRBYT LCALL WRBYT
RET
DSP2 KBT4: LCALL DSP4
A2 MOV A4
KBTIM LCALL KBTIM
SCANKEY LIMP SCANKEY

swmessauesssninns DRESS BUTTON BEGIN ***#ssssssess



KBBEG: JNB CANSET,KBERR2 DSP_E: LCALL UNSH

SETB BEGIN MOV AHBYTY

MOV AR3 LCALL WRMAND

MOV R7,A MOV ARE'

MOV R1,#03H LCALL WRBYT

CLR CLOSE LIMP SCANKEY

CLR OPEN

LCALL FTEMP nseesssanseens PREGS BUTTON 6 **#rssssssrersusens
DSP_B: LCALL UNSH SWe: JB SHIFT.KBCLR

MOV AHBYTS JB BEGIN KBT6

LCALL WRMAND JB ENDDO.KBT6

MOV AH#B' MOV R3.#0F6H

LCALL WRBYT LCALL CLRDSP

LIMP SCANKEY LCALL DSP6

LIMP SCANKEY

arseverrerscssens DREGGC B TTON 5 #A#**trrsrssenexars

DSP6: MOV A
SW&: JB SHIFT,KBEND LCALL WRBYT
JB BEGIN,KBT5 RET
JB ENDDO KBTS
MOV R3,#0F5H KBT6: LCALL DSP6
LCALL CLRDSP MOV A.:6
LCALL DSPS LCALL KBTIM
LIMP SCANKEY LIMP SCANKEY
DSPS: MOV AH#E P  APRESSAD U | LOMRRL EAR =i i~
LCALL WRBYT
RET KBCLR: LCALL UNSH
MOV DPTR.#CLRDAT
KBTS: LCALL DSPS MOV LOOPW %3
MOV A.H#5 MOV AEBYTS
LCALL KBTIM LCALL WRMAND
LIMP SCANKEY LCALL WRWORD
CLR SHIFT
KBERR2: LIMP NOTSHF CLR CANSET

LCALL CLEAR

tesssvsastnanns DREGS BUTTON END *+Hsssrsosss LIMP SCANKEY
KBEND: INB CANSET KBERR2 rsrensssstsaaanes DREGS BUTTON 7 *+tneeesssnsansnane
SETB ENDDO
MOV R1,#3H SWT: JB BEGIN.KBT7
CLR CANSET JB ENDDO,KBT7
MOV AR3 MOV R3.#0F7H
MOV R7.A LCALL CLRDSP
MOV R1,#03H LCALL DSP7
CLR CLOSE LIMP SCANKEY
CLR OPEN
LCALL FTEMP DSP7: MOV ART

LCALL WRBYT



RET
KBT7: LCALL DSP7
MOV AHT NOTSHF:

LCALL KBTIM
LIMP SCANKEY
UNSH:
crernsrnssnasenaes PREGS BTTON § *2tsrremseressnssses

SW8: JB BEGIN,KBT8
JB ENDDO,KBT8
MOV R3,#0F8H

LCALL CLRDSP
LCALL DSP8

LCALL
LIMP

LCALL
LJMP

CLR
MOV
LCALL
MOV
LCALL
LCALL
LCALL
RET

WRBYT
SCANKEY

UNSH
SCANKEY

SHIFT
AHBYT14
WRMAND
AR
WRBYT
WRBYT
WRBYT

{raxssrariaransannn DRESS BUTTON ENTER *rvewssssnunssrns

LIMP SCANKEY
DSP8: MOV ARS8
LCALL WRBYT ENTER:
RET
KBT8: LCALL DSP8
MOV A#8

LCALL KBTIM

LIMP SCANKEY ENT_ON1: CJINE
esrranassss DREGS BUTTON § frtsstssssrorseesess
SWQ: JB BEGIN.KBT9

JB ENDDO,KBT9

MOV R3,#0F9H

LCALL CLRDSP
LCALL DSP9

LIMP SCANKEY ENT_OFF1: UNB CLOSE.ENT_CLR
DSP9: MOV A9 CLR P2.0
LCALL WRBYT CLR ST1
RET
. ENT_CLR: CLR BEGIN
KBT9: LCALL DSP9 CLR ENDDO
MOV AH9 CLR CLOSE
LCALL KBTIM CLR OPEN
LIMP SCANKEY CLR CANSET
CLR SHIFT
nsssrscncsnnnaes PRESS BUTTON SHIFT *erssressnassness LCALL DEL_1S
LIMP PRESS
SWSH: JB SHIFT,NOTSHF
SETB SHIFT et SET MEMORY TIME ON,OFF rrrsmsrsssnsszsss
CLR SETT
MOV AHBYT 14 FTEMP: CJINE R7,#0F1H,ERROR2
LCALL WRMAND JB ENDDO,TEMP1_E
MOV A#'S' CPL ST1

MOV
LCALL
MOV
LCALL
CLR

AHBYT14
WRMAND
DPTR,#OKDAT
WRWORD
CANSET

R3,#0F1H,ENT_CLR

JB

JB
JNB
JNB
SETB
SETB
SIMP

BEGIN,ENT_CLR
ENDDO,ENT_CLR
OPEN,ENT_OFF1
ST1,ENT_OFF1
P2.0

ST1

ENT_CLR



TEMP1_E: MOV

ERROR2:

RETCLR:

MOV
MOV
MOV
SETB
SIMP
RO,#45H
SETB
SJMP

CLR
CLR
RET
MOV
RET

C,ST1
STAT1,C
RO,#40H
BEG1
RETCLR

END1
RETCLR

BEGIN
ENDDO

@RO,#0

swemrakranraeasnakenes CTORE TIME *rrasserssseusnmnswes

KBTIM:

CALSTR:

KBERR:

ERR_E:

KBTIM2:

KBTIM3:

STORE:

CJINE
MOV
CLR
LCALL
JB
RET

MOV
LCALL
MOV
MOV
LCALL
JB
MOV
LIMP

MOV
LIMP
CJNE
MOV
SJMP

MOV
SIMP

ANL
MOV
ADD
JC
MOV
CLR
MUL

R1,#03H KBTIM2
B,#64H

ERR

STORE
ERR,KBERR

A#BYT14
WRMAND
DPTR,#ERRDAT
LOOPW,4#3
WRWORD
ENDDO,ERR_E
AHBYTE
WRMAND

A#BYT10
WRMAND
R1,#02H KBTIM3
B,#0AH
CALSTR

B,#01H
CALSTR

AHOFH
R6.A
AHOF6H
COUNT
A.R6

oV

AB

COUNT:

OK:

ERROR:

JB
CLR
ADD
JB
MOV
DEC
MOV
Jz
RET

MOV
MOV
MOV
RET

SETB
MOV
MOV
RET

OV,ERROR
CY

A@RO
CY,ERROR
@RO,A

R1

AR1

OK

AR7
R3,A
R1,#03H

ERR
R1,#03H
@RO,#0

rmangamrarrennes CLEAR TIME ON & QFF **tessssavnsaves

CLEAR:

BCK:

CJINE
CER
CLR
MOV
MOV
RET
RET

R3,#0F 1H,BCK
BEG1

END1
BEGM1,#00H
BEGM1,4#00H

Aaravmpseasreeeessars QECIE DATA *** 12 arens nnssvuneens

RECIVE:

RECIVE_ON:

RECIVE_OFF:

EXIT:

PUSH
LCALL
MOV
ANL
CJINE
SETB
SETB
SIMP

CJINE
CLR
CLR
POP
RETI

ACC

DEL_200uS

AP1

AHOFOH
A#OFOH,RECIVE_OFF
ST1

P2.0

EXIT

AHOOH,EXIT
ST1

P2.0

ACC

asrnsesneaR e Tinor () interupt routine HAREEARK KRR AN N R H

CLOCK:

PUSH

PSW



PUSH ACC
PUSH B NON_EQUIP: MOV AHBYT2
PUSH 05H LCALL WRMAND
PUSH 06H MOV DPTR,#NONEDAT
MOV A,SECOND MOV LOOPW #7
INC A LCALL WRWORD
MOV SECOND,A MOV A#BYT9
CJNE A.#60,FINI LCALL WRMAND
MOV SECOND,#0 MOV DPTR,#NONEDAT2
LCALL CHKTM MOV LOOPW #8
FINI: POP 06H LCALL WRWORD
POP 05H CLR BEGIN
POP B CLR ENDDO
POP ACC CLR CLOSE
POP PSW CLR OPEN
RETI CLR CANSET
CLR SHIFT
cowrssassssssanissss CHECK TIME ON & OFF #rasmsnassssssvass LIMP SCANKEY
CHKTM: JINB BEG1,CKEND1 ; DELAY "
MOV A.BEGM1
Nz CKEND1 DEL_200uS: MOV MLS #62H
DJNZ BEGM1,FIN LOOP_1: DINZ MLS.LOOP_1
CLR BEG1 RET
JB STAT1, TIME_OFF1
SIMP TIME_ON1 DEL_2mS: MOV MLS #2
DELAY_ 2mS1: MOV MSH #0FAH
CKEND1: JNB END1,FIN DELAY_2mS2: NOP
MOV A ENDM1 NOP
Jz FIN DJINZ MSH,DELAY_2mS2
DJINZ ENDM1,FIN DJINZ MLS,DELAY_2mS$1
CLR END1 REWR
JNB STAT1,TIME_OFF1
TIME_ON1: SETB P2.0 DEL_10mS: MOV MLS,#10
SETB ST1 DELAY_10mS1: MOV MSH,#0FAH
RET DELAY_10mS2: NOP
TIME_OFF1: CLR P2.0 NOP
CLR ST1 DJNZ MSH,DELAY_10mS2
FIN: RET DJINZ MLS,DELAY_10mS1
" ON RET
ON: CJINE R3,#0F 1HNON_EQUIP DEL_20mS: MOV MLS,#20
SETB ST1 DELAY_20mS1: MOV MSH #0FAH
RET DELAY_20mS2: NOP
NOP
resarrrreareesavesenys (JOE sextessees evsrnnanaarnnarr DINZ MSH.DELAY_20mS2
DJINZ MLS,DELAY_20mS1
OFF: CJNE R3,#0F 1HNON_EQUIP RET
CLR ST1
RET DEL_50mS: MOV MLS,#50



DELAY_50mS1: MOV MSH,#OFAH
DELAY_50mS2: NOP
NOP
DINZ MSH,DELAY_50mS2
DJNZ MLS,DELAY_50mS1

RET
DEL_100mS: MOV MLS,#100
DELAY_100mS1: MOV MSH,#0FAH
DELAY_100mS2: NOP

NOP

DJINZ MSH,DELAY_100mS2
DJNZ MLS,DELAY_100mS1

DEL_1S: MOV
LOOP:

dgj 1 d‘ Y o U ¥ dl = I gj 1 Y o ¥ LS4 ¥
nansiiluenansanulidwiunisldanunenisfinyintu eyl lldusyleviaunism

' = o & O v oag v = Y Y A s v J A ° D
Lidnsdllag vedu Bnnsnudlidnuaiion uasdednidadadvesonalsynasaniinisuiluly
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FEATURES

e Low-Sine Wave Distortion, 0.5%, Typical

e Excellent Temperature Stability, 20ppm/°C, Typ.
e Wide Sweep Range, 2000:1, Typical

o Low-Supply Sensitivity, 0.01%V, Typ.

e Linear Amplitude Modulation

e TTL Compatible FSK Controls

e Wide Supply Range, 10V to 26V

e Adjustable Duty Cycle, 1% TO 99%

XR-2206

Monolithic
Function Generator

S
%%»%//jﬁlfﬂ

APPLICATIONS
e Waveform Generation

June 1997-3

e Sweep Generation
e AM/FM Generation
e V/F Conversion
® FSK Generation

® Phase-Locked Loops (VCO)

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of
high-stability and accuracy. The outputwaveforms can be
both amplitude and frequency modulated by an external
voltage. Frequency of operation can be selected
externally over a range of 0.01Hz to more than 1TMHz.

The circuit is ideally suited for communications,
instrumentation, and function generator applications
requiring sinusoidal tone, AM, FM, or FSK generation. It
has a typical drift specification of 20ppm/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequency
range with an external control voltage, while maintaining
low distortion.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2206M 16 Lead 300 Mil CDIP -55°C to +125°C
XR-2206P 16 Lead 300 Mil PDIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil PDIP 0°C to +70°C
XR-2206D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C

©1972

™

TEM

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 ¢ (510) 668-7000 ¢ (510) 668-7017
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Vee GND  BIAS

© ® ©

11) SYNCO
TC1 @——— l)
Timing
Capacitor vco
rc2 (S ——
w1 QYPF—
Timing
Resistors Current Multiplier
TR2 ‘ Switches And Sine +1 STO
Shaper
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wavEA2 (12—
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symaz (16)—

Figure 1. XR-2206 Block Diagram
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AMSI
810
MO
Vee
TC1
TC2
TR1
TR2

16 Lead PDIP, CDIP (0.300”)

FEFEFFFEL

v 7 /
,%‘y/gﬁ? A

o 7 [E syma2 amsl =ll1 el symaz
[15] SYMA1 sT0 |2 15| SYMA1
E WAVEA2 Mo |3 14{F3 WAVEA2
13] WAVEA1 Vee =4 13| WAVEA1
1__2] GND TC1 =5 12|23 GND
1] sYNCO TC2 =|6 1|3 SYNCO
10| BIAS TR1 =H|7 10| BIAS
9 | FSKI TR2 |8 9 [ FSKI

16 Lead SOIC (Jedec, 0.300”)

PIN DESCRIPTION

Pin # Symbol Type | Description
1 AMSI l Amplitude Modulating Signal Input.
2 STO 0o Sine or Triangle Wave Output.
3 MO O Multiplier Output.
4 Vee Positive Power Supply.
5 TC1 | Timing Capacitor Input.
6 TC2 | Timing Capacitor Input.
7 TR1 O Timing Resistor 1 Output.
8 TR2 o} Timing Resistor 2 Output.
9 FSKI | Frequency Shift Keying Input.
10 BIAS O Intermal Voltage Reference.
1 SYNCO (@] Sync Output. This output is a open collector and needs a pull up resistor to Vee-
12 GND Ground pin.
13 WAVEA1 I Wave Form Adjust Input 1.
14 WAVEA2 | Wave Form Adjust Input 2.
15 SYMA1 | Wave Symetry Adjust 1.
16 SYMA2 I Wave Symetry Adjust 2.

TEM




XR-2206 7 EXAR
AR / /7
DC ELECTRICAL CHARACTERISTICS

Test Conditions: Test Circuit of Figure 2 Vec = 12V, Ta = 25°C, C = 0.01uF, Ry = 100kQ, R; = 10k<2, R3 = 25k<2
Unless Otherwise Specified. S4 open for triangle, closed for sine wave.

XR-2206M/P XR-2206CP/D
Parameters Min. | Typ. I Max. | Min. | Typ. [ Max. | Units |Conditions
General Characteristics
Single Supply Voltage 10 26 10 26 \%
Split-Supply Voltage +5 +13 15 +13 Y
Supply Current 12 17 14 20 mA Ry > 10kQ
Oscillator Section
Max. Operating Frequency 0.5 1 0.5 1 -0 MHz |C =1000pF, Ry =1kQ
Lowest Practical Frequency 0.01 0.01 Hz C =50pF, Ry =2MQ
Frequency Accuracy +1 +4 +2 % offy |fo=1/R4C
Temperature Stability +10 +50 +20 ppm/°C | 0°C << TA < 70°C
Frequency R{ =Ry =20kQ
Sine Wave Amplitude Stability? 4800 4800 ppm/°C
Supply Sensitivity 0.01 0.1 0.01 %N | Viow = 10V, Vyigh = 20V,
Rq =Ry =20k
Sweep Range 1000:1 {2000:1 2000:1 fu=fL |fyu @Ry=1kQ
fL @ R1 =2MQ

Sweep Linearity

10:1 Sweep 2 2 % f_ = 1kHz, fy = 10kHz

1000:1 Sweep 8 8 % fi = 100Hz, fy = 100kHz

FM Distortion 0.1 0.1 Y% +10% Deviation
Recommended Timing Components

Timing Capacitor: C 0.001 100 § 0.001 100 uF Figure 5

Timing Resistors: Ry & R» 1 2000 1 2000 kQ
Triangle Sine Wave Output! Figure 3

Triangle Amplitude 160 160 mV/kQ | Figure 2, S4 Open

Sine Wave Amplitude 40 60 80 60 mV/kQ | Figure 2, Sq Closed

Max. Output Swing 6 6 Vp-p

Output Impedance 600 600 Q

Triangle Linearity . 1 1 Y%

Amplitude Stability 05 0.5 dB For 1000:1 Sweep
Sine Wave Distortion

Without Adjustment 25 2.5 % R1 =30k

With Adjustment 0.4 1.0 0.5 1.5 % See Figure 7 and Figure 8

Notes

1 Qutput amplitude is directly proportional to the resistance, R3, on Pin 3. See Figure 3.
2 For maximum amplitude stability, R3 should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range.
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DC ELECTRICAL CHARACTERISTICS (CONT’D)

XR-2206M/P XR-2206CP/D
Parameters Min. I Typ. ] Max. | Min. l Typ. | Max. | Units |Conditions
Amplitude Modulation
Input Impedance 50 100 50 100 kQ
Modulation Range 100 100 %
Carrier Suppression 55 55 dB
Linearity 2 2 % For 95% modulation
Square-Wave Output
Amplitude g 12 Vp-p | Measured at Pin 11.
Rise Time 250 250 ns C, =10pF
Fall Time 50 50 ns C, =10pF
Saturation Voltage 0.2 0.4 0.2 0.6 Vv I =2mA
Leakage Current 0.1 20 0.1 100 HA Voo =26V
FSK Keying Level (Pin 9) 0.8 1.4 2.4 0.8 1.4 2.4 \% See section on circuit controls
Reference Bypass Voltage 28 S K 2.5 3 8\5 Vv Measured at Pin 10.

Notes

! Qutput amplitude is directly proportional to the resistance, R, on Pin 3. See Figure 3.

2 For maximum amplitude stability, Rz should be a positive temperature coefficient resistor.

Bold face parameters are covered by production test and guaranteed over operating temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

Power Supply . ......coonnnnn . 0 N - ¥ 26V Total Timing Current ........................ 6mA
Power Dissipation ...................... 750mW Storage Temperature ............ -65°C to +150°C
Derate Above25°C w:w:emimanisosmmsme s 5mW/°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a  terminals to ground. With two timing pins, two discrete
voltage-controlled oscillator (VCO), an analog multiplier  output frequencies can be independently produced for
and sine-shaper; a unity gain buffer amplifier;and asetof =~ FSK generation applications by using the FSK input
current switches. control pin. This input controls the current switches which
The VCO produces an output frequency proportional to  select one of the timing resistor currents, and routes itto
an input current, which is set by a resistor from the timing the VCO.

TOM
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DC ELECTRICAL CHARACTERISTICS (CONT’D)
Test Conditions: V¢ =12V, Ty = +25°C, Rg = 30K, Co = 0.033pF, unless otherwise specified.

Parameter I Min. l Typ. I Max. I Unit | Conditions
Voltage Comparator Section

Input Impedance 2 MQ Measured at Pins 3 and 8
Input Bias Current 100 nA

Voltage Gain 55 70 dB R =5.1KQ

Output Voltage Low 300 500 mV Ic =3mA

Output Leakage Current 0.01 10 UA Vo =20V

Internal Reference

Voltage Level 4.9 5.3 5.7 \ Measured at Pin 10
Output Impedance 100 Q AC Small Signal
Maximum Source Current 80 nA
Notes

Parameters are guaranteed over the recommended operating conditions, but are not 100% tested in production.
Bold face parameters are covered by production test and guaranteed over operating temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

Power Supply ... R 8. o, “ghe Y. X.). 20V Package Power Dissipation Ratings
Input Signal Level ...... ... ... ... ... ... 3V rms i 2 R e | by Wi JHNIIRE CN N ¥ AR 750mW
Power Dissipation ... ... ... e o0l 900mwW Depite AbUENK =38 .C~ J.F....... 8mW/eC
POIEZ2% .. {CN(I=-.-- &4 - . ... 800mwW
Derate Above T =25°C .............. 60mW/°C
SOIOS Yoot ot . . O oo 390mw
Derate Above Tpo =25°C ............... 5mW/°C

SYSTEM DESCRIPTION

The main PLL within the XR-2211 is constructed from an (internally connected). When in lock, these frequencies
input preamplifier, analog multiplier used as a phase  are fiy+ fyco (2 times fiy when in lock) and iy - fyco (OHz
detector and a precision voltage controlled oscillator  when lock). By adding a capacitor to the phase detector
(VCQ). The preamplifier is, used as a limiter such that  output, the 2 times fiy component is reduced, leaving a
input signals above typically 10mV rms are amplified to a DC voltage that represents the phase difference between
constant high level signal. The multiplying-type phase  the two frequencies. This closes the loop and allows the
detector acts as a digital exclusive or gate. Its output VCO to track the input frequency.

(unfiltered) produces sum and difference frequencies of

the input and the VCO output.  The VCO is actually @  The FSK comparator is used to determine if the VCO is
current controlled oscillator with its normal input current  griven above or below the center frequency (FSK
(fQ) set by aresistor (Rp) to ground and its driving current comparator). This will produce both active high and
with a resistor (R+) from the phase detector. active low outputs to indicate when the main PLL is in lock
The output of the phase detector produces sum and (quadrature phase detector and lock detector
difference of the input and the VCO frequencies comparator).
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FEATURES

e Wide Frequency Range, 0.01Hz to 300kHz
e Wide Supply Voltage Range, 4.5V to 20V
® HCMOS/TTL/Logic Compatibility

@ FSK Demodulation, with Carrier Detection
e Wide Dynamic Range, 10mV to 3V rms

e Adjustable Tracking Range, +1% to 80%

o Excellent Temp. Stability, +50ppm/°C, max.

XR-2211

FSK Demodulator/
Tone Decoder

June 1997-3

APPLICATIONS

e Caller Identification Delivery
e FSK Demodulation

e Data Synchronization

e Tone Decoding

® FM Detection

® Carrier Detection

GENERAL DESCRIPTION

The XR-2211 is a monolithic phase-locked loop (PLL)
system especially designed for data communications
applications. It is particularly suited for FSK modem
applications. It operates over a wide supply voltage range
of 4.5 to 20V and a wide frequency range of 0.01Hz to
300kHz. It can accommodate analog signals between
10mV and 3V, and can interface with conventional DTL,
TTL, and ECL logic families. The circuit consists of a basic
PLL for tracking an input signal within the pass band, a

quadrature phase detector which provides carrier
detection, and an FSK voltage comparator which provides
FSK demodulation. External components are used to
independently set center frequency, bandwidth, and output
delay. An internal voltage reference proportional to the
power supply is provided at an output pin.

The XR-2211 is available in 14 pin packages specified for
military and industrial temperature ranges.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2211M 14 Pin CDIP (0.300") -55°C to +125°C
XR-2211N 14 Pin CDIP (0.300") -40°C to +85°C
XR-2211P 14 Pin PDIP (0.300") -40°C to +85°C
XR-22111D’ 14 Lead SOIC (Jedec, 0.150") -40°C to +85°C

©1992
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Figure 1. XR-2211 Block Diagram
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PIN CONFIGURATION

Vvee Ode =~ [3@ Timct Vee | 1 ~ s = Mt

NP [2] (13 TIMC2 INP | 2 13 |3 TIMC2

LoF [2] 2 TIMR LDF |3 12 |3 TIMR

GND [4] [11] LDO GND | 4 1 (3 LDO
LDOQN E 10 Vrer LDOQN | s 10 | Vger
LpoqQ [6] 5] NC LDOQ /|6 9 | NC

po [7] (8] COMP I DO =\ 7 8 |3 COMP |
14 Lead CDIP, PDIP (0.300”) 14 Lead SOIC (Jedec, 0.150”)

PIN DESCRIPTION

Pin# Symbol Type | Description
1 Vee Positive Power Supply.
2 INP ] Receive Analog Input.
3 LDF o Lock Detect Filter.
4 GND Ground Pin.
5 LDOQN (0] Lock Detect Output Not. This output will be low if the VCO is in the capture range.
6 LDOQ (0] Lock Detect Output. This output will be high if the VCO is in the capture range.
7 DO O Data Output. Decoded FSK output.
8 COMP | | FSK Comparator Input.
9 NC Not Connected.
10 VREF O Internal Voltage Reference. The value of VRgr is Vgc/2 - 650mV.
1 LDO O Loop Detect Output. This output provides the result of the quadrature phase detection.
12 TIMR | Timing Resistor Input. This pin connects to the timing resistor of the VCO.
13 TIM C2 | Timing Capacitor Input. The timing capacitor connects between this pin and pin 14.
14 TIM C1 1 Timing Capacitor Input. The timing capacitor connects between this pin and pin 13.
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ELECTRICAL CHARACTERISTICS
Test Conditions: Vg = 12V, Ta = +25°C, Rg = 30KQ, Co = 0.033uF, unless otherwise specified.

f{n-/'/‘fi i

f 4

2 EXAR
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Parameter Min. Typ. l Max. L Unit | Conditions
General
Supply Voltage 4.5 20 \%
Supply Current 4 7 mA Rg > 10KQ. See Figure 4.
Oscillator Section
Frequency Accuracy #*1 +3 % Deviation from fg = 1/Rg Cq
Frequency Stability
Temperature +20 150 ppm/°C | See Figure 8.
Power Supply 0.05 0.5 %IV Ve =12 +1V. See Figure 7.
0.2 %IV Vee = +5V.See  Figure 7.
Upper Frequency Limit 100 300 kHz Rg = 8.2K€2, Cy = 400pF
Lowest Practical Operating 0.01 Hz Rgp = 2MQ, Cg=50nuF
Frequency
Timing Resistor, Rg - See
Figure 5
Operating Range 2000 KQ
Recommended Range KQ See Figure 7and Figure 8.
Loop Phase Dectector Section
Peak Output Current +150 +200 +300 uA Measured at Pin 11
Output Offset Current i HA
Output Impedance 1 MQ
Maximum Swing +4 6 \ Referenced to Pin 10
Quadrature Phase Detector Measured at Pin 3
Peak Output Current 100 300 HA
Output Impedance 1 MQ
Maximum Swing 1 Vpp
Input Preampt Section Measured at Pin 2
Input Impedance 20 KQ
Input Signal
Voltage Required to
Cause Limiting 2 10 mV rms

Notes
Parameters are guaranteed over the recommended operating conditions, but are not 100% tested in production.
Bold face parameters are covered by production test and guaranteed over operating temperature range.

- TEM




MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by MC145026/D

Encoder and Decoder Pairs
CMOS

These devices are designed to be used as encoder/decoder pairs in remote
control applications.

The MC145026 encodes nine lines of information and serially sends this
information upon receipt of a transmit enable (TE) signal. The nine lines may be
encoded with trinary data (low, high, or open) or binary data (low or high). The
words are transmitted twice per encoding sequence to increase security.

The MC145027 decoder receives the serial stream and interprets five of the
trinary digits as an address code. Thus, 243 addresses are possible. If binary

MC145026
MC145027
MC145028

data is used at the encoder, 32 addresses are possible. The remaining serial P SUFFIX
information is interpreted as four bits of binary data. The valid transmission (VT) PLASTIC DIP
output goes high on the MC145027 when two conditions are met. First, two CASE 648
addresses must be consecutively received (in one encoding sequence) which
both match the local address. Second, the 4 bits of data must match the last
valid data received. The active VT indicates that the information at the Data ¢ D SUFFIX
output pins has been updated. 15\ SOG PACKAGE
The MC145028 decoder treats all nine trinary digits as an address which CASE751B
allows 19,683 codes. If binary data is encoded, 512 codes are possible. The VT Y
output goes high on the MC145028 when two addresses are consecutively
received (in one encoding sequence) which both match the local address. DW SUFFIX
o Operating Temperature Range: — 40 to + 85°C SOG PACKAGE
o Very-Low Standby Current for the Encoder: 300 nA Maximum @ 25°C CASET51G
o Interfaces with RF, Ultrasonic, or Infrared Modulators and Demodulators
o RC Oscillator, No Crystal Required
» High External Component Tolerance; Can Use + 5% Components ORDERING INFORMATION
» Internal Power-On Reset Forces All Decoder Outputs Low MC145026P Plastic DIP
 Operating Voltage Range: MC145026 =2.5t0 18 V™ WC1U260 SOEPecsEgs
MC145027, MC145028 = 4.5 to 18 V MC145027P Plastic DIP
» For Infrared Applications, See Application Note AN1016/D o P SQGPadage
MC145028P Plastic DIP
MC145028DW SOG Package
PIN ASSIGNMENTS
MC145026 MC145027 MC145028
ENCODER DECODERS DECODERS
Al 1e 16 [1 vpp Al 1o 16 [1 Vpp INNIRE 16 [1 Vpp
A2 (] 2 15 [1 Doyt A2 )2 15 [1 D6 Azﬁz 15 [] A6
A3l 3 14 0 TE A3l] 3 14 [J.D7 A3d3 14.1] A7
A4l 4 13 ] R7¢ Ad [ 4 13 [] D8 A4 ] 4 13 [1 A8
A5 [ 5 120Crc - A5 [} 5 12 11 D9 As (] 5 12 [J A9
A6/D6 [| 6 11 {1 Rg R1 [ 6 1n vt R1 [ 6 1 pgvr
A7/D75 7 10 [J A9/D9 ci Q7 10 [J Rp/Cp ci 7 10 [] Rp/C)
vss O 8 9 ] As/D8 vss [ 8 9 0 oy, vss [ 8 9 0oy
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Figure 1. MC145026 Encoder Block Diagram
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Figure 2. MC145027 Decoder Block Diagram
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Figure 3. MC145028 Decoder Block Diagram

MAXIMUM RATINGS™ (Voltages Referenced to Vgg)

Rating Symbol Value Unit
VDD DC Supply Voltage (except SC41343, -05t0+18 \%
SC41344)
VDD DC Supply Voltage (SC41343, SC41344 -0.5t0+10 \
only)
Vin DC Input Voltage —-05toVpp +0.5
Vout DC Output Voltage -05toVpp +0.5
lin DC Input Current, per Pin 10 mA
lout DC Output Current, per Pin +10 mA
Pp Power Dissipation, per Package 500 mw
Tstg Storage Temperature - 65to+ 150
T Lead Temperature, 1 mm from Case for 260
10 Seconds

* Maximum Ratings are those values beyond which damage to the device may occur. Func-
tional operation should be restricted to the limits in the Electrical Characteristics tables or
Pin Descriptions section.

This device contains protection circuitry to
guard against damage due to high static
voltages or electric fields. However, precau-
tions must be taken to avoid applications of any
voltage higher than maximum rated voltages
to this high—-impedance circuit. For proper
operation, Vjn and Vgt should be constrained
to the range V3g < (Vin or Vout) < VDD-

MOTOROLA WIRELESS SEMICONDUCTOR
SOLUTIONS DEVICE DATA
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ELECTRICAL CHARACTERISTICS — MC145026™, MC145027, and MC 145028 (Voitage Referenced to Vgg)

Guaranteed Limit
- 40°C 25°C 85°C
VDD
Symbol Characteristic v Min Max Min Max Min Max Unit
VoL Low-Level Output Voltage (Vin=Vppor0)| 5.0 — 0.05 — 0.05 — 0.05 \Y
10 — 0.05 — 0.05 — 0.05
15 — 0.05 — 0.05 — 0.05
VOH High-Level Output Voltage (Vin=0orVpp) | 5.0 4.95 — 4.95 —_— 4.95 — \%
10 9.95 — 9.95 — 9.95 —
15 14.95 — 14.95 — 14.95 —
ViL Low-Level Input Voltage \Y
(Mout =4.50r0.5V) | 50 — 1.5 — 15 — 1.5
(Mout =9.0 0or 1.0 V) 10 — 3.0 — 3.0 — 3.0
(Vout =13.50r1.5V) 15 — 4.0 - 4.0 —- 4.0
ViH High-Level Input Voltage \Y
(Mout =0.50r45V) | 50 3.9 — 35 — 35 —
(Mout =1.00r9.0V) | 10 7.0 — 7.0 — 7.0 —
(Mout=150r13.5V) | 15 11 — 11 — H -
loH High-Level Output Current mA
Mout=2.5V) | 5.0 ~26 — -21 — -1.7 —
Mout=4.6V) | 5.0 -0.52 - -0.44 — -0.36 —
(Vout =9.5V) 10 -1.3 — -1.1 — -09 —
(Mout =13.5V) 15 -36 — -3.0 — -24 —
loL Low-Level Output Current mA
(Vout=0.4V) | 5.0 0.52 — 0.44 — 0.36 —
(Mout =0.5V) | 10 13 - 1.1 — 0.9 —
Vout=1.5V) | 15 3.6 — 3.0 — 24 —
lin Input Current — TE 5.0 - ~— 3.0 " n — LA
(MC145026, Pul-Up Device) 10 — — 16 60 — —
15 — — 35 120 — —
lin Input Current 15 — £ .f — 0.3 — +1.0 uA
Rs (MC145026), Dy, (MC145027, MC145028)
lin Input Current uA
A1 - A5, AB/DE— A9/D9 (MC145026), 5.0 — — — +110 — —
A1-A5(MC145027), 10 - & — +500 — —
A1 - A9 (MC145028) o +H o F— +1000 s —
Cin Input Capacitance (Vi =0) — — — — 7.5 — — pF
DD Quiescent Current — MC145026 5.0 — - — 0.1 — — uA
10 — — — 0.2 — —
15 — - — 0.3 — —
IbD Quiescent Current — MC145027, MC 145028 5.0 - — — 50 — — LA
10 — — — 100 — —
15 — — — 150 — —
ldd Dynamic Supply Current — MC145026 5.0 — — — 200 — — RA
(fc = 20 kHz) . 10 — — — 400 — —
15 — — — 600 — —
ldd Dynamic Supply Current— MC145027, MC145028 | 5.0 — — — 400 — — uA
(fc = 20 kHz) 10 — — — 800 — —
15 — — — 1200 — —

* Also see next Electrical Characteristics table for 2.5 V specifications.
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ELECTRICAL CHARACTERISTICS — MC 145026 (Voltage Referenced to Vgg)

Guaranteed Limit
-40°C 25°C 85°C
VDD
Symbol Characteristic Vv Min Max Min Max Min Max Unit
VoL Low-Level Output Voltage (Vin=0VorVpp)| 25 — 0.05 — 0.05 — 0.05 \%
VoH High—Level Output Voltage (Vin=0VorVpp)| 25 245 — 245 = 245 — \
ViL Low-Level Input Voltage (Vout=0.5Vor20V) | 25 — 0.3 — 0.3 — 0.3 \
VIH High-Level Input Voltage (Vout=05Vor20V) | 25 2.2 — 2.2 — 22 — A\
IOH High-Level Output Current (Mout=125V) | 25 0.28 — 0.25 — 0.2 — mA
loL Low-Level Output Current (Vout=0.4V) | 25 0.22 = 0.2 = 0.16 == mA
lin Input Current (TE — Pull-Up Device) 25 — — 0.09 1.8 — — LA
lin Input Current (A1-A5, A6/D6-A9/D9) 25 -— — — +25 — — A
DD Quiescent Current 25 — — — 0.05 — — uA
ldd Dynamic Supply Current (f¢ = 20 kHz) 2.5 — — — 40 — — uA
SWITCHING CHARACTERISTICS — MC145026*, MC145027, and MC145028 (C|_ = 50 pF, Tp =25°C)
" Guaranteed Limit
Figure
Symbol Characteristic No. Vbp Min Max Unit
tTLH. tTHL | Output Transition Time 4,8 5.0 — 200 ns
10 - 100
15 — 80
tr Din Rise Time — Decoders 5 5:0 = 15 us
10 — 15
15 — 15
te Djp, Fall Time — Decoders 5 5.0 = 15 us
10 — 5.0
15 — 4.0
fosc Encoder Clock Frequency, 6 5.0 0.001 20 MHz
10 0.001 5.0
15 0.001 10
f Decoder Frequency — Referenced to Encoder Clock 12 5.0 1.0 240 kHz
10 1.0 410
15 1.0 450
tw TE Pulse Width — Encoders 7 5.0 65 — ns
10 30 —
15 20 —
* Also see next Switching Characteristics table for 2.5 V specifications.
SWITCHING CHARACTERISTICS — MC145026 (C_ = 50 pF, Tp = 25°C)
s Guaranteed Limit
Figure
Symbol Characteristic No. Vpp Min Max Unit
tTLH. tTHL | Output Transition Time 4,8 2.5 — 450 ns
fosc Encoder Clock Frequency 6 25 1.0 250 kHz
tw TE Pulse Width 7 25 1.5 — us
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