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ABSTRACT

THE THESIS IS CONCERNED ABOUT DESIGN AND CONSTRUCTION OF DIGITAL
KILO WATT HOUR METER THE PROPOSE OF THIS PROJECT IS USING FOR THE MEASURE
OF ELECTRIC POWER CONSTRUCTION IN ELECTRIC EQUIPMENT SUCH AS LAMP .
MOTOR , COMPUTER ETC.

THIS WATTMETER IS CHEAP AND EASY TO OPERATE . IT CAN MEASURE
ELECTRIC POWER IN “ WATT" UNIT. WATTMETER USE LOAD VOLTAGE SIGNAL
MULTIPLY WHIT LOAD CURRENT SIGNAL BY MULTIPLIER IC NUMBER MC1495
AND OUTPUT TO THE DIGITAL DISPLAY.
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W 1 1 L -IAJ ol | 9 1 [
3. Mfu-dudaysdunmesnisenslunsdiflifinns liniasanuinres

wiganaidminilsunnnramireanudrdmiufaysniauan

Port 1
¥ -« - 4 : } T A 4 A o » 1 :‘l - 4
TnzeaFravsanadn 1 daqu daclivimdfdudniu-de Joyawintu Jayafideean
. LA b A ] 4 -‘J 3 8 L 3 44 Ly
umManeda 1 azgnuand Hudageenlunieusiazen nouinzaudayadhiiinesnt az
- b ] ] J [l L] - : ¥
Feaden 1 Wdwninvemedn 1 Ferewial FET agluaniaz Off reu Nesifuudadi
» IJ N o I\ ar ?l
fay 0 deaananAwagh D Fiip Flop ax¥in i FET agfluaniaz On saduddeyqnunieusn
h 3 4 :- - L g 1 3 - IJ »
gahmeiiacgnanieasmangag neliaudianiorsasseineesdyquidutaniy

-J &
azle dayananidnliAeanilu 0 weue

Port 2

o - > - L s [] - 4
TasagFrevaanedn 2 fegy dnernuzvedlassiwaziviieuiuness 0 uansiafun
- : N W -l - -
WA 2 1WUNA Driver A2 UINeNgadN KU AD
» [} L4 [} ] [ d JV - [3 ] o ’ » - -
1. WdArsumiamiaganudinisuanndiaantsiara Adtumuaildly 8 Dauy
FRIAT AU

2. Wdilunaim fu-dedaysiunieuan

Port 3
[ ] - L J - v
TazsaFrvaanedn 3 amgl udasDavaaneda 3 axliluntsiendulilaelddds

- J 3 -, [ 4 - - J - dv
ATUANNITNIMNTURNUARTUATENNE A 3 FeANINTUAUAIN
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p3.0/RXD (Serial Input Port) Lﬁumﬂﬁlﬁé’uﬁagﬂwuwnm

p3.1/TXDz (Seria! QOutput Port) Lﬂuﬂ’lﬁﬁdﬁﬂgﬂWUﬂqnm

p3.2/INTU (External interrupt) Lﬂumﬁh’f?uﬂ’ryrmm-ffmfi'qm:mnmﬂuﬂn

p3.3/INTT (External interrupt) Lﬂumﬁ'l-ﬁ?uﬁ’ryrmmi’wi’am:mnmﬂuﬂn

p3.4/T0 (Timer/Counter O External Input) tﬂuﬂ’lmﬁ'ﬁuﬁi‘uIU’lmL'i!"t‘hJET\‘I'N'-\?
Timer/Counter 0 ﬁw’wﬁﬁﬁﬁuﬁﬂmu‘lmﬁmmﬁ’m It T4 ﬁu?ﬂﬁ’ryry MURMTLA

p3.5/T1 (Timer/Counter 1 External Input) Lﬂummﬂii‘uﬁ’mrmmn'fﬂﬂﬁqqq'w
Timer/Counter ﬁﬁwﬁwﬁﬁuﬁﬂmu‘lﬁtﬁaﬂmﬁ'ruzmm T1 viredmamunfnafld

p3.6/WR (External Data Memory Write Strobe) iutnasugunis@eudayall
wdigrnadnfudeyaniean 8051

p3.7/§_I5(External Data Memory Read Strobe) Wlumnasugunizdudaysainuos

AnNddmiLdayanituan 8051

Thseed19184¢ 8051
w y - -1 o
melu 8051 axulsznaudiennn(Gate) s1e7 1w AND,OR,NOT Taunnimartiazgnii

- , v o g .
winasnuuuliliminnaniteusie wwissstenmiadd(instruction Decoder) 2498
Fdrygrnuunfini(Clock Signal Generator) Tasea¥tantelure 8051 azulsenaudoadoy

dagrAsufaniaesunsuftuang

EXTERNAL
l l INTERRUPT
INTERRUPT 4 ES
conmoL [ K 128 BYT TIMER 1 [ Counter
oL e ROM RAM Input
l S TIMERO |
CPU C ,
T T I
BUS NS SERIAL
0sC :> 4 1/0 PORTS
:L CONTROL ﬂ ﬁ ﬁ PORT
-T_-— I g Pl P2 P3 TXD  RXD

uRanlrazuntulnranFrarn 8051
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o -l , a o
ufeninazunsalugh dulasearaluniqaes 8051 Wasandnenizans 8051 Wy
roaRameRsznaLsag 3 doundng Ae
. , , . x de o
#9uf 1 A8 CPU (Central Processing Unit) Wiadauszuonus doutiaziioeasivinusi
o - e o . . -l
m%’wﬁmmqmﬂququmemmnumuﬂujGﬂmmqqsmuau (Control Unit) dasftyrynoun
w L 4 ] Aq ] ar 1 [ [ 5 4 b 3 L] |
airva AL AN lFuidy I sRRRsefUwItEA N gunsaffuteyndvzeditayn
- J - & -
BANIINAY 8051 WHIAIANNTIATINIL (Interrupt Control ) unzdauAILANLA ( Bus
d 3 » : L
Control ) fiiTugaunilirasrsasasuguing n12afdnyItAILANAINdIY CPU 1 92
. o . . al & -
nmeafdunudlnenisnassinAnga (Instruction) Aadiinazivualy uREA Ty yIINag
3 - A Y 4 o
mumﬁzﬁwﬁqnuﬁmrgqmmﬁmm?wmnqqqmaﬂmLamaﬁwa’lﬁnn']ﬁqquwa?mmu
Uszauiu ( Synchronous ) atinagnias
L 4
o ' -l . , . .
s cPU Lidatlrznaudnadoustiandndauil Fandndaurszaoens (Arithmetic Logic
N d’ o (Y -1 » [ L] ar [ 3
Unit ) dquiazinnisdszaoausdayaitu nsuan nzsu nisgo nFendayauANINHRANS
o i o . o al gy
NuliluRameftamisgaudnkaang
“ 1 L. - LI ] & -
47U 2 Ra wireAusn (Memory) il miusadrdays Fraslitunmnaivas
1 o wad ool 1 o -l ¥ o o A ° el -
wiarMNdARTAS wiernudiFausiaunseiuenatssiuauminiisase bty

L4
Vusisznansfiflianans 1 ueufauandluzl Snsasionsinionus 16 nees

ATANIDUYEIMIIEIA1NSN

. 4,
fhdsannenengsannsedlavdaienienasluifivingaia azdodmnesre
5 + ] A o - ¥ ’ adl o 1 ' °
nesvdeynidariaumatiniumbseaadudamnenresansasifesunisanionrnd
YHOUBAIAA (Address) Tuiad nsdnedaye hlifuluwisaasaudaFendanaaden (write)
» o - ] 1 L Y J 11 e v
TaysuszninarfieyeasnasmberinudtzFaniinisgiu (Read) dayadousisiumis
» 1 > L
renmieauanaivdoys e ndoariniy WlilasTuswawefialsani 8051y
foynluudaziuiuaranneaudnsilmlsife 8 udnsasaagi 28 oin widu 2
L 4
) AniuusszAwnive A udrsnifiudayailaldszudng o i 225 (00000000 fe
. o ' -l lax - e
111111 ey 2) wdrudnidssfudeys druiutulasiUswa e sussc e s

nmadasaiumleamdrazdeciidyyin 3 ngu Ae



15

) ' . - e 1 L] - ] ar ]
1. WaAlAZAMIRA AL RIRRIN TRARa UM aAI1NS T 805 1asRasaiLmian
AINAU2ELIN Program Memory w3 Data Memory Wgaqralinaz65536 Arumnda Faiu
| *
s NaausEasAuMIadIeANdna sia I d uuaad TuauluIaY 31U 2 Yauum16 1
(2" winfiu 84* 1024 = 65536)
» -l ' ool - - ' ¢ mloe ' [
2 fayahazaurradnuiumianiudfaumialude 1
4 - 1 [ -‘ - ¥ a ] [ Y ] -
3.Atyruntumauquiazgalifonissanudt Wavenfumissaiindtdndaanisaumie
Audaya
, W ™ - [ y J '
Ay animsniinzgnauanatylu 8051839813 n9sasnaasiaTaIA&a R 8051 dru
[ Ld o ﬂll J 1 o [
AINMIEAMNAT Program Memory (daluvineuiuias Tusiuassnisemaudaldun 4 K
J v L ] = [] 4 [
ROM uaz 128 Byte RAM Taauarasutiigaiindriifiauasieivriunefansluias
Asuinsaaas
- - » ° v
dauh 3 unsniBuauaziaiym udauiazdedayndwifananain 8051 ¥ialy
- ] [ or [ d -l a 5
8051 Amfanunisuants saluufaniaazunsuli gUnzniBunmuszIa dNe LU 4 10
™»
Port, Timer 0, Timer 1, Serial Port N1$4 a8 uAdrzdauiisail
L] 1 J - L] [ 54 A L]
1.4 1/O Port n'mwa{muu'mﬁqaﬂﬂqzmﬂmnudqumqmﬂuan 4 /O Port 184 8051
.J L] [ J iy =, o z
Wunlddwmiuiu-dedaystaiudynrudaneadiviassnainds MCs-51 wafaiivavus 4
refRlrausnsnefnasiu-dadioynls 8 Um iwada PO, P1, P2 unz P3 uranefaarldvinau
i .-‘ 1 - 3 Ld [ L d -J
N nndmileagafld Wy wadm PO uay P2 azlddmiunasgedifumdereauingandan
- 4 [ L 3 4 - ) -~ [ L . ) A ¥l vy,
feansAnsaunzrein PO arlifuddaysiiadnsatimisenmudnlagaefamsililéidna
: J -l - ] ° L ‘J (Y
ARV NALINU um:'l'ﬁﬁ‘ﬁ’n'1‘quumumﬂufmﬂmuqumné’rurmmﬂququnnﬂmmam
[] Ld . ﬁ L ) o .lf : » r Y -
RINUFARZAITIN VADNHIADININIUINDIUASATY (Y TUIRUNAA L8198 L A tyry TaunAng
. . o ° . - -,
2.Timer Ousr  Timer 1 \lunasiunasasaimusliinasledreedygiunse
annieuen 8051 viradnuauluiAstesdnyginuifinanielu 8051 A& Aranmniuazgn
> ]
druvtamaAGufuraaniniu1diae cPu |
3.Serial Port W) wafAaynsy CPU q:ﬁquuazt‘iﬂuﬂ’ﬂgaﬁ’u Serial Port \fhauuy 8 Um
usidiayrazgnseeanain 8051 Feallfiaslia eamaanen TXD uszlumefudayefazfndann

- - ¥ - d » 3 W )
Ninclianaaen RXD udedniFealumiflu 8 Dm el cPU sl ¥erusietl
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2.3 MTUAIRIULY LCD
MEULARIULLHANIMAS
-X -l ) - 3 3 - ey ] ar Ve

HANAUagUAE TUA JuagnuAaITRYeasI wmas nlausu infudadn
] - 1 - -JA W oar 1 oy - - -~ n' N .
Fradandnels slanfienldiuliey 2 1ia Aeslalounfinsuannes (Dynamic scattering)
uazsiaRasianina (Field effect)

dmfusialawnfiasuaning®e TunesasudnimsamanindasGaedailussilay

- ] J ot
uawudrazhile uidellouswaiiinbusnateswdnaznssdnnsrananessiuiuiivn dou
riadasiaWinaldudnnisinan lsiwdu dauitldfumnaiihasiumianese dalsngdiu
ol - b .

d2unila UTmuaniuazagn

Z - oar 3 -t - ] . . L4

visasssiindaunienanluan 2 wuuAe wiukedu (Transmissive) uasuuuazRay

N 1 -4 » -! 1 |- o » -
(Reflective) LCD uuugeiuinmimiuustiunsausaindiumda gau LCD wuussvauyin

3 - 3 LY L. d 13 wer 1 d o
wihfifluuiussieunsasusenindumi  aznseqldfisedles
auirillanlhiu Tassadrovia qlazilusiunszan 2 wiulssnufudndnmes
YATINAN
1 o J J

ToiiurausuLy LCD Aesianisussdlmnifisaitaairesunaiwiiiteu Iy Tuana
=l o LY o : o - L3 e ar Pr | ° o L 1
WTERRIBNNARINIZ AaLLAINTEUataenIn MARURALdaYndawinawinaziennds 25
HW daferesuuuiiae dasfiussanmeuanuasliimmdiqungiivay « fhqaumgiisn

: ° -2 ° \ ! - ¥ - ' a &

N 0 °c uanmaIssnulagsIndnniuan drqugiigaindtdszain 50°c nanmaga

-l . - -
wasugtiursanaamsinmazfiawanalianniaondy
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NNFATUANNTZURANNATEN LCD (Control liquid crystal display)
LCD Alusmanaiild LCD wuusadnus senfumanuesa fuiidoulszney 3 douite
1.eanumen (Dot Metrix) ludusmnaliugnina Wnaathulusneaznistisuuy
n1aliadaies fuusafiae dqummﬁtﬂuﬁam:qnmﬁuﬁn
2 lasaef (Driver) Whudfudtyyyaniaindarauauandundn LD Snivililnglled
‘waf HD44100H
3.paulnzained (Controller) ilusafudeasaanngunsnintauanidwuadanizacugu
wliiRAnzusAInA 19U MeaLaanIH , maRasnus ledRldwes HD4478
nsAnuaznaneanisldanses LCD tuga (module) azAnmuaznasesluday
S LRELINVERTEGH 75\1ﬁué’nm?ﬁqmuLﬂuuuuu'\mj'm
lod HD44780 ({luled LS| fauibel¥manigu LCD Tanusntualugidnusute
drydnerndsineludasiuies ledtianroseldiuuin 4 Tn vt 8 Dn AlaTaedseuuy 4 On
azsieldanni DB7-DB4 iy Tatdeynafiumniidaiu azfedniludeys 4 Dau uavdeyn

AJ ] :’l ] '
nedsauiudludeys 4 dnd

nerauingalat HD44780

1.619mi148 (Clear display)
Clear display
RS RMW DB7-------mmmmmee e DBO

00700010 {0|0| O} 1

AdatiflunsiBautdasdnaida space (ASIl 20H) Wialilu DD RAM Yausmuazyinnag
SET DD RAM Address wlugutifaiaaigaf (Cursor) asnduldey drumdauugadreilasasas

2.nfugAumiuAH (Return home)
Retum home

RS RRW DB7-------cmcmcccun DBO

0loy010y0}j0}0t0O}O|*

* No effect

Adsliazyinnns Set DD RAM address ilugud sainafisad nduhlagiumiuugs

v gal
deilovesannin dayaluaanmarlinifeu
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3.mugnnizsnvzaidiaudayans DD RAM (Entry mode set)

Entry mode set
RS RW DBT-----ecmmcccmcaae DBO

00|l 0j0|0|O|O}O|WD |S

\ o o o 4 o™ ® o P
Bit 1D : lusanimelidulie dauitedudaysudaacyinlh DD RAM address ifin

3 -
Iuvranaatiiing
1 = Ay
.J
2 = ARRIUIN

Bit S : AMuuANITRAsILATRE

= - -« [ J -
§ = lddaysudodmefinef agiundaysazgnaulinmedne

2/ [ 4 L [ -« -~
s = lafaynazegiun finefioas azgnaulniseiile
4.muAun1nlla-tamitaa (Display NO/OFF control)

RS RW DB7-----rmccccrmcannn DBO

0j0fo0jojo0jolo|DliC|B

Bit D : udislidla-tauthssnminedy
D=1/ ON
D =04% OFF
Bit C: azusmumafiafli 0m C = 1 uazt lildaintsusmamasived m C = 0 Tausn
\nefired szagiiuas?l 8 Wuwy 5x7 qm uazAzaguoafl 11 Tuwww 5x10 ®
Bit B : hilln MFAnasnszwiueeanefioas Taedirzazainsewiurlezun
379.2 ms
B = 1 A¥nsawsu

B = 0 Llin1enszviiu
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5.AuANBTUMLiNIeARfisaf ( Cursor or display shift)

Cursor or display shift
RS RMW DB7--r-c e e o e e e e e DBO

* No effect

0 0 0 0 0 1 S/IC | RL

o Y J hd & 1 - - - 13 [
Hudrdairinmunlidrumisaefioed wedeyal fiantsdefenranlagbidasd

Ardadeitadmlne
S/IC | RIL
0 0 | imisfheinefirefldennduinin niedaiie 1 fauwi
0 1| dnsfhaaefisefluanfedsdin Tinwaie 1 fud
1 0 | Wumssudadnusiundinile
1 1 | ilumsduddmesidniaianie

6.AquRNNENNFY (Function set)

Function set

RS RAW DB7----cccmee e cmccee i e e e D8O

0 0 0 0 1 DL N F * *

* No effect

Bit DL : ilun1zidy nsRmsiadrasiiuuuy 8 bit wia bit Ias

DL = 0 1flunsfmsauuy 4 Bit

DL = 1 lunsAarauuy 8 Bit
Bit N : ilunnaidiv ussimntsuamene

N =0 ugms 1 ussin

=1 UAAY 2 UsHiA neiNINndn 2 usevafiidn N = 1

Bit F : un12idivn 1wssennisuamng

F =0 luuun 5x7

F = 1 Wluvu 5x10
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7.AIUANNHENUAAIATAIDY CG RAM (Set CG RAM address)

Set CG RAM address

RS RW DB7-----cmc e DBO

0001AAAAA]A‘

Higher Bit  Lower Bit

Tu HD44780 ﬁufqzﬁuﬂwmmfiqagj 2 4@ A Display data ram (DD RAM) 41491
80x8 bit uax Character gennerater ROM CG RAM 4119 512 Bit uss 7200 Bit Adatiay

Wumndvussmasalu CG RAM Tagfaevianisdnuanings reudisuFesudayssin OG
RAM #ioe

8.A1UANNAENLAAATALEY DD RAM (Set DD RAM address)

Set DD RAM address

RS R'W DB7-----ccmmemmee oo DBO

01 0[1T1ALALA|A]A|A|A

Higher Bit  Lower Bit

ludrdadvgmsuanimsali DD RAM lunsidaunted uA1ann DD RAM (DD

4 » -‘ -&'
RAM Aagiufiasuanusutiae LCD) Treduanue mase TRudsuyuumiineg LCD

: '
azAuag
funsidnen N dae '

N

t

0 (1159¥im) ueminse avag 00H-4FH
N

t

1 (2usniR)uamiasn azag 00H-27H dWMFULIHIAT 1 48T 40H-67H
P o = '
FWMFLLTHIAN 2

WLUNIFARUBALATAYEY DD RAM Winaa LCD WY 40 Fadnue 2 Usmia

40 FI9NHE 2 UTIVIA

m0102030405060708CBOADBDCODOE10111213

404142434445464748494A4B4C4D4E50515253
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9.A&s8UANINE (Read busy flag and address)

Read busy flag and address
RS RW DB7------cuccmeaemnas DBO

0|0 BF{A{A|A|A|A|A|A

Higher Bit  Lower Bit

o y 1 ¥ - J J ar ] - L1 I
uArdsguAnind@ivan (Busy flag) Tateazifludfquandn Atieglunszuounis

vnnuneltusguiesgluanmniaasiudayalas
BF = 1 egflunszuauntenieiulinfersziudeyatedda
d o uoe ° o
BF = 0 wiaufiaziudays wiaAdals

uazwananiiduiluddesudrdaynuesinsates CG RAM e DD RAM #ag

10.A&adgudayad CG vife DD RAM (Write data to CG or DD RAM)

Write data to CG or DD RAM
RS RMW DB7----vvmmmmcccccae DBO

1T{0(DID|D|D|D|D|[D|D

Higher Bit  Lower Bit

o o of -
iludndadinudeysllu cG vis DD RAM Taedledaudayauas Address axifa
- L] o v -J L] d‘ ]
viraaalaud A luTBnauAtEaR Set 1u Entry Mode fatwusnfinazilumadeudaysees CG

[ .l‘ ¥ i b
RAM vi7a DD RAM vinl8Tneinns Set Address 184 CG RAM tunriauazdsudaya Set DD
RAM Address

11.Ardagdiaynamn CG RAM via DD RAM (Read Data From CG or DD RAM)
Read Data From CG or DD RAM

RS RW DB7---ccmeemmaeeceo 2 DBO

111)D|/D{D|D(D|D|D|D

Higher Bit  Lower Bit
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o]
UNN 3
WANNITABNWLY

3.1 NM2RBNULILNATAN
& L 3] -t o ﬂJ - o 1 ]
wardariimefilfletiued MC14950 WuledRluannineussdiWRnaeruazs
-, 4 o ° o ' o -l 4 -d -
AIAMNTNI AT Tmm:mu?qmumnm‘ﬂuTuamnun?::umwiuamuTuﬂmmgmﬂﬂﬂum:.ﬂu
o o t 4 1 : h B o g o J ‘J - ‘:‘
WA QoUnuUAIA iaInmsguiavRadsfosiussliusamulWiAmie wasuiiasien

uniuussiudurnanssaunfanyiinasnounesines (WD Converter)

ol 1] R ] Rt I Rl
| ar o RIS Rl
sm‘ . w2 f ) %" wegn &
u N S
e I SK‘3 W0 a4 '\ g W
" hils + W J '—ii] aﬁ.:xxm +
g noz W
[
n o, bi TR | :‘
B o ™ oon
1x " »—t\ S R
> w w
M s s Rog ¥ i wm
UW: S o | Tew XS LT
ot S

13| Iﬂ q
% i It
ur o3 /»‘ [

o

51

|
210 3.1.1 uanareasgmud o

ANz 3.1.1 Tnaaszgnrieagiseeuniawes Ke fuflugunsaffesnimsusning
Wy uawmes eax u?ﬂfqﬂn?m"lﬂﬂﬁuq ursuAeulRurTuamrznranvaazanann
umsisdnetv 220 V Tngmsa é'qﬁ’uﬁam K2 azflusdy 220 V usziinszusluadudnosasiugoy
MIULRUNFUURTNIZUN  9N9939328 Ra, Re, Rs, (fludaindmnszuadnasasuaslusauis
usedusan Taefl Rs, Re, aunm 100 KO seaynauiuag Watlasiuiififiantsinteasuas

Tasfuasarbiliifiaru@ente Re, R7 gnassuwiuuasyin iR A aduniusa 0.05 Q
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hd -~ 'J - - J L] J - -
uazviuinastWiala 10 w adudafunszuailvadiwinasude wldeudluusedilwiausdy
FNATBNAIMIATNM Re, R7 azgnyinassenetszunm 6 wih Taeeeluamd@ainasas 1C3/1)

- [ - 4 -
AMEBIMHNIBN IC 3/ 1 aTgnRanNUY 4 494 IC 4 (MC1495) saifluussusu +Vy

duusaiEnAwiliazlfas Bangausiussiulandsfuny Re siong watlause
Auden 9 994 IC 4 (MC1495) Faifluusesiudnu + Vx

Tunasinsmesial azamzndald 2 gruie 87U x 1 uar x 10 Inedadng S¢ flu
Fadend uda lalem D1, D2, Da, uaz Ds Foiflussasadiuled (Clipper) Lﬁaﬂmﬁué‘unn
amveatuemn] IC 3/ 1 uay IC 4 nsinsuaesnasadtitefasiflugaiing s
HufaRUN I R ganatumasiieeg 0.7 V vitalhy +7.5 v fazinlilalan D102 viaary

» - 4 . \ 3 ] 1 1 b 4 o o
URZDTUNAUNILINUBENTUUAIAIEMNAURURE 0.7 V via -7.5 V fiazvinldlaten D2,De

Y1971

Figure 1. Multiplier Transfer Characteristic

10
' L]
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4 . 9 . .
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J -3 D, =y
3.2 ﬂ’li‘tﬂﬂﬂuﬂu"lﬂﬂﬂ'{]ﬂﬁﬂﬂﬂ {Analog to digital converter)

J A J L4 1 -
wsmanldnudygrnendeniiluianesildiueginerouuudantuie

wuuldasuFaufoumnwifeuunes  (Paralel Comparator Simultaneous
“Flash™ A/D CONVERTOR)

¥ ‘l O - J JI
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o o
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1% 3.2 20s9nfRendtygnisyAunusiaines
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2. WYULAaHI - ndn (Delta — Sigma A/D Convertor)
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4.2 HAN1sNAeeY
o -l o ar T T -y Yy wwyos el e o o
'ﬂﬂﬂ"‘qnﬂﬂ'\n']?llmuﬂﬂLﬂ?ﬂﬁ')ﬂﬂqﬂQQqu‘Lﬂﬁ'“?ﬂU?ﬂﬂuﬂq qq‘tﬁu’“ﬁ?ﬂﬂ')ﬂn'\ﬁﬂﬂqu

ihitlinasealdiunataaldiniiving 4 Jdlduanmsmasasmumie &

AnfalWiannnag | Ardadelwdindigan
Tnandisia s Tosziiy Auauea, i AU anuasdauiiy
15 (Watt/hour) (Watt/hour)
7 + vaaalw 1 5 93, 0.75 0.75
NAAYN + naaaH 2 7 q9u. 1.05 : 1.00
WuF + Aman +17 3 1. 0.6 0.6
nszAintinFau +uaKignn 193, 1.12 0.5

<
FINENN 4.2.1 HANIVNAGDY

ANEN
weaalM 1 = 40W  waealW2 = 100W 73 = 110W  Waayu = 50 W
ks = 40w wlfaweda= 450 W nsvRinindew = 670 W
At 1INIFATUI0S

17 + naaald 1 =110W+ 40 W

1 g3, ezl 99w =150 W ¥ 0.15 KW/h

avi 51w, arltna Wil = 0.15x5
= (0.75 KW/h
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SDA
SCL
ADC
LCD_EN
LCD_RS
LCD_ADDR
LCD_DATA
DATA1
DATAZ2
DATA3
DATA4
DATAS
DATAB
STORE
STORE1
ST1
TEMP
WMCON
STORE2
Sw
[2C_ADDR
[2C_DATA
SECONDS
MINUTES
HOURS
DAY
DATE
MONTH
YEAR
FLAG
I2C_ACK
CONTROL
RTC_ID

BIT
BIT
EQU
EQU
EQU
EQU
EQU
EQuU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
BIT

EQU
ORG

P1.0  SDA 12C Bus

P1.1 ; SCL 12C Bus

P14

P27

P2.6

030H

031H

020H

021H

022H

023H

024H

025H

026H

029H

027H

028H

096H

035H

P1.2
033H , For keep 12C Address
034H ; For keep 12C Data
040H ; For keep Seconds
041H ; For keep Minutes
042H , For keep Hours
043H ; For keep Day
044H ; Forkeep Date
045H ; For keep Month
046H , For keep Year
02FH : User FLAG

FLAG.0 : Define 12C Acknowledge as bit
047H ; For keep Control Byte
110100008 : RTC Slave Address
0000H



INITIAL: MOV SP.#256-32
MOV P0#00000000B
MOV  P1#0FFH
MOV P3#0OFFH
MOV P2#0FFH
MOV  STORE#D
CLR ADC
LCALL DELAY_100ms
SETB  ADC
MAIN: LCALL INIT_LCD
MOV LCD_ADDR#000H
LCALL SET_ADDR_LCD
MOV DPTRATITLE_1
LCALL WRLINE_LCD
MOV LCD_ADDR #040H
LCALL SET_ADDR_LCD
MOV DPTRATITLE_2
LCALL WRLINE_LCD
LCALL DELAY_1s
LCALL DELAY_ 1s
LCALL DELAY_1s
LCALL SET
X_DISP1: MoV LCD_ADDR #000H
LCALL SET_ADDR_LCD
MOV DPTR#TITLE_3
LCALL WRLINE_LCD
MoV LCD_ADDR #040H
LCALL  SET_ADDR_LCD
MOV DPTRATITLE 4
LCALL  WRLINE_LCD
MOV DPTR#0010H  ;ADDESS IN EEPROM
CALL READEE \READ DATA IN EEPROM
GINE A#1.BN
LIMP CHECK
BN: LCALL  FILL
SJMP CHECK



RPT:

CHECK:

GO:

G2:

G1:

NX:

NX1:

NX2:

LCALL
LCALL
LCALL
JNB
LIMP
JNB
MOV
CALL
MOV
INC
CALL
MOV
LCALL
LCALL
MOV
CJNE
SIMP
LCALL
MOV
MOV
MOV
CJUNE
MOV
LCALL
LJMP
CJINE
MOV
LCALL
LIMP
CINE
MOV
LCALL
LJMP
CJINE
MOV
LCALL

S.DISP

DELAY _1s

DELAY_1s

Sw.$

X_DISP1

SW.RPT

DPTR #0000H ;ADDESS IN EEPROM
READEE 'READ DATA IN EEPROM
DATAT A ; TEN

DPTR INC ADDESS N EEPROM
READEE ;READ DATA IN EEPROM
DATA2 A ;ONE

Kw

RTC_RD

AHOURS

AST1,G2

G1

LOG

WMCON,#110000108

WMCON #110000118

AP3

A #ONX

DPTRA#WATT_O

DiSP

CHECK

AR NX1

DPTREWATT_1

DisSP

CHECK

AH2 NX2

DPTRH#WATT_ 2

DISP

CHECK

AH3 NX3

DPTRAWATT_3

DISP




NX3:

NX4:

NX5;

NX6:

NX7:

NX8:

NX9:

NX10:

NX11:

LiMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LUMP
CJUNE
MOV
LCALL
LiMmP
CJUNE
MOV
LCALL
LiMmp
CJNE
MOV
LCALL
LJMmP
GINE
MOV
LCALL
LJMP
CINE
MOV
LCALL
LJMP
CJINE
MOV
LCALL
GINE
MOV
LCALL
LJMP

CHECK
A#HANXA
DPTRAWATT_3
DISP
CHECK
A#5NX5
DPTR#WATT_S
DISP
CHECK
A #6,NX6
DPTRAWATT_6
DISP
CHECK
A#T NXT
DPTR#WATT_7
DISP
CHECK
A#B NX8
DPTREWATT_8
DISP
CHECK
A#9,NX9
DPTR #WATT_9
DISP
CHECK
A#10,NX10
DPTR#WVATT_10
DISP
CHECK
A#11,NXT1
DPTRAWATT_11
LMP CHECK
A#12,NX12
DPTRHWATT_12
DISP
CHECK



NX12:

NX13:

NX14:

NX15:

NX186:

NX17:

NX18:

NX19:

NX20:

CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LIMP
CJUNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LIMP
CJNE
MOV
LCALL
LJMP
CJUNE
MOV
LCALL
LIMP
CJNE
MOV
LCALL
LIMP
CJNE
Mov
LCALL
LJMP
CJINE
MOV
LCALL
LJMP

A#13,NX13
DPTRA#WATT_13
DISP

CHECK
A#14,NX14
DPTRAWATT_14
DiSP

CHECK
A#15NX15
DPTRAWATT _15
DISP

CHECK
AR16,NX16
DPTRAWATT_16
OISP

CHECK

A#IT NX17
DPTRAWATT_17
DISP

CHECK
A#18,NX18
DPTRA#WATT_18
DISP

CHECK
AHIGNX19
DPTRAWATT_19
DISP

CHECK
A#20,NX20
DPTR#WATT_20
DiSP

CHECK
AH21,NX21
DPTRH#WATT_21
DISP

CHECK



NX21:

NX22:

NX23:

NX24:

NX25:

NX26:

NX27:

NX28:

NX29:

CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJINE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJINE
MOV
LCALL
LIMP

AH22 NX22
DPTRAWATT_22
DISP
CHECK
AH#23 NX23
DPTR#WATT_23
DISP
CHECK
A#24 NX24
DPTR #WATT_24
DISP
CHECK
AH25 NX25
DPTR#WATT_25
Disp
CHECK
A #26,NX26
DPTRAWATT_26
pisp
CHECK
AM2T NX2T7
DPTRH#WATT 27
DiSP
CHECK
A28 NX28
DPTR#WATT_28
DISP
CHECK
AR29,NX29
DPTRAWATT_29
DISP
CHECK
A#30,NX30
DPTR#WATT_30
DISP
CHECK



NX30:

NX31:

NX32:

NX33:

NX34:

NX35:

NX36:

NX37:

NX38:

CJINE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LUMP
CJNE
MOV
LCALL
LJMP
CJINE
MOV
LCALL
LJMmP
CJNE
MOV
LCALL
LJMP
CJUNE
MOV
LCALL
LJMP
CJUNE
MOV
LCALL
LJMP

A#31,NX31
DPTR#WATT_31
DISP
CHECK
AH#32 NX32
DPTR#WATT_32
DISP
CHECK
AH33,NX33
DPTR#WATT_33
DISP
CHECK
A 34 NX34
DPTR,#WATT_34
DISP
CHECK
A #35,NX35
DPTRAWATT_35
DISP
CHECK
AH#36,NX36
DPTR#WATT_36
DISP
CHECK
A#3T NX37
DPTR#WATT 37
DiSP
CHECK
A#38,NX38
DPTR#WATT_38
DISP
CHECK
AH39,NX39
DPTR#WATT_39
DISP
CHECK



NX39:

NX40:

NX41:

NX42:

NX43:

NX44:

NX45:

NX46;

NX47:

CJNE
MoV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJmP
CJNE
MGV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJINE
MOV
LCALL
LJMP
CJINE
MOV
LCALL
LJMP

A#40,NX40
DPTR#WATT _40
DisP

CHECK

A1 NX41
DPTRAWATT_41
Disp

CHECK

A #1412 NX42
DPTR #WATT_42
DIsp

CHECK

AH#43 NX4A3
DPTR#WATT_43
Disp

CHECK

A 44 NX44
DPTRH#WATT_44
DISP

CHECK

A#45 NX45
DPTR #WATT_45
DISP

CHECK

AH46 NX46
DPTR#WATT_46
DISP

CHECK

A#AT NX4T7
DPTRH#WATT _47
DISP

CHECK

A #48 NX48
DPTR#WATT_48
DISP

CHECK



NX48:

NX4g:

NX50:

NX51:

NX52:

NX53:

NX54:

NX55:

NX56:

CJINE
MOV
LCALL
LJMP
CJINE
MOV
LCALL
LdMP
CJNE
MOV
LCALL
LJMP
CJINE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJINE
MOV
1 CALL
LIMP
GJINE
MOV
LCALL
LJMP
CINE
MOV
LCALL
LIMP
CJNE
MOV
LCALL
LJMP

A#H49 Nx49
DPTR#WATT_49
DISP

CHECK

A #50 NX50
DPTR#WATT_50
DISP

CHECK
A#51,NX51
DPTRA#WATT 51
DISP

CHECK
A#52,NX52
DPTRAWATT_52
DISP

CHECK
A#53,NX53
DPTR, BWATT_53
DISP

CHECK

A#54 NX54
DPTRAWATT_54
DISP

CHECK

A#55 NX55
DPTR#WATT_55
DISP

CHECK

A #56 NX56
DPTR,#WATT_56
DISP

CHECK

AH5T NXS7
OPTR #WATT_57
DISP

CHECK



NX57:

NX58:

NX59:

NX60:

NX61:

NX62:

NX63:

NX64:

NX65:

CJNE
MOV
LCALL
LIMP
CJNE
MOV
LCA LL
LJMP
CJNE
MOV
LCALL
LIMP
CJINE
MOV
LCALL
LJMP
CJINE
MOV
LCALL
LIMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP

A #58,NX58
DPTR #WATT_58
DISP

CHECK

A #59,NX59
DPTR #WATT_59
DISP

CHECK
A#60,NX60
DPTR #WATT_60
DISP

CHECK
AHG1TNX51
DPTR #WATT_61
DiSP

CHECK

A#E2 NXB2
DPTR#WATT_62
DISP

CHECK

A3, NX63
DPTR#WATT_63
DispP

CHECK

AH64 NXB4
DPTR #WATT_64
DISP

CHECK
AH#65,NXB5
DPTR#WATT_65
DISP

CHECK
A#H66,NXB6
DPTRH#WATT_66
DISp

CHECK




NX66:

NX67:

NX68:

NX59:

NX70:

NX71:

NX72:

NX73:

NX74:

CJNE
MOV
LCALL
LJMmP
CJNE
MOV
LCALL
LIMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LIMP
CUNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJUNE
MOV
LCALL
LJMP
CJINE
MOV
LCALL
LJMP

AHGT NX67
DPTRH#WATT_67
DiSP
CHECK
AHG8,NX68
DPTRAWATT_B8
Disp
CHECK
A#HE9 NXB9
DPTRH#WATT_B9
DISP
CHECK
AH#HTONXTO
DPTR AWATT_70
DISP
CHECK
AHT1NX7
DPTR#WATT_71
DISP
CHECK
AHT2NX72
DPTRAWATT_72
DISP
CHECK
AB7I3NXT3
DPTR#WATT_73
DISP
CHECK
AHTANXT4
DPTR#WATT_74
DISP
CHECK
AHB75NXT5
DPTR#WATT_75
DISP
CHECK




NX75:

NX76:

NX77:

NX78:

NX79;

NX80:

NX81:

NX82:

NX83:

CJUNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJUNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJINE
MOV
LCALL
LIMP
CJINE
MOV
LCALL
LJMP
CJINE
MOV
LCALL
LIMP
CJNE
MOV
LCALL
LJMP
CJINE
MOV
LCALL
LJMP

AHT6 NXT76
DPTR #WATT_76
DISP
CHECK
AH#TT NXTT
DPTR #WATT_77
DISP
CHECK
AH#TBNX78
DPTR #WATT_78
DISP
CHECK
AH#TINXTY
DPTRA#WATT, 79
Disp
CHECK
AH80,NX80
DPTR #WATT_80
Disp
CHECK
A#BT1NX81
DPTR #WATT_81
Disp
CHECK
A#82 NX82
DPTR#WATT_82
DISP
CHECK
A#B3 NXB3
DPTRA#WATT_83
DISP
CHECK
AHB4 NX84
DPTR #WATT_84
Disp
CHECK



NX84:

NX86:

NX86:

NX87Y.

NXB8:

NX89:

NX90:

NX91:

NX92;

CJNE
MOV
LCALL
LUMP
CJNE
MOV
LCALL
LuMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LUMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP

A #85 NX85
DPTRAWATT_85
DISP
CHECK
A H#86,NX86
DPTR #WATT_86
DISP
CHECK
A H#HBT NXBY
DPTR #WATT_87
DISP
CHECK
A#88,NX88
DPTR#WATT_88
Disp
CHECK
A HE9,NX89
DPTR,#WATT_89
DISP
CHECK
AHG0,NX90
DPTRAWATT_90
DISP
CHECK
AHO1,NX91
DPTR#WATT_91
DISP
CHECK
A#O2,NX92
DPTR #WATT_92
DISP
CHECK
A#93,NX93
DPTR#WATT_93
bIsP
CHECK



NX93:

NX84:

NX35:

NX96:

NX97:

NXQ8:

NXQ9:

NX100:;

NX101:

CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJINE
MOV
LCALL
LIMP
CJNE
MOV
LCALL
LIMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LIMP
CJUNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJINE
MOV
LCALL
LJMmP

A #94 NX04
DPTRAWATT _94
DISP
CHECK
A#95 NX35
DPTR#WATT_95
DISP
CHECK
A #96,NX06
DPTR #WATT_96
DISP
CHECK
A#I7 NX97
DPTR#WATT_97
Disp
CHECK
A#08,NX98
DPTRAWATT_98
DISP
CHECK
A#99,NX99
DPTR#WATT_99
DISP
CHECK
A#100,NX100
DPTRWATT_100
DISP
CHECK
A#101,NX101
DPTRE#WATT_101
DisP
CHECK
A#102,NX102
DPTR#WATT_102
DISP
CHECK



NX102:

NX103:

NX104:

NX105:

NX106;

NX107:

NX108:

NX100:

NX110:

CJUNE
MOV
LCALL
LJmP
CJINE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJUNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LIMP
CJNE
MOV
LCALL
LIMP
CJNE
MOV
LCALL
LIMP

A #103,NX103
DPTRH#WATT_103
DISP
CHECK
A#104,NX104
DPTRAWATT_104
DISP
CHECK
A#105,NX105
DPTR#WATT_105
DISP
CHECK
A#106,NX106
DPTR#WATT _106
DISP
CHECK
A#107 NX107
DPTRAWATT_107
DISP
CHECK
A#108,NX108
DPTRA#WATT_108
DIsP
CHECK
A#109,NX109
DPTRAWATT_109
DISP
CHECK
A#110,NX110
DPTRAWATT_110
DISP
CHECK
A#11INX111
DPTRAWATT_111
DIsP
CHECK




NX111:

NX112;

NX113:

NX114:

NX115:

NX116:

NX117;

NX118:

NX119:

CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LIMP
CJNE
MOV
LCALL
LIMP
CJINE
MOV
LCALL
LIMP
CJNE
MOV
LCALL
LIMP
CJINE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LIMP
CJINE
MOV
LCALL
LJMP
CJINE
MOV
LCALL
LJMP

AATI2 NX112
DPTR.AWATT_112
DiSP

CHECK
A#113,NX113
DPTR#WATT_113
DISP

CHECK

A#114 NX114
DPTR#WATT_114
DISP

CHECK
A#115,NX115
DPTR,#WATT_115
DISP

CHECK
A#116,NX116
DPTR #WATT_116
DISP

CHECK

AT NX117
DPTR#WATT_117
DISP

CHECK
A#118,NX118
DPTR#WATT_118
DISP

CHECK
A#119,NX119
DPTRMWATT_119
DISP

CHECK
A#120,NX120
DPTR#WATT_120
DISP

CHECK



NX120:

NX121:

NX122:

NX123:

NX124;

NX125:

NX126:

NX127:

NX128:

CJUNE
MOV
LCALL
LJMP
CJINE
MoV
LCALL
LJMP
CJUNE
MOV
LCALL
LIMP
CJNE
MOV
LCALL
LJMP
CJUNE
MOV
LCALL
LIMP
CJINE
MOV
LCALL
LIMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LIMP
CJINE
MOV
LCALL
LimP

AH121,NX121
DPTRAWATT_121
DISP
CHECK
AH122 NX122
DPTRAWATT 122
DISP
CHECK
A#123 NX123
DPTRAWATT_123
DISP
CHECK
A#124 NX124
DPTRA#WATT_124
Disp
CHECK
A 125 NX125
DPTR,AWATT_125
DISP
CHECK
A#126 NX126
DPTR #WATT_126
DISP
CHECK
A#127 NX127
DPTR #WATT_127
DISP
CHECK
A#128 NX128
DPTR#WATT_128
DISP
CHECK
A#129 NX129
DPTRH#WATT_129
DiSP
CHECK



NX129;

NX130:

NX131:

NX132:

NX133:

NX134:

NX135:

NX136:

NX137:

CJNE
MOV
LCALL
LiMmp
CJINE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LUMP
CJNE
MOV
LCALL
LIMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJUNE
MOV
LCALL
LJMP
CJINE
MOV
LCALL
LIMP
CJNE
MOV
LCALL
LJMP

A#130,NX130
DPTRAWATT_130
Disp
CHECK
AF131,NX131
DPTR,BWATT 131
Disp
CHECK
A#132, NX132
DPTR#WATT_132
DisP
CHECK
A#133,NX133
DPTRA#WATT_133
Disp
CHECK
AN134,NX134
DPTRA#WATT_134
DISP
CHECK
AH#135,NX135
DPTR#WATT_135
DisP
CHECK
A#136,NX136
DPTRHWATT_136
DISP
CHECK
A#137 NX137
DPTR#WATT_137
pisp
CHECK
A#138,NX138
DPTR#WATT_138
DiSP
CHECK




NX138:

NX139:

NX140:

NX141:

NX142:

NX143:

NX144;

NX145:

NX146:

CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJNE
MOV
LCALL
LJMP
CJINE
MOV
LCALL
LJMP
CJINE
MOV
LCALL
LJMP

A#139 NX139
DPTR#WATT_139
DiSp
CHECK
A#140,NX140
DPTR #WATT_140
DISP
CHECK
A#141,NX141
DPFTR #WATT_141
DISP
CHECK
A#142,NX142
DPTR#WATT_142
DISP
CHECK
AH#143 NX143
DPTREWATT_143
DisP
CHECK
A#144 NX144
DPTR#WATT_144
DiSP
CHECK
A#145,NX145
DPTR #WATT_145
DisP
CHECK
A#146,NX146
DPTRH#WATT_146
DISP
CHECK
A#147 NX147
DPTRAWATT_147
DISP
CHECK




NX147: CJUNE A #148,NX148
MOV  DPTR#WATT_148
LCALL DISP
LJMP  CHECK

NX148: CINE  A#149,NX149
MOV DPTR#WATT_149
LCALL DISP
LJMP CHECK

NX149: CJUNE A #150,NX150
MOV DPTRH#WATT_150
LCALL DisP

NX150: LUMP  CHECK

DISP: MOV STORE2,A
MOV LCD_ADDR, #000H
LCALL SET_ADDR_LCD
LCALL WRLINE_LCD

RET
HEX3LCD: PUSH ACC ; Push ACC.
MOV  LCD_ADDR #044H
LCALL SET_ADDR_LCD
MQV A STORE . Get Data
MOV B#100 ;
DIv AB ; Divide by 100
ADD  A#030H ; Convert to ASCII
CJNE  A#O30H,HEX3_LCD_NX ; Checkx100=07
MOV A®D ; 0 => Write Space
HEX3_LCD_NX: MOV LCD_DATAA
LCALL WRCHAR_LCD ; Write x100
MOV  AB
MOV B#10
Div AB » Divide by 10
ADD  A#O30H : Convert to ASCI

MOV LCD_DATAA ;



HEX2LCD:

HEX2_LCD_NX:

S_DISP:

LCALL WRCHAR_LCD

MOV
ADD
MOV

AB
A#O30H
LCD_DATAA

LCALL WRCHAR_LCD

POP ACC

RET

PUSH ACC

MOV  LCD_ADDR#048H

LCALL SET_ADDR_LCD

MOV
MOV
DIV
ADD

A STORE1
B.#10

AB

A #)30H

CJNE  A#030H,HEX2_LCD_NX

MOV
MOV

A0
LCD_DATAA

LCALL WRCHAR_LCD

MOV
MOV
DIv

ADD
MOV

AB

B.#1

AB

A HO30H
LCD_DATAA

LCALL WRCHAR_LCD

POP
RET

MOV

ACC

LCD_ADDR,#0000H

LCALL SET_ADDR_LCD

MOV

DPTR#ETITLE_X

LCALL WRLINE_LCD

MOV

LCD_ADDR#040H

LCALL SET_ADDR_LCD

MOV

DPTR#TITLE_4

LCALL WRLINE_LCD

; Write Lower HEX Code
; Get Remainder x1

; Convert to ASCII

; Write Lower HEX Code
: Pop ACC.,
; Returm

; Push ACC.

: Get Data

; Divide by 100
; Convert to ASCI

; Check x100=07?
; 0 => Write Space

; Write x100

; Divide by 10

; Convert to ASCII

; Write Lower HEX Code
: Pop ACC.

: Return



MOV
LCALL
CLR
suBB
MOV
INC
LCALL
MOV
LCALL
RET
KW: MOV
LCALL
MOV
LCALL
RET
FILL: MOV
MOV
LCALL
MOV
MOV
LCALL
MOV
LCALL
MOV
MOV
LCALL
RET
READEE: MOV
MOVX
MOV
RET

DPTR #0000H /ADDESS IN EEPROM
READEE {READ DATA IN EEPROM
C
A#H20
DATA1A ; TEN
DPTR JINC ADDESS IN EEPROM
READEE ‘READ DATA iN EEPROM
DATAZ.A {ONE
KW
STORE,DATA1
HEX3LCD
STORE1,DATAZ
HEX2LCD
DPTR,#0000H ;ADDESS iN EEPROM
A K23
WRITEE WRITE DATA TO EEPROM
DPTR#0001H ;ADDESS IN EEPROM
AHD
WRITEE WRITE DATA TO EEPROM
DPTR,#0000H ;ADDESS IN EEPROM
READEE
DPTR#0010H :ADDESS IN EEPROM
A#1
WRITEE WRITE DATA TO EEPROM
WMCON #00001000B ;ENABLE
A@DPTR
WMCON,#00000000B ;NOT ENABLE



WRITEE: MOV WMCON,#00011000B
MOVX @DPTR,A
CALL DTSED
MOV WMCON #000000008
RET
DTSED: MOV R2 #6
DTSED1: MOV R3#0
CX: DJNZ R3,CX
DJNZ R2.DTSED1
RET
; 12C RTC Read
RTC_RD: MOV  12C_ADDR#RTC_ID
LCALL [12C_SLAVE
MOV 12C_DATA #000H
LCALL [2C_DATA WR
MOV 12C_ADDR#RTC_ID+1
LCALL 12C_SLAVE
LCALL 12C_DATA_RD
MOV  SECONDS,I2C_DATA
LCALL 12C_ACK_BIT
LCALL 12C_DATA_RD
MOV MINUTES,1I2C_DATA
LCALL 12C_ACK_BIT
LCALL 12C_DATA_RD

\ENABLE

;NOT ENABLE

{DELAY WRITE ***

; Set RTC as 12C Write Slave

. Connect Siave

+ Set Slave Address 00H

; Write Daia to Siave

: Set RTC as I2C Read Slave
; Connect Slave

; Read Data from Siave

; Read Data to SECONDS
» Send Acknowledge

; Read Data from Stave
: Read Data to MINUTES

; Send Acknowledge

: Read Data from Slave



MOV
LCALL

LCALL
MOV
LCALL

LCALL
MOV
LCALL

LCALL
MOV
LCALL

LCALL
MOV
LCALL

LCALL
MOV
LCALL

LCALL
RET

HOURS [2C_DATA
12C_ACK_BIT

12C_DATA_RD
DAY 12C_DATA
12C_ACK_BIT

{2C_DATA_RD
DATE I2C_DATA
12C_ACK_BIT

12C_DATA_RD
MONTH,I12C_DATA
12C_ACK_BIT

I2C_DATA_RD
YEAR, I2C_DATA

12C_ACK_BIT

12C_DATA_RD

CONTROL,I12C_DATA

{2C_NACK_BIT

[2C_STOP

]

: 12C RTC Wirite

RTC_WR:

MOV
LCALL

MOV
LCALL

MOV

(2C_ADDRRTC_ID
12C_SLAVE

[2C_DATA #000H
12C_DATA_WR

12C_DATA SECONDS

: Read Data to HOURS
» Send Acknowledge

; Read Data from Slave
; Read Data to DAY

: Send Acknowledge

; Read Data from Slave
: Read Data to DATE

: Send Acknowledge

; Read Data from Slave
; Read Data to MONTH
; Send Acknowledge

: Read Data from Slave
; Read Data o YEAR
: Send Acknowledge

; Read Data from Slave
: Read Dala 1o CONTROL

: Send Not Acknowledge

; Send Stop Condition

; Retum

; Sot RTC as 12C Write Slave
; Connect Slave

. Set Slave Address O0H

: Write Data to Slave

- Write SECONDS 1o RTC



LCALL

MOV
LCALL

MOV
LCALL

MOV
LCALL

MOV
LCALL

MOV
LCALL

MOV
LCALL

MOV
LCALL

LCALL
RET

I2C_DATA_WR

[2C_DATAMINUTES
12C_DATA_WR

12C_DATA HOURS
12C_DATA_WR

2C_DATA DAY
2C_DATA_WR

12C_DATA,DATE
12C_DATA_WR

{2C_DATAMONTH
I2C_DATA_WR

12C_DATA YEAR
[2C_DATA_WR

I2C_DATA,CONTROL
[2C_DATA_WR

12C_STOP

; 12C Data Wiite
D 1/P:

; Reserve:

I2C_DATA
RS

[2C_DATA_WR:

- PUSH

SETB
MOV
MOV

ACC
2C_ACK
AI2C_DATA
R5,#008

; Write MINUTES to RTC

; Write HOURS to RTC

; Write DAY to RTC

. Write DATE o RTC

; Write MONTH to RTC

» Write YEAR to RTC

; Write CONTROL fo RTC

: Send Stop Condition

: Retum

: Push ACC.
: Set ACK. bit
; Get Data

: Set loop 8 times



MOV POA

LCALL LCD_CLK

INC DPTR

INC RO

CJNE  RO#16,WRLINE_LCD_1
LCALL LCD_ON

RET

« W v vie i e v vhrske s e o e Wt kededeiniededo b deinde e de o
)

> DELAY MODULE

a3k T v v e e o v i el A e vrdrich i e Al e ek e o e o el el e
1

LCD_DELAY: MOV 7.#002
LCD_DELAY_1: MOV 6#0E6H
LCD_DELAY_2:  NOP
NOP
DINZ R6,LCD_DELAY_2
DINZ R7,LCD_DELAY_1
RET
DELAY_10ms: MOV  7#010
DELAY_10ms_1: MOV 6 #0EGH
DELAY_i0ms_2: NOP
NOP
DJNZ R6,DELAY_10ms_2
DINZ R7.DELAY_10ms_1
RET
DELAY_100ms: MOV  7#080
DELAY_100ms_1: MOV 6#0E6H
DELAY_100ms_2: NOP
NOP
DJNZ R6,DELAY_10ms_2
DJNZ R7,DELAY_10ms_1
RET



DELAY_1s:
DELAY_1s_1:

DELAY_11s:
DELAY_11s_1:

T1_ADD:

T2_ADD:

T3_ADD:

MOV  5#100

LCALL DELAY_10ms

DJNZ R5,DELAY_1s_1
RET

MOV 5#050

LCALL DELAY_10ms

DJNZ R5,DELAY_11s_1

RET
OB 0,1,24456,789.9,10
DB 12,13,14,15,16,17,18,19
DB 20,21,22,23,24,25 2527
DB 28,29,30,31,32,33,34,35
DB 36,37.38,33,40,41,42 43
DB 44,45,46,47 48,4650 51
DB 52,53,54,55,56,57,58,59
DB 60,61,62,63,64,6566,67
DB  68,69,70,72,74,76,78,80
DB 82,84,86,88,90,95,99
0B 1,1.1,1.11.1.1,1,1
DB 1111111111
B 1.1,1,1,1,1,1,11,1
DB 1111111111
DB 1111222222
DB 2222222222
DB 22222223
DB 0,1.23,56,8.10,12,14
DB  16,18,20,21,23,24,25 26
DB 28,30,31,32,34,36,38,40
DB 41,42,43,44,45,46,48,49
DB 50,51,52,53,54,55,63,74
DB  85,96,0,5,10,15,16,17,18
0B 19,21,25,27,30,35,40,50
DB  55,60,65,70,80,85,90
DB 9530



TITLE_X:
TITLE_1:
TITLE_2:
TITLE_3:
TITLE_4:
WATT_0:
WATT_1:
WATT_2:
WATT_3:
WATT _4:
WATT_5:
WATT_6:
WATT_T:
WATT_8:
WATT_9:

WATT_10:
WATT_11:
WATT_12:
WATT_13:
WATT_14:
WATT_15:
WATT_16:
WATT_17;
WATT_18:
WATT_19:
WATT_20;
WATT_21;
WATT_22:
WATT_23:
WATT_24:
WATT_25:
WATT_26:
WATT_27:
WATT_28:
WATT_29:

DB
DB
DB
DB
DB
DB
DB
DB
DB
D8
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

' TOTAL USED '

" DIGITAL
' KW-HOUR

METER "

"NOWLOAD: W'

' . kwh

* NOWLOAD:

" NOWLOAD

* NOWLOAD:
' NOWLOAD:
* NOWLOAD:
* NOWLOAD:
* NOWLOAD:
" NOWLOAD:
* NOWLOAD:
* NOWLOAD:
* NOWLOAD:
* NOWLOAD:
* NOWLOAD:
* NOWLOAD:
* NOWLOAD:
* NOWLOAD:
* NOWLOAD:
* NOWLOAD:;
' NOWLOAD:
* NOWLOAD:
* NOWLOAD:
' NOWLOAD:
' NOWLOAD:
* NOWLOAD:
* NOWLOAD:
* NOWLOAD:
* NOWLOAD:
* NOWLOAD:
* NOWLOAD:
* NOWLOAD:

ow’
10w’
20w’
40w
45W'
aow!
6ow:
T0W*
sow’
gow'
g5 w!
100W*
120W*
130w’
140 W'
150w
160 W'
17ow!
180 W'
190w
200w
210wW*
220w
230w’
240wW!
250W'
260w’
270w
280w’
200w’



WATT _30:
WATT 31
WATT_32:
WATT_33:
WATT_34:
WATT_35:
WATT_36:
WATT_37:
WATT_38:
WATT_39:
WATT_40:
WATT_41:
WATT_42.
WATT_43:
WATT_44:
WATT_45;
WATT_46:
WATT _47:
WATT_48;
WATT_49:
WATT_50:
WATT _51:
WATT_52:
WATT_53;
WATT_54;
WATT_55:
WATT_56:
WATT_57:
WATT_58:
WATT_59:
WATT_50:
WATT_61:
WATT_62:
WATT_63:
WATT_64:
WATT_65:

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
bB
DB
DB
DB
D]}
DB
D8
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
bB
DB
DB
DB
DB
DB

"NOWLOAD: 300 W'
"NOWLOAD: 310 W'
"NOWLOAD: 320 W'
" NOWLOAD: 330 W
'NOWLOAD: 340 W'
*NOWLOAD: 350 W'
"NOWLOAD: 360 W
"NOWLOAD: 370 W'
"NOWLOAD: 380 W'
"NOWLOAD: 330 W'
" NOWLOAD: 400 W'
* NOWLOAD: 410 W'
"NOWLOAD: 420 W'
"NOWLOAD: 430 W'
" NOWLOAD: 440 W'
‘ NOWLOAD: 450 W'
"NOWLOAD: 460 W'
" NOWLOAD: 470 W'
"NOWLOAD: 480 W'
" NOWLOAD: 490 W'
"NOWLOAD: 500 W'
*NOWLOAD: 510 W'
' NOWLOAD: 520 W'
' NOWLOAD: 530 W'
' NOWLOAD:; 540 W
" NOWLOAD: 550 W'
"NOWLOAD: 560 W'
‘NOWLOAD: 570 W'
' NOWLOAD: 580 W*
" NOWLOAD: 530 W'
"NOWLOAD: 600 W'
* NOWLOAD: 610 W'
' NOWLOAD: 620 W'
"NOWLOAD: 630 W*
"NOWLOAD: 640 W'
' NOWLOAD: 650 W'



WATT_66:
WATT_B7:
WATT_88:
WATT_69:
WATT_70:
WATT_71:
WATT_72:
WATT_73:
WATT _74:
WATT_75:
WATT_76:
WATT_77:
WATT_78:
WATT_79:
WATT _80:
WATT_81:
WATT_82:
WATT_83:
WATT_84:
WATT _85:
WATT_86:
WATT_87;
WATT_88:
WATT_89:
WATT_90:
WATT_91;
WATT_92:
WATT_93:
WATT_94;
WATT_95:
WATT_96:
WATT_97:
WATT_98:
WATT_99:
WATT_100:
WATT_101:

DB
DB
DB
DB
DB
DB
be
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
OB
DB
OB
DB
DB
0B
DB
DB
DB
DB
DB
DB
DB

DB
DB

"NOWLOAD: 660 W*
"NOWLOAD: 670 W *
"NOWLOAD: 680 W'
"NOWLOAD: 890 W'
' NOWLOAD: 700 W
"NOWLOAD: 720 W'
"NOWLOAD: 740 W *
"NOWLOAD: 760 W'
"NOWLOAD: 780 W'
"NOWLOAD: 800 W'
"NOWLOAD: 820 W'
"NOWLOAD: 840 W *
"NOWLOAD: 860 W'
' NOWLOAD: 880 W'
"NOWLOAD: 900 W
"NOWLOAD: 950 W *
‘NOWLOAD: 990 W'
"NOWLOAD:1000 W *
"NOWLOAD:1010 W *
"NOWLOAD:1020 W *
"NOWLOAD: 1030 W *
' NOWLOAD: 1050 W '
' NOWLOAD: 1060 W *
' NOWLOAD: 1080 W
"NOWLOAD:1100 W'
"NOWLOAD: 1120 W
*NOWLOAD:1140 W'
"NOWLOAD: 1160 W
"NOWLOAD: 1180 W'
' NOWLOAD:1200 W'
"NOWLOAD: 1210 W
" NOWLOAD:1230 W'
'NOWLOAD: 1240 W
"NOWLOAD:1250 W'
"NOWLOAD: 1260 W'
"NOWLOAD:1280 W




WATT_102:
WATT_103:
WATT_104:
WATT_105:
WATT_106:
WATT_107:
WATT_108;
WATT_100:;
WATT_110:
WATT_111:
WATT_112:
WATT_113:
WATT_114:
WATT_115:
WATT _116:
WATT_117:
WATT_118:
WATT_119:
WATT_120:
WATT_121;
WATT _122:
WATT_123:
WATT_124:
WATT_125:
WATT_126:
WATT_127:
WATT_126:
WATT_129:
WATT_130:
WATT_131:
WATT_132:
WATT_133:
WATT_134:
WATT_135:
WATT_136:
WATT_137:

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
CB
DB
DB
D8
DB
DB
DB
DB
DB
DB
DB
bB
DB
DB
DB
D8
bB
DB
DB
D8
DB
0B
DB
DB
D8
DB

' NOWLOAD: 1300 W'
"NOWLOAD:1310W*
"NOWLOAD: 1320 W'
" NOWLOAD:1340 W
"NOWLOAD: 1360 W
‘NOWLOAD:1380 W !
‘NOWLOAD: 1400 W *
‘NOWLOAD: 1410 W'
"NOWLOAD: 1420 W
' NOWLOAD: 1430 W
"NOWLOAD: 1440 W *
' NOWLOAD: 1450 W'
" NOWLOAD: 1460 W'
"NOWLOAD: 1480 W'
' NOWLOAD: 1480 W *
" NOWLOAD:1500 W '
‘ NOWLOQAD: 1510 W
' NOWLOAD:1520 W
"NOWLOAD: 1530 W'
* NOWLOAD:1540 W *
* NOWLOAD: 1550 W *
' NOWLOAD:1630 W *
'NOWLOAD: 1740 W
' NOWLOAD: 1850 W '
* NOWLOAD:1960 W *
" NOWLOAD:2000 W *
' NOWLOAD:2050 W
‘' NOWLOAD:2100 W'
' NOWLOAD:2150 W *
*NOWLOAD:2160 W
* NOWLOAD:2170 W
*NOWLOAD:2180 W'
' NOWLOAD:2190 W
"NOWLOAD:2210 W
‘NOWLOAD:2250 W'
' NOWLOAD:2270 W




WATT_138:

WATT_139:;
WATT_140:
WATT_141:

WATT_142:

WATT_143:

WATT _144:

WATT_145;

WATT_146;

WATT_147;

WATT_148:
WATT_149:

WATT_150:

END

DB
0B
DB
OB
DB
0B
DB
OB
0B
DB
DB
DB
OB

" NOWLCAD:2300 W
"NOWLOAD:2350 W
" NOWLOAD:2400 W *
" NOWLOAD:2500 W
" NOWLOAD:2550 W'
" NOWLOAD:2600 W
" NOWLOAD:2650 W *
" NOWLOAD:2700 W'
" NOWLCAD:2800 W'
"NOWLOAD:2850 W
"NOWLCAD:2800 W *
" NOWLOAD:2g50 W
"NOWLOAD:3000 W
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EXIT;

LCALL READEE ;READ DATA IN EEPROM
ADD A#1

MOV DPTR#0000H JADDESS IN EEPROM
LCALL WRITEE

RET

INIT_LCD:

LCD_CLR:

LCD_HOME:

LCD_QOFF:

ek Yodrt i e il de dededededek e drde A e e ook ek e o e e e e e

LCD MODULE *

LCALL DELAY_100ms
CLR LCD_RS

MOV P0.#00111000B
LCALL LCD_CLK
LCALL DELAY_10ms
MOV P0,#00111000B
LCALL LCD_CLK
LCALL LCD_OFF
LCALL LCD_CLR
MOV P0,#000001108
LCALL LCD_CLK
LCALL LCD_HOME
CLR LCD.RS

MOV PO #000000018B
LCALL LCD_CLK

RET

CLR LCD_RS

MOV PO.#000000108
LCALL LCD_CLK

RET

CLR LCD_RS

MOV PO,#00001000B
LCALL LCD_CLK

RET




LCD_CLK:

LCD_ON:

LCD_BLINK:

LCD_LSHF:

LCD_RSHF:

SET_ADDR_LCD:

WRCHAR_LCD:

WRLINE_LCD:
WRLINE_LCD_t:

SETB LCD.EN
LCALL LCD_DELAY
CLR LCD_EN
LCALL LCD_DELAY
RET
CLR LCD_RS
MOV PO,#00001100B
LCALL LCD_CLK
RET
CLR LCD_RS
MOV PO#000011118
LCALL LCD_CLK
RET
CLR LCD_RS
MOV  PD.#000110008
LCALL LCD_CLK
RET
CLR LCD_RS
MOV P0#00011100B
LCALL LCD_CLK
RET

CLR LCD_RS
MOV  ALCD_ADDR
SETB ACC.7
MOV POA
LCALL LCD_CLK
RET
SETB LCD_RS
MOV  PO,LCD_DATA
LCALL LCD_CLK
LCALL LCD_ON
RET
MOV  RO#0
SETB LCD_RS
CLR A
MOVC A@A+DPTR




STMP:

WRR:

LAS:

MOV  DPTR#D001H
LCALL READEE
ADD A DATA3
MOV DATA3A
CLR C

SUBB A#99

JC WRR

MOV A DATA3
MOV B.#100

DIV AB

MOV DATA3,B
MOV  DPTR#0000H
LCALL READEE
ADD A

MOV  DPTR#0000H
LCALL WRITEE
MOV  A,DATA3
MOV DPTR#0001H
LCALL WRITEE
LIMP EXIT

MOV A STORE2
MOV DPTR#T1_ADD
MOVC A@A+DPTR
MOV DATA3A
CLR C

SUBB A#100

JC STMP

MOV  A,DATA3
MOV  B#100

DIV AB

MOV  DPTR#0001H
LCALL READEE
ADD AB

MOV  DPTR#0001H
LCALL WRITEE
MOV DPTR#0000H

/ADDESS IN EEPROM

READ DATA IN EEPROM

ADDESS IN EEPROM

READ DATA IN EEPROM

;ADDESS IN EEPROM

JADDESS IN EEPROM

; Get Temp Value

ADDESS IN EEPROM

;READ DATA IN EEPROM

;ADDESS IN EEPROM

ADDESS IN EEPROM




I2C_DATA_WR_1: RLC A » Rolate ACC. to Left with Carry

MOV  SDA,C : Move Camry Flag to SDA
ACALL 12C_CLK » Pulse 12C Clock

DJNZ R5,2C_DATA_WR_1 : Do until 8 times

SETB  SDA ; Set SDA

ACALL I12C_DELAY ; Delay

SETB SCL ; Set SCL

ACALL [2C_DELAY ; Delay

JB SDA,I2C_DATA_WR_2 : Check Acknowledge from Siave

CLR  12C_ACK ; Clear ACK. bit
{2C_DATA_WR_2: CLR  SCL ; Clear SCL
POP ACC : Pop ACC.,
RET ; Retum
; 12C Data Read
; O/P: I2C_DATA
: Reserve: R5
I2C_DATA_RD: PUSH ACC ; Push ACC.
CLR A ; Clear ACC.
MOV R5#008 : Setloop 8 times
I2C_DATA_RD_1: ACALL I12C_DELAY ; Delay
SETB  SCL : Set SCL
ACALL [2C_DELAY ; Delay
MOV C.SDA ; Get SDA to Carry Flag
RLC A : Rotate ACC. to Left with Cary
CLR  SCL ; Clear SGL
DJNZ R5,12C_DATA_RD_1 + Do untit 8 times
MOV  12C_DATAA ; Move Data to I2C_DATA
POP  ACC ; Pop ACC,

RET ; Retum



; 12C Slave Connect

L P i2C,_ADDR
: O/P Flag: 12C_ACK
: Reserve: RS
12C_SLAVE: PUSH ACC
SETB  I2C_ACK
MOV AI2C_ADDR
ACALL I2C_START
MOV R5,#008
I2C_SLAVE_t: RLC A
MOV SDAC
ACALL [2C_CLK
DINZ  RS5,12C_SIAVE_1
SETB  SDA
ACALL 12C_DELAY
SETB  SCL
ACALL {2C_DELAY
JB SDA,I2C_SLAVE_2
CLR  i{2C_ACK
12C_SIAVE_2: CLR  SCL
POP  ACC
RET
: 12C Start Condition
12C_START: JNB SCL,I12C_START_1
CLR SCL
I2C_START_1: SETB  SDA
SETB  SCL

; Push ACC.

; Set ACK. bit

; Get Slave Address

» Send Start Condition

; Set loop 8 times

» Rotate ACC. to Left with Carry
; Move Carty Flag to SDA

: Pulse 12C Clock

; Do until 8 times

: Set SDA

; Delay

; Set SCL

; Delay

: Check Acknowledge from Slave
; Clear ACK.

: Clear SCL

;. Pop ACC.

; Retum

; Check current SCL set?

; Clear SCL

: Set SDA
: Set SCL



ACALL 12C_DELAY

CLR  SDA
ACALL I2C_DELAY
CLR  SCL

RET

; 12C Stop Condiition

12C_STOP:

12C_STOP_1:

JNB SCL12C_STOPF_1

CLR  SCL

CLR SDA
ACALL [2C_DELAY
SETB  SCL
ACALL {2C_DELAY
SETBE SDA
RET

[l

1 12C Clock

12C_CLK:

ACALL 12C_DELAY
SETB  SCL
ACALL 12C_DELAY
CLR  SCL

RET

; 12C Acknowledge

12C_ACK_BIT;

CLR  SDA
ACALL {2C_DELAY
ACALL 12C_CLK
SETB  SDA

RET

; Delay

; Clear SDA during SCL set
. Delay

; Clear SCL

: Retum

; Check cumrent SCL set?
; Clear SCL

: Clear SDA

; Delay

: Set SCL

; Delay

; Set SDA during SCL set

. Return

; Pulse SCL

; Retumn

; Clear SDA
; Delay
; Pulse 12C Clock

; Retum



v 12C Not Acknowledge

#

I2C_NACK_BIT:

SETB

SDA

ACALL 12C_DELAY
ACALL 12C_CLK

SETB
RET

SCL

; Dummy Delay time [2C_DELAY, LCD_DELAY, 10m, 100m, 1s

[12C_DELAY:
[2C_DELAY_1:

SET:

LAST:
LOG:

MOV
NOP
NOP
DJNZ
RET

MOV
MOV
MOV
MOV
MOV
MOV
LCALL
MOV
RET

LImP
LCALL
MOV
CLR
sSuBB

R6 #00CH

R6,I2C_DELAY_1

DATE #010H
MONTH,#010H
YEAR#J1H
HOURS,#00H
MINUTES #00H
SECONDS,#00H
RTC_WR
ST1,HOURS

LAS

SET
ASTORE2
C

A#83

; Set SDA
; Delay
; Pulse 12C Clock

: Retumn

; Each loop = 50 us

; Keep Date Data

: Keep Month Data

; Keep Year Data

; Keep Hours Data

; Keep Minutes Data
: Keep Seconds Data
: Write RTC



JC LAST

MOV A STOREZ
MOV DPTR#T2_ADD
MOVC A@A+DPTR
MOV DATA3A

MOV DPTR#0000H
LCALL READEE

ADD A DATA3

MOV DPTR#0000H
LCALL WRITEE

MOV ASTORE2
MOV DPTR#T3_ADD
MOVC A@A+DPTR
MOV DATA3A

MOV DPTR#O001H
LCALL READEE

ADD ADATA3

MOV  DATA3A
CLR C

SUBB A#99

JC STMP

MOV  A,DATA3
MOV  B#100

DIV AB

MOV DPTR#0001H
LCALL READEE
ADD AB

MOV  DFTR#0001H
LCALL WRITEE
MOV DPTR#0000H
LCALL READEE
ADD
MOV

A1

DPTR #0000H
LCALL WRITEE
LJMP  EXIT

: Get Temp Value

;ADDESS IN EEPROM

;READ DATA IN EEPROM

;ADDESS IN EEPROM

; Get Temp Value

;ADDESS IN EEPROM
;:READ DATA IN EEPROM

;ADDESS IN EEPROM
;READ DATA IN EEPROM

;ADDESS IN EEPROM

;ADDESS IN EEPROM
:READ DATA IN EEPROM

:ADDESS IN EEPROM
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Wideband Linear
Four-Quadrant Multiplier

The MC14895 is designed for use where the outpul is a finear product of
two input voltages. Maximum varsatility is assured by allowing the user to
select the level shift method. Typical applications include: multiply, divide®,
square root*, mean square®, phase detector, frequency doubler, balanced
modulator/demodulator, end electronic gain control.

* Wide Bandwidth

® Excellent Linearity: .
2% max Ermror on X Input, 4% max Error on Y Input Over Temperature
1% max Error on X Input, 2% max Erroron Y input at + 25°C

® Adjustable Scale Factor, K

® Excellent Temperature Stability

¢ Wide input Voltage Range: + 10 V
& 115V QOperation

“When used with an operational amplifier.

_ MAXIMUM RATINGS (Ta = + 25°C, unless otherwise noted.)

Rating Symbol Value Unit
Applied Voltage av 30 Vde
(V2-V1, V14 V1, V1-Vg, V1-V42, V1-Vy,
| V1-Vg, Vi2-V7, Vg-V7, Vg-V7, Vg-V7)
- Difierential input Signat Vip-Vg | +(6+l13Ry) | Vdc
V4-Vg 1 (6+3 Ry)
Maximum Bias Current I3 10 mA
13 10
Operating Temperature Range TA °C
MC1495 Oto+70
MC14958 -40to +125
Storage Temperature Range Tstg —65to +150 °c

Order this document by MC1495/D

MC1495

LINEAR
FOUR-QUADRANT
MULTIPLIER

SEMICONDUCTOR
TECHNICAL DATA

D SUFFIX
PLASTIC PACKAGE
CASE 751A
(30-14)

P SUFFIX
PLASTIC PACKAGE
CASE 646
ORDERING INFORMATION
Tested Opsarating
Device Tempsrature Range Packege
MC1485D 8014
Ta=0°to+ 70°C
MC1485P Plastic DIP
MC1485BP | Ta =-40°to +125°C | Plastic DIP
@ Molorola, Inc. 1996 Rev (



MC1495

ELECTRICAL CHARACYERISTICS (+V=+32V,-V=-15 V. TA=+25°C, I3 =113 = 1.0mA, Rx =Ry = 15 ki}, R_ = 11 ki), unless
otherwise noted.)

Charactoristics Figure Symbot Min Tvp Max Unit
Linearity (Output Error in percent of full scale) 5 %
Ta=+25°C
~10< Vx < +10 (Vy =110 V) ERx - £1.0 +1.0
=10 < Vy < +10 (Vx =210 V) ERy - 120 2.0
TA= Tow o Tl-nw
“10<Vx < +10{(Vy = t10V) Erx - 1.5 +2.0
-10<Vy <+10{(Vx=110V) Ery - +3.0 +4.0
Square Mode Error (Accuracy in percent of full scale after 5 Esq %
Offset and Scale Factor adjustment)
TA=+25C - +0.75 -
Ta= TLowto THigh - +1.0 -
Scale Factor (Adjustable) 2R - K - 0.1 -
K= t)
( 13 Rx Ry
Input Resistance {f = 20 Hz) 7 Rinx - 30 - MO
Riny - 20 -
Differantlal Output Resistance (f = 20 Hz) 8 Ro - 300 - kQ
Input Blas Current & KA
4‘ _(lg+1 14 +1 Ta=+25°C ibx, Iby - 20 8.0
L py =1 212)' |by=(42 8) TA= TLow [0 Trigh - 20 12
input Offset Curent 6 pA
Ilg~112| Tas+25°C loxl. liod | - 0.4 1.0
Jlq—lg| TA = TLow 10 THigh - 04 20
Average Temperature Coefficlent of Input Offsat Current 6 ITCiigl nA~C
TA = Tiow 10 Thign - 25 -
Output Offset Current Ta=+25°C 6 Ifool 10 50 pA
{14~ i3] Ta= TLow to THigh - 20 100
- Average Temperature Coefficient of Output Offset Current 6 {TCi00l nARC
Ta=TLowto THigh - 20 -
Frequency Response 9,10
3.0 dB Bandwidth, R(_ = 11 k2 BW(3q8) - 3.0 - MHz
3.0 dB Bandwidth, R = 50 02 (Transconductance Bandwidth} TBW(3dB) - 80 - MHz
3° Relative Phase Shift Between Vi and Vy % - 750 - kHz
1% Absolute Error Due to Input-Output Phase Shift fa - 30 - kHz
Common Made Input Swing 1 CMV Vdc
{Either Input) +10.5 +12 -
: Common Mode Gain Ta=+25°C ) ArM - 50 -60 - dB
(Either Input) TA=TLowto THi - 40 =50 -
.Common Mode Quieacant 12 Vo1 - 21 - Vde
Output Voltage Voo - 21 -
‘Diffarsntial Output Vottage Swing Capability 9 Vo - +14 - Vpk
Power Supply Sensitivity 12 s+ - 5.0 - mviv
s - 10 -
Power Supply Current 12 7 - 6.0 7.0 mA
DC Power Dissipation 12 D - 135 170 mw
'OTES: 1. THigh = +70°C for MC1485 Teow =0°C for MC1485
= +125°C jor MC 14958 = —40°C for MC 14058

H MOTOROLA ANALOG IC DEVICE DATA



MC1495
Figure 1. Multiplier Transfer Characteristic

Figure 2. Transconductance Bandwidth

8.0 X X .y —
60 y—» ke o 10
'\ . o
4.0 'h.,___‘ " =._J_ | /K -~ 3
20 — \4 10 ‘-/\T‘{‘*j g o 41 \
0 e—— T L __—-m g M
I — VY0V A
-40 Pt I % 1 N
B0k e Vy Vi
B KR Yop -2
-80 )
=10 -3
-10 -80 -60 -40 ~20 0 20 40 60 80 10 1.0 10 100 1000
Vy, INPUT VOLTAGE {V) 1, FREQUENCY (MHz}
Figure 3. Circuit Schematic
+
a a2
10 ‘L [ b —0 1 Output (KXY)
Y r—és_“os Qr o8
; 4
- : +
8 9
Y Input °© b } ; [ 0O 8 X input
40; Q1 @ Q3 o4 1—o 12
4.0k 40k
5 { 40k 4.0% . 7
80 Q 10
30 L 4 ! 013
500 500 500 m%—ésm 500
V- TG + + . - +
This device contains 16 active transistors.
Figure 4. Linearity {Using Null Technique)
v+
10k 27K Ry=75k "Fii a5V
ol s 5 3063 | Faok 1063
5 10 Q1 : 10
L] _o_
3.0k
+ MC1495 4 —-(2;
1"
A i» = e e Ve
12 O3 O7 O1F 1
Adjyat 13k 12k
S0k 10k
Scae Ve
Faclor -
Aijest Lo uF _ 5V
= = NOTE: Adjust “Scale Factor Adjust” for a null in VE.This schemalic for
itiustrative purposes only, nol specified for test conditions.
3

MOTOROLA ANALOG IC DEVICE DATA
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Figure 5. Linearity (Using X-Y Plotter Technique)

v

Ry=15k Ry=15k v
ToPin R1 32’
v:ag ( 50 800w on R 0.1 F
e "
Vze—o0—] Ruy=1ik "
8 Mo —o—d g N
P me Pm
OfsatAdust | ¥ o RUTIKS Vo Yinput | Ploter | xngut
(See Figures 13and 14) | yo 12 | O ~ o)
3 =
12k
5.0k
Scale
Factor
Adjest L
Figure 6. Input and Output Current Figure 7. Input Resistanca
Ry=15k Ry=15k RV o Ry=15k Ry =15k 32V
[ 81 =1.0Vms
20H
§ 9560010 du o T . mm"1 1k !

—c] Fo—AA—— ¢ ANy
— 9 1 . 2y —O-AM—4

‘_l:_ ‘2_ 10M 9 2 1y
jo 8 MC1495 -g——— 56k n1 & 1 MC1495 O-wWA—-e

—d . =

|k u Wt T .,2 2 Wk |
T 3§ 19 B bip=tom T M oM

L 12k =

= 12k 13350+
h=10mA IinF 0ApF 55
Scale w250k | = 5.0k T -

Factor 1:

Adjust L
T ey = Rinx = Ry = R |— 2} = sy < =
Figure B. Output Resistance Figure 8. Bandwidth (R = 11 k(2)

Ry=15k Ry=15k 32V Ry=15k Ry= 15k +32v
p
56 mn 8.1k ¢ 0 QM. gy
— PR o ek |
9 —_—r 9 11k
! 2 |RL=l1k -o—
' 8| Mclss i, 11k
14k 2 _[ 3
[ = = 3 7 T 01pf
10%ms 7R 0.1 pF 12k R13
NH: — 13Tk -I- A
bep =
137k Scake pS50k | TOTRF | ==CLednpr
B Factor = '
Mot 1 = =
Ro= RLIW .2' 15V

MOTOROLA ANALOG IC DEVICE DATA
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Figure 10. Bandwidth (R =50 0 Figure 11. Common Mode Gain and
g ® ) Common Mode Input Swing
Ry=510 Ry =510 +15Y 15k 15k RV
T CMV b
r;_ 5 6 il 1 10k (T=20H2) 4 56 0 ON 1 01k
b O s AAN el
+
—g— -‘g—‘\%\r—-—i 0 2 4 1k
M MC1495 “ P - -'%* MC1495 HOo—9—W\—
3
“tov [ 2 13 = +L ] 3 B Ak
l. T 0.1 pF CMV 3™ ; Y
= T 0. Y 12k = 01uF
K=40 1?172 + f=2012) L Hrom 12k fwm I
Lone Fo . <
<a0pF Vi
Fm F Geaty L Acu= g %cu?ry
x v,
=< - = 0
158V or 20 kog TV
Figure 12. Power Supply Sensitivity Figura 13. Offsat Adjust Circuit
'
32y +32V (Ve I
$K
2.0k
4
ToPing Pot# Pot#z  ToPni2
Y Ofget = 210K 10 kS cfomip— X Offet
Adjust Adjust
1 20K [
VH 5V [y [ -
R 10k | 2k Tw X :

2N2O0SA,
or Equivalent

-15¥

o= AMOI-VoRl

AV+
v R A (Vg1 - Vool
=) AV-
Figure 14, Offset Adjust Circuit (Alternate)
v+
Tm Fol# Pt
Y 10Kk Seggp X
Adlust Adjust
-
vt 1sv |a2v I _ 54y L1
R | 20k J81x 20k -
15V

=15V

MOTOROLA ANALOG IC DEVICE DATA



Figure 15. Linearity versus Temperature

MC1495

Figure 16. Scale Factor versus Temperature

20 0.0
1.8
E 45 \\ o105\ '
E 14 \\ 8"
§ 12 ~C =] g K Adjusted t0 0.100 at 25°C
-;_ 10 ;‘ 0.100 "~
a
I.I? 06 — 0095 [ ——l
04
02 - =
: C T T T T T 13
55 25 0 25 50 5100 15 55 -5 0 25 50 v W 15
Ta - AMBIENT TEMPERATURE (°C) Ta . AMBIENT TEMPERATURE (°C) _
Figure 17. Error Contributed by input Figure 18. Error Contributed by
Differential Amplifiar input Differential Amplifier
1.0 R T T
% Vx=Vy = 10V Nax g 9 VX =Vy =250V Max
u l3=143= 1.0 mAde W I3=lj3= 1.0 mAdc
é 0.8 Z o8
' @
2 os \ 2 o8 A\
5 5 \
E [ =
& 04 g o4 \
o o
i W \
¥ 02 T a2
0
10 12 14 16 18 2 04.0 6.0 80 10 12 14
Ry or Ry (k) Ry or Ry (k )
Figure 19. Maximum Allowable input Voltage versus Voltage at Pin 1 or Pin 7
14
- ’//
-
§ 10 A= //
g a0 /,4 //
3 Minimm " |
= 60 <]
z =
= 40 —
- / Recommended
=3 N Pag _
0 - —
0 20 4.0 60 8.0 10 12 4 16 8
V| orvgl (V)
6 MOTOROLA ANALOG IC DEVICE DATA



MC1495
OPERATION AND APPLICATIONS INFORMATION

Theory of Operation

The MC1495 is a monolithic, four<quadrant muttiplier
which operates on the principle of variable
transconductance. A detailed theory of operation is covered
in Application Note AN489, Analysis and Basic Operation of
the MC1585. The result of this analysts is that the differential
output current of the multiplier is given by:

b = Al = 2VXVY
Ia—-1g =Al R 3
where, IA and Ig are the cuments into Pins 14 and 2,

respectively, and Vy and Vy are the X and Y input voltages at
the multiplier input terminals.

DESIGN CONSIDERATIONS
" General

The MC1495 permits tha designer to tailor the multiplier to
a specific application by proper selection of external
components. External componénts may be selected to
optimize a given parameter (e.g. bandwidth) which may in
© turn restrict another parameter (e.g. maximum output voitage
- swing). Each important parameter is discussed in detail in the

following paragraphs. '
Linearity, Output Error, ERy or ERy

Linearity emor is defined as the maximum deviation of
. output voltage from a straight line transfer function. It is
* expressed as emor In percent of full scale (see figure below).

For example, if the maximum deviation, VE(tmax)' is
+100mV and the full scale output is 10 V, then the
percentage error is:

m=ﬁ%3 x 100 = +1.0%.

_ Linearity error may be measured by either of the following
‘methods:
1.Using an X-Y plotter with the circuit shown in Figure 5,
obtain plots for X and Y similar to the oné shown above,

2.Use the circuit of Figure 4. This method nulls the level
shifted output of the multiplier with the original input. The
peak output of the null operational amplifier will be equal
to the error voltage, VE (max)-

One source of linearity emor can arise from large signal
nonlinearity in the X and Y Input differential amplifiers. To
avoid introducing error from this source, the emitter
degeneration resistors Ry and Ry must be chosen large
snough so that nonfinear base-emitter voltage variation can
oe ignored. Figures 17 and 18 show the error expected from
+his source as a function of the values of Ry and Ry with an
sperating curmrent of 1.0 mA in each side of the differential
amplifiers (i.e., 13 =113 = 1.0 mA).

3 dB Bandwidth and Phase Shift

Bandwidth is primarily determined by the load resistors
and the stray multipier output capacitance and/or the
operational amplifier used to level shift the output. If
wideband operation is desired, low value load resistors
and/or a wideband operational amplifier should be used.
Stray output capacitance will depend to a large extent on
circuit layout.

Phase shift in the multiplier circult resufts from two
sources: phase shift common to both X and Y channels (due
to the load resistor-output capacitance pole mentioned
above) and relative phase shift betwean X and Y channels
{due fo differences in transadmittance in the X and Y
channels). If the input to output phase shift is only 0.6°, the
output product of two sine waves will exhibit a vector emor of
1%. A 3° relative phase shift batween V) and Vy results in a
vector amor of 5%.

Maximum Input Voltage
Vx(max). V¥(max) input voitages must be such that:
VX(max) <113 Ry
Vy{max) <(3 Ry
Exceeding this value will drive one side of the input amplifier
to “cutoff and cause nonlinear operation.

Current I3 and 143 are chosen at a convenient value
(observing power dissipation limitation} between 0.5 mA and
2.0 mA, approximately 1.0 mA. Then Ry and Ry can be
determined by considering the input signal handling
requirements.

For VX(max) = V¥(max) = 10 Vi

Rx =Ry >0V =10k
2Vy V
The equation A~ 1B = R)(XRYYI3
is defived from 15~ Ig = 2Vx VY .
Ry + +
(Rx —Zﬂqlw)(RY z—k—qia )3

. . 20 2kT
with the assumption R >> <% and Ry >> —-

PHONTX™> i1 RY ql3

At TA=+25°Cand {3 =13=1.0 mA,
2T 2T
g3 ql3

Therefore, with R = Ry = 10 k{2 the above assumption is
valid. Reference to Figure 19 will indicate iimitations of
Vx(max) or V¥{max) due to V4 and V7. Exceeding these timits

520

. will cause saturation or "cutoff” of the input transistors. See

Step 4 of General Design Procedure for further details.
Maximum Output Voltage Swing

The maximum output voltage swing is dependent upon the
factors mentioned below and upon the particular circuit being
considered.

For Figure 20 the maximum output swing is dependent
upon V* for positive swing and upon the voltage at Pin 1 for
negative swing. The potential at Pin 1 defermines the
quiescent level for transistors Qs, Qg, Q7 and Qg. This
potential should be related so that negative swing at Pins 2 or
14 does not saturate those transistors. See General Design
Procedure for further information regarding selection of
these potentials.
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Figure 20. Basic Multiplier
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If an operational amplifier Is used for level shift, as shown
n Figure 21, the output swing (of the mulkiplier} is greatly
‘educed. See Section 3 for further details.

GENERAL DESIGN PROCEDURE

Selection of component values is best demonstrated by
the following example. Assume resistive dividers are used at
the X and Y{nputs to limit the maximum muitiplier input to +
50V [vx = W(Imax)] for a £ 10 V input [Vye = Vy‘{max)]

(sea Figure 21). If an overall scale factor of 110 is desired,
then, Vo = V’&"*’: (2vx1)0(2w)= 410 Vx Vy

Therefore, K = 4/10 for the muttiplier (excluding the divider
network).

Step 1. The fist step is to select cument 13 and current [1a.
There are no restrictions on the selection of either of these
currents except the power dissipation of the device. I3 and 112
wili normally be 1.0 mA or 2.0 mA. Further, I3 does not have
to be equai to I3, and there is normally no need to make
them diﬁgrent. For this example, let

I3={13=1.0mA.

Figure 21, Multiplier with Oparatianal Amplifier Level Shift

~15V '?V
* * $-9 +15V
Ry Ry RI 2o gno WF J_
10k 10k 30k T30k Ta0K T 0tpF
0k 410910 05 0607 =
Vye + R 2 3
Vy
10k -V Vy
1 NC1495 e Vo= T
10k g 4
Wy + M
VX
10k 304 13 8 ¢t L 1
L Fs L’: T " 2 18K %
2k Sy 50K 0o RL
T Offset
= Adjust
Scale YOffset |p. | XOffsat™
Factar I Adjust y, Adjust
“V<Vy<+ov  Adet = v Ps
-0V vy < +10V 20k
Y sV R LI

AN, Vi
5.1vi 10k I 51V
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To set currents I3 and {13 to the desired value, it is only
necessary to connect a resistor between Pin 13 and ground,
and between Pin 3 and ground. From the schematic shown in
Figure 3, it can be seen that the resistor values necessary are
given by:

R13+500(2='—!‘%1X

o+ s000 =107V

LetV-=-—15V, then R13 +500 = 143V orR13=138 kO
1.0 mA

Let R13 = 12 kQ. Simllarly, R3 = 13.8 k&, let R3 = 15 kQ

However, for applications which require an accurate scale
factor, the adjustment of R3 and consequently, 13, offers a
convenient method of making a final trim of the scale factor.
For this reason, as shown in Figure 21, resistor R3 Is shown
&s a fixed resistor in series with a potentiomster,

For applications not requiring an exact scale factor
{balanced modulator, frequency doubler, AGC amplifier, efc.)
Pins 3 and 13 can be connected together and a single
rasistor from Pin 3 to ground can be used. In this case, the
single resistor would have a value of 1/2 the above calculated
value for R13.

Step 2. The next step is to select Ry and Ry. To insure that
the input trensistors will always be active, the following
conditions should be met:

Vx
Rx

A good rule of thumb is to make 13Ry > 1.5 VY(max) and
113Rx21-5VX(max . ThelargertheIgRyandl13Rx productin
relation to Vy and V respectively, the more accurate the
rultiplier wilt be (see Figures 17 and 18).

LetRx =Ry =10k,
thenigRy =10V
113Rx =10V
sincer(max)=W(max)=5.0V,thevaiueofo= Ry =10k
. is sufficlent.
Step 3. Now that Rx Ry and i3 have been chosen, Ry_can
be determined:

e BL__4 . @QRY 4
RxRyl3 10 '~ (10K) (10K} (1.0mA) 10

Thus R = 20 k2

Step 4. To determine what power supply voltage is

- Necessary for this application, attention must be given to the
_circut schematic shown in Figure 3. From the circuit
schematic it can be seen that in order to maintain transistors
Q4, Q2, Q3 and Q4 in an active region when the maximum
Input voktages are applied (Vx’ = Vy =10 Vor Vx = 5.0 V,
Vy = 5.0 V), their respective collector voltage should be at
least a few tenths of a volt higher than the maximum input

vy

<13, <l|g

voltage. it should also be noticed that the collector voltage of
transistors Q3 and Q4 Is at a potential which is two
diode-drops below the voltage at Pin 1. Thus, the voltage at
Pin 1 should be about 2.0 V higher than the maximum input
voltage. Therefore, to handie +5.0V at tha inputs, the voltage
at Pin 1 must be at least +7.0 V. Let V4 = 9.0 Vdc.

Since the current fiowing into Pin 1 is always equal to 213,
the voltage at Pin 1 can be set by placing a resistor (R+) from
Pin 1 to the positive supply:

Ry = v+ v4
213
- -15Vv-90V
Let V+ =15V, then R4 2)(1.0 mA)
R1=3.0 k2

Note that the voltage at the base of transistors Qs, Qg, Q7
and Q3 is one diode-drop below the voltage at Pin 1, Thus, in
order that these transistors stay active, the voltage at Pins 2
and 14 should be approximately halfway between the voltage
at Pin 1 and the positive supply voltage. For this example, the
voltage at Pins 2 and 14 should be approximately 11 V.

Step 5. For de applications, such as the multiply, divide
and square-root functions, it is usually desirable to convert
the differential output to a single-ended output voltage
referenced to ground. The circuit shown in Figure 22
performs this function. It can be shown that the output voltage
of this cireuit is given by:

Vo={2-14) R

2ily  2VxVWy
Andsince lpadp=lz2-14= T - _Eﬁiﬁy

2R V(' VY’
then Vo=—">F2 "1 t
n Vo 4R Rx I3 where, Vi’ Vy’ Is the voitage a

the input to the voltage dividers.
Figure 22, Level Shift Circuit
vt

& Rg
‘. >

- —e Vg

Rl.i RL
e AAA——— |
The choice of an operationat amplifier for this application

should have low blas currents, low offsst cument, and a high

common mode input voltage range as well as a high common

mode rejection ratio. The MC1456, and MC1741C
operational amplifiers meet these requirements.

MOTOROLA ANALOG IC DEVICE DATA



MC1495

Referring to Figure 21, the level shift components will be
determined. When Vx = iy = 0, the currents 12 and 114 will be
equaltel13. In Step 3, R was found to be 20 kQ and in Step
4,V2 and V14 were found to be approximately 11 V. From thig
. information Rg can be found easlly from the following

equation (neglecting the operational amplifiers blas current):

V2 = Vv
i v =15V-11vV
And for this example, 20ka* 10mA=—"2¥Y_-11Y¥

Solving for Ro: Rg = 2.6 ke, thus, select Ro=3.0kn

For Ro = 3.0 ke, the voltage at Pins 2 and 14 is calculated
to be:
Voa=Vi4=104V.

The linearity of this circuit {Figure 21) is likely to be as

The versatilify of the MC1495 allows the user to to
optimize its performance for various input and cutput signal
lavels.

OFFSET AND SCALE FACTOR ADJUSTMENT

Offset Voltages

Within the menolithic muttiplier (Figure 3) transistor base-
emitter junctions are typicaily matched within 1.0 mV and
resistors are typicaly matched within 2%. Even with this
careful matching, an output error can oceur. This output error
is comprised of X-input offset voltage, Y-input offset voltage,
and output offset voltage. These errors can be adjusted to
zero with the techniques shown In Figure 21. Offset terms
can be shown analytically by the transfer function:

VO = KlVx & Viox T Vx{off)] [Vy + Vigy £ Vy(offil £ Voo (1)
Where: K = scale factor

%2.0 k

- good or better than the circuit of Figure 5. Further Vx = ‘X’ input voltage
improvements are possible as shown in Figure 23 where Ry Vy = 'y" Input voltage
. has baen increasad substantially to improve the Y linearity, Viox = _x” input offset voltage
- and Ry decreased somewhat so as not to materially affect Vigy = “y:' input offset voltage
the X linearity. This avoids increasing Ry_significantly in order Vx(off) = X input offset adjust voitage
- to maintain a K of 0.1. Vvoﬂ‘) ="y" input offset adjust voltage
00 = oulput offset voltage.
Figure 23. Multiplier with Improved Linearity
-5V '?V
z » - +15V
15k K 30k £330k
vy 10k 4 - M
10k Wy Wy
o Vo=
0V L MC1495 0= =4
4 g
Ve 2K \ 2
10k 39 13 08 12
L 13k
3K<
12k "W
5.0k 10 k:t Output
Scale = 1 | ofet
Factor = [ Mjl.ﬁf
Adjust =
Y Offsat X Offset
Adust Y Adijust
20k .
1.15V_J§‘k .!' ‘v.'Ak PRETYY
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X Offsat o Y Offsat -

For most dc applications, all three offset adjust
- potentiometers (P4, Pg, P4) will be necessary. One or more
~offset adjust potentiomaters can be eliminated for ac
applications (see Figures 28, 29, 30, 31).
If well regulated supply voltages are available, tha offset
adjust circuit of Figurs 13 is recommended. Otherwiss, the
i cireuit of Figure 14 will greatly reduce the sensitivity to power
supply changes,

Scale Factor
The scale factor K is sat by P3 {Figure 21). P3 varies I3
-which inversely controls the scale factor K. It should be noted
-that current |3 is one-half the current through R4. R4 sets tha
bias tevel for Qs, Qg, Q7, and Qg (see Figure 3). Therefore, to
:be sure that these devices remain active under all conditions
of input and output swing, care should be exercised in
.adjusting P3 over wide voltage ranges (see Goneral Design
Procedure).

Adjustment Procedures

The following adjustment procedure should be used to nuil
the offsets and sat the scale factor for the multiply mode of
operation, (see Figure 21),

1. X-Input Offset
(a) Connect oscillator (1.0 kHz, 5.0 Vpp sinewave)
to the Y-input (Pin 4).
(b) Connect X-input (Pin 9) to ground.
{c) Adjust X offsat potantiometer (P2) for an ac¢
null at the output.
Y-lnput Offset
(a) Connect oscillator (1.0 kiHz, 5.0 Vpp sinewave)
to the X-input (Pin 9).
(b) Connect Y-input (Pin 4) to ground.
{c} Adjust Y offset potentiometer (P4) for an ac nul!
at the output.
. Output Offset
(a} Connect both X and Y-inputs to ground.
(b) Adjust output offset potentiometer (P4) until
the output voltage (Vo) Is 0 Vdc.
Scale Factor
(a) Apply +10 Vdc to both the X and Y-inputs.
(b) Adjust P3 to achieve + 10 V at the output.
Rapeat steps 1 through 4 as necessary,

. The ability to accurately adjust the MG1495 depends upon
® characteristics of potantiometers P{ through P4.
witi-turn, infinite resolution potentiometers with low
mperature coefficients are recommended,

4

-

DC APPLICATIONS

Muitiply

The circuit shown in Figure 21 may be used fo multiply
signals from dc to 100 kHz. input levels to the actual
muitiplier are 5.0 V {rax). With resistive voltage dividers the
maximum could be very large however, for this application
two-to-one dividers have been used so that the maximum
input levet s 10 V. The maximum output level has also been
designed for 10 V (max).

Squaring Circuit

if the two inputs are tied together, the resultant function is
squaring; that is Vo = KV2 where K is the scale factor. Note
that all emor terms can be eliminated with only thres
adjustment potentiometers, thus eliminating one of the input
offset adjustments. Procedures for nulling with adjustments
are given as follows:

A. AC Procedure:;

1. Connect oscillator (1.0 kHz, 15 Vpp) to input.

2. Monitor output at 2.0 kHz with tuned voltmeter
and adjust P3 for desired gain. (Be sure to peak
response of the voltmeter.)

3. Tune voltmeter to 1.0 kHz and adjust P1 for a
minimum output voltage.

4. Ground input and adjust P4 (output offset) for

0 Vdc output.
5. Repeat steps 1 through 4 as necessary.
B. DC Procedure:
1. SetVyx=Vy=0Vand adjust P4 (output offset

potentiometer) such that Vo=0Vvde

2. SetVx=Vy=10Vvand adjust Pq (Y-input offset
potentiometer) such that the output voltage is
+0.100 V.

3. SetVx =Vy=10Vdcand adjust P3 such that
the output voltage is + 10 V.

4. SetVy =Vy=-10Vdc, Repeat steps 1 through
3 as necessary.

Flgure 24, Basic Divide Circuit

KxVy |
CRELY I v
x
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Divide Circuit

Consider the circuit shown in Figure 24 in which the
multiplier is placed in the feedback path of an operational
ampiifier. For this configuration, the operational amplifier will
maintain a “virtval ground™ at the inverting (-} input.
Assuming that the bias current of the operational amplifier is
- negligible, then 14 =12 and,

KvxVy vz

R1 R 1)
: _ Rl Vz

Solving for Vy, Vy = R2K Vy (2)
If R1=R2, =& 3
R2, Vy KV @

_VZ
fR1=KR2, Vy=-_-% 4
Y=V 4

Hence, the output voltage is the ratio of Vz to Vy and
provides a divide function. This analysis is, of course, the
ideal condition. If the multiplier error is taken into account, the
output voltage is found to be;

= | RLI1VZ AE
VY—_{RZ K] Vx " KV . B

:where AE [s the error voltage at the output of the multiptier.
From this equation, it is seen that divide accuracy Is strongly
‘dependent upon the accuracy at which the multiplier can be
‘set, particularly at small values of V. For example, assume
that R1 = R2, and K = 1/10. For these conditions the output of
the divide circuit is given by:

~10Vz 10AE
W T o

From Equation 6, it is seen that only when Vx=10Visthe
arror voltage of the divide circuit as low as the error of the
multiply circuit. For exampile, when Vy is smali, (0.1 V) the
prror voltage of the divide cireult can be expacted to be a
wndred times the error of the basic muttiplier circuit.

In terms of parcentage error,

= Bor 4
percentage efror a dualx 00%

or from Equation (5),

AE
PED = _R!':ﬁﬁ = '%Ei @
[m] Vi

From Equation 7, the percentage error is inversely related
tovollage Vz (i.e., for increasing values of Vz, the percentage
enor decreases).

A circuit that performs the divide function is shown in
Figure 25.

Two things should be emphasized conceming Figure 25.

1. The input voltage (V) must be greater than zero and
must be positive. This insures that the current out of
Pin2 of the multiplier will always be in a direction
compatible with the polarity of Vz.

2. Pin2and 14 of the multiplier have been interchanged in
respect to the operational amplifiers input terminals. In
this instance, Figure 25 differs from the circuit
connection shown in Figure 21; necessitated to insure
negative feedback around the loop.

A suggested adjustrnent procedure for the divide circuit,

1. SetVz =0V and adjust the output offset potentiometer

{P4} until the output voltage (V) remains at some {not
- necessarily zero) constant value as Vy is vared
between +1.0V and +10 V,

2. Keep Vz at 0 V, set V- at +10 V and adjust the Y input
offset potentiorneter (P1) until Vg =0 V.

3. LetVyr=Vzand adjust the X-input offset potentiometer
(P2) untit the output voltage remains at some (not
necessarily — 10 V) constant vaiue as Vz = Vy is varied
between +1.0 and +10 V.

4. Keep Vxr=Vz and adjust the scale factor potentiometer
(P3) untilthe average value of Vo is—10VasVz= Vy'ls
varied between +1.0 V and +10 V.

5. Repeat steps 1 through 4 as necessary to achieve
optimum performance.

Figure 25. Divide Circuit
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Figure 26. Basic Square Root Circuit
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Square Root

A special case of the divide drcuit in which the two inputs
:to the multiplier are connected together Is the square root
“function as Indicated in Figure 26. This drcult may suffer from
Aatch-up problems similar to those of the divide circuit. Note
‘that only one polarity of input is allowed and diode clamping
(see Figure 27) protects against accidental latch-up.

This circuit also may be adjusted in the clased-oop mode

as follows:

1. Set V7 to —0.01 V and adjust P4 (oufput offset) for
Vo = +0.316 V, being careful to approach the output
from the positive side to preciude the effect of the output
diode clamping.

2 Set Vz o 0.9 V and adjust P2 (X adjust) for
Vo=+30V.

3. Set Vz to —10 V and adjust P3 (scale factor adjust)
for Vo =+10V,

4. Steps 1 through 3 may be repeated as necessary fo
achieve desired accuracy.

AC APPLICATIONS

The appiications that follow demonstrate the versatility of
the monolithic multiplier. If a potted mudtiplier is used for these
cases, the results generally would not be as good because
the potted units have circuits that, although they optimize dc
muitiplication operation, can hinder ac applications.

Frequency doubling often is done with a diode where
the fundamental pius a series of harmonics are
generated. However, extensive filtering is required to obtain
the desired harmonic, and the second hammonic obtained
under this technique usually is small in magnitude and
requires amplification.

When a multiplier is used to double frequency the second
harmonic is obtained directly, except for a de term, which can
be removed with ac coupling.

8 = KE2 cos2 oot

€0 =~%2 (1 +cos 2pt).

A potted multiplier can be used to obtain the double
frequency componant, but frequency would be limited by its
intemal level-shift amplififer. in the monoiithic units, the
amplifier is omitted.

In a typical doubler circuit, conventional + 15 v supplies
are used. An input dynamic range of 5.0 V peak-to-peak is
aliowed. The circuit generales wave-forms that are double
frequency; less than 1% distortion is encountered without
fitering. The configuration has been successfully used in
excess of 200 kHz; reducing the scale factor by decreasing
the load resistors can further expand the bandwidth.

Figure 29 represents an application for the monoiithic
multiplier as a balanced modulator. Here, the audio input
signal is 1.6 kHz and the carrier is 40 kHz,

Figure 27. Square Root Circuit

-15V —15V
Y 4
—e +5V
s Ry Ry
kg 10k 10k
108 18 Is b6 47
IP—#— +
NC1495 Y
9 Vo= V1o v
*~—0 + t
0Kz 3% 13 8¢ 12
1 13K 4 ! ovy
12k 3
5.0k .
To Offset 3
Scale m = Adjust "7 71 Pa | Oftset “0<Vz sV
::;:;; L {See Figure 13) I Adjust

TOTOROLA ANALOG IC DEVICE DATA

13



Figure 28. Frequency Doubler
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Figure 29, Balanced Modulator
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MC1495

The defining equation for balancad modulation is

K(Emcos emt) (Ec cos wgt) =

"E—GZE!D [ cos (ax + wrm)t + o8 (oo — ) £
where o Is the camier frequency, wm is the modulator
frequency and K is the muitiplier gain constant.

AC coupling at the output efiminates the need for level
translation or an operational amplifier; a higher operating
frequency results.

A problem common to communications is to extract the
intefligence from single-sideband received signal. The ssb
signal is of the form:

ssh = A €08 (@ + m) t
and if multiplied by the appropriate carmier waveform, cos wgt,

essbecarrier =5 [cos (26 + )t + cos (a) 1]

If the frequency of the band-imited carmier signal (wg) is
ascertained in advance, the designer can insert a low pass
filter and obtain the {AK/2) (coswet) term with ease. He/she
also can use an operational ampiffier for a combination lavel
shift-active filter, as an extermnal component. But in potted
multipliers, even if the frequency range can be covered, the
operational amplifier is inside and not accessible, so the user
must accept the level shifting provided, and still add a low
pass filter. )

Amplitude Modulation

The muttiplier periorms amplitude modulation, similar to
balanced modulation, when a dc term is added to the
modulating signal with the Y-offset adjust potentiometer (see
Figure 30).

Here, the identity Is:

Em(1 + m cos amt) Eq cos wgt = KEmEccos agt *

KEmEem
—g [oos(g + am)t + cos (- o) t]

where m indicates the degrees of modulation. Since m is
adjustable, via potentiometer P4, 100% modutation is
possible. Without extensive tweaking, 96% modulation may
be obtained where w; and wmy are the same as in the
balanced modulator example.

Linear Gain Control ,

To obtain linear gain control, the designer can feed to one
of the two MC1495 inputs a signal that will vary the unit's
gain. The following example demonstrates the feasibility of
this application. Suppose a 200 kHz sinewave, 1.0 V
peak-to-peak, is the signal to which a gain confrol will be
added. The dynamic range of the control voltage Vo is0Vio
+1.0 V. Thess must be ascertained and the proper values of
Ry and Ry can be selscted for optimum performance. Forthe
200 kHz operating frequency, load resistors of 100 Q were
chosen to broaden the operating bandwidth of the muftiplier,
but gain was sacrificed. It may be made up with an amplifier
operating at the appropriate frequency (see Figure 31).

14
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Figure 30. Amplitude Modulation
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The signal is applied to the unit's Y-input. Since the total
sinput range is limited to 1.0 Vpp. 8 2.0 V swing, a current
source of 2.0 mA and an Ry value of 1.0 k2 is chosen. This
takes best advantage of the dynamic range and insures
linear operation in tha Y-channal,

Since the X-input varies between 0 and +1.0 V, the current
source selected was 1.0 mA, and the Ry valug chosen
was 2.0k This also insures linear operation over the
X-input dynamic range. Choosing Rp = 100 assures wide
bandwidth operation.

Hence, the scale factor for this configuration is:

ke BL_
“RxRyl3
- 100
T @K(1K@2x103) v-1

1V'1

40

Thea 2 in the numerator of the equation is missing in this scale
factor expression because the output is single-ended and ac
coupled,

Figure 31. Linear Gain Control
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OUTLINE DIMENSIONS

D SUFFIX
PLASTIC PACKAGE
CASE 751A-03
ISSUE F
NOTES:
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