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ABSTRACT

This thesis is a principle of capacitor. Through the area of a parallel plate and the
distance of a parallel plate is constants .This capacitor is to concermn a coefficient factor of a
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< s ' 79 ¥ o o 1Ay oy R %
o suuuAnNg aNseszgnd iniimsdaainandesn uazdn 18 uazdnyuzues

4

Mam i uigane e NI HIAINAABLAUBIABLIAIAIN (Time constant) UYDIII9T 16
v

[

Quufﬁammsai%aumwmuuﬂﬂﬂnaﬁiumsﬁmqmmﬁmumsi’:’wﬁn
0
VxE=-——u,H =0
ot
0
VxH=—g,+J =0
ot
VigoE=p
Viu,H =0

k4
Amualinisnse meanunuiugse 9ueeFua1u(Distribution of charge density; p ) , A2
' . 5 . ' 1 =]
nuduyesauin IWR1 (Blectric field intensity ; £) , ANNHUMHUYBI@UINUNMAN

(Magnetic field intensity; H ) ﬁﬁwﬂszmmqué



#1383a (Units)

AuBLAIANMB 15 eTAR (Magnetic permeability: 4, vosgganmeadumndi
yagwmsidndegluglvesmedassun st fidwihdu 4z x107 N/ 42 | drdidnnin
e $nATA(Electric permittivity; £,) YOIEYYINA FTafIUIUNTIAINAIYB L,
waze ¢ AnsanuTanaslugeiaia Wity e, =1/ g,  lasiian clidudidu
299,792,458 WATHBIUIAT £, = 8.8541878 x 102 Wisadoiuas
TaonAsaBiEnnnme siaida; £, vou¥agRuInEdisgen gy Ind Feesd
Ammsldsuilasiinsiivesaua (relative dielectric constant; £,) dudnaegdae Tasiin

v [ A =1 9 ] o A ﬁ
£, %xag'lumu 2-10 mmﬂummumtmzum HAWUATTININUBLUYDIUNAD

222 Uszquazainu (Charges and Fields)
gumsnsavrsvessay IWihans ansomIdnnauin Wi vesndadugl

Tasmsderiumsidsuuaswealszgluszuuvesiagauiunh (Dielectric constant) #14 9

2.2.2.1 nguoaoud)
Usgquunadnlufagauanli Useg 0, uaz 0, aasuiliiszazmarieiu e

fusensgyintiviaodluiiafu (Newton)

e @

¢ 2
dre, €,

usensziwoalszquzndeuduuaiitameiiasefududu

nilaniae¥amas i greudfeiszyiwnnafiimsindeud laonszue 1 wowdl
melu 1 5u#; szquesdidnaseufiswinty 1.6026x107° gasud ferfunitamionia
Tl fuausidnaseutlszainm 6 x 10*8idnasen usenseiseniilsggareslszquing 1
gaowd fiszezns 1 fadwas mhmmzﬁwmﬂ'lﬂﬁmﬁmmmsnasﬁdé’]’zﬁiaﬂs:qﬁmmmﬁﬂ
wIn

TwhuesRefuanudisdndnieussdu (Taad;v) awrsan 1danagesilsenan
UUVYUIU ( Parallel plate capacitor) TaoSvnamufiusiudidy 4 arsawes HAZFBIINH

= [ 4 o a d 1w
d weas %3HWﬁQQWHﬁZﬁUlUﬁ’JﬂWﬂ‘I“KMBi Miny

1 1 A
E= ECVz =ik 7% 2.2)



wazusenseneeiiviaduiiafu  mumnnaumsaniosuden YEINGNIUAD

9
PDIINUDILNUINAAAIH

_Ql_;___l_g.VZ -_'—_ﬂ’fr__"_q_.y2
od 2d 2 d
2
F=-4.427x10“28,—4K2—
d

(2.3)

anallnlvh

a 4 { o 1 ] 1 = {
unaRaGesay IfhweawsiinszihdeudumanguuiundaIiiiulunmi 2.1

line of electric
o] force, flux line
++++ A+t /
" ) §
\_|
o) equipotential
surface

andl 2.1 vy Ifhwesilszgiinssihdeudumanguunu

SEAVYBIIIAY (Voltage gradient)

$ o 9 [y . ] a 1 v <X L4

mrualiussausenINuHUmandsmeInAan1e Uasend 0 09 1 Tiaa 92

[ 3/
AuNTaMIAILIY o 9ads q melugeriesynieudumenld Tasmsunusfigaiudiu
9/
a ] v A vy . . ‘é

AuRmTunsumaafuR I weuduauyA(Equipotential surface) autnlnd; £ #ell

14
-4 o

NYUIRLUASNAN WA ﬂﬁmmm'lﬁ'ﬁ'q aunNIg

E= —fg/- =—gradV =-VV 1ladAomas (2.4)
n

[
A o

y 1 1 1 1 Al Qo S { é g b

e AemarAnszrINgaivhmsmmelusesiniuduauyanganinaielasdiminny

o 1 - A v v Y] A - & a

waunu awaaslugili 2.1 Audmhudazgaezdisussiunsiuas dugananateauyd
[] k4

sellauyInwihgenge Aaluusedusendnga 2 ganmelusesiegu 99 a Auga b @1uso

A lddeaunis



b
V= [~ E-dn Tad 2.5)

1 1 - 4 1 L] 1 A = J
meluudiwanguuudaanslugiliiz.a srezannsedsdeiios(Linear) A1vesauyini
{ g U S i le 1 A
Ashiaz NiuIRImINAuuRwas dsiusinaums 2.1.5 wldd ¥, = Ed e d feanw

AANUBILHUINAR

2.2.2.2 M uasmsnAewH ven it
doaumWthiensifanseualnarudanfinnies 4 aszuadeni
MUMHUYDINTUNINTLUATIN (Sum of a conduction current density; J ) LAZANUAUULUU
ﬂ"t‘iLﬂé@uﬁﬂ!ﬂﬁﬂi%LLﬁ(Displacement current density;Jd)ﬁqgu'%ﬁﬁ"muﬂ%ﬁﬂﬂ?ﬂ
ANBAUZIANIZYDIANUNUIMUUIDINTZIE (Specify current density) Tug1ves upuwilsse
AT AT
dmudnifidiylang maindeuiinemsthnszud fassSusnmsmaouiives
Sidnasou daudnhfifiuvosmaniilvih Electrolytes) nszumezgnimualiindeud

Tagdsou (lons) ANUHHMUNTBINTSUadMTUMTTInsZuaa s ont L aseaumsae
Jo = oF (uonmilsdomsramas ) (2.6)

4 ' Wk ~ ] a 1A 4
o o AConductivity Hivviaeilu Toudeiinos
dmfvawudnnudunugeiiuGeiia msizainmaihnszuaesdanie vy
4 S 3 :" é [l 1
gud unzlse pezdeiu lnemsnfoumlasvesinlse g dafiuaungueemsindouiives
¥
nszud dudludnhlumsdeimgdse g 185 ueded udlugyanmeassdedindiead mise
§ o1 P=3 a a 5 i s =4 o
ungiioliATnfinladiinninneuduaud (relative dielectric constant; £,) qufazihivnge
11 (] Sldg -& a s P J A’ v 9/ as 0’/’ ad a
waru 1davu mswdsunvesnssuassiauiiuuntudiosglndfudiddnnsa fadiu
v o o [ A Y a A d'
anuaeAng uaznmeiuusandndse uive IMifanuauga mamasufivesnsyud

(Displacement current) 81115011 A9 1AAUAS

.= aa_]‘: = -s—t(gogrE) (euulsdeasnawas) (2.7)

Tagh D An AnunuUUYeINEnTs

wazal £ ae auinlwih



223 ﬁugmmmmﬂﬁma%m%‘uwa%

yinveuduwesuuuannug Togrnateriia u nsenszuen wiugvinududu
uAnAefuTaIees msfmnamaewesnsiiuyszq Feituegfumseenuuums iumey
wuumnnug ez lddasies s msldiduwesuuumanug ansaasietusiae o 14 14
Fezdiunsadoulnamienmalfsuulasiinuau ( dieectric) uazauisoas 9 Sudwes
wiogulnsalfivh IWdh wag lith i 14 v{qﬁi{ueﬂﬁummammum% dnunzuosnufiey
il sazanudngdudndszaeuvsaduwesiuuainug

dngjesdilsznevve wdumesuuuainug wlFiuundugvuIu (Two Parallel

Plate ) Aduaad lunng 2.2

S
C = 0.008854x —
d

—» d «—

:; o 4 a o 4?' 9
MAN 22 MuIumsahsuausiiosau

wWevuia AN e A wenvesudumaa T UALAT KB TTHIHLNEA
& A = y 2 ] Ciohy
{u avauemadlisineiivenuay ( relative dielectric constant; £,) Uszanas 1 Sariush
a IR Ay t oA Ay 1a ] < [ A o 9
s auaud dalinwirtuinlnlasn hidedwansg nunnveuvieayidure Yaqiiunld
9/ ] =1 P pui A v r =1 = =3 o Y
uaznmnuNuwaalvwInitounilas nsedoeiedinsldsulafie i e naug
] k4 v
wasuwasly daduesdilszae umariSahwldss lemidmsumsfamauiuaesiog
A { '
LA MIATDUNVBILHLINAA
A 1 v t = 1 a 4 [] a * J []
tprosinvewHuman uiswlasldmanhduaud ez lidudasy udedueg
] dy S A ] o e’: A v v a ~ <@ EY = o 9
nUAUNIAsYeSHUWanARi Ul YR I uAuwan wdouudas lueudnilesf ez i1
A = < U L] =\ A 1 o/ U 1 A J
sathdiuaudin/foulaslel vagaes hifhugadu disdanudutusszniereshanay
smhFuand wiilgméildlumsialavass udei IdezduFadu drenaug duns

T Tasmsunumelugesin viemsfeunasmnsfivesnuiy seiuaasluning 2.3



capacitance

displacement

H [ =Y 4
2NA 23 uaaemsfSeuneusnnhduaus

2.3 1n503dle Ialag 38 151iu15£g (Measuring Capacitance)

2.3.1 1Seueuls9s

<] o o A A va
Tsssidumesdufuilse g deiuaasluaisis Ansanguauiavesszuy
AUWLIATY, 51971 YUIALATMITUNIUTINTNWUIRdDN lassand,
Fourge Awaasluasinees Idihinszuaass siae1e lduns vuienziiaia udiideds
A P d' [ 9/ ] 1 a Y] a J¢ a
aveziimsnlasulasdenmssunauvsIamnLIAaBUBEIININ a9 Fe lastauTad sziinag

9 [ A [ ] 3 [
HUBY LAVUIANID NI 11’1iyﬂ')'] AINISUNN ﬂ'J'Iﬁ"JEJ

M3197 2.1 1WSouie1n993a329 30 A 1 Biauds

impedance

o

S w

AYDNDUNS

displacement

v
NABNNIT
£

2
AN

Sensitive Ry, Bandpass Sensitive
Circuit Function {0 stray sc"s"fvc e filter Size to shunt
2 to noise ADC 3 :
capacity available resistor
DC volt = 1/C yes S no no 0 5
RC oscillator or freq = 1/RC yes s no -no” i s
1-shot period = RC
IC oscillator freq = V/RC yes 3 no no 2 S
(current- period = RC
capacitance)
LC oscillator freq=1/JLC yes 2 no yes 3 o
Sync., single volt = C1-C2 no 1 yes yes 4 1
ended or Cl1/C2
Sync., bridge volt = C1-C2 no (1] yes yes 5 0
or 1/C1-C2

d.- vt a o A o A =
ﬁ'l'iNL‘]EU‘]JMEJ‘U’Nﬂiﬁi?%’)ﬂﬂ?ﬂ?ﬂ"ﬁlmu%: 0fAD A58 lhlﬂ
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1 4 o 1 [ c’: A
anuuandsveuniasiietalagldaimsfulsy glidalsvisnua 7 dszmsdae
1.) Hanau
o @ s a J z a 4 ﬂ [ YR A 1 =
#m3 8135 pvadaninoF(RC Oscillater) AW IMRATUTATINAS 5~ UAZAILIM
5 Y] v 1 Y g ' Py Ay
V992995 (Period) 2iiuasesdrufudinnudiunffe A1veeesd lasiaivsemunanag
anudmaednaszulsiulaeasanuanug
d2129939 %47 Insiauiag ( Two synchronous bridge circuit ) AIANVUANAINVDS
J 1 Qs Y a ~ EY a o ' A 9/ [
aumIiziuassegiuvnavssdyaudunaitan Tneimuesdyadin ldssoglugdves
ussmniudadiulneassfuarvesnnug Iifhimhudeluaees ariildszAeudreeiiu
Juasadenluyesalasunalas il
2.) anw'hvessmnaug i
P Y A ' = AW 1 ) v R o Y a A a '
W EIUYDINITATIUNS o R UwaaTvwan luwihdu e lvnaanneAienn
3 Y 1 X 2] 3 = a 1 = 1 T a a 1 I
stray capacity AauNeadnilesdanduinln udeziinaetsuindensHan U0 131 8155
=% . H g 1
poATAEAIADS NI ITAINNUD I AUATIADAINY
3) A hvesdygIusunau
= By a AT ddal) & PR
wiflumsifesntisduiledsesenadammes vz danuanAameu 11 Weainnug
a 2 ot A Lt v ° ) e
Idhiisgeiiu dioaau hvesersdresesadammasiauinildaivesmunalianiuin
g A Ay < o VY a A A dy ~ ] A
Junseiidranas Az ldmanudiiunioanninlddqe Jgymilszinasdrsuiniile
vl 9fuasddnnseiind
4) mawaseurasniilufinea
d'l T 4{ Qs aa Y [ v 4
anudhedomsasuasiudyguataean  Tasmstuluglvesdygrianad
tiir iy q’/’ ~ { - v L= a [}
mnuandyganiudeedimanunhevesmunariasdiudluresenid soadamnes oz lu
U 1 le 4 T T 3 T Q L
aunsnasviuaniu ldiieananmmunaiuesasseeiuegiuaioisa lnass
() Y] a o s a o 9 = [ aa 9
uad i IanTausasuds ssanunsawdnuuauiiudyanuftnealfme
v 9y
mazaf Idesnmamdyatiniudegnas i
5.) msnsesdganuanvanimsfsunilas
74 H L] 1 d‘ A 1
dyanusumuiiegmiemnaud  (Wideband) ezamsanans laieldaes nses
4' (] 4'( A J s o d ] v ] 3 é g A a I'd
anudrueiiueesded Iasdausas udee ludluesaiudodiuieeses Fesadaamas
A o ' 4' 4
iipannzilimanuimaeidyandounslasly)
6.) YHIA

14

Aa o 9 A d'sl v a LY a J P Bl 9/ ]
Sﬂﬁmmmﬁﬂi%$1WUWu@ﬂﬂ’N&L‘U‘U°INﬂIﬂ‘iuﬁ‘ﬂiﬂ% Wi EuanlsneutaenI
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7.) a1 e @ umunuuds sy
1 U A A v 9/ v v o o o 9t a
wHasNINWBliA N TUNIINdevIUsUR uA DT g e IdFIATLE
a L) A a o v o -3 12 d'l
wWasuudasldediun dsllunesesadammesudnduifious: Wi namedofiuiq s

a o o a o J =t a 3 L ) v u,:
%Qﬂiﬂiuﬁﬂiﬂ% WA L‘IJﬁﬂuttﬂﬁﬂ“ﬂ'ﬁLEI'IﬁT‘!ﬂ%%‘UUBQﬂ‘Uﬂ']ﬂ’ﬂN‘qm”l‘uu

23.2 masfivedladidan3nvesernia
¥ o a4 o W P 1 a
YonmuavaInagIgamlfsuuasdinefivesauiu; € voso1nA dsn
o 9/ t:l A 1 o dy [ =] 91 1 d‘
A 14 lasflezdnfvuaiugiud q el hdnefivesnuiu: £, YDIDINIADY
a ~ 4 v A [y a d:’ a <
nlasulosiisudniesiionnuiu gungil anmsu/feunlasian
NMNAITIURUNILaZANUAY MnsTivesanIy; &, szildounlas2x10°/°C #
o £ AN { 4 P ' $
oML udeziuduiiu 7x10°/ C omealinuduiigamgll 20°C mnsfivesnuiu
[ ¥ [] v
; €, swlanfoumunnnudu il 7x107° dwiu R H. wlfsuuilasnin40% & 90%uazes
wasuwlasinnudu 1 ussenin snsfivesnuay; e 7 10 ieidonszezinarly 2-3

] v Y
¥ Tusf oz amnsamaa g vesnsulaouulassenised19dred

4 A ) 4
MINA 2.2 msulmuuﬂmmmﬁwmmummﬁ

Change Coefficient Effect
Temperature ST S ppm/ °C 2S5 ppm
Relative humidity 10% 1.4 ppm / %RH 14 ppm
Pressure 0.05 atm 100 ppm / atm S ppm

Total 44 ppm

233 msdnnamainnuglWih (Capacitance)
9
lunsinnamsnaugues Idfhweswrduguunniu aunsom Idennguea

1 9/ d? Aa ~ 9/ ] v ] 1 a
annsamannug v “lﬂmﬂwLmmmamanwaﬂwmuwu@aumuzmz MINNFUAL

Do b Qg

. ad' 1] v [-%3 é wa o Q/ z A
AMANVBIRUIY; £, T mesﬂuqmﬁumﬂszmmmmmsuuq uAf I HSeRUIUR

D.

v L4 :
Suerme  uaasluamd 3 AMUAT YNz g Q Mmelugesieezmifusminisnasun

YDIUNUNAA; S HAAAD
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S : S
c= 552 _ggsaxiot= 2
d d

Where
C = sy i Tmiediuvhie
£,= FANNYBIBINIA = 8.854x10
£,= MANYBINUIUNANUAY 1 o ne
4 4 . s
S = Wuveaurwan Tmirediuanaues
d = Fosiseniauduman Trnihofluwas

MNA 24 NI NS UAUE YD IUALINAALL LU

t P =S [~ 1 [ PO ojy
ananvenRuIY; &, vaenialiailszinm 1 swdiulngezdaniszam 1
a ety A ' dy a Y ' N Y v
VTN ENAIZUIN 80 1HBININARUNUITIAAVDILAUINGA ;S UAZAINIIUAI1NUDIUHY
v 14 ] v []
man; d Husined daiudnlsz Paualsulfouldmusinsfvesnuiuvesasdnarsiivh
4 A 1 { t r Q/ o o 1
VUNUTNDINF 1183910AIAINVBIRUIY DAIZINTIDINIA HANNTITIAAIBNITIAAINITNY
=S g Y Aoy ~ 3 =
e Wi Samungdmumsaanasifisinsivesnuiugeiniiainsivesnauiuyeeing
w0 q Tagsssuramaaiveearauvesasszildsua llawgungll | aumuuniu
dy . k4 o ' dy 14 t g A ' ~ 5 (5%
anudu , anudu frasdnmadiune igu s o ndedsnsfivemuIl  wauegiy

b 4 £ [
ANMUAUMUY ANUFUYBIIIFUANY 9 uad eI naadluvDuNaIAININYDIRUIY 92

e

J v Qs o) a b4 3 o ; 1 ~ v d' v QU LY
Yuebnugangil luveumayiadeiiungurgid e iA1nenyeauIu gandt iy
o = £ g A 4 ' = ) U] & 1y =
Tundadinldendailumdafisioaincivesauiud; &, egamils uddnshvesnuau
¥ t 1 '
wulaldamadie g Tihezdugungl anudu anusu waduiin/feuwlasunafigad
A v dy 4’, (K] a °y a (] g Y A P A a :’ = v (]
ApfANNFUMIIzYUBgN Ui edluwaadanlaen BudedSuahiunwilng
1 PR < 9/ [} a u’/’ a = =3 9/ v cg =1
Ansfvesnuau Aezuinau e douguugiiuezaldsuwlaufisuinfoominiu e
] 14 1 9y
gamgin)asuuilas 1esmwaden Aarudueznlfsulszum 0.1 nosiiudviniu
ualuanudiussameluduguuiues lifidioawdannug IMdiessudon udee
r 1 L] Al \ T Qs \ A 1
AMUBIAIUATUINIUSZHINUHLB A0 TasamuAun Uz U gAUAIA LY I deen

y
AR U TUZIA A EUMS 98]

d
R=p— 2.8
o (2.8)
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[y a & o o
s p =dutlsz@niarudunudunizussiag
;. d= anuni s duman

dy =1 Y o ®
;5 A=AUNHUIRAYDULNLINGA

4
A aad

AUBNIBAAIN (Resistivity) ; p s uiny

2~/ 3mkT
o 2 (2.9)
ne“ 4
:m = waonaseu = 9.109x 103 kg
; o= 1szquaidianasou= 1.602x10 ' gaoudl
; k = AA9NY09Boltgman = 1.38x10 > §0ADBIAUAIL
: T = gaumgiduysal Inbeodlussriniu

;A = NuAuDasy

4

suNmANuA UMY szl saua1vesgungil uaz szlsunfudua A el
‘A \ 1 € 3 1 = 1 1 Q'l L

e A asfiuds manudun szulsalfsunusivesgunginnliou liifues ol

=] 1 9 = 1 =] Y s g ¥ A 1 a
Amudnnud My lnganniwdiezindadnaldenda mszluanudiueieh
dy ] g 9 WY A 24 Y o Ay Yy F'Y 1 ~ v t n'
auruszegmeluadad bildedhnldendndi Idndnuiuds udszlinadesnainsii

v b4
(Time constant) mmzwué’m DN N TUYBINITWITI U

a
2.4 WIIVAFEUTI N
Tumssmgungii i lediespsis2o WuledasietugunginldasAadeuuy
L4 { ] A A v o/ L% v 3
seputd 1 avw Jviaeldauiies 3 v1 de DQ FudluvuFeudeduszuutia,vde 1Wi@es

ABUDA LAZVINITIIAAILAAINITIAVIAILAAININT 2.5
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PIN ASSIGNMENT

DALLAS
NS1820

BOTTOM VIEW

1

98252723

TTTTITI
gﬁ%ﬁﬁﬁﬁi

PIN DESCRIPTION

GND — Ground

DQ — Data InfOut
Voo — Optional Vpp
NC — No Connect

NN 2.5 uaaeanyedl1o® DS1820

2.4.1 vdenlaezunsumelu
Tugilfi 2.4.1 nrasudonlaezunsudiutlsznevvesmsiiaudiey nmely
&1 DS1820 wiftutilidulsznoundng ag 3 daudieiufe mitsanuitawessouviia
64 Ua, daumures gangluagdiunssquieuguvaluLL non — volatile ( TH uag TL )
Iﬂaﬁqﬂma‘fﬁnﬁﬂqmmﬁfzﬂzQﬂﬂmﬂuﬁn1'wﬂmwma§ aou uazmies eoreinlarl
doya 1fiese 1 medeyainmsuinuiidenudises B ludufudsz ey Tugag
5:n171aﬂmnmzﬁaﬁ’tynunmmﬂuhlaﬁﬁﬁnm:‘;n‘fluqa wazszvheudeies 1S een uazns
ﬁtgﬂmiﬁwmF‘)ﬂzzﬁﬂﬁumﬂm'anwﬁ?mmdqiiw‘luamszmhafhnan‘fuxi‘lué’h youlaw
Joya smzﬂzﬁqmgjnim‘fuﬂuﬂ’hm‘laﬁ%gawﬂﬁumai’luqa%‘ﬂﬂ% TaeziRamsiinudi
DS1820 uazumaselindn 1 lodnae: 18 nnunaatelsl +5 Taadnouen
msfndedeyaiy DS1820 wzAnderunosatioanesalefe 1- Wire port melu
WOSA 1- Wire iﬁudaummmiwmm*‘n’umzmuanﬁqﬁ%ﬂzﬁa'lﬁug"i’fagaiﬂqﬁqéuﬁauﬁ
AerguTisTanenves ROM azgnimssasudedou lududsyveensyinuiadau
Susuus ndailumilslurhsusuvesnmsdanmsfedsulu RoM Ade
1.) 81UNUIWANTT ROM
2.) Mmsuung ROM
3) Aun1ROM

4.) nsz Taadhy ROM, Lﬁaumsﬁ’um
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£ o o Y o { A 1 o 4

Fanshiouessszuundensidnuuuiuinibsanuduame issuaua 64
a 1 o = [ o £ o = A o va 4
ia dunesaveslodudazMaunsalfiodyafor emsimuaguauiifyesgilnsa

o QCly v do Y @ [ <Y = d” [ a Py
as9fugungitinaten @i 1d Taodamsruladdeya 1- wire i ndsnnifensulu
ROM gndisumsvhanudaindouiiagnlfaumseisudumsiomldudl uazannsoi
° 1 (9 1 < é‘ { '

wwdhdemsialduas daianuaiaa aunsanseotnezgriny 1 luiud 1 dauen

v J v
Vv 6 dauvsambsanudwezdauaiuguiladdunsdins

3197 2.3 uansguautiani Iidhawes Ds1820

Wiines Foyanwal fin Tety
usad idos VDD 228455 Taad
usIAUIITRYA 1/0 -0.5 19 +5.5 Taad

AUAANAIAYDINIIINYU NI TERR +0.5 DIV ALTE T

ATTUATIA IL -0.4 finduowil

NTLUAVULUAAUALY 1Q 200-350 W Tuueud)

AIZUTUHZIRIIY IDD 1-1.5 Hoaupudl
NIz IMaAN 1B UNA IL 5 luTasuoud]

Awansulasgungi TCONV 200-500 Joaum
Aran lnladen TSLOT 60-120 lulnsiundi
A9 /O C IN/OUT 25 #wnlnvhsa
na1Mseudeya TRDV 15 TuTasudi
SIUgUNUTIIIY To -55 §19+125 QAL RIE T

| Q'l e'l & ! o v 1
daumuguilsddumsdimsnilsdiusrgasmuanuantiaves DS1820 1eglu
e 1 QA o dy U 1
sdunuveImsinf1vesgungidinausinisinfisz gniuiin13lu DS1820 ludiuves

' oy 2 q’: =] 1 9/ s
HUWAIUIVAIUNUS ( scratchpad ) LLﬁ%‘UNﬂSQﬂ‘i!‘é’,ﬂ'\uﬂﬂﬂlﬂiﬂ%'\ﬂﬁ“ﬁ'\\‘lﬁ"ﬁ‘ﬂﬂé%ﬂﬂ

o 9/

' ° s ) 24 ) 4’ o X Y ' °
HTUIAIY ‘l]'l‘;qq AYU NI ﬂ']?‘NL'ﬂHﬂ'ISﬁ\?ﬂTiLﬂW?ZWTﬂ@ﬂQﬂUH‘V]ﬂiﬁiuﬂu')ﬂﬂ’ﬂﬂ 91
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3 83.5 0.15 34 16.5
4 83.3 0.15 34 16.7
5 84.3 0.15 34 15.7
6 84.1 0.15 34 15.9
& 84.1 0.15 34 15.9
8 84.8 0.15 34 152,
9 85.1 0.15 34 14.9
10 85.5 0.15 34 14.5
1175551A1 89.7 0.15 34 10.3
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[ { s 3 = o °y Y b o
Fuil 6 nuaiug 2546 Ngungiides 25 ssruaided himinyesda 100 3y

a o iz gt Y v
AN 4.12 AT NUUNINANIVNAODIATIN 6 ﬂﬂu!ﬁn%ﬂ'ﬂ

g4l nan v TERLY QUMY
(WRn) (n3y) (Tad) (BernisaFen)

1 12.30 100 1.60 255

2 13.00 100 1.20 25

3 13.30 100 1.20 25

4 14.00 100 1.20 25

5 1430 100 1.15 25

6 15.00 100 1.10 23

7} 15.30 100 0.85 23

8 16.00 100 0.80 25

9 16.30 100 0.75 26

10 17.00 100 0.70 26
917555 17.30 100 0.4 27
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gafi v 1HIIAU LIV A

(n5y) (Thad) (earnaiFua) (%)

1 81.2 0.15 335 18.8
2 81.5 0.15 33.5 18.5
3 81.9 0.15 33 18.1
4 323 0.15 34 179
5} 82.6 0.15 34 17.4
6 82.7 0.15 335 15753
7 83.3 0.15 83.5 16.7
8 83.8 0.15 34 16.2
9 84.5 0.15 34 1515
10 84.6 0.15 34 15.4
F19555uA7 89.8 0.15 34 10.2
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[l ] E4
Jufl 7 quaniug 2546 Rgaumgiivies 22.5 ssrmwadva 1hninvesdn 100 N3y

v Y e
M99 4.14 A5 TUANKEN1INARBIA5IN 7 Aouddon

qail ran viwin L3R gunl
(WRN) Grh) (Tav) (ParNIBALTYR)
1 1245 100 1.045 255
2 13.15 100 1.025 24
3 13.45. 100 0.85 23
4 14.15 100 0.75 22
5 14.45 100 0.65 22
6 15.15 100 0.60 22
il 15.45 100 0.55 23
8 16.15 100 0.50 23
9 16.45 100 0.45 22
10 17.15 100 045 23
11 17.45 100 0.45 23
535N 16.45 100 0.4 23
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qqﬁ v UIIAU gunu S

(n5%) (1ad) (@ernraLFed) (%)

1 86 0.15 33 14
2 86.1 0.15 34 13.9
3 86.4 0.15 34 13.6
4 86.8 0.15 34 13.2
5 86.7 0.15 34 13.3
6 87 0.15 34 13
0/ 86.7 0.15 34 13.3
8 87.2 0.15 34 12.8
9 87.4 0.15 34 12.6
10 87.2 0.15 34 12.8
11 87.4 0.15 34 12.6
11555001 80.8 0.15 34 10.2
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0 0 0

10 0.5 26
20 1 51

30 1.5 77
40 2 102
50 2.5 128
60 3 153
70 3.5 179
80 4 204
90 4.5 230
100 3 255
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] b4 9
usenuInin 14 i luSsumsumanannudulugae 10 — 20 % lnil 1884i

T (%) AmAsANY AmAous Ry s eaulmi(o-4)
(%) (Tad ) (Tad)

1011 102 0.418 0.836
i1-12 114 0.51 1.02
1215 12.7 0.622 1.244
15-16 15.6 0.84 1.68
16— 17 166 0.95 1.9

17-18 173 1.01 2.02
18-19 184 1.1 0.2

19-20 19.5 1.206 2.412
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D:\macl\sourcecode skit-51\NEW_WORK1\10-20_42.asm

;**k*************************************************************************

; Program : AT8958252

s Eor : MCS-51 Microcontroller Training System
; Filename : Project?2

; Assembler : RAD51

; Copyright (C) 2000 Innovative Experiment Co. ,Ltd.

;****************************************************************************

SDA BIT P1:0 ; SDA I2C Bus

SCL BIT Pl 7 8CL I2C Bus

ONEWIRE BIT P2.7 ; 1-Wire Interface (DS1820 Temp. Se

INTO_ PIN BIT P3.2

INT1 PIN BIT P3.3

LCD_EN BIT P3.6 7 LCD Module Enable (Active High : Level)
LCD RS BIT 12 i ;/ LCD Module Register Select

FLAG EQU 02FH ; User FLAG
BUSY BIT FLAG.0 ; Define BUSY as bit
I2C_ACK BIT FLAG.0 ; Define I2C Acknowledge as bit

e . S 3% - S 8 _PaaAsl BAS _E R = __ ARl B FED 48 Fannal BI N _ W 8 W ot

LCD_ADDR EQU 030H ;7 For keep LCD Address

LCD DATA EQU 031H ; For keep LCD Data

LCD_PTR EQU 032H ¢ For keep LCD 3 Cha.r Pointer
I2C_ADDR EQU 033H ;/ For keep I2C Address

I2C _DATA EQU 034H ; For keep I2C Data

CONTROL EQU 035H ; For keep I2C PCF8591 Control Byte
AD DATA EQU 036H ; For keep I2C A/D Data

ONEWIRE DATA EQU 038H ; For keep ONEWIRE Data

TEMP EQU 039H ; For keep Temp. Data (Temp L only)
BUFFER EQU 040H ; Buffer

ORG 0000H ; Reset Vector
AJMP INITIAL

ORG 0003H

LJMP INT O

ORG 0013H

LJIMP INT 01

INITIAL: MOV PO, #00000000B ; Clear Databus

[



D:\macl\sourcecode skit-51\NEW WORK1\10-20 42.asm

SETB
SETB
SETB

LCALL
MOV
LCALL
MOV
LCALL
LCALL

LCALL
MOV
LCALL
MOV
LCALL
LCALL

MOV
MOV
MOV
LCALL

LCALL
LCALL
MOV

MOV

LJIMP

SDA
SCL
ONEWIRE

INIT_LCD
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE 2
WRLINE LCD
DELAY 1s

INIT ICD
LCD_ADDR, #000H
SET _ADDR LCD
DPTR, #TITLE 21
WRLINE LCD
DELAY ls

R1, #BUFFER
A, #01000001B
CONTROL, A
PCF8591 WR

PCF8591 RD
PCF8591 RD

@R1,AD DATA

IE, #10000101B

MAIN:
MAIN 1:
n.
ta
INT O:
READ STORE:
COM_TEMP:

CLR

SETB

LCALL

MOV

CLR

DS1820 _RD

A,ONEWIRE DATA

N

Ne Yo Ne Vg N N,

N

LSRR T B S T

Ne N

e

CLear I2C bus

Clear Onewilire bus

Call LCD Initial subroutine
Set Address O0O0H

Index Pointer ROM to Show LCD

00H-07H,40H-47H (Increase automatic)
Delay

Call LCD Initial subroutine
Set Address 00H

Index Pointer ROM to Show LCD

00H-07H,40H-47H(Increase automatic)
Delay

Add Channel to Control Byte
Set Control 4 input , Analog Out ED
Write PCF8591

Read PCF8591 ; Repeat Read to
Read PCF8591 ; Get Previos Dap

Read A/D Data to @RI



D:\macl\sourcecode skit-51\NEW_WORK1\10-20_42.asnm

SUBB A, #OFH

JNC COM_TEMP1
LJMP LOW_HIGH
COM_TEMP1: CLR &
SUBB A, #10H
INC COM_TEMP2
MOV TEMP, #15
AJMP SUBB
COM_TEMP2: CLR o
SUBB A, #11H
JNC COM_TEMP3
MOV TEMP, #14
AJMP SUBB
COM_TEMP3: CLR ¢
SUBB A, #12H
INC COM_TEMP4
MOV TEMP, #13
AJMP SUBB
COM_TEMP4: CLR o
SUBB A, #13H
JNC COM_TEMP5
MOV TEMP, #12
AJMP SUBB
COM_TEMPS: CLR c
SUBB A, #14H
JNC COM_TEMP6
MOV TEMP, #11
AJMP SUBB
COM_TEMP6: CLR ¢
SUBB A, #15H
JNC COM_TEMP7
MOV TEMP, #10
AJMP SUBB
COM_TEMP7 : CLR c
SUBB A, #16H
MOV TEMP, 49

AJMP ADD

COM_TEMPS8: CLR C
SUBB A, #17H
JINC COM_TEMP9
MOV TEMP, #8

AJMP ADD

COM_TEMP9: CLR e
SUBE A, #18H
JNC COM_TEMP10
MOV TEMP, #7

AJMP ADD

COM_TEMP10: CLR @
SUBB A, #19H
JNC COM_TEMP11
MOV TEMP, #6

AJMP ADD

w



COM_TEMP11:

COM_TEMP12:

COM_TEMP13:

COM_TEMP14:

COM_TEMP15:

COM_TEMP16:

COM_TEMP17:

COM_TEMP18:

COM _TEMP19:

COM_TEMPZ20:

COM_TEMP21:

D:\macl\sourcecode skit-51\NEW WORK1\10-20_42.asm

CLR
SUBB
JNC
MOV
AJMP

CLR
SUBB
JNC
MOV
AJMP

CLR
SUBB
JNC
MOV
AJMP

CLR
SUBB

MOV
AJMP

CLR
SUBB

MOV
AJMP

CLR
SUBB
JNC
MOV
AJMP

CLR
SUBB

MOV

C
A, #1AH
COM_TEMP12
TEMP, #5
ADD

e
A, #1BH
COM_TEMP13
TEMP, #4
ADD

G

A, #1CH
COM TEMP14
TEMP, #3
ADD

c
A, #1DH
COM TEMP15
TEMP, #2
ADD

G
A, $1EH
COM_TEMP16
TEMP, #1
ADD

c
A, #1FH
COM_TEMP17
TEMP, #0
ADD

c
A, #20H
COM_TEMP18
TEMP, 41
SUBB

C

A, #21H
COM_TEMP19
TEMP, #2
SUBB

€
A, #22H
COM_TEMP20
TEMP, 43
SUBB

€

A, #23H
COM_TEMP21
TEMP, #4
SUBB

e
A, #24H
COM_ TEMP22
TEMP, #5



COM_TEMP22:

COM_TEMP23:

LOW HIGH:

TEMP LOW:

SUBB:

SET:

SET 1

SET2:

SET3:

D:\macl\sourcecode skit-51\NEW_WORK1\10-20_42.asm

AJMP

CLR
SUBB

MOV
AJMP

CLR
SUBB

MOV
AJMP

CLR
SUBB
Jc
MOV
AJMP

MOV

AJMP

MOV
AJMP

MOV
SUBB

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJIMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV

SUBB

C

A, #25H
COM_TEMP23
TEMP, #6
SUBB

e
D, #26H
COM_TEMP22
TEMP, #7
SUBB

c

A, #26H
TEMP_LOW
TEMP, #15
ADD

A, QR1
A, TEMP
SET

TEMP, #8
SUBB

A, @R1
A, TEMP

A, #33H,SET1
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE1

WRLINE_LCD
DELAY 1s
HOME

A, #34H,SET2
LCD_ADDR, #000H
SET_ADDR_ICD
DPTR, #TITLE2

WRLINE LCD
DELAY 1s
HOME

A, #35H,SET3
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE3

WRLINE LCD
DELAY 1s
HOME

A, #36H,SET4
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLEA4

Vo Ve N &

o

N

r

.
4

Set Address 00H
Index Pointer ROM to Saow LCD

00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

O00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H

Index Pointer ROM to Show LCD



SET4:

SETS5:

SET6:

SETY:

SETS8:

SET9:

SET10:

SETA 1%

D:\macl\sourcecode skit-51\NEW _WORK1\10-20_ 42.asm

LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MoV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJIMP

CJNE
MOV
LCALL
MOV

WRLINE_LCD
DELAY 1s
HOME

A, #37H,SET5
LCD_ADDR, #000H
SET _ADDR LCD
DPTR, #TITLES

WRLINE LCD
DELAY 1s
HOME

A, #38H,SET6
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE6

WRLINE LCD
DELAY 1s
HOME

A, #39H,SET7
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE7

WRLINE LCD
DELAY 1s
HOME

A, #3AH,SET8
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLES

WRLINE LCD
DELAY 1s
HOME

A, #3BH, SET9
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE9

WRLINE LCD
DELAY 1s
HOME

A, #3CH,SET10
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE10

WRLINE LCD
DELAY 1s
HOME

A, #3DH,SET11
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE11

WRLINE LCD
DELAY 1s
HOME

A, #3EH,SET12
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE12

-

’
.

~

Yo Ne Mo N

e

N

Nel Yo Mo Ne

e

Ne

Ne N N

’

00H-07H,40H-47H (Increase automatic)
Delay

Set Address O0OH
Index Pointer ROM to Show LCD

Q00H-07H,40H-47H(Increase automatic)
Delay

Set Address 0O0H
Index Pointer ROM to Show LCD

O00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H(Increase automatic)
Delay

Set Address 0OH
Index Pointer ROM to Show LCD

O00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00OH
Index Pointer ROM to Show LCD

00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00OH
Index Pointer ROM to Show LCD

O00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00OH
Index Pointer ROM to Show LCD

00H-07H,40H-47H(Increase automatic)
Delay

Set Address OO0OH

Index Pointer ROM to Show LCD



SET12:

SET13:

SET14:

SETLS

SET16:

SET17:

SET18:

SET1:9x:

D:\macl\sourcecode skit-51\NEW _WORK1\10-20 42.asm

LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJIMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL

LJMP

CJNE
MOV
LCALL

MOV

WRLINE LCD
DELAY 1s
HOME

A, #3FH, SET13
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE13
WRLINE LCD
DELAY 1s

HOME

A, #40H,SET14
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE14
WRLINE_LCD
DELAY 1ls

HOME

A, #41H,SET15
LCD_ADDR, #000H
SET_ADDR LCD
DPTR, #TITLE15
WRLINE LCD
DELAY 1s

HOME

B, #42H,SET16
LCD_ADDR, #000H
SET ADDR_LCD
DPTR, #TITLE16
WRLINE LCD
DELAY 1s

HOME

A, #43H,SET17
LCD_ADDR, #000H
SET ADDR LCD
DPTR, #TITLEL7

WRLINE_LCD
DELAY 1s
HOME

A, #44H,SET18
LCD_ADDR, #000H
SET_ADDR LCD
DPTR, #TITLE18

WRLINE LCD
DELAY 1s
HOME

A, #45H,SET19
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE19

WRLINE LCD
DELAY 1s
HOME

A, #46H,SET20
LCD_ADDR, #000H
SET ADDR_LCD
DPTR, #TITLE20

o
’
4

N

e B Pea: Thedo !

NS e Yo Yo N

o

b Y Taar

D P NN, W

Ne Ne N

N NS N N N

.

4

00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

O00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

O00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-Q07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

Q00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H

Index Pointer ROM to Show LCD



SET20::

SET21

SET22%

SET23:

SET24:

SET25:

SET26:

SET27:

D:\macl\sourcecode skit-51\NEW_WORK1\10-20_42.asm

LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MoV
LCALL
LCALL
LJIMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJIMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJIMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV

WRLINE LCD
DELAY 1s
HOME

A, #47H,SET21
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE21

WRLINE LCD
DELAY 1s
HOME

A, #48H,SET22
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE22

WRLINE LCD
DELAY 1s
HOME

A, #49H,SET23
LCD_ADDR, #000H
SET_ADDR LCD
DPTR, #TITLE23

WRLINE LCD
DELAY 1s
HOME

A, #4AH, SET24
LCD_ADDR, #000H
SET ADDR_LCD
DPTR, #TITLE24

WRLINE LCD
DELAY 1s
HOME

A, #4BH, SET25
LCD_ADDR, #000H
SET_ADDR LCD
DPTR, #TITLE25

WRLINE LCD
DELAY 1s
HOME

A, #4CH, SET26
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE26

WRLINE LCD
DELAY 1s
HOME

R, #4DH, SET27
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE27

WRLINE LCD
DELAY l1s
HOME

A, #4EH, SET28
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE28

.
s
o~

Ne

Ne N

WeagiNpoline Vo Ny N e Yo Wa N

N Natave

e

Ne Yo Yo N

AT T P TR

00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

O0H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00OH
Index Pointer ROM to Show LCD

00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H

Index Pointer ROM to Show LCD



SET 28

SET29:

SET30:

SET31:

SET32:

SET33:

SET34:

SET35:

D:\macl\sourcecode skit-51\NEW WORK1\10-20 42.asm

LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJIMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJIMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJIMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJIMP

CJNE
MOV
LCALL

WRLINE_LCD
DELAY 1s
HOME

A, #4FH,SET29
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE29

WRLINE LCD
DELAY 1s
HOME

A, #50H, SET30
LCD_ADDR, #000H
SET ADDR_LCD
DPTR, #TITLE30

WRLINE LCD
DELAY 1s
HOME

A, #51H,SET31
LCD_ADDR, #000H
SET _ADDR_LCD
DPTR, #TITLE31

WRLINE LCD
DELAY 1s
HOME

A, #52H,SET32
LCD ADDR, #000H
SET ADDR_LCD
DPTR, #TITLE32

WRLINE LCD
DELAY 1s
HOME

A, #53H, SET33
LCD_ADDR, #000H
SET ADDR LCD
DPTR, #TITLE33

WRLINE LCD
DELAY 1s
HOME

A, #54H, SET34
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE34

WRLINE LCD
DELAY 1s
HOME

A, #55H, SET35
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE35

WRLINE_LCD
DELAY 1s
HOME

A, #56H,SET36
LCD_ADDR, #000H
SET ADDR_LCD

o

Ne

Ne Yo NN

No/ NN ~

A B

Ne

Ne

7

00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00OH
Index Pointer ROM to Show LCD

00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

OOH-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H(Increase automatic)
Delay

Set Address 0OO0OH
Index Pointer ROM to Show LCD

O0H-07H,40H-47H(Increase zutomatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

Q00H-07H,40H-47H(Increase zautomatic)
Delay

Set Address 00H



SET36:

SET 35

SET38:

SET39:

SET40:

SET41:

SET42:

SET43:

D:\macl\sourcecode skit-51\NEW _WORK1\10-20 42.asm

MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJIMP

CJINE
MOV
LCALL
Mov
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJIMP

CJINE
MOV
LCALL

DPTR, #TITLE36

WRLINE LCD
DELAY 1ls
HOME

A, #57H,SET37
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE37

WRLINE LCD
DELAY 1s
HOME

A, #58H,SET38
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE38

WRLINE_LCD
DELAY 1s
HOME

A, #59H, SET39
LCD_ADIR, #000H
SET_ADDR_LCD
DPTR, #TITLE39

WRLINE LCD
DELAY 1s
HOME

A, #5AH,SET40
LCD ADDR, #000H
SET ADDR LCD
DPTR, #TITLE4O

WRLINE LCD
DELAY 1s
HOME

A, #5BH,SET41
LCD_ADDR, #000H
SET ADDR_LCD
DPTR, #TITLE41

WRLINE LCD
DELAY 1s
HOME

A, #5CH,SET42
LCD_ADDR, #000H
SET ADDR LCD
DPTR, #TITLE42

WRLINE LCD
DELAY 1s
HOME

A, #5DH, SET43
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE43

WRLINE LCD
DELAY 1s
HOME

A, #5EH, SET44
LCD_ADDR, #000H
SET ADDR_LCD

10

Ne N

Ne N Ne NN

e Ne Ne

N i NN

r

Index Pointer ROM to Show LCD
00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

O0H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

Q0H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

Q0H-07H,40H~-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

O0H-07H,40H-47H(Increase automatic)
Delay

Set Address 0O0H
Index Pointer ROM to Show LCD

O0H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

O00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H



SET44:

SET46:

SET47:

SET48:

SET49:

SET50:

SET5]%

D:\macl\sourcecode skit-51\NEW_WORK1\10-20_42.asm

MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

-

MOV
LCALL

DPTR, #TITLE44
WRLINE LCD
DELAY 1s

HOME

A, #5FH, SET45
LCD_ADDR, #000H
SET ADDR_LCD
DPTR, #TITLE45
WRLINE_LCD
DELAY 1s

HOME

A, #60H,SET46
LCD_ADDR, #000H
SET ADDR LCD
DPTR, #TITLE46
WRLINE LCD
DELAY 1s

HOME

A, #61H,SET47
LCD_ADDR, #000H
SET_ADDR _LCD
DPTR, #TITLE4T
WRLINE LCD
DELAY 1s

HOME

A, #62H,SET48
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLEA4S
WRLINE LCD
DELAY 1s

HOME

A, #63H,SET49
LCD_ADDR, #000H
SET ADDR_LCD
DPTR, #TITLE4S
WRLINE LCD
DELAY 1s

HOME

A, #64H, SET50
LCD_ADDR, #000H
SET ADDR_LCD
DPTR, #TITLES0
WRLINE LCD
DELAY 1s

HOME

A, #65H, SET51
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLES1
WRLINE_LCD
DELAY 1s

HOME

A, #66H,SET52

LCD_ADDR, #000H
SET ADDR LCD

ik

Ne

; Index Pointer ROM to Show LCD
; O0H-07H,40H-47H(Increase automatic)
; Delay

Set Address 00H

Index Pointer ROM to Show LCD
O0H-07H,40H-47H (Increase automatic)
Delay

g NG NN Y,

Set Address 00H

Index Pointer ROM to Show LCD
OOH-07H,40H-47H (Increase automatic)
Delay

No. N4F N8 Yo N

Set Address 00H

Ne N

Index Pointer ROM to Show LCD
O0OH-07H,40H-47H (Increase automatic)
Delay

Yo R B

; Set Address 00H

Index Pointer ROM to Show LCD
O00H-07H,40H-47H (Increase automatic)
Delay

Se N

Set Address 00H

Index Pointer ROM to Show LCD
O00H-07H,40H-47H (Increase automatic)
Delay

N N N Se S

; Set Address 0OO0H

; Index Pointer ROM to Show LCD
; O0H-07H,40H-47H(Increase automatic)
; Delay

Set Address 00H

Index Pointer ROM to Show LCD
O0OH-07H,40H-47H (Increase automatic)
Delay

Se Yo Yo NN,

Set Address 00H



SET52:

SET53:

SETS54:

SET55:

SET56:

SET5;

SET58:

SET59:

D:\macl\sourcecode skit-51\NEW WORK1\10-20 42.asm

MOV
LCALL
LCALL
LJIMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJIMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV

DPTR, #TITLES2
WRLINE_LCD
DELAY ls

HOME

A, #67H,SETS3
LCD_ADDR, #000H
SET ADDR_LCD
DPTR, #TITLES3
WRLINE_LCD
DELAY 1s

HOME

A, #68H, SET54
LCD_ADDR, #000H
SET_ADDR LCD
DPTR, #TITLES4
WRLINE LCD
DELAY 1s

HOME

A, #69H, SETS5
LCD_ADDR, #000H
SET ADDR_LCD
DPTR, #TITLESS
WRLINE LCD
DELAY 1s

HOME

A, #6AH, SETS6
LCD_ADDR, #000H
SET _ADDR LCD
DPTR, #TITLES6
WRLINE LCD
DELAY 1s

HOME

A, #6BH, SET57
LCD_ADDR, #000H
SET ADDR LCD
DPTR, #TITLES7;
WRLINE LCD
DELAY 1s

HOME

A, #6CH, SETS8
LCD_ADDR, #000H
SET ADDR_LCD
DPTR, #TITLESS

WRLINE LCD
DELAY 1s
HOME

A, #6DH,SET59
LCD_ADDR, #000H
SET ADDR LCD
DPTR, #TITLES9

WRLINE_LCD
DELAY 1s
HOME

A, #6EH,SET60
LCD ADDR, #000H

b=
AN

N

Ne

Nal Nei T Nyi N

o

Ve Yo N W

Y

Index Pointer ROM to Show LCD
O0H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

O0OH-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

O0OH-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

OOH-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

O0OH-07H,40H-47H (Increase automatic)
Delay

Set Address 00H

y
Index Pointer RCM to Show LCD

.

4
-

Ne

Ne Yo Ne

AT T

e Yo Ne

O0H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

OOH-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LC

O0H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H



SET60

SET61:

SEI62

SET63:;

SET64:

SET65:

SET66:

SET67:

D:\macl\sourcecode_skit-51\NEW WORK1\10-20 42.asm

LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJIMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

~
Ul

MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV

SET ADDR_LCD
DPTR, #TITLEG60

WRLINE LCD
DELAY 1s
HOME

R, #6FH, SET61
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE61
WRLINE LCD
DELAY 1s

HOME

A, #70H, SET62
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE62
WRLINE_LCD
DELAY 1s

HOME

A, #71H,SET63
LCD_ADDR, #000H
SET_ADDR LCD
DPTR, #TITLE63
WRLINE LCD
DELAY 1s

HOME

A, #72H,SET64
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE64
WRLINE_LCD
DELAY 1s

HOME

A, #73H, SET65
LCD_ADDR, #000H
SET_ADDR LCD
DPTR, #TITLE65

WRLINE LCD
DELAY 1s
HOME

A, #74H,SET66
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLEG6

WRLINE LCD
DELAY 1s
HOME

A, #75H,SET67
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE67

WRLINE LCD
DELAY 1s
HOME

A, #76H,SET68
LCD _ADDR, #000H

13

AR D D

AT P R PR

No

o

Ne N N

Ne Yo N

Al

NTTING NG D

A TTER TR 1Y

Index Pointer ROM to Show LCD
OOH-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

O0OH-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

OOH-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

O0OH-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

O0OH-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

O00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H



SET68:

SET69:

SETT0:

SET/1:

SET72:

SET73:

SET74:

SET /)5

D:\macl\sourcecode skit-51\NEW WORK1\10-20_42.zsm

LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV

SET_ADDR_LCD
DPTR, #TITLE68

WRLINE LCD
DELAY 1s
HOME

A, #77H, SET69
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE69

WRLINE LCD
DELAY 1s
HOME

A, #78H,SET70
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE70

WRLINE LCD
DELAY 1s
HOME

A, #79H,SET71
LCD_ADDR, #000H
SET_ADDR LCD
DPTR, #TITLE71

WRLINE LCD
DELAY 1s
HOME

A, #7AH, SET72
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE72

WRLINE LCD
DELAY 1s
HOME

A, #7BH, SET73
LCD_ADDR, #000H
SET ADDR LCD
DPTR, #TITLE73

WRLINE LCD
DELAY 1s
HOME

A, #7CH,SET74
LCD_ADDR, #000H
SET_ADDR _LCD
DPTR, #TITLE74

WRLINE LCD
DELAY 1s
HOME

A, #7DH, SET75
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE75

WRLINE LCD
DELAY 1s
HOME

A, #7EH, SET76
LCD ADDR, #000H

14

A PO TR Y

Ne N

Ne

~oo M BRe Ne

e

Noe Y N

o

Ne Yo N2 N N Ne Y N Ne N

NN Yo Ne N E

o

Yo Neo N

e

Index Pointer ROM to Shew LCD
O0H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

OOH-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

OOH-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Shew LCD

O0H-Q7H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H (Increase automatic)
Delay

Set Address 0O0H
Index Pointer ROM to Show LCD

OOH-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H



SET76:

SET77:

SET78:

SET79:

SET80:

SET81:

SET82:

SET83:

D:\macl\sourcecode skit-51\NEW _WORK1\10-20 42.asm

LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV

SET_ADDR_LCD
DPTR, #TITLE76

WRLINE_LCD
DELAY 1s
HOME

A, #7FH, SET77
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE77
WRLINE LCD
DELAY 1s

HOME

A, #80H,SET78
LCD_ADDR, #000H
SET _ADDR LCD
DPTR, #TITLE78
WRLINE LCD
DELAY 1s

HOME

A, #81H,SET79
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE79
WRLINE LCD
DELAY 1s

HOME

A, #82H, SET80
LCD_ADDR, #000H
SET_ADDR_LCD-
DPTR, #TITLESO
WRLINE_LCD
DELAY 1s

HOME

A, #83H,SET81
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE81

WRLINE LCD
DELAY 1s
HOME

A, #84H,SET82
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLES2

WRLINE LCD
DELAY 1s
HOME

A, #85H,SET83
LCD_ADIR, #000H
SET_ADDR_LCD
DPTR, #TITLES3

WRLINE LCD
DELAY 1s
HOME

A, #86H,SET84
LCD_ADDR, #000H

15

AU TN TR 1Y

Ne Yo Yo Ny N,

~o NgUSL N,

o

Ne Yo N Ny N Ne Ve N Ry Ng N NALEINE N o e Ne YNNG,

AT D D T 1Y

N

Index Pointer ROM to Show LCD
00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

O00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

O00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H
Index Pointer ROM to Show LCD

O00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H



SET84:

SET85:

SET86:

SET87:

SET88:

SET89:

SETO90:

SET91:

D:\macl\sourcecode skit-51\NEW_WORK1\10-20_ 42.asm

LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MoV
LCALL
LCALL
LJMP

CJINE

SET _ADDR_LCD
DPTR, #TITLES4

WRLINE LCD
DELAY 1s
HOME

A, #87H, SET85
LCD_ADDR, 4000H
SET_ADDR_LCD
DPTR, #TITLE8S
WRLINE LCD
DELAY 1s

HOME

A, #88H, SET86
LCD_ADDR, #000H
SET_ADDR LCD
DPTR, #TITLES6

WRLINE LCD
DELAY 1s
HOME

A, #89H, SET87
LCD _ADDR, #000H
SET_ADDR LCD
DPTR, #TITLES7
WRLINE LCD
DELAY 1s

HOME

A, #8AH, SET88
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE8S
WRLINE LCD
DELAY 1s

HOME

A, #8BH, SET89
LCD_ADDR, #000H
SET_ADDR LCD
DPTR, #TITLES9
WRLINE LCD
DELAY 1s

HOME

A, #8CH, SET90
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE90

WRLINE_LCD
DELAY 1s
HOME

A, #8DH, SET91
LCD_ADDR, #000H
SET _ADDR_LCD
DPTR, #TITLE91
WRLINE_LCD
DELAY 1s

HOME

A, #8EH, SET92

16

Ne Yo Yo N

W vl SN N AT T PR PO T W S Yo NP Ne Yo Yo Ne N,

Yo Yo Yo Yo N

ATTY

Mgl Na Ny

Ne Ne Yo Nei N

Index Pointer ROM to Show LCD
00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H

Index Pointer ROM to Show LCD
O00H-07H,40H-47H (Increase automatic)
Delay

Set Address 0O0H

Index Pointer ROM to Show LCD
00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H

Index Pointer ROM to Show LCD
O0H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H

Index Pointer ROM to Show LCD
O00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H

Index Pointer ROM to Show LCD
00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H

Index Pointer ROM to Show LCD
00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H

Index Pointer ROM to Show LCD
00H-07H,40H-47H (Increase automatic)
Delay



SET92:

SETS3:

SET94:

SET95:

SETS6:

SET97:

SET98:

SET99:
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MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJIMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJIMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJNE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
LJMP

CJINE

LCD_ADDR, #000H
SET ADDR_LCD
DPTR, #TITLE92
WRLINE LCD
DELAY 1s

HOME

A, #8FH, SET93
LCD_ADDR, #000H
SET ADDR_LCD
DPTR, #TITLE93
WRLINE LCD
DELAY 1s

HOME

A, #90H, SET94
LCD_ADDR, #000H
SET_ADDR LCD
DPTR, #TITLE94
WRLINE LCD
DELAY 1s

HOME

A, #91H, SET95
LCD_ADDR, #000H
SET ADDR LCD
DPTR, #TITLE95
WRLINE LCD
DELAY 1s

HOME

A, #92H, SET96
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE96
WRLINE LCD
DELAY 1s

HOME

A, #93H, SET97
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE97
WRLINE LCD
DELAY 1s

HOME

A, #94H, SET98
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE98
WRLINE LCD
DELAY 1s

HOME

A, #95H, SET99
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE99
WRLINE LCD
DELAY 1s

HOME

A, #95H,SET100

il

-
r
-
Vg
.
’7
.
7
.
v

Yo Yo Yo Ny N Mo Ve Yo N WG Na Yo Ya N N Ne Yo Yo Ne N Na e Ne B RN N N NN NS

Yo Yo Yo Ne N

Set Address 00H

Index Pointer ROM to Show LCD
OOH-07H,40H-47H (Increase automatic)
Delay

Set Address 00H

Index Pointer ROM to Show LCD
00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H

Index Pointer ROM to Show LCD
Q0H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H

Index Pointer ROM to Show LCD
00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H

Index Pointer ROM to Show LCD
00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H

Index Pointer ROM to Show LCD
Q00H-07H,40H-47H(Increase automatic)
Delay

Set Address 00H

Index Pointer ROM to Show LCD
00H-07H,40H-47H (Increase automatic)
Delay

Set Address 00H

Index Pointer ROM to Show LCD
O00H-07H,40H-47H(Increase automatic)
Delay
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SET100:

SHOW_GAIN_ LOW:

HOME :

INT O01:

BACK1:

MOV
LCALL
MOV
LCALL
LCALL
LJMP

CLR
SUBB
JC
MOV
LCALL
MOV
LCALL
LCALL
LJMP

MOV
LCALL
MOV
LCALL
LCALL

MOV
CLR
RETI

PUSH
SETB
CLR
ACALL
POP
MOV
CLR

RETI

; HEX Code to show LCD

2T/ Py

LCD_DATA

LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE100
WRLINE LCD
DELAY 1s

HOME

G
A, #96H
SHOW_GAIN LOW
LCD_ADDR, #000H
SET_ADDR_LCD

DPTR, #TITLE HIGH

WRLINE LCD
DELAY 1s
HOME

LCD_ADDR, #000H

SET_ADDR_LCD
DPTR, #TITLE LOW
WRLINE_LCD
DELAY 1s

IP, #0
FO

ACC
IP.0
T2
MAINI1
g5(Cle
IP, #0
FO

Set Address 00H

Ne Y

; Index Pointer ROM to Show LCD
O0OH-07H,40H-47H (Increase automatic)
Delay

AT TY

Set Address O00H

AT TY

; Index Pointer ROM to Show LCD
; O0OH-07H,40H-47H(Increase automatic)
; Delay

Set Address 00H
Index Pointer ROM to Show LCD

00H-07H,40H-47H (Increase automatic)
Delay

MO N VR NS

HEX2LCD:

ACC

2, LCD_DATA
B, #16

AB

A, #030H
LCD_DATA,A
HEX CHK
WRCHAR LCD
A,B

A, #030H
LCD_DATA, A
HEX CHK
WRCHAR_LCD
ACC

18

Push ACC.
Get Data

Divide by 16
Convert to ASCII

Check A-F

Write Higher HEX Code
Get Remainder

Convert to ASCII

Check A-F
Write Lower HEX Code
Pop ACC.

Mo Yo Yo Yo N Ne N N Y N Yo Y N N
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1:9

RET ; Return
HEX CHK: MOV A,LCD_DATA ; Get Data
CJINE A, #03AH,CHK OTHER ; Check Data Equal or Greater thanp
A
CHK_OTHER: JNC CONV_2 ALPHA ; If Equal or Greater than => A-F
RET ; Return
CONV_2 ALPHA: ADD A, #7 ; Add 7 to Alphabel
MOV LCD_DATA,A ; Save Data
RET ; Return
e e e v e o e e o et e e e e e s e 2
_____________________________ b)
7 SHOW TEMP $5)
e et o e e b G e — g gt o v e et 3]
MAIN1: ACALL INIT LCD ; Call LCD Initial subroutine
MOV LCD ADDR, #000H ; Set Address 00H
ACALL SET_ADDR LCD A
MOV DPTR, #SCR TEMP ; Index Pointer ROM to Show LCD
ACALL  WRLINE LCD ; 00H-07H,40H-47H (Increase automatic)
LOOP: ACALL DS1820 RST ;s D51820 Reset
ACALL DS1820 PRES ; DS1820 Presence
MOV ONEWIRE DATA, #0CCH ; Write Skip ROM
ACALL DS1820 WR =
MOV ONEWIRE DATA, #044H ; Write Convert Command
ACALL  DS1820 WR ;
SETB BUSY ; Set bit BUSY
PRES CHK LOOP: ACALL DS1820 RST ; DS1820 Reset
ACALL DS1820 PRES ; DS1820 Presence
JB BUSY, PRES CHK LOOP ; Wait for Busy
NOP ; Delay
NOP K
NOP A
NOP =
ACALL DS1820 RST ; DS1820 Reset
ACALL DS1820 PRES ; DS1820 Presence
MOV ONEWIRE DATA, #0CCH ; Write Skip ROM
ACALL DS1820 WR
MOV ONEWIRE DATA, #0BEH ; Write Read Scratchpad Command
ACALL DS1820 WR
ACALL DS1820 RD ; Read DS1820
MOV TEMP, ONEWIRE DATA ; Get First Byte as TEMP (L)
ACALL DS1820 RST ; DS1820 Reset
ACALL DS1820 PRES ;s DS1820 Presence
MOV LCD ADDR, #040H ; Set Address 40H
ACALL  SET_ADDR_LCD ;
MOV A, TEMP ; Get Temp. Data
CLR C ; Clear Carry Flag
RRC A ; Rotate ACC. to Right with Carry
MoV LCD_DATA,A ; Write Temp. in 3 Decimal Digits
ACALL HEX2LCD1 ;
MOV LCD ADDR, #044H ; Set Address 44H
ACALL  SET ADDR_LCD ;
MOV A, TEMP ; Get Temp. Data
JNB ACC.0,WRITE OC ; Check LSB was set?
MOV LCD DATA, #'5! ; Set => Load '5’



D:\macl\sourcecode_skit-51\NEW_WORK1\10-20_42.asm

AJMP WRITE NEXT Jump to write LCD

WRITE OC: MOV LCD DATA, #'0°" ; Not set => Load '0’'
WRITE NEXT: ACALL WRCHAR LCD ; Write to LCD

ACALL DELAY 1s ; Delay

RET

AJMP LOOP Jump to loop

e

s HEX Code to show LCD
s T/P: LCD _DATA

HEX2LCD1: PUSH ACC ; Push ACC.
MOV A,LCD_DATA ; Get Data
MOV B, #100 ;
DIV AR ; Divide by 100
ADD A, #030H ; Convert to ASCIT
CJINE A, #030H,HEX2 LCD NX ; Check x100 = 0 ?
MOV A ; 0 => Write Space
HEX2 LCD NX: MOV LCD DATA,A &
= ACALL  WRCHAR LCD ; Write x100
MOV A,B x
MOV B, #10 :
DIV AB ; Divide by 10
ADD A, #030H ; Convert to ASCIT
MOV LCD DATA,A r
ACALL  WRCHAR LCD 7/ Write Lower HEX Code
MOV A,B ; Get Remainder x1
ADD A, #030H A COTY B tomls €T
MOV LCD_DATA,A 5
ACALL WRCHAR LCD ; Write Lower HEX Code
POP ACC ; Pop ACC.
RET ; Return
T TR T e AR R INT R T s kST N kY >
; DS1820 Data Read
DS1820 RD: MOV R4, #8 ; Set loop 8 times
CLR A ; Clear ACC.
DSlBZO_RD_LOOP: CLR ONEWIRE ; Clear ONEWIRE
NOP ; Delay
NOP ;
SETB ONEWIRE ; Set ONEWIRE
NOP ; Delay
NOP ;
NOP ;
NOP ;
MOV C, ONEWIRE ; Get ONEWIRE to Carry Flag
ACALL ONEWIRE_DELAY ; Delay 75 us
RRC A ;
DJINZ R4,DS1820 RD LOOP ; Do until 8 times
MOV ONEWIRE DATA,A ; Move ACC. to ONEWIRE_DATA
RET ; Return

DS1820 WR: MOV R4, #8 ; Set loop 8 times

20
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MOV A,ONEWIRE DATA Get ONEWIRE DATA
DS1820 WR_LOOP: RRC A Rotate ACC. with Carry Flag
JNC DS1820 WR L Carry Flag was set ?
CLR ONEWIRE Set => TX high
NOP Delay
NOP
NOP
NOP

SETB ONEWIRE
ACALL  ONEWIRE DELAY
AJMP DS1820 WR_NX

Set ONEWIRE
Delay 75 us
Jump to next write

Seo PO NG e Yo Yo N Yo N Ne Yo N Yo Ne Y Ne e N N N

DS1820 WR L: CLR ONEWIRE Clear => TX Low
ACALL ONEWIRE DELAY Delay 75 us
SETB ONEWIRE Set ONEWIRE
NOP Delay
NOP
NOP
NQP
DS1820 WR NX: DJNZ R4,DS51820 WR LOOP , Do until 8 times
RET Return

DS1820 RST: CLR ONEWIRE Clear ONEWIRE

ACALL DELAY 1ms ¢ Delay

SETB ONEWIRE ; Set ONEWIRE
MOV R4, #8 ; Delay

DJNZ R4, S ;

RET ; Return

DS1820 PRES: MoV R4, #8 ; Set Loop wait 1
DS1820 PRES 1: MOV R3, #0 ; Set Loop wait 2
DS1820 PRES 2: JNB ONEWIRE,DS1820 PRES_3 ; Check ONEWIRE was clear?

DJNZ R3,DS1820 PRES 2 , Wwait loop check 2
DJINZ R4,DS1820_PRES 1 ; Wait loop check 1

RET ; Return
DS1820 PRES 3: JNB ONEWIRE, $ ; Wait until ONEWIRE set
MOV R4, #8 ; Delay
DJNZ R4, $ =
CLR BUSY ; Clear BUSY Flag
RET ; Return

ONEWIRE DELAY: MOV R6, #012H ; Each loop = 75 us
ONEWIRE DELAY 1: NOP

NOP

DJNZ R6,ONEWIRE DELAY 1

RET
I2C_DELAY: MOV R6, #00CH ; Each loop = 50 us
T2CEDELAY 1" NOP

NOP

DJNZ R6,I2C DELAY 1

RET
LCD DELAY: MOV R7, #002 Do 2 times

LCD DELAY 1: MOV R6, #0E6H 7 Each loop = 1 ms

21
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LCD DELAY 2: NOP

NOP

DJNZ R6, LCD DELAY 2

DJINZ R7,1CD DELAY 1

RET
DELAY 50us: MOV R6, #00CH s Each loop = 50 us
DELAY 50us 1: NOP

NOP

DJNZ R6,DELAY 50us 1

RET
DELAY 100us: MoV R6, #017H ; Each loop = 100 us
DELAY 100us_1: NOP

NOP

DJNZ R6,DELAY 100us_1

RET
DELAY lms: MOV R6, #0E6H ; Each loop = 1 ms
DELAY 1ms_1: NOP

NOP

DJINZ R6,DELAY 1ms 1

RET
DELAY 10ms: MOV R7,#010 7 Do/ 10 times
DELAY 10ms_1: MOV R6, #OEGH ; Each loop = 1 ms
DELAY 10ms 2: NOP

NOP

DJNZ R6, DELAY 10ms_2

DJINZ R7,DELAY 10ms 1

RET
DELAY 100ms: MOV R7, #100 ; Do 100 times
DELAY 100ms_1: MOV R6, #0E6H 7 Each loop = 1 ms
DELAY 100ms 2: NOP

NOP

DJNZ R6, DELAY 100ms_2

DJNZ R7,DEILAY 100ms 1

RET
DELAY 1s: MOV R5, #100 ; Do 100 times
DELAY 1s 1: ACALL  DELAY 10ms

DJNZ RS5,DEIAY 1s 1

RET

INIT LCD: ACALL  DELAY 100ms Delay
CLR LCD_RS Clear LCD RS Pin
MOV PO, ¥00111000B 8bit Mode
AGATY. © LED.CIK Pulse LCD Clock
ACALL DELAY 10ms Delay
MOV PO, #00111000B 8bit Mode

ACALI;  ICDICLK
ACALL  LCD_OFF
ACALL LCD CIR
MOV PO, #00000110B
ACALL LCD CIK
ACALL LCD _HOME

Pulse LCD Clock
Display Off

Clear Display
Entry Mode

Pulse LCD Clock
Return Home Display

b TORES. TERE, T omin, 100, Piosh, PRIE, TRAT, T30, AN HEht DEis
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; LCD Clear Display

LCD CLR: CLR LCD_RS ;. \Clear LCD RS Pin
MOV PO, #00000001B ; Display Clear
ACALL LCD CIK ; Pulse LCD Clock
RET

; LCD Return Home

LCD_HOME: CLR LCD RS ; Clear LCD RS Pin
MOV PO, #00000010B ; Return Home
ACALL LCD CIK ; Pulse LCD Clock
RET

LCD_OFF: CLR LCD RS ; Clear LCD RS Pin
Mov PO, #00001000B ; Display Off
ACALL LCD CIK ; Pulse LCD Clock
RET
o -
; Lcpicly
LCD_CLK: SETB LCD_EN ; Pulse Clock to LCD_EN
ACALL LCD DELAY
CLR LCD_EN
ACALL LCD DELAY
RET

LCD ON: CLR LCD_RS 7 Clear LCD RS Pin

MOV PO, #00001100B  ; Display On

ACALL LCD_CIK

RET
Sy T e
; Set LCD Address
c e LCD_ADDR
SET_ADDR_LCD: CLR LCD RS ; Clear LCQ_RS Pin

MOV A,LCD_ADDR ; Move LCQ_ADDR toitACC:

SETB ACC .7 ; Set bit ACC.7

MOV PO, A ; Move to DATABUS

ACALL LCD_CIK ; Pulse LCD Clock

RET
; Write Character to show LCD
2T LCD DATA
PR e e R e e e e
WRCHAR LCD: SETB LCD_RS ;/ Set LCD_RS Pin

MOV PO, LCD DATA ; Move LCD DATA to DATABUS

23
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ACALL LCD_CLK
ACALL LCD_ON
RET

Pulse LCD Clock
Display On

Se N

’
; Write Line of 16 Character from ROM
/P DPTR : Locate ROM Address

WRLINE LCD: MOV RO, #0 ; Clear loop counter
WRLINE LCD 1: SETB LCD RS ; Set LCD RS Pin
CLR A ; Clear ACC.
MOVC A, @GA+DPTR ; Move data from @DPTR to ACC.
MOV PO, A ; Move ACC. to DATABUS
ACALL LCD_CLK ; Pulse LCD Clock
INC DPTR ; Increase Pointer
INC RO ; Increase loop counter

CJNE RO, #8, WRLINE LCD 1 ; Do until 8 times

MOV LCD_ADDR, #040H ; Set Later 8 Char. Address
ACALL SET _ADDR LCD

WRLINE LCD 2: SETB LCD RS ; Set LCD RS Pin
CLR A ; Clear ACC.
MOVC B, @GA+DPTR ; Move data from @DPTR to ACC.
MOV PO,A ; Move ACC. to DATABUS
ACALL LCD_CLK ; Pulse LCD Clock
INC DPTR ; Increase Pointer
INC RO ; Increase loop counter
CJNE RO, #16,WRLINE LCD 2 ; Do until 8+8 times
ACALL LCD_ON ; Display On
RET

PCF8591 RD: MOV I2C_ADDR, #PCF8591 ID+1 ; Set PCF8591 as I2C Read Slao
ACALL I2C_SLAVE ; Connect Slave
ACALL I2C DATA RD ; Read Data from Slave
MOV AD DATA,I2C DATA ; Read Data to A/D Data -
ACALL  I2C NACK BIT ; Send Not Acknowledge
ACALL ] 2CmS TOP ; Send Stop Condition
RET ; Return

PCF8591 WR: MOV I2C_ADDR, #PCF8591_ID ; Set PCF8591 as I2C Write Slave
ACALL I2C_SLAVE ; Connect Slave
MOV I2C_DATA,CONTROL ; Write CONTROL to Slave
ACALL I2C_DATA WR ; Write Data to Slave
ACALL I2C_DATA WR ; Write Data to Slave

ACALL I2C_STOP ; Send Stop Condition
RET ; Return
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; I2C Data Write
; I/P: IZQ_DATA
; Reserve: R5

I2C_DATA WR: PUSH ACC ; Push ACC.
SETB I2C_ACK ; Set ACK. bit
MOV A,I2C DATA ; Get Data
MOV R5, #008 ; Set loop 8 times
I2C_DATA WR 1: RILC A ;7 Rotate ACC. to Left with Carry
MOV SDA, C ; Move Carry Flag to SDA

ACALL  I2C CIK Pulse I2C Clock
DJNZ R5,I2C_DATA WR 1 ; Do until 8 times

ACALL - 12¢ CLK
DJINZ R5, I2C_SLAVE 1

Pulse I2C Clock
Do until 8 times

SETB SDA ; Set SDA
ACALL I2C_DELAY ; Delay
SETB SCL £ Set ' SCL
ACALL 12C_DELAY ; Delay
JB SDA,I2C_DATA WR 2 / Check Acknowledge from Slave
CLR I2C ACK ; Clear ACK. bit
I2C_DATA WR 2: CLR SCL ; Clear SCL
POP ACC 7/ Pop ACC.
RET ; Return
; I2C Data Read
2=0/Ps I2C DATA
; Reserve: R5
I2C_DATA RD: PUSH ACC ;7 Push ACC.
CLR A ; Clear ACC.
MOV R5, #008 ; Set loop 8 times
I2C_DATA RD 1: ACALL I2C DELAY ; Delay
SETB SCH N\SetAsSCh
ACALL I2C_DELAY ; Delay
MOV C, SDA ; Get SDA to Carry Flag
RLC A ;7 Rotate ACC. to Left with Carry
CLR SCL ; Clear SCL
DJNZ R5,I2C DATA RD 1; Do until 8 times
MOV I2C DATA,A ; Move Data to I2C DATA
POP ACC £2Pop JACCs
RET ;s Return
Heeins il S oE s, e St e S e dnenig el e Nl o el o deiligel s na i i
; I2C Slave Connect
2 I/P: I2C ADDR
/ O/P Flag: I2C ACK
/ Reserve: RS
I2C SLAVE: PUSH ACC 7 Push ACC.
SETB I2C_ACK ; Set ACK. bit
MOV A, I2C_ADDR ; Get Slave Address
ACALL I2C_START ; Send Start Condition
MOV R5, #0038 ; Set loop 8 times
I2C_SLAVE 1: RLC A ¢/ Rotate ACC. to Left with Carry
MOV SDA,C ; Move Carry Flag to SDA

SETB SDA ; Set SDA
ACALL I2C_DELAY ; Delay
SETB SCL ; Set SCL
ACALL I2C DELAY ;" Delay

25
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JB SDA,I2C SLAVE 2 ; Check Acknowledge from Slave
CLR I2C_ACK ; Clear ACK.
I2C SLAVE 2: CLR SCL ;7 Clear SCL
pPOP ACC ; Pop ACC.
RET ; Return

I2C_START: JNB SCL,I2C_START 1 ; Check current SCL set?
CLR SCL ; Clear SCL
I2C_START 1: SETB SDA ; Set SDA
SETB SCL ; Set SCL
ACALL I2C DELAY ; Delay
CLR SDA ; Clear SDA during SCL set
ACALL 12C DELAY ; Delay
CLR SCL ; Clear SCL
RET ; Return
; I2C Stop Condition
I12C STOP: JNB SCL,I2C STOP 1 ; Check current SCL set?
CLR SCL ; Clear SCL
I2C STOP 1: CLR SDA ; Clear SDA
ACALL I2C _DELAY ; Delay
SETB SCL ;7 \Set SCL
ACALL I2C DELAY ; Delay
SETB SDA ; Set SDA during SCL set
RET ; Return
; I2C Cloek
I2C CLK: ACALL I2C DELAY ; Pulse SCL
SETB SCL z
ACALL 12C DELAY 2
CLR SCL ;
RET ; Return
; I2C Acknowledge
I2C _ACK BIT: CLR SDA ; Clear SDA
ACALL I2C _DELAY ; Delay
ACALL I2C CIK ; Pulse I2C Clock
SETB SDA
RET ; Return
; I2C Not Acknowledge
I2C_NACK BIT: SETB SDA ; Set SDA
ACALL I2C DELAY ; Delay
ACALL I2C CILK ; Pulse I2C Clock

SETB SCL

26
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RET ; Return

; 0123456789ABCDEF
SCR_TEMP: DB ! .. 70DEH,'C !

; 0123456789ABCDEF
TITLE 2: DB ' MOISTER METER '
TITLE 21: DB ! FOR GAIN !
TITLEl: DB ! 150520 uml
TITLEZ2: DB g P02 !
TITLE3: DB ! 0. 23/ §
TITLE4: DB ! 10.3% '
TITLES: DB ! 10.4% "'
TITLEG: DB ! 10,.5%=]
TITLE7: DB ! 10.6% '
TITLES: DB ! ORI
TITLEOS: DB ! 1OE8 2 g
TITLE1OQ: DB ! 1OHO% &
TITLE11l: DB ! HSBO 3 &
TITLE12: DB : ilplle! (RO
TITLE13: DB ! ANCHDT
TITLE14: DB ! 1010 3%
TITLE1S: DB ! 11.4% ¢
TITLE16: DB i Rl 0 A
TITLEL17: DB . b iaYers fu
TITLE1S8: DB X 11.7% '
TITLE19: DB Y 1831
TITLE20: DB ' 13= O%10
TITLEZ21: DB ! 12.0% '
TITLE22; DB X Tom1% [
TRELE2:3 ¢ DB ! L 22 |k
TITLE24: DB : 120 3B
TETER 25 DB ’ 12.4% '
TITLE26: DB g 1 Mo !
TITLE2. DB . 1246%: "
TITLE28: DB ) 12 7 B!
TITLE29: DB ) 2R §32%
TITLE3O0: DB S e Bl
TITLE31: DB ! inG o g msr
TITLE32: DB ! 1301% )
TITLE33: DB ! 1iBI2% )
TITLE34: DB ! T3.3% 1
TITLE35: DB ! 13.4% !
TITLE36: DB ! 1355%!
TITLE37: DB ! 135631
TITLE38: DB : 13078 °
TITLE39; DB ! 13:a8% =)
TITLE40: DB ! 135030
TITLE41Ll: DB ‘ 14.0% '
TITLE42: DB ! T4 s1% "
TITLE43: DB : 14.2% !
TITLE44: DB ! 14330
TITLE45: DB ) 14.4% '
TITLE46: DB ! 14.5% '
TITLE47: DB ! 14.6% '

27
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TITLE48: DB : 14.7% "
TITLE49: DB ' 14.8%
TITLESO: DB ! 14.9% "
TITLES1: DB ! 15.0% '
TITLES2: DB ! 15.1%° !
TITLES3: DB % 15.2% !
TITLES4: DB ! 15233
TITLES5: DB : 15.4% '
TITLESG: DB ! 15.58% !
TITLEST: DB iy 15.6% '
TITLESS8: DB i L5uH et
TITLES9: DB ! 15.8% '
TITLE6O: DB ! 1559%
TITLEG61 : DB Y 1650%
TITLE62: DB ! 16512t
TITLEG3: DB ! 16.2% !
TITLE64: DB ! 1O B
TITLE65: DB ! 16.43% '
TITLE66: DB : Al(h iy
TITLE67: DB ! 16./6%/ }
TITLE®68: DB v 16.7% !
TITLE6S: DB ! 16.8% '
TITLE70: DB i 16.9%=}
TETLE7L DB : 1740% §
TITLE72: DB . 47 LN
TITLE73: DB ! 1825 5l
TITLE74: DB i LIH IS
TITLE7S5: DB y eas
TITLE76: DB 3 W/E %' 8
TITLE77¢ DB y IS286%
TITLE78: DB ! Arlihd |
TITLE79: DB Y SN
TITLESBO: DB . 4O |
TITLES81E DB ! JLEAYIES (4
TITLE82: DB ! E8-L A
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Versatile Waveform Generator Operates from 0.1Hz to 20MHz

As a single-chip source of high-frequency waveforms, the MAX038 can serve both as the
core of a moderate-performance waveform generator, and as a card-level waveform
source for electronic systems in which the cost of a dedicated waveform generator may
be prohibitive.

The MAXO038 is a precision, high-frequency function generator that produces accurate
sine, square, triangle, sawtooth, and pulse waveforms with a minimum of external
components. The internal 2.5V reference (plus an external capacitor and potentiometer)
lets you vary the signal frequency from 0.1Hz to 20MHz. An applied £2.3V control
signal varies the duty cycle between 10% and 90%, enabling the generation of sawtooth
waveforms and pulse-width modulation.

A second frequency-control input-used primarily as a VCO input in phase-locked-loop
applications-provides +70% of fine control. This capability also enables the generation of
frequency sweeps and frequency modulation. The frequency and duty-cycle controls have
minimal interaction with each other.

All output amplitudes are 2 Vp-p, symmetrical about ground. The low-impedance output
terminal delivers as much as +20mA, and a two-bit code applied to the TTL-compatible
A0 and Al inputs selects the sine, square, or triangle output waveform:

A0 A1 Waveform
X 1 Sine wave
0 0 Square wave
1 0 Triangle wave
X = Don¥ vare}

To synchronize MAX038 operation with other devices in the system, the internal
oscillator produces a TTL-compatible SYNC output, whose duty cycle remains constant
at 50% regardless of the duty cycle set for the output waveform. The MAX038's internal
phase detector enables such synchronization as well. It also enables the demodulation of
frequency-modulated signals.

Details of Operation

By alternately charging and discharging an external capacitor, the MAX038's relaxation
oscillator produces simultaneous square and triangle waves. An internal sine-shaping
circuit converts the triangle to a low-distortion, constant-amplitude sinewave. The sine,
square, and triangle waves are applied to an internal multiplexer that lets you select the



output waveform according to the state of address lines AQ and Al. The output amplitude
remains constant at +1V regardless of wave shape or frequency (Figure 1).

SINE-WAVE QUTPUT (S0H2)

ol

SINE-WAVE QUTPUT (208HZ)
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TRIANGLE-WAVE OUTPUT {60Nz)

I=50mA TOP.QUTPUTSOHz=Fp = 400mA fgy=50mA  TOP: QUTPUT 50Hz = Fo
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TRIANGLE -WAVE OUTPUT (20MHz2) SQUARE-WAVE QUTPUT (50Hz2) SQUARE-WAVE OUTPUT (20MHZ)
I=50mA  TOP; QUTPUT 50Hz = Fo Iy = 400mA
Cr=1mF  BOTTOM: SYNC | G = 200F

Figure 1. Among waveforms available at the MAX038 output are the sine (a, b),
triangle (c, d), and square (e, ).

See Figure 2 for the MAX038's block diagram and operating circuit. Powered from +5V,
the device consumes 400mW and has a nominal output frequency set by the oscillator
capacitor CF. Coarse deviations from that frequency are made by varying the IIN current
from 2pA to 750pA, a range of 375:1 (Figure 3). As shown, the IIN current can be
derived using the on-board 2.5V reference and an external fixed or variable resistor.
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Figure 2. This figure combines the block diagram and basic operating circuit for
the MAX038 0.1Hz-to-20MHz waveform generator.
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Figure 3. The output frequency in Figure 2 varies with current into IIN and the
value of C..

To adjust the frequency digitally, connect a voltage-output DAC to IIN via a series
resistor (Figure 4). The converter output ranges from 0V at zero to 2.5(255/256)V at full-
scale. Current injected by the converter into IIN, therefore, ranges from OpA to 748pA.
The 2.5V reference and 1.2MQ resistor inject a constant 2pA, so (by superposition) the
net current into IIN ranges from 2pA (at a code of 0000 0000) to 750pA (at 1111 1111).
The quad-DAC IC operates from 5V or +5V. As described below, it can also provide
digital control of FADJ and DAD)J.
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Figure 4. Three 8-bit D/A converters easily provide digital control of the two
frequency-adjust inputs (IIN and FADJ) and the duty-cycle-adjust input (DADJ).

For fine adjustments (+70%), apply a control voltage in the range +2.3V to the frequency
adjust (FADJ) terminal (Figure 5). Both FADJ and IIN have wide bandwidths that allow
the output frequency to be modulated at a maximum rate of about 2MHz (Figure 6). As
the more linear input, IIN is preferred for open-loop frequency control. As the voltage
input, FADJ is better suited for use in a phase-locked loop. For digital control of FADJ,
configure a DAC and external op amp (as in Figure 4) to produce an output ranging from
-2.3V (0000 0000) to 2.3V (1111 1111).
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Figure 5. For fine control of the output frequency, apply a control voltage in the
range = 2.3V to FADJ.
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Figure 6. The MAX038 inputs IIN and FADJ allow gross (a) and fine (b)
adjustments of output frequency.

Duty cycle (the percentage of time that the output is positive) can be adjusted in the range
10% to 90% by applying a +£2.3V control signal to the duty-cycle-adjust terminal DADJ
(Figure 7a). This signal changes the ratio of charge current to discharge current for the CF
capacitor while maintaining a nearly constant output frequency (Figure 7b).
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Figure 7. An independent DADJ control voltage in the range + 2.3V adjusts the
duty cycle (a) with little effect on frequency (b).

The DADYJ input also lets you minimize distortion in the output sine wave. Minimum
distortion occurs at a duty cycle of exactly 50%, but the typical duty cycle (with VDADJ =
0V) is 50% +2%. By applying a small control voltage (typically less than +100mV) to
DAD)J, therefore, you can set the exact 50% symmetry that minimizes distortion (see
insert, Figure 8).
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Figure 8. This circuit lets you adjust for the minimum sine-wave distortion
available at a 50% duty cycle.

The source driving DADJ must supply a constant 250pA (see Figure 2). The temperature
coefficient of this internal current sink is unimportant for op amps and other low-
impedance sources, but is significant when using a variable resistor as shown. Thus,
variable resistors suit manual operation only, in which the operator can correct errors
through readjustment. Like FADJ, DADJ has a 2MHz bandwidth and +2.3V range. It can
be digitally controlled with an identical circuit (Figure 4). Figure 9 shows the duty-cycle
modulation that results when a triangle wave is applied to DADJ.



PULSE-WIDTH MODULATION USING DADJ
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Figure 9. A triangle wave applied to DADJ provides linear variations in the duty
cycle.

Phase-locked Operation

The MAXO038's internal phase detector is intended primarily for use in phase-locked-loop
(PLL) configurations. In Figure 10a, for example, the phase detector in IC2 enables that
device to synchronize its operation with that of IC1. You connect the applied reference
signal to IC2's TTL/CMOS-compatible phase-detector input (PDI) and connect the
phase-detector output (PDO) to the input (FADJ) of the internal voltage-controlled
oscillator. PDO is the output of an exclusive-OR gate-a mixer-which produces
rectangular current waveforms at frequencies equal to the sum and difference of the PDI
frequency and the MAX038 output frequency. These waveforms are integrated by CPD
to form a triangle-wave voltage output at PDO (Figure 10b). The 10Q/100pF pair at PDI
limits that pin's rate of rise to 10ns.
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Figure 10. The SYNC output lets you synchronize one MAX038 to another.

The PDO current-pulse levels are OpA and 500p A, with a duty cycle that approaches
50% when PDI and the output are in phase quadrature (90° out of phase). Otherwise, the
duty cycle approaches 100% when the phase difference approaches 180°, and 0% when
the phase difference approaches 0°. RPD, CPD, and RZ comprise a filter that determines
the PLL frequency response.

At the SYNC output is a square wave of fixed 50% duty cycle, whose rising edge
coincides with the rising edge of an output sine or triangle wave as it passes through zero
volts. If the output is a square wave, SYNC's rising edge occurs at the mid-point of the
positive portion, causing SYNC to lead the output by 90°.

SYNC lets you slave one MAXO038 to another by providing a TTL-compatible square
wave at the phase-detector input (PDI), as required by the slaved device (IC2). On the
other hand, SYNC isn't available if a MAXO038 is synchronized with sine or triangle



waves from other sources. For those cases, the PDI input must be driven by a comparator
(as shown in Figure 11) to square up the signal and provide the appropriate level shifting.

Click for Larger Image

Figure 11. This circuit modulates a 10MHz carrier with 10kHz, and then recovers
the modulating signal.

The internal phase detector can also demodulate frequency-modulated signals (Figure
11). In this circuit, the output of one MAX038 is being frequency modulated with a
10kHz sine wave. The +34mV signal at FADJ of IC1 causes a +1% variation in the
output frequency (+100kHz), and the rate of variation is 10kHz. The comparator assures
a proper square wave for IC3's PDI input as mentioned above. The two MAXO038s are set
to the same center frequency.

The frequencies at IC3's phase-detector output are the sum and difference of the
frequencies at PDI and OUT. Thus, with appropriate cutoff frequency and gain, the
lowpass filter (IC4) passes only the original 10kHz signal to the demodulated output. The
pole for this filter is set by the 16.2kQ and 100pF components. As in Figure 10a, the
frequency response for IC3's PLL is set by RPD, CPD, and RZ (see Sidebar).

When the loop is in lock, PDI is in approximate phase quadrature with the output signal.
Also when in lock, the duty cycle at PDO is 50%, and PDO's average output current is
250pA. The current sink at FADJ demands a constant 250u A, so PDO outputs above and
below that level develop a bipolar error voltage across RPD that drives the FADJ voltage
input. Note-the MAX038's internal phase detector is a phase-only detector, producing a
PLL whose frequency-capture range is limited by the bandwidth of its loop filter. For
wider-range applications, consider an external phase-frequency detector.

To gain the advantages of a wider capture range and an optional +N circuit (which allows
the PLL to lock onto arbitrary multiples of the applied frequency), you can introduce an
external frequency-phase detector such as the 74HC4046 or the discrete-gate version
shown in Figure 12. Unlike phase detectors that may lock to harmonics of the applied
signal, the frequency-phase detector locks only to the fundamental. In the absence of an
applied frequency, its output assumes a positive dc voltage (logic "1") that drives the RF



output to the lower end of its range as determined by resistors R4-R6. These resistors also
determine the frequency range over which the PLL can achieve lock. Again, R4-R6, C4,
and RZ determine the PLL's dynamic performance.
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Figure 12. This discrete-gate frequency-phase detector allows use of an external
+ N circuit, and assures that the PLL will lock only to the fundamental (not a
harmonic) of the applied frequency.

Frequency Synthesizer

The MAX038 and four other ICs can form a crystal-controlled, digitally programmed
frequency synthesizer that produces accurate sine, square, or triangle waves in 1kHz
increments over the range 8kHz to 16.383MHz (Figure 13). Each of the 14 manual
switches (when open) makes the listed contribution to output frequency: opening only SO0,
S1, and S8, for example, produces an output of 259kHz.
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Figure 13. This manually programmed digital frequency synthesizer can step
from 8kHz to 16.383MHz in 1kHz increments.

The switches generate a 14-bit digital word that is applied in parallel to the D/A converter
(IC2) and a +N circuit in IC1. IC1 also includes a crystal-controlled oscillator and high-
speed phase detector, which form a phase-locked loop with the voltage-controlled
oscillator in ICS.

The DAC and dual op amp (IC4) produce a 2uA-to-750p A current that forces a coarse
setting of the IC5 output frequency-sufficient to bring it within capture range of the PLL.
This loop, in which the phase detector in IC1 compares IC5's SYNC output with the
crystal-oscillator frequency divided by N, produces differential-phase information at
PDV and PDR. IC3 then filters and converts this information to a £2.5V single-ended
signal, which, when summed with an offset and applied to FADJ, forces the SIGNAL
OUTPUT frequency to the exact value set by the switches.

Applying coarse frequency control with the DAC and the IIN terminal of IC5 (pin 10)
gives the fine-control input (FADJ) a reasonably fast response to switch changes. The
50MHz, 50 lowpass output filter passes 16MHz sine, square, and triangle waves with
reasonable fidelity, while blocking high-frequency noise generated by the +N circuit.

The MAXO038 is priced at $10.37 (100 pcs, FOB USA).



Phase-locked-loop analysis

The following discussion borrows heavily from
Chapter 2 of “Phaselock Techniques,” 2nd
Edition, 1979, by Floyd M. Gardner.

Phase-locked loops such as those operating in
Figures 10a and 11 can be modeled by a phase
detector, loop filter, and voltage-controlled
oscillator {(VCO) as shown in Figure A. The
input-signal phase is ¢;(t) and the VCO-output
phase is ¢,(1). Assuming that the loop is locked,
the phase detector is linear, and the phase
detector’s output current (i) is proportional to
the phase difference between its inputs, then:

() iy =Ka(d: -9,)

where K, called the phase-detector gain factor,
is measured in units of amperes per radian. For
the MAX038, K, = 3.18*10% A/rad.

The loop filter determines dynamic perfor-
mance for the loop. It transforms the phase-
detector error current (iy) into an error voltage
(v¢) that determines the VCO’s output
frequency. The VCO’s deviation from center
frequency (f,) is:

Kove
A\
where K, is the VCO gain factor, and has units
of rad/sec-V. For the MAX038, K, =0.2915w,,
where w, = 2xf,. Since frequency is the deriva-
tive of phase, the VCQO’s operation may be
described as:

Taking the Laplace transform of equation 3:
(4 L[ ‘%(')] = sy (s) = KoVels).
Therefore:

@) %0 5@‘%"_)

Thus, the VCO output phase is linearly related
to the integral of the control voltage. Taking
the Laplace transform of equation 1:

(6) 1q(s) = Ka[4i(s) - (s}



Figure A. Phase-fock loop, basic biock diagram.

And from Figure A:
7 Vels)= Fls)als),
where F(s) is the transfer function for the loop filter

(Figure B). Combining the equations 5, 6, and 7
gives the loop equations 8, 9, and 10:

P ¢o(s) < KOKQF(S)
{8) H( ) ¢,.(3) s+KngF(S)’

$i(s5) - $o(5) < (5} 2 2 - ]-H(s
* ;ils) $i(s) s+ KK F(s) AL

sKygF(s)ils) _ sh:ls)
Ef'xaxdr(s)  X) His).

(10) V.(s) =

where H(s) is the closed-loop transfer function and
$.(s) is the phase error. The transfer function for
the loop filter (Figure B) is F(s):
Vour(s) _ Rep(sCppRz +1)
Pls) =270
]m(s) SC(RPD + Rz) +{

_ Rpp(str +7)
sty+l :

(11)

where t 1= (RPD + RZ)CPD! and 12 = RZCPD'
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Substituting the F(s) expression into equation 8
gives:
K KaRpp(sty + 1)

Ty

(12) H{s)= .

2, U+ KoKaRppty) | KoKgRep

) T
which can be wrilten as:
{ m,z, 3 2
-—— 1t
Stgm" KoKdRPD) V7K

B Lw,s+ u);':

where @, is the loop’s natural frequency and Cisits
damping factor:

(13) H(s) =

o

3\ (xaxﬁkm)
” ’

T

(0N

! (KoKdRPD)

§—~ T .|.___._I_.__.
‘ Ty 2" KoKaRep)

As in conventional 2nd-order systems, € should be
greater than 0.707.





