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ABSTRACT

THIS THESIS [S PRESENTED TO DISPLAY THE VALUE OF
TEMPERATURE WHICH IS ONE OF THE PARAMETERS THAT OCCURED IN
CONTROLLING SYSTEM TO TRANSFORMING TO ELECTRICAL SIGNAL 4 - 20 mA. THIS
SIGNAL IS USED AS A CONTROLLER OF THE FOLLOWING PROCESS. TEMPERATURE
CAN BE CALIBRATE RANGE AT MICROCONTROLLER MCS - 61 AND TO DISPLAY THE
VALUE OF TEMPERATURE OBTAINED. THIS VALUE OF TEMPERATURE WILL BE

REPRESENTED ON THE MONITOR OF COMPUTER BOTH IN THE FORM OF CELCIUS
AND FARANGEHEIGHT DEGREE.
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8255 Programmable Peripheral Interface

8265 ugunacd LSI ( Large Scale Intergrated Cirouit ) firdaloendm el

Coorperation Fefiman 8255 {ufldrmarululeslunzawefuatou q athaniieems

arour 4
18Y > (ROUP_ A L._J\ POKT A L—J) tz0
~ [ r.nnvnm.(r__¢ 1 Ny PAT:PAS | W
7| rao ~J1 10 b= ras
— rae ~fe 19 |- ras
T ra1 ~fa "0 —ras
~ rae —4 ¥ of-rat
rRD —i& ¢ - wit
l_.__}\ /_ N crour A fa__] tso Ta ¢ #% — reael
ko7 & DATA BU3 —N {‘— ront ¢ ) perepeq  SHO —7 14 t-os
A N A [
surren:  |Y Yl [ Y] vreen MY prgp n =0
s arr PCT =18 A et 03
IHIERNAL res ~in 10 o
DALA BU1 res —1e O ey —oa
crour B
_ LN 1/0 PCL 113 @y EE b o1
PoRT € rce —14q t7 - 01
LoseR g Pe3-pce rFCL 118 28 1~ Yee
N— ] rez —ts 1o —re1
rc3 —ji1 t4 - ree
M e V) ¥ ree —f1s ty (—rag
READ/ rer —1y te {—red
L B (PRSI T Bt ] snour » 170 reggr b AL
RS S W by .\ | contnor - Jrears {__>r-1-rlu
re — NN s 'S
. Lecic o
AERTT o —— yt—4
L
] J— L L] T

§ﬂ‘ﬁ 7.1 uamué’an‘lﬂa:uniw.a:nwmehumiomuaa 8255

uonleozunsagauan Ao vfendmou 4 uen Fegmeduriendudud
sodonrugUnoimenandu q  Taefiens PAO - PA7, PBO - PB7 uss PCO- PC7 flwma
rmanslaysTagUneimeuanty 8255 smedtynnoaveniiavgniaiseanidin 3 VO warv
guriwain A (PA), wodn B (PB), uewain C BC)  uisewainensmnduldfdunmussions

wn  ussusterfanasilenedynaudasdhinistoyameluene 8256
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ufantensunaaaialiléiunl Group A Control uat Gioup B Contol  $4ag
diwdhrvueimsnemahouzems 3 VO wain

véenteozuningegevneldiun Data Bus Buffer Ut Read/Write Control Logic
Fouferisnitandusoniidesiat CPU, Data Bus Buffer SaudwiiviefWiiutictosaues CPU
s Read/Write Control Logic aufwchwiimueuliayadviasenaniasnaimeluihiign
dme ustlunmimnzan

SEALIBUAM VAT N2 8255

a0 8255 Tiuciondioquli 7.1 weiivauBumassiasdo

DO - D7 wiusnesinyedunn/dmiynuusnsfiemy (Bi-Ditection Bus) auflumy
FmndpyaIswime e ) 189 8256 riutiinyaes CPU washu

CS (Chip Select Input) Homisisnuzanindiu 0 CPU axsanmnfiassuvide
demdinagariy 8265 16F

RD (Read Input) pmésismuzanintiu * 0 * waedtyanos CS daedniu 0
Foyean 8255 walrnpginisdoys CPU favsnumnamdaysaaniyle

WR (Write Input) donisenuzaniniu « 0 uardtynou CS fasinidu * 0
Fosyeainazuy Data Bus avgnifiwdintiel 8266 16t

A0 - A1 (Address Input) aufiushrmuemsBanldaaesmeluass 8255

Reset wipmitdismusiin - 1 6256 avor/lusnmesigayn « wasnas 8255 4y
grun rag InInstaduvy

PAO - PA7, PBO - PB7 sndityqnoumenitasgnidifiunein 10 awwn 8 fn 14
sdriugunanimeventu o

PCO - PC7 mdftyanmsmeniiacgn Eifluwatn 10 swin 8 Tn nawmasndtynn
shansoutieliin 2 ne Teousiesnguiivwn 4 T nguusnasldmueu PBO - PB7  uasnaadi
2 Wenueu PAO - PA7
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maulfewdygnmdineadiudyg uawaan

dynnoddussuulwihfidynnodiugm 2wy fo Sygoisieea wesdtygn
awsen  Sygnoewiaen maneile Sugnadidemsufeunadadias uadygaudinaadin
[ ‘ 1 b 4 1 v
SunnofifssumawBaulamssdynnn 2 ssfurmiugedynnosnsrsdiliimua il 0
© a AA! P3 2 § v '.i 2 .
wee 1 wdnunerssdyynodluwddasimslfmulusseasiilaslisiesesd dalwnnindamsi
§ [ A v . ¥ A o 1Y an
Wl hswaes ety gunsoiiléfnrewesnrddiudosinsuBewdyarounndiaos
Tudtygnowewesn ( Digital to Analog Conversion DAC ) wssiSuusyanomnawiasniin
Syunnouidena ( Analog to Digital Conversion ADC ) el wlaslingamasaansadartiy
CAv ) v v
guinselfifuuszssoyauuueweantel
mastaymssdnndineaan bilaslnasaes  Wlituqunsoiimind

wiRemdynudinemiu i limasstayseanlyfivaSridhdimmunemsiudasioli 8.1

Data bus ——9 PARALLEL Analog
Address Bus OUTPUT DAC ____>
Control Bus PORT

> QUTPUT

5u# 8.1 Toazunssasmsdedflyfiu DAC

wénmadinsdiurasmawReudynnadiesadudygemeanin - ewamdn
mydee fa srdurmsusuowIsenifietu azdmdiewiriuiuwniansusaifamuay

énényrasiia wulle 0 axfienvpausesuniu 20 = 1%v faf 1 aulienseduuweuwmniy 21 = 2%
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1in 2 fenTesunseduriiy 22 = 4%y uaslaf n asfisesuuTesiuniy 22 v Ty dntharens
A DAC winheauiiudgf 8.2

~—0 QUTPUT

14 8.2 usanases pAc diasdu

N3l 82 2snhsnaeny FiaF 4 ¢ upsemndmwm 4 6 dadudunneans
amudiyyailasfienndumu 1 depdwsstiundy dwmmméﬁumuﬁdaag}ﬁumuwi\a
amelinghon asfienide 1, 2, 4, 8 mudeBashiminosimItenedendu -1/8, -1/4, 172 s -1
AL IAATTITeRRLTTI MR T s Wisiemnedeman asleishdvmasnan
sy 0 bt mninidlachied 0 Sagldussduddwmanswity 125 Tt dalindied 1
facliusasmaaninnfin 25 hah wnindedied 1 uae 0 wharfufasniidusedusansnwh
M 1.20 + 25 = 3.76 L

ém%’mwsm‘s‘l%’mumu%'um‘sLﬂé‘ﬂuﬁmmmﬁﬁﬂaaﬂmﬂ 8 fiatiudeynsewiean
usnsldoqif 83 Tnflenadumuenshe o starumesadhdnriiniesTasdhemsdumd
fin 7 et 11.75 Alalavia sldnmasaeha s 47 Alalavinewmi 4 6 fida 6 &
gy 47 Alaloviamnuin 2 ¢ Sandiwesuandesudastin aimesarlFuseduend
wndleniait

Vout = 5(n/256) Wt

n uentpasngmdy Aldmniaegucas 8 fin fendaust 0 - 255 clokuehuns
Hiaggm 10001011 ( 139 gmidn ) wacelul¥asas DAC axildiawiumuidy 27 Taaf Tusnuouit
wsshuiaemmasgnutisaanidin 265 wseeu
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V to I Converter Circuit

Warnnmsdediynnoufhiussudigmitedusnnany Soilfide % Euor auld
mzuﬂ&uﬁmmnmﬁrumn‘lumséaﬁtytmmtﬂmum Loop m'iuJé‘auﬁrurmmﬂumxuﬁuamﬁéa
Syoroludslemin alifimegrderesiyom damnsensdumumsmsln wiogasiad
Lilumsedygnaditunssnumsnasyud Wunededynnodaduinen s asdien 3 - 16
PSI, wseelwinld 1 - 5 volt weethifunszus asld 4 - 20 ma Tunsdodiyaios 0 - 100 % &g
%0 % dynnodisedenlslty 0 duwwmsmdddilimuhdgyammuguegvielilasuane
@ 3 PSI, 1 Volt Uy 4 mA Whammu madomes V to | az%uagrjﬁumﬂmm'ﬁumwaﬂwam
wasnIdanTsLalvan %‘qthuaﬂﬁmmwmumuuﬁzﬁnmeﬁqﬁa Ground Load #afimansiu
ms i lunsfudyanoumes - dusanmaussqUnoBisanseingd Wlumsmugashulvnjazasn
W ndneusdeniuiu Ground Load

ARTRENOEMIY V to 1 ﬁmﬂmﬂugﬂﬁ 91 Huflu Non Inverting Amplifier
Circuit mIsedryonouasnInIugy  Load i\lﬁmﬂ”rurmmﬁ'ﬁumﬂmuﬂauna"uLmUﬁus‘z’}om
solianeisashen @a Op-Amp iudhrimifisaesy Loop WBLLIIEUTN Non inverting
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mahe Hemanaass uaz audsselumEhu

mahauseseias ludauehs q

Instrument Amplifier
RTD flfifuafin PT100 winsasliioqomgfilugae 0 - 650 °C Tow RTD ax
whemulasehendumudaudianazming 100 - 330 @ RTD avdaggianfed usdwaing

fidavdodnes Istument Amplifier WnEWReMRD RN HAL AR 0- 5V

Voltage to Frequency
WhMIRsIEUBUNA 0 - 5 V nmA Instrument Amplifier i/
A 0 - 16.25 KHz w"saﬂmﬂ%‘iuuuﬂmqquﬁ 0- 650 °C wfiuenaifi 0 - 1625 KHz lowndlo
frmwfeuwlemd 1 Hz asvirudmenBowamomg 004 °C eonadi iidada
sinanalay Miciocontroller

Microcontroller

Microcontroller avameneadilngld Counter nm‘lmﬂw‘hﬁ’uﬁmrmmﬂ'nuﬁ
Toulhanemnlunssm 100 ms wrzmsuendt Counter smile 1 wod via 1 why au
ity 10 Hz viawhiy 04 °C Mictocontroller  ssbehfisldiguudnashunanel 04 wih
ugmmatmiee LCD Wkssenimadus  usmmauseansiiiuasmvhimulaiasienfismléan
Counter @usheiuewas 0.72 (32 - 1202 °F frmuffewsoenad 0 - 16.25 KHa)

Tmeeh ZERO - SPAN  h ZERO Buduassetii 0 °C usweh SPAN
Guduazielit 650 °C wnmsmanlnen s ifionwafisenain Mictocontioller Huda
yoRames 16 D Tnefaninadinsudewuies 0000H - FFFFE TaarivueWioymaring 00
FFH iy 4 mA uasoys? FFOOH whifu 20 mA

Amemane  ZERO - SPAN  fid Uvdatiowdmaudidd Tomsien  SpPAN

SuMBEn ZERO vhenildmifidatantareas ZERO - SPAN Willammaifiemenuneine’



.,__,na-:o-ﬂ

ol peur dodmn s ZERO - SPAN ZER0 - seAN| Qrangii peUT OUTPUT 18 MIT'

o-xs;um._l 100 me M 1D dndunlia Daramz |3 gpadiodn | OOPPH = A mh

o - 680 % o - 680’c méd1FACTOR FACTOR OOl » 20mA
2

Ein
ZIR0 - 6PAN

Block MWAAINITYINIULES MCS-51
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MTHUENAUNARES

Hex Dec Hex Dec Hex Dac

6 5 { FEOl 32CDO0 | El 225 | FEO1 012000 { 1BD 445 | FEO1 0092.10
A 10 | FEO1 1966.80 | E6 230 | FEO1 011ABO | 1C2 450 { FEO1 0090.80
F 16 | FEO1 10EF.00 { EB 235 | FEO1 011480 | 1C7 456 | FEO1 008EE0
14 20 | FEO1 0CB340 | FO 240 | FEO1 010EF0 | 1CC 460 | FEO1 008D &0
19 26 | FEO1 0A2900 | F5 245 | FEO1 0109.60 | 1D1 466 | FEO1 008800
1E 30 | FEO1 0877.80 | FA 2050 | FEO1 010410 | 1D6 470 | FEO1 008A .60
23 36 | FEO1 07410 | FF 266 | FEO1 COFF.00 | 1DB 476 | FEO1 0088 E0
28 40 | FEO1 0669A0 | 104 260 | FEO1 00FA.10 | 1EO 480 | FEO1 0087.70
D 46 | FEO1 06A5.00 | 109 266 | FEO1 00F5.60 | 1EG 486 | FEO1 0086.10
32 80 | FEO1 0614.80 | 10E 270 | FEO1 00RODO | {EA 490 | FEO1 0084 B0
37 66 | FEO1 049E40 | 113 276 | FEO1 00EC70 | 1EF 495 | FEO1 008350
3C 60 | FEO1 043B.CO | 118 280 [ FEO1 00E830 | 1F4 500 | FEO1 0082.0C
41 66 | FEO1 03E860 | 11D 286 | FEO1 00E4.20 | 1F9 605 | FEO1 0080.CO
46 70 { FEO1 03A0E0 | 122 290 | FEO1 00E0.30 | IFE 510 | FEO1 007F 80
4B 75 | FEO1 0366.00 | 127 295 | FEO1 00DC60 | 203 616 | FEO1 0078 40
60 80 { FEO1 032CD0 | 12C 300 { FEO1 00D8.CC | 208 6520 | FEO1 007D.0C
5] 86 | FEO1 0ZFD.O0 | 131 306 | FEO1 00D6.30 | 20D 526 | FEO1 007BDO
BA 90 | FEO1 020280 | 136 310 | FEO1 00D1.CO | 212 830 | FEOL 007ABO
&F 96 | FEO1 02AC70 | 13B 316 | FEO1 00CES60 | 217 636 | FEO1 0079.80
64 100 | FEO1 022A.40 | 140 320 | FEO1 00CB.30 | 21C 640 | FEO1 0078.60
69 105 | FEO1L 026B40 | 146 326 | FEO1 00C8.10 | 221 B45 | FEO1 0077.40
6E 110 { FEO1 024F20 | 14A 330 | FEO1 00C5.0B | 226 560 | FEO1 0076.30
73 116 | FEO1 02356.60 | 147 336 | FEO1 00C2.10 | 22B 556 3 FEO1 0075.20
78 120 | FEO1 021DEO | 164 340 | FEO1 Q0BF 40 | 230 660 | FEO1 007410
7D 126 | FEO1 020830 | 169 345 | FEO1 00BC.70 |- 236 666 | FEO1 0073.10
82 130 { FEO1 01F4.30 | 16E 350 | FEO1 00BS.CO | 23A 670 | FEO1 0072.10
g7 136 | FEOL 01E1A0 { 1683 366 | FEO1 00B7.20 | 23F 676 { FEO1 0071.10
8C 140 | FEO1 01D070 | 168 360 { FEO1 00B4.A0 | 244 580 | FEO1 0070.10
91 145 | FEO1 01C070 | 16D 366 | FEO1 00B2.20 | 249 686 | FEO1 006F 20
96 160 | FEO1 01B1.80 | 172 370 | FEO1 00AFBO | 24E 690 { FEO1 006E.30
9B 166 | FEO1 01A380 | 177 376 | FEO1 00AD.S0 | 263 596 | FEO1 006D .40
A0 160 | FEO1 019660 | 17C 380 | FEO1 00AB.10 | 268 600 | FEO1 006C.60
AB 166 | FEO1 018A.10 | 181 386 | FEO1 00ASEQ | 26D 605 | FEO1 006B.70
AA 170 | FEO1 017E80 | 186 350 | FEO1 00A6B0 | 262 610 | FEO1 006A.90
AP 176 | FEO1 017350 | 18B 396 | FEO1 00A4.90 | 267 616 | FEO1 006980
B4 180 | FEO1 016940 | 180 400 | FEO1 00A290 | 26C 620 | FEO1 0068 E0
B9 186 | FEO1 016F70 | 196 406 | FEO1 00A080 | 271 626 | FEO1 0068.0A
BE 190 | FEO1 016630 | 19A 410 | FEO1 009E.80 | 276 630 | FEO1 0067.30
C3 196 | FEO1 014D70 | 19F 415 | FEO1 C09CAQ | 27B 635 | FEO1 0066.60
Cc8 200 | FEO1 014620 | 1A4 420 | FEO1 009A.D0 | 280 640 | FEO1 0065.90
Cb 206 | FEO1 013D.3_0 1AS 425 | FEO1 0099.00 | 285 646 | FEO1 0064 D0
D2 210 | FE®1 0135 A0 | 1AE 430 | FEO1 009730 | 28A 660 | FEO1 0064.09
D7 216 | FEO1 01ZE70 | 1B3 436 | FEO01 0096.70

DC 220 | FEO1 012790 | 1B3 440 | FEO1 00983.C0
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auematlummedmnsrng iy Rsulanavewaiidaimsfo  FFOOH - 0OFFH
= FEOIH shanmmsnetaondietes ZERO - SPAN lewehlummuureimataglfentaoninn
ZERO - SPAN Towuduil & °C usmfineniine 5 °C # 510,1520,..650 °C  iinlsiehumie
wefusniuraweifidenriusqomn it inldnainifildanndes  OFFH  rioushenaen
wolmewma  rawfmheuametenuTuegomniifinlidasinmmadarawhegomgdiie
gehmivdaguiue ZERO - SPAN fisetiviall lunadifienqnmgdftialdthnieh ZERO g
GlWoiwadesn 0000 sanmawede  usthengomnlguiiuen SPAN axdslfioninasien
FRFFH aannwwa%m‘[ﬂumﬁédaanvlﬂ&azaﬂunﬁuﬂm’hdﬁmé’u&ﬁvlﬁagjmﬂ‘lﬁm‘m'zuqmm
ZERO - SPAN 7ot}

Digital to Analog

wmaiiuedayedines 16 T 9N Miciocontoller suikahudynos
awmen 1-5V lewfien OOFFH aslidyqnoewean 1V wasfi FROOH  axlideunyos
awiean 5V eilenaudima Voltage to Current

Voltage to Current

wsmelesumsynaeween 1-5V alildieniwaiienisua 4 - 20
mA (Wasduih Controller winldumsenuesaaly
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HamNaany
Tummass mavhnutaslesemsit i ldvhmsrhvuathu v3a e Zero uae e

) v . [ (s A\lvé\lvu ¢ ' kY v v X
Span M#N o URITMTIAAINHIN A D SOUDNHNAN ] ANATTNYWEANU

WaMmMeaesh Range 0 - 10 © C

gt (° C) Current Output ( mA )

0 3.04

1 5.15

2 7.61

3 8.17

4 10.69
5 12.60
6 12.72
7 15.14
8 15,75
9 18.24
10 20.09
15 20.30
20 20:30
25 20.30
30 20.30
35 20.30
40 20.30
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NEMTTNARENT Range 0 - 100 © C

qungit (° C) Current Output ( mA )

0 4

5 4.30
10 5.40
15 6.10
20 7.30
25 7.80
30 8.20
35 9.10
40 10.40
45 11.80
50 12.60
55 11.90
60 12.70
65 14.09
70 15.14
75 15.40
80 16.72
85 17.30
90 18.30
95 19.20
100 - 20.07
110 20.35
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HEMTTMAGR Range 0 - 650 © C

Qnmqﬁ(° C) Current Output ( mA )
0 3.95
32 431
65 515
97 6.54
130 7.61
162 7.78
1685 817
227 9.06
260 10.70
292 11.85
325 12.60
357 11.82
350 12.71
422 14.09
455 15.14
487 15.70
520 15.74
552 16.64
585 18.25
617 19.40
650 19:97
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HEn AR Range 50 - 500 © C

gl (° C) Current Output { mA )

.10 3.85
25 3.85

50 385

72 4.29
95 5.10
117 6.65
140 7.62
163 7.89
185 8.19
208 9.20
230 10.75
253 11.97
275 11.69
297 11.92
320 12.80
342 13.70
365 15.27
387 15.46
410 15.8
433 17.07
455 18.40
478 19.77
800 20.30
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wﬂnmmamﬁ Range 100 - 600 °c

goamndi (° C) Current Output ( mA )
25 3.88
50 3.88
100 3.8
125 4.34
150 5.18
175 6.60
200 7.59
225 7.84
250 8.27
275 9.14
300 10.02
325 11.96
350 11.58
375 12.01
400 12.72
425 14.11
450 14.93
475 15.43
500 1578
525 16.78
550 18.32
575 19.64
600 20.03
#inamananns

u\lpu v U G ¥, ' ¢ a\myz -
vnwamveeadfiddhosuiu  audnleh  anenivriildiudiendunlimseo
dnuuread Temperatute Transmitter @ asfiainitifeuuLiamngzeninee 4 fi 20 mA. uayen
P v a A ] ' -: L U -4 A' g -t
snffenlilmaehumasguingd vie e Zero uay @ Span fimidimuadnty Fmnamaiuad

nenfiewane Wthsuafiiasnn
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aussauaziignlumsvham

] ) S o~ (‘:d [ 2 2’,
1. lummesssisasin q ssmeessgniniBieamaindidiehmaaimmiuen
P Cotat 11 [V 1Y - - -~ X
an Rdsamguntoiiflenindidzsriunum FeswuemnaRenaaiietn
t 4
2. lwaees D/A 16 Bit :IlAlY 10 DrA 16 Bit oo il Seldvdnnaens
g . - 1 o - 3
Voltage Divider Lnu & nienfawenaiintu
1] u ] 1]
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CPU *8051.TBL"
HOF INT8"

; *#****+ MCS-51 INTERNAL REGISTERS ****+**

B EQU 0F0H . B REGSTER

ACC: EQU OEOH , ACCUMULATOR

PSW: EQU 0DOH ; PROGRAM STATUS WORD
IPC: EQU 0BgH ; INTERRUPT PRIORITY

P2 EQU 0BOH ; PORT3

IEC: BQU 0ASH ; INTERRUPT ENABLE

P2: EQU 0ACH , PORT2

SBUF: EQU 09SH ; SEND BUFFER
SCON: EQU 098H ; SERIAL CONTROL
P10: BEQU 090H , PORT10

Pi1: EQU 091 , PORT11
P12: EQU 092H ; PORT12
P13 EQU 093H ., PORT13
P14: EQU 094H ; PORT14
P16 EQU 095H ; PORT15
P16 EQU 096H . PORT16
P17 EQU 097H , PORT17

TH1: EQU 08DH ; TIMER 1 HIGH

THO: EQU 08CH . TIMER § HIGH

TLi: EQU 08BH ; TIMER 1 LOW

TLO: EQU 08AH ; TIMER 0 LCW

TMOD: EQU 089H ; TIMER MCDE

TCON: EQU 088H ; TIMER CONTROL
PCON: EQU 087H . POWER CONTRCL REGISTER
DPH: EQU 083H : DATA POINTER HIGH
DPL: EQU 082H ; DATA POINTER LOW
SP: EQU 081H . STACK POINTER

Po: EQU 080H ; PORTO



; Tt MCS-51 INTERNAL BIT ADDRESSES **++te+*

CY: EQU 0D7H {CARRY FLAG

AC: EQU 0DEH JAUXILIARY-CARRY FLAG

Fo: EQU ODSH JUSER FLAG 0

Rst: EQU 0D4H 'REGISTER SELECT MSB

RS0: EQU O0D3H RECISTER SELECT LSB

ov: EQU 0D2H ;OVERFLOW FLAG

P EQU O0DOH PARITY FLAG

PS: EQU 0BCH JPRIORITY SERIAL PORT

PTi: EQU 0BBH PRIORITY TIMER 1

PX1: EQU 0BAH :PRIORITY EXTERNAL 1

PTO: EQU 0BSH PRIORITY TIMER 0

PX0: EQU 0BSH PRIORITY EXTERNAL 0

EA: EQU OAFH ENABLE ALL INTERRUPT

ES: EQU 0ACH  ENABLE SERIAL INTERRUPT
ET1: EQU 0ABH .ENABLE TDMER 1 INTERRUPT
EX1: EQU 0AAH  ;ENABLE EXTERNAL 1 INTERR
ETO: EQU 0ASH :ENABLE TDMER 0 INTERRUPT
EXO0: EQU 0ASH .ENABLE EXTERNAL 0 INTERR
SMO: EQU 09FH SERIAL MODE 0

SMi: EQU 09EH ;SERIAL MODE 1

EQU 09DH :SERIAL MODE 2

EQU 09CH ;SERIAL RECEPTION ENABLE
EQU 09BH :TRANSMITT HIT 8

EQU 09AH :RECEIVE HIT 8

EQU 099H ;TRANSMIT INTERRUFT FLAG
EQU 098H ;RECEIVE INTERRUPT FLAG
EQU 08FH ;TIMER 1 OVERFLCW FLAG
EQU 08EH ;TIMER 1 RUN CONTROL BIT
EQU 08DH ;TIMER 0 CVERFLOW FLAG
EQU 08CH ;TIMER 0 RUN CONTRCL BIT
EQU 08BH EXT INTERR 1 EDGE FLAG
EQU 08AH EXT INTERR. 1 TYPE FLAG
IEC: EQU 089H EXT INTERR 0 EDGE FLAG
ITO: EQU 088H JEXT INTERR. 8 TYPE FLAG
ACCO: EQU OECH "ACCUMULATCR BIT 0

ACC1: EQU O0E1H JACCUMULATOR BIT 1

ACC2:. EQU 0E2H ;ACCUMULATOR BIT 2

ACC3: EQU 0E3H ;ACCUMULATCR BIT 3

ACC4 EQU 0E4H ACCUMULATCR BIT 4

ACC5:  EQU 0BSH ;ACCUMULATCR BIT 5

-EEFEFELES SR I



"ACCS:
ACCT:

EQU
EQU

OE6H
0E7H

:ACCUMULATOR BIT 6
:ACCUMULATOR ETT 7

| Mevaeret 8255A CONTROL ADDRESS *tetevss

PORT LCD AND KEYBORD
PORTP: EQU 06003H
PORTA: EQU 05000H
PORTB: EQU 06001H
PORTC: EQU 06002H
;PORT DATA 16 BIT D/A
PORTP!1: EQU 0EO003H
PORTA1: EQU 0EO00OH
PORTB1: EQU 0B001H
PORTC1: EQU 0E002H
WDOG: EQU  0A000H

, CONTROL PORT 8255 1
. PORTA 1
. PORTB 1
; PORTC 1

. CONTRCL PORT 8285 2
. PORTA 2
. PORTB 2
; PORTC 2

» WATCH DOG ADDRESS ANJ31-PJ BOARD

: EERANERE ExT'ERNAL RAM 6264 ADDRESS #rtreeer

RAM: EQU

08000H

; START ADDRESS AT 8000H

;*****BIT ADDRESSIBLE REGISTER ********

PROCESS:
B_SCANK:
B_TABLE:
B_LCD:
B_ZERO:
B_SPAN:
B_DATAERROR:
B_DOWN:
B_ENTER:

FLAGI:

B_KEYPROCESS:

B_ACTIVE:
B_RELKEY:

EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU

EQU

EQU
EQU

020H

GO0H

00ZH
003H

005H

006H

021H

008H

009H
00AH

ALL PROCESS CONTROL PROCESS

PROCESS SCANKEY

[PROCESS KEY

PROCESS LCD

PROCESS READ USER RAM ON RTC
PROCESS WRITE USER RAM ON RTC
PROCESS COUNTER

.TIME COLON

,STATUS FLAG

KEY PRESS
KEY ACTIVE
KEY RELEASE



B_SAK:
B_TABST:
D_100MS:

B_JAM:

B_KEYWORD:

FLAG2:

B_FIRST:
B_ZERO1:
B_SPAN1:
B_SELECT:
B_100MS:

B_UP:

EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU

00BH
00CH
00DH
0EH
00FH

010H
011H
012H
013H
014H
015H

KEY SPECIAL ACTIVE
;TAB STATUS

STATUS FLAG2

DISPLAY START

.DISPLAY END

CHECK SET TIME

CHECK EVERY TIME TO SYSTEM
;CLR ADDRESS 8000H

.LOOP CHIP RAM

. **** BYTE ADDRESSIBLE REGISTERS ****

XKEYNUM:
XTABLE:
XMODE:
XCTOTAB:
XCTABLE:
XCKEY:
DISPNO:
DISBUF1:
DISBUF2:
DISBUF3:
DISBUF4:
XDDRAM:
BCF1:
BCF2:
BCF3:

BCDF1:
BCDF2:
BCDF3:
BCDF4:
ZEROt:
ZEROZ:
SPANI:
SPANZ:

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU

EQU
EQU
EQU
EQU
EQU
BEQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

046H
032H
033H
034H
035H
036H
037H
038H
039H
03AH
03BH
03CH
03DH
03EH
03FH

023H
0241
026H

027TH
028H
029H
02AH
02BH



CONT2: EQU  0CcH
ASS1: EQU  02DH
ASS2: EQU  0ZH
ASS3: EQU  O0FH
ASS4: EQU  030H
ASSS: EQU  03tH
. ss2e¢ RECIEVER FREQUENCY *+**
C_100MS: EQU  040H
DELAY1: EQU  04tH
DELAY?: EQU  042H
DELAY3: EQU  043H
HEX1: EQU 04H
HEX2: EQU  O45H
‘HEX3: EQU  046H
BCD1: EQU  047H
BCD2: EQU  048H
BCD3: EQU  O049H
CONT: EQU  O4AH
INi: EQU  O45H
N2 EQU  O46H
OUT1: EQU  O47H
OuT2: EQU 048
OUT3: EQU  049H
CONT3: EQU  04AH
CONT4: EQU  04BH
ABB:; EQU  04CH
ABB2: EQU  04DH
ABB3: EQU  (4EH
ABB4: EQU  O04FH
CONTS: EQU  050H
CONTS: EQU  O05tH
CONT?: EQU  052H
CONTS: EQU  053H
CONTS: EQU  054H
CONT10: EQU  0S5H
CONT11: EQU  086H
CONT12: EQU  0S7H
CONT13; EQU  058H
CONT14: EQU  050H
CONT1S: EQU  0SAH
ASCH: EQU  OSBH
ASCI2: EQU  05CH

iz



ASCI3: EQU 05DH

ASCH: EQU 05EH
ASCE: EQU 05FH
. ***** START MAIN PROGRAM *****
ORG 0000 RESET
SIMP INITIAL
ORG 0013H JINT1 TIMER 10MS
LCALL P10MS
RETI
ORG 0023H
JB RISER
RETI
SER: LCALL SERIAL
RETI

INITIAL: MOV SP #060H
LCALL SETSFR
LCALL  SETINIT
LCALL  CLR8255
LCALL  SETLCD . SET LCD INIT.

MOV DPTR #TITLE?
LCALL LCDLD
LCALL DELAY
MOV DPTR #TITLE2
LCALL LCDLD
LCALL DELAY
Mov DPTR#TITLE3
LCALL LCDLD
LCALL DELAY
MOV DPTR #TITLE4
LCALL LCDLD
LCALL DELAY
MOV DPTR#TITLE1
LCALL LCDLD
LCALL DELAY



SETB EA

SETB TR1

LCALL STARTC
LOOP: sSIMP LOOP

 *#%4** CONTROL OUTPUT 16 BIT **+r+*

CONTROL:
MOV CONT14.AEB1 ZERO1
MOV CONT15,ABB2 .ZEROZ
LCALL DTOH

MOV ZERO1,CONT1
MoV ZERO2,CONT2

MOV CONT14,ABB3 ‘SPAN1
MOV CONT15,ABB4 \SPAN2
LCALL DTOH

MOV SPAN1,CONT1

MOV SPAN2,CONT2

RET

SCONTROL: LCALL 2ZS
LCALL TEMP
LCALL COUTPUT
i LCALL OUTPUT
RET
s ssseeerte DATA QUTPUT 16 BIT *++svtees
OUTPUT: PUSH  ACC
PUSH DPH
PUSH DFL
MOV DPTR #PORTA1
MoV A CONT11
: Mov AZOFFH
MOVX @DPTRA
INC DPTR
MOV A CONT12
MOV AMFFH
MOVX @DPTRA
POP DPL
POP DPH
POP ACC



RET

; Athhed S(]B DELAY'I'IME: 2Rt hd

DELAY: MOV

DELL: MOV

DEL2: MOV
DINZ
DINZ
DJNZ
RET

SUBDELAY:

SDEL2:

SDEL1:

DELAY3,#008H
DELAY1 #00H
DELAY2 #00H
DELAY2,$
DELAY1,DEL2
DELAY3DEL1

MOV
MOV
MOV

DELAY3 #04H
DELAY1 #0DOH
DELAY?2 #00H
DELAYZ$
DELAY1,SDEL1
DELAY3,SDEL2
RET

: b iad iz, 2] SIJBROU'I'IN'E SF'R EE 2222 1)

SETSFR:

MOV IEC,#00011110B
MOV IPC #00010100B
MoV TCON,#00000000B
MOV TMOD 3#00100101B
MOV SCON,#01010000B
MOV TH1#0FDH

MOV P3#0FFH

RET

; bbbt SU'BROU‘I'NE SETmmAL i dtdkt

SETINIT: CLR
MOV
MOV
MOV
MoV
Mov
MOV
MoV

A

FLAGLA
XKEYNUM.A
XTABLE A
DISPNC A
XMODE A
DISBUF1,A
DISBUF2 A

, SET ENABLE TIMERO

; SET INT HIGHER PRIORITY
; SET INT1 FALLING EDGE

. SET SOFTWARE CONTROL

. TIMER0 MODE 1 COUNTER 16 BIT

- SET TIMER{ MODE 2 8 BIT



Mov
MOV
MoV
MOV
MOV
MoV
MOV
SETB

MOV
MOV
MoV
MOV

DISBUF3 A
DISBUF4,A
ouTi A
OUT2A
C_100MS #00
THOA

TLOA
B_JAM
D_100MsS
B_ZERO
B_SPAN
B_ZERO1
B_SPAN1
B_DOWN
B_DATAERRCR
ABB2 #00H
AEB1 #00H
ABB3 #050H
ABBA4 #006H

: rhanew SERIAL PoRT (272323

SERIAL: CLR
LCALL
MOV
MOV
LOP: MOV
SETB
CLR
RET
ACALL
DEC
TRANS: CLR
MOV
NOP
NOP
NOP

NOP
NOP

ES
SETLCD
R1#031H
R2 #06H

AGR1
R2,GO
ES

RI
TRANS
R1

LOP

SBUF A



TAB:

NOP
NOP
NOP
NOP

RET

DFB

TL$

*12345°,°67890° OFFH

: *PEREANE WATQ_I DOG ADDRESS a2zt

TRIGDOG:

£ AeREELY SUBRovaNE START 'I'IMER RAi2IE ]

STARTT:

PUSH

MOV
MOVX
POP
POP
RET

MOV
MOV
SETB
SETB

DPH

DPTR#WDOG
@DPTR A
DPL

DPH

THO,#0DBH
TLO#0FEH
TRO

EA

: rhEkeE START COUNTRER’. rhaden

STARTC:

SETB TRO

RET

: TERREANS SUBROUTINE CLEA.R G265 revaeran

CLR8255:

MOV
MOV
MOVX

CLR

DPTR ¥PORTP
A #088H
@DPTR,A

, SET BYTE TO 10MS
; SET LOW BYTE
; START TIMER 0

; SET PORT8255 ADDRESS #0E003

; PAPB,= OUT,

; PCO - PC3 = OUT COLUMN SCAN
. PC4 - PC7T=IN ROW

., CLEAR PORT



MoV DPTR #PORTA
MOVX @DPTRA

INC DPL
MOVX @DPTRA
NC DPL k

MOVX @DPTRA

MoV DPTR#PORTP1 ; SET PORT8256 ADDRESS #0FCO3H
MOV A #80H . PAPBPC=0UT

MOVX @DPTRA

CLR A ; CLEAR PORT

MOV DPTR #PORTA1
MOVX  @DPTRA

INC DPL
MOVX  @DPTRA
INC DPL
MOVX @DPTRA
RET

;"""”S{IBROU‘I‘NE PROCESS 10MS TEASRENEY

P1OMS: PUSH ACC
PUSH  PSW
PUSH DPL
PUSH DPH
SETB RSO 'SET REGISTER BANK 1
CIR RSt

LCALL TRIGDOG
INC C_100MS
MOV AC_100MS
CINE A#039.PQ
JNB B.JAMPQ

LCALL FREQ
PQ LCALL SCANKEY SCAN KEY PROCESS
P10A: JNB - B_TABLE P100UT

LCALL TABLE JKEY WORD PROCESS
P10OUT: POP DPH

POP DPL

pOP Psw

pPOP ACC



jvawaverss MULTIPLY DATA FERQUENGY TO CELCIUS *+++sssses

MULT: PUSH

PP2. MOV
POP
POP
POP
RET

; v+ CELCIUS TO FARENT ***++*

MUL: PUSH

PUSH
Mov
MOV
Mov
MoV
MOV
MoV

MOV

A N1

. MUL VALUE OF CONSTANT TO MUL

; MUL VALUE OF CONSTANT TO MUL



MM1:

MOV

POP
POP
POP
RET

B #0145

BCF1A
OV, MM1
CONT B
AIN2
B#0145

A CONT
BCF2A
CY MM2

BCF3B

PSW
ACC

;*o**** DIVIDE DATA OFFFFH BY (SPAN-ZERO) ******

DIV:

MOV
DV

MOV
MoV

MOV
DIV

AMOFOH ; DIVIDE CONT4,CONT3 BY 03H
A,CONT3 ; RESULT KEEP IN CONT4

A CONT4 ; POINT RESULT KEEP IN CONT3
A

B#003

AB

A

CONT4,A

A #OOFH

A,CONT3

A

AB

A

B.#003

AB

A, CONT4

CONT4.A

AB

A

B #003



SWAP
MOV
MOV

MoV
DIV

MoV
RET

CONT3,A
AB

B.#003

A,CONT3
CONT3,A

: tehedtd INPUT OF FREQU’ENCY *RRTRE

FREQ:

CLR

PUSH
LCALL
MOV
MOV
LCALL
LCALL
MoV
LCALL
MOV
LCALL
MOV

LCALL
LCALL
MOV
LCALL
MOV
LCALL
MoV
SWAP
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV

TRO

EX1
ACC
PSW
MULT
HEX1,0UT1
HEX2,0UT2
HTOD
SETLCD
DPTR#TITLES
LCDLD
A #086H
LCDWI
ABCD3
A
HTOA
LCDWD
ABCD3
HT0A
ASCBH A
LCDWD
A BCD2
A
HTOA
ASCHA
LCDWD
ABCD2
HTOA
ASCIBA
LCDWD
A



LCALL
MOV

LCALL
MOV
LCALL
MoV
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL

LCALL
LCALL
MOV
LCALL
MOV
LCALL
LCALL
MOV

LCALL
LCALL
MOV
LCALL
LCALL
MOV

LCALL
LCALL
MOV
LCALL
MOV
LCALL
LCALL
MOV

LCALL
LCALL

A #00001100B
LCDWI



MoV
LCALL
MoV
LCALL

LCALL
LCALL
LCALL
LCALL
MOV

MOV

LCALL
LCALL
LCALL

Mov
MOV
MOV
SETB
SETB
LCALL
POP
POP
MOV
MOV
MOV
MOV
MOV
RET

Mov
LCALL
Mov
MoV

LCALL
LCALL
MOV
MOV
LCALL

A ¥0DFH
LCDWD

A #00001100B
LCDWI

CONTROL
Z3

TEMP
MULT
HEX1,0UT!
HEX2,0UT2
HTOD
COUTPUT
QUTPUT

D_100MS
C_100MS #00H
THO,#00H
TLO #00H

ACC

ASS1,ASCI
ASS2,ASCI2
ASS3.ASCI3
ASS4,ASCH4
ASS5,ASCIS

A FO0COH
LCDWI
A,CONT13
A ZERO2
A

HTOA
LCDWD
A, CONT13
A ZERO2
HTOA



LCALL
MOV
MOV

LCALL
LCALL
MOV
MOV
LCALL
LCALL
Mov

LCALL
LCALL
MOV

LCALL
LCALL

MOV
MoV

LCALL
LCALL
MOV
MOV
LCALL
LCALL
MOV
MOV

LCALL
LCALL
Mov
MOV
LCALL
LCALL
MOV

LCALL
LCALL
MoV

LCALL
LCALL

LCDWD
A, CONT12
A ZERO1

HTOA
LCDWD

A CONT12
A ZERO1
HTOA
LCDWD
A,CONT11

HTOA
LCDWD
A, CONT11
HTOA

A,CONT7
A0UT2

HTOCA
LCDWD
A,CONT7
A 0UT2
HTOA
LCDWD
A, CONT6
AQUT1

HTOA
LCDWD
A CONTS
AQUTY
HTOA
LCDWD
ACONTS

HTOA
LCDWD
A, CONTS
HTOA
LCDWD



LCALL DELAY
RET

;**+*** CONVERT XEX TO BCD ******

HTOD: PUSH ACC

PUSH  10H

PUSH 14H

PUSH 15H

PUSH PSW

SETB RS0 ;SET REGISTER BANK 1
CLR RSt

CIR A

CLR CcY

MOV OUT1 HEX1
MOV OUT2 HEX2
MOV BCD1A
MOV BCD2.A
MOV BCD3A

MOV R4,#016
HTOD1: MOV A HEX1

RLC A

Mov HEX1,A

MoV A HEX2

RLC A

MOV HEX2.A

MOV R6,#03

MOV RO¥BCD1
HTOD2: MOV A GRO

ADDC AACC
DA A
MoV GROA
INC RO

DINZ RS HTOD2
IJNZ R4HTOD1

POP PSW
POP 16H
POP 14H

POP 10H



POP ACC
RET
HTD: PUSH ACC
PUSH 10H
PUSH 14H
PUSH 15H
PUSH PSW
SETB RSO
CLR RSt
CLR A
MOV BCDF1,A
MOV BCDF2,A
MOV BCDF3.A
MOV BCDF4.A
CLR CY
MOV BCDLA
MOV BCD2A
MOV BCD3.A
MOV R4,#024
HID1: MOV A BCF1
RLC A
MOV BCF1 A
MOV A BCF2
RLC A
MOV BCF2,A
MOV A BCF3
RLC A
MoV BCF3A
MOV R63#04
MOV RO#BCDF1
HID2 MOV A GRO
ADDC AACC
DA A
MOV @RO,A
INC RO
DINZ RSHTD2
DINZ  R4HTD1
CLR CcY
MOV A BCDF2
ADD A #20H
DA A

SET REGISTER BANK 1



: AERTRY CONVERT BC’D 'I'O }mx EE et s ls)

DTOH:

DTOH1:

DTOH2:

DTOH3:

DTOH4:

MOV

INC
MoV

DA
MOV
POP

POP
POP
pPOP
RET

PUSH
PUSH

PUSH
PUSH
SETB

MOV
MOV
MoV
MoV
Mov

MoV

MoV
DEC
POP

MOV

BCDF2A

BCDF3
A BCDF3
A #02H

BCDF3.A

15H
14H
10H
ACC

ACC

10H

14H

16H

PSW

RSO

RSt
CONT?,#¥00H
CONT2 #00H
R4#016
R6,#002
RO#CONT15
(o) 4

AGRO

A

Psw
ACC7DTOH3
CY

A FO30H
ACC3DTOH4
c

A #003H
@R0,A

RO

PSW
RS§DTCH2

A CONT2



RRC A
MOV CONTZ,A
Mov A CONT1
RRC A
MOV CONT1,A
DINZ  R4DTOH1

: POP PSW
POP 15H
POP 14H
POP 10H
POP ACC
RET

:qimmmfsg'r LCD MOD'[JIE'”".M’M

SETLCD: MOV A #00111000B :FUNCTION SET
LCALL LCDWI
MOV A#O8GH
LCALL LCDWI
MoV A #00001101B \DISPLAY ON/OFF
LCALL LCDWI FLASH CURSOR
MOV A R0TH \CLEAR DISPLAY
LCALL LCDWI
RET

N L.CDDIS
JLOAD DATA TO LCD-MODULE

LCDLD: MOV A JH#80H ;SET ADDRESS LINE 1
LCALL LCDLDS
MOV A #0COH ;SET ADDRESS LINE 2
LCALL LCDLDS
RET

LCDLDS: PUSH DPH .LOAD SUB
PUSH DPL
LCALL LCDWI

POP DPL



POP DPH

MOV R2 316 .16 CHAR
LCDLDS1: CLR A
MOVC A GA+DPTR :MOVC FOR CODE/MOVX DATA
PUSH DPH
FUSH DPL -
LCALL LCDWD
POP DPL
POP DPH
INC DPTR
DINZ R21.CDLDS1
RET
e LCDWI .
;,LCD WRITE INSTRUCTION
LCDWL MOV DPTR #PORTA :DATA TO PORT A
MOVX @DPTRA
MoV DPTR #PORTB \PORTB READ MODIFY WRITE
MOVX A @DPTR
CLR ACCO ;RS=0
CLR ACC1 RW=0
CLR ACC2 ENABLE=0
MOVX @DPTRA
SETB ACC2
MOVX  @DPTRA
CLR ACC2
MOVX @DPTRA
MOV A0

LCDWH: DEC A
JNZ  LCDWI
RET
Avsrsrae DD nesese
'LCD WRITE DATA (RS=1)

LCDWD: MOV DPTR#PORTA .DATA TO PORTA
MOVX @DPTRA
MOV DPTR#PORTB
MOVX A@DPTR

SETB ACCO
CLR ACC1
CLR ACC2

MOVX @DPTRA



SETB  ACC2
MOVX @DPTRA

CLR ACC2
MOVX @DPTRA
MoV A0

LCDWD1: DEC A
JNZ LCDWIA1

;IWAIL DlmAY FORMAT‘""IQ'Q'

NORMAL: DFB *BUN y
DFB < i
TITLEL: DFB * TEMPERATURE °
DFB * TRANSMITTER *
TITLEZ: DFB * PRODUCT BY *
DFB * CHUMPOL SILAKUL'
TITLE3: DFB *AEKAPON TARAVADE"
DFB * PANIDA MALAL*
TITLE4: DFB * ADVISOR BY °
DFB * VIRIYA KHONGRAT®
TITLES: DFB * TEMP c
DFB . F*
TITLES: DFB * DATA ERROR *
DFB * RANGE 000-650 *
TITLE?: DFB * DATA ERROR *
DFB * ZERO > SPAN °
TITLES: DFB “ZERO : C°
DFB *SPAN . C°
SETZERO: DFB *ZERO : C°
DFB * RANGE 000-650 C
SETSPAN: DFB * SPAN c*
DFB * RANGE 000-650 C*

ser+++++SUBROUTINE SCANKEY PROCESS********

SCANKEY: MOV DPTR #PORTC
MOV A FOFOH ;:UPPER C=INPUT
MOVX @DPTRA
MOVX.  AGDPTR :READ PORT

ORL A #00FH



CPL A

JZ SCAN02 :NO KEY PRESS
MoV DPTR#PORTC

MOV AH#FFH

MOVX @DPTRA

MOV R6#11111110B :SET FRIST SCAN COLUMN
MOV  RS#000H KEY CODE
MOV R4#03H ;LOOP
SCANO1: MOV ARG
MOVX @DPTRA ;OUT SCAN COLUMN
MOVX A @DPTR READ ROW
ORL A#O0FH
SWAP A
SCANMA: RRC A
ING CHECK2 XEY PRESS
NC R6
DINZ R4, SCANOIA :RRC 4 BIT CHECK
MOV R4#03H :SET NEW LOOP
MOV ARS
RL A
MOV  R6A
CINE  A#11101111B,SCANO1 :ALL SCAN PRESS
SCANOD2: MOV  XKEYNUM ¥0FFH :NO KEY PRESS

Mov XCKEY #000H
SIMP SCANOUT

CHECK2: MoV ARS XKEY CODE
CINE A XKEYNUM,SCANO3
INC XCKEY
MOV AXCKEY
CLR Cc
SUBB A #04H < =30ms
JC SCANOUT

SETB B_ACTIVE
MoV XCKEY #000H
MOV XTABLE XKEYNUM
SIMP SCANOUT
SCANO03: Mov XKEYNUM,R5
MOV XCKEY #000H
SETB B_TABLE
CLR B_ACTIVE
SCANOUT: MOV DPTR#PORTC
MOV A #OFFH



MOVX
RET

@DPTRA

wssve++++SUBROUTINE TABLE (PROCESS IN 10 ma)**++++*

. INPUT XTABLE (EX), B_TABLE (EX), B_ACTIVE (EX)
XCTOYAB (IN) XCTABLE (IN), B_TABST (N}

'

TABLE:

TABO:

TAB1:

TAB1A:

TAB2:

TAB3:
TAB4:

: CLR
INC
MOV

SUBB

SETB
JBC
LCALL

CLR

LCALL
SETB

INC
CiLR
MOV
SUBB

LCALL

MOV

SUBB

JC

MOV
MOV

ES

XCTOTAB

AXCTOTAB

C \CHECK COUNTER TIME OUT

A#031D ;COUNTER TIME OUT OFF CONTROL 300MS
TAB1 XCTOTAB < 300MS

B_RELKEY .TELL STATUS RELEASE KEY TIME OUT
B_SAK,TABO ;CHECK BIT SPECIAL ALL KEY & CLEAR
TABLEC ;TIME OUT

B_TABLE ,OFF TABLE PROCESS

B_TABST SET STATE 1

TAB3

B_ACTIVE.TABOUT .CHECK BIT ACTIVE
B_SAK.TAB1A \CHECK SPECIAL ALL KEY
B_TABST,TAB2 ,CHECK STATE
B_RELKEY KEY PRESS FRIST IN KEY
TABLEA STATE 1

B_TABST STATE 2

TAB3

TAB4

XCTABLE ;STATE 2

C

AXCTABLE

A#10D :CHECK >=500MS {1 COUNT= 50MS})
TAB4 < S500MS

TABLEB

C :CHECK PROCRESS WANT HIGH SPEED CHANGE
A XCTABLE

A H#0SD

TAB4

XCTABLE #00H
XCTOTAB #00H
B_ACTIVE



TABOUT: RET

;*++*SUBROUTINE MAP REAL REMOTE ASYNC KEY NUMBER TO TABLE KEYNUMBER**

TABASY: ANL A #00001111B
INC A
MOVC ABA+PC
RET
DFB 00D
DFB 01D
DFB 02D
DFB 03D
DFB 04D
DFB 05D
DFB 06D
DFB 07D
DFB 08D
DFB 09D
DFB 10D
DFB 11D

t#s+res1MAP REAL KEY SUBROUTINE***4*¢+2*

TBA: LIMP K12

LIMP K11
LIMP K10
LIMP K8
LIMP X8
LIMP K7
LJMP K6
LIMP Ks
LIMP K4
LJMP X3
LIMP K2
LIMP X1

TABLEA: MOV DPTR #TBA
MOV AXTAELE
ANL A #00001111B
MOV B#03H JMULTIPLY BY 3
MUL AB
JMP @A+DPTR JUMP TO TABLE



:MMQMTAB[‘E B DEI‘AY mY Lasiaillsly

RARARRARARAEARARARARARRAR

TABLEB: MOV DPTR4#TBB
MOV AXTABLE
ANL A #00001111B

MOV B#03H :MULTIPLY BY 3
MUL AB
JMP @A+DPTR JUMP TO TABLE

assrerTARI | C RELEASE KEY #treeares
TABLEC: MOV DPTRH#TBC

MoV A XTABLE

ANL A $00001111B

MOV B#03H

MUL AB

JMP G@A+DPTR

-
%% A&



RARRRAARRRRR

:ttmtmNO mY AcI'IVE RERkTE

NK: RET

. KEY NO.2

K2: JNB B_KEYWORD,K20UT
MOV AR

MOV R7#002H
LCALL NO_OUT

K20UT: RET

:QYMMQQKEY No‘gt}ttt

K3 JNB B_KEYWORD K30UT
MOV A#3

MoV R7#003H
LCALLL NO_OUT

K30UT: RET

K KEY NO.10

K10 INC XMODE
MOV A XMODE
ANL A #00000011B ; MAKE SURE DON'T OVER



K1A:

FUNCH:

FUNC2:

LCALL
MoV
LCALL
SETB
MOV

CJNE
SETB
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV

LCALL

MOV
SETB

B_JAM

A ¥003HK1A
SETLCD

A ¥084H
LCDWI
B_JAM
XMODE #000H
10

A #000H FUNC1
B_JAM
P10CUT

A #001H FUNC2
B_ZERO
SETLCD
DPTR#SETZERO
LCDLD

A R0CEH
LCDWI

A #ODFH
LCDWD

A #00001100B
LCDWI

DISPNO #004H
B_XEYWORP-
FUNCOUT

A ¥00ZH FUNCOUT
B_SPAN

SETLCD

DPTR #SETSPAN
LCDLD

A#0CEH

LCDWI

A#0DFH

LCDWD

A #00001100B
LCDWI

DISPNO #004H
B_SELECT
FUNCOUT

; CLEAR TO NORMAL MODE

; NORMAL DISPLAY

. SET CLOCK DISPLAY

; SET CLOCK DISPLAY



FUNCOUT: MOV XDDRAM #089H . BIT 7 = SET DDRAM ADDRESS
MOV AXDDRAM
LCALL LCDWI ; WRITE INSTRUCTION ADDRESS
(0} MOV A #00001101B
LCALL, LCDWI
RET

;i.“'kt'tt m N‘LMERIC 4'“’"’*

K4 JNB B_KEYWORD X40UT
MOV ARe
MOV R7 #004H
LCALL NO_OUT

K40UT: RET

B Ziiliazil] NUMBE fa iz il
. KEY RRIC 5

Xa: JNB
MOV
MOV
LCALL

K60UT: RET

B_KEYWORD,KsOUT
AR5

R7 #005H

NO_ouT

;iatli'n't KEY NUWERIC § reseane

K6 ' JNB
MOV
MoV
LCALL

K60UT: RET

B_KEYWORD K60UT
AR'6"

R7.#006H

NO_OUT

:i'ihi”l’ﬂmY NMERIC 7 thEEATAD

K7 JNB
MOV
MOV
LCALL

K70UT: RET

B_KEYWORD K70UT
AT

R7#007H

NO_OUT



;Q'.t.'”i' mY NUMBERIC 8"""

Ka: JNB B_KEYWORDKS8OUT
MoV Axg
MoV R73#008H
LCALL NO_OUT

KBOUT: RET

;i.m'ﬂ" m N[MERIC 9.’0..

Ke: JNB B_KEYWORD KSOUT
MOV ARG
MOV R7,3#009H
LCALL NO_OUT

KSOUT: RET
:i'li.'f’f} mY NUMBERIC- 1 ******

Ki: JNB B_KEYWORD K100UT
MoV A1
Mov R7,#001H
LCALL NO_OUT

K100UT: RET

:if’t"hi’ R'E"Y NUMBERIC 0 baaatlild

Kit: JNB B_KEYWORD X110UT
MOV AR0"
MoV R7#000H
LCALL NO_OUT

K110UT: RET

sesrartaver KEY NUMBERIC # ****+
K12 JNB B_KEYWORD K120UT
MOV A DISBUF4



K120:

K120UT:

ERROR:

Ki22:

MoV
MOV
MOV
MoV

MOV
MOV
MoV
MOV

LCALL
RET

MOV
LCALL
MOV
LCALL™
RET

LCALL
MOV
LCALL
MoV
LCALL
MOV
LCALL
LCALL
MoV
SWAP
LCALL
LCALL

A #00H.ERROR
A DISBUF2

A

A DISBUF3

B_ZERO1X120
ZERO1A
ZERO2,DISBUF1
ABB1,A

ABB2 DISBUF1
B_ZERO1

B_SPAN1 X120UT
SPAN1A
SPAN?,DISBUF1
ABB3A

ABB4 DISBUF1
B_SPAN1

B_ZERO
B_SPAN
K122

DISBUF4 #00H
SETLCD
DPTR#TITLE6
LCDLD

SETLCD
DPTR #TITLES
LCDLD
ARBTH
LCDWI
AABB2
HTOA
LCDWD

A ABB1

HTOA
LCDWD

KEEP ZERO

KEEP SPAN



MoV
LCALL
LCALL
MOV
LCALL
MOV
LCALL

MOV
LCALL
MOV
LCALL
LCALL
MOV
SWAP
LCALL
LCALL
MoV
LCALL
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL

LCALL

LCALL

RET
RET

A ABB1
HTOA
LCDWD
A #08DH
LCDWI

A #0DFH
LCDWD

A#0CTH
LCDWI

A ABB4
HTOA
LCDWD
A ABB3
A

HTOA
LCDWD
A ABB3
HTOA
LCDWD
A #0CDH
LCDWI

A #ODFH
LCDWD
A #00001100B
LCDWI

CONTROL

; RERREY KEY NUMBERIC AI-AL thbeEE

NO_OUT:

NO1:

PUSH
PUSH
JNB

SETB

DPH

DPL
B_ZERO,NOt
B_ZERO1
B_SPANNO2

; LOAD SUB.



SETB B_SPAN1

NO2: CLR B_ZERO
CLR B_SPAN
LCALL LCDWD ; WRITE DATA
MOV A DISPNO ; SAVE NUMBER TO BUFFER
CINE A#00M4FILLO . MSB

MOV DISBUF1 R7
SIMP FILLOUT

FILLO: CINE A #003FILL1
MOV DISBUF2R7
SIMP FILLOUT

FILL1: CINE A #002 FILL2
MOV DISBUF3R7
SIMP FILLOUT

FILL2: CINE A #001H FILLOUT
MOV DISBUF4,R7
SIMP FILLOUT

FILLOUT: DEC DISPNO
POP DPL
pPOP DPH
RET

; *#+#++* CALCULATOR ZERO-SPAN ******

MOV A SPAN1
SUEB A ZERO1

JNC pasi)

DEC SPAN2
ATY MoV CONT3 A

MOV A SPAN2

CLR CcY

SUBB A ZEROZ
MOV CONT4A
JINC Zs2
LCALL ERROR1



ERROR1: LCALL SETLCD
. MOV DPTR#TITLE7
LCALL LCDLD
LCALL DELAY
RET

: #veaers Y TO ASCIL ***+***e
HTOA: ANL AROOFH
INC A
MOVC A GA+PC

RET

DFB 0*
DFB "1°
DFB 2
DFB "3
DFB 4
DFB ‘5
DFB ‘6"
DFB R
DFB 8
DFB 9*
DFB AT
DFE B
DFB e
DFB ‘D*
DFB E*
DFB T

; ****** CALCULATOR DATA 16 BIT OUTPUT ******

COUTPUT:
PUSH ACC
PUSH 10H
PUSH 14H
PUSH 18H
PUSH PSW
SETB RSO
CLR RS1

MOV CONT8 3#00H



DT1:

DT2;

DT3:

DT4

Coz:

MOV
MOV
MOV
MOV

MOV

MOV
DEC
PCP

MOV

MOV
MOV
RRC

MOV

MOV
SUBB
JNC
DEC

MOV
MOV

CONTS #00H
R4#016
R5,#002
RO#BCD3
cY
A.BR0

A

PSW
ACC7DT3
cY

A $030H
ACC3DT4
c

A #003H
@ROA

RO

PSW
R5.DT2
A,CONT9

CONTS,A
A CONT8

CONT8,A
R4DT1
PSW

16H

14H

10H

ACC

CONTS
CONT9

B_DOWN
B_UP

A, CONT8
A ZERO1
Co2

CONTY

ZERO1L,A
A CONTY



CO3:

CO14:

MOV

MOV

JNC
DEC

MOV
SUEB
JNC

MOV
Mov
MOV

A ZERO2
ZERO2A
CONT9
CONTS

A #0FFH,CO3
B_DOWN
B_DOWN,CO7

A, SPAN1
A CONTS

A SPAN2
A,CONTY
CO14
B_UP

Co12

CONT13 #00H
CONT12 #00H
CONT11 #00H
A ZERO1
B,CONT6

AB
CONT11,A
CONT14B

A ZFRO?
B,CONT6

AB

CcY
A,CONT14
CONT12,A
CO4

B_UP

CONT13B
A ZEROL
B,CONT?



ADD A, CONT12
MOV CONT12A
JNC CO5

' SETB B_UP

INC  CONT13

CO5. MOV AB
ADD  ACONT13
MOV  CONTI3A
MOV  AZFRO2
MOV  BCONT?
MUL  AB
ADD  ACONTI3
MOV  CONT13A
MOV  ACONTI3

CINE A F00H,CO12

JB B_UP,CO12
MOV A ,CONT11
CLR CcY

ADD ASMFFH
MOV CONT11,A

JNC Cos6
INC CONT12
CO6 RET

Co7. CIR A
CLR  B_DOWN
MOV CONTi1.A
MOV ~ CONT12A
RET

Cot2: CIR  B.UP
MOV CONTi1#0FFH
MQV  CONT12#0FFH
RET

 *#*++* TEMP TABLE FACTOR ******

TEMP: PUSH DPH
PUSH DFL
PUSH 10H
MOV CONTS #00H
MOV CONT®6 #00H
MOV CONT?,#00H



SETB

MOV

MoV

MOV

MOV
MOV
MOV
DIV

MoV

MOV
MOVGC
MoV
INC
MOV
MQOVC
Mov
INC
MOV
MOVC

MOV -

POP
POP
POP
RET

RS0
RS1

A CONT4

A #OOH,TT1
DPTR#TTABLEO
A ¥001H,TT2
DPTR #TTABLE1
A#00ZH,TT3
DPTR #TTABLE2
ACONT3
B#05H

AB

B #003H

AB

ROA

AQA+DPTR
CONT7,A

RO

ARO

A .BA+DPTR
CONTS6.A

RO

ARO

A BA+DPTR
CONTS,A

10H
DPL

DPH

DR iis22:a22 22124 T ekt tthetatntitritahhiid
: TTABLE

TTABLEO:

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

00H,00H.00H

32H,0CDH, 00H,19H,66H,80H,10H,0EFH, 00H,0CH,0B3H,40H,0AH,29H,00H
08H,77H,80H,07H 41H,0D0H,06H,59H,0A0H, 05H,0A5H,00H,05H,14H,80H
04H,9EH 40H,04H,3BH,0C0H, 03H, 0E8H, 60H,03H 0ACH, 0E(H,03H,65H,00H
03H,2CH,0D0H,02H,0FDH,00H, 02H, 0D2H, 80H,02H,0ACH, 70H, 02H,8AH,40H
02H,6BH,40H,02H 4FH,20H,02H, 35H,60H, 62H,1DH,0E0H, 02H,08H,3CH
01H,0F4H,30H,01H,0E1H,0A0H,01H,0D0H,70H,01H,0C0H, 70H,01H,0B1H,80H
01H,0A3H,80H,01H,96H,60H,01H,8AH,10H 01H,7EH,80H, 01H, 73t 90H
01H,69H,40H,01H,5FH, 70H,01H,56H,30H,01H 4DH,70H,01H 45H,20H
01H,3DH,30H,01H,35H,0A0H,01H,2EH, 70H,01H,27H,90H,01H,21 H,00H
01H,1AH,0BOH,01H,14H,0B0H,01H,0EH, 0FOH,01 H,09H,60H, 01H, 04H,10H



TTABLE1:DFB
DFB
DFB

DFB 00H,0FFH,00H

0CH,0FFH,00H
00H,0F AH,10H,00H,0F5H, 60H, 00, 0F0H,0D0H, 00H, 0ECH, 70H, 60H, 0E8H, 30H
00H, 0E4H, 20H, 00H,0E0H,30H,00H,0DCH, 60H, C0H, 0D8H, 0C0H,00H, 0D5H, 30H

DFB 00H,0D1H,0C0H,00H,0CEH,60H,00H,0CBH, 30H, 00H, 0C8H, 10H, 00, 0C5H, 0BH

DFB

00H,0C2H,10H, 00H,0BFH,40H,00H,0BCH, 70H,00H,0B9H,0C0H, 00H, 0B7H,20H

DFB 00H,0B4H,0A0H,00H,082H,20H,00H,0AFH,0B0H, 00H,0ADH,60H,00H,0ABH, 10H

DFB
DFB
DFB
DFB
DFB
DFB

TTABLE2:DFB
DFB
DFB
DFB
DFB
DFB
DFB

00H,0A8H,0EOLH,00H,0A6H,0B0H, 00H,0A4H,90H, 00H,0A 2FH 90H, 00H, 0A0H, 80H
00H,9EH,90H,00H, 9CH,0A0H,00H,9AH,0D0H, 00H, 99H, 00H, 00H,97H,30H
00H,95H, 70H, 00H,93H,0COH, 00H, 92H, 10H, 00, 90H, 80H, 00H, 8EH, 0E0H
00H,8DH,50H., 00H, 8BH,0D0H,00H, 8AH, 50H, 00K, 88H,0E0H, 00H,87H, 70H

00H, 86H, 10H, 00H,84H 0BCH,00H,83H,50H,00H,82H,0CH,00H,80H,0COH
00H,7FH,80H

00H,7EH,80H,00H,7EH 40H

00H,7DH, 0CH, 00H, 7BH,0D0H,00H, 7AH, 0B0H, 00H, 79H, 80H,00H, 78H, 60H
00H,77H,40H,00H, 76H,30H,00H, 75H,20H,00H, 74H,10H,00H, 73H,10H

00H, 72H.10H,00H, 71 H,10H,00H,70H, 10F, 00H, 6FH, 20H, 00H, 6EH, 30H
O0H,6DH 40H,00H, 6CH, 60H, 00H, 6BH, 70H,00H, 6AH, 90H,00H, 69H,0B0H
00H, 68H,0EOH, 00H, 68H,0AH,00H, 67H, 30H, 00H, 66 H,60H,00H, 65H, 90H
00H,64H,0D0H, 00H,64H,09H



PROGRAM C
TEMPERATURE TRANSMITTER
PRESENT BY
{. CHUMPOL SILAKUL
2. AEKAPON TRANRAWADEE

3.PANIDA MALAI

INSTRUMENT ENGINEER

#inchuide <stdio h>
#include <stdlib h>
#include <conio.h>
#include <mathh>
#include <graphics.h>
#include <dosh>
#include <alioch>
#include <bics h>

#define PORT 0
#define UPKEY  0x4200
#define DOWNKEY 0x5000
#define ENTER  Ox1c0d

void Initial graph{void);
void Dia_Block(int,int,int,int int,int int char);
vaid setfontivoid);

void logo{void);

void emor_besp{void),
void menufvoid);

void push(int int intint);
void message2{char *m);
void messagei{char *n};
void ex_1{void);

void menu_1{void);

void menu_2void),



void run(void),

void port_init{);

void sport();

char rportf);

int check_stat{int);

void Change_Degres();

void Show_Display(unsigned long);

intx=0;

charc 1=7

char *Data7};

ungigned long Toltemp = 0;

void far *bitirnage;

char key_count = 1,cldkey(10] display = 0;

char *mess0f] = {CHANGE TEMPERATURE DEGREE TO FARENGHIGE®,
*CHANGE TEMPERATURE DEGREE TO CELCIOUS®,
“NO CONNECT WITH TEMPERATURE TRANSMITTER®,
"RUN PROGRAM","EXIT PROGRAM'};

char *messi{] = {PRESS VENTER\" : FOR CHANGE TEMPERATURE DEGREE TO FARENGHIGE",
‘PRESS \'ENTER\' : FOR CHANGE TEMPERATURE DEGREE TO CELCIOUS®,
"PRESS VENTER\' : FOR NO CONNECT WITH TEMPERATURE TRANSMITTER",
‘PRESS \"ENTER\' : FOR RUN PROGRAM °,
‘PRESS \"ENTERV' : FOR EXIT PROGRAM};

char *mess2(} = {"PRESS \'Y\" - EXIT PROGRAM , PRESS \"'N\" : CANCEL};

char *menuf] = {'C*,'F*,"BREAK",'RUN" "EXIT"};

void main(void)

{
clrser();
Initia)_graph();
logo();
emor_beep(;
getchl;
dalay(1000);
cleardevice(),
menu();

closegraph();

void Initia]_graph(void)
{
int graphdriver = DETECT ,graphmods,etrorcode;



imngmph(&gmphdnver,&gmphmode,");
ano:code = graphresult),
if{arrorcode = grOk)
{
puntf("Graphics error . %s\n'.gtaphermrmsg(errorcode));
puntf("Press any key to balt - *);
getch(;
exit(1);

void Dia_Block{xi .yi.x2.yZ,for_c,bnc_c,aha_d,width_i)
int x1,y1.x2.y2,

int for_c,blk_c,sha_d;

char width_1;

int a;

setﬁllstyle(SOLiD_FﬂL,for_c);
bar(z1,y1.x2.y2):
setcolor(bk_c);
forla=0;a<=width_1:a++)
{
line(xi+ayl+ax2-a,yt+a)
line{x1+ayl+a x1+ey2-a),
}
settolor(sha_d);
forlg=0;a<=width_1;a++)
{
line(x2-a.yi+a.x2-a,y2-8);
tine(x1+a,y2-a.x2-8,y2-8),

void setfont{void)

sottextstyle(1,0.4);

sotusercharsiza(2,4,2.4);

void logo(void)

setfillstyle(1,75);



bar(10,5,630,475);
Dia_Block(10,5,630,475,89,63,56,3);
Dia_RBlock{120,50,520,150,60,56,63,2);
settaxtstyle(2.0.8); ‘

sotcolor(1);

outtaxtxy(242,55," TEMPERATURE"),
outtextxy(241,56," TEMPERATURE"),
outtextxy(240,57,"TEMPERATURE");
outtextxy(242,85,"TRANSMITTER");
outtextxy(241,86," TRANSMITTER");
outtextxy(240,87,"TRANSMITTER");
outtaxtxy{272,115,"CONTROL");
outtextxy(271,116,"CONTROL"),
outtaxtxy(270,117,"CONTRCL"),

setcolor(14);

outtextxy(239,58, TEMPERATURE);
outtextxy(239,88,"TRANSMITTER");
outtextxy(269,118; CONTROL);
settextst/y"le(4,0,2);

setclorWHITE);

outtextx(80,200,‘Present By...");
outtextxy(60,320," Advisor...”);
outtextxy(60,390, Faculity Of Engineer®);
outtextxy(60,420,"King Mongkut's Institute Of Technology Ladkrabang®);
setiextatyle(3,0,2)

outtextxy(205,230,"1. Mr. Churapol Silakul');
outtextxy(200,260,"2. Mr. Eakapon Tranrawadea’);
outtextxy(200,290,°2. Ma. Panida Malai’);
outtextxy(200,350,"Mr. Vidlya Kongratena'),

void enor_bespl)

{
soumd(100),delay{100)nosound();

void menuf)
{
chat msgf] = {TEMPERATURE DISPLAY'};

Dia_Bleck(10,5,630,50 LIGHTGRAY WHITE DARKGRAY 4);
Dia_Block(20,12,620,42,YELLCW 56,63,2);
setfillstyle(SOLID_FILL LIGHTCYAN),



bar(10,51,520.475);
setcolor(LIGHTBLUE);
1ectangle(15,55,515,415);
setcoloDARKGRAY);
rectangle(14,55,514,415);
Dia_Block{10,420,630,475 LIGHTGRAY , WHITE DARKGRAY ,2);
sattextstyle(3,0,1);
satcolon’);
settextjustify(1,1);
outtextxy(325,25msg),
settextjustify(0,2);

menu_10;

void message2(char *m)

{
setfillstyle(SOLID_FILL,c_1);
bar(15,450,625,465);
settextstyls(0,0,1);
satcolot(BLUE),
outtexixy(20,455,m);

void messagei(char *n)

{
setfillstylo(SOLID FILL.c_1};
bar(15,430,625,445),
settextatyle(0,0,1);
setcolon(BLACK);
outtaxtxy(20,435.n);

void menu_10

{
int key;

setfillstyle(SOLID_FILL LIGHTCYAN),

bar(20,61,510,410);

Dia_Block{(520,51,630,419 LIGHTBLUE DARKGRAY , WHITE,2);
settextstyle(2,0,8);

setcolor(1);

outtextxy(180,180,"TEMPERATURE");
outtextxy(181,179,"TEMPERATURE");



outtextxy(182,178,"TEMPERATURE");
outtextxy(180,210,"TRANSMITTOR");
outtextxy(181,209,"TRANSMITTOR");
outtaxtxy{182,208,"TRANSMITTOR");
outtextxy(210,240,"CONTROL");
outtextxy(211,239,"CONTROL");
outtextxy(212,233, "CONTROL");
setcolor(14);
outtextxy(179,177,"TEMPERATURE");
outtextxy(179,207," TRANSMITTOR"),
outtaxtxy(209,237,"CONTROL");

Dia_Block(530,90,620,125 LIGHTGRAY WHITE DARKGRAY, 2);
Dia_Block{536,95,575,120 LIGHTGRAY DARKGRAY WHITE 2);
Dia_Block(577,95,615,120 LIGHTGRAY WHITE DARKGRAY, 2);
Dia_Block(530,150,620,185,LIGHTGRAY WHITE DARKGRAY,2);
Dia_Block(530,210,620,245 LIGHTGRAY WHITE DARKGRAY,2):
Dia_Block(530,275,620,310, LIGHTGRAY WHITE DARKGRAY. 2);
setfont();
setcolor(LIGHTRED);
outtextxy(558,219, menuo|3));
sotcolo(BLACK);
outtaxtxy(558,284 menu0i4]);
setcoloWHITE);
outtextxy(552,99 menu0{0D;
outtextxy(592,99 menu0{1});
circle(546,102,2);
circle(586,102,2); 4
outtextxy(552,159, menud|2});
messagel(mess0{3);
message2(messi{3);
key_count = {;
for(;})
{
key = bioskey(0);
switch(key)
{
cass UPKEY : oldkey[0] = key_count;
key_count--;
ifidisplay == 1 && key_count > 1)
key_count = {;
elso if{display == 0 && key_count < 1)

key_cour;t =2



ifflkey_count == 1)

{

}

satfont();

satcolor(LIGHTRED);

outtaxtxy (658,219, menul{3);

messagel(mess0{3];

message2(messi(3];

Dia_Block(530,275,620,310, LIGHTGRAY WHITE DARKGRAY,2);
setfont();

setcolor(BLACK);

outtextxy(858,284,menul4]);

else iffkey_count == 2)

{

]

setfont();
setcolor(LIGHTRED);
outtextxy(558,284, menu0(4]);
messagel{messOld]);
message2{messi{4];
setfont();

setcolor(BLACK);
outtextxy(e58,219,menul(3);
break;

case DOWNKEY : oldkey|0] = key_count,

key_count++;
ifidisplay == 0 && key_count > 2)

key_count =1,

olse ifidisplay == 1 && key_count > 2)

key_count = 2;

titkey_count == 1)

{

}

setfont();

setcolor(LIGHTREDY),

outtextxy(668,219, menudi3];

messagal{mess0{3);

messaga2({mess1[3];

Dia_Block(530,275,620,310, LIGHTGRAY WHITE DARKGRAY 2);
setfont();

setcolor(BLACK);

outtextxy(®58,284, menudi4));

olse iflkey_count == 2)

{



setfont();
setcolor(LIGHTRED);
outtextxy(553,284,menudi4]);
messagel(mess0i4);
message2(messil4);
setiont),
setcolor(BLACKY;
outtextxy(558,219,menud(3]);

}

break;

case ENTER . iffkey_count == 1)

{
push(530,210,620,245);
setfont();
setcolor(LIGHTREDY,
outtextxy(559,220, menul|3);
menu_20;

}

else iflkey_count = 2)

{
push(530,275,620,310);
setfont();
setcolot(LIGHTRED),
outtextxy(659,285, menul(4);
message2(mess2{0];
ex_10;

}

break;

defauit emor_beep(;
break;

void push(int a1 int a2 int a3,int a4)
{
Dia_Block({a1,a2,a3,a4,7,8,15,2);

void ex_1(votd)
{
unsigned size8;

char ex;



size8 = imegeme(150,180,365,260);
bitimage = fammatloc(sizaB);
geﬁmage(iSO.iBO,365,260,biﬁmage);
Dia_Block(iSO,180,365,260,7.15,8,2);
Dia_Block(156,186,359.254,57,8.15,2);
setcolor(62);
rectangle(162,192,353,248);
recbangle(164.194,351,246);
settoxtstyle(0,0,1);
settextjustify(1,1);
getcolor(56),
outtextxy(266,221,"Exit program o) - Y
outtextxy(255,222,"Exit program M) ;"
setcolor(62);
outtextxy(257,220,"Exit program wm) - "
ex = toupperigetchl);
iffex = 'Y
{

putimage(iso,180,bitimaga,COPY_PUT);

farfrea(bitimage);

error_beep(;

clesegraph();

oxit{0);

elsa

putlmage(i50,180,biﬁmage.COPY_PU’I’);
farfres(bitimage);
settextjustify(0.2).
Dia_Bbck(530.275,620,310L1GH1‘ GRAY WHITE DARKGRAY 2).
setfont();
sotcolor{LIGHTRED),
outtextxy(558,204,menud(4D;
message2(messi4];
}
settextjustify(0.2);

void port_init
{
union REGS 1



rx.dx = PORT;
rhah =0,

th.al = (xe3;
Int86(0x14, &r,&1);

void sport()

{

charc=""

union REGS r;

rx.dx = PORT;

thal= ¢

thah={;

It86({0x14,8ur,&r);

if(th.eh & 128)

{
settextstyle(1,0,2);
setcolor(BLACK);
outtextxy(135,200,"Send eror in seral port’),
delay(5000);
closegraph();
exit(1);

char rport{)

{

union REGS r;

tx.dx = PORT;
theh=2
int86(0x14,8r, &),
etum(r.h.al);

int check_stat()

{

union REGS r;

r.x.dx = PORT;
thah= 3
int86(0x14,8&r,&1);



retum rX.ax;

void mn{
({
intr,
unsigned long temp1,temp?,temp3, temp4, teamp5;
unsigned long templ_1,temp?2_2 temp3_3 temp4_4 tampd_5;

port_init();
sport(:
for{e=1:1<7:14++)
{
Datalr] = rport();

Toltemp = 0;

templ = atoi(&Datai1]);
temp1_1 = templ * 10000:
tamp?2 = atoi(&Data|2[);
temp2_2 = temp2 * 1000;
temp3 = atoi(&Data{3]);
temp3_3 = tamp3 * 100;
temp4 = atol(@&Datal4];
temp4_4 = tamp4 * 10;
tempb = atoi{&Datal5);
Toltemp = tampl_1 + terap2_2 + temp3_3 + temp4_4 + temp5;
Change_Degree(,

void Change_Degree()
{
unsigned long CToltemp FToltamp;

CToltemp = Toltamp;
if(x == 0)
{
Show_Display(CTolternp);
]
elsg iflx = 1)
{
FToltemp = 3200 + (1.8 * CTolternp);



Show_Display(F Toltarnp);

void Show_Display(unsigned long Show_temp)
{
unsigned long z,a,b.c.d,s;
unsigned long value value_z,value_a value_bvale_c,value_d;
char str_z{1]str_afl]stz_bit]stz_clt]str_dit]str_elll];
char *Cdegres = ‘C*;
char *Fdegres = F*;

char *dot=".";

value = Show_temp;

setfillstyle(SCLID_FILL LIGHTMAGENTA),
bar(130,180,390,245);

settaxtstyle(1,0.4);

setcolor(BLACK);

outtextxy(250,200,dot);

iflx == 0)

{
a = value / 10000;
vahie_a = vale - (a*10000);
b = value_a /7 1000;
valug_b = value_a - (b*1000);
¢ = value_b / 100;
value_c = valua_b - (c*100);
d = valwe_c / 10;
value_d = value_c - (d*10);
o = valua_d;

itoa(s str_a,10);
itoa(b,str_b,10};
itoale,str_c,10);
itoa(d,str_d,10);
itoa(e,str_e,10);

settextstyle(1,0,4);
setcolorBLACK);
outtaxixy(310,200, Cdegres);
circle(300,203,2);



iffa > 0)

{
outtextxy(190,200,5tr_a);
outtextxy(210,200,str_b);
outtextxy(230,200,str_c);
outtextxy(260,200, str_d);
outtextxy(280,200,str_g);
}
iffa ==0)
{
b > 0)
{
outtextxy(210,200,str_b);
outtextxy(230,200,str_c);
outtextxy(260,200,str_d);
outtaxtxy(260,200,str_e);
}
olse iffb == 0}
{
outtaxtxy(230,200,str_c);
outtextxy(260,200,str_d);
outtextxy(280,200,5t_s);
}
)
}
slse ifflx = 1)
{
z = value / 100000,

valig_z = valus - (z*100000);
a = value_z / 10000;

value_a = value_z - (a*10000);
b = vahia_a / 1000;

value_b = value_a - (b*1000);
¢ = value_b / 100;

value_c = value_b - (¢c*100);
d = value_c / 10;

vale_d = value_c - (d*10);

6 = valug_d:

itoa(z,str_z,10);



itoala,atr_a,10);
itoa(p,str_b,10);
itoa(o,str_c,10);
itoa(d,str_d,10);
itbale,str_s,10);

settextstyle(t,0.4);
satcolofBLACK);

outtaxtxy(310,200 Fdegresa);

clrcie(300,203,2);

iffz > 0)

{

outtextxy(170,200,str_z);
outtextxy(190,200 str_a);
outtextxy(210,200,str_b);
outtextxy(230,200,str_);
outtextxy(260,200,str_d);
outtaxtxy(280,200,str_e);

ifla > 0)
{
outtextxy(190,200,str_a);
outtextxy(210,200,str_b);
outtextxy(230,200,stc_c);
outtextxy(260,200,str_d);
outtextxy(280,200,str_e);
}
else iffa == 0)
{
ifib > 0)
{
outtextxy(210,200,str_b);
outtextxy(230,200,str_c);
outtextxy(260,200,stc_d);
outtextxy(280,200,str_e);
1
alse if(p == 0)
{
outtextxy(230,200,str_c};



outtextxy(260,200 str_d);
outtextxy(280,200,str_s);

void menu_20
{
int key?2;
inte;
long timet;

setfillstylo(SOLID_FILL LIGHTCYAN);
bar(16,56,612,214);
Dia_Block{120,170,400,265 LIGHTGRAY WHITE DARKGRAY 4);
Dia_Block{125,175,395,260 LIGHTMAGENTA DARKGRAY WHITE 2);
itz == 0)
{
setfont();
setcolor{LIGHTRED);
outtextxy(692,99, menul|i };
circle(686,102,2);
1
olsa iflx = 1)
{
setfont(),
setcolotlLIGHTRED);
outtaxtxy (552,99 menul{C];
circle(546,102,2);
)
setfont();
getcolorBLACK),
outtextxy(552,159,menu0|2[);
outtextxy (558,284, menu0i4);
messagsi(mess0[0]);
message2(mess1{0));
setfont);
setcolofWHITE);
outtextxy(559,220,menul|(3];
=0,
do



run();

ii(kbhit)

{
key2 = bioskey(0);
switch(key?2)
{

case UPKEY : oldkay[i] = key_count;
key_count--;
if{display == 1 && key_count > 1)
key_count = 1;
{display = 0 && key_count < 1)
key_count = 3;
if(key_count = 1)
{
if(x == 0)
{
setfont();
setcololLIGHTRED);
outtextxy(692,99,menud(1);
circle(586,102,2),
messagel(mess0(0];
message2(massi{0];
}
else ifflx == 1}
{
setfont();
setcolor(LIGHTREDY),
outtexixy (552,99 menud|0];
circla(546,102,2);
messagei(messOf1]);
message2(messi|1];

setfont(};
setcolotBLACK);
outtextxy(552,159, menuof2]);
1
olse iftkey_count == 2)
{
setfont(),
satcolot(LIGHTRED);
outtextxy(62,159,menud{2);



messagel(mess0{2);
message2(messi|2]);
setfont();
setcolorf(BLACK);
outtextxy(558,284,menu0[4];

]

else iffkey_count = 3)

{
setfont();
setcolor(LIGHTRED);
outtextxy(558,284, menu0i4);
messagel(mess0[4]);
message2(messi{4);

iftx == 0)

{
setfont();
setcolr(BLACK);
outtexu:y(592.99,m<;nu0[1D:
circle(586,102,2);

}

olse ifx == 1}

{
setfont();
setcoloBLACK);
outtexixy(552,99,menud{0);
circle(546,102,2);

}
bresk;
case DOWNKEY . oidkey{1] = key_count;
key_count++;
if{display == 0 && key_count > 3)
key_count = 1;
ifidisplay == 1 && key_count > 3)
key_count = 3;
if(key_count == 1)
{
iffx == 0}
{
setfont();
setcolor(LIGHTRED);
outtaxtxy(592,99 menulii D,



circle(586,102,2);
massagel{mess0[0]);
message2(messi[0]);
}
else ifix == 1)
{
setfont),
setcolor(LIGHTRED),
outtextxy (552,99, menuo(0);
circle(646,102,2);
messagel({messOf1]);
message2(messifi];
}
setfont),
setcolor(BLACK);
outtextxy(558,284, menu04D;
1
else iflkey_count == 2)
{
setfont();
setcolor(LIGHTRED);
outtextzxy(652,159. menud(2};
iftx == 0)
{
setcolotBLACKY,
outtextxy(592,99, menud|1];
circle(586,102,2);
}
else iffx = 1)
{
setcolor(BLACK);
outtaxtxy(552,99, menuo(0];
circle(546,102,2);
}
messagel(mess0]2]);
maseage2(mess1{2];
}
alsa iflkey_count == 3}
{
setfont();
satcolot(LIGHTRED);
outtextxy(658,284. menuoi4);
messagel(mass0i4));



}

break;

message2(messi{4]);
satfont();

setcolor(BLACK);
outtaxtxy(652,159, menu0|2]);

case ENTER : iftkey_count == 1)

{

)

iffx

{

]

=)

push(577,95,615,120);
setfont();

setcolor(WHITE);
outtaxtxy(593,100,menud[1D;
circle(687,103,2);
Dia_Block(535,95,575,120 LIGHTGRAY , WHITE DARKGRAY,2);
setcolor(LIGHTRED);
outtaxtxy(552,99, menuo(0];
circle(546,102,2);
messagel{messOf1]);
megsage2(messi{i]);

X =1

Change_Degrea();

elsg ifix == 1)

(

push(535,95,575,120);
satfont();

setcolodWHITE);
outtextxy(553,100,menu0{0];
circle(647,103,2);
Dia_Block({577,95,615,120 LIGHTGRAY WHITE DARKGRAY,2);
setcolor(LIGHTRED);
outtexixy(592,99 menudil ji;
circle(586,102,2);
messagel(mess0{0);
massage(mess1[0);

X=0

Change_Degree();

else iffkey.count == 2)

{



push(830,150,620,185);
satfont();
satcoloflLIGHTRED):
out‘n.exbty(553,160,menu0[2]);
menu_10);

]

alse iftkey_count = 3)

{
push(530,275,620,310);
setfont();
setcolor(LIGHTRED);
outtextxy(569,285 menu0[4]:
message2(mess2|0];
ex_10;

}

break;

default * etror_beep();
break;

]

iflel=1)

{
for{time1=0;time1<1000;time1++)
{
}

}

Jwhile{et=1);
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National
Semiconductor
Corporation

'LM131A/LM131, LM231A/LM231, LM331A/LM331

Precision Voltage-to-Frequency Converters ’

General Description

The LM131/LM231/LM331 family of voitage-to-frequency
convarters are ideally suited for use in simple low-cost cir-
cuits for analog-to-digital conversion, precision frequency-
to-voltage conversion, long-term integration, linear frequen-
cy modulation or demodulation, and many other functions.
The output when used as a voltage-to-frequency converter
is a pulse train at a frequency precisely proportional to the
applied input voltage. Thus, it provides all the inherent ad-
vantages of the voltage-to-frequency conversion tech-
niques, and is easy to apply in all standard voltage-to-fre-
quency converter applications. Further, the LM131A/
LM231A/LLM331A attains.a new high level of acguracy ver-
sus temperature which could only be attained with expen-
sive voltage-to-frequency modules. Additionally the LM131
is ideally suited for use in digital systems at low power sup-
ply voitages and can provide low-cost analog-to-digital con-
version in microprocessor-controlled systems. And, the fre-
quency from a battery powsred voltage-to-frequency con-
verter can be easlly channeled through a simple photoisola-
tor to provide isolation against high common mode levels.
The LM131/LM231/LM331 utilizes a new temperature-
compensated band-gap reference circuit, to provide excel-
lent accuracy over the full operating temperature range, at
power supplies as low as 4.0V. The precision timer circuit

has low bias currents without degrading the quick response
necessary for 100 kHz voltage-to-frequency conversion.
And the output is capable of driving 3 TTL loads, or a high
voltaga output up to 40V, yet is short-circuit-proof against

Vee.

Features

» Guaranteed linearity 0.01% max

m Improved performance in existing voltage-to-frequency
conversion applications

Split or single supply operation .

Operates on single-5V supply <

Pulse output compatible with all logic forms

Excallent temperature stability, +50 ppm/*C max

Low power dissipation, 15 mW typical at 5V

Wide dynamic range, 100 d8 min at 10 kHz full scale
frequency

Wide range of full scale frequency, 1 Hz to 100 kHz
Low cost

Typical Ap'plications

15V = vg

L
(¥R 32

+¥,
s .J_ b SRy

-vg
(OPTIONAL)
OFFSET ADJUST -

001 uF
i I{
74
i 100 :10% =
LM231
I viocic l
3 lour
10 kHz .
] FULLSCALE .
IT
12K 2 1%*
fg
[0 i
GAIN H
ADJUSY |
- Vin_ Rs, 1 TL/H/5880-1

. P
OUT = 208V R_ Ry

*Use stable components with low temperature coaificients. Sea Typical Applications section.

**0.1uF or 1pF, See “Principles of Operation.”

FIGURE 1. Simple Stand-Alone Voltage-to-Frequency Converter:
with £0.03% Typical Linearity (! = 10 Hzto 11 kHz)



Absolute Maximum Ratings mote 1)

1t Military/Aerospace specified devices are required, contact the N

availability and specifications.

Supply Voltage

Cutput Short Circuit to Ground
Qutput Short Circuit to Veg
Input Voltage

Operating Ambient Temperature Range
Power Dissipation (Pp at 25°C)
and Thermal Resistance (CT]
(H Package) Pp
9|'A
(N Package) Pp
6ia
Lead Temperature (Soldering, 10 sec.)
Dual-in-Line Package (Plastic)
Metal Can Package (TO-5)
ESD Susceptibitity (Note 4)

Electrical Characteristics 7,=2

LM131a/LM131
4o0v

Continuous
Continuous
-0.2v to + Vs
TMIN - Tuax
—55'Cto +125°C

670 mw
150°C/wW

260°C
260°C
TBDV

LM231A/LM23T
40V

Continuous
Continuous
—0.2Vto +Vg
Tuin ~ Tmax
—25'Cto +85°C

570 mwW
150°C/W
500 mwW
1585°C/W

260°C
260°C
TBDV

5:C unless otherwise specified (Note 2)

atlonal Semiconductor Salss Office/Distributora g

Parameter Conditions Min Typ Max Unitis:
VFC Non-Linearity (Note 3} 4.5V < Vg < 20v +0.003 +0.01 % Fulih
ThiN < Ta < Tiax +£0.006 +0.02 % Ful!
Scale: |
VFC Non-Linearity Vs = 15V, f = 10 Hz 10 11 kMHz +0.024 +0.14 %Fols .
in Circuit of Figure 1 . Sceles”
Conversion Accuracy Scals Factor Vin = —10V,Rg = 14k =
(Gain) '
LM131, LM131A, LM231, LM231A 0.5 1.00 1.05
LM331, LM331A 0.80 1.00 1.10
Temperature Stability of Gain TMIN < Ta € Tuax, 4.5V < Vg < 20V
LM131/LM231/LM331 +30 +150
LM131A/LM231A/LM331A +£20 =50
Change of Gain with Vg 4.5V<Vg < 10V 0.01 0.1
10V £ Vg < 40V 0.006 0.08
Rated Full-Scale Frequency ViN = —10V 10.0
Gain Stabllity vs Time TMIN £ Ta < Tuax "l %002
(1000 Hrs)
Overrange (Baeyond Full-Scale) ViN = ~11V 10
i Frequency
INPUT COMPARATOR
Offset Voltage b, +3 +10
.LM131/LM231/LM331 TMIN S Ta < Tumax +4 +14
LM131A/LM231A/LM331A TMIN < Ta < Tuax +3 +10
Biag Currant -80 —300
Offset Current +8 +100
Common-Mode Range TMiN < Ta € Timax ~0.2 Vec—20
TIMER
Timer Threshold Voltage, Pin 5 0.63 0.667 0.70
Input Blas Current, Pin 5 Vg = 15V
All Devices VSVpins < 9.9v 10 - $100-
LM131/LM231/LM331 Vpins = 10V i2:00 . 1033
LM131A/LM231A/LM331A Veing = 10V 200 500
Vsar pin 5 (Reset) I=5mA 0.22 05

——




glectrical Characteristics Ta=25°C unless otherwise specified (Note 2) (Continued)

. Parameter [ Conditlons l Min | Typ I Max ! Units
“CURRENT SOURCE (Pin 1) -
i’&;p-uthurrent _ Rg=14kQ, Vpiy 1 =0
{ LM131, LM131A, LM231, LM231A 126 135 144 BA
| LM331,LM331A 116 136 156 pA
"nange with Valtage OV <Vppy 1 <10V 0.2 1.0 A
current Source OFF Leakage
LM131, LM131A 0.01 1.0 nA
LM231, LM231A, LM331, LM331A 0.02 10.0 nA
All Devices Ta=TMAX 2.0 50.0 nA
|
operating Range of Current (Typical) (10 to 500} rA
REFERENCE VOLTAGE (Pin 2) )
LM131, LM131A, LM231, LM231A 1.76 1.89 2.02 Voc
LM331, LM331A 1.70 1.89 2.08 - Voc
stability vs Temperature +60 ppm/*C
Stability vs Time, 1000 Hours +0.1 ) %
{ LOGIC OUTPUT (Pin 3)
VAT - I=5mA - . 0.15 0.50 \
\ 1=8.2mA (2 TTL Loads), TN TA< Tmax 0.10 0.40 \4
! OFF Leakage +0.05 1.0 HA
SUPPLY CURRENT
LM131, LM131A, LM231, Vg=5V 2.0 3.0 4.0 mA
LM231A Vg=40V 2.5 4.0 6.0 mA
LM331, LM331A Vg=5V 1.5 3.0 6.0 mA
Vg =40V 2.0 4.0 8.0 mA
Note 1: Absoluta Maximum Ratings | limits beyohd which damage to the device may occur. OC and AC electrical specifications do not apply when coeraong

e device beyond its specified operating conditions.
Hote 2: All specifications apply in the circuit of Figure 3, with 4.0V <Vg £ 40V, uniess otherwisa noted.

Hote 3: Nonlineanty is defined as the deviation of foyt from Viy X (10 kHZ/ ~ 10 Vo) when the circuit has been trimmed for zero error at 10 Hz anc at 10 kHz,
aver the irequency range t Hz to 11 kHz, For the timing capacitor, Ct, use NPQ ceramic, Teflon®, or polystyrene.

Note 4: Human body model, 100 pF discharged through a 1.5 kf} resistor.

Functional Block Diagram
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Typical Performance Characteristics
(All electrical characteristics apply for the circuit of Figurs 3, uniess otherwise noted.)

Nonlinearity Error, LM131

Family, as Precislon V-to-F Nonlinearity Error, LM131 Noniinearlty vs Power
Converter (Figure 3) o Family Voltage
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Typical Applications (continued)

PRINCIPLES OF OPERATION OF A SIMPLIFIED
YOLTAGE-TO-FREQUENCY CONVERTER

. The LM131 is a monolithic circuit designed for accuracy and
versatile operation when applied as a voltage-to-frequency
{v-to-F) converter or as a frequency-to-voltage (F-to-V) con-
verter. A simplifiad block diagram of the LM131 is shown in
Fgure 2 and consists of a switched current sourcs, input
comparator, and 1-shot timer.

The operation of these blocks is best understood by going
through the operating cycle of the -basic V-to-F converter,
Fgure 2, which consists of the simplified block diagram of
the LM131 and the various resistors and capacitors con-
nected to it

The voltage comparator compares a positive input voltage, -

1 V1, at pin 7 to the voltage, Vy, at pin 6. If V1 is greater, the
comparator will trigger the 1-shot timer. The output of the
timer will turn ON both the frequency output transistor and
the switched current source for a period t= 1.1 RtCy. During
this perlod, the current i will flow out of the switched current
source and provide a fixed amount of charge, Q=i X t, into

level than V1. At the end of the timing period, the current i
will turn OFF, and the timer will reset itself.

Now there is no current flowing from pin 1, and the capaci-
tor Cy_ will be gradually discharged by Ry_ until Vy falls to the
lavel of V1. Then the comparator will trigger the timer and
start another cycie.

The current flowing into Cy is exactly Iave = i X (1.1XRCy
< f, and the current flowing out of G is exactly Vy/Ry =
Yin/RL. If Vi is doubled, the frequency will double to main-
tzin this balance. Even a simple V-to-F converter can pro-
vide a frequency precisely proportional to its input voltage
over a wide range of frequencies.
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FIGURE 2. Slmplifled Block Diagram ot Stand-Alone
Voltage-to-Frequency Converter Showing LM131 and
External'Components

the capacitor, Cy. This will normally charge Vy up to a higher -

DETAIL OF OPERATION, FUNCTIONAL BLOCK
DIAGRAM (FIGURE 1a)

The block diagram shows a band gap reference which pro-
vides a stable 1.9 Vpg output. This 1.9 Vpg is well regulated
oyer a Vg range of 3.9V to 40V. It also has a flat, low tem-
perature coefficient, and typically changes less than 4%
over a 100°C temperature change.

The current pump circuit forces the voltage at pin 2 to be at

1.9V, and causes a current i=1.90V/Rg to flow. For-

Rg=14k, =135 pA. The precision current reflector pro-
vides a current equal to i to the current switch. The current
switch switches the current to pin 1 or to ground depending
on the state of the Rg flip-flop.

The timing function consists of an Rg flip-flop, and a timer
comparator connected to the extarnal RyCy network. When
the input comparator detects a voltage at pin 7 higher than
pin 6, it sets the Rg flip-flop which tums ON the current
switch and the output driver transistor. When the voltage at
pin 5 rises to %, Vg, the timer comparator causes the Rg
flip-flop to reset. The reset transistor is then turned ON and
the cument switch is turned OFF.

However, if the input comparator still detects pin 7 higher
than pin 6 when pin 5 crosses %4 Vg, the flip-flop will not
be reset, and the current at pin 1 will continue to flow, in its
attempt to make the voltage at pin 6 higher than pin 7. This
condition will usually apply under start-up conditions or in
the case of an overload voltage at signal input. it should be
noted that during this sort of overload, the output frequency
will be 0; as soon as the signal is restored to the working
range, the output frequency will be resumed.

The output driver transistor acts to saturate pin 3 with an
ON resistance of about 50Q2. In case of overvoitage, the
output current is actively limited to less than 50 mA.

The voltage at pin 2 is reguiated at 1.90 Vpg for all values of
i between 10 pA o 500 pA. It can be used as a voltage
reference for other components, but care must be taken to
ensure that current is not taken from it which could reduce
the accuracy of the converter.

PRINCIPLES OF OPERATION OF BASIC VOLTAGE-
TO-FREQUENCY CONVERTER (FIGURE 1)

The simple stand-alone V-to-F converter shown in Figure 1
includes all the basic circuitry of Figure 2 plus a few compo-
nents for improved performance.

A resistor, Ryy=100 k2 = 10%, has been added in tio path
to pin 7, so that the bias current at pin 7 (—80 nA typical)
will cancel the sffect of the bias current at pin 6 and help

- provide minimum frequency offset.

The resistance Rg at pin 2 is made up of a 12 kQ fixed
resistor plus a 5 k() (cermet, preferably) gain adjust rheo-
stat. The function of this adjustment is to trim out the gain

tolerance of the LM131, and the tolerance of Ry, R and Cy..




Typical Applications (continued)

For best results, all the components should be stable low-
termperature-coefficient components, such as metal-film re-
sistors. The capacitor should have low dislectric absorption;
depending on the temperature characteristics desired, NPO
ceramic, polystyrene, Teflon or polypropylene are best
suited.

A capacitor Cy is added from pin 7 to ground to act as a
filter for Vi. A vaiue of 0.01 pF to 0.1 pF will be adequatein
most cases; however, in cases where better filtering-is re-
quired, a 1 pF capacitor can be used. When the RC time
constants are matched at pin 6 and pin 7, a voltage step at
Vi will cause a step change in foyt. If Cin is much less
than Cy, a step at V) may cause foyt to stop momentarily.
A 4701 resistor, in series with the 1 pF Cy, is added to give
hysteresis effect which helps the input comparator provide
the excellent linearity {0.03% typical).

DETAIL OF OPERATION OF PRECISION V-TO-F
CONVERTER (FIGURE 3)

In this circuit, integration is performed by using a conven-
tional operational amplifier and feedback capacitor, Cr.
When the integrator’s output crosses the nominal threshold
level at pin 6 of the LM131, the timing cycle is initiated.

.
W0 e 10X

t

{l

—
The average current fed into the op amp’s summing poig
{pin 2)isi X (1.1 R{CyY X fwhich is perfectly balanced we,
—Vin/Rin. In this circuit, the voltage offset of the LMy,
input comparator does not affect the offset or accuracy of
the V-to-F converter as it does In the stand-alone Vig¢
converter; nor does the LM131 bias current or offset ciy.
rent. Instead, the offset voltage and offset current of ty
operational amplifier are the only limits on how smak 1,
signal can be.accurately converted. Since op.amps win
voltage offset well below 1 mV and offset currents wel be.
low 2 nA are available at low cost, this circuit is rocommend.
ed for best accuracy for smalt signals. This circuit also re.
sponds immediately to any change of input signal (whichy
stand-alone circuit does not) so that the output frequency
will be an accurate representation of Vi, as quuckIy [ Y]
output pulses’ spacing can be measured.

In the precision mode, excellent linearity is obtained be.
cause the current source {(pin 1) is always at ground poten-
tial and that voltage does not vary with Vin of {oyT. (inte
stand-alone V-to-F converter, a2 major cause of non-lineany
is the output impedance at pin 1 which causes i to changy
as a function of Vin).

The circuit of Figure 4 operates in the same way as Figure3,
but with the necessary changes for high speed operation
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*=This resistor can be 5 kf) or 10 kN for Vg =8V 10 22V, but must be-10 k(1 for Vg= 4.5V 10 BV:
*=*Usa fow offset voltage and 15w offset current op amps for Al: recommandad types LM108, LM308A, LF411A °

FIGURE 3. Standard Test Circult and Applications Circult, Preclsion Voltage-to-Frequency Convertor




Typical Applications (continued)

DETAILS OF OPERATION, FREQUENCY-TO-
VOLTAGE CONVERTERS (FIGURES 5 AND 6)

in these applications, a pulse input at fyy is ditferentiated by
3 C-R network and the negative-going edge at pin 6 causes
the input comparator to trigger the timer circuit. Just as with
8 V-to-F converter, the average cument flowing out of pin 1

s laveraGE = i X (LTRCY X 1.

In the simple circuit of FIGURE 5, this current is filtered in
the network Ry, = 100 kX and 1 uF. The ripple will be less
than 10 mV peak, but the response will be siow, with a

.0.1 second time conétant. and settling of 0.7 sacond to
0.1% accuracy. .

In the precision circuit, an operational amplifier provides a
buffered output and also acts as a 2-pole fitter. The ripple
will be less than § mV peak for all frequencies above 1 kMz,
and the response time will be much quicker than in Figure 5.

" However, for input frequencies below 200 Hz, this circuit will
have worse ripple than Figure 5. The engineering of the filter
time-constants to get adequate response and small enough
ripple simply requires a study of the compromises to be
made. Inherently, V-to-F converter response can be fast,
but F-to-V response can not.
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FIGURE 5. Simple Frequency-to-Voltage Converter,
10 kHz Full-Scale, 1 0.06% Non-Linearity
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' HA741

FREQUENCY-COMPENSATED OPERATIONAL AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUIT

GENERAL DESCRIPTION —~ The uA741 is » high performance monolithic Opesational Amplifier
eanstructed uxin§ the Fairchild Planar® epitaxial process, It is intended for 3 wide range of analog
applications. High common mode voitage range and absence of latch-up tendencies make the uA741
ideat tor use as a voltage follower, The high gain and wide range of operating voltage provides superior
performance in integrator, summing smphilier, snd general facuback applications. Eloctrical charses
teristics of the uAZ41A and £ are identicai 10 MIL-M-38510/10101.

NO FREQUENCY COMPENSATION REQUIRED

SHORT CIRCUIT PROTECTION

OFFSET VOLTYAGE NULL CAPABILITY

LARGE COMMON MODE AND DIFFERENTIAL VOLTAGE RANGES
LOW POWER CONSUMPTION

NO LATCH.UP

ABSOLUTE MAXIMUM RATINGS
Supply Voltage
BATAVA, uAT4Y, LATATE

122V
4AT41C 218V
Internal Power Dissipation (Note 1)
Metsl Can 500 mw
Molded and Hermetic DIP 670 mw
Mini DIP J10 mw
Flatpak $70 mwW
Ditierential Input.Voltage t30V
tnput Voltage (Note 2) 215V

Storage Temperature Range
Metal Can, Hermetic DIP, and Flatpak
Mine DIP, Molded DiP

Opersting Temperature Range
AMastary (WAT41A, uATAL)

-65"Cto +150°C
-55"C o ¢125°C

=85"Ct04125°C

Cornmercisl [WATS1E, uAT41C) 0°C104270°C
Lead Temoerature {Sotdering)
Metsl Can, Hermetie DIPs, and Flatpak {60 s} 300°C
Moided OIPs {10 3) 260"C
Qutput Short Circuit Durstion {Nate 3} tadelinitg
8-LEAD MINIDIP 10-LEAD FLATPAK
TOP VIEW) {TOP VIEW!
PACKAGE OUTLINES 6T 9T PACKAGE OUTLINE 3F
PACKAGECODES T R
ofFset 1 0
nuLL ™ [ é:' m— R
? [
- o o'y 5 —
v
- out ) — Lf——our
k) -
1
v ounstr ve [ s
ORDER"INFORMATION ORDER INFORMATION
YYPE FART NO. TYPE PART NO,
wA741C HAT4ITC wAT41A LATAIAFM
»AT4IC #AT4IRC pAT41 pATATFM

CONNECTION DIAGRAMS

8.-LEAD METAL CAN
{TOP VIEW)
PACKAGE QUTLINE 58

OFsSEt
st £

Nate: Pin 4 connected 10 case

ORDER INFORMATION

TYPE PART NO,
HATAA LAT41AHM
uA741 BAT4THM
uATe1E uAT41EHC
BA741C uATSIHC
14.LEAD DIP
{TOP VIEW}

PACKAGE OUTLINE 6A, 9A

]

b
e E
Ol'i('[i :j~c

LTS
) 1

o q

s 10

oy E

"G
MCE

ORDER INFORMATION

TYPE PART NO.
uA781A vAT4TADM
uA TSN uAT410M
uAT41E pATRIEDC
wA741C bAT41DC
wA741C wAT41PC

Notes on foliowmg peget.

*Planss v s patented Farchilg proces.



FAIRCHILD LINEAR INTEGRATED CIRCUITS » uA741

HAT41A
ELECTRICAL CHARACTERISTICS (Vg = 115V, T = 25°C unless othermise !Wc-(-zd)‘
PARAMETERS (tee defimtions] CONDITIONS MIN TYP MAX UNITS
Input Oftset Voitage Rg « 50N 08 3.0 mv
Average Input Otfset Votrage Dntt 15 wV/C
tnput Otises Current - .- - . 30 30 nA
Average tnput Oftset Current Deilt 05 nAfC
tnput Biss Current ] 80 nA
Power Suoply Rejection Ratig Vg = 410, —20; Vg = +20, -10V, Rg = 5011 15 50 uViv
Quiput Short Curcuet Current . 10 25 35 mA
Power Disuipation Vg = 20V 80 150 mw
l?ou( Impedance Vg =120V 1.0 60 M
Large Signat Voltage Gan Vs = 120V, R = 2k, Vot = 1 15V 50 Vimyv
Tranuent Response Rise Time 0.25 0.8 B
{Unity Gain} Overshoot 6.0 %
Bandwidih (Nate 4) 437 1.5 MH2
Slew Rate (Unity Garn} Vin = 110V 03 0.7 Vius
The following specifications acoly for ~55"C & Ta € +125°C

Input Offset Voltage 4.0 mvV
Input Ottset Current 70 nA
Input Bsas Current 210 nA
Common Mode Rejection Ratio 4 Vg £ 120V, Vipg =0 15V, Rg » 500 a0 95 d8
Adjustment Far taput Otfser Voltage Vg 120V . 10 mv
Output Short Circunt Current 10 40 mA
Power Disupation Vg: 20V s e i

125°C 135 mw
input Impedance Vg = 120V (1R M

R~ 10k02 16 v
Qutput Voltage Swing Vg r20V. R -7 = v

Vg = -20V, Ry = 241, Vout = 15V 32 Vimv

Large Signat Voltage Gan Vg ® *5V, Ry = 2ul, Voyt » ‘2 V 10 . Vimy

NOTES

1 Reting applies 16 amtuent temperaiures uo 10 70 € Aboss 70 C ambient ger

he OF and 7 1enw s C for the FiatpaX

4 Calcuiatsd vailue lrom. BW(MMg) =

For 1uoply voliages levs than 15V The abiotuts Masrmum ngul voitege s eaws! 10 the 1Dl voltage
3 Shoriciwcutt May D# 10 prOuNnd Or erther tupply. Rating apphes 10 +125 C care

or 715 C

-1

035

Rise Time tpsl

1 tamperature

® linearly ot 6 IMW/C 1o¢ the meral can, B IMW/SC tor
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54244 /74244

Octal Buffers/Line Drivers/Line Receivers

TFor coptions shown as MIN o MAX, use Ine aDrroonsle veiue spacbed under RCOMMANIE? COer AN CONGlions.

Schttky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL .
Package Package Package Package fp\\
Device Type Device Type Device Type Device Type Device T | 8Chagy |-
P¢ [C TP [MEF c[P[mkrF Yoo [STP [MEF P rcTPm ”'c?li'g'
'
T SNSALS248 g T - 3
- SNTAL5744 H NG ﬁh\m :5
- {
FAIRCHILD — Y
iy,
— b
-
. MOTOROLA -y '
N . : ; mas)
NS C =t
v tatd
PHILIPS L |
1
SIGNETICS 4,
. |
SIEMENS —-!
™~
e I
FUJXTSU ; i
HITACH X
. = i
I3
MITSUBISHI IRy
1
NEC bed
i .
TOSHIBA T i )
Electrical Characteristics SNS4L5244/SN74LS244 B
. sbiolute maswnum ratmgs over operstmg fres-aw lomperature cange Pin Assignment (TOP View)
Suopty_voilage, VCC v | Operatina Wee-ar | SNSILS] ST 1o 125¢C
trout_voltage 9.5V | temosatre rance  [SNIALS] OC ro 70C i
tnteremitier voltage $.8v Storage tencersture ranae $5°C 1o 180°C @ . '
rec d operating cond i
LS54L5244 SN74L5244 ey :
MIN NOM  MAX |MIN  NOM  MaX A
Swoty voluce, YCC [ s sslars s sa5] v L o1 RN _ - . 3
- Hof-level ouipul current, 10N 12 15] mé& wiiw, ls) ol fnllu] [a] (e} fe]l [« T
Low-level outDul current, 101 7 i ma ;
Operating free-aw temoeratwe. Ta 8% 1254 © i I i
electrical characteristics over recommended operating ) /u / / §
free-air temperature range (unless otherwise noted) / / ¢
o
SN74LS
RA T .
PARAMETER EST CONDITIONS ! Lo Tt v T A éﬂ g g :
iy Heoplevsh inout voltage 2 v Bal Ds0a0 O » ;
ViU Lowstevsl inout volaoe oll v wom S R E S !
VIK  Inout clamo vollage VCC=MIN, = -13ma -5 v SNSALS284 v snreLs2es (5.8 i
Mystorews(VY » <VT < ) Voo = MIN 0.2 0.4 v : {
VCCIMIN,  ViH =2V, ” Y i
VIL =V mas, IQH = = Ima * B 3. N
Vou  High-eve! cutput wottage v 3
‘ VCC=MIN, ViM=2V, ¢ 3
Vit = 0.5V,  10m TMAX . :‘
veemMIN, iy = 1zma ‘o4 H
VoL  Low-level outout voltags Vin®2v, v . H
Vig, =V ma: | loL 224mA 0.5 i
'OIH_omiees vetags spomed vee =MAX. | vge2 v d c e
Otf-state cutout current, =2V, ) 2 i
oz fow-teve! voitage apoited Vi =V max 0=0.4V -20 i
iy ::: :,','.”' Mmeneum Yoo =MAX, Y=y 0] ma 1)
| “out voltage .
ww o "'m""'"':l"' out arrent, Voo TMAX,  Vi=2 TV 20| wa R
i, tow-tavel woul current YCC =MAX, Vig =0 v ~0.2{ ma
105 Shorteorzul mutiot wrient @ VEC = MAX -0 -225| ma H
Outouts mgh Ve =Max An [] 2 .. ;
n 7 " N
tec s avent Cutputs low LS 2 48 .
oot Quiputs coen . .
osatied 1S 2 s
switching charscteristics, Voo 5V, Ta 25C N
"PARAMETER TEST CONOITIONS [MIN TYP maxumiT . i
Prooagation amay time, ‘o :
PLH et girerst output il ;
. Bronecation gmlay e, CL~a%0F, Ay * 622, 4
toul 10~ iow-tevel DutDul See Note 2 ”? 18] ns j
1P 2L Ouiput enacte trme 10 10w level E] LED i
TPZH  Ouidut enadie Tme 10 Man ievel [} 23] ns H
" . Qutsut 0 ssde ime Iy 2 o4
PLT  yom tow level CL=%F, AL =66, " 1
Outoast Grsadie time See Note 2 !
PHZ  yom ah levet | 0 e} ns /}

3 AN tymcal vaives are-al Vo SV,
SMNOL moe than one outtul ShowWd be

Ta 25C
IVVied 31 2 hime, 800 Gwralion of the S 1orCLl Suid ROT eiceed One second

NOTE 2 1Loag orcust and virtage wave lvms are 3hown on osge i
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