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Special Project Adviser
Department

Academic Year

The purpose of this project is to develop a low-cost device used for measuring
insolation from the Sun, namely Daily Insolation Meter. The radiation sensor employs a
photo-voltaic device generating an output current, which in turn, was integrated by
digital integration method using a V/F converter. Main circuit of the meter consists of
1) a photo-voltaic sensor, 2) a current-to-voltage amplifier, 3) a voltage-to-frequency
converter, and 4) a microcontroller 89C2051. The measuring output provides a
maximum reading of 999.999 kWhI/mZ. The prototype daily insolation meter can be
used to study the effect of direct and diffuse components received at the earth

surface.

Daily Insolation Meter
Miss.Nutnicha Lappichate
Mr.Wanchana Thongtungsai
Asst. Prof. Wichit Sirichote
Applied Physics

1996
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Day: 1 8 15 22
Month:
January -(3:16) -(6:26) -(9:12) -(11:27)
February -(13:34) -(14:14) -(14:15) -(13:41)
March -(12:36 ) -(11:04) -(9:14) -(712)
April -( 4:11) -(2:07) -(0:15) 1:19
May 2:50 3:31 3:44 3:30
June 2:25 1:15 -(0:09) < 1:40)
July -(3:33) -(448) -( 5:45) -(6:19)
August -(6:17) -(5:40) ~ 435 ) -(3:04)
September - 0:15) 2:03 4:29 6:58
October 10:02 12:11 13:59 16:20
November 16:20 16:16 16:29 14:02
December 11:14 8:26 5:13 1:47

a 3 . . A a a
TN 2.1 LUEASAN equation of time ( ¥ : W )

2.1.6 Soasdolunssarfind ( Solar puzzles )

Tuada 1015 T Amatannlisin snsnelwmsenmienses edsinqunefioas
inGasennausziRafanninguardunniamemmenaaiiiavianasedauaisefiad
athsuBuaudmuduRaUn@ludnnRossmseiad fmuiit 210

dwiplaniinfasusasledeni 211 davimsieathesaueay Dicke and

. 14 o 1 a 64 4 2/ (3 1%
Goldenburg of princeton 1 1967 unsrivh ensenfiediipledunsadugudgas ade
nadauardmSUANNAaUNfrasdmh uinanfaanaiiadfiunannnaiieeasfizen

NN
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h\Y {v \-\'vv ._.../
1o a T N\ i nmit S
2.2 MSuNSIFUa9a29 s % e

”“"t'qu‘ asd

TunmseanuuussuulWlalamde ( photovoltaic system ) BEAUSEATEIMIUNTIE
sasmeiadlaerimueiisalasams fawdeyareimsuisfvasnafindasiime
tufinliuds o sowfiehe zeslan ﬁﬂ'ﬂ@"i'a‘imﬁtﬂ‘ﬂm‘wan'auﬁamﬁmwmduﬁ'aﬂqmqn
domammunssiasanaiad welflumssiesuullalmae

1.14.1?1’1%’95:1xna’wﬁaé’nwmszhﬁtyﬂaaﬂmwﬁaﬁﬂaamamﬁma‘muﬁﬂan URENENINMS
AvnlBnnsukivasn e fiadathense FoanhanlFlumsienoiianosedion

nasnuLU PV Laga

2.2.1 WHINUNANATAY

e fidimauninaA e daaseignmninautl 5800 asniedu, duade
padiamns varsmdnudiseeniufinlan . wanRInIsRSReRM iR SstoraT
P IORNG afidhuanenarilimassevnseiinumiaaaaEand shedfuseaniiad ( Solar

constant )
S = 1867 Wim 27

Taeia ) wasenswmsanurasiiaseaannamuusiolanGund PBnmensds
L& ( irradiance )
WomswEefuseeedriadfirmusseniemodlansetaaslugtiic 212 MswdSies

aafiadaniifalan Swsednene Sasnniuussemelansinsoutielaesi

1 mawstuuudiudiue ( beam radiation ) Winsedlanidsulaunse Fodlis
mswaeufierna

2. MEwEeRuIIUIWINTE ( diffuse radiation ) AalanleRUSEinEInTisediu
wasuemnalunidaugs é’mﬁm{immmﬁﬁm’m ( reflection ) wazmINILAANITAY (
scattering ) de¥edannenseiag nssnufssenmevaslan

3 PawHSeEvovam ( total radiation ) AEKATINYBINIUASIERLLIELEITLMIA

SRuuuUwINIEAY LNNSENaTH global radiation
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extraterrestrial
radiation

atmosphere scattering

\.

diffuse component

absorption

albedo

A 212 mswiSidvenEofiadrmgutseme

PRnamaEiannas i lamadimeaBea . ssmaAuwuashudas
"n’uﬁv'u%uaq’ﬁum‘smgauﬁmmmomﬁmﬁ srnaiiinenlinisuBouian Banomausied
DANEWVGNRINE IR aihusomhsnaulaeinlive wasenme. eiulimaasn
uwuszuy Inlalanda ﬁt%aﬁa‘i@'\’ﬁyfun1‘3"5@dﬁuwmzﬁmﬁmu@ﬂn”zuﬁé‘:ﬂmﬁ"i@

dntivrasdmryssEIMedas s laeusseiisdfaniamesome (Jair mass ) 619
LLﬁmﬂugﬂﬁ 2.13 WA ARSI TR Sl ALAS TS TE M6l %ﬂuq@%’au
ysstnmeaglaftssdTimeta mmﬁa?{mnmamﬁméﬁq@qaqmmmemﬁmEj ( U

aniuialan ) anaamet = 1 uiiidmaus snasTmetiszanmen Gviii 1 / cosd,

O O

|

i
airmass = 1 _

air mass = 1f/coséd,

UM 213 UAOIANHUEYDINIBMFNGNNTENLYNAN
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A A 6
loeit 0, dhapwasmenfiadangegege

WenEEVILTaUTINMALUS e e ( Solar spectrum ) leudadlu
A 2.14 saesuiinmusstnmelan AMO dugaudherysmsumaseynd|figausseniiad
U o4 o o b H ] A
( Solar cell ) fuemfien AM15 dwsnleasuusseniiadimialanlwiuiviosihlise
o :’I 2 o w U ) o
Hnenadnussafindviome 1 kW/m  fdwsumaSuudesagsuasanfinduazligs
Fauaaslugi 214 Idusastaunumsganduliianasasemet
=2 2 g 2 a € A 2 o &
fawim Ranmenudusafiadsansmgens 1 kW/m nawfevussansidses
a € a A A w R ' a
usafind laeninGasimsanfieniauniengege mmeimavspastanuazanmgiamet

MuRSed luusndesriufalan

250
E uv  visitite 1"
R o : >
E 200+
2 -
€ -~ = = AMO (extratarrestriai)
o 150f ~——— AM1.5 giobal
o
c
.il;
B 1o00f
E
— H,0.CO
I e
3] S0
]
®
Q ~
] ) D I

o] 0.5 1 1.8 2 2.5 3 3.5 4

wavelength, gm

9 2,14 sanSimauaerfiad

2.2.2 femerasmsundeduuudusudeandslan
° a 1w aAa I A 2 |\1 X ) A I
fusfanuuHuiuLsflansdienniasue indvagfunauazsnufinulan
2 A a € = = X, R
¢t WasnnlanlaasieumsefindfdinBunnesdlaasii ediptic plane Uay
Tanmapusausiiaslaafiunuvaps shaariussuudanarathegu 23,6 asen degui 215 Tums

whaufimaslansaumafiadli 1 8 ssuw ediiptic avdarusmnuiduegudgaslan
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Celestlal north pole

‘Autumnal

Summer
. equinox

solstice

Celegtial-equator

Wlnte
soistice ¢

Apparent path
o‘: the Sﬁn

Celestial south pole

U 215 maedaufivaslanseumsefiad

2 (4 2/ o ] a |n{ oF 1 A v o ]
( sswdugudgasviaei ) o 2 dhumis amgwﬂanagmmmemm%manumummm
[ .0 (.73 4 { [} g w {
ANWATLUTTUN ecliptic ﬁmmLﬂ?iauﬁmmé’uqua‘gmmn‘lﬁmu‘lﬂm«mﬁmuﬂmuﬁ 21

e nEneuvietin vemal eqvinox Y3agaINWiNAise viagn A Tugli 2.15

Zenith

* . Observer's

Qbserver's = " horth

souih

1 2.16 snuduguegasvinshiusswy eclipt
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Transaun ( coordinate ) filfuaneumismmhnihmassudugudgasslie o
fossupmadapiionnge A lupi 216 tumefieasusanmadusmudganionth fends
ust 0 fla 360 asen daueh & o svupmeBaiTatulmanilavienstimaldaasduegud
qavasthmanenas iidusumisiasuenaushumisiasuonaudehumisiu fidds
ust 0 fla 90 aserunila ( + 90 asen ) war 0 9 90 asenld (-90)

Sowsiwianilisuusniasumilanfisumislan WiRamongi 217 e
%uuﬁamﬁmﬂ‘ﬁLﬁmﬁwa{uﬁmmm‘isﬁmﬂuqu T LLazmamﬁméﬁmuﬁuLﬁué’aawnﬁULLﬁu%u
usausg O winsuusonhidnl moniariuoendesddifum 1 anmefield dafud
SuTiuNaanI e RSt mesntiiatan t vianlendie I G Banugn

WEIAINAIANTEVUUNUIIUAAITLT 2.17 OaUM A MUKUILR Ao NENS

e & pis0). 2-8
Toufi cosB wlatmsiarsanenuwmsasnnaing uaviviaaauau s il landog
1 = J i 1 A’ a fz ] dl- 1

@ acfign ( latitude ) Whinuasmaniinosniisdauaniomitvisannnaifisaivemle 3

ghafiiiendaetis 8 Weni 217 Tumsmenadaiusansuilisdios o

Vertical
Lingto sun 1

North line atter tilung
Ny /hofizonml plane up

Tilted surface

Projection of sun line
~ in tilted piane

Projection of sun line
in horizontal plane

! 1
A

71 217 winSuussfiaduazaaene Mfeados
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inedwEu & uazarfign POC (¢) awangraslalminlfdmiumamaeamsnan ( the law
of cosines for spherical triangles ) snRamanlufitimacls uassazldanaduius svwing

an 0 upzaadue Maf 217 ey 2.18 A F.Benford way J.E. Bock ( .61 1939 ) |4

vnlimuanns
cos@ = sind sing coss - sind cosd sins cosr
+ co0sO cosd coss cos®
+ cosd sind sins cosr cos® 2-9
+ cosd sins sinr sin®
1nef 0 = afan (himefiewiadaduewin )
§ = nedmdumanefosasesarfiadnawdies ( solar noon ) ey

snuAeanes tlimefiesialisiendunn

s = HNDENYBALTILETLIUWITEAL

1= amvasmvvsheasuiusuuss bewnvmefielld ( azimuth angle )
dmihlumefieldbiieniugus Siudeclimefisazusand
ehtnnvadaslimefiemgiuaniiienay

o = yufili Toeleowdbofenduemd unsusnst ey 15
89FN883d3n ( longitude ) thlymeawdeduuanuazeautie
fienduay  Fhoeagu © = +15 aden Ve 1004 waeh

® = -37.5 29N ViaBIDg 14:30 .
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1 -
} To the sun

517l 218 agshen) AifendasiusumiusR e P Snelingfan POC
AwSuen 8 sanananisanmLissannitag P Cooper ( @.¢1.1969 ) eaaNnIs
0 = 23.45sin[360((284+n)/365)] 2-10

Toef n Aofwwadd) uwiui 4 anmes aeld n=4
wananittiefimsflenaapidin 2 saiifesldifuda sa@iin ( the zenith angle ) Fhiaa
t ° A 6w ado o os 2/ s € )1 a
swhssussnneeefindiundaisemnniussnuseiu MHdygsneeiomsaiidu 0, in
A A a € ) ¢ J ° a 6w
3aPayNADINEITaIRETIRE ( solar altitude ) T NAUSINA N WIRETUTI
v o [y (3 A o
sueru | Fdrurudnol o Zeflenwhiiu (90 - 9)
Tummenadianms 2-9) imenavi ey lustfigheusesundniuldlaemsfasonth
1. dwiwSuussaiiad swhllmefield (1= 0) mangevheasnely
1% [ A €4 H LY @ o
2. MuWSuLETiniBesemniiLssusediy ( s = 90 ) WanwnuawaNyl 3
azmelly)
] w o Q L H A
3. fuwinFuussefiedissumiussunseiu (s = 0) aumBammismaniiviiy
waren  fatiuaassniausaImsuNEnnasafiadiuuwads 0,

{¢anamms



cos@, = sindsing + cosd cos cos® 2-11

LT T d‘d a A = . d' =l
aadoiutidyseleniinnsdivileife  samasmsannasUMWHLT LS TIB T
s Wmafiemilovdafield asilehmdowfusafidusamnnasmumusmduudeinemmiy

WISEAUN a¥@gn (¢ - s ) AegLi 2,19 WaNaTnNe e GatiuanNaNms ( 2-11 ) U
anldfelst

[T ~ Ly S C—
L UAIGANUAUTLS
' o SR /. -
Ry P i s 2
T RIUENT— ' ? 4 & = 00
. 2‘ A 2 °
DA 2%\S g0
A / " A
3 = g
y A
3 - 4
s " ‘
AU
y . F 3 )
o 25
-~ - B AT
i ———— W : $re2f 35!-?1_1!.61&1_3

1 219 ansdiutThasSusTIBeTum s Tiazfian ¢ Mwnsiuaiinu
wiseiLiay@an (¢ -'s ) vualan

cosOy = <sind sin(d-s) + cosd cos(¢-s) cos® 2-12

g . £ IE! dl = 3 = o
wananitaums ( 2-11 ) sansmilfidwapdabadewssefiadmmGenszafindon | o |
loeRansonl 0, = 90 asen axlet

cosWg = -sind sind / cosd cos¢p = -tand tand 2-13

Fomazldduaut: burasnaneiudien

T, = (2/15)cos (tand tand) 2-14
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2.2.3 mausied lwunadesiufialan

Foamaunsiivasesefindifuenomnaiilugunes global radiation MR
nauiuduraurh o qeade dmiudateluplurenfinumsuSiinsea il 1
Fou fausissunnes PV vi1quslmmmﬁuEhTanwé’amuSuwwﬁpiquﬁUWHWﬁmaaTannwﬁa
sruuasdaniiayatt daneman

loasunssmainsdmmasnaspumsunFeduudarinbuadesiuiiolandudas
gt 2.20 madmwwanuiodiu 3 Suseu Tuduwsnidaysfldanmaialasrimuasomiiics
R TSR NSl TR T Ta el mawdS Uiy
folan sansovniuiidlag i Rsnoinsieed Msiaruwirhivssmenadan B,

Hehaeae wave e nEau
K, < GIB, 2415

yinl#3eh cleaness: index- Tt K, iienadumamausSodinmussemegadantiua
sowThmeiesEnhe 1 élen ehwamen B, midAnwingssmastmesaslan Toe
Unfivasdlasslan ( tsvamms 3% ) Sadhndlums e Sue

Huaae Vhnoimuiduwinraslfhan Funginldh fedmsnsnssy D
/ G 989 global radiasion WhierFulaeviltaasen cloarness index K, % B=G-D%F
mstirmue (TSR A s sLn T s b

Fuiiena agu‘?ilsﬁ@1%wﬁmLm‘azﬁquﬁﬁfmauﬂﬂunﬁﬁmitmnﬁmﬁaﬁuuunszmﬂu.a:

s o A 8 ) s wr 24 = .ng r_';
WUUR SN UN ‘JSL“LLH'J Laﬂd ‘ﬁwﬂH’]m‘l‘ﬂuﬂT‘J'W'i]'l'ifl&"lﬂ'lﬁ‘iilﬂ']‘iﬁm UYBILTLITUAUY %\‘!

gamnlumsiamonls PEmmsinsdanan i lwenmes 7 lalaumadiaei 3

A

ABnmauksiinaent tusnudne baudensewsedifausaudildlumeaen
wusziulwlalamae

Tuomaf 22 Ifusmedoyaeamnaansnssassnuiirmuefielumsalszne
su dles Barcelona uumeilismaadiaiiou Wikt ldaulalumerasonglasiily

a e {o 1as a  §
Youann mafmuediceas PV luga AvaBanamsusiefussafiag



7. Aslronomical and
‘geographical data

Ground rellectance p

Inpul panal

" orlentalion 8

-

v

Albedo radlatlon .. .- Diffuse radiation.:’
11 on an Inclined: 10 |::::onaninclined @
. plane [R(B}] - i plene [D(B))

-

~ Global raglation on
12 . ‘aninclined plana
- RN\

51t 220 loasunsaimswiRLMsSL LS
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44 Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec A

0 226 292 388 498 566 638 667 575 420 318 223 170 4.15
5 2566 319 408 509 569 636 668 584 446 342 249 193 432
10 286 344 426 518 570 632 666 590 461 364 274 216 446
15 314 367 442 525 567 625 661 594 473 384 298 237 457
20 340 387 455 528 562 6.15 652 594 482 403 319 257 466
25 365 405 466 529 554 6.03 641 591 489 418 339 275 473
30 386 421 473 526 531 588 626 58> 493 431 357 292 477
35 405 434 478 521 5156 570 6.08 575 494 442 372 307 478
40 422 445 481 513 497 549 588 563 493 450 3.8 319 477
45 436 453 480 503 477 526 566 548 488 455 396 330 473
50 447 458 477 489 455 501 539 529 481 457 404 339 466
65 455 460 471 473 430 474 511 509 471 457 409 345 457
60 460 459 462 455 404 445 480 485 458 453 412 349 446
65 462 455 450 434 377 414 415 459 442 447 412 351 432
70 461 449 436 411 348 383 398 431 425 438 410 351 4156
75 457 439 419 3.86 3.35. 350 380 402 405 427 404 348 397
80 450 427 400 359 . 318 317 344 370 382 413 397 343 377
86 440 413 379 331 288 284 3.08 337 358 3.9 387 336 3.5b
90 427 395 355 3.02 252 251 186 304 332 378 374 327 324

4 1 1 A o o o
T 22 udasdayaehamauaneheasTEw LT MU e i lusemetai

& y a € A
(a9 Barcelona TN PP b

gavhedt U 221 uanseinfenaudsiEisias Barcelona sehenmsuaneialuug
"™ o . 1 A o ) ¥
avnguadtl ( ggfeu , ngwmuasewRead ) Fafuieifussmnubumadios fedidu

Anangadviumeithlldem
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wemer (Augual)

’ yearlymeaa

‘werst month® (December)

Typlcal dally irradiation (kWh/m2-day)

Pamlinclination, degrees
0 : (i ‘ . . ]

0 o220 W _ 40 50 60 70 80 a0

7U# 2.21 usesFReMUWHEIENEEY Barcelona

1Y) 1% a 6
2.3 ﬂ'l‘i'JG\ﬂ']‘iltﬂ‘iﬂaﬂ'\ﬂﬂ?ﬂa'mﬂﬁl

MU IANNA AN LA IAUAMLLUWINSEANY  INIINMSUNSIEVaaDs
Gunmaimawidvione Sddubigasenuemadusming 03 fv 3.0 pm fafiudu

A 1 A Ll w g 1Qs o

wizaemIuNSeRamasan Felitaslsvanns 0.1 fls 100 pm FenEWHERNNeERindas

d' 35 a A a: A A 1o dl U [ a ¥
Fuwonedudyu  dudnwonurikimdataiiumaunsideauenitiwonuasiiiaansson

o iishe)

23.1 asasiaiadsiaenfing
dlt:: L es ] ] & A o 1es 2; [ 1
wuaﬂﬁnuagwawmﬂmﬂu 2 WUL AD WULSANIUAS RN ALATILILI AMSUN
LRI ANE A INANNNT NI DINDUSIALLLILIGT
1. Inmlufiwas ( pyranometer ) v¥ea1a3anh solarimeter 88 actinometer W10
w z A .7 L7 g: 1 o
SRV MNAI0mMTNAN Uaetvn ¥eTauss ( shade ring ) TUMIHSIELLLA LN fiag
v 192 ) 1 n‘u e ° ¥ @ [ 5'1 [ g d‘ 1 [
SumsTamaukSsiuuuundnseane  eniive lednyfSundsmuvimaadenufivana wan
) o 1 oy [ A e g
mande sfuemuaneTamIMIsIIRANEM FasgenfunmsiFfineuriane uae
r-% A w 3 d ) L7 g: o ]
Rfam Zelfaeousdifauyimne loaldimeslalng Fondarinaumwwisaas aamnehe

dndmelihifudachuigumnffiuanehy viaBnmisednlesy Jamuduueniofimuey



27

bl danummumsiiasidownin mtsann 025 fadwas umene
winiidesdanied Sufafimussim semiudiuiaden whfiauminldswhoawn
myiaemnuenedindanald platinum - gold thermocouples udulaseniiliidv w/m?

wenaniitidnnbdime i inesilne wnldiasaumnsdassavaniiod s
SnanstitiSfiudafuuaziuy Robitsch Wndnnamened bivhiumadavrasiinglalés
%33 wananinemaniigenlivinmees wausefindvdaiuwy photovoltaic detectors
Bunieasiiols Yollott solarimeter Sesnailivnigaussaniiod sniddsnen adlen e
LeLaa el '

2. wialafieas ( pyrhetiometer ) ¥iansuwssduunudmionmeuwsed lauass
PNANNTNE wansfitin MnaniaenuiL v ufime SR eaudRas N TSR
(collimators ) e Widlaniiusasmimiichy insasiutlwanos 6 asen WasUaWEMIuHSR
ity wiisasindasmeRmaasnansziansraTass

sounsnsflavisaan T imannemIuHs AR man - uaemauERisusle

antiunda Fevisesaninmeananiiule emsunssiuuumwsnszaaldae

2.3.2 MIA59INUTUIATaINBIAMSURSIE
o [y d‘ A ] 1 Ly § %4 & 4' -
mm'mﬂummuamq ansousmsieBanmensdoulaths - wSasiteta

govnimaiedaina tesasiaemudaumelnih uaseTasiiaTenBanmiseimalyiih

inTsdiainUEanoaarinsan ( Calorimetric sensors )
dl A o & o J d' o
TueSasfiatonmeston  nismurasndessheiannssuiulansyh lans
° A 1 v : J o 1
wlwihidge ebisnanmlfagimdsmnsinegeniuge - wixmaansdassheazgn
:i [ & o 8 & LY | ! A wad VY |
ulRenualaafhuansdouienananiachanauanseaseninfedisiiasussenaliheng
1. emadaufivadhanmasofivsfeiaseawlnaflnl#in - maneulag
gasenoulyslimsmsoiissuensannsinaremisrmunsdacaig
1 n| 3 3 ! \ ] | 1 4
2. emasauiisamiuiumsu felaseniaulnstivaslavefiganduuss Hotiay
fumaineaulmiviamaiisguungi hlihedamsie
3. luileqiurfieveanieslioasitassesgunpfluandeiumaiaslafiulasdygm
uehaei i laafisenafaunsiiidasmersnislansussszasAlhifan

MBS iudnsmrasSnmemnSanume Wihsswnssossesh
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fam9293uYSNANTaUMILATaINA ( Thermomechanical sensors )
¥ i a % o ! e
ﬁujmmLﬂ%aauauumﬁwannmmﬁmmmm’faumeLﬂ%aanamamwmﬂwamm
Bshmenaiavazgnia  foufiaudemsvinveaisinlane  lussuutiushlovevisrassiio
- ] Al } % A } 73 n& a v v 1
AuslamnuuanenaaImIRI BN INTew  Fedumisanseheadenlaanm e
a dl dl\lﬂl ] a ] =~ & A a al '
BlaneTaumININRAILN IApERsTY duwmlavzdndwuniisazganauuss aniuay
samnaerouislfge  wsiwlanesilbifintissfumsnerosSanmemadau andumis
A\l v A o ' A 5 u t o a \hj YR a A ]
willdsdnduwmivioin asldvhiugomgRussbivhiuamdudssirtresmausiRanm
4 . - . ; ;
eadou  Fafusmmg uiulaveldee masfiephassilavstaieiodle Wiamnaliis

fhaNNsan

shnsraduaFsmanafaumaliih ( Thermoelectric sensors )
gunsoieRanmensdawneliinlszneudny - selavsfiuanshaiusaadu  qafl
1 P a \l VL A AIVL o o o X " o
Umeiuniisasiinvus i maiefaunlumadah (emf ) gniWamnau seadavisessay
datiazilanauanesramomnicalugiin 222a) M emf WidadminBunpwam
) = g 1es o :ll o n

uanehsrasguivnAusivatiudmstnaurasinquaslansvissas lavswsavesunauaztidie
vt dlufiqomngiich o qunsniildgnussndlunendemiidlaameusedn
1taoulase

1Bsms  emf. gnwanlay Thermocouple  Wienfissn q dusnansodiasmam
086284 Thermocouple  WIneisia WiFamuiudnunraynandisusnsluga 22200) ms
§a Thermocouple ¢ Tarsiaiviin EuLselemitudant Thermopile S1mamvas
maunsivasansanfing 1e3esfiadn Thermopile gnietvaeflugluriuamy doqft 2.22(c)
Hot Junction azgnunaguenedeuay Cool Junction azgnmenefan Wimsiiosmens

v a A €

wiirasnanfing

4! A s W A o &/ s . L4 o ndl % ¢=I 27 s

Rewlanshéyfadiiudiasinm Cool Junction Wanmpiah  Fwfiendasriums
28NULL Moll Thermopile fisatsipazsnaansnneMsdauusaziniiawmselwihan
AnMIBNUIRIMERY  dauanlugifi 222(d)  enafoseseEEUTaIUsMganEUaLE
mamugovindlusteeiun  mswhouulaweusslaenssudiviluomely Mol -
Thermopile, Thermocouple 7ivhauslae HunusMisiulavesanauaaiuiifa v

Y w aa 2 A o A A
slﬂ@mﬂum’]‘ﬂaﬂﬂaﬂLWNYINﬂ'J’]Ni@uLL@m3Nﬂ73LLa\1Wﬁ'm']%'JuN']ﬂ7\LLN“MQ\‘]Lﬂﬂad
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HOT JUNCTION

(a)

=" COLD  JUNCTION
I
HIT JUNCTIONS

(b}

CaL0 JUNCTIONS]
O

>

/HOT~ JUNCTIONS

7~

COLD JUNCTIONS
{c)

[N

i

THICK BRASS PLATE
/ MANGANIN
CONSTANTAN
JUNCTIONS

(@)

MOLL THERMOPILE

74 222 lwinseay Thermoelectric sensors
dansaaduusemelwi ( Photoelectric sensors )
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SOLAR RADIATION
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D-Pholoelectric Sensors
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sinh = sinysind + cosy cosd cost 2.16
loefl @ = acfige (atitude)
§ = smwhvdwssiufiewasnlan ( solar & declination )
t = VARNBIENE WA ( ture solar time )

oempauaswidussiifiennslan WgndRailu Smithsonian Meterological
Table ¥3® Ephemeris %38 Astronomical Almanac
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e Voltage Output
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3.1.3 lalasraulnsaiaas 89c2051

ATgoc2051  iihidillilaseasfiumetewein  waalay  ATMEL ﬁ@ﬁwél'auaz
smilaenssumelu azmiowiululaseasfamasasena MCS - 61 FordnlaeBuma fmize
ansdmelufiu PEROM vaSanh Flash memory 1400 2 KB shsnmndevuazaunalél
aittarnh 1000 e Tusunsafithudtnlime bidumsnsadiutsidumde 10 T qauiuzaddy 89
Co051 Sidtosinlufil

1. sansnlfumlalaseasiumes asena MCS - 51
whsanadlusunssufiu Flash memory 10 2 KB
lndesldoud 27 - 6 v
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sansnfanlusunaaldaassy
wihtemaaayauudnne 128 T
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3.2 matheuaealilsunsy

Snwoemanauiudenif 35 Srelimeresudd definmneds Tusunsuasnatdan
i uehussmadenmanmasnsusasuaseasiimadiofiay 1 Whi/m® fidediaiidmoun
wadidhsrdiudmou 10000 gn

‘ Start }

Loop

wait key press

)
g
(0]
g
g

count pulse

increasing value

End

U7 35 unuRausAEGLMEYWLad Daily Insolation Meter
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(=)

check key value]

s
cy*

@—Ye key value =

No

display in unit display in unit

Whr/m KWhr/m no display
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nIneaaag

4.1 msw3uueu@ Daily Insolation Meter ﬁ'u‘lw'sf[w‘ima%mmgm
m‘lé‘f@hLﬁum'iﬂ%fmﬁwmﬁwwﬁﬁﬁmmwad\lwﬂuﬁma%mmgmﬁuﬁﬁwmmmﬂ

w0 TSR vsInneefind  Jumasdonheniildthandmanomeh  Instrument

constant Bafiuhaenfiu v/ Wm” Taeelt Instrument constant vadlwalufiinaSsnasgmdien

I _6 _2 = 1 1 s E S!I
WNU 526 X10 V/ Wm ﬂ'ﬁLlﬁElULﬂEiUﬂWLmﬁﬁﬂiﬁWﬂJ 2 G]’JvL@]LLﬂﬂ\']\l’ﬂu@ﬂTNﬂ 4.1

Tuzasi Al standard (mV) made (mV)
69 11:15 3.780 1002
69 11:30 4221 1007
69 11:45 4.408 1015
69 12:00 4.467 1021
69 12:15 4474 1022
69 12:30 4560 1025
69 12:45 4574 1026
69 13:00 4558 1207
69 1315 4373 1026

Lﬂgﬂ | 4.335 1019

MINA 41 NHRRUTBUEIEWIWNSEWIN pyranometer standard

NU daily insolation meter




Standard

a1 lapzinsmuasnmeassnBetdieueanasgs

—)

Process

Recorder

—

Made

i 42 wFaciiefililumeiudayaunen Roufioy
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U 43 uAeIRnEEYBIM ST

mIfuwnien Instrument constant ¥y daily insolation meter lelae

L} L= i s "B '2
@ Instrument constant *ﬂm‘lwﬂumL@iﬂ%ﬂdwmgmmwnu 5.26X10 V/Wm

i L ﬂl o I s '2
eusasulnihipdotaswn biwasanasg iy 4.335' mV/Wm

] o .ﬂl , 3 1 2
ausesiu iniingewad daily insolation meter iy 1019 mV/Wm

o z 1 x . b I s -3 -2
AU Instrument constant 984 daily insolation meter YhY 1.236X10 V/Wm



43

4.2 fayalumsiavnamaunfednldtunnanaiing

Tulassruiiet e dmamasasiaeUSnmaudanue

I ‘]: a [ v A dl\l v o A
A LWLREWIZRBNRUNUVINTIANONTULN TNNGV LANAIU

RIS 4Tt ta gy 119

widawdl dhaasiisa Wanmanudiuugs Whe/m®
1 10.21.2540 6:00 %.- 19:00 4. 3642
2 134.8.2640 6:00 %.- 19:00 . 3750
3 b.8.2640 6:00 %.- 19:00 w. 4202
4 1.81.2540 6:00 %.- 19:00 W, 4118
7 13.8.25640 6:00 %.- 19:00 . 3409
8 1.8.2640 6:00 .- 19:00 . 3755
9 14.21.2640 6:00 .- 19:00 . 3259
10 4.21.2540 6:00 #.- 19:00 . 4622
11 .21.2540 6:00 ¥.- 19:00 . 35456
16 144.8.2540 6:00 .- 19:00 w. 4232
17 131.81.2540 6:00 %.- 19:00 U. 4168
18 1N.8.2640 6:00 .- 19:00 W. 3391
21 14.8.2540 6:00 %.- 19:00 . 4715
22 WN.8.2540 6:00 4.~ 19:00 . 4228
23 131.81.2540 6:00 %.- 19:00 . 4925
24 14.81.2540 6:00 .- 19:00 . 5256
25 131.2.2640 6:00 %.- 19:00 1. 3918
28 14.21.2540 6:00 #.- 19:00 W. 4508
29 1N.8.2540 6:00 .- 19:00 W. 5176
30 LN.21.2540 6:00 %.- 19:00 . 4869

MINN 4.2 NANTRRaI ARSI NNITNIES
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Filename

solar.asm

measurement of solar intensity in kilowatt
per a square meter unit

89c2051, Im358, lm331 and 4n26

sxabl

November 1996

March 1997

Description
Hardware
Assembler
Start-date
Modify-date

org

ljmp

org

imp

org

limp

org

chanell_w equ
chanel2_w equ
chanel3_w equ
chanell_kw equ
chanel2_ kw equ
chanel3_ kw equ
check equ
number equ
main: mov

mov

0000h

main

0003h
key

000bh

counter

0100h
20h
21h
22h
23h
24h
25h

30h
31h

chanell_w #00h
chanel2_w #00h



function:

funci:

func2:

func3:

func_out:

mov
mov
mov
mov
mov

mov

mov
setb
mov
mov
mov
mov
setb
setb

mov
cjne

ljimp

mov
cjne

limp

mov
cjne

imp

mov

sjmp

chanel3_w,#00h
chanell_kw #0Ch
chanel2_kw #00h
chanel3_kw #00h
number #00h
check #00h

sp#50h
px0

ie #83h
tmod #05h
t10,#0efh
th0,#0d8h
it0

tr0

a,check
a #00h,funcl

watt

a,check
a #01h,func2
kilowatt

a,check
a,#02h,func3

not_show

check,#00h

function



counter:

unit_w:

unit_kw:

push
push
push
push

inc
mov
cjne

mov

inc
mov
cine

mov

inc
mov
cine

mov

inc
mov
cjne

mov

inc
mov
cjine

mov

psw
acc
dpl
dph

chanell_w

a,chanell_w

a,#0ah,goback

chanell_w,#00h

chanel2_w
a,chanel2_w
a,#0ah,goback
chanel2_w #00h

chanel3_w
a,chanel3_w
a,#0ah,goback
chanel3_w #00h

chanell_kw
a,chanell_kw
a,#0ah,goback
chanell_kw #00h

chanel2_kw
a,chanel2_kw
a,#0ah,goback
chanel2_kw #00h



goback:

exit:

key:

key_wait:

key_out:

watt:

inc
mov
cjne

ljmp

mov
mov
pop
pop
pop
pop

reti

push
push
push
push

jnb
inc

sjmp

clr

mov
acall
acall
setb

clt

mov

chanel3_kw
a,chanel3_kw
a,#0ah,goback

error

t10,#0efh
th0,#0d8h
dph

dpl

acc

psw

psw
acc
dpl
dph

p3.2,key_wait
check

exit

p3.0 :
number,chanell_w
disp_on

disp_off

p3.0

p3.l
number,chanel2_w



kilowatt:

acall
acall
setb

clr

mov
acall
acall
setb
limp

clr

mov
acall
acall
setb

clr

mov
acall
acall
setb

clr

mov
acall
acall
setb
ljmp

disp_on
disp_off
p3.1

p3.7
number,chanel3_w
disp_on

disp_off

p3.7

function

p3.0
number,chanell_kw
disp_kw

disp_off

p3.0

p3.1
number,chanel2_kw
disp_on

disp_off

p3.1

p3.7
number,chanel3_kw
disp_on

disp_off

p3.7

funcl



not_show:

©ITOr:

clr
acall
setb

clr

mov
acall
acall
setb

cir

acall
setb
limp

ck

mov
acall
acall
setb

clr

mov
acall
acall
setb

clr
mov

acall

p3.0
disp_off

p3.0

p3.1
p1#0bfh
delay_ms
disp_off

p3.1

p3.7
disp_off

p3.7
func2

p3.7

number, #00h
disp_error
disp_off

p3.7

p3.1

number #01h
disp_error
disp_off

p3.1

p3.0
number #02h
disp_error



acall disp_off

setb p3.0

sjmp error
disp_on: mov  dptr#table_1

mov  anumber

movc a,@a+dptr
mov pla
acall delay_ms

et

disp_kw: mov  dptr#able_2
mov  a,number

movc a,@a+dptr

mov pla
acall delay_ms
et

disp_error: mov  dptr #ermror_table
mov  anumber
movc a,@a+dptr
mov pla

acall delay_ms

ret

disp_off: anl a,#00h
cpl a
mov pla

acall delay_ms

ret



delay_ms:

delay_20ms:
dly_20ms:

delay_sec:

dly_sec:

table_1:
table_2:

error_table:

push b

mov
dinz
pop

et

mov
acall
dinz

et

mov
acall
acall
acall
acall
dinz

ret

E & E

end

b#91h
b$

bi#14h
delay_ms

b,dly_20ms

b#0fah

delay_ms
delay_ms
delay_ms
delay_ms

b dly_sec

0c0h,0f9h,0a4h,0b0h,99h,092h,082h,0f8h,080h,90h
40h,79h,24h,30h,19h,12h,02h,78h,00h,10h
086h,0ceh,0ceh
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by 4N26/D

VDE uL CSA SET1 | SEMKO | DEMKO | NEMKO

6-Pin DIP Optoisolators
Transistor Output

The 4N25/A, 4N26, 4N27 and 4N28 devices consist of a gallium arsenide
infrared emitting diode optically coupled to a monolithic silicon phototransistor
detector.

+ Most Economical Optoisolator Choice for Medium Speed, Switching Applications

o Meets or Exceeds All JEDEC Registered Specifications

¢ To order devices that are tested and marked per VDE 0884 requirements, the
suffix V" must be included at end of part number. VDE 0884 is a test option.

Applications

¢ General Purpose Switching Circuits

» |Interfacing and coupling systems of different potentials and impedances

¢ /O Interfacing

o Solid State Relays

4N25*
4N25A*
4N26*

[CTR = 20% Min]

4N27
4N28

{CTR = 16% Min)

*Motorola Preferred Devices

STYLE 1 PLASTIC

MAXIMUM RATINGS (Tp = 25°C unless otherwise noted) STANDARD THRU HOLE
[ Rating [ symbot [ vawe [ unit ] CRSR730A-04
INPUT LED

Reverse Voitage VR 3 Volts

Forward Current — Continuous IF 60 mA SCHEMATIC

LED Power Dissipation @ Tp = 25°C Pp 120 mwW

with Negligible Power in Output Detector 1 8

Derate above 25°C 1.41 mwW/°C E }

OUTPUT TRANSISTOR 2 N 5
Collector-Emitter Voltage VCEO 30 Volts 30— 4
Emitter-Collector Voltage VECO 7 Volts
Collector-Base Voltage Veso 70 Volts i ; tgg éﬁ?ﬁgms
Collector Current — Continuous Ic 150 mA 3. NC.

. p 4. EMITTER
Detector Power Dissipation @ Tp = 25°C Pp 150 mW 5. COLLECTOR
with Negligible Power in Input LED 6. BASE
Derate above 25°C 1.76 mw/°C ’

TOTAL DEVICE

Isolation Surge Voltage(1) Viso 7500 Vac(pk)
(Peak ac Voltage, 60 Hz, 1 sec Duration)

Total Device Power Dissipation @ Ta = 25°C Pp 250 mwW
Derate above 25°C 294 mwW/°C

Ambient Operating Temperature Range(2) Ta -551t0 +100 °C

Storage Temperature Range(2) Tstg —55to +150 °C

Soldering Temperature (10 sec, 1/16” from case) T 260 °C

1. Isolation surge voltage is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
2. Refer to Quality and Reliability Section in Opto Data Book for information on test conditions.

Preferred devices are Motorola recommended choices for future use and best overall value.
GlobalOptoisolatoris a trademark of Motorola, Inc.

REVS

o MinieelaOptgelectronics Device Data

@ MOTOROLA



4N25 4N25A 4N26 4N27 4N28
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)(1)

[ Characteristic | symbot | min | Tp™) | max | unit |
INPUT LED
Forward Voltage (IF = 10 mA) Ta =25°C VF —_ 1.15 15 Volts
TA =-55°C — 1.3 -
Ta = 100°C — 1.05 -
Reverse Leakage Current (VR =3 V) IR —_ - 100 HA
Capacitance (V=0V, f= 1 MHz) cy — 18 — pF
OUTPUT TRANSISTOR
Collector—-Emitter Dark Current 4N25,25A,26,27 Iceo —_ 1 50 nA
(VCE =10V, Tp = 25°C 4N28 - 1 100
(Vce =10V, Ta = 100°C) All Devices : IcEO —_ 1 - pA
Collector-Base Dark Current (Vgg = 10 V) IcBO - 0.2 - nA
Collector~Emitter Breakdown Voitage (I = 1 mA) V(BR)CEO 30 45 - Volts
Collector-Base Breakdown Voltage (Ic = 100 pA) V(BR)CBO 70 100 -_— Volts
Emitter—Collector Breakdown Voitage (Ig = 100 pA) V(BR)ECO 7 7.8 - Volts
DC Current Gain (Ic =2 mA, Veg =5 V) hFg - 500 - —
Collector—-Emitter Capacitance (f= 1 MHz, Vcg = 0) CcE - 7 — pF
Collector-Base Capacitance (f= 1 MHz, Vcg = 0) CcB - 19 - pF
Emitter-Base Capacitance (f= 1 MHz, VEg = 0) CeEB —_— S — pF
COUPLED
Output Collector Curent (IF = 10 mA, Vg = 10V) lc (CTR)(2) mA (%)
4N25,25A 26 2(20) 7 (70) —
4N27,28 1(10) 5 (50) .
Collector-Emitter Saturation Voltage (Ic =2 mA, I = 50 mA) VCE(sat) - 0.15 05 Volts
Tum-On Time (I = 10 mA, Vge = 10 V, R = 100 Q)(3) ton — 28 — us
Tum-Off Time (I = 10 mA, Ve = 10V, R = 100 0)(3) toff = 45 B us
Rise Time (If = 10 mA, Ve = 10V, R = 100 Q)3) tr — 1.2 - us
Fall Time (IF = 10 A, Vg = 10 V, Ry = 100 ©)03) tf — 1.3 E us
Isolation Voltage (f = 60 Hz, t = 1 sec)(4) Viso 7500 - - Vac(pk)
Isolation Resistance (V = 500 V)(4) Riso 10M — - Q
Isolation Capacitance (V =0V, f = 1 MHz)(4) Ciso - 0.2 — pF

1. Always design to the specified minimum/maximum electrical limits (where applicable).
2. Current Transfer Ratio (CTR) = Ic/IF x 100%.

3. For test circuit setup and waveforms, refer to Figure 11.

4, For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
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Vi, FORWARD VOLTAGE (VOLTS)

COLLECTOR-EMITTER DARK CURRENT

IcEO:

4N25 4N25A 4N26 4N27 4N28

Ig, COLLECTOR CURRENT (mA)

TYPICAL CHARACTERISTICS
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4N25 4N25A 4N26 4N27 4N28
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4N25 4N25A 4N26 4N27 4N28
PACKAGE DIMENSIONS

MILLIMETERS

| NOTES:
1. DIHENSIMNG AND TOLERANCING PER ANSI
Y14.54, 1982
2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.
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NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1882,
2. CONTROLLNG DIMENSION: INCH.
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*Consult factory for leadform
option availability
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ISSUE D
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4N25 4N25A 4N26 4N27 4AN28

- - > NOTES:
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s A T89C 2051

Features

® Compatible with MCS-51™ Products

® 2 Kbytes of Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles

2.7 V to 6 V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Two-Level Program Memory Lock

128 x 8-Bit Internal RAM

15 Programmable VO Lines

Two 16-Bit Timer/Counters

Six Interrupt Sources

Programmable Serial UART Channel

Direct LED Drive Outputs

On-Chip Analog Comparator

Low Power idle and Power Down Modes

Description

The AT89C2051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
2 Kbytes of Flash programmable and erasable read only memory (PEROM). The
device is manufactured using Atmel's high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set and pinout.
By combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel
AT89C2051 is a powerful microcomputer which provides a highly flexible and cost
effective solution to many embedded control applications.

The AT89C2051 provides the following standard features: 2 Kbytes of Flash, 128
bytes of RAM, 15 I/O lines, two 16-bit timer/counters, a five vector two-level interrupt
architecture, a full duplex serial port, a precision analog comparator, on-chip oscilla-
tor and clock circuitry. In addition, the AT89C2051 is designed with static logic for
operation down to zero frequency and supports two software selectable power sav-
ing modes. The Idle Mode stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The Power Down Mode
saves the RAM contents but freezes the oscillator disabling all other chip functions
until the next hardware reset.

Pin Configuration

PDIP/SOIC
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Block Diagram
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Pin Description
Vce

Supply voitage.

GND

Ground.

Port 1

Port 1 is an 8-bit bidirectional 1/0O port. Port pins P1.2 to
P1.7 provide intemal pullups. P1.0 and P1.1 require exter-
nal pullups. P1.0 and P1.1 aiso serve as the positive input
(AINO) and the negative input (AIN1), respectively, of the
on-chip precision analog comparator. The Port 1 output
buffers can sink 20 mA and can drive LED displays di-
rectly. When 1s are written to Port 1 pins, they can be
used as inputs. When pins P1.2to P1.7 are used as inputs
and are externally pulled low, they will source current (1IL)
because of the internal pullups.

Port 1 also receives code data during Flash programming
and program verification.

Port3

Port 3 pins P3.0 to P3.5, P3.7 are seven bidirectional /O
pins with intemal pullups. P3.6 is hard-wired as an input to
the output of the on-chip comparator and is not accessible
as a general purpose /O pin. The Port 3 output buffers
can sink 20 mA. When 1s are written to Port 3 pins they
are pulled high by the intemal pullups and can be used as
inputs. As inputs, Port 3 pins that are externally being
pulled low will source current (IiL) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C2051 as listed below:

Port Pin | Alternate Functions
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)
P3.2 INTO (external interrupt 0)
P3.3 INT1 (external interrupt 1)
P3.4 TO (timer 0 external input)
P3.5 T1 (timer 1 external input)

Port 3 also receives some control signals for Flash pro-
gramming and programming verification.

RST

Reset input. All I/O pins are reset to 1s as soon as RST
goes high. Holding the RST pin high for two machine cy-
cles while the oscillator is running resets the device.

Each machine cycle takes 12 oscillator or clock cycles.
XTAL1

Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTALZ2 are the input and output, respectively,
of an inverting amplifier which can be configured for use
as an on-chip oscillator, as shown in Figure 1. Either a
quartz crystal or ceramic resonator may be used. To drive
the device from an external clock source, XTAL2 should
be feft unconnected while XTAL1 is driven as shown in
Figure 2. There are no requirements on the duty cycle of
the external clock signal, since the input to the internal
clocking circuitry is through a divide-by-two flip-flop, but
minimum and maximum voltage high and low time specifi-
cations must be observed.

Figure 1. Oscillator Connections

c2
—)I—I—— XTAL2
N
ci
o) XTAL1
r GND

Notes: C1, C2 = 30 pF + 10 pF for Crystals
= 40 pF + 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NG — | xTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL
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Special Function Registers

A map of the on-chip memory area called the Special
Function Register (SFR) space is shown in the table be-
low.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return

Table 1. AT89C2051 SFR Map and Reset Values

random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke
new features. In that case, the reset or inactive values of
the new bits will aiways be 0.

0FgH OFFH
OFOH | e OF7H
00000000
OESH 0EFH
ACC
OEOH | gohoC OE7H
0D8H ODFH
PSW
ODOH | gobod O0D7H
0C8H 0CFH
0COH 0C7H
0B8H P 0BFH
XXX00000
P3
0BOH | 44411111 0B7H
0ASH IE 0AFH
0XX00000
0AOH 0A7H
SCON SBUF
98H | 00000000 | XXXXXXXX 9FH
P1
90H | 44441111 97H
sai | _TCON TMOD TLO LA THO TH1 8FH
00000000 | 00000000 | 0000000 | 00000000 | 00000000 | 00000000
sp DPL DPH PCON
80H 00000111 | 00000000 | 00000000 oxxxoooo | &'H
3-20 AT89C2051 mee—————
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Restrictions on Certain Instructions

The AT89C2051 and is an economical and cost-effective
member of Atmel’s growing family of microcontrollers. It
contains 2 Kbytes of flash program memory. It is fully com-
patible with the MCS-51 architecture, and can be pro-
grammed using the MCS-51 instruction set. However,
there are a few considerations one must keep in mind
when utilizing certain instructions to program this device.

All the instructions related to jumping or branching should
be restricted such that the destination address falls within
the physical program memory space of the device, which
is 2K for the AT82C2051. This should be the responsibil-
ity of the software programmer. For example, LJMP 7E0H
would be a valid instruction for the AT89C2051 (with 2K of
memory), whereas LIMP 900H would not.

1. Branching instructions:
LCALL, LUMP, ACALL, AUJMP, SIMP, JMP @A+DPTR

These unconditional branching instructions will execute
correctly as long as the programmer keeps in mind that
the destination branching address must fall within the
physical boundaries of the program memory size (loca-
tions 00H to 7FFH for the 89C2051). Violating the physi-
cal space limits may cause unknown program behavior.
CJINE [...], DINZ [...], JB, JNB, JC, JNC, JBC, JZ, JNZ
With these conditional branching instructions the same
rule above applies. Again, violating the memory bounda-
ries may cause erratic execution.

For applications involving interrupts the normal interrupt
service routine address locations of the 80C51 family ar-
chitecture have been preserved.

2. MOVX-related instructions, Data Memory:

The AT89C2051 contains 128 bytes of internal data mem-
ory. Thus, in the AT89C2051 the stack depth is limited to
128 bytes, the amount of available RAM. External DATA
memory access is not supported in this device, nor is ex-
ternal PROGRAM memory execution. Therefore, no
MOVX [...] instructions should be included in the program.

A typical 80C51 assembler will still assemble instructions,
even if they are written in violation of the restrictions men-
tioned above. ltis the responsibility of the controller user
to know the physical features and limitations of the device
being used and adjust the instructions used correspond-

ingly.

AIMEL 21
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Program Memory Lock Bits

On the chip are two lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the ad-
ditional features listed in the table below:

Lock Bit Protection Modes!"
Program Lock Bits

LB1 LB2 | Protection Type
1 U U No program lock features.
2 p U Further programming of the
Flash is disabled.
Same as mode 2, also verify
8 PP lisdisabled.
Note: 1. The Lock Bits can only be erased with the Chip Erase
operation
Idie Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

P1.0 and P1.1 should be set to '0" if no external pullups are
used, or set to '1’ if external pullups are used.

It should be noted that when idle is terminated by a hard-
ware reset, the device nomally resumes program execu-
tion, from where it left off, up to two machine cycles before
the intemal reset algorithm takes control. On-chip hard-
ware inhibits access to intemal RAM in this event, but ac-
cess to the port pins is not inhibited. To eliminate the pos-
sibility of an unexpected write to a port pin when Idle is
terminated by reset, the instruction following the one that
invokes Idle should not be one that writes to a port pin or
to external memory.

Power Down Mode

In the power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. The only exit from power down is a hardware reset.
Reset redefines the SFRs but does not change the on-
chip RAM. The reset should not be activated before Vcc
is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

P1.0 and P1.1 should be set to '0’ if no external pullups are
used, or set to '1" if external pullups are used.

3-22

Programming The Flash

The AT89C2051 is shipped with the 2 Kbytes of on-chip
PEROM code memory array in the erased state (.e., con-
tents = FFH) and ready to be programmed. The code
memory array is programmed one byte at a time. Once the
array is programmed, to re-program any non-blank byte,
the entire memory array needs to be erased electrically.

Internal Address Counter: The AT89C2051 contains
an internal PEROM address counter which is always reset
to 000H on the rising edge of RST and is advanced by
applying a positive going pulse to pin XTAL1.

Programming Algorithm: To program the AT89C2051,
the following sequence is recommended.

1. Power-up sequence:
Apply power between Vcc and GND pins
Set RST and XTAL1 to GND
With all other pins floating, wait for greater than 10
milliseconds

2. Setpin RST to 'H’
Set pin P3.2 to 'H’

3. Apply the appropriate combination of 'H’ or 'L’ logic
levels to pins P3.3, P3.4, P3.5, P3.7 to select one of
the programming operations shown in the PEROM
Programming Modes table.

To Program and Verify the Array:

4. Apply data for Code byte at location 000H to P1.0 to
P1.7.

5. Raise RST to 12V to enable programming.

6. Pulse P3.2 once to program a byte in the PEROM ar-
ray or the lock bits. The byte-write cycle is self-timed
and typically takes 1.2 ms.

7. To verify the programmed data, lower RST from 12V
to logic 'H’ level and set pins P3.3 to P3.7 to the ap-
propiate levels. Output data can be read at the port
P1 pins.

8. To program a byte at the next address location, pulse
XTAL1 pin once to advance the internal address
counter. Apply new data to the port P1 pins.

9. Repeat steps 5 through 8, changing data and advanc-
ing the address counter for the entire 2 Kbytes array
or until the end of the object file is reached.

10. Power-off sequence:
set XTAL1to 'L’
setRSTto 'L’

Float all other |/O pins
Tum Vec power off

AT89C2051 mssssssess—————
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Data Polling: The AT89C2051 features Data Polling to
indicate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the
complement of the written data on P1.7. Once the write
cycle has been completed, true data is valid on all outputs,
and the next cycle may begin. Data Polling may begin any
time after a write cycle has been initiated.

Ready/Busy: The Progress of byte programming can
also be monitored by the RDY/BSY output signal. Pin
P3.1 is pulled low after P3.2 goes High during program-
ming to indicate BUSY. P3.1 is pulled High again when
programming is done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been

programmed code data can be read back via the data

lines for verification:

1. Reset the internal address counter to 000H by bring-
ing RST from 'L’ to 'H'.

2. Apply the appropriate control signals for Read Code
data and read the output data at the port P1 pins.

3. Pulse pin XTAL1 once to advance the intemal address
counter.

4. Read the next code data byte at the port P1 pins.
5. Repeat steps 3 and 4 until the entire array is read.

The lock bits cannot be verified directly. Verification of the
lock bits is achieved by observing that their features are
enabled.

Flash Programming Modes

Chip Erase: The entire PEROM array (2 Kbytes) and the
two Lock Bits are erased electrically by using the proper
combination of control signals and by holding P3.2 low for
10 ms. The code array is written with all *1"s in the Chip
Erase operation and must be executed before any non-
blank memory byte can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 000H, 001H, and 002H, except that P3.5 and
P3.7 must be pulled to a logic low. The values retumed
are as follows.

(OOOH) = 1EH indicates manufactured by Atmel
(001H) = 21H indicates 89C2051

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate com-
bination of control signals. The write operation cycle is
self-timed and once initiated, will automatically time itseif
to completion.

All major programming vendors offer worldwide support
for the Atmel microcontroller series. Please contact your
local programming vendor for the appropriate software re-
vision.

P32l

Mode RST PROG P3.3 P3.4 P3.5 P3.7
Write Code Datal’+) 12v S L H H H
Read Code Data‘") H H L L H
Write Lock Bit - 1 12V oy H H H

Bit - 2 12V i H H L L
Chip Erase 12V @ H L L L
Read Signature Byte H H L L L

Notes: 1. The internal PEROM address counter is reset to 000H
on the rising edge of RST and is advanced by a posi-
tive pulse at XTAL1 pin.

AIMEL

2. Chip Erase requires a 10 ms PROG pulse.
3. P3.1 is pulled Low during programming to indicate
RDY/BSY\
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Figure 3. Programming the Flash Memory Figure 4. Verifying the Flash Memory 5V
sV
AT89C2051 T ATBIC2051
RDY/BSY <— Pa. Veo Veo
PROG —» P32 P [e— PoM Vu —> P32 P1 > Do
——»| P33 —»| P33
— ! p3a SEEFLASH —»{ P34
SEE FLASH PROGRAMMING
PROGRAMMING ——» P35 MODES TABLE —¥| P3.5
MODES TABLE Pa7 »| P37
| —» XTAL 1 RST [&¢—— Vyy/Vpp 1 — xTAL 1 RST j&—— Vy
TO INCREMENT GND GND
ADDRESS COUNTER

llll

Flash Programming and Verification Characteristics
TA=21°C to 27°C, Vcc = 5.0 £ 10%

Symbol Parameter Min Max Units
Vpp Programming Enable Voltage 11.6 12.5 \")
lpp Programming Enable Current 250 UA
toveL Data Setup to PROG Low 1.0 us
tGHDX Data Hold After PROG 1.0 us
teHsH P3.4 (ENABLE) High to Vpp 1.0 ys
tSHGL Vpp Setup to PROG Low 10 us
teHsL Vpp Hold After PROG 10 us
teLeH PROG Width 1 110 us
teLqv ENABLE Low to Data Valid 1.0 us
teHaZ Data Float After ENABLE 0 1.0 us
tGHBL PROG High to BUSY Low 50 ns
twe Byte Write Cycle Time 2.0 ms
tBHIH RDY/BSY\ to Increment Clock Delay 1.0 us
tiHIL Increment Clock High 200 ns

Note: 1. Only used in 12-voit programming mode.
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Flash Programming and Verification Waveforms

PORT 1 DATA IN DATAQUT p—m——
»tovar  tenHox
P3.2
(PROG)
tansL
RST LOGIC 1
(Vep) SO T To N A
tagy " < tenaz
P3.4
ENAB!
( LE) tareL —]
P3.1
(RDY/BSY) BUSY READY
t > b
XTAL . o
(INCREMENT /
ADDRESS)
Absolute Maximum Ratings*
. 3 . *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Operating Temperature................... -55°C to +125°C mum Ratings” may cause permanent damage to the device.
3 3 This is a stress rating only and functional operation of the
Storage Temperature...........ceuuee.... -65°C to +150°C device at these or any other conditions beyond those indi-
Voltage on Any Pin cated in the operational sections of this specification is not
wr o J implied. Exposure to absolute maximum rating conditions
with Respect to Ground ................... 1.0Vio +7.0V for extended periads may affect device rellability.
Maximum Operating Voltage ..........ccccceevveienneae 6.6V
DC Output Current........cccocoviinrveeecneeecennneas 25.0 mA
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D.C. Characteristics
TA=-40°C to 85°C, Vcc = 2.7 V10 6.0 V (unless otherwise noted)

Symbol Parameter Condition Min Max Units
ViL Input Low Voltage -0.5 0.2 Vce-0.1 \'}
ViH Input High Voltage (Except XTAL1, RST) 0.2 Vcct+0.9 Vcc+0.5 \'
VIH1 input High Voitage (XTAL1, RST) 0.7 Vcc Vce+0.5 \'
VoL | OutputLow Vottage®®  loL=20 mA, Vec=5V 0.5 y
(Ports 1, 3) loL=10 mA, Vcc=27V :
Outout High Volt loH=-80pA,Vcc=5V+10% 24 \')
utput High Voltage -
VoH (Ports 1, 3) loH =-30 pA 0.75 Vce v
loH =-12 pA 0.9 Vcc \'J
Logical 0 Input Current e
Logical 1 to 0 Transition —
o Current (Ports 1, 2,3) ~ YN=2V -750 uA
Input Leakage Current
I (Port P1.0, P1.1) 0 < Vin < Vee 10 BA
Comparator Input Offset =
Vos Voltage Vec=5V 20 mvV
Comparator Input
Vewm Common Mode Voltage 4 Vee v
RRST | Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, Ta=25°C 10 pF
Active Mode, 12 MHz, Vcc=6 VI3 V 15/5.5 mA
Power Supply Current die Mode, 12 MHz, Vo = 6 VI3 V 5/ mA
Ilcc P1.0 &P1.1 =0V orVcc
= s A= 00
Power Down Mode Vec=6VP1.0&P1.1=0VorVcec 1 WA
Vec=3VP1.0&P1.1=0VorVce 20 pA
Notes: 1. Under steady state (non-transient) conditions, loL If IOL exceeds the test condition, VOL may exceed the
must be externally limited as follows: related specification. Pins are not guaranteed to sink
Maximum loL per port pin:20 mA current greater than the listed test conditions.
Maximum total 10OL for all output pins:80 mA 2. Minimum Vg for Power Down is 2 V.
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External Clock Drive Waveforms

torex
toion —* — tonoL
- N
odsy 0.2 Vgs- 0.1V <7 <
— toiex —
torcL
External Clock Drive
Symbol Parameter Vcc= 27Vto6.0V Vcc= 4.0Vto 6.0V Units
Min Max Min Max
1fcLeL Oscillator Frequency 0 12 0 24 MHz
tcLcL Clock Period 83.3 41.6 ns
tcHeX High Time 30 15 ns
tcLex Low Time 30 15 ns
tcLeH Rise Time 20 20 ns
tcHeL Fall Time 20 20 ns

AImEL
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Serial Port Timing: Shift Register Mode Test Conditions
(Vce = 5.0 V + 20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator
Symbol | Parameter Min Max Min Max Units
tXLXL Serial Port Clock Cycle Time 10 12tcLeL us
tQvxH Output Data Setup to Clock Rising Edge 700 10tcLcL-133 ns
tXHOX Output Data Hold After Clock Rising Edge 50 2tcLeL-33 ns
tXHDX Input Data Hold After Clock Rising Edge 0 0 ns
tXHDV Clock Rising Edge to Input Data Valid 700 10tCLCL-133 | ns
Shift Register Mode Timing Waveforms
INSTRUCTION | 0 | 1 | 2 | 3 | =400 5 | 6 | 7 |8 [
et
CLOoCK | I Pl 2] o BT AN
tova ’4—»
ME_IO_S_% 0 1 2 X3 4 5 6 7
—p t
OUTPUT DATA ooy ] [+ taox SETTI t
, CLEi\R Rl I T, T T

INPUT DATA

AC Testing Input/Output Waveforms®  Float Waveforms

Voo~ 0.8V 02 Vg + 09V Vo~ oW
TEST POINTS V, Timing. Reference
‘ LOAD Points
0.2 Vg - 0.1V Vioan~ %V Vgt 0V

0.45V

Note: 1. AC Inputs during testing are driven atVec -0.5V fora  Note: 1. For timing purposes, a port pin is no longer floating

logic 1 and 0.45 V for a logic 0. Timing measure- when a 100 mV change from load voltage occurs.
ments are made at Vi min. for a logic 1 and Vi A port pin begins to float when a 100 mV change
max. for a logic 0. from the loaded Vor/VoL level occurs.
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> 3

> 3

AT89C2051
TYPICAL ICC - ACTIVE (85°C)
20
Vcc=6.0V
VeV |__—
e — Vce=3.0V
//
0
0 6 12 18 24
FREQUENCY (MHz)
AT89C2051
TYPICAL ICC - IDLE (85°C)
Vcc=6.0V
/
//
e\ VeessOV | —
//
/
By pa
Vce=3.0V
0 3 6 9 12
FREQUENCY (MHz)

AmEL
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AT89C2051
TYPICAL ICC vs.VOLTAGE- POWER DOWN (85°C)

20

| 15 //
c .. _—
|

M /
A 5 /
0]
3.0v 4.0V 5.0V 6.0V

Vcec VOLTAGE

Note: 1. XTAL1 tied to GND for lcc (power down).
2. P.1.0 and P1.1 = Vcc or GND.
3. Lock bits programmed.
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Ordering Information

Speed Power
(MH2) Supply Ordering Code Package Operation Range
12 27Vto6.0V AT89C2051-12PC 20P3 Commercial
AT89C2051-12SC 20S (0°C to 70°C)
AT89C2051-12PI 20P3 Industrial
AT89C2051-12SI 20S (-40°C to 85°C)
24 40Vto6.0V AT89C2051-24PC 20P3 Commercial
ATB89C2051-24SC 20S (0°C to 70°C)
AT89C2051-24PI 20P3 Industrial
ATB9C2051-24Sl 20S (-40°C to 85°C)
Package Type
20P3 20 Lead, 0.300" Wide, Plastic Dual In-line Package (PDIP)
20S 20 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC)

AlMEL
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General Description

The LM131/L.M231/LM331 family of voltage-to-frequency
converters 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 precissly 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/LM331A attains a new high level of accuracy 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 voltages and can provide low-cost analog-to-digital con-
version in microprocessor-controlled systems. And, the fre-
quency from a battery powered voltage-to-frequency con-
verter can be easily channsled 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

&Nationa,l Semiconductor

December 19984

LM131A/LM131, LM231A/LM231, LM331A/LM331
Precision Voltage-to-Frequency Converters

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
voltage output up to 40V, yet is short-circuit-proof against

Veo.

Features

& Guaranteed linearity 0.01% max

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

m Split or single supply operation

u Operates on single 5V supply

8 Pulse output compatible with all logic forms

u Excellent temperature stability, +50 ppm/°C max

8 Low power dissipation, 15 mW typical at 5V

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

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

u Low cost

*Uso stable onents with low temp
**0.1p1F or 1xF, See “Principles of Operation.”
ul

Typical Applications
16Vevg
[
8RN 11K
AA
W/ =
Riny [
10k £T0% b s ”;“; ®
10V FULLSCALE
Eyes A ) L
To.m o s 10K 110% =
— e —AM—p Viggic
[ fgur
3 i
Sug I FULLSCALE
_Cp >R, 4 H
1 Sid -,L
¢ 1Z&a1ke
Rg
“'
ca
Vg
p SeTIoHAL)
EFSET ADJUST = =
U Vin RS. 1 TL/H/6680-1

louT = 300V "R " RG

e coefficients. See Typical Applications section.

FIGURE 1. Simple Stand-Aiocne Voltage-to-Frequency Converter
with £0.03% Typlcal Linearity (f = 10 Hz to 11 kHz)

©1985 National Semiconductor Corporation  TL/H/5880
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Absolute Maximum Ratings (ote 1)

if Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for avallablility and specifications.

LM131A/LM131 LM231A/LM231 LM331A/LM331
Supply Voltage 40V 40V 40V
Output Short Circuit to Ground Continuous Continuous Continuous
Output Short Circuit to Vo Continuocus Continuous Continuous
Input Voltage —0.2Vto +Vg —0.2Vto +Vg —-02Vito +Vg
Tain ~ Tuax Tuin  Tmax Tain ~ Tmax
Operating Ambient Temperature Range —-55°Cto +125°C —25°C to +85°C 0°Cto +70°C
Power Dissipation (Pp at 25°C)
and Thermal Resistance (6a)
(H Package) Pp 670 mW
0ja 150°C/W
(N Package) Pp 1.26W 1.25W
0ja 100°C/W 100°C/W
(M Package) Pp 1.25W
AT 85°C/W
Lead Temperature (Soldering, 10 sec.)
Dual-in-Line Package (Plastic) 260°C 260°C 260°C
Metal Can Package (TO-5) 260°C
ESD Susceptibility (Note 4)
Metal Can Package (TO-5) 2000V
Other Packages 500V 500V
Electrical Characteristics T,o=25C unless otherwise specitied (Note 2)
Parameter Conditions Min Typ Max Units
VFC Non-Linearity (Note 3) 4.5V < Vg < 20V +0.003 +0.01 % Full-
Scale
TN < TA < Tmax +0.006 +0.02 % Full-
Scale
VFC Non-Linearity Vg = 15V, { = 10Hz 0 11 kHz +0.024 +0.14 %Full-
In Gircuit of Figure 1 Scale
Conversion Accuracy Scale Factor (Gain) ViN = —10V,Rg = 14kQ
tM131, LM131A, LM231, LM231A 0.85 1.00 1.05 kHz/Vv
LM331, LM331A 0.80 1.00 1.10 kHz/V
Temperature Stability of Gain TmiN < TA < Tmax, 4.5V < Vg < 20V
LM131/LM231/LM331 +30 +150 | ppm/°C
LM131A/LM231A/LM331A +20 +50 ppm/°C
Change of Gain with Vg 4.5V<Vg < 10V 0.01 0.1 %/V
10V < Vg < 40V 0.006 0.06 %/V
Rated Full-Scale Frequency ViN = —10V 10.0 kHz
Gain Stability vs Time TmiN < Ta < TMAx +0.02 % Full-
(1000 Hrs) Scale
Overrange (Beyond Full-Scale) Frequency | Viy = —11V 10 %
INPUT COMPARATOR
Offset Voitage +3 +10 mv
LM131/LM231/LM331 TMIN < Ta < TMAX +4 14 mV
LM131A/LM231A/LM331A TMIN < Ta < Tmax +3 +10 mvV
Bias Gurrent -80 -300 nA
Offset Current +8 +100 nA
Common-Mode Range TMIN < Ta < TMAX -0.2 Vec—2.0 )




Electrical CharacteristiCs T,=25°C unless otherwise specified (Note 2) (Continued)

Parameter Conditions [Min | Typ | Max | units
TIMER
Timer Threshold Volitage, Pin 5 0.63 0.667 0.70 X Vg
Input Bias Current, Pin 5 Vg = 15V
All Devices OV<Vpns < 9.8V +10 +100 nA
LM131/LM231/LM331 Vping = 10V 200 1000 nA
LM131A/LM231A/LM331A Vping = 10V 200 500 nA
VsAT PiN 6 (Reset) | = 5mA 0.22 0.5 v
CURRENT SOURCE {Pin 1)
Output Current Rg=14 kQ}, Vpiy 1=0
LM131, LM131A, LM231, LM231A 126 135 144 pA
LM331, LM331A 116 136 156 pA
Change with Voltage oV<Vpn 110V 0.2 1.0 pA
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) pA
REFERENCE VOLTAGE (Pin 2)
LM131, LM131A, LM231, Lt M231A 1.76 1.89 2.02 Vo
L M331, LM331A 1.70 1.89 208 Vpc
Stability vs Temperature +60 ppm/°C
Stability vs Time, 1000 Hours +0.1 %
LOGIC OUTPUT (Pin 3)
VsaT I=5mA 0.15 0.50 v
1=8.2mA (2 TTL Loads), Tin<Ta<TmAX 0.10 0.40 v
OFF Leakage +0.05 1.0 nA
SUPPLY CURRENT
LM131, LM131A, LM231, Vg=5V 20 30 4.0 mA
LM231A Vg=40V 25 40 6.0 mA
LM331, LM331A Vg=5V 15 3.0 6.0 mA
Vg=40V 20 4.0 8.0 mA
Nota 1: Absolute Maxi Ratingsii fimits beyond which damage to the device may occur. DC and AC electrical spedfications do not apply when operating

the device beyond lits specified operating conditions.

Note 2: All gpacifications apply in the circuit of Figurs 3, with 4.0V<Vg <40V, uniess otharwise noted.
Note 3: NonEnearity is defined as the deviation of foyT from Viy X (10 kHz/—10 Vpg) when the circuit has been trimmed for zero emror at 10 Hz and &t 10 kHz,
over the frequency range 1 Hz to 11 kHz. For the timing capacitor, Cy, use NPO ceramic, Teflon®, or polystyrene.

Note 4: Human body mode), 100 pF discharged through a 1.6 ke resistor.




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

Nonlinearity Error, LM131
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Typical Applications continued)

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

The LM131 is a mondlithic 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 simplified block diagram of the LM131 is shown in
Figurs 2 and consists of a switched current source, 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,
Figure 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,
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 R¢Cy. During
this period, the current i will flow out of the switched current
source and provide a fixed amount of charge, Q=i X t, into
the capacitor, Ci. This will normally charge Vy up to a higher
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 Gy will be gradually discharged by Ry until Vy falls to the
lsvel of V1. Then the comparator will trigger the timer and
start another cycle.

The current flowing into C)_is exactly Iaye = | X (1.1 XRCy
X 1, and the current flowing out of G is exactly Vy/Ry ==
VIN/RL. If Vi is doubled, the frequency will double to main-
tain 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.

WPUT
COMPARATOR,

> TL/H/6680-4
FIGURE 2. Simplified Block Diagram of Stand-Alone
Voltage-to-Frequency Converter Showing LM131 and
External Components

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
over 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
1.8V, and causes a curent i=1.90V/Rg to flow. For
Rg=14k, i=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-fiop, and a timer
comparator connected to the external R¢Cy 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 %5 Vgg, the timer comparator causes the Rg
flip-fiop to reset. The reset transistor is then turned ON and
the current switch is turned OFF.

However, if the input comparator still detects pin 7 higher
than pin 6 when pin 5 crosses 24 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 fo the working
range, the output frequency will be resumed.

The output driver transistor acts to saturate pin 3 with an
ON resistance of about 50€2. in case of overvoltage, the
output current is actively limited to less than 50 mA.

The voltage at pin 2 is regulated at 1.80 Vg for all values of
i between 10 pA to 600 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 (F/GURE 1)

The simple stand-alone V-to-F converter shown in Figure 7
includes all the basic circuitry of Figure 2 plus a few compo-
nents for improved performance.

A resistor, Rjy= 100 k2 +10%, has been added in the path
to pin 7, so that the bias current at pin 7 (—80 nA typical)
will cancel the effect 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 ke (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 C;.




Typical Applications (continued)

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

A capacitor Gy is added from pin 7 to ground to act as a
filter for Vi A value of 0.01 uF to 0.1 uF will be adequate in
most cases; however, in cases where better filtering is re-
quired, a 1 nF capacitor can be used. When the RC time
constants are matched at pin 6 and pin 7, a voltage step at
Vin will cause a step change in foyt. If Cyy is much less
than C,, a step at V| may cause foyT to stop momentarily.
A 479 resistor, in series with the 1 uF C, 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.

The average current fed into the op amp's summing point
(pin 2} isi X (1.1 RCy X { which is perfectly balanced with
~Vin/Rin. In this circuit, the voltage offset of the LM131
input comparator does not affect the offset or accuracy of
the V-to-F converter as it does in the stand-alone V-to-F
converter; nor does the LM131 bias current or offset cur-
rent. Instead, the offset voltage and offset current of the
operational amplifier are the only limits on how small the
signal can be accurately converted. Since op amps with
voltage offset well below 1 mV and offset currents well be-
low 2 nA are available at low cost, this circuit is recommend-
ed for best accuracy for small signals. This circuit also re-
sponds immediately to any change of input signal (which a
stand-alone circuit does not) so that the output frequency
will be an accurate representation of Vi, as quickly as 2
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 Vi or fout. (In the
stand-alone V-to-F converter, a major cause of non-linearity
is the output impedance at pin 1 which causes i to change
as a function of V).

The circuit of Figure 4 operates in the same way as Figure 3,
but with the necessary changes for high speed operation.
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4 Re
102 10% 10k 0% * 68K 11%*
e AA AAA —AAA
A A yvw vy CI
] 001uF*
8 $ it
o I\
= Viosie =
3
_d::m,
1 FULLSCALE
iy
-1V
FULL SEALE Vi Bg, 1

v

s *®
OPTIONAL
OFFSET ADJUST
206TO 1M

*Use stable comp with low

four = 208V Ry RGC

TL/H/6680-6

P coefficients. See Typical Appications section.

**This resistor can ba 5 k2 or 10 k() for Vg=_8V to 22V, but must be 10 ke for Vg=4.5V to 8V.
***Use low offset vottage and low offget current op amps for Al: recommended types LM108, LM308A, LF411A

FIGURE 3. Standard Test Circuit and Applications Clrcult, Precision Voltage-to-Frequency Converter




Typical Applications (continued)

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

In these applications, a pulse input at fiy is differentiated by
a C-R network and the negative-going edge at pin 6 causes
the input comparator to trigger the timer circuit. Just as with
a V-to-F converter, the average current flowing out of pin 1
Is laverage = | X (1.1 RCp X {.

In the simple circuit of FIGURE 5, this current is filtered in
the network R = 100 k2 and 1 uF. The ripple will be less
than 10 mV peak, but the response will be slow, with a

0.1 second time constant, and settling of 0.7 second to
0.1% accuracy.

In the precision circuit, an operational amplifier provides a
buffered output and also acts as a 2-pole filter. The ripple
will be less than 5 mV peak for all frequencies above 1 kHz,
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.

e
s
: AL
LAY

Vieaie =
3 ooy
7 180Ktz

FULL SEALE

*Use stable comp with low temp re cosfficients.
Sso Typical Applications section.

**This resistor can be 6 k0 or 10 kQ for Vg=8V to 22V,
but must be 10 k2 for Vg=4.6V to 8V.
***Uss low offset voltago and low offset current op amps for Al:
recommended types LF411A or LF356.

TIL/H/6680-6

FIGURE 4. Precision Voltage-to-Frequency Converter,
100 kHz Full-Scale, +0.03% Non-Linearity
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Vour = fin X 2.08V X % X (RCy)
8

*Use stable components with low temperature coefficlents.

FIGURE 5. Simple Frequency-to-Voltage Converter,
10 kHz Full-Scale, +0.06% Non-Linearity
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FIGURE 6. Precision Frequency-to-Voltage Converter,
10 kHz Full-Scale with 2-Pole Filter, +0.01%
Non-Linearity Maximum




Typical Applications (continued)

Light Intensity to Frequency Converter

5V 70«15y
' SIx
{
P 3 1guTo A
* LW
NS 7| sy 3 4 ut
~ <
SN | 2 s SR
hu;g; . 1Bk _L _—
001aF 2 % 0 S
.
-3

- TL/H/E680-9
*L14F-1, L14G-1 or L14H-1, photo transistor (General Electric Co.) or similer
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Typical Applications (continued)

Analog-to-Digital Converter with Microprocessor
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Typical Applications (continued)

Voltage-to-Frequency Converter with Isolators
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Connection Diagrams

Metal Can Package Dualdn-Line Package
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GND N —] L
TOP VIEW
Note: Metal case Is connected to pin 4 (GND.) TL/H/8880-20 ToP ViEW TUH/EE80_21
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Schematic Diagram
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Physical Dimensions inches (milimeters)
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LM131A/LM131, LM231A/LM231, LM331A/LM331 Precision Voltage-to-Frequency Converters

Physical Dimensions inches (milimeters) (Continued)
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DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2.

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain fife, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.
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