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ELECTRONIC CONTROL SYSTEM TO DEVELOP

FARM CHICKEN

Mr. Arket Boontaram
Assoc.Prof.Dr. Suripon Somkuarnpanit

Academic Year 2001

ABSTACT

Running a farm chicken, there are many factors that effect on chicken’s growth such as,
temperature, humidity and light. According to these factors you have to control them to increase
more products by using energy and capital money safely. This product is represented the
electronics system control. It can control the temperature, humidity and light in the farm. It shows
the data that is occurred and examined in the farm. This data is collected into the describe process
system. The systems of _fanning, water to blow and electric lights in the farm can be control by

both automation and the users.
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Typical Applications
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FIGURE 1. Basic Centigrade Temperature Sensor
(+2°C to +150°C)

412 mesnuuudIngdunNNtY
[y H Y a H a o -~ 2 3
MIPRAIILAIAATINSUAIMIEU iionFIaTI9s U MFUYeLTEN Philips FerAWFY
{ o v U 2L v d {0 1 v
Tuemeiisaldes WRategluglvesaamylilth  Fwesduiulszynialdezeglugas

110pF — 150pF 91A21310 100KHZae 13150 3AAMTU1UFI9 10 %RH - 90%RH

= s
51 43 glnsalasaeduaanudu Philips

° 9’4‘ d’ t=' v
Tunisesnuuua99s M lagldReu lvvesnnuyulueimanldouulasamm
o d 2 . LA ) ¢ o & ﬂ ¢ o d
danuilszy Lsmmqmﬁumuml‘ﬁﬂaeemmu‘lnqﬂnimﬁinwmm&fm UAIAUNY
1 1 v [] (] o a 4 [} s Y]
szginlasuuiiage Tagseasusesezaaitialaosi loduiay 555 uazdansaesudu
o . 2 : :
Tondnlumsihou Feasesnininm ldgnesnuuulugl DESING 5 iiissnnlumsesnuuy
113’ v AW 9 Y [y 5 A v d'sl ] 2 9 a
Slszauilam Tasanawgdi ldnndaasaeduriuiisndosannlumizeves pF 3eaeeiinig
° g A 1 v 's 4 A
sonuuultamisatinestiinldaunianimdld Tasde RA=RB=1 wnzlovaiiNenda
A ) L 9 I~ & ° v @ dt a A A'I
aualusiaves KHz uasdednfiua To vee led 89C51 devzsimsviuwaalu 1 Juriuie
A dAa 4
manuvulueinmaninaau
un:ﬂysl o =R &K wa 1 kY o
TumseenuuusesnnnHAuaulaiiasemHDUaNlaAA1eg  YBIUBYAVBIN
a 21‘ o @ wnn:i 9 o d' &' (v wAa
asesuanduiiud ey Taonsguandianlvindegili 4.4 Hudlumsiamaaauiians
1 [ [ 1 1 LY -{' 1 ] 1
zﬂﬁauuﬂawmmmmq‘lﬂv’!mummm%uﬁnwmﬁmmﬁ100kHz ualuraasfsies nuuy
£ v
8T s aeuauesd 100 kHz Sedesimsfinsanguamidinalsznmsfedinawy Wi

F3'8% 100kHz esdidfianaadszana 15 % 51Rsansotham e vnnsiuan Ay



12

dd a o 3 ' a o A
wedidufianma a aaudaen $usn 15 % uazemnsalédannuy Inihnlddnaunnudd
a 4 a .
iAadunndesezmadia 1@

LA

180

C
{pF)

40

L 51/ 4.4 nagumniAveIRIATI

14
LAY Philips

110

] 50 RH (%) 00
1
4.13 mmanuvumﬂuamwaﬂ'mmﬂgﬁ HAZANAUYY
] 1 g1 4
114ﬂ15@9mmumﬂuﬂmnmzmuﬂ1ﬁayaﬂ1n1uiﬂsﬂauimLaasmu’laﬁ?mai
A4 o o e a P A g1
74185248 IMONIANTUAAINANTT 7 HALUIUN ﬂ151§16‘1ﬂ‘1]85 741.S248 mi’ﬂﬁﬁ’lﬂﬂﬂﬂ’li!lﬂﬂﬂ

a g dy  dwy o v & - & "
wanazmsiiou Tlsunsudanulasidoyai ldandnsiaduisguugll ATy wrrng
Y @ o o < | o
Flszanona uazdtlsznarasiiudadanulunsuaswa  Tadedeyasonsangnesy

¢ a & & P z o a d 20 & a
1® uazHeINg FewesnisaeaiuszilinamsuaaiHasenM 7 FNMUN Negunglilas
b4
AUy Tauanansng993nseBNLULILIATS DESING 2
" A
42 m3eeauuuNesminiivuiyanaemnasniluadnen
b4
1 o v a o o @

lumseenuuuNesduKIIINTenUUDAIUMISY BN WHLTIAUIINAIAT I
-5 a = A s o/
Sugungil Taol¥lefiwed ADc 0804 Fuihy mslasdayna useduIiihdluavg 16

1 é o C; 1 (% o
wazdadeyasenlimadszmmaraiuuunudimstniuaunsafiedadoya i
Uszinaraldgndeamiué uazinlsznanarnsaiudeyalfedegndswaziianamdw

Tumswou Tdsunsuniugy

5 auIaen
doyenuduyn LM35 | §lu

AVAON

2t 4.5 vienuamsnmsmlasdyguewneniuainea



13

b4
TumsTideyauuuvumil mldiedemseenuuulumsiudeyauazmsidioy
TlsunsuuuialulnsnenInsied  lumseenuuuases  msnlioudygaewasniiy
Fagnuftnen desinandoyamediy Bunn uazusedudngs (V) uazdaIIng
@ @ ] v ' SL a 4 a
wasdygne Tumsoenuuudl dayanasIassiligasegsendng 0 - 1.25 Taan Futiniu 10ia
a & - Y o ¢ A A
ATaesrirnided (9af0enuuLN V. 483 ADCO804 M1 1.25Tami iWefianansa
' a ' = A Ao v a 1 £ A =] o
ilasshguugd1dlugae 0 - 125 serumaden wazdeiididgBndauniide atenoolsy
° ' 4 1 o o L4
Tagsaunsedmuam aden fihgrees Tasld dalszanana wemsdn gunsal RC
AMUDNANAT
(3,572 SUR WS S £:10) SRS 4.1

Taomisivua a1 Y09 R = 10K

f(CLK) 1/(1.1 * 10K *150pf)
= 444 44KHz
Tagimseonuuums 1481 C > 50 PF daun €S tag RD sz liideninsng el
@ a @ a '8
msdu Sumn aneanar laos 1 wr dhunlunsdauliifaeniynlunsasien
Ioyagaurlasiiudyguatasaudanieftauseiinisas1991nY1 INTR 910 DESING |
1y aAdyY
43 MILBALLIVINIMATUMINARIUBYR
CAp. a v
Tums lémodn ¥oe AT89CS1 iy nesndumm wAeslimsWeum 1 aslilunesn
a & Y a wa a A d o o’l‘ o a
fdeens  eldtfauautiaiiy s Sufudun Auiulunisesnuuuesmnsy U
§ a 1 3 o d @ 1 3
annsaiey senuuulasldinafan dlenaaiaduds 293 dsum o uaziiielins
v a ¢ W, ¢ A AN AN ] 1 ¢ o a
Yassadadaeesdu 5 Taayl sziadudielimsemannlulasaoulnsames Aszili 46

HazaIs a5 2995 14910 DESING 2

Vee
Tulns
= nouTns 51/ 4.6 2s9smasudeya
/77L7 wwaf

4.4 malszaanaten
2 ¢ ¢ 2 ' s
madszuranail 19 luIasaey Insataesiues  AT89CS1 Fainursanuiimely

é 1 dy v 3 J ) -4 { T
4 K byte Teluduiivzdiudndszuranannmsiuaigungl sazaamyu liTaoiindeya



14

ﬁ'lﬁmnmnﬁ'ms'm%’uQﬂmQﬁﬁ:phu'msam5aﬂﬁ‘luﬂ‘§mauazu’htjﬁaﬂ:zmawmmzdﬁ’fﬁj
] I 4 ]
yaitldnndasiedunigussinnesezaimiioniiled 555 augudIguITo Yo .
b4 y
tszana Yeymiussgniamsgmauaawagamgiiinzaindy wosansedaduletums
v 4 ] 1o o & C4
dedoyadt rudumaens deansiaursass gianlszananandnaalilumsauguelnaal
1 d
Waay oz mlstild ewsofinsanein DESING 2
4.5 maszaananan
1 :.: Y o a J

Tudanveanaf Idvnsesnuuufinsaneesnn DESING3 ¥ldsenuuuiuiiu
Y Ve [V ) a ¢S o o
Funinolumseygnamsiudsdeyaussszuy dssatana hudoya Iinsiwd demshou

< [y U 1 a ay v o w ° @
yoaginsal aseduLls dumRnanniifidiudiginesain i madssnanandnil
o & 3/ A’o‘ o a A4 o o o A d 9
addginndeyanimuasdadulefiiuesdansionldiui - unzmunsanuveya
b4 v
gampiunzaud 18 32 AlaludTasmaiiezdestuiiuszuunTeiumnalizina
b d v

radosTaomativilugaguinaenisdanuyesszuy

451 1590V VTN IARTIDIUMEN

T b OIP to P1.7 4 o
. ANP gﬂ‘n 4.7 NITNAATIVVULAS

44

. Y
lumsesnuuLRIMAs1 IdmmMsesnLuL TaglFudnnisvsalensasivaoy
) o [ Y - a " =~ o a 9
squnsssuiduuonuuulingy  vieuoudunes Tastiusedumeduduym  1dsinms
P P d Qo ] L a iy o
wasuulasnnudiumuves weadens Jussduuaedig Funamsnfasuudausdauni
b4 a A9 a n’ay Y Y s £ a
AMBUNN NNMINUBUBULIDIAY yazisnetlousesuusuoufos vret Houluvdy
A Y a ag v =} [4 a o o a o Y Qs
Wnay diousaduvedunnildon usarens qqmuszﬁuuﬂﬂmﬂ?uumw%zm‘lmssaﬁu

9 S 1w A Y a o (K}
Tl'Nﬂ'l‘NLﬂ'l'ﬂﬁ’nﬂUﬂiﬂiﬂﬁlﬂﬂﬂﬂUllﬁﬁﬂﬂ'lleﬂ

A VO

gﬂ"ﬁ' 4.8 anwuzpadyytd




15

&' 1 o a 1 J 3 [ a
Junseenuuus1 ldaenusifudiessd 1.7 Taan Jasnsausedudisaelduinin
v ] g 9/ A 4 A A } P Y 9
sauvaaaslutiuiulasnawdiu muvesusane1s sxliauiinuinvudie Idsunanissas
1 =1 1 ° a a s o H
Iugrafunaad ez lfifannudumulszana 25 alaTevy Suheilines auvudiuas

) [
“J‘il‘lﬁ YINPUUIIAU

Vo = Vref =(5*25k)/(50k+25k)
= 1.7 Toadd
4.52 msvanuuesnmsiudeya
sl¥nafvdeyaadlumizaauswuvansfludnumzves  EEPROM  wed

241.C256 ADNITHN MICROCHIP asiimmdinudoyanazaudeyawineynsu lagiuay

o b4

A 3 YN y A
o 2 1dUAe 41 SCL 1Ay 91 SDA Felumbearmslszanildumizsaawsuiludy

Q.

a

oW “ = 9/ I H °
Foyannasuaziudds dunsziilnsadremeludhuuuy duea uazmibommswlszan

€

A @

Y A VoA 9 P a
UIVTANAIUDY AR 1%ﬂ15ﬁ@ﬁ151ﬂﬂ§ﬁ’u..ﬂgf}ﬁﬂ!

@ garannsoauuazaisudln lWih

o

szanas 100,000 A3 wazdeyafisuouasllezannsafiuld 1duszunannnndi 200 3 Tas
* 9y 9
fimbanusuvefHawsafudoyalflszina 32 ilalud deyailldmnmnadsaves

1159 MICRQCHTP

BLOCK DIAGRAM SCL
—
ADATA2WP = R
TTT CPU 2410256
P
cotoes Laad commen | buorc[ "] ECPROH SDA
16GIC 1OGE .
[L DAL LATTHTS :
¥
stL | o e w0 a0
ju R d: 2 e
STA A1 [: g [
IVIEE & g ]t
Vol O ot
\J:i O SPHSEAD | ves 4 s[]=ma
RET COHIROL

lumsesnuuusdeenuuu3fi uemasa 00H Iasdpsfinuasisaudsn Ao,
A1,A2 Tag9zAondnI1? HAZUIWR (write protect input) ABAINT1IRUFUAY  4AZVISCL 11

v w4 P s A i o Ja. e o o
SDA dehiivweslulnsneumediaes oisusaludiuvesariauas ludnyusiiudades

9
fosanmsivuan luldsunsuldasedulaefinisanasi



16

lugaumsimuauesaasa (Device Addressing)

e weim o = ADCDRESS SEQUENCE BIT ASSIGHMENTS

CONTROL BYTE ACDRESE HIGHBYTE ADIRESS LU BYTE
A N A
- - r EN ~ -
||| ,a,-.l,zﬁ ~lg Alllfl.\ & ||‘|||,
N o Al (8 B R o L o Bty REd REL REY IR I : s
L IL 1
COMTRCL T e &
CCOE SELECT X SRRt AL
s

310 4.10 msfmuaueaAs
A Adgq 9o o ' A qy o o s o
danldimuadumiaves 2410256 slitasanunisiivualagesaudsna Ao,
A1,A2 9zimualaninda A0,A1,A2 ludauues Control Byte

Tudauvesmsioudeyn (Data ByteWrite)

S LRE

BISRITET Y

Aedmtommbi

710t .11 myfmuans@oudeya
53970 START WazAW&3w CONTROL CODE 4 BIT Las@ @9y ADDRESS 189
2410256 30 3 BIT tazilaedasin R/W Suiiedesniseuia R/W vdsuily 0 uazde
ToAa0 3 1UTiUee Address high ,Address Low 12 Data @13/8 194

luduvesnseudoya (Data Byte Read)

IS RITIVNY ¥

3 &
4 T =
FIASTER & CONTRTL ATOREES ADTRESE A TETS, T
B EYTE HOHETE Lo BErE R BYTE i
b 4 4 4 1 =
J 1 £ 1 . h) W & nl
1 LAl L L.k

>0

RS b by

51/ 4.12 msfmuanisedeya

9 9 []

dupsumseudeyaszmilouiudussunslisudeyaszuananiuiida R/W 92
9 £ 3 . v '
doagnisaiiiu 1 Fuflun13e1u Diagram vesmizerundiulus
4.6 19953NHUADYINNUBITTVY @QIUNYH)

& Y a S vy da_ &y ,

lesnnszuvdesiimdaszuuniuguiis aaeananinemeddn  uagludiuve

ad A JdY A A 2 AA A4 a4 "W YA y AdAa 4 & i
nssEnmseiinddesiinsiunssuaddidsfivandes i ldfenwieuiiiatussusieday
Jd v a o ) 4 A 1 caygl ° 9 a 9 1:,

YBIABUUNIAWBIAN 9 TiAdLAUUBIABSLaySad Iasdsmaumaitidauwildifanufeous
k4

a v A g A gy da & v Yy A
au ﬁﬂﬂli’m’ﬂﬁﬂgﬂﬂﬂﬂﬂ ﬂ31ﬂiﬂuﬂlﬂﬂmuﬂ1ﬂiuﬂﬂ?ﬂﬂﬁ Iﬁﬂli1ﬂ@ﬁ§lﬂ1iﬂ@ﬂllﬂﬂﬂ15

9 YA A 1 é z:i T a = =1
semeeudeuludliiigaugilugaanile q fszuylifeaudomeonazinnunamu



aAnald 520 HINANAIANITIN

L
waait

o 3= @ =:

9IN1F

P Y A
5111 4.13 §AILAUNTTTULIZLIB0IN W
A G} v 1 &
desesnuszunnsuguTasimaieimenanouentwaduginsaida 9 e
A d Y o & & La o o '
stnemmdeumelugniuguisiidesdiilideniifie fwesiraugasimehimnnsa
a £Y 2 g o o o a 9
witlfiTBaneanaieldimsgnseimugumsinuesiany Tasnsniugueamguan
neenuuS I oo iRaauian I8 lusguingiiidmua - gunsalasndy
qquﬁﬁﬁwm“luﬁ'ﬂymzﬁﬂﬁuqmwgﬁuaza:mf]uﬁ'ﬂamﬁaqmwgﬁmﬂ'luszuug«ﬁu
(] b4 v t 4
ahfiszunidaely  ledfeevaueimsldnudindniifie  leZvesuiEn  DALLAS
. 2 o a o a (4 " Y
SEMICONDUCTOR 1185 DS1620 @ahnuiiluasasames ufinesiazinos luadaluns
smnuszuuseialudiuveunes luadadie uJamqmﬁnﬁﬁﬁ’a'hﬁaeui"v'lé’qamuﬁﬂau
[] i 4
%zﬁmuﬂumnzmqmngﬁmau%’u‘lé’mqﬂ U119 9 A0 Ty ToowToon WMV 3 T

9
msmauaai

f

Thigh

T

low

T R >

qUii 4.14 ﬁiyﬂpmmﬂ‘lam DS1620

ANy eumnswlu 157921841 T com muJummmsmmummwaauhﬂmuamsﬂa
g o Q/ - .3 (v
han 19esdanmeTinude delidyanuues T com MatuleszdwIaiie Tivanula 1

$2T19 wazdla 5 uiil adufullaasadio T com Halimsdeniuey

46262



18

HWaay

(3

DS1620 > danar —» Sad

=

' fiaay

= Y
71N 4.15 szuuszangauien
, st ' a
stlsasuanslu design 6 laegnuugiinssline Ignmnigugaieesiulife 34 asmusdion
aal o v -l o 4 val - < =l o
uazguuiineeniulife 32 asruadieg  nisvinedlenelugigoiugiigeds 34 asmaades e

ANATNNUIUNIGUNNTATINNURAR VRS 32 DIAIRTEIR

v

U a da do
4.7 N13VAINUVUNABIAIVAATAINY Jlaen1ad

51191 4.16 ndssnIuguAIad Sadidas

a (¢
4.8 NMI2BNUUUMANIURNAING

e 9 Yt a  JIdq Y a &
1uﬂ1iean11uuu li'lﬁi’)\iﬂf)ﬂ!lﬂﬂiﬁﬂﬁ?ﬂ‘ﬂﬂiﬁfﬂ?ﬁﬂﬂ 10 a3y Iﬂﬂﬂ'lﬂﬂiﬂﬂ'n_lﬂll

Y o d :l Y Qs 2 3 9 A
vinaw 6 §3 aulséi1 1 @1 aeald 3 409 3 @3 Feannsaaduguitslusyuuldleuazsean
4
o Tugia 18 Tasnsaaunuuuuda luld@ilszilunssuawminndesaseiugamgiiuas
47 LY J o Y Ao 9 < a da o o
Ay ludineuInsames wiimihmivdeyanisdsnulumsdlallaaiad Smdoinmsiu
a d a 1 a a J ' 4 Jd v
adadmedunn  lagdauwsmaemum 3ed szaennnesnves lulasneulnsames g
Todwes 741504 sievhmsdunszuagunsasssnmalugaaugu v 220 Taan
< A dy 19 9 ' 9 a o A
Tumamsaauguil sefidaunesesi bidudou udezniumsouldsunsumsdeauiie

aanwi991e Tugilaees DESING3



4.9 mAMURY Gaved Stadid

19

Y { o a (4
Tumanuquiignesnuuinlashilinssusumm Sl 0 Taad 3o +5 Taad 910

' a ¢ 5 Y a ¢
ﬂaeamnqumﬂmmmammmﬁamﬂmﬂﬂmqnﬁé’l’m"lé’fnﬁﬂanf]u‘lﬂ 19% 220 Toad

Yy ' o A Y o
ﬂ'ﬂ\‘mﬂ'li!wﬂﬂﬂ’lﬂﬂﬂﬂﬂ'lﬂi:ﬁ'ﬂll'hﬂﬂiﬂ'ﬂui‘ﬂmﬁﬂi !Wﬂﬂﬂﬂﬂuﬂ'liﬂ’luﬂu‘llﬂﬁixﬂﬁ ia

A Y d 9) U ~ 2 v
diennuasastveesmanounsiae’ mseenuuuzldmanielien 1 ga @990

Y
3 I'd
14 10 Toag Wu'ld@semsinuessas nsuenlliuaznsndoaninszuLAsY Inames

@ o @ 'dy L4
e oo IEsHidaodSiuduonanseennnduluiifisneldies  4N26 Taoliaisena

Ed

CIDICLT]
a5t 4.1

mdga | AnloR | eigege | wiw
INPUT |1, 80 MA
V(L =10MA) 1.1 1.5 v
v, 3 %
OUTPUT | IC 70 100 MA
. do 30 Y
V(BR)BCO / v
duils | CTR(=10MA,V=10V) 20 %
wonlea Vengan (G=50MAL=2MA) 0.1 0.5 \Y

U | Y 4 a o &
mu‘lummﬂmmmwﬂumummawsw‘?mu h’ﬂﬂ‘ﬁmﬂi ULN2003A %Q%ﬂﬁﬂ’li

@ a J 4 a (4 a a 2 o A d
ussiudumn 3 Taod Tashigusnlinssuaiieiming 14 300 Taduend Fawedu Siad 12

vDC/220 VAC l¥iiala

logic diagram

5171 4.1731uerAe993m0 T IC ULN2003A




20

Tumseenmuisidedisagudunm gagaveslefuesULN2003A Horou 910 o
1 ULN2003A ¥03U3NTECAS INSTRUMENTSH VIH(MAX) =3 Ve iMuaR, = 10 K
ITMIvBANUL

Ic = VIH/ R2 = 3/ 10K sl

Il

0.3 mA
1NAT A0 SlussasmsdeiunsziavesiadonToamanes
n = 020
If =Ic/n = 0.3mA /020 ...l “43)
= 1.5mA
VNATTNAVAUTAYDS 4N26
Ifg4gA = 80mA If fifuael = 1.5 mA
o g = 100 mA Io fifinald =03 mA
HINISMAWBIRL =(Vin— VO /I 0 e 4.9

(5-1.1)/1.5mA

1l

= 26K

qthesitldimseennun13uda aunsafunain DESING 4
410 n1seenuLE CONTROL

2eesmnmuau Sad s Tnmlszasunwlug aauguld 220 Toan Semo
Tugd aruguld 220 Taadt - dlszneudan aouumame; wieu Tonesluaa 7 @1 vuiA 10
wowdl fevmisduTan ffharomesianua: milsihh unes Sadmda 3 f Wdmiu
Suvaoal 3 uor melulsedeuRels uasludauves igeezimsilesfussuudaoms
Wwsamed 10 uenilnuquasuunames lasyndondassaeny uazmn aoulnsa 9
W7 6 uowdl Wunsteafuszuy
411 MITOTITUUVOYNTH RS48S

Y o

4
o 1 - Y A wva
msfudedeyauuuil sslidnuazahofuuuy RS422 FUWOMMUALAZAIANLAVDY

o agy aa

E 4 Y
anauAng 9 azmiiouiufiu RS422 visvua HANS S UAWUDUITUUDANIAYN T UL RS422

ﬁ o
A 3/ [ YR a =) ] a’: 2 s (] cf 9 a ]
3o Wenedayana lumsiude Wesgi@vaniniy demsivdawuviieslsms Sudeuuy “Half
1 A o tY a yq’: o 9 v 9 9 o/ T a a U
Duplex” ndmAe aunsaashmihitldfudeyaunzdadeyalasldygm gaumog
9 ]
samsmiumsi"uw%'edqi’fagaﬁuﬁ'mﬁmnuwﬁnﬁuﬁ’uNﬁﬂﬁuaﬂnmmsmzﬁmﬁmw%’au

Qs 3 | o/ é o’ Q/ Qo ) o’ L o ﬂ"
SutietetrsludrananamiuldFdnuazssmilouiudunslding Sudevesisinuu



21

2 [ =1 1 9 1 o :, g o Y ) A v v a
199 94N ﬁﬂlﬂﬂlﬁu']'l"ﬂ'lﬂﬂ'luPhﬂ‘ii]u1«!ﬂﬂﬁN‘YI'Iﬂ‘Ll'I‘YlﬂﬂU‘Wﬁ‘llﬂﬂ']'m‘nPhﬂﬁ\i“ﬂﬂﬂﬂ'l\‘l!ﬂﬂ')i]u
' vy A 2 c; y A o ?l v 13! £ ! £ o 3’ id
ﬂ'J'ﬁ]Zﬂllﬂ‘Uﬂﬂ']']il!ﬁUﬂﬂu‘l’l\‘ﬁlgfﬁll'lﬁﬂlﬂaﬂuﬂu'l'ﬂﬂ'lﬂi'ﬂl Hagla 9MINAINIBUNUTNEN

Tensademsiuld

Master Rs485

Slave Slave Slave

01 02 03

q1lfi4.18 maFeudnlesFumsiy dedeyadan Rs48s
. 2 y s ¥
iiesmnmsdemsuuuil widduanauiies 1 g @ ) lumsihmihmvisT iz ds
a ] g Y] 9 A [ P o =1 (% o a’: X 9 =1 s
wazdamnsadegnseisauiulduings 32 41 nieudulunauaenu AaluIIRBINMIIA
o o [ T 9 Aas o 1. /o ¥ v =1 a ) Y < 1 3
Ssumsiudedoyafiasazannsaiudeiuldeiadilss@nsnmmudesns1a - Ysdermih
3 o 1 et PO g Y o o A ° A
WimsSvdauyiifianuedududouinniu wszdesiinsiou lisunsune aosnmuand
n’: @ ] o o 4 1 9 o AN Y a v L 9
mesisdauinuge ssumsfemsmulumedeldiugunsdiviozdy fideadinesln
< @ o { v — o o 4 v o 2 =
gnsailaihiidiudidans TgUnselflaimedindiudiiy desdoudonTilsunsy
A'I Yt 1.9 a’ =1 z [ ] o’j a
wemuqultiinsdedoyasomnlumodyanulfifissnsag 1 faviiiu msizdmnalin
Y ar 9 1Y) = @ v o Y g ° EY5] v W1
dedoyaseninlumedyanunieusuiunaidnfannnd 1 & udifegildtheiu
ol 4 o < ‘3 e 3 Y
aunsasudeyafigndesl@inziannwAanmatnld dnfumsldszuy Rs4ss lazdeddl

¥ Y v ¢ 2 ¢
ﬂ'liﬂﬁ)ﬂlﬁJ‘U!1ﬁ3'n\1!lﬂuvl'lﬂ"]qwu']ﬂ\iﬂ'\\iﬁ'luﬂfNQl]ﬂiﬂl815ﬂtl')5

iTOF VIEW) DE 3
&
Rl 1 ) ell Yoo o

RE[} 2 7B == 4

DE [ 2 2] ] & 1 2 A

4 ellG R 7 Bus

D[} 4 =l] GND %EL—Q—’—S

Function Tablss
DRIVER REZEIVER
INFUT | EH&EBLE CAUTFUTS CIFFERENTIAL INPUTS | ENABLE | CUTPUT

a] CE & 3] A-B y R

H H H L Vipeo2V L H

L H L H —8.2% < Vjp 102V L ?

X L z z ViD= =02V L L

X H z

Cpen L H

H=highlevsl L=lewlavel 2 =indstarminate. X =irelevont, Z = high impadance {offi

310 419 galTassadreveslediues7s17eunzmanmsinu



22

Driver Loaded Dutput regoa
Voltage Range = + (5 ta 1S volts)

RS-232 Interface Circuit

Figure 1.1

B
2 V,
c !“L .
—_— —_— -2
Mi- e

(OPTIONAL FOR RS~422)
C(REQUIRED FOR RS-483)

BALANCED DIFFERENTIAL OUTPUT
LINE DRIVER

511 420 JiluamamsnSoudisusendnemsy dedoyauuy RS232 tag RS485



23

ranseTinsaeaedensseniilulnsaeu Insames 1don lulasneuInsaaes

@ ° 4 ' a a ,3 .. . @ 4
Wan Tagns iU Tea135e NI UAATUAIY timing Diagram #1411

Datad85

< \
Data Add 02 >‘< Data /
Data 2 /

\Add 01)_< Dtem>< D hum >

/S

|

31111 421 timing Diagram N5 A0 d15900v0IAI ag dIgRFIT 1

Data485

Data 1 >_< \
Add 03 Data /
Data 3 {
\AddOl >_<7Dtem >< D hum >

|

—

71101 4.22 timing Diagram M5 A0 a3 U0YAVBIAIN LAz FIgAFITN 2

Data485 \ /

\
DL Add 04 >—C)ata /
Data 3 /
\Add 01 }< D tem>< D hum >

5171 4.23 timing Diagram My AeesToyavesdaui uay AgndaN 3

menuEENniinsaTaeudya s Datdss  dludmmefensdeyaszifianisdng

g LY (] T 9 a (] v v W a 9 o 9 o o v o 9 &' Y o
Puduniszdedoyadioguasiaiudaf 1 venlundendudeyadids Aafudeyadia 3 dezsinis
sudoyanfoufuuazasivaeudnfiegaseiudaeanie i fnsefussimsiudeyaddeids
nendaivhmstszinanauazdideya  feguesdaumionnunlumeandisdeyavesgungi
¥ o o 1 1 / é \ L4 yw 1 o
anusuiazaziIfezaduegludiuvesnsseiudeya Femsdedeyadnymziidmignszi

9 T k4 k4
Asdd 3 AT uievedeyavesguriiuaznNFUVeAIgATie 3 &7



24

4.12 Timing Diagram ¥8smssiaunaunugnsal lWih
o 3,’ al 9}:5 a
Minsasgungll 139 29 esrusaiFed

ieguuldmnNNMAUATAANNAIVTNYATIINU

Waaul

Waau?2

Waau3

Nnaau4

waaus

TS

M
' A

31/#1 4.24 Timing Diagram¥esiAaNEIBRUNYNAININAMUA

[
1A

[ 9/
ioguvgiigendiagld 1 e

T
1 A

51/ 4.25 Timing DiagramvesWiAAMEBUNYUININAMUA 1 BIMN

.& a 1 :i:/’ 9
ieguugiigandifiag 13 2 esan

|-

HWaaul

HWaau?.

_/
Naau3 ——/

Waaud /

AAaus

HAAUG

T
1 A

51/91 4.26 Timing DiagramvestinauiieganiigeniNimua 2 8am




25

]
1A

' k4
iioguugiigeniinas 13 3 sem

Waau1

Aaau2

o
_/
wanu3 —/

naau4 /
Waaus /

Waaues /

51/91 4.27 Timing DiagramvesaauiloguuUFININAMUA 3 B/

A o > 2 yyd
ievhinsasaamdu 130 56 %RH
° ° { 3 4 H v o oy
mshauezsiaulasnisinauguldanuiunsiilasiinandulide se%xrEaWTON
o 4'1 .3’ a a’:‘ o a a 4" 2 1A 3 9 d o
wihimwezliensmduiuasihezngadiion Rusanianuiulideinnas anlsihee

o i) =3 v u'; A dy a v .:; na/l 9
fhenuwuda 1w nga 3 HINAUNWATY 2 ‘lf'JIJNﬂiBﬂ’NN‘BHLﬂuﬂ’l‘YI%ﬂ’J

s ~
1HM 3UM

Pe M b ]
le AT N/ 242 Tus >

< o : N - N
g‘lJTI 4.28Timing Dlagramﬂueam‘ﬂiammemwmmmwm‘nuﬂ
yaemsvauvestasgIulenaiavzinisdanasa v 3 unluazdeaiinistlald 1

%3 Tueaun1siineTy

6 $2 1319 %2139

_ . L

31171 4.29 Timing Diagram Y8IMIAIUANLAIATI



26

sensor temparature

D +5U

=i U1,

P | S i

CS JNIB b

—q WR DBB

55 PCLK DB1

Ucc * DB2

IN+ DB3

IN- DB4

»_Mpwusx

REF DBS

AGND-— DB6

DGND- DB?

~jo|u|a e

= ADCPBA4

——=d RD CLKOUT—=—

A

10K ones
ngn

DATA DIR

10 AT8ICH1

to netuork

)]

“ON_9M|

N3y

DESING

BY ARKET BOONTARAM

g 3R/3

NUMBER! 425157259

S1ZE

@

[FSCR ND. DUG. ND.

SHEET

SCALE 7

REU.

51091 4.30 2993MFBBALULN 1

Ut




op)

27

Uz

ey
U4

ViR

e

R

+5U B ¥5 ire2

150

R-PACK1BK
ohes

u3
2d 5
K1
Gorst
i
e
e
i
¥
3
3

RESET
ER

PB.D
Pa. ]
PR.2
PR, 3
PB. 4
PB.5
PO, 6
PR.7

TO ADC

— DAIA
&  RIR
WRZADC

+3
P4
6
7 P1.5
8

1)
/A [ COUNTER

P1.6
P17

XTAL )
HIIE 184 viAL2
11,8591z . F 4
22p 29p 8051AH

R-PRACK1BK

v
IS

O

3191 4.31299500ALUVT 2

U

‘0N Elrcl

l ‘nzsl NSI

DESING BY ARKET BOONTARAM

REU.

NUMBER 42515759
M 3R/ 3k

FSCn mo. ‘ao. RO,

SCALE _

SHEET




28

iy
.
/

N
A

i

o RaLER GONTRI

900

b606d

J7 e
|
%
MTLJTA‘U\ mlw {°9] U)\
50606
000000000 J
i._. s = w\\:lw&r\:

!
(i,

- i

+E0 I5U i
+5U
10K us mw
R-PACK560 2 1eK 9 3 R-PACK 1K
RESET ALE v
: 23

w50 A\

%
— K ———WA——— —) 34| 72
iy W % PR. ¢
R-PACK 10K ——F = PO,

I
s

NSNS
R

— o (o[ o)+

‘F\T\\ SIS
|

w

a1
el
®

:

RIS

—= NN

)

vﬂi\l

[

o
NOU D RWN=D AR WV =D
o
w
DU WN=® NOUT> WN =

Bl

DESING BY ARKET BOONTARAM

5191 4.32 2993M1300ALLLN 3

U

NUMBER 42515759

[FSCH NO.

DG, NO. REU.

\w Eln et =

seme _

SHEET




29

1 5 | L
o o e | R
PUREISN o | ‘ v 9
o o “on_grig| o s 4 3215 M\Nm_m AT
e 652518¢F dd9UNN
S o o ‘
Aueai o WHAH LNOOE L3Id”d Ad INIS3d @
= T4
m o o xgw =
H PCRENN o | | > Fies
; o o 188 - m w% e
g .ﬁ AP NN [ R%
0o o o~ b 54
PCREHN o ] | PR HwM_ % E i
o ) o ot AR TV_MW 640! %9°Z m
= O o cogzNIn || 1 § Ja % -
CREISH . | | Y xs% %s——8d0| ¢ X9
°© o R I
. B ~ il 3 e s he
—~ o o va:% JH\'&Q I A9°Z AEnE :
neeg o (9 M e S
T " 2z
AU 13 o R ! m&g@ ww
Lo O
—- = i o °II|L nei+ % - J wé m-.n .
I HO L IHINOG [ T o N ¢ i e S |0
o o e @ vs:% T & £40 ! 392 pm MW
Ol 1 NS Vs AL ]
o oo (RS XQ_W X5 +d0| ! ¥9°z
s AQT13Y —
o o W bdodlanie® T g MLW_MW =
At *9] edo| 1 PEEFS
o ol = =
PUUREITRN « s ; Ju,_”# z :
{ (o] Q- % I (A o 8] B p:X
A : [ q
¥
Lo ] L] 5 w i o
Ag3y ° *g] 1dgl ! 92
° o nZi+ <

v
=

519

N 4.33 2997013989NUUUN 4

U



30

Ul
4
RESET
74
TRIGGER
! : .
THD ouT
sensor X ! s
HUMIDITY =1 100
D1SCHARG
1M g
uce
1
GND
== LM555CN
P.01uF
LM35
to adckB804
¢mc> GND
R1 =
=2 10OUF

i

T0 T8
DESING SENSOR TEM & HUM D
BY ARKET BOONTARAM
m .\wm\ﬂw G128 fHlh NO, DWG. NO. REV. |
: Cl 4

SCALE _

_.‘.::_

o)

N 4.34 3993N139BNUUUN 5

517

U



31

UREF

+5U

10K

50K
el
2
2 |
LM329
Sl
f P O A
LDR
g r7
™
+5
owumngg
[ole] uce
[ BLK TH
RST L
GND_ TCOM
= w g
IKZIKSIKS
SN
I N N

henisse
R B
E e
i e
P3.0
P31
—{p3.2 1K
P3.3 s
P1.7—
5y +m
bQ P1.5 1K
CLK P14 PL.e——K—
RST P1.3 v
A R34 P12
FF
ENTER
I MW <)
+12U

+5
e {

RESET

TRIBGER

THD ouT 3

CONT

D1SCHARG

vce
GND

2n I@.@Eﬁ VB

‘N 9Mg|

B LB

PESTNGHE

SIZE

C

SCALE

F5Cn ND. wc:m. ND.

SHEET

REU.

v
=)

14.35 1NTINTBDNULUN 6

i



32

=~
UNN S

9
A1INAABINIATINTURUHMDHN ANWFULASLETIAIS
5.1 dauvesgungiuiamsnanesesnily 3 funoudte
5.1.1 msiasuuilasussfuveaLM3s ifsufiu guugiisas 21 - 56 sarusaLFye
mnanesiiogiimsnaasalasmisinerleiwed  LM3s  wmihnmaaeslaai
qmwgﬁ@hdnqgmei 21 —56 BarIFATTANATIIMTIAR T IR LTIV 1TNves ledueiLM3s
Taol¥imeunuifudes 2.5 TraminnsaauaziugungiTaslsiudwaziaudaldiundes

wandaniafiidaasieiuemngiLmisegmely | Tasaunsaasieauseduiin/asunlacse

9

guugll lAdall
MINANTINARRH 5.1 MananesTagangilifeyiuns iy
Qungil (€0 | usedu@v) | gumgli(C) | wswiu@v) | gmmgil (€) | uswiu (V)
21 20 3 32 4s 44
22 21 34 33 46 45
23 22 35 34 47 46
24 23 36 35 48 47
25 24 37 36 49 43
26 25 38 37 50 49
27 26 39 38 51 50
28 27 40 39 52 51
29 28 4 40 53 52
30 29 42 41 54 53
31 30 43 42 55 54
32 31 4 43 56 55
anmsansnAnesd 5.1 saunsaideunsuazaunsaagy 8 eunginia 18

a o v A a a s A A a g & v dg 9 o 9
Meufusvewssiuifann ledwes Lvss fnfidufudugudumiilndfssiudeyaves
mesEn Tassannalasuuasvesussfudeswesguugiiinsmslasuuashe 10 Jad
g A o dyd a o Ay Y 9
Tavde 1 esmusaidsasinmsnaassmsiailinisianaiaeinussaui ldnindeyaves

Ao A a P i:j . A QJ:/’
ySsalszana 10 fadTaanseduameannsasawe lanslumeTdsunsunas MsesnuuUI903



33

(o))
o
|

1Y

UTIFU(mMV)
~
(@]
|

—
o
L

O B i I !

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

QUMRIC)
a5 @ 5. 1uereenE TS TR Auns sduA IS 1MINARR L 5.1

512 msmaﬂuuﬂmqmwgﬁmaaﬁmsmﬁuqmﬁgﬁﬁaamm‘u"l%’ 390 fiu Aol
A o a [ A
fevaamgiiuazimes Tuiimes Tusasguygii 2250 DIA U

s 5.2 nlSeufeuguugiivesdiasniugungiidie luniae (C)

Sonadul | damsansu2 | #hesanduz | Aumde | @aeewiiioy med luiines
22 22 22 Vit 21.9 21.8
23 23 23 23 S 22
23 23 24 233 242 23
23 23 24 233 24.1 23.5
24 24 24 24 24.0 24
24 24 24 24 24.4 24
25 25 25 25 24.9 24
25 25 25 25 26.2 24
26 26 27 26.3 26.2 26
27 27 27 27 27.1 27
27 27 27 27 27.4 27
28 28 28 28 274 27.8
28 28 28 28 274 28
28 29 28 28.3 28 28.3
29 29 29 29 29.1 29
30 30 30 30 30.6 30
31 31 31 31 313 31




34

fasaaful | faasaedie fasadus | suede | asuifiou mes Tuiimes
34 33 33 333 32.9 32.8
35 34 34 343 335 338
35 34 35 34.6 33.9 35
36 35 35 353 349 35.8
36 36 36 36 35.4 36
37 36.7 37 37 35.9 37
37 37 37 37 36.3 38
38 38 38 38 36.7 38
39 39 38 38.6 37.6 38.6
39 39 39 39 38 39
40 40 40 40 38.6 394
40 40 40 40 39 39.8
41 41 41 41 39.1 402
41 41 40 406 39.4 41.3
41 41 41 41 40.1 41
42 42 41 41.6 40.3 41.2
4 42 a2 42 40.5 42
43 42 42 42.3 41 428
43 43 42 42.6 41.1 43
43 43 43 43 414 43
45 44 44 443 43.2 44
46 45 45 453 442 45
47 46 46 463 46.1 46
47 47 47 47 46.7 472
48 48 48 48 478 48
49 49 48 48.6 48.2 49
49 50 49 493 48.8 50
50 50 50 50 49.6 50

mﬂmﬁmamqmwgﬁﬁ’iﬂ"lﬁ’%wﬂﬁamaﬁuqmﬂgﬁﬂ'nqﬁfiﬂﬂﬁ’z?\ﬂaﬁuﬁaaamﬁﬂu
s a2 4'11 y S Yo 2 & Y,
uazimes Tuiliaes FIHAN1TNARDLY Finlumnetialidihumieasenuuiiuns ez ldd

[ 9
vosguupiimasyeadins 29U 3 FaunzaduvesdIde oY



35

a s5 o 4
ﬂﬂlﬂﬂiﬁﬂﬂt“ﬂﬁiIijNMﬂi

60—\
50 =
40 -
30
—e— gamgiiniy
[
20 -
—a— pnii
10 aoufoy
O lllllllll!lllllllllllllllllllllllllllllllllll!,’Ja’](s)
& & ® N N 8 & o o N S N
Q Q Q Q Q Q Q Q Q Q
R S S A O D~ S\\¢

351N 5.2 meqm'ﬁgﬁm‘émm:ﬁmemﬁﬂuqmﬂgﬁﬂmmswﬁ 5.2
5.1.3 nsnanesiagumgilu 1 Sufeududiaeuiisy

a1 aNaMINAAeddl 5.3 Mminaassiagumgimalu 13

nal Fr5asafi1 Co) F15afi2 CO) f13afafi3 CO) fiaduuuy CC)
19.10 Y. 32 31 31 B1.3
20.55 U. 29 29 29 30.6
21.20 U. 29 29 29 304
21.45 U. 30 30 30 30.3
22.15 U. 30 30 30 29.9
23.50 U. 29 29 29 29
24.20 U. 29 29 29 29
24 .45 1. 28 28 28 28
01.30 . 28 28 28 28
02.20 U. 28 28 28 28
02.45 Y. 28 28 28 28
02.50 U. 28 28 28 28
04.10 U. 28 28 28 28
07.45 U. 28 28 28 28
08.50 U. 29 29 29 29.5
09.10 U. 29 29 29 29.5
09.45 U. 30 30 30 30.1
12.30 4. 32 32 32 3T




36

QauNii(C)
40 B &  miaduuu ©
| y=0.0428x" - 0.8406x + 32,078 )
'; r— #13adIn 1)
| =0 i
35 '“l TndTwiioa @iadan 1©)
| &
30 8 = /
1 " " )
| L &) 2y
25 -
|
20 - —————— Al

19.10 M.
2120
22154
2420 M.
01304
02454
04.10 W.
08.50 W.
09454

a5l 5.3 manaaetingumgiiniglu 1 Sumuaisedi 53

9 9
5.2 daurenuFUINMINAase 1A 3 Tuasu

4 ' o g [ H o @ d
521 pavenssnulasunlassvesdaiualszy feudumududing

~ A v P=1 w 21' 0o @ o
1519 5.4 MM assutlasaaiulssuNsunuANNFUTTANT

mm?;uﬁ ”lﬁl‘m; (%RH) | Capacitance(pF) ﬂ’J’llla: Hz) mm‘)d;uf? 1ﬁﬂ€ (%RH) Capacitance(pF) ﬂ’J'I:J‘idi (Hz)
30 149.06 3220 53 156.70 3063
31 149.39 3213 54 157.11 3055
32 149.62 3208 55 15748 3048
33 150 3200 59 158.88 3021
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52 156.35 3070 90 172.53 2782
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Tsunsunelu MCSs1

DIR485 EQU P3.3
DATA485EQU  P3.2
AX EQU 1AH
BX EQU I1BH
CX EQU ICH
ORG 0000H
MOV SP #S5FH
LCALLPW_DELAY
AJMP ONERXC
ORG 000BH
LCALL INTERUPTIMERO
RETI

ORG 001BH

LCALL INTERUPTIMER1

RETI

INTERUPTIMERO:

CLR TR0
DINZ 26H,ERROR
MOV 26H,#14 ;1S
DINZ 27H,ERROR
MOV 27H#60 ;IMIN
DINZ 28H,ERROR
LCALL AUTORUN

MOV 28H#2  ;2MIN  ;MOV 28H,#5

DJNZ 29H,ERROR

MOV 29H,#30 ;1H ; MOV 29H,#24

LCALL LIGHT

LCALL LCLOSE
DINZ 2EH ERROR
MOV 2EH,#2  ;2H

LCALL WREPROM

ERROR: SETB TR0
RET
INTERUPTIMERL:
CLR TRI
DINZ 2AHERRORRI
MOV 2AH#14
DINZ 2BH,ERRORR1
MOV 2BH,#60
SETBP0.6  ;OPEN 1 MIN
DINZ 2CH,ERRORR1

MOV 2CH,#4 ;CLOSE 3 MIN

CLRP0.6
DINZ 2DH.ERRORR1
MOV 2DH,#30

ERRORRI: SETB TR1
RET
WREPROM: MOV R0,2AH
MOV R1,4H ;T
INC 2AH
LCALL IPW
MOV R0,2AH
MOV R1,25H ;H
INC 2AH
LCALL IPW
RET
AUTORUN:
MOV R3,#01H
LCALL HUNTER
MOV 13H,1DH
MOV 14H,1EH
LCALL DELAY10S
MOV R3,#02H
LCALL HUNTER
MOV 15H,1DH
MOV 16H,1EH
LCALL DELAY10S
MOV R3,#03H
LCALL HUNTER
MOV 17H,1DH
MOV 18H,1EH
LCALL ADDCHANG
LCALL SETP6
LCALL SETP10
LCALL SETP11
CLR DIR485
RET
AUTORUNI:
MOV R3 #01H
LCALL HUNTER
MOV 13H,1DH
MOV 14H,1EH
LCALL DELAY10S
MOV R3 #02H
LCALL HUNTER
MOV 15H,1DH
MOV 16H,1EH
LCALL DELAY10S
MOV R3,#03H
LCALL HUNTER
MOV 17H,1DH
MOV 18H,1EH



LCALL ADDCHANG

LCALL SETP6

LCALL SETP8

CLR DIR485

RET
ATIMERI:

MOV 2AH,#14 ; MS TIME

MOV 2BH,#60 ; 1 MIN TIME

MOV 2CH,#4 ; 5 MIN TIME

MOV 2DH,#24; 2H TIME

RET

ONERXC: MOV 31H,#01H
MOV 2FH,#00H
MOV 30H,#00H
MOV 2AH,#00H
MOV 26H,#14
MOV 27H,#60
MOV 28H,#2
MOV 29H,#30
MOV 2EH#2
MOV IP#02H

MOV TMOD,#11H

MOV IE,#8AH
MOV 12H,#00H
LCALL SETVAL

MOV 24H,19H
MOV 25H,20H

LCALL WREPROM
LCALL AACHANG
SETB TR0 ; STRAT TIME

CLR TR1
mov 24h,#40
mov 25h,#40
AUTO: SETBP2.7
SETB P2.6
MOV A#00H
SETB P2.4
CLRP25
MMM:
INB P2.0 MANU
LCALL SINTER
SIMP MMM
MANU: MOV 2FH #00H
MOV 30H,#00H
MOV 31H,#01H
LIMP SELE 1
compu:
ljmp inter
HUNTER:
MOV R3 #01H
LCALL TXX

CLR DIR485
RET

INPUT: LCALL SETINPUT

jb p3.5,compu
JNB P1.0,FAN1
jb p3.5,compu
JNB P1.1,FAN2
jb p3.5,compu
JNB P1.2,FAN3
jb p3.5,compu
JNB P1.3,FAN4
jb p3.5,compu
JNB P1.4,FANS
jb p3.5,compu
JNB P1.5,FANG
jb p3.5,compu
JNB P1.6,PUMP
jb p3.5,compu
JNB P2.3,LAMP1
jb p3.5,compu
JNB P2.2,LAMP2
jb p3.5,compu
JNB P2.1,LAMP3
jb p3.5,compu
JNB P2.0,SELE
jb p3.5,compu
LIMP INPUT
FANI: LIMP FANI 1
FAN2: LIMP FAN2 1
FAN3: LIMP FAN3 1
FAN4: LIMP FANA4_1
FANS: LIMP FANS 1
FAN6: LIMP FANG_1
PUMP: LIMP PUMP_1
LAMP1: LIMP LAMP1 1
LAMP2: LIMP LAMP2_1
LAMP3: LIMP LAMP3_1
SELE: LIMP SELE 1
SETINPUT:
SETBP1.0
SETBP1.1
SETBP1.2
SETBP1.3
SETB P14
SETBPL.5
SETBP1.6
SETBP2.3
SETB P2.2
SETB P2.1
SETB P2.0



RET
FANI_1: JB P1O,FAN1_11
AJMP FANT_1
FANI_11: LCALL PW_DELAY
MOV A08H
CINE A,#01H,FAN1_LOPEN
CINE A #00H,FAN1_1CLOSE
AJMP FAN1_1
FAN1_IOPEN: CLR P0.0
MOV 08H,#01H
LIMP INPUT
FAN1_ICLOSE: SETB P0.0
MOV 08H,#00H
LIMP INPUT
FAN2_1: JBPL1FAN2_11
AJMP FAN2_1
FAN2_11: LCALL PW_DELAY
MOV A09H
CINE A #01H,FAN2_IOPEN
CINE A #00H,FAN2_1CLOSE
AJMP FAN2_1
FAN2_10PEN: CLR P0.1
MOV 09H,#01H
LIMP INPUT
FAN2_1CLOSE: SETBP0.1
MOV 09H #00H
LIMP INPUT
FAN3_1: JBP1.2FAN3_11
AJMP FAN3_1
FAN3_11: LCALL PW_DELAY
MOV AOAH
CINE A #01H,FAN3_10PEN
CINE A,#00H,FAN3_1CLOSE
AJMP FAN3_1
FAN3_1OPEN: CLRP0.2
MOV 0AH#01H
LIMP INPUT
FAN3_ICLOSE: SETBP0.2
MOV 0AH,#00H
LIMP INPUT
FAN4_1: JBP1.3FAN4_11
AJMP FAN4_1
FAN4_11: LCALL PW_DELAY
MOV A0BH
CINE A #01H,FAN4_10PEN
CINE A #00H,FAN4_ICLOSE
AIMP FAN4_1
FAN4_1OPEN: CLRP0.3
MOV 0BH#01H
LIMP INPUT

FAN4_1CLOSE: SETBP0.3
MOV 0BH,#00H
LIMP INPUT
FANS_1: JB P14,FAN5_11
AJMP FANS _1
FANS_11: LCALL PW_DELAY
MOV A0CH
CINE A,#01H,FAN5_IOPEN
CINE A,#00H,FANS_ICLOSE
AJMP FANS _1
FANS_IOPEN: CLRP0.4
MOV 0CH,#01H
LIMP INPUT
FANS_ICLOSE: SETB P0.4
MOV 0CH,#00H
LIMP INPUT
FANG6_1: JB P1.5,FAN6_11
AJMP FAN6_1
FAN6_11: LCALL PW_DELAY
MOV A0DH
CINE A,#01H,FAN6_1OPEN
CINE A, #00H,FAN6_1CLOSE
AJMP FAN6_1
FAN6_10PEN: CLR P0.5
MOV 0DH#01H
LIMP INPUT
FAN6_ICLOSE: SETBP0.5
MOV 0DH,#00H
LIMP INPUT
PUMP 1: JB P1.6,PUMP_11
AJMP PUMP._1
PUMP_11: LCALL PW_DELAY
MOV AOEH
CINE A #01H,PUMP_1OPEN
CINE A #00H,PUMP_ICLOSE
ATMP PUMP_1
PUMP 10PEN: CLRP0.6
LCALL ATIMERI
SETB TR1
MOV 0EH,#01H
LIMP INPUT
PUMP_ICLOSE: SETB P0.6
CLR TR1
MOV 0EH,#00H
LIMP INPUT
LAMP1_1: JBP23,LAMP1_11
AJMP LAMP1_1
LAMP1_11: LCALL PW_DELAY
MOV A 0FH
CINE A#01H,LAMP1_1OPEN



CINE A,#00H,LAMP1_1CLOSE
AJMP LAMP1_1
LAMP1_1OPEN: CLRP0.7
MOV 0FH#01H
LIMP INPUT
LAMP1_ICLOSE: SETBP0.7
MOV 0FH,#00H
LIMP INPUT
LAMP2_I: JBP2.2LAMP2 11
AJMP LAMP2_1
LAMP2_11: LCALL PW_DELAY
MOV A,10H
CINE A,#01H,LAMP2_10PEN
CINE A,#00H,LAMP2_1CLOSE
ATMP LAMP2_1
LAMP2_IOPEN: CLRP2.7
MOV 10H,#01H
LIMP INPUT
LAMP2_ICLOSE: SETBP2.7
MOV 10H #00H
LIMP INPUT
LAMP3_1: JBP2.1LAMP3 11
ATMP LAMP3 1
LAMP3_11: LCALL PW_DELAY
MOV ALIH
CINE A#01H,LAMP3_10PEN
CINE A #00H,LAMP3_1CLOSE
AJMP LAMP3_1
LAMP3_IOPEN: -~ CLRP2.6
MOV 11H #01H
LIMP INPUT
LAMP3 ICLOSE:  SETB P2.6
MOV 11H,#00H
LIMP INPUT
SELE_1: JB P2.0,SELE_11
AJMP SELE_1
SELE_11:
LCALL PW_DELAY
MOV A,12H
CINE A #01H,SELE_10PEN
CINE A #00H,SELE_1CLOSE
ATMP SELE_1
SELE_IOPEN:  CLR TRO;STOP TIMER
CLR P24
SETBP2.5
MOV 12H #01H
LCALL CONMAM
LCALL DECON
LIMP INPUT
SELE_ICLOSE: = SETBTRO ;SET TIMER

CLR TRI ;CLOSE TIMER
CLRP2.5
SETB P2.4
MOV 12H,#00H
LCALL CONMAM
LCALL DECON
LIMP AUTO
CONMAM: MOV 08H,#00H
MOV 09H,#00H
MOV 0AHL#00H
MOV 0BH#00H
MOV 0CH#00H
MOV 0DH,#00H
MOV 0EH,#00H
MOV 0FH,#00H
MOV 10H,#00H
MOV 11H,#00H
RET
STAR: CLRRI
CLR DIR485
LOOPO: INB RLLOOP1
LOOPI: JB DATA485,LOOP0
LCALL SIN
CINE A #04HLSTAR
CLRRI
CLR DIR485
LOOP2: JNB RI,LOOP3
LOOP3: JB DATA485,LOOP2
LCALL SIN
MOV 19H,A
CLR DIR485
ASTAR: CLRRI
CLR DIR485
ALOOP0:; JNB RLALOOP1
ALOOPIL: JB DATA485,ALOOPO
LCALL SIN
CINE A #04H,ASTAR
CLRRI
CLR DIR485
ALOOP2: JNB RLALOOP3
ALOOP3: JB DATA485,ALOOP2
LCALL SIN
MOV 20H,A
CLR DIR485
RET
SIN: MOV PSW,#0
PUSH 0
PUSH ACC
LCALL BAUDDELAY
MOV RO,#8



SI1: POP ACC JNZ LAYD

MOV C,DATA485 POP ACC
RR A POP DPL
PUSH ACC POP DPH
LCALL BAUDDELAY RET
DINZ RO,SI1 SETVAL:
LCALL BAUDDELAY MOV A,#00H
CLR DIR485 MOV 08H,A
POP ACC MOV 09H,A
POP 0 MOV 0AHA
RET MOV 0BH,A
DELAY2S: MOV R1#200 MOV 0CH,A
DLOOP1: MOV R2#10 MOV 0DH,A
DLOOP2: MOV RS #E6H MOV 0EH,A
DLOOP3: NOP MOV 0FH,A
NOP MOV 10H,A
DINZ R5,DLOOP3 MOV 11H,A
DINZ R2,DLOOP2 MOV 12HA
DINZ R1,DLOOP1 MOV 13HA
RET MOV 14H,A
;‘“"“““‘"DALAY 108 MOV 15SHA
DELAY10S: MOV R1,#1000 MOV 16H,A
D101: MOV R2,#10 MOV 17HA
D102: MOV RS5,#0E6H MOV 18HA
D103: NOP MOV 19H,A
NOP MOV 20H,A
DINZ R5,D103 MOV 21H,A
DINZ R2,D102 MOV 22HA
DINZ R1,D101 MOV 23H,A
RET MOV 1AHA ;AX
JREEEEEERE SRS MOV 1BH,A ;BX
PW DELAY: PUSH DPH MOV ICH,A ;CX
PUSH DPL MOV ACC #00H
PUSH ACC RET
MOV  DPTR,#8000H DECON:  ; LCALL SETVAL
PW DEL: INC DPIR LCALL DELAY
MOV ADPL LCALL DELAY
ORL ADPH SETB P0.0
JNZ PW_DEL LCALL DELAY
POP ACC LCALL DELAY
POP DPL SETBPO.1
POP DPH LCALL DELAY
RET LCALL DELAY
DELAY:  PUSH DPH SETB P0.2
PUSH DPL LCALL DELAY
PUSH ACC LCALL DELAY
MOV  DPTR,#1000H SETB P0.3
LAYD: INC DPTR LCALL DELAY
MOV ADPL LCALL DELAY

ORL ADPH SETB P0.4



LCALL DELAY
LCALL DELAY
SETB P0.5
LCALL DELAY
LCALL DELAY
SETB P0.6
LCALL DELAY
LCALL DELAY
SETB P0.7
LCALL DELAY
LCALL DELAY
SETB P2.7
LCALL DELAY
LCALL DELAY
SETB P2.6
LCALL DELAY
LCALL DELAY
RET
DECONI1:
LCALL DELAY
LCALL DELAY
SETB P0.0
LCALL DELAY
LCALL DELAY
SETB P0.1
LCALL DELAY
LCALL DELAY
SETB P0.2
LCALL DELAY
LCALL DELAY
SETB P0.3
LCALL DELAY
LCALL DELAY
SETB P0.4
LCALL DELAY
LCALL DELAY
SETB P0.5
RET
TXX:
SETB DIR485
SETB DATA485
LCALL DELAY2S
LCALL DELAY2S
MOV AR3
LCALL SOUT
LCALL DELAYSMS
SLOOPO: JB DATA485,SLOOP0O
MOV IDHA ;MOV I3HA
LCALL DELAYSMS
SLOOP1: JB DATA485,SLOOP1

LCALL SIN

MOV 1EH,A ;MOV 14HA

RET
SOUT: PUSH ACC
SETB DIR485
LCALL BAUDDELAY
MOV RO,#8
SOl: POP ACC
MOV DATA485,C
RRA
PUSH ACC
LCALL BAUDDELAY
DINZ R0,S01
SETB DATA485
LCALL BAUDDELAY
CLR DIR485
POP ACC
RET
BAUDDELAY:
PUSH ACC
MOV A #11
BD0: DECA
INZ BDO
POP ACC
RET
DELAY10MS: MOV R2#10
DIOMS2 MOV RS#0E6H
DI0MS3:  NOP
NOP
DINZ R5,D10MS3
DINZ R2,D10MS2
RET
DELAYSMS: MOV R2,#5
D5MS2: MOV RS, #0E6H
D5SMS3:  NOP
NOP
DINZ R5,D5MS3
DINZ R2,D5MS2
RET
CONVE: MOV A #00H
MOV RO,A
MOV DPTR #TABLE
CONV: MOV AR0
MOVC A/@A+DPTR
CINE A,23H,INCONV
MOV 23H,R0
RET
INCONV: MOV A RO
INCRO
AIMP CONV



COMPARE:
MOV A,21H
CINE A,22H,COMP
MOV AX #01H
RET

COMP: MOV A,#00H

ACOMP: CINE A,21H,CCC1L
AJMP COMP1

CCC1: CINE A,22H,CCCC
AJMP COMP2

CCCC: INCA
LIMP ACOMP

COMP1: MOV CX,#01H
RET

COMP2: MOV BX,#01H
RET

ADDCHANG:
MOV 23H,13H
LCALL CONVE
MOV 13H,23H ;*
MOV 23H,14H
LCALL CONVE
MOV 14H,23H ;*
MOV 23H,15H
LCALL CONVE
MOV 15H,23H ;*
MOV 23H,16H
LCALL CONVE
MOV 16H,23H ;*
MOV 23H,17TH
LCALL CONVE
MOV 17H,23H ;*
MOV 23H,18H
LCALL CONVE
MOV 18H,23H ;*
RET

AACHANG:
MOV 23H,19H
LCALL CONVE
MOV 19H,23H ;*
MOV 23H,20H
LCALL CONVE
MOV 20H,23H ;*
RET

SETP6: LCALL AXBXCX
MOV 21H,15H
MOV 22H,13H
LCALL COMPARE
MOV A#1H

CINE A,BX,KLOOP

MOV 13H,15H
KLOOP: LCALL AXBXCX
MOV 21H,17H
MOV 22H,13H
LCALL COMPARE
MOV A#1H
CINE A,BX,KLOOP1
MOV 13H,17H
KLOOPL: MOV 24H,13H
RET
SETP8: LCALL AXBXCX
MOV 21H,16H
MOV 22H,14H
LCALL COMPARE
MOV A#01H
CINE A,BX,HLOOP
MOV 14H,16H
HLOOP: LCALL AXBXCX
MOV 21H,18H
MOV 22H,14H
LCALL COMPARE
MOV A#01H
CINE A,BX,AHLOOP1
MOV 14H,18H
AHLOOP1: MOV 25H,14H
AXBXCX: MOV AX,#00H
MOV BX,#00H
MOV CX#00H
RET
DELAY20S:
LCALL DELAY10S
LCALL DELAY10S
RET
SETP10: LCALL AXBXCX
MOV 21H,13H
MOV 22H,19H
LCALL COMPARE
MOV A #01H
CINE A,BX,TLOOP
MOV A #00H
AJMP WORKT1
TLOOP: AJMP WORKT2
WORKT2:
LCALL AXBXCX
LCALL DECONI
RET
WORKT1: CLRP26
LCALL AXBXCX
MOV A,19H

MOV R0,#01H



COMPT: INCA,
CINE A,13H,DECLOOP
LCALL AFAN123456
LCALL AFAN12
RET

DECLOOP: DJNZ R0,COMPT

MOV RO,#01H
COMPTT: INC A
CINE A,13H,DECLOOP1
LCALL AFAN123456
LCALL AFAN1234
RET

DECLOOP1:  DINZ R0,COMPTT

LCALL AFAN123456
RET
AFAN12: CLR P0.0
LCALL DELAY2S
CLRP0.1
LCALL DELAY2S
SETB P0.2
LCALL DELAY2S
SETB P0.3
LCALL DELAY2S
SETB P0.4
LCALL DELAY2S
SETB P0.5
RET
AFAN1234:
CLRP0.0
LCALL DELAY2S
CLRP0.1
LCALL DELAY2S
CLRP0.2
LCALL DELAY2S
CLRP0.3
LCALL DELAY2S
SETB P0.4
LCALL DELAY2S
SETB P0.5
RET
AFAN123456:
CLRP0.0
LCALL DELAY2S
CLR P0.1
LCALL DELAY2S
CLRP0.2
LCALL DELAY2S
CLR P0.3
LCALL DELAY2S
CLR P0.4

LCALL DELAY2S
CLRP0.5
LCALL DELAY2S
LCALL SETPH
CLR P0.6
RET
;‘ttttt#“il*tll*‘t*t
SETPH: LCALL AXBXCX
MOV 21H,14H
MOV 22H,20H
LCALL COMPARE
MOV A #01H
CINE A,CX,HLOOPH1
AJMP WORKHH2
HLOOPH1: AJMP WORKHH1
WORKHHI:
SETB P0.6
RET
WORKHH2: CLR P0.6
RET
SETP11: LCALL AXBXCX
MOV 21H,14H
MOV 22H,20H
LCALL COMPARE
MOV A#01H
CINE A,CX,HLOOP1
AJMP WORKH2
HLOOP1: ATMP WORKHI
WORKHI: CLR TR1
SETB P0.6
RET
WORKH2: MOV A,20H
MOV RO,#04H
COMPH: DEC A
CINE A, 14HHDECLOOP
LCALL SPFAN1256
CLR P0.6
LCALL SPFAN12
RET

HDECLOOP:  DIJNZ R0,COMPH

MOV RO0,#04H

COMPHI: DEC A

CINE A,14HHDECLOOP1
LCALL SPFAN1256

RET

HDECLOOP1: DJNZ R0,COMPH1

LCALL SPFAN1256
RET
SPFAN12: CLR P0.0
LCALL DELAY2S



CLR P0.1

LCALL DELAY2S
CLR P0.6

LCALL DELAY2S
RET

SPFAN1256:
LCALL ATIMER1
SETB TR1

CLR P0.0

LCALL DELAY2S
CLR P0.1

LCALL DELAY2S
CLR P0.4

LCALL DELAY2S
CLRPO.5

LCALL DELAY2S
CLR P0.6

RET

TABLE: DB 00H,01H,02H,03H,04H,05H,06H,07H,08H,09H
DB 10H,11H,12H,13H,14H,15H,16H,17H, 18H,19H
DB 20H,21H,22H,23H,24H,25H,26H,27H,28H,29H
DB 30H,31H,32H,33H,34H,35H,36H,37H,38H,39H
DB 40H 41H,42H,43H,44H4SHA6H ATH 48 H,49H
DB 50H,51H,52H,53H,54H,55H,56H,57H,58H,59H
DB 60H,61H,62H,63H,64H,65H,66H,6TH,68H,69H
DB 70H,71H,72H,73H,74H,75H,76H,77H,78H,79H
DB 80H,81H,82H,83H,84H,85H,86H,87H,88 H,89H
DB 90H,91H,92H,93H,94H,95H,96H 97H,98H,99H

IPSCL EQU P3.6
IPSDA EQU P37
ERRORF EQU 00H
DATBUF EQU 21H
IPW: SETB IPSDA
SETB IPSCL
CLR IPSDA
CALL CDEL
CLR IPSCL
SETB IPSDA

MOV A #10100000B

CALL IPWRB

JB  ERRORF,IPW9

MOV ARO

ANL A#11111111B

CALL IPWRB

JB  ERRORF,JPW9

MOV ARI
CALL IPWRB

PW9: CLR IPSDA
SETB IPSCL

CALL CDEL
SETB IPSDA
LCALL PW_DELAY
RET

IPWRB: CLR ERRORF

MOV R2#8

IPWRB1: RLC A

MOV IPSDAC
CALL CHIGH
CALL CLOW

DINZ R2JPWRBI
SETB IPSDA

CALL CHIGH

INB  IPSDA,JPWRB2
SETB ERRORF

IPWRB2: CALL CLOW

RET

CHIGH: SETB IPSCL

NOP
NoOr
NOP
NOP
NOP
RET

CLOW: CLR IPSCL

NOP
NOP
NOP
NOP
RET

CDEL: NOP

IPR:

NOP

NOP

NOP

NOP

RET

SETB IPSDA
SETB IPSCL

CLR IPSDA
CALL CDEL

CLR IPSCL

MOV  A,#10100000B
CALL IPWRB

JB  ERRORF,IPR9
MOV AR0

ANL A#11111111B
CALL IPWRB

JB  ERRORF,IPR9
CLR IPSDA
SETB IPSCL



CALL CDEL SETB TR1

SETB IPSDA ret
SETB IPSDA TXDATA:
SETB IPSCL CLRTI
CLR IPSDA MOV SBUF,A
CALL CDEL JNB TL3
CLR IPSCL RET
MOV  A,#10100001B RXDATA:
CALL IPWRB CLRRI
JB  ERRORF,IPR9 IJNBRL$
CALL IPRDB ;DATA MOV A,SBUF
JB ERRORF,IPR9 CLRRI
MOV R1A RET
IPR9: CLR IPSDA exit02:
SETB IPSCL nop
CALL CDEL mov a,#02h
SETB IPSDA Icall txdata
RET MOV A,24h
IPRDB: CLR ERRORF LCALL TXDATA
MOV R2#8 nop
IPRDBI: CALL CHIGH MOV A,25h
MOV CJIPSDA LCALL TXDATA
RLC A setb tr0
CALL CLOW ljmp input
DINZ R2,JPRDB1 SINTER: JNB P1.7,EEND
SETB IPSDA MOV 2FH#01H
CALL CHIGH ’ MOV A#01H
JB IPSDA,JPRDB2 CINE A,31H,SINTER1
SETB ERRORF CLR P0.7
IPRDB2: CALL CLOW LCALL DELAY
RET CLR P2.7
inter: lcall setreg LCALL DELAY
clrtr0 ;STOP TIMER CLR P2.6
LCALL RXDATA MOV 31H,#00H
cjne a,#02h,return SINTERI:
ljmp exit02 RET
return: CJNE A, #01H,gERROR EEND: MOV 2FH,#00H
Icall autorunl RET
mov a,#01h LIGHT: MOV A #01H
Icall txdata CINE A,2FH,ALIGHT
MOV A,24h CLR P0.7
LCALL TXDATA LCALL DELAY
nop CLRP2.7
MOV A,25h LCALL DELAY
LCALL TXDAT CLR P2.6
hhh:  jnb p3.5hhh INC 30H
gERROR:sjmp inter RET
setreg: MOV SCON,#50H ALIGHT: MOV 31H,#01H
MOV TMOD,#20H MOV 30H,#00H

MOV TH1,#0FDH SETB P0.7



LCALL DELAY
SETB P2.7
LCALL DELAY
SETB P2.6
RET

LCLOSE: MOV A #07H
CINE A,30HLCLOSE1
SETB P0.7
LCALL DELAY
SETB P2.7
LCALL DELAY

SETB P2.6

MOV 30H,#00H
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LM35

General Description

The LM35 series are precision integrated-circuit temperature
sensors, whose output voltage Is linearly proportional to the
Celslus (Centigrade) temperature. The LM35 thus has an
advantage over linear temperature sensors calibrated in
* Kelvin, as the user is not required to subtract a large con-
stant voltage from its output to obtaln convenient Centigrade
scaling. The LM35 does not require any external callbration
or trimming to provide typical accuracles of £%°C at room
temperature and £¥'C over a full ~56 to +150°C tempera-
ture range. Low cost is assured by trimming and calibration
at the wafer level. The LM35's low output impedance, linear
output, and precise inherent callbration make Interfacing to
readout or control circuitry especially easy. It can be used
with single power supplies, or with plus and minus supplies.
As it draws only 80 pA from its supply, it has very low
self-heating, less than 0.1°C In still air. The LM35 Is rated to
operate over a ~55° 10 +150°C temperature range, while the
LM35C Is rated for @ -40° to +110°C range (~10° with im-
proved accuracy). The LM35 series is avallable packaged In

&National Semiconductor
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Precision Centigrade Temperature Sensors

hermetic TO46 transistor packages, while the LM35C,
LM35CA, and LM35D are also available in the plastic TO-92
transistor package. The LM35D Is also avallable in an 8-lead
surface mount small outline package and a plastic TO-220
package.

Features

® Calibrated directly in * Celsius (Centigrade)
® Linear + 10.0 mV/'C scale factor

u 0.5°C accuracy guaranteeable (at +25°C)
o Rated for full -55° to +150°C range

w Sultable for remote applications

®u Low cost due to wafer-level timming

m Operates from 4 to 30 volts

m Less than 60 pA current drain

® Low self-heating, 0.08°C In still air

s Nonlinearity only £%"C typical

® Low impedance output, 0.1 Q for 1 mA load

Typical Applications

+Vs
{4V Y0 30V)

LM35

{ 080055163

FIGURE 1. Baslc Centigrade Temperature Sensor
(+2°C to +150°C)

QUTPUT
™ 0 ¥ +10.0 aW/°C

TR-STATE® Is & registerad insdemark of Neional Bemiconducior Corporation.

Rl

i

-Vg
DBO0S5 164
Choose Ry = =Vg/50 pA
V our=+1,500 mV at +150°C
= 4250 mV 8t +26'C
= —550 mV at ~65'C

FIGURE 2. Full-Range Centigrade Temperature Sensor
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Electrical Characteristics

(Notes 1, 8)
LM35 LM35C, LM35D
Parameter Conditions Tested Design Tested Design Units
Typlcal Umit Limit | Typical Limit Limit (Max.)
(Note 4) (Note 5) (Note 4) (Note 5)
Accuracy, T A=+25'C +0.4 +1.0 0.4 +1.0 ‘Cc
LM35, LM35C T A=-10'C 0.5 0.5 1.5 ‘c
(Note 7) T a=Tmax 10.8 £1.5 +0.8 1.5 'C
Ta=*Tun 0.8 1.5 +0.8 +2.0 ‘C
Accuracy, LM35D T a=+25'C $0.6 *1.5 ‘C
(Note 7) Ta=Taax £0.9 £2.0 'C
Ta=Tan £0.9 +2.0 'c
Nonlinearity T aanSTaSThiax $0.3 10.5 10.2 10.5 °C
(Note 8)
Sensor Galn T minSTasTuax +10.0 +9.8, +10.0 +9.8, mv/'C
(Average Slope) +10.2 +10.2
Load Regulation T AZ+25°C 0.4 +2.0 104 $2.0 mV/mA
(Note 3) Gl <1 mA T aunsSTasThax 10.5 15.0 0.5 15.0 mV/mA
Line Regulation T A=+25°C +0.01 0.1 £0.01 £0.1 mvIv
(Note 3) 4VsV g<30V 10.02 10.2 10.02 10.2 mviv
Qulescent Curment V g=+5V, +25°C 56 80 58 80 WA
(Note 9) V g=+5V 108 158 91 138 pA
V g=+30V, +25°C 56.2 82 56.2 82 pA
V g=+30V 103.5 161 91.5 141 WA
Change of 4V$V3536V. +25C 0.2 2.0 0.2 20 A
Quiescent Current 4VsV <30V 0.8 3.0 0.5 3.0 A
(Note 3)
Temperature +0.39 +0.7 +0.39 +0.7 PA°C
Coefficlent of
Quiescent Current
Minimum Temperature | In circult of +15 +2.0 +1.5 +2.0 ‘c
for Rated Accuracy Figure 1, 1,20
Long Term Stability T 5= Tmax, for $0.08 +0.08 'C
1000 hours

Nots 1: Unless otherwise

noted, these

Nots 3: Regulation is

renge.

d at

d (but not 100% p

of the output-voltage

tage-

Note 9: Quiescent curment is defined In the dircuit of Figuwre 1.

Note 10: Absolute Midmum Ratings indicats imits beyond which damage to the device may uccur, DC and AC electrical specifications do not apply when operating
the device beyond its rated operating conditons. Ses Note 1.

Note 11: Hurman body model, 100 pF discherged thvough a 1.5 kA resistor.

Note 12 See AN-450 "Surface Mounting Methods and Their Effect on Product Rellability” or the section titied *Surface Mount” found in a cument National Semicon-
ductor Linear Data Book for other methods of saidering surface mount devices.

apply: ~85'CST£+180°C for the LM35 and LM3SA; —~40°ST5+110°C for the LM35SC and LM35CA; and

0'ST£+100°C for the LM3SD, Vg=+5Vdc and k oap=50 HA, in the drault of Figure 2. These specifications also apply from +2°C to Tuax In the dircuit of Figure 1.

Spedifications in boldface apply over the ful rated tempersiure range.

Nots 2: Thermal resistance of the TO48 packege ls 400°C/W, junction fo amblent, and 24'C/W junction to cese. Thermal resistance of the TO-82 package is

180"C/W junction to ambient. Thermal resistance df the small outine molded package Is 220"C/W junction to amblent. Thermal resistance of the TO-220 package

Is 80"C/W juricion to ambient. For additionsi thermal resistance Information see table in the Applications section.
Junction using pulse testing with a low duty cycle. Changes in output due to heating effects can be com-

puted by multiplying the intemel dissipaton by the thenmal resistancs.

Nots 4: Tested Limits ere guersntsed and 100% tested in production.

Note 5: Design Limits are gu

culate oulgoing quality levels.

Note 8: Spedifications in boldface apply over the ful reted tsmperature renga.

Note 7: Accuracy is defined as: the eror betwean the output voltags and 10mv/"C times the device's casse femperature, at specified conditions of voltage, curent,

and temparsture (expressed in °C).

Nots 8: Nonlinearity is defined as the deviatk

tested) over the indicated temperature and supply voltage ranges. These imits are not used to cal-

curve from the best-fit straight line, over the device's rated temperature
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Connection Diagrams

TO-48
Metal Can Package*®

*Case Is connected to negative pin (GND)

Order Number LM358H, LM35AH, LM35CH, LM38CAH or
LM35DH
See N8 Package Number HOSH

T0-92
Plastic Package

L+ Your W0

BOTTOM VIEW
080085182
Order Number LM35CZ,
LM35CAZ or LM35DZ
See NS Package Q‘lumbor Z03A

80-8
Small Outline Molded Package

8f—+Vg
7}-ne.
6f—HC
S NC.

Your =
NC. -2
NC. -3
GND —{ 4

0BN056518-21
N.C. = N> Connection
Top View
Order Number LM350M
See NS Package Number MOSA

TO-220
Plastic Package®

@)

LM
3501

+Vs Vour

*Tab is connected 1o the negative pin (GND).
Note: The LM3SOT pinout Is different than the discontinued LM350P.
Order Number LM35DT
See NS Package Number TAO3F




Typical Performance Characteristics
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Typical Performance Characteristics (continued)

Nolse Voitage

wotsE (av/v )

NEEEE

10 100 W

104
FREQUENCY (Hz)

Applications

The LM35 can be applied euslly in the same way as other
Integrated-circult temperature sensors. It can be glued or ce-
mented to a surface and Its temperature will be within about
0.01°C of the surface temperature.

This presumes that the amblent alr temperature is almost the
same as the surface temperature; if the alr temperature were
much higher or lower than the surface temperature, the ac-
tual temperature of the LM35 die would be at an Intermediate
temperature between the surface temperature and the alr
temperature. This Is expecially true for the TO-92 plastic
package, where the copper leads are the principal thermal
path to canry heat into the device, so Its temperature might
be closer to the air temperature than to the surface tempera-
ture.

To minimize this problem, be sure that the wiring to the
LM35, as it leaves the device, is held at the same tempera-
ture as the surface of Interest. The easlest way to do this Is
to cover up these wires with a bead of epoxy which will in-
sure that the leads and wires are all at the same temperature
as the surface, and that the LM35 die’s temperature will not
be affected by the alr temperature.

Start-Up Response

6
4
2
0

Y (M

}s

0.4
0.2
L

Your (V)

v

0 10 20 30 40 50 60
TIME (micressconds)

The TO-46 metal package can also be soldered to a metal
surface or pipe without damage. Of course, in that case the
V- terminal of the circult will be grounded to that metal. Alter-
natively, the LM35 can be mounted inside a sealed-end
metal tube, and can then be dipped into a bath or screwed
into a threaded hole in a tank. As with any IC, the LM35 and
accompanying wiring and circuits must be kept insulated and
dry, to avoid leakage and corrosion. This is especially true if
the circult may operate at cold temperatures where conden-
sation can occur. Printed-circuit coatings and varnishes such
as Humiseal and epoxy paints or dips are often used to in-
sure that molsture cannot corrode the LM35 or its connec-
tions.

These devices are sometmes soldered to a small
light-welight heat fin, to decrease the thermal time constant
and speed up the response In slowly-moving alr. On the
other hand, a small thermal mass may be added to the sen-
sor, to giva the steadlest reading despits small deviations in
the alr tamperature.

Temperature Rise of LM35 Due To Self-heating (Thermal Resistance,6,,)

TO-48,

TO4", TO®2, TO-02, 2038 808+ TO-220
no heat amall hast fin no hest amall hast fin no heat small haat fin no hast
oink elnk sink uink
8l alr 400°CW 100°CW 180°C/W 140°'Cw 20CwW 110°cw 80'cwW
Moving air 100°C/W 40°CwW w0'cw 700w 108'C/wW 0'CwW 28'cw
84l o 100'C/W 40°'cw 90°CW T0CwW
Stirred off 80'Cw 0'CW 45'CwW 40w
(Clampad o metal,
Infinks haet aink) (24w (88°CA)

“Wakafie'd type 201, or 1" disc of 0.020" shest brass, soidered to case, or aimilar.
“TO-82 and SO-8 packages giued and leads soklered to 1" square of 1/16” printed circuit board with 2 oz. foll or sinilar,
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Typical Applications

—— WEAYY CAPACITIVE LDAB, WARIMG, ETC.
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FIGURE 3. LM35 with Decoupling from Capacitive Load
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FIGURE 4. LM35 with R-C Damper
CAPACITIVE LOADS

Like most micropower circuits, the LM35 has a limited ability
to drive heavy capacitive loads. The LM35 by itself is able to
drive 50 pf without special precautions. If heavier loads are
anlicipated, it is easy to Isolate or decouple the load with a
reslstor; see Figure 3. Or you can Improve the talerance of
capacitance with a series R-C damper from output to
ground; see Figure 4.

When the LM35 Is applied with a 200Q load resistor as
shown in Figure 5, Figure 6 or Figure 8t s relatively immune
to wirlng capacitance because the capacitance forms a by-
pass from ground to Input, not on the output. However, as
with any linear dircuit connected to wires in a hostlle environ-
ment, s performance can be affected adversely by Intense
electromagnetic sources such as relays, radio tranamitters,
motors with arcing brushes, SCR transients, etc, &s Its wiring
can act as a receiving antenna and its internal junctions can
act as rectifiers. For bast results in such cases, a bypass ca-
pacitor from V, to ground and a serles R-C damper such as
75Q in series with 0.2 or 1 pF from output to ground are often
useful. These are shown In Figure 13, Figure 14, and
Figure 16.

Vour = 10 o/ *C (Dmson +1°C)
FROM +2°CY0 +40°C

o T + Q

(Grounded Sensor)

FIGURE 5. Two-Wire R

&

TWISTED PAMR

Vot =10 W/ *C (Tagsmony +1°C)
FAOM +2°C TO +40°C

080065188

FIGURE 8. Two-Wire Remole Temperature Sensor
(Output Referred to Ground)

+%

|

=Ir):

1914

08006516-7

FIGURE 7. Temperature Sensor, Single Supply, =55 to
+150°C

P e Vour = 10 s/ *C (Tamssent +10°C)
' FROM —8°Cte +40°C

AAA

DEO0SS 18-8

FIGURE 8. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)

b
<
Q4T
b3
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+ N

ot T

{g— +vmo+uv

1% ADJ

:
g 1

080055180

FIGURE 9. 4-To-20 mA Current Source (0°C to +100°C)
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Typical Applications (continued)

W
|
+V
(6v T0 20v) s
was =
S
1'
g — =
L DS00688-11
5;}‘,’: FIGURE 11. Centigrade Thermometer (Analog Moter)
‘Ta- W/°F
+1.0my/e
< ma "
| L
= < 1
LM305-1.2 Q18 ¢ r—- 835 AAAS
W S @ 100 A,
1% 8 Y
FULL-SCALE
oS A wsszs B
FIGURE 10. Fahrenhelt Thermometer —L
= =
08005518-12
FIGURE 12. Fahrenheit ThermomaterExpanded Scale
Thermomaeter
(50" to 80" Fahrenhelt, for Example Shown)
3 (1]
+ :&Lﬁ
‘D
oyt n
oo wr | oot b PN
1.2
7]

‘ Ll

N el L BMABLE
T/

S
i

GND
DBA0E516-13

FIGURE 13. Temperature To Digital Convarter {Serlal Output) (+128°C Full Scale)

11

" PARALLEL
‘ OATA
ouTRUT

T

IL——d!
=

ano
DBANG516-14

FIGURE 14. Temperature To Digital Converter (Parallel TRI-STATE™ Outputs for

Standard Data Bus to pP Interface) (128°C Full Scale)
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Typical Applications (continued)

-

b
vwwnnamn uln

] B8 U B
Ll : L " & : 9
|+
T
1 0 LEDs
" 10 | AU | 10
e LM3914
L-J"sz‘,':.' I#lilsl'll'!:
s i D4E “w
Va
HEAT 1T
FN3 RAA A
$ w0 Yo WA~ Wy .
b ) %9 B4
Q15" Sk
. s )}
%ﬁ
080055 16-18
*=1% or 2% fiim realstor
Trim Rg for Vg=3.075V.
Trim Rg for Vc=1.955V
Trim Ry, for VA=0.075V + 100mV/'C X Tantient
Example, VA®2.275V at 22°C

FIGURE 15. Bar-Graph Temperature Display (Dot Mode)

v

0.01 uF

0800661618

FIGURE 16. LM35 With Voltage-To-Frequency Converter And Isolated Output
{2°C to +150°C; 20 Hz to 1500 Hz)
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Block Diagram
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Physical Dimensions inches (milimetsrs) uniess otherwise noted

800020 4% ]
(0.254 --0.508}

\ 0209-0218
(5.308-5.563)
| 0.178-0.185
SEATING r {8521-4.953)

PLANE 0.080 - 0.105
8025 L {2.0%2 - 2.861)
{0638) 0w

UNCONTROLLED : ™ 3938
LEADDIA u 0 (27
0.016-4.019 0.010
um-um)"" |- o7a)
DIATYP MAX
8100
m TYe

6.050
™ !:
-~ N
R

0.028-0.048

0.036-0.46
(u‘u-1.m)\{(> @z
i . HOSH (REV Q

0150 ~0.157
38103,

-

TO-48 Metal Can Package (H)

Order Number LM35H, LIM35AH, LM35CH,

LM35CAH, or LM35DH
N8 Package Number HO3H

L

ooss f ‘ f
uLEaTRS | 0.018-0.00
{9.408—1.270)

0.008-0.010 .1z,
{30028
TYP AL LEADS oy ]
$0-8 Molded Small Outline Package (M)
Order Number LM35DM
N8 Package Number MOSA

1
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Physical Dimensions inches (milimeters) unless otherwise noted (Continued)

_,1 0.240-0.260 |
16.10-6.80) | __0.330-0.350
0.100-0.120 [0.38-8.89)

[2.54-3.08]

0.149-0.153

0.060-0.075
(usz-ven) T '.1 /_ ¥ [3.78-3.89] 0.190-0.210
4 / 0.090-0.110 [4.83-5.33)
t ’i: [2.20-2.79) _"
0.400 .o 51s 4°-50 g - ~ 5 o
=0.005 e PSS
{10.16 '3:33 _ v . § —I_
: +0.015 | ———
0.388 5008 Py
+0.38
[s.88 -o'.u] ez = =
L———L o{.nu-o‘osls xpest
] 0.045-0.055 Pe30-0%s80 1.22-1.40
T e el 1| 4TS g e
0.001-0.007 1, PIN #1 1D .69-0.
[0.25-0,178] 1.005-1.035 |

[25.53~26.29)

o~
7«"" 0.525-0.555
| /—N 7°/’\ Y ([u.u-u.lo]) 0.015 '3 001
| et
0.175-0.185 T >
(4.45-4.70] = t f
! 00-5° ~. "\ seatiNG pLanE 0.105 *5018
0.048-0.052 Rt
[1.22-1.32) 1267 255
TAPERED SIDES 1° 14037 RV )
Power Package T0-220 (T)
Order Number LM35DT
Ni3 Package Number TAO3F
/\‘\ 50 2 PLCS
e B e—— “L
s ‘if;:::g'g;ﬁ‘ BEFORE LEAD FINISH
0.500 o e
‘/J {12.70]
SO 0.135-0.145
o.00 [3.43-3.68]
[2.29] UAX | 0.045-0.055
(UNCONTROLLED [1.14-1.40]
e~ LEAD DIA) 0.045-0.055 1o

' :,[: [1.14-1.40]
I ' =
0.175-0.185 |}
O [e4s-4.70] |1
)
]

Y

o.o1s-o.oz]1 - j-

EJECTION MARK [0.41-0.53 0.090
0.065 [2.29) 10° 2 PLCS
[1.65]
203A (REV F)

0.015
¥ [0.38) &
70-92 Plastic Package (2)

Order Number LM35CZ, LM35CAZ or LM350Z
N8 Package Number Z03A
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Notes

LIFE SUPPORT POLICY

systems which, (a) are intended for surgical implant
Into the body, or (b) support or sustain life, 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.

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

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

Amaricas Fax: +49 (0) 1 80-830 86 88
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ULN2001A, ULN2002A, ULN2003A, ULN2004A
DARLINGTON TRANSISTOR ARRAYS

SLRS027 - DECEMBER 1976 — REVISED APRIL 1993

b
HIGH-VOLTAGE HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS
® 500-mA Rated Collector Current D OR N PACKAGE
(Single Output) (TOP VIEW)
® High-Voltage Outputs ... 50V U
@ Output Clamp Diodes ;EE ; :g % ;g
® Inputs Compatible With Varlous Types of 38[l 3 14{] 3¢
Logic wflsa  13fl4c
@ Relay Driver Applications 58[} 5 12[] s¢
® Designed to Be Interchangeable With eBl]s  11flec
Sprague ULN2001A Series 8}7  10fl7c
ell s al] com
description

The ULN2001A, ULN2002A, ULN2003A, and ULN2004A are monolithic high-voltage, high-current Darlington
transistor arrays. Each consists of seven npn Darlington pairs that feature high-voltage outputs with
common-cathode clamp diodes for switching inductive loads. The collector-current rating of a single Darlington
pair is 500 mA. The Darlington pairs may be paralleled for higher current capability. Applications include relay
drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge), line drivers, and logic buffers.
For 100-V (otherwise interchangeable) versions, see the SN75465 through SN75469.

The ULN2001A is a general-purpose array and can be used with TTL and CMOS technologies. The ULN2002A
is specifically designed for use with 14- to 25-V PMOS devices. Each Input of this device has a zener diode and
resistor in series to control the input current to a safe limit. The ULN2003A has a 2.7-kQ series base resistor
for each Darlington palr for operation directly with TTL or 5-V CMOS devices. The ULN2004A has a 10.5-k2
series base resistor to allow its operation directly from CMOS devices that use supply voltages of 6to 15V. The
required Input current of the ULN2004A is below that of the ULN2003A, and the required voltage is less than
that required by the ULN2002A.

logic symbolt logic diagram
9
9 CcCoM
CLAMP |-¢—— COM 1
A o 1B 1c
1 18
1B - > 9‘5——15 1c 2
28 P2 =y — %
3 1“4
3B e 3C 3 14
B 2 Ko 15 3B —] —— 3C
5 &L
8 & 4 13
] 11
(-3 Br—— 6C 4B 4c
7 10
58 —— 5C
T This symbol is in accordance with ANSI/IEEE Std 91-1984
and IEC Publication 617-12. 6 11
8 —— 6C

7B 7C

q
e
o

Copyright ® 1993, Texas Instruments Incorporated
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ULN2001A, ULN2002A, ULN2003A, ULN2004A
DARLINGTON TRANSISTOR ARRAYS

SLRS027 - DECEMBER 1978 — REVISED APRIL 1993

electrical characteristics, Ta =25°C (unless otherwise noted)

PARAMETER TEST | TEST CONDITIONS el SEeen UNIT
FIGURE MIN TYP MAX| MIN TYP MAX
Vi(on) On-state input voltage 6 Veg=2V, Igc=300mA 13 \4
=250 pA, Ig=100mA 09 1.1 09 1.1
Collector-emitter «
VCE(sat) ganration voltage 5 =350 pA, Ic=209mA 1 1.3 1 13| v
=500 uA, Ic=350mA 1.2 186 12 18
VF Clamp forward voltage 8 IF =350 mA 1.7 2 1.7 2 Vv
1 Vce=50V, =0 50 50
ICEX Collector cutoff current Vee=50V, | h1=0 100 100 HA
2 ;
TA=70°C |Vv|=8V 500
i Vce =50V, Ig =500 pA,
||(oﬂ) Off-state input current 3 T4 =70°C 50 85 50 65 HA
h Input current 4 V=17V 082 1.25| mA
v, V, TA=7 100 100
IR Clamp reverse current 7 RS0 13 A
VR=50V 50 50
Static forward current ) - e
hrFe Arangtar rals 5 Vcg=2V, Ic=350mA | 1000
Ci Input capacitance Vi=0, f=1MHz 15 25 15 25| pF
electrical characteristics, Ta = 25°C (unless otherwise noted)
ULN2003A ULN2004A
PARAMETER TEST | ' vEST CONDITIONS UNIT
FIGURE MIN TYP MAX| MIN TYP MAX
I =125 mA 5
Ic =200 mA 2.4 6
Ig =250 mA 2.7
\/ On-state input voltage 6 Vce=2V \
I(on) inp 9 CE Ic= 275 mA 7
Ic =300 mA 3
Ic =350 mA 8
g =250 pA, =100 mA 09 1.1 09 14
or-emitter
VCE(sat) saturation voltagh 5 lj=350 pA, I =200 mA 1 1.3 1 1.3 \%
=500 A, g =350 mA 12 16 12 1.6
1 VCE=50V, I}=0 50 50
ICEX Collector cutoff current 2 Veg=50V, | h=0 100 100} pA
TA=70C _|vy=1V 500
VE Clamp forward voltage 8 lip=350mA 1.7 2 1.7 2| v
VCE=50V, ICc=600uA,
li(o) Off-state Input current 3 T:=70°C 50 65 50 65 HA
V;=3.85V 093 1.35
h Input current 4 Vi=5V 0.35 05 mA
Vi=12V 1 145
VR=50V 50 50
| Clamp reverse current 7
R d on VR=50V, TA=70°C 100 0] M
Cj Input capacitance Vi=0, f=1MHz 15 25 15 25 pF

{i) TEXAS
INSTRUMENTS
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ULN2001A, ULN2002A, ULN2003A, ULN2004A

DARLINGTON TRANSISTOR ARRAYS

SLRS027 - DECEMBER 1976 ~ REVISED APRIL 1893
[t

switching characteristics, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tpLq Propagation delay time, low-to-high-level output See Figure 9 0.25 1 us
ul
tpHL Propagation delay time, high-to-low-level output 9 0.25 1 us
Vg =50V, 10 =300 mA, .
VoH High-level output voltage after switching See Figure 10 Vg—-20 mV

PARAMETER MEASUREMENT INFORMATION

Open v

ICEX
Open l

Figure 1. Icgx Test Circuit
Open VCE

jl_(gf;) ‘lc

Figure 3. ljioff) Test Circuit

Open

NOTE: | is fixed for measuring VCE(sat). variable for
measuring hFg.

Figure 5. hgg, VoE(sat) Test Circuit

Open VCE

ICEX
Vi

Figure 2. Icgx Test Circuit
Open

Vi Open

Figure 4. |} Test Circuit

Open

£
|

Figure 6. V(on) Test Circuit

'ﬂ’ TeExAs
INSTRUMENTS
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ULN2001A, ULN2002A, ULN2003A, ULN2004A
DARLINGTON TRANSISTOR ARRAYS

SLRS027 - DECEMBER 1976 - REVISED APRIL 1993

PARAMETER MEASUREMENT INFORMATION

VR
VR
Open

Figure 7. Ig Test Circuit

Input —/'/so% 50% SF
I

e tpuL = l4 tpLn -Nl
|
Output 5{; 50% 50%
VOLTAGE WAVEFORMS

Figure 9. Propagation Delay Time Waveforms

Vs

|
L 2mH
ULN2001A onlly oo o o e e
&7 K 1 200Q
Pulse 1
Generator ———— —‘-——— Output
(see Note A) ULN2002A
ULN2003A [ T CL=15pF
ULN2004A L L (see Note B)
TEST CIRCUIT
-b{ J¢&- <5ns -] {4— <10ns
f b e e e e e e e e — VIH
Input ! %0% 90% I (see Note C)
14 15v 15v¥k!
10% ¥ | 1 10%
¢ 40ps ——P ov
VoH
Output \
———————— VoL
VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz, Zg =50 Q.
B. Cgincludes probe and jig capacitance.
C. For testing the ULN2001A and the ULN2003A, V|4 =3V, for the ULN2002A, Vi =13 V;
for the ULN2004A, Vi =8 V.

Figure 10. Latch-Up Test Circuit and Voltage Waveforms
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ULN2001A, ULN2002A, ULN2003A, ULN2004A
DARLINGTON TRANSISTOR ARRAYS

SLRS027 ~ DECEMBER 1976 - REVISED APRIL 1893

TYPICAL CHARACTERISTICS
COLLECTOR-EMITTER COLLECTOR-EMITTER
SATURATION VOLTAGE SATURATION VOLTAGE
v8 vs8
COLLECTOR CURRENT TOTAL COLLECTOR CURRENT
(ONE DARLINGTON) (TWO DARLINGTONS PARALLELED)
25 2.5
> [, o [ |
3 Ta =25°C o Ta =25°C Iy = 250 jA
% 2 2 i
= /l|=250uA s I =350 pA
% 1} =350 A %
3 15 // Iy = 500 pA | —— 2 15 = S
@ 0w /
g Z § // =1, = 500 pA
5 AL —
g i VT
3 os S o5
! o'
&
} 3
0
>3 0 100 200 300 400 500 600 700 800 = "o 100 200 300 400 500 600 700 800
Ic - Collector Current — mA I¢(tot) — Total Collector Current — mA
Figure 11 Figure 12
COLLECTOR CURRENT
vs
INPUT CURRENT
500 T T
RL=10Q
450 |
Tp=25°C 7
| / /
E 400 | / 4
N3 vg=1ovy /|
£ Vg =8V
E / / s
e [/
§ 250 / /
:cl; 200 /
o 150
100
50
(]

0 25 50 75 100 125 150 175 200
I} —Input Current — pA

Figure 13
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ULN2001A, ULN2002A, ULN2003A, ULN2004A

DARLINGTON TRANSISTOR ARRAYS

SLRS027 - DECEMBER 1976 ~ REVISED APRIL 1993

fssisaascecs
THERMAL INFORMATION
D PACKAGE N PACKAGE
MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT
\'2 3 vs
DUTY CYCLE DUTY CYCLE
600 600
E 500 E 500 X <
L \ \ \ 1 \ \\ \ N=2 N =N
E 400 \ \ \ N=4 ek E 400 \ i
-
RN RTINS e s NN
» e N
‘E \\ \ \ N = § >\\ 74\\
2 300 \ g 300 ' N= 5 — NS
3 \ \ [\N 2 = N=6 & \
1) \ I~
PP L 2\ ‘el E aof—t- NN I~ T
" N=7 — g s 3 oS —
i T SR 5 S
1) 100 TR =70°C Io 100 [~ 75 =85°C
N = Number of Outputs o N = Number of Outputs
o \ COnduclﬂng SImu!tanoously; i CO:\ducltlng ?h’nul}ane?usly'
1 1 1 o
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Duty Cycle - % Duty Cycle - %
Figure 14 Figure 15
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ULN2001A, ULN2002A, ULN2003A, ULN2004A
DARLINGTON TRANSISTOR ARRAYS

SLRS027 - DECEMBER 1976 — REVISED APRIL 1893

APPLICATION INFORMATION

<

vss ULN2002A v Ve ULN2003A

16 p

15

114

N
w
@

s
. 4

1

-h
o

©

Lamp
Test

T

Figure 16. P-MOS to Load Figure 17. TTL to Load

Vpp ULN2004A v

3
T B
T Be=
T B

1

ULN2003A

Y

10

9
CMOS ;;7
Output
= = Output =
Figure 18. Buffer for Higher Current Loads Figure 19. Use of Pullup Resistors to

Increase Drive Current
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (Tl) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringerment, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the tinie of sale in
accordance with Tl's standard warranty. Testing and other quality control techniques are utilized to the extent
Ti desms necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS"). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER

CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tlassumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, elther express or implied, Is granted underany patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. Tl's publication of information regarding any third
party’s products or services does not constitute Tl's approval, warranty or endorsement thereof.

i

Copyright © 1998, Texas Instruments Incorporated



Moisture control with Philips’
humidity sensor

b Let make things bettor
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Philips Components

Humidity sensor

APPLICATIONS

o Humidity measurements in
electronic hygrometers for
domestic use

Self-regulating air humidifiers, etc.

DESCRIPTION

This capacitive atmospheric humidity
sensor consists of a non-conductive
foil, which is covered on both sides
with a layer of gold. The dielectric
constant of the foil changes as a
function of the relative humidity of the
ambient atmosphere and,
accordingly, the capacitance value of
the sensor is a measure for relative
humidity. The foil is clamped between
contact springs and assembled in a
plastic housing. Itis provided with two
connecting pins which fit
printed-circuit boards with a grid pitch
of 2.54 mm, provision is also made for
fastening with 3 mm bolts. The
characteristics are not affected by
incidental water condensation on the
sensor foil. It should not be exposed

to either acetone or chlorine vapours.

1996 Nov 12

QUICK REFERENCE DATA

Product specification
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2322 691 90001

PARAMETER VALUE UNIT

Humidity range (RH) 10 to 90 %
Capacitance at +25 °C; 43% RH; 100 kHz 122 +15% pF
Sensitivity between 12 and 75% RH 0.4 £0.05 pF/%RH
Frequency 1to 1000 kHz
Maximum AC or DC voltage 15 \Y,
Storage humidity range (RH) 0 to 100 %
Ambient temperature range:

operating 0 to +85 °C

storage -25 to +85 ¢
Drop test:

height of free fall 1 m
Mass =1.3 g




Philips Components Product specification

Humidity sensor 2322 691 90001

MECHANICAL DATA
Marking
PHILIPS H1.

Mounting

The device can be soldered directly
on to a printed-circuit board or e
fastened with 3 mm bolts. -

Soldering i { L ] ]
Solderability: <240 °C; <4 s. R

Resistance to heat: <240 °C; <4 s.

Robustness of terminations

Tensile strength: 10 N. -] r— 3.1%0.1

I+

g 1
77416

5{01%.0.5.
085, # 0.5
N

|
Y Alorooror o MED125

Dimensions in mm.

Fig.1 Component outline.
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Philips Components Product specification

Humidity sensor 2322 691 90001

ELECTRICAL CHARACTERISTICS
Unless otherwise stated, measurements are in accordance with “/EC publication 539". Stability is in accordance with
"“CECC 43000"and “IEC 68-2".

PARAMETER VALUE UNIT
Humidity range (RH) 10 to 90 %
Capacitance at +25 °C; 43% RH; 100 kHz 122 £15% pF
Tan & at +25 °C; 100 kHz; 43% RH <0.035
Sensitivity between 12 and 75% RH 0.4 +0.05 pF/%RH
Frequency range 1to 1000 kHz
Temperature dependence 0.1 Y%RHIK

Response time in minutes
(to 90% of indicated RH change at +25 °C, in circulating air):

between 10 and 43% RH <3
between 43 and 90% RH <5
Hysteresis (for RH excursion of 10 to 90 to 10%) =3 %
Maximum AC or DC voltage 15 \Y
Storage humidity range (RH) 0to 100 %
Ambient temperature range:
operating 0 to +85 °C
storage —-25 to +85 °C
Mass =1.3 g
150 MEA832
c
(PF)
140 /
4
4
130
120 4
e
110
0 50 RH (%) 100

Fig.2 Typical capacitance as a function of relative humidity.
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Moisture control with Philips’ capacitive humidity sensor

Philips’ capacitive humidity sensor has already proven itself
over many years as one of the most effective and economi-
cal means of measuring and controlling humidity.

The sensor operates by sensing changes in capacitance of
a thin-film polymer membrane as it absorbs moisture from
its surroundings. Compared with many alternatives, it's
simple (o operate, highly reliable and fast. What's more, its
long-term characteristics are unaffected by condensation of
water on the membrane surface and other aggressive

pollutants in the air.

Used in, for example, home hygrometers, weather stations,
air-conditioners, climate controllers and tumble dryers, it’s
capable trouble-free service with

of providing long,

minimum maintenance.

Designed for a measuring range between 10% and 90%
relative humidity the sensor’s relatively linear characteristic
allows it (o be easily incorporated into simple, inexpensive

measuring circuitry.

Features and benefits

long-term reliability

high sensitivity

[ast response

high immunity against contaminants

operates with simple measuring circuitry

Proven in a host of applications

Important application areas where Philips' sensor has
already proven itself include:

e Heating, ventilating and air-conditioning systems

o Industrial-control installations

e Climate-control systems in, for example, industrial clean
rooms, operating theatres, computer rooms and green-
houses

e Climatic chambers

e Drying processes

e Printing industry

3

Humidity control the Philips way

Accurate measurement and control of humidity is an
important requirement of today's world. The humidity of
the air, i.e. the amount of water vapour il contains,
influences not only our comfort but also the effectiveness
ol many professional and industrial processes.  Though
several types ol clectronic humidity sensor exist, Phudips
capacitive sensor has long proven to be one ol the most

reliable, durable and casiest to use.

The sensor is made up of a polymer f(ilm coated on both
sides with a very thin air-permeable gold layer to form a
capacitive element. The (ilm is clamped between spring
contacts inside a perforated plastic housing. Changes in
relative humidity (RH) of the surrounding air cause a
change in dielectric constant of the polymer film lcading
to a change of sensor capacitance. The rclationship
between  sensor capacitance and relative humidity is a
rather simple one which means that the sensor can casily

be incorporated into an electrical measuring circuil.

MEABS!

150

(nF)

140

130

120

110

50 RH (%)

Fig.1 A simple relationship between capacitance and RH means the

sensor can easily be incorporated into an electrical measuring circuit
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Sensor specifications

Electrical
Humidity range:
Capacitance @ +25 °C, 43%rh, 100 kHz:
Dissipation factor @ +25 °C, 43%rh, 100 kHz:
Sensitivity between 12 and 75%rh:
Frequency range:
Temperature dependence:
Response time":
between 10 and 43%rh:
between 43 and 90%rh:
Hysteresis*":
Maximum voltage:
Operating and storage temperature range:

10 to 90%rh

122 +15% pF

< 0.035

0.4 = 0.05 pF/%rh
1 to 1000 kHz
0.1%rh/K

< 3 min

<5 min

= 3%

15 Vp-p

-25 to + 85 °C

Mechanical

Height: 20.0 mm
Width: 15.5 mm
Thickness: 50 mm
Lead distance: 5.08 mm

* to 90% of indicated %rh change at + 25 °C, in circulating air
** for excursion from 10%rh to 90%rh and back to 10%rh

Working with Philips’ humidity
sensor

Measuring circuitry

Measuring relative humidity using Philips’ sensor involves
the detection of relatively small capacitance changes.
Depending on the level of precision required, several
measuring circuits are possible. The circuit of Fig.2, using
a metastable flip-flop 1C offers simple measurement

without lincarization.

precision capacitance sensor
v
- 40138 :
Ct BgVeg 16V
AL R1__30 ke
601 v [s § S
humidity s {ophcnal) ;5 3
ity ¢ {optinat) H ey Cl oy Mnis G
FF2_1 4
1 = |12 .
N ap2 Cx > Crar
R
aoJ JJI
2 4
R2 30k
T o
l 130 pF NPO ~50 kHz (not critical)
10 ke 10 k&2
. . dock
0.001 yF genarater
3/6 40698
ccasrg

Fig.2 Measuring circuit without linearization based on metastable flip-
Nop. (Circuit courtesy of W. Stephen Woodward of University of Nortl)
Carolina)

hunmidity sensor
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470 k82 T ——t T
2% 150 42 R8
14 14]
h 3l s 9 ) BZVIL Vg
(2] Dot :
6
HEF40018 ) Do—
12 8 -
1 10
13 9 4x parallel
7 17
470k82
2% BA221
31040 pF
w
A%cy
47 pF 10 k2 820 k(2
c2
47 pF 0.22 pF
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Fig.3 Measuring circuic with linearization. In the circuit, Ry is chosers

so that Rg= (Vi - Vep/(2 mA) Q

For higher precision, (he measuring circuit of Fig.3
incorporating a lincarizing network can be used. This
circuil is suitable Tor connccting to an external power

supply.

Measuring-circuit calibration

The measuring circuit may be calibrated using a saturated
salt solution in a small airtight container to create a
standard. relative humidity environment (ASTM Designa-
tion E 104).

prepared [rom reagent grade chemicals and reagent water

The saturated salt solution should be

produced by distillation or by ion exchange.

Recommended salts (ASTM E 104)

RH
@ 25°C
Lithium chloride LiCl 11.3%
Potassium acetate KC,H;0, 22.5%
Magnesium chloride MgCl, 32.8%
Potassium carbonate K,CO4 43.2%
Magnesium nitrate Mg(NO;), 52.9%
Sodium chloride NaCl 75.3%
Potassium chloride KCI 84.3%
Potassium nitrate KNO4 93.6%
Potassium sulphate K,SO, 97.3%

4
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Potassium carbonate is usually chosen as a reference since
its RH (43.2%) falls approximately in the middle of the
measuring range ol the sensor and because its temperature
stability is high (from 43.1%rh at 0 °C to 43.2%rh at
30 °C).

Response time and hysteresis

The response time is defined as the time it takes for the
sensor’s reading to change by 90% of the total change
following an immediate change of relative humidity. The
response time obviously varies according to the relative
humidity level, being shorter for low humidity levels than
for higher levels.

The sensor’s response also shows hysteresis due to the
difference between the speed of moisture absorption and
the speed of evaporation. The hysteresis value in  the
specification is given for steps of 10%rh allowing a
stabilization time of 30 minutes between steps.

Maximum applied voltage

The sensor is a tough component with high dielectric
strength able to withstand both DC and AC voltages up

to 15 V. What's more, a low dissipation lactor mecans it
can accept high-amplitude measuring voltages without over
heating. And in contrast to many competing technologics

it meets the most stringent static-discharge specilications.

Operating frequency

The sensor's dissipation factor increases with humidity. I
also lalls with measuring [requency to a minimum value at
1 kHz after which it When
working at low levels of humidity (< 50%rh), it's therefore

around increases again.

possible to use relatively low (< 1 kHz)  measuring
frequencies. But for the most reliable results over the total
operating range ol the sensor, measuring [requencies
should be between 1 kHz and 1000 klHz.

Working in aggfessive atmospheres

Although the sensor is virtually unallected by most air
pollutants including ammonia, the vapour of some solvents
such as acetone will attack the foil and should be avoided
the Dusty

environments should also be avoided since the hygroscopic

when  building sensor into  an  assembly.

properties of some dust particles can affect sensor reading
if they're allowed to build up on the surface ol the foil,

The humidity of the air is a measure of the amount of water
vapour it contains. At any given temperature, water will continue
to be absorbed by the air either until all available water has
evaporated or the air has become saturated. Once the air is
saturated, it contains its full capacity of water and no further
evaporation will take place unless the temperature increases.

Defining relative humidity

Relative humidity (RH) is a convenient way of expressing the
amount of water vapour contained in a volume of air. It's defined
as the ratio (in percent) of the mass of water vapour in the air
to the mass required to produce saturation at the same
temperature. When the air is saturated, therefore, its RH is
100%.

RELATIVE HUMIDITY

The presence (or absence) of water vapour in air influences many
physical, chemical and biological processes. Our comfort, for
example, depends a lot on humidity since a very humid
atmosphere (i.e. at or close to saturation) limits our bodics’
ability to perspire and cool us. Usually, the most comfortable
climatic conditions are between 45 and 65%rh and for us
remain comfortable, the humidity must decrease as the tempera-
ture rises. For example, at 30 “C, 70%rh is considered uncom-
fortable while 30%rh is quite tolerable.

By introducing humidity monitoring instrumentation, the energy
management systems of office and industrial buildings could be
better optimized and a lot of energy saved without loss of
comfort by adapting the efficiency of energy management
according to the season and the external climatic conditions.

5
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Mechanical data and ordering

Dimensions in mm

e

}
5.010.5

|
|

Fig.4 Component outline

Marking
PHILIPS HI1.

Mounting
The device can be soldered directly on to a printed-circuic
board or fastened with 3 mm bolts.

Soldering
Solderability: =240 “C; <4 s.
Resistance to heat: 240 °C; <4 s.

Robustness of terminations

‘I'ensile strength: 10 N.

Ordering code
2322 691 90001.

6
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DS1620

DALLAS

SEMICONDUCTOR

DS1620

Digital Thermometer and Thermostat

FEATURES
@ Requires no external components

® Supply voltage range covers from 2.7V to 5.5V

o Measures temperatures from —-55°C to +125°C in
0.5°C increments. Fahrenheit equivalentis —67°F to
+257°F in 0.9°F increments

o Temperature is read as a 9-bit value

e Converts temperature to digital word in 1 second
(max)

o Thermostatic settings are user—definable and non-
volatile

e Data is read from/written via a 3—wire serial interface
(CLK, DQ, RST)

e Applications include thermostatic controls, industrial
systems, consumer products, thermorneters, or any
thermally sensitive system

© 8—pin DIP or SOIC (208 mil) packages

DESCRIPTION

The DS1620 Digital Thermometer and Thermostat pro-
vides 9-bit temperature readings which Indicate the
temperature of the device. With three thermal alarm out-
puts, the DS1620 can also act as a thermostat. ThigH is
driven high if the DS1620's temperature is greater than
or equal to a user—defined temperature TH. Tiow is
driven high if the DS1620's temperature Is less than or
equalto a user-defined temperature TL.. Tcom is driven

PIN ASSIGNMENT

pa 00}

CLCONV 03
RST O

GNp O

M0 vpp
M0 Then
FO Tiow

Tcom

a2 O N =
a O N @

DS1620S 8-PIN SOIC (208 MIL)
See Mech Drawings Section

7
DQ

1
CLK/CONVL] 2
RsT[] 3
enpl] 4

1 Voo

R
O Tiow
51 Teom

@ N &

DS1620 8-PIN PDIP (300 MIL)
See Mech Drawings Section

PIN DESCRIPTION
DQ - 3-Wire Input/Output
CLK/CONV =~ — 3-Wire Clock Input and
Stand-alone
Convert Input
RST — 3-Wire Reset Input
GND — Ground
THIGH - High Temperature Trigger
TLow -~ Low Temperature Trigger
Tcom — High/Low Combination Trigger
Vop — Power Supply Voltage (3V - 5V)

high when the temperature exceeds TH and stays high
until the temperature falls below that of TL.

User—defined temperature settings are stored in non—
volatile memory, so parts can be programmed prior to
insertion in a system, as well as used in stand-alone
applications without a CPU. Temperature settings and
temperature readings are all communicated to/from the
DS1620 over a simple 3-wire interface.
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Ds1620

OPERATION-MEASURING TEMPERATURE
A block diagram of the DS1620 Is shown in Figure 1.
The DS1620 measures temperatures through the use of
an on-board proprietary temperature measurement
technique. A block diagram of the temperature mea-
surement circuitry is shown in Figure 2.

The DS1620 measures temperature by counting the
number of clock cycles that an oscillatar with a low tem-
perature coefficient goes through during a gate period
determired by a high temperature coefficient oscillator.
The counter is preset with a base count that corre-
spondsto-55°C. Ifthe counter reaches zero before the
gate period is over, the temperature register, which is
also preset to the -65°C value, is incremented, indicat-
ing that the temperature is higher than -55°C.

Atthe same time, the counter is then preset with a value
determined by the slope accumulator circuitry. This cir-
cuitry is needed to compensate for the parabalic behav-
lor of the oscillators over temperature. The counter is
then clocked again until it reaches zero. If the gate
period is still not finished, then this process repeats.

The slope accumulator is used to compensate for the
nonlinear behavior of the oscillators over temperature,
ylelding a high resolution temperature measurement.
This is done by changing the number of counts neces-
sary for the counter to go through for each incremental
degreeintemperature. To obtain the desired resolution,
therefore, both the value of the counter and the number
of counts per degree C (the value of the slope accumu-
lator) at a given temperature must be known.

DS$1620 FUNCTIONAL BLOCK DIAGRAM Figure 1

STATUS REGISTER &
CONTROL LOGIC

CLK ———

TEMPERATURE SENSOR

ADDRESS
AND

HIGH TEMP TRIGGER, TH

RST ——

L1

LOW TEMP TRIGGER, TL

THIGH

LU

DIGITAL COMPARATORAOGIC

—[———D Tiow

Tcom

|
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DS1620

TEMPERATURE MEASURING CIRCUITRY Figure 2

SLOPE ACCUMULATOR

COMPARE
i S —

SETICLEAR
LOW TEMPERATURE PRESET
COEFFICIENT OSCILLATOR COUNTER LS8
ING
=0 TEMPERATURE REGISTER
HIGH TEMPERATURE
COEFFICIENT OSCILLATOR e 3

This calculation is done inside the DS1620 to provide
0.5°C resolution. The temperature reading is provided
ina9-bit, two's complementreading by issuingaREAD
TEMPERATURE command. Table 1 describes the
exact relationship of output data to measured tempera-
ture. The data is transmitted serially through the 3-wire
serial interface, LSB first. The DS1620 can measure
temperature over the range of -55°C to +125°C in 0.5°C
increments. For Fahrenheit usage, a lookup table or con-
version factor must be used.

TEMPERATURE/DATA RELATIONSHIPS
Table 1

D/

DIGITAL DIGITAL

OUTPUT OUTPUT
TEMP (Binary) (Hex)
+125°C 011111010 00FA
+25°C 000110010 0032h
+1%C 0 00000001 0001h
+0°C 0 00000000 0000h
—1/z°C 111111111 01FFh
-25°C 111001110 01CEh
-55°C 110010010 0192h

Since data is transmitted over the 3-wire bus LSB first,
temperature data can be written to/read from the

DS1620 as either a 9—bit word (taking RST low after the
9th (MSB) bit), or as two transfers of 8-bit words, with
the most significant 7 bits being ignored or set to zero,
as illustrated in Table 1. After the MSB, the DS1620 will
output 0s.

Note that temperature is represented in the DS1620 in
terms of a 1/,°C LSB, yielding the following 9-bit format:

EERERECN|DRERanan

T=-25C

Higher resolutions may be obtained by reading the tem-
perature, and truncating the 0.5°C bit (the LSB) from the
read value. This vaiue is TEMP_READ. The value leftin
the counter may then be read by issuing a READ
COUNTER command. This value is the count remain-
ing (COUNT_REMAIN) after the gate period has
ceased. By loading the value of the slope accumulator
into the count register (using the READ SLOPE com-
mand), this value may then be read, yielding the number
of counts per degree C (COUNT_PER_C) at that tem-
perature. The actual temperature may be then be calcu-
lated by the user using the following:

(COUNT_PER_C ~ COUNT_REMAIN)
COUNT_PER_C

TEMPERATURE = TEMP_READ -0.25 +

062097 3/12
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DETAILED PIN DESCRIPTION Table 2

PIN SYMBOL DESCRIPTION

1 DQ Data Input/Output pin for 3-wire communication port.

2 CLK/CONV | Clock input pin for 3-wire communication port. When the DS1620 is used in a
stand-alone application with no 3—-wire port, this pin can be used as a convert pin.
Temperature conversion will begin on the falling edge of CONV.

RST Reset input pin for 3—wire communication port.

4 GND Ground pin.

5 Tcom High/Low Combination Trigger. Goes high when temperature exceeds TH; will
reset to low when temperature falls below TL.

6 TLow Low Temperature Trigger. Goes high when temperature falls below TL.

4 THIGH High Temperature Trigger. Goes high when temperature exceeds TH.

8 Voo Supply Voltage. 2.7V - 5.5V Input power pin.

OPERATION-THERMOSTAT CONTROLS
Three thermally triggered outputs, ThigH, TLow, and
Tcowm, are provided to allow the DS1620tobe used as a
thermostat, as shown in Figure 3. When the DS1620’s
temperature meets or exceeds the value stored in the
high temperature trip register, the output ThigH
becomes active (high) and remains active until the
D81620’'s measured temperature becomes less than
the stored value in the high temperature register, TH.
The ThigH output can be used to indicate that a high
temperature tolerance boundary has been met or
exceeded, or as part of a closed loop system can be
used to activate a cooling system and to deactivate it
when the system temperature returns to tolerance.

The T ow output functions similarly to the Ty g output.
When the DS1620's measured temperature equals or

THERMOSTAT OUTPUT OPERATION Figure 3

ThiGH

falls below the value stored in the low temperature regis-
ter, the Trow output becomes active. T ow remains
active until the DS1620's temperature becomes greater
than the value stored in the low temperature register,
TL. The TLow output can be used to indicate that a low
temperature tolerance boundary has been met or
exceeded, or as part of a closed loop system, can be
used to activate a heating system and to deactivate it
when the system temperature returns to tolerance.

The Tcom output goes high when the measured tem-
perature meets or exceeds TH, and will stay high until
the temperature equals or falls below TL. In this way,
any amount of hysteresis can be obtained.

Tcom

TL

TH T (°C)
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DS1620

OPERATION AND CONTROL

The DS 1620 must have temperature settings residentin
the TH and TL registers for thermostatic operation. A
configuration/status register is also used to determine
the method of operation that the DS1620 will use in a
particular application, as well as indicating the status of
the temperature conversion operation. The configura-
tion register is defined as follows:

CONFIGURATION/STATUS REGISTER

[nom‘m=|m= |NVB| 1 I 0 lcpu lxsnorl
where
DONE = Conversion Donebit. 1=conversion com-

plete, O=conversion in progress.

Temperature High Flag. This bit will be set
to 1 when the temperature is greater than
or equal to the value of TH. Itwillremain 1
until reset by writing 0 into this location or
by removing power from the device. This
feature provides a method of determining
if the DS1620 has ever been subjected to
temperatures above TH while power has
been applied.

Temperature Low Flag. This bit will be set
to 1 when the temperature is less than or
equal to the value of TL. It will remain 1
until reset by writing 0 into this location or
by removing power from the device. This
feature provides a method of determining
if the DS1620 has ever been subjected to
temperatures below TL while power has
been applied.

Nonvolatile Memory Busy Flag. 1=write to
an E2 memory cell in progress. 0=nonvol-
atile memory is not busy. A copy to E2
may take up to 10 ms.

CPU use bit. If CPU=0, the CLKICONV
pin acts as a conversion start control,
whenRST is low. If CPU is 1, the DS1620
will be used with a CPU communicating to
it over the 3-wire port, and the operation
of the CLK/CONV pin is as a normal clock
in concert with DQ and RST. This bit is
stored in nonvolatile E2 memory, capable
of at least 50,000 writes. The DS1620 is
shipped with CPU=0.

One-Shot Mode. If 1SHOT is 1, the
DS1620 will perform one temperature

THF =

TF =

NVB =

CPU =

1SHOT =

conversion upon reception of the Start
Convert T protocol. If 1SHOT is 0, the
DS1620 will continuously perform tem-
perature conversion. This bit is stored in
nonvolatile E2 memory, capable of atleast
50,000 writes. The DS1620 is shipped
with 1SHOT=0.

For typical thermostat operation, the DS1620 will oper-
ate in continuous mode. However, for applications
where only one reading is needed at certain times, and
to conserve power, the one-shot mode may be used.
Nota that the thermostat outputs (TrigH, TLow: Tcom)
will remain in the state they were in after the last valid
temperature conversion cycle when operating in one—
shot mode.

OPERATION IN STAND-ALONE MODE

In applications where the DS1620 is used as a simple
thermostat, no CPU is required. Since the temperature
limits are nonvolatile, the DS1620 can be programmed
prior to insertion in the system. In order to facilitate
operation without a CPU, the CLK/CONV pin (pin2) can
be used to initiate conversions. Note that the CPU bit
must be set to € in the configuration register to use this
mode of operation. Whether CPU=0 or 1, the 3-wire
portis active. Setting CPU=1 disables the stand-alone
mode.

To use the CLK/CONV pin to initiate conversions, RST
must be low and CLK/CONV must be high. If CLK/
CONV is driven low and then brought high in less than
10 ms, one temperature conversion will be performed
and then the DS1620 will retum to anidle state. If CLK/
CONV is driven low and remains low, continuous con-
versions will take place until CLK/ICONV is brought high
again. With the CPU bit set to 0, the CLK/ICONV will
override the 1-shot bit f itis equal to 1. This means that
even if the part is set for one-shot mode, driving CLK/
CONV low will initiate conversions.

3-WIRE COMMUNICATIONS

The 3-wire bus is comprised of three signals. These are
the RST (reset) signal, the CLK (clock) signal, and the
DQ (data) signal. All data transfers are initiated by driv-
ing the RST input high. Driving the RST input low termi-
nates communication. (See Figures 4 and 5.) A clock
cycle is a sequence of a falling edge followed by a rising
edge. For data inputs, the data must be valid during the
rising edge of a clock cycle. Data bits are output on the
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falling edge of the clock, and remain valid through the
rising edge.

When reading data from the DS1620, the DQ pin goes
to a highimpedance state while the clock is high. Taking
RST low will terminate any communication and cause
the DQ pin to go to a high impedance state.

Data over the 3-wire interface is communicated LSB
first. The command set for the 3—wire interface as
shown in Table 3 is as follows.

Read Temperature [AAh]

This command reads the contents of the register which
contains the last temperature conversion result. The
nextnine clock cycles will output the contents of this reg-
ister.

Wirite TH [01h]

This command writes to the TH (HIGH TEMPERA-
TURE) register. After issuing this command, the next
nine clock cycles clock in the 9-bit temperature limit
which will set the threshold for operation of the ThigH
output.

Wirite TL [02h]

This command writes to the TL (LOW TEMPERA-
TURE) register. After issuing this command, the next
nine clock cycles clock in the 9-bit temperature limit
which will set the threshold for operation of the T ow
output.

Read TH [A1h]

This command reads the value of the TH (HIGH TEM-
PERATURE) register. After issuing this command, the
next nine clock cycles clock out the 9-bit temperature
limit which sets the threshold for operation of the TrigH
output.

Read TL [A2h]
This command reads the value of the TL (LOW TEM-
PERATURE) register. After issuing this command, the

next nine clock cycles clock out the S-bit temperature
limit which sets the threshold for operation of the T ow
output.

Read Counter [AOh]

This command reads the value of the counter byte. The
nextnine clock cycles will output the cantents of this reg-
ister.

Read Slope [A9h]

This command reads the value of the slope counter byte
fromthe DS1620. The next nine clock cycles will output
the contents of this register.

Start Convert T [EEh]

This command begins a temperature conversion. No
further data s required. In one~shot mode, the tempera-
ture conversion will be performed and then the DS1620
will remain idle. In continuous mode, this command will
initiate continuous conversions.

Stop Convert T [22h]

This command stops temperature conversion. No fur-
ther data is required. This command may be used to halt
a DS1620 in continuous conversion mode. After issuing
this command, the current temperature measurement
will be completed, and then the DS1620 will remain idle
until a Start Convert T is issued to resume continuous
operation.

Wirite Config [0Ch]

This command writes to the configuration register. After
issuing this command, the next eight clock cycles clock
in the value of the configuration register.

Read Config [ACh]

This command reads the value in the configuration reg-
ister. After issuing this command, the next eight clock
cycles output the value of the configuration register.
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DS1620 COMMAND SET Table 3

3-WIRE BUS
DATA AFTER
ISSUING
INSTRUCTION DESCRIPTION PROTOCOL PROTOCOL NOTES
TEMPERATURE CONVERSION COMMANDS

Read Temperature | Reads last converted temperature <read data>
value from temperature register.

Read Counter Reads value of count remaining from AOh <read data>
counter.

Read Slope Reads value of the slope accumulator. ASh <read data>

Start Convert T Initiates temperature conversion. EEh idle 1

Stop Convert T Halts temperature conversion. 22h Idle 1

RMO A 0O D

Write TH Wirites high temperature limit value into 01h <write data> 2
TH register.

Write TL Writes low temperature limit value into 02h <write data> 2
TL register.

Read TH Reads stored value of high tempera- A1lh <read data> 2
ture limit from TH register.

Read TL Reads stored value of low temperature A2h <read data> 2
limit from TL register.

Write Config Writes configuration data to configura- 0Ch <write data> 2
tion register.

Read Config Reads configuration data from configu- ACh <read data> 2
ration register.

NOTES:

1. In continuous conversion mode, a Stop Convert T command will halt continuous conversion. To restart, the Start
Convert T command must be issued. In one~shot mode, a Start Convert T command must be Issued for every
temperature reading desired.

2. Writing to the E2 typically requires 10 ms atroom temperature. After issuing a write command, no further writes
should be requested for at least 10 ms.
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FUNCTION EXAMPLE
Example: CPU sets up DS1620 for continuous conversion and thermostatic function.

DS1620 MODE
CPU MODE (3-WIRE) DATA (LSB FIRST) COMMENTS
TX RX 0Ch CPU issues Write Config command
TX RX 00h CPU sets DS 1620 up for continuous conversion
> RX Toggle RST CPU issues Reset to DS1620
X RX 01h CPU issues Write TH command
X RX 0050h CPU sends data for TH limit of +40°C
X RX Toggle RST CPU issues Reset to DS1620
TX RX 02h CPU issues Write TL command
X RX 0014h CPU sends data for TL limit of +10°C
TX RX Toggle RST CPU issues Reset to DS1620
X RX Ath CPU issues Read TH command
RX TX 0050h DS1620 sends back stored value of TH for CPU
to verify
TX RX Toggle RST CPU issues Reset to DS1620
X RX A2h CPU issues Read TL command
RX X 0014h DS1620 sends back stored value of TL for CPU
X to verify
X RX Toggle RST CPU issues Reset to DS1620
TX RX EEh CPU issues Start Convert T command
X RX Toggle RST CPU issues Reset to DS1620
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READ DATA TRANSFER Figure 4

RST
tec

CLK

lcoH tcon

toc tcoz = troz

Q 0 X I—i'
- i

t

tcen

"

PROTOCOL

WRITE DATA TRANSFER Figure 5

RST

teen
toc
‘ l" tocH

D V& YN EN A
W

PROTOCOL

NOTE: tcL, tew tr, @nd tg apply to both read and write data transfer.

RELATED APPLICATION NOTES

The following Application Notes can be applied to the
DS1620. These notes can be obtained from the Dallas
Semiconductor “Application Note Book”, via our web-
site at http:\www.dalsemi.com/, or throughour faxback
service at (972) 371-4441.

Application Note 67: “Applying and Using the DS1620

in Temperature Control Applications”

: “Interfacing the DS1620 to the Mo-
torola SPI Bus”

. *High Resolution Temperature
Measurement with Dallas Direct-to-Digital Tempera-
ture Sensors”

Sample Ds1620 subroutines that can be used in con-
junction with AN105 can be downloaded from the web-
stte or our Anonymous FTP Site.
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Ground 0.5V to +7.0V
Operating Temperature -55°C to +125°C
Storage Temperature -55°C to +125°C
Soldering Temperature 260°C for 10 seconds

* Thisis a stress ratingonly and functional operation of the device atthese or any other conditions abovethose
indicated in the operation sections of this specification is notimplied. Exposure to absolute maximum rating
conditions for extended periods of time may affect reliabllity.

RECOMMENDED DC OPERATING CONDITIONS

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Supply Vop 27 5.5 \ 1
Logic 1 ViH 2.0 Vcet0.3 \ 1
Logic 0 Vi -0.3 +0.6 \ 1
DC ELECTRICAL CHARACTERISTICS (-=55°C to +125°C; Vpp=2.7V to 5.5V)

PARAMETER SYMBOL { CONDITION MIN MAX UNITS NOTES
Thermometer Eror Terr 0°C to +70°C #p °C 10, 11

-55°C to +0°C

and 70°C to See Typical Curve
125°C

Logic 0 Output Vou 0.4 v 3
Logic 1 Output VoH 24 v 2
Input Resistance R RST to GND 1 MQ

DQ,CLK to Vpp 1 MQ
Active Supply Current lcc 0°C to +70°C 1 mA 4,5
Standby Supply Current IsTRY 0°C to +70°C 1 HA 4,5

SINGLE CONVERT TIMING DIAGRAM (STAND-ALONE MODE)

CONV

fenv
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AC ELECTRICAL CHARACTERISTICS

(-55°C to +125°C; Vpp=2.7V to 5.5V)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Temperature Conversion Time Trc 400 1000 ms
Data to CLK Setup toc 35 ns
CLK to Data Hold tcoH 40 ns
CLK to Data Delay tcoo 100 ns 6,7,8
CLK Low Time toL 285 ns 6
CLK High Time tcH 285 ns 6
CLK Frequency fok DC 1.75 MHz 6
CLK Rise and Fall tr, tr 500 ns
RSTto CLK Setup tee 100 ns 6
CLK to RST Hold tcew 40 ns
RST Inactive Time towH 125 ns 6,9
CLK High to /O High-Z tconz 50 ns 6
RST Low to /O High-Z trpz 50 ns 6
Convert Pulse Width tony 250 ns 500 ms
NV Wirite Cycle Time twr 10 50 ms 12

AC ELECTRICAL CHARACTERISTICS (-55°C to +125°C; Vpp=2.7V to 5.5V)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Input Capacitance C 5 pF
1/0 Capacitance Cio 10 pF

NOTES:

1. All voltages are referenced to ground.

2. Logic one voltages are specified at a source current of 1 mA.

3. Logic zero voltages are specified ata sink current of 4 mA.

4. |gc specified with DQ pin open and CLK pinat Vob-

5. lgg specified with Ve at 5.0V and RST=GND.

6. Measured at Vi = 2.0V or V= 0.8V.

7. Measured at Voy = 2.4V or Vo = 0.4V.

8. Load capacitance = 50 pF.

9. towy must be 10 ms minimum following any write command that involves the E2 memory.

10.See typical curve for specification limits outside 0°C to 70°C range.

11. Thermometer error reflects temperature accuracy as tested during calibration.

12. Writing to the nonvolatile memory should only take place in the 0°C to 70°C temperature range.

13.Valid for design revisions D1 and above. The supply range for Rev. C2 and below is 4.5V <5.5V.
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TYPICAL PERFORMANCE CURVE

DS1620 DIGITAL THERMOMETER AND THERMOSTAT
TEMPERATURE READING ERROR

5}
g
-2
1] I UPPER LIMIT
w SPECIFICATION
s t T b -ty
-55 -35 -5 5 26
LOWER LIMIT
SPECIFICATION

TEMPERATURE (deg. C)
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101A— JULY 1985 — REVISED MAY 1995

Bidirectional Transceivers

Meet or Exceed the Requirements of ANSI

Standards EIA/TIA-422-B and RS-485 and
ITU Recommendations V.11 and X.27

Designed for Multipoint Transmission on

Long Bus Lines in Noisy Environments

Bus Voltage Ranges

Thermal Shutdown Protection

Limiting

Operate From Single 5-V Supply

description

Driver Output Capability . . . £+ 60 mA Max

Driver Positive and Negative Current

Receiver Input Impedance ... 12 kQ Min
Receiver Input Sensitivity . .. £200 mV
Receiver Input Hysteresis ... 50 mV Typ

3-State Driver and Receiver Outputs
Individual Driver and Receiver Enables
Wide Positive and Negative Input/Output

DE

RE —2—NEN2
i

D OR P PACKAGE
(TOP VIEW)

R \J
RE[]
DE(]
D[l

W=

] Vee
1K}
1A
GND

a O N o®

logic symbolT

EN1

r

>

1V

A A
\ 2B 4

@ >

1V
1 <
R—<4{V2 _g'[

T This symbol is in accordance with ANSI/IEEE Std 91 -1984
and IEC Publication 617-12.

logic diagram (positive logic)

The SN65176B and SN75176B differential bus

transceivers are monolithic integrated circuits
designed for bidirectional data communication on
multipoint bus transmission lines. They are

designed for balanced transmission lines and

meet ANSI Standards EIA/TIA-422-B and RS-485

and ITU Recommendations V.11 and X.27.

The SN65176B and SN75176B combine a 3-state differential line driver and a differential input line receiver,
both of which operate from a single 5-V power supply. The driver and receiver have active-high and active-low
enables, respectively, that can be externally connected together to function as a direction control. The driver
differential outputs and the receiver differential inputs are connected intemnally to form differential input/output

(//0) bus ports that are designed

Ve = 0. These ports feature wide positive and nega

suitable for party-line applications.

Function Tables

6
1 T 1
—<>—

a-b
-

A
Bus
B

to offer minimum loading to the bus whenever the driver is disabled or
tive common-mode voltage ranges making the device

DRIVER RECEIVER
INPUT | ENABLE OUTPUTS DIFFERENTIAL INPUTS | ENABLE | OUTPUT
D DE A B A-B RE R
H H H L Vip20.2V L H
L H L H -02V<V|p<02V L ?
X L z 74 Vips-02V L L
X H z
Open L H
H=highlevel, L=Ilowlevel, ?= indeterminate, X =irrelevant, Z = high impedance (off)
3 C ht © 1995, Te Instr ts | ted
%%«%@ &M&T"l;. ﬁw M%' wg;zmwﬁ i opyrig ‘exas Instruments Incorporate
- Producti ' ire
S My Osan g o & ‘V TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101A - JULY 1985 — REVISED MAY 1995

PARAMETER MEASUREMENT INFORMATION

vio |

Voc
S

Figure 1. Driver Vgp and Voc Figure 2. Receiver Vgy and VoL,

R USRS 1
1 input 7(1.5v \;1.5v
Cp =50 pF ‘ l oV

R =540 (see Note B)
Generator 500 L Output td(op) -+ & » |e td(op)
(see Note A) | ——— =25V
Ly . Output 50% | |
= —Dl s—-2.5V
tyop) - - t(oD)
TEST CIRCUIT VOLTAGE WAVEFORMS

Figure 3. Driver Test Circuit and Voltage Waveforms

Output AR __ 3y
st Input 15V 15V
OVor3V oV

|

l
t 0.5V
‘ CL=50pF Ry =110Q PZH ‘l“’l| 11 e on
Generator (see Note B) = 3
(see Note A) 50 Q = = Output 229 WA
tpuz » 1~ Voff=0V

TEST CIRCUIT VOLTAGE WAVEFORMS

Figure 4. Driver Test Circuit and Voltage Waveforms

3Vorov oz 4 L, .
I |
l |
Generator | g :V
{see Note A) Output 23V , v
? oL
= TEST CIRCUIT VOLTAGE WAVEFORMS

Figure 5. Driver Test Circuit and Voltage Waveforms

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr <6 ns, tf <6 ns,

Z0=50Q
B. Cincludes probe and jig capacitance.
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101A - JULY 1985 — REVISED MAY 1995

PARAMETER MEASUREMENT INFORMATION

Generator
(see Note A) 51Q | | oV
tPLH —k—-bl H‘J_ tPHL
= | N N VOH
Output 13v 13V
VoL
TEST CIRCUIT VOLTAGE WAVEFORMS
Figure 6. Receiver Test Circuit and Voltage Waveforms
15V §1
-1.5v —0 o— 5V
CL=15pF 1N916 or Equivalent
(see Note B)
Generator
(see Note A) 50Q S
f =
= TEST CIRCUIT —
) oY =it a-o— LBV
—_—— 15V
Sito1.5V $1to-1.5V
oV S2Open :
S3 Closed Al
VoH
Output 15V — =45V
————— ov
S1to1.5V S1to-1.5V
S2 Closed S2 Closed
§3 Closed S3 Closed
v | I
I OH outt 1.3V
Output 4 0.5V
————— =13V VoL
VOLTAGE WAVEFORMS

Figure 7. Receiver Test Circuit and Voltage Waveforms

NOTES: A

The input pulse is supplied by a generator having the following characteristics: PRR <1 MHz, 50% duty cycle, t < 6 ns, tf <6 ns,
Zo=50Q.
B. CL includes probe and jig capacitance.
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