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0w, )/ BAWNAT 0 uEAAT X, TR S nve Wndra A
& ) Tendesl —udaedy %, | Sraimiuamsnvesiladiun A os
& f(x) Ta1in e £ 1 Iniuiiumngavegiadisa A 1N

0/ R, b HAIVIINT neRdi & Bnoidiumundovesiladisara eiauysol
9y
o lan g () U= [0,1]

Uy 9 MsnNuLoIsHicsa

Hwdaa, A" szviiuflamsd, B Aratiie mandn x ndlulonswiuing U 3
? Ao ~ { 1 < 1 @V a ld' é
aflsndums iuduSavesiledisn A whiumWedsumsidusingsudsilediva B &

v
Aonunuasdydntal NA =B fali
(A=B) o (u,& ===l c U ) . (29)

feny 10 mydludumnvssisdwa
{ Qs 1 =3 4 Aa @ ] @
Hodmn A wiludumavosllatioe B Adeiomndn x nndrluenanduing
U falesndumsduauidnveslesdisa A desnimSemiity alesdumsduauidn

{ =S [ L4
YoslaFse B @ouunumodadnul A B

(AcB) < (L,G=uk);: Yxecl ) @10
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a [ J a{
ey 11 Fywwosausalewdiya (Support : S(A))

J Ay

@ A a v w Jd v
Fnwesnvosiladiva Ao wavosaundn x luenanduing U Admiledsuns

9
[ 4

fudndnvesiladisannnt o Aeuunudledydnualnadl
S(A) = {x €U | p(x)>0} s )

e 12 AyFFUAaAU ( Fuzzy Singleton)
HadFanasu Ao HAatwanasnnesawaliandnmssdafen wasiafensus

FumnSnvinu 1

HOW 13 137 o - Level 303G ds1m0 (A,)

Y

150 o - Level/Anailasdima A fou e 1odamT1in -« U AMIENRnE U el

Qv L

Hessumsduadafnvesila@ae Al IInnvS ey a Weulnusliedaanyaleail

o

A, 7% B9 mbx) 2é J 212

Uy 14 ATWQeuasla@isn  Height of fuzzy Set)
A =) v oo a = P
Avgevesilaad Ao rmilsndunsiiimningsdanaailamaa Al @ou

uwnumedaydnuahet(A)

hgt(A) =5 max Y lx,) 203)

xjp el

Henw 15 guautianisusndalasugsledias (Normalization)

{ wa =0 d = v W
Hwdisn A swliguouiamsustontesnsoie dodwa A Januguiiy 1
A is normalized < hgt (A) = 1 ....2.19)
He 16 fuautansasunagsuesisdisa (Convexity)

~ = va d I 4 a
Hummn A zliguantanneunng naswemsduaundnues A doandeeny

) v
Wou'lvae it
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A s convex < u,(Axy +(L-2)x;) 2 minfu, (X, ), ua (o)} 5 X, X0 €U, Aef01]  ...(2.15)

e 17 Awanivwes (Fuzzy number)

K { o g { wa 4
Hoaiuwes e Hainlguausansusuea laduazmsaounnd

a Ia ad ~ 5 %
deny_ 18 msauaavesilediwe (Cardinality)
AN1A1TAITAUIDA (Scalar Cardinality) vesHudima A uneAANENIMT U fo
4 J a [ a ~ Y (%3 [ L4
wavanvesailanTumsdiugandnues x, nadaludlasdson A Weuunudedadnyd
v

v
AU

Al = YT .18

MSAUARTIINST (Relative -Cardinality Y A0MYTHA A UuUBIONENNG U e
oA 1dIUIEHINMamaTAs faRTeE T e LA AURemaTTe M A fvesenan

v
[ J

v o 7 d . v =}
AUNNT U WeULNHISTYant iasy

=)

= o)
Y

A

d
2.4 Hanvunaniluasn®n
d'l o =3 & a v d' ; v [
Wenisadeilendummitumndnuoudais o ez I¥lmssy uineseduanu
a 7 0 4 al 3 ¥ d' ] ) 9 ] d‘ =
Wumndnveudasiiomss Teeiismunssanaaniui@edy why silemmaoy w5
d’ £!' H \ -4 v A 1] - L3 0.
qUfmasumany waghuingsznmum Ineflendtidenias om S , 8" Alszalnh Judu
2 a a it
51002 DARI
24.1 aumsrudu
HersuanuidluandnuuuaumsdaduilFlumsutasmanudurutves Tnnu

Tgusuidmiudeyailaruduiusifudadu Faaunmsi 2.18

1
b=
mba) =40 1 id % —b 2.018)
0 ; Tunselduq

a(xi—a) ;fas<x <b
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mafmuailsisunamduangnlaeldgmumaon Hewlgiuunnluszuuniugu
a Y A Ao 7o dw EY A A ~ L=} V. ey A o v
‘V]G],‘II‘W“B%'!FWI mamwmmuﬂTwaﬂaﬂﬂvumzmauuﬂmmm:ﬁw’c’gﬂagmmmmm%m%
§ ) a \ 9 A ] \ 4 1 a 4 4 ‘Q' v
aanuduanBamiiiy wils dauadu 9 wiimanuiuandnanaasos o Wedarenn
i d Fow e v A ° a v o
AtlInIUN Mruald a<b<c e a, b uag ¢ Wumvdmaussala q aatuaumsues

v E4
Hedduanudumndnvesgammasuannsofmual8sai

1
——(x;,—-a) ;fha<x, <buava=b
b-a(x' a);fas<x,<buavaz
(%) = El—b(c—x);mb<xiscua=b¢c = (219
0 ; dmiunsdifug

2.43 JUamdsuR1IvY
o [ o @ a d’ o 3 d' ‘:' =y
dwsnilsndusamEumndaiimiedsims jilddaimey  douidlussuy
a 9 ~ [ e 1 9 ] CA% a Ac 9,
AU sy Baein T SR dn s Fie Muilugsagn it usdagunsves
= I 3 Qv el o k4 = = £ =R}
Wowmdey Msusdmnilumndniiv: dimuedosaimsydmmasun iy 120l
1 Aﬂ' § 1 ' A § © A S 3 v 1@
YBIMNMUE A INARERNHL AT s vidnmnnvesmeusaiiy . Iauvidy
A 3’ I~ o 3y ;‘.'l d; a ] 9/ U c:!y 3 o
nils uenmmiueziinamuihimndndesauses s weduiunadeyanguil §1fmua
4 ° a @ 3 o
W asbs<esdie apicuns d dupudniukday adiudumsvesilefsunnudiy

a { d' o 9o dy
dunvnvesgUamasumeyesan vas lndeil

1
B—rgx,—a) ; ha<x, <buszaxb

Al Liern)

-

1
(d—x ) ;NC<X, <durs c=d

Q.

—c
0 ; dmdunsdidug

244 WulAsgUda s
HanFunnuduauidaniimuadiodulfngyss s Jumssmuaniuduius
1 v 9
ssvdelamullfusuiuon lidugadu Fudsiimusieeldlsdduiifonanersns

v e 1 ' { & o d’l
Tdauvesginsalae q daulsdmlng il lumsdszurann Fudu Fagaulsnand

tnvztianuduiuivulddudeduindugd s uie s §idmuald a<b<c o ab
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b4
woz ¢ Wumudmaussele 9 dafuaumsvesilesduanuiiumndnveudulfeglss s
o Y A -1 o F22 v a J
aunsadmualaaeaunsi 221 waz ' s idlasnsmmasundudues

aumMsn 221 We St =1-4,(x) Taef w,(x) Midnnaunsi 221

0 ;X <a
X an
2[‘ J sfha<x <b
c-a
ua(x;) = y 220
X,—a
1—2[‘ );mb<xisc
c-a
il ;X >a

245 jiszdland)
Hq @ 7o _ o o ~ wva 9 v
mouai ilefisuanuiinayidamiidssdienil sslnnauiidvesdoyande
[ = g/ A @ -8 = [ Y o %
nuaumIgdauitvaey uadeynieslagmiitlaslttaisus s lianudsius ludnyme
1 & a (Y ol at @ Lal @ @
TiidhuFudy gunisugsgilsz siep Hiaauaunaiaunis i Miuunfo, fefsu 7z,
v J oy ¢§ o W 4
Hafdu Gaussian uagileddhi Betr Femansamnun idgad

— e 7 ewisesavo i ndumsh 221

R R ALY

2
Z(X'_a) s a<x<b
cZa

S(x;a,b, )= " S22

ey
1—2( ‘ ) i b</x’<¢
Cy/ d
} 1 78I X, >a
Taeh ]
: 2
gaduilendu 7 awnsosimualalae
5(x., ;c—b,c—%,c) ; lunsdid x, <c
p00) = .(223)

1—S(xi c.e +g,c+bj ; lunseldd x, > ¢

wnanstluenasianulidmsunisldnuiensfnewintu lieygralihlUldussTevdsunisd

Lidnsdlla viedu Bnnsnudlidaudadlien uagdesindisdvesenaisynasandnsluly



11

o
- Wanaru Gaussian

(%) = eXexF ..2.24)
' 4 4 SO S
Taght K = -1 Faflulamuvesiladiva A Al undodiu ¥ uazdndoun
(o)
AT o
- Wefu Beta

I wa @ a { Ay
Werdu Beta v Ngumniandiefuaunisyesgdmaouniany Aeveiivasvesdoya

o 3 gy = Y EU ﬂ a vy 9 4
MU TUNLNDULEAUU ) ﬂgﬂf}ﬂﬁu@ﬂ‘ﬂ’ﬂ'ﬁﬂ’lﬂ?’]ul uﬂlﬂ‘iﬁﬂmﬂﬁlﬂ@ul“ﬁﬁuﬂ’]m'ﬂﬂﬁ 1

R =D,

9 '

dw a 9 (] T, ax t 5 g o ¥y 1 ~
BIVDYANQUUICNANNPNINIDIYINIAURAT | F/H3D18F p —> 0 %37]']1‘14‘“@1‘1?114%'30 B U

¥ .4 v
audlnd 1 wngdaiilnstigaguimaiedsh X aeurasliaunis 2.25

LA 5 ..(2.25)

R P ~

2.5 anHum @

v ol a ~ v ) v A o A v = @ W A A

AR um Iy aa v I ngiiar vz iasdunisauiagl fiilwasssua Aof
¥ o A a o) o = ~ a £ 4 £ Jis a 4 dy
UM e g gtiatasuvtemd udw Feiimiunfmaifioz 19 uns

» v » Y
ey um i smaniedss lusilhupsdaduls Tasnisdlssuadwoddnls lufiiey
nauedIduiumsye lsiima et tanaEn 1t uuudaspisaadulevesszuy .
v 9y

A Inelddsdnsamini

o 9 Y @ J A

fmuald U ihuaonilfming—uas-aB"ihimeuwalan fiedlumaennn

9 9

duint U uazdaduiumsiugudne asefvun laaedl

2.5.1 waegee

A Jumsadosvos B (A c B) Adeiile
(X)) < . (x) Vx e U ...(2.26)

P} 4
2.5.2 ABUNLUA
f d \ 4
A dunreun@mudves B (A=B°) fdeiile
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pabe) =g bep oo Vare T sl 2.27)
253 DUMBSIANTUYBI A 1Az B (A ~ B) fimualdlag

Wass (x) =Min (u, (x), 1y(x)) ; Vx,e U ren(2.28)
254 gilouves A MU B (AU B) fmualdlag

Uace (x) =Max (1, (%), 1, (x)) ; Vx,eU ..(2.29)

230
. @31
2
...(232)
INT(A) = [y &) = | 200,60 ° M0 = &x)<05 ..0233)

1-2(1-p,x)* 5 05 <p,(x)< 1

2.6 Hyd%asdn (Fuzzy Logic)
Qe 19 Am1l589nIgAN (Linguistic Variable)

Y a a a o
fulsaeniadn gnilewdieilandu 5 men Ae (x,T(),U,G, M)

td’l 1 ldl Y o U ¥ tﬂl = 1 gj 1 Y o ¥ c Y ¥
wenanstluenasnanulidmiunisldnuienisfinewinu eygrelnhlulgussTevimunisin
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Tned
x A9 ¥oueeduls (Lebel)
T() 70 BAYDIAINAITANVDY x
U fio nandusing laefl x, cu
A d'l 1A A A z:; 9 ~ 1
X A9 ¥0YeAnNnafnyed x Ngnasieaung G 5eadl mew (term)
G fo Syntatic rule Tumssmuasevounoy X
M f Semantic rule Tumsiienuguautfvesney X

M(x) A9 AEFFUTAIDUDANNTURNT U

[
[

@ a A A Ao 4 a v oW SIRE 2
ausasmaanidingyluidiasvn—taun-a3is.s Probability ” uag “ Truth” 4

E4
TumsfiowdudsGandaBe® Trumh 180 naue 13199 Fudell il A, 1973 Zadeh

1AenuavoInoNUBI i Ils BN Ia RN S Trath . e aunTa11.2.34

T(Truth) = {truenottrueyery trit€not very true;.. .. ;false;not false,veryifalse,.....,
not very true and (not very.false;.. ...}
....(2.34)

1N 20 AIuvEIYRIaaLMAINITa A (Linguistic Hedse) 1150 Modifier

a0 1AL AN AN (Linguistic Hedge) N30 Modifier AR~@1fTian131u

F)
A A

A A < 1 a < A 2 =
m3uamIoveninTeantevwaaaiudliru 1 Fausslaties FeuNiaaemeuuDy
% ) -} =) Q" & 1}
fusdenafniine ¥ B ML e Ry

y F' v
Concentration, WUd uumenanseaam Ml LG Tnve s aTanuafitaudy

9 v
Fanwne e edaim I Witanslugun i 2.35

fmuald A duiledioss waluerawduing U Teef x, cu

CON(A) i .ucon(A)(xi) = [/IA(Xi)]Z ""(2'35)
A0
“Very” A = [u(x))]?
“VeryVery” A = [u,(x)]*

“Plus” A = [, (x)]** g
wnanstiluenasianulidwiunisldnuiensfnewintu leygralihlUldussTevdsunisdn
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v 0 Y v
Dilation iWuduvseitivszauauiiuauFnvesauinsianue fnanudy
Vv v
gusn W Isaiee g UMY aaaluaumsi 2.36

fmuald A duiladiase waluenanduing U Taeli x, e u
DIL(A) = ﬂdn(A)(Xi) ~ [mbq)l -..(2.36)
AIDENITU

“Slightly” A = [u,(x,)]*°

[/1A (Xi) 0.75

“Minus” A

¥y Y ]
Intensification L‘ﬂud’l‘u‘ﬂ fﬂﬂ‘ﬁmui:‘,ﬂ‘lJﬂ’J')?JL‘ld]ufm"l%ﬂﬂlﬂﬁﬁﬂJ'l%ﬂﬂQﬂllﬂ‘ﬂfli&’ﬂﬂ

9 v
ﬂ?1ﬂlﬂuﬁﬂ1%ﬂlﬂﬂu1ﬂﬂ’h 0:5 LLﬁSﬁﬂSZﬂUﬂ’J'ﬁJL‘ﬂUﬁNW%ﬂ%@QﬁNT%ﬂﬁ\iﬂMﬂ‘ﬁﬁi3ﬂ1|

anuiluandnfatiosnil 05-sardasluaunisi 237

2[/‘A(Xi)]2 v ,UA(X,) S [0,0.5]
=2 bl e b€ [0571] =

“intensify?) A (2 {
¢ = 'fa)
2.7 Uszwanuvil s (Fuzzy Proposition)
Usznoyl fie donTmiliansteasings whansmavsontssinusesiag vso
Y o A
anlsladauslsnile
a o nﬂ' o e b
Henw 21 Usgwarilu@ihie) (Afomic Fuzzy.-Proposition)
Usgnaluis@ne g, fedonnumianseguautianiMladudsiulsaniain

2 Y '
FalgUuvuaaaasluaumsine.sg

Xtis A e (238)
Taen
[ a a a ] < =Y Y
X = fwdsteniaan wuauG gungi Wudu
is = puauiAvesmsiiu
T a = ) A d'
A =  faemaantioNswse

wnanstluenasianulidwiunisldnuiensfnewintu leygrelihlUldussTevdsunisdn
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Heny 22 ﬂi&’W%ﬁﬁ%éNﬁu (Compound Fuzzy Proposition)

Usgnariiladuey Ao Ussnaifladdondoud 2 dsznniauldSutondeduda
FuFeues 9 15U “ AND ”“OR " 1iag “NOT * iudu

Satutlsenafiladnadion | sunnuduiusios Taefidtiansaed

Usznaifigenday « AND > il fiamsiladtunesivadu swaacludumss 2.39

X is AANDY is B

Ha (X: Y) = min[/"A (X) 1 Mg (Y)] ...(2.39)

v
=t =}

Usznningeudae « or » Mdaugiiansiess uiion

X0 is A~QOR Y~ 2B

b s (x,y) ! i (%)) 225 (v)] ..(2.40)
Usznnindeidae « NOT 15 Waiia s noun Sdiisuds Wi

X NOT JA

1 06) 5 1= 4, 6¢) ...(241)

1N 23 NYUBIHYS (Fuzzy-Rules)

{ 4 ]
nQvoiled (Fuzzy Rules) usilysnaudasiisenativoaila® seiiudonuuuy

a A

denly TaonguesilameyaglugluuyuveyTF STHEN il

IF (fuzzy proposition)*FHEN. (fuzzy-proposition) ..(2.42)
(U
IF X is A THEN Y is B
Taofh
X is A L“i‘ludauﬁ"ﬂuvlwmﬂg (rule antecedent)

Y s B Lﬁudau%aﬁzﬂw?awaﬁwﬁmmﬂg (rule Consequent)

wnanstiluenasianulidwiunisldnuiensfnwwitu lieygalihlUldussTevdsiunisdn

o & S v ag vo g Y Y A s v Y Ao ° v
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k4 [ Y S t:' a
2.8 msmveaglmunanmiamamalaglinguiisdasdn
Y [ 9 a A a 2 Aa

msmdeagdmundnmamara Taslinguifledastn Fasdiumsvesiiomuves
daisuasilFluassnnansuuudy  weldmdeasmundnmamanavestlsenaifidy
HAwda Tasvimsvenstiennues Modus Ponens 182 Modus Tollens dmsuilasiasdn
(38771 Generalized Modus Ponens : GMP ia¢ Generalized Modus Tollens : GMT
panaaa Uty 24 wazdenu 25 mudau
ey 24 Generalized Modus Ponens : GMP

Generalized Modus Ponens Lﬂumims{’faﬁqﬂmﬂmqvlﬂmNa (Forward data -

driven )
GMP : Premise X is A
Implication IF/ /X is" A- THEN, Yiis B
Conclusion Y=is| B’

Tasii GMP Tuplication nilthafusins
A5 Bz max{cel0;1], t(A,c)<B) ...(2.43)

Uy 25 Generdlized Modus Tollens" ;: GMT

Generalized., Modus 3, Tellens “89 Msuvadgiinpialiwivg (Backward goal —

driven )
GMT : ¢)Premise <PPLAY:H
Implication IF X is+A ~THEN ¥ 4s B
Conclusion X 6is A’

Taofi GMT Tmplication gnilemdsauns
A—B = minfc€[0,1],tB,c)<A} ...(2.44)

U 26 W DUWAATL ( Fuzzy Implication )
a =Y [ A a d' & ~ act ld' Yo a A
NTIIDUNAATU ﬂﬂﬂ'ﬁﬂﬂ’ﬂﬂﬁﬁ'ﬁlﬂgﬂlﬂ@ﬁ%“ﬂ HIUND8ID !,mw'lﬂ‘mmmuau R13)

IEmsdunansunldlng Prof Mamdani
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o EY
fvuald

IF (FP,) THEN (FP,)

Hungueslad Tae FP, ifuanudufuifadlu X = x, xX, xe.xx, 12Z FP,
v W { 2 @ a a
Wuanuduiusfladln v = YyxY, oY, @9 x uag v @udusaeniafin x uag
Y anudnu
. R a ¥ o gur A v ey
Mamdani Implication gaRnNUEluaANudURUsHaE @ Tu x x v Meoflediu

anudlumndngauaaslugums

mind{Zr b 152 ()1 (2.45)

Hq (X ’ Y)
#Y) = Humbe s )1 ...(2.46)

LY /7 3 Y
2.9 ANNFUNNUSH 53 ) (Fuzzy Relation )
Henw 27 wagaAFsTIEeN (Cartesian Product )
Smup A e AL Euifladian LueRan S ms- G-

n

106N X, ..ty X Uiy UL AR

g i RiEeuted A)), ..., s A fe- Hedmaluondndining u &1 x U, 73
v
HadsumsduauBodai
mingey, (6 ) coee "y {x)fmin=inter section
Eaecta NN £ : ca
i, (1) X e e () &g ebraic product
fienn 28 AU Has
smuald R Suanuduiuiisdion A lufiletse B
Toeii A dhufledwaluenawdini U ; x e U
B dluiledisaluenanduing v sy eV
2218
Ruw = AxB = {[u,v) s v)]| [ v)eUx v} L(248)
min{u, (u), 15 (v)} min-inter sec tion
i : e
plnv) = asluy) {yA(U)X u#5(v)  algebraic product )
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2.10 m3nonTwaTLTIYa (Fuzzy Composition )

fimu 29 msneuIwasuuuuTad (Fuzzy Composition )

smuald R y) dluanuduiusnnenanduing U T v Tat# (uv) € UxV

wer  Ryv,w) Wuamuduiusnnenanduing v T w Tavh (vw) € VXW
msaeu Indsu ﬁaﬂﬁﬁﬁmﬂumsmmmﬁuﬁuﬁ' R, (u,w) NAAIITURUER

meneadeiostuilugnls R ) Az R(v,w) Awaaslugihn 2.1

~ Aa e o o P
519 24 ugnensasu I nasuven NI T HE

dmuald R,y GhindmduWisines umssui U x v A0eh v e Ux V

R(v,w) WuauduiiinesGissunrV x w Taoh (v,w) € V xW

a o o o d A a [ dy
fniﬂQNIWﬁ‘ﬁuﬂlBQﬂTﬂJﬁuwu‘ﬁwcﬁm ANUIIUANU

148U 30 Max-Min Composition

R, =R, oR, = {(u,w), max minfug, V), s, (W) [ueUveV,we W} (2.50)
veV

dﬁl 1 dl Y o % ¥ dl = 1 5 1 Y o ¥ ¢ v ¥
enansiiluenarsanulidwiunisidanunenisfinyivintu ey alihlldusylesisunism
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4N 31 Max — Product Composition
R, =R, *R, = {(u,w),max {le (U, V), g, (v, w)} lueUyveV,we W} w(2.51)
i veV

181 32 Max — Average Composition

R, =R, avR, = (u,w),max{“R‘ (u,v),szz (V'W)} lueUveV,weW ...(252)
veV
1813 33 Min — Max Composition
R; =R, R, = {(U'W)rmin'ﬁ'nax[“m (U )i, (v W) luel,veV,we W} «(2:53)
veV

2.11 msensnua L | (Fuzzy Inference)
fion 34 mIsuMes ks (Puszy nference)

asaumesud Aon ssyadnarsiunisyid b ey | (Conclusion)-31AM AN 1U
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T() = {Cold,Cool,Normal,Warm,Hot}

dune P() VanFndauils 5 @i

P(t) = {Cold,Cool,Normal,Warm,Hot}

Y 4 3
uazlidulsioana 7 dwilshe

NL

Negative Large

PL = Positive Large

NM = Negative Medium

NS = Negative Small
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PM = Positive Medium

Il

PS = Positive Small

A o v @ Y =1 o o S
maaamm‘umanwmmmuﬂmﬂasm%Lzﬁ"; nogtiunemamyesnulsuneu

1 4
Hungflad (Fuzzy'riles) -eosld s %522

IF T(t)/18" Cold AND-P(t) is-Weak
IF T(t) is Cool/AND P(f) is” Weak
IF T(t) 4s Normal AND P(t) is Weak
TF! T(t)-is Warta. ANDIRB(t). is | Weak
IF T(t)is, Hot ANDP(t).is Weak
IF| T(t)*is Cold” AND P(t) is“Low

. IF T(t) 1s"Cool=AND P(t) is Low
IF T(t)is Nermal ‘AND P(t)! i1S:\Low
IF T(t) is ‘Warm, AND-P(t), is Low
IF T(t) is Hot *AND P(t) is Low

IF T(t) is Cold ANDR(t) is OK

IF T(t) is Cool AND P() iS“OK

IF T(t) is Normal AND P(t) is OK
IF T(t) is Warm AND P(t) is OK
IF T(t) is Hot AND P(t) is OK

IF T(t) is Cold AND P(t) is Strong
IF T(t) is Cool AND P(t) is Strong
IF T(t) is Normal AND P(t) is Strong
IF T(t) is Warm AND P(t) is Strong
IF T(t) is Hot AND P(t) is Strong

-~
25 g9l

THEN iI(t)_is Positive Large
THEN {(t)" is-Positive Large
THEN-I(t) 1s. Positive ' Medium
THEN.I(t) 15 -Positive Medium
THEN, I(t) 1s Positive Small
THEN" I(t)_is- Positive Medium
THEN \I(t) is Positive’ Medium
THEN<I(t) is Positive’ Small
THEN I(t) -is- Positive Small
THENM(t) is” Positive Small
THEN"I(t) is Positive Small
THEN I(t) is Approximately Zero
THEN I(t) is Approximately Zero
THEN I(t) is Negative Small
THEN I(t) is Negative Medium
THEN I(t) is Negative Small
THEN I(t) is Negative Medium
THEN I(t) is Negative Small
THEN I(t) is Negative Medium
THEN I(t) is Negative Large

nansduenasianuligmdunsiieauitensAn i Toyslmhlulguselevdaunisen

VL@J']’]ﬂﬁi]ﬂ,@’] ‘VN&‘U aﬂmmmﬂmmwmmam LLGBG]@QE)’NENOQL"UT’U’ENL@ﬂa’]inﬂﬂiﬂmmﬂ’liuﬂiﬂiﬂi



32

IF T(t) is Cold AND P(t) is High THEN I(t) is Negative Medium
IF T(t) is Cool AND P(t) is High THEN I(t) is Negative Medium
IF T(t) is Normal AND P(t) is High THEN I(t) is Negative Medium
IF T(t) is Warm AND P(t) is High THEN I(t) is Negative Large
IF T(t) is Hot AND P(t) is High THEN I(t) is Negative Large
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2.17.4 Defuzzify
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H v v E 4
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palx)>0) tiie A ilumeniwala 489 Antecdent MAFIBE VBT AR TN 1F
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COLD COOL NORMAL WARM  HOT

“’m(lw) =075 eseveresisenosdianccene fous .E
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0 v 8 a
110 190 1117220 330 BNy (o)

oo =190k = 135/b/=180;6 = 220) ~ E—I—E(c—x)

1
= AZIY ]

(220-190)
Z/075

Hnomin .= 19052 = 180,b = 220, ¢ = 260) = b—i—a—(x—a)
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v
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fomnad 190 °c luldiduaur¥nveunouiyn COLD,WARMHOT d1viy
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v 9 v v
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sequanuiuauzn
A

i WEAK LOW OK STRONG HIGH

Hoe(100) = 0.6

Hyow(100) = 0.4}

330N, AR (KgmM )

tiow (% £100;a = 200bi= 70, ~120) £2 %(&x)

1
= g6(120— 100)
=04

g = 1008 £70/b =120,c =170). = g-l_-g(x “a)

1
= E(loo —70)
- 06

Ui 2.11 naeImssmansnudingnysuneisd LOW uaz OK
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14 v
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e Cold Cool Normal Warm Hot
Ti(t) N1
Cold PL PL PM PM PS
Cool PM PM PS PS PS
Normal PS ZR ZR NS NS
Warm NS NM NS M NL
Hot NM NM NM NL NL
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Liderchee = -Max (0:4,0:6,0.25,0.75)
= 0.6
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nghldluntsilszapun 1wy Tinsalnns Defugzification Jatdntine
IF T(t) is Cool AND P(t) 1s”OK. ~“THEN I(f) 1s approximately zero
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IF T(t) is Cool AND P(t) is Low THEN I(t) is Positive Medium
IF T(t) is Cool AND P(t) OK THEN I(t) is approximately Zero
IF T(t) is Normal AND P(t) is Low THEN I(t) is Positive Small

IF T(t) is Normal AND P(t) is OK THEN I(t) is Approximately Zero
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4. Symmetry
' HA) = HL-A)
Tagh pa()=1- p(x) ;vxeU G
5. Valuation
H(A UB)+HA ~B) = H(A)+H(B) ~2.72)
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- Set Point Temperature 37 °C
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- Set Point Temperature 39 °C
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- Set Point Temperature 41 °c
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MANUIN .

Source Code Program

Option Explicit
Dim Error_Compare As Integer, Change Error Compare As Integer, outputs As Variant
Dim Temp_Error As Single, Change of Error As Single, current_temp(10000) As Single
Dim hour, minute, second, inputl As Variant
Dim countl As Integer, outputsl As Variant
Dim ou.tput52 As Single
Dim hours, minutes, seConds As Variant

Dim set point As'Variant

Private Sub change error “Click()
change errorll.Show
End Sub

Private Sub change error14” Click()
change errorll.Show

End Sub

Private Sub cmdStart, Click()
cmdStop.Default = True
cmdStart.Default = False
cmdStop.Visible = True
cmdStart.Visible = False
Timerl.Enabled = True
Timer2.Enabled = True
current_templ1.Timerl.Enabled = True
error_templ1.Timerl.Enabled = True
outputl1.Timer1.Enabled = True

_ change_errorll.Timer].Enabled = True -
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hour =0
minute = 0
second =0
form2.Timer1.Enabled = True
End Sub

Private Sub cmdStop_Click()
cmdStart.Default = True
form2.Timer1.Enabled = False
TxtCT.Text=0

If MSComm1.PortOpen = True
MSComm1.PortOpen = False
Else
MSComm1.PortOpen = False
End If
Timerl.Enabled = False
Timer2.Enabled = False
hour =0

minute = 0
L@ﬂﬁ’]i‘uL‘Um@ﬂﬂ’liﬂﬁ\‘nu‘hﬁﬂwiUﬂ’ﬁl‘lﬁd’mLW@ﬂ’]iﬂﬂH’W mmu luauwwm’quﬂU‘lmUstumummw
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second =0

End Sub
Private Sub error_temp_Click()
error_templ1.Show

End Sub

Private Sub current temp14 Click()

current_templ1.Show

End Sub

ooooo

AW\
End Sub gt
|
)
5
Private Sub Forn S
cmdStart.Default \ 9

End Sub

Private Sub graph_Click()
form2.Show

End Sub

Private Sub outputs125 Click()
outputl1.Show

End Sub

Private Sub Timerl Timer()

On Local Error Resume Next . ¥ 3 o .
wnansiifuenarsianulidmsunslidnuienisfnyviu leygislmihluldusslesisunisd
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MSComm!1.CommPort =1
MSComm1.Settings = "9600,N,8,1"
MSComm1.InputLen= 0

If Not MSComm1.PortOpen Then
MSComm1.PortOpen = True

End If

seconds = seconds + 1
If seconds = 60 Then

minutes = minutes + 1

seconds =0

If minutes = 60

2
CON

current_temp(countl) = Asc(inpu
iThermometerX1.Position = Asc(inputl) / 2
Text3.Text = current_temp(count1)
set_point = Val(TxtSPT.Text)
If set_point = 34 Then

Temp_Error = Val(TxtSPT.Text) - current_temp(countl) - 1.5
Elself set_point =35 Then

Temp_Error = Val(TxtSPT.Text) - current_temp(countl) - 1

., Elself set _Eomt =36 Then ,

<
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Temp_Error = Val(TxtSPT.Text) - current_temp(countl) - 0.5
Elself set_point =37 Then
Temp_Error = Val(TxtSPT.Text) - current_temp(count1)
Elself set . point = 38 Then
Temp_Error = Val(TxtSPT.Text) - current_temp(count1)
Elself set_point = 39 Then
Temp_Error = Val(TxtSPT.Text) - current_temp(count1) + 1
Elself set_point =40 Then
Ten_1p_Error = Val(TxtSPT.Text) - current_temp(countl) + 1.5
Elself set point =41 Then
Temp_Error = Val(FxtSPT.Text) = current/ temp(count1) + 2
Elself set_point=42 Then
Temp_Efror = Val(TxtSPT.Text) = current temp(countl) =25
Else
Temp [Error =(Val(TxtSPT Text) - current’ temp(count! )
End If]
Text6.Text = Temp Error
If Temp Error> 2.2 Then
Timer5.Enabled =True
Timer4.Enabled = False
Timer3.Enabled =False
Elself Temp Error <-2.2 Then
Timer5.Enabled = False
Timer4.Enabled = True
Timer3.Enabled = False
Else
Call Fuzzy Input Temp Error(Temp Error)
Change_of_Error = current_temp(countl) - current_temp(countl - 1)
Text5.Text = Change of Error
Call Fuzzy input Change of Error(Change of Error)
Call fuzzy output(Change Error Compare, Error Compare)

., outputsl = outputs

v

3 S = o Y v - = Y 1 Y o v v v
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outputs2 = outputs * 100
Timer3.Interval = 1000 * outputs1

Timer4.Enabled = False
Timer5.Enabled = False
Timer3.Enabled = True
Text2.Text = outputs2

End If

End Sub

Sub Fuzzy Input Temp_ Error(TE As Single)

Select Case TE

-----

LOM

E :}’_JD
LT TEA
§ D)
Case 0 : m'l llfb{(
I
>

Case -0.7 To -0.3

Error Compare = -1
Case-1.2To-0.8
Error_Compare = -2
Case-1.7 To -1.3
Error Compare = -3
Case-2.2To-1.8
Error_Compare = -4

End Select

tdy 1 tﬂl ¥ o U ¥ tﬁl = 1 5 1 Y o ¥ ¢ v ¥
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End Sub
Sub Fuzzy input_Change of Error(CE As Single)

Select Case CE
Case 0.8 To 10000
Change Error Compare =2
Case 0.3 To 0.7

Change Error_Compare = 1

Case -0.2 To 0.2

-----

ommm.\m

" 1LY ‘ AAKAK&' 'a{.\ ‘l

End Sub

Output_table(-2, -3) = 0.65
Output_table(-2, -2) = 0.475
Output_table(-2, -1) =0.573

Output_table(-2, 0) = 0.65

Output_table(-2, 1) =0.727
Output_table(-2, 2) = 0.823
Output_table(-2, 3) = 0.862
Output_table(-2, 4) = 0.956

tdgl 1 lﬂl Y o U ¥ tﬂl = 1 gj 1 Y o ¥ L84 ¥
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Output_table(-1, -4) = 0.673
Output_table(-1, -3) = 0.602
Output_table(-1, -2) =0.475
Output_table(-1, -1) = 0.573
Output_table(-1, 0) =0.65

Output_table(-1, 1) =0.727
Output_table(-1, 2) =0.823
Output _table(-1, 3) = 0.862
Outp}xt_table(-l, 4) =0.952

-----

’ \
/ cadne
AAAA AN
VOV
I )J-
4 it
oy o
-\

/A%

Output_table(1, -1) = 0.532
Output_table(l, 0) = 0.558
Output_table(1, 1) = 0.637
Output_table(1, 2) = 0.823
Output_table(1, 3) = 0.862
Output_table(1, 4) = 0.952

Output_table(2, -4) = 0.344
_ Output_table(2, -3) = 0.355

<
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Output_table(2, -2) = 0.347
Output_table(2, -1) = 0.447
Output_table(2, 0) = 0.477
Output_table(2, 1) = 0.637
Output_table(2, 2) = 0.823
Output _table(2, 3) = 0.862
Output_table(2, 4) = 0.956

outputs = Output_table(n, m)

End Sub

End If

End Sub

Private Sub Timer4 Timer()
On Local Error Resume Next
MSComm1.Output = Chr(81)
End Sub

Private Sub Timer5_Timer()

On Local Error Resume Next . -
a2 = Y o % ¥ LA = 1 U 1 ¥ o ¥ ¢ Y ¥
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MSComm1.Output = Chr(80)
End Sub

Private Sub Timer2_Timer()
second = second + 1
If second = 60 Then
minute = minute + 1
second =0

If mir}ute =60 Then

hour = hour + 1
minute =0
Else
End If
Else
End If

i

‘ﬂy 1J lﬂl Y o % ¥ tﬁl = 1 5 1 Y o ¥ L84 14
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MANHIN V.

Data Sheet
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TRIAC (ISOLATED TYPE)

TG25C/E/D

TG25C/E/D are isolated molded triacs

UL;E76102 (M)

¢ TG-D
suitable for wide range of applications like e
copier, microwave oven, solid state switch, bss2304 2442201 losa 210
motor control, light control and heater / 3 N i =
control. . % & e le
& 4
®jrav) 25A
® High surge capability 250A
® |solated Nounting (AC2500V) il =
®Tab Terminals L e = ':f‘\ & Ar—
= i B dtE i l i3
Bl B Es g s - -+ o
G ssrato] /L A = ’gt‘“ so?tln )
e i g -
T\:TABZ50 (T-6.35, T-8.25, 1-0.8) - Al ) -xi.::l 3s, Y‘:"z: 108 g
e ST 47 157108
T2 3 . G (T-4.75, 75 7,1-0.5) Unit : mm
BMaximum Ratings (Tj=25C unless otherwise specified)
Ratings
mbol ltem Unit
& TG25C40 TG25C60
VbrM | Repetitive Peak Off-State Voltage 400 600 vV
Symbol Item Conditibns Ratings Unit
IT(RMs) | R.M.S. On-State Current Tc=74C 25 A
ITsm Surge On-State Current One cycle, 50Hz/60Hz; peak, non-repetitive 220/250 A
12t It Value-for one cycle of surge current 260 AS
Pam Peak Gate Power Dissipation 10 W
Pc(av) | Average Gate Power Dissipation 1 w
lom Peak Gate Current A
Vom Peak Gate Voltage : 10 \
di/dt | Critcal Rate of Rise of On-State Gument |} Ic=100mA;Tj=25"C;Mo==1%Vorm; dlg/di=1A/us 50 Alps
Tj Operating Junction Temperature —25to+125| C
Tstg Storage Temperature —40t0+125| T
Viso | Isolation Breakdown Votage (RM.SJ) .| ‘A.C: miniite 2500 Vv
Mounting Torque (M4) Recommended Value-3.0-1.4(10-14) 1.5(15) (kg;,rg‘)
Mass Typical value_(Excluding bolt, nut and wrapping matetia) 27 g
BElectrical Characteristics
Symbol Item Conditions Ratings Unit
IDRM Reptitive Peak Off-State Cumrent, max | ‘Vo=Vorw, Single phase, half wave, Tj=125C 5 mA
Vv Peak On-State Voltage, max | “@n-State Current (v2XIr®wms)); IASt. measurement 1.4 v
e Tj=25C, IT=1A,  Vo=6V 50
lr 2 Tj=25Cli=TA;"Vp=6V 50
= Gate Trigger Current, max J mA
Ik |3 =
len |4 Tj=25C, I'=1A, Vo=6V 50
Ve |1 Tj=25C, IT=1A, Vb=6V 3
Ve 2 Tj=25C, IT=1A, Vo=6V 3
Gr Gate Trigger Voltage, max J \
\ GT3 3 —
Ve |4 Tj=25TC, IT=1A, Vb=6V 3
Veb Non-Trigger Gate Voitage, min | Tj=125C, Vp=14Vbrm 0.2 v
tgt Turn On Time, max. lr(rus), 16=100mA, Vo=Viyorm, Tj=25TC, dlc/dt=1A/us 10 v
dv/dt Sg,t;ac S:?:itne_ of i=oon ot Tj=125C, Vo=24Vorm, Exoponential wave. 50 V/ps
Critical Rate of Rise off-State S o i : £
[dv/dt]c Voltage at commutation, min TJ_1 ZSC‘ VD_%VDRM’ [d'/dt] C_15A/ms 6 V/'” S
11 Holding Current, typ. Tj=25C 30 mA
Rth(j-c) | Thermal Impedance, max Junction to case 16 C/W

et a Y o o o A ~ B | § Yoy qv 5 T v
AT TN TS AT TR DA TS U TS T T T T TS AT TV T T B o W T e T e i T b imataas a0
SanRex 50 Seaview Blvd. Port Wagshington, NY 11050-4618 PH.(516)625-1313 FAX(51§§625—8845 E-maLl: dsemi@sanrex.com
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TG25C/E/D

.

7 Gate Characteristics 5 On-State Voitage
P ’alel i ]V”ha (10ll)
10" C ate Voltage 2 5
. "
NG —
i L) L7 'O%f 5
= NI 2 SN B
i 5 ==
= fel [&]
T NN W 4 o M 2.5 a
] 77777 125C Z e 31T 8 7
T GAITAIIA T Ty —5 1 73
G S A e 5 /
A N> 5
2 / ]0‘
Maximum Gate Voitage that will not trigger any unit
= R T :
10 2 5 10? 2 5 1082 5 0 1 2 3 4 5
Gate Current (mA) On-State Voltage (V)
On State Current vs. . On=State Current vs.
o Maximum Power Dissipation i Allowable-Case Temperature
o
35 o120
E g—=180" 5 I~
30 7 =150 5110
A i ; ENNN
S 25 L 0= £ 2100
5 350" 7 ir= E \‘\\ 7%
2 : 75 I 2 RS o=60" |
s 20 #: Conduction Angle Y PET =1 90 \\\ s—o0"
g /// @ > AN N e
=10 /%7 Ry 9§ = Ne=150 |
% ‘0 //// // 2 70 6=180°
o 2// '§ 6 - Conduction Angle
5 e 60
0 vaeT)
0 5 10 15 20 25 30 0 5 10 15 20 25 30
. RMS On-State Curent (A) RMS On-State Current (A)
- Surge On-State Current Rating
Ambient temp. vs. RMS On-State Current (Non-Repetitive)
AN N Conduction'Angle 180" |
=< ‘\\ \ Apply Tollowing figuses for =
~ 20 different conduction angles | = Tj=25Cstart | | |
= \‘\ \ 01150%34.05 ' > ] iR
d o o g S
3 15 \\ \ 61 607144 = N
o N 8: 30175 150 ~] -
] o N N
+= F-40 Rth 2 85 » %k\ - h~ 501,
g Self convection x N g SN 2
< 19 gge?n':r;c%%n \\ éTOO 50,.,2\ ]
§ | —Heman VRN 5 -
%] Rth 128 /\ \\ o N~
= 5 | F60 3mis N 2 50 =
o Rth 065 R -
E (Reh:hoat Sirk Thermal Impedance) N &
0 20 40 60 80 100 120 140 10° 2 b 10' 2 5 10?
Maximum Allowable Ambient Temperature (C) Time (cycles)
£ _Transient Thermal Impedance
o b 6
9
g 5
3 S
g 4 2 = 4
3 A Fe0 ||
o) LA Self com
a 3 = 3
= ANl
K] /’:—-- “:/‘/ - = A5
E 2 I e T i Tﬁ 2
_8 1 LT Junction to case | :
Ll | L
8 o =]l 0
2 o 107 10" 10° 10" 102 10° 10°
E; Time t(sec)
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19-4323; Rev 6; 3/96

MAXI/MN

+5V-Powered, Multi-Channel RS-232

Drivers/Receivers
General Description Features
The MAX220-MAX249 family of line drivers/receivers is Superior to Bipolar
intended for all EIA/TIA-232E and V.28/V.24 communica- from
tions interfaces, and in perticular, for those applications ¢ ((igc\;’r:t:d +12v5l:g:xg\41|:‘¢:\wxezrsg;!pply
where +12V is not available.
: ¢ Low-Power Receive Mode in Shutdown
These parts are particularly useful in battery-powered (MAX223/MAX242)

systems, since their low-power shutdown mode reduces
power dissipation 1o less than 5uW. The.MAX225;
MAX233, MAX235, and MAX245-MAX247.use noexternal
components and are recommended for‘applications
where printed circuit board space.is ciitical.

+-Meet All EIA/TIA-232E and V.28 Specifications
¢ Multiple Drivers'and Receivers

¢\ 3-State Driver and Recelver.Outputs

¢ |Open-Line Detaction (MAX243)

6VCXVIN-OccXVIN

Applications Ordering Information
Portable Computer8 PART, TEMP..RANGE PIN-PACKAGE
MAX220CPE 0°C 10/+70°C 16 Plastic DIP
Low-Power Mogpuge MAXZ20CSE Q°C ta+70°C =16 Narrow SO
Interface Translation MAX220CWE 0°C t6.+70°C 16 Wide.50
Battery-Powered RS-232-8ystems MAX220C/D 0°Cto £70°C Dice”
Multi-Drop RS-232 Networks MAX220EPE -40°C to +85°C 16 Plastic DIP.
MAX220ESE -40°C l0 +85°C 16 Narrow SO
MAX220EWE -40°C 10 +85°C 16 Wide.SO
MAX220EJE “40°C to #85°C 16.CERDIP
MAX220MJE -56°Ct0 +125°C_ 16 CERDIP

Ordering Information continued st end of data sheet.
*Cantact factory for.dice specifications.

Selection Table

Nominal' | SHON  'Rx
Cap. Vailus & Three- Active in| Date Rmte
State SHDN Festures

MAX220 4 No 1 Ultra-low-power, industry-standard pinout

+5 4 0.1 Yes 200 Low-power shutdown i
MAX223 (MAX213) +5 45 4 1.0{0.1) Yes v 120 MAX241 4 receivers active.in shutdown
MAX225 +5 55 0 ~ Yes v 120 Available in SO

MAX230 (MAX200) +5 50 4 1.0(0.1) Yas 120 6 drivers with shutdown.

MAX231 (MAX201) +5end 2R 2 1.0(0.1) No 120 Standard +5/+12V.ot battery supplies;

+7.51t0+13.2 same functions as MAX232
MAX232 (MAXZOZ) +5 22 4 1.0(0.1) No. 120(64) _/Industry standard

+5 2r» 4 01 No 200 Higher slew.rate, small caps

Mszaa (MAX203) +5 2R 0 - No 120 No external caps
| MAX233A +5 2R 0 - No 200 Na'external caps; high slew rate
MAX234 (MAX204) +5 40 4 1.0(.1) No 120 Replaces 1488
MAX235 (MAX205) +5 55 0 ~ Yes 120 No external caps
MAX236 (MAX206) +5 43 4 1.0(0.1) Yes 120 Shutdown; three state
MAX237 (MAX207) +5 58 4 1.0(0.7) No 120 Complements IBM PC serial port
MAX238 (MAX208) +5 4/4 4 1.0(0:1) No 120 Replacos 1488 and 1489
MAX239 (MAX209) +5 and 35 2 1.0(0.1) No 120 Standard +5/+12V or battery supplios:

+7.5t0+13.2 single-package solution for 1BM PC serial port
MAX240 +5 55 4 10 Yes 120 DIP or flatpack package
MAX241 (MAX211} +5 45 4 100©.1) Yes _ 120 Complete 1BM PC serial port

+5 22 4 0.1 “Yes v Separate shutdown and enable
MAX243 +5 2”2 4 01 No 200 Open-line detection simplifies cabling
MAX244 +5 8/10 4 1.0 No 120 High slew rate
MAX245 +5 810 ] - Yes v 120 High slew rate, int. caps, two shutdown modes
MAX246 +5 8ho 0 - Yes 4 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 8B o - Yes v 120 High slew rate, int. caps, nine operating modes
MAX248 +5 88 4 10 Yes v 120 High slew rate, selective half~chip enables
MAX249 +5 610 4 1.0 Yes v 120 Available in quad flatpack package
MAXIMN Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800
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+5V-Powered, Multi-Channel RS-232

- -
Drivers/Receivers
ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243
Supply Voltage (Vcc) -0.3V to +6V 16-Pin Narrow SO (derate 8.70mW/°C abave +70°C)...696mwW
Input Voltages 16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mwW
LR -0.3V to(Veg - 0.3V) 18-Pin Wide SO (derate 9.52mW/°C above +70°C).....762mW
RiNGcs s soismsseeitan s 230V 20-Pin Wide SO (derate 10.00mW/°C above +70°C)....800mwW
Tour (Note 1).. RB sl e e B .15V 20-Pin SSOP (derate 8.00mW/°C above +70°C) .......... 640mw
Output Voltages. 16-Pin.CERDIP (derate 10.00mW/°C above +70°C).....800mwW
TOUT i s L 18-Pin CERDIP(derate 10.53mW/°C above +70°C).....842mwW
Rour .-0.3VioVcc +03V) Operating Temperature Ranges
Driver/Receiver Output Short Circuited to GND.... ... Continuous MAX2__AC_ _, MAX2x, Chy.. ....0°C to +70°C
.Continuous Power Dissipation (TA = +70°C} MAX2/ AE. _, MAX2_ E&. .-40°C to +85°C
- 16-Pin Plastic DIP (derate 10.53mW/C above +70°C)....842mW MAX2_/AM_~ MAX2_ _M_

18-Pin Plastic DIP (derate 11.11mW/°C'above +70°C)....B89mW Storaga fempera!ure Range..........
20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) =:440mW Lead Temperature (Soldering, 10sec
Note 1: Input voltage measured with Toyr in high-impedance state, SHON or Vog = QV.
Stresses beyond thoss listed Under “Absoluie Maximum Ratings® may cause permanent damaga (o the device, These are stress ratings only, and functional
operaticn of the device at these or any other conditions Beyond those lindicatod in the operational sections of the specifications is not implied Exposure to
absafute maximum rating conditions forextended perods may affact device reliabiity.
ELECTRICAL CHA RACTERISTICS—MAX220/222/232A1233A/242/243

(Vce = +5V £10%, C1:C4 =01(F, TA = Timin 10 Taiax, unless otherwise noted.)

MAX220-MAX249

PARAMETER | CONDITIONS |7 TP Cmax [Unms
RS-232 TRANSMITTERS
Qutput Voltage Swing All fransmitter outputs loaded with 3kQ 1o GNB +5 +8 \
Input Logic Threshold Low 1.4 0.8 v
Input Logic Threshoid High 2 14 "
7 Normal.operation 5 40
Logic Pull Up/irgugCugeic SHDN = 0V, MAX222/242, shutdown w01 &7 4 M
Ve = 5.5V, SHON = OV, Vour = +15V, MAX222/242 +0.01 +10
A
et Leakege et VGG = SHDN =0V, VouT = =15V 2001 =10 || ¥
Except MAX220, normal operation 200 116 /| kbits/
Data Rate MAY220 - > ) Tz
Transmitter Output Resistance Voo =V =V = OV, Vour =22V 300 10M Q
Output Short-Circuit Current Vour.= 0V +7 +22 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +30
Except MAX243 R2in 0.8 13
Id Vce'= 5V \"
RS-232 Input Threshold Low CCE 5§ MAX243 R2pyiNote 2) 3
Except MAX243 R2)\ 1.8 2.4
Id Hi VCes v
e e e g MAX243 R2i (Nota.2) 05 03
A Except MAX243;'Vee,= 5V, no hyst. in.shdn. 0.2 0.5 1
v
RS-232 Input Hysteresis e 7
RS-232 Input Resistance 3 5 7 kQ
TTL/CMOS Output Voltage Low lout = 3.2mA 0.2 0.4 v
TTL/CMOS Output Voltage High lout = -1.0mA 35 Vcc-02 v
e Sourcing Vout = GND 3 -10
A
TTL/CMOS Output Short-Circuit Current Sherking Vour=Veo 0 30 m, !
SHDN = Vo or EN = Ve (SHDN = OV for MAX222),
TTL/CMOS Output Leakage Cusrent OV $Vour $ Ve +0.05 +10 pA
2 MAXIMM

nansiifuenansfianulidmsumslinudonisinuwindy lleugnalvhluliuselonifunsdn
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+5V-Powered, Multi-Channel RS-232

- -
Drivers/Receivers
ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
(Ve = 45V £10%, C1-C4 = 0.1pF, TA = TmiN to TMAX, unless otherwise noted.) =
PARAMETER CONDITIONS MIN TYP MAX | UNITS
EN Input Threshold Low MAX242 1.4 0.8 v
EN Input Threshold High MAX242 20 14 v N
POWER SUPPLY- N
Operating Supply Voltage 4.5 55 v ?
Nolodd MAX220 05 2
Ve Supply Current (SHDN = V), MAX2221232AI233AI242]243 4 T E
Figures 5, 6, 9, 19 3K load MAX220 12 >
both inputs MAX222/232A/233A/242(243 15 k
Ta=+25°C 0.1 10 M
TA=0° tor+70°C 2 50
Ci t MAX2 42
Shutdown Supply Curren 22/2 4 TR = o uA "%
- TA = -55%10%+125°C 35 100
SHDN Input Leakage Cutrent MAX222[242 +1 UA
SHDN Threshold Low MAX222/242 I 14 08 Vv
SHDN Threshold High MAX222/242 20 14 A
AC CHARACTERISTICS
= 50pF to 2500pF, :
A G o B0 Axazbti A aoN 2u2r2ad 812~ 3
Transition Slew Rate Voo = 5V, Ta = +25°C, Vius
measured from +3V MAX220 75 3
t0 -3V or--3V.{o.+3V -
MAX222/232A/233Ai242/243 1.3 Ko
Transmitter Propagation Delay LT MAX220 3 0
TLL to RS-232 mal tion),
o Ay A MAX222/232N/233N2421243 - 5 s W
MAX220 5 10
5 - \ nis MAX222/232A/233A[242/243 0.5 1
ceiver Propagation ay : ) MAX220 0.6 3
RS-232 to TLL | operation), -
ekl baiahe W %o MAX222/232 A 2332421043 oy A7)
R MAX220 08 3
Receiver Propagation Delay PHLS MAX242 : 05 10
RS-232 to TLL (shutdown), Figure'2. fprs MAX242 25 10 L
Receiver-Output Enable Time, Figure 3 J{eR MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | tpR MAX242 160 500 ns
Transmitter-Output Enable Time MAX222/242, 0.1pF caps
(SHDN goes high), Figure 4 ter (includes charge-pump Start<tp) 250 bs
Transmitter-Output Disable Time
(SHDN goes low), Figure 4 tor MAX222/242, 0.1pF caps 600 ns
Transmitter + to - Propagation . e : MAX222/232A/1233A/242/243 300
Delay Difference (normal operation) | PHLT = PLHT MAX220 2000 o
Recelver + to - Propagation 1 . MAX222/232A/233A/242/243 100
Delay Difference (normal operation) | PHLR ~PLHA MAX220 595 s
Note 2: MAX243 R20yt is guaranteed to be low when R2)n is 2 0V or is floating.
MAAXIMN 3
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+5V-Powered, Multi-Channel RS-232

Drivers/Receivers
%’ Typical Operating Characteristics
N MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243
5 SUTPUT VOLTAGE vs. LOAD CURRENT AVARABLE OUTPUT CURRENT OR-TIME EXITING SHUTDOWN -
vs. BATA RATE MAX222/MAX242
: 10 T 1 ' e — AV S p———
® [ eV, OR V- LONDRD == 0= FLOWSFROMV4TOV- v TWF oS 1
6 15 ™ 047 CAPS
| e P8 [ 5 :
N S A VecmNoLomon = 3 o} e S
N § 2 JRARMITEROUTATS By Vec= S~ 5 . SHON
g 0 = S oo
: g 2 = - LaDED, NOLOADON & =3 ’o.x}m ey ?‘ ] z
4 0.1pF Ty 3 | L i & \ Fews
: > % /3; ¢ B i\ I01 rws
-8 Zaaezd J [T \a AN H,F B
0 V+ LOADED, NO LOAD.OK V= e ~ b s
Y § [P e PP A e )
LOAD CURRENT (mA) DATARATE (kbits/sec) S00ps/div
4 MAXLAA
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+5V-Powered, Multi-Channel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241

-0.3Vto +6V
{Vce - 0.3V) to +14V
Sasnmnanst0.0V10=14Y.
-0.3V to (Ve + 0.3V)
+30V

Output Voltages
Tout (V+ + 0.3V) to (V-=0.3V)
BOUT - ceerersrerasemmssssmanmrssssscssssnsansas susenesenso-0:3V IQNCCa0BY)
Short-Circuit Duration, Tout #CONtiNUOUS

Continuous Power Dissipation (TA = +70°C)

14-Pin Plastic DIP (derate 10.00mW/°Cabove +70°C)....800mW
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C).::842mW
20-Pin Plastic DIP (derate 11.11 mW/°C above +70°C)...889mW
24-Pin Narrow Plastic DIP

(derate 13.33mW/PC above +70°C).......... 10TW
24-Pin Plastic DIP (derate 9.09mW/°C above +70°C)==-500mW.
16-Pin Wide SO (derate 9.52mW/°C above +70C)........762mMW.

20-Pin Wide SO (derate 10 00mW/°C above +70°C).......800mW
24-Pin Wide SO (derate 11.76mW/°C above +70°C)....
28-Pin Wide SO (derate 12.50mW/°C above +70°C) .............
44-Pin Plastic FP (derate 11.11 mW/°C above +70°C).
14-Pin CERDIP (derate 9.09mW/°C above +70°C).........
16-Pin CERDIP (derate 10.00mW/°C above +70°C).
20-Pin CERDIP(derate 11.11mW/°C above +70°C)........889mW
24-Pin Narrow CERDIP
(derate:12.50mW/°C above +70°C)...
24-Pin Sidebraze (derate 20.0mW/EC above +70°C)..
28-Pin SSOP (derate 9.52mW/°C'above +70°C)

Qperating Temperatura.Ranges
MAX2 LG 0°C to +70°C
WAX2 e e -40°C to +85°C
MAX2 MR- R ... - 08°C to +125°C
Storage Temperature Range .......,.. -65°C 10 +160°C
Lead Temperature (soldering;-108€C) ..................0.. ... +300°C

Stresses beyond those listed under "Absolute Maximumn Ralings” may causo-permanent damage fo the device. Thesa afe stress ralings only, and functional
operation of the device at these or any.other conditions beyond ihose indicaled.in tho operational sections of ithe specifications.is potimplied. Exposure o
absolute maximum rating conditions for extended pariods may affect device rebabilily. %

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241

(MAX223/230/232/234/236/237/238/240/241 VGG = +5V. £10%, MAX233/MAX235 Vg = 5V 45%, C1-C4 = 1.0uF MAX231/MAX239
VoG = 5V £10%, V+ = 7.5V 1013.2V, Ta = TmiN to TMAx, unless otherwise noted.)

6VCXVIN-OccXVIN

PARAMETER CONDITIONS MIN TYP| ' -MAX..| UNITS
Output Voltage Swing Alt tfransmitter outputs loaded with 3kQ to ground 5.0 .3 Vv
MAX232/233 5 10
Vce Power-Supply Current ?:ioigl?c MAX223/230/234-238/240/24 1 7 b i) mA
MAX231 /239 4 1
V+ Power-Supply Current : Ay s > mA
MAX239 5 16
Shutdown Supply Current Th=+25°C My \ . A
MAX230/235/236/240/241 1 10
Input Logic Threshold Low Ting; EN, SHDN (MAX223), EN, SHON (MAX230/235-241) g 08 \
™ 20
Input Logic Threshold High EN, SHDN (MAX223), 2 v
EN, SHDN (MAX230/235/236/240/241) 5
Logic Pull-Up Current Tin =0V 15 200 [ pA
e T
MAXLMN : 5
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+5V-Powered, Multi-Channel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)

(MAX223/230/232/234/236/237/238240/241 VoC = +5V £10%, MAX233/MAX235 Vog = bV 5%, C1-C4 = 1.0uF MAX231/MAX239
Voe = 5V £10%, V+ = 7.5V 10 13.2V, Ta = TMIN to TMax, unless otherwise noted.)

X PARAMETER CONDITIONS MIN _TYP _ MAX |UNTS
< Normal operation
E SHDN = 5V (MAX223) 08 1.2
2 SHDN = 0V (MAX235/236/240/241
RS-232 Input Threshold Low TA S : ) v
é co=5Y Shutdown (MAX223)
SHDON'=0V, 0.6 1.5
N EN'= 5V (Réin, RSI)
N Normal operation
SHDN = 5V (MAX223) N 24
Ta AZEC SHDN= OV/(MAX235/236/240/241)
RAS-232 Input Threshold High . \'
E - Voe =5V Shutdown (MAX223)
SHON <0V, 1.5 24
EN = 5V (R4jn. R5IN)
RS-232 Input Hysterasis Ve =5V no hysteresis in shutdown 0P 0.5 1.0 \
RS-232 Input Resistance Ta-=+25°C,.Voe=8V - 5 7 kQ
TTL/ICMOS Output Voltage Low louT = 1.6mA(MAX231-233 loyr = 3:2mA) 0.4 \Y)
TTUCMOS Output Vokage High 10UT =-1mA f 35 Vees0.4 v
0V <Rour $ Voc. EN = OV (MAX223);
TTL/ICMOS Output Leakage Current B = Voo (MAX235-241 ) 0.05 *10 VA
: Normal MAX223 600
Receiver Output Enable Time ¢
operation MAXZ35/236/239/240/241 400 i
; . Normal MAX223 900
Receiver Output Disgble Time ¢
' opefation MAX235/236/239/240/24 1 250 ki
RS-232 IN o Normal operation 0.5 10
Propagation Delay TIL/CMOS OUT:{ SHDN = OV tPHLS 4 40 ps
CL = 150pF (MAX223) tPLHS 3 20
MAX223/MAX230/MAX234-24 1
TA= 425°C, Voc'=6V, a3 5.4 20
RL =3KA to 7k, Cy = SOpF to 2500pF, y
measured from +3V to -3V or -3V to +3V
Transition Region Slew Rate Vips
MAXZ31/MAX232/MAX233
Ta = +28°C, Vec.= 5V, 4 30
RL = 3kQ to 7kQ, Ci ="50pF10.2500pF;
measured from +3V to-8V.or.-3V.to +3V
Transmitter Output Resistance Vee =V+ = V- = 0V, Vour = 2V 300 Q
Transmitter Out Short-Circuit Current +10 mA
6 MAXIMN
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+5V-Powered, Multi-Channel RS-232

Drivers/Receivers
Typical Operating Characteristics g
MAX223/MAX230-MAX241 Y
TRARSMITTER OUTPUT VOLTAGE (Vou) x
TRANSMITTER OUTPUT va. LOAD CAPACITANCE AT TRANSMITTER SLEW RATE
VOLTAGE (Vo) vs. Voo % DIFFERENT BATA RATES vs. LOAD CAPACITANCE N
85 : ,
TS 2 I TRANGMITTER L0ADED | L\
LOADED / 12 19 ;ec"?s‘? ?
80 — £ ‘7 100 LOADED L = 3@
e |7 L ~ < R g
LOADED q ! >>( ER 1 [
/ 58 |- TOKBITS/SEC o s A~ 2 TRARSMITTERS
Z 75 ‘ =82 E g PoAN = <\ L0/0ED
3 3 2HBTS/EC N g 80
: A% T
70
70 // A 54 ey / g T o s A\ 'g
d & 1 < B A, LOADED \
v 41wlurrms L‘W’Sﬁm 62 (150 50 f——STRANSWTTERS R ()
! S 3402 1125000F Ci-Ca=Tyf L0ADED
65 50 4 Lk 40 s
45 50 55 075007 1000 / 1500 2000/ %500 L0500~ “do00 1500 200 7500
vec () LOAD CAPACITANCE (pF) LOAD CAPACITANCE (5F)
; TRANSENTTER OUTPUT VOLTASE
TRASMITTER OUTPUT n.mnwmvn::‘:ﬂ.’ TRANSMIVTER DUTPUT VOLTAGE Vs, V-
VOLTABE [Vor) ve. Ve DIFFERENT DATA RATES v, LOAD CURRENT
60 e —— %0 . 10
ATRANS- TA=+35°C TA=425"C [
MITTERS  C1:G4=1 162 [Noc =485V 5 =
45 CADED -mm%lm_ p r'gl P LOADED / - IS = NH
= . | sz S4 ”cxcq-'mr l v € gmY | AATIRE &
2 -3 -C4 = 1pF
9 e i ¢ I Al veri—v- LOASEY — s ot
Z s N\ 2 g | 100GIS/SEC | =4 2 S oo _Jatos
27 | %\ 2 AKBIS/SES - -~ ¥ e Nes g
40 PR 04— | /rg 5 # ALL TRANSMITTERS UNLOADED
. 2%—?‘% ‘ 72 > § 2 e }' l o
My LOADED 2741 — 4l [} ]
-50 L 76 -10 =l
45 50 55 0,51045 200 25 3 3 40 45 5
VeV CURRENT (ma)
~SHUTDOWN POLARITY IS REVERSED FOR THE MAX241
MAXIMN 7
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+5V-Powered, Multi-Channel RS-232

MAX220-MAX249

-
Drivers/Receivers
TOPVIEW
SINPUT
e ey I
G
= |
1 7 2
= Ci» VT 410V Vs +0V
m"“—? G- VOLTAGEDOUBLER
4.2 10VT0-10V 6 -1ov
C?‘q + V-
Td) oo YOLTAGE INVERTER BT
+5v -
400
Z U Tm Tiour| 14
4+
MOS
s R Suvors
10{ ow |7,
CAPACITANGE (1F) = 7l \
DEVICE JCFf C2 c3 _ddgCs o Y, £
MAX220 | 47 4710 dollaz OUTPUTS INPUTS
MAX232 | 10 10 10710240 -EL———-<}— = G 1LEs
MAX232A | 0.1200.1(. 01 017001
()
_ =15
Figure 5. MAX220/232/232A Pin Configuration and Typical Operating Circuit
+SVINPUT
TOPVIEW _C"‘@LJ B wleAprcionso 1
el A= S N\ Jfi7
ICYEN[H SHON 2! 3
s o A e 1.0+ Va +10V
o0 i MECE P i8] Veo A, VQT'ETOD&OE\!,LER
C'ME EVCC V’E EGNU CZ-r; G2+ HOVT0-10V v 700V
¥ (3] ] o0 56t [a] aamssa {7 tow (£ 7 P TAcEERTER ;o
o (1] mmam filvon 0 [s] WAz, fuc Y =
5] MmAx22 Emu 2[5 l__s]m,,, 400k
MAX212 12| Tim Tigur | 15
e i\ L2 o [ -
v-[7] 2] 1w Your [ig] wine. R 40 Ooers
T?ng ETZN RZ.‘E E'n“ >ﬂ L] Tmi—
R2p [9] f10] Reowr  Reour [10) ME™
[ 13] Riour e, Rim| 14
DIP/SO
su0p T 7 i | lem
L 10| R2our o) =R
{ )} ARE FOR MAX222 ONL T
HNNUMBERsmwmAwPERAmmﬂcunMironmwsom;m;zsom 1| nC) B %5'_ 18
END 2ok SN
I
Figure 6. MAX222/MAX242 Pin Configuration and Typical Operating Circuit
16
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DS1820

DALLAS

SEMICONDUCTOR

DS1820
1-Wire™ Digital Thermometer

FEATURES

® Unique 1-Wire™ interface requires only one port pin
for communication

© Multidrop capability simplifies distributed temperature
sensing applications

® Requires no external components
® Can be powered from data line
@ Zero standby power required

® Measures temperatures from —55°C to, +125°C -in
0.5°C increments. Fahrenheiteqtivalentis —67°F to
+257°F in 0.9°F increments

® Temperature is read as.a'9-bit digital value.
¢ Converts temperature ta digital word in 200 ms (typ.)

® User—definable, nonvolatile temperature alarm set=
tings
® Alarm search command identifies. and addresses

devices whase tempetature is outside< of pro-
grammed limits (temperature alarm condition)

® Applications include thermostatic controls, industrial
systems, consumer products, thermometers, or any.
thermally sensitive system

DESCRIPTION

The DS1820 Digital Thermometer:provides'9—bit tem-
perature readings which indicate the temperatura of the
device.

Information is sent to/from the DS1820 over a 1=Wire
interface, so that only one wire (and ground) needsto be
connected from a central microprocessor to a DS1820.
Power for reading, writing, and performing temperature
conversions can be derived from the data line itself with
no need for an external power source.

PIN ASSIGNMENT

BOTTOM.VIEW
NG = 1 16 NC
NC =\2 15 NC
NC=33 14 NC
NC =4 13 = 'NC
NC'==-5 12 = NE
NC =={'6 11 = NC
voD'=='7 10 NC
DQ 9 GND
DS1820S
16-PIN' SSOP
Mech. Drawings
PIN-DESCRIPTION
GND =~ .Ground
DQ = 'Data InfOut
Vop = Optional Vpp
NC —'No/Connect

Because each DS 1820 contaipsia tnique'silicon serial
number, multiple DS1820s \canexist on the same
1-Wire bus. This allows for placing témperature sen-
sors in'many different places. Applications where this
feature is usefulinclide HVAC environmental controls,
sensing.temperatures inside buildings, equipment or
machinery, and in process monitoring and control.
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DS1820

DETAILED PIN DESCRIPTION

PIN PIN
16-PINSSOP | PR35 | SYMBOL DESCRIPTION
9 1 GND Ground.
8 2 DQ Data Input/Output pin. For 1-Wire operation: Open drain. (See
“Parasite Power” section.)
7 3 Voo Optional Vpp pin. See “Parasite Power” section for details of
connection.

DS 18208 (16-pin SSOP): Al pins not specified in this table are not to be connected.

OVERVIEW

The block diagram of Figure 1 shows the major compo-
nents of the DS1820. The DS1820 has three maindata
components: 1) 64-bit lasered ROM, 2).temperature
sensor, and 3) nonvolatile temperature alarm triggers
TH and TL. The device derives’its/power from.the
1-Wire communication line by storing energy-on.an
intemnal capacitor during periods of time when thesignal
line is high and continues fo operate-off this-power
source during the low fimes of the 1-Wire line-until'it
returns high to replenish the parasite (capacitor) supply.
As an alternative, the/DS1820 may,alsobe powered
from an extemnal 5 volts supply:

Communication to the DS 1820is via a 1-Wire port, With
the 1-Wire port, the memory and control functions will
not be available beforg the ROM function protocol has
been established. The master must first provide one of
five ROM functioncommands: 1) Read ROM, 2) Match
ROM, 3) Search ROM; 4); Skip. ROM, or.5) Alarm
Search. These commands operate on the 64-bit
lasered ROM portion of @ach device and ¢an single out

DS1820 BLOCK DIAGRAM Figure 1

a specific device if many are present on the 1-Wire line
as'well asindicate.to the Bus Master how many and
what types of devices are present. After a ROM function
sequence has been successfully executed, the memory
and, control finctions are accessiblesand the master

~may then provide any oneof the six memony-and control

function commands.

One control functioncommand-instructs the DS1820 to
perform a temperature measurement. The resultof this
measurement'will be placed.in the DS1820’s scraich-
pad memory,’and 'may be read by issuing a memory:
function” command which reads-the contents.of the
scratchpad memory. /The temperature alam triggers
TH and TL consist of one byte EEPROM:-each. ‘If the
alarm search command is not applied to the DS1820,
thesa registers may be used’as/general purpose ‘user
memory. Writing TH and TL is done using a memory
function. command. Read access fo these registers is
through' the scratchpad.” All data is read ‘and written
teast significant bit first.

MEMORY AND.

'64-BIT ROM
AND
1-WIRE PORT

INTERNAL Vpp

SENSE

CONTROLLOGIC

TEMPERATURE SENSOR

| SCRATCHPAD

- HIGH TEMPERATURE
TRIGGER, TH

A
l > LOW TEMPERATURE
TRIGGER, TL

8-BIT CRC
GENERATOR

030598 2/27
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DS1820

PARASITE POWER

The block diagram (Figure 1) shows the parasite pow-
ered circuitry. This circuitry “steals” power wheneverthe
1/0 or Vpp pins are high. I/O will provide sufficient power
as long as the specified timing and voltage require-
ments are met (see the section titled “1-Wire Bus Sys-
tem”). The advantages of parasite power are two-fold:
1) by parasiting off this pin, no local power source is
needed for remote sensing of temperature, and 2) the
ROM may be read in absence of normal power.

In order for the DS1820 to be able to perform accurate
temperature conversions, sufficient power must be pro-
vided over the 1/Dline when a temperature conversionis
taking place. Since the operating current of the DS1820
is up to 1 mA, the 1/O line will not have sufficient drive
due to the 5K pull-up resistor. This problem is particu-
larly acute if several DS1820’s are onthe same 1/0'and
attempting to convert simultaneously.

There are two ways to assuirg that the DS1820'has suffi-
cient supply current during its active conversioncycle.
The first is to provide asstrong pull-up on the-l/O line
whenever temperature conversions orcopies to the E2
memory are taking place. Thismay be accomplished by
using a MOSFET to pull the /0 line directly to the power.
supply as shown in Figure 2. The /O line must be
switched over ta the strong pull-up within 10 pus maxi-
mum after issuing any protocol that invoives copying io
the E2 memory or initiates temperature, conversions:
When using the parasite power mode, the Vpp pinmust
be tied to ground.

Another method of supplying cumrént to.the DS 1820 is
through the use of an external power supply tiedto the

Vpp pin, as shown in Figure 3. The advantage to this is
thatthe strong pull-up is notrequired on the I/Olline, and
the bus master need not be tied up holding that line high
during temperature conversions. This allows other data
traffic on the 1-Wire bus during the conversion time. In
addition, any number of DS1820's may be placed onthe
1-Wire bus, and if they all use external power, they may
all simultaneously perform temperature conversions by
issuing the Skip ROM command and then issuing the
Convert T command. Note that as long as the external
power supply is active, the GND pin may not be fioating.

The use of parasite power is not recommended above
100°C, since it may-not be able to sustain communica-
tions given the higher.leakage currents the DS1820
exhibits at these temperatures. “For applications in
which such tempeératures are likely}itis strongly recom-
mended that'Vpp be applied to the DS1820.

For-situations-where-the bus master does not know
‘whetherthe DS1820’s on'the bus are parasite powered
or supplied withexternal \VVpp, a provision is made in the
DS 1820 to signal the power supply scheme used. The
bus master'can determine if any DS182Q's are on the
bus which require the strong pull—up by sendingaSkip
ROM protocol, thenissuing the read power.supply com-
mand. After this command is issued, the master then
issues read time slots. The DS1820 will send back “0”
on the 1-Wire bus if it is parasite powered;-it will send
bagka *1*if itis powered from the Vo pin. If the master
receives @ “0% it knows that it must supply the strong
pul-upon the I/Oline during temperature conversions.
See “Memory Command -Functions”. section for more
detait on this command protocol.

STRONG PULL~UP FOR SUPPLYING-DS1820 DURING TEMPERATURE/CONVERSION Figtire 2

47K

s 0

+5V
=
‘DS1820

GND ! Voo

o

[y % v
o Y
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Ds1820

USING VD'D TO SUPPLY TEMPERATURE CONVERSION CURRENT Figure 3

+5V
% 47K
rP

TO OTHER 1-WIRE
DEVICES

DS1820

v
o é 00O EXTERNAL 45V SUPPLY

OPERATION — MEASURING TEMPERATURE
The DS1820 measures temperaturethrough the use of
an on-board proprietary temperature measurement
technique. A block diagram of the temperature mea-
surement circuitry is shown'in Figure 4.

The DS1820 measures temperature by couriting the
number of clock cycles that an oscillator with a lowtem-
perature coefficient goes-through during-a gate period
determined by a high temperature coefficient oscillator.
The counter is preset.with albase count that corre-
sponds to-55°C. Ifthe counter reaches zero before the
gate period is over, the temperature register, which is
also preset to the —-55°C-value, is incremented, indicat-
ing that the temperature is higher than-55°C.

Atthe same time, the counter is then preset with avalue
determined by the slope.accumulator circuitry. This cir-
cuitry is needed to compensate for the parabolic behav-
ior of the oscillators ‘overtemperattira..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 ta compensate for.the
non-linear behavior of the oscillators overiemperature,
yielding 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
degreein temperature. 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.

Internally, this calculation is done inside the DS 1820 to
provide 0.5°C resolution. The temperature reading is

provided in/a/16-bit, sign—extended two’s complement
reading. Table 1 describes the exact refationship of out-
put data to/measuredtemperature. The datais trans-
mitted serially-over the 1-Wire interface. The.DS1820
Can measure-temperature over the range of -85°C to
+125°C in'0.6°C increments. For.Fahrenheit usage, a
lookup table,or conversion factormust be used.

Note that temperature is represented in the DS1820 in
terms ofa 1/,°CLSB, yielding thefollowing 9-bit format:
MSB

R SE NG Y AN R e

= =25°C

The most significant (sign) bitis duplicated into all of the
bits in the upper MSB of the two—byte temperature reg-
isterin memory. This "sign—extension” yields the 16=bit
temperature readings as shown.in Table 1.

Higher-resolutions may ‘be obtained by the following
procedure. First, readthe temperature, and truncate
the 0.5°C bit(the LSB) from the read value::This valueis
TEMP_READ. The valueleftinthe countermaythen be
read. ~This| value Jis the _count _remaining
(COUNT_REMAIN) after the gate ‘period has'ceased.
The last value needed is the number of counts per
degree C (COUNT_PER.C) at that temperature. The
actual temperature ' may be.then be calculated by the
user using the following:

(COUNT_PER_C - COUNT_REMAIN)

IPERATURE = TEMP_READ -
TEM! TEMP_| 025 + COUNT PER.C
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DS1820

TEMPERATURE MEASURING CIRCUITRY Figure 4

SLOPE ACCUMULATOR
PRESET COMPARE
¥
SET/CLEAR
PRESET
colSlBEE
INC
=0 TEMPERATURE REGISTER
4 ) Jster
TEMPERATURE/DATA RELATIONSHIPS Table 1
DIGITAL OUTPUT: DIGITAL OUTPUT
TEMPERATURE (Binary) (Hex)
+125°C 00000000,11111010 00FA
+25°C. 00000000 00110010 0032h
+1°C 00000000 00000001 0001h
+H°C 00000000.00000000 0000h
=11°C - 11111141 11311411 FFEFh
-25°C 1111111 11001110 FECEh
-55°C 11111111-10010010 FF92h

OPERATION — ALARM SIGNALING This flag is updated with every temperature measure-

Atfter the DS1820 has performed atemperatureconver-
sion, the temperature value is compared to.the trigger
values stored in TH and TL. Since these registers:are
8-bit only, the 0.5°C bit is ignored for comparison:“The
most significant bit of TH or TL directly corresponds to
‘the sign bit of the 16-bit temperature register. I the
result of a temperature measurement is higher than TH
or lower than TL, an alarm flag inside the device is set.

ment. As long as the alamm flag is set, the DS 1820 will
respond-to the alarm search.command. This allows
many DS1820s to be connectedin parallel doing simul-
taneoustemperature measurements. If somewhere the

- temperature'exceeds the limits, the alarming device(s)

canbeidentified and read immediately without having to
read non—alarming devices.
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DsS1820

64-BIT LASERED ROM

Each DS1820 contains a unique ROM code that is
64-bits long. The first eight bits are a 1-Wire family
code (DS1820 code is 10h). The next 48 bits are a
unique serial number. The last eight bits are a CRC of
the first 56 bits. (See Figure 5.) The 64—bit ROM and
ROM Function Control section allow the DS1820 to
operateas a 1-Wire device and followthe 1-Wire proto-
col detailed in the section “1-Wire Bus System”. The
functionsrequired to control sections of the DS 1820 are
notaccessible untitthe ROM function protocol has been
satisfied. This protocol is described inthe ROM function
protocol flowchart (Figure 6). The 1-Wire bus master
must first provide one of five ROM function commands:
1) Read ROM, 2) Match ROM, 3) Search ROM, 4).Skip
ROM, or 5) Alarm Search. After a ROM funetions
sequence has been successfully execited; the func-
tions specific to the DS1820 are accessible and the bus
master may then provide and one of the six memery.and
control function commands.

CRC GENERATION

The DS 1820 has an 8-bit CRC stored in the.most signif-
icant byte of the 64—bit ROM. The bus master can com-
pute a CRC value from the first 56-bits of the 64-bit
ROM and compare it to the value-stored-within the
DS1820 to determine iif ‘the (ROM data has been
received error—free by the bus master. The equivalent
polynomial function of this CRG is:

CRC = X8+ X5 + X4 41

The DS1820 also generates an 8-bit CRC value using
the same polynomial function shown-above and pro=

64-BIT LASERED ROM Figure 5

vides this value to the bus master to validate the transfer
of databytes. In each casewhere a CRCisused fordata
transfer validation, the bus master must calculate a
CRC value using the polynomial function given above
and compare the calculated value to either the 8—bit
CRC value stored in the 64—bit ROM portion of the
DS1820 (for ROM reads) or the 8-bit CRC value com-
puted within the DS1820 (which is read as a ninth byte
when the scratchpad is read). The comparison of CRC
values and decision to continue with an operation are
determined entirely by the bus master. There is no cir-
cuitry inside the DS1820 that prevents a command
sequencefrom proceeding ifthe CRC stored in or calcu-
lated by the'DS1820 does not match the value gener-
ated by the bus'master.

The 1-Wire CRC can be generated using a polynomial
generator consisting of a-shift registerand. XOR gates
as-shown in Figure 7. Additional information about the
Daltas 1-Wire Cyelic Redundancy Check is available in
Application Note 27 entitled “Understanding and.Using
Cyclic Redundaney Checkswith Dallas Semiconductor
Touch/Memory Products”.

The shift register bits are initialized to zero. Then start-
ing withthe least significant bitofthe family code, one bit
atatime'is shiftediin. After the 8th bitof the family code
has been entered, then'the serial-number'is entered.
After the 48th bit of the serial number has been entered,
the shiftregister contains the CRC valtue. Shifting in the
eight bits of CRC should retum the shift register to all
Zeros.

8-BIT CRC COBE

48-BITSERIAL- NUMBER

8-BITFAMILY CODE (10h)

MsB LSB" MSB
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DS1820

ABSOLUTE MAXIMUM RATINGS*

Voitage on Any Pin Relative to
Operating Temperature
Storage Temperature
Soldering Temperature

Ground

-0.5Vto +7.0V

—55°C to +125°C
-55°C to +125°C
260°C far 10 seconds

* Thisis a stressrating only and functional operation of the device atthese or any other conditions above those
indicated in the operation sections of this specification is notimplied. Exposure to absolute maximumrating
conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS

PARAMETER SYMBOL | CONDITION MIN iTYP, MAX UNITS | NOTES
Supply Voltagé Voo 1O Functions 28 *5:0. 5.5 132
1 50Accurate | 4.3 5.5 v
Temperature
Conversions
Data Pin 110 ~0.5 +55 \'4 2
Lagic 1 Viy 2.0 Vect03 2,3
Logic 0 Vi 0.3 +0:8. \'4 2,4
DC ELECTRICAL CHARACTERISTICS. (=55°C to.+125°C; Vpp=3:6Y to 5.5V)
PARAMETER SYMBOL { - CONDITION MIN TYP. MAX - |-UNITS | NOTES
Thermometer Efror terg 71 | =0°Cto +70°C 1/, 9C
—65°C to 0°C
and+70°Cito See Typical Curve 1,9 10
+125°C
Input Logic High Viy 2:2 5.5 \ 2,3
Input Logic Low. i 0.3 +0.8 V 2,4
Sink Current f. Vyo=0.4V 4.0 mA 2
Standby Current ) 200 350 nA 8
Active Current oo 1 1.5 mA 5,6
Input Load Curmrent e 5 HA 7
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