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Abstract

Nowadays, technology related to self-balancing becomes widely important, such as robot,
aerospace and sub-marine. In this thesis, a concept of stabilizing a two-wheel balancing robot is
introduced utilizing a principle of inverted pendulum to explain a physical activity of the robot. A
fuzzy logic controller is applied to balance the robot body. The input parameters, pendulum angle,
pendulum angular velocity and robot velocity, are fed to the controller in order to process and
create an appropriate output signal which is able to control the DC motor in the decided direction

and velocity.
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{4={(x,,uA(x))|xeX} (5.2)

e 4 vuwhafadiyn 4, x HUODIAUITAVOUYA (set membership) LA U, (x)
- . g a i ] 4 fr ¥y
nuwHIINFuAINRIUANIFN (membership function) FauranTiotaunu 1ad e A (x) lay

) w
X AneduannnTunAng

o o 3 é e L=
X = (xpxpxpx b RS YR oz 4 Auflediaalu X Fudluwiiadyn discrete)

o W t4 . = =
uazdifia daynsnl (notation) voalwdae W Idiiu

H, (x1) H, (xz) Hy (xn) n H, (xi)
A=3— +— +..+— = = (5.3)
b X X X, =l X

dewnd u,(x)/(x,),i=1,2,3,..,n mnsdamanudlumndn u,(x,) ves (x,) u

1A A 1Az INTINY “+ nwdagilon (Union)

y;

i

0.9 &lo

0.8 T4

0.7

06 -

0.5

04

03

S

0.1

0 mf [ T =
0 1 2 3 4 5 & 7 8% 9 10 x
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=) a . & 9/ 1 o 1
M3 0AN3VINMUTUATN (Degree of membership)  HFUANIAWAIAUAVIEVIN 0 1Az 1
wiemoumdudydnual [0, 11, Tas 0 vuods Tuidumndnluee 1 winods Wumndnlues
1] ] as - T é o =y d.
nazA1sere 0 Ay 1 iduamBnudnluas  FwsihlffaanusuSoulumsifou
: = ] = 1 - o ‘i‘_l a .
vinfiunuomsa llogluaevesaun@ngaeg  lastilandunnuiluaui¥n  (membership
o o . o ' Iy
function) 1§l Fusafioy (mapping function) JagTuTawula 9 THilusanuiuauida
TuAwdaea
-y a r =~ Py a = Y] o U - '
anudumndadmivsmaaiswauszaunnuduandndueiug  nadem
L] 4 L) : L A [ = at LY
aeroaluaaRaua 0 8 1 FenseungumssmuaTuFauuuntiy wasauuuRiUS oA

NY (crisp set) IAMHUAMUAIAUMT (5.4)

lLxe 4

i, (x)= { (5.4)

0,xg A4

4' or - = o o~ 1
o 4 WumawuuatiunSaanuuniis x dumndnluee g, Husnmdy

andnlumauay p,(x) duiaduanuiluaudaluma 4

¢ o =Y
5.4 Wanvyuanuiuauin
AanFunnuiluaui¥n (Membership function) (JuHsdFuRTMSAIHUATEAUA TN

a [ = b4 b 4 a Ao o o 1KY v
lﬁuﬁﬂ']‘]iﬂ‘ilﬂdﬂﬂll!ﬂiﬂﬂﬂﬂﬂ'lﬁal.‘]i\‘l'luiﬂﬂlﬁ3Jil'lﬂﬂ'l‘i!LWLIVlﬂ‘lJﬂ')LWluTﬂJﬂ')'llJ"llJ‘h’ﬂl‘i]H vlll
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¥
6 ¥UAAIY

1. Heanguaumany (triangular membership function)

d = = g = o A
NINFUATHDOUUTINNG 3 WITIVADIAD {a, b, ¢}

0 x<a
(x—a)/(b-a) a<x<b

triangular\x : a,b,c)= (5.5)
gular( ) (c—x)/(c—b) b<x<c
0 x>¢
2. Handu ﬁmﬁuumwg (trapezoidal membership function)
¥ ? L d
HapFummasuaanyiiianue 4 Wsiinesae {a, b, ¢, d}
( 0 x<a
(x—a)(b-a) a<x<b
trapezoidal(x :a,b, c,d) = 1 b<x<c (5.6)
(d-x}d-c) c<x<d
0 x>d

o as o . . -
3. HNFNadFoy (Gaussian membership function)
d o d a = u’: = =] £ = 1 =
NINFUMIABIUUNIHUA 2 WTINODIAD {m, O} ¥ m NUWDINURDY LD

G neda sndsuuunns g

2
guasian(x : m,a) = exp(— MJ (5.7)

2
o)



4. Warduszaioni (Bell-shaped membership function)

o o @ o = = i: 1A
‘Waﬂwgﬂszmmmwwmmmmﬁuﬂ 309 {a, b, c}

bell - shaped(x : a,b, c) =

x—c
1+
a
oo ar
5. H9NFUAUDH (Smooth Membership Function)
} 4
Handugddueatinslinesnanun 2 Ao {q, b}
[
0 x<a

S(x:a,b)=<

6. Waﬁ%’u AN (Z-membership function)

1 4
Handugardiinsiimoiianua 2 A1fe {a, b)

.
0 B 2 x<da
1_4;_aj asx<? b
Z(x:a,b)= -
2(" b]z atb  r<h
b—-x 2 >h
L 0 X 2

(x"br a+b
2 asx=< 7
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5.5 m,]ﬁcn%‘ (fuzzy rules)

a a4 e a4 o ag 1 a 7q ¥ < o
Innmsifeiuiadaetniidnunn  uanilvuuazmsdszgnaldnumnigasiu
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ngdo 1:drx B4 wazx G4 ez wazx T4 ud deya x dungu C
n n

9 q l

3 ] ] T 9/ 1
apde 2: & x fid, uasx U A uag - Az x fim 4_ ud doya x Wungu C,

n 2n
9 9 s =) = 3) 9 ﬂ '
NV I: 01 x Hm An uazx, umAﬂuaz e A x UM A: 4t voya x wlunqu €,
n n

4
5.5.1 szUUNQUUUHYS
= @ e s . . 4w w o .
TuszvuilnyeilszAvy  (Arificial  intelligence) M30IM3BIINTEGNILL  (machine
R . e ast o J ¥ X t '
intelligence) HITMINAIT lumsNezuanivnnNivoawywdlugduuuae 9 wu assny
' . = &
(logic) W5y (frames) 1ASIUI1BAIUNYIY (semantic nets) HIING (ontology) uazng) (rules) ¥4

=

o aa 4 A a
Ll'lJ']JHﬂQq¢]lﬂu3'ﬁﬁuﬂﬂuuui‘;ﬁu53UUﬂ“ﬂ“ﬂ

5.5.2 gﬂsmungﬂqé

Tuszvufasdesdanuiansouanslugilszlon

¥ b3 : 3 o o u’j 3 s Y
th goae (or1) auiu Yoga (Yom )
IF premise (antecedent), THEN conclusion (consequent)
Joanudnsdudunisndudluuw “uvugungdr-udy” (F-THEN rule-based
form) %50 VYUY (deductive form) TUFUHUUMITUAAIOUINY HINTINTIVAIINDI
Y a 4w o P A v aa_ o & d
(Joa3 JoauyAgiu wiedern) uaunmuITneyIIUnIenteaUANNLTIBNBI 1NN
~ ' a o ¥ . ¢ 4
Sunhdegansedeay minaaszluuuesnnuiiifondn seinnudanu(shallow knowledge)
& =t = 4 o o
Feroudhalinnummzavlunfunvesnw  lesnndiumsuaaalszaumsoivesuywd
o = o o .. o 4 M
azeIRNNWSITANUIENTN (heuristics) Tugtnuuss loamumyuanlFlumsdemanialy
o a = :’ o o o
ua lidugiiovessanudnand) vuvidumsfies dulassaths duileisu wiadu
NOANTIVVBIINQTOV  ANT) 081aNFToNI1 Uil (inductive)
a L= g o' [N A o 3 a s
srvungiladdudaniilse Temilunsiagduuuvesszuuidudauiannsaduna
P ¢ v Y w ¥ _ o ¥ v o
18 Tasuyud mazszvumartiansousaasdisimdsn ludoiuazdenuvengla &

' ] »
l!‘lJiﬂ1H1ﬁ11lﬁﬂﬂ”l!Lﬁﬂ\il‘]N‘ﬁ'i'ilJ‘]f'W]ﬁ'ﬁﬂ'ﬁ“ﬁ“ﬁlmﬁltﬂ$ﬁ31‘§8ﬂﬂ55ﬂ$ﬂﬂdlmmﬂﬂ1ﬁu
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5.5.3 yRAveIsyuungad

Fuzzy Rule-Based Model

Nonadditive Rule Model Additive Rule Model

h 4

Mamdani Model TSK Model SAM

317 5.9 nquuesssuungHad

* o o i =y o v
Tunsalszunanfendu (function approximation) szuuNYAYFN1H 3 wiialng 9
18un (1) g1y Madani (2) 3100 Takagi-Sugeno-Kang (TSK) uaz (3) 3i/uuy Standard
Additive Model (SAM) jUtl/y Madani 52uWaNITOYNIY (inference) VYDING Ta35m3
" w . . ] ' w g A o
YOUNY (superimposition) NNNHHAW ] ¥ g luiduuuuyandu 3aFenszuuuuuiiiniy
Inmangnmu"lﬂmﬂﬁu (nonadditive rule model) UAT MY TSK 1Az SAM ﬁmmqmmmu
v 8w . A ﬂ Y Y & o Ed
TIWAUINUN (weighted sum) VINHUAW 9 N IHDT AL u%aﬂ‘;ﬂqﬂmu RUTUNTZVUUUVUN

TumanguuuuInAu ( additive rule model) N1s3ANguanITTILNYUUURBHIAAI LA

5.5.3.1 szvungiadveauuaiii (Mamdani)
d' = d‘d = 9 dl A = e
szvungiaduuuuuuail  Wussuuilanwiioulfnnigaszuumilalumal §ia
I ¥ ¥ ¥
duszuuilFdanlsnwnialudedwademuiedaifouilendusn iy ux U, <. x U,
i w

nQ¥eN 1:IF (x, isA )ANDIF (x, is4 )AND ... ANDIF (x, is4 ) THENyis C
~11 ~12 ~1n -1

ndof 2: 1F (x, is4 ) ANDIF (x, isA ) AND ... ANDIF (x, is4 ) THEN yis C
~ 21 ~ 22 ~2n ~2

nQUON L: IF (x,is4 )ANDIF (x, isA )AND ... ANDIF (x, isA )THEN yis C
~ Ll ~ L2 ~Ln ~ L
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: [y 1 @ = a 4
diox,j=1, ..., n,iudnlsenevi j vosduliduwn x, y Huduilseminn, 4 T

4 if
»

o 1) ug . .. - o o = ¥ w
WUMYIYDIYDAY (consequence linguistic term) WaudsnTuanutumndnvesdons

. . .
(antecedent membership function) “lun:;]ﬁ LI=1,..,L,C Li‘luwﬂumywm'{’fﬂmnﬁ?aﬁaﬁw

anuduainFnyosdomu (consequent membership function) Y947 7

smuald 4 duiladimalnd dmiungded ii=1,..L

A4 =4 ﬂAzﬂ...ﬂA_ (5.11)

~ il ~i

uaaslugtedFunnudiuaundn iy

by )= min , (s, (), ) 5.12)

~il ~i2 ~in

5 -y £y
fmniaunnd i ugy

(x, =x)) (e, =%} ) (x, = x7) (5.13)

] ] ¥
Taof %, x5,...,x, Wusdunnlaq 1w 1dnflad luduvesdeduiiu

a,=min(,uA (xl’),,uA (x;),...,,uA (x,',)) (5.14)

~ i1 ~i2 ~in

' o J 9/ o ol ' o ¥
ﬂ'lli]'m“v‘!ﬂ‘llﬂﬂﬂg]lmﬁﬁ“llﬂ“U‘ENS&’UU‘W%‘D‘LLUU&lﬂJﬂJﬂ'Iu‘Vllﬂuﬂ'IW“ﬂ‘BﬁﬂJ']'iﬂﬁ']”lﬂi]']ﬂﬁllﬂ'li

po )=a,~p (y) (5.15)

1 o 4 '
Aurymyssszuuilurai e iynnnnguanzde lavldaums
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1 )= maX[uQ', Wt Wb, (y)J (5.16)

— a 1 a s o_ o A :’ Y
Hsmorinn aunsaudauiludnndldTasitnsmisannuaquinseuuumanimin

. Z,ug(f)xf
a Zﬂc:(y)

(5.17)

A ' o . 7o a A
o y l‘ﬂuﬂ‘lﬂﬂﬁfﬂﬂﬂ')ﬂ {centroid) ﬂjmﬂﬂﬂ%uﬂ’mui‘.luﬁmam’nﬁumﬂi

IEMIOPNUUVVIMNA

° LY P aq = J & A o
ﬂTH‘LlﬂGl‘H 'J'S‘lJ'ljﬁclfclﬂl'lJ'lJllllllﬂﬂ«lll 2 E)'LW!‘YI x Uz x uag 1 l'E)"I'VW!ﬂy "]Nllﬂ!;]ﬂ‘]i‘]f
1 2

iy

IFx is A andx,is A THEN y is B dwmsu k=12,..,r (5.18)
~ k1 ~ k2 ~k

F ¥ Yo @ s ' o A
Wﬁi')”lﬂ1ﬂﬂﬂﬁ11ﬂ ‘Iﬂﬂﬂ']'iﬁl‘lﬁlﬁfn'i?ﬂﬂﬂﬂﬂizﬂﬂﬂllUUﬂ‘l’qqf!ﬂ-ﬂ’]fIﬂ {max-min

.. = [y d M ..
composition) I.mz’ngﬁlﬂﬂﬂﬂﬂiZﬂBULLUUﬂWQQ’cIﬂ-NﬂQm (max-product composition)

ad LY ¢ v o
FEmsdneendszneunumgIga-figa

u ()= max[min(uA (Inpur(i)), pt | (]nput(j)))} dMsU k=12,...r (5.19)

~ Bk -kl ~k2
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: . o { . o = ot o <
o x,j=1...,n ddinlsznevdi j vesdmdsdunn  x,y fludulsieninn, 4, dh

o ¥ o L 20 S # a ¥ 2
WIUNTYIVDIVOAY (consequence linguistic term) #nIouAINFUAMUIUaUIFNVRIT9AS
(antecedent membership function) 1uﬂ§‘]ﬁ Li=1..,L uae f AuaunsiFuduvos
(consequent linear function) ‘Umﬂ!;]‘ﬁﬁlﬁ i

o - Y
dmniisunmdnnlug
(x, = %) (x, =x )y (x, = x7) (5.22)
H T ¥
Taohi x!,x,,...x, dlusduynlag s 8mfedluduvesdorudu
@, = min(u,(x) 1, (E:9 WTIRESY) (5.23)
J o ] FY I~ ) ¥
Anemiwnvanguaazdevesszuuisduuuiaaansan ldnnaunis
Y, =by+bx +..+b,x, (5.24)

1 4 d ]
Anemynvesszuudunaunaeunonnguaazde Tavldauns

L
Zai xyl
= i=1

y=tt— (5.25)

2

i=1

5.5.3.3 iznuﬁmﬁsmumnmmgm (Standard Additive Model: SAM)
seuuAadtuuInnes§ e iy szuudsduuugIula  (Tsukamoto’s Fuzzy
dyl g 3 ¥ ﬂ o 9 o a = 1
System) Tuszvviidmdenaazdemurzdunninuiadiody szuudsgvoamual ua
' ¥ o H 4 se s -
TINVDINDAI  (consequent) mmﬂQﬂmmﬂzgnuﬁmrﬂuﬂmmwamu‘ﬂaﬂmuﬁuwmmuma
=1 o a o o = =1
A8 (monotonic membership function) ﬂ&‘g‘ﬂ‘ﬂ 5.12 Waﬂwmmsi‘luﬁnwmmnmamm
1 o T i v @
(shoulder function) Lﬂumaqmummwmmuﬂa:ﬂgﬁnﬂummmmm"lﬂ {crisp value) WD
o n’}’ Qs i o . a :’ Y o v s
INUNIINUA (mg'ﬂﬁ 5.12) mmmmmm'lﬁ'immmaUmﬂumaammvmmmmazﬂg Ad

[t UaRF]
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dumsildaquade (Fuzzfication) w3olugtuumaRednieduniniudus

11¥1 (Linguistic Variable)
I Ae o

§1uAMu} (Knowledge base) dludmidanusrusmdeyalumsnivgunlsznou 2

A7UufiD §UNY (Rule base) 1Az MUUOYA (Database)
3 o an 2] =

§1UNY (Rule base) drmvasmisfmuaitmaniugu Falanndduimalugiumn

¥03yAYOYAVLNYYDIN M1 (Linguistic rule)
¥ o = 1y Ao A 4 °

yiudoyn  (Daabase) Humsiamsoudndsuihumenozldlumsimuangms

AURY uRzMITAMItoyaveIns NS s
& - -t v do ¥ = T

13 00YUNITBMIANNY (Inference) (Hudrufivhnilinasnaeudemassunzng
A q a A o ¥ Y ¥
welslums@anunumana milounalndwiuauguasiganudlumsud Tuilym

¥ ]

$NINMIAIMUAITMIVOINSAANUNEHIAIABY

daumsisannuaguiaiadumsimanlaedoyaieglugduuufledlfidunh

aswaniemInsnIuquIz LY

5.7 YunaumsdszulananuuNsTaoIn

=

v ]
Fuaeumsiszianauuuadasdnlgluuumsanuily 4 dauszudasda g

5.14

Input Output

U i

Membershi -
Fuﬂcticmp :> Inference r_;\ Fuzzification :> Defuzaification

4 M A Y -
Tuasun 1 THADUN 2 Junau 4
} 4

51/ 5.14 dumeumsiszuananuuAzFaein

> < a aw 1d a o 4
fuaoun 1 Wumsudasmsduynuuunifondswiumsunmuuudls lad
9 o o = ro 3 = o = ar ._43’ o o
Tasvzauilarsuanudiuaindn  Taolusulludesfidnunz@oniy Auduguinpusves
[ = o & [ IS A v o o @ o
uRazmsBunmnzanNdWgsemsieynihaul Taoiaduseiidnuasiiumadimua

awasiive Iitluilad@nisdunn Azt 5.15
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Input
Membership

Crisp Membership Fuzzy
[nput Vanable Fuaction Input

[ ¥ ' v
i 5.15 Yunoui 1 voansussmananyuiadaain

Fuaowit 2 Humsademnuduiussniamssunnimuaiifndefueniyni
9IfeMdnNNIsYesMIIHIMAUAZNA B1vzadmsiudeya msmaniseininmsdadulives
uyud wieAnnnmanes Taodoudlungmsnuguszuy Sesidnvazeglugluuy
«dv (1f) “uaz” (And) “nie” (O Fufunnnaiy ﬁmgffwmmﬂazmawasmﬁu e

msmaaduloimungay Asgh 5.16

Rules
Fuzzy Inference \zzy
Input Input

v » ] [
517 5.16 Tuapui 2 veamsilszuananuuiadacin

L 4 g . 4oy X o 2
funoun 3 Wumsmiadneminn Tasmsingmssiuaunaday Tuduaeun 2

o Aa = ~ 4 Y o 1 o o {
nszuanaduiflaaduyn  Taoldiinmsneadamaas Wethaf Idssurana degalh

5.17

Rules

Fuzzy L Fuzzy
Inpur l::> Fuzzification : >Output

1 b4 ] []
U7 5.17 Pumoun 3 vesmsdszuananuuiyaasin
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-

o o o ¥ . . a " - P
dmiumsmidnquinie (Fuzzfication) 5msntsulFlumsinnunimgnadeds
MPIGA-AIYANAZAIZITA-HON
¥ v » £ ] ] ]
dupouin 4 dludunsugaionSeduaounsaplvguaiad  Tasvznlaouied
o W a o o P 9 as = d as a0
wmynIddunifveniynagli 5.18 uazdwinsndamans 1y S3msmgaguitie

A o v A 9 EY @ o A n‘z
o A ldlumsaaduluienlvguszvuluaniumsaiiug

Mathemane
Process

4

Defuzzification [ ™ Crisp

Fuzzy

o 2 < 4 =
317 5.18 Yunoum 4 voansilsziawauuuNsdaeun

FmsmsaanuaqunTe (Defuzzification) iWumaiinlupsidonsigeganioagi
1 é A\ ' o —
ManaNYaIwn wauiosniaey suumsldmgagavesaszdumsiiuaininenms
o = o = =
nIRIMaIe uutuazfenn SR NS UL LIRYY
an Lol . e o ay v =
351131 19AAUGE (Central of Gravity : COG) WuTEmsmAvwai Idnnnsanu
aa 9 o Vo 9 o ) i1 ’
wmgitonlFluilegpin - dinldszdnagaguianlagimezmlaninnmsidszuadinn

aunNI
N
aw,

17

COG ==—— (5.27

2

=1

b4
Tavaums Tédmuamwesaumsasil
} o
COG unu MYe3AgUINN (Central of Gravity)
1 u‘/’ t o 1 x:; QR o [] ;:i
N UNU MAUAAMNLIN 1 DIWAUIN |
1 a o Ao VoA .
a, unu mdzgveuenn husadaddiunuag i

A de wew oo VoA
w, N Wu‘l‘]ﬁlﬂjﬂﬁﬂﬂdl‘]jﬂ‘ﬂ‘]’mﬂ’llm‘IN‘H 1
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5.8 mzmumsmmqwnsmuﬂmc‘ﬁ

5.8.1msvunaEanuuHaan 1l

o ¥ - 4 A = 4 $ LY csy
mnumimwuﬁmmwmu n BUNN UAT 1 IDIMWN ‘]Jizﬂﬂllﬂ’wﬂg]ﬂﬂu

Rule,:TF x, is A;, AND x, is 4,, AND...AND x, is 4,, THEN y is B,

Rule,:TF x, is A,) AND x, is A,, AND...AND x, is 4,, THEN y is B,

Rule,:1F x| is A;, AND x, is A;, AND...AND x, is 4,, THEN y is B, (5.28)

4 T % o Y o
10 X = [X1, X2, ++-y Xn] ﬁ‘lumuﬂ‘mun‘n uag y sﬂumuﬂ‘smmnmmssuu R
Ed [ []
Watin1un (linguistic terms) v9390A1 (antecedent) tile 1 Lﬂuﬂgﬁ LI=1,.L,uazj i
ana, , L4 . s e
fanjj=1,...,n, uazl¥ Wuweiniw (linguistic terms) v83doA (antecedent)
i A ol 4
mﬂgﬂﬂs:Iﬂﬂt’h-uﬁ'ammmammIﬂmwmﬂumuq Fa1lsznevudln AuspuATINZ
-~ ar 9 @ o 4 a 9
“UAz”, “N30” wazdYTY “udd” aadassnlsznaudunnlen annsaasinalaninszuy

HAsFaanars meotruzu Slisunnidesnsmidensilua

X, =X, X =Xy X, =X, (5.29)
nnngAsdtedy annsoasdwalan

Y=8B (5.30)

¥ o :5:::’
aQYen I Mnssuudedl

Rule,:TF x, is A, AND x,is A, AND...AND x, is 4, THEN y is B, (5.31)
fanuduiuiiad R muaums

R(x, %550 X, ¥) = (A, %A, x...xA4, = B )(x;,%y,...,X,, ¥)
=(4y(x) A (A () A A (A4,(x,)) > B(y) (532)
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= d '
VNDUNN X, = X[, X, = X},...,X, = X, @113093UM y = B lasnuemnnvesngua

B) = (u(x})x p(xs ) x ..x p(x))) o R
Bi(3) = (A, (5] A A (X3) A A A, (x0,) = B,(Y)

; ' T 9 Y o 3/ I s
VINUUTIN B; TINNHUAVDIVIAIUNU AWM TYIUIU AITUNIT

B =UB0)= B0)v BOIV-v B

¥
o o

a o Y
ﬂauuﬁmmmmmwgﬂ 513111vlﬂ§l1ﬂ

B(y) =[(4,(x) A A (x)) A A4, (x)) = B0V
[(Ay (X)) A Ay (x3) Ao A Ay, (3,)) = By (¥) v
eV (A () A A (k) A A Ay (x,)) = BL(Y)]

2 4 o
ajduneumalizuranamenunguu U
1. Sudeyaduwn x, =x,x, =x},..,x, = x/
2. fmalasaduwn duaflad p(x)), p(x)),..., u(x))
v ¥
3. A Hed (Firing Strength) 1InY049 YoenguAazdo
A (xDAA, ()AL AA (X))
o ] a o ]
4. snumlsdoniunnnnguaasdo
Bi(y) =(A,(x) A A, (x)) Ao~ A, (x,)) = B,(y)
o 1 a o
5. mwmamdadiemunsmanynng lussuy

B(y)=B{(»)v By(»)v..v Bi(y)

ﬂ' A [
4.8.2m'smmqﬂmmuﬂmmmmmmumu
& Y ' ot o Y Ay
lWi]ﬂ'J"IllL‘llﬂiN'lU ﬁ]:nﬂmamaﬂgﬁmmm-um ﬁamg‘nagiugﬂ

Rule :ifxis A and y is Bl then z is C,
1 1

Rule :ifxis A and y is B2 then z is C,
2 2

} 4
dmivdunnlan xisx andyisy Auiuwaagl zisC
0 0

(5.33)

(5.34)

(5.35)

(5.36)

(5.37)
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{ o ar = as
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1
05F E
G 1 ; 1 1 i I
-80 -8 4G -20 it] 20 40 &0 280
input variable "thetadot”
a o o - o a L)
'g‘l]‘Vl 6.3 uﬂm’ﬂaﬂwﬂ'Jmni‘lufmwnmmﬂ’nm's’Jl,‘magmmzwumu@_an
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NVVB NVB NS N Z £ B FVB PVWwWB
1 [
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c - i — i 1 1 L t
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output variable “output1”
a o o = o P o o
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Tavluamvesiminuauiadil  suidonldnseyuuiled(Fuzzy  inference) 3t
P o . a . & [
iatinuuuail (Mamdani) 1225 7UngAWNIZFLLL “OR’ (OR Operation) Faidras ldagas

ao szl ldmumunsgane i
Hy (v)=max[min[p , (input(i)), p . (input (j))]] (6.1)

¥
lumshinnunquunio(Defuzzification) 1N wliEmsunsosd  (Centroid
& o 4
Method) Fuihullamaunisdsaelif
J‘,uc(z)-zdz

L =—5——0 (6.2)
Ju @)z

L4 [ b4
nniuihdmauguisgheoauulaill)dmesnsmandisTdsunsumuay 7.0
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Wegnandluunaalyl
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AN d 4 a w A o
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CompactRI0 Real-Time Embedded Controliers

Specifications
Network

Network nterface..... ....c.cccounuenee

Compatibility ...

Communication rates............ccccoveenes

Maximum cabling distance.... ...

Memory
¢RI0-9002

Nonvolatile . ..o

CRIO-2004

Nomvolatile . ..o vrenr

Power Requirements

10BaseT and 100BasaTX Ethemet
EEE 8023

10 Mb/s, 100 Mbys,
autenagotiated

100 m/segment

64 MB
2 MB

512 M8
64 MB

You must use a Natigna! Electric Coda (NEC] Class 2 power

source with tha cRIO-900x controllers.
Recommendad power supply.............

Pawer consumption

Controlier only .......... RO

Controlier supplying power to

8 CompactRi0 modules...........

Power supply

After pawerup ...

Physical Characteristics
Screw-taminal Wiang ..o

Torque for screw terminals.................
WOIGHL.......ccver e e

Safety
Safety Voltages

48 W sscondary, 18 to 24 VDG
7 W max
17w

91039V
flo3sY

12 to 24 AWG copper conductor
wire with 10 mm {039 in of
insulation stripped from the end
05006 N+m{4410531b«in)
Approx_ 488 g {17.2 az}

Connect only voltages that are within these imits.

Safety Standards

30 V max, Instaliation Category |

cRI0-900x controllers are designad 1o meet the requirements of the
following standards of safety for electrical equipment for measurement,

contral, and faboratory use:

* EN61010-1, IEC 610101
+ UL61010-1, CSA 61010-1

Hazardous Locations

Canada (C-UL) ...

Europe {DEMKO} .....cooovoerrierern

Class |, Division 2, Groups A, B,
C.D. T4; Class |, Zone 2, AExnC
icTa

Class |, Division 2, Groups A, 8, C,
D, T4; Class |, Zone 2, ExnC IIC T4
EExnCHC T4

Environmental
£RIN-300x controllers are intended for indoor use only. For outdoor use,
mount the CompactRIQ system in a suitably rated enclosure.

Dperating tempsrature
{IEC 60068-2-1, IEC B006B-2-2}.....

Note: To mest this operating temperature range, follow the guidelines in
the installation instructions for your CompactRIQ system.

-40to70°C

Storage temperatitre
{IEC 60068-2-1, IEC 60068-2- 2) ...... -40 1085 °C
Ingress protection .... NN . i
Operating relative humldaty
{IEC 60068-2-56) .... 10 to 90%, nencondesising
Storage relative humidiiy
{IEC 60068-2-56) ... 5 to 95%. noncondensing
Maximum altitude.... .. 2000m
Pollution degres {IEC 60684) e B
Shock and Vibration

To meet these specifications, you must panel mount the CompactRIQ
system and affix ferrules to the and of the terminal wires.

Operating vibration, random

{IEC B0DE-2-64) ... cccccoocoonne. 5 Ourns, 1010 500 Hz
Operating shock
{IEC B006B-2-27} ceonvove v, 30 6, 11 ms half sine

50 g. 3 ms half sine,
18 shocks at 6 orientations
Operating vibration, sinusoidai

{IEC B0063-2-6} .......o0..cc0o v 59, 10 10 500 HZ

Electromagnetic Compatibility

EMISSIONS ......... oorreeecrimrrnvnerrnenee EN 55011 Group, Class Aat 10m
FCC Part 154 above 1 GHz

IMHUNILY ... oo UGUSTR] TavRls pet EN
61326:1997 + A2:2001, Table A1

EMC/EMI.......coocoecvrccrmnriromnnnne - CE, C-Tick, ICES, and FCC Part 15
{Class A} Compliant

Naote: For EMC compliancs, aperate this device with shielded cabling.

FCC Compliance

Go to ni.com/info and enter rderiofce for information on using this
product in compliance with FCC regulations.

CE Compliance
This product meets the essential requirements of applicable European
directives, as amended for CE marking, as follows:

Low-voltage directive {safety)........ 73/Z3/EEC
Electromagnetic compatibility
directive {EMC}....ocoocccovcccnn. B9/335/EEC

Nate: Refer 1o the Declaration of Cenformity (OoC} for this product for
any additional requlatory compliance information. To obtain the DoC
tor this preduct, and for UL and other safety certifications, visit
ni.com/certification.
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GP2D120
SHARP Optoelectronic Device

FEATURES
= Analog cutput l 1 l
» Effective range: 4 to 30 cm
« Typical response time: 38 ms 000
DE
» Typical start up delay: 44 ms —
» Average Cumrent Consumption: 33 mA i
DESCRIPTION PIN| SIGNAL NAME
The GP2D120 is a distarce measuring sensor with O] Vo
integrated signai processing and analog voltage =
& GND
output.
©) Ve
GP2D120-8
Figure 1. Pinout
GND Vee
PSD ¥
Al :
I SIGNAL
I't | PROCESSING VOLTAGE | 1
REGULAT 1
Ké ! CIRCUIT OR =
osciLLaton | )
CIRCUIT H
i
— Slz LED . ooutpur 4 8 L
-~ DRIVE CIRCUIT cirRouT |1 g
I (]
LED 3
MEASURING DISTANGE IC
GP20120-4,

Figure 2. Block Diagram
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SHARP GP2D120

ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings
Ta = 2500, Vcc = 5VDC

PARAMETER SYMBOL RATING UNIT
Supply Voltage Vee 031047 v
Cutput Terminal Voltage Vo -0.3 10 (Ve +0.3) \
Operating Temperature Topr -10 {0 +60 °C
Storage Ternperature Tstg |[-401o+70 “C

Operating Supply Voltage
PARAMETER SYMBOL | BATING | UNIT
Operating Supply Voltage Vee 451055 V

Electro-optical Characteristics
Ta= 25°C, VOC =5VDC

PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX, | UNIT | NOTES
Measuring Distance Range ab 4 — 30 cm 1,2
Output Terminal Voliage Vo L =30cm 025! 04 | 055 v 1,2

Cutput change at AL
{30 cm— 4 cm)

Average Supply Current lee L=30cm e 33 50 mA 1,2

Output Voltage Difference AVg 1951 2.25| 2,55 v 1,2

NOTES:
1. Measurements made with Kodak R-27 Gray Card, using the white side, {(90% reflectivity).
2. L = Distancs to reflective object.

Veo
(POWER SUPPLY) I I_

33.3ms +9.6 ms
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Figure 3. Timing Diagram
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SHARP GP2D120
REALIABILITY
The reliability of requirements of this device are
listed in Table 1.
Table 1. Reliability
FAILURE
TEST [TEMS TEST CONDITIONS JUDGEMENT | SEMPLES(). | yores
CRITERIA EFECTIVE (C)
Cne cycle -40°C (30 min.) to +70°C in 30 _ _
Temperature Cycling minutes, repaated 25 times n=1.C=0 1
High Temperature and - _
High Humidity Storage +40°C, 9% RH, S00h n=11,C=0 1
High Tamperature Storage +70°C, 500h n=11,C=0 1
Low Temperature Storage -40°C, 500h initial x 0.8 > Vg n=11,C=0 1
Operational Lite ~ Vo»intalx12] .. .
(HighTamperature) +60°C,Vcc—5v.500h 0 n=11,C=0 1
100 m/s? 6.0 ms
Mechanical Shock 3times/1X, Y, +Z direction n=6C=0 1
10-10-55-10-10 Hz in 1 minute
Varlable Frequency Vibration | Ampktude: 1.5 mm n=6,C=0 1
2h in each X, Y, Z direction
ROTES:

1. Test conditions are acconding {0 Eleciro-optical Characteristics, shown on pege 2.

2. Atcompletion of the test, allow device to remaln al nominal room temperature and humidity (non-condensing) for two hours.
3. Confidence level: 90%, Lot Tolerance Percent Defect (LTPD): 20%/40%.

MANUFACTURER'’S INSPECTION

Inspection Lot

Inspection shall be carried out per each deiivery lot.
Inspection Method

A single sampling pian, normai inspection level Il
based on 1SO 2859 shall be adopted.

Table 2. Quality Level

DEFECT iINSPECTION ITEM/TEST METHOD AQL (%)
Major Defect | Electra-optical characteristics defect 0.4
Minor Defect | Defect on appearance and dimension (split, chip, scratch, stain)* 1.0

NOTE: *Any one of these that affects the Electro-optical Characteristics shall be considered a defect,
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SHARP
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‘_’ SGS-THOMSON
d ucreELECTROMICS L298

DUAL FULL-BRIDGE DRIVER

s OPERATING SUPPLY VOLTAGE UP TO 46 V

« TOTALDC CURRENT UP TO4 A

= LOW SATURATION VOLTAGE

s OVERTEMPERATURE PROTECTION

» LOGICAL "0” INPUT VOLTAGE UP TO 15 V
{HIGH NOISE IMMUNITY)

=

DESCRIPTION

The L298i1s an integrated monolithic circuit ine 15-
lead Multwatt and PowerS020 packages. It is a
high voltage, high current dual full-bridge driver de-

signedto accept standard TTL logiclevels and drive ORDERING NUMBERS : L298N (Multiv«_faﬂ Veri._)
inductive joads such as relays, solenoids, DC and 'Eggg:;' "p‘;"“:‘;‘,'g"'ggo”""”
stepping motors. Two enable inputs are provided to ( )
enable or disable the device independentlyofthe in-
put signals. The emitters of the lower transistors of nection of anexternal sensingresistor. An additional
each bridge are connected togetherand the corre- supply input is provided so that the logic works ata
sponding extemalterminal can be used for the con- lower voltage.

BLOCK DIAGRAM

Muitiwatt15s Powers020

ourt 0T ¥ oy ouTa
b =g
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R S
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L298

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vg Power Supply 50 \
Vssg t.ogic Supply Vollage 7 v
Vi.Ves  |inputand Enable Voltage —0.3to7 \
lo Peak Output Currert {each Channei)
— Non Repetitive (t = 100us) 3 A
—Repellive (80% on -20% off; tcn = 10ms) 25 A
-DC Operation 2 A
Vsens Sensing Voltage -1102.3 \4
Pyt Total Power Dissipation (Tcsse = 75°C) 25 W
Tsg. T; [ Storage and Junction Temperature —401o0 150 °C
PIN CONNECTIONS (top view}
/ " ~ s s CURRENT SENSING B
1w 0 ouTPUT 4
'@' il sm—— OUTFUT 3
12 T INPUT A
(I N— ENABLE B
10 e INPUT 3
Multiwattis ¢ f——> LOGIC SUPPLY VOLTAGE Y
B TS GND
T INPUT 1
6 "0 ENABLEA
s INPUT 1
4 77T SUPPLY VOLTAGE Wy
_@_ spE— 0 OUTPUT 2
20 ouTPUTH
\ [L P I CURRENT SENSING A
Z TAB CONNECTED TOPIN B DIHNDST
4
GND [ 1 20 [T GND
Serse A [ § 2 19 [ SenseB
NC. 5] 3 18 ] NC.
Cut1 T 4 17 £ Out4
ow? [ 5 PowerSO20 15 [—] ou3
ve [F 6 15 L1 input4
nput 1 08 7 14 F ] EnableB
Enable A [C—] B 13 for] input3
nput2 C°F 9 12 1 vss
GND [ 10 11 [T GND
DgsiN23e
THERMAL DATA
Symbgol Parameter PowerS020 Muitiwatt15s Unit
R jcase | Thermal Resistance Junciion-case Max — 3 °CIW
R et | Thermal Resistance Junction-ambient Max. 13 (") a5 “C/w

{*} Mounied on atuminum substrate

2112
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L298

PIN FUNCTIONS (refer to the block diagram)

MW.15 PowerSO Name Function
1,15 2,19 Sense A; Sense B j Between this pin and ground is connected the sense resistor 10
control the cumrent of the toad.
23 4,5 Qut 1; Dut2 CQuiputs of the Bndge A; the cument that flows through the load
connected between these wo pins is monitared at pin 1.
4 6 Vs Supply Voliage for the Power Dutput Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
5.7 7:9 nput 1; input 2 TTL Compatible Inpuls of the Bridge A.
6;11 8;14 Enable A; Enable B | TTL Compalibie Enable input: the L state disables the bridge A
{enable A) andior the bridge B (enable B).
8 1.10,11,20 GND Ground.
9 12 VSS Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground
10; 12 13;15 Input 3; Input 4 TTL Compalible inputs of the Bridge B.
13; 14 16;17 Outd; Out4 Outputs of the Bridge B. The cument that flows through the load
connected between these two pins is monitored at pin 15.
- 318 NC. Not Connected

ELECTRICAL CHARACTERISTICS (Vs =42V, Vssg = 5V, Tj = 25°C; unless otherwmise specified)

Symbol Paramaeter Test Conditions Min. Typ. | Max. Unit
Vs Supply Voltage (pin 4) Operative Condtion Viy 42.5 46 v
Vgs [Logic Supply Vokage {pin 9) 4.5 5 7 v
Is Quiescent Supply Cumrent (pin4) {Ven=H; =0 Vi=L 13 22 mA
V;=H 50 70 mA
Ven=L V=X 4 mA
Iss Quiescent Current from Vss (pin 9) [Ven=H; L =0 Vi=L 24 36 mA
VizH 7 12 mA
Venz=L V= X 6 mA
Vi input Low Voltage -03 15 v
(pins 5,7, 10, 12}
Via  {input High Voltage 23 VvsSS v
{pins 5, 7, 10,12)
l, Low Volage Input Current Vi=t -10 HA
(pins 5,7, 10, 12)
kn High Voltage Input Current Vi= Hg Vgs 06V 30 100 pA
{pins 5.7, 10, 12)
Ven =L [Enable Low Vollage (pins 6, 11) —0.3 1.5 i
Voo = Enable High Voltage {pins 6, 11} 2.3 Vas N
lesn =1L |Low Voltage Enable Cument Ve =L 10 pA
{pns 6. 11)
lsn= H [High Voltage Enable Current Ven = H £ Vgg 0.6V 30 100 pA
{pins 6. 11) _
Veesat (i | Source Saturation Voitage I=1A 1.35 1.7 \'
4 =2A 2 2.7 v
Vegsar; | Sink Saturation Voitage iL=1A (5) 12 16 v
i, =2A (5) 1.7 2.3 v
Vecesat | Total Drop h=1A (5) 32 \'
f =2A (6) 4.9 N
Vs | Sensing Votage {pins 1, 15} ~1 (1) 2 v
312
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L298

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. Typ. | Max. unit
T1 (Vi) |Source Current Tum-off Delay 05Vvito0 9 {(2)(4) 15 us
T2 {Vi} |Source Current Fail Time 09k o0k (2).{4) 0.2 us
Ta (Vi) |Source Current Tum-on Delay 05Vito0.1 . {2)(4) 2 1S
T4 (Vi) |Source Current Rise Time 01 to08k  (2)(4) 0.7 it
Ts (V) | Sink Current Tum-off Delay 05Vito0.91.  (3).i4) 07 us
Ta (Vi) |Sink Current Fail Time 09k 001 (3),(4) 0.25 us
T7 (V) |SinkCument Tum-on Detay 05V;10091L  {3).{4) 16 us
Ts (V) |Sink Current Rise Time 0.1) 1009k (3),(4) 0.2 1]
fc (Vi) |Commutation Frequency IL=2A 25 40 KHz

Ty {Vea) [Source Current Tum-off Delay 05V 009k (2)(4) 3 us
Tz {(Ven) |SoOurce Curmrent Fall Time 091 te0.1h  (2):(4) 1 us
Ta(Ves) {Source Current Tum-on Delay 05V, to0.1 (2% (4) 0.3 kS
Ta {Ven) | Source Current Rise Time 01k 10094 {2} (4} 04 US
Ts (Ven) [Sink Current Turn-off Delay 05Ven 1009 L {3),(4) 2.2 is
Ta {Ven) |Sink Current Fail Time 09 to0.1lg  (3)(4) 0.35 us
T7 (Vea} | Sink Current Tum-on Delay 0.5Vent00.9k  {3);(4) 0.25 us
Ts {Ven) | Sink Current Rise Time 0.1 to 091l (3).(4) 0.1 us
fc (Ven) | Commutation Frequency I.=2A 1 KHz

1) 13Sensing voiage can be -1 V fort< 50 psec; m steady state Vies minz —-0.5Vv.

2)Seefig. 2.

3) Seefig. 4.

4} The load must be a pure resistor.
5) PIN 1 and PIN 15 conneded to GND.

Figure 1 : Typical Saturation Voltage vs. Output
Current.

Figure 2 : Switching Times Test Circuits.
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L298

Figure 3 : Source Cumvent Delay Times vs. Input or Enable Switching.
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Figure 4 : Swilching Times Test Crcuits.

Note: For INPUT Switthing, SetEN=H
For ENABLE Switching, setIN= L
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L298

Figure 5 : Sink Current Delay Times vs. Input 0V Enable Switching.
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Figure & : Bidirectional DC Motor Control.
-
inputs Function
Ven=H C=H:D=L Turn Right
C=H:D=H Tumieft
ay Cc=D Fast Motor Stop
Ven=1L C=X;D=C Free Running
"““ o ¥ Motor Stop
147 L2 . L=Low H = High X = Don't care
_ ) Uy
YO CONTADL . i
oo X g
D% YO B4 kA FAST RECOVERY DIODK (¢, $200rm)
5l {57 SES-THOMSON
YJ mcnoe ecTRcmas




LM111/LM211/LM311
Voltage Comparator

1.0 General Description

The LM111, LM211 and LM311 are voltage comparators that
have input currents nearly a thousand times lower than de-
vices like the LM106 or LMT710. They are also designed to
operate over 8 wider range of supply voltages: from standard
+15Y op amp supphes down 1o the single 5V supply used for
iC logic. Their output is compatible with RTL, DTL and TTL
as well as MOS circuits. Further, they can drive lamps or re-
lays, switching voitages up to 50V at currents as high as 50
mA.

Both the inputs and the outputs of the LM111, LM211 or the
LM311 can be isolated from system ground, and the oulpud
can drive foads refermed to ground, the positive supply or the
negative supply. Offsel balancing and strobe capability are
provided and oulpuls can be wire OR'ed. Although skower
than the LM108 and LM710 {200 ns response time vs 40 ns)

&National Semiconductor

August 2000

the devices are also much less prone to spurious oscilla-
tions. The LM111 has the seme pin configuration as the
LM106 and LM710.

The LM211 is identical io the tM111, except that its perfor-
mance is specified over a ~25'C to +85'C temperature range
instead of -55°C to +125°C. The LM311 has a temperature
range of 0°C to +70°C.

2.0 Features

& Operates from single 5V supply

Input current: 150 nA max. over temperature
Offsel curent: 20 nA max. over temperature
Differential inpul vollege range: 230V
Power consumption: 135 mw at £ 15V

3.0 Typical Applications ot 3

Ofteet Balancing

DS00ET04-M

Increasing Input Stage Current (Note 1)

Note 3: Increases typical common mode slew from 7.0V/ps to 18Vips.

Strobing

DSOOKTO4-3T

Nate: Do Not Ground Sirobe Pin. Output is tumed off when curment is
putied from Strobe Pin.

Detector for Magnetic Transducer

CS003704-39

© 2000 National Semiconducior Corporation DSO05704

www.national com
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5.0 Absolute Maximum Ratings for Opergting Temperature Range 0" to 70°C

the LM311 {Note 12) Storage Temperature Range ~-65°C t0 150°C
i Milltary/Aerospace specified devices are required, Lead Temperature (,SC dering, 10 sec) 260°C
please contact the National Semiconductor Sales Office/ Voltage et Strobe Pin V-5V
Distributors for availability and specifications. Soldering Information
Total Supply Voltage (Va,) 36V Dual-in-Line Package
) 98 Vaa Soldsrng {10 seconds} 260°C
Cutput fo Negative Supply Voitage (V,,) 40V -
) Small Outline Package
Ground to Negative Supply Voltage (V) aov .
i . Vepor Phase (60 seconds) 215°C
Differentiai inpul Vollage +30V .
Iinfrared {15 seconds) 20°C
input Voltage {Note 13) +15v Y i .
T See AN450 "Surface Mounting Methods and Their Effect
Power Dissipation (Nate 14} 500 mw on Product Reliability” for other methods of soldering
ESD Raling {Note 19} 300V surface mount devices.
Output Short Circuit Duration 10 sec

Electrical Characteristics nowe 15

for the LM311
Parameter Conditions Min Typ Max Units
Input Offset Voltage (Note 16) Ta=25"C, Rg=50k 20 75 mv
Input Offset Cumreni(Note 15) Ta=25C 6.0 50 nA
Input Bias Cument Ta=25C 100 250 nA
Voltage Gain Ta=25°C 40 200 Vimv
Response Time {Note 17) Ta=25°C 200 ns
Saturation Voltage Viy5-10 mV, ln =50 mA 075 15 v
Ta=25C
Sirobe ON Current {Nole 18) Ta=25C 2.0 50 mA
Output Leakage Current Vin210 mV, Vgur=35V
Ta=25C, lgtreee=3 MA 0.2 50 nA
V- =Pint1=-5v
Input Offset Voltage {(Note 16} Rg<50K i0 mv
Input Offset Current (Note 16) 70 nA
Input Bias Current 300 nA
Input Voltage Range -145 138,-147 130 \%
Saturation Voltage V24 .5V, V=0 0.23 04 v
Ving=10 mV, lgyr<8 mA
Positive Supply Current Ta=25C 51 75 mA
Negative Supply Current Ta=25'C 4.1 50 mA

Note 12: “Absohse Maximum Ratings indicate imits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not g apecific perf {imits *

Note 13: This rating appbes for £ 15V supplies. The positiva input voltage limit is 30V above the negative supply. The negative input voltage Hmit is equal to the nega-
tve supply vokage or 30V below the positive supply, whichever is less.

Note 14: The maximum junction temperature of the LM311 iz 110°C. For cperating at elevated temperature, devices in the HO0B package must be derated based on
a thermal resistance of 165°C/W, junction to ambient, or 20°C/W, punction to case. Tha thenmal resistanca of the duakintine package is 100C/W, junction to ambient.
Note 15: These specifications apply for Vs=+15Y and Pin 1 at ground, and 0°C < Ty, < +70°C. unless otherwise specified. The offset voltage, offset curent and
bizs cument specifications apply for any supply valtage from a single 5V supply up to 15V supplies.

Note 16: The offset voltages and offset currents given are the marimum values required to drive the oulput within a volt of either supply with T mA load. Thus, these
parameters define an error band and take infc account the worst-case effects of voltage gain and Rs.

HNote 1T: The response time speacified {(3¢e defnitions) is for a 100 mV input step with 5 mV overdrive.

Note 18: Thes specification givas the range of current which must be drawn from the strobe pin 10 ensure the owtput is property disablad. Do not shor the strobe pin
© ground; it should be cumrent driven at 30 5 mA.

Note 19: Human body model, 1.5 ki in series with 100 pF.




11.0 Connection Diagrams

Metal Can Package

CEOS3M04E

Note: Pin 4 connectad fo case

Top View
Order Number LM111H, LM111H/883(Note 21) , LM211H or LM311H

See NS Package Number HOSC

Dual-In-Line Package Dualn-Line Package
GRBUAD | ——rf i 1 — U b 4 W
CAD 1 o o 13 I
FHPUT 7 ool e 7 DUTPUT
EL ' L] s 12 WC
""”——:D_’—_'m;:;m -y —t1 v
¥4 e e 5 BAL ARET WE e b 19 W
LAl B o 8 DUTIYT
D047 BALARCE 7 . § l‘tl:(ﬂl
Top View I
Order Number LM111.J-8, LM111J-8/883(Note 21), ST
LM3IM11M, LM311MX or LM311N Top View
See NS Package Number JORA, MOSA or NOBE Order Number 1L M111.J/883(Note 21)

Seoe NS Packags Number J14A or N14A

M !

INPUTS [ outeur

w-co] LMW =0
L3 m— [ BALANCE STROGE
v-— m—TT

DS20E704-33

Order Number LM111W/883(Nole 21), LM111WG/833
See NS Package Number W10A, WG10A

Note 21: Also avalable per JM38510¢10304

HEWT/LIZWTELIN
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