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ABSTRACT

This thesis presents the digital flux density meter by use Liquid Crystal Display
(LCD) 3.5 digits.The operation of display circuit section use single ship Integrate Circuit (IC)
to control that can change the analog signal to digital signal and control display of LCD.
This digital flux density meter can be measure from 20 gauss to 20 kilogauss and measure

frequency of magnetic field for 500 herzt maximum with error approximate +5 percent.



11

fnfnssnlszmsa

S ) 'dy -] ' ¥ @ ‘° A ¢
Yiganinusiiduieganifia Taserdoanueynnznyumasnnnaesy

o a “n ' A a o a &
‘lJi:;"il']ﬂ'lﬂ']‘]f'lﬂiﬂ'lﬁﬁi’)ﬂ’]ﬂiiu uazﬂ’nyﬂmwqumn DIWITYIGND DINTHITU W

i - yu ° z y° ° =] ' A a 4'?
lamamasnuzyiniunlasaasa v lnduusininndymeang inaiu
¥

] ¥
vens1vounszan v leTnmmn Yszmalnedrda nlvanuoynnznveya

o

° = d' M d' % o
ﬂ'li'1’I1Tﬂi\1\11uﬂﬁﬂﬂ%ui1ﬂﬁSlﬂflﬂlﬂﬂ’iﬂﬁQﬂﬂiﬂMN‘] Alrlumsiiasanu

1 o ¢ [ 3 oo
VOUBUNWISAWM AUINYNT 30ANY FeansiodanmsssuvnouniasslssiuTn
PA

o v A s 4 e 4 A
9I1M1TAYIY 91NA “nﬂzmnaﬂlﬁaﬁmuﬂwﬂmmu 1A5991D llﬂ:QﬂﬂiﬂM‘N“] GREER

A a ¢ ’ 4! ¥ o ° b a -
lﬂiﬂiﬂﬂﬂlﬂﬂﬁﬁlmﬂlﬂl"]f’f)imﬂcl‘ifluﬂ'ﬁ%ﬂ'ﬂ'lllﬁlluﬂj'mwuﬁ

~

Yda ' A ? : a {] . w a
mavauf]mgnumumﬂwaﬂumil‘nmmmvmaa iuast umaﬂﬁmuﬂitymm-

‘. d v
nusdusvasla
y ' ' yv o i 7 o o o A' !
gamorens Ve UNsERainamenazquuuruRamargidunssidsutelney
Y ¢ v v
wafdale mdamine uauduynaasain
[ g

< ’ a A a a a - il !
oile Uszloru nazquauilaq MifandSygninusiiverevlvua guwe

v v
. Yy ¢ Yy .

Iy w ¥ a ¢ a o » ¥ '
aut gluduila agneniseitlalsz@nsdssamirundwany wazgiilnanuye

-] yd' y° Y a - < g i =
e aasavunilnmasluaueusulSygninusduislaniod



IV

My

Feq i
undiasemning I
unfagemmsangy Il
fafnssulszma I
M3y v
msiYMn VII
MIVYMIN XI
ma‘ﬁmﬂ&’mﬁ’nm; XII
AeBuIEAYN XIV
undi 1 umih 1
1.1 anuihianuazanudiguealym 1

12 *quﬂizﬁm(‘umnﬁmﬂ?fgm'nﬁwuﬁl 1

1.3 mﬂummmmsmﬂ?mmﬁwu{ 2

1.4 sz Tomifimanezladu 2

15 ifiomTaoda 2

unfi 2 nquiuazninms 4
2.1 na1th 4

2.2 gy ihiuazanuman 4

22.1 sl 4

222 Auuman 7

23 AUMIVBLNNTIAD 9

2.4 1J51n;]miafaaaa'mﬂtﬂﬂ (HALL EFFECT) 13

2.4.1 FOABITUINOISIADT 16

242 ¥ilaveswoaa 17

2.5 WHALEAAIRAULRANINAT (Liquid Crystal Display; LCD) 20



\%

2.5.1 U0RUDAHAFAINAILY LCD
2.52 Insea$av0a LCD
2.53 LCD nvutiudnytiainie?
2.5.4 NMSHAAINAUV VNG Y83 LCD
2.5.5 AMANTANNET
2.5.6 JUUBY
2.5.7 AT IVOIMTUAAIAND
2.5.8 MIYU LCD
2.5.9 matiansaslsu Lep
2.5.10 nanlumsRsuudenls Lep. .
2.6 2vsmyuasdaanuueuzasmiiufitaea (Analog to Digital Converter)
2.6.1 vsnuuifSouiouunumssuuuuray
2.6.2 'ms&anﬁﬁ“lﬂumiﬁuﬁmm (Integrate A/D Circuits)
2.6.3 Nfosnﬂﬁﬂuﬁmtymtanﬁﬁ"l*ﬁ'ﬁ'mmﬁu HaznesaelsEnouiu
2.6.4 MIFUUAZNITAIA (Sample and Holds )
2.6.5 mMstleaiuanuAanaIAINd Y INULBUZABNVDIDUNAIT A/D
2.7 NITVITYYIY (Amplifier Circuit)
2.8 2sANIANTZIAAST (Constant Current Circuit)
2.9 1NITAANDUTYYIN (Attenuator Circuit)
2.9.1 NITAANDUNVVUDD (L-Type Attenuator)
292 aaﬁnsaﬂwauuuu"lwﬁ (r-Network Attenuation)
UNT3 MIBeNIULAITATIREMIIaY
3.1 a1
3.2 nanmsvhauvsunsevianududunsanimanuuudiay
33 gUnsaluanniosliofild
3.3.1 ledmugumsiauyedduiTaHa
332 mydendgUnsaidmsy ICL 7106

333 swazdsalumsesnuunldu ICL 7106

20
21
22
23
24
24
25
26
27
31

34
33

(O3]
=]

42
42
50
56

58
60
61
61
61
65
65
68
70



VI

3.3.4 AUFAHALLUNANIMAI (LCD)
3.4 MIPONUULNTS
3.4.1 NITAIUUAAING
3.42 MIVOAULEIUMSIA
3.5 myadnazmsdiuiss
UNT 4 MINARDNANTNARSY ATNATEY
4.1 na1i
42 FBmslfiasmhpsnvuadesiefannududusuniminuundiay
43 mInanediauimEninswmuazdimEnin i ivey
43.1 myfannududunsuimanug 1 Alamd Tasldinsessa
anududuusanimanuudaay
43.2. mytaanududuusanimanlasldesadalaaayl
4.4 manaaedianududuusimAnduuiumiminnasgnion
ﬂ’nuﬁﬂwammnmiﬁ'ﬂ“lufhuﬁqa‘ﬁyu
441 myiaamududuisaniminlaoidindosiafiadidy
4.42 mydaanududuusunimdnnaunuimannaugiudae
o9da¥alaa lny
unfi s unagd Py wuamaudly uazWann
5.1 931
52 ilym
5.3 uwamadly wazWenn
5.3.1 uwamand lu
5.3.2 UUINNMIAAUN

ManuaIn 0 JiduuumsssIanedduusunivinuuuiamy

70
71
71
75
77
78
78
78
78

78
80

82
82

82
84
84
84
85
85
85
87

MANUIN U ’N%itm‘zlm’u'Nﬂi‘ﬁ&lﬁ"llﬂdlﬂ?ﬂd%ﬂﬂ'ﬂNlﬁulﬁullﬁdl!ﬁm5ﬂll‘lJU€ll'J!ﬂ°U 92

) k4 4 (Y Y ¥ ! o (Y
MARUIN A glemalFnunseIaaNutdulsmanuuudiay
MANUIN § M steyauasgaanTAveqnel

UIIMIYNIN

100
104

129



VI

MIVYNN

sunmw

317 2.1 dusevesaunthseuyszy TWthuandedvnadn

it 22 () Wand Wi wAud A demnduanyiiih E sxfiving B
(¥) ¥ A 1987111 0 ﬁuumﬁyamﬂﬁ'u E ‘?‘:uﬁt}'awa A’ = Acosf

Saviu véna ez = Eacoso

U 2.3 usuingn Fa aiinszidueymaiifnnatszyiiih g indoui
Aenmudafidminduauaivngn B ozilnna F, = qvB tia
frmadenn v iz B

71 2.4 WanFonaeedssyIifhdssiia Wiadgniivadi a Sugud
FHTIAT b TN Q) LaT AR o (-Qleg)

Uil 25 () WenFqnirnunaiminiiegmeluurairtladliugud
() wﬁﬂq‘s’fgﬂﬁmnuﬁeuﬁmﬁﬂﬁagimﬂﬂluﬁﬂmﬁmi?mﬁmm:ﬁJuf,me'J'

317 2.6 mswFoundasdunsaniminsunauniisniidifiaaun i
FuRntusoudnAmanty

Ui 27 (n) Usingmissisoadievivialuasiedia
@) Usingmssiynvessoad

Ui 2.8 nénmsvesgeadinumaiTaed

i 2.9 msSaaunnnimindrssoadioumesiaed

Ui 2.10 damsthauasnsiaamaneuduoesoadyiinaiag

U 2,11 msnevauss IR WRATUAUIIIMANTeEBadYTiaLanY

U7 2.12 AsmshauaznsuaamanouauesvessoadriaFudued

TL3103
g1 2.13 Taseadrevee LCD
Ui 2.14 () Tassadauvuiinga
@) Tasearauulasisamesn

@ TaseaHhauuvandn

10
11

12
13
13
16
17
18
18

19
21
22
22
22



s1ii 2.15
Ui 2.16
Ui 2.17
Ui 2.18
q1fi 2.19

3107 2.20
st 2.21
sl 2.22
gﬂﬁ223
Ui 2.24
1l 2.25
qUfi 2.26
Ui 2.27
qUfi 2.28
it 2.20
517 230
Ui 231
Uit 2.32
g1l 233
Ui 234
Ui 2.35
517l 2.36
Ui 237
s 2.38
310 239

it 2.40

VIII

MIUAANAITIUIN
MIUAAINAUD LCD HUVAN
ANUFURUT TN MU uUB L EIT LISy
295 AUYATVBI LCD
msaduiaueanstulaensell Exclusive OR Gate AIURANHTIAUAN
T a9
s 4 o ) ' Yo a o L4
Amanindindouganeion 8 dau) lavldiadmand 1:3
MIABUVVFTTUAT
MIADLUUVUYNAINN

T o
msaoiuuoas
MSADNS parallel comparator A/D converter
Aamsiauveviesulasudyaaeyauuua lalined
ANuTUveIFRaNaLITI)

o

o o d' =] 1
Aamsihauvesnssnlfsudyaaeyauuvalalg
dnAvesesuTingmesifieuiuna
wesilaoudyaaueyuuumad-Fnin
I a d' d' 9 ar ‘3 =]
NISIOYAN VIS HUALINAT N TABI9THVIULATIITAYLD
dd‘ g 4¥ Y] ; -]
WI510YANASIUDINNITHDIW/AL 11A2ITIAYIB
msxﬂﬁauﬁmmmmuﬁuuu Succesive Approximation
ANMUAANMIAINF Y IUIEUTasnNNEUYAIIAsUITa
] 14
sidyanuiifannunanausiduduya lugauad
Aamshaumsdadiutieatuneduya
14
yev5floatuetnire Tas 1¥dmes laTeaunanddaisedu
1 = San 4 =)
mMIrenTUFamesdlanesmuunuFiues laloa
msasdamumuniuswiud s ldunnudmnes
™ Mm3l¥Fmeslaleasnussauuseiudds
@) mMagedidumuliuald Welsuanuazidoaveauseindieds

msnediuey laToaoynsuduudiames Weriugraussaumsiloadu

23
23
25
26

27
28
29
30
30
33
34
35
36
36
39
39
40
41
42
44
44
44
46
46
47
47
48



IX

{ [ [ Y { J aa d'l
11 2.41 m3l¥laTen D, fleasums Inadounduiisesrsva-slamesile

NSUTANDTNNU

Q‘ o A s o o y
mimummclfﬁma{mamsﬂmnuuimuauvgﬂﬁlﬂuau

&
=
=h.
~
0

e
=
=h.
'
w

&
=
=n.

mivarestiestulasirfadumsedudunaliifiu £10 Trad

$a
=N

1905V UDTANDT 5 INNT DU VLU AU TIA WA

&

=

=h.
DN NN NN N

i~

wn

e
=
=h.
NS
(=)}

P
(el
=h.
g
~3

a

ewn
ol
=bh.
=N
(]

[ d'AQ S g v ow S
ﬂ']ﬁ"ﬂ'ﬂuﬂﬁﬂﬂﬂﬂﬂlﬁﬂiﬂiﬂﬂﬂﬂﬂ')lﬂﬂﬂiSﬁ}, Ce

ean
=l
=$h.
=N
O

ean
el
=h.
wh
(=)

R.

i

ean
.
=n.
19,3

(M) MNITVWNTLUEAIN

L
=]

(V) M9TBNTLAMNNTNT 1IN

(M) doydnusivesnestuidanssuansiiluies

e
(el
=D
)
n
S}

(1) MIPAUTLYUNYNAIY LED

&t
=,
=h.

NUTULNUTIAY (Voltage Devider Circuit)

W
w

NVTAANDUIUUY T-Network

ot

=

=n.
NN NN

w

K

55 MINIAMIAANDUUDINITUDY T-Network

&R
=
=h.
W

56 MNITAANDUUUY TT-Network

&ant
{
=h.
W

[}
ar L3

1 o Y =1
1% 3.1 Famsnnueesnesaddaanududuusaiman
71
71

1U# 3.4 M3AD Exclusive-OR Gate (Wo¥udmiiidu Decimal point

-
=n

3.2 AINSHINIUUDINTAIULAAING

=h.

3.3 A7UNATNALOULAONVBY ICL 7106

=h.

et

D.

117 3.5 29939AINBAVDY ICL 7106

319 3.6 2esiuiadyanauIRnves ICL 7106

51#13.7 LCD 4417 3.5 N0 HUUTITUM

17 3.8 2sdmnansmamduduusanivén
P v 3 ' 3

719 3.9 2esdmuaadILan

{ i 1 ) ] =
517 3.10 2esdudumsIannududuusuniman

NIFHLNIS IR USRI U T A A28 IAIUNIU R-R,

RIS IIHY09995 Y8 18AD NN UD TAMB T WS o UA LN AT BT I UIAED
195 vELU LR NN B NS noufums Tloundufinealanwes

s UTELULRBNLBUBNAInB S nSpufun s Toundunaanes

'miwwuumauuauﬁﬁmas’w%’auﬁnmsﬂaunﬁ'mmnuﬁqusqﬂ"u

48
49
49
50
51

53
53
54
55
53
56
58
58
59
60
61
61
63
64
65
66
67
68
71
73
73
76



X

Uit 4.1 msiaunanimdnnasgn Tasldinsesianamnduduusanimdn
HuANaY

sl 42 fasmsdeseadalaaTn

31l 43 msdoooadalaainl

[l
A

4 Y ' ' S
5Uf 4.4 sUndunldninmsdaunianimandl 1KG

R.

Uit 45 qaduinldnnmsdauianiman 1 KG Tavldimmsda 20kG

U7 4.6 JUndui Idninmsiauniuniming 1 KG Taolddmmsda 10KG

B R.
& &

D.

4 { [ ' ] [ ] [ o
111 4.7 Uaaui Ideinmsauiawimandr 1 KG Tagldemmsia s KG

.

717 4.8 gUnaui ldnnmstauramimana 1 KG Taelddwmsin 2 kG

79
80
80
81
82
83
83
83



XI

MIUYMIN

MIN

{ v v v a d v o 3
mani 2.1 manfSeuiussnindudadimdndiusiuougade
MInd 22 anudniusseniusssudunafifiuneuzasniuoidng

d‘ oy
filuddaoa
M99 3.1 anuduiusimsia, manudumu tazusiy

4 o 1] o

M3197 4.1 mamsiannududuusunimanuug 1KG

M517 4.2 wanmsiannudiduisuimand 1 KG Nthumsiaane

28

32
76
79
82



m '

el

Fm

po

&o

En
Bn
AS
Ad
At
Br
Er

€n

XII

fesueFaydnuel

usufaeINMINIsiveLssy
avwIih

Uscqnaaey

Wang i

4 4 v

AUNMAGALIN

usindn

FuNIiman

meilosdafumangaennia
& o ] 9 ' =3
imduniisyssnuuduns avan
WanFunman
Aiwes oz iaAvesgaana
masszg e luda
4 : &~ o

pantsznauvssauin IMmuasmInAUA?

1] 174 T d AS' q,)l ar y d'
AnuMULLNYeManSlimanidmInuiuf
(I 4 ald 2,
Aundunvesinaatia

1 @ [ d

mstasuiasvesdandiiman
msasulasweaan
2ef1ls T noUvBIEHINILLIMAD B
sendsznovvosauIWih E
ITHLNN
aszua v
mstlasunasvesaun’vih
nsunasu v
Sidnasou
AUINYDITDAR

ANUNUUUUYDINTEUT



XIII

v o ad
Re AMARIVDIBIANATOU
Rh Mmavedlaa

- d A o 9 o C‘
ne BANATOUVDIAIT MAIIIFHAIDU

ad A o o o
pe BIANATOUVBIEAITNNANIITHAN
1 AUNADIAT

] - aadd ad
oe s Tuliozianvoidlanasou

1 o ad

pe ANAADIAIVUDIDIANATOU
A DATIVHIYLTIAY
a AMOATINTAANDU

o 9 a o o
Ror C AIMUMUBUNINSIABS
It nszuaduinsnes

o d a o o
Cir funulszgouninsiaes
fosc anudooaFaames

@ =1 =Y o
Cosc dgaunulszyeoagaaines
Rese  fadunmuesadaames
A\ namsifinsoadaiansy

W @ [~

AN UsaeHdUNAIANAING

O d o o LV
Caz fanulsegUsuguisaTuta

o o o
Crer Aunuilszgensa



Alingment layer

Anisotropy

Bypasses

Convertion time

Drift velocity

Hall angle

Hall coefficient

Hall emf

Hall effect

Hall field

Hall mobility

Hall voltage

Indium / Tin oxide

Intercept
Lorence force

Saturate clamplig

X1V

oS uesng

L 4
Fusaszuusunm WudmlssneuvssumuaaInaLY
=2 3/ o LY 3 a g
manmad 1Fdmsudunaaiidnsznuy LCD
anauiamueave Tuanadavi Ivuasdsarimuru In-
a5 lagronlu/18
v o as s o . A e
s uvesdyu Taeedoginsadidnnsoinddala
a <& a 1 1 a [
Fmftadiudvim wu emanihdaes
i iFlumsinlasdyana wieanldougduvuves
Foyana iy msulasdyganienzasmiuddaea
d 4 A ad
anusr lumsindounuedianaseu
UNYBITBRANS DY UVBIMSITNgRAT
[ a d A 4 s L4
dudszinsvetgnadnionninivetgond
usundou Iifhvessoad
L=
Ysingmsaine Ifhaun Iddhonauuimanlay
[l 14 Y
aww b A tulinemedsninduns sue Wi uas
auiman
s A ¢ & aa M
auEoaaNIoaUINYDEeaa AU INANINAIRIN
AuaumLinan
ANUAADIAIUBITOAA
1 d
139AUVDITDAR IAuAIVDITIAUITINBYTUYHAYEITS
2 o o dgy Y 4 Y -
Ay ldaseead uazanuduvssauuLtnan
s a a A & Ve
a151sznoussnd lsdvesdyn uazduiReugaldin LCD
d' o 1 & o ] 3 =2 v d ¢
gafiussduamiah e nunimaninutiugue
e ' ad & A P T <3
usenszidedianaseu Fundoui Tuauiuiman
asonszAvIudgadud aduluawsonssaudyaa

Al¥Fues lnlen



XV

Summing point ysuvedledneunames ileldswduumnassenszue
A 4 t o oy
Viscosity anumiinvewdnimaldeziuediuguvniilavsouves

b
Hanivan



=
UNn 1

VNI

o a2 a Y asn v dy 1 =2 9/eq
HlogtiuimaTuTaBuazanueiymehussuudsasadmiueiiunn 39141
msesruuftneanyszgnd [ lusud g nnne Tagmmzednganuing-
Y @ A A o ' o Ad A& aa = ot
JafuinSesiioiauaznaasullsuandiny snitisunannssuuaInsalinuaziosn

¥
anded tazsiudgaudldazadnaens lFaunnau

o o
1.1 anuihanuasanumagyvestam
& [ 9/ 3 T g o ¢ v d d‘ A A='=l o w ] )
nsocsannududuusaiimanda ldindwnsedishinnudyediamialy
v . B i L LA ' d 1]
Houmaaes  laomwiznsnaaesiinsafumsdemsmonauuiman i eanan
v =3 ' a 1 g
anudureudusunimanssiinasdamnlunsfadedeas  msizesvenldisms iy
= [} o a d’u Y =2 e
Sennuusavesdyanaiisuld uasfidwenly  uensniduenldnswdeszauay
o ) T d 1 A Ada Ay A e Yy 1 4 dag Yo
SuaTeveudunsuimandedlizindndi inFeviannududunswimannilyeiu
[ a ] [~ ] - 1 3/ 9 4 o n:l’

st luilagiudumasziiuszuuuenzaen nieszuuiemdeyavinnindninuinuy

s ar 4 dl lé o = 4 )
TaserfonannisuesvaalInAGounl (Moving coil)  Fnezifailymisesnnuazidoa

‘ 1] -] e c’ll L) Qs
pazanugadeuniui awiy msdueunaluladmsuaamanuuauay nlfadiu

' v g e a ¥ < 4

msuddamldednd  tazdufumsiszudatuasrelsumaldsniinile ean

A A o dyd A Y o 9 N
lﬂ50\13Jﬂ'lﬂﬂ§'$1ﬂﬂuui'\ﬂ'qu luﬂ\m']ﬂﬂﬂqu']ﬁﬂﬂ']ﬂﬂ'liﬂizlﬂﬂ

[ d o - J
1.2 YagilszasavesmariSyaniinus

a a e o ¢ A a o A4 A o Yy ¥
lJﬁ'i\JﬂJTHWN'ﬁuU?ﬂQﬂiZﬁQﬂlWﬂﬂﬂH"lﬂTiT’I'N'111‘Uﬂ\nﬂ56@”6?91?1'3111[‘“111?1““5\3-

v 3 o < i Y e ) 4 A o Yy oy
Hutyan llaSu'lNﬂﬂ'liﬂﬂB'l'ﬂu]ﬁvlﬂﬂ’ﬂﬂllUU HAININMTAITWIATOIUDIAANUIVUITULUTI-

1
ar 4

[ ¥
LA LLAAmadIdaT  aasasunsnadeuinsesiiedai ldadiatu uazmsin

v ] ¥y v
RS eiledatiadetuil I ldnuesluieanaaseld



1.3 vourusveamstiiSayaniinus

ﬂ?ngnpﬁwuﬁ’fiyﬂ:v’xmwsﬁwuﬁmﬁunwﬁnmwﬁﬂﬂ“rsuﬁmwaﬁ’dai:uuﬁmam
TauiileFuanwwannuisaea Husmugumsinuvesdiuidama lavlinwazida
wazvouvalumsAnde il

1.3.1 STUUMIUAAINARIEAUAY

1.3.2 MIUAANamofaaIwalluRaninal (LCD)

1.3.3 M3l ledduformugumsinuvesdiuuaswa

1.3.4 msm]aaﬁ'ﬂgﬂpmuau:aaﬂsﬂuﬁ'ﬂuxmgmﬁﬁmaa (Anolog to digital converter)

1.3.5 msiialsngmstisgoadieviing

I -

1.4 dezlominmaiiodldsy
‘nﬁqmﬂﬁ"lﬁ’{ﬁm?fgnpﬁwuﬁ"ﬁuﬁd eI uss Tomitudausag faf
1.4.1 T lumshauveanissdofamunfuvesdunsanimanuuuduay
1.42 Sanulundnmsvenlsingmsel soaderivnd
1.43 Sanudlumsinuvesleddufufildniuguduanma

3 v v
1 4.4 gwsoviuesesiadeduly1ss s Tomiludeanaass1d

L4
24 %4
1.5. iiermlagdal
;2 v 1
luSaaniinusesznouhidoilenionua 5 Gos Tdud ymi, nquijuas
WEANT, MIEDALLUMSFTINATMITNY, MISNAABILAZNEMINARDY Lazunagl
JotauouUsA e
° [l I A LY ° a a o W o
i aiuswazBeanuruanuiumvssmsiSyainus Jaguseasd
wazvemwamsilSyarinud  swhifalszTeminaades IdunnmsvinlTyan
- o
Hnus
= = o :syd a =3 = 9 -~
unfi 2 nguuazndnms uniiliuswaziBoavemuiaeg NiReIveiums
® a =y o":y t =) v g a @ =1 P o I4
WSoyanidwusi @y ngufaununiman uazddnguuiman, noufvessoadieinng
= o a3
uuafia uarngufvesnsuaawwadlodaay Hudu
UNT 3 MsEENLUMTASN tarmsinY nanduaTesiiedng NlY aaoasu

swasibuaveImsoonuuy tazmsadilaseau



UNR 4 msnaasewanisnaasd uasnaasy Usznouludlusivazidvavedna

ac A a d v 4
AITNATDY ITNITNAABY LASNATDUIATSINDNATNUYU

’ 14
wnits agd oy wamadluiasian uniilumsaglnanmaass uaz

[ 1 4
=

ot a [ o o I::'
Jamfifadunasasunsud 1v tazuumrmsvanTygdnusi

v



4
UNnin 2
NYUHUAzHanN3

\J ° (
2.1 a1

d”d = = [y 1Y - ¥ z d' l:’ 3/
TuuniiitumsasugineIny nanns HASNYHHAN] NIDUTNAUNMINNYIYDN

w ] 7 T -1 o -

Fueruy i sunuimdn Wénduiman tazmsifaysingmssiseadioniing wioy
Fu310a1B0AUB995A 1N 19U Neslasdyanaeuzasniudiaea, 1sesannoy,
29959810,2995 0100 T 2l nN, 295 TIoai B uUNAYEDSIEYA LAY 1UAZIBUATBILIAY

HAAINANUUNARMAY (LCD)

P} A\ ] -1
2.2 ngufan Invhazawumiman
Tunisiianumdilafeanundnduimantiu sulluissdasfnyuierduiSes

v -t o v ¢ 1.3 a v o L "
qU Iﬂﬂ‘ulﬂzﬁu']ulllﬂﬂaﬂﬂau lua\r‘\nﬂwaﬂ‘]ﬂlﬂlﬂaﬂﬂﬂ'J‘]]Jﬁﬂwuﬁﬂ'l.lﬁu']u‘n\iﬁﬂq

28719170

2.2.1 mnaIndh
’ L4 1 ' & [ v W
91ANLveIgasul (Coulomb s’ law) na1271 Useq IMiumleufuasndniuias
UszqIifheatuszgadu TasfisiSenusailsey 2 i nszidedudt uselwihadad

4 v
(Electrostatic force) Fanunsamouiuaumy Iddail

k‘h‘lz
= 2.1
F 3 (2.1)

L4
AaNuFuRNUT N ugIuveasInseiseninyssgainaunmsdwdu amse

fForsan idvinuuannuiavesauin i 1d Tasuensondluassdiu fie msfaauly



A ar o 1 é 1 ) b
I¥hoindsegnileis  AudndaunilalumsaevaussdeauIifhveslszqdnda

P
I
¥ .
Tudauusmiv Uszy Ifheyma g, sv ldifadninada v niemumnlnih

v
- a [ B A 1 ]
E, TuuSnasoudseyriu Tude:tidnlsey IWfhmilanngegnie hifaw

k 4 ]
E = 3‘ (2.2)

=1 1 4! z r é 2 ) o ) ar L 3
ugonduniiain dseyIrlihdamin g weeglusninavesauiudenaruas

| a A c’: & o a
HEANMIADUAUDIINDONTNAVOITUINUY qusm;]lﬂuus»iﬁ‘vmﬂuazﬂﬁmq

F,=q,E, - 2.3)

Fnumuaums 23) asluaums 22) teeldaumanguesgasuyl Ay
aums.l) aums 2.3) vudumsefuedniwavesauinlvihdossy v Ay
og Tuauuiu uasdou Idnarad udvvve e Ifhaaunis (2.4) e q 1w

w o

ynaveetlszy hifhmageufineegluaum i E fesgnusensziindedl

<

F=qE #5® E= F/q (2.4)

mirsvesaww I E Imbudluusededszy It wisiadudegasuil ve)
‘H?ﬂ]JNﬂ%\IEJ‘l‘i]EJQﬂHgﬂﬂlﬂiﬂ’l‘lﬂﬁ‘lﬁﬁﬂﬂﬂﬂ‘!ﬁﬂi: 1 n3e Tadneas (V/m)

Nnaums (2.4) aznudt usevesau lihethul§anTaoasaturszy uailv
SaszAuanudalszy uasfiemevesaumns i a gafiftnsanesifamaruuduns

3 ° ' é ] 4 o ! n’: ::
finszimedszyfhan Fahlinmessuiidumioi SasauuIdihennas



14
Uszalih & duminiusiiusasveinamesves udasauiioiniszglidh
J d' ° d' :
A3 Anspiiigany
a 4 ° v a A ' 9
snuuaasesaun Ithaunsah llguuafiaGes aAmumuinveaduiss
' YR, ) a 4 : o
au i iuiudadiudn vSnalaliduusedvfhun Mdufeslinnuduvesauiy
Yy ¥ ]

Ithgeanlda el dunselvihezudesnseudszgih Iifamunuluyniiema

AITUN 2.1 uazyIAveIaUIN E Fludadausy 1/2 asaums (2.2) iuaiansveadyu

¥
usaflufiemafivafuussnauy Ifhassidolszgluaun mindszpiuiuuan

N2
NS

suf 2.1 muuswmﬁum"lwﬁﬁauﬂi.,fﬂ"lﬂv’hmncmuwmmﬂ

onBououfuvedmatfinundin lnasufiui Seduua nargUsneng
fu 19w nszumi naningasudirisraig fuldeagate TasfiuSinavea
Jni’muﬂﬁ'lwavimﬁ{uﬁdwq goumiu u¢i1J%‘mtu110~1ﬁy1ﬁ"lﬂavianﬁw*?‘iyu?i goutan
e Tuviueadnaty duussen iWihdaSudusindssquandmuinusng Tug
11':':aauﬁamﬁa"lﬁ"iﬁhu'Juzﬁ'mm"lﬂﬁw'?mnmﬁau"lﬁ’ﬁuﬂ?mmns:nmfwﬁ,”wuﬂn?a

[ ¥ v ¥ } 4 [
Hand lwvnsiiiduuseldfdensiuiifisv ldtulSunanssumivemiltoiunuio



AU UNHUYBINENT (Flux density) vh I¥mswiouveadnd I iufiunaguues-

H § e A [ L od = z r o y
i E uasiuiimadauing A Fahgw o AufiemudaminduauinIndh dei

Y -EA 550 (2.5)

\ 4
A\

i E

o E /;3?
-

STy
B

vV vy v Y YVY VYY
P

Yy Y VY YVYY w‘

v

™

] 14 s i 4
sl z2 (n) vdndInfhriuiiui A fmnduauiih E sstiviin EA
v b 4 ]
(1) M A Beaviu 6 MIUIAWINAL E NUNEIHA A = A cos 8

1 4
e

vy Hand Wieuily ¥ =EA cos

<

2.2.2 FINUNINGN
s & a o v o .’,' 3
aumsvesgasntl Fuaausani wihadadssnintseqaeadatu  lmme
v A :" 4 H : 1 -1 g d'
ns@fidszqladszquilaluaenlsephundoufidiminszyiaesdniindouinsanse-
. ' i a A 4 « ¢ ™ {
Msznindsyisass szlinuiuiuainarin 141 aumsvesgasuti useimuuni
1 1 d a 4 4 3 : a 4 1
o1 usuiingn (Magnetic force) Tavaziiatuidiolszy IWihvisasufamsiadoun
o [ 4 ° ] & '
Wude uswimaniuusefinseisendnnssuafhaosnssua Feezanenusa v

@ fadoa 4'1 Y ci °o_ W
adngNinanlszqiisegiunnszinu



A

msfmmausaimanm ldnnmnhaums 2.1) gaudiiudasiaiumas
1 4
=1

' -] o o : [ [
O IN v fie ﬂ’]'llﬂi’JﬁUWTIﬁ(‘UﬂQﬂiS‘QYNﬁEN iHas c lﬂuﬂ’ﬂmi?‘lﬁ)\lllﬂ'\l AU

kqg, [ v '
= 2.6
F, ( > > (2:6)

naums (2.6) aisoueniuasdiu fis dauusmiuussiildonliihadad

v PR d a a T o4 A Y o a
naz dufigsuiudninavssauiuuman Fansouaad 1@ aadl .
kq, v
B, = A— 2.7
2 c?
F,=q,vB, (2.8)

isrenusa@ouauns 2.7),2.8) milieglugiall e lfiflufvuveseuy
v =3 - 3 v YA < . A =
whinan B 39 Sond1 anumuiiuveandndiuinan (Magnetic flux density) 158A71

d' o 1] o . = o y
milgniivMan (Magnetic induction) 1@l

4 k
e k'= —
cz

B = k'v-r%— (2.10)

Taofiauuindn B finuoilu imaai (Tesla) M58 Ns/Cm 1138 N/Am %38 kg/Cs



dusaaiman F=qvB 2.11)

v
usnuminuds fadinmsldmiieiuniuesaemauuas (Weber/m?,Wb/m?) tiaz
1 ] ] q o ° 1
Sneniafe niaumd (Gauss,G) e lnsu HAituuamasiewiiuerauun-

[=1 1
manTanuennivuindsssnn 108 THSe 1 G

Ce

s H LY

' g :
INAUMT (2.11) VHIAVDWITINNAUIVLUNAN uuuﬂﬂ%‘lﬂl'ﬂuﬂﬂ'd'f]uﬂUﬂQ

b.

-3

=1 Y a a 3 g 9 o a’ 1 o
VYHUIA LA ﬂ’)'lllli’.lﬂl’ﬂ\lﬂiz‘p‘ M?’h“luamwammammmmanum HIUYUDYNUNANIIBI

G
.

o & Ay o a - o o
ﬂi;?uulﬂaauﬂﬂjﬂ HBNIINU ﬂﬁﬂ'Nﬂja\uli\ﬁ]1ﬂﬂ’u1nuul“aﬂﬂﬂs:Vnﬂalli3?‘nlﬂaau

$ v a a : : v a ] -] a g { 3
fegldaniwaudiminduiiamavesauuimgn uasienemsindouivenlszqiu

Y
!y

B AW wuvan

A

F 3
-

\

A

: ] 1 o { Y i 2 3
Ui 2.3 usunimén £, inszidueymafiivnalssgliih g indeunidlsnnuiadi
’ v

o T -} . o as
ﬂTﬂﬂUﬁuTUllUlﬂﬁﬂB%:ﬁ‘Uu'lﬂ Fn=qvB HALNANNMNIN vV A B

2.3 ﬁumi‘umtmﬂ*‘»ﬁmﬁ'
ngeumddinuiifhaiad Feourwau i 14 Tasuanannuduiug

s:Winamn"lﬂﬁma:‘ﬂszig"lﬂ%ﬁﬁflﬁ'tﬁﬂﬁum"lﬂﬂnfu
ﬂmmnmﬁﬁmfuﬁum"lﬂﬁmﬁwhﬂﬁnw’"lﬂﬂmzwuﬂﬂ?awaﬂmmaqﬁﬂs~-

nouvesaum Wi c'i?qag:muuumzmm taz Hweenunfaiitaineniudadiu

v v 1 4
TasnsafunasavestsegiiogIuAniu @oudiuaums i



¥ = 3(EnAS) = Q (2.12)

oml'_‘

Yy ¥
o i

Tavazdesdiisdundommnodszadas il iduuselfhiSunndszq Tnidh
mﬂuaz"lﬂ’c‘?yuqﬂﬁﬂszq"lﬂ%au

nmammﬁﬁmi“nﬁmu"lvlﬁn‘i%‘u"l%’ﬁnﬂs1ngmmﬂﬂﬁ1ﬁ3ﬂ swuiunsdif
v Thiisaed ludsduna uazngﬁmmsﬂ%’"lﬁ'ﬁ'uﬂsﬁtﬁaamu'lﬂﬁnﬂﬁuu

o o o
mlaslusunal Aadluiansuveanaiaae

[y

s 3 a  w ) ad ' a 4 *
JUfi 2.4 Wdndnanadsey IWfhdnsiiady vandgniiTvaninui o Wugudri

4
T =)

AUA b 11U (+Qleo) HATHIURUAT ¢ (- W eo)

-

14
o ' o = a
n;]ﬂjmlmﬁ'ﬁmsmmuuumaﬂ (Gauss’s law for magnetism)ﬂgu‘l‘l’)"ﬂﬁuwﬁu‘m-
wiman femadwadanzgiungueamddmiylwihadiag

¢ o o (- qv ' 3 o ¢ d : o 1 4” a a
ﬂi,]‘llﬂ\ilﬂ']ﬁﬁ'lﬂillﬁu'IiJlliJl'Hﬁﬂu 1IN 'Y‘aﬂ‘lﬂHJle‘lﬂﬂ\lﬂﬂJﬂﬂN'luwuﬂ'Jﬂﬁﬂ

B¢

A A o A - - d d ¢ ot o Vo
aUN ‘If\lﬂ'waluﬂ'ﬁlu‘ﬂiﬂhlﬂull'ﬂ\ullllﬂﬁﬂlﬁﬂﬂﬂ']ﬁ ﬂ:lﬂuﬁuﬂ l‘UUullJuﬁ!Jﬂ']ﬁ'vlﬂﬂqu

=3B Ag) = ¢ (2.13)



11

o ] -~ g/ 2 o & ::y =)
LINUI FUMNMT (2.12) AT (2.13) UANUATWATINU BIAUNIT (2.13) UBIVYU
unu'ldnnaums 2.12) Tasmsunu @ uaz E 420 @ uaz B awd1ay daumman

& ﬂ ¢ 4 o o vy r 4 4 v A
uoaduUNIs! uﬂuﬂlumm%‘1ﬂ1uﬂ‘li‘ﬂﬂaE)wﬂulﬂtm‘lj’.l‘mﬁl’mﬂmaﬂlﬂU’]“liJmu'EJ‘uﬂi::’ﬂ

A

é \ = (3 N i a 1 1]
Ifhuannieay Feegiiudas: I8 Tavdnia ninofieh uaiitalan iduusanimén
] a ] [y a o S| ° o
ruoenlanfadesnaundudhluiadie sadwignisaugudierue vhldvdnd
v g & a v o ) v d s fo W
uimdnFaudhlimalasassdusnnuduisanimaniiuguidns  ngueumddmsiy

] =1 e 3 4 ] od 1 v 1 Y @
auuudmanildldvens dinauuutivanasi lunaey nierddeuludunan

4
NUHI S

1 @ a 3 ' d W a </
s 25 () ‘Nanq?qwﬁmmWNunmanﬁsgngaiumflmﬂuqué
w & a [} ' 3 a o = -’;l -t
(V) 'Naﬂcvq'nm1num1mmanmgmﬂ‘iuwﬁﬂmq&uqmunzlflu

L4
fud

: 1 v a H 4 [ = o Py
nnnaagUiing1991 < sefiauw Irftuiadu diesnuuimanntdou Toimay »
d' o v -1 a 4:
wSonniinisidsundasvesddndniman sefiauin il uiatu
L4 ‘=' o as nﬂ’ d' .

aguewhsuad nazgusdmsuusundow Ifhiniionit (Faraday Henry’s law of
induce electromotive force) MAMANNFURUTIENIN usundeu IWfuniionit uas
Wana Ishfideuly A duna at As usundsu I isnitmsuaauvesdas

! - n 2 v a
msidsurdnsuimandudouuaums ldaad



12

usundouInfmieni = - A%

At

wisamnavtsingluaums maidlumsuaash usundouIdduniioni oz
a {1 ] [ v d & < o A
ffemeiidedn manffourdnduiman Fadhullswnguasiia T lusssumd i
a & g o 4 1y 4 <
mnfinmsnasundasnezianunneuiszasdumsagundaniu
R ;o ; S ;
vafiusanaou Tthmilenidenuiideanssideniianisels sy Ivihlumsh
° ] 4 w [ - {a 4
v sz Trih infeudi lumuidudeusoudndinimaninosan 13 usundeuli-
4 ° ' o $ 0 =
Hundioni ondouldeglusiiilurauinvewagu vewssinsziwelszy Idfmis

Wiy Ao Er neesAlsznouvesaniih B disfalumnvinuiussezmafiaiiy

1 4
o4

1 : & d 1 P 9 =2 9 o 7 d n’/’ =l o S o
FINAU AL qmﬂumu‘nuwmtﬂumaﬂnﬂaﬂfmmmafmu wamﬂuaums‘lﬂm

4 AN AD
usundouliunilsnihh = TEAL) = - ) (2.14)

s ]
A A

v = $ a a
wiedmivniie  manyudouvesauy ihsouduidortlafiunvsnunield

dl‘ ]

I~ 1 Y o 9 ] gy a’/’ Y] =5 o U
Lﬂuma‘u‘umam1mixﬂaaumuusmnmanmmuua:mmﬂﬂuw nasudadinas

$ 1 d ar { . a
51 2.6 msnldsunlaadunsanimandunauniivnididasuy T

e a dy o @ 1 o ::
FavzinnvusoUNangudInaniu



13

v w P . ] d d’ s ~
ATTUAUNUTUSIMT M UIIUNNIN AN llﬁ:’,ﬂiﬂll’dqﬂﬁ1u55u11 MINYULIGU

L] d 5 Y 4 & [ ] ar H
wssauianseudundeviafiuinieaniudad lasasstunssua livhinlua
] : a dy n'y : A =1 9/ s d”
Hutasseamnfuiufidentatiu sudeuiiuaunslddedl

@A) = nl (2.15)

P a3 Py y 8 P o a

die Br Wussdilszneuvesanunivngn B ivyuduszezne AL fideula
P ' d a 4’ - o 9 o o 1 ¥ :
UIraauuman wufatu lifisaswevsoaladtuningzua T Tvai iy

1 - y o é » Y
uasziatudemnauin Inihuys dunar sudeuduaumsldaadi

2Z(BTAL) = p.o(I+80 AACtD (2.16)

A 4 o ot 14 Y Ay 4 &4 a 2
HIBDAUINUY fni“Hulﬁﬂu‘l’ﬂﬁﬂu‘]ulllﬂﬂﬁﬂiﬂﬂlﬁuﬂﬂ@u%ﬂwuﬂﬂinmﬂuﬁ

129udiudadinlasaseiunssua it ivany  tasdasnmsilfouveadunselni
¥
Tuusiuiu

2.4 Usingmisiseadievivla (HALL EFFECT)

€ s B
4
VH — b E IOKBL
B H
¥ + + '+ + + +

‘L ] Fu /; 7B

N

)

5 2.7 (n) Ysngmseiseadioniialumsfedni

@) Usingmsaiynuesgoad



14

fiossmsnssuiivedidnaseulumssinidalugii 2.7 dofauni-
wan (Remedmind J taz sweonainnszay ) Sidnasousz1dsuusaeisud uaz
ndouiTRiasdiugn miifadmsuihvaudefousuidmuy uasildifaauy
Itthae luduludiama -y Gonh auvesgead (Hall field) auinfhiiosiltida
usanseidesiEnaseulufian +y luanaedi ussninawuiaimin uaznau

YDFOANLIYINU
eg, =eBv 2.17)
ad 4
Tunsivesdianasouiiiomini=-env

1 Sy

— =g ; (2.18)

v =1 1 a 4 a 3 Qs a o Cd . A
M1 ey /BJ 1HuAIAIN FuSenI1 duYseAnsueesean (Hall coefficient) W3B

¥
ANNFIUBIE0ad (Hall constant) UNURIW R Al

1 €y
R, = == =g (2.19)

, . ~ 4 .
wazlunsdivealeafzeglugtifoadu onduiszquesleadauiluman uazih

1 ar

Q{
T Hﬂizﬁﬂﬁﬂlﬂﬁﬁﬂﬁﬁl‘ﬂuﬂ’)ﬂﬁ,ﬁﬂ

R = — =t (2.20)



N22¥ A 2529

c,‘, i
i
e

! 9
I 4
nm:m’mama,nmnnnu fna,

v
oA

Tuns@nfiwmeziseyyiiafios 990 ey = eBv 38 v= &y/B uazeniow
YDINUAABIAT (v ufiiiae Drif velocity) duhy ¢ 8o auniWihluuun x uie
aomuihiiarnuuameiniousundouiihnoueniiues Faguit 2.7

[{fioannfiavosdndInineii (Constant potential ) sxsmnduduvesanyTil-
oy setuldinsligauieg 9y B uay B Fellanuddnauiiugud 1ingUi 2.7

v L 4
en/e SAUMAY tan 8 Aayw 0 ASoniyuvesgead A

p=—— (2.21)

1 ar ‘dyu ar Yt At 2 s A ) 2 W
ﬂ’]']llﬂﬂ'tNﬂ'JufNﬂ'l%'Jﬂvlﬂf’Jﬂ']ﬁﬂuQ%']ﬂ'ﬁﬂﬂﬁﬂ\ﬁlﬂQﬁﬂﬁ'ﬁ fiv Tunsdlasnad

WMTAdY  uNUA ne 3NAUMT (2.19) 914

G =ne H, (2.22)

€

o s =4 & @ o a o Y o ar :l’ 1
dmsuns@ivedlealuasiednhyiaf ez ldaumsndion fu  duiuaiany
1 o s d s ° o a o
aasevsdiannsounas leamusoialdnnaammair v uazmdudss@nsves
. & o o a A .. B ' y 1 3
goadINA 15 NAII UBNTNTUTA (Extrinsic semiconductor) A1oR HIFYNI AINAADY
frgoad (Hall mobility) Haziloudad 71 uy
’ 3 Y1 sy '4 o bV o ] °
sz 189138 n1svesgsadieidaii IausodanunuiduysanInzll
' ar 9 A o o y
152y nazanuadssiavesnmzilszylumsneinir 14
A Y a o ad 9 v v a '
lunsdifideenisrsuniaddaasen uazTeandouq fu deslimsud lvaumslny
§ t a Y 1 o ]
Ifgades 1ng1#l 2.7.(n) auwih & agludie X tazvuzi@orduauiuniman B oy
Tufint z iflesnauiy ¢ szifanszua Tasdidanseundoulumaedis uazlealunma
A P ad v d e Yo Yo . &
ynsindouiivesdidansou naz Tsalusnuimaniim Iiiuldfuisasisus uas
v 1 4 . ]
Aemadaou’ly Aeviediinaseunas Teavzmdsuias lugraduan gzl 2.7 () uaz

y v L4 1 d []
Aamsvindniudy mavndreiies hinvallednwdud uazildifadszq Iwihaun

1526

AL 10O



16

a v 1 - v o - o o v ¥ & da
HAMUAN m‘EN‘fnﬂﬁ‘liﬁlzﬂiNlﬂuﬂﬁNﬂN‘Mﬁ‘lﬂGNﬁ%:lﬂﬂﬂizi}ﬂﬁﬂu‘um‘uu‘vm’mau

a 4” & a t 4
vy uaznagun i luuouy Y 34 aiSenhauiuvesoaa

2.4.1 S9RGIAAUBITINDT

a o ¢ ¢
;s,ﬂ‘n 2.8 1anNN1Tv93IdvanivUIUBLITINDT

Tuguit 2.8 Waszua i (a) arn U uesaadingueosuioufiiany
MU t(m) %}mwagﬂuﬁumuu'mﬁnﬁﬁmmnmuﬁwmﬂﬁ'mﬁ B (Wb/m?) Tuunadann
fiuszU1U (plane) ﬂjmmsﬁaﬁaﬁnfm:1ﬁﬂus~uﬂ§iau"lvlﬁ1 v (V) s
Buas i A9

iB
p o (2.23)

< qu ] s o 3 ~
UsingmsalisuiiiFonn Usingmssivesgean ( Hall effect) uaz n (m’C) 1390

dulse@niueeeoad (Hall coefficient) $1MI1UA 1 ,t AL 1151911 B 14 laonisia v



17

at [y ! o v d d
gﬂ*n 2.9 MIIATHINUUINANAILTD ANV UIUBITADT

o 1 1 a a

goadUIuBIsINBT YwA@aNIIN ( t Ineguszuiat 0.1 Taduas) ueENITD
il annumuinivvesdndufiuaug i uaaslugy 2.9 14 anulveundes

v [
faunsadaldaessdu 107 wom?) msdsuifivnildlasmsdansundou Iridhves
o ] (] d ) I seig ¥ L4
9088 ( Hall emf) lMAMuLHUTo@UIIBImMAnIns WA Wd7 iImdiines i ldeead

o @ eyl 2 d & ay ' o o

puuasnes Tagia Iz lnimanonsduang  sailinnunuuduvsaddnsins

Mdanagdoe 15 Tumsysuiney

d
2.4.2 $HAVUDIT0AD
I'e ] a M = a o a o od o 4 a
goadutieonidlu 3 vilade wiailuaind, siaihidiand atch) uasriaiiy
¢ o 3 a a a 7 o Ud aa A a s -~
gunsaliFudu viaaind uasyiauantiiugunssinedinsans sxliwinaiioiaes
aomz ludledda luvazfiseaduuniFaduas ussduerdnafoundasmuvuia
YOAUINIUMEAD
o [~1 { N
2.4.2.1 seaaviaadng (switch hall device) iuginsaifilun1izind “Ua” uas az«da”

4 a r d 4 '
e l@sumnumiman uazezTadiengaldauniman



18

Vee +V Vo
T T T '$ ——————— | 4 By Boy
. —— | o ——
I EXEPTEUTOY : I"aﬂ
I
I Vo
Hall Cond 1WA
: Sesor : K A Y
| = o | —> | 5, |
] Current !
| [Reguiator |
| ‘ I < - Vol
S w8 SRS § ‘
———————————— — IR >
— 0 25
5

511 2.10 FanunezasvuaamanpuauelvsIgeadyina Ind

sUfi 2.10 Aauvesseadyiiaaind  tazms/fuundasveaussiuiiaaou
] =3 P v a a & [Y) [Y) £
nlaeauInudivan oA INLUIMANANIUIM B HA0: 10UTARROU Vg AN
] y ) ' 1 =1 [ T ?
wuiiae “la” uailoauinulindnanaaza By 12 1A15AU Vo aaziuiife <lla”

2.4.2.2 g0aaviANanY (Latch hall device)

Vo
A
B ff B
L&Y 0 P
A N
A 4
on
BT‘ VOL
-50 | 20 mT ») +50

1 o Y T =3 . a
511 2.1 msasuauBIs WU MR URHILIMANYeIFBadTIAIAAT

.



19

/s a 7 el A Yo v d A oo
geasytiauandiugsadiinsdaiie IdTuaunimanuinuazez daiiie 145y
¥ A 1 ~ = 4 -

auuimanay  Fwnengeadyiiadiad 31 211 Pumseeuausivesgeadyiia
4 =4 1 L4 P 9 ar 1 [~ P o o o oA
nan%d suiuieeadandaie 1dfvaumimaniouaanu 20 Jadmaar uazezila
é‘l Yas ] d o oo
e ldsvanusimaniiu -25 Tadmaan
2.4.2.3 993 ¥HAITAUNYM (Linear hall device)
9 a ] o Y e I'd Y o Y v a4 a d” a 4: ] o 9 s/
Funvauinuiimanfungead 1@ Ivusw@uNNave  INNIUDEIUFUAUIAN
=t o ay| ¢ & o 9 = ta ¢ o a & M (]
Sungsasiuuiseadyiadudy Fe: ifems Wadla uvseadsiinaiags fsl
o st o=y A . . ¢ a o 8 2 @ oa o« 1
Aedmaessaa (Hysterisis) anulwsgeadsiaduduiilszinu 16 Nadladse

o oo 2 o a a 3 [} [~ & J
uaammaal Wﬁﬁ’]ﬂ'liﬂu'lﬁ'E)ﬁE{‘Kuﬂl‘)leé’ulnﬂ'l‘tl’l‘llﬂﬂﬂu'llllmlﬁﬂﬂlﬂuﬂué mﬁun’n

1ADUIABS 1A (Intercept point) \
v td
fuisaiuvesgeadannnnigaduinesivldudy taasvaziuTve UL
o : ] T a 7Y 1 a 4 4 v ] =1
maniludunile udmvesidugsaaisoniigatuaesisld  urAIEUINLNMEn

¥ v v
vaziuilndild snhauausan lhndumimsmyuvesuenes Iihnszuaaseld

T

usaRMDIATA (Vo)

70
Vee 68
66 Typicab—1y
Voltage ) v /
Regul 6.4 //
bt
62 ,/
Hall A ,
Sesor e ] 6.0
] 58
Current Cusrent /
Regulator Amp, 5.6 ,/
[ / Vee= 12V
. 54 Ly T,=25C
- 52

5.0
<50 <40 -3 -20 -l0 o 10 20 30 40 50

ATV YBINENTARIMAN (mT)

51 2.12 fasunaznsueraananeuaLesvesssadriafud UL

TL3103



20

4 o a a
s 212 uaasndenlaszunsy uazasneuausIvetsead simFuduives
1 4 '
1L3103 melulefivesiileeadriiadudunooiud (sensor) nszuaiisrwlvungoaa
EY o 8 9 a 1 [ P Y 1 4 o S a
siaBudussdoindfl  TasdesreddonszuanshiMunseadiodyaainseadsiag
. y v ] .
dulind dufudsdesveoie I lduseduiiganelienziir Iy 1dnu
éi o | o"ﬂ’ ° 4 o ° LY : a8 o [ °
iieswngeadiiiuglnsaivhenmsnwini duiugaumglitelinademsiam
L4 -1 9 a1 =Y d L) 9/ t:’d Y =t n:'
yoagoad mululeFerdoslidusaoguugl svadsiaFudunfzdedinnuigs
:.i a 4?' ' aq Y = o a'w (] a a
a3s varigangigelivmanigangildoulnd ussiuiialdlinasdanarmiu s
o o o o o o
nesiaud vewswiuiigumglilng
Y a a 9 a0y Y df a a Id g/ o o o o 1
usedunnsiaFuduianissmnnduiadliad sdesversliiduTaddmedn
' ¢ ~ 1 od d 4 o o4 a o
(U (BIHATB TL3103 ez AU INMANIIUEUD (Intercept) HTAUTAIGID 5Tad

o4 A 4 v g a2
uazd UM AnRLAN USITUBIANAYDY TL3103 NIRNAUAY

d . 3 -
2.5 upStaaINanuuNantvial (Liquid Crystal Display; LCD)
Y { a o o [~ a

LcD Wudnmamaitidoyldtuannluilegiu ilassasailunanasanoaman
Tasfinanmautiuasisautuiudadiuveunaidunan yanasumalvessyiadl
ogluraegungififondit wlsa  (Mesophase) Tmtanavesmsansandouild

1 < 4 a L 4 o

mileuveunar udasriafigndaitiulsuan@oafurdnsuiiuvewde 7l we.2513
- ) ' ) 4 o o 2 o
fimsfunui luaswinmalrausan/dsuduesn lanaeiunuuaaaznnnuias

= o uﬂd”d o 3 <
naiulaldTasmsilounsedumdr ) quaniatinfendnnsiugmies LCD

2.5.1 VoA UBIMHNUAAINALUY LCD
L. piutaswawiasaln tanuvuuiislufiadiuas
Y o ¥ A y o w v o o q ¥ )
2. ldmdsnutlos tiisendoamsdidan uasusdudr Mmlvansalsau
PR =1 a I o W Y] ] o
1qum  udesiiesumnss vunadniiudneide wasdannsaldiuduglasad
Bidnnsonnd 1wy Fuea (CMOS) 1ddu

3. iWluduaaanauuuMadi (Passive display) 51231 LCD T ldtuiauaaies

mMIBumRGaawades i iennaeuen  uanduveImsuaasnalyldans
A ' a 4 ) ' ] o4 A ° 3 '
auilsuaeaiennneusnfiuIu mndsamseumlunia MldTaelduasdsauinin

AunNdUoUmNI LCD



21

4. Fodo R 1Fam I8 lursguuglinhuazliogmsldauuu
y ¥ R - ' a 4 a 4 &
5. 15 1dndheuae fodefidg vnue wu wiAm, wissdaay, A5ealls

[ 1 2 a3 a ° Vet
IANNG ‘iNlINNﬁﬂU‘lﬂﬂﬂﬁlﬁ'lﬂmﬂ

<9

2.5.2 In59a5 19189 LCD

LcD vszneuludorundasarudszouiu Taodugenanlissina 6
8410 ‘IuTasiuas @zUf 2.13) Aadmluveuruvsakuudunfoudisdnii i stia
Tafilfuane ddnys, dadnuel niemiemuodng iwanmsdssanduifo-
a ¢ . . . ' v e a o < - :
#uoonla@ (Indium-/Tin Oxide; ITO) seninanh IMfhetialadunanmalszliduds
' [ ¥
fmiiTuanavewansaudiu ludameiuasdeseennisndudassuuivuamio

L -

FuURA U

Wanmad urv Twan lsardunh HABUAIA UM

B

L o e by £y
. L-aniladumin

1 =

QA —] > A
1AfD :> YUIATLUVUNI

uuatleany

S aaimuasses

ﬁ;mia*uaquviunm
uwu‘iwaﬂwmunm

i ladunas
HHUUAIA N Arasieuites

511 2.13 Tasead9wed LCD

i:U:ﬁ'm:ndwuw'uﬁgqﬁm%:gﬂ%ﬁﬁﬂhﬂﬁ"ﬁi’ﬂszu: silavewdniinouldiufe
wuUTuAn (Nematic) fegufi 2.14 (n) TuanaveswanuuuiimdAnazreuumdu i
mnnsindduateendmainduiiemesih itpuauniRafonl dnsanea
Madfiensonaunsssoiaua 1daouuy Taisamesa (Choresteric) aziuy

AUNAR (Smectic) AN3UIN 2.14 (V) uaz (A) MUHAY



22

m

Q)

51 2.14 () Tassadranuvtuan
@) Inssatruulnsisaimesa

@) Inseadupuaunan

2.5.3 LCD uuuilfnyfiamay?

M5HUUDL LCD tuuTiuAnyiiainiui(Twisted Nematic; TN) Tuianaveewan
%:gné’ﬂﬂﬂﬁfuﬁﬂizuﬁuum FUNUIVDINTTUUAITEIRURUAN HATUHUUUIZAN
fu 90 par Tuanawesranmaexdaiundeasnaiu 90 veh iWeuatvndudreriy
TmaQamamﬁnﬁtﬂumﬁm‘ﬁyu"lﬂthuviuuu sei Ivdiumidsveananyuly 90 sesdae
ﬂsmgminfﬁyxﬁﬂmnqmﬁuﬂ'ﬁuaumﬂmﬂ (Anisotropy)manaved Tuana i ldias
asaruuru Iwat lsdoon 114

Friusedutloulddnirlifhwiala quaui@uoud To TnsimaIwfves
TuragasziildmsnedvedTuaganidoulyl uasszimdnmardiofinmena@y §a
Tieansaruuiu Inan lsddmunesnldld

e myatlounsadu Tmaqaﬁ%zt‘s’uaﬁamﬁamﬁu‘éﬂﬂ% uasf9zamsanEy
1] mstieuaes LCD wundl Gond MTIAAINAITILIN(Positive image display)

931N 2.15

¥



23

= a
gﬂ‘n 2.15 MIUAAINAITIVIN

drauduTwan lsd vy liinnnd1 90 eemn watifinezasedudiuae LCD v
A 2 A res o v gy P 9 - o &
fanuie lutiusedutlon udvzthumslafotlounssdu Senmsauuuuiin ms

HAAHAITIAY (Negative image display)

2.54 ﬂ'l‘illﬁﬂsif«lﬁllll‘ﬂﬁ'ld“] Y93 LCD

& "R SRy .
- A\ 7%

I/ LCD % ico y
T 72
@ nasa'ld @ naoalw

() (V) ("

3U7 2,16’ MsUAAINATEI LCD HUUAN 9



24

LCD mmnsauaaanalvisusivldlagefandnms 3 uuune
+ 4 . IS =) P ] a

1. HuvastieH (Reflective mode) deTastszinnlanzindouagiurundivstas

LcD 1w eglifisurads azvhmsaziouuasainnwueniudanaaina lldmveus
- o ot oA Y A Ty " o A

nuuiimnzdmivaouiniuasgnaiisinededne lidesmsundsssussdunailon
Tunasa’l (g317 2.16 (V)

2. HUVENHIY (Transmissive mode) Hon1Fiy LCD Nlimsuanwaiiay Tagey
anaea e Bdmumda g3 2.16 ()

[~

3. HuUEINIazeu (Transflective mode) IHumMssIumMsuaaIragoud

Frufuduaawasua ldennmsasiouvenasainniousnias DuaIdeIa NI

fundaiiodeamssmmluiiia gzih 2.16 ()

2.5.5 AMANUANNES

[ )

4
anudanulumsomduegiudulsdrdy Ao anuadn nasanuduvesua

o

983 LCD 193
¥ vy 1 a P Py ' a
ﬂ’J'lllwII‘U0\111?(\114‘1vlﬂ%Wﬂﬂ’nuﬁ’JN‘Uﬂd‘Uil’Jm\liﬁﬂ'liﬂ')ﬂﬂ’ﬂiJfT’TN‘Ui]\‘lUil’Jm

f5idAy Tu Lep upy TN dandmanuduveaansagludiu 5 4350  uASA
1 9 s P o 9t o o ' Yy o
danuduveaasfimuyydannsody ldlianlssinm 10 tasanusausidooi
qadszine 2 ludueasmanuuiuasdesinaunddedidasiduanuduveuas
a. & ' o 4 v Y uwyy
quiluiiieny mszfioussruasfigauiuunmeuswsiuaaudu 1qissas
¥ [ 4
nanuaTnazanuduiuegfusiavouwuInarlss  dmiuduanna
[} a ] L4 a a o +Y ! ' Yy ¥y
puuasowdiwan  ukuInanlsdusz@ninmdns Idanuananadanuduiss

dauusiu Tnn lsFse@nSamgeez I nuduguuaanuainaan

2.5.6 YUUBY

nnglfl 217 uaanuduius AT U YD INeY
awmyy fusadudunng Lep  annsauaawa lddanuld s @ Asyulunulszduy

(] s
493 LCD uaz a Aoyundndaiududmin



25

®
T 1o
71270°| 50
3180 [ %6°
1ce
s 7
l‘ \
\
oo ‘
-~
sy - ! -
SDEXNY) 2, 1
!
s0 :
I
'
:
!
1
i /
]
10 +
0 i Vi
e ) v, 2\’ A/
thi "thl o &
w2 UISFUATIEIN (rms)

Ui 2.17 anwduiussendnanudIveaIiUNTIAY

& v a4 P d uyd s o Y a

dieus sty yufimunsoussiuldfesgemy apnedn) dadunsidun

[ nﬁy 4 a dy ¢ o o v ay a P ° Y .d s
ﬁQQﬂTﬂlﬁQﬂquﬂJuHllmﬂﬂﬁ]3lwﬁﬂ]uﬂ‘]ﬁa‘]ﬂuuiﬁﬂuﬂuﬂﬂﬂq@]VIWﬂﬂ3”11““9\1“1“‘1591
1% (10 1Wosiaud voasaugega® Sond1 usadumsylea (Threshold volttage; Vi) 153

ud’dlﬁ

unIan
AMUTUTUT senhausedufumaumduseatas sznldou lamudiunauiuanaei

o o a a & -
infidudszanuesgungiiiluay 31 v, 9zana

90 (osiruAuaas g Fundn HSIAUBNAT (Saturation voltage-; Vi)

YBINANIMAD DRTIF@IUNANAIU MY

. y
=

1o NINugY

2.5.7 ANNFIVRIMIUTAING
PameYaussm Uy luga 50 8 100 Tad3uii (Iugungiives 25°C) @

A - = & P
A9 ANUNUYIVBINANIVIAT  NANVINUYI

g NlinadorIUTAIMIADUANDY

. . 4 4 4 a Aa & =y °
(Viscosity) vziimufuiilogungionas msizTuanaiidas: lumsindeuiissasild

£’
NITADUIUDIVTIA
[ ; 1 or Y 4' 1 Y o acy o o~
na'me'U'cmawwuagﬂmmmmuimum1ﬂ111nn LCD lae ')ﬁﬂﬂ\lﬂ‘uuidﬂu

HASAMUNUIHUTDINENINAINY



26

2.5.8 MYV LCD

Ko
\|
vl

&

71l 2.18 2995eUAdURI LCD

LCD udaznuud ausalouassauyad iddaguii 2.18 Uszneudaodadiu-
Voo 8 o o g &y v W v 1
MU R, Mddeaynsufuduiulsey ¢, Faeviuiuddiumu R, @imganiir,)
§ v 3 dy Y o A 1
Avesdunulszgeziuegiuuseiuilsingason LCD
' Y ° a aaa 2 °
guswiousssylrlasel Lep semiRalgnsoundiliiih  asesildegms
¥ ¥
Tuduae faiu Sedesdenduana IWaduiidwmdnuliny 100 Tadind ms
uaasnanz 1891nA1 ms 19101
T d' o =i 9 9 (] ; 1 ) o dll [ a
annudvesdayanaiteuwdhldeshidind: 30 @sad ielesdiumsnszniy
yosdauaawna nyzuaiildiuilyfe 105 lulasuenddemsrurudiuasyoury LCD
PR 9 A d’l o o (] o P [ i 9/ P
aszuah LeD desmssiiviuiiudadiulaonss fuarwdvesdyananieud1yia
] 14
iingegavesnudgnimunTasguayianediumanilas (Couppling) uaznaves
L ' 4 . ava
SUANFIFFY (Relaxation effect) 391 1HiAAt lunIsHaang
Uszanusamstu LCD
1. VLRSS 9xdimsdeuenduuazIsnU tazTuLNUMdMTodIugATINDn

&
niega



27

i

4. .
HRUAUNES (JR97)

o ) >
R

0=0ff |
A2

U7 2.19 msadulavoinisduTavaselaell EXCLUSIVE OR GATE AUAUUS IAUEN

T duaeg

T d ' N 144 | 1 H
ngUil 2.19 wzinldhukundawes LeD sxgniloudisnaudimasunisiden
' . s

woud Idihan ildTasmsdenauglioiuuanduma 1 Iddauiug sufauss-
ar t ? (: as L] J 4 v A - t
FuanATey (sxvaTmumNATIATaN) YszinuAl ms vesgUndu daubunlild
@onfiezfloudyuumaf vadud i undTasfidyaraiifoulddeuiluuyy
aumnas eileafunmsnssnTuvesdIuLEAING

Fofvosmsdunuuass fe M Idludwgangiindy, yuueandn, asuauss
-] a ¥ ' y Y 1 1 v =
51 nazanuRanaimiss uamslfaudesdenarwya mnduaeesing udesinnu
gaun

b 4
2.MITUNUUTRRINERS (Multiplex drive) MsTunvuHIziMuIzAiUMALAAIANG
v

$IUINIIN IFUMIABULUABANATAF (Dot matrix LCD) F2veamivuuvuiafinandey
eeglugtimuaind manaawaszasiuiiiungua daunrundzusnfuiunay

[} o : v v ) 1 ' o~ W 1 o o o
393 AuTuLAazITNILINA IHNGUNTIaY wilasumeiusandiuveuiafindndou



28

agluglves 1:N Tkl N fodmaugaswvsukunds niedmuvesduuaawalu

uAazNqy

R

() ) (f)

4' w & o 9/ .’,' o 1 Yo = =1 L4
51 2.20 duauntsdiamsouriaganeiioy (8 dau) Tagldiadimand 1:3

v v
nAgUfl 220 uasIMIsAeAIMLAAWNA  azuNUNUNAIRIIMsTULUUTada-

mAng 1.3 Smugadeanasnin 9 vullu 6 Tugilfi 2.20 (M) uanaresANYyRdURILA

<

[ v -]
a:ﬂjullﬂuﬂﬂﬂﬂjlﬂﬂﬂiﬂﬂ

Sasinsvasnand 11 (12 {13 {14 |18

ANUUANANYOY  Von/Voff  (rms) o 1224 [192 | 1.73 | 145

swugeaeidieldiunmauanma 120dan | 121 |62 |43 |34 |23

{ 1 ar 1 w a o o o []
ﬂ]i'N‘ﬁ 2.1 ﬂ'lﬁ'l]ﬁﬂ'ﬂlﬁﬂ‘lﬁ311’JN'EJG'IT]?(’J'Nllﬁﬂlwaﬂﬂ?ﬂil%‘m'luﬂﬂﬂﬂ



29

3 v a d 3
2nmsedi 2.1 uaaade 1diSsuveamsldiadmand 1:2 yaderzanastszuna

-t & 9y o 1 [ . y o de
ATINUI llﬁ:%:qﬂﬂﬂ‘ﬂa?uﬂﬂ\llﬁ\lﬂu 2.24 Ylﬂ'n’"'lﬂﬂ’lmﬂmmﬂﬂu‘lﬂ

2.5.9 (MANANIABIYIIH LCD

A " ay o a T ' v e
Emsaeldaulauia 1l 3 guyy A ABvNIUUTTIUM, HULUYNAINT LAz

uuuedy

»

msasuuUssTuUMsidnyasnfituesnuandidaniiou lod Taona 11354

azaInd My LCD Nlgade linimin degulii 221

-
maamj‘m
dvand |
| j
. Fautay

T3 LCD

1

[] [] ..'
ATDVDIUNUNITIRUN
(n) ) < ¥ v
SWACIBURATHMUY

MIABLUVUEITHA

31 221 MmsdBUUUTITUM

[ 1 4 ' ¥
uuuisdrinlssneuded nidyas Iady uazdmiiiiuauiu vdeedadl

' 1 4
fiusgsznieda LCD fuukuaeesfind mdsuuuiivzdossziald LoD fusenaumia

dnirldnemuz (g3 2.22)



31

2.5.10 nanlumsnorsauaenly LCD

o =

L 4 ]
1. unaenssiudmiuaedn (@A Vop-Vss) Munssdudgyauasinfigndy
sanuIMauDIARavesyaesitanyuziuasin 0 uaz 1 finamd 30-64 F3AT szaY
o a dy I~ JAl 1 o
useinasIntlaziimgagaluifiu +7 Thad
2. umaatiensaiudmiy LoD As ussduiisw iy Lep Tasaselunsdin LeD
1 4 ] .
duduuuyTuga Module) (LCD Hiigunsaiduiovmasguds Mowdtlondyaaiiily
14 [
Tyt liiminiu) d sy Lep Tugadiuinnesiiussduduiuananiy
b4
3. uSAUMaB YR Ao MusAUNIBURATeY LCD vximdwd 0 Taad auda
1 4
+Vee 339U TiReaes)
- 3 - a2 VWa ° ¥
4. Anuazidgalumsuaaa dulu LCD uuwnuug 9si1sasMIundn
é ar y L4 L2 ar
YOINSUAAWNA FNATgIHNENUes LCD upviiexd 3 ndn, 3.5 ndn, 4 12 ndndudu
[ a o = = =1 ° : P | .
frmiunuuaenuaing Tuga szlianuazidadiusmouasansds niefiusmou
. 24 " A E : ] ) : a
ABARBNUTMIUAAIONVTENTIIAINTNADA 17U 5 x 7 69A HazUNvBLdazAonazl]
Yua nda x 011 Inseduliadues tazddosdilaiesaumsuaainanddnysde
ussvia uazinussialumsuaasna
5. unastenszuaiiluseivasdn daunin LD deamsuseaulumsviu
o 1 e ar a o o J n’: s/ =
Yszaw 5 1aad mhduszdvasinan leddunuvaieg uazunnsideamsInavds -10
Taad Tuunriansouregu Taonszuaildamfislszunu 2-5 Taduoud
6. ¥iiaves LCD TaoialUudar Lep filvidenldegnarosiia wu LeD Tunse-
patiudadafildnanuudadndu flhidenldegrarouuy wu uuvfindel (TN), uuy
Super TN N30 STN, WUy Double-Layer STN %30 DSTN LAzllUy Film compensation
single-Layer STN %50 FSTN
[y <] wad o v
7. dpwarmsugawa uguanidndmuamsidenld LeD himses1d LeD
UszinniasswwemmzausuanimnisiFauludoyasang du Tasinsaianuduvss
nava vz ldu
8. wuaves L Tuga vunaves Tugasziludismuavuiavewdadusi uaz

»

) v
AuRlumsandewe LCD



32
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2. HUUUN3INHY (Tracking A/D Converter)
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2.9 13VTAANOUAUYIN (Attenuator Circuit)
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13 asefududunisves (Amplifier) Fainmihfiveedyans  wwsaanouildly
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2.9.1 NaTaanauliuuuea (L - Type Attenuator)
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in

R

gﬂ‘?l 2.53 99THLNLISIAY (Voltage Devider Circuit)

VOUI - IR2
= \Y
B oAt W
R*R, R*R,
Vout R2
A £~ 2=
Via R+R,
VOUt
Ap = 20log
V.

amsaanou s udadIunauusen oATIMIENINS AU UAD

(2.24)

(2.25)
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2.9.2.9930ANBUUVY 71 (T - Type Attenuator)

31 2.54 29958AMBUHVY T-Net work

v v ' v L)
nngUoly mifusanaausznia Ry uaz R, 92lan

>
R

o (2.26)

n3® R, = mR, 2:27)

Ry = \/ RiysReo
\/ R;*R,//mR1) R+mR))

R, =RV 1¥m (2.28)

v v ]
MMyaANouYeINTM lasngii 2.54

Vi 1+m +\V1+2m

2 = o A (2.29)
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UM 2.55 M3INIA MIAANBUYBINITUVY T-Network

2.9.3 2485aanouuUL Ny (1t-Net work Attenuation)

mR, mR;

311N 2.56 2995RANDUIVY TT-Net work

[ . v 14
90317 2.49. AWITAMIAN Ro Az a ladail

Ry = ——— R (2.30)
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(2.31)

(2.32)

(2.33)
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1995aIUAINeA (Digital section)
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FUUIAVBY ICL 7106 (Timing System)
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RC OSCILLATOR
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2. ﬁ’mﬁnﬂa:q%uﬁmsﬁq (Capacitor Integrating)
v g d’ 3 LY A ' d’ o by ’
aunulszyfidesyiuat INT adsezidenmimna s oy Iimsuniavednss-
o &4 1 d' e v o a o ) Q' ar at U4
dulimgaga Taoh livihld ussduvesmsBuiinsaifamsduda @asznm 03 Toad
[ 1 o o v o 1
Tuunaioudasuuy) dmsuIcL 7106 udw 2 Taad wuainalagvisauuouzann
gnlfilugaddamsduiinsalunmsarusuiuy 3 seundui (dygnuudn 48 Ala-

#57) Tasdndudres19ar Cor Te10.22 lulasvhsia uaz 0.1 Tulasvhsia audidy

3. ufuseqUiumguadnludi@ (Auto Zero-Capacitor)

v
{ a

3 - @ o o wa = [y o a
mvosunullsegUsugudda Tulid sxinadudyausunhiinatulussuy
] t a o A ¢ as o s L4 e
1y Tudu 200 fad Tadifvaina Fadieod dygnusumussianudifguinines 1967
g ' v 1 <1 4 o
fulszam 0.47 Tulasvhsa daudm 2 Thadiauamasz19a1 0.047 luTasvhisa da-
-1 @ o o wa 1 a -1 =3 : a o ar
wulszqlfuguidaTutRezgromiuanus lumsAvanmeinmsiia Tnaaiiu tazdl
o o da 4 v
Fudnsesdyausumuihatiudiy
4. ﬁ?lﬁuﬂizqﬁnad (Reference capacitor)
v o a 1 4 d v A 1
danulszgdrdsdaumnez e 0.1 Tulasvhae esmnidfunainmnzerud
qalunisldau adrelsamudinin 41 REF LO Tuderumnsiuneuzasnuaneinies 14
' a [ ety ; ' v d o
A Inuasuwmiimunadumdunulssgeznlaonly
5. gUnstiadeseseeadaaines (Oscillator Component)
Tuyndumsia dnaudinmu 100 AlaTevu dnezgnidiave uazidenta

3

A unulszgnnauns .

o 045
RC

AMFUAND 48 KHz (M3B 3 soudeiuifl)
C=100 pF
6. HTINUDIIDY (Reference Voltage)
Aussiudunadumnan 1fon V=2 Veer dnfudmsutrmmsia 200 fiad-

Taas uas 2 1706 usadud N8 (Vegr) A2598AuAY 100 TadTrad uaz 1 Taas anw

LY

Ay



70

3.3.3 swazpealumsesnuuulday ICL 7106

ANdesadalaines ( Oscillator Frequency)

p 045
0osC RC

Cosc =50 pF H Rosc > 50 ﬁTaIﬂﬁu

YIaaIMsinaeeadalanes

RC

tosc = m

< o A  deva
ﬂ'J'lNﬂ‘UﬂQﬂﬂJinﬂnnWﬂ']’n“‘lfﬁﬂﬂlﬂiﬂ
Fosc

Ferock = e

! a oA
FIUIAINTOUNINTA

toey = 100
] X Fosc
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HARRIS |CL7106, ICL7107

SEMICONDUCTOR

31/, Digit LCD/LED
Display A/D Converter

December 1993
Features Description
« Guaranteed Zero Reading for OV Input on All Scales The Haris ICL7106 and [ICL7107 are high

True Polarity at Zaro for Precise Null Detection perormance, low power 3/, digit AD converters.
1pA Tygpical Input Current Included are seven segment decoders, c!|splay. drivers,
True Difterential Input and Refergnce, Direct Display Drive a relerence.. and a c lof:k' The ICL7106 Is designed to
. LCDICL7106 ’ . interface with a fiquid crystal display (LCD) and

includes a multiplexed backplane drive; the ICL7107

- LEDICL7I07 il directly dri inst t size light emitti
Low Nolse - Less Than 154Vp-p :ixc’denzfgoy) di;lzleayan instrument size ight emitling

On Chip Ciock and Reference
* Low Power Dissipation - Typlcally Less Than 10mW
» No Addltonal Active Clrcults Required

.

The ICL7106 and ICL7107 bring together a
combination of high accuracy, versatilily, and true
economy. [t features auto-zero 1o less than 10uV, zero

* New Smali Outline Surface Mount Package Available drift of less than 1uV/°C, input bias current of 10pA
max., and rollover error of less than one count. True :
Ordering Information differential inputs and reference are useful in alf sys-
tems, but give the designer an uncommon advantage \
PART TEMPERATURE when measuring load cells, strain gauges and other |
NUMBER RENGE BAGKREE bridge type transducers. Finally, the true economy of
ICL7105CPL 0°C 1o +70°C | 40 Lead Plastic DIP single power supply operation (ICL7106), enables a
ICL7106RCPL | 0°Cto +70°C [ 40 Lead Plastic DIP (Nota 1) high performance panel meter to be buill with the

ICL7106C 1444 0°C 1o +70°C 44 Load Metic Plastc Quad Flalpack addition of only 10 passive components and a display

ICL7107CPL 0°C 1o +70°C 40 Lead Plastic DIP
ICL7107RCPL 0°C to +70°C 40 Lead Plastic DIP (Note 1)
ICL7107CH44 0°C to +70°C 44 Lead Melric Plasbc Quad Flatpack
NOTE: 1. *R*indicates device with reversed leads.

Pinouts
ICL7106, ICL7107 ICLT106, ICLT107
(PDIP) (MQFP)
TOP VIEW TOP VIEW
ve [1] hd 48] osc 1 =9 <:>
[ o1 [Z] 5] 0sc2 &,aﬁﬁgig,,g,_
a 3] 38) 0sC 3 eSS0z z<dZ 3
1 M
81 [4] 7] TEST [] F L
(r5)< a1 [5] [36] REF HI
F1 & 35] REF LO : (44 43 42 41 40 39 38 37 36 3634 )
a1 % ECREF" NCD:‘r‘ 'Y as|—LJne !
&1 (2] (3] Caer Ncn— : 3 ::lz
{ 02 (o] 2] cOMMON TEST 3t i
c2 [i9] ot osc3T 14 30 :D:;
.. ) 82 [0 [30] Lo nelLl s |
oy @ Hlaz osc2CI ]| s 28| T)BpraND
£2 [3) 78] aurr osc1CI__Ji7 27{— T poL
g2 [1] (77] INT v+ I s 26{" T JAB4
o3 {15] EV- [7Y o s | X 25T Jes
g3 [is %] G2 (109) c1t e 21
(100's} Y o | 36
F3 [ 2] c3 12 13 14 15 186 17 18 19 20 2123 )
€3 [1s] 23] A3 p (1008}
(1000) AB4 [19] 2] 63
anusy  PoL (] 1] sprano A1 Fi G £1 D2 C2 B2 A2 F2 €2 D3 .
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Specifications ICL7106, ICL.7107

Absolute Maximum Ratings

Supply Voltage
ICL7106, V+to V-

Rafarence Input Voltage (Either Input)
Clock Input
ICL7106
ICL7107

Analog input Voltage (Either Input) (Note 1). . .

Thermal Information

Thermal Resistance (MAX, See Note 1) [: 1S
............. 15V 40 PinPlasticPackage ...........c.cccveveenn... 50°CW
.............. 2% 44 Pin MQFP Package ..............c.vvueua...  BOCW
.............. 9V Maximum Power Dissipation
.......... V4to V- Lo T < RS X ¢ 7'}
.......... V+lo V- L2 A OPP 5°"
Operating Temperature Range . ............ee.n. 0°Cto +70°C
....... TESTloV+ Slorage Temperatwte Range..................-65°C to +150°C
........ GND 1o V+ Lead Temperature (Soldering 10s Max) ................+265°C
+150°C

Junction Temperature

CAUTION: Slresses above those listed in *Absolute Maximum Ralings® may cause psrrnlncnl demage lo the device, This is a siress only rating and operafion

of the device at these or any othar conditions above thosa indicated In the of this specification is not implied.
Electrical Specifications (Nots 3)
PARAMETERS ] TEST CONDITIONS ] MIN I Tvp [ MAX [
SYSTEM PERFORMANCE
Zero Input Reading Vin = 0.0V, Full-Scale = 200mV -000.0 | £000.0 | +000.0 Digitat
Reading
Rafiometric Reading *I Vin = VRer. Ver = 100mV 999 999/ | 1000 Digital
1000 Reading
Roliover Error Vi = +Vyy = 200mV - 10.2 b4 Counts
Oiflerence in Reading for Equal Positive and Nega-
tive Inputs Near Full-Scale
Linearity Full-Scale = 200mV or Full-Scale = 2V Maximum - 10.2 1 Counts
Daviation from Best Stralght Line Fit (Note 5)
Common Mode Rejection Ratio Vew = 1V, Viy = OV. Fulk-Scale = 200mV (Note 5) - 50 - pvev
Noise Vi = OV, Full-Scale = 200mV - 15.. - uv
(Pk-Pk Value Not Exceeded 95% of Time)
Leakage Current input Viy = 0 (Nole 5) - 1 10 pA
Zaro Reading Drift Vin =0, €% < T, < +70°C (Note 5) - 02 1 nvrec
Scale Factor Temperature Coefficient Vin = 199mV, 0° < T, < +70°C, - 1 5 ppm°C
(Ext. Rel. Oppmv°C} (Note 6)
End Power Supply Character V+ Supply Cur- | Viy = 0 (Does Not Inckude LED Current for ICL7107} - 0.8 1.8 mA
rent
End Power Supply Character V- Supply Current | ICL7107 Only - - 0.6 1.8 mA
COMMON Pin Analog Common Voitage 25k Batwean Common and 24 2.8 3.2 \'
Positive Supply (With Respect to + Supply)
Temperature Coefficient of Analog Common | 25k Between Common and - 80 - ppv°C
Positive Supﬁy (With Respect to + Supply)
DISPLAY DRIVER ICL7106 ONLY
Pk-Pk Segment Orive Vollage V+=10 V- = 9V, (Nole 4) 4 5 6 v
Pk-Pk Backplane Drive Voltage
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Eiectrical Specifications (Note 3) {Contlnued)

PARAMETERS [ YEST CONDITIONS l MIN l TvP ] MAX l uNIT
ICL7107 ONLY
Segment Sinking Current V+ = 5V, Segment Voitage = 3V
{Except Pin 19 and 20) 5 8 - mA
Pin 19 Oniy 10 16 . mA
Pin 20 Only 4 7 } mA
NOTES:

1. laput voltages may exceed the supply voltages provided the input current is limited to £100pA.
2. Dissipation rating assumes device s mounted with all leads soklered to printed circuit board.
3. Unless otherwise noted, specifications apply to both the ICL7106 and ICL7107 al T, = +25°C, Iy ock = 48kHz. ICL7106 Is tested In the

circuit of Figure 1. ICL7107 Is tested in the circuit of Figusa 2.

4. Back plane drive Is In phase with sagment drive for ‘olf’ segment, 180° out of phase for ‘on’ segment. Fraquency is 20 times conversion

rale. Average OC component is less than 50mV,
5. Not tested, guarantead by dasign.

Typical Applications and Test Circuits

ICL7106
s50aiccu808c088ec038
Al L] T EETEE EER

Cy=20.1uF
Cp = 0.47uF
C3 = 0.22uF
C¢ = 100pF
Cs = 0.02uF
Ry = 24k}
Ry = 47k}
Ry = 100k
R¢= 1k
Rs = 1M0Q

FIGURE 1. ICL7106 TEST CIRCUIT AND TYPICAL APPLICATION WITH LCD DISPLAY COMPONENTS SELECTED FOR 200mV FULL-

- SCALE

-8V

-11419

g

R > r‘.‘wruv 1

B :lﬁ: leiln sl[sl[& =[] n[ﬂ[Ellni: 2:3::;:.;

TGO AIE

’ icLr107 2;'_'3;."“‘“

356a%c5u8 08I uBRCDYE Rtk

A Ll === ST T EE Rs = 1MQ2
DISPLAY

X

FIGURE 2. ICL7107 TEST CIRCUIT AND TYPICAL APPLICATION WITH LED DISPLAY COMPONENTS SELECTED FOR 200mV FULL-

SCALE
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Design Information Summary Sheet

* OSCILLATOR FREQUENCY
fosc = 0.45/RC

Cosc > 50pF; Rosc > 50KQ
fosc Typ. = 4BKHz

* OSCILLATOR PERICD
tosc = RC/0.45

* INTEGRATION CLOCK FREQUENCY
faioox = loso/4

+ INTEGRATION PERIOD
tivt = 1000 x (4#/iosc)

* 60/50Hz REJECTION CRITERION
tint/tsoHz OF tinr/tgonz = Integer

* OPTIMUM INTEGRATION CURRENT
lint = 4.00A

+ FULL-SCALE ANALOG INPUT VOLTAGE
Vs Typically = 200mV or 2.0V

« INTEGRATE RESISTOR
VINFS
INT

BiNT =

- INTEGRATE CAPACITOR
(N i)
CNnT = —
v
INT
INTEGRATOR OUTPUT VOLTAGE SWING
(N Giny)
Cint

VINT =

Vint MAXIMUM SWING:
(V- +0.5V) < Viyr < (V4 - 0.5V), V5 typically = 2.0V

DISPLAY COUNT
\")
COUNT = 1000 5 !

REF

CONVERSION CYCLE

‘CYC = lCLOCK x 4000
teye = losc X 16,000
when fogc = 48KHZ; tcyc = 333ms

COMMON MODE INPUT VOLTAGE
(V- +1.0V) < Viy < (V4 - 0.5V)

AUTO-ZERO CAPACITOR
0.01uF < Cpaz < 1.0uF

REFERENCE CAPACITOR
0.1LlF < CFIEF < 1OU.F

.

* Veom
Biased between Vi and V-,

- Vcou =Ve-28V
Reguiation lost when V+ to V- < =6.8V.
i Veowm is externally pulled down to (V +to V -)/2,
the Vo circuit will turn off.

ICL7106 POWER SUPPLY: SINGLE gV
V+-V-=9V

Digital supply is generated internally
VGND =V+-45V

ICL7106 DISPLAY: LCD
Type: Direct drive with digital logic supply amplitude.

ICL7107 POWER SUPPLY: DUAL 5.0V

V+ = +5.0V to GND

V-=-5.0V to GND

Digital Logic and LED driver supply V+ 1o GND

ICL7107 DISPLAY: LED
Type: Non-Multiplexed Common Anode

3

.

Typical lritegrator Amplifier Output Waveform (INT Pin)

D L LT e

AUTO ZERO PHASE SIGNAL INTEGRATE
COUNTS)
9 - 1000 1000 COUNTS

i PHASE FIXED
'

DE-NTEGRATE PHASE
Q- 1999 COUNTS

St cemcsacmmegeesmmmmmnaaaaan

TOTAL CONVERSION TIME = 4000 x teyock = 16,000 X toge
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Detailed Description
Analeg Section

Figure 3 shows the Analog Section for the ICL7106 and
ICL7107. Each measutament cycle is divided into three
phases. They are (1) auto-zero (A-Z), (2) signal integrate
(INT) and (3) de-integrate (DE).

Auto-Zero Phase

During auto-zero three things happen. First, input high and
low are disconnected from the pins and internally shorted to
analog COMMON. Second, the reference capacitor is
- charged to the reference voltage. Third, a feedback loop is
closed around the system to charge the auto-zero capacitor
C.z to compensate for offset voltages in the buffer amplifier,
integrator, and comparator. Since the comparator Is included
in the loop, the A-Z accuracy is limited only by the noise of
the system. In any case, the offset referred to the input is
less than 10pV.

Signal Integrate Phase

During signal integrale, the auto-zero loop is opened, the
internal short is removed, and the internal input high and low
are connected to the external pins. The converter then
integrates the differential voltage between IN HI and IN LO
for a fixed time. THis ditferential voltage can be within a wide
common mode range: up 10 1V from either supply. if, on the
other hand, the input signal has no return with respect to the
converter powar supply, IN LO can be tled to analog
COMMON lo sstablish the correct common mode voltage. At
tha end of this phase, the polarity of the integrated signal Is
dutermined.

De-integrats Phase

The final phase is de-integrate, or reference integrate. Input
low Is internally connected to analog COMMON and input
high is connacted across the previously charged reference
capacitor. Circuitry within the chip ensures thal the capacitor
will be connacted with the comrect polarity to cause ths
integrator output to return to zero. The time required.jor the
output o return to 2ero is proportional to the inptt-signal.
Specifically the digital reading displayed is:

\'

DISPLAY COUNT = 1000(#—) .
REF

Differentlal Input

The Input can accept ditferential voltages anywhere within
the common mode range of the input amplifier, or specifically
from 0.5V _below ths posilive supply to 1.0V above the
negative supply. In this range, the system has a CMRR of
8648 typical. However, care must be exargised 1o assure the
integrator output does not saturate. A worst case condition
would be a large positive common mode voitage with a near
full-scale negative differential input voltage. The negative
input signal drives the integrator positive when most of its
swing has been used up by the positive common mode
voltage. For these critical applications the integrator output
swing can be reduced to less than the recommended 2V full-
scale swing with little loss af accuracy. The integrator output
can swing 1o within 0.3V of either supply without loss of
finearity.

12) -L
STRAY .I Caer ISTRAY
= = 2 Rur o= Caz = Cur
e St BN o RO Az nr
; Ve s 36 3 27
:
: AZ AZ INTEGRATOR
[ Kl
; TO
; fopA R > DIGITAL
' 31 SECTION
wnn g——X)

: INT DE- DE+ AZ
[
: % B
]
: PRL)
: COMPARATOR
:
.
i 2 DE+ DE-

COMMON &
: INPUT
: 10 INT é A-Z AND DE(2) Low
&

INLO

R 0 N S,

FIGURE 3. ANALOG SECTION OF ICL.7106 AND ICL7107
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Differential Reference

The reference voltage can be generated anywhare within the
powsr supply voltage of the converter. The main source of
commen mode error is a roll-over voltage caused by the
reference capacitor losing or gaining charge to stray capacity
on its nodes. If thera is a large common mode voltage, the
reference capacitor can gain charge (increase voltage) when
called up to de-integrate a positive signal but lose charge
(decraase voitage) when called up to de-integrate a negative
input signal. This dillerence in reference for positive or
negative input voltage will give a roll-over error. However, by
selecting the reference capacitor such that it is large enough
in comparison to the stray capacitance, this error can be
held to less than 0.5 count worst case. (See Component
Value Selection.)

Analog COMMON

This pin is included primarily to set the common mode
voltage for battery operation (ICL7106) or for any system
where the input signals are floating with respect to the power
supply. The COMMON pin sets a voltage that is approxi-
mately 2.8V more negative than the positive supply. This is
selected to give a minimum end-of-life battery voltage of
about 6V. Howsver, analog COMMON has some of the
attributes of a reference voltage. When the total supply
voltage is large enough to cause the zener to regulate (>7V),
the COMMON voltage will have a low voltage coefficient
(0.001%/V), low output impedance (=15Q), and a
temperature coefficient typically less than 80ppm/°C.

The limitations of the on chip reference should also be
recognized. however. With the ICL7107, the internal healing
which results from the LED drivers can’ causs some
degradation in performance. Due to their higher thermal
resistance, plastic parts are poorer in this respect than
ceramic. The combination of reference Temperature
Coefficient (TC), internal chip dissipation, and package ther-
mal resistance can increase noise near full-sca'e from 25uV
to 80uVp-p. Also the linearity in going from a high dissipation
count such as 1000 (20 segments on) to a low dissipation
count such as 1111(8 segments on) can suffer by a count or
more. Devices with a posilive TC reference may require
sevsral counts to pull out of an over-range condition. This is
because over-range is alow dissipation mode, with the three
least significant digits blanked. Similarly, unils with a
negative TC may cycle between over-range and a non-over-
range count as the die alternately heats and cools. All these
problems are of course eliminated it an external reference is
used.

The ICL7106, with its negligible dissipation, suffers from
none of these problems. In either case, an external
- reference can easily be added, as shown in Figure 4.

Analog COMMON s also used as the input low return during
auto-zero and de-inlegrate. If IN LO is different from analog
COMMON, a common mode voltage exists in the system
and is taken care of by the excellent CMRR of the converter.
However. in some applications IN LO will be set at a fixed
known voltage (power supply common for instance). In this
application, analog COMMON should be tied to the same
point, thus removing the common mode voltage from the

converter. The same holds true for the reference voltage. I
reference can be conveniently tied to analog COMMON, it
should be since this removes the common mode voltage
from the reference system.

Wilhin the IC, analog COMMON is tied to an N channel FET
that can sink approximately 30mA of current to hold the
-voltage 2.8V below the positive supply (when a load is trying
to pull the common line positive). However, there is only
10y A of source current, so COMMON may easily be tied to a
more negative voltage thus overriding the internal reference.

Ve
v
REF Hi
S -\ 6.8V
AEFLO % b § LA,
ICLT108 | l'z
IcLr107 b
p g
V-
FIGURE 4A.
Yo
v 3 sexn
3
L7106 20ke1
IcL7107 & r
REFHIF— 3 A 1cLs0so
T 1.2V
REFLO : REFERENCE
COMMGH

FIGURE 48B.
FIGURE 4. USING AN EXTERNAL REFERENCE
TEST

The TEST pin serves two functions. On the ICL7106 it Is
coupled to the internally generated digital supply through a
500Q resistor. Thus it can be used as the negative supply for
externally generated segment drivers such as decimal points
or any other presentation the user may want to include on
the LCD display. Figures 5 and 6 show such an application.
No more than a 1mA load should be applied.

Ve MO
TO LCD
DECIMAL
POINT
ICLT106
8P J
21 1’—}_]
TEST
a7

TO LCD
BACKPLANE

FIGURE 5. SIMPLE INVERTER FOR FIXED DECIMAL POINT
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The second function is a “lamp test”. When TEST is pulled
high (to V+) all segments will be turned on and the display
should read “1888~. The TEST pin will sink about 15mA
under these conditions.

CAUTION: In the lamp test modae, the segmenis have a constant DC
vollage (no square-wave). This may burn the LCD display if main-
tained for axtended periods.

' e

: CD4030

bome

Ve H
“” D+
;
- [
. ,
— YO LCI
ICL7106 DECIMAL ’ f DECIMAL
POINTq ¢ : POINTS
SELECT | _] 7
' H
" 4
TEST '—m—r
’
[}

L

FIGURE 6. EXCLUSIVE ‘OR’ GATE FOR DECIMAL POINT DRIVE

GND

Digital Section

Figures 7 and 8 show the digital section for the ICL7106 and
ICL7107. respectively. In the ICL7106, an internal digital
ground is generated from a 6V Zener diode and a large P-
channel source lollower. This supply is made sliff to absorb
the relative large capacitive currents when the back plane
(BP) voltage is switched. The BP frequency Is the clock fre-
quency divided by 800. For three readings/second this is a
60Hz square wave with a nominal amplitude of §V. The seg-
ments are driven at the same frequency and amplitude and
are in phase with BP when OFF, but out of phase when ON.
In all cases negligible DC voltage exists across the seg-
ments.

Figure 8 is the Digital Section of the ICL7107. It is identical
to the ICL7106 except that the regulated supply and back
plane drive have been eliminated and the segment drive has
been increased from 2mA to 8mA, typical for instrument size
common anode LED displays. Since the 1000 output (pin 19)
must sink corrent from two LED segments, it has twice the
drive capability or 16mA.

In both devices, the polarity indication is “on* for negative
analog inputs. If IN LO and IN Hi are reversed, this indication
can be reversed also, if desired.

a ] a
| a { b f b f b
73456785
Ll ’ mal e ¢ e [ e c
BACKPLANE
------------------------------------------------- ceee 4-Fr=-1F LTS EE R comoedyorva,
21 '
H
H
l LCD PHASE DRIVER ;
(L LTI T :
7 7 7 '
TYPICAL SEGMENT OUTPUY SEGMENT | { SEGMENT | § SEGMENT quq] :
Ve pecoDe { | oecook | | pecooe :
[
0.5mA |ERA R EEN 111 !
+
SEGMENT LATCH _] H
OuTPUT '
oA [ P A T :
[ 1000’ 100 l 10's ] 1's H
COUNTER} [COUNTER| jcounTer] |countern :
INTERNAL DiGITAL GROUND, : .
’
TO SWITCH DRIVERS H
FROM COMPARATOR OUTPUT — 1 i v
CLOCK ? *
—»l +4 l— Loaic CONTROL_l e2v
I soo0
+ THREE INVERTERS INTERNAL ! Test
ONE INVERTER SHOWN FOR CARITY DIGITAL Ym=1v ;
GROUND H
)
26¢
40 39 38 4 *
------------------------------- D Gttt o D R B R Rttt |
osc1 0sc 23 0sC3
i1
LU
FIGURE 7. ICL7106 DIGITAL SECTION
-~
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Gid34556789

TYPICAL SEGMENT QUTPUT
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FIGURE 8. ICL7107 DIGITAL SECTION

System Timing

Figure 9 shows the clocking arrangement used in the
ICL7106 and ICL7107. Two basic clocking arrangements
can be used:

1. An external oscillator connected to pin 40.

2. An R-C oscillator using all three pins.
The oscillator frequency is divided by four before it clocks the
decade counters. It is then further divided to form the three
convert-cycle phases. These are signal integrate (1000
counts), reference de-integrate (0 to 2000 counts) and auto-
zero (1000 to 3000 counts). For signals less than full-scale,
auto-zero gets the unused portion of reference de-integrate.
This makes a complete measure cycle of 4,000 counts
(16,000 clock pulses) independent of input voltage. For three
readings/second, an oscillator frequency of 48kHz wouid be
used.

To achieve maximum rejection of 60Hz pickup, the signal
integrate cycle should be a multiple of 60Hz. Oscillator
frequencies of 240kHz, 120kHz, BOkHz, 60kHz, 48kHz,
40kHz, 33'/3kHz, etc. should be selected. For 50Hz rejec-
tion, Oscillator frequencies of 200kHz, 100kHz, 66"’/3kHz.
50kHz. 40kHz, etc. would be suitable. Note that 40kHz (2.5
readings/second) will reject both 50Hz and 60Hz (also
400Hz and 440Hz).

ceeseeensccacanay

GNDICL7107
TESTICL7108

RC OSCILLATOR

FIGURE 9. CLOCK CIRCUITS
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Component Value Selection

Integrating Reslstor

Both the buffer amplifier and the integrator have a class A
output stage with 100pA of quiescent current. They can
supply 4pA of drive current with.negligible nonlinsarity. The
integrating resistor should be large enough to remain in this
very linear region over the input voltage range, but small
enough that undue leakage requirements are not placed on
the PC board. For 2V full-scale, 470kQ is near optimum and
similarly a 47kQ for a 200mV scals.

Integrating Capacitor

The integrating capacitor should be selected to give the
maximum voltage swing that ensures tolerance buildup will
not saturate the integrator swing (approximately. 0.3V from
either supply). In the ICL7106 or the ICL7107, when the
analog COMMON is used as a reference, a nominal +2V full-
scale integrator swing is fine. For the ICL7107 with +5V
supplies and -analog COMMON tied to supply ground, a
13.5V to +4V swing is nominal. For three readings/second
(48kHz clock) nominal values for Cyr are 0.22uF and
0.10uF, respectively. Of courss, if different oscillator frequen-
cies are used, these values should be changed in inverse
proportion to maintain the same output swing.

An additional requirement of the integrating capacitor is that
it must have a fow dislactric absorption to pravent roll-over
errors. While other types of capacitors are adequate for this
application, polypropylene capacitors give undetectable
srrors at rgasonable cost.

Auto-Zero Capacltor

The size of the auto-zero capacitor has some influence on
the noise of the system. For 200mV full-scale whers noise is
very important, a 0.47pF capacitor is recommended. On the
2V scale, a 0.047uF capacitor increases the speed of recov-
ery from overload and is adequate for noise on this scale.

Reference Capacitor

A 0.1uF capacitor gives good results in most applications.
However, whare a large common mode voltage exists (i.e.
the REF LO pin is not at analog COMMON) and a 200mV
scale is used, a larger value is required to prevent roll-over
error. Generally 1.04F will hold. the roll-over error to 0.5
count in this instance.

Oscillator Components

For all ranges of frequency a 100kQ resistor is recom-
mended and the capacitor is selacted from the equation

-‘:%? For 48kHz Clock (3 Readings/second),

f=

C = 100pF

Refersnce Voltage

The analog input required to generate full-scale output (2000
counts) is: Viy = 2Vgeg. Thus, for the 200mV and 2V scale,
Vger should equal 100mV and 1V, respectively. However, in
many applications where the A/D is” connected to a
transducer, there will exist a scale factor other than unity
between the input woltage and the digital reading. For
instance, in a weighing system, the designer might like to
have a full-scale reading when the voltage from the
transducer is 0.662V. Instead of dividing the input down to
200mV, the designer should use the input voltaga directly
and select Vpge = 0.341V. Suitable values for integrating
resistor and capacitor would be 1 20kQ and 0.22uF. This
makes the system slightly quieter and also avoids a divider
network on the input. The ICL7107 with 5V supplies can
accept input signals up to +4V. Another advantage of this
system occurs when a digital reading of zero is desired for
Vin # 0. Temperature and weighing systems with a variable
fare are examples. This olfsel reading can be conveniently
generated by connecting the voltage transducer between IN
HI and COMMON and the variable (or fixed) offset voltage
between COMMON and IN LO.

ICL7107 Power Supplies

The ICL7107 is designed to work from 15V supplies.
However, if a negalive supply is not available, it can be
generated {rom the clock output with 2 diodes, 2 capacitors,
and an inexpensive I.C. Figure 10 shows this application.
See ICL7660 data sheet for an alternative.

+

In fact, in selected applications no negative supply is
required. The conditions to use a single +5V supply are:

1. The input signal can be referenced to the center of the
common mode range of the converter.

2. The signal is less than £1.5V.

3. An extemal reference is used.

Vs j ........

Vs
0SC1

Qosc2

osc3 —

icLrio07

GND
V-

|

FIGURE 10. GENERATING NEGATIVE SUPPLY FROM +5V

LS

|

V- =33V
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Typical Appiications

The iCL7106 and ICL7107 may be used in a wide variety of
configurations. The circuits which follow show some of the
passitilities, and serve to illustrate the exceptional versatility
of these A/D converters.

The following application notes contain very useful
information on understanding and applying this part and are
available from Harris semiconductor.

Application Notes

A016 “Selecting A/D Convertars”

A017 “The Integrating A/D Converter®

A018 "Do’s and Don'ts of Applying A/D Converters”
A023 “Low Cost Digital Panel Meter Designs”

A032 "Understanding the Auto-Zero and Common Mode
Performance of the ICL7106/7/9 Family”

*Building a Battery-Operated Auto Ranging DVM with
the ICL7106"
“Tips for Using Single Chip 3'/, Digit AD Converters”

AD46

A052

Typical Applications
—_/u} TO PIN { "
Qosc1t
osc2
osc3
TEST
REF HI
REFLO
Crer
Crer
COMMON
1M H
INLO
A-Z
BUFF
INT
V-
G2
c3
Al
G3
BP

-
(=3

100K2

?7

SET Vper

100pF / = 100mV

w
N

|

E1]E

AN—AAN——4
1K 22K0

U

0.1pF

wa | o,

AAA
YYY=——

== 0.0t N
0.47pF -

JT

BT

47K

!

0.22uF

TO DISPLAY

HEISIEEIS

TO BACKPLANE

akses shown are for 200mV full-scale, 3 readings/sec., floating
surply voitage (SV battery).

FIGURE 11, ICL7106 USING THE INTERNAL REFERENCE

TOPIN | #=—1

Voo [
osc 1 (a9 o
osc2 [3g—Wr——1
oscs B———F——  sETvper
TEST {37) 100pF = 100mV
REF M1 [3e}———————
REF LO |35} AMA——AM—--0 +5V
o] 1 22Kn
Crer 13 0.1pF \
Crer [B—

COMMON E}l——— wa
i [3} A
4B i T 0.0IuF N

= 0.A7F : -

Az[m :
S— = ;
BUFF [Zg}———WA——— :
wr [ ——
0.224F :

v- 3 A i 5V
62 {79 :
c3 (24 ‘
24 TO DISPLAY :
A3 (73] !
o (3] :
GND Z‘]——_[: ................ !

Valyas shown are for 200mV full-scale, 3 readings/sec. IN LO may
be lied to either COMMON for inputs floating wilth respect to
supplies, or GND for single ended Inpuls. (See discussion undar
Analog COMMON.)

FIGURE 12. ICL7107 USING THE INTERNAL REFERENCE
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Typical Applications (Continued)

—_—— TOPIN | +————— —_— TOPIN 1 +——
081 (o5 05 ]
0sC2 JQI_—_‘VVV_' 0sc 2 [ 3
osc3 [sg}————- SET Vagr 0sCa u}-——l}—-—‘ SET Vger
TEST {37 100pF / = 100mV TEST [37] 100pF / = 100mV
REF HI |[36}————y REF 1 E———‘
’ REF LO {35} AMA—AN—A~0 v REF LO [35 M — A0 +5V
1K 10KQ | 10ka
Caer E]'__'Lton » Crer |34 0.14F TR ooka  sav
. #
Caer 33— 7L 2v geLsoss) Cper {Bp—T
COMMON 32—t ma COMMON [3}———rt M
m! AAA : = : b
N Ht [31} 4 TR, — W
IN LO {30} T 000k N = YN N
208 0ATuF ' ? INLO j30f OATF 2
Az [F——-H » : AZ [Py
— aaadTKO . 4TKN >
BUFF (28} WA f BUFF [28———WA——% 3
INT [27 : NT [Z7——ro—
0. H . »
v. E 22;F H v V- E 0.22uF "
:
Gz 2 ; Gz [
c3 |2 i c3 (2
2d TO DISPLAY 1 24 TO DISPLAY
A3 () : A3 (7]
Ga [z : ; 63 |22
GND E_—_]_' --------- e GND |21

iNLO is tied to supply COMMON establishing the cotrect common  Since low TC zeners have breakdown vollages - 6.8V, diode must
moda voltage. if COMMON is not shorted to GND, the input voltage  be plasced across the total supply (10V). As in the case of Figure
may Hoat with respect to the power supply and COMMON acls as 2 14, IN LO may be tiod to either COMMON or GND

pa-regutator lor tha refarence. It COMMON Is shorted to GND, the

nput 1s single ended (relerred to supply GND) and the pre-ragulator

i ovarridden.
FIGURE 13. ICL7107 WITH AN EXTERNAL BAND-GAP FIGURE 14. ICL7107 WITH ZENER DIODE REFERENCE
REFERENCE (1.2V TYPE)
—_— TOPIN | +—— —— YO PIN {1 ¢y
1 4 1
osc1 E'-To-n_— osc 1 [ig 100)
oscz __3«3}-——4&&——- osca [ 1
osc 3 [3g}———}—— SET Vper 08¢ 3 {3g}—mr b—— SET Vpgr
TEST [37) 100pF /.m,,.v TEST [37] 100pF / = 100mV
REF HI E’*_‘———; REF Hi 3’——_‘}3‘ A0
A REF LO (35 YA~ AA—8-0 L5V
REF LO {35} WA—AM——4—0 V4 Ty
25K0 24K Cagr [A—— 1KQ 1oKka ) 1ska
Crer E“‘-.]. » 0.1pF
Caee [B3——T 0.1p Caer [23—T 1.2V (ICL8069)
: COMMON (33—t MO
COMMON [32}————l 1M — b
= o + IN Wi (31} o S
IN HI [31} +—— W\~ = == 0.01uF IN
Lo = 0.0y IN INLO [38 STF
305 0.047F ° PN S | L -
AZ 5}_—'“—.?.(;— BUFF E—M:“m
=1 AAA
BUFF |28 Wy INT z ]
INT (27 v 0.22uF ‘
0.22uF -1
v- |2} V- a2 |
a2 [29 c3 g
TO DISPLAY
ca 2 A3 (23
TO DISPLAY
A3 [z 63 (A
a3 |z Gno Pf——
8PIGND {21] =
An sxiornal reference must be used In this application, since the

voitage batween V+ and V- is insutficient for.correct operation of the
internal referenca.
FIGURE 15. ICL7106 AND ICL7107: RECOMMENDED COMPO-
NENT VALUES FOR 2.0V FULL-SCALE FIGURE 16. ICL7107 OPERATED FROM SINGLE +5V
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ICL7106, ICL7107

Typical Applications (Continued)

—— TOPIN 14— Vo
OsC 1 E——m———-—*
osc 2 [39 1
osc 3 [sgp——— b—r
TEST E 100pF
REF HI
REF LO
Crer
Caer
COMMON
INHI
INLO
AZ F—
BUFF [F——awnAZK2 4
INT {Z—————y p—
V- E—.—on.L

G2

8

GND

23
24
TO DISPLAY
3]
]
1}

i

The rasistor values within the bridge are determined by the desired
sensitivity,

FIGURE 17, ICL7107 MEASUREING RATIOMETRIC VALUES OF
QUAD LOAD CELL

Ve
ifve 7 osctfw
2] 01 osc2 |39
"°“;g:'° 3} o1 osc 3 {38}
4| 81 TEST |37
5| A1 REF HI [3]
. 6| F1 REFLO [38] o
7] Gt Crer Eng{x)c
8] €t Crer |3
9] 02 COMMON [32]
10] c2 IN Hi [31]
11] B2 IN LO {30]
12} A2 Az [29]
13} F2 BUFF (23]
14| B2 INT (7]
15| D3 v- [26}o v-
15| B3 G2 [25)
M | [17] /3 ca [
B MANGE| T8l €3 a7
(E: 19 AB4 63 {7
FGE 1 PoL Bp |21
Umange ]
coaczaon <l
74C10 co4o077

FIGURE 19. CIRCUIT FOR DEVELOPING UNDERRANGE AND
OVERRANGE SIGNAL FROM ICL7106 OUTPUTS

TOPIN 14—

T B
osc 1 [g T
0sc 2 {39 1
0sC 3 |38 '_'—_ECALE
TEST [37] 100pF  yFACTOR
ADJUST.
REFHI :36}———-1 TL
REF LO |35} MA—M— £ v
c = 100k 1M | T
acF S
0.1pF 100k0 220k0 Lﬂ
CREF 33, AAA—AAA
COMMON 33} X v
ZERO SILICON NPN
INHI i) 0.01puF == ADJUST MFES 3704 OR
INLO {30 AT SIMILAR
- o
BUFF [28———AM———+ =9y
INT [2 T
v. 73 0.22uF T
L )
G2 {79 )
c3 2
24 TO DISPLAY
A3 [
a3 [
BP [2]}————— 710 BACKPLANE

A sflicon diode-connected transistor has a temperature cosfficient of
about -2mV/°C. Calibration Is achleved by placing the sensing
transistor in Ice water and adjusting tha 2eroing potentiomater for a
000.0 reading. The sensor should then be placed in boiling water
and the scale-factor potentiometer adjusted for a 100.0 reading.

FIGURE 18, ICL7106 USED AS A DIGITAL CENTIGRADE
THERMOMETER

-
=3

osc2
0SC3
TEST

= G2
O MANGE
F3 c3
19} €3 A3
UmANGE Q 4 POL =14
CD4023 OR

74C10 < 13KQ

29
[35]
| 37]
I REF M1 [36]
TO LOGIC er Lo [3]
Vee Crer E
Crer E
12Kq ;E common {32
Nt [31]
The LM339 is required to [11] B2 Lo [3]
e(\sure Ioglf: comoatfbiliry i3] A2 AZ E
with heavy display loading. BUFF E
INT {27]
ra—<E v v
&l
24
]
2]
i

I

FIGURE 20. CIRCUIT FOR DEVELOPING UNDERRANGE AND
OVERRANGE SIGNALS FROM ICL7107 OUTPUT
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ICL7108, ICL7107

Typical Applications (Continued)

—_
osc1

0sC2
osc3
TEST
REF HI
REFLO
Crer
Crer
COMMON
IN HI
INLO
AZ
BUFF
INT

Y-

sroB

B8P

TOPIN1
100k

3

100pF

h

= 10uF

lulie

]

>
.
>

d

0.1uF

gllelis]

i

YYyY

1K0

AAA
\A4

22K0

SCALE FACTOR ADJUST
{Vagr = 100mV FOR AC TO RMS)

470K1)

1N914

¥

100k{}

’JI?JT

\AAs

1uf

AAA

o

10K0 2 T aF S10KOQIT 1KF
— S ]

)

i

0.47ufF
KO

y!
il

10pF

oV

S Wi

100pF
(FOR OPTIMUM BANDWIDTH)

0.22pF

) 0.224F
EE|

% YO DISPLAY
B

21—+ TO BACKPLANE

Test is used as a common-mods relerance level to ensure compalibility with most gp amps.
FIGURE 21. ACTO DC CONVERTER WITH ICL7106

KRN

V L
DM74, LED
9% SEGMENTS
ICL7107 {: 130
1300
Dt
D‘ 13002 A
’
’
’
4

saas

[ENRNN

FIGURE 22. DISPLAY BUFFERING FOR INCREASED DRIVE CURRENT

ACIN
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TYPES TLC272, TLC27L2, TLC27M2
LinCMOS™ QUAD OPERATIONAL AMPLIFIERS

I-SUFFIX TYPES
electrical characteristics at specified free-air temperature, Vpp = 10 V {unless otherwise noted)
TLC272_1 TLC27L2_1 TLC27M2Z_|
' - — _
PARAMETER TEST CONDMONS MIN_TYP MAX| MW TYF WAK| N TYP MAX | UM
25°C 10 10 10
ner-a ~40°C to 85°C 13 13 13
Vgt Vo = 14V, 25°C s 5 5
Vio  offset | TLC27_2At Rg = 800 TTIET - - 7 mv
voitege ry
TLc27_281 25°C 2 2 2
- ~40°C to 88°C 3.5 3.5 3.5
Average temperature
ayig  toetficlent of Input -40°"C to 88°C 3 0.7 2 avieC
offset voitage
N Vic=bV, 25°C 1 1 1
Yo Iooutoffsetcument | " o ~40°C 10 85°C 200 200 760 A
Vig =8V, 25°C 1 1 1
'8 lnput blas current Vo = 5V Z30°C to 85°C 300 360 0] ™
-0.2 -0.2 -0.2
Common-moda input
Vicr 29°C to to to v
vohage range 9 9 s
Peak output voltage 25%C 8 8.8 8 8.6 8 848
VoM ingt b e v —40°C 1 88°C | 7.8 78 78 M
Large-signal differontial | Vg = 1100 V, 28°C 10 40 30 500 20 200 vimy
voltage smptification Ag = 600 -40°C 10 85°C 7 20 10
Curn Commen-mode YoF 14V 285 70 88 70 68 70 88 @
rejection ratlo Vic = Vicg min
Supply voltege
kSVR  rejection retio z""_‘l "'; WOV, | asec o5 82 70 a8 70 88 s
{A Veg/a Vio) L
Vo = 0,
o Short-cireuit Vip = 100 mV iS‘C °3 53 7 mA
s output current Vo = Vop. 18 18 15
Vip = =100 mV
No load,
Supply current 26°C 1000 2000 10 20 150 300
00 (each empilfien Vo =8V, A
Vica8V, ~40°C to 85°C 2500 40 500
T AN charscteristics are messured under open-loop with 2sr0 de Input voitage unless otherwise specifled. Unisss otherwiss noted, an

output load resistor Is connected from the output to the ground pin.
$The output will swing to the potential of the ground pin.
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‘TYPES TLC252, TLC25L2, TLC25M2, TLC272, TLC2712, TLC27M2

LINEAR
INTEGRATED . LinCMOS™ DUAL OPERATIONAL AMPLIFIERS
CIRCUITS
D2752. JUNE 1983—REVISED OCTOBER 1983
® Wide Range of Supply Voitages: D, JG, OR P DUAL-IN-LINE PACKAGE
1Vto 18 V (TLC252C) ! (TOP VIEW)
3 Vto 18 V (TLC272C, TLC2721) out - U's[] Voo
4V to 168 V (TLC272M) IN- (2 7[J ouT
. Y N+ O3 e[ IN-
True Single-Supply Operation GNo [le o IN+

® Common-Mods Input Voitage Includes the .
Negative Rell FH OR FK PACKAGE
@ Low Nolse . . . 30 nV/VHz Typ at (TOP VIEW)
t = 1 kHz (High-Blas Versions)
description

The TLC252 and TLC272 series are low-cost, low-
power dual operational amplifiers designed to operate
with single or dual supplies. These devices utllize the
Texas Instfuments silicon gate LinCMOSTM process, *
giving them stable input offset voltages that are
availsble in selected grades of 2, 5 or 10 mV
maximum, very high input impedances, and extramely
low input offset and bias currents. Bacause the input
common-mode range extends to the negative rail and
the power consumption is extremely low, this series
is Iideslly suited for battery-powered or energy-
conserving applications. The TLC252 types offer
guaranteed operation down to a 1-V supply. All

NG —Nao internsl connection

. symbol (each amplifier}

devices are unity-gain stable and have excellent noise
. NONINVERTING +
characteristics. INPUT IN+ OUTPUT
E INVERTING ———i—
INPUT IN—~
K:
DEVICE FEATURES
_ TLc2sL2 TLC25M2 TLC252
PARAMETER TLC27L2 TLC27M2 TLC272
(LOW BIAS) {MEDIUM BIAS) (HIGH BIAS)

Supply current {Typ} 20 gA 300 gA 2000 gA
Slew rate (Typ) 0.04 Vius 0.6 Vius 4.5 Vius
Input offset voltage (Max}
... Standard types 10 mv 10 mVv 10 mV
.. . A-suffix types 5 mV S mVv 5 mV
... B-suffix types . 2 mV 2'mv 2 mV
Offset voltage drift {Typ) 0.1 aV/month? 0.1 aV/month 0.1 aV/month
Offsat voltage tempearature coefficient {Typ) 0.7 avieC 2 pVvioC § aVi°C
Input bias current (Typ} 1 pA 1 pA 1 pA
Input offset current (Typ) 1pA 1 pA 1 pA

1The offsst voitage drift applles sfter the first month only.
TEMPERATURE RANGES AND PACKAGES

TYPES TEMPERATURE RANGE PACKAGES
TLC25_.2_C 0°C to 70° Jg, P, D
TLC27..2.C 0°C to 70°C JG, P, Or
TLC27..21 ~40°C to0 85°C JG, P, D

'_TLCZ7_2..M -55°C 10 125°C JG, FH, FK

I
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TYPES TLC262, TLC25L2, TLC25M2, TLC272, TLC2712, TLC27M2-
LinCMOS™ DUAL OPERATIONAL APPLIFIERS

>

description (continued)

These daevices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic feilures
at voltages up to 2000 voits as tested under MIL-STD-8838, Method 3015.1, Howaver, care should be exercised
in handling these devices as exposure to ESD may result in 8 degradation of the device parametric performance.

Because of the extremely high input impedance and low input biss and offsat currents, applications for the TLC252
and TLC272 series include many areas that have previously been limited to BIFET and NFET product types. Any circuit
using high-impedanca slements and requiring small offset errors is @ good candidate for cost-effective use of these
devices. Many features associated with bipolar technology are availsble with LnCMOS™ operational amplifiers without
the power penalties of traditional bipclar devices. General applications suchas transducer interfacing, analog calculations,
amplifier blocks, active filters, and signal buffering are all easily designad with the TLC252 and TLC272 series. Remote
and inacceassible equipment applications are possible using the low-volitags end low-power capabilities of the TLC252.
The TLC252 types are wall suited to solve the difficult problems associated with single-battery and solar-cell-powerad
applicatlons. This series includes devices that ara characterized for commercisi, industrial, and military temperature
ranges and are avaifable-in 8-pin plastic and ceramic dual-in-line {DIP) packages, smeall outline (D) packsge, and chip
carrier (FH, FK) packages. 9

schematic (each amplifier)

Voo 9
ESO
IN+ = PROTECTIVE
NETWORK

NETWORK

ESO J L_‘ l
IN- PROTECTIVE ———e

5 ).

>O— OUTPUT

GND
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TYFES TLC252, TLC2512, TLC25M2, TLC272, TLC2712, TLC27M2

LinCMGS™ DUAL

OPERATIONAL AMPLIFIERS

H

absolute maximum ratings over operating free-air tempaerature

range (unless otherwise noted)

Supply voltags, VDD lsee Note 1) .. 18v

Ditferential input o ege fsea Note 2). ... 218V

Input voltage range ey input) .. ... -03Vtwo18Vv

Duration of short-circuit at (or below) 25°C free-air temperature (see Note 3) . ...... .. ... . . ..., unlimited
Continuous totasl dissipation at (or below) 25°C free-air temperature (see Note 4):

P e 1 e 725 mw

FH package (see Note 5) . . . R 1200 mw

16 apaDe (S80 NG B) ... oo 1375 mw

D pehagh e — 1050 mw

Ppockege ... ... T RGN L 725 mw

Operating free-air temperature range:  TLC27_2_M .. ... e e -55°C to 125°C

JLC22.2 0/ / /el . RS Mt onoennn -40°C to 85°C

TLC26_.2_C, TLC27.2_C .ol 0°C to 70°C

Storage temperature fange . .............. e o 000 i e e, +... —=65°C to 150°C

Lead temperature 1,8 mm (1718 inch) from the case for 60 seconds: JG package .. ... et et nen 300°C

Lead temperature 1,68 mm (1/16 inch) from the case for 10 seconds: D or P package.............. 260°C

NOTES: 1.
2. Differentiat voitages sre st the noninverting input terminal with fe3pect to the inverting input terminal,

3. The output may be shorted to

4. For operstion above 25°C frae-air

§. For FH and FK packages, power rating and derating
to be conservative,

. rafer to the Diss}

DISSIPATION DERATING TABLE

Derating Table,
factor will vary with the actusl mounting technique used. The veiues stated here are believed

POWER DERATING ABOVE
Qv RATING FACTOR Ta
o} 726 mw 5.8 mw/eC 25°C
. FH 1200 mw 9.8 mw/°C 25°C
FX 1376 mW 11 mWwy/eC 25°C
JG 1050 mw 8.4 mw/eC 25°C
P 725 mW 5.8 mw/°C 25°C
recommended operating conditions
’ TLC25_2 TLC27_2
TLC25_2A TLC27_2A
TLC25 28 TLC27_28 unNIT
MIN  NOM maAX MIN  NOM  MAX
M-suffix typas 4 16
Supply voltage, Voo l-suffix types 3 16| v
C-suffix types 1 16 3 16
Vpp = 1V [s] 0.2
* Comman-mode input voltage, Vic zog = :OVV -o.o: : -o.og : v
Vpp = 16 V -0.05 14{-0.05 14
M-sutfix types | -85 125
Opersting free-air temperature, To | i-suffix types -40 85| °C
C-suffix types o] 70 o] 70
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TYPES TLC272, TLC27L2, TLC27M2
LinCMOS™ QUAD OPERATIONAL AMPLIFIERS

M-SUFFIX TYPES
electrical characteristics at specified free-air temperature, Vpp = 10 V (uniess otherwise noted)
TCa72M TLC2TL2_M TLCZTM2_M
RAMETER omonst uNIT
PA TEST Con MIN _ TYP WMAX| MIN _TYP MAX| MiN TYP MAX
N 25°C 10 10 0
oot TLC27.2M “55°C 10 125°C 2 2 7z
Vo =14V, 25°C 5 5 5
Vio  offae | mica7_zam| J o “56°C 10 135°C 65 ; 5 s ] ™
voitage
TLC27_28M 25°C 2 2 2
- Z35°C 10 125°C 35 38 3.6
Average temperature .
=\  coaelticient of input -55°C 10 125°C 8 0.7 2 avieG
offset voltage
Vic = 5V, 25°C 1 1 7 DA
f
ho input offset current Vo = 6V T55°C 10 125G 5 M 3 Y
Vic = 5V, 25°C 7 1 7 oA
! I
18 Input bras current Vo =5V ~56°C to 125°C D 3% 36 | na
o mode oot ] =03 ~0.2 ~0.2
ViICA voitage range 28°C to w© to v
. a > 9 9 9
Peak output voitage 25°C 8 8.6 8 8.6 8 8.6
VOM | ingt Vip = 100 mv =55°Cto 125°C | 7.8 7.8 7.8 v
A Large-signal differential Vo=1106V, 25°C 10 40 30 500 20 280 Vimy
VD voltage amohfication | Rg « 500 Z65°% 10 125°C 7 70 0 m
Vo = 1.4V,
Cmpp  Common-mode o=1 25°C 70 88 70 88 70 . 88 a8
rsjection ratio VIC = VjcR min
Supply voltags
Vop = ~
XSVR  rejection ratio o ‘i': 10V, ssec 65 82 70 s 70 &8 a8
" (3 Veela vig) °0F A
Vo = 0, i
Short-circun Vip = 100 mv S 558 Wil 786 -~
‘os output current Vo = Vop. -~ 5 el
Vip = -100 mv 2
No 4 N
Supply current oY 25°C 1000 2000 10 20 160 300
00 (yach smpitiert gy A
each sm Vic =5V -85°C to 128°C 3000 40 600

T AN characteristics are maeasured under open-loocp conditions with 2ero com:

output load remstor is connactad form the output to the ground pin,
The output will #wing to the potential of the ground pin.

mon-mode input voitage uniess otherwise specifisd. Uniess otherwise noted, an
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TYPES TLC252, TLC25L2, TLC25M2, TLC272, TLC27L2, TLC27M2
1inCMOS™ DUAL OPERATIONAL AMPLIFIERS

. C-SUFFIX TYPES -

electrical characteristics at spacified free-air temperature, VDp = 10 V (unless otherwise noted)
Tcz62.C. TLC28L2_C, TLC26M2...C.
PARAMETER TEST CONDITIONS? TLC272_C TLC27L2._C TLC27TM2_C uNIT
MIN ¢ TYP MAX | MIN TYP MAX| MIN TYP MAX
25°C 10 10 10
Te2.
Input Le2.2¢ 0°C to 70°C 12 12 - 12
Vo = 1.4V, 25°C 5 s 3
v # TLC2_2A
0 :o'n‘“ ¢ lrg - s00 G°C 10 70°C .5 %5 5] ™
o TLC2_2BC 28°C 2 2 2 )
B 0°C ta 70°C 3 3 3
Average tamperature
avig coetficient of input 0°C 10 70°C [ 0.7 2 avI®C
offsst voltage
¥ tnput otiset current Vic =5V, 25°C } . !
10 s Vo = 5V 0°C w0 70°%C - 100 100 700 oA
- - vic=5V. 25°C 1 1 1
[ in
18 put biss current Vo =5V B9 10 70°C 160 T80 =
-0.2 -0.2 -0,2
Common-mode input P
Vi L/
ICR o rangs 25°C -39 to to \'
voitsg ] 8 9
Peak output voltage 25°C ] 8 88 _——8 8.6 8 8.8
v Vip = 1 v P
OM  yuing? 10 = 10mV I TeR S5 73 75 v
A Large-signal differentisl [V = 1106 V, 25°C 10 40 30 500 20 280 v
Vo voltage ampiification |Ag = 500 0°t0 70°C 7.6 25 15 i
[« d Vo = 1.4V,
Cupg  -ommemmads o 285°¢C 0 e 70 e8 70 88 e
rejection ratio Vie = Vicr min
Supply voitage
- 10V,
kSYR  rejection retio z°°_ “r"‘; 2 25°C 65 82 70 o8 70 @8 a8
13 Vecia Viol iNe
Vo - 0.
f Short-cweuit Vip = 100 mv 289 728 Ly it
oS output current Vo = Voo 16 16 mA
Vip = =100 mv 15
Supply current No load, 25°C 1000 2000 10 20 150 300
‘oo fasch amplifier) Vo=5V. A
vic =8V 0°C 10 70°C 2200 30 400
tag characteristics are measured under open-loop J with zero de input voltage unless otherwise specified. Unless otherwise noted, sn

output load resistor is connectad from the output to the ground pin.
1The output will swing to the potential of the ground pin.
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TYPES TLC252, TLC25L2, TLC25M2
LinCMOS™ QUAD OPERATIONAL AMPLIFIERS

C-SUFFIX TYPES

slactrical characteristics at specified free-alr temperaturs, VDp = 1 V (unless otherwise noted)

TLC252.C TLC2R2..C TLC28M2..C
ARAMETER TEST OSTIONS * uNT
P coN e MIN _ TYP MAX | MIN TYP MAX | MIN  TYP MAX
28°C 10 10 10
mcas-_2¢ 0*C 10 704C 12 12 12
Vo = 0.2V, 28°C 5 ] []
Vio  offae | TLC25_2AC | oo g5 T°C to 70°C 6.5 55 5] ™
TCcas_zscC [25°C 2 2 2
- 0°C to 70°C 3 3 3
Aversge tempersture
coetficient of input 0°C to 70°C 1 1 1 avi*C
offset voltege
%o Vo = 0.2V 28°C 1 1 1 A
input offeet current 0= °C 1@ 70°C 160 100 0| P
25°C 1 ’ 1 1
Input current Vi 0.2v
'8 bies g 0°C 1o 70°C 180 150 wo ]
e -0 [»] 2]
Vicn . [ 28°C to to to v
G 0.2 0.2 0.2
Vom Pesk T - Vip = 100 mv 28°C 480 450 450 mv
Large-signai ditferential { Vo = 100 to 300 mV,
Avp voltege smplfication Rg = 600 sc 10 20 20 VimV
Common-mode Vo =02V,
oM on retio vl brcn 28°C 7 77 77 o8
Supply cuerent No load,
1 28°C 12 2
i {esch smptifisr) Vg =02V 2 rA
t Al characteristics sre measured under open-loop ditions with zero de input voitags uniass otharwise specified. Unless otherwise noted, an

output toad resistor is connected form the output to the ground pin.
$The output witt swing to the potential of the ground pin.

operating characteristics, Vpp = 1V, Ta = 25°C

PARAMETR Tesr EONE S s TLC252_C TLC28L2_C TLC25M2_C T
MN  TYP MAX | MIN  TYP  MAX | MIN  TYP  MAX
Ay = 40 a8,
8y Unity-gein bandwidth € = 100F 75 12 12 KMz
Rg = 500 9
SR Siew rate st unity gain See Figurs | 0.01 0.001 0.001 Vips
Overshoot factor See Figurs 1 0% 35% 35%
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TYPES TLC252, TLC25L2, TLC25M2, TLC272, TLC27L2, TLC27TM2
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS

operating characteristics, Vpp = 10 V, T4 = 25°C

L 3

TLC262_C TLC26L2..C TLC25M2.C
TLC272M TLCZ7L2 M TLC27TM2_M
PARAMETER TEST CONDITIONS Tc272.0 Tec27t2et TLC2TM2.! UNIT
TLC272..C neana_c TLC27M2__C
MIN TYP MAX | MIN TYP MAX| MIN TYP MAX
Ay = 40 d8,
81 Unity-gain bandwidth| Cp = 10 pF, 2.3 0.1 0.7 MHz
Rg = 500
SR SI._W '“,‘ " See Figure 1 4.5 0.04 0.6 Vins
unity gain
Overshoot facter See Figure 1 35% 30% 35%
Phase margin at pUF#0 ot
om unity gain Rg = 10001, 50° 43° 43°
€L = 10 pF
Equivalent input f = 1 kHe,
Vn noise voitage RAs = 1000 30 7 ' nWWhz
Vo1/Vo2 fg:::::" Ay = 100 120 120 120 a8

PARAMETER MEASUREMENT INFORMATION

INPUT +

L

CL 100 pF ,[ 3

OUTPUT

FIGURE 1~-UNITY GAIN AMPLIFIER
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TYPES TLC252, TLC25L2, TLC25M2, TLC272, TLC27L2, TLC27M2
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

SUPPLY CURRENT SUPPLY CURRENT
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
10,000 "G oV ic = 0.2 Vob 10,000 Vop =10V
No load vic=0V
Ta=25"C 1ons Vo=2V
igh-Bias Vers High-Bias Versiol
< 1000 See Nots 6 Hig < 1000 g ns No losd
¥ el i
‘é T / \Jersions §
= é I Modhllﬂ’a.‘” gri = 13 P———io__|  Medium-Bias Versions
S F 100} - S 100 -
>E - >
Bs | H
3 § 1] 3
1= H sions e
Q 10 l', Low-B"“.Yi—“ 3 S Low-Bias Versions
- - = —
PR
1 1
0 2 4 6 8 10 12 14 16 18 20 0 10 20 30 40 S50 60 70 80,
Vpp—-Supply Voltage=V Ta—Free-Air Temperature—"C '
FIGURE 2 FIGURE 3

NOTE 6: Dasta for Vg less

than 4 V does not apply for the TLC272 series.

LOW-BIAS VERSIONS
LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE SHIFT
vs

FREQUENCY
107 T
p Vpp=10V
$ 106 RL=1MQ {¢°
) 4 Ta=25C
£ 105 -\bo y 30°
a %
£ 7,
; 104 %, 60° .
2 103 90
2 Phass Shift N 3
£ 102 |—(right scate) \ 120° &
-~ ]
.(_? 101 \ 150
g 1 180°
<
0.1
01 1 10 100 1k 10k 100k
Frequency—Hz
FIGURE 4 - h —
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TYPES TI.CZSZ TLC25L2, TLC25M2, TLC272, TLC27L2, TLC27M2
LinCMOST™™ DUAL UPERATIONAL AMPLIFIERS

< .
"J

5

Ayp-Differential Voltage Amplification

Avp--Differential Voltage Amplification

-

TYPICAL CHARACTERISTICS

MEDIUM-BIAS VER

SIONS

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE SHIFT

vs

. FREQUENCY
107 7
3 Vopp=10V
106 RL =100k 4 0°
Ta=25"C
4 A
105 Y P 30°
&
104 \ “"’o/ 60°
103 P | 90°
Phase Shift ‘\ \\
. ' l s
102 {right scale) \\ \ 120°
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1 \ 180°
0.1 c
1 10 100 1k 10k 100k 1M
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FIGURE &

HIGH-BIAS VERS!
LARGE-SIGNA

ONS
L

DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE SHIFT

vs

FREQUENCY
107 .
Vpp=10V
106 Ry =10kQ §o°
\ Ta =25°C
105 \ 30°
104 \\ 60°
Phasa Shift {right scale)
103 ™ 20°

\\":l\\

102

101

1

0.1

\o,,"' 120°
\% \ 150°
\\ 180°

10 100 1k 10k 100k 1M 10M

Frequency—-Hz
FIGURE 8

Phase Shift

Phase Shift
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TYPES TLC252, TLC25L2, TLC25M2, TLC272, TLC27L2, TLC27M2
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION INFORMATION
Istchup avoidance

Junction-isolated CMOS circuits have an inherent parasitic PNPN structure that can function as an SCR. Under certain
conditlons, this SCR may be triggered Into 8 low-impedance state, resulting in excessive supply current. To avoid such
conditions, no voltage grester than 0.3 V beyond the supply rails should be applied to any pin. In general, the op amp supplies
should be established simultaneously with, or before, any input signals are applied.

output stage considerations

The amplifier’'s output stage consists of a source follower connected pullup transistor and an open drain pulidown transistor,
Thae high-level output voltage (Vo) is virtually independent of the Ipp selection, and increases with higher values of Vpp
and reduced output loading. The low-level output voltage (VOoL) decreases with reduced output current and higher input
common-mode voltage. With no loed, VgL is essentially equal to the GND pin potential.

supply configurations

Even though the TLC252 and TLC272 are characterized for single-supply operation, they can be used effectively in a split
supply configuration if the input common-mode voltage {VICR!, output swing (Voy, and Von}. and supply voltage limits
are not axceeded.

clrcult layout precautions

The user s cautioned that whenever extremaly high circuit impedancas are used, care must ba exercised in {ayout, construction,
board cleaniiness, and supply filtering to avoid hum and noise pickup, as well as excessive DC leakages.
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