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ABSTRACT .

THIS PROJECT DEMONSTRATES THE DESIGNING OF DEVICE, FOR MEASUREMENT,
THAT ~ INDICATES CONDITION OF SUBSTANCE, FORMS —OF  SOLUTION,  FOR
CLASSIFICATION AND CONCENTRATION OF BOTH ACID AND ALKALI. THIS DEVICE,
CALLED pH METER IS APPLIED BY DIFFERENTIAL AMPLIFIER CIRCUIT WHICH COMPOSES
FIELD EFFECT TRANSISTOR (FET), OWING TO VERY HIGH IMPEDANCE OF MEASURING
DEVICE, ABOUT 10'® OHMS, THEREFORE THE DISTINCTION OF ITS INPUT IMPEDANCE
PROVIDES: FOR MEASURING BECOME ADVENTAGE, NAMELY, IT CAN BE USED TO MEASURE
SMALL SIGNAL OF POTENTIAL OF SOLUTION WHICH HAS VERY HIGH RESISTANCE ABOUT
10°-10° OHMS. SO, IT ALLOWS TO RECEIVE HIGH ACCURATE DEVICE BECAUSE OF ITS
INTERNAL IMPEDANCE 1S VERY HIGH COMPARES WITH POTENTIAL SOURCE.

THE PROJECT DESIGNS TO OBTION A SIMPLE CIRCUIT THAT _COMPOSES SMALL
NUMBER OF CIRCUIT COMPONENTS, HOWEVER, HIGH.ACGURACY OF MEASUREMENT IS AIM.
SO, THIS PROJECT THAT IS SUPPORTED BY THE CREATION OF STUDYING IN
MEASUREMENT FIELD SHOULD BE CONCRETE.
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-Solid-state or precipitate electrode

~-Gas-sensing membrane electrode

-Enzyme electrode

-Coated wire ion selective electrode
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2.3 N7 pH(The Measurement of pH)
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Eglass = K + 0.05916 log aH+ ..... (2.13)
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(E, - E, )
pHx = pr - ——__—0.00916 (n. 25 C) .. (2.17)
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aiht pH, = 406.9 mv
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R1/R2 = 0.72

Awn@i R1 = 20k , R2 = 20k / 0.72 = 28 k
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FET BnSfie WaTiuzaq gain 28939373410nfu"iiia" waz Capacitor ¢, nﬁnﬁﬁﬁtﬁu
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hydrogen ﬁon1za1ﬂaéluaﬁ1azaﬁﬂﬁ F il funsa-dnedszim 7 pH %cuﬁﬁuﬁaﬁaz
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Tes Hydrogen ion(Proton) wantUam TN g Hydronium ions TugTaranpdaiaain
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T gel S TE S LT T unan L R proton dwneﬁ Kg, uaz Kg, 3 gl 00
AWALeNEDe Sodium ions nﬂmaLﬁﬁﬂuﬂwu1ugel nnuﬂunmau proton 3 aami lin Kg,
naz Kg, auinaniy 0 glass gel LnaﬁuﬂQHMaznﬁiLﬂaau1wﬁtﬂ1nuua1annw1(18)uas(19)
dungaTiuld fuaunng (20) TesnslifemanfioAnuzas pH daduniT pH = -loga,
logarithum 289 Hydrogen activity (nﬂﬁtﬂgauTﬁanaq RBydrogen) gnanaanangy Tt
pH FegunT (21) FAsraanansznsinat Sufedufuasuananyly PH W1 HaenaiL e
mulu(internal £i11) i Hydrogen activity Fedpanfnefiy 7 pH d@unadmiEunedng

ﬁnawnﬁﬂﬁaﬁﬂugﬁ&ﬂu 9 Tudunis (21)

3ﬁaunﬂ1:

E, = K L +0. 1984(T+272.16)1og a, /a ..... (18z)
E, = K L ¥0. 1984 (T+272. 16)[1og(a1) 1og(ag1)] ..... (18b)
E, = Kg2+0.1984(T+273.16)10g ay/ag, e (19a)
E, = K,,+0.1984(T+272.16)[log(a,)-logla,,)] ..., (19b)
If X el” gz and aglzagz’ then

E,-E, = 0.1984(T+273.16)[10g(al)—log(az)] ci...(20a)
E,-E, = 0.1984(T+273.16)(pH,-pH,) ..., (20Db)
E,-E, = 0.1984(T+273.16)(7—pH1) ..... (21)

where: a; = activity of hydrogen ion in external process fluid (normality)
a, = activity of hydrogen ion in internal £fill fluid(normality)

a_, = activity of hydrogen ion in ouler gel surface layer(normality)

gl

agp = activity of hydrogen ion in inner gel surface layer(normality)

E1 = potential developed at external glass surface (millivolts)

E, = potential developed at internal glass surface (millivolts)

K:1 = constant for potential for outer gel surface layer(millivolts)
ng = constant for potential far inmer gel surface layer(millivolts)
le = pH of external solution

PH, = pH of internal solution (typically 7 pH)

T = solution temperature(degrees C)
ndunTzwudEnTaEgU e
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AN AT pH meter ﬁthawxuunﬂﬁiﬂtﬁawuLﬂ?aaaﬁuﬂ101§q1u1ﬁann1m

mwunvwm@qwuﬂﬁ WAL aiﬂnvmaunﬁiﬂﬂtuuaﬂuua"aﬂaisnnnWWﬁTﬂLaaﬂuﬁn1unﬁ1m7Luu0ﬁu
2
dannay lacal
4 1Y) & ﬁ Y ﬁg. céu avy
1. TURBUANITIWTBDYN  LHEL wuu e lungapnuuuadta duzunay - Zeaaylyinan
Lﬁaaaﬁnﬁagadﬁ¢ 9 1ﬂ1a§Lﬁuﬁﬂ%aﬂﬁQiﬂﬁﬂﬁﬁﬂuﬁiﬂuﬁﬁﬂﬁ1Laﬂéﬂﬁ 9 w1 lunsoanuuu’la
a2 Qd’ll g (o3 < AR 24 22 tf
Taomraiag nagaaﬁan1ﬂuwu1ﬁuanumzﬁaaaunﬂixﬂn Lildusagidudunns v Turusou
2 o - ) . 2
nﬂiunﬂmwﬁuTﬁnﬁiLﬂaﬂugﬂamn17tﬂﬁzﬁu gunqgaey Nernst (Nernst’s Equations) it

gunname i anfisnuzae pB Aa pd = -log(d') wniffugunns pH = -log a,
aﬂnﬁutiﬂutﬁuaunﬂﬁiugﬂ aclivity zav ions
Ao E, = Kyy + 0.1984(T + 273.16)log(a;/a ;)
E, = h + 0.1984(T + 273.16)1og(a /agz)
?qaﬁuaunﬁs Nernst.’s auﬁﬂuﬁinnwaanuﬂLﬁuaunﬁ1an1ﬂwﬂﬂa
E,-E, = 0.1984(T+273.16)(7-pH,)
uﬁ“1u01111ﬂ1Uﬂ1ﬂﬂ nV 70 O/P naonvﬁaﬂmataﬂinﬁmﬂa
AE = An(pH)Tabs0.1984 mV (Tabs = &t C + 273)
174 & 1pH al 25 C = 59.16 mV
uay A lpH at 40 C = 62,16 mV

Tunumauuaﬂuﬁﬁnaiﬂiaaﬁ 1pH unit ﬁdﬂﬁ?vuﬁm 59.16 mV uﬁ“ﬂnﬂixﬂﬁﬁuﬁ1351QLﬁu
LﬁQL1umﬁunw1sﬂaﬂuuﬂaaﬂaeqmngu umnniLﬁaﬂuuﬂaanaaQMﬂquua"mwﬁmaﬂﬂ mv twu0tanuaﬂ
Lwiﬂvanatﬁuamnnu kelvin ludsnsuda  Agemnsl celcius LAmua e Snttau et o
fuAn 273

2. HumpunNTaanuULI9aT DC-Couplec amp. ﬁqLﬁuaqasaﬁﬁmﬁqsiﬁﬁﬂﬂvﬁugnﬁaq
Lﬁﬁﬁm1d§dﬁﬂﬁlﬂéadﬁﬂsm Tudunanmeaasld instrument amp.iiuna 1/p FefaEnmnanl
Lwla udLﬁaﬂﬁﬂﬁqquiﬁﬁﬂizﬁn%nﬂwqqﬁuﬁaaﬁLﬂuﬁaqaanunnaqaiiﬁﬁ Wi EnsmznToBNLYY
HEBNTOTR L TIRANINLNANANRANS 9 AABAIUTALYY OFFSET bl liiwasian1si6as b1 7an lu

' 2 - 4V o 26 )
ﬂ"l?ﬂﬂﬂllﬂﬂﬂ')"lqglﬁlj Q'Q"U‘lﬁ“i{imﬂ NeRicpyiitalel \11') luitAgay
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a1 Atag pH meter
1. maiadamn fiunta-ane(pH) SunDus o
1.1 1@3un STANDARDIZE BUFFER nandalutasiiduntel¥ BUFFER 7 pH uay 4 pH
1§ STANDARDIZE BUFFER daunviiiadasiindniiudneld BUFFER 7 pH uas 9 pH i
STANDARDIZE )
1.2 Y51 temperature potentiometer 1%@5aﬁnﬁmqmngﬁmﬂnqmﬂgﬁnaqaﬂﬁazaﬂﬂﬁaz

1.2 U§UQu§(SeL Zero) Tmuéuﬂaﬂuﬁmaﬂinﬁmaoiu BUFFER 7 pH uaSu BUFFER
POTENTIOMETER ‘lfiguanla 7.00.uﬁauﬁﬁLaminiﬂﬂﬂﬂﬂﬂﬁﬁqaﬁﬂﬁﬁﬂguuﬁaﬂﬁﬂﬁxmﬁﬂﬁﬁgL%Q
nIELdTsn /

1.4 W3y Slope (Span Adjust) lesmlansdianInieasly BUFFER 7% 2(BUFFER

4 pH nadeidunte war BUFFER 9 pH niﬁaéiuﬁaqﬁtﬁudﬁe) Y5y Slope
potentiometer ‘lifauA eIy BUFFER Al Standardize 2 4.00 I liafune
%3n 9.00 naaianadtuang

1.5 uﬁﬁtaﬂinﬁmﬁﬁaﬁﬁnguwﬂnﬁuuhﬁLaﬂTnﬁa§u1uaﬂ1asaﬂuﬁdaﬂﬂq(Sample)#ﬁBQﬂﬁi
NTIWA 131ﬁﬁ?Lanuaﬂoﬁnauﬂiﬁasﬂaﬁ wa28 AN bisplay
2. prdamAn millivolts fileangaianinga

2.1 Calibrate Instrument @1333n1530 pH

2.2 1o SK. Tuewmie Stand by W% Buffer potentiometer TiawAnld 0.00

2.3 iuﬂaﬁﬂﬁLaﬂTnimTuaﬂ1azaﬂﬂﬁ1uﬁjtﬂﬁnumﬁuwﬁaaﬁﬂﬁ1uﬁ mV a7uA7 millivolt
17N Display
g RICE '

1. nmznﬁnﬁﬁﬁmqﬁtﬂmuﬁannﬁqﬁiﬂdnﬁzlﬂﬁﬂxSLaﬂTnimLﬁaTﬁ Internal fill Twany
fiufiy membrane ﬁasﬁudﬁﬁéﬂuiéaz1ﬁgﬂﬁaq

2.  BULIAAITIRLIAN IUNTENIANTEMING Internal £i1l NUANTAYANERIBENY
uanLﬂﬁﬂuﬁaauﬁuauqaﬁmﬁﬂﬁau Jeszt a7’ iR display ﬂaﬁﬁuagﬁn Sensitivity 289
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Abgeschirmtes, hochisolieries Elektrodenkobel

Clble_d'électrode & hout isolement, blindé

Screened, highly insuloled electrode coble

Ueberwurfmutier

Ecrou de serroge

Pinch nut

Scheibe, Rondelle , Washer

Dichtung, Joint d'étanchéité, Seoling

Kiemmkonus, Cone de serrocge, Pinch cone

Aussenleiter = Abschirmung (Bezugselektrode)

Conducteur extérieur = blindoge (électrode de
référence )

Externol conductor = screen (reference.

elecirode)

Buchse, Capuchon, Socke!

Kittstelle und Abdichtung

Joint d' €fonchéité & mastic

Mostic sealing

Gummiverschluss zpfchen (beim Messen
gedfinet)

Bouchon en cooutchouc {enleve pour les
mesures)

Rubber stopper{opened for meosurements )

KCi - Einfulitff nung

Orifice de remplissoge de CIK

Orifice for filling with KClI

Hochisolierter’ lnnenleiter ( Indikatorelekirods)

Conducteur intérieur b hout isolement

(élecirode indicotrice)

Highly insuloted inner conductor {indicotor
elecirode )

Kontoktfeder , Ressort de contoct

Contact spring

Normalschliff, Rodage fiormalisé

Standord ground joint

L distelle, Soudure, Solder

Innere Ableifelektrode , Elecirode de référence

intérieure, Internol reference eléctrode

Bezugselektroden- Elektrolyt

(gesdttigte KCl- Losung)

Electrolyte de I'élecirode de référence

{solution de CIK soturée)

Reference electrode electrolyte

(sofuroted KCl solution)

Schaft, doppelwondig, Tige, & double poroi

Shoft, double wall

Folflussigkeit ( Puffer)

Liquide de réference intérieur ( tompon)

Interno! reference liquid . (bufter)

Silberchioridpulver, Poudre de chiorure

d'orgent, Silverchioride powder

Bezugselektrode ( Sitberdroht)

Electrode de référence (fil d’ orgent)

Reference electrode ( silver wire)

Porbses Keramikdiophragmo

Diophrogme en céromique poreuse

-Porous ceramic diophrogm

pH-empfindliche Glosmembron

Membrone de ‘verre sensible ou pH

pH sensitive gloss membrone



2N5196-2N5199 BINTERSIL
Dual N~Channel JFET ‘
General Purpose Amplifier
PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS
4 (Ta=25"C unless otherwise noted)
Gate-Source or Gate-Drain Voltage (Note 1) ....... -50v
TO0-71 Gate Current (Note 1) ...... Crarvesteseeneniens 50mA
Storage Temperature Range .......... -65°Cto +200°C
Operating Temperature Range . ....... -55'Cto +150°C
Lead Temperature (Soldering, 10sec) ...ovvenens +300°C
One Side Both Sides
Power Dissipation (Ta=85'C) ...  250mW 500mwW
Derating.............. careee 2.6mW/°C  43mW/C
i NOTE: Stressas above those ksted under “Absoiste Maximum Ratings*™
i Mmay cause pormanen! damage to the device. These are stress ratings only
H andmhbnnlcpazbbnolmdewbaa!mesaamywm
4 above those indicated in the operational sections of the specifications is not
impbed E o absok 7 rating conditions for extended per-
1 D224-1 ods may aflect device reliabilily.
6037
ORDERING INFORMATION
) ’ TO-71
] 2N5186
2N5197 -
3 2N5198
i 2N5199
:
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise specified)
Symbol Parameter Test Conditions Min Max Units
lgss Gate Reverse Current Ves= ~30V, Vpg=0 -25 PA
. 1 | Ta=1s0C ~50 | nA
3 ‘BVgss | Gaie-Source Bruakdown Voltage Ig= - TuA, Vps=0 -60
K VGsioty Gate-Source Cutoff Voltage Vps =20V, ip= 1nA -0.7 -4 v
] Vos Gate-Source Voltage VoG = 20V, Ip= 200pA -02 | -38
"i Ic Gate Operating Current -15 pA
i | Ta=125C -15 | nA
:.§ Ipss Satwation Drain Current (Note 2) Vps = 20V, Vgs =0 0.7 7 mA
f; ; O1s Common-Sou:ce Forward Transconductance (Note 2) Vps = 20V, Vgg=0 1= 1kHz 1000 4000
é [ Common-Source Forward Transconductance {Note 2) Vpg = 20V, ip= 200pA 700 1600 us
" [ Common-Source Output Conductance (Note 2) Vps ™= 20V, Vgg=0 50
Oos Common-Source Output Cenductence (Note 2) VoG = 20V, Ip=200pA , 4
Ciss Common-Soutce Input Capaciiance (Note 4) Vpg= 20V, Vgg =0 {=1MHz 6 pF
Cies Common-Source Reverse Transfer Gapacitance - 2
(Note 4) :
: NF Spot Noise Figure (Note 4) ) 1= 100Hz, 05 a8
) Rg = 10MN ’ -
o Eguivaiont Input Noise Vollage (Note 4) 1= 1kHz 20 i—é

INTERSIL'S BOLL AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT BHALL BE THAT BTATED W THE WARRANTY ARTICLE OF YHE CONDTION OF BALE
THE WARRANTY $4ALL BE EXCLUSIVE AND SmALL BE IN LU OF ALL OTHER WARRANTILS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE WIPLIED WARRANTIES OF
MERCHANTABLLTTY AND FITNESS FOR A PARTICULAR USE. .

NOIE Al ypcs’ vims hove baes charscherred Bt -0 fol Moated

10-38

6B8LSNZ-961SNZ




2N5196-2N5199

e

s
™
2N5196-2N5199 R INTERSIL,
ELECTRICAL CHARACTERISTICS (14 = 25°C unless otherwise specified) (Continued) .
Symbol Parameter Test Conditions 2NS196 | 2NS197 | 2N5196 | 2NS109 Units | —
R Min |Max] Min |Max| Min |Max| Min | Max -
llg1-gz | Ditferential Gate Current Vpg =20V, Ip=200pA
Ta=125°C s 5 5 51 m
ipssi/Ipss2 Saturetion Drain Current Ratio  |Vps=20V, Vgs =ov {oes| 1 {0.85] 1 [0.95 1 lo.es| 1
(Note 2)
Ots1/91s2 Transconductance Ratio 1= 1kHz 0.87] 1 {0.87] 1 ]0.85] 1 {0.95] 1
) (Note 2) L
[Vgsi-Vasz] | Ditferential Gete-Source Voltage 5 10 15 mv i -
4|Vgs1 = Vgs2||Gate-Source Differential Voltage |Vpg =20V, |Ta=25C 10 20 40
AT Change with Temperature Ip=200pA|Tp=125"C —
pV/C
protes) L 5 1 20 40
Tg=25'C AN -
{8os1-Gos2 | Differential Output Conductance f= 1kHz 1 1 1 1] ps

NOTES: 1. Per transistor.

2. Pulse tes! required, pulsewidth= 3008, duty Cycle <3%.

3. Messured et endpoints Tg end Tg.
4. For design relsrence only, not 100% tested.

INTERSIL'S BOLE AND EXCLUBIVE WARRANTY DBLIGATION WITH REGRECT TO T1es PRODUCT BHALL BE THAT STATED IN THE WARA
THE WARRANTY BHALL BE EXCLUSIVE AND BHALL BE IN LIEU OF AUt OTHER WARRANTIES, EXPRESS, MPLIED OR BIATUTORY, M

MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE,
NOTE: At ypcal s have bown charsclenires bt are nol tosted  *

10-40

ANTY ARTICLE OF THE CONDITION OF SALE.
CLUDING THE WPLIED WARRANTIES, OF -
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ICL7106/ICL7107
31,-Digit LCD/LED
Single-Chip A/D Converter

GENERAL DESCRIPTION

The Intersil ICL7106 and 7107 are high performance, low
power 3';-digit A/D converters containing all the necessary
active devices on a single CMOS 1.C. Included are seven-
segment decoders, display drivers, a reference, and a
clock. The 7106 is designed to interface with a liquid crystal
display (LCD) and includes & backplane drive; the 7107 will
directly drive en instrument-size light emitting diode (LED)
display.

The 7106 and 7107 bring togsther an unprecedented
combination of high accuracy, versatility, and true economy.
It features auto-zero to less than 10uV, zero drift of less
than 1uV/*C, input bias current of 10 pA max., and rollover
error of less than one count. True differential inpuls and
réference are useful in all systems, but give the designer an
uncommon advantage when measuring load cells, strain

gauges end other bridge-type transducers. Finally, the true *

economy of single power supply operation (7106), enables
& high performance pane! meter to be built with the addition
of only 10 pessive components and a display.

BINTERSIL

FEATURES

¢ Gueranteed Zero Reading for 0 Volts input on All
Scales

® True Polarity at Zero for Precise Null Detection

® 1pA Typica! Input Current

® True Ditferentlal Input and Reference

© Direct Display Drlive — No External Components
Required ~ LCD ICL7106

~— LED ICL7107

¢ Low Nolse - Less Than 15V p-p

® On-Chlp Clock and Reference

® Low Power Dlsslpaﬂon—T}'plcally Less Than 10mwW
® No Addltional Active Circults Required

¢ New Small Outline Surface Mount Package Avallable
® Evaluation Kit Avaliable

ORDERING INFORMATION

LOLID1/901L1D1

Part Number ety Package
Range ,
ICL7106CPL | 0°Cto +70°C | 40 pin plastic DIP
ICL7106CJL 0*Cto +70°C | 40 pin CERDIP
ICL7106CM44 | 0°Cto +70°C | 44 pin Surface Mount
ICL7107CJL 0°C1o 4 70°C | 40 pin CERDIP
ICL7107CPL -0°Cto +70°C | 40 pin plastic DIP
ICL7106EV/KIit | Evahsation kits contain IC, display,
ICL?107EV/Kit | circuit board, passive components snd
herdware.

v 0sC1
D10 »Phoscz
= 3sPo0scs
g B1] 37O TEST
= 365 REF HI
£) nd B RerFLO
1037 jcLros (Lepy 340 Claer
§g 333 C aer
p2de 'O LED) LB Conmmon
~ | 2010 Sl = T
¥ ) B2dnt 0B Lo
E Ftie LH 204z
213 2855 BUFF
g2 275Ny
= [ p3gds P al'a
g | eaggue 255362 (TENS)
2] ndn #Be s
3= i1 20a3) R
(1000) ABlE 1% a3l
POL BP/GND
(MINUS) (7106) (1107)
0335-1

Figure 1: Pin Configurations

0335-2

INTERSIL'S BOLE AND DXCLUSIVE WARAANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE.
THE WARRANTY GHALL BE EXCLUSIVE AND BMALL BE N LIEU OF ALL OTHER WAHRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE WMPJED WARRANTIES OF

MERCHANTABILITY AND FITNERS FOR A PARTICULAR USE,
NOTE A2 Ypice! vaives have boen characterered but 8re 101 featsd,

301650-003

2



ICL7108/ICL .

1
1
e |

1
b

Cheracteristics Test Condltlons Min Typ Max Unit

— £
(CL7106/ICL7107 ERINTERSIL
=

o
ABSOLUTE MAXIMUM RATINGS Power Dissipation (Note 2)
Ceramic Package .............. eveeerraeees 1000mw =
Su"gz’;:ggl:ff V- . . 15V Plastic Package .................. Cereeenaaas 800mW -
ICLTI07. V4 10 GND oot +6V Operating Temperature ©.....cooevenvunn.. 0'Cto +70°C =
ICL7107. V=10 GND oo -V Storage Tempergture ................ -65°Cto +150°C :
Analog Input Voltage (either inpUt)(Note 1) -.... V4 oV~ Lead Temperature (Soldering, 10sec) ............. 300°C =
Reference Input Voltage {either input) ......... V+tov- I
Ciock Input b
ICL7106 ..ot TESTto V+ 3
ICL7107 o i GNDtoV+ Z
NOTE: Stresses above those ksted vnder *Absolute Maximum Ratings” may cause pcrmmanl camage to the Jevice. Theso are siress ratings oaly end kimctional =
operation of the device af these or sny other conditions above those ¥ in the op jons of the &p jons Is not imphiad. Exposure to absokte ..
i rating . for d periods may atiect device reliabiliy. }
Note 1: input voltages may exceed the supply volages provided the input curmrent is imited to 2 100pA. .;
Note 2: Dissipstion rating device is d with all leads soldered to printed circult board. =z
ELECTRICAL CHARACTERISTICS (Note3) :z
+

. Vin=0.0V . B 13

- X -4 . + A oy

Zero Input Reading Full Scale = 200.0mV 000.0 000.0 000.0 | Digital Reading Z
ey ) ViN=VReF ioital Readi
Ratiometric Reading Vegr = 100mV 899 999/1000 1000 Digital Reading | =

Rollover Error (Difference in

. —Vin= + V) ’ - . + t .
reading for equal positive and Vi + Vin & 200.0mv 1 ) % \ Counts =
negsative inputs near Full Scale) 3
Linearity (Max. deviztion from Full scale=200.0mV i

! - > Y + ts -
best straight fine fit) . or full scale = 2.000V (Note 6) \ 3 | Coun K
Common Mode Rejection Ratio Vou= 21V, Vin=0v 50 VIV =
(Note 4) Full Scale = 200.0mV ¥ z
Noise (Pk-Pk value not exceeded | Viy=0V 5 v .
B5% of timb) Full Scale = 200.0mV ; K i
Leakege Current Input Vin=0 (Note 6) 1 10 pA
4 N Vin=0 A
v/ -
Zero Readnng Drifi 0 <T4<70°C (Note 6) 0.2 1, pv/I*C X
Scale Faclor Temperature Vin= 199.0mV ‘ z
r
- Coefficient 0°<Ta<70°C } 5 ppm/C
(Ext. Ref. Oppm/°C) (Note &)
V+ Supply Current (Does not e . B
= o al A
include LED current for 7107) Vin=0 08 8 ™
V- Supply Current {7107 only) 0.6 1.8 mA
Analog Common Voltage (With 25k} between Common & i
- 2.4 28 3.2 v
respect to Pos. Supply) Pos. Supply .
Temp. Coeft. of Analog Common | 25k between Common & 60 ' PpmIC
(With respect to Pos. Supply) Pos. Supply

INTERSIL'S BOLE AND EXCLUSIVE WARRANTY OBLIGATION WiTH RESPECT TO TH:S PRODUCT SMALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE common OF BALE.
THL WARRANTY SNALL BE EXCLUSIVE AND EHALL BE N LIEU OF ALL OTHER WARAANTIES, EXPRESS, IMPLED OA STATUTORY, Ncwuma THE MPLED WARRANTIES OF
MERCHANTABILITY AND'FITNESS FOR A PARTICULAR USE.

NOTE AN (yprce! vesams have been charactecized bt a7 not leesed

2-2




ICL7106/ICL7107 BINTERSIL &
r
by

ELECTRICAL CHARACTERISTICS  (Note 3) (Continued) g

T - - :
Characteristics Test Conditions Min Typ Max Unit 0
r
7106 ONLY ' ~
+ -
Pk-Pk Segment Drive Voltage VitV =V 4 s s v 8
Pk-Pk Backplane Drive Voltage N
(Note 5)
7107 ONLY V+ =50V
Segment Sinking Current Segment voltage =3V 5 8o mA
(Except Pin 18 & 20) 1
{Pin 18 only) 10 16 mA
(Pin 20 only) 4 7
NOTES: 3. Unless otherwise noted, specifications apply to both the 7106 and 7107 81 To 25°C, fee, = 48kHz. T106 is festod in the circult of Figure 2. 7107 ls
tested in the circuh of Figure 3.

4. Refer 10 “Ditferential Inpu1” discussion.

6. Back pisne drive ik in phase with segment drive for ‘off” segment, 180" out of phase for ‘on’ segment. Frequency is 20 §mes conversion rate. Average
DC component ks less than 50mV,

6. Not tested, guaranieed by design.

TEST CIRCUITS

> STARSL Yoae
) WTERSIL Y107
] f 1 ”’:' "JI,F N J1.lL_I.l " y N
—— TERTEET TERRRE
/‘“J | ooy
N———
-1goo
- 19495
Figure 2: ICL7106 Test Circult end Typical 3354
Application With Liquid Crystal Display " Figure 3: ICLT107 Test Circult and Typical

Application With LED Display

msnsn.'tmwuuuswwunmwuwvoummuswammmmww’tnaﬁnwm WARRANTY ARTILE OF THE CONDITION OF BALE.
THE WARRANTY GHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, MPLIED OR ETATUTORY, INCLUDING THE IMPUED WARRANTIES OF
MERCHMANTABILITY AND FITNESS FOR A PARTICULAR USE.

NOTE: A2 (ypece! vehses hove bewn chersctrired it sre not lested
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DETAILED DESCRIPTION

Analog Section

Figure 4 shows the Analog Section for the ICL7106 and
7107. Each measurement cycle is divided into three phas-
es. They are (1) euto-zero (A/2), (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 short-
ed to analog COMMON. Second, the reference cepacitor is
charged to the reference voltage. Third, a feedback loop is
closed around the system 1o charge the auto-zero capacitor
Caz 1o compensate for of{set voltages in the butfer amplifi-
er, integrator, and comparator. Since the comparator is in-
tluded in the loop, the A/Z accuracy is limited only by the
noise of the system. In any case, the ofiset referred to the
Input is less than 10uV. i

Signal Integrate phase

During-signal integrate, the auto-zero loop is opened, the
internal short Is removed, and the internal input high and

low are connecled to the external pins. The converter then.

integrates the differentia! vollage between IN Hi and IN LC
for a fixed time. This differential voltage can be within 8
wide common mode range: up to one volt from either sup-
ply. I, on the other hand, the input signal has no return with
respect to the converter power supply, IN LO can be tied 10
analog COMMON 1o establish the correct common-mode
voltage. At the end ot this phase, the polarity of the integrat-
ed signal is deterrminéd.
De-Integrate phase

The final phase is de-integrate, or reference integrate. In-
put low is internally connected to analog COMMON and in-
put high is connected across the previously charged refer-
ence capacitor. Circuitry within the chip ensures that the

capacitor will be connected with the cormect polarity o
cause the integrator output to retumn to zero. The time re-
quired 16r the output to return to zero is proportional to the
input signal. Specifically the digital reading displayed is
- -
1000 (ﬂ‘—)
VRer

Differential Input

The inpul can accept differential voltages anywhere with-
in the common mode-range of the input amplifier, or specifi-
cally from 0.5 volts below the positive supply to 1.0 volt
above the negative supply. In this range, the system has a
CMRR of 86 dB typical. However, care musi be exercised 1o
assure the integrator output does not saturate. A worst case
condition would be & large positive common-mode voltage
with a near full-scale negative différentia! input voltage. The
negative input signal drives tne integrator positive when
most of its swing has been used up by the positive common
mode voliage: For these critical applications the integrator
output swing can be reduced 1o less than the recommended
2V {ull scale swing with little loss of accuracy. The integrator
outpul can swing tb within 0.3 volis of either supply without
loss of linearity. See Application Note A032 for e discussion’
of the effects of stray capacitance.

Differential Reference

The referencs voltage can be generated anywhere within
the power supply voltage of the converter. The main source
of common modé error is & roli-over voliage caused by the
reference capacitor losing or gaining charge to stray capaci-
ty on its nodes. it there is e largé common, mode voitage,
the reference capacitor can gain charge (increase voltage)
when called up to de-integrate a positive. signal but lose
charge (decrease voltage) when called up to deintegrate a
negative input signal. This ditterence in reference for posi-
tive or negative Input voltage will give a roll-over error, How-
sver, by selecting the reference cepaciior such that it is

NTERSIL'S BOLE AND EXGUSIVE WARRANTY OBLIGATION WITH RESPECT TO THiS PRODUCT SHALL I THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF BALE.
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large enough in comparison 1o the siray capacitance, this
error can be held 1o 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 (7106) or for any system where
the input signals ere floating with respect to the power sup-
ply. The COMMON pin sets a voltage that is approximately
2.8 volts more negative than the positive supply. This is
selected to give a minimum end-of-life battery voltage of
about 6V. However, analog COMMON has some of the attri-
butes of & reference voltage. When the total supply voltage
is large enough to cause the zener 1o regulate (>7V), the
COMMON voltage will have e low voltage coefficient
(0.001%/V), low output impedance {=150), and & temper-
ature coefficient typically less than 80ppm/*C.

The limitations of the on-chip reference should also be
recognized, however. With the 7107, the internal heating
which results from the LED drivers can cause some degra-
dation in performance. Due {o their higher thermal resist-
ance, plastic parts are poorer in this respect than ceramic.
The combination of reference Temperature Coefficient
(TC), intemnal chip dissipation, and package thermal resist-
ance can increase noise near full scale from 25 HV 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 suller by & count or
more. Devices with @ positive TC reference may reguire
several counts 1o pull out of an overrange condition. This is
because overrange is a low dissipation mode, with the three
least significant digits blanked. Similarly, units with & nega-
tive TC may cycle between overrange and & nonoverrange
count as the die alternately heats and cools. All these preb.
lems are of course eliminated if an external reference is
used.

The 7106, with is negligible dissipation, sulfers from
none of these problems. In either case, an external refer-
ence can easily be added, s shown in Figure 5.

H v
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Figure 5: Using an External Reference
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Anslog COMMON is also used as the input low retum
during euto-zero and de-integrate. If IN LO is different from
analog COMMON, a common mode voliage exists in the
system and is taken care of by the excellent CMRR of the
converier. However, in some applications IN LO will be get
8t a fixed known voltage (power supply common for in-
stance). In this application, analog COMMON should be tied
to the same point, thus removing the common mode volt-
age from the converter. The same holds true for the refer-
ence voltage. if reference can be conveniently tied 1o ana-
log COMMON, it should be since this removes the common
mode vollage from the reference system.

Within the IC, analog COMMON is tied 10 an N channel
FET that can sink approximately 30mA of current to hold
the voltage 2.8 volts below the positive supply (when a load
is trying 10 pull the common line positive). However, there is
only 10pA of source current, s0 COMMON may easily be
tied 10 a more negative voltage thus over-riding the interna!
reference.

TEST .

The TEST pin serves two functions. On the 7106 H Is
coupled 10 the intemally generated digital supply through a
5009 resistor. Thus it can be used es the negative supply
for externally generated segment drivers such es decimal

‘points or any other presentation the user may want to in-

ciude on the LCD display. Figurés 6 end 7 show such an
application. No more then a 1mA load should be applied.

g
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Figure 6: Simple Inverter for Fixed Decimal Polnt

708 DtCmeay

'
: +
Tesy [ __;

|

. ofss-8
Figure 7: Exclusive ‘OR’ Gate for

Decima! Polnt Drive

THE WARRANTY §WALL BE EXCLUSIVE AND BoALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPREBS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF

MERCHMANTABILITY AND FITNESS FOR A PARTICULAR USE.
NOTE: Al typical werms Rave bown chargctetred ing are not tesied

LOLLIDI/904 2191



ICL7106/ICL7107

ICL7106/ICL7107

DISPLAY FONT

BINNERSIL

Cieav4ser88

Sarm i

L. X5
<

3

0123456188

TYPICAL BEOMENT DUTPUY

Ve

Yo Suwiteh D

Output \

croex [3 l: l 3
Conirsl Logic 13
won |
) owrraL
GCROND

......... e emmmm e e e 2 —2
ocH osce osca
i1

Figure 9: Digitat Section 7107

£325-10

T

MEMSMWWWMWWWMWIMC‘TDMSMUWLL!ETNA'IS‘MT[DNM
THE WARRANTY BHALL BE EXGLUSNEANDDMBCNLIEUO'ALLMWM&EXMEBS,MDM‘TAM

MERCHANTABILITY AND FITNESS FOA A PARTICULAR USE.

NOTE Af oo’ vaiuss heve boen slarscvertred bus orw 1ol eatect
26

WARRANTY ARTICLE OF THE CONDIMION OF BALE

ORY, INCLUDING THE BMPLIED WARRANTEES OF

NIRRT

by 46 SR b O] bl b



Ir'

-t

LIS,

aeien dudh

ICL7106/ICL7107

The second function Is a “lamp test”, When TEST is
putled high (to V*) all segments will be turned on and the
display should read — 1888, The TEST pin will sink about
10mA under these conditions.

Caution: on the 7106, in the lamp test mode, the seg-
ments have a constant DC voltage (no square-wave) and
may burn the LCD display i left in this mode for several
minutes.

DIGITAL SECTION

Figures 8 and B show the digital section for the 7106 and
7107, respectively. In the 7106, an intema! digital ground is
generated from a 6 volt Zener diode and a large P channe!
source follower, This supply is made stitf 10 absorb the rela-
tive large capacitive currents when the back plane (BP) volt-
age is swilched. The BP frequency is the clock frequency
divided by 800. For three readings/second this is a 60Hz
square wave with a nominal amplitude of 5 volts. 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 9 is the Digital Saction of the 7107. It Is identical to
the 7106 except that the regulated supply and back plane
drive have been efiminated and the segment drive has been
increased from 2 to 8 mA, typical for instrument size com-

mon anode LED displays. Since the 1000 output (pin 18) -

must sink current from two LED segments, it has twice the
drive capability or 16mA.

In beth devices, the polarity indication is "'on” for nega-
tive anelog inputs. if IN LO and IN HI are reversed, this
indication can be reversed &lso, if desired.

System Timing

Figure 10 shows the clocking amangement used in the
7106 and 7107. Three basic clocking emangements can be
used:

1. An external oscillator connected to pin 40,
2. A crystal between pins 39 and 40.
3. An R-C oscillator using all three pins.

e e ma——
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Figure 10: Ciock Circuits
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The oscillator frequency is divided by four before it clocks
the decads counters. 1t is then further divided to form the
three converi-cycle pheses. These are signal integrate
(1000 counts), reference de-integrate (0 to 2000 counts)
and auto-zero (1000 1o 3000 counts). For signals less than
tull scale, auto-zero gets the unused portion of reference
deintegrate. 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 would be used.

To achieve.maximum rejection of 60Hz pickup, the signal
integrate cycle should be a multiple of 60Hz. Osciltator fre-
quencies of 240kHz, 120kHz, 80kHz, 60kHz, 48kHz, 40kHz,
33Y5kHz, etc. should be selected. For 50Hz rejection, Oscil-
lator frequencies of 200kHz, 100kHz, 6624 kHz, 50kHz,
40kHz, etc. would be suitable. Note that 40kHz (2.5 read-
ings/second) will reject both 50 and 60Hz (also 400 and
440Hz).

COMPONENT VALUE SELECTION

integrating Resistor

Both the butier amplifier and the integrator have & class A
output stage with 100pA of quiescent cumrent. They can
Supply 20pA of drive curent with negligible non-linearity.
The integrating resisto: 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 2 vo!t full scale, 470k is near
optimum and similarly & £7kr for a 200.0 mV scale.

Integrating Capacitor

The integrating capacior should be selected to give the
maximum voltage swing that ensures tolerance build-up will
not salurate the integrator swing (approx. 0.3 volt from @i-
ther supply). In the 7106 or the 7107, when the analog
COMMON is used &s e reference, 8 nominal 2 volt fult
scale integrator swing is fine. For the 7107 with 26 volt
supplies and analog COMMON tisd to supply-ground, a
£3.5 10 14 volt swing is nominal. For three readings/sec-
ond (48kHz clock) nominal values for Cny are 0.22uF and
0.10uF, respectively. Of course, i different oscillator fre-
quencies are used, these values should be changed in in-
verse proportion to maintain the safne output swing.

An additional requirement of the inlegrating capacitor is
that it must have a low dielectric absorption to prevent roll-
over errors. While other types of capacitors are adequate
for this application, polypropylene capacitars give undetect-
able errors al reasonable cost.

Auto-Zero Capacitor

The size of the auto-zero capacitor has some influence
on the noise of the system. For 200mV full scale where
noise is very important, & 0.47uF capacitor is recommend-
ed. On the 2 volt scale, a 0.047uF capacitor increases the
speed of recovery from overload and i adequate for noise
on this scale.
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Reference Capacitor

A 0.1pF cepacitor gives good results in most applica-
tions. However, whére a large common mode voltage exists'
{i.e. the REF LO pin is not at enalog COMMON) and a
200mV scale Is used, a larger value is required to prevent
roll-over error. Generally 1.0uF will hold the roll-over eror
to 0.5 count in this instance.

Osclllator Components
For all ranges of frequency 8 100k} resistor is recom-
mended and the capacitor is selected from the equation

0.45
{= " For 48kHz clock (3 readings/second), C= 100pF.

Reference Voltage

The analog inpul required to generate full-scale output
{2000 counts) is: Vyn=2VRgr. Thus, for the 200.0mV and
2.000 volt scale, Vref should equal 100.0 mV and 1.000 volt,
respectively. However, in many applications where the A/D
is connected 10 a transducer, there will exist & scale factor
other than unity between the input voltage and the digital
reading. For instance, in & weighing system, the designer
might like to have & full scale reading when the voltage from
the transducer is 0.682V. Instead of dividing the input down
to 200.0mV, the designer should use the input voltage di-
rectly and select Vrep=0.341V, Suitable values for inte-
grating resistor and capacitor would be 120k} and 0.22uF.
This makes the system slightly quieter and also evoids &
divider network on the inpul. The 7107 with 2 5V supplies
can accept input signals up 1o 1 4V. Another advantage of
this system occurs when a digital reading of zero is desired
for Vin=0. Temperature and weighing systems with & vari-
able tare are exampies. This offset reading can be conve-
niently generated by connecting the voltage transducer be-
tween IN Hl and COMMON and the variable (or fixed) offset
voliage between COMMON end IN LO.

7107 Power Supplies

The 7107 is designed to work from 2 5V supplies. How-
ever, if & negative supply is not available, it can be general-
ed from the clock output with 2 diodes, 2 capacitors, and an
inexpensive 1.C. Figure 11 shows this application. See
ICL7660 defa shee! for an ellernative.
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Figure 11: Generating Negative Supply
from +5V
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In fact, in selected applications no negative supply is re-
quired. The conditions o use e 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 % 1.5 volts.
3. Anexternal reference is used.

TYPICAL APPLICATIONS

The 7106 and 7107 may be used in a wide variety of
configurations. The circuits which follow show some of the
possibilities, and serve fo illustrate the exceptional versatili-
ty of these A/D converiers.
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- Figure 12: 7106 using the internal reference.
Values shown are for 200.0 mV full scale,
3 readings per second, floating supply
voltage (9V batlery).
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Figure 13: 7107 using the Internal reference.
Values shown are for 200.0mV fuli scale, 8
readings per second. {N LO may be tied to either
COMMON for inputs fioating with respect to
supplies, or GND for single ended inputs. (See

discussion under Analog COMMON.)
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Figure 14: 7107 with an external band-gap
reference (1.2V type). IN LO Is tied to COMMON,
thus establishing the correct common mode
voltage. If COMMON is not shorted to GND, the
Input voltage may float with respect to the
power supply and COMMON acts as a pre-
regulator for the reference. if COMMON is
shorted to GND, the input Is single ended

regulator is over-ridden.
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Figure 15: 7107 with Zener diode reference.
Since low T.C. zeners have breakdown voltages
~ 6.8V, diode must be placed scross the total
supply (10V). As in the case of Figure 15, IN LO
may be tied to elther COMMON or GND.
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Figure 16: 7106/7107: Recommended

component values for 2.000V full scale.
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Figure 17: 7107 operated from single + 5V
supply. An external reference must be used in
this application, since the voltage between V+
and V- {s Insufficient for correct operation of
the internal reference. "
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Figure 18: 7107 measuring ratiometric values of
Quad Load Cell. The resistor values within the

bridge sre determined by the desired sensitivity.

0335-20
Figure 19: 7106 used as s digltal centigrade
thermometer. A sllicon diode-connected
transistor has a temperature coefficient of
about —2mV/*C. Calibration Is achieved by
placing the sensing transistordn lce water and
adjusting the zeroing potentipmeter for a 000.0°
reading. The sensor should then be placed In
bolling water and the scale-factor potentiometer
adjusted for 100.0 reading.
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Figure 21: Circult for developing Underrange
and Overrange signals from 7107 outputs. The
LM338 Is required to ensure loglc compatibllity
with heavy display loading.

7106/7107 EVALUATION KITS

After purchasing a sample of the 7106 or the 7107, the
majority of users wili wan! 1o build & simple voltmeter. The
Farts can then be evaluated against the data shest §pecifi-
cations, and tried out in the intended application. However,
locating and purchasing even the small number of addition-

EINTERSIL

al components required, then wiring a breadboard, can of-
ten cause delays of days or sometimes weeks. To svoid this
problem and facilitate evaluation of these unique circuits,
Intersil Is offering a kit which contains all the necessary
components to build e 31/;-digit panel meter. With the help
of this kit, an engineer or technician can have the system
“up and running™ in about half an hour.

Two kits sre offered, the ICL7106EV/KIT and the
ICL7107EV/KIT. Both contain the appropriate IC, a circuit
board, a display (LCD for 7108EV/KIT, LEDs for 7107EV/
KIT), passive components, and miscellaneous hardware.

APPLICATION NOTES
“Selecting A/D Converters”, by David Fullagar.

A016
A017
A018

A023

A032

AD46

A052

“The Integrating A/D Conv

erter”, By Lee Evans.,

“Do’s and Don'ts of Applying A/D Converters”, by
Peter Bradshaw end Skip Osgood.

“Low Cost Digital Panel M

eter Designs™, by David

Fullagar and Michae! Dufort.
“Understanding the Auto-Zero and Common Mods
Performance of the ICL7106/7/6 Femily”, by Peter

Bradshaw.

“Building & Battery-Operated_Auto Ranging DVM
with the ICL7106", by Larry Gof.
*“Tips for Using Single-Chip 3%-Digit A/D Convert-

ers”, by Dan Watson.
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Figure 23: Display Butfering for increased drive current. Requires four DM7407 Hex Buffers. Each buffer is

INTERSIL'S SOLE AND EXCLUSVE WARRANTY OBLIGATION WITH RESPECT TO TeeS PRODUCT BHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITON OF BALE,
THE WARRANTY SHALL BE EXCLUBIVE AND BHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, MPLIED DR STATUTCAY, INCLUDING THE IMPLIED WARRANTIES OF

MERCHANTABLITY AND FITNERS FOR A PARTICULAR USE.
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