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Study on Properties and Application of YBa,Cu,0,

Superconductor to Magnetic Sensor

Phatthanapong ~ Pluemkasorn

Phairoj Naunsanong

Yutthana Karnjanawanotayan
Assoc.Prof.Dr. Wisut Titiroongruang Advisor
Educational Year 2001

ABSTRACT

This report presents the study of the suitable pressure condition ~of YBa,Cu,0, «
superconductor. The standard fabrication of Superconductor Laboratory, Electronic Research
Center, Faculty of Engineering, King Mongkut s Institute of Technology Ladkrabang (KMITL)
used for this study.

In studying were tablet - pressed into 6 form, which were pressure 0.4 ton, 0.6 ton, 0.8
ton, 1.0 ton, 1.2 ton and 1.4 ton. It is found that the lowest critical current at pressure of 0.4 ton
and best sensitivity to magnetic field at 1.0 ton. The critical current of superconductor at 1.0 ton is
reduced by filing into w — model. It is made the sensitivity magnetic better. Then, it is used
together with an application circuit. The voltage of superconductor is applied to amplifier, then to
A/D converter. Finally, the signal is monitored on 7 — segment display as the value of magnetic
field density.
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-A(dBa/dt) = L(di/dt) (2.7)

Li+ Ab, = const (2.8)
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223 dnngmiseinszuansamwludnitlWi@ena (PERSISTENT CURRENT
EFFECT)
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-A(dB/dt) = RI + L(dI/dt) (2.9)
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He =H, [1-(T/T)] (2.16)
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I (mA) x1 x2 x3 x4 x5
| 165 185 185 186 187
2 190 204 203 205 209
3 222 233 233 240 238
4 260 270 268 276 271
5 298 313 313 319 316
6 358 368 366 370 368
7 413 433 430 433 429
8 493 500 501 502 499
9 573 577 578 580 577
10 664 665 669 667 665
11 ‘769 765 767 768 767
12 874 869 872 870 869
2] 991 982 989 989 989
14 1122 1116 1114 1120 1119
15 1257 1254 1248 1269 1256
16 1404 1397 1392 1402 1399
17 1564 1548 1546 1558 1559
18 1723 1712 1710 1716 1562
19 1891 1885 i878 1889 1889
20 2070 2062 2055 2059 2059
21 2282 2256 2267 2255 2244
22 2461 2440 2463 2444 2436
23 2663 2643 2659 2641 2637
24 2872 2856 2869 2853 2848
25 3081 3064 3082 3065 3059
26 3313 3294 3303 3295 3286
27 3539 3519 3515 3513 3508
28 3776 3751 3747 3746 3740
29 4020 3988 3979 3964 3913




30 4260 4230 4220 4220 4220
31 4500 4470 4470 4470 4460
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34 5240 5220 5220 5210 5210
35 5500 5480 5470 5470 5470
36 5750 5740 5730 5730 5730
37 6010 6000 5990 5990 5990
38 6270 6260 6230 6250 6250
39 6530 6520 6490 6510 6510
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45 8070 8070 8070 8080 8060
46 8320 8320 8320 8320 8320
47 8580 8580 8570 8580 8580
48 8830 8820 8830 8820 8830
49 9080 9070 9080 9080 9080
50 9320 9330 9320 9320 9330
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Ultra-Low Offset Voltage
Operational Amplifier

|

even at high closed-loop gains.

Stability of offsets and gain with time or variations in temper-
ture is excellent. The accuracy and stability of the OP-07,
even at high gain, combined with the freedom from external
nulling have made the OP-07 & new {ndustry standard for
instrumentation and military applications.

The OP-07 is available in five standard perormance grades. The
OP-07A and the OP-07 are specified {or operation over the full mili-
1ary range of =55°C10+125°C;the OP-07E is specified for operation
overthe 0°C o +70°C range, and OP-07C and D overthe —40°Cto
+85°C temperature range.

The OP-07 is available in hermetically-sealed TO-99 metal canor
caramic 8-pin Mini-DIP, and in epoxy 8-pin Mini-DIP. 1t ts a direct
replacement for 725, 108A, and OP-05 amplifiers; 741types may
bedirectly raplaced by removing the 741snulling potentiometer. The
OP-207, a dual OP-07, is available for applications requiring close
matching of two OP-07 amplifiers. For improved specifications, see
the OP-77/0P-1717.

PIN CONNECTIONS

FEATURES
@ LOW VS - oo eecmnmnee e aaeenaenaanaees 254V Max
e LowVosDrlft ... ... i 0.6.V/°C Max
e Ultra-Stablevs Time ............... 1.0uV/Month Max
e LowlNolse . ... ... ciiiiociioniiianaan 0.6uVpo Max
e Wide Input Voltage Range ...................... =WV
e Wide Supply Voltage Range ............. >3V to =18V
e Fits 725, 108A/308A, 741, ADS10 Sockets
e 125°C Temperature-Tested Dice
ORDERING INFORMATION '
T,=+25C PACKAGE OPERATING
Vs MAX CERD¥P  PLASTIC LCC ~ TEMPERATURE
“v)  TO@9 8P 8PN 20CONTACT  RANGE
25 OPOTAS OPOTAZ - — ML
75  OPOTES OPOTEZ OPOTEP = coM
75 OPOTS  OPOTZ - OPOTRCBE3 i
150 OPO7CS  OPOTCZ  OPO7CP — XD
150 — —  0PO7CS™ - XIND
150 OPO70J — OPO70P — XIND
For dewces dintotal o MIL-STD-883. a0d /883 a*ler part

number. Consult tactory for 883 data sheet.

Burn-in s available on commercial and industual temperature (ange pass
CerDIP, plastc DIP, and TO-can packages.

For avalabuity and burm-in information on SO and PLCC packages. contact
your tocal sales office.

GENERAL DESCRIPTION

The OP-07 has very low input offset voltage (254V max for
OP-07A) which is obtained by trimming at the wafer stage.
These low offset voltages generally eliminate any need for
external nulling. The OP-07 also features low input bias cur-
cent (+2nA for OP-07A) and high open-loop gain (300V/mV for
OP-07A). The low offsets and high open-loop gain make the
0OP-07 particularly useful for high-gain instrumentation
applications.

The wide input voltage range of £13V minimum combined
with high CMRR of 110d8 (OP-07A) and high inputimpedace
provides high accuracy inthe noninverting circuit configura-
tion. Excellent linearity and gain accuracy can be maintained

SIMPLIFIED SCHEMATIC
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Vog TR n“n Vog TR
(7} [ v
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< V- cast) 8-PIN HERMETIC DIP
{Z-Sutlix)

8-PINSO
(S-Suttix)
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TO-9€ (J-Scffix)

OP-07RC/883
Lcc
(RC-Sutfix)
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0P-07

ABSOLUTE MAXIMUM RATINGS (Mote 1)

Supply Voltage s 202V
Differenticl Inpu: Vouage .
lnput Voltage (Note 2) ......

rereeenenennn. Indefinite

Output Short-Circuit Duration.....................
Storage Temperature Range
J. RC and Z Packages —65°C 1o +150°C
P Package. —65°C 10 +125°C
Operating Temperature Range
OP-07A, OP-07, OP-07RC .....cecccouenenn —55°Cto +125°C
OP-07€ 0°C 10 +70°C
OP-07C, OP-07D —40°C to +85°C
Lead Temperature (Soldering, 60 sec). +300°C

Junction Temperature (T,) +150°C

PACKAGE TYPE 8, (Note 3) 8, UNITS
1099 (4) 150 18 <™
8-Pu Heemenc DIP (2) 148 16 ™
8-Pm Plastic DIP (P) 103 43 cW
20-Contact LCC 98 38 <™
8-Pn SO (S) 158 43 oW

NOTES:

1. Absolute maxemum ratngs appty 1o both DICE and packaged parts, untess
otherwise noted.

2. For supply vo'tages less than 122V, the absolute maximum input volitage is
equal 10 the supply votlage.

ar 8 cs speated for worst case mounting condisons, i.e., 8 A ¥s specified for
dc.wnce n socket for TO, CeDIP, P-OIP_and LCC paduges' ﬁ (s specified
foc device soldered 1o prnted aircul board for SO package.

ELECTRICAL CHARACTERISTICS at Vg = £ 15V, T4 = 25°C, unless otherwise noted.

OP-07A oP-07
PARAMETER SYH80L CONOITIONS MIN TYP  MAX MIN TYP  MAX UNITS
taput Otiset Voitage Vos (Note 1) - 0 25 - 30 75 uv
Long-Term lnput Ottset
v o4 os/Time  (Note 2) 509020 a0 — 02 10 WMo
Voltage S'abidy
taput Offset Current los - 03 20 - 04 28 nA
input Bias Current 1g 700 224 — 210 =30 nA
lnput Noise Voltage Cnop 0 1Hz 10 ¥OHz (Note 3} - 03s 06 - 03s 06 “va
o= 10Hz (Note 3) - 103 180 — 103 18.0
(nput Noise Voltage Density e, {0 = 100Hz (Note 3| - 0o 130 - 0.0 130 avi/ Hz
o= W000HZ (Note 31 - 9.6 no - 96 10
{nput Noise Current fapp 0.1Hz to 10Hz (Note 34 - 14 30 - 14 30 PAs
1o = 10Hz (Note 31 — 032 080 — 032 0.80
tnpct Notse Current Censity % (o= 100Hz (Note 3! — 04 02 — 0w4 023 LA H
1o = 1000Hz (Note 3+ - 0.12 0.7 - 0.12 0.7
Input Resist. —
e |, (Note 4} 3 80— 20 60 - M0
Ditterential-Mode
lnput Resistance —
R - 200 - - 200 - 1]
Common-Mode Gt G
{nput Voltage Range VR =13 -4 —_ *13 *14 — v
Common-Mode Retection Ratio CMRR Vo= 213V 110 126 —_ 110 126 - a8
Power Supply Rejection Ratio PSRR Vs==3Vto =18V — 4 10 — 4 10 Vv
R 22k, Vo= 210V 300 500 - 200 500 -
! > = \"}
Large-Signal Vottage Gan Avo 250000, Vo =*0.5V, 150 400 _ 150 400 _ Vv/mV
Vg =23V (Note 4.
R 210k =125 =130 — *+125 =130 -
Output Voltage Swing Vo R 22k 2120 =128 - *120 =128 — v
R, > kN =105 =120 = 105 =120 =
Stew Rate SR R, > 2kl «Note 3- 0.1 03 — 01 03 — V/us
Cilosed-Loop Bandwidth 8w Aycy =+1(Note 3, 04 06 - 04 0.6 — © MHz
Open-Loop Output Resistance Ro Vo=0.15=0 — 60 — — 60 — n
5 o . Vg = *15V, No Load - 75 120 - 75 120 -
opetConsumpiion G Vg = +3V. No Load - 4 6 - 4 6
Offset Adjustment Range Rp = 20k} - =4 — — +4 — mv
NOTES:

1 OP-07A grace Vgg 1s measured approximately one minute after applica-
uon of power For all other grades Vg 1s measured approximately 0.5
seconds after applicaton of power

2. Long-Term tnput Otfset Voltage Stability refers to the averaged trend fine of
Vos vs Time over extended periods after the first 30 days of operation

2-538 OPERATIONAL AMPLIFIERS

Excluding the initial hour of operation, changes in Vgg during the first 30
operating cays are typically 2.54V — refer to typical performance curves.
Parameter is sample testec.

3. Sample testec

4 Guaranteec ty desiga
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0P-07

ELECTRICAL CHARACTERISTICS at Vg = £15V, -55°C = (4 < 4+ 125°C, urless otherwise notcd.

OP-07A oP-07

PARAMETER SY#B80L CONO(TIONS HiIN TYP  MAX MIN TYP  MAX UNITS
(nput Offset Voliage Vos «Note 11 — 25 60 == 60 200 wv
Average Input Ofttset

Voltage Orift With-

out External Teim TCVps «Note 2+ — 02 06 - 03 13 wrc

With External Trem TCVpsn Re = 20k(1 (Note 3; g 02 06 —_ 03 13 wrc
input Ottset Cucrent los — o8 4 - 12 56 QA
As 1 1set Cu 1}

verage input Otfaet Curicg TClos Note 21 - s 25 = 8 50 pArC

Oty
tnput Buas Current lg = =0 24 - 22 *6 nA
A laput B 1

verage fnput B Gten TClq (Note 2) - 8 25 = 3 50 pASC

Dett
(nput Voltage Range VR = 13135 — *13 =435S - v
Common-Mode Rejection Rato CMRR Vou =213V 106 123 - 106 123 — a8
Power Supply Rejectron Ratio PSARR Vg = *3Vio 218V - S 20 - S 20 M'2a%
Large-Signal Vottage Gam Avo R 22k, Vo= =10V 200 400 — 150 400 - v/imv
Output Voltage Swing Vo Ry 22«11 =12L.4=12.6 — 2| =126 - v
NOTES:

1. OP-07A grade Vg ts measured approximately one minute afier applica-
ton of power. For all other grades Vg s measured approxmatety 0.5
secands after application of power.

2 Sample tested

3. Guaranteed by design

TYPICAL OFFSET VOLTAGE TEST CIRCUIT

TYPICAL LOW-FREQUENCY NOISE TEST CIRCUIT

6 Inu
—e

QuUTPUT

42.F

i
l
|
|

(10K FILTER)

1
i

INPUT RS ERRED NOISE * 30 050 26000 ° 200aV.om

(SEE SCOPE PHOTO (N TVP.LaL PERFORMANCE CURVES)

PINOUTS SHOWN FOR J. P. AND Z PACKAGES

OPTIONAL OFFSET NULLING CIRCUIT

BURN-IN CIRCUIT

PINOUTS SHOWN FOR J. P, AND Z PACKAGES

PINOUTS SHOWN FOR J. P AND Z PACKAGES

REV. A
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0P-07

ELECTRICAL CHARACTERISTICS at Vg = 18V, T = 25°C, unlecs ctherwise roted.

OPCTE opP-Q7C oP-070
PARAMETER SYMBOL CONOITIONS AN TYP  MAX MIN TYP ®AX MIN Tve SMAX UN(TS
{nput Offset Vottage Vos (Note 1, - 30 75 - 60 150 -— 60 150 M
Long-Term Vg
Vog/Trme  (Note2 - 03 15 - 04 20 = 0s 30 VM
Stabiiity » o
tnput Ottsat Current tos - 0s 38 - 08 60 = ose 60 nA
tnput Blas Current 1a - 212 240 - 18 =70 - =20 =12 nA
Noise SRAE 0N 035 06 038 06 038
tnput Votiage oo VS - 2 — - 065 “Vo o
(o= WOHz - 03 180 - W0s 200 - WS 200
! Horse 1, Y0OHz (Note 3 0o 130 102 135 W03 s v/
P — e o Note ( B avi/Hz
1o = W000Hz — 96 o — 98 ne — o8 us
0.1Hz 10 WOHz
fnput Novse Current { — “ 30 - 5 3s - 15 3s
P had (Note 3: P00
1o = WHz — 032 080 - 03s 090 - 035 0.80
(nput Notse N
[P {o = 100Hz (Note 3 =3 0w« 023 — 015 o7 - 0.18 027 AN Hz
Current Density
1o = 1000Hz e 012 0w - 013 01w — 013 0.18
oo gl G Note « 15 0 8 1 7 xn ~“a
Orttarential-tode il ! -
input Resstance —
Ruucu o~ 160 - - 120 - - 120 - Gn
Common-Mode
input Vottage Range WR F A = - =13 21 - 3] 14 — v
CMAR \7/ 3v 106 23 100 120 o« 1w da8
Rejection Rato ™ -
Power Supply Vg =23V
PSARR s = s 20 4 7 32 — 7 32 v
Rerection Ratio to =V
R 2N,
4 200 500 - 120 <00 5 120 <00 -
Lacge-S«qnat Yoy =Y
A 25000 Vimy
Voltage Gain vo g "
Vo =205V 150 400 — 100 400 — —_ 400 -
Vg = =3V (Note 4
R 210N £12%5 4F 130 = 2120 %2130 = 2120 2130 -_
Output Voltage
s Vo A zx0 =120 =128 - =115 =128 - s =128 - v
e
9 /.2 N 2105 =120  — - 220 - — 2120 -
Stew Rate SR R 2 2«01 (Note 3 01 03 - 01 02 - A} 03 - Vius
Closed-Loo A, -1
° Bw et 0s 06 = 04 06 - 04 06 - MHz
Bandw:dth Notes
Opea-Loop Output
osese Ro Vo=0.1g=0 - 60 — — 60 — — 60 — n
Resistance
Vg = =15V, No Load — s 120 - 80 150 — 80 150
Power Consumption Py mw
Vg = =3V, No Load - 4 6 - < 8 — 4 8
Ofttset Adjustment
Rp = 20k0 - -4 — — -¢ _ _ %4 _ ey
Range
NOTES:

1. Input Offset Voltage measurements are performed by automated test
equipment approximately 0.5 seconds after application of power.

2. Long-Term Input Offset Voltage Stability refers to the averaged trend line
of Vgg vs. Time over extended periods after the first 30 days of operation
Excluding the initial hour of operation, changes in Vg during the first 30
operating days ace typically 2.5,V — refer to typical pecformance curves
Parameter is sample tested.

3. Sample testec

A

Guaranteed by design

S. Guaranteed but not tested.
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0P-07

ELECTRICAL CHARACTERISTICS at Vg=215V.0°C=T, = +70°Cfor OP-0TE.and- ~0°C = T_ < +85°C lor OP-07CD, unless

otherwise noted.

OP-0TE oe-07C oP-Q70
PARAMETER SYMBOL CONOITIONS MUIN TYP  MAX MUIN TYP MAX MIN TYP  #AX UNITS
1nout Otfset Votlage Vos 1Note 11 - 45 130 - 85 250 — 85 250 “V
Average tnput Ottset
Vohage Dreft With-
out Eaternal Tevm TCVos «Note 3¢ - 03 13 — 0s 18 - 07 25 wvrc
Weth Externat Trem TCVosn Re = 20k(1 Note 3 - 03 13 - 04 16 - 07 25 wvrc
{nput Ottset Current tos - 09 s3 - 16 80 - 16 80 nA
Average tnput Oftset 2 50 12 50 AS
. : L e 1 s
Comenudin TClog Note 2 ] 3 pASC
0ot Bias Current g - b B 3.5, - -] =80 - =37 AT aA
Avecage (nput Bas
. - A} = 18 S0 — 18 S0 AS
Cureent Datt TCly Nafk? N B2 ARG
tnput Vottage Range VR 30 QY =130 =135 - 2130 =135 - v
Common: 97 120 %< 106 8
MRR V™ 1 w3 123 = - — d
Rerection Ratig € e o
< Sueghy R V. 7 32 0 5 0 St vV
-3V10+ 18V Y <L -3
A totRallo PSRR 's=23Vi0:18 -“
Large-Segnal
weiSy Avo HoZerll wo 40— 0w w0 — 0o ew0  — vz
Voitage Gamn Vg =2 WV
Outout Voltage
Vo |’ 22«01 Fa Py ry a5 = =126 — =1 2126 - v
Swing
NOTES:

1

equipment approximately 0 5 seconds after appi«cation of power

2 Sampie tested

3 Guaranteed by design

REV. A

lnput offset voltage measurements ace perdormed by automated test
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opP-07

TYPICAL PERFORMANCE CHARACTERISTICS

OP-07 LOW FREQUENCY NOISE
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TOTAL INPUT NOISE VOLTAGE
vs FREQUENCY
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0P-07

TYPICAL PERFORMANCE CHARACTERISTICS

MAXIMUM OUTPUT VOLTAGE
vs LOAD RESISTANCE

POWER CONSUMPTION
vs POWER suPPLY
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TYPICAL APPLICATIONS

HIGH SPEED, LOW Vo5, COMPOSITE AMPLIFIER
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PINOUTS SHOWN FOR J, P. AND Z PACKAGES
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PINOUTS SHOWN FOR J. P. AND Z PACKAGES

RS
2.5Kk12

O -15v

REV. A

OPERATIONAL AMPLIFIERS 2-545



0P-01

TYPICAL APPLICATIONS

HIGH-STABILITY THERMOCOUPLE AMPLIFIER

+RECISION ABSCGLUTEVALUE CIRCUIT

SENSING
JUNCTION

REFERENCE
AINCTION

PINOUTS SHOWN FOR J. P, AND Z PACKAGES

|

|

1 w

i 10u:: {va

PINOUTS SHOWN FOR J, P, AND Z PACKAGES

APPLICATIONS INFORMATION

OP-07 series units may be substituted directly into ToJ,
108A/308A" and OP-05 sockets with or without removal of
external compensation or aulling components. Additionally,
the OP-07 may be used in unnulled 741-type sockets. How-
ever, if conventional 741 nulling circuitry is in use, it should
be modified or removed to enable proper OP-07 operation.
OP-07 offset voltage may be nulled to zero through
use of a potentiometer (see offset nulling circuit diagram).

*TO-99 Package only

2-546 OPERATIONAL AMPLIFIERS

The OP-07 provides stable operation with load capacitance
of up to 500pF and £ 10V swings: larger capacitances should
be decoupted with a SO0 decoupling resistor.

Stray thermoelectric voltages generated by dissimilar metals
at the contacts 1o the input terminals can degrade drift per-
formance. Therefore, best operation will be obtained when
both input contacts are maintained at the same temperature,
preferably close to the package temperature.

REV. A




ICL7106,

ICL7107, ICL7106S, ICL7107S

Pinouts
ICL7106, ICL7107 (PDIP) ICL7106R, ICL7107R (PDIP)
TOP VIEW TOP VIEW
v+ [T A 4] osc 1 osc 1 [T] e [40] v+
p1 [2] [39] osc2 osc2 [2] 39] 01 )
c1 3] [38] osc3 osc3 [3] [38] c1
81 [4] [37] TEST TEST [4] [37] B4
(1's)q A1 [5] [36] REF HI REF HI [5] 36] A1 3 (1's)
F1 6] [35] REFLO REFLO [§] 35] F1
1 [T} [34] Crer+ Crer* [7] 3] 61
| E1 [E] 33] Crer- Crer [E] 3] E1 |
(D2 [9] [32] COMMON COMMON [9] 32] D2
cz [i0] [31] IN HI IN HI [10] 31] c2
) B2 [T INLO INLO [T B2 )
(10's) < M% %Az Az% %Az > (10's)
F2 [13] 28] BUFF BUFF [13] 28] F2
| €2 [14] [27] INT INT [14] 27] E2 |
03 [ %] V- v- [ %] o3
coreyd 22 (i8] [25] G2 (10's) G2 (10's) [7§] 25] B3 | s
F3 [T 24] c3 c3 [7] 4] F3
€3 [18] [23] A3 5 (100's) (100s) < A3 [78] % E3 |
(1000) AB4 [T9] 22] 63 G3 [3] [22] (1000) AB4
Minus) PO 2] [27] BP/IGND BP/GND [20)] 27] poL —
ICL7106, ICL7107 (MQFP)
TOP VIEW
o g
b = W] t & = =0 ik
bEEEEEYRE s
Ncl"'l_/q‘: T4z A 0 3938 3736 B3N
o] — | 2([CT362
TESTCITY| 3 31|1Jcs
osc3CI 14 30|TA3
NcCIT 1|5 29 ]G3
0sc2 B 28{[T T 1BPIGND
osc1CT—]|7 27|—1JPoL
v+CT 1l 8 26| T 1AB4
o7 o e | K 25\ T3
c1CIT—]j|10 24{—TF3
BICT|"; 15 14 15 16 17 18 19 20 2123 |—1 183

L

IR

A1 F1 G1 E1D2C2 B2 A2F2 E2 D3




ICL7106, ICL7107, ICL7106S, ICL7107S

Absolute Maximum Ratings
Supply Voltage

ICL7106, V+to V- ..o 15V PDIP Package

-------------------- a1 o Y
-------------------- -9V Maximum Junction Temperature . . . ....................

ICL7107, V-toGND .. ...........

Analog Input Voltage (Either Input) (Note 1). . ... ........ V+toV-  Maximum Storage Temperature Range . . . .
Reference Input Voltage (Either Input). . ............... V+toV-  Maximum Lead Temperature (Soldering 10s)
Clock Input (MQFP - Lead Tips Only)

TCLTZA06 woi i cvvsssnsossnsmmnn summnnmsnmonns TEST to V+

WCLTAOT 5= 55 simins 2 5 5osis & 5550505 4 » Hbnews» 0m 8 semionss » GND to V+

Operating Conditions

Thermal Information

Thermal Resistance (Typical, Note 2)

Temperature Range . ... .............ooiuinnn... 0°C to 70°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings® may cause permanent damage lo the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTES:

1. Input voltages may exceed the supply voltages provided the input current is limited to £100pA.
2. 8 is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications (Note 3)

Peak-To-Peak Backplane Drive Voltage

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SYSTEM PERFORMANCE
Zero Input Reading Vin = 0.0V, Full Scale = 200mV -000.0 | £000.0 | +000.0 Digital
Reading
Stability (Last Digit) (ICL7106S, ICL7107S | Fixed Input Voltage (Note 7) -000.0 | +000.0 | +000.0 Digital
Only) Reading
Ratiometric Reading VN = VRer. VREF = 100mV 999 | 999/10 | 1000 Digital
00 Reading
Rollover Error VN = +ViN = 200mV - +0.2 +1 Counts
Difference in Reading for Equal Positive and
Negative Inputs Near Full Scale
Linearity Full Scale = 200mV or Full Scale = 2V Maximum - +0.2 +1 Counts
Deviation from Best Straight Line Fit (Note 6)
Common Mode Rejection Ratio Vem = 1V.Vin = 0V, Full Scale = 200mV (Note 6) - 50 - puvv
Noise Vin =0V, Full Scale = 200mV - 15 - uv
(Peak-To-Peak Value Not Exceeded 95% of Time)
Leakage Current Input Vin = 0 (Note 6) - 1 10 pA
Zero Reading Drift Vin =0, 0°C To 70°C (Note 6) - 0.2 1 pvrec
Scale Factor Temperature Coefficient Vin = 198mV, 0°C To 70°C, - 1 5 ppm/°C
(Ext. Ref. 0ppm/°C) (Note 6)
End Power Supply Character V+ Supply Vin =0 (Does Not Include LED Current for ICL7107) - 1.0 1.8 mA
Current
End Power Supply Character V- Supply Cument | ICL7107 Only - 0.6 1.8 mA
COMMON Pin Analog Common Voltage 25kQ Between Common and 24 3.0 32 \
Positive Supply (With Respect to + Supply)
Temperature Coefficient of Analog Common | 25kQ Between Common and - 80 - ppm/°C
Positive Supply (With Respect to + Supply)
DISPLAY DRIVER ICL7106 ONLY
Peak-To-Peak Segment Drive Voltage V+ =to V-=9V (Note 5) 4 55 6 \

150°C
-65°C to 150°C
300°C




ICL7106, ICL7107, ICL7106S, ICL7107S

Electrical Specifications

(Note 3) (Continued)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
DISPLAY DRIVER ICL7107 ONLY
Segment Sinking Current V+ =5V, Segment Voltage = 3V
(Except Pins 19 and 20) 5 8 - mA
Pin 19 Only 10 16 - mA
Pin 20 Only 4 7 - mA
NOTES:

3. Dissipation rating assumes device is mounted with all leads soldered to printed circuit board.

4. Unless otherwise noted, specifications apply to both the ICL7106 and ICL7107 at T4 = 25°C, fo 0k = 48kHz. ICL7106 is tested in the
circuit of Figure 1. ICL7107 is tested in the circuit of Figure 2.
5. Back plane drive is in phase with segment drive for ‘off segment, 180 degrees out of phase for ‘on’ segment. Frequency is 20 times
conversion rate. Average DC component is less than 50mV.
6. Not tested, guaranteed by design.

7. Sample Tested.

Typical Applications and Test Circuits

sl c.[Ral cs

R Cq DISPLAY
sgéﬂﬁ#ﬁ%ﬁ:séaéaaﬁﬁﬂ
2] 1 ICL7106
ssosiisuadayedaspndd
e R EREEEEEER

Cq=0.1pF
Cp = 0.47uF
C3=0.22uF
C4 = 100pF
Cs5=0.02uF
R4 =24kQ
R2= 47kQ
R3 = 100kQ
Ry =1kQ
Rs = 1MQ

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

FULL SCALE
+5V + = -5v
9 IN
R
sl ¢ [Ra c;r
R e DISPLAY
ss%ﬂgsanh:a%z%azﬂﬁé
coopIoLEEIOYEE*SB238
§8drygypsec=z =a °©
° ICL7107
iccascouadadaedaacdce
IR I I I R R A T R - R e R =]
NN EEEEEEEREE
DISPLAY

FIGURE 2. ICL7107 TEST CIRCUIT AND TYPICAL APPLICATION WITH LED DISPLAY COMPONENTS SELECTED FOR 200mV
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Design Information Summary Sheet

+ OSCILLATOR FREQUENCY

fosc = 0.45/RC
Cosc > 50pF; Rosc > 50k
fosc (Typ) = 48kHz

+ OSCILLATOR PERIOD
tosc = RC/0.45
INTEGRATION CLOCK FREQUENCY

fcLock =foscl4

INTEGRATION PERIOD

tinT = 1000 x (4/fosc)

¢ 60/50Hz REJECTION CRITERION
tinT/tsoHz OF tinT/tsoHz = Integer

e OPTIMUM INTEGRATION CURRENT
linT = 4pA

o FULL SCALE ANALOG INPUT VOLTAGE
VINFS (Typ) =200mV or 2V

+ INTEGRATE RESISTOR
VinFs
INT

Rint

* INTEGRATE CAPACITOR
_ it i)

INT Vint

+ INTEGRATOR OUTPUT VOLTAGE SWING
_ Oinp) ()

INT CINT

* VinT MAXIMUM SWING:
(V-+0.5V) < VinT < (V+-0.5V), VinT (Typ) = 2V

DISPLAY COUNT

COUNE <1600l
= x

VREF
CONVERSION CYCLE

tcye = teLock x 4000

tcyc =tosc x 16,000
when fogc = 48kHz; toyc = 333ms

COMMON MODE INPUT VOLTAGE

(V-+1V) <V|y < (V+-0.5V)

AUTO-ZERO CAPACITOR

0.01uF < Cpaz < 1pF

REFERENCE CAPACITOR

0.1uF < Crgg < 1uF

Vcom

Biased between Vi and V-.

Vcom = V+-28V

Regulation lost when V+ to V- <=6.8V

If Vcowm is externally pulled down to (V+ to V-)/2,
the Vgopm circuit will turn off.

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

Digital supply is generated internally

Venp = V+ - 4.5V

ICL7106 DISPLAY: LCD

Type: Direct drive with digital fogic supply amplitude.
ICL7107 POWER SUPPLY: DUAL 5.0V

V+=+5V to GND
V-=-5V to GND
Digital Logic and LED driver supply V+ to GND

ICL7107 DISPLAY: LED
Type: Non-Multiplexed Common Anode

Typical Integrator Amplifier Output Waveform (INT Pin)

1
1
AUTO ZERQ PHASE !
(COUNTS) !
2999 - 1000 |

|

{

'

A= ====1

SIGNAL INTEGRATE
PHASE FIXED
1000 COUNTS

DE-INTEGRATE PHASE
0 - 1889 COUNTS

TOTAL CONVERSION TIME = 4000 x tcy ock = 16,000 X tosc
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Detailed Description
Analog Section

Figure 3 shows the Analog Section for the ICL7106 and
ICL7107. Each measurement 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
Caz 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 integrate, 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 Hl and IN LO
for a fixed time. This differential voltage can be within a wide
common mode range: up to 1V from either supply. If, on the
other hand, the input signal has no return with respect to the
converter power supply, IN LO can be tied to analog
COMMON to establish the correct common mode voltage. At

the end of this phase, the polarity of the integrated signal is
determined.

De-Integrate Phase

The final phase is de-integrate, or reference integrate. Input
low is internally connected to analog COMMON and input
high is connected across the previously charged reference
capacitor. Circuitry within the chip ensures that the capacitor
will be connected with the correct polarity to cause the
integrator output to return to zero. The time required for the
output to return to zero is proportional to the input signal.
Specifically the digital reading displayed is:

Vin
DISPLAY COUNT = 1000 v
REF

Differential Input

The input can accept differential voltages anywhere within the
common mode range of the input amplifier, or specifically from
0.5V below the positive supply to 1V above the negative sup-
ply. In this range, the system has a CMRR of 86dB typical.
However, care must be exercised to assure the integrator out-
put does not saturate. A worst case condition would be a large
positive common mode voltage 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 appli-
cations the integrator output swing can be reduced to less
than the recommended 2V full scale swing with little loss of
accuracy. The integrator output can swing to within 0.3V of
either supply without loss of linearity.

=1l ¢
STRAY - CRer L stray :[
'; ; R(NT CAZ =~ CINT
BUFFER
Crerty REFHI REFLO{ Cgeg- v+ AZ INT

L Q= Q= = == - - - i Bulbaliadidi i« ol T T « ot S PP YO R
q 1] T 35 33 27
i V+
: AZ AZ INTEGRATOR
1 T0
! 10pA : > DIGITAL

SECTION
134

INHI & @
]
1 INT DE- DE+ INPUT AZ
1 HIGH
! .
; AZ
X COMPARATOR
N
1
155 DE+ DE-
COMMON &— *
INPUT
! i INT A-Z AND DE(#) Low
INLO ‘;‘ %8} s

b e e - - - e - - - — - O e e e e e e e e e e e e e . e e = - ——

FIGURE 3. ANALOG SECTION OF ICL7106 AND ICL7107
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Differential Reference

The reference voltage can be generated anywhere within the
power supply voltage of the converter. The main source of com-
mon mode error is a roll-over voltage caused by the reference
capacitor losing or gaining charge to stray capacity on its
nodes. If there is a large common mode voltage, the reference
capacitor can gain charge (increase vottage) when called up to
de-integrate a positive signal but lose charge (decrease volt-
age) when called up to de-integrate a negative input signal.
This difference in reference for positive or negative input voltage
will give a roll-over emor. 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. However, 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 cosfficient typically less than 80ppm/°C.

The limitations of the on chip reference should also be
recognized, however. With the ICL7107, the internal heating
which results from the LED drivers can cause some
degradation in performance. Due to their higher thermal resis-
tance, plastic parts are poorer in this respect than ceramic.
The combination of reference Temperature Coefficient (TC),
internal chip dissipation, and package thermal resistance can
increase noise near full scale 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
positive TC reference may require several counts to pull out of
an over-range condition. This is because over-range is a low
dissipation mode, with the three least significant  digits
blanked. Similarly, units with a negative TC rnay cycle
between over-range and a non-over-range count as the die
alternately heats and cools. All these problems are of course
eliminated if 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 is also used as the input low return during
auto-zero and de-integrate. 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. If
reference can be conveniently tied to analog COMMON, it

S

should be since this removes the common mode voltage
from the reference system.

Within 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
10pA of source current, so COMMON may easily be tied to a
more negative voltage thus overriding the internal reference.

V+

v
REF HI
\ 6.8V
REF LO |—» ZENER
ICL7106 l'z
ICL7107
V-
FIGURE 4A.
V+
A\ 6.8kQ
ICL7106 20kQ
ICLT107 k
REF HI[—> ICL8069
1.2V
REFLO L REFERENCE
COMMON
FIGURE 4B.

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.

v+ 1™MQ
TOLCD
DECIMAL
POINT
ICL7106
I
&P 21 ll—“ |
TEST
37 ToLCD

° 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 mode, the segments have a constant DC
voltage (no square-wave). This may burn the LCD display if main-
tained for extended periods.

I lV+
v 8P NS
T D+

1 1
— TOLCD
DECIMAL ! DECIMAL
POINT r ! POINTS
seLect | [
1 1

D+

! cp4030 ¢

" Tewo

ICL7106

TEST

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

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 follower. This supply is made stiff to
absorb the relative large capacitive currents when the back
plane (BP) voltage is switched. The BP frequency is the
clock frequency divided by 800. For three readings/sec., this
is a 60Hz square wave with a nominal amplitude of 5V. The
segments 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
segments.

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 current 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.

id44568789 D N
e c e C e c
d d d
BACKPLANE
——————————————————————————— - -k——- - + - -4 H ———(P———-|
21 i
]
LCD PHASE DRIVER .
S TR T :
7 7 7
TYPICAL SEGMENT OUTPUT SEGMENT | | SEGMENT | | SEGMENT| <200 !
v+ DECODE | | beEcoDE | | DECODE :
0.5mA [ HER 111 | RER 1
1
SEGMENT LATCH f
e [ 11T 4k AH !
2mA !
1000's 100's 10's 1s | 1
~ COUNTER] f COUNTER| [couNTER| fcounTer|® '
INTERNAL DIGITAL GROUND, .
1
TO SWITCH DRIVERS < i
FROM COMPARATOR OUTPUT 1
-Q V+
CLOCK A i
> +4 |——l LOGIC coumon_1 6.2v
1
T 500Q
AAA
4 THREE INVERTERS INTERNAL i phA P TESE
ONE INVERTER SHOWN FOR CLARITY DIGITAL V=1V !
GROUND 1
1
261
40 39 38 T )
_________________ L I Tl i« S T T S |
S L'y
osc 1 0sc2 0sc3
1L
T 13}

FIGURE7. ICL7106 DIGITAL SECTION
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Jid3456789 y 2

TYPICAL SEGMENT QUTPUT
V+

0.5mA

T0
SEGMENT

8mA

DIGITA'.L GROUND

T THREE INVERTERS
ONE INVERTER SHOWN FOR CLARITY

System Timing

Figure 9 shows the clocking arrangement used in the
ICL7106 and ICL7107. Two basic clocking amrangements

can be used:

1. Figure 9A. An external oscillator connected to pin 40.
2. Figure 9B. 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

counts), reference de-integrate (0 to 2000 counts) and

FROM COMPARATOR OUTPUT

a a a
f b f b, f b
g g
e [ e C
d d d
__________ S B -HHIH - B P
1
1
] ] ]
7 7 7 1
SEGMENT | | SEGMENT | | SEGMENT '
DECODE | | DECODE | | DECODE '
LI 111 L] :
LATCH < '
[ ]
l AN NN EY !
1000's 100's 10's 1's ;
COUNTER] | COUNTER| {COUNTER| §counTER[® ;
1
TO SWITCH DRIVERS < :

FIGURE 8. ICL7107 DIGITAL SECTION

r=—====

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

would be used.

To achieve maximum rejection of 60Hz pickup, the signal
integrate cycle should be a multiple of 60Hz. Oscillator
frequencies of 240kHz, 120kHz, 80kHz, 60kHz, 48kHz,
40kHz, 33/3kHz, etc. should be selected, For 50Hz rejec-
tion, Oscillator frequencies of 200kHz, 1 00kHz, 662/3kHz,
50kHz, 40kHz, etc. would be suitable. Note that 40kHz (2.5

readings/second) will reject both
400Hz and 440Hz).

1 INTERNAL TO PART
]
' | +4 | — cLOCK
]
{
]
1
]
LQ40 - = = = = =839 - m e e m 838 e o
y ¥ GND ICL7107
signal integrate (1000 TEST ICL7106
- FIGURE 9A.
i
' INTERNAL TO PART
]
1 <4 f— cLOCK
1
]
1
]
1
L0040 - — - - - = 39 e o B rm e
R [+
T RC OSCILLATOR
50Hz and 60Hz (also
FIGURE 98B.

FIGURE 9. CLOCK CIRCUITS

- . e
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Component Value Selection
Integrating Resistor

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 nonlinearity. 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 scale.

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
3.5V to +4V swing is nominal. For three readings/second
(48kHz clock) nominal values for Cint are 0.22uF and
0.10uF, respectively. Of course, 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 low dielectric absorption to prevent roll-over
errors. While other types of capacitors are adequate for this
application, polypropylene capacitors give undetectable
errors at 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, a 0.47uF capacitor is recommended. On the
2V scale, a 0.047F 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, where 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
emor. Generally 1uF will hold the roll-over eror to 0.5 count
in this instance. -~

Oscillator Components

For all ranges of frequency a 100k resistor is recommended
and the capacitor is selected from the equation:

[ 045

RC For 48kHz Clock (3 Readings/sec),
C = 100pF.

Reference Volitage

The analog input required to generate full scale output (2000
counts) is: Vi = 2VRgr. Thus, for the 200mV and 2V scale,
VRrer 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 voltage 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 voltage directly
and select VReg = 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
VN # 0. Temperature and weighing systems with a variable
fare are examples. This offset reading can be conveniently
generated by connecting the voltage transducer between IN
Hl and COMMON and the variable (or fixed) offset voltage
between COMMON and IN LO.

ICL7107 Power Supplies \

The ICL7107 is designed to work from +5V supplies.
However, if a negative supply is not available, it can be
generated from the clock output with 2 diodes, 2 capacitors,
and an inexpensive IC. Figure 10 shows this application. See
ICL7660 data sheet for an aiternative.

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 external reference is used.

LA W/ A e
. CDaoos | =
1 ]
v+ : :
1 1 IN914 +
0sc2 F—MWA—+¢ | i 10
[ "‘I >°'< 1 uF
osc3 ﬁ"J i 1 | 0.047 .
IcLT107 X wl Do | HF
GND ] I |IN914
1 1

FIGURE 10. GENERATING NEGATIVE SUPPLY FROM +5V
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Typical Applications

The ICL7106 and ICL7107 may be used in a wide variety of
configurations. The circuits which follow show some of the
possibilities, 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 Intersil Corporation.

Application Notes

AnswerFAX
NOTE # DESCRIPTION DOC. #
ANO16 | “Selecting A/D Converters” 9016
ANO017 | “The Integrating A/D Converter” 9017
ANO18 |“Do's and Don'ts of Applying A/D 9018
Converters”
AN023 | “Low Cost Digital Panel Meter Designs” 9023
ANO032 | “Understanding the Auto-Zero and 9032
Common Mode Performance of the
{CL7136/7/9 Family”
AN046 | “Building a Battery-Operated Auto 9046
Ranging DVM with the ICL7106"
ANO052 | “Tips for Using Single Chip 3112 Digit A/D 9052
Converters”

Typical Applications
—_—— TO PIN 1 ——
osc 1 [0 T
osc 2 [39)
osca B8 N -
TEST [37] Jo0pg / =100mV
REF H
REF LO g———1
1 22kQ
Crer [— WF &
Crer [BF—T
COMMON [32}——¢ e | .
IN HI Eﬁ P o 4‘v‘v‘v -0
Lo Fal == 0.01pF IN
[ 30—047F 2
AZ |29 2
47¢Q Ny
BUFF q — 8V
gy T
V- 0.22pF
G2 [29
c3 |2
2 TO DISPLAY
a3 (3]
G3 |2
BP 2] TO BACKPLANE

Values shown are for 200mV full scale, 3 readings/sec., floating
supply voltage (9V battery).

FIGURE 11. ICL7106 USING THE INTERNAL REFERENCE

OSC 2 |39

osc3 (38— }——

TEST [37] 1y

REF HI E-——————;
REF LO [35}————————M—A—d—o0 *V
Crer [3—0
Crer [B—T
COMMON [32}——

IN HI }
INLO [30— & S
AZ '
BUFF E——’VW‘_—‘
INT [——ro —

V- 28—
G2 [
c3 74
A3 g

G3
GND [2}—— - c e e == = =

Values shown are for 200mV full scale, 3 readings/sec. IN LO may
be tied to either COMMON for inputs floating with respect to
supplies, or GND for single ended inputs. (See discussion under
Analog COMMON.)

2eR V>
0S¢ 1 [ ——— 5]

ﬂ.sv

'y

FIGURE 12. ICL7107 USING THE INTERNAL REFERENCE




ICL7106, ICL7107, ICL7106S, ICL7107S

Typical Applications (continued)

e —— TOPIN 14— PRR— TOPINT ——
osc 1[4 = 95C 1[40 100kQ
osc2 [ osc2 [
osc3 [3g SET Vger 0SC3 38— l——r g7y
TEST [37] 100pF / =100mV TEST (37 100pF = 100mV
REF HI H REF HI E———;
REF LO [35}— N Mlp=te0 Vi REF LO [35}—————¢—AM—AAT—4o *5V
kQ 10 0kQ 1KQ  100kQ
c Crer [3— N
Rer 34— OMFe Py - 0.4pF A 6.8V
CreF [3—T 1.2V (ICL8069) CreF [B—
COMMON [Z2}———4 ™Mo . COMMON [32}———4 wma | .
371 (311 ! A
N T A N LT I AN
INLO [30}— T > N Lo [30) T ¢ DY
—1 0.47uF . - ot ) 0.47uF -
il = Arra | s = e L
BUFF g_w_—*r 1 BUFF [28 )
Wy e [y
v-[H 0.22yF b ov- v- 7@ 0.22,F )
1
G2 [25 1 G2 |25
c3 [2 ! c3 [z
2 TO DISPLAY ' 24 TO DISPLAY
NE : ME
63 [ : G3 [2]
GND E—j_ _________ a GND E__L

IN LO is tied to supply COMMON establishing the correct common mode ~ Since low TC zeners have breakdown voltages ~ 6.8V, diode must
vottage. if COMMON is not shorted to GND, the input voltage may float  be placed across the total supply (10V). As in the case of Figure 14,
with respect to the power supply and COMMON acts as a pre-regulator  IN LO may be tied to either COMMON or GND.

for the reference. if COMMON is shorted to GND, the input is single

ended (refered to supply GND) and the pre-regulator is overidden.

FIGURE 13. ICL7107 WITH AN EXTERNAL BAND-GAP FIGURE 14. ICL7107 WITH ZENER DIODE REFERENCE
REFERENCE (1.2V TYPE)
‘ TOPIN1¢
<
—— TO PIN 1 ¢——— VY oscil ) )
0SC 1 » 100kQ
100kQ 0sCc 2 )
0SC 2 [3——WA———¢ osc3 f@—
SET V,
0SC3 [Bl——dl——  sETVRee 100pF W o biod
TEST |37 100pF = 100mV sy 2] Y 4 bl
57 / s REF HI E—%‘
REF Hi [F—————— ReF Lo [T— AA— Ao +5v
REF LO (35} AAA——AN—6—0 V+ ¥ 1kQ  10kQ | 15kQ
Crer [34 25kQ 240 Ree B ——, otuFy py |
0.1pF Crer [B— 1.2V (ICL8069)
Crer [3——T COMMON |33 Mo .
COMMON 32— 4 1MQ . IN Ht 37}  ——y By
i T O INLO (30— RO o™
30]— Tz o . s
NLO [ — A2 (B |y
A-Z E-—u—-— BUI g—wy—
470kQ i
BUFF [28————AA—¢ INT E—g——
INT 2] | e
V.- E 0.22uF o V- G2 E
c3
G2 [ | TO DISPLAY
cs 3 TO DISPLAY =
A3 2] G3 [
6s [ GND |77}
BPIGND |21 =
e An external reference must be used in this application, since the
voltage between V+ and V- is insufficient for correct operation of the
internal reference.
FIGURE 15. ICL7106 AND ICL7107: RECOMMENDED FIGURE 16. ICL7107 OPERATED FROM SINGLE +5V

COMPONENT VALUES FOR 2V FULL SCALE
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Typical Applications (Continued)

TOPIN1¢—0

S
0S¢ 1 a0 ——

V+

0sc2
osc3
TEST
REF HI
REF LO
Crer
Crer
COMMON
INHI
INLO 35
AZ
BUFF
INT

V-

G2

c3

A3

G3
GND

100pF

&

:J_".'

The resistor values within the bridge are determined by the desired
sensitivity.

FIGURE 17. ICL7107 MEASUREING RATIOMETRIC VALUES OF
QUAD LOAD CELL

g o ——
0sc 1[40 (T
o fm 1
OSC 3 |38
100pF  SCALE
TEST [37] PT #FACTOR

REF Hi

REF LO |35} MW—MWA—¢ <
100kQ 1MQ | 3
c
i Eml 100kQ 220kQ
CREF E—J- ""' ""‘f
COMMON

TO PIN 1 ¢——

ADJUST«»—I

T

< 22kQ

1

INHI SILICON NPN
Lo MPS 3704 OR
= 0.47uF SIMILAR
A2 15 it a7k | &
BUFF E—M———v = 9v
INT E—Tzq}_ T
v- 2§ -
G2 [
c3
2 TO DISPLAY
A3 23]
G3 [
BP [Al— . 70 BACKPLANE

A silicon diode-connected transistor has a temperature coefficient of
about -2mV/°C. Calibration is achieved by placing the sensing
transistor in ice water and adjusting the zeroing potentiometer 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
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FIGURE 19. CIRCUIT FOR DEVELOPING UNDERRANGE AND
OVERRANGE SIGNAL FROM ICL7106 OUTPUTS
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FIGURE 20. CIRCUIT FOR DEVELOPING UNDERRANGE AND
OVERRANGE SIGNALS FROM ICL7167 OUTPUT
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Typical Applications (Continued)
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Test is used as a common-mode reference level to ensure compatibility with most op amps.

FIGURE 21. AC TO DC CONVERTER WITH ICL7106
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FIGURE 22. DISPLAY BUFFERING FOR INCREASED DRIVE CURRENT
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Dual-In-Line Plastic Packages (PDIP)

E40.6 (JEDEC MS-011-AC ISSUE B)
40 LEAD DUAL-IN-LINE PLASTIC PACKAGE

INDEX INCHES MILLIMETERS
AREA —=r41 2 3
SYMBOL| MIN MAX MIN MAX | NOTES
A - 0.250 - 6.35 4
II £ l A1 0.015 - 0.39 - 4
BASE —1—_1 A2 0.125 6.195 3.18 4.95 -
PLANE i
A B 0014 | 0.022 | 0.356 | 0.558 -
SEATING ———— .
PLANE l L € B1 0.030 0.070 0.77 1.77 8
D1-e ' & C 0.008 0.015 0.204 0.381 -
Bl | = D 1.980 2.095 | 50.3 53.2 5
Bl e .$ = - D1 0.005 0.13 5
0010 0.25 @[ c[A[B®) | s = .
E 0.600 0.625 { 15.24 15.87 6
NOTES: E1 0.485 0.580 § 12.32 14.73 5
1. Controlling Dimensions: INCH. In case of conflict between English e 0.100 BSC 2.54 BSC -
and Metric dimensions, the inch dimensions control. ea 0.600 BSC 15.24 BSC 5
2. Di foning and tol i ANSI Y14.5M-1982.
imensioning a o.erancmg per : -1 s 3 0.700 . 778 7
3. Symbols are defined in the “MO Series Symbol List" in Section 2.2
of Publication No. 95. L 0.115 0.200 2.93 5.08 4
4. Dimensions A, A1and L are measured with the package seated in N 40 40 9
JEDEC seating plane gauge GS-3. Rev. 0 12/93
5. D, D1, and E1 dimensions do not include mold flash or protrusions.
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm).
6. E and are measured with the leads constrained to be per-
pendicular to datum E
7. eg and ec are measured at the lead tips with the leads uncon-
strained. ec must be zero or greater.
8. B1 maximum dimensions do not include dambar protrusions.
Dambar protrusions shall not exceed 0.010 inch (0.25mm).
9. N is the maximum number of terminal positions.
10. Comerleads (1, N, N/2 and N/2 + 1) for £8.3, £16.3, E18.3, E28.3,

E42.6 will have a B1 dimension of 0.030 - 0.045 inch (0.76 - 1.14mm).
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Metric Plastic Quad Flatpack Packages (MQFP/PQFP)

o Q44.10x10 (JEDEC MO-108AA-2 ISSUE A)
D1 44 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE
ey I — INCHES MILLIMETERS
ﬂﬁ i H H H H H H H H BOL MIN MAX MIN MAX NOTES
' L A - 0.093 - 2.35 8
0= ' —J A1 0.004 | 0010 [ 0.10 0.25 -
o—] ! ;|
o : —— A2 0077 | 0083 | 195 | 210 .
o ! = B 0.012 | 0018 | 0.30 0.45 6
=] ! | —
E E1 —=f~ = === O O g =y B1 0.012 0.016 0.30 0.40 -
f [ — ! —D D 0510 | 0530 | 12.95 | 13.45 3
5 = ! =17
] [ == D1 0390 | 0398 | 990 | 10.10 4.5
—— o I —1=— E 0.510 | 0530 | 1295 | 1345 3
J N il E1 039 | 0398 | 9.90 | 10.10 4.5
] e
1 H H H H H H H H H H H ¥ 0.026 0.037 0.65 0.95 -
PNt 44 44 7
l e 0.032 BSC 0.80BSC -
SEATING
{ j A PLANE Rev. 1 1/94
H / NOTES:
i Y i v, 0.10 1. Controlling dimension: MILLIMETER. Converted inch
' t oo Agme ,
¥ i D dimensions are not necessarily exact.
0.40 ~ L-_\So . o — 2. All dimensions and tolerances per ANSI Y14.5M-1982.
0.076 MIN— i IG 6‘6’08@, CI A'B©10© 3. Dimensions D and E to be determined at seating ptane [-C-].
0OMIN T —=| B. |= 4. Dimensions D1 and E1 to be determined at datum plane
= = i
0°.7° * l l _'l 4 I T 5. Dimensions D1 and E1 do not include mold protrusion.
{ — = 8 Dy & A Allowable protrusion is 0.25mm (0.010 inch) per side.
L ' l ~|l-s5046° f 0_60510:007_ | I 6. Dimension B does not include dambar protrusion. Allowable
—=|L |- 4 / > dambar protrusion shall be 0.08mm (0.003 inch) total.
BASE METAL 7. “N"is the number of terminal positions.
WITH PLATING o 1
0.005/0.009

All Intersil semiconductor products are manufactured, assembled and tested under 1ISO9000 quality systems certification.

Intersil semiconductor products are sold by description only. Intersil Corporation reserves the right to make changes in circuit design andfor specifications at any time with
jout notice. Accordingly, the reader is cautioned to verify that data sheels are current before placing orders. Information fumished by Intersil is believed to be accurate ang
yoliable. However, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may resul|
m its use. No license is granted by implication or otherwise under any patent or patent rights of Intersil or its subsidiaries.

For information regarding Intersil Corporation and its products, see web site httpz/iwww.Intersil.com
Sales Office Headquarters
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