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ELECTRONIC DBAIANCE

Kusol Leupairote
Bomyos Supakijnorasret
DR. Paisal Nakpipat Advisor

1989

Abstract

This electronic balance is based on the underlying
principle of electromagnetic force compensation. Since
the force on a conductor placed in a magnetic field is
proportional to the coil current causing the field, the
voice coil in a loudspeaker can be used as a force sensor
if weight is transferred direct onto the cone and thus
onto the voiceé coil, After measuring the cone displacement,
an elsctronic control circuit arranges for a current to
be sent thrdugh the voice coil, causing the initial
position of the cone to be shifted,i.e. it is pushed
outwards. The current necessary to effect the counter-
balancing cone displacement is directly proportional to
the forceapplied to the voice coil. In the proposed
design, the loundspeaker'is a faily powerful type that
ensures adequate repeatability in the stated weight
ranges of 0 to 200 and 200 to 500 g.
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INTERS L

FEATURES
¢ Guaraniteed zero reading for 0 volts Input on all
scales.
True polarity at zero for procise null detection.
1 pA Input current typicel.
True differentlal input and reference.
Direct display drive - no external components
required. — LCD ICL7106
— LED ICLT107
Low noise - less than 15uV pk-pk.
On-chip clock and reference.
Low power dissipstion - typicaily less than 10mW.
No additional active circuits required.
Evaluation Kit svailable.

ICL7106, 71Q;
32 Digit Single Chi;
A/D Converte;

s

Py

GENERAL DESCRIPTION

The Intersii ICL7106 and 7107 are high performance, io,
power 3-1/2 digit A/D converters. All the necessary actiy
devices are contained on & single CMOS 1.C., inciug;
seven segment decoders, display drivers, reference, ang,
clock. The 7106 is designed 10 interface with a liquid crysy
display (LCD) and includes a backplane drive; the 7107 w;
directly drive an instrument-size light emitting diode (Lg;
display.

The ‘7106 and 7107 bring together an unprecedenty
combination of high eccuracy, versatility, and true econ,
High accuracy like auto-zero to less than 10uV, zero dritig
less than 14V/°C, input bias current of 10 pA max., and rol.
over error of less than one count. The versatility of true ditty
entia! input and reference is usetul in ail systems, but giw,
the designer an uncommon advantage whan measuring foy:
cells, strain gauges and other bridge-type transducers. Ax
finally the true economy of single power supply Oppratie
(7106}, enabling & high performance panel meter to be e
with the addition of only 7 passive components end a dispia,

TYPICAL CONNECTION DIAGRAMS

-
+ -

el
L

ICLT106 with Liquid Crystal Displsy

- oy -~ S
)
.
at e
[ T =4 v
(3
n| r
D n ~ =
! < §E R
.
| i
) BTERSNL VST
£ . 5
4 NI RS

"l‘ C{ q,q "".-f"‘..l PASR

ICLY107 with LED Displey

ORDERING INFORMATION PIN CONFIGURATION .
! (o) mwem Y [T -~ b5 wec o
D funTs) (1) 3 OsC 2
- ~r C (UmITH) (&, osC
Part Package Temp. Range Order Part # 8 e ) i e i
7108 40 pin ceramic DIP | 0°C 1o +70°C | ICL7106CDL o ourer 11 i e enr
7106 40 pin plastic DIP 0°C1o +70°C  |ICLT106CPL [ Sdiddd % Comon
7107 40 pin ceramic DIP 0°Cto +70°C ICL7107CDL : m::n o B0 werury " i
no7 40 pin piastic DIP 0*C to +70°C ICLT107CPL " m-lln i) I8 wuro-1en0
7106 Kit | Evaluation kits contain iC, display, circuit | ICLT106EV/Kit . v rey b7 rrenaTon :
7107 Kit bosrd, passive components and hardware. | ICL7107EV/Kit S hea M P -y
See pige 10. g AT I
AR ““fv' Py Ti, :(l.ll M'-
(eus) (7168 /::"’




|CL7106/ICL7107

ABSOLUTE MAXIMUM RATINGS 1cL 7107
ICL 710§ SupplyVoltage V+ .. ..ot iiiriiiiiiiiiiiiiiieas +6vV
SupplY. Voltage (VH 1O V- oooiiiiiiieinnienamnns. 15V ' V- e evaevassiastrsncosnnesnans -8V
Analog Input Voltage (either input) (Note 1) ...... V+toV- Anslog l[\put Voltage (either mput) (Note ) ...... V+to V-
Relerence Input Voltage (eitherinput) Reference Iriput Voltage (eitRerinput) ............ V+to V-
Clock INPUL 1 ivereteerescsrstentaenaanacaces ClOCK ENPUL L oeveiiiiiirenenrnarasonnenivennes GndtoV+

power Dissipation (Note 2) l_’ower Dissipation (Note 1)

Ceramic PBCKAQS .. \ovvrniaeeniirinaiiannes | CeramicPackage .........ooceicereaiiiananes 1000 mW
pastic Packadge ............. Plastic Packdge .........cocevicecncicceinnnes 800 mwW
pperating Temperatore ........ Operating Temperature ............... ..0°Ct0+470°C
Siorage TOMPErature .............cc... Storage Temperature .........ccouveeen -65°Cto+160°C

.............. 300°C Lead Temperature (Soldering,60sec) .............. 300°C -

Lead Temperature (Solidering, 60 sec)

note 1: Input voltages may exceed the supply vollages provided the Input current is Himited to $100uA
note 2. Dissipstion rating assumes device s mounted with all leads soldered to printed circuit board.

ELECTRICAL CHARACTERISTICS (Note 3)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Zero Input Reading Vin = 0.0V .
Full Scale = 200.0 mV -0000 | *000.0 +000.0 Digital Reading
Ratiometric Reading Vin = Vref 298 £99/1000 1000 Digits! Reading
Vre! = 100 mV .
Rollover Error (Ditfersnce in “I-Vin = 4Vin = 200.0mV -1 *2 +1 Counts
reading for equal positive and .
negative resding near Full Scale)
Linearity tMax. deviation from Full scale = 200mV -1 +2 41 Counts
pest straight line fit) of tull scale = 2.000V
Common Mode Rejection Ratio Vem = 21V, Vin = 0V. 50 »V/NV
tNote 4) Full Scale = 200.0mV.
Noige (Pk - Pk value not exceeded | Vin = 0V 4 15 MY
.| 95% of time) Full Scale = 200.0mV
Leskage Current @ input Vin = OV 1 10 pA
2ero Reading Drift Vin =0 0.2 1 . uvrec
0°< T <70°C
Scale Factor Temperature Vin = 189.0mV 1 5 ppm/°C
CoeHicient 0<Ta<70°C
. (Ext.Rel.Oppm/* C} .
Supply Current (Does not Vin=0 0.8 1.8 mA
include LED current for 7107 g
Analog Common Voltage (With 25KN between Common & 2.4 28 32 Volts
respect to pos. supply! pos. Supply g
Temp. Coetl. of Analog Common |25K0l between Common & 80 ppm/°C
twith respect to pos. Supply) . | pos. Supply .
1106 ONLY V Supply = 8V ‘ 4 5 6 Volts :
Px-Pk Segment Drive Voltage
iNote 5)
7106 ONLY V Supply = 9V 4 5 6 Voits
Px-Pk Backplane Drive Voltage
‘Note 5) .
7107 ONLY +Supply = 5.0V 5 8.0 mA
Segment Sinking Current Segment voltage = 3V
'Except Pin 19)
7107 ONLY +Supply = 5.0V 10 16 mA
Segment Sinking Current Segment voltage = 3V
m\ 19 only}

Note 3: Unless otherwise noted. specifications apply to both the 7106 and 7107 at Ta = 25° C, fciock ='48kHz. 7106 is tested in the circult ot Figure

1. 7107 Is tested in the circuit of Figure 2.
Note 4: Refer to "Differential Input” discussion on page 4. ’
Note 8: Back plane dnive is 1n phase with segment drive for ‘off' segment, 180" ‘out of phase for ‘on’ segment. Frequency is 20 times conversion

rate. Average OC component is less than 50mV.
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DETAILED DESCRIPTION
ANALOG SECTION

Figure 3 shows the Block Diagram of the Analog Section for

Figure 2: 7107 3
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into three phases. They are (1) auto-zero (A-2), tzfq

the ICL 7106 and 7107. Each measurement cycle is divided integrate (INT) and (3) deintegrate (D), N
L
It £
Caar

(UL nE¥ LO .

D B it - B - R - e &
[ 3 <AL
: e "-f.

]

| %

. I e v
4 @z [ To piartay d
[ el
i © .
?_ ™7 OF (-1 A DE (4} J'.‘;
1 '
: w 3

ke @) ok (v} ot (-} :

o K
i 4
i ) A2 & DR(2} $
wio ¥ ¥
1 T ey

L ) P i 5

4

N

Fgure 3: Analog Section of 7106/7107

1. Auto-zero phase

During auto-zero three things happen. First, input high
and iow 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 1o compsensate for ofiset
voltages in the buffer amplifier, Integrator, and
comparstor. Since the comparator is inciuded in the loop,
the_A-2 accuracy is limited only by the noiss of the
system. In any case, the offset referred to the inputisiess
than 10uV.

. 2. Signal Integrate phase

During signal integrate, the auto-zero loop is opened, the
internal short is removed, and the internal input high and
low sre connected to the external pins. The converter
then integrates the differential voltage between input

e

o
high and input low for a fixed time. This citten
voltage can be within 8 wide common mode rangs;v
one volt of either supply. If, on the other hand, thet
signal has no return with respect to the convarterg
supply, input low csn be tied to analog comns
establish the correct common-mode voltags. Atth
of this phase, the polerity of the integrated sige
determined.

3. De-integrate phose 2

The final phase is de-integrate, or reference iniey
Input low is internally connected to analog commo
input high is connected across the previously ch
reference capacitor. Circuitry within the chip en
that the capacitor will be connected with the &®
polarity to cause the integrator output to retum 1
The time required for the output to return to ¥
proportional to the input signal. Specitically tha &
reading displayed is 1000 (&‘ﬁl.



ICL7106/ICL7107"

pitterential Input

Tne input can accept ditferential voltages anywhere within
me common mode range of the input amplifier; or
srecitically from 0.5 volts below the positive supply to 1.0
woit above the negative supply. in this range the system hasa
CMRR of 86 dB typical. However, since the integrator also
swings with the common mode voltage, care must be
erercised o assure the integrator output does not saturate,
A worse case condition would be a Iarge positive common-
mode voltage with 8 near full-scale negative ditferantial input
wtiage. 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 applica-
1ons the integrator swing can be reduced to less than the
-ecommended 2V tull scale swing with littie loss ofaccuracy.
Tne integrator output can swing within 0.3 volts of either
supply without loss of linearity.

Ditferential Reference

The reference voltage can be generated anywhere within the
power supply voltage of the converter. The main source of
common mode error is a roll-over voltage caused by the
reference capacitor fosing or gaining charge to stray
capacity on its nodes. If there is & large common mode
wltage, the reference capacitor can gain charge (increase
voltage! when called up to de-integrate a positive signal but
10se charge (decrease voltage) when called up to deintegrate
a negative input signal. This ditference in reference for (+) or
- input voltage will give & roll-over error. However, by
selecting the reference capacitor large enough in
comparisqn to the stray capacitance, this error can be held to
ess than 0.5 count for the worse case condition. (See
Component Vaiues Selection below).

Ansiog Common K

Ths pin is included primarily to’'set the common mode
voltage for battery operation (7106) or for any system where
the input signals are fioating with respect to- the power
supply. The common pin sets a voltage thatis approximately
2.8 voits more negative than the positive supply. This is
selected 10 give a minimum end-of-life battery voltage of
svout 6V. However, the analog common has some of the
atiributes of 8 reference voltage. When the total supply
voltage is large enough to cause the zener to regulate (>7V),
the common voitage will have a Jow voltage coefficiant
(001%/%), low otitput impedance (=150)), and a temperature
toetlicient typically less than 80ppm/°C.

The limitations of the on-chip reference should also be
fecognized, however. With the 7107, the internal heating
which results from the LED drivers can cause some
degradation In performance. Due to their higher thermal
resistance, plastic parts are poorer in this respect than
ceramic. The combination of reference Temperature
Coetficient (TC), internal chip dissipation, and package
thermal resistance can increase nolse near {ull scale from 25
+V 10 80 uVpk-pk. Also the linearity in going from a high
dusipation count such as 1000 (20 segments on) to a low
Gasipation count such as 1111 (8 segments on) can sutfer by
8 count or more. Devices with a positive TC reference may
fequire several counts to pull out of an overload condition.
This is because overload is a low dissipation mode, with the
three least significant digits blanked. Similarty, units with a
Negative TC may Cycle between overload and a non-
overioad count as the die alternately heats and cools. Alj

e

these problems are of course eliminated if an external
reference is used.

The 7106, with its negligible dissipation, suffers from none
of these problems. In either case, an external reference can
easily be added, as shown in Fig. 4.
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flgun 4: Using an Externa! Reference

Analog common is also the voltage the input returns to
during auto-zero and de-integrate. If signal low is different
from analog common, &8 common mode voltage exists in the
System and is taken care of by the excelient CMRR of the
converter. However, in some applications input low will be
set at a fixed known voltage (power supply common for
instance). In this application, &nalog 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. It reference can be cdnvenienﬂy referenced to
analog” common, it should be since this removes the
commorn mode voltage from the reference system.

Within the IC, analog common is tied to an N channe! FET
that can sink 30mA or more of current to hold the voltage 2.8
volts below the positive supply (when a load is trying to pull
the common line positive). However, there is only 10uA of
source current, 50 common may easily be tied to a more
negative voltage thus over-riding the internai raference.

Test

The test pin serves two functions. Onthe 7106 it is coupledto
the internally generated digital supply through a 500N
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 wantto include on the
LCD display. Figures 5 and 6 show such an application,

708 TO LCD
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Flgure 8: Simple inverter for Fixed Decimal Point
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The second function is a “lamp test”. When Test is pulled
high (to + supply) all segments will be turned on and the
display should read - 1888. Caution: on the 7108, in the lamp-
test mode, the segments have a constant d-¢ volitage (no
square-wave) and will burn the LCD dispiay if left in this

mode lor.several minutes.
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r Decimal Point Drive
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DIGITAL SECTION d

Figures 7 and 8 show the digitai saction for the 7108 &
7107, respectively. In the 7106, an internal digital Qroung,
generated trom a 6 volt Zener diode and a large P ¢
source follower. This supply is made stiff to absort p,
relative large capacitive currents when the back plane @:
voltage is switched. The BP frequency is the clock frequen,
divided by 800. For three readings/second this is a L%
square wave with a nominal amplitude of § volts g,
segments are driven at the same trequency and amplity
and are in phase with BP when OFF, but out of phase why
ON. in all cases neglible d-c voltage exists QCrosy g,
segments. b

Figure 8 is the Digital Section Of the 7107. It Is ident
excep! the regulated supply and back plane drive have Do
eliminated and the segment drive has been increased frog
to 8 mA, typical for instrument size common anode 13
displays. Since the 1000 output (pin 19) must sink Cury
from two LED segments, it has twice the drive capability or
mA.
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Flgure 8: Digital Section 7107
Syvtem Timing 40kHz (2.5 readings/second) will reject both 50 and 60 Hz

figure 9 shows the clocking arrangement used in the 7106 . {also0 400 and 440 Hz).

11d 7107. Three basic ciocking arrangements can be used: COMPONENT VALUE SELECTION
1 An externai oscillstor connected to pin 40. N 1. Integrating Resistor
2 A crystal between pins 39 and 40, Both the buffer amplifier and the integrator have a class A

output stage with 100uA of quiescent current. They can
supply 204A of drive current with negligible non-linearity.
ol zal ] - 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 reqdirements are not
placed on the PC board. For 2 volt full scale, 470K is
near optimum and similarly a 47K for a 200.0 mV scale.

3 An R-C osciftator using all three pins.

[ me e

»

integrating Capacitor

The integrating capacitor should be selected to give the
maximum voltage swing that ensures tolerance build-up
will not saturate the integrator swing (approx. 0.3 volt
from either supply). In the 7106 or the 7107, when the
enalog common is used as a reference, a nominal 2 volt
full scale integrator swing is fine. For the 7107 with +5 voly

Figurs 8: Clock Circuits

The oscillator frequency Is divided by tour before it ciocks supplies and enalog common tied to supply ground, 8
the decade counters. It is then further divided 1o form the 23.5 1o 24 volt swing is nominal. For three readings/ ,
three convert-cycle phases. These are signal integrate (1000 second (48kHz clock), nominal values for Cynt are .22 and
countsi, reference de-integrate (0 to 2000 counts) and auto- -10uF, respectively. Of course, if different osciliator
2¢r0 (1000 to 3000.counts). For signais less than full scale] frequencies are used, these values should be changed in
Auto-zer0 gets the unused portion of reference deintegrate. Inverse proportion to maintain the same output swing.
This makes a complete measure cycle of 4,000 (16,000 clock . An additiona! requirement of the integrating capacitor is
pulses) independent of input voltage. For three readings/ it have low dielectric absorption to prevent roli-over
second, an oscillator frequency of 48kHz would be used. errors. While other types of capacitors are adequate for
To achisve maximum rejection of 60 Hz pickup, the signal this applicetion. polypropylens capacitors give
‘integrate cycle should be a multiple’ of 60 Hz. Oscillator undelectabie errors st reasonable cost.

requencies .of. 240kHz, 120kHz, BOKHz, 60kHz, 48kHz,

40kHz, 33'4 kHz, etc. should be selected. For 50Hz 3. Auto-Zero Capacitor

‘ejection, Oscitlator frequencies of 200kHz, 100kHz, The size of the auto-zero capacitor has some influence on

65 kHz, 50kHz, 40kHz, etc. would be suitable. Note that the noise of the system. For 200 mV full scale where noise
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is veryimportant,a 0.47,.Fcap'|chor isrecommended. On
the 2 voit scale. a 0.047,F capacitor increases the speed
of recovery trom overload and is adequate for noise on
this scale. .

Reference Capaclior

A 0.14F capacitor gives g0o0d results in most applications.
However, whare a large common mode voltage exists (i.e.
the reference low is not at analog common) and a 200 mV
scale is used, a larger value is required to prevent roll-
over error. Generally 1.0 4F will hoid the roli-over error to
0.5 count in this instance.

Osclliator Components

For all ranges of frequency a 100Kl resistor is
recommended and the capacitor is setected from the
equation f = yi& . For 48kHz clock (3 readings/second), C
= 100pF.

Reference Voltage

The analog input required to generate full-scale output
{2000 counts) is: Vin = 2vrel. Thus, for the 200.0mV snd
2.000 volt scale, Vref shouid equal 100.0 mVand 1.000 volt,
respectively. However, in many applications where the
A/D is connected to a tfransducer, there will exist a scale
factor other than unity between the input voltage and the
digital reading. For instance, in 8 woighing system, the
designer might like to have e full scale reading when the
voltage from the transducer is 0.682V. Instead of dividing
the input down 10 200 0 mV, the designer should use the
{nput voltage directly and select Vref = .341V. Suitable
values for Integrating resistor and capacitor would be
120K and .22 4F. This makes the system slightly quieter
and also avoids a divider network on the input. The 7107
with =5 volts supplies can sccept input signals up to 14
voits. Another advantage o!f this system occurs when a
digital reading of zero is desired for Vin # 0. Temperature

ICL7106/ICL71}

and weighing systems with a variable taré are ox.m'

This offset reading can be converiiently generatee |
connecting the voltage transducer between analog :
and common and the variable (or fixed) offset volty.
between common and analog low. '

7. 7107 Power Supplies .

The 7107 is designed to work from *5 voht tup‘?‘!
However, if a negatjve supply is not evailabie, it cany
generated from the clock output with 2 di

capacitors, and an inexpensive I.C. Figure 10 showy b,
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Figure 10: Generating Negative Supply from +5v

In fact, in selected applications No negative supply,
required. The conditions to use a single +5V supply an

1. Theinput signal can be refarenced to the center oip,
common mode range of the convertar. A

2. The signaf Is less than 1.5 vols.
3. An external reference is used.
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TYPICAL APPLICATIONS
The 7106 and 7107 may be used in & wide variety of

configurations. The circuits which foliow show some of the
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Flgure 11: 7106 using the internat reforence. Values shown are for
200.0 mV full scale, 3 readings per second, Tioating supply voltage
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. ojCAL APPLICATIONS (Contd.)
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TYPICAL APPLICATIONS (Contd.)
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INMERSIIL

intersii’s 7106 and 7107 are the first ICs to contain all the
active circuitry for & 3 1/2 digit pane! meter on a single
chip. The 7106 is designed to Interface with a liquid crysta!
display (LCD} while the 7107 is intended for light-emitting
diode {(LED! displays. in addition to & precision dualsiope
converter, both circuits contain BCD to seven segmaent
decoders, display drivers, a clock and ¢ reference. To
build a high pertormance panel meter (with auto zero and
auto polarity features) itis only necessary to add a display,
4 resistors, 4 capacitors, and an input filter if required
(Figures 1 and 2).

Figure 2: LED Digitai Panel Mater Using 1CLT107

COST ADVANTAGES OF 7106 AND 7107

Until recently, the make or buy decision for any A-to-D
system was dominated by the engineering costs. Even a
simpie panel meter, bullt from oft-the-she!! digital and
tinear ICs, required at least six months of engineering
effort for completion. However, the advent of truly single

INTERSIL,INC,, 10710 N. TANTAU AVE., CUPERTINO, CA 95014

Low Cost Digity
Panel Meter Design;

Including Complete instructi
for intersil's LCD and LED Kiy

chip panel meter functions (intersil’s 7108 and 7107);:
reduced the design effort on the part 61 the user to 2
The make or buy decision becomes a8 simple quntion,
dollars and cents. -

At the time of writing, a 3 1/2digit LED displey pane! may,
can be buitt for $18 in production (5,000) quantities, T
figure lncludes labor at $3 per hour with 300% overhey.
The cost breakdown is as follows:

ICL7107 (@ 5000 pcs)’ $ &
LEDs (4} an
Capacitors (5} N
“Resistors (4} MY
Potentiometer &
Circuit Board 7
Misc. Hardware ' —
TOTALCOMPONENTS 3120
Labor ] ¢
(1/2 hour at $3/hour, 300% overhead!

TOTAL COST 131 V4

including assembly and

A 3 1/2 digit LCD pane! meter, using the 7106, is $3t0¢
more expensive. This is due to the greater cost of pv
display.
These cost figures are considerably lower .than By
teast expensive of the ready-built panel meters. Howew
the cost is not the only advantage; the do-it-youns
approach allows greater flexibllity. Off-the-shelf pay
metoers have  form factors which are (requem.
inconvenient, whereas & single IC design takes wp,
minimum of circult board res! estate. Consider
advantages for field servicing a military radar,
example, i sach complex circuit card had its own buitle
voltmeter and minlature switch. Fault finding would &
greatly simplified by mklng critical voltages lhroqgtm
the system instantly accessibie.

THE EVALUATION KITS

‘After purchasing 8 sample of the 7106 or the 7107, k
majority of users will want to build a simple voitmeter. Th
parts can then be evaluated against the dsta. sher
specifications, and tried out in the intended applicatic’
However, locating and purchasing even the smali numbe
of additional components required, then wiring
breadboard, can often cause delays of days or somelme
weoks..To avoid this problem and tacilitate evaluations
these wunique circuits, Intersil is offering a kit wix
conlains all the necessary components to build 2 31°
digit panel mater. With the help of this kit, an enginesc
technician can have the system “up and running” in aba:
haif an hour.

Two kits are offered, the ICL7106EV/KIT and ®
1CL7107EV/KIT, Both contain the appropriate IC, a cirte
board, a display (LCD for 7106EV/KIT, LEDs &
7107EV/KIT), passive components, end mlscollnnoo:
hardware,

(408) §96-5000 TWX 910-33801
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(s) Assembly Instructions

The circuit board leyouts and assembly drawings for both
xits are given in the Appendices. The boards are single-
s:ded to minimize cost and simplity assembty. Jumpers
sre used to allow maximum flexibility. For example,
p,ovislon has bean made for connecting an external clock
Test Point #5). Provision has also been made for
separating REF Lo from COMMON when using an
external reference zener. in a production instrument, the
poard area could be reduced dramaticatly. Aside from the
aisplay, all the components can easily be placed in less
man 4 square inches of board space.

Molex® pins are used to provide & fow cost IC sockel; one
cuwrcuit board can thus be used to evaluate severa! ICs.
‘Strips of 20 pins should be soldered onto the P.C. boards:
tne top of the strip holding the pins together can then be
broken off by bending it back and forth using needle-nose
phersl. Solder terminals are provided for the five test
potnts, and for the x5V input on the 7107 kit.

() Fuli Scale Reading - 200mV or 2.000V?

Tne component values supplied with the kit are those
specilied in the schematics of Fig."1 or Fig. 2. They have
been optimized for 200.0mV full scale reading. The
complete absence of last digit jitter on this range
ilustrates the exceptional noise performance of the 7106
and 7107. In fact, the noise level inot excesded 85% of
tme) is about 15;V, a factor of 10 less than some
competitive one chip pane! meters.

To modity the sensitivity to 2.000 volts full scale, the
integrator time constant end the reference should be
changed by substituting the component values given in
the Tabte below. The auto-zero capacitor (Cz) should also
be changed. These additiona! components are not
supplied in the kits. In addition, the decimal point jumper
should be changed 30 the display reads 2.000.

TABLE 1: Component Values for Full Scale Options

COMPONENT 200.0mV 2.000V
{type) . Full Scale Full Scale

. Gz (mytan 0.47uF 047uF

Ry 24KN 1.5Kn*

Rz 47K} 470KN

*Changing Ry to 1.5K11 wilt reduce the battery lite of the 7106 kit.
As an alternative, the potentiometer can be changed to 25K,

(¢} Liquid Crystal Dispiay (7106)

Liquid crysta! displays are generally driven by applying a
symmetrical square wave to the back-plane (B.P.), To turn
on & segment, a waveform 180° out of phase with B.P. (but
of equat amplitude) is applied to that segment, Note that
excessive D.C. voltages (>50mV) wilt permanently
Oamage the display if apptied for more than a few minutes.
The 7106 generates the segment drive waveform
internatly, but the user should generate tha decima! point
front plane drive by inverting the B.P. (pin 21) output.”* In
applications where the decimal point remains fixed, a

"in some displays, & satistactory decims! point can be achieved
by tying the decimal tront plane 10 COMMON (pin 32). This pin
1s internally regulated at about 2.8 volts below V+, Prolonged
use of this technique, however, may permanently burn-in the
Oecimal, because COMMON is not exactly midway between
B P. nigh and B.P, low. N

* oscillates between V+ & TEST.‘

.
simple MOS inverter can be used (Fig. 3. For instruments
where the decimal point must be shifted, a quad exclusive
OR gate is recommended (Fig. 4). Note that in both
instances, TEST (pin 37, TP1) is used as V- for the
inverters. This pin is capabte of sinking about 10mA, and
is approximately 5 volts below V+. The B.P. output (pin 21)

DECHAAL POINT

10 LCD
.fCl PLANE

Flgure 3: Simple Inverter for Fixed Decimal Point
1]

v renéooq
pet \ 1
TRu
— )
' i
—— T T01C0
s P : ! }oEcmaL
seLecY ! )D—‘— |kl
1

TET

Figure &: Exclusive ‘OR’ Gate for Decimal Point Drive

Betore soldering the dispiay onto the circuit board, make
sure that it is inserted correctly. Many LCD packages do
not have pin #1 marked, but the segments of an
unenergized display can be seen by viewing with reflected
light. The package orientation should correspond with
that shown in Appendix I.

S

(d) Light Emitting Dicde Displisy (7107)

The 7107 pull-down FETs will sink about 8mA per
segment. Using standard common anode .3" or .43" red
LEDs, this drive leve!l produces a bright display suitable
for almost any indoor application. However, additiona!
brightness can be achieved through the use of Hewlett
Packard high-efficiency LEDs. Note that the display
contrast can be increased substantially by using a red
filter. Rel. 4 discusses filter techniques and lists
manufacturers of suitable materials. .

A fixed decimal point can be turned on by tying the
appropriate cathode to ground through a 1500 resistor.
The circuit boards supplied with the kit will sccomodate
either H.P. 0.3" displays or the popular MAN 3700 types.
The difference between the two Is that the H.P. has the

+ decimal point cathode on pin 6, whereas the MAN 3700

uses pin 8. Due to the limited space on the circuit board,
not all decimal points are brought to jumper pads; it may
be necessary to wire directly from the 1500 resistor to the
display: For multiple range instruments, a 7400 series
CMOS quad gate or buffer should be used. The majority
of them are capable of sinking about 8mA.

T0LCD [} .
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{e) Capaciltors

The integration capacitor should be 8 low dlelectric-loss
type. Long term stability and temperature coefficient are
unimponant since the dua! siope technique cancels the
effect of these variations. Polypropylene capacitors have
been found to work well: they have low dielectric loss
characteristics and are inexpensive. However, that I not
to say that they are the only suitable types. Mylar
capacitors sre satisfactory for Ci (reference }end Cz
(auto-zsro). :

For a more detalted discussion of ~-fecommended
capacitor types, the reader Is referred to page 3 of
Reference 2.

() The Clock .

A simple RC oscillator is used in the kit. It runs at about
48kHz and is divided by 4 prior to being used as the
systern clock (Fig. 5). The internal clock period is thus
83.348, and the signal integration period (1000 clock
puises) is 83.3mS. This gives a measurement trequency of
3 readings per second since each conversion sequence
requires 4000 ciock puises. Setting the clock oscillator at
precisely 48kHz will result in optimum line frequency
{80H2) noise rejection, since the integration period is an
integral number of line frequency period (see Ref. 2 for
discussion). Countries with 50Hz line trequencies should
sel the clock at 50xHz «

s o e

R LY YECUCNOp. S,

.. aocx

e . . e )

Flgure 5: 7108/7107 Intemal Osclilator/Clock

An external clock can 8iso be used. In the 7108, the
internal logic is referonced to TEST. External clock
wavelorms should therefore swing between TEST and V+
(Fig. 6al. In the 7107, the intermal- logic s referenced to
GND 80 any generator whose output swings from ground
to +5V will work well (Fig. 6b).

oy
osc "
] - w1
- =
a) hes ») 17

Figure &: External Clock Options

(g} The Reference
For 200.0mV full scale, the voltage applied between
Hi and REF Lo should be set at 100.0mV. For 2.0oovh‘"
scale, set the reference voltage at 1.000V. The reforens:
inputs are floating, and the only restriction on the ‘upprEl
voltage Is that It should lie in the range V- to V+. 'ﬁi'
The voltage between V+ and COMMON s .interned’
regulated at about 2.8 volts. This reference is ndequamf?
many applications and is used in the evaluation kits, 1thay
a typical temperature coefficient of 100ppm/=C, ;"
The limitations of the on-chip reference shouid alsoh
recognized, however. With the 7107, the internal hegt.
which results from the LED drivers can cause
.degradation in performance. Due to its higher therm,
resistance, plastic parts are poorer in this respect trg
cerarpic. The user is cautioned against extrapolating "ﬂgt
the performance of the kit,. which is supplied with,
ceramic 7107, to & system using the plastic part.fk
combination of reference TC, interna! chip dlssipaﬁo‘.
and packagé thermal resistance can increase noise ney
full scale from 25 pV to 80 xV pk-pk.
The linearity in going from a high dissipation count
as 1000 (19 segments on) to a low dissipation count sy,
as 1111 (8 segments on) can also sutfer by a coum&
more. Devices with e-positive TC reference mey reqin
several counts to pull out of an overload condition. Thialy
becauge ovorioadisa low dissipation mode, with the thre:
least significant digits blanked. Simiterly, units with ,
negative TC may cycle between overload and & ngy
overioad count as the die alternately heats and
These problems are of course eliminated it an oxtemy
reference is used. *'v‘#f
The 7106, with its negligible dissipation, suffers Srog
none of thess problems. In either case, an oxtong
reference can easily be added as shown in figures 7(42;
P

7). - . B
ve ve b3
r—_r_ Lo
L
(D ™ i
REF s,
8 vOLT o e
}: -&L . “:‘ »
neF L0 T04/7107 N #
710877107 r
REF W
REF LO
v-
(8] ™

Figure 7: Using an External Reference

(h) Power Supplies +
The 7106 kit is intended to be operated frc.n a 9 voit sy
cell. INPUT Lo Is shorted to COMMON, causing V+ tog
2.8 volts positive with respect 1o INPUT Lo, and V- £5
volts negative with respect to INPUT Lo. LR
The 7107 kit should be operated from 15 volits. Nowy
supplies should be bypassed with 6.84F capacitors &
ground at the point where the supplies enter the board
INPUT Lo has an effective common mode rangs w2
respect 10 GND of a couple of voits. ’
The procise value is determined by the point at whichin
Integrator output remps within ~.3V of one or other of %
supply reils. This is governed by the integrator tim
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constant, the magnitude and polarity ‘of the input, the
common mode voltage, and the clock frequency: for
further details, consult the data shoet. Where the voltage
meing moasured is floating with respect 10 the supplies,
WNPUT LO shouid be tied to some voltage within the
common mode range such as GROUND or COMMON,

¥ & -5 voit supply I3 unavaliable, & suitabla negative rail °

csn bs generated locally using the circuit shown in Flg_. 8.

v

N |

23

e B T P,

L7 $ 9
Figure 8: Generating Negative Supply from +5v

M tnput Fliters

One of the attractive features of thc.7106 and 7107 is the
extremely low input leakage current, typlically 1pA at
25°C. This minimizes the errors caused by high
impedance passive filters on the input. For example, the
smple RC (IMV.01x4F) combination used In the
evaluation kits introduces a negligible 1.4V error.

PRELIMINARY TESTS -

{s) Auto Zero

With power on and the inputs shorted, the display should
road zero. The negative sign should be displayed about

50% of the time, an indication of the effectivencess of the

suto-zero system used In the 7106 and 7107. Note that
some competitive circuits flash negative on every
shernate conversion for inputs near zero. While this may
took good to the uninltiatad, it is not a true auto zero
system! -

@®) Over-ronge
Inputs greater than full scale will cause supprossion of the
three least :lgnmcan( digits; le. only 1 or -1 will be
displayed.

tc) Polerity
The absence of a polarity signal indicates a positive
reading. A negative reading Is indicated by a negative
ugn.

e

\ A

Further evaluation should be performod with tho helpofa
precision DC voltage calibrator such as Fluke Model
343A. Alternatively a high quality 4 1/2 digit DVM can be
used, provided its performance has been measured
against that of a reliable standard.

.

DPM COMPONENTS: SOURCES OF SUPPLY
It has already been shown that the 7106 and 7107 require
an ibsolyte minimum of additlonal components. The only
critical ones are the display and the integration capacitor,

The following list of possibie suppliers is intended to be of
assistance in putting a converter design into production.
it should not be interpreted as a comprehensive list of
suppliers, nor does it constitute an endorsement by
intersil,

Liquid Crystal Displays -
a) LXD Inc., Cleveland, Ohio, 216/831-8100
b) Hamlin Inc., Lake Mills, Wisconsin, 414/848-2381
©) IEE Inc., Van Nuys, California, 213/787-0311
.d) Shelley Associates, Irvine, California, 714/549-3414
9) Crystaiold Electronics, Stow, Ohio, 216/688-1180

.LED Displays (90me Anode)
&) Hewlett Packard Components, Palo Alto, California,
415/483-1212 s
b) Itac Inc., Senta Clara, California, 408/985-2280
¢) Litronix Inc., Cupertino, Catifornia, 408/257-7810
! Monsanto Inc., Palo Alto, California, 415/493-3300

Polypropyiena Capaciiors

a) Plessey Capacitors, West Lake Village, Califomia,
213/889-4120

b} IMB Electronics Products, Sants Fe Springs,
California, 213/821-3407

¢) Eicap Components, Santa Ana, Callfomll, T4/
979-4440

d) TRW Capacitors, Ogallaia, Nebraska, 308/284-3811

-

REFERENCES:

(1) Intersil Application Bulletin A016, “Selecting A/D
Converters”.

2) Intersit Application Bulletin A017, “The Integrating
A/D Converter™.

. (3 intersil Application Bulletin AD18, "Do s and Dont's of

Applying A/D Converters”.
{4} Hewlett Packard (Opto Electronics Div.) Application
-Note 964, “Contrast Enhancement Techniques™,

1. Ceortain LCD displays have a protective plastic shest
covering the plastic top. This sheet may be removed
after installing the display to maximize display
viewing.

2. Solder flux or bther impurities on PC board may,
cause leakage paths between IC pins and board
traces reducing performance and shouid be
femoved with rubbing aicohol or some other
suitable cleaning agent. Displays should be
removed when cleaning as damage could result to
them.

S

CAUTION: Potential trouble areas when constructing the evaluation kits.

. edjacent traces to sliminate this surface legkage.

* 3. Biue PC board material (PC75) has been treated
with a chemical which may cause surface lukaqo
between the input traces. It is suggested that the
board be scribed between the input traces snd

4. In arder to ensure that unused segments on the LCD
displays do not turn on, tie them 10 the backplane
pin (pin 21). )

——— s
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= SEMICONDUCTOR
TECHNICAL DATA

Slotted Optical Switches

Transistor Output

Each device consists of a gallium srsenide infrered emitting diode facing a silicon NPN
phototransistor in a molded plastic housing. A slot in the housing between the emitter
and the detector provides the means for mechanically interrupting the infrared beam.
These devices are widely used as position sensors in a variety of applications.

® Single Unit for Easy PCB Mounting
® Non-Contact Electrical Switching

¢ Long-Life Liquid Phase Epi Emitter
® I mm Detector Aperture Width

MAXIMUM RATINGS

H21A1/
H21A2/,
H21A3/
H22A1
H22A2
H22A3

SLOTTED
OPTICAL SWITCHES
TRANSISTOR QUTPUT

f [ Rating Symbol l Vaive ] Unit _]
INPUT LEO .
Reverse Voltage VR 6 Volts
Forward Cutrent — Continuous Ig 60 mA
Input LED Power Dissipation @ Ta = 25°C Pp 150 mw
Derate sbove 25°C 2 mwrC
QUTPUT TRANSISTOR
Collector-Emitter Voltage Vceo 30 Volis
Output Cutrent — Continuous Ic 100 mA
Output Tr Powar Dissipation @ Tp = 25°C Po 150 mw
Derate above 25°C 2 mwrC
TOTAL DEVICE / .
Ambient Opersting Temperature Range TA ~5510 +100 °c
Storage Tempersture Tstg -5510 +100 *C
Lerd Soidering Temparature (5 seconds max) —_— 260 *C
Total Device Power Dissipation 61 Tp = 25°C Pp 300 T mw
Derate above 25°C 4 mwrC

%, O

H21A1, 2AND 3
CASE 354A-01

¢

H22A1,2 AND 3
CASE 354-02




H21A1, H21A2, H21A3, H22A1, H22A2, H22A3

F'- ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwlise noted)

2‘[ Characteristic Symbol ] Min ] Typ l Max l Unh J

T INPUT LED .
Forward Voltage (Ig = 60 mA) VE 0.9 1.34 1.7 Volts
Reverse Leskags (VR = 6 V) i - 1 10 nA
Capacitance (V = 0V, = 1 MH1) Cy — 18 — pf
OUTPUT TRANSISTOR
) Dark Current (VCg = 25 V) Iceo - 15 100 nA
Collsctor-Emitter Breakdown Voliage {ic = 1 mA) . V(BR)CEO 30 45 - Voits
Emitter-Collector Breakdown Voltage (Ig = 100 uA) V(BR)ECO [ 7.8 — Volis
Capecitance (Vcg = §V, 1 = 1 MHy) Ccg - - 25 — pf
DC Current Gain (Vcg = 5V, Ic = 2 mA} hgg - 700 - -
COQUPLED
Qutput Collector Current H21A1, J22A% Ic 0.1% 0.3 —_ mA
{If = 5 MA, Vcg = § ViNote 3 H21A2, §27I82 03 0.6 -
. H21A3, ARZXT 0.6 1 -—
'/' Output Collector Current H21A1, W22 Ic 1 2 — mA
{tg = 20 mA, VCg = 5 V) Nots 1 H21A2, H22K> 2 4 —_
T H21A3, W72A3 4 7 —
- Qutput ;ollaclor Current H21A1, H22A1 I¢ 1.9 kR:] —_ mA
{tg = 30 mA, Vcg = 5 V) Note 1 H21A2, H22A2 3 6 —
' H21A3, H22A3 .55 10 -
Collector-Emitter Saturation Voltege H21A1, H22A1 VCE{sat) - 0.25 0.4 Voits
{lc = 1.8 mA, [g = 30 mA) Note |
Cofiector-Emitter Saturation Voltage H21A2, H22A2 VCE(sat) — 0.25 " 04 Volts
fic = 1.8 mA, Ig = 20 mA} Note 1 . H21A3, H22A3 - 0.2 0.4
Turn-On Time (g = 30 mA, Vo = 5V, R = 2.5 k1) Note 1 ton - 20 - ns
Turn-Off Timae {Ig @ 30 mA, Vog = 5V, R = 2.5 k1) Note 1 ot Vari 80 — ns
Notes: 1. No sctustor in ssnsing gsp.
2. Stray radiztion can siter vahues of charscteristics. Adequate light shielding should be provided
TYPICAL CHARACTERISTICS
Amamnnims il ‘=== ==
RAELL PN A '
T PULSE OR DC 7 01 J —

-
<
N

-
N

L=

Vg, FORWARD VOLTAGE (V)

S
AN

- ™~
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Figure 1. LED Forward Voltage versus Figure 2. Output Current versus Actustor Position

Forward Curremt



H21A1, H21A2, H21A3, H22A1, H22A2, H22A3
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H21A1, H21A2, H21A3, H22A1, H22A2, H22A3
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LM124/1M224/1M324, LM124A/LM224A/LM324A, LM2902
low power quad operational amplifiers

general description
The LM124 series consists ot -four independent, high

advantages

Etiminates need for dual supplies . 3

ga.urf, murf\ally frequen‘cy compe.n.sated .operational am ® Four internally compensated op amps ift a single
plifiers which were designed specifically to operate from package
u single power supply over a wide range of voltages. ) .
Operation from split power supplies is also possible and ® Allows directly sensing near GND and Vgy1 3‘505
the low power supply current drain is independent of the goes to GND
magnitude of the power supply voltage. ®& Compatible with all forms of logic

4

® Power drain suitable for battery operation

Application aress inctude transducer amplifiers, dc gain . i
biocks and all the conventional op amp circuits which features
now can be more easily implemented in single powet .

h ® |niernally f ncy compensated fo ty gain
supply systems. For example, the LM124 series can be R 'eque, Y pe runiy gai
directly operated off of the standard +5 Vpc power ® Large dc voltage gan 100 B
supply voltage which s used in digital systems and will 8 Wide bandwidth (unity gain} 1 MHz
easily provide the required inter{ace electronics without (temperature compensated) ;
requiring the additional 215 Vo power supplies. a Wide power supply range:

Single supply 3 Vopc 1030 Vpe
o1 dual supplies $15Vpeto215 Ve
. == ® Very low supply current drain {BOOuA) — essentially
unique characteristics independent of supply voltage (1 mW/op amp at
y ) 45V .
® [n the linear mode the input common-mode voltage ‘_)c) » 3 A
range includes ground and the output voltage can also # Low input biasing current 45 nApc
swing to ground, even though operated from only a {remperature compensated)
single power supply voliage 8 Low input offset voltage 2 mVDc!
and offset current 5 nApe
® The unity gain cross frequency is Jemperature tnput common-maode voltage range includes ground
compensated. Differential input voltage range equal to the power)
supply voltage 14 &
® The input bias current is also temperature @ Large output voltage 0VpetoV' - 1.5 Vgg
compensated. swing
connection diagram schematic diagram (Eusch Amplifier) £
&
v !}
Dus!-in-Line and Flat Package o ?
BUTPUT A PUTE wWepyl4®  EWD WPUTS' PuT)T QUTRUTY b
" 0 17 lll " L 1)
D ;
woyYs = oL IPyN
\ |
1] ? 3 4 1) . 1
ST PUT LT MRy v WYY meut T puYRLT? .
T0r viim

Order Number LM124D, LMI24AD, Order Number LM124J, LM124AY, 3
LM224D or LM224AD LM224J, LM224AJ, LM324y,
See Package 1 LM324AJ or LM2802J

Order Number LM124F, LM124AF, Soe Packege 16 ) .
LM224F or LM224AF Order Number LM324N, LM324 AN .
Sae Pockage 4 or LM2902N

See Packags 22



2yw 0 oy 0 o 09 o o o or 0 0 12 510N) 0,62 = V1 | purasg 01 unaug 1iows
20aw 002 = OA "D 62 Vi
OQqyw os o6 It o5 o5 u [~ T 3 90a 0. NIA'D0A 1o _Nip
2,82-Y1"0A g1 - A
yw [ 2 T} [~} o o oz ot oz ol o o ‘30A 0« NIADDAA Lo _Nip g
: 9,82 Y1 20A 51 - A
20yw or oz [ 4 [ 14 [ 24 o o oy o2 AA 0= _NATI0A 1 - NIp Sanog
eund Inding
(PRsjayY Indu() (8 10N} burancy®
ap 0zZi- ozt- ozi~ ozti- ozi- ozi- 0,52 = VA ZHAOZ G IHN | 4 By cwy -0k B Wy
GHEY U0udIeY
ap 00t 05 001 S oo 59 o0t S [+ TR 00t 9 2,82+ V120 Ajaang 1amog
Orley uoudIey
8¢ oL 08 Qo s9 S8 o 8 9 s o s8 oL 2,52+ Y120 apopy uowwo)
20a Si-,A 0 i§i-.A p fgi-,n [ {5101 T VM Z06ZW N D52 > Vo 'UAZ » Vi | busmg sbrijop snding -
w 3,52+ Y1uNL 2 =y
AWA 00t [ TR 4 S oL 0§ oo1 - §¢ 0oL 08 0oL 0§ (Buims Op, 67 503} DDA GL = A Berjon reuts 8.4
20vw 't 252-VL ’
susy siniesaduid | Y0y BAQ
Www | 71 o Ty 1o L Lo [T BN 0 zy o sy 90 iy O =+ Ty
0y € st. € s L5t £ S St E s (ABZ = DIA Z06ZV4 T} "ADE = IIA 'we = Ty aLng Adng
. {L 10N} bury a0 .
20 §i-,A 0 [§i-,A 0jFi-,A 0 |§t-,A o lgt-,a 0 |si-.A 0 ¥ 2,52 YL I0A0C s A | *PoN-uOwwo) induy
30yu 057 [1] 13 [} [ €. o S z o1 z 2,52 = V1 TIINE - teig 161,07 Levy0 1du)
. 19 son}
J0yu (-1 [1] 14 [T 0%14 sy (v TR T2 or s o 2,92 » Y1 "I-INIg o LeiNiy WasnD ing indu)
90w 3} [2 30 3] 4] & TUl]Z ) 4 i 3 (S 419N) D,SZ = ¥y SDRUOA 19410 Inavy
XV dAL NN | XV dAL NI XYM dAL NIN | XYW dAL NIV | XVIN dAL W | XV dAL  NIW .
] ENOILIONGD YALINVEVY
Z06ZW1 »ZENT IR vozew vrzzi rziw :
(v 0N 'J0A 0'5+ = Al sdfsualdesreyd (82111099
\
s 2,52+ Viputd0a5 S A
00w 107 snonuguoy (2 210K) {iadusy 2u0) ONO OF 4RI LOKS inding
2,006 3,00¢ {spucoms 0} "Buisapyog) Sassacws ) peay . Mw 009 ey iy
3,05+ 013,99 2,051+ 91D 50— sBusy Smasscuws | e0LS M 006 410 Ayne)
3,821+ % D 55 veZini/rZing M 0LS MW 0.5 410 pepiony
2,58+ &1 D 52- L 2203V ] 11 #194) uopsdisnQ 13m0y
0,0(r+ ™20 YREWIYZEN Hipgee o DA g0 9GA zg+ 01 JOA €0 sbejjop 1ndu)
2,58+ 013 0% oty S etais ) buir.au( 30 92 QA 22 e oA Uy EHUL NG
v 0§ 1€ Mot (104 € 0- > NIA) 1usasn) nuiuy ESIYE R N 1 90013 00 zx oA ‘oo Aang
062 VOLEWY/VIZZNVVILIN VRZENVVIZZNYVITIN .
n PCNVIZZNT YW Toszm PIENYYIZNY LN

sbunes wnuyxew ainjosqe




T

op— o n - L een e - o - _— R B T p— . .. - PR T
18 s0608.10u) SA111o0ded 40 SAAT $1(1 %8 PIS6ISP 00 UeD A;0IGAT SALL (43700 1883100 By T Seea1q S0uE (OBISD KEAT S RIAUDID VoG B s (ONCO MBS S ASIUIGORIOD [NLIAIND 0 Kafwinosd 6 G TIg sen
*(Z06Z 104 QA 9Z+) s0awep 1nouime I 20+ 03 08 LRI Sanduy

0G40 13418 INQ "AG |- A §i $0uB) 3083104 IPOW-UOWILIOD By} 3O Pus BAdN 41 TAET0 USYL 50w AQ 34138580 08 0 PIMO(IS 8Q 10U PIACYS 5X1{0A [RUBS 1AL J0y1 e 10 8681104 POU-UOWWOS Induy L 1f ejonN
"SBUL INdUL BY) WO R1stxd BBLBYD BuUIPROE OU 08 INCING YL 1O K118 B3 §O PUj Ay SIUBLIND By "80@IS INTUY NG SYL 01 BAP DI B3 4O INO | TusLIND INTU) BYL JO UOITEHP SNL 8 sION
4O0A g} - +A 01 30 0} sBues PO UOUNLIOS Jnduy 1tn} sy1 2840 pus : D0 of 03 I0A g wosy AWM UD =Sy 00 »'| A0 g ai0N
- - .u.meo,v Y1 5 2,00 01 peirwsit 848 suonex2eds Zo6ZW1 i pue '3 0Ly S VLS 0,000 payun e SUONEY NS LNl essdLn YIZEW
IYTEWT 84 °D 58+ > V1 5 D GZ- 01 paanuy 820 su0iiedy)5e0s suniescwa e 'YEZZWO/PITNT S WL ‘PORAS BHMISI0 183UN '3 GZ1e S (b > 2,55~ Pus J0A Go = A J0) AJOGE SUCHIEN, 12068 oYL [y SION
JQA £°0- usyl Wiesd snjea § 0 U8l ujeie

‘OALIBBIU SOM YITYM “BBEIICA LNCUT BYT UBYM YSHGEIN-0. (1M 381018 1ACINO (FULIOU DUB 3AIIINNIP 10U 31 UL "SAIEBOL LBALY 51 INCL LB 1B UOIIEIND Suil ByL 10} (843592040 66:8) 8 30} Pun0Ad 0} JO) [8AR BSe1[0A
+A 0 0} 08 01 sdwR 4O syl JO 1808 0A ININO B Bened S UOHIR sOISBURIL IN] “GI4D D) Byl UO UOIIIE JOISISLEIL JIPBIBD NIN |9I018] CS|e 5| 2043 ‘U013 BPOIP 314l OF UOHLIPPE U] SARRP $PCIP INdUY 58 Bunoe
Aqoey) pus pee1q Paasmio) BuI039q EI0ISISUTS ¢Nd INCUY B4 O UOHIIUA] SEEG-10138()03 3441 OF BAP $1 1f "BAIISESU USALD 3 KpEBy INAUY B3 O AUB 18 BOK1IOA ByD UBUM ISIXB AJUO [IM JUBLND INCUY HYL :E ReN
‘HIBLJOWE 8 UO S1I0YT SNOOURINLNS W) 1NSSS UEI UONECISIIP BAIIDNNSE] "UOIIINIISIP [ENIVEAD B5neI Pue SBUlIR. OSSN JEMOD 841 PEROXS UED S1NUD-1I0YS ENONUNIUSS ‘DDA G1+ jO $583x8 U 301108

AN 4O B3NBA 1Y * A 4O 3PN IUBSLL 843 4O U PUL YW OF APIBUNXO0IO08 5§ JUSIIND IACINO WNLEXEW B{L "UOHINILEP (ENILBAD PUS Bup 80y SAES8IXE BINED LED +A\ 01 INGIN0 3yl WO SN 1I0YS T 10N
UADHD PAISISALUI AL U] PRISISHP 5| YIINM 28a0d BYL IONDPAS O} 10 P181NIES OF 84§ |1 DU MO8 Q) “BIQISSOD SIM “SI0ISISDI (BUIBIXS SEN—1.81 ) CWE N0y

HE JO 1101 843 &1 OLIAIEIP WL "DIMEIATULIRL LOUMN| WNUARSW D OS]+ § U0 PISSQ PEIIED 8] UEI WIZ LNI/PZ LN PUS VIZZNV/PZZINT ML 1iquis 484138 8.up Bunesado ‘PIEeq N3 PAIWAD € Ul PRSI
SNABD BY) 20) $8HAIE YoUYM M/ SLL 10 3NN BuId) ¢ PuUs $sMBIAAWIL UCHIUN] WX BUL J.5Z1+ & Uo Paseq DeIEsEP 8 13N ZOGZN T VIZEW T/PZCIWT W ‘searusiachwe) ybyy s Bupisaedo 0y il oy

o T Y

" * B3 L nony abeijon
20A WA A . N R A A nau| muusseyig
ww ] 1] 8 H ] S 8 H [} [ St 01 | 0AG1e ADTAA0= NIA'IOA Lee Nip g
v [ T} o o oz ot 6z ot 6z 0 02 01 {30AsLe ADBAGe NIA'DDA 1+ Nip sasnog

v 108D IMGING
S0aw [ ook [ 1} [ 14 § .1/ 11 [ $ (114 ] U015 0N G A 0a
204 [ 72 1 8 o« e 8« 2 [T 101X
20A u Y 4 4 oz Y4 UnZze Ty I0A0Ce - A HOA
Sums b0 INIING
oS usz<ly w9
AW/A st st sz L sl (13 14 {Bamg Op 3881 203) JOA Lo = A wayo pulss s6.a)
{t noN} dbuey steiop
20A -,A 9 |z-,A 0} 2Z-,A o fz-,A o |2z-,A 0§ T-,A ° AA0E - A [ spopruowwo) inou;
0yu 005 or s ov oot or oor  ov 0oL Oy o001 or (=)Mo (+IN1y WaunD sg indu)
HiQ
3,/%0ve ot o1 0l oo ot [ 23 ooz ot 4 weand 1940 indyy
Owv | 00zz  sv oGte 0013 St "3 of 1-INip - LeINY 1682507 10840 0w
’ . uug
A A1 ¢ ¢ ¢ [ I3 o 3 (174 L . o - Sy BAOA 11,0 Indy|
Aaw o013 (13 I3} S ’ y (g ®10N) eijon 14,0 ndu)
XV dAL NN | XV dAL MW | XYN dAL RN | XYW dAL NI | XYW dAL NI | XVIY CdAL NI -
S1iNN SNOILIONOD MILINVEYY
. tosznn (240 YIZWUYZAN vozEN L2270 LT ]

{3,u09) sonsieIdRIEYD |8I1109]D



typical performance characteristics
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BIMOS OPERATIONAL AMPLIFIERS
WITH MOS/FET INPUT, BIPOLAR OUTPUT

CA3140B, CA314o}i
CA3140 3

¢

FEATURES
¢ MOS/FET Input Stage
(al Very high impedance — 1.5 x 1020 typ.
(b) Very low input current — 10 pA typ. at 215V
i) Low input-offset voltage — to 2 mV max.
{d) Wide common-mode input-voltage range — can be
swung 0.5 volt below negative supply-voitage rait
(o} Output swing complements input common-mode
rangs
() Rugged input stage — bipolar diode protected
e Directly replaces industry type 741 in most applications

VOLTAGE OFFSET NULL CIRCUITS:

v v ¥
0) WMFROVED RESOLUTION  (c) SIMPLER IMPROVED
AESOLUTION

EQUIVALENT CIRCUIT y

" By ]
ffgighbopugube’ B by |+ Mo, i 1 3 =gl oV A |

—

GENERAL DESCRIPTION k
The CA3140B8, CA3140A, and CA3140 are imegrato@
circuit operational amplifiers that combine t

“advantages of high-voltage PMOS transistors with high.

voltage bipolar transistors on & single monolithic chip}
The CA31408, CA3140A, and CA3140 BIMOS operationy
ampfifiers {eature gate-protected MOS/FET (PMOS;.
transistors in the input circuit to provide very-high-inpy
impedance, very-low-input current, end high-speed per.

formance. The CA31408 operates at supply voltages from
4 1o 44 volts; the CA3140A and CA3140 from 4 to 36 volyg
(either single or dual supply). These operationg
amplifiers are internally phase-compensated 10 achievy
stable operation in unity-gain follower operation, and,
additionally, have access terminals for a wpplemenur,
external capacitor if additional frequency roll-off §
desired. Terminals are also provided for use in applice-
tions requiring input offset-voltage nulling, The use of
PMOS field-efiect transistors in the input stage results iy
common-mode Input-voltage capability down to 0.5 volt
below the negative-supply terminal, an importan

attribute tor singie-supply applications. The output stage
uses bipolar transistors and inciudes built-in prolectlon
against damage from load-terminal short-circuiting to
either supply-rail or to ground. .

The CA3140 Series has the same 8-lead terminal pin-om
used for the “741" and other industry-standargd
operational amplifiers. P

-
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CONNECTION DIAGRAMS, TOP. VIEW
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ABSOLUTE MAXIMUM RATINGS .
CA3140, CA3140A CA3140B
DC Supply Volitage

{Between V+2nd V- Terminals) sV 44V
Ditferentisl-Mode Input Voltage +8vV 8V
Common-Mode DC input Voltage \ (V++8V) to(V--0.5V)
Input-Tarminal Current . 1mA

Device Dissipation:
Without Heat Sink -

UptoS5°C 630mwW
AboveS5°C Derate linearly 6.67 mw/°C
With Heat Sink -
Uptoss°C . w
Above55°C . Derate linearly 16.7 mw/°C
Operating Temperature Range:
T Package g -5510+125°C
PA Package - -25° 10 +85°C
Storage Temperature Rsnge ~65t0+150°C
Output Short-Circuit Duration® INDEFINITE

Lead Temperature (During Soidering):
- At Distance 1716 + 1/32 inch (1.59 + 0.79 mimn)
From Case for 10 Seconds Max +265°C

* Short circuit may be applied to ground or to either supply.

GUARANTEED ELECTRICAL CHARACTERTISTICS
AtV+ =15V, V- 215 V, Ta = 25°C Unless Otherwise Specitied

LIMITS
CHARACTERTISTIC CA3140B CA3140A CA3140 UNITS
- Min. | Typ. | Max.{ Min. | Typ. | Mex.| Min. | Typ. { Max.
input Otiset Voitage - 0.8 2 % 2 5 G R ] 15 my
input Oftset Current - 0.5 10 - 0.5 20 - 0.5 30 pA
Input Current - 10 30 - 10 40 - 10 50 pA
Large Signal s0k | 100k - 120k | 100k - 120k | 100k - vV
Voitage Gain (D) 94 100 - 86 100 - 86 100 - aB
Common Mode - 20 50 - 32 320 - 32 320 uV/IV
Rejection Ratio 85 ‘04 - 70 20 - 70 90 - dB
Common Mode 3 -15.5 4 -15.5 -15.8
input Voltage -15 to +12 -15 to +12 | ~15 to +11 v .
Range +12.5 +12.5 +12.5
Power Supply Rejection - 32 100 - 100 150 - 100 150 uv/v
Ratio 80 90 - % | 80 - 78 80 - daB
Max. Output Voltage (@) Pos| +12 | +13 = 112 1 +13 1 - | 412 | +13 - v
) \ Neg| -14 | -14.4 - ~14 | -14.4 - -14 | -14.4 -
Supply Current - 4° 6 | - 4 ] - 4 8 mA
Device Dissipation - - 120 180 - 120 180 - 120 180 mw
" Input Current (3) - 10 | 30 | - 10 - 10 - nA
Input OMsel Voltage (3) ‘ - 1.3 3 - 3 - - 10 - mv
Input Otfset Voitage Temp. Drift - 5 - - ‘6 - - 8 - uv/eC
Large Signal 20k | 100 k - - 100 k - - 100 k - ViV
Voitage Gain (D [ 100 | - - 100 - - 100 - dB
Max. Qutput Vom+ | +19 +19.5 - - - - - - - \ :
Vottage (4) Vom-| -21 | -214 ] - - - - - - -
Large Signat 20k | 50k - - - - - - - " VIV
Voltage Gain @ ® 86 64 - - - - - - - dB
NOTE: 3 At Ta = Taan 10 Tmax, V4 = 15 V, V- = <15V, Vo = 26Vp-p, Ry = 2 k(1.
1 Al Vo = 26Vp-p, 412V, ~14V and R, = 2 kN 4 AtV+4 =22V, V- = 222V
2 AR - 280, 5 AtVo = +19V,-21 V, and R = 2 k1)

—
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TYPICAL‘ELECTRlCAL CHARACTERI‘STSCS
AtV+ = 15V, V- =15V, Ta = 25°C Unless Otherwise Specified

.

TEST
CHARACTERTISTIC CONDITIONS CA3140B CA3140A CA3140 UNITS
Typ Vsive of Re-
fnput Otltsat Vollage 318101 Between Term
Adjustment Resistor 4 and 5 or 4 and 1- 43 18 47 L 311
to Ad_jusl Max. Vos
Input Resistance 1.5 15 1.5 TN 7
input Capacitance 4 4 4 pF £
Output Resistance 60 60 60 fl R
Equivalent Wideband BW = 140 kHz ) B
Input Nose Voltage Rs = 1 M{} 48 48 48 MY '
Equivalent Input f=14Hz {As= 40 40 40 nV/\ Hz '
Noise Voitage = 10 kHz | 1001} 12 12 12 N
Short-Circuit Current to A
Opposine Supply Source 40 40 ' 40 mA ’

. Sink 18 18 18 mA %,
‘Gain-Bandwidth Product 45 45 45 MHz 3
Siew Rate 8 9 1] Vips !
Sink Current From Termina!l 8 ﬂ

To Termina! 4 10 Swing 220 220 220 »A =
Output Low b
Transient Response: ;;:
Rise Time | Ry = 2 ki) 008 008 0.08 s -
Overshoot | Cy = 100 pf 10 10 10 %
Settling Time Ry = 2 ki) fir
at 10 vVp-p 1. mv ] Cy = 100 pF 4.5 4.5 45 ") -}
10 mV | Voltage Follower 14 14 14 a4
TYPICAL ELECTRICAL CHARACTERISTICS AtV+=5V,V-=0V. Ta =25°C g
] ' o8
CHARACTERISTIC CA31408 CA3140A CA3140 UNITS 4
Input Otiset Voliage 0.8 2 5 mv -
Input Oftset Current 0.1 01 0.1 pA KR
input Current J 2 2 2 . pA 'I',’
tnput Resistance 1 1 1 TN B
Large Signal Voltage Gain 100 k 100 & 100 k \A% -
100 100 100 a8 .
Common-Mode Rejection Ratio 20 32 32 pVIV 3,
B84 90 90 oB 4
Common-Mode input-Voliage Range 0.5 0.5 05 v B
26 26 26 i
Power-Supply Rejection Ratio 32 100 100 pVIV 3
90 80 80 dB i
Maximum Output Voltage Pos '3 3 3 x
Neg 0.13 0.13 0.13 v L
Maximum Qutput Current. e
Saurce 10 10 10 mA 4
Sink 1 ] 1 M
Stew Rate 7 7 7 Vius !
Gain-Banawidth Product i 37 37 37 MHz
Suppty Current 1.6 1.6 16 mA
Device Dissipation 8 8 8 mw A
Sink Current trom Term. 8 to T 2
Term 4 10 Swing Output Low 200 200 200 wA
&
)
i



e o e

"

*TYPICAL PERFORMANCE CURVES

Equivaient lnpul noise’ Quilescent supply current vs

input 1 vs amblent temporst vollage vs frequency. - supply voitage and temperaturs.
wx SUPPLY VOLTAGE. V4 = 18 ¥ 3y LOAD RESISTANCE (8,) = = l
1 PN EE e ST R IR g !
) owm T » TN
R L £ S S
(3 | T IA -

- - 43 ot i £i .
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00 0450 0 30 40 O3 09 300 TN 140 ' L T ] ®» % W n
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" L] s
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Open-l00p voltage goin end Slew rate vs supply voltage R Settling ime
phase iag vs frequency. and temperature - - weve

oy vakTact 2 :; EE 8 I UOAD RESTBTANCE (ol = 18D AMBIENT TEMPERATURE (T}~ 187
 E SRR St is 3 LOAD EasaciTLuct (2. o8 > 4 (SUPRLY vOLTAGE: )
o “{v;--:n T OO ed-4 T I % | [ Sy S manw 74!
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ORDERING INFORMATION

PACKAGE DIMENSIONS

PART |TEMPERATURE ORDER T0-99
NUMBER RANGE PACKAGE |\ umBER A
31408 -55°C 10 +125°C TO%9 CA3140B7
3140A ~55°C 10 +125°C TO% CA3140AT iy
3140A ~28°C 10 +85°C | MINI-DIP | CA3140APA i ;2
3140 —$5°C 1o +125°C TO9 CA3140T ] N
3140 -25°C o +85°C° | MINI-DIP | CA3140PA seamg liglgl -
3140 (DICE) | -85°C 10 ¥125°C DICE CA3140/D _.m n m
. - - 217 TYMICAL >3
CHIP TOPOGRAPHY R

8 LEAD PLASTIC DIP
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