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Features

« Typically Less Than 2uVp_p Noise (200.00mV Full
Scale, ICL80E8)

Description

The ICL8052 or ICLB0B8/CL71C0O3 chip pairs with their
multiplexed BCD output and digit drivers are ideally suited
for the visual display DVM/DPM market. The outstanding
41 /5 digit accuracy, 200.00mV to 2.0000V full scale capabil-
ity, auto-zero and auto-polarity combine with true ratiometric
operation, almost ideal differential linearity and time-proven
dual slope conversion. Use of these chip pairs eliminates
clock feedthrough problems, and avoids the critical board
layout usually required to minimize charge injection.

+ Accuracy Guaranteed to +1 Count Over Entire £20,000
Counts (2.0000V Full Scale)

« Guaranteed Zero Reading for OV Input
« True Polarity at Zero Count for Precise Null Detection

- Single Reference Voltage Required

When only 2000 counts of resolution are required, the 71C03
can be wired for 31:’2 digits and give up to 30 readings/sec.,
making it ideally suited for a wide variety of applications.

+ Over-Range and Under-Range Signals Available for
Auto-Ranging Capability

« All Outputs TTL Compatible
The ICL71C03 is an improved CMOS plug-in replacement for

+ Medium Quality Reference, 40ppm (Typ) on Board the ICL7103 and should be used in all new designs.

- Blinking Display Gives Visual Indication of Over Ordering Information

Range
. . . TEMP. PKG.
Six Aux!hary Inputs/OutPuts are Available for PART NUMBER | RANGE (°C) PACKAGE NO.
Interfacing to UARTSs, Microprocessors or Other
Complex Circuitry ICLB052CPD Oto70 |14 Ld PDIP E14.3
. 5pA Input Current (Typ) (8052A) ICLBOS2CDD Oto70 |14 Ld CERDIP F14.3
ICLBOS2ACPD Oto70 |14 Ld PDIP E14.3
ICL8052ACDD 0to70 14 Ld CERDIP F14.3
ICL808BCDD 0to70 14 Ld CERDIP F14.3
ICL808BACDD 0to70 14 Ld CERDIP F14.3
ICLBOSBACID Oto70 |14 Ld CERDIP F14.3
ICL71CO3CPI Oto70 |28Ld PDIP E28.6
ICL71CO3ACP! Oto70 |2a8LdPDIP E28.6
Pinouts
ICL8052/ICL806S ICL71C03 (PDIP)
(CERDIP, PDIP) TOP VIEW
TOP VIEW v,
v+ [1] 28] BUSY
v-[1] 74 INT ouT 41,137, 2] 27] D (LSD)
comp ouT [Z] 13 +BUFF IN PoL [3] 26] D
RUN/HOLD [4] 25] b5
REF CAP [3] 13 +INT IN
CoMP IN [5] 24] D,
REF BYPASS [4] [11] -INT IN v- 5] 7| Bs (MSB)
GND 5] [1q -BUFF IN REFERENCE [7] 22] B4
REF oUT [[&] 5] BUFF ouT REF. CAP. 1 [&] 1] B
REF SUPPLY [7] L8052/ [F] Vit REF. CAP. 2 [8] 20] B, (LSB)
ICL8068 ANALOG IN [10] [19] D (MSD)
ANALOG GND [f1] 18] STROBE
cLOoCK IN [i2] [17] A-ZIN
UNDER-RANGE [13 6] Az ouT
OVER-RANGE [13] [15] DIGITAL GND

CAUTION: These devices are sensitive to electrosiatic discharge. Users should follow proper IC Handling Procedures.
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Functional Block Diagram
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Absolute Maximum Ratings
ICL8052, ICLB068

Supply Voltage . . ... ... ... .. +18V
Differential Input Voltage
(BOBB) .. ... +30V
(BOB2) ... .. 16V
Input Voltage (Note 1). . . .. .. ... .. ... .. L. +15V
Output Short Gircuit Duration All Outputs (Note 2). . ... .. Indefinite
ICL71C03
Power Supply Voltage (GNDto V+) . ........ ... ... .. .. 6.5V
Negative Supply Voltage (GNDto V-). ... ... .. ... .. .. ... 17V
Analog Input Voltage (Note 3) ... .................... Vi to V-

Digital Input Voltage {Note 4)

Operating Conditions

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

Thermal Information

Thermal Resistance (Typical, Note 5) 8, (°C/WY By (PCAW)

CERDIP Package .. .............. 75 20

14 Ld PDIP Package .............. 100 N/A

28 Ld PDIP Package .. ............ 65 N/A
Maximum Storage Temperature ... ....... ... .. -85°C to 150°C
Maximum Lead Temperature {Scldering, 10s) .. .. ........ 300°C

CAUTION: Stresses above those listed in "Absolute Maximum Ralings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicaled in the operational sections of this specification is not implied.

NOTES:

1. For supply voltages less than 215V, the absolute maximum input voltage is equal to the supply voltage.

2
3.
4

. Connecting any digital inputs or outputs to voltages greater then

. Short circuit may be to ground or either supply. Rating applies to 70°C ambient temperature.

Input voltages may exceed the supply voltages provided the input current is limited to +100pA.

V+ orless than GND may cause destructive device latchup. For this

reason it is recommended that the power supply to the ICL71C03 be established before any inputs from sources not on that supply are

applied.
5.

84 is measured with the component mounted on an evaluation PC beoard in free air.

Electrical Specifications

PARAMETER SYMBOL COI\-Ir[I)EI'SI'-IrONS MIN TYP MAX UNITS
Clock In, Run/Hold, 4 1/2/3 1/2 INL Viy=0 0.2 0.6 mA
liINH Vin =45V 0.1 10 pA
Comp. In Current INL ViN=0 01 10 pA
lINH Vin = 45V 0.1 10 pA
Threshold Voltage VINTH 25 \')
All Outputs VoL loL=1.6mA 0.25 0.40 v
Bq, Bz, B4, Bg, Dy, D2, D3, Dy, D5 VoH loq =-1mA 24 4.2 v
Busy, Strobe, Over-Range, Under-Range Polarity VoH loH =-10pA 4.9 4.99 V')
Switches 1, 3, 4, 5, 6 rDS(ON) 400 Q
Switch 2 TDS(ON) 1200 Q
Switch Leakage (All) ID{OFF) 2 pA
+5V Supply Range V+ 4 5 6
-15V Supply Range V- -5 -15 -18 V')
+5V Supply Current I+ foLk =0 11 3 mA
-15V Supply Current - fok =0 0.8 3 mA
Power Dissipation Capacitance Cpp vs Clock Frequency 40 pF
Clock Frequency (Note &) DC 2000 1200 kHz

NOTE:

6. This specification relates to the clock frequency range over which the ICL71C03(A) will correctly perform its various functions. See the
“Max Clock Frequency” section under Component Value Selection for limitations on the clock frequency range in a system.
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ICL8068 Electrical Specifications Vg ppy = +15V, Ty = 25°C, Unless Otherwise Specified

ICL8063 ICL8068A
TEST
PARAMETER SYMBOL | CONDITIONS MIN TYP | MAX MIN TYP | MAX | UNITS

EACH OPERATIONAL AMPLIFIER

Input Offset Voltage Vos Vopm =0V 20 65 20 65 mV
Input Current (Either Input) (Note 7) liN Vom =0V 175 250 80 150 pA
Common-Mede Rejection Ratio CMRR Vopm = H10V 70 90 70 90 dB
Non-Linear Component of Common- Vopm = 2V 110 110 dB
Mode Rejection Ratio (Note 8)

Large Signal Voltage Gain Ay R = 50kQ 20,000 20,000 ViV
Slew Rate SR 8 8 Vius
Unity Gain Bandwidth GBW 2 2 MHz
Output Short-Circuit Current Isc 5 5 mA
COMPARATOR AMPLIFIER

Small-Signal Voltage Gain Avol RL = 30kQ 4000 ViV
Positive Output Voltage Swing +Vo 12 13 12 13 v
Negative Output Voltage Swing Vo -2.0 -2.8 -2.0 -2.8 V')
VOLTAGE REFERENCE

QOutput Voltage Vo 15 1.75 2.0 1.60 1.75 | 1.80 \')
Qutput Resistance Ro 5 5 Q
Temperature Coefficient TC 50 40 ppm/°C
Supply Voltage (V++ -V-) VauppLy +10 118 +10 118 \')
Supply Current Total IsuppLy 14 8 14 mA
ICL8052 Electrical Specifications Vg ppy = 215V, Ta = 25°C, Unless Otherwise Specified

ICL8052 ICL8052A
TEST
PARAMETER SYMBOL | CONDITIONS MIN TYP | MAX MIN TYP | MAX | UNITS

EACH OPERATIONAL AMPLIFIER

Input Offset Voltage Vos Vem =0V 20 75 20 75 mV
Input Current (Either Input) (Note 7) N Vom =0V 5 50 2 10 pA
Common-Mede Rejection Ratic CMRR Vom = H10V 70 90 70 90 dB
Non-Linear Component of Common- Vom = 2V 110 110 dB
Mode Rejection Ratic (Note 8)

Large Signal Voltage Gain Ay R = 50kQ 20,000 20,000 ViV
Slew Rate SR 8 8 Vius
Unity Gain Bandwidth GBW 1 1 MHz
Output Short-Circuit Current Isc 20 20 mA
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ICL8052 Electrical Specifications vgppy = +15V, Ty = 25°C, Unless Otherwise Specified {Continued)

TEST ICL8052 ICL8052A
PARAMETER SYMBOL | CONDITIONS MIN TYP | MAX MIN TYP | MAX | UNITS

COMPARATOR AMPLIFIER

Small-Signal Voltage Gain AvoL R = 30kQ 4000 ViV
Positive Output Voltage Swing +Vo 12 13 12 13 V')
Negative Output Voltage Swing Vo -2.0 -2.8 -2.0 -2.8 \')
VOLTAGE REFERENCE

Qutput Voltage Vo 15 1.75 2.0 1.60 1.75 | 1.80 V')
Output Resistance Ro 5 5 Q
Temperature Coefficient TC 50 40 ppm/°C
Supply Voltage (V++ -V-) YsuppLy +10 +16 +10 +16 V')
Supply Current Total IsuppLY 8 12 8 14 mA
NOTES:

7. Theinput bias currents are junction leakage currents which approximately double for every 109C increase in the junction temperature,
Ty. Due to limited preduction test time, the input bias currents are measured with junctions at ambient temperature. In normal
operation the junclion temperature rises above the ambient temperature as a result of internal power dissipation, Pp.
Ty =Ta + RgyaPp. where Rgja is the thermal resistance from junction to ambient. A heat sink can be used to reduce temperature rise.

8. This is the only component that causes errorin dual-slope converter.

System Electrical Specifications: ICL8068/ICL71C03
V44 = +15V, V4 = 45V, V- = -15V, Ty = 25°C, fg i Set for 3 Readings/Sec.

ICL806BA/ICL71C03 ICL806BA/ICL71C03
(NCTE 9) INCTE 10)
TEST
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS

Zero Input Reading Yy =0V, -000.0 | +000.0 | +000.0 | -000.0 | £000.0 | 000.0 Digital

Full Scale = 200mV Reading
Ratiometric Error (Note 11) VN = VREF 0.999 1.000 1.001 0.9999 | 1.0000 | 1.0001 Digital

Full Scale =2V Reading
Linearity Over + Full Scale (Error of 2V <V )y € +2V 0.2 1 0.5 1 Counts
Reading from Best Straight Line)
Differential Linearity (Difference 2V <V Ny £ +2V 0.01 0.01 Counts
between Worst Case Step of Adjacent
Counts and Ideal Step)
Rollover Error {Difference in Reading | -Vy = +Vy = 2V 02 1 05 1 Counts
for Equal Positive & Negative Voltage
Near Full Scale)
Noise (P-P Value Not Exceeded 85% | V| = 0V, 3 2 [TA"
of Time) Full Scale = 200mV
Leakage Current at Input Vin=0V 200 300 100 200 pA
Zero Reading Drift (Note 12) Vin =0V, 1 5 0.5 2 I\Y/led

0°C < Tp<50°C
Scale Factor Temperature Coefficient | Vi = 2V, 3 15 2 5 ppm/°C
(Note 12) 0°C < Tp <£50°C

Ext. Ref. Oppm/°C
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System Electrical Specifications: ICL8052/ICL71C03
V44 = +15V, V4 = 4BV, V- =-15V, Ty = 25°C, foLk Set for 3 Reading/Sec.

ICL8068A/ICL71C03 ICL8068A/ICL71C03
TEST {(NCTE 9) INCTE 10)
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Zero Input Reading Vg =0V, -0.000 | +0.000 | +0.000 | -0.000 | +0.000 | 0.000 Digital
Full Scale =2V Reading
Ratiometric Error (Note 11) ViN=VREF 0.999 1.000 1.001 0.9999 | 1.0000 | 1.0001 Digital
Full Scale =2V Reading
Linearity Over + Full Scale (Error of 2V V<42V 0.2 1 0.5 1 Counts
Reading from Best Straight Line)
Differential Linearity (Difference 2VVy=+2V 0.01 0.01 Counts
between Worst Case Step of Adjacent
Counts and Ideal Step)
Rollover Error (Difference in Reading | -Vin = +V|ny =2V 0.2 1 0.5 1 Counts
for Equal Positive & Negative Voltage
Near Full Scale)
Noise (Peak-To-Peak Value Not ViN =0V,
Exceeded 95% of Time) Full Scale = 200mV, 20 [TA%)
Full Scale = 2V 50 30
Leakage Current at Input Vg =0V 5 30 3 10 pA
Zero Reading Drift Vi =0V, 1 5 05 2 pV/eC
0°C To 70°C
Scale Factor Temperature Coefficient | Vi =2V, 3 15 2 5 ppm/°C
0°C To 70°C,
Ext. Ref. Oppm/°C

NOTES:

9. Tested in 31/2 digit (2,000 count) circuit shown in Figure 5, clock frequency 12kHz. Pin 2 71C03 connected to GND.
10. Tested in 4! /> digit (20,000 count) circuit shown in Figure 5, clock frequency 120kHz. Pin 2 71C03A open.

11. Tested with a low dielectric absorption integrating capacitor. See Component Selection Section.

12. The temperature range can be extended to 70°C and beyond if the Auto-Zero and Reference capacitors are increased to absorb the high

temperature leakage of the 8068.

Detailed Desctiption

ANALOG SECTION

Figure 2 shows the equivalent Circuit of the Analog Section
of both the ICL71C03/8052 and the ICL71C03/8068 in the 3
different phases of operation. IF the RUN/HOLD pin is left
open or tied to V+, the system will perform conversions at a
rate determined by the clock frequency: 40,0002 at 41/2 digit
and 4002 at 31/2 digit clock periods per cycle (see Figure 3
for details of conversion timing).

Auto-zero Phase | (Figure 2A)

During the Auto-Zero, the input of the buffer is connected to
VReF through switch 2, and switch 3 closes a loop around
the integrator and comparator, the purpose of which is to
charge the auto-zero capacitor until the integrator output
deoes not change with time. Also, switches 1 and 2 recharge
the reference capacitor to VRgF.

Input Integrate Phase Il {Figure 2B)

During Input Integrate the auto-zerc loop is opened and the
ANALOG INPUT is connected to the BUFFER INPUT
through switch 4 and Crgg. If the input signal is zero, the
buffer, integrator and comparator will see the same voltage

that existed in the previous state (Auto-Zerc). Thus, the
integrator output will not change but will remain stationary
during the entire Input Integrate cycle. If V| is not equal to
zero, and unbalanced condition exists compared to the Auto
Zero phase, and the integrator will generate a ramp whose
slope is proportional to Vy. At the end of this phase, the
sign of the ramp is latched into the polarity F/F

Deintegrate Phase Il (Figures 2C and 2D)

During the Deintegrate phase, the switch drive logic uses the
output of the polarity F/F in determining whether to close
switch 6 or 5. If the input signal is positive, switch 6 is closed
and a voltage which is Vgep more negative than during
Auto-Zero is impressed on the BUFFER INPUT. Negative
Inputs will cause +2(VRep) to be applied to the BUFFER
INPUT via switch 5. Thus, the reference capacitor generates
the equivalent of a (+) or (-} reference from the single
reference voltage with negligible error. The reference voltage
returns the output of the integrator to the zero-crossing point
established in Phase |. The time, or number of counts,
required to do this is propoertional to the input voltage. Since
the Deintegrate phase can be twice as long as the Input
Integrate Phase, the input voltage required to give a full
scale reading is 2VREF.
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COUNTS
PHASE | PHASE II PHASE Il
41/ DIGIT 10,001 10,000 20,001
31 DIGIT 1,001 1,000 2,001
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FIGURE 3. CONVERSION TIMING

Zero-Crossing Flip-Flop

Figure 4 shows the problem that the zero-crossing F/F is
designated to solve.

The integrator output is approaching the zero-crossing poeint
where the count will be latched and the reading displayed.
For a 20,000 count instrument, the ramp is changing
approximately 0.50mV per clock pulse {10V Max integrator
output divided by 20,000 counts). The clock pulse
feedthrough superimposed upon this ramp would have to be
less than 100mV peak to avoid causing significant errors.

The flip-flop interrcgates the data once every clock pulse
after the transients of the previous clock pulse and half-clock
pulse have died down. False zerc-crossings caused by clock
pulses are not recognized. Of course, the flip-flop delays the
true zero-crossing by one count in every instance, and if a
correction were not made, the display would always be one
count too high. Therefore, the counter is disabled for one
clock pulse at the beginning of phase 3. This one count
delay compensates for the delay of the zero crossing flip-
flop, and allows the correct number to be latched into the
display. Similarly, a one count delay at the beginning of
phase 1 gives an overload display of 0000 instead of 0001.
No delay occurs during phase 2, so that true ratiometric
readings result.

CLOCK
PULSE
FEEDTHROUGH

TRUE ZERO
CROSSING

FALSE ZERO —

CROSSING

FIGURE 4. INTEGRATOR OUTPUT NEAR ZERC-CROSSING

Detailed Desctription

DIGITAL SECTION

The 71C03 includes several pins which allow it to operate
conveniently in more sophisticated systems. These include:

4-1/2/3-1/2 (Pin 2)

When high (or open) the internal counter operates as a full
4 /> decade counter, with a complete measurement cycle
requiring 40,002 counts. When held low, the least significant
decade is cleared and the clock is fed directly into the next
decade. A measurement cycle now requires only 4,0002
clock pulses. All 5 digit drivers are active in elther case, with
each digit lasting 200 counts with Pin 2 high (4 /> digit) and
20 counts for Pin 2 low (3 /> digit).

RUN/HOLD (Pin 4)

When high (or open) the A/D will free-run with equally
spaced measurement cycles every 40,0002/4,002 clock
pulses. If taken low, the converter will continue the full mea-
surement cycle that it is doing and then hold this reading as
long as Pin 4 is held low. A short positive pulse (greater then
300ns) will now initiate a new measurement cycle beginning
with up to 10,001/1,001 counts of auto zero. Of course if the
pulse occurs before the full measurement cycle
(40,002/4,002 counts) is completed, it will not be recognized
and the converter will simply complete the measurement it is
deoing. An external indication that full measurement cycle
has been completed is that the first STROBE pulse (see
below) will occur 101/11 counts after the end of this cycle.
Thus, if RUN/HOLD is low and has been low for at |least
101/11 counts, converter is holding and ready to start a new
measurement when pulsed high.

STROBE (Pin 18)

This is a negative-going output pulse that aids in transferring
the BCD data to external laiches, UARTs or microproces-
sors. There are 5 negative-going STROBE pulses that occur
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