





The Maxim Advantage

Maxim Integrated Products is an international supplier of analog products for data acquisition
and control systems that require real world signal processing.

The demand for quality products to serve this market is accelerating rapidly — fueled in part by
the availability of inexpensive microprocessors. Industries new and old are calling for improved
quality, higher levels of reliability in the field, effective customer service, and innovative products at
no increase in cost.

We at Maxim have accepted this challenge.

In order to fulfill the promise of better products, Maxim has a rigorous system of quality control
and reliability testing. This begins with product design and continues through wafer inspection to
the final Quality Assurance acceptance prior to shipment. We've made a company-wide commit-
ment to supply the highest quality and best characterized products available to you, the customer.

In addition, Maxim has both national and international sales and distribution capabilities offering
immediate world-wide service and support.

Maxim has also taken an innovative approach to Customer Service, assuring on-time deliveries
and accurate customer order status. Our Customer Service organization is chartered with
predicting and avoiding potential schedule misses and delivery problems, not providing excuses
after the fact. Service to the customer, together with an unparalleled Quality Assurance Program, is
of the highest priority at our company.

In summary, what Maxim offers the industry is a stable and consistent source of higher quality,
consistently reliable products for a fair price — in other words, good value. Moreover, because
service comes first at Maxim, the end user at last receives the customer support he requires and has
a right to expect. In this way, Maxim can help you be a better supplier to your customer.

We would appreciate the opportunity to serve you.

S A el
Jack Gifford "~
President and Chief Excecutive Officer
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Guide to Using This Catalog

The Maxim ADVANTAGE™ ________ Data Sheet Identifiers

The “Maxim Advantage”™ signifies an upgraded quality PRODUCT

level. At no additional cost we offer a second-source IDENTIFIER STATUS .COMMENTS
device that is subject to the following: guaranteed

performance over temperature along with tighter test None Full Production | Data Sheet finalized.
specifications on many key parameters, and device Advance Initial Data Sheet based on design
enhancements, when needed, that result in improved Information |  Production | goals.

preformance without changing the functionality. Fur-
thermore all pins on Maxim’s devices are designed to

withstand electrostatic discharge (ESD) levels in excess i
of 2000V (test circuit per MilStd883, Method 3015.1). Numeric Index
These Maxim Advantages are listed on the “Maxim Part number index arranged first by alpha sequence,

then by numeric sequence. All suffixes — package/

Advantage™” page (usually the third page of the data temperature/number of pins are ignored.

sheet) and are highlighted (shaded) in the Electrical
Characteristics table. For reference purposes, the orig-

inal manufacturer’s Electrical Characteristics are re- i
produced on the page facing the “Maxim Advantage™" Alpha Numeric Index
page. Part number index arranged by numeric sequence. All

alpha prefixes and suffixes are ignored. The complete

In addition to these advantages, Maxim provides en- part number is shown, with the base number bold faced.

hanced Product Conditioning and Qualification at no
additional cost, as described in the “Packaged Unit
Process Flow” section (Page A-1).

Life Support Policy: Maxim does not authorize or warrant any Maxim product for use in life support devices and/or systems without the
express written approval of an officer of Maxim Integrated Products.

Life support devices or systems are devices or systems which, (i) are intended for surgical implant into the body or (ii) support or sustain life,
and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably
expected to result in a significant injury to the user.

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent
licenses are implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.

© Maxim Integrated Products, 1985 Printed in ITALY
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General Description

The Maxim ICL7106 and |ICL7107 are monolithic analog
to digital converters. They have very high input imped-
ances and require no external display drive circuitry. On-
board active components include polarity and digit driv-
ers, segment decoders, voltage reference and a clock
circuit. The ICL7106 will directly drive a non-multiplexed
liquid crystal display (LCD) whereas the ICL7107 will di-
rectly drive a common anode light emitting diode (LED)
display.

Versatility and accuracy are inherent features of these
converters. The dual-slope conversion technique auto-
matically rejects interference signals common in industri-
al environments. The true differential input and reference
are particularly useful when making ratiometric measure-
ments (ohms or bridge transducers). Maxim has added a
zero-integrator phase to the ICL7106 and ICL7107, elimi-
nating overrange hangover and hysteresis effects. Final-
ly, these devices offer high accuracy by lowering rollover
error to less than one count and zero reading drift to less
than 1pV/°C.

Applications

These devices can be used in a wide range of digital
panel meter applications. Most applications, however, in-
volve the measurement and display of analog data:

Pressure Conductance
Voltage Current
Resistance Speed
Temperature Material Thickness

_Typical Operating Circuit

LCD
Display

[
200

+
ANALOG
INPUT

T CH
l

TO ANALOG
COMMON (P32)

[FULLSCALE ~ Vper |
[INPUT |

[2.000 v 1000V '
12000 mV_ 100.0 mV
(Detailed Circuit Diagram—Page 4)
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Features

4 Improved 2nd Source! (See 3rd page for
“Maxim Advantage™”)

¢ Guaranteed first reading recovery from
overrange

4 On board Display Drive Capability—no external
circuitry required
LCD-ICL7106
LED-ICL7107

4 High Impedance CMOS Differential Inputs

& Low Noise (< 15uV p-p) without hysteresis or
overrange hangover

4 Clock and Reference On-Chip
& True Differential Reference and Input

4 True Polarity Indication for Precision Null
Applications

4 Monolithic CMOS design
Ordering Information

PART TEMP. RANGE PACKAGE
ICL7106CPL  0°Cto +70°C 40 Lead Plastic DIP
ICL7106CJL  0°C to +70°C 40 Lead CERDIP
ICL7106CQ 0°Cto +70°C 44 Lead Plastic Chip Carrier
ICL7106C/D 0°Cto +70°C Dice
ICL7107CPL  0°Cto +70°C 40 Lead Plastic DIP
ICL7107CJL  0°C to +70°C 40 Lead CERDIP
ICL7107CQ 0°Cto +70°C 44 Lead Plastic Chip Carrier
ICL7107C/D 0°Cto +70°C Dice

Pin Configuration
v* 0sC 1
D1 0SC 2
Cc1 0SC3
1s B1 TEST
Al REF HI
F1 REF LO
G1 CREF
E1 A AxIm CREF
D2 ICL7106 COMMON
c2 [© ICL7107 IN HI
» B2 INLO
105 a2 A/Z
F2 BUFF
E2 INT
B3 Ga(TENS)
100'S 3 c3
E3 A3 100's
1000'S—AB4 G3__|
POL BP(7106) GND(7107)
(MINUS SIGN)
See last page for Plastic Chip Carrier Pin Configuration.

The “Maxim Advantage™ signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the
following: guaranteed performance over temperature along with tighter test specifications on many key parameters; and device
enhancements, when needed, that result in improved performance without changing the functionality.

MAXIN

- Maxim Integrated Products 1-1
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ICL7106/7107

32 Digit A/D Converter

ABSOLUTE MAXIMUM RATINGS

Supply Voltage
ICL7106,V*+ toV = ... 15V
ICL7107,V+t toGND ............coiiiiiina., +6V
ICL7107,V=t0GND .........ciiiiiiiinnnann, -9V
Analog Input Voltage (either input)(Note 1).... ... V+toV—
Reference Input Voltage (eitherinput)........... VttoV-—
Clock Input
ICL7106 ... .ei it TESTtoV+
ICL7107 .ottt GNDtoV+

Power Dissipation (Note 2)

Ceramic Package........................... 1000mwW
CerdipPackage ............................. 800mW
PlasticPackage ............................. 800mW
Operating Temperature .................... 0°Cto +70°C
Storage Temperature ................. —65°C to +160°C
Lead Temperature (Soldering, 60 sec)............ +300°C

Note 1: Input voltages may exceed the supply voltages, provided the input current is limited to +100pA.
Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board.

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS (note 3)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Zero Input Reading Vin = 0.0V —000.0 +000.0 +000.0 Digital Reading
Full Scale = 200.0mV 2
Ratiometric Reading VIN = VREF 999 999/1000 | “: 1000 Digital Reading
VRer = 100mV S\
Rollover Error (Difference in -VIN = +VIN = 200.0mV -1 v« +1 Counts
reading for equal positive and %
negative reading near Full Scale)
Linearity (Max. deviation from Full scale = 200mV -1 %2 +1 Counts
best straight line fit) or full scale = 2.000V S L dhY
Common Mode Rejection Ratio VoM =1V, VIN=0V. | e 50 uV/V
(Note 4) %
Noise (Pk-Pk value not exceeded 15 uV
95% of time)
Input Leakage Current 1 10 pA
Zero Reading Drift 0.2 1 uVv/eCc
Scale Factor Temperature Vin = 199.0mV 1 5 ppm/°C
Coefficient [0%<Ta<70°C
™ “|(Ext. Ref. Oppm/°C)
V*Supply Current. (Does né‘tkf’*“ ViIN=0 0.8 1.8 mA
include LED’currént for 7107)
107 0.6 1.8 mA
25k() between Common & 2.4 2.8 3.2 v
respect to Pos. Supply) Pos. Supply
Temp. Coeff. of Analog Common 25k() between Common & 80 ppm/°C
(With respect to Pos. Supply) Pos. Supply
7106 ONLY Vito V™ =9V 4 5 6 \
Pk-Pk Segment Drive Voltage,
Pk-Pk Backplane Drive Voltage
(Note 5)
7107 ONLY V' =50V 5 8.0 mA
Segment Sinking Current Segment voltage = 3V
(Except Pin 19)
(Pin 19 only) 10 16 mA

Note 3: Unless otherwise noted, specifications apply to both the 7106 and 7107 at Y4 =25°C, fo_ock = 48kHz. 7106 is tested in the circuit of Figure 1. 7107 is

tested in the circuit of Figure 2.
Note 4: Refer to “Differential Input” discussion.

Note 5: Backplane drive is in phase with segment drive for “off” segment, 180° out of phase for “on” segment. Frequency is 20 times conversion rate. Average DC
component is less than 50mV.

The electrical characteristics above are a reproduction of a portion of Intersil’s copyrighted (1983/1984) data book. This information does not constitute any
representation by Maxim that Intersil’s products will perform in accordance with these specifications. The “Electrical Characteristics Table” along with the
descriptive excerpts from the original manufacturer’s data sheet have been included in this data sheet solely for comparative purposes.
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¢ Guaranteed Overload Recovery Time & Key Parameters Guaranteed over Temperature
# Significantly Improved ESD Protection (Note 7) & Negligible Hysteresis
¢ Low Noise 4 Maxim Quality and Reliability

& Increased Maximum Rating for Input Current (Note 8)

ABSOLUTE MAXIMUM RATINGS: This device conforms to the Absoiute Maximum Ratings on adjacent page.
ELECTRICAL CHARACTERISTICS: Specifications below satisfy or exceed all “tested”” parameters on adjacent page.

(V¥ = 9V; Tp = 25°C; foLock = 48kHz; test circuit - Figure 1; unless noted)
PARAMETERS CONDITIONS MIN TYP MAX UNITS

ViN = 0.0V, Full Scale = 200.0mV
Ta 25°C (Note 6)
TA

—000.0

+000.0 +000.0 Digital
000. 0000 Readin

" 100mV

ViN = VREF, VREF -
T °C (Note 6) 999/1000 Digital
70°C | _998/1000 Reading

Rollover Error (Difference in =VIN = +V|N = 200. OmV
reading for equal positive and Ta = 25°C (Note 6) -1 t+.2 +1 Counts
negative reading near Full Scale) 0° < T, <70°C (Note 10) +.2
Linearity (Max. deviation from Full Scale = 200.0mV -1 +.2 +1 Counts
best straight line fit) or full scale = 2.000V
Common Mode Rejection Ratio Vem = 1V, VN = 0V
Full Scale = 200.0mV 50 nVv/vV
Noise (Pk-Pk value not exceeded ViN = 0V
95% of time) Full Scale = 200.0mV 15 pVvV
[age ! ViN=0
Ta = 25°C (Note 6) 1 10 pPA
I PsTaswe 20 2 200
Zero Reading Drift ViN=0
0° < Tp < 70°C (Note 6) 0.2 1 pV/°C
Scale Factor Temperature Vin = 199.0mV
Coefficient 0° < Tp <70°C 1 5 ppm/°C
(Ext. Ref. Oppm/°C) (Note 6)

VIN=0
Ta = 25°C

V— Supply Current (7107 only) 0.6 1.8 mA
Analog Common Voltage (with 25k between Common & 2.4 2.8 3.2 \
respect to Pos. Supply) Pos. Supply

Temp. Coeff. of Analog Common 25k between Common & 75 ppm/°C
(with respect to Pos. Supply) Pos. Supply

7106 Only (Note 5) V+toV—- =9V 4 5 6 v

Pk-Pk Segment Drive Voltage,
Pk-Pk Backplane Drive Voltage

7107 Only—Segment Sinking Current  V+ = 5.0V 5 8.0 mA
(Except Pin 19) Segment Voltage = 3V
(Pin 19 onl 10 16 mA

Note 6: Test condition is Vi applied between pins IH-HI and IN-LO. i.e., 1MQ resistor in Figures 1 and 2.

Note 7: All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V. (Test circuit per Mil Std 883, Method 3015.1)
Note 8: Input voltages may exceed the supply voltage provided the input current is limited to + 1mA (This revises Note 1 on adjacent page).
Note 9: Number of measurement cycles for display to give accurate reading.

Note 10: 1MQ resistor is removed in Figures 1 and 2.

/MAXIWVI o 13

LOLL/90LLTOI



ICL7106/7107

372 Digit A/D Converter

0.1 uF LCD
- I_‘ }_I . Display
Tme " CRer CRer -'L-.”:'L-.'
:;‘N"“JLT"; 0.01uF - 2:-‘2: f’z(';‘n"gm ”—’ L’ ,-'

NLO poL 2T
21 MINUS SIGN BACKPLANE
;14 DRIVE

COMMON 1

Vi
BUFF 24
47k$2 $ 0ATuF Ke

b

29

<
| L 36 VREF &
REF HI =
0.224F e SEIH
e ) 35 S
INT REFLO
v 3
0SC; 05C3  0SCy)
338 Coge |40
maxim RosC TO ANALOG
ICL71 M COMMON (P32)
06 100 k2 100 pF
FULL SCALE  VReF ‘
INPUT

200.0 mV 1000mVJ

0.1 uF LED
1 }_133 Display
U ll-ll-“-l

‘o—./w\i—— INHI 2.19 | SEGMENT
ANALOG g1 ¢ 22.25 | DRIVE ' ,

INPUT )
30
- INLO POL 2—1
ano 2
3z [ =
COMMON v =
V. v
2 . > O +5
BUFF 24 &
PSS
a7k 0.47uF - ‘r
29
| L 36 VREF j,
0.22,F REFHI g LS
T _ 2 35
INT REFLO
_l2s sv
osc; osc3 oscy” O -
3838 Ccosc |40
maxim
IcL7107 ROSC TO ANALOG
\ 100 oF COMMON (P32)
100 k&2 100 ¢!
:FULLSCALE VREF |
200.0 mV 100.0 mV

Figure 1. Maxim ICL7106 Typical Operating Circuit

Analog Section
Figure 3 shows the Block Diagram of the Analog Section
for the ICL7136. Each measurement cycle is divided into
four phases:

1. Auto-Zero (A-2)

2. Signal Integrate (INT)
3. Reference De-Integrate (DI)
4. Zero Integrator (ZI)

Auto-Zero Phase
Three events occur during auto-zero. The inputs, IN-HI
and IN-LO, are disconnected from the pins and internally
shorted to analog common. The reference capacitor is
charged to the reference voltage. And lastly, a feedback
loop is closed around the system to charge the auto-zero
capacitor Capz to compensate for offset voltages in the
comparator, buffer amplifier and integrator. The inherent
noise of the system determines the A-Z accuracy.
Signal Integrate Phase
The internal input high (IN-HI) and input low (IN-LO) are
connected to the external pins, the internal short is re-
moved and the auto-zero loop is opened. The converter
then integrates the differential voltage between IN-HI
and IN-LO for a fixed time. This differential voltage can
be within a wide common-mode range (within one volt of
either supply). If, however, 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. The polarity of the integrated signal is de-
termined at the end of this phase.
Reference De-Integrate
IN-HI is connected across the previously charged refer-
ence capacitor and IN-LO is internally connected to ana-
log common. 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 input
signal determines the time required for the output to re-
turn to zero. The digital reading displayed is:
1000 x ~IN_
VREF

1-4

Figure 2. Maxim ICL7107 Typical Operat:ng Circuit
Zero Integrator Phase

Input low is shorted to analog COMMON and the refer-
ence capacitor is charged to the reference voltage. A
feedback loop is closed around the system to input high,
causing the integrator output to return to zero. This
phase normally lasts between 11 and 140 clock pulses
but is extended to 740 clock pulses after a “heavy” over-
range conversion.

Differential 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 rollover voltage. This
is caused by the reference capacitor losing or gaining
charge to stray capacitance on its nodes. The reference
capacitor can gain charge (increase voltage) if there is a
large common-mode voltage. This happens during de-in-
tegration of a positive signal. In contrast, the reference
capacitor will lose charge (decrease voltage) when de-in-
tegrating a negative input signal. Rollover error is caused
by this difference in reference for positive or negative
input voltages. This error can be held to less than half a
count for the worst-case condition by selecting a refer-
ence capacitor that is large enough in comparison to the
stray capacitance. (See component value selection.)
Differential Input
Differential voltages anywhere within the common-mode
range of the input amplifier can be accepted by the input
(specifically from 1V below the positive supply to 1V
above the negative supply). The system has a CMRR of
86dB (typ) in this range. Care must be exercised, howev-
er, to ensure that the integrator output does not saturate,
since the integrator follows the common-mode voltage. A
large positive common-mode voltage with a near full-
scale negative differential input voltage is a worst-case
condition. When most of the integrator output swing has
been used up by the positive common-mode voltage, the
negative input signal drives the integrator more positive.
The integrator swing can be reduced to less than the
recommended 2V full-scale swing with no loss of accura-
cy in these critical applications. The integrator output can
swing within 0.3V of either supply without loss of linearity.

AKXV




3% Digit A/D Converter

______ v v
v REF HI ' 68 VOLT v ‘g
- INTEGRATOR ijzn ’?‘7"1‘6‘; 20k
ICcL
TO AL ReF Lo ZN 1CL7107 l\ L
SECTION maxim iz y
ICL7106 l i 4
ICL7107 12y
3 REFLO REFERENCE
COMMON

m
cL

icL7107

AXIM

@) )

7106

Figure 3. Analog Section of ICL7106/ICL7107

Analog Common

The primary purpose of this pin is to set the common-
mode voltage for battery operation. This is useful when
using the ICL7106, or for any system where the input
signals are floating with respect to the power supply. A
voltage of approximately 2.8V less than the positive sup-
ply is set by this pin. The analog common has some of
the attributes of a reference voltage. If the total supply
voltage is large enough to cause the zener to regulate
(>7V), the common voltage will have a low output im-
pedance (approximately 15(), a temperature coefficient
% 0t¥pic)al|y 80ppm/°C, and a low voltage coefficient
.001%).

The internal heating of the ICL7107 by the LED display
drivers degrades the stability of Analog Common. The
power dissipated by the LED display drivers changes
with the displayed count, thereby changing the tempera-
ture of the die, which in turn results in a small change in
the Analog Common voltage. This combination of vari-
able power dissipation, thermal resistance, and tempera-
ture coefficient causes a 25-80uV increase in noise
near full scale. Another effect of LED display driver pow-
er dissipation can be seen at the transition between a full
scale reading and an overload condition. Overload is a
low power dissipation condition since the three least sig-
nificant digits are blanked in overload. On the other hand,
a near full scale reading such as 1999 has many seg-
ments turned on and is a high power dissipation condi-
tion. The difference in power dissipation between over-
load and full scale may cause a ICL7107 with a negative
temperature coefficient reference to cycle between over-
load and a near full scale display as the die alternately
heats and cools. An ICL7107 with a positive TC refer-
ence will exhibit hysteresis under these conditions: once
put into overload by a voltage just barely more than full
scale, the voltage must be reduced by several counts
before the ICL7107 will come out of overload.

MAKXIVE

Figure 4. Using an External Reference

None of the above problems are encountered when us-
ing an external reference. The ICL7106, with its low pow-
er dissipation, has none of these problems with either
an external reference or when using Analog Common
as a reference.

During auto-zero and reference integrate the internal in-
put low is connected to Analog Common. If IN-LO is dif-
ferent from analog-common, a common-mode voltage
exists in the system and is taken care of by the excellent
CMRR of the converter. In some applications, however,
IN-LO will be set at a fixed known voltage (e.g., power
supply common). Whenever possible analog common
should be tied to the same point, thus removing the com-
mon-mode voltage from the converter. The same holds
true for the reference voltage. If convenient, REF-LO
should be connected to analog common. This will re-
move the common-mode voltage from the reference sys-
tem.

Analog Common is internally tied to an N-channel FET
that can sink 30mA or more of current. This will hold the
Analog Common voltage 2.8V below the positive supply
(when a source is trying to pull the common line positive).
There is only 10uA of source current, however, so COM-
MON may easily be tied to a more negative voltage, thus
over-riding the internal reference.

Test

Two functions are performed by the test pin. The first is
using this pin as the negative supply for externally gener-
ated segment drivers or any other annunciators the user
may want to include on the LCD. This pin is coupled to
the internally generated digital supply through a 5000
resistor. This application is illustrated in Figures 5 & 6.

A lamp test is the second function. All segments will be
turned on and the display should read —1888, when
TEST is pulled high (V+).

Caution: In the lamp test mode, the segments have a
constant dc voltage (no square wave). This can burn the
LCD if left in this mode for several minutes.
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Digital Section

The digital section for the ICL7106 and ICL7107 is illus-
trated in Figures 8 and 9. In Figure 7, an internal digital
ground is generated from a 6V zener diode and a large P-
channel source follower. This supply is made stiff to ab-
sorb the large capacitive currents when the back plane
(BP) voltage is switched. The BP frequency is calculated
by dividing the clock frequency by 800. For example, with
a clock frequency of 48kHz (3 readings per second), the
backplane will be a 60Hz square wave with a nominal
amplitude of 5V. The segments are driven at the same
frequency and amplitude. Note that these are out-of-
phase when the segment is ON and in-phase when OFF.
Negligible dc voltage exists across the segments in ei-
ther case.

1-6

The ICL7107 is identical to the ICL7106 except that the
backplane and drivers have been replaced by N-channel
segment drivers. The ICL7107 is designed to drive com-
mon anode LED’s with a typical segment current of 8mA.
Pin 19 (thousands digit output) sinks current from two
LED segments, and has a 16mA drive capability.

The polarity indication is “on” for negative analog inputs,
for both the ICL7106 and ICL7107. If desired IN-HI and
IN-LO can be reversed giving a “on” for positive analog
inputs.

System Timing

The clocking circuitry for the ICL7106 and ICL7107 is
illustrated in Figure 7. Three approaches can be used:

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

The decade counters are driven by the clock frequency
divided by four. This frequency is then further divided to
form the four convert-cycle phases, namely: signal inte-
grate (1000 counts), reference de-integrate (0 to 2000
counts), auto-zero (260 to 2989 counts) and zero integra-
tor (11 to 740).

The signal integration should be a multiple of 60Hz to
achieve a maximum rejection of 60Hz pickup. Oscillator
frequencies of 331;kHz, 40kHz, 48kHz, 60kHz, 80kHz,
120kHz, 240kHz, etc., should be selected. Similarly, for
B50Hz rejection, oscillator frequencies of 200kHz,
100kHz, 662/3kHz, 50kHz, 40kHz, etc., are appropriate.
Note that 40kHz (2.5 readings/second) will reject both
50 and 60Hz (also 400 and 440Hz).

Auto-zero receives the unused portion of reference
deintegrate for signals less than full-scale. A complete
measurement cycle is 4,000 counts (16,000 clock puls-
es), independent of input voltage. As an example, an os-
cillator frequency of 48kHz would be used to obtain three
readings per second.

T0
COUNTER

CRYSTAL
—0

RC NETWORK

maxim
ICL7106
cL7107

EXTERNAL
OSCILLATOR

TO TEST PIN ON ICL7106
TO GROUND PIN ON ICL7107

Figure 7. Clock Circuits
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Component Value Selection

Auto-Zero Capacitor

The noise of the system is influenced by the auto-zero
capacitor. For the 2V scale, a 0.047uF capacitor is ade-
quate. A capacitor size of 0.47uF is recommended for
200mV full scale where low noise operation is very im-
portant. Due to the ZI phase of Maxim’s ICL7106/7,
noise can be reduced by using a larger auto-zero capaci-
tor without causing hysteresis or overrange hangover
problems seen in other manufacturers’ ICL7106/7 which
do not have the ZI phase.

Reference Capacitor

For most applications, a 0.1uF capacitor is acceptable.
However, a large value is needed to prevent rollover er-
ror where a large common-mode voltage exists (i.e., the
REF-LO pin is not at analog common) and a 200mV
scale is used. Generally, the roll over error will be held
half a count by using a 1.0uF capacitor.

Integrating Capacitor

To ensure that the integrator will not saturate (at approxi-
mately 0.3V from either supply), an appropriate integrat-
ing capacitor must be selected. A nominal 2V full-scale
integrator swing is acceptable for the ICL7106 or
ICL7107 when the analog common is used as a refer-
ence. A nominal +3.5 to 4 volt swing is acceptable for
the ICL7107 with a £ 5V supply and analog common tied
to supply ground. The nominal values for CiyT are
0.22uF and 0.10uF for three readings per second.
(48kHz clock). These values should be changed in in-
verse proportion to maintain the same output swing if
different oscillator frequencies are used.

The integrating capacitor must have low dielectric ab-
sorption to minimize linearity errors. Polypropylene ca-
pacitors are recommended for this application.

Integrating Resistor

The integrator and the buffer amplifier both have a class
A output stage with 100nA of quiescent current. 20uA of
drive current can be supplied with negligible non-linearity.
This resistor should be large enough to maintain the am-
plifiers in the linear region over the entire input voltage
range. The resistor value, however, should be low
enough that undue leakage requirements are not placed
on the PC boards. For a 200mV scale, a 47K resistor is
recommended; (2V scale/470K().

Oscillator Components

A 100KQ resistor is recommended for all ranges of fre-
quency. By using the equation f = 0.45/RC, the capaci-
tor value can be calculated. For 48kHz clock, (3 read-
ings/second), the oscillator capacitor plus stray capaci-
tance should equal 100pF.

1-8

Reference Voltage

An analog input voltage of V)y equal to 2 (VRgF) is re-
quired to generate full scale output of 2000 counts. Thus,
for 2V and 200mV scales, VRgr should equal 1V and
100mV respectively. However, there will exist a scale
factor other than unity between the input voltage and the
digital reading in many applications where the A/D is
connected to a transducer.

As an example, the designer may like to have a full scale
reading in a weighing system when the voltage from the
transducer is 0.682V. The designer should use the input
voltage directly and select VRer at 0.341V instead of di-
viding the input down to 200mV. Suitable values of the
capacitor and integrating resistor would be 0.22uF and
120KQ. This provides for a slightly quieter system and
also avoids a divider network on the input. The ICL7107
can accept input signals up to +4V with £ 5V supplies.
Another advantage of this system occurs when the digital
reading of zero is desired for V|y # zero. Examples are
temperature and weighing systems with variable tare. By
connecting the voltage transducer between V) positive
and common, and the variable (or fixed) offset voltage
between common and VN negative, the offset reading
can be conveniently generated.

ICL7107 Power Supplies

The ICL7107 is designed to operate from +5V supplies.
However, when a negative supply is not available it can
be generated from a clock output with two diodes, two
capacitors, and an inexpensive IC. Refer to Figure 10.
Alternatively a —5V supply can be generated using Max-
im's ICL7660 and two capacitors.

A negative supply is not required in selected applications.
The conditions to use a single + 5V supply are:

€ An external reference is used.
@ The signal is less than +1.5V.

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

See Figure 18.
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0sc 2

0sc 3

maxim
ICL7107

GND
v—

|

Figure 10. Generating Negative Supply from +5V
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Applications Information

Heat is generated within the ICL7107 IC package due to
the sinking of LED display current. Fluctuating chip tem-
perature can cause a display to change reading if the
internal voltage reference is used. By reducing the power
being dissipated such variations can be reduced. The
ICL7107 power dissipation is reduced by reducing the
LED common anode voltage. The curve tracer illustration
showing the relationship between the output current and
the output voltage for typical ICL7107 is seen in Figure
11. Note that the typical ICL7107 output is 3.2V (point A),
since the typical LED has 1.8V across it (8mA drive cur-
rent) and its common anode is connected to +5V. Maxi-
mum power dissipation is: '

8.1mA X 3.2V X 24 segments = 622mW

Once the ICL7107 output voltage is above 2V, the LED
current is essentially constant as output voltage increas-
es. Point B illustrates that reducing the output voltage by
0.7V results in 7.7mA of LED current, (only 5% reduc-
tion). The maximum power dissipation is a reduction of
26% as calculated by:

7.7mA X 2.5V X 24 segments = 462mW

As illustrated in Figure 12, reduced power dissipation is
easy to obtain. This can be accomplished by placing ei-
ther a 5.1Q resistor or a 1 amp diode in series with the
display (but not in series with the ICL7107). Point C of
Figure 18 illustrates that a resistor will reduce the
ICL7107 output voltage when all 24 segments are “On”.
The output voltage will increase when segments are
turned “Off”. On the other hand, the diode will result in a
relatively steady output voltage, around Point B. The re-
sistor not only reduces the change in power dissipation
as the display changes, but also limits the maximum
power dissipation. This is due to the fact that as fewer
segments are “On”, each “On” output drops more volt-
age and current. The resistor circuit will change about
230mW when changing from the best case of six seg-
ments, a “111” display, to worst-case of a “1888” dis-
play. If the resistor is removed, the power dissipation
change will be 470mW. The resistor, therefore, will re-
duce the effect of display dissipation on reference volt-
age drift by about 50%.

As more segments are turned off, the change in LED
brightness caused by the resistor is almost unnoticeable.
A diode may be used instead of the resistor if it is impor-
tant to maintain a steady level of display brightness.
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Figure 18. ICL7107 Operated from Single + 5V Supply. An external Refer-
ence must be used in this application.
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Low Power, 3% Digit A/D Converter

General Description

The Maxim ICL7126 is a monolithic analog to digital
converter with very high input impedance. On-board
active components include segment drivers, segment
decoders, voltage reference and a clock circuit. The
ICL7126 directly drives a non-multiplexed liquid crystal
(LCD) display, requiring no external display drive
circuitry. Significantly reduced power consumption
makes the ICL7126 a superior device, especially for
portable systems.

Versatility and accuracy are inherent features of this
converter. The dual-slope conversion technique auto-
matically rejects interference signals commoninindus-
trial environments. The true differential input and
reference are particularly useful when making ratio-
metric measurements (ohms or bridge transducers),
and the zero-integrator phase in Maxim’s ICL7126
eliminates overrange hangover and hysteresis effects.
The Zero Integrator phase also allows the use of larger
auto zero capacitors reducing noise further. Finally, this
device offers high accuracy by lowering rollover error
to less than one count and zero reading drift to less
than 1uV/°C.

Applications

These devices can be used in a wide range of digital
panel meter applications. Most applications, however,
involve the measurement and display of analog data:

Pressure Conductance
Voltage Current
Resistance Speed

Temneratura Matarial Thickna
emperaiure wviaillriai 1 niCKne

v* 0SC 1
D1 0SC 2
c1 0SC 3
1s B1 TEST
Al REF HI
F1 REF LO
G1 CREF
E1 maxim REF
D2 IcL7126 COMMON
g% IN HI
. INLO
105 a2 A/Z
F2 BUFF
E2 INT
Dg v~ )
s B G2(TENS
100's C3

A3 100'S
G3__|
BP

E.
1000'S—-AB4
POL [Z
(MINUS SIGN)
See Page 1-12 for 44 Lead Chip Carrier Pin Configuration

Features

4 Improved 2nd Source! (See 3rd page for
“Maxim Advantage™”).

@ Power dissipation guaranteed less than 1mW-9V
battery life 8000 hours typical

& Guaranteed first reading recovery from
overrange

@ Zero Input Gives Zero Reading
¢ Drives LCD Displays Directly

¢ Low Noise (15uV p-p) without hysteresis or over-
range hangover

4 True Differential Reference and Input
& Monolithic, Low Power CMOS

Ordering Information

PART TEMP. RANGE PACKAGE
ICL7126CPL 0°Cto +70°C 40 Lead Plastic DIP
ICL7126CJL 0°Cto +70°C 40 Lead CERDIP
o 44 Lead Plastic
ICL7126CQ 0°Cto+70°C  GhicCarrier
ICL7126C/D 0°Cto +70°C _ Dice
Typical Operating Circuit
LCD
Display
(O
R - P P
O
INPUT ~ |
L7z

Pl

+
VREF ]
$

TO ANALOG
COMMON (P32)

(=1

[FULL SCALE VREF
INPUT |
2.000 v 1.000 V

1200.0 mV 100.0 mV |

( Detailed Circuit Diagram—Figure 1 & 2 )

The “Maxim Advantage™" signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the
following: guaranteed performance over temperature along with tighter test specifications on many key parameters; and device

enhancements, when needed, that result in improved performance without changing the functionality.

MNMAXIVL
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ICL7126

Low Power, 3" Digit A/D Converter

ABSOLUTE MAXIMUM RATINGS

Power Dissipation (Note 2)

CeramicPackage........................... 1000mW
Supply Voltage (VY toV=) ..o, 15V PlasticPackage ............................. 800mW
Analog Input Voltage (either input)(Note 1). ..Vttov- Operating Temperature .. ................... 0°Cto +70°C
Reference Input Voltage (either input). . . .. Vttov— Storage Temperature ................. —65°Cto +160°C
ClockInput . ... TESTtoV+ Lead Temperature (Soldering, 60sec)............ +300°C

Note 1: Input voltages may exceed the supply voltages, provided the input current is limited to +100pA.
Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board.
Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional

operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS o3, 7

PARAMETER CONDITIONS MIN TYP MAX UNITS
Zero Input Reading Vin=0.0V -000.0 +000.0 +000.0 Digital Reading
Full-Scale = 200.0mV
Ratiometric Reading VN = VRer, VRer =100mV 999 999/1000 . 1000 Digital Reading
Roll-Over Error (Difference in =V|y= + V= 200.0mV -1 +0.2 . +1 Counts

reading for equal positive and
negative reading near full-scale)

Linearity (Max. deviation from Full-Scale = 200mV -1 ;;qu +1 Counts
best straight line fit) or Full-Scale = 2.000V i 5

Common-Mode Rejection Ratio Vem= 21V, Vjy=0V = 1 50 uVIV
(Note 4) Full-Scale = 200.0mV e gl

Noise (Pk-Pk value not exceeded V|n =0V, Full-Scale = 200.0mV 5 . 15 wVv
95% of time) .

Leakage Current @ Input Vin=0V % 4 1 10 pA
Zero Reading Drift ViN=0V,0°C<Tag+70°C 0.2 1 wVI°C
Scale Factor Temperature Vin=199.0mV, 0°C<Ta< +70°C 1 5 ppm/°C
Coefficient (Ext.'Ref. Oppm/°C)

Supply Current (Does not Vin, 0V (Note 6) 50 100 uA
include COMMON current) ‘ “

Analog COMMON Voitage (With 250k between Common and 2.4 2.8 3.2 \
respect to positive supply) * . Positive Supply

Temp. Coeftf. ot Analog COMMON 250k between Common and 80 ppm/°C
(With respect to positive supply) Positive Supply

Pk-Pk Segment Drive Voltage VYitov. =9v 4 5 6 v
(Note 5)

Pk-Pk Backplane Drive Voltage viiovT =9v 4 5 6 "
(Note 5)

Power Dissipation Capacitance vs Clock Frequency 40 pF

Note 3: Unless otherwise noted, specifications apply at Tao=25°C, fc ock = 16kHz and are tested in the circuit of Figure 1.
Note 4: Refer to “Differential Input” discussion.

Note 5: Backplane drive is in phase with segment drive for “off” segment, 180° out of phase for “‘on” segment. Frequency is 20 times conversion rate. Average DC
component is less than 50mV.

Note 6: 48kHz oscillator, Figure 2, increases current by 20pA (typ).
Note 7: Extra capacitance of CERDIP package changes oscillator resistor value to 470k or 150k (1 reading/sec or 3 readings/sec).

The electrical characteristics above are a reproduction of a portion of Intersil’s copyrighted (7983/ 1984) data baok This information does not constitute any
representation by Maxim that Intersil’s products will perform in accordance with these specifi 1s. The “El Ch: istics Table” along with the
descriptive excerpts from the original manufacturer’s data sheet have been included in this data sheet solely for comparative purposes.
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MAXIN

Low Power, 3% Digit A/D Converter

& Low Noise
¢ Key Parameters Guaranteed over Temperature
¢ Guaranteed Overload Recovery Time

& Negligible Hysteresis
¢ Increased Maximum Rating for Input Current (Note 10)
& Maxim Quality and Reliability

¢ Significantly Improved ESD Protection (Note 9)

ABSOLUTE MAXIMUM RAT'NGS: This device conforms to the Absolute Maximum Ratings on adjacent page.
ELECTRICAL CHARACTEF“ST'CS: Specifications below satisfy or exceed all “tested” parameters on adjacent page.

(V*+ = 9V; Ta = 25°C; foLock = 16kHz; test circuit - Figure 1; unless noted)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
ViN = 0.0V, Full Scale = 200.0mV

°C (Note 8) —000.0  +000.0 Digital

{No! -0000  +000.0 Reading

Digital

999/1000
. 999, o Reading

Rollover Error (Difference in —VIN

reading for equal positive and Ta = 25°C (Note 8) -1 +.2 +1 Counts
negative reading near Full Scale) 0° < Tp < +70°C (Note 12) +.2
Linearity (Max. deviation from Full Scale = 200.0mV -1 +.2 +1 Counts
best straight line fit) or full scale = 2.000V
Common Mode Rejection Ratio Vom = £1V,V|y = OV

Full Scale = 200.0mV 50 RV
Noise (Pk-Pk value not exceeded VIN = OV 15 v
95% of time) Full Scale = 200.0mV K

ViNn=0

TA pA

25°C (Note 8)

Zero Reading Drift VIN=0

0° < Ta < +70°C (Note 8) 0.2 1 pVv/°C
Scale Factor Temperature ViN = 199.0mV
Coefficient 0° < Tp < +70°C 1 5 ppm/°C

(Ext. Ref. Oppm/°C) (Note 8)

RA
Analog Common Voltage (with 250k between Common & \"
respect to Pos. Supply) Pos. Supply
Temp. Coeff. of Analog Common 250k between Common & 75 ppm/°C
(with respect to Pos. Supply) Pos. Supply
Pk-Pk Segment Drive Voltage V+toV— =9V 4 5 6 "
Pk-Pk Backplane Drive Voltage

\'

Measurement
Cycles

Note 8: Test condition is V| applied between pins IN-HI and IN-LO. i.e., 1MQ resistor in Figure 1.
Note 9: All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V. (Test circuit per Mil Std 883, Method 3015.1)
Note 10: Input voltages may exceed the supply voltage provided the input current is limited to + 1mA (This revises Note 1 on adjacent page).
Note 11: Number of measurement cycles for display to give accurate reading.

Note 12: 1MQ resistor is removed from circuits in Figure 1.
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ICL7126
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Low Power, 3 Digit A/D Converter

0.1 4F LCD
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‘oﬁw__t_. INHI 2.19 | SEGMENT
ANALOG 0.01 4F 22.26 | DRIVE
INPUT 20
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!

2
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35
INT REF L
26
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maxim
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|
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S
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|
|
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INPUT
200.0 mv 100.0 mV

Figure 1. Maxim ICL7126 Typical Operating Circuit
Clock Frequency 16kHz (1 reading/sec)

Analog Section

Figure 3 shows the Block Diagram of the Analog Section
for the ICL7126. Each measurement cycle is divided into
four phases:

1. Auto-Zero (A-2)

2. Signal Integrate (INT)

3. Reference De-Integrate (DI)
4. Zero Integrator (ZI)

Auto-Zero Phase

Three events occur during auto-zero. The inputs, IN-HI
and IN-LO, are disconnected from the pins and internally
shorted to analog common. The reference capacitor is
charged to the reference voltage. And lastly, a feedback
loop is closed around the system to charge the auto-zero
capacitor CAZ to compensate for offset voltages in the
comparator, buffer amplifier and integrator. The inherent
noise of the system determines the A-Z accuracy.

Signal Integrate Phase

The internal input high (IN-HI) and input low (IN-LO) are
connected to the external pins, the internal short is re-
moved and the auto-zero loop is opened. The converter
then integrates the differential voltage between IN-HI
and IN-LO for a fixed time. This differential voltage can
be within a wide common-mode range (within one volt of
either supply). If, however, 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. The polarity of the integrated signal is de-
termined at the end of this phase.

1-16 _

Figure 2. Maxim ICL7126 Typical Operating Circuit
Clock Frequency 48kHz (3 readings/sec)

Reference De-Integrate

IN-HI is connected across the previously charged refer-
ence capacitor and IN-LO is internally connected to ana-
log common. 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 input
signal determines the time required for the output to re-
turn to zero. The digital reading displayed is:

VIN
VREF
Zero Integrator Phase

Input low is shorted to analog COMMON and the refer-
ence capacitor is charged to the reference voltage. A
feedback loop is closed around the system to input high,
causing the integrator output to return to zero. This
phase normally lasts between 11 and 140 clock pulses
but is extended to 740 clock pulses after a ““heavy” over
range conversion.

1000 x

Differential 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. This
is caused by the reference capacitor losing or gaining
charge to stray capacitance on its nodes. The reference
capacitor can gain charge (increase voltage) if there is a
large common-mode voltage. This is the result of a posi-
tive signal de-integration. In contrast, the reference ca-
pacitor will lose charge (decrease voltage) when de-inte-
grating a negative input signal. Rollover error is caused
by this difference in reference for positive or negative
input voltages. This error can be held to less than half a
count for the worst-case condition by selecting a refer-
ence capacitor that is large enough in comparison to the
stray capacitance. (See component value selection.)
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Low Power, 3%z Digit A/D Converter
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maxim
ICL7126
3 REFLO
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FERENCE

maxim @ — !
ICL7126

Figure 3. Analog Section ICL7126

Differential Input

Differential voltages anywhere within the common-mode
range of the input amplifier can be accepted by the input
(specifically from 1V below the positive supply to 1V
above the negative supply). The system has a CMRR of
86dB (typ) in this range. Care must be exercised, howev-
er, to ensure that the integrator output does not saturate,
since the integrator follows the common-mode voltage. A
large positive common-mode voltage with a near full-
scale negative differential input voltage is a worst-case
condition. When most of the integrator output swing has
been used up by the positive common-mode voltage, the
negative input signal drives the integrator more positive.
The integrator swing can be reduced to less than the
recommended 2V full-scale swing with no loss of accura-
cy in these critical applications. The integrator output can
swing within 0.3V of either supply without loss of linearity.

Analog Common

The primary purpose of this pin is to set the common-
mode voltage for battery operation. This is useful for any
system where the input signals are floating with respect
to the power supply. A voltage of approximately 2.8V less
than the positive supply is set by this pin. The Analog
Common has some of the attributes of a reference volt-
age. If the total supply voltage is large enough to cause
the zener to regulate (>7V), the common voltage will
have a low output impedance (approximately 15Q), a
temperature coefficient of typically 80 ppm/°C and a low
voltage coefficient (.001%).

During auto-zero and reference integrate the internal in-
put low is connected to Analog Common. If IN-LO is dif-
ferent from Analog-Common, a common-mode voltage
exists in the system and is taken care of by the excellent
CMRR of the converter. In some applications, however,
IN-LO will be set at a fixed known voltage (e.g., power
supply common). Whenever possible Analog Common
should be tied to the same point, thus removing the com-
mon-mode voltage from the converter. The same holds
true for the reference voltage. If convenient, the refer-
ence should be referenced to analog common as shown
in Figure 4B. This will remove the common-mode voltage
from the reference system.

ViA X1V

Figure 4. Using an External Reference

Analog common is internally tied to an N-channel FET
that can sink 500 uA or more of current. This will hold the
analog common voltage 2.8V below the positive supply
(when a source is trying to pull the common line positive).
There is only 1 A of source current, however, so com-
mon may easily be tied to a more negative voltage, thus
over-riding the internal reference.

Test

Two functions are performed by the test pin. The first is
using this pin as the negative supply on the 7126. This is
useful for externally generated segment drivers or any
other annunciators the user may want to include on the
LCD. This pin is coupled to the internally generated digi-
tal supply through a 500Q resistor. This application is
illustrated in Figures 5 & 6.

A lamp test is the second function. All segments will be
turned on and the display should read —1888, when
TEST is pulled high (V+).

Caution: In the lamp test mode, the segments have a
constant dc voltage (no square wave). This can burn the
LCD (display) if left in this mode for several minutes.

<
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H

-

maxim
ICL7126
10LC0
DECIMAL
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10 LcO
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Figure 5. Simple Inverter for Fixed Decimal Point
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Figure 6. Exclusive “OR” Gate for Decimal Point Drive
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ICL7126

Low Power, 3': Digit A/D Converter
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Figure 7. ICL7126 Digital Section

Digital Section

The digital section for the ICL7126 is illustrated in
Figure 7. In Figure 7, an internal digital ground is
generated from a 6V zener diode and a large P channel
source follower. This supply is made stiff in effort to
absorb the large capacitive currents when the back
plane (BP) voltage is switched. The BP frequency is
calculated by dividing the clock frequency by 800. For
example, with a clock frequency of 48kHz (3 readings
per second), the backplane will be a 60Hz square wave
with a nominal amplitude of 5V. The segments are
driven at the same frequency and amplitude. Note that
these are out-of-phase when the BP is On and in-phase
when OFF. Negligible dc voltage exists across the
segments in either case.

The polarity indication is “on” for negative analog
inputs, for the ICL7126. If desired IN-HI and IN-LO can
be reversed giving a “on” for positive analog inputs.

System Timing

The clocking circuitry for the ICL7126 is illustrated in
Figure 7. Three approaches can be used:

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

1-18 — ——

The decade counters are driven by the clock frequency
which is divided by four. This frequency is then further
divided to form the four convert-cycle phases, namely:
signal integrate (1000 counts), reference de-integrate
(0 to 2000 counts), auto-zero (260 to 2989 counts) and
zero integrator (11 to 740).

The signal integration should be a multiple of 60Hz to
achieve a maximum rejection of 60Hz pickup. Os-
cillator frequencies of 331/3kHz, 40kHz, 48kHz, 60kHz,
80khZ, 120kHz, 240kHz, etc., should be selected. Simi-
larly, for 50Hz rejection, oscillator frequencies of 200kHz,
100kHz, 662/3kHz, 50kHz, 40kHz, etc., are appropriate.
Note that 40kHz (2.5 readings/second) will reject both
50 and 60Hz (also 400 and 440Hz).

Auto-zero receives the unused portion of reference
deintegrate for signals less than full-scale. A complete
measurement cycle is 4,000 counts (16,000) clock
pulses), independent of input voltage. As an example,
an oscillator frequency of 16kHz would be used to
obtain one reading per second.
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Low Power, 3% Digit A/D Converter

Component Value Selection

Auto-Zero Capacitor

The noise of the system is influenced by the auto-zero
capacitor. Fora 2V scale, a 0.1uF capacitor is adequate.
While the Maxim ICL7126 will operate with a 0.33uF
capacitor, a 0.47uF capacitor is recommended for the
200mV full scale where noise rejection is very impor-
tant. Due to the ZI phase, noise can be reduced by
using a larger auto-zero capacitor without causing
hysteresis or overrange hangover problems.

Reference Capacitor

For most applications, a 0.1uF capacitor is acceptable.
However, a large value is needed to prevent roll over
error where a large common-mode voltage exists (i.e.,
the REF-LO pin is not at analog common) and a 200mV
scale is used. Generally, the roll over error will be held
to half a count by using a 1.0uF capacitor.

Integrating Capacitor

To ensure that the integrator will not saturate (approxi-
mately 0.3V from either supply), an appropriate integrat-
ing capacitor must be selected. A nominal +2V full-
scale integrator swing is acceptable when the analog
common is used as a reference. The nominal value for
CINT is 0.15uF at one reading per second. (16kHz
clock). This value should be changed in inverse pro-
portion to maintain the same output swing if a different
oscillator frequency is used.

The integrating capacitor must have low dielectric ab-
sorption to minimize linearity errors. Polypropylene
capacitors are recommended for this application.

The integrator and the buffer amplifier both have a
class A output stage with 6uA of quiescent currentand
can supply 1uA of drive current with negligible non-
linearity. The integrating resistor should be large

enough to keep the amplifiers in the linear region over
the entire input voltage range. The resistor value,
however, should be low enough that undue leakage
requirements are not placed on the PC boards. For a
200mV scale, a 180k(} resistor is recommended; (2V
scale/1.8MEGQ)).

Reference Voltage

An analog input voltage of Vin equal to 2 (VReF) is
required to generate full scale output of 2000 counts.
Thus, for 2V and 200mV scales, Vrgr should equal 1V
and 100mV respectively. However, there will exist a
scale factor other than the unity between the input
voltage and the digital reading in many applications
where the A/D is connected to a transducer.

As an example, the designer may like to have a full
scale reading in a weighing system when the voltage
from the transducer is 0.682V. The designer should use
the input voltage directly and select VRer at 0.341V
instead of dividing the input down to 200mV. A suitable
value of the integrating resistor would be 330kQ. This
provides for a slightly quieter system and avoids a
divider network on the input. Another advantage of this
system occurs when the digital reading of zero is
desired for V|N # zero. Examples are temperature and
weighing systems with variable tare. By connecting the
voltage transducer between VN positive and common,
and the variable (or fixed) offset voltage between
common and V|N negative, the offset rating can be
conveniently generated.

Oscillator Components
A 50pF capacitor is recommended for all ranges of
frequency and the resistor is selected from the equa-

tion f = 0.45/RC. For 48kHz clock (3 readings/second),
R = 180k (), for 16kHz, R = 560k ().
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Figure 9. 7126 Operated from Single +5V Supply. An external reference
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Low Power, 3%: Digit A/D Converter
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Figure 10. 7126 Measuring Ratiometric Values of Quad Load Cell. The
resistor values within the bridge are determined by the desired sensitivity.
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VI AXI /W

Low Power, 3" Digit A/D Converter

General Description

The Maxim ICL7136 is a monolithic analog to digital con-
verter with very high input impedance. On-board active
components include segment drivers, segment decod-
ers, voltage reference and a clock circuit. The ICL7136
directly drives a non-multiplexed liquid crystal (LCD) dis-
play, requiring no external display drive circuitry. Signifi-
cantly reduced power consumption makes the ICL7136 a
superior device, especially for portable systems.

Versatility and accuracy are inherent features of this con-
verter. The dual-slope conversion technique automatical-
ly rejects interference signals common in industrial envi-
ronments. The true- differential input and reference are
particularly useful when making ratiometric measure-
ments (ohms or bridge transducers), and the zero-inte-
grator phase in Maxim’s ICL7136 eliminates overrange
hangover and hysteresis effects. Finally, this device of-
fers high accuracy by lowering rollover error to less than
one count and zero reading drift to less than 1uV/°C.

Applications

These devices can be used in a wide range of digital
panel meter applications. Most applications, however, in-
volve the measurement and display of analog data:

Pressure Conductance
Voltage Current
Resistance Speed
Temperature Material Thickness
Pin Configuration
Top View
v* 0SC 1
D1 0SC 2
c 0SC 3
s Bl TEST
A1 REF HI
F1 REF LO
G1 CREF
E1 maxim REF
D2 1C€L7136 COMMON
S% IN HI
. IN LO
105 A2 AGZ
F2 BUFF
E2 INT
2 taors)
5 G2(TENS
100's P23 o3
E3 A3 100's
1000'S—-AB4 G3__|
POL [& BP
(MINUS SIGN)
See Page 1-12 for 44'Lead Chip Carrier Pin Configuration

Features

4 Improved 2nd Source! (See 3rd page for
“Maxim Advantage™”).

¢ Power dissipation guaranteed less than 1mW-
9V battery life 8000 hours typical

¢ Guaranteed first reading recovery from
overrange

¢ Zero Input Gives Zero Reading
¢ Drives LCD Displays Directly

¢ Low Noise (15uV p-p) without hysteresis or
overrange hangover

¢ True Differential Reference and Input
4 Monolithic, Low Power CMOS Design

Ordering Information

Part Temp. Range Package
ICL7136CPL  0°Cto +70°C 40 Lead Plastic DIP
ICL7136CJL  0°Cto +70°C 40 Lead CERDIP
ICL7136CQ 0°Cto +70°C 44 Lead Plastic Chip Carrier
ICL7136C/D 0°Cto +70°C Dice

_Typical Operating Circuit

LCD
Display

NS
o [

—— |

maxim

ICL7136

VREF

Tl

TO ANALOG
COMMON (P32)

=

[FULLSCALE  Vggg |
| INPUT T |
1000V ]

1000 mV|

[2.000 v
(2000mV

( Detailed Circuit Diagram—Figure 1 & 2 )

The “Maxim Advantage™" signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the
following: guaranteed performance over temperature along with tighter test specifications on many key parameters; and device
enhancements, when needed, that result in improved performance without changing the functionality.

MNMAXI/NL £ =
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ICL7136

Low Power, 3% Digit A/D Converter

ABSOLUTE MAXIMUM RATINGS

Power Dissipation (Note 2)

CeramicPackage........................... 1000mW
Supply Voltage (Vt toV—=) ...........coiiinaa... 15V PlasticPackage ...................cooviun.. 800mW
Analog Input Voltage (either input)(Note 1)....... V+tov— Operating Temperature.................... 0°Cto +70°C
Reference Input Voltage (eitherinput)........... V+toV— Storage Temperature ................. —65°C to +160°C
ClockInput ..., TESTtoV+ Lead Temperature (Soldering, 60 sec)............ +300°C

Note 1: Input voltages may exceed the supply voltages, provided the input current is limited to + 100pA.
Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board.
Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional

operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS (ote3, 7)

PARAMETER CONDITIONS MIN TYP MAX UNITS

Zero Input Reading Vin=0.0V -000.0 +000.0 +000.0 Digital Reading
Full-Scale = 200.0mV

Ratiometric Reading V|N = Vger, VRer = 100mV 999 999/1000 1000 _ [ 'ﬁigital Reading
Roll-Over Error (Difference in ~V|y= +V)y=200.0mV -1 +0.2 +1 - Counts
reading for equal positive and L%
negative reading near full-scale)
Linearity (Max. deviation from Full-Scale = 200mV -1 $0.02° 7 _+1 Counts
best straight line fit) or Full-Scale = 2.000V (. )X '
Common-Mode Rejection Ratio Vem= =1V, Vjy=0V 50 | uVIV
(Note 4) Full-Scale = 200.0mV
Noise (Pk-Pk value not exceeded Viy =0V, Full-Scale = 200.0mV 15 wVv
95% of time)
Leakage Current @ Input Vin=0V 1 10 pPA
Zero Reading Drift ViN=0V, 0°C<Ta< +70°C . 0.2 1 uVI°C
Scale Factor Temperature Vin=199.0mV,0°C< Tp< $70°C 1 5 ppm/°C
Coefficient (Ext. Ref. Oppm/°C)
Supply Current (Does not Vin=0V(Note &) 70 100 uA
include COMMON current)
Analog COMMON Voltage (With 250k between Common and 2.6 3.0 3.2 v
respect to positive supply) - Positive Supply
Temp. Coeff. of Analog COMMON.. | 250kQ between Common and 150 ppm/°C
(With respect to positive supply) Positive Supply
Pk-Pk Segment Drive Voltage vt itov~ =9v 4 5 6 v
(Note 5)
Pk-Pk Backplane Drive Voltage vtiov. =gv 4 5 6 v
(Note 5)
Power Dissipation Capacitance vs Clock Frequency 40 pF

Note 3: Unless otherwise noted, specifications apply at To=25°C, fc| ock = 16kHz and are tested in the circuit of Figure 1.
Note 4: Refer to “Differential Input” discussion.

Note 5: Backplane drive is in phase with segment drive for “‘off” segment, 180° out of phase for ““on” segment. Frequency is 20 times conversion rate. Average DC
component is less than 50mV.

Note 6: 48kHz oscillator, Figure 2, increases current by 20pA (typ).
Note 7: Extra capacitance of CERDIP package changes oscillator resistor value to 470k or 150k (1 reading/sec or 3 readings/sec).

The electrical characteristics above are a reproduction of a portion of Intersil’s copyrighted (1983/1984) data book. This information does not constitute any
representation by Maxim that Intersil’s products will perform in accordance with these specifications. The “Electrical Characteristics Table” along with the
descriptive excerpts from the original manufacturer’s data sheet have been included in this data sheet solely for comparative purposes.
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MAXIVI
Low Power, 3% Digit A/D Converter

¢ Low Noise

¢ Key Parameters Guaranteed over Temperature
4 Guaranteed Overload Recovery Time

4 Significantly Improved ESD Protection (Note 9)

& Negligible Hysteresis
¢ Increased Maximum Rating for Input Current (Note 10)
& Maxim Quality and Reliability

ABSOLUTE MAX'MUM RAT'NGS: This device conforms to the Absolute Maximum Ratings on adjacent page.

ELECTR'CAL CHARACTERISTICS: Specifications below satisfy or exceed all “tested” parameters on adjacent page.

(V+ = 9V; Ta = 25°C; foLock = 16kHz; test circuit - Figure 1; unless noted)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Vin = 0.0V, Full Scale = 200.0mV
25°C (Note 8) ~ —000.0 +000.0 +000.0 Digital
70°C (N _~000.0 =~ +000.0 = +000.0 i

VREeF, VREF = 100mV

25°C (Note 8)
*+70°C (Note 1:

Digital

999 999/1000 1000
998 Reading

‘Rollover Error (Differehce |ﬁ + VN 200.0mV
reading for equal positive and TA = 25°C (Note 8) -1 +.2 +1 Counts
negative reading near Full Scale) 0° < Ta < +70°C (Note 12) +.2
Linearity (Max. deviation from Full Scale = 200.0mV -1 +.2 +1 Counts
best straight line fit) or full scale = 2.000V
Common Mode Rejection Ratio Vem = 1V, V|y = 0V

Full Scale = 200.0mV 50 pVIV
Noise (Pk-Pk value not exceeded ViN = 0V 15 v
95% of time) Fu|| Scale = 200.0mV i

VIN=0
TA = 25°C (Note 8)

pPA

Zero Reading Drift VIN=0
0° < Tp < +70°C (Note 8) 0.2 1 pV/°C
Scale Factor Temperature ViN = 199.0mV
Coefficient 0° < Tp < +70°C 1 5 ppm/°C
(Ext. Ref. Oppm/°C) (Note 8)
ViNn=0
Ta= 60 RA
' Analog Common Voltage (with 250k between Common & 26 28 3.2 v
respect to Pos. Supply) Pos. Supply
Temp. Coeff. of Analog Common 250k between Common & 75 ppm/°C
(with respect to Pos. Supply) Pos. Supply
Pk-Pk Segment Drive Voltage VttoV— =9V 4 5 6 \"
Pk-Pk Backplane Drive Vol
: ot i \
Overload Recovery Time V|n changing from +10V Measurement
(Note 11) to OV Cycles

Note 8: Test condition is V|y applied between pins IN-HI and IN-LO. i.e., 1MQ resistor in Figure 1.
Note 9: All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V. (Test circuit per Mil Std 883, Method 3015.1)
Note 10: Input voltages may exceed the supply voltage provided the input current is limited to +1mA (This revises Note 1 on adjacent page).

Note 11: Number of measurement cycles for display to give accurate reading.
Note 12: 1MQ resistor is removed from circuits in Figure 1.
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ICL7136

Low Power, 372 Digit A/D Converter
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Figure 1. Maxim ICL 7136 Typical Operating Circuit
Clock Frequency 16kHz (1 reading/sec)

Analog Section

Figure 3 shows the Block Diagram of the Analog Section
for the ICL7136. Each measurement cycle is divided into
four phases:

1. Auto-Zero (A-2)

2. Signal Integrate (INT)

3. Reference De-Integrate (DI)
4. Zero Integrator (21)

Auto-Zero Phase

Three events occur during auto-zero. The inputs, IN-HI
and IN-LO, are disconnected from the pins and internally
shorted to analog common. The reference capacitor is
charged to the reference voltage. And lastly, a feedback
loop is closed around the system to charge the auto-zero
capacitor CAZ to compensate for offset voltages in the
comparator, buffer amplifier and integrator. The inherent
noise of the system determines the A-Z accuracy.

Signal Integrate Phase

The internal input high (IN-HI) and input low (IN-LO) are
connected to the external pins, the internal short is re-
moved and the auto-zero loop is opened. The converter
then integrates the differential voltage between IN-HI
and IN-LO for a fixed time. This differential voltage can
be within a wide common-mode range (within one volt of
either supply). If, however, 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. The polarity of the integrated signal is de-
termined at the end of this phase.

1-24

Figure 2. Maxim ICL7136 Typical Operating Circuit
Clock Frequency 48kHz (3 readings/sec)

Reference De-Integrate

IN-HI is connected across the previously charged refer-
ence capacitor and IN-LO is internally connected to ana-
log common. 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 input
signal determines the time required for the output to re-
turn to zero. The digital reading displayed is:

VIN
1000 X —N
vV,

REF
Zero Integrator Phase

Input low is shorted to analog COMMON and the refer-
ence capacitor is charged to the reference voltage. A
feedback loop is closed around the system to input high,
causing the integrator output to return to zero. This
phase normally lasts between 11 and 140 clock pulses
but is extended to 740 clock pulses after a “*heavy” over
range conversion.

Differential 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. This
is caused by the reference capacitor losing or gaining
charge to stray capacitance on its nodes. The reference
capacitor can gain charge (increase voltage) if there is a
large common-mode voltage. This is the result of a posi-
tive signal de-integration. In contrast, the reference ca-
pacitor will lose charge (decrease voltage) when de-inte-
grating a negative input signal. Rollover error is caused
by this difference in reference for positive or negative
input voltages. This error can be held to less than half a
count for the worst-case condition by selecting a refer-
ence capacitor that is large enough in comparison to the
stray capacitance. (See component value selection.)
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Low Power, 3% Digit A/D Converter
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Figure 3. Analog Section of 7136

Differential Input

Differential voltages anywhere within the common-mode
range of the input amplifier can be accepted by the input
(specifically from 1V below the positive supply to 1V
above the negative supply). The system has a CMRR of
86dB (typ) in this range. Care must be exercised, howev-
er, to ensure that the integrator output does not saturate,
since the integrator follows the common-mode voltage. A
large positive common-mode voltage with a near full-
scale negative differential input voltage is a worst-case
condition. When most of the integrator output swing has
been used up by the positive common-mode voltage, the
negative input signal drives the integrator more positive.
The integrator swing can be reduced to less than the
recommended 2V full-scale swing with no loss of accura-
cy in these critical applications. The integrator output can
swing within 0.3V of either supply without loss of linearity.

Analog Common

The primary purpose of this pin is to set the common-
mode voltage for battery operation. This is useful for any
system where the input signals are floating with respect
to the power supply. A voltage of approximately 2.8V less
than the positive supply is set by this pin. The Analog
Common has some of the attributes of a reference volt-
age. If the total supply voltage is large enough to cause
the zener to regulate (>7V), the common voltage will
have a low output impedance (approximately 15Q), a
temperature coefficient of typically 80 ppm/°C and a low
voltage coefficient (.001%).

During auto-zero and reference integrate the internal in-
put low is connected to Analog Common. If IN-LO is dif-
ferent from Analog-Common, a common-mode voltage
exists in the system and is taken care of by the excellent
CMRR of the converter. In some applications, however,
IN-LO will be set at a fixed known voltage (e.g., power
supply common). Whenever possible Analog Common
should be tied to the same point, thus removing the com-
mon-mode voltage from the converter. The same holds
true for the reference voltage. If convenient, the refer-
ence should be referenced to analog common as shown
in Figure 4B. This will remove the common-mode voltage
from the reference system.

AKXV

Figure 4. Using an External Reference

Analog common is internally tied to an N-channel FET
that can sink 500 pA or more of current. This will hold the
analog common voltage 2.8V below the positive supply
(when a source is trying to pull the common line positive).
There is only 1 pA of source current, however, so com-
mon may easily be tied to a more negative voltage, thus
over-riding the internal reference.

Test

Two functions are performed by the test pin. The first is
using this pin as the negative supply on the 7136. This is
useful for externally generated segment drivers or any
other annunciators the user may want to include on the
LCD. This pin is coupled to the internally generated digi-
tal supply through a 5009 resistor. This application is
illustrated in Figures 5 & 6.

A lamp test is the second function. All segments will be
turned on and the display should read —1888, when
TEST is pulled high (V+).

Caution: In the lamp test mode, the segments have a
constant dc voltage (no square wave). This can burn the
LCD (display) if left in this mode for several minutes.
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Figure 5. Simple Inverter for Fixed Decimal Point
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ICL7136

Low Power, 3% Digit A/D Converter
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Figure 7. ICL7136 Digital Section

Digital Section

The digital section for the ICL7136 is illustrated in Figure
7. In Figure 7, an internal digital ground is generated from
a 6V zener diode and a large P channel source follower.
This supply is made stiff in effort to absorb the large
capacitive currrents when the back plane (BP) voltage is
switched. The BP frequency is calculated by dividing the
clock frequency by 800. For example, with a clock fre-
quency of 48kHz (3 readings per second), the backplane
will be a 60Hz square wave with a nominal amplitude of
5V. The segments are driven at the same frequency and
amplitude. Note that these are out-of-phase when the BP
is On and in-phase when OFF. Negligible dc voltage ex-
ists across the segments in either case.

The polarity indication is “on” for negative analog inputs,
for the ICL7136. If desired IN-HI and IN-LO can be re-
versed giving a “on” for positive analog inputs.

System Timing

The clocking circuitry for the ICL7136 is illustrated in Fig-
ure 7. Three approaches can be used:

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

1-26

The decade counters are driven by the clock frequency
which is divided by four. This frequency is then further
divided to form the four convert-cycle phases, namely:
signal integrate (1000 counts), reference de-integrate (0
to 2000 counts), auto-zero (260 to 2989 counts) and zero
integrator (11 to 740).

The signal integration should be a muitiple of 60Hz to
achieve a maximum rejection of 60Hz pickup. Oscillator
frequencies of 3314kHz, 40kHz, 48kHz, 60kHz, 80kHz,
120kHz, 240kHz, etc., should be selected. Similarly, for
50Hz rejection, oscillator frequencies of 200kHz,
100kHz, 662/4kHz, 50kHz, 40kHz, etc., are appropriate.
Note that 40kHz (2.5 readings/second) will reject both
50 and 60Hz (also 400 and 440Hz).

Auto-zero receives the unused portion of reference
deintegrate for signals less than full-scale. A complete
measurement cycle is 4,000 counts (16,000 clock puls-
es), independent of input voltage. As an example, an os-
cillator frequency of 16kHz would be used to obtain one
reading per second.
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Low Power, 32 Digit A/D Converter

_____________ Component Value Selection

Auto-Zero Capacitor

The noise of the system is influenced by the auto-zero
capacitor. For a 2V scale, a 0.1uF capacitor is adequate.
A 0.47uF capacitor is recommended for the 200mV full
scale where noise rejection is very important. Due to the
ZI phase, noise can be reduced by using a larger auto-
zero capacitor without causing hysteresis or overrange
hangover problems.

Reference Capacitor

For most applications, a 0.1uF capacitor is acceptable.
However, a large value is needed to prevent roll over
error where a large common-mode voltage exists (i.e.,
the REF-LO pin is not at analog common) and a 200mV
scale is used. Generally, the roll over error will be held
half a count by using a 1.0uF capacitor.

Integrating Capacitor

To ensure that the integrator will not saturate (approxi-
mately 0.3V from either supply), an appropriate integrat-
ing capacitor must be selected. A nominal +2V full-scale
integrator swing is acceptable when the analog common
is used as a reference. The nominal value for CINT is
0.15uF at one reading per second. (16kHz clock). This
value should be changed in inverse proportion to main-
tain the same output swing if a different oscillator fre-
quency is used.

The integrating capacitor must have low dielectric ab-
sorption to minimize linearity errors. Polypropylene ca-
pacitors are recommended for this application.

int egr: atlng FResisior

The integrator and the buffer amplifier both have a class
A output stage with 6pA of quiescent current and can
supply 1A of drive current with negligible non-linearity.

The integrating resistor should be large enough to keep
the amplifiers in the linear region over the entire input
voltage range. The resistor value, however, should be
low enough that undue leakage requirements are not
placed on the PC boards. For a 200mV scale, a 180k}
resistor is recommended; (2V scale/1.8MEGQ).

Reference Voltage

An analog input voltage of V|y equal to 2 (VRgF) is re-
quired to generate full scale output of 2000 counts. Thus,
for 2V and 200mV scales, VRer should equal 1V and
100mV respectively. However, there will exist a scale
factor other than the unity between the input voltage and
the digital reading in many applications where the A/D is
connected to a transducer.

As an example, the designer may like to have a full scale
reading in a weighing system when the voltage from the
transducer is 0.682V. The designer should use the input
voltage directly and select Vg at 0.341V instead of di-
viding the input down to 200mV. A suitable value of the
integrating resistor would be 330kQ. This provides for a
slightly quieter system and avoids a divider network on
the input. Another advantage of this system occurs when
the digital reading of zero is desired for V| # zero. Ex-
amples are temperature and weighing systems with vari-
able tare. By connecting the voltage transducer between
VN positive and common, and the variable (or fixed) off-
set voltage between common and VN negative, the off-
set rating can be conveniently generated.

Oscillator Components

A 50pF capacitor is recommended for all ranges of fre-
quency and the resistor is selected from the equation
f = 0.45/RC. For 48kHz clock (3 readings/second),
R = 180kQ, for 16kHz, R = 560k).

Typical Applications
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Figure 8. Recommended Component Values for 2.000V Full-Scale, 3 Read-
ings/Sec. For 1 reading/sec, change CINT, ROSC to values of Figure 1.
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Figure 9. 7136 Operated from Single +5V Supp/y An external reference
must be used in this app jon, since the v+ and V- is
insufficient for correct operation of the internal re/erence
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ICL7136

Low Power, 37 Digit A/D Converter

< +
T TOPIN1 '
40
0sC 1 N
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* Values depend on clock frequency. See Figure 1 & 2.

TO PIN 1
~——
osc2 SILICON NPN
osc 3 Brs5or - MPS 3704
ey 1) L OR SIMILAR
B 00k, Y, ‘MP $100ka
CREF B——= o, . | 200ka 470ka |
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:
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* Values depend on clock frequency. See Figure 1 & 2.

Figure 10. 7136 Measuring Ratiometric Values of Quad Load Cell. The resis-
tor values within the bridge are determined by the desired sensitivity.

Chip Topography
ICL7136
03 Ez F2 Ay By C2 D2 4 Gy Fy

Figure 11. 7136 used as a Digital Centigrade Thermometer. A silicon diode-
connected transistor has a temperature coefficient of about —2mV/°C. Cali-
bration is achieved by placing the ing 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.

Package Information
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Maxim ility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are

implied. Maxim reservas the right to change the circuitry and specifications without notice at any time.
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General Description

The ICL7109 is a monolithic 12 bit A/D converter
designed for easy interface with microprocessors
and UARTSs. The 12 bit binary plus polarity and over-
range outputs can be directly interfaced to a micro-
processor bus. Inthismode the ICL7109 is controlled
by the microprocessor through the chip select and
two byte enable inputs. For remote data logging
applications the ICL7109 outputs are easily converted
to a UART handshake mode, working with industry
standard UARTS to provide serial data transmission.

This device offers high accuracy by lowering rollover
error to less than 1 count and zero reading drift to
less than 1 uV/°C. In many data acquisition systems
the ICL7109 is an attractive, low cost, one-per-
channel alternative to analog multiplexing due to
its low power consumption and input bias current.

Maxim has added a zero-integrator phase to the
ICL7109, eliminating overrange hangover, “crosstalk”
and hysteresis effects. Maxim has also increased the
current sourcing capabilities of the ICL7109, enabling
it to rapidly drive the large capacitances often found
on microprocessor busses.

Applications

This device is used in a wide range of data acquisition
and control applications. Most applications involve
the measurement of analog data:

VAKXV

12 Bit A/D Converter With

3-State Binary Outputs

Features

¢ Improved 2nd Source! (See 3rd page for
“Maxim Advantage™”).

¢ Zero Integrator Phase for Fast Overload
Recovery

Hysteresis and “Crosstalk” Eliminated
Enhanced Bus Driving Capability

Byte Organized Three-state Outputs

UART Handshake Mode for Serial Interfacing
True Differential Input and Reference

Up to 30 Conversions per Second

Significantly Improved ESD Protection

® €& & & O o o o

Monolithic, Low Power CMOS Design

Ordering Information

PART TEMP. RANGE PACKAGE
ICL7109MJL  -55°C to +125°C 40 Lead CERDIP

Pressure Speed Voltage ICL71091JL  -20°C to +85°C 40 Lead CERDIP
Resistance Flow Weight ICL7109CPL  0°C to +70°C 40 Lead Plastic DIP
Temperature Power Current ICL7109CQ  0°Cto +70°C 44 Lead Plastic Chip Carrier
ICL7109C/D  0°C to +70°C Dice
Typical Operating Circuit Pin Configuration
Top View /] 40 Lead DIP
I ADDRESS BUS P GND . [a0] v+
A4 A5 ﬁ STATUS [2 [39]) REFIN -
| | PoL 3} [38] REF CAP -
CONTROL BUS P GH or. [4] [37] REF CAP +
l l ‘ﬁ: r l [ ORDER 812 [5 [36] REF IN +
BYTE 811 6| [35] INHI
DATA BUS ) OUTPUTS B10 (7| [33] INLO
U @ I | B9 (8] [33] COMMON
— B8 [9 [32) INT
HBEN  LBEN B7 % "7'&)7(1'(7/5;” [31] Az
B0-B12 Low 86 [11] [30] BUF
POLOR] © ORDER B5 [12] [29) REF OUT
BYTE -
"’,'51’7(7'{5" MICROPROCESSOR OUTPUTS :; [% % :END
B1-B8 s B2 [15] 26] RUN/HOLD
NALOG ™1 B1[16 [25] BUF OSC ouT
ANALOlﬁ R TEST (17} [ 24) OsC SEL
CE/',;‘E:,';“ BYTE CBEN (38 [23) osc out
MODE  HOLD CONTROL ‘ HBEN [19] [22] osC IN
] INPUTS | CE/LOAD (20] [21] MODE
GND +5V
PIRECT INTERFACE See Last Page for 44 Lead Chip Carrier Pin Configuration.

The “Maxim Advantage™” signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the following: guaranteed
performance over temperature along with tighter test specifications on many key parameters; and device enhancements, when needed, that resultin improved

performance without changing the functionality.

MAXIN
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ICL7109

12 Bit A/D Converter With

3-State Binary Outputs

ABSOLUTE MAXIMUM RATINGS

Positive Supply Voltage (GND to V*) ............ +6.2V
Negative Supply Voltage (GNDto V) ............ -9V
Analog Input Voltage (Lo or Hi) (Note 1) ..... V*to V-

Referange Input Voltage (Lo or Hi) (Note 1) .. V*to V-
Digital Tnput Voltage
(Pins 2-27) (Note 2) .. GND - 0.3V =< VNS VY +0.3V
Power Dissipation (Note 3)

Cerdip Package .............cevvenn.. 1W @ +85°C
Plastic Package .................. 500mW @ +70°C
Plastic Chip Carrier (Quad) ....... 400mW @ +70°C

Operating Temperature

Cerdip Package (MJL) ........ -55°C < Ta < +125°C

Cerdip Package (CJL) ......... -20°C = Ta = +85°C

Plastic Package (CPL) ........... 0°C < Ta < +70°C

Plastic Chip Carrier

(Quad) Package (Q) .............. 0°C = Ta<70°C
Storage Temperature ........... -65°C < Ta < +160°C
Lead Temperature (Soldering, 10 sec.) ........ +300°C

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only,
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications
is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(All parameters with V* = +5V, V= = -5V, GND = 0V, Ta = 25°C, unless noted.)

ANALOG SECTION

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
: ViN = 0.0V Octal
Zero Input Reading Full Scale = 409.6mV -00008 | +0000g | +0000s Reading
. . . VIN = VREF 37778 17" Octal
Ratiometric Reading VREF = 204.8mV 37778 40008 40008 - Reading
Non-Linearity (Max deviation Full Scale = 409.6mV to 4.096V _
from best straight line fit) Over full operating temperature range. 1 i‘? + Counts
Roll-over Error (difference in _
reading for equal pos. and g\‘llérsfclﬁ:e *e‘:g?i.em:/em 4'026\/ +1 Counts
neg. inputs near full scale) op! ng temperature range.’
- . Vem 21V, Vin = 0V
Common Mode Rejection Ratio | CMRR Full Scale = 409.6mV - 50 u/v
Input Common Mode Range VCMR Input Hi, Input Low, Common V-+1.5 vt -1.0 v
Noise (p-p value not VIN = 0V { i
exceeded 95% of time) en Full Scale = 409.! 15 w
ViN = 0 All.devices 25°C 1 10 pA
ICL7109€PL 0°C < +70°C 20 100 pA
Leakage current at Input K| ICL7109IDC 25°C < Ta < +85°C 100 250 pA
i 109MDL -55°C < Ta < +125°C 2 5 nA
Zero Reading Drift Vip= 0.2 1 uVv/°C
Scale Factor Temperature __VIN = 408.9mV = > 7770g reading 1 5 m/°C
Coefficient Ext. Ref. 0 ppm/°C PP
Supply Current V* to GND VIN = 0, Crystal Osc. 700 1500 uA
g 3.58MHz test circuit
Isupp Pins 2-21, 25, 26, 27, 29, open 700 1500 uA
Referred to V*, 25k} _ = _
/ VREF | petween V* and REF OUT 2.4 28 32 v
Ref Out Temp. Coefficient 25k() between V* and REF OUT 80 ppm/°C
vt -05
Input Common Mode Range Vem IN HI, IN LO, COMMON V=+1.5 to vt -1.0 "
V- +1.0

Note 1: Input voltages may exceed the supply voltages, provided the input current is limited to =100 pA.

Note 2: Due to the SCR structure inherent in the process used to fabricate these devices, connecting any digital inputs or outputs to
voltages greater than V* or less than GND may cause destructive device latchup. For this reason it is recommended that no inputs
from sources other than the same power supply be applied to the ICL7109 before its power supply is established, and that in
multiple supply systems the supply to the ICL7109 be activated first.

Note 3: This limit refers to that of the package and will not be obtained during normal operation.

The electrical characteristics above are a reproduction of a portion of Intersil’s copyrighted (1983/1984) data book. This information does

not constitute any representation by Maxim that Intersil’s products will perform in accordance with these specifications. The “Electrical
Characteristics Table” along with descriptive excerpts from the original manufacturer’s data sheet have been included in this data sheet

solely for comparative purposes.
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¢ Zero Integrator Phase ensures fast overload

recovery

Ve 4V/P S V4q 4

12 Bit A/D Converter With
3-State Binary Outputs

¢ “Crosstalk” and Hysteresis Eliminated

¢ Significantly Improved ESD Protection (Note 4)

¢ Bus Driving Capability Enhanced
¢ Maxim Quality and Reliability

ABSOLUTE MAXIMUM RATINGS This device conforms to the Absolute Maximum Ratings on the adjacent page.

ELECTR'CAL CHARACTER'STlCS Specifications below satisfy or exceed all “tested” parameters on adjacent page.
(VY =45V, V- = -5V, GND = 0V, Ta = 25°C, unless noted.)

ANALOG SECTION

PARAMETER

SYMBOL

. Vin = 0.0V _ Octal
Zero Input Reading Full Scale = 409.6mV 00008 +00008 +00008 Reading
. . . VIN = VREF 37778 Octal
Ratiometric Reading VREF = 204.8mV 37778 40008 40008 Reading
. . o Full Scale = 409.6mV to 2.048V
Non-Linearity (Max deviation . _
from best straight line fit) (Ol\}lg{efg;' operating temperature range. 1 +.2 +1 Counts
Roll-over Error (difference in Full Scale = 409.6mV to 2.048V
reading for equal pos. and Over full operating temperature range -1 +.2 +1 Counts
neg. inputs near full scale) (Note 5)
Common Mode Rejection Ratio CMRR xﬁ:‘f g;;llye\/;%;gogmv 50 uV/vV
Input Common Mode Range VeMmR Input Hi, Input Low, Common V- +1.5 vt -1.0 \"
Noise (p-p value not e VIN = 0V 15 v
exceeded 95% of time) n Full Scale = 409.6mV K
ViN = OV All devices, Ta = 25°C 1 10 pPA
ICL7109CPL CQ 0°C < Ta < +70°C 20 100 pA
Leakage Current at Input liLk ICL71091JL —20°C < Ta < +85°C 100 250 pPA
ICL7109MJL -55°C < Ta < +125°C 2 5 nA
Zero Reading Drift VIN = 0V 0.2 1 uv/°C
Scale Factor Temperature VIN = 408.9mV = 77708 reading 1 5 m/°C
Coefficient Ext. Ref. 0 ppm/°C PP
Supply Current V* to GND I+ VIN = 0, Crystal Osc. 700 1500 uA
) 3.58MHz test circuit
Supply Current V* to V= IsuPP pins 2-21, 25, 26, 27, 29 open 700 1500 HA
Referred to V*,
Ref Out Voltage VREF  25k() between V* and REF OUT 24 28 82 v
Ref Out Temp. Coefficient 25k() between V* and REF OUT 80 ppm/°C

Note 4: All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V (test circuit per Mil Std 883,

Method 3015.1).

Note 5: A 4.096V full scale voltage exceeds the Common Mode Voltage Range of the device. The full scale voltage has therefore been

changed to 2.048V.

MAXI/V
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ICL7109

12 Bit A/D Converter With
3-State Binary Outputs

ELECTRICAL CHARACTERISTICS

(All parameters with V* = +5V, V= = -5V, GND = 0V, Ta = 25°C, unless noted.)

DIGITAL SECTION

PARAMETER SYMBOL CONDITIONS MIN TYP MAX 4= UNITS
Output High Voltage VoH :%1’; ;_:gofg‘ 19. 20 35 43 ‘ v
Output Low Voltage VoL lout = 1.6mA 0.2 0.4 \
Output Leakage Current Pins 3-16 high impedance +.01 +1 A

Pins 18, 19, 20 Vout = V* -3V g
Control I/0 Pullup Current MODE input at GND 5 nA
Control /0 Loading HBEN Pin 19 LBEN Pin 18" © 50 pF
Input High Voltage Vi | Fins 18:21, é%g? ¢ 25 v
Input Low Voltage ViL 2?:{:6%212"_?;\“)27 ~ 1 Vv
Input Pull-up Current ) 1 Pins 26, 2?'56/OUT =Vt -3v 5 uVv
Input Pull-up Current Pins 17, 24 Vout = V* -3V 25 Py
Input Pull-down Current Pin 21 VouTt = GND +3V 5 pA
. IHigh- . O Vout = 2.

Oscillator Output Current |gh - Oon out = 2.5V ! mA

i o L kow OoL | Vout =25V 15 mA
B‘yf{éréd{)jscillator High BOoH | Vourt =25V 2 mA
‘Output Current Low BOoL | Vout = 2.5V 5 mA
MODE Input Pulse Width tw 50 ns

The electrical characteristics above are a reproduction of a portion of Intersil’s copyrighted (1983/1984) data book. This information does
not constitute any representation by Maxim that Intersil’s products will perform in accordance with these specifications. The “Electrical
Characteristics Table” along with descriptive excerpts from the original manufacturer’s data sheet have been included in this data sheet
solely for comparative purposes.

GND—— |1 GND o veao [ —O+5v
_ L J2smatus ReFIN-39 | ———————0-
—"JaroL Rercap-ssl T~ o DIFFERENTIAL
HIGH :E 40R REFCAP+37[ ] T K REFERENCE
OieT eon REFNeag L J————————o0-
681 INHIBS| " YWA—0
OUTPUTS | 7810 INLO 34 fﬁ:gmﬁ Mo INPUT LOW
L :E 889 commON 33 [ T GND
e MaAXinN INTa2L Caz -15uF'
e R e T
Low E 186 30
ORDER _| 1285 REF OUT 29 REF IN -
BYTE o P v-25 7 e
ouTPUTS | {waea SEND 27| }—0+5V S+ OREFIN+
—{Js.2 RUN/HOLD 26 [ }—O+5V
L —{"]ws1 BUFOSCouT2s[ }— v
+5V 17 TEST OSCSEL24| }—— GND 24k()
BYTE [ 18 LBEN 0SC OUT 23 j—_j
CONTROL— {119 HBEN 0SCIN 22 3.5795 MHz
INPUTS | {20 CETI0RD mope21 | }— GNDI :]:J 1 Tv cRYSTAL

*RiNT = 20k{! FOR 0.2V REF
*RiNT = 100k¢) FOR 1.0V REF

Figure 1. ICL7109 Test Circuit
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VI AKX/

12 Bit A/D Converter With
3-State Binary Outputs

ELECTR'CAL CHARACTER'ST'CS Specifications below satisfy or exceed all “tested” parameters on adjacent page.
(V* =45V, V= = -5V, GND = 0V, Ta = 25°C, unless noted.)
DIGITAL SECTION

PARAMETER SYMBOL

CONDITIONS MIN TYP MAX UNITS

Output Low Voltage VoL louT = -1.6mA 0.2
Output Leakage Current Pins 3-16 high impedance +.01

HBEN Pin 19, LBEN Pin 18 50 pF

Control 1/0 Loading
Input High Voltage Ve hnsi8al 28 27 25 v
o ) Pins 18-21, 26, 27 B ; v

Input Low Volitage VIL  referred to GND

MODE Input Pulse Wi tw (Note 6) 50 ns
Byte Enable Width tBeA (Note 6) 350 100 ns
Data Access Time

from Byte Enable toaB (Note 6) 150 350 ns
Data Hold Time tons  (Note 6) 100 300 ns

from Byte Enable
Chip Enable Width tcea (Note 6) 400 120 ns

Data Access Time
from Chip Enable

Data Hold Time
from Chip Enable

tpac (Note 6) 175 400 ns

toHe (Note 6) 150 400 ns

Note 6: Guaranteed by design; sample tested only.

Vi1 X1 2v1 1-33
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ICL7109

12 Bit A/D Converter With

3-State Binary Outputs

Table 1. PIN FUNCTIONS

PIN| FUNCTION TYPE DESCRIPTION PIN| FUNCTION TYPE DESCRIPTION
1 |GND Ground return for digital 21 [MODE Input | LO = Converter in direct
logic, OV output mode. Makes LBEN,
2 | STATUS Output | HI = Converter in integrate HBEtN & CtE/ 'TI.OADbaC' as
phase, or deintegrate phase Inptu st CZU roﬂmg vte
until data is latched ou E’“ S directly.
LO = Converter in zero- HI = Converter in handshake
: - mode. Makes LBEN, HBEN &
integrator phase, auto-zero CE/LOAD act tout
phase, or deintegrate phase act as outputs.
after data is latched. 22 [OSC IN Input | Oscillator input.
3 | POL Polarity — HI = Positive input. 23 |OSC OUT Qutput | Oscillator output.
4 |OR Overrange — HI = Overranged 24 | OSC SEL Input | Taking Oscillator Select
; - Py : high or leaving it open
5 |B12 B!t 12 = Most significant bit configures OSC IN, OSC
6 |B11 Bit 11 OUT & BUF OSC OUT as
7 IB10 Th Bit 10 an RC oscillator. Clock
ree | = frequency = BUF OSC OUT
8 [B9 state | Bit9 frequency. Taking it low
9 |B8 data | Bit8 configures OSC IN & OSC
- OUT for crystal oscillators.
10|87 output | Bit7 Clock frequency = BUF OSC
11 |B6 bits Bit 6 OUT frequency + 58.
12 |B5 Bit5 25 | BUF OSC OUT| Output | Buffered Oscillator Output
13 | B4 Bit 4 26 | RUN/HOLD Input | HI = Continuous conversions
" every 8192 clock pulses.
14 |B3 Bit 3 LO = Converter stops in
15| B2 Bit 2 auto-zero after completing
16 | B1 Bit 1 = Least significant bit. the conversion in progress.
17 | TEST Input | HI = Normal operation 27 | SEND Input Indllca\es ability of external
LO = All output bits high. device to accept data when
MID = Counter output converter is in handshake
Jatches enabled. mode. Connect to +5V if
Connect to +5V if not used. not used.
18 | [BEN Input | Low Byte Enable. 28 | VT Negative supply. Nominally
When MODE is low and —OV from GND.
CE/LOAD is low, taking 29 | REF OUT Output | Reference voltage output.
Low Byte Enable low Nominally 2.8V below V+.
activates low order byte s
outputs B1-B8. 30 | BUFFER Output | Buffer Amplifier Output.
Output | In handshake mode (when 31 | AUTO-ZERO Inside foil of Caz connects
MODE is HlI) this pin here.
becomes a low byte 32 | INTEGRATOR | Output | Outside foil of CiNT connects
flag output. here.
19 | HBEN Input | High Byte Enable. COMM Anal
When MODE is low and 33 ON nalog Common. ___
CE/LOAD is low, taking 34 | INPUT LO Low side of differential input.
High Et!yteh!ir'gabiz lovg ) 35 [ INPUT HI High side of differential input.
activates orde e — - -
outputs Bgl,%m'r PC;L)é( OR. 36 | REF IN* Positive input of differential
Output | In handshake mode (when reference.
MODE is HI) this pin 37 | REF CAP+ Positive side of reference
becomes a high byte capacitor.
flag output. 38 | REF CAP™ Negative side of reference
20 | CE/LOAD Input Whgn MODE is low, taking capacitor.
g’;;"bigagi";gh";dp'gfh& OR. 39 | REF IN™ Negative input of differential
Taking it low enables reference.
B1-B12, POL & OR if 40| v+ Input | Positive supply. Nominally
HBEN and LBEN are low. +5V from GND.
Output | In handshake mode (when
MODE is Hl) this pin becomes
a load strobe output. Note: All digital levels are positive true.
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Figure 2. Analog Section

Detailed Description

Analog Section

The equivalent circuit of the Analog Section of the
ICL7109 is shown in Figure 2. The circuit will perform
conversions at a rate determined by the clock fre-
quency (8192 clock periods per cycle) when the
RUN/HOLD input is left open or connected to V+.
Each measurement cycle is divided into four phases
as shown in Figure 3. They are:

1. Auto-Zero (AZ)

2. Signal Integrate (INT)
3. De-integrate (DE)

4. Zero Integrator (ZI)

Auto-Zero Phase

Three events occur during Auto-zero. The inputs,
In-Hi and In-Lo, are disconnected from the pins
and internally shorted to analog common. The refer-
ence capacitor is charged to the reference voltage.
Lastly, a feedback loop is closed around the system
to charge the auto-zero capacitor Caz to compensate
for offset voltages in the comparator, buffer amplifier
and integrator. The inherent noise of the system
determines the A-Z accuracy. In any event, the offset
referred to the input is less than 10 uV.

Signal Integrate Phase

The internal input high (In-Hi) and input low (In-Lo)
are connected to the external pins, the internal short
is removed and the auto-zero loop is opened. The
converter then integrates the differential voltage
between In-Hi and In-Lo for a fixed time of 2048
clock periods. Note that this differential voltage must
be within the common mode range of the inputs. The

M AXI/VI

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

De-integrate Phase

The third phase is De-integrate, also known as refer-
ence integrate. Input high is internally connected
across the previously charged reference capacitor
and input low is internally connected to analog
Common. The polarity detection circuit connects the
reference capacitor with the polarity such that the
integrator output returns with a fixed slope to the
zero level established in the Auto-Zero phase. The
time required for the output to return to zero
(represented by the number of clock periods counted)
is proportional to the input signal.

Zero Integrator Phase

Input low is shorted to analog Common and the
reference capacitor is charged to the reference
voltage. A feedback loop is closed around the system
to input high, causing the integrator output to return
rapidly to zero (See Figure 3). This phase normally
lasts between 16 and 32 clock pulses but is extended
to 1552 clock pulses after an overrange conversion.

This phase will remove any residual charge left on
the integrator capacitor after an overload reading.
This Zero Integrator phase virtually eliminates the
problem of interaction or “crosstalk” between the vari-
ous channels of a Maxim ICL7109 based multiple
channel data acquisition system. Without the zero
integrator phase, an overload on one channel would
leave charge on the integrator capacitor, which
would then be transferred to the autozero capacitor
during the autozero cycle, resulting in an erroneous
reading for the next channel that is measured after
the channel with the overload.
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Figure 3. Conversion Timing (RUN/HOLD Pin High)

Differential Input

Differential input voltages anywhere within the
common-mode range of the input amplifier can be
accepted (specifically from 1V below the positive
supply to 1.5V above the negative supply). The
system has a CMRR of 86dB typical in this range.
For optimum performance the input voltage at In-Lo
and In-Hi should not come within 2 volts of either
the positive or negative supply. Care must be exer-
cised to ensure that the integrator output does not
saturate, since the integrator also swings with the
common-mode voltage. A large positive common-
mode voltage with a near full-scale negative differen-
tial input voltage is a worst-case condition. When
most of the swing has been used up by the positive
common-mode voltage, the negative input signal
drives the integrator positive. The integrator output
swing can be reduced to less than the recommended
4V full-scale swing with little loss of accuracy in
these critical applications. The integrator output
can swing within 0.3V of either supply without loss
of linearity.

The ICL7109 has been optimized for operation with
analog common near digital ground. This allows for a
4V full scale integrator swing positive or negative
which maximizes performance of the analog section
with +5V power supplies.

Differential 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. This is caused by the reference capacitor
losing or gaining charge to stray capacitance on its
nodes. The reference capacitor can gain charge
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(|ncrease voltage) if there is a large common-mode
voltage. This is the result of a positive signal de-
integration. In contrast, the reference capacitor will
lose charge (decrease voltage) when de-integrating
a negative input signal. Roll over error defines this
difference in reference for positive or negative input
voltages. This error can be held to less than one half
count for worst-case condition by using an optimum
reference capacitor. (See component value selection.)

By having the reference common mode voltage near
or atanalog COMMON, the roll-over error from these
sources is minimized.

Component Value Selection

Care must be exercised in the selection of values
for the integrator capacitor and resistor, auto-
zero capacitor, reference voltage, and conversion
rate for optimum performance of the analog sec-
tion. The optimum values must be selected for
each application.

Integrating Resistor

Both the integrator and buffer amplifier have a class
A output stage with a quiescent current of 100 uA,
which can supply 20 uA with negligible non-linearity.
The integrating resistor should be small enough that
undue leakage requirements are not placed on the
PC board, but large enough to keep the output
current less than 40 pA. For 2.048 volt full scale,
100k} is optimum and similarly a 20k(} is optimum
for a 409.6mV scale. For other full scale voltages, RINT
should be selected by the relation

full scale voltage (mV) KO

RINT =
N 20 4A

MAXI/V




Integrating Capacitor

CINT (the integrating capacitor) should be selected
for maximum integrator output voltage swing with-
out saturation of the integrator (at 0.3 volt from either
supply). A £3.5 to =4 volt integrator output swing is
ideal for the ICL7109 with a +5 volt supplies and
analog common connected to GND. Nominal values
for CinT and Caz are 0.15 uF and 0.33 uF, respectively,
for 7' conversions per second (61.44kHz clock
frequency). These values should be changed to
maintain the integrator output voltage swing, if
different clock frequencies are used. The value of
CINT is generally given by

(2048 x clock period) (20 pA) uF
Integrator output voltage swing (V)

To prevent roll-over and linearity errors a low dielec-
tric absorption capacitor is required. Polypropylene
capacitors give undetectable errors at reasonable
cost up to 85°C. Teflon™ capacitors are recommended
for the military temperature range. Polypropylene
and Teflon™ capacitors should give less than 0.5
count of error due to dielectric absorption even
though their absorption characteristics vary some-
what from unit to unit.

CiNT =

Auto-Zero Capacitor

The Maxim ICL7109 has a zero integrator phase
which ensures that any charge left on the integrator
after an overrange reading is removed before the
autozero phase is started. This zero integrator phase
allows the use of larger values of autozero capacitors
than allowed with other manufacturer’s ICL7109s.
Normally, the optimum value of the autozero capaci-
tor is between 2 and 4 times the value of the integrator
capacitor. The typical value of the autozero capacitor
is 0.33 uF. Lower values of Cazincrease the noise in the
autozero loop; very large values will take a longer time
to charge to the proper value after power-up.

The outer foil of Caz should be connected to the
RinT, CINT summing junction and the inner foil to
pin 31 for optimal rejection of stray pickup. Similarly,
the inner foil of CiNT should be connected to the RC
summing junction, and the outer foil of CiNT should
be connected to pin 32. Above 85°C, Teflon™ or
equivalent capacitors are recommended for their
low leakage characteristics.

Reference Capacitor

Good results can be achieved in most applications
with a 1 uF capacitor. A larger value is required to
prevent roll-over error where a 409.6mV scale is used
and a large common mode voltage exists (i.e., the
reference low is not at analog common). The roll-
over error can generally be held to one half count by
10 uF in this case. Above 85°C, Teflon™ or equivalent
capacitors. are again recommended for their low
leakage characteristics.

MNAXI/V

12 Bit A/D Converter With

3-State Binary Outputs

Reference Voltage

An analog input of VIN = 2 x VRer generates a full
scale output of 4096 counts. For a normalized scale,
a reference of 204.8mV should be used for a 409.6mV
full scale (100 uV per LSB), and 1.024V reference
should be used for a 2.048V full scale (500 uV per
LSB). There will exist a scale factor other than unity
between the absolute output voltage to be measured
and a desired digital output in many applications
where the A/D is sensing the output of a transducer.
In a weighing system, for example, the designer
could possibly want a full scale reading when the
voltage from the transducer is 0.682V. The input
voltage should be measured directly and a reference
voltage of 0.341V should be used instead of dividing
the input down to 409.6mV. 34k and 0.15 uF are
suitable values for the integrating resistor and
capacitor. A divider on the input is thus avoided.
When a zero reading is desired for non-zero input,
another advantage of this system is realized. Examples
might include temperature and weight measurements
with an offset or tare. The offset may be introduced
by connecting the voltage output of the transducer
between common and analog high, and the offset
voltage between common and analog low, observing
polarities carefully. It may be more efficient, however,
to perform this type of scaling or tare subtraction
digitally using software in processor-based systems
using the ICL7109.

Reference Sources

A major factor in the overall absolute accuracy of
the converter is the stability of the reference voltage.
The resolution of the ICL7109 at 12 bits is 244 ppm
or one part in 4096. Therefore, a temperature differ-
ence of 3°C will introduce a one-bit error if the refer-
ence has a temperature coefficient of 80 ppm/°C (like
the onboard reference). Where the ambient tempera-
ture is not controlled or where high-accuracy absolute
measurements are being made, an external high
quality reference should be used.

To generate a suitable reference voltage, the ICL7109
provides a REFerence OUTput (pin 29) which may be
used with a resistive divider. This output will sink up
to about 20mA without a significant output variation.
A pullup bias device which sources about 10 A is
also provided. The output voltage is nominally 2.8V
below V+ and has a temperature coefficient of +80
ppm/°C typical. REF+ should be connected to the
wiper of a precision potentiometer between REF
OUT and V+, and REF OUT (Pin 29) should be con-
nected to REF- (pin 39) when using the onboard
reference. Shown in the test circuit is the circuit for
a 204.8mV reference. The fixed resistor should be
removed for a 1V reference, and a 25k() precision

1-37

-y
R
S
3




ICL7109

12 Bit A/D Converter With

3-State Binary Outputs

potentiometer between REF OUT and V+ should
be used.

Note that if pins 29 and 39 are tied together and pins
39 and 40 accidentally shorted (e.g., during testing),
the reference supply will sink sufficient current to
destroy the device. By placing a 1k resistorin series
with pin 39, this can be avoided.

Detailed Description

Digital Section

The digital section (Figure 4) includes: 1) the clock
oscillator and divider circuit; 2) a 12-bit binary
counter with output latches and TTL-compatible
three-state output drivers; 3) control logic; and
4) UART handshake logic.

Note: The term “clock cycles” as used in the follow-
ing discussion relates to the internal clock, which is
the oscillator output + 58 when OSC SEL is low.

Three-State Outputs

The ICL7109 has 14 three-state outputs: 12 data bits,
1 polarity bit, and 1 overrange bit. These bits are
enabled either by the CE?LD%D, CBEN and HBEN
control signals (see Table 2), or by entering the
Handshake mode.

CE/LOAD, LBEN, and HBEN

These three control pins can function as either inputs
or outputs. In the Direct interface mode (see “Inter-
facing” below), these three pins are Chip Enable and
Byte Enable inputs. In the Handshake mode these
three pins become outputs that load data into the

UART. These pins will be outputs while a handshake
transfer is in progress or at any time that the Mode
input is high.

Run/Hold Input

When the Run/Hold input is tied high, the ICL7109
continuously performs A/D conversions with a fixed
length _of 8192 clock cycles per conversion. When
Run/Hold is taken low, the ICL7109 will complete
the conversion in progress, then wait in the autozero
phase. After the minimum autozero time has been
completed, a high-going pulse on Run/Hold of at
least 200 nanoseconds is required to start a new
conversion; but any pulses during a conversion or
up to 2048 clock cycles after Status goes low will
be ignored. If the ICL7109 is holding at the end of
the autozero phase, a new conversion will start and
Status_will go high within 7 clock cycles after
Run/Hold goes high.

In addition to starting and stopping conversions, the
Run/Hold pin can also be used to minimize con-
version time. If Run/Hold is high, each conversion
takes a full 8192 clock cycles, with the De-integrate
phase taking 4096 clock cycles independent of input
voltage. On the other hand, if Run/F‘ola is low at any
time after Status goes low, the ICL7109 immediately
jumps to the Auto-Zero phase rather than taking a
full 4096 clock cycles for De-integrate. A simple way
to ensure minimum conversion time is to drive the
Run/Hold input with the Buffered Oscillator Output.
When this is done, the conversion time is dependent
on the input voltage: 4096 clock cycles for a zero
voltage input, rising to 8192 clock cycles for full
scale or overrange inputs.
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TEST IPOL OR 12 11 10

B B
8 7

B R 0 00000 COC O
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Figure 4. Digital Section

1-38

MAXI VI




12 Bit A/D Converter With

3-State Binary Outpuis

DEINT TERMINATED
AT ZERO CROSSING
DETECTION

INTEGRATOR

INTERNAL
LATCH

AUTOZERO
’4——PHASE 1
MIN 1790 COUNTS
| MAX 2041 COUNTS

STATIC IN I<—7 counts—— INT
HOLD STATE / PHASE Il

ot \/\u\'\\r . ‘I AlL |
wreses LM LU UL, ,J-LrU'U-UL MpipmnRenipigigigigigigipgiy

STATUS
QUTPUT é

RUN/HOLD T
INPUT
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Mode Input

The Mode input is used to control the converter
output mode. The converter is in its Direct output
mode, where the output data is directly accessible
under the control of the chip and byte enable inputs
when the Mode pin is low or left open. (To ensure a
low level when the pin is left open, this input is pro-
vided with an internal pulldown resistor.) When the
Mode input is pulsed high, the converter enters the
UART handshake mode and outputs the data in two
bytes, then returns to “Direct” mode. The converter
will output data in the handshake mode at the end
of every conversion cycle when the Mode input
remains high. (See “Handshake Mode” section for
more details.)

Send Input

The Send Input is a handshake control input used
during handshake transfers. The use of Send to
control a handshake interface is discussed in the
“Interfacing” section, below.

The Maxim ICL7109 contains an improved power-up
reset circuit that ensures that the ICL7109 powers up
in the Direct mode if the Mode input is low, but other
manufacturer’s ICL7109s may power up in the Hand-
shake mode even if the Mode input is held low.
Although the Send input on the Maxim ICL7109 can
be tied either high or low if only the Direct mode is
used, other manufacturer’s ICL7109s require that the
Send input be tied high so that the ICL7109 will return
to the Direct mode in 7 clock cycles if the Handshake
mode is inadvertently entered on power-up.

BUFFERED
osc
ouTt

CRYSTAL

Oscillator

The ICL7109 has a versatile three terminal oscillator
that may be operated as a crystal or RC oscillator. It
also may be overdriven by an external clock source.
To optimize it for crystal or RC operation, the Oscil-
lator Select input changes the internal configuration
of the oscillator. The oscillator is configured for RC
operation when the Oscillator Select input is high or
left open (the inputis provided with an internal pullup
resistor), and the internal clock will be of the same
phase and frequency as the signal at the Buffered
Oscillator Output. (See Figure 6 for the resistor and
capacitor connections.) Oscillation will occur in the
circuit at a frequency given by f = 0.45/RC. The oscil-
lator resistor should be 100k(). The capacitor value
should be chosen such that 2048 clock periods are
close to an integral multiple of the 60Hz period for
optimum 60Hz line rejection, but the capacitor value
should not be less than 50pF.

A feedback device and input and output capacitors
are added to the oscillator when the Oscillator Select
input is low. With no external components, the oscil-
lator will function with most crystals in the 1 to 5MHz
range. (See Figure 7.) A fixed + 58 circuit is inserted
between the Buffered Oscillator Output and the
internal clock by taking the Oscillator Select input
low. This division ratio provides 33.18ms integration
time, by using a 3.58MHz TV crystal.

58

_ 58 a3
3.58MHz 8ms

T = (2048 clock periods) x

CLOCK

O
BUFFERED

osc

out

fosc = .45/RC

Figure 6. RC Oscillator

MAXIVI

Figure 7. Crystal Oscillator
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This time is quite close to 33.33ms or two 60Hz
periods. The error is lower than one percent, which
will yield better than 40dB of 60Hz rejection. If at any
time the oscillator is to be overdriven, the overdriving
signal should be applied at the Oscillator Input, and
the Oscillator Output should be left open. When
Oscillator Select is left open, the internal clock will
be of the same duty cycle, frequency and phase as
the input signal. The clock will be the input frequency
divided by 58 when Oscillator Select is at Ground.
The divide by 58 circuit will operate reliably up to
about 5MHz (Oscillator Select low), while the con-
verter itself will operate at clock rates up to 2 MHz
(Oscillator Select high). This implies a conversion
rate of 244 conversions/sec. To operate the converter
at these rates the auto-zero and integrating capaci-
tors must be scaled using the guidelines in the
Component Selection section. As the conversion
rate increases, the accuracy of the converter is
compromised, primarily due to noise and the delay
of the comparator. If the clock period is less than
the comparator delay (typically 1-3 usec.), the low
order bits become meaningless. At 2 MHz, typical
readings with the inputs shorted may be 4-10 counts,
rendering the 4 LSBs meaningless.

Note: At 15 conversions per second, the integration
time of 2048 clock pulses equals one complete period
of 60 Hz. This is therefore the maximum conversion
rate that will provide 60 Hz noise rejection.

Status Output

Atthe end of a conversion cycle the Status output goes
low, one-half clock period after new data from the
conversion has been stored in the output latches.
Status goes high at the beginning of Signal Integrate
(Phase Il). Figure 3 shows the timing details. This
signal may be utilized as a flag indicating “data
valid” for monitoring the status of the converter or
to drive interrupts since data never changes while
Status is low.

Test Input

The counter output latches are enabled when the
Test input is taken to a level halfway between V+ and
Ground, allowing the counter contents to be exam-
ined. When the Test input is grounded, the internal
clock is disabled and the counter outputs are all
forced into the high state. The counter outputs will
be clocked to the low state when the input returns
to the 1/2 (V* -Ground) voltage (or to V*) and one

Table 2. DIRECT MODE TRUTH TABLE
B9-B12,
POL,OR
X Hi-Z Hi-Z
1 Hi-Z Hi-Z
1 Data Out Hi-Z
0

0

CE/LOAD | LBEN HBEN B1-B8

Hi-Z Data Out
Data Out

[eNeNoNeX
O -0 =X

Data Out
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clock is applied. This facilitates testing of the counter
and the output drivers.

Although the Test pin has an internal pullup, it should
be tied high if not used. This ensures that high speed
transitions on adjacent pins (particularily LBEN)
do not inadvertently activate the test mode.

Interfacing
Direct Mode

The ICL7109 is in the Direct mode when the Mode pin
is low. In this mode the output interface is a simple
parallel interface with a Chip Enable (CE/Load) and
two byte enables (HBEN and LBEN). As shown in the
truth table of Table 2, the least significant 8 bits of
data are enabled when both CE/Load and LBEN are
low. The upper 4 bits of data, polarity, and overrange
are enabled whenever CE/Load and HBEN are low.
The Maxim version of the ICL7109 has significantly
enhanced current sourcing capability, which enables
it to rapidly drive the large capacitances often found
on microcomputer busses.

In Figure 12, an approach to interfacing several
ICL7109s to a bus is shown. This is achieved by
using the CE/Load inputs (decoded from an ad-
dress possibly) to select_the desired converter,
and tying the EN and LBEN signals to several
converters together.

The ICL7109 can also be controlled through I/0
peripheral ports, as shown in Figures 14, 15 and 16.
Figures 13 through 16 are some practical circuits
utilizing the parallel three-state output capabilities of
the ICL7109. Shown in Figure 16 is a straightforward
interface to the Intel MCS-48, -80 and -85 systems via
an 8255 PPI, where the ICL7109 data outputs are
active at all times. The 8155 I/0O ports may be utilized
in the same way. Although a read performed while
the data latches are undergoing updates will lead to
scrambled data, this interface can be used in a read-

CE/LOAD \
AS INPUT

HBEN [TTTTTTTT]
AsINPUT /1111,

LBEN 7T
AS INPUT ’/r’///’[////
toas —> Iq- - toHB | l
p |
HIGH BYTE : DATA |\ | JOATA -
DATA = VALIDI = '—
] tpac —»| |<-—>| [—toHe

LOW BYTE - e o d DATAl

fo

DATA == == = o o o o o e

= e == = HIGH IMPEDANCE

Figure 8. Direct Mode Output Timing
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anytime mode. One way of solving this problem is to
read the Status output as well. If it is high, read the
data a second time after a delay of more than 1/2
converter clock period. If Status is still high, the first
reading is correct. If Status is now low, the second
reading is correct. On the other hand, the problem of
timing is completely avoided by using a read-after-
update sequence. (See Figure 14.) Data can be
accessed by the high to low transition of the
Status output driving an interrupt to the micro-
processor. Figure 14 also demonstrates the Run/
Hold input being used to initiate conversions under
software control.

Figure 15 shows a similar interface to 650X or 680X
systems. The transition of the Status output from
high to low generates an interrupt via the Control
Register B CB1 line. Note that CB2 controls the
Run/Hold pin through Control Register B. This
application permits software-controlled initiation
of conversions.

Direct interfacing to most microprocessor busses is
allowed by the three-state output capability of the
ICL7109. (See Figure 13 and the typical operating
circuit on the first page.) It is important that the

12 Bit A/D Converter With

3-State Binary Outputs

requirements for setup and hold times, and minimum
pulse widths are met. There are also drive limitations
on long busses that should be noted. In general, this
type of interface is favored only if the memory
peripheral address density is low so that simple
address decoding can be used. Interrupt handling
can mandate several extra components. The use
of interfacing devices will simplify the system in
many cases.

Handshake Mode

Handshake Mode permits the interface with a
number of external devices. For example, byte
enables may be used as load enables or as byte
identification flags, and external latches may be
clocked by the rising edge of CE/Load.

The handshake mode is specifically designed to
directly interface the ICL7109 to industry standard
UARTS, with no external logic required. The ICL7109
is in the handshake mode whenever the Mode input is
high. In the handshake mode the CE/Load,

and HBEN pins are outputs and Send is an input. A
typical UART to ICL7109 interface is shown in Figure
18, with the interface timing shown in Figures 9
through 11.
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When Mode is continuously held high, a new UART
transmission will be started when Status goes low,
provided Send is high at that time. As shown in Figure
10 the high byte of data will be written into the UART
by the first pulse of CE/Load. The TBRE signal of the
UART will momentarily go low upon receiving the
data. After the UART transfers the data to the
transmitter register, the UART’'s TBRE output drives
the ICL7109’s Send input high. The ICL7109 senses
the high level on the Send input and loads the low
byte of data into the UART with a second pulse of
CE/Load. The ICL7109 continues its conversion
cycles while this handshake takes place, and if the
UART’s TBRE has driven the ICL7109 Send input
high by the end of the next conversion, the data
transfer sequence will repeat. If the UARTs TBRE
(and therefore the ICL7109’s Send input) is low when
the ICL7109 completes the next conversion, the
internal latch pulse is inhibited and the data from
that conversion is lost.

A handshake transfer can be initiated by a high-
going pulse on the Mode pin. Upon receiving a high
going pulse, the ICL7109 sets an internal Mode latch
and will start a handshake transmission when Status
goes low at the end of the next conversion. An alter-
nate method of controlling the ICL7109 is to leave
Mode high and initiate conversions via the Run/ Hold
input. With this method the ICL7109 will first make a
conversion then transmit the data. Another method
of initiating a transmission is shown in Figure 11.
Here Mode is pulsed high while Send is low. A UART
transmission is started when Send is taken high (at
least 2 negative clock edges later).

12 Bit A/D Converter With

3-State Binary Outputs

The UART mode is also useful in interfacing the
ICL7109 to I/O ports such as the 8255 and 6520.
Figure 17 is an example of such an interface. The
handshake operation with the 8255 is controlled by
inverting its Input Buffer Full (IBF) flag to drive the
Send input to the ICL7109, and using the CE/Load to
drive the 8255 strobe. The internal control register of
the PPl should be set in MODE 1. The next
conversion’s result will be strobed into the port if the
8255 IBF flag is low and the ICL7109 is in handshake
mode. The strobe will cause IBF to go high (Send
goes low) which will prevent the ICL7109 from
loading the second byte of data. The PPI will
generate an interrupt. When executed, the result is
that the data is read. The IBF will be reset low when
the byte is read which causes the ICL7109 to
sequence into the next byte. Figure 17 shows the PC7
line of the PPI connected to the Mode input of the
ICL7109. If this input is tied high or left high, the data
from every conversion will be sequenced into the
system (provided the data access takes less time
than a conversion). The output sequence can be
obtained on demand by using the PC7 output todrive
the Mode input. Note that the 8255 can service
another peripheral device since only one port is
used. The 8155 can utilize the same arrangement.

The ICL7109 is not limited to the applications de-
scribed here. These examples show some of the
many interfaces and uses of the ICL7109 and merely
provide a point of departure for users to develop
appropriate systems. Many of the suggestions made
here may be combined. More specifically, the uses
of the Mode, Status, and Run/Hold signals may
be mixed.

Typical Applications
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ECT SELECT
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1 _ N i B
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B9-B12 6 B9-B12 s B9-B12 6
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Figure 12. Three-stating several 7109’s to a Bus
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ICL7109

12 Bit A/D Converter With
3-State Binary Outputs
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2 3 +5v ——] 40 v+ REF IN - 39 j———————————O=———GND
XTAL1 XTAL2 GND 1GND REF CAP - 38 |— - EXTERNAL
+5V 170 +5V. 17 TEST REF CAP+37 |—T © REFERENCE
4 RESET 22| REF IN+36 |———— O+
58S 35-38 —/— IN HI 35
6iINT P20-P27 OTHER INLO 34
o MAXI COM33
GND —] 7 EA prorat 5. ICL7109 INT 32
— 14-P17
—{8WR AZ 31
—] 9 PSEN P13 30 26 RUN/HOLD BUF 30
—] 1 ALE P1229 2 STATUS REF OUT 29 |— RINT  20k0), 0.2V REF.
+sv —] 25 PROG P1128 18 [BEN v-28 |— -5V 100k(2, 1V REF.
+5v — 26 VDD P10 27 19 HBEN SEND 27 +5V
+5V—139 T1 6 3-8 BUF OSC OUT 25 [—
+5V — 40 vee B9-B12, POL, OR OSC SEL 24 |— GND
1218 . e 916 oscour s |—————
DB0-DB7 /2 +—{ B1-B8 OSC IN 22 3.58 MHz
GND 20 GND RD 10 20 CE/LOAD MODE 21 |— :lj 1 CRYSTAL

8748/8048 ICL7109
CMOS A/D CONVERTER

Figure 13. Typical Connection Diagram Parallel Interface with MCS-48 Microcomputer
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Figure 14. Full-time Parallel Interface to MCS-48, -80, -85 Microcomputers with Interrupt
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Figure 15. Full-time Parallel Interface to MS680X or MCS650X Microprocessors
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12 Bit A/D Converter With
3-State Binary Outputs
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Figure 16. Full-time Parallel Interface to MCS-48, -80, -85 Microcomputer Systems
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12 Bit A/D Converter With
3J-State Binary Outputs
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4-1/2 Digit Single-Chip

A/D Converter with LCD Driver

General Description

The Maxim ICL7129is a high precision monolithic 4-1/2
digit A/D converter that directly drives a multiplexed
liquid crystal display. Using a novel “successive
integration” technique, the ICL7129 has a +20,000
count resolution on both 2.0000V and 200.00mV
ranges. It features high impedance differential inputs,
excellent differential linearity, true ratiometric opera-
tion and auto polarity. The only external active
component required to make precision DVM/DPMsis a
reference. The overrange and underrange outputs and
the 10:1 range changing input facilitate the design of
autoranging systems. The ICL7129 detects and flags a
LOW BATTERY condition and also checks for con-
tinuity, giving a visual indication and a logic level output
which can be used to generate an audible signal.

The ICL7129 has a fullscale accuracy of 0.005%,
resolution of 10uV, zero reading drift of 0.5uV/°C, an
input bias current of 10pA max, and a rollover error of
less than 1 count. Maxim has reduced the noise of the
ICL7129A to 3uV — significantly lower than the

Features

¢ +19,999 Count Resolution
¢ 3.V peak to peak noise (ICL7129A)

¢ Onboard Multiplexed LCD Display Driver
4-1/2 Digits, 4 Decimal Points, 3 Annunciators

Instant Continuity Detector
Low Battery Detector and Indicator
Overrange/Underrange Outputs

10,V Resolution on 200mV Full Scale
Significantly improved ESD protection

*

[ 4

¢

¢ Precise 10:1 Range Select

¢

¢

4 Monolithic, Low Power CMOS Design

Ordering Information

1CL7129. PART TEMP. RANGE PACKAGE
; . ICL7129CPL 0°Cto+70°C 40 Lead Plastic DIP
Applications 1CL7129CJL 0°Cto +70°C 40 Lead GERDIP
This device can be used for a wide range of precision ICL7129CQ 0°Cto +70°C éﬂfg‘lﬁ!gf""
digital voltmeter, multimeter and panelmeter appli- GL71290/D FCto+70°C Dice
cations. Most applications involve the measurement CLTI28ACPL C o TI0°G 90 Lead Plastic DIP
and display of analog data:
P play 9 Weiaht ICL7129ACJL 0°Cto+70°C 40 Lead CERDIP
ressure eig o o 44 L ead Plastic
Voltage Current ICL7129ACQ 0°Cto+70°C Chip Carrier
Resistance Speed ) ICL7129AC/D 0°Cto +70°C Dice
Temperature Material Thickness
Typical Operating Circuit Pin Configuration
Top View

LOW BATTERY CONTINUITY

-.8.68.8.8

v+
SPFi

A1l0] e8] 716 1[51[a]1[3]1[Z1[T
. D1201(Hz

MAXIN
ICL7129A

maxim
ICL7129

DISPLAY
OUTPUT
LINES

10pF
T O 1_L('.LJF Lo$20k0 3 J. :/g-

150k HR01uF 0'1“F|-
me 10k 1.2v
= 100k BANDGAP

_6 bs REFERENCE
Vi . . . .
™ See last page for Plastic Chip Carrier Pin Configuration
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ICL7129/29A

4-1/2 Digit Single-Chip
A/D Converter with LCD Driver

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (VIO V) .oiiiiiniiiiiiieannnes 15V
Reference Voltage (REF HI or REF LO) ......... V*to V-
Input Voltage (Note 1)

(INHIOrINLO) ... i, V*to V-
VDISP & eeeeeeietiiiiiieeeeans V*to DGND - 0.3V

Digital Input Pins
1,2, 19, 20, 21, 22, 27,
37, 38, 39, 40
Analog Input Pins

25,29,30 ...l

Power Dissipation (Note 2)

CERDIPpackage ............ccoiviieiinnn, 1000mW

Plastic package ................c.ciiiiiian, 800mW

Plastic Chip Carrier

(Quad) Package ..........coiviiiinnninnnnn. 700mwW
Operating Temperature Range ............ 0°Cto +70°C
Storage Temperature Range ........... -65°C to +160°C
Lead Soldering Temperature (10sec.) ........... 300°C

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied.
Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS (ICL7129)
(V*to V™ =9V, VRrer = 1.00V. Ta = +25°C, fcLk = 120kHz, unless otherwise noted.)

PARAMETER CONDITIONS MIN. TYP MAX. UNIT
Zero Input Reading Vin =0V, 200mV Scale -0000 0000 +0000 Reading
Zero Reading Drift VIN=0V,0°C < TA<+70°C +0.5 uV°C
Ratiometric Reading Vin = VRer = 1000mV, RANGE = 2V 9998 9999 10000 Reading
Range Change Accuracy \\’,":Z gj}ggggx i h‘l’;{‘ FA‘;’;%‘;* 0.9999 1.0000 1.0001 Ratio
Rollover Error -Vin=+Vin = 199mV 0.5 1.0 Counts
Linearity Error 200mV Scale 0.5 Counts
Input Qommqn—Mode Vem= 1.0V, Viy= 0V 110 dB
Rejection Ratio 200mV Scale
{Z)Fl)tu;g(e:%rta)nmgoen Mode \zlé%r;\e\/Scale (V) +15 (v)-05 v
réloise (p-p Value not Vin=0V 70 v

xceeded 95% of Time) 200mV Scale
Input Leakage Current VIN=0V, INHI 1 10 pA
ViN=0V,INLO 3 40 pA
R . | s | eeneo
COMMON Voltage V* to Pin 28 2.8 3.2 35 \"
COMMON Sink Current ACommon = +0.1V 01 2.0 mA
COMMON Source Current ACommon = -0.1V 1 9 15 uA
DGND Voltage V* to Pin 36 4.5 5.3 5.8 \Y
DGND Sink Current ADGND = +0.5V 0.5 1.2 mA
Supply Voltage Range Vito V- 6 9 14 Y
oo, Eaclcing o |
Clock Frequency 120 360 kHz
Display Multiplex Rate 100 Hz
Vbise Resistance Vpisp to V* 20 50 100 kQ
viov o | = | w |
CONTINUITY Comparator Vour Pin 27 = HI 100 200 mV
Threshold Voltages Vour Pin 27 = LO 200 400 mV
Pull-Down Current Pins 37, 38, 39 0.25 2 10 uA
“Weak Output” Current Pin 20, 21 0.25 3/3 10 uA
Sink, Source Pin 27 Sink/Source 0.25 3/9 15 nA
Pin 22 Source Current 1 40 100 nA
Pin 22 Sink Current 0.25 3 10 uA
1-48 ViAXI/vi




4-1/2 Digit Single-Chip
A/D Converter with LCD Driver

¢ Significantly decreased noise — 3.V ¢ Suitable for Ratiometric measurements

¢ Compensation capacitor (C¢) eliminated

ABSOLUTE MAXIMUM RATINGS: This device conforms to the Absolute Maximum Ratings on adjacent page.
ELECTRICAL CHARACTERISTICS (ICL7129A)

(V*to V™= 9V, VRer = 1.00V. Ta = +25°C, fcLk = 120kHz, unless otherwise noted. Test Circuit without Ce)

PARAMETER CONDITIONS MiN. TYP. MAX. UNIT
Zero Input Reading Vin = 0V, 200mV Scale -0000 0000 +0000 Reading
Zero Reading Drift Vin=0V,0°C <Ta <+70°C +0.5 uv/°Cc
Ratiometric Reading Vin = VRer = 1000mV, RANGE = 2V 9998 9999 10000 Reading
Vin = 0.10000V on Low Range + .
Range Change Accuracy V) = 010000V on High Range 0.9999 1.0000 1.0001 Ratio
Rollover Error =ViN = +ViN = 199mV 05 10 Counts
Linearity Error 200mV Scale 0.5
Input Common-Mode Vem = 1.0V, Vin= 0V 110 dB
Rejection Ratio 200mV Scale
Input Common-Mode ViN =0V - +
Voltage Range 200mV Scale (V) +15 (V7)-05 v
Noise (p-p Value not Vin =0V
Exceeded 95% of Time) 200mV Scale 3.0 Note 4 i
ViN=0V, INHI 13 20
Input Leakage Current Vin=0V, IN LO 15 40 pPA
ViN=199mV, 0°C < TA< +70°C o
Scale Factor Tempco External VRer = Oppm/°C 2 5 ppm/°C
COMMON Voltage V* to Pin 28 2.8 3.2 3.5 Vv
COMMON Sink Current ACommon = +0.1V 01 2.0 mA
COMMON Source Current ACommon = -0.1V 1 15 A
DGND Voltage V*to Pin 36, V* to V= 9V 4.2 3 5.8 v
DGND Sink Current ADGND = +0.5V 0.5 1.2 mA
Supply Voltage Range Vito v~ 6 9 14 v
Supply Current Excluding + - _
COMMON Current Vitovi=ov 0 4 mA
Clock Frequency 120 360 kHz
Display Multiplex Rate foLk = 120kHz 100 Hz
Vpisp Resistance Vpisp to V¥ 20 50 100 kO
Low Battery Flag + -
Activation Voltage VitoV 6.3 2 & v
CONTINUITY Comparator Vour Pin 27 = HI 100 200 mV
Threshold Voltages Vour Pin 27 = LO 200 400 mV
Pull-Down Current Pins 37, 38, 39 0.25 2 10 uA
“Weak Output” Current Pins 20, 21 0.25 3/3 10 nA
Sink, Source Pin 27 Sink/Source 0.25 3/9 15 uA
Pin 22 Source Current 1 40 100 uA
Pin 22 Sink Current 0.25 3 10 uA

V6S/624+LT101

Note 1: Input voltages may exceed the supply voltages provided thatinput current is limited to +400uA. Current above this value may resultin invalid display
readings but will not destroy the device if limited to tmA.

Note 2: Dissipation ratings assume device is mounted with all leads soldered to printed circuit board.

Note 3: Allpinson Maxim's ICI7129and ICL7129A are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V. (Test circuit per Mil. Std.
883, Method 3015.1)

Note 4: The Maxim ICL7129A uses innovative noise reduction techniques to achieve a 3uV noise level. This ensures that for any specific input voltage, the
ICL7129A continuously displays one number or fluctuates between two adjacent numbers. In no case will the ICL7129A display three different
numbers for a constant input voltage.
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ICL7129/29A

4-1/2 Digit Single-Chip
A/D Converter with LCD Driver
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Figure 1. ICL7129/29A Test Circuit

Figure 2. Simplified Block Diagram of ICL7129 Digital Section

operates in the free-run mode. When
pulled HI, the last displayed reading is
held. When pulled LO, the result
counter contents are shown increment-
ing during the de-integrate phase of
cycle.

OUTPUT: Negative going edge occurs
when the data latches are updated.
Can be used as a converter status
signal.

PIN NAME FUNCTION PIN NAME FUNCTION
1 | OSC1 Input to first clock inverter. 23 | V™ Negative power supply terminal.
2 | OSC3 Output of second clock inverter. 24 | V* Positive power supply terminal, and
3 | ANNUNCIATOR | Backplane squarewave output for driv- positive supply for display drivers.
DRIVE ing annunciators. 25 | INTIN Integrator amplifier input.
4 | By, C1, CONT Output to display segments. 26 | INT OUT Integrator amplifier output.
5 | A, Gy, Dy Output to display segments. 27 | CONTINUITY  |INPUT: When LO, continuity flag on
6 | F1, Ey, DP4 Output to display segments. ;Ihazc?;sg:]afy is off. When HiI, continuity
7 | Ba, Cz, LO BATT | Output to display segments. OUTPUTI: HI when \/2%I(t)ag\? teotwehen
- inputs is less than +200mV. when
8 [ A2 G2 D, Output to display segments. voltage between inputs is more than
9 | Fp, Ez DP2 Output to display segments. +200mV.
10 | B3, C3, MINUS |Output to display segments. 28 | COMMON Sets common-mode voltage of 3.2V
- below V™ for DE, 10X, etc.
11 | A3, G3, D3 Output to display segments. — -
12 | F3 E3 DP3 Output to display segments. 29 | Crer+ E:sgé‘:soi'de of external reference
13 | Ba C4 BCs Output to display segments. 30 | Crer- Negative side of external reference
14 | A4, Gg, Dy Output to display segments. capacitor.
15 | F4, E4, DP4 Output to display segments. 31 | BUFFER Buffer amplifier output.
16 | BP3 Backplane #3 output to display. 32 [INLO Negative input voltage terminal.
17 | BP2 Backplane #2 output to display. 33 [ INHI Positive input voltage terminal.
18 | BP1 Backplane #1 output to display. 34 | REFHI Positive reference voltage input.
19 | Voisp Negative supply for display drivers. 35 | REF LO Negative reference voltage input.
20 | DP4/OR INPUT: Turns on most significant 36 | DGND Ground reference for digital section.
decimal point when HI. 37 | RANGE 3uA pull-down for 200mV scale. Pulled
OUTPUT: Pulled HI when result count O O e oae- Fulle
exceeds +19,999 HIGH externally for 2V scale. ‘
X 38 | DP2 Internal 3uA pull-down. When HI,
21 | DP3/UR INPUT: Turns on second most decimal point 2 will be on.
significant decimal point when Hl.
OUTPUT: Pulled HI when result count 39 | DPy Internal 3uA pull-down. Turns on least
is less than +1,000. significant decimal point when HI.
22 | LATCH/HOLD |INPUT: When floating, ICL7129 40 | OSCc2 Output of first clock inverter. Input of

second clock inverter.

Table 1. PIN ASSIGNMENTS AND FUNCTIONS
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Detailed Description
Conversion Technique

The ICL7129differs from earlier integrating A/Ds in two
ways. First, it uses a variant of the dual-slope method
called “successive integration”. Secondly, it uses digital
autozeroing rather than an analog autozero loop
requiring an external autozero capacitor. Earlier
converters stored an offset correction voltage on the
autozero capacitor. Although this method worked well
for 100uV resolution A/Ds, the autozero loop resulted
in greatly increased noise in the earlier generation of
integrating A/Ds, making them unsuitable for 10uV
resolution systems. The ICL7129 eliminates the auto-
zero capacitor and the noise associated with the
autozero loop by performing two conversions with 5%
digit resolution. The first conversion is performed with
the A/D connected to the external inputs, Input Hl and
Input LO. The second conversion is performed with the
A/D inputs internally shorted together. The results of
this second conversion, which is proportional to the
A/D’s offset, is digitally subtracted from the first
reading to generate an offset-corrected, autozeroed
measurement result.

The ICL7129 enhances the dual slope conversion
technique through multiple dual slope conversions,
with each successive conversion having 10 times the
resolution of the preceding conversion. The key to this
“successive integration” technique is the multiplication
of the residual voltage on the integrator capacitor after
each conversion. The ICL7129 first performs a 3'2 digit
dual slope conversion. The De-integration cycle

terminates on the next positive clock edge after the
integrator output crosses zero, leaving a small residue
of voltage on the integrator capacitor. Unlike other A/D
convertors, the ICL7129 multiplies this residue by a
factor of 10, then performs another dual slope conver-
sion. Since the residue on the integrator capacitor has
been multiplied by 10 the resolution of the second
De-integration cycle is also increased by a factor of 10,
and the ICL7129 achieves 4: digit resolution during
this second De-integration cycle. The integrator capa-
citor residue left after the second De-integration cycle
is again multiplied by 10, and the ICL7129 performs a
third De-intregation cycle, this time with 5% digit
resolution.

Figure 2 shows a simplified block diagram of the
ICL7129 digital section. The sequence counter/
decoder section keeps track of the many separate
phases required for each conversion cycle and
provides timing signals to the control logic. The
sequence counter runs continuously and is independ-
ent of the up/down results counter, which is activated
only when the integrator is De-integrating. The data
remaining in the results counter at the end of a
conversion is latched, decoded and multiplexed to the
liquid crystal display.

Figure 3 shows a block diagram of the analog section
including all of the analog switches used to configure
the voltage sources and amplifiers in the different
phases of the conversion cycle. The reference switch-
ing and input schemes are very similar to those in other
less accurate, integrating A/D converters. A typical
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z1,X10
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! -
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<
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Figure 3. Analog Section Block Diagram
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Figure 4. Integrator Waveform for a Negative Input Voltage
waveform on the integrator output is illustrated in . . .
Figure 4. INT refers to the signal integrate phase Digital Section

where the input voltage is applied to the integrator
amplifier via the buffer amplifier. In this phase, the
integrator ramps. over a fixed period of time in a
direction opposite to the polarity of the input voltage. In
the De-integrate phases, DE1, DE2, and DEg3, the
reference capacitor is connected to the buffer amplifier
and the integrator ramps back down towards Common,
the level at which it started integrating. Since the De-
integrate phase can terminate only at a clock pulse
transition, there is always a small overshoot of the
integrator past the starting point. The ICL7129
amplifies this overshoot by -10 in the X10 phase and
DE2 begins. Similarly DE2's overshoot is amplified by
-10 and DE3 begins. At the end of DEg3 the results
counter holds a number with 5% digits of resolution.
This result is obtained by feeding counts to the results
counter at the 3" digit level during DEj1, to the 42 digit
level during DE2and the 52 digit level during DE3. The
effects of offset in the buffer, integrator, and compar-
ator can now be cancelled by repeating this entire
sequence with the inputs shorted together and subtract-
ing the results from the original reading. The INT2
switch for this phase is closed so the integrator’s
common mode voltage is the same as the measure-
ment cycle, thus ensuring excellent CMRR. The datain
the up/down results counter at the end of the conver-
sion cycle, accurate to 0.005% of full scale, is sent to the
onboard display driver for decoding and multiplexing.

Oscillator and Clock Generator

The ICL7129 has an oscillator suitable for either crystal
or RC operation. The oscillator’s output is internally
divided by two to generate a system clock with a
precise 50% duty cycle. All references to clock cyclesin
this data sheet refer to the system clock, which is half
the frequency of the oscillator.

The crystal oscillator shown in Figure 5A is recom-
mended for most applications. The crystal frequency
should be 120kHz for maximum normal mode rejection
at 60Hz, and 100kHz for maximum normal mode
rejection at 50Hz.

Since an RC oscillator has more short term frequency
jitter than a crystal oscillator, a crystal oscillator should
be used for 4% digit, 10uV resolution measurements.
The RC oscillator shown in Figure 5B is adequate for
low resolution applications, (32 digits at 100uV resolu-
tion). The capacitor value should be 51pF for all
frequencies, and the resistor value calculated from
fosc = 0.45/RC.

Sequence Counter and Control Logic

This section provides the signals that control the
operation of the analog section. The comparator
output is the only input from the analog to the digital

MAXI MmAXIM
ICL7129 ICL7129
Figure 5A. Crystal Oscillator Circuits Figure 5B. RC Oscillator Circuit
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Figure 6. Triplexed Liquid Crystal Display Layout

section. The digital section uses the comparator
output to determine the polarity of the integrator’s
output and to gate clock counts into the Up/Down
Results Counter. The control logic also responds to
the external digital inputs: Range, Hold, and Con-
tinuity. it aiso generates the digital outputs: Over-
range, Underrange, Latch, and Continuity.

Display Driver

The ICL7129 can be used to drive a triplexed liquid
crystal display with three backplanes. In addition to
driving 4'2—7 segment digits, the ICL7129 can
directly drive the decimal points, polarity sign, “Con-
tinuity,” and “Low Battery” annunciators. Figure 6
shows the assignment of the 36 display segments to
the three backplanes and 12 segment drive lines. The
ICL7129 divides the oscillator frequency by 1200 to
generate the backplane frequency, resulting in a
backplane frequency of 100Hz with a 120kHz oscil-
lator crystal or 83.3Hz with a 100kHz crystal. Figure 7
shows the backplane and annunciator output
waveforms.

Range Input

With a 1V reference, the ICL7129 has a 2V full scale
when the Range input is high and a 200mV full scale
when the Range input is low or open. The ICL7129
achieves a precise 10:1 change in scale factor by
reducing the integration period from 10,000 clock
cycles onthe 200mV range to 1000 clock cycles on the
2V range.

VAKXV

Figure 8. “Weak Output” Digital I/O Pins

Digital I/0 Pins

Four of the ICL7129's pins are quasi-bidirectional and
can be used as either inputs or outputs. As shown in
Table |, DP4/0R, DP3/UR, Latch/Hold, and Continuity
each have dual input/output functions. Figure 8 shows
a simplified schematic of these input/output pins.
Since there is approximately 500k () in series with these
outputs, they can only drive very light loads such as
4000 series, 74CXX type CMOS logic, or other high
input impedance devices. Since the output drive
current is limited to only a few microamps, the outputs
are easily overdriven by 4000 series CMOS when the
pin is used as an input.

Latch/Hold

The Latch/Hold pin puts out a low-going pulse during
the last 100 clock cycles of each conversion. This low-
going pulse latches the conversion data into the
onboard display driver section. The ICL7129 will not
update the display, and the display will continue to
show the previous reading if the Latch/Hold pin is held
high. If the Latch/Hold pin is held low, the display
latches are transparent and the counting of the
sequence counter can be observed during the dein-
tegrating phases.

OverRange (OR pin 20) and UnderRange (UR pin 21)
outputs are valid on the falling edge of Latch/Hold and
remain in that state until the end of the next conversion
cycle.
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Overrange and Underrange Outputs

The DP4/OR (Decimal Point 4/Overrange) output goes
high if the measurement result is greater than £19,999.
Similarly, the DP3/UR (Decimal Point 3/Underrange)
output goes high if the measurement result is less than
+1000. These signals are updated at the end of each
conversion, unless Latch/Hold is held high. These pins
are also inputs that control the decimal points, DP3and
DP4. A high level input on these pins turns on the
decimal point segments of the display. If these decimal
points are not required, they can be used as logic level
controlled annunciators.

Continuity

Aninternal comparator with a 200mV threshhold is con-
nected directly between the INPUT Hi and INPUT LO
pins of the ICL7129 (see Figure 3). The Continuity
output (pin 27) will be pulled high whenever the voltage
between the analog inputs is less than 200mV. This
activates the Continuity annunciator on the display.
The Continuity annunciator can also be controlled by
an external source if desired, since the Continuity pin is
one of the four quasi-bidirectional pins of the ICL7129.
A pull-down resistor connected between Continuity
and DGND (pin 36) disables the continuity function
when it is not desired.

Analog Section

Common, Digital GrouND, and Low Battery

Figure 9 shows how the Common and DGND (Digital
GrouND) outputs of the ICL7129 are generated from
internal zener diodes. Common can be used to set the
common mode voltage in applications where the input
signals float with respect to the ICL7129's power
supplies, which is typical for battery-powered appli-
cations. Common can also function as a pre-regulator
for an external precision reference voltage source.

The voltage between V* and DGND is the internal
supply voltage for the logic section of the ICL7129.
Both Common and DGND are capable of sinking
current from external loads, but care should be taken to
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Figure 10. Using DGND as Supply Voltage for External Logic

ensure that these outputs are not overloaded. The
connection of external logic circuitry to the ICL7129 is
shown in Figure 10. This connection will work provided
that the supply current requirements of the logic do not
exceed the 1.2mA current sink capability of the DGND
pin. The buffer in Figure 10 can be used to keep the
loading on DGND to a minimum if more supply current
is required. COMMON can source approximately 12uA
whereas DGND has no source capability.

Low Battery

The “Low Battery” annunciator of the display turns on
when the supply voltage between V* and V- drops
below 7.2V. The exact point at which this occurs is
determined by the 6.3V zener diode and threshold
voltage of the n-channel transistor connected to the V-
rail shown in Figure 9.

Buffer

The ICL7129 buffer has a common mode input voltage
range of V- + 1.5V to V* - 0.5V and can supply up to
20uA of output current.

Integrator

The integrator can swing to within 0.3V of the supply
rails while delivering 20uA of output current. It should
also be noted that, unlike the ICL7129, Maxim’s
ICL7129A provides stable operation without the need
for an additional capacitor between the Integrator
Output and Common pins.

X10 Amplifier

The X10 (“times ten”) amplifier provides a precise gain
of -10, without using any external components. This
amplifier, unique to the “successive integrator” A/D, is
used to multiply the residue left on the integrator
capacitor after the DE1 and DE2 phases.

Comparator

The comparator has the high gain and bandwidth
needed to rapidly detect zero crossing. The compar-
ator’s output is used by the digital control logic to select
the correct polarity for De-integration, and to gate
clock pulses into the up/down results counter during
the De-integration phases.
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Component Selection

Integrating Resistor

Optimum linearity is obtained by choosing the inte-
grating resistor value is chosen so that the buffer’s
maximum output current is between 5 and 20uA. The
quiescent current of the buffer is 70uA, and can supply
13uA of output current with excellent linearity. The
buffer's maximum output current occurs with a full
scale input voltage, and the optimum value of inte-
grating resistor can be calculated as:

RINT = full scale voltage _ 2V
13uA 13uA

Too high a value for the integrating resistor increases
the sensitivity to noise pickup and increases errors
caused by stray leakage currents. Too low a value
degrades integral linearity by attempting to draw more
current from the buffer and integrator than they can
provide without degrading linearity.

Integrating Capacitor

The maximum swing of the integrator during the signal
integrate phase can be calculated as

= 150k ()

INT X TINT
CINT

where lINT=13uA if RinTis chosen as described above
and TINT = 1,000 clock periods (16.7ms for 120kHz
oscillator frequency). The integrator swing range
should be maximized while avoiding saturation of the
integrator output. The integrator will not saturate
unless its output is within 0.3V of either supply, but for
the best integral linearity the integrator’s output should
remain at least 1V away from either supply. Since
Common is aapproximately 3V below V*, the integrator
swing should be 2V. Substituting these values in the
above formula, CiNT can now be calculated as:

13.3uA x 16.7ms
2v

Vswing =

CinT = =01uF

AKX/

Too low a value for CiNT increases integrator swing to
the point where the integrator saturates and causes
integral linearity errors. Too high a value for CiNT
reduces the integrator swing range and increases the
effect of comparator noise. If a positive common mode
voltage is applied to IN LO the value of CiNT must be
reduced to keep the integrator output voltage at least
1V below V*.

The integrating capacitor must have low dielectric
absorption to obtain iow integrai noniinearity, roliover,
and ratiometric errors. The result of measurements
with the reference tied to the Input HI is a good
indication of the amount of dielectric absorption in the
integrator capacitor. A good integrating capacitor will
result in a reading of 9999, and any deviation from this
reading is probably due to dielectric absorption.
Polypropylene capacitors have been found to be
suitable, as have Teflon™ capacitors. In less critical
applications polystyrene and polycarbonate capacitors
may also be used.

Reference Capacitor

The reference capacitor’s dielectric absorption is rarely
critical. Low dielectric absorption reference capacitors
are required only where fast settling time is needed in
systems with a rapidly changing reference voltage
such as ratiometric ohms measurement in digital
multimeters.

The reference capacitor must be a low leakage capa-
citor since it stores the reference voltage while floating
during both the Integrate and De-integrate phases. Any
leakage or charge loss during these phases causes a
changein the scale factor of the ICL7129. Low cost film
capacitors such as polyester or polystyrene are suitable
for most applications.

In addition to leakage requirements, another effect that
sets a lower limit on the value of the reference capacitor
is the “charge suckout” caused by stray capacitance on
the reference capacitor terminals. In most applications
the Ref Lo Input terminal is connected to Common,
and the Ref Hi Input is 1V above Common. During the
integration and idle phases the reference capacitor is
connected to the Reference Inputs (Crer* to Ref Hi
and Crer™ to Ref Lo). At the end of the integration
phase the comparator determines the polarity at the
integrator output and the digital section closes analog
switches so that the reference capacitor is connected
to Common and the buffer input with a polarity such
that the integrator output will return toward Common
during the De-integrate phase. A negative input signal
during the integrate phase drives the integrator output
positive and the ICL7129 digital section will connect the
CRer~ terminal to Common during the De-integrate
phase. Since the CreF~ terminal was also connected to
Common during the Integrate phase, the Crgf ter-
minals do not change voltage during the transition from
Integrate phase to De-integrate phase. If, however, the
input voltage during the Integrate phase is positive, the
ICL7129 digital section will connect the Ref Cap*
terminal to Common. In this case the two terminals of
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the reference capacitor both move 1V more negative.
Any stray capacitance on the reference capacitor
terminals must also be charged during the 1V move-
ment, thereby reducing the voltage on the reference
capacitor and changing the scale factor for positive
input voltages. This error, called “rollover error” can be
reduced to less than 1 count by using a reference
capacitor value of 1uF or greater.

Crystal Oscillator Components

The ICL7129 crystal oscillator is designed to work with
tuning fork type crystals such as the Statek CX-1V
series. The two capacitors are not critical components
and can be the low cost disc ceramic type. The crystal
frequency should be 120kHz to reject 60Hz normal
mode signals and 100kHz to reject 50Hz normal mode
signals. With these crystal frequencies the integration
will be 10 cycles of the 60/50Hz signal on the 200mV
range and 1 cycle on the 2V range. There is no single
oscillator frequency that results in good normal mode
rejection of both 50Hz and 60Hz on the 2V range, but a
200kHz oscillator frequency will reject both 50Hz and
60Hz on the 200mV scale.

Component Manufacturers

The following list of component suppliers is intended
to be of assistance in identifying suitable external
components for use with the ICL7129. This list is not
intended to be comprehensive, nor does it constitute
an endorsement by Maxim of the companies listed.

Triplexed Liquid Crystal Displays

Epson America, Inc., Torrance, CA.
(213) 373-9511 -

Part #: LD-H7960A

Crystaloid, Inc., Hudson,

(216) 655-2429

Hamlin, Inc., Lake Mills, Wi
(414) 648-2361

UCE, Inc., Norwalk, CT
(203) 838-7509

O
on

Display Mounting Bezels
Techknits, Inc., Cranford, N.J.
(201) 272-5500

Conductive Rubber Technology, Santa Barbara, CA.
(805) 969-5807

Crystals
Statek, Inc., Orange, CA
(714) 639-7810
Part #: CX-1V 120C
Saronix, Inc., Palo Alto, CA
(415) 856-6900
Polypropylene Capacitors

West Lake Capacitors, West Lake Village, CA
(818) 889-4120

Seacor, Inc., Westwood, N.J.
(201) 666-5600

TRW Capacitors, Ogallala, NE
(308) 284-3611

Sprague Electric Co., North Adams, MA
(413) 664-4411
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Applications

Power Supply

The ICL7129 may be operated as a battery powered
hand-held instrument or integrated into larger systems
that have more sophisticated power supplies.

The standard battery connection using a 9V battery is
shown in the Typical Operating Circuit on the front
page of this data sheet.

Figure 12 shows the power connection for systems with
+5V and -5V supplies. Note that measurements are
given with respect to ground. COMMON is not con-
nected to INPUT LO and is used only as a pre-regulator
for the external voltage reference. Digital ground of the
ICL7129 (DGND, pin 36) is not directly connected to
power supply ground. The ICL7129's digital inputs
have protective diodes to DGND and should not be
driven to any voltage below DGND. This problem is
handled by placing a 100{) resistor between the ICL7129’s
DGND terminal and the +5V system’s digital ground,
which pulls down the ICL7129's DGND terminal if it
reaches a voltage more positive than the £5V system’s
digital ground. This prevents the forward biasing of the
input protection diodes. If DGND voltage is more
negative than the system digital ground the 1000
resistor will limit the amount of current that DGND
sinks.

A power supply with single polarity can be used to
power the ICL7129 in applications where battery
operation is not convenient or appropriate. Measure-
ments must be made with respect to COMMON or
some other voltage within the ICL7129’s input common
mode range.

Voltage References

The Common output has a typical temperature coef-
ficient of x80ppm/° C. Since the ICL7129 has a reso-
lution of 1 count in 20,000 or 50ppm, a precision
external reference is needed unless the ambient
temperature is held constant. The diagram of the
Typical Operating Circuit on the front page of this data
sheet shows a 1.2V bandgap voltage source used as the
reference for the ICL7129, with Common used only as a
pre-regulator for the bandgap reference. The ICL7129
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Figure 13. Using a 6.2V Reference Diode with the ICL7129

reference voltage is approximately 1.000V for both 2V
and 200mV full-scale operation. To trim the reference
voltage, first apply a precise 1000.05mV input voltage,
then adjust the reference voltage until the display
reading alternates equally between 10000 and 10001.

Figure 13 shows the ICL7129 with an external 6.8V
zener reference voltage.

Annunciator Drivers

The Annunciator Drive output is a square wave at the
backplane frequency, swinging from V* to Vpisp. Any
segment connected to Annunciator Drive will be turned
on, regardless of which backplane drives that segment.
Figure 14 shows how to control annunciator segments
with external logic levels.

Display Voltage Compensation

An adequate display can be obtained in most appli-
cations by connecting Vpisp (pin 19) to DGND (pin 36).
In applications where a wide temperature range is
expected, the voltage drive levels for some triplexed
liquid crystal displays may need to vary with temper-
ature in order to maintain good display contrast and
viewing angle. The amount of temperature compen-

Figure 14. Externally Controlled Annunicators

sation will depend upon the type of liquid crystal used.
Display manufacturers usually specify the temperature
variation of the LCD threshold voltage, which is
approximately 1/3 of the optimum peak display voltage.
The peak display voltage is equal to (V* - Vpisp), so a
typical -4mV/°C temperature coefficient of an LCD
threshold corresponds to a +12mV/°C temperature
coefficient at the Vpisp pin. Two circuits that can be
adjusted to give a temperature compensation of
approximately +12mV/° C at Vpisp are shown in Figure
15. The diode between DGND and Vpispshould have a
low turn-on voltage to ensure that Vpispis never driven
more than 300mV negative with respect to DGND.

Input Protection

The input pins of the ICL7129 have protection diodes
builtin to protect it from electrostatic discharges (ESD)
of up to 2000V (Mil Standard 883, Method 3015.1 test
circuit). These diodes also protect the ICL7129 from
excessive input voltage overload in multimeter circuits,
provided that the current into these diodes is limited to
less than 1mA. The ICL7129 will therefore be fully
protected for input voltages up to 1000V if the input
current limiting resistor is 1IMQ.
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Figure 15. Vpisp Temperature Compensation
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A3, Ga, D3 IcL7129 [33] Crer e 7 L_:_
F3,E3, DP3 [32) Crer 950250
Bs, C, BCs [371] common 0.016£0.002 0.200 — 2125
Aq, Gy, D, 0] CONTINUITY 0.008 -0.012 (0.40620.051 ‘05,0 051) === (3.175)
. "'E ‘l'w‘ F35) INT ouT 0.68520.025 (0.203-0.305) (5.080) MIN
4 Eq, DP4 (17.40020.635) 0.06020. 005 MAX 0.050
~ T E2480 199 1.270
EIREIEERIEERRE (1.52420.127) MIN (BOTH ENDS)
C8g55953552 o
555 2
2 E ‘E H 3 40 Lead Cerdip (JL)
64a = 45°C/W

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent
licences are implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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47 Digit A/D Converter with
Multiplexed BCD Ouiputs

General Description

The Maxim ICL7135 is a high precision monolithic 41/,
digit A/D converter. Dual slope conversion reliability is
combined with +1 in 20,000 count accuracy and a
2.0000V full scale capability. It features high impedance
differential inputs, nearly ideal differential linearity, true
ratiometric operation, auto zero and auto-polarity. The
muitipiexed BCD outputs and digit drivers provide easy
interface to external display drivers like the Maxim
ICM7211A. The only other external components needed
to make precision DVM/DPMs are a reference and a
clock. For more complex systems the BCD outputs are
enhanced by STROBE, OVERRANGE, UNDERRANGE,
RUN/HOLD and BUSY lines providing easy interface to
microprocessors and UARTSs. This interfacing capability
makes the ICL7135 an ideal device for use in microproc-
essor based data acquisition and control systems.

The ICL7135 has auto-zero accuracy better than 10uV,
zero drift of 0.5uV/°C, input bias current of 10pA max.
and rollover error of less than 1 count.

Applications

This device is used in a wide range of measurement ap-
plications involving the manipulation and display of ana-
log data:

Pressure Weight
Voltage Current
Resistance Speed
Temperature Material Thickness
e £onnnfimsratinm
Mrn Configuration
v-d1 28 bUNDERRANGE
REFERENCE 2 27 pPOVERRANGE
ANALOG COMMON{G 3 26 p STROBE
INT OUTH 4 25PpR/H
AZ INd 5 24 pDIGITAL GND
BUFF OUT4 6 23pPOL
REF. CAP-d7 .1 22PCLOCK IN
REF. CAP+4 8 /cL7135 21pBUSY
INLOg9 20p(LSD) D1
IN HIg 10 19pD2
v+dM 18pD3
(MSD) D54 12 17pD4
(LSB) B14 13 16 p(MSB) B8
B2d 14 15pB4

Features

4 Improved 2nd Source
(See our “Maxim Advantage™” Page 3)

4 +20,000 Count Resolution
¢ Guaranteed t1 Count accuracy

4 Over-range, under-range signals for auto-range
capability

& Easy interface to UARTs and pPs
¢ TTL compatible, Multiplexed BCD outputs

¢ True differential input. Zero reading guaranteed
for 0 volt input

# True polarity at zero for precise null detection
& Monolithic CMOS design

Ordering Information

PART TEMP. RANGE PACKAGE
ICL7135CJI  0°C to 70°C 28 Lead CERDIP
ICL7135CPI  0°Cto 70°C 28 Lead Plastic DIP
ICL7135CQ  0°Cto 70°C 28 Lead Plastic chip carrier
ICL7135C/D 0°Cto 70°C Dice

wnica naratirng Pivriif
J— Ay pTrwess Wprws caeiiagy Wil wHle
i |
OR 1 —’_D_ D1 BRT 28 SEGMEN !
D2 D_ b2 U
03 D {os W)
2 Do s | (FHO008
D5 ICM7212
STROBE e LED DISPLAY
STROSS B3 i
B4 B2
B2 B1
poL B! B0
‘\ < ]
D @
<
D Q

The “Maxim Advantage™" signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the
following: guaranteed performance over temperature along with tighter test specifications on many key parameters; and device
enhancements, when needed, that result in improved performance without changing the functionality.

MAXI
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ICL7135

4% Digit A/D Converter with
Multiplexed BCD Outputs

ABSOLUTE MAXIMUM RATINGS Lead Temperature (Soldering, 10sec) .............. 300°C
Power Dissipation (Note 2) Supply Voltage V+ ... ... ... .. ...l +6V
CERDIPPackage...........ccovvveenevnnn.. 1000mwW V= R R R R R R R -9V
Plastic Package ...............cccoeeeevnnn... 800mW Analog Input Voltage (either input) (Note 1) ...... V+iov-—
Operating Temperature . . .................. 0°Cto +70°C Reference Input Voltage (either input) . .......... V+toV—
Storage Temperature ................. —65°C to +160°C ClockInput .......... .. ..o, GndtoV+t

Note 1: Input voltages may exceed the supply voltages provided the input current is limited to + 100uA.
Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board.
Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional

operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

ICL7135 ELECTRICAL CHARACTERISTICS (Note 1)

(V+ = +5V,V— = —5V, Ty = 25°C, Clock Frequency Set for 3 Reading/Sec
CHARACTERISTICS SYMBOL CONDITIONS MIN TYP MAX UNITS
A Zero Input Reading ViN = 0.0V —0.0000 | +0.0000 | +0.0000 | Digital
N Full Scale = 2.000V Reading
A Ratiometric Reading (2) VIN = VREF +0.9998 | +0.9999 | +1.0000 | Digital
5 Full Scale = 2.000V Reading
G Linearity over + Full Scale ; Digital
(error of reading from —2V<V|y< +2V 0.5 Count
best straight line) Error
Differential Linearity -5
(difference between worse —2V < V|y < +2V - =01 LSB
case step of adjacent counts j
and ideal step)’ ‘
Rollover error (Difference in _ A Digital
reading for equal positive & —“VN= tVN= 2V} s 0.5 1 Count
negative voltage near full scale) B ' Error
(Note 1) Noise (P-P value not en ViN =08V .
(Note 2) exceeded 95% of time) Full StLaLe =2.000V | 15 Vv
Leakage Current at Input Lk ViN'=0V: 1 10 pA
Zero Reading Drift S A ) 0.5 2 pVv/°C
120 <. TA<70°C
Scale Factor Temperature TGO VN = +2V
Coefficient (3) ; 20" < Tpa < 70°C 2 5 ppm/°C
. _ }. "(ext. ref. 0 ppm/°C)
28 2.2 v
.y 1.6 0.8
INPUTS | Clock In, Run/Hold . ViN=0 0.02 0.1 mA
B ViN = +5V 0.1 10 pA
o All Outputs loL = 1.6mA 0.25 0.40 \Y
U B4, B2, B4, Bg loH = —1mA 24 4.2 \"
T Dy, D2, D3, Dy, D5,
D P | BUSY;STROBE - VoH loH = —10pA 4.9 4.99 v
| YU | OVER-RANGE, UNDER-RANGE
G g ‘POLARITY
| .y
/T\ s~ | +5V Supply Range v+ +4 +5 +6 v
L g — 5V Supply Range V- -3 —5 —8 v
P + 5V Supply Current 1+ fo=0 1.1 3.0 mA
L —5V Supply Current 1- fe=0 0.8 3.0
Y Power Dissipation Capacitance CpDp vs. Clock Freq 40 pF
Clock Clock Freq. (Note 4) DC 2000 1200 kHz

Note 1: Tested in 4 digit (20,000 count) circuit shown in Fig. 1, clock frequency 120kHz.
Note 2: Tested with a low dielectric absorption integrating capacitor. See Component Selection Section.

Note 3: The temperature range can be extended to +70°C and beyond as long as the auto-zero and reference capacitors are increased to absorb the higher
leakage of the ICL7135.

Note 4: This specification relates to the clock frequency range over which the ICL7135 will correctly perform its various functions. See *“Max Clock Frequency”
below for limitations on the clock frequency range in a system.

The electrical characteristics above are a reproduction of a portion of Intersil’s copyrighted (1983/1984) data book. This information does not constitute any
representation by Maxim that Intersil’s products will perform in accordance with these specifications. The “Electrical Characteristics Table” along with the

£,

ip pts from the origir ’s data sheet have been included in this data sheet solely for comparative purposes.
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Multiplexed BCD Outputs

4 Guaranteed 2mA Max Supply Current ¢ Significantly Improved ESD Protection (Note 6)
¢ Key Parameters Guaranteed Over Temperature ¢ Low Noise

4 Maxim Quality and Reliability

ABSOLUTE MAXIMUM RAT'NGS: This device conforms to the Absolute Maximum Ratings on adjacent page.
ELECTR'CAL CHARACTER|STICS Specifications below satisfy or exceed all “tested” parameters on adjacent page.

Sy
R
N
-~
@
o

(V¥ = +5V,V~ = —5V, Tq = 25°C, Clock Frequency Set for 3 Reading/Sec
A -
N ViN = VREF, Full Scale = 2.000V
A T -— ‘0,
L
8 Linearity over + Full Scale Digital
(error of reading from -2V VN < +2v 0.5 1 Count
best straight line) Error
Differential Linearity
(difference between worse _
case step of adjacent counts VSVNs +2v o1 Ls8
and ideal step)
Rollover error (Difference in Digital
reading for equal positive & —VIN= +V|N= 2V 0.5 1 Count
negative voltage near full scale) Error
(Note 1) |Noise (P-P value not - _
exceeded 95% of time en VIN = 0V, Full Scale = 2.000V 15 nv
(Note 2)
V vV T 25°C A
Zero Reading Drift VIN=0V 0°<Ta< +70°C 0.5 2 pV/°C
Scale Factor Temperature TC ViN= +2V 0°<Tp< +70°C 2 5 ppm/°C
Coefficient (Note 3) (ext. ref. 0 ppm/°C)
VINH 0° < Tp < +70°C 2.8 2.2 \
VINL 0° < Tp < +70°C 1.6 0.8 \'
INPUTS | Clock In, Run/Hold IINL ViNn=0 0° < Tp< +70°C 0.02 0.1 mA
IINH VIN= +5V 0° < Tp< +70°C 0.1 10 RA
O | All Outputs VoL loL = 1.6mA 0.25 0.40 \Y
U [B4,B2 By, Bg VoH loH = —1mA 2.4 4.2 \'
T |Dy,Dg, D3, Dy, Ds
D P |BUSY, STROBE VoH loH = —10pA 4.9 4.99 \
| U |OVER-RANGE, UNDER-RANGE
G g POLARITY
|
X S | +5V Supply Range v+ 4 +5 +6 v
L g —5V Supply Range V- -3 -5 -8 v
P
L
Y
Power Dissipation Capacitance |Cpp (Note 5) 40 pF
CLOCK | Clock Freq. (Note 4) DC 2000 1200 kHz

Note 1: Tested in 4/ digit (20,000 count) circuit shown in Fig. 1, clock frequency 120kHz.
Note 2: Tested with a low dielectric absorption integrating capacitor. See Component Selection Section.

Note 3: The Temperature range can be extended to +70°C and beyond as long as the auto-zero and reference capacitors are increased to absorb the higher
leakage of the ICL7135.

Note 4: This specification relates to the clock frequency range over which the ICL7135 will correctly perform its various functions. See “Clock Frequency” below
for limitations on the clock frequency range in a system.

Note 5: +5V Supply current for fc # 0is I+ = I+, = g) + Cpp X 5V X fe.
Note 6: All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V. (Test circuit per Mil Std 883, Method 3015.1)

i/ XI2v1 1-61
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SET Vger = 1.000 v/ v
Ver ™ // 1 v “~—{NDERRANGE 28 |3
100kQ 3= q2 Rel 0 27 p
o—3 s7——(] 3 ANALOG COMMON  STROBE 26 b
o 7 A 4 INT. OUT RUN/HOLD 25 P
100k oE s azw DIGITAL GND 24 |3— ov

6 BUF OUT poLARITY 23 b

o "":::: 7 Rer. cap- cLock IN 22 —< GO

SIGNAL T—]s REF CAP- Busy 21| 120KHz
INPUT 9 INLO  maxim LsDDI20[
Al womww L7135 219 p
+5vo—] 1 v+ 038
] 12 msp bs s 7
o 13 Lse B MSB B8 16 )
o 14 B2 Bs 150

Figure 1. ICL7135 Test Circuit

Detailed Description

General Operation

The ICL7135 is divided into an Analog section and a Digi-
tal section. The digital section includes the counters, in-
put and output interfaces, and control logic which con-
trols the timing of each measurement cycle. Each mea-
surement is divided into four phases: 1) auto-zero (AZ),
2) signal integrate (INT), 3) reference deintegrate (DE),
and 4) zero integrator (ZI). The digital section controls
the operation of the analog section during each of these
phases, using counters and the state of the comparator
to determine when to start each of the four phases.

Auto-Zero Phase

During auto-zero Input HI and Input LO are disconnected
from the input pins and are internally shorted to Analog
COMMON. The output of the comparator is connected to
the inverting input of the Integrator, and at the same time
the non-inverting input of the integrator is connected to
the input of the buffer. This feedback loop charges the
autozero capacitor, Caz, to compensate for the offset
voltages of the buffer amplifier, integrator, and compara-
tor. Also during auto-zero, the reference capacitor is con-
nected to the voltage reference and is charged to the
reference voltage. The auto-zero cycle is a minimum of
9800 clock cycles, except after an over-range reading.
After an over-range, the extended zero integrate phase
reduces the auto-zero phase to 3800 clock cycles.

Signal Integrate Phase

At the end of the auto-zero phase the auto-zero loop is
opened, and the Input High and Input Low are switched
to the external pins IN-HI and IN-LO. The analog section
integrates the differential voltage between Input High
and Input Low. The differential voltage must be within the
ICL7135’s common mode range. The voltage on the inte-
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grator capacitor at the end of signal integrate is directly
proportional to the differential voltage between Input
High and Input Low, and is also directly proportional to
the length of the signal integrate phase. The signal inte-
grate phase lasts precisely 10,000 clock cycles. At the
end of this phase the input signal polarity is determined.

De-Integrate Phase

At the end of signal integrate, Input High and Input Low
are disconnected from the external pins. The integrator
non-inverting input pin is then internally connected to An-
alog Common and the buffer input is connected to one
side of the reference capacitor. The other side of the
reference capacitor is connected to Analog Common.
The polarity at the output of the integrator (as detected
by the comparator at the end of signal integrate phase)
determines which terminal of the reference capacitor is
connected to the buffer input. The reference capacitor
polarity is chosen so that the integrator output will always
return towards Analog Common. Since the reference ca-
pacitor was charged to the reference voltage during the
auto-zero phase, the integrator input voltage is now the
reference voltage. The De-Integrate phase lasts for
20,001 counts, or until the comparator detects that the
integrator output has crossed zero, whichever occurs
first. The time required to return to zero is proportional to
the input signal and is inversely proportional to the refer-
ence voltage. The number of clock cycles required to
return to zero is counted by the digital section and is
latched as the measurement result.

V
Displayed reading = 10,000 X —IN_
VREF

Zero Integrator Phase

The last of the four phases is the zero integrator phase.
The non-inverting input of the integrator is internally
shorted to Analog Common and the buffer input is inter-
nally connected to the output of the comparator. This
closes a loop that forces the integrator output to zero.
Normally this phase lasts only 100 to 200 counts, suffi-
cient time to remove the small residual charge on the
integrator capacitor caused by the comparator delay and
the one count delay created by sampling the comparator
output only once per clock cycle. However, an overrange
condition will exist when the integrator output does not
return to zero by the end of the De-Integrate phase, and
can leave a residual voltage on the integrator capacitor.
In this case, the Zero Integrator phase is increased to
6200 counts to ensure that the integrator capacitor is
fully discharged before the next measurement cycle is
started.

__Analog Section

Analog COMMON

Analog COMMON is the Analog ground reference for the
ICL7135. If Input Low is at a voltage other than Analog

MNAXIzVI
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RiNT Caz Cint
AUTO
Crer+ ¢y REFHI Crer BUFFER v+ y ZERO INT

Fe————0—=0 ———(r - Qe e (O e e e e e e e
| ra 2 7 6 [n]s 4
1
1
]
: INTEGRATOR
H N\
i 1. F D>—
: ® A/Z INPUT
o HIGH Az COMPARATOR
1
i
I
|
! INPUT
1 Low

ANALOG 1

COMMON §
1 maxim
I ICL7135

IN LO ?—@
|
L e ———————————————
Figure 2. Analog Section of ICL7135
COMMON a common mode voltage will be introduced Comparator

and, although the ICL7135 has an excellent CMRR, Input
Low and Analog COMMON should be connected togeth-
er whenever possible. Analog COMMON is also the ref-
mon voltage is normally connected to the system ground
when using +5V supplies. When the ICL7135 is operat-
ed from a single supply voltage the Analog Common
should be connected to a voltage source approximately
halfway between V+ and ground.

Input Buffer

The ICL7135 input buffer is a CMOS buffer with a com-
mon mode input voltage range of approximately V+ —
1.0V to V= + 1.0V. The quiescent current is approxi-
mately 100puA and the buffer can deliver up to 40p.A of
output current with excellent linearity.

Integrator

The integrator amplifier, similar to the buffer amplifier,
can deliver 20uA of output current with high linearity
while swinging to within 0.3V of either supply rail. The
integrator’s non-inverting terminal is connected to IN LO
during the signal integrate phase, so the voltage on the
IN LO terminal sets the starting point for the integrator
output during signal integrate. If IN LO is at a voltage
other than ground, this will limit the maximum allowable
swing at the integrator output, and the value of the inte-
grating capacitor should be increased. (Refer to Compo-
nent Selection)

ViAXIzvi

The comparator monitors the voltage on the integrator
capacitor during deintegrate. The digital section samples
the comparator output once per clock cycle and termi-
nates the deintegrate cycle when the comparator chang-
es its state as the integrator voltage passes through
zero. The offset voltage of the comparator is not critical
since the auto-zero phase compensates for the offset.
The output of the comparator is the only output from the
analog section to the digital section.

Digital Section

As shown in Figure 3, the digital section consists of coun-
ters, latches, output multiplexer, and control logic. The
control logic monitors the counters and the comparator
to determine the start of each phase, and sends control
signals to the analog section to drive the analog switches
to the proper state for each measurement phase. The
control section also responds to the external input, RUN/
HOLD, and creates the control outputs; OVERRANGE,
UNDERRANGE, BUSY, and STROBE.

RUN/HOLD

When RUN/HOLD is high or open the ICL7135 will con-
tinuously perform conversions with each measurement
being 40,002 clock cycles long. When RUN/HOLD goes
low, the ICL7135 will complete the measurement in prog-
ress then remain in the auto-zero cycle, holding the last
reading. If RUN/HOLD goes high after the maximum pe-
riod assigned to deintegrate, a new conversion will start,
with a delay of 1 to 10,001 clock cycles between the

~ 1-63
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v+ 1 POLARITY LDS 1 D4
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4
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DET.
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1

I

L.

CONTROL LOGIC

__-l: | ER

T

DIGITAL CLoCcK RUN/ OVER
GND IN HOLD RANGE

UNDER STROBE BUSY maxim
RANGE ICL7135

Figure 3. ICL7135 Digital Section

INTEGRATOR
OuUTPUT.

AUTO-
R0 SIGNAL | DE-INTEGRATE
INT. 20,001
10,000 | COUNTS MAX.
COUNTS

INTEGRATOR
10,001
COUNTS
___ FULL MEASUREMENT CYCLE _

40,002 COUNTS

OVER-RANGE
WHEN APPLICABLE
UNDER-RANGE
WHEN APPLICABLE
NORMAL DIGIT SCAN ™| m i Ds
, | I 1 r] D4
—I i | D3

N I | e
m o

“FIRST Dg OF AZ AND

il
- Moo )
F-coins DEINTEGRATE ARE ONE COUNT LONGER

UL STROBE

—— AUTO ZERO
. SIGNAL INTEGRATE ~»}=— DE-INTEGRATE
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Figure 4. Timing Diagram
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rising edge of the RUN/HOLD input and the BUSY out-
put. A RUN/HOLD pulse during the unused portion of
deintegrate phase will be ignored, but when in the auto-
zero phase a positive pulse of only 300ns (typical) will
start the conversion. Figure 5 shows a simple method of
obtaining one, and only one, conversion for each mea-
surement request.

BUSY

BUSY is a status output that goes high at the beginning
of signal integrate and stays high until the first clock
pulse after zero crossing during De-integrate (or end of
De-Integrate if overranged). The internal data latches are
loaded during the next clock cycle after the falling edge
of BUSY. Since BUSY is high for the 10,000 counts of
signal integrate + number of counts during De-Integrate
+ 1 clock cycle, a simple way of sending conversion
data down a single pair of wires is to logically ‘AND’
BUSY with the clock and to subtract 10,001 counts from
the number received. Figure 6 shows a system using this
method to remotely display data.

START >—s b @ RUN/HOLD
PULSE
FLIP-FLOP 03158
__.I_I._ R D < BUSY

Figure 5. External RUN/HOLD Latch
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120kHz
CLOCK
CLK
IN TO REMOTE
COUNTER
maxim
ICL7135
r_nnrnror
# OF PULSES
= 10,001 + READING

Figure 8. Serial Pulse Stream for Remote Reading

Digit Outputs

The digit outputs go high sequentially, D5 to D1, for a
period of 200 clock cycles per digit. The 5 digits are con-
tinuously scanned except after an over-range measure-
ment. After an over-range reading the digit scan stops
after the strobe sequence, and remains stopped until the
start of De-Integrate. For a continuous series of over-
range readings, the digits will be scanned for 21,000
counts out of 40,002, resulting in a flashing display as an
over-range indicator.

BCD Outputs

The 4 BCD output pins are positive logic signals whose
BCD data corresponds to the currently active digit
strobe. The ICL7135 does not have inter-digit blanking
and the BCD data changes simuitaneously with the edg-
es of the digit outputs.

STROBE

The STROBE output is a negative going pulse that is
useful for latching the multiplexed BCD outputs into ex-
ternal BCD latches. Five negative going STROBE pulses
occur in the center of the data corresponding to each of
the 5 digits of measurement results, once and only once
after the end of each conversion (immediately after the
falling edge of BUSY). The BCD data is valid at both
edges of STROBE, and data can be latched in either a
level sensitive latch, or an edge triggered latch. Figures
11, 12 and 14 show the use of STROBE to latch the BCD
data.

Over-range and Under-range Outputs

These active high status outputs are set to a high level at
the end of BUSY if the measurement result is 1800 or
less (Under-range), or greater than 19,999 (Over-range).
Under-range is reset at the beginning of the signal inte-
grate phase; over-range is reset at the beginning of the
de-integrate phase.

NAXI/VI_

Polarity

The Polarity output is updated at the beginning of each
de-integrate phase, and is high for a positive input signal.
The Polarity output is valid for all inputs, including +0
and overrange signals.

Component Selection

The analog component values must be selected with
care to achieve optimum performance in each applica-
tion. Factors that affect the proper values include the
reading rate, input common mode voltage, the full scale
and reference voltages, and the power supply voltages.

Integrating Resistor

Good linearity is obtained when the integrating resistor
value is chosen such that the buffer’s maximum output
current is between 5 and 40nA. The quiescent current of
the buffer is 100uA, and it can supply 20puA of output
current with excellent linearity. The buffer's maximum
output current occurs with a full scale input voltage, and
the integrating resistor value may be calculated as:

full scale voltage

RiNT = 20pA

Integrating Capacitor

The maximum swing of the integrator during the signal
integrate phase can be calculated as:

INT X TINT

CiNT

Where |iNT=20pA if Ryt is chosen as described above
and TNT=10,000 clock periods (83.3ms for 120kHz
clock frequency). The integrator swing range should be
maximized while avoiding saturation of the integrator out-
put. Normally the integrator will not saturate until its out-
put is within 0.3V of either supply, but for the best integral
linearity the integrator’s output should remain at least 1V
away from either supply. For +5V supply and Analog
Common and IN LO connected to ground, a +3.5V to
+4V swing range is optimum. Rearranging the above for-
mula and inserting values as described above, Ciyt may
be calculated as:

Vswing =

20pA X 83.3ms
3.5v

The integrator swing must be reduced if either Analog
Common or IN LO is not grounded, or if the supply volt-
age is less than +5V.

The integrating capacitor must have low dielectric ab-
sorption to obtain low integral nonlinearity, rollover, and
ratiometric errors. The result of measurements with the
reference tied to the IN HI is a good indication of the

CiNT = = 0.47uF
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amount of dielectric absorption in the integrating capaci-
tor. A good integrating capacitor will result in a reading of
9999, and any deviation from this reading is probably due
to dielectric absorption. Polypropylene capacitors have
been found to be suitable, as have Teflon capacitors.
Polystyrene and polycarbonate capacitors may also be
used in less critical applications.

Auto-Zero Capacitor

The size of the auto-zero capacitor will have a significant
effect on the overall system noise, with larger auto-zero
capacitors resulting in a quieter system. The dielectric
absorption of the auto-zero capacitor affects only the
speed of settling at power-up or recovery from overload
and nearly any capacitor type can be used. The zero
integrator phase of the ICL7135 allows the use of large
auto-zero capacitors while avoiding the “over-range
hangover” and hysteresis effects that occur in A/D con-
verters without the zero integrator phase.

Reference Capacitor

Like the auto-zero capacitor, the reference capacitor’'s
dielectric absorption is rarely critical. Low dielectric ab-
sorption reference capacitors are only required where
fast settling time is needed in systems with a rapidly
changing reference voltage such as ratiometric ohms
measurement in multimeters.

The reference capacitor DOES need to be a low leakage
capacitor since it must store the reference voltage while
floating during both the signal integrate and the refer-
ence deintegrate phases. Any leakage or charge loss
during these two phases results in an effective change in
the scale factor of the ICL7135. Low cost film capacitors
such as polyester or polystyrene have been found to be
suitable in most applications.

In addition to leakage requirements, another effect that
sets a lower limit on the value of the reference capacitor
is the “charge suckout” caused by stray capacitance on
the reference capacitor terminals. For a negative polarity

6.8 VOLT v
ZENER

v*

REF HI p~»

maxim REF HI

ICL7135

ANALOG
COMMON

1.2V BANGAP
REFERENCE

ANALOG

maxim
ICL7135

l]z
COMMON

Figure 7. External Reference Voltage
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input signal, the reference capacitor does not shift its
common mode voltage, but with a positive polarity input
signal it undergoes a negative common mode shift equal
to the reference voltage. If there are stray capacitances
on the reference capacitor terminals, some of the charge
on the reference capacitor will be used to charge these
stray capacitances as the reference capacitor makes this
common mode voltage shift. This loss of charge reduces
the voltage on the reference capacitor, and causes posi-
tive polarity signals to have a higher measured result
than a corresponding negative voltage. This error can be
reduced by minimizing the stray capacitance on the refer-
ence capacitor terminals, and by increasing the value of
the reference capacitor.

Reference Voltage

The full scale reading of 20,000 will occur when V)=
2 X VRggfr. Since the 20,000 count resolution of the
ICL7135 is equivalent to a 50ppm resolution, a high sta-
bility reference is recommended for high accuracy abso-
lute measurements. Figure 7 shows two suitable meth-
ods of generating the reference voltage.

Rollover Resistor and Diode

The ICL7135 is tested for rollover using the circuit of
Figure 1, with the 100k resistor and diode in the circuit.
The diode is noncritical, and is typically a low cost
1N4148. The resistor value is dependent on many fac-
tors including integrator swing, clock frequency, and the
amount of rollover error due to “‘charge suckout” on the
reference capacitor. 100k() is the optimum value for
most circuits and is the value used in testing the
ICL7135.

Speedup Resistor

The 27Q speedup resistor in series with the integrating
capacitor adds a pedestal voltage on top of the integrat-
ing capacitor voltage. This pedestal voltage causes zero
crossing to occur earlier than would occur without the
resistor. The effect of the earlier zero crossing is to give
the comparator an overdrive voltage, speeding its re-
sponse and reducing the conversion error due to com-
parator delay. If the integrator current is changed, the
speedup resistor value should be changed so that the

IINT X Rspeepup = 500pV.

Clock Frequency

The clock source should be free of short-term phase and
frequency jitter during the conversion period, but long
term stability is not critical. The clock frequency is cho-
sen to obtain the desired conversion rate, and to maxi-
mize the normal mode rejection of power line frequency
interference. The conversion rate is directly proportional
to the clock frequency, with each conversion taking
40,002 clock cycles. For maximum normal mode rejec-
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tion, the signal integration period should be an integral
multiple of the power line cycles.

Reading Rate _ fok
(in readings per second) 40:002

= fune X 10,000

foLk for maximum N

normal mode rejection

Where f| |Ng is the line frequency, normally 50Hz or 60Hz
and N is the number of line cycles that occur during a
signal integration period. For maximum normal mode re-
jection, N should be an integer.

For 60Hz rejection, suitable clock frequencies include
300kHz, 200kHz, 150kHz, 120kHz, 100kHz, and 75kHz.
Suitable frequencies for use with 50Hz power include
250kHz, 1662/4kHz, 125kHz, and 100kHz. The two most
common clock frequencies are 120kHz (3 readings per
second) and 100kHz (21, readings per second). Note
that a 100kHz clock frequency rejects both 50Hz and
60Hz normal mode signals.

The maximum clock rate is limited by the maximum rate
at which the digital logic will correctly function (typically
2MHz), and by the speed of response of the comparator.
The comparator delay, about 3us, has the same effect
on the measurement result as does an offset voltage
with the same polarity of the input signal. At the recom-
mended clock frequency of 120kHz, this small offset is
slightly less than 1/, count. At higher clock frequencies
the value of the speedup resistor in series with the inte-
gration capacitor (normally 27Q) should be increased. At
frequencies above 120kHz, ringing on the integrator out-
put may cause nonlinearities in the first few counts.

The minimum ciock frequency is limited by the ieakage of
the auto-zero and reference capacitors. While seldom
desired, measurement cycles as long as 10 seconds can
be performed with negligible error at room temperature.
Figures 8A and 8B show two methods of generating a
suitable clock signal for the ICL7135.

Application Hints

Grounds

As with all sensitive analog circuitry, it is important to
keep the Digital Ground separate from the analog ground
(called Analog Common on the ICL7135) to minimize er-
rors caused by the coupling of noise from the digital cir-
cuitry into the sensitive analog section. Analog Common
should be connected to Digital Ground at only one point,
and return currents from digital loads must not flow
through the analog ground lines. Avoid any unnecessary
current flow in the analog ground path.

Single 5V Supply Operation

The ICL7135 normally uses *5V supplies, however, in
some applications the negative supply is not needed.
Specifically, the negative 5V supply is not required if the
input signal can be referenced to the center of the
ICL7135’s common mode voltage range AND the signal
voltage is less than +1.5V. The integrator swing must be
reduced, and there will be a slight increase in system
noise and nonlinearity. See Figure 9 for recommended
component values.
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Generating a Negative Supply from + 5V

Figures 10A and 10B show two methods of generating a
negative supply for the ICL7135. The Maxim ICL7660 will
supply 2mA (the maximum supply current of the
ICL7135) at 4.85V drop, while the circuit using the CMOS
inverter will deliver approximately —3.5V. If the CMOS
inverter is used to generate a minus supply, the integra-
tor swing should be reduced to 2.5 to 3V.

Noise

The normal system noise around zero is about 15uV
peak-to-peak (not exceeded 95% of the time). Near full
scale, the noise increases to about 30uV. The main
noise source is the auto-zero loop, and increasing the
value of the auto-zero capacitor will reduce the noise.
Other noise sources include the buffer and integrator
noise; comparator noise; and stray pickup in the input
circuitry, the integrator, and the reference capacitor. The
noise caused by stray pickup of interfering signals can be
reduced by a tight layout and shielding. If the interfering
signal frequency is constant, the effects of stray pickup in
the input and integrator can be reduced by choosing a
clock frequency such that the signal integration period is
an integral multiple of the interfering signal’s period.
Since the length of the de-integration period depends on
the input signal level, no single clock frequency can be
chosen to reject interfering signals during the de-inte-
grate phase.

maxim
104F 3 ICL7660
Voutr = -5V

Figure 10A. Generating a Negative Supply

120 kHz
CLOCK

IN914

IN914

V-=-35V

Figure 10B. Generating a Negative Supply
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Typical Applications

Figure 11 uses Maxim’s ICL7211 LCD display driver to
drive 4 digits of LCD display. The backplane signal of the
ICL7211 and the CMOS exclusive OR gates are used to
drive the 1% digit and the polarity sign. The four AND
gates combine the digit outputs with the STROBE output
to generate the digit select signals that latch data into the
ICL7211. Since the Strobe occurs in the middle of each
digit's data there is ample data setup and hold time to
ensure that valid data is latched. The OR gates will force -
the BCD data to all ones when over-range goes high.
The ICL7211A will blank the display when all ones (hex
F) is loaded.

The typical operating circuit on the first page of this data
sheet shows a 4, digit A/D with LED drive using the
Maxim ICL7212 display driver. In this case the polarity
and Y/, digit segments are driven by D flip-flops that latch
polarity and 1/, digit data at the end of each measure-
ment. The [CL7135 Overrange output drives the
ICM7212 Brightness input, blanking the four least signifi-
cant digits when the input voltage is greater than full-
scale.

Some applications require non-multiplexed, latched BCD
outputs. The circuit shown in Figure 12 will demultiplex
and latch the ICL7135 output. If only the first rank of
latches is used, the data should not be used during the
800 clock cycle update period that takes place at the end
of each conversion since during this update period the

4-1/2 DIGIT LCD DISPLAY

Dl 13588
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1/2 CD4030

58P
23 POL
20 01 |—— ) COAsi vacososo] |
o 1) 3202
1803 33 D3
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15 84 1 29 B2
1482 ) O 28 B1
13 B1 . L 27 60
CD4011, maxim
2 9 ICL7211A
+ 26 STROBE
104F 27 orb— g
- maxim 1
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most significant digit (MSD) data will correspond to the
new reading and the least significant digit (LSD) data will
be old data from the previous converison. The second
rank of latches shown in dotted lines will eliminate this
problem by updating all digits simultaneously with the ris-
ing edge of D5.

There are many different possible ways of interfacing the
ICL7135 to a microprocessor. Figure 13 shows a method
that uses only 8 1/0 lines. The digit outputs drive a priori-
ty encoder, which converts the 1-of-5 format of the digit
outputs to a 3 bit binary code. When no digit is active (as
in over-range), the binary output code is 0, otherwise the
output corresponds to the digit number of the active digit.
By sensing BUSY as either an input or as an interrupt,
trLe microprocessor can detect when new data is avail-
able.

Another possible interface scheme is to sense only digit
D5, then use time delays to choose when to read the
other digits’ data.

Interfacing With UARTs and
Microprocessors

Figure 14 shows a simple interface between a UART and
a free running ICL7135. The transmission of the five data
words is started by the five STROBE pulses. The digit 5
word is 0000XXXX, digit 4 is 1000XXXX, digit 3 is
0100XXXX, etc. The polarity is transmitted indirectly by
using it to drive the Even Parity Enabie Pin (EPE). A pari-
ty flag at the receiver can be decoded as a positive sig-
nal, no flag as negative, if EPE of the receiver is held low.
Figure 15 shows a more complex arrangement. DR goes
high when the UART receives a byte via the send input,
RRI. Since DR is connected to the ICL7135's RUN/
HOLD input this starts a new conversion. At the end of
the conversion the falling edge of BUSY resets DR via
the UART’s DRR input. The transmit sequence is again
started by STROBE. A quad 2-input multiplexer is used to
superimpose polarity, over-range, and under-range onto
the D5 word since in this instance it is known that B, =
B4 = Bg = 0.

To insure proper operation, it is necessary that the UART
clock be fast enough that each word is transmitted be-
fore the next STROBE pulse arrives.
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Chip Topography
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- General Description

The ICL761X/762X/763X/764X family of monolithic
CMOS op amps combine ultra low input current with low
power operation over a wide supply voltage range. With
pin selectable quiescent currents of 10, 100, or 1000 uA
per amplifier, these op amps will operate from =1V to +8V
power supplies, or from single supplies from 2V to 16V.
The CMOS outputs swing to within millivolts of the supply
voltages.

The ultra low bias current of 1 pA makes this family of
op amps ideal for long time constant integrators, picoam-
meters, low droop rate sample/hold amplifiers and other
applications where input bias and offset currents are criti-
cal. A low noise current of 0.01 pA/ A/Hz and an input
impedance of 102 ohms ensure optimum performance
with very high source impedances in such applications as
pH meters and photodiode amplifiers.

, Applications

Battery Powered Instruments

Low Leakage Amplifiers

Long Time Constant Integrators

Low Frequency Active Filters

Hearing Aids and Microphone Amplifiers
Low Droop Rate Sample/Hold Amplifiers
Picoammeters

___Pin Configuration

SINGLES—ICL7611/12/14/16

Top View

(1QSET)*

*PIN 7 CONNECTED TO CASE
8 PIN DIP

AKX/

Single/Dual/ Triple/Quad
Operational Amplifiers

___Features

4 Pin-for Pin 2nd Source!

¢ 1 pA Typical Bias Current—4 nA Maximum @
125°C

¢ Wide Supply Voltage Range =1V to =8V
¢ Industry Standard Pinouts

¢ Programmable Quiescent Currents of 10, 100 and
1000 A

4 Monolithic, Low Power CMOS Design

Ordering Information
ICL76XX JM N OP

Vos SELECTION TEMP RANGE PACKAGE CODE

A =2mV C=0°CTO70°C TV -TO-99,8PIN
B =5mV M=-55°C to PA -PLASTIC8PIN
C =10mVv +125°C MINIDIP
D =15mVv PD - 14 PIN PLASTIC
E =20mV PE - 16 PIN PLASTIC
JD - 14 PIN CERDIP
JE - 16 PIN CERDIP
Singles Duals Triples Quads
P A A P A A P AR A P AR A
C o\ o\ c\ac
LS ARARARA
[5)
>0 % O\ DS NS D
Compensated XX XX ]| X]| X X X
Externally X X
Compensated
Extended
CMVR X1 X
Offset null
capability XXX |X] |X
Programmable IQ | X | X X X |1 X
10uA X
FixedIqQ { 100pA X XX
1mA X

____ Typical Operating Circuit

. N
OFFSET [ 1] [ 8] (lasETY"
CDNT
N [2] 7] v
B Q
v,

“in [3] [ 6] our " b5 Vour
v-[4] 5 ] OFFSET =

2 Long Time Constant Integrator

{Detailed Circuit Diagram — Figure 10)
*EXTERNAL COMPENSATION (ICL7614)
/Vl /j x I /Vl . _ S Maxim Integ d Products 2-1

XY/XE/ XS/ XI9LTII



ICL761X/2X/3X/4X

Single/Dual/ Triple/Quad
Operational Amplifiers

Ordering Information
Single & Dual
PART TEMP. RANGE PACKAGE PART TEMP. RANGE PACKAGE
ICL761XACPA 0°Cto +70°C 8 Lead Plastic DIP ICL7621BCTV 0°Cto +70°C TO-99Can
ICL761XACTV 0°Cto +70°C TO-99 Can ICL7621BMTV —55°C to +125°C TO-99 Can
ICL761XAMTV —55°C to +125°C TO-99 Can ICL7621DCPA 0°Cto +70°C 8 Lead Plastic DIP
ICL761XBCPA 0°Cto +70°C 8Lead Plastic DIP ICL7621DCTV 0°Cto +70°C TO-99Can
ICL761XBCTV 0°Cto +70°C TO-99 Can ICL7621DC/D 0°Cto +70°C Dice
ICL761XBMTV —55°C to +125°C TO-99 Can ICL7622ACPD 0°Cto +70°C 14 Lead Plastic DIP
ICL761XDCPA 0°Cto +70°C 8lead Plastic DIP ICL7622ACJD 0°Cto +70°C 14 Lead CERDIP
ICL761XDCTV 0°Cto +70°C TO-99 Can ICL7622AMJD —55°C to +125°C 14 Lead CERDIP
ICL761XDC/D 0°Cto +70°C Dice ICL7622BCPD 0°Cto +70°C 14 Lead Plastic DIP
ICL7621ACPA 0°Cto +70°C 8Lead Plastic DIP ICL7622BCJD 0°Cto +70°C 14 Lead CERDIP
ICL7621ACTV 0°Cto +70°C TO-99 Can ICL7622BMJD —55°C to +125°C 14 Lead CERDIP
ICL7621AMTV —-55°Cto +125°C TO-99 Can ICL7622DCPD 0°Cto +70°C 14 Lead Plastic DIP
ICL7621BCPA 0°Cto +70°C 8 Lead Plastic DIP ICL7622DCJD 0°Cto +70°C 14 Lead CERDIP
(X above is replaced by: 1, 2, 4, 6) ICL7622DC/D 0°Cto +70°C Dice
Pin Configuration
Top View SINGLES—ICL7611/12/14/16 DUALS—ICL7621/22
TO—99 TO—99
(1oSET) 14 PIN DIP
. /
“INA E E] OFFSETA
+INA E - L 13] v+
A
*PIN 7 CONNECTED TO CASE OFFSET, [3 ] [12] ouTa
8PIN DIP 8 PINDIP v- [4] 1] ne
. N . —/ E
orsser [1] ] aseny oura [T op OFFSETg [ 5 ) 10] ouTe
A .
AN E Z] v N {Z*I_,— + Z] oura +INg 6] z] v+
i
“IN LT_j [ I 6] our N [3] 6] -ine e [7] o] orrsero
v [} 5] orrser - 5] e Note: PINS 9 & 13 ARE INTERNALLY CONNECTED
*EXTERNAL COMPENSATION (ICL7614)
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ABSOLUTE MAXIMUM RATINGS' —Single & Dual
Total Supply VoltageV*toV—.................... 18V

InputVoltage .................. V¥+03 to V™—-0.3V
Differential Input Voltage? . . . .. */(v*++0.3)—(V-—0.3)IV
Duration of Output Short Circuit3 . . . ......... Unlimited
Continuous Power Dissipation @ 25°C  Above 25°C
derate as follows:
TO-99 Can 250mwW 2mwW/°C
8 Lead Minidip 250mW 2mw/°C
14 Lead Plastic 375mw 3mw/°C
14 Lead Cerdip 500mwW 4mW/°C
16 Lead Plastic 375mW 3mwy/°C
16 Lead Cerdip 500mwW 4mw/°C

Storage Temperature Range ... .... —55°C to +150°C

ELECTRICAL CHARACTERISTICS —Single & Dual
(Vsupp = %=1.0V, Ig = 10uA, Ta = 25°C, unless noted)

Single/Dual/Triple/Quad
Operational Amplifiers

Operating Temperature Range

MSeries............iiii.. —55°C to +125°C

CSeries......ooiiiiii 0°C to +70°C
Lead Temperature Soldering,10sec . ........... 300°C
Notes:

1. Stresses above those listed under Absolute Maximum
Ratings may cause permanent damage to the device.
These are stress ratings only, and functional operation
of the device at these or any other conditions above
those indicated in the operational sections of the
specifications is not implied. Exposure to absolute max-
imum rating conditions for extended periods may affect
device reliability.

. Long term offset voltage stability will be degraded if

large input differential voltages are applied for long

periods of time.

The outputs may be shorted to ground or to either

supply for Vgypp <10V. Care must be taken to insure

that the dissipation rating is not exceeded.

N

@

76XXA 76XXB
PARAMETER SYMBOL CONDITIONS MIN. TYP MAX. | MIN. TYP MAX. UNITS
Input Offset Voltage Vos Rs< 100k, Ta = 25°C 2 5 mv
Tmin< Ta < Twax 3 7
Temperature Coefficient of Vog |AVog/AT Rs < 100kQ 10 15 uv/°C
Input Offset Current los Ta=25°C 05 30 05 30 A
0°C< Ta< +70°C 300 300 P
Input Bias Current Igias Ta=25°C 1.0 50 1.0 50 A
0°C < Ta< +70°C 500 500 P
Common Mode Voltage Range |Vomr +0.6 +0.6 v
(Except ICL7612, ICL7616)
Extended Common Mode VeMmR +0.6 +0.6
Voltage Range (ICL7612 Only) to to \)
-11 -1
Extended Common Mode Vemr lqg = 10puA -13 -0.3 -13 -0.3 \"
Voltage Range (ICL7616 Only)
Output Voltage Swing Vout RL = 1MQ, Ta =25°C +0.98 +0.98 Vv
0°C<Tp<+70°C +0.96 +0.96
Large Signal Voltage Gain AvoL Vo =+0.1V,R_. = 1Ma dB
Ta=25°C 90 90
0°C<Tao< +70°C 80 80
Unity Gain Bandwidth Gpw 0.044 0.044 MHz
Input Resistance Rin 10'2 10%2 Q
Common Mode Rejection Ratio |CMRR Rg < 100kQ 80 80 dB
Power Supply Rejection Ratio |PSRR Rs < 100k0 80 80 dB
Input Referred Noise Voltage |e, Rs =100q, f = 1kHz 100 100 nV/A/ Hz
Input Referred Noise Current i, Rs = 1000, f = 1kHz 0.01 0.01 pA/A/ Hz
Supply Current (Per Amplifier) |lsypp No Signal, No Load 6 15 6 15 LA
Slew Rate SR AvoL =1, C_ = 100pF, 0.016 0.016 V/us
V|N = 0'2VD'D
R.=1MQ
Rise Time t Vin = 50mV, C = 100pF 20 20 us
R, =1MQ
Overshoot Factor Vin = 50mV, C = 100pF 5 5 %
RL=1MQ

MAKXI/V
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ICL761X/2X/3X/4X

Single/Dual/Triple/Quad
Operational Amplifiers

ELECTRICAL CHARACTERISTICS —Single & Dual
(Vsupp = £5.0V, Tao = 25°C, unless noted)

T6XXA 76XXB 76XXD
PARAMETER SYMBOL CONDITIONS MIN. TYP MAX.|MIN. TYP MAX.|MIN. TYP MAX. |UNITS
Input Offset Voltage Vos Rs< 100kQ, Ty = 25°C 2 5 15 mV
Tvin < Ta < Tuax 3 7 20 mV
Temperature Coefficient AVps/AT Rs < 100kQ 10 15 25 uv/eC
of Vos
| Input Offset Current los Ta = 25°C 05 30 05 30 05 30
0°C<Tp<+70°C 300 300 300 pA
—55°0C<Tp<+125°C 800 800 800
Input Bias Current Isias Ta = 25°C 10 50 10 50 1.0 50
0°C<Ta<+70°C 400 400 400 pA
—55°C<Ta<+125°C 4000 4000 4000
Common Mode Vemr lo = 10uA! +4.4 +4.4 +4.4
Voltage Range Q= 10 -4.0 -4.0 -4.0
(Except ICL7612, ICL7616) 40 142 +42
—_— 1 g . .
la = 100uA -4.0 -4.0 -40 v
a1 +37 +37 +37
la=1mA -37 -37 -37
Extended Common Mode Vemr lg = 10uA +53 +53 +53
Voltage Range + + +
(ICL7612 Only) lo = 100pA _gj? _gj? _2;? v
_ +53 +5.3 +53
la = 1mA -45 -45 -45
Extended Common Mode Vemr g = 104A -53 -5.3 -5.3
Voltage Range Q +3.7 +37 +35
(|CL7616 Only) -51 -51 —-5.1
la = 100uA +30 +3.0 +27 v
_ -45 +4.5 —-45
lo = 1mA +2.0 +2.0 +17
Output Voltage Swing Vout (1) Iq =10pA, R = 1MQ
Ta=25°C *+49 *49 *4.9
0°C<Tp<+70°C *48 *+48 *+48
—55°0C<Tpo<+125°C |x4.7 +4.7 +4.7
lq = 100uA, R, = 100kQ
Ta=25°C +49 *49 +49 v
0°C<Ta<+70°C *48 *+4.8 +48
—55°C<Tp<+125°C |+4.5 *45 +45
(1) Ig =1mA, R, = 10k
Ta = 25°C +45 +45 +45
0°C<Tp<+70°C *43 *43 *43
—56°C<Tp<+125°C |*4.0 +40 +4.0
Large Signal Voltage Gain AvoL Vo = +4.0V,R_ = 1MQ
lg=10uA, To=256°C | 86 104 80 104 80 104
0°C<Ta<+70°C 80 75 75
—550C<Tp<+125°C | 74 68 68
Vo ==4.0V,R_=100kn
lg=100uA, To=256°C | 86 102 80 102 80 102 dB
0°C<Ta<+70°C 80 75 75
—55°C<Tp<+125°C | 74 68 68
Vo = +4.0V, R, = 10ka
lo=1mA! To=25°C | 80 83 76 83 76 83
0°C<Ta<+70°C 76 72 72
—55°C<Tpo<+125°C | 72 68 68
Unity Gain Bandwidth Gaw lg = 10uA’ 0.044 0.044 0.044
lg = 100uA 0.48 0.48 0.48 MHz
lg=1mA’ 1.4 1.4 1.4

Note 1: ICL7611, 7612, 7616 only

Note 2: ICL7614; 39 pF from pin 6 to pin 8.
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Single/Dual/Triple/Quad
Operational Amplifiers

ELECTRICAL CHARACTERISTICS — Single & Dual (Continued)
(Vsupp = £5.0V, Ta = 25°C, unless noted)

T6XXA 76XXB 76XXD
PARAMETER SYMBOL CONDITIONS MIN. TYP MAX.[MIN. TYP MAX.|MIN. TYP MAX.,| UNITS
Input Resistance Rin 1012 10" 10" Q
Common Mode Rejection CMRR Rs< 100kQ, I =10pA' | 76 96 70 96 70 96
Ratio Rs<100kQ,lq =100uA | 76 91 70 91 70 9 dB
Rs< 100k, lo=1mA' | 66 87 60 87 60 87
Power Supply Rejection PSRR Rs < 100k, Ig = 10pA' | 80 94 80 94 80 94
Ratio Rs<100kQ,lq =100uA | 80 86 80 86 80 86 dB
Rs< 100k, lg=1mA' [ 70 77 70 77 70 77
Input Referred Noise Voltage |e, Rs = 1000, f = 1kHz 100 100 100 nV/\/Hz
Input Referred Noise Current i, Rs = 100Q, f = 1kHz 0.01 0.01 0.01 pA/N Hz
Supply Current Isupp No Signal, No Load
(Per Ampilifier) 1g = 10pA’ 001 002 001 0.02 001 002| .
Iq = 100pA 01 025 01 025 01 025
Ig=1mA’ 10 25 10 25 10 25
Channel Separation Vo1/Voz AyoL = 100 120 120 120 dB
Slew Rate? SR AvoL = 1,C_ = 100pF
V|N = 8Vp_p
lg = 10pA! R = 1MQ 0.016 0.016 0.016 V/us
lq = 100uA, R = 100k 0.16 0.16 0.16
Ig=1mA! R_ = 10kQ 1.6 1.6 1.6
Rise Time? t, Vin = 50mV, C = 100pF
g = 10pAl R = 1Ma 20 20 20
Ig = 100uA, R, = 100kQ 2 2 2 us
lg=1mA! R = 10kn 0.9 0.9 0.9
Overshoot Factor? Vin = 50mV, C_ = 100pF
lg = 10uA! R = 1M 5 5 5 %
lg = 100pA, R = 100kQ 10 10 10
lq = 1mA! R_ = 10kQ 40 40 40

Note 1: ICL7611, 7612, 7616 only.

Note 2: ICL7614; 39 pF from pin 6 to pin 8.
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Single/Dual/Triple/Quad
Operational Amplifiers

ICL761X/2X/3X/4X

Ordering Information
Triple & Quad
PART TEMP. RANGE PACKAGE PART TEMP. RANGE PACKAGE
ICL763XBCPE 0°Cto +70°C 16 Lead Plastic DIP ICL764XBCPD 0°Cto +70°C 14 Lead Plastic DIP
ICL763XCCPE 0°Cto +70°C 16 Lead Plastic DIP ICL764XCCPD 0°Cto +70°C 14 Lead Plastic DIP
ICL763XECPE 0°Cto +70°C 16 Lead Plastic DIP ICL764XECPD 0°Cto +70°C 14 Lead Plastic DIP
ICL763XBCJE 0°Cto +70°C 16 Lead CERDIP ICL764XBCJD 0°Cto +70°C 14 Lead CERDIP
ICL763XCCJE 0°Cto +70°C 16 Lead CERDIP ICL764XCCJD 0°Cto +70°C 14 Lead CERDIP
ICL763XECJE 0°Cto +70°C 16 Lead CERDIP ICL764XECJD 0°Cto +70°C 14 Lead CERDIP
ICL763XBMJE —55°C to +125°C 16 Lead CERDIP ICL764XBMJD —55°C to +125°C 14 Lead CERDIP
ICL763XCMJE —55°Cto +125°C 16 Lead CERDIP | ICL764XCMJD —55°Cto +125°C 14 Lead CERDIP
ICL763XEC/D 0°Cto +70°C Dice ICL764XEC/D 0°Cto +70°C Dice
(X above is replaced by: 1, 2)
Pin Configuration
Top View ICL7631/32 ICL7641/42
16 PIN DIP 14 PIN DIP
- A\
N/C rj E lac SET .
out [1] E
-INa [2] 5] v
“INa E 4 E “INp
+IN, [3] 14] OUTA
+INa E_‘] J_E +INp
ouTg 4] [13] +INg
) vl a 1] V-
v+ E [12] -INg
Ns E__J LT___o_] +INg
SETloc [6 11] 1gs SET
g [6 ] s / X c (5] -INnc
-INc [7] [10] outc
ouTg [Z z] OuTc
+INc E: E v-
Note: Pins 5 & 15 are internally connected
2-6 VI X1V




ABSOLUTE MAXIMUM RATINGS' —Triple & Quad
Total Supply VoltageVYtoV—.................... 18V

InputVoltage .................. V++0.3 to V"—0.3V
Differential Input Voltage? . . . .. =|(v++0.3)-(v——0.3)lV
Duration of Output Short Circuit3 . .. ......... Unlimited
Continuous Power Dissipation @ 25°C  Above 25°C
derate as follows:
TO-99 Can 250mW 2mw/°C
8 Lead Minidip 250mW 2mwW/°C
14 Lead Plastic 375mwW 3mwW/°C
14 Lead Cerdip 500mW 4mW/°C
16 Lead Plastic 375mwW 3mw/°C
16 Lead Cerdip 500mW 4mwW/°C

Storage Temperature Range —55°C to +150°C

ELECTRICAL CHARACTERISTICS —Triple & Quad

(Vsupp = £1.0V, Ig = 10uA, Ta = 25°C, unless noted)
Specs apply to ICL7631/7632/7642 only.

Single/Dual/Triple/Quad
Operational Amplifiers

Operating Temperature Range

MSeries...................... —55°C to +125°C

CSeries . ... 0°C to +70°C
Lead Temperature Soldering,10sec . . .......... 300°C
Notes:

1. Stresses above those listed under Absolute Maximum
Ratings may cause permanent damage to the device.
These are stress ratings only, and functional operation
of the device at these or any other conditions above
those indicated in the operational sections of the
specifications is not implied. Exposure to absolute max-
imum rating conditions for extended periods may affect
device reliability.
Long term offset voltage stability will be degraded if
large input differential voltages are applied for long
periods of time.
. The outputs may be shorted to ground or to either
supply for Vgypp <10V. Care must be taken to insure
that the dissipation rating is not exceeded.

N

w

76XXB 76XXC
PARAMETER SYMBOL CONDITIONS MIN. TYP MAX.| MIN. TYP MAX. UNITS
Input Offset Voltage Vos Rs< 100kQ, To = 25°C 5 10 mv
Tvin < Ta< Tmax 7 12
Temperature Coefficient of Vog | AVos/AT Rs < 100kQ 15 20 uv/°C
Input Offset Current los Ta=25°C 0.5 30 0.5 30 A
0°C<Ta< +70°C 300 300 P
Input Bias Current IBlAS Ta =25°C 10 50 1.0 50 A
0°C< TA< +70°C 500 500 P
Common Mode Voltage Range | Vomr +0.6 +0.6 Vv
Output Voltage Swing Vout RL = 1MQ, Ta = 25°C +0.98 +0.98
0°C<TA<+70°C +0.96 +0.96
Large Signal Voltage Gain AvoL Vo = +0.1V,R_ = 1MQ dB
Ta=25°C 90 90
0°C<Tp< +70°C 80 80
Unity Gain Bandwidth Gaw 0.044 0.044 MHz
Input Resistance Rin 1012 1012 o)
Common Mode Rejection Ratio| CMRR Rs < 100kQ 80 80 dB
Power Supply Rejection Ratio | PSRR 80 80 dB
Input Referred Noise Voltage | e, Rs = 100Q, f = tkHz 100 100 nV/A/ Hz
Input Referred Noise Current | i, Rs = 100Q, f = 1kHz 0.01 0.01 pA/A/ Hz
Supply Current (Per Amplifier) | Isupp No Signal, No Load 6 15 6 15 pA
Channel Separation Vo1/Vo2 AyoL = 100 120 120 dB
Slew Rate SR AyoL = 1,C_ = 100pF, 0.016 0.016 V/us
V|N = 0A2Vp.p
R =1MQ
Rise Time t, Vin = 50mV, C_ = 100pF 20 20 us
RL=1MQ
Overshoot Factor VN = 50mV, C, = 100pF 5 5 %
R =1MQ

MAX\wm
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ICL761X/2X/3X/4X

Single/Dual/ Triple/Quad
Operational Amplifiers

ELECTRICAL CHARACTERISTICS —Triple & Quad
(Vsupp = 5.0V, To = 25°C, unless noted)

76XXB 76XXC 76XXE
PARAMETER SYMBOL CONDITIONS MIN. TYP MAX.|MIN. TYP MAX.[MIN. TYP MAX. |UNITS
Input Offset Voltage Vos Rs< 100kQ, To = 25°C 5 10 20 mV
Tmin < Ta < Twax 7 15 25 mv
Temperature Coefficient AVps/AT Rs < 100kQ 15 20 30 uv/eC
of Vpog
Input Offset Current los Ta=25°C 05 30 05 30 05 30
0°C<TaA<+70°C 300 300 300 pA
—55°C<Ta<+125°C 800 800 800
Input Bias Current Igias Ta=25°C 10 50 10 50 1.0 50
0°C<Ta<+70°C 500 500 500 pA
—55°C<Tpa<+125°C 4000 4000 4000
Common Mode Vemr 1o = 10uA! +4.4 +4.4 +4.4
Voltage Range Q (o -4.0 -4.0 -40
_ N +4.2 +4.2 +4.2
la = 100uA -40 -40 -40 v
_ 2 +3.7 +3.7 +3.7
la=1mA -37 -37 -37
Output Voltage Swing Vout (1) Ig =10pA, R = 1MQ
Ta = 25°C +4.9 +49 +49
0°C<Tp<+70°C [+4.8 +4.8 +4.8
—55°C<Tpo<+125°C |+4.7 *47 +47
lg = 100pA, R_ = 100kQ
(8) Ta=25°C +49 +4.9 +49 v
0°C<Tp<+70°C +4.8 *4.8 +4.8
—550C<Tp< +125°C |+4.5 *45 *45
(2) g =1mA, R_ = 10k0
Ta = 25°C *45 *45 *45
0°C<TA<+70°C  |*4.3 *£4.3 *43
—55°C <Tp< +125°C |+4.0 *+4.0 +4.0
Large Signal Voltage Gain AvoL Vo =*4.0V,R_= 1MQ!
lo=10uAl TA=25°C | 86 104 80 104 80 104
0°C<Ta<+70°C 80 75 75
—55°C<Ta<+125°C | 74 68 68
Vo ==4.0V,R,
lg=100uA, To=25°C | 86 102 80 102 80 102 aB
0°C<Tp<+70°C 80 75 75
—55°C<Tpo<+125°C | 74 68 68
Vo = +4.0V, R, = 10kQ?
lo=1mA! Tp=25°C | 86 98 80 98 80 98
0°C<Ta<+70°C 80 75 75
—55°C<Tp<+125°C | 74 68 68
Unity Gain Bandwidth Gew Ig = 10uA’ 0.044 0.044 0.044
Iq = 100pA8 0.48 0.48 0.48 MHz
lg = 1mA? 1.4 1.4 1.4
Input Resistance Rin 1012 10'2 10%2 o
Common Mode Rejection CMRR | Rs< 100k, Ig=10pA’| 76 96 70 96 70 96
Ratio Rg <100kQ, Iq = 100uA | 76 N 70 o1 70 91 dB
Rs<100kQ, Iq=1mA2 | 66 87 60 87 60 87
Power Supply Rejection PSRR Rs<100kQ, g = 10uA'| 80 94 80 94 80 94
Ratio Rs <100k, 1o =100uA | 80 86 80 86 80 86 dB
Rs<100kQ, lg=1mA2 | 70 77 70 77 70 77

Note 1: Does not apply to 7641.
Note 2: Does not apply to 7642.
Note 3: ICL7631/32 only.

Note 4: Does not apply to 7632.
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Single/Dual/Triple/Quad
Operational Amplifiers

ELECTRICAL CHARACTERISTICS — Triple & Quad (Continued)
(Vsupp = £5.0V, Ta = 25°C, unless noted)

76XXB 76XXC 76XXE
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX.|MIN. TYP MAX/|MIN. TYP MAX.| UNITS
Input Referred Noise Voltage | e,, Rg = 100Q, f = 1kHz 100 100 100 nV/A/Hz
Input Referred Noise Current | iy, Rs = 100, f = 1kHz 0.01 0.01 0.01 pA/A/Hz
Supply Current lsupp No Signal, No Load
(Per Ampilifier) Iq = 10pA’ 0.01 0.022 0.01 0.022 0.01 0.022 mA
lg = 100uA 01 025 01 025 0.1 025
Ig = 1mA?2 10 25 10 25 1.0 25
Channel Separation Vo1/Voz AyoL = 100 120 120 120 dB
Slew Rate* SR AvyoL =1,CL = 100pF
Vin = 8Vpp
lg = 10uA! R, = 1MQ 0.016 0.016 0.016 V/us
lq = 100uA, R = 100k 0.16 0.16 0.16
lg = 1mA! R_ = 10kn? 16 16 16
Rise Time* t, Vin = 50mV, C_ = 100pF
Iq = 10pA! R, = 1M 20 20 20 s
Ig = 100pA, R, = 100kQ 2 2 2 K
lg = 1mAZ R, = 10kQ 0.9 0.9 0.9
Overshoot Factor® Vin =50mV, C_ = 100pF
Iqg =10pA! R = 1MQ 5 5 5 %
lqg = 100uA, R = 100kQ 10 10 10 °
Ig = 1MAZ R, = 10kQ 40 40 40

Note 1: Does not apply to 7641.
Note 2: Does not apply to 7642.
Note 3: ICL7631/32 only.

Note 4: Does not apply to 7632.

... Typical Operating Characteristics

MAXIMUM PEAK-TO-PEAK MAXIMUM PEAK-TO-PEAK
VOLTAGE AS A FUNCTION OF OUTPUT VOLTAGE AS A
FREE-AIR TEMPERATURE FUNCTION OF SUPPLY VOLTAGE

Y

MAXIMUM PEAK-TO.PEAK OUTPUT VOLTAGE — V.
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
©

75 50 -25 0 425 4100 +125 2 4 6 8 10 2 14 16
FREE-AIR TEMPERATURE - °C SUPPLY VOLTAGE - VOLTS
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Single/Dual/Triple/Quad
Operational Amplifiers

Typical Operating Characteristics

ICL761X/2X/3X/4X

210

SUPPLY VOLTAGE REJECTION RATIO -~ dB SUPPLY CURRENT A

DIFFERENTIAL VOLTAGE GAIN

SUPPLY CURRENT PER AMPLIFIER
AS A FUNCTION OF SUPPLY VOLTAGE

o 2 4 6 8 10 12 14 16
SUPPLY VOLTAGE — VOLTS

POWER SUPPLY REJECTION
RATIO AS A FUNCTION OF
FREE-AIR TEMPERATURE

—75 50 -25 0 425 +50 +75 +100 +125
FREE-AIR TEMPERATURE - °C

LARGE SIGNAL DIFFERENTIAL
VOLTAGE GAIN AND PHASE SHIFT
AS A FUNCTION OF FREQUENCY

0.1 1 10 100 1k 10k 100k 1M
FREQUENCY — Hz

PEAK-TO-PEAK OUTPUT VOLTAGE
AS A FUNCTION OF FREQUENCY

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE — v

.o

00 1k 10k 100k ™ 10M
FREQUENCY — Hz

LARGE SIGNAL DIFFERENTIAL
VOLTAGE GAIN AS A FUNCTION
OF FREE-AIR TEMPERATURE

1000

g

DIFFERENTIAL VOLTAGE GAIN - V/mV
3

~75 50 -25 0 425 +50 475 +100 +125
FREE-AIR TEMPERATURE - °C

MAXIMUM OUTPUT
SINK CURRENT AS A
FUNCTION OF SUPPLY VOLTAGE

0.01

0.1

MAXIMUM OUTPUT SINK CURRENT — mA
5

SUPPLY VOLTAGE - VOLTS
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Single/Dual/Triple/Quad
Operational Amplifiers

INPUT BIAS CURRENT AS A
FUNCTION OF TEMPERATURE

1000

g

E]

10

INPUT BIAS CURRENT - pA

-60 =25 ] +25 +50 +75 +100 +125
FREE-AIR TEMPERATURE - °C

COMMON MODE REJECTION
RATIO AS A FUNCTION
OF FREE-AIR TEMPERATURE

COMMON MODE REJECTION RATIO - dB

-75 -50 -25 0 4256 +50 +75 +100 +125
FREE-AIR TEMPERATURE - °C

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE AS A FUNCTION OF
LOAD RESISTANCE

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE — V

LOAD RESISTANCE- kO

VAKXV

Typical Operating Characteristics

EQUIVALENT INPUT NOISE VOLTAGE
AS A FUNCTION OF FREQUENCY

nvft-Gm
g 8

N
8
3

o
8

3
8

EQUIVALENT INPUT NOISE VOLTAGE -
N
8

10 100 1k 10k 100k
FREQUENCY - Hz

SUPPLY CURRENT PER
AMPLIFIER AS A FUNCTION OF
FREE-AIR TEMPERATURE

SUPPLY CURRENT - uA

-50 25 0 +25 +50 +75 +100 +125
FREE AIR TEMPERATURE —°C

MAXIMUM OUTPUT/SOURCE
CURRENT AS A FUNCTION
OF SUPPLY VOLTAGE

MAXIMUM OUTPUT SOURCE CURRENT --

0 2 a 6 8 10 12 14 16
SUPPLY VOLTAGE — VOLTS
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ICL761X/2X/3X/4X

Single/Dual/Triple/Quad
Operational Amplifiers

VOLTAGE FOLLOWER LARGE
SIGNAL PULSE RESPONSE

INPUT AND QUTPUT VOLTAGE -VOLTS

TIME- s

Typical Operating Characteristics

VOLTAGE FOLLOWER LARGE
SIGNAL PULSE RESPONSE

INPUT AND OUTPUT VOLTAGE-V
5

0 20 40 60 80 100 120
TIME “s

VOLTAGE FOLLOWER LARGE
SIGNAL PULSE RESPONSE

INPUT AND OUTPUT VOLTAGE-V

o 200 400
TIME —

Detailed Description
Quiescent Current Selection

The voltage input to the Iq pin of the single and triple
amplifiers selects a quiescent current (Ig) of 10, 100 or
1000 pA. The dual and quad amplifiers have fixed quies-
cent current (Ig) settings. Unity gain bandwidth and slew
rate increase with increasing quiescent current, as does
output sink current capability. The output source current
capability is independent of quiescent current.

The lowest Iq setting that results in sufficient bandwidth
and slew rate should be selected for each specific appli-
cation.

The Iq pin of the single and triple amplifiers controls the
quiescent current as follows:

600 800 1000 1200

Input Offset Nulling

The input offset can be nulled by connecting a 25K pot
between the OFFSET terminals with the wiper connected
to V.t At quiescent currents of 1 mA and 100 uA, the nulling
range provided is adequate for all Vos selections. How-
ever with higher values of Vpg, and an Ig of 10 yA, nulling
may not be possible.

Frequency Compensation

All of the ICL7611 and ICL7621 Series except the ICL7614
are internally compensated for unity gain operation. The
ICL7614 is externally compensated by a capacitor con-
nected between COMP and OUT pins, with 39 pF being
sufficient compensation for a unity gain buffer. For gains
greater than unity, the compensation capacitor value may

lo= 10pA... .. lgpintoV* - :

;g =100 ZA _____ |g f;in between V-~ +0.8V and V+ —0.8V be reduced to increase the bandwidth and slew rate.
la= 1T mA..... lgpintoV™
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Output Loading Considerations

Approximately 70% of the amplifier's quiescent current
flows in the output stage. The output swing can approach
the supply rails for output loads of 1M, 100k and 10k,
using the output stage in a highly linear class A mode.
Crossover distortion is avoided and the voltage gain is
maximized in this mode. The output stage, however, can
also be operated in Class AB, which supplies higher out-
put currents. (See graphs under Typical Operating Char-
acteristics). The voltage gain decreases and the output
transfer characteristic is non-linear during the transition
from Class A to Class B operation.

The output stage, with a gain that is directly proportional
to load impedance, approximates a transconductance
amplifier. Approximately the same open loop gains are
obtained at each of the Iq settings if corresponding loads
of 10k, 100k, and 1M are used.

The maximum output source current is higher than the
maximum sink current, and is independent of Iq.

Like most ampilifiers, there are output loads for which the
amplifier stability is not guaranteed. In particular, avoid
capacitive loads greater than 100 pF; and while on the
1mA |q setting, avoid loads less than 5 kQ. Since the
output stage is a transconductance output, very large
(>10 uF) capacitive loads will create a dominant pole and
the output will be stable, even with loads that are less
than 5 kQ.

Extended Common Mode Voltage Range,
ICL7612 and ICL7616

A common mode voltage range that includes both V* and
V-~ is often desirable, especially in single supply opera-
tion. The ICL7612 and ICL7616 extended common mode
range op amps are designed specifically to meet this
need. The ICL7612 input common mode voltage range
(CMVR) extends beyond both power supply rails when
operated with at least 3V total supply and an Iq of 10uA
or 100uA. The ICL7616 CMVR includes the negative sup-
ply voltage (or ground when operated with a single supply)
at an Ig of 10uA or 100uA.

Single/Dual/Triple/Quad
Operational Amplifiers

Printed Circuit Board Layout

Careful PCB layout techniques must be used to take full
advantage of the very low bias current of the ICL7611
family. The inputs should be encircled with a low impe-
dance trace, or guard, that is at the same potential as the
inputs. In an inverting amplifier this is normally ground;
in a unity gain buffer connect the guard to the ouput. A
convenient way of guarding the 8 pin TO-99 version of
the ICL7611 is to use a 10 pin circle, with the two extra
pads on either side of the input pins to provide space for
a guard ring (see Figure 8). Assembled boards should be
carefully cleaned, and if a high humidity environment is
expected, conformally coated.

Single Supply Operation

The ICL7611 family will operate from a single 2V to 16V
power supply. The common mode voltage range of the
standard amplifier types when operated from a single sup-
ply is 1.0V to (V* — 0.6V) at 10 pA Iq. At 100 A Iq the
CMVR is 1.0V to (Vt — 0.8V), and at 1 mA Ig the CMVR is
1.3Vto (V¥ — 1.3V). If this CMVR range is insufficient, use
the ICL7612, whose CMVR includes both ground and V;*
or the ICL7616, whose CMVR includes ground.

A convenient way to generate a psuedo-ground at V*/2
is to use one op amp of a quad to buffer a V*/2 voltage
from a high impedance resistive divider.

Low Voltage Operation

Operation at Vgypp = *1.0V is only guaranteed at Iq =
10 pA. Output swings to within a few millivolts of the
supply rails are achievable for R (> or =) 1 MQ. Guaran-
teed input CMVR is £0.6V minimum and typically +0.9V
to —0.7V at Vsypp = +1.0V. For applications where greater
common mode range is desirable, refer to description of
ICL7612 and ICL7616 above.

Applications
Note that in no case is Iq shown. The value of Iq must be

chosen by the designer with regard to frequency response
and power dissipation.

— + O+ R R3
A1
R2
< - v,
R1 A3 our
R +
Ty
Vi R2
25k
R3
)
L - +
. R3 [2R2
Ga = B3 (282..9)

ViN —

ICL761 Vout

RL 210k}

Figure 1. Instrumentation Amplifier—Adjust R3 to improve CMRR. The
offset of all three amplifiers is nulled by the offset adjustment
of A2.

VIAXI/VL

Figure 2. Simple Follower — By using the ICL7612 in these applications,
the circuits will follow rail to rail inputs.
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ICL761X/2X/3X/4X

Single/Dual/Triple/Quad
Operational Amplifiers

+5

Vour

TO CMOS OR
100k Q LPTTL LOGIC

H—AAN—— &
A
+
||

1H5040

b) p——— Vour
N

Figure 3. Level Detector— By using the ICL7612 in these applications,
the circuits will follow rail to rail inputs.

Figure 4. Photocurrent Integrator — Low leakage currents allow integra-
tion times up to several hours.

IcL7621

680k Q

WAVEFORM GENERATOR

05uF 10k Q
Vin T0

SUCCEEDING
INPUT
STAGE

1.8k = 5%

SCALE

ADJUST Vo

_COMMON ’
%
icLre2

Figure 5. Precise Triangle/Square Wave Generator—The frequency and
duty cycle are virtually independent of power supply.

Figure 6. Averaging AC to DC Converter— Recommended Maxim’s
ICL7106/07/09 A/D Converters.

+8V
o)

€ NOTE 1

Bottom View

mMaxim
1H5141

[
: | : HoLo
Vin

=k -q T,-smrc Vs '0,5”
! outrur \
I 1
I S
.
= 15k VA/ A
&
1 GUARD W™
Figure 7. Burn-In and Life Test Circuit Figure 8. Input Guard for TO-99
S/H
CONTROL 1
INPUT '
1
!
: Cinr
| —
1
100k Q | r R WF
Ry LS % w
Ist j iy O .
Vv,

Figure 9. Low Droop Rate Sample & Hold— S2 improves accuracy and
acquisition time by including the voltage drop across S1 inside the feed-
back loop. R1 closes the feedback loop of A1 during the hold phase.

The droop rate is lgiasiaz) + ILeakes1) + ILeakis2)/ CroLo-
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Figure 10. Long Time Constant Integrator —With R,y = 10" ohm, the
time constant of this integrator is 100,000 seconds. Since the input
voltage is converted to a current by R, the input voltage can far exceed
the power supply voltage.
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Single/Dual/Triple/Quad
Operational Amplifiers

Crs

Reg = 101102
AAA
VWA

»/
/
A -
>
. D Vo = -100mV/pA

CURRENT
SOURCE

Figure 11. Pico Ammeter—The response time of this circuit is Rgg X Cgg,
where Cgg is the stray capacitance between the output and the inverting
terminal of the amplifier.

OuUTPUT

10MQ

oM

ICL7611

o 3

270pF

270pF

Figure 12. 60 Hz Twin “T" Notch Filter —The low, 1 pA bias current of the
ICL7611 allows use of small 540 pF and 270 pF capacitors, even with a
notch frequency of 60 Hz. The 60 Hz rejection is approximately 40 dB.

___Chip Topographies

ICL7611/12/14/16
SINGLE

0.055"
(1.40 mm)
7 6
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8 5
OFFSET 0.061"
1 (1.55 mm)
— INPUT +INPUT
2 3
ICL7631/32
TRIPLE
| 0.100" 3
l: (2.54mm) "
14 13 12 1
oUT,  HINg INg 1qgSET OUT

3 4Ny

ICL7621/22
DUAL
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(211 mm)
ouT, NCOR VvV
12

OUTB
10

v 0.061
(2.11mm)

VT OFFSET, +INg
2 3 4 5 6

ICL7641/42
QUAD

0.099"

(2.51 mm)

—
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+
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a
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ICL761X/2X/3X/4X

Single/Dual/Triple/Quad
Operational Amplifiers

__Package Information
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Mavxii ibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are

implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.

2-16

o —__Maxim Integrated Products, 510 N. Pastoria Avenue, Sunnyvale, CA 94086 (408) 737-7600



General Description

The Maxim ICL7650 is a chopper-stabilized amplifier, ideal
for low-level signal processing applications. Featuring high
performance and versatility, this device combines low input
offset voltage, low input bias current, wide bandwidth and
exceptionally low drift over time and temperature. Low offset
is achieved through a nulling scheme that provides con-
tinuous error correction. A nulling amplifier alternately nulls
itself and the main amplifier. The result is an input offset
voltage that is held to a minimum over the entire operating
temperature range.

The ICL7650B is an exact replacement for the Intersil
ICL7650B. This device has a maximum offset voltage of
10uV, a maximum input offset voltage temperature coef-
ficient of 0.1uV/° C, and a maximum bias current of 20 pA; all
specified over the commercial temperature range.

A 14 lead version is available which can be used with either
an internal or external clock. The 14 lead version has an
output voltage clamp circuit to minimize overload recovery
time.

Applications

Thermocouples
Thermistors
Strain Gauges

Condition Amplifier
Precision Amplifier
Instrumentation Amplifier

Pin Configuration

Top View

NC = NO INTERNAL CONNECTION

WM AXI1/V

Chopper Stabilized
Operational Amplifier

Features

Improved 2nd Source! (See 3rd page for
“Maxim Advantage™”).

¢ Lower Supply Current: 2.0 mA
4 Low Offset Voltage: 1 pVv
¢ No Offset Voltage Trimming Needed
¢ High Gain, CMRR and PSRR (120 dB min)
¢ Lower Offset Drift With Time and Temperature
¢ Extended Common Mode Voltage Range
¢ Low DC Input Bias Current: 10 pA
¢ Monolithic, Low Power CMOS Design
Ordering Information
PART TEMP. RANGE PACKAGE
ICL7650CDP 0°Cto +70°C 14 Lead Plastic DIP
ICL76501JD -20°C to +85°C 14 Lead CERDIP
ICL7650MJD -55°C to +125°C 14 Lead CERDIP
ICL7650CPA-1  0°Cto+70°C 8 Lead Plastic DIP
ICL7650CTV-1 0°Cto+70°C  TO-99 Can
ICL7650ITV-1  -20°C to +85°C  TO-99 Can
ICL7650MTV-1  -55°C to +125°C TO-99 Can
ICL7650C/D 0°C to +70°C Dice
ICL7650BCPD  0°C to +70°C 14 Lead Plastic DIP
ICL7650BCPA-1  0°C to +70°C 8 Lead Plastic DIP
ICL7650BCTV-1  0°C to +70°C TO-99 Can
ICL7650BC/D 0°C to +70°C _ Dice
- Typical Operating Circuit
" VWAV————
1
INPUT AN
p———— OUTPUT

icL76s0 S

r

Inverting Amplifier
with Optional Clamp

(Detailed Circuit Diagram—Figure 5)

The “Maxim Advantage™” signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the
following: guaranteed performance over temperature along with tighter test specifications on many key parameters; and device
enhancements, when needed, that result in improved performance without changing the functionality.

MAXIV
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ICL7650/7650B

Chopper Stabilized
Operational Amplifier

ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage (V* to V™) ............... 18 Volts
Input Voltage ........... (V* + 0.3)to (V- — 0.3) Voits
Storage Temp. Range .................. -65°C to 160°C
Operating Temp. Range ................... " See Note 1
Lead Temperature (Soldering, 10sec) ........... 300°C
Voltage on oscillator control pins ............. VitoV~
except EXT CLOCK IN: ...(V* + 0.3) to (V' — 6.0) Volts
Duration of Output short circuit ............... Indefinite
Currentintoany pin ..................cooin.... 10mA
—while operating (Note 4) .................... 100 A

Cont. Total Power Dissipation (T, = 25°C)

CERDIP Package ......................... 500 mW
PlasticPackage ........................... 375 mW
TO-99 . 250 mwW

Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those indicated
in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.

ELECTRICAL CHARACTERISTICS — ICL7650

(V' = +5V, V™ = -5V, Tp = 25°C, Test Circuit, Unless Noted)

PARAMETER SYMBOL TEST CONDITIONS MIN. L:w;.s MAX. UNIT
Input Offset Voltage Vos Ta = +25°C +0.7 +5
—-55°C < Ta < +85°C +1.0 m
-55°C < Tp < +125°C
Average Temp. Coefficient AV —-20°C < T,p < +85°C
of Input Offset Voltage AT
Input Bias Current laias Ta = +25°C
(doubles every 10°C) 0°C < Ta < +70°C
—20°C < Tp < +85°C
Input Offset Current los Ta = 25°C
Input Resistance Riv
Large Signal Voltage Gain AvoL
Output Voltage Swing Vour +4.85 \
(Note 3) +4.95
Common Mode Voltage Range -52to +20| 1.6 \'
Common Mode Rejection Ratio 130 dB
Power Supply Rejection Ratio 130 aB
Input Noise Voltage 2 nVp-p
0 to 10Hz
Input Noise Current _, f = 10Hz 0.01 pA/VHz
Unity Gain Ban GBW 2.0 MHz
Slow Rate SR C. = 50pF, R, = 10k} 25 Vius
Rise Tirie t, 0.2 us
Overshoot 20 %
Operating Supply Range V+ to V- 45 16 \
Supply Current Isupp no load 2.0 3.5 mA
Internal Chopping Frequency fon pins 12-14 open (DIP) 120 200 375 Hz
Clamp ON Current (note 2) R. = 100kQ 25 70 200 nA
Clamp OFF Current (note 2) —4.0V < Vour < +4.0V 1 pA
Offset Voltage vs Time 100 nV/Vmonth

NOTE 1: Operating temperature range for M series parts is —55°C to + 125°C, for | series is —20°C to +85°C, for C series is 0°C to +70°C

NOTE 2: See OUTPUT CLAMP under detailed description.
NOTE 3: OUTPUT CLAMP not connected. See typical characteristic curves for output swing vs clamp current characteristics.

NOTE 4: Limiting input current to 100p A is recommended to avoid latch-up problems. Typically 1mA is safe, however this is not guaranteed.

NOTE 5: lgs = 2 o lgas

The electrical characteristics above are a reproduction of a portion of Intersil’s copyrighted (1983/1984) data book. This information does
not constitute any representation by Maxim that Intersil’s products will perform in accordance with these specifications. The “Electrical
Characteristics Table” along with descriptive excerpts from the original manufacturer’s data sheet have been included in this data sheet

solely for comparative purposes.
2-18
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VI K12V

Chopper Stabilized Operational Amplifier

¢ Lower Supply Current ¢ Characterized over Military Temperature Range
¢ Key Parameters Guaranteed over Temperature 4 Significantly Enhanced “ESD” Protection (Note 6)
¢ Extended Common Mode Voltage Range 4 Maxim Quality and Reliability

ABSOLUTE MAX|MUM RAT'NGS This device conforms to the Absolute Maximum Ratings on adjacent page.
ELECTR'CAL CHARACTER'S-HCS The ICL7650 specifications below satisfy or exceed all “tested” parameters on

adjacent page. (V* = +5V, V- = -5V, T, = 25°C, Test Circuit, unless Noted.)

-~
(2)
3
4
5
g
]

ARAMETER CONDITIONS MIN TYP MAX UNITS
Ta=+25°C, ICL7650 +0.7 +5.0 myg
Ta=+25°C, ICL7650B 1.0 +10 uv
0°C <Ta<+70°C, ICL7650 (Note 7) +1.0 +10 uv
-20°C < TA< +85°C, ICL7650 (Note 7) +1.0 +10 uv
556°C < Ta<+125°C, ICL7650 (Note 7) *10 +50 uv
0°C < Ta<+70°C, ICL7650
0°C <Ta<+70°C, ICL7650B
-20°C < Ta < +85°C, ICL7650

Ta=+25°C, ICL7650
Ta=+25°C, ICL7650B

Input Resistance m

RL =10k} Tp = +25°C

R = 10k
RL = 100k

Output Voltage Swing
(Note 3) Vour

Power Supply Rejection Ratio PSRR | +3V to 8V 120 130 dB

Rs = 10001 2 v
Input Noise Voltage enpp 0'1o 10Hz #Ve-p
Input Noise Current in f=10Hz 0.01 pA/VHz
Unity Gain Bandwidth GBW 2.0 MHz
Slew Rate SR CL = 50pF, RL = 10k} 25 V/us
Rise Time tr 0.2 us
Overshoot 20 %
Operating Supply Range V*to V- 4.5 16 \"
Internal Chopping Frequency fcLkouT pins 13 and 14 open (DIP) 120 200 375 Hz
Clamp ON Current (Note 2) RL = 100k 25 70 200 pA
Clamp OFF Current (Note 2) -4.0V < Vour < +4.0V 1 pA
Offset Voltage vs Time 100 nV/Vmonth

NOTE 1: Operating temperature range for M series parts is —55°C to +125°C, for | series is —20°C to +85°C, for C series is 0°C to +70°C
NOTE 2: See OUTPUT CLAMP under detailed description.

NOTE 3: OUTPUT CLAMP not connected. See typical characteristic curves for output swing vs clamp current characteristics.

NOTE 4: Limiting. input current to 100u A is recommended to avoid latch-up problems. Typically 1mA is safe, however this is not guaranteed.
NOTE 5: lps = 2 o lg;ag

NOTE 6: All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V (Mil Std 883B Method 3015.1 Test Circuit)
NOTE 7: Sample tested. Limits are not used to calculate outgoing quality level.
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ICL7650/7650B

Chopper Stabilized
Operational Amplifier
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Figure 1. Maxim ICL7650 Test Circuit

Detailed Description

Amplifier
Figure 2 shows the major elements of the ICL7650. Two
amplifiers are illustrated, the main amplifier and the nulling
amplifier, both have offset-null capability. The main amplifier
is connected full-time from the input to the output. The nulling
amplifier, under the control of the chopping frequency oscil-
lator and clock circuit, alternately nulls itself and the main
amplifier. The nulling arrangement, which is independent of
the output level, operates over the full power supply and
common mode ranges. This device exhibits an exceptionally
high CMRR, PSRR and Ao, . The nulling connections, which
are MOSFET back gates, have inherently high impedance.
The two external capacitors provide the required storage of
the nulling potentials and the necessary nulling-loop time
constants.

The chopper frequency charge injection at the input terminals
is minimized by careful balance of the input switches. The
feed forward-type injection into the compensation capacitor is
also minimized. This is the main cause of spikes at the output
in this type of circuit.

Output Clamp

The clamp reduces overload recovery time inherent with
chopper-stabilized amplifiers. When tied to the summing
junction, or inverting input pin, a current path between this
point and the output occurs just before the output device
saturates. This prevents uncontrolled input differential and
the consequent charge build-up on the correction-storage
capacitors. There is only a slight reduction in the output
swing.

2-22

Figure 2. Block Diagram

Intermodulation

Intermodulation effects have been a problem with older chop-
per stabilized amplifier modules. Intermodulation occurs
since the amplifier has a finite AC gain, and therefore will
have a small AC signal at the input. In a chopper stabilized
module this small AC signal is detected, chopped, and fed
into the offset correction circuit. This results in spurious out-
puts at the sum and difference frequencies of the chopping
frequency and the input signal frequency. Other inter-
modulation effects in chopper stabilized modules include gain
and phase anomalies near the chopping frequency.

These effects are substantially reduced in the ICL7650 by
adding into the nulling circuit a dynamic current that compen-
sates for the AC on the inputs due to the ampilifiers finite gain.
Unlike the modules, the ICL7650 can precisely compensate
for the finite AC gain since both the AC gain rolloff and the
intermodulation compensation current are controlled by
matched capacitors onboard the ICL7650.

Nulling Capacitor Connection

Separate pins are provided for Crery and CLAMP in the 14
lead version of the ICL7650. With the 8 lead version, a choice
must be made. If the clamp feature is not used, the “-1”
version with the Cgery pin should be ordered since it will give
slightly lower noise and improved AC CMRR. If the clamp
feature is used, order the standard ICL7650 and connect the
external capacitors to V™. To prevent load current IR drops
and other extraneous signals from being injected into the
capacitors, a separate printed circuit board trace should be
used to connect the capacitor commons directly to the V™ pin.
The outside foil of the capacitors should be connected to the
low impedance side of the null storage circuit, V™ or Cgemn.
This will act as an electro-static voltage shield.

MAXIVI




Clock Operation
A frequency of 200Hz is generated by the internal oscillator
of the ICL7650. This is available at the CLK OUT pin on the
14-pin devices. The use of an external clock is also optional
on these parts. The INT/EXT pin may be left open for normal
operation due to the internal pull-up. However, the internal
clock must be disabled and this pin must be tied to V- if an
external clock is desired. An external clock signal may then
be applied to the EXT CLK IN pin. The duty cycle of the
external clock is not critical at low frequencies. However, a
50% to 80% positive duty cycle is preferred for frequencies
above 500 Hz, since the capacitors are charged only when
EXT CLK IN is HIGH. This ensures that any transients have
time to settle before the capacitors are turned OFF. The ex-
ternal clock should swing between GROUND and (V") for
power supplies up to +6 volts, and between (V') and
(V* —6V) for higher supply voltages.

To avoid a capacitor imbalance during overload, a strobe
signal may be used. Neither capacitor will be charged if a
strobe signal is connected to EXT CLK IN so that it is low
during the time that the overload signal is applied to the
amplifier. A typical amplifier will drift less than 10 pV/s since
the leakage of the capacitor pins is quite low at room tem-
perature. Relatively long measurements may be made with
little change in offset.

Applications

Device Selection

In many applications Maxim’s interchangeable ICL 7652 is
preferred over the ICL 7650. The ICL7650 has a higher gain-
bandwidth product and lower input bias currents, while the
ICL7652 has less noise. The major change in the ICL7652 to
reduce the noise is an increase in the size of the input FETs.
This, however, increases the leakage at the ICL7652's exter-
nal null pins. This means the ICL7650 can operate to a higher
temperature with 0.1uF capacitors before the clock ripple
(due to leakage at the null capacitor pins) becomes excessive
and 1.0 F external capacitors are required.

Chopper Stabilized
Operational Amplifier

Output Stage/Load Driving
The ICL7650 is in some ways like a transconductance
amplifier whose open loop gain is proportional to load re-
sistance. This behavior is apparent when loads are less than
the high impedance stage (approximately 18K(} for 1 output
circuit. The open loop gain, for example, will be 17dB lower
with a 1K(} load than with a 10K() load. This lower gain is of
little consequence if the amplifier is used strictly for DC, since
the DC gain is typically greater than 120 dB even with a 1K(}
load. For wideband applications, however, the best frequency
response will be achieved with a load resistor of 10k} or
higher. The result will be a smooth 6dB/octave response from
0.1Hz to 2MHz, with phase shifts of less than 10° in the
transition region where the main amplifier takes over from the
null amplifier.

Component Selection

Cexta and Cexrs, the two required capacitors, have optimum
values depending on the clock or chopping frequency. The
correct value is 0.1.F for the preset internal clock. This com-
ponent value should be scaled proportionally to the rela-
tionship between the chopping frequency and the nulling time
constant if an external clock is used. A low leakage ceramic
capacitor may prove suitable for many applications, however,
a high-quality film-type capacitor such as mylar is preferred.
Low dielectric absorption capacitors (such as polypropylene)
should be used for lowest settling on initial turn-on. With low
dielectric absorption capacitors, the ICL7650 will settle to
1uV offsetin 100 ms, but several seconds may be required if
ceramic capacitors are used.

Thermo-electric Effects

Thermo-electric effects developed in thermocouple junctions
of dissimilar metals, alloys, silicon, etc., ultimately limit pre-
cision DC measurements. Unless all junctions are at the
same temperature, thermoelectric voltages typically around
10wV/°C, but up to hundreds of pV/°C for some materials, will
be generated. In order to realize the extremely low offset
voltages that the chopper amplifier can provide it is essential
to take special precautions to avoid temperature gradients.
To eliminate air movement, all components should be en-
closed (particularly those caused by power dissipating ele-
ments in the system). Power supply voltages and power dis-
sipation should be kept to a minimum, and low thermo-electric
coefficient connections should be used where possible. Sep-
aration from surrounding heat dissipating elements is ad-
vised, and high impedance loads are preferable.
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ICL7650/7650B

Chopper Stabilized
Operational Amplifier

Input Guarding

Low leakage, high impedance, CMOS inputs allow the
ICL7650 to make measurements of high impedance sources.
Stray leakage paths can decrease input resistance and in-
crease input currents unless inputs are guarded. Boards
must be thoroughly cleaned with TCE or alcohol and blown
dry with compressed air. The board should be coated with
epoxy or silicone after cleaning to prevent contamination.

Leakage currents may cause trouble even with properly
cleaned and coated boards, particularly since the input pins
are adjacent to pins that are at supply potentials. A significant
reduction in leakage can be accomplished by using guarding
to lower the voltage difference between inputs and adjacent

metal runs. By using a 10-lead pin circle, with the leads of the
device formed so that the holes adjacent to the inputs are
empty when it is inserted in the board, input guarding of the
8-lead T0-99 package is accomplished. A conductive ring
surrounding the inputs, the guard, is connected to a low-
impedance point that is approximately the same voltage as
the inputs. The guard then absorbs the leakage current from
the high voltage pins. Typical guard connections are shown in
Figure 3.

The 14-pin dip configuration has been specifically designed
to ease input guarding. The pins adjacent to the inputs are not
used.

R1 R2
INPUT

OuTPUT

OPERATION (see FIG. 5)

INVERTING AMPLIFIER FOLLOWER

*USE R3 TO COMPENSATE FOR LARGE
SOURCE RESISTANCES, OR FOR CLAMP

EXTERNAL
CAPACITORS

R2 /\
R3* V\ '
ouTPUT ,
1 OUTPUT N 78
<
>
SH externaL _® 5,
h CAPACITORS 7
INPUT vy Q\),\f:
&
Note: R1R2_ SHOULD BE LOW GUARD >
R1 + R2 IMPEDANCE FOR BOTTOM VIEW

OPTIMUM GUARDING
BOARD LAYOUT FOR INPUT
GUARDING WITH TO-99
PACKAGE

NON-INVERTING AMPLIFIER

Figure 3. Input Guard Connection

Pin Compatibility
The 8-lead pin-out of the ICL7650 generally corresponds to
that of the industry standard 8-pin devices, LM741, LM101,
etc. However, the external null storage capacitors are con-
nected to pins 1 and 8, whereas on most operational
amplifiers these are left open or used for offset null or com-
pensation capacitors.

The OP-05 and OP-07 operational amplifiers can be con-
verted for ICL7650 operation. This can be accomplished by
replacing the offset-null pot between pins 1 and 8, and V* by
two capacitors from these pins to V™. For LM 108 devices, the
compensation capacitor is replaced by the external nulling
capacitors.

Typical Applications

Figure 4 shows the ICL7650 automatically nulling the offset
voltage of a high speed amplifier. The ICL7650 continuously
monitors the voltage at the inverting input of the high speed
amplifier, integrates the error, and drives the high speed
amplifier's non-inverting input to correct for the offset voltage
detected at the inverting input. The DC offset characteristics
of the circuit are determined by the ICL7650, while the AC
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performance is determined by the high speed amplifier. While
this circuit continuously and automatically adjusts the offset
of the high speed ampiifier to less than 5uV, it does not
correct for errors caused by the input bias current, and R
should be as low as is practical. This technique can be used
with any operational amplifier that is configured as an in-
verting amplifier.

Figures 5 and 6 illustrate basic inverting and non-inverting
amplifier circuits. An output clamping circuit is used in both
circuits to enhance the overload recovery performance. The
supply voltage (+ 8V max) and the output drive capability
(10KQ load for full swing) are the only limitations on the
replacement of other operational amplifiers by the ICL7650.
By using a simple booster circuit, these limitations may be
overcome (Figure 7). This enables the full output capabilities
of the LM118 (or any other standard device) to be combined
with the input capabilities of the ICL7650. The loop gain sta-
bility should be watched carefully when the feedback network
is added, particularly when a slower amplifier such as the 741
is used.

A lower voltage supply is required when mixing the ICL7650
with circuits that operate at + 15V supplies. One approach is
to use a highly-efficient voltage divider. This is illustrated in
Figure 8 where the ICL7660 voltage converter is used to
convert +15V to 7.5V.

MAXI/VI




Chopper Stabilized
Operational Ampilifier

ICL7650

+7.5V +15V

ICL7650

—15v
10k}

“TeV 0.1uF 0.1uF

10k

Figure 7. Using 741 to boost Output Drive Capability

Figure 4. Nulling a High Speed Amplifier

INPUT AAA/
k0

$——————— OUTPUT

(R, //R;) = 100k$
FOR FULL CLAMP EFFECT

2 sl——< +15v
maxim
10uF ICL7660 3 +7.5V
== 104F
4 5 ov
6

Figure 5. Inverting Amplifier with Optional Clamp

0.1uF

INPUT >

maxim

ICL7650 P ouTkuT
>
<
SR,
| Y NOTE: R, /R, INDICATES THE
| Ry PARALLEL COMBINATION
___A_MN__T OF R, AND R,
P4
Ry + (R,//R,) > 100k02 > R,
FOR FULL CLAMP EFFECT i

Figure 8. Splitting + 15V with ICL7660 Same for — 15V (95% Efficiency)

Chip Topography

Cexta  Cexts INT EXT 1EXT CLK IN

|
2 1 14 13

—~dll

oo

4 —
=== il | 12— ck out

10— outeut
096"
(2.44mm)
IN-—4
IN—5
v — 7]
L

CRETN  OUTPUT CLAMP

095
(2.41mm)

Figure 6. Non-Inverting Amplifier with Optional Clamp
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Package Information

ICL7650/7650B
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General Description

The Maxim ICL7652 is a chopper-stabilized amplifier,
ideal for applications requiring low-level signal ampli-
fication and conditioning. This device offers distinct
performance advantages over the 1ICL7650, including
improved noise performance and a wider common-
mode input voltage range. The bandwidth and siew
rate are slightly reduced.

The ICL7652 virtually eliminates the Vos error term in
system error calculations, eliminating the reliability and
cost problems associated with potentiometer adjust-
ments. In addition, the 0.01uV/° C Vosdrift specification
and the excellent long term offset stability eliminate the
need for periodic Vos trimming.

The offset nulling circuit for the 8-lead ICL7652 is con-
trolled by an internal oscillator circuit. The 14-lead version
offers the capability of connecting an external oscillator
to control the Vos nulling operation. The 14-lead
device has an output voltage clamp circuit to minimize
overload recovery time.

Applications

The ICL7652 is ideal for all preamplifier circuit appli-
cations where low offset voltage is critical and periodic
adjustment of the offset is difficult or inaccessible.

Precision Amplifier
Instrumentation Amplifier
Thermocouple Amplifier
Thermistor Ampilifier
Strain Gauge Amplifier

Typical Operating Circuit

INPUT D>———AAA/

b OUTRUT

Inverting Amplifier
with Optional Clamp

(Detailed Circuit Diagram — Figure 5)

VI AXI1/WVI

Chopper Stabilized
Operational Amplifier

Features

¢ Improved 2nd Source! (See 3rd page for
“Maxim Advantage™”).

Low Input Noise Voltage 0.2uVp-p(DC-1Hz)
Low Offset Voltage: 5.V Max.

Low DC Input Bias Current: 30pA Max.
High Gain, CMRR and PSRR (110dB Min.)
Compensated for Unity Gain Operation

Excellent Long Term Offset Stability
(<100nV/\/month)

¢ Monolithic, Low Power CMOS Design

@ & & & o o

Ordering Information

PART TEMP. RANGE PACKAGE
ICL7652CPA 0°C to +70°C 8 Lead Plastic DIP
ICL7652CPD 0°C to +70°C 14 Lead Plastic DIP
ICL7652CTV 0°C to +70°C TO-99 Can
ICL7652IJA -20°C to +85°C 8 Lead CERDIP
ICL76521JD -20°C to +85°C 14 Lead CERDIP
ICL7652ITV -20°C to +85°C TO-99 Can
ICL7652C/D 0°C to +70°C Dice

NOTE: All devices listed above are available in B versions. Order
part number ICL76528B _ _ _.

Pin Configurations

Top View

NC(GUARD) [ 6]

NC - NO INTERNAL CONNECTION

The “Maxim Advantage™" signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the following:
guaranteed performance over temperature along with tighter test specifications on many key parameters; and device enhancements, when needed, that result

in improved performance without changing the functionality.

VI X1 /VI

Maxim 1 2-27
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ICL7652/7652B

Chopper Stabilized
Operational Amplifier

ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage (V*to V™) .............ic.eeee. 18V
Input Voltage .................. (V*+0.3)to (V' -0.3) V
Storage Temperature Range ............ -65°C to 160°C
Operating Temperature Range .............. See Note 1
Lead Temperature (Soldering, 10sec) ........... 300°C
Voltage on Oscillator Control Pins .............. V*to V-
Duration of Output Short Circuit ............. Indefinite

Currentinto Any Pin ..................cuun, 10mA
— while operating (Note 4) ..................... 100xA
Continuous Total Power Dissipation (Ta = +25°C)
CERDIP Package (Maxim) ................... 500mW
Plastic Package .................. .. ol 375mW
TO-99 e 250mW

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is notimplied.
Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS - ICL7652
(V*=+5V, V- = -5V, Ta = +25°C, Test circuit unless noted)

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT
Input Offset Voltage Vos Ta=+25°C +0.7 +5
Over Operating Temperature uv
Range (Note 1)
é‘tl)eeﬁg:?eﬁet%? fler::tuutre AVos Operating Temperature uV/°C
Offset Voltage aT Range (Note 1)
Input Bias Current° IBias Ta=+25°C
;lggz?l:;gery 10°C above 0°C < Ta<+70°C pA
-20°C <Ta<+85°C
Input Offset Current los Ta=+25°C pA
Input Resistance RiN “ 10" Q
Large Signal Voitage Gain AvoL RL = 10k{}, Vour = 4V, : 120 150 dB
Output Voltage Swing (Note 3) Vout RL = 10k} +4.7 +4.85 v
RL = 100k} +4.95
Common-Mode Voltage Range CMVR -43 -4.8 to +4.0 3.5 v
Common-Mode Rejection Ratio CMRR CMVR = -@;BV 110 130 dB
Power Supply Rejection Ratio PSRR +3V to£8V" 110 130 dB
Input Noise Voltage enp.p Rs 1000, BCto 1Hz 0.2 v
DC to ok 07 #ipe
Input Noise Current 5 on 0.01 pA/\/Hz
Unity-Gain Bandwidth 0.45 MHz
Slew Rate CL = 50pF, RL = 10k 0.5 V/us
Rise Time 0.8 us
Overshoot 20 %
Operating Supply | V*to V- 5.0 16 \"
Supply C Isupp No Load 2.0 3.5 mA
Internal ping Frequency feh Pins 12-14 Open (DIP) 400 Hz
Clamp ON Current (Note 2) RL = 100k 25 100 nA
Clamp OFF Current (Note 2) -4.0V < Vour < +4.0V 1 pA
Offset Voltage vs Time 100 nV/y/month

Note 1: Operating temperature range for | series parts is -20°C to +85°C, for C series is 0°C to +70°C.
Note 2: See OUTPUT CLAMP under detailed description.

Note 3: OUTPUT CLAMP not connected. See typical characteristics curves for output swing vs. clamp current characteristics.
Note 4: Limiting input current to 100uA is recommended to avoid latch-up problems. Typically 1mA is safe, however this not guaranteed.

The electrical characteristics above are a reproduction of a portion of Intersil’s copyrighted (1983/1984) data book. This information does not constitute any
representation by Maxim that Intersil's products will perform in accordance with these specifications. The “Electrical Characteristics Table” along with the
descriptive excerpts from manufacturer’s data sheet have been included in this data sheet solely for comparative purposes.

2-28

VAKXV



AKX/

Chopper Stabilized
Operational Amplifier

¢ Key Parameters Guaranteed Over Temperature 4 Improved ESD Protection (Note 5)
¢ Lower Supply Current 4 Maxim Quality and Reliability

ABSOLUTE MAXIMUM RATINGS This device conforms to the Absolute Maximum Ratings on adjacent page.
ELECTRICAL CHARACTERISTICS The ICL7652 specifications below satisfy or exceed all “tested” parameters on adjacent
page. (V'=+5V, V™ =-5V, T, = +25°C, Test circuit, unless noted.)

8269.L/2S9L 101

PARAMETER l SYMBOL CONDITIONS MIN. TYP MAX. UNITS
Hage ' . - Ta=+25°C +0.7 +5.0
| ICL7652 — Over Temperature Range | 1.0
| 1CL76528 (pelow) S v
Average Temperature [ ICL7652 — Over Temperature Range
Coefficient of Input i Y | ICL7652B (below)
Offset Voltage (Note 1) A.?s -20°C <Tp = +40°C 0.01 0.05 uv/°C
-20°C <T5 = +70°C (Note 1, 7) 0.01 0.1
+70°C =T = +85°C (Note 1, 7) 0.1 0.5
pA
Q
dB
_ R = 10k +4.7 +4.85
Output Voltage Swing (Note 3) R, = 100k() +4.95 v
;r 3 ;,{XU,M 15 R 2 7 7 e T Y V/q?i ‘ ¥ ’7 7 ‘ T \ v
i i - i o
, - +25 % 10 | 130 dB
dB
Input Noise Voltage enpp DC to 10Hz 07 #Vop
Input Noise Current in f = 10Hz 0.01 pA/\/Hz
Unity-Gain Bandwidth GBW 0.45 MHz
Slew Rate SR CL = 50pF, Ry = 10k} 0.5 V/us
Rise Time tr 0.8 us
Overshoot 20 %
Operating Su
Internal Chopping Frequency fch Pins 12-14 Open (DIP) 400
Clamp ON Current (Note 2) RL = 100k() 25 100 uA
Clamp OFF Current (Note 2) -4.0V < Vour = +4.0V 1 pA
Offset Voltage vs Time 100 nV/\/month

Note 1: Operating temperature range for “I" series parts is -20°C to +85°C, for C series is 0°C to +70°C. This parameter is guaranteed by test
correlation.

Note 2: See OUTPUT CLAMP under detailed description.

Note 3: OUTPUT CLAMP not connected. See typical characteristics curves for output swing vs. clamp current characteristics.

Note 4: Limiting input current to 100uA is recommended to avoid latch-up problems. Typically 1TmA is safe, however this is not guaranteed.
Note 5: All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V. (Mil Std 883B, Method 3015.1 Test Circuit.)
Note 6: Ios =2" Ig|as.

Note 7:  With Cgyxra = Cexrg = 1.0uF

VA4 V/ 0. 4V4idl 2-29




ilized
mplifier

Chopper Stab
Operational A

5
o N
z I
¢ . 1 g
. |
[¢) [ [ w w 5 9
o 4 2 [ 6z o}
ap w |3 & 2 <5 o]
W 4 Wy 2 5o a
Lo S z & [ Qu <X
w ¢ =3 3 o -k >
&S 4 oF H Geo Q
] & 5k 1S oz &
w. 3 7 ] = wa 2
=4 ] Q= z oa e}
a = 5@ & e} w
g 2 @ 5% g
a
b4 m 24 : ]
o > SRS TS BN SN S o 2
Qo S IR S B RN LN S W
o B i o
. o
o o - ° m_
el o~
LNdNI OL Q3443434 d-d A"—SNId dv0 LV VYW=IN3HHND AlddNS
AN3HHNO 3OVXVIT OL 3NA 3ddIY %0010 AI—=39VLI0A 138440
©
o < ~
[ 0 < !
=
- 3 5 M 02
0w V_ ; nVu GQuw <
(] w 4 1 Kyl +
=3 w w Ha <
o8 e =3°] g o
=3 £ g 2 23 &
23 3 £3 5 5 £
3% 5 R g L5 *3
o > z 14
Og m.._ > H 2% w W >
3a g ey & 8@ o g
E¢ a 53 3 $¢ g
M 2 @ 3 2z P
= E ] T
5 8 : g
Ie]
o -
- @ «~ - ° .nw & 3 ) = - ° ® ~ © » T ® & = o
1 | L] o
. A-LINIT 39VLTOA LNdNI 3AOW-NOWWOD
VW—1INIHHNO 1NdLNO WNWIXYN VW=INIHHND A1ddNS

82S89./2S9L 101

VAKXV

2-30



ed
fier

liz

Chopper Stabi
I Ampli

Operationa

ICL7652/7652B

P NOISE VOLTAGE

vs. CHOPPING FREQUENCY

10Hz P-

Ai—39VIIOA ISION d-d ZHOL 01 00

INPUT OFFSET VOLTAGE CHANGE
vs. SUPPLY VOLTAGE

Ai-=JONYHO FOVLIOA 138440 LNdNI

CHOPPING FREQUENCY (CLOCK-OUT) Hz

TOTAL SUPPLY VOLTAGE—VOLTS

OPEN LOOP GAIN AND PHASE SHIFT
vs. FREQUENCY

$3349H30 14IHS 3SVHd

Q
© o =
> 2

8P NIVD dOOT-N3d0

™

100K

10K

100
FREQUENCY Hz

10

VOLTAGE FOLLOWER LARGE SIGNAL
PULSE RESPONSE

VOLTAGE FOLLOWER LARGE SIGNAL
PULSE RESPONSE

S1TOA—39VLI0A LNdLNO

SLI0A—39VLI0A LNd1NO

TIME—/S

TIME—1S

MAXI/V



ICL7652/7652B

Chopper Stabilized
Operational Amplifier

2
AAA
\A A

™MQ

MAXIV
- ICL7652
Ca

C p——— OUTPUT

0.1uF EACH

MAXIMN
INT/EXT 0—] A ICL7652

EXT CLK INo—

CLK OUT 0—

Tl
1

| LT EXT CLK IN
A = CLK OUT

Figure 1. Maxim ICL 7652 Test Circuit

Detailed Description

Amplifier

Figure 2 shows the major elements of the ICL7652. Two
amplifiers are illustrated, the main amplifier and the
nulling ampilifier, both have offset-null capability. The
main amplifier is connected full-time from the input to
the output. The nulling amplifier, under the control of
the chopping frequency oscillator and clock circuit,
alternately nulls itself and the main amplifier. The
nulling arrangement, which is independent of the
output level, operates over the full power supply and
common mode ranges. This device exhibits excep-
tionally high CMRR, PSRR and AvoL. The nulling
connections, which are MOSFET back gates, have
inherently high impedance. The two external capac-
itors provide the required storage of the nulling
potentials and the necessary nulling-loop time
constants.

The chopper frequency charge injection at the input
terminals is minimized by careful balance of the input
switches. The feed forward-type injection into the
compensation capacitor is also minimized. This is the
main cause of spikes at the outputin this type of circuit.

Output Clamp

This pin allows for reduction of the overload recovery
time inherent with chopper-stabilized amplifiers. When
tied to the summing junction, or to the inverting input
pin, a current path between this point and the output
occurs just before the output device saturates. This
avoids uncontrolled input differential and the con-
sequent charge build-up on the correction-storage
capacitors. There is only a slight reduction in the
output swing.
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Figure 2. Maxim ICL7652 Block Diagram

Intermodulation

The effects of intermodulation between chopper
frequency and input signals have been a problem with
previous chopper stabilized amplifiers. These effects
are present because the finite AC gain of the amplifier
necessitates a small AC signal at the input. This is
detected by the zeroing circuit as an error signal. This
signal is chopped and fed back, thus injecting sum and
difference frequencies. This causes disturbances in the
gain and phase vs. frequency characteristics near the
chopping frequency. These effects are substantially
reduced in the ICL7652. This reduction is achieved by
feeding the nulling circuit with a dynamic current
which corresponds to the compensation capacitor
current. The intermodulation and gain/phase distur-
bances in the ICL7652 are held to very low values, and
generally can be ignored.

Nulling Capacitor Connection

The Cextaand CexTtg pins should be connected to the
null-storage capacitors, with the common connection
made to the CreTN. The outside foil of the capacitors
should be connected to CReTN.

_ VAKXV




Clock Operation

A frequency of 400Hz is generated by the internal
oscillator of the ICL7652. This is available at the CLK
OUT pin on the 14-lead device. The use of an external
clock is also available on these parts. The INT/EXT pin
may be left open for normal operation due to the
internal pull-up. However, the internal clock must be
disabled and this pin must be tied to V- if an external
clock is desired. An external clock signal may then be
applied to the EXT CLK IN pin. The duty cycle of the
external clock is not critical at low frequencies, since an
internal divide by two provides the desired 50% switch-
ing duty cycle. However, a 50% to 80% positive duty
cycle is preferred for frequencies above 500Hz, since
the capacitors are charged only when EXT CLK IN is
HIGH. This ensures that any transients have time to
settle before the capacitors are turned OFF. The
external clock can swing between V* and GROUND or
V*and V-, and has a logic threshold of about V* - 2.5V.

*To avoid a capacitor imbalance during overload, a
strobe signal may be used. Neither capacitor will be
charged if a strobe signal is connected to EXT CLK IN
so that it is low during the time that the overload signal
is applied to the amplifier. A typical amplifier will drift
less than 10uV/s since the leakage of the capacitor pins
is quite low at room temperature. Relatively long
rr}easurements may be made with little change in
offset.

Applications

Output Stage/Load Driving

The ICL7652 is in some ways like a transconductance
amplifier whose open loop gain is proportional to load
resistance. This behavior is apparent when loads are
less than the high impedance stage of the output
(approximately 18k(l). The open loop gain, for
example, will be 17dB lower with a 1k (1 load than with a
10k load. This lower gain is of little consequence if the
amplifier is used strictly for DC, since the DC gain is
typically greater than 120dB even with a 1k load. For
wideband applications, however, the best frequency
response will be achieved with a load resistor of 10k(}
or higher. The result will be a smooth 6dB/octave res-
ponse from 0.1Hz to 0.5MHz, with phase shifts of less
than 2° in the transition region where the main amplifier
takes over from the null amplifier.

Component Selection

Cextaand Cexts, the two required external capacitors,
have optimum values depending on the clock or
chopping frequency. The correct value is 0.1 to 1uF for
the preset internal clock frequency. The capacitor
value should be scaled proportionally to the relation-
ship between the chopping frequency and the nulling
time constant if an external clock is used. A ceramic or
other low grade capacitor may prove suitable for many
applications, however, a high-quality film-type capa-
citor such as mylar is preferred. Low dielectric absorp-

VAKXV
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tion capacitors (such as polypropylene) should be
used for lowest settling on initial turn-on. Several
seconds may be required to settle to 1V with ceramic
capacitors.

Static Protection

Input diodes provide static protection for all device
pins. Strong static fields and discharges, however,
should be avoided, as they can cause degraded diode
junction characteristics which may result in increased
input leakage currents.

Latch-up Avoidance

A parasitic four-layer (p-n-p-n) structure which has
characteristics similarto an SCRis a characteristic of a
junction-isolated CMOS circuit. This junction may be
triggered into a low impedance state under certain
circumstances which results in excessive supply
current. In an effort to avoid this condition, no voltages
greater than 0.3V beyond the supply rails should be
applied to any pin. Generally the amplifier supplies
should be established either at the same time or before
any input signals are applied. However, if this is not
possible, the drive circuits should limit the input current
flow to under 1mA to avoid latch-up, even under fault
conditions.

Thermo-electric Effects

Thermo-electric effects developed in thermocouple
junctions of dissimilar metals, alloys, silicon, etc.,
ultimately limit precision DC measurements. Unless all
junctions are at the same temperature, thermoelectric
voltages typically around 0.1 uV/°C, but up to tens of
uV/° C for some materials, will be generated. In order to
realize the extremely low offset voltages that the
chopper amplifier can provide it is essential to take
special precautions to avoid temperature gradients. All
components should be shielded from air movement,
especially that caused by power dissipating elements.
Power supply voltages and power dissipation should
be kept to a minimum, and low thermo-electric coeffi-
cient connections should be used where possible.
Separation from surrounding heat dissipating elements
is advised, and high impedance loads are preferable.
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Input Guarding

Low leakage, high impedance, CMOS inputs allow the
ICL7652 to make measurements of high impedance
sources. Stray leakage paths can decrease input
resistance and increase input currents unless inputs
are guarded. Boards must be thoroughly cleaned with
TCE oralcohol and blown dry with compressed air. The
board should be coated with epoxy or silicone rubber
after cleaning to prevent contamination.

Leakage currents may cause trouble even with properly
cleaned and coated boards, particularly since the input
pins are adjacent to pins that are at supply potentials. A
significant reduction in leakage can be accomplished
by using guarding to lower the voltage difference

between the inputs and adjacent metal runs. By usinga
10-lead pin circle, with the leads of the device formed
so that the holes adjacent to the inputs are empty when
it is inserted in the board, input guarding of the 8-lead
TO-99 package is accomplished. A conductive ring
surrounding the inputs, forming a guard, is connected
to a low-impedance point that is approximately the
same voltage as the inputs. The guard then absorbs the
leakage current from the high voltage pins. Typical
guard connections are shown in Figure 3.

The 14-lead DIP configuration has been specifically
designed to ease input guarding. The pins adjacent to
the inputs are not used.

EXTERNAL
CAPACITORS
R R2 R2
INPUT A
R3* V+\ ' '
ouTPUT 4 oUTPUT OUTPUT iy AR
+ (,
Fas b exrernaL @ 5,
1 CAPACITORS
INPUT >
= V- \gok
GUARD
NotE: _R1R2_ SHOULD BE LOW A
! R+ A2 IMPEDANCE FOR BOTTOM VIEW
MAXIN OPTIMUM GUARDING
I1CL7652 *USE R3 TO COMPENSATE FOR LARGE BOARD LAYOUT FOR INPUT
SOURCE RESISTANCES, OR FOR CLAMP GUARDING WITH TO-99
OPERATION (see FIG. 5) PACKAGE
INVERTING AMPLIFIER FOLLOWER NON-INVERTING AMPLIFIER

Figure 3. Input Guard Connection

Pin Compatibility

The 8-pin dip of the ICL7652 generally corresponds to
that of the industry standard 8-pin devices, uA741,
LM101, etc. However, the external null storage capaci-
tors are connected to pins 1 and 8, whereas on most
operational amplifiers these are left open or used for
offset null or compensation capacitors.

The OP-05 and OP-07 operational amplifiers can also
be converted for ICL7652 operation. This can be
accomplished by replacing the offset-null poten-
tiometer between pins 1 and 8, and V* by two capaci-
tors from those pins to V-. For LM108 pinout devices,
the compensation capacitor is replaced by the external
nulling capacitors.

Typical Applications

The ICL7652 is the optimal circuit solution whenever
the performance of the system requires significant
improvements in the reduction of the input offset
voltage and bias currents. Figure 6illustrates the use of
a clamp circuit in a non-inverting amplifier. Since the
clamp circuit forces the inverting input to follow the
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input signal, the usual problems in using a chopper-
stabilized amplifier in this application are avoided.

Figures 5 and 6 illustrate basic inverting and non-
inverting amplifier circuits. An output clamping circuit
is used in both circuits to enhance the overload
recovery performance. The supply voltage (+ 8V max)
and the output drive capability (10kQ load for full
swing) are the only limitations on the replacement of
other operational amplifiers by the ICL7652. By using a
simple booster circuit, these limitations may be
overcome (Figure 7). This enables the full output
capabilities of the uA741 (or any other standard device)
to be combined with the input capabilities of the
ICL7652. Because these devices form a composite
amplifier, the loop gain stability should be watched
carefully when the feedback network is added.

The provision for lower supply voltages is required
when interfacing the ICL7652 with circuits that operate
at £ 15V supplies. One approach is to use a highly-
efficient voltage divider. This is illustrated in Figure 8
where Maxim’s ICL7660 voltage converter is utilized in
a backwards fashion.

VAXI/V




Chopper Stabilized
Operational Amplifier

ICL7652

+75V +15V

ICL7652

r—> ouTt

TV o 1uF 0F

Figure 4. Nulling a High Speed Amplifier
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R,
INPUT AN/
&0

p——— OUTPUT

(R, //R;) = 100k2
FOR FULL CLAMP EFFECT

i
0.14F O.1uF

Figure 5. Inverting Amplifier with Optional Clamp

Figure 7. Using 741 to boost Output Drive Capability

2 8f———-< +15v
maxim
10uF ICL7660 3 +75V
== 104F
4 5 ov
6

Cexta  Cexte

INT EXT 1EXT CLK IN

12—|NT CLK OUT|

0.4uF
1nm—v
‘ 10— OUTPUT
INPUT >— 096"
(2.44mm)
MAXIMN —> OUTPUT |
ICL7652 l
L > IN
<
3 |
| NOTE: R, //R, INDICATES THE [N
| Ry PARALLEL COMBINATION ]
L & ——— A A—¢ OF R, AND R, Ly
s v
R, + (R,//R,) =100k 2R,
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Figure 6. Non-Inverting Amplifier with Optional Clamp
-
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Package Information
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General Description

The LHO033A and LH0033 are high speed JFET input
voltage follower/buffers designed to provide high current
drive at frequencies from DC to over 100 MHz. With a
slew rate of 1500 V/usec when driving 1kQ loads, the
LH0033 will provide 100 mA output drive (250 mA peak),
and can drive loads as low as 50Q. In addition, phase
linearity is characterized up to 20 MHz for video applica-
tions. Specifications are included for driving heavy coaxi-
al cable loads not only at the normal 15 volt supplies, but
also for 5V supplies.

The LHO033 family is intended to fulfill a wide range of
buffer applications such as high-speed line drivers, video
impedance transformation, nuclear instrumentation am-
plifiers, operational amplifier isolation buffers for driving
reactive loads and high input impedance buffers for high-
speed analog to digital converters and comparators.

Guaranteed operation over temperature of the LH0033
family is achieved by using specially selected junction
field effect transistors along with state-of-the art active
laser trim techniques. They are available in the industry
standard hermetic 12 Lead TO-8 metal Can.

Applications

Fast Sample/Hold Amplifiers
Flash A/D Input Buffering
Video Distribution

CRT Drive

Coaxial Line Driver

Pin Configuration

Top View

INPUT

-
OFFSET
PRESET

OFFSET
ADJUST NC

/VIAX1/WVI

Fast Buffer Amplifier

Features

& Improved 2nd Source! (See 3rd page for
“Maxim Advantage™”).

& Guaranteed operation at =5V supplies
¢ 1500 V/us Slew Rate

¢ 100 MHz Bandwidth

4 2.9 ns Rise and Fall Times

¢ 1011Q Input Impedance

¢ 15V to + 18V Supply Operation

Ordering Information

PART TEMP. RANGE PACKAGE
LHOO033AG —55°Cto +125°C 12 Lead TO-8
LHOO033ACG —25°C to + 85°C 12 Lead TO-8
LH0033G —55°Cto +125°C 12 Lead TO-8
LH0033CG —25°C to + 85°C 12 Lead TO-8

_______________ Typical Operating Circuit

el

VIDEO
INPUT

e

Low Loss 750 video distribution amplifier

(Detailed Circuit Diagram—rFigure 7)

The “Maxim Advantage™” signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the
following: guaranteed performance over temperature along with tighter test specifications on many key parameters; and device
enhancements, when needed, that result in improved performance without changing the functionality.

MAXIV
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage (V+-V—) 40V Peak Output Current
Maximum Power Dissipation (See Curves) LHO033A/LHO033AC/LH0033/LH0033C +250 mA
LHO033A/LH0033AC/LH0033/LH0033C 1.5W Operating Temperature Range
Maximum Junction Temperature 175°C LHO033A/LH0033 —55°Cto +125°C
Input Voltage +Vg LHO033AC/LH0033C —25°Cto +85°C
Continuous Output Current Storage Temperature Range —65°Cto +150°C
LHO033A/LH0033AC/LH0033/LH0033C +100 mA Lead Temperature (Soldering, 10 seconds) +300°C
DC ELECTRICAL CHARACTERISTICS
Vg = 15V, Tmin < Ta < Tmax unless otherwise specified (Note 1)
Parameter Conditions LHO033A LHO033AC LH0033 LH0033C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min Max
Output Offset | Rg = 100Q, T; = 25°C, 1 5 6 15 5.0 20 mV
Voltage Vin = OV (Note 2)
Rg = 1000 10 20 25 mV
Offset Rs = 100Q, V| = OV 50 100 50 100 100 | pV/°C
Tempco (Note 3)
Input Bias VIN = OV
Current Ty = 25°C (Note 2) 500 pA
Ta = 25°C (Note 4) 5.0 nA
Ty =Ta = TmAX 20 nA

Voltage Gain | Vo = +£10V,

0.97 | 0.98 | 1.00 | 0.96 | 0.98 | 1.00 | V/V

Rs = 1000, R = 1.0kQ

Input RL = 1.0kQ 1010 | 1011 1010 | 1011 1)
Impedance
Output ViN = 1.0V, 6.0 10 6.0 10 Q
Impedance R = 1.0k}
Output +12 +12 +12 \"
Voltage Swin v

R +9.0 £9.0 +9.0 v
Supply ViN = OV (Note 5) 20 22 21 24 20 22 21 24 mA
Current
Power VIN = OV 600 | 660 630 | 720 600 | 660 630 | 720 | mW
Consumption

Note 1: LHO033A and the LH0033 are 100% production tested as specified at 25°C, 125°C, and —55°C. LHO033AC and LH0033C are 100% production tested at

Note 2:

Note 3:

Note 4:
Note 5:
Note 6:

25°C only. Specifications at temperature extremes are verified by sample testing, but these limits are not used to calculate outgoing quality level.

Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating temperature will exceed the
value at Ty = 25°C. When supply voltages are + 15V, no-load operating junction temperature may rise 40-60°C above ambient, and more under load
conditions. Accordingly, Vos may change one to several mV, and g will change significantly during warm-up. Refer to Ig vs temperature graph for
expected values.

LHO0033A and LH0033 are 100% production tested for this parameter. LHO033AC and LH0033C are sample tested only. Limits are not used to calculate
outgoing quality levels. AVog/AT is the average value calculated from measurements at 25°C and Tyax-

Measured in still air 7 minutes after application of power. Guaranteed through correlated automatic pulse testing.
Guaranteed through correlated automatic pulse testing at T; = 25°C.
Not 100% production tested; verified by sample testing only. Limits are not used to calculate outgoing quality level.

The electrical characteristics above are a reproduction of a portion of National Semiconductor Corporation’s copyrighted (1984) Linear data book supplement. This
information does not constitute any representation by Maxim that NSC's products will perform in accordance with these specifications. The “Electrical Characteris-
tics Table” along with the descriptive excerpts from the original manufacturer’s data sheet have been included in this data sheet solely for comparative purposes.
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¢ Full DC specifications at + 5V supplies

4 Low Input Capacitance

Fast Buffer

/VI/] K I /VI

& Guaranteed Offset Adjust Range
< 750 load specifications
4 Maxim Quality and Reliability

ABSOLUTE MAXIMUM RAT‘NGS: This device conforms to the Absolute Maximum Ratings on adjacent page.
DC ELECTR'CAL CHARACTERISTICS Specifications below satisfy or exceed all “tested” parameters on adjacent page.

Ta < Tmax unless otherwise specified (Note 1)

Vg = 15V, Ty <

016 1011

Parameter Conditions LHO033A LHO0033AC LH0033 LH0033C Units
Min Typ Max| Min Typ Max| Min Typ Max| Min Typ Max
Output Offset | Rg = 100Q, Ty = 25°C, Vi = OV 1 5 6 15 5 10 12 20 | mv
Voltage (Note 2) | Rg = 1000, V| = OV 10 20 15 25 | mv
Offset Tempco |Rg = 100Q, V|y = OV (Note 3) 50 100 50 100 50 100 50 100 | uV/°C
Input Bias VIN = OV, Ty = 25°C (Note 2) 100 250 250 500 | pA
Current Ta = 25°C (Note 4) 1.5 25 25 5.0 nA
Ty =Ta= Tmax 7.5 10 10 20 | nA
+10V, Rg = 1009, 0.97 0.98 1.00 0

10;0 101‘1‘

Input Vin = 21V, R = 1kQ, Ta = 25° 1010 1011 1010 1011
Impedance
Output VIN = £1V,R_ = 1kQ 6 10 6 10 6 10 6 10 Q
Impedance
Output Voltage |Viny = 14V, R = 1kQ +12 +12 +12 +12 \'
Swing +10.5V, R = 10002, Ta +9 +9 9 +9 \'4
Supply Current | Viy = OV 20 22 21 24 20 22 21 24 mA
(Note 5)
Power ViN = OV 600 660 630 720 600 660 630 720 | mw
Consumption
DC ELECTRICAL CHARACTERISTICS
Vg = 25V, Tpyn < Ta < Tyax unless otherwise specified.

Parameter Conditions LHO033A LHOO33AC LH0033 LHO0033C Units

Min Typ Max |[Min Typ Max |Min Typ Max |Min Typ Max

Refer to notes 1-6 on adjacent page.

Note 7: Offset adjust resistor connects between device pin 7 and V — as shown in Figure 2.

AKXV
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AC ELECTRICAL CHARACTERISTICS

Tc = 25°C, Vg = +15V, Rg = 500, R_ = 1.0 k2 (Note 6)

Parameter Conditions LHO033A LHO033AC LH0033
Min | Typ | Max | Min Min

Slew Rate ViN = £10V 1000 | 1500 V/us
Bandwidth 1.0 Vrms MHz
Phase Non-Linearity degrees
Rise:Time 72 | | 29 3.2 ns
Proﬁ%gauon Delay 1.2 15 1.2 15 ns
Harmonic Distortion | f > 1 kHz <0.1 <0.1 <0.1 <0.1 %

Refer to notes 1-7 on second and third page of this data sheet.

The electrical characteristics above are a reproduction of a portion of National Semiconductor Corporation’s copyrighted (1984) Linear data book supplament Th/s
information does not constitute any representation by Maxim that NSC’s products will perform in accordance with these specificatic The “Ele / Ch.
tics Table” along with the descriptive excerpts from the original manufacturer’s data sheet have been included in this data sheet solely for comparative purposes.
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Typical Operating Characteristics
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AC ELECTR'CAL CHARACTER|STICS Specifications below satisfy or exceed all “tested” parameters on adjacent page. h
Tc = 25°C,Vg = £15V, Rg = 500, R_ = 1.0 kQ (Note 6) t
Parameter Conditions LHO033A LHO033AC LH0033 LH0033C Units °

Min Typ Max| Min Typ Max| Min Typ Max| Min Typ Max °

Slew Rate ViN = 10V 1000 1500 1000 1400 1000 1500 1000 1400 V/us Q

Bandwidth ViN = 1.0 Vrms 100 100 100 100 MHz Q

Phase Non-Linearity | BW = 1.0 Hz to 20 MHz 2.0 2.0 2.0 2.0 degrees h

Rise Time AV|Ny = 0.5V 29 3.2 2.9 3.2 ns \

Propagation Delay | AV)y = 0.5V 1.2 1.5 1.2 15 ns °

Harmonic Distortion | f = 1kHz <0.1 <0.1 <0.1 <0.1 % °

Refer to notes 1-7 on second and third page of this data sheet. Q
@

Typical Operating Characteristics
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Fast Buffer Amplifier

Typical Operating Characteristics

LH0033 POWER SUPPLY
REJECTION RATIO

PSRR (dB)

o0 03 3 1 3

FREQUENCY (MHz)

LH0033 RISE AND FALL TIME
VS TEMPERATURE
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60
a0 |

20

RISE AND FALL TIME (ns)

0 50 100 150
TEMPERATURE (°C)

Detailed Description

The LH0033 combines a JFET input stage with a high
current bipolar output stage. Also included is the biasing
network and laser trimmed resistors for supply current
and offset voltage adjustments.

The n-channel JFET Q1 has very low input current, less
than 10 nA at Vyy = OV and T, = 125°C. The source of
Q1 will be offset from the input voltage by the Vgg volt-
age of Q1. The output is offset from the Q1 source volt-
age by the IR drop across R1 and the Vgg of Q5. The
output offset voltage has been actively laser trimmed
during assembly to meet the guaranteed maximum offset
specification.

Transistors Q2 and Q3 provide a two Vgg voltage differ-
ence between the bases of the two output transistors,
setting the quiescent current through Q5 and Q6. Resis-
tors R3 and R4 provide a small amount of degeneration
to stabilize the quiescent current over temperature. Q4 is
another n-channel JFET, similar to Q1. Q4 acts as a cur-
rent sink for the current flowing through the input stage
(Q1, R1, Q2, and Q3). The voltage drop across diode D1
and resistor R2 is equal to the drop across R1 and the
base-emitter junction of Q5.
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LH0033 FREQUENCY RESPONSE
FOR VARIOUS LOADS
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0.3 1 3 10 30 100

FREQUENCY (MHz)

LH0033 FREQUENCY RESPONSE
- - - 4

-
s 2
s H
=
3 5
g g
=] E]
¢ 5
10 20 50 100 200 50 100
FREQUENCY (MHz)
LH0033/LH0033C
12 y*
N
*\ NORMALLY
§ SHORTED
'I
Ve
O OUTPUT
9 v¢
0
p- Y NORMALLY
D1 S R2 H
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S
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Figure 1. Internal Schematic Diagram
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Since Q2 is matched to Q5 and Q3 is matched to Q6,
approximately one-half of the quiescent current flows in
the input stage, with the remaining quiescent current
flowing through the output transistors. This means that
the output stage will be operating as a class A amplifier
with output currents less than 10 mA. Above this current,
the output stage operates in a class B mode, with slightly
increased nonlinearity.

O +15v

5
INPUT Ot

OFFSET PRESET (_',—_'i LH0033
(OPEN) 7

OFFSET ADJUST

200 Q2

<
<
T O -15v

Figure 2. Offset Zero Adjust for LH0033

Applications

Layout Precautions

The LH0033 should be treated as a high frequency am-
plifier when designing a printed circuit layout. Power sup-
ply bypassing to a ground plane with low inductance ca-
pacitors should be within a half inch of the device. For
applications where the input capacitance is critical, con-
nect the case of the device to the output so that the case
capacitance is bootstrapped. For most applications, the
case may be left unconnected or grounded. There is no
internal connection to the case.

Offset Voltage Adjustment

For most applications, connect pin 6 to pin 7, and the
offset voltage will be guaranteed to within the actively
trimmed specification. When this is not sufficient, or there
is a system offset to be absorbed, an external 2009 trim
pot may be connected from pin 7 to V—, as illustrated in
Figure 2.

Operation Within an Op Amp Loop

The LH0033 may be used as a current booster within the
feedback loop of almost any operational amplifier with
only a few cautions: remember that the output is not in-
ternally short circuit protected, and many applications will
require one of the short circuit protection circuits dis-
cussed below.

Short Circuit Protection

The LH0033 is not internally short circuit protected as
most of the possibilities involve some compromise in out-
put swing or transient response. The output stage collec-
tors are available separately, however, so there are sev-

MAXIV
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eral options open to the user. The simplest and most
commonly used is the simple resistor in each output
stage collector (Figure 3). For worst case protection
these resistors may be calculated by:

Rym = VH/100 mA = V—/100 mA
1509 for + 15V supplies

Unfortunately, a resistor that large severely restricts the
voltage swing into a heavy load and the slew rate into a
capacitive load. Decoupling the Vg 4+ and Vg — pins with
capacitors will retain full output swing for transient puls-
es, but if the capacitors are made too large, (to hold up
long pulses) the protection is lost.

An alternative active current limit circuit is shown in Fig-
ure 4. This technique retains full DC output swing. The
current sources are set to a safe limit and are normally
saturated, thus applying full supply voltage to the Vg
pins. In the event of a short on the output, the current
source comes into operation and reduces the output
stage collector voltage as required to keep the current to
a safe level. The output stage collectors may be by-
passed with a small capacitor to give additional current
capacity for short times, as would be required in driving a
capacitive load.

Figure 3. LHO033 Using Resistor Current Limiting

Operation from Single or Asymmetrical
Power Supplies

Since the LHO033 has no ground pin, an asymmetrical
power supply is indistinguishable from a symmetrical
supply with a DC level on the input. (The single supply
case is simply the asymmetrical case taken to the ex-
treme of one of the supplies being zero.) In either case,
an offset error will be generated corresponding directly to
the gain of the circuit times the apparent DC level with
respect to a pseudo ground point half-way between the
supplies.

Offset Voltage = 0.5(1 — gain)(V+| — [V—)

For example, a device operating on supplies of + 5V and
— 12V would have an apparent offset error due to the gain
of about —35 mV. This could be easily corrected with an
offset adjust potentiometer connected from pin 6 to V—
as discussed in the offset voltage adjustment section.
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Fast Buffer Amplifier

Operation from + 5V Power Supplies

The original LHO033 was characterized and guaranteed
to operate at 15 volt power supplies only, but many
applications can save substantial power by operating the
device from reduced supplies. The Maxim LHO033A and
LHO033AC are specified and tested for gain, swing, off-
set voltage, bias current and supply current at £5V pow-
er supplies as well as the standard +15V.

Capacitive Loading

The LHO033 is designed to drive heavy capacitive loads
without susceptibility to oscillation. Note that the abso-
lute maximum current rating must still be observed, thus
the output slew rate times the load capacitance must be
less than 250 mA. For example, a 1000 V/us slew rate
with a 250 pF load would fall just within the absolute
maximum peak current specification. If a heavier capaci-
tive load needs to be driven, the slew rate must be exter-
nally limited.

Slew Rate < loyTt(Max)/CLoAD < 250 mA

Power dissipation resulting from capacitive load currents
must be considered independently. The real power dissi-
pated in a circuit driving a sine wave into a pure capaci-
tive load is:

Pac = (Vp.p)2 X Frequency X Cq

This dissipation adds directly to the devices quiescent
power and any DC load power that might be present. The
sum of all these terms must be less than the absolute
maximum power rating at the temperature of operation.

Ppc + Pac < Ppiss(PKG)

For example, a 250 pF load driven to 20V peak to peak
at 1 MHz adds a reactive power dissipation in the
LHO0033 of:

Pac = (20)2 X 106 X 250 X 10~12 = 100 mW

This term is not often a severe application problem with
the LHO033.

Power Dissipation Considerations

The LH0033 package is rated for 0.5W in still air at 125°C
and 0.75W with an infinite heat sink. Since the quiescent
power is in the neighborhood of 600 mW, a heat sink is
needed for most 125°C applications and some heavy
load applications at lower temperatures. Several suitable
commercial heat sinks are available including the Ther-
malloy 2241, the Wakefield 215CB and the IERC UP-
TOB8-48CB. Please note that the can diameter is 0.55
inches nominal as opposed to the JEDEC TO-8 which is
0.45 inches nominal. (See the outline drawing for de-
tailed dimensions)

- Typical Applications

Output Buffer within an Op Amp Loop

The low output impedance, high slew rate, wide power
bandwidth, and low phase shift of the LHO033 make it

2-44 R —

ideally suited for use as an output buffer for operational
amplifiers. When using the LH0033 as an op amp buffer,
the total phase shift of both the op amp and the LH0033
buffer must be considered when checking for loop stabili-
ty. With typically only 10 degrees of phase shift at 50
MHz, the LH0033 can be used with all but the very fast-
est op amps. With an output impedance of less than
109, the LHO033 can drive large inductive or capacitive
loads with little additional phase shift.

INPUT O —0 OUTPUT

gl
'EJ- 0.01uF

Q1,02 2N2905
Q3,04 2N2219

Figure 4. LH0033 Current Limiting Using Current Sources

OVERALL FEEDBACK

A
\AAZ

=—=c
T Reactive
LOAD

Figure 5. Isolation Buffer

Coaxial Cable Driver

With an input resistance of 1011Q and input capacitance
of 4 pF, the LHO033 places negligible load on a 50 or
75Q video source. The Maxim LHOO033A is guaranteed for
operation with +5V power supplies common in video
systems, and is also specified for a minimum +2V swing
into a 750 load. The LHO033 typically has only 2 degrees
of phase non-linearity over the frequency range of 1 to
20 MHz. The 681} resistor on the output can be shorted
out if a higher output voltage is required, but this causes
a mistermination of the 750 cable, and reflections will
not be absorbed by the coaxial driver output.

,,,,, MAXIVI




Fast Buffer Amplifier

For all cases ensure that:

v
A—A;Nxc._s + 250 mA

Figure 6. Coaxial Cable Driver

Video Distribution Amplifier

Figure 7 and the front page of this data sheet show a
video distribution amplifier capable of driving a number of
75Q output lines from a single source with very low sig-
nal loss. The entire amplifier operates from +5V supplies
with a total power dissipation of 640 mW plus the output
power. The input resistance will be in the thousands of
megohms and will be negligible in most situations. The
input capacitance, however, should be considered as it
may result in high frequency misterminations at the input.
The voltage gain of the LHO033A and the LH0033AC is
specified at 0.91 typ, 0.84 min (£ 5V supplies and 759
load), so the worst case insertion loss of the distribution
amplifier is 1.5 dB with a typical under 1dB. Protection
resistors are included in series with pins 10 and 12 of
each device so that the distribution amplifier will be able
to tolerate momentary overloads on the outputs.

Figure 8 is a similar video distribution amplifier which has
output resistance of 750 to back terminate the outputs.
The back termination resistor is selected to be 68Q to
account for the typical 6Q output resistance of the
LHO0033. Because each 75Q load is isolated from the
buffer amplifier, each device is able to drive two loads.
The voltage loss through this amplifier will be approxi-
mately 6 dB. Note that protection resistors are unneces-
sary in the back terminated configuration, as the LH0033
can safely drive the 680 termination resistor even if the
cable is shorted.

High Speed Sample/Hold

In Figure 9, the first LH0033 buffers the input and drives
the sample capacitor through the FET, Q1, whenever the
Sample/Hold logic input is in the sample mode. When
the logic input changes to the hold mode, Q1 opens up,
isolating the hold capacitor from the input LH0033, and
the output voltage no longer follows the input. The sec-

VAXI

GUTPUT 1

510
LHO033A 5) outPUT 2
510 —
weur (O —<
510
LHO033A 5) OUTPUT 3

510 —

—? OUTPUT 4

"

-5V

Figure 7. Low Loss 750 Video Distribution Amplifier

ond LH0033 buffers and isolates the sample capacitor
voltage from the load. Since the input bias current of the
LHO033 is typically less than 1 nanoamp, the droop rate
of this sample and hold will be less than 1 mV/ms.

Since the LH0033 has a slew rate of 1500 V/ps and a
100 MHz bandwidth, this LH0033-based sample and
hold is well suited for use with video speed flash A/D
converters.

680

—M-@ OUTPUT 1

680 =

—‘M—@ OUTPUT 2

680

—M—@ OUTPUT 3

680 =

—“M-@ OUTPUT 4

Figure 8. Back Terminated 75Q Video Distribution Amplifier
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SAMPLE/HOLD ©

Figure 9. High Speed Sample/Hold

INPUT O—¢

v*=12.0v
O

Figure 10. Instrumentation Shield/Line Driver

Figure 11. Single Supply AC Amplifier

Package Information

0.545 — 0.555
(13.843 — 14.097)

i |

DIA.

0.148 - 0.181

(3.759 - 4.597) 0.022 - 0.030

(0.559 - 0.762)

_
=
0.030 MAX.

UNCONTROLLED
(0.762) LEAD DIA.

0.500

1m0”"ﬂﬂﬂ

.IL 0016 — 0.019
(0.406 — 0.483) °

0.595 — 0.605
(15.113 - 15.367)

0.200
DIA. 0.200
) (5.080)
TYP.
0.400
(10.160) -
TYP.
/__ 0.026 -0.036
" (0.660-0.914)

(1.5248) 0.026 - 0.036
DIA.TYP. (0-660 - 0.914)
12 Lead TO-8 Metal Can Package (G)
64c = 60°C/W, 6,4 = 100°C/W
Maxim liity for use of any circuitry other than circuitry entirely embodied In a Maxim product. No circuit patent licenses are

implied. Maxim rcurvn the right to change the circuitry and specifications without notice at any time.
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General Description

The Maxim LHO0101 Power Operational Amplifier
delivers up to 5A peak output current. Packaged in a
rugged TO-3 case, the LH0101 combines the ease of
use and performance of a FET input op amp with the
power handling capabilities of a 5A output stage. The
short circuit output current limit protection feature
makes this device ideal for driving AC and DC motors,
large capacitive loads, and electromagnetic actuators.
The output stage virtually eliminates crossover dis-
tortion while using very little quiescent power.

The LHO101 is a wideband amplifier, with a full power
bandwidth of 300kHz and a gain bandwidth of 5SMHz.

Applications

The LHO101 is well suited for applications requiring
both standard op amp performance and high current
output capability:

DC Motors

AC Motors

Actuators

Coaxial Cable Drivers
Programmable Power Supplies

Typical Operating Circuit

/W AXI /W

Power Operational Amplifier

VW

+15V

ViN >—MA- -

‘r‘VW— +
) SERVO

- MOTOR

-15V

DC Servo Motor Driver

Features
¢ Pin for Pin 2nd Source!
¢ 5 Amp Peak, 2 Amp Continuous Output Current
¢ Virtually No Crossover Distortion
¢ 300 kHz Power Bandwidth
¢ 850 mW Standby Power (=15V supplies)
¢ 300 pA Input Bias Current
¢ 10 V/us Slew Rate
¢ 5 MHz Gain Bandwidth
¢ 2 us Settling Time to 0.01%
Ordering Information
PART TEMP. RANGE PACKAGE
LHO0101CK -25°C to +85°C TO-3 Can
LHO0101K -55°C to +125°C TO-3 Can
LHO101ACK -25°C to +85°C TO-3 Can
LHO101AK -55°C to +125°C TO-3 Can
Pin Configuration
Top View

CASE IS CONNECTED
TO THE OUTPUT

VAKX 2V
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ICM7211
ICM7212
ICM7218
MAX7231
MAX7232
MAX7233
MAX7234
ICM7217
ICM7224
ICM7225

Display Drivers/Counters

4 Digit LCD Decoder/Driver

....................................................... 341
4 Digit LED DeCOEI/DIIVET . ..ottt ettt tieit e et eiiiiiieaaanas 3-1
8 Digit Multiplexed LED Decoder/DIiVer . . ... ...ouuittieiaeieeentiniieenainneenn, 317
8 Digit Triplexed LCD DeCOAEI/DIVEN . ... .uvuti et iii ettt aaiaeens 3-19
10 Digit Triplexed LCD DeCOEr/DIIVEr .. ...t iriie it ea e 3-19
4 Character Triplexed LCD Decoder/Driver ......outiiiienreiiiiiiiaiiiineeeneennnn.. 3-19
5 Character Triplexed LCD Decoder/DriVer ..........uiiiueeeeiiienainennneeeeannne... 3-19
4 Digit (LED) Presettable Up/Down Counter/Decoder/Driver ............ccovvviie.... 3-35

4 Digit (LCD) High Speed Counter/Decoder/Driver.............cooiiiiiiiiieeneniinnn. 3-36
4, Digit (LED) High Speed Counter/Decoder/Driver
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General Description

The Maxim ICM7211 (LCD) and ICM7212 (LED) four
digit, seven segment display drivers include input data
latches, BCD to segment decoders, and all level
translation and timing circuits needed to drive non-
multiplexed displays.

Both the ICM7211 and ICM7212 are available in two
data input configurations: a multiplexed BCD interface
version and a microprocessor interface version. The
multiplexed BCD interface version has four BCD data
inputs and four separate digit strobes. The micro-
processor interface versions, designated by an “M”
suffix, have four BCD data inputs, two digit address
lines, and two chip selects or WRITE inputs.

The ICM7211 and ICM7212 decode the BCD dataviaan
onboard character font ROM. There are two different
character fonts available, hexadecimal and Code B.

Applications

The low power consumption of the ICM7211 LCD
driver makes it ideal for battery powered and portable
applications. The ICM7212 LED display driver reduces
system cost by eliminating external level translators,
external segment drivers, and segment current limiting
resistors.

Digital Panel Displays
Intelligent Instruments
Remote Display Units
Microprocessor-to-Visual Communication

Typical Operating Circuit

sowaIT |\ [T /)Ty 1T 1T )
weooispuay | f [ 7 Ty T 1T 1T

fzs tzs

V1 maxim +5V—] MaAxXim
L ICM7211 _.r_‘_‘ ICM7211(A)
[ af )|
BCD/BINARY 4 "i |
DATA

D8
o7
D6
DIGIT | DS
SELECTS | D4
D3
D2
D1

(Detailed Circuit Diagram—Figure 14)

W AXI/VI

Four Digit Display
Decoder/Drivers

Features

¢ Improved 2nd Source! (See 3rd page for
“Maxim Advantage™”).
¢ Directly drives Four Digit, 7 Segment Displays
ICM7211 - Non-multiplexed Liquid
Crystal Display (LCD)
ICM7212 - Non-multiplexed Common
Anode LED

Multiplexed BCD Interface and uP Interface
Versions

¢ No external components needed

¢ Low Power CMOS - 25, W typ. (display
blanked)

Ordering Information

OUTPUT INPUT
DEVICE TYPE CODE CONFIGURATION
ICM7211 (LCD) Hexadecimal Multiplexed 4-Bit
ICM7211A (LCD) Code B
ICM7211M (LCD) Hexadecimal uP Interface
ICM7211AM (LCD) Code B
ICM7212 (LED) Hexadecimal . .
Multipl d 4-Bit
ICM 7212A (LED) | Code B ultiplexed 4-5i
ICM7212M (LED) Hexadecimal P Interface
ICM7212AM (LED) | Code B K
(Ordering information continued).
Pin Configurations
1op View 40 Lead DIP
vi[d] e ~ [40] D1
E1[2] 39] c1
G1[3 38] B1
F1[a 37] A1
8P [5] [36] OSCILLATOR
A2 [6] 35] GND
B2 [7] [34] Da
c2 [&] [33] 03 gé?gm’
02[5] asam [3202 [ inputs
e200) opmzzr RO

G2 & ICM7211A 3:E1| B )
F2 [2 29] B2

23 @3] 28] B1  INPUTS
83 [14] 27] BO

c3 [15] [26] Fa

D3 18] [25] G4

€3 [i7] [24] E4

a3 [18 [23] Da

F3 [39 [22] ca

A4 [20] [21] B4

(Pin Configurations continued )

The “Maxim Advantage™” signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the
following: guaranteed performance over temperature along with tighter test specifications‘ on many key parameters; and device
enhancements, when needed, that result in improved performance without changing the functionality.
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ICM7211/7212

Four Digit Display
Decoder/Drivers

ABSOLUTE MAXIMUM RATINGS

Power Dissipation (Note 1) ............... 0.5 W@ 70°C
Supply Voltage .......... ..ot 6.5V
Input Voltage (Any

Terminal) (Note2) ............ V* +0.3V, GROUND -0.3V
Operating Temperature Range .......... -20°C to +85°C
Storage Temperature Range ........... -55°C to +125°C
Lead Temperature (Soldering 10sec.) ........... 300°C

ELECTRICAL CHARACTERISTICS

(V' =5V; T, = 25°C, Test circuit unless noted)

ICM7211 CHARACTERISTICS (LCD)

Stresses above those listed under Absolute Maximum Ratings may
cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of the
specifications is notimplied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT
Operating Supply Voltage Range Vsupp 3 5 6 \Y
Operating Current lop Test circuit, Display blank 10 50 uA
Oscillator Input Current losci Pin 36 +2 +10
Segment Rise/Fall Time tRFs Cy = 200pF 0.5
Backplane Rise/Fall Time tRFB CL = 5000pF =15 K
Oscillator Frequency fosc Pin 36 Floating 16 kHz
Backplane Frequency fgp Pin 36 Floating 125 Hz
ICM7212 CHARACTERISTICS (COMMON ANODE LED)

PARAMETER SYMBOL CONDITIONS TYP MAX UNIT
Operating Supply Voltage Range Vsupp 5 6 \]
Operating Current lop Pin 5 (Brightness), 10 50 uA
Display Off Pin 27-34 - GROUND . 2T
Operating Current lop Pin 5at V*, Display all 8's .~ ) 200 mA
Segment Leakage Current IsLk Segment Off X - +0.01 +1 uA
Segment On Current ISEG Segment On, Vo =43V T 5 8 mA
INPUT CHARACTERISTICS ; :

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT
Logical “1” input voltage Vin i 3 v
Logical “0" input voltage ViL ‘ L 1
Input leakage current [ | Pins 27-34"" +.01 +1 uA
Input capacitance Ciy”, " | Pins 27-34 5 pF
BP/Brightness input leakage 1BPIK Measured at Pin 5 with Pin 36 at GND +.01 +1 uA
BP/Brightness input capacitance “‘éFBP[ U, All Devices 200 pF
AC CHARACTERISTICS - MULTAPLEXED INPUT CONFIGURATION
Digit Select Active Pulse Width . P tsA Refer to Timing Diagrams 1 | HS
Data Setup Time % ’ tps 500 ns
Data Hold Time W toH 200
Inter-Digit Select Time [ tips 2 ps
AC CHARACfEﬂiSTICS - MICROPROCESSOR INTERFACE
Chip Select Active Pulse Width tcsa other chip select either held active, 200

or both driven together ns

Data Setup Time tps 100
Data Hold Time toH 10 0
Inter-Chip Select Time tics 2 us

Note 1: This limit refers to that of the package and will not be realized during normal operation.

Note 2: Duetothe SCR structureinherentinthe CMOS process, connecting any terminal to voltages greater than V* or less than GROUND may
cause destructive device latchup. For this reason, it is recommended that no inputs from external sources not operating on the
same power supply be appliedto the device before its supply is established, and that in multiple supply systems, the supply to the

ICM7211/ICM7212 be turned on first.

The electrical characteristics above are a reproduction of a portion of Intersil’'s copyrighted (1981) data book. This information does not constitute
any representation by Maxim that Intersil's products will perform in accordance with these specifications. The “Electrical Characteristics Table”
along with the descriptive excerpts from the original manufacturer's data sheet have been included in this data sheet solely for comparative

purposes.
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Four Digit Display
Decoder/Drivers

¢ Key Parameters Guaranteed Over Temperature ¢ Low Power (Typically 25uW)
4 Increased Segment-On Current 4 Maxim Quality and Reliability
¢ Improved ESD Protection (Note 3)

ABSOLUTE MAX|MUM RAT'NGS This device conforms to the Absolute Maximum Ratings on adjacent page.
ELECTR'CAL CHARACTERIST'CS Specifications below satisfy or exceed all “tested” parameters on adjacent page.

(V" = +5V; T = 25°C, Test circuit unless noted.)
ICM7211 CHARACTERISTICS (LCD)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Operating Supply Voltage Range V.

Oscillator Input Current losci Pin 36, Vogc = 2.5V +2 +10 pA
Segment Rise/Fall Time tRFS CL = 200pF 0.5 us
Backplane Rise/Fall Time tRFB CL = 5000pF 1.5

Oscillator Frequency fosc Pin 36 Floating 19 kHz
Backplane Frequency fap Pin 36 Floating 150 Hz

ICM7212 CHARACTERISTICS (COMMON ANODE LED)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Operating Supply Voltage Range Vsupp 4 5 6 \
Operating Current lop Pin 5 (Brightness), 5 50 uA
Display Off Pin 27-34 - GROUND
Operating Current lop Pin 5 at V*, Display all 8's 200 mA
Segment Leakage Current IsLk Segment Off +0.01 +1 uA

INPUT CHARACTERISTICS (ICM7211 AND ICM7212)
_SYMBOL

CONDITIONS MIN TYP MAX UNITS

Input leakage current Ik Pins 27-34 +1 uA

Input capacitance CIN Pins 27-34 5 pF
BP/Brightness input leakage IBPLK Measured at Pin 5 with Pin 36 at GND +.01 +1 uA
BP/Brightness input capacitance Cgpi All Devices 200 pF
AC CHARACTERISTICS - MULTIPLEXED INPUT CONFIGURATION
Digit Select Active Pulse Width tsa Refer to Timing Diagrams 1 us
Data Setup Time tps -100 ns
Data Hold Time toH 200
Inter-Digit Select Time tips 2 us
AC CHARACTERISTICS - MICROPROCESSOR INTERFACE
Chip Select Active Pulse Width tcsa Other chip select either held active, 200

or both driven together ns
Data Setup Time tps 100
Data Hold Time tDH 10 0
Inter-Chip Select Time tics 2 us

Note 1: This limit refers to that of the package and will not be realized during normal operation.

Note 2: Duetothe SCRstructure inherentin the CMOS process, connecting any terminal to voltages greater than V* or less than GROUND may
cause destructive device latchup. For this reason, it is recommended that no inputs from external sources not operatin? on the
same power supply be applied to the device before its supply is established, and that in multiple supply systems, the supply to the
ICM7211/ICM7212 be turned on first.

Note 3: All pins except pin 29 are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V (Mil STD 883B Method
30151 Test)Clrcuit). Due to the special test functions associated with pin 29, this pin is designed to withstand up to 1500V (same
test circuit).

MAXI 33
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ICM7211/7212

Four Digit Display
Decoder/Drivers

Ordering Information(Cont.)

PART TEMP. RANGE PACKAGE PART TEMP. RANGE PACKAGE
ICM72111Q -20°C to +85°C 44 Lead Plastic ICM72111PL -20°C to +85°C 40 Lead Plastic DIP
. Chip Carrier _ ICM7211AIPL _ -20°C'to +85°C 40 Lead Plastic DIP
ICM7211AIQ -20°C to +85°C é4h:-peéda f::gftlc ICM721IMIPL __ -20°C to +85°C__ 40 Lead Plastic DIP
ICM721IMIQ 20°C 10 +85°C 44 Load Plastic ICM7211AMIPL ~ -20°C to +85°C 40 Lead Plastic DIP
Chip Carrier ICM7212IPL -20°C to +85°C 40 Lead Plastic DIP
ICM7211AMIQ -20°C to +85°C 44 Lead Plastic ICM7212AIPL -20°C to +85°C 40 Lead Plastic DIP
Chip Carrier ICM7212MIPL -20°C to +85°C 40 Lead Plastic DIP
ICM72121Q -20°C to +85°C 44 | ead Plastic ICM7212AMIPL ~ -20°C to +85°C 40 Lead Plastic DIP
Chip Carrier Each device type listed is available in dice form;
ICM7212A1Q -20°C to +85°C 44 Lead Plastic Order basic part number followed by C/D;
Chip Carrier (i.e. ICM7211C/D).
ICM7212MIQ -20°C to +85°C 44 Lead Plastic
Chip Carrier
ICM7212AMIQ -20°C to +85°C 44 Lead Plastic
Chip Carrier
Pin Configurations (Cont.)
Top View 40 Lead DIP 40 Pin DIP 40 Lead DIP
vl e [40] D1 v'(jo [40] D1 v‘do 40] D1
;:% (B:: 51% %01 51% %m
G1[3 38) B1 G113 38) B1
F1[a]} [37] a1 F1[4 [37] A1 F1[a]} [37] A1
BRT E % GND BP [E % OSCILLATOR BRT [5} % GND
A2 [6 35] GND A2[6 35] GND a2 [6] 35] GND
82 [7] [34] Da oIGIT 82 [7] [34] CHIP SELECT 2 B2[7 [34] CHIP SELECT 2
c2 % 'Jf—:l]] 03 | gelect c2 [g] [33] CHIP SELECT 1 c2 [38] [33] CHIP SELECTT
D2 (9 32| D2 INPUTS D2 |9 32] DIGIT SELECT 2 D29 E DIGIT SELECT 2
€2 (10 ’;g,’w‘;(;fzw [31] D1 e2 (G0 75‘,\77)2(7'1’/‘7' % DIGIT SELECT 1 E2 [10 I’g‘ﬂ;;""?’,\‘;' [31] DiGIT sELECT 1
G2 [1] opm7or2a 2183 G2 (01} ;cm7211AM [301 B3 G2 [i1]} /CM72212AM [30] B3
F2 [12] [25) B2 | DATA 2 [12] 29) B2 | DATA F2 12} [29) 82 | DATA
1[5 [55) 81 [ INPUTS A3 (@3] 58] B1 [ INPUTS A3 [ 78] 1 [ INPUTS
83 (14 [27] BO B3[W [27] BO B3 14 [27] BO
c3 [15] % 6;4 c3[is % Fa c3 s % F4
3 |16 25| G4 D3 {16 25| G4 D3 [16 25| Ga
E3 % [24) B4 E3 [24] €4 e3[i7 24] E4
G3 [18 [23] Da G3 [i8 [23] Da G318 (23] Da
F3 [18 [22] ca F3 [19 [22] ca F3 [d9 [22] ca
A4 [20 21] B4 Aa [20} 21] Ba A4 [20 [21] B4
44 Lead Chip Carrier
[38] CHIP SELECT 2
DIGIT CHIP SELECTT
SeLecT [36] DIGIT SELECT CODE BIT 2
maxim [35] DIGIT SELECT CODE BIT 1
ICM7211 ICM7211M
ICM7211A ICM7211AM
DATA DATA
INPUT INPUT
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Decoder/Drivers
Pin Configurations (Cont.) a
Top View _ =
44 Lead Chip Carrier 44 Lead Chip Carrier ]
E . 0 ] E_ - e .. .2
§Cbous250R%3 B Gus2606m%5 N
RO ERER JFERAREERE -
A2 [Z, O [35] GND a2 II{ O 3] GND =h
828 58] 0a 828 [3) cAm seLeT2 N
c2 [7] Tlos | DIGIT c2[3 (37] CHiP SELECT 1 ~
02 1] %] 02 ( peror 02 [0 [36] DIGIT SELECT CODE BIT 1 M
E2 11 MAXIN [35] D1 E2 11 MAXIMN E DIGIT SELECT CODE BIT 2
n/c [G2] ICM7212 34 n/C nc [i2] ICM7212M [3a] N/ -l
2 [@] ICM7212A o 62 [B] ICM7212AM 3383 N
F2 [ [32]82 | paTA F2 [1a] [32]82 ( paTA
3 15 [31] B1 INPUT A3 [15 EB1 INPUT
3 [36 [30] B0 83 16 [30] BO
3 [17 (29 Fa caiz 29] F4
=[]l ls] R =TTeelRET BIEIBIEEIERRIER|E)]
82323053533 38323233333

Typical Operating Characteristics

ICM7211 OPERATING SUPPLY CURRENT
AS A FUNCTION OF SUPPLY VOLTAGE

ICM7211 BACKPLANE FREQUENCY
AS A FUNCTION OF SUPPLY VOLTAGE

lop(rA)
fep(Hz)

V* (VOLTS)

3 4 s
v+ (VOLTS)

AKXV

ICM7212 LED SEGMENT CURRENT

AS A FUNCTION OF OUTPUT VOLTAGE

Iseg(mA)

1 2 3 4 5 6
Vo(VOLTS)

ICM7212 LED SEGMENT CURRENT
AS A FUNCTION OF
BRIGHTNESS CONTROL VOLTAGE

IseG(mA)

VOLTAGE ON BRT PIN 5 (VOLTS)

ICM7212 OPERATING POWER
(LED DISPLAY)
AS A FUNCTION OF SUPPLY VOLTAGE

1800

1500

POWER (mW)
@
8
8

600

V* (VOLTS)
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Figure 1. Block diagram of ICM7211 and ICM7211A.
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Figure 2. Block diagram of ICM7212 and ICM7212A.
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Detailed Description

Display Interface

The ICM7211 and ICM7212 differ only in the type of
display interface. The ICM7211 is designed to drive
non-multiplexed liquid crystal displays (LCDs), while
the ICM7212 'is designed to drive non-multiplexed,
common anode LED displays.

ICM7211 LCD Display Driver

The display driver section of the ICM7211 includes an
oscillator, a 7 stage binary divider, a backplane driver,
backplane slaving detector and logic, and 28 segment
drivers.

The RC oscillator has a nominal oscillation frequency
of 19kHz with no external components. Ordinarily this
frequency is suitable and no external oscillator
components are needed, but if desired, the frequency
may be lowered by connecting a capacitor between pin
36 (Oscillator) and either ground or V*. A graph
showing the relationship between capacitor value and
oscillator frequency is shown in the Typical Character-
istics section. The oscillator may also be overdriven by
an external clock source with a frequency of 128 times
the desired backplane frequency. The external clock
source should swing from approximately 1.5V to 5V
when V* is 5V. The external clock signal must not go
below 1V for more than one microsecond, or the
backplane disable circuitry may be activated (see
below). Figure 7 shows an external clock drive circuit
that meets the above requirements.

The 19kHz nominal output of the onboard oscillator is
divided by a 7 stage binary divider (+128) to generate
the backplane frequency of 150Hz.

The backplane drive is simply an inverter whose input
is the output of the last divider. The backplane output
swings from ground to V* with a 50% duty cycle. The
backplane has alow (200 ohm typical) output resistance
so that it can drive the capacitance of large displays.

The backplane output driver can be disabled by tying
pin 36 (Oscillator) to ground. The Backplane Input/
Output (pin 5) then becomes an input which can be
driven by the. backplane output of another ICM7211
(see Figures 14, 18 and 19). Each backplane is aload of
about 200 pF when driven, and no more than 4
ICM7211’s (16 digits total) should be slaved together
using one “master” ICM7211 as the backplane source,
since power dissipation and the DC offset increase
when the ICM7211 backplane output drives very large
capacitive loads. For more than 16 digits on a common
backplane, a separate, external driver with a low
impedance should be used to drive all ICM7211s.

The segment drivers are CMOS inverters that swing
between ground and V* with an output resistance of
about 2 k). The input to the inverter is switched
between two signals, so that the segment driver output
is the same as the backplane when LCD segment is to
be turned OFF, and is BACKPLANE when the LCD
segment is to be turned ON. The segment and
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backplane drivers are designed to have equal rise and
fall times, so that the average DC component across
the LCD is less than 25 millivolts.

5BP OSC 36—
GND

EACH SEGMENT = 35 .
TO BACKPLANE _| 7 owcimcHe | 3% (V ;‘;ﬁ';f:,‘;“;’ CESSO“)
WITH 200pF ] SELECT( 35
CAPACITOR -] INPUT (| 31
- 30 GND [ MULTIPLEXED
N — DATA | 29 vt (VERSIONS )
o 7] INPUTS | 28

n
8
N
TTTTTT

MAXIN
ICM7211(A)(M)

Figure 5. ICM7211 Test Circuit (all versions).
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BACKPLANE
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I
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Figure 6. Display Waveforms.
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Figure 7. External Clock Drive.
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ICM7212 LED Drivers

The ICM7212 has 28 open drain constant current n-
channel outputs, which eliminate the need for external
segment resistors. The LED current vs. output voltage
of a typical segment driver is shown in the Typical
Characteristics section. The Brightness input (pin 5)
supplies the segment driver gate voltage, and it can be
used to either control the brightness of the LED display
or to completely blank the display. Two methods of
controlling display brightness are shown in Figure 8.
The first method simply controls the voltage on the
brightness pin by means of a potentiometer. The
Brightness input draws negligible current and the
potentiometer is normally in the range of 100 kilohms to
1 megohm. By replacing the potentiometer with a
resistor and a photoresistor, the display brightness can
be automatically adjusted in response to changes in
the ambient lighting. A second method of display
brightness control is to duty-cycle modulate the
Brightness input between “full on” and “blanked”
states. As with the simple potentiometer method, the
display brightness can be automatically adjusted for
ambient lighting conditions by replacing one of the
timing resistors with a photoresistor.

The ICM7212 has two ground pins to support the high
total display current that flows into the segment
outputs and then is returned to ground through the
ICM7212 ground pins.

Since the ICM7212 will drive the LED display at high
total display current, care must be taken not to exceed
the absolute maximum power dissipation limit of the
ICM7212 at high ambient temperatures. For example,
at 70°C, the absoulute maximum power dissipation
specification is 500 mW. If all 28 segments are turned on
(adisplay of 8888), and each segment is drawing 8 mA,
the total power dissipation in the ICM7212 would be

Pd = 28 segments.(8mA).(Vseg)

Where Vseg = V* - Vigg = 5V - 1.6V = 3.4V
Therefore Pd = 28.(8).(3.4) = 760 mW, greater
than the absolute maximum limit.

There are two ways to keep the power dissipation
below the ICM7212 power dissipation limits: reduce
the LED current, or reduce the voltage across the
ICM7212 segment drivers. The LED current can be
reduced by the display brightness control circuits
shown in figure 8. The other alternative, reducing the
voltage across the segment drivers can be accom-
plished by either reducing the V* supply to the entire
system, or by reducing the V* supply to just the LED
display by placing diodes in series with the LED display
(see Figure 9). Two silicon diodes in series with the
anode of the LED display will reduce the voltage across
the segment drivers from 3.4V to 2.2V, resulting in a
power reduction of approximately 35%, while only
slightly reducing the LED current and brightness. A
third diode in series with the LED display would further
reduce the power dissipation, but the segment current
would also be reduced since there would be only about
1.6V across the n-channel segment driver.
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Digital Interface

There are two different types of digital interfaces
available for the ICM7211 and ICM7212, a multiplexed
BCD interface and a microprocessor interface.

Multiplexed BCD Data Interface

On the multiplexed BCD data entry versions of ICM7211
and ICM7212 there are 8 lines used for entering data: 4
BCD data lines and 4 digit strobes. The multiplexed
BCD input timing and truth table is shown in Figure 10.
When one of the four digit strobes is taken high, a short
internal pulse is generated which latches the decoded
segment data in the 7 bit latch associated with that
digit. If the digit strobe is continuously held high, each
transition of the backplane will cause another internal
latch pulse to be generated, latching new segment data
if the BCD data has changed. When the digit strobe
goes low the data in the latch is held constant with no
further updates until the digit strobe is again taken
high. As shown in the electrical specifications table, the
data setup time is is a negative 100ns, which means that
the digit strobe can be taken high as much as 100ns
before the BCD data is valid.

<

(a) w

BRIGHT

TO BRIGHTNESS //

TO BRIGHTNESS
—— PIN5 PINS
DIM
+5 +5
>
100k 2 ] 8
< 7 '
DISCHARGE
>
< 3 TO BRIGHTNESS
1MQ(DARK) mn ouTh——>
10KQ@2FTC 2% ICM7212PIN 5
6
THRESHOLD
27
OIuF=R MAXIAN
(b) L ICM7555

Figure 8A & 8B. Brightness Control
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aDIGIT
INaoa1 7 SEGMENT

COMMON ANODE LED DISPLAY
v | ittty st il

| ¢ I

! 1

MAXIVI ! !
LAY A o ra

I1CM7212 ! / /f SEGMENTS :

A1 ! I

B1 L j

F4
G4
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Figure 9. Reducing ICM7212 Power Dissipation.
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Character Fonts

Table 1 shows the two different output codes or fonts
available. Both versions have the same display for 0-9
and differ only in the display of the last 6 input codes.
The tE’Bode B versions have the suffix “A” in their part
numoer.

Table 1: Output Codes

Microprocessor or Data Interface

The microprocessor data interface versions of the
ICM7211 and ICM7212 are denoted by an “M” suffix in
their part number. The microprocessor data interface
also uses 8lines for the data interface: 4 BCD data lines,
2 digit address lines, and 2 active low chip select lines.
A typical data write cycle and the truth table are shown
in Figure 11. Data is entered into the input latches

BINARY Hféﬁ?gﬁzm\'- 'cﬁ?ngB(M) whenever both CS (chip select) lines are low. When
either CS line goes high an internal one shot is
B3| B2 [B1]|BO ICM7212(M) ICM7212A(M) activated, transferring the decoded 7-segment data to
0 0 0 0 a o the appropriate digit latch. One CS line is ordinarily
0 0 0 1 ; / driven by an address decoder and the other CS line is
0] 0] 110 c I driven by the microprocessor WR (write) line (see
g 3 (1) g 2 7 Figure 15). In this type of application, the ICM7211/12is
0 1 0 1 c 5 accessed as 4 “write only” memory locations.
0 1 1 0 & 5
0 1 1 1 7 7
1]ofo]o g a . .
110]0]1 g g Application Notes
1 0 1 0 A -
1 1 1 E
1 (1) 0 0 ? H Backplane Frequency
} } ? (1) d é The ICM7211 onboard oscillator generates a backplane
1 1 1 ] £ (Blank) frequency of approximately 150Hz with no external
components. This is suitable for most displays, but
tois —w-}t—— tsa —>] TRUTH TABLE
g:f‘" SELECT 4 D1 ({ D2 | D3 | D4 Function
> | tou 0 0 0 0 No change
poT SELECT yd o o[of|o] Store Data in D4 Latch
_’| [~ tos o| o] 1 0 Store Data in D3 Latch
= @( = 0 1 0 0 Store Data in D2 Latch
DATA VALID DATA VALID 1 0 0 0 Store Data in D1 Latch
1 1 1 1 Store Data in All Data Latches
Figure 10. Multiplexed input timing diagram and truth table.
TRUTH TABLE
DS2 Ds1 CSs2 Csi Function
= X X X 1 No change
X X 1 X
&Sz 0 0 0 t Store D4 Data
0 0 t 0
DATA AND 0 1 0
glocéz SELECT = 5 ¥ (1) Store D3 Data
PONT CARE 1 0 ,0 t Store D2 Data
1 0 t 0
! ! 0 t Store D1 Data
1 1 t 0

Figure 11. Microprocessor Interface input timing diagram and truth table.
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150Hz is too high a frequency when driving very large
displays or low threshold displays with high segment
trace resistance. When driving very large displays (>1"
height), the very large capacitance of the display will
significantly slow the rise and fall times of the backplane
and segment drivers. These drivers are designed to
have matching rise and fall times, but any residual
mismatch will resultin a DC offset across the LCD. This
DC offset is directly proportional to the backplane
frequency, so the lowest acceptable backplane frequen-
cy (usually 30Hz) should be used when driving very
large LCDs. A simple way of lowering the backplane
frequency is to connect an external capacitor from the
OSCillator (pin 36) to either ground or V*. The graphin
the Typical Characteristics curves shows the relation-
ship between the value of this external capacitor and
the backplane frequency. The backplane frequency
can also be controlled by externally driving the
OSCillator pin. Figure 12 shows a method of setting the
backplane frequency to precisely 32Hz.

if the indium traces on the LCD glass itself are very long
and they have high sheet resistance, the resistance
of the trace will form an RC delay with the capacitance
of the LCD. The phase shift caused by this RC delay
causes a small voltage to appear across the LCD
segments that are supposed to be in the off state. This
may cause “ghosting” or a slight turn-on of segments
that are supposed to be off. Reducing the backplane
frequency or using LCDs that have a higher threshold
will eliminate this problem.

Annunciators or Flags

Many LCD displays have annunciators or flags in ad-
dition to the 7 segment digits. Figure 13 shows several
different methods of driving LCD segments used as
annuciators or flags. Output A of Figure 13 is driven by
aCMOS exclusive OR (XOR) gate. The XOR's outputis
either the same as the backplane or the complement of
the backplane, depending on the logic level on the
input. With a“1” at the logic input the XOR output is the
complement of the backplane and the LCD segment is
turned on. Output B is connected to the backplane
through a 1 MQ resistor. When the analog switch is
open, output B will be the backplane signal and the
segment will be off. When the analog switch is closed,
output B will be the complement of the backplane
signal and the segment will be on. Output C is simply
the complement of the backplane signal, and any
segment (such as a decimal point) connected to output
C will always be turned on. Output D is another way of
turning on a decimal point, but since the voltage atD is
simply the average DC voltage of the backplane signal,
the total applied voltage across a segment connected
to D is only 5 Vpk-pk (assuming 5V V*) rather than the
10Vpk-pk drive received by a segment connected to
output C. The resistor-capacitor drive method of output
D should be used only with low threshold LCDs.
Unused LCD segments should be tied to the backplane,
NOT allowed to float. A floating segment, while usually
remaining off, may be driven by leakage currents or
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capacitive coupling with other segments and become a
“ghost” or slightly turned on.

If one or more of the ICM7211 digits are not used, they
can be used to drive annunciator segments without
using any external logic. If only two annunciator
segments need to be driven, connect the annunciators
to segments B and D of the unused digit. That digit is
then loaded with the data A2, A1 11, where A1 and A2
are the data for the two annunciators.

Three annunciators can be driven from one unused
digit, but the input data to select all 8 possible
combinations of annunciator states must be obtained
from a look-up table. Two possible arrangements are
shown in Table 2.

Driving an 8 Digit LCD with Common Backplane

In order to drive 8 LCD digits that have a common
backplane, the backplanes of two ICM7211s must be
synchronized. In figure 14 the left hand ICM7211’s
Backplane pin is turned into an input by grounding its
oscillator pin. The right hand ICM7211 then drives both
the LCD backplane and the Backplane pin of the left
hand ICM7211.

Memory Mapped 8048 Microprocessor Interface

In figure 15the digit select lines DS1and DS2 are driven
by the address latched from the 8048's multiplexed
data and address bus. The data is then written into the
selected digit by the WR line. The 74LS138 is used to
decode eight blocks, each four bytes long, starting at
address 32 (decimal). The ICM7211s are addressed by
MOVX instructions to these external ram locations. The
extra decoded outputs of the 74LS138 can be used as
chip selects for other 1/0 devices.

Microprocessor Interface via 1/0 Port

Figure 16 shows one 8 bit /0 portdriving two ICM7211s
or ICM7212s. The data and digit selects are controlled
by the lower 6 bits, while the upper two bits control
which display driver receives the data.

Remote Display via UART

The serial input stream is assembled into an 8 bit
parallel output by the UART, then the UART brings the
DR (data ready) line high (See Figure 17). The schmitt
trigger and RC delay drive both the CS inputs of the
ICM7211s and the DRR (data ready reset) pin of the
UART. When the schmitt trigger drives the DRR low, the
DR pin goes low, and after a short delay, the output of
the schmitt trigger output goes back high. This low-
going pulse on the schmitt trigger output latches the
data into the ICM7211s.

Display Interface for ICL7135 A/D

Figure 18 shows an ICM7212 interfaced to the 4% digit
A/D, ICL7135. The polarity and ' digit segments are
driven by D flip-flops that latch polarity and %2 digit data
at the end of each measurement. The ICL7135
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32,768Hz 47k TO PIN 36
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OSCILLATOR
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Figure 12. Crystal Controlled Backplane Frequency.
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ICM7211 >4 4030 A TO
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4070 SEGMENT
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1=SEGMENT ON
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AAA ] TOoLCD
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= SEGMENT OFF

o=

TO “ALWAYS ON"
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Figure 13. Driving Annunciators, Flags and Decimal Points.
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|
1

| BACKPLANE

Overrange output drives the ICM7212 Brightness input,
blanking the four least significant digits when the input
voltage is greater than full-scale.

Similar to the LED display system, Figure 19 uses
Maxim’s ICM7211 LCD display driver to drive 4 digits of
LCD display. The backplane signal of the ICM7211 and
the CMOS exclusive OR gates are used to drive the 1/2
digit and the polarity sign. The 4 AND gates combine
the ICM7135’s digit outputs with its Strobe output to
generate the digit select signals that latch data into the
ICL7211. Since the Strobe occurs in the middle of each
digit's data there is more than enough data setup and
hold time to ensure that valid data is latched. The OR
gates will force the BCD data to all ones when over-
range goes high. The ICM7211A will blank the display
when all ones (hex F) is loaded.

SEGMENT INPUT DATA FOR ICM7211

F E A B3 B2 B1 | Bo
0 0 0 0 0 0 1
0 0 1 0 0 1 1
0 1 0 1 1 0 1
0 1 1 0 0 1 0
1 0 0 0 1 0 0
1 0 1 0 1 0 1
1 1 0 1 0 1 1
1 1 1 0 0 0 0

0= OFF

1=0N

Table 2A: Using Segments to Drive Annunciators, ICM7211

Figure 14. Two ICM7211’s Driving 8-Digit LCD Display.
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v aSTER SEGMENT INPUT DATA FOR ICM7211
wsv—v  mamonoen  |rv—v v onoen F E A B3 B2 B1 | Bo
GND GND
-Et 0SCg3popapsp2piee | = 1°5Ce380040302018P 0 0 0 1 1 1 1
T 0 0 1 0 1 0 1
scominary 4 ° { 0] 1 0 0 0 0 1
oATA 0 1 1 0 0 1 1
o7 1 0 0 1 1 0 1
1 0 1 0 1 1 0
seveore | o 1 1 0 1 1 0 0
03 1 1 1 0 0 0 0
D2
o - 0= OFF
1=0ON

Table 2B: Using Segments to Drive Annunciators, ICM7211A
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Figure 20. ICM7217 to LCD Interface.
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Figure 21. Multiplexed LED Driver to LCD Interface.
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Chip Topography
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ICM7211/7212

Four Digit Display
Decoder/Drivers
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General Description

The Maxim ICM7218 display driver interfaces micro-
processors to an 8 digit, 7 segment, numeric LED
display. Included on chip are two types of 7 segment
decoders, multiplex scan circuitry, segmentand digit
drivers, and an 88 static memory.

The ICM7218A and ICM7218B accept data in a serial
format and drive common anode (ICM7218A) or com-
mon cathode (ICM7218B) displays. The ICM7218C
and ICM7218D accept data in a parallel format and
drive common anode (ICM7218C) or common
cathode (ICM7218D) displays. All four versions
can display the data in either hexadecimal or code B
format. The ICM7218A and ICM7218B also feature
a No Decode mode where each individual segment
can be independently controlled. This is particularly
useful in driving bar graphs.

Applications

Instrumentation

/WA X1/

8 Digit LED Display Driver

*

sheet for our “Maxim Advantage™”

® & & o

Feature

* o

versions available
¢ Low Power CMOS

Faster Access Time: 200ns Write Pulse Width
Microprocessor Compatible
Hexadecimal and Code B Decoders

Individual Segment Control with “No Decode”

Digit and Segment Drivers On-Chip
Common Anode and Common Cathode LED

Features
Improved 2nd Source! See 3rd page of this data

8LSLNDI

28 Lead CERDIP
28 Lead PlasticDIP
28 Lead CERDIP
28 Lead PlasticDIP
28 Lead CERDIP
-20°C to +85°C 28 Lead Plastic DIP
-20°C to +85°C 28 Lead CERDIP

Pin Configuration n

Test Equipment

Hand Held Instruments
Telecommunication Displays
Panel Meters

-20°C to +85°C

Top View

L <

8 Digit Microprocessor Display

—_
seGc ¢ [T} ® [28] cROUND
SEGE [2] [27] sec A
sEGB [3] [26] SEG G
D.p. (4] [25] SEGD

D6 (HEXA/CODE B) [5 ]

= 1D5 (DECODE) [6 | [23] DiGIT 3
— ID7 (DATA COMING) [7] MAXIM [2]DiGITE
= WAITE [8] /CM7218A [z biGiT?
MODE [9} [20] DIGIT 4

f 8048 7;'&]7)2(%:' 104 (SHUTDOWN) [10] 18] v+
ICM72188 7- 101 [31] [18] piGIT 8
= 8DIGITS 100 [iZ [17] DIGIT 5
— 102 (73] [76] piGIT 2
weut { — ” 103 [14 [15] DIGIT 1

] 8 SEGMENTS

[24] seGF

The “Maxim Advantage™” signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the
following: guaranteed performance over temperature along with tighter test specifications on many key parameters; and device
enhancements, when needed, that result in improved performance without changing the functionality.

MAXIN
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General Description

The MAX7231/32/33/34 family of integrated circuits
is a complete line of triplexed liquid crystal display
(LCD) drivers. These devices interface microproces-
sors (or digital systems) to multiplexed numeric and
alphanumeric displays. The MAX7231 drives 8 digits
and accepts data in a parallel format. The MAX7232
drives 10 digits and accepts data in a serial format.
Both devices feature two independent annunciators
per digit. The MAX7233 drives 4 alphanumeric 18
segment characters. The MAX7234 drives 5 alpha-
numeric 18 segment characters.

Each device includes an input buffer, digit address
decoding circuitry and mask-programmed ROM
allowing six bits of input data to be decoded into
64 independent combinations of the output seg-
ments of each digit. This offloads the microprocessor
system, reducing the ROM space and CPU time
needed to service a display.

Applications

These low-power LCD drivers are ideal for micro-
processor-based portable applications where power
consumption is a primary concern. Many applica-
tions also take advantage of the annunciator drive
capability, which allows unlimited variations of
display layout.

Portable instrumentation
Industrial equipment
Telecommunications
Medical equipment
Panel Meters

Machine control

Typical Operating Circuit

WM AXI/VI

Triplexed LCD
Decoder/Drivers

Features

¢ MAX7231 drives 8 digits/7 segments; parallel
input format; 2 annunciators per digit

¢ MAX7232 drives 10 digits/7 segments; serial
input format; 2 annunciators per digit

¢ MAX7233 drives 4 alphanumeric characters/
18 segments; parallel input format

¢ MAX7234 drives 5 alphanumeric characters/
18 segments; serial input format

¢ On-chip oscillator

*

Direct interface to microprocessors

¢ Monolithic, Low Power CMOS Design

Ordering Information

PART

TEMP. RANGE

PACKAGE

MAX7231AFIPL

-20°C to +85°C

40 Lead Plastic DIP

MAX7231BFIPL

-20°C to +85°C

40 Lead Plastic DIP

MAX7231CFIPL

-20°C to +85°C

40 Lead Plastic DIP

MAX7232AFIPL

-20°C to +85°C

40 Lead Plastic DIP

MAX7232BFIPL

-20°C to +85°C

40 Lead Plastic DIP

MAX7232CFIPL

-20°C to +85°C

40 Lead Plastic DIP

MAX7233AFIPL

-20°C to +85°C

40 Lead Plastic DIP

MAX7233BFIPL

-20°C to +85°C

40 Lead Plastic DIP

MAX7234AFIPL

-20°C to +85°C

40 Lead Plastic DIP

MAX7234BFIPL

-20°C to +85°C

40 Lead Plastic DIP

Ordering information continued on next page

Pin Configuration

S
/N N N AN N

MAX7233 MAX7233

CS2 TS1 Ay Ag DoDs CTS2CS1 Ay Ag DoDs

L

_°¢ b6

Two MAX7233's driving 8 character display INPUT

(Detailed Circuit Diagram — Figure 21)

Top View
40 Lead DIP
é§|:“ ~ swpv
Voise [ 2 39 ] A2
comi1[]3 38[] A1
comz] 4 371 a0
coms]s sspano 12[T]
1ze ssfeos 1Y[E]
w7 aafleo2 1x[9]
xs speo1 22[@
22l s MAX723752 Nabo oy [
vgu e stP ANz e
21 cF 30[]AN1 2x [i3]
z 29 1 x
3z [14]
vy 28] 8y -
x 218z
azf s xsphnx X0
avl]e sphy 4207
axw upnz
sz[] 18 23] ex
sy] 1o 26y
sx} 20 216z

44 Lead PCC

MAX7231
AF

MAXIV
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Triplexed LCD
Decoder/Drivers

OPTION TABLE

MAX7231/32/33/34

DEVICE OUTPUT CODE ANNUNCIATOR LOCATIONS INPUT OUTPUT
ICM7231AF Hexdecimal Both Annunicators Parallel Entry 8 Digits
ICM7231BF Code B on COM3 4 bit Data plus
ICM7231CF | Code B 1 Annunciator COM1 2 bit Annunciators 16 Annunciators

1 Annunciator COM3 3 bit Address
ICM7232AF Hexadecimal Both Annunciators Serial Entry 10 Digits
ICM7232BF Code B on COM3 4 bit Data plus
2 Bit Annunciators 20 Annunciators
ICM7232CF Code B 1 Annunciator COM1 4 bit Address
1 Annunciator COM3
ICM7233AF 64 Character (ASCII) No independent Parallel Entry 6 bit (ASCIl) | Four
18 Segment Annunciators Data Characters
(Half width numbers) 2 bit Address
ICM7233BF 64 Character (ASCII) No Independent Parallel Entry 6 bit (ASCII) | Four
18 Segment Annunciators Data Characters
(Full width numbers) 2 bit Address
ICM7234AF 64 Character (ASCII) No Independent Serial Entry 6 bit (ASCII) Five
18 Segment Annunciators Data Characters
(Half width numbers) 3 bit Address
ICM7234BF 64 Character (ASClI) No Independent Serial Entry 6 bit (ASCIl) Five
18 Segment Annunciators Data Characters
(Full width numbers) 3 bit Address
Ordering Information Pin Configuration
PART TEMP. RANGE PACKAGE TOp View 44 Lead PCC
o
MAX7231AFIQ -20°C to +85°C 44 Lead Plastic Chip Carrier 5 5 5 E
8 £g8
MAX7231BFIQ -20°C to +85°C 44 Lead Plastic Chip Carrier 2E£E 5 =50 ,g H 35 o
000 k89, |g k552
K O00>322 515 838338
MAX7231CFIQ -20°Cto +85°C 44 Lead Plastic Chip Carrier [61051 21 [31[2] [1] 4 3 b2 [ bl
MAX7232AFIQ -20°C to +85°C 44 Lead Plastic Chip Carrier e
MAX7232BFIQ -20°C to +85°C 44 Lead Plastic Chip Carrier i
20 MAX7232
MAX7232CFIQ -20°Cto +85°C 44 Lead Plastic Chip Carrier 2v (3] AF
ne[iZ
MAX7233AFIQ -20°C to +85°C 44 Lead Plastic Chip Carrier (D o
MAX7233BFIQ -20°C to +85°C 44 Lead Plastic Chip Carrier ::l%
MAX7234AFIQ -20°C to +85°C 44 Lead Plastic Chip Carrier :: ::
MAX7234BFIQ -20°C to +85°C 44 Lead Plastic Chip Carrier
40 Lead DIP 40 Lead DIP 4
DATA CLOCK DATA CLOCK
INPUT [} INPUT 40 v
Voise [ 2 Voisp 39 [] WRITE INPUT
comi[]3 com1 38 [] DATA INPUT
com2(]a com2 37 DATA ACCEPTED
coma[]s CcoMm3 36 GND OUTPUT
1z[Qs 1z 35 sU
wQr v 3a[sv
xQd 33 x 33(] sw
2z 32 o MAX7: - SMA:;ZS«::“ o
2y v sY
axOgn 1w 5z
3z[]n2 2z 4
vy 2y av
3x [ 2x aw
a1 2w ax
ay [} 16 2v ay
a7 U 4z
s5z[] 18 3z 3
sy 3y v
sx [} 20 3x 3w

Continued on last page of data sheet.
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ABSOLUTE MAXIMUM RATINGS

Power Dissipation (Note 1) ............. 0.5W @ 85°C
Supply Voltage (Vt) ..ovviiniiiiiii i 6.5V
Input Voltage (Note 2) .............. -0.3V < VIN < 6.5V
Display Voltage (Note 2) ............ -0.3V to V* + 0.3V
Operating Temperature Range ......... -20°C to +85°C
Storage Temperature Range -65°C to +160°C
Soldering Temperature (10 seconds) .......... +300°C

Triplexed LCD
Decoder/Drivers

Stresses above those listed under “Absolute Maximum Ratings”
may cause permanent damage to the device. These are stress
ratings only, and functional operation of the device at these or
any other conditions above those indicated in the operational
sections of the specifications is not limited. Exposure to abso-
lute maximum rating conditions for extended periods may affect
device reliability.

ELECTRICAL CHARACTERISTICS (v+* = +5v +10%, Ta = 20°C to +85°C unless noted)

PARAMETER SYMBOL CONDITIONS/DESCRIPTION MIN TYP MAX UNITS
Power Supply Voltage v+ o 4.5 55 \"
gﬁ:)aps e\t/tht;Zr; v+ Guaranteed Retention at 2V 2 1.6 \"
Logic Supply Current I+ S:&r:gizgoé?sz;fvﬁgsldw 30 100 pA
Shutdown Total Current Is Vpisp Pin 2 Open 1 10 pA
Display Voltage Range Vpisp Ground < Vpisp < V* 0 v+ \
et g Bl R o 5B
e onage Setue e T i w| 1
ggp(:l:aoymspig:(;?st of Sample Test only, Vpisp = 0V 1/4 1 % (V*-Vpisp)
Display Frame Rate foisp See Figure 2 60 90 120 Hz
Input Low Level (Note 3) Vie MAX7231, MAX7233| MAX7232, MAX7234 0.8 \
Input High Level (Note 3) VIH Pins 1, 30-35, 37-39 | Pins 1, 38, 39 2.0 \
Input Leakage Ik MAX7231, MAX7233 | MAX7232, MAX7234 0.1 1 uA
Input Capacitance CiN Pins 1, 30-35, 37-39 | Pins 1, 38, 39 5 pF
Output Low Level Vou Pin 37, MAX7232, MAX7234, loL = 1mA, 0.4 \
Output High Leve! VoH V* =45V, loH = -500uA 4.1 Y

AC CHARACTERISTICS V* =5V, Ta = 25°C, 0-3V INPUT SWINGS PARALLEL INPUT (MAX7231, MAX7233) See Figure 5
PARAMETER SYMBOL CONDITIONS/DESCRIPTION MIN TYP MAX UNITS

Chip Select Pulse Width tes 500 350 ns
Address/Data Setup Time tds 200 ns
Address/Data Hold Time tdh 0 -20 ns
Inter-Chip Select Time tics 3 [
AC CHARACTERISTICS v+ =5V, Ta = 25°C, 0-3V INPUT SWINGS SERIAL INPUT (MAX7232, MAX7234) See Figures 6, 7, 8
PARAMETER SYMBOL CONDITIONS/DESCRIPTION MIN TYP MAX UNITS

Data Clock Low Time tel 350 ns
Data Clock Period tel 1 us
Data Setup Time tds 200 ns
Data Hold Time tdh 0 -20 ns
Write Pulse Width twp 500 350 ns
Write Pulse to Clock

at Initialization twl 4 us
Data Accepted todi 4 s
Low Output Delay

giag;z g%igﬁttegelay todn 15 3 ps
Write Delay After Last Clock tews 350 ns

Note 1: This limit refers to that of the package and will not be obtained during normal operation.

Note 2: Due to the SCR structure inherent in these devices, connecting any display terminal or the display voltage terminal to a voltage outside the
power supply to the chip may cause destructive device latchup. The digital inputs should never be connected to a voltage less than -0.3 volts
below ground, but may be connected to voltages above V+ but not more than 6.5 volts above GND.

Note 3: V* =5V, Ta = +25°C.
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MAX7231/32/33/34

Triplexed LCD

Decoder/Drivers

TERMINAL DEFINITIONS
MAX7231 PARALLEL INPUT NUMERIC DISPLAY

(Note 3)

TERMINAL PIN NO. DESCRIPTION FUNCTION
AN1 30 Annunciator 1 Control Bit High = ON
| AN2 31 Annunciator 2 Control Bit Low = OFF See Table 1
BDO 32 Least Significant o Input
BD1 33 4 Bit Binary Data
BD2 34 Data Inputs (See Table 2)
BD3 35 Most Significant HIGH = Logical One (1)
A0 37 Least Significant i Input LOW = Logical Zero (0)
3 Bit Digit
Al 38 Address Inputs Address
A2 39 Most Significant P (See Table 4)
CSs 1 Data Input Strobe/Chip Select Trailing (Positive going) edge latches data,

causes data input to be decoded and sent
out to addressed digit

mode can be

Note 3: CS has a special “mid-level” sense circuit that establishes a test mode if it is held near 3V for several msec. Inadvertent triggering of this
avoided by pulling it high when inactive, and driving it with fast rise and fall times.

MAX7233 PARALLEL INPUT ALPHA DISPLAY

TERMINAL PIN NO. DESCRIPTION FUNCTION
DO 30 Least Significant
D1 31
|
D2 32 6 Bit (ASCII) Dout
D3 33 Data Inputs HIGH = Logical One (1)
D4 34 (See Table 3) LOW = Logical Zero (0)
D5 35 Most Significant
A0 37 Least Significant Input Add.
Al 3 Most Significant Address Inputs (See Table 5)
C_'§1 39 Chip Select Inputs Both Inputs LOW, load data into input latches.
CS2 1 (Note 3) Rising edge of either input causes data to be

latched, decoded and sent out to addressed
character.

MAX7232 and MAX7234 SERIAL DATA AND ADDRESS INPUT

TERMINAL PIN NO. DESCRIPTION FUNCTION

Data Input 38 Data + Address Shift Register Input HIGH = Logical One (1)
LOW = Logical Zero (0)

WRITE Input 39 Decode, Output, and Reset Strobe When DATA ACCEPTED Output is LOW,
positive going edge of WRITE causes data
in shift register to be decoded and sent to
addressed digit, then shift register and
control logic is reset. When DATA
ACCEPTED Output is HIGH, positive going
edge of WRITE triggers reset only.

Data Clock 1 Data Shift Register and Control Positive going edge advances data in shift

Input Logic Clock register.
MAX7232: Eleventh edge resets shift register
and control logic.
MAX7234: Tenth edge resets shift register
and control logic.

DATA 37 Handshake Output Output LOW when correct number of bits

ACCEPTED entered into shift register; MAX7232: 8, 9 or

Output 10 bits. MAX7234: 9 bits.

ALL DEVICES

TERMINAL PIN NO. DESCRIPTION FUNCTION

Display 2 Negative end of on-chip resistor string Display voltage control. When open (or less

Voltage Vpisp used to generate intermediate voltage than 1V from V*) chip is shutdown; oscillator

levels for display. Shutdown Input. stops, all display pins to V*.

gﬁcxpgu;s; 3,4,5 Drive display commons, or rows.

Segment Line 6-29 (On MAX7231/33) . .

Driver Outputs 635 (On MAX7232/34) Drive display segments, or columns.

v+ 40 Positive Supply

GND 36 Ground
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D8 o7 D6 D5 D4 D3 D2 D1
XYz TIT XYz XY z XYz XY z Xvz XYz
L 10D 1T ] o
SEGMENT| | [ - ] >
LNE [ ] - - - - ] 2
DRIVERS ) v ONCHIP
1D o
SWIoE | | - - || | - ™ oispLay
3 VOLTAGE
OUTPUT ) LEVEL
LATCHES o OR
9 WIDE | M :,
‘P
Voisp
J.s {s }9 {9 9 }9 }9 a|'9 PIN 2 (INPUT)
Yo j
1 DIGIT
ADDRESS EN DISPLAY
DATA DECODER L TIMING - — com1
DECODER GENERATOR OMMO!
o LINE L comz
DRIVER
ADDRESS g coms
INPUT  EN
LATCHES
AN1  BDO  BD2 A0 A1 A2 cs
— -
DATA INPUTS ADDRESS INPUTS
Figure 1. Block Diagram of MAX7231.
D10 D9 D8 o7 D6 D5 D4 D3 D2 D1
XVYz XYz XYz XY z XYz XYz XYz XYz XYz XYz
| | |11 0 I I O I [ 11 »
SEGMENT || [} - - ] | ] -
une || | [ ] [ | | | ] -
DRIVERS
3 WIDE v,, ONCHIP
- - — - | - || DISPLAY
VOLTAGE
LEVEL
ki }1—4V,  GENERATOR
9WIDE [7] H T - - - L
¥ v
9 ‘L {9 ‘l'g {9 ‘h i’ ‘f, ‘1’9 ‘}9 &—2ISP piN 2 iINPUT)
_ﬁ% [
DIGIT  EN DISPLAY
DATA ADDRESS TIMING Y e ommond— COM1
DECODER DECODER SERIAL INPUT GENERATOR o e
CONTROL LOGIC —|oRivers | COM2
com3
AN|AN| BD{BD |BD|BD
1121011123
SHIFT REGISTER DATA DATA WRITE DATA
SHIFTS RIGHT TO LEFT INPUT CLOCK INPUT ACCEPTED
ON RISING EDGE OF DATA CLOCK INPUT OUTPUT
Figure 2. Block Diagram of MAX7232
>
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MAX7231/32/33/34

Triplexed LCD
Decoder/Drivers

CHAR 4 CHAR 3 CHAR 2 CHAR 1
UVWXYZ uvwxyz UVWXYZ uUvwXxyz

SEGMENT [ 1 —

LINE — — — N
DRIVERS |— — — -4V
6 WIDE

— — — 3
OUTPUT 3 ON CHIP
LATCHES [ ™" DispLAY
18WIDE [ M b3 VOLTAGE
< LEVEL

18 ta { 18 18 [V GENERATOR
S
3

v
2P pIN 2 (INPUT)
418
DISPLAY
TIMING |
GENERATOR
DATA c;urucrsn o L L comt
DECODER JLu
DECODER COMMON
ONE LINE |—— com2
DRIVER
SHOT coma
g
ADDRESS
DATA INPUT
EN INPUT  EN
LATCHES LATCHES
D0 D1 D2 D3 D4 D5 A0 A1
— —_—
ASCIl DATA ADDRESS Cs1cs2
INPUTS INPUTS —
CHIP SELECT
INPUTS
Figure 3. Block Diagram of MAX7233
CHAR 5 CHAR 4 CHAR 3 CHAR 2 CHAR 1
UVTITZ uv]“l“l'T TTTTTZ UVWXTT IVTXYT
SEGMENT | L - |
LINE ] — — — v
DRIVER | — — [ ,_
6 WIDE 1
- ] - - b3
OUuTPUT 3y, OncHe
DISPLAY
LATCHES 1
18WIDE | = - $  VOLTAGE
3 LEVEL
V. GENERATOR
Tis 18 18 ‘1’1. + 18 $
L {
v
2% pIN 2 (INPUT)
Tie I l
DATA TR N DISPLAY - comt
DECODER DECODER TIMING | L1 common
GENERATOR LINE com2
SERIAL INPUT DRIVERS
l J l CONTROL LOGIC coms
T 1 71 CLOCK
[ L |
DO D1)D2|D3ID4| DS| AOIA1 A2
] 1 | [} ] DATA
L I 1 1 1
y
SHIFT REGISTER DATA DATA WRITE DATA
SHIFTS RIGHT TO LEFT INPUT CLOCK INPUT ACCEPTED
ON RISING EDGE OF DATA CLOCK INPUT OUTPUT

Figure 4. Block Diagram of MAX7234
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cs2
INPUT

(MAX72330NLY)

csi
INPUT

1
DATA 35707 N ADDRESS

ADDRESS 5% i AND DATA
INPUT  ~ 5 INPUTS VALID

ADDRESS
AND DATA
7 INPUTS VALID K

PARALLEL INPUT TIMING MAX7233 AND MAX7231

| -

Figure 5. Parallel Input Timing

Detailed Description
Parallel Input Interface

The MAX7231 and MAX7233 have a parallel interface
allowing direct parallel connection to microproces-
sors. The address and data bits are latched on the
positive going edge of the Chip Select. The positive
going edge of Chip Select also triggers an internal
monostable that enables the address decoder and
latches the decoded data into the digit/character
output latches.

Figure 5 shows the timing requirements for the
parallel input devices (7231 and 7233). To ensure
that the new data does not appear at the decoder
inputs before the previous decoded data is written
to the outputs, there is a minimum time required
between CHIP SELECT pulses.

Serial Input Interface

A WRITE pulse while Data Accepted Output is high
will reset the serial input control logic, but will not
latch any data. A WRITE pulse while Data Accepted
Output is low will cause the MAX7232 and MAX7234
to decode the data, latch the data into the output
latches and then reset the serial input control logic.

This assures that each data bit will be entered into
the correct position in the shift register, depending

MAXIz

on the subsequent data clock inputs. The MAX7232’'s
Data Accepted Output goes low after 8 Data Clock
pulses, whereas the MAX7234’s Data Accepted Out-
put goes low after 9 Data Clock Inpulses. Further
Data Clock pulses occuring before a WRITE pulse
will cause the Data Accepted Output to go high after
11 Data Clock pulses in the MAX7232 and the 10 Data
Clock pulses in the MAX7234. In both cases, the
serial input control logic is also reset when Data
Accepted goes high.

The serial input timing diagram shown in Figure 6
illustrates the recommended procedure for enter-
ing data.

Note that the eleventh clock resets the shift register
and control logic for the MAX7232, but the Data
Accepted Output goes low after the eighth clock. As
Figure 7 illustrates, this allows the user to reduce
the data to eight bits. The MAX7232 then writes to the
7 segment display, but leaves the annunciators off.
Nine Bits are clocked in if only AN2 is turned on.

The control logic of the MAX7234 is similar to the
MAX7232, but nine bits are always required. As illu-
strated in Figure 8, the data bits are only latched if
the WRITE input occurs after the ninth data bit has
been entered and Data Accepted Output is low.

3-25
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ELEVENTH CLOCK
WITH NO WRITE PULSE
RESETS SR + LOGIC
DATA |
cLocK
INPUT \
(PER BIT 1
OF DATA) A3
DATA
VALID
DATA 1
INPUT i
|
! |
: —> todh re—
DATA H 1
ACCEPTED ' H
ouTPUT -
! 1
|
| l""l’"
[ tows—>{ te— |
WRITE T T -
INPUT | I /‘{" |
s DECODES AND STORES
257,1;3?';:535: &R ;775 DO NOT CARE DATA, RESETS SHIF1
LOGIC WHEN DATA REGISTER AND LOGIC
ACCEPTED HIGH WHEN DATA ACCEPTED
IS LOW

Figure 6. One Digit Timing Diagram for the MAX7232, Writing Both Annunciators.

ANt | AN2 | BDO [ BD1 [ BD2 [ BD3 | A [ A1 | A2 | As
ENTER ENTER
FIRST LAST

MAX7232 WRITE ORDER

| et fa—tci—a

DATA
CLOCK
INPUT

DATA
INPUT ¢
| A3
1 DATA VALID
| todi—»| |=—,
DATA . L
ACCEPTED ! |
OouTPUT | 1
f—tun :
e R ~
RN |
INPUT RESETS SHIFT REGISTER J\ DECODES AND STORES
| AND CONTROL LOGIC | DATA, RESETS SHIFT
| | WHEN DATA ACCEPTED %", DO NOT CARE REGISTER AND LOGIC
IS HIGH S WHEN DATA ACCEPTED
IS LOW

Figure 7. Input Timing Diagram of the MAX7232. Both Annunciators OFF.
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et ter ]

(WY WOV WOY )

TENTH CLOCK

WITH NO WRITE

PULSE RESETS
/ SR AND LOGIC

|
| DATA DATA DATA DATA DATA VALID ]
| VALID VALID VALID VALID toar ! ' toar
DATA + T !
ACCEPTED | I ‘ l (
ouTPUT | l b A J
—| la—tun | |etwp |
todh
>l twp e —»: tows le—  la—>]
| |
WRITE T
INPUT RESETS SHIFT REGISTER \ DECODES AND STORES
| | AND CONTROL LOGIC IF | :21(;1;::5":3053;20
DATA ACCEPTED IS HIGH 7
m i WHEN DATA ACCEPTED
Do D1 | D2 | D3| Ds|Ds|Ao| At A2 IS Low
WRITE ORDER | WRITE WRITE
FIRST LAST

Figure 8. One Character Input Timing Diagram of the MAX7234.

Temperature Compensation
Temperature Effects

Temperature affects the performance of liquid crystal
displays (LCD’s) in two ways. As the display tem-
perature drops, the response time of the display
becomes longer. At very low temperatures, some
displays may take several seconds to change to a
new character. However, high-speed liquid crystal
materials are available for low temperature environ-
ments.

Temperature has a significant effect on the variation
of liquid crystal threshold voltage. The peak voltage
(VP) required to turn on the display has a temperature
coefficient of -7 to -14 mV/°C for typical liquid crystal
materials used in multiplexed LCD’s. This means that
as the temperature increases, the threshold voltage

PEAK VOLTAGE

-10

50

0 10 20 30 40
AMBIENT TEMPERATURE (°C)
L

decreases. Figure 9 illustrates the dependence of
peak voltage (Vp) on temperature for the same liquid
crystal material described in Figure 10. Assuming a
fixed value for Vp, OFF segments begin to be visible
when the threshold voltage drops below Vp/3. To
avoid this problem at high temperature, Vp may be
set at a fixed voltage chosen to make the RMS OFF
voltage, Vp/3, just below the threshold voltage at the
highest temperature expected. This is appropriate
where display temperatures do not vary widely.

70

CONTRAST (%)
8 8 3

w
o

20

0 1 2 3 4
APPLIED VOLTAGE (VRMS)

Figure 9. Temperature Dependence of Liquid Crystal Threshold.

AKXV

Figure 10. Applied RMS Voltage vs. Contrast.
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Display Voltage

An internal resistor string of three equal value
resistors is used to generate the display drive
voltages. One end of the string is available at Pin 2
(Voisp) and the other end is connected to V*+ on
the chip. Pin 2, the user’s input, allows the display
voltage to be optimized for a particular liquid crystal
material. Note that Vp should be three times the
threshold voltage for the liquid crystal material used
(VP = V* - Vpisp). To avoid device latchup and
possible destruction of the chip, never drive Pin 2
below Ground or above V+.

Figure 11 illustrates a simple method of generating
a display voltage suitable for a particular display.
A potentiometer with a maximum value of 200k}
connected from Pin 2 to Ground gives sufficient
range adjustment to suit most displays. Due to the
positive temperature coefficient of the resistors
on-chip, this method for generating display voltage
should be used only in applications where the tem-
perature variation of the chip and display will not
vary more than *5°C (15°F). The power supply
voltage also effects the display voltage.

The chip may be operated at the display voltage with
Vpisp connected to Ground in battery powered
applications where the display voltage is the same
as the battery voltage (typically 3 to 4.5 volts). The
inputs of the chip are designed such that they may
be driven above V* without damage. This allows
the chip and display to operate at a regulated 3V
while its inputs are driven by a microprocessor that
is operating at a less well controlled 5V supply. Under
no circumstances should the inputs be driven more
than 6.5V above Ground. Independent adjustment
of both voltage and temperature compensation is
illustrated in Figure 12. Temperature compensation
is performed by the ICL7663.

Another method of setting up a display voltage is
illustrated in Figure 13. The five diodes (1N914 or
equivalent), each have a forward drop of approxi-
mately 0.65V, with 20 (uA) at room temperature. This
configuration is suitable for the 3V display using the
material properties as shown in Figures 9 and 10.
More diodes may be added for higher voltage dis-
plays. Each diode has a negative temperature

OPEN

200k() 2 Vpisp 40 +5

L 36 —
MAX7231
MAX7234

Figure 11. Simple Display Voltage Adjustment.
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coefficient of -2mV/°C (5 in series gives -10mV/°C).
Consequently, this circuit will provide reasonable
temperature compensation.

+5V

o—9gp—————
Vin
Vourt1 v
>
Loaic v _T s
svsTem, |— OUT2 ™ oMo S
PROCESSOR,|— :
ETC. Vser
300k
Vrc b MAX7233 :>
L
GND 2m0

Voisp
-
= maxim

GND

ICL7663
DATA BUS

Figure 12. Flexible Temperature Compensation.

v+

1N914 2Vpisp 40 —| +5V
DIODES
] —
MAX7231 -
MAX7234
40k

Figure 13. Diode String VDISP Generator.

Triplexing
The connection diagram for a typical 7-segment
display font with 2 annunciators is illustrated in
Figure 15. The MAX7231 and MAX7232 (A and B
suffix versions) numeric display drivers use this
configuration. The voltage waveforms of the com-
mon lines and one segment line are illustrated in
Figure 14. The “Y” segment line has been chosen as
an example. This line intersects with COM1 to form
the “A” segment, COM2 to form the “G” segment,
and COMS3 to form the “D” segment. Four different
ON/OFF combinations of the “A”, “G” and “D”
segments and their corresponding waveforms of
the “Y” segment line are illustrated in Figure 14. The
schematic diagram in Figure 16 shows that each
intersection acts as a capacitance from segment line
to common line. Figure 17 illustrates the voltage
across the “G” segment for the same four combina-
tions of ON/OFF segments shown in Figure 14.

The RMS voltage across the segment determines
the degree of polarization for the liquid crystal
material and thus the contrast of the segment. The

MNMAXI2VI




RMS OFF voltage is always Vp/3, whereas the RMS
ON voltage is always 1.92 Vp/3. This is illustrated in
Figure 17. The ratio of RMS ON to OFF voltage is
fixed at 1.92 for a triplexed liquid crystal display.

Contrast vs. applied RMS voltage is shown in
Figure 10. With a Vp of 3.1V, the RMS ON voltage is
2.1V and the RMS OFF voltage is 1.1V. The OFF seg-
ment will have a contrast of less than 5%, while the
ON segments will have greater than 85% contrast.

Triplexed LCD
Decoder/Drivers

l¢1]¢2|¢3]¢||d’2’|d)a‘|

-V COMMON LINE
EL VL | WAVEFORMS
= ——— Voisp

ON CHIP

RESISTOR STRING
v+

~ 75KQ
VH

~75KQ
Vi

~ 75K}

Voisp PIN2
INPUT

TYPICAL
- SEGMENT LINE
I |- WAVEFORMS

(SEGMENT
LINE “¥")

- Voisp

NOTE: ¢4, ¢2, 3 — COMMON HIGH WITH RESPECT TO SEGMENT.
&1,62,03— COMMON LOW WITH RESPECT TO SEGMENT.
COM 1 ACTIVE DURING ¢1 AND ¢y’
COM 2 ACTIVE DURING ¢2 AND ¢z
COM 3 ACTIVE DURING ¢3 AND o3

Figure 14. Display Voltage Waveforms.

2 /
com 1

SEGMENT LINE CONNECTION COMMON LINE CONNECTION

SEGMENT

¥ Y T =~ unes
1 1
| 1
| 1
i /\ |

com1 f o a b

|

]
"/ |
i ‘}l/ i
1 I

com2 e, 9 <
! i
! |
! I
! [

e LH " ld  'RH

DP; IDP
| |
Figure 16. Schematic of Display.
Vg =V -Vcom2 E BETWEEN T
UINE b AND COM 2 VOLTAGES)
| 1] 62 | d3 | 6v ] 02 | 05 | Vo= V* - Voigp
+v, =COMMON AND
SEGMENT PEAK TO
PEAK VOLTAGE

ALL OFF 0 Vams= ‘—;2 = Vams oFF

aON [—_I-___

g,d OFF 1 L ]
—————————————————————— Vp
RN
———————————— l—- ————
"',QOOF: — _ 0 Vams = Jg%g =VRMs oN

VamsON /11

VOLTAGE CONTRAST RATIO = Vams OFF = Nl =192

NOTE: ¢1, ¢2, ¢3 — COMMON HIGH WITH RESPECT TO SEGMENT.
&1 ¢2 3 — COMMON LOW WITH RESPECT TO SEGMENT.
COM 1 ACTIVE DURING ¢1 AND ¢y
COM 2 ACTIVE DURING ¢z AND ¢2
COM 3 ACTIVE DURING ¢3 AND ¢3

Figure 15. Connection Diagrams for Typical 7-Segment Displays.

VAKXV

Figure 17. Voltage Waveforms on Segment g (Vg).
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___ Output Codes and Display Fonts

The MAX7231 and MAX7232 numeric display drivers
are programmed to drive 7-segment displays plus
2 annunciators per digit. Refer to Table 1 for annun-
ciator input controls. The display connections for
one digit are shown in Figure 18. Both annunciators
are placed on COM3 on the “A” and “B” suffix
devices. The “A” devices offer a “hexadecimal”
7-segment output, while the “B” devices offer “Code
B” outputs. This is illustrated in Table 2. Figure 19
illustrates the “C” device configuration. The Left

hand annunciator is placed on COM1 (AN2) and the
right hand annunciator (usually a decimal point)
is placed on COM3 (AN1). Only a “Code B” output
is offered for the “C” devices.

Both the MAX7233 and MAX7234 are supplied in “A”
and “B” versions, decoding an ASCI| 6-bit subset to
an 18-segment display, with 16 “flag” segments and 2
“dots”. Figure 20 illustrates the layout for a single
character. The “A” devices have numbers which are
half-width and the “B” devices have full-width num-
bers. Refer to Table 3 for output decoding.

Table 3: Data Decoding — 18 Segment

Table 1: Annunciator Decoding (MAX7233/MAX7234)
g‘?’agr DISPLAY OUTPUT CODE INPUT DISPLAY OUTPUT B |
AN | AN MAX7231 A/B MAX7231C > VERSIOTLVERSION
2 1 MAX7232 A/B MAX7232C D3 | D2|D1/DO| 00 | 01 | 1,0 1.1
BOTH LH olojolo [P]P 1]
ANNUNCIATORS | ANNUNCIATOR olofo[1 | A|QE | |
ON COM 3 COM 1 o ToT3 o = T = 3
RH |
ANNUNCIATOR olo|1 |1 |C |15 |F| 3 B
CoM 3 o[t oo [T [&H[ 4 [
0 10 g 8 o [T o[+ [E [T [ 5§
o | 1 8 8 o[ o|F |V &b |B
1 Y 8. ,.‘9 NERERERIERIN R 1 1
[ 8 g i Jojolo[H[X|<| B B
Table 2: Binary Data Decoding ! ojofv ] Y 2 3 e
(MAX7231/MAX7232) tjof1lo |, | Z | % :
CODE DISPLAY 1ol KT T+ ;
INPUT OUTPUT 11 oo | LN |7 Z
830 BZD B1D B;J HEX COBDE 1101 M3 — =
11|10 |NI|A AN
r n hd
0 0 0 0 U y HERERE ¢ |/ °
0 0 0 1 ] ]
0 0 1 0 Z c
0 0 1 1 3 3
0 1 0 0 Y Y
0 1 0 1 S S
0 1 1 0 [ 5
0 1 1 1 7 7
1 0 0 0 8 8
1 0 0 1 9 9
1 0 1 0 A -
1 0 1 1 b E
1 1 0 0 r H
1 1 0 1 d L
1 1 1 0 £ P
1 1 1 1 F BLANK
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Table 4: Address Decoding (MAX7231/7232)

Triplexed LCD
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MAXIVI

DISPLAY X
CODE INPUT OUTPUT
MAX \_2_/
s comn ‘ ﬂ
L
DIGIT
A3 A2 A1 A0 | SELECTED comz ﬂ
0 0 0 0 D1 rl \j
0 0 0 1 D2 coms
0 0 1 0 D3 SEGMENT LINE CONNECTIONS COMMON LINE CONNECTIONS
0 0 ! ! D4 Sﬂ*é‘o‘.:‘.z(‘:":.‘fé"°“s
OF Ci
0 ! 0 0 DS ("A" AND 8" SUFFIX VERSIONS)
0 1 0 1 D6
0 1 1 0 D7 Figure 18. Display Fonts for MAX7231 and 7232.
0 1 1 1 D8 (Suffix Versions “A” and “B”).
1 0 0 0 D9
1 0 0 1 D10
1 0 1 0 NONE x
1 0 1 1 NONE com
1 1 0 0 NONE \ &jﬁ
1 1 0 1 NONE com2 ‘
1 1 1 0 NONE C 9 )
1 1 1 1 NONE ‘ e
com3 ] q
Table 5: Address Decoding (MAX7233/7234) SEGMENT LINE CONNECTIONS COMMON LINE CONNECTIONS
CODE DIGIT
INPUT SELECTED e o SOt 4 homr o
MAX “C" SUFFIX DEVICES
7234 * ANNUNCIATORS CAN BE:[ST0P], (G0, & 4 -arrows
ONLY OPENING, ETC. WHATEVER THE DESIGNER CHOOSES TO INCORPORATE
A2 A A0 IN THE LIQUID CRYSTAL DISPLAY.
0 0 0 D1 Figure 19. Display Fonts for MAX7231 and 7232. (Suffix Version “C").
0 0 1 D2
0 1 0 D3
0 1 1 D4
1 0 0 D5 vy mxy 8 comt
1 0 1 NONE Py
1 1 0 NONE
1 1 1 NONE

N4\

Ccom3

SEGMENT LINE CONNECTIONS COMMON LINE CONNECTIONS

Figure 20. Display Fonts for MAX7233 and 7234.
(18-Segment Alphanumeric).
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N N
/N /N N

MAX7233 MAX7233
Ccs2 Csi Ay Ao Do-Ds csz Csi Aq Ag  Do-Ds
| .
V.
7
46
+5V
3 L & & [ > o
roo,oul | $ 750k 333333 gsxmmn
< < <
EPROM v+ 1 MC140498
1kQ 11— OR
[ CD40498
RC 2 P
0ApF == 4 N
37: maxim g N
ICM7240 & V°
No
16 P
+5V ——] TRIG .
RESET 64
GND 128
= As As A3 A2 Ay Ag QoQs
As
A7
2708 Qs
Asg
OE
+5V [
e -
T8 1/0 31:‘%::‘:3:
IRy R
I b !
= MAXIM ,
ICM7240 A
+5V TRIG
RESET
j

Figure 21. EPROM-Coded Message System. This circuit cycles through a message coded in the EPROM,
pausing at the end of each line, or whenever coded on Qe.
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MC6802 pr— g
MICROPROCESSOR ol [ >
WITH RAM LINI N 4
v+ AN T ATURE
L | COMPENSATION x
- 121 8 2 7 v ~
Vss Vecc MAX7233B 2N2222  Voisp
v M LagexmaL vec ssf- v [ 1 [ 200k¢ M
cc 35—
C Ve ) - N N b 200k
D RE 36 |— v+ vy DI::LSAV v2 b¢
T s GND Vol o MAx72338 | | MAX72338 | | MAX72338 -l
SR ] N
40 RESET 2 r 40k
v —>{2HALT  DATA 211 181217 r6 Aa; 11 L e ,—Azn 11 Q
I o—Av—] 3mr Bus | A A2 [DoDs|  |,) |As | DoDs A; |As |DoDs Ay | As N = N
= 10k ol o N 26-33 7 ° ) TO OTHER
ADD 9-20 |—# - PARTS OF SYSTEM \
<+178A pus2225| 16 2-5, 16, 30-33, 38-40 74LS00
E37 / — )\ AAA v Q
v WA
V 7 ™Mo u
29 ¥ce 1P7 DISPLAY STORAGE ENABLE
'—] ADDRESS \
2128 ? OTHER 1/0
TG RW VMA a1s  FORT Q
4 34 5 oaTA | DA? ] “ﬂ CONTROL n
€10 19 |—>
6CSO CTC 18 f«—) COUNTER/TIMER
7R Serf—
36 Vss
G| | wmcesss
= ROM-I/O-TIMER
Figure 22. MC6802 Microprocessor with 16 Character 16 Segment ASCII Liquid Crystal Display.
-
Package Information
PIN(‘)IOENT AR B.C
045 A\ 1050 - .001 oss
|‘ 127 - 025 - .035 RAD
0.090 2070 4__.l (1143) .1 \h | 889
0.070 Gase) I (52.578) Eﬁ nononhaponn i (o9
(1778) e SGnooAnsanoenooonnn T W T
0.600 - 0.6: o}:a =N o ‘
. -0.620 0.55020.005 { 3
(15.240-15.748) 9 maxim (13.97020.127) (”“),4 = ne
0.030 |1 H =i
(0767) TOETEEETTTTTT IO 0.050 d = \
0.100£0.010 0.150£0.005 (1. 270) = [ 650 - .005 620 - .005 (15.75 - 127)
(2 54020, 25‘) —‘1 l‘:.1 (5 81020, ‘27) In :(1:6 51 - 127) B.C. QF BEND RADII
1 ] ! {
_L g | 4|
950250 = | 5 |
[ O 3| 026 |
»l 0.07520.015 l__o 01820.003 c 125 o.ozo oomaxd = 660) l
06253923 (1.90520.381) (0.457£0.076) (3.175) (0.508) (2549) (] [ | PaRTING |
TR Rk 85" 94" TYP MIN MIN \ ) LINE ,__i
15.375:3-‘;3? ¥ |EjEjEjRjuENERIRININEE|
: 0.009-0.015 010 MAX 021 (.553)
(0.229 -0.381) (:254) .690 - .005 102 (2.59)
17526 - 127 ! L—f% 170 (4.318)
40 Lead Plastic (PL)
634 = 100°C/W, 8¢ = 45°C/W 44 Lead Plastic Chip Carrier (Quad Pack) (Q)
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Pin Configuration

Top View

WRITE INPUT
(5] oata npuUT

OUTPUT

HEY

E DATA CLOCK
INPUT
[=ne

E DATA ACCEPTED

5] coma
[] comz
[=] comt
E] Voisp
[E] v
Hj

[39]Ds
[38] D4
[37] 03
36] 02
M
EIpT
[33] Do
[32] au
31] av
[30] aw
[29] ax

MAX7234
AF

0104

8
£
o1

I (2:33mm) 1

MAX7233

o134
(3:40mm)

o131
T (3.33mm) 1

WRITE INPUT
DATA CLOCK | 8

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent
licenses are implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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General Description

The Maxim ICM7217 family of 4 digit presettable
up/down counters contain a 4 digit, 7 segment LED
display driver and a presettable comparison (predeter-
mining) register. The counter and comparison register
can be preset using either thumbwheel switches,
jumpers, or external digital logic.

The ICM7217 (common anode) and ICM7217A (com-
mon cathode) are decade counters with a maximum
count of 9999. The ICM7217B (common anode) and
ICM7217C (common cathode) are modulo 60 counters
intended for hours/minutes or minute/seconds timing
applications, and have a maximum count of 5959.

These devices also provide multiplexed BCD outputs, a
Carry/Borrow output allowing ICM7217s to be cas-
caded, a Zero output which indicates when the count is
equal to zero, and an Equal output which indicates
when the count is equal to the value contained in the
comparison register. The ICM7217 also has a Reset
input and a display latch with store input.

Applications

The Maxim ICM7217 significantly reduces the number
of components required in many timing, counting and
frequency counter applications.

Typical applications include: ‘
Predetermining Batch Counter
Tachometer
Over/Under Speed Detector «

Count Down/Elapsed ire

Unit Counter
Frequency Counte
N A -
ng Circuit

cal

/W AKXV

4 Digit (LED) Presettable

Up/Down Counter

Features

4 Pin for Pin Second Source!

¢ 4 Digit Up/Down Counter

¢ Directly Drives LED Display

¢ Presettable Counter and Compare Register

Interfaces with Thumbwheel Switches or
Digital Logic

¢ Can Be Cascaded
¢ Multiplexed BCD I/0
¢ Up/Down, Store and Reset Inputs

# Monolithic, Low Power CMOS De'wb“

PACKAGE
8 Lead CERDIP
28 Lead Plastic DIP
28 Lead CERDIP
28 Lead Plastic DIP
28 Lead CERDIP

-20°C to +85°C

-20°C to +85°C 28 Lead Plastic DIP
-20°C to +85°C 28 Lead CERDIP
-20°C to +85°C 28 Lead Plastic DIP

Pin Configuration

CARRY O—— e ] /
ZERO O 7 7 SEGMENTS ‘

BCO & LED DISPLAY I:-I I:I I:I I:-I
At 000

COUNT INpPUT| /CM7217
o— ]

v+

STORE DISPLAY
i CONTROL
J

o—o| ”i
RESET 4 DIGITS

Unit Counter

Top View

CARRY/BORROW [T |

ZERO %
EQUAL [3
BCD/O®'s [4]
BCD /0 4's [5 |
BCD1/O2s [6] VAXIW
Bcovots [7] - ICM7217

COUNTINPUT [B] I/CM72178
STORE [9]

UP/DOWN [10

LOAD REGISTER/OFF [11]
LOAD COUNTER/i/O OFF [12]
scan [}

RESET [14

VAKXV
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ICM7224/7225

General Description

The Maxim ICM7224(LCD) and ICM7225(LED) are
high speed 4% digit counters, featuring segment
decoders, leading zero blanking, store and reset inputs,
and a carry output that allows cascading of 8 or more
digits. The ICM7224 directly drives a non-multiplexed
liquid crystal display(LCD). The ICM7225 has 29
constant current outputs for driving a non-multiplexed
common anode display.

These counters operate with inputs from DC to 15 MHz
while using only 50 uA of supply current. A Schmitt
trigger on the countinput ensures reliable operation in
noisy environments and in applications with slowly
varying inputs.

The ICM7224 and ICM7225 are now available in a 44
lead plastic chip carrier package in addition to the
standard 40 lead plastic DIP.

Applications

3

__________ Typical Opera ‘iroc f
R

ge? O

"
v+ 23 sV—
‘b -

:i N.O.
RESET

|— COUNT IN

Unit Counter
Frequency Counter
Tachometer

Hour Meter
Totalizer

8688

COMMON-ANODE
LED DISPLAY

MAXIN
1CM7225

INHIBIT
(CLOSED)

Unit Counter

VI AKX/

4'2 Digit Counter/Decoder/Driver

Features

Pin For Pin Second Source!

High Speed Up Counter: 25MHz Typ.
Leading Zero Blanking

Can Be Cascaded for 8 or More Digits

STORE and RESET Inputs for Frequency
Counter Applications

On-Board Oscillator to Provide Backplane
Frequency (ICM7224)

Brightness Control Input(ICM7225)

¢ Low Power CMOS “

® & 6 0o o0

*

*

8

40 Lead Plastic DIP
44 Lead Plastic Chip Carrier

Dice
e Pin Configuration
Top View
v[i]e [40] D1
E1[2] [39] c1
c1[3 [38] 81
F1[4] 37] A1
(BRT) BP 5] [36] OSCILLATOR (GND)
A2 6 [35] GND
B2 [T} [34] STORE
c2 [g] [33] RESET

o2 (3] MAXIM 53] count
g2 (0] /CM7224 [37) COUNT INHIBIT
G2 [i1] (/CM7225) [30] Lz out

F2 [i2 [29] LzB IN
A3 [13 [28] CARRY
83 [1a % 1/2-DIGIT
c3[B 26] Fa

p3 [ [25] 4

E3 [17 24| E4

G3 [18] [23] D4

F3 [18 [22] ca

A4 [20] [21] B4
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Power Supply Circuits

ICL7660
ICL7663
ICL7664
ICL7665

MAXI/N

+5V to 5V Monolithic Voltage Converter . .........ouiiineeniiii i, 4-1
Low Power, Programmable Positive Voltage Regulator ................. ... .. ... ... 4-9
Low Power, Programmable Negative Voltage Regulator .................... .. .. ... 4-17
Low Power Under-/Over-voltage Detector ...ttt 4-25
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Monolithic Voltage Converter

General Description

The Maxim ICL7660 is a monolithic charge pump voltage
inverter that will convert a positive voltage in the range of
+1.5V to +10V to the corresponding negative voltage in
the range of —1.5V to —10V. The ICL7660 provides perfor-
mance far superior to previous implementations of charge
pump voltage inverters by combining low quiescent cur-
rent with high efficiency, and by eliminating diode drop
voltage losses. The ICL7660 has an oscillator, control cir-
cuitry, and 4 power MOS switches on-chip, with the only
required external components being two low cost electro-
lytic capacitors.

Applications

The ICL7660 can be used wherever negative voltages in
the range of —1.5V to —10V are desired. A common use
is to generate a —5V supply for use with analog circuitry,
using the standard +5V logic supply as the power source.
Another popular usage is to convert a +9V battery volt-
age to —9V, which can then be regulated to —5V by the
Maxim ICL7664.

The ICL7660 can also be used to double the output volt-
age of a battery, generating a 3V total supply voltage from
a single 1.5V flashlight battery or generating a 6V total
supply voltage from a single lithium cell. Typical applica-
tions include:

Handheld instruments

RS-232 power supply

Data acquisition systems

—5V supply from +5V logic supply
Panel meters

Operational amplifier power supplies
Positive to negative voltage conversion

Typical Operating Circuit

V+
o R o
MAXIN
_E_—E icL7e60 |2 NEGATIVE
-l-_—'E El VOLTAGE
- = OUTPUT
= 4 5
T

Negative Voltage Converter

(Detailed Circuit Diagram — Figure 4)

Features

¢ Improved 2nd Source! (See 3rd page for
“Maxim Advantage™”).
¢ No Diode Required for High Voltage Operation

¢ Simple Voltage Conversion: +5V to 5V
¢ 98% Power Efficiency (typ)

¢ Wide Voltage Range: 1.5V to 10V

4 Monolithic, Low Power CMOS Design

Ordering Information
PART TEMP. RANGE PACKAGE
ICL7660CPA  0°Cto +70°C 8 Lead Plastic DIP
ICL7660CSO 0°C to +70°C 8 Lead Small Outline
ICL7660CTV  0°Cto +70°C  TO-99 Can
ICL7660IJA  -20°C to +85°C 8 Lead CERDIP
ICL7660ITV  -20°C to +85°C  TO-99 Can
ICL7660MTV (Order ICL7660AMTV)
ICL7660AMTV -55°C to +125°C TO-99 Can
ICL7660C/D  0°Cto +70°C  Dice
Pin Configuration
Top View

The "Maxim Advantage™" signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the
following: guaranteed performance over temperature along with tighter test specifications on many key parameters; and device
enhancements, when needed, that result in improved performance without changing the functionality.
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ICL7660

Monolithic Voltage Converter

ABSOLUTE MAXIMUM RATINGS (Note 1)

SupplyVoltage .. ............. ... ... ... ... ... 10.5V ICL7660C50 (Maxim). . ................... 200mwW
LV and OSC Input Voltage ICL76601JA (Maxim). . ................... 500mwW
(Notet) ............. —0.3Vto (V*+0.3V) forV* <55V Operating Temperature Range
(V*—5.5V) to (V' +0.3V) for V* > 5.5V ICL7660M .. ................... —55°C to +125°C

CurrentintoLV(Note1) ............ 20uA forV* > 3.5V ICL76601 (Maxim)................ —20°C to +85°C
Output Short Duration (Vgyppry < 5.5V) . ... .. Continuous ICL7660C (Maxim).................. 0°Cto +70°C
Power Dissipation (Note 2) Storage Temperature Range. .. ...... —65°C to +150°C

ICL7660CTV. ... ... ... 500mwW Lead Temperature

ICL7660CPA. . ... ... .. ... . .. 300mwW (Soldering,10s€C.) .. .. ..o ii i 300°C

ICL7660MTV. . ... ... ... ... .. ... ... ... 500mwW

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional operation of the
device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(V*+ = +2to +15 volts; Ty = 25°C, Unless Noted)

LIMITS

PARAMETER SYMBOL|MIN. | TYP. [MAX. | UNIT TEST CONDITIONS
Supply Current I* 170 | 500 uA | RL=w=
Supply Voltage Range - Hi V*Hi 3.0 6.5 \" 0°C<Ta<70°C,RL=10kQ, LV Open
(Dx out of circuit) (Note 3) 3.0 5.0 Vv -55°C < Ta < 125°C, R_ =10k}, LV Open
Supply Voltage Range - Lo VL 15 35 Vv MINS Ta < MAX,RL = 10k}, LV to GROUND
(Dx out of circuit) e
Supply Voltage Range - Hi V'h2 3.0 10.0 V [ MINSTAS<MAX, BL=10kQ, LV Open
(Dx in circuit) o\ Bl ol
Supply Voltage Range - Lo VL2 15 35 T MIN'S Ta < MAX, RL = 10k(2, LV to GROUND
(Dx in circuit) i

0 ~Tou1‘ = 20mA, Ta = 25°C
0 lout = 20mA, -20°C < Ta < +70°C
0
1)

lout = 20mA, -55°C < Ta < +125°C (Note 3)
V* =2V, lout = 3mA, LV to GROUND

-20°C < Ta < +70°C

(4] vt =2V, loyt =3mA, LV to GROUND, -55°C <
TA < +125°C, Dx in circuit (Note 3)

Output Source Resistance

Oscillator Frequency fosc 10 kHz

Power Efficiency Pgt 95 98 % R = 5k

Voltage Conversion Efficiency | Vout et | 97 | 99.9 % RL==

Oscillator Impedance Zosc 1.0 MQ |Vt =2 Volts
100 kQ V =5 Volts

NOTE 1: Connecting any input terminal to voltages greater than V+ or less than GROUND may cause destructive latchup. It is recommended that no inputs from sources
operating from external supplies be applied prior to “power up” of the ICL7660.

NOTE 2: Derate linearly above 50°C by 5.5mW/°C.
NOTE 3: ICL7660M only.

The electrical characteristics above are a reproduction of a portion of Intersil’s copyrighted (1983/1984) data book. This information does
not constitute any representation by Maxim that Intersil’s products will perform in accordance with these specifications. The “Electrical
Characteristics Table” along with descriptive excerpts from the original manufacturer’s data sheet have been included in this data sheet
solely for comparative purposes.
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MAXIW
Monolithic Voltage Converter

¢ Lower supply current 4 Improved SCR Latch-up protection -y
¢ Supply current guaranteed over temperature 4 Guaranteed 99% voltage conversion efficiency ﬂ
+ No diode required for high voltage operation (Note 1) + Improved ESD protection (Note 3) \l
+ Wide 1.5V to 10V operating voltage range 4 Maxim Quality and Reliability m
o
Q

ABSOLUTE MAX'MUM RAT'NGS This device conforms to the Absolute Maximum Ratings on adjacent page.
ELECTR |CAL CHARACTER'STICS Specifications below satisfy or exceed all “tested” parameters on adjacent page.

(V+ =5V, Tp = 25°C, Cosc = 0, Test circuit-Figure 1; unless noted.)

LIMITS
MIN | TYP | MAX

PARAMETER SYMBOL

TEST CONDITIONS

MIN = Ta = MAX, R = 10kQ, LV to GROUND
(Dx out of circuit)

Output Source Resistance Rout 55 100 Q |lout =20mA, Ta = 25°C
120 Q |lout =20mA,0°C < Tao < +70°C
140 Q |louT =20mA, 0°C < Ta < +85°C
150 Q [lour = 10mA, —55°C < Tp < +125°C (Note 2)
250 Q |V' =2V lpoyt = 3mA, LVto GROUND,
Ta=25°C
300 Q |VT =2V lout = 3mA, LVto GROUND,

—20°C < Ta < +85°C
400 Q |VY=2V oyt = 3mA, LVto GROUND,
—55°C < Ta = +125°C (Note 2)

Oscillator Frequency fosc 10 kHz
Power Efficiency Per 95 98 % |RL=5kQ
Vo

Oscillator Impedance Zosc 1.0 Mo [Vt =2Volts
100 ko |V* =5Volts

NOTE 1: The Maxim ICL7660 can operate without an external output diode over the full temperature and voltage range. The Maxim ICL7660 can also
be used with the external output diode Dy, when replacing the Intersil ICL7660.

NOTE 2: Maxim ICL7660A only.
NOTE 3: All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V (Mil STD 883B Method 3015.1 Test Circuit).
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ICL7660

Monolithic Voltage Converter

OPERATING VOLTAGE AS A
FUNCTION OF TEMPERATURE

SUPPLY VOLTAGE

0 .
-65 -25 0 +25 +50 +75 +100+125
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POWER CONVERSION EFFICIENCY AS A
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Typical Operating Characteristics

OUTPUT SOURCE RESISTANCE AS
A FUNCTION OF TEMPERATURE

OUTPUT SOURCE RESISTANCE (£2)

-50 -26 0 +25 +50 +75 +100+125
TEMPERATURE (°C)

OUTPUT VOLTAGE AS A
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Monolithic Voltage Converter

Typical Operating Characteristics

FREQUENCY OF OSCILLATION AS A
FUNCTION OF EXTERNAL OSC. CAPACITANCE
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SUPPLY CURRENT CURVES below include current that
is fed directly into the load (R.) from V+ (see Figure 1).
The supply current is divided equally into the positive and

negative side (via the ICL7660) to the load. Ideally,
Vour = Vin,Is =2l soViy = Is=2 - Vour * I

SUPPLY CURRENT & POWER CONVERSION
EFFICIENCY AS A FUNCTION OF LOAD CURRENT

POWER CONVERSION EFFICIENCY (%)
(vw) S| LNIHHND ANddNS

0 10 20 30 40 50 60
LOAD CURRENT [ (mA)

maxim
ICL7660

Figure 1. Maxim ICL7660 test circuit. (C1 and Co should be increased
to 100uF if Cosc exceeds 10pF.) Note: Dx not required with
Maxim ICL7660.

VAXI2vi

SUPPLY CURRENT POWER CONVERSION
EFFICIENCY AS A FUNCTION OF LOAD CURRENT

(Yw) 5| LNIHHND ATddNS

POWER CONVERSION EFFICIENCY (%)

0 15 30 45 60 75 90
LOAD CURRENT IL (mA)

Detailed Description

All the circuitry necessary to complete a voltage doubler
is contained on the ICL7660. Only 2 external capacitors
are needed. These may be inexpensive 10uF polarized
electrolytic capacitors. Figure 2, an idealized voltage
doubler; illustrates ICL7660 operation. During the first half
of the cycle, switches S, and S, are open, switches S,
and S; are closed, and the capacitor C, is charged to a
voltage V.* During the second half cycle, switches S; and
S; are open, S, and S, are closed, and the capacitor C4
undergoes a negative shift equal to V* volts. Assuming
ideal switches and no load on C,, charge is then transferred
from C, to C, such that the voltage on C; is exactly —(V*).

45
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ICL7660

Monolithic Voltage Converter

C\‘L’
o
4

VINO

Ll

Figure 2. Idealized voltage doubler.

The four switches in Figure 2 are MOS power switches.
Switch S; is a P-channel device, and switches S;, S3, and
S, are N channel devices.

To improve low voltage operation the regulator should be
disabled by connecting the “LV” pin to Ground. This is
recommended to compensate for the inherent voltage
drop associated with the voltage regulator portion of the
ICL7660. To prevent device damage and insure latch-free
operation, the “LV” pin must be left open if the supply
voltage exceeds 3.5V.

Efficiency Considerations

Theoretically a voltage multiplier can approach 100% effi-

ciency if certain conditions are met. The ICL7660

approaches the conditions listed below for negative volt-

age multiplication if large values of C; and C, are used.

¢ The output switches have virtually no offset and
extremely low ON resistance.

¢ Minimal power is consumed by the drive circuitry.

¢ The impedances of the reservoir and pump capacitors
are negligible.

The energy loss per charge pump cycle is:
E=3Ci(V" = Vour)

There will be a substantial voltage difference between V*
and Vour if the impedances of C; and C, at the pump fre-
quency are high compared to the output load R,. To
reduce output ripple, make C, as large in value as is
practical. Increasing the value of both C; and C, will
improve the efficiency.

General Precautions

¢ The positive terminal of C; must be connected to Pin 2
of the ICL7660 and the positive terminal of C, must be
connected to Ground.

¢ Never exceed maximum supply voltages.

¢ Do not connect the “LV” terminal to Ground for supply
voltages greater than 3.5V.

¢ The output to V* supply should not be short-circuited
for extended periods of time when supply voltages
exceed 5.5V. Transient conditions including startup
are acceptable.

Maximum Operating Limits

The Maxim ICL7660 will operate over the entire operating
temperature range with an input voltage of 1.5V to 10V.

The Maxim ICL7660, unlike the Intersil device, does not
require a protective diode in series with the output. Leav-
ing this diode in the circuit will have no effect on the
Maxim ICL7660, although the diode does reduce the out-
put voltage by approximately 0.6V.

Applications

Changing Oscillator Frequency

Normally the OSC pin of the ICL7660 is left open and the
10kHz nominal oscillator frequency (5kHz charge pump
frequency) is used. The oscillator frequency can be low-
ered by connecting an external capacitor between OSC
and VI A graph in the Typical Characteristics section
shows the nominal frequency vs. capacitor value. Lower-
ing the oscillator frequency will improve the conversion
efficiency with very low output current levels. An
undesirable effect of lowering the oscillator frequency is
that the impedance level of the pump capacitors will
increase. Increasing the value of C; and C, will compen-

anta fnr th H
Satc U1 uiisS miirease i inipcuanite.

In some applications, particularly audio amplifiers, the
5kHz output ripple frequency is objectionable. The oscilla-
tor frequency may be increased by overdriving the OSC
pin with an external oscillator. To eliminate the possibility
of SCR latchup, insert a 1kQ resistor in series with the
OSC input. If the external clock source does not swing all
the way to V,* a 10kQ pullup resistor should be used. The
pump frequency, and therefore the output ripple fre-
quency, will be one-half the external clock frequency. Driv-
ing the ICL7660 with a higher frequency clock will slightly
increase the quiescent current, but allows the use of
smaller value external capacitors and increases the ripple
frequency.

Cascading Devices

To produce larger negative multiplication of the initial sup-
ply voltage, the ICL7660 may be cascaded as shown in
Figure 3. The resulting output resistance is approximately
equal to the weighted sum of the individual ICL7660 Rout
values. For light loads, the practical limit is 10 devices.
The output voltage where n is an integer representing the
number of devices cascaded, is defined by Voyr = —n
(Vin)-
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Monolithic Voltage Converter

maxim
12} “IcL7660

Vout =-nV*

Figure 3. Cascading ICL7660’s for increased output voltage.

Negative Voltage Converter

The most common application of the ICL7660 is as a
charge pump voltage inverter, converting a positive volt-
age to the corresponding negative voltage. The simple
circuit of Figure 4 shows that only two external compon-
ents, C; and C, are needed. In most applications C; and
C, are low cost 10uF electrolytic capacitors. The ICL7660
is NOT a voltage regulator and the output source resis-
tance is approximately 70Q with +5V input. This means
that with an input voltage of +5V, the output voltage will
be —5V under light load, but will decrease to about —4.3V
with a 10mA load current. The output source resistance
vs. temperature and supply voltage is depicted in the typi-
cal characteristics graphs. The output impedance of the
complete circuit is the sum of the ICL7660 output resis-
tance and the impedance of the pump capacitors at the
pump frequency.

The ripple voltage on the output can be calculated by not-
ing that the output current is supplied solely from
capacitor C, during one-half of the charge pump cycle.
This introduces a ripple of:

UripeLe = [4(Fpume)] lout (1/C2)

For the nominal Fpymp of 5kHz (one-half of the nominal
10kHz oscillator frequency) and a 10uF C,, the ripple will
be approximately 10mV with an output current of 10mA.

v+

o VY

MAXIV
ICL7660

i

104F Vout

RIS

il
]

10uF
+

Figure 4. Negative voltage converter.

VAKXV

Paralleling Devices

Paralleling multiple ICL7660'’s reduces the output resis-
tance. As illustrated in Figure 5, each device requires its
own pump capacitor C4, however the reservoir capacitor,
C,, serves all devices. The equation for calculating output
resistance is shown in Figure 5.

Rouyr (of ICL7660)
n (number of devices)

Rout =

Figure 5. Paralleling ICL7660's to reduce output resistance.

Combined Positive Supply Multiplication and
Negative Voltage Conversion

This dual function is illustrated in Figure 6. In this circuit,
capacitor C; and C3 perform the pump and reservoir func-
tions respectively for the generation of the negative
voltage. Capacitor C, and C, are respectively pump and
reservoir for the multiplied positive voltage. This circuit
configuration, however, does lead to higher source imped-
ances of the generated supplies. This is due to the finite
impedance of the common charge pump driver.

MAXIN
12} IcL7660

D2 Vour = (2V+)-

N | r——ﬂ-l—owpm) - (VEp2)

C2 Cq

+

Figure 6. Combined positive multiplier and negative converter.

+5V Supply From a Single 9V Battery

Figure 7 shows a complete =5V power supply using one
9V battery. The ICL7660 inverts the +9V input voltage for
—9V which is then regulated by the ICL7664 negative reg-
ulator to a constant —5V output. The ICL7663 positive
voltage regulator uses the +9V input directly to generate
a regulated +5V output. The combined quiescent current
of the Maxim ICL7660 and the two regulators is less than
100pA, while the output current capability is 40mA.

09927101
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ICL7660

Monolithic Voltage Converter

Chip Topography

maxim
ICL7663
SENSE
. RCL
I Vin Vout =MW —0
+ +5V
GND  VSET (:R
= < "2
a“" $
8 2
v+ capt —1. |
——
= Cosc-L i€lreé0 B ~ 0.0474F . o~ 0F
T l 3
1000F cap 1004F M
3
GND
5 e
v-
.
1004F T

Figure 7. Regulated =5 Volts from a battery using the Maxim ICL7663
and ICL7664.
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Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent
licenses are implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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General Description

The Maxim ICL7663 is a high efficiency positive voltage
regulator with a quiescent current of less than 10pA. The
output voltage is set by two external resistors to any volt-
age in the 1.3-16V range, with an input voltage range of
1.5-16V. The ICL7663 is well suited for battery powered
supplies, featuring low quiescent current, 40mA output
current capability, low V| to Voyr differential, and a log-
ic input level shutdown control. In addition, the ICL7663
has a negative temperature coefficient output suitable for
generating a temperature compensated display drive
voltage for muiltiplexed LCD display systems.

The Maxim ICL7663A is an enhanced version of the
ICL7663, with a 1% accurate voltage reference, which
eliminates the need for trimming the output voltage in
most applications.

The ICL7663B is a reduced input voltage range version
limited to a maximum of 10V input.

VAKXV

Programmable Positive
Voltage Regulator

Features

& Improved 2nd Source! (See 3rd page for
“Maxim Advantage™”).

& 1% Output Voltage Accuracy (ICL7663A)

& Quiescent Current guaranteed over Tempera-
ture

¢ Improved Temperature Coefficient of Output
Voltage

€ 40mA Output Current, with Current Limiting
¢ 1.5V to 16V Operating Range

4 Adjustable Output Voltage

¢ Low Input-to-Output Voitage Drop

& Monolithic, Low Power CMOS Design

Ordering Information

Applications
Designed specifically for battery powered systems, the PART TEIfP' RANGE - PACKAGE
ICL7663 positive voltage regulator excels wherever low ICL7663C/D 0°Cto +70°C__ Dice
quiescent power, wide voltage range operation, medium ICL7663CPA 0°Cto +70°C 8 Lead Plastic DIP
output current levels, current limiting, and logic-con- ICL76631JA —20°Cto +85°C 8 Lead CERDIP
trolled shutdown is desired. ICL7663ITV —20°Cto +85°C _ TO-99 Can
Handheld Instruments Pagers ICL7663AC/D 0°Cto +70°C___ Dice
LCD Display Module and Remote Data Loggers ICL7663ACPA 0°Cto +70°C 8 Lead Plastic DIP
Systems ICL7663AIJA —20°C to +85°C 8 Lead CERDIP
ICL7663AITV —20°Cto +85°C  TO-99 Can
Pin Configuration ICL7663BC/D 0°Cto +70°C __ Dice
ICL7663BCPA 0°Cto +70°C 8 Lead Plastic DIP
Top View ICL7663BIJA —20°Cto +85°C 8 Lead CERDIP
P . ICL7663BITV ___ —20°Cto +85°C___ TO-99 Can
v
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— Typical Operating Circuit
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Positive Voltage Regulator

( Detailed Circuit Diagram—Figure 3)

The “Maxim Advantage™" signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the
following: guaranteed performance over temperature along with tighter test specifications on many key parameters; and device
enhancements, when needed, that result in improved performance without changing the functionality.
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ICL7663

Programmable Positive
Voltage Regulator

ABSOLUTE MAXIMUM RATINGS

Input Supply Voltage .. .............coieiiinninnn +18V
Any Input or Output Voltage (Note 1)

(Terminals 1, 2,3, 5,6,7) (GND — 0.3V) to (V,N + 0.3V)
Output Source Current

(Terminal 2)

(Terminal 3)

Output Sinking Current
(Terminal 7) ...t —10mA
Power Dissipation (Note 2)
Minidip . ...
TO-99Can.........
Cerdip (Maxim)

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute

maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

v& = 9V, Vout = 5V, Ta = +25°C, test circuit unless noted.

LIMITS
PARAMETER SYMBOL TEST CONDITION! UNIT
ONS MIN TYP MAX
Input Voltage Vil ICL7663
Ta = 25°C 15 16.0 Vv
20°C < Tp < +70°C 16 16.0 \'
ICL7663B
Ta = 25°C 15 10 \
20°C < Tp < +70°C 16 10 v
Quiescent Current la R = o V., = 16V, ICL7663 only 4.0 12 HA
{1.4v < Vout < e.sv} ng =9V 35 10 pA
Reference Voltage VseT . \'%
AV:
Temperature Coefficient % 8.5V < Vm <9V ppm
) ! AVseT .
Line Regulation — 2V <V < 15V,ICL7663 %IV
VSETAVIN ¥
2v< Vm <9V, ICL7663B %IV
VseT Input Current IseT nA
Shutdown Input Current ISHDN +0.01 10 nA
Shutdown Input Voltage VSHDN 5 U led 14 v
SHDNLQBﬂm 7 Enabied 0.3
Sense Pin Input Current 0.01 10 nA
Sense Pin Input Thr VoL = Vout2 — VSENSE 0.7 v
) (Current-Limit Threshold)
Input-Output Saturation Resistance RsaT Vi =av 200 0
(Note 3) Vi = ov 70 N
Vii, = 15V, ICL7663 only 50 o)
! AVour AloyTt = 100pA @ Voytq = 5V 20
Load Regulation Alout Alpyt2 = 10mA @ VoyT12 = 5V 1.0 @
Available Output Current (VouT2) lout2 Vi =3V Vour = Veer 10 mA
V=9 Voyur=5vV 25 mA
Vit = 15V Vour = 5V, ICL7663 only 40 mA
Negative Tempco Output (Note 4) V1e Open:Gircut Voltage 09 v
Irc Maximum Sink Current 0 8 20 mA
AV
Temperature Coefficient —ﬁ Open Circuit +25 mV/°C
Minimum Load Current 1L (min) (Includes Vgg Divider) 1.0 pA

Note 1: Connecting any terminal to voltages greater than (Vyy + + 0.3V) or less than (GND — 0. 3V) may cause destructive device latch-up. It is recommended that
no inputs from sources operating on external power supphes be applied prior to ICL7663 power-up.

Note 2: Derate linearly above 50°C at 5SmW/°C for minidip and 7.5mW/°C for TO-99 can.

Note 3: This parameter refers to the saturation resistance of the MOS pass transistor. The minimum input-output voitage differential at low current (under 5mA),
can be determined by multiplying the load current (including set resistor current, but not quiescent current) by this resistance.

Note 4: This output has a positive temperature coefficient. Using it in combination with the inverting input of the regulator at VT, a negative coefficient results in

the output voltage. See Figure 3 for details. Pin will not source current.

The electrical characteristics above are a reproduction of a portion of Intersil’'s copyrighted (1983/1984) data book. This information does not constitute any
representation by Maxim that Intersil's products will perform in accordance with these specifications. The “Electrical Characteristics Table” along with the
descriptive excerpts from the original manufacturer’s data sheet have been included in this data sheet solely for comparative purposes.
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WMAXKXI/V

Programmable Positive
Voltage Regulator

& 1% Output Voltage Accuracy (ICL7663A) 4 Guaranteed Line and Load Regulation
¢ Key Specifications Guaranteed Over Temperature <+ Improved ESD Protection (Note 5)
4 Improved Output Voltage Temperature Coefficient < Maxim Quality and Reliability

ABSOLUTE MAX'MUM RAT'NGS: This device conforms to the Absolute Maximum Ratings on adjacent page.
ELECTR'CAL CHARACTERIST'CS Specifications below satisfy or exceed all “tested” parameters on adjacent page.

V;,f‘ = 9V, Voyt = 5V, Tp = 25°C, test circuit unless noted.
PARAMETER SYMBOL

€992 7101

CONDITIONS MIN TYP MAX | UNITS

ICL7663 T = 25°C
0°C < Tp' < +70°C

ICL7663B Ta = 25°C
0°C < Tp < +70°C
1.4V < Voyr < 8.5V, no load

Shutdown Input Current IsHDN 10 nA
VsnpnHI: Both Voyt Disabled 1.4 Vv
Shutdown Input Voltage VSHDN | var,onLO: Both VouT Enabled 03 | v
Sense Pin Input Current ISENSE 10 nA n
Sense Pin Input Threshold V \

Available Output Current (Vouta) | loute | 3V < Vin < 16, Vin — VouTe = 1.5V 40 mA

Negative-Tempco Output (Note 4) Vie Ope.n-Circui't Voltage 0.9 v
ITc Maximum Sink Current 0 8 2.0 mA
AV
Temperature Coefficient _7&%9 Open Circuit +25 mV/°C

Note 1: Connecting any terminal to voltages greater than (V, Nt 0.3V) or less than (GND — 0.3V) may cause destructive device latch-up. It is recommended that
no inputs from sources operating on external power supplies be applied prior to ICL7663 power-up.

Note 2: Derate linearly above 50°C at 5mW/°C for plastic minidip, 7.5mW/°C for TO-99 can, and 10mW/°C for CERDIP.

Note 3: This parameter refers to the saturation resistance of the MOS pass transistor. The minimum input-output voltage differential at low current (under 5mA),
can be determined by multiplying the load current (including set resistor current, but not quiescent current) by this resistance.

Note 4: This output has a positive temperature coefficient. Using it in combination with the inverting input of the regulator at VggT, a negative coefficient results in
the output voltage. See Figure 3 for details. Pin will not source current.

Note 5: All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V. (Mil Std 8838, Method 3015.1 Test Circuit.)
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ICL7663

Programmable Positive

Voltage Regulator
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Detailed Description
Block Diagram

As shown in the block diagram of Figure 2, the main
elements of the ICL7663 are a micropower bandgap ref-
erence, an error amplifier, and an output driver with both
FET and NPN bipolar transistors.

The bandgap reference of the Maxim ICL7663A, which
uses less than 1pA of quiescent current, is precisely
trimmed to 1.29V * 15mV. The output of the bandgap
reference and the input voltage at the VggT terminal are
compared in Amplifier A. This output drives the series
pass FET output driver which is connected to Vouyri.
This output, suitable for output currents less than 5mA,
can drive low current loads with a input-to-output voltage
differential that approaches OV with low current loads.
The minimum input-to-output differential voltage is the
product of the output current and the output saturation
resistance. For higher current loads, use the Voyt2 pin.
The VoyT2 pin is driven by an on-chip NPN bipolar tran-
sistor whose base is internally connected to the Voyr1
output. The NPN bipolar transistor of the Maxim ICL7663
can drive up to 40mA loads with a guaranteed input-to-
output differential of 1.5V maximum.

Also onboard the ICL7663 is a sense comparator that will
current limit the output when the voltage across the cur-
rent sense resistor, Rg|, is greater than approximately
0.5V; a logic shutdown input that turns off the output by
logic level control; and an auxiliary output, V1, that has
a positive temperature coefficient. Using it in combination
with the inverting input of Amplifier A, a negative coeffi-
cient results in the output voltage.

SENSE

Mmaxim
ICL7663

Vour2 AM o o

’ b s2 &
v :: R2
ouT1
|+ |o.oa7ur

= Vser

b
+ E:R‘
_ Y AMIN
[ o
L
s3
OFF 1M
—'—L—""W—°‘-"V"V5HDN Vin

Note 1: Sy when closed disables output current limiting

Note 2: Close Sy for Voyr1, open Sy for Voyrz

Ro + Ry
R

r CL

AA
VW
Bl

lilik

Note 3: Voyrt = VsgT

Note 4: Iq quiescent current is measured at GND pin by meter M

Note 5: S3 when ON, permits normal operation, when OFF, shuts
down both Voyt1 and Voyr2

Programmable Positive
Voltage Regulator

3
o Vout2

T
i,

25V,
Wy 0 Yout1

0 SENSE

6
0 Vser

7
——0 Vic

l—l REF
5
O SHUTDOWN

o 20 GND

Figure 2. Maxim ICL7663 Block Diagram.

Basic Circuit Operation

Figure 3 shows a typical positive voltage regulator using
the ICL7663. The input voltage, V|y can range from a
maximum of 16V to a minimum of the output voltage plus
the input-output differential. The output voltage is set by
the resistors R2 and R1, and the output current limit is
set by RcL. The 0.047uF capacitor on the input limits the
rate-of-rise during power-up and also removes some of
the high frequency noise on the input voltage. In Figure
3, the logic shutdown is not used and is therefore
grounded. Voyte should be connected directly to
SENSE if current limiting is not used.

o7v
lop =7 = 25mA
CL

> v SENSE
» IN
v 200
OUT 2 —AAA~ >—>
ReL
0.047uF Vv, [
v | 00474 ouT 1 R2S
IN == v 604 kQ QY v
TC out
L +5V
10 uF
Vser i
GND SHDN R1 ::
[ 210k
» >
> >
R+ R Armaxam
Vour = 2,; ! Vegr = 5V ICL7663
1

Figure 1. Maxim ICL7663 Test Circuit.

NAXI/V

Figure 3. Maxim’s Application of ICL7663 (Positive Regulator, Current Limit).
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ICL7663

Programmable Positive
Voltage Regulator

Output Voltage Selection
The output voltage can be calculated from the formula:

R Ry + R
Vout = VseT X (1 + R_z) = VggT X (%)
1 1

The Maxim ICL7663A VggT voltage is guaranteed to be
1.29V + 15mV, eliminating the need for trim pots in most
cases. Specifically, using the Maxim ICL7663A and the
resistor values shown in Figure 3, the initial voltage will
be within £2.7% of 5V, assuming * 1% tolerance resis-
tors. The output voltage will remain within 5V + 5%, over
0-70°C. This tolerance includes the effect of ICL7663A
VsgT error, the %1% initial tolerance on both resistors,
and the resistor ratio temperature coefficient of nearly
200 ppm/°C. Since the resistor ratio temperature coeffi-
cient is generally much lower than the absolute tempera-
ture coefficient, 100 or 200 ppm resistors can be used,
even over the full temperature range while still allowing
the output to stay within 4.75V-5.25V.

For 5V supplies that have a looser tolerance, the 5%
resistor values of 150k and 430kQ or 560k and
1.6MQ are suitable values for R2 and R1. With resistors
of 5% initial tolerance, the initial output voltage will be
5V * 8.8% and, neglecting the tempco of the resistors,
will stay within 5V + 10% over the entire temperature
range.

Current Limiting

The circuit in Figure 3 will limit the output current to ap-
proximately 35mA. Current limiting will start, when the
output current exceeds 35mA and the voltage drop
across the 20Q Rgy is 500mV. For other current limits
the value of R can be calculated from the formula:

n 7v
RoL = ?—1 where Ig_ is the current limit value.

CL

The current limit resistor should be chosen so that nei-
ther the 50mA absolute maximum output current specifi-
cation nor the maximum power dissipation specification
is violated.

Input-Output Differential Voltage

The minimum input-output differential voltage (also
called dropout voltage) sets the lower limit for the battery
voltage in battery powered supplies. The ICL7663 has a
dropout voltage of less than one volt. For example, the
ICL7663 will continue to supply a regulated 5V output at
40mA until the battery voltage is less than 6.0V. This is
significantly better performance than the standard 3 ter-
minal regulators which require a minimum input-output
differential of 2-3V to maintain regulation.

As shown in the Typical Characteristics graphs, the mini-
mum input-output differential for the high current output,
Voura, is relatively independent of output current, vary-
ing from 0.6V at low current to about 0.9V at 40mA. This
minimum 0.6V input-output differential is caused by the
base-emitter voltage drop of the NPN bipolar transistor
that drives VoyTa.

4-14

By using Vouyt1 this 0.6V minimum input-output differen-
tial voltage is eliminated, but the required input-output
differential rises more rapidly (at the rate set by the out-
put saturation resistance — see Electrical Specifica-
tions). Ordinarily, it is advantageous to use Voyry for
output currents less than 5mA, and to use Voyrt2 for
higher currents.

If a current limiting resistor is used, the voltage drop
across it at the desired operating current must be added
to obtain the minimum input-output differential required.

Output Current Booster

Figure 4 shows a circuit that will supply 5 volts at 1 am-
pere, with a 6.5V input. The high power external series
pass NPN transistor is connected in parallel with the in-
ternal NPN transistor. The 1000 resistor in series with
VouTte keeps the current supplied by the ICL7663, and
therefore the power dissipation, within the absolute maxi-
mum ratings.

This circuit is particularly useful for battery powered sys-
tems that alternately draw high current, then shutdown to
extend the battery life.

Logic Level Shutdown

The ability to turn off the output of the ICL7663 using a
single logic level pin is useful in systems where the
equipment is on intermittently. By shutting down the out-
put, the total battery drain is reduced to only the quies-
cent current of the ICL7663, typically 4uA. The shutdown
input should preferably be driven by CMOS logic since
the input logic low level is only 0.3V. An alternate way of
driving is with an open collector PNP transistor and a
resistive pulldown. The pulldown resistor need only draw
a fraction of a microamp since the Shutdown terminal
input current is less than 10nA.

Figure 4 shows a system that will supply up to 1 ampere
of output current when active, but will shutdown to 4puA
quiescent current by merely switching the Shutdown pin
to the high state.

mMmaxXim
1CL7663
EXTERNAL NPN
+
> Viw  Vours POWER TRANSISTOR
1000
v AA
out2f YY¥
s
b3 0.7
ViN :F 10uF SENSE >
‘b
< 604kQ
] Vourt
v
SET L +5V,1A
GND SHDN $210ka l
» »
> >

[ .

Figure 4. Boosting Output Current with External Transistor.
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- Negative Temperature Coefficient Output

The V1¢ pin has a positive temperature coefficient of
about +2.5mV. When connected via a resistor to the
inverting summing junction of the error amplifier (the
VsgT terminal), this positive coefficient results in a con-
trollable negative temperature coefficient at the output of
the ICL7663. Figure 5 shows a simplified diagram of the
ICL7663 and the pertinent equations for setting both the
output voltage and the output tempco.

Negative output temperature coefficients are most com-
monly used in multiplexed LCD modules or dislay sys-
tems to compensate for the negative temperature coeffi-
cient of the LCD threshold. Figure 6 shows an ICL7663
generating a temperature compensated Vpjs for the
Maxim ICM7233 triplexed LCD display driver.

Cautions

The ICL7663 is designed for low quiescent current bat-
tery powered systems and has limited line and load regu-
lation at frequencies above 10Hz. The high frequency
load and line regulation is easily improved by adding an
output filter capacitor across the load.

As with all junction isolated CMOS devices, the ICL7663
can be destroyed by SCR latchup if standard precautions
are not observed. First, no pins should ever be driven
more than 0.3V below ground or more than 0.3V above
V|\- Secondly, the rate-of-rise on V;\ should not be ex-
cessive. The rate-of-rise can be several hundred volts
per microsecond if the Vl}t, source has a low internal im-
pedance (such as Nicad or lead-acid batteries). There is
no current limiting resistance or inductance between the
battery and the ICL7663, and there is no input filtering.

R1 R2

Rz) Ry
Vout = (1 + =2 + =E(Vger - V-
out A Fl3( SET — VT1C)

R
TCVour = — éﬂ'c V1) inmv/°C

Your

Programmable Positive
Voltage Regulator

Carbon-zinc or alkaline batteries normally do not have
sufficient current output capability to cause a rate-of-rise
SCR, but the simple addition of a 0.1uF or greater by-
pass capacitor on the input will ensure that these batter-
ies will not cause SCR latchup.

+ 5V Power Supply Using One 9V Battery

The ICL7660 inverts the +9V input voltage to —9V
which is then regulated by the ICL7664 negative regula-
tor to a constant —5V output (Refer to Figure 7). The
ICL7663 positive voltage regulator uses the +9V input
directly to generate a regulated +5V output. The com-
bined quiescent current of the Maxim ICL7660 and the
two regulators is less than 100pA, while the output cur-
rent capability is 40mA. The external oscillator capacitor
reduces the oscillation frequency of the ICL7660. This
allows the battery voltage to be inverted more efficiently.

+5V O

]
Vin
Vout 119 vt
MAXIMN
1cL7663 S
LOGIC v 1.8M0 3
SYSTEM — ouT 2 9
PROCESSOR, Y
ETC. 3ET S00ka MAX7233
TC Wy
oND 27m0%
i 1 Voisp
L GND
) DATABUS {T
NANA ——|
VAN VAN

MUX'D LCD DISPLAY

Figure 6. Driving a Multiplexed LCD Display. Consistent operation over more
than 40°C P span, as opp d to about 10°C with a fixed drive

*y sy WHERE Vggr = 1.20V

T '1c -~ YREF Vic = 0.9V
= = TC Vig = +2.5mV/°C
Figure 5. Maxim’s G jon of Negative Temp Coefficients.

is allowed by negative temperature coefficient drive voltage to the
displays. Based on EPSON LDB-728 Display or equivalent.

8]+

2
Sy cap’
¢ maxim + l1oo uf
0SC == 1CL7660 E

100 pF 7 cap |42

GND

SENSE
maxim R
, 1c(7663 oL o vsy
YWYy ’ +
Vin Vout
v
GND SET $re
L]
+ r ,r 10uF
= 0.047 uf je
- IR
3
3 R4 =
+1100 uF |+
= SF0.047 4F == 10uF
L
GND Vser $r3
mMmaAxim R
_ TICL7664 cL
Viu Vout W 0 -5V
SENSE f—

Figure 7. +5V power supply using one 9V battery.
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ICL7663

Programmable Positive
Voltage Regulator
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General Description

The ICL7664 is a high efficiency negative voltage
regulator with a quiescent current of less than 10uA.
The output voltage is set by two external resistors to
any voltage in the -1.3V to -16V range, with an input
voltage range of -2V to -16V. The ICL7664 is well suited
for battery powered supplies, with a 10pA quiescent
current, an output current capability of 25mA, low Vin
to Vour differential, current limiting, and a logic input
level shutdown control.

The Maxim ICL7664 is compatible with existing
ICL7664 designs when used with an output filter
capacitor of 10uF or greater.

The ICL7664A is an enhanced version of the ICL7664,
with a 1% accurate voltage reference, which eliminates
the need for trimming the output voltage in most
applications.

/VIAXI1/VI

Programmable Negative
Voltage Regulator

Features
1% Output Voltage Accuracy (ICL7664A)

-2V to -16V Operating Range

25mA Output Current, with Current Limiting
Adjustable Output Voltage

Low Input-to-Output Voltage Drop

Low Power CMOS: 4. A Quiescent Current

* & & & o o

Ordering Information

Applications PART TEMP. RANGE PACKAGE
Designed specifically for battery powered systems, the ICL7664C/D 0°C to +70°C__ Dice _
ICL7664 negative voltage regulator excels wherever ICL7664CPA 0°C to +70°C 8 Lead Plastic DIP
low quiescent power, wide voltage range operation, ICL7664AC/D __ 0°C to +70°C Dice
Eg?c'f’cngn?,ﬁ?:é ;h”J{ggﬁv:?iV:Eés?r:ge"‘ limiting, and ICLT664ACPA _ 0°C to +70°C 8 Lead Plastic DIP
Handheld Instruments
LCD Display Modules and Systems
Pagers
Remote Data Loggers
Typical Operating Circuit Pin Configuration
Top View
L Vour2[] * 8] GND
N 1 1. - SENSE [2] a3 [T YouT 1
b3 . — ICL7664
[ SHDN 6] Vser
Vour -
= e maxim -5V VIN

YN T | icL7664

Y ————
>
>
>
AAA.
\AAS
f ——

Negative Regulator with Current Limit

( Detailed Circuit Diagram—rFigure 3)

5] SHDN
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ICL7664

Programmable Negative
Voltage Regulator

ABSOLUTE MAXIMUM RATINGS

Input Supply Voltage ...............ccoiiinan. -18V Operating Temperature Range
Input or Output Voltage (Note 1) ..... (GND + 0.3V) to ICL7664C/D ..ciiiiiieeiainnn 0°C to +70°C
Terminals (1, 3, 5, 6, 7) (ViN - 0.3V) ICL7664CPA ........ ..., 0°C to +70°C
Sense Pin ... .oiiiiiiiii (GND + 0.3V) to ICL76641JA ..., -20°C to +85°C
(Pin 2) (VouT1 - 0.3V) ICL7664ITV ..oeiiii i, -20°C to +85°C
Output Sink Current Storage Temperature ................. -65°C to +150°C
(Terml_nal.s 1,. 4 T -25mA Lead Temperature (So|dering’ 10 seconds) .... +300°C
Power Dissipation (Note 2)
NP oo e 200mwW
TO-99Can ......c.oiviiiiiiiiiiiiiiiiia 300mwW
CERDIP it 500mwW

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications
is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

Vin = -9V, Vout = -5V, TA = +25°C, test circuit unless noted

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Input Voltage ViN 0°C<Ta<+70°C -2.0 -16.0 \
RL =%, -1.4V < Voyr<-8.5V
Quiescent Current la V7 y=-16V,0°C < T, <+70°C 4.0 12 BA
V7N =-9V, 0°C < T, <+70°C 35 10 pA
lout = 100uA, Vour = Vser
Reference Voltage VseT ICL7664A -1.275 -1.29 -1.305 \
ICL7664 -1.2 -1.3 -14 Vv
Temperature Coefficient -A—\-/A—%E +100 ppm/°C
Line Regulation AVser =2V V7 ys-15V 0.03 0.35 %/
VSeTAVIN =Y IN= ’ ’
VseT Input Current IseT 0°C<Ta<+70°C +0.01 +10 nA
Shutdown Input Current ISADN GND < VsfipNn< VN +0.01 +10 nA
_ VsnapnHI: Both Voyrt Enabled -0.7 Vv
Shutdown Input Voltage VSHDN VSHBRLO: Both Vout Disabled 17 \Y
Sense Pin Input Current ISENSE Vsense = VouTt +0.01 +10 nA
i Vcu = Vourz - Vsense ~
Sense Pin Input Threshold Veu (Current-Limit Threshold) 0.7 v
VouT1 Connected to Vourz
Input-Output Saturation Resistance R Vin=-2V 150 500 Q
(Note 3) out Vo = -9V 40 80 Q
Vo )y =18V 30 60 [0}
Load Regulation -AA\I%JTE AloyT = 100uA 2.0 5.0 O
Output Current, -
| ViN=-3V VvV =V -2 mA
Vour1 connected to Voutz our V‘:: =9V Vggl - _sssT 20 mA
Minimum Load Current o o
(Includes Vsgr Divider) ILmiNy 0°C<Ta<+70°C 1.0 A

Note 1:  Connecting any terminal to voltages greater than (GND + 0.3V) or less than (V7 -0.3V) may cause destructive device latch-up. It is
recommended that no inputs from sources operating on external power supplies be applied prior to ICL7664 power-up.

Note 2: Derate linearly above 50°C at 5mW/°C for minidip and 7.5mW/°C for TO-99 can.

Note 3: This parameter refers to the saturation resistance of the MOS pass transistor. The minimum input-output voltage differential can be determined
by multiplying the load current (including set resistor current, but not quiescent current) by this resistance.
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Programmable Negative
Voltage Regulator

Typical Operating Characteristics
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ICL7664

Programmable Negative
Voltage Regulator

b 3
o~
GND  SHDN 3R
* 1 V. A10wF
Q SET - Ct
Aaxim < Vour
Vi ICL7664 IR2
Vout 1 RCL
Vout 2 W >
Lot o]
)___ -~
VIN SENSE

Note 1: Closing S disables current limiting.
Note 2: Quiescent current, lq, is measured at the GND pin by meter M.
Ry + Ry

Note 3: Voyt = X VSeT

-1
oL = =—
Reu

Note 4: The value of C1 must be 10uF or greater to ensure stability.

Figure 1. Test Circuit

Detailed Description

Block Diagram

As shown in the block diagram of Figure 2, the main
elements of the ICL7664 are a micropower bandgap
reference, an error amplifier, and two n channel FET
output drivers.

The bandgap reference of the ICL7664A, which uses
less than 1uA of quiescent current, is precisely trimmed
to 1.29 = 15mV. The output of the bandgap reference
and the input voltage at the VsgT terminal are compared
in Amplifier A. This output drives the series pass FET
output drivers which are connected to Vouri and
VouT2. These outputs, suitable for output currents of
up to 50maA total, can drive low current loads with an
input-to-output voltage differential that approaches OV.
The minimum input-to-output voltage increases at the
rate of louT X RsAT.

Also onboard the ICL7664 is a sense comparator that
will currentlimit the output when the voltage across the
current sense resistor, RcL, is greater than approxi-
mately 0.7V; and a logic shutdown input that turns off
the output by logic level control.

4-20

1£3 T 0 Vour2
Vin o2 13 ‘o Vout1

| 3,5
-O SHUTDOWN

8
o O GND

Figure 2. Block Diagram of the ICL7664.

Basic Circuit Operation

Figure 3 shows a typical negative voltage regulator
using the ICL7664. The input voltage, Vin, can range
from a maximum of -16V to a minimum of the output
voltage plus the input-output differential. The output
voltage is set by the resistors R2 and R1, and the output
currentlimitis set by RcL. The 0.047 uF capacitor on the
input is used to limit the rate-of-rise during power-up
and also removes some of the high frequency noise on
the input voltage. In Figure 3, the logic shutdown is not
used and is therefore grounded. VouT1 and VouT2
should be connected directly to SENSE if current
limiting is not used.

L
> — >
1
GND  SHDN < R1
Veer 619 kQ
I Vour
A= Mmaxim
0.047 uF| ICL7664 <
<$R2
Vour 1 <1.78 MO
ReL
v AAA- >
out 2 A >
> VN SENSE
Rz +
Vourt = !vse
0.7V
oL = —
RcL

Figure 3. ICL7664 as Negative Regulator with Current Limit
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Output Voltage Selection
The output voltage can be calculated from the formula:

VouT = VSeT X mT+1Rg

The ICL7664A VseT voltage is guaranteed to be 1.29V +
15mV at 25°C, eliminating the need for trim pots in
most cases. Specifically, using the ICL7664A and the
resistor values shown in Figure 3, the initial voltage will
be within £2.7% of 5V, assuming +1% tolerance
resistors. The output voltage will still be within 5V + 5%,
including the ICL7664A effects of the VsgT error, the
+1% initial tolerance on both resistors, and the resistor
ratio temperature coefficient of nearly 200ppm. Since
the resistor ratio temperature coefficient is generally
much lower than the absolute temperature coefficient,
100 or 200ppm resistors can be used, even over the full
temperature range while still guaranteeing that the
output will stay within 4.75V to 5.25V.

For 5V supplies that have a looser tolerance, the 5%
resistor values of 1.6M() and 560k () are suitable values
for R2 and R1. With resistors of +5% initial tolerance,
the initial output voltage will be 5V + 8.7%.

Current Limiting

The circuit in Figure 3 will limit the output current to
approximately 25mA. Current limiting will start when
the output current exceeds 25mA and the voltage drop
across the 270 RcL is 700mV. For other current limits
the value of RcL can be calculated from the formula:
RcL = O‘ﬂ; where IcL is the current limit value.
lcu

The current limit resistor should be chosen so that
neither the 50mA absolute maximum output current
specification (25mA each from VouT1 and VouT2) nor
the maximum power dissipation specification is
violated.

The ICL7664 activates current limiting by internally
pulling the VseT terminal down towards Vin. The main
error amplifier then reacts as if the output voltage is
greater than the desired output voltage, and shuts off
the output. For this current limiting action to work, the
parallel resistance of the voltage divider connected to
VseT must be greater than 10k().

Input-Output Differential Voltage

The minimum input-output differential voltage (also
called dropout voltage) sets the lower limit for usable
battery voltage in battery powered supplies. In the
ICL7664, the minimum input-output differential voltage
is the product of the output current and the ICL7664
output saturation resistance. See the typical characteris-
tics graphs for a plot of input-output differential vs.
output current.

Output Current Booster

Figure 4 shows a circuit that will supply -5 volts at 2
amperes, with a 6.5V input. The base of the high power
external series pass PNP transistor is driven by VouTi

VAKX 2V

Programmable Negative
Voltage Regulator

and Vour2 in parallel. This circuit is useful in circuits
where the 50mA maximum output current of the
ICL7664 is inadequate, with the only limitation to
output current being that the ICL7664 must not supply
more than 50mA of base drive to the external PNP
transistor. With a beta of 40, the output current would
be a maximum of 2 amperes.

This circuit is particularly useful for battery powered
systems that alternately draw high current, then
shut down to extend the battery life. in the shutdown
state, the circuit will draw only the 4uA typical quiescent
current of the ICL7664, plus the leakage current of the
transistor, which is normally less than 1uA.

[ 1L
> = —>
I j» R1
GND  SHDN J619ka
Vser
MmAaAXinN
ICL7664 =210 uF
Vi v,
IN Jour Vour
ouT 2 $r2
SENSE 2178 Ma
YiN
A\ J | 3
> EXTERNAL PNP -
TRANSISTOR
Figure 4. Output Current Boosting
Logic Level Shutdown

The ability to turn off the output of the ICL7664 using a
single logic level pin is useful in systems where the
equipment is on intermittently. The Shutdown input
should preferably be driven by CMOS logic since the
input logic high level is only -0.3V. An alternate way of
driving is with an open collector PNP transistor and a
resistive pullup to ground. The pullup resistor need
only draw a fraction of a microamp since the Shutdown
terminal input current is less than 10nA.

Figure 4 shows a circuit that will supply up to 2amperes
of output current when active, but will shut down to
4uA quiescent current by merely switching the
Shutdown pin to the high state.

Cautions

While the ICL7664 is stable under most conditions, a
10uF output filter capacitor is required to ensure
stability under all conditions. This output filter capaci-
tor will also improve the high frequency line and load
regulation.

As with all junction isolated CMOS devices, the
ICL7664 can be destroyed by SCR latchup if standard
precautions are not observed. First, no pins should ever
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be driven more than +0.3V above ground or more than
-0.3V below the Vin. Secondly, the rate-of-rise on VIN
should not be excessive. The rate-of-rise can be several
hundred volts per microsecond if the Vin source has a
low internal impedance (such as Nicad or lead-acid
batteries). There is no current limiting resistance or
inductance between the battery and the ICL7664, and
there is no input filtering. Carbon-zinc and alkaline
batteries normally do not have sufficient current output
capability to cause a rate-of-rise SCR, but the simple
addition of a 0.1uF or greater bypass capacitor on the
input will ensure that these batteries will not cause SCR
latchup.

Figure 5 shows a combined application of the ICL7664,
an ICL7663 positive regulator, and the ICL7660 voltage
inverter in a £5V regulated power supply whose power
source is a single +9V battery. The ICL7660 inverts the
+9V input voltage to -9V which is then regulated by the
ICL7664 negative regulator to a constant -5V output.
The ICL7663 positive voltage regulator uses the +9V
input directly to generate a regulated +5V output. The
combined quiescent current of the Maxim ICL7660 and
the two regulators is less than 100uA, while the output
current capability is 40mA.

SENSE

CAP

+
100 pF 1 100 uF
MAX! - P
P 1CL7660 - 0.047 uF
| 7 |4
CAP

GND

n v ReL
VIN maxian OUT Wy -0 +5V
ICL7663 18Q
v
ND SET >
2 g 909 ke $ R2
| +
== 10 uF
>
| 316 k@ 3 R
3
3 &
JO S
316 kQ R4 =
< +
+ A~ 10 uF
100 uF = 0.047 uF —t T
- >
<
GND  Vgpr 909 k2 S R3
ReL
- v ANA
’ v VIN saaxian OUT YVv 0 -5V
ICL7664 279
SENSE

Figure 5. +5V Power Supply Using One 9V Battery
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Package Information
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Package Information

0029 - 0045
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Chip Topography
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Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses
are implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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General Description

The ICL7665 is a low power dual over/under voltage
detector drawing a typical operating current of only
3uA. The trip points and hysteresis of the two voltage
detectors are individually programmed via external
resistors to any voltage greater than 1.3V. The
ICL7665 will operate from any supply voltage in
the 1.6V to 16V range, while monitoring voltages
from 1.3V to several hundred volts.

The Maxim ICL7665 and ICL7665B are equivalent to
the original manufacturer’s parts in both pinout and
specification. The Maxim ICL7665A is an improved
version with a 2% accurate Vsger1 threshold and
guaranteed performance over temperature. All three
versions of the Maxim ICL7665 undergo 100% burn-in
and are rigorously tested at temperature extremes to
enhance their quality and reliability.

Applications

The 3uA quiescent current of the ICL7665 makes
it ideal for voltage monitoring in battery powered
systems. In both battery and line-powered systems,
the unique combination of a reference, two com-
parators and hysteresis outputs reduces size and
component count of many circuits.

Low Battery Detection

Power Fail and Brownout Detector

Battery Backup Switching

Power Supply Fault Monitoring

Over/Under-Voltage Protection

Hi/Low Temperature, Pressure and
Voltage Alarms

Typical Operating Circuit

VAKXV

Dual Over/Under
Voltage Detector

Features

¢ Improved 2nd Source! (See 3rd page for
“Maxim Advantage™”).
¢ Dual Comparator with Precision Internal

Reference

¢ 3uA Operating Current
¢ 2% Threshold Accuracy (ICL7665A)
¢ 1.6V to 16V Supply Voitage Range

¢ Onboard Hysteresis Outputs

¢ Trip Points Externally Programmable
¢ Monolithic, Low Power CMOS Design

Ordering Information

PART TEMP RANGE PACKAGE
ICL7665CPA* 0°C to +70°C 8 Lead Plastic Dip
ICL7665CTV* 0°C to +70°C TO-99 Can
ICL7665CSO* 0°C to +70°C 8 Lead Small Outline
ICL7665C/D* 0°C to +70°C Dice
ICL7665ACPA 0°C to +70°C 8 Lead Plastic Dip
ICL7665ACTV 0°C to +70°C TO-99 Can
ICL7665ACSO 0°C to +70°C 8 Lead Small Outline
ICL7665AC/D 0°C to +70°C Dice

*“B” version also available. Order part number ICL7665B ___.

Vint v+ Vinz

OVER-VOLTAGE UNDER-VOLTAGE
pETECTION | L oetecTion
> <
3 MAXIM 3
ICL7665
| -_—
A AA
W v
L

SIMPLE THRESHOLD DETECTOR

(Detailed Circuit Diagram — Figure 3)

Top View —
out1[1] ® (o] v*
HYST1 [2] 7] ouT2
7"
seT1 3] et 6 | sET2
ano [4] 5] HysT2

The “Maxim Advantage™” signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the
following: guaranteed performance over temperature along with tighter test specifications on many key parameters; and device
enhancements, when needed, that result in improved performance without changing the functionality.
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ABSOLUTE MAXIMUM RATINGS

Power Dissipation (Note 1)

Supply Voltage (Note 2) ................ -0.3V to +18V »
Output Voltages OUT1 and OUT2 :8522238?—0-
(with respect to GND) (Note 2) ....... -0.3V to +18V ICL7665BCSO*
Output Voltages HYST1 and HYST2
(with respect to V*) (Note 2) ......... +0.3V to -18V

Input Voltages SET1 and SET2
(Note 2)
Maximum Sink Output Current
OUT1 and OUT2
Maximum Source Output Current
HYST1 and HYST2

(GND - 0.3V) to (V* +0.3V)

Lead Temperature

... —25mA

Operating Temperature Range

(Soldering, 10 seconds)
*Also applies to “A” version (Maxim).

ICL7665BC/D* ............
Storage Temperature Range

0°C to +70°C
0°C to +70°C
0°C to +70°C
.. 0°C to +70°C
-65°C to +160°C

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only,
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications
is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS v+= 5V, Ta = +25°C, test circuit unless otherwise specified.

LIMITS
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
. Ta = +25°C 1.6 16.0
+
Operating Supply Voltage Vv -20°C < Ta < +70°C 18 16.0 Vv
GND < VsgT1, VSET2 < V*
All Outputs Open Circuit
Supply Current " Vvt =2v
vt =9V rA
Vvt =15V
. VSET1 1.45 Vv
Input Trip Voltage VSET2 14
- AVSET o
Temperature Coefficient of VseT o ppm/°C
Supply Voltage Sensitivity 0.004 %/V
of VSeT1, VseT2 ’
10 200
Output Leakage Currents -10 -100 nA
on OUT and HYST 2000
-500
0.2 0.5
0.1 0.3
VSET1 = 2V, louT1 = 2mA 0.06 0.2
, VSET1 = 2V, IHYsT1 = -0.5mA -0.15 -0.3
T.= 5V, VseT1 = 2V, IHysT1 = -0.5mA -0.05 | -0.15
Output Saturation Voltages V' = 15V, VseT1 = 2V, IHysT) = -0.5mA 002 | -0.10 v
V* =2V, Vset2 = 0V, louT2 = 2mA 0.2 0.5
V* =5V, VseT2 = 0V, lout2 = 2mA 0.15 0.3
\ V*+ =15V, VseT2 = 0V, louT2 = 2mA 0.1 0.25
VHYST2 V*t =2V, Vser2 = 2V, IHysT2 = -0.2mA ~0.25 -0.8
VHYST2 V* =5V, VseTz = 2V, IHysT2 = -0.5mA -0.43 -1.0
i By I VHYST2 V* =15V, VseT2 = 2V, IHysT2 = -0.5mA -0.35 -0.8
VseT Input Ldakage Current ISET GND < VsgT < V* 0.01 10 nA
AVseT IRyt for Complete AVser | RoUT =4.7KQ, ReysT = 20k} 1
Output Change S VouTLO = 1% V*, VoutHI = 99% V+ mv
Difference in Trip Voltages VseT1-VseT2| Rout, RHysT = 1TMQ) +5 +50
Output/Hysteresis Difference Rout, RHYST = TMQ) 1

Note 1:
Note 2:

Derate above +25°C ambient temperature at 4mW/°C.
Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to voltages

greater than (V* +0.3V) or less than (GND - 0.3V) may cause destructive device latchup. For this reason, it is recommended that
no inputs from external sources not operating from the same power supply be applied to the device before its supply is estab-
lished, and that in multiple supply systems, the supply to the ICL7665 be turned on first. If this is not possible, currents into inputs

and/or outputs must be limited to +0.5mA and voltages must not exceed those defined above.
The electrical characteristics above are a reproduction of a portion of Intersil’s copyrighted (1983/1984) data book. This information does not constitute any

representation by Maxim that Intersil’s products will perform in accordance with these specifications. The “Electrical Characteristics Table” along with the
descriptive excerpts from the original manufacturer’s data sheet have been included in this data sheet solely for comparative purposes.
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¢ 2% Threshold Accuracy (ICL7665A) ¢ Key Specifications Guaranteed over Temperature
¢ Improved Temperature Coefficient (ICL7665A) ¢ Significantly Improved ESD Protection (Note 1)

¢ Maxim Quality and Reliability

3
3

ABSOLUTE MAXIMUM RATINGS: This device conforms to the Absolute Maximum Ratings on adjacent page.
ELECTR'CAL CHARACTER'ST'CS: ICL7665 specifications below satisfy or exceed all “tested” parameters on

adjacent page. (V* = 5V, Ta = +25°C, test circuit unless noted.)

ICL7665A ICL7665
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX |MIN TYP MAX UNITS
Ta=+25°C 16 16.0 \
Operating Supply Voltage v+ -20°C<TA<+70°C 1.8 16.0 \"
0°C<Ta<+70°C 16.0 \"
25| 10 uA
26 | 10 kA
29 | 15 LA
13 | 145 Vv
13| 14 \
200 ppm/°C
Supply Voltage Sensitivity AVSET _ .
of VSeT1, VSET2 s Rout1, Rout2, RHysT1, RHysT2 = TMQ .004 .004 %o/ V
loLk _ 10 | 200 10 | 200 nA
Output Leakage Currents IHLK VsET =0V or VseT 22V -10 | -100 -10 | -100 nA
of OUT and HYST lok | VF =15V, TA=70°C 2000 2000| nA
IHLK V+=15V, Ta=70°C -500 -500| nA
VouT1 V*+ =2V, Vser1 =2V, lout1=2mA 0.2 02 | 05 "
VouT1 V*+=5V, VseT1=2V, lout1 =2mA 0.1 | 0.3 0.1 | 03 "
Vout1 V+=15V, VseT1= 2V, louT1 =2mA 0.06 | 0.2 0.06 | 0.2 '
VHYST1 V*+=2V, VseT1 =2V, IHYST1 =-0.5mA -0.15| -0.3 -0.15| -0.3 \
VHYST1 V*=5V, VseT1=2V, IHysT1 =-0.5mA -0.05|-0.15 -0.05|-0.15 \Y
+ = = = — — — —
Output Saturation Voltages VHYST1 V* =15V, VseT1 =2V, IHYsT1=-0.5mA 0.02|-0.10 0.02|-0.10 Vv
Vout2 V*=2V,VseT2=0V, lout2=2mA 02| 05 02| 05 \'
Vourt2 V*+=5V, VseT2=0V, lout2=2mA 0.15| 0.3 0.15| 03 v
VouT2 V* =15V, VseT2=0V, lout2 =2mA 0.11]0.25 0.11 | 0.25 v
VHysT2 | VY=2V,VseT2=2V, IHysT2=-0.2mA -0.25| -0.8 -0.25| -0.8 \Y
VHYST2 V+ =5V, Vset2 =2V, IHysT2 =-0.5mA -0.43| -1.0 -0.43| -1.0 Vv
VHysT2 | V¥=15V, VseT2=2V, IHYST2=-0.5MmA -0.35| -1.0 -0.35( -0.8 Vv
VSsEeT Input Leakage Current ISET GND < VseT<V* +0.01| +10 +0.01| 10 nA
' . 1.0 mv
Difference in Trip Voltages Rout, RHYsT=1MQ - +50 +5 | £50 mV
' +1 mV

Note 1:  All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V.
(Test circuit per Mil Std 883, Method 3015.1)
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Note 2) ................ -0.3V to +12V ICL7665BCPA
Output Voltages OUT1 and OUT2 ICL7665BCTV
(with respect to GND) (Note 2) ....... -0.3V to +12V ICL7665BCSO
Output Voltages HYST1 and HYST2 ICL7665BC/D
(with respect to V*) (Note 2) ......... +0.3V to -12V Storage Temperature Range

Input Voltages SET1 and SET2
(Note2) ...............
Maximum Sink Output Current
OUT1 and OUT2
Maximum Source Output Current
HYST1 and HYST2

(GND - 0.3V) to (V*+ + 0.3V)

Power Dissipation (Note 1)
Operating Temperature Range

Lead Temperature
(Soldering, 10 seconds)

0°C to +70°C
0°C to +70°C
0°C to +70°C
0°C to +70°C

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only,
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications
is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS, ICL7665B

(V* =5V, Ta = +25°C, test circuit unless noted.)

LIMITS
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
: Ta =+25°C . 1
Operating Supply Voltage v+ OAS Ta < +70°C Ig 18 \"
GND < VsgT1, VsgT2 < V*
Supply Current I+ CLI Sgt\;)uts Open Circuit 25 10
v+ =9V 26 10 KA
; VSET1 1.15 1.3 1.45
Input Trip Voltage VSET2 12 13 14 \
AV
Temperature Coefficient of Vser ;fT +200 ppm/°C
Supply Voltage Sensitivity AVseT R A _ %/
of VSeT1, VSET2 —_Avs ouTt, Rout2, RHYsT1, RHysT2 = TMQ 0.004 o
loLk _ 10 200
Output Leakage Currents 1HLK VSeT = OV or VseT = 2V -10 -100 nA
on OUT and HYST loLK V+ =9V, Ta = 70°C 2000
IHLK V=9V, Ta=70°C -500
VouT1 V+ =2V, Vset1 = 2V, louT1 = 2mA 0.2 0.5
VouTi1 V* =5V, VseT1 = 2V, louT1 = 2mA 0.1 0.3
Vourt V* =9V, VseT1 = 2V, louTt = 2mA 0.06 0.25
VHYST1 V* =2V, VseT1 = 2V, IHysT1 = -0.5mA -0.15 -0.3
VHYsT1 V*+ =5V, VseT1 = 2V, IHysT1 = -0.5mA -0.05 -0.15
+ = - = - —
Output Saturation Voltages VHYST1 V* =9V, Vser1 = 2V, lHysT1 = -0.5mA 0.02 0.15 v
Vout2 V* =2V, VseT2 = 0V, louT2 = 2mA 0.2 0.5
Vour2 V* =5V, Vsere = 0V, lout2 = 2mA 0.15 0.3
Vourt2 V* =9V, Vser2 = 0V, lout2 = 2mA 0.11 0.3
VHYST2 V*+ =2V, Vserz = 2V, IHysT2 = -0.2mA -0.25 -0.8
VHYST2 V*+ =5V, Vsgr2 = 2V, IHysT2 = -0.5mA -0.43 -1
VHysT2 V* =9V, Vsgr2 = 2V, IHysT2 = -0.5mA -0.35 -1
VseT Input Leakage Current ISET GND < Vggr < V* 0.01 10 nA
AVset Input for Complete AVseT Rout = 4.7k}, RHysT = 20k() 1
Output Change VoutLO = 1% V*, VoutHI = 99% V* mv
Difference in Trip Voltages VSET1-VseT2| RouT, RHYsST = 1MQ +5 +50
Output/Hysteresis Difference Rourt, RHYsT = 1M} 1

Note 1: Derate above +25°C ambient temperature at 4mwW/°C.

Note 2: Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to voltages
greater than (V* +0.3V) or less than (GND - 0.3V) may cause destructive device latchup. For this reason, it is recommended that
no inputs from external sources not operating from the same power supply be applied to the device before its supply is estab-
lished, and that in multiple supply systems, the supply to the ICL7665 be turned on first. If this is not possible, currents into inputs
and/or outputs must be limited to +0.5mA and voltages must not exceed those defined above.
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AC OPERATING CHARACTERISTICS a
LIMITS -~
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 2
Output Delay Times isow VseT Switched from 1.0V to 1.6V gg
Input Going HI tgg‘z‘; RouT = 4.7kQ), C = 12pF 55 us
tshzg RHysT = 20k}, CL = 12pF 55 m
i VseT Switched from 1.6V to 1.0V -
input Going LO 122;3 Rout = 4.7k(1, CL = 12pF 60 us
tShod RHyYsT = 20k(), CL = 12pF 60
:O" VseT Switched between 1.0V and 1.6V gg
Output Rise Times tﬁ?: Rout = 4.7k(), CL = 12pF 75 us
hid RHYST = 20kQ), CL = 12pF i
zo" VseT Switched between 1.0V and 1.6V 8?
Output Fall Times 102: RouT = 4.7kQ, CL = 12pF 4 us
t:;' RHYST = 20k}, CL = 12pF 18

Switching Waveforms

INPUT
VseTy, VseT2

tso1d -1

ouTt

=

L

tou

tsHig —- ) vi(sv)
HYSTH -
" Rt I S —— GND
44 — it
1602 —» 15020 —~] '4— ven
o " g |
R - ——— GND &
el 4|
[ 3 15k2d ) |4— v (V)
HYST2
—— GND
thar e that
v
o
g 4.7k()
© ouTt
A
47
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Figure 1. Maxim ICL7665 Test Circuit
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ICL7665

Dual Over/Under
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Typical Operating Characteristics
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Figure 2. Block Diagram
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Table I: ICL7665 TRUTH TABLE

INPUT* OUTPUT HYSTERESIS
Vser1 > 1.3V OUT1=0ON =LOW/| HYST1=O0ON=HI
VsgT1 < 1.3V OUT = OFF = HI |HYST1 = OFF = LOW
VsgeT2 > 1.3V OUT2 = OFF = HI HYST2 = ON = HI
VsgT2 < 1.3V OUT2 = ON = LOW |HYST2 = OFF = LOW

OUT1 is an inverting output, all others are non-inverting.
OUT1 and OUT2 are open drain N-channel current sinks.
HYST1 and HYST2 are open drain P-channel current sources.
*See Electrical Characteristics for exact input threshold range.
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Detailed Description

As shown in the block diagram of Figure 2, the Maxim
ICL7665 combines a 1.3V reference with two com-
parators, two open drain n-channel outputs, and two
open drain p-channel hysteresis outputs. The refer-
ence and comparator are very low power linear
CMOS circuits, with a total operating current of
10uA maximum, 3uA typical. The n-channel outputs
can sink greater than 10mA but are unable to source
any current. These outputs are suitable for wired OR
connections and capable of driving TTL inputs when
an external pullup resistor is added.

The ICL7665 Truth Table is shown in Table |. OUT1
is an inverting output, all other outputs are non-
inverting. HYST1 and HYST2 are p-channel current
sources whose sources are connected to V+. OUT1
and OUT2 are n-channel current sinks with their
sources connected to ground. Both OUT1 and
OUT2 can drive at least one TTL load with a VoL
of 0.4V.

In spite of the very low operating current, the
ICL7665 has a typical propagation delay of only
75us. Since the comparator input bias current and
the output leakages are very low, high impedance
external resistors can be used. This design feature
minimizes both the total supply current used and
loading on the voltage source that is being monitored.

Basic Over/Under-Voltage

Detection Circuits

Figures 3, 4, and 5 show the three basic voltage
detection circuits.

The simplest circuit, depicted in Figure 3, does not
have any hv<fprn<|< The comparator fr|n nmnf

formulas can easnly be derived by observmg ‘that the
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Dual Over/Under
Voltage Detector

comparator changes state when the Vsgr input is
1.3V. The external resistors are simply a voltage
divider that attenuates the input signal. This ensures
that the Vser terminal is at 1.3V when the input
voltage is at the desired comparator trip point. Since
the bias current of the comparator is only a fraction
of a nA the current in the voltage divider can be less
than one pA without losing accuracy due to bias
currents. The ICL7665A has a 2% threshold accuracy
at 25°C and a typical temperature coefficient of 100
ppm/°C including comparator offset drift, eliminat-
ing the need for external potentiometers in most
applications.
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Figure 4. Threshold Detector with Hysteresis
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ICL7665

Dual Over/Under
Voltage Detector

Figure 4 adds another resistor to each voltage
detector. This third resistor supplies current from
the HYST output whenever the VsgT input is above
the 1.3V threshold. As the formulas show, this
hysteresis resistor affects only the lower trip point.
Hysteresis (defined as the difference between the
upper and lower trip points) keeps noise or small
variations in the input signal from repeatedly switch-
ing the output when the input signal remains nearthe
trip point for a long period of time.

The third basic circuit (Figure 5), is suitable only
when the voltage to be detected is also the power
supply voltage for the ICL7665. This circuit has the
advantage that all of the current flowing through the
input divider resistors flows through the hysteresis
resistor. This allows the use of higher value resistors
without hysteresis output leakage having an appre-
ciable effect on the trip point.

Resistor Value Calculations

Figure 3

1) First choose a value for R11. The value of R11
determines the amount of current flowing through
the input divider, equal to Vset/R11. R11 can typi-
cally be in the range of 10k} to 10M{).

2) Choose R21 based on the previously chosen R11
and the desired trip point.

R21 = R11 x VIRIP ~ VSET _ pyq, VTRIP - 13V
VSET 1.3V
Figure 4

1) Choose a resistor vaiue for Ri1. Typicai vaiues
are in the 10k} to 10MQ range.

2) Calculate R21 for the desired upper trip point,
Vuy using the formula
R21 = R11x WU _VSET _pgoyy Yu_13V

VSeT 1.3V
3) Calculate R31 for the desired amount of hysteresis:
R21 x (V+ - Vser) _ R21 x (V* -1.3V)

R31 =
Vu - VL Vu-WL

or if V* = V|n:

Rai = _R21x (VL - Vser) _ R21x (Vi - 1.3V)
Vu- WL Vu-WL

4) The trip voltages are not affected by the absolute
value of the resistors as long as the impedances are
high enough that the resistance of R31 is much
greater than the HYST output’s resistance and the
current through R31 is much lower than the HYST
output’s leakage current. Normally R31 will be in
the 100k () to 22M() range. Multiplying or dividing all
three resistors by the same factor will not affect the
trip voltages.
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Figure 5

1) First select a value for R11, usually between 10k{}
and 10MQ.

2) Calculate R21.

R21 = Ri1x Ub_VSET _pyqy V13V
VseT 1.3V
3) Calculate R31
R31 =R11x W VL
VSeT

4) As in the other circuits, all three resistor values
may be scaled up or down in value without changing
Vu and VL. Vy and VL depend only on the ratio of
the three resistors if the absolute values are such
that the hysteresis output resistance and the leakage
currents of the VsSer input and hysteresis output
can be ignored.

Typical Applications

Fault Monitor for a Single Supply

Figure 6 shows a typical over/under-voltage fault
monitor for a single supply. In this case the upper
trip points (controlling OUT1) are centered on 5.5V,
with 100mV of hysteresis (Vu = 5.55V, VL = 5.45V); and
the lower trip points (controlling OUT2) are centered
on 4.5V, also with 100mV of hysteresis. OUT1 and
OUT2 are connected together in a wired OR con-
figuration to generate a Power OK signal.

Multiple Supply Fault Monitor

The ICL7665 can simultaneously monitor several
power supplies, as shown in Figure 7. The easiest
way to calculate the resistor values is to note that
when the Vsgr input is at the trip point (1.3V), the
current through R11 is 1.3V/R11. The sum of the
currents through R21A, R21B and R31 must equal
this current when the two input voltages are at the
desired low voltage detection point. Ordinarily R21A
and R21B are chosen so that the current through the
two resistors is equal. Note that since the voltage at
the ICL7665 Vset input depends on the voltage of
both supplies being monitored, there will be some
interaction between the low voltage trip points for
the two supplies. In this example OUT1 will go low
when either supply is 10% below nominal (assuming
the other supply is at the nominal voltage), or when
both supplies are 5% or more below their nominal
voltage. R31 sets the hysteresis, in this case, to about
43mV at the 5V supply or 1770mV at the 15V supply.
The second section of the ICL7665 can be used to
detect overvoltage, or as shown in Figure 7, can be
used to detect the absence of negative supplies.
Note that the trip points for OUT2 depend on both
the voltages of the negative power supplies and the
actual voltage of the +5V supply.
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Combination Low Battery Warning
and Low Battery Disconnect

Nickel Cadmium (NiCad) batteries are excellent
rechargeable power sources for portable equipment,
but care must be taken to ensure that NiCad batteries
are not damaged by overdischarge. Specifically, a
NiCad battery should not be discharged to the point
where the polarity of lowest capacity cell is reversed
and that cell is reverse charged by the higher capa-
city cells. This reverse charging will dramatically
reduce the life of a NiCad battery. Figure 8 both
prevents reverse charging and also gives a low
battery warning. A typical low battery warning
voltage is 1V per cell. Since a NiCad “9V” battery is
ordinarily made up of 6 cells with a nominal voltage
of 7.2V, a low battery warning of 6V is appropriate,
with a small hysteresis of 100mV. To prevent over-
discharge of a battery the load should be discon-
nected when the battery voltage is 1V x (N-1), where

N = number of cells. In this case the low battery load
disconnect should occur at 5V. Since the battery
voltage will rise when the load is disconnected,
800mV of hysteresis is used to prevent repeated
on-off cycling.

Power Fail Warning and
Powerup/Powerdown Reset

Figure 9 illustrates a power fail warning circuit which
monitors raw DC input voltage to the 7805 three
terminal 5V regulator. The Power Fail warning signal
goes high when the unregulated DC input falls below
8.0V. When the raw DC power source is disconnected
or the AC power fails, the voltage on the input of
the 7805 decays at a rate of lout/C (in this case
200mV/ms). Since the 7805 will continue to provide
5V out at 1A until Vin is less than 7.3V, this circuit
will give at least 3.5ms of warning before the 5V output
begins to drop. If additional warning time is needed,
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Figure 9. Power Fail Warning and Powerup/Powerdown Reset

either the trip voltage or filter capacitance should be
increased or the output current should be decreased.

The ICL7665 OUT2 is set to trip when the 5V output
has decayed to 3.9V. This output can be used to
prevent the microprocessor from writing spurious
data to a CMOS battery backup memory, or can be
used to activate a battery backup system.

AC Power Fail and Brownout Detector

By monitoring the secondary of the transformer, the
circuit in Figure 10 performs the same power failure
warning function as Figure 9. With a normal 110VAC
input to the transformer, OUT1 will discharge C1 every
16.7ms when the peak transformer secondary voltage
exceeds 10.2V. When the 110VAC power line voltage is
eitherinterrupted or reduced so that the peak voltage is
less than 10.2V, C1 will be charged through R1. OUT2,
the Power Fail Warning output, goes high when the
voltage on C1 reaches 1.3V. The time constant R1 x C1
determines the delay time before the Power Fail
Warning signal is activated, in this case 42ms or2'zline
cycles. Optional components R2, R3 and Q1 add
hysteresis by increasing the peak secondary voltage
required to discharge C1 once the Power Fail Warning
is active.

Battery Switchover Circuit

The circuit in Figure 11 performs two functions:
switching the power supply of a CMOS memory
to a backup battery when the line-powered supply
is turned off, and lighting a low-battery-warning LED
when the backup battery is nearly discharged. The
PNP transistor, Q1, connects the line-powered +5V
to the CMOS memory whenever the line-powered
+5V supply voltage is greater than 3.5V. The voltage
drop across Q1 will only be a couple of hundred
mV since it will be saturated. Whenever the input
voltage falls below 3.5V. OUT1 goes high, turns off Q1
and connects the 3V lithium cell to the CMOS memory.
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Figure 10. AC Power Fail and Brownout Detector

The second voltage detector of the ICL7665 monitors
the voltage of the lithium cell. If the battery voltage
falls below 2.6V, OUT2 goes low and the low-battery-
warning LED turns on (assuming that the +5V is
present, of course).

Another possible use for the second section of the
ICL7665 is the detection of the input voltage falling
below 4.5V. This signal could then be used to prevent
the microprocessor from writing spurious data to
the CMOS memory while its power supply voltage is
outside its guaranteed operating range.

Simple High/Low Temperature Alarm

The circuit in Figure 12 is asimple high/low tempera-
ture alarm which uses a low cost NPN transistor as
the sensor and an ICL7665 as the high/low detector.
The NPN transistor and potentiometer R1 form a
Vbe multiplier whose output voltage is determined
by the Vbe of the transistor and the position of R1’s
wiper arm. The voltage at the top of R1 will have a
temperature coefficient of approximately -5mv/°C.
R1 is set so that the voltage at VsgeT2 is equal to the
VseT2 trip voltage when the temperature of the NPN
transistor reaches the temperature selected for the
high temperature alarm desired. R2 can be adjusted
so that the voltage at VseT1 is 1.3V when the NPN
transistor's temperature reaches the low tempera-
ture limit.

SCR Latchup

Like all junction isolated CMOS circuits, the ICL7665
has an inherent 4 layer or SCR structure that can
be triggered into destructive latchup under certain
conditions. Avoid destructive latchup by following
these precautions:

1) If either VsgT terminal can be driven to a voltage
greater than V+ or less than ground, limit the input
current to 500uA maximum. Usually an input voltage

VAXIV




divider resistance can be chosen to ensure the input
current remains below 500uA, even when the input
voltage is applied before the ICL7665 V+ supply
is connected.

2) Limit the rate-of-rise of V+ by using a bypass
capacitor near the ICL7665. Rate-of-rise SCRs rarely
occur unless: a) the battery has a low impedance —
as is the case with NiCad and lead acid batteries;
b) the battery is connected directly to the ICL7665
or is switched on via a mechanicai switch with iow

Dual Over/Under
Voltage Detector

resistance and c) there is little or no input filter
capacitance near the ICL7665. In line-powered
systems the rate-of-rise is usually limited by other
factors and will not cause a rate-of-rise SCR action
‘under normal circumstances.

3) Limit the maximum supply voltage (including
transient spikes) to 18V. Likewise limit the maximum
voltage on OUT1 and OUT2 to +18V and the maxi-
mum voltage on HYST1 and HYST2 to 18V below V+.
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___General Purpose Analog Circuits
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_ General Description

The Maxim ICM7555 and ICM7556 are respectively single
and dual general purpose RC timers capable of gener-
ating accurate time delays or frequencies. The primary
feature is an extremely low supply current, making this
device ideal for battery-powered systems. Additional fea-
tures include low THRESHOLD, TRIGGER, and RESET
currents, a wide operating supply voltage range, and
improved performance at high frequencies.

These CMOS low-power devices offer significant per-
formance advantages over the standard 555 and 556
bipolar timers. Low-power consumption, combined with
the virtually non-existent current spike during output
transitions, make these timers the optimal solution in
many applications.

Applications
Pulse Position Modulation
Sequential Timing

Missing Pulse Detector

Pulse Generator
Precision Timing

Time Delay Generation
Pulse Width Modulation

Pin Configuration

Top View

DISCHARGE [j a] v+
THRESHOLD [2]

CONTROL
VOLTAGE

MmaxXim
CONTROL
RESET[4] ICM7556 SOV TRGE
ouTruT [5] [10) RESET
TRIGGER[ 6 OUTPUT
GND[7 [8] TRIGGER

/AKX

General Purpose Timers

Features

¢ Improved 2nd Source! (See 3rd page for
“Maxim Advantage™”).

¢ Wide Supply Voltage Range: 2-18V

¢ No Crowbarring of Supply During Output
Transition

¢ Adjustable Duty Cycle

¢ Low THRESHOLD, TRIGGER and RESET
Curents

¢ TTL Compatible
¢ Monolithic, Low Power CMOS Design

Ordering Information

PART TEMP. RANGE PACKAGE

ICM7555IPA  -20°C to +85°C 8 Lead Plastic DIP

ICM7555IJA  -20°C to +85°C 8 Lead CERDIP

ICM7555ITV. -20°C to +85°C  TO-99 Can

ICM7555MJA -55°C to +125°C 8 Lead CERDIP

ICM7555MTV -55°C to +125°C  TO-99 Can

ICM7555ISO -20°C to +85°C 8 Lead Small Outline

1CM7555/D 0°Cto +70°C Dice

ICM7556IPD  -20°C to +85°C 14 Lead Plastic DIP

ICM7556MJD -55°C to +125°C 14 Lead CERDIP

ICM75561SO  -20°C to +85°C 14 Lead Small Outline

ICM7556/D 0°Cto+70°C Dice

_____ Typical Operating Circuit

—a

- 2] smaam

_E ICM7555
V+

OUTPUT

MwHT

Frequency Generator :_l_:

(Detailed Circuit Diagram — Figure-1a)

The “Maxim Advantage™” signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the
following: guaranteed performance over temperature along with tighter test specifications on many key parameters; and device
enhancements, when needed, that result in improved performance without changing the functionality.
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ICM7555/7556

General Purpose Timers
ABSOLUTE MAXIMUM RATINGS (Note 1)

SupplyVoltage . ... ... +18 Volts ICM7555ISO (Maxim) . ................ —20°C to +85°C
Input Voltage TRIGGER ICM75551PA .—20°C to +85°C
Control Voltage THRESHOLD ~ <V*+0.3Vto>-0.3V ICM7555ITV .—20°C to +85°C
RESET ICM7556IPD ......... ceeiiiin......—20°Cto+85°C
OULPULCUITENt . . ... .100mA ICM7555MTV .............. .o ~55°C to +125°C
Power Dissipation? ICM7556. . ...300mW ICM7556MJUD . ........... ... —=55°C 10 +125°C
ICM7555 . .« oo 200mW Storage Temperature . . ................... —65°C to +150°C

Lead Temperature (Soldering60 Seconds) ........... +300°C

Operating Temperature Range
ICM7555IJA (Maxim). ................. —20°C to +85°C

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure
to absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(V+ = +21to +15 volts; T, = 25°C, Unless Noted)

VALUE
PARAMETER SYMBOU TEST CONDITIONS MIN | TYP | MAX | UNITS
Supply Voltage vt --20°C < Ta< +70°C 2 18 Y
—55°C < Ta< +125°C 3 16 \%
Supply Current'3' I+ ICM7555 vVt= 2V 60 |- 200 uA
V*=18v 120 | 300 uA
ICM7556 vt= 2v 120 400 wA
V' =18V 240 | 600 kA
Timing Error Ra. Rs = 1k to 100k, 5V<V*t<isv
C=0.1uF . ‘
Initial Accuracy Note 4 x e 2.0 5.0 %
Drift with Temperature Note 4 vt= 5v 4 ; 50 ppm/°C
v*t=10v ; 75
vt =15V 100
Dnift with Supply Voltage Vt= 5V 1.0 3.0 %/V
Threshold Voltage VTH Vit 5V o T? 0.63 | 066 | 0.67 v+
Trigger Voltage VTRIG iy VY =4BY 029 | 0.33 | 0.34 v+
Trnigger Current Irrig V+ =18V ol : 50 pA
VE= 5Vl 10 pA
V=2V 1 pA
Threshold Current ITH VYF18Y 50 pA
vt = 8V 10 pA
vh= v 1 pA
Reset Current . I'lrst .1 VReseT = Ground vt =18v 100 pA
) vt= 5V 20 pA
i : vt= 2v 2 pA
Reset Voltage . /" VRsT V+ =18V 0.4 0.7 1.0 v
o Vt= 2V 0.4 0.7 1.0 Vv
Control Voitage Lead Vev V+= 5V 0.62 0.66 0.67 A
Output Voltage Drop Vo Output Lo v+ =18V IsiNk = 3.2mA 0.1 0.4 \"
V= 5V ISINK = 3.2mA 0.15 0.4 v
Output Hi + =18V ISOURCE = 1.0mA 1725 | 17.8 Vv
vt= 5v ISOURCE = 1.0mA 40 45 v
Rise Time of Output te RL = 10MN) CuL = 10pF V*+ =5V 35 40 75 ns 4
Fall Time of Output te RL = 10M(1 CL = 10pF VvVt =5V 35 40 75 ns
Guaranteed Max Osc Freq | fmax Astable Operation 500 kHz

Note 1: Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage greater than
V+ 4+0.3V or less than V- —0.3V may cause destructive latchup. For this reason it is recommended that no inputs from external sources not
operating from the same power supply be applied to the device before its power supply is established. In multiple systems, the supply of the
ICM7555/6 must be turned on first.

Note 2: Junction temperatures should not exceed 135°C and the power dissipation must be limited to 20mW at 125°C. Below 125°C power dissipation
may be increased to 300mW at 25°C. Derating factor is approximately 3mwW/°C (7556) or 2mW/°C (7555).

Note 3: The supply current value is essentially independent of the TRIGGER, THRESHOLD and RESET voltages.

Note 4: Parameter is not 100% tested. Majority of all units meet this specification.

The efectrical characteristics above are a reproduction of a portion of Intersil’s copyrighted (1983/1984) data book. This information does not constitute
any representation by Maxim that Intersil’s products will perform in accordance with these specifications. The “Electrical Characteristics Table” along
with the descriptive excerpts from the original manufacturer’s data sheet have been included in this data sheet solely for comparative purposes.
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MAXIM

Generayly ﬁurpoée 'fimeré

¢ Lower Supply Current 4 Guaranteed Discharge Output Voltage

¢ Increased Output Source Current ¢ Supply Current Guaranteed Over Temperature

4 Guaranteed THRESHOLD, TRIGGER and RESET + Significantly Improved ESD Protection (Note 6)
Input Currents

¢ Maxim Quality and Reliability

ABSOLUTE MAX'M UM RAT'NGS This device conforms to the Absolute Maximum Ratings on adjacent page.
ELECTR'CAL CHARACTER'STICS Specifications below satisfy or exceed all “tested” parameters on adjacent page.

(V+ = +2to +15 volts; T, = 25°C, unless noted.)

PARAMETER |symBoL TEST CONDITIONS MIN | TYP | MAX | UNITS
Supply Voltage vt —20°C < Tp < +85°C 2 18 v
—550C < Tp < +125°C 3 16 v

Timing Error (Note 4) Circuit of figure 1(b);
Ra = Rg = 100kQ, C=0.14F, VT =5V
Initial Accuracy 2.0 5.0 %
(Note 5)

Drift with Temperature vt=sv 50 ppm/°C
vt=10v 75 ppm/°C
vt =15v 100 ppm/°C

Drift with Supply Voltage vt =5v 1.0 3.0 %/V

Threshold Voltage VTH 0.63 | 066 | 0.67 vt
Trigger Voltage

. . vt=2v 2 pA
Reset Voltage VRsT vt=18v 04 | 07 | 10 v
vt=2v 04 | 07 | 10 v

Control Voltage Vev vt =5y 062 | 066 | 0.67 vt

ISINK = 3.2mA 01 | 04

Vo Output Lo

Rise Time of Output (Note 4) | tr RL=10MQ CL= 10pF
Fall Time of Output (Note 4) tt RL=10MQ CL=10pF VT =5V 35 40 75 ns
Guaranteed Max Osc. .

Freq. (Note 4) fmax Astable Operation 500 kHz

Note 1: Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage greater than
V+ +0.3V or less than V- —0.3V may cause destructive latchup. For this reason it is recommended that no inputs from external sources not
operating from the same power supply be applied to the device before its power supply is established. In multiple systems, the supply of the
ICM7555/6 must be turned on first.

Note 2: Junction temperatures should not exceed 135°C and the power dissipation must be limited to 20mW at 125°C. Below 125°C power dissipation
may be increased to 300mW at 25°C. Derating factor is approximately 3mW/°C (7556) or 2mW/°C (7555).

Note 3: The supply current value is essentially independent of the TRIGGER, THRESHOLD AND RESET voltages.

Note 4: Parameter is not 100% tested. Majority of all units meet this specification.

Note 5: Deviation from f = 1.46/(Ra + 2 Rg)C, V+ = 5V.

Note 6: All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V. (Mil Std 883B, Method 3015.1 Test Circuit.)

MAKXI/VL
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ICM7555/7556

General Purpose Timers
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General Purpose Timers

Typical Operating Characteristics
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ICM7555/7556

General Purpose Timers

o ____Detailed Description

Both the ICM7555 timer and the ICM7556 dual timer can
be configured for either astable or monostable operation.
In the astable mode the free running frequency and the
duty cycle are controlled by two external resistors and
one capacitor. Similarly, the pulse width in the monostable
mode is precisely controlled by one external resistor and
capacitor.

The external component count is decreased when replac-
ing a bipolar timer with the ICM7555 or ICM7556. The
bipolar devices produce large crowbar currents in the out-
put driver. To compensate for this spike, a capacitor is used
to decouple the power supply lines. The CMQOS timers
produce supply spikes of only 2-3mA vs. 300-400mA
(Bipolar), therefore supply decoupling is typically not
needed. This current spike comparison is illustrated in
Figure 3. Another component is eliminated at the control
voltage pin. These CMOS timers, due to the high imped-
ance inputs of the comparators, do not require decoupling
capacitors on the control voltage pin.

SUPPLY CURRENT - mA

TIME - ns

OUTPUT

I (b)

Figure 1. Maxim ICM7555 used in two different astable configurations.

v+ 1= 1.1RC

S TRIGGER O
{ ouTPUT Q
“}_ RESET O

a THRESHOLD
CONTROL
[5)voLTAGE

OPTIONAL _L S
CAPACITOR T I

Figure 2. Maxim ICM7555 in a monostable operation.

Figure 3. Supply current transient compared with a standard bipolar
555 during an output transition.

Applications Information

Astable Operation

We recommend either of the two astable circuit configu-
rations illustrated in Figure 1. The circuit in (1a) provides a
50% duty cycle output using one timing resistor and cap-
acitor. The oscillator waveform across the capacitor is
symmetricai and trianguiar, swinging from s to % of the
supply voltage. The frequency generated is defined by:

1

t=14rc

The circuit in (1b) provides a means of varying the duty
cycle of the oscillator. The frequency is defined by:

1.46
(Ra+2Rg)C

f=

The duty cycle is:
___Rs
Ra+2Rp

Monostable Operation

The circuit diagram in Figure 2 illustrates monostable
operation. In this mode the timer acts as a one shot. Ini-
tially the external capacitor is held discharged by the dis-
charge output. Upon application of a negative TRIGGER
pulse to pin 2, the capacitor begins to charge exponen-
tially through Ra. The device resets after the voltage
across the capacitor reaches 2(V ™).

toutput= —In ()RAC = 1.1 RAC

Vi X1V




Reset

The reset function is significantly improved over the stan-
dard bipolar 555 and 556 in that it controls only the inter-
nal flip-flop, which in turn simultaneously controls the
state of the Output and Discharge pins. This avoids the
multiple threshold problems sometimes encountered with
slow-falling edges of the bipolar devices. This input is
designed to have essentially the same trip voltage as the
standard bipolar devices (0.6 to 0.7V). At all supply volt-
ages this input maintains an extremely high impedance.

Control Voltage

The control voltage regulates the two trip voltages for the
THRESHOLD and TRIGGER internal comparators.
This pin can be used for frequency modulation in the
astable mode. By varying the applied voltage to the con-
trol voltage pin, delay times can be changed in the mono-
stable mode.

Power Supply Considerations

Since the TRIGGER, THRESHOLD and Discharge leak-
age currents are very low, high impedance timing compo-
nents may be used, keeping total system supply current
ata minimum.

Output Drive Capability

The CMOS output stage is capable of driving most logic
families including CMOS and TTL. The ICM7555 and
ICM7556 will drive at least two standard TTL loads at a
supply voltage of 4.5V or greater. When driving CMOS,
the output swing at all supply voltage levels will equal the
supply voltage.

General Purpose Timers

THRESHOLD
v

SR

?Iﬁ—[{' i é Il OUTPUT

N
Y

n[Tnb}«

—CO-
o

9GS L/SSSLINDI

TRIGGER § A\
CONTROL RESET DISCHARGE
VOLTAGE

Figure 5. Equivalent circuit.

- Function Table
TRIGGER THRESHOLD DISCHARGE|
RESET yoitaget  vouraget  OYTPYT “'switch
Low Irrelevant Irrelevant Low On
High <%V* Irrelevant High Off
High >1%V* >%V*H Low On
; + + As previously
High >V <®HV established

+Voltages levels shown are nominal.

NOTE: RESET will dominate all other inputs. TRIGGER will dominate
over THRESHOLD.

_ Chip Topographies

v+ 8 a
¢ RESET
R oUTPUT

THRESHOLD ¢ COMPARATORC7 DRIVERS
6 O~——r] o
3

g DISCHARGE
n
1

TRIGGER GND

5

CONTROL
VOLTAGE

O—O OUuTPUT

This block diagram reduces the circuitry down to its simplest
equivalent components.

R = 100kQ, +20% typ.

THRESHOLD 6

DISCHARGE 7

042"
(1.07mm)

* wt

controL  RESET
VOLTAGE\ | oureur
5 4 37
vt

2 TRIGGER

1
GND

maxim
ICM7555

o
\"h 22mm|

)

GND
TRIGGER TRIGGER
Ne 7 67

} OUTPUT 9 5 OUTPUT

ESET
(122mm) RESET? 4 RESE

CONTROL 11 T | 3 CONTROL
VOLTAGE Ji VOLTAGE
THRESHOLD — ~g

12 , 2 THRESHOLD

13 14 1

maxim DISCHARGE  V*  DISCHARGE

ICM7556

076"
- {1.93mm) !

Figure 4. Block diagram of ICM7555.

VA X1V , N




ICM7555/7556

General Purpose Timers

Package Information
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% — 0.300 + 0.320 | 62 (0-2“;
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"W’"'SZT’ / —>t+—0.040 0050 /\ | [Tecaces HEAB NG 041 (0028
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Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent
licenses are implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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General Description

The Maxim ICM7242 Timer/Counter combines a
+256 counter with an internal oscillator whose period
is controlled by an external resistor and capacitor.
This device requires only 120uA of supply current
and operates from 2 to 16 volts, making it ideal for
battery operated systems.

This device operates in either an astable or mono-
stable configuration, using the onboard control
flip-flop with Trigger and Reset inputs. The onboard
divider generates much longer time delays than can
be produced by a conventional RC Timer. For
example, the ICM7242 generates a delay period of
over one hour with timing components of 22MQ and
1.5uF. By cascading two or more ICM7242's even
longer time delays can be produced.

Applications
The combination of low operating current, long time

delays and cascadability make the ICM7242 well
suited for a variety of timing and control applications.

ON/OFF Delay Timers
Cycle Timers
Sequence Timers

Long Delay Time Generators ?

AKXV

Long Range
Fixed Timer/Counter

Features

Pin for Pin Second Source!

Low Supply Current: 120u.A

Wide Supply Voltage Range: 2 to 16 Volts
+2, +256 Outputs

Cascadable For Long Range Timing
Monostable or Astable Operation

Low Power CMOS

® S & O O 0o

PACKAGE

8 Lead Plastic DIP

8 Lead CERDIP

B°C to +70°C  Dice

Pin Configuration

wCircmt
o' Go

L1

-0

fRC/216

Cascading Two ICM7242's to Generate
Low Frequency Output

Top View

o [8] TBI/O

v
+20utPuT 2] aaxam D RC
+128/256 oUTPUT [3] /CM7242  [§] TRIGGER

GND [4}

5| RESET

AKXV
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ICM7240/50/60

General Description

The Maxim ICM7240/50/60 programmable timer/
counter family requires only 120uA of supply current
while generating programmable delays from us to
hours. Each device combines a programmable
counter with an internal osciliator whose period is
controlled by an external resistor and capacitor. For
counter/divider applications, the osciilator can be
inhibited and an external clock applied to the TB I/0
terminal. The counter can be programmed using
thumbwheel switches, jumpers, or analog switches.

The ICM7240 has an 8 bit programmable counter
and can generate time delays from 1 to 255 RC time
constants. The ICM7250 has a two digit program-
mable BCD counter and can generate time delays
from 1to 99 RC time constants. The ICM7260is used
for “real time” applications and has a modulo 60
programmable divider, producing time delays from
1 to 59 RC time constants. These three devices are
easily cascaded and can operate in either astable
or monostable configurations, using the on-chip
control flip-flop with Trigger and Reset inputs.

Applications

The combination of low operating current, long time
delays, programmability and cascadability make
ICM7240/50/60 family well suited for a varieﬁ

and control applications:
ON/OFF Delay Timers

Frequency Synt
Ultra-Long deine

/]

Batch Timer/Sequencers e
Cycle Timers
Programmable “ﬁ

Y. Geosms 8

Gging Circuit

Be
/]

V1A X1V

Programmable
Timer/Counters

Features

Pin for Pin Second Source!
Low Supply Current: 120p.A @5V
Timing from us to Days

Programmable with Standard Thumbwheel
Switches

¢ o o o

*

Cascadable for Long Range Timing
Monostable or Astable Operation
Low Power CMOS

L 2 2

PART
ICM7240I

Lead CERDIP

Dice

16 Lead Plastic DIP

to +85°C 16 Lead CERDIP

0°C to +70°C Dice

-20°C to +85°C 16 Lead Plastic DIP

-20°C to +85°C 16 Lead CERDIP
0°C to +70°C Dice

Pin Configuration

AAA
W

MAXIN
1cM7250 | (mm

©

1%

THUMBWHEEL
SWITCHES

OUTPUT

1-99 Second Timer

5-10 Maxim I Py

Top View

7250/60 7240 _.-'V'—
1 1
’ { 2 2 % :N/C (7240)
s CARRY OUT (7250/60)
4 4 [3B] maxim [Ta teio
8 8 [a] I/CM7240 [33]Rc
10 6 [5] I/CM7250 [3z] moD
10 { 20 32 [€] I/CM7260 [i1] TRIGGER
a0 64 [7] [10] RESET
80* 128 8 [9] anD

*ICM7260 — Open Circuit
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Dual Universal
Switched Capacitor Filter

General Description Features g
The MF10is a dual 2nd order, switched capacitor, state ¢ No External Capacitors Required 1|
variable filter. Each of the two filter sections uses two -~
switched capacitor integrators and an op amp to ¢ Low Sensitivity to External Component Variation °
generate a second order function. The location of the .
poles (and thus the center frequency and Q) is deter- ¢ Excellent Frequency and Q Stability
mined by the frequency of an external clock and 2 to 4
external resistors. No external capacitors are used. ¢ Easily Cascaded for Multipole Filters
Each of the two filter sections of the MF10 can generate .
all standard 2nd order functions: bandpass, lowpass, ¢ Filter Frequency Set by External Clock Frequency
highpass, notch (band-reject), complex zeroes and :
allpass functions. Three of these functions are simul- ¢ 0.2% Clock to Center Frequency Ratio Accuracy
taneously available. The frequency of the 2nd order .
poles is accurate to +0.2% and the Q is accurate to ¢ I;Iill?hp:ss, It._owpass, Bandpass, Notch, and Allpass
within 2%. er Functions.
Fourth order filters can be made by cascading the two ¢ Up to 3 Simultaneous Filter Function Outputs
2nd order filter sections of the MF10, and higher order
filters can easily be made by cascading more MF10s. 4 Up to 30kHz Operation
The excellent accuracy and stability of MF10 based
filters eliminates the complex, costly tuning normally ¢ Easy to use—Design Directly from the Data Sheet
required in the production of high order (multipole)
filters. Design equations for Butterworth, Bessel, ¢ Monolithic, Low Power CMOS Design
Chebyshev, and Cauer (Elliptic) filters are provided.
Applications Ordering Information
This versatile device is used for a wide range of filtering
applications such as: PART TEMP. RANGE PACKAGE
. . . A MF10BD 0°C to +70°C 20 Lead CERDIP
Tunable active filters Adaptive Filtering - " -
Multi-pole filters Phase locked loops MF10BN 0°Cto+70°C 20 Lead Plastic DIP
Anti-aliasing filters Signal .Eroqessing/ MF10CD 0°C to +70°C 20 Lead CERDIP__|
Conditioning MF10CN 0°C10+70°C 20 Lead Plastic DIP
— Typical Operating Circuit Pin Configuration
Top View
LPa [1] * h LPg
[ BPA[2] [15] BPs
R23 3ns nz’iE E; R3| N/AP/HP [T] [18] N/aP/HPg
, NV, [7] [17] Nve
maxim su 5] []ste
’ MF10
>V_N Q=054 i Q=13 . swe [£] ] acno
Fo = 2kHz } Fo= 2kHz va' [7] 3] va-
4TH ORDER, 2kHz LOWPASS ver [ 21 vo-
BUTTERWORTH FILTER Lsh[9] [12] sor100/CL
cLKa [10] [11] cLke

VA4V D 4V4 % Maxim Integrated Products 5-11



MF 10

Dual Universal
Switched Capacitor Filter

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (VFtOV) ...iiiiiiiiiiiiiiennnn. 14v Storage Temperature ................. -65°C to +160°C
Power Dissipation ..............coviiiiiiann, 500mW Lead Temperature (Soldering, 10 seconds) ...... +300°C
Operating Temperature .................. 0°C to +70°C

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

ELECTR'CAL CHARACTER|STICS (Complete Filter)

(Vg = #5V, T = +25°C)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Frequency Range fo X Q < 200 kHz 20 30 kHz
Clock to Center Frequency
Ratio, fciLk/fo

MF10BN Pin 12 High, Q = 10 49.94 + 0.2% +0.6%
MF10CN fo X Q < 50kHz, Mode 1 49.94 + 0.2% +1.5%
MF10BN Pin 12 at Mid Supplies 99.35 + 0.2% +0.6%
MF10CN Q =10, fo X Q < 50kHz, Mode 1 99.35 + 0.2% +1.5%
Q Accuracy (Q Deviation
from an Ideal Continuous ;Zé gﬁf%‘:‘;e . +20 +6%
Filter)
Pin 12 High (~50:1) +10 ppm/°C
Pin 12 Mid Supplies (~100:1) +100 ppm/°C
fo Temperature Coefficient fo X Q < 100kHz, Mode 1
External Clock Temperature
Independent
fo X Q = 100kHz, Q Setting +500 ppm/°C
Q Temperature Coefficient Resistors Temperature
Independent
DC Low Pass Gain Accuracy Mode 1, R1 = R2 = 10k} +1 +2 %
Crosstalk 50 dB
Clock Feedthrough 10 mvV
Maximum Clock Frequency 1 15 MHz
Power Supply Current 7 10 mA

ELECTRICAL CHARACTERISTICS (Internal Op Amps)

(Vg =25V, T = +25°C)

PARAMETER CONDITIONS MIN Typ MAX UNITS

Supply Voltage +4 +5 \"
Voltage Swing (Pins 1, 2, 19, 20) R, =5k

MF10BN +4.0 +4.1 Vv

MF10CN +3.8 +3.9 \
Voltage Swing (Pins 3 and 18) R, = 3.5k

MF10BN +4.0 +41 v

MF10CN +3.8 +3.9 \Y
Output short Circuit Current

Source 3 mA

Sink 15 mA
Gain Bandwidth Product 25 MHz
Slew Rate 7 V/uS
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Switched Capacitor Filter

NOMINAL Q NOMINAL Q
Table 1. PIN DESCRIPTION
PIN PIN NUMBER PIN PIN NUMBER
NAME | Filter | Section DESCRIPTION NAME | Filter | Section DESCRIPTION
A B A B
LP 1 20 |These are the lowpass, bandpass, CLK 10 1 Clock inputs for each switched
and notch/allpass/highpass capacitor building block. The
outputs of each 2nd order section. duty cycle should be close
BP 2 19 |The LP and BP outputs can typi- to 50% to allow the op amps
cally sink TmA and source 3mA. the maximum time to settle,
The N/AP/HP output can typically particularly when the clock
N/AP/HP 3 18 [sink 1.5mA and source 3mA. frequency is above 200kHz.
INV 4 17 |INV is the inverting input of the 50/100/CL 12 This three-level input pin selects|
summing op amp of each filter. one of three MF10 operating
o : : conditions. When the 50/100/CL
S ° ° :a—ihnlsulsseg?nar?]i?eiti::%r,]g'algglga, pin is connected to Vp' the ratio
This pin must be driven with a between clock frequency and
low cntiree imnedance center frequency is 50:1. With
— this pin at mid supplies (i.e.,
Sa/B 6 The Sa/g input controls a switch analog ground with dual supplies
connecting one of the inputs of the clock frequency to center
the filter's 2nd summer — either frequency ratio is 100:1. Tying
to analog ground (Sa/g low) or the pin low activates a simple
to the low pass output (Sa/s current limiting circuitry which
high). The Sa/s input controls halts normal filtering operation
the configuration of both sec- and reduces the supply current
tions of the MF10. by 70%.
Va* 7 Analog and digital positive Vo 13 Analog and digital negative
supply inputs. Vo 14 supply inputs. These pins are
Vp* 8 These pins are internally internally connected. V,~ and
connected through the MF10's Vp* should be derived from the
substrate and therefore V,* and same power supply source.
Vp~ should be derived from the AGND 15 Analog Ground. This pin should
same power supply source. be connected to the system gro-
LSh 9 Level shift pin. This pin controls und for dual supply operation or
the digital input threshold level driven to mid supply for single
of the clock inputs, CLKa and supply operation. The non-
CLKg. With the level shift pin at inverting inputs of the filter op
0V and with +5V power supplies, amps are internally connected
the clock inputs are TTL com- to the AGND pin, therefore
patible. With the level shift pin AGND should be well bypassed.
connected to Vp~ the clock
input thresholds are approxi-
mately 2V above Vp™.

MAXIvV
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MF 10

Dual Universal

Switched Capacitor Filter

Definition of Terms

fouk:  The frequency applied to the switched capac-
itor filter external clock input.

fo: The center frequency of the second order
complex pole pair, f, is determined by measur-
ing the peak response frequency at the band-
pass output.

Q: “Quality factor”, or Q, is the ratio of fy to the
-3dB bandwidth of the second order bandpass
filter. Q also determines the amount of ampli-
tude peaking at the lowpass and highpass
outputs, but is not measured at these outputs.

Hogp: The gainin V/V of the bandpass output at f=fg.
See Figure 1.

HoLp: The gain in V/V of the lowpass output as
f—0Hz, See Figure 2.

Hownp: The gain in V/V of the highpass output at
f = foLk/2. See Figure 3.

Qz: The quality factor of the 2nd order function
complex zero pair, if any.

fs: The center frequency of the 2nd order com-
plex zero pair. If f,is different from fp, and Q, is
high, f, can be observed as a notch frequency
at the allpass output.

frotcn: The frequency of minimum amplitude re-
sponse at the notch output.

Hocz1: The complex zero output gain as f—0Hz.
Hoczz: The complex zero output gain at f = fo_k/2.
Hon1: The notch output gain as f —0Hz.

Hon2: The notch output gain at f = fg k/2.

= fo
w = =
2 BANDPASS OUTPUT Gl v R R A
9 Hosp

2
© Hosp - 3dB = o2 +qf(=%
g 1= (5 +y(z) +)
z
£ 1 1\
s th= foloe+y[=x) +1
o T fo tn (20 (20) )

1 (LOG SCALE)

Figure 1. Bandpass Filter Terminology

; LOWPASS OUTPUT

o Hop| i

g HoLp to= 1o "1 302

9 Hovp - 3dB|

z Hop = HoLp X 7 3

] e [} A
1 (LOG SCALE)

Figure 2. Lowpass Filter Terminology

-1
m = 1 1.2
g o lc—lnx[ ("567)’ "(1 'z_o!)”]
@ Hownp ] — T
g"om-wn fp= 'nM-z—Qg]
E Hop=Hopx __ 1
o

e fp 144 __1.,
1 (LOG SCALE) CAREE

Figure 3. Highpass Filter Terminology
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Figure 5. The Universal State Variable 2nd Order Active Filter Using RC
Integrators
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Figure 6. MF10 Universal State Variable 2nd Order Active Filter (Mode 3)
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Dual Universal

Switched Capacitor Filter

General Description

The MF10 is a switched capacitor (sampled data) filter.
While the time domain approach most accurately
describes the MF10's transfer functions, time domain
calculations are cumbersome and most circuit de-
signers are more familiar with the frequency domain
approach used in designing RC active filters. Fortun-
ately, the MF10 closely emulates RC active filters when
the sampling frequency is much higher than the
frequency band of interest. The operation of the MF10
can then be described in terms of the frequency
domain with reasonable accuracy. Specifically, each of
the two sections of an MF10 can be treated as a second
order state variable fiiter. The similarity between the
MF10 and the classic state variable filter allows the use
of the extensive literature available on the design of 2nd
order state variable filters.

The RC second order state variable filter (Figure 5)
requires 3 op amps, 7 resistors, and 2 capacitors. This
filter lacks the frequency stability and tunability of the
MF10 switched capacitor filter. The MF10 excels in
these areas because the center frequency of a switched
capacitor filter is determined by the frequency of the
clock, which, if crystal controlled, can achieve a
stability of a few parts per million over the entire
operating temperature range. Having the center fre-
quency controlled by an external digital clock fre-
quency also simplifies tuning of the filter since it is
easier to accurately control a variable modulo divider
than it is to precisely vary the time constant of an RC
integrator.

The MF10's maximum guaranteed operating clock
frequency is TMHz, corresponding to a 20kHz maxi-
mum filter center frequency with a 50:1 clock to center
frequency ratio, and a 10kHz maximum center fre-

quency with a 100:1 clock to center frequency ratio.

Filter Design
Simple 2nd Order Bandpass Filter Design

All modes except mode 6-offer a 2nd order bandpass
response. The simplest circuit, mode 1A uses only two
external resistors, but is limited to low Q operation by
output swing limitations. Mode 1 uses three resistors
and is suitable for either low or high Q bandpass
functions. The center frequency of modes 1 and 1A is
determined solely by the external clock frequency.
Modes 2 and 3 are also suitable for bandpass filters,
and are easier to implement in some applications since
the center frequency is controlled by both the external
clock frequency and a resistor ratio. See Table 2.

Second order bandpass filter functions are charac-
terized by Q, center frequency, and gain (or amplitude
response). Resistor selection should follow these steps,
using the design equations for the selected mode:

1) Pick a value for R2, typically 10 to 100 k(L.

VAKX
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Figure 4. Block Diagram of the MF10

2) For modes 2 and 3 only, determine the value of
R4 using the available external clock frequency and
the selected value for R2. (The center frequency of
mode 1 and 1A is determined solely by the external
clock frequency.)

3) Determine the value of R3, using the desired Q
and the previously determined values of R2 and R4.

4) Determine the value of R1 required to obtain the
desired filter gain.

Table 2. MODE SELECTION

FILTER TYPE MODE
Lowpass 1,1A, 2,3, 3A, 4, 5, 6A, 6B
Highpass 3, 3A, 6A
Bandpass 1,1A, 2,3,3A, 4,5
Notch 2, 3A, 5 (Complex Zero)
Allpass 4,5
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MF 10

Dual Universal

Switched Capacitor Filter

Table 3A. NORMALIZED LOWPASS FILTER PARAMETERS

NUMBER | gyTTERWORTH BESSELL CHEOYSHEV
OF POLES 0.1dB RIPPLE 0.5dB RIPPLE 2dB RIPPLE

fn Q fn Q fn Q fn Q fn Q

2 1.0 0.707 1.274 0.577 1.820 0.767 1.231 0.864 0.907 1.129

3 1.0 | Real Pole 1.325 Real Pole 0.969 Real Pole 0.625 Real Pole 0.369 Real Pole
1.0 1.000 1.450 0.691 1.300 1.341 1.069 1.706 0.941 2.552

4 1.0 0.541 1.432 0.522 0.789 0.619 0.597 0.705 0.471 0.929
1.0 1.307 1.606 0.806 1.153 2.183 1.031 2.941 0.964 4594

5 1.0 | Real Pole 1.505 Real Pole 0.539 Real Pole 0.362 Real Pole 0.218 Real Pole
1.0 0.618 1.559 0.564 0.797 0.915 0.690 1.178 0.627 1.775
1.0 1.618 1.758 0.917 1.093 3.282 1.018 4.545 0.976 7232

6 1.0 0.518 1.607 0.510 0.513 0.599 0.396 0.684 0.316 0.902
1.0 0.707 1.692 0.611 0.834 1.332 0.768 1.810 0.730 2.844
1.0 1.933 1.908 1.023 1.063 4.633 1.011 6.513 0.983 10.462

7 1.0 | Real Pole 1.687 Real Pole 0.377 Real Pole 0.256 Real Pole 0.155 Real Pole
1.0 0.555 1.719 0.532 0.575 0.846 0.504 1.092 0.461 1.646
1.0 0.802 1.82 0.661 0.868 1.847 0.823 2.575 0.797 4115
1.0 2.247 2.053 1.126 1.045 6.233 1.008 8.842 0.987 14.280

8 1.0 0.510 1.781 0.506 0.382 0.593 0.297 0.677 0.238 0.892
1.0 0.601 1.835 0.560 0.645 1.183 0.599 1611 0.572 2.533
1.0 0.900 1.956 0.711 0.894 2.453 0.861 3.466 0.842 5.584
1.0 2.563 2.192 1.226 1.034 8.082 1.006 11.530 0.990 18.687

The normalized frequencies for the Butterworth and Bessel filters are for a -3dB frequency of 1Hz. The Chebyshev and Elliptic normalized
frequencies are for filters whose amplitude response passes from the ripple band to the stopband at 1Hz.

Simple Lowpass Filter Design

Use mode 6 or BA if a single pole lowpass filter is
desired (such as the odd pole in an odd-ordered
complex filter). Single pole resistor values are deter-
mined using the equations for modes 6 and 6A:

1) Select a value for R2, typically 10 to 100 k().

2) Determine R3, using the selected value of R2,
the available external clock frequency, and the
desired cutoff frequency.

3) Determine the value of R1 to obtain the desired
gain.
Modes 1 and 1A, with a fixed clock to cutoff frequency,
are the simplest 2nd order lowpass configurations.
Modes 2 and 3 allow tuning of the cutoff frequency by
either changing the clock frequency or adjusting
resistor ratios.

Second order lowpass filter functions are charac-
terized by Q, cutoff frequency, and gain (or amplitude
response). Resistor selection should follow these
steps, using the design equations for the selected
mode:

1) Pick a value for R2, typically 10 to 100 k(.

2) For modes 2 and 3 only, determine the value of
R4 using the available external clock frequency
and the selected value for R2. (The cutoff fre-
quency of mode 1 and 1A is determined solely by
the external clock frequency.)

3) Determine the value of R3, using the desired Q
and the previously determined values of R2 and R4.

4) Determine the value of R1 required to obtain the
desired filter gain.
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Simple Highpass Filter Design

Use mode 3 or 3A to implement 2nd order highpass
filters and mode 6 for a single pole highpass filter.

Second order highpass filter functions are charac-
terized by Q, cutoff frequency, and gain (or amplitude
response). Resistor selection should follow these
steps, using the design equations for the selected
mode:

1) Pick a value for R2, typically 10 to 100 k(.

2) For modes 3 and 3A, determine the value of R4
using the available external clock frequency and
the selected value for R2.

3) Determine the value of R3, using the desired Q
and the previously determined values of R2 and R4.

4) Determine the value of R1 required to obtain the
desired filter gain.

Multi-pole Filter Design

The two 2nd order filter sections of the MF10 can be
cascaded to obtain a 4th order (4 pole) filter response.
Several MF10s can be cascaded to get very high order
filter responses. Unlike filters based on RC time con-
stants, MF10-based filters usually do not require tuning
of each section since the Q and center frequencies are
precisely controlled by the external clock frequency
and the ratio of external resistors.

The information included here is for the most common
types of multi-pole filters: Butterworth, Bessel, Cheby-
shev, and Elliptic or Cauer. The design information
given is for a 1Hz lowpass filter. However this filter can
be transformed to any desired filter type and frequency
using the following steps:

VAKXV
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Table 3B. CAUER OR ELLIPTICAL FILTER PARAMETERS

NUMBER | STOPBAND EDGE FREQUENCY __ . | STOPBAND EDGE FREQUENCY _ STOPBAND EDGE FREQUENCY _, -
OF | PASSBAND EDGE FREQUENCY '~ | PASSBAND EDGE FREQUENCY PASSBAND EDGE FREQUENCY
POLES PASSBAND RIPPLE = 0.5dB PASSBAND RIPPLE = 0.5db PASSBAND RIPPLE = 0.5dB
Fn Q F, A F, F, Amin F. Q F, A
(dB) (dB) (dB)
1.982 2732 4182
2 1266 | 0969 83 | 4262 | 0803 B9 | 4247 | o737 215
1.675 2.27 3.439
3 0.767 | Real Pole 219 0.693 | Real Pole 31.2 0.653 | Real Pole 428
1072 | 2208 1072 | 1859 1070 | 1697
1.592 2143 33233
3.478 4.992 7.647
4 1.03 3.922 362 | 4031 | 332 486 | 4031 | 3032 64.2
0687 | 1087 0.641 0615 | 1159
1,557 2.089 3.146
2332 3.251 5.008
5 0.426 | Real Pole 506 | 0393 |Real Pole 661 | 0375 | Real Pole 855
1016 | 6.118 1017 | 5.193 1017 | 4747
0759 | 1754 0.725 0705 | 1711

1) Identify the type of transfer function (lowpass,
highpass, bandpass, etc.); the type of response
(Butterworth, Bessel, Chebyshey, etc.); the num-
ber of poles, and the cutoff frequency.

2) Determine the normalized lowpass filter fre-
quency and Q of each filter section, using Table 3A
or 3B.

3) If a multi-pole transfer function other than
lowpass is desired, perform the filter type trans-
formation, as described below.

4) Denormalize each filter section frequency, fn,
by multiplying the fn by the actual desired cutoff or
center frequency.

5) Select a mode of operation for each filter
section. Mode 3 is suitable for most filters, includ-
ing Bessel and Chebyshev. Butterworth filters can
be implemented using either mode 3 or mode 1.
Elliptical filters can be implemented using modes 2
and 3A. Modes 6 and 6A provide a single, real pole
needed for odd-ordered transfer functions. Allpass
and complex zeroes can be generated in modes 4
and 5.

6)Select a clock frequency. The ratio of clock
frequency to center frequency can be adjusted
with resistor ratios in modes 2,3,5 and 6; allowing
the use of any conveniently available clock fre-
quency that is approximately 20 to 200 times the
desired cutoff or center frequency.

lowpass and highpass filters.

real pole that should be implemented using mode6 ora
simple RC section.
Lowpass to Highpass Transformation.

The cutoff frequency and Q of each lowpass section is
transformed using these equations:
fn(high =
n(highpass) f.(lowpass)
Q(highpass) = Q(lowpass)
Lowpass to Bandpass Transformation.
If the ratio between the upper and lower -3dB cutoff
frequencies is greater than 1.5, the best way to make
the desired bandpass filter is to cascade a lowpass filter
and a highpass filter. The lowpass filter's cutoff fre-
quency should be set to the desired bandpass upper
cutoff frequency, and the highpass filter’'s cutoff fre-
quency should be set to the desired bandpass filter
lower cutoff frequency.

For very narrowband filters, several sections with
identical center frequencies can be cascaded. When
identical bandpass filters are cascaded, the Q of the
resultant filter is

Q=TT
where Q is the Q of each individual filter section, B is
the bandwidth of each individual filter section, and n is
the number of identical sections cascaded. See table 4.
Table 4. CASCADING
IDENTICAL BANDPASS FILTER SECTIONS

7) D.etermi.ne the resistor values for gach_ filter NUMBER OF
section, using the design procedures given in the IDENTICAL BANDPASS BANDWIDTH Q
sections above for simple 2nd order bandpass, SECTIONS
1 1.000 B 1.00 Q
Tables 3A and 3B gives the normalized filter frequency 2 0.644 B 1.55Q
and Q for each second order section of a multi-pole 3 05108 1.96 Q
filter. Filters with an odd number of poles have one ‘5‘ g-gggg 230Q
entry with “real pole” in the Q column. This denotes a : 260Q
517
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Switched Capacitor Filter

2)

3)

4)

5)

6

~

7)
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Application Hints

1) The maximum output swing is typically to
within 1V of either supply rail. Check the peak
amplitude response gains, Hogp, HoLp, Honp, and
the input signal level to ensure that the outputs will
not be driven beyond their maximum output swing
range. This caution particularly applies to mode 1A
when used with high Q values. The section labeled
"Circuit Dynamics” is included in the description
of each mode to clarify the relationship between
the various filter parameters and the output ampli-
tude peaking at the filter outputs. The lower Q
sections of cascaded filters should precede the
sections with high Q. This reduces the possibility
of output clipping.

The absolute values of resistors are not critical, only
the ratios between resistors directly affect filter
operation. The absolute values must be high
enough so that the output drive currents do not
approach the limits of 3mA source currentand 1mA
sink current. At the other extreme, resistor values
should not be so high that stray leakage currents
and stray capacitances have a significant effect on
circuit operation.

Selecting 100:1 operation doubles the number of
samples per output cycle, and halves the number of
output steps compared to 50:1 operation. On the
other hand, 50:1 allows higher frequency operation
(20kHz max vs. 10kHz max), and also offers better
center frequency stability (x10ppm/°C vs.
+100ppm/°C).

The minimum frequency of operation is limited by
the rate of discharge of the internal switched
capacitors. The droop rate at the output of the
integrators will be approximately 0.1mV/ms. This
limits the lower value of clock frequency to about
100Hz for reasonable accuracy, corresponding to a
center frequency of 1Hz using the 100:1 mode.

For the best accuracy in setting the center fre-
quency, use the corrections shown in the Typical
Operating Characteristic graphs. These graphs aid
in the correction for the slight interaction between
clock frequency, Q, and center frequency.

As with all sampled data systems, high frequency
components of the input signal above half the clock
rate will be aliased. In particular, input signal com-
ponents with frequencies near the clock rate will
generate difference frequencies that may fall within
the passband of the lowpass and bandpass filters.
Since the ratio of clock frequency to center fre-
quency is approximately 50:1 or 100:1, a simple one
pole passive RC filter will be sufficient filtering in
many cases. In many other cases the input signal
will itself be band-limited and will not require
additional filtering.

The S /g input controls the source of feedback into
the three input summer of both sections of the
MF10. If your design requires that the input of one

9)

section’s summer be grounded and the input to the
other section’'s summer be connected to the low-
pass output, check to see if Sa/g can be connected
to Vp~and the lowpass output connection made via
the S1p (or S1g) input.

If large input voltage signals are applied to the filter,
the DC offset voltages of the MF10 may cause
output clipping. For a more detailed discussion see
the section on DC Offsets.

For best results, the positive and negative supplies
should be bypased to AGND with a 10uF tantalum
and 0.1uF ceramic capacitors.

Mode 1A
Non-Inverting Bandpass,
Inverting Bandpass, Lowpass.

This minimum component count configuration uses
only two external resistors. The peak gain at the
inverting bandpass output is equal to the Q times the
input voltage, so this circuit should only be used for low
Q applications. The ratio of bandpass center frequency
to clock frequency is fixed at either 50:1 or 100:1, as
selected by the 50/100/CL input.

Design Equations

HoLp =-1
Hosp1 = —‘2%

Hogp2 = 1 (non-inverting)

Circuit Dynamics

Hogp1 = Q (this is the reason for the low Q
recommendation)
Howp (peak) = Q x Hoyp (for high Qs)

v
&6
Sam

Figure 7. Mode 1A
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Switched Capacitor Filter

Mode 1
Notch, Bandpass, and Lowpass

Like Mode 1A, fq is fixed at fc; x/50 or fok/100. The
gain at all three outputs is inversely proportional to the
value of R1; and unlike Mode 1A, high Q bandpass
filters can be built without exceeding the output swing
range of the bandpass output amplifier. The notch and
bandpass center frequencies are identical. The notch
output gain is the same above and below the notch
center frequency.

Design Equations

fo= f%*oﬁ or %
froten = fo

Holp = -:—f
Hosp = —%

R2
HON(as f— o)= - R

f R2
H atf= CLK )= - &
ON( 2) oz

Circuit Dynamics

Hogp =HoLpxQ =Honx Q

HoLp(peak) = Q@ xHoyp (if the DC gain of the LP output is
too high, a high Q value could cause clipping at the
lowpass output resulting in gain non-linearity and
distortion at the bandpass output).

BPa LPa

2(19) 1(20)

Mode 2
Notch, Bandpass, and Lowpass

The circuit of mode 2 is created by adding resistor R4 to
the circuit of mode 1. This fourth resistor causes the
ratio of the bandpass center frequency to clock fre-
quency to be less than the fixed 50:1 or 100:1 ratio of
mode 1. Stated another way, R4 allows the center
frequency of the bandpass filter to be tuned to a higher
frequency while maintaining a constant clock fre-
quency. The notch frequency remains at fc «/50 or
fcLk/100, making mode 2 suitable for elliptic highpass
filters, where the complex zero pair (fhotch) must be
lower than the complex pole (fg).

Design Equations

f R f Ro
fo = CLK < Iclk ne
°= 0%\ Ra O B0 *J'*Ra

_R2
R1 .
Holp=—Rs~ » Hoep= -g3

' Ra

_R2

Hont (as f — 0) = %

1+ ==

R4

Honz (at f= f—CLK ) = R—G x Honp
2 RH

Circuit Dynamics

Hosp = Q r\/HOLP xHon,=Q \/HON1 x Hon,

2(19) q 1(20)

Figure 8. Mode 1
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Figure 9. Mode 2
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Mode 3
Highpass, Bandpass, and Lowpass

This mode is a sampled time (Z transform) equivalent
of the classical 2nd order state variable filter. In this
versatile mode, the ratio of resistors R2 and R4 can
move the center frequency both above and below the
fcLk/50 and fc k/100 values. Mode 3 is commonly used
to make multiple pole Chebyshev filters with a single
clock frequency. A small (10-100pF) capacitor in par-
allel with R4 may be needed to avoid Q enhancement.

Design Equations
= fe R2 foik R2
fo= 300 *JRa ° 50 X NRa

- R /R2

Q= Rz *\Ra

R2
Howp= -g/7
R3
Hosr= -&7
R4
Horp = R

Circuit Dynamics

I
HoLp(peak) = Q x HoLp

Hogp = Qn/Honp X HoLp

=QxHowp

IJI:U

Hownp = HoLp

HoHP(peak)

Mode 3A
Highpass, Bandpass, Lowpass, and Notch

Similar to mode 3, this mode adds an external op amp.
This op amp creates a notch output by summing the
highpass and lowpass outputs of the MF10. The ratio of
resistors Ry and R|_adjusts the notch frequency, while
R2 and R4 adjust the bandpass center frequency. Since
the notch (zero pair) frequency can be adjusted to both
above and below fp, mode 3A is suitable for both
lowpass and highpass elliptic or Cauer filters. In multi-
pole elliptic filters only one external op amp is needed.
Use the inverting input of the internal op amp as the
summing node for all but the final section of the filter.

Design Equations

_ fok R2 _ fcik R2
fo= 300 *NRa " 50 X VRa

0
_ RS R2
Q= g5 % JRa

[R f '
fn tch = ?LK H or -SLK CLK -
R3

R2 R4
Howp= -Ry Hop= -Ry HoerP= - Rj
Rg
Hon (at f = fo) = |Q HOLP-——R HoLp
H asf—0 :E_QXH
on1 ( ) =g, *Hoe

fck)- Ra
HON2<atf —2 >— Ry, < Howp

Rz  HPa Sia BPa  LPy

38516 = 2(19) 1(20)

P>

RL Ra

o

NOTCH
out

= EXTERNAL
OP AMP

Figure 10. Mode 3
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Dual Universal
Switched Capacitor Filter

Mode 4 Mode 5 g
Allpass, Bandpass, and Lowpass __ Complex Zero, Bandpass, and Lowpass
Mode 4 provides an allpass output which has a nearly The addition of R4 to the circuit of mode 4 allows the “
flatamplitude response with a phase shift that changes independent tuning of the complex zero frequency, fz, =i
linearly with frequency (a constant time delay). For a and the complex pole frequency, fo. Mode 5 can °
flat amplitude response R2 must equal R1, fixing the achieve a more constant allpass amplitude vs. fre-
allpass gain at -1. quency response than can be achieved with mode 4.
Design Equations Design Equations
= fok folk _ R2  fouik R2
fo= Jo0 ° %5 fo= otk *Ra° B0 X +T:T4“
f; (frequency of complex zero pair) = f,, = fak [{_R1 fCLK [{- Rl
27 00 X Ra ©' 4
R3
Q = ma—
R2 Q= R3 14+ R2
R3 R2™ R4
Q (Q of complex zero pair) =
RT
Q, = R3 1- R1
2= Ri* R4
_ R2
Hoap= - AT -1
_ o - R2(R4-R1)
Hocz1 (@3t~ 0) = Ry(Ra +Ra)
R
HoLp = —(— +1)=-2
oLp R Ho (at . fcu<> _R2
CZ2 2 R1
R2 R3_ _R3
o~ 58]« -3
osp= ~{1*R7) X B2~ 22 H _E§x<1+ﬂ%)
OBP™ R2 R1

Circuit Dynamics

He o= R4 ( R2+ R1
Hoep = HoLp X Q = (Hoap + 1)Q OLP™ R1 R2 + R4
A |ﬂ
LPa
1(20) LPa
0
1(20)
v
v 6
Sa VWA
Figure 12. Mode 4 Figure 13. Mode 5
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MF10

Dual Universal

Switched Capacitor Filter

Mode 6A
Single Pole; Highpass and Lowpass

This circuit provides a single real pole for use in odd-
ordered cascaded filters. Unlike the simple RC pole
used in continuous filters, the MF10 single pole filter
can be tuned by simply changing the clock frequency.
The cutoff frequency is also resistor tunable.

Design Equations

f
f. (cutoff frequency) = fouk (Bg) or CLK X(E>

100 " \R3 50 R3
R3
Hop= -Ry
R2
Howp= -RY

1(20)

Mode 6B
nverting
As with mode 6A, this mode is useful in implementing
filters with an odd number of poles.
Design Equations
_ fek ( RZ) foLk ( R2>
fc (cutoff frequency) = 100 X &/3/° 50 X\R3
. . _ RS8
Hovp (inverting output) = - "2
Hovp (non-inverting output) = +1
1(20)

MF10 Offsets

The MF10's switched capacitor integrators have higher
equivalent input offsets than the typical RC integrator
in a continuous active filter. The MF10 offsets are
produced by parasitic charge injection from the
switches into the integrating capacitors. These offsets
are relatively independent of clock frequency and
temperature. The input offset of the CMOS op amps
also contribute to the overall offset error, but these
offsets are small in comparison to the offsets caused by
charge injection. Figure 16 shows the equivalent circuit
for calculating output DC offsets.

Vos1 = 0 mV to 10 mV

charge injected offset plus op amp offset
~-60 mV to -80 mV (50:1)

Vosz = charge injected offset plus op amp offset
~+100 mV to +150 mV (at 50:1)

(At 100:1 the Vg2 and Vpg3 are approximately
doubled.)

Using the same designation for resistors as are used in
Figures 7 to 15, the output offsets can be calculated as
shown below.

Vos2

Mode 1 and Mode 4 Output Offsets
Vos(N) = Vost (J—J+ 1+ |Hovpl ) - Yosa Q
Vos(ep) = Vos3
Vos(p) = Vos(n) - Vos2

Mode 2 and Mode 5 Output Offsets
_(R2 1
Vos(N) ‘(ﬁ‘p t 1) Vost X {TRa/Ra
1 Voss

1+R4/R2  Q+/1+R/R4
R, = R1//R2//R4

+Vosz2

Vosp) = Voss
Vos(p) = Vos(n) - Vos2

Figure 15. Mode 6B
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Figure 16. MF10 Offset Model
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Dual Universal

Switched Capacitor Filter

Mode 3 Output Offsets

VosHp) = Vos2
Vosep) = Voss
R4 R2
Voswp) = -g5 X (ﬁg Voss + Vosz)’r

R4 R2
R2 X(‘I + Rp) Vosi

Rp = R1//R3//R4

Mode 1A Output Offsets

Vos(N.INV.BP) = (1 + l) Vost - Voss

Q Q
Vos(INV.BP) = Vpg3
Vos(LP) = Vog(N.INV.BP) - Voso

In most applications the outputs are AC coupled and
the DC offsets present no problem unless large input
voltages are applied to the filter.

For Mode 3 operation it should be noted that the use of
small R2/R4 ratios and high Q will produce an LP
output with a couple of volts DC offset and an offset
adjustment should be made. Make the offset adjust-
ment by injecting a small amount of current into the
first op amp's inverting input (see Figure 17). This
changes Vg1 but leaves the output DC offset of the
integrators unchanged.

+5V SUPPLY

A\

Figure 17. Vo5 Adjustment

Application Examples
4th Order, 2kHz Lowpass Butterwoth Filter

A 4th order lowpass filter can be made by cascading
the two second order filter sections of the MF10 (See
Figure 18). Table 3 shows that the two sections of a
Butterworth 4th order filter will have the same cutoff
frequency, with one stage having a Q of 0.541 and the
other stage having a Q of 1.307. Any of the modes may
be used, but mode 1A uses only 2 resistors per section,
and should therefore be used. The Q of both sectionsis
low, so output clipping will not be a problem.

Using the 2nd order lowpass filter design steps shown
in the Filter Design section, the resistor values for the
first filter section can be calculated as follows:

Lo S
S$HR3 > Rz
Vour <— 2 130k(2 2 100k(2

<
<
< <

OLdN

20 19 18 17 16 15 14 13 12 11
LPg BPg N/AP/  INVg S1g AGND Va- Vp-  50/100/ CLKg
HPg cL

maxim
MF10
. N/AP/
LPA  BPA  HPA INVA S1a  Sas  Va* Vo' LSh  CLKa
1 2 3 4 5 6 7 8 ls 10
<R3 <R2 =
p: p:
< 53.6k(2 100k()
TTL CLK
Vin o S 200 kHz

Figure 18. 4th Order, 2kHz Lowpass Butterworth Filter
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MF10

Dual Universal

Switched Capacitor Filter

Mode = 1A
fo = 2kHz
Q =0541

1) Let R2 be 100kQ.
2) fg=2kHz = f::TLg (pin 12 mid-supply)

so foLk = 200kHz (pin 12 mid-supply)
fcLk = 100kHz with pin 12 high.

3 .
) Q= _R_s_ 5
R2

so R3 = Q x R2 = 0.541 x 100k} = 54.1k().
Picking the nearest 1% resistor value, R3 = 53.6 k()

Using similar calculations for the second filter section,
R2=100k(} and R3 = 130k ().

The output of the first section, LP (pin 1), is the input
for the second stage, at S1g (pin 16). The filter output is
at LPg (pin 20). With =5V supplies and the Level Shift
pin connected to ground, the digital input threshold of
the CLK inputs is about 1.6V. The CLK inputs can
therefore be driven by either TTL or CMOS logic levels.
The 50/100/CL pin is grounded, which selects a 100:1
ratio between the clock frequency and the lowpass
cutoff frequency.

4th Order Chebyshev Lowpass Filter

Figure 19 shows a 4th order Chebyshev lowpass filter
with the following specifications:

Passband Ripple = 2dB (nominal)
Cutoff Frequency = 5kHz

The filter uses a 200kHz clock for both sections.

Table 3 shows that for a 2dB ripple, 4th order Cheby-
shev filter the parameters of the two sections are:

fn=0471,Q =0.929
and
fn=0.964, Q =4.594

Either mode 3 or mode 2 is suitable for this filter. The
resistors for mode 2 can be calculated as follows:
1) Let R2 =10kQ.

2) For the first section f,, = 0.471, so for a 5kHz cutoff
fo = 0.471 x 5kHz = 2.355kHz

Using the mode 2 equation for fg,
fow  [1+R2
100 R4

and using 200kHz for fc| k, R4 is calculated as 25.87k ().
The closest 1% resistor value of 26.1k(} is chosen.

3) The mode 2 formula for Q is

Q= R3 , [1+R2
R2 R4
Using Q= 0.929 and the previously determined

values for R2 and R4, R3 is calculated as 7.9k(}.
The closest 1% value, 7.87k(} is used.

4) Choose R1 for the desired filter gain. In this
example R1 is 10kQ.

Repeat the above steps for the second section, with f, =

0.964 and Q =4.594. If R2 is chosen to be 10k}, the

value of R4 will be 2.1k} and the value of R3 will be

19.1kQ.

———————————— Vour
-5V
A
VWA
W
21k0 DAL — =
< R1 R3' = -
S20k0 1910k —AAA
R2'
10k
20 19 18 17 16 15 14 13 12 1
LPg  BPg NAP  INVg S1g  AGND V- Vp-  50/100/ ClKg
HPg cL
MAXIN
MF10
° N/AP/
LPA  BPp  HPa  INVA  Sia SaB Va* Vp* LVSh __ CLKa
1 2 3 4 5 6 7 8 9 10
R2
10k
R3  LaaA 200 kHz
7870 ™
R4 AAA- or
26.1K0 CcMos
AN = = cLock
R1 10k}
A

ViN M-

+5v

Figure 19. 4th Order Chebyshev 5kHz Lowpass Filter
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Dual Universal

Switched Capacitor Filter

Switched Capacitor
Filter Fundamentals

While it is not necessary to understand the internal
operation of the MF10 in order to use it, a basic
understanding of switched capacitor operation may
help in optimizing designs.

Figure 20 shows a standard integrator using an opamp.
The time constant is determined by the passive com-
ponents, R and C. When a positive input voltage is
applied, the integrator output will ramp downward ata
rate determined by the input voltage and the time
constant, RC. This ramp has a slope of

AV _ Vin

AT RC

Figure 21 is a simple inverting switched capacitor in-
tegrator, where the R of the standard integrator has
been replaced by a capacitor and two analog switches,

S1and S2. As S1 and S2 alternately open and close at’

the rate set by the clock input, first C1 is charged to the
input voltage, then C1 transfers its charge into the
capacitor C2. This creates a series of voltage steps on
the integrator output, with each voltage step having a
value of -V|y x C1/C2. If the value of C1 is small
compared to C2, the series of steps at the integrator
output approximates a ramp with the slope

AV _ _V|NXfCLKX C1

AT Cc2

where fck is the frequency of the clock input.

This equation is similar to that of the standard integra-
tor, but with the sampled capacitors time constant of

c2
C1x fCLK

replacing the standard integrators time constant of RC.
The center frequency of an RC based 2nd order state
variable filter is

fo = _1_
2mRC
The center frequency of a switched capacitor 2nd
order state variable filter is approximately
fo = feLk x C1
2rC2
The ratio of C2/C1 in the MF10 is approximately 8 when

the 50/100/CL input selects a 50:1 clock to center
frequency ratio, and the ratio of C2/C1 is approxi-

AKXV

mately 16 when the 50/100/CL input selects a 100:1
clock to center frequency ratio. Substituting these
C2/C1 ratios in the above formula, the MF10 faequation
(for modes 1 and 6) results:

fo =_CLK_ (50/100/CL Input High)

50

or

fo =_CLK_(50/100/CL Input Mid-supply)
100

The integrators used in the MF10 are non-inverting,
and use the basic switching scheme of Figure 22. The
switches ground one side of the input capacitor C1
when itis connected to the input; and connect the other
side to ground while it is connected to the op amp's
input. By changing the polarity of C1in this manner, an
additional inversion is added, and overall operation is
non-inverting. This means the direction of the voltage
ramp at the output of the integrator has the same
polarity as V.

Figure 20. Typical RC integrator

Figure 22. The Non-Inverting Integrator Used in the MF10
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MF10

Dual Universal
Switched Capacitor Filter
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10 Volt Precision References

General Description

The AD2700 series of precision 10 volt reference sources
offers excellent accuracy and stability. Laser trimming
of both initial accuracy and temperature drift ensures
high precision over the commercial (0°C to +70°C),
industrial (-25°C to +85°C) and military (-55°C to
+125°C) temperature ranges. The guaranteed absolute
accuracy allows the user to configure systems without
the need for ovens or chip heaters for temperature
regulation. The AD2700 is a +10 volt output reference
while the AD2701 is a -10 volt output. Both devices are
guaranteed to 3ppm/°C max with 2.5mV initial accuracy.
The AD2710, with a +10 volt output, is guaranteed to
1ppm/°C max with 1mV initial accuracy. These products
are designed to interface with high accuracy, high
resolution A to D and D to A converters, precision
instrumentation, and data acquisition systems.

Applications
Precision D/A and A/D Converter Reference
Digital Voltmeters

Precision Test and Measurement Systems
Precision Calibrated Voltage Reference Standard
High Accuracy Transducers

Typical Operating Circuit

Features

Pin-for-Pin 2nd Source!

Excellent Initial Accuracy

Low Temperature Coefficient

Excelient Long-Term Stability, 50ppm/1000hrs.
10mA Output Current Capability

Superior Line Regulation: 100uV/V max.
Standard Ceramic Side Brazed DIP

® O & O ¢ o o

Ordering Information

PART OUTPUT VOLTAGE
AD2700JD +10V, 10 ppm/°C
AD2700LD +10V, 3 ppm/°C
AD2700SD +10V, 3 ppm/°C
AD2700UD +10V, 3 ppm/°C

TEMP. RANGE
-25°C to +85°C
-25°C to +85°C
-55°C to +125°C
-55°C to +125°C

AD2701JD -10V, 10 ppm/°C -25°C to +85°C
AD2701LD -10V, 3 ppm/°C -25°C to +85°C
AD2701SD -10V, 3 ppm/°C -55°C to +125°C
AD2701UD -10V, 3 ppm/°C -55°C to +125°C
AD2710LD +10V, 1 ppm/°C 0°C to +70°C

AD2710KD +10V, 2 ppm/°C 0°C to +70°C
All devices are available in a 14 lead ceramic side brazed DIP.

Pin Configuration

__ﬂ”

Vsuppy
Vour

L_Vsyppry 1 MAXIV ADC DAC DAC
= =104 AD2700 #1 #1 #2
AD2710

GND

Precision +10V System Reference

Top View

NeO 14] FINE ADJUST
N/C 2] [13] 10V OUTPUT
N/C (3] " xxw.EF'"E ADJUST
N/C ™M 7] +15V
N/CEE] D579 [l TEST POINT
N/C (5] B

GND [T] [E1N/C

N/e OO ia] FINE ADJUST
N/c (2] 73] - 10V OUTPUT
N/C[E] st wn_—szE ADJUST
N/C M A% M —150
nes] AP?7°7 [ TesT PoINT
N/C (€] [TIN/C

GND [T] [EIN/C
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AD2700/2701/2710

10 Volit Precision References

ABSOLUTE MAXIMUM RATINGS

InputVoltage .........oviiiiiiiiiiiiiiiiireennnennnenn +20V Storage Temperature -65°C to +160°C
Power Dissipation ..........coiiiiiiiiiinnnniannn 400mW Lead Temperature +300°C
Operating Temperature Range (soldering, 10 seconds)
AD2700JD, LD, AD2701JD, LD ............... -25°C to +85°C Short Circuitto GND ...........cooiiiiiiiinan... Continuous
AD2700SD, UD, AD2701SD, UD ............ -55°C to +125°C

AD2710KD, LD ............

................... 0°C to +70°C

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(Vin = +15V for AD2700 and AD2710, V,y = =15V for AD2701, T, = +25°C, R = 2k{}, unless otherwise noted)

PARAMETER CONDITIONS MIN. TYP. MAX. UNITS
AD2700JD, SD 9.9950 10.0000 10.0050 Vv
AD2700LD, UD 9.9975 10.0000 10.0025 \
Initial Output Voltage AD2701JD, SD -10.0050 -10.0000 -9.9950 \
AD2701LD, UD -10.0025 -10.0000 -9.9975 v
AD2710KD, LD 9.9990 10.0000 10.0010 \"
AD2700,014D Ta = Tmin 0 Tmax 10 ppm/°C
AD2700,01LD, SD, UD Ta = Tmin 10 Tmax 3 ppm/°C
AD2710KD Ta = +25°C to +70°C 2 ppm/°C
Output Voltage Drift AD2710LD Tp = +25°C to +70°C 1 ppm/°C
AD2710KD Ta =0°C to +25°C 5 ppm/°C
AD2710LD Ta = 15°C to +25°C 2 ppm/°C
AD2710LD Ta = 0°C to +15°C 5 ppm/°C
AD2700JD, AD2701JD Ta = Tmin 1O Tmax +11.0 mV
AD2700LD, AD2701LD  Tp = Tyin t0 Tmax +4.3 mvV
Output Voltage Range - AD2700SD, AD2701SD Tp = Ty t0 Trax 80 mv
AD2700UD, AD2701UD T = Tyn t0 Tmax +5.5 mV
For Specified Load Regulation
Output Current Ta=25°C 10 mA
Ta = Tmin to Tyax
VN = +13V to +18V (2700, 2710) 5 mA
Vn = -13V to -18V (2701)
) ) V)N = +13.5V to +16.5V (2700, 2710) 100 VIV
Line Regulation
VN = -13.5V to -16.5V (2701) 100 uVV
Load Regulation 0to 10mA to GND 50 uV/mA
Output Resistance 0 to 10mA to GND 0.05 (¢}
Input Voltage Range AD2700, AD2710 +13 +18 \"
AD2701 -13 -18 \
Quiescent Current No Load 14 mA
Noise (Note 1) 0.1 to 10Hz 6 50 #Ve_p
Long Term Stability Ta = +55°C 50 ppm/1000 hrs.
Output Adjust Range See Figure 1 and 2 +20 mV
Ou_tput Adjust Temperature +4 uV/°C per
Drift Effect mV of adjust

Note 1: QA sample tested.
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10 Volt Precision References

Theory of Operation

A zener voltage of approximately 6.3V is applied to the
non-inverting input of an operational amplifier. This
voltage is accurately amplified to produce a precise
10.000V output. The amplifier's gain setting resistors
are actively laser-trimmed to produce the desired
output voltage. The zener operating current is derived
from the regulated output voltage, and actively laser-
trimmed to produce the lowest drift over temperature at
the output of the amplifier.

Discussion of Performance

The Maxim AD2700 and AD2701 are designed for appli-
cations requiring a precision voltage reference, where
initial accuracy at room temperature and drift over
temperature are of prime importance.

The drift specification of the AD2700 and AD2701 are
guaranteed by making precise voltage measurements
at-55°C, -25°C, +25°C, +85°C, and -125°C, while main-
taining unit identity. In this way, three key specifi-
cations are guaranteed: initial accuracy, absolute accu-
racy over temperature, and drift. The upper and lower
bound limits of absolute accuracy over temperature
are established by the sum of the maximum initial
output voltage error and the maximum drift from +25°C
to Tmax- For example, the AD2700LD limit of 4.3mV is
calculated from the addition of 2.5mV initial output
voltage error plus the temperature drift error of 1.8mV
[3ppm/°C x 10V x (85°C - 25°C)].

The drift specification is defined using the “box method”
(Fig. 3). The “box” is formed by the Tpax and Tmin
temperatures and a diagonal with a slope equal to the
maximum specified drift. The maximum and minimum
output voltages must meet the following conditions:

(Voutmax - VouTmin)/10V
Tmax - Tmin

This assures that the output voltage variation over the
temperature change is contained within the box with
Voutmax and Voytmin limits.

For example, the AD2700LD maximum drift specifica-
tion of 3ppm/°C from -25°C to +85°C restricts
(Voutmax - VouTmin) to less than 3.3mV.

The AD2710 drift specification is defined over the
temperature range of 0°C to +70°C using the “butterfly”
method (Fig. 4), where endpoint measurements are
tested for temperature coefficient from 25°C inde-
pendent of the nominal voltage. Each device is tested at
0°C, +15°C, +25°C, and +70°C with the output voltage
data recorded at each temperature. After the initial
accuracy is checked for 1mV deviation from +10.000V
at +25°C, the devices are graded according to tempera-
ture coefficient (TC). The AD2710K has a temperature
coefficient less than or equal to 2ppm/°C from +25°C to

x 108 < drift specification

MAXI /W

+70°C and 5ppm/°C from 0°C to +25°C. These
temperature coefficients correspond to a maximum
change of 0.45mV and 1.25mV respectively (see
Fig. 4a).

10V x (V70ec - Vaseoc) X 2x107% = 0.45mV
10V X (Vaseg - Vgoc) X 5x1076 = 1.25mV

Similarly, the AD2710L is tested for 1ppm/°C from
+25°C to +70°C, 2ppm/°C from +15°C to +25°C, and
5ppm/°C from 0°C to +15°C (see Fig. 4b). The corre-
sponding voltage limits are 0.45mV from 25°C to
+70°C, 0.2mV from +15°C to +25°C, and 0.75mV from
0°C to +15°C which, when added to the 0.2mV at +15°C,
allows for 0.95mV change at 0°C.

Application Information

The Typical Operating Circuit shown on the front page
shows the proper connection for the AD2700/2710.
Special attention to layout is required to achieve the
specified performance. A low resistance star configura-
tion will reduce voltage errors, noise pickup, and noise
coupled from the power supply.

The output voltage of the AD2700 and AD2710 can be
trimmed, as shown in Figure 1, by connecting an exter-
nal potentiometer between pins 12 and 14 with the
wiper connected to ground. This external potentiome-
ter provides typically +20mV of output adjustment. The
voltage drift will change by approximately 0.4ppm/°C
(or 4uV/°C) per mV of adjustment.

+15v H
[ll
+15V
maxim s
AD2700 ouT "% Vour =+10.000v
GND FINE ADJUST

7 12 14

*

10kQ

*Note:  External 10k() potentiometer provides
+20mV output adjustment. Temperature
effect is £4uV/°C per mV of output
adjustment.

Figure 1. Fine Trim Connection, AD2700 and AD2710

6-3
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AD2700/2701/2710

10 Volt Precision References

OUTPUT VOLTAGE (V)

9.9967

=55°C =-25°C +25°C +85°C +125°C
Twin Tmax

Figure 3. AD2700 Output Voltage Drift

The fine trim adjustment of the AD2701 is achieved by
connecting the wiper of the potentiometer to V-, as
shown in Figure 2.

o> AXIMN
m -10v |13
ouT " Vour = -10000V 0 5 0
AD2700 1 TEMPERATURE () |
GND FINE ADJUST Figure 4a. AD2710K Output Voltage Drift
7 12 14
*
- +0.95mV
10k g
1 2 20pm/ ¢
= 15V 5
*Note: External 10k() potentiometer provides ]

+20mV output adjustment. Temperature
effect is 24uV/°C per mV of output
adjustment.

15

‘ Tlemtmuns () I

Figure 2. Fine Trim Connection, AD2701 Figure 4b. AD2710L Output Voltage Drift

Packaging Information

o e B e B e B e B s W e W e
0.262 - 0.282 0.282 - 0.298
6655 - 7163) [7163 - 7569)
e =3
0.762 - 0.778
(19.355 — 1.761)
L
0.086 - 0170 0.623 - 0.762 0.300 - 0.320
(2438 - TI63) {15824 - 19.355) (7620 - 8128)
0.010 - 0070
{0508 - 1143)
PLANE -1
SEATING ~\»i A 0.009 - 0.012
PLANE —F 25 - 0170 I Tz o308
0015 - 0.035 {3175 - 4318 - g
{0.381 - 0.889) [ P - .
0095 - 0105 0016 - 0.020
0095 - 0105 0016 - 0.020 290 - 0310
{2413 —2667] (0.406 = 0.508) %ﬁg—_gﬁ

14 Lead Ceramic

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied.
Maxim reserves the right to change the circuitry and specifications without notice at any time.
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Very Fast Buffer Amplifiers

General Description Features E
The BB3553 ant/:l LHO0063 are high speed, FET input, ¢ Pin for Pin 2nd Source
voltage follower/buffers designed to provide high cur-
rent drive at frequencies from DC to 300MHz. Both ¢ 6000V/uSec Slew Rate
devices are similar in their slew rate; up to 6000 volts per ¢ DC to 300MHz Bandwidth
microsecond with light loads and 2000 volts per micro- .
second with a 50 ohm load. The LH0063 is not ¢ 10V Output Drive Into 5001 N
internally current limited, giving added versatility and ¢ 2ns Rise and Fall Times m
higher transient drive capability. ¢ Wide Range Single or Dual Supply Operation w
- - * i
Applications 10G( Input Resistance a
High Speed Line Drivers i i
Video Drivers/Impedance Transformation Ordermg Information g
Nuclear Instrumentation Amplifiers
Operational Amplifier Isolation PART TEMP. RANGE PACKAGE
ngh Speed AtoD |nput Buffers LH0063CK -25°C to +85°C 8 Lead TO-3
Video Cross Point Switches LHO063K _55°C to +125°C 8 Lead TO-3
BB3553AM -25°C to +85°C 8 Lead TO-3
Typical Operating Circuit Pin Configurations
Top View
TH5341*
OFFSET
_ PRESET INPUT
cala g W) o 4 {006
EE;S?I" OUTPUT
B ~
T4 v- v+
maxim MAXIN
IH5341* LH0063
MAXIMN /L MAXIMN
@+ Hoos3 <! {10063 ﬂ
L OUTPUT
‘a
+Vee
74C04 *or MAXIM
coNTROL Vidsa Switen
o maxam
Video Crosspoint Switch NO CONNECTION BB3553
TO CASE

/ VI /‘ X I / VI Maxim Integrated Products 6-5



LHO063/BB3553

Very Fast Buffer Amplifiers

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (V* - V-)

Maximum Power Dissipation (See Curves)
Maximum Junction Temperature

Input Voltage

Continuous Output Current ...............ccvvvnnen. +250mA

Peak Output Current ........... ... ...ciiiinnennnen +500mA
Operating Temperature Range

LH0063

Storage Temperature Range
Lead Temperature (Soldering, 10 sec.) ..

.................................. -55°C to +125°C

.... -25°C to +85°C
. -65°C to +150°C
+300°C

Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

DC ELECTRICAL CHARACTERISTICS

(Vg = £15V, Ty < Ta < Tyax unless otherwise specified) (Note 1)

LH0063 LH0063C BB3553AM
PARAMETER CONDITIONS UNITS
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
Qutput Rg < 100kQ, T, = 25°C 10 25 10 50 50 mV
Offset Voltage R, =100 100 100 mV
Average Temperature
Coefficient of Output | Rg< 100k (Note 3) 300 300 300 uV/°C
Offset Voltage
Input Bias Current T, = 25°C (Note 2) 0.1 0.5 0.1 0.5 0.2 nA
=+

Voltage Gain PN 210V, R < 100k0 094 096 100 | 094 096 1.00 ww

L=

. Vjn = 210V, Rg < 100k

Voltage Gain R, = 500, T, = 25°C 0.92 0.93 0.98 0.91 0.93 0.98 0.92 0.93 0.98 \7A"
Input Capacitance Ta = 25°C (Note 3) 8.0 8.0 8.0 pF
Input Resistance Vin = £1V, Ty = 25°C 10" 10" 10 10" 10 10"
Output Impedance | four~ © 10V Rs = 100k, 10 40 1.0 40 10 40

L=
Output _
Current Swing Vin = 210V, Rg < 100k} 0.2 0.6 0.2 0.6 0.2 0.4 A
80“,3:;; Swing R, = 500 10 13 10 13 10 v
Output Vg =15V, R =500,
Voltage Swing T,=25°C 50 7o 5.0 70 v

T,;=25°C, R =,
Supply Current Vi = +15V (Note 4) 35 65 35 65 50 80 mA
Supply Current Vg = 5V (Note 4) 50 50 mA
. T,=25°C, R ==,
Power Consumption Vi = £15V (Note 4) 105 195 1.05 195 1.5 24 w
Power Consumption | Vg =15V (Note 4) 500 500 mwW
External Offset Vos = 0mV,
Resistance Ta = 25°C (Note 5) 0 80 1000 | 0 300 1000 @
Note 1: Alldevices are 100% tested at 25°C only. Specifications at temperature extremes are sample tested to 10% LTPD. These limits are

not used to calculate outgoing quality level.
Specification is at 25°C junction temperature due to requirements of high speed automatic testing. Actual values at operating

Note 2:

temperature will exceed the value at T; = 25°C. When supply voltages are +15V, no-load operating junction temperature withouta
heat sink may rise 20-30°C above ambient, and more under heavy load conditions. Accordingly, Vogmay change one to several mV,
and Ig will change significantly during warm-up. Refer to Ig vs. temperature graph for expected values.

Note 3:
Note 4:
Note 5:

QA sample tested only.
Guaranteed through correlated automatic pulse testing at T, = 25°C.
Offset adjust resistor for LH0063 connects between device pin 6 and V™.

AKXV




Very Fast Buffer Amplifiers

AC ELECTRICAL CHARACTERISTICS

(Vs = +15V, Ty = 25°C, Rg = 500), R, = 500 (Note 6))

LH0063 LH0063C BB3553AM
PARAMETER CONDITIONS UNITS
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
Slew rate R, = 1kQ, Vi = +10V 6000 6000 6000 V/uS
Slew rate ?Lf;;% Vin =210V, 2000 2400 2000 2400 2000 2400 V/uS
e

Bandwidth Vi = 1.0Vmg 300 300 300 MHz
Bandwidth Full Power, Vi = 10V, 32 32 32 MHz

Note 6: Not 100% production tested; verified by sample testing only. Limits are not used to calculate outgoing quality level.

£€6S€44/E€900HT

Typical Operating Characteristics

POWER DISSIPATION DC SAFE OPERATING AREA GAIN vs SUPPLY VOLTAGE
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LHO063/BB3553

Very Fast Buffer Amplifiers

Typical Operating Characteristics

LARGE SIGNAL PULSE RESPONSE
2p

s 700
3 o4
g 2 £ S0
= =
g 0 2 400
5 2} E
2
g 4 o

¥ 200
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-10 100

-12 -

0 1 2 3 456 7 8 9111012 0 1 2
TIME (nS)
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FREQUENCY RESPONSE
g
g g
= =
2 £
g =
g 2
=

10 1k 100k oM 16
FREQUENCY (Hz)

Circuit Description

Both the BB3553 and the LH0063 consist of a comple-
mentary JFET input stage followed by a bipolar output
stage. There is an inherent imbalance between the P
and N channel JFETs (Q1 and Q2). Transistors Q3 and
Q4 are laser trimmed current sources that correct circuit
imbalances to make the offset voltage zero. On the
LHO0063, the negative current source is made available
for optional user adjustment; the BB3553 can only be
used at its factory adjusted value.

The BB3553 is internally current limited to 400mA at
room temperature. This current limit is based on the
Vge of Q8 and Q9, so the limit point will be reduced at
high temperatures. The LH0O063 has no internal current
limit, but has the output stage collectors brought out
separately so that external current limiting can be
implemented. This has the advantage that more output
current is available with the LH0063, as long as the
maximum power dissipation limit is not exceeded.

6-8

SMALL SIGNAL RISE TIME

PHASE SHIFT vs FREQUENCY

FREQUENCY (Hz)

INPUT CURRENT

INPUT BIAS CURRENT (£pA)

4 5 6 7 8 0 25 50 7% 100 125
TIME (nS) TEMPERATURE (°C)

INPUT CURRENT

INPUT CURRENT (nA)

INPUT VOLTAGE (V)

Application Hints
Circuit Layout

Circuit layout is one of the most important areas of high
frequency circuit design. Even a good circuit design
may yield only marginal performance when insufficient
attention is paid to circuit layout. This is especially
important with very high bandwidth systems or in a
closed loop system with an operational ampilifier. To get
full performance capability from these buffers the
following circuit guidelines are suggested:

1. Use a ground plane. It provides a shielded, low-
resistance, low-inductance ground reference and re-
duces undesirable high-frequency coupling.

2. Avoid IC sockets. The increased inter-lead capaci-
tance can degrade bandwidth and increase feedback
capacitance. Contact resistance can cause offset
errors that are difficult to account for.

VAKXV




3. Keep input and output connections short. This
results in a more compact physical layout and mini-
mizes parasitic coupling.

4. Minimize capacitance. When used with an op amp,
minimize capacitance from output to feedback point
and from feedback summing junction to ground.

5. Keep wide traces. Supply and output signal traces
should be as wide as practical to minimize inductance
and resistance.

Power Supply Decoupling

The positive and negative power supply terminals of
the devices must be bypassed to ground with solid
tantalum capacitors of about 4.7uF. A somewhat larger
aluminum electrolytic can be used if shunted by a high
frequency capacitor with good performance at 100
MHz. In any case, the high frequency decoupling
capacitors should be placed no more than Y to 2 inch
from the device pins. These capacitors must be returned
to the same ground point on the ground plane or
connected by a short, wide circuit board trace of low
inductance and resistance.

Compensation

Buffer amplifiers are inherently stable in applications
with resistive loads and adequate supply bypassing.
However, there may be some tendency towards ringing
or oscillation with capacitive loads of 100 pF or greater.

When a buffer amplifier is placed within the feedback
loop of a high-gain op amp, the phase margin of the
operational amplifier is reduced by an amount equal
to the phase lag of the buffer at the amplifier's unity
gain frequency. With most monolithic amplifiers, this
will be a very small effect, but it should be considered
for amplifiers active above 10MHz.

Very Fast Buffer Amplifiers

Power Dissipation and Device Rating

The maximum junction temperature of the BB3553 or
the LH0063 is 150°C. This is the basic limitation that, in
conjunction with the total thermal resistance, sets the
maximum allowable power dissipation for either device.
Specifically,

Tymax) - Ta

PoissMAX) = 77— 7
MAX ™ 6,0+ s+ Bsa
Where
TyMmAx) is the maximum allowable junction tempera-

ture of the device, e.g. 150°C
Ta is the ambient temperature
0,cisthe junction to case thermal resistance, 6°C/W

Ocs is the thermal resistance between the device
case and the heatsink in °C/W

Osa is the thermal resistance for the heatsink to
ambient in °C/W.

The 6,c of the BB3553 and the LHO063 is typically
6°C/W; a conservative design should use a value of
10°C/W to allow for device-to-device variaitons in 6,c.
The actual power dissipation in a specific application is
the sum of the quiescent power dissipation (1.5W
typical for the BB3553; 1.05W typical for the LH0063
assuming +15V power supplies) and the power dissipa-
tion in the output transistors. The dissipation in the
output stage is the time average of the instantaneous
product of the output current times the voltage differ-
ence between the output and the supply voltages.

vto:

Vet

INPUT 0-4-‘Wv-—< 05 OUTPUT
R7

[¢}
OFFSET OFFSET
ADJUST PRESET

) +ee

[} 03

08
::R.’i
H 05 3 OUTPUT
5
om
f w
07

02 04

INPUT 04—WV~4
A7

R

7
~O —Vg¢

Figure 1. LHO063 Internal Structure

MNAXIVI

Figure 2. BB3553 Internal Structure
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LHO063/BB3553

Very Fast Buffer Amplifiers

Operation from Single
or Asymmetrical Power Supplies

Buffer amplifiers may be readily operated from single or
asymmetrical power supplies with only a few precau-
tions. Since the device has no ground pin and a gain of
slightly less than one, an imbalance in the supplies
appears to the buffer as a DC signal. It will amplify this
DC signal by its gain, and will thus develop an apparent
offset voltage different than the one specified in the
Electrical Characteristics table. The additional output
offset error may be predicted by:
(V*-Vv)
AVo=(1-Ay) =0.02(V*-V-)

where:
Ay = No load voltage gain, typically 0.96
V* = Positive supply voltage
V- = Negative supply voltage

Offset Voltage Adjustment

The normal definition of an amplifier's offset voltage is
that voltage which must be applied to the input to
produce zero volts at the output. This definition also
applies to a buffer, but there are some other effects to
consider. Most important is gain. A device that has a
gain of 0.96 will develop nearly a volt of error when the
input is taken to plus or minus 10V. In many applications
the absolute value of the gain can be compensated.

The LHO063 has provisions for external offset voltage
adjustment while the BB3553 is internally committed to
its factory trimmed value. When not required, the offset
adjust pins of the LH0063 must be shorted together.
The external adjustment uses a 1k() potentiometer
between pin 6 of the LH0063 and V-. The table of DC
electrical characteristics guarantees the MAXIM device
to be adjustable to zero volts offset with the specified
1kQ potentiometer.

TABLE 1.

HEATSINKS FOR LH0063/BB3553
MANUFACTURER PART #
Thermalloy 6002-19
IERC LAIC3B4CB

HPI-TO3-33CB

Short Circuit Protection

The BB3553 has internal current limiting set at 400mA
to protect the output stage against transient overloads.
Prolonged overloads can still potentially destroy the
device, depending on heat sinking and ambient con-
ditions. The LHO063 is capable of considerably higher
peak currents because it does not have the internal
current limiting, but it should be externally protected if
even a momentary overload is possible.

Input Bias Current vs Input Voltage

The data sheet guarantee for input bias current and
input resistance on both devices assumes an input
voltage of zero volts. This is the most reasonable
condition for small signal applications, but increases
dramatically when the input signal swings negative.
The curve of typical input current vs. input voltage
illustrates the problem. In many applications, the
situation can be improved by reducing the positive
supply voltage.

TABLE 2. SOCKETS FOR LH0063/BB3553

MANUFACTURER PART # COMMENTS
Robinson 0002011 Chassis or
Nugent, Inc. heat-sink
mounted socket
Midland-Ross 450-3716-01-03-00 | Low cost
Hypertronics YSK0102-004 socket pins for

PCB mounting.
8 socket pins
are required to
mount one
device.

Hypertronics
16 Brent Dr.

Robinson-Nugent Inc.
800 E. 8th St.

Hudson, MA 01749 New Albany, IN 47150
(617) 568-0451 (812) 945-0211

IERC Thermalloy

135 W. Magnolia BI. P.O. Box 34829
Burbank, CA 91502 Dallas, TX 75234
(818) 786-1182 (214) 243-4321

Midland-Ross
Cambion Div.

445 Concord Ave.
Cambridge, MA 02238
(617) 491-5400

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied.
Maxim reserves the right to change the circuitry and specifications without notice at any time.

6-10 Maxim Integrated Products, 510 N. Pastoria Avenue, Sunnyvale, CA 94086 (408) 737-7600
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AKX/

Power Operational Amplifier

General Description

The Maxim LHO0101 Power Operational Amplifier de-
livers up to 5 Amp peak output current. Packaged in a
rugged TO-3 case, the LH0O101 combines the ease of
use and performance of a FET input op amp with the
power handling capabilities of a 5 Amp output stage.
The output short circuit protection makes this device
ideal for driving AC and DC motors, large capacitive
loads, and electromagnetic actuators. The output
stage virtually eliminates crossover distortion while
using little quiescent power.

The LHO101 is a wideband amplifier, with a full power
bandwidth of 300kHz and a gain bandwidth of 5SMHz.
To simplify connection to the LHO101, the output of
Maxim’s LHO101 is connected to both the case and to
pin 4.

Applications
The LHO101 is well suited for applications requiring

Features

® & & & o o O o o

Pin for Pin 2nd Source!

5 Amp Peak, 2 Amp Continuous Output Current
Virtually No Crossover Distortion

300 kHz Power Bandwidth

300 pA Input Bias Current

10 V/us Slew Rate

5 MHz Gain Bandwidth

2 us Settling Time to 0.01%

Adjustable Current Limit

Ordering Information

> PART TEMP. RANGE PACKAGE
rent

33{23“;232{,?.@; amp performance and high curre LHO101CK —25°C to +85°C 8 Lead TO-3
DC Mot LHO101K -55°C to +125°C 8 Lead TO-3
AC Motors LHO101ACK ___ —25°C to +85°C 8Lead TO-3
Actuators LHO101AK -55°C to +125°C 8 Lead TO-3
Coaxial Cable Drivers
Programmable Power Supplies

Typical Operating Circuit Pin Configuration
Top View

=15V
0C SERVO MOTOR DRIVER

OUTPUT IS
CASE AND
PIN4

=INPUT

+INPUT FEEDBACK

MNAXIV
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LHO101

Power Operational Amplifier

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Vg «.vvvviiiiniiiiiiiiie e, +22V

Power Dissipationat TA=25°C ............cccovvun... 5W
Derate linearly at 25°C/W to zero at 150°C

Power Dissipation at T =25°C .........cccvuvennnn... 62W
Derate linearly at 2°C/W to zero at 150°C

Differential Input Voltage, Viyy <« oo v vvvveennn. +40V but < tVg

Input Voltage Range, Vopy ovvvveveenninnnnn, +20V but < Vg

Peak Output Current (50ms pulse) ..................... 5A

Output Short Circuit Duration (within rated power

dissipation, Rgc = 0.350), T, =25°C) .......... Continuous
Operating Temperature Range

LHO101AC, LHO101C ................... -25°C to +85°C

LHO101A, LHO101 . ..................... -55°C to +125°C
Storage Temperature .................... -65°C to +160°C
Maximum Junction Temperature .................... 150°C
Lead Temperature (Soldering, <10 seconds) .......... 300°C

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

DC ELECTRICAL CHARACTERISTICS

(Vg = +15V, T, = 25°C unless otherwise noted, see Note 1)

PARAMETER SYMBOL CONDITIONS LHO101AC, LHO101A LH0101C, LHO101 UNITS
MIN. TYP MAX. | MIN. TYP. MAX.
Inbut Offset Vot v Ta=25°C 1 3 5 10 mv
nput Liiset Voltage 95 ' T\in=Ta< Tuax (Note 4) 7 5| mv
Change in AVos
Input Offset Voltage AP (Note 2) 150 300 uV/W
with dissipated power o
Change in AV,
Input Offset Voltage —08 Vem=0 10 10 uV/°C
with temperature AT
Ta=25°C 300 1000 pA
Input Bias Current Ig Ta < Tmax LHO101C/AC 60 60 nA
(Note 4) LHO101/A 300 1000 nA
Ta=25°C 75 250 pA
Input Offset Current los Ta< Tmax LH0101C/AC 15 15 nA
: (Note 4) LHO101/A 75 250 nA
Large Signal -+ -
Voltage Gain AvoL Vo = £10V, R, = 100 50 200 50 200 v/mV
Rsc =00 | RL=1000 +11.7  +125 1.7 +125 v
Output Voltage Swing Vo Ay =+1 Ry =100 11 +11.6 +11 +11.6 \
(Note 3) RL =50 +10.5 +11 +105 £ \Y
Common Mode -+
Rejection Ratio CMRR AV|n = +10V 85 100 85 100 dB
Power Supply — 4+ +
Rejection Ratio PSRR AVs = +5V to £15V 85 100 85 100 dB
Quiescent Supply
Current ) Is 28 35 28 35 mA
612 VAXI/v1




Power Operational Amplifier

AC ELECTRICAL CHARACTERISTICS

(Vg = 15V, T = 25°C, see Note 1)

LHO0101AC, LHO101A LHO0101C, LHO101 . °
PARAMETER SYMBOL CONDITIONS - UNITS
MIN. TYP. MAX. MIN. TYP. MAX. 3
Equivalent Input _
Noise Voltage e, =1kHz 25 25 nV/\/Hz -l
Input Capacitance Cin f=1MHz 3.0 3.0 pF
Power Bandwidth, -3dB 300 300 kHz
Slew Rate (Note 4) SR 75 10 10 Vius
- - R_ =100
Small Signal Rise or 1.t 200 200 ns
) "
Fall Time Ay =+
Small Signal Overshoot 10 10 %
Gain-Bandwidth Product
(Note 4) GBW 4.0 5.0 5.0 MHz
Large Signal Settling Ru=2
Time to 0.01% ' 20 20 K
Total Harmonic Distortion |  THD ;Of 10(')%‘”' f = 1kHz 0.008 0.008 %
L=

Note 1: Specificationis at T, =25°C. When supply voltages are 15V, quiescent operating junction temperature will rise approximately 20°C
without heat sinking. Accordingly, Vos may change 0.5mV and Ig and | os will change significantly during warmup. Refer to the Ig vs.
temperature and power dissipation graphs for expected values. Temperature tests are made only at extremes.

Note 2: Change in offset voltage with dissipated power is due entirely to average device temperature rise and not to differential thermal
feedback effects. Test is performed without any heat sink.

Note 3: At light loads, the output swing may be limited by the second stage rather than the output stage. See the application section under
“Output swing enhancement” for hints on how to obtain extended operation.

Note 4: These parameters are sample tested to 10% LTPD.

SAFE OPERATING AREA MAXIMUM POWER DISSIPATION QUIESCENT POWER SUPPLY CURRENT

OUTPUT CURRENT (A}
POWER DISSIPATION (W)

QUIESCENT POWER SUPPLY CURRENT (mA)

=15 =10 -5 0 5 10 15 0 25 50 75 100 125 5 *10 +15 +20 +25
OUTPUT VOLTAGE (V) TEMPERATURE (°C) POWER SUPPLY VOLTAGE (V)
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LHO101

Power Operational Amplifier

INPUT BIAS CURRENT

INPUT COMMON-MODE VOLTAGE RANGE
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Detailed Description

The LHO101 consists of three stages: an operational
amplifier, a buffer, and a power output stage, (see
Figure 1). The operational amplifier is similar to the
LF156. This operational amplifier was chosen for its low
bias current, high slew rate, and fast settling time.

The buffer stage, made up of transistors Q3, Q5, Q10,
and Q11, is a unity gain current amplifier. The buffer
stage bandwidth is greater than 50MHz, and is current
limited to 50mA output by the JFETs Q8 and Q7. If the
Feedback pin is connected to the Output, the buffer
stage provides all output current up to 25mA. The
buffer stage current flows through the 500 resistors, R3
and R4. The voltage across these resistors turns on the
high power output stage when the buffer stage output
current is approximately 25mA. The buffer stage contin-
ues to supply current up to its 50mA current limit
during the turn-on delay of the output stage. Only in
driving low resistance or high capacitance loads at
high frequencies will there be any noticeable distortion
during the period when the output stage is turning on.

The high power output stage consists of the power
darlingtons, Q1 and Q2, and the current limit protection
circuit. The power darlington transistors are die
attached directly to the case, minimizing thermal
resistance. This electrically connects the collectors of
Q1 and Q2to the case, therefore the case is the LH0101
Output connection. The output of the Maxim LH0101 is
also connected to pin 4. This additional output connec-
tion enables users to make all connections directly viaa

fit g
156 S
03
+08 v+ n 4AND
CASE
5 30 FeEoBACK p——0 OUTPUT
- ol R
o | 2
R5 <
153

socket or printed circuit board, without having to make
the output connection through heatsink mounting
hardware.

Transistors Q6 and Q9 provide current limit protection.
The current limit threshold is programmed by sense
resistors connected between the supplies and the short
circuit protection pins, SC*and SC-. A voltage of about
0.6V across the sense resistors turns on either Q6
(source current limit) or Q9 (sink current limit). These
transistors then turn on Q12 or Q4, which divert excess
base current drive away from the darlington output
transistors, preventing the output current from rising
beyond the preset limit.

Application Hints
Output Swing Enhancement

When the Feedback terminal is directly connected to
the Output, the buffer stage clips and limits the output
voltage swing before the output stage saturates. The
output swingis 11V to 12.5V with the Feedback terminal
connected to the Output. The output swing can be
increased by using the circuit of Figure 2. In this circuit
the output stage operates with a gain of 1.5 and the
output stage saturation voltage of approximately 1V
limits the output voltage swing. The 0.01uF com-
pensation capacitor is required for loop stability in
unity gain non-inverting buffer applications using
output swing enhancement, but is not needed in
circuits with a closed loop gain greater than 1.5.

Capacitive Loads

Capacitive loads create an additional pole with the
associated phase shift, which may cause oscillations.
The LHO0101 typically has 60° of phase margin as a unity
gain buffer with no capacitive load. A 1000pF load will
reduce this phase margin to 40° and 0.01uF will reduce
it to only 22°. A phase margin of only 22° is generally
considered unacceptably low and the LH0101 should

OUTPUT
INPUT

10002

=15 —

Figure. 1. Maxim LHO0101 Schematic.
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Figure 2. High Power Voltage Follower with Swing Enhancement.

MAXIV




Power Operational Amplifier

be compensated as shown in Figure 3 when driving
capacitive loads in the 0.01 uF range. Figure 4 shows an
alternative method of compensation which can easily
be used with the output swing enhancement circuit
discussed below.

As with most amplifiers, there is a value of load
capacitance above which oscillation will not occur. For
the LHO101 this value is approximately 0.1uF. The pole
formed by the LHO101 output impedance and capacitive
loads greater than 0.1uF becomes the dominant pole
and oscillation will not occur. In summary, if the load
capacitance is less than 1000pF or greater than 0.1uF
the circuit should be stable, otherwise use the compen-
sation techniques of Figure 3 or 4.

Inductive Loads

Inductive loads present three potential problems: in-
ductive kickback or back EMF, stability, and safe

operating area (SOA) violations. The LHO101 is suitable
for driving inductive loads such as voice coil actuators
and motors, but many circuits will require protection
from the harmful effects of the energy stored in the
inductor. The inductive kickback problem occurs when
the power to the circuit is removed while high currentis
still flowing through the inductor. The back EMF or
inductive kickback may have enough energy to destroy
the LHO0101 as current flows from the inductive load,
through the output stage, back into the internal circuitry
of the LHO101. The clamp diodes shown in Figure 5 will
steer the inductive kickback currents directly to the
power supplies, thus protecting the LHO101.

Some inductive loads, particularly those with high Q,
may cause spurious oscillations. The damping circuit
shown in Figure 6, a series combination of 102 and
0.01uF or 0.1uF, usually cures this type of problem.

Rl

INPUT >—AAA——
100
~L CAPACITIVE
o =210t LOAD
C="Re 1
Figure 3. Compensation for Capacitive Load. Figure 5. Back EMF Suppression.
®Q
v+ v
_E'NME‘ 2 Rsc
= MAXIAAN AND CASE 1 5] -
LHO101 AN
INPUT H—anA~ d . E&Puucmve axi
9 I kQ g |LH0101,73
< = INPUT + B
Sk TIEN g4
) 7 g INDUCTIVE
Rsc J LOAD
- ¢ - |
! 01uF L
OR
V- 0.01F if' =

Figure 4. Alternate Compensation for Capacitive Load.
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Figure 6. Damping of High Q Inductive Load.
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Printed Circuit Board Layout and Kelvin
Connections or Remote Sensing

Printed circuit board traces which carry high currents
must be carefully designed. High current traces must of
course be wide enough to handle the current without
excessive heating. A 0.030" wide trace on 20z./ft2
copper clad board will have a 10°C rise when carrying 3
Amp. Even when the printed circuit board traces are
large enough to carry the current, the voltage drops
may cause errors in the output. For example, a 0.030"”
wide trace on a 2o0z. copper clad board will have a
resistance of 10mQ per inch of length and will have a
voltage drop of 20mV/inch when carrying 2 Amp.
Errors due to voltage drops can be avoided by using
one trace or conductor for high current output connec-
tions and a second trace or conductor for the low
current feedback sensing connection. Figure 7 shows
the proper configuration of supply and feedback con-
nections. The 470() resistor completes the feedback
path if the remote sense connection is inadvertently
disconnected.

In some cases signal ground and the power ground are
connected together elsewhere and cannot be con-
nected as shown in Figure 7. In this case the circuit of
Figure 8 can be used. If Rsc/RpG = RI/RF, voltage drops
across Rg are turned into a common mode voltage at
the input of the LH0101 and are rejected by the 100dB

‘common mode rejection ratio (CMRR) of the LHO101.

Supply Bypassing

The LHO101 must be adequately bypassed to avoid
oscillation and stability problems caused by the power
supply impedance. The higher currents and lower

impedance levels associated with the LH0101 require
more bypassing than is normally required for lower
power op amps. A 0.1uF ceramic capacitor in parallel
with at least 47uF is recommended. The minimum
acceptable bypassing is 0.01uF in parallel with 4.7uF
between ground and each power supply.

Common Mode Voltage Range

While the common mode rejection ratio (CMRR) is
guaranteed only over the 10V input voltage range, the
actual input common mode voltage range (CMVR) is
typically -12V to +15.1V with +15V power supplies.

Exceeding the negative common mode limit on either
input will cause a phase reversal: if the inverting input
exceeds the negative common mode limit the output
will be forced low; if the non-inverting input exceeds
the negative common mode limit the output will be
forced high.

Exceeding the positive common mode limit on only
one input will not cause a phase reversal. Exceeding
either the positive or the negative common mode limit
with both inputs will force the output high.

The LHO101 does not latch-up when the inputs exceed
the common mode voltage range provided the absolute
maximum ratings are not exceeded; normal operation
resumes when the inputs return to within the common
mode voltage range limits.

Input Protection

While the very low input bias current specification of
the LHO101 might appear to eliminate the need for a
bias compensation resistor at the non-inverting input,

L
%; 400

5 AANDCASE

—1- SUPPLY
=~ COMMON

b
i;amn

CABLING AND
G CONNECTOR
RESISTANCES

SIGNAL

GROUND DIGITAL OR
HIGH POWER GROUND

Figure 7. Power Supply Connections.
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Figure 8. Correcting for Voltage Difference between
Signal and Power Grounds.
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the bias compensation resistor also protects this input.
Direct connection of the inputs to ground should be
avoided since excessive fault currents might flow if one
of the power supplies were to be interrupted. A 1k or
greater resistor in series with the inputs will avoid this
potential problem.

Heatsinks and Power Dissipation Limits

The maximum junction temperature of the LH0101 is
150°C. This is the basic limitation that, in conjunction
with the thermal resistance, sets the maximum allow-
able power dissipation for the LHO101. Specifically,
Poissax) = 12 (MAY - TA
64c + 6cs + 6sA

Where
TJyMax) is the maximum allowable junction
temperature of the LH0101, 150°C.

Ta is the ambient temperature.

6Jc is the LHO101 junction to case thermal resis-
tance, 2°C/W.

Ocs is the thermal resistance between the LH0101
case and the heatsink in °C/W.

Osa is the thermal resistance from the heatsink to
ambient.

The 6yc of the LHO101 is typically 2° C/W; a conservative
design should use a value of 2.5°C/W to allow for
device-to-device variations in 6yc. The actual power
dissipation in a given application is the sum of the
quiescent power dissipation (850mW typical with £15V
power supplies) and the power dissipation in the out-
put transistors. The dissipation in the output transis-
tors is the time average of the instantaneous product of
the output current times the voitage difference between
the output and the supply voltage.

Short Circuit Current Limiting

The source and sink current limits are individually set
by the current sense resistors connected between the
power supplies and the short circuit current limit pins,
SC* and SC-. Calculate the resistor values from the
formula:

0.6V

ISHORT CIRCUIT = 5
Rsc

This equation is only an approximation, and it is not
unusual for the actual current limit to vary as much as
25% from the expected value. The 0.6V in the above
formula is the Vg of Q6 and Q9, which may vary as
much as 10% from device to device. This Ve also has a
temperature coefficient of about 2mV/°C. A second
error source is the exact value of Rsc. Remember that
Rsc includes all resistance between the power supply
and the SC terminal, including printed circuit board
trace resistance, solder joints, and if a socket is used,
the socket contact resistance. Since Rsc may be as low

MAXIV

as 0.12(), these extra resistances can be a significant
fraction of the total Rsc. The power dissipation of the
current limit resistor is:

(0.6V)2 0.36
———F = —— Watts
Rsc (in Q) Rsc

When the LHO101 is used without a heatsink, set the
current limit to 250mA with 2.7} resistors for Rsc.

Safe Operating Area

The Safe Operating Area curve shown in the typical
characteristics section must not be exceeded. This
curve is for a case temperature of 25°C, and must be
further derated for operation at elevated case
temperatures.

There are two basic limits that must be observed; the
maximum current limit and the maximum power dis-
sipation limit. The SOA curve does not have any limits
set by secondary breakdown in the output transistors,
the power dissipation limit is reached before the
transistors approach their secondary breakdown limits.

Ppiss =

Table 1. HEATSINKS FOR LH0101

Manufacturer Part #
Thermalloy 6002-19
IERC LAIC3B4CB
HPI-TO3-33CB
Table 2. SOCKETS FOR LH0101
Manufacturer Part # Comments
Robinson Nugent Inc. 0002011 Chassis or heat-

sink mounted
socket

Low cost socket
pins for PCB

Midland-Ross 450-3716-01-03-00 | mounting. 8
socket pins are
Hypertronics YSKO0102-004 required to
mount one
LHO101
Hypertronics Robinson Nugent Inc.
16 Brent Dr. 800 E. 8th St.

Hudson, MA 01749
(617) 568-0451

New Albany, IN 47150
(812) 945-0211

IERC Thermalloy

135 W. Magnolia BI. P.O. Box 34829
Burbank, CA 91502 Dallas, TX 75234
(818) 786-1182 (214) 243-4321

Midland-Ross
Cambion Div.

445 Concord Ave.
Cambridge, MA 02238
(617) 491-5400
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Typical Applications
DC Servomotor Amplifiers

Figure 10 shows a voltage feedback DC servomotor
amplifier. This type of control loop is normally used
when the speed control is achieved by controlling the
motor voltage. With the resistor values shown, the
voltage at the motor will be -5 x ViN. The output voltage
is sensed at the motor, therefore voltage drops in the
cable between the LH0101 and the motor will not affect
the voltage applied to the motor. The 10Q resistor and
0.01uF capacitor may be required to prevent
oscillations.

Figure 11 shows a current feedback DC servomotor
amplifier. This type of control loop is normally used to
develop a torque approximately proportional to the
input voltage. Like Figure 9 this circuit delivers a
constant current that is proportional to the input
voltage.

Figure 12 combines both current and voltage feedback
to achieve better open loop speed regulation than can
be achieved by either Figure 10 or 11. The specific
values of Rs, Rr and Rai are chosen to best approxi-
mate the Speed/Current/Torque characteristic of the
motor. Capacitor Cc may be required for stability if the

>
b3
50kQ

Vin
>

> 0.1

>

p—> lgur = 200mA/V

>
>
g 1k}
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10kQ

Vin >—AA—I

10k

V-

Figure 9. High Current Source/Sink.
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@
L Y
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ADJUST R FOR BEST SPEED vs. LOAD REGULATION

Figure 11. Torque Feedback Servo Motor Amplifier.
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Figure 12. Constant Speed Motor Driver.
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positive feedback is such that the motor speed in-
creases with increased torque load.

These circuits will either source or sink current, depend-
ing on the polarity of the input voltage, and can drive
DC motors in both directions.

Low Distortion Audio Amplifier

The hermetically packaged LH0101 is well suited for
use as an audio amplifier for severe environments.
Figure 13 shows two LH0101s used in a bridge audio
power amplifier. The bridge configuration doubles the
voltage that can be delivered to the load, in this case
delivering 50V peak-peak to an 8() speaker. This means
that a 40 Watts RMS can be delivered to the 8() speaker
while using only =18V power supplies. The harmonic
distortion is a respectable 0.1%, which should suffice
for all but the most demanding applications.

CRT Yoke Driver Circuit

The 300kHz power bandwidth and 5 Amp peak output
current capability of the LH0101 make it well suited for
CRT yoke driver circuits such as Figure 14. This circuit
is basically a constant current source/sink with a
transconductance of 435 mA/V (reciprocal of the 2.3()
current sense resistor). The resistor Rpamp lowers the
Q of the inductive yoke; the value of Rpamp is chosen
empirically for the least distortion at the operating
frequency. At low frequencies Rpamp is not required.

DC Servomotor Phase Locked Loop

In the circuit of Figure 15, the shaft encoder produces
600 pulses per revolution. These pulses are compared
to areference frequency by the digital phase compar-
ator of the CD4046. The output of the phase compar-
ator passes through a low pass filter and drives the
input of the LH0101. The LH0101 ampilifies this signal
and drives the DC servomotor. The phase-frequency
comparator of the CD4046 increases or decreases the
input voltage to the LH0101 until the shaft encoder
output is the same frequency as the reference input.

Motor Speed _ Fin x 60
(in RPM) N

Where Finis the frequency of the reference inputand N
is the number of shaft encoder pulses per revolution.

A single-pulse-per-revolution speed pickup can be
used in place of the shaft encoder, but the PLL low pass
filter time constant must be greatly increased.

Note that this circuit is similar to a standard phase
locked loop except that the LHO101, the motor, and the
shaft encoder replace the internal VCO of the CD4046.
Unlike the VCO of the CD4046, the motor adds another
pole to the system response and loop stability must be
carefully analyzed, particularly if the motor and its load
has significant inertia. As with most feedback systems,
the loop will be stable when there is only one dominant
pole. Theloop filter time constant should preferably be
at least 1 decade higher or lower than the constant of
the motor and its load.

MAXI
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Figure 13. LHO101 Bridge Audio Power Amplifier.
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Figure 14. CRT Yoke Driver Circuit.

6-21

FOLOHT




LHO101

Power Operational Amplifier

4702

AAA

VWA

+15V

INCREMENTAL
R < Y A\ SHAFT
%_JJ ENCODER
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Figure 15. Servomotor Phase Locked Loop.
Package Information
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Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied.
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General Description

The Maxim ICL7116 and ICL7117 are 32 digit monolithic
analog to digital converters. They differ from the
Maxim ICL7106 and ICL7107 in that the ICL7116 and
ICL7117 have a Hold pin which makes it possible to
hold or “freeze” a reading. These integrating A/D
converters have very high input impedances and
directly drive LCD (ICL7116) and LED (ICL7117) displays.

Versatility and accuracy are inherent features of these
converters. The dual-slope conversion technique auto-
matically rejects interference signals common in
industrial environments. The true differential input is
particularly useful when making ratiometric measure-
ments (ohms or bridge transducers). Maxim has added
a zero-integrator phase to the ICL7116 and ICL7117,
eliminating overrange hangover and hysteresis effects.
Finally, these devices offer high accuracy by lowering
rollover error to less than one count and zero reading
drift to less than 1uV/°C.

Applications

These devices can be used in a wide range of digital
panel meter applications. Most applications, however,
involve the measurement and display of analog data:

Pressure Conductance
Voltage Current
Resistance Speed
Temperature Material Thickness

Typical Operating Circuit

LCD
DISPLAY
_uznzut
waoe” 7 L | a__n_t
INPUT _ o t l
CLOSED = HOLD
o OPEN = RUN
MAXIMN
ICL7116 .
+
=w
}—— VHE; 8
) S S
H <«—J TOANALOG
MW COMMON (PIN 32)

(Detailed Circuit Diagram—See last page)

/WA X1/

32 Digit A/D Converter
With Display Hold

Features

¢ Improved 2nd Source! (See 3rd page for “Maxim

Advantage™”).

¢ Hold Pin Allows Indefinite Display Hold
¢ Guaranteed First Reading Recovery from

Overrange

4 On Board Display Drive Capability — No External

Circuitry Required: LCD-ICL7116, LED-ICL7117

4 High Impedance CMOS Differential Inputs
¢ Low Noise (< 15uV p-p) Without Hysteresis or

Overrange Hangover

¢ Clock and Reference On-Chip
4 Zero Input Gives Zero Reading
¢ True Polarity Indication for Precision Null

Applications

Ordering Information

PART TEMP. RANGE PACKAGE

ICL7116CPL  0°C to +70°C 40 Lead Plastic DIP

ICL7116CJL  0°C to +70°C 40 Lead Cerdip

ICL7116CQ  0°C to +70°C 44 Lead Plastic Chip Carrier

ICL7116C/D  0°C to +70°C Dice

ICL7117CPL  0°C to +70°C 40 Lead Plastic DIP

ICL7117CJL  0°C to +70°C 40 Lead Cerdip

ICL7117CQ  0°C to +70°C 44 Lead Plastic Chip Carrier

ICL7117C/D  0°C to +70°C Dice

Pin Configuration

Top View
A4
_How (0] e [ 0sC
n [z} [58) 0SC2
¢ (3] (3] 0SC3
B [} 7] TEST
S [56] REF HI
F [&] [5) v+
61 (7] [34] C+ger
| Ei[E] (3] C-per
Dz 3] [32] coMMON
C2 (0] maxim [3UINH
. Ba[r] /CL7116 [3a] INLD
08 g ] ICL7117 = Az
F2 (3] [%8] BUFF
E2 [} (2] INT
D3 (5] (%] V-
wos 3 OE] [5) 62 (105)
F3 [0} 7 c3 |
£3 (18] (73] A3 100'S
1000'S — AB4 [T} ()63 |
poL (7] 71] BP/GND (7116/7117)
(MINUS SIGN)

See last page for Plastic Chip Carrier Pin Configuration

The “Maxim Advantage™" signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the following: guaranteed
performance over temperature along with tighter test specifications on many key parameters; and device enhancements, when needed, that result in improved

performance without changing the functionality.
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ICL7116/7117

3'2 Digit A/D Converter
With Display Hold

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Power Dissipation (Note 2)
ICL7116, VY tO V™ e i 15V Ceramic Package ...............ccoiiuennennnnnnn 1000mW
ICL7THZ, VY0 GND ..o +6V Cerdip Package 800mwW
ICL7TIM7,VTtOGND ...t -9V Plastic Package 800mW
Analog Input Voltage (either input) (Note 1) ... .. VttoVv™ Operating Temperature Range ................. 0°C to +70°C
Reference Input Voltage (eitherinput) ............... Vtto vV~ Storage Temperature Range ........... -65°C to +160°C
Clock Input Lead Temperature (soldering, 60sec.) ................ +300°C
ICL7116 Test to V*
ICL7TN7 ..o .. GNDto V*
Note 1: Input voltage may exceed supply voltages, provided the input current is limited to =100uA

Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board.

Stresses above those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional operation of the device at these
ot Y .

or any other i above those indit in the operational sections of the specifications is notimplied. E. rating for d periods may
affect device reliability.
ELECTRICAL CHARACTERISTICS (Note 3)
CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Zero Input Reading Viny =0.0V -000.0 +000.0 +000.0 Digital Reading
Full Scale = 200.0mV
Ratiometric Reading Vin = VRgg = 100mV 999 999/1000 1000 Digital Reading
Rollover Error (Difference in -Vin = +Vy =200.0mV -1 +0.2 +1 Counts
Reading for Equal Postive and
Negative Reading Near Full Scale
Linearity (Max. Deviation from Full Scale = 200mV -1 Counts
Best Straight Line Fit) or Full Scale = 2.000mV
Common Mode Rejection Ratio Vem =21V, V) =0V
(Note 4) Full Scale = 200.0mV
Noise (Pk-Pk Value Not Exceeded Vin=0V uV
95% of the Time) Full Scale = 200.0mV
Leakage Current @ Input Vin=0V pPA
Zero Reading Drift ViN=0V,0°C < T, <70°C uv/eC
Scale Factor Temperature VN = 199.0mV 1 5 ppm/°C
Coefficient 0°C<Tp<70°C
(Ext. Ref. Oppm/°C)
v* Supply Current (Does Not Vin=0 0.8 1.8 mA
Include LED Current for 7117)
V7~ Supply Current 7117 Only 0.6 1.8 mA
Analog Common Voltage (With 2.4 2.8 3.2 \
Respect to Pos. Supply)
Temp. Coeff. of Analog Common 80 ppm/°C
(With Respect to Pos. Supply)
Input Resistance, Pin 1 (Note 6) 30 70 kQ
V., Pin 1 (7116 Only) 4 TEST +1.5 \
V), Pin 1 (7117 Onlyy, ¢ GND +1.5 v
Vu Pin 1 (Both ) vt-1s v
7116 Only (Note 5) Vttov =9V 4 5 6 v
Pk-Pk Segment Drive Voltage,
Pk-Pk Backplane Drive Voltage 4 5 6 v
7117 Only (Except Pin 19) vt =50v 5 8.0 mA
Segment Sinking Current Segment Voltage = 3V
(Pin 19 Only) 10 16

Note 3:  Unless otherwise noted, specifications apply to both the 7116 and 7117 at T,o=25° C,f = 48kHz. 7116 is tested in the circuit of
Figure 1. 7117 is tested in the circuit of Figure 2.

Note 4: Refer to “Differential input” discussion. (See Maxim’s ICL7106/ICL7107 data sheet)

Note 5: Backplane drive is in phase with segment drive for ‘off segment, 180° out of phase for ‘on’ segment. Frequency is 20 times
conversion rate. Average DC component is less than 50mV.

Note 6: The 7116 logic input has an internal pull-down resistor connected from HLDR, pin 1, to TEST, pin 37. The 7117 logic input has
an internal pull-down resistor connected from HLDR, pin1, to GROUND, pin 21.

Clock

The electrical characteristics above are a reproduction of a portion of Intersil's copyrighted (1983/1984) data book. This information does not constitute any representation by
Maxim that Intersil's products will perform in accordance with these specifications. The “Electrical Characteristics Table" along with descriptive excerpts from the original
manufacturer's data sheet have been included in this data sheet solely for comparative purposes.
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32 Digit A/D Converter
With Display Hold

¢ Guaranteed Overload Recovery Time ¢ Key Parameters Guaranteed Over Temperature
¢ Significantly Improved ESD Protection (Note 8) ¢ Negligible Hysteresis
¢ Low Noise ¢ Maxim Quality and Reliability

¢ Increased Maximum Rating for Input Current (Note 9)

ABSOLUTE MAX|MUM RATINGS: This device conforms to the Absolute Maximum Ratings on adjacent page.

ELECTRICAL CHARACTERISTICS: Specifications below satisfy or exceed all “tested” parameters on adjacent page.
(V¥ =9\ Ta = 25°C, fo ook = 48kHz; test circuit - Figure 1 (ICL7116), Figure 2 (ICL7117) unless noted)

PARAMETERS I CONDITIONS MIN TYP MAX UNITS

V)n = 0.0V, Full Scale = 200.0mV
T, =25°C (Note

Digital
Reading

VN = Vpgr = 100mV o
T,=25°C (Note 7) Digital

Reading

Rollover Error (Difference in IN = VN =200.0mV

Reading for Equal Postive and T&"‘ =25°C (Note 7) -1 +0.2 +1 Counts

Negative Reading Near Full Scale) 0°C < T,=70°C (Note 11) +0.2

Linearity (Max. Deviation from Full Scale = 200mV -1 +0.2 +1 Counts

Best Straight Line Fit) or Full Scale = 2.000mV

Common Mode Rejection Ratio Vem =1V, V=0V 50 wVIV
Full Scale = 200.0mV

Noise (Pk-Pk Value Not Exceeded Vin=0V 15 uVv

95% of the Time) Full Scale = 200.0mV

pA

Zero Reading Drift N =0V
0°C < T,<70°C (Note 7) 0.2 1 uv/°C
Scale Factor Temperature V)N = 199.0mV 1 5 ppm/°C
Coefficient 0°C<T,<70°C
(Ext. Ref. Oppm/°C)

Vin =0V
T,=25

V™ Supply Current 7117 Only 0.6 1.8 ' mA
Analog Common Voltage (With 25k () Between Common & 24 2.8 3.2 \"
Respect to Pos. Supply) Pos. Supply

Temp. Coeff. of Analog Common 25k () Between Common & 75 ppm/°C
(With Respect to Pos. Supply) Pos. Supply

Input Resistance, Pin 1 (Note 6) 30 70 kQ
V), Pin 1 (7116 Only) TEST +1.5 v
Vi, Pin 1 (7117 Only) GND +1.5 v
V., Pin 1 (Both) vt-1s Y
7116 Only (Note 5) V¥ to V=9V 4 5 6 v

Pk-Pk Segment Drive Voltage,
Pk-Pk Backplane Drive Voitage

7117 Only (Except Pin 19) vt=50v 5 8.0 mA
Segment Sinking Current Segment Voltage = 3V
(Pin 19 Only) 10 16 mA

Measuement
Cycles

Note7:  Test condition is v, applied between pins IN-HI and IN-LO. i.e., IMQ resistor in Figures 1 and 2.
Note 8: :/I" ;::n; iasre designed to withstand electrostatic discharge (ESD) levels in excess of 2000V. (Test circuit per MIL. Std. 883C,
ethod 3015.2)
Note 9: Input voltages may exceed the supply voltage provided the input current is limited to £1mA (This revises Note 1 on the
adjacent page).
Note 10: Number of measurement cycles for display to give accurate reading.
Note 11: 1M resistor is removed in Figures 1 and 2.
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ICL7116/7117

32 Digit A/D Converter
With Display Hold

Detailed Description

The Maxim ICL7116 and ICL7117 3% digit A/D con-
verter are similar to the Maxim ICL7106 and ICL7107,
except for the addition of a Hold pin. For a detailed
product description, package dimensions, and appli-
cations information (other than the operation of the
Hold pin described below) refer to Maxim’s ICL7106
and ICL7107 data sheet.

Hold Input

The Hold input is a digital input with a logic threshold
approximately midway between V* and Test (ICL7116)
or V* and Ground (ICL7117). The ICL7116/7117 con-
tinuously performs conversions, independent of the
Hold input. When the Hold input is connected to V*,

however, the display latch pulse is inhibited, and the
the display latches are not updated. The Hold input has
a 70 kilohm pulldown resistor to Test (ICL7116) or
Ground (ICL7117) and the Hold input will be pulled low
ifitis left open. When Hold is low the ICL7116/ICL7117
updates the display at the end of each conversion. The
Hold input is CMOS compatible, and can also be
driven by a switch connected to V™ (Figure 1 and 2) or
by a PNP transistor.

Unlike the ICL7106 and the ICL7107, the ICL7116 and
ICL7117 do not have a Reference Low input. Apply the
reference voltage between Reference High (REF HI)
and Common.

0.1 uF LCD

- r‘ '__1 " Display

d — — —
W00
1M 3 - - e
O—MI——- INH 219 | seGMENT ’, ” ” '
ANALOG A 22.26 | ORIVE o ¥ Vo
INPUT 30 20 T
- INLO POL
21 MINUS SIGN BACKPLANE
BP DRIVE

321 common
1 7~ CLOSED = HOLD
Hoto OPEN =RUN
vz

28 urr 2 >
47k § 047uF KQ ‘: .
= 9V
29|
Az 36 VREF &
REF HI
0.224F 1.0KQ
" 27 S
INT
o
osc, osc;  osc.
3938 Cogc |40
maxim Rosc N TO ANALOG
YWV COMMON (PIN 32)
ICL7116 AN 100 F

Figure 1. Maxim ICL7116 Typical Operating Circuit,

200mV Reference Chip Topography

D3 E2 F2 A; B2 G2 D Ey 6y Fy

0.168"
(4.27mm)

|«
N

INHI| Cge

0.1 uF

D Displa:
34[_“']33 LE pay
3 - —— -
O_0_1_1
TM g, -V e
.O_M.I__. INHI 2.19 | SEGMENT " ', ” '
ANALOG g0y .5 22.25 | ORIVE UV
INPUT 30 20
- INLO POL
ano 2
2 =
COMMON =
1 :/ o CLOSED = HOLD
OPEN = RUN
35
vt O +5V
28 p.
BUFF u 9
a7k $ 0.4TuF K ‘;
9
’_2‘ Az 36 VREF <
REF HI = 10K
0.224F >
e 27 4)
T2, REFLO
|z v
osc; osc;  oscy” 0
3938 cosc |40
maxim =
cL7117 Rosc N

N 100 of COMMON (PIN 32)
100 k3t T p

Figure 2. Maxim ICL7117 Typical Operating Circuit,

[V:4 £
V= BUFF  INLOCOMMON C*pe
0.130"
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3 S588B>
Tass22E888E
el NMHE]EE]EE]
/

i [T (@) 3] v+

6 [&] [38] C*per

g o] [37] C-ner

0, (0] [36] common

¢, [11] [35] INHI

N Gz maxim [33] N

hel e

e [} 32) w2

F2 (5] [31] BUFF

E [16] [30] INT

03 [17] 20] v-
BIRIBIRIRIRIRIEIRIRIE
ECTS82g828S

S

44 Lead Plastic Chip Carrier (Quad Pack)

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied.
Maxim reserves the right to change the circuitry and specifications without notice at any time.
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Low Power, 32 Digit A/D Converter

General Description

The Maxim ICL7137 is a monolithic analog to digital
converter with all the necessary active devices to directly
interface with a light emitting diode (LED) display.
Excluding the LED display current, the ICL7137 supply
current is under 200uA, making it suitable for battery
operation.

Versatility and accuracy are inherent features of
this converter. The dual-slope conversion technique
automatically rejects interference signals common in
industrial environments. The true differential inputand
reference are particularly useful when making ratio-
metric measurements (ohms or bridge transducers),
and the zero-integrator phase in Maxim’'s ICL7137
eliminates overrange hangover and hysteresis effects.
Finally, this device offers high accuracy by lowering

Features

Improved 2nd Source! (see 3rd page for
“Maxim Advantage™”)

Guaranteed first reading recovery from overrange
Zero Input Gives Zero Reading
Drives LED Displays Directly

Low Noise (15uV p-p) without hysteresis or
overrange hangover

True Differential Reference and Input
Monolithic, Low Power CMOS Design

* & & o o

* o

LELLTOI

rollover error to less than one count and zero readin i
drift to less than 14V/°C. g Ordering Information
Applications PART TEMP. RANGE PACKAGE
- devl : i _dpp ¢ diaital ICL7137CPL  0°Cto +70°C 40 Lead Plastic DIP
ese devices can be used in a wide range of digita 5 S
panel meter applications. Most applications, however, in- ICL7187CJL  0°Cto+70°C 40 Lead CERP'F’
volve the measurement and display of analog data: ICL7137CQH  0°Cto +70°C 44 Lead Plastic Chip Carrier
Pressure Conductance ICL7137C/D  0°Cto+70°C  Dice
Voltage Current
Resistance Speed
Temperature Material Thickness
Typical Operating Circuit Pin Configuration
Top View
LED vl e ~ F40] 0SCy
DISPLAY T o 39] 0SC2
i C1 [F] [38] 0SC3
O_0_0_t
[ | BT 37] TEST
anawgg © X M { '—”—’ '—' S (R [36] REF HI
INPUT _ Y3 F1 (5] [35] REF LO
—1 61 [T] [34] C*ReF
= | B[] [33] C—REF
maxim O 5V D2 [T [32) COMMON
ICL7137 ‘émm C2 0] maxim  [31] INHI
t ! B2 (1] ICL7137 [30] INLO
YeeF < 10k 108 [ 78] A/Z
— b3 F2 [E ___ZE BUFF
T E2 (1] [27] INT
—0-5 D3 [i5] [26] V-
100'S B3 (1] [25] G2 (10'S)
H <] ToANALOG F3 [T} (2] C3 —I
A COMMON E3 (18] 73] A3 1008
1000°'S — AB4 [19] (7] 63 |
POL [0} [21] GND
(MINUS SIGN)
(Detailed Circuit Diagram—See last page) See last page for Plastic Chip Carrier Pin Configuration

The "Maxim Advantage™” signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the following: guaranteed
performance over temperature along with tighter test specifications on many key parameters; and device enhancements, when needed, that result in improved
performance without changing the functionality.

MAXIV
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ICL7137

Low Power, 32 Digit A/D Converter

ABSOLUTE MAXIMUM RATINGS

Supply Voltage V*
v

Analog Input Voltage (either input) (Note 1)
Reference Input Voltage (either input)
Clock Input .....c.oviiviiiinennn..

Note 1:
Note 2:

Plastic Package
Operating Temperature
Storage Temperature
Lead Temperature (Soldering, 60 sec.)

Power Dissipation (Note 2)
Ceramic Package

................................ 1000mW

................................... 800mW

Input voltages may exceed the supply voltages, provided the input current is limited to £100uA.
Dissipation rating assumes device is mounted with all leads soldered to printed circuit board.

-65°C to +160°C
...... +300°C

0°C to +70°C

Stresses above those listed under “Absolute Maximum Ratings"” may cause permanent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to

absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS (Note3)
PARAMETERS CONDITIONS MIN TYP MAX UNITS
: Vin = 0.0V -000.0 +000.0 +000.0 Digital
Zero Input Reading Full Scale = 200.0mV Reading
Ratiometric Reading Vin = VRer VRer = 100mV 999 999/1000 1000
Rollover Error (Difference in -Viy = +Viy =200.0mV -1
reading for equal positive and
negative reading near full scale)
Linearity (Max. deviation from Full Scale = 200.0mV -1 Counts
best straight line fit) or full scale = 2.000V
Common Mode Rejection Ratio Vem =1V, V)y =0V wv/v
(Note 4) Full Scale = 200.0mV
Noise (Pk-Pk value not exceeded Vin = 0V, Full Scale = 200.0mV nyg
95% of time)
Leakage Current @ Input Vin=0 10 pA
Zero Reading Drift Vin =0V, 0° < Ty < +70 0.2 1 uV/°C
Scale Factor Temperature 1 5 ppm/°C
Coefficient
V* Supply Current (Does not 70 200
include LED current) nA
V~ Supply Current 40
Analog COMMON Volta 250k} between Common and 2.6 3.0 3.2 v
respect to positive suppl Positive Supply
250k () between Common and 80 ppm/°C
Positive Supply
vt =50v 5 8.0
(Excépt Pin 19) Segment Voltage = 3V mA
(Pin 19 only) 10 16
Power Dissipation Capacitance vs. Clock Frequency 40 pF
Note3:  Unless otherwise noted, specifications apply at Ty=25°C, fc, ock=16kHz and are tested in the circuit of Figure 1.
Note 4:  Refer to “Differential Input” discussion in the ICL7136 data sheet.
Note 5:  48kHz oscillator, Figure 2, increases current by 35uA (typ).
Note 6:  Extra capacitance of CERDIP package changes oscillator resistor value to 470k or 150k(} (1 reading/sec or 3 readings/sec).

The electrical characteristics above are a reproduction of a portion of Intersil’s copyrighted (1983/1984) data book. This information does not constitute any
representation by Maxim that Intersil’s products will perform in accordance with these specifications. The “Electrical Characteristics Table” along with the
descriptive excerpts from the original manufacturer’s data sheet have been included in this data solely for comparative purposes.
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MAXIM

Low Power, 32 Digit A/D 'éohvérter

¢ Low Noise ¢ Negligible Hysteresis
¢ Key Parameters Guaranteed Over Temperature ¢ Increased Maximum Rating for Input Current (Note 8)
¢ Guaranteed Overload Recovery Time ¢ Maxim Quality and Reliability

¢ Significantly Improved ESD Protection (Note 7)

LELLTOI

ABSOLUTE MAXIMUM RATINGS This device conforms to the Absolute Maximum Ratings on adjacent page.
ELECTRICAL CHARACTERISTICS

Specifications below satisfy or exceed all “tested” parameters on adjacent page.
(V' = 9V; T, = 25°C; fo ook = 16kHz; test circuit - Figure 1 unless noted.)

PARAMETERS CONDITIONS MIN TYP MAX UNITS

Vin = 0.0V, Full Scale = 200.0mV
Ta = 25°C (Note 9)

-000.0 +000.0 + Digital

.0 Reading
Vin = VRep Vrer = 100mV
999/1000 Digital
B85/1000 Reading

Vi = +Vi = 200mV
Ta =25°C (Note 9) -1 +0.2 +1 Counts
0° < Ty < +70°C (Note 10) +0.2

Full Scale = 200.0mV -1 +0.2 +1 Counts
or full scale = 2.000V

Rollover Error (Difference in
reading for equal positive and
negative reading near Full Scale)

Linearity (Max. deviation from
best straight line fit)

VIV

Noise (Pk-Pk value not exceeded

Vin=0V
95% of time)

Full Scale = 200.0mV
Vin=0,
Ta = 25°C (Note 9) 1 10 pA

L

Zero Reading Drift

Vin =0V,

0° =T, = 70°C (Note 9) 0.2 1 uV/°C
Scale Factor Temperature Vin = 199.0mV
Coefficient 0° < T, < +70°C 1 5 ppm/°C
(Ext. Ref. Oppm/°C)(Note 9)
ViN=0V
Tp = 25°C A
f t i b ’ . “A
Analog Common Voltage (with 250k} between Common & 2.6 2.8 3 \ ﬂ
respect to Pos. supply) Pos. Supply
Temp. Coeff. of Analog Common 250k} between Common & 75 ppm/°C
(with respect to Pos. Supply) Pos. Supply
Segment Sinking Current vt =50V 5 8.0 mA
(Except Pin 19) Segment Voltage = 3V
(Pin 19 only) 10 16 mA

Overload Recovery Time Vin changing from £ 10V 0 1 Measurement
(Note 11) to OV Cycles

Note 7:  All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V. (Test circuit per Mil. Std. 883C,
Method 3015.2)

Note8: Inputvoltages may exceed the supply voltage provided the input currentis limited to =1mA (This revises Note 1 on adjacent page).

Note 9:  Test condition is Vy applied between the “Analog Input” pins (Figure 1).

Note 10: 1MQ resistor is removed in Figures 1 and 2.

Note 11: Number of measurement cycles for display to give accurate reading.
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ICL7137

Low Power, 3!2 Digit A/D Converter

Detailed Description

The Maxim ICL7137 3'2digit A/D converter is similar to
the Maxim ICL7136 except for the LED segment driver
outputs, and is similar to the ICL7107 except for much
reduced power supply currents (exclusive of the LED

currents.) For a detailed product description, compo-
nent value selection, and package dimensions, refer to
Maxim’s ICL7136 data sheets; for applications informa-
tion refer to Maxim’s ICL7107 data sheets.

01uF LED
DISPLAY

e ——
Mo g C*aer Cper -"_"_"_’
+o——vw~—1—— INHI 219 '
ANALOG g ,f 225 P
INPUT -o———‘tm INLD POL '—Ji‘:
GND
321 common L
vH 0 +5V
$ 2000
Ll P <E
4TuF
180ke2 w“g . VREF < 10k)
A/Z REF HI » $
0.22uF 7 REF L0
—1 ol
0SC7 0SC3  0SCy 0-5¢
39 {38 Cosc |40
4
MAXI Rosc N <« TOANALOG
ICL7137 SOV sagr COMMON [P 32

FULL SCALE INPUT
200.0 mV

VRer j

100.0mv |

Figure 1. Maxim ICL7137 Typical Operating Circuit
Clock Frequency 16kHz (1 reading/sec)

Chip Topography
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2 3 20
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Figure 2. Maxim ICL7137 Typical Operating Circuit Clock
Frequency 48kHz (3 reading/sec)

Pin Configuration
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44 Lead Plastic Chip Carrier (Quad Pack)

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied.
Maxim reserves the right to change the circuitry and specifications without notice at any time.
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General Description

TheICL8069is a 1.2V temperature compensated voltage
reference. It uses the band-gap principle to achieve
excellent stability and low noise at reverse currents
down to 50uA. Maxim'’s ICL8069 also features excellent
stability (freedom from oscillation) for all capacitance
loads from zero to greater than 50uF.

Applications

Anaiog to Digital Converters
Digital to Analog Converters
Threshold Detectors
Voltage Regulators

Portable Instruments

Typical Operating Circuits

VI AXI/WVI

Low Voltage Reference

+5V

Vour

(a) Simple Reference (1.2 Volts or Less)

+5V

<
:: 220

> v*
b3
1CL8069 1 bS 10ke2 AKXV
. ICL7107

REF HI

2

AAA

COMMON
REF LO

Features
¢ Temperature Coefficient Guaranteed to
10ppm/°C Max.
¢ Low Bias Current. .. 50 uA Min.
¢ Low Dynamic Impedance
¢ Low Reverse Voltage
¢ Low Cost
Ordering Information
PART TEMP. STABILITY  TEMP. RANGE
TO-92 Plastic:
ICL8069CCZQ2 0.005%/°C 0°C to +70°C
ICL8069DCZQ2 0.01%/°C 0°C to +70°C
TO-52 Can:
ICL806IACSQ2 0.001%/°C 0°C to +70°C
ICL8069BCSQ2 0.0025%/°C 0°C to +70°C
ICL8069CCSQ2 0.005%/°C 0°C to +70°C
ICL8069DCSQ2 0.01%/°C 0°C to +70°C
ICL8069CMSQ2 0.005%/°C -55°C to +125°C
ICL8069DMSQ2 0.01%/°C -55°C to +125°C
Package Information
%% 1500 0180
s | 88 |‘“§i¥f"] w0
ome | % | | s [N
5:‘;; = e . Skl W
u.;‘;; ! ANODE [ «il.ggl
0.209 YR CATHODE

2 LEADS TO FIT INTO
L

L
H 0016 (406) DIA. HOLE
0019 (483)
(b) Double Regulated 100mV Reference for ICL7107
One-Chip DPM Circuit.
. - . 0.080
Pin Configuration 0105
203)
. 267
Bottom View e
2 Lead TO-52 2 Lead TO-92
Can (SQ) Plastic (ZQ)
TO-92
TO-52 Plastic
VI/AXI /v Maxim Integrated Products 6-31

69087101




ICL8069

Low Voltage Reference
ABSOLUTE MAXIMUM RATINGS

Reverse Voltage ..............coovuuen

Forward Current
Reverse Current
Power Dissipation ..

......... See Note 1

.. Limited by Max Forward/Reverse Current
Storage Temperature Range .............

... -65°Cto+150°C

Operating Temperature

10mA ICLBOBOC ........oiviiiiiiiiiiiieiaiaenenns 0°C to +70°C
10mA ICL8069M -55°C to +125°C
Lead Temperature (Soldering, 10SeC.) ..........c...c... 300°C

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(@ 25°C unless otherwise noted)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS

Reverse Breakdown Voltage I = 500uA 1.20 1.23 1.25 Vv
Reverse Breakdown Voltage Change 50uA < Ig<5mA 15 20 mV

) Ig = 50uA 1 2
Reverse Dynamic Impedance I = 5004A 0.6 > Q
Forward Voltage Drop I = 500uA 0.7 1 v

. 10Hz < f < 10kHz 5

RMS Noise Voltage In = 5004A m"
Breakdown Voltage
Temperature Coefficient:
ICL8069A Ig = 500uA .001
ICL8069B Ta = Operating -0025 %/°C
1CL8069C Temperature Range .005
1CL8069D (Note 2) .01
Reverse Current Range .050 5 mA

Note 1:

In normal use, the reverse voltage cannot exceed the reference voltage. However when plugging units into a powered-up test fixture,

an instantaneous voltage equal to the compliance of the test circuit will be seen. This should not exceed 20V.

Note 2:

T.C. from 25°C to -55°C, or 25°C to 125°C.

VOLTAGE CHANGE AS
A FUNCTION OF
REVERSE CURRENT

. OUTPUT VOLTAGE CHANGE (mV]
S

10uA 100.A 1mA 10mA
REVERSE CURRENT

REVERSE VOLTAGE AS A
FUNCTION OF CURRENT

10mA

TmA

100A

REVERSE CURRENT

10uA

Tuh
4 6 8 10 12 14
REVERSE VOLTAGE (V)

OUTPUT VOLTAGE (V)

For the military part, measurements are made at 25°C, -55°C, and 125°C. The unit is then classified as a function of the worst case

Typical Operating Characteristics

REVERSE VOLTAGE AS A

FUNCTION OF TEMPERATURE

1.245

1.240

1.235

1230

1225

1.220

1215

0 +26 +50 +75 +100 +125
TEMPERATURE (°C)

=50 -25

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied.
Maxim reserves the right to change the circuitry and specifications without notice at any time.
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General Description

The Maxim ICM7217 family of 4 digit presettable
up/down counters contain a 4 digit, 7 segment LED
display driver and a presettable comparison (predeter-
mining) register. The counter and comparison register
can be preset using either thumbwheel switches,
jumpers, or external digital logic.

The ICM7217 (common anode) and ICM7217A (com-
mon cathode) are decade counters with a maximum
count of 9999. The iICM7217B (common anode) and
ICM7217C (common cathode) are modulo 60 counters
intended for hours/minutes or minute/seconds timing
applications, and have a maximum count of 5959.

These devices also provide multiplexed BCD outputs, a
Carry/Borrow output allowing ICM7217s to be cas-
caded, a Zero output which indicates when the countis
equal to zero, and an Equal output which indicates
when the count is equal to the value contained in the
comparison register. The ICM7217 also has a Reset
input and a display latch with store input.

/WA X1 /VI

4 Digit (LED) Presettable

Up/Down Counter

Features

¢ Pin for Pin Second Source!

¢ 4 Digit Up/Down Counter

¢ Directly Drives LED Display

# Presettable Counter and Compare Register

¢ Interfaces with Thumbwheel Switches or
Digital Logic

& Can Be Cascaded

¢ Mulitiplexed BCD I/0

¢ Up/Down, Store and Reset Inputs

¢ Monolithic, Low Power CMOS Design

Ordering Information

. . PART TEMP. RANGE PACKAGE
Applications ICM72171J1 -20°C to +85°C 28 Lead CERDIP
The Maxim ICM7217 significantly reduces the number ICM72171PI -20°Cto +85°C 28 Lead Plastic DIP
of components required in many timing, counting and ICM7217AlJI  -20°C to +85°C 28 Lead CERDIP
frequency counter applications. ICM7217AIPI  -20°C to +85°C 28 Lead Plastic DIP
Typical applications include: ICM7217BIJI  -20°Cto +85°C 28 Lead CERDIP
. ICM7217BIPI -20°C to +85°C 28 Lead Plastic DIP
Predetermining Batch Counter -
Tachomator ICM7217CIJI_ -20°C to +85°C 28 Lead CERDIP
Over/Under Speed Detector ICM7217CIPI  -20°C to +85°C 28 Lead Plastic DIP
Count Down/Elapsed Timer
Unit Counter
Frequency Counter
Typical Operating Circuit Pin Configuration
Top View
CARRY O /7 SEGMENTS
ZERO O— F
o ! CARRY/BORROW E ® ~ amn
y ZERO[2 27] D2
ow:ﬁ:f & LED DISPLAY II II / / Il / / ’I EQUAL =] (26 03
o maxim el e — BCD 1/0 8'S (4} 25] D4
counTINpuUT | ICM7217 BCD 1/0 4'S [5] 2] V*
! ov* BCD /0 28 [6] +viAXiAn (23] DISPLAY CONT
STORE DISPLAY BCDI/0 I'S (7] /CM7217 23] SEG G
CONTROL COUNT OUTPUT (] /CM7217B [z1] SEG B
STORE [0} % GROUND
1 = U"/Wﬂ 09 19] SEG E
O] Froars LOAD REGISTER/OFF (1] 3] SEG F
= up LOAD COUNTER/I/0 OFF iz [17] SEG D
|—o/ SCAN [33] [16] SEG A
@ DowN RESET [3¢] [15] SEG C
Unit Counter

NAXIVI
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ICM7217

4 Digit (LED) Presettable

Up/Down Counter
ABSOLUTE MAXIMUM RATINGS

Supply Voltage ................. Temperature Range

Digit Output Current Operating .........ooviiie viiiiiii -20°C to +85°C
Power Dissipation Plastic Chip Carrier (Quad) Package (Q) ...... 0°C to +70°C
28PINCERDIP ...ttt 1.0w Storage ... -65°C to +160°C
derate 25mW/°C above 50°C Lead Temperature (Soldering, 10sec.) ................ +300°C

28 Pin Plastic (copper leadframe) ..................... 1.ow Segment Output Current .................cccovvuunn.. 100mA
derate 25mW/°C above 50°C Input Voltage (any terminal) (Note 1) ....... -0.3V to (V* +0.3V)

Note 1: The maximum input voltage may be exceeded if the maximum input current is limited to TmA.

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(V+ =5V* 10%, Tp = 25°C, test circuit, display diode drop = 1.7V, unless noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Current It Display Off, LC, DC, UP/DN, ST, 350 500 A
(Lowest Power Mode) (7217) RS, BCD 1/0 Floating or at vt (Note 2) s
Supply Current I Common Anode, Display On, all “8's” 175 200 mA
N

OPERATING Common Cathode, Display On, all “8's” 85 100 mA
Supply Voltage vt 4.5 5 55 \
Digit Driver Output Current e Common Anode, Vo1 = V* - 2.0V 140 200 prgaAk
SEGment Dri
utput Current. Ises | Common Anode, Voyr = +1.5V -20 -30 poak
Digit Driver Output Current Ibig Common Cathode, Vo1 = +1.0 -50 -70 prg;\k

EGment Dri
(S-,U%’Et Currone! lseq Common Cathode, Vot = V* - 2V 10 125 prg;\k
Digit and Segment
Leakage Current Lk LR Low -100 +100 KA
ST, RS, UP/DN Input
Low Voltage Vi 08 v
ST, RS, UP/DN Input
High Voltage Vi 24 v
ST, RS, UF/DN Input _yt_
Pullup Current lp Vout = V™ -2V (Note 2) 5 25 100 pA
Three Level Input Voltages LR, LC, DC, V* =5V

Input High ViNH 4.2 v

Input Floating VinF 2.0 27

Input Low VinL 0.8
Three Level Impedance ZN 100 kQ

+ _
BCD 1/0 Input High Voltage Vg | .Common Anode VT = 5.0v 8 v
Common Cathode V* = 5.0V v*-0.6 v
+ -
BCD /0 Input Low Voltage Vg, | COommon Anode VT = 5.0V o8 v
Common Cathode V* = 5.0V vt-18 v

BCD I/0 Pullup Current Veru Common Cathode V,y = V* - 2V (Note 2) 5 25 300 HA
BCD 1/0 Pulldown Current Vapp Common Anode Vi = +1.3V (Note 2) 5 25 300 HA
BCD I/0, CARRY/BORROW, .
ZERO, EQUAL Outputs lgon Vop=V" - 15V 1 mA
Output High Current
BCD 1/0, CARRY/BORROW,
ZERO, EQUAL Outputs lsoL Von = +0.4V -2 mA
Output Low Current

Note 2: The Up/Down, Store, Reset and BCD 1/0 as inputs have pullup or pulldown devices which typically draw 50uA each when
connected to the opposite supply.
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4 Digit (LED) Presettable
Up/Down Counter

ELECTRICAL CHARACTERISTICS ~
(V* =5V £ 10%, Tp = 25°C, test circuit, display diode drop = 1.7V, unless noted.) n
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS g
Count Input Frequency fin V* =5V £ 10%, -20°C < T < +70°C 0 5 2 MHz N
Count Input Threshold Vo VF =5V 0.8 2 35 v N
Count Input Hysteresis Viys vt =sv 0.5 \ =l
Count Input Leakage Iin -1 +1 LA ~
Display Multiplex Rate faux Not Loading 100 625 Hz
Loading 200 — 5000
Display Scan Free-running
Oscillator Frequency fos (SCAN Terminal Open Circuit) 2.5 kHz
Interdigit Blanking Time tigb 750 3000 ns
%prﬁ;)ztli'g?ure Range Ta Industrial Temperature Range -20 +85 °C

Pin Descriptions
PiN NUMBER

COMMON | COMMON

ANODE CATHODE PIN NAME FUNCTION

ICM7217 ICM7217A
ICM7271B ICM7217C
24 24 vt Positive Power Supply. 5V = 10%
20 19 GROUND Ground.
28,27,26,25 | 18,1716,15 D1,D2,03,D4 These Digit Drive outputs directly drive the anodes (ICM7217 and ICM7217B) or

the cathodes (ICM7217A and ICM7217C) of seven segment LED displays. D1 is
the rightmost or least significant digit.

16,21,15,17, 23,27,25,28 Segments A-G These Segment Drive outputs directly drive 7 segment LED displays. Current
19,18,22 22,26,21 limiting resistors are NOT required.
76,54 76,54 BCD I/0 1,2,4,8 During normal operation these pins are BCD outputs, whose data corresponds to

the count latched into the Store register. The data is multiplexed, digit by digit,
going from the most significant digit (1000's) to the least significant digit (1's).
The BCD data is valid approximately 6us before the leading edge of each digit
(rising edge of ICM7217/B digit outputs, falling edge of ICM7217A/C common
Cathode outputs). During Load Counter and Load Register operations, the BCD
1/0 pifis are inputs. BCD input data is latched by the trailing edge each digit
period during Load Counter and Load register operations. The BCD input voltage
levels are skewed to allow the use of thumbwheel switches connected to the digit
driver to load BCD data. A positive voltage level is an input logic zero for the
ICM7217A/C common cathode versions. *

8 8 COUNT Positive-going transitions of the COUNT input increment or decrement the
counter, except when RESET is low or a load counter operation is in progress.
The COUNT input is compatible with CMOS. TTL compatibility can be ensured
by using a 4.7 kilohm pullup resistor on the TTL output. The COUNT input has
500mV of hysteresis, allowing the use of slow risetime input signals.

9 9 STORE When STORE is low, the counter’s contents appear at the LED digit and segment
outputs, and at the BCD outputs. When STORE goes high, the current count is
latched into the display latch, and that latched data appears at the LED drive and
BCD outputs. Store has an internal 25uA pullup.

10 10 UP/DOWN The counter counts up with each rising edge of Count when UP/DOWN is high.
Conversely, the counter decrements with each rising edge of Count when
UP/DOWN is low. UP/DOWN must be set up 300 nanoseconds before the rising
edge of Count, and must be held stable for 750 nanoseconds after the rising edge
of Count. Transitions on UP/DOWN during the 750 nanoseconds after the rising
edge of Count may erroneously increment or decrement the upper counter stages.
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ICM7217

4 Digit (LED) Presettable
Up/Down Counter

Pin Descriptions

PIN NUMBER

COMMON
ANODE
ICM7217

ICM7271B

COMMON
CATHODE
ICM7217A
ICM7217C

PIN NAME

FUNCTION

14

14

RESET

Driving RESET low resets the counter to 0000. RESET does not clear the display
latch unless both RESET and STORE are low. Since the RESET operation is
performed by placing 0 on the internal BCD data bus and presetting all four
counter stages, simultaneous RESET and Load register operations will load 0000
into the comparison registers. To avoid erroneous loading of zeroes into the
comparison register, do not take RESET low unless LOAD REGISTER has been
low or floating for at least 5 milliseconds. The RESET input has an internal 25uA
pullup, but it should be actively driven or pulled up with an external 4.7 kilohm
when the ICM7217 is used in electrically noisy environments.

CARRY/BORROW

The CARRY/BORROW output is a short positive going pulse (typically 1us long)
that occurs at the 9999 to 0000 transition when counting up, and the 0000 to 9999
transition when counting down. The CARRY/BORROW output is used to drive the
COUNT input of a second ICM7217 in an 8 digit counter.

ZERO

This output is low whenever the counter’s contents are 0000, independent of the
display latch contents. The ZERO output is not valid during a load counter
operation (while LOAD COUNTER is high and for 5 milliseconds after LOAD
COUNTER was high).

EQUAL

This output is low whenever the counter’s contents equals the contents of the
comparison register. This output is not valid during Load Counter and Load
Register operations (while LOAD COUNTER or LOAD REGISTER is high, and for
5 milliseconds after either LOAD COUNTER or LOAD REGISTER was high).

13

SCAN

In most applications, the scan pin is left floating and the internal multiplex scan
frequency of 2500Hz is used. Connecting a capacitor between V' and the SCAN
pin lowers the multiplex oscillator frequency. If desired, the SCAN pin can be
externally driven. The internal digit multiplex counter advances with each
positive-going edge at SCAN, and the digit outputs are enabled only while the
SCAN pin is low. LED display brightness can be controlled by varying the duty
cycle at the SCAN input. The SCAN pin is internally disconnected and the
internal oscillator is used during Load Counter and Load Register operations.
This increases the scan frequency to 8kHz, reducing the time required for a load
counter or load register operation.

23

20

DISPLAY
CONTROL

This is a three-level input with internal 100 kilohm resistors which bias the pin to
2.5V when it is floating. Leading Zero Blanking is enabled when this pin is floated
or driven to 2.5V. Leading Zero Blanking is inhibited when this pin is connected to
Ground. The segment drivers are disabled and the LED display is blanked when
this pin is connected to V*. BCD outputs and digit outputs remain active.

1"

LOAD
REGISTER/OFF

This is a three-level input. Leave the pin floating or drive it to 2.5V for normal
operation. Connect the LOAD REGISTER/OFF pin to ground to put the ICM7217
into the shutdown mode. This puts the segments drivers, the digit drivers, and the
BCD I/0 into a high impedance state. The ICM7217 will continue to count
normally while in the shutdown mode. A high pulse (100ns minimum) starts the
LOAD REGISTER operation. The SCAN pin is disconnected from external circuitry
and the multiplex counter is reset to D4. The digits are then scanned in the
sequence D4, D3, D2, D1; and the internal comparison register is loaded with the
data present at the BCD 1/0 pins at the end of each digit period. At the end of the
D1 digit period, the LOAD REGISTER is still high. If thumbwheel switches are
connected as shown in Figure 1, the value on the thumbwheel switches is loaded
into the comparison register.

LOAD COUNTER/
1/0 OFF

The LOAD COUNTER/I/0 OFF pin is a three-level input. Leave it floating or drive
it to 2.5V for normal operation. Connecting LOAD COUNTER/1/0 OFF to ground
puts the BCD output into a high impedance state, but does not affect the LED
drive outputs. A high pulse (100ns minimum) starts the LOAD COUNTER
operation. The LOAD COUNTER operation presets counter contents to the value
on the thumbwheel switches (Figure 1), in the same manner as the load register
operation described above.
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4 Digit (LED) Presettable
Up/Down Counter

SYM. DESCRIPTION MIN TYP | MAX UNITS
tucs tuch tuc QP/DOWN setup 300 ns
T\ ST S time (min.)
UP/DOWN R —
(ICM7271 ONLY) XXX AR t UP/DOWN hold 750 ns
town towr uch | time (min.)
couN Y X7\ toun | COUNT pulse 100 | 250 | ns
high (min.)
tce 18w
COUNT pulse
CARRY/BORROW % ;L}; tou low (min.) 100 | 250 ns
F=tcer F1CEN COUNT to
__ tcs CARRY/ 750 ns
EQUAL BORROW delay
{7+ fozn CARRY/
R0 tew BORROW pulse 100 ns
width
COUNT to
- 'cel | EQUAL delay 500 ns
ICM7217/COUNT and Output Timing
t COUNT to 300 ns
ca ZERO delay
Typical Applications
Four Digit, Preset and Predetermining Counter Multiple Setpoints

The test circuits, Figures 1 and 2, are complete four
digit up/down counters with preset and predetermining
(comparison) capability. Momentarily pressing the Load
Counter switch will preset the counter to the number
set into the thumbwheel switches. Similarly, momen-
tarily pressing the Load Register switch will load the
predetermining or comparison register with the number
set into the thumbwheel switches.

When the Store switch is closed, the displayed count
follows the counter. Opening the Store switch “freezes”
the display at the current count. Closing the Reset
switch at any time clears the counter to 0000.

The ZERO output goes low whenever the counter
content is 0000, and the EQUAL output goes low
whenever the count reaches the value in the predeter-
mining or comparison register.

Eight Digit Counter

The CARRY/BORROW output is used to cascade two 4
digit counter sections to form an eight digit counter. If
leading zero blanking is desired, drive the Display
Control pin of the least significant ICM7217 with an
NPN transistor whose base is connected to the Zero
output of the most significant ICM7217.

VAKXV

Analog switches such as the CD4066 can drive the
BCD I/0 pins. In Figure 3, the number set on thumb-
wheel switch A is loaded into the comparison register,
the number on thumbwheel switch B presets the
counter.

Trailing Zero Display

In some applications leading zero blanking is desired,
but a count of 0000 must result in a display of asingle 0
in the rightmost digit. Figure 4 performs this task by
driving Display Control to the “disable leading zero
blanking” state whenever digit D1 is active.

Batch Counter or Divide by N Counter

The circuit of Figure 5A will put out a pulse each time
the count reaches the number loaded into the compari-
son register.

RESET is taken low each time the count reaches the
preset number, resetting the counter to 0000. The AND
gate is used for feedback to RESET, since a simple RC
circuitcan “lockup” if the comparison register is loaded
with 0000.

Figure 5B is a similar circuit, except that the counter
countsdown, and is preset each time the count reaches
zero. Since the Load Counter (preset) operation may
take as long as 5 milliseconds, this circuit should be
used only with signals of 12,000 counts per minute
(200Hz) or less.
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ICM7217

4 Digit (LED) Presettable
Up/Down Counter

COMMON ANODE
DISPLAY —_——
a A
888| —
c
DETAIL DRAWING ~ :
OF THUMBWHEEL SWITCH ¢
AND DIODES lna 0 Joz |01 b—s
COMMON ANODE DISPLAY -
T0D4 STROBE  TO D1 STROBE
THUMB-
— WHEEL
SWITCHES cARRY —{ 1 2
TR —] 2 7
u i frz Im FQUAL —] 3 %
BCD 1/0 85 —] 4 %
INa148 Yi3 BCD 1/0 4's —| 5 )
Y|y B0 1/0 75 — 5 maxim B
BCD 1/0 s — T cmror 2
COUNT INPUT —1 8 2
5|, /cmr2i78 BT
[ UP/DOWN
o 19
¥ n 18
NEEEY I
T0 BCD INPUTS 1o}
OF 7217, 72178 5
I OT

X | Y
— —o— U
T 7

Figure 1. Basic Up/Down Counter with Common Anode LED Display.
COMMON CATHODE
DISPLAY I
2 & ———
f b [ R —
[] c —
O TAMOWAERL SWITCH d f
AND DIODES lna 03 [02 [m b
> d
COMMON CATHODE DISPLAY
TOD4 STROBE  TO D1 STROBE
THUMB-
- WHEEL
SWITCHES CARRY —{ 1 ]
TER0—]2 27
04 f03 o2 jo0 Equat —{3 %
BCO 1/0 8s —] 4 %
1N4148 BCO 1/0 4's —| 5 2
BCD 1/0 2's — 6 maxim 23
BCD /0 1's —] T jcM7217A 2
COUNT INPUT =18 IcMm7217C¢ A
St 2
UP/DOWN 10
m 19
n 18
\ ‘ J |7
T0 BCD INPUTS 16
OF 7217A, 7217C 5
9P
il e
5 — DISPLAY
= CONTROL
T 7

Figure 2. Basic Up/Down Counter with Common Cathode LED Display.
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4 Digit (LED) Presettable
Up/Down Counter

D1-04
o FROM
o N\ icmr217
m |02 o3 |4 o |0z [o3 o4
o 4066 OR
COUNTER
4016 ! 4 8 |n 1 4 8 |n
0 ICM7217 13 13
LOAD COUNTER l 5 5 4086
01 uF 220k 6 ] OR 4016
12 12
= 2 |3 s |w 2 |3 |8 |
LOAD
cuﬂ?sn REGISTER
THUMBWHEEL 8 B 8 B ~e—— THUMBWHEEL
SWITCH SWITCH
BV B A
Kmn t....zx# *....1;%
REGISTER
T0 ICM7217 T ~i “é m‘caes 1N4148
LOAD REGISTER L] J_ {16 PLACES)
01 uF 2060
1
= 2|
- IcmM7217
4 | Bcoio
8
Figure 3. Multiple Thumbwheel Switches
v
100k
FROM T
1CM7217/8 1CM7217/8
m:'za DISPLAY CONTROL
0.001 .F 1/6 PIN 23
T wem
47 pF
(A) Common Anode (A) Up Counter
FROM N4148
ICM7217A/C 24 ! ICM72I7A/C
P‘I'J‘lm DISPLAY CONTROL 1N4148
PIN 20 — U]
0001 uF I 41‘;:0 ZERD O P COUNTER
(B) Common Cathode (B) Down Counter

Figure 4. Trailing Zero Display

MAXI/V

Figure 5. Connections for Divide-By-N Batch Counters.
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ICM7217

4 Digit (LED) Presettable
Up/Down Counter

Application Hints

1. Use a minimum of 47uF in parallel with a 0.1uF
ceramic bypass capacitor between V* and ground,
in the immediate vicinity of the ICM7217. This
bypassing is required to reduce the power supply
ripple created by the high current multiplexed LED
drive signals.

2. Use the Common Anode versions (ICM7217 and
ICM7217B) where the brightest LED display is
desired.

3. The SCAN pin can be used to control digit sequen-
cing while reading BCD output data with a micro-
processor, but the SCAN pin is disconnected and
the multiplex rate is increased to 2kHz during the
load register and load counter operations.

4. Load counter and load register operations continue
for up to 5 milliseconds after the LOAD COUNTER
or LOAD REGISTER pin has returned to the floating
state. During this 5 millisecond period, RESET will
load a zero into some or all of the digits of the
counteror register. EQUALS and ZERO are not valid
during this loading period, and the counter is
inhibited during the load counter operation.

5. If the UP/DOWN input changes state during the
750ns after a positive transition at COUNT, the upper
digits of the counter may be erroneously incremented
ordecremented. This is caused by the transmission
of erroneous carry/borrow signals to adjacent digits
when major bit changes occur in a digit counter
coincident with an up/down input transition.

Pin Configuration

Top View

CARRY/BORROW (7]® [75] SEG D

ZERO (2] [27) SEG B

EQUAL [3] [26] SEG F

BCD 1/0 8'S (4] [25]SEG C
BCD 1/0 4'S [5] 2 v

BCDI/02S (6] maxim [23)SEGA

BCDI/0 I'S[7] /CM7217A [22]SEGE

COUNT OUTPUT [&] /CM7217C [21) SEG 6

TORE [5] [20] DISPLAY CONT
UP/DOWN [io] [15] GROUND

LOAD REGISTER/QFF (31] (18] D1
LOAD COUNTER/I/0 OFF iz} [17] D2
SCAN (i3 36103
RESET [i¢ [151D4

6. Ifthe 200ns STORE highto RESET low setup time is

not met, RESET may clear some of the bits in the
display latch.

7. Datacannotbetransferred directly from the counter

tothe comparison register. Use a 74C915 7-segment-
to-BCD reverse decoder between the segment out-
puts and the BCD inputs.

V- - 5V —9 V--5v
L
35 =
]
04
i 3
w2
MAXIVI 31
LCD DISPLAY
o v n
3t
EEEl =B E
2 5],.
0B2 4s
228 e |28 b12s ocj&
2 7], 2
28 SEGMENTS 080 Y axim
AND BACKPLANE or 8| Tomzizz L
smnel—g M g :;
up/oN -4 5] L
REseT 4] a2
A X
IN4148
{16 PLACES)
) O O O -
‘V‘VAV
M
oy
Figure 7. LCD Interface using ICM7211
W
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General Description

The Maxim ICM7218 display driver interfaces micro-
processors to an 8 digit, 7 segment, numeric LED
display. Included on chip are two types of 7 segment
decoders, multiplex scan circuitry, segment and digit
drivers, and an 8X8 static memory.

The ICM7218A and ICM7218B accept data in a serial
format and drive common anode (ICM7218A) or com-
mon cathode (ICM7218B) displays. The ICM7218C
and ICM7218D accept data in a parallel format and
drive common anode (ICM7218C) or common
cathode (ICM7218D) displays. All four versions
can display the data in either hexadecimal or code B
format. The ICM7218A and ICM7218B also feature
a No Decode mode where each individual segment
can be independently controlled. This is particularly
useful in driving bar graphs.

VA X1 /W

8 Digit LED Display Driver

* & o o 2

L 4

Improved 2nd Source! See 3rd page of this data
sheet for our “Maxim Advantage™”

Faster Access Time: 200ns Write Pulse Width
Microprocessor Compatible
Hexadecimal and Code B Decoders

Individual Segment Control with “No Decode”

Feature

Digit and Segment Drivers On-Chip

Common Anode and Common Cathode LED
versions available

Low Power CMOS

Ordering Information

Features

Applications
PART TEMP. RANGE PACKAGE
, ICM7218AIPI -20°C to +85°C 28 Lead Plastic DIP
Instrumentation ICM7218AIJI  -20°C to +85°C __ 28 Lead CERDIP
Test Equipment ICM7218BIPI  —20°C to +85°C __ 28 Lead Plastic DIP
Hand Held Instruments ICM7218BIJI _ -20°C to +85°C__ 28 Lead CERDIP
Bargraph Displays ICM7218CIPI _ -20°C to +85°C __ 28 Lead PlasticDIP
Panel Meters ICM7218CIJI  -20°C to +85°C 28 Lead CERDIP
ICM7218DIPI -20°C to +85°C 28 Lead Plastic DIP
ICM7218DIJI _ -20°C to +85°C 28 Lead CERDIP
Typical Operating Circuit Pin Configuration
Top View
[ T T V7T T T
NIyl
/AR RI RV R A U,
I S S S S SEGC [T]e 28] GROUND
.- SEG E [Z] F27] SEG A
+5y +5¢ SEG B (3] [26] SEG G
| | e[ [75] SEG D
ID6 (HEXA/COBE B) [5] [20] SEG F
':I ID5 (DECODE) [5] 23] DIGIT 3
D7 (DATA COMING) [T] A1AX1m [22] DIGIT 6
== WRITE (2] /cM72184 [TIDIGIT T
— AMAXIMN MODE [9] [ 20] DIGIT 4
| 8048 ICM7218A ID4 (SHUTOOWN) [0 ] v+
1cM72188 | gmarrs 101 [0} [18] DIGIT 8
= 100 [ 7] DIGIT 5
— D2 (@ 5] DIGIT 2
INPUT { — R — 103 (12 (5] DIGIT 1
T T2
8 Digit Microprocessor Display

The "Maxim Advantage™signifies an upgraded quality level. At no additional cost we offer asecond-source device that is subject to the following: guaranteed
performance over temperature along with tighter test specifications on many key parameters; and device enhancements, when needed, that result in improved

performance without changing the functionality.
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ICM7218

8 Digit LED Display Driver

ABSOLUTE MAXIMUM RATINGS

Supply Voltage ...t 6V Power Dissipation (28 Pin Plastic

Digit Output Current ...............ccoviviienn.. 500mA with Copper Leadframe) ................. 1.0W (Note 2)

Segment Output Current ...........ccvvvnuen.. 100mA Operating Temperature Range .......... -20°C to +85°C

Input Voltage (any terminal) ..... V*+ 0.3V to GND -0.3V Storage Temperature Range ............ -65°C to 160°C
(Note 1) Lead Temperature (Soldering, 10sec) ........... 300°C

Power Dissipation (28 Pin CERDIP) ....... 1.0W (Note 2)

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS
(V' =5V +10%, T, = 25°C)

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNITS
Operating Voltage vt Power Down Mode 4 oo
2
Quiescent Supply Current la Shutdown (Note 3) 6 uA
Operating Supply Current lop Decoder On, Outputs Open Ckt 250 pA
No Decode, Outputs Open Ckt 200 450 pA
Lt Dri Common Anode Vg1 = V' - 2.0V mA
Digit Drive Current ois Common Cathode Vg1 = V™ + 1V mA
Digit Leakage Current IpLk 100 uA
; Common Anode Vot =V~ + 1.5V 25 mA
Peak Segment Drive Current lseg Common Cathode V7 = V" - 24 mA
Segment Leakage Current Isik 50 uA
Display Scan Rate frmux Per Digit 250 Hz
Three Level Input
Logical “1” Input Voltage VinH 4.0 \
Floating Input Vine 2.0 3.0 \Y
Logical “0” Input Voltage Vine 1.75 A
Three Level Input Impedance Zin 100 kQ
Logical “1” Input Voltage 3.5 v
Logical “0” Input Voitage 0.8 \
Write Pulse Width (Negative) 21§A B 550 400 ns
Write Pulse Width (Positive) ' 550 400 ns
Write Pulse Width (Negative) « 7218C. D 400 250 ns
Write Pulse Width (Positi ’ 400 250 ns
Mode Hold Time 7218A, B 150 ns
Mode Pulse Width t, 7218A, B 500 ns
Data Set Up Time tgs 500 ns
Data Hold Time tan 25 ns
Digit Address Set Up Time taas ICM7218C, D 500 ns
Digit Address Hold Time tgan ICM7218C, D 100 ns
Data Input Impedance Zin 5-10pF Gate Capacitance 100 Ohms

Note 1: Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage
greaterthan V* or less than GROUND may cause destructive device latchup. For this reason it is recommended that no inputs from
sources operating on a different power supply be applied to the device before its own supply is established, and when using
multiple supply systems the supply to the ICM7218 should be turned on first.

Note 2: These limits refer to the package and will not be obtained during normal operation. Derate above 50°C by 25mW per °C

Note 3: Inthe ICM7218C and D (random access versions) the Hexa/Code B/Shutdown Input (Pin 9) has internal biasing resistors to hold it
atV'/2when Pin 9is open circuited. These resistors consume power and result in a Quiescent Supply Current (1) of typically 50uA.
The ICM7218A and B devices do not have these biasing resistors and thus are not subject to this condition.

The electrical characteristics above are a reproduction of a portion of Intersil's copyrighted (1983, 1984) data book. This information does not constitute any

representation by Maxim that Intersil’s products will perform in accordance with these specifications. The Electrical Characteristics Table along with the
descriptive excerpts from manufacturer's data sheet have been included in this data sheet solely for comparative purposes
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8 Digit LED Display Driver

¢ 200ns Write Pulse Width ¢ Guaranteed Interdigit Blanking Time
¢ Zero Hold Time - Mode, Data and Address ¢ Increased LED Display Drive Current
¢ Single Digit Update Mode ICM7218A, B ¢ Improved ESD Protection (Note 4)

¢ Maxim Quality and Reliability
ABSOLUTE MAXIMUM RATINGS: This device conforms to the Absolute Maximum Ratings on adjacent page.

ELECTRICAL CHARACTERISTICS
V' =5V £ 10%, Ta = 25°C

PARAMETER SYMBOL CONDITIONS MIN. TYP MAX. | UNITS
Operating Voltage v* Data Retention g 6 ://
ICM7218A, B 5 300 uA
Shutdown Supply Current la ICM7218C, D (3 level input open) 25 300 uA

Decoding all 8's and D.P’s, driving display

Common Cathode, Vor =

Shutdown, V* = 5V
Digit Leakage Current Ipik Common Anode, Vo1 = 0V -10 -100 pA
Common Cathode, Vgt = 5V 10 100 nA
: Common Anode, V =1 5V 20 30 mA
Peak Segment Drive Current lseg Common Cathode, OVUCZUT V- 2.0V 210 20 mA

Shutdown, V* =5V
Segment Leakage Current IsLk Common Anode, Vourt = 5V -1 -50 nA
Common Cathode Voyr = 0V 1 50 uA

Pin 9, ICM7218 C, D only, V* = 5V
Input “high” voltage
Floating Input
Input “low” voltage

Input High Voltage Vin
Input Low Voltage Vi All inputs except pin 9 of ICM7218C, D

Write Pulse Width (High) —_

Three Level Input

Note 4:  All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V (Mil Std 883B Method 3015.1 Test Circuit).
Note 5: This specification replaces the original manufacturer’s separate specifications for data, address, and mode inputs.
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ICM7218

8 Digit LED Display Driver

Package Information

}._ _ 14 *_.i 0025 1.490
% l' 5751 L ':A:n R {0635 |T,.. T | r [Tssz MAX GLASS
—F RAD )
0600 - 0620 054 + 0.005 S 0530 - 0550
{15.240 - 15.748) {3120 % 0172 86°-04° {13462 - 13970)
0030 |: 0590-0620  TYPq | oo 1
1%631 bbbl o100 0010 (14986 - 15.748] 169 'I;u“;;u‘l'o“““““ 25 GLASS SEALANT
* . -
n 08" o | [ esezom™ ‘“’“’ #s0z da ™ [ ases i
s . ot
o4 50 I—t
| ﬁ‘; e v s
0.050 + 0.015 0150 £ 0.005 0.008 - 0012 ", 320 7
025 +0.025 —-{ (12710 0.38) 380z 0127) 0! 'gg 0685+ 0025 (0203 - 0.305] lﬁ!ﬂll MIN
-0.015 0w ago ) {0.508) Sﬂﬂl {17389 + 0.635)
— 86°- 94° TYP 0.018 + 0.003 MIH 0.055 + 0.005 L 0.048 - 0.055
15875 29357 %) o009 - omis {0457z 0.076] (1397 £ 0127) 0.060 - 0100 1.219-1.397)
0229-10318) e (1524 - 2540
28 Lead Plastic (Pl) with Copper Leadframe 28 Lead Cerdip (JI)
0,, = 60°C/W 0,4 = 55°C/W
Pin Configurations
Top View
28 Pin DIP 28 Pin DIP
SEGC [T]e N~ 28] GROUND DiGIT4 [T ]e e [ 28] GROUND
SEGE 2] [27] SEG A DIGIT6 [2] [ 27] DIGIT 7
SEGB [T ] [26] SEG 6 DIGIT3 [3] [26] DIGITS
0p 2] 5] SEG D DiGIT 1 [@] [75] DI6IT 2
1D6 (HEXA/CODE B) [5 | % SEGF 106 (HEXA/CODE B) [5 [72] DIGIT8
105 {DECODE) [ 6| 73] Di6IT 3 105 (DECODE) [© | [ 23] SEG G
107 (DATA COMING) [T] MIAXIAA [77] DIGIT 6 107 (DATA COMING) [T] MIAXIVI [22] SEGF
WRITE [8] /CM7218A [Z1] DIGITT WRITE [B] /CM7218B [Z1] SEGE
MoDE [7] [20] DIGIT 4 MoDE [9] [20] SEGC
1D4 (SHUTDOWN) [10] [To] v* 104 (SHUTDOWN) [10] (193] v*
101 07} (18] DIGIT 8 101 [17] (18] SEG D
100 [7Z] [17] DIGIT 5 100 (02 7] SEG B
102 13} 6] DIGIT 2 102 (03] [16] SEG A
103 [12] % DIGIT 1 103 [12] [15] op
28 Pin DIP 28 Pin DIP
secC[T]e ~ [28] GROUND DIGIT4 [T )e ~ [ 28) GROUND
SEGE 2] [27] se6 A 0I6IT6 2] [27] oigiT 7
SEGB [ 3] [ 26] SEG G 0IGIT3 (3] [26] DIGITS
0P [@] [25] SEG D DIGIT 1 [4] [ 25] DIGIT 2
DAO (DIGIT ADDRESS 0) [5} [22] se6 F DAO (DIGIT ADDRESS 0) [5 ] [22] oiciT 8
DAT (DIGIT ADDRESS 1) [6| (23] DIGIT 3 DAT (DIGIT ADDRESS 1) 8 | 23] SEG G
107 (INPUT OP) [T] +MAXI/M [22] DIGIT 6 107 (INPUTBP) [T] MAXIM [77] segF
WRITE (8] /cMm7218c [ oiGIT7 WRITE (B8] /CM7218D [21] SEGE
HEXA/CODE B/SHUTDOWN [0 ] [ 70] 0iGIT 4 HEXA/CODE B/SHUTDOWN [0 | [20] SEG C©
DA2 (DIGIT ADDRESS 2) (10} 9] v* DAZ (DIGIT ADDRESS 2) [T0} 19] v*
01 [0} [78] 0i6iT 8 101 (7] [18] SEG D
100 2] [17] oieiT 5 100 [0z} [17] SE6 B
102 [13} [76] DiGiT 2 102 [13] [76] SEG A
103 [14] (5] 0i6IT 1 103 (14} 5] 0p

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied.
Maxim reserves the right to change the circuitry and specifications without notice at any time.
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42 Digit Counter/Decoder/Driver

General Description

The Maxim ICM7224(LCD) and ICM7225(LED) are
high speed 4% digit counters, featuring segment
decoders, leading zero blanking, store and reset inputs,
and a carry output that allows cascading of 8 or more
digits. The ICM7224 directly drives a non-multiplexed
liquid crystal display(LCD). The ICM7225 has 29 con-
stant current outputs for driving a non-multiplexed
common anode LED display.

These counters operate with inputs from DC to 25MHz
while using only 10uA of supply current. A Schmitt
trigger on the countinput ensures reliable operation in
noisy environments and in applications with slowly
varying inputs.

The ICM7224 and ICM7225 are available in a 44 lead
plastic chip carrier package in addition to the standard
40 lead plastic DIP.

Applications

Unit Counter
Frequency Counter
Tachometer

Hour Meter
Totalizer

Pin Configuration

Top View

V+([1] e ~ 4] D1

E1[Z 39] C1

61 ] [38] B1

F1 [} [37) Al

*(BRT) BP [E] [35] OSCILLATOR (GNDJ*

A2 [E [35] GND

B2 [T [34] STORE

€2 3] [33] RESET

D2 E VAKXV E COUNT

E2 (o] /CM7224 [31] COUNT INHIBIT
G2 0] (/CM7225) [3m] LZB OUT

F2 [29] LZB IN

A3 @ (28] CARRY

B3 [14] [27] '-DIGIT

€3 (15} 1 76] F4

03 (6] [25) G4

E3 (07} (22 E4

G3 (i8] (23] D4

F3 (19} 22] C4

A4 [20] 21184

*Note:

PIN ICM7224 1CM7225
# FUNCTION FUNCTION
5 Backplane Brightness
36 Oscillator Ground

Features

*

Improved 2nd Source! (See 3rd page for “Maxim
Advantage™”).

High Speed Up Counter: 25MHz Typ.
Leading Zero Blanking
Can Be Cascaded for 8 or More Digits

STORE and RESET Inputs for Frequency
Counter Applications

On-Board Oscillator to Provide Backplane
Frequency (ICM7224)

¢ Brightness Control Input (ICM7225)
¢ Low Power CMOS

* & & o

*

Ordering Information

PART TEMP. RANGE PACKAGE
ICM7224IPL  -20°C to +85°C 40 Lead Plastic DIP
ICM7224CQ 0°Cto +70°C 44 Lead Plastic Chip Carrier
ICM7224C/D  0°Cto +70°C  Dice
ICM7225IPL  -20°C to +85°C 40 Lead Plastic DIP
ICM7225CQ 0°C to +70°C 44 | ead Plastic Chip Carrier
ICM7225C/D  0°Cto +70°C  Dice

Typical Operating Circuit

See Last Page for 44 Lead Chip Carrier Pin Configuration.

T 1
S V—
bS

- NO
EEEE £
= i ot ReseT
|— COUNT IN
MNMAXKIN _O\OFUSE_-‘
1CM7225 {CLOSED)
| = LZB
INHIBIT
(CLOSED)

COMMON-ANODE
LED DISPLAY

Unit Counter

The “Maxim Advantage™" signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the following:
guaranteed performance over temperature along with tighter test specifications on many key parameters; and device enhancements, when needed, that result

in improved performance without changing the functionality.

VAKXV
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ICM7224/7225

4'2 Digit Counter/Decoder/Driver

ABSOLUTE MAXIMUM RATINGS

Supply Voltage ...ttt 6.5V Operating Temperature Range
Input Voltage (any terminal, Note 1) ......... -0.3Vto V* +0.3V Plastic Package (IPL) ..............cccunne -20°C to +85°C
Power Dissipation Plastic Chip Carrier (Quad) Package (Q) -.... 0°C to +7G6°C
40Lead Plastic Dip ...cocvviiiiiiiiiiiiiiiiii i 1w Storage Temperature Range ................ -65°C to +160°C
(derate 10mW/°C above 25°C.) Lead Temperature (Soldering, 10seC.) ................ +300°C
44 Lead Plastic Chip Carrier .........ccooiieviiiian. 1w
(derate 10mW/°C above 25°C.)
Note 1: The input voltage may exceed this rating if the input current is limited to TmA.

Connecting any terminal to a voltage greater than V+ or less than Ground and exceeding TmA input current may activate the
parasitic SCR inherent in the junction isolated CMOS process, causing destructive device latchup. For this reason, it is
recommended that no inputs from sou