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Data Sheet

~3/4 Digit, Autoranging Multimeter

he Intersil ICL7 149 is a high performance, low power,
utoranging digital multimeter 1C. Unlike other autoranging
wltimeter ICs, the ICL7149 always displays the result of a
anversion on the correct range. There is no “range hunting”
oliceable in the display. The unit will autorange between the
wir different ranges. A manual switch is used to select the 2
igh group ranges. DC current ranges are 4mA and 40mA in
he low current group, and 400mA and 4A in the high current
froup. Resistance measurements are made on 4 ranges,
vhich are divided into two groups. The low resistance
anges are 4/40k(. The high resistance ranges are
L414AMGQ. Resolution on the jowast range is 15

Ordering information
TEMP.

PART NUMBER | RANGE (°C)| PACKAGE PKG. NO.
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ICL7149

September 2000 Fife Number 323088.2

Features

+ 18 Ranges

- 4 DC Voltage 400mV, 4V, 40V, 400V
2 AC Voitage with Optional AC Circuit
- 4 DC Current 4mA, 40mA, 400mA, 4A
- 4 AC Current with Optional AC Gircuit
- 4 Resistance 4kQ, 40k(2, 400k€2, 4MQ

*+ Autoranging - First Reading is Always on Correct Range

« On-Chip Duplex LCD Display Drive Including Three
Decimal Points and 11 Annunciators

= Noe Additional Active Components Required

* Low Power Dissipation - Less than 26mW - 1000 Hour
Typical Battery Life

« Display Hold input

+ Continuity Output Drives Piezoslectric Beeper

» Low Battery Annunciator with On-Chip Detection

* Guaranteed Zero Reading for 0V lnput on Al Ranges

Related Literature

+ Technical Brief TB363 “Guidelines for Handling and
Processing Moisture Sensitive Surface Mount Devices
(8MDs)”
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ICL7149

Absolute Maximum Ratings

Supply Voltage (V+to V=), .. .. ... ... ...
Reference Input Voltage {(Vpee to COM). . . . ..
Analog Input Current (IN + Current or IN + Voltage) ... .. ... 100pA
Clock Input Swing .. ... ... ...

Operating Conditions

TemperatureRange. . ....................

Thermal information
Thermal Resistance (Typical, Note 1)

v MQFP Package .. ... e

Maximurn Junction Temperature

------- V+ioV+ 3 Maximum Storage Temperature Range. .........
Maximum Lead Temperature (Soldering 10s) .. ...
(Lead Tips Only}
...... 0°C 1o 70°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damege to the device. This is a siress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this spacification s not implied.

NOTE:

1. 6,4 is measured with the component mounted on a low effective thermal condudtivity test board in free air. See Tech Brigf TB379 for details.

Electrical Specifications v+ =9V, T, = 25°C, Vrer adjusted for -3.700 reading on DC volts, test circuit as shown in Figure 3. Crystal =
120KkHz. (See Figure 13)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Zero Input Reading Vi of iy or Ry = 0.00 -00.0 - +00.0 V. 1,0
Linearity (Best Straight Line) (Note 6) {Nate 1) -1 - +1 Counts
Accuracy DC V, 400V Range Only (Notes 1 and 7) - - +1 % of RDG +1
Accuracy DC V, 400V Range Exciuded {Notes 1and 7) - - +0.30 % of RDG +1
Accuracy Q, 4K and 400K Range {Notes 1 and 7) - - 0.75 % of RDG 18
Accuracy Q, 4K and 4M Range {Notes 1 and 7} - - 1 % of RDG +9
Accuracy DC 1, Unadjusted for Full Scale {Notes 1 and 7} - - +0.75 % of RDG *14
Accuracy DC |, Adjusted for Full Scale {(Notas 1 and 7) - 0.2 - % of RDG +1
Accuracy AC V At6QHz (Notes Sand 7} - 2 - % of RDG
Open Circuit Voltage for {2 Measurements Runknown = Infinity - VReF - v
Noise Vin =0, DC V {Note 2, 95% of Time) - 0.1 - LSB
Naise Vin =0, AG V (Note 2, 95% of Time) - 4 - LSB
Supply Current Viy = 0. DC Voltage Range - 15 24 mA
Anzlog Common (with Respect to V+) lcommon < 101A 27 28 31 v
Temperature Coefficient of Analog Common IcoMMon < 10A, Temp. = 0°C To 70°C - -100 - ppm/°C
Cutput Impedance af Analog Common leomMmon < 10sA - 1 10 Q
Backplane/Segment Drive Voltage Average DC < 50mv 28 3.0 32 v
Backplane/Segment Display Frequency - 75 - Hz
Switch Input Cumrent ViN = V+ to V- (Note 3) <50 - +50 LA
Switch Input Levels (High Trip Paint) V+-05 - V¥ \Y
Switch Input Leveis (Mid Trip Point) V-+3 - V+-25 \'
Switch input Leveis {Low Trip Point) V- - V-+05 v
Beeper Qutput Drive (Rise or Fall Time) Cioap = 10nF - 25 100 ns
Beeper Cutput Frequency - 2 - kHz
Continuity Detect Range = Low {3, VRgg = 1.00V - 1.5 - 4]
Power Supply Functionat Operation V+ 10 V- 7 9 11 v
Low Battery Detect V+ to V- (Note 4) 6.5 7 75 v

NOTES:

1. Accuracy is defined as the worst case deviation from ideal input value including: offset, linearity, and roliover error.
2. Noise is defined as the width of the uncertainty window (where the display will flicker) between two adjatent codes.
3. Applies to pins 25-28.
4. Analog Common fails out of regulation when the Low Battery Detect js asserted, however the ICL7149 will continue to

operate comectly with 2 supply voltage above 7V and below 11V.

. For 50Hz use a 100kHz crystal.
. Guaranteed by design, not tested.
. RDG = Reading.
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ICL7149

Timing Waveform
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FIGURE 1. LINE FREQUENCY CYCLES {1 CYCLE = 1000 INTERNAL CLOCK PULSES = 2000 OSCILLATION CYCLES}

Pin Descriptions

o PIN NUMBER DESCRIPTION Vo PIN NUMBER DESCRIPTION
o) 1 Segment Driver Ay/Dy O 24 Beeper Output
0 2 Segment Driver Go/Ep | 25 mA/uA
Q 3 Segment Driver Fo/DP5 1 26 IVIA
O 4 Segment Driver B3/Cy [ 27 HiQDC/lo Q2 AC
(o] 5 Segment Driver ADG4/Eg 1 28 Haid
o] 6 Segment Driver POL/AC O 29 Oscillator Out
N/A 7 Ne Connect {(NC) 1 30 Oscifiator In
o) 8 Backplane 2 o} 31 Segment DRIVER k/im
Q 9 Backpiane 1 O 32 Segment Driver /A
! 10 V+ o 33 Segmaent Driver M Q/uA
N/A " NC [a) 34 Segment Driver Lo Bat/V
1 12 V- N/A 35 NC
1 13 Reference Input o} 36 Segment Driver Bp/C
o 14 Lo Q (s} 37 Segment Driver Ag/Dg
(o] 15 HiQ 0 38 Segment Driver Gp/Ep
[le] 16 Deintegrate a] 39 Segment Driver Fg/DP4
Vo 17 Anaiog Common 0 40 Segment Driver B4/C4
| 18 ntt o 41 Segment Driver Aq/D4
] 19 Int VI (0] 42 Segment Driver G¢/E4
i 20 Triple Point 0 43 Segment Driver F4/DP5
i 21 Auto Zero Capacitor (Caz) 0 44 Segment Driver Bo/Co
I 22 Integrate Capacitor {Ciyy) NOTE: For segment drivers, segments are listed as (segment for
N/A 23 NG backpiane 1}/(segment for backpiane 2). Example: pin 36; segment

By is on backplane 1, segment Cq is on backplane 2.
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ICL7149

Detailed Description

General

The Functional Block Diagram shows the digital saction
which includes alt control logic, counters, and display drivers.
The digital section is powered by V+ and Digital Common,
which is about 3V below V+._ The oscillator is also in the
digital section. Normally 120kHz for rejection of 80Hz AC
interference and 100kHz for rejection of 50Hz AC should be
used. The oscillator output is divided by two to generate the
internal master clock. The analog section contains the
integrator, comparator, reference section, analog buffers,
and several analog switches which are controlied by the
digital logic. The analog section is powered from V+ and V-.

DIGIT 3 2 1 0
gt o A
BA bkn Mo
=g .4 8.8
% f

DP3 DP2 DP1
FIGURE 2. DISPLAY SEGMENT NOMENCLATURE

DC Voltage Measurement

Aufozero

Only those portions of the analog section which are used
during DC voltage measurements are shown in Figure 3. As
shown in the timing diagram (Figure 1), each measurement
starts with an autozero (AZ) phase. During this phase, the
integrator and comparator are configured as unity gain buffers

and their non-inverting inputs are connected to Gammon. The
output of the integrator, which is egual to its offset, is stored on
Caz - the autozero capacitor. Similarly, the offset of the
comparator is stored in Cyy1. The autozero cycle equals 1000
clock cycles which is one 60Hz line cycle with a 120kHz
oscillator, or one 50Hz line cycle with a 100kHz oscillator.

Range 1 Integrate

The ICL7148 performs a full autorange search for each
reading, beginning with range 1. During the range 1 integrate
period, internal switches connect the INT V/82 terminal to the
Triple Point (Pin 20). The input signal is integrated for 10 clock
cycles, which are gated out over a period of 1000 clock cycles
to ensure good normal mode rejection of AC line interference.

Range 1 Deintegrate

At the beginning of the deintegrate cycle, the polarity of the
voltage on the integrator capacitor (Cyyy) is checked, and
either the DEINT+ or DEINT- is asserted. The integrator
capacitor Cyyt is then discharged with a current equal to
VRErF/RpEINT- The comparator monitors the voltage on Ciy-
When the voltage on Cyyy is reduced to zero (actually to the
Vos of the comparator), the comparator output switches, and
the current count is latched. if the Cyyt voltage zero-crossing
does not occur before 4000 counts have elapsed, the
overload flag is set. "OL (overioad) is then displayed on the
LCD. ¥ the latched result is between 360 and 3999, the count
is transferred to the output latches and is displayed. When the
count is fess than 360, an undermange has occurred, and the
ICL7149 then switches to range 2 - the 40V scale.

A AN

vy

Caz ?tf‘ Rogint
TRIPLE T
poinTt—IEcpz Cint RoemNT
4
v BEINT- DEINT-
INTVIQ ! AZ o
Vin J ¢ =  VReF
NTV
E
INTEGRATOR p.
VREr & p/
DEINT+ - COMPARATOR 7O LOGIC SECTION
v+
ANALOG
COMMON
COMMON o-
T= (INT)AR)(AD)
AR = AUTORANGE CHOPPER
AZ = AUTOZERO
INT = INTEGRATE
v. F.

FIGURE 3. DETAILED CIRCUIT DIAGRAM FOR DC VOLTAGE MEASUREMENT
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ICL7149

Range 2

The range 2 measurement begins with an autozero cycle
similar to the one that preceded range 1 integration. Range 2
zycle length however, is one AC line cycle, minus 360 clock
sycles. When performing the range 2 cycle, the signai is
ntegrated for 100 clock cycles, distributed throughout one line
zycle. This is done to maintain good normal mode rejection.
Range 2 sensitivity is ten times greater than range 1 (100 vs
10 clock cycle integration) and the fult scale voltage of range 2
is 40V. The range 2 deintegrate cycle is identical to the range
1 deintegrate cycle, with the result being displayed only for
readings greater than 360 counts. If the reading is below 360
counts, the ICL7148 again asserts the internal undemange
sighal and proceeds to range 3.

Range 3

The range 3V or 4V full scale measurement is identical to the
range 2 measurement, except that the input signal is integrated
during the full 1000 clock cycles (one fine frequency cycle). The
resuitis displayed if the reading is greater than 360 counts.
Underrange is asserted, and a range 4 measurement is
performed if the result is below 380 counts.

Range 4

This measurement is similar to the range 1, 2 and 3
measurements, except that the integration period is 10,000
clock cycles (10 line cycles) long. The resutt of this
measurement is transferred to the output latches and
displayed even if the reading is less than 360.

Autozero

After finding the first range for which the reading is above
360 counts, the display is updated and an autozero cycle is
entered. The length of the autozero cycle is variable which

results in a fixed measurement period of 24,000 clock cycles
(24 line cycles).

DC Current

Figure 4 shows a simplified block diagram of the analog
section of the {CL7149 during DC current measurement. The
DC current measurements are very similar to DC voltage
measurements axcept: 1) The input voltage is developed by
passing the input current through a 0.1 (H1 current ranges),
or 9.9Q (LOW current ranges) current sensing resistor; 2)
Only those ranges with 1000 and 10,000 clock cycles of
integration are used; 3) The Ry | resistor is 1M<2, rather
than the 10MQ value used for the Ryyt y resistor.

By using the lower value integration resistor, and only the 2
most sensitive ranges, the voltage drop across the current
sensing resistor is 40mV maximum on the 4mA and 400mA
ranges; 400mV maximum on the 40mA and 4A scales. With
some increase in noise, these “burden” voltages can be
reduced by lowering the value of both the current sense
resistors and the Ryt | resistor propaortionally. The DC
current measurement timing diagram is similar to the DC
voltage measurement timing diagram, except in the DC
current timing diagram, the first and second integrate and
deintegrate phases are skipped.

AC Wltage Measurement

The ICL7 149 is designed to be used with an optional AC to
DC voltage converter circuit. It will autorange through two
voltage ranges (400V and 40V), and the AC annunciator is
enabled. A typical averaging AC to DC converter is shown in
Figure 5, while an RMS to DC converter is shown in Figure
6. AC current can also he measured with some simple
modifications to either of the two circuits in Figures 5 and 6.

AAA

hd b

POINT

i< Rpemnr

CinNT RpENT

LOWI

INTEGRATOR :

BEINT @ é DEINT-
— Vger
AZ

HIGH!

COMMON

V- ¢

COMPARATOR TO LOGIC SECTION

T = IND)(AR)(AZ)

AR = AUTORANGE CHOPPER
AZ = AUTOZERG

INT = INTEGRATE

FIGURE 4. DETAILED CIRCUIT DIAGRAM FOR DC CURRENT MEASUREMENT
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ICL7149

1.00F
100k
AAA
ey
vtov
1
20M0 —
ViN O——AAA 41 7 10 43.2k) 5k 19
o LA
OVAC - 400VAC v 1 ICLTES2 - INT VIR
OHz - 1000Hz 50kQ S S5H+ 2
100K 3 s JFu
AA N 1 AI—E
Vi y— ADJUST
OApF 0.4uF
ICLT140
20M0
"""—
17
COM o~ COMMON

FIGURE 5. AC VOLTAGE MEASUREMENT USING OPTIONAL AVERAGING CIRCUIT

2nF v

INT Vi)

iCL7149

I0k2

COM o~ — COMMON

FIGURE 6. AC VOLTAGE MEASUREMENT USING OPTIONAL RMS CONVERTER CIRCUIT
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ICL7149

c
TRIPLE] 2% Cint
POINT! Caz Cnr RpENT

INT VIQ T

aAZ
Vyv— L4®-——-ﬂ
Rintv
T AZ%
Loq § ﬁ |
o«£ AA &
RX‘ R v §
7 KNOWN 1 LOW 0 lDEIN'Hé

HIQ

Yy

BEWTE COMPARATOR TO LOGIC SECTION

T = INT + DEINT

AN
Yy

Rinown 2 owa

comMon] L

:

AZ = AUTOZERC
INT = INTEGRATE

FiIGURE 7. DETAILED CIRCUIT DIAGRAM FOR RATIOMETRIC Q@ MEASUREMENT

Ratiometric Q) Measuremant

The ratiometric © measurement is performed by first integrating
the voliage across an unknown resistor, Ry, then effectively
deintegrating the voltage across a known resistor (RunownN1
or Rgknownz of Figure 7). The shunting effect of Ryyty does
not affect the reading because It cancels exactly between
integration and deintegration. Like the current measurements,
the 2 measurements are split into two sets of ranges. LO (2
measurements use a 10ik{2 reference resistor, and the fuil scaie
ranges are 4k and 40kQ. HI  measurements use a 1MG
reference resistor, and the full scale ranges are 0.4MC and
4MC. The measurement phases and timing are the same as
the measurement phases and timing for DC current except: 1)
During the integrate phases the input voltage is the voltage

Common Voltage

The analog and digital common voitages of the ICL7149 are
generated by an on-chip resistor/zener/diode combination,
shown in Figure 9. The resistor values are chosen so the
coefficient of the diode voltage canceis the positive
temperature coefficient of the zener voltage. This voltage is
then buffered 1o provide the analog common and the digital
common voltages. The nominal voltage betwaen V+ and
analog common is 3V. The anaiog common buffer can sink
about 20mA, or source 0.01mA, with an output impedance of
10Q. A pullup resistor to V+ may be used if more sourcing
capabiiity is desired. Analog common may be used to
generate the reference voltage, if desired.

across the unknown resistor Ry, and; 2} During the deintegrate {, 80y . Y — v+
phases, the input voltage is the voltage across the reference 67V v ség%g ‘
resistor RenowN1 oF RKNOWN2- ) 125K . 3.4v N
., . , ANALOG p—
Continuity Indication « L'j, commoﬂ ; N ‘P DEE#N LO BAT
L 7 COMMO
When the ICL7149 is in the LO Q measurement mode, the (PN N § (NTERNAL)
continuity circuit of Figure 8 will be active. When the voltage p E
across Ry is less than approximately 100mV, the beeper §180K
autput will be on. When Rinown is 10K, the beeper output

will be on when Ry is less than TkQ.

loQF "=t ammeSnm-".y

'
'
4 1 '
> '
'

RiNOWN i

Hi2 s LOQ v+

OUTPUT
Ruumcmmi.

[ ]
#
[}
[ ]
COMy nmmmmmmmmmwmmn

FIGURE 8. CONTINUITY BEEPER DRIVE CIRCUIT

FIGURE 9. ANALOG AND DIGITAL COMMON VOLTAGE
GENERATOR CIRCUIT

Oscillator

The {CL7 143 uses a parallel resonant-type crystat in a
Pierce oscillator configuration, as shown in Figure 10, and
requires no other external components. The crystal
eliminates the need to trim the oscillator frequency. An
external signal may be capacitively coupled in OSC IN, with
a signal level between 0.5V and 3Vp_p. Because the OSC

7 | Jintersil



ICL7149

JUT pin is not designed to drive large external loads,
oading on this pin should not exceed a single CMOS nput.
The osciltator frequency is internaliy divided by two to
jenerate the ICL7149 clock. The frequency should be
120kHz to rejoct 60Hz AC signals, and 100kHz to reject

50Hz signals.
I OSCIN l Ioscourl
M

= I
FIGURE 10. INTERNAL OSCILLATOR CIRCUIT DIAGRAM

Display Drivers

Figure 11 shows typical LCD Drive waveforms, RMS ON, and
RMS OFF voltage calculations. Duplex multiplexing is usad to
minimize the number of connections between the ICL7 149
and the LCD. The LCD has two separate back-planes. Each
drive line can drive two individual segments, one referenced
to each backplane. The ICL7149 drives 33/4 7-segment digits,
3 decimal points, and 11 annunciators. Annunciators are used
to indicate polarity, low battery condition, and the range in use.
Peak drive voltage across the display is approximately 3V. An
LCD with approximately 1.4Vpug threshold voltage should be
used. The third voltage isvel needsd for duplex drive
waveforms is generated through an on-chip resistor string.

BACKPLANE _w_

SEGMENT ON ey

SEGMENT OFF —J )

VSEGMENT ON mommad _r—-‘

VSEGMENT OFF J l

| 5

The DC component of the drive waveforms is guaranteed to
be less than 50mV.

Ternary Input

The Q2/Volts/ Amps logic input is a ternary, or 3-level input.
This input is internally tied to the common voltage through a
high-value resistor, and will go to the middte, or “Volits™ state,
when not externaily connected. When connected to V-,
approximately SpA of current flows out of the input. In this
case, the logic level is the “Amps”, or low state. When
connected to V+, about 5¢tA of current flows into the input.
Here, the logic tevel is the “Q2", or high state. For other pins,
see Table 2.

TABLE 2. TERNARY INPUTS CONNECTIONS

OPEN OR
PiN NUMBER v+ com V-
25 mA pA Test
26 Q \% Amps
27 HIQ/DC LoQ/AC Test
28 Hold Auto Test

Component Selection

For optimum performance while maintaining the low-cost
advantages of the ICL7149, care must be taken when
selecting external components. This section reviews
specifications and performance effects of various external

components.
Vpeax V4 5
VPEAKIZ VRMS = JgVPEAK ON
c DCOM
VPEAK VRus ~ ,EVPEAK OFF
o VpEaAK = 3v +10%
RMS ON — 2.37V
VPEAK RMS OFF — 1.06V

)
Vpgax  (VOLTAGE ACROSS ON SEGMENT)
o

2VpEAK

VPEAK  (VOLTAGE ACROSS OFF SEGMENT)
0

Vpeak

FIGURE 11. DUPLEXED LCD DRIVE WAVEFORMS
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ICL7149

Integrator Capacitor, Ciyr

As with all dual-slope integrating convertors, the integration
>apacitor must have low dielectric absorption to reduce finearity
srrors. Polypropylene capatitors add undetectable errors at a
‘easonable cost, while polystyrene and palycarbonate may be
ised in less critical applications. The ICL7148 is designed to
ise a 3.3nF (0.0033uF) Cyyt with an oscillator frequency of
120kHz and an Ryyry of 10MQ. With a 100kHz osciliator
Fequency (for 50Hz line frequency rejection), Gyt and Rty
affects the voltage swing of the integrator. Voltage swing should
Je as high as possible without saturating the integrator.
Saturation occurs when the integrator output is within 1V of
sither V+ or V-, Integrator voltage swing should be about 2V
~hen using standard component values. For different Ry
and osciliator frequencies the value of Cyyt can be calculated
rom:

o= Integrate Time) x (Integrate Current)
INT {Desired Integrator Swing)

{10,000 x 2 x Osciilator Period} x 0.4V/R 1y
- vy

Integrator Resistors

The normal values of the Ryyr \, and RynT | resistors are 10MQ
and 1M respectively. Though their absolute values are not
gritical, unless the value of the curment sensing resistors are
trimmed, their ratio shoulg be 10:1, within 0.05%. Some carbon
composition resistors have a large voltage coefficient which will
cause lingarity errors on the 400V scale. Also, some carbon
composition resistors are very nolsy. The class “A” output of the
integrator begins to have nonlinearities if required to sink more
than 70uA (the sourcing limit is much higher). Because Ryt v
drives a virtuat ground point, the input impedance of the meter
is equal to Ryt v

Deintegration Resistor, RpginT

Unlike most duat-siope A/D converters, the ICL7 149 uses
different resistors for integration and deintegration. RpginT
should normally be the same value as Ryt y, and have the
same temperature coefficient. Slight errors in matching may
be corrected by trimming the reference voltage.

Autozero Capacitor, C4z

The Caz is charged to the integrator’s offset voltage during the
autozero phases, and subtracts that voltage from the input
signal during the integrate phases. The integrator thus appears
to have zero offset voltage. Minimum Ca7 value is determined
by: 1) Circuit leakages; 2) Cpz self-discharge; 3) Charge
injection from the internal autozero switches. Ta avoid errors,
the Caz voltage change shouid be less than 1/10 of a count
during the 10,000 count ciock cycle integration period for the
400mV range. These requirements set a lower limit of 0.047pF
for Caz but 0.1yF is the preferred value. The upper limit on the
value of Caz is set by the time constant of the autozera loop,
and the 1 line cycle time period allotted 10 autozero. Caz may
be several 10s of uF before approaching this limit.

The ideal Caz is a low leakage polypropylene or Teflon

capacitor. Other film capacitors such as polyester, polystyrene,
and polycarbonate introduce negligible errors. If a few seconds
of settling time upon power-up is accaptable, the Caz may be a
ceramic capagcitor, provided it does not have excessive leakage.

Ohm Measurement Resistors

Because the ICL7149 uses a ratiometric ohm measurement
technique, the accuracy of ohm reading is primarily
determined by the absolute accuracy of the Ryyowns and
Rynownz - These shouid normally be 10kQ and 1ML, with
an absolute accuracy of at least 0.5%.

Current Sensing Resistors

The 0.1Q and 9.9Q current sensing resistors convert the
measured current to a voltage, which is then measured using
Rin 1 The two resistors must be closely matched, and the ratio
between RyyT ; and these two resistors must be accurate -
normally 0.5%. The 9.141 resistor must be capable of handiing
the full scate current of 4A, which requires it to dissipate 1.6W.

Continuity Beeper

The Continuity Beeper output is designed to drive a
piezoelectric transducer at 2kHz (using a 120kHz crystal), with
a voltage output swing of V+ to V-. The beeper output off state
is at the V+ rail. When crystals with different frequencies are
used, the frequency needed to drive the transducer can be
calculated by dividing the crystal frequency by 60.

Display

The ICL7149 uses a custom, duplexed drive display with
range, polarity, and low battery annunciators. With a 3V peak
display voltage, the RMS ON voltage will be 2.37V minimum;
RMS OFF voltage will be 1.06V maximum. Bacause the
display voltage is not adjustable, the display should have a
10% ON threshoid of about 1.4V. Most display
manufacturers supply a graph that shows contrast versus
RMS drive voltage. This graph can be used tc determine
what the contrast ratio will be when driven by the ICL7149.
Most display thresholds decrease with increasing
femperature. The threshold at the maximum operating
temperature should be checked to ensure that the “off”
segments will not be turned “on” at high temperatures,

Crystal

The ICL7149 is designed to use a paraliel resonant 120kHz
or 100kHz crystal with no additional external components.
The Rg parameter should be less than 25k to ensure
oscillation. Initial frequency tolerance of the crystal can be a
relatively loose 0.05%.

Switches

Because the logic input draws only about 5pA, switches
driving these inputs should be rated for low current, or “dry”
operations. The switches on the external inputs must be able
to reliably switch low currents, and be able to handle
voltages in excess of 400V .

g 1 intersil
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Reference Vollage Source

\ voltage divider connected to V+ and Common is the
implest source of reference voltage. While minimizing
axternal component count, this approach will provide the
;ame voltage tempco as the ICL7 149 Common - about
HOOPPM/CC. To improve the tempco, an ICLB069 bandgap
eference may be used (see Figure 12). The reference
/oftage source output impedance must be < Rpgyy1/4000.

v+ 10M
TRIPLE POINT
0K EXTERNAL
1om ™ DEINTEGRATE REFERENCE
—W—] INTEGRATE VOLT/(2
iCiL8o8g INTEGRATE GURRENT
10K 1™

REFERENCE INPUT
| ANALOG COMMON

FIGURE 12. EXTERNAL VOLTAGE REFERENCE CONNECTION

Appfications, Examples, and Hints

A complete autoranging 3314 digit muitimeter is shown in
Figure 13. The following sections discuss the functions of
specific components and various options.

Meter Protection

The ICL7149 and its external circuitry should be protected
against accidental application of 110/220V AC line voltages
on the Q and current ranges. Without the necessary
precautions, the ICL7149 and its external components could
be damaged under such fault conditions. For the current
ranges, fast-blow fuses should be used between S5A in
Figure 13 and the 0.1Q and 9.9 shunt resistors. For the
ranges, no additional protection circuitry is required.
However, the 10kQ resistor connected to pin 14 must be
able to dissipate 1.2W or 4.8W for short periods of time
during accidental application of 110V or 220Vag line
voktages respectively.

'A_'A'i JI| P
10M 3.30F 120kHz
QAuF CRYSTAL
- []p-l
20| 21} 22| 2] 30!
TRIPLE Caz Ciny OSC OSC
i :Ec:m.r our W LO BaT mAVIA
v 10MQ 49 oispLAY P e
A INT itz DRIVE § 3 44 -
o Iv R4S OUTPUTS
rs Q AAA 14 LOG AC KOMO
yy
S4A
J"“ Hm BEEPE‘R
° vl BEEPER
$5A & r---'\Mr'-1 INTI AL -
. -
™3 030 I+
3 ICLT149 . =
yF T' BATTERY 10k
Kk 32 ONIOFF /'s1 e A
common 3 WK 17 o 3ok o
o——b- COMMON = O T _mm ;
Q vl 26 VREF »
V+e—o QVIA g7 83 Ve
P A} 848 lez-ncn.ormc-.__.-_o/o_t
l ¥ = 83 v+
> mALA oo LB ol $2 CLOSED: HIMDC
mA 3 CLOSED: HOLD READING

NOTES:
1. Crystal is a Statek or SaRanix CX-IV type.
2. Multimeter protection components have not been shown.
3. Display is from LXO, part number 38DBRO2H {or Equivalent).

4. Beeper is from muRata, part number PKM24-4A0 (or Equivaient).

FIGURE 3. BASIC MULTIMETER APPLICATION CIRCUIT
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3rinted Circuit Board Layout Considerations
>articular attention must be paid to rollover performarice,

sakages, and guarding when designing the PCB for an
CL7149-based multimeter.

I 1& 17 18‘19' 20 |21 22

W +H
FIGURE 14. PC BOARD LAYOUT

Rollover Performance, Leakages, and Guarding

3ecause the ICL7 149 system measures very low currents, it
s essential that the PCB have low leakage. Boards should
ye properly cleaned after soldering. Areas of particular
mportance are: 1) The INT V/IQ and INT | Pins; 2} The Triple
oint; 3} The Rpgpyt and the Caz pins.

The conversion scheme used by the ICL7149 changes the
sommon mode voltage on the integrator and the capacitors
Caz and Cyyt during a positive deintegrate cycle. Stray
sapacitance to ground is charged when this occurs,
removing some of the charge on Cyyt and causing rollover
arror. Rollover error increases about 1 count for each

picofarad of capacitance between Caz or the Triple Point
and ground, and is seen as a zero offset for positive
voltages. Rollover error is not seen as gain error.

The rollover error causes the width of the +0 count to be
larger than normal. The ICL7148 will thus read zero until
several hundred microvolts are applied in the positive
direction. The ICL7 149 will read -1 when approximately
-100uV is applied.

The rollover error can be minimized by guarding the Triple
Point and Caz nodes with a trace connected to the Cypyt pin,
(see Figure 14) which is driven by the output of the
integrator. Guarding these nodes with the output of the
integrator reduces the stray capacitance to ground, which
minimizes the charge error on Cyy and Caz. If possible, the
guarding should be used on both sides of the PC board.

Stray Pickup

While the ICL7149 has excellent rejection of line frequency
noise and pickup in the DC ranges, any stray coupling will
affect the AC reading. Generally, the analog circuitry should
be as close as possible to the ICL7149. The analog circuitry
should be removed or shielded from any 120V AC power
inputs, and any AC sources such as LCD drive waveforms.
Keeping the analog circuit section close te the ICL7149 will
also help keep the area free of any loops, thus reducing
magnetically coupled interference coming from power
transformers, or other sources.

11 intersil
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Wetric Plastic Quad Flatpack Packages (MQFP)

- o » Q44.10x10 (JEDEC MS-022AB ISSUE B}
f—————— D] —— ] 44 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE
oy INCHES MILLIMETERS
k SYMBOL| MIN MAX MIN MAX { NOTES
I A - 0.096 - 2.45 -
D___':: | ‘ ::’:g Al 0004 | 0010 | 010 | 025 :
u - | -] E A2 0.077 0.083 1.95 2.10 -
= ===
_ 3| ‘ ::j- b 0.012 0.018 0.30 0.45 6
i E1 o=y + Y 0012 | 0.016 | 0.30 0.40 -
f Eé | ‘ %T ) 0515 { 0524 | 1308 | 1332 3
| T | 8 0.389 0.399 9.88 10.12 4,5
E o E 0516 | 0523 | 13.40 | 13.30 3
' { o E1 0.390 0.398 9.80 10.10 4.5
[ L 0.029 0.040 073 1.03 -
oy N 44 44 7
{ e 0.032 BSC 0.80 BSC -
I+ , |, SEANS Rev. 2 4/99
J / NQTES:
0076 1. Controliing dimension: MILLIMETER. Converted inch
\ + m;l dimensions are not necessarily exact.
0.40 e 12°-16° * -C: | 2. All dimensions and tolerances per ANSI Y14.5M-1982,
3,016 MIN ) Lejbgb%% @J CTA-B @F@ 3. Dimensions D and E to be determined at seating plane .
0° MIN | T = b e 4. Dimensions D1 and E1 to be dsterminad at datum plane
} A2 a1
0°-7° + ’ b1 IF' 5. Dimensions D1 and E1 do not include mold protrusion.
& i j_ i Allowable protrusion is 0.25mm (0.010 inch) per side.
- * ‘%’g—'%i 6. Dimension b does not include dambar protrusion. Allowable
L 12°.16° : . T dambar protrusion shail be 0.08mm (0.003 inch) total.

BASE METAL . “N” is the number of terminal positions.

WITH PLATING

]

0.1310.23
0.005/0.009

All Intersil semiconductor products are manufactured, assembled and tested under 1S09000 quality systems certification.

intersil semiconductor products are sold by description only. Intersil Corporation reserves the right to make changes in dircuit design andior specifications at any lime with-
out notice. Accordingly, the reader /s cautioned to verify that dela sheets are current before placing orders. information furnished by Intersil is believed to be accurate and
reliable. However, no responsibility is assumed by Intersil or its subsidiaries for ifs use; nor for any infringernents of patents or other rights of third parties which may result
from its use. No licenss is grantad by implication or otherwise under any patent or patent rights of Intersil or its subsidiaries.

For information regarding Intersil Corporation and its products, see web site www.intersil.com

Sales Office Headquarters

NORTH AMERICA EUROPE ASIA
Intersil Corporation Intersit SA Intersit L td.
£. O. Box 883, Mail Stop 53204 Mercure Center 8F-2, 96, Sec. 1, Chien-kuo North,
Melbourne, FL 32902 100, Rue de 1a Fusee Taipei, Taiwan 104
TEL: (321) 724-7000 4130 Brussels, Belgium Republic of China
FAX: (321) 724-7240 TEL: (32) 2.724.2111 TEL: 886-2-2515-8508
FAX: (32) 2.724.22.05 FAX: 886-2-2515-83689
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What is an Icon? Descriptor? Annunciator?

it

Return {0 Technical Q & A H . * l":’ _ ';;

Ivon (ur descripior or annunciaion) is 1 word ur special symbol it is driven as a singie segment In ihe skel
ow of our standard part #38, the symbols LoBat, AC, DC etc. are turned on as individual segments, so only a

IR T ‘t\'\\‘ O P e e l"\. tho udriae T T Py P
b,lh ualc LU W ol 1w a paioiu \.l.l\l \,nlu\, Vv\..u.u \Jl pPiviul,

 can create an annunciator from a simple text font, or create a special graphics image using any popular
wiklg package. We can svan a company loge ur piclure, ur in general wake auyiling inio an anmunciator hai
1 want. Keep in mind though, that laying out an LCD is similar to laying out a PC board, so that if vou want

" ¥ ol { fadeve 3 aerdl] Tuloval o
vut e word "antidiscstablishmentarianism "along (he top cdge of the parl as an annaticialor, it will block |

ces of the other segments from getting to the pins, so it may be a probiem.

1,900 ~ 1 050
040 -+ 1o ,0B0 = e |
aoll PUPVTIEDVIE PR PRI e i i i flar
r | | olgat A N meywigy ! | []
| mvrws | | 11 | U o8 U a8 | 8888
o = TR T At | aenD
) AEDE Ut ool m¥
| Rttt 1 1
1 L 20 ]
'[ | L. 500 - |
- 1.800 -
2,000
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How do You Add Color to an L,

D Homg Pagc
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make the display uniform in appearance, spacers are then applied. These are usually plass rods that have the
ired diameter to preduce a fixed gap between the glass plates. Depending on the liquid crystal used, this gap
) be beiween 6 and 8 mictons. The iwo halves of ibe display are (hen heai seaied logether. A very {hin,
form, flat and empty bottle has been formed,

iquid cr_vstal is put inside this bottle by using a vacuum filling technique. The liquid crystal (dielectric materit
cur capacitor) is selected for it's various physical properties. The application may call for a liquid crystal fluid
i hias a very low operating voitage or the display may be used outdoors and requlre a very wide temperature
ige. Displav manufacturers have developed several liquid crystal mixtures to fulfill most applications.

ce the liquid crystal has been put inside the display and the port opening has been sealed. a polarizer is put or
s front and an analyzer (another polarizer) is put on the back. If everything has gone as planned, we will have .
vice that can present the desired information io an observer. In other words, you wiil have a device similar io
at is seen in calcylators and gas pumps. With a little imagination, many variations of displays can be made.

e the above cross-sectional view of a typical display.

Reiwm io Toclutival G & A Next Question
Reiwn iv Tecluucal O & A , What is 3 Liguid Crysta Flui

<. with Gucstions or commcnts about this web sitc.
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st modificd: March 02, 1000
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" The Murker Loader in Fligh Reliability: Liquid Crystal Dispiays”

Pinowt of Display #38

[FAD#  BP1 BP2 hDH  BE1 EPZ
P -— BP2 40 BE1 ——
MINUS A 34 LcBat -——
4A,L,5 &2 35 ne -
— ——= 31 qa,0,35 4B
3F DP3 36 4B 4c
3G 3z ) IF DPs
-—- 3 34 3A ———
i3 3B 3C 3z 3B 3¢
(3 2F np2 3z IF Dpz
n 26 23 3. s 3 ——
i1l —— 3 30 5] 2¢
a2 2B 2c 2% “F Pl
13 LF pDpl 28 i -
14 1G iz 27 B 1c
s .- 1 2¢ - ———
15 1B 1 2%
17 ——— m(2) 24 K m(l}

13 —— vi(2) 23 OMEGA(Z2) A(Z)

13 —— (1) 22 M OMEGR(LY MICRO A(l}
Z0 ——— BP2 2. BE1 -

ot

=3 0 i da ) i

- -———

Pinout of this part Return 1o Standard Cetalog Page
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