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A Wide-Ranging, Automatic LCR Meter for

Stand-Alone or Systems Applications

o

Microprocessor control broadens the capabilities of this
speedy LCR meter and makes it readily adaptable to BCD

or HP-IB automatic systems.

by Masahiro Yokokawa and Keiki Kanafuji
F OR AN ELECTRONIC CIRCUIT to meet perfor-
mance goals, the values of the components used
in assembling the circuit must fall within certain
ranges, some wide, some narrow. Despite increasing
sophistication in the design and manufacture of pas-
sive circuit components, differences between sup-
posedly identical components do exist and the ranges
of values encountered often exceed acceptable limits.

Thus, most electronic laboratories, quality-control
labs, and receiving departments are equipped to mea-
sure the actual values of the components with which
they are concerned, a process that is not only time
consuming, but one that often introduces errors of its
own. To speed these measurements, and reduce the
human errors that arise in this activity, late-model
LCR meters, such as the Model 4261A described in a
recent issue of the HP Journal,! have been designed
with a high degree of automation.

A new LCR meter, Model 4262A, uses a micro-
processor to further automate procedures while in-
creasing the instrument’s capabilities without incur-
ring significantly greater costs. To measure the value
of a passive component with this instrument (F ig. 1),

“it is only necessary to select the measurement func-
tion and loss parameter—i.e., resistance (R), capaci-
tance (C), or inductance (L), and dissipation factor (D)
or quality factor (Q)—select the appropriate test fre-

s
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quency, and connect the component to the test termi-
nals. The instrument automatically switches to the
correct measurement range, selects the preferred cir-
cuit mode, and presents results on the 31, digit dis-
plays in about 250 ms without any time-consuming
balancing adjustments. The user, however, can have
full manual control of the instrument at any time
simply by pressing the appropriate front-panel
pushbuttons.

The front-panel control arrangement is similar to
manually controlled instruments (see Fig. 1) speed-
ing familiarization with the instrument. As a further
safeguard against the possibility of unintentional
missettings, the RANGE and CIRCUIT MODE functions
automatically revert to AUTO whenever the L, ¢, or R
function keys are pressed after manual modes have
been in use. Since most measurements made with this
kind of instrument are made on capacitors, when it is
first turned on the new LCR meter automatically sets
itself for the cD mode using a 1-kHz test frequency.

Enhanced Capability

Besides autoranging, self-triggering, and automatic
selection of the appropriate circuit mode (series or
parallel), the microprocessor brings several othen
capabilities to the instrument at little cost. Deviation
measurement is one. When the ALCR key is pressed,

Flg. 1. Model 4262A LCR Meter,
shown here with the comparator
option installed, measures the in-
ductance (), capacitance (c), re-
sistance (r), dissipation factor (o),
and quality factor (@) of compo-
nents with 3Y2 digit resolution.
Three test frequencies (120 Hz,
1 kHz, and 10 kHz) enable mea-
surements of a wide range of
component values.



the measurement value currently on display is stored,
the display resets to zero, and the present measure-
ment range is held. The result of the next measure-
ment is then displayed as the difference between the
new measurement value and the stored value. Besides
checking device deviations during incoming inspec-
tion, this mode is also useful for monitoring the
changes in device performance caused by variations
in temperature or bias voltage.

For go/no-go measurements, a comparator option
provides two pairs of thumbwheel switches on the
front panel, one pair for LCR and one for bQ. Once high
and low limits are established with these switches, a
green light turns on when measured values are within
the selected limits and a red light turns on when they
are outside the limits. Electrical indications are also
provided at a rear-panel connector.

Self test is another capability obtained at low cost
with the microprocessor. At turn on, a]l LED indi-
cators and all segments of the display digits light up
momentarily to verify that all are functioning. Then,
when the SELF TEST button is pressed while the input
terminals are open (if the C measurement function is
selected), or shorted (with the L or R measurement
function), the instrument tests its digital section and
the process amplifier and phase detector/integrator in
the analog section, through five ranges. If all goes
well, the word PASS appears in the LcR window and
the user can be assured that the instrument is func-
tioning correctly (this, however, is not a check on the
instrument’s accuracy). If there is a problem, the word
FAIL is displayed, the range is held, and a code
number indicating the location of the problem ap-
pears in the DQ window.

Other capabilities that the microprocessor givesthe
new LCR meter include low-cost HP interface bus
(HP-IB)* and BCD-output options. In earlier LCR me-
ters, an HP-IB interface very often cost more than the
instrument itself but because of the microprocessor,
the cost of the HP-IB interface for Model 4262A is less
than one-fifth that of earlier interfaces. The new LCR
meter may thus be interfaced readily to a printer for
logging measurement results, or to a desktop com-
puter and/or other instruments for programmed
measurements and statistical analyses of measure-
ment results.

When the new instrument is equipped with the
HP-IB option, all functions except DC BIAS are pro-
grammable through the HP-IB. The current status of
the instrument (FUNCTION, CIRCUIT MODE, AUTORANGE,
etc.) is made visible by illumination of the LED indi-
cators in the corresponding front-panel keys.

Wide-Ranging Measurements
The new instrument has a 10-kHz test frequency in

*Hewlett-Packard's implementation of IEEE Standard 488-1975.

19

E =
EZ = > g
et = z &
55 = = i 2051 30r4
= i Digit Display Diglt Display
1~ o >
P |
180m { & 1] {
L ¥
10m — 106dm - — =
5‘__-.- 1000 [ 10m - 1000 {
£ !
= 100u 1000 - 10m - | .
g
=
E  10p - 100w 1000
o
&
5 twef 10 100p
|
o0 Tl 10
0.0t & Dapl T
| | |
Looipl ot
] IS el o e i
0001 0ot 041 ] 10 100 1k 10k
g % Measuremant Aange af ESR (1)
55 § a 2
=g =2 F =
£ B - = 2or1 3 or 4
= Diglt Disglay Digit Display
1r m 100 |
| T o
T kY |
100m |~ 1+ 1C
? 10m - 100m - 1 —
_; -
T m| 10m| 100m
g | d]
5
o 100w im0 =
3 = |
z .,
= e WOpF Am =
|
T = 10u - 900u — L}
O L Tp b 10u [

0,001, 001 01 1 10 104 K

Maasuramanl Range of ESR (1)

Tk

Fig. 2. Capacitance and inductance ranges over which the
equivalent series resistance (sr) can be measured with the
Model 4262A LCR Meter. The 10-kHz test frequency extends
these ranges by a factor of 10 over those usually found in
meters of this type.

addition to the customary 120-Hz and 1-kHz test fre-
quencies. The 10-kHz test frequency extends the
low-end C and L measurement ranges respectively to
10 pF and 10 pH full scale, giving the new instrument
the ability to measure components over exceptionally
wide ranges: inductance from 0.01 pH (the limit of
resolution) to 1999 H, capacitance from 0.01 pF to
19.99 mF, resistance from 1 m{ to 19.99 MQ), dissipa-
tion factor from 0.001 to 19.9, and quality factor from
0.05 to 1000. With these wide ranges, the instrument
may be used to measure RF coils, dielectric materials,
electrolytes, the internal resistance of batteries, and
the high dissipation factor of delay lines, as well as



the values of discrete components.

In particular, the new LCR meter can measure the
ESR (equivalent series resistance) of a capacitor to very
low values, a significant measurement if the capacitor
is to be used for bypass applications. With the 10-kHz
test frequency, the reactance of a wide range of
capacitors becomes low enough for the ESR to be a
significant, and measurable, part of the total impe-
dance, as plotted in Fig. 2. At 10 kHz, the resolution of
an ESR measurement is 1 mQ) for capacitors larger
than 10 uF. A five-terminal input (two for voltage,
two for current, and one for a guard) is provided to
minimize errors. Internally-generated bias levels of
1.5V, 2.2V and 6V are also provided, primarily for
measurements on electrolytic capacitors.

Small values of capacitance, such as the junction
capacitance of semiconductor devices, can be mea-
sured with the low-level (50 mV) test signal level that
is available. Normally, the test signal level is 1V rms.

Typical measurement accuracy is 0.2%. On the
low-end ranges, the test-fixture parasitic reactances
can affect the accuracy of the measurement, so front-
panel C and L offset controls are provided to null out
parasitics up to 10 pF and 1 uH. The compensation
technique is explained in Fig. 3.
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Internal Operations

Model 4262A LCR Meter finds the values of L, G, R,
D, and Q by determining the vector ratio of the voltage
across the device under test (DUT) to the current
flowing through the device, in the same manner as the
Model 4261A LCR Meter.!

A block diagram is shown in Fig. 4. The voltage
across the device is represented by e, in the diagram
and the current by voltage e,, which is proportional to
the current flowing through range resistor Ry in
series with the unknown. Op amp A3 assures accu-
rate current flow by maintaining the Low input ter-
minal at virtual ground.

The four-phase generator supplies a signal shifted
in precise increments of 90° with respect to its input
for use as a reference by the phase detector. The integ-
rator and comparator are part of a dual-slope A-to-D
converter of the type widely used in digital volt-
meters. v

As an example of how all this fits together, assume
that a capacitor is being measured in the parallel-
circuit mode. Voltage e, is applied to the phase detec-
tor and voltage e,, shifted 90°, serves as the phase
detector reference. The output of the phase detector
is applied to the integrator, which starts from the zero

LOW

1 | To
1 ) Measurement
|' Cireuits

L ZEROQ ADJUST

Cc2

Fig. 3. Compensating circuits neutralize the effect of the test fixture's stray capacitance (C,)
and residual inductance (LL;EMAmplifier Al inverts the test signal; the ¢ 2RO ADJUST control allows

adjustment of the current th

gh C1 so it equals and thus cancels the current through C, Trans-

former T1 supplies a current to amplifier A6 equal to that flowing through the unknown, and the
combination of C2, A7, and IR4 shifts the signal 90°. R4 is adjusted so C2R3R4 = L., cancelling
the effect of L, at the input to amplifier A5.
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Fig. 4. Simplified block diagram of the Model 4262A LCR Meter. Under control of the micro-
processor, the circuits find the ratios of the real and imaginary parts of the voltage across the DUT
with respect to the current (or vice versa), from which the device parameters can be derived.

level and charges for a fixed period of time. Voltage
e, is then applied to the phase detector input and it is
also used as the phase reference but shifted 180° to
give a negative output, which is used to discharge
the integrator.

As shown in the flow chart of Fig. 5, the micro-
processor determines the time of discharge by ac-
cumulating clock pulses during the discharge in-
terval, the end of discharge being indicated by the
comparator when it senses the return to the zero level.
The discharge time is proportional to the quadrature
part of the vector ratio e,/e,, which is proportional to
the capacitance. . .

The counts accumulated during the discharge time
are stored in a register within the microprocessor.
The stored count can be used directly as the displayed
quantity in a capacitance measurement because of the
choice of the range resistor Rz and the clock fre-
quency (31 kHz), which eliminates the need for any
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computation,

Similarly, by suitable choice of e, or e, as the phase
reference, and proper choice of the phase shift, time
periods proportional to the other measurement quan-
tities can be obtained.

Digital Design

The microprocessor reads the keyboard, operates
the displays, the comparator and the HP-IB option,
performs the self test, and controls the many opera-
tions of the measurement cycle, such as autoranging
and the A-to-D conversion. The various measurement
routines, the comparator algorithm, the self-test prog-
ram, and other instrument programs are stored in a
4K-byte ROM. The microprocessor is the same
control-oriented type as that used in the HP Models
3455A and 3437A Digital Voltmeters.2 It uses parallel
architecture to achieve high speed but does nothavea
great deal of computation capability. What little

L T TR T T
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SPECIFICATIONS
HP Model 42624 LCR Meter

PARAMETERS MEASURED: C-0° or G- L-D or L-O: AVESA.

"Loss moasulement may be dsabled by swich an intemal PG beard,

DISPLAY: Dual 3 digit displays, masimum reading 1964,

MEASUREMENT CIRCUIT MODES: Sedas. paralél, outa [audiomase salection
al appeopriate equivalant circull modal,

MEASUREMENT TERMINALS: 5 terminal (H . H ok | o
UAAD) Houa: HraT Loum bpat

RANGE MODES:

LCR: Autorange and manunl {up-dawn},
DO: Autarange and manual (sleg).

MEASUREMENT FREQUEMCIES: 120 Hz (100 Hy agtionnadl, 1 kHz. andg
10 kHz =3%.

TRIGGER: Enfernal, axternal, or manual,

DEVIATION MEASUREMENT: When ALCH swilch is depressed, misasurament
walue i stored in mamory, tange is set o "Hoid”, and display |8 oflael 1o 2eeo,
Davialion is displayed as tiflerence botwoen stornd valua and subsequent
faasutarman] data,

OFFSET ADJUSTMENTS (Frontpanol adjustmenis fo compensate far sty
capacitance and residusl inductance of test fclures):

G0t 10pF; L0101 gH

SELFTEST INDICATORS: Wnon SELF TEST function |3 selected, results of
fes! gre displayed in LCA and DO windows. Aesults are indicated by PASS,
FaIL 1, FAIL & or FAIL 3.

DC BlAS:

INTERNAL: 1.5 ¥, 2.2V and 6 ¥ =5%, soleciabio on front panel,
 EXTERANAL: Rear-paral ingul for axternal oo bias (010 +40 V),
ESR MEASUREMENTS: (Seg Fig. 2, pagn 15),

ACCURACY: (All accuracles apply over lemporatern range of 23°0=5°C; al
0°C 1o 55°C, eror doubles):
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ACCURACY FOR LARGE D: Typical accusacies tor lprge D { = 2 on range 10.04):

Circuit Mode ACCURBCY

=% of reading — counls)
D”Pwﬂul 5%*12+1Eﬂﬂ.l'ﬂ,{'|l:mmu
g Serias B% + (5 + C,800) counts
Ly F'sm'lue:!'J B% v {5 + L5000 counts
Ly Sesiag B% = {3 + 200vL,) counts

C, 15 capasinnce reagout in counts,
Ly Is induciance readautl in counta.
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C-0 and! C-0 Measuresmant
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MEASUREMENT TIME [tynicolj; For 1000-counl measuramont on low-loss
component with rangs fxed:
1 kHz, 10 kHz: CIL, 220-260 ms, A, 120-160 ms.
120 (100) Hz: /L, B00 ma. A, 7O ms
Whan autorange is selected, tha lolowing must be sddad 1o the abawe:
1 kHz, 10 kHz: 45 ma/1ED ms par rangs: siep,
120 (100) He: 150 ma/EFD ms par ranga shop,
‘Wheen LINCAL Inmg is B, the laslor ranging tma {s setacted.
HEADING RATE;

INT |Interngl iriggerl: approximaiely 30 ma batween end aof ono
measurernant oycle and stan of nexl

EXT (External Iriggerd measurement cycle is inbinled by remote
irigggar input. i |

DlHEHﬁIUHS: AZE W % 14T H « 345 D mm [18% In * 5% In = 13% In).

WEIGHT: approsimately 8 ky (175 Ibs}.

POWER: 100/120/220 Ve = 100, 240 Vag = 5%-10%; 48-68 Hz, =55 VA
wih any cation,

CPTIONS:

D31z Simuitanecus BC0 output of LCR and DO deta, 1-3.4-8 BCD cade, TTL
loges aval, "1 slale positive. Alternote BCD oulpul miy be selestad by swilch
on internal PG baard,

D04 Digilal Comparatar, Compares measured value #4h high and law mit
awilch sattings {or both LCA and OO and pravides High, In, Low companson
cutpuls. Carnat be usmd with Option 101, Camparisan aulpuds: sisual, relay
contact clasure and TTL level outpul.

10; 100-Hz Tast Fraguarcy insiead of 120 Hy.

10%: HP-fE gata cutput and remate contngl,

PRICES IN U.S.A;: Model 42624, 52335, Opt. 007, 5240, Opl. 004, S580.

Qpt. 090, no'chargs. Opt. 107, 53-'95

MAMUFACTURING DIVISION: YORDGEAWA-HEWLETT-PACKARD LTD
9.1, Tokakura-cha
Hachingi-shi
Takya, 182 Japan
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Turn-On
Initialization

Amplifier Yes
Saturated?

Auto Phase
Adjustment

Integrator
Charge

Integrator
Discharge

Accumulate
Clock Pulses

Comparator
Output Zero
Level?

Range Up
or Range
Down?

(Go To Fast
Autoranging Cycle)

Autoranging
Control

Autoranging
Mode ?

Measurement Data
Display

Comparator?

Comparator
Control

BCD Output?

BCD Data

Fig. 5. Flow chart of measurement routine.
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To Microprocessar
Dats Bus

| i Tao Other Thumb-
{ / A - Whael Switches

Select Code

| Contact Outputs

:, L
Contact |
Common L |

Fig. 6. Comparator option requires little hardware because of
he capaliilies provided by the microprocessor.

arithmetic there is to be done is accomplished mostly
by incrementing or decrementing counts stored in
registers.

The manner in which this microprocessor system
enables operating features to be added at little cost is
illustrated by the comparator option, diagrammed in
Fig. 6. Each digit of each thumbwheel connects to one
of the ten lines of the comparator data bus by means of
adiode, The diode cathodes for each switch are tied in
common to the switch contact. When the front-panel
COMPARATOR ENABLE kev is pressed, the microproces-
sor initiates a stored program that sequentially
grounds the common contacts of the thumbwheels,
and for gach one senses which line of the data bus is
grounded, The comparatar settings can thus be stored
for use during subsequent measurement. compari-
sons, This technigque minimizes the amount of
hardware needed to implement the comparator
function.
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