BUILD A

Conpvctance ADAPTER
FOR YOUR

MULTIMETER

Extend your digital multimeter’s
range dramatically to include

resistance in gigohms and current
in picoamps with this simple adapter.

SKIP CAMPISI

ave you ever fried to make an
accurate, stable measure-

ment on a resistor with a value
over 10 megohms? Are you in need of
an instrument to measure very low
leakage currents in insulators or semi-
conductors? Both of those tasks be-
come frivial with the Conductance
Adapter discussed in this article.
if you have access to a 4-Y-digit
multimeter, you can use the Con-
ductance Adapter to measure a 1-
gigohm resistor—thats right, 1 billion
ohms—with a resolution of 1%, and to
measure currents down to 10
picoamps. You can also use a 3-%2-
digit multimeter; however, the resolu-
tion obviously will be reduced. You
can either use the buiit-in tempera-
ture-compensated 1.000-volt refer-
ence or use an external voltage
reference of your choice. The circuit is
extremely stable, and does not suffer
from noise like a standard ohmmeter
working at high impedances.

Measuring Conductance. Because
working with a large conductance
value is easier than working with a
small resistance value, measuring
conductance rather than resistance is
much more convenientwhen the cur-
rent flowing through a device being
measured becomes very small. Con-
ductance is measured in mhos.Amho
is the reciprocal of the resistance unit

ohm, which is why a mho is called a
mho: it is “ohm” spelled backwards.

The Conductance Adapter is so
sensitive that precautions have to be
taken to get an accurate measure-
ment. Ordinary test probe leads just
lying on the bench or across each
other will show significant leakage
currents due to their less than perfect
insulation, which acts like a conductor
at the extremely low currents needed
to measure high resistances. The
same can be said for printed-circuit
board material, flux residue, and most
plastics and other materials used as
insulators. The only two insulators that
can be trusted in the picoamp range
are air and Teflon, which will both be
used in the mechanical and elec-
trical construction of the Adapter.

Incidentally, there is @ new name for
the mho, the siemen. Note that 1 mho
equals 1 siemen. There is no change
in definition of the unit—only its name.
Since the abbreviation for siemen, “S”,
is easily confused with that for sec-
onds, “s”, we will use the older term in
this arficle.

How It Works. The schematic di-
agram in Fig. 1 shows how simple the
circuit actually is. A 1.000-volt refer-
ence is buffered by IC1, a TLC271, and
is connected to J1 for use when mea-
suring conductance. The voltage ref-
erence is derived from IC3, a 1.25-volt

temperature-compensated band-
gap reference. The current drop de-
veloped by the component under
testat J1and J2is converted by IC2to
an output voltage that can be dis-
played on a digital voltmeter. The out-
put voltage is limited to a maximum of
2.0 volts and a minimum of 1.0 volt.
With the inverting input of IC2 at “Vir-
fual ground”, that means the max-
imum input current that can be
measured is — 2.0 microamps.

In reading the conductance of an
unknown resistor (labeled "R,” in Fig.
1), —1.0 volt is applied to J1, with J2
being at virtual ground. Based on the
maximum input current that can be
converted by IC2, the smallest resis-
tance that can be measured is
500,000 ohms. The values chosen for
the circuit generate a conductance
reading of 1.0 micromho-per-volt, or
1.0 nanomho-per-millivolt output. A
1.0-million-ohm resistor will have a
conductance of 1.0 micromho, or
1000 nanomhos. A 1.0-billion-ohm re-
sistor would be equal to 1.0 nanomho.

The current-to-voitage conversion
is sef by R10, which gives an output of
1-volt-per-microamp, or 1-millivolt-
per-nanoamp. The unit you select for
R10 should have as high a folerance
as you can find. Standard 5% units will
not do—the lowest tolerance you
should use for R10 is 1%. That value is
easily purchased from various mail-
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Fig. 1. The schematic diagram for the Conductance Adapter shows how simple a
circuit is needed to accurately measure very high resistances and very low currents.
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Fig. 2. Here is the top side of the Conductance Adapter. Because of the circuit's
sensitivity to very high resistances, only Teflon-insulated wires should be used or the

Adapter will not work properly.

order firms. For best accuracy, a 0.1%
tolerance resistor is desirable. Unfor-
tunately, a folerance that tight is diffi-
cult to locate,

Power Supply. The +3-voit power
for the Conductance Adapter is sup-
plied by two 3-volt lithium “coin”-type

batteries installed right on the board
in suitable holders, Since the fotal cur-
rent draw for the Conductance
Adapter is less than 150 microamps,
the batteries should last a very long
fime. A “super-bright” LED is used for
LED1, with the current through LED1
limited by R1. In order to keep current

PARTS LIST FOR THE
CONDUCTANCE ADAPTER

SEMICONDUCTORS

IC1, IC2—TLC271 CMOS
operational-amplifier (Mouser 511-
TS271CN)

IC3—ICL8069 Band-Gap Reference
integrated circuit (Mouser 570-
ICL8069 DCZR)

LEDI—Red LED, super-bright, T1
case (Mouser 509-EBR3368S)

RESISTORS

(All resistors are Ya-watt, 5% units
unless otherwise noted.)

R1—12,000-ohm

R2—49,900-ohm, Y4-watt, 1%, metal
film

R3, R6—25,000-ohm, multi-turn
trimpot, cermet

R4—15,000-ohm

RS, R7—680,000-ohm

R8, R%—I10-megohm

RI0—1.00-megohm, Ya-watt, 1% or
better, metal film (see text)

CAPACITORS
Cl, C2—0.1p.F, ceramic disc
C3—1.0pE 16WVDC, solid tantalum

ADDITIONAL PARTS AND
MATERIALS

S1-—DPDT push-on/push-off or
toggle switch

TP1—Teflon-insulated stand-off
(Johnson STD-1, STD-2, or
similar)

11, }2—Teflon-insulated BNC jack
(Pomona 4160)

J3—Banana jack

J4—RCA-style jack

Bl, B2—CR2032 3-volt lithium
batteries

Printed-circuit board (Radio Shack
276-150 or similar), 3/8- to 1/2-
inch threaded spacers, screws, 22-
gauge Teflon-insulated wire,
enclosure, 14-gauge solid bus wire,
alligator clips, 8-pin IC sockets,
breakaway socket, battery holders,
RCA-style plug

NOTE: All of the semiconductors,
batteries, and battery holders are
available through Mouser
Electronics, Tel: 800-346-6873.
Teflon-insulated BNC jacks and
plugs are available from ITT
Pomona, 1500 East 9th Street,
Pomona, CA 91766-38335,
Tel:1-800-ITT-POMONA. Teflon-
insulated wire, standoffs, and all
passive components are available
from: Johnson Shop Products, P.O.
Box 2843, Cupertino, CA 95015,
Tel: 408-257-8614,



consumptionto a minimum, LED1 is set
to only put out a modest (but still dis-
cemible) glow.

Construction. The Conductance
Adapter was built on standard perfo-
rated construction board. The actual
placement of the parts is not critical,
but if you want to follow the parts
placement used in the prototype,
that information is shown in the pho-
fographs of Fig. 2 (the component
side) and Fig. 3 (the solder side). The
balance of this article will assume that
your board will resemble the author’s
prototype.

The board should be cut to fit the
enclosure before starting con-
struction. The board shown in Figs. 2
and 3 measures 1-7/s Inch x 2-%inch.

Begin by installing the bahtery hold-
ers, the two 8-pin IC sockets, and po-
tentiometer R6. You have the option of
either mounting $1 on the board, or
panel-mounting a slide or toggle
switch on the case. Capacitors C1
and C2, along with resistor R3, are
mounted on the underside of the
board as shown in Fig. 3, but you may
mount those components on fop if
you prefer.

Locate and install a Teflon-insu-
lated standoff which has a solder ter-
minal on its fop near Ré; that standoff
will serve as TP1, Atach one end of
resistors R8, R9, and R10 to TP1 with a
mechanical crimp—do net solder
them yet. Connect the other ends of
those resistors to the appropriate lo-
cations as shown in Fig. 1, keeping the
component bodies from touching the

board. Attach two Teflon-insulated

wires to TP1, then soider the joint, Make
one wire long enough to reach J2,
and the other long enough to reach
pin 2 of IC2. Install one pin from a
break-away type SIP socket on the
wire for pin 2 of IC2. That socket pin will
later be connected to pin 2 of IC2,
Finish the board by installing the re-
maining components and make all of
the interconnects on the board. Be
sure fo use Teflon-coated wires for
insulated wires, and leave the lengths
long enough to reach the panel-
mounted components.

The case can be any convenient
hand-held enclosure that will hotd the
entire circuit. Locate and install the
four jacks and power switch. Drill
clearance holes to mount the board
and for LED1 and the adjustment
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Fig. 3. Here is the bottom side of the Conductance Adapter. If you use a slightly larger
board, these components can be placed on the 10p side along with the rest of the

components.

screw of Ré. If you have mounted $1
on the board instead, drili a hole for
the push-button to protrude. Make
sure that you use Teflon-insulated BNC
jacks for J1 and J2.

Connect the board to the panel
components and install IC1 in its sock-
et. Install IC2 as follows: Carefully
bend pin 2 out and away from its
package so that it is at right angles to

the rest of the pins. Install IC2 in jts

socket and slip the socket pin from the
lead going to TP1 onto pin 2. That isc-
lates pin 2 from all leakage paths. In-
spect all of your connections and
install the board in the enclosure with
3/8- to 1/2-inch spacers and screws,

Test Leads. Special attention must
be given to both the input and output
leads used on the adapter. Coaxial
cable is NOT recommended for those
leads, as the capacitance of the ca-
ble can cause oscillation at the out-
puts of IC1 and IC2. Prepare an ouiput
cable by twisting together a pair of
foot-long Teflon-insulated wires. At-
fach one end of the twisted-wire pair
o an RCA plug, and the other end to
plugs that match your DMM’s input
sockets.

The input leads can be made sim-
ilarly, using twisted pairs terminated in
Teflon insulated BNC plugs. An easier
method is to attach a single wire to a
1-inch length of 14-gauge bus wire,
Pulling a conductor out of some 14-
gauge Romex-type house wiring from
a home-improvement center or
hardware store will work fine for that.
The 14-gauge wire will easily slide into

the center of the BNC jack. If you need
to, you can plug a separate ground
lead into J3, but be sure to use only
Teflon-insulated wire for all of your ca-
bles, and don't allow the component
under test (or the hooks or clips used
to connect if) 10 touch any medium
except air. A simple but effective test
jig can be made from two pieces of
14-gauge bus wire, about 2- to 3-
inches long, with a small alligator clip
soldered to one end of each and in-
serted into the BNC jacks. That ar-
rangement works well when testing
components such as resistors or di-
odes individually.

Calibration. To calibrate the Adapt-
er, connect a DVM between J1 & J2
(the input jacks), turn on the Adapter’s
power, and adjust R3 (CAL) for aread-
ing of exactly —1.0000 volts. Now con-
nect the output from J4 (the RCA-style
jack) to the DVM and adjust R6 (NULL)
for a reading of 0.00 millivolts. Check
the “null” reading occasionally—tem-
perature drift may cause it to shift 10 fo
20 microvolts.

Operation. The advantage to using
the Conductance Adapter in measur-
ing high impedances rather than an
ohmmeter is that the Adapter applies
a constant voltage 1o the device un-
der test and then reads the resulting
current. That is opposite to how an
ohmmeter does the same task. Be-
cause of that, the Conductance
Adapter has much better noise sup-
pression. When using the Adapter,

(Continued on page 79)
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CONDUCTANCE ADAPTER
{Continued from page 63)

keep the input leads short to avoid
60-Hz line pickup. Although the ICs
used in the Conductance Adapter
are E£SD protected, you should avoid
letting any static discharges into J1 or
J2.

Connect a 1-megohm resistor to J1
and J2 and the output on a DVM will
be 1.000 volts, which is equal to 1.00
micromho or 1000 nanomhos. A 300-
megohm resistor will read 3.33 milli-
volts, which is equal to 3.33
nanomhos. A diode (shown as D, in
Fig. 1) might show a reading of 2.55
millivolts when reverse biased. That is
equal to a leakage current of 2.55
nanoamps. Leakages can be mea-
sured down to 10 picoamps. If you
need a vollage greater than —1.00
volt for your tests, do not make any
connection to J1. Apply an external
voltage between the ground jack (J3)
and the free lead of the device being
tested. Do not let any voltages ap-
plied to J2 exceed 3 volts, or IC2 will
be destroyed. Q




