Measuring the Pinch-Off Voltage
of FET’s Conveniently
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Direct measurements of a FET's
pinch-off voltage cannot yield accurate
values to better than =1 volt. Con-
sequently, manufacturers had to find
a parameter interrelationship accurate
enough to suffice as a replacement for
this important parameter.

By definition, the pinch-off voltage
has been reached when an increase in
the drain-to-source voltage produces
little or no increase in the drain cur-
rent. As seen in Figure 1, the actual
point of pinch-off lies toward the end
of the knee of the voltage current
curve.

Further analysis of the FET's char-
acteristic curves has shown that the
gate voltage which holds the drain
current to a minimum value is ap-
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Figure 1
FET characteristic curves.

proximately equal to, though opposite
in polarity from, the pinch-off voltage.
This is analogous to the cut-off poten-
tial in a vacaum tube. Thus with this
interrelationship, it is possible to find
a gate voltage which is equal in value
to the pinch-off voltage. The circuit in
Figure 2 shows how this gate voltage
can be applied and measured con-
veniently, where read-out on a volt-
meter connected from gate to ground
gives a value which matches the FET's
pinch-off voltage.

When a FET is inserted into the
circuit, the drain voltage V1 ap-
proaches zero. The drain is connected
to the noninverting input of the am-
plifier. A reference voltage V2 is con-
nected to the inverting input of the
amplifier. Since the drain is close to
zero volts, the amplifier produces a
negative output potential, which is ap-
plied to the gate of the FET under
test, a N channel type, turning it off.

When the amplifier input voltages
are balanced, there is a voltage differ-
ence Vpp minus V2 across the 10 MQ
drain resistor. The circuitry is designed
so that voltage corresponds to the
magnitude of the drain current change
specified at Vpo (pinch-off voltage).
In this case, with Vpp minus V2 equal-
ing 1 volt, ID equals 0.1 pA.

Normally closed relay contacts are
connected between the noninverting
input and the output, so that the out-
put is held to the referenced voltage
(V2). A capacitor (Cl) is placed
across the same points to prevent latch-
up by slowing the response time of
the system. The devices to be measured
should have a BVgso of greater than

minus 15 volts. If“not, the amplifier
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Figure 2 VPO measuring circuit.
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output should be clamped to a suitable
voltage less than the minimum break-
down (as long as BVgg is greater
than Vpo).

The pinch-off voltage of a P channel
FET can be measured by changing the
polarity of Vpp.

This system may be used to match
FETs for differential operation (Fig-
ure 3). A match of g, and IDSS

prior to the AVGS measurement. The
desired ID is set by the control in the
gate circuit of Q1. The IR drop across
Ql’s drain resistor is sensed by the
inverting input of the amplifier, which
in turn drives Q2 until the drain vol-
tage drops match (ID,=IDS). Be-
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(typically to 10 per cent) is made

cause the AVGS match is usually with 3

20 - 1 mV, a minimum resolution of

500 pV is required. Subsequently, to 5 L

obtain this resolution the voltmeter Ot @

should be of a low level differential Figure 3

or nulling type. ’ YGS matching for differential operation.
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