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PROCEEDINGS

Under a given set of assumptions, there can be only one correct
expression for the input capacitance of an FET. If two different expressions are obtained by two different methods, then one method
must be invalid. The procedure used in Spangebul was to divide the
depletion region lying between the channel and the gate into differential sections, and then to apply the formula for the capacitance of
a planar reverse-biased p - n junction to each section; the total input
capacitance was obtained by summing-Le., by integrating-the differential capacitors along the length
of the gate channel junction.
For this integration to be valid thedifferential capacitors must all be
connected in parallel. Although the gate is a common point for one
terminal of each capacitor, the currentflowing through the resistance
of the channel results in a difference of potential between the other
terminals.Thus,thedifferentialcapacitorsarenot
in parallel and
cannot be summed to obtain the desired formula.
The correct expression for the input capacitance C11 may be obtained most easily by taking the voltage derivative of the charge in
transit between the source and the drain. The result may, in fact,
bederivedforarbitrary(one-dimensional)impuritydistributions.
For a symmetrical stepjunction FET, for example, CII is given by
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Fig. 1. Asymptoticbehavior
of inputimpedanceasiunction
of terminating
impedance. The imageimpedance is themidpoint X between thebreaks in
the curve.

L
6KZ - ( 4 2
a

+ 4(1-&)(1-&
+ (1-4:)2
+ 4;)(l-v‘z)*
[3(v‘Z +):v‘
- 2 ( d + v ‘ Z + s)12

where d and s are,respectively,thenormalizeddrain-gateand
source-gate potentials, the other symbols having the same
significance as in Spangebu.’
are made.) The values of RtlZ,R t l P Rt2,
,
and Rtt, for this problem
This input “charge-capacitance” has beens h ~ w nto~ be
. ~ identical
are, with signs reversed, 1.1 X103, lo3, 1.1 X102,and IO2. These values
are the coordinatesof the asymptotic behavior,A and B , and themid- a t low frequencies to the “real” input capacitance, i.e., the capacipoint X represents the image impedance of the network viewed from tance that is calculated by considering the FET structure to be a
either pair of terminals. A l s o note that F = 1.1 if TT is a?,, an active distributed R C network.
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element, and this value is the same as the ratio between the open- and
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of terminating impedance shown in Fig. 1 has been of great value as
a teachingaidinadditiontosupplyinginformationabout
mismatching of impedances.
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Comment on “FET Input Capacitance’’
In a recent correspondence,’ a formula for the input capacitance
of a field-effect transistor(FET)wasderived.Theformula
is incorrect because of a n error in theory, the identical error having been
committedbyseveralother
authors.2 Thesource of the error has
previously been noted,3 and this correspondence repeats some of the
pertinent arguments of Richer.3
Manuscript received October 2 5 . 1965.
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An Electronic Half-Tone Image
Recording Technique
In magazine and newspaper printing, different levels of gray are
presented in terms of variations in the diameter of small black dots
arrayed in a fixed pattern. I n one sense, the storage is binary: i.e.,
there are no variations of color within the dot itself. The technique
described here uses an electronic storage tube t o generate a mosaic
of diameter modulated dots to record the intensity
of two-dimensional
antenna patterns.
The Tektronix 564 recording oscilloscope was used with auxiliary
circuits, as shown in Fig. 1, to provide a uniform, medium resolution,
reliable display on which images can be stored for about one hour
with no degradation in either image quality or intensity. The video
signal is sampled a t regular time intervalsto provide about60 samples
per fast scanline. Each sample pulse initiates one setof the waveforms
sinusoids in
shown inFig. 2. Two of the waveforms are decaying
phase quadrature which are added to the sweep signals at the “ X ”
and “Y”inputs to the oscilloscope. They cause the beam to trace
out a small logarithmic spiral pattern at a point on the screen determined by the values of the sweep voltages at the sampling instant.
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