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rift region can enharice performance.

NT ErFFECTS N UNDEPLETED
TAXIAL MATERIAL

diodes contain a region of undeple ed
s may be an inherent design feature as
nixer and transit-time devices, or it may
-" region from the influence of contacts,
nited control of fabrication tolerances.
n and total length of this undeple:ed
vary in a way determined by the tctal
device. It is important to characterize
- of this material because its effect on
yperties can be significant, especially at
rave) frequencies. In this section some
1is problem are briefly reviewed. Monate
:n used to characterize uniform, unde-
material as a function of frequency znd

f Undepleted Epitaxial Material

is assumes no transient effects and a
ity. The resulting equivalent circuit of
\aterial of length w, cross-sectional area
tant € is shown in Fig. 12(a). This is
conductance in parallel with the cold
nce. An extension of this analysis uses
ield characteristic [19], in which case
mes signal-level dependent as showr in

approach to calculating transient trzns-
ume a constant momentum relaxation
1m balance equation. This leads directly
y-dependent mobility [22]
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frequency, low-field mobility and w is
y. The equivalent circuit implied by :his

T performance of this signal-level depenclent
yus loss™ have been analyzed by Blakey e’ al.
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Fig. 12. Equivalent circuit represcntations of undepleted cpitaxial

material. (a) Low field, low frequency, (b) arbitrary field, low fre-
quency, and (¢) constant momentum relaxation time approximation.
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Fig. 13. Frequency dependence of inphase and quadrature mobilities
calculated in the constant momentum relaxation time approximation.

expression is shown in Fig. 12(c). Note that there is now an
electronic susceptance which is predicted to be inductive. The
frequency dependence of the real (in-phase) and imaginary
(quadrature) mobilities is shown in Fig. 13. The in-phase
mobility deteriorates monotonically as a function of frequency
while the quadrature mobility peaks at wr,, = 1.

These analyses lead to the expectations that the conductance
of undepleted epitaxial material decreases as frequency and
signal level increase and that there is a significant inductive
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