. IMPATT DIODES
8-2-1 Physical Structures

A theoretical Read diode made of an n*-p-i-p* or p*-n-i-n* structure has been ana-
lyzed. Its basic physical mechanism is the interaction of the impact ionization
avalanche and the transit time of charge carriers. Hence the Read-type diodes are
called IMPATT diodes. These diodes exhibit a differential negative resistance by two
effects:

1. The impacl ionization avalanche effect, which causes the carrier current Io(t)
and the ac voltage to be out of phase by 90°

2. The transit-time effect, which further delays the external current /.(r) relative
to the ac voltage by 90°

The first IMPATT operation as reported by Johnston et al. [4] in 1965, how-
ever, was obtained from a simple p-n junction. The first real Read-type IMPATT
diode was reported by Lee et al. [3], as described previously. From the small-signal
theory developed by Gilden [5] it has been confirmed that a negative resistance of
the IMPATT diode can be obtained from a junction diode with any doping profile.
Many IMPATT diodes consist of a high doping avalanching region followed by a
drift region where the field is low enough that the carriers can traverse through it
without avalanching. The Read diode is the basic type in the IMPATT diode family.
The others are the one-sided abrupt p-n junction, the linearly graded p-n junction
(or double-drift region), and the p-i-n diode, all of which are shown in Fig. 8-2-1.
The principle of operation of these devices, however, is essentially similar to the
mechanism described for the Read diode.

8-2-2 Negative Resistance

Small-signal analysis of a Read diode results in the following expression for the real
part of the diode terminal impedance [5]:

2L I 1 — cos @
va6:A | — 0/} (2

R=R + (8-2-1)

where R, = passive resistance of the inactive region
vs = carrier drift velocity .
L = length of the drift space-charge region
A = diode cross section

¢, = semiconductor dielectric permittivity
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In eqo(sl;i:l)u‘:l:: ‘I‘;ilcll‘;i')f a " is the derivative of the ionization coefficient with re-

:.loed ey sin;Je - This coefficient, the number of ionizations per centimeter
prod ‘m_)* b carrier, is a sharply increasing function of the electric field.
The variation of the negative resistance with the transit angle when @ > w, is plot-
ted in Fug.ls-l’l-?.. The h;npeak value of the negative resistance occurs near @ = . For
uz.:;t d:cng m:ssesmd: F1'r and .apprmching 3m/2, the negative resistance of the
di . rapidly. For practical purposes, the Read-type IMPATT diodes work
well only in a frequency range around the  transit angle. That is,

%L (8-2-4)
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8-2-3 Power Output and Efficiency

At a given frequency the maximum output power of a single diode is limited by
semiconductor materials and the attainable impedance levels in microwave circuitry.
For a uniform avalanche, the maximum voltage that can be applied across the diode
is given by

Vm = EnL (8-2-5)

where L is the depletion length and E,, is the maximum electric field. This maximum
applied voltage is limited by the breakdown voltage. Furthermore, the maximum
current that can be carried by the diode is also limited by the avalanche breakdown

process, for the current in the space-charge region causes an increase in the electric

field. The maximum current is given by

& _ vs&EnA
e = JoA = 0E,A = f'_E'A = __L =

Therefore the upper limit of the power input is given by
Pa- = ’.Vm == EE.GIJ‘A
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