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Summary of Introductory Statement

A brief review of small-signal noise theories
of Gunn and IMPATT diodes, and large–signal
noise theories of IMPATT diodes is the pur-
pose of this presentation. Some issues
requiring further investigation will be
pointed out.

The small–signal theories of Gunn diode noise
attribute the noise to the random transitions
of the carriers from the low mobility valley
to the high mobility valley and viceversa,
and to the diffusion (random walk) of the
drifting carriers. This noise can be ex-
pressed in terms of an effective diffusion
constantl if certain conditions are met2.
One can show3 that the noise measure of
spatially uniform Gunn devices is limited by
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where T is the temperature of the carriers,
y is equal to -(1/n1)(an2/aE)Eo, usually
a negative quantity, with nl the equilibrium
density of the high mobility carriers, n2
that of the low mobility carriers, E. the
dc electric field; TI and 22 are the respec–
tive relaxation times, the v is the average
velocity. The traveling wave Gunn device
can be shown to achieve the lower bound.
For a reasonable choice of parameters this
bound can be as low as 12.8db.

The results of the small-signal Gunn diode
noise theory have been applied to predict
FM noise of Gunn diode oscillators. 4,5

The linear noise theories of IMPATT devices
are generally in agreement6,7,8,9. The
noise is attributed to the probabilistic
nature of the avalancheprOCeSS - the time
instants of the ionizing events are randomly
distributed. The statistics may be assumed
stationary in the small signal limit. It
is possible to showlo that a structure with
equal ionization coefficients for both
carriers (a = B), consisting of a single
region of constant a’ = ~a/aE, must possess
a noise measure M that is greater than, OP
at best equal to, q/(2a’kTo), where q is
the charge of the carriers. Analysis shows
that this lower limit on M can be achieved
at a transit angle somewhat smaller than
211. For GaAs, the lower limit can be as
low as 16.8db. There are theoretical
indications that p~oper combinations of
tapered avalanche regions and drift regions
may lead to lower noise measures than

M = q/(2ct1max, kT), where abax, is the highest
value of at in the tapered regionll. Also,

unequal ionization rates may be, at times,
beneficial.

The large-signal noise theories of the
IMPATT diode12,13 agree in that they predict
an increase of noise measure with increasing
signal level. The reason for this YLS that,
at large signal levels, the avalanche current
builds up from lower initial values than at
small signal levels, and more noise is gener-
ated in such a situation. This prediction
agreed with experiments, but the computed
numerical values were often higher than the
measured values. On explanation starts
from the hypothesisl~ that ionization in
the drift space causes initial currents

~~~~~~rt~~~l~~t~~~a~~~5 that ‘cunnelling
assumed Is-value.

accounts for the increased initial current.
Very recent measurements~5 on high efficiency
diodes show a noise measure that-is rela-
tl,:ly independent of signal level at appr.

References

[1]

[2]

[31

[4]

[51

[6]

[71

[8]

[91

[10]

[11]

[12]

[131

[14]
[15]

H. W. Thim, Electron Letts ~, 106
(1971)
H. A. Haus, Solid-State Electronics ~,
1075 (1974)
H. A. Haus, IEEE Trans. Electron Dev.
ED-20, 264 (1973)
A. A. Sweet, L. A. McKenzie, IEEE Proc.
~, 822 (1970)
H. A. Haus, H. Statz, R. A. Pucel,
IEEE Trans. Electron Devices ED-20,

368 (1973)
A. S. Tager, Sov. Phys.-Solid State ~,
1919 (1965)
M. E. Hines, IEEE Trans. Electron Dev.
ED-13, 158 (1966)
M. T. Vlaardingerbroek, J. J. Goedbloed,
Phillips Res. Reports ~, 452 Dec. 1970
H. K. Gummel, J. L. Blue, IEEE Trans.
Electron Dev. ED-14, 569 (1967)
H. A. Haus, H. Statz, R. A. Pucel,
IEEE Trans. Microwave Theory MTT-19,
801 (1971)
H. Statz, H. A. Haus, Proc. 3rd
Biennial”Cornell E.E~ Conf., p 155
(1971)
R. L. Kuv;S, IEEE Trans. Electron Dev.

ED-19, 220 <1972)
J. J. Goedbloed, M. T. Vlaardinger-
broek, IEEE Trans. Electron Devices
ED-21, 342 (1974)
M. T. Vlardingerbroek, unpublished
A. Mircea, E. Constant, R. Perichon,
Appl.Phys.Letts 26, 245 (1975)

311



312


