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A theory of negative-conductance amplifi-
cation and of Gunn-effect oscillation in 
'two-valley' semiconductors such as GaAs 
and InP that agrees well with experimental 
observations is presented. [The SCI® in-
dicates that this paper has been cited over 
225 times since 1966.] 
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"When Ian Gunn reported he had discov-
ered a current instability in the semiconduc-
tor crystal gallium arsenide, it drew wide-
spread attention because it was potentially 
useful as a solid state microwave generator, 
and because there was uncertainty as to the 
cause of the effect.1 Now, a widely ac-
cepted tradition of applied research is that 
better understanding of an effect facilitates 
more effective exploitation. The challenge 
was to figure out what caused the 'Gunn-
effect.' 

"One of us recalled two theoretical pre-
dictions of instabilities made three years 
earlier in England by Ridley and Watkins2 

and by Hilsum.3 Gunn originally concluded 
that these predicted effects required much 
higher electric field strengths than he used; 
however, the suggestive parallels begged for 
a definitive experimental test. Such a test 
might be to follow changes in the onset con-
ditions for the instability as the crystal was 
subjected to steadily increasing hydrostatic 
pressure. Such an experiment was per-
formed by Hutson, one of our colleagues.4 

But Murphy's Law must have been operat-
ing—the experiments were surprisingly neg-
ative, so much so that there followed a peri-
od of more than a year in which innumera-
ble possible causes for the instability were 
considered, some new instabilities were 
even invented, and an increasing number of 

experimental studies were made. All to no 
avail. By the exhaustive process of elimina-
tion we were led back to suspect the pres-
sure experiment. We repeated it with sam-
ples more carefully chosen to correspond in 
their conductivity to samples normally used 
for the Gunn-effect. This time it worked! As 
the pressure increased, the onset conditions 
changed as predicted by the theory. 

"With the fundamental cause of the in-
stability identified, it was of concern to 
show how completely its characteris-
tics—its frequency, growth rate, amplitude, 
etc. —could be accounted for. A compre-
hensive mathematical analysis of the in-
stability followed. The results were con-
clusive, but how could they be best con-
veyed to readers? The computer outputs 
were piles of numbers showing the time-
development of field profiles, but somehow, 
a few extracted graphs could hardly capture 
the enormous output of the computer. 

"Around that time (about 1965), comput-
er-generated movies were just beginning to 
emerge. This was just the technique for 
showing the time-development of the field 
profiles. The editor of the special issue of 
the journal in which the paper was planned 
to appear was receptive to printing short se-
quences of the movies in the outer margins 
of the journal pages so that when they were 
finger-flipped, as in old-time flip movies, the 
reader could see the movie sequence for 
himself. We often wonder what influence 
this publishing innovation had in attracting 
attention to our paper, though we do like to 
think that the paper represented a turning 
point in the evolution of Gunn-effect de-
vices. 

"Since our publication, many others have 
gone on to improve upon the analysis and to 
invent new forms of the device. We believe 
our work represented a relatively early ap-
plication of massive computer techniques 
to solid state device development, where ex-
ploratory evaluations of changing various 
material and device parameters could be 
made rapidly and informatively without 
having to rely entirely on the more tradition-
al, time and manpower consuming experi-
mental approach involving the preparation 
of large numbers of samples and their char-
acterization." 
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