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A tunneling-transparent insulating film is required at the contact of a metal with a
semiconductor in order to explain the photostimulated excitation of current
oscillations in the semiconductor structure.

Knab and Frolov' have recently reported observing relaxation current oscilla-
tions in a semiconductor structure which can be controlled by a voltage and also by
the intensity and position of a light beam. The silicon semiconductor structure consist-
ed of a heavily doped p-type substrate and a thin (10-um), lightly doped n-type layer on
whose surface rectifying contacts were fabricated. Knab and Frolov assumed that the
feedback required for the current oscillations occurred through the n-type layer. They
also assumed that important roles were played by the joining of the depleted region
below the contact with the p-type layer and a modulation of the width of the n-type
layer by the depleted region of the p—n junction.

We have used a similar semiconductor structure® to study the accumulation of
minority carriers (holes) at a metal-semiconductor contact and to study the amplifica-
tion of the injection of majority carriers from the metal. For the effect to be observed,
there must be a thin, tunneling-transparent insulating layer between the metal and the

FIG. 1. I-V characteristic of a structure with a tunneling-transparent insulator as a voltage is applied
between the metal and the p-type region.
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FIG. 2. Relaxation oscillations in a structure with a tunneling-transparent insulator. The scale along the x
axis is 10 ps/div, and that along the y axis is 5 V/div.

n-type semiconductor. When a voltage is applied between the metal and the p-type
substrate, the I-V characteristic of the stucture (Fig. 1) has a negative-resistance region
when a negative potential is applied to the metal electrode. The particular voltage at
which the negative-resistance region appears depends on several parameters, including
the thickness of the insulating layer, the material from which the metal electrode is
made, the thickness of the n-type layer, and the intensity of the illumination in the
fundamental absorption region of silicon. The reasons for this behavior have been
determined in detail in previous experiments.>

When a voltage is applied to two contacts with tunneling-transparent insulating
layers, relaxation oscillations appear at some threshold voltage (Fig. 2). These oscilla-
tions are similar to those observed in Ref. 1. The amplitude and frequency of the
oscillations depend in a similar way on the applied voltage and on the illumination
intensity. The threshold voltages for the appearance of the current oscillations, like the
threshold voltages for the appearance of the negative-resistance region, depend on the
material from which the metal electrodes are made. Current oscillations are not ob-
served in the same structures without the thin insulating layer between the metal and
the semiconductor (the presence or absence of the insulating layer was determined
from the presence or absence of the negative-resistance region on the I-V characteristic
of each of the diodes).

In summary, the feedback required for the onset of current oscillations is pro-
vided by a tunneling-transparent insulating layer between the metal and the n-type
semiconductor, by the accumulation of holes at this boundary, and by the intensifica-
tion of electron injection from the metal into the n-type layer and the related amplifi-
cation of the injection of holes from the Dp-n junction.
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