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Abstract. Experimental investigation of high-power low-frequency current oscillations in
germanium samples with low injecting contacts is discussed in this article. The results ob-
tained were explained by periodic formation, transport along the sample, and collapse of the
thermal gradient-drift (TGD) domain. The domain formation mechanism is considered in

details in [1].
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Current oscillations in germanium samples, similar to
those observed in this paper, were presented earlier in
[2], but the mechanism of their appearance was not dis-
cussed there. It is only known that experiments were per-
formed on the samples with contacts having different in-
jecting ability. It was experimentally shown, that only
one current peak was invariably observed in a germa-
nium sample with two high injecting contacts (p-r-junc-
tions), next the sample cracked. Periodic current oscilla-
tions were observed in the samples with both tin contacts
possessing low injecting ability.

Reasons related to special features of the current flow
in samples with contacts having different injecting abil-
ity become clear, following the examination of the equa-
tion describing the behavior of electron-hole plasma in
semiconductor with concentrations of electrons n and
holes p (p = n)
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where: Ap = p — pg is the plasma concentration variation,
D and u are the effective diffusion coefficient of electron-
hole pairs and their effective mobility, respectively, E is
the electric field strength in semiconductor, tis the effec-

tive pair lifetime, 4 is the factor dependent on the current
value and semiconductor material, and 7'is the tempera-
ture.

The first term in the right-hand side of the equation is
associated with the charge carrier diffusion along the
sample, the second — with their drift in the electric field
E, the third — with the generation-recombination process
in semiconductor, while the fourth — with b-drift [3].

Let us consider how the relationship between the terms
in the right-hand side of the equation reflects the physical
processes in a germanium sample.

The thermal gradient-drift (TGD) domain in germa-
nium moves towards the negative contact from the place
of its emergence [2]. If the injection coefficient of this
contact is so high that the diffusion term becomes greater
than the term associated with b-drift, then the TGD do-
main will be unable to reach this contact. The fact is that
the TGD domain comes to a stop when it reaches the
diffusion area near the negative contact. It takes place
because of b-drift that could not extract charged carriers
from the diffusion area which pass there from the contact
due to injection. These carriers are accumulated in the
diffusion area and destroy the domain. Moreover, the
area of the TGD domain location is strongly heated with
the flowing current, and the temperature gradient de-
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creases in the domain area. At the same time, the high-
intensity thermal generation of electron-hole pairs takes
place in the domain area. They “flood” this area and
decrease its resistivity. Under the action of these two proc-
esses the TGD domain collapses, the current through the
sample sharply increases, and the latter cracks [1]. Thus,
only a single current peak (rather than periodic current
oscillations) can be observed in such samples as we ob-
served in our experiment.

If the injection coefficient of the negative contact is so
low that the diffusion term is less than the term associated
with b-drift, then the TGD domain is able to attain the
negative contact and to disappear there without
distructing the sample . Next, the cycle is repeated. These
arguments were verified by experiment.

The experiments were performed both at liquid nitro-
gen and room temperatures. The selection of experimen-
tal conditions was based on the possible observation of
different mechanisms of the TGD domain appearance
and disappearance at various temperatures.

The n-type germanium samples with donor concen-
tration of approximately 10'3 cm— were used to observe
the current oscillations in a sample dipping into the lig-
uid nitrogen. The sample p*-contact with high injecting
ability was manufactured by indium fusing; n-contact
with low injecting ability was soldered on by tin.

Single rectangular voltage pulses with controlled du-
ration were applied across samples; hereat the correspond-
ing current pulses flowing through the sample were ob-
served (Fig. 1). At different time instants of the voltage
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Fig. 1. Oscillogram current oscillation at the liquid nitrogen tem-
perature.
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pulse shown in Fig. 1 as ¢;...1g, the electric field distribu-
tion along the sample was determined (Fig. 2). Numbers
near the curves in Fig. 2 correspond to those times.

As can be seen from these figures, at time ¢, the high-
est electric field strength area is located near the n-con-
tact. Under this field, electrones are injected from the
contact into the sample bulk, while holes are injected
from the p*-contact. As a result, the current increases up
to the value sufficient for the non-uniform heating of the
sample, especially of its middle part (time 7, in Fig. 1),
and for the beginning of the TGD domain formation
(curve 2 in Fig. 2). The domain formation results in the
sample current reduction down to its lowest value (time 73
in Fig. 1). After its formation, the domain begins to shift
from the p*-contact towards the n-contact (curves 3, 4, 5,
6 in Fig. 2, respectively). At time ¢, the TGD domain
reaches the n-contact and disappears there (curve 6 in
Fig. 2). Then, the initial state is realized. The current
through the sample begins to increase again (time #7), a
new TGD domain is formed (time g, Fig. 1), and the
cycle repeats (curves 7 and 8 in Fig. 2, respectively).

Current oscillation will be stable, if the integral tem-
perature of the sample does not fluctuate significantly
during the current flowing. Just for the provision of such
conditions, the experiments were performed in the liquid
nitrogen used as coolant. It was established that the os-
cillation frequency is determined by the TGD domain
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Fig. 2. Electric field distribution along the sample at correspond-
ing time instants shown in Fig. 1.
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shift speed along the sample and the length of the latter.
At sample length of 0.56 cm the oscillation frequency
varied within the range of 1...5 kHz depending on the
applied voltage value.

At the voltage pulse duration less than 1 sec, current
oscillations were sufficiently stable. As the pulse dura-
tion increases (1 sec or more), the maximum /,,, and
minimum /,;, current values were gradually increased
with time after the pulse beginning, and the oscillation
frequency also increased. When the integrated heating
of the sample reached the level of the liquid nitrogen boil-
ing, a gaseous nitrogen layer was formed around the sam-
ple, the heat sinking sharply decreased, and the sample
cracked [1,3].

Oscillation frequency could be changed by the varia-
tion of both the applied voltage and sample length. The
length decrease from 0.56 cm to 0.3 cm increased the
oscillation frequency from 1...5 kHz up to 3...10 kHz,
but their stability was lowered.

The applied voltage increase resulted in the growth of
Ihax and I;, values, the decrease of current modulation
index K = Ijax/Inin, the increase of oscillation frequency
and their instability. The power of such oscillations
reached 500 W.

At room temperature, investigations were performed
on the germanium samples with the intrinsic conductiv-
ity (donor concentration =10'2cm3). Both contacts were
soldered on with tin and featured low injecting ability.
The sample length was 0.3...0.8 cm, their cross-section
was 0.1...0.25 cm?2. For more effective cooling, the sam-
ple was pressed to the copper heat-sink through the ther-
mal conducting paste and thin dielectric layer.

As in the previous case, single rectangular pulses of
voltage with controlled duration and amplitude were ap-
plied across the samples, and the corresponding current
pulses were observed (Fig. 3). At the characteristic times
t1...t3, the electric field strength distribution E(x) was
measured along the sample (Fig. 4). The oscillograms
show that current value after the voltage pulse beginning
is low, and for a considerably long period (up to
4 ms) increases slowly. Electric field at time ¢, is distrib-
uted along the middle part of the sample near-uniformly,
and its strength is higher only near the negative contact
(curve 1, Fig. 4). During this time the negative contact is
heated, the temperature gradient running into 100 K/cm
occurs near the contact. In accordance with [3], the b-
drift enriches this contact area with the non-equilibrium
charged carriers increasing the current flowing through
the sample. Electric field decreases near the negative
contact; flowing current begins to heat the middle part of
the sample, the temperature gradient of the sign required
to the TGD domain formation occurs there. Carrier con-
centration becomes of the same order of donor concen-
tration 10'2cm 3, and flowing current reduces by the fac-
tor of 100. According to [1], the TGD domain begins to
shift towards the negative contact (time instants 2, 3,4, 5
in Fig. 4). But low current (of the order of 0.1...0.2 A)
flowing through the sample is insufficient for its non-uni-
form heating, proper temperature gradient maintenance,
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Fig. 3. Oscillogram current oscillation at the room temperature.
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Fig. 4. Electric field distribution along the sample at corre-
sponding time instants shown in Fig. 3.
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and the TGD domain existence. After its formation, the
TGD domain disappears gradually during its shifting
along the sample, carriers concentration increases inside
its area, and at the moment ¢ electric field distribution
follows itself at the moment #;. A new period of oscilla-
tion begins.

Current oscillations are quite powerful running into
100 W. Effective heat-sink maintains the oscillation pa-
rameters stability at pulse duration up to one second.
Oscillation stability duration can be increased by using
more effective heat-sink like diamond or sapphire.

Proceed from the results obtained, the next model of
the current oscillation occurrence was proposed.

Under the action of the applied voltage pulse, the cur-
rent through the sample begins to increase, the essential
non-uniform heating of the sample takes place, and the
TGD domain occurs. This domain occurrance reduces
the current flowing through the sample by a factor of 10
or more. In such a manner, the current peak is formed.
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After its formation, the domain heating begins, the tem-
perature gradient reduces shifting the TGD domain to-
wards the maximum gradient area. Domain is formed
near the positive contact in germanium, moves along the
sample, and disappears in the negative contact or near it.

The TGD domain disappearance results in current
increasing and new current peak occuring. Then the cy-
cle repeats.
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