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THE FLUCTUATION SPECTRUM EVOLUTION UNDER
MULTITRANSIT ACOUSTOELECTRIC AMPLIFICATION

IN n-InSb AT LOW TEMPERATURESY
Mansfeld, G. D..” Rubstov, A. A Veretin. V. S..%

New peculiarities of the acoustoelectric instability in a piezoelectric semiconductor
are desctribed. The spectrum of the acoustic and electromagnetic oscilations which
arise due to muititransit amplification of fluctuations in the crystal appeared to be
strongly dependent on the electron gas heating when the sample was putinto a liquid
helium bath. 1t was also found that when the mean free path of electrons was bigger
than the acoustic wave lenght the generation occured Just near the frequency of the
maximum gain. When the lattice and the electrons were heated by a drift current.
additional maxima in the spectra were observed.

I. INTRODUCTION

The important problem which requires both theoretical and experimental
studies is the phenomenon of highly developed phonon turbulence.

Recently in a study of the phenomenon of multitransit (““cyclotron™) genera-
tion of acoustic and electromagnetic osci" _us in crystals of #-InSb in a
transverse magnetic field the spectrum of amplified fluctuations has been found
to become narrower with time, its intensity having remained constant [1].

This result proved the dominant role of highly damping free electronic waves
mediating the interaction of fluctuations {2]. The results on spectrum trans-
formation in layered structures in strong electric fields were obtained in [3].

In the present work the results of the observation of some new peculiarities
in the multitransit generation of the acoustic and the electromagnetic oscilla-
tions in n-InSb crystals put in liquid helium or nitrogen without a magnetic field
are presented. In the experimental state the electron mean free path / exceeds the
inverse wavenumber, e, g/ 2 1, and a collisionless acoustoelectronic inter-
action takes place.
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IL. EXPERIMENTAL PROCEDURE.

The crystals on n-InSb with electron concentrations n = 1 ... 3 10%cm~* and
mobilities ¢ = 1... 510°cm?/V s were investigated. The samples were cut along
the [110] axis in a rectangular form with lengths of 0.5 ... 1.0 cm and crossections
of 0.7 x 0.7mm?

Flat parallel faces for the reflection of acoustic waves (mirrors) were cleaved.
Electric voltage was applied to the ohmic contacts placed near the ends. An
alternating electric drift field was generated in a sinusoidal or rectangular
(meander) form. The generation started under the condition of synchronism
when the half of the period of an alternating field was approximately equal to
the transit time for acoustic waves between the reflecting faces. In this case the
acoustic flux having been amplified to one half of the period appears again in
the amplifying phase of the field after reflection because the field’s sign changes
at the moment of the reflection. In the experiments we could control the voltage
across the sample and the current flow through it. The spectrum of generation
was registered by microwave radiation issuing from the sample.

For this purpose the sample was connected with a microwave receiver or a
spectrum analyser.

HL THE EXPERIMENTAL RESULTS AND DISCUSSION.

The most unexpected and interesting results contrasting with those of our
previous work [1] were obtained when the sample was placed in liquid helium.

Fig. 1 shows an oscillogram of the voltage and the current in the sample with
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Fig. 1. The oscillogram of a) a sinusoidal voltage applied to the sample; b) a current through the
sample. The sample is put in liquid He.

the sinusoidal drift field. After 5 periods the current shape was distorted evident-
ly due to a strong acoustoelectric effect accompanying the multitransit amplif-
ication of fluctuations. The proof of an acoustoelectric nature of the
phenomenon is the fact that it arises only when the frequency of a drift field is
close to that of synchronization.
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But even with the use of a very sensitive receiver we failed to detect microwave
radiation from the sample. The possible explanation of this may be found if one
takes into account that the electron temperature 7. in InSb is strongly dependent
on the electric field. If we suggest that T, at succesive moments is different. then
the Debye screening length r, depends on time and hence the frequency of
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fluctuations are distributed within the broad frequency interval. Their intensity
is so small that they are not resolved by the receiver. To prove this suggestion
experiments with meander form drift current were performed. In this situation
the electric drift field is a constant at each half of period, the T, and f,, must
remain constant during these time intervals. Starting from a certain value of the
drift current the microwave receiver began to detect an intensive microwave
radiation, which after a few periods of the drift field decreased. One could
suggest that at the initial stage of the generation the signal was due to the linear
amplification when in accordance with [4] it had a linear dependence on field.
When the current is decreased, the amplification decreases. The decrease of the
amplitude of the radiation may also be explained as a result of changing the
amplitude of current during the half of a period under the condition of the
intensive flux generation. It also may result in a broadening of the spectrum.

maximum gain f, ~ also depends on time. As a result the amplified
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Fig. 2. The oscillogram of the current (a. c) and the videootput of the microwave receiver. The
sample is put in liquid He, small “meander — shaped voltage is applied.
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The subsequent increase of the drift field results in a strong distortion of the
envelope of the sequence of microwave pulses. This is illustrated in Fig. 3.
During the initial periods of the field the signal is absent but after some time it
appears and slowly increases with the maximum being observed at a high
number of subsequent cyclotron paths of the amplified flux. The absence of the
signal at the initial stage of generation may be due to the existence of the
maximum in the dependence of the clectronic gain on the drift velocity [4] — the
high velocity then results in a small gain. With a great number of transit paths
the drift velocity decreases because the current is smaller and closer to the value
for obtaining the maximum gain is obtained. But this consideration cannot
explain other experimental results. At a very great number of periods of the drift
field the current became even greater than at the initial stage but the intensive
generation still took place.
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Fig. 3. The oscillogram of the envelope of the alternating drift current 4) and microwave receiver
output; b) in strong fields.

The complete explanation of the situation may be achieved taking into
account the fact that beginning from some values of the drift current one can
expect the essential heating of the lattice (and, hence, of the electrons). The
estimate of the increase of the lattice temperature due to adiabatic heating
U =075A, =400 us) gives the value T, = 115K. So the lattice heating with
the gradual increase of temperature with time stabilizes the electronic tem-
perature and as a result the measured frequency of the microwave radiation
becoms independent of the from of the drift current.

The current-voltage characteristics of the sample and the dependence of the
Spectrum on the number N of periods of the drift field are shown in Fig. 4 and
Fig. 5. The comparison of C-V-C’s at various N(N =2 —curve 1 and
N =11 — curve 2) illustrates a very strong change of C-V-C that occurs after the
onset of generation in the synchronization.

Fig. 5 shows the spectrum of the signal changes with time. When N is big
enough, an intensive generation is observed in a relatively narrow frequency
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band (near 800 M Hz). It is important to note that the observed transformation
takes place when the shape and the amplitude of the current remain constant,
hence the integral intensity of sound is also constant.

The estimate of the electron temperature from the condition of the maximum
of the electronic gain gr, ~ /\w gives the value of T, ~ 120K.

In our experiments the generation took place also at other frequencies but its
intensity was smaller by the factor 10° — 10 than at 800 M Hz, Only when the
applied electric field was strong (E ~ 10° V/cm), we detected an intensive signal
also at 590 MHz. The relation between these frequencies is given by the factor
1.36 and it is close to 1.4 — the value obtained in [3]. Such a frequency shift is
also expected in accordance with the theory developed for ¢/ > 1 [5].
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Fig. 4. Current-voitage characteristics of the Fig. 5. The generation spectrum as a function of
sample: the number of periods of the drifi field:
1. After the 2nd period of the field. The sample |. — after 30 periods: 2. — after 60 periods:
isin liquid He;2. The same after the 11th period 3. — after 90 periods; 4 — after 120 periods:
of the field (onset of the generation); 5. — after 150 periods.
3. After the 2nd period of the field. The same is
in liquid N. 4. The same after the 11th period of
the field.

When the sample was in a liquid nitrogen bath, the microwave oscillations
were observed at any shape of the current but their intensities were different and
bigger for the “meander”. It is very interesting to note that at strong fields the
spectra at nitrogen and helium temperature were almost the same (in both cases
— the maximum at 805 and 600 MHz). At the field when it occurred the C-V-C
for the sample put into N and He baths were also just the same.

These results show that in both experimental situations the electrons were
heated up to the same temperature.

In other series of experiments with samples with higher mobilities
(490000 cm*/V s), the high drift velocities for electrons were achieved at relatively
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small fields, the lattice heating being small. The C-V-C of the sample was
saturated after a few periods of the field. The spectrum observed was formed
quickly just before the moment of the first detection and has remained un-
changed. The spectrum was centred at f,, ~ 800 MHz with a bandwidth of an
order of 20 M Hz. Usually we could observe only one spectral maximum: But in
the same samples we could also see a few spectral components (just like in [6]).
In those cases we always had one dominant hine.

The physical picture of the processes of spectrum formation and evolution is
not yet clear. There is neither information about electron gas heating in semi-
conductors nor a developed theory describing nonlinear interactions of fluctua-
tions when ¢/ > 1. We can nevertheless suggest that in some cases where we
observed an intensive microwave signal at £, the lattice heating and the corres-
ponding increase in the lattice absorption of acoustic wave resulted in the
decrease of the total amplification and determined the narrow frequency band
for the generation (ust like the nonlinear operator in the nonlinear theory of the
va:m.nm:o: of fluctuations did).

1IV. CONCLUSIONS

In the present work we have experimentally found some new pecularities of
the multitransit generation of the acoustic and the electromagnetic oscillation
when g/ > 1. When the sample had been put into a liquid helium bath, the
evolution of the spectrum appeared to be strongly dependent on the effects of
the lattice and electron heating. The effect of transformation of the spectrum
narrowing towards the frequency of the maximum gain was found when the
lattice and the electrons had been heated by a drift current. The additional
maximum in the spectrum was found to be f=0.7f,.

It was also shown that when the condition ql > 1 is fulfilled, the generation
appears just near the frequency of the maximum gain.
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SBOJIHOLMS CHIEKTPA ®JYKTY ALIAI noja BO3AERCTBUEM
MHOTI'ONMEPEXOHOIO IJIEKTPOAKYCTHUYECKOTO
YCUJEHUSA B OBPA3LE n-InSh
[PU HU3KUX TEMIIEPATYPAX

B pa6ote onucuiBaroTes HoBble XAPAKTCPHLIE YEPTHI AKYCTOIIEKTPUECKOH HEYCTOMRUNBOCTH B
obpasiie be30EKTPHYECKOrO nonynposoanuka. OkassiBaercs, 410 CNEKTP aKYCTHYECKUX U 7K~
TPOMATHUTHBIX OCUMIUTAUMHA, KOTOPBIE 0BYCIOBIEHbI MHOFONEPCXOAHBIM YCHIICHHEM BYKTYAUHH
B KPHCTALIC, CHABHO 3aBHCHT OT HakPe6a NEKTPOHHOTO Fasa Npu noMmewenun 06pasua B xuakyso
TeMEBYIO BaHHY. OGHapyxeHO Takxe, 4To B Clysae, xoriia cpeanuit npober snexTpouos 6onbiue,
HEM JUIMHA aKyCTUYECKOI BOJIHBI, TEHEPHPOBAHHE NIPOHCXOAHIIO HMEHHO BONM3N YaCTOTHI MaKCH-
ManbHOro yeunenus. Kpome toro, npu narpesanuu PEUICTKH ¥ JTEKTPOHOB TOKOM Apetida HAG-
OMIAHCD B CNEKTPE 1064BOYHBIE MAKCUMYMBL.
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