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We measure the conductivity of inversion layer elec
trons on p-InSb as a function of electron density n^
in the presence of strong magnetic fields perpendi
cular to the semiconductor-oxide interface. At ele
vated temperatures (T'X'lOO K) resonant structures are
observed at those n -values where the subband splitting
coincides with the £o-phonon energy. These structures
are interpreted as the Eq_. and E _ intersubband
transitions induced by a one-LO-phonon scattering me
chanism.

In a space charge layer at a semiconductor-insulator interface, the
motion of electrons perpendicular to the interface is usually quanti
zed to give discrete two-dimensional subbands. For parabolic bands,
the resulting electronic energies are E (k^)=E +h k^ /(2m*), where
E  is the energy at the bottom of the n-th subband. If the electrons
interact with an optical phonon of discrete energy resonance
transitions of electrons between m-th and n-th subbands will take place
when the splitting E _ se -Ej.j=hiii) , and thus reduces the scattering
time of the total electPon'^system. At resonance one should therefore
expect a structure in the conductivity. In a MIS (metal-insulator-
semiconductor) structure the subband splitting can be electri
cally tuned by variation of the electron density. Hence we call the
expected resonance structure "the electro-phonon effect" in analogue
to the magneto-phonon effect (l,2j .

In the absence of a magnetic field perpendicular to the interface,
the observation of the electro-phonon resonance is not possible for
the following two resons. First, the transition between different
subbands via optical phonon scattering is always possible irres^ective
of the magnitude of E because for an electron at a state^E (k_,/)_^^
there always exists a phSnon with wavevector q such that E (k,,)-E^(k;/)=
hu and Second, the density of states at the bottom of each
suSband (\t„=0) does not diverge in the two dimensional electron system.
In the presence of a strong magnetic field perpendicular to the inter
face such that 0) t>>1 the electro-phonon effect should be observable
because the energy spectrum of the subband electrons becomes comple
tely quantized.

Here we report the first observation of the electro-phonon resonan
ce. The effect is detected in an electron inversion layer on p-InSb.
The subband structure of inversion electrons on InSb has been calcula
ted (3) and confirmed experimentally at 77K (4). We measure transcon-
ductance 60/6V in InSb MIS transistors as a function of electron
density n in S temperature range 77K'v140K and at various values of
magnetic field B applied perpendicular to the interface. At tempera
tures above 100K , wefind structures in the 6a/6Vg vs. n^ curves at
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those n values where E and ^ are expected to be equal to the
nly observed at sufficiently

T>>1 and dissappears at B=0. This is expected
LO phonSn energy. The sifScture is^only observed at sufficiently
high fields B where
for the electro-phonon effect.

The InSb samples were fabricated at Hitachi (5) and have an insulat-^
ing SiOp layer of thickness d iss 5500 A and an Al gate of area 3x3 iniiC
The acceptor concentration of ?Jie p-InSb substrate is about 2x10 cm 3.
We measure the source-drain current at constant source-drain voltage,
hence an effective conductivity a, which is an admixture of the
transverse conductivity and the Hall conductivity

Fig. (1) shows the transconductance 6a/6V vs. V at elevated
temperatures and B=0. Whereas 6c/SV does not change appreciably
below T~80K, it decreases rapidly with increasing T at higher tempe
ratures. Since 6(/6V is directly proportional to the field effect
mobility y at B=0? the rapid decrease in the transconductance above
T % 90K indicates that at these temperatures scattering by thermally
excited phonons becomes significant. In the same temperature interval
the threshold V., , as determined by the extrapolation shown in Fig.(1),
shifts significantly to lower V with increasing T. This effect is
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Fig.(l) Transconductance versus
gate voltage for elevated tempe
ratures at B=OI The peak ijobi-
lity at 90K is
cm^/Vsec

probably caused by a change in the occupation of surface states, be
cause the Fermi level depends strongly on temperature at T'vlOOK.
When we apply a strong magnetic field (9.6T) at 90K, we obtain weak
SdH oscillations in the 60'5V vs. Vg curve as shown in Fig. (2) . The damp
ing of the SdH oscillation! at the temperatures in Fig. (2) is de
termined by thermal broadening of the electron distribution rather
than by lifetime broadening of the states. The latter is estimated
from the mobility to be AE=h/{2t) A/2.5 meV and much smaller than the
Landau splitting which is 65 meV at 9.6T. From the electron density
at which these oscillations occur we tentatively assign them to the
first and the second Landau levels in the lowest subband. At tempe
ratures above 100K, the SdH oscillation are further damped. in
addition relatively sharp structures appear at low densities as indi
cated by arrows. The structures shift towards higher V with increasing
temperature until they are no longer discernible abovi 125K. Struc
tures at nearly identical positions are also observed at B=4.7T, for
example. The n^-values at which these structures are centered are
plotted versus temperature in Fig.(3). The n values are derived
from the capacitance relation n =(V -V., )e ^ with the threshold

determined as in Fig.(1). Tne a?rows iS^Fig.^31 mark the n -values
at which the subband splittings E-j_q ^2-0 expeSted to

688



Phonon Induced Intersuhhand Resonance ....

p-lnSb
B=9.6 TgsIq

111

90

110

D >
lO lO

5

x1
1x10 cm

130

-B -U 0 4 8
Vg(Volt)

Fig.(2) Transconductance versus
gate voltage at a high magnetic
field B1 The arrows indicate the

newly observed structures
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Fig.(3) Temperature dependence
of the n values of the electro-

phonon rlsonancesl The arrows
denote the n values at which

E_ at®B=0 (3,4)
n-o

equal the bulk LO-phonon energy 25 meV (3,4). The agreement with the
position of the observed structures is satisfactory. This and the
facts that the structures are only observed at higher temperatures
and at magnetic fields where (jj^t>>1 strongly support our idea that
they represent the electro-phonon effect. The shape of the struc
tures in the 6a/6V vs. V curve corresponds to maxima in the
6a/6V vs. V curve. With^a sample geometry as used here maxima in
the magnetoconductance at w t>>1 imply maxima in the scattering rate,
consistent with the interpretation as electro-phonon effect. From the
width of the structure in the 6a/6v curve at e.g. 115K we estimate
the energy broadening of the relevant subband states to be about 2meV
which roughly corresponds to the value obtained from the mobility. The
temperature dependence of the electro-phonon-resonance (Fig.(3)) is
probably caused by a decrease in subband splitting with increasing
temperature at fixed n . This is opposite to the behaviour observed
in a space charge layer of Si(6). At present we don't have a reasona
ble explanation for the size and the direction of the observed tempe
rature dependence. One cause may be the thermal generation of bulk
carriers at these temperatures. Similarly it is not clear why the
structures disappear so rapidly with increasing temperature. These
effects require further investigation.

In conclusion we believe to have obtained strong experimental evi
dence that the here reported structures in the transconductance mani
fest indeed the first observation of the electro-phonon effect.
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