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Direct evidence of intervalley scattering in liquid-phase epitaxy
Al„Ga1 „As/GaAs heterostructures

A. K. Saxena
Department of Electronics and Communication Engineering, University of Roorkee,

Roorkee, Uttar Pradesh, India 247667

A. R. Adams
Department of Physics, Uni verstiy of Surrey, Guildford,

Surrey, England GU2 5XH
(Received 6 September 1984; revised manuscript received 15 November 1984)

Hall mobility measurements at 300 K as a function of hydrostatic pressure (0-8 kbar) have been
presented for high-purity liquid-phase epitaxy Al„Gal „As alloys grown on semi-insulating GaAs sub-

strates. It has been shown that intervalley scattering lowers the electron mobility in Al„Gal „As near the

alloy composition for direct-indirect minima crossover and that its scattering rate changes with the compo-
sition.

For Al„Gal „As compositions near the direct-indirect
minima crossover, ' intervalley scattering could be expected
to play a significant role in addition to other scattering
processes. This scattering should lead to a reduction in the
electron mobility and also of the high-field saturation veloci-
ties. The presence of intervalley scattering in Al„Gal „As
was first assumed to explain the minimum in the measured
Hall mobility (pH) as a function of alloy composition3 (x)
and supported by the fact that a similar minimum in p.H was
also observed for various crystals (0.2 & x & 0.4) subjected
to hydrostatic pressure. It was also concluded that the
strength of the intervalley scattering depends strongly on
x. Later, the critical pressure for the minimum in p, H was
used to derive the conduction-band structure of the alloys
and surprisingly, it led to the same results as obtained by
other well established techniques. This created some confi-
dence about the importance of intervalley scattering in al-
loys. The presence of this scattering was also to be included
in the Monte Carlo method to simulate the pressure depen-
dence of p,0.6 Subsequently, intervalley scattering had to be
included to explain the x dependence of p, H and the various
scattering parameters were derived from a theoretical fit to
the experimental data on p, H having a minimum at x = 0.5.
Recently, Chand et al. have also reported a minimum in p, H
near x =0.5 for Si-doped Al„Gal „As crystals grown by
molecular beam epitaxy (MBE) but the data have not been
explained.

It is the purpose of this Brief Report to provide direct evi-
dence of intervalley scattering in Al„Gal „As crystals, par-
ticularly for alloy compositions where the direct and indirect
minima are expected to interact strongly.

The crystals used for the present study were grown on
semi-insulating GaAs substrates by liquid phase epitaxy
(LPE). The crystals turned out to be n-type without any in-
tentional doping and had room-temperature electron con-
centration in the range (5-10)&&10" cm '. These are the
same crystals as used by Saxena previously for other investi-
gations. ' The high-pressure experiments in the range
0-8 kbar were performed on van der Pauw samples using a
similar piston and cylinder assembly' developed at the
University of Surrey. A bridge circuit was used to eliminate
spurious signals during measurements. To check the accu-

racy and reproducibility of the results, measurements were
repeated both with increasing and decreasing pressures. The
pressure inside the cell was accurately controlled by moni-
toring the resistance of the Manganin gauge.

In Fig. 1, we have plotted the pressure dependence of p, H
normalized to its atmospheric value p, o for various composi-
tions of Al Gal As alloys. The full circles and squares are
the measured data for increasing and decreasing pressures,
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FIG. 1. Pressure dependence of the Hall mobility p.H normalized
to its atmospheric value p, o for A1„Gal „As alloys at 300 K. Full
circles and squares are the data for increasing and decreasing pres-
sures, respectively.
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respectively. The alloy compositions and the pressure range
has been so selected that over 0—8 kbar there is no mul-
tivalley conduction involving the higher-energy minima.
For the present studies, this restricts the compositions in
the ranges 0~x ~ 0.23 and x & 0.5 subject to a maximum
pressure of about 8 kbar up to x =0.23. For x & 0.5,
higher pressures could be applied without involving the
higher-energy minima.

Pitt and Lees" have reported that the experimentally
measured p, H for epitaxial GaAs decreases by about
9%—10% by kbar. This magnitude of decrease in p, H can be
explained considering the increase in the electron effective
mass in the I minimum and the pressure coefficient of the
polar phonon angular frequency. ' Since the band structure
of the alloys for 0~x & 0.23 is similar to that of GaAs, ' a
decrease in p, H with pressure is also expected for these com-
positions. The experimental results obtained for these com-
positions confirm this and a typical result for x =0.05 is
shown in Fig. 1. This variation has also been explained
elsewhere' and the calculated 'variation is in close agree-
ment with the measured data. On the contrary, an increase
in p, H of about 14% and 6% has been obtained by 8 kbar for
the high composition crystals x =0.51 and 0.61, respective-
ly. No change in p, H was measured with pressure for
x =0.78, as shown in Fig. 1. We interpret these results in
terms of decreasing magnitude of the nonequivalent inter-
valley scattering for x & 0.5 which vanishes completely for
x = 0.78. For x = 0.78 and higher compositions, the
higher-energy minima are far away from the lowest-energy
X minima' and, therefore, the nonequivalent scattering is
absent, resulting in a constant value of p,H. For x =0.51
and 0.61, the L minima lie about 75 and 100 meV above
the X minima, resulting in nonequivalent scattering. Since
the pressure coefficient of the L minima is positive with the
best value of 5.5 x 10 meV/kbar while the X minima have
a negative coefficient of 1.5 meV/kbar, ' the energy separa-

tion between the two increases with pressure, thereby
reducing the L -X scattering. This directly increases the mo-
bility p,~ with pressure as observed. The decreasing magni-
tude of pH(P)/po by 8 kbar for x & 0.51 indicates that the
strength of the intervalley scattering decreases with compo-
sition which supports our earlier predictions. ' '

The minimum in p,~ for x = O.S (Ref. 3) has earlier been
explained to occur as a result of nonequivalent scatter-
ing. Since the changes in the band structure of
Al Gal „As under pressure are similar to those obtained by
varying x, it will be interesting to compare Fig. 1 with the
variation of p, H with x . For x 0.78, there is no change in

p, H with x which is in perfect agreement with the experi-
mental data for x =0.78. For x =0.61, p, H is slightly lower
than for x & 0.78, implying that under pressure, the sample
x = 0.61 should show a small increase in p,e by 8 kbar. For
x =0.51, p,e is considerably lower than for x & 0.78 and
thus the change in IL~ for x =0.51 should be larger by 8
kbar than obtained for x = 0.61. Considering the
equivalence of 0.863 kbar/at. % Al between pressure and
composition, the changes in p.H obtained from Fig. 1 and
the variation in p, H with x are found to be in quantitative
agreement. It is, therefore, established that near the
direct-indirect minima crossover, nonequivalent minima
scattering lowers the electron mobility and its strength de-
creases for x & 0.51.

In conclusion, it has been shown that intervalley scatter-
ing is found to lower the electron mobility in Al„Ga~ „As
near the compositions for direct-indirect minima crossover.
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