Use of superlatiices to realize inverted GaAs/AlGaAs hetergjunctions with
iow-temperature mobility of 210 ¢cm?2/V s
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Reproducible realization of high quality inverted interfaces (GaAs on AlGaAs) grown by
molecular beamn epitaxy is reported. Effective use of thin-layer GaAs/AlAs superlattices in
place of an AlGaAs barrier was made to reduce the number of impurities and the roughness at
these interfaces. The low-temperature { ~4 K ) mobility for electrons at these interfaces is as
high as 2 X 16° cm?/V s for an electron density of = 5x 10'! cm™?—a factor of four
improvement over the highest mobility reported for inverted interfaces.

Recent improvements in growth systems and tech-
nigues have led to the realization of two-dimensional elec-
tron systems (2DES) at selectively doped GaAs/AlGahs
interfaces with low-temperature mobilities well above
1 X 16° cm®/V s.! These high mobilities have been achieved
in normal (AlGaAs on GaAs) interfaces; the inverted inter-
faces (GaAs on AlGaAs) in general have been of fower qual-
ity. This inferior quality has been attributed to the interface
roughness as well as impurity segregation (towards the in-
terface) during the growth of AlGaAs. The inverted inter-
faces, however, are quite important since they are integral
parts of GaAs/AlGaAs quantum wells and superlattices,
and have device applications.

Recently, the realization of high-mobility 2DES at in-
verted GaAs/AlGaAs interfaces was reported.”™ This was
achieved by studying the kinetics of the growth via refiection
high-energy electron diffraction measurements, and by opti-
mizing the growth technigues. The highest low-temperature
mobility reported,” however, was p~4.610° cm®/Vs,
about an order of magnitude lower than the highest mobili-
ties reported for normal interfaces.

We report here the realization of high quality inverted
Gahs/AlGahs interfaces imbedded in an inverted semicon-
ductor-insulator-semiconductor (ISIS) structure (Fig. 1).2
In this structure, the density of the 2DES at the AlGaAs/
GaAs interface can be continuously varied by applying a
positive voltage to the gate (the ¥ -doped substrate). The
low-temperature (7~4 K) mobility in our interfaces is as
high as 2 X 10°cm?®/V s—a factor of 4 larger than the highest
mobility value reported for inverted interfaces.” We at-
tribute this significant improvement to our use of thin-layer
GaAs/AlAs superlattices in place of AlGaAs barriers [Fig.
1(a}} to trap impurities and t¢ improve the interface
smoothness.

The structures were grown in a2 modular Varian Gen [I
molecufar beam epitaxy (MBE) system consisting of a
groewth, a buffer, and a load-lock chamber with base pres-
sures of 3> 10~ 1, 7x 107, and 2 x 10~° Torr, respective-
ly. We have been able to grow high quality normalinterfaces
with extremely low disorder in the same MBE system.”’
DBetails of the system and wafer preparation were given pre-
viously.” The structure of a typical high-mobility ISIS strue-
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ture {M95) is schematically shown in Fig. 1{a). First, we
carefully outgassed the substrate [#' §i:GaAs (100) ] in the
buffer and growth chambers.” After the removal of the sur-
face oxide, a 200 A undoped GaAs was grown. We then
determined the substrate temperature (7 ) by measuring
the congruent sublimation temperature (from the changes
in the reflection electron diffraction pattern) and also with
the use of an infrared pyrometer. After a 10 min wait at
Ty =640 °C, we lowered T to 590°C and started the
growth. A 63-period superiattice of GaAs (23 A)/AlAs(8.5
A) was first grown. This thin-layer superlattice has an aver-
age AlAs mole fraction of 27%. The first 25 periods of this
superlattice had 3 s interruptions after each GaAs layer. For
the first 15 periods, 7y was 590 °C; Ty was then raised to
€20 °C (in 10°/period increments). Finally, a 2700 A GaAs
layer which included a planar sheet (& layer) of Si was
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FEG. 1. Schematic description of an FSIS structure. Shown on the right is
the potentisl diagram corresponding to the accumulation mode, achieved
by applying a positive gate voltage ¥, to the n™ substrate. On the left, the
design structure for sample M95 is schematically shown. Note the use of a
thin-layer (}aAs/AlAs superlattice in place of AlGaAs barrier.
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grown. Just prior to the doping with Si, T; was lowered to
580 °C.

Mesas ~=0.3 um deep were etched, and four (or six)
lithographically defined AuGe/Nb/Au shallow ohmic con-
tacts were alloyed (to a depth of =~0.25 ym, avoiding short-
ing to the gate) to form Van der Pauw (or a Hall bar) pat-
tern. The transport coefficients were measured at low
temperatures (775 4.2 K) and in magnstic fieldsuptc 0.5 T.
The measured Hall mobilities for several structures {M95,
M98, and M99) are shown in Fig. 2 as a function of the
electron areal density {n, ) which was varied by applying a
positive gate voliage to the n substrate. The dependence of
n, on the gate voltage for the structure M98 is aiso shown in
Fig. 2. The mobilities plotted in Fig. 2 are the highest ever
reported for any inverted GaAs/AlGaAs interface.

We attribute the significant improvement in the mobil-
ity to the use of the GaAs/AlAs superlattice instead of an
AlGaAs barrier. The effectiveness of the GaAs/AlAs inter-
faces and superlattices in impurity trapping, surface smooth-
ing, and defect reduction has been already established.*™*?
Other aspects of our structure design and growth procedure
that may be partly contributing to the realization of high
mobility are the following. To reduce the possibility of any St
atoms reaching the 2DES, we did not grow any n"-GaAs
buffer layer (note that no Si was deposited except for the &
layer near the surface). In fact, after outgassing the Si fur-
nace (prior to growth), it was kept at 150 °C below its oper-
ating temperature during the growth of the AlAs/GaAs su-
perlattice and the first 850 A of GaAs layer (to reduce
possible cutgassing from this furnace at the 2DES inter-
face). The lower T at the beginning of the growth of the
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FIG. 2. Dependence of mobility on 2DES density in several ISIS structures
is shown. The vartation of the 2DES density with the gate voltage is also
shown for structure M98.
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FIG. 3. Transport coefficients p., and p_, for sample M99 are shown as a
function of magnetic field at a fixed gate voltage. The vertical arrows indi-
cate some of the Landau-level filling factors at which the integral quantum
Hall effect is observed.

superlattice was used to reduce the migration of Si and other
impurities with the growth front.

The average composition of the barrier (determined by
the thickness of the AlAs and GaAs thin layers in the super-
lattice) and its total thickness for M98 and M99 were differ-
ent than those for M95 (shown in Fig. 1}. We donot havean
explanation for the differences in the mobilities for these
structures at this point but the data in Fig. 2 show that these
structures all have very high mobilities. Similar structures
grown in a different MBE system (a Riber 1600-1) also had
mobilities well in excess of the values achieved for inverted
interfaces that were grown in the same machine but which
had not employed superiattices.>?

%3 I
CARRIER DENSITY ( x 1 om ")

1.922 4.31 6.67

—~

%]

=

et

z

g -
v g
& ¥
« —
]

[ -
2 7 >y
&

=R

W

Q-N

ELERVARV. |
. ' | | ‘f\\/ , .
2 3 4
GATE VOLTAGE (V)
FIG. 4. Transport coefficients o, and p,, for sample M99 are shown at a
fixed magnetic field and as a function of the gate voltage. The vertical ar-

rows indicate the illing factors at which the integral quantum Hall effect is
cbserved.
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We have also performed transport measurements at
higher magnetic fields (856 T) and low temperatures
(1.5<T<4.2 K). Representative data for structure M99 are
shown in Figs. 3 and 4. In Fig. 3, the diagonal resistivity
(0. ) and the Hall resistivity (p,, } are plotted as a function
of magnetic field at a fixed gate voltage (n, = 2.3 < 10"
cm™?). In Fig. 4, the magnetic field is kept constant and p,,
and g, are shown as a function of the applied gate voltage.
In both figures, well-resolved Shubnikov—de Haas oscilla-
tions in p,, and quantum Hall plateaus in p,, are observed.
Thedata in Fig. 4 are especially noteworthy—the realization
of such 2 high quality 2DES with variable density has seldom
been achieved before.

In semmary, effective use of thin layer GaAs/AlAs su-
perlattices to grow very high-mobility inverted GaAs/
AlGaAs interfaces is reported.
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