High-quality GaAs/Ga, 4 Ing 5 P superiattices grown on GaAs and silicon
substrates by low-pressure metlalorganic chemical vapor deposition
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We report the successful growth of Ga, , In, 5, P-GaAs superlattices on GaAs and Si
substrates by low-pressure metalorganic chemical vapor deposition. The high quality of the
structure grown on GaAs and silicon substrates has been evidenced by transmission electron
microscopy photographs, that show very sharp interfaces between GaAs wells and

Gag 40 Iny o, P barriers, with perfect conirol of thicknesses and compositions. Classical Hall
measurements performed on the sample further demonstrated the presence of a two-
dimensional electron gas with a mobility at T=4 K , (4 K) = 50 000 em?/V /s, and a carrier
concentration # _(4 K) = 2.9 X 10" em ™% GaAs/Gay 4 Ing 5, P superlattices have been used,
as well as buffer layer in order to grow GaAs on silicon substrates. Mirrorlike single-crystal
GaAs has thus been obtained. A GalnP/GaAs heterostructure with electron Hall mobility as
high as 6000 cm?/V /s at 300 K and 80 000 cm?/V/s at 4 K has been grown, which is the
highest mobility that has yet been reported for these materials.

[. INTRODUCTION

G2zg.49 Ing 5; P lattice matched to GaAs, with a band gap
at room temperature of 1.9 eV, has been proven to be of
much interest as a replacement for Ga,Al, _  As in
GaAs/Ga, Al _, As structures because of the tendency of
aluminum to be oxidized. It has already been grown by many
techniques.'™ We have recently reported® the observation of
a two-dimensional electron gas at the
Gag 4010, s P/GaAs modulation-doped single heterojunc-
tion. In this paper, we show that low-pressure metalorganic
chemical vapor deposition (LP-MOCVD) is well adapted
for the growth of GaAs/Gagy o Ings, P superlattices and
multiguantum wells.

A. Growth and characterization of high gquality GaAs/
G 40 N 5¢ P Superiattices on Gals substrate

Growth apparatus and processes using an induction-
heated horizontal cool wall reactor, triethylindium (TEI)
and triethylgallium (TEG) as In and Ga sources, and arsine
{AsH,) and phosphine (PH,) as As and P sources, have
already been reported in detail in a previous paper.® Carrier
gases are hydrogen (H, ) and nitrogen (N, } ina 509%/50%
nroportion. Growth is carried out at 76 Torr, at a substrate
temperature of 55C °C. The growth conditions are listed in
Table 1. The GaAs substrate orientation (used in this study)
was (100) exact.

Sample No. IE-31 is a typical ten-period Gahs/
Gag o Ing 5, P superlattice. Its structure, deduced from
growth rates of GaAs and Gy 4 Ing o; P, is briefly described
in Table II.

Figure | shows the simple diffraction pattern of the sam-
ple, performed using Ka; (1.54 A)and Ko, (1.544 A) of Cu
as X-ray sources, it a classical (6, 26) configuration. Ko,
and Ko, components of the satellites, due to the superpericd
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D =d, + 4, artificially introduced by the growth, can be
seen up to order # = = 3. This fact is remarkable, especially
using simple diffraction, and suggests that the thicknesses of
the wells and barriers are perfectly controlled. We have
shown with arrows the Ko, components of the satellites,
together with their order n. The corresponding data are sum-
marized in Table I1L

A mean value of 266 = 0.31°, corresponding to the spac-
ing between two satellites, is found. The superperiodicity
D =d, + d, can then be deduced by the well-known relation

D=1/(286cos 8,3, (1}

where &, represents the Bragg angle at which the (400) re-
flection of the GaAs cccurs (F, = 33.01%). A is the excitation
wavelength, which is about 1.54 A for the Cuko, ray.

We thus find D = 340 A, which is in good agreement
with the value obtained from the growth times and depo-
sition rates (see Table I},

The morphology of this GaInP/GaAs superlattice sam-
ple was examined by cross-sectional transmission electron
microscopy (TEM) on specimens prepared using the meth-
ods described in Ref. 7. A dark-field image of the complete
superlattice is shown in Fig, 2(a). This image was taken
using the 200 reflection, with GalnP appearing brighter than

TABLE I Optimized growth parameters.

GaAs Gagyolngs; P

Growth temperature °C 550 550
Total flowrate (N, + H,)  I/min 4 4
M,/TEI bubbler flow o’ /min .- 200
H.,/TEG bubbler flow cm?/min 120 120
PH; flow cm’/min E 300
AsH, flow em®/min 60 x

Growth rate A/min 100 200
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TABLE II Structural details of GalnP/GaAs superlattice grown by LP-
MOCVD.

TABLE Il X-ray data of GalnP/GaAs superlatices grown by LP-
MOCVD.

Sample No. [1-31 Growth time (s) Thickness (A)

GaAs buffer layer 600 1000

10 GaAs wells 120 d, =200
“ GalnP barriers 40 d, =135

GalnP cap layer 210 700

GaAs. The ten periods of GalnP/GaAs are clearly visible
with each GalnP layer measuring 140 A and each GaAs
layer 205 A in thickness. The layers are extremely regular,
no local layer thickness variations were seen in the area ex-
amined. The GaAs buffer layer can be distinguished from
the GaAs substrate by a dark contamination line, most clear-
Iy visible in Fig. 2(b), whose presence has not affected the
quality of the buffer layer. One defect inn the superlattice was
found and is shown in Fig. 2(b). It criginates at the bound-
ary between the buffer layer and the first GaInP layer.

The SIMS profile of the sample is shown in Fig. 3. The
signals relative to the majority species Ga, In, As, and P have
been plotted. The ten periods of the superlattice are clearly
evidenced by following the osciliations of the different sig-
nals. On each side appear the Gag o Ing 5 P top layer and
GaAs substrate.

Figure 4 shows the electrochemical {polaron) profiles
of the bulk Gads and Ga, 4 Ing 5, P layers. Both are n doped
with residual doping levels of 10" cm ~*. This explains why a
concentration of carriers of # — = 2.9 10! ¢cm ™2 is mea-
sured at 7 = 4 K by the classical Hall method, in the nonin-
tentionally doped superlattice structure.

Carriers arising from the donor impurities are confined
in the GaAs quantum wells, where they form a two-dimen-
sional electron gas. This fact is evidenced by the perfor-
mance of the mobility curve versus temperature (Fig. 5).
The mobility reaches a constant value of 50 000 cm?/V/s at
temperatures lower than 50 K. This is clearly characteristic
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of transport properties of a two-dimensional electron gas.
Because of the spatial separation between carriers and do-
nor, the ionized impurity scattering becomes much less effi-
cient than in three-dimensional systems, so that mobility
does not decrease at low temperatures under this effect. We
have measured a 7= 4 K mobility of £ (4 K) = 80 000 cm?/
V/sina Gay 4 Ing, 5, P/GaAs single heterojunction, which is
the highest value reported today, to our knowledge, in the
literature.

An Auger spectrum has been taken from z GaAs/
Gag 4 Ing 5, P multiquantum well structure, with GaAs
wells of, respectively, 15, 50, and 100 A thickness and GalnP
barriers of 1000 A (Fig. 6). Resolution good enough to iden-
tify wells of thickness down to 15 A was obtained by scan-
ning the surface of a chemical bevel and correcting the ar-
senic signal.®
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FIG. 2. Transmission electron micrograph of a typical GaAs/Gag 4, In,, . P
superlattice.
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FIG. 3. SIMS profile relative 1o the majority species In, Ga, As, and Pofa
typical GaAs/Gag 4 Ing 5, F superlaitice.
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FIG. 5. Mobility curve, vs temperature, of a typical GaAs/Gag 0 In,;, P
superlattice.
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FIG. 6. Auger spectrum of As species of a typical GaAs/Gag ,, Iny 5; P mul-
tiquantum well.

B. Growth of GaAs on Si subsiraies, using GaAs/
Gag .0 Iy 5, P superiattices as buffer layer

Gahs/Gag o Ing 5, P superlattices have been used as
buffer layer for growing GaAs on a silicon substrate. This
one was initially heated up to 1000 °C, after introduction
into the reactor, in order to remove the oxide present on its
surface. It was then cooled to 550 °C and growth was initiat-
ed at the conditions of Table | by simply introducing gallium
and arsenic,

The structure of the sample is shown in Fig. 7. Two thin
layers (500 A) have been grown before the thick top layer of
0.6 um. They were separated by two GaAs/Gag,Ing s, P
superlattices, that were introduced to prevent the propaga-
tion of misfit dislocations due to the lattice mismatch be-
tween GaAs and Si. An intense 7"= 77 K photolumines-
cence signal was obtained, which demonstrates the good
optical properties of the GaAs epilayer. A full width at half-
maximam of 20 meV was determined.

A simple x-ray diffraction pattern of the structure is
shown in Fig. 8. The epilayer has the same (111) orientation
as that of the substrate. Wo trace of disorientation has been
found. The good crystallographic quality of the GaAs is evi-
denced by the clear separation between Kex, - and Ko, -relat-
ed signals [ we used GaAs substrate (111) orientation, be-
cause at the time we did not have (100) orientstion
substrate].

We found that the optical, electrical, and structural
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FIG. 7. Photoluminescence spectrem at 7 = 77 K of bulk GaAs grownon a
silicon substrate, using GaAs/Ga, 4 In, 5, P superlattice as buffer layers.
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FIG. 8. Simple x-ray diffraction profile of bulk GaAs grown on a silicon
substrate, using GaAs/Gag 4 In, 5, P superlattice as buffer layers.

properties of the GaAs epilayer grown directly on the Si
susbtrate are poorer than those of the GaAs epilayer grown
on Si, using GaAs/GalnP superlattices as buffer layers
between the Si substrate and the GaAs epilayer.

it CONCLUSION

We have reported the growth of excellent quality GaAs-
Gag 40 Ing 5, P superiattices by LP-MOCVD. Their struc-
tural and transport properties have been investigated by var-
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ious means such as x-ray simple diffraction, SIMS, and Hall
measurements. They all confirmed that LP-MOCVD is well
adapted to grow multiquantum wells in this new system.
GaAs-Gag 40 In, o, P superlattices have been used, in addi-
tion, as buffer layers to grow GaAs on silicon substrates.
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