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Growth of stress-released GaAs on GaAs ÕSi structure by metalorganic
chemical vapor deposition

T. Sogaa) and T. Jimbo
Department of Environmental Technology and Urban Planning, Nagoya Institute of Technology,
Gokiso-cho, Showa-ku, Nagoya 466-8555, Japan

J. Arokiaraj and M. Umeno
Research Center For Micro-Structure Devices, Nagoya Institute of Technology, Gokiso-cho, Showa-ku,
Nagoya 466-8555, Japan

~Received 24 April 2000; accepted for publication 24 October 2000!

A stress-released GaAs layer was grown on GaAs bonded to Si substrate with the combination of
epitaxial lift-off technique and regrowth by metalorganic chemical vapor deposition. The GaAs thin
film was bonded to Si substrate using SeS2 and another GaAs layer was regrown. The
photoluminescence peak wavelength and the slope of the time resolved photoluminescence decay of
GaAs/Si are almost the same as those of GaAs grown on GaAs substrate. ©2000 American
Institute of Physics.@S0003-6951~00!01052-4#
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The main problems for GaAs-on-Si technology are la
lattice mismatch and the thermal expansion mismatch wh
produce the threading dislocation and the stress in the
taxial layer. Especially the growth of stress-free GaAs on
substrate is essential to reduce the dislocation density lo
than 106 cm22 because the origin of the dislocation is th
stress due to the difference of the thermal expansion co
cients between GaAs and Si.1 Until now, much effort has
been paid to grow low dislocation density GaAs on Si su
strate by using thermal cycle annealing,2 strained layer
superlattice,3 etc. However, the problem of thermal mi
match has not been solved yet. Although the stress-redu
GaAs on Si substrate has been reported by selective epita4

under cut GaAs-on-Si,5 etc., there remain problems for th
device applications because of the area as small as the
of 10– 100mm2.

Recently, we have obtained a high quality stress-f
GaAs layer on Si substrate by transferring the GaAs thin fi
to the Si substrate using the wafer bonding technology
this technique SeS2 was used between GaAs and Si to form
strong bonding.6 This letter proposes the regrowth of stres
released high quality GaAs layer on earlier mention
GaAs/Si structure.

Epitaxial growth was performed by using convention
metalorganic chemical vapor deposition. The source ga
for Ga, Al, and As are trimethylgallium, trimethyaluminum
and arsine, respectively. The growth temperature is 750
and V/III ratio is 40. The substrate is~100! oriented Si with
the size of 5 mm35 mm. First, 3-mm-thick GaAs layer is
grown on GaAs substrate with 10-nm-thick AlAs intermed
ate layer. Si substrate is treated in SeS2 solution dissolved in
CS2. Two samples are sandwiched in the furnace at 350
under N2 ambient for 10 min. At this stage the strong bon
ing can be achieved between GaAs and Si as repo
previously.6 The sample is immersed in HF:H2O ~1:2! for
about 1 day at room temperature to undergo the epita
lift-off ~ELO! process by the selective etching of AlAs

a!Electronic mail: soga@elcom.nitech.ac.jp
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obtain a GaAs thin film on Si substrate. As reported in R
6, the photoluminescence~PL! intensity and the PL peak
wavelength of GaAs thin films on Si substrate are almost
same as those grown on GaAs substrate at this stage. Fin
another 3-mm-thick GaAs layer was regrown on this samp
The cross-sectional structure is schematically shown in F
1. GaAs substrate was also used for the comparison.
samples were characterized by Nomarski optical microsco
PL at 77 K, time resolved PL at room temperature, a
double crystal x-ray rocking curve using~400! diffraction.
The Nomarski surface micrographs of GaAs on Si shows
the surface is very smooth without any waviness.

Figure 2 shows the 77 K PL spectra of GaAs/Si a
GaAs/GaAs. Usually the PL peak wavelength of Ga
grown epitaxially on Si substrate is shifted toward long
wavelength side due to the tensile stress caused by the
ference of the thermal expansion coefficients between G
and Si. It is explained that the GaAs grown on Si substrat
growth temperature is almost stress-free and the stress i
creased during the cooling down process after the cry
growth.7 But, the PL peak wavelength of the present GaAs
is almost the same as that grown on GaAs substrate.
though the PL peak wavelength of GaAs/Si grown by h
eroepitaxy under the similar conditions is about 15 n
shifted towards the longer wavelength side,8 the peak shift of
the present GaAs/Si is as small as 1.5 nm. It means tha

FIG. 1. Structure of GaAs on Si substrate using ELO and regrowth.
7 © 2000 American Institute of Physics
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Down
stress of GaAs on Si substrate is almost relaxed by
method since the stress does not depend on the thickne
this range.9 The PL intensity is a little degraded~about a
half! compared with GaAs on GaAs substrate, but it is su
rior to heteroepitaxial GaAs-on-Si by the two step grow
method. The broad full width at half maximum~FWHM!
would be due to the incorporation of impurity from Si su
strate or SeS2. The secondary ion mass spectroscopy anal
is necessary to check the level of impurity incorporation
Se or Si during the regrowth process.

In order to evaluate the characteristics of minority carr
properties, the minority carrier lifetime was measured
time-resolved PL. Figure 3 shows the time-resolved PL
cay of GaAs/Si and GaAs/GaAs. Because the sample is n
double heterostructure, the slope corresponding to the
fective minority carrier lifetime’’ is a little shorter than th
real ‘‘bulk lifetime,’’ which is affected by the surface recom
bination velocity.10 The effective minority carrier lifetime of
GaAs/Si is almost the same as that of GaAs on GaAs s
strate. The slopes are 1.89 and 2.02 ns, respectively,
about one order longer than that epitaxially-grown GaAs
Si substrate by the similar conditions.10 This shows that the
dislocation density of GaAs on Si by ELO and regrowth
almost the same as that grown on GaAs substrate.

Figure 4 shows the double crystal x-ray diffraction p

FIG. 2. 77 K PL spectra of GaAs grown on Si substrate by ELO a
regrowth and GaAs grown on GaAs substrate.

FIG. 3. Time resolved PL decay curves of GaAs grown on Si substrat
ELO and regrowth and GaAs grown on GaAs substrate.
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terns of GaAs/SeS2/Si structure before growth~upper! and
regrown GaAs on GaAs/SeS2/Si structure ~lower!. The
FWHM is a little increased from 28 to 54 arc sec by t
regrowth. But the crystal quality is still high compared wi
the heteroepitaxially grown GaAs on Si since the FWHM
heteroepitaxially grown GaAs on Si substrate is larger th
100 arc sec.11 Since the broadening of FWHM is mainly du
to the dislocations generated at GaAs/Si interface, the di
cation density of our film is very much improved compar
with the heteroepitaxial GaAs-on-Si.

It is reported that the strain is not generated during
ELO process when the GaAs and Si are bonded using S2

since the bonding is performed at low temperature.6 This
results in the superior optical and electrical properties co
pared with the heteroepitaxial GaAs-on-Si. It is also su
gested that the strain is hardly generated even after the
growth because the PL wavelength of GaAs/Si is almost
same as GaAs/GaAs. The stress relaxation would be con
ered to be due to strong bonding between GaAs and Si e
at high temperature. It has been reported that the GaAs l
is bonded to Si substrate rigidly without generating stress
dislocation after ELO process.6 X-ray photoelectron spec
troscopy measurement reveals that the Ga–Se and S
bonds forming Ga2Se3 and SiS2 phases are responsible fo
the strong bonding. Since the stress of GaAs thin film tra
ferred to Si substrate is completely relaxed at room temp
ture and the GaAs layer is rigidly connected to Si, the co
pressive stress exists to the GaAs layer when the tempera
of the wafer is raised to the temperature of regrow
(750 °C). The crystal regrowth takes place with the co
pressive stress to the GaAs layer. When the temperatur
the sample is lowered to the room temperature after the
growth, the stress applied to GaAs layer is relaxed at ro
temperature. The stress reduction would have produced
a high quality GaAs layer on Si substrate with a long min
ity carrier lifetime.

In summary, the stress-released GaAs layer was gro
on Si substrate with the combination of ELO using SeS2 and
regrowth. The stress for the GaAs on Si substrate is v
much reduced compared with the heteroepitaxial GaAs-
Si. The effective minority carrier lifetime of GaAs-on-Si i
almost the same as that for GaAs-on-GaAs. The high cry
quality is due to the strong bonding via Ga2Se3 and SiS2
layers formed at the interface, which is stable at the grow
temperature. The combination of ELO and regrowth is
way to obtain a device quality GaAs layer on a Si substra

d

y

FIG. 4. Double crystal x-ray diffraction patterns of GaAs/SeS2 /Si before
regrowth~upper! and GaAs grown on GaAs/SeS2 /Si ~lower!.
e or copyright; see http://apl.aip.org/about/rights_and_permissions
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