JOURNAL OF APPLIED PHYSICS VOLUME 89, NUMBER 9 1 MAY 2001

Growth and characterization of GaAs epitaxial layers on Si /porous Si /Si
substrate by chemical beam epitaxy
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The initial growth of GaAs films on a Si/porous Si/SPS substrate has been investigated using
reflection high-energy electron diffraction. The morphology and the thickness have been examined
by a Nomarski optical microscope and scanning electron microscope, respectively. The results of
the low temperature photoluminescence studies have shown that a significant reduction in the
residual thermal tensile stress can be achieved with reduced growth temperature. The 77 K
photoluminescence spectra for GaAs/Si show a strain-induced splitting between the heavy and light
hole valence bands which corresponds to a biaxial tensile stress of 2.45 kbar acting on the GaAs
layer where the same for GaAs/SPS grown at 450 °C is 1.69 kbar. The results have shown that a SPS
substrate with the combination of low temperature growth is a promising candidate for obtaining
GaAs films with low stress. €001 American Institute of Physic§DOI: 10.1063/1.1362339

INTRODUCTION of stress in the GaAs layer on the Si/porous SiSPS

There has been considerable interest and extensive wo bstrate by metalorganic Che‘.“'ca' vapor _ deposition
over the past several years in the epitaxial growth of GaA OCVD). In c.ontrast to. the selective-area growth or post.—
films on Si substrates for optoelectronics applicatibiRe- grovyth patteming techniques, the growth of GaAs/SPS is
cently, several technique$ have been proposed to obtain applicable fp r large area.

GaAs films on Si with good surface morphology. Recent GgAs films haye been grown on .SPS substrates by
research has shown that the problem caused by a large Iatti((fgem'c"’lI beam epitax{CBE) in anticipation that the ther-
mismatch between GaAs and Si, could be solved by using mal stress would be reduced by the low growth temperature
low temperature grown GaAs buffer layer. Thermal stres$™S compared to MOC_VD' Because Of. the presence of t he
can hardly be avoided in heteroepitaxial structures. Howeve|s,mall Pores, porous Si layers are considered to be a flexible
from the extensive investigations of strained epitaxial Iayersma_te”al' _We, therefore, expect that the_ stress dL.]e. 10 th_e large
the reduction of thermal stress has been demonstrated clear[ tice mlsmayc.h and thermal expansion coefflment, IS re-
by selective-area growth and a postgrowth patternin xed bY straining small cryst.alhne C°'.”rT‘”S. In porous .S'
techniqué’. The stress reduction is also achieved by doping ayers,.mstead of the form{mon 9f misfit d|sloca_1t|ons n
small amount of indium in the GaAs epitaxial layers on Si 224 films, and then GaAs films with good crystalline qual-
substrates. ity are grown on the SPS substrates.

Porous siliconPS has been widely investigated in the In this article, we report on the stugly of the initial stage_zs
last few years as a challenging new material for microelecp?c GaAs growth on a SES sut_)strate with the use of_reflecnon
tronic device$. The observation of photoluminescehda high-energy electron diffractiofRHEED). The quality of
PS has launched an intense research activity because tt“%e Gak;b\s on da tSPS_ su(ljas:)rate grown at vlan;)us temperatures
discovery has opened the door for a possible optoelectroni SaI\E/i/I e(znl etermlne t y ica:nlnlng clec rgz microscope
role for silicon, the all-important material for ) and low temperature photoluminescenigt).
microelectronic$. Extensive studies have also been devoted
to the application of PS in the electric isolation of integratedEXPERIMENT
devices, in particular, the fabrication of a silicon on insulator

bstratd. R i 10 A 12.6-um-thick porous Si was formed by anodizing a
substrate. Recently, w

have demonstrated the reduction peayily boron-doped0.01-0.02Q cm) Si (100) wafer in
49% HF:GHsOH (2:1) solution. The etch current density
dElectronic mail: saran@gamella.elcom.nitech.ac.jp was 7 mA cm?. A high-resolution SEM observation has
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FIG. 1. RHEED pattern obtained from an as-deposited 20 nm GaAs nucle-
ation layer on a Si/porous Si/Si substrate alond ®) azimuth.

shown that the size of surface pores is 6—8 nm in diameter,
and the pore density is-1x 10 cm~2.1! The surface and
inner pore walls were slightly oxidized at 400 °C in dry O
ambient, in order to cover the inner pore walls with a thin
oxide film that prevented the coarsening of inner pores dur-
ing the following heat treatments. This thin oxide at the po-
rous surface was removed by HF dipping prior to the epi-
taxy. Around 10 nm single crystalline Si was epitaxially
grown on the porous Si at 1060 °C by chemical vapor depo- ‘ w
sition in conjunction with hydrogen prebakif. . Si substrate!
The SPS substrates were degreased in organic solvents ‘ ;
and etched by KF50,:H,0=4:1 solution. Finally, the sub-
strate was hydroterminated using HF solution. The source
gas for group Il was triethylgallium and that for group V (b)
was arsine. Two step growth was employed for the het- . .
eroepitaxial growth of GaAs on the Si substrates. After thqi'f,;szépﬁgfgfela’y“e‘fﬁ2°;°§§?0?ng°§§’,§?'§§§2§2§2_SEM image) of &
growth of 20 nm initial layer at 300°C a Lm undoped
GaAs layer was grown at different temperatu(é50, 500,

and 550°¢. . find the cause for the increased roughness of the epilayer we
Low temperature photoluminescence measurements

were made with the samples mounted in strain-free mann gxamined the morphology of the 20 nm nucleation layer.

on a cold finger. Excitation was provided by an*Aaser eI':hough t_oo small to be det_ected using standard optical, or
Nomarski phase-contrast microscopy, the roughness of the

(514.5 nm. The luminescence from the sample was analyze% S . . .
: 0 nm nucleation film does appear to slightly increase in the
by a scanning spectrometer and detected by a photomulti-

g : .. .. case of 20 nm GaAs on SPS substrate when compared to
plier. The spectra were recorded after lock-in amp“flcat'on'GaAs/Si. Using a model NT 2000-three dimensioeslsitu

noncontact optical interferometer from WYKO Inc., the sur-
RESULTS AND DISCUSSION face roughness measured from GaAs/Si was 51.2 A rms and
Figure 1 depicts the RHEED pattern obtained by dif-GaAs on SPS was found to be slightly larger at 75.5 A rms
fracting along &110 type azimuth of the 20 nm GaAs film for 300 °C grown 20 nm GaAs layers. Figurépshows the
on a SPS substrate immediately after low-temperatureross-sectional scanning electron microscope image of a 1
growth. From the figure it is clear that the layer is epitaxialum GaAs epitaxial layer on a SPS substrate. From Fig). 2
with respect to the Si substrate as is evidenced by the preg-is clear that the grown GaAs epilayer is uniform and the
ence of the distinct spots. We studied the surface morphoknterface between 12.um porous Si and Si substrate is
ogy of the CBE-grown GaAs/SPS at various growth tem-clearly visible.
perature of the top layers. The surface morphology depended The photoluminescence spectrum was measured to char-
on the growth temperatures of the top layer. The surfacacterize the optical quality of the dm-thick GaAs films.
morphology of 450 °C grown GaAs epilayer on a SPS sub+igure 3 shows the 77 K photoluminescence spectrum of the
strate under the Nomarski condition is shown in Fige2 GaAs on GaAs grown at 500°C, GaAs on Si grown at
From the figure, it is clear that when compared to GaAs/Si500 °C, and GaAs on SPS for three different growth tem-
the morphology is slightly rough. The roughness increaseperatureg450, 500, and 550 °C The 77 K PL intensity of
gradually as the growth temperature is increased. In order tthe homoepitaxial GaAs is around 4.5 times higher than that
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FIG. 4. Energy shift towards the low energy region in the growth of GaAs

FIG. 3. 77 K photoluminescence of a CBE-grown GaAs epilayer on GaAs©ON a Si/porous Si/Si substrate when compared to CBE-grown GaAs/GaAs at
Si, and Si/porous Si/Si substrates. 500 °C.

of heteroepitaxial (GaAs/S) epilayer. The intensity of
500 °C grown GaAs epilayer on a SPS substrate is slightl
less when compared to GaAs/Si. Tée situnoncontact op-

4, the peak position of GaAs/SPS grown at 450 and 500 °C
Yas shifted towards low energy by nearly 14.1 and 15.6 meV,

o . respectively, as compared to GaAs/GaAs, whereas the same
tical interferometer observation shows that RMS roughnes - A )
values of 500 and 550°C grown GaAs epilayer on a SP or GaAs/Si is 24 meV. This indicates that the stress in the
substrate are 9.56 and 17.32 nm where the same for GaAs/ |i’J|Iayer has greatly reduced'..ln t.he case of 550°C grown
) S o . aAs on SPS, the peak position is shifted towards low en-
is 6.36 nm. The decrease in intensity in the case of 500

grown GaAs epilayers on SPS can be attributed to the inEray around 22.7 meV. The reason for this shift in the peak

. %osition may be due to the thermal strain introduced during
creased roughness of the GaAs epilayer, due to the presen Soling is easily absorbed by the porous region by strainin
of porous region in the SPS substrate. In the case of 550 °& g y y P 9 Y 9

grown GaAs after the growth, we observed many small holesmaII crystalline columns in a porous Si layer. In the case of

near the edges of the SPS substrate. Though the origin ?h 0°C grown GaAs the peak position is aimost the same as
) . . at of GaAs/Si since the large thermal stress could not be
these holes is not clear at this stage, this may lead to poar,

. . absorbed in the present porous layer.
morphology and high roughness. The high roughness sub The difference in the energy between the electron to

stantially reduce the intensity of GaAs grown on a SPS sub

strate at 550 °C. In all the growth, the prebaking has beetht hole, and the electron to heavy hole transitions provides

carried out for 5 min at 50 °C above the growth temperaturea measure of in-plane stress. Furthermore, this stress is ten-

of the top layer. Hence, for the epilayer grown at 450 °C, theS"e in nature, and arises from the difference in thermal ex-

prebacking has been carried out at 500 °C. This temperatwpanSlon coefficients between GaAs and Si. For the biaxial

may not be sufficient enough to remove the oxidized Iayeréiiress parallel ©9100] and[010), the calculated energy dif-

on the SPS substrate. This could be the reason for the higEBenviZfebﬁflvgﬁednéthe conduction and valence bandsk and
roughnesgrms roughness14.15 nm and reduction in PL ' 9

intensity in the case of 450 °C grown epilayer. AE;=—2a(S11+2S1)X+b(S11— S0 X, D
We have observed two distinct emissions at 827.1 nm
(1.4989 eV and 834.7 nm(1.4853 eV in GaAs on a Si AEm=—2a(S;1+25) X=b(S= Spp)X. @

substrate grown at 500°C. In contrast, the GaAs/GaAd#iere,S;;, S;, are elastic compliances amagb are deforma-
grown at 500 °C has the band edge emission peak at 821tibn potentials corresponding to hydrostatic and tetragonal
nm (1.5093 eV, which is 24 meV higher than the peak at shear deformation potentials, respectively, Znd the stress
834.7 nm in the GaAs/Si. As the biaxial strain causes a shifacting on the layer. Both equations neglect higher-than first
and split in the valence band of the GaAs layer, the peaks airder terms in stress. From E¢$) and(2), the valence-band
827.1 nm DY, Ih) and 834.7 nmID°, hh) in the GaAs/Si are  splitting is equal to B(S;;—S;,) X. Using the values 08,;,
presumably due to the recombination involving excitonsS,, a, andb from the early report® together with the ex-
bound to Si donors and the;= +1/2 (light hole) and the  perimentally determined valence-band splitting at 77 K, the
m;= *+3/2 (heavy hol¢ valance-band states, respectivEly. biaxial tensile stresX has been calculated as 2.45 kbar for
This demonstrates that the band edge emission peak @aAs/Si grown at 500 °C. The peak position &Y Ih) and
GaAs/Si is shifted and splits into two peaks due to the biaxia(D®, hh) transitions for 450 and 500 °C grown GaAs on a
stress. SPS substrate is determined by using a Gaussian peak fit.
It can be observed that the heavy hole peak shift offrom Fig. 5 it is clear that the biaxial tensile stress for GaAs/
GaAs/SPS is smaller than that of GaAs/Si. As shown in FigSPS grown at 450 and 500 °C has reduced drastically to 1.69
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30F stress present in GaAs layers grown on both Si and SPS
= GaAs/SPS substrates. The energy splitting between tB¢,(lh) and
GaAs/Si (D°, hh) transitions, atfT=77 K, reflects a biaxial tensile
251 stress of as low as 1.69 kbar for GaAs/SPS, grown at 450 °C.

The earlier result shows that SPS and low temperature
= growth are promising candidates for obtaining GaAs films
with low stress.
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