
Extended Abstracts of the l8th (1986 International) Conference on Solid State Devices and Materials, Tokyo, 1986, pp. l2l-124

1. INTRODUCTION

Hybrid crystal films of GaAs on Si substrates

are extremely attractive for monolithic integra-
ti.on of GaAs-based devices andfor Si-based devices

on common substrates of Si. Such hybridization
offers applications in high-speed electronics,
opto-electronic inEegration and chip-to-chip opti-
cal coqpnuni.cation. It brings forch a complement-

ary ut i,Lj'zat ion of the compound material and sili-
con material systems thaL have been independently

developed to a high degree of utility and soph-

istication. To date, GaAs IBSFET devices rl
bipolar devices r2 1"""r",3 LED"4 and the i.ntegra-

tj.on thereof on Si, have been reported.5
From a materials point of view, the issues of

lattice mismatch, thermal mismatch and chemical

inter-diffusion have to be properly addressed. fn
the case of GaAs on Si, the lattice mismatch is
4% and the thermal mismatch, 55%. The possibil-
lty of interatomic diffusion has also been report-
ed.5 In order to overcome one or more or these

issues, researchers have pursued GaAs on Si by

several different approaches. . They lnclude: (1)

direct epitaxy of GaAs on Sl ,''' (2) use of

lntermediate layers such as Ge or superlattices r

4'7 and (3) use of insulating layers such as

sillcon-dioxide or calcium flrtoride on Si.8
The Ge in the second

taxlally well-matched

case, for example, ls epi-
to GaAs with lattice-

c-2-3

Ge and Si can be more easily accomodated than that.

between GaAs and Si. Thermally, too, GaAs is bet-
rer-matched ro Ge (2%) rhan ro si (55%). The use

of lnsulating layers in the third case is geared

to three-dimensional (3-O) circuit construction by

providing di-electric isolaEion. Related efforts
for.3-D VLSI integration have been pursued in S0I

(Si-on-insulator) technology. 9

This paper describes several approaches that
we have taken to attain GaAs on S1, particularly
using inLermediate layers of Ge, either directly
on Si or indirectly on insulator-coated Si. In
the former, Ge was evaporated on Si and in the

latter Ge was recryst.allized over insulator-coated
Si. Various characterization results were used to

determine the structural, chemi-cal and electrical
properties of these materials.

2. EXPERIMENTAL

Ge on Si. Ge was grown on SL using an

electron-beam evaporator which has background

pressure of 10-6 - 1O-7 torr. Silicon substrates

were initially dipped in buffered HF solution be-

fore loading. After loading, silicon wafers were

heated to 900oC for 10 minutes to remove residual
oxj-des. Epitaxial Ge was grovJn at temperatures

between 350oc - z0ooc. The growth rate varied be-

tween Z-lO?/see depcnding on the growth tempera-

ture. Silicon substrates r{rere either p-type in
(100) or (111) orientations.
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Ge-on-insularor (GOI) Si wafers of (100) or
(111) orientation \^rere f irst thermaliy oxidized up

to 0.5 mm thickness. The thermal oxide \^ras then

photolithographically patterned in such a way as

to form oxide blocks separated by grooves. The

size of island blocks ranged from 5 x 5 microns up

to 500 x 400 microns. The grooves \^/ere 10 microns
wide. Ge films were then deposited on the oxide-
patterned Si either at room ter4perature or at an

elevated temperature between 450 - 6500C. At

room temperature, Ge was deposited in a non-

crystalline state whether on the oxide blocks or
on the grooves. At an elevated temperaEure, Ge

on the groove was grown in single crystals, as

seeded from the Si, while Ge on the oxide grew in
mi-cro-polycrystals. Thin (300-500 8,) tungsten

layers were finally deposited on Ge i-n order to
keep Ge from evaporating during recrystallization.
Ge on oxide was recrystallized using an Argon ion
laser or a strip-heater. In both cases, the GOI

samples were heated to 750oC during recrystalli-
tion. Scan speed in the laser crystallization
was between 1-5 mm/sec, and in the strip-heater
crystallization, I-2 cm/sec. Laser beams hTere

focused into an oval line havj.ng 1.5 mm x 50 mic-
ron aspect ratio, delivering 4-6 watts of cw pow-

er. Strip-heaters were normally heated up to
1600oc at a distance of lmm from the ce film.10b

GaAs Deposition. Epitaxial GaAs layers were

deposited on the Ge-coated Si and GOI materials
using MOCVD or MBE. MOCVD GaAs was grown at
atmospheric pressure and MBE GaAs \,,ras gror^rn at

-.1 n10 *" torr. The growth temperature was varied be-

tween 600oand 6l5oc. In the case of GoI, tungsten

capping layers were chemically etched off prior to

GaAs depositi-on, usLng a mixture of KrFe (CN)6

and NaOH in water. Films were grown with thick-
ness bet\teen .5 um and 5.0 um.

3. RXSULTS AND DISCUSSION

GaAs on Ge/Si. The morphology of GaAs and of
evaporated Ge epi-layers (cypically L-2 mj.crons

thick) on (100) Si. substrates were macroscopically
mirror-smooEh and appeared free of cracks. Micro-
scopically, the Ge surface also appeared smooth,

buL GaAs showed antiphase domain structures.
X-ray diffraction consistently showed excellent
crystallinity for both GaAs and Ge layers. The

RBS (Rutherford Back Scattering) of a 1.1 Um thick

GaAs filrn shows X min approaching 3.5% and that of
1.5 pm Ge, to 3.67" (f:.g. 1). Cross-secrj-onal TEM

(Transmission Electron Microscopy) shows remark-
ably 1ow defect density at the Ge surface in spite
of the high density misfit dislocations ar rhe Ge/

Si junction. Crude defect-counting, based on

chemical etching, shows that the defect density in
the Ge decreases toward the surface with an ex-
ponential trend.foa Interestingly enough,

the residual dislocations ln the Ge upper layer
do not necessarily thread into the GaAs layer
( Fig. 2). The good crystalline qualj.ty of GaAs

was further evid.enced by FL (photoluminescence)

measurements, which revealed a peak at 852 nm

(1.455 ev) with FWHM of 14 meV" X-ray rocking
curve results also revealed good crystalline qual-
ity for GaAs on Ge, showing line width of about

200 arc seconds. These results collectively in-
dicate that GaAs is well-matched to Ge.

An unresolved concern for GaAs on Ge is
chemical interdiffusion between the two layers.
The concern for chemical interdiffusion is greater
for GaAs on Ge than for GaAs+n{i, as the Ge

diffusivity in GaAs is known to be higher than

the Si diffusivity in GaAs. EDX (Energy Dis-
persed X-ray), SII'IS, Auger and spreading resist-
ance measurements have shown evi.dences that both

Ge and Si diffuse into GaAs, The degree of dif-
fusion between Si and Ge, however, seems to be an

unresolved issue. In our findings, by Au

Schottky barri.er characterizati-on, there exists
evidence that Ge diffuses less than Si.11 More

study is required for a better understanding of Ge

and Si diffusion behavior in GaAs.
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Fig. 1. Rutherford Backscattering Spectra of
MOCVD GaAs layer grown on Ge-coated Si, showing
Xmin of about 3.5%.
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ray or Raman anblysis is underway

morphological variation of GaAs to
of respective Ge crystals.

to correlate the

the orientation

Fig. 2. Cross-sectional TEM of MOCVD GaAs on.Si
with epitaxial Ge intermediate layer.

GaAs on GOI. Ge-on-insulator (GOI) offers
an advantage of forming GaAs epi-layers on di-
electrically isolated Si substrates. The potent-
ia1 of such a structure lj.e in the application
of high-speed and high-density electronics and

three-dimenslonal (3-n1 circuj-t construction.
In our study of seeded crystallization, single
crystals of Ge have been obtained up to 50pm

x 400 pm and 160 pm x 160 Um (Fig.3). Sub-

boundaries, that are commonly observed in SOIt

hrere very rarely observed in GOI due to different
crystallization mechanis*,12 Cross-sectional

TEM shows that the defect density at the Ge/in-

sulator interface is far lower than that at the

Ge/si i-r,t.rface.l0b The quali.ty and morph-

ology of subsequent GaAs crysEals depend strongly
on the characterisitcs. and orientation of re-
crystallized Ge. In the (100) seeded GOI, in-
dication of anti-phase domain structure was evi-
dent (fig. 4). In unseeded GOI, where the Ge

was recrystallized i-n mj-xed orientation, GaAs

morphology showed both anci-phase domain struct-
ures and single domain structures' depending on

the ori.entation of individual Ge erystallites.
The morphological variation results from the dif-

ferent manner in which Ga and As stick to the Ge

lattice at vari-ous orientations. Mi-cro-beam x-

---+
4OO Ym

Fig. 3. An array of crystalline Ge-on-insulator
(GOI) island patches attained with zone-melt re-
crystallization technique. Laser scanning was
from right to left.

Fig. 4" Morphology of MOCVD GaAs on (100) cOI.
Bi-directional granular feature suggests anti-
phase domain structure.
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4. SUMMARY AI{D CONCLUSION

Epitaxial GaAs layers have been grown on Si
substrates with intermediate layers of Ge. Ge

layers were grown either directly on Si by evapor-

ation or laterally on oxlde/nitride-coated Si using

beam-recrystallization. X-ray, photo-luminescence,

RBS and TEI"I studies show excellent crystallinity
for GaAs on Ge-evaporated Si. The crystalline
quality of GOI, as studied by RBS, appears some-

what inferior to the Ge grown directly on Si.
IEM cross-sectj-on shows, however, that the defect
density at the Ge/insulator interface is much 1ow-

er than that at the GelSi interface. From a

structural view point Ge appears to be a good

match for GaA,s. From a chemical point of view,
however, the question of the Ge and Si inter-
diffusion in GaAs is still an unresolved issue.
In our preliminary studles, based on electrical
and chemlcal characteri.zati-on, Ge diffusion ap-

pears less severe.than t.hat of 'Si, suggesting that
Ge could be favored, both epitaxially and chem-

ically, as an intermediate layer. For GaAs epi-
taxy on oxide/nitri-de-coated Sl, recrystallized Ge

would be essential.
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