
Extended Abstracts of the l9th Conference on Solid State Devices and Materials, Tokyo, 1987, pp. 163-166

Electron-Beam Exposure Epitaxy (EBE-Epitaxy) for the Formation of
SOI-GaAs Films on CaFzlsi(lll) Structures
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A novel heteroepitaxy techn'ique, which we call as an electron-beam exposure
epitaxy (EBE epitaxy), has been employed in growing GaAs films on CaF2/Si(111)
structures. In this method, prior to the growth of GaAs fi1ms, the surTaces of
CaF2 are exposed to an electron-beam under impingement of arsenic fluxes. Con-
seqlently, thin GaAs films with excel lent crystallinity and smooth surfaces
could be obtained on the CaFz/Si(111) structures. The electron beam exposure
effect strongly depended upon-the electron dose. It has been also found that
the GaAs films grown by th'is method have preferential'ly and dominantly type A

orientation which is identical to that of the CaF2. Cross-sectional transmi-
ssion electron microscopy has shown that the defeEt density in the GaAs films
is remarkably reduced by employing the EBE epitaxy.

1. Introduction
GaAs on insulator structure is one prom'i-

s'ing candidate of ideal structures for fabri-
cati on of h'igh speed LS I's, optoe I ectron i c

IC's and 3-dimensional IC's for the future.
Moreover, if GaAs-SOI (semiconductor-on-

insulator) structure is formed on Si sub-

strates, 'i t wi I I bri ng f u rther ad v antages

such as the rel iab'i l ity and the high thermal

conductivity of Si. In order to real ize thls
GaAs-SOI structure, we have used a I ka I i ne

earth f I uoride of CaF2 as an 'insulating mate-

rial, and shown the feasibi 1 ity of this
structure,l-2) However, it was difficult to
obtain a thin GaAs film having good quaf ity
because the growth of GaAs on CaF2 was ini-
tiated three-dimensional'l y and the crysta-
I I ine qua'l 'ity of the fi lm degraded near the

interface between GaAs and CaF2. So, it was

cosidered to be insufficient to make the best

use of the merit of S0I structure, that is,
high speed characteristic due to reducing the

loading capacitance and suppressing the short

channel effect.
In th'is presentation, a novel heteroep'i-
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taxy technique, which we cal I as an electron-
beam exposure epitaxy (EBE epitaxy) techni-

QUe, is proposed to solve the above problems.

2. Experimental Procedure

Growth of GaAs /Caf2/Si(111) structures
was carried out in the three-chamber MBE

system, cons'isting of a l oading chamber, a

fluoride growth chamber and a GaAs growth

chamber. Detai I s of the CaFZ growth process

were descri bed i n ref. 3. I n bri ef , s'i ng 1 e-

crystal CaF2 films with thicknesses of 150

to 250nm were grown on (111) oriented Si

substrates at 700oC. Then, the CaF2/Si(i11)

structures were tranferred to the GaAs growth

chamber and the samp'le surfaces were exposed

to electrons under impingement of As fluxes.
The e I ectron beam (e-beam) was generated by

an RMEED (reflection medium energy electron
diffraction) gun with a maximum energy of 3kV

and it was electrostatical 1y scanned along

one direction in order to improve the unifor-
mity of the exposure. The incident ang'le of

the beam to the sample surface was about 3o.

Final ly, 320nm thick GaAs fi lms were grown on

the CaF2/Si structures at a temperature of
550oC. A typica'l growth rate of the films was
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Fig. 1 Diffraction patterns of the surfaces of 320nm thick GaAs fi lms grown,
(a) on the unexposed CaF2/Si(111) structure, (b) and (c) on the electron-beam
exposed CaF2/St(111) structure. The As-stabilized (?xZ) surface structure (b)
is transitted to the Ga-stab'ilized (/19x/19) surface structure (c) at 550"C
without As f I ux imping'i ng. The exposure was done under impingement of As
fluxes with a electron dose of 540uC/cn2. 3keV, <110> azimuth.

lum/hr and the flux ratio of As4 to Ga was

kept around 60.

3, Results and Discussion

Figure 1(u) shows an RMEED diffraction
pattern taken from a 320nm-thick GaAs film
grown on unexposed CaF2/St1111) structure,
The pattern i s spotty and a number of off-
ang'le streaks are observable, which indicates
that the surface is rough and many facet
planes exist on the surface. This is probab-

1y due to three dimensional nucleation of the
growth of GaAs on CaF2. 0n the other hand,

as shown in Fig. 1(b), a GaAs fi lm grown on

e-beam exposed CaF 2/Si 11 1 1 ) structure under
impingement of As fluxes gives a sharp strea-
ky pattern, indicating a smooth surface. In

addition, we can see the As-stabi I ized (2"2)

surface structure in the pattern of Fig.
1(b). This pattern was taken under As flux
impingement. 0n the contrary, when the As

beam was cut off at 550"C, the diffraction
pattern changed to the Ga-stabi I ized (/lg"
/1g) structure,4) as shown in Fig. 1(c). From

this trans'ition of surface structure, it can

be said that the uppermost layer of GaAs

fi lms grown on e-beam exposed CaF2/Si1111)

structures is (111) As face.

The crystal l'ine qual ity of the GaAs fi lms

grown by the EBE-epitaxy was investigated as

a function of an electron dose using Ruther-

f,ord backscattering spectroscopy (RBS) with
1.5MeV 4H"* ions. It is found from Fig. 2

that the crystal linity of the films strongly
depends on the dose and it is improved with
increase of the electron dose up to a dose

of 540uC/cm2. The best channel ing minimum

yie1d Xmin near the surface of the fi1m is
4.67" which is close to the value obtained
f rom a bu I k GaAs crysta 'l (=3.52). At the
highen dose, however, the crystal I inity of
the films again deteriorates.
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Fig. 2 Electron dose dependence of the chan-
neling minimum yield Xmin near the surface
of GaAs fi I ms grown on the e-beam exposed
CaF2/Si(111) structures under impingement of
As fl uxes. The fi lm thicknesses were about
320nm.
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Fig. 3 Typical electron channel'i ng patterns for (a) a CaFZ fi 1m grown on the
(111) oriented Si substrate, (b) a GaAs film grown on the unexposed CaF2/Si(111)
structure, and (c) a GaAs film grown on the e-beam exposed CaF2/Si(111). The

e-beam exposure cond'itions are the same as those in Fig. 1(b) and (c).

The crystallographic orientation of the

GaAs films was examined by the electron
channel ing pattern method using SEM5). The

in-plane orientation can be determined from

the tri ang'l es formed by { 31 1 } bands, as

indicated 'i n the insets of Fig. 3. It is
found from the pattern shown in Fig. 3(a)

that the intermediate CaF2 fi lm has the l80o

azimuthal rotation on the Si substrate,
name'ly type B orientation, as it can be expe-

cted from our previous RBS measuretent6)' The

orientations of the top GaAs fi lms grown on

the unexposed CaF2/Si(1 1 1 ) structures were

found to be either type A dominant (the

same ori entat'ion wi th the under 1 yi ng CaF2

fi 1m) or mixture of both type A and B crysta-
I I ites, A typical channe'l ing pattern for a

GaAs fi lm with the mixed crystal I ites is
shown in Fig. 3(b). 0n the contrary, the

orientation of the GaAs films grown on the

CaF 2 exposed to an e-beam at moderate doses

was found to be a'lways type A domi nant.

Figure 3(c) shows the channel ing pattern for
a sample, in which the CaF2 surface was

exposed to e I ectrons to a dose of 540uC/cm2

(3.4x1015 electronr/.t2) under impingement of
As f I uxes, hJe can see f rom the channe'l i ng

pattern that no mixing of both crystallites
occurs at this electron dose. However,

mixing of both crystal lites and degradation

of.the surface morphology were again obser-

ved at such a high dose as 2.6mC/cn?

( 1.6x 1 o1 6 el ectronr/.r2).
In order to invest'igate the surface mor-

phology and to determine the structural
defects in the GaAs fi lms, cross-sectional
transmi ssion el ectron microscopy (X-TEM)

observation was carried out, A GaAs film
grown on the unexposed CaF2/Si1111) struc-
ture shown in Fig.4(a), exhibits a very
rough surface having a number of facets, as

expected from the RMEED pattern in Fig. 1(a),

Further, we fi nd a number of I i near defects
(dislocations) in the GaAs film. 0n the

contrary, as shown in Fig. 4(b)' the GaAs

film grown on the e-beam exposed CaF2/Si(111)

structure shows very flat surface. The de-

fect density is remarkably reduced near the

surface region about 100nm away from the
interface between GaAs and CaF2. It is note-

worthy that a few planar defects (microtwins)

appear in the film grown on the e-beam ex-

posed CaF2/Si(111) structure which are absent

i n the unexposed case. The reason for the

appearance of the planar defects is not clear
at present, However, it is considered from

observations of similar defects in GaAs/CaF2/

Si (1 00) structu.el ) and Si /Ca F Z/Si stnuc-
tr"e7) that the planar defects are generated

by the compressive stress due to the differe-
nce in the thermal expansion coefficient
between GaAs and CaF2. Actual 1y' we have

pre'l i mi nari 1 y observed the strengthened

adhesion of the GaAs film to the CaF2 film by
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Fig. 4 Brightfield cross-sectional TEM micro-
graphs of GaAs/CaF 2/S:(1 1 1 ) structures, i n
wh i ch (a) i s the unexposed case and (b) .i s

the e-beam exposed case. fhe samp 1 es of (a)
and (b) are identical to those shown in Fig.
3(b) and (c), respectively.

e-beam exposure.

0ne more i nteresti ng f eature i n F'ig.

4(b) is the appearance of a boundary in the
e-beam exposed CaF2 film. The boundary is not

observable in the unexposed CaF2 film shown

in Fig. 4(a). The depth of the boundary from

the upper jnterface is about 80nm in this
sample (exposed to a dose of 540vC/cn2 with

a electron energy of 3kV at a inc'ident angle

of about 3o). The depth of the boundary was

found to increase with the exposed electron
dose. From these observations, it can be

considered that the boundary appears due

to alteration of CaF2 properties by the e-
beam exposure. This fact may account for the

experimental result reported by Fathauer and

Schowal ter8) tf'ut e I ectri c characteri sti cs

of C aF 2/Si structure degraded after e-beam

exposure.

4. Conclusion

trle suc.ceeded 'in growing single-crystal
GaAs fi I ms wi th both exce I I ent crysta I I i ne

quality and smooth surfaces by employing the
novel EBE epitaxy (electron-beam exposure
epitaxy) technique. It is speculated that
the improvement of the qual ity of the S0I-
GaAs films is caused by the improvement of
the wettabi I ity between GaAs and CaF2, due

to the dissociation of uppermost fl uorine
atoms of CaF2 by e-beam 

"*porr...g) From this
speculation and the appearance of the varied
CaF2 1 ayer formed by an e-beam exposure, as
known in the observation of X-TEM, it may be

desirable to reduce the electron energy for
an ideal EBE epitaxy. The similiar effect as

an EBE epitaxy in heteroepitaxy of semicondu-
ctor on fluorides may be also expected by
other methods such as photonrl0) wh.ich can

control lably dissociate the fluorine atoms

from the CaF 2 surface.
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