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Growth of High Quality SOI layer by Liquid Phase Epitaxy

by Yoshiyuki SUZUKI

ABSTRACT

Up to now, many techniques for obtaining single crystél of
Si on an oxide layer (SOI) have been studied. However, the
crystal quality and controllability of thickness are not good in
these methods at present. In order to overcome these problems,
we employed an epitaxial lateral overgrowth by LPE. Since LPE s
carried out almost in thermal equilibrium, this method has three
advantages as follows: (1) LPE yields good crystal éuality. (2)
One can obtain a large ratio of lateral growth width to vertical
growfh thickness (ELO ratio) (3) Since the grown surface 1is
covered with a facet, it yields a perfect mirror. .In the case of
Si LPE, one finds only the (111) facet, and thus, the subgtrate
for ELO is limited to the (111) surface. Sn was used as a
solvent, because i; is electronically inactive im Si.

In chapter 1, backgrounds and aims of this study were
described.

In chapter 2, basic characteristics of ELO were studied. The .
dependence of the ELO ratio on crystal orieﬁtation was
investigated. It was found that the growth surface was flat. The
lateral growth had a singularity when the line seed was
aligned in just the <110> orientation. But it was almost
constant and large ELO ratio was observed when the orientation

was varied around the <112> orientation. The time dependence of




the growth was investigated, and it was found that both the
lateral width and the vertical thickness were approximately

(172

proportional to , and the volume of the ‘growth was

proportional to t9- 2

The supersaturation dependenge‘of, growth
was investigated. It was found that the ELO ratio became larger
and surface flatness was improved at lower supersaturation.

In Chapter 3, the growth mechanism of the epitaxial lateral
overgrowth (ELO) was studied in relation with the step sources.
Growth was carried out from <circular and line seeds. it was
found that for medium and large circular seeds, the growth
occurred at steps supplied by screw dislocations and the
misoriented substrate. On the other hand, 2D nucleation is a
major source of the steps for small circular seeds ét relatively
high supersaturations. Growth from the line seeds was found to
occur almost at steps supplied by the misoriented substrate,
while sometimes the screw dislocation was introduced at the
periphery of the ELO where 2D cellular structure was formed
because of the morphological instability. It was found that to
obtain good ELO with a line seed, it is important to keep the
supersaturation as low as possible to prevent morphological
instability. ELO ratio was improved to 75 and the step free facet
was obtained at the optimum condition.

In Chapter 4, the techniques to gontrol growth morphology

were developed. ELO layer was grown from a ridge seed. Its

thickness of the same height as that of the ridge was obtained.




Therefore, ELO thickness can be controllable by adjusting the
height of the ridge. Since effective supersaturation.became lower
as the thickness became thinner because of the Gibbs-Thomson
effect, higher supersaturation was needed to grow thinner layer.

0.23 um thick layer was grown at the higher supersaturation and

" ELO thickness is shown to be controllable to the order of 100 nm.

With this technique the ELO ratio was improved to 163. ELO was
made on the nonflat (111) substrate. Since the 'grown sgrface
became facet, the flatness is automatically excellent.

In Chapter 5, crystal quality of ELO layer was evaluated by
Sirtl etching. Etch pits were observéd in the region of 2D
cellular structure boundary and in the end of the line seed. But
they were completely excluded by the growth at the low
supersaturation. The boundary between ELO layer anq SiO2 film
was observed by TEM and it was found that the contact was ‘made
perfectly in atomic scale. These results showed that ELO,By. LPE
yields SOI films with an extremely good crystal qﬁality.
Electronic characteristics were evaluated by I-V éurve of_ p+-n
junction. The n value was 1.74 and the break down voltage was
more thén 100 V. These results indicate that the ELO layer has a
good electronic quality.

In Chapter 6, conclusion of this thesis was given.
In summary, new technique has been developéd for obkaining

high quality SOI layer by using LPE lateral ove;growth.
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- 2 RIEBExzwF VIVl yvFyvI7EEY NEE (EPD)

o E 1t _
(Cl:0%%B10s ccm—2E EEMEES cm— %) .
S Fs | SioEPD (cm®) | Si02F Sic EPD
N o Bh | EZEE R
(W) | mTorr | (scom) | Mfear | Mt | Bicw | mic s
R1|100]| 60 |5 0 5% 10% | 1X 107 | 1x 104
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