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Crystal Defect Study of Solid Phase Epitaxially Grown Si
Surrounded by SiO2 Structures
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Crystal def ects in sol id phase epitaxial ly g:rown Si surrounded bv SiO,
structures are comprehensively studied mainly using: a chemical etchini
technique. The defects are classified into 4 types; dislocations due to
surf ace contaminat ion ( type A), microtwins due to t 111) f acet growth ( type
B)' dislocations due to stress (type C), and defects at facet intersections
( type D). Characterist ics of type C def ects near sioz edg:e are part icularly
closely examined. Formation mechanisms of these defects are discussed, on the
basis of the experimental results.

1. Introduct ion

Si sol id phase epitaxy (SPE) on Si
patterned SiOz f i lrns (known

) is a low temperature

selective epitaxial g'rowth technique for
novel device f abricat ion.2 F'or example,

s i I icon-on- insulator ( SOI ) st ructure t o"
sidewall-base-contact structure for bipolar
transisto 14'6'' 

"^n be real ized using: this
technique.

Crystal defects in SPE Si have been

characterized mainly by transmission
electron microscopy (TEM ) 

6-8. Microtwins
due to t 111) facet growth and dislocations
are reported. However, detailed characters
of these defects have not
clarified.

yet been

The purpose of the present work is to
study these crystal defects comprehensively

and to g:ive some ins ig:hts into the ir
formation mechanisms. Global observation by

Nomarski interference opt ical microscopy

with Wr ight etchingl is mainly used. The

dependence of defect format ion on some

structural and experimental paraneters, i. e.

c-1-3

SiOz pattern d irect ion, Si thickness,
anneal ing cond i t ions, are invest ig:ated.

2. Experiments

Cz-grown {1OO} oriented Si wafers were

util ized as substrates. SiOa was thernally
grown to a thickness of 2bnm for the planar
type and l4Onm for the I,oCOS type. SiO2

filn was patterned into stripes in various
directions from <1OO> to <1lO).

Base pressure in the vacuum chamber was

about 1O-8Pa (Ul ta Hign Vacuum:LIIV). The

substrate surface was cleaned by Ar beam

sputtering: and then annealed

thr in a LIHV. Amorphous Si

deposited at a substrate temperature of
lOOt at 1O-7Pa. Typical thickness of the

a-Si was t-4 & ru Deposited a-Si was

annealed at 45Ot f or thr in a UIIV for
densification and then annealed at 600t in
a nitrogen atmosphere for SPE Post SpE

anneal ing: ( 8OO t or lOoO C, BO min ) was

performed additionally. Ttre samples were

Wrig'ht-etched, and then observed by Nomarski

interference optical microscopy.

substrates with
as bounded SPEI

at 68Ot for
(a-Si ) was
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8. 2 Characterist ics of dislocat ions near

sioz edgi,es

SiOz pattern direction dependence of
type CZ defects, dislocat ions near SiOz

edg:es, are shown in FiS. 2. Etch pits are

observed in the <l l0> direct ional rows

starting f rom the SiOz pattern edg:e. This

is most remarkable for the pattern incl ined

lO' f rom the <11O) pattern ( O =1O'). It is
probable that dislocations are on the t1111

planes, which are slip planes of Si crystal.
Cross sectional representations of samples

based on TEM observat ionlo are shown in the

inset of Fis.2. Some dislocation lines
observed for the <1OO> pattern start from

Si,/Sios interf ace. Dis locat ions nucleated

at the giOr,/Si interface probably Eirow and

move on t111) planes. The result for the

<110> pattern, which shows no dislocation,
can be explained by the g'eometry of the

{111} plane and (110> SiO, pattern edg:e; the

{111} plane runs parallel to the SiOz edgie.

The isothermal anneal in8i behavior of
the defects is shown in Figl..8 for <1OO) and

<1lO> patterns. Between 1 and Zhr annealing:

time, CZ defects are remarkably multiplied
in the <11O> pattern. Stress induced by

volume ohange during lateral SPE must be the

Si sub.

Fig. 1 Classification of crystal defects
in SPE Si surrounded bv SiO, structures

8. Results and Discussion
8. 1 Classification of Crystal Defects

Several kinds of defeots observed by

Nomarski miorosoope are summarized in Fig. 1.

In the on-seed region, type A dislocations
are found as etch pits. Etch-pit density is
in the order of 1Oo cm-2. Res idual
contamination (O and C) observed by SIMS

must be the origin of these dislocations.
In the on-SiOz regi'ion, microtwins (type B)

and d is locat ions ( type C) are observed.

Microtwins are found at the corners of
convex seeds (FiS. I B). This is because

{111} facets accompanied by nicrotwins are

pref erent ial ly enlarg:ed in these area.

Conversely, the t110) facet is dominant and

no microtwins are observed in conoave

seeds . 
e

Type C is classified into Cl and C2,

where Cl is observed in the on-SiOz regi'lon

and CZ near the SiOz edg:e in <1OO>

direct ional SiOz patterns . 
t 

Ct """cterist ics
of type CZ defect are discussed in detail in
the next sect ion.

Type D defects are observed at facet
intersect ions. (FiS. I Dl ). This

defect-related phenomena will be discussed

in 3. 3.

(-10'/cn")

c,D
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{110} faoets produce similar defeots. Type

D2, Dg defects are observed at the
intersect ion of l2O' angled concave-shaped

t 1 10l facets, in on-seed and on-SiOz
respect ively (FiS. 5 ( b) ). In addit ion, type
D4 defect is observed for gO' angled
convex-shaped facets in the on-seed region
(Fis.0 (c))

Anneal ing: behavior of DZ, B, 4 defects
are shown in Fig.6. Af ter IOOOt gO rnin

annealingl, defects of on-seed reg:ion (DB and

especially Dl) only appears to be annealed
out. Their orig:in is probably facet
mismatoh. Thus, the degree of mismatch
influences the annealing: behavior of type D
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Fis.2 gior-pattern-direction dependence of type cz defect formation
(a) Plan view Nomarski micrograph (b) cross sectional representation based on TEM
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origin of this defect multiplication.
Amorphous Si film thickness dependence

of defect formation is shown in Fig'.4. The

d islocat ion region width (w) is proport ional
to a-Si thickness ( d ). This is probably

because the extension of the {ll1} plane

from the SiO, pattern edg:e to the surface of

on-seed reg:ion proportional to d. Anomalous

behavior observed in very thick (4pm ) f ilm

may be due to addit ional mul t ipl icat ion

effects of strong:er stress.

3. 3 Defects at the intersect ion of
face t s

{ r ro}

A cross sectional view of Dl defect is
illustrated in Fie:.5 (a). This defeat is
observed at the intersect ion of two 90'
ang:led t 110) f acets which f orm a concave

crystal shape. Other combinat ions of two

dislocations
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Fig.6 Annealingl behavior of type DZ,g,4
defects
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Fig..5 Illustrations of type D defects

a and c;cross sectional views, b;bird's eye view

def ects. Detai led observat ion by TE[r{ is
under way.

4, Conclusions

Crystal defeots in sol id Phase

ep i tax ial ty g:rown S i surrounded by S iOz

strucfures are classified into 4 types;

dislocat ions due to surface contaminat ion
( type A), microtwins due to { 111} f acet

g:rowth ( type B), d islocat ions due to stress
( type C), and defects at facet
intersect ions. ( type D).

Type C defects near the SiOz edg:e

appear to nualeate at, the Sir/SiOz interfaoe
and g:row on t 111) planes under stress
induced by lateral g:rowth.

Type D defects have several variations
depending on the combinations of two {110}

facets. The deg:ree of facet mismatch seems

to determine the anneal ing: behavior of these

defect s.
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