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The res'idual stress i n S'i on I nsul ator (S0I ) aff ects the cam'i er
mobi 1 i ty of MOS devi ces/1 ,?/. The enhancement of el ectron mob'i f ity by a
h'igh tensile stress impresses us, however, a residual stress in the- active
layer is not necessary for three dimensional (3D)-integrated c'ircuits(IC) by
tak'ing account of materi al des'ign. In some cases, the res'idual stress
causes the f i l m cracks . Recentl y, the dev'ice f abri cati on of 3D-S0I by
J aser recrystal I i zat'ion have :been reporte d/3/ si nce the I aser anneal i ng
techni que can heat only the surf ace si I'icon 1ayer. However, the
temperature d'ifference between the Si f.i lm and the substrate results 'in a
residual stress, even if a surface ox'id'i zed S'i substrate 'i s utilized/4/.
In the present work, the extensive characterization of res'idual stress in
S0I structure wh'ich consists of various types of interlying insulator and
substrate materjals gave us a result. That iS, an unworthy res'idual stress
in the structure can be reduced ,by the performance of
underl ayers (substrates, i nsul ators ) w.ith the sl i ghtly I arger thermal
expans'ion coeff i ci ents than that of Si .

In a pref iminary study, it llas been found that Raman frequency shift
from unstressed:bulk-Si (520.5 cm-') of Si films resol'idified ,by an argon ion
laser linearly increases with increasing thermal expansion coefficients of
the substrate as shown in Fig. I . Thi s measurement indicates the
requ'irement of Jhe substrate wi th 'l arger thermal expans'ion
coetticient(5.4x.|0 6/'C) for a stress free S'i filfr.

As prev'iously shown, even if a Si substrate 'i s used, a stress still
remains. Furthermore, we found that the residual stress depends on the
materials of interlying insulator, too. Figure Z shows Raman spectra
obtai ned i n the resol i di f i ed S'i /3um-thi ck i nsul ator/Si substrate. Here, we
used I or 3um thick Si0z,PSG, and AIN films as an insulator, and S'i and
sapphire as a substrate. Figure 3 shows a summary of the influence of
i nsul at'ing materi al s on the res'idual stress 'in the S'i f i I m. The stress i n
the S'i film on 3um-thick AIN/Si substrate is lower than that on SiOz, and
micro cracks were found'in Si film on'ly on Si0zlayer. When the insulator
thi ckness was lum, no si gni f i cant di fference was observed. Us'ing S'i
substrates, the increase of AlN fiIm thickness brings about no stress
accumul ati on . Usi ng sapphi re substrates, a res'idual stress i s compress'i ve,
contrary to usi ng Si substrates, and decreases wi th 'increas'ing thermal
expans'ion coeff i ci ents of i nsul ati ng materi al s.

In concl usi on, we have demonstrated that the res'idual stress i n S0I
film depends on both substrate and insulating materials. In order to
obtain a stress free Si film of 3D-S0I, the underlayer(substrate and
insulator) of which thermal expansion coefficient'is larger than that of Si
shoul d ,be used.
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Fi g. 1 Frequency sh'ift obtai ned i n resol i di f i ed

Si films versus substrate thermal expansion
coeff i c'ient.

Ftg.2 Raman spectra from resolid'ified S'i f ilm
i n S0I structure us'i ng Si substrate.

Fi g.3 Summary of the i nfl uence of i nsul ati nq 
.

materi al on resi dual stress i n resol i d'if ied
S'i film.
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