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INTRODUCTION

Among several growth techniques_ of a pollcrlstalline silico-n f ilm, pl.asna
enhanced ihernical vapour deposition(PECVD) followed by solid phase Srowth is
one of useful netliods in appl icat ions for giant micro-electronics for
inOustrial use, because of the-Low-tenperature process below 600'C. From an
electrical point of view, both the polycrystallinq Srain-s_ize including its
quality and- the nature of_ grain boundaries including itg den-sity govern the
iharacieristics of a thin filrn transistor. l{e investigated their dependence on
deposition conditions and on subsequent proc,esses in full detail. This is the
f iist report on a f abricat ing condi t ion and an analyt ica.l -resul t of devi ce-
quliity iolycrystalline silicon films usins PECVD process belo-w 500t.- fhi-s paper f ocuses on the bas ic charact erizat ion of a f i lm_ grow-n by an
above PECVD riethod under various conditions in terms of structural analysis by
Ranan scattering and TEII, showing the effective size of a grain and the stress
in a filn. Growth temperature dependence of defect density was also observed
by an electron spin resonance(ESR).

EXPERIMENTAL PROCEDURES

Specinens were prepaled in plasma enhanced CVD reactor using silane. The
f low rbte of silane was- 2Osccn with its pressure of 0.1Tom. Plasma power was
kept ar 25ti during deposition. Thin filns of 100-200 nn thick-were.4qpgqlIed
on- a ileaned quartz substrate wi th i ts temperat_u_r_es ranging f rom 400-600"C ,
followed by soti0 phase growth (annealing at 580"C for 72 hours under N2

atmospherei. ESR and Ranan measurements were nade on an undoped film before
and after-hydrogenation, which was performed under hydrogen plasma power at
250I{ for 5 

- houis at 350'C. Electrical properties were nonitored by self-
al igned planer-structured device.

RESULTS

Photograph 1 shows a TEI'I cross-sectional view of the film deposi!94 at
500'C and -annealed at 580"C, showing the large size(-0.5p m) of crystallites
consisting of coagulating twins. Detailed nature of a film was extracted from
f 25 phonon spectra taken by Raman ,scat_t_e-rinq. Upoq increasing th9 deposition
tempeiatures , 

- both the shi f t and the FllHl{ of the Raman spectra decreased as
shoirn in Fig, 1 . In Fig.2, the asynmetry parameters of the Ranan spect_ra as
defined in the figure are plotted agailrst the deposition temperature and were
found to show the deep ninimum at 500"C . The paramagnetic spin densities in
as-deposited and in as-annealed f ilms- are- both- plot-te-d against the d_e^po.lition
tempeiatures as shown in Fig.3, indicating the mininum value at 500'C. In
addition, the deposition temperature dependence of the line-width of an ESR

absorption spectr-a in as-deposited films is shown i_n FiS.4. Enploying thg^Iilm
Oeposi teO at 500"C f of lowe$ . !f sol id ph_ale growth of crystal I i te at 580T ,

elEctronic mobi I i ty of 38cn2 /Y'sec was achieved.

CONCLUSION and DISCUSSION

By using present PECVD method which assists the dissociation of silane,
it be6omes 

-apparent that even before annealing ngcleation - precursor for
subsequent soti0 phase growth of polycrystalline silicon was found to appear
at 400"C, which is by 100'C lower than the reported one attained by an LPCVD

method.
In addi tion to these potential characterist ics of PECVD method, low
temperature deposition at 500'C was found to be reasonable through an
invbstigation of the asymnetry paraneter of the Raman spectrun as well as an
apparen[ pVHU, because spectral asynmetry.strongly reflects and Ygry sensi'tive
tb- tne relative ratio of anorphous or disordered portion of polycrystals to
well-defined crystalline one, clearly providing us witlt more detailed
structural inforiration. Fron these experinental results, it becane clear that
itre PECVD method preparing polycrystalline silicon film showed thq significant
low temperature effect rather than previous techniques, such as LPCYD.
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Fig. l Correlation between theshifts and the FtIHlt of the RamanspeqlrA under various deposition
cbndi t ions .
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Photo.l TElt cross-sectional view of theon Si02 under conditions in the text.
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