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A Em X H Fast growth of microcrystalline silicon thin-films from dichlorosilane by the
high-density microwave plasma source using the spoke antenna for Si thin-film
solar cells
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Hydrogenated microcrystalline silicon is one of the promising materials for application to Si thin-film solar cells.
In general, microcrystalline silicon films are fabricated by PE-CVD using high H_-dilution of SiH, compared with the
a-Si. Thus, film deposition rate is relatively lower compared with that of a-Si:H. On the other hand, a pc-Si film with
a 2-um thickness is required for application to Si thin film solar cells because of making up the low optical absorption
in the visible region. Therefore, the fast deposition of uc-Si films and precise control of film microstructures are
crucial matters for low-cost production of high efficiency thin-film solar cells. In this research, fast deposition of
microcrystalline Si films were fabricated from SiH,Cl, using a high- density microwave plasma source for application

to Si thin-film solar cells.

The fine structure of the c-Si:H:Cl network from SiH,Cl, and is compared with that of c-Si:H fabricated from
SiH,. The film deposition rate reached 20 A/s for the uc-Si:H:Cl film synthesized from 5 sccm of SiH,Cl,, which was
almost same as that for the film synthesized from SiH,. Therefore, the fine structure of the uc-Si network from SiH,
and SiH,Cl, is different from each other. Film crystallization was promoted efficiently in the high-density and low-
temperature microwave plasma of SiH,. However, the resulting Si film structure was still porous with much fvoid,
although f__, was over 80%. These findings originated from the excessive dissociation of both SiH, and H, plasma
in the plasma, which promoted the generation rate of not only SiH, but also short lifetime radicals i.e. SiH and Si.
On the other hand, f_¢, was still more in the uc-Si:H:Cl films than in the uc-Si:H films with less f . The refractive

index, n (@2.2eV) determined by Spectroscopy Ellipsomtery analysis using reference poly-Si given by Jellison was

also increased with substrate temperature. The refractive index, n was higher for the xc-Si:H:Cl films in all Ts regions



than that of uc-Si:H films. Thus, the rigidity of the Si-network is greater in the uc-Si:H:Cl films from SiH,Cl, than
in uc-Si:H films from SiH, using the high-density microwave plasma source. The xc-Si network from SiH, is porous
structure, in which the oxidation occurs preferentially. On the other hand, in xc-Si:H:Cl network there consists of a

continuous Si-network of a-Si and c¢-Si, with less void fraction.

The ESR spin density, Ns was increased with Tss in both SiH,CI, and SiH, system. However, Nss were of the
order of 2-3x10% ¢cm2 in the uc-Si:H:Cl films, which was a half order of magnitude less than those from pc-Si:H
films. In addition, the Nss were almost independent of H, flow rate in both SiH,Cl, and SiH, systems, but it was
lower in SiH,CI, than in SiH,. Thus, the defect density is mostly determined by the chemical reactivity of deposition
precursors SiH, and SiHXCly on the growing surface. As a consequence, highly crystallized uc-Si:H:Cl films with less

void fraction were fabricated using high-density microwave plasma of a SiH,Cl.-H, mixture rather than SiH,.

Fast deposition of uc-Si:H:Cl films with no creating additional defects, higher flux of SiHXCIy generated by the
primary reaction in the gas phase was supplied to the depleted growing surface by increasing flow rate of SiH,ClI,
at a constant pressure of 120 mTorr at T s of 250°C and 400°C. Here, the deposition precursor SiHXCIy generated
by the primary reaction in the plasma is expected to be supplied at the growing surface efficiently by increasing a
flux of SiH.CI, at a constant pressure. Thus, the fast deposition of highly crystallized pc-Si:H:Cl film with lower
defect density is expected because the efficient termination of dangling bond by efficient supply of SiHXCIy is
accelerated with the abstraction of H and Cl as HCI at the depleted growing surface. The high deposition rate of 40
A/s has been achieved with increasing Fr(SiH,Cl,) up to 20 sccm at T s of 400°C. The Ns was almost independent of
Fr(SiH,Cl,) at T, of 250°C, whereas the Ns was markedly decreased at T, of 400°C. These are considered because of
the efficient abstraction of H and Cl at the growing surface. The role of chlorine in the growth of uc-Si:H:Cl films is
the suppression of the excess film crystallization at the growing surface. H termination of growing surface is more
effective to suppress the defect density rather than that of Cl termination. The film crystallization was enhanced up
to flow rate of 20 sccm of SiH,CI, at a T_ of 400°C. The N s were decreased systematically with increasing SiH,Cl,
at T.s 250°C to 4x10™ cm? at 20sccm of SiH,Cl,. The XRD and Raman study of pc-Si:H:Cl films fabricated at T, of
400°C revealed that high film crystallinities with diffraction intensities ratio of I /I = of 1.5-8.75 and with Raman

(220) ' (112)
crystallinity of 1 /1 :5-6 were obtained.

The level of photoconductivity of puc-Si:H:Cl film was 10-° S/cm under 100 mW/cm? white light exposure. The dark
and photoconductivities were the order of 102 and 10®° S/cm, respectively, which shows highly photosensitive films.
The activation energy of electrical conductivity were 0.8 and 0.55 eV, suggesting that both a-Si:H:Cl and pc-Si:H:Cl

films were intrinsic semiconductor films, possible materials for Si thin-film solar cells.
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