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A series of systematic studies has been carried out on material properties and device structures of
hvdrogenated microcrystalline silicon (wc-Si:H) thin film solar cells at high rates (> 2 nm/s). In order
to improve the photovoltaic performance in s c-Si:H based substratc-type (n-i-p) solar cells, a wide variety
of cxperimental issues has been conducted from the material deposition and characterization to the device
fabrication and analysis of device operation.

The sc=Si:H thin films deposited at high deposilion rates ( 2 nm/s) by plasma-enhanced chemical vapor
deposition (PECVD) process at low temperature are promising pholovoltaic material in terms of low cost.
High-quality s c-Si:H with regard to film precursors and to the reactions on film-growing surfaces has been
presented. The contribution ratio of short-lifetime reactive species (Sill.,) to film growth radical (SiHy),
which is proportional to electron lemperature (7) in the Sil/H, plasma, is the determining factors of the
dangling-bond defect demsily (N9 of the resulting {ilm In other word, the [Sik.,)/[Si#] density ratio,
proportional to electron temperature (7), in the plasma should be minimized to obtain high-quality rc-Si:H
with low dangling-bond defect density (N) at high growth rates, prepared by PECVD at a fixed substrate

temperature (Tg). The optical-emission-intensity ratio of /7g#/7g,#* could be used widely as a good measurc of
7, in the plasma, which is a powerful tool to develop and characlerize sc-Si:H films at high rates directly
in the SiHy/H, plasma during film growth. Zg,;# is proportional to the generation rate ol SiHy-{ilm precursors,
being a good indicator of deposition rate of wc-Si:H Moreover, optical-emission-intensity ratio of 7, /7gq*
during film growth has been used as a simple indicator to predict crystallinity (crystalline-volume fraction:
X) in the resulting pc-Si:H thin [ilms. The rclationship between 7,,/7y,# and X, has been checked under a
wide variely of film-preparation conditions including low- (0.1 nm/sec) and high- (> 2 nn/sec) deposition-rate
cases. On the basis of theoretical consideration, optical-emission-intensity ratio of 7,/ (/g #/* has been
proposed as & new indicator of X; during film growth of xc-Si:H

When increasing the film growth rate, the optoelectronic properties in ihe resulling intrinsic pc-Si:H
films are severely deleriorated. The starting procedure of nc-Si:H [ilm growth at high rates (> 2 nn/s) has
thercfore been controlled in a very high frequency (VHF: 100 MHz) PECVD process to improve the optoelectronic
properiies of the resulting n/i interface as well as the intrinsic bulk laver in wc-Si:H-based substrate-type
(n-i-p) solar cells. The clectron temperature, monitored using Zg#/7,% in the plasma during film growth
is successfully controlled by changing the slarting procedure, i.e.. gradual SiH, iniroduction or slow power
application, leading to the preparation of high-quality wc-Si:Il {ilms with a low dangling-bond defect density.
Reduction of the defect demsily in the intrinsic laver and improvement of the optoelectronic properties at
the n/i interface are demonstrated through the fabrication of single-junction n-i-p solar cells showing high
photovoltaic performance.

As is well known thal the photovoltaic performance of pc-Si:H solar cells is also very much influenced
by boron-doped p-type nc-Si:H layer, much attention has been paid to the control of optoelectronic properiies
of p-type-window pc-Si:H layer. The influence of B,H; addition on the surface-rcaciion process during film
growth has been investigated for the optimization of p-type pc~Si:H laver prepared by Radio frequency (RF:
13. 56 MHz) PECVD. Sticking probability (coefficient) of Sill; radical to the {ilm-growing surlace shows adrastic
increasc in the doping-ratio ([ByHg)/ [SiH,+B,H;]) range above 107 explained by dangling-bond-defect production
on the film-growing surface through the catalylic hvdrogen- (H-) removal reaction with BIl, chemical species.
The same trend could be observed in the case of p~type (boron-doped) hydrogenated amorphous silicon (a-Si:H)
growth, where most ol hydrogen atoms do not reach the film-growing surface. This {act implics that a number
of hydrogen atoms, supplied from the plasma under g c-Si:H-growth condition cannot cover surfacc-dangling
bonds produced by H-removal rcaclion with BH, but act at subsurlace region, leading to H-exchanging reactions
for local heating. Moreover, the effects of temperature (during film growth and post-deposition thermal
annealing) and hydrogen- (I-) plasma trcatment on the electronic and struciural properties of p-uc-Si:H have
been investigated for solar cell applications. The highest dark conductivity is obtained in the thermally
annealed p-uc-Si:H prepared at low substrate temperature. This dark conductivity is decreased by two orders
of magnitude when the film is exposed to hydrogen plasma, being completely restored after thermal annealing.
Namely, reversible dual-conductivity cycle is obscrved between thermally annealed state and
hydrogen-plasma-treated state in p-uc~-Si:H The dual-conductivity cycle is accompanied with the reversible
change in the infrarcd-absorption spectrum at around 1845 cu™ assigned as B-H-Si complex in p-pc-Si:H network
structure. Finally, a novel process to avoid the deterioration of photovoltaic performance in wc-Si:H solar
cells, prepared on the textured substrate with thin p-laver thickness, is proposed. The low temperature process
for p-layer growth is performed to realize lowdefect densily p-type layer as well as conformal p-layer coverage
on highly textured i-laver surface. And post-deposition thermal annealing is carried out to increase electric
conductivity through a thermal activation of 3-fold coordinated boron incorporaled in the p laver deposited
at low temperatures to 4-foid coordinated boron. Those arc key points to improve photloveltaic performance
in n-i-p type wc-Si:Il solar cells.

Light trapping plays an indispensable role in enhancing the photocurreni and efliciency. This is because
pc-Si:H has low optical absorption coefficient due to its indirect band gap. A novel type ol subsirate named

“Ag-SP (surface plasmon) substrate” , in which silver nanoparticles are incorporated. is introduced and
utilized as light trapping for sc-Si:H solar cell in a substrate-type (n-i-p) configuration. Optical and
norphological analyses of Ag~SP substrales fabricated with various sizes of silver nanoparticles are
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systematically performed. It is shown that silver manoparticles in Ag-SP substrate structure can lead to
significant scattering of light when their diameter increases up to 300 nm Furthermore, the photocurrent
of the solar ccll fabricated on an Ag-SP substrate with root-mean-square (RMS) roughness as small as 16.5
mm and a proper lateral diameter (approximalely 300 nm ol silver nanoparticles is improved as compared to
that of the solar cell prepared on reference textured substrate with RMS roughness of 25.3 nm, owing lo sirong
scattering of light by silver nanoparticles in the red-infrared region.
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