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Abstract

In order to apply various portable devices
lightweight forms, such flexible solar panels, fahtion
require very low temperature (or near room temjpeejt
processes. Various methods, such as capacitivelyled
RF-PECVD, hot wire CVD, very high-frequency PECVD
and electron cyclotron resonance CVD have been
extensively used for the fabrication of nc-Si tHiims.
Nevertheless, how to simultaneously obtain highlityua
nc-Si thin films at low temperature for flexible vdee
applications still remains a competitive challerigethe
existing fabrication techniques. Moreover, it imgrlly
processed that high dilution of reactant gases With an
essential requirement for the formation of nc-8i fiims.

A nano-crystalline (nc)-Si thin film is more stabhmt
possesses lower absorption in comparison to antkisi
film for Si thin film based solar cell. For overcorg the
weakness of the a-Si:H and nc-Si:H thin film, “nc
embedded polymorphous(pm) silicon (nce-p-Si)” is
considered as one of alternate. These nc-Si refatades
have higher stability than amorphous and higher
absorption coefficient than micro-crystatj or nc phases.
Additionally, high H diluted nc-Si thin film solacell is
hardly free from an incubation layer issue, simikth
uc-Si, that causes high series resistance, low shunt
resistance between the inter layers. Another isslie
flexible device is how to deposit and activate peatbthin

film at low temperature because doping process y@wa
need high temperature process or post annealing for
electrical activation.

Recently, we are developing a novel CVD
technology with a neutral particle beam (NPB) seurc
named as neutral beam assisted CVD (NBaCVD), which
controls the energy of incident neutral particlesinly H
and Ar) in order to enhance the atomic activatiod a
crystalline of thin films at near room temperatures
(<80°C). In traditional hydrogenated Si depositidhe
gas mixture ratio of H and Si controls the phasehaf
films, such as a-Si:H, pc(or nc)-Si:H, while thédsuate
temperature determines the doping efficiency, myainl
Conversely, the NBaCVD system can control the
crystalline phase and the doping efficiency
simultaneously by the energy of impinge neutratipias.
During the deposition process, energetic H-newttains
transport their energy to the surface of depositiimg to
enhance crystallization (crystal volume fractionc)X
~85%) and dopant activation (~1X20#/cn?, ~30
cnf/Vs) with low H ratio at near room temperature be t
substrate. Also the increase of H enhance trangaiht
(mobility incensement) which is deduced from trtiosi
of crystal orientation from [111] to [311] at coast Xc.
The various analysis data of the thin films (XRynkan,

temperature dependent conductivity, Hall measurémen
represent the evidence of very high doping efficieat
near room temperature, obvious nc embedded pm phase
and mixed transport (band and percolation) charatits.
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Figure 1. Carrier density and mobility propertiésoov
temperature deposited nano-crystal silicon thim fil
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Figure 2. Ranm and XRD analysis: hydrogen flow rate
dependent NB effect of nano-crystal structure
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From Figure 1, the best doping concentration
achieved by using NBaCVD is o#/cn?. Conventional
PECVD and ion implantation method need post anngali
process over 650°C to achieve this high dopinglléivse
theoretical maximum dopant solubility is around
4*10°~10" #/cnt. Substrate temperature dependent
thermal dopant activation does not apply to NBaCvD
deposition process because the process was maiuhtain
lower than 80°C. The achievement of high dopinpat
temperature process indicates that the activasianainly
dependent on the energy of NB.

From the Raman spectra (Figure 2, Ifet), the
crystal volume fraction and mean grain size remain
unaffected as gas ratio (BPHiH;, 0.86~10%),
Ru(Ho/SiHs, 5~10). This Raman properties is compared
with conventional PECVD process which is influentsd
gas ratio dominantly. The crystal nucleation andirgr
growth depend on HNB. And the XRD results (Figure 2
right) provide the orientation transition from []1fo
[311] as increase of hydrogen flow. In pc-Si whigh
grain grow mainly vertical direction with [111]
orientation, the vertical charge transport is higtiean
lateral transport. However NBaCVD processed ndaBi t
film show [311] orientation transform and enhance
mobility as increase of hydrogen flow.

Recently, we measured the temperature dependent
conductivity that represent mixed transport of p&tion
and phonon assisted band transport and GIWAXS that
represents transition of lateral grown grain olag¢ion as
neutral beam energy.



