CHINA SOLAR LTD

Amorphous Silicon Thin Film Technology

Amorphous silicon (a-Si) is the non-crystalline form of silicon. The material can be
alloyed with hydrogen to form hydrogenated amorphous silicon (a-Si:H) resulting in
a significantly lower number of defects and hence a practical material for semi-
conductive device applications, including photovoltaic.

Amorphous silicon photovoltaic modules are made with thin layers of a-Si:H on a
conductive substrate.  Amorphous silicon-based thin-film photovoltaic modules
were invented in 1976, and have since been successfully used in a wide range of
solar battery applications for several decades. Here is a typical module structure:
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There are several key advantages to a-Si:H based thin-film PV modules. First, a-Si
thin-film can be deposited onto a variety of substrates at relatively low
temperatures, presenting many interesting application opportunities. Second, a-Si
thin film can be deposited over large areas by PECVD (plasma enhanced chemical
vapor deposition) technology. Third, a-Si thin film modules use silicon, which is
abundant and environmental friendly, as compared to the materials needed for
other thin film technologies.

Thin-film based PV modules offer a great opportunity to reduce manufacturing costs.

One reason is that very little material is needed for each module. The energy
consumed in the thin film PV manufacturing process is significantly less than that
consumed in the crystalline silicon PV module manufacturing process. In addition,
thin film PV modules are significantly thinner than conventional crystalline solar PV

modules. As a result, the silicon materials used in thin film PV module
manufacturing are only approximately 1% to 2% of those used to produce
crystalline
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silicon PV modules. Another is that thin-film cells can be constructed monolithically,
lending to great degree of process automation.
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Amorphous silicon-based technologies have improved significantly over the past 30
years. Advances have been made in several aspects of a-Si technology:

Cell Structure Optimization

In multiple-junction design, stacks of cells sensitive to different portion of the solar
spectrum combine to significantly increase the conversion efficiency. Desighs
involving silicon-germanium alloy (a-Si/a-SiGe:H) or micro-crystalline (a-Si/uc-Si
:H), have been successfully commercialized.

Illustration of an a-Si/uc-Si tandem cell:

Back Refiector . a0 |
3
g
Thin fim ue-Si/ a - =
w M E . T{:lr_'l Call Batiom Call
a-Si:H uc-Si:H
a— a—— 27
&5/ o
?hfﬂ:ih 300 3AO 460 man @30 TR0 TEA mAA Gwn 1020 nm
+— Visihle =+ 4+ NearlR —»
Textured TCO [ o oo ]
< \ Amorph J
Glass substrale | Y Micromorph
s o Tandem J
- —~
: sIntegral to Micromorph process
2 Sun-Light -High transmission in visible and near IR light spectrums

Office Address: Tel: +86.755.8351 5659
N0.601, ZhongKang Pioneer Park, ZhongKang Road, Fax: +86.755.8271 6024

Futian District, ShenZhen City,Guangdong Province, China Website: http://www.solars-china.com
Factory Address: A F Email:market(@solars-china.com
Longxi Hi-tech Industrial Park, Longcheng Road, Longgang Solars-china.com MSN:market@solars-china.com

- Fhy 7] hendhen Cita ianodone Province L1417 o . — — — T— )Y ’ —

W e




CHINA LTD

< e <
b hv % 10 F T : ; -
ARC e
= Substrate # 0a L
ARC
TCO <
, g 06
Top cell a-SiH,a-Si0:H g
a-SiCiH,.. g
Int. Reflactor g 04r
<
"-.-'?il"il’i e rell a'Si:H, LlG‘Ei:H,
a-SiGeH ... 02
Int. Reflector
+3i-H 0.0 - R T '
Bottom cell ;Jé:g;l_'i 400 600 800 1000
H L AL Wavelength, 4 (nm)
Fig. 1(b}: Adsorption losses and absorplances In the ebsorber
Back reflector layers for the oplically improved a-Si H/a-SiGe:H/me-S:H solar

cell (di top = 110 nm, di mid =280 nm, d bol = 2.1 mm).

Recent research and development has focused on innovative optical designs of the
front and back transparent conductive oxides, such as Internal Light Trapping
techniques, to enhance cell conversion efficiency and reduce the effect of light-
induced degradation.

Deposition Technology:

PECVD technology has undergone great improvement, in areas such as very high
frequency power source and vapor chamber design, resulting in increased
deposition rates and higher layer quality.

Materials:

There have been extensive research and development efforts in the uses of various
silanes and gas mixture with the objectives of improving deposition efficiency and
achieving desirable layer properties.

Module Construction:

To offer low cost of power generation by PV technology, the power modules must
have a long operating life, e.g. over 30 years. Key to this longevity is the
protective encapsulation technology that insulates the cells from the harmful effects
of moisture and oxygen. Various high performance polymeric encapsulation
materials have been introduced into a-Si module construction.
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Manufacturing process

The diagram below illustrates our manufacturing process:
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The Company’s manufacturing process for making PV modules, depicted above,
begins with a laser scribe on the TCO coated glass substrate followed by a cleaning
process. We then effectuate the amorphous silicon deposition with our proprietary
deposition process based on the PECVD technique. The junction partner zinc oxide
is deposited on top of the amorphous silicon-coated plate layer, and the second
scribe is accomplished before the metal conductive layer coating process. The
monolithic cell structure is completed with the third scribe, where a polymer
laminate is laid down and the encapsulating glass sheet is bonded to the substrate
glass. Electrical leads and junction boxes are added at the finishing step. The
completed module is tested and binned by performance. Depending on the size of
the PV module produced, the manufacturing process typically takes approximately
three to four hours.

Please visit our amorphous solar panel’s products :
hitp://www.solars-china.com/solar-panel.pdf

If you are interested in the our solar energy product, please contact

your solars-china.com representative for consuliation.

Contact Person: Emily Zhou

MSN:market@solars-china.com Skype ID: kaxidy

E-mail: market@solars-china.com ; Emily@solars-china.com

Tel: +86 755 83515659 FAX:+86 755 82716024 Cell Phone:+86 138 233 65182
Website: http://www.solars-china.com
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