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Si~film celllpin junction)

Si-water(pn junction)

- K719) FJRAIR(X2 §%)

W B AR A

- Gy 2imonolithic)
In-line process

- BHEE tlexible @ CIYY 2Ol

p ¢—Si water \

~220um

1 Thin—film

; »Silicon

*l » CuinGaSe;
~ =CdTe

0.3~3

Low cost substrate
(glass, plastic, SS sheet, etc)

(a8 1) 42|12 "3 E (Si-wafer)z} Hfard

= 715 el melE (fre)7)) E

flexible (% ) FH 2 A%/} 7Fs8k] o}
U¥sHA &L= ’I‘ U= 735 %“éje_ —’é- T

= H]Ig_a} 740]1;} /_\J
2l W=y BRI pr ol 90 T
£ 2= v, H)A A (amorphous) B Y
A7 (nanocrystalline) 2 2] &8 0]-8-3) vlultg]
Ej oA x| = p(p-type Si)-i(intrinsic Si)-n(n-type
S8 +FZ=2 A ZF}h o]u intrinsic Si BHF
< AAME = S HAE Fate] A7
& 4 (electron-hole pairs)& A4 5}, p-type
3} n-type Si B intrinsic Si B R0l 4

Si~water(pn junction)

Si~film celllpin junction)

| I
P c—si wafer
250-350um

(a3 2) A2jZ 99t efUTX| X H SEHe| diw

Si—wafer PV module

Si—fiim PV module
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Light weight &
easy installation(BIPV)
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Back electrode Padricacation

PV Wlndow
& roof fop

EfYTIX| 28 MZE 58

7)ol Alzd g ¥ FAVE R T
Sobe) ez s olv) WEel TeE
(portable) Feo B K YL ORE A 87)F
Stth ¥ 12 Al WAy vty ejekd
A9 54 vlae AOE, Wetge] A% A
ZEA 9] In-lines}, energy payback time, &l A}
= 2K, energy rating, &84 Sof|A T
el Blaj| el Aok v 2E '8,
s} 2 AR, 27] AR5, A3
Qo] 712 Mgl vls|] dAlol glof
oj]Ft Fitol ik AT AN 7 o]

TE

il

00
rl

a2

)
o J 2

3=

O.




2008 6% HXFYAX] H35¥ H 6%

Bulk Silicon

Thin-film Silicon

Substrate
cost

Si-wafer (single, multi)
high

Glass, SUS, plastic film
low

Cell structure

pu junction (single junction)

pin (single, tandem, triple junction)

Sub. thickness ~ 220 ym ~8 um
~9.4% (pin a-Si:H single junction)
Record cell o (1° , o . . i
officiency 24.7% (UNSW, small area) ~ 12.5% (a-Si:H/nc-Si:H tandem)
Y ~ 13.0% (a-Si/a-SiGe(nc-Si)/nc-Si triple)
Production ~ 7% (single pin, 5 glass size)

module efficiency

13~17%

~ 10 % (tandem pin/pin, S glass size)

Mark share (2006)

~90% (~ 2,100 M['W)

~ 4% (~ 100MW)

Major companies

Sharp, Q-Cells, Suntech, Kyocera, ef¢

Kaneka, United Solar, Sharp, MHI, etc

Wet bench (wafer cleaning & texturing),

Wet station (glass clean), CVD or sputter (TCO),

Mass production | Furnace (pn junction), PECVD (SiN),
p (pu} ) (SIN) PECVD (a-Si), Sputter (back metal),
Facllities Screen printer, belt furnace, dry etcher, 4 laser scriber. laminator |
Tabbing & string, laminator ’
In-line MEDIUM HIGH

Bulk Silicon

Thin-film Silicon

Energy payback
time

3-6 years
(high energy consumption processes)

2-3 years
(low energy consumption processes)

20 kg Si 250¢g SiH
Use of Si /kW ke &>t |
(high material cost) (low material cost)
)
St in final module . .
(per kW) 6kg Si S0g Si
Area needed/KW T m? 14m? (based on single pin a-Si:H, 6% module)
10% higher than bulk Si solar cells
Energy rating -
: higher electricity than bulk-Si cells in the field
High (frameless flexible, See-through
BIPV applicability | medium gh ( ’ gh)
portable power sources
High Low

Meodule Production
complexity

(MG-Si —» poly-Si —» ingot — wafer —»
Cell —» module)

(SiH, gas — CVD deposition ~» laser scribing —»
module)

2010 Prospect

Module efficiency ~ 17%
Cost ~ 2.08/Wp

Module efficiency ~ 12%
Market share ~ 10% (2GW), cost ~ 15/Wp

(B 1) 422 839 ¥ 2 el
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junction) EJFHAIE 1980 dThFH o]n} 4
4317} o] Fo F o, F F45e a-Si:HE
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Wronski Effect B) .2 A8 252 g8 %
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gJ'

ga 40
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| Single
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l Module - 6%

(O3 6) 2|2 9t AR BF R 7IaHE &
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AR += o] A4 MHEFZ 9} ne-Si:H HIA]
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402 104 o4F9] F7E 2 ne-SiH ¥}
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(22 7y |a|7|zHit flexible SUS sheet®'E 0]

23} FR o 252 g8 a-Si:H 6-7%, a-
Si:H/nc-Si:H 9-10%% 7|Z3}31 AT} SUS

|32] A9 u]=-2] United Solar®l| 4] a-Si/a-
A% 7=2E o188l oMW/ & =

SiGe/a-SiGe AF

GO 8 &
B FEAMTEYERTINLI PN T REr D,
« Washing Machine (WM)
- aackreﬂector {BR) X ::1 =
« 3-Si {30 MW}
- ITO Machine (ITQ) - :
‘Savol Smiess | |
30 MW FwmongWom | |
- 6§ X 2500 m rofis frdeso Dot
« tripie junction ! -1
| _
PV MaT 5A Technologies: Oue L T
- New NiChrome Heaters s !
-- New Cathode Design r
-~ “Pinch” Valves
~ Reactive ZnO Sputtering
The PVCD and Spectrometers

4% [6]

235t roll-to—roll ®MZx

0

(2 9) Flexible SUS 7|HE 0|
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ofo
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S8}tk 19 9= Flexible SUS 7|85 ©
o] a-Si/a-SiGe/a-SiGe A=A g Bl A X] A Z
22t 4 NEEE veRA Aotk 4 km
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SRR E AT o =2 ZA HF-2-2] 8- in-line
Fe2 FASEY olld) £% 2 7 9k

9 vt Z 24w o] B417] %otk

V. AIgE X 83

2006 AAM A ejFA A BrbgS oF
2500MWolr], o]z vhal goFAR| (Si, CdTe,
CIGS) A8 ¢F 7.8%FA] 196MW 7| A4k
2™ 10 Fx). vtk g5 Sioabey
AR = v 8A A& 252 2F 123MW
7} AAtE] o] AAAZC] oF 5%, BFEER] ok

of| A 63%E 33Tt Biut ik =] el A%

% 4%

Z7H-8 A2 2-3dA0] 50% o)A 1L

250

200

150

100

Production (MW)

S0

2000 2001 2002 2003

Year

(38 10) 9i9 EHAT

Thin-film 2006 Market
Manufacturer Technotogy Production Share
(MW) (%)
First Solar CdTe 60 33
?:(;;: )Solar Energy GmbH CdTe s 4
Kaneka Silicon PV a-Si 30 15
United Solar -8 (3) 28 14
Shenzhen Topray Solar 2-54 (2) 20 10
Mitsubishi Heavy Industries 2-8i 13 7
Sharp 2-Si'nc-Si (2) 8.2 4
Bangkok Solar a-5i (2) 5 3
Sanvo Solar a-5i s 3
Sinonar Selar #-5i 4 2
SCHOTT Soiar GmbH a-Si{2) 3 2
Global Solar CIGS 2.5 1
ICP Solar (Intersolar) a-5i 2.8 1
Wuerth Solar GmbH CIS 2.4 1
Energy Photovoltaics (EPV) a2-Si(2) 1.5 i
zia‘njln Jinneag Solar Cell 2.Si 1.5 L
Total 196 7.5%6

(F 2) 2006\ 2ot efUTX] M00[S 1% 2 Al
QS Hlm®

& °o|F 2 e, olgd F53 AESTH=
71 Ae)2 W= Bkt ke AR S
9 717 EAlol 718, dEHS) A2
shob gk ia) ARAAR (2 FB)E
United Solar (7]=F, 30MW /yr, flexible 7 |3, roll-
to-roll), Kaneka (&&, 30MW/yr, 72|73,
Mitsubishi F&4 (Y&, 13MW/yr), Shenzhen
Topray Solar (20MW/yr), Sharp (8MW/yr),
Bangkok Solar (5SMW/yr), SCHOTT Solar
(BMW), Energy Photovoltaics (1.5MW), Tianjin
Jinneng Solar Co (1.5MW) 55 = 9 3k Bk
2 gjoFA] Aar|d e Sor el Hd
ol vl Ao &2 A& = 7 e,
First Solar (CdTe) 2] 6OMWE Al|2]slale= 5
30MW/E ol3he] 277R Bk WFoITh
ShA] QFaigsol, e BjeaA) s 71

o] A& "l vlg] wor 27]9
Fo A BRI g Ry 53] A E
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