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Abstract: The actual conditions of the photovoltaic industry in the world as well as China were described. At the present time, the solar cells
based on bulk crystalline silicon dominate the photovoltaic market. Silicon demand from photovoltaic application is increasing at
unprecedented rates. However, since 2004 the global solar cell industry has been experiencing a severe polysilicon shortfall. The situation is
even more serious in China and the polysilicon shortage has become the bottleneck of China’s photovoltaic industry. In order to get rid of the
trouble confronting the photovoltaic industry, the following tasks should be done: (D to complete the construction of polyerystalline silicon
plants being still in construction in China; @ to improve the technologies of polysilicon production in order to reduce the energy,
metallurgical silicon, chlorine and hydrogen consumption. The polysilicon production cost should be reduced and gain an advance in the
competition. The processes should be environment friendly. In a long run, it is expected that fluid bed process will be adopted by a number of
manufacturers to supply the photovoltaic industry. There is a big potential in switching over to thin film technology including amorphous
silicon, microcrystalline silicon, and compound semiconductor films. However, the challenges of improving performance of the thin film

products and scaling up production lie ahead.

Key Words: solar cell; polycrystalline silicon; shortage CLC Number: TN304.1
Document Code: A Article ID: 1000-7857 (2006 )06—-0005-03
1
I ° Thl. 1 Global production of solar cells
’ 2006 4 1998 1999 2000 2001 2002 2003 2004 2005 2006
5 (MW) 155 201 288 391 520 744 1200 1817 2180
o s (%) 23 30 43 36 33 43 61 51 20
1 (0.2~3 pm),
7 1954  ,Chapin,Pearson  Fuller ° ’
m, m  6%;20 90 ’ °

n 24.7%. n=14%-~17.6% 9%, ; ;
() 14%~16% ( ). 1998 155 : 1 pm o
MW, 30%~40% 72004 61% POUt,POUt:VOC']SC'FFO

1 195 MW” ( :ISC ,FF ;VOC ,Voc:(nkT/
1), 2006 q)In(li/I+1),1, ,10=1.5x10%exp (=Eg/kT)

5%~10% Eg . Iy Voc . Eg ,
: 2006-05-10
. , 35 , ,
; E—mail: junwuliang@163.com
24 2006 06 ( 216 ) 5
4@7



J‘CMK

LIANG Jun-wu: Polycrystalline Silicon Bottleneck Confronting Photovoltaic Industry and the Countermeasures

Eg ", o (SGS) 5N 6N B.P . 0.60~
14 eV . ,GaAs ( em, p-Si , [B]=2.5%10" cm, 99.999 95% .
1 , GaAs  Si n 31% , ,
29%)B, GaAs 7 25%,Si 1=24.7%. T L, L=100
. . . . , pm,L=(D7)"?, D ,D=(kTlq) .
° B o B °
98.5%), 90.9%, . - ,
7.7%, CdTe  CIS 1.1% 0.4%, n p . SGS
2 (%) n p ,
Thl. 2 Composition of various solar cells(%) >
2002 2003 2004 ’
36.4 322 36.2 ’ ° ’
51.6 572 54.7 ° Co Fe.Mn .Cr
4.6 4.4 33 108 em™,Ti .V .Nb Mo W .Zr . Ta 108 em™
a-Si 6.4 4.5 4.4 . 5N 6N .
CdTe 0.7 1.1 1.1 ’ v L 3
CIS 0.2 0.6 0.4 ( \ (51x10° e [>1x10°
) em™]) , n o
R |e|\ (HAMS) Voc ,7M . ( 3.2x
7 10%em™  2.5x10% em™,p ),
7 ’ ’ P [P]<5x10% em?™,p
' C ) ) ' 0.5<-10Q-cm, [B]=3.2x10' cm?, [0]<1x10" em™, [Cl<
’ 2004 5x10"em™, L=100 pm, 1=14%-~17.5%.
. 2005
15000 20 000 t, o SiHCL, :
30 000 t, 5000 t. 30% : 30~40 m, SiHCL
5.6% , 2008 8800 t( 3). As B <0.03 ppba,P=<0.3 ppba.,
M, 20~30 Ikg (
3 (1) )o .
Tbl. 3 Global demand, capacity and shortage of polysilicon(t) 20 >0 ’ 40 ’
2005 2006 2007 2008 2009 2010 ’ °
35000 40000 46000 53600 62400 72 000 ’ 20 80 300 kWhkg 90
30 000 33 600 38000 44800 48000 62 400 95~110 kWh/kg,
41600 44800 50 400 60~70 kWhikg, SiCl, SiHCl, s,
5000 6400 8000 8800 14400 9600
12000 17 600 21 600
J1L = + ;2. 30% , Hy
5.6% N 609G, DS55MPa
. ,2005
60t, 2005 12 ¢/W,60 t
5 MW , » 2005 :
20000
2600 .
o ) o . Ha
1 SiHCl, ,
o 3, 1
SiHCL, ; H, SiHCl;, Fig. 1 The close loop process for polycrystalline
HCl  siCl,, SiCl, SiHCl, 0 silicon production
2) , R
o SiCl, H,
i , ) SiHCl,. :3SiCl+Si+2H;—4SiHCl, . 3.45 MPa
D .® NE) i 500°C ; 20 kWh/kg, , SiHCl,
:B.Al <0.05 ppba;P As, , ° ,
Sb <0.15 PPh; <0.5 ppbw. , o ,SiHCly
6 Vol.24 No.06 2006 (Sum No. 216)



J‘CMK

: e REVIEW
, SiCl, . SiHCI; . HCI1 500 t o
H,. 98%~99% ., 2.2.3 SiH,
1 kg 1.2 kg .SiClL, 0.3 kg, JSSI ,
1.3 m’, ,SiHCl; , SiH, o o 800°C, o
10 7, 224 (SiO,)
76.7% . 1) , :
SiH, . SiH, <1 500°C:Si0+CO=Si0+C (1)
NaAlH, Sik, , :SiH,—Si+ 1 500°C~1 700°C:Si0+2C=SiC+CO (2)
2H, , 730°C , o >1 700°C ; SiC+Si0,=Si+Si0+CO (3)
, 30~40 kWh /kg, o (3) , o
98%, ( 99%, ,
o ,  SiH, MEMC Pasadena 12~14 kWh/kg. s .
, 5.7% SOLSILS ,
2 2 (ASIMI  SGS ) , SiC, SiC Si0,
SiH, s SiH, , o
MEMC Pasadena o SiHCl, R 2) , H,O H,
/ SiH,Cl,, SiHCl;, SiHCl; , o ,
SiH,. s s . Elkem
’ o }) [611 ) B o
, 99% , , 20%~25%
o ,ASiMI , 225 SiCl, ,
, , 140 kWh/kg, Na SiCl, Hayt+Ar ,
o ,  NaCl , NaCl
Na Cl,, SiCly.
2 , 7Zn SiCl, Si ZnCl,,
o - 2.2.6
2.1 Si0, 1 000°C s Si0,
2.1.1 ° o )
) . o 20 50 70 o ,
(HEMLOCK  Wacker ) s s 2007-
. , :@ ; 2008 . ,
@ 16)) . , .
R 6 000~7 000 t, ) )
o Tokuyama - s ° ( .
2.1.2 SiH, N ) o
MEMC Pasadena 1700 t/ s s
1 . SGS SiH, , 400 h o
, 30 kWh/kg, 2008 4 000 v/ o
, . (References)
2.1.3 SiH, [1] CHAPIN D M,FULLER C S,PEARSON G Z. A new silicon p-n
ASiMI1 SiH, , SiH, junction photocell for converting solar radiation into electrical
26001 2008 . power[J]. J Appl Phys, 1954(25):676-677.
290 [2] GREEN M A.In Modern Semiconductor Device Physics, Sze S.M.
2.2.1 SiHC, , “ " (Ed) L »2001,
[3] HENRY C H. Limiting efficiencies of ideal single and multiple en-
B ’ ergy gap terrestrial solar cells [J]. J Appl Phys, 1980(51): 4494 -
° ’ 4500.
’ 10 [4] . [,
Tokuyama - (VLD) . VLD . 2000,2(6):33-35.
10 =200 t=2 000 t , 2008 o [5] . [J1. , 2000, 2(12):34—
100 100 ppma, 20 200 ppbw, , 39.
13 s, 15.6%. [6] LAM K B, CHIAO M, LIN L. A micro photosynthetic electrochemi-
2.2.2 SiHCl, cal cell [C]. Proc.IEEE Conf.on Micro Electro Mechanical Syst.
SiHCl, , . (MEMS Jan.19-23,2003), Kyoto Japan, 2003: 391-394.
Wacker . 65%, 40 kWhikg, [7] YU K M, WALUKIEWICZ W, WU J, et al. Diluted ZnMnTe Oxide: a
700 h, 50 v/ 2. multi-band semiconductor for high efficiency solar cells [J]. Phys
 Wacker 2007 Stat Sol (b), 2004, 241(3): 660-663. (FEHE AEEL)
24 2006 06 ( 216 ) 7
[, NS



