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EREEARAME, ZRSRAEIENE, BEREEEEENS, A4, ERERBERRL
WARAFAE 55 B M XA LA 20 . S BR i 7= I 4 o 4 1 A 5 LA B i 35 1A BE AR X AR
FRE, BETHRESARIFG, &S 3R M e KA AL,

Z. AW (CIGS) MR KPHAEM

] 0 B T R B b (AT CIGS KPFHH M) HAMRERE . PifaSTRE IR MR A,
JEH R BOR H AT R &M BOK AR 2 8, B08 T B A0 3% 1 0™ & £ 4 ik oK BH B o i %
BBR, BARLGEKHBMEN 1/3, BEA KA FEEKHB®Z —, 20 fit4 80
R, EEBEETARIFE T BT R &8 78 & 75 vk hil 4 5 0 B w A R, fEIX 28K FH
MR R ERB 10% , K EBRARZHTHEBRRUE, 5L T %28 M &K
HiRt, 1994 4 X UG CIGS KFHE M LM 14.9% Wit AL F (DEBAKEM).
B J 7 S AR K A | B R RRE R R . H AR E Tk K% % B &0l 49 CIGS K FH=
W, HEBRBEONGELT 17% . 1999 4, XEEXTHERELKEE (NREL) ¥
REFRTH 18.8%, 2002 Xk F| 19.2%, 2010 FAHFHWHBE X 19.9% (HHH
0.4cm®), fHE, NEBHEM (1em® £4) MREFHOARELE R &NHTFLREPE, 5
FARMBAGERE R CIGS KFHBMMPTSR, HmtR KEBRERKHEEmAs (RA
BRI ZEARG AR M AR EE, MEEEERTRKHEEER) AR LAREAR,
“W SRR OB B SE B AT 10 R T B 4R SR T, T R K R R R &
BEHE . 20 42 90 454X, Shell Solar 22 &l #k B il £ i1 3830em” 4 4R4KH W ML 14, O 3%
11.2% , 1999 iK% 12.3% , BEFRA G B oBM T ol b BB BB AR, 2001 FEFF K T #
FEERE L PR TR Pt BB R, )E WAL T Z B 70min BEB| LA, RERE TAERHE,
T B3 100em? [ B e 3 28 14 (4 55 i B R 3K B 14. 7% . 2003 4E 60cm x 90cm T AR 4H 14 i) B &
MERD 13.1%, FHHFEA 65W, EF=SIERTZHAH CIGS KFHEMA KRB L
19.99% , 2Pt v A5 K FH HE M 55 8 FY) o

G CIGS KFHE MY, HTFSAMIMELERM LR, FHARRIEENEE
I “BEa” B, EATEMEEEREWE CdS EIER KB CIGS K FH e M iy R #
H A #4 T 2~ Rl F1 Showa Shell Skiyu A& Zn(0, S, OH), H K BHERHAB/TEERBE K
B, AT B 4R CIGS K FH L M MO K ) 18.6% , AT HIRLESTE,
HHERAFRIMELAT LR, HEr AN LR/E W ZLHE ZnS, ZnSe, (Zn, Mg) O,
In(OH); . In,S;, In,Se;. In,ZnSe;, Sn0,. SnS, %, HEEREHEHEX K PB.L (NCPV)
SHAFEEM T HEARIF LM (NEDO) & 1EBF il i G5 CIGS X FH H b 3 % i F)
18.6% , WK 3456cm® MAMFRHEILT] 13.4% , —FHBNE T K48 CIGS A FH o b3 % 1Y
HRLR, KIERAGERBOEBEKHEEM, BEKR LRI T RN KHEEMm, XEis
JEAE M T FH O & B R R e A R U/ TR 3 IR N A AR AT M SRR, REAH
BAER®RESG T CIGS 2o, HFEEK Wuerth ({L/R%F) . Surlfulcell, 2% [E# Global Solar
Energy, HZ<#) Honda (4<H ). Showa Solar Shell, 3 b2 {4 7 & ¥ A T 35 09 £ Mk A 8 H i
WiirthSolar, Solibro, €[ ) GlobalSolar, Miasole, H74<f#j Hond, ShowaShell /%], RE &
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75 4l 5 B2 B # ¥E 7000 75 BX IG5 #& E Centrotherm A 7] & fE FF & 30MW CIGS Hi it 4= = £k,
IS E M A EMAEAN 1. 1n x1.4m; REEGEHKME. SKEEBEAFAAETE,
HEMA& R AR ER BB E CIGS A, EEH#TRE™LIFER, 2010 F 23R>S
T60MW , BR T RIFHEREHE L,

B K¥UERE “+H”. “863” R AKFL, Bk 0.3MW HifLk, 4 H 30cm x
30cm, MFEN 7% HERAHRES 2008 42 H, IWAFHERBBEERARERSEEK
Johanna A ®] & 4E, MEKF|# TREE &% CIGSSe (HFMKMMILEY) MlibET%, 2010
FEREHARIL 10% , 2010 45 HA) R AT A (ShowaShell) #AMM 9 123%7T, B
CIGS AKFHe M), BN 1GWp,

CIGS KFHH M HAMBM TRE K MEXRNEZREEH, B TXREmEA 4 #p e,
WL EA AT R, BHE RSN, BHREE KM 2R, A iE3R
R CHLAL N, TR B — GARNME, JUH R KU A P RS AR G o 42 ) K TG AR i Y
BA¥E., EEE. REEm B0, R )2 8] & 7 8 8RR i 203X R e i & & #Y o6
SRAE

A=A, BT EME In 1 Ga &R THASBEM R, thEREEERK,
Xk BOLE K R KRS AL 7= J5 I A e B B L 4 B — R R R o

=. WHUE (CdTe) HERAXPAMEI

CdTe M KFHE B A, BEEBMPHEREA . HEERITEZH —FHE AR, CdTe
REEERY A, HEREE S KELEAMRFOILE, HEHERBRERE, EESHR
WRRE TWREER T, BEMRGIIREI R, o, CdTe X FHH M H £ & i ¥ IR BT i
B, & TZAAHX R §, CdTe XFHE MW ARTFRIERF M, LHERT&EFELREBY,
ARz WESEBEIE, ULHAEREEM, EiE L CdTe B K FH H it & BF 58 F0 il & + 40 16
BR, XREEZXATHAERESLRZ (NREL) /N CdTe H M) & & AR R H 16.5%
WCH L BOR R AR SR A CdSnO,/ZnSn0, & EAE N B AT R, X E & B 3 i IR7E
BAkJE, CdSnO, ARE M FH, ZoSn0, A LB, X M2 ZE 7] SR # K
WEE. AN HRBEEARBELRRERA Te/W,Tey fEAFEMEZ, BRI DIFR/NLR
AiZBEAR, WnfEE ANTEC AH] . PPEF CIEMAT AF] . &+ ETH K2, HFIEF Gent K2,
f&E ISFH A H) . B AF| Parma K%, B KF| SSE A H] . #[H Loughborough kK22 . i+ Sol-
aronix /A 7] . f8[E DieterBonnet H1.0> , FEE AW IEEHEARAKYE . KEEH K¥SE, A6
/N AR ) B R R R TE 10% ~13% Z (8], + 24K, RESBFREHLMXT CdTe B
BI¥5 G R BB AT TRER, IARAE CdTe B A =B, WIERAESER, RAEE ALK
TR . B AE I 3 kU, Rl B Sl H R ) R T A B A T Y AR BN, T ELAE R R B R iR
T, CdTe BB ESBHFB LS B EEMKW. B, ZEUARVEEMNEESELEAER,
CdTe KX FHE WA TR A= B AR —HRBRF WK, FEM FirstSolar 24 7 &2 23K KH
CdTe KFHEMHER, MA18 FFHFRMEBRMIZE,  CdTe W HE i 4 =R ™= fE A B 4
100MW , CdTe 7 15 A FH e, b b BE A B0, RRAEAL AL 7= 8148 CdTe S FH H 3t B9 A A W7 T
F%, M 2005 4Ef 1.59 £I0/W [EH 1. 19 EI8/W, # FE 2009 4£, FirstSolar 23 &) i 4 7= i 4
B4 M 2008 41 93 £53/W FEZE 84 E4r/W, HAb, HAFIRIR 2014 FEZ W RA
FEZ0.52 ~0.63 £IT/W, SIFENEHEHRBEAF 12.5% , & HRTHA A b 4>
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WA B AG Y . FirstSolar A AR T 7E £ E # A OOMW 94 =4k | 7EMEE A 120MW 4 =4k,
TR TE Ty 3 79 0 FUHT I35 20 Bl B A 240MW Al 120MW 4 =4k o 58 AL 2010 4E B9 7= it &l Ja ,
HP8EAF] 1. 2GW, FEHBHEIL 10% . B — KO & CdTe B K FHBE MK K NFEE An-
tecSolar, F=RER 4MWp, [% T FirstSolar il AntecSolar 4}, 3%[E [ PrimestarSolar J} NREL F13€
EAEHEH (DOE) A4E, A CdTe WiBKMHE MM AL, HAFERKARE, EEN
BB BOE S MAEEAR, FREEEMN-BUERLE, BMMEERA 7% ~8%, HH
AABCHA S IRE ] 10% L E., #EEK ANTEC A A SMW ) B ahifb ™%, £ EH
4 1.2m x0. 6m ffj CdTe HI L4, FIHIBEH 6% ~T% ,

FKEM CdTe HEB M = M L B AR WEAG T —E WL, ERTAERS BB, 2001
4E, WK AP BEL B T EBUA 0. 52em® () CdTe KPHHL M, #H#BHEKX 11.6% , X
TSR A B CdTe A RHHL M 49 & RS TIHFRIME R STIR, RAEKPEEREARKRA ZFXL,
“HH” WE, MEFREMEERARE TH SRS, ZARSHEBMELD 13.38%,
PR A IR E CdTe RFHM M MFEHRBRICFE, BEERSEKYE, HFRT P4 =L
KBRS, BV T 2WEEREARREHRK 0.3MW hif L, Exbila LOH T
1 B8 30cm x40cm [ EREREE AL, FEAFEIL8.25% , EMEEEKFY, 3R ERIL%
XHE, EEHZEHA LB =64 CdTe KFHBMKMER, BE TRERELIERLK CdTe
R, Wb A 7 R Y i

B2, REFE Te BRAN B EA R, SMRH CdTe WA FHe MM & &, B CdTe
WK P T A —E AT, ZEREEEBEMMIEEEAT . &air: ™ AR M 1E 5
TR -NEWER, HIEXMBMA I EFERROTSHBES N 25 EEHE
KEEMER T ERAMBIEELRZG, CdTe B FH TR,

M, K (GaAs) KPR

GaAs B TII- VIEAL B W ¥ FHEM B, HAE N 1.4eV, EiF 08 RUCEKHEHE,
HRRBEER AR, GaAs MBI 25% LG, HEBMNAAEKRE, HRER
BAT LA 35% LA b, HFERAHBEH M. —BE, HEEXT GaAs WA K, GaAs
FM-VHEAEDEEERWH & EZERASBRAENILEDILFESMHIB (Metal-organic
Chemical Vapor Deposition, MOCVD) ¥:FIEAHSME (Liquid Phase Epitaxis, LPE) AR, H
H MOCVD J5 % il # GaAs WM Z AT ICAI4E . RAMES . M- VHE, BRESELSH
MR . 1998 18 [E PR 2 K FHAE R AW FT 13 9 GaAs K FHHE M A ¥ e 3 0 24. 2%
HERML R, Ao, BB TERFERLEHH & GaAs, Gasb B, % H MK B M
MM B AL A2, GaAs fEN LAy, T Hiith AR Gasb, FFf8 3| @0 fa Mo ik Rk B
31.1% o TE L2 A9 Tt 57 22 32 3 F 2 ¥ F 2 A Spectrolab 7 2009 4F 8 A A4 7= i i — KL K
R, ROERMGTHEEELD41.6% ., KIHBEMERREEFTHOHRALCRRE 42.3%, XL
2010 410 A 6 H X [E Spire 2} 3K 7 E A M B RR . ZAFBFR K =45 GaAs KFHEE b
HIEERRIARR T 42.3% , BIHEFKMHH YT 406 4~ K FHMILE .

F., RMEF K HEKEB

1. SR+ i 58 A5 K PR BB it B0 4%

FHANREEKHEMEREREME (WASEH. BEE) LH/EMEE, X
uni-solar A F R AAFMIER IR A B, RENWEE N 127um, BHEEHRITFHFEK
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#e, ARMERGH . ROT. RN, MESRMEANKER, EREREH, BMEERA
SRR T AR 4> T B A SR Bt St O SR A IR ] A R R REOR PR e, 2R R B R
BEZ100pum (FHBER), R KIKT S00W/ kg LL b, A G NF R & kb b
WiE+HRE, BHA LEBMRKMEM. NHE&LZEE, A THEREMRALEXNE
(roll to roll) T Zi %, B FREMELEA, BMEREANEHNRK, RAEMBHE
Fh.

2. FMEFRERAPHR A

TR R PHE M 7R RS s L 4545, BRASESmMPERENEZ . AREKDBIDR
A, MAEWE. BCERNEE . BEKHEMERERRAHEBEEZRET M, HiEX
=4 KHBMESH ., =S KMEh, 50 i tERR b =3 5 M55 5 8 i R -
JEG FL 9t TR AT 0 s o IR R IR AR Ot s TOURR W RO O o %o B DR 6 9 B T S BT e L 2 9 R
WHCEN KR, EE uni-solar AR M AFNAIE ., =4 REEH KB ML, H/ER
LR R HATIAE] 14. 6% o

S I VAR A T 9t 55 P AR R AR | R A I ) VAR Y S B A R L A B, R
KRR REER. WTHE. AHHH, FRAEBENIRRREL (>500Wkg), HAEH
TRAERKENRER TR . 552 - AW B RE TS5 Sh 355 187 LA K X i WL 3 £ °F- 8 2 KRR T
L FRT R W o

e B R A IS MR R A DT ST SR BB o W /KBS chrona 22 RI7E 20 fE42 90 44U H 8 BF
1] ¢ 2 1 SR M A I A R LS W e e, MBI R R 4.63% , THR T O
231.5W/kg, {HILJE#ERA K o 4R B TF RS TE F2 P Aof RS 3 o ek Y81 v b 75 T 9 0T 5 AR
T—EMHER, AT 0. 115cm® M BB 4K LRBH BB A BB ERY
4.84% , IRFERILN 341W/ kg, THRREMK T WATH, XERERBARAFAESR
6MW G RME R M A K, 30MW AR ELTTh T HRIE; FEXERRABEAR
AFERE IMW JEREERMER A R, RORMESEL SMW &K, XWRAFAH TRE
BEHEARNES D, Bt R A o SRR, B TER AR I E B 5 R AL T R R
EEHH B, MESEBERK,

Ftk CIGS MEEKMHHRMZUIMTERE (AEW. £R&E) RF/ITREY (2H
RBWRE) MEEKLE, BRARE. TEMrE. AAE6. MBS NERERL, MH
RFUEH T REZUTH, EMBEAMNERARAERNTHRZE, TREFEHLER
RA, #EA) MATHIRME KMTRKER. XE NREL fIH AR THEBARELSEN
FHR L & 8 CIGS MM R Y 17.5% , KEHFERAKFHAE (Global Solar) /A 0.4MW
kg [t (1ft =0.3048m) FE. BRI B EAR], 45K 5H WA R M/ RS %N
12.5% , 8 HMI B 58 B R 3L 28 ZOAFE SR T A0 IS L il % CIGS W M E R 16.2% . &
B (P) REARRABNERRELNBRRERHAEBEESIRME. B, dit
R FR B AR T Be B il (9 P Aok i /I 1 AR 6 400 0 o Y 3 R GA ) 13. 0% , 2 H AT P A i K PR e 3t
Rt R 25k, (EE HMIBFFERT . ZSW Aol FISE E A hL 4R RFREIR B ¥ Be (IEC) SEHLA
il £ 9 PI3SJEE CIGS MM RIXE T 10% ~12% .

N RRHEAL KPR R

B A G SHEAL A P B e SER BT AU RLK, FIEAWAA LR KEE, NE
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AR LRI, MARAKHE., HEMEEST RARMKT HEHAR, FRAKEA
F1 ) H1 AT P A AN S LB IE o 3R E Yokl A K P Rt £ R A S A0 L AL B 5T AR
5 R FRAKFHEEE, EERARBERSHORAIHET, RENRHEAMBPLAE KB 5
AR IR, fEEMPIE LRETREFNRS. E£EK 863 HHMRRUEFHNIFT, I
JBT &R R AR AR S M BET, IR R A AR A AUEAR, AN REBH
AT+ 42 th o YR UL R P e v S AR RESS & 10 BAE, P B2 Be W 3 BT o PR O 1 - 48 1 A9 37
WA AWM, TEH K ARG 148 5T 2 5 AR A B J2 3% i v K P P 9t 5
R 2o ek A A FH i A% 00K SRR B L8R ) B B B A O vk . R S BR R BT SR T R
MGKET (973 BiH) SBfE =00 JrHa A K B s i B4 S2 00, A B A B iR 3T T
WA FOREAL R M I AR BBy 1, E AU IR E AT OB B K FH e B 8 B A 5K 8 )
R, 3565 e R R R (] B G B B (R AR R o B B2 B 5 B TR BT I AT B
E 1994 £F LT 46 X JRHEL K FH B e AT DR SE 0T &, SRR T A S O BL TR o R 1 2
R “+H” M+ —H” B HEMNIFT, MERKHEBHLRECHRERK
REFIE 9%, REREMAN (40cm x60cm) JEHEFEBHAIKLS. 7% , N BT ERE LK
BRI Z — o FERBEMEAR . JOKY FEREROTI . B M3 B A AR BT ) E A — &
BRLR, BT T 2R R ROR OGSO, T 5 IR B R A 2 1] 280 X A Ak 1 R ) R
W, GETHETRBEA, Hl&H 15cm x20em KRB MAMF, EZN 1A KFHEE R
BN 6.3% . FEMFEBEKEN LA ERRRP R ME TS #E ERGR
W, LA EEYHE C101, BRED 1%, ETIREE T B M EE KR ELD
8.2% , NMFEXRTHAA —EHNEM. Hob, MR KRE, HERE EERY, WK%,
BRRE, HERRFE. RIUKRE, RERE, KRERYE., BHRE, WRHEKRE ., £
TR%¥ ., R T RFEFEEFOREALH 98K BG4 A0 e v el B B R AR T 4%
ISR

£ 1992 ~ 1999 S [E], LAPBESLRBIFEPT (INAP) FIM KA STA (/53 A STI, B
F A Dyesol A 7)) RSB WAL AU BEAT T 7 AL AT SR R AW ST . 2001 485 H 2
H, BdZHF0EEKR, STTEY THA EH ARS8 KH B FiRE. ST 55 EB 2%
FE TR BT AR M7 L 2001 4R APEC BYW S L RREM, BEEKRE
TR B . 2003 4R 58 A% 200m” Bkl b K MM B/R BT, S E3 T RE TR RTR,
2004 iR, FEMEESFEE TERYBEITRFTEL T S00W Jur S KHEMRERSE,
REFRMARBNETT, NESE LA WAAIT T T 24,

+£. IBM Ji i 5 %08 AR K PR AR it

IBM AFIMBPER KT - RERLFRARE (e#Erb) ERET R RE,
B IBM RO B — MR . FE A LA EXR S, HHHEEBEaEREY
ZIACEYIMBOR i, R OR PR A B R e 3K 9. 6% . XABIEI LR R
—RZH, MELHXEEREBEXNZIFFUAGK, ERETNR, HaTHREM
(ANEH . BREWAHRM A ) il 8B e e o e B e 3R UK 6. 7% o IBM 37 sk i Jst o
WA RS . B B BN E S MERIAS, SWERMME L. 48085 b
Bto XT IBM RB BB RN, WNREH, KRZEWHRANUESFR T WAL THHEY
Y JE R R R LA IEORERE, (BN 0 2 A A T 0 A B4 T2, R e i 7



E 2 S S 09 -

HEF, PREATZRETHRMABRMITH, MXTFEARRKEOBERLH; KK
AR Sk £ BRI K AR 7 I IR A RS T AT 84, MMM MBS RS, MR
RE, XFEEMEESRPEREEEZH. BORAMRERENRE . XMERELT
LRENBR, MAREZTLELBRAR, FEXRFHRAOERBMBAE “LL” PHBESTT
i, UBRGRKHEENF, EELRERNEERERERET 24.7%, HER
FEREREENARHERT 5% A4, Hit, XHHAERBBETEHNRRES D,
HEREH U

ML BB R R R IR A BV, A5 RRIE A0 REERFH i, Kpi R 2 fakfdE
AR E B M o P T 25 A A I 0 PR W LA R B B B R A N B A, R A
KBREREER, BOVTHEET 6 35 BRI R R A 2 K P et &5 b % 8
MR FEERR, STHRWERKHEER, ZEEHT P REERBER LEREN. H
i, A5 BT ST I T S R 4E SR TT AT ) F b R AP RS R R AT R IR AR Bk, BLA YR R R
R0 B A PH F b R AE R TR A RE R RSN, X R A K PH L B SRR . R, 7
] R 2 B R AT B B 1 DL TR PRI A IR A BB B U A E R, hE4 /5 KR MbA
& % 5 g R (PR 3 OF ] A B SR IR S B R il 48 B AR A A D0 25 AR RE IR OK P L B B 2
PLE B AR A B B B, BORE R B

S HBILA R M BR BB R, FEHATHR A B RSP, NEEEE
TR B—, FEMBHEAR. S—FRHEEREN BRI ™ M, AR
ERH, B AT FEARFE Bk ERPA &, LUK I T2 A B B JRb R A
o WIXANABEEHE R, kA FH MR B 28 B0 I B A0 7 i, BEZE MLBRHH i & B 5 B 26%
R TR, AR EERE _MRTR. Fitk, BF R b K OE R A 7T LA
BEHE AL, A CIGS if /& CdTe Hidth, HEAXFEMKHFHETAEERARCHNHBA LR, A
RABIRW o BT 2 9 18 4 K Jeokt — S A6 BAOK FH o 1t th R K 4 6 P BRI P A o0 3R T 3
T X EA R S . B, BORHES K . B AT A AR A 7 R R AT
GHBr B, BT —) KB RAA T IFREAMBRERATE RO AN MRS, FH
TR BB &G E LA TZRARMRE, EREREMESXONEERAT, ERHREHN
MR AT EARESRR, ERb HAEERBWX T ARMERRBHEREZ)E,
FEREN N EINREF RN, FHIAA SRR TRE B X ot (75 R iR &
MPTIHE R, E T HERHERRANRER. FAREREWEEY) HHEAR LR
5, BAWERMEARERKES, HEREFEANFHREHAZE, | EEHBR EEAR#
2, ¥ T o T T S B B A B BIIK R B R T

BN B SR AR BH i ) AR

—. ENERAPREMEIE B
] P 0 A R o B S T RR S, RTA AEA, AR, BRI ARKE
B, RS, R 1-1 K E A 35 5wk K P s ) .

REERMLAS, XEELQNATILEERBRE AR, 728 3K = K
AT B S



