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light source approximates
airmass 1.5 computer
controlled
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temp erature controlled
testing black fixes cell
temp erature at 25°C

Yesg: 1000W,/m2 YA AML. 5 IR . 25°C



=
-
-
AN
I

Current,
Power Cell with High Fill Factor
Isc
{(\mp, Imp)
FF=Imp=Y¥mp
Isc\ocC
=area
area B
-

‘-.Tul: Voltage



KRR (Isc) : FERH T, ST RAEmRT.
W TR iR, B

FEREE (Voc) : fumidsE: Jeid. EpE. Ak
HEHARETF (FF) : Sk ohE 578 b s AU e f i 7

FF=P_/V,Is=VmIm/Vy. L

UM R SR ERHLPH . JFHRHIRE

i

R () -

~ImVm
T " Pin




4 K FHH R 432
(1) fmiRmEREM: AR, 25 GERS)
ERay
(2) . a-Si, a-Si/pc—Si, poly—Si,
CIGS, CdTe, GaAsZt,;
(3) Gratzel (YPREACERYLRIEM) , AHLHA
T
(4) Fr Mg & Hath
e (R, BT A I,
EI T IR AR

g,




H |,

T REE A 55— AR BH b, L5 . dr feE K BH H
T AN 22 e K PH FE R ﬁa:E“EEIEIE_—I:&

AR T 3 A ) R BH HRth 3 B2

AL A

VLI 1P 28 AR H EEE 1) T 340 BAS A2 BN e fR
CdTe . K&

T3 1 10%
WAERGLRLE

, BFEIEAIE. CIS.

IR BH EL b
CISK[HH

ﬂiﬂ Z11C

JITIER S5 A E 1A A Zl? Hii = N 2

it L) 5T P A

i N 2 e RO P Lt . 7E 2
H, a=Si:HARH Eﬂzﬂzxﬁzzﬁ%ﬁﬁ%ﬁ
SR

AR EE

[STRFH HELbANCdTe K BH HLbAT 22

PR G R}

— BN TR, %_-%:F aaﬁ%%%ﬁtﬂi
NIRRT T

A
IR

iﬁik%ﬁ’]#li%ﬁf CdTe K FH X LA FH, H

P 2
NK

A BEAEARS

RSN

10 R BH EEL R A A



N FH R ) & R AR
1 R AR K BH B ZH AR 1) o R A

19414, RIL T IERDGAR BN
19544, DIJRSEES = H)Chapin, Fuller and

Pearson(J. Appl.Phys. 25 1954, 676) / BH
Teﬁ%fﬁjmﬁ**ﬁ&,iﬁWﬁiﬁiM6
ONPH AR, FLAER B ) B 6% IR PR 1 = 21 10%.
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Block I: 1975-1976, 54KW, PR A GEIHISEME: B b
Eﬁéﬂ;%@z‘%ﬁﬂ‘é%iﬁmﬁi%/ﬁﬁ%ﬂi/ Lt /AR RS/ ER iR (NOCT :
35C) .

e Al SEZH A AR /S Philips A B AE 1976 E A2 P2 HIBPX47A,
HEEM RN ZIIEHEEE IR . RS EE . e, BBk
&Ti/Pd/Ag, HMREG. 4%,

Block I1: 1976— 1977, 127KW, Qualification test,
U % il 3 e S A o o

. Glass/PVB/Cells/PVB/%fig, EIE T2, %

EIR], Al By, SEACHML N AGFARDTERIE R, FEFFE
FITFA AR, 19785EHT 518 HHB [ AR, ARCOM K- TH 5557

Block ITI: 1978-1979, ARCO¥ZAL T 259KW, 12-18% 7T/
L, TedlarfCE EBEE (Spectrolabl]—%B4r, 1999, BP).

Block IV: 1980-1981, 26KW, G/PVB/Cells
/PVB/T/St/T (ARCO) .
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19804, HA=FE s F ] HIE L am H ik Tkt = a-Si:

HE 3t AR FE I i 1 S 2 i T 35
19824F., Catalano~ MorimotoZE NK-3E &t A FH BB K

S ERCRPE R 0. 1%, FFEHA=FERATELT
100 X 100mm2, A= F= 202 N5, 6%, TR IMVpI A=, JFRE
e T2,

i984$ %.Chronarﬁjﬁﬁﬁﬂﬁﬁﬁﬁﬂ%ﬁt’:f& L%
7E, PEE N IMWp/ S, I TIAR A 2790em2, R SURIRT. 2%,
7] 4F H A& 1y &) T R R 100cm2 [ Bt AL 2R 5 5] 79, 3%, MU,
FFG T A TR T ek oA B PR 2 2 T v A R

19884F, HAE +/2AE]100cm2 B A8 %] 1710, 1%:

19%$, Z[E Chronar A & Eureka a—Si: Hiilel EERILE S
1OMWpAE P2k i, AN A787 mmX 1549 mm, F&E T HN50Wp;

19924F,  HAR =R R 100em2 HIBACREF|11. 1%, 3£
ESolarex 2y m] =45 FHUBATZIA9. 8%, AR K T900 cm2.

MJRies, FEPR TR EETAER G et
FH L A RN R A P A | .
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19634, CusanoZf A\ CdS, CdSe, CdTe
BACUCLIE ., T CuxS, CuXSe, CuxTe, Hl|
& H 1 CuxS—CdS, CuxSe—CdSe, CuxTe—CdTe
ARPHEEHE, SR 10%, DRIt K s
1k, HHE 7SR FH BB 5T 4
jﬁo

I —VIEAEY) (CATei E B4

/

a5 M- ViEEY) (InP. GaAsSs)
(ERRLHE)
ST —II—VIEEY ( CulnSe,» CulnGaSe, %7
JIE FELY )



Area Vv Jse FF | Efficiency
(cm?) ' 0C | (mAlcm?) | (%) (%) Comments
o 4l CIGSe/CdS/Cell
ClGSe | ™ 0.69 2 35.5 |81 19.9 | NREL, 3-stage process
i CIGSe/ZnS (O,0H)
ClGSe | o6z | 391 |78.78| 185 | NREL Nakadaetal
Cu(In,Ga)S,/CdS
CIGS 0.400 083 | 209 [69.13| 12.0 Dhere. FSEC
' Cu(In,Al)Se,/CdS
CIAS B 0621 | 36.0 (7550 16.9 EC. Eq = 1_21 Y
0.845 CTO/ZTOI/CdS/CdTe
CdTe ' 03 259 |7551| 165 NREL. CSS
CdTe 0840 | L, |6500/ 133 | SNO,/Ga,0,/CdS/CdTe
_ IEC, VTD
CdTe 0814 2356 (7325 140 Zn0O/CdS/CdTe/Metal
0.16 U. of Toledo, sputtered




Company Device Aﬂ:::lit;;% } Effi:{: ;:]ncy Power (W) | Date
Global Solar CIGS 8390 10.2* 88.9* 05/05
Shell Solar CIGSS | 7376 11.7* 86.1* 10/05
Wirth Solar CIGS 6500 13.0 84.6 06/04
First Solar CdTe 6623 10.2* 67.5* 02/04
Shell Solar GmbH | CIGSS | 4938 13.1 64.8 05/03
Antec Solar CdTe 6633 7.3 52.3 06/04
Shell Solar CIGSS | 3626 12.8* 46.5* 03/03
Showa Shell CIGS 3600 12.8 4415 | 05/03
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Multijnction Concentrators Best Research-Cell Efficiencies N ancen.
¥ Thee-unchon (24emmnal, monokithic) 2% cotc ) -:-\:_ ™ 40,
40 & Twe-juncicn (24erminal, menolth)
Single-Junction Gads
A Single crystal
36 & Concentrator
W Thi film v <0
12 Crystalline 5i Cells {nﬁlﬂ
m Single crystal metamorphic, 1-3ur
O Multicrysialline Varian Amonic
o | % Thick Si fim li_hml
;E 23 Thin.Film Teehnalagies oo «
— ® Culln Ga)Se; Fhi(-FSE
> 24|~ ©cCde v ) 24.
O O Amorphous SiH (slabilized) wEL
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- Emerging PV : NREL MREL NREL NREL
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,fjli JI:L:_I: Heavy doping
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Metallization wrap through (MWT) &
GRIE T Pl FE b

Screenprinted linger

|' N emitter % N emitter ,n’
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P-type 51 water @:
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creenprinted bus-bar
P-contact (N-contact)
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Sunpower A300,23%

Front side

Anti-reflection Euaﬁ"g ARAARRAARARAAAAAARARARRA]

N+ F3
N-type bElEE""H
N+ difflisio P++ diffusion
SI02 passivation P A R s R
Metal finger (n} tal finger (p)

Rear side



SFIHGEHITEM  (heterojunction
solar cells with intrinsic thin
layer)

p-type/i-type
{Ultra-thin amorphous silicon layer)

FFﬂﬂI—Eidﬂ 'rhin mono

alactroda crystalline
gilicon wafar

Rear-sida

glectroda

i-type/n-type
iUltra-thin amorphous silicon layer)

E (1) BITA FHERFEEE

Fig. 6 A picture of a HIT solar cell with a ¢-5i wafer thickness
of ~70pm. 70pum cell does not show any bowing after whole

process (lower).
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(1) F—ZR DL A I TN R AR R PH I, ERIEARLEM E: IS
/TCO/P (a-SiC: H) /I (a-Si: H) /N (a-Si: H) /Al; NiHEIAESEAERH Btk
Z H— B —H g e A4 r= ik

(2) 58 I AR M B AN AN AR B R S5 2 MR A R et IS B Ze PR FE A e A RH
i,  EAHER (R /AL/ N (a-Si: H) / T (a-Si: H) / P (a-
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S YR TR
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ARFuji <" HETAE7r740 cmX 80
cmiJSCAF (Series—connection through
apertures formed on fllm) M EAE,

P48 LR AR e R R =K 9%

Series-connection holes Current-collection holes

o L
Transparent electrode e -

Laser-scribing lines \ Plastic film substrate

Back-side electrode




Process Flow

= Making series connection ho

* Metal electrode formati

* Evaluation and cutting
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o -—

/

Cleaning unit

?"\f

i

Punching unit
Punching apparatus

Sputtering apparatus

' u [Po

i Electrode
deposition by
Sputtering
a-5i deposition by
PCVD

Stepping-roll film deposition apparatus

@
Laser

Laser-scriber

Evaluation apparatus
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AMitsubishi Heavy Industries, Ltd. (MHI)
A & fek A BH HLth ) A 2 T

20024F, Mitsubishi Heavy
Industries, Ltd. (MHI)E}EQ]7 Z1OMWIHTAE &
FeE R PH R AR P~ 2, R F RIUTAR T iR A B i i
ST SFIE AR DTAR (VHF-PECVD) , A 77 ]
SR RERFH B AE (1 4mX 1. 1m) |, TR EE
PR N8%, it HL B 100V, SRR R Y
IR 100W,
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¥|United Solar Systems Corp. (USSC)
=P E L
FUSSCILFE et It =FpaAE mAE . NI

—a
|
| —a

Grid Grid Grid Grid
1 - 1 i - I i . il 0 | 0
- i = -
. . | a-31 alloy
i a-Si alloy i a-Si alloy - )
o n n E
| a-Si alloy P ) | a-SiGe alloy
n
i a-Si alloy i a-SiGe alloy 4
i a-SiGe alloy
il 1 I [l
Zinc Oxide Zinc Oxide Zinc Oxide Zinc Oxide
Silver Silver Silver Silver
Stainless Steel Stainless Stee| Stainless Steel Stainless Steel

(a) Single - Junction

(b) Same Gap
Double - Junction

(c) Dual Gap
Double - Junction

(d) Triple - Junction

o
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% EEnergy Photovoltaics Inc. (EPV);
B LRkEG R (UNAXIS) FEIEMEERFHEMAERE ;
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1.6 250
1.4
1.2 200
! Substrate size g
= 10 [ Tnitial E- { 150 =
= 0.8 | (Stabilized Eff)) : -
— M -
o6 |1 100 %
J F. -
0.4 50
0.2 c-Si:H i-layer
0.0 0
0 30 60 90 120 150 180
Voltage (V)
16 ;
- Deposition rate of | Deposition rate of
$ 4 pge-Siilinm/s {te-Siz» 1.8nm/s
E‘ 12 iTandem |
.E 10 ’l‘andem;’ Ly
= o 0 )
2 8 ol 4 Eif.=11.1%
= Si AN D.R.=2.4nm/s
R | -2
¥ 4 . !
5 Substrate size | " Substrate size
=]
C 2| 020mx020m OSSmx0.65m Ty gy
1]
2005 2006 2007 2008 2009 20 2011

Year

—eee

GenS 5 size solar panel |

Voe =16LTV I, =146 A, FF = T2.4%, Py = 17T1W
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CIS

Shell Solar, CA Wurth Solar, Germany
Global Solar Energy, AZ SULFURCELL, Germany
Energy Photovoltaics, NJ CIS Solartechnik, Germany
ISET, CA Solarion, Germany
ITN/ES, CO Solibro, Sweden
NanoSolar Inc., CA CISEL, France
DayStar Technologies, NY/CA Showa Shell, Japan
MiaSole, CA Honda, Japan
HelioVolt, Tx
Solyndra, CA
SoloPower, CA

CdTe
First Solar, OH CANRON, NY
Solar Fields, OH Antec Solar, Germany

AVA TECH, CO



Different methods for fabrnication of CdTe films for solar cells.

|. Thermal evaporation 10. lon-assisted evaporation
2. Electro-deposition 11. Metal-organic chemical vapor
deposition
3. Spray pyrolysis 12. Vapor transport deposition
4. Chermical vapor deposition 13. Molecular-beam epitaxy
5. Close-spaced subhmation 14. Atomic layer deposition
6. Chemical molecular-beam
deposition
7. Screen printing
8. Sputtering

9. Hot-wall evaporation




CIGS K BH Ha b il i 7 v

Precursor Deposition Selenization/Annealing/Recrystallization
(low substrate temperature) (high substrate temperature 450-600°C)
Methods Materials Pretreatment _ Selenization
Sputtering Cu, In, Ga =
§ . stacked elemetal e
i Evaporation layers, alloys or SelG, HSalS pes amblent
. compounds
l | with or without |
Electrodeposition | selenium
pos P l Fmﬁ:::;“ | Recry stallization
- i | Cu, In, Ga, Se/S Moo SelS, H,SelS gas ambient
5 pray pyrolysis | = l P ng 5
| | |
oati Cu, In, Ga, O Binder elimination Selonization reaction
§ % Paste c ng | compounds | H, reduction to metal alloy Se/8, H.S0/5 gas ambilent
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| ‘Molybdeawm |
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. po i |
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11461 G
Honda LGS WA, SLG  0TE Sulfurcell CuInS, HifkiE SLG 0842
27.5 Solarion  CIGS ARIE PI
Wuerth CIGS R SLG 074 15 Miasole CIGS I RFS SS 55
08 #£30 Nanosolar CIGS FE 1B A1) 430
Johanna CIGSSe JkEIWifk SLG 084 30
Heliovolt  CIGS FASST  SLG 08420
Solibro  CIGS AR SLG 08430
Scheute CuInS, ERIRCIS 094250 | | ISET CIGS MHKRT SLG 083
n Solopower CIGS  Hijjifl  SLG 08(F10
Flisom  CIGS AR PI
IRDPE  CISSe  HiJj{#1  SLG AST CIGS 27
Odersun CIGS  fifkiE  Cull 08430 IBM CIGS b5k &
HH
GSE CIGS R SS 074F4
084F 60
Daystar CIGS 25
EPV CIGS BEHYE  SLG
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205W/(STC)

160 W/m2




17.5%, 250W(STC)

152W/m2




KE 1490 (+3/-1) mm

=B TEOE (+3 /1) mm

=E 73mm (+ FHE, 15mm)

=l 165 kg

Enf 4 mm {FEE8R (L TR

i 3mm FEITE

i 7

R HIHE S [Culln, Ga) Se,)

&R B NEIPes, FLTEFHE_EBE(2A);

66 x 54 x 14 5 mm?
EHL i = F 2 5 mm? # PAEE A
{+) 855 [+30,/-0) mm; (-} T35 (+30,/-0) mm

B EER MC4
STCH &S (1000 W)m* 25 °C, AN 156 £}
T (+5/0W) W] 100 105 110 115 120
HinE Per | W] 1000 1050 1100 1150 1200
N L | 168 168 169 169 169
RR4E W | M 504 916 133 %41 976
P, FRR e | [N 14 149 152 154 15
P, HHEE Ve | ] 635 105 124 W1 769
e | Y 2106 2112 2117 2122 2128

127.6W/m2
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3 JUMNZ L FE R
(1) BEIE-EVAR|E .  20N/cm
(2) WL HE SR EEZ: 3N
(3) TPT-HBR|E A :  20N/cm
(4) TPTIZ[A]F B 5®E:  4N/cm
(5) FRIUMER5EEE: 6063T5
(6) 7&J&: 5400Pa
T3 B s S AR R &R EANTT, ASBER DA
E SRR, o= ) @SR B RS, IR AERE L ?
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Sun |

AMO Top of Atmosphere

STC: 1000W/m?; 25C; AM1.5
Standard Test Conditions
Standard Report Conditions
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R . 45V,

U%Eﬂmz 5.7A

wfE TA/ERE: 37.7V;

w5 E TAEHEVL: 5.3A;

B N 22 FE i -

WL IR (Ise) i Z 2 %: (0.065+0.015)%/ C
% B R (Voce) i 2% . -(160+20)mV/ “CEi-
0.33% / C

DR S R HL )%/ C
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5 7 nim A AR
[EC 61215: Wit £ E
(/&8 Qualification, JFReliability)
[EC 61730-1 &ZhtyEisk

[EC 61730-2 iRI&HE Rk
WF+. UL, TUV, VDE, ETL, ESTIZ:
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6 Ji =Rk
19874ELHT:  H4E
1987-1993: 104F
1993-1999; 204F

19995—‘[4): O54F
H A Joa DR A U N 2 2 A7

25 year limited warranty of 80% power
output, 12 year limited warranty of 90%
power output, 5 year limited warranty of
materials and workmanshipo

QualificationflReliabilityH]oK %

Ew,mn%ﬁ@#7$ﬁM%%ﬁ% A
i [ IEC61215FF-ANGE PRiE255F B 1 o




e Data consistency means: ?
e Plimit=P0X0.97X0.97 X0.8=0.753 PO
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(1) ERAE AR ZH A HY

ID (Light Induced Degradation)
HID (Heat Induced Degradation)
PID ( Potential Induced Degradation)
EC62804

(2) o L FE Y 1 T I
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Germany: firefighters extinguish most fires
in homes equipped with solar panels
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Bt e of W P Nouses 6RQ0ed ot Py sagft ol te weowed T e MOent peasega 1 rorthenn
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Even when we cut the mans suppdy duning a fire, the current
continues (o leave the PV panels. There are risks even in & might
achon: the hght of Our lamps SURCent 10 produce 8 Jangerous

FeEs I'
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www. solarzoom.com
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Omniksol-20k-TL#EERL4E

100% I | I
98% — -

96% /"
94% ”~
92%

90% i
BE%
B6%
84%
B2% F20V  =—E00V BEOV |
BO% ' - - -
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0 5% 10%  20% 30% 50% 75%  100%
% of Pac




B A TNE(E) 13500 17600 21200
A B 1000 1000 1000
MPET LRSS 400-800 440-850 4B0-B50
RIS A MR 640 G40 840
B A RTAB) ] 22 2222 242z
MPRTERERERSY 2 2 2
HEEMPPT I EIfLSHRae A3rBa A3 (B3 A3 /B3
CommmseeE
R LR [ ANIPE, 2304400 WNPE, 2301400 ANIPE, 2300400
e 50, 80 50, 60 50, 60
B AT (E] 13000 17000 19200
ST H () 13000 17000 19200
EEs R ) 20 % 28
B R ) 18.8 246 26
TheEEE & 0.8i..1...08c 08i..1..08¢c 0.8i..1..08¢c
REEEETHD) <2% <25 <2%
AR <G <& <0G
FFRIIENE () <12 <12 <12
omE
et ] BB 08.1% O8.2%
B 97 5% a7.6% a7 8%
MPPT S 99.8% BB %% 88 9%
CoEESEF
HFHTER Type 111 Type 111 Type 111
[Rirriat St at e &5 -1 -1
il et =] <] 5
P 2 VDE 0126-1-1, 3 VDE 0126-1-1, 2 VDE 0126-1-1,
ReA1899, ENEL, 59, As2777 Rd1699, ENEL, G59, As4777 RA1699, EMEL, G59, Asa777
TR #= VDE 0126-1-1, 3 VDE 0126-1-1, FF2 VDE 0126-1-1,
RdA1693, EMEL, G539, As4777 Rd1699, ENEL, G539, As4777 Rd1699, ENEL, G59, As4777
ES R RS -] -] -]
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77104
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i

F15F (mm) 58 = 2000 x 2100 x 800
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