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Abstract

Solar cells are one of the most important devices of renewable
energy, because of their ability to convert sunlight directly to electrical
energy. Therefore, efficiency boosting techniques like advanced
antireflection coatings (ARCs) are highly demanded. In this project, we
will propose a simple hydrothermal route to synthesize the rod-like and
flower-like ZnO nanostructures without the use of any catalysts, in order
to reduce the surface reflection of Cu(In,Ga)Se, (CIGS) thin film colar
cell device. Moreover, the size and shape of the nano-structures grown
by this technique can be controlled by adjusting the growth parameters,
such as the concentration of chemical solution, reagents stoichiometry,
temperature and pH value. The crystallinity, structure, and morphology
of ZnO nanoparticles will be examined and the formation mechanism
will be discussed from the angle of nucleation and morphology.
Furthermore, optical properties of as-synthesized ZnO nanostructures
will be studied. Finally, the Cu(In,Ga)Se, thin film solar cells with ZnO
nanorod antireflective coatings will be manufactured and studied for the
improvement of conversion efficiency. In the study, we'll aim for
flexible (Roll-to-Roll), high-efficiency, low-cost and environmentally
friendly on the fabrication of the CIGS solar cells using the

stainless-steel substrates.

Keywords: Cu(In,Ga)Se, ~ hydrothermal ~ antireflection coatings



F P ERAHE B

R AR BB E ORI REE G Tk AL sk
¢ %

’ff’?{%‘?i—;?/liﬁ_} t“—i‘”ﬁ L_"f"]{ Hd ’F%%ﬁqﬁj‘ %iLﬁjf_}—%?’{ﬁ%?

R R Fl o A BB e H e R
B 1954 £ A PP S 6% A A B T A X

RRRABEROR A EFNBRFFT 2T ERI N EHER

—=

??,@ﬁn/ﬁg\d\%wﬂ—l, e L EFE R L XX I] RS D
EA e 2 7RI BT E D

ook A g B ko dod 11 9w [l] 0 5P A RHAREE
Foo Y7 e 15T 0 WARRE . H g
PEF TR - R CFERPOF LT A B o I FEE SR
BB SR FH (1) BETE L AR EREFRT
ek BB T 20% 0 (2) BT L ARAFBE S A T4 ¢ 0 4 » 45(Ga)
o B EHRL R GE T A T U A g R A R
i o (3) #t HmB kR T fhd(+ 3t 10°ecm™) > 2 2um

kT K B LA A 5 2% S cht

002 £ Rl Y

o
g <
b ju
S
H N~
4

Mo ek 0 B EE G A A o4 B o P



—demE o AHAR RS EIEEERE AT R4
AL TR I B SRR g s ARk Eig 4
30 (1) »EPR R SRR 0 (2) > SR E BT 0 (3) kA A AR 2T
* @ 342 0 (4) £ % & (recombination)4F4< > 2 2 (5) B A A

SRR RS A R REEL T S R
A Pl AR R R BEEERE K TRBABALES A S

T E o« FIPt > SRR P OXRe ¥ § 7 Fr sk ekt
CRHRR Y SRR B F R~ B ¢ G5 30%:hF S
Lo pHIBRTeE e mﬁ%ﬁ%*ﬁoﬁLlimﬁﬁﬂ@g

e

T (20 § Bk d F T AR £ FERE R BT R g
fo 8 B T SE S T Gk O MRS K - R ST
S o B R S T - AR F PR AR M U A

Wi g oomehyp b rbpkchFr o A3 RECBATE T BAG

BF B IR o FRm b POk BEE R S SOR s Sk ek R AR

qAE 2 EFERIPN F TR Mk aE Sp( B 12977 [3] )0 st bR
SR E A RL YA R R F Api g2 (PECVD) -
FIHEZE P B FE ANA AT R RAFF AL
AEPFARgE

AETHE PP T EF BT M AP BB RE > A
d

iy

Baanst~itie tHiEr k ER B R Y R ;—ﬁ»
HE»% k# R CIGS it R ck R i s o K2 w
* A G L E SN ) ‘“f# B ‘*T#”Lrlg%\mf

B S TR R R B F B L B BRI A
R RS B T o ERH IR TR oS



= »
oo

4 L ik- Ak o d 2 CIGS < B4 g BFLE > &t 4 o
REAFIY ASHE EAFAER > T E AW DRAL Y »
AFBDERIFD o ARNPr BAF 2K F S BTEHS T &
13 44k AR 4P A 0 B 4B R @ﬁi%]‘é:?iﬁ(RzR, Roll to Roll)z $ jis

"\

|4

o

Table I. Confirmed terrestrial cel and submodule efficiencies measured under the global AM1.5 spectrum (1000 W/m?) at 25°C (IEC
60904-3: 2008, ASTM G-173-03 global.
Jae
ma/  FF Test centre®
Classification® Effic®(%) Aea“lem’) VoM com’) (%) fand date) Description
Silicon
Si (crystaline) 250+ 05 400(da) 0706 427 828 Sanda (99F UNSWPERL [18]
Si (multicrystaline) 204 £ 05 1.002(ap) 0664 380 809 NREL(5/04F FhGISE[19]
Si (thin film vansfer) 191 404 3983 (ap) 0650 378" 776 FhGISE@11) ISFH (43um thick) [20]
Si (thin film submodule) 105403 94.0(p 0.492' 297 721 FhGISE@®O7F CSG Sobr (1-2um on
glass; 20 cels) [21)
HILV cols
GaAs (thin film) 28.3+ 0.8 0.9944(ap) 1.107 29.47 86.7 NREL(8/11)  ARa devices [3]
GaAs (multicrystaline) 184 £ 0.5 4011 0994 232 797 NREL(11/85F RTI, Ge substate [22)
InP (crystaliine) 221407 4.02 (9 0878 295 854 NREL@4S0F  Spire, epitaxial [23]
Thin film chakogenide
CIGS (cel) 196 £06° 09%(@p 0713 348 792 NREL@OS  NREL, CIGS on glass 24
CIGS (submodule) 174405 15.993 (da) 0.6815 33.84' 75.5 FhGISE (10/11) Solbro, four seral cels (4]
CdTe (celd 167 £05° 1.032(ap) 0845 261 755 NREL(OO1F  NREL, mesa on glass [25]
Amorphous/nanccrystaline S
Si (amorphous) 1014£03™ 1.036(p 0886 16.75' 670 NREL(7/09)  Oerkkon Solar Lab,
Neuchatol [26)
Si (nanocrystaliine) 1014£02° 1.199(p) 0539 244 766 JOA(1297)  Kaneka(2umon glass)(27]
Photochemical
Dye sensitised 11.04£0.3° 1.007(ds) 0.714 21.93" 70.3 AIST(9/11)  Sharp (5]
Dye sonsitised (submodule) 99 £04°  17.11(p) 0.719' 194 714 AST @10 Sany, eight pacaliel colls (28]
Organic
Organic thin fim 10.0£0.3° 1.021(sp) 0.899 16.75 66.1 AIST (10/11) Misubishi Chemical 6]
Organic (submodule) 4.2+ 0.2° 294.5 (da) 0.714 12.26 47.7 AIST(9/11)  Sumitomo Chemical (10
series cells) [7)
Multijunction devices
GalnP/GalnAs/Ge 341412 3017 () 2.691 14.7 B86.0 FhG-ISE (9/09) AZUR imonolithic) [8]
2-S¥nc-Si/nc-Si (thin film) 124407 1.050(p) 1936 896" 715 NREL(3/11)  United Solar [29)
o-Si/nc-Si (thin film cell) 1234 0.3° 0.962(ap) 1.365 12.93 69.4 AIST(7/11)  Kanoka [9)
aS¥ncSi (thin film submodulel 117 £04™ 14.23(ap) 5462 299 713 AST (@04 Kaneka [30]

11~ & 465 B3 s 2 U F[1]
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(0001) =

Bl 1-3~ 5 it &5 % S B[4]

Band Gap (Eg) 32eV(300k)
Exciton binding energy 60 meV
Melting point 1975 C
Heat of formation 36eV
Density 5.67 glem’
Relative permittivity 8.1
Effective electron mass 0.28
Lattice parameters a:0.325nm, ¢ : 0.5207 nm

Thermal expansion Mle:292, Lc:4.75(300k)

Thermal conductivity 0.006 cal/cm/K

Thermoelectric constant (573K) 1200 mV/K

% 12~ 3 - &4 ii[4]
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