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Abstract: In this study, Sputtering method was used to grow Al-dopes ZnO films on a CIGS absorber

layer, in order to examine the effect of TCO on properties of CIGS solar cell devices. Structural, electrical

and optical properties were investigated by varied thickness of Al-dopes 7ZnQ films. Also, relation to the

application as a window layer in CIGS thin film solar cell were studied. It was found that the electrical

and structural properties of ZnO:Al film improved with increasing its thickness. However, the optical

properties degraded. Jsc of the fabricated CIGS based solar cells was significantly influenced by the
variation of the ZnO:Al window layer thickness. Because ZnO:Al window laver is one of the Rs factors in

CIGS solar cell. Rs has the biggest influence on efficiency characteristic. In order to obtain high efficiency

of CIGS solar cell, ZnO:Al window layer should be fabricated with electrically and optically optimized.
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A& 4+ 9= ZnO/CAS/CIGS/Mo 1-%2] CIGS Bhvt
g ddAA ] g vhdg AF ¢ sde] AAH D
Ak [2. ZnOE HEAJI FHdERAd d43E
(transparent conducting oxide, TCO) % & }= 4
& WE=A (337 eV)H 8 A7F, B8 R T
Z3 EAow oldf Hxt ad ol AEwe], eBlgAA,
FH 22 G2 FAAFE Fofoll ] AMEHI 9
t} [34]. ITO (indium tin oxide)ell H]&] 7}z o] # &
gt ZnO= ITO iAEd F shuhEA A7)dEke ¥
FEIEE FHA 7] A% g A5 3
i slth [5]. 58], ZnO:Al (Al-doped ZnQ) BFub

ANAEAS 7FA A FHolM 9] FFAEo] wL
W, ITO uhets} wlsate] A2 Aol 7hsshar A4k
S7b7k ZA v (6l ot 22 FHER U
nO:Al vhehe g g FHdFoR HEH
domv R A=Y BFAA ARBAY LS
ol AAsta glow, AR FFFE S
g Fo& ZhAef @rh B AFeA e ZnO:Al F9
Azl A714 #&H 5L vy ¥, FI@

CIGS #&F+% 7 CdS buffer layer & flol &
ste]  CullngGai)Se; BHHEIGA A F&o] vA&
@l diste] d-sksirh

2. 43 94
2.1 ZnO YobM|Et

7n0O vreke Corning 1737 glass $loll %83l
] solar cell A2 Al CdS/CIGS/Mo/SLG 2 9l
upube. =319 tl. Corning glassis Z-&-34A 2 714
A olHE, e 4F, &Y SAHRE A4 10
B4 A Hakglel. Ao RF vl 1y EE AUHE
o] g3t FAsly e, olf AHEH B2 HN £k
9] j-Zn0O EFAE} 98 wt%2l ZnOel 2 wt%e] AlO;
7 A7re eAS AHgEgich wtere Az 23
% 13 ¥ 29 dEhieh ZnO:Al kg FRARD
% surface profiler (Kosaka Laboratory. Lid,
ET-30001) o]&&te] ulube] FAE ZFAH30)ow,
SEM (scanning electron microscopy)® XRD (X-ray
diffractometer) & o] &38le] 2% 5A& H7sidl
t}, vhuke] 47)4 EA4E Ecopia, HMS-3000)2 ©] &
gto]  EAstglon, ScincoAte $-3100 UV/VIR
spectrometerS o] §3}o] 83 541 AU

Table 1. Fabrication conditions of i -ZnO thin films.

Parameter Conditions
Target Zn0099.999 wit%)
RE power 150 W
Base pressure 107 Torr
Working pressure 5 mTorr
Ar gas flow rate 40 scem
Film thickness 50 nm

Substrate temperature Room temperature

Table 2. Fabrication conditions of ZnO:Al thin films.

Parameter Conditions
Target ZnOrAI98 wi% @ 2 wit2)
RF power 100 W
Base pressure 107 Torr
Working pressure 5 mTorr
Ar gas (low rate 80 scem

Film thickness 100 nm = 900 nm

Substrate temperature Room temperature

2.2 CIGS EHLEX| A=

Mo HFute] Fatel SLG $ell co-evaporations ©] 8-
I-stage Yo ¢ 2 um 7712l CIGS (CullngGaj-)Se)
utule. ZAA AL AZE CIGSHEe 24L& Cuil
(Cw/lIn + Ga)= 086, Ga/IIl (Ga/In + Ga)= 0362 4
stlon, CIGS ¥tute] wi=7] ouy#]i= UV-visible
spectroscopes  Fall Fi&S FAE & A (a
hv)= A(E-Ey) Alxta& ARgste] Wi=7] 12 eVE ¢
& 4 U9tk CdS W9 F2 CBDHE o834 <% 70
nmE FH3%3, RF v EE AHEE o83t
A g i-Zn0% 50 nmet nekglel ZnO:Al BHEE 100
nm ~ 900 nm %8sk Al 22|= =L E-beam
evaporations ©]-€3dto] ¢ 15 ume FARSh + A

o A= WAL A e A gabA] edsl

3. 2% ¥ 1
3.1 ZnO:Al Hi8te] =% 54

a9 12 ZnO:Al whuhe] FA W] mE X3|d
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Fig. 1. XRD pattern of ZnO:Al with different thicknesses

grown over corning glass substrates.

Fig. 2. SEM Zn0:Al
thicknesses grown over corning glass substrates. (a) 100
nm, (b) 300 nm, (c¢) 500 nm, (d) 700 nm, and (e} 900 nam.
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Fig. 3. Electrical properties of various ZnO:Al thin films

as a function of film thickness.
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Fig. 4. Optical transmittance spectra of ZnO:Al thin
films grown with different thickness.
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Fig. 5. Average oplical transmittance of ZnO:Al thin

films in the spectrum range 400~1,100 nm,
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o) F=717F 100 nmol Al 500 nmz Wste] wel CIGS
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Fig. 6. Culln; Ga)Ses solar cell performances as a
function of ZnO:Al window layver thickness.
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Fig. 7. External QE curve of fabricated CIGS solar cell.
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