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Electrical and Optical Characteristics of ZnO:Al Films Prepared by
rf Magnetron Sputtering for Thin Film Solar Cells Application
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Abstract  ZnO:AIAZO) films prepared by rf magnetron sputtering on glass substrate and textured by post-
deposition chemical etching were applied as front contact and back reflectors for gc-SitH thin film solar cells.
For the front transparent electrode contact, AZO films were prepared at various working pressures and
substrate ternperature and then were chemically etched in diluted HC1{1%). The front AZO films deposited at
low working pressure(l milorr) and low temperature (240°C) exhibited uniform and high transmittance ( 80%)
and excellent electrical properties. The solar cells were optimized in terms of optical and electrical properties
to demonstrate a high short-circuit current.

Key words textured AZO, uce-SitH, solar cell, thin film,

.M =2 & IR0 16l olel] st 1T FhE] elTol
,:] ST mq.SB) mu .,qo t _u-l/ﬂ\_mo] L :]_\__g]_ ,ﬂ;] ,ﬂ

FialdA eledellA] g elan Anade] Pt rndd R | LA U R ?{]oﬂ e} el Znod A
MO ITO(IngO;3: Sn), FTO(SnO;:F), ATO(SnO,;: orn

Sh), ZO(Zn0), AZOZnO : Al) Fo| uh5t alchY 2 (spray pyrolysis coating),'” -/ Af8k /] ARZ2lm
f-tbobmis B, heat mimor,” A<t TlAERlel, 3+ (photo-MOCVD),11) DC & of rRrn|lnft 2| E] g
Ay, vh2A AN 2o s wmesl Wik #hju)st 91 magnetron sputtering),’”’ ARE(activated reactive
o 4le] @ vk ek e] EdE e 3R ITO,  evaporation)™rH Hel o415 glu), i ol lnE A

FTO, intrinsic ZnO'L-]- Al I, Si, F 22 20 zoo  HEIR wle] St A/ Ce] SRS Lol fHe
W& aRgehi alch ST ITOR: R1RE TSl Mol S1 AR KA wefalch P
sbel T, A -“"-f}-zﬂMI Lgd dat A AR AaA]el fdds 43 ube] mYe gk 4

AT 2l elelh Wl wskel] STl Znovt Sn0,  FEAE /1ECR ARE LT S erte] Adug o

e ghs Al ,ql—-' uhﬂori_*_;{rlﬂu ]

2o o] U] s HURE QT 08 Eelm g EL I Lf_f.-]o]] Qs o T ‘lTﬂ- =}, A1) F uhul ek
2 ZnO ﬂ]ﬁa] FTO, ITO "} Hehart il AR ARV Zn0d Ao R g uhule] Liddos
aler ekslade] T) S=pab 1o Wit uled elok? L 1= Ae)ai ;}-A Sgal %@-’,loﬂzﬂ = SR 80%)4F B

51, AIS MU Zn0 wiel 45 W Ul oA £ VM@, pin TN pEatel we A%AF,

= ook n_'c'sJ gl \_',-g]] = ,q ke 9] 2] 'rr'I 7FA] _'13-..?\-]06]071(5]] Aq '*l'(scattering)cﬂ] 2] t';I_ L!l oI _-,3-61.1-] ;1 i5 (Optical path) s
o) o Tl St WA PIM, Sk Seha VR Sl (active layeryl A2l SR S 3R T g

el Qg Peeld b A S el AN Y S e T8 mophology)?)

Aoish 2l olelsh TERa Aol gls) HOE ol

: 1 ;1 ey ]"__
"E-Mail : v-kh@kisrrekr Shed ST A 3 S al],

A ] 1 W
RS CIN



20 A1 e o] EH .

TZ"{O L]Gc}_}( ,{]O] 401" _ _’ _\fi = /\]_/J]H_H] ],E 6 s
ahe B8] wAAA HElE ded A9 A Easit ¢
vhalul | ag|@a 8o i sl whtEg weksx]e] A
-;?‘..O] o].%_ _,,.]1—.~_ ] .,._.;‘._ ofln} ,{H E= _E_ﬂ,'f}‘ 'L;é— E g*‘.

_x]f_-r_;*{, 23 /11 ¥ I 1:’{ 0 H1 /\L;:‘J:l-/\] f1 LHGO}_A _,(]o}] l;.\]\g]

"'a—/]"] A v
£ 30 1 A Ama 501 2Jskd 4

2] g

'm wyled Sl Eaprsolel 244 Agaa v
kel 1610

3 ch-}_T_o])\il—"‘__ f U'F,;v_ 1:1] HEE A ﬂ};—] 2O T AT .J.-._r.ti
Agvrd. A zaelch g O BErl x—T‘—T-_q—.‘F} alzte]
e, A 14 {%_.3} = J],{ﬂ 2ol oldl 2 %
T A 2 5 e, 1 e, S, o
E—] .H}-C’ Lcu] o] /;.?Lio] 7 Qo} Ur L_1_ (210 Cr

31000) ..? A]—OL ] (0 510 mTorr) ril ng_)\] }:} ,ﬂ ,-'] A:I :fr_
/1;4 iz }—1_4 ?A}- & 1% HCIGI] )\_3 23 _71I O}.o—fi i u’{
/1 43/]0] [L}Tr};\i %—a? s ;—1 r‘: cu_} T O}A/{Ur LI.QL Y| /}
]‘_?_9] AZO .L.r.t'i A—]Lm]—q el zﬂ h\l e-SiH L}]GLA-T,{
2] F2HEAd 8. W FEkel ok

2. HE Wy

(f PR AHED 2 olgale] §21718Q %2 om
coming glass 1737) 2l AZO Fixlmvere E3aEe
th fra]rle 2ol ”)FE.;'-‘-"- A A el vt
A0, SHIE, e sl AR F, oA
o Shrd el A A48 $G

& F93v](loading/unloading chamber)& AA F34 L

Zn0:al TCO(front B back)

[t e

Giass of sputtiviog

Glass

PECY L

Glass

GENEHz VHECYD

Fig. 1. Schematic diagram of multi-chamber deposition system
for AZ0 deposition and zc-Si:H thin film solar cell
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Fig. 4. Specific resistivity &, mobility & and carrier
concentration N of AZO films (a) as a function of working
pressure and (b) as a function of substrate temperature.

SelAl Ar &3, of 949 2 7]
T Z2kalgic) Fig 4ol vhel @ vt
0.5mTorr o] 4] 2mTorr 7P 2]
Wabb SLAvE i SR wajEle Welu) ZAelele)
2 mTorr<i| %] IOmTon: T Eyiel el wiHgs
o Aele) FEel ol 2k Q}L}_ EM hytﬂ]a]
wpmyl e ZaqRelA ApE AZO %
ol A -/].,(]1.—:_ .Anﬂ}},—]_g‘i “,(p" o] ,] il
. AHM
]‘” 2 E)

o} ghal ?Q—A}-C{}f{

2=}

] ‘F‘

=] :51, u%ﬂ} ﬂ ff] LM 013

AEs ] -%n-a-m gk, 2, sk FHGEA 3

Hg) by vzl 3. sz} Az]e] o
ToEel] o]t Hon M _/]‘ elr) o8l =gy e] &
e ek AR A Re AL okebEHshort circuit
current : Jsc)9] Fv13E ololHh

Flg 5(3.)1_'"‘ = A1—01~ﬁ.'iﬁ Tj']-ﬁf' =3

1‘*3 ,z'.-'[1_ T?T—O] ,{-'[A'i L—”_vb;}

ya o\‘|;\\- ] g'_} _'8‘ AZO FT-n_
- (total transmlttanoe}s‘} AbgHRIlE
(diffuse transmittance)®] W&HE vielf Aot 'V\]‘Q'
Bl Gl Aol AT (280%)9) A RaE

~ w 0.5 mtarr| ]
e 11014
- - Zmtorr
-Smtorr | |

10 miarr

S ' '
400 600 800
(a)

160 ——

Total transmittance & diffuse{%)

Wavelength{nm)
{b)
Fig. 5. Optical transmittance spectral of textured AZO films

formed (a) at various working pressures and (b) subsirate
temperatures.

T 1 mTorr o* F& g wre] Afsp 4
0.5 mTorr 94 = A 2] 21800 nm) el x 2] F

_L}‘f—/
sl e B2k e} /\Lkl_l'___,_{, ‘% | mTorr 2] 7
vl ém] ol Fig 200 vheb | fEsbyt moke]
HaEe] {2 |8 siMEch 2mTon oA 0.5
2 ImTorr 8l @] /1413939 (< 800 nm ]~ whE
A H2)d Ao+ e 1 mTorr9) 7k

vk eli 4

2 He] 1-}] o] _)\] Fig, 2(0))‘3] _;(Nx‘a_'{g_ 2 '6‘:1}
del] 7|etel WMoz walth ;\]Jé—)\% el s]a] LEE
..F.__g} g_o A‘—;Ix. {__} n]-o] ,('Im---'};{] '| ﬂ,{},;_ o] /?g}ﬁ] 91
@l Aatal Ao Ale] vkl } ErkEksds] ) Bl

Fig. 6@y h#e] wiste] nie} |73 vhe] XRD &
Al gaE el weltd 0.5 mTorr*] 10 mTorr 74
1 japic 1%_3_?_1 ]A] 0-7:* '32...& }aﬂo -1¢!. }]}ALL} o]ﬂﬁ
AZO 1;]-\)- A}Ai )} o]u] ofn }aﬂ OJ_/‘\-T ;},(;] P .;IE.] % r.v}
o AR B AR TR B FPE Ve AL
oyl i,

=
=
S

b



of ks
3 Bt i
A T
........................ ;
i 50T o
)
b
fEbmTor] i
| i i)
J . e — 002) (a0e)
w0 {9smTarry
004 {60d)
) ?n 8¢ 3m 48 58 [ e 89

2 thetal degree, CuKo 2 thetal degree, CuKa

() (b

Fig. 6. Xray diffraction spectra of smooth AZO films formed
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