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Abstract

Polycrystalline CdTe thin films have been studied for photovoltaic application because of their high
absorption coefficient and optimal band gap energy (1.45 eV) for solar energy conversion. In this study, CdTe
thin films were deposited on CdS(chemical bath deposition)/ITO(indium tin oxide) substrate by rf-magnetron
sputtering under various conditions. Structural, optical and electrical properties are investigated with XRD,
UV-Visible spectrophotometer, SEM and solar simulator, respectively. The fabricated CdTe/CdS solar cell
exhibited open circuit voltage(Vo) of 610 mV, short circuit current density(Joc) of 17.2 mA/cm? and
conversion efficiency of about 5 % at optimal sputtering conditions.

Key Word(ZR2&0{) : CdTe Thin Fim (CdTe %), Solar Cell(ef 2¥& X|), Conversion Efficiency(d & & &),
RF-Magnetron Sputtering (25} oW EE AHE{E!), Open Circuit Voltage(ZH 43| &2
Zelh), Short Circuit Current Density(EHet® & U &),

o oA WMo & n-F WxAg Yooz
e WNERE e p-y vEAse o|FHY
(heterojunction)?] deH|2 AZPrh CdTesk &2
HREY ggAAdA pn Yol 2=E I

37) 1% n-¥ ARZE CdS wEe gy A
4383 9t elwf CdSe ITO, SnO; 53 #&
EgdZas @4 dFBe 3 A= FEE
Age AL &0 CdTe: p-3 W=AHE T34
B gURe FFeted @ qUAE ANFH AYA

LM 2

$HE wEAE AFA|Y oA WEA(E)
& AUn g FANME BEF g 5
Moz F4atmz uwuty gFAZ A2
A YL AL ol A2E0 B ATt
AP=En Y. o] shed O-VI F HAE U=
A9 CdTer M= A7t 145 eVEA 1 gm
AN ANBE 90 % ol FFFE $5E

FEFFAFE /HAZ U ol UARE Ee
T 27 %= HgAx Az F Ju FFES UEN
3 o] HIRAY FEFFOZ dE o]&HI
e},

CdTe urtg ol &3t BlFAXNE FAste F

« Jsddn 47 FEa
. TP/ e EAY FU8%s
494 01997 494 7Y
AR : 19974 89 %69

2 HgA7le BEFS 98 B0

olajgt ThE A CdTeE ol &% CdTeAd HY A
g Azwgozre AFFAY(vacuum eva-
poration)? , A& (electrodeposition)’ , 23 A
ZAYY (screen-printing)?, ZH 43  (close-
spaced-sublimation)®, 2% €4 (sputtering)® ™"
So] qith

o] 2HEYYPS A Zd oA HAEA
oj7} gojztm AFFHAYOZE A=zt o
AZ71%9] 42 3gE9 sheYg& sl (stoichio-



metry)& FA 8w F o] siFdde 4L s}
AR ok A NFAAY AHEH o
CdTe dretAlze] @3 d73= a9x 1 2
B o Zule A9 AY AF AdHelth 5o A
$% Toledo W] A7l 93] unbalanceds}
balanced el nlIdEEE Algsle] ZHZk 11
% o 2 %3 FANBILL 7T HIHA
& Azg Aol 793 AFo|t®. _

uetd B AFdAME 29 e o3k CdTew
o AzA AzFH WIE B CdTe vt
4% AHAAEAHY HaE AEsd HA9
CdTe/CdS B¥AA] AzFAHA2AL Fux 34
=3

2889y

2HE g 9% CdTe 29t AL st A}
£9 AE B NagHidME wHo| sea
W E3 dAA wetgAo] 7158 of balanced vb
JHEE ~HHE o]&3Hth Py WRE BHE
FHELE o]gdld 7B WEEE 3 X 10° Torr 7
A =gdtA 3 F Ar 7128 =Yy FAY 17
=8 4389 CdTe o AxA LAY oA
e} Al Y9 &35 2 odEe AAY
#3810 #°]4 presputtering2 53 3l F T},

NHog2E 1500 A A ZHE BYARA &
2J(ITO, WA 20 @/, 7t4% d9d4 90 %
olde] BEHE) o & Y43 (chemical bath
deposition)& °]-&3te CdS gtehg A Z e AL
stelt.

283 AFeEE Cu 40 AT Au 250 A2 A
TEAHEE o] &3l T olggo] A
¥ CdTe/CdS HYHAAY F=& a¥ 14 uve
Witk

BACZE £X 99999 %, Z7] 2 inch® x1/4
inchT® CERAC A} EMA& A&319d ofg FA I
Zol Ar 7t2E =98 CdS/ITO7 =HE &
Y] CdTe wtuhg A z3g o)

2 2499 AYzne ¥ 19 EAY vpsh 2ol
Z1|LE 200 ~ 400 C, Ar 7FA%E 1x107° ~
3x10? Torr, -2 30 ~ 80 W= 2z} Wsis
Fo] A4F ®ige] 9E CdTe 2ete] EA47 27
4 548 Bsgo

CdSs 9 s AAE 98l9 hydrazine
hydrate §dXel& 3Hon, CdTe 2 A

931

A7 ARABESA Vol 10, No. 9, November 1997.

1 Au(250A)/Cu(40A)

p-CdTe 2um)

3¢5
¢

n-CdS (0.3 xm)
TO(0.15#m)

glass

3d 1. CdTe/CdS ®l2AA =z
Fig 1. Structure of CdTe/CdS solar cell
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Fig 2. Variations of growth rate with Ar pressure
(rf-power : 45 W, distance : 6 cm)
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Fig 3. Variations of X-Ray diffraction patterns
with substrate temperature
(rf-power : 456 W, distance : 6 cm, Ar 7}
29} : 1 mTorr)
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Fig 5. SEM photographs of CdTe thin film
surface with annealing temperature and
CdClz treatment
(a) Ta = 400 T (no CdClp) (b) Ta = 450
T (no CdClz) (¢) Ta = 400 T (with
CdCl) (d) Ta = 450 T (with CdClz)
(rf-power : 45 W, distance : 6 cm, Ar
7}2¢t 1 1 mTorr, Ts : 300 T)

@) 9FAA 74 2 ANE4 B

QA B4 HAAAZE HPAA TeT
awy APA, 9FAR, 2HAA T 549
A 9o WA BFE-AY FHeE FH dold
5 e A2ATT A

934

Transmittance[%]

Wave length [nm]

1% 6. CdTe®™ F7jol w& BE}Eo ¥

Fig 6. Variations of optical transmission spectra
with film thickness
(rf-power : 45 W, distance

: 6 cm, Ar 7}
29t 1 1 mTorr, Ts : 300 C)
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29k 1 mTorr)

o] A= Ry 7|H2EE 300 CE 1A}z
Ar 7tz Qs AA B4 miAE 9%
By Y8 Ar F2ge 1x10° ~ 3x10°
Torr2 ¥3slH A3 A%E 2 9 Yehy
Aot 1 A3 Ar 7b2¢e] 5x107° Torr Ywd
Ak, GSAR, A9 2 Aoz o
e Ae ¢ 5 AT

dxe 2% wisle e AANEAHS J&%_H‘&
I EHBL=IF FE& (400 C) A=
sebe) AAAHAES} o wgton, Wy v
EL RE(B00 CT)lMe wetel pin-holed 2



EAabo] wrAlste] 3 AXEAo] YEIYA] B
gt o] @37 RE 450 T EXN2=7) §
HzAogE A& ¢ F AATh

olate] A¥ANE BEH HAY AxzAY 7]
$eE 300 C, Ar 7k&gt 5%10° Torr, rf-29
45 W oA #AZF CdTe/CdS HIEHAAE 450 T
2 gdAgstod olg HIAXNEHNS FHI}AC
2 A 007 cm’@A7)e) AIA AL 610
mV, S9ZAFYE 172 mA/cm® 9 HIFAAES

Y
E 600}
[
o
£ sool
S 500L
.*5
£ 00}
Q
c } .
g
O 300
;,6;' |
215¢
o5
b %10r
.g O \‘
» £
@
55 m
(8]
a5t
g
S 40[—
O
3
e \
uw \
.=
0 5 10 15 20 25 30
Ar pressure [mTorr]
a8 9 Ar Jhedel WE YA, etdRAE,

ZAQzte Wz

Fip 9. Variations of Vo, Js and fill factor with
Ar pressure
(rf-power : 45 W, distance : 6 cm, Ts :
300 C)

936

)

<

=YL s prvcion (%]

o] & o] &3t F ARl factor) 475 % 9+
ok 5 %9 A PT FAUPILEE IL £ 3
Atk o] MFHFEL 3L YPoT dojR FE 9
A7 A%} v@ste S5 gtolch

4.8 E

B A7dME rf-vl2YEE 2HEHYYE o] &
std CdTe 2t9& Azsigct o) W AzZzA9
W7t CdTe dhute] 714, Fgd, AAY7Pxg
HoZ nAle FFH n-CdS/p-CdTe ©)1F@AF
A sjwdctsd et 4 gadgss
o] ¥g g BEAHPey o A oy e A
24 ¥ F U
1 X-A 3dBEMe Hm 2uedo] o= A

2" CdTe #HL2 @& 7H/2E(200 T

M hexagonal phase®t cubic phase’t Y

B3, 71gL %7t ZF7Hehel ulel hexagonal

phase®] 4& 7483 cubic phasedo] ZF7t

98 ¢ F AU
2. B3EFE02RY CdTex 1 rmAEY F

Aol Fol M= FES FEFFIT o) Foix
3. CdTe "2 71¥2x9 ZFv 2 ENgdE

%3t AAM(grain)e AVI7F AAYW, m

2450 T)dlMel dHg A CdCl. AHafe

anz dAYY Arle g8 AXA A
4 ARzAe W¥IHE Fo] APEF A CdTe/

Cds HFdAY AxE A3 A=A 7|8

&% 300 C, Ar 7k2%F 5107 Torr, f-59

45 W, X8 &% 450 Tt o9 e F

e AzzANA AzE HFAE= A

o 610 mV, @2 AFAE 172 mA/cm’, 4

QAHfill factor) 475 %, FARNFETE ¢ 5 %
£ Yehisdch



g4

3
]

H.].Moller, “semiconductor for Solar Cell” ,
Artech House, pp.285-290, 1992

Hiroshi Uda, Soiji
Sonomura, “Effects of Substrate Tempera-
ture on the Photovoltaic Properties of a
CdS/CdTe Solar Cell” Jpn. J. Appl. Phys,,
pp.2003-2007, 29(10) 1990

Makoto ~Takahashi, Kohei Uosaki and
Hideaki Kita, “Effects of Heat Treatment
on the Composition and Semiconductivity of
Electrochemically Deposited CdTe Films” , J.
Appl. Phys., pp.4292-4295, 58(11) 1985
Hirishi Uda, Hitoshi Matsumoyo, Kiyoshi
Kuribayashi, Seiji Ikegami, “Effects of
Resistivity of CdS Sintered Film on
Photovoltaic Properties of Screen-Printed
CdS/CdTe Soalr Cell” , Jpn. J. Appl. Phys.,
ppl1832-1836, 22(12), 1983

C. Ferekids and J Britt, “CdTe Solar
Cells with Effciencies over 15%", Technical
Digest of 7th The International Photovoltaic
Science and Engineering Conference, p509
(1993)

A. Copaam, M. Shao and A. Fisher, “Effects
of Magnetic Field Configration on RF
Sputtering for CdS/CdTe Solar Cells” ,
MRS Proceeding of Spring, 1996

G. S. Sanyal, A. Mondal, K. C. Mondal, B,
Ghosh, H. Saha and M. K. Mukherjee, “A
Comparative Study of CdTe Films Prepared
by Different Techniques” ,
Materials, pp395-404, 20, 1990
X. Li, T. A Gessert, R. J. Matson, J. F.
Hall and T. J. Coutts, “Microstructural
study of sputter-deposited CdTe thin films
", J. Vac. Sci. Technol, pp.1608-1613,
12(4), 1994

AEF, 999, ANE, Y 9Pz “obF

Ikegani and Hajimu

Solar Energy

4 CdTe 9ete] dxzol] we B4dstol
BE AF", ¥FA5FA, pp389-396, 5

(4), 1995

A7 AAA R G312 Vol 10, No. 9, November 1997.

A dagsa 2735

-84 Y EAY

e

o
ik

384

1992 349-199%64d 29 JedgE WA

E@rﬂr 8ah). 1996 lﬁ—ﬁUH e
39 Fr18es 95d74. 1996 3

%l—‘ézﬂ syt ZJ7IJ6§U+ AAHA.

of A

1960 69 1194, 1982 29 @Fdist
¥ W72 29, 19659 29 F g
9 #7133 (44, 19929 39 ¢
2 oAdE AZZ3ER EYEH.
1992d 49 92 olgEdTs dFd
19939 104 KIST Brain Pool 479, &
zay, & %8 4494

A48

1985 39-%9d 29 ¥Fuda FUIA
g3y 9. 19909 3¥-'92d 29 F
WEE d3d FAYETER 244
Ah. 1992 34-'964d 29 F U%a ofg
4 FlAEgSHFH). 19%6d 38-'97
d 19 S9uiERL Post-Doc. 19974 24
Fr8 83 FAIFAL

kA

1982 29 g IR 29
19349 29 F o g (A,
1992d 29 F digta gigd(F) 1991
d129-84 938714

w3

194244, A&t 833t £4(19664
o3HAL, 19739 Mab). 1919 obFgigta
Tt Fahukal 1982d-80d A
EAHAAE A4 19859-84) dxE
A3 oAk 1988¢-8A FIREAY
3 A4 19149-84 g4 FA7)
493 94, 4 TRV LY B8R,



