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Abstract — Polycrystalline CdTe thin film are widely studied by many researchers along with a-Si : H
and CulnSe, for terrestrial solar energy conversion materials. In this srudy, effects of annealing on phy-
sical and electrical properties of polycrystalline CdTe thin films have been investigated to find optimized
annealing conditions required for solar cell materials. As annealing method, in addition to the typical fur-
nace annealing, rapid thermal annealing method which is used for silicon integrated circuit processing
was used. As physical and electrical properties, crystal structure, grain size, composition of CdTe bulk
and surface, and bandgap energy, and electrical resistivity were investigated. Results showed that phy-
sical and electrical properties of polycrystalline CdTe were dramatically improved by furnace annealing
at 400, 30 min after 300°C deposition and CdCl, treatment or by rapid thermal annealing at 550C, 1
min after 200C deposition. Despite smaller grain size, rapid thermal annealing shows low electrical
resistivity and near ideal bandgap energy compared to furnace annealing. therefore, rapid thermal an-
nealing could be used as an annealing methode for polycrystalline CdTe thin films applied to solar cell.
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(F : Furnace Annealing, RTA : Rapid Thermal Annealing).

ojof 3ln o] Y& CdTeE o] Te-richd o2
ojFojz Wt Qe XPSol 23t ¥R Aups
Moj o)31H R 2] A H FHAXN F2 F Cd-richd
A7t BREAT 53] 400TAM EA Al 7
§- 60% o]de] Cde v && 3 CdrichZol AlH
F9o] FAHU o] A= XPSol| 2g depth pro-
filedl A 18 4 A= Cd @ Te v]&2] B} A
3 S4& A3t FHYE | depth profile 275 71F
02 FEE CdTevlte] A#E Azslaigint. 7|19
£ 300CoA FEE CdTe whe] 729 13 59
depth profilee] 2|3t @A HZo] FHL Cd-richo]
U arhg| B diA 2 F 19) EDXSF fASHA A R
7 1010 H2st e & & Aok o]#g Cd-
rich B FAH2 A%E HEPAA Q75 Te-rich
¥4 Ao FHFE7] Qo 22HolE M T
Fo FA A FHgo] viuA "asty &4 A

dAgd o8 32 A J2L HAAL 5 AU

TH19].

=4
w
=

34 BRY BN

e 2 Hold AR wrEA A FEre W
=R ol A dojum  sharpdt FT
(absorption edgey& Holx| QA Hi=d| o]eigt ¥ o
LR oA ¢] electron-hole pair F432 A7 nAF+ZE,
ARAEE T 420 #Hd) 53] g ANHAE
A CdTest 22 AR wheA o] A9 FEFF
& @2AA gt vjugees 43ddse] A5 g
g 4§ Utk B Ao A% UV SpectrophotometerZ A}
£t FETEE SANUES 9 VW E Fie =2

i
o oX

#2738, 443, A3 5, 1995

—— -1
(a) ]

80 J

O\O 4
Q B0 Cd 4
<" 40 \ 4

PR

0 200 400 600 800 1000 1200 ‘1400

@l 5. CdTewtute] XPS depth profile Z3M(|H2%
300C).

2 &Rl we §5ue] Aohg gdoz vl
A4 gol A ol Fa BAl] BES o] PP
2 BEY 5 YA WY FEF AF@) WEA
o band o] SlEsEE CdTest e APHelY

vl o] A+ conduction band®] HAZE# valence
band®] Hdjgtel dxst Hmel o](transitiony= k
=090 XA Yol dr}(20]. oleidt A Holel gt
3f-(intrinsic) EFoll BHAE FEFTASE o)]2HoR

o) A 13} go] BEAD

= hv-Eg @

o] A& 23 Fol | hve] BAZ =EEF AFAA
ol A FollUz|Z(hv)e] dHA ot} Mz A
£ E°] W35 18 60 JERIT o] 1M BE
o] 2ojl 93 dXele] A% CdCl, X ¥ x|
el SAE Eglo] 25 A¥Aoz 7taste @¢ay
o] 79l 145 evell et Y-S & 5 slgdck @4
F&dxgle] H9E 150~151eV AEZ 2d x|
Hla) 20~30 meV AEZ A4S #HE 5 gldon
ol7{ 3t Wi=74e] ol gt HelezE A5y AF
o] 4, AR wal 5§ ned & grh21).

3.5. 8tofo) HIME &3

B @A A48 2-point probe WY O F CdTedt
ote} A& ZA] wuhy R (bulk) A3 B ol A
ZA43% 2t A A "EY. 29 e e 2ApRA}
spreading A&7t FA1E wf 4] (2)9} o] CdTes )
A&7k} Cu/CdTed] HZ A FHR)S) F wje] gtog



Hepda 4 CdTe wate] Bold -

|
F |
®  As deposited :

p
% L_ ®  withoutCdCl, |
= '\ A withcdcy, }

band gap energy ( &V )
P P
I =
[ t T

Y
\\
1.52 = A
151 . | ‘ | ' |
) 50 100 150 200 250 300 350

Substrate temperature (T)
18 6. 400T 280 wpE CdTe uhure] wi=7) ofju

2| W3}

BHE 7 UTi{18].

. L
R, = 2R. + -ﬁ;— )]
(L AE0 AL, p o CdTevtut Y& v g, A HZE
M3 =02 cm’)
uwfeba] 1 Aol A A (L)l WE g R WHIE &

A 3te] whuke] wiMEtg V)&V 2R AN 5 9l
5, 29 Nl Bo] AZE) ¥t ah& Aqahghe
400 ~550C, 187+e] F&2dxe 2xdsle et 7)S
719 WglE Holm lom o] gro2RE whihjR.e]
v gL dale] LEZF7b i} 0.6X 10F Qom AEE
BE 1.4X%10° Qem AEZ W3S o & Tt o]
T A E UGS YEAYHRE nd
ded €422 E7t 5507 A 32 AEASGE
Wtk 28 7(b)ell = 7192 200, 300 A FaHE
CdTedrah2] 4007, 308-7he] 29|29} 400 ~550C,

B7he] FE&gA ol up& njAEge] wEE el
ol $4 7j3eE Sk uet v e gre] AA 7
adtx Jlom 2EME AR GE5EH2 5 B9
0L 32 v AEghE vetdS & & Aok 29 ()
o4 400T FEFEAE & %7} 400C fumace EA 2]
fz} A5} vl glo] & AL FEFx e A whehy

2531 excess Teol] 9]8F Ao 2 AlgHc). &3] 7|#
&5 300N S 2 500 FE29Ae3 A% 6x
10° Qemo] 744 & ulAg & Hola JY§& ¢
Urt. o]¢} & A A E gk ¥} AFE )} v s}

H71H EAd vAs EXE ax 311
2.50e+8 s
L— ® Ta=400°C 1.4X10%
M Ta=450"C
A Ta=500"C /’
L
2.00e+8 ¥ Ta=550°C /
a /
z 1.0X10°
1.50e+8 |- Y
g [ /
3 r 8.5X104
© 1.00e+8 |- /o/ /
/ et
[ / //
5.00e+7 / /
/ //
/
0.00e+0 /l 1 L .l i A
1 2 3 4 5 8 7
contact distance (mm)
(a)
1.4e+6 r»fﬂ»-k—»- — —— e
& T3=200°C
1.20+6 [ns Y ® Ts=300°C
= e © Fumace 400 "C
5 .
9 10ev6 |-
z
3
2 8.0e+5 /
¢
3 N
S g0as |-
@
5
)
40845 |-
=Y
-
2.0e+5 |- \\ ]
.
e 4 e
o e A ]

250 300 50 400 450 500 550 600
RTA Temperature ("C }
(b)

T8 7. CdTedtete] v] A8t Z24H3) (a) HEZ A s}
ol & =4 HFgghHdl, () =AY} FEEA A o
g HW% W3}

S v A el AnpH o F4dA ey
2 & L}@ﬂ CdTe@}EM Aol HEA 5

F):L

tlo
o £
HE

4. 2

2 drollre d A CdTertetg AAYFEHoR
Azdn T3 F Mz & A=, 244
A7), FWEH o] Y&, FEFE, W= oy
g 4714 E4E S0 e 53] CdTes] E4)
2 o v1Ee] 2ol % S WY o9l vt
TR ZANM ALREHE 3G vl QR AR

Journal of the Korean Vacuum Society, Vol. 4, No. 3, 1995



312 pAL-E=g

djate] =¢steq olo mE B0
CaTes) A% (111] $45%Y
zincblende 7322 F2 Y0 HAglo] wet (111)H 2
peak 9ol (220)7} (311)H 9] peak F7}7} B2tE o] ran-
dom3}l Wpgko 2 o] zAAo] A a‘ngl_o_ o 5= Qo)
SEMof| ofgh njAz=] faAR} FAA] A4
FAL= W} 0.2~1 ume] “‘H A3 Cd
2] § 4007, 3027 BAY & ¢ AEBA @l
A 3-sum AEAAS 29U B 9S4
Ao gEdaele] B¢ FAo g AHY 4
A7 A1t} EDXol o] & CdTextute
WA A |t dAE A AR Tert $has
] & Cd @ Ten]7h 1: 19 7hghA| Walstgl a5
A F uhke] B 2o vud o o
Te-richdt AHej 2 ol Ft}. UV Spectrophotometer& ©]
43t BE5E& 2HAT 2o 93 Ay A&
CdClz Azl 5 EAeof wet E gho] vAA e gl o
"“—‘é A2] ¢ —?— 15~151eV AR 2o

.,d
09\1
o
B
AW
rir
o

2

[=n
g

oy
uox
N
N -

0
a

I
A

¢

A 5
7%

|-

—

_lbt oX
NopR 1R Az omo 3o o

}/\»\J‘

o
=
aé Aty ANH EALS &% s}

= il

Wﬂ %b’l A %iﬁ}

o

ﬁﬂrmi B Ao A 3
300Ccel A Z&3tm CdCl, zm 4007 3057+ 2
Helg Foto, 181 FE5EAME 00T F
% 500C oM 18z dAR G EA
CdTe‘i}U_}Q} %aﬂ A7 A B AR5 A7
HAjeol oz xMHPt:i—O— =
o] CdSe} CdTezte] AW E

oz oy gloug o] &
el e o83t} CdS/CdTe Ej A& | 28}
w7} ok Abr g

CdTelute] SZA30.

o

12 mo 1o Ay _\14 mQ. r

=z}
6 =

b 03:

ZAel 2

E A= 19949 2 etacte] SAARd TR
ofe} AR ¢l3 A TEATIA Q] A H] 2 Yol
o3 35200 olo A=Y

et A, A4, A3, 1995

10.

11

12.

13.

14.

15.

16.

17.

18.
19.

20.

21

. F.  Gerhardinger,

5 2
- AE,

U)J!

-2
1EA

PHOTONICS SPECTRA,
December, (1993), p. 79.

. C. Ferekides and J. Britt, Technical Digest of the

International PVSEC-7, (1993), p. 509.

. S. Wolf and R. N. Tauber, Silicon Processing for

the VLSI Era, Vol 1,
(Lattice Press, CA, 1986).

Processing  Technology

. R. singh, F. Radpour, P. Chou, Q. Nguyen and S. P.

Joshi J. Vac. Sci. Technol. A5(4), (1987).

Au%, d2d, NAE, BRY, BA, BRw st
3]#] 5, 389 (1995).
Addigta

Yot FEAALE R

=

(1994).

. P. . Sebastian, Thin Solid Films 221, 233 (1992).
. L. M. Fraas, W. P. Bleha and P. Braatz, J. Appl

Phys. 46, 491 (1975).

. Uda, S. Tkegami and H.Sonomura, J. J. Appl. Phys.

29, 2003 (1990).

H. C. Chou and A. Rohatgi, J. of Electron. Materials
23, 31 (1994).

W. Ried]l, J. Rimmasch, Technical Digest of the
International PVSEC-7, (1993), p. 537.
A. Nelson, F. Hasoon and D. Levi,
Technol. Al12, 2803 (1994).

H. R. Vydyanth, J. Ellsworth, J. J. Kennedey, B
Dean, C. J. Johnson, G. T. Neugebauer, J. Sepich
and P. Liao, J. Vac. Sci. Technol. B10, 1476 (1992).
H. N. Jayatirtha, D. O. Henderson and A. Burger,
Appl. Phys. Lett. 62, 573 (1993).

A. L. Dawar, K. V. Ferdinand, C. Jagdish, P. Kumar
and P. Mathr, J. Phys. 16, 2349 (1983).

R. H. Bube and K. W. Michell, J. of Electron.
Materials 22, 17 (1982).

T. C. Antony, A. L. Fahrenbruch and R. H. Bube, J.
of Electron. Materials 11, 89 (1982).

J. P. Ponpon, Solid state Electron. 28, 689 (1983).
HEE, o7, 92, A1 usts 8, 619
(1995).

H. J. Moller, Semiconductors for Solar Cells, Chap
2, Artech House (1993).

S. J. Sadoval, M. Melendez-Lira and I. H. Calderon,
J. Appl. Phys. 72, 4197 (1992).

J. Vac. Sci.



