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ABSTRACT

Structural, Optical and Electrical Properties of
CdO : In Films Deposited by Spray Pyrolysis

Kyung~-won Baek
Adviser : Prof. Dong Ju Seo, Ph.D
Majer in Physics Education,

Graduate School of Education, Chosun University

CdO : In films were deposited on the glass substrates by spray
pyrolysis. Transparent and conducting CdO films prepared at substrate
temperatures ranging from 400 C to 520 C were identified as CdO with a
preferred orientation of (111) and (200). For the sample prepared at a
substrate temperature of 450 C, the crystal structure of the CdO : In film
was identified as cubic with lattice constant ao=4.695A. The (111) plane
of the CdO : In intensity increased with decreasing up to 3.75 at.%, after
which it increased. The optical transmission of the sample deposited with
In concentration (0~10 at.%) were 50 ~ 70 % in the wavelength range
from 300 nm to 500 nm. Optical transmission of the CdO : In films
increased with increasing In concentration. The optical energy band gap of
the CdO : In films deposited with an In concentration of 8.75 at.%6 was
2779 eV. The optical energy band gaps of the CdO : In films increased
with increasing In concentration. Electric resistivity, carrier concentration,

Hall coefficient and mobility of the CdO : In films deposited with an In



concentration of 3.75 at.% were 3.745x10 ~*Q - em, 7.0307 x10 2 cm 3

b

—1.1492x102cm?/C and 30.708 cm2/V - s respectively.



33HE<Q CdO (Cadmium Oxide)®] AAFZE Y¥d7=oln, Cd AAL
2% dax ARG 2L FA A O-NV BEA= 7HAA G904
FEGE] 1 AV|E AxAel $£& n-¥ otk CdO ¥ehe 29
A 22~28 eV 9 F3H oA W A& Zredun gEA Yol =
CdO ¥tehe FA71 2 BXo] FolA HZd £9F AF, HIdA, ¥ =
# 2] =¥ (photo - transistor), F Tl =, 7t2AA Fo ®o] ol &= 3o
[2-4]. ol8]d &84 wEd FE# AxA 4AsHE(transparent conducting
oxides : TCO)ol FAAA T Bol] o5z glon, FALAEY] 2L
F%& TCO 849 #7134, 334 54 g&dth. TCO 49 A4
A ERE My g8t AR BEES FY3d A5 A s=E
Z7MNIIAY olBEE F/MAAA TCO Ed AVAERE FIANE +
dom Alge A FEREe A Frd d&Fo] €A A6 =
& CdO Hete] 542 Az Asdde E€ER H7td EZEF, In, Cr
5)9 %3 gad) &y, FA7E 2 dAF B9 2o w A
I EHA s, 71

TCO vtets AxdeE Wid e AFFFE([8-10], ri-sputteringB[11-13],
chemical bath deposition(CBD)$} ERdEIHE 22 333 wi[14-23]
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A BRAF=E

dutdez AZFEE A7 A8 X-A Aol Be] ol &HI U
Laue® ©Z273 A8 dAdd 44 &4 X-42 3d93, sdd X-A
o W Al 239 F29 3 A 7iddtn Basin24]
X-4& Bragg W 0Z2o=Z UAAZ BF BARHC] dojd =4, &

Bragg =42
2dsin® = »n A (1)

Joz Fojded 9714 de ¥ AAW 2 A, A= A X-H9 @
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oled 3ol B$E IS ABg 20 F MIgANNEA A&V =
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Fig. 1. CdO - SnO2 - In20s ternary phase diagram
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gqux o 13L& FF 2HERE FAHSY 7 F Aok B=AdA 3
Fr33025 261 =X e AAVE 2AE FA YA A o g5 o
7159 B £& YA £92 HolstA e wegt dojdn. ol d Hoj
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(B)

Fig. 2. Direct and indirect transition in semiconductor.

(A) direct transition. (B) indirect transition
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Fig. 3. The standard geometry for the Hall effect measurement
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(A) (B) ©

Fig. 4. Typical van der Pauw patterns and contact positions.

(A) square, (B) clover-leaf, and (C) Greek cross
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Fig. 5. Experimental arrangement for a resistivity measurement

using van der Pauw'‘s method.

van der Pauw# € ol§3te] BEAel Hall A 532 A% AR ut
49 d (Hall 274 42 MDe 29 6% 2k 29 604 AFF Al
o AR I HUE B 94D BFoR 52 0 Yynix odd F
4 Alole] AR, & Hall Aghe AV o 0 Ao £H Yo

=
4717 B7F A7) 9. 2ol Aste] F&E ol HFE ol o
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Fig. 6. Generalized Hall effect arrangement

dutz oz vtz A8 3¢ AZHAF p, Hall ol8% ny 2 9

A FE n Abold] BAE
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B= (16)
o 1
i T (18)

s} 2.
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— CdO:In(film) + CH,? +3C0Oy, 1 + 4H, | (19)

Substrate ho%der
l Substrate

.

oololo o oo

tainless steel

-Quartz tube
Gas regulator

e )
Bt R n :g:.—:: «Carrier
gas
- Mist
- Solution
e | 1
Thermo- «Hoater FumTe Ultrasonic
couple % ¢ @ hood vibrator

Programabie
temp. controiler!

Fig. 7. Spray pyrolysis system for preparing the CdO : In films.
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XRD Pattern Intensity (arb. units)

CdO Films
(h)520°C
%
%
(e)460°C j }L
.. P WO
= a=4.6953A
: S g =8
(d)450°C . < o
(c)440°C , J\ N —
(b) 420°C R
a) 400°C A
( ) 1 1 1 K 1 AT 1 | IJ\ I IM
10 20 30 40 50 60 70

20 (degree)

Fig. 8. X-ray diffraction patterns of CdO : In films deposited

at substrate temperatures ranging from 400 C to 520 TC.
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(d) 3.75 at.%

L . .
(c) 2.50 at.% 1

i P 2 T
(b) 1.25 at.%

| \ s

(111)

XRD Pattern Intensity (arb. units)

(200)

(a) 0 at.%
JL_J A ~ N

10 20 30 40 50 60 70
20 (degree)

Fig. 9. X-ray diffraction patterns of CdO : In films deposited

with In concentration ranging from 0 to 3.75 at.%
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Fig. 10. X-ray diffraction patterns of CdO :

with In concentration ranging from
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CdO: Sn Films
34
£
5 3 L) ] . [ ] ] ] . ] u
o
N
n
£ 32+
g
O
31k
30 X 1 2 1 : 1 X ] L
0 2 4 6 8 10
In Concentration (at.%)

Fig. 11. Variation of grain size of CdO : In films with In concentration.
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B. CdO : In ¥99 U3
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Fig. 12. Surface morphologies of CdO : In films deposited at substrate
temperatures of 450 C and various In concentration

(a) 0at.% (b) 25at.% (c) 5.0at.% (d) 7.5at.%
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Fig. 13. EDS spectra of CdO : In films prepared with an In concentration
of 10 at%.

_26_



Table 1. EDS results of CdO : In films deposited at substrate

temperatures of 450 C and various In concentration

ration of metal ion in spray Atomic Ratio of Samples

Sample solution (at.%)
(mole %) Cd In
CdO:In-1 0 99.40 0.60
CdO:In—-3 2.5 97.46 2.54
CdO:In-5 5.0 92.43 7.57
CdO:In-7 7.5 90.82 9.18
CdO:In-9 10.0 89.75 10.25

D. CdO : In #ote] #5485 3545 54

CdO : In ¥ete] FE3g AHEFHL UV-VIS-NIR spectrophotometer&
Agste] A2dA SRR, ETER F7Y Inwvx: Wsid mE A
B9 FEH}ES 19 14, 159 2o 1Y 4E Ind =8 0 ~ 375 at.%
A7bste] AAAD AN8Q FFHEEAM CIO : In g FEHALL In¥F
=7} ZUhgel wEk F713E & 5 1A, 400-800 nm HFF Gl A FET
€L 50 ~ 60 %oltt. 2 155 Ing 5 ~ 10 at% ETEZ H7E9
AZND NBEY BFHFEEA CdO : In ¥ FEAELL nFEIN F
7vge] mE SUHE & F 9T, 400 ~ 800 nm HFFFAAN FFHE
60 ~ 75 %°l %t

flo
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Fig. 14. Optical transmittance spectra of CdO : In films deposited with

In concentration ranging from 0 to 3.75 at.%.
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Fig. 15. Optical transmittance spectra of CdO : In films deposited

UV-VIS-NIR spectrophotometerZ ©]£3 CdO : In

with In concentration ranging from 5 to 10 at.%..
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Fig. 16. Optical absorption spectra of CdO : In films deposited

with In concentration ranging from 0 to 3.75 at.
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Fig. 17. Optical absorption spectra of CdO : In films deposited

with In concentration ranging from 5 to 10 at.%.
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Fig. 18. Optical energy gap of CdO : In films prepared with an In

concentration of 8.75 at.%.
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Fig. 19. Variation of optical band gap of CdO : In films with In
concentration (0~10 at.%).
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Fig. 20. Variation of resistivity and carrier density of CdO : In films
with In concentration (0~10 at.%).
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