[

e

o

Spray Pyrolysis v & &

] g A e

Korean Journal of Materials Research

Vol. 6, No. 2 (1996)

%4 Sn0, whate} A7)

AAE - RS oY F - o
gEoar)ed 422

!

<]

el

Electrical and Optical Properties of SnO. Films Prepared by Spray Pyrolysis Method

Hye Dong Kim, Min Sco Park, Bum Joo Lee and Byung Tae Ahn
Dept. of Materials Science and FEngineering, Korea Advanced Institute of Science

and Technology, Taejon, Korea

z B NeFH e guHdTFe 2 AL8d SnO, WS spray pyrolysis o8 Fatsled 3}
Z2A) a2 2t B4 dAFsigel. F32x27) Fohgtel wel Sn0, wbehel AW (200) =
A Welxzt o] & (211), (110)He 2 vifdr =9 vlAF+2E AR 24A Fzol4 Hedgt

722 detdth =% o H4Y AW 47 LE Sobel e CLF 59 $6F F3ol ofd
A AR WeheEsl A wAe kol Frskdnh. 53 500C o4l e WalsEs}t 2A 3}
Zshe] Aol =A Zrhsheich NHEF/Sn=232] $402 400Co4 239 SO, #hehe of 90
%olarel BEHEE Z3 FUY £POZ Qs oF 4x107°Q - cmo P& H]zﬁ} e bk
SAd e BAYT FEHEe p0E EHE 7o figure of merite ZHE FRAFezH 7}
% 98¢ £ o 500nme] A},

Abstract SnO, thin films for front electrode of solar cells were prepared by spray pyrolysis. As the de-
position temperature increased, the texture plane of SnO, changed from (200) plane to denser (211) and
(110) planes. Consequently, the surface morphology was changed from rough and faceted morphology to
flat morphology. Also less possibility of Cl and F adsorption by both the formation of stable planes and
higher temperature resulted in the decrease of electron carrier concentration and the increase of electri-
cal resistivity. Especially, the carrier concentration sharply decreased and the resistivity sharply in-
creased, when the deposition temperature was above 500°C. The F—doped SnO. films deposited at 400°C
from the solution with NH,F/Sn=2.3 showed the transmittance of over 90% and the resistivity of 4 x 10

‘Q - cm. The optimum thickness as for transparent conducting electrode was about 500nm according to
the figure of merit that counted sheet resistance and transmittance as a function of film thickness.
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Fig. 1. Schematic of Spray pyrolysis for the prepara-
tion of tin oxide films.
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Fig. 2. XRD patterns of SnQO. films deposited at various
substrate temperatures : (a) 400, (b) 425, (c) 450, (d)
475, and (e) 500°C. The volumetric ratio of D.I water
/ethanol in solution was 3/7.
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Fig. 3. SEM micrographs of the surface of SnO. {ilms deposited for 15 min at various substrate temperatures

:(a) 350, (b) 400, {c} 450 and (d} H00°C

Ab4 9l GFE A ordered deficiencyell 9] gk}
400°Coll A SIMS 44t Cl& SnO. Hhehf
of FdshA BEs I glden] o] A
2.9 F-doped SnO.ofl AA|"H Azpel £
stod o 7] A= datas AEElg o] el
w2 Cl W3l oz FH8] EA =R 943
ok 350°Cell A o 5x10 “Q- cmel® v &
o] ZALEI} 475CR F7HE A5 oF ox
107'Q - ecme 2 & order AE wIx|ge] 717
o} 28l B 5 glRe] 4004 47HCE

2. w7} Z7k=Elm mobility 7} 2k 209 A 34em®
/V oegeciR of7b Z7bgE Wb "R TX
1070l 4 3x10% em'74=] F7 3] "ozl of
Melyie] vl v e Frbe] dale] H
ok olul mobility #7}& graine}l (200)%
Aol 4] (110), (211)d -4 2o = ul#
WA o MdsfA vl AFRRZ Qs HF ol
4] Al oJgk scattering o] FolE7|
Wl g2 AzEc v dabrke Fad

ql2 Ferron 5'Wo] B3k upel o] 22



Z8E - 2l - o]y - obwlel @ Spray pyrolysis 28 F3E SnO. ubebe] A7 g 149
107" T T T T 10
0 -— —
e T, 1 (@) s
—~ 8ol v =
- / X ]
[3 R <
G Q
3 O 60
> 1%}k J S
= b=
= . = 500 °C
5 e £ 40% a75°C
o 7] { Water/Ethanot = 3/7
2 c : 450 °C
o
*‘_- 20 ,1‘ 425°C
400 °C
103 + — t t 50 K
10 + + + t
- 400°C
£ {40 {®)
5 — 425°C
£ 10®}
= © ~~o.__ A/ 1 2 81 ‘ 450 °C 1
2 o {0 2 3 475°C
BV - | e J
pay L orming glass
o = © el
3 A \ 5 S 4 : | ) RENNY
5 — _bo_o d1w0 = 2 o o
5} o &
© 2. W%\ﬂw
108 n " " A ) ¥yl
350 400 450 500 Al
- [4] " . 1 1 .
Deposition temperature (°C) 300 400 500 600 700 800
. . . . . . . Wavelength (nm
Fig. 4. Electrical properties of SnQO:. films as a function gth (nm)
of deposition temperature.
Fig. 5. Transmussion and reflection spectra of SnO.
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Fig. 6. XRD patterns of Sn0 : F films deposited at 450
°‘C from the solution with F/Sn ratio of (a) 0.3, (b) 1.0,
{¢) 1.5, and (d) 2.35.
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