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Abstract: Conductive Sn,O, thin films were fabricated via RF reactive sputtering using SnO:Sn (80:20 mol%) composite
target. The composite target was used to produce a chemically stable composition of Sn,Oy thin film while controlling
structural defects by chemical reaction between tin and oxygen. During sputtering pressure, RF power, and substrate
temperature were fixed, and oxygen partial pressure was varied from 0% to 12%. Annealing process was carried out at 300°C
for 1 hour in vacuum. Except Po, = 0% sample, all samples showed the transmittance of 80~90% and amorphous phase before
and after annealing. Electrically stable p-type Sn,O, thin film with high transmittance was only obtained from the oxygen
partial pressure at 12%. The carrier concentration and mobility for the Po,= 12% were 6.36 x 10'8-cm™ and 1.02 cm*V-'s™

respectively after annealing.
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Table 1. Deposition and annealing conditions of tin oxide thin films
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SnOy BHH-2 2 cm x 2 em 2171 €] B-7+4H-2] (borosilicate
glass) 7] %ol RF ¥H-&-4 29 EH 0 2 FAkE o, 25
B & ¥4 A] Sn0/Sn(8:2 mol% ratio) =3} E}lo] AFE-H
Aot F2 2A0E FH 4HL SmTom, 71H 5=
100°C, 23] 3 RF power= 20 W= 2 slo] AL #
PR, AA B4ES 0,3, 6,9, 12%E A3 =
21 Sn0, BFete] 7= 2F 2000 Ao] 12, 3D profiler
(Dektak 150, Veeco)= Z7gatqith whate] 3 &5
(deposition rate)= AFAx -9l whEbA] 2F 0.4 A/sec~0.45 A/
secOo| AT S2E A HELS as-deposited B A A 24,
FeHA, 713 B4 S Ao, #4418 vzl &
300°C, 2 x 10° torr g-ell A 1A17F F<F DA 2] &t
2 AR AzrE Al F2F 24 A E 212
Table 19 YERA AT

Tx22A 4o 2E XA 3™ A(Xray diffractometer,
X'pert PRO MPD)<} 37 #2334 7] (Angle-Resolved
X-ray Photoelectron Spectrometer, Theta Probe AR-XPS
System)E |83t Sn,O, ¥}2Fe] AR 2, o] 74
H|, 2230 A4 7F s}ePA g e S A 83T XPSe
739~ depth profile #4102 vtut o) s}t 3t JEl & g
ettt Fsha BEAM o2 UV-Vis 3 A(UV/Vis
Spectrometer, Lamda35)E ©]-&s}al Al S FHES S
et ar, ofg 2 (HZE 22 =g ALtete] &
At

A

ahv = A(hv-E,)" 6]

2] (1A o= absorption coefficient®] 32, hv+= photon
energy©| ™, E,= 43812 e o]t} ne A7 51§ Aol

Deposition Annealing
Sample #
T (°C) Pressure (Pa) Power (W) O, content (%) T (°C) Ambient Hour (h)
1 100 0.67 (Smtorr) 20 0 - - -
2 100 0.67 (Smtorr) 20 3 - - -
3 100 0.67 (Smtorr) 20 6 - - -
4 100 0.67 (Smtorr) 20 9 - - -
5 100 0.67 (5mtorr) 20 12 - - -
6 100 0.67 (5mtorr) 20 0 300 Vacuum 1
7 100 0.67 (Smtorr) 20 3 300 Vacuum 1
8 100 0.67 (Smtorr) 20 300 Vacuum 1
9 100 0.67 (5mtorr) 20 300 Vacuum 1
10 100 0.67 (Smtorr) 20 12 300 Vacuum 1

O, content (sccm)

*0O, content(%) = (

ulo] A2 AR} @ 7 7)1 85 A] 4244 A235 (2017)

x 100
O, content(scem) + Ar content (sccm))
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Fig. 1. X-ray diffraction patterns of tin oxide thin films. (1) As-
deposited and (2) Annealed.
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Fig. 2. X-ray photoelectron spectroscopy (XPS) spectra of Sn 3d
core level: (1) As-deposited and (2) Annealed.
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Fig. 3. X-ray photoelectron spectroscopy (XPS) spectra of Ols
core level: (1) As-deposited and (2) Annealed.

S =2 5tk g3 A A B9to] 0%14] 3%
}&HA Sn3ds, peake] AR 7} oF 0.6~0.8 eV
H,

5
S W3EO 2 peak shift F AL, 2FA F9F 3%, 6%
J
H

o,
olN £
N

Hir

¢

d
=

o

=

A1 Sn3ds;, peak A= 2] ®Msh7t gLt}

9%, 12% AFHolM = ThA] AgelUA7F 22

M

2 9F 0.2~03 eV shift7} A AT A=) 7}
}&FO 2 peak shift = 2>

flo oot P~ ¢ o

HF o2 x>
z O

*" chemical state”}

e

J. Microelectron. Packag. Soc. Vol. 24, No. 2 (2017)



% 2=
46 FAE- I S8
As-deposited Annealed
——Raw Intensity g 34 P,,=0% ——Rawintensity ~ Sn3d,, P,,=0%
—A—sn* —A—sn*
—e—sn? —e—sn”?
—=—sn’ —=—sn’
) £l
s s
] ]
c c
[ 7]
2 2
£ £
Etching 30s Etching 30s
492 490 488 486 484 482 480 492 490 488 486 484 482 480
Binding Energy (eV) Binding Energy (eV)
(1) Por=0% : As-deposited vs. Annealed
As-deposited Annealed
—Raw Intensity Sn3d,, P =129 ——Raw Intensity =129
asn o2 = 12% o Sn3d,, Po, =12%
—e—sn”? —e—sn?
) e
s s
z z
]
2 2
2 2
£ £
Etching 30s

T T T T T T T T T
488 486 484 482 490 488 486 484 482

Binding Energy (eV) Binding Energy (eV)
(2) Poy=12% : As-deposited vs. Annealed

T
492 490 480 492 480

Fig. 4. Sn3d XPS peak deconvolution analysis (after 30s etching).
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Fig. 5. Transmittance of tin oxide thin films: (1) As-deposited
and (2) Annealed.
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Table 2. Electrical conductivity of as-deposited and annealed tin oxide films.

content (%)
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fem) Mobility (cm?V-'s™) Conductivity (Q'ecm™) Conductivity type

As-deposited  Annealed

As-deposited

Annealed  As-deposited  Annealed As-deposited  Annealed

0 1.27E-01 8.97E+00 9.06E-01 2.86E-01 9.95E-03 4.09E-01 P P

3 -2.65E+01 -4.48E+01 6.72E-01 3.60E+00 2.83E+00 2.58E+01 N N

6 2.87E-01 -1.60E+01 5.18E-01 1.14E-01 1.05E-02 2.88E-01 P N

9 2.31E-01 -1.23E+01 5.21E-01 9.65E-02 6.64E-03 1.01E-01 P N

12 8.15E-02 6.36E-01 1.18E+00 1.02E+00 9.30E-03 5.09E-02 P P
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Fig. 7. Electrical properties of tin oxide: (1) As-deposited and (2)
Annealed.
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