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Abstract

Sn0O; 30/Ag 15/Sn0Oz 30 nm(SAS) tri-layer films were deposited on the glass substrates with RF
and DC magnetron sputtering and then electron beam is irradiated on the surface to investigate
the effect of electron bombardment on the opto-electrical performance of the films. electron beam
irradiated tri-layer films at 1000 eV show a higher figure of merit of 2.72x102 Q7' than the as
deposited films due to a high visible light transmittance of 72.1% and a low sheet resistance of
14.0 2/0, respectively. From the observed results, it is concluded that the post-deposition electron
irradiated SnO; 30/Ag 15/SnO; 30 nm tri-layer films can be used as a substitute for conventional
transparent conducting oxide films in various opto-electrical applications.
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Fig. 1. Experimental RF/DC magnetron sputtering system with an electron beam source.
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Table. 1. Experimental conditions of SnO2/Ag/Sn0O;
deposition.

SnO» RF Power (W) 60
Ag DC Power (W) 40
b e?gf;t/lgl?n)rate SnOy: 15 Ag: 40
Electron irradiation conditions
Working pressure (Torr) 1.0 x 10
RF power (W) 350
Ar gas flow rate (sccm) 10

Irradiation energy (eV) 500, 750, 1000, 1250

Wbyl 7]gke] 7HA1g £3-8(380~780 nm)I} HF
E A (Photoluminescence) AL|A-7TA1F £337]
(UV-Visible spectrometer, AvaSpec-2018L,
AVANTES)?} LASER Raman Spectrometer (Spex
1403, 7123AL4A+4, KBSI FFAE)E S4s5t
o {E7|we] ot 7 T 93%C] Ut
AZ ZALe] whE vl A% 37](Grain size)
3= XA IJEEA7](Cu-ke, 1=0.15406 nm,
X' pert pro MRD, Philips, 7|23 LAY,
KBSI Hi+AIE)E SA5t9 o, daterA 4 3
2 FHZXEEAY] (Dektak-150, Varian)Z 7435}
ok 52 3, AR AR O 713 EgWske
Hall-Effect 47| (HMS-3000, Ecopia, Van der
Pauw method)Z =439, Root mean square
(RMS) EHAZ7] 3= YAE AN H (Atomic
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Fig. 2. The XRD pattern of SnO2/Ag/Sn0O; thin films. (a)
As—deposition, (b) 500 eV, (c) 750 eV, (d) 1000 eV, (e) 1250
eV-irradiation.
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Table 207 9} FAXN(D)Z 83t SH Ag Wt
9| 279 7] Wk vehislnt. 241 Arle AR
¥ oAA|(<1000 eV)ll ¥l=3te] Hdf 25.09 nmZ
S7181A, 1200 eV 2ANAE 24.25 nmZ F23

Table. 2. Grain size of the films electron irradiated at
different energy conditions.

Incident Grain
er(lee\g Y inte[-r\l%yer (Dzeeg.) ]z]g(/egl\gl (Sriéf)
As - (200) 45.58 0.360 23.98
deposition (220) 66.84 0.432 22.05
500 (200) 45.87 0.352 24.52
(220) 66.80 0.421 22.62
750 (200) 45.85 0.349 24.73
(220) 66.79 0.415 22.94
(200) 45.84 0.344 25.09

1000
(220) 66.79 0.409 23.28
1250 (200) 45.88 0.356 24.25
(220) 66.81 0.424 22.46
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Fig. 3. Surface image of the electron-irradiated films. (a)
As—deposition, (b) 1000 eV, (c) 1250 eV-irradiation.
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Fig. 4. The visible transmittance of Sn0O2/Ag/Sn0O; films.
(a) As—deposition, (b) 500 eV, (c) 750 eV, (d) 1000 eV,
(e) 1250 eV-irradiation.
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Table 3 of ZA}-8] ZA} ofufz]o] w2 #7]2 EA
W3S YeRfQIch AR RAL 0|49 vhako] uxg}
€ 1.34x10™" Qcm 2 Z3E 404 1000 eV A&
Hlo] zAHE whaboll A A" HAF(1.05x10™ 02
cm)°] &39It o] D. Kim9 APATE} Zo]
A AR Q18] In,05 ¥Hete] A7 AT =7t g4}
= Aol Aok %S BATHII. ol 7]
H A ZAFIN= Table 29} 33} Zo], AZR AL

Table. 3. Electrical properties of the films electron
irradiated films at different energy conditions.

Carrier . o

Electron densit Mobility Resistivity

ensi

er(1ee\r/ Y (x 1021C§1_3) (ecm?/Vs) | (x10™Qcm)
As-deposition 6.9 6.6 1.34
500 7.2 6.9 1.25
750 7.6 7.2 1.13
1000 7.9 7.5 1.05
1250 8.0 6.8 1.14

(1000 eV)oll w2 37+ 9439 243} 371 ¢ 2%
HA(Grain boundary) 42 QIsto] A7|HE0] 7]
o5tz Astd =7 F716H7] wiol Aoz B A
o] A" AE & 5 Aok

Table 4°] AAR ofqX]of| wr& 9to] Figure
of merit (FOM) ¥3}& YEtHiltt. FOM2 384
= Ame 284Z vln & 4 Q& 7IE2EA , TCO
vt WA RN} 7HAIE R HH|HSHEE A
F FHot WA A9 Aoj7t 875 FOM
BA AL of 2t 212l

Table. 4. Figure of merit (FOM) of Sn0O,/Ag/SnO;
thin films.

Electron Sheet .
er(f\r] v re(s})s}aljn)ce Transg};)ttance (x 113813\/.[() "
As-deposition 17.9 70.7 1.74
500 16.7 71.1 1.97
750 15.1 71.7 2.39
1000 14.0 72.1 2.72
1250 15.2 71.0 2.13
FOM = T / Ra, 2)

A4 T Bhate] FF 7T Fold RyE=
HA TS oulgict, B AtoA AAY] 2AL oA 9]
FOM 42 1.74 x 1072 Q7'o]9Jou}, 1000 eV
ZZ9AE FOMFA7E 2.72 x 107 Q2 Z7}5}0]
vhato] A7]gshs STt AT AR ouA] =

AGA AxrdS € = AUk
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Fig. 5. Photo-luminescence spectra of the films. (a)
As-deposition, (b) 1000 eV-irradiation.
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