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Abstract Typical Mn-SnO,/Ag/Mn-SnO, tri-layer films were prepared on a PET substrate by RF/DC magnetron sputtering
method at room temperature. Based on EMP simulation, the thicknesses of the top and bottom Mn-doped SnO, layers were
kept at 40 nm and the Ag layer was maintained at 13 nm for continuous electrical conduction. The experimentally
measured optical transmittances at 550 nm wavelength were ranged from 8§2.9 to 88. 1 % and sheet resistances were varied
from 5.9 to 6.9 /(1. The highest value of figure of merit, ¢;c was 48.1 x 10° Q. Based on bending test under 4 and
S5mm of inner and outer curvature radius condition, tri-layer film resistance varies only by approximately 1.5 % after
10,000 bending cycles, showing excellent mechanical flexibility.

Key words OMO, Transmittance, Sheet resistance, Figure of merit, Bending test

Mn-SnO,/Ag/Mn-Sn0, 3% thaute] A5z|4et wiy] E4

0]

of AL PET 71% $°| Mn- SnOJAg/Mn—SnOZ 35 E‘ri‘%‘% RE/DC Pt EE 2AulE|g Wha)o s A %389
o EMP Al&# o] Aol wel Mn-Sn0,9] = F7= 40nm, Ag ¥ F7= 13nmE 2R3 TE 550 nm 30} < o] A
243 354 Fgo 829904 88.1 % WYY HAF} 5.901%1 6.9 WO= WH3lsldth M =& ABAF (0,08
48.1x 107 Q2 YEiydth FEW 4, 5mm 24 inner M out M FIAIEE 10,0003 AAgE A3} Mn-
SnO,/Ag/Mn-Sn0, 3522 AaH3L&L of 1.5%% 23 7|43 AL Big.

LN 2 B Ago] 47 ¥ A5 AP WE HYo=
Q15 1A WY FAo] =7 ol FAiA Ao

£ ArA] A8k (transparent conducting oxide: TCO) Oﬁ‘ﬂ?*‘ A3 T}HS5-7]. FZole olH3 oJEes

f7] g toles, BddA], HA9d 58 EFe HaP] flsiA Xi%oﬂ M F7go] 7hsdtal sh- e
Azp QoA BHASHA ARSEAL ATH1-3]. 7P TCO Atelol] w9~ gke 54555 Tl wixlsh= Oxide/
E421 TCO AFE= AF T4 ABFEITO)E 550 nm Metal/Oxide(OMO) T8t 7% A7} as] [3s
9] 7]-/\]*‘"\* oA 85% olde] =& FHE oF 3 JT}H8-12]. OMO &322+ Ga, Mn, Al Zn, F 5
10° Q-em 7FEe] whe BIAE BAO] zZke 953 & E=9sle] B4 I GZO/AgGZO, MTO/AY
2AfoltH4]. SHAIRE w& Fgy AVIHEEE ZH= MTO, AZO/Ag/AZO, ZTO/Ag/ZTO, FTO/Ag/FTO &
ITOE= 300°C o)d9] 32 3H2o= PETY 2 471 o] Utk olsolX= MnZ SnOl =% F MTO/Ag/
MTO 1;]_41:!1—_& o],__ o:]:rl_7]_ m-c _,j]./uo u]-—/ 01

Comesponding author = Mn® o] 23L& 0.66 A, Mn™" o] 21932 0.645 A
E-mail: gejang@chungbuk.ac kr o2 §p* o]euAe] 0.69 A Hr} Zlo} B} BB H]

oY rlo

i)




Figure of merit and bending characteristics of Mn-SnO,/Ag/Mn-SnQO, tri-layer film 191

3l A ko] Al dojub= Aoz A v

AT FHAFAAN FHAYS Fahsol ddE
ol T 2%k Q4olt} Lee 7R 281 continuous
composition spread F3HLZE AZT Mn(2.59 wt.%)-
Sn0, Ag/Mn(2.59 wt.%)-Sn0O, TR 550 nm I
oAl 86% oldel ¥e F&I} 7.35x 107 Q-eme]
ke ujAeks Yeh)QI13]. ST Mn-SnO,/Ag/Mn-
SnO, A=e] Aot d &2 A8E5 g 717
2 QF3E Wk A= S8 AlgHA ol

B AFoME A2olM RF/DC 29Ed FHo=
PET 713 $Jol E3714] 0/Ar+0, ¥= H|&-S A3}
o] Mn(4.04 wt.%)-SnO,/Ag/Mn(4.04 wt.%)-SnO, 3%
tETe AzE F Rae, WAY, 45ASE 395
3 AEG 33T WPEYS AARCE sk

spe.

2. & &Y

B A% 24 Mn-SnO,/Ag/Mn-Sn0O, 352 30
4] Mn-SnO, FAIE 35914 45nm, Age 12004 14
nm% WH3lsly Ao F3-2 Z713} Mn-SnO,/Ag/Mn-
SnO, 351 0, ¥% Hsld e F3& 545 EMP
(essential macleod program) AlE@|°]AE F3lo] ARA
of dZ&alditt. 3THe SEAPLS RF/DC 29E|Y
WAoo 2 R8sk, WA 50 um FA12] PET 7198
Aol A F AZF HZ(rotary vane pump)?} 3371
¥ HXZ(turbo molecular pump)E ARE3sI 27|1XF=
£ 6.0x10° Torr2 FA38IALE °1F Ar F3S 35
scem, O, FH&2 0914 3 scem® &8 O,/Ar+0, &3¢
HIES 0~7.9 %2 W3k 2ol Mn(4.04 wt.%)-
SnO2F 99.99 %] Ag EME AR, Mn-SnO, 93} Ag

Mn-SnO, (40nm)
0,/Ar+0, concentration, 0 ~ 7.9 %

Ag (13nm)

Mn-SnO, (40nm)
0,/Ar+0, concentration, 0 ~ 7.9 %

PET (50pm)

Fig. 1. Schematic diagram of Mn-SnO,/Ag/Mn-SnQO, tri-layer film.
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Fig. 2. EMP simulated transmittance spectra of Mn-SnO,(35~
45 nm)/Ag(12~14 nm)/Mn-SnO,(35~45 nm) tri-layer films as a
function of different film thicknesses.
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Fig. 3. EMP simulated transmittance and reflectance spectra of
Mn-SnO,(40 nm)/Ag(13 nm)/Mn-SnO,(40 nm) tri-layer films with
different O,/Ar+O, gas concentrations.
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Table 1
EMP simulated Trssy,, and Rssp,., of Mn-SnO,(40 nm)/Ag(13 nm)/Mn-SnO,(40 nm) tri-layer films with different O,/Ar+O, gas
concentrations
0,/Ar+0, simulated transmittance simulated reflectance
gas concentration (%) @ 550 nm (%) @ 550 nm (%)
0 88.7 5.7
1.4 91.3 6.0
2.7 923 6.1
4.1 924 6.2
54 924 6.2
6.6 92.4 6.2
7.9 92.3 6.1
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Fig. 4. Experimentally measured transmittance and reflectance
data taken on Mn-SnO,(40 nm)/Ag(13 nm)/Mn-SnO,(40 nm) tri-
layer films with different O,/Ar+O, gas concentrations.
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Experimentally measured Ttss; ., and Rssg ., of Mn-SnO,(40 nm)/
Ag(13 nm)/Mn-Sn0O,(40 nm) tri-layer films with different O,/Ar+
0, gas concentrations

0,/Ar+0, transmittance reflectance
gas concentration (%) @ 550 nm (%) @ 550 nm (%)
0 82.9 5.3
1.4 86.8 5.5
2.7 88.1 5.6
4.1 87.8 5.6
5.4 87.5 5.6
6.6 87.0 5.5
7.9 86.2 5.5
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Fig. 5. Sheet resistance variation of Mn-SnO,(40 nm)/Ag(13 nm)/
Mn-Sn0,(40 nm) tri-layer films with different O,/Ar+O, gas
concentrations.
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Table 3
Comparison data of transmittance, sheet resistance and figure of merit with different OMO tri-layer films
. Transmittance Sheet resistance Figure of merit
Materials (%) @) (10° Q) Reference
Mn-SnO,/Ag/Mn-SnO, 88.1 5.8 48.1 this study
SnO,/Ag/SnO, 87.1 7.5 353 [15]
o-IGZO/Ag/a-1GZO 88.1 42 53 [16]
TiO,/Ag/TiO, 84 3.8 439 [17]
AZO/Ag/AZO 88 6.3 439 [18]

(@) Ra: 2.4 nm (b) Ra: 0.9 nm

(¢) Ra: 1.0 nm (d) Ra: 1.0 nm

Fig. 7. AFM images of Mn-SnO,(40 nm)/Ag(13 nm)/Mn-SnO,(40 nm) tri-layer film with different O,/Ar+O, concentrations; (a) 0 %,
(b) 2.7 %, (c) 5.4 %, and (d) 7.9 %.
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Fig. 8. Bending test result of Mn-SnO,(40 nm)/Ag(13 nm)/Mn-
SnO,(40 nm) tri-layer film.
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