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Abstract The optical transmittance of Mn-doped SnO, monolayer film increased gradually from 80.9 to 85.4 % at 550 nm
wavelengths upon increasing the O,/Ar+O, concentration rate from 0 to 7.9 % and the band gap energy changed from 3.0 to
3.6 eV. The resistivity tended to decrease from 3.21 Q-cm to 0.03 Q-cm, reaching a minimum at 2.7 %, and then gradually
increased from 0.03 to 52.0 Q-cm at higher O,/Ar+O, gas concentration ratio. Based on XPS spectra analysis, the Sn 3d;,
peak of Mn-doped SnO, single layer shifted slightly from 486.40 to 486.58 and O,, peak also shifted from 530.20 to
530.33 eV with increase the O,/Ar+O, concentration ratio. Therefore, the XPS spectra results indicate that a multiphase with
SnO and SnO, coexisted in the sputtered Mn-doped SnO, monolayer film.

Key words Mn-doped SnO,, O,/Ar+0O,, Carrier density, Energy band gap, Binding energy

EPIA 0/Ar+0, 5= W37t Mn 3% sn0, FHAELe) A HAel
ml)E

— |
SRS AlaA]sta, FT, 28644
2021 7€ 269 H)
021 79 30 AAIekg)
202113 89 6 AAZA)

e F 550 nm I HNA O,/Ar+0, EF7IA] FXH]7} 0914 7.9 %=Z W3} Al Mn =& Sn0, FHAETe] F3&
< 80.99014 854 %= WME=7] U= 3.0014 3.6eVE S7FITE YA TS O/Ar+0, E71A T8 7} 0ol 2.7 %7}
A Z7F Al 321 Q-emOlA 0.03 Q-eme 2 43T o] F 79%E F7) AldlE, 52.0 Q-emSE FF35HA A5atit. XPS
EAAT EF71A OJAr+0,014 0, TES] F7FRE Sny;p®l AR 71 486.4000141 486.58 eVE, 0,8 AFIUAE
530.20°0141 530.34 eVE & W3lsloirh. webr 2uEE WHOR Ax£3 Mn =8 E Sn0, FHAETNAM O, Tx=Hs}
o wel SnO%t SnO, 2718 Aol FEshe 22 stk

.M B IS ZH= SnO,= A Uil AkA 3-3(Oxygen
vacancy) 59| AFO=Z I3l n-type AFshE WE=A| &

Frd H=A) AFs}E(Transparent conducting oxide: TCO) A2 YeMII, 4 dEd A Al 2zte] o€ A
ek B, W HaEEe], f7] B toles o] w2 Wil e Wi 7bAol Adstal wisteA,

(Organic light emitting diode: OLED), Low-E 2], 2~
HlE A%9-(Smart window) 5= Z&SH FHA} Fofo
A A =d2 AREA glem dA] 783 TCO A
EZF SnO,, TiO,, ZnO7} UTH1-4]. o]FIM = B2

=

Aol s, 3.6eV olde] He W= Jlow <l
I 53] 7P theellM =& T8-S JepaL 9
C 2 A7IAEECA ITOO Hs] AiEle] ole=
EAT vhE AEje] st vl sithes EA1F0] A
LR B HAIIHEEE A7) S8 Sb, Fe,
*Corresponding author F, Ta, Mn 5 22 2as =93k sighs wieA|
E-mail: gejang@chungbuk.ac.kr A7t ] &AL ok 2 SIS M2 o]

of

Lo &




Effect of O,/Art+O, concentration on phase stability of transparent Mn doped SnO, monolayer film 155

A wje] o] ko] Mn''e A9 0.66 A, Mn’"&
0.645 A2 Sn*'] 0.69 A HU} o} g} BLEE =
Sb>(0.60 A), Fe’'(0.78 A), Ta '(0.64 Ayl BIal 4A X

o] o 4= Ut}5-9]. EEol 2$F =S Moss-
Burstein ©]29] 2J5PH x| Hi=74o] Wolx F=4
o2 A F=rt STk A9star ATH10,11].

Lee 9ol w2 20tE s 37902 A2k Mn(2.59
wt.%)-doped SnO,Ag/Mn(2.59 wt.%)-doped SnO, T
ke 735x 107 Q-em®] 22 H¥AZYF 550 nm 2YTH
oA 86 % ©1d9] =2 FHES HIISAUTHI2).

SARE SnO, FHALERS] 54 A ArdxExe F
&2 IF A9 FARA wEt JA Wl
E3] ~9Ey 34 Al 0,/Ar+0,2] &3 71AE ALE
gozx Frdzute] B4 AAA gEIE AP
oj#- deloltt. A7 tlFEe] At FEAE
A AeEd A5 B2 A e FA Aloje] Bt
£ Hrtell x| lom olo] wkel| 52 Al #4917
7179 FEste] mE A A A Aol A3k
gefoltt.

B AFME SR o IR, At
0, EF7IA9] F=2 W3leiy
SnO, FHHERre] F3 d714 BEAJo] o] bxAdte]
AHAE AAR R ZAVSIALAL SIATE WA AdollA]
RF 23lejy wWalo2 PET 7|2 1o Mn(4.04 wt.%)
71 SnO, FY9E A XS & 0,/Ar+0,9] 7124 E
< 0~79% Z4E3sh F3g, v, lele] Uk, of
Uz M= 58 SAAL olF XPSE B 39
OFgA oRZ FA}EIATH

fr ol

ol

2. A 4

371 0/Ar+0,2] FEHIES 0~7.9% ZXH&
PETZI# 9o Mn(2.59 wt.%) F7FE SnO, ©duhs
20 g WA 02 Azt WA 50 pm A1 PET
19S Awjol] Y37 %] ¥ HZ(Rotary vane pump)e}
¥ HZ(Turbo molecular pump)s ARE-3le] 2713
T2 6.0x10° Torrs FAI8IATE ©1% Ar 35 scem,
0, 0~3 sceme && 0,/Ar+0, H|ES 0~7.9 %= W3}
s 2] Z21E 3 x 107 Torrol A Mn(2.59 wt.%)-SnO,
EMS ARE, Mn-SnO,/PET 2+ 521819t} Mn-SnO,
o] A= 40 nmSAth ©dute] A8y AEAS

WO

(¢

242 JYAMH(EN-SE)S, 2] T3 vhkee
UV-VIS 23354 (KONICA MINOLTA, CM-3600d)

olg3l3tt. AMelolswet Folsx, AT & =
ZH](HMS 3000, Ecopia) JHIE AME3IRom™ ©]9]
= 0ol wE Y4 AR nRRldeA] Wst o=

=2 o

XPS(Ulvac-PHI Inc., Quantera-INE E3j 4313}

3. 4% o u#

Figure 12 4000141 700 nm ZFgtidea] =43k O,/
Ar+0, FEH3l| IE Mn-Sn0, ©@&ue] FHE glo)
t}. Figure 19141 AAISE vle} o] Mn-SnO, T Ere
ZHES g0l 400914 700 nmo.2 F7Fglel wh
g AAHCRE ZAsIHh 550 nm FFUE 71E A
0, s=Hsl e FHES 2.12~2.0302 Ha} 74
IR, 0, =7t S7F AldlE Sn0,9] o84 ZHE
ol 2.001 =3It

Figure 2= AA AZ3$E Mn-SnO,(40 nm) T =]
O,/Ar+0, H& ®¥3lE B8 343 F4&, e &
HEY ZAielt}. Table 12 O /Ar+O0] WE 550 nm
ol Mn-SnO,(40 nm) T ute] F3h8-3} wAlE:
2% Azlolth. 0/Ar+0, HlEo] 0914 54 %E Z7}
Al T2 78.5 %OlA 843 %E st o)F

2.30 [~ 0%
—1.4%
525 —27%
i 4.1%
220 5.4%
20 |- 6.6%
3 T —7.9%
£ 215 B \
° “ _
>
= NN T
© 210 NI — |
& s
2.05 |-
2.00 +
1.95 1 1 1 1 1

400 450 500 550 600 650 700
Wavelength [nm]

Fig. 1. Refractive indices of Mn-SnO, monolayer film on Si wafer
with different O,/Ar+O, concentrations.
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Fig. 2. Experimentally measured transmittance and reflectance
spectra of Mn-SnO, (40 nm) monolayer films with different O,/
Ar+0, concentrations.
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Table 1
Experimentally measured Trssg,, and Rssoum of Mn-SnO, (40 nm)
mono layer films with different O,/Ar+O, concentrations

0,/Ar+0, transmittance reflectance
concentration (%) @ 550 nm (%) @ 550 nm (%)
0 78.5 6.0
14 81.8 6.3
2.7 82.5 6.3
4.1 83.1 6.4
54 84.3 6.4
6.6 83.9 6.4
7.9 83.8 6.4
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Fig. 3. Band gap energy of Mn-SnO, (40 nm) monolayer films

with different O,/Ar+0O, concentrations.
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Fig. 4. The resistivity, carrier concentration and hall mobility
of Mn-SnO, (40 nm) monolayer films with different O,/Ar+O,
concentrations.
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Fig. 5. Elemental binding energy specta of Mn-SnO, monolayer films by XPS: (a) Sny,, (b) O,; and (c) Mn,, peaks with increase of
the O,/(Ar+0,) concentration rate.
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