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Effect of Post-deposition Annealing in a Nitrogen Atmosphere
on the Properties of SnO, Thin Films

Young-Hwan Song*, Tae-Young Eom*, Sung-Bo Heo**, Jun-Ho Kim**, Daeil Kim*"
*School of Materials Science and Engineering, University of Ulsan, Ulsan 44610, Korea
**Korea Institute of Industrial Technologies, Yangsan 31056, Republic of Korea

Abstract A 100 nm thick SnO, thin films were prepared by radio frequency magnetron sputtering on glass sub-
strates and then annealed in nitrogen atmosphere for 30 minutes at 100, 200, and 300°C, respectively. While the
visible light transmittance and electrical resistivity of as deposited SnO, films were 81.8% and 1.5 x 1072 Qcm,
respectively, the films annealed at 200°C show the increased optical transmittance of 82.8% and the electrical
resistivity also decreased as low as 4.3 x 1072 Qcm. From the observed results, it is concluded that post-deposi-
tion annealing in nitrogen atmosphere at 200°C is an attractive condition to optimize the optical and electrical
properties of SnO, thin films for the various display device applications.
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mEe] Sno] FH7FE n,0,ATO)} Gaol 71
ZnO(GZO) 49t Ze FHASE F5438E
(Transparent Conductive Oxide; TCO)S & W™
A&H(<1000 QLN 80% o] =& 7% =
&S FAl 2E7] wiitol] TRk A& (display
device) # HFHA 9] HFAZ &85 JrH1].

53] ITO upke iz oz 4=t 7|ekke] A
=5 7} /\19_}_7401]/\1 FgHEeE Fe v Ag
(<1x10%2Qcm) EA40g ste] tJx3el TCO
AR ApEER oY, QE(In) 3434 wWE ITO
EAS] 7HAdE T 518 EQHA o R st
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Zn0 5= ITORM} By g4, sk o= ks
AR ezE Asiel, A2t T W71d
Sn0,[6] ¥ Zn 37} SnO,[7] 18]35 A5 H <
Sn0,/Ag/Sn0,[8] HHatel] thet A7ATr} B
Act.

£ AellMe AskE S3Ee] 8ol RF vl
EZ 2~HHE o83l 4 100 nme] Sn0, ¥}t
< %3]7]5‘1‘.]_0]] 221—0]-“7 X%7]_‘ A—ULX% _/R-]O _q
Zgks}7] flsted S& & Ao HAade7IelM A
g5 AAlEint. gAe] 255 gEjaliA] wheke
T4, A714, %ﬁm 545 XA IEEAIX-
ray diffraction, XRD), ¥4 &0 74 (Atomic force
microscopy, AFM), 18|31 X]—S’J/,\j-ﬂ-/\]i’é- 2317]
(UV-Visible spectrophotometer)E ©]-8-5f] #A3}

O™ Figure of merit(FOM) X5 sl &
Ag] 2ol wE uhEke] H7)geE 2Hd=(Opto-
electrical performance)s 12351t}
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Table 1. The experimental conditions for SnO, thin film
preparation

Parameters Conditions
Base pressure (Torr) 1x107
Argon gas flow rate (sccm) 10
Deposition pressure (Torr) 1x107°

RF sputtering power (W/cm?) 2.5

Film thickness (nm) 100 nm
Deposition rate (nm/min) 45
Nitrogen gas flow rate (sccm) 10
Annealing pressure (Torr) 1x107
Annealing temperature (°C) / Time (min) |100, 200, 300/ 30

2. MEYY

A7lM= 574 100 nme] SnO, ¥Hehs 71
}%‘ 1ol #2713 (Corning 1797, B2 20 x 20
mm®)°] RF vlIWEE A9 E$} IFE SnO,
(Size; 3 Inch, Purity; 99.99.%) E}AS o] &3}
At 2 A 718 opAlE, olhxad &
L FFHF AR 10870 239 AFNE AR
¥, AAkng dzxsidlor, Table 10 S 2

g2 2138 Jehfiidh
gxjgd & 7rE FHE #s= 300-800
nm GG ALl -7pA F371(Cary 100
Cone, Varian)Z o|-&3t] =43l H 714 &
H=g AXSHACE. vhete] AAs) 492 XA 31d
i 243 7](Cukoe A=0.15406 nm, X’pert pro MRD,
philips, KBSI ti7AIEN)E o]-83l o, Hatdx
(Charge density), °]5%=Mobility)5] A71% &
432 Van der pauwH < & &3 E-4 ¥Hal
Effect) 247X (HMS-3000, Ecopia)® #2131t}
Sn0, ¥fEte] 7pA)3 Fahme} vixdle]] JEFS nlX]
= 3dzsE 924708 30 AKE-100, Park
83}l Root mean square (RMS)
roughnesss 431011, AAE9)7] 9x)8)E o)&
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FOM &3] HlwE 3] 8319TH8].
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Fig. 1. XRD pattern of SnO, films post-deposition
annealed in a nitrogen atmosphere. (a) As deposited
film, (b) 100°C, (c) 200°C, (d) 300°C.
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Fig. 2. AFM image and RMS roughness of SnO, films post-deposition annealed in a nitrogen atmosphere (scan area;
2%x2 me). (a) As deposited film, RMS roughness; 3.25nm (b) 100°C, RMS roughness; 3.38 nm, (c) 200°C, RMS

roughness; 4.25 nm, (d) 300°C, RMS roughness; 4.45 nm.

Table 2. The electrical properties of SnO, films annealed
at different temperatures in a nitrogen atmosphere

Temperature | Carrier density | Mobility | Resistivity
(C) (x10%%cm™)  |[(em® Vs ™| (x107%Qcm)

As deposition 1.76 22 1.58
100 2.13 2.3 1.25
200 3.79 3.7 043
300 2.36 1.1 2.61

19} Zo] AAY Aol oI$t AAI(Grain boundary)
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ARRET AoiF o R 300°C ExE] §, SAE Hl
A& Z7H2.61x 1072 QemyE G. P Choid] &
TAI11I}F FARE gke 2, 1enkgo] o3k
FHALY] Z7HEAFR fghel mE o)lFE
(L1cm*v's )¢} SnO, W] AH4F-F (Vacancy)
ZHeg 013 AP E 714(2.36 x 102 cm )l wh2
Aoz AlEH
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Fig. 3. The optical transmittance of SnO, films post-
deposition annealed in a nitrogen atmosphere. (a) As
deposited film, (b) 100°C, (c) 200°C, (d) 300°C.
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Table 3. Figure of merit of SnO, films annealed at
different temperatures in a nitrogen atmosphere

Temperature Sheet Transmittanc Figu re of
CC) resistance e (%) meSnt )
/) (x107 Q)

As deposition 1,580 81.8 8.4

100 1,250 82.5 12.1

200 436 82.8 33.5

300 2,610 84.2 6.8

(zhv)® (arb.unit)

/-

K'f' (d)
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. I L
30 32 34 36 is 40 42 44 46 48 50

Photon Energy (eV)

Fig. 4. The optical band gap of SnO, films post-
deposition annealed in a nitrogen atmosphere. (a) As
deposition 4.17 eV, (b) 100°C 4.19 eV, (c) 200°C 4.25 €V,
(d) 300°C 4.22 eV.
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