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Abstract: Sh-doped ZTO (ZnSn0;) transparent conducting films were synthesized by sol-gel spin-coating method.
The structures and properties of Sb-doped ZTO films were characterized by XRD,SEM,XPS,UV-Vis and Hall
effect measurements. Three Sh-doping methods, including the substitution of either Zn** or Sn**, or both the two
ions in ZnSnO; were adopted. The crystalline features, the lattice positions of Sb ion and the ratios of Sh** and
Sb** in Sb-doped ZTO films prepared by different substitution methods were investigated. Followed by a
comprehensive comparison of the amount of oxygen vacancy (V, '), interstitial zinc (Zn;") and stannous ion (Sng,),
the effects of Sh-doping concentrations on the crystal structure, the defects, and the electrical properties of the
films in different methods were detected. Experimental results indicated that the perovskite structure of the
ZnSn0O; crystal has not been disturbed by Sb-doping. Moreover, the Sb ions successfully occupied the

corresponding positions of the ZnSnOs lattice as expected, with varying molar ratios (ng/ng~) among the methods.
That is, the ng=/n - decreased with the increase of the doping concentration. It has been concluded that the

carrier concentrations and mobility were influenced by both the substitution methods and the Sh-doping
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concentrations, resulting in the variation of the conductivity of the films. Among all films, the ShysZngs59n450; 5

film obtained a minimum resistivity of 0.423 ()-cm. Finally, the transmittance of all the as-prepared films were

higher than 78% within the 350~800 nm range being demonstrated.
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Table 1 Ratio (%) of cations of precursors for Sb-doped films in the three substitution methods”

Substitution method Zn Sh Sh-doping concentration
I 50-a/2 50-a/2 a a=0~30
I 50-a a a=0~20
I 50 a a=0~10

* a means the Sh-doping proportion (%), the total amount of all cations in each Sh-doped film is donated as 100%
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Fig.2 SEM images of Sh-doped ZTO films prepared by substitution methods I, 1T and I
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Table 2 XPS binding energy of all elements in different chemical states of Sb-doped films prepared by substitution

methods 1, II and I

Sh3dsy, Binding energy 0ls Binding energy Sn3ds, Binding energy In2ps, Binding energy
Shy (Sh5+) 540.50+0.30 0, 529.55+0.30 Sny 485.50+0.30 7n 1020.55+0.30
Shy (Sh3+) 539.700.30 Oy 530.700.30 Sny 486.30+0.30 Iny 1021.40+0.30

On 532.10+0.30 Snp 486.90+0.30 Zny 1022.23+0.30
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Fig.3  XPS spectra for Sh3d, Ols, Sn3d and Zn2p of Sh-doped ZTO films prepared by substitution method I
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Table 3 Contents of Sb in varied chemical states of Sb-doped ZTO films prepared by substitution method I

Sb3ds, (Sb™)

Shy3ds, (Sb™)

Sh-doping concentration

RP AP RP AP
10 61.4 6.1 38.6 39
20 34.1 6.8 65.9 13.1
30 30.9 9.3 69.1 20.7

x4 BBRARIFFSHBRZTO EFEH O Snfl Zn LEREREEE
Table 4 Contents of O, Sn and Zn in varied chemical states of Sb-doped ZTO films prepared by substitution method 1

Sbh-doping Sn 13ds, Sny3ds, 7n12pyn Inn2psn
. Omls O [[1.\‘
concentration RP AP RP AP RP AP RP AP
0 27.2 69.2 7.8 39 71.6 35.8 10.0 5.0 68.3 342
10 22.3 73.5 9.8 4.4 69.4 31.2 11.5 5.2 67.7 30.5
20 214 73.7 13.6 5.4 68.6 274 18.0 7.2 67.0 26.8
30 19.7 74.8 17.7 6.2 67.9 23.8 21.2 74 64.8 22.7
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Table 5 Contents of Sb in varied chemical states of Sb-doped ZTO films prepared by substitution method II

Binding energy / eV

533 484 486 488 1019 1021 1023 1025
Sn3d;, Zn2p,,

4 BRI E NS Sh #5244 ZT0 Wil Sh3d,01s,Sn3d Fl Zn2p 9 XPS &1
Fig4 XPS spectra for Sh3d, Ols, Sn3d and Zn2p of Sh-doped ZTO films prepared by substitution method II

x5

BEBRFRIFARF ShBH ZTO HIEM Sh U FRERESE

Sh-doping concentration

Sh13dss (Sb%)

Shu3ds (Sb¥)

RP AP RP AP
5 66.5 33 335 1.7
10 494 4.9 50.6 5.1
15 32.7 49 67.3 10.1
20 235 4.7 76.5 153

5 Sh BRI Ry 5%, 2y 2/3 DL ShIE
KAFAE ; MU I KB 10% 15% F1 209% 1] | 1] Sh*
i 2800, A S 510 50.6% ,67.3%F1 76.5% , 1
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R m B 1-5%, 1-10%, 11-15% 5% 11 -20%
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Table 6 Contents of O, Sn and Zn in varied chemical states of Shb-doped ZTO films prepared by substitution method II

Sh-doping Sn 13dsn Sny3dsn In2p3, Iny2psn
. 0]]118 O 1 18
concentration RP AP RP AP RP AP RP AP
0 27.2 69.2 7.8 3.9 71.6 35.8 10.0 5.0 68.3 342
5 18.5 79.1 11.3 5.7 70.4 35.2 15.0 6.8 63.8 28.7
10 17.4 79.7 17.0 8.5 66.5 33.3 16.6 6.6 62.6 25.0
15 15.8 80.7 18.5 9.3 66.3 33.2 17.4 6.1 64.4 22.5
20 15.3 78.1 29.6 14.8 64.2 32.1 20.2 6.1 64.4 19.3
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Fig.5 XPS spectra for Sh3d, Ols, Sn3d and Zn2p of Sh-doped ZTO film prepared by substitution method [
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Table 7 Contents of Sb in varied chemical states of Sb-doped ZTO film prepared by substitution method IIl

Sh3dss (SH¥)

Sby3dy, (Sb*)

Sh-doping concentration

RP

AP

RP AP

10 589

5

9 41.1

4.1

x8 EMAERIFMEShBHRZTO HEMN O.Snfl Zn U EKRERESE
Table 8 Contents of O, Sn and Zn in varied chemical states of Sb-doped ZTO film prepared by substitution method IIl

Sh-doping Sn |3ds, Sn3ds, Zn2pyn Zny2pyn
. Opls Opls
concentration RP AP RP AP RP AP RP AP
0 27.2 69.2 7.8 3.9 71.6 35.8 10.0 5.0 68.3 342
10 25.1 70.3 11.5 4.6 63.1 25.2 10.4 5.2 67.7 33.9
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Table 9 Carrier concentration, Hall mobility, and resistivity of Sh-doped ZTO films prepared by substitution

methods I, II and I

Sample n/em? w ! (em* V'es™) p /! (Q-cm)
Undoped 8.500x10' 1.44 51.000

I -10% 7.761x10" 10.50 0.766

I -20% 1.111x10™ 4.36 1.279

I -30% 1.498x10" 1.91 2.184
1-5% 1.844x10" 12.60 2.689
-10% 7.706x10" 0.98 0.826
-15% 3.620x10" 4.08 0.423

I -20% 7.930x10" 11.00 0.716
-10% 8.855x10" 23.40 3.016




444 oAl Ak

#o% 4R %33 %

PRI T, 25, BB B A U B kLl 3 K Sh % =
WD BRI -59% 0 B R IR R A
K, 4 12.60 em? V'™ i Bl A 200 W BE 3 R AT
RE T 300 7 M A BB E ], TR TR, I1-
10%H T FE F /N, o0 0.98 em?- V-7 i
ARSI R B VR B R BIURE 858 | 1 #S R
NIl It

T G v RSS2 U 7 ik 3 A A1 | 3k 2 R Ay .
A 5 22 1 G Gy S, IO A 00 TR 1
P BT R R R, T E Tk WA
FH A WA ARAL, (A5 ZE RIS AR T KB 4 210 #
&,

B T 25 4 i B X T RS L BEL SR Y E MR A | BB
e e R e RO N R YRaa oA I ik 2 243713
FE(10%) 5 AF T, T -10% i BT % 38 3 KT HoAh 7
4,454 SEM 45 R0, T2 T 1 -10% B i
Am b RBERER, FLIBR R BAIR,

FEHL P ZAR T 1 em [ Sh $B2% ZTO WS | 1
-10% 1 11 -209% ¥ BT F8 R 50, 7E 10 em?- V-
sTULL, T -109%F1 11 -15%3 B0 28300 7 VR B 5 v
BORGIITE 10, 11 -15% W A5 Ry A S5 v BT 11 45
BH 28 5 I i, HCFL B 5 0.423 Q- em,

2.5 RFMEEESN

Kl 6 J& 3 Fh oy 4> Sh £ 4% 210 B 1)
UV-Vis &t 2, I T %2 2 . 78 360~800 nm
WA, AR Sh 2% ZT0 #E 1 Al I,
i i RIILE 78% LA I, AHXTFARB I ZTO WK
(B % 86%) K1t ,Sh B2 ZTO W% it 29/ |

100

Pure 11-20% 11-10%
V4

\

1-10% 1-30% 1II-10%

>

o
(=1
1

Transmittance / %
(=)
L~
N

200 300 400 500 600 700 800
Wavelenth / nm

Pure : undoped ZTO films
e E#HITHEIT N LIMP1F Sh B2 ZT0 R
UV-Vis &1L 1 £k
Fig.6  UV-Vis spectra of Sb-doped ZTO films prepared
by substitution methods I, Il and I
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