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Fig. 1 Model of primitive cell of SnO,
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Table 1 Correspondence relationship between doping ratio

and super cell

Super cell Doping ratio/%
I1X1X1 50
1X1X2 25
1X1X3 16.67
1X2X2 12.5
1X2X3 8.34
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Table 2 Crystal parameters of geometry optimization and experimentation

a b c Volume Volume
Doping Energy/

Model ratio/% Experimental Calculated Experimental Calculated Experimental Calculated Experimental Calculated growth

value value value value value value value value ~ ratio/%
I1X1X1 50 4.7373 5.3929 4.7373 5.3929 3.1864 3.5486 71.509 103.205 44.32 —-2706.72
IX1X2 25 4.7373 5.1500 4.7373 5.1500 3.1864 3.5006 143.018 185.4992 29.70 -2321.97
I1X1X3 16.67 4.7373 5.0930 4.7373 5.0930 3.1864 3.4474 214.527  268.149 25.00 —2193.83
IX2X2 125 4.7373 5.0884 4.7373 5.0804 3.1864 3.4062 286.037  352.122 23.10 -2129.75
I1X2X3 8.34 4.7373 5.0517 4.7373 5.0615 3.1864 3.3760 429.055  517.862 20.70 —2065.70
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Table 3 Mulliken population analysis of SnO, and 50% doped SnO,
Mulliken population
Defect type Species Total population Charge
S p d f
01,02 1.87 5.08 0 0 6.95 —0.95
SnO, 03, 04 1.87 5.08 0 0 6.95 —0.95
Snl, Sn2 0.83 1.27 0 0 2.10 1.90
01,02 1.89 491 0 0 6.80 —0.80
03, 04 1.91 4.87 0 0 6.78 —0.78
La-doped SnO,
Snl 1.16 1.33 0 0 2.49 1.51
La 1.93 6.23 1.19 0 9.35 1.65

ik 3 WLIEH, Ol. 02 J5F i b
BILHIT1-0.95¢ 25 4—0.80e, O3, O4 J5 11145 R B fip
BB AHT1-0.95e 42 h—0.78e, IXLEAR{Y - B4
7 p #UE I, Snl JEUF 1A 2 ra A £ LA & La 4R Sn2
JEF G A BT B LU R BRI /N, R EARLTE s,
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Table 4 Atomic bond length and overlap population of SnO,
and 50% doped SnO,

Defect type Bond Population Length
01, 02—Snl 0.31 0.2052
03, 04—Sn2 0.31 0.2052
SIlOz
01, 02—Sn2 0.75 0.2055
03, 04—Snl 0.75 0.2055
01, 02—Snl 0.35 0.2085
03, 04—Snl 0.65 0.2238
La-doped SnO,
01,02—La 0.46 0.2417
03,04—La 0.20 0.2535

Snl 5 &A O J57 1 B A Jm AU n, A BT,
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Fig. 2 Distribution of charge density: (a) SnO,; (b) La-doped
SHOZ
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Fig. 3 Band structure of SnO,
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Fig. 4 Band structure of 16.67% doped SnO,
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Fig. 5 Density of states(DOS) of SnO,
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Fig. 6 Density of states(DOS) of 16.67% doped SnO,
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Table 5 Band gap parameters

Doping ratio/% Band gap/eV
50 1.5797
25 0.1895
16.67 0.1301
12.5 0.2250
8.34 0.3438

HAFLTH A BN 24 LR SnO, MRS HE
B, Wil 7 frs. B 7 Fn] DUE H B 45 2 LI
I, RS R ) Sl S8 KRR T M B B G
W v, RUHETFAE AR SR SR S T -
[Fi] Bof 2 K e 4 BT P 78 HE P HOE I IS 9, K
REZH PR (3 78 e B TR S, e
JEE (R0 EE BT REAE A3 R AR B 25 LA 16.67 %I 347 [l ik
REZR T I R M 5 de K, At v JE dse /s, ket o

24 La %8 AgSnO, flik#i#id SnO, BIER T
RE
TSk APENT R R 3 25 S ik,

Fig. 7 Comparison of total density of states(DOS)
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Table 6 Carrier concentration

Doping ratio/% Carrier concentration/10" cm™
50 3.5
25 3.8
16.67 43
12.5 4.2
8.34 4.1

KBAM SnO, ME M Tk E N 2.62X10"
em (PEWLSCHR[36]), HIFE 6 REMEFH B I E 1R T
WREHE K, BEE BN, BT 2L
B4R e DN, FEB AL 16.67% N 8t iR &
Ko BT EE N 16.67% A8 S st A
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First-principles analysis of conductivity of
La-doped AgSnQO, contact material

ZHAO Cai-tian, WANG Jing-qin, CAI Ya-nan, ZHOU Lu-lu, WU Qian

(Province-Ministry Joint Key Laboratory of Electromagnetic Field and Electrical Apparatus Reliability Hebei University
of Technology, Tianjin 300130, China)

Abstract: AgSnO, is an ideal substitute material for AgCdO electrical contact material. However, due to the near

insulation of SnQ,, the contact resistance of this material increases, so improving the electrical conductivity of SnO, is an

important problem to be solved. By using the first-principle method based on the density functional theory, different
proportions (50%, 25%, 16.67%, 12.5%, 8.34%) of La doped SnO, were established respectively, then lattice constant,

Mulliken population, band structure and density of states were calculated. The results show that La doped SnO, is also

direct band gap semiconductor material, the band gap becomes smaller, the carrier concentration becomes larger, and the

conductivity is enhanced. The doping ratio is 16.67% when the conductivity is the best.

Key words: La-doped SnO,; first-principle; electronic structure; electrical property
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