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Abstract

It is well known that N doped SrTiOs; has been successfully used to develop semiconductor diodes
in a blue-light region, transparent conductive films and perovskite-oxides hetero-junction optical-
electric devices. The first-principles Plane-Wave PseudoPotential (PWPP) calculations have been
performed to investigate the atomic configuration, chemical bond characteristics, and electronic
structure of N atomic adsorption on SrTiO3(001) surface with the explanations of the related expe-
riment phenomena in the present study. These results indicated that the stability of the adsorbed
N on the surface depends on the relative position of N atom to the surface by analysis of adsorption
energy, substitution energy and density of states.
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Figure 1. Schematics of the computational models of the SrTiO;(001) surface in
present study. The 1 x 1 supercells of the slab model with (a) TiO,-terminated
and (b) SrO-terminated SrTiO;3(001) surface, respectively; (c) Top view of the
surface atomic layer of the 2 x 2 supercells, in which we illustrate the different
adsorption sites for N on the surface layer
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S5 AE o N R FIRITE O(D) B 5 i, il 2(a)Fior, AXFRIZE FIEEET, O()EFIH[001]
Tl a RS ANR RN ES, SERM N JEFAME Oy R 1M HAIR AN SET Tis(D R 1 360
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Table 1. The adsorption energies (eV) of N, and the atomic distances (A) between the adsorbed N and different adsorption
sites on SrTiO5(001) surface after structure optimizations
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SETION(001) %7 R R B N E(NZ)E"" (eV)E(N) A
oD 1.33 (#: O(D) 1.33 2.39 Yes
TiO2JF 72 # 1k Tiy(I) 1.92 (#: Tig(D) 0.39 1.25 Yes
Interstice A 0.25 (#: A) 1.62 2.67 Yes
0y(1) 1.35 (#: O(1)) 0.97 1.93 Yes
StOJ5 ¥ )=k Sry(1) 2.46 (#: Sry(1)) 0.15 0.74 Yes
Interstice B 0.94 (#: B) 124 2.16 Yes
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Figure 2. Optimized structures of N directly adsorbed SrTiO;(001) surface super-
cells, in which the unitcells are only shown in two atomic layers. With respect to the
different sites, (a), (b) and (c) stand for N adsorbed on O4(I), Tiy(I) and interstice A
on TiO,-terminated surface layer, respectively; (d), (e) and (f) are corresponding to
N adsorbed on O4(1), Sry(1) and interstice B on the SrO-terminated surface layer,
respectively (where the large light gray sphere is N atom; the small light gray
spheres are Sr atoms; the dark gray spheres are Ti atoms; and the black spheres are
O atoms, respectively)
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eV), “HEZEHAEFE /N4 eV). L, NJE T2 5 T E# SITio; Mk HIEZ SrTiOs(001)3K 1H 2 14
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3.2.1. N JR FEIEWEH SrTiO;(001)FRMHE
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Table 2. Substitution energies (eV) at different N-substitution sites after structure optimizations

2. REEBEHREUERSH N BFUTIEEREHREE

EY (eV)
SrTi0;(001)E 1 NGRS A R gL
ENN) EMN>)
0Oy(I) 3.57 4.49 Yes
TiO2 R FZE#E Ouu(11) 3.69 4.61 Yes
Oyq(11D) 3.70 473 Yes
0y(1) 3.65 457 Yes
SrO ¥ E#uk Oun(2) 3.71 4.68 Yes
0:4(3) 3.80 479 Yes
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44— Os(I) ds s
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2
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Figure 3. Projected density of states (PDOSs) of different atoms on the sur-
face layer in N directly adsorbed TiO,-terminated SrTiO;(001) surface
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Figure 4. Projected density of states (PDOSs) of different atoms on the sur-
face layer in N directly adsorbed SrO-terminated SrTiO3(001) surface
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RIMMIHT45H
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Figure 5. PDOSs of different atoms on the surface layer and the
third later in the TiO2-terminated SrTiO;3(001) surface (a) before N
substitution, and (b) after N substitution, respectively
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