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Fig. 1. The crystal structure of SrSnOj unit cell.

ARG (2) SIS

1/2
a(w) = (V2w/c) - [ 1 (W) 463 (W)’ — ey (w)} / :

(2)
X w AEFIR, c . A R EUE I
£9(w) FIIE A 7R3 A LUK IX B 3 B AR M oT
REANEMADFEDAT. MHSHE o) (w) WA AR
P ey(w) # 1L Kramer-Kronig )& R IR

3 HXR5iTk
3.1 SrSnO; T4

K 2(a)—(d) 43 BIER T SrSnO; By ML B
FILA K S JEF- | Sn JEFF1 O S5 10 40 I 25 % B
K. NE 2 AT RAIE Y, Sn-5p 81 O-2p Xy T
¥ —E ok, 2 0-2p Btk Z, BWIK
FEYET Sn-5s & Kl 3 R SrSnO; BT (VBM)
FIFAH IR (CBM) 785225 [8] P4 1) FL g 2 B 43 A, 45
G 1E 2 A TR T A A B AT A — B AR
VBM EZRIET 0-2p 2, Sn-5p A —/Nif5
Bk, CBM FZRIET Sn-5s &, O-2p WA /D
HB5T TR

013101-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol.72,No. 1 (2023) 013101

TDOS
8

o &
O

PDOS
o
o w
=
;%
0
=
»
w0
0
 f

8 (c) —— Sn-s Sn-p
e ?[
. . s TN
A o
26
0
8 1 /ﬁ-f‘/\ - o
[al [ S——— L L L NE—
-8 —6 —4 -— 0 2 4 6 8 10

Energy/eV

Kl 2 SrSnO; B BAEE (a), St T (b), Sn &+ (c) LA
L O BT (d) B P o B IR R PR BER BN F

Fig. 2. The total density of states (TDOS) (a), partial dens-
ity of states (PDOS) of Sr (b), Sn (c) and O (d) in SrSnOs;.

The Fermi energy level is set to zero.
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Fig. 3. The electronic charge densities of the VBM and
CBM in SrSnO;.
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Table 1.  Effective masses of electrons and holes in
SrSn0; (in: my).

AR HLT R
mios 0.36 1.72
méo 0.32 0.44
Moo 0.36 0.48

Energy/eV

Absorption/(10* cm—1)

Photon energy/eV
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Fig. 4. The band structure (a) and the absorption coeffi-
cients (b) of SrSnO;. Colorful regions in figure b are the
range of visible light spectrum. SrSnOj cannot absorb light
at the range of visible light spectrum, which stands for it
has a good transparency.
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Fig. 5. Allowed relative chemical potential region (faint yel-
low area) for a stable SrSnOj. Points A -D represent four

different chemical potential limit conditions.
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Fig. 6. Defect formation energies of intrinsic defects in SrSnOj. Points A-D represent different chemical potential limit conditions,

which is corresponding to the different preparation environments for experiments.
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Fig. 7. The defect formation energies of external donor defects under different relative chemical potential conditions. The grey lines

represent the defect formation energies of p-type intrinsic defects which may lead to a carrier compensation effect.
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Fig. 8. The defect formation energies of external acceptor defects under different relative chemical potential conditions. The grey

lines represent the defect formation energies of n-type intrinsic defects which may lead to a carrier compensation effect.
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Fig. 9. The band-edge energy positions among a series of
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and CuyO. The band gaps of them are 3.52 eV, 3.73 eV,
3.55 eV, 3.1 eV and 2.02 eV, respectively.
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Abstract

As a wide band gap semiconductor with perovskite structure, SnSnQOj is regarded as a promising candidate
of transparent conductive oxides due to its superior properties like high transparency, non-toxicity and low
price. In this work, the electronic structure of SrSnO; is obtained through first-principles calculations based on
HSEO06 hybrid functional. Especially, we investigate the defect formation energy and transition levels of the
intrinsic and external defects in SrSnQO;. The intrinsic defects including the anti-site defects (Srg, and Sng,), the
vacancy defects (Vg, Vg,, and Vg), and the interstitial defects (Sr;, Sn; and O;) are considered while the
external doping defects are taken into account, including the substitution of Li, Na, K, Al, Ga, In for Sr site, Al,
Ga, In, P, As, Sb for Sn site, and N, P at O site. Subsequently, the suitable doping elements and the
corresponding experimental preparation environments are pointed out. Furthermore, we discuss the mechanism
of its conductance according to the energy positions of the band edges. Our calculation results demonstrate that
SrSn0O; is an indirect-type semiconductor with a fundamental band gap of 3.55 eV and an optical band gap of
4.10 eV and then has a good visible light transmittance. Its valence band maximum (VBM) comes from O-2p
state while its conduction band minimum (CBM) mainly originates from Sn-5s state. In consistent with the
delocalized Sn-5s state at CBM, the electron effective mass is light and isotropic, which is beneficial to n-type
conductance. The n-type intrinsic defects Sng, and V, have lower defect formation energy than the p-type
intrinsic defects under O-poor condition while the n-type and p-type defects with low defect formation energy
are almost equal under O-rich condition. Moreover, the transition levels of Sng, and Vy are both deep.
Therefore, SrSnO; cannot have a good conductance without external doping. Our calculations also demonstrate
that it is hard to produce an efficient p-type external doping due to the compensation effect by V. On the
other hand, substitution of As or Sb for Sn site can result in an effective n-type external doping due to their low
defect formation energy and shallow transition levels. According to the low energy positions of VBM (-7.5 eV)
and CBM (4.0 eV) of SrSnOj;, we explain the reason why it is easy to realize an n-type conductance but hard
to produce a high-performance p-type conductance, which follows the doping rules for wide band gap
semiconductors. Finally, Sb-doped SrSnO; is proposed as a promising candidate for n-type transparent

conductive materials.

Keywords: first-principles calculations, n-type transparent conductive oxide SrSnQOs, defect formation energy,

band-edge energy position
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