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First-principles study of oxygen-dope states in II-VI semiconductors
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Abstract Oxygen(O) doping for II-VI semiconductors. To understand its
origin and feature, the chemical trend of reduction is studied by the first-principles
calculation with comparing the cases of various II-VI compounds. We found that
II-VI semiconductors are categorized al least into two groups. This fact promotes
the expectation that O-doping into II-VI realizes the mid-gap band-states useful
for solar cells. However, there are no systematic studies for the O-doping into II-
VI systems.
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Fig. 1. Schematic illustration of cubic unit cell
system adopted in the present calculation, in
the case of O doped ZnSe. This unit has 32

i Aiis Zn(Blue), 31 Se(Green), and 1 O atoms. The
atoms on the boundary are fixed at the ZnSe
bulk positions, while positions of other atoms

@ T W g Se  are optimized. Doped O atom is located at the
-9 center.
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Fig.2 Calculated band structures of O-doped ZnTe The bands below 0.0 eV are
valence bands. (a) shows band structures of Bulk (reference). (b) shows band
structures of O-Dope. And (c) shows band structure of N-doped GaP(III-V).
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Fig.3. Calculated wavefunctlons of'I" -point states of O-doped Zn'le, (a) a, (b) b,
and (c) ¢ states shown in Fig. 3(b). a is a valence-band state of ZnTe, c is a
conduction-band state of ZnTe, while b is a localise O-3s orbital state.
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Fig.4 Calculated band structures of O-doped ZnSe The bands below 0.0 eV are
valence bands. (a) shows band structures of Bulk (reference). (b) shows band
structures of O-Dope. And (c) shows band structure of N-doped InP(III-V).
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Fig.5 Calculated wavefunctions of I" -point states of O-doped ZnSe, (a) a, (b) b,
and (c) c states shown in Fig. 4(b). ais a valence-band state of ZnSe, while b and ¢
are hybridized conduction-band states between O and Zn.
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sendiction band mllE Fig.7. Schematic views of O-doped II-VI
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O-3s_states O-doping induces two types of band-gap
i <L reduction;
J L 1 .
< = (1)ZnS and ZnSe : the conduction band
lowers its energy reflecting the hybridization
with O-3s state.
(2)ZnTe : Localized O-state appears within
valence band the band gap and the conduction band
5. &

WpFEr R —7 L1 -V B LAk o 7R 82 5 — R FR S5 2 F VN CRENT
BT oTn, TORER NNy T OUX I a I 2D XA T BNEIETHIE
Do3inotz, ZnTe TIINURX vy T NIZEER I RFELTZIAN N BLND, O
EIXMEERAID GaP LRILTHD, Tz, BBER T MEERO iz L5520 5%
HIEFR TE, ZIHIE mid-gap-band TR T 2D TRIGEMOEIE L THIFRF T 5,

WIZ ZnS X° ZnSe TIHME RN FRET 5 Hybird M2 /R 2 &M MR T, HEE
BERBAO InP X° GaAs LRIBEOHEE THD, ZAUTRERITIRFE D 3sHIEDNARLH
HRDHDThD, LD REEN S CELEBIXZENZE O E i D=
FINF—YENLDFENZ LS TR CTEAZEN Tz, ZONEEFIEIT 1-VI B L&
W H-EARE A DL O THD,

LS BITIEFR R — T I LD R DFRAT O T R — 71 LA TR 7O FHES A3
VRIEE D BT T RIS WCOMNT 2D TITE TV,

[FEEIADETED —HBId A AR S B (BRI A ZE C. No24914007) (2 LD Bk
BT DThHD,

References

[1] P.R.C.Kent, A.Zunger, Phys.Rev.B 64, 115208 (2001).

[2] S. V. Dudiy,Alex Zunger, Phys.Rev.B 70, 161304 (2004).

[3] M.Ishikawa et al, Phys.St.Solidi C8, 352 (2011).

[4] K.IM.Yu et al.,Phys.Rev.Lett. 91 246403 (2003).

[5] T. Tanaka et al. Jpn. J. Appl. Phys. 50 (2011) 082304

[6] Sang Woo Pak et al. Jpn. J. Appl. Phys. 51(2012) 01AD04

[7] Z.T. Kang et al. Journal of Luminescence 117 (2006) 156

[8] Yun Ho CHO et al, Journal of NUCLEAR SCIENCE and TECHNOLOGY,
Supplement 5, 534 (June 2008)

[9] V. V. Blinov et al, Inorganic Materials, Vol. 37, No.12, (2001)1228
[10] T.Nakayama .Jpn. J. Appl. Phys. 33 (1994) L 211



