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ABSTRACT : Objective To study the stability, electronic structure and the UV absorption of ZnO by surface molecular absorp-
tion. Methods Based on first-principle calculations within density functional theory, we firstly optimized the structures of different
ZnO systems. The systems included O,, H,0 molecules adsorbed onto the pure ZnO films and the ZnO films with oxygen vacan-
cies. Then, we calculated the electronic structure and optical properties of different ZnO monolayers. Results By calculation of ad-
sorption energy, we found that molecular adsorption was beneficial for improvement of stability of the systems. And the most obvi-
ous was oxygen molecular absorption. From the energy band and density of states figures, we found that molecular adsorption bene-

fited the electron transition between valence band and conduction band, which could improve optical absorption. The figure of
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charge density difference indicated there was interaction between surface molecules because of charge transition between ZnO and

surface molecules. Optical absorption figure displayed the improvement of optical absorption. By comparison, we suggested that

water molecular adsorption on ZnO monolayer with oxygen vacancies was the best system because it had the stronger UV absorption,

higher carrier concentration, smaller carrier effective mass and better stability. Conclusion The oxygen vacancies in the ZnO mono-

layer and the oxygen or water vapor in experimental environment influenced the UV response of ZnO. We hope our calculations

could provide reference for the study on UV detector of ZnO films.

KEY WORDS: ZnO; first-principle calculation; UV detection properties; molecular adsorption; surface defect; UV absorption
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Fig. 2 The figure of the energy band
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ZnO WRERR AR ¢ Zn-s B FHIRBEHM N,
1M O-p A5H 4 UL AL, 3 24 B 22 4% 1) 32 225t
W MTERCTE,RE Zn-s BRFHIKE T %
B BT O-p AL R WL 7E N #8, LA 3l i
R BILF AL . X TR d e T, 5
ALY Zn-s 2509 1A% AN A AL B O-p 25 JL-F-A
A8 BT LA B AR

Xof FAR UM A 2R o 11 E Ao Heml L& B,
TESCREAROL T FETORREH M L TARE S M O-p 25
WAL S 0-p &5, XHBIT LTI BRI HORMRAE R IX

A TIRIL (3.1 ~6.6 eV), A 0-p BIE(HE
ARG, 3R A I S i bb S5 6055 , 3k 7 AH 56 S 56
TAEHEZBEREL™ ) MFRR (15, kb
SO FHIET O-p BEN WAL Zn-s BTG L
T 7.6 ~10.5 eV g X HEIIL

wE 3b 1 3e s, KIKRE AR b Fl e 761
WIS R, =3 eV BT A K 2 T 1 0-p 3] F78 kb
Zn-s A5 HL T B AT AR AR 1 XA G (N 3.7
eV 6.5 eV) Mok, HIEBIK ;1A B IEE L
B, A7 B G IR 5 LA 55, 1 X A B R
AT R A O VR B DR, T DA R/ S i
N BT E E] A, FE RO RIS LT BT
23 IR B E B A R BUK 41 b 3R LAY/ N S iy
FRH 2. , 30X TR R 52 W b5 g 7 A A )0

Kl 4 251 T &R R WL 22 00 3 B i — 2P AR R
M T TAFSE . NIRRT DU % F AT 48028
PERIR R d,e F1 £, A58 (i AAT UH B A L T 4R 2R, 4%
FERZR d e s 1M 48025 00 47 SR O 2% ST A8 A 107
BRI R T SRR T S i, 72 T8Ok
HECT B, ol A5 o 1 R O, X 5 S 50 45 SR A
P LTI Y A LA B RiE G 45 #  xE LE, AR ST
DN F 2 7P A 3R FL A R 1 RE 8 43 24 2 e Mo
SRIG FZRN AN TE TR B BT AR R R A
TEHL TR RS 0TI B3 R B 2 ) A7 A AR

K4 AL 2E o
Fig. 4 The figure of charge density difference




a4k P12

TIAEAE A 7T W BRI T BRI X ZnO LSS A ) 3 1) - 141 -

RS F RS R R LB, BT
VEFMIFEAE S BRI R R i, DA A5 0K 3R A S 1
T ER T LA U Ak 4RO B 1 1 SR A LY ZnO
FRAAR 22 IV 122 A2 FRe B 11, 33X 5 17 IF 485 ) 0 AT 1 4 SR A
o

h T PR ASR R RO, B S T A
RO, WA DL, & RS MR R
d, e, f 402 IARZR d Fl e, AR MO R 5L B, 1%
5 DN REAT 45 K TR Ay 22 435 B P AR B 4510 A — 3L
XA TR AR RN F , N 3 eV 5] 6.5 eV Gt
DX 38 P OGSO iR | 3 5 28558 BE A A BT 45 R A AT .
AN ARZR CTET. 6 ~10.5 eV XGRS | X 55
T RETT A oM e v &, IRl 2 A /K VK
B P RS AR R f BLAT B 1 SR A X Ok
WA, A5 1) HE A SR A 4R i) 182 FH

d
24000} 4
20000} o/
f
P
g A
- . \\ /
Z 12000F ©
2 5 7\
8000 \
4000F \\
\
O 1 1 1 1 1
0 2 4 6 ] 10 12
Photo energy / eV

K5 ot
Fig.5 Absorption spectra

N T B EFRRITRENE , 2 — LTI e
PR b g £, il Tl P

E,=E"-E -E,

KHE"E,E, 70 9 AR S 9 R G0 5
e, 4l ZnO IR B A 025 A0 1Y ZnO B 0 6L BE
AR BT 72T e . FErR I RRFAE A B (R ]
PRARTE , MNIEER RN RRATRE

THRZR LR 1, 201 WA AT 3SR R R A2
SETE, Mo TR IS &0 R, JGiE Zn0 2 5E 4 1Y
WA ALY A RO ERIE S, X EidRSe
AR A 2200 B B 0T ARAT . 5406 ZnO FHLE,
Fotu AR 2B Y AR AL R L 2% LAY, SR W iX SE 45
MURERRER o LRSIk, AR A 505 e 1) £ By
B 7R R AR E M AR A RO AT AT 3

P=hK
P WK
E(k)= 2m~ 2m

L(PEY!

s

KPP, k,E,m Bl FERehE R ARG R
FAARUT R, 2 1A THMASUR R H LR,
AR R RS OR T 58 &1 Zn0 7R 5100 O, Wt
SHAHAR R DA ROUT 25N, H, O W B DA X
AN—28 H T RUR B T TR R, H 0,
W RS T ZnO Y HLF3EFE % H,0 40 F B X i
TEBRWEWE/NMREZ i —5 R A KR
M R PR R £ 0] LU SR 5 AR 3 v

3 &g

ARSOR AR — PR I 8 B2 s S, e TR
I35 KO, LR SR S X ZnO ISR MR
PRSI E IS O 58 SN i 5ik 32 Bk I T 4028
P ERETENREH IR, Ji5h, RN R
Gt e A B, UK 2 T I B A5 5250
DA a | R R G RRE YRR 3 . (e R
UL, TR MOK > TR 3] Zn0 W IXA B T4
MBI TR BE I PROE R B, Ferb KR R Y 5 4R
23 LA R T B R R e N B ) A A AL
JoH A B g Y A3 TV, A A SR MR A 2
EH

S 3k

[1] LIU Ke-wei, SAKURAI M, AONO M. ZnO-based Ultraviolet
Photodetectors[ J ]. Sensors,2010,10(9) :8604—8634.

[2] LAO CS,PARK M C,KUANG Q,et al. Giant Enhancement
in UV Response of ZnO Nanobelts by Polymer Surface-func-
tion[ J]. Journal of the American Chemical Society, 2007,
129(40) :12096—12097.

[3] ZHOU Jun,GU Yu-dong,HU You-fang,et al. Gigantic En-
hancement in Response and Reset Time of ZnO UV
Nanosensor by Utilizing Schottky Contact and Surface Func-
tionalization[ J]. Applied Physics Letters,2009,94 (19) .
191—203.

[4] OZGUR U,ALIVOV Y I,LIU C,et al. A Comprehensive
Review of ZnO Materials and Devices[ J]. Journal of Ap-
plied Physics,2005,98(4) :41—54.

[5] YADAV H K,SREENIVAS K, GUPTA V. Study of Metal/
ZnO Based Thin Film Ultraviolet Photodetectors: the Effect



. 142 -

F o oK

2015 4F 12 A

[9]

[10]

[12]

[13]

[14]

[15]

[16]

[17]

of Induced Charges on the Dynamics of Photoconductivity
Relaxation[ J]. Journal of Applied Physics,2010,107(4) .
044507.

KHAN A F,MEHMOOD M, ASLAM M, et al. Nanostruc-
tured Multilayer TiO,-Ge Films with Quantum Confinement
Effect for Photovoltaic Applications [ J]. Journal of Colloid
and Interface Science,2010,343(1) .271—280.

70U Zhi-jun,XIE Chang-sheng,ZHANG Sha-sha,et al. CdS/
Zn0 Nanocomposite Film and Its Enhanced Photoelectric Re-
sponse to UV and Visible Lights at Low Bias[J]. Sensors &
Actuators B Chemical ,2013,188(11) :1158—1166.
SARAVANAKUMAR B,MOHAN R, THIYAGARAJAN K.
et al. Investigation of UV Photorespanse Property of Al, N
Co-doped ZnO Film[ J]. Journal of Alloys and Compounds,
2013,580(24) :538—543.

RAJAN A,YADAV H,GUPTA V ,et al. Sol-gel Derived Ag-
doped ZnO Thin Film for UV Photodetector with Enhanced
Response[ J]. Journal of Materials Science,2013,48(22) ;
7994—8002.

MAYES E L H,MCCULLOCH D G,PARTRIDGE ] G. Ul-
traviolet Detection from Graphitic-C/Zn1-MgO Schottky De-
vices Fabricated at Moderate Temperatures [ J]. Applied
Physics Letters,2013,103(18) ;182101.

LIU J,LU R,XU G,et al. Development of a Seedless Float-
ing Growth Process in Solution for Synthesis of Crystalline
7Zn0O Micro/Nanowire Arrays on Graphene; Towards High-
performance Nanohybrid Ultraviolet Photodetectors[ J]. Ad-
vanced Functional Materials,2013,23(39) :4941—4948.
ZHENG X G,LI Q S,ZHAO ] P,et al. Photoconductive Ul-
traviolet Detectors Based on ZnO Films[ J]. Applied Surface
Science ,2006,253 (4) :2264—2267.

LEE J S,ISLAM M S,KIM S. Photoresponses of ZnO Nano-
bridge Devices Fabricated Using a Single-step Thermal E-
vaporation Method[ J ]. Sensors and Actuators B Chemical ,
2007,126(1) .73—717.

REYES P I,KU C J,DUAN Z, et al. Reduction of Persistent
Photoconductivity in ZnO Thin Film Transistor-based UV
Photodetector[ J]. Applied Physics Letters,2012,101(3) ;
031118.

TIAN Ren-shou, WANG Qiang,ZHAO Feng,et al. Slow-rise
and Fast-drop Current Feature of Ultraviolet Response Spec-
tra for ZnO-nanowire Film Modulated by Water Molecules
[J]. Chinese Phys B,2012,21(3) :038104.

LAW J B K, THONG J T L. Simple Fabrication of a ZnO
Nanowire Photodetector with a Fast Photoresponse Time
[J]. Applied Physics Letters,2006,88(13) :133114.

LI Y, VALLE F D,SIMONNET M, et al. Competitive Sur-
face Effects of Oxygen and Water on UV Photoresponse of
Zn0 Nanowires[ J |. Applied Physics Letters,2009,94(2) .
023110.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

CLARK S J,SEGALL M D,PICKARD C J,et al. First Prin-
ciples Methods Using Castep[ J |. Zeitschrift Fuer Kristallog-
raphie, 2005 ,220.567—570.

VANDERBILT D. Soft Self-Consistent Pseudopotentials in
Ageneralized Eigenvalue Formalism[ J]. Physical Review B
Condensed Matter,1990,41(11) :7892—7895.
ABRAHAMS S C,BERNSTEIN J L. Remeasurement of the
Structure of Hexagonal ZnO [ J]. Acta Crystallographica,
1969,25(7) :1233—1236.

LI Lu-yan, WANG Wei-hua, LIU Hui,et al. First Principles
Calculations of Electronic Band Structure and Optical Prop-
erties of Cr-Doped ZnO[ J]. Journal of Physical Chemistry
C,2009,113(19) :8460—8464.

WU Chang-le, SHEN Li,ZHANG Yong-cai,et al. Solvother-
mal Synthesis of Cr-doped ZnO Nanowires with Visible
Light-driven Photocatalytic Activity[ J]. Materials Letters,
2011,65(12) :1794—1796.

WANG Qian, SUN Qiang, JENA P. Ferromagnetism in Mn-
doped GaN Nanowires[ J ]. Physical Review Letters, 2005,
95(16) :7202.

TANG Qing,CUI Yao,LI Ya-fei,et al. How Do Surface and
Edge Effects Alter the Electronic Properties of GaN Nanor-
ibbons[ J]. Journal of Physical Chemistry C,2011,115(5) ;
1724—1731.

TU Z C. First-principles Study on Physical Properties of a
Single ZnO Monolayer with Graphene-like Structure [ J].
Journal of Computational and Theoretical Nanoscience,
2010,7(6) :1182—1186.

ZHENG Fu-bao,ZHANG Chang-wen, WANG Pei-ji, et al.
The Electronic and Magnetic Properties with Intrinsic De-
fects in ZnO Nanosheets; First-principles Prediction [ ] ].
Current Applied Physics 2013 ,13(4) :799—802.
JANOTTI A,WALLE V. Oxygen Vacancies in ZnO[ J]. Ap-
plied Phyics Letters,2005,87(12) :122102.

YIN Wan-jian, MA Jie, WEI Su-huai, et al. Comparative
Study of Defect Transition Energy Calculation Methods ; the
Case of Oxygen Vacancy in In,0; and ZnO[ J]. Physical
Review B,2012,86(4) .045211.

SOSI C, ZHANG A, XIANG B, et al. ZnO Nanowire UV
Photodetectors with High Internal Gain[ J]. Nano. Letter,
2007,7(4) :1003—1009.

HSU C L,LI H H,HSUEH T J. Water and Humidity-en-
hanced UV Detector by using P-type La-doped ZnO
Nanowires on Flexible Polyimide Substrate [ J]. ACS Ap-
plied Materials and Interfaces, 2013, 5 (21 ). 11142—
11151.

WU Huan-wen,ZHANG Ning, WANG Hong-ming, et al. Ad-
sorption of CO, on Cu,0 (111 ) Oxygen-vacancy Surface:
First-principles Study[ J]. Chemical Physics Letters,2013,
568 :84—89.



