Chinese Physical Society
ME#!E Acta Physica Sinica :

€D Institute of Physics, CAS

TS ZnO ERAILE FRUEIMRN R

MIRHE HLH RPAE RTART

Photoconductive UV detector based on high-resistance ZnO thin film

Qi Xiao-Meng Peng Wen-Bo Zhao Xiao-Long He Yong-Ning

5| Fi{5 & Citation: Acta Physica Sinica, 64, 198501 (2015) DOI: 10.7498/aps.64.198501

TE 251515 View online:  http://dx.doi.org/10.7498/aps.64.198501
AP % View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/119

AT RE R B B L&
Articles you may be interested in

T B S5 M O R R O TR R AR A
Low-voltage pentacene photodetector based on a vertical transistor configuration
PP 22 H%.2015, 64(10): 108503  http://dx.doi.org/10.7498/aps.64.108503

T T e T AT AT B ORI A 1) R 5 0 Hr
Design and analysis of high speed and high saturation uni-traveling-carrier photodetector
Vi3 2242014, 63(20): 208502  http://dx.doi.org/10.7498/aps.63.208502

BT N R XY 1) InSb [ FEER &5 73 JZ i 7
Delamination study of InSb infrared focal plane arrays using a cohesive zone model
YEEA4:.2014, 63(11): 118503  http://dx.doi.org/10.7498/aps.63.118503

BT R A B AL RIS (A R R - AR - R O F AR B 1 B T AT

Design of silicon based germanium metal-semiconductor-metal photodetector enhanced by surface plas-
mon resonance

YH % 4.2013, 62(17): 178502  http://dx.doi.org/10.7498/aps.62.178502

YN K A 22 T RERR PR AT 5T
Response properties of NbN superconductor nanowire for multi-photon
YyH 22422012, 61(20): 208501  http://dx.doi.org/10.7498/aps.61.208501


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.198501
http://dx.doi.org/10.7498/aps.64.198501
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I19
http://wulixb.iphy.ac.cn/CN/abstract/abstract64072.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64072.shtml
http://dx.doi.org/10.7498/aps.64.108503
http://wulixb.iphy.ac.cn/CN/abstract/abstract61420.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61420.shtml
http://dx.doi.org/10.7498/aps.63.208502
http://wulixb.iphy.ac.cn/CN/abstract/abstract59468.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59468.shtml
http://dx.doi.org/10.7498/aps.63.118503
http://wulixb.iphy.ac.cn/CN/abstract/abstract55654.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55654.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55654.shtml
http://dx.doi.org/10.7498/aps.62.178502
http://wulixb.iphy.ac.cn/CN/abstract/abstract50531.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract50531.shtml
http://dx.doi.org/10.7498/aps.61.208501

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 19 (2015) 198501

E TS ZnOERAYEE SRR IMRNZE

MR d X E

(PUAZilRY, BT 5E B TRYE, 19%

RN

AT

710049)

(201542 A 6 HigH; 2015 455 A 29 HUR RIS R )

ARSI S AR W e VR AR SR A R B — 2 ZnO W, i) & 1 AL-ZnO-Al 2540l L 3 A SR AR
WA, FEAE 2 IR T T 1 25 &5 1 A I 0 4 R M B8 AR R A Wiy S AR . 37 2 A R SR R R UALRR 1
TR 45 2 0 T 1) 4% (1 Zn O 8 S LB 2R B T 3,71 x 107 Qecm, A& — Rl R B 7R 3K 365 nm, 5
303 uW /em?® IR R IS, RSO0 HLBH 2604 7.20 x 10° Q-cm, PRINEE WG B LLIA S T 516. 40 V (i &
LR 261 ST F O S AR RIS, BRI % (1 TR Bt 18] 23591 0 199 mis A1 217 s, Wi NLI JEE R HL 852 1
4f, A ZnO SRR E SR A E S & RIS R B B A BEAT 7 BRI S b, ASCHE TS R
RW, =B ZnO MBS SR G BAT RAF IR 5L ANt H R RFE

KBEIR: miPH ZnO B, FAMRN, PR
PACS: 85.60.Gz, 07.07.Df, 68.55.—a, 81.05.Dz

1 58 =

ZnO J&— M e A8 I AR ARL, 72RO Z )
B L2 o TR B gkt DO Sy A &
BN . 5 GaN, SiC % HAth 8 2577 - T4k
MEHHEE, ZnO Wy R4 R & A AR € 1tk 4
HAPEL S5 BT A BB b | BB i L T ) A
FEAE AR B2 AR, IR LA ) T4 2% e 1 BE AR 2R 4
B2 UL HAr, AR ZnO R AME D 2% (R RF 78 3
LA AE MSM (2 J& -2 3k -5 &) 45 1 77 1, &
F58 DL DK Gl 4 fi oAy B it 14 ' P ARLRT DA 1 e R 4 f
BRI RS 2 R AN T 1 R R A 2L 4
PRI 5, 6 S R0 ER 28 B e a6 s ot
IS 3 P A A 18T, (H T e L S B DA & ZnO [
T80 A HE S ey S P18 i 7 B ) G R
2 V0 A ) B K 1 Zn O K 28 1) 4 7 MSML &5
R RO Fi S R AR 2, U 6 TR s A A ) I
WL N 1.56 x 108 Q, 20 V i B HL T R i 5 A
5A/W, ETFHHR B 8] 7350 9 4 s F15 s. Inamdar

DOI: 10.7498 /aps.64.198501

2 [10] SR F A 205 55 SR A8 o 5 A8 Aot JE i P 7
PR AS b AR K A [ R B 1Y) Zn O 1 5 5 1) %
T Ag-ZnO-Ag G5 1 L AM RN 2%, Wk 25 R B 7R I
WHFH A 2.5 x 105 Q, 5 VIRE HE N LA SRR
18535 16 s #1118 s. Xu M, Panda '2, Kind '],
Li 4 25t 56 3 F A v B ZnO 48 AR 24k T 91
T8, &b 5L ORI A 1A LAD B L AR
A A TR e S8 s [] o0 SR 2 S RN 25 1) B FH 52 21 PR
il PR, AT T B ZnO B, SRS
AHEE EHEFE T BB ZnO 2 ST 48 AR I 28 1
CEAEALR

2.1 S ZnO FEREIMRNZZHH]Z

e BEL Zn O T8 1R 16 Ha T 58 AR 85 1) 1) £ i
TR 1B, 15 4 99.99% 1) ZnO $Eif
Tk ST AR A2 D SR ) T VAR B AR RS — 2
ZmO R, IR 2N ER T, Ar A3 E 10 scem,
SUE 1.0 PaBHARTHZ 120 W, ISR 1] 4 30 min.

w FE SRR 45 BB U 4 LS xkjc2014011) RIE S H AR R4 (S 60876038) R BIAIEA.

T BfE/E#H. E-mail: yongning@mail.xjtu.edu.cn

© 2015 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

198501-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.198501
http://wulixb.iphy.ac.cn

¥ 38 % 3k Acta Phys. Sin.

Vol. 64, No. 19 (2015) 198501

Rt

lift-off
gl

L]

Tt AL

—

BRI

‘é&ﬂi

ZnOfix: Zn O
jizran BEHE RIS

T Wt ZnO

BeRithE

0.5 mm 0.5 mm

Bl1 BRAMRIESAT R 2 R e AL FEAR S5

Fig. 1. Preparation process of UV detector and the structure of Al electrodes.
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Fig. 2. Characterization of ZnO thin film: (a) XRD and SEM (insert) images; (b) UV-VIS transmission

spectrum.
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Fig. 3. The response characteristics of detectors under different UV intensity: (a) I-V characteristics; (b)

I-t characteristics.
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Fig. 4. (color online) Transient response of the detectors: (a) response characteristic with a bias voltage of

40 V; (b) response characteristics with different bias voltage.
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Abstract

As a wide bandgap semiconductor material, ZnO has huge potential in applications such as light emitting devices
and sensors. Compared with GaN and SiC, ZnO has a bandgap of 3.37 eV and exciton binding energy of 60 meV
at room temperature, indicating it is a promising candidate of UV detector. ZnO based metal-semiconductor-metal
photoconductive ultraviolet detector has the advantages of high optical gain and strong responsivity. However, due to
the photoconductive relaxation and surface effect of the ZnO material, a ZnO-based photoconductive UV detector has a
slow response which is defective for practical application. The intrinsic defects typically generated during the synthesis of
ZnO, e.g. oxygen vacancy, should be responsible for the slow response. Therefore, we have fabricated the high-resistive
ZnO thin film based UV detector and studied its UV response characteristic. High resistance ZnO thin film is fabricated
on glass by RF magnetron sputtering and followed by lift-off photolithography to form Al interdigital electrodes. SEM
and XRD images show that the as-fabricated ZnO thin film grows with preferential orientation along c-axis. A linear
I-V curve under UV illumination indicates the ohmic contact between Al and ZnO. From these results, we can calculate
the resistivities to be 3.71 x 10° Q-cm and 7.20 x 10° Q-cm respectively when in the dark and under 365 nm UV light
of 303 pW/cm2. The light-to-dark current ratio is up to 516 with bias of 40 V. Besides, the ZnO thin film detector
shows a stable, rapid, repeatible and reproducible response with a rise time of 199 ms and a fall time of 217 ms when
exposed to periodically switched UV light illumination at a bias voltage of 40 V. Moreover, the detector has a high
selectivity for 365 nm UV light and the responsivity is 0.15 mA/W with the intensity of 303 uyW/ cm?. Furthermore,
the transient response process is analyzed using the theory of surface recombination and bulk recombination of ZnO
semiconductor. For a high resistance ZnO thin film based UV detector, the surface recombination process is weakened
ascribed to the decrease of intrinsic defects and the bulk recombination process plays a leading role, resulting in the
fast response. Results show that high resistivity ZnO thin film based UV detectors have outstanding UV photoresponse

characteristics for potential applications in UV /radiation detection.
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