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ZnO nanowire (NW) ultraviolet (UV) photodetectors have high sensitivity, while the long recovery

time is an important limitation for its applications. In this paper, we demonstrate the promising

applications of ZnO NW Schottky barrier as high performance UV photodetector with high

sensitivity and fast recovery speed. The on/off ratio, sensitivity, and photocurrent gain are 4� 105,

2.6� 103 A/W, and 8.5� 103, respectively. The recovery time is 0.28 s when photocurrent

decreases by 3 orders of magnitude, and the corresponding time constant is as short as 46 ms. The

physical mechanisms of the fast recovery properties have also been discussed. VC 2011 American
Institute of Physics. [doi:10.1063/1.3660580]

In recent years, one-dimensional (1D) semiconductor

nanostructure materials have attracted much attention

because of their potential applications in nanoscale elec-

tronic and optoelectronic devices, such as field effect transis-

tors,1,2 gas and chemical sensors,3,4 and photodetectors.5,6

Due to the wide bandgap (3.4 eV) and extraordinary optoe-

lectronic properties, ZnO nanowires (NWs) have been

widely investigated and exhibited potential applications in

developing ultraviolet (UV) photodetectors.7–12 In these 1D

nanodevices, the 1D nanomaterials inevitably make two

metal-semiconductor (MS) contacts with two electrodes.

Recently, more and more researches begin to focus on the

MS contacts of 1D nanomaterials, because the MS contacts

have been found to have dominative influence on the trans-

port behavior of 1D nanomaterials and promising applica-

tions in developing novel devices.13–18 For example, the MS

contact of carbon nanotube has been used to prepared

Schottky rectifying diodes with high frequency up to

2.5 THz,14 and the MS contact of ZnO NW has been used to

prepare supersensitive gas and UV sensors.15,16 In the previ-

ous studies in our group about the Schottky barrier (SB) con-

tact between oxide NWs and metal, it is found that the

surface states of NWs (Refs. 19 and 20) and the geometry

structure of SBs (Ref. 21) have important influences on the

transport properties of NW SBs, and light can effectively

control the transport properties of NW SBs.22 While, how to

make use of SBs to improve the performance of NW-based

optoelectronic devices is still a challenge.

In this paper, we demonstrate the photocurrent proper-

ties of a single ZnO NW SB with high sensitivity and fast re-

covery speed. The on/off ratio, sensitivity and photocurrent

gain are 4� 105, 2.6� 103 A/W, and 8.5� 103, respectively.

Interestingly, the recovery time is 0.28 s when photocurrent

decreases by 3 orders of magnitude, and the corresponding

time constant si (the recovery time when photocurrent

decreases to its 1/e, i.e., 37%) is as short as 46 ms, which is

much shorter than the previously reported si values of ZnO

NW UV photodetectors ranging from several seconds to sev-

eral minutes.7–12 In addition, the generation and recovery

mechanisms of ZnO NW SB photocurrent have been dis-

cussed to explain the physical basis of the fast recovery

properties.

The ZnO NWs were synthesized by thermal evaporating

and assembled on Au electrodes by dielectrophoresis.21 The

I-V curves were measured at room temperature in ambient

condition, and a 365 nm UV light with intensity 7.6 mW/cm2

was used. Figure 1(a) shows the I-V curves of a single ZnO

NW in dark and under UV light in log scale, Fig. 1(b) shows

the I-V curve under UV light in linear scale, and the corre-

sponding scanning electron microscopy (SEM) image of the

NW is shown in the inset of Fig. 1(b). The nonlinear and cut-

off properties of Idark (current in dark) indicate that the ZnO

NW makes two SB contacts with the two Au electrodes, and

a back-to-back SBs structure is formed, in which the current

is dominated by the reverse current of reverse biased SB.13,20

As shown in Fig. 1, Ilight (current under UV light) is nonlin-

ear with voltage in low bias region (�1.4 V<V< 1.6 V),

and lnðIlightÞ is almost linear with voltage in this bias region.

This curve properties have been discussed in detail in our

previous report, which indicate that the current transport

under UV light is still dominated by SB, and Ilight is attrib-

uted to the tunneling current of SB.22

Under UV light, the current remarkably increases, and

the ratio of Ilight to Idark at þ5 V bias is up to 4� 105.

Photocurrent sensitivity (S) is the current value per unit

optical power and is expressed as S ¼ Iph=Popt, where

Iph ¼ Ilight � Idark and Popt is the optical power absorbed in

the interface of NW SB. Photocurrent gain (G) is the ratio of

the number of electrons collected per unit time to the number

of absorbed photon per unit time. If the absorption quantum

efficiency of photon is assumed to be unit (all of the photons

have been adsorbed), G can be expressed as8,18

G ¼ Iph=q

Popt=hv
¼ S

q=hv
; (1)

where q is elementary charge and v is the frequency of the

adsorbed photon. For the photocurrent at þ5 V bias, S and G
are calculated as 2.6� 103 A/W and 8.5� 103, respectively.
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Figure 2(a) shows the time-resolved photocurrent at

þ5 V bias with multiple on/off cycles, in which the turn-on

and turn-off time of UV light are both 10 s. It is clear that the

recovery process of photocurrent contains a fast recovery

process followed by a slow recovery process. The photocur-

rent recovery curves at various biases (þ2, þ3, þ4, and

þ5 V) exhibit similar properties, all of them contains a fast

and a slow recovery processes.23 In the slow recovery pro-

cess, the photocurrent completely recovery to the original

current value in dark condition within about 70 s.23 As

shown in the magnification of a single on/off cycle at þ5 V

(Fig. 2(b)), the recovery time in the fast recovery process

(tfp) is only 0.28 s within which the photocurrent decreases

by 3 orders by magnitude, and the current-time curve within

tfp can be well fitted by an exponential expression

I ¼ Ilightexpð�t=siÞ by using si ¼ 46 ms (the dash line),

where si is the corresponding recovery time constant. The

statistical data of tfp and si from the multiple on/off cycles at

þ5 V have good stability and repeatability.23 In the previ-

ously reported ZnO NW UV photodetectors, the typical val-

ues of si range from several seconds to several minutes, and

si cannot remain constant in such a large photocurrent recov-

ery range about 3 orders.7–12 Compared to those ZnO NW

photodetectors, the ZnO NW SB photodetector reported in

this paper has excellent recovery performance.

The generation and recovery mechanisms of NW SB pho-

todetector are different from that of NW photodetector, which

forms the physical basis of the excellent photocurrent recov-

ery behavior of ZnO NW SB. Figure 3(a) shows the barrier

structure model of NW SB in dark condition, which is suitable

for NWs with large diameter and has been discussed in our

previous report.21 In this model the surface depletion layer

near the NW surface is formed by surface states, the NW SB

is formed in the contacted region between surface depletion

layer and electrode, and a nondepletion region exists inside

NW. The barrier height of NW SB is determined by the sur-

face states of NW but not by work function difference

between NW and metal electrode, because of the Fermi level

(EF) pinning at surface states.19,20 It has been widely accepted

that oxygen molecule is an important type of surface states for

ZnO NW, which is chemically adsorbed on NW surface by

capturing free electrons ½O2ðgÞ þ e� ! O�2 ðadÞ� and plays

significant roles in forming depletion layer.7,8 The barrier

height of SB (u) is expressed as

u ¼ wbi þ n ¼ Q2
S

2qNSCesA2
þ n; (2)

where wbi is the build-in potential of SB depletion layer, n is

the potential difference between the minimum of conduction

band and EF of NW, QS is the surface charges in SB inter-

face, NSC is concentration of space charges in depletion

layer, es is the dielectric constant, and A is the contact area of

SB. The barrier structure model of NW SB under UV light is

shown in Fig. 3(b). Under UV light, the photogenerated

electron-hole pairs ½hv! e� þ hþ� near SB are separated by

build-in electric field in SB, and the holes migrate to SB

interface. Some holes flow across the SB interface and enter

metal electrode. Some holes are captured by O�2 at SB inter-

face, which discharge the negative charges of O�2 and make

O�2 desorbed from SB interface ½hþ þ O�2 ðadÞ ! O2ðgÞ�.7,8

Some holes stay at SB interface before they enter metal elec-

trode, which generates holes in SB interface under dynamic

equilibrium.19 The desorption of O�2 and the generation of

holes in SB interface decrease the surface charges QS, as a

result, the barrier height u decreases according to Eq. (2).

The decrease of u will result in the exponential increase of

tunneling current of NW SB,13,22 which generates remark-

able tunneling photocurrent of ZnO NW SB under UV light.

For ZnO NW SB photodetector, the photocurrent recov-

ery is caused by the following two ways: one is the re-

FIG. 1. (Color online) (a) The log-scale I-V

curves of a single ZnO NW in dark and

under UV light. (b) The linear-scale plot of

the I-V curve under UV light; inset: the

SEM image of the ZnO NW with scale bar

of 5lm.

FIG. 2. (Color online) (a) The time-

resolved photocurrent curve at þ5 V with

multiple on/off cycles. (b) The magnifica-

tion of a single on/off cycle.

203105-2 Cheng et al. Appl. Phys. Lett. 99, 203105 (2011)

Downloaded 15 Nov 2011 to 125.219.32.53. Redistribution subject to AIP license or copyright; see http://apl.aip.org/about/rights_and_permissions



adsorption of O�2 in SB interface, the other one is the relaxa-

tion of the holes stayed in SB interface. Here, we define the

total number of re-adsorbed O�2 and relaxed holes in SB

interface in the photocurrent recovery process of NW SB as

NSB�interf . According to Eq. (2) and the exponential depend-

ence of tunneling current on u discussed above, the photo-

current of NW SB has exponential-type dependence on

NSB�interf , and the photocurrent would reduce sharply with

the increase of NSB�interf . For ZnO NW photodetectors, the

NW makes Ohmic contacts with the electrodes, and the

photocurrent is linear with the number of photogenerated

electrons in NW. Under UV light, the photogenerated

electron-hole pairs are separated by the build-in electric field

in surface depletion layer, the holes migrate to surface, and

the unpaired electrons left in nondepletion region contribute

to photocurrent. The photocurrent recovery of ZnO NW pho-

todetector is caused by similar two ways: the re-adsorption

of O�2 in NW surface and the relaxation of the holes stayed

in NW surface. Here, we define the total number of re-

adsorbed O�2 and relaxed holes in NW surface in the photo-

current recovery process of NW photodetector as NNW�surf .

The photogenerated electrons in NW linearly decrease with

the increase of NNW�surf , as a result, the photocurrent of NW

photodetector has a linear dependence on NNW�surf . Accord-

ing to above discussion, it is clear that the photocurrent of

NW SB has more sensitive response to the number of re-

adsorbed O�2 and relaxed holes in SB interface, which is

believed to be the major reason for the fast recovery speed of

NW SB photodetector.

For NW photodetector, the holes stayed in NW surface

are relaxed by recombining with the electrons in nondeple-

tion region. However, the holes stayed in NW surface and

the electrons left in nondepletion region are spacially sepa-

rated, which decreases their recombination probability. For

NW SB photodetector, besides the relaxation by recombin-

ing with electrons, the holes stayed in SB interface can

directly flow across SB interface and enter metal electrode

under the assistance of build-in electric field in SB. There-

fore, the relaxation speed of holes stayed in SB interface is

faster than that stayed in NW surface, which is considered to

be another main reason for the fast recovery speed of ZnO

NW SB photodetector.

In conclusion, the UV photodetector of ZnO NW SB

with high sensitivity and fast recovery speed has been fabri-

cated. The on/off ratio, sensitivity, and photocurrent gain are

4� 105, 2.6� 103 A/W, and 8.5� 103, respectively. The re-

covery time is 0.28 s when photocurrent decreases by 3

orders of magnitude, and the corresponding recovery time

constant si is as short as 46 ms. The exponential-type de-

pendence of photocurrent on NSB�interf and the faster relaxa-

tion speed of holes stayed in SB interface are the physical

basis for the fast recovery speed of NW SB photocurrent.

The high sensitivity and fast recovery properties of ZnO NW

SB make it a promising candidate for high performance UV

photodetectors and photoswitches.
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FIG. 3. (Color online) The barrier structure

model of NW SB in dark (a) and under UV

light (b), respectively.

203105-3 Cheng et al. Appl. Phys. Lett. 99, 203105 (2011)

Downloaded 15 Nov 2011 to 125.219.32.53. Redistribution subject to AIP license or copyright; see http://apl.aip.org/about/rights_and_permissions

http://dx.doi.org/10.1038/nature04796
http://dx.doi.org/10.1002/adma.201004203
http://dx.doi.org/10.1126/science.287.5453.622
http://dx.doi.org/10.1002/smll.201000972
http://dx.doi.org/10.1126/science.1062340
http://dx.doi.org/10.1002/smll.201002379
http://dx.doi.org/10.1002/1521-4095(20020116)14:2<>1.0.CO;2-#
http://dx.doi.org/10.1021/nl070111x
http://dx.doi.org/10.1021/jp108320j
http://dx.doi.org/10.1088/0957-4484/20/13/135701
http://dx.doi.org/10.1063/1.3126045
http://dx.doi.org/10.1063/1.3123167
http://dx.doi.org/10.1063/1.2177362
http://dx.doi.org/10.1063/1.2177362
http://dx.doi.org/10.1021/nl050829h
http://dx.doi.org/10.1021/ja907585c
http://dx.doi.org/10.1002/adma.201000278
http://dx.doi.org/10.1002/adma.201000278
http://dx.doi.org/10.1063/1.3133358
http://dx.doi.org/10.1063/1.3491212
http://dx.doi.org/10.1088/1367-2630/9/7/214
http://dx.doi.org/10.1063/1.2938694
http://dx.doi.org/10.1063/1.2989129
http://dx.doi.org/10.1063/1.3158953
http://dx.doi.org/10.1063/1.3660580



