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Photoluminescence and polarized photodetection of single ZnO nanowires
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Single crystal ZnO nanowires are synthesized and configured as field-effect transistors.
Photoluminescence and photoconductivity measurements show defect-related deep electronic states
giving rise to green-red emission and absorption. Photocurrent temporal response shows that current
decay time is significantly prolonged in vacuum due to a slower oxygen chemisorption process. The
photoconductivity of ZnO nanowires is strongly polarization dependent. Collectively, these results
demonstrate that ZnO nanowire is a remarkable optoelectronic material for nanoscale device
applications. ©2004 American Institute of Physid©OI: 10.1063/1.18414533

Low dimensional systems such as quantum dots, nandhick SiO, layer. The top inset of Fig.(t) shows an atomic
tubes, and nanowires have fascinating, and technologicallfprce microscope image of such a device. Electrical transport
useful, optical and electrical properties. Studies on these syproperties were studied at room temperature. Figu® 1
tems advance our knowledge on low dimensional physicshows thel-V curves for a FET at different gate voltages.
and chemistry; while simultaneously providing the possibil-The conductance of the NW increases with gate voltage in
ity for the development of nanoscale electronics and optoaccordance withn-type semiconducting behavior. This
electronics. Nanostructures composed of ZnO nanowireB-type behavior is mainly attributed to Zn interstitials and
(NWSs) are being intensively investigated because they posoxygen vacancies generated during the synthesis préc8ss
sess a combination of attractive optitaiechanicaf, and  Furthermore, transconductance is obtained at 0.4 V
magnetic propertiesZnO NWs have been evaluated for po- drain-source biaéVy) and shown in the bottom inset of Fig.
tential applications as UV lasétight-emitting diodes,and ~ 1(c). A carrier mobility of 26.3 cr¥V's is estimated
UV photodetector§:” However, the effort of fabricating and
charactering single ZnO NW phototransistor, an important
component for building optoelectronic circuit, has not been
reported. Photoconduction of mass grown NWs between
electrodes could not demonstrate polarization dependence..—*=?'
which is a unique property of quasi-one-dimensional system. t
In this letter, we report optical properties of single ZnO NWs ’_

S,

configured as field-effect transistofBETS, including pho- X7
toluminescencéPL), and polarization-dependent photocon- } ? A

ductivity. The PL measurements showed both near-band edg, ‘

emission near 3.37 eV and green-red emission from native 23

defects. Photoconductivity was also observed both at the — ‘h“—'ﬁ-
band-edge and at energies corresponding to the deep tre
states as seen in PL spectra. The photocurrent varies as
function of co$ 6, where ¢ is the angle between the polar-

ization of incident light and long axis of the nanowire.
ZnO NWs were synthesized by a vapor trapping chemi-
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s, Current (nA)
o

cal vapor deposition methddField emission scanning elec- 0 =

tron microscopyFE-SEM [Fig. 1(a)] shows as-synthesized i 3 v

NWs are 30-150 nm in diameter and40um in length. §'°°
Transmission electron microscoVEM) [Fig. 1(b)] and se- -200- CJ SunR—
lective area electron diffraction show that NWs are single 3 %5 5 Ga"zvm”‘vé)

crystalline and the growth direction j§01].

Individual ZnO NWs were configured as FETs pitype
degenerately doped silicon substrate capped with 500-nn¥G. 1. (8) SEM image of as synthesized ZnO NW&) High resolution
TEM image with selected area electron diffraction patténsey of a ZnO
NW. (c) I-V curves for a ZnO NW FET at different gate voltages. Top inset:
dAuthor to whom correspondence should be addressed; electronic maiAFM image of the NW FET. Bottom inset: transconductance of NW FET vs

jglu@uci.edu gate voltage.
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700 @ the near-band-edg8.37 e\ emission and free-exciton peak
of ZnO. The second green-red luminescence band centered at
~ 600F 650 nm(1.92 e\j is also observed, which is caused by native
3 . . .
& 500k defect levels within the band gap, such as single and double
> ionized oxygen vacanciég* The single NW photoconduc-
% 400¢ tivity spectrum is obtained using a monochromated xenon
£ 300} arc lamp source that covers a range from 200 to 900 nm. The
& 200l result of photoconductivityFig. 2(b)] shows similar spectro-
___J scopic feature as the PL spectrum. Strong absorption at 380
100} nm and at longer wavelengtit400—740 nm are observed.
200 200 800 800 The broad photoconductivity peak at 340 nm is reminiscent
Wavelength (nm) of semiconductor of the electronic density of states near the
160 conduction band edge.
®) The detection of UV light365 nm using ZnO NWs has
120k been studied and photoresponse to longer wavelength has not
z been reportefl.In contrast, our PL and photoconductivity
< results for ZnO NWs indicate that defect-related deep elec-
] 8or tronic states confer sensitivity to visible ligt#t00—750 nn
('_='; Figure 3a) shows with 633 nm He-Ne laser illumination
40} (~0.2 W/cn?), the conductance of NW increased from 13.1
Vds=0.2 VI nS in dark to 73.4 nS at 2 V drain-source bias. Laser illumi-
ol nation also affects the transconductance as shown in the inset
>0 200 500 3001000 of Fig. 3a), causing a shift in the threshold gate voltage from
Input optical wavelength (nm) +0.6 to —2.0 V. Since one-dimensional electron concentra-

tion is expressed asn=(C/L)(Vy/€)," where C/L

~2megg/In(2h/r) is the capacitance per unit length with re-

spect to the back gate, ang; is the magnitude of the thresh-

old gate voltage. Therefore, from the shift in gate voltage,

using the relationship we=(d1/dVy)/ (2meeVys  the change in the electron concentratiam, is estimated as

/L In(2h/r)), where dI/dV,=6.87x10° A/V is extracted ~An=(AVgy/e)(2meeo/IN(2h/r)). Using AVy=2.6 V and r

from the linear region of the transconductanee;3.9, L =43 nm,An is approximately 1.X 10’ cm™. Due to illumi-

=10.3um the NW channel lengthh=500 nm gate oxide nation, transconductance is observed to decrease from 2.9 to

layer thickness, and=40 nm nanowire radius. The obtained 2.6x 10°° A/V; as a result, electron mobility drops slightly

electron mobility in ZnO NW is much higher than that of from 23.4 to 21.0 c/V s. The mobility decrease is attrib-

high mobility ZnO thin film transistot? uted to the enhanced electron—electron scattering at higher
The PL of ZnO has been extensively studied for its po-carrier concentration.

tential optical application.> PL spectra for single ZnO The intensity dependence of the photocurrent was stud-

NWs were acquired with an Arion laser(351nm, 50 mVWy.  ied with 633 nm laser. As shown in Fig(l8, the relationship

A typical spectruniFig. 2@)] shows two PL bands. The first between photocurrent and input optical power obeys power

luminescence band centered at 380 (8126 e\j indicates law dependence, i.el.=A X P>*3whereA is a constant. This

FIG. 2. (a) The PL of a ZnO NW excited with 351 nm UV las&b) The
photoconductivity of a ZnO NW obtained at 0.2 V drain-source [f\4g).
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nonlinear behavior fits well with the theory of photo- photoconductivity studies show green-red emission related to
response which gives a power law dependence with an exdeep-level states in addition to band-to-band transition. Pho-
ponent of 0.5. This is a result of the finite density of deeptocurrent temporal response shows ZnO FET can function as
donor levels compared with the flux of incident photofs.  an optoelectronic switch. In addition, the photo-conduction
Time-resolved measurements of photo-response tef ZnO NW is observed to strongly depend on the polariza-
pulsed 633 nm laser were conducted and shown in K@. 3  tion of the incident light. These results indicate that ZnO NW

The results show ZnO NW FET can be reversibly turnedis a promising nanoscale optoelectronic material for visible
“on” and “off” by switching illumination. Photocurrent de- |ight as well as UV range applications.
cay process is observed to be significantly affected by oxy-
gen(0O,) ambient. If photocurrent decay tindg is defined as This work was supported by National Science Founda-
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