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Wourtzite-structured ZnO has versatile properties that are impor-
tant for applications in electronics, optoelectronics, photovoltaics,
and sensors.Recently, one-dimensional (1D) nanostructures of
Zn0O, such as nanowires (NWs), nanorods (NRs), nanobelts, and | 1Zel
nanotubes, are attracting much intefdsts highly desired to grow T
1D nanomaterials that have not only controlled shapes and crystal
structure but also designed electrical and optical properties for
applications as sensors, field-emitters;pdiodes, and the diluted
magnetic semiconductors (DMS) for spintronicA. key require-
ment for many of these applications is the doping of ZnO with
various elements for enhancing and controlling its electrical and
optical performancés94

In this paper, large-scale Ni-doped ZnO NW arrays are prepared
for the first time using a metal vapor vacuum arc (MEVVA) ion
source doping techniqueBy measuring the transport property of
a single NW across two electrodes, the electrical conductivity of

substrate

a dose of 2x 107 cm=2 The photoluminescence (PL) spectrum
of the doped ZnO NWs has a red shift, suggesting possible doping f

induced band edge bending. The doped ZnO NW arrays could be Energy (keV) 0 5Energy (kev1}0

the basis for building integrated nanoscale transistors, sensors, and b . 1070

photodetectors. R . A
In the vapor-liquid—solid (VLS) growth a nominally 2-nm- - - - . o IR ¢ «

thick Au thin film was deposited onto (3120) Al,O3z substrate

and served as the catalyst for the VLS growth. The experimental

apparatus has been described in a previous stédynixture of
commercial ZnO and graphite powders in a ratio of ZrCGl:1

was placed in an alumina boat, which was heated to a peak
temperature of 1100C. The ALO; substrate was placed at a
temperature zone 6£800 °C for collecting ZnO nanostructures.
After the tube had been evacuated to a pressure>oflD 3 Torr,

the samples were heated to 110D and held at 1100C for 60 : S

min with a carrier gas of At O, flowing through the tube. Figure 1. Electro_n microscopy charac_terization of the N_i—doped ZnO NW.

Without any treatrr.lent,.t.he well-aligned ZnO NWs were directly SI%IQS nggean\%lsc ?St%’z,f\z rir;?&:'ggocg'?r?é g’ggrh\?vinég]g%esosfp?érge"
doped by MEVVA with Ni ion at a dose of 10 cm™ and an acquired from the areas labeled with d, e, f, and g in (). (h) The composition
incident angle of 5 with the vertical NWs (see Figure 1a), at an  (in atom %) distribution along the NW at the labeled positions determined
extraction voltage of 100 kV and at 20C. The doped samples fr_om E_DS microanalysis. (i) The corr_espond_ing selected_ area electron
were then treated by thermal annealing at 980for 2 h in O, dlﬁractlc_)n pattern from the NW shown in (a). (j, k) HRTEM images from

. S L the outlined areas in (c).
ambient for eliminating the doping-induced defects.

After the annealing process, the substrate-bound NWs were Figure 1b is the well-aligned, Ni-doped ZnO NWs, showing fairly
mechanically scrapped off and sonicated in ethanol and depositeduniform morphology. After the doping process and post-doping
on a grid for transmission electron microscope (TEM) characteriza- annealing, the distribution of Ni dopants and structure of the ZnO
tion. To perform electrical measurements, the NW devices were NW were studied by TEM in conjunction with energy-dispersive
fabricated by electron beam lithography with lift-off technique. The X-ray spectroscopy (EDS). Figure 1c shows that there are no visible
PL properties of the synthesized NWs were studied at room defects, second phase, or precipitation in the Ni-doped ZnO NWs.
temperature using a HeCd laser in the spectral range of 350 It means that, after a proper annealing, the crystal lattice structure
800 nm with an excitation wavelength of 325 nm. of the NW is fully recovered and the dopants are well-integrated
into the lattice sites. EDS spectra from a series of locations along
T School of Materials Science and Engineering, Georgia Institute of Technology. one ZnO NW as labeled in Figure 1c are displayed in Figure 1d
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in air at high temperature; therefore, the possible carriers are
p-type®

Figure 2c shows PL spectra of ZnO NWs before and after doping.
The UV emission peak is centered at 389 nm for the Ni-doped
ZnO NWs, which exhibits a red shift of 5 nm compared to the 383
nm observed for the undoped ZnO NWs. This result is similar to
the Ni-doped ZnO thin film° The ion doping may result in a
weaker UV emission peak. From Figure 2, a weak broad band is
observed at~510 nm for both undoped and doped NWs. This

0 feature is commonly observed for ZnO, which is attributed to
V (Volt) oxygen deficiencye?
[ —=—Undoped ZnO NRs In summary, we shpw that_ by combining VLS growth_ and
I - Ni-doped ZnO NRs MEVVA doping, well-aligned Ni-doped ZnO NWs were obtained.
After a proper annealing, the doped NWs have high crystallinity
and little defects. The electrical conductivity was enhanced for over
30 times after doping. A red shift in PL peak of Ni-doped ZnO
NWs was also observed. This research demonstrates a new approach
for preparing aligned and doped NW arrays that have much
improved electrical performance, which could be important for

] o _ fabricating arrays of sensors, transistors, and photodetectors. The
Figure 2. 1—V characteristics of an (a) undoped ZnO NW and (b) a Ni-

doped NW measured by repeatedly scanning the bias farto 1 V. (c) system WlII_ also be important for studying spin transport in 1D
A comparison of the PL spectra for the undoped and Ni-doped ZnO Nws. nanomaterials.
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