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Y-branched Bi nanowiredNWs) embedded in anodic aluminum oxide templates were synthesized

by electrochemical deposition. Transmission electron microscope observations revealed that the
“stem” and the “branches” of the Y-branched Bi NWs are about 80 and 50 nm in diameter,
respectively. Selected area electron diffraction studies showed that both the stem and the branches
are single crystalline. Current—voltage measurement revealed that the parallel Y-branched Bi NWs
have characteristics of conventional metal-semiconductor junctions. Our approach to produce
one-dimensional metal-semiconductor junctions using Y-branched NWs consisting of only one kind
of semimetal and without any external doping can be exploited to create metal-semiconductor
junctions of other semimetals, which may find various applications in nanodevice)0d
American Institute of PhysicgDOI: 10.1063/1.1779956

Quasi-one-dimensionallD) nanostructures have be- two opposite sides of the templates. This will also provide a
come the focus of intensive research owing to their uniqueonvenient approach to study the transport properties of 1D
applications in mesoscopic physics and fabrication of nanheterojunction nanostructures. Segmented 1D heterojunction
odevices. They provide a good system to study the deperin straight nanochannels of an anodic aluminum oxide
dence of electronic and thermal transport or mechanicalAAO) template, such as, multimetal NWmetal-CdSe—
properties on dimensional reduction, and play an importantetal NWs** Ag-Si NWs and Ni-CNTs junctions,
role as both interconnects and functional units in fabricatingPt;Sis—Si NWs-® and p-n ZnO NW junctions'’ have been
electronic, optoelectronic, electrochemical, and electromefabricated. Furthermore, Y-junction CNT heterostructures
chanical nanodevices’ Longitudinal heterojunctions within embedded in AAO template were also fabricated, and
1D nanostructures are important to electronic and optoeleshowed intrinsic nonlinear transport and rectifying behavior
tronic nanodevices. Until now, segmented heterojunctions imt room temperaturé:*°
individual 1D nanostructures, such as carbon nanotubes Bismuth (Bi) is a semimetal with unusual electronic
(CNTs) and Si nanowiregNWs),® single-walled CNTs and properties that result from its highly anisotropic Fermi sur-
carbide NWs, n-p junction Si NWSs; n-p junction InP  face, low carrier concentration, small effective mass, and
NWSs;” p-n junction GaN NWS, InAs—InP junction NWS,®  |ong mean-free path of the carriésTransport properties of
ZnO-ZnMgO junction NWs® and superlatice NWs of Bj NWs have attracted a great deal of intelze{)éf,3 and the
GaAs/GaP, and Si/SiGe;"*? have been synthesized. Al- investigation resulfd?® revealed that a semimetal-to-
though these randomly oriented intramolecular 1D heterosemiconductor transition takes place as the diameter of Bi
junctions can be used as building blocks for nanodevices anf\ws decreases. When the diameter of Bi NWs is reduced to
device fabrication, however, the device fabrication involvesahout 50 nm and smaller, the Bi NWs are found to be semi-
dispersing, manipulating, and assembling, and is still verytonducting, while Bi NWs with a diameter of 70 nm and
complicated and unreliable for practical application. If seg-larger are metallic. Our previous studies on the transport
mented heterojunctions in 1D nanostructures are synthesizggoperties of straight Bi NWs revealed similar resaftyve
within a template, then nanodevices consisting of 1D heterohave now synthesized metal-semiconductor junctions in
structures can be realized simply by adding electrodes on the-pranched Bi NWs using only one kind of semimetBi)
and without any external doping. This was made possible as
author to whom correspondence should be addressed; electronic maifn€ Y-branched Bi NWs in AAO template have large-
gwmeng@issp.ac.cn; mengg2@rpi.edu diameter “stem” segments which are metallic, and small-
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FIG. 1. A SEM image of the AAO template with Y-branched nanochannels, .(101) -
the inset shows the close-up of the Y-branched nanochannels. The dashed . «(101) .
line shows where the Y branches start to grow. . : (024): - .024) .
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diameter “branched” segments which are semiconducting. In
this letter, we report the fabrication of Y-branched Bi NWs,
and the characteristics of their electronic transport properties.
AAO templates with Y-branched nanochannels were fab-
ricated by using a similar method reported previo&§|y:
High-purity Al foils were anodized in 0.3 M oxalic acid so-
lution at 50Vpc for 4 h. After chemically removing the

original film in a mixed solution of phosphoric acid 50 nm

(6 wt %) and chromic acid1.8 wt %) at 60 °C for 6 h, a -(101) - | s
second anodization was performed under the same condi- .(024' -
tions for 4 h. The anodization voltage was then reduced to (b)

35 Vpc (by a factor of 1N5), and another anodization was
performed for 4 h. This will lead to nearly all large diameter FIG. 2. (a) XRD pattern taken from Y-branched Bi NWs embedded in AAO
channels (formed at 50 \J branched into two smaller- template.(b) TEM image of a single Y-branched Bi NW. The four SAED
diameter channeigormed at 35 \1_18 After the remaining Al patterns were taken from_ the two branches, the stem, and the branch near the
was removed in a saturated SpGbolution, the templates branching point, respectively.
were immersed in a 5 wt% phosphoric acid solution at
30 °C for 90 min to remove the barrier layer, and to widen[Fig. 2(b)] reveals that the stem of the NW is about 80 nm in
the nanochannels homogeneously over the entire pordameter and the branches are about 50 nm in diameter, in
Iength.12 Figure 1 is a scanning electron microscda&M)  agreement with those of the Y-branched nanochannels in the
image of the cross section of the AAO template withtemplate. Selected area electron diffracti®AED) patterns
Y-branched nanochannels. The inset of Fig. 1 shows théaken from both the branches and the s{&ig. 2(b)] reveal
close-up of the region between stems and branches. The rérat the rhombohedral lattice structure is preserved in the Bi
sulting AAO template consists of Y-branched nanochannel®NWs, in agreement with XRD results. Along the axes of both
with stems and branches about 80 and 50 nm in diametethe stem and the branches, the diffraction patterns are iden-
respectively. tical, revealing that both the branches and the stem are es-
The electrochemical deposition of Bi into the sentially single crystalline, and the Bi NWs preferentially
Y-branched nanochannels of AAO template was carried ougrow along thg101) stacking face. However, the diffraction
using a similar method to the one previously repoffe®A  pattern taken from the branch near the branching it
gold layer was sputtered onto the bottom sigiéh branched  2(b)] is not regular, indicating that this domain is polycrys-
channel$ of the AAO template serving as the working elec- talline, which may be caused by variations in the growth
trode in a three-electrode electrochemical cell. The electroerientation of the branches.
lyte contained 75 g/l BNOj3)5-5H,0, 65 g/I KOH, 50 g/l The current-voltagél —V) characteristic of the parallel
tartaric acid, and 125 g/l glycerol. The electrolyte was buff-Y-branched Bi NWs embedded in AAO template was mea-
ered topH=0.9 with HNO; solution. The electrodeposition sured at room temperature, as illustrated in Fi@) 8nse).
was performed under —30 mV relative to the”A§gCl ref-  The result reveals that tHe-V curve[Fig. 3@)] is nonlinear
erence electrode. X-ray diffractigixRD) pattern[Fig. 2a)] and asymmetrical about zero bias. This characteristic is
taken from the Y-branched Bi NWs embedded in AAO tem-analogous to Schottky junction between a metal and a degen-
plate shows that all peaks are located very close to the peadraten-type semiconductd® The possible energy diagram
positions of bulk Bi, revealing that the rhombohedral latticefor the device is shown in Fig.(B) (inse). The observed
structure of bulk Bi is reserved in the Y-branched NWs. Itcharacteristics can be explained by assuming that the semi-
should also be noted that the strongest peak of theonductor is degenerate at room temperature with conduction
Y-branched Bi NWs ig202), while other peaks are weak, electrons available from the bottom of the conduction band
indicating that most of the Bi NWs are oriented perpendicu-E. to the Fermi energ#e. Thel -V curve shows a kink close
lar to the(202) lattice plane. After dissolving the AAO tem- to zero bias on the positive side. This is highlighted on the
plate in a 5 wt % NaOH olution, transmission electron mi- conductance curve, which was derived from thé/ curve
croscopgTEM) observation of a single Y-branched Bi NW by numerical differentiationFig. 3b)]. The conductance
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FIG. 3. (a) |-V characteristics of parallel Y-branched Bi NWs embedded in
AAO template. The inset is a schematic illustration of th& measurement
for the Y-branched Bi NWs(b) Conductance curve, showing a minimum at
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respectively.|-V measurement revealed that the parallel
Y-branched Bi NWs have characteristics of conventional
metal-semiconductor junctions. Our result showed that 1D
metal-semiconductor junctions could be realized by
Y-branched NWs consisting of only one kind of semimetal
(Bi) and without any external doping, accordingly other
semimetals should be considered for creating metal—
semiconductor junctions with Y-branched NWs. These semi-
metal Y-branched NWs with metal-semiconductor junction
characteristics may find various applications in nanodevices.
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