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1. Introduction 

One-dimensional (1D) nanostructures such as nanotubes 
and nanowires (NWs) have afforded excellent materials for 
studying 1D physics and chemistry. A unique character of 
1D nanostructures is that electrons, photons, and ions can be 
transported along the length to a macroscopic distance while 
the nanoscale dimension across the diameter still maintains 
the small size effects. Therefore, they have been promising 
in many areas of nanotechnology: electronics, photonics, 
biosensors and solar cells.  

My group is working on NW materials engineering 
towards the better performance of nanoelectronics, 
biosensors and energy devices, which require efficient 
charge carrier transport as well as good nanoscale 
morphology and interface control [1-7]. Here I give 
examples in these areas: phase-change NW memory, silicon 
NW field effect sensor and NW lithium battery. 
 
2. Approach 

My research approach consists of a four-step feedback 
loop. First, I identify the critical questions and the needs in 
these technological areas and investigate how particular NW 
materials can be designed to address these issues. Second, I 
develop the nanosynthesis of the desired NW structures. 
Third, I exploit single NW measurements to study the 
relevant physical and chemical properties and gain 
information often missing in ensemble studies. Fourth, I 
construct ensemble NW devices within carefully designed 
device architecture and test their performance. The 
knowledge gained will be fed into the loop for improvement. 
 
3. Phase-change NW Memory 

The increasing difficulties posed by the continued 
scaling of flash memory rekindled interest in alternative 
approaches. Among these approaches, phase-change random 
access memory (PCRAM) is one of the most promising, as 
research has demonstrated its fast switching speeds, long 
endurance, and excellent scaling characteristics. Current 
PCRAM memory cells utilize a thin film of chalcogenide 
material, which can be switched between a high-resistance 
amorphous state and a low-resistance crystalline state. The 
heat-induced, reversible switching can be brought about by 
either indirect heating through a resistive element or by 
direct Joule heating of the thin film. 

In this paper, we develop the synthesis of phase-change 
NWs to study the phase-change properties of chalcogenide 
materials and to investigate the properties of these NWs as 
an alternative building block for application in PCRAM [1]. 
Due to their unique geometry, NWs offer an ideal platform 
for the detailed study of nucleation and growth phenomena 

in the materials of interest via transmission electron 
microscopy. 

The materials of interest are binary and ternary 
chalcogenides with emphasis on the germanium-antimony-
tellurium family. We use a metal-catalyzed vapor-liquid-
solid (VLS) growth to synthesize GeTe (GT), Sb2Te3 (ST), 
and Ge2Sb2Te5 (GST) NWs whose composition has been 
confirmed via TEM and energy-dispersive X-ray 
spectrometry. Contact to individual NWs is made via 
electron-beam lithographical (EBL) methods and via 
focused ion-beam (FIB) metal deposition. These devices are 
made on conventional substrates for electrical measurements 
or directly on thin silicon nitride windows for in situ TEM 
study. Further, we studied the failure mechanism of the NWs 
by electric force microscopy (EFM). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 GeTe Phase-change NWs and single NW device. 
 
4. Si NW Sensor 

There are several attractive points for using 
semiconductor NWs as sensors. First, the diameter of NWs 
is similar as that of biomolecules (proteins, DNAs). The 
response of NWs is expected to be more sensitive. Second, 
the surface to volume ratio of NWs is larger than the bulk 
materials, which allows more biomolecules binding to the 
same volume of materials. Third, the field effect sensing 
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mechanism provides a label-free approach. And NWs enable 
an array-based approach. Here we demonstrate Si NW 
sensors for ultrasensitive and selective detection of pH, 
proteins, DNAs and cancer markers [7]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Si NW sensors. 
 
5. NW Lithium Battery 

There has been much research interest in the 
development of higher specific energy lithium batteries for 
applications such as portable electronic devices, electric 
vehicles, and implantable medical devices. The existing Li-
ion battery technology, which uses LiCoO2 as the cathode, 
Li-graphite as the anode, and LiPF6-organic solvent as the 
electrolyte, have come to its specific energy capacity limit 
mainly due to the battery electrodes. One direction being 
pursued is the investigation of alternatives for the Li-
graphite anode, which can incorporate one Li per six carbon 
atoms (LiC6). LiC6 has a maximum theoretical specific 
capacity of 372 mAh/g. Important requirements for useful 
alternative materials include a large discharge capacity at 
potentials not far from that of elemental Li, the ability to 
sustain high currents (good electron and Li ion transport), 
and good reversibility for an attractive rechargeable cycle 
life.  

Silicon is an attractive material to replace graphite as 
the anode in Li batteries because of its high theoretical 
specific capacity. A 400% volume change during Li 
insertion and extraction, however, has impeded its 
application since the large volume expansion causes 
pulverization and a loss of electrical contact between the 
active material and the current collector. The result is a 
significant reduction in the effective capacity after first 
cycle.  

Here we use SiNWs grown directly on the current 
collector for the significant improvement of battery electrode 
performance. NWs are e small enough to have the facile 
strain relaxation without pulverization for better cycle life. 
NWs are contacted with current collector to maintain good 
electronic conduction and have a large surface area 
contacting with electrolyte and a short Li insertion distance 

which favors high power rate. The theoretical capacity of 
4200 mAh/g was achieved, which is more than 10 times 
higher than graphite. The high discharge capacity of 3124 
mAh/g was maintained with little fading during cycling. 
Detailed morphology and structure characterization will be 
presented. 

 
6. Conclusion 
The unique properties of NWs have made them promising 
for many areas of applications ranging from electronics, 
biosensors to energy. 
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