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Nanowire Technology 
 
The development of nanowire technology is important for the 

application of small and compact devices to replace bulk material 

and has been a subject of great interest due to their potential in 

advancing field effect transistors. Nanowires are better for transistor 

devices because they are single crystal  grown from the bottom-up 

approach and thus allowing for a controlled gate length. 

Understanding the mechanical properties will determine the 

reliability of the nanowire devices. 

 

Fig.1 is a schematic for a nanowire field effect transistor. The 

semiconducting channel is made of a metal oxide nanowire and  

the conductivity of the channel is control with a gate by an electric 

field. S marks the transistor’s current source while D is the current 
drain. 

 

Indium Oxide Nanowires 

 

Sample A 
Length: 2.994 μm 

Diameter: 500nm approx. 

 

The nanowires were grown on 

a silicon substrate. They grow  

in a vertical position, as seen in 

Fig .2. The diameter, length 

and  density is controlled by 

the growth parameters. 

 

Sample B 

Length: 4.513 μm  

Diameter: 900 nm approx. 

 

 The nanowires were grown on 

a silicon substrate. They grow  

in a vertical position, as seen in 

Fig .3. The diameter, length 

and  density is controlled by 

the growth parameters. Fig.3 

SEM image provided by Mukesh Kumar 

Future Research 

 
Using the piezo automation to indent on single nanowires will provide a good 

measurement for the reduced modulus and material hardness. In order to keep 

the nanowires from moving, a focused ion beam (FIB) can be used to pick up  

an individual nanowire and place  it on the desired substrate. Platinum 

attached at the two ends of nanowires by the FIB will keep the nanowire in 

place. Similarly, metal contact extensions can be attached at both ends to test 

the conductivity of the nanowire using a conducing berkovich tip and stage. 

Below is a top-down view of the possible design  to fix the  nanowire on SiOx/Si 

substrate. 
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Piezo Indentation: Topographic Scan of 

Dispersed Nanowires of Sample B 

 
The sample was dispersed onto quartz substrate. 

The nanowires dispersed into cluster groups, as 

seen through the SEM in figure 4. 

 

Piezo automation was used in an attempt to 

image the horizontal surface of the sample and 

then perform the indents. However, the structures 

would not remain in place. Figure 5 and 6 are 

before and after the piezo imaging process, 

prospectively. 
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Fig. 4 Scanning Electron Microscope 

imaging 

Fig. 5 Before imaging  Fig. 6 After imaging 

Design provided 

by: Mukesh Kumar 

Sample A Deformation 

 
The Maximum load is dependent on the instrument, but in this experiment the indents 

of both tips are visible well below the machine’s limits and can be seen  between 50 

µN – 4,000 µN. The figures below show the effect  of forces between 1,000-4,000 µN 

on  the nanowires.  

Load – Displacement  Curve of Sample A 

 
The following figures are indentations from both tips with forces from 5-20 µN.The 

berkovich tip is sharper and can cut in between nanowires betters The fluid cell tip is 

big and blunt, knocking over many more nanowires as it descends. 

 
 

2 µN 

The nanowires are permanently 

deformed after the indent. They have 

been broken, pushed away from the tip, 
or picked up by the tip. 

SEM image of all indents 

Berkovich tip on fused quartz Fluid cell conical tip on PMMA & 

fused quartz 

Cube corner tip on fused 

quartz 

Hysitron Indentation System 

 
Three indentation tips were used in this experiment: The berkovich, fluid cell and cube 

corner tip. The maximum load for the system is 12 mN .  

 

 

 
 

Berkovich tip 
Fluid cell tip 


