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Abstract² Material reliability is among the crucial factors 

that impact material performances before device applications. 

In order to predict material reliability, accelerated aging 

study²a study to predict material shelf life when subjected to 

temperature, was performed on Silicon Nanowires. We 

investigated the effects of process conditions on the diameters 

and the quality of Si NWs using Atomic Force Microscopy. The 

experimental results revealed diameter of Si NWs has linear 

relationship with varying temperature. These results are of 

significant importance and will be a critical design 

consideration for the manufacture of Nanoelectromechanical 

systems involving Si NWs. 

INTRODUCTION 

Nanowires (NWs) are one of the basic building blocks 

for nanoelectromechanical systems (NEMs). Many different 
types of NWs exist including metallic NWs ± Nickel (Ni), 

Platinum (Pt), Gold (Au); semiconducting ± Indium 

Phosphide (InP), Silicon (Si), Gallium Nitride (GaN); 
insulating NWs ±Si Dioxide (SiO2) and Titanium Dioxide 

(TiO2). Currently, there are tremendous interests in one-
dimensional (1-D) nanostructures, such as nanowires and 
nanotubes, due to their potential to serve as critical building 
blocks for emerging nanotechnologies [1-5]. Of particular 
importance to 1-D nanostructures is the electrical transport 
WKURXJK� WKHVH� ³ZLUHV´�� VLQFH� SUHGLFWDEOH� DQG� FRQWUROODEOH�
conductance will be critical to many nanoscale electronics 
applications. One-dimensional nanostructures such as 

semiconductor nanowires are attractive as building blocks 

for the assembly of nanoelectronics and nanophotonics 

systems because they can function both as nanoscale devices 

and interconnects [6].  

Silicon nanowires (Si NWs) represent a particularly 

attractive class of building blocks for nanoelectronics 

because their diameter and electronic properties can be 

controlled during synthesis in a predictable manner [7-9]. 

The ability to control the electronic properties has been 

utilized for the reproducible assembly of field-effect 

transistors (FETs) [10-12], logic gates [13] and sensors 

[14]. In addition, recent studies suggest that Si NWs FETs 

can exhibit transport characteristics that are comparable to 

or exceed the best planar devices fabricated by top-down 

approaches [11]. Research into Si NW's thermoelectric and 

electrochemical properties have also shown it to be ideal for 

use in thermal couples and battery anodes [15-16]. 

Carbon nanotubes had shown prominence in the field of 
one-dimensional nanostructures. However the size 
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dependency of electrical properties and the inability to alter 

the electrical characteristics through doping have limited 

their usage. Si NWs on the other hand, with their ability to 

alter electrical properties offer flexibility to work with and 

thus intensely studied by many researchers and scholars. 

However, before taking full advantage of Si NWs, it is 

critical to understand its reliability under environmental 

conditions such as temperature and humidity.  The 

understanding of Si NWs reliability will help facilitate the 

modeling of the mechanics for changes in physical and 

mechanical properties as the Si NWs related nanosystems 

age. 

Accelerated aging is the study of material shelf life and 
is often performed in laboratory settings. It is the most 

adapted test to predict the life time when there is no 

scientific data available. In this test the material is subjected 

to excessive oxygen, temperatures, and sunlight in order to 

accelerate its actual aging [16-17]. The material properties 

such as the mechanical fatigue, load cycle intake, material 

stability are evaluated for the prediction of shelf life of the 

material.  Though Europe has favored standard testing 

methods based on aging at elevated temperatures, slicing 

and scaling techniques have been the leading approach in 

North America [18]. Recently standard test methods in 

Canada have been adapted by many industries across the 

US, but these test methods are only defined for the 

macroscale components. As the test methods involve slicing 

the material [19-23] which is impossible at the micro- and 

nano- scale levels, these methods cannot be directly adapted 

for micro and nano scale materials. 

Accelerated aging testing is based on a thermodynamic 

temperature coefficient formulated by Von't Hof which that 

states "for every 10 degree C rise in temperature the rate of 

chemical reaction will double." However, since this 
formulation is based on rate kinetics of a single chemical 

reaction, not on packages with various kinds of materials, 

the direct extrapolation of this theory to the aging of 

packaging materials must be used with caution. 

In order to overcome the above shortcomings and to 

predict the reliability Si NWs, a new accelerated aging 

experiment was carefully designed and tested based on 

7DJXFKL¶V� DSSURDFK� >��-30] for nanomaterials. Using this 

designed experimentation schemed, Si NWs reliability was 

studied by subjecting them to varying temperatures, and 

their dimensional changes (diameter) was recorded using the 

Atomic Force Microscope (AFM).  Statistical analysis was 

performed on the data collected to enable reliability study 

and facilitate the modeling of the mechanics for changes in 

physical and mechanical properties as the Si NWs related 

systems age. 
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