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Transistors and Defects 
All modern electronics are based on the transistor.  Think of a transistor like an 

electronic switch – it’s either open or closed. 
 

Defects can arise in transistors – broken bonds or improperly excited electrons – 
eventually leading to the transistor breaking down. 

 
Modern day transistors can be as few as 50 atoms across – meaning that one 

broken bond, a single defect, can cause huge fluxuations. 



Reliability Testing 
We need to know how long these transistors are going to last. 

 
We don’t want to plug it in and wait 10 years for it to malfunction, so NIST is doing 
accelerated long term testing.  We run the transistors at high stresses – voltage 

and temperature – and extrapolate the lifetime at the use voltage.  



Labview vs Scripting Languages 

When you know nothing about computer science, labview is easier 
to muddle through than other programming languages. 



Data Processing 

Each graph represents four and a half months of data, with one data point 
taken every second.  This means there are about 10,000,000 data points 

plotted here. 

Time 

Voltage 



Electron Spin Resonance 

We can use high-definition ESR to find the identity and 
position of individual defects, on the atomic scale.  Normally, 

ESR could only be used to look at defects on the scale of 
10^12. 

 
Because it is so precise and accurate, it needs a very tightly 

controlled voltage. 



Digital to Analog Converter 

An 18 bit DAC divides the voltage range into 2^18 segments.  
As our voltage range was -10V to 5V, the step size for the 

DAC was 15V/2^18, or about 57 microvolts. 
 
My job was to get the computer to successfully talk with the 

DAC, and ensure its accuracy. 



Difficulties 
•  Noise can come from anywhere, so it’s often difficult to identify the 

problem. 
 
•  Problems I have faced working on the DAC include: 
 
•  Interface firmware 
 
•  Software 
 
•  Program I designed 
 
•  Hardware 
 
•  Wiring 
 
•  Voltage Source 



Programming 
This is the equation 

converting the value we 
want into a number the 

DAC can read. 



Massively Parallel Semiconductor 
Test System 

NIST is working on a system that would be able to run thousands 
of tests simultaneously – it would use electronics designed and 

built at NIST and they can process the data using the software and 
techniques I discovered.  
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