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Electrostatic Force Microscopy

● A non-contact implementation of 
Atomic Force  Microscopy (AFM)

● Indirectly measures work function of 
sample  at subnano scale

● Used to characte rize  e lectrical 
prope rtie s and topography of samples

● Especially use ful in mate rials re search
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Remote Bias EFM

● Variant of EFM
○ Bias is placed on te st structure

● Can be  used to measure  the  e ffects 
of buried charge  and capacitance  
gradient (force )1

● E&M forces allow characte rization 
of subsurface  structures
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Motivation

● New paradigms for 
constructing ICs

● Moving to 3D ICs
● Subsurface  structures 

need a method of 
te sting/ve rification
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RB-EFM Mode ls - Tip Specs
● Tip Geometrie s*

* 35o tip
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○ Symmetric Tip

○ Trailing Edge  Tip

○ Leading Edge  Tip



RB-EFM Mode ls - Test Structures
● Strip Characte rization*

* 2um wide ; 1um thick
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○ Single  Strip

○ Double  Strips

○ Inte rdigitated Multi Strips



RB-EFM Mode ls - Additional Specs
● Substrate  Mate rial

○ SiO2 & HfO2 Substrate s
● Tip Radius

○ 20nm tip radius
● Cantileve r Angle

○ 10 o Cantileve r Angle

8



Single Strip Results - Remote  Bias

● Potential doesn’t drop off 

significantly

● Peak he ight drops off at 

~0 .5V/um close  to surface

● Peak he ight drops off at 

~0 .2V/um furthe r from 

surface
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Single Strip Results - Tip Shapes
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● Peak shifts with tip shape

● HfO2 e fficiently 

propagate s signal

● Can de tect shallow 

subsurface  structures 



Single Strip Results - Force  on Cantileve r

● Similar shapes 

throughout

● Force  drops off 

significantly more  rapidly

● FWHM independent of 

bias

● Fine r meshing or scan 

paramete r can alleviate  

swings
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Conclusions

● Can characte rize  single  
biased strip to ce rtain 
depth

● Can distinguish be tween 
adjacent lines (Double  
Strip results)

● Choice  of inte rdigitated 
biases greatly affects 
re solvability (Multi Strip 
results)

Future  Work

● Add more  variability in 
mode ls

○ Materials of strip, line rs, and 
substrate

○ Types of subsurface  
structures

● Create  more  directed 
paramete r space

● Add e ffects of impuritie s in 
mate rials

● Automate  data extraction 
and plotting 
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