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Certain commercial equipment is identified in this work to adequately describe the experimental procedure. Such identification does not imply recommendation or 
endorsement by the National Institute of Standards and Technology, nor does it imply that the equipment identified is necessarily the best available for the purpose.



  

SEM Dimensional Metrology Challenge

Integrated circuit and nano-technology samples:
real three-dimensional structures with much smaller than 100 nm in size

Wanted: Accuracy and precision in size and shape determination at atomic levels
                  

How close can we get to this goal with an SEM?



  

Electron-Beam-Induced Contamination

• Electron beam-induced contamination is one of the most bothersome problems 
of the scanning electron microscopes (SEMs). Even in clean-vacuum 
instruments a polymerized hydrocarbon layer with low secondary electron yield 
can get deposited under the electron beam. 

• This means that in the SEMs, repeated measurements cannot be done without 
extra, sometimes unacceptably high measurement errors. During the time 
necessary for even one measurement, the sample dimension can change.

• The extent of this change remains unknown unless a suitable contamination 
deposition measurement technique is found and regular monitoring is 
implemented.

• There are several methods to diminish the rate and amount of contamination 
deposited under the electron beam of the SEM. 

The best is to get rid of the problem altogether, which is now possible. 



  

Contamination Caused by Electron BeamContamination Caused by Electron Beam
• A dynamic process of adsorption and desorption of a mixture of 

typically organic molecules
• Mostly secondary (< 50 eV) electrons cause the build-up
• Mostly primary (high energy) electron knock out molecules and clean 

the surface 
• The molecules may have very high surface mobility 
• Causes “dimensional growth”: as high 0.1 nm/sec ! growth rate has 

been observed 
• Sources

– sample: surface (H2O, CO2, process materials) and bulk (resist, solvents, 
etc.)

– environment: oily residues on the sample stage and chamber and the 
“good” and “bad” (and ugly) vacuum

Regular monitoring and effective cleaning are indispensable



  

Electron Beam-induced Contamination

CD-SEMs use 
a rectangular 
beam retrace 

parking 
pattern.

Some 
laboratory 
SEMs park 
the beam 

mostly at the 
right for 
retrace.



  

Electron Beam-induced Contamination Can 
Be Truly Bad

Contamination pattern formed on a silicon chip sample during 2 hours of 
continuous bombardment. The right image is with 45° sample tilt.



  

Unreliable Critical Dimension 
Measurements Due to Contamination

The results of 50 repeated line width measurements with two CD-SEMs 
using the same UV (193 nm) photoresist wafer.



  

Contamination Pattern at High Magnifications

At high magnifications, i.e. small field-of-views the deposited contamination pattern 
does not follow the irradiation pattern. A 50 kx magnification image of the Si “grass” 
sample after 10 minutes of continuous 5 kV 10 pA bombardment. The insert and the 
white frame show the 500 kx image.



  

Fighting Contamination - Liquid N2 Trap/Cold Finger

Silicon “grass” sample irradiated for 10 minutes without (left) & with 
(right) using liquid N2 cooled anti-contamination device, 50 kx



  

Fighting Contamination - Low-Energy Oxygen 
Plasma

Silicon “grass” sample irradiated for 10 minutes before (left) and after the 
use of Evactron anti-contamination device, 50 kx



  

Removing Contamination - Low-Energy O 
Plasma

Silicon “grass” sample was irradiated for 10 minutes. The left image was taken 
after contamination deposition and is shown untreated. The right image was taken 
after a 60-minute in-situ treatment of the sample with Evactron anti-contamination 
device. 50 kx magnifications



  

XEI Scientific Evactron Anti-contaminators

• Automatic cleaning devices use low-
energy (5 to 10 W) oxygen plasma

• Use the oxygen in the air, but other 
gases can be used as well

• Plasma and nitrogen cleaning cycles can 
be combined

• Once the chamber has been cleaned up, 
usually a few minutes are enough to get 
back to contamination-free operation

Schematic diagram of the Evactron 
cleaning head

Other manufacturers make similar devices



  

NIST Contamination Specification

• NIST is advocating a contamination specification to be included among other 
specifications of all SEMs. 

• NIST SEM cleaning procedures and a viable contamination specification offer 
an effective solution for this problem.

• Specification: 
– on a sample of amorphous Si patterns on a Si substrate (NIST scale calibration chips 

or wafers), using the best resolution imaging parameters take one image at 100 000 
times magnification.

– save the image, and without moving to a new location, go up to 200 000 times 
magnification and continuously image the sample for 10 minutes, and finally, 

– go back to 100 000 times magnification and take another image.
– If there is any visible darkening, frame, any contamination structure beyond the 

sample itself on the last image, the instrument fails to meet this specification.



  

NIST Contamination Specification

• If the specification was not met, first clean the sample in the mixture of 
3:1 concentrated sulphuric acid to 30 % hydrogen peroxide solution (acid 
piranha solution). This ferocious oxidizer will clean all hydrocarbon 
residues from the sample in less then 30 minutes. If the instrument -with 
the clean sample- fails the test again, it needs to get cleaned with a low-
energy plasma cleaning process.

• At the beginning an overnight cleaning was needed to meet the 
contamination specification. Later, as the instrument gradually cleaned 
up, 1 hour or eventually only 10 minute long cleaning procedures were 
sufficient.



  

NIST Contamination Specification

• It is important to point out that the nascent (ionized atomic) 
oxygen generated by the plasma cleaner oxidizes many materials, 
but the process advantageously is very effective on hydrocarbon 
residues.

• It is recommended to use the minimum, but sufficient time and 
plasma current.

• This calls for a reliable and regular monitoring of the 
contamination performance of all SEMs.

• The NIST scale calibration samples (RM and SRM chips and 
wafers) are suitable for contamination performance measurements

Contamination is unacceptable, and now it is possible to 
achieve contamination-free SEM operation.



  

NIST Contamination Specification Results

At high landing energies: essentially no contamination

After 10 minutesAt the beginning of the test



  

NIST Contamination Specification Results

At low landing energies: actual cleaning is observable

After 10 minutesAt the beginning of the test



  

NIST Contamination Specification Results 
Helium Ion Microscope (HIM)

Essentially no contamination

After 10 minutesAt the beginning of the test



  

Contamination-Free Scanning Electron MicroscopyContamination-Free Scanning Electron Microscopy

Electron beam-induced contamination is one of the worst problems 
of scanning electron microscopy, especially for nano-scale 

measurements.

• It can be now essentially eliminated 
• Key requirements to the solution are clean vacuum systems, the 

use low-energy plasma to clean the sample chamber of the SEM 
and a procedure that yields clean samples.

• NIST now has several scanning microscopes that are essentially 
contamination-free. 

We hope that our successful work on the elimination of SEM 
contamination will serve the electron microscopist community all 

over the world.

andras@nist.gov
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