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Any metrology system is as good as it is characterized, where the characterization requires well known 

test samples. Such samples exist at a 2-Angstrom scale for TEM and at a micron scale and larger for 

optics, but  scales between an angstrom and a micron are not readily available. Results of this work have 

enabled nanoscale characterization of imaging systems.  

The modulation transfer function (MTF), or contrast transfer function, is the most comprehensive 

characteristic of any tool. It describes loss of contrast while reducing feature sizes and characterizes the 

system over its entire dynamic range. The MTF is widely used to characterize optical systems, and has 

allowed optical systems to be perfected down to their diffraction limit. There were attempts to use the 

MTF to characterize nanometrology systems such as SEMs,
1
 but the absence of samples with known 

spatial frequencies in the required dimensional range was a common problem. We developed a solution 

to measure MTF at the nanoscale involving the use of a test sample and analysis software. An image is 

taken by the system to be characterized (SEM, AFM, optical or other system) and the software 

automatically extracts the MTF.  

The test sample was designed in such a way that the distribution of linewidths appears to be random at 

any location.
2-3

 The power spectral density of such a test pattern is inherently flat, down to the minimum 

size of lines. Metrology systems add a cut-off to the spectra at high frequencies where the shape of the 

cut-off characterizes the system clearly displaying the MTF of the system. Example of a section of the 

test sample is shown in Figure 1,a. 

In order to enable characterization at ultimately small dimensions, the minimum feature sizes of a test 

sample should be comparable to the tool resolution. A variety of test samples were fabricated for tools of 

various resolutions; the minimum feature size on a test sample was 1.5 nm. Optical and interferometric 

microscopes require larger samples; test samples with minimum feature sizes from 300 nm to 2.4 mm 

were also fabricated.  

The pseudo-random test samples with lines down to 1.5 nm were characterized by TEM measurements. 

Lamellas of the test samples were prepared. TEM image of the test sample is shown in Figure 1,b. The 

scale bar on the image 1b is 100 nm. The test pattern contains alternating lines of silicon and tungsten 

silicide resulting in a strong contrast for the images. The size of the test sample was approximately 6x8 

microns, and involved thousands of lines, each according to its designed width.  



Using the pseudo-random test sample, nano-metrology systems can be characterized over their entire 

dynamic range. An SEM image of the test sample is shown in Figure 2,a. A comparison of the power 

spectra from such an image to the spectra of the design results in the MTF. The P-Spectra software 

automatically extracted the MTF of the SEM; it is displayed in Figure 2,b. 
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Figure 1. a) a part of the designed test sample; The width of the lines was designed to form a pseudo-

random test pattern; the pattern is used to characterize metrological systems. b) TEM images of the test 

sample with linewidths down to 1.5 nm. 
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Figure 2. a) SEM image of a test sample; b) Modulation transfer function of SEM used to image the test 

sample, automatically measured using P-Spectra software.      


