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Many applications require accurate topography measurements of textured 

surfaces over a wide range of spatial frequencies. An example of a complex 

surface is shown in Fig. 1. It depicts the headstamp of a reference cartridge case, 

NIST standard reference material (SRM 2461), which is a replica of a shell 

casing that was fired from a firearm. It shows both coarse and fine surface 

features that result from the fabrication process of the casing, overlaid with 

features that were imprinted during the firing process. Accurate dimensional 

measurement of the surface features can be critical, for example in the context of 

a criminal investigation. The instrument transfer function (ITF) [1] of the 

microscope used to characterize the surface topography must be known to ensure 

that the height, or depth, of fine features is not underestimated. Knowledge of 

the ITF is essential when surface topography measurements from different 

instruments are compared.  

 

 
Figure 1: Topography measure-

ment of a NIST Standard 
Cartridge Case (SRM 2461) 

headstamp.

The ISO 25178-70 standard defines a star-shaped areal measure, commonly known as a “Siemens star”, 

that provides a rudimentary way to estimate the lateral resolution of a texture- measuring microscope, and, 

with some effort, to obtain an estimate of the ITF. Chirped grating standards are an alternative for the 

evaluation of the spatial frequency response of surface measuring microscopes [2]. Here we investigate a 

new method to measure the ITF of surface texture-measuring microscopes. The method relies on a surface 

that is designed to have constant power spectral density (PSD) over the full range of spatial frequencies a 

microscope can measure. Any deviation of the measured PSD can then be attributed to the instrument 

transfer function of the measuring instrument. Binary surfaces with pseudo-random arrays of pixels can 

be constructed to have the required property of constant PSD over a desired spatial frequency range (see 

Ref. [3] and references therein). 

The measurements presented here were made with the binary pseudo- 
random array (BPRA) standard shown in Fig. 2. The standard has several 
areas with pseudo-random arrays [3]. Only measurements of areas with 
highly randomized pixels are discussed here. We measured areas with 

square pixel sizes of 1.2 μm (“B2”), 0.8 μm (“C2”), and 0.4 μm (“D2”). 

The random arrays are patterned on a super-polished silicon substrate with 
50.8 mm diameter and a thickness of 12.7 mm. The nominal height of the 
pixels is 60 nm. Measurements of the three areas B2, C2, and D2 indicated 
in Fig. 2 were  made with an interference microscope using an objective 
with NA=0.4 (20X system magnification) and a confocal reflectance 
microscope using an objective with NA=0.6 (20X system magnification). 
The un-patterned flat area of the standard was used to calibrate the system 
errors of the microscopes before measurements of the randomized areas 
were made. 

 
 

Figure 2: BPRA standard 
for instrument transfer function 

calibration of surface texture- 

measuring microscopes. 



  
Figure 3: Averaged PSDs for surface height measurements with 
an interference microscope of the BPRA standard in Fig. 2. 

Figure 4: PSD data of Fig. 3, plotted with a linear spatial 

frequency   axis. 

The PSD for each horizontal and vertical line of pixels 

in the measured surface height maps was  then 

calculated (see Church and Takacz [4]). Ensemble 

PSDs in x and y map directions were obtained by 

averaging all PSDs for each direction. 

The power spectral densities for BPRA areas B2, C2, 

and D2 measured with an interference microscope are 

shown in Fig. 3. The peaks visible  at the high 

frequency end of the PSD are the base frequencies of 

the patterns due to the pixel size. Only for pattern D2 

is the pixel frequency above the Nyquist frequency 

of the microscope’s image detector. At first glance the 

PSD curves appear horizontal at lower spatial 

frequencies in Fig. 3.  

Figure 5: Averaged PSDs for surface height measurements with a  
   confocal microscope of the BPRA standard shown in Fi

When the PSD is plotted with a linear spatial frequency scale, which is done in Fig. 4 for the data plotted 

in Fig. 3, it can be seen  clearly, that the PSD, and thus  the instrument response, drops off significantly even 

in the lowest spatial frequency quintile. We also measured the surface heights in the same BPRA areas with 

a confocal microscope that uses a Nipkow disk scanning mechanism. The resulting power spectral densities 

are shown in Fig. 5. The ensemble PSDs in x- and y-direction show an inherent asymmetry due to the 

scanning mechanism. The peaks at the high frequency end of the PSD spectra in Fig. 5 appear to be 

measurement artifacts. BPRA standards enable efficient instrument transfer function characterization, and 

they are a sensitive tool for the performance evaluation of surface topography measuring microscopes. This 

work was supported by the U. S. Department of Energy under contract number DE-AC02-05CH11231 and 
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