
  Exponential Business and Technologies Company 
Bridge You and Nano 

_____________________________________________________________________________________                                   

_____________________________________________________________________________________                                

Address: 10025 Valley View Road, Ste 150, Eden Prairie, MN 55344, U.S.A. 

Tel: +1 (952) 941-2199, Fax: +1 (952) 746-8086, Email: natlab@ebatco.com 

www.ebatco.com 

  

Surface Roughness Measurements through Optical Profilometry 

 

There are many ways to examine the fine details of a surface. A common method is surface 

roughness analysis. Surface roughness characterizes surface features at micro and nanoscale in 

very well defined quantities.   

 

Surface roughness can be measured by contact or non-contact methods.  Non-contact methods 

are based on 3D optical profilers. Methods of optical profiling include phase-shift interferometry 

(PSI), using a single wavelength of light to measure features in the nanometer range.  Another 

method, vertical-scanning interferometry (VSI), uses multiple wavelengths of light or white light 

to measure features from nanometer to millimeter range.  Figure 1 below shows a coated wafer 

specimen surface analyzed using phase-shift interferometry (PSI). 

 
Figure 1. Surface topography of a coated wafer after tilt correction; striations of films with 

varying thickness can be clearly seen. 

 

Among the many surface roughness parameters used to characterize surfaces, the most common 

ones include, but are not limited to, Ra, Rq, Rz, and Rt.  Ra is the Average Roughness. It is the 

arithmetic average of the absolute values of the profile height deviations from the mean line, 

recorded within the evaluation length. Rq, or RRMS, is the Root Mean Square Roughness.  It is the 

root mean square average of the profile height deviations from the mean line, recorded within the 

evaluation length. Rt is the Maximum Height of the Profile. It is the maximum peak-to-valley 

height, found over the entire measured range. Rz is the Average Maximum Height of the Profile 
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or Ten-Point Mean Roughness.  It is the average of the vertical distance from each of the five 

highest peaks to its lowest adjacent valley within the profile. 

 

Presented in this application note are two surface roughness analyses conducted using a Wyko 

NT3300 Optical 3D Profiling System. Figure 1 is the surface topography of the surface of a 

wafer coating and Figure 2 is the surface topography obtained on an area of a pair of stainless 

steel scissors. Due to the fact that the coated wafer surface is smooth, phase shift interferometry 

technique was used for its nanometer precision. For the stainless steel scissors surface, vertical-

scanning interferometry was selected for its appropriate measurement range.  Surface roughness 

results of Ra, Rq, Rz, and Rt are listed in Table 1. From Table 1 it can be seen that the coated 

wafer is significantly smoother than the scissors surface although their surfaces are each suitable 

for their designed purposes. 

 

Table 1 Surface Roughness Measurement Results 

Specimen Surface  Ra (nm) Rq (nm) Rz (nm) Rt (nm) 

Wafer 9.98 12.58 115.01 127.51 

Scissors 290.70 371.53 3711.76 5004.39 

 

 
Figure 2. Surface topography of an area on a pair of scissors with tilt correction. 


