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1 Introduction 

In the last three decades, the world has seen a remarkable technological growth, 

forcing industry to offer quality products and equipment with nanometric dimensional 

accuracies and compatible metrology. Consequently, instruments such as optical 

microscopes, interferometric optical microscopes and scanning electron microscopes 

are becoming essential in the industrial field. The Laboratory of Precision 

Engineering (LEP) of the School of Engineering of Sao Carlos, USP, has been 

developing research on the characterization of surfaces generated by micromachining, 

describing typical applications and limitations of metrology instruments in terms of 

lateral and vertical resolution and measurement field. This study aims at a better 

understanding of dimensional metrology applied to micro-manufacturing using 

comparative analysis of different techniques, to know, stylus profilometry and optical 

profilometry. The purpose is to advance a few steps towards the pursuit of 

metrological standards in the micro-scale similar to those in the macro-scale. The 

main objective is to compare measurement techniques (mechanical contact 

profilometry and non-contact profilometry) through microfabrication of micro-

features with different aspect ratios using ultra-precision diamond turning. Aspects 

related to lateral and vertical resolution will be discussed. Periodic artifacts (micro-

features) have been tested.  

 

2 Design and fabrication of periodic artifacts 

Two aspheric Fresnel lenses were used as periodic artifacts. One of them has constant 

height and variable width. The other has constant width and variable height. Figure 1 

shows the designed profile of both using LF2010 program [1]. 

A RANK PNEUMO  (now Precitech Components ) ASG2500 Aspheric Generator 

was employed to diamond turn the electrolytic copper moulds used to inject the 
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  (a)    (b) 

Figure 1: Design of Fresnel lenses normalized phase (aspheric) (a) constant height 

and (b) variable height [1]. 

 

Fresnel lenses with 10 nm accuracy. The blank was clamped to the spindle by a 

vacuum chuck (Figure 2) and the temperature was controlled (20,0oC 0,1). A 

HC0.10mLGC Contour Fine Tooling ® UK was used. This tool is appopriate to 

generate Fresnel lenses and its geometric characteristics are: tool tip radius 0,1mm, 

rake angle γ = 0°, clearance angle α = 10°, tool tip included angle ε = 30°. The cutting 

parameters were as follows: feedrate f = 2.5µm/rev, deapth of cut ap=3 µm, and 

cutting speed Vc = variable.  

     

Figure 2: Fabrication of the mould to inject the artifacts: machine tool, 

HC0.10mLGC Contour Fine Tooling ®, detail of the tool SEM micrograph (500X)  

 

The artifacts were injection moulded in PMMA. The fidelity of replication of 

constant height samples varied from 75% for the 29th Fresnel zone (close to the edge; 

there are 30 zones) up to 95% for the first Fresnel zone (close to the centre) [1]. 

The fidelity of replication of constant width samples varied from 89% for the 40th 

Fresnel zone up to 100% for the first Fresnel zone (close to the centre) [1].  
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3 Results 

The height of and distance between the Fresnel zones of the injected lenses were 

measured using a Veeco™ Wyco NT1100 non-contact instrument and a Taylor 

Hobson FormTalysurf™ stylus instrument (cutoff length 0,8 µm, LS line, Gaussian 

filter). Figure 3 shows the optical profile of (a) the first two Fresnel zones and (b) the 

last zones until the 30th zone of the constant height Fresnel lens, (c) the profile of  the 

first 4 zones and (d) the 8 last zones of the constant width lens. Figure 4 shows the 

stylus profile of (a) the first 4 Fresnel zones, next to the lens centre and (b) the last 7 

zones of the constant height lens; (c) the first 3 zones and (d) the last 8 zones of the 

constant width lens.  

  

   (a)     (b) 

  

  (c)     (d) 

Figure 3: optical profile of (a) and (b) constant height lens, and (c) and  (d) constant 

width lens. 

 

4 Conclusion 

Analyzing the results one can observe that the height of the steps measured by the 

optical instrument is 15% larger for the step closest to the centre up to 29% (last step) 

for the constant height sample. For the constant width sample this variation is from 
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  (c)     (d) 

Figure 4: Stylus profile of (a) and (b) constant height lens, and (c) and  (d) constant 

width lens. 

 

32% up to 38%. In terms of width, the difference between the two instruments is 

nearly zero close to the centre for the constant height sample up to 45% for the steps 

close to the edge (smaller widths). For the constant width sample, the discrepancy 

between measurements is around 14% for the whole profile.  Each of the Fresnel 

zones corresponds to a combination of a blazing grating and a wavefront sensor 

serving itself as a complex artifact which could be used as a metrological standard for 

similar structures. The differences between stylus and optical instruments being less 

pronounced close to the centre for the constant height sample and nearly uniform for 

the constant width sample are due to the limitations of the optical instrument related 

to the incidence angle (practical maximum slope of 5.2 deg for magnification 

objective employed). This should be better analyzed regarding the tilt of the zones.  
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