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Abstract. An array of Fresnel lenses was machined on the surface of single crystal

(100) InSb sample with a half radius negative rake (-25o) single point diamond tool.

The lens has paraxial domains [1] having aspheric phase profile. The sample was

examined by scanning electron microscopy and an optical profiler. The machined

surface and the chips presented an amorphous phase probed by micro Raman

spectroscopy. Ductile ribbon-like chips were observed on the cutting tool rake face.

No sign of cutting edge wear was observed on the diamond tool.

1 Introduction

Semiconductors crystals are normally hard and brittle material. However, due to its

application as an important infrared optical material, many research efforts were

addressed to theses materials mainly for silicon and germanium. The aim was to find

optimal cutting conditions that would allow the fabrication of diffraction optical

elements with deterministic processes such as single point diamond turning. The

main obstacle found in micromachining of semiconductors crystal is related to the

degree of surface damage generated by the cutting process. In 2004 euspen

conference, two papers were presented with a similar concern: to apply SPDT for

the fabrication of diffraction optical elements with semiconductors [2-3]. The idea

was to cut semicondutors crystals within a transformed layer induced by

pressure/stress in order to avoid the formation of brittle damage. It was proposed

that the critical thickness of cut for these materials varied with the transition pressure

value of each crystal. The higher the value of the transition pressure, the lower

would be the critical thickness of cut. Based on that, Indium antimonide is

considered one of the semiconductors crystals with the lowest transition pressure
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value, becoming an interesting candidate to be applied in the fabrication of

microstructures in brittle materials. In this study it is shown that the application of

the concept of phase transformation induced by pressure/stress in the machining soft

semiconductors enables the fabrication of a Fresnel lens array using an

ultraprecision lathe.

2 Experimental

Single crystal Indium Antimonide (100) was single point diamond turned in a face

operation to produce an array of Fresnel lenses. The center of the lens is a 7-zone

Fresnel lens. The lens sag is 30 m with variable zone width. The transition location

for each zone occurs at rp
2 = 2.λ.p.f (where p = 0,1,2,….,7 is an integer number). 

The testes were performed with ALKALISOL 900 (~100ml/h) on a high stiffness

machine (ASG 2500 from Precitech®). The cutting conditions are described in terms

of machining strategy used to cut each of the Fresnel lens in the array. The diamond

tool used to machine the Fresnel mold has a special geometry with “half radius”

made by Contour Fine Tooling (UK) and Radius= 0.025 mm, Rake = -25°,

Clearance = 10° degrees primary, Included Angle = 30°, Waviness <0.25um over

55° excluding elliptical form. The array of Fresnel lenses were characterized with

optical profiler and Scanning Electron Microscopy (SEM).

Table 1. Machining Strategy used to cut the Fresnel lens array . (f – feed rate in

µm/rev) (ap - depth of cut in µm)

Lens # Rough
cut

No.
Passes

Semi
finish

No.
Passes

Finish No.
Passes

f ap f ap f ap

1 2 10 3 __ __ __ __ __ __
2 1 10 2 __ __ __ 1 5 2

3 1 10
2 1 5 1

1 1 1__ 1 2 2

3 Results

Figure 1(a) presents a photograph of the array of Fresnel lenses machined in the

InSb crystal. There are some differences in the material removal in the lens show in

the left part of the image (detail 1 in 3D- Fig. 1b). This difference was due to the

machining strategy used to cut this lens. The most affected zones were the first 3.
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The other ones did not presented a significant damage. The 3-D image of the center

region of the lens 2 is also shown in detail 2 (Fig.1c).

a)

b) c)

d)
Figure 1. a) Photograph of the Fresnel lens array machined in single crystal InSb; 3-

D image showing Detail of the lens b) 1 and c) 2; d) Quasi-backscattering Raman

spectrum of the diamond turned single-crystal InSb sample (a) before machining and

(b) after machining in ductile mode.

Spectrum (a) shown in Fig. 1(d) displays the quasi-backscattering Raman spectrum

for the InSb sample before machining, where it can be seen the intense peak of the

longitudinal optical phonon (LO) at 190.0 cm−1, characteristic of the (001) oriented

zinc blend structure. Spectrum (b) shown in Fig. 1(d) shows the Raman spectrum

1 2 3

1 2
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after machining in the ductile mode. The dramatic reduction in the intensity, the

broadening of the peaks of the transverse(TO) and longitudinal (LO) optical phonon

at 180.0 cm−1 and 190.0 cm−1, and negative frequency shift of the LO mode are

indicative of the presence of a high short-range structural disorder into the vicinity

of the surface, deriving from a phase transformation enabling the ductile response

during machining. Fig. 3 shows SEM image of the cutting edge of the diamond tool

after machining, no sign of wear is observed. Fig. 4 shows SEM image of ribbon-

like chips found on the rake face of the tool after machining.

Figure 3. SEM image of the

tool point and cutting edge.

Figure 4. SEM image of ribbon-like

chips found after machining

In conclusion, a ductile mode micromachining process for manufacturing Fresnel

lens array on monocrystalline InSb was presented. Damage and Smooth surface

profile were generated. Despite of InSb present a good ductile response [3], the

machining strategy to generate the microstructure profile is very important in order

to fabricate damage free and uniform thinning of sharp edges. The ductile response

during machining is considered directly related to the intrinsic value of the transition

pressure value which is inherent to each semiconductor crystal.
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