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a((oneer Lens dESignS PROPRIETARY AND CONFIDENTIAL

Spherical FZP! Fzp?!
lens 1 zone 3 zones
— Lens Material: ABS plastic filament
Geometry
Eps,(dielectric
constant ) h (height) d (diameter) | f(focal length) F (aperture)
Free space = = = = =
FZP 1 zone 2.7 7 22 ~7 0.3
FZP 3 zone 2.7 7.2 40 ~4 0.1
Spherical lens 2.7 16.3 30 6 0.2
Measured properties
HPBW?2 E-Plane |HPBW? H-Plane Gain [dB] Gain [linear]
Free space 36° 61° 0 1.0
FZP 1 zone 12° 13° 7.5 5.6
FZP 3 zone 11° 8° 8 6.3
Spherical lens 10° 12° 9 8.0
2 2 HPBW = Beam width at half intensity for E- and H-plane, i.e., EZ and H?, respectively

1 phase correcting Fresnel zone plate with 4 steps Half intensity is 3dB below peak intensity



al(oneer Lens dESignS PROPRIETARY AND CONFIDENTIAL

Spherical Fzp? FzpP1 The stepped-dielectric, phase-correcting Fresnel zone plate, collimates the
lens 1 zone 3 zones beam originating from a source placed at a distance f (focal length)? from the
zone plate:
[ A 1 (—l—\ [ A 1

Sub-Zone

1 Zone

The radius of each subzone and its depths d, are chosen so that rays passing
through the edges of neighboring subzones originating from the focal point f
have the same phase shift.

3

! phase correcting Fresnel zone plate with 4 steps 2 see Appendix A for details on focus of FZP



a((oneer Measurement setup
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180°

Radar source

Radar and lens are placed on a standard Thorlabs rotary stage.
Envelope of reflected signal from a corner reflector at 1m
distance is measured in 1° steps.

Im

Rotary stage
(at 90° position)
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Corner reflector



a((oneer Free space
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a((t)neer Performance Comparison at 7m PROPRIETARY AND CONFIDENTIAL
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/ With the FZP lens a clear peak is seen at 7 m.
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al(oneer Summary / Recommendation
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The FZP with 1 zone offers seems to be best “in-between”
option:

>

>

>

Low material volume, i.e. low cost

Simple design, can be made even flatter if material with
higher dielectric constant is chosen

Focal distance can be adjust easily by changing geometry
of zones

Reasonably high gain of ~7dB (could be further improved
with curved step-design in subzones)

Less energy in side-lobes compared to FZP with 3 zones

Half power beam width (HPBW) of ~12°




a((()neer Appendix A: FOCi for FZP With 1 Zone PROPRIETARY AND CONFIDENTIAL

Fresnel zone plates have several foci, where FZP  FzP
constructive interference occurs. Here, we scan inverted
the received power from an object at a fixed

distance and very the distance of the radar H < 5 '
source to the FZP.

0
-1
-2
Source ¢
< = 3
S,
w -4
(]
5
a -5
©
N 6
e —e—FZP inverted
g 7
o —e—FZP
Z 3
-9
0 0,2 0,4 0,6 0,8 1 1,2 1,4 1,6

f [cm]



