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1 Introduction

This document aims to provide general guidelines for the hardware and physical integration of the
Acconeer Al111 radar sensor. The Al1ll sensor is a fully integrated 60 GHz radar including the
transmitter and receiver antenna. The Tx/Rx antenna is a folded-dipole type and the E-plane and H-
plane of the antennas are indicated in Figure 1. The radiation pattern of the radar transceiver can be
found in the A111 datasheet [1]

The provided guidelines aim to optimize the radar sensor performance when integrating it into your host
product.

Figure 1 Sensor mounted on a printed circuit board (PCB). E-plane and H-plane are highlighted with blue and red
color, respectively.

1.1 Radar loop equation

Consider a signal transmitted through free space to a radar target located at distance R from the radar.
Assume there are no obstructions between the radar and the radar target, and the signal propagates along
a straight line between the two. The channel model associated with this transmission is called a line-of-
sight (LOS) channel. For the LOS channel, the corresponding received reflected power from a radar
target, i.e. the signal to noise ratio (SNR), can be defined as

1
SNR = CO’}/F
R is the distance of the radar to the target, C is the radar loop gain,,including both the transmitter and
receiver chain (two-ways signal path), o is the Radar Cross Section (RCS) of the scattering object and
y determines the reflected power of the object’s material. RCS depends on the roughness, size and shape

of the scattering object. Moreover, SNR depends on the sensor profile setting. A comprehensive
explanation of the sensor profiles can be found in Acconeer’s “Radar Sensor Introduction” [2].
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1.2 Radar radiation pattern

When characterizing the gain, we refer to the radar loop gain defined in the radar equation section.
Figure 2 shows the radar setup configuration for the radar radiation pattern measurement. The reflector
which in this case is circular trihedral corner (radius of 5 cm) is located at the far-field distance from the
sensor (1 m). The far-field distance can be determined by the aperture of the sensor and the radar target.

2A2
Rearfieta > e

where A is the largest dimension of either the sensor or the radar target. Envelope service can be used
to collect the reflected power at the fix distance from the radar target at different rotation angle.

Cover
Reflector

Distance=R

Figure 2 Measurement setup for sensor radiation pattern.
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2 HW Integration - Schematics

2.1 Power

The Al111 is powered by 1.8V and all the control signals and the SPI interface are 1.8V pins. It must
therefore be ensured that all host MCU pins connected to the A111 are at 1.8V. If this is not the case,
level-shifters must be used in between the A111 and the host MCU.

As mentioned in the power consumption summary of the A111 datasheet, the A111 consumes
typically 66uA when the ENABLE pin is set low. If the leakage current is to be even further reduced,
the power to the A111 must be switched off. It can be achieved either by using a low-leakage power
regulator with an enable/disable function (if 1.8V is not available in the system) or a low-leakage
power switch in between the two 1.8V domains. In both cases, a control signal, PMU_ENABLE, is
needed. See Figure 3 for details.

|

VIN

1.8V
PMU_ENABLE

Figure 3 Block diagram of how to connect a Power Management Unit for controlling the 1.8V to the A111.

If the power to the A111 is switched off in between sweeps it is important that the control signals and
SPI interface are pulled low during this time, otherwise reverse leakage will occur via the ESD diodes
in the A111. If it is not possible to set the SPI interface in such a state (either via SW or by configuring
any level-shifters that might be used in the design), the problem can be solved by adding a power
switch only to VIO1 and VI0O2. This way the leakage will be significantly lower than 66uA, but the
control signals and SPI interface of A111 will still be supplied by 1.8V and thus no reverse leakage
will occur. See Figure 4 for details. The Acconeer High Performance Module shows how to integrate a
power switch into the design, refer to the XM112 datasheet [3].
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Figure 4 An example of how to connect a power switch to reduce the leakage current when A111 is powered off.

2.2 SPI Interface

To optimize the performance and speed of the SPI interface, the A111 and the MCU should be placed
on the same PCB. If it is necessary to route the SPI interface via a cable, it is recommended that
differential routing is done for SPI_CLK, SPI_MOSI and SPI_MISO. This is enabled by using a
differential driver circuit as described in the XC122/XR122 EVK HW User Guide [4]. An example is
shown in Figure 5.

ENABLE
SPI_SS
INTERRUPT——————

ENABLE
SPI_SS
INTERRUPT

F 3

e

SPlbus
diff

Radar Sensor Host MCU
PCB PCB

Figure 5 An example of how to use differential driver circuit if the SPI interface between A111 and Host MCU is
routed via cable.
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3 HW Integration - PCB

This chapter describes means of optimizing the sensor performance by properly designing the printed
circuit board (PCB).

3.1 Sensor ground plane

To optimize the sensor transceiver gain, the sensor must be shielded by a solid ground plane. The area
of the ground plane relates to the sensor transceiver gain as shown in Figure 6. It is recommended to
place the sensor at the center of the PCB to avoid any tilt on the main radiation beam of the antennas.

Transceiver gain loss [dB]

Area = 625 mm? Area = 225 mm? Area = 29 mm?

Figure 6 Simulated relative transceiver gain loss as a function of extended board ground plane area. The area is
quadratic.

In terms of regulatory compliance, any holes in the ground shield must be significantly smaller than the
wavelength of the radiation that is being blocked (5 mm for the A111 sensor), to effectively approximate
an unbroken conducting surface.

For manufacturing reasons, it is recommended to not flood the ground area in between the A111 ground
balls. It is recommended to connect the ground balls of A111 with individual traces. It is very important
to connect the ground below A111 to the Main ground plane surrounding the A111. An example of how
to properly connect the sensor ground plane is shown in Figure 7.
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Figure 7 An example of a properly connected ground plane below the A111 radar sensor.

3.2 Sensor underfill

Underfills are usually made of materials which are characterized by their dielectric properties. The
sensor underfill material should be chosen to have as low dielectric constant and loss tangent as possible.
Dielectric constant determines the reflectivity of the medium and loss tangent indicates the dissipation
effect of the material and both are frequency dependent.

3.3 Integration with other components

It is optimal to have no electronic components on the same side of the PCB as the sensor is located. The
electronic components located on the same side of the PCB as the sensor will cause the EM waves to be
scattered. The component size, shape and material determine the amount of scattered energy from the
component. If it is necessary to locate a component on the same side as the sensor, the distance between
the sensor and the component must be taken into consideration.

Figure 8 illustrates different strategies for placing a component close to the sensor. This is important to
consider when detection range is set to close-range (distances < 150 mm), as reflections from the
components can cause coherent or non-coherent interference. It is recommended to place the object in
the green areas as highlighted in Figure 8. The highlighted yellow area is more sensitive to the placement
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of an object. Optimum distance depends on the material, shape, size and orientation of the object.
Moreover, the height of the object should not exceed the sensor’s height.

Figure 8 Guideline for placement ofa component on the side of the sensor.

In case of having multiple components and objects nearby and if the radar performance is impacted by
the objects in proximity, it is recommended to shield the sensor by creating a conductive tapered wall
around the sensor. Figure 9 shows a model of such a shield can. The inner-walls of the can are tapered
and conductive coated, in order to minimize the unwanted reflections.

Figure 9 Tapered shield wall designed to prevent unwanted reflections from components placed close to the radar
sensor.

3.4 Al111 Decoupling capacitors

Ideally, the decoupling capacitors should be placed on the opposite side of the PCB from the sensor,
but as close as possible to the via connecting the top and bottom layer. If manufacturing process
allows, the via can be placed directly on the A111 VIO ball. If that is not possible, the impedance
between the A111 VIO ball and the decoupling capacitor should be minimized. In practice, that means
that the via should be placed as close as possible to the VIO balls on A111 and the trace between the
Al111 balls and the via, as well as the trace between the via and the decoupling capacitor, should be as
short as possible. In Figure 10 an example of how to place the via and decoupling capacitor is shown.
A four-layer PCB is shown in the example and the components and traces are highlighted in red.
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Figure 10 An example how to place the Layer 1:4 via and decoupling capacitor C (Layer 4) that decouples ball D10 on
A111 (Layer 1). All components with orange component outlines are placed on Layer 4 while the A111 is placed on
Layer 1.

3.5 Al111 Crystal

Ideally, the crystal and its tuning capacitors should be placed on the opposite side of the PCB from the
sensor, but as close as possible to the via connecting the top and bottom layer. If manufacturing
process allows, the via can be placed directly on the A111 XIN/XOUT balls. If that is not possible, the
impedance between the A111 XIN/XOUT balls and the crystal should be minimized. In practice, that
means that the via should be placed as close as possible to the XIN/XOUT balls on A111 and the trace
between the A111 balls and the via, as well as the trace between the via, the tuning capacitor and the
crystal pads, should be as short as possible. In Figure 11 an example of how to place the crystal, tuning
capacitors and vias is shown. A four-layer PCB is shown in the example and the components and
traces are highlighted in red.
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Figure 11 An example how to place the A111 crystal (Layer 4), its tuning capacitors (C1, C2, Layer 4) and vias (Layer
1:4). The crystal is connected to balls J10 and H10 on A111 (Layer 1). All components with light blue component
outline are placed on Layer 4 while the A111 is placed on Layer 1.
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4 Physical Integration

EM waves can interact with the objects and the media in which they travel. As EM waves propagate,
they can be reflected, refracted, or diffracted. These interactions cause the radar pulse to change the
direction and to reach the areas which would not be possible if the radar pulse travelled in a direct line.

This chapter provides the integration guidelines for simplified sensor cover scenarios. In any case, it is
important to carefully design and characterize the integration to ensure that the desired performance is
obtained. The radiation pattern presented in the A111 datasheet (www.developer.acconeer.com), shows
the sensor performance when integrated in free space.

4.1 Radome integration

A radome is a structural enclosure that protects a radar assembly. Radomes are generally made of
materials which are mainly characterized by their dielectric properties. Dielectric materials have a
characteristic impedance of

where €, is the dielectric constant relative to the free space and Z,, is the wave impedance in free-space.

Zo= |[22=3770
0 PR

When an EM wave hits a dielectric material at a normal incident angle, the reflection coefficient is
defined as

_ Za—Zo _ €0~ VEr
Za+Zy JEo +VEr

The transmission coefficient is defined as T = 1 +T. It is important to select dielectric materials for the
radome such that the reflection coefficient has a low value. Therefore, a low dielectric constant material
will minimize the reflections and reduce the impact on the radiation pattern and insertion loss. Typically,
radomes are made of plastic and the dielectric constant of common plastic (ABS, PC, Teflon, PP) is less
than 3, therefore, reflection coefficient for plastic materials is usually low. To further optimize the
radome integration, shape of the radome, distance to the radar and the thickness of the radome needs to
be considered in the design.

Figure 12 shows a scenario where a 1mm thick radome made of ABS plastic is placed at different
distances, D, from the radar. The amplitude variation of the reflected waves from the radar target can be
seen in the measured results shown in Figure 13. The variation of the amplitude is explained by the
standing wave phenomena. The transmitted wave (indicated as blue in Figure 14) travels in the air
medium until it reaches the second medium (plastic cover). Depending on the properties of the second
medium, part of the energy will be transmitted through the medium and part of it will be reflected. The
reflected pulse (indicated as yellow in Figure 14) will travel back to the PCB and be reflected again
(indicated as red in Figure 14). Depending on the distance D, the transmitted wave and the reflected
pulse can add up coherently or noncoherently. The maximum and minimum occur at multiples of the
half wavelength of the radar pulse. The impact of the pulse length is visible in the measurement results
(Figure 13). When the distance D gets larger than the pulse length, the standing wave disappears.

Page 13 of 32

2019-12-04 Tel: 0755-2328 2845 WA AR AR A ]


http://www.develope.acconeer.com/

Hardware and physical integration guideline PCR Sensor A111 ((()

Figure 12 Placement of the radome in relation to the sensor.
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Figure 13 Measured reflected power from the target versus the radome to sensor distance for two different service
profiles (ACC_SERVICE_ENVELOPE_PROFILE_MAXIMIZE_SNR and
ACC_SERVICE_ENVELOPE_PROFILE_MAXIMIZE_DEPTH_RESOLUTION). Amplitude is nomalized by the
maximum value of Free Space.

Figure 14 lllustration of the transmitted pulse and the reflected pulses (from plastic cover and the PCB).
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4.2 Radome thickness

When an EM wave travels in a dielectric material, its effective propagation speed and the wavelength
will change depending on the dielectric material:

Co _ Ao

Cerf = e Aeff = &

where €, is the dielectric constant of the material, ¢, is the speed of light in free space, i.e. 3x108
and A, is the free space wavelength (1, = 5mm for A111).

Reflections happens at the air-dielectric interfaces and the thickness of the dielectric medium determines
the phase shift of the reflected wave from dielectric-air interface. Figure 15 shows a simplified model
of the transmission and reflections of the waves between air-dielectric. Reflections from the second
bounce and above are neglected in this model. When the wave impinges the air-dielectric interface, part
of it reflects (ry4) and part of it transmits (ty,). The thickness of the dielectric material will cause the
wave to shift phase by:

0= h

Aefr

where h is the thickness of the dielectric. When the wave reaches the dielectric-air interface (to,e /%),
another transmission (t;oto1e %) and reflections (r;oto,e /%) happens. Notice that the wave will have
a sign change when the reflection happens, ro = —191. At the lower dielectric-air interface, the
amplitude of the wave is —r,,to;e~2/?, where the wave has traveled a distance of 2h.

If we assume a half-wavelength-thick radome, the round trip of the wave inside the radome will
introduce a 360-degree phase shift. Hence, the reflected wave into the air has a —ryt;9to; amplitude.
In this case, the reflected waves, t;otg; = —79; and ry; will cancel out. Therefore, to minimize the
reflections, the thickness of a single layer radome should be half-a-wavelength or a multiple of it.

A
ff
hoptimum =n eZ , n=123,..

r 3
€o tiotore /¢
F 3
t e_fe o
hI €1 ot torT0e 2/°
h F
€
0 T01
D

Figure 15 Incident wave impinging the radome at the normal incident angle. Transmission and reflection of the wave
at the interfaces of two mediums.

As an example, a plastic sheet made of ABS with different thicknesses was selected for the test
measurement. If we assume dielectric constant of ABS to be 2.6 (the dielectric constant can vary
depending on the vendor), the thickness of the half-a-wavelength-thick radome is calculated to be
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= 1.55mm

Aess
h =
2

Figure 16 shows the amplitude variation of the reflected wave from the radar target when the distance
between the sensor and the radome is varied for different radome thicknesses. A thickness of 1.6 mm,
which is very close to the thickness of half-a-wavelength, has the minimum impact on the amplitude
variation. It is worth to mention that when the thickness is set to quarter-of-a-wavelength, the amplitude
variation becomes maximum. When the radome thickness is set to quarter-of-a-wavelength, the round
trip of the wave inside the radome leads to a 180° phaseshift.

] x
I I I 1 1 1 ] 1

o

1
—

Amplitude variation (dB_)
&Y

-3F FS R
h=0.7mm
h=1mm

-4 r s h=1_BMIM 7
h=2mm

2 < 6 8 10 12 14 16 18 20
Distance (mm)

Figure 16 Impact of the thickness of the radome (made of ABS) on the reflected amplitude variation. The amplitude is
normalized to maximum value of the Free Space (FS). Profile set to
ACC_SERVICE_ENVELOPE_PROFILE_MAXIMIZE_SNR.

If absolute measurements are required for a certain use case, it is advised that an additional offset is
added to the distance measurement. The reason for this offset is that the propagation delay caused by
the radome must be compensated. This additional offset is obtained by making reference measurements,
and it will also allow you to place the reference plane at the desired location for your product.

4.3 Radome distance
The reflected waves from the radome wall should be in-phase with the transmit waves, which leads to
the optimum distance of

Ao
Doptimum = Tl;, n=123,..
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The optimum distance is valid if the thickness of the radome is optimum as well. Otherwisg, to have a

minimum insertion loss on the received signal, the distance to the sensor should follow the marginal
criteria below:

Ao Ao
nZ—S <D <nz+5, n=13,5,..

In order to have zero insertion loss § is determined to be 0.5 mm.
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4.4 Impact on the radiation pattern

The radiation pattern of the integrated antennas will be affected by the dome that is put on top of the
sensor. Figure 17 shows the measured radar loop pattern for three different materials, ABS plastic,
gorilla glass and free space.

Distance of the cover to sensor: 1.25 mm

42t
[JcorillaGlass
a0k [ IaBs. 2mm
Crs

38

36

34

amp. [dB]

32

30

28

26

80 60 40 -20 0 20 40 60 80
angle

Figure 17 Impact of the different materials on the radiation pattern, H-plane.

Figure 18 shows the radar radiation pattern when a radome made of ABS with 2mm thickness is placed
at distances corresponding to the harmonics of the quarter-of-a-wavelength of the radar pulse. The
reference case is FS (Free Space i.e. no cover). Since the radome thickness is not optimal, distances
which correspond to odd harmonics of the quarter-of-a-wavelength have the minimum impact on the
radiation pattern.
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amp. [dB)

-80 -60 -40 -20 0 20 40 60 80
angle

Figure 18 Impact of the radome-to-sensor distance on the radiation pattern (H-plane).

It is not recommended to place the cover directly on the sensor. Figure 19 shows the radiation pattern
on the H-plane when the cover (ABS plastic sheet) is located on top of the sensor. In comparison with
Free Space, there is around 3 dB loss on both max. power and total radiated power for this case.

material= ultrat thickness =2mm

42 r dist=0

amp. [dB]

angle

Figure 19 Radiation pattern on H-plane, cover placed directly on the sensor vs Free Space.
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4.5 Multi-layer radome integration

Radomes can also be constructed from a multi-layer dielectric. Particularly, where the thickness of a
single layer dielectric is fixed, thus additional layer can be added to the radome which can act as an
anti-reflection layer. Figure 20 shows the stack-up of a radome made of two dielectric layers and
illustrates the scattering of waves in this scenario. In this scenario, the reflections formed at the
interfaces of the different mediums can be cancelled if the condition below is satisfied:

To1 + trotorTize 70 + tiptaimaotizte e 2@t =0

The layer indicated with €, dielectric constant is the main layer and the layer with the ¢; dielectric
constant is the matching layer. Depending on the degree of the freedom, one can find the optimum
thickness or the optimum dielectric constant for the anti-reflection layer.

tiptz21M20t12t018 "
EO Tox tigtoirize 2?

Figure 20 Illustration of the scattering waves for a two-layer radome.

Another approach is to use an EM simulation tool to find the characteristic of the anti-reflection layer.
For example, Figure 21 shows a sensor integration scenario where the main layer of the radome is made
of a special glass which has a high dielectric constant (~6-7). Therefore, the wave impedance mismatch
between the glass and the air becomes large. To reduce the mismatch, a matching layer with a lower
dielectric is applied between sensor and the screen. To find the optimum dielectric value of the matching
layer, the dielectric constant is varied in the simulation. It can be seen from the results shown in Figure
22 that the gain drops at least 2 dB in case 1, compared to case 2 where the matching layer has a dielectric
constant of 3.
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Glass (Dielectric constant™ 7)

Figure 21 Simulation scenario: Sensor, air-gap, the matching layer and the screen.

Normalized gain over frequency
T

case 1. e=1.1
case2. ¢=3

Normalized gain
w
T

6 I | | I I I
57 58 59 60 61 62 63 64

frequency [GHz]

Figure 22 Normalized antenna gain where the matching layer dielectric constant is set to 1.1 and 3.
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5 Physical Integration - Lens

The Al111 sensor has a wide Half-Power Beam-Width (HPBW), typically 80° on the H-plane and 40°
on the E-plane. For the applications where narrow beamwidth is required, additional lens antenna
solution might be added to the sensor to achieve narrow beamwidth and high gain.

The major advantages of lens antennas are narrow beamwidth, high gain, low sidelobes. Their structures
can be more compact and weigh less than horn antennas and parabolic reflector antennas.

Acconeer have designed two type of lens to narrow the beamwidth and improve the gain. First is the
hyperbolic lens and the second is based on the phase correcting plate which is called Fresnel Zone Plate
(FZP) lens. The shape of the hyperbolic lens is chosen so that the rays passing through the lens
originating from the focal point will have the same phase shift, i.e. they will depart in-phase from the
lens. In case of the FZP lens, the radius of each subzone and its thickness, are chosen so that rays passing
through the edges of neighboring subzones originating from the focal point have the same phase shift.

Figure 23 depicts how the transition from the spherical waves to planar waves is done by two different
types of lens. The main parameters for the lens design are the focal point, dielectric constant of the lens,
and curvature (hyperbolic, zone radius and thickness).

Hyperbolic lens FZP lens

B IR IR

Figure 23 Hyperbolic and FZP lens located at the focal distance of the sensor.
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Figure 24 3D-printed examples of the hyperbolic and FZP lenses. The material used for printing is ABS plastic.

5.1 Focal distance

Radar loop measurement was done to characterize the focal point of the lens. The reflected power from
a fixed radar target was captured for different sensor-to-lens distance. The distance between the sensor
and target is to be in the far-field region, i.e. radar-to-target distance > 1m.

Figure 25 shows the radar loop gain of the integrated lens with the radome with respect to the free-space
scenario for the XM112 module (see Figure 24 for the prototype pictures). The maximum gain happens

at 7.5 mm distance for both lenses. Other maxima happen every half-of-a-wavelength (’12—° =2.5mm).

The gain oscillation is due to the constructive and non-constructive interference of the transmitted and
reflected waves between the lens surface and the sensor. The optimal placement can vary depending on
the radome design. The measured results for the XR112 radome (Figure 26) indicate that the maximum
gain happens at 8 mm distance. This can be due to the reflections from the radome side walls which can
create interference. Therefore, it is important for every radome design to characterize the focal distance
to find the optimum distance.
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Figure 25 Gain variation of the lens versus the distance to the XM112 radome. The amplitude is normalized to Free

Space (FS).
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Figure 26 Gain variation of the HPL and FZP lens versus the distance to the XR112 radome. The amplitude is

normalized to Free Space (FS).

FINTHEE BB R A F]

Tel: 0755-2328 2845

Page 24 of 32

2019-12-04



((() Hardware and physical integration guideline PCR Sensor A111

5.2 Radiation pattern

Two focal distances, Dsensar-lens= 2 and 8 mm, are chosen for characterizing the radar loop radiation
pattern of the lenses. Figure 27 and Figure 28 show the measured radar loop pattern for free-space, HPL
and FZP lenses for the selected focal distances. The measured gain is slightly lower than the expected
values (refer to Figure 25). This is due to tolerances of the distance which impacts the gain. If one
considers the FZP lens, the distance tolerance of +- 0.5 and +-1 mm results in 0.5- and 1-dB gain loss
respectively.

Calculated HPBW for both focal distances are shown in Figure 29. When the focal distance is set to 2
mm, the radiated beam is less directive compared to when the focal distance is set to 8 mm.

To conclude, when a new radome is designed, it is very important to characterize the integrated lens and
radome to optimize the design for the targeted application.

E-plane == H-plane —
1000 %9°  goe - FZP 100* %0°  go Fz
110° 70° —— HBL

130° 50*

10.0

-10.0

Figure 27 Radar loop radiation pattern of the sensor in Free Space and with lens. Distance from the lens to the sensor
is set to 83mm. Radius is in dB scale normalized to Free Space maximum gain.

E-plane — H-plane —
. FZP . FzpP
wer ¥ g — L e % poe L

Figure 28 Radar loop radiation pattern of the sensor in Free Space and with lens. Distance from the lens to the sensor
is set to 2mm. Radius is in dB scale normalized to free space maximum gain.
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HPBW (degree)
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E2p zZp

Deensor-lens= Bmm Diensordens = 21mim

Figure 29 Half-power beam width for the FZP and hyperbolic lenses placed at a distance from the sensor of 8mm and
2mm respectively.

In Figure 30 the maximum gain of the lenses in the E-plane is shown for the two different focal
distances.

1
W Max. gain E-plane

Gain (dB_Fs)

FZP, F=2mm HPL, F=2mm FZP, F=8mm HPL, F=8mm

Figure 30 Gain of the FZP and hyperbolic lenses at E-plane for focal distances of 2mm and 8mm.

5.3 FZP Lens Design

The FZP lens characterized in the previous chapters was made of ABS plastic with a focal point
distance of 2mm and 8mm. If other materials are to be used or if another focal point distance is
needed, the dimensions of the FZP lens should be altered. In Figure 31, a detailed description of an
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FZP lens is shown, as well as the equations needed to design one. For further details regarding FZP
and hyperbolic lens design, refer to [5].

Source
“1| (radar)

S

T p(VE - 1)

F: Focal point, input parameter

p: number of steps

A: Wavelength in free-space: 5mm for 60GHz
¢,.: Dielectric constant of the material at 60 GHz
s: Thickness of each step

r;: Radius for step i

Figure 31 Detailed description of an FZP lens and the equations needed to calculate its dimensions.

By using the equations in Figure 31, one concludes that a four-step FZP lens in ABS-M30 plastic (& =
2.48), with the focal point at 20mm, needs the following dimensions:
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rr=>5.1mm
r;=7.46mm
rs=9.39mm
ry=11.12mm
s=2.17mm

Total thickness of the lens:; 4*2.17 = 8.7 mm
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6 Appendix A: Materials

Table 1 Measured dielectric constant and loss tangent of different materials at 60 GHz [6].

Material Dielectric constant Loss tangent
ABS-M30 (three-dimensional printed) 2.48 0.008
Acrylic glass 2.5 0.0118
Alumina 9.3 0.0013
Fused quartz 38 0.0015
MACOR 5.5 0.0118
PLA (three-dimensional printed) 2.85 0.014
Polyethylene 23 0.0003
Polypropylene 22 0.0005
Polystyrene (Rexolite) 2.5 0.0004
Teflon 22 0.0002
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Disclaimer

The information herein is believed to be correct as of the date issued. Acconeer AB (“Acconeer”) will
not be responsible for damages of any nature resulting from the use or reliance upon the information
contained herein. Acconeer makes no warranties, expressed or implied, of merchantability or fitness
for a particular purpose or course of performance or usage of trade. Therefore, it is the user’s
responsibility to thoroughly test the product in their particular application to determine its performance,
efficacy and safety. Users should obtain the latest relevant information before placing orders.

Unless Acconeer has explicitly designated an individual Acconeer product as meeting the requirement
of a particular industry standard, Acconeer is not responsible for any failure to meet such industry
standard requirements.

Unless explicitly stated herein this document Acconeer has not performed any regulatory conformity
test. It is the user’s responsibility to assure that necessary regulatory conditions are met and approvals
have been obtained when using the product. Regardless of whether the product has passed any
conformity test, this document does not constitute any regulatory approval of the user’s product or
application using Acconeer’s product.

Nothing contained herein is to be considered as permission or a recommendation to infringe any
patent or any other intellectual property right. No license, express or implied, to any intellectual
property right is granted by Acconeer herein.

Acconeer reserves the right to at any time correct, change, amend, enhance, modify, and improve this
document and/or Acconeer products without notice.

This document supersedes and replaces all information supplied prior to the publication hereof.

d{(oneer
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