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1. The impact of radome on modules

® Signal attenuation: The material and structure of the radome will attenuate the propagation of radar
signals. Depending on the materials and media of the radome, the propagation energy loss of radar

waves is different, which will affect the detection range and accuracy of the radar to some extent.

® Scattering: The surface of the radome will produce scattering, which will cause reflection and

interference of the radar signal, affecting the radar detection effect.

® Multipath effect: The existence of the radome will cause the radar signal to produce a
multipath effect, that is, the signal reaches the receiver after being reflected multiple times

inside the radome, which will affect the measurement accuracy of the radar.

® Blind zone: The design and installation location of the radome will affect the radar's blind zone,

which is the area that cannot be detected by the radar.

® Therefore, during the radar design and installation process, it is necessary to consider the
influence of the radome, select appropriate materials and structures, and reasonably design and

install the location to ensure the detection effect and accuracy of the radar.

2. Radome design considerations

® As an important part of radar, the performance of radome directly affects key indicators such
as radar measurement distance, accuracy and anti-interference ability. The radome is installed
in front of the antenna. Its main function is to protect the antenna from harsh environmental
factors such as airflow, rain, snow, sand and salt spray, and to provide a stable working

environment for the antenna, thereby improving the reliability of the radar.

® In order to ensure the performance of the radome, it needs to have excellent wave transmission
performance, that is, it cannot strongly block the electromagnetic waves radiated by the antenna
or destroy the required beam shape. At the same time, the impact of the radome on the antenna's
gain, beam width and other performance indicators should be as small as possible. Therefore,
when designing a radome, factors such as material selection, structural form, and wall thickness
need to be comprehensively considered to ensure that the radome not only has good

telecommunications performance, but also has good structural performance.

® To sum up, the importance of radome in radar system cannot be ignored. By optimizing the

design and choosing the right materials,
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It can effectively protect the antenna from harsh environments and improve the reliability
and performance of the radar system.

Here are some factors to consider in radar module radome design:

v Material selection: The material of the radome should have good weather resistance,
corrosion resistance and high temperature resistance. Commonly used materials include
plastics and composite materials. It is worth noting that when designing, try to avoid the
use of metal fixtures and coatings, especially metal materials that can significantly

reduce signal strength.

v Shape design: The shape of the radome should match the shape of the radar module to
ensure that the radome does not negatively affect the performance of the radar module.
At the same time, the shape of the radome should also take into account the

convenience of installation and maintenance.

v Dimensional design: The size of the radome should match the size of the radar antenna
to ensure that the radome fully covers the radar antenna and does not negatively affect

the performance of the radar antenna.

v Transparency design: The transparency of the radome should be high enough to ensure that
the radar signal can pass through the radome smoothly, and does not negatively affect the

strength and accuracy of the radar signal.

v" Waterproof design: The radome should have good waterproof performance to ensure that

the radar module can still work normally under severe weather conditions.

v Dust-proof design: The radome should have good dust-proof performance to ensure that the

radar module can still work normally in a dusty environment.

v Anti-corrosion design: The radome should have good anti-corrosion properties to ensure

that the radar module can still work normally in a corrosive environment.

v' Installation method design: The installation method of the radome needs to take into
account its connection method and installation position with the radar module. Generally
speaking, the radome can be fixed on the radar module through threaded connection,
pasting, etc., and it is necessary to ensure that it fits well with the interface of the radar

module.
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® [n short, the design of the radar module radome should comprehensively consider factors

such as material, shape, size, transparency, waterproof, dustproof and anti-corrosion to ensure
that the radome can fully protect the radar antenna and will not have a negative impact on the

performance of the radar module.

®  Otherradome performance factors:

v’ Protect the antenna: The radome should be able to protect the radar antenna from the
external environment, such as wind, rain, snow, dust, etc., while also preventing mechanical

damage and electromagnetic interference.

v Ensure antenna performance: The structural shape of the radome should minimize the impact

on radar antenna performance, such as reducing reflection, scattering, diffraction, etc.

v" Adapt to the working frequency: The structural shape of the radome should adapt to the

working frequency of the radar antenna to ensure the working performance of the radar antenna.

v Lightweight: The radome should be as lightweight as possible to reduce the impact on the

weight and volume of the entire system.

v’ Aesthetics: The appearance of the radome should be beautiful, the surface must be smooth and
flat, and the materials used should be uniform in nature, consistent in thickness, and consistent

with the design style and requirements of the entire system.

® [f the structural shape of the radome does not meet these requirements, it may affect the
performance and use of the radar antenna. Therefore, when designing and manufacturing
radomes, these requirements need to be strictly followed to ensure the normal operation of the

radar antenna.

3 Radome height and thickness design

31 The height of the antenna to the inner surface of the radome: h

® The height h from the antenna to the inner surface of the radome generally depends on
the specific antenna, radar and dome design. In practical applications, comprehensive
considerations need to be made based on factors such as radar emission, antenna
frequency, power, radiation direction, radome material, shape, and size to ensure the

effectiveness and safety of the radome.
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® The ideal height is an integer multiple of the radar half-wavelength (0/2) in the air.

Maintaining an appropriate distance between the antenna and the inner surface of the
radome can effectively reduce the reflection effect caused by the radome. When the
reflected electromagnetic wave is different from the emitted electromagnetic wave When
consistent, this effect will be minimized. The height h from the antenna to the inner surface
of the radome can be calculated by the following formula.

n+*Ag
2

=

C
}L[},:—f

The meaning of each parameter in the formula: h is the height from the antenna to the inner surface
of the radome; n is a positive integer; 0 is the wavelength of electromagnetic waves in the air; C is

the speed of light in vacuum; f'is the average carrier frequency used.

3 2 The distance between the outer and inner walls of the radome: d

® The distance d between the outer wall and the inner wall of the radome, usually called the
"radome wall thickness", refers to the distance from the inner surface to the outer surface of

the radome, which is the wall thickness of the radome.

® This value is usually determined by the designer based on factors such as radar emission,
antenna operating frequency, radome material and manufacturing process. In practical
applications, the radome is a shell used to protect millimeter-wave radar sensors and
antennas from external interference and environmental influences. The wall thickness of the
radome has a certain impact on the performance and operating frequency of the antenna and
radar, so it needs to be carried out Reasonable design and selection. When designing a
radome, it is necessary to comprehensively consider radar and antenna performance and

actual application requirements, and select an appropriate thickness.

® The ideal wall thickness is an integer multiple of the radar half-wavelength (A/2) in the
medium. The performance of millimeter-wave radar sensors is closely related to the wall
thickness of the radome. The key is to ensure that the wall thickness of the radome is an

integer multiple of the radar half-wavelength (A/2).

® [n this way, the radome becomes "almost transparent" in the millimeter-wave frequency

range. The wavelengths in the radome material become shorter relative to natural air, which
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is inversely proportional to the dielectric constant of the material. The thickness of the

radome can be calculated by the following formula.

q nm*A
= 2
C
A = m—
fE:

The meaning of each parameter in the formula: d is the thickness of the radome; n is a positive

integer; A 1s the wavelength of the electromagnetic wave in the material; C is the speed of light

in vacuum; fis the average carrier frequency used; “* is the relative dielectric constant of the

radome material.

4.

Common material designs for radomes

In order to minimize the impact on the radar antenna's emitted and reflected electromagnetic
signals, it is crucial to select suitable materials for the radome. When selecting a radome
material, one needs to mainly consider its electrical properties, mechanical properties and

environmental resistance. According to relevant information, the relative dielectric constant

“r (Dk) of wave-transparent materials in the frequency range from 0.3 to 300GHz.

Usually it should be less than 10, the loss tangent value tan 6 (Df) should be less than 0.01,
and the electrical parameters should not change significantly with changes in temperature
and frequency. In terms of mechanical properties, the radome material should have high
strength to ensure that it is not easily damaged or destroyed when subjected to external
forces, thereby providing a stable working environment for the antenna. In addition, the
low thermal expansion coefficient and good thermal shock resistance also help to maintain

stable performance of the antenna system.

Broadly speaking, the material of the radome should have good electromagnetic
transparency, that is, it should be able to allow radar signals to pass through the material
without being excessively absorbed or reflected. This ensures that the performance of the
radar system is not affected. The radome needs to have sufficient mechanical strength to
protect the radar antenna from the external environment, such as wind, rain, snow, ice, etc.
The material should have sufficient impact resistance, compression resistance, tensile
resistance and other properties. Radomes usually need to be exposed to the outdoor
environment for a long time, so the material should have good weather resistance and be

able to resist the erosion of natural environments such as ultraviolet rays, high temperatures,

Page 8 of 17



S nl Bl Rd Series Module Radome Design Guide V1.1.0
A Thinker

and low temperatures. Radomes usually need to withstand corrosive environments such as
acid rain and salt spray, so the materials should have good anti-corrosion properties and be
able to resist erosion by corrosive substances. When choosing a material, you also need to
consider its weight and cost. Materials should be as lightweight as possible to reduce the
impact on the overall weight of the radar system, and should be of low cost to reduce
production costs. Therefore, when selecting materials, the above factors need to be
considered to ensure that the radome can minimize the impact on the antenna signal and

provide a reliable working environment.

® Currently, the materials commonly used in radomes generally include inorganic non-
metallic materials and organic wave-transmitting materials. Inorganic non-metallic
materials refer to inorganic non-metallic ceramics, glass and other materials, which have
high temperature resistance and corrosion resistance and are suitable for radomes in some
special environments. Organic wave-transmitting materials refer to materials such as resin-
based wave-transmitting composites, which have good transparency, wave-transmitting
properties and electrical properties, and can better allow electromagnetic waves to pass

through.

® Of course, the most important thing to note is the material’s dielectric constant™* (Dk) and loss

tangent tan 6 (Df). When the material’s"* and tan § values are small, this means that the
material’s ability to absorb working electromagnetic waves lower.Therefore, during the
propagation process of electromagnetic waves, this dielectric material can transmit
electromagnetic waves more effectively, thereby keeping the intensity of electromagnetic waves
at a high level. This phenomenon can be explained by the fact that the material attenuates
electromagnetic waves to a smaller extent, allowing electromagnetic waves to propagate more
fully and maintain their original intensity. Such a property is very beneficial for many

applications, as it can reduce energy loss and increase the efficiency of electromagnetic wave

transmission. Therefore, choosing materials with smaller** and tan § values can achieve better

performance and effects during electromagnetic wave propagation.

® Generally speaking, materials with smaller Dk and Df are selected as the material for
making radomes. The following are the dielectric constant Dk and loss tangent tan (Df) of

some media and common media used in radar radomes.

Page 9 of 17



@ e fis TRk
A Thinker

Rd Series Module Radome Design Guide V1.1.0

Table 1 Parameters of some media and common media for radar radomes

Medium Dielectric constant Loss tangent tan
Air ~1 ~0
vacuum 1 0
Polytetrafluoroethylene (PTFE) 2.1-23 0.0002-0.0003
Polyimide (PI) 3.4-3.5 0.003-0.005
Polystyrene (PS) 2.5-2.7 0.001-0.002
Polycarbonate (PC) 3.0-3.2 0.005-0.008

® [t should be noted that these values are only typical values in the general range, and there

may be certain differences in actual applications. In addition, radar systems in different

frequency bands have different material requirements, so the specific selection of materials

needs to be evaluated and tested based on actual needs.

Before designing, first understand the material and electrical characteristics of the radome. Refer

to the figure below. The data is for reference only. Please confirm with the supplier for actual

information.
Medium Er Typical value

Air 1.00
ABS1 1.50
ABS2 2.50
PC material 3.00
PMMA acrylic 1 2.00
PMMA acrylic 2 5.00
PVC hard 4.00
PVC soft 8.00
High density PE 2.40
Low density PE 2.30

Quartz glass 5

Half wavelength

(mm)
6.20
5.06
3.92
3.58
4.38
2.77
3.10
2.19
4.00
4.09

2.77

1/8 wavelength
(mm)
1.55
1.27
0.98
0.89
1.10
0.69
0.78
0.55
1.00
1.02

0.69

1/10 wavelength
(mm)
1.24
1.01
0.78
0.72
0.88
0.55
0.62
0.44
0.80
0.82

0.55

Figure 1 Common material properties (based on 24.125GHZ)

® Height from antenna to inner surface of radome: H
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v" When space permits, 1x or 1.5x wavelength is preferred.

v" For example, 12.4 or 18.6mm is recommended for 24.125GHz

v" Error control; £1.2mm

® Radome thickness: D
v" Recommended half wavelength, error control 20
v' If the half-wavelength thickness requirement cannot be met
v It is recommended to use low r materials;

v’ Thickness recommended is 1/8 wavelength or thinner

® The impact of uneven materials or multi-layer composite materials on radar performance, it

is recommended to make experimental adjustments during design.

S, Structural design of radome

5.1. Appearance structure

® Radar radomes have a variety of structures, generally divided into flat covers, spherical covers,
and arched covers. The radome used for radar modules generally chooses the flat cover style,
which has a simple structure and low cost, and makes the radome parallel to the radar module,
which will fit better. It is worth mentioning that no matter which structure is chosen, the
texture must be uniform and the surface smooth, so that the equivalent value of
electromagnetic waves passing through each part of the radome at the same angle is consistent

after being lost.

®  The schematic diagram of the flat cover is as follows:
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Flat radome
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Radar module

Figure 2 Flat radome

5.2. Cross-sectional structure

® Radomes can be divided into single layer, interlayer, and multi-layer according to the cross-
sectional form of the radome wall. Generally, radomes will adopt solid wall (single layer), A-
type sandwich and C-type sandwich structures. Radomes used for radar modules generally
choose the form of solid walls. It is simple to make and is characterized by high incident
angles. and has good electrical properties under both polarization conditions. The cross-
sectional structure design of some radomes uses a sandwich structure of different materials,
because the sandwich structure not only has better strength retention, but also has better wave
transmission performance. The sandwich structure can utilize the mutual cancellation effect of
electromagnetic wave reflection between the two surface layers to ensure its good wave
transmittance. When electromagnetic waves enter the interlayer from the air, they are reflected
in each dielectric layer. When the thickness of the core layer is optimal, the reflected waves of
the inner and outer skins have equal amplitudes and opposite phases, canceling each other out,
thus reducing the impact of reflected waves on radar performance. , improving the strength and

bandwidth of the transmitted signal.

° Some cross-sectional forms of radomes are shown below:

Solid wall construction (single layer)
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Figure 3 Solid wall structure (single layer)

v A-type sandwich structure

Figure 4A type sandwich structure

v C type sandwich structure

Figure 5C type sandwich structure

® The gray part in type A and C sandwich is the skin, and the black part is the core layer. The
skin structure commonly used in sandwich structures is wave-transmissive composite
laminates, such as glass fiber/resin matrix composites. The core layer of the radome is
mainly made of honeycomb core material and foam core material, which can effectively

offset the reflection of the skin.

6. Module design guidance

6.1. Radar installation precautions

v Regarding the installation position on the motherboard, the following methods are
recommended:Try to ensure that the radar antenna is facing the area to be detected and that

the surrounding area of the antenna is open and unobstructed.

v' Tt is necessary to ensure that the installation position of the radar is firm and stable. The

shaking of the radar itself will affect the detection effect.

v' Make sure there is no movement or vibration of objects on the back of the radar. Due to the
penetrating nature of radar waves, the antenna signal back lobe may detect moving objects
behind the radar. A metal shield or metal back plate can be used to shield the radar back lobe

and reduce the impact of objects on the back of the radar.
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v Due to differences in target size, status, RCS, etc., the target distance accuracy will fluctuate; at

the same time, the maximum distance will also fluctuate slightly.

® When there are multiple 24GHz band radars, please do not have beams facing each other and

install them as far away as possible to avoid possible mutual interference.

® In order to meet the performance of the onboard antenna, it is prohibited to place metal parts

around the antenna and keep away from high-frequency devices.

® The power input voltage range is 3.0V-3.6V, and the power supply ripple is required to have
no obvious frequency peak within 100kHz. Users need to consider corresponding

electromagnetic compatibility designs such as ESD and lightning surges.

6.2. Installation environment requirements

This product needs to be installed in a suitable environment. If used in the following environments, the

detection results will be affected:

® There are non-human objects in continuous motion in the sensing area, such as animals,

continuously swinging curtains, large green plants facing the air outlet, etc.

There is a large area of strong reflectors in the sensing area, and the strong reflectors will cause
interference to the radar antenna.

® When installing on the wall, you need to consider external interference factors such as air

conditioners and electric fans at the top of the room.
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7. Contact us

Ai-Thinker official website  Official Forum Develop DOCS Linkedln  Tmall shop
Taobao shop Alibaba shop

Technical support Email: support@aithinker.com

Domestic business cooperation: sales@aithinker.com

Overseas business cooperation: overseas@aithinker.com

Company address: Room 403,408-410, Block C, Huafeng Smart Innovation Port, Gushu 2nd
Road, Xixiang, Baoan District, Shenzhen.

Tel: 0755-29162996
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WeChat official account

WeChat mini program
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Disclaimer and Copyright Notice

The information in this article, including URL addresses for reference, is subject to change
without notice.

Documentation is provided "as is" without warranty of any kind, including any warranty of
merchantability, fitness for a particular purpose, or non-infringement, and any warranty
mentioned elsewhere in any proposal, specification or sample. This document disclaims all
liability, including liability for infringement of any patent rights resulting from the use of the
information in this document. No license, express or implied, to any intellectual property rights is
granted herein by estoppel or otherwise.

The test data obtained in this article are all obtained from Essence laboratory testing, and
the actual results may be slightly different.

All trade names, trademarks and registered trademarks mentioned in this article are the
property of their respective owners and are hereby acknowledged.

The final right of interpretation belongs to Shenzhen Ai-Thinker Technology Co., Ltd.

Note:

The contents of this manual may change due to product version upgrades or other reasons.
Shenzhen Ai-Thinker Technology Co., Ltd. reserves the right to modify the contents of this

manual without any notice or prompt.

This manual is only used as a guide. Shenzhen Ai-Thinker Technology Co., Ltd. makes every
effort to provide accurate information in this manual. However, Shenzhen Ai-Thinker
Technology Co., Ltd. does not guarantee that the content of this manual is completely error-free.
All statements, information and recommendations contained herein do not constitute any express

or implied warranty.

Page 16 of 17



S nl Bl Rd Series Module Radome Design Guide V1.1.0
A Thinker

Important statement

Ai-Thinker provides technical and reliability data (including datasheets), design resources
(including reference designs), application or other design suggestions, network tools, safety
information and other resources ("these Resources") "as is", It is not guaranteed to be free from
defects and does not make any express or implied warranties, including but not limited to
express or implied warranties of fitness, fitness for a particular purpose, or non-infringement of
any third party intellectual property rights. We specifically disclaim any liability for any
consequential or incidental losses, including but not limited to, arising from this application or
the use of any of our products and circuits.

Ai-Thinker reserves the right to make changes to the information published in this
document (including but not limited to indicators and product descriptions) and any of the
company's products involved without prior notice. This document automatically replaces and
replaces previous versions of documents with the same file number. All information provided.
These resources are available to skilled developers designing with Ai-Thinker products. You
will bear all the following responsibilities: (1) Select the appropriate Ai-Thinker product for
your application; (2) Design, verify, and run your application and products throughout the life
cycle; (3) Ensure that your application meets all Appropriate standards, regulations and laws,
as well as any other functional safety, information security, regulatory or other requirements.

Ai-Thinker authorizes you to use these resources only to develop applications for Ai-
Thinker products described in this resource. Without the permission of Ai-Thinker, no unit or
individual may excerpt or copy part or all of these resources, or disseminate them in any form.
You have no rights to use any other Ai-Thinker intellectual property or any third party
intellectual property. You shall fully indemnify Ai-Thinker and its representatives from any
claims, damages, costs, losses and liabilities arising from the use of these resources, and Ai-
Thinker shall not be responsible for this.

Products provided by Ai-Thinker are subject to Ai-Thinker’s Terms of Sale or other
applicable terms accompanying Ai-Thinker products. Essence's provision of these resources
does not extend or otherwise alter the warranty or warranty disclaimer applicable to the product

release.
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