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The automotive industry is undergoing a profound transformation, driv-
en by the increasing demand for autonomous driving and advanced safety
features. Central to this evolution is the integration of sophisticated
sensor technologies, particularly Light Detection and Ranging (LiDAR)
systems. LiDAR technology employs laser beams to measure distances
and generate detailed, three-dimensional maps of a vehicle's environ-
ment. Materion Balzers Optics enables an improvement of efficiency of
the LiDAR systems by offering two key optical components, the Polygon
Mirror and the Cover Window.

LiDAR systems are revolutionizing the automotive market by enabling
advanced driver-assistance systems (ADAS) and autonomous vehicles. These
systems use laser beams to measure distances by emitting pulses of light and
analyzing the time it takes for the light to return after reflecting off objects.
This process creates a detailed 3D map of the vehicle's surroundings, allow-
ing for precise object detection, ranging, and classification.

In automotive applications, LIDAR enhances safety by providing
real-time data on the environment, including the position of other vehicles,
pedestrians, and obstacles. This information is crucial for features such as
adaptive cruise control, lane-keeping assistance, and automated emergency
braking. Moreover, LIDAR's high-resolution imaging capabilities allow for
accurate perception in various weather conditions and lighting scenarios,

making it a reliable choice for autonomous driving.

The future demands autonomous vehicles
As the automotive industry continues to evolve towards fully autonomous
vehicles, the integration of LIDAR technology is essential for achieving
higher levels of safety and efficiency on the roads. Its ability to complement
other sensors, such as cameras and radar, creates a robust perception system
that enhances overall vehicle intelligence.

LiDAR systems in the automotive market utilize several key tech-
nologies, each with its own advantages and applications. The most common

LiDAR technologies include:

1. Mechanical LiDAR: Traditional mechanical LIDAR systems use rotating
components to scan the environment. While they offer high-resolution
data and a wide field of view, their moving parts can make them more sus-
ceptible to wear and tear.

2. Solid-State LIDAR: This technology eliminates moving parts by using
micro-electromechanical systems (MEMS) or optical phased arrays to
steer the laser beams. Solid-state LIDAR is compact, durable, and cost-
effective, making it ideal for mass-market au-tomotive applications.

3. Frequency Modulated Continuous Wave (FMCW ) LiDAR: Unlike
ToF, FMCW LiDAR continuously emits laser light and measures the
frequency shift of the returned signal. This technology allows for high-
resolution distance measurements and can provide velocity information,

making it suitable for detecting moving objects.

Each of these technologies plays a crucial role in advancing automotive safety
and autonomy, contributing to the development of smarter, more reliable
vehicles. As the industry progresses, ongoing innovations in LIDAR technol-

ogy will continue to enhance the capabilities of autonomous driving systems.
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The challenge of coated optical components

Coated optical components, such as polygon mirrors and cover windows, are
integral to the functionality of automotive LIDAR systems, which are essen-
tial for enabling precise distance measurement and environmental mapping in
autonomous vehicles. However, these components face a myriad of technical
challenges that can significantly impact their performance, reliability, and

longevity.

Surface Accuracy of Polygon Mirrors

The surface accuracy of polygon mirrors is critical for the performance of
LiDAR systems. These mirrors must have exceptionally precise geometries

to ensure that the reflected laser beams maintain their intended paths. Any
deviations in surface flatness or curvature can lead to scattering or distortion
of the laser light, resulting in inaccurate distance measurements and degraded
image quality. Achieving the required surface accuracy often involves
advanced manufacturing techniques, such as precision machining and optical
polishing, which can be both time-consuming and costly. Additionally, the
materials used must be carefully selected to minimize thermal expansion and
maintain stability under varying environmental conditions. Regular quality
control and testing are essential to ensure that each mirror meets stringent
specifications, as even minor imperfections can significantly impact the over-
all system performance.

Durability of Coatings

One of the primary challenges is the durability of optical coatings. Automo-
tive environments are notoriously harsh, exposing LIDAR systems to extreme
temperature fluctuations, humidity, and UV radiation. The coatings applied
to optical components must be robust enough to withstand these conditions
without degrading. For instance, anti-reflective coatings can suffer from
delamination or scratching, leading to reduced optical performance. Engi-
neers must select materials that not only provide the desired optical proper-
ties but also exhibit high resistance to environmental stressors.

Abrasion and Chemical Resistance

In addition to environmental factors, the coatings must also resist abrasion
from dust, dirt, and other particulates that can accumulate on the surface of
optical components. This is particularly critical for cover windows, which are
often exposed to the elements. The choice of coating materials and applica-
tion techniques must ensure that the surface remains smooth and clear over
time. Furthermore, exposure to automotive fluids, such as oils and cleaning
agents, can compromise the integrity of the coatings, necessitating the devel-
opment of chemically resistant materials.

Heating Function for Cover Windows

An essential consideration for cover windows in automotive LIDAR sys-
tems is the need for a heating function. In cold weather conditions, ice and
snow can accumulate on the cover window, obstructing the optical path and
impairing the system's performance. To mitigate this issue, many designs
incorporate heating elements within or beneath the cover window. These
heating systems must be carefully engineered to provide uniform heat distri-
bution without causing thermal distortion of the optical components. The
challenge lies in balancing the heating requirements with energy efficiency, as
excessive power consumption can impact the vehicle's overall energy manage-

ment.
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Dark-Color for Cover Windows

LiDAR sensors typically feature black or dark-colored windows to reduce
reflections and glare from ambient light, which can disrupt accurate distance
detection. This is particularly crucial in outdoor settings, where sunlight can
cause reflections that confuse the sensor. However, achieving a uniform black
finish while maintaining high transmittance for infrared wavelengths pre-
sents a challenge. Manufacturers must balance aesthetics and functionality to

ensure optimal sensor performance in various lighting conditions.

Advantages of Materion Balzers Optics
Key Coated Components

LiDAR Polygon Mirrors

LiDAR polygon mirrors are a crucial
component for mechanical scanning-
in LiDAR systems (Fig. 1). Key attrib-
utes such as sensing range, number of
beam lines, resolution, repeatability,
and scan angle significantly impact the

performance of these mirrors. Materi-
on Balzers Optics offers polygon mir-

Fig. 1. Polygon Mirror for long distance
LiDAR system.

ror products that deliver optimal scan-
ning performance for LIDAR systems.
Our advanced coating technology and integration solutions enable LIDAR
systems to achieve exceptional optical quality and durability. The coatings are
specifically optimized for large angles of incidence (AOI), providing excellent
reflectivity that enhances the LIDAR field of view (FOV) and detection
distance (Fig. 2, Fig. 3). Additionally, Materion Balzers Optics extends its
offerings with flexible integration solutions, including motor assemblies and
technologies that accommodate various substrate geometries and materials,
allowing for customized designs tailored to specific needs.

Technical Data
Wavelength range 840 - 1600nm: AOI=12 - 80°
Reflectance

Rs>= 97 % in the 880 - 940nm at AOI=12 - 80°
Rp>=97 % in the 880 - 940nm at AOI=12 - 80°
Rs>= 97 % in the 1500 - 1600nm at AOI=12 - 80°
Rp>=97 % in the 1500 - 1600nm at AOI=12 - 80°
Surface Accuracy

PV<LS). @633nm

Profile

Appearance tolerance +0.Imm

Parallelism <0.02mm

Perpendicularity <0.02mm

Dimensions

Customized, typical 50 x 50 x SOmm

Environmental Durability

High temp: -40°C - 95°C 20minutes/cycle for 200 cycles
Thermal Shock: +85°C, RH: 85 - 95% for 24 hours
Humidity: +40°C, RH: 100% for 16 days

Salt spray(Fog): 35°C +2°C 24h,4.5%NaCl

Fig. 2. Polygon Mirror typical data
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Schematic of Polygon Mirror for Mechanical Scanning LIDAR
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Fig. 3. Polygon Mirror typical data

LiDAR Cover Windows
Materion Balzers Optics LIDAR cover windows offer excep-
tional protection for LIDAR systems against environmental
exposure while simultancously optimizing efficiency in both
light transmission and thermal performance (Fig. 4). We pro-
vide customized color solutions (neutral color, black color)
and achieve superior transmittance values for large angles of
incidence (AOI), along with integrated
anti-fog and easy-to-clean (hydropho-
bic) features (Fig. 5, Fig. 6, Fig. 7). Our
technology platform is designed to
accommodate a variety of NIR wave-
length (840nm - 1600nm), substrate
geometries and materials, empowering
window designers to create functional
and aesthetically pleasing designs that
seamlessly integrate into vehicles. This
ensures that LIDAR systems maintain
peak performance in diverse conditions,
enhancing overall reliability and effec-

tiveness.

Schematic of LIDAR Cover Window for LIDAR
Sensor — 2.75mm Glass 1 with AR + bonding +
1.1mm Glass 2 with AR + ITO + Busbar
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LiDAR Polygon Mirror Spectrum (Reflectivity at AOI = 13%)
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LiDAR Polygon Mirror Spectrum (Reflectivity at AOI = 80°)
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Technical Data Coating Spectrum AR

T > 99 % in the laser band at normal angle incident
Ts > 94 %, Tp > 94% in the laser band at AOI = 60°
T < 2% in the visible range

R < 0.25% in the laser band for normal angle incident Cover Window Solution #1
TopFlex™ (Easy-to-clean) Single Structure with Anti-Fog/Defrost (Fig. 6)
AR coating with TopFlex™ coating
Wetting angle = 120° Single structure + conductive layer heating
Fluids and dirt do not adhere on the surface
Size
Can be customized, up to 300mm x 300mm Outside
Heating Solution (Optional) v
ITO or heating wire, etc. . Hydrophobic
+— ARC neutral color
Fig. 4. Cover Window typical data E <« Glass
o
¥ «—ARC
<«— Conductive layer
_ . . — _ .
LiDAR Cover Window Transmittance Inside
2 100 /—\
g8 T 15.S
£ 80 T_15_P /
g —7T 60 S /
m Sheet Resistance Busbar Resistance 0 Min 2 Min SMin | DeaTin Heat
o) resistance () | Between Pad () | Temp (°C) | Temp (°C) | Temp(°C) | 5Min (°C) | Uniformity
55 /\ 73.9 0.7 26.0 252 | 402 | 474 | 223 | 15%
9 _/‘0<\/ Example: 120 x 40mm window heating performance
400 900 1400
‘Wavelength (nm)
Electrical performance / Sheet Resistance (Q/0) / 70 - 85
LiDAR Cover Window R_AOI = 15
< 1
B % AOI wl wl
g @8 R 155 Ts > 96 0 870 950
R 15 P Tp > 96 0 870 950
o Ts > 96 30 870 950
Tp > 96 30 870 950
Ts > 91 60 870 950
04 Tp > 91 60 870 950
Rsavg < 3 30 870 950
o3 Rpavg < 3 30 870 950
Rsavg < 8 60 870 950
Rpavg < 8 60 870 950
0
1400 1500 1600 1700 .
Vvt Transmittance including conductive layer: Total for Window@905nm
>> Color abs (a*) <3, abs (b*) <3 from 0 to 60 degree
LiDAR Cover Window T_AOI = 60
2 100
\g o A % AOI wl wli
E T_60_S /S Ts > 98 0 870 950
£ 98 T 60 P
g / Tp > 98 0 870 950
= Ly / Ts > 98 30 870 950
% 7 Tp > 96 30 870 950
95 \J\\v M(f T > 93 60 870 950
94 Tp > 93 60 870 950
o /| \ Rsavg < 2 30 870 950
o / \ Rpavg < 2 30 870 950
o1 / \ Rsavg < 6 60 870 950
R 6 60 870 0
w / \\ pavg < 7! 95
1400 1500 1600 Wave[mgthw(::.‘o) Transmittance without conductive layer: Total for Window@905nm

>> Color abs (a*) <3, abs (b*) <3 from 0 to 60 degree

Fig. 5. Cover Window typical data
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Cover Window Solution #2
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Sandwich Structure with Anti-Fog/Defrost (Fig. 7) - 201 L L
Ts > 95 0 870 950
Sandwich structure + conductive layer heating Tp > % 0 870 950
Ts > 95 30 870 950
Tp > 95 30 870 950
Ts > 87 60 870 950
) Tp > 87 60 870 950
Outside Rsavg < 3 30 870 950
A 4 ) Rpavg < 3 30 870 950
:i Ll L Rsavg < 9 60 870 950
- - gg:sr;utral color Rpavg < 9 60 870 950
£ .
g : grar::l;g layer Transmittance including conductive layer: Total for Window@905nm
<« ARC >> Color abs (a*) <3, abs (b*) <3 from 0 to 60 degree
L L «— Conductive layer
— i “—Busbar ”
Inside % AOI wl wl
Ts > 97 0 870 950
Tp > 97 0 870 950
Ts > 97 30 870 950
Sheet Resistance Busbar Resistance 0Min 2 Min sMin | DelaTin Heat Ts > 89 60 870 950
(/o) resistance (Q) | Between Pad () | Temp (°C) | Temp (°C) | Temp (°C) | 5Min(°C) | Uniformity Tp > 89 60 870 950
74.0 0.7 26.0 252 | 402 | 474 | 223 | 15% Rsavg < 2 30 870 950
) ) Rpavg < 2 30 870 950
Example: 120 x 40mm window heating performance e < 7 60 870 950
Rpavg < 7 60 870 950

Electrical performance / Sheet Resistance (Q2/0) / 70 - 85

Detector CuplLid
<«— Bandpass Filter

<

Transmittance without conductive layer: Total for Window@905nm
>> Color abs (a) <3, abs (b*) <3 from 0 to 60 degree

Summary

Autonomous driving is only achievable through the seamless
integration of various systems, including LIDAR, cameras,
radar, and ultrasound. In the future, LIDAR systems are set
to play an increasingly vital role in this technology lands-
cape. To ensure that LiDAR systems operate efficiently,
reliably, and are suitable for mass production, it is essenti-
al to optimize the key components — polygon mirrors and
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cover windows — for both cost and technical specifications.
Materion Balzers Optics provides these two critical compo-
nents from a single source, consistently focusing on optimi-

zing cost—performancc ratios. By prioritizing innovation and
quality, we aim to support the advancement of autonomous
driving technologies and enhance overall vehicle safety and

performance.
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