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Infineon
Infrneon |s a gIobaIIy Ieadlng semiconductor player &—/

top 10
»  semiconductor
company
~46,700 ~7,800

N4

total employees » R&D employees

leading player

» in automotive, systems for power
management and drives, sensor systems,
connected secure systems, wireless
combos, differentiated memories

9%+ 119% | 13%
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Infineon at a glance

(infineon

Business segments revenue*

Employees*

Connected Secure
Systems (CSS)

8 Automotive

Power & Sensor
W (ATV)

Systems (PSS)

Industrial Power Control (IPC)
Financials

11,060

50,280 employees worldwide

Americas
5,360

56 R&D and

EMEA
20,360
Asia/Pacific
24.560

20 manufacturing locations**

Market position

Automotive

7,063
.\\
e
FY17 FY18 FY19 FY20 FY21 Strategy Analytics, Omdia, Omdia,
April 2021 September 2021
"l Revenue  [1] Segmentresult ~—— Segment result margin P g August 2021
*2021 Fiscal year (as of 30 September 2021)
*as of 30 September 2021 For further information: Infineon Annual Report 2021
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Main trends and challenges in robot applications

Robots are moving toward
Industry 4.0. This brings the need
for robots to be smarter and
interconnected but also calls for
the need for standardization.

Human-robot collaboration is one
important trend in robotics. The
ability to work mutually with
humans, enables robots to adapt
to a rapidly changing environment.
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(infineon

Connectivity level and the need of
data security correlate, so security
must be integrated into all existing
and new systems, but once again
calls standardization needs for
diverse robots & systems to
interact properly.

Safety is key when robots interact
with their environment with a
special focus on human safety,
work safety, routing accuracy and
collision avoidance

Infineon Proprietary



infineon
Types and deployment of mobile robots &_/

On high level mobile robots can be categories into AGVs and AMRs

Automated Guided Vehicle Autonomous Mobile Robot
AGVs are “fixed”. They follow predefined paths using AMRs are not “fixed” and don’t need external paths.
lasers, beacons, barcodes or magnetic tape. Autonomously mapping and navigating by using sensors
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Potential use cases: warehouse & logistic, last mile delivery, robots in hotels, banks, airports etc.
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Mobile robots are a fast growing market and need sophisticated (imeon
system solutions for each functional block

Application requirements Market outlook

Different types of mobile robots require unique and
appropriate solutions

Precise, efficient & compact motor drives

Fast charging reducing charging and idle time

Mobile/ robots
. R . . Unit shipments in 1000s
Environmental sensing for navigation and safety
CAGR 19-24 —
47%
Connectivity enabling Al, real time monitoring and IoT
Connectivity enabling Al and loT I I
Y J = u B
2018 2019 2020 2021 2022 2023 2024 2025
Source: ABI Research 2020 .
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Xensiv™ Sensors

Enable safe and precise object detection,
navigation & collision avoidance with Xensiv™ Sensors

Infineon’s Xensiv™ Sensor portfolio »__Radar Sensor
P > 3D Time-of-light (ToF) Sensor

3D Time of flight
Radar technology imager
based Radar technology

Highest SNR
microphones

Most precise air
pressure sensor

Real CO, sensor
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infineon
XENSIV™ sensors portfolio & Robotics use cases &—/

. . Microphone
Environmental Pressure 3D Radar 3D IToF & ultrasound TR
— . l'

= — . 24GHz / 60 GHz Power efficient ' Unigue SNR
Worl llest f -in- C . ; ~ L !
i elle] S lCER oL == Best-in qlass )))) Application Indirect Time of v sensitivity and
. factor — resolution . : . W0 2 0a Al L .
—— innovation leader Flight 3D camera " power efficiency

6x6mm?2

@ Best accuracy

Best performance &
energy efficiency

Crystal

, J High resolution 3D
- clear audio signals

Energy Efficiency kﬁ—g\ point cloud

S

Use cases in robotics

Collision avoidance / obstacle-stairs detection (radar, ToF,ultrasounds)

Improved User Interface & experience (gesture, VUI)

Height/floor positioning Odometry fusion / positioning / SLAM
Vacuum flow mgt

Material classification

Human Presence/safety

Requires sensor+MPU/MCU+algo/software integrated system offer >
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Mobile robot use cases of Sensors

Value proposition

(infineon

Current solutions

Problem

Infineon‘s
Differentiators

Collision Avoidance

Navigation/Mapping/Odometry

1. Safety laser scanners
2.3D ToF (IFM)

Safety laser scanners:
> No positioning in 3D
» High costs

» Big size

> ToF cameras
» 24/60 Ghz Radars

3D sensing

ToFE
Precise target localization & detection, special
design via module maker partners

Radar

Precise range & velocity & direction of movement

estimation, Real human presence, Human
segmentation, Anonymity

2D/3D Object detection
Human presence

1. RGB cameras
2.Stereo cameras
3. ToF cameras

RGB: Big Size

> No positioning in 3D

> Doesn‘t work in dark env.

> False positives from images
Stereo: Big Size

> Less range accuracy

> Limited working distance

> Doesn‘t work in dark env.

» ToF cameras
» 24/60 Ghz Radars

3D sensing (works in dark
environment)

ToF

Precise target localization & detection,
special design via module maker
partners, small form factor

Radar

Precise range & velocity & direction of
movement estimation, Real human
presence, Human segmentation,
Anonymity, small form factor

Gesture control

1. RGB cameras
2. ToF cameras

RGB:
> No positioning in 3D
> Doesn‘t work in dark env.
» False positives

Stereo:
» Less range accuracy
» Limited working distance
> Doesn‘t work in dark env.

> ToF cameras
> 60 Ghz Radars

Radar:
» Hide behind cover
> Anonymity
> Low power consumption

Voice recognition

1. Microphones

IM69D Mems Mic

High SNR
Crystal clear audio
signal

02.2022
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Infineon has a broad 3D sensing technology portfolio with ToF, Radar (iﬁneon
24 and 60 GHz and Ultrasonic

Resolution

0,5cm

1,5cm

10 cm

A

43 43

IFX 60 GHz radar .

> Resolution: ability to resolve two closely spaced objects
> Range: distance of object

> Additional technology differentiators: form factor, power
consumption, robustness, privacy, esthetic, price, sensitivity to light

24 GHz radar

5m 10 m 25m 50m 100 m Range

People and object presence detection & Outdoor surveillance, city traffic

monitoring, ADAS

02.2022
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Working principle of RADAR and ToF camera for 3D sensing

(infineon

RAdio Detection And Ranging:
Radio frequency energy
transmitted and reflected from
an object which determines the
direction, speed, distance and
angle

Target

Ix Antenna

RF Signal:
24GHz (24.0-24.25GHz)
60GHz (57.0-64.0 GHz

N 2P\ S

Rx Antenna

Raw

il g';,e;&'furfny Basic Advanced
RS | output : Parameter Algorithms
Wﬁ A . A B Extraction
H | ) . m Target, Velocity, Tracking,
i L ,.. : A ﬂn(‘“) RZ:,"ge, Angle, Classification,
i N i Position,

'8 B i Arrival /

BGT60TR24B™ DEDS R e

(60GHz Example) Host Controller

Time-of-Flight: Modulated
infrared-light emitted from

Phase-shift of returned light

pixel of the image sensor

camera and reflected by objects.

corresponds to distance to the
scene; it is measured in each

—
[§]
9]

Active illumination w/

modulated IR-light

3D Image
Sensor
REAL3™

S W

Photon flighttime and ‘
intensity measurement | MIPD

: CsI-2

1
ToF 3D Cameral!
1

intensity

dktance m

Annotated depth map
(secondary intensity map
1s a redundant
quality-indicator)

Host

Controller
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Functional overview of classic 2D-LIDAR scanner

Fast
— 25 complete scans per second with average 2D laser
scanners

Precise
— 0.5° angular resolution with +1.2 mm standard error (<20
m)
Versatile
— 270° Field of View with a maximum distance of 20 m.
Compensation of fog, dust, rain etc.

Expensive
— Average cost 4.000 — 5.000€ for standard 2D laser
scanner

2-Dimensional
— Only horizontal (vertical) scan




3D sensing selection tree: Choosing RADAR or ToF camera depends (imeon
on the target use case

Master Human machine interface
use cases (HMI)

Space & motion

Sub
use cases/
Functions

Capabilities/
Features

Solution 60 GHz ToF 24 GHz 60 GHz ToF




The new REAL3™ imager system provides best pmd iﬁneon
depth data quality & resolution for best user experiences ’\—/

Full scale of AR applications

5m m

L 4
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IMAGINE YOU CAN

REAL3™ Long Range Time of Flight offer pmd (iﬁneon

Get the right solution for your product

Resolution

Power

Module Size (ES)

Availability

02.2022

Now

IRS2381C
Ready to use

=

)

Flood

38 k pixel upto 3 m
9,6 k pixelupto5m
2,4 k pixel upto 10 m

250 mW for 5 m range
350 mW for 10 m range

14,5 x 8 mm

available today

Q2 2021 Now / Q3 2021

IRS2875C
Smallest low power long
range system

=

IRS2877C
Long range hybrid

. \W
Flood Flood & Spot

43 k pixel up to 3 m 307 k resolution up to 3 m

10,8 k pixel upto 5 m 4.5k dotsup to 6 m

2,7 k pixel up to 10 m

200 mW for 5 m range 500 mW for 3 m (VGA)

300 mW for 10 m range 500 mW for 6 m (4.5k dots)

10,6 x 7 mm 14,9 x 9,4 mm

EES Feb 21 IRS2877C available today

Production June 21 Hybrid solution:

Demo Q1/21
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Radar sensor (imeon
Use case selection tree .

i

Master Human machine interface (HMI) Space & motion Biometrics
use cases
Sub | Obieas couningfrackingidensiy map T
use cases
/functions
[features
24 GHz 60 GHz 24 GHz 60 GHz 24 and 60 GHz
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infineon
Selection guide: presence/motion detection with 60 GHz L/

Application or
use-case > Motion detection = Macro and minor motion detection. Able to detect motion plus subtile
motion such as person sitting and reading
v . . : . . .
N > Presence detection = Macro, minor and micro motion detection. Able to detect motion,
What type of detection are you after? o more subtle movements, such as a person sat down reading, watching television, plus vital
: based motion
Motion detection Don't know Presence detection
v y . » PIR replacement = On/off motion detection with higher sensitivity (adjustable)
PIR replacement < Advanced sensing |/ . » Advanced sensing = On/off based on motion & presence detection
% > Doppler = Ability to detection motion, direction of motion and measure velocity
7)) e J 5 FMcw = Ability to measure velocity, distance, direction of motion and angle, vital sensing
e Doppler FMCW
= Low power L N » The BGT60TR13C requires external microcontroller and know-how in radar signal
H T A H r-————- Y
© | Autonomous mode Software expertise & resourced to build P ) %l processing. Also gives the potential for you to develop your own software and algorithms
G) ; standards turnkey solutions ? to create your own use cases
LL No need for signal | | » Requires development time, and integration capabilities
processing I Yes I I No I
BGT60LTR11AIP BGT60TR13C System on Module » Configurable motion detection range: Macro up to 10 m (qualified up to 5 m) and micro-motion

£y (SoM) I range up to 4 m*
6'5’(\j'0 mm Board (S included) | g4qy configuration: Hardware interfaces offer an easy way to change various parameters (range,

sensitivity, etc.)
> Small size: The SoM is only 20mm x 15mm or less (optimized by partners)
» Hardware interfaces: USB, SPI/I2C, UART and GPIO
15x 20 mm » FCC certifiable *qualified up to 5 m

6.7 x 3.3 mm
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Broad Product Portfolio for 60GHz and 24GHz

(infineon

N
I
O
#
N

PIR replacement

3.3x6.5 mm2

BGT60LTR11AIP
Doppler Radar
Antenna-in-Package

Consumer

”

5 x6.5 mmz2

BGT60TR13C
FMCW Radar
Antenna-in-Package

1Tx / 1Rx 1Tx / 2Rx 1Tx / 3Rx 2Tx [ 2Rx 2Tx [ 4Rx

(Automaotive)

6 X 6 mm?2

BGT60ATR24C
FMCW Radar
Without Antenna

&7

24 x 2.4 mm
BGT 24LTR11

L

45x55mm
BGT 24MTR11

4.5x 55 mm
BGT24MTR12

BGT24MIR11

+ BGT24MR2

3.6x 3.6 mm
BGT24LTR22

Cascading
BGT24LTR22

02.2022
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Choose the best evaluation and implementation tool

(infineon

. Ready to go radar

Radar development

Systems development
with radar

XENSIV™ BGT60TR13C
SoM

Presence sensing

Simple motion detection

DEMO 60 GHZ TR13CAIP
w/ RADAR SDK for presence

ES available.
Mass Market Launch — Q1
CY2022

Connected Sensor Kit
FW in ModusToolbox®

XENSIV™ BGT60TR13C
System on Module (SoM)
(Via Partners)

Micro/macro motion detect, ranging

Micro/macro motion detect, ranging

Micro/macro motion detect, ranging

Additional functions

None

Segmentation, tracking, vital
sensing, gesturing

Smart entrance counter

Programmable to also do Smart

entrance counter / Advanced
presence*

Networking capable

Through Arduino MKR

Through Arduino MKR

Feather board with CYSBSYS-RPO01
SoM

Through separate connectivity board

Solution size

20 mm X 6.25 mm

17 mm x 12.7 mm (RF shield)

75 mm x 25 mm

20 mm x 15 mm

Range and field of view

5 m (at 0°) +/- 40 degrees

10 m (at 0°), +/-45

10 m (at 0°), +/-45

10 m ( macro motion at 0°)
(qualified up to 5 m), +/-45

Intended usage

PIR replacement

Eval & testing use cases,
development, ref. design

Self-contained IoT system, PoC
starter, ref design

Entrance counter
presence/motion detector

*Dependent on application and system

02.2022
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@ Further Material — Sensors (Infineon

Portfolio and further information can be
found here;

Link =» Sensor Selection Guide

' ' ' — Link =» Radar

— Link =» Time-of-Light (ToF)

("P Learn more on our webpage

02.2022
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https://www.infineon.com/dgdl/Infineon-SensorSelectionGuide-ProductSelectionGuide-v01_00-EN.pdf?fileId=5546d462636cc8fb0164229c09f51bbe
https://www.infineon.com/cms/en/applications/industrial/robotics/automated-guided-vehicles/
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Part of your lite. Part of tomorrow.



