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Fundamental of Radar 
Sensing Technology 



What is RADAR?

Source: www.radartutorial.eu

“RADAR” is an acronym for RAdio Detection And Ranging
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Fundamentals of Radar Technology
How RADAR Based Sensing Work?

IF Output (@xxHz) – changes by speed of the target

(information of target movement)

Microwave 

Signal 

Generator
Transmitter

Antenna

Receiver

Antenna

Mixer

Low Frequency 

Output (IF) for 

Processing

RF Carrier Signal

24.0 – 24.25GHz

VCO

BGT24 Series

IF (intermediate frequency) output = Doppler frequency or Beat frequency 
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Information obtainable 
from a typical Radar Sensor

Speed/Velocity

› Derived from Doppler shift in frequency

Range/Distance to target

› Derived from measurement of  electro
magnetic wave

Angle/Direction to target

› Derived from phase difference at the ant
ennas

Position of Object

› Derived from FMCW

(Frequency-modulated continuous-wave radar )
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Continuous Wave Radar 
Doppler Effect for Direction of Movement

Trigger

Output

Amplifier

ADC

FFT

ADC

FFT

Microcontroller

I

Q

90° phase shift between Radar 
transceiver with Inphase (I) and 

Quadrature phase (Q) output 
gives the direction of movement

Rx

Tx

Source: RF Beam Microwave GmbH
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Direction of movement from Inphase (I) & Quadrature phase (Q) output



Continuous Wave Radar
Doppler Effect for Speed Measurement

Source: RF Beam Microwave GmbH
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Speed can be calculated by Doppler frequency shift 



Continuous Wave Radar
Distance Measurement - Continued

Resolution is limited by the bandwidth used as per the formula below

Where 

C = Speed of Light

BW = Bandwidth

Ex.1 – 24.05-24.25GHz (BW=200MHz) -> Range Resolution = 75cm

Ex.2 – 57-64GHz (BW= 7GHz) -> Range Resolution = 2cm

Range Resolution =

Range Resolution denotes the 
minimum spacing required 
between two targets, for 
detection with the RADAR

Source: RF Beam Microwave GmbH
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Radar Basics
Phase Monopulse Method for Angle of Arrival Estimation

Angle of Arrival Calculation

Source: RF Beam Microwave GmbH
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Phase shift of Multiple Receiver Antennas gives Angle of Arrival



Radar Basics
Comparison of different RADAR operating modes

Radar Operating Mode
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Pulsed X X X

Continuous Wave (CW) 
– Doppler Radar

X X

Frequency Modulated 
Continuous Wave 

X X X X
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Why we choose radar 
over other sensors?



Overview of Existing Motion Detection 
Schemes
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Passive Infrared Detectors (PIR)



Overview of Existing Motion Detection 
Schemes (cont’d)
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Ultrasonic Detector



Overview of Existing Motion Detection 
Schemes (cont’d)
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Laser (Lidar) Technology



Camera (Vision) vs. Radar sensor

IF  Output

Frame Image

Via Air

With Light
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Tx

Rx



Why we choose 24GHz?



Frequency/Wavelength determines 
Size of Antenna

Diverse

Automotive

Industrial

Industrial, 
Automotive

UWB

LTE Advanced

Microwave 
Oven

200GHz

77GHz

60GHz

9GHz

6GHz

2.4GHz

150um

3.9mm

5mm

1.25cm

3.3cm

5cm

12.5cm

24GHz

Wavelength

Application
𝑓 (Frequency)

𝜆 =
𝑐0

𝑓 𝜀𝑟

𝑤ℎ𝑒𝑟𝑒
𝑐0 = 3 ∗ 108𝑚/𝑠
𝜀𝑟 = 1 𝑖𝑛 𝑎𝑖𝑟
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How to apply radar on 
different application 
systems?



Infineon addresses a broad set of IoT market segments 
which are open for Radar Applications
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Factory autom
ation
› Industrial automation
› Industrial robotics

Smart 
vehicles

Smart cars
› ADAS / autonom. driving
› Car security
› (H)EV 

CACV
incl. Trucks & Busses
› ADAS / autonom. driving
› (H)EV 

Smart city & 
energy

Smart industry & 
business

Smartphones, 
tablets & PCs

Consumer elec
tronics & wear
ables
› Media players, smart glasse

s, smart watches
› Well-being, assisted living

Smart home & co
nsumer devices

Other business
es
› e.g. Banking & securities, e

ducation, mining, retail and 
wholesale, transportation a
nd logistics

Other forms of 
transport 
› Commercial aircraft
› Ships (ferry & container)
› Light electric vehicles 

Energy & infras
tructure
› Energy Saving
› Utilities, traffic, outdoors
› Environmental sensors

Building auto
mation
› Automation
› Access control
› Air conditioning
› Elevators/escalators

Professional lig
hting
› Building lighting 
› Street lighting
› etc.

Medical equip
ment
› Vital sensors
› Diagnostics
› Rehabilitation systems

Smart home
› Home automation incl. hom

e appliances
› Home energy management
› Home security & safety
› Lighting

Starting with Automotive, Consumer and Industrial market is the future



Radar will play a role of “Smart sensing”
across multiple markets
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Cities
Public health 
and 
transportation

Outside
Logistics and navigation

Human
Healthcare 
and Fitness

Worksites
Operations optimization/health and safety

Retail environments
Automated checkout

Factories
Operations and equipment 
optimization 

Vehicles
Autonomous vehicles and 
condition-based maintenance

Offices
Security and energy

Presence Detection, Position Sensing, Gesture Sensing…

Nine cross-sector settings
showing a potential radar market

Now and in the future

Home
Chore automation / security

Source: McKinsey & Company



24GHz Radar Application Cloud for IoT
➢ Smart and Energy Efficient Home and Office 

Lighting

• Movement and presence based light activation

➢ Intelligent Door Openers

• Direction of movement based intelligence

➢ Smart Security Sensors/Intrusion Detection

• Fusions systems with radar and camera for ho
me and building security systems based on mo
vement detection

➢ Smart and Energy Efficient Air Conditioners

• People movement and presence detection base
d operation.

➢ Smart Home Applicances

• Refrigerators, Robot cleaners etc operating bas
ed on movement and proximity detection

➢ Smart Drones

• Collision Avoidance & Altimeter

➢ Health Monitoring

• Patient monitoring systems

Information from all above Radar Sensor 

driven applications can be shared via a 

common hub over the Internet.

Health Care
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Infineon’s 24GHz MMIC 
and Design Offerings



For more than 60 years Infineon Technologies has 
been setting market standards in all RF Segments

1956

1st Si-NPN-RF Transistor 

(fT = 20MHz)

1970

BB105 Planar Varicap
in Plastic Package BFS55/B
FW99 Broadband Amplifier
s (fT = 3GHz)

1966

1st VHF Varicap BA138,

1st UHF Si-Transistors
AF279/280

1978 - Today

2nd…11th Generation
of Si/ SiGe mm-Wave 
Transistors

fT = 6.5…250GHz

1996

Linear GaAs Downcon
verter CMY210 wins >
50%
Share in CDMA/IS-95
Mobile Phones

1988

Tuner-Front-End Market Lea
dership with MOSFET-
Tetrode BF998
(1µm Gate-Length)

2012

Infineon ships 1st R
F CMOS Switch
in 130nm CMOS Te
chnology

2008

Infineon ships fi
rst RF Switch in 
Bulk CMOS Tech
nology

2005

Infineon offers 1st

Low Noise Amplifier for Navi
gation Devices and takes >
50% Market Share1954

1st Siemens Ge-NPN-T
ransistor TF70

1955 1965 1975 1985 1995 2005 2015

Transit Frequenc
y

fT

2002

Start of LDMOS 
PA Production fo
r Wireless Infras
tructure

2012

Infineon offers 1st 2
4GHz Radar Sensor
s in SiGe Technolog
y

2013

Infineon offers first E/V
-Band Transceivers for 
wireless backhaul            

2009

Market Leader in            
76 - 77GHz SiGe TR
X band radar

2025

2016

Innovator of 60GHz Ges
ture Sensors           

2016

Start of GaN PA launc
h for Wireless Infrastr
ucture

2015

Automotive radar  
43% MS
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Infineon mmWave MMICs Portfolio

24GHz Radar
MMICs

• Automotive application
• Industrial application
• Consumer application
• Presence and motion detection
• 24.0-24.25GHz ISM band 
• 250MHz bandwidth

60GHz Radar
MMICs

• Gesture Recognition and Sensing
• Industrial and Consumer app.
• 57.0-64.0GHz
• 7GHz bandwidth
• Antenna integrated in eWLB

package

60, 70 & 80GHz 
Communication 

MMICs

• Backhaul Communication app.
• V band: 57 to 64GHz
• E band: 71 to 76GHz
• E band: 81 to 76GHz
• Available in eWLB package
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Infineon 24GHz MMICs
for Automotive Short/Mid Range Radar

Automotive 
Short Range 

Radar

• Qualified according AEC-Q100
• Fully ESD protected
• VQFN-32-9 leadless package
• 2Tx+4Rx two chip 
• 1Tx2Rx+2Rx two chip
• 1Tx2Rx – one chip
• Temp spec: -40°C ~ +125°C 
• Pb-free (RoHS compliant) 

package

Industrial &
Consumer Radar 

Application

•24GHz ISM band transceiver
•1Tx-1Rx one chip MMIC
•1Tx-2Rx one chip MMIC
•1Tx-2Rx+2Rx extension possible
•Smallest 24GHz 1Tx1Rx MMIC 
package in Industry 
•2.4x2.4mm

BGT24A Series

4.5x5.5mm
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BGT24 – Product Portfolio at Infineon
Automotive Application

1st Generation

BGT 24ATR11
1 Tx and 1 Rx

Automotive qualified

BGT 24ATR12
1 Tx and 1 Rx

Automotive qualified

BGT 24AR2
2 Rx

Automotive qualified

2nd Generation

BGT 24AT2
2 Tx

Automotive qualified

BGT 24AR4
4 Rx

Automotive qualified
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Possible Configurations with our portfolio

1Rx

1Tx

2Rx

2Tx

3Rx 4Rx

BGT24ATR11 BGT24ATR12

BGT24ATR11

BGT24AR2

BGT24ATR12

BGT24AR2

BGT24AT2

BGT24AR2

BGT24AT2

BGT24AR4

+ +

+ +
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› All documents to produce hardware (Gerber-files, BOM, schematics)
› Source code for AURIX and PC-Software (GUI)
› Documentation including protocol description and start-up guide

› Now Available for customers

24GHz RADAR development platform
Automotive Blind Spot Detection Application

BGT24ATR12

TC264D 
AURIX
Prozessor

Ethernet

(RJ-45) 

Power

/CAN

1 TX-antenna (10x60° angle)

2 RX-antennas (10x85° angle)
Tracking of objects up to 50m. 
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24GHz RADAR development platform
Automotive Blind Spot Detection Application

› KIT_AURIX_BGT24A_RADAR

› BGT24ATR12

– AEC-Q100 qualified.

› TC264DA AURIX™ MCU

– TriCore™ 250 MHz

– 2.7 MB SRAM 

› Antenna included

– 1 Tx (10 x 60°) 

– 2 Rx (10 x 85°)

› 10/100 Mbit Ethernet 
connection

› 1 Mbit/s CAN bus control

› 8 – 14 VDC Power supply

› Two-stage IF amplifier

› User LEDs/buttons

› Firmware
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Infineon 24GHz MMICs
for Multi-Market Radar application

Automotive 
Short Range 

Radar

• Qualified according AEC-Q100
• VQFN-32-9 leadless package
• 2Tx + 4Rx two chip 
• 1Tx-1Rx + 2Rx two chip
• 1Tx-2Rx – one chip
• 4.5x5.5mm
• Pb-free (RoHS compliant) 

package
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Industrial &
Consumer Radar 

Application

• 24GHz ISM band transceiver
• 1Tx-1Rx one chip MMIC
• 1Tx-2Rx one chip MMIC
• 1Tx-1Rx+2Rx extension possible
• Fully ESD protected
• Smallest 24GHz 1Tx1Rx MMIC 

package in Industry 
• 2.4x2.4mm / 4.5x5.5mm
• Pb-free (RoHS compliant) 

package



BGT24M/L – Product Portfolio at Infineon
Multi-Market Application/Low-power Application

1st Generation

BGT 24MTR11
1 Tx and 1 Rx

Industrial & Consumer

BGT 24MTR12
1 Tx and 2 Rx

Industrial & Consumer

BGT 24MR2
2 Rx

Industrial & Consumer

2nd Generation

BGT 24LTR11
1 Tx and 1 Rx

Smallest PKG in Industry
Ultra Low power
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Infineons 24GHz Radar MMIC Offerings

2015 Availability Today

› Transceiver (1Tx+1Rx) 
› Single-ended
› BITE Tested
› RFin 24.0 – 24.25 GHz
› 150 mW @3.3 V
› 2.4 x 2.4 mm -TSNP-16

BGT24LTR11

› Twin receiver 2Rx/ IQ di
fferential

› RFin 24.0-26.0 GHz
› 300 mW @3.3 V
› 4.5x5.5 mm -VQFN-32

BGT24MR2

› Transceiver 1Tx+1Rx/ I
Q differential

› VCO integrated, SPI
› Power/temp sensor
› RFin 24.0-26.0 GHz
› 500 mW @3.3 V
› 4.5x5.5 mm -VQFN-32

BGT24MTR11 BGT24MTR12

› Transceiver 1Tx+2Rx / I
Q differential

› As TR11
› 700 mW @3.3 V
› 4.5x5.5 mm -VQFN-32
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› BGT24LTR11 – 24 GHz highly integrated low power M
MIC

› XMC1302 ARM® Cortex™-M0 – 32 bit industrial Microc
ontroller

› Multiple Integrated patch antennas available  (Defaul
t 1x4 with FOV = 28°x80°)

› Segger Debugger breakoff board for reprogramming

Sense2GoL demo board Overview

Key Features of the Sense2GoL Demo Board

› User manual

› Firmware for Motion Detection

› SW GUI for Radar Signal Obser
vation

› PCB Schematic and Gerber files

Kit contents

Worlds Smallest Fully Integrated Radar Module
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Distance2Go demo board Overview
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Baseband Amplifiers – Two Stages

BGT24MTR11 – 24GHz Radar MMIC

PLL 

XMC4200– Cortex-M4 32bit MCU

Second Harmonic Filter 

50 mm : with Debugger board

4
5
 m

m

35 mm : Main board



Distance2Go Antenna Overview
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› 2x4 Antennas

› 13dBi Gain

› 20x42° Opening Angle

4
5
 m

m

35 mm : Main board



First Performance Measurement
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› Measured a Wall upto 17m Successfully

› Accuracy = +-10cm

› Humans Measured upto 8m with same accuracy

› 2H2017Board will be available



Radar Module Solution 
Providers 



Radar System Design Requirements

Antenna 
Design

RF & BB 
PCB 

Design

Signal 
Processing

Infineon
BGT24
BGT60
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IFX MMIC

IFX Development Kit

Partner Modules using IFX Chip

Module (RF module; RF module + MCU including SW)

Infineon’s MMIC to Complete System offering

Demokit with SW, Reference design

MMIC

Features

› Radar-based motion detecto
r operating in the 24 GHz IS
M-Band

› 4 MMIC Chips available

Features
› 3 System Boards available

› All include 24GHz radar and 
XMC™ microcontroller

› Kit contains User manual, G
UI, MATLAB compiler and Ge
rber files

› Requires Software

› Ease of design 

› Turn-key solution for custom
ers with limited radar/RF/S
W know-how

Features

Benefits

› Long range distance detectio
n of moving objects up to 50 
m 

› Wide range speed detection 
up to more than ±100 km/h

Benefits
› Capability to detect motion, 

speed and direction of move
ment (approaching or retrea
ting) , distance and Angle of 
Arrival based on hardware

› FW/SW for available for eac
h radar mode

› Complete module ,including 
radar MMIC, antenna option
s, MCU Signal processing op
tions, and SW options (Dopp
ler, FSK and FMCW versions 
available)

Benefits

Software
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Recommended Radar Module Providers
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Mclavis
- Millimeter Wave Key Solutions

• Email: mclavis@mclavis.com
• Website: In development
• Location: Seoul, Korea

Inzinious
• Email: mvsong@inzinious.com
• Website: http://www.inzinious.com/
• Location: Seoul, Korea

InnoSenT GmbH
- Innovative Radar Sensor Technology
• Email: info@innosent.de
• Website: http://www.innosent.de/
• Location: Donnersdorf, Germany

mailto:mclavis@mclavis.com
mailto:mvsong@inzinious.com
http://www.inzinious.com/
mailto:info@innosent.de
http://www.innosent.de/
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To find more 
information
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Let’s get connected
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