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Infineon at a glance

Automotive Industrial Power

Power Management

/Multimarket
Chip card/Security

› 34 R&D Locations

› 19 Manufacturing Locations
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What makes “Radar” 
better than other 
sensors?



Overview of Existing Motion Detection Schemes

• Transmits sound waves and evaluates 
the received echo signal to calculate 
the distance and speed of a moving 
object.

• Sensitive to atmospheric conditions 
and also limited in distance.

Ultrasonic Detector

Passive Infrared Detectors (PIR)

• Sensors work by detecting the infrared 
radiation emitted by any moving 
object in front of it.

• Low cost technology, most widely 
used but highly sensitive to 
atmospheric effects.
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Overview of Existing Motion Detection Schemes
(Continued)

 Uses Microwave frequencies to detect 
motion and distance

 Fairly robust against atmospheric 
conditions and allows several 
interesting measurement possibilities.
TOPIC OF THIS TALK

RADAR Technology

LASER Technology

 Performs measurement by sending out 
a laser pulse towards the object. 
Narrow beam and requires line of sight

 High cost and highly sensitive to 
atmospheric conditions and dust.
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Comparison Snapshot
Detection Schemes for Motion, Presence, and Distance

24GHz Radar
Passive 
Infrared

Ultrasonic
Camera

ToF
Laser

Distance 0.2-200m 0-25m 0-10m 0-20m 0-300m

Speed Range >250km/hr 10km/hr <100km/hr >300km/hr >300km/hr

Stationary 
Target 

Detection
Yes No Yes Yes Yes

Environmental 
Influences

Heavy Rain 
and Snow 

only

Temperature
, smoke, dirt, 

Wind, rain, 
noise, 

temperature

Rain, Snow, 
light source

Rain, dust, 
fog,

Design 
Aesthetics

Can be 
concealed
(eg. Plastic 

cover)

Requires 
Opening 
Window

Requires 
Opening 
Window

Requires 
Opening 
Window

Requires 
Opening 
Window

Computing 
Complexity

Medium/Low Low Low High Medium

Power 
Consumption

Medium/Low Low Low High High

BOM Cost Medium/Low Low Low Very High High
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Fundamentals of Radar 
Sensing Technology

“Why choose 24GHz? ”



Basic Principal of
RAdio Detection And Ranging

Source: www.radartutorial.eu

• Speed or Velocity (속도) 
• Direction & Angle (방향 & 각도)
• Range or Distance (거리)
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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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Radar Fundamentals 
How RADAR Based Sensing Work?

Microwave 

Signal 

Generator
Transmitter

Antenna

Receiver

Antenna

Mixer

Low Frequency 

Output (IF) for 

Processing

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

(information of target movement)

RF Carrier Signal

24.0 – 24.25GHz
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Continuous Wave Radar
Doppler Effect for Speed Measurement
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Continuous Wave Radar 
Doppler Effect for Direction of Movement

Trigger

Output

Amplifier

ADC

FFT

ADC

FFT

Microcontroller

I

Q

 Radar transceiver with Inphase (I) and Quadrature phase (Q) output help to obtain the 
direction of movement information

 Doppler frequency shift also helps to calculate the speed of the moving object.

90° phase shift between I 
and Q signals gives the 
direction of movement
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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

152016-09-29 Copyright ©  Infineon Technologies AG 2016. All rights reserved.   Infineon Proprietary



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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Radar System Design Requirements

Antenna 
Design

RF & BB 
PCB 

Design

Signal 
Processing
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Intelligent Sensing Concepts 
with 24GHz Radar

› Direction, proximity and speed detection 

› Target classification (Car, Human, etc.,…)

› Sophisticated motion tracking (Micro-doppler)

› Elimination of false alarms while not missing actual targets

› Hidden mounting capability

› Adaptable to different application requirements
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24GHz Radar Multi-Market
Consumer/Industrial Applications 
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Infineon’s mmWave
MMICs Portfolio



Infineon’s Strong Radar Competence

› Cutting edge technologies; SiGe-Bipolar , SiGe-BiCMOS,…

› World smallest 24GHz Radar MMIC; BGT24LTR11

› Design Competency

› High Quality Product based on Automotive Standards

› Multiple Awards from automotive suppliers

2006

First Design of 77GHz
Automotive Radar

2010

First Design of 24GHz
Automotive Radar

2013

First Design of 60GHz
Gesture Radar
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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 Multi-Market Radar application

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

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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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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World Smallest 24GHz MMIC for Industrial App. 
BGT24LTR11

BGT24MTR11 BGT24LTR11

Power Consumption 500mW 150mW

Output power 11dBm, adjustable 6dBm, fixed

Conversion Gain 26dB, adjustable 22dB, fixed

Prescaler outputs 1.5GHz and 23kHz 2.3MHz (Possibly Additional 
1.5GHz Output)

IF outputs Differential Single-ended

RF outputs TX differential
RX single-ended

TX + RX single-ended

Supporting functions SPI control
Temperature sensor

Power sensors

Temperature sensor

Doppler radar External frequency control 
required

Autonomously inside ISM-
band

FMCW radar Fine and coarse tuning Single Tuning Pin Only

Package Size 5.5mm x 4.5mm 2.4mm x 2.4mm
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BGT24LTR11– Key Features

› 24 GHz ISM band transceiver MMIC

› On chip temperature sensor

› Switchable prescaler with 1.5 GHz and 2.3 MHz output

› Fully integrated low phase noise VCO (typ -85dBc/Hz @100kHz offset)

› Modified Gilbert based homodyne quadrature receiver

› Single ended RF and IF terminal

› Low noise figure NFSSB: 12 dB

› Output Power 6 dBm fixed

› Single supply voltage 3.3 V

› Ultra Low power consumption 150 mW

› Integrated Temperature Compensation Circuitry for ISM Band Operation

› 200 GHz bipolar SiGe:C technology b7hf200

› Fully ESD protected device

› TSNP-16-1 leadless plastic package. 
(2.4*2.4 mm2)

U
lt
ra

 L
o
w

 P
o
w

e
r,
 S

m
a
ll
 F

o
rm

 F
a
c
to

r,
 M

M
IC

 w
it
h
 

1
 T

ra
n
s
m

it
te

r 
a
n
d
 1

 R
e
c
e
iv

e
r

262016-09-29 Copyright ©  Infineon Technologies AG 2016. All rights reserved.   Infineon Proprietary



BGT24LTR11 – Block Diagram
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Infineon 24GHz Industrial Radar Demo Kits

SENSE2GO_L

• BGT24LTR11

• XMC1302 (M0)

• Doppler SW & GUI

• Schematic & BOM

• Diff. Ant options

• 25 x 25 mm

SENSE2GO_2

• BGT24MTR11

• XMC4200 (M4)

• Dopper SW & GUI

• Schematic & BOM

• Fixed Antenna

• 40 × 35 mm

BGT24-RFB2412

• BGT24MTR12

• XMC4400 (M4)

• FMCW SW & GUI

• Schematic & BOM

• Diff. Ant options

• 120 x 80 mm
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Sense2GoL – Overview

RADAR MAIN PCB DEBUGGER PCB

(Breakable)
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Sense2GoL – Overview
Block Diagram 
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Sense2GoL – Overview – Main PCB

Front side
Rear side
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Sense2Go2 - Overview

› LED1 glows based on the 
movement of a TARGET

› Sensitivity around 10m for 
human target. Higher for metal 
targets depending on the radar 
cross-section. Sensitivity can 
be changed by signal 
processing

› Complete hardware based. No 
connection to PC required

› Works in low power mode 
(Duty cycling)

› Completely configurable via 
Infineon DAVE software

› Frequency locked to ISM band 
with software.

IF Amplifiers for 

Enhanced Sensitivity. 

(10-12m for Human Target)
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BGT24-RFB2412 
Reference Design - Overview

› Reference platform uses one BGT24MTR12 chip with 1-
transmitter and 2-receivers and controlled by Infineon 
XMC4400 MCU

Top View Bottom View
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BGT24-RFB2412 Reference Design 
Component Overview

BGT24MTR12 Chip 
behind the Shield

External OnDemand
Interface

IF Amplifiers

XMC4400 MCU
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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

372016-09-29 Copyright ©  Infineon Technologies AG 2016. All rights reserved.   Infineon Proprietary

4.5x5.5mm



Automotive 24GHz Radar Target applications

› BSD (Blind Spot Detection)

› RCTA (Rear Cross Traffic Alert)

› LCA (Lane Change Assitance)

› Collision Mitigation (CM)

› TSR (Traffic Sign Recognition)

› PA (Parking Aid)
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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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24GHz Automotive MMIC Family Extension 
with Twin-Transmitter & Quad-Receiver
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BGT24AR4 – Key Features Summary
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BGT24AR4 – Key Features Summary

› 24 GHz ISM band transceiver MMIC

› On chip power and temperature sensors

› Single ended RF and LO terminal

› Integrated  Programmable IF amplifiers 
with High Pass Filters

› Low noise figure NFSSB: 10 dB

› High 1 dB input compression point: -6 dBm

› Low Input LO Drive requirement: -6 dBm

› Single supply voltage 3.3 V

› Low power consumption 610 mW (185mA)

› Standby mode (185mA -> 35mA)

› 200 GHz bipolar SiGe:C technology b7hf200

› Integrated Saturation Detectors at IF Stages

› SPI based control

› VQFN-32-9 leadless plastic package. (4.5*5.5 mm2)
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BGT24AT2 – Key Features Summary
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BGT24AT2 – Key Features Summary

› 24 GHz ISM band transceiver MMIC

› 200 GHz bipolar SiGe:C technology b7hf200

› Switchable prescaler with 1.5 GHz , 94MHz and 23MHz Outputs

› Fully integrated low phase noise VCO with inbuilt 6-bit DAC and Vcoarse and Vfine
Pins

› Fast Switchable Transmitter Outputs (Apprx. 2ns)

› On chip power and temperature sensors

› Single ended RF and LO terminal

› Programmable RF Outputs with 6-bit DAC

› Typical Output Power of 10 dBm

› Single supply voltage 3.3 V

› Low power consumption 775 mW (235mA)

› Standby mode (235mA -> 65mA)

› SPI based control -64bit

› VQFN-32-9 leadless plastic package. (4.5*5.5 mm2)
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Block Diagram – BGT24A(M)TR11
1 Transmitter and 1 Receiver
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BGT24ATR11/12 – Key Features Summary
› Qualified by AEC-Q100

› Fully integrated low phase noise VCO

› Switchable prescaler with 1.5 GHz and 23 kHz output

› On chip power and temperature sensors

› Gilbert based homodyne quadrature receiver

› Single ended RF and LO terminal

› Low noise figure NFSSB: 12 dB

› High conversion gain: 26 dB

› High 1 dB input compression point: -12 dBm

› Output Power > 10 dBm

› Single supply voltage 3.3 V

› Low power consumption 500 mW

› 200 GHz bipolar SiGe:C technology b7hf200

› Fully ESD protected device

› SPI based control

› VQFN-32-9 leadless plastic package. (4.5*5.5 mm2)
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Block Diagram – BGT24A(M)R2
2 Receivers
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Receiver channel extension with R2
BGT24A(M)TR11 + BGT24A(M)R2

BGT24xTR11

BGT24xR2

Tx

Rx1

Rx2

Rx3
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BGT24xR2

Receiver channel extension with R2
BGT24A(M)TR12 + BGT24A(M)R2

BGT24xTR12
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Rx1

Rx2

Rx3

Rx4
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Block Diagram – BGT24A(M)TR12
1 Transmitter and 2 Receivers
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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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To find more 
information
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Let’s get connected
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