Technical documentation

Frequently asked questions for
24GHz industrial radar

What is radar?

Radar is an object-detection system that uses radio waves to determine the range, angle, or velocity of objects. A radar system consists

of a transmitter producing electromagnetic waves in the radio or microwaves domain, an emitting antenna, a receiving antenna (sepa-
rate or the same as the previous one) to capture any returns from objects in the path of the emitted signal, a receiver and processor to
determine properties of the object(s).

What product family is available?

The BGT24M/L family is the largest and highest integrated 24GHz ISM band radar transceiver family currently in the market. It saves
~30 percent board space compared to discrete line ups. Infineon offers 4 different components, the BGT24MTR11 which combines one
transmit and one receive channel, the BGT24MTR12 which comprises one transmit and two receive channels, and the BGT24MR2, a chip
with 2 receive channels, combinable with both chipsets. Infineon recently released a new lower power, smaller form factor radar trans-
ceiver called BGT24LTR11 which comprises of one transmit and one receive channel.

What applications can radar be used in?

> Drones-soft landing and collision avoidance
> Street lighting projects

> Intelligent door openers

> Home automation

> Speed meters

> Robotics

> Internet of things

What are the radar processing technologies?

Technique | Complexity | Movement | Speed | Distance of moving objects | Distance of static objects | Angle of moving objects

Doppler Low v v
FSK
FMCW High

Medium

Monopulse Medium v

Monopulse is an additional option for all the above operating modes
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What are some of the main features of the products available?

> Highest integration currently in the market

> Multiple combination Tx/Rx configurations available
> Fully packaged solution

> Low cost TSNP-16-9 package

> Distance detection up to 100 m

> Smallest packaged radar chip on the market

What is radar transceiver?
Radar transceiver (transmitter receiver)
> Transmits low energy radio frequency signal over Tx antenna (24 GHz, max. 100 mW)

> Receives reflected signal over Rx antenna
> Moving target generates low frequency Doppler output signal (so called IF)

Tx Rx

IF output
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FM input

How does radar detect movement?

Basic movement detector
> Output becomes active as soon as Doppler signals are present
> Implemented with discrete components or simple microcontroller
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What is the Doppler effect?

Doppler effect

Radar transceiver Low frequency Doppler signal

[
('( ( ( ( ( Amplitude depends on reflectivity and distance.
) ) ) ) )') Frequency fy depends on object speed.

Calculating the Doppler frequency

f,= 2 ZTX'V ccosa (1) f4 Dopplerfrequency
0 fr« Transmit frequency (24 GHz)
or ¢, Speed of light (3-10°m/s)
G- fy v Object speedinm/s
VE 2 f, cosa (2) o Angle between beam and object moving direction

At a transmit frequency of f;, = 24.125 GHz we get a Doppler frequency for a moving object at the IF output of

fy=vlkm/h]-44Hz-cosa or fy=v[m/s]-161Hz-cosa (4)

How does Doppler processing calculate speed?
Speed display
> Frequency (= speed) and direction are detected by complex FFT

> Implemented with FFT (Fast Fourier Transform)

Sensitivity Direction

\ .
\ Microprocessor

\

<
Speed [km/h] = f,/ (44 Hz - cos o) Q I'and Q signals phase shifted by 90°
I depending on movement direction
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How does radar measure distances?

Typical measurement methods

Distance measurement always needs bandwidth / modulated carrier
Pulse radar

> Sends out a very short, powerful pulse

> Measures time of flight of reflected pulse
> Needs high bandwidth - not usable in K-band

Aso called chirp is sent and mixed with the received signal. Low frequency output represents distance.

N\

Continuous wave methods
No pulse, but a continuous, frequency modulated carrier is sent

> FMCW: used to detect stationary and moving objects.

> FSK: used to get distances of moving objects.
2 frequencies are sequentially sent. 2 phase shifted Doppler signals represent distance.

What is the difference between FMCW and FSK?

FMCW and FSK
Measuring distances need modulation of carrier > bandwidth

FMCW (Frequency Modulation Continuous Wave) ‘ FSK (Frequency Shift Keying)
Use For stationary and moving objects For moving objects only
Modulation f
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Resolution 1 m, limited by K-band bandwidth 250 MHz 1-100 cm, depending on signal processing

4 WWW.EBV.COM



Technical Documentation

What is current system availability?

There are 3 demo boards available now. Please see below description and images.

2014

RFB2412 (BGT24TR12 + XMC4400)

2015

Sense2Go2
(BGT24MTR11 + XMC4200)

2016

Sense2GolL
(BGT24LTR11 + XMC1300) Y

> 1 transmitter + 2 receivers

> Motion detection

> Doppler radar for speed monitoring

> Software based FMCW for distance
measurement of stationary objects
- NEW

> Angle of arrival estimation - NEW

RFB2412

MCU disconnect  XMC4400
and level shift Mcy

Transparent
connector

BGT24MTR12

' _ussote
connector

DCinput
8V...36V

Power
supply.

RF frontend RTC backup

battery

Analog
amplifiers

s there a block diagram ava

> Starter kit for radar and
microcontroller development

> 1 transmitter and 1 receiver

> Motion detection and Doppler radar
for speed

> Low power mode for enhanced
battery life

> Industrial standard interfaces via
CAN and IOLINK

> Rangeto 15m

Sense2Go2

Reverse current
protection diode

Voltage Micro-USB

regulator

Pin header X2

Pin header X1

IO e

H)f TVS diode
— User LED1 @ P15
BGT24MTR11 —— L
© 7 User LED2 @ P1.15

24 GHz radar IC

Baseband
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ilable for the Sense2Gol?

+3.3V

Standby
LED

Amp2

HAK

+3.3V +33V

VCC_PTAT

v

V_PTAT
< PTAT

> Starter kit for radar as well as IFX
microcontrollers

> Low end solution + development kit

> 1 transmittet and 1 receiver

> Motion detection and Doppler radar
for speed

> Low power mode for enhanced
battery life

> Ultra small form factor

1) Now available

Sense2GolL with
break away debugger
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What are the key features of the Sense2Gol demo board?

Features

> Capability to detect motion, speed and direction of movement
(approaching or retreating)

> BGT24LTR11 - 24 GHz highly integrated low power RF MMIC

> XMC1302 ARM® Cortex®-M0 - 32-bit industrial microcontroller

> Integrated patch antennas

> Segger debugger break off board for reprogramming

Kit contains

> User manual

> SW GUI to operate kit

> Precompiled C libraries provided
> PCB schematic and Gerber files

s this available as an MMIC or complete module?

Technical benefits Customer benefits

> Radar-based motion detector > Large coverage areas such as > Excellent movement detection
operating in the 24 GHz ISM-band warehouses, parking lots, ect. > Fewer false alarms

> Long range distance detection of > Robust against harsh conditions > Energy savings
moving objects up to 30 m (rain, dust and temperature) > Concealable

> Wide range speed detection up to > Precise presence detection > Customized solution

more than +100 km/h > Fast measurement updates > Off the shelf module from
market partners

Where do | go for additional information?

www.infineon.com/24GHz
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AUSTRIA

A-1120 Wien

Schénbrunner Str. 297 - 307
Phone: +43 (0)18 91 52-0
Fax: +43 (0)18 91 52-30

BELGIUM

B-1831 Diegem
Kouterveldstraat 20
Phone: +32 (0)27 16 00 10
Fax:  +32(0)27 20 81 52

BULGARIA

B-1505 Sofia

48 Sitnyakovo Blvd., Serdika
offices, 10" floor, Unit 1006
Phone: +359 2 9264 337
Fax: +3569 2 9264 133

CZECH REPUBLIC
Amazon Court

Karolinska 661/4
CZ-18600 Prague

Czech Republic

Phone: +420-234 091 011
Fax: +420-234 091 010

DENMARK

DK-8230 Abyhoj

Ved Lunden 10-12, 1. sal
Phone: +45 86 25 04 66
Fax: +45 86 25 06 60

DK-2730 Herlev
Lyskeer 9, 1. sal
Phone: +45 39 69 05 11
Fax:  +45 39 69 05 04

ESTONIA

E-10414 Tallinn

Niine 11

Phone: +372 625 79 90
Fax: +372 625 79 95
Cell.  +372 51322 32

FINLAND

FIN-02240 Espoo

Pihatérma 1a

Phone: +358 (0)927 05 27 90
Fax: +358 (0)9 27 09 54 98

FIN-90100 Oulu
Nahkatehtaankatu 2

Phone: +358 8 41 52 62 70
Fax:  +358841526275

FRANCE

F-13856 Aix-en-Provence

1330 Rue G.G. de la Lauziere
Europarc Pichaury, Batiment A2
Phone: +33 (0)442 39 65 40
Fax:  +33(0)442 39 65 50

F92184 Antony Cedex (Paris)
2-6 Place Du General De Gaulle -
CS70046

Phone: +33 (0)140 96 30 00

Fax:  +33(0)140 96 30 30

D-69439 Holzwickede
WilhelmstraRe 1

Phone: +49 (0)2301 943 90-0
Fax:  +49 (0)2301 943 90-30

D-41564 Kaarst

An der Gimpgesbricke 7
Phone: +49 (0)2131 96 77-0
Fax:  +49 (0)2131 96 77-30

D-71229 Leonberg

Neue Ramtelstralle 4
Phone: +49 (0)7152 30 09-0
Fax: +49 (0)7152 759 58

D-90471 Nirnberg
Lina-Ammon-StraRe 19B
Phone: +49 (0)911 817 669-0
Fax:  +49 (0)911 817 669-20

D-04435 Schkeuditz

Airport Business Center Leipzig
Frankfurter StraBe 2

Phone: +49 (0)34204 4511-0
Fax:  +49 (0)34204 4511-99

D-78048 VS-Villingen
Marie-Curie-Strale 14

Phone: +49 (0)7721 998 57-0
Fax: +49 (0)7721 998 57-70

D-65205 Wiesbaden
Borsigstralte 36

Phone: +49 (0)6122 80 88-0
Fax: +49 (0)6122 80 88-99

HUNGARY

H-1117 Budapest

Budafoki Ut 91-93, West Irodahaz
Phone: +36 1 436 72 29

Fax:  +36 1436 72 20

IRELAND

IRL:Dublin 12

Calmount Business Park
Unit 7 Block C

Phone: +353 (0)14 09 78 02
Fax:  +353 (0)14 56 85 44

ISRAEL

1-40600 Tel Mond

Drorrim South Commercial Center
PO. Box 149

Phone: +972 (0)9 778 02 60

F-35510 Cesson Sévigné (Rennes) Fax:  +972 (0)9 796 68 80

35, av. des Peupliers
Phone: +33 (0)299 83 00 50
Fax:  +33 (0)299 83 00 60

F67400 llkirch Graffenstaden
35 Rue Gruninger

Phone: +33 (0)3 90 40 05 92
Fax:  +33(0)3 88 65 11 25

F-31500 Toulouse

8 chemin de la terrasse
Parc de la plaine

Phone: +33 (0)561 00 84 61
Fax:  +33(0)561 00 84 74

F-69693 Venissieux (Lyon)
Parc Club du Moulin & Vent
33, Av. du Dr. Georges Lévy
Phone: +33 (0472 78 02 78
Fax:  +33 (0)478 00 80 81

GERMANY

D-85609 Aschheim-Dornach
Einsteinring 1

Phone: +49 (0)89 388 882-0
Fax:  +49 (0)89 388 882-020

D-10587 Berlin

Englische Stral3e 28

Phone: +49 (0)30 74 70 05-0
Fax: +49 (0)30 74 70 05-55

D-30938 Burgwedel
Burgdorfer StraRe 2

Phone: +49 (0)5139 80 87-0
Fax:  +49 (0)5139 80 87-70

ixed Sources
Product group rom well-managed

ITALY

1-20092 Cinisello Balsamo (MI)
Via C. Frova, 34

Phone: +39 02 66 09 62 90
Fax:  +39 02 66 01 70 20

1-50019 Sesto Fiorentino (Fl)
EBV Elektronik Srl

Via Lucchese, 84/B

Phone: +39 05 54 36 93 07
Fax: +39 05 54 26 52 40

1-41126 Modena (MO)

Via Scaglia Est, 33

Phone: +39 059 29 24 211
Fax:  +39 059 29 29 486

1-80128 Napoli (NA)
Via G. Capaldo, 10
Phone: +39 081 193 016 03
Fax: +39 081 198 061 24
Cell.  +3933583905 31

1-00155 Roma (RM)

Via Edoardo D'Onofrio 212
Phone: +39 064 06 36 65/789
Fax:  +39 064 06 37 77

ot v connled sowees climateneutral

carbon neutral printed

FSC

1-35030 Sarmeola di Rubano (PD) ZA-2157 Woodmead,
Piazza Adelaide Lonigo, 8/11 Johannesburg

Phone: +39 049 89 74 701 Woodlands Office Park
Fax:~ +39 049 89 74 726 141 Western Service Road

110144 Torino (TO)
ViaTreviso, 16

Phone: +39 011 262 56 90 Fave 27 (O 258 1 T8
Fax: +39 011 262 56 91
SPAIN
NETHERLANDS E-08014 Barcelona
NL-3606 AK Maarssenbroek c/Tarragona 149 - 157 Planta 19 1°

Planetenbaan 116
Phone: +31 (0)346 58 30

Fax:  +31 (0)346 58 30 25

NORWAY

Postboks 101, Manglerud
Ryensvingen 3B

N-0681 Oslo

Phone: +47 22 67 17 80
Fax: +47 22 67 17 89

POLAND
80-838 Gdansk
Targ Rybny 11/12

Phone: +48 (0)58 719 21 87

02-674 Warszawa
Ul. Marynarska 11

Phone: +48 (0)22 257 47 06 GimmEnEEn 18, 7

PL-50-062 Wroclaw

PI. Solny 16

Phone: +48 (0)71 34-2 29-44 SWITZERLAND

Fax: +48 (0)71 34-2 29-10 CH-8953 Dietikon
Bernstrasse 394

PORTUGAL Phone: +41 (0)44 745 61 61

Unipessoal LDA
Edificio Tower Plaza

Rotunda Eng.° Edgar Cardoso, 23 - 14°G
4400-676 Vila Nova de Gaia
Phone: +351 220 920 260 Av. des Boveresses 52

Fax:  +351 220 920 261

ROMANIA

Calea Floreasca 175

8th Floor - 1st District
Bucharest

RO-014472

Phone: +40 21 528 16 12
Fax:  +40 21 528 16 01

RUSSIA

RUS-620028 Ekaterinburg
Tatischeva Street 49A
Phone: +7 343 311 40 4
Fax:  +7 343 311 40 46

RUS-127486 Moscow
Korovinskoye Shosse 10,
Build 2, Off.28

Phone: +7 495 730 31 70
Fax: +7 495 730 31 71

RUS-195197 St. Petersburg Vasilovskaya str. 14

Polustrovsky Prospect 43,
Office 421

Phone: +7 812 635 70 63
Fax: +7 812 635 70 64

SERBIA

Balkanska 2

SRB-11000 Belgrade
Phone: +381 11 404 9901

Fax:  +381 11 404 9900

Mobile: +381 63 204 506
Mobile: +381 62 78 00 12

SLOVAKIA
SK-82109 Bratislava
Turéianska 2

Green Point Offices

Phone: +421 2 321 111 41 Royal Wootton Bassett
Fax: +421 2 321 111 40 Wiltshire. SN4 8SY
SLOVENIA Phone: +44 (0)17 93 84 99 33

SI-1000 Ljubljana
Dunajska 167

Phone: +386 (0)1 56 09 778 North
Fax:  +386 (0)1 56 09 877 Manchester International

SOUTH AFRICA

ZA-8001 Foreshore, Cape Town Manchester, M22 5WB

1 Mediterranean Street
5th Floor MSC House

Phone: +27 (0)21 402 19 40
Fax:  +27 (0)21 419 62 56

ZA-3629 Westville
Forest Square,11 Derby PI
Suite 4, Bauhinia Building

Phone: +27 (0)31 27 92 600 Phone: +44 (0)141 242 4820
Fax: +27 (0)31 27 92 624 Fax: +44 (0)141 221 1916

Building 14-2nd Floor
Phone: +27 (0)11 236 19 00

Phone: +34 93 473 32 00
10 Fax: +34 93 473 63 89

E-39005 Santander (Cantabria)
Racing n° 5 bajo

Phone: +34 94 223 67 55
Phone: +34 94 237 45 81

E-28760 Tres Cantos (Madrid)
Centro Empresarial Euronova
C/Ronda de Poniente, 4
Phone: +34 91 804 32 56
Fax: +34 91 804 41 03

SWEDEN
S-191 62 Sollentuna

Phone: +46 (0)859 47 02 30
Fax: +46 (0)859 47 02 31

Fax: +41 (0)44 745 61 00
CH-1010 Lausanne

Phone: +41 (0)216 54 01 01
Fax: +41 (0)216 54 01 00

TURKEY

Canan Residence

Hendem Cad. No: 54 Ofis A2
Serifali Umraniye Istanbul
34775 Turkiye

Phone: +90 (0)216 52 88 310
Fax:  +90 (0)216 52 88 311

Armada Is Merkezi

Eskisehir Yolu No: 6 , Kat: 14
Ofis No: 1406

06520 Sogutozu, Ankara-Turkey
Phone: +90 (0)312 295 63 61
Fax:  +90 (0)312 295 62 00

UKRAINE
UA-03040 Kiev

off. 422-423
Phone: +380 44 496 22 26
Fax:  +380 44 496 22 27

UNITED KINGDOM

South East

2, The Switchback

Gardner Road

Maidenhead

Berkshire, SL6 7RJ

Phone: +44 (0)16 28 77 85 56
Fax: +44 (0)16 28 78 38 11

South West & Wales
12 Interface Business Park
Bincknoll Lane

Fax:  +44 (0)17 93 85 95 55

Office Centre, Suite 3E (MIOC)
Styal Road

Phone: +44 (0)16 14 99 34 34
Fax: +44 (0)16 14 99 34 74

Scotland

15t Floor

ace 180 St. Vincent Street
Glasgow, G2 5SG
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