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1. Introduction

| nfineon Sense2GoL

Transmitter

Generates a RF electrical
signal

Receiver

Converts the RF electrical
signals into low frequency

signals
Signal processor

Extracts distance, Speed, and
angle information from the
signal

Antennas

Converts electrical energy to
electro-magnetic waves

Required to operate the
radar:

Software algorithm:

» To provide the Radar
with a process or set of
rules to follow:

GUI:
» Required to interact
with the Radar




= Modulation and algorithm

Radar operating mode
(in order of complexity)
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ESK moving
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Freguency and wavelength

Application
All radar operates in a specific frequency band
ranging from 300 MHz up to 300 GHz

Each frequency bracket can impact the Radar in Diverse <
the following ways:
Automotive {
> Physical antenna size
»  The range / distance required of Industrial '<
the application .
Industrial,
> Global band availability Automotive

»  Interference from other RF UwWB '<

»  Wavelength LTE advanced

»  Ability to penetrate walls Microwave
oven

Wavelength

150 um

3.9 mm

5 mm

1.25 cm

3.3 cm

5cm

12.5cm




Detection mode and use cases
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Door opener
Security
Lighting
Traffic control
Vital sensing
Street lighting
Security alarm
Smart home
HVAC

Vital sensing

UAV / copter
Robotics
People counting
Vital Sensing




2. 24-GHz Motion Detector Applications

Basic movement detection
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Comparision with alternative technologies

Application flexibility ! ! !

Resistance to moisture,
dirt and temperature

Speed detection

Accuracy sensitivity

Resolution

Direction capability

Distance measurement

Penetration of materials

Size of solution

Cost

key  ( Best () Good @ weak




» 24-GHz radar advantages

Speed, direction, and
distance information . ‘ .

Resistance to moisture
dirt and temperature

Sensitivity

Suitability for Indoor
(wall penetration)

Size of solution

Penetration of material

Cost of solution

key  ()Best @ Good @ weak




* |ndoor lighting

»  Suitable range / coverage for given »  Detection range of 270 m2
area compared to 30 m2 for Infrared*

» Potential to detect presence not

»  Lights to remain on without need for just motion with the right software

human to move to “"wake” PIR sensor

solution
»  Discrete design aesthetics to fit with » Replace unsightly PIR box with
surroundings hidden Radar sensor

-

»  Energy efficient minimizing wasted Lights -::li;'nme_-::[ down automatically
electricity saving electricity

*gstimate




3. 24-GHz Motion Detector Modules

= |nfineon

» Long range distance
detection of moving objects
up to 30 m

*  Wide range speed detection
up to more than =100 km/h

» 24 GHz ISM band operation
for motion, speed, direction
movement and distance
measurements

> 4 MMIC chips available

»  Capability to detect motion,
speed and direction of
movement (approaching or
retreating) , distance and
Angle of arrival based on

» 3 system boards available
» All include 24 GHz radar and
XMC™ microcontroller

H Kit contains user manual,
GUI, MATLAB compiler and

Gerber files hardware
»  Requires software »  FW/SW available for each
= Demokit with SW, reference design radar mode

Partner modules using IFX chip

Benefits

> Ease of design

»  Tum-key solution for
customers with limited
radar/RF/SW know-how

»  Complete module ,including
radar MMIC, antenna
options, MCU signal
processing options, and SW
options (Doppler, FSK and
FMCW versions available)

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




Infineon

» Transceiver 1T,+2R, / » Transceiver 1T, +1R,/ » Twin receiver 2R,/ IQ » Transceiver (1T,+1R,)

IQ differential IQ differential differential + Single-ended
» As TR11 » VCO integrated, SPI » BF;, 24.0-26.0 GHz » BITE tested
» 700 mW @3.3V » Power/temp sensor » 300 mW @3.3V » RF;, 24.0 - 24.25 GHz
» 4.5x5.5 mm -VQFN-32 . RF; 24.0-26.0 GHz » 4.5%5.5 mm -VQFN-32 » 150 mW @3.3 V
» 500 mW @3.3V » 2.4 X 2.4 mm -TSNP-
» 4.5%5.5 mm -VQFN-32 16

Reduced power, lower cost,
smaller footprint
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Infineon

BGT24MTR11
Adjustable 0K
power —— 11 dBm, adjustable |

Longer range

26 dB, adjustable
1.5 GHz and 23 kHz

Differential

Ty differential
Ry single-ended

SPI control
power sensors

External frequency
control required

Fine and coarse
tuning

5.5 mm x 4.5 mm

BGT24LTR11

. 150 mW

6 dBm, fixed

22 dB, fixed
2.3 MHz (possibly

additional 1.5 GHz output)

Single-ended
Ty + Ry single-ended

Temperature sensor

Autonomously inside ISM-
band

Single tuning pin only

[ 2.4 mm x 2.4 mm ]

— Lower power

Internal temp
sensor

Smaller
form factor
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Infineon

Sense2golL Distance2Go

35 mm : main board

25mm

b S . .

50mm

RADAR MAIN PCB Breakable- DEBUGGER PCB

1T.-1R, : BGT24LTR11
CW (doppler only)
Speed measurement
Presence detection
Direction of movement

45 mm

50 mm : with debugger board

1T, -1R, : BGT24MTR11
FMCW

Distance measurement
Speed measurement
Presence detection
Direction of movement

LA A . .
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Infineon

Distance

Boards: Sense2Gol

Products:

BGT24LTR11 & BGT24MTR11

Operation: Doppler

Applications:

> lighting, security, door
openers, Vital sensing

Key benefits:

High sensitivity

Small size

Can be hidden

Robust to environmental

conditions

> Provides speed and direction
information

> Long detection rage

> Adjustable FOV and distance

with antenna design

WO W W

Boards: Distance2Go
Products:

BGT24LTR11 & BGT24MTR11
Operation: FMCW & FSK
Applications:

> Smart toilets

> Drone soft landing

Drone collision avoidance
Robotics collision avoidance
Level sensing

Smart switches

Vital sensing (from a
distance)

WoOOW W WY

Key benefits:

Basic Motion PLUS+

> Insensitive to vibrations

> Resolution not degrading
with target distance

Motion

Speed

Direction

Distance

Angle

Boards: Position2Go

Products:

BGT24MTR11, BGT24MR2,

BGT24MTR12

Operation: FMCW & FSK

Applications:

> Drone collision avoidance

> Robotics collision avoidance

> Vital sensing (from a
distance)

> HVAC, SMART Home, 10T

Key benefits:
Intermediate PLUS+

> Ability to track people
> Positioning of target(s)
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= Other sources:

- Aliexpress: YH-24G01, IMD2411A2, IFL2411A2, RD2411A, DM-39, DM-19,
DB-16, FM-42, FM-49, 182MOD, USRP187, TD-24G-B-002, YH-K24-G01,
HLK-LD303-24G, CFK024-5A, FMK24-A

- AMG AMG072-001, AMGQ072-002, DOS048-004

- Analog Devices TinyRad Demostration Platform

- B+B Thermo-Technik RSM 2650, IPM-165

- DFRobot SEN0395

- Fujitsu FWM7RA01-200002

- |cstation CDM 324

- Impulse Technolgies uRAD

- Infineon Xensiv 24 GHz radar demo Kits

- Innosent 1V S-362, IMD-2000, IMD-3000
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= Other sources:

- MikroElektronika MIKROE-2781

- NJR NJR4234BV, NJR4265, NJR4266

- Novelic NoraSens Radars

- NXP TEF810X

- OmniPreSense OPS243-A-CW-RP

- RFbeam K-LC7

- SeedStudio MW2401TR11, BGT24LTR11
- Silicon Radar TRX 024 006, TRX_ 024 007
- Smartmicro

- Socionext SC1232AR3

- ST STRADA431

- TiOne TRM-121A, IPM-65, SMR-333

- Yanwu-Tech FM24-NP100

16



4. 24-GHz Motion Detector Design | ssues

- Motion detector architecture
- Antennagain

- Signal processing

17



2-Tx & 4-Rx structure

Tx frequency

VGA PA

\

/X1

7T?{2

\

/ RX1

‘\/HKE

7&?{3

\

7&!4
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AD8285: 4 Ch (1)
ADAR7251: 4Ch (1)

ADSP-BFT0 or
ADSP-2147x (DSP)

I Receive Channel Signal Processing AFE |

o o>

D

(5] (5] (%

AN (

D>

o
a

P

S

—= Audio Alert

MCu

—»= Digital

PLL FMCW

Ramp Gen

I

PLL (1)
ADF4159/ADF4158

20



Antenna Transmitter/Receiver
Module
> SRy .
Tx QL >3 PLL
Anlenna (I Linearizer
Rx
Antenna —
e ’L?‘Hg
_}“ >3- =
e >—R— 9
> >3 e
> > >

yun Buissenoid [eubis
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- re-- - T T T i
[ Tx ant select }....II ............................................................... boe tm e e e m s [
. Loop filter |—.—' 2 On/off
! 20MHz T ! Vi \
' PICI6F676 @_) ! ’
I w i o I_ _—
= L . Pa ANt (Tx 1)
[Waveform gen )15/ MCU [ Ti tflircli: e iy R T QWS < R el On/off
: i [ Registers | |1 Power z 0
¢ TRxtrigger : | 4l
| I . "
] Ant. (Tx #2)
| VGAcontrol 37T

{ Beatsignal #1 k——— \\J ; LNA

Ant. (Rx #1)

[

! [

: POA :

(AD8376) | (AD8376) | .
i o - g [

[

[

( Beatsignal #8 |e— :J g : LC «—,% LNA

Ant. (Rx #8)

Baseband part
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» Txantselect )

POA Yiline Vi &
Flash FPGA Xilinx Virtext-5 ,_| — En}
Main control unit g
[ C - ; . AD5303
Xtal _RE[ CLK PLL [ Configuration e Control D530
(25 MHz) -« | Tesisters T block > {]:;:E] VGA contral )
Flash | | DDR Reset
"""""" Sampling clock I :,7{_
: : Clk L’ v =
‘dd . f— Des [4 IDDR |{—I:{: «— Beat signal #1
.Ial r o 4
TI DSP i ¥ lef— Des ]DDRH ADC |¢—< Beat signal #2
TMS320C | Dala |yl = £ : “ ] ]_1.-'1?5: (8 ch) . '
, = : : to
Cirl > E = : 5 SES
-7 o [ .
EMIF - :i: «— Beal signal #7
]"'““““‘“1 —] Des [« {1DDR j«JJ+= € Beal signal #8 |
Host PC 4 ADR2S1 ¢ TRx trigger
""""""""""""""""""""" Sampling clock ™ SDR clock  DDR cock
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Digital

Front-end

(Decimation

N
O
>—®7 IF ADC
% [ F ]
- 0
NS ]
&— |
' IF ADC
N
' g
X el
N I
4 ] Synth
\[; xa (20 GHz)
% L
AN
Multi-chip -
cascading s
<] |
:‘:': Osc. | | VMON Temp épmc

RF/Analog subsystem

filter chain)
ADC | | LVDS/ ADC output
Buffer | | (512 e
Ramp
Generator
Synth Cycle = Host control
Counter interface

Radio processor
(BIST) subsystem
(Tl programmed)
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5. Motion Detector Frequency Allocations

B |
[(E 2-1] = SH LR s
o4 oy A2 AS A% il
10.50~10.550H: 25mi 66 LHALE 3HH
24.05~24 2501 100mW 75
[(E 2-8] €& EEMALXAM Z|[=7|F
Fop4 cfe | oEHU 23HY | mon M | HE (AE H| 2
10.5~10.550H: 10mN 2.50W A0MH: A LYALE THH
24.05~24.250H 10N 2.5uW 7 6MHz
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[(H 2-2] Ol SMZXAM 7|1=7|E

A ZE(54 : 3m)

Foe oy gon 2
7| & 5HmV /m) 1 = IHmV,/m)
902~928Mz 500 16
2.435~2.465( 500 16 S| NEHC}
5.785~5.815( 500 16 %4 50dB
10.5~10.556Hz 2500 25 = OOF #
24.075~24175z 2500 25

[(# 2-6] R SHIXAM 7I&7]E

Egn MY
Fo+ Y EIRP aala £M7| s
s ch7) T
2400~2483.5M 25mi
9200~9500Mz 25mi
9500~997 SHiz ZELL 16 23} 1M 200 20w
10.5~10.66H: 500m 16H o5} 250nW 2nW 2nW
13.4~14.0GH: 25mi
24.05~24 256H 100mW




6. Doppler Amplifers

- 24GHz sensor: InnoSenT |PM-165 (or Stenphen Electronics CDM324) launched in 2003
24.05-24.25GHz, 16dBm 10us, -20 to +60°C, 5.5V 30mA, IF -0.3 to +0.3V

https://www.limpkin.fr/index.php?post/2017/02/22/M aking-the-El ectroni cs-for-a-24GHz-D oppl er-M oti on-Sensor

PIN # DESCRIPTION IN/OUT COMMENT
1 V.. input supply voltage (4.75 - 5.25Y)
2 [F1 output signal linphase)
3 GND input analog ground
150k 150k
- ) In n
; 4k7
input . N 10p  4k7
i
Ww output__
Vee=5.0V
_ MC33078 MC33078
|-Signal
10k
1k
[
= 10p 2 10k

28



= Moving objects detector
- 24GHz sensor: RFbeam K-CL7, 5VDC, 8.6dBi antennagain
- Output amplifier: 52 dB gain, C1-R2 HPF 3.18Hz fc, C3-R3 LPF 3.09kHz fc

VCC
=C3 % R3

5V
Ref :
- H ] 5

| i =i Output
Input C1 R2
LMWT22MA

- : c2,, 100p | ca | 100p |
. A=33dB —"_: A=40dB [l
. 2Hz ... 1.6kHz L1 4Hz .. 1.6kHz ;
R2 1MEG | | R4 1MEG| '
K-LCx '—I\/‘V_'i : —A\N— !
""""""""" E - R -
vc:_; 3 c1 Ri >  } g g
IF-") T - Il_’-'-.\\/\/_| I“ti.lll c3 R3 1 4Hz ... 1kHz
3 — | - o
- C6 :l>—‘ — ’—‘ A/
; I CoA4uT 22k 42 U a0k ol >N\ N ——Jout >

. Gnd_4 _
veo_s— | Tioon e M I S R i ‘[ R5 100R

L SEl S
5V Vce » L """"""" TEaSdSTR S N W
R10 U1 = LMVT772 for low noise
JFS 470k U1 = LMV358 for low cost
= ' Place C5 near U1
100n <R11 - _F"] Place C6 near Radar sensor
{I 470k ap7
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Doppler amp 3

1

11

|
3]
-

+

- Doppler amp 4

0.1uF +5V

L

Figure 17. Schematic of the 60dB IF amplifier at 15-500 Hz

+5Y

%100!&

+
100uF —— § 100K
BV ésaoK
- +5Y
4.7uF w3V
AU
MOTION IF - Ay b—K 4. 7uF 8.2K YT
SENSOR L _% S —AN
+ L
GND 12K = =
1m
J_ = 2.2nF —— A —
- —— —2 2.20F
4-|?TF 10K 1m
J_ I I; ATATAVA

Pre—Amp
Output

-
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7. Further Applications of 24-GHz Radar M odules

- Long range obstacle detection
- High resolution target angle detection

- Fall detection sensor
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