Radar System Design Considerations --
System Modeling Findings

(MOS-AK Conference Hangzhou 2017)

Silicon Radar GmbH

Im Technologiepark 1
15236 Frankfurt (Oder)
Germany




OUtllne @lLlcuN radar

Introduction to Short Distance Radar Applications

FMCW Radar Basics (Frequency Modulated Continuous Wave Radar)
FMCW Radar System Model

Signal Leakage Causes & Modeling

Signal Leakage Effects & Compensation

Improved System Model

Results & FMCW Radar Demo

Silicon Radar at a Glance

1
2
3
4
D
b
1
8




Short Dlstance Radar Appllcatlons

@lLlBDN radar
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" HMI for small displays

Robotics

Object detection,

Collision avoidance,
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Drones
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Landing assist,
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Application Requirements G icon radar

« Miniaturized electronic components
 Low weight

 Low power consumption

* Low cost

Mixed analog and digital signal designs

=> High performance, especially industrial applications




Radar vs Other Sensor Technologies ~ Gwianradar
—WW

Application Flexibility

Miniaturization

Resistance to moisture, dirt, wind, darkness
Accuracy Sensitivity and Resolution

Speed detection

Penetration of materials

Detection of special materials (glass, water, down)
Refresh rates

Cost
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FCMW Radar Technology G wicon radar

- Short range distance measurement

Measurement accuracy <1mm (<1pm in phase mode!)
Range up to 40 meters with 120 GHz

« Velocity measurement

Detection of moving targets by ’ J
characteristic radar signature v

-
L

Range!up to 40 meters

« Presence Detection
Presence detection in dead band through phase evaluation

30.06.2017 © Silicon Radar confidential



FMCW Radar Basics G icon radar
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FMCW sawtooth ramp signal which tunes a VCO t
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ILICON radar

Baseband Basic Circuits
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System Model

Microprocessor hased FMCW radar system

@lLlBDN radar
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RBSUItS Slgnal I_Eakage G, 1LicoN radar

| ' / Huge DC part

Hidden Targets
Small SNR I Small SNR
e < 40dB max n
Huge DC part
« >40dB

3000

- Hides near targets Frequency spectrum and CFAR output after FFT
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Signal Leakage Causes Giuicon radar
« TXto RX over substrate
 Packaging
Power over f (VCO) / ramp NWVV\A
(ifferéntial i s RN — \i/Tx i —
| 1 | == RX
Vfine i RN ‘\ i == P |eakage
| S !
Vc:Hh-push ‘ ‘\ \\ E
Oscillator amplifier Eoo \~ ‘ E
IF_I | \VRX i

i LNA
PNVl —
- Diff. + CM offset ferenteh |

Ramp superposition

Leaked signal may be orders of magnitudes higher than the output signal
- Signal deformation g y g g put sig
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ILICON radar

)

Chip Signal Leakage Modeling
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Chip Signal Leakage Modeling S icon radar
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ILICON radar

)

ADC value, | channel

Ramp (red) and ramp enable signal (yellow)
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Signal Leakage Effects

ILICON radar
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ILICON radar

Signal Leakage Cancellation

- Compensation in the chip is expensive and complicated
-> Better use external correction methods

« (Calibration with a known input signal that is substracted from the output spectrum is
simple but very expensive, drift effects not covered (aging, temperature dependency)

-> Better use dynamic corrections methods

« Combination of Filters (simple), DC-coupled diff. amplifiers or dynamic ramp
compensation and software DC cancellation

-> Best SNR / effort ratio
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Signal Leakage Cancellation G uicon radar

AC-Coupling: HPF or DC-coupled diff. amp 3
«  But: ramp still contained in AC part of the signal f
«  Too much filtering increases the min distance mean
Ramp compensation vs. target detection
0 >
-Vin * t
f Reduction of
+Vin © 750%%%[\ ramp leakage
0 » and diff. offset
t
Dynamic ramp f

Reduction of
0 common

—O DACin / " mode offset

«  Further filtering & software DC Cancellation

compensation

30.06.2017




Improved System Model G 1icon radar

Microprocessor hased FMCW radar system

Less gain Less saturation Improved filtering More gain
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Results: Reduced Signal Leakage G uicon radar

Status
distance in. mm  maxrange: 5120
accuracy: 208 gain: 43dB
mm bw: 7195 MHz
upd.rate: 12.89 Hz
targetist
> num dist db phi speed

2564 48 0.0290
-1.5870
-0.7830
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
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Good SNR

- >80dB
Reduced DC part
« by>40dB
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FMCW Radar Demo G con radar

Status
distance i mm  maxrange: 5120
accwacy: 208  gain: 43dB

mm bw: 7195 MHz
upd.rate: 12.89 Hz
t:

num dist db speed
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0
0
0
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Summary: Design Considerations G con radar

Transceiver package and antenna size
« Low weight, low power, miniaturized

Low noise PLL ﬂ

- Signal quality, range, accuracy //77//////// - _
Pay attention to signal leakage cm y ,

. Increa.se dynamic range _ 120 GHz Radar Frontend  Standard QFN 5 x 5 mm
Transceiver frequency and bandwidth

« FMCW Radar: accuracy increases with bandwidth
« Pay attention to local regulations
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Ultra Compact Radar Sensors

@lLlcuN radar

Mass production
Since 2015

130nm SiGe BiCMOS
1,2 x 1,0 mm

IMiniaturized Radar-Chips E

I Ultra Compact Radar-Frontends

With 2 ext. antennas within molded QFN package
8 x 8 mm QFN, 56 Leads, RoHS & REACH;
with 2 integrated antennas in 5 x 5 mm QFN

Assembly Process

Implementing embedded baseband signal processing
Radar algorithms and target tracking

I Evaluation Radar-Sensor

Evaluation bhoard
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120 GHz Radar
ICs / Frontends

24 GHz Radar ICs

Receiver RX,
Transceiver TRX,
TRX2, LNA

Upcoming:

9.6 GHz, 10 GHz,
14 GHz, 24 GHz,
36 GHz, 60 GHz,
120 GHz




High-Prec. Sense/Avoid (120GHz ISM)  ©wiean radar

30.06.2017

Miniaturized

8X8mm 56 Lead QFN with

< 1 g Antennas in Package

Low Power
370mW | 112maat33vin

full FMCW Mode

100% Reliable

water, absorbing materials

© Silicon Radar confidential

100% secure detection of glass,

120 GHz Radar Frontend

License free

Worldwide free of use ISM band
with at least 1 GHz bandwidth

Accuracy

Distance measurement with < 1 mm
accuracy of 700um within 20m

Low Cost

True low cost solution based on S’ G e
silicon process & plastic package




Thank You for Your Attention G 1ican radar

Please do not hesitate to contact us in any case of question.
info@siliconradar.com

+49 335 5571760
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