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Radar System Requirements
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Radar System Requirements

Automotive or security applications

High resolution

Not only range, speed

But also angular position
Small size 4 beams
Narrowbeam
Low cost
High directivity
flexable (more than 20dB)

-------- Good isolation between beams
(at least 3dB)
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Network Concepts
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Phased Array Antennas
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Phased Array Antennas
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Uniform Linear Array Antenna Analysis
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Azimuth distribution
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Phased Arravy Antennas
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Phased Array Antennas

Simulation of the antenna array
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Phased Array Antennas
Port | Amplitude | Phase 1 in degree | Phase 2 in degree
1 0.19 0 0
0% o 7 Simulated farfield patterns
1 0.67 18 06
5 0.8 18 144 2
G 09 B 163
T T A
9 1 96 288
10 0.96 120 312 / \
11 0.9 120 3600 20
12 0.8 144 24 !
L3 0(37 144 72 s
5T % 16 T
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Switching Concepts

Phase shifters
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Phase shifters
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MA910 AlGaAs Flip Chip PIN Diode
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nlementation

Port | Amplitude | Phase 1 in degree | Phase 2 in degree
1 0.26 0 0
2 0.38 30 30
3 0.38 30 90
4 0.54 60 120
5 0.8 60 180
6 0.8 20 210
7 1 920 270
8 1 120 300
9 1 120 360/0
10 1 150 30
11 0.8 150 90
12 0.8 180 120
13 0.54 180 180
14 0.38 210 210
15 0.38 210 270
16 0.26 240 300

Simulation of antenna array
Only with ports definition
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Final Design
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Final Design
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Conclusion

- Different network concepts and switching concept
are discussed

- Phase shifters with PIN diode are simulated,
fabricated and measured

- The whole RF circuit is simulated
- The radar system requirements are fulfilled

- The PIN-diodes switching circuits will more detailed
analyzed in near future
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Unconstrained
Feeds
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Beam Forming Network

Series Parallel
Blass Butler
Matrix Matrix
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Network Concepts
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Phased Array Antennas

Grating lobes

phase [deg]
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Phase distributions
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Switching Concepts

Components of phase shifters

RF-Switches
Value Unit | SoS +aAs raAs -aAs PIN | Si PIN | RE-MEMS
FET | pHEMT Diode Diode
insertion loss dB 0.7-1 | 0.6-0.9 | 0.35-0.65 0.3-0.6 0.55-1 0.1-0.5
[solation dB | 25-41 | 28-45 =30 12-25 37-45 45
Linearity (IP3) dBm | 24-70 | 55-72 58 50 70 =65
Actuation voltage V| 2755 2-6 5 5 2.65-2.85 20-80
Switching speed (1S 0.004 | <0.01 | 0.02-0.06 0.02 <0.01 2-10
Power consumption | W <10 <10 <100 <100 <1 ~107°
Power handling dBm 42 38 36 33 45 38
Price e 0.14 0.16 0.07 0.01-0.04 (.2 0.7
MEMS | electronic
Switching
Absorption vV V
[solation vV Vv
Operating Voltage X vV
Switching Speed X Y
Life Circle X vV
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MA200 Silicon FlipChip PIN Diode Phase shifters
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MA912 AlGaAs Beam Lead PIN Diode

Switching Concepts
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Final Design
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Network Concepts

Constrained Feeds

Series constraind feeds

36

PHASE
SHIFTER

UNIVERSITAT

e AR *—h ILU‘ LP

(b) Series Phase Shifters

COMBINER

Y TT'fYV v

AW ty ty

(d) Center Feed with separately Optimized sum-and-
difference beams

=
i,
1,
-
f

(e) Equal Path

Figure 2.1: Series Feed [Skolnik (2008)]

HE N &S



HOCHFREQUENZTECHNIK UNIVERSITAT

DUISBURG ."§

ESSEN aYaVA

Switching Concepts G|

S AN j \( |<—)\/4—>4—)\/4_>| Y

L AN

< LNA/PA Ik

LNA/PA

LNA/PA

~ [
P A

S
S

HF-Switch - LNA/PA

Network 2

37 Ia:



