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Outline

• Introduction

– 79 GHz Radar Packaging Trend

– 140 GHz IMEC/AT&S Radar Module

• AFSIW 140 GHz Test Vehicle

– PCB build-up and AFSIW Process

– Stripline to AFSIW Launcher

• Measurement Results
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Radar 79 GHz Packaging

• Planar or 
Waveguide 
Antennas

• Waveguide 
Launchers on 
PCB or Package

• MMIC 
Integration

Aptiv
Calterah

UhnderVayyar (2020)

AliExpress
Fraunhofer

Gapwaves

Continental (pre-2015)

Huber Suhner
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IMEC Past Work

• PCB Antennas at 

30 / 60 / 79 GHz

• On-Chip Antennas 

at 140 GHz

• Modular, low cost, 

high gain antennas 

at 140 GHz ?
S. Sinha et. al., Miniaturized (127 to 154) GHz 

Dipole Arrays in 28 nm Bulk CMOS with 

Enhanced Efficiency, IEEE Trans. Antenna 

Propag. 2020

• Single Element @ 140 GHz

– BW > 25 GHz, Gain > 2 dBi

• Built small arrays (2x2) but 
not scalable further

M. Roodaki-Lavasani-Fard et. al., Shared Aperture Dual-Wideband 

Planar Antenna Arrays Using Any-Layer PCB Technology for mm-

Wave Applications, IEEE Trans. Antenna Propag. 2022

• Dual band array
– 28-30 GHz

– 57-71 GHz

• Modular but uses 
costly mm-wave 
low loss laminate
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IMEC/AT&S Concept for 140 GHz

• Chip Package with 

scaled pads

• Short range routing: 

Stripline

• Long Range routing: 

Air-Filled SIW (AFSIW)

• Thermal 

management:  Filled 

copper via grid

ANTENNA ARRAY:

Planar or 3D

AFSIWAFSIW Low-Cost

PCB
AFSIW Layer

EMBEDDED RADAR MMIC

BUILD-UP LAYERS FOR RF

SCALED RF PADS FOR 140 GHZ

AFSIW LAUNCHERS

BUILD-UP LAYERS FOR THERMAL
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AFSIW 140 GHz Test Vehicle
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Test Vehicle Build-up

• AFSIW and Stripline

in the same PCB

• Solid Copper 

Sidewalls

• Broadband Stripline

to AFSIW Launcher

CORE

CORE

PREPREG

PREPREG
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Solid Copper Sidewalls

• Signal Leakage 
suppression to adjacent 
AFSIW structures

• Accurate Inductive Irises 
for AFSIW Components 
(Power Divider, Filters, 
Transitions)

Laser Via Fence Pitch 250 um

Solid Sidewall
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Stripline to AFSIW Launcher - 1
• No structure in AFSIW cavity

• Broadwall Transverse Slot

– Stripline excites one side of slot

– Impedance matching in stripline

• Dielectric Cavity backed slot

– Bandwidth enhancement
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Stripline to AFSIW Launcher - 2

• Bandwidth (S11 < -10 dB)

– 114 – 168 GHz

• Insertion Loss (S21 > -0.4 dB)

– 125 – 155 GHz
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Test Vehicle Structures

• Stripline

– Calibration

– Loss Measurement

• Air-Filled SIW

– Calibration

– Transitions

– Loss Measurement

– Bend, Dividers

– Filters

DIVIDER VARIATIONS

TRANSITION VARIATIONS

TRANSITION

VARIATIONS

TRANSITION

VARIATIONS
LONG LINES AFSIW – 5 cm

LONG LINES AFSIW – 10 cm

FILTER 

VARIATIONS

FILTER

VARIATIONS

STRIPLINE CAL

STRIPLINE CAL

STRIPLINE CAL

AFSIW CAL

TRANSITION

VARIATIONS
DAISY CHAIN

FILTER

VARIATIONS

BEND AFSIW

BEND AFSIW
LONG LINES AFSIW
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Measurement Results
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TRL Reference Planes

• GSG Pad and Stripline

(STL) to CPW transition

– For Characterization

– Always De-embedded

• TRL-P1

– Stripline (STL) 

Reference Plane

• TRL-P2

– AFSIW Reference Plane LAUNCHER LAUNCHER

AFSIW

5 / 10 cm

Straight 

Section
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AFSIW Only (TRL-P2)

• Insertion Loss

– 5 cm AFSIW: 3.5 – 4 dB

– 10 cm AFSIW: 7 – 8 dB

• Bandwidth

– S11 < -10 dB

– 115 – 152 GHz (28%)
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AFSIW + 2 Launchers (TRL-P1)

• Insertion Loss

– 5 cm AFSIW: 5.5 – 6.5 dB

– 10 cm AFSIW: 9 – 10.5 dB

• Bandwidth

– S11 < -10 dB

– 115 – 151 GHz (27%)
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Measurement Summary

• Stripline to AFSIW launcher 

– Subtracting S21 (TRL-P1 – TRL-P2) and dividing by 2

– Launcher Insertion loss: 1.1 dB

– Bandwidth (S11 TRL-P1 < -10 dB) ~ 115 – 151 GHz (27%)

• AFSIW

– Line loss: 0.07 – 0.08 dB/mm

– Bandwidth (S11 TRL-P2 < -10 dB) ~ 115 – 152 GHz (28%)


	Slide 1
	Slide 2: Outline
	Slide 3: Introduction
	Slide 4: Radar 79 GHz Packaging
	Slide 5: IMEC Past Work
	Slide 6: IMEC/AT&S Concept for 140 GHz
	Slide 7: AFSIW 140 GHz Test Vehicle
	Slide 8: Test Vehicle Build-up
	Slide 9: Solid Copper Sidewalls
	Slide 10: Stripline to AFSIW Launcher - 1
	Slide 11: Stripline to AFSIW Launcher - 2
	Slide 12: Test Vehicle Structures
	Slide 13: Measurement Results
	Slide 14: TRL Reference Planes
	Slide 15: AFSIW Only (TRL-P2)
	Slide 16: AFSIW + 2 Launchers (TRL-P1)
	Slide 17: Measurement Summary

