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Motivation 

ÅResearch on development of package concepts and technologies for mmWave 
applications 

ÅPackage solutions aim for harsh environment conditions 
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Åblind spot detection  
Åcollision warning  

Åobject detection  
Åparking aid  Åadaptive cruise control  

Ådistance control  



Motivation 

ÅPackage developments involve materials specifically designed for low dielectric losses 

ÅRF organic substrate materials compared to high-Tg materials provide: 

ÅLow dielectric coefficients (ʁr) and loss factor (ǘŀƴʵ) 

ÅIncreased ̧ ƻǳƴƎΩǎ ƳƻŘǳƭƛ όE) and glass transition temperatures (Tg) 

ÅDecreased coefficients of thermal expansion (CTE) 

Ą Increased interconnect stresses have to be taken into account 
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Ref.: Tsai, M. et al., Proceedings of EPTC, 2019. 

antenna array  

Ref.: Wang, S. et al., Proceedings of EPTC, 2019. 

antenna array  



Outline 

ÅFEM based Thermo-mechanical Modeling of Radar Packages 

ÅMaterial Data Research with Focus on RF Organic Substrates 

ÅPackage Modeling for Board Level Reliability Analysis 

ÅAnalysis of Module Build-up Influence on Package Behaviour 

 

ÅReliability and Failure Analysis of Radar Package Specimens 

ÅDevelopment and Manufacturing of Radar Package Specimens 

ÅReliability and Failure Analysis Results 

 

4 21st International Conference on Thermal, Mechanical and Multi-Physics Simulation and Experiments in Microelectronics and Microsystems  
July 6 ς July 28, 2020 



Radar Package Reliability  

ÅThermo-mechanical reliability can be analysed considering three main regions of 
interest 

ÅRF module package (1) 

ÅRF module-to-antenna-board interconnects (2) 

Åantenna-to-system board interconnects (3 ς i.e. board level) 
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Radar Module 
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Radar Package Reliability 

ÅRadar approach is following a land-side RF package concept 

ÅReliability assessment focuses on board level interconnects 

ÅReliability behaviour depends on 

Åselected materials 
(EMC, substrate, solder ŀƭƭƻȅΣ ΧύΣ 

Åpackage geometry, 

Åpackage stack-up 
(layer thickness, metal ŎƻǾŜǊŀƎŜΣ ΧύΣ 

Åand design features 
(shielding) 
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Radar Module 



FEM ς RF substrate study 

ÅBLR is significantly effected by the thermo-mechanical substrate properties 

ÅCurrent RF materials have been researched and selected for FEA and for specimen 
manufacturing considering availability 
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FEM - Package Modeling 

ÅParametric modeling to enable package design and material modifications and load 
profile considerations 

ÅSimplifications implemented to increase calculation performance (e. g. ¼ symmetry) 
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test standard dwell ǘŜƳǇΩǎ cycles/ hour 

JEDEC A104E condition G -40/125°C 
2 

AEC Q100 grade 1 fast 
-55/150°C 

AEC Q100 grade 1 1 



FEM - Radar Package Model 

ÅFE model of the Radar package considering recent design ǎǇŜŎΩǎ (geometry, materials) 
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design parameter value 

package outline 12 x 30 mm² 

grid size (2x) 12 x 10 + 1 x 10 

stand-off 0.4 mm 

joint diameter 0.5 mm 

pitch 1 mm 

antenna board thickness / padÅ 0.5 mm / 0.45 mm 

system board thickness / padÅ 1.5 mm / 0.40 mm 

system board HF layer thickness 0.2 mm 



FEM - Package Deformation 

ÅAnalysis of a series of package material configurations 
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uz_max 8 9 11 11 42 27 

relative [%] -11 - +22 +22 +367 +200 

standard hybrid 

reference 

Meg6 Meg6 G545L Astra 

TC JESD AEC-f AEC JESD 

antenna board Meg6 Meg6 G545L Astra 

motherboard FR4 
Meg6 G545L Astra 

FR4 FR4 FR4 

standard 

hybrid 



FEM - Solder Joint Fatigue 

ÅAnalysis of the accumulated creep strain per cycle Decr_acc at the outermost solder joint 

ÅEvaluation of the accumulated creep strain of the critically strained solder joint volume 

ÅG545 and HL972 show high strains and large compromised volume indicating shorter life 

ÅHL972 shows indications for change of the damage location 

21st International Conference on Thermal, Mechanical and Multi-Physics Simulation and Experiments in Microelectronics and Microsystems  
July 6 ς July 28, 2020 

Meg6 Meg6 G545 Astra HL972LF 

Decr_acc [%] -15 - +126 +54 +37 

reference 

standard hybrid standard 
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FEM - Solder Joint Fatigue 

ÅAnalysis of land-side RF package influence on solder joint loading (hybrid approach) 

ÅDecr_acc of outermost solder joint and solder joint close to the RF package corner 

ÅHigh stress near RF package, negligible difference in creep strain, minor change of 
compromised solder volume Ą need for update on RF package geometry & materials 
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Decr_acc [%] 
w/o RF 

module 

w/ RF 

module 

1 - outermost joint -* -1 

10 - joint near RF module 1 -1 

*reference 

w/o RF module 

w/ RF module 

joint 1 joint 10 
1 10 



Specimen Manufacturing 

ÅAntenna boards based on RF substrate material 

ÅMegtron6 (CTExy 15 ppm/K, Tg_DSC = 185 °C) 

Ådimensions: 30 x 12 mm² 

Åthickness stack up: 0.5 mm 

Å4ML: 18 µm copper 

Ådaisy chain, dummy RDL & antennas 
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package footprint , balling  area 

dummy  RDL 

antenna structures  

1st layer 

2nd layer 

3rd layer 

4th layer 


