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Ablind spot detection

Aobject detection
Aparking aid

|

Aadaptive cruise control
Adistance control

AResearch on development package concepts and technologiesrfunWave
applications

APackagesolutions aim for harsh environmenbnditions

TECHNISCHE
@ UNIVERSITAT
DRESDEN

@ GLOBALFOUNDRIES

215t International Conference on Thermal, Mechanical and MRIttysics Simulation and Experiments in Microelectronics and Microsyste &R
July 6¢ July 28,2020




~
IEEE -
ELECTRONICS m é
PACKAGING
SOCIETY -

3D antenna

ettt st

antenna array side by side [ )
antenna / I
{ A i

metal case  metal partition

Ref.: Wang, S. et al., Proceedings of EPTC 20109. Ref.: Tsai, M. et al., Proceedings of EPTC 2019.

APackagelevelopments involve materiafpecificallydesigned for low dielectric losses

ARF organic substrate materials comparedhigh-T, materials provide:

ALowdielectric coefficientss() and loss factor( | )/ 1
Alncreased 2 dzy 3 Q& E) ana dlad transition temperatureg X
ADecreased coefficients of thermal expansion (CTE)

A Increasednterconnect stresses have to be taken into account
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AFEMbasedThermemechanical Modelingf Radar Packages
AMaterial Data Researchith Focuson RFOrganic Substrates
APackage Modelinfipr Board Level Reliability Analysis
AAnalysiof Module Buildup Influenceon Packagd3ehaviour

AReliabilityand Failure Analysisf Radar Package Specimens
ADevelopment and Manufacturing of Radar Package Specimens
AReliability and Failure Analysis Results
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AThermoemechanicateliability can beanalysedcconsidering three main regions of
Interest

ARF module packa
ARF modulgo-antennaboard interconnect

Aantennato-system board interconnec

(3)
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ARadar approach is followingand-side RF packag®mncept
AReliabilityassessment focuses on board level interconnects

AReliabilitybehaviourdependson

Aselected materials
(EMC, substrate, soldérf f 2e 2 X0 X

Apackage geometry, :}
Apackage stackip o X
(layerthickness, metaD2 S NJ IS >

Aanddesignfeatures
(shielding

Radar Module
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ABLRs significantly effected by the thermmechanical substrate properties

ACurrentRF materials have been researched aatéctedfor FEA and for specimen

manufacturing consideringvailability

Y Trsieshmnien 2 Smile R
manufacturer material tans & stiffness x/y poisson ratio CTE x/y/z T, thermal conductivity Bl I el i ] bl
[ [ [GPa] [-] [Ppm/K] [°Cl [W/(m-K)] - ' :
Megtron 6 R5775%  0.002-0.006%  3.40-3.71° 16.3/14.3 0.2 14-16/14-16/(45;260)  185/210P 0.42
Megtron 7 R5785  0.002-0.005F 3.37-3.6° 15.6/13.7 14-16/14-16/(42;280)°  200/210P 0.40 . =
[Dissipaticn factor (2an 81 008 (77 Gzl
R1515A 0.015 4.8 27/-H 12/12/(30;140)¢ -/205P — Saminny
Panasonic
R1515W 0.015 4.8 35/-H 9/9/(22;97)¢ -/250°
R-G525T 0.015 4.3 19...20/-H 3-5/3-5/- -/270P
L R-G545L 0.0028-0.0037' 3.5 23/- 10/10/22 -/230°
3003 0.0010 3.00 0.93/0.82°F 17/16/25 115 0.50 e s e | peaymenc i
Rogers ["-'-"-
4835 0.0037 3.48 7.78/0.136F 10/12/31 >280 0.66 =
( ) i-Tera 0.0031 3.45 21.1/19.28 0.234/0.222¢ 12/12/(55;290)* 200 0.41 o
TerraGreen 0.0039 3.44 21.5/18.98 0.238/0.231¢ 16/16/- 200 0.32 ;w‘:""
Isola =
Astra 0.0017 3.00 18.6/17.48 0.183/0.182¢ 12/12/(50-70;250-350)* 200 0.45 -
L Tachyon 100G 0.0021 3.02 17.6/16.7 0.165/0.156¢ 15/15/(45;250)* 200/220° 0.42
Low Transmission Loss, Low CTE, Non-halogenated BT
Mitsubishi HL972LF type LD 0.004 3.3 25 0.2 10;44 27072406 0.6 Laminates
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FEM- Package Modeling
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AParametric modeling to enable package design and material modifications and load
profile considerations

ASimplificationgmplemented to increase calculation performance (e. g. ¥ syminetry

160
140 - b
120
_ 100
1 Tt % 80 —4—JED-G
/\ J“ Z o0 -8 AEC-GL-F
H AR g 40
| J H | E- 20 ——AEC-G1
| | oY EUE FENEN 7 S S ——
T Ay, 0
A1 y 20 4500 5400
' -40 -
60 time [s]
test standard dwelli S Y LIQ& cycleghour
JEDEC A104E condition G -40/125°C .
AEC Q100 grade 1 fast
-55/150°C
AEC Q100 grade 1 1
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FEM- Radar Package Model

AFEmodel of the Radar packagensidering recentesigna LJS(geOriietry, materials

antenna

design parameter value
package outline 12 x 30 mm?2
grid size (2x) 12x10+1x10
stand-off 0.4 mm
joint diameter 0.5 mm
pitch 1 mm
antenna board thickness / padA 0.5 mm/0.45 mm
system board thickness / padA 1.5mm/0.40 mm
system board HF layer thickness 0.2 mm
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AAnalysiof a series of package material configurations

Meg6 Meg6 G545L Astra - standard

TC JESD AEC-f AEC JESD
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FEM- Package Deformation E75 BAEIRING

G545L Astra
motherboard

Pebaane 182

B,
g,
B
e
Ty
i = —
&
&
§
i

Uy max 8 9 11 11 42 27

relative [%0] -11 - +22 +22 +367 +200
reference

1o !!!E
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AAnalysiof the accumulated creep strajper cycleDg, ...atthe outermost solder joint
AEvaluatiorof the accumulated creep strain of the critically strained solder joint volume
AG545and HL972 showighstrains and large compromised volume indicating shorter life

AHL972 shows indications for change of the daniagation

standard [ TN N standard

Meg6 Meg6 G545 Astra HL972LF

De, .. [%] -15 - +126 +54 +37
reference
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AAnalysiof land-side RF packagefluence on solder joint loadingnybrid approach)
ADQr_aCCof outermostsolder joint andsolderjoint close to the Rpackagecorner

AHigh stress near RF package, negligible difference in creep strain, minor ofiange
compromised solder volum& need for update orRF package geometry & materials

joint 1 joint 10

o~ =

w/o RF module

b2

w/o RF w/ RF

De”—acc [%] module module “ A
1 - outermost joint -* -1 - -
10 - joint near RF module 1 -1 a ‘
*reference

w/ RF module
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AAntenna boarddased on RF substrate material
AMegtron6 CTE, 15 ppm/K,T, ps& 185°0)
Adimensions 30 x 12 mm?2

; package footprint , balling area < laver
Athickness stack up: Orim ey
A4ML: 18 umcopper
Adaisychain, dummy RDL &ntennas " qummy ROL e

| e 34 Jayer
P s i
. PR— M antenna structures
L et et o e

200 pm_l
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