2024 30th International Workshop
on Thermal Investigations of ICs
and Systems (THERMINIC 2024)

Toulouse, France
25-27 September 2024

I E E E IEEE Catalog Number: CFP24TII-POD
. ISBN: 979-8-3503-8783-4



Copyright © 2024 by the Institute of Electrical and Electronics Engineers, Inc.
All Rights Reserved

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source.
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private
use of patrons those articles in this volume that carry a code at the bottom of the first
page, provided the per-copy fee indicated in the code is paid through Copyright
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.

For other copying, reprint or republication permission, write to IEEE Copyrights
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ 08854. All rights
reserved.

*** This is a print representation of what appears in the IEEE Digital
Library. Some format issues inherent in the e-media version may also
appear in this print version.

IEEE Catalog Number: CFP24TII-POD
ISBN (Print-On-Demand): 979-8-3503-8783-4
ISBN (Online): 979-8-3503-8782-7
ISSN: 2474-1515

Additional Copies of This Publication Are Available From:

Curran Associates, Inc
57 Morehouse Lane
Red Hook, NY 12571 USA

Phone: (845) 758-0400

Fax: (845) 758-2633

E-mail: curran@proceedings.com
Web: www.proceedings.com

com

proceedings



TABLE OF CONTENTS

Thermal and Thermo-Mechanical Behavior of Internal Silver-Diamond Heat Spreaders for Power
)2 eteu g o) s TolAY] (06 101 (=TSR 1
Aitor Casado Ramoneda, Yvan Avenas, Rabih Khazaka, Cyrille Gautier, Toni Youssef

Holistic Thermal Management System Design, Testing, and Modeling for 300 kW IGBT-Based

Inverter for Switched Reluctance MOtOr DITVES........ccueviiriiririnireeieieientesieste ettt ettt 7
Mohamed Hefny, Ahmed Zaghlol, Kamal M. Vaghasiya, Rachit Pradhan, Mohamed Omar, Ali
Emadi

Precise 3D Modelling of SiC Die Temperature Oscillation for Lifetime Prediction of Power

Modules Used in DC/AC POWET CONVETLETS .......cc.eeieieriiniirtiriietteteiestesteste sttt eeeteste st sbesieebeeseensensestesbesbesbeene 13
Alexandre Marie, Bernardo Cougo, Loic Renaudie, Trésor Kaounodji Koladoum, Jean-Pierre
Fradin

Thermo-Mechanical Investigations for PCB Assemblies Using Top-Side Cooled Power Devices.................... 19
Philip Matzick, Christian Mentin, Lukas Adelbrecht, Elisa Anes Romero, Roberto Petrella

Numerical Investigation of a Novel Lid Design for Automotive HPC Cooling............ccceevvevverienieniieciiereennns 26
Baris Erol, Daniel May, Bernhard Wunderle

Experimental Validation of Thermal-Adjoint Topological Optimization for Cooling Plate Design................... 36
Federico Piscaglia, Emanuele Gallorini, Federico Ghioldi, Alexandre Marie, Jean-Pierre
Fradin, Jerome Helie

3D-Printed Direct Liquid Multi-Jet Impingement Cooling Solutions for Power Electronics in

Electrified AUtOMOtiVe TranSPOITATION .......cccveiieriiertierieeteeteeteeetestteieeeeeteeeaestaesseesseenseenseensesseesseesseenseensennsens 41
Reza Moloudi, Bart Vandevelde, Willem Verleysen, Silke G. C. Cleuren, Lucie Masquelet,
Maik Sternberg, Adrian Stelzer, Andreas Burghardt, Przemyslaw Jakub Gromala

Lanczos-Based Foster-To-Cauer Transformation for Network Identification by Deconvolution....................... 45
Nils J. Ziegeler, Stefan Schweizer

THERMEXP: An Efficient Thermal Analysis Method Via Matrix Exponential ...........ccocoooevvininiiniicncncnnn 51
Pavlos Stoikos, George Floros

Transient Thermal Simulation of a SiP FO-WLP Embedding a GaN Power Amplifier..........cccceceieienenenene. 57
N’Doua Luc Arnaud Kakou, Raphael Sommet, Anass Jakani, Khalil Karrame, Laurent
Brunel, Vincent Bortolussi, Benoit Lambert, Jean-Christophe Nallatamby

Static Thermal Model of @ Fibre-OptiC GYTOSCOPE -.....eeueeruieriieiieieeiieetiesteeste ettt ettt ss e b seeeee e 63
Marcin Janicki, Piotr Zajac, Cezary Maj

Sustainable Immersion COOlNG Of SEIVETS .......ccviviiiiiiiiiieiieieee ettt ettt et be b e esbesseesbeesseensesnnas 67
Wendy Luiten, John Parry, Robin Bornoff

2D Materials for Raman Thermal Measurements on Power Electronics Devices.........cc.cccooeveeeeecieeeecneeeeenneee.. 74
Dominique Carisetti, Julie Cholet, Lucie Frogé, Pierre Seneor, Bruno Dlubak, Etienne Carré,
Eva Desgué, Patrick Garabedian, Pierre Legagneux, Vincent Renaudin, Tony Moinet,
Raphael Sommet, Marie-Blandine Martin, Nicolas Sarazin

Performance Assessment of an Advanced Direct-To-Chip Liquid Cooling Solution in Real
Conditions Inside @ Data CeNtIE........c.ceuiririririiiiieieietene sttt sttt ettt st st eae et et ae e b e 81
David Beberide, Desideri Regany, Jaume Camarasa, Jérome Barrau, Montse Vilarrubi



Sensorless Dual TSEP Implementation for Junction Temperature Measurement in Parallelized SiC

Alauzet Louis, Tounsi Patrick, Fradin Jean-Pierre

Impact of GaN Cap Layer and Carbon-Doped Buffer Layer on Thermal Resistance of HEMTs GaN.............. 90
Khalil Karrame, Sujan Sarkar, Khade Ramdas Pandurang, Jean-Christophe Nallatamby,
Amitava Dasgupta, Nandita Dasgupta, Maggy Colas, Raphael Sommet

Transient Electro-Thermal Characterisation at Systemlevel for an Easypack-IGBT-Module —

Reduced Order Modelling (ROM) and Junction Temperature Evaluation Based on the Onstate

RESISTANICE ...ttt ettt sttt b bt e a et b e sa e bt et e s e st e s b saeebe et eas et et e renaee 94
Gregor Wiedemann, Tino Lamm, Ralph Schacht

Closed-Loop Flow Boiling Cooler Test Stand for Investigations on Future Power Package Designs ............. 102
Ralph Schacht, Jihed Ben Majed, Tobias Griin, Daniel May, Mohamad Abo Ras, Bernhard
Wunderle

Two-Phase Pumped Cooling System for Power Electronics; Analyses and Experimental Results................... 110

Henk Jan Van Gerner, Changmin Cao, Douglas A. Pedroso, Arne K. Te Nijenhuis, Ignacio
Castro, Herol Dsouza

Enabling Overloadability in Power Semiconductor Modules by Pulsating Heat Pipe Coolers.............ccc......... 117
Reza Soleimanzadeh, Yanfei Zhao, Marcel Fuchs

Investigation of Aqueous Alcoholic Mixtures as Working Fluids in a Two-Phase Pumpless Loop ................. 122
Arunjoy Baruah, Shankar Krishnan

Layer Resolved Thermal Impedance Measurement with Laser Stimulated Transient Thermal
Analysis of SemicondUCTOr MOAUIES..........coiiiiiiiieie ettt ettt ettt e sneesbeeeeenees 127
Hannes Schwan, Maximilian Schmid, Gordon Elger

Thermal Performance Comparison of an Adjustable Air Amplifier with Rotary Fans..........c.cccccevevveneennnnn. 133
David W. Salter, Eoin H. Oude Essink, Gordon O’Brien, Tim Persoons, Sajad Alimohammadi

Degradation Mechanisms in High-Power LEDs: Thermal Analysis of Failure Modes..........cccccoeeerieneennnnee. 139
Nicola Trivellin, Alessandro Caria, Riccardo Fraccaroli, Giulia Pierobon, Thomas
Castellaro, Ambrogio Huang, Julien Magnien, Jordis Rosc, Gyula Lipak, Gusztav Hantos,
Janos Hegediis, Carlo De Santi, Matteo Buffolo, Enrico Zanoni, Andras Poppe, Gaudenzio
Meneghesso, Matteo Meneghini

Thermal Investigations as Part of a Remote Phosphor Aging Test.........cccecveeiirierienieriieieeieceeseeeeee e 144
Janos Hegediis, Dalma Takacs, Gusztav Hantos, Marton Németh, Andras Poppe

Reliability Testing of Mid-Power LEDs for the Extension of Multi-Domain LED Models with
Elapsed Lifetime as PAramEter ........cc.ecviiiiiieiieiieieeie sttt et e st te b e evessaesseesba e seessesssesssesseenseensenssens 149
Gusztav Hantos, Janos Hegediis, Gyula Lipak, Marton Németh, Andrds Poppe

Thermal Performance and Visualization of the Boiling-Driven Heat Spreader.............ccccccoeveniinieiiencnenee. 154
Su-Yoon Doh, Hyunmuk Lim, Seung M. You, Jungho Lee

Comparison Between Single and Two-Phase Cooling in a Variable Density Micro-Pin-Finned

HEALSINK ...ttt h ettt b e bbbt e b et e e bt et b bt bt et e et et be e eaee 158
Camarasa Jaume, Vilarrubi Montse, Desideri Regany, David Beberide, Pol Rosell, Alicia
Crespo, Joan Rosell, Manel Ibadriez, Jérome Barrau



Enhancing Controllability of Forced Convection Cooling with Minichannel Heatsinks Using
PUISALING FLOW ...ttt ettt st e b et e et et e saeeese e st et e enteenseeseenseenseenseenees 164
Galina Kennedy, Tim Persoons

Evaporation Resistance of Grooved Wicks Fabricated Using Laser Powder Bed Fusion........c..ccccccevenennne. 170
Mohamed Hasan, Jason Durfee, Roger Kempers

Investigating the Performance of an Additive Manufactured Lattice Heat Sink Versus a
Conventional Straight-Fin Heat Sink for Railway Application ...........ccecoeeiiiiiiiiinienieieeeeee e 176
Ahmad Batikh, Jean-Pierre Fradin, Antonio Castro Moreno

Thermal Characterisation and Technology of Intercalated Graphene-Based Nano-Laminates........................ 182
B. Wunderle, M. Stevens, D. May, E. Dannenberg, S. Hermann, C. Grosse-Kockert, M. Abo
Ras, A. Hermannsdorfer, M. Kohne

Glacierware: Hotspot-Aware Microfluidic Cooling for High TDP Chips Using Topology

OPUITUZATION .....c.eevieeveeeteeeteeete et et e it eaeebeeaeeeteeeteeseesseesseesseassesssesssesseasseasseessesssesseesseenseesseessenssesssesseenseensesnnas 190
Athanasios Boutsikakis, Emile Soutter, Miguel Salazar De Troya, Nicola Esposito, Dasha
Mukasheva, Hanane Bouras, Remco Van Erp

Optimization of LHP (loop Heat Pipe) Geometry for Ultra-High Heat Flux Cooling System............cccccuen... 194
Hee Soo Myeong, Seok Pil Jang

Thermal Characterization of Vertical GaN Based POWET DEVICES. ......cccouuiiiiuiiiiiiieieeeeee et 198
Sandra Fischer, Florian Mayer, Verena Leitgeb, Lisa Mitterhuber, Elke Kraker

Thermal Numerical Modelling of Complex Electronic DeVICes .........c.ccoveririrereeiinienenenineneeteeeienee e 202
Sophie Salvadori Velu, Mahmoud Ali, Viraj Singh, Amandine Battentier

Extracting Time-Constant Spectra by the Subspace Barzilai and Borwei Non-Negative Least

SQUATE ATGOTTERIN ...covviiiiiiiiciecieeeee ettt et e et e st e s bt e seesbeesseesbeesaessaeseesseesseessesssesssasseenseensenssens 206
Joosun Yun, Byongjin Ma, Guesuk Lee, Tae-Hee Jung, Dong-Soo Shin, Youngbeom Kim,
Hyundon Jung

ATARI: Advanced Thermomigration Analysis for Reliability-Aware Interconnects.............ccoeeeeeeereeneennennee. 210

Olympia Axelou, Eleni Tselepi, George Floros

A Case Study on Exhaust Airflow Rates by the Enclosure Ventilation Fan Shape of a Cast Resin
TTANSTOTITIET ...ttt ettt b e h e a et e e bt e bt e bt ebeeb e e st em b e bt s et e bt sbeeb e et enbenbenbeebeseeenee 214
Seong Eon Kim, Jae Seop Ryu

Modeling Thermal Properties of Power LEDS MOdULE ..........ooiiiiiiiiieiiceeeeeee e 218
Krzysztof Gorecki, Przemyslaw Ptak

Numerical Investigation on the Thermal Resistance and Assembly Cost in SSC and DSC Power

IMIOGUIES ...ttt ettt a st s et s ettt a ettt n et b et n e 222
Ciro Scognamillo, Antonio Pio Catalano, Lorenzo Codecasa, Alberto Castellazzi, Vincenzo
D’Alessandro

Channel to Channel Thermal Coupling of Double-Channel GaN-Based HEMTS..........ccccoociiiiieiieniineneenee, 226

Shiming Li, Mei Wu, Ling Yang, Hao Lu, Bin Hou, Meng Zhang, Xiaohua Ma, Yue Hao

Transient Thermal Simulation of a SiP FO-WLP Embedding a GaN Power Amplifier............ccccevveneeennnen. 230
N’Doua Luc Arnaud Kakou, Raphael Sommet, Anass Jakani, Khalil Karrame, Laurent
Brunel, Vincent Bortolussi, Benoit Lambert, Jean-Christophe Nallatamby



Electro-Thermal Analysis for Automotive LDOs with Reverse Current Protection............cocceeeeeeeiencnennnn 236
Alessandro Battigelli, Cosmin-Sorin Plesa, George-Gabriel Simeon, Marius Neag

Characterization of the External Thermal Resistance of the Condenser Using the Evaporative
Co0oling With POrOUS MEIUML.....c.iiiuiiiiiieiiietieie ettt te et et e st ete e b e esseesaesseesaesseessesssesssesseenseessenssens 240
Sung Jun Park, Seok Pill Jang

Thermofluid-Dynamic Performance Improvement of Power Electronics Cooling Systems Through
L0 2 D N F:1 4 £] TSP 244
Radha Russo, Marco Papaserio, Emanuela Privitera, Daniela Cavallaro, Stefano Mauro

Application of Phase Change Material for Thermal Management of Space Electronics...........ccceeeueneniennene 248
Artur Jurkowski, Radoslaw Paluch

Extensive Thermal Evaluation to Select Properly the Package Features to Fit the Product
Mechanical and Thermal REQUITEIMENTS ..........ccviviiiiiiiiiiiieieie ettt et ae e s reesveebeebeesaeeeseseaesaeesnas 254
Andrea Garuffo, Donata Gualandris

Thermal Detection of Degradation in Solder Joints of Passive COMPONENtS .........cccovevvererererereeneenienennenne. 258
Nils Jahn, Martin Pfost

Novel Approach to the Extraction of Sparse Nonlinear Dynamic Compact Thermal Multi-Ports................... 263
Lorenzo Codecasa, Vincenzo D Alessandro, Antonio Pio Catalano, Ciro Scognamillo, Simone
Barcellona, Dario D’ Amore

Real Time State of Charge Estimation of Lithium-Ion Battery Considering Temperature............cccccvevveennenen. 268
Simone Barcellona, Lorenzo Codecasa, Silvia Colnago, Dario D’Amore

Author Index





