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Background
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► Development of Fan-Out Wafer-Level Packaging (FOWLP) technology for 

System in Package (SiP)

► However considered as non-hermetic encapsulation

► Need to enhance protection against corrosion at chip level

► Evaluation of polymeric materials with good properties in a humid 

environment (breakdown voltage, induced mechanical stress, RF losses…)
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Outlook

► Historical background at III-V Lab 

► Polymers

► HEMT

► Test bench

► Monitoring and observations
▪ Leakage currents monitoring
▪ Optical observations
▪ SEM observations

► Conclusions
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THB tests at III-V Lab - I

► Looking for material sensible to humidity → Germanium (2021)

▪ Tested : Ge, Mo, Au, Al – TH tests

▪ SEM / EDX Analysis   

► Ge Test Vehicles “Snakes” – TH, 1000 hours (2022)

▪ Polyimide and BCB

► Ge Test Vehicles “Snakes” new generation – TH, 1000 hours (2022-23)

▪ Polymeric films by UCBL : Parylènes VT4 and HT, Polyimide and BCB

► Ge Test Vehicles “Snakes” new generation – THB, 240 hours (2023)

▪ PCB UMS + Socket assembly and bondings by III-V

T - Temperature
H - Humidity
B - Bias
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THB tests at III-V Lab - II

► GaN HEMT – TH, 1000 hours (2023)

▪ Reliability, UCBL films : Parylènes VT4 and HT, Polyimide and BCB

► Test Vehicles for Smart3 project – THB, 2000 hours (2024)

▪ Electrical monitoring

► HEMT GaN (2025) – THB, 1000 hours

▪ PCB Support realized at III-V Lab

▪ BCB and Polyimide films realized at III-V Lab

▪ 1000 hours → 1369 hours overall
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Historical background at III-V Lab 

Page 8Copyright © 2025  III-V Lab. All rights reserved

Material ? 

→ Ge

Ge Snake

TH

New Ge 
Snake

TH / THB

GaN HEMT

THB
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Goal and method

► To protect GaN components against corrosion

► THB for evaluating polymer coatings against corrosion

► Protection by double passivation with polymeric films

► THB tests according to JEDEC-JESD22-A101D
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Thales systems
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Aerospace / Defense

Telecom
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Method

► HEMT Transistors underwent Temperature Humidity Biasing « THB » test
▪ 85°C, 85% HR, 1000 hours (≈ 42 days)
▪ → 1369 hours 

► HEMT protected by secondary passivation : BCB and Polyimide (PI)
▪ Thickness: BCB ≈ 7 µm, PI ≈ 6 µm
▪ Comparison with REF HEMT – no protection

► HEMT biased at OFF state Pinch-OFF (Transistors normally ON)
▪ VGS = -5 V /  VDS = 20 V

► Climate chamber 85°C - 85% HR
▪ Electric monitoring in situ – Leakage currents
▪ Optical observations at t0 and t = 1369 hours
▪ SEM observations at t = 1369 hours
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HEMT technology
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BCB ≈ 7 µm / PI ≈ 6 µm

Al2O3 ALD - 100 nm 
SiN ICPCVD - 30 nm 

Polymer

Al2O3

SiN

InAlGaN

GaN

Polymer

Al2O3

SiN
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HEMT with BCB deposition
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HEMT BCB with openings
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Openings for 
ohmic contacts

BCB



{THALES GROUP LIMITED DISTRIBUTION}

Polymers opening
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BCB

HEMT without 
deposition

► BCB :

▪ Primer : AP3000

▪ BCB : BCB 3022 57

► PI :

▪ Primer : VM651.  

▪ PI : PI 2610
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HEMT transistor polarization
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Leakage Currents monitoring

Pinch-OFF



{THALES GROUP LIMITED DISTRIBUTION}

2x9 HEMT stripe
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3725 µm

750 µm

This coplanar topology corresponds to a transistor with 2 fingers of 50 µm 
development with a gate length of 100 nm. 
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Wafer 4” and HEMT stripe bonding on socket 
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DIL24 Socket with Bondings
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Tests “Temperature Humidity Biasing” - THB

Page 20Copyright © 2025  III-V Lab. All rights reserved

WAFER

PCB

OVEN

DIL24 SOCKET

GaN HEMT
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Electrical connexions
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B4

B5

B6

B1

5 x BCB

4 x PI

3 x REF

4 Sockets – 12 HEMT

B5

B6

B1

B4
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Temperature timeline

Page 23Copyright © 2025  III-V Lab. All rights reserved



{THALES GROUP LIMITED DISTRIBUTION}

Drain leakage current monitoring
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BCB – Drain Leakage current
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OK

KO

mA

Next 
page

x10 mA/mm

BCB
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BCB – Drain Leakage current
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KO

mA

x10 mA/mm

BCB
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PI – Drain Leakage current
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OK

µA

x10 µA/mm

PI
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REF – Drain Leakage current
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KO

mA
x10 mA/mm

REF
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Timeline – days 1 → 60
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Start V

D1

Start TH

D2
T = 85°C – HR = 85%

D1-D26 Test OK

D26-D60

STOP

D60

VGS = -5 V – VDS = 20 V

BCB / REF HEMT Failures
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Timeline – days 26 → 60
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PI

BCB

REF KO

KO

OK

OK

DAYS

HOURS
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BCB 139 / HEMT OK
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t0 1369 hours

BCB

OK
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BCB 155 / HEMT KO
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t0 1369 hours

BCB

KO
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PI 227 / HEMT OK
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t0 1369 hours

PI

OK
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PI 263 / HEMT OK
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PI

t0 1369 hours

OK
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HEMT REF 202 / HEMT KO
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t0 1369 hours

REF

KO
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HEMT REF 166 / HEMT KO
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REF

t0 1369 hours

KO
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SEM Images
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1369 h0 h 1369 h

NO THB
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SEM Images
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0 h
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SEM – B3-065-L-BCB – B3-247-F-PI – B3-184-L-REF
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0 h

BCB PI REF

0 h 0 h
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SEM – B3-065-L-BCB – B3-247-F-PI – B3-184-L-REF

Page 42Copyright © 2025  III-V Lab. All rights reserved

BCB PI REF

0 h 0 h 0 h
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SEM Images
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1369 h
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BCB PI REF

SEM – B1-083-F-BCB - B1-213-F-PI - B1-166-L-REF

1369 h 1369 h 1369 h

OK OK KO
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SEM – B1-083-F-BCB
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BCB

1369 h

OK
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SEM – B1-213-F-PI
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PI

1369 h

OK
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SEM – B1-166-L-REF

Page 47Copyright © 2025  III-V Lab. All rights reserved

REF

1369 h

KO
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SEM Images
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1369 h
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SEM – B4-067-L-BCB – B4-263-F-PI – B4-139-L-BCB
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BCB BCBPI

1369 h 1369 h 1369 h

OKKO OK
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SEM – B4-067-L-BCB
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BCB

1369 h 1369 h

KO
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SEM – B4-139-L-BCB
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BCB
NO V

Applied V

OK
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SEM – B4-263-F-PI
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PI

1369 h

OK
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Conclusions
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HEMT without failure
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2/5 x BCB

4/4 x PI

0/3 x REF

0/3 2/5 4/4

REF BCB PI
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Results after 1369 hours and next…

► REF HEMT : 100% failure

▪ Leakage currents divergence sharply after 27 days

▪ Optical microscope images confirm damages onto HEMT active zone

► BCB HEMT : 2/5 without failure 

► PI HEMT : 4/4 without failure

► Next investigations

▪ continue THB tests with PI under several biasing conditions (voltage & current)

▪ evaluate life time, activation energies…

▪ develop simulation models of humidity penetration
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New III-V Lab oven

68 
liters
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Thanks to : CAPTIVANT2
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