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Conformal Coating Evaluation for 
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Environments, Phase 3

November 30/December 1,  2022
Project Chair: Marko Pudas (Picosun, an Applied 
Materials Company)
Co-Chair: Prabjit Singh (IBM)
iNEMI Project Manager: Haley Fu

View the recorded webinar
YouTube: https://youtu.be/HdL-ZKkWg74
Other video:
http://thor.inemi.org/webdownload/2022/Projects/Conformal3-
cfp_120122.mp4
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http://thor.inemi.org/webdownload/2022/Projects/Conformal3-cfp_120122.mp4
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• Introduction of Project Chairs 
• iNEMI Project Development Process
• Project Briefing

• Previous Related Work
• Phase 3 Objectives
• Timeline

• How to Join
• Q&A

Agenda

Note: All phones will be on mute until the end of the presentation



Introduction of Project Chairs 
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Dr. Marko Pudas (Picosun, an 
Applied Materials Company)
Job title: Senior Engineer

Experience: 
• 10 years of ALD (Atomic Layer 

Deposition) for conformal coating of 
electronics

• PhD & post-doc work on printed 
electronics and additive PCB 
manufacture

• >50 patent applications
• >50 publications

Dr. Prabjit Singh (IBM)
Job title: Senior Technical Staff Member

Experience:
• 43 years of metallurgical engineering and 

failure analysis of computer power 
electronics, packing, cooling and reliability.

• 2 years of research on superconductors.
• 7 years of research on electromigration.
• 3 IBM Outstanding Achievement Awards.
• Distinguished Alumnus Award of Indian 

Institute of Technology Kharagpur .
• 88 patents issued. IBM Master Inventor.
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iNEMI Project Development Process

“ Project”
Limited to committed Members    

“ Initiative”
Open for Industry input

1

------------------- iNEMI Technical Committee (TC) Approve SoW & PS



iNEMI Project Management Policy

• Two governing documents for projects
• SOW (statement of work): sets out project scope, 

background, purpose, benefits, and outlines 
required resources, materials, processes, project 
schedule, etc.

• Project Statement (PS): signed by participating 
companies to secure commitment on resource and 
time contributions. 

• iNEMI Project requires iNEMI
membership
• Signed membership agreement
• Commitment to follow iNEMI By-laws and IP policy
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Project Briefing
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Courtesy: M. Gaynes and 2017-2018 project team

Results of corrosion of 0603 resistors  in FoS chamber at 105 oC

RUB

EP1

Control

Conventional method 

Testing conformal 
coatings on surface-
mount resistors at 
105 oC gives 
erroneous results, as 
shown in the Weibull 
plots here, which 
have no bearing on 
the performance of 
coatings at the much 
lower application 
temperatures. 



Achievements in Previous Phases

§ Phase 1: 2019-2020
– Developed a test and demonstrated 

conformal coatings can be characterized by 
using the corrosion rates of conformally 
coated thin films of copper and silver 
exposed to a sulfur gas environment.

– Test duration is less than a week compared 
to a year-long test if done by conventional 
means.  

– Tested three coatings at 40 and 50˚C with 
relative humidity levels of 15, 31 and 75%. 
The test was able to be differentiate 
between the performance of the three 
coatings tested (silicon, acrylic, ALD). 
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Thermocouple



Test setup in flowers of sulfur chamber (FoS) 

The relative humidity in 
the chamber was kept 
constant using a 
saturated salt solution.

The sulfur gas 
concentration was kept 
constant at 0.15 ppm by 
keeping  the chamber 
temp at 40 oC; and at 
0.30 ppm at 50 oC.

The chamber air was not 
stirred.



Prabjit Singh, Larry Palmer
IBM Corporation, Poughkeepsie, 

NY, USA

Chen Xu
Nokia, Murray Hill, NJ, USA

Jason Keeping
Celestica, Toronto, Canada

Marko Pudas
Picosun, Masala, Finland

Mei Ming Khaw, Kok-Lieh Tan
Keysight, Penang, Malaysia

Mike Huang, Ruby Lin
Wistron Corporation, Hsinchu, 

Taiwan

Haley Fu
iNEMI, Shanghai, China

Phase 1: Project team
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Achievements in Previous Phases

§ Phase 2: 2021-2022
– Tests in 3 environments (FoS, MFG and iodine 

vapor) agreed in their characterization of the 
coatings, with performance improving going 
down the list: Acrylic; fluorinated acrylic; ALD. 

– The FoS and the MFG environments can be used 
for quantitative characterization of conformal 
coatings.

– The iodine vapor test can be used for qualitative 
characterize conformal coatings. 

– The corrosion rates of coated silver were higher 
than those of coated copper.
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Sump temperature = 70 oC
Vapor temperature = 40 oC
100% humidity
Test duration = 30 to 60 minutes

In MFG at 70% RH and 30 oCIn FoS at 75% RH and 40 oC

The atomic layer 
deposition coating 
consisting of metal 
oxides was too thin to 
measure. ~ 0.1µm

Florinated acrylate coating Acrylic coating



Prabjit Singh,
Larry Palmer

Chen Xu

Mei Ming Khaw, 
Kok Lieh Tan

Marko Pudas

Deepak Hampannavar
Molly Smith
3M

Stefan Strixner,
Markus Meier,
Helmut Schweigart

David Citrin
Alexandre Locquet Hossein  Akbari

Phase 2: Project team
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Phase 3: Characterizing conformal coatings on 3D PCB substrates

Phase 1 and 2 of the project established a quick and quantitative test for 
characterizing conformal coatings using planar test vehicles consisting of 
Cu and Ag serpentine thin films.  There are two shortcomings of the test: 

(1) The serpentine films are on silicon, not on PCB-like surfaces 
(2) The test vehicles are not representative of the 3D structure of actual PCB 
assemblies. 

In phase 3, the project will: 
n Design and fabricate test vehicles with a 3D geometry resembling actual 

hardware. 
n Compare various coating materials, thicknesses, and cleaning methods in 

the FoS, MFG and IVT vapor corrosive environments. 
n Work towards making the conformal coating performance evaluation test an 

industry standard.



Proposed 3D geometry test vehicle 

§ It is envisioned that the 3D geometry test 
vehicle will have 
Ø 1000-nm thick Cu and Ag serpentine thin 

films deposited on PCB substrates 

Ø with relevant additional features, such as 
ü Surface Insulation Resistance (SIR) measurement 

patterns, 
ü thermal sensors, and 
ü surface mount component(s) such as surface-mount 

resistors. 



Proposed 3D geometry test vehicle 

§ The means to evaluate the performance 
of the conformal coatings could be
Ø a decrease in the surface insulation resistance
Ø an increase in the resistance of the surface-

mount resistors or of resistor patterns printed 
on the test vehicle circuit boards. 



Proposed 3D geometry test vehicle 

§ The test vehicle should be capable of 
determining the contributions of  
Ø surface cleanliness levels and 
Ø coating thickness

on coating performances.

§ The test vehicle should be capable of measuring 
a decrease in the surface insulation resistance.

§ The test vehicle should be capable of being joule 
heated up to about 200oC to obtain corrosion 
rates as a function of temperature and humidity 
while keeping the corrosive conditions constant. 
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Timeline for Phase 3

Tasks Months
1 2 3 4 5 6 7 8 9 10 11 12

1. Develop the specifications for the 
test vehicle design, including the 
interfaces

x x

2. Test vehicle design x x X
2.1 Prototype x
2.2 Finalize the design X
3. Determine experiment plan x x x X
4 Fabricate test vehicles x x x

4.1 PCB fabrication x x

4.2 Acquire components & materials x x

4.3 Test vehicle assembly x
5. Measurement electronics design, 
fabricate and program X X X X X X

6. Coat the test vehicles, arrange 
shipment x

7. FOS test runs to characterize 
conformal coatings x x

8. MFG test of coated and uncoated 
thin films x x

9. Iodine vapor test x x
10. Summary & Final report x x

This project will take 12 to 18 months depend on the design and fabrication resource availability 
as well as the cycle time for components and PCB procurement.



How to Join



Sign-Up Due on December 31, 2022

• iNEMI membership is required to join the project
• Download SOW and PS from iNEMI web:

• Conformal Coating Evaluation for Improved Environmental Protection, Phase 3 - iNEMI

• Sign the PS
• Signature of representative of participants
• Signature of manager approval
• Send scanned PS to infohelp@inemi.org

• iNEMI Vice President of Technical & Project Operations will sign and approve your 
participation and send you back the completed PS with acceptance 

• Join iNEMI membership, or questions, contact Haley Fu 
(haley.fu@inemi.org)
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https://www.inemi.org/article_content.asp?adminkey=29254da00382e3cd60f092c2ca2bc4fe&article=248
mailto:infohelp@inemi.org
mailto:haley.fu@inemi.org


Q&A



www.inemi.org

Haley Fu
haley.fu@inemi.org


