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Project Overview:  
Conformal coatings provide protection to printed circuit boards (PCB) and components 
mounted on them against the deleterious effects of moisture, particulate matter, and corrosive 
gases. The objective of the project is to develop a quick and quantitative test for evaluating 
conformal coating performance using test vehicles resembling actual hardware.  

Motivation 
• 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 and (2) the test vehicles are not representative of the 3D structure of 
actual PCB assemblies. In phase 3 of the project, the test vehicle will be made to resemble 
the 3D structure of the actual PCB assemblies as nearly as possible.  

• It is known that surface cleanliness of PCB assemblies affects coating performance. There 
is a need to be able to generate controlled, known levels of surface contamination on PCB 
assemblies in order that the role of surface cleanliness and surface cleaning methods can 
be measured. 

• The strong role played by conformal coating thickness behooves us to study the role of 
conformal coating thickness. 

Previous Related Work 
• iNEMI’s Conformal Coating Evaluation for Improved Environmental Protection Project was 

established in 2019 with the objective of developing a conformal coating evaluation test 
that could be conducted in less than a week at temperatures as low as 40oC. The project 
phase 1 was completed and its accomplishments reported in December 2020. Details of 
the results can be found in the project phase 1 end-of-project webinar [5] and a paper 
published and presented at the IPC APEX EXPO 2021 [6]. Figure 1 shows the test vehicles 
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and Figure 2 shows the test chamber setup. Following is a short summary of the phase 1 
achievements. 

o 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. 

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

o 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.  

 
• In the second stage of the project, the conformal coating test results obtained using the 

iNEMI FoS chamber were compared with those in MFG environment and in iodine vapors 
(IVT, Figure 3). The results obtained using the three environments were similar in terms 
of the corrosion rates of the coated metal thin films (Figure 4). The visual appearance of 
the conformally coated test specimens subjected to the three environment was also 
similar. The test duration was the shortest for the IVT test, which can give an indication 
of the protective ability of the conformal coating within one hour. Results were published 
at SMTAI 2022 [7]. 
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Figure 1: Stacked serpentine thin film 
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Figure 3. Iodine vapor test 
 

 

 
 

Figure 2: iNEMI flower of sulfur corrosion 
chamber setup for conformal coating evaluation 

 
Figure 4: FoS and MFG results in phase 2 

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



Conformal Coating Evaluation for Improved Environmental Protection, Phase 3   Page 3 of 9 

[2] Pamela Lembke, Marie Cole, Jacob Porter, Tim Tofil, Jason Wertz, Jim Wilcox, Mike Gaynes, 
Mike Meilunas, Holly Rubin “Testing and Mitigating Resistor Silver Sulfide Corrosion”, SMTA 
International 2018, Rosemont, Illinois.  

[3] ASHRAE conducted survey of the corrosion rates of copper and silver in data centers with 
and without creep corrosion failures and recommended the environment to be acceptable 
for modern electronics in its white paper “2011 Gaseous and particulate contamination 
guidelines for data centers,” Atlanta, GA, ASHRAE 2011. 

[4] iNEMI FoS test chamber design and recommended test procedures are described in iNEMI 
Project Report “Qualification Test Development for Creep Corrosion”, August 2018. 

[5] iNEMI End-of-project presentation for Conformal Coating Evaluation for Improved 
Environmental Protection, Phase 1, December 2020 

[6] P. Singh, et. al., “Conformal Coating Evaluation Test Development”, IPC APEX EXPO, March 
2021, San Diego, CA 

[7] P. Singh, et. al., “Conformal coating testing in various test environments”, SMTA 
International, October 31st- November 3rd, 2022, Minneapolis, MN, USA. 

Phase 3 Objectives 
• Design and fabricate test vehicles with a 3D geometry resembling actual hardware.  
• Compare various coating materials, thicknesses, and cleaning methods in the FoS, MFG 

and IVT vapor corrosive environments.  
• Work towards making the conformal coating performance evaluation test an industry 

standard. 

Project Scope 
• Test vehicles will be designed, and sufficient number will be fabricated 
• It is envisioned that the 3D geometry test vehicle will have ~800 nm thick Cu and Ag 

serpentine thin films deposited on PCB substrates with relevant additional features, such 
as Surface Insulation Resistance (SIR) measurement patterns, thermal sensors, and 
surface mount component(s) such as surface-mount resistors. The means to evaluate the 
performance of the conformal coatings could be a decrease in the surface insulation 
resistance or an increase in the resistance of the surface-mount resistors or of resistor 
patterns printed on the test vehicle circuit board. The test vehicle should be capable of 
determining the contributions of surface cleanliness levels and of coating thickness on 
coating performances (Figure 5). The test vehicle will be joule heated to temperatures up 
to 170-200oC (subject to the materials maximum tolerated temperatures), to obtain 
corrosion rates as a function of temperature and 
humidity while keeping the corrosive conditions 
constant.  

• Measurement means will be developed to monitor 
the degradation of the test vehicles during the 
test.  

• The test will be based on quantitatively 
monitoring changes in the resistance of the 
coated metal patterns and changes in the surface 
insulation resistance of coated PCBs exposed to 
corrosive iNEMI FoS, IVT and MFG environments 
as a function of temperature and humidity  

• The corrosivity of the gases in the test chambers 
will be determined by measuring (a) the rates of 

 
Figure 5. Proposed test vehicle design 
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Cu and Ag foil corrosion using coulometric reduction (or weight gain) and (b) the rates of 
corrosion of Cu and Ag serpentine thin films using the resistance method.  

• Test vehicles will be coated with conformal coatings. The corrosion rates of the conformally 
coated test vehicles will be compared with those of uncoated ones.  

• Gas-induced damage to the conformal coating and underlying PCB will also be 
characterized by microscopy, terahertz imaging, or other means such as in-situ Impedance 
(Z) measurements. 

• The test environments will be at 40oC in FoS chamber and at 30oC in MFG chamber. The 
relative humidity will be 15%, 31% and 75%.  

• (Optional) Immersion testing in deionized water will be conducted to test for defects as 
per the Coating Reliability- (CoRe-) Test, IEC PAS 61191-10. The test vehicles will be 
immersed in the water and a voltage applied across the coating. The time to bubble 
formation, dendrite growth and leakage current of the coating will be an indication of the 
quality of the conformal coating. 

 

Business Impact 
Using conventional means, it takes many months to evaluate and qualify a conformal coating.  
The first two phases have developed a conformal coating characterization test that can be 
completed in less than a week but suffers from the fact that the test vehicles do not resemble 
the actual hardware. The ability to evaluate and qualify conformal coatings in less than a-
week, using test vehicles resembling the actual hardware in an environmental approximating 
the application conditions will be of great benefit to the industry.  

Expected Outcome 
If successfully developed, the proposed test method will become the industry leading method 
for characterizing conformal coatings and will therefore be a strong candidate for becoming 
an industry standard. 

Prospective Participants 
iNEMI encourages the participation of individuals from different disciplines and divisions within 
their organizations to contribute on the range of tasks outlined in the project plan. We expect 

 
Figure 6: CoRe-Test set-up according to IEC PAS 61191-10 
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the participation from conformal coating material suppliers and users, OEM and EMS/ODM, 
and test service/equipment providers. 
 
The companies involved in the project planning are IBM, Nokia, Zestron, HP, Picosun (an 
Applied Materials Company), MacDermid Alpha, Schlumberger, Georgia Institute of 
Technology and Keysight. 

Resources Requirements 
During the project planning, several companies have indicated that they are willing to support 
the materials and the execution of tasks.  

• Project will need FoS, MFG and IVT test capability, thermal oven, saturated salts, copper 
and silver foils, wires and tools for measurement, data collection and analysis, test 
sample analysis (coulometric reduction, SEM/EDX). 

• Outsourced or contributed PCB design, deposition of serpentine thin films of Cu and Ag 
800-1000 nm thick for PCB, component and PCB procurement, test vehicle assembly, 
solder-flux contamination, and substrate cleaning. 

• Supply of conformal coatings from the industry and support of coating process. 
• Collaborate on input to the final report. Document results and publish findings to iNEMI 

members and/or the public. 
 
Following table lists the resources required. Detailed arrangement will be confirmed when the 
project sign-up is finished. 
 

Phase 3 Resource type 
Resource 
availability Remark 

Project reviews, report dev. Man hour Yes  

FOS chamber Equipment Yes  
MFG chamber Equipment Yes  
Iodine vapor chamber Equipment Yes  
Conformal coatings Material & process Yes Suppliers to coat 
Temp controlled oven Equipment Yes  
Thin film test vehicle Material Yes  
Silver foil, 0.005x1 inch, 
99.95% pure 

Material Yes  

Copper foil. 0.005x1 inch, 
99.99% pure 

Material Yes  

Metal foil preparation (clean) Material Yes Chemical 
Labor for running the tests Man hour Yes  
Zinc chloride 15%RH Material Yes  
Sodium chloride 75%RH Material Yes  
Magnesium chloride 31%RH Material Yes  
Coulometric reduction Analysis Yes  
Weighting balance Measurement Yes  
SEM/EDX Analysis Yes  
Coating thickness 
measurement 

Measurement Yes  

AD-converter / datalogger  Measurement Yes Need 8 or more potentiostats or one datalogger 
PCB test vehicles Design  TBD Look for in-kind contribution 
PCB manufacture Fabrication TBD  
Components Material TBD  
Test vehicle assembly Service TBD  
Thin film deposition Material TBD  
Interface electronics to 
measure and heat samples 

Design / HW & SW TBD Heat temperature control and monitoring 

PC-interface software Programming / 
service 

TBD  
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Schedule with Milestones  
Timeline starts from the project sign-up when the participating team members are 
confirmed. 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.  

 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 Manufacture or procure 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, 
manufacture and programming   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 
 

Task Description 

Task 1 – Develop the specifications for the test vehicle design, including the 
interfaces 

• Project launch after signup period ends. Confirm the final project team members.  
• Review and agree upon the experiment plan, resources allocation and reconfirm the 

schedule of the tasks. 
• Define the minimum coating and cleaning options, thickness range 
• Define test vehicle features 
• Define/draft design of test vehicle schematics 

Task 2 - Test vehicle design 
• Design of test vehicle schematics, with feedback from project participants 
• Design of test vehicle layout, with feedback from project participants 

Task 2.1 – Prototype 
• Prototype manufacture, and quick measurements to verify electrical properties 
• Serpentine pattern manufacture test and integration to PCBA manufacturing flow 
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Task 2.2 - Finalize the design 
• Study of results and from prototype measurements and recheck assumptions and 

specifications 
• Finalize design for test vehicle and for its measurement 

Task 3 - Determine experiment plan 
• Define the test conditions: % of corrosive gases, humidity, temperature, test duration. 
• Design of experiment. Determine the sample size and allocation of the resources. 

Task 4 – Manufacture or procure test vehicles 
• Prepare test vehicles, reserve coating application resource, and prepare testing 

chambers according to plan. 
o Stacked serpentine Cu and Ag thin films 800-1000 nm thick 
o Cu and Ag foils  
o Coating materials 

• Communicate and clarify questions about coating application process. 
• Practice with the test setup and steps, make sure the test would be run properly. 
• Finalize the data to be collected, test conditions and test procedure. 

Task 4.1 PCB fabrication 
• Especially deposition of the serpentine film on the selected substrate requires search 

and selection of the suitable manufacturer 
• Manufacture partly or completely by subcontractors outside of the project partners 
Task 4.2 Acquire components & materials 
• It’s possible Daisy-chain component maybe adopted in the TV design, which may have 

significant cost and longer lead time. 
Task 4.3 Test vehicle assembly 
• Assemble by a project partner or by external supplier 
• Consideration and possible tests to prove serpentine trace compatibility to the PCBA and 

cleaning 

Task 5 - Interface electronics  
Depending on participant’s available measurement instruments and final setup, the extent of 
the interface electronics will be designed and manufactured. Need to develop affordable and 
customized interface electronics for monitoring signals and heating the multiple test vehicles 
simultaneously. Same interface electronics will be used at different testing sites.  
 

Design 
• Design, incl. schematics (or procure design) of interfacing electronics for the sensor, 

to power and analyze outcoming signals. The design should overlap with test vehicle 
design to find easily manufacturable electronics for measurement of the relevant 
values. 

• Design would be open source. 
• The extent of the task depends, which sensory and electrical measurement method 

will be selected. 
Manufacture  
• Procure components 
• Manufacture PCB 
• Assembly, programming, and testing. 

Programming 
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• Microcontroller program to be written to control and measure the test vehicle 
• Multiple interface electronics interface to PC, such as USB/Ethernet. 
• PC analysis interface for microcontroller, such as C#/.net with e.g. GitHub source 

code management 
• Source code would be open source. 

Task 6 – Coat the test vehicles, arrange shipment 
• Coat the test vehicles as planned, using typical/optimized process. Photograph the 

process, document the equipment and parameters, coating thickness, etc. 
• Combination of more than one conformal coating is to be tested and the feasibility to 

production evaluated. 
• Arrange the shipment of the samples. 

Task 7 – FOS test runs to characterize conformal coatings 
• Wire and install coated and uncoated stacked serpentine thin films of Cu and Ag on the 

side walls of the chamber, put in bare Cu and Ag foils as control. 
• Set up FoS chamber to run at relative humidity 15%RH and temperature at 40°C.  
• Run FoS chamber. 
• Measure thin films resistance as function of time over the 5-day period of the test during 

which the films will be joule heated for periods lasting a little more than a day each to 
approximately 40, 50, 60 and 70oC.  

• Repeat above test with chamber RH at 31% and 75% 
• Assess damage to coatings and underlying test vehicles. 

Task 8 – MFG test of coated and uncoated thin films 
• Practice with the test vehicles wiring and test setup. Pre-test run is planned to verify 

the test functions and see if the result make sense with the test condition chosen.  
• In parallel to FOS testing, conformal coated test vehicle will also be exposed to 

mixed flowing gas (H2S, SO2, NOx and Cl2) testing (MFG). As in FOS testing, 
resistance will be measured in-situ during MFG exposure. Test plans to be run at 
following conditions.   
o Concentration of mixed flowing gases: SO2: 200ppb, H2S: 1000ppb, NOx: 

1000ppb, Cl2: 50ppb 
o Temperature: 30oC 
o Relative humidity: 15%, 31% and 75% 

• Assess damage to coatings and underlying test vehicles. 

Task 9 - Iodine vapor test  
• Prepare the wiring setup for the test setup 
• Offline Impedance measurement before iodine vapor exposure 
• Make the exposure of example 30, 60 and 90 min including in-situ measurement of 

Impedance (Z) by LCR-measurement device 
• Offline EIS-measurement after iodine vapor exposure  
• Microscopic imaging of the samples and data analysis. 
• Assess damage to coatings and underlying test vehicles. 

Task 10 – Summary and report  
• Collect and summarize results from the participating companies and write the final 

report. 
• Present report at iNEMI webinar.  
• Publish a technical paper and/or white paper.  



Conformal Coating Evaluation for Improved Environmental Protection, Phase 3   Page 9 of 9 

• Publish design and software. 
• Communicate with standard development organizations. Provide recommendations to 

incorporate coating performance evaluation test into industry standards 

Risk Management 
• Testing resource restriction risk is low, the test chambers and test vehicles have been 

secured already during the planning stage.  
• Test schedule may be affected by the availability of people and equipment. But we 

consider it a low risk, considering this is a continuation of phase 2 during which the 
expected participants have been working jointly for some time.  

• Test vehicles manufacture steps have to be considered in order to have pristine 
serpentine pattern on the surface all the way to conformal coating process. 

• Component, electronics, and software can be mainly composed from existing 
evaluation boards and publicly available designs. However, in time electronics and 
software design resources from the partners or externally procured suppliers are 
needed. Accurate cost of the design is however hard to estimate.  

 

General and Administrative Guidelines 
General and Administrative Guidelines for this project and all other iNEMI Projects are 
documented at http://thor.inemi.org/webdownload/join/gen_guidelines.pdf. 

http://thor.inemi.org/webdownload/join/gen_guidelines.pdf
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