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Project Overview:  
Conformal coatings are used to protect printed circuit boards and components mounted on 

them from the deleterious effects of moisture, particulate matter and corrosive gases. The 

objective of the project is to develop a quick and effective conformal coating test that can be 

used to effectively test coatings in a shorter time than present methods employed in the 

industry, resulting in cost savings and faster product introduction. Phase 1 has developed a 

test coupon design and test procedure that is capable of testing conformal coatings in less 

than a week. In that phase the iNEMI flowers of sulfur (FoS) chamber was used to provide 

the controlled corrosive test environment. In phase 2, the team compare the performance of 

conformal coatings exposed to the FoS environment to those exposed to the mixed flowing 

gas (MFG) environment. This comparison is important because while the FoS environmental 

chamber is inexpensive, it consists simply of sulfur vapors in humid air; whereas, the MFG 

environment is more complex and well established in the industry for testing electronic 

hardware for susceptibility to atmospheric corrosion. The test method will be further refined 

to demonstrate its applicability and establish it as an industry standard for evaluating and 

qualifying conformal coatings. 

Motivation 
• Conformal coatings are used to protect printed circuit boards and components mounted 

on them from the deleterious effects of moisture, particulate matter and corrosive gases. 

As data centers and electronic devices proliferate worldwide into geographies with high 

levels of pollution and high relative humidity, the use of conformal coatings becomes 

necessary and is no longer restricted to mission-critical and/or military hardware. The 

decreasing feature size of components is also a factor. With decreasing feature gaps that 

dust particles and corrosion product particles can more readily bridge, conformal 

coatings are increasingly needed in today’s designs.  

• The conventional method of testing the effectiveness of these coatings is to expose the 

conformally coated hardware to a corrosive environment for extended periods of time, 

often lasting many months and determining the mean time to failure. This means of 

testing is both inconvenient and slow. Even where the corrosion of the coated 
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components can be monitored, such as in the case of surface-mounted resistors, it can 

take more than a year to evaluate a coating. Of greater concern is that the testing is 

done under unrealistically high temperature conditions that can change the mass 

transport mechanism of the contaminants through the coating. Thus, not only does the 

conventional test take too long to conduct, but the results may not be valid at the 

printed circuit board temperature typically experienced in the field, which is in the 

neighborhood of 40oC. 

• The industry would benefit from having a conformal coating evaluation test that can be 

completed in less than a week under environmental conditions like those in the field. It 

is especially important that the testing be done in the 40oC range to mimic field 

conditions.  

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 a low temperature of around 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 coupon 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.  
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Figure 2: iNEMI flower of sulfur corrosion 
chamber setup for conformal coating evaluation 
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Project Purpose 
Develop a quick and effective conformal coating evaluation test with a duration of less than 

a week conducted in the realistic temperature range.  

Phase 2 objective 
• Compare the performance of conformal coatings subjected to the flower of sulfur (FoS) 

chamber environment to the performance seen when using a mixed flowing gas (MFG) 

chamber environment.  

• Refine the test design and provide test recommendations and guidelines to the industry 

for both the FoS and MFG testing approaches. .  

Project Scope 
• The test will be based on quantitative measurement of diffusion of corrosive gases and 

moisture through the conformal coatings, with a test duration of less than a week, as a 

function of temperature and humidity in corrosive environments of the FoS and MFG 

chambers. 

• The corrosivity of the air in the test chambers will be measured by measuring (a) the 

rates of 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.  

• Serpentine thin films of Cu and Ag, 800 nm thick, will be coated with the conformal 

coatings under test. The corrosion rates of the conformally coated metal films will be 

compared with those of uncoated films. Phase 1 tested silicone, acrylic and ALD (atomic 

layer deposition) coatings. In Phase 2, acrylic, fluoropolymer and ALD coating will be 

tested. 

• 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%. The coated and uncoated thin films will be 

joule heated to temperatures up to 70oC, to obtain corrosion rates as a function of 

temperature and humidity while keeping the corrosive conditions constant.  

• From the corrosion rates of coated and uncoated Ag and Cu thin films, we will be able to 

quantify the effectiveness of each conformal coating and use these measured values in 

the qualification of the coatings.    

• Characterize the three conformal coatings (acrylic, fluoropolymer and ALD) in the iNEMI 

FoS and the MFG chambers. 
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• Qualitative test of conformal coatings on PCBAs will be considered as the next phase of 

the project. Potentially in phase 2, the team can start exploring the possible test board 

design and the test feasibility. 

Business Impact 
Today it takes many months to evaluate and qualify a conformal coating and that too under 

very limited and harsh conditions well beyond the application conditions. The ability to 

evaluate and qualify conformal coatings by a test of less than one-week duration, under 

environmental conditions approximating the application conditions, will be a great benefit to 

the industry. Quantitative measurement can help optimize the conformal coating 

parameters, such as application methods and coating thickness, to ensure product cost-

effectiveness and reliability.   

Expected Outcome 
The proposed test developed by this project is expected to become an industry standard 

test for evaluating and qualifying conformal coatings.  

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 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, Celestica, Picosun, and 

Keysight. 

Resources Requirements 
The conformal coating qualification test development project asks each participating 

company to commit to the following (for details refer to the associated Project Statement): 

• Agree to commit appropriate resources to meet project timeline and target dates. 

Project will need FoS and MFG test capability, thermal oven, saturated salts, copper 

and silver foils, coupon analysis means (coulometric reduction, SEM/EDX), serpentine 

thin films of Cu and Ag 800 nm thick on oxidized silicon, potentiostats or data loggers 

and related equipment for simultaneously measuring resistance of 8 or more thin films.  

• 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. 

Project Participant Commitment Matrix 
During the project planning, several companies have indicated that they are willing to 

support the materials and the execution of tasks. Following table lists the resources 

required. Detailed arrangement will be confirmed when the project sign-up is finished.  

 

Phase 2 Resource type 
Resource 
availability Remark 

Project reviews, report dev. Man hour Yes  

FOS chamber Equipment Yes  

MFG chamber Equipment Yes  

Conformal coatings Material & process Yes Suppliers to coat 

Temp controlled oven Equipment Yes  
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Phase 2 Resource type 
Resource 
availability Remark 

Thin film test coupon Material Yes  

Silver foil, 0.005x1 inch, 
99.95% pure 

Material Yes  

Copper foil. 0.005x1 inch, 
99.99% pure 

Material Yes  

Coupon preparation (clean) Material Yes Chemical 

Labor cost of running the 
FOS 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  Analysis Yes  

Potentiostats/datalogger Measurement Yes Need 8 or more potentiostats or one datalogger 

PCB test coupon Design & Fabrication TBD Look for in-kind contribution 

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

confirmed.  

 Tasks Months 

 1 2 3 4 5 6 7 8 

1. Solidify the experiment plan 
details 

x        

2. Prepare the testing resource, 
serpentine thin film coupons  

 x       

3. Coat the coupons, arrange 
shipment 

  x      

4. FOS test runs to characterize 
conformal coatings 

       x x  x    

5. MFG test of coated and 
uncoated thin films 

 x x x x x   

6. Summary & Final report       x  x 
7. Explore possible test on the 
PCBA 

 x x x x x x  

 

Task Description 

Task 1 – Solidify the experiment plan details 

• 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 Coating options, thickness range 

• Define the test conditions: % of corrosive gases, humidity, temperature, test duration 

Task 2 – Prepare the testing resource, serpentine thin film coupons 

• Prepare the coatings and test coupons, reserve coating application resource, and 

prepare testing chambers according to plan. 

o Stacked serpentine Cu and Ag thin films 800 nm thick 

o Cu and Ag foils and methods to clean 

o Coating materials 

• Communicate and clarify questions about coating application process. 
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• 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 3 – Coat the coupons, arrange shipment 

• Coat the coupons as planned, using typical/optimized process. Photograph the process, 

document the equipment and parameters, coating thickness, etc. 

• Arrange the shipment of the samples 

Task 4 – 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 40deg 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% 

Task 5 – MFG test of coated and uncoated thin films 

• Practice with the coupon 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 coupons 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% 

Task 6 – 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.  

Task 7 – Develop phase 3 - Explore possible test on printed circuit board 

assemblies. 

• Discuss and propose the test board design. 

• Identify in-kind support for PCB design and fabrication. 

• Preliminary test runs to verify the function and effectiveness of the test board design. 

Risk Management 
• Testing resource restriction risk is low, the test chambers and coupons 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 1 during which the 

expected participants have been working jointly for some time.  
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• For phase 3, the PCBA test coupon development is a high-risk task. Innovation is 

involved in coming up with an effective test board design concept. The existing 

participants lack PCB design and fabrication know how. Need to communicate and 

identify possible resources to provide in-kind support.  
 

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

