
                                                  

 

 
 

 

 
 

 
1B73 Conformal Coating test summary according IEC61086 

 

 

1 Executive Summary 
2 Test Results summary 

 
 

1. Executive Summary 
 
HumiSeal 1B73 coating type was tested according IEC 61086, class 2. 
 
HumiSeal 1B73 coating is acrylic type conformal coating. Humiseal manufacture various pre-blended 
varieties of 1B73 using a variety of solvent types and final coating liquid viscosity. The properties of 
all 1B73 materials after full cure are equivalent. Thus, as such, this report is applicable to all following 
materials: 
1B73 – and all dilutions/pre-blends 
1B73EPA – and all dilutions/pre-blends 
1B73LED – and all dilutions/pre-blends. LED version does not contain optical brightener. 
 
Tests boards were coated in HumiSeal’s laboratories in Winnersh UK. 
 
Testing according IEC 61086-2 were conducted at: 

• National Technical Systems – Baltimore (USA)  

• UL laboratories – New York (USA). 

• Environmental Test Services Limited Laboratory - Reading (UK) 
 

The Test Substrates met all conditions/requirements, confirming the qualification of 1B73, 1B73LED 
and 1B73EPA products for IEC61086 Class 2 
 
 
Detailed test reports: 
 

PR107527 Humiseal 

Europe LTD Test Report_1B73.pdf

IEC 61086_Salt Mist 

Test 1B73 .pdf

Flammability 1B73 

UL.pdf  
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This report and the information contained herein represents the results of testing of only those articles/products identified in this document and selected 
by the client. The tests were performed to specifications and/or procedures approved by the client. National Technical Systems (“NTS”) makes no 
representations expressed or implied that such testing fully demonstrates efficiency, performance, reliability, or any other characteristic of the articles 
being tested, or similar products. This report should not be relied upon as an endorsement or certification by NTS of the equipment tested, nor does it 
present any statement whatsoever as to the merchantability or fitness of the test article or similar products for a particular purpose. This document shall 
not be reproduced except in full without written approval from NTS. 


 


www.nts.com 


 


 
National Technical Systems - Baltimore      Main: 410-584-9099 
5 North Park Drive         Fax:   410-584-9117 
Hunt Valley, MD 21030 


 


Date In: October 15, 2019 
 
Customer:   
Humiseal Europe LTD 
505 Eskdale Road 
Winnersh RG41 5TU UK 
 
Purchase Order Number: 1093419 
 


 


 
A. TEST OBJECTIVE:   


Conformal Coating Qualification 
 


B. TEST ITEM(S):   
Customer Prepared, Conformal Coated Test Substrates 


 
C. SPECIFICATIONS:   


1. IEC 61086-3-1:2004-02 (Set D Testing Omitted by Customer) 
2. IEC 61086-2:2004, with Corrigendum 1, Class 2 (Set D Testing Omitted by 


Customer) 
 


D. RESULTS: 
The results reported within this test report meet the testing requirements. Note: Salt Mist 
test results omitted per customer request, see original report for results.  
 


 
TESTING PERFORMED BY: 
 
 
 
 


Elizabeth A. Allison,   
Department Manager, PCB/PCA 


 Ronald Roden, Jr. 
Analyst III 


 
TECHNICAL/QUALITY APPROVALS: 
 
 
 
 


Katherine C. Higgs 
Special Projects Manager  
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TEST ITEM IDENTIFICATION 
 


SAMPLE TYPE   Customer Prepared, Conformal Coated Test 
Substrates 


NUMBER OF SAMPLES SUBMITTED Three sets of samples** 


 Sample Set A, Twenty (20) samples 


 Sample Set B, Fifteen (15) samples 


 Sample Set C, Five (5) samples 


MATERIAL IDENTIFICATION 1B73 / 1B73EPA / 1B73LED  
See comments below 


PROJECT START DATE January 6, 2020 


SAMPLE DISPOSITION Samples to be returned to Humiseal Europe 


**Sample Set D was omitted by Humiseal 
 


Sample Set  
Quantity of 


Samples 
Testing 


A 
(IEC Boards) 


20 


Cleaning 


Coating (thickness on 10 only, visual, Fluorescence) 


Thermal Cycle (visual and adhesion) 


Thermal Shock (visual and adhesion) 


5 Damp Heat (IR every 20 mins and breakdown voltage) 


5 Salt Mist (IR every 20 mins and breakdown voltage) 


5 
Thermal Aging  


(Visual, Adhesion, IR every 20 mins) 


B  
(soft copper samples, 


approximately 
100 mm x 50 mm and 


0.125 mm thick) 


15 
Cleaning 


Coating (Visual) 


5 Coating (Tackiness and Flexibility) 


5 Thermal Shock (visual and flexibility) 


5 Thermal Aging (Visual, and flexibility) 


C  
(glass slides) 


5 


Cleaning 


Coating (visual) 


Mold Growth (Visual) 


 
Material Identification Comments: Each variation of 1B73 is identical, 1B73LED not containing 
an optical brightener (no fluorescence). Each test set contained 2 samples of 1B73, 2 samples 


of 1B73EPA, and 1 sample of 1B73LED. 
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SAMPLE SET A - CLEANING 
 


REFERENCE IEC 61086-2, Table A.1, paragraphs 3 – 3.1.2.3 


TEST SPECIMENS    Twenty (20) IEC 61086-2 boards, identified as 1 through 20 


REQUIREMENT  The conductivity extract shall not be greater than 50 µSm-1 


SUMMARY Samples meet the requirements.   


TEST MODIFICATIONS None 


TEST CONDITIONS Samples were tested prior to coating 


TEST PERFORMED BY EA 


TEST DATE November 19, 2019 


EQUIPMENT USED WC051687, WC062003 


 
RESULTS: 


 


 


Board µSm-1 Board µSm-1 


1 4.8 11 3.0 


2 9.5 12 2.5 


3 5.3 13 3.3 


4 10.1 14 3.3 


5 7.4 15 5.0 


6 8.2 16 5.0 


7 6.2 17 3.5 


8 6.1 18 3.8 


9 5.9 19 4.7 


10 5.7 20 3.5 


 
 







Test Report No. PR107527 Report 1 of 2, Rev 2 


4 


SAMPLE SET A - COATING 
 


REFERENCE IEC 61086-2, Table A.1, paragraphs 3.1.3, 7.1, 7.2, and 7.3 


TEST SPECIMENS    Twenty (20) IEC 61086-2 boards, identified as 1 through 20 
Thickness recorded on samples 1-10 


REQUIREMENT  Paragraph 3.1.3:  The entire board surface, including sides and 
edges, shall be completely covered with the conformal coating. 
 
Paragraph 7.1: Any voids, holes, wrinkles, streaks, cracking, 
delamination, blistering, or peeling of the coating or other evidence 
of loss of adhesion, or discoloration of the copper conductors shall 
be reported.  Any legends shall be clearly visible through the 
coating. 
 
Paragraph 7.2:  The coating thickness shall meet the requirements 
of table 5 from IEC-61086-3-1 (see below).  The coating thickness 
shall be reported as the arithmetic mean of all the pad readings for 
each individual specimen. 
 
Paragraph 7.3:  The result shall be reported as positive if 
fluorescence is apparent on visual examination.  The specimens 
shall be examined with ultraviolet light in a dark room. 


SUMMARY Samples meet the visual requirements.   
Samples meet the thickness requirements.   
1B73 and 1B73EPA samples fluoresce. 1B73LED samples do 
not fluoresce.   


TEST MODIFICATIONS None 


TEST CONDITIONS Thickness of board samples were tested prior to coating and after 
coating 


TEST PERFORMED BY EA 


TEST DATE Pre-Coating thickness: November 15, 2019 
Post-Coating Tests: January 24, 2020 


EQUIPMENT USED WC062053, WC059285 


 
Table 5 – Coating Thickness Requirements per IEC-61086-3-1 


 


Resin type Code Thickness of Coating (µm) 


Acrylic A 25 to 75 (0.025 – 0.075 mm) 


Epoxy EP 25 to 75 (0.025 – 0.075 mm) 


Silicone Si 25 to 200 (0.025 – 0.200 mm) 


Polyurethane PUR 25 to 75 (0.025 – 0.075 mm) 


Oligomeric Blend Material OL 25 to 75 (0.025 – 0.075 mm) 


Paraxylylene XY 5 to 25 (0.005-0.025 mm) 
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RESULTS: 
 


Visual Inspection: 
 


There was no evidence of voids, holes, wrinkles, streaks, cracking, delamination, blistering, or 
peeling of the coating or other evidence of loss of adhesion, or discoloration of the copper 


conductors.  All legends were clearly visible through the coating. 
 


Thickness of the Coating: 
 


Board 
Coating Thickness (mm)   


Board 
Coating Thickness (mm) 


Minimum Maximum Mean Minimum Maximum Mean 


1 0.050 0.064 0.056 6 0.049 0.074 0.061 


2 0.050 0.069 0.059 7 0.038 0.066 0.055 


3 0.052 0.079 0.062 8 0.048 0.076 0.060 


4 0.051 0.081 0.061 9 0.046 0.069 0.057 


5 0.050 0.080 0.063 10 0.041 0.080 0.062 


 
Fluorescence of the Coating: 


 
1B73LED samples did not fluoresce when examined with an ultraviolet light, as expected.  All 


other samples fluoresced.  
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SAMPLE SET A - THERMAL CYCLE 
 


REFERENCE IEC 61086-2, Table A.1, paragraphs 4.1 and 7.1, and IEC 60068-2-
14, test Nb 


TEST SPECIMENS    Twenty (20) IEC 61086-2 boards, identified as 1 through 20 


REQUIREMENT  After thermal cycling exposure the specimens shall be visually 
inspected in accordance with paragraph 7.1. 
 
Paragraph 7.1: Any voids, holes, wrinkles, streaks, cracking, 
delamination, blistering, or peeling of the coating or other evidence 
of loss of adhesion, or discoloration of the copper conductors shall 
be reported.  Any legends shall be clearly visible through the 
coating. 
 
Per IEC-61086-3-1: There shall be no flaking or delamination of the 
coated film. 


SUMMARY Samples meet the visual requirements after thermal cycling 
exposure. 


TEST MODIFICATIONS None 


TEST CONDITIONS Cold: -55oC ±5°C, Hot: 125C ±5°C.   
Dwell Time: 25 ± 2 minutes 
Number of Cycles: 20 
Change rate 12 ± 2 K/min (12±2°C per min) 


TEST PERFORMED BY EA 


CONDITIONING DATES January 17-20, 2020 


EQUIPMENT USED WC051739 


 
 


RESULTS: 
 


Visual Inspection after Exposure: 
 


There was no evidence of voids, holes, wrinkles, streaks, cracking, delamination, blistering, or 
peeling of the coating or other evidence of loss of adhesion, or discoloration of the copper 


conductors. 
 


All legends were clearly visible through the coating. 
 


No flaking or delamination of the coated film was observed.  
 


 







Test Report No. PR107527 Report 1 of 2, Rev 2 


7 


SAMPLE SET A - THERMAL SHOCK 
 


REFERENCE IEC 61086-2, Table A.1, paragraphs 4.2 and 7.1, and IEC 60068-2-
14, test Na 


TEST SPECIMENS    Twenty (20) IEC 61086-2 boards, identified as 1 through 20 


REQUIREMENT  After thermal shock exposure the specimens shall be visually 
inspected in accordance with paragraph 7.1. 
 
Paragraph 7.1: Any voids, holes, wrinkles, streaks, cracking, 
delamination, blistering, or peeling of the coating or other evidence 
of loss of adhesion, or discoloration of the copper conductors shall 
be reported.  Any legends shall be clearly visible through the 
coating. 
 
Per IEC-61086-3-1: There shall be no flaking or delamination of the 
coated film. 


SUMMARY Samples meet the visual requirements after thermal shock 
exposure. 


TEST MODIFICATIONS None 


TEST CONDITIONS Cold: -55oC ±5°C, Hot: 125C ±5°C.   
Dwell Time: 25 ± 2 minutes 
Number of Cycles: 20 


TEST PERFORMED BY EA 


CONDITIONING DATES January 20-23, 2020 


EQUIPMENT USED WC051664 


 
 


RESULTS: 
 


Visual Inspection after Exposure: 
 


There was no evidence of voids, holes, wrinkles, streaks, cracking, delamination, blistering, or 
peeling of the coating or other evidence of loss of adhesion, or discoloration of the copper 


conductors. 
 


All legends were clearly visible through the coating. 
 


No flaking or delamination of the coated film was observed.  
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SPECIMEN A - SUBGROUPS 
 


After all 20 samples were exposed to Thermal Cycling and Thermal Shock testing, the 
specimens were broken into groups of 5 boards per group. 


 


 The first group identified as boards 1 – 5 were utilized for the Damp Heat testing. 


 The second group identified as boards 6 – 10 were utilized for Salt Mist testing. 


 The third group identified as boards 11 – 15 were utilized for Thermal Aging testing. 
 


Teflon insulated wires, were attached to the “Y” pattern and the comb pattern of the IEC 61086-
2 boards.  The wires connected to the comb patterns were long enough so that they would 
extend to the outside of the test chambers so that measurements could be obtained during 


chamber exposure. 
 


For the Salt Mist test boards the leads were cleaned and then coated with conformal coating so 
as to cover all exposed metal surfaces; this being necessary so as not to introduce “false 


failures” that would be attributed to corroded finger tabs during the salt chamber exposure.  The 
exposed copper finger tabs naturally corrode within a salt environment. 
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SAMPLE SET A - DAMP HEAT 
 


REFERENCE IEC 61086-2, Table A.1, paragraphs 4.4, 6.3, and 6.1, IEC 60068-
2-78, and IEC 60243-1 (rapid rise method). 


TEST SPECIMENS    Five (5) Coated IEC 61086-2 boards, identified as 1 through 5 


REQUIREMENT  Paragraph 4.4:  The exposure of IEC 60068-2-78 shall be used for 
a duration of 96 hours. 
 
Paragraph 6.3 (during exposure):  The measurements shall be 
made using the electrodes of the comb pattern.   Measurements 
are to be made at intervals of 20 ±1 minutes during exposure 
duration. 
 
The result shall be the arithmetic mean of the measured values; the 
lowest value of apparent resistance recorded shall also be 
reported. 
 
Paragraph 6.1 (after exposure):  The test voltage shall be in 
accordance with IEC 60243-1 (rapid rise method) and shall be 
conducted on the “Y” pattern.  The voltage breakdown shall be 
reported in kilovolts. 
 
Per IEC-61086-3-1: Not less than 1 x 109 Ω (1E+09Ω) 


SUMMARY Results reported below 


TEST MODIFICATIONS None 


EXPOSURE DATES February 24-28, 2020 


TEST CONDITIONS 96 hours at 40oC, ±2oC, with 90±2% relative humidity. 


TEST PERFORMED BY EA / RR 


TEST DATE March 4, 2020 


EQUIPMENT USED WC051622, WC051633, WC051631, WC059299, WC051632 


 
RESULTS: 


 


Board 
Insulation Resistance (ohms) Voltage Breakdown 


(kV) Lowest Value Arithmetic Mean 


1 1E+12 4E+12 10.3 


2 7E+11 1E+12 10.7 


3 1E+12 2E+12 10.1 


4 5E+11 9E+11 10.1 


5 1E+12 1E+12 12.3 
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SAMPLE SET A - THERMAL AGING 


 


REFERENCE IEC 61086-2, Table A.1, paragraphs 4.3, 7.1, and 6.3 


TEST SPECIMENS    Five (5) Coated IEC 61086-2 boards, identified as 11 through 15 


REQUIREMENT  Paragraph 6.3 (during exposure):  The measurements shall be 
made using the electrodes of the comb pattern.  Measurements are 
to be made at intervals of 20 ±1 minutes during exposure duration. 
 
The result shall be the arithmetic mean of the measured values; the 
lowest value of apparent resistance recorded shall also be 
reported. 
 
After exposure the specimens shall be visually examined (see 7.1) 
for loss of adhesion. 
 
Paragraph 7.1 (after exposure): Any voids, holes, wrinkles, streaks, 
cracking, delamination, blistering, or peeling of the coating or other 
evidence of loss of adhesion, or discoloration of the copper 
conductors shall be reported.  Any legends shall be clearly visible 
through the coating. 
 
Per IEC-61086-3-1: Not less than 1 x 109 Ω (1E+09Ω) 


SUMMARY Results reported below 


TEST MODIFICATIONS None 


CONDITIONING DATES January 24-February 14, 2020 


TEST CONDITIONS 125 +/- 2C for 500 hours 


TEST PERFORMED BY EA / RR 


TEST DATE January 24-February 24, 2020 


EQUIPMENT USED WC051697, WC051633, WC051631, WC059299, WC051536 


 
RESULTS: 


 


Board 
Insulation Resistance (ohms) Voltage Breakdown 


(kV) Lowest Value Arithmetic Mean 


11 1E+11 3E+12 10.3 


12 1E+11 8E+11 9.9 


13 1E+11 1E+12 10.4 


14 1E+11 1E+12 11.4 


15 1E+11 1E+12 11.4 
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Visual Inspection after Exposure: 
 


There was no evidence of voids, holes, wrinkles, streaks, cracking, delamination, blistering, or 
peeling of the coating or other evidence of loss of adhesion, or discoloration of the copper 


conductors.  All legends were clearly visible through the coating. 
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SAMPLE SET A - SALT MIST 
 


Results omitted per customer request.  
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SAMPLE SET B - CLEANING 
 


REFERENCE IEC 61086-2, Table A.2, paragraphs 3 – 3.1.2.3 


TEST SPECIMENS    Soft copper samples, identified as 1 through 15 


REQUIREMENT  The conductivity extract shall not be greater than 50 µSm-1 


SUMMARY Samples meet the requirements.   


TEST MODIFICATIONS None 


TEST CONDITIONS Samples were tested prior to coating 


TEST PERFORMED BY EA 


TEST DATE November 19, 2019 


EQUIPMENT USED WC051687, WC062003 


 
RESULTS: 


 


Copper Specimen µSm-1 


1 2.1 


2 1.7 


3 2.8 


4 2.9 


5 2.6 


6 3.9 


7 3.5 


8 1.6 


9 1.4 


10 2.2 


11 3.8 


12 1.6 


13 1.4 


14 4.0 


15 2.0 
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SAMPLE SET B - COATING 
 


REFERENCE IEC 61086-2, Table A.2, paragraphs 3.1.3, 7.1, 7.4, and 7.5, and 
ISO 1519. 


TEST SPECIMENS    Ten (10) Coated soft copper samples, identified as 1 through 10 


REQUIREMENT  Paragraph 3.1.3:  The entire board surface, including sides and 
edges, shall be completely covered with the conformal coating. 
 
Paragraph 7.1: Any voids, holes, wrinkles, streaks, cracking, 
delamination, blistering, or peeling of the coating or other evidence 
of loss of adhesion, or discoloration of the copper conductors shall 
be reported.  Any legends shall be clearly visible through the 
coating. 
 
Paragraph 7.4:  The coating shall be reported as non-tacky if the 
paper can be removed by method a) slight vibration or b) lightly 
touching the paper without any paper fibers being left on the 
coating of any specimen. 
 
If the filter paper cannot be removed by method a) or b) and it has 
to be forcibly detached, or if there is significant amount of paper 
fibers left on the specimen, the coating shall be reported as being 
tacky. 
  
Paragraph 7.5:  Any evidence of cracking or crazing of the coating 
of any specimen shall be reported. 


SUMMARY Samples meet the visual inspection requirements.   
Samples meet the tackiness requirements.   
Samples meet the flexibility requirements.   


TEST MODIFICATIONS None 


TEST CONDITIONS N/A 


TEST PERFORMED BY EA 


TEST DATE March 4, 2020 


EQUIPMENT USED WC051719, WC059360, WC051565 


 
RESULTS: 


 
Visual Inspection: 


 
There was no evidence of voids, holes, wrinkles, streaks, cracking, delamination, blistering, or 


peeling of the coating or other evidence of loss of adhesion, or discoloration of the copper 
conductors. 


 
Tackiness: 


 
There was no evidence of filter paper fibers on any of the specimens tested.  The filter paper 


was loosened by slightly vibrating the specimens therefore receiving a non-tacky rating. 
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Flexibility: 
 


None of the specimens exhibited cracking or crazing of the coating. 
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SAMPLE SET B - THERMAL SHOCK 
 


REFERENCE IEC 61086-2, Table A.2, paragraphs 4.2, 7.1, and 7.5, 60068-2-14, 
test Na, and ISO 1519. 


TEST SPECIMENS    Five (5) Coated soft copper samples, identified as 1 through 5 


REQUIREMENT  After thermal shock exposure the specimens shall be visually 
inspected in accordance with paragraphs 7.1 and 7.5. 
 
Paragraph 7.1: Any voids, holes, wrinkles, streaks, cracking, 
delamination, blistering, or peeling of the coating or other evidence 
of loss of adhesion, or discoloration of the copper conductors shall 
be reported.  Any legends shall be clearly visible through the 
coating. 
 
Paragraph 7.5:  Any evidence of cracking or crazing of the coating 
of any specimen shall be reported. 


SUMMARY Samples meet the visual inspection requirements after thermal 
shock. 
Samples meet the flexibility requirements after thermal shock. 


TEST MODIFICATIONS None 


TEST CONDITIONS Cold: -55oC ±5°C, Hot: 125C ±5°C.   
Dwell Time: 25 ± 2 minutes 
Number of Cycles: 20 


CONDIITIONING DATE(S) January 20-23, 2020 


TEST PERFORMED BY EA 


POST EXPOSURE TEST DATE March 4, 2020 


EQUIPMENT USED WC051664, WC051565 


 
RESULTS: 


 
Visual Inspection after Exposure: 


 
There was no evidence of voids, holes, wrinkles, streaks, cracking, delamination, blistering, or 


peeling of the coating or other evidence of loss of adhesion, or discoloration of the copper 
conductors. 


 
Flexibility: 


 
None of the specimens exhibited cracking or crazing of the coating. 
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SAMPLE SET B - THERMAL AGING 
 


REFERENCE IEC 61086-2, Table A.2, paragraphs 4.3, 7.1, and 7.5, and ISO 
1519. 


TEST SPECIMENS    Five (5) Coated soft copper samples, identified as 6 through 10 


REQUIREMENT  After thermal aging exposure the specimens shall be visually 
inspected in accordance with paragraphs 7.1 and 7.5. 
 
Paragraph 7.1: Any voids, holes, wrinkles, streaks, cracking, 
delamination, blistering, or peeling of the coating or other evidence 
of loss of adhesion, or discoloration of the copper conductors shall 
be reported.  Any legends shall be clearly visible through the coating. 
 
Paragraph 7.5:  Any evidence of cracking or crazing of the coating of 
any specimen shall be reported. 


SUMMARY Samples meet the visual inspection requirements after thermal 
aging. 
Samples meet the flexibility requirements after thermal aging.  


TEST MODIFICATIONS None 


TEST CONDITIONS 500 hours @ 125±2°C 


CONDIITIONING DATES January 24-February 14, 2020 


TEST PERFORMED BY EA  


POST EXPOSURE TEST DATE March 4, 2020 


EQUIPMENT USED WC051697, WC051565 


 
RESULTS: 


 
Visual Inspection after Exposure: 


 
There was no evidence of voids, holes, wrinkles, streaks, cracking, delamination, blistering, or 


peeling of the coating or other evidence of loss of adhesion, or discoloration of the copper 
conductors. 


 
Flexibility: 


 
None of the specimens exhibited cracking or crazing of the coating. 
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SAMPLE SET C - CLEANING 
 


REFERENCE IEC 61086-2, Table A.3, paragraphs 3 – 3.1.2.3 


TEST SPECIMENS    Five (5) standard glass microscope slides, identified as 1 through 5 


REQUIREMENT  The conductivity extract shall not be greater than 50 µSm-1 


SUMMARY Samples meet the requirements.   


TEST MODIFICATIONS None 


TEST CONDITIONS Samples were tested prior to coating 


TEST PERFORMED BY EA 


TEST DATE November 19, 2019 


EQUIPMENT USED WC051687, WC062003 


 
 


RESULTS: 
 


Slide Sample µSm-1 


1 4.5 


2 3.8 


3 3.6 


4 5.3 


5 4.1 
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SAMPLE SET C - COATING 
 


REFERENCE IEC 61086-2, Table A.3, paragraphs 3.1.3 and 7.1. 


TEST SPECIMENS    Five (5) Coated standard glass microscope slides, identified as 1 
through 5 


REQUIREMENT  Paragraph 3.1.3:  The entire board surface, including sides and 
edges, shall be completely covered with the conformal coating. 
 
Paragraph 7.1: Any voids, holes, wrinkles, streaks, cracking, 
delamination, blistering, or peeling of the coating or other evidence 
of loss of adhesion, or discoloration of the copper conductors shall 
be reported.  Any legends shall be clearly visible through the 
coating. 


SUMMARY Samples meet the requirements.   


TEST MODIFICATIONS None 


TEST CONDITIONS N/A 


TEST PERFORMED BY EA 


TEST DATE January 24, 2020 


EQUIPMENT USED WC051719 


 
 


RESULTS: 
 


Visual Inspection: 
 


There was no evidence of voids, holes, wrinkles, streaks, cracking, delamination, blistering, or 
peeling of the coating or other evidence of loss of adhesion. 
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SAMPLE SET C - MOULD GROWTH 
 


REFERENCE IEC 61086-2, Table A.3, paragraphs 3.1.3 and 7.7, and IEC 60068-
2-10. Requirement per IEC-61086-3-1 Table 2 


TEST SPECIMENS    Five (5) Coated standard glass microscope slides, identified as 1 
through 5 


REQUIREMENT  Paragraph 3.1.3:  The entire board surface, including sides and 
edges, shall be completely covered with the conformal coating. 
 
Paragraph 7.7: The extent of mold growth shall be reported. 
 


Extent of Growth 


Observation Rating 


No growth apparent under a nominal magnification of 
approximately 50X 


0 


Growth not or hardly visible to the naked eye, but 
clearly visible under the microscope 


1 


Growth plainly visible to the naked eye, but covers 
less than 25% of the test surface 


2 


Growth plainly visible to the naked eye and covers 
more than 25% of the test surface 


3 


Note:  where specimens comprising an assembly show varying 
degrees of growth they should be assessed separately. 
 
Per IEC-61086-3-1 Table 2: Mould Growth not greater than Level 1. 


SUMMARY Sample 5 (1B73LED) had a rating of “1”.  All other samples 
had no growth observed (“0”) 


TEST MODIFICATIONS None 


TEST CONDITIONS Variant 1 spore solution used.  


TEST PERFORMED BY NTS Tinton Falls (TB) 


TEST DATE Approximately February 19-March 18, 2020 


EQUIPMENT USED WC005393, WC005541, WC005557, WC024124, WC005517, 
WC005711, WC05709, WC005833, WC005748, WC005782, 
WC00753, WC024110, WC005750, WC005752 


 
 


RESULTS: 
 


Sample Coating Observations 


1-1 1B73 No growth observed, 0 


1-2 1B73 No growth observed, 0 


1-3 1B73EPA No growth observed, 0 


1-4 1B73EPA No growth observed, 0 


1-5 1B73LED 
Growth observed under 


magnification, 1 
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Overview of samples post test 


 


 
Close up of mould growth observed on sample 1-5 (1B73LED) 
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EQUIPMENT LIST 
 
Asset 


Number  
Manufacturer  Equipment Name Model Number 


Serial 
Number 


Calibration 
Date 


Calibration 
Due Date 


WC051536 Hipotronics HI-POT TESTER 750-5 027574-00 21-Jan-20 31-Jan-21 


WC051565 
Meyer Gage 


Company 
PIN GAUGE SET M-0 and M-1   12-Sep-18 31-Jul-20 


WC051622 Thermotron 
ULTRA LOW 


TEMPERATURE/ HUMIDITY 
CHAMBER 


SM-8C 26889 11-Apr-19 30-Apr-20 


WC051631 
Concoat 
Systems 


AUTOSIR with software v 
7.02 install 12/05/2008 and 
Bellcore 6.1 install 04/21/10 


128 Channel 
Rack-Mount 


12861 18-Mar-19 18-Mar-20 


WC051632 Hewlett Packard 
LAB BENCH DC POWER 


SUPPLIES 
HPE3612A KR75305933 11-Jul-19 31-Jul-20 


WC051633 Hewlett Packard 
LAB BENCH DC POWER 


SUPPLY 
E3612A KR83007475 22-Oct-19 31-Oct-20 


WC051634 
Concoat 
Systems 


AUTOSIR with software v 
7.02 install 03/22/10 and 


Bellcore 6.1.1b install 
01/15/09 


256 Channel 
Rack-Mount 


9255102000 21-Mar-19 21-Mar-20 


WC051664 
Cincinnati Sub-


Zero (CSZ) 
TEMPERATURE CHAMBER 


VTS-3-6-6-
SC/WC 


VT1313001 22-Oct-19 31-Oct-20 


WC051687 Fisher Scientific Benchtop Meter 
ACCUMET 


XL600 
XL94104339 NCR NCR 


WC051697 Blue M Mechanical Convection Oven ESP-400A-9 ESP-3377 9-Jul-19 31-Jul-20 


WC051719 Tagarno 
MICROSCOPE with Tagarno 


Measurement Software 
version 1.5.4  


301000   NCR NCR 


WC051739 TestEquity 
FAST RATE 


TEMPERATURE CHAMBER 
3007C 40193 11-Jul-19 31-Jul-20 


WC059285 Mitutoyo Digital Micrometer 293-831 5020647 9-Jul-19 31-Jul-20 


WC059299 Meterman Digital Multimeter 34XR 704007430 20-Jun-19 31-Jul-20 


WC059360 
Control 


Company 
Electronic Stopwatch 62379-200 80275120 11-Jul-19 31-Jul-20 


WC062003 Accumet 
CONDUCTIVITY 


ELECTRODE 
13-620-101 SN5166007P NCR NCR 


WC062053 Unknown Black Ray Lamp ULV56   NCR NCR 
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NTS TINTON FALLS EQUIPMENT 
 


NTS # Manufacturer Make Model S/N Cal. Interval Cal. Due 


WC005393 VWR Incubator RF2425 RF10107605 12 5/9/20 


WC005541 Reichert Brightline Hemacytometer 1492 072201-001 
No Periodic 
Calibration  


N/ANote 1 


WC005557 LabGlass 250ml Reagent Atomizer 24/40 N/A NCR NCR 


WC024124 Keyence Digital Microscope System VHX-700FE Z0331120020 NCR NCR 


WC005517 Wild Heerbrugg 60-500X Microscope M8 N/A NCR NCR 


WC005711 ESCO 
Labculture Reliant Class II 
Type A2 Biohazard Safety 


Cabinet 
LR2-3S2-E 2013-82966 NCR NCR 


WC005709 Navitar Microscope Light Source 20500120 114860 NCR NCR 


WC005833 Beckman Centrifuge J-21B 2838 NCR NCR 


WC005748 
Tuttnauer 
Brinkman 


Autoclave 3545EP 2503027 12 10/16/20 


WC005782 
Intelligent 
Weighing 


Technology 
Balance IL-120 1091797 12 5/1/20 


WC005753 Dragon Lab Hot Plate Stirrer MS-H-Pro 0M1SD100003 NCR NCR 


WC024110 
Hanna 


Instruments 


pH/ORP/ISE, 
EC/TDS/NaCl/Resistivity, 
Temperature Bench Meter 


HI 3512 08699357 12 11/19/20 


WC005750 Van Guard Microscope 1431BRi 12756 NCR NCR 


WC005752 ― Butane Micro Burner 3017-1 N/A NCR NCR 


WC005388 Singleton Salt Fog Chamber N/A N/A 12 10/16/20 


WC024110 Hanna Company ph/conductivity/TDS Meter HI 3512 8699357 12 11/19/20 


Note 1 – After initial calibration, no periodic calibration is required. 
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TEST METHODS 
 


TEST SPECIMEN SET A 
 


CLEANING 
 
The conductivity of a 4L solution consisting of 75% 2-propanol and 25% deionized water was 
measured, insuring that the solvent was not greater than 5.0 µSm-1.  Each individual sample 
was spray rinsed with 320 ml of the 75% 2-propanol and 25% deionized water solution making 
sure that both sides of the sample were rinsed over a time period of at least 300 seconds.  The 
conductivity of the extract was then measured using a conductivity bridge.  The final 
measurements were recorded for each individual sample. 
 


 
COATING  


 
Prior to coating the eight pads from the board identified as 1 through 10 were measured and 
recorded (see figure 1 below).  All of the boards were coated and cured by the customer, and 
returned to NTS for testing. Once cured the specimens were visually examined, thickness 
values assessed, and fluorescence determined. 
 
 
Visual Inspection: 
 
All of the boards were visually inspected with 10X magnification for voids, holes, wrinkles, 
streaks, cracking, delamination, blistering, or peeling of the coating or other evidence of loss of 
adhesion, or discoloration of the copper conductors.  All legends were examined for legibility 
through the coating. 
 
Thickness of the Coating: 
 
The eight pads of each of the boards identified as 1 – 10 were again measured, calculated to 
determine that the difference between the measurements were within the specified 
requirements. The arithmetic mean was recorded for each specimen. 
 
Fluorescence of the Coating: 
 
The specimens were examined and representative photographs were taken under an ultraviolet 
light in a dark room for coating fluorescence and observations were recorded. 
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Figure 1 


 
THERMAL CYCLE 


 
All coated test boards were placed in Thermal Cycling Test Chamber.  The cold chamber 


was set at -55oC ±5°C, and the hot portion of the chamber was set at 125C ±5°C.  The dwell 
time was set at 25 ± 2 minutes.  The transfer to temperature extremes was set for 
12°C/minute.   
                    
The chamber was set for 20 cycles.  Upon completion of the 20 cycles, the twenty test boards 
were removed from the chamber and visually inspected with 10X magnification for voids, holes, 
wrinkles, streaks, cracking, delamination, blistering, or peeling of the coating.  Evidence of 
adhesion loss or discoloration of the copper conductors shall be reported.  All legends were 
examined and clarity of the legends through the coating was determined utilizing 10X 
magnification.   
 


 
THERMAL SHOCK 


 
All coated test boards were placed in Thermal Shock Test Chamber.  The cold chamber was 


set at -55oC ±5°C, and the hot portion of the chamber was set at 125C ±5°C.  The dwell time 
was set at 25 ± 2 minutes.  The transfer to temperature extremes was less than 2 minutes*. 
               
The chamber was set for 20 cycles.  Upon completion of the 20 cycles, the twenty test boards 
were removed from the chamber and visually inspected with 10X magnification for voids, holes, 
wrinkles, streaks, cracking, delamination, blistering, or peeling of the coating.  Evidence of 
adhesion loss or discoloration of the copper conductors shall be reported.  All legends were 
examined and clarity of the legends through the coating was determined utilizing 10X 
magnification.   
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*Note:  In the case of automatic two-chamber test equipment, a change-over period of less 
than 30 seconds is allowed per paragraph 1.6.5 of IEC 60068-2-14, test Na. 
 


 
SPECIMEN A - SUBGROUPS 


 
 


After exposure to Thermal Cycling and Thermal Shock testing, the specimens were broken into 
groups of 5 boards per group.   
 
The first group identified as boards 1 – 5 were utilized for the Damp Heat testing.   
 
The second group identified as boards 6 – 10 were utilized for Salt Mist testing. 
 
The third group identified as boards 11 – 15 were utilized for Thermal Aging testing. 
 
Teflon insulated wires, in the form of cables, were attached to the “Y” pattern and the comb 
pattern of the IEC 61086-2 boards.  The wire cables were long enough so that they would 
extend to the outside of the test chambers so that measurements could be obtained on the 
comb patterns during chamber exposure.  
 
For the Salt Mist test boards the leads were cleaned and the finger tabs coated with conformal 
coating (Humiseal 1A20) so as to cover all exposed metal surfaces; this being necessary so as 
not to introduce “false failures” that would be attributed to corroded finger tabs during the salt 
chamber exposure.  The exposed copper finger tabs naturally corrode within a salt environment.   
 
 


DAMP HEAT 
 
The five coated boards were placed in the center of a temperature and humidity test chamber.  
The wire cables which were attached to the comb patterns of the boards were dressed through 
a port in the side of the chamber in order to obtain measurements during exposure.  The cable 
ends were connected to an automated measuring device in order to obtain measurements at 
20 minute intervals during chamber exposure (96 hours).  The Initial measurements were 
obtained with 50 volts to insure that the test boards were sufficient for testing.  A measurement 
voltage of 50 volts was utilized during chamber exposure.  The test boards were exposed to 96 
hours at 40oC, ±2oC, with 90% relative humidity. 
 
Once completion of the 96 hour exposure, the results were recorded as the arithmetic mean of 
the measured values and the lowest value was reported.   
 
The boards were removed from the test chamber and tested for breakdown voltage in 
accordance with IEC 60243-1, Rapid Rise Method.  The voltage was applied to the wires 
attached to the “Y” pattern in 500v/second intervals until breakdown occurred.  The breakdown 
was recorded in kilovolts. 
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THERMAL AGING 


 
The five coated boards were placed in the center of a forced air circulation oven.  The wire 
cables which were attached to the comb patterns of the boards were dressed through a port in 
the side of the oven in order to obtain measurements during exposure.  The cable ends were 
connected to an automated measuring device in order to obtain measurements at 20 minute 
intervals during chamber exposure (500 hours).  The Initial measurements were obtained with 
50 volts to insure that the test boards were sufficient for testing.  A measurement voltage of 50 
volts was utilized during chamber exposure.  The test boards were exposed to 500 hours at 
125oC, ±2oC. 
 
Once completion of the 500 hour exposure, the results were recorded as the arithmetic mean 
of the measured values and the lowest value was reported.   
 
Upon completion of the 500 hours, the five test boards were removed from the oven and 
visually inspected with 10X magnification for voids, holes, wrinkles, streaks, cracking, 
delamination, blistering, or peeling of the coating.  Evidence of adhesion loss or discoloration of 
the copper conductors shall be reported.  All legends were examined and clarity of the legends 
through the coating was determined utilizing 10X magnification.   
 
 


SALT MIST 
 


The five coated boards were placed in the center of a salt mist test chamber.  The wire cables 
which were attached to the comb patterns of the boards were dressed through a port in the 
side of the chamber in order to obtain measurements during exposure.  The cable ends were 
connected to an automated measuring device in order to obtain measurements at 20 minute 
intervals during chamber exposure (96 hours).  The Initial measurements were obtained with 
50 volts to insure that the test boards were sufficient for testing.  A measurement voltage of 50 
volts was utilized during chamber exposure.  The test boards were exposed to 96 hours of a 
salt concentration of 5 ± 1% by weight of salt to 95 parts by weight of demineralized water. 
 
Once completion of the 96 hour exposure, the boards were removed from the test chamber and 
rinsed with running tap water for 5 minutes, then rinsed with demineralized water followed by 
air blasting to remove the water droplets from the boards.  The results were recorded as the 
arithmetic mean of the measured values and the lowest value was reported.   
 
Once cleaned of salt, the boards were tested for breakdown voltage in accordance with IEC 
60243-1, Rapid Rise Method.  The voltage was applied to the wires attached to the “Y” pattern 
in 500v/second intervals until breakdown occurred.  The breakdown was recorded in kilovolts. 
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TEST SPECIMENS B 
 


CLEANING 
 
The conductivity of a 4L solution consisting of 75% 2-propanol and 25% deionized water was 
measured, insuring that the solvent was not greater than 5.0 µSm-1.  Each individual sample 
was spray rinsed with 320 ml of the 75% 2-propanol and 25% deionized water solution making 
sure that both sides of the sample were rinsed over a time period of at least 300 seconds.  The 
conductivity of the extract was then measured using a conductivity bridge.  The final 
measurements were recorded for each individual sample. 
 


 
COATING 


 
All of the copper samples were coated and cured by the customer, and returned to NTS for 
testing. Once cured five of the specimens, were visually examined, tackiness assessed, and 
coating flexibility tested. 
 
 
Visual Inspection: 
 
The coated specimens were visually inspected with 10X magnification for voids, holes, wrinkles, 
streaks, cracking, delamination, blistering, or peeling of the coating or other evidence of loss of 
adhesion, or discoloration of the copper conductors.   
 
Tackiness: 
 
The coated specimens were tested individually as follows: 
 
The test was conducted at room temperature.  A piece of filter paper was placed on the 
specimen in such a manner that there was a space approximately 10 mm wide at one end 
which was not covered by the paper.  A soft rubber disc, 20 mm in diameter and a thickness of 5 
mm, was placed on top of the filter paper.  A cylindrical weight with a mass of 500 g and 20 mm 
in diameter was placed on the rubber disc.  The pressure was maintained for 1 minute and then 
the rubber disc and weight was removed.  The specimen with the paper attached was held in 
the vertical position.  The specimen was a) slightly vibrated, or b) the paper was lightly touched, 
or c) had to be forcibly removed in an attempt to remove the filter paper.  The results were 
recorded as a, b, or c for removal.  The specimens were then visually examined for evidence of 
filter paper fibers left on the coating surface. 
 
Flexibility: 
 
The coated specimens were tested individually as follows: 
 
A 3 mm (0.118”) diameter mandrel was placed in the center of the coated copper specimen.  
The specimens were bent over the mandrel at a steady rate without jerking over a period of 1 
second bending the specimen 180° over the mandrel.  The specimens were examined for 
cracking or crazing of the coating. 
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THERMAL SHOCK 


 
Five coated copper specimens were placed in Thermal Shock Test Chamber.  The cold 


chamber was set at -55oC ±5°C, and the hot portion of the chamber was set at 125C ±5°C.  
The dwell time was set at 25 ± 2 minutes.  The transfer to temperature extremes was less 
than 2 minutes*. 
               
The chamber was set for 20 cycles.  Upon completion of the 20 cycles, the copper specimens 
were removed from the chamber and visually inspected with 10X magnification for voids, holes, 
wrinkles, streaks, cracking, delamination, blistering, or peeling of the coating.  Evidence of 
adhesion loss or discoloration of the copper conductors shall be reported.  The specimens were 
examined utilizing 10X magnification. 
 
*Note:  In the case of automatic two-chamber test equipment, a change-over period of less 
than 30 seconds is allowed per paragraph 1.6.5 of IEC 60068-2-14, test Na. 
 
At the conclusion of the visual inspection each of the specimens were tested for flexibility.  A 3 
mm diameter mandrel was placed in the center of the coated copper specimen.  The specimens 
were bent over the mandrel at a steady rate without jerking over a period of 1 second bending 
the specimen 180° over the mandrel.  The specimens were examined for cracking or crazing of 
the coating. 
 
 


THERMAL AGING 
 


Five coated copper specimens were placed in the center of a forced air circulation oven.  The 
copper test specimens were exposed to 500 hours at 125oC, ±2oC. 
 
Once completion of the 500 hour exposure, the specimens were visually examined for voids, 
holes, wrinkles, streaks, cracking, delamination, blistering, or peeling of the coating or other 
evidence of loss of adhesion, or discoloration of the copper conductors utilizing 10X 
magnification.   
 
Upon completion of the visual examination each of the specimens were tested for flexibility.  A 3 
mm diameter mandrel was placed in the center of the coated copper specimen.  The specimens 
were bent over the mandrel at a steady rate without jerking over a period of 1 second bending 
the specimen 180° over the mandrel.  The specimens were examined for cracking or crazing of 
the coating. 
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TEST SPECIMENS C 
 


CLEANING 
 


The conductivity of a 4L solution consisting of 75% 2-propanol and 25% deionized water was 
measured, insuring that the solvent was not greater than 5.0 µSm-1.  Each individual sample 
was spray rinsed with 320 ml of the 75% 2-propanol and 25% deionized water solution making 
sure that both sides of the sample were rinsed over a time period of at least 300 seconds.  The 
conductivity of the extract was then measured using a conductivity bridge.  The final 
measurements were recorded for each individual sample. 
 


COATING 
 


The glass slides were coated and cured by the customer, and returned to NTS for testing.  Once 
cured the specimens were visually examined with 10X magnification for evidence of voids, 
holes, wrinkles, streaks, cracking, delamination, blistering, or peeling of the coating or other 
evidence of loss of adhesion. 


 
 


MOULD GROWTH 
 
A spore suspension was prepared according to paragraph 6.2 of IeC-60068-2-10 for test variant 
1. The following fungi were used with the concentrations shown: 
 


 
 
The fungal test samples were placed in a 29±1°C chamber with the RH above 90% but less 
than 100% where they were allowed to precondition for at least 4 hours. Following the 
preconditioning period the fungal test samples and controls were inoculated with the mixed 
fungus spore suspensions in a mineral salts solution (pH 6.58) by means of a fine mist atomizer.  
 
The control items were untreated cotton textile strips which had been dipped in nutritive solution 
and dried according to paragraph 6.3 of 60068-2-10.   
 
Immediately following inoculation, the fungal test samples and controls were placed in the 
chamber at 29±1°C chamber with the RH above 90% but less than 100%.  
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After 7 days, the growth on the control items was inspected to assure that the environmental 
conditions were suitable for growth. He cotton control strips were covered with fungal growth.  
 
After 28 days, the control strips and test samples were removed from the chamber. The test 
items were immediately examined microscopically up to 50x) for evidence of fungal growth. 
Portions of each test surface were then cleaned with 70% ethanol and microscopically 
inspected for etching or other visible damage.  
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REVISION TABLE 
 


Revision Date Description 


- 27-March-2020  Initial release 


1 07-April-2020 
 Mould Growth and Salt Mist results 


omitted per customer request.  


2 27-April-2020 


 Mould Growth results placed back into 
report per customer request, with added 
reference to IEC-61086-3-1 Table 2 
requirement of “not greater than level 1” 
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Salt Mist Testing on HumiSeal 1B73 Conformal Coating according IEC61086 
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1. Executive Summary 
 
HumiSeal 1B73 coating type was tested for protection against salt mist as per IEC 61086. 
 
HumiSeal 1B73 coating is acrylic type conformal coating. Humiseal manufacture various pre-blended 
varieties of 1B73 using a variety of solvent types and final coating liquid viscosity. The properties of 
all 1B73 materials after full cure are equivalent. Thus, as such, this report is applicable to all following 
materials: 
1B73 – and all dilutions/pre-blends 
1B73EPA – and all dilutions/pre-blends 
1B73LED – and all dilutions/pre-blends. LED version do not contain optical brightener. 
 
Coating, boards conditioning before salt mist was conducted in HumiSeal’s laboratories in Winnersh 
UK during May/June 2020. Salt Mist test was conducted at Environmental Test Services Limited 
Laboratory in Reading.  
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Berkshire RG41 5TU 
United Kingdom 
 
Tel:  +44 (0)1189 442333 
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2. Test Results 
 


5 x Specimen A - IEC 61086 Test boards were used to conduct salt mist test.  
Test set contained 2 samples (1, 2) of 1B73, 2 samples (3, 4) of 1B73EPA, and 1 sample (5) of 1B73LED. 
Prior the test samples were conditioned according the standard. 
 


Sample Set Quantity Samples Testing 


Specimen A 
IEC61086 test board 


5 
 


Cleaning 


Coating (thickness, visual, Fluorescence)  


Thermal Cycle (visual and adhesion)  


Thermal Shock (visual and adhesion)  


Salt Mist (IR every 20 mins and breakdown voltage)  


 


2.1  Cleaning 
 


REFERENCE  IEC 61086-2, Table A.1, paragraphs 3 – 3.1.2.3  


REQUIREMENT  The conductivity extract shall not be greater than 1.55 μg/cm² NaCl. 


TEST CONDITIONS  Samples were tested prior to coating  


RESULTS 0.2 - 0.3 μg/cm² NaCl 


SUMMARY  Samples meet the requirements.  


 
2.2  Coating 


 


REFERENCE  IEC 61086-2, Table A.1, paragraphs 3.1.3, 7.1, 7.2, and 7.3 


REQUIREMENT  Paragraph 3.1.3: The entire board surface, including sides and edges, 
shall be completely covered with the conformal coating. 


Paragraph 7.1: Any voids, holes, wrinkles, streaks, cracking, 
delamination, blistering, or peeling of the coating or other evidence of 
loss of adhesion, or discoloration of the copper conductors shall be 
reported. Any legends shall be clearly visible through the coating. 


Paragraph 7.2: The coating thickness shall meet the requirements of 
table 5 from IEC-61086-3-1 (25 to 75 microns for acrylic coating). The 
coating thickness shall be reported as the arithmetic mean of all the 
pad readings for each individual specimen. 


Paragraph 7.3: The result shall be reported as positive if fluorescence is 
apparent on visual examination. The specimens shall be examined with 
ultraviolet light in a dark room. 


SUMMARY  Samples meet the visual requirements. 
Samples meet the thickness requirements. 
1B73 and 1B73EPA samples fluoresce.  
1B73LED samples do not fluoresce. 


 







RESULTS: 
 
Visual Inspection: 
There was no evidence of voids, holes, wrinkles, streaks, cracking, delamination, blistering, or 
peeling of the coating or other evidence of loss of adhesion, or discoloration of the copper 
conductors. All legends were clearly visible through the coating. 
 
Thickness of the Coating: 
 


Board 
Coating Thickness (mm) 


Minimum Maximum Mean 
1 0.050 0.080 0.063 
2 0.051 0.080 0.065 


3 0.049 0.074 0.061 


4 0.052 0.079 0.062 


5 0.051 0.081 0.061 


 
Fluorescence of the Coating: 
1B73LED samples did not fluoresce when examined with an ultraviolet light, as expected.  
All other samples fluoresced. 
 


2.3  Thermal Cycling 
 


REFERENCE  IEC 61086-2, Table A.1, paragraphs 4.1 and 7.1, and IEC 60068-2-14, 
test Nb 


REQUIREMENT  After thermal cycling exposure the specimens shall be visually 
inspected in accordance with paragraph 7.1. 


Paragraph 7.1: Any voids, holes, wrinkles, streaks, cracking, 
delamination, blistering, or peeling of the coating or other evidence of 
loss of adhesion, or discoloration of the copper conductors shall be 
reported. Any legends shall be clearly visible through the coating. 


Per IEC-61086-3-1: There shall be no flaking or delamination of the 
coated film. 


TEST CONDITIONS  Cold: -55°C ±5°C, Hot: 125°C ±5°C. 
Dwell Time: 25 ± 2 minutes 
Number of Cycles: 20 
Change rate 12 ± 2 K/min (12±2°C per min) 


RESULTS Visual Inspection after Exposure: 
There was no evidence of voids, holes, wrinkles, streaks, cracking, 
delamination, blistering, or peeling of the coating or other evidence of 
loss of adhesion, or discoloration of the copper conductors. 
All legends were clearly visible through the coating. 
No flaking or delamination of the coated film was observed. 


SUMMARY  Samples meet the visual requirements after thermal cycling exposure. 







2.3  Thermal Shock 


 


REFERENCE  IEC 61086-2, Table A.1, paragraphs 4.2 and 7.1, and IEC 60068-2-14, 
test Na 


REQUIREMENT  After thermal cycling exposure the specimens shall be visually 
inspected in accordance with paragraph 7.1. 


Paragraph 7.1: Any voids, holes, wrinkles, streaks, cracking, 
delamination, blistering, or peeling of the coating or other evidence of 
loss of adhesion, or discoloration of the copper conductors shall be 
reported. Any legends shall be clearly visible through the coating. 


Per IEC-61086-3-1: There shall be no flaking or delamination of the 
coated film. 


TEST CONDITIONS  Cold: -55°C ±5°C, Hot: 125°C ±5°C. 
Dwell Time: 25 ± 2 minutes 
Number of Cycles: 20 


RESULTS Visual Inspection after Exposure: 
There was no evidence of voids, holes, wrinkles, streaks, cracking, 
delamination, blistering, or peeling of the coating or other evidence of 
loss of adhesion, or discoloration of the copper conductors. 
All legends were clearly visible through the coating. 
No flaking or delamination of the coated film was observed. 


SUMMARY  Samples meet the visual requirements after thermal shock exposure. 


 


2.4  Salt Mist 
 
REFERENCE  IEC 61086-2, Table A.1, paragraphs 4.5, 6.3, and 6.1.  


IEC 60068-2-11, Test Ka 


REQUIREMENT  Paragraph 6.3 (during exposure): The measurements shall be made 
using the electrodes of the comb pattern. See Figure 1 on page 4 of this 
report. Measurements are to be made at intervals of 20 ±1 minutes 
during exposure duration. 


The result shall be the arithmetic mean of the measured values; the 
lowest value of apparent resistance recorded shall also be reported. 


Paragraph 6.1 (after exposure): The test voltage shall be in accordance 
with IEC 60243-1 (rapid rise method) and shall be conducted on the “Y” 
pattern. The voltage breakdown shall be reported in kilovolts. 


Per IEC-61086-3-1: Not less than 1 x 109 Ω (1E+09Ω) 


TEST CONDITIONS  Test Temperature: (+35 ± 2)°C  
Test cycle: Each cycle consists of 8 h spray phase and 4 h rest phase 
Number of Cycles: 8 (exposure time: 96h) 


SUMMARY  Samples meet the requirements.  







RESULTS: 
 


Board 
Insulation resistance (Ohms) Voltage 


Breakdown (kV) Lowest Value Arithmetic Mean 


1 1.3E+10 6.3E+10 12.2 


2 1.4E+10 6.1E+10 11.1 


3 1.1E+10 5.8E+10 11.3 


4 1.4E+10 6.0E+10 10.6 


5 1.1E+10 6.8E+10 12.2 


 


 
 


3. Conclusion 
 
All specimens meet the IEC 61086-2 requirements for salt mist test. 
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4. Test Methods 
 


4.1 Cleaning 
 
Method: 
The Gen3 Systems Contaminometer CM12 was used to monitor the cleanliness of the test 
specimens. During the test, the sample was placed in an IPA/DI water mixture (75%/25%) and 
the conductivity of the solution was measured. The measured conductivity increase is 
converted to practical units μg/cm² NaCl. 
Results should be <1.55 μg/cm² NaCl 


 


4.2 Coating 
 


Method: 
Prior to coating the eight pads from the test boards were measured and recorded (see figure 1 
below). All of the boards were coated and cured in HumiSeal laboratory. Once cured the 
specimens were visually examined, thickness values assessed, and fluorescence determined. 
 


 
Figure 1. Test board  


 
 


Visual Inspection: 
All of the boards were visually inspected with 10X magnification for voids, holes, wrinkles, 
streaks, cracking, delamination, blistering, or peeling of the coating or other evidence of 
loss of adhesion, or discoloration of the copper conductors. All legends were examined for 
legibility through the coating. 
 







Thickness of the Coating: 
The eight pads of each of the boards identified as 1 – 5 were again measured, calculated to 
determine that the difference between the measurements were within the specified 
requirements. The arithmetic mean was recorded for each specimen. 
 
Fluorescence of the Coating: 
The specimens were examined and representative photographs were taken under an 
ultraviolet light in a dark room for coating fluorescence and observations were recorded. 


 
 


4.3 Thermal cycle 
 


All coated test boards were placed in Thermal Cycling Test Chamber.  
 


Equipment Espec Environmental Chamber ESPEC ESX 2 


Min temperature, Tmin (-55 ± 5) °C 


Max temperature, Tmax (+125 ± 5) °C 


Temperature gradient (12 ± 2) °C/min 


Dwell time at Tmin and Tmax (25 ± 2) min 


Number of cycles 20 


 
 
Upon completion samples were visually inspected with 10X magnification for voids, holes, 
wrinkles, streaks, cracking, delamination, blistering, or peeling of the coating. Evidence of 
adhesion loss or discoloration of the copper conductors shall be reported. All legends were 
examined and clarity of the legends through the coating was determined utilizing 10X 
magnification. 


 
 


4.4 Thermal shock 
 


All coated test boards were placed in Thermal Shock Test Chamber.  
 


Equipment Espec TSE11 Chamber (S/N 161002370) 


Min temperature, Tmin (-55 ± 5) °C 


Max temperature, Tmax (+125 ± 5) °C 


Transition time < 10s 


Dwell time at Tmin and Tmax (25 ± 2) min 


Number of cycles 20 


 
Upon completion samples were visually inspected with 10X magnification for voids, holes, 
wrinkles, streaks, cracking, delamination, blistering, or peeling of the coating. Evidence of 
adhesion loss or discoloration of the copper conductors shall be reported. All legends were 
examined and clarity of the legends through the coating was determined utilizing 10X 
magnification. 







4.5 Salt mist 


 
After exposure to Thermal Cycling and Thermal Shock testing, the specimens were subjected to 
salt mist test. 
Prior the test, Teflon coated wires were soldered to SIR and “Y” pattern. Next the leads were 
cleaned and the finger tabs were encapsulated with conformal coating to protect the 
connection. This being necessary so as not to introduce “false failures” that would be attributed 
to corroded finger tabs during the salt chamber exposure. The exposed copper finger tabs 
naturally corrode within a salt environment. 
 
The five coated boards were placed in the salt mist test chamber. The wire cables attached to 
the comb patterns of the boards were connected to AutoSir in order to obtain measurements 
during exposure (96h). 
 


Equipment Concoat AutoSir (S/N 10414) and UNI-T UT70A Ammeter 
S/N 106029353). 


Test conditions (+35 ± 2)°C, salt concentration of 5 ± 1% 


Test cycle Each test cycle consists of an 8 h spray phase and a 4 h 
rest phase as per figure 2 


Number of cycles 8 cycles (96hours) 


During exposure Insulation resistance measurement (comb pattern): 
• direct voltage (50 +/- 2) V 
• measurement interval (20 +/- 1) minute 


Requirements: Not less than 1 x 109 Ω 


After exposure Break down voltage on “Y” pattern, at 500v/second 


 


 
Figure 2. Salt mist test cycle 


 
Once completion of the 96 hour exposure, the boards were removed from the test chamber 
and rinsed with running tap water for 5 minutes, then rinsed with demineralized water followed 
by air blasting to remove the water droplets from the boards. The results were recorded as the 
arithmetic mean of the measured values and the lowest value was reported. 
Once cleaned of salt, the boards were tested for breakdown voltage in accordance with IEC 
60243-1, Rapid Rise Method. The voltage was applied to the wires attached to the “Y” pattern 
in 500v/second intervals until breakdown occurred. The breakdown was recorded in kilovolts. 
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2. Summary of the Test Results 
 

Test  Sample  Stage  Results  

Specimens A  

Cleanliness  20  Before coating  Met the requirements  

Coating, Thickness  10  Before coating  Measurements taken on pads 1 - 8  

Coating  20  

Visual Inspection  20  After coating  Met the requirements  

Thickness 20 After coating  Met the requirements  

Fluorescence  20 After coating  Met the requirements  

Thermal Cycling Exposure  20  

Visual Inspection  20 After exposure  Met the requirements  

Thermal Shock Exposure  20  

Visual Inspection  20  After exposure  Met the requirements  

Damp Heat (Moisture 

Resistance)  

5  

Insulation Resistance  5  During exposure  Arithmetic Mean Range:  

9.0 x 1011
 – 4.0 x 1012Ω.  

Lowest Value: 5 x 1011Ω  

Breakdown Voltage  5 After exposure  Lowest breakdown voltage 10.1 kV  

Thermal Aging  5  

Visual Inspection  5  After exposure  Met the requirements  

Insulation Resistance 5  During exposure  Arithmetic Mean Range:  

8.0 x 1011
 – 3.0 x 1012Ω.  

Lowest Value: 1 x 1011Ω 

Breakdown Voltage  5 After exposure  Lowest breakdown voltage 9.9 kV  

Salt Mist    

Insulation Resistance 5  During exposure  Arithmetic Mean Range:  

5.8 x 1010
 – 6.8 x 1010Ω.  

Lowest Value: 1.1 x 1010Ω 

Breakdown Voltage  5  After exposure  Lowest breakdown voltage 10.6 kV 

Specimens B  

Cleanliness  15   Met the requirements  

Coating  15  

Visual  5  After coating  Met the requirements  

Tackiness  5  After coating  Met the requirements  

Flexibility  5 After coating  Met the requirements  

Thermal Shock  5  

Visual Inspection  5 After exposure  Met the requirements  

Flexibility  5  After exposure  Met the requirements  

Thermal Aging  5  

Visual Inspection  5  After exposure  Met the requirements  

Flexibility  5  After exposure  Met the requirements  

Specimens C  

Cleanliness  5  Before coating  Met the requirements  

Coating  5  

Visual Inspection  5  After coating  Met the requirements  

Mould Growth, Visual 

Inspection  

5 After coating  Met the requirements  

Specimens D  

Visual Inspection  5  After coating  Met the requirements  

Flammability  5  After coating  Met V-0 rating  

(UL File Number E105698) 

 




