
 

Abstract—Flowers of sulfur testing of conformal coatings is 
well researched and established. However, the electronics 
industry has a long history of testing based on mixed-flowing gas 
environments. This work compares the results of testing three 
commonly available conformal coatings using the flowers of 
sulfur, the mixed flowing gas and the iodine vapor tests. 
Serpentine thin films of copper and silver were coated with the 
conformal coatings under test and the corrosion rates of the 
underlying thin films were measured by electrical means in the 
flowers of sulfur and the mixed-flowing gas environments. In the 
iodine vapor test the extent of thin film corrosion was visually 
evaluated. The extent of corrosion of the metal films was used as 
a measure of the conformal coating performance. The three test 
results were in qualitative agreement.  

Keywords—Conformal coatings, flowers of sulfur, mixed-
flowing gas, iodine vapor test, thin film corrosion, thin film 
resistance.  

I. INTRODUCTION 
Conventional conformal coating evaluation involves 

coating the actual hardware with the coating under test, 
subjecting the coated hardware to corrosive environments, and 
characterizing the coating based on the mean time to failure of 
the hardware [1]. The main drawback of the conventional test 
is its duration, often extending into many months. A much 
quicker method, that takes just a few days, has been developed 
that considers the degree of corrosion protection the coatings 
provide the underlying coated metal thin films when exposed 
to a flowers of sulfur (FoS) environment [2].  The corrosion 
rates of the coated metal thin films were measured using 
electrical resistance means. In this work, we extended the 
method to the use of mixed-flowing gas (MFG) environment, 
traditionally the environment of choice for testing electronic 
hardware. We also tested the coatings using the iodine vapor 
test which allows an even faster quality assessment [3]. We 
compared the three test methods in their characterization of 
three coatings: acrylic, fluorinated acrylic, and atomic layer 
deposited (ALD) coatings.  

II. TEST METHOD 
Conformal coatings were quantitively characterized by the 

degree of corrosion protection the coatings provided the 
underlying coated 800-nm thick silver and copper serpentine 
thin films when exposed to corrosive flowers of sulfur or 
mixed-flowing gas environments. The corrosion rates of the 
coated metal thin films in the FoS and the MFG environments 
were measured electrically via the rates of change of the 
resistance of the films. Test runs were made in low (7-10%), 
medium (32-34%) and high (70-75%) relative humidity 
environments at 30 or 40o C. The temperature of the thin films 
and the coatings was varied from near room temperature to as 

high as 75 oC using joule heating. The temperature of each 
coating was measured using 50-µm diameter T-type 
thermocouples glued to the coating.  Figure 1 shows the steps 
followed to determine the thickness of metal film corroded 
away as a function of time during 5 periods. The example 
shown is for testing in FoS environment. During period one, 
the test chamber was at room temperature. For the remaining 
4 periods the chamber temperature was raised to and held 
constant at 40 oC. During day 2, the joule heating resulting 
from 100 mA current raised the film temperature slightly 
above the ambient to 42 oC nominally; during day 3, the 200 
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Fig. 1.  Steps are shown to get to the thickness of silver corroded as a 
function of time. This example is for bare silver corroding in 40 oC, 
10% RH environment. The conformal coating temperatures could be 
stepped to various values via joule heating of the metal thin films.  



mA current raised the film temperature to 52 oC nominally; 
during day 4, the 300 mA current raised the film temperature 
to 68 oC nominally; and during day 5, the 100 mA current 
lowered the film temperature to 43 oC nominally. The jog in 
the as measured resistance plot, we term “uncompensated” 
resistance, at the time of change of temperature of the film is 
the direct result of the temperature coefficient of electrical 
resistivity of the metal film. We can compensate for this effect 
by calculating the film resistance if the film was to be cooled 
to 40 oC. This corrected film resistance, with the jogs 
smoothened out, is plotted in Fig. 1. Knowing that the film 
thickness is inversely proportional to its resistance, the 
thickness of metal film corroded away can be calculated and 
plotted as in Fig. 1.  

The above-described procedure was repeated in low, 
medium, and high relative humidity ambiences at 40 oC in FoS 
and at 30 oC in MFG environments, on copper and silver thin 
films coated with the three coating under test along with 
uncoated thin films. 

 The iodine vapor test involved exposing coated serpentine 
metal thin films to iodine vapor at 40 oC and 100% RH for 30 
and 60 minutes and visually estimating the extent of the metal 
film corrosion. The iodine vapor comes off an iodine saturated 
aqueous solution at 70 oC in a sealed container [3]. 

III. RESULTS AND DISCUSSIONS 
 Only the silver portion of the results in 32-34% relative 

humidity test run are shown in Fig. 2. The plots of thickness 
of silver corroded versus time have almost no jogs when the 
thin film temperature is changed, indicating well-chosen 
values of the silver coefficient of electrical resistance. It was 
discovered that the selected coefficient of resistivity value had 
little effect on the calculated corrosion rates. From the slope 
of these plots, the corrosion rates can be obtained and plotted 
in an Arrhenius fashion as shown in Fig. 2. The results from 
FoS and the MFG testing are in quantitative agreement: The 
ALD coating provided the best corrosion protection to the 
coated metal film; the fluorinated acrylic the next best 
protection and the acrylic coating the least protection.  

The iodine vapor test results are shown in Fig. 3. The bare 
silver thin film shown is before exposure; the films coated 
with the three coatings are shown after 30 minutes of exposure 
to iodine vapors and humidity. Silver under ALD coating 
corroded the least; the silver under the fluorinated coating 
corroded more and the silver under the acrylic coating 
corroded the most.  

IV. CONCLUSION 
 The FoS and the MFG test results were in quantitative 

agreement in their characterization of the corrosion protective 
nature of the acrylic, the fluorinated acrylic, and the atomic 
layer deposited coatings. The iodine vapor test, which took 
only 30 minutes, was qualitative in nature. Its results agreed 
with those of the FoS and the MFG tests. 
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Mixed-flowing gas testing Flowers of sulfur testing 

Fig. 2.  Comparison of mixed-flowing gas and flowers of sulfur testing.  

  
Bare silver before exposure Acrylic on silver film 

  
Fluorinated acrylic on silver Atomic layer deposit on silver 
 
Fig. 3.  Bare silver thin film before exposure to iodine vapors. The three 
coated silver thin films are shown after 30 minutes in iodine vapors at 
40 oC emanating from a saturated iodine aqueous solution at 70 oC. 
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