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Preface

In June 1991, a programme was started at IVF en-
titled “The International Conformal Coating Pro-
gramme” (The ICC-Programme). In phase I of the
programme the following four subprojects were
performed:

ESA Influence of Flux Residues and Conformal
Coatings on the Surface Resistance Properties of
Spacecraft Circuit Boards

A.1 Evaluation of the Capability of Conformal
Coatings to Prevent Degradation of Printed
Circuit Boards in Harsh Environments

B.1 Evaluation of the Compatibility of Solder
Masks and Conformal Coatings

B.2 Evaluation of the Influence of Flux Residues
on the Reliability of Conformally Coated
PCB Assemblies

The work is sponsored by the Swedish National
Board for Industrial and Technical Development
in Sweden and by the following companies: Alfa-
Laval Agri Int. AB, Bofors AB, Concoat Ltd, De-
fence Material Administration (in Sweden), Erics-

son Radar Electronics AB, Ericsson Telecom AB,
Esab Arc Equipment AB, European Space Agen-
cy, FFV Aerotech, Measurement Technology Li-
mited, Norsk Forsvarsteknologi as, Saab Combi-
tech AB, SATT Control AB and Viktor Hassel-
blad AB.

This report is a reduced version of the report for
project B.1 in which the product names for the tes-
ted products have been coded and some informa-
tion and results have been omitted. The complete
report from project B.1, as well as the complete
reports from projects A.1 and B.2, are available
only for the companies sponsoring the program-
me.

Reduced and coded reports which are open for
everyone have also been published for the A.1
project (IVF Research Publication 93803) and the
B.2 project (IVF Research Publication 93811).
The results from the ESA-project have been pu-
blished in ESA Journal (Vol. 16, No. 3, 1992, pp
255-273).

Per-Erik Tegehall

Copyright © 1993 by The Swedish Institute of Production Engineering Research

All rights reserveds
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Abstract

The compatibility of seven conformal coatings,
from different generic groups, and nine solder
masks has been investigated. A test board of FR-4
type was used for the investigation. The board was
equipped with comb patterns and footprints for
different types of components and coated with the
solder masks but not soldered. In addition, polyi-
mide and FR-4 boards, without solder masks,
were used as reference boards.

After the boards had been conformally coated,
they were exposed to two consecutive tests, namely
a humidity test and a thermal cycling test. During
the humidity test, the surface insulation resistance
was measured for one comb pattern and between
the solder pads for two footprints, one with solder
masks between the solder pads and one without.
After each test, all boards were inspected using
optical microscopy for failures and the adhesion of
the conformal coatings to the substrate was tested
using a cut-adhesion test.

Even though the boards coated with some of the
solder masks had a rather high ionic contamina-
tion, the surface insulation resistance was very little
affected by this contamination, both on conformal-
ly coated boards and on boards without conformal
coating.

The adhesion for four of the conformal coatings
was quite poor to most of the solder masks before
the tests. For one of these, the adhesion was im-
proved by the humidity test but for the other the
adhesion was not affected or deteriorated by the
humidity test. For one other coating, the adhesion
was good before the humidity test but poor after
the test. In all cases the adhesion was improved by
the thermal cycling test.

Despite the poor adhesion of the conformal coa-
tings to the solder masks on some of the test
boards, neither of the two tests caused any bliste-
ring or peeling of the conformal coatings.
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2  Material

2.1 Test board twelve chip capacitors type 2220 on Segment 5

The lay-out of the test board is shown in Figure 1. and two 28-terminal small outline components on

The board is divided into eight segments. It has Segment 6.
footprints for mounting of one 68-terminal lead- Segments 1 and 3-6 are equipped with comb pat-
less ceramic chip carrier on Segment 3, one 68- terns for surface insulation resistance (SIR) mea-
terminal plastic leaded chip carrier on Segment 4, surements, but only the comb pattern on Segment
1 was used for SIR measurements in
this investigation. The conductors in
the comb patterns have a nominal
width and insulation distance of 250
pum. The number of squares for the
1 9 | comb pattern on Segment 1 is 2500.
3 % 4
st il il §§§M§6
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Figure 1 Lay-out of the test board.
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The solder pads on Segments 3 and 4 are connec-
ted so that the surface insulation resistance can be
measured between them.

Segment 2 is equipped with a solder-plated metal
surface intended for measurement of the thickness
of applied conformal coatings.

Segment 7 is a free surface and Segment 8 has via
holes with the following diameters; 0,35, 0,50,
0,65, 0,80 and 1,00 mm. On Segments 7 and 8§,
there are also via holes with a diameter of 1,00
mm for mounting of a connector (not done in this
project).

Panels of FR-4 laminate (450 x 350 mm) with
copper pattern, eight test boards on each panel,
were produced by a PCB manufacturer. Most of
the panels were sent to manufactures of solder
masks for application of the chosen solder masks,
three panels for each solder mask. An exception
were the screen-printable solder masks which were
applied by the PCB producer. The comb pattern
on Segment 1 of the test boards was completely
covered by the solder masks, all other comb pat-
terns were free from solder masks. The solder
masks were also applied between the solder pads
on Segments 3 and 6, whereas no solder masks
were applied between the solder pads on Segment
4. After the solder masks had been applied, the pa-
nels were returned to the PCB producer for Hot
Air Solder Levelling (HASL). Then each panel
was cut into eight printed circuit boards (100 x
160 mm).

In addition, test boards of FR-4 and polyimide
without solder masks were prepared at the same
time to be used as reference boards.

2.2 Solder masks

Nine solder masks were tested in the investigation.
A short description of the solder masks is given
below.

Wet photoimageable solder masks

Solder Mask 1 is a three-component, solvent-de-
veloping epoxy-based solder mask. The coating
had a thickness of 30-35 um on epoxy surfaces on
the test boards.

Solder Mask 2 is a one compound, aqueous-deve-
loping solder mask of epoxy chemistry. It is deve-

loped in sodium or potassium carbonate. The coa-
ting had a thickness of 40-45 pm on epoxy surfa-
ces on the test boards.

Solder Mask 3 is a two-component solder mask.
It is developed in sodium carbonate. The coating
had a thickness of 45-50 pm on epoxy surfaces on
the test boards.

Solder Mask 4 is a two-component, solvent-deve-
loping solder mask based on epoxy chemistry. The
coating had a thickness of 40-45 pm on epoxy sur-
faces on the test boards.

Dry film (photoimageable) solder masks

Solder Mask 5 is an aqueous processable solder
mask based on epoxy chemistry. It is developed in
sodium or potassium carbonate. The dry film has a
thickness of 58 pm.

Solder Mask 6 is an aqueous processable solder
mask. It is developed in sodium carbonate. The
dry film has a thickness of 75 pm.

Solder Mask 7 is an aqueous processable solder
mask. It is developed in aqueous solution of sodi-
um carbonate monohydrate or potassium carbona-
te. The dry film has a thickness of 75 pm.

Screen-printable solder masks

Solder Mask 8 is a two-component solder mask
suitable for flexible circuit boards. The coating
had a thickness of 20-25 pm on epoxy surfaces on
the test boards.

Solder Mask 9 is a two-component epoxy solder
mask. The coating had a thickness of 25-30 pm on
epoxy surfaces on the test boards.

2.3 Conformal coatings

Seven conformal coatings were tested. They are
the same conformal coatings that were tested in a
previous project [2]. A short description of the
conformal coatings and how they were applied is
given below.

Coating A is a one part, air-drying acrylic pro-
duct. It was applied by dipping and was first air
dried for one day and then heat treated at 80°C for
3 hours.
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Coating B is a two-part, heat curing polyurethane
coating. It was diluted with a thinner to give a
thinner coating. It was applied by dipping and was
cured at 65°C for 9 hours.

Coating C is a one part, air-drying polyurethane
product. The product does not contain any isocya-
nates. It was applied by dipping and was first air
dried for one day and was then heated at 80°C for
15 hours.

Coating D is a one part product based upon modi-
fied epoxy resins. It was applied by dipping and
was air dried.

Coating E is a solventless, two-part silicone pro-

duct. It was applied using a brush and was cured at
65°C for 24 hours. However, this heat treatment
did not cure the coating completely on some
boards, especially the unsoldered boards. Therefo-
re, all boards were cured for another 12 hours at
100°C. Before coating with Coating E, the boards
were coated with a primer.

Coating F is a solventless, one-part heat-curing
silicone coating. To achieve a thinner coating the
product was diluted with toluene. It was applied
by dipping and it was cured at 110°C for 30 minu-
tes.

Coating G is a vapour deposited coating. The coa-
ting formed is very uniform and without pinholes.




THE SWEDISH PSTITUTET
v @ ol

O
ENGINEERING ‘ ‘ I S
RESEARCH FORSKNING

IVF Research Publication 93810

3 Experimental work

3.1 Test procedure

Measurement of ionic contamination

Two test boards coated with each solder mask
were analyzed using Protonique MCM-1 for deter-
mination of the ionic contamination [4, 5].

Examination of the topography

The topography of the surface of the solder masks
and the epoxy and polyimide surfaces on the refe-
rence boards were examined using scanning elec-
tron microscopy. A small piece from one board of
each type was used for the investigation.

Cleaning

Only the boards to be coated with Coating G were
cleaned before the application of the conformal
coatings. These boards were cleaned using a special
cleaning sequence before the coating was applied.
All other boards were conformally coated without
prior cleaning.

Drying
The test boards were dried at 125°C for one hour
according to MIL-I-46058C. They were then stored

in a dry atmosphere until they were conformally
coated.

Application of conformal coatings

The test boards to be coated with Coating E were
first coated with a primer to enhance the adhesion
of the conformal coating.

Coating E was applied by brushing and the other
coatings were applied by dipping. The dip coating
was performed using a Concoat DC 2000 Dip
Coater. The test boards were immersed with a
speed of 100 mm/min and withdrawn with a speed
of 125 mm/min except for the application of Coa-
tings B and F for which the boards were wit-
hdrawn with a speed of 75 mm/min. All boards
were dried or cured in a vertical position.

Each conformal coating was applied to three
boards of each surface state.

3.2 Test methods

All together 264 test boards were tested, 24 boards
of each surface state. Table 1 shows how the test
boards were evaluated in the investigation.

Humid environmental test

Two test boards of each combination of surface
state and conformal coatings were tested according
to IPC-TM-650 test method 2.6.3.1 class 3. In this
test, the temperature is cycled between 25 and
65°C at 90-98% RH for 160 h, three cycles per
day.

Table 1 Evaluation matrix showing how the test boards were tested in the investigation.

Board 12 2-5, 7-8, 10-11, 13- 3-4,7, 10,
number 14, 16-17, 19-20, 22- | 13, 16, 19,
23 22

2-24

4-24
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The SIR of the comb pattern on Segment 1 and
between the solder pads on Segments 3 and 4 was
measured once every 24 hours during the high
temperature phase of a cycle on one board of each
combination of surface state and conformal coa-
ting. According to the standard, a polarization vol-
tage of 100 V DC shall be applied during the test
and the SIR measurements should be taken at 500
V DC. However, in this investigation a polariza-
tion voltage of 5 V DC was used and the SIR mea-
surements were also taken at 5 V DC with the
same polarity. This test method was considered to
give more realistic test conditions.

To enable automatic measurements, the test pat-
terns were connected in parallel during the test.
Resistors (100 kohm) were connected in series
with each comb pattern. This would limit the cur-
rent density if short circuits formed between the
test patterns due to electrochemical migration. As
for all automatic measurement systems, some cur-
rent leakage will inevitably occur in the switches
which limits the reliability of the measured values.
For this system it was shown that SIR values be-
tween 1-2000 Mohm could be measured accura-
tely.

Thermal cycling

After the humidity test, the boards that were not
used for the SIR measurements were tested in a
thermal cycling test, i.e. one board of each combi-
nation of solder mask and conformal coating. In
the thermal cycling test, the test boards were expo-
sed to rapid changes in temperature in air by alter-
nate exposures in three chambers at different tem-
peratures. At the start, the boards were moved
from a chamber at room temperature to a chamber
at -55°C. After 30 minutes in this chamber, the
boards were moved back to the chamber at room
temperature for three minutes. Then the boards
were moved to a warm chamber at 100°C. After
30 minutes in this chamber, the cycle was finished
by moving the boards back to the chamber at room

temperature for three minutes. All movements bet-
ween the chambers were performed within about 5
seconds. The number of cycles was 500.

Before the test was started, the conformal coatings
were cut through using a scalpel on an area that
was coated with both solder mask and conformal
coating. The cuts were drawn to form a right-angle
lattice pattern with two millimetre spacing. This
was done to see if it caused peeling of the confor-
mal coatings.

Adhesion

The adhesion of the conformal coatings to the va-
rious solder masks was assessed on all conformal-
ly coated test boards according to ISO 2409
(cross-cut adhesion). In this test, a right-angle lat-
tice pattern is cut into the coating, penetrating
through to the substrate. A multi-blade cutting
tool with six cutting edges spaced one and a half
millimetre apart was used for the cutting. After the
cuts had been drawn, an adhesive tape was applied
over the area of the lattice and was then removed.
The test area was classified according to Table 6.

The property measured by this empirical test pro-
cedure depends, among other factors, on the adhe-
sion of the coating to the substrate. It also depends
on the properties of the conformal coating such as
the hardness, the toughness and the thickness of
the coating. Furthermore, the adhesive tape used
for the tests had varying adhesion to the different
conformal coatings. It had almost no adhesion to
the silicone coatings.

All measurements were performed after all tests
were finished, i.e two months after the boards
were coated.

Optical inspection

The test boards were visually inspected after each
test for changes in the appearance of the coatings
as well as other changes, for example formation of
cracks in solder joints and formation of dendrites.
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4 Results

4.1 Ionic contamination

The results from the measurements of the ionic

contamination on the test boards after t
tion of the solder masks and HASL are
in Table 2. Notable is the high ionic co

he applica-
presented
ntamina-

tion on the boards coated with the dry film solder
masks (Solder Masks 5-7) and the flexible, screen-

printable solder mask (Solder Mask 8§).

Table 2 Ionic contamination levels on the test boards
measured after the application of solder masks and

HASL.

4.2 Topography of the solder masks

The topography of the surface of the solder masks
and the epoxy and polyimide surfaces on the refe-
rence boards is shown in Figures 2a-k. All solder
masks have a much smoother surface than the
epoxy and polyimide surfaces on the reference
boards. For the latter, the surface looks like the
surface of a sponge.

No solder mask (Polyimide)

0,215 and 0,240

No solder mask (FR-4)

0,657 and 0,696

Solder Mask 1

0,045 and 0,080

Solder Mask 2

0,106 and 0,133

Solder Mask 3 0,469 and 0,603
Solder Mask 4 0,098 and 0,123
Solder Mask 5 2,867 and 2,910
Solder Mask 6 2,611 and 2,633
Solder Mask 7 2,335 and 2,339

Solder Mask 8

1,840 and 1,877

Solder Mask 9

0,098 and 0,115

10
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Figure 2 Scanning electron micrographs of the surface of (a) Polyimide (reference board), (b) FR-4
(reference board), (¢) Solder Mask 1, (d) Solder Mask 2, (e) Solder Mask 3, (f) Solder Mask 4,
(continued on next page).

11
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Figure 2 (Continued from previous page) (g) Solder Mask 5, (h) Solder Mask 6, (i) Solder Mask 7,
(j) Solder Mask 8 and (k) Solder Mask 9.

12
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4.3 Application of conformal
coatings

The coating thicknesses obtained with the various
conformal coatings are given in Table 3. For most
of the conformal coatings the thickness has been
calculated as the coating weight divided by the
area of the board.

Table 3 Measured or calculated thicknesses of the
applied conformal coatings. The calculated
values are calculated as mean values from the
weight of the conformal coatings on the

boards.

Coating A 30-32
Coating B 45-50
Coating C 30-33
Coating D 25-28
Coating E 60-65
Coating F 42-45
Coating G 16*

* Measured on an aluminium sample

4.4 SIR measurements

To make it easier to compare the results from the
SIR measurements, the geometric average for the
three measurement points on each test boards are
presented in Figs. 3 and 4. The results from the
SIR measurements have been compressed still
more in Table 4 in which the geometric average
and the standard deviation for all measurements
on the test patterns on each test board are presented.

13
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Figure 3 Geometric average of the SIR for the three measurements on each test board. Each picture shows
the influence of the conformal coatings for the boards coated with the different solder masks.
M no coating, (] Coating A, ® Coating B, O Coating C, A Coating D, /\ Coating E, ® Coating F

and © Coating G.
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Figure 4 Geometric average of the SIR for the measurements on each test board. Each picture shows the
influence of the surface state for the boards coated with each conformal coating. B Polyimide (no

solder mask), (] FR-4 (no solder mask), ¢ Solder Mask 1, OSolder Mask 2, A Solder Mask 3,
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Mask 9.
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Table 4 Geometric average of all SIR-measurements for the measurements on each board. The
standard deviation is given below the figures for the average values.

No solder mask || 8,78 | 8,86 9,47 8,73 9,39 824 | 892 | 10,06 9,08
(Polyimide) 034 | 0727 0,63 0,58 0,31 0,57 | 1,09 0,40

No solder mask || 8,37 | 8,86 9,59 9,14 8,98 732 | 8,48 8,38 8,68
(FR-) 0,58 | 0726 0,35 0,28 0,31 1,08 | 0,55 0,22

SolderMask1 || 9,00 | 9,21 9,79 9,30 9,16 872 | 8,87 8,79 9,10
0,18 | 0,19 0,55 0,21 0,16 0,19 | 0,16 0,35

Solder Mask2 || 8,66 | 8,80 8,81 8,58 8,81 7,80 | 8,65 8,81 8,61
031 | 031 0,41 0,24 0,33 0,18 | 0,26 0,55

Solder Mask3 || 8,86 | 9,31 9,41 8,97 9,00 837 | 9,05 9,19 5,04
022 | 035 0,40 0,23 0,19 026 | 023 0,29

Solder Mask 4 || 834 | 8,72 9,02 8,74 8,70 8,53 8,61 9,02 8,77
0,19 | 024 0,50 0,37 0,33 0,09 | 024 | o032

Solder Mask 5 || 7,94 | 8,18 8,46 7,98 8,12 7,79 | 800 | 830 8,12
024 | 036 0,46 0,32 0,36 020 | 024 | 0,41

Solder Mask 6 || 8,00 | 7,87 8,33 7,86 8,13 8,09 | 831 8,33 8,15
041 | 044 0,60 0,37 0,45 041 | 0,51 0,51

SolderMask7 || 8,36 | 8,70 9,27 8,90 8,65 8,63 8,55 9,46 3,88
0,59 | 0,17 0,19 0,13 0,09 035 | 0,13 0,38

Solder Mask 8 || 6,92 | 7,80 8,50 7,56 3,12 7,78 | 8,61 8,06 7,96
0,65 | 0,23 0,25 0,16 024 | 021 024 | 0,41

Solder Mask9 || 9,32 | 9,52 9,81 9,39 9,59 8,8 | 9,60 8,48 9,32
053 | 0,72 0,59 0,49 0,30 064 | 0,48 0,84

Average® 838 | 867 9,02 8,62 8,70 8,29 | 8,65 8,74 r

® Average for the coated boards (i.e. uncoated board is excluded)

b Average for boards with solder mask applied (i.e. boards without solder mask excluded)

In Figure 5, the average for uncoated boards is
compared with the average for all coated boards
for each type of surface state. In the same way in
Figure 6, the average for the boards without solder
mask is compared with the average for all boards
with solder mask for each conformal coating.

Figure 5 shows that the various solder masks have
small influence on the SIR on boards both with
and without conformal coatings. Despite the fact
that the boards coated with the dry film solder
masks had quite a high ionic contamination (2,3-
2,9 pg/cm? eq. NaCl), the SIR does not seem to
have been very much affected by this contamina-
tion. The boards coated with Solder Mask & had
also a rather high ionic contamination (1,8-1,9 pg/

cm? eq. NaCl). In this case the ionic contamina-
tion affected the SIR on the board without confor-
mal coating but very little on most of the confor-
mally coated boards (Table 4).

In a parallel investigation of the effect of flux resi-
dues [2], the SIR was decreased several decades at
much lower levels of ionic contamination. This
shows that different types of ionic contamination
have quite disparate influence on the SIR. The io-
nic contamination found on the test boards used in
this investigation was not analyzed further, so the
chemical composition of the contamination is not
known. Obviously, it is of a much more benign
category than most flux residues.

16
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Figure 5 Comparison of the geometric average of the SIR for uncoated and coated boards (see Table 4).
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Figure 6 Comparison of the geometric average of the SIR for boards without solder masks (Polyimide and FR-4)
and boards with solder masks (see Table 4).
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Figure 6 shows that, for the FR-4 boards without
and with solder mask, the SIR is about the same
for all conformal coatings. The only exception is
the boards coated with Coating E for which the
FR-4 board without solder mask had an SIR of
about one decade lower value than the boards with
solder mask. As mentioned, the Coating E coating
was difficult to cure on the FR-4 board without
solder mask. The reason for this is not known, but
it is probably the cause for the low SIR. It can also
be noted that for the polyimide boards, the SIR
was improved by the Coatings F and G.

4.5 Optical inspection after the
tests

Very few changes were observed after the humid
environmental test. Some corrosion had occurred
on the copper surfaces beneath Solder Mask 8 on
all conformally coated boards but not on the un-
coated board (Figs. 7a and b). For the boards coa-

ted with Solder Mask 9, the copper surface beco-
me very dark beneath the solder mask during the
humid environmental test.

Even less changes were observed after the thermal
cycling test. No peeling or blistering of the confor-
mal coatings was observed on any of the boards,
not even at those places where the conformal coa-
tings had been cut through using a scalpel before
the tests. In fact, Coating A started to peel off on
the boards with the Solder Masks 1, 4, 6 and 8
when the cuts were made, but these damages “hea-
led” during the thermal cycling test.

The most notable changes after the thermal cyc-
ling were that the Solder Masks 6 and 7 cracked
during the thermal cycling test (Fig. 7¢), the for-
mer severely. This was in accordance with the in-
formation given by the solder masks producers.
However, Coating G prevented completely the
cracking of both these solder masks (Fig. 7d),
whereas Coatings A, C and D decreased the crack
formation on Solder Mask 7.
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Figure 7 Photographs (a) and (b) show two boards with solder mask Solder Mask 8 after the humidity
test; (a) without conformal coating and (b) coated with Coating A. Photographs (c) and (d)
show two boards with solder mask Solder Mask 6 after the thermal cycling test; (c) without
conformal coating and (d) coated with Coating G.
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4.6 Adhesion of the conformal
coatings

The cross-cut adhesion of the conformal coatings
to the different test boards, measured after all the
tests had been performed, is presented in Table 5.

All conformal coatings had good adhesion to the
polyimide and FR-4 boards without solder masks.

On the boards that had not been exposed to the hu-
midity and thermal cycling tests, the adhesion of
Coatings A, B and C was rather poor to most of
the solder masks. The adhesion of Coating D was
a little better but not as good as the adhesion of
Coatings E and F. However, since the silicone
coatings are very soft, it is easy to cut through
them with the knives. Also, the adhesive tape used
for testing the adhesion had almost no adhesion to
these coatings. Thus, the low figures for the silico-
ne coatings do not necessary mean that the adhesi-
on is good. The figures for Coating G indicate that
the adhesion of this conformal coating is not so
good but this is not the case. This coating is very
tough and hard to cut through with the type of kni-
ves used for the adhesion test. This is the main
cause for not getting better figures for Coating G.

The adhesion of the Coatings E and G was very
little affected by the environmental tests. For some
of the boards coated with Coatings A, B and espe-
cially F, the adhesion of the conformal coatings
deteriorated during the humidity test. This was
most pronounced for the boards coated with Sol-
der Masks 3, 5 and 7. For the boards coated with
the other solder masks, the adhesion of the confor-
mal coatings was in many cases improved by the
humidity test, especially the boards coated with
Coating C.

For the conformal coatings where the adhesion
was not so good after the humidity test, that is
Coatings A, B, D and F, the adhesion was impro-
ved by the thermal cycling test. In fact, the adhesi-
on was in most cases better after the thermal cyc-
ling test than it was on the boards that had not
been tested.

The best adhesion of the conformal coatings was
obtained to Solder Mask 1 followed by Solder
Mask 2. The worst adhesion was obtained to Sol-
der Mask 3.

Table 5 The effect of the humidity and thermal cycling tests on the adhesion of the
conformal coatings to the various surface states. The ratings given for the
adhesion are explained in Table 6. The three figures show the adhesion of the
conformal coatings on boards that have not been tested, that have been exposed
for the humidity test and that have been exposed for the humidity and the
thermal cycling test, respectively.

[ No solder mask (Polyimide) || 0,0,0 | 2,0,0] 0,0,0§ 0,0,0{ 1,1,1| 0,0,0 | 0,0, 0
No solder mask (FR-4) 0,0,0{ 0,00} 0,0,0}000}1,11] 0,00]0,00
Solder* 0,00 4,2,2|0,02]020]|1,1,1] 422]22:2

Solder Mask 1 2,0,0 | 220|0,00)000]}1,1,1]000]22:2
Solder Mask 2 52,1 4,1,0[3,1,0]000(1,1,1] 020222
Solder Mask 3 3,521351/|s5,53]|s5,50]1,1,1] 250222
Solder Mask 4 5,521 450|3,20]3,42]1,1,1] 0,00 ]272,2
Solder Mask § 1,5,4] 4,5,2]500]050]|1,1,1]040]222
Solder Mask 6 5.2,0| 451|500 200]1,1,1]050]222
Solder Mask 7 2,42 | 451500240 1,1,1]050]22:2
Solder Mask 8 5551352 400]440]1,1,1] 0,20]222
Solder Mask 9 3,551 421|520]540}1,1,1]0,00]222

* Measured on the solder surface on Segment 2 on the FR-4 boards without solder mask.
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Table 6 Ratings for the adhesion of the conformal coatings to the underlying surface,

0 The edges of the cuts are completely smooth: none of the squares of the
lattice is detached.

1 Detachment of small flakes of the coating at the intersections of the cuts. A
cross-cut area not significantly greater than 5% is affected.

2 The coating has flaked along the edges and/or at the intersections of the
cuts. A cross-cut area significantly greater than 5%, but not significantly
greater than 15%, is affected.

3 The coating has flaked along the edges of the cuts partly or wholly in large
ribbons, and/or it has flaked partly or wholly on different parts of the
squares. A cross-cut area significantly greater than 15%, but not
significantly greater than 35%, is affected.

4 The coating has flaked along the edges of the cuts in large ribbons and/or
some squares have detached partly or wholly. A cross-cut area significantly
greater than 35%, but not significantly greater than 65%, is affected.

5 Any degree of flaking that cannot even be classified by classification 4.
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S Discussion

5.1 Correlation between adhesion

and performance

In most cases the adhesion of the conformal coa-
tings was much better to the polyimide and epoxy
surfaces on the reference boards than to the solder
masks. The main explanation for this result is pro-
bably the difference in topography. The polyimide
and epoxy surfaces on the reference boards have a
lot of channels and holes that make it possible for
the conformal coatings to be mechanically locked
to the surfaces. This create a very strong bonding
of the coatings to the substrate. The much
smoother surfaces on the solder masks do not offer
this possibility of mechanical locking of the con-
formal coatings. Although there are small differen-
ces in the topography for the solder masks, it do
not seem to be of any importance to the adhesion
of the conformal coatings. In fact, for one of the
solder masks that had the least smooth surface,
Solder Mask 8, a rather poor adhesion of the con-
formal coatings was obtained. Thus, the chemical
bonding of the conformal coatings to the solder
masks is crucial for the adhesion of the conformal
coatings.

Even though the adhesion of some of the confor-
mal coatings was quite poor to several of the sol-
der masks, no blistering or peeling of any of the
conformal coatings occurred during the environ-
mental tests. The situation might have been diffe-
rent if the boards had been soldered and flux resi-
dues had remained on the surfaces of the solder
masks. lonic contaminants are usually hygrosco-
pic. That means that above a certain level of relati-
ve humidity, the ionic contaminant will absorb
water, through the conformal coating, forming a
saturated solution. An osmotic pressure is formed
by the solution which, depending on the molar
concentration of the contaminant, can be from less
than one bar up to several hundred bar [6]. Since
no conformal coatings can be expected to
withstand such high pressures without blistering,

it is doubtful if the adhesion of the conformal coa-
ting is important for preventing blistering caused
by ionic contamination. Of course, both ionic and
non-ionic contamination may cause blistering of
conformal coatings by physically preventing the
bonding of the conformal coatings to the underly-
ing substrate. However, that has nothing to do
with how good the adhesion of the conformal coa-
tings are to the solder masks under clean condi-
tions.

A situation at which the adhesion is of importance
1s during thermal cycling. Due to mismatch of co-
efficients of thermal expansion for different mate-
rials on a circuit assembly, the conformal coatings
are exposed for tensile and compressive stress, es-
pecially around solder joints, which may causes
delamination if the adhesion is poor. In this case,
the properties of the conformal coatings are also
important. An elastic coating will not delaminate
as easily as a hard and inflexible coating, even if
the adhesion is somewhat better for the latter.

The reason for the improved adhesion caused by
the thermal cycling test and, in the case of Coating
C, the humidity test is not clear. One possible ex-
planation is that either the solder masks or the
conformal coatings (or both) were not completely
cured before the test but become cured during the
heating in the tests.

5.2 Comments to the adhesion test

As already mentioned, the results from the cut-
adhesion test depend not only on the adhesion of
the conformal coatings to the substrate. They de-
pend also on the properties of the conformal coa-
ting such as the hardness, the toughness and the
thickness of the coating. During the cutting of the
conformal coatings, they are exposed for tensile
and compressive stress which causes the delami-
nation. In fact, the situation is similar to what hap-
pens when delamination is caused by thermal cyc-
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ling. Thus, despite the drawbacks with the test
method, the cut-adhesion test is probably useful
for evaluation of the resistance against delamina-
tion due to changes in temperature. However, the
test was performed only at one temperature and,
since the properties of conformal coatings are de-
pending on the temperature, the results may have
been different at other temperatures.
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6 Conclusions

The adhesion of conformal coatings is generally
worse to solder masks than to epoxy or polyimide
resins in printed circuit boards. This is partly cau-
sed by the difference in topography of the surfa-
ces. The surface of solder masks is much smoother
than the surfaces of the resins in printed circuit
boards. This make it more difficult for the confor-
mal coatings to be mechanically locked to the sur-
faces of solder masks.

There were big differences in adhesion of the con-
formal coatings to the tested solder masks. The
adhesion was best to Solder Mask 1 followed by
Solder Mask 2. Worst were the adhesion to Solder
Mask 3. This difference in adhesion to the various
solder masks is probably caused by differences in
the chemical properties of the surface of the solder
masks.

Of the tested conformal coatings, Coating G had
excellent adhesion to all tested solder masks. The
adhesion of Coating E was also good but in this
case the results were affected because the coating
is very soft and the adhesion of the adhesive tape
used for the test was poor to the coating. The other
silicone coating, Coating F, had poor adhesion to
most of the solder masks after the humidity test,
but the adhesion was good before the humidity
test and after the thermal cycling test. The other
conformal coatings, Coatings A, B, C and D, had
poor adhesion to most of the tested solder masks
before the humidity test. Except for Coating C, the
adhesion was also poor after the humidity test.
However, for these conformal coatings, the adhe-
sion was improved considerably by the thermal
cycling test.

The rather poor adhesion of several of the confor-
mal coatings to the solder masks, did not cause
any blistering of the conformal coatings, neither
did the rather high ionic contamination on the test
board coated with some of the solder masks.
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