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Objective:

CONFCRMAL COATINGS FOR
PRINTED CIRCUIT ASSEMBLIES

Third Quarterly Report for the period of Feb. 1, 1962

to April 15, 1962.

Phase A: Evaluate commercially available conformal coating

materials used as protective coatings on printed circuit
boardc in order to obtaim data for the preparation of a
three services coordinated military specification which will
provide sufficient physical, mechanical and electrical
properties to assure satisfactory performance of printed
circuit assemblies over long storage periods and under high
hymidity conditions.

Phase B: Investigate a method of removing the coating from
the board to permit replacement of parts when necessary
without impairing the functional operations of the unit.

Phase C: Evaluate, for possible ungrading purposes, allow-
able minimum spacings between conductors on uncoated and
coated boards as described in paragraphs 5.1.5 of MIL-STD-

275A,
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PHASE A

PURPOSE

The purpose of this project is to evaluate commercially available
conformal coating materials used as protective coatings on printed
circuit boards in order to obtain data for the preparation of a
three services coordinated military specification which will pro-
vide sufficisnt physical, mechanical, and electrical properties

to assure satisfactory performance of printed circuit assemblies
cver long storage periods and under high humidity conditions.

In this report, the Stages are defined as follows:-

Stage A

Investigation of epoxy resin conformal coatings on XXXP,
glass-epoxy and paper-epoxy copper clad lsminate series
specified in MIL-P-13949B and PR & C 61-SIMSA-L&2.

" Task 1 Two-part epoxy resin coating systems

Part 1 Characteristics of epoxy resin coatings studied.
Part 2 Curing Schedule.

Task 2 Test Panels uszed.
Task 3 Precoating Preparation of Surface

Part 1 Cleaning.
Part 2 Soldering.

Task i Method of Coating Application

Task 5 Physical and Electrical Properties of
Epoxy Resin Coating Systems.

Part 1 Appearance and Adhesion.
Part 2 Thiclness measurements.

Part 3 Dielectric Constant arg Dissipation Factor
of disc specimens.

Part I Dissipation Factor and Q-Factor of coated test
panels.

Part 5 Dielectric Withstanding Voltage (initial).
Part 6 Thermal cycling.

Part 7 Dielectric Withstanding Voltage (after thermal
cycling).

-1-



PHASE B

PHASE C

PURPOSE
(Continued)

Part 8 Insulation resistance and appearance under
moisture conditions.

Part 9 Dielsctric Withstanding Voltage (after moisture
test).

Part 10 Abrasion Resistance.
Part 11 Ruggedization.

Part 12 Flexibility.

Stage B. ‘
Investigation of polyurethane resin conformal coatings on XXXP
and glass-epoxy, copper-clad laminate series specified in
MIL-P-1391:98 and PR & C 61-SIMSA-L82.
Tasks 1 - 5 The same as Stage A where application is feasible.
Stage C.
Investigation of Slllcone~¢;:‘f solvmer coatings on lass-epoxy
and gilicone-glass copper-clad laminate scries specified in
HIL-P-139L9B.
Tasks 1 - 5 The same as Stage A where apjlication is feasible.
Stage D.

Investigation of MIL-V-173 varnishes on glass-epoxy, XXXP and
paper-epoxy laminates per MIL-P-139L9B.

Tasks 1 - 5 The same as Stage A where aprlication is feasible,
Investipgate a method of removing the coating from the poard to permit
renlacement of parts when necessary, without impairing the functional
operations of the unit.

Stage A. Investigation of chemical stripping of conformal coating as a
method of repairing printed wiring assembly.

Stage B. Investigation of mechanical stripping of conformal coating as a
method of repairing printed wiring assembly.

Stage C. Investigation of chemical-mechanical stripping of conformal cozating
as a method of repairing printed wiring assembly.

Evaluate, for possible ungrading purposes, allowable minimum spacings between

conductors on coated and uncoated boards as described in Paragraph 5.1.5
of MIL-STD<275A.

-2-
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Stage A

ABSTRACT
PHASE A _

Investigation of epoxy resin conformal coatings on XXXP, glass-

epoxy, and naver-epoxy coprer-clad laminate series specified in

MIL-P-13949B and FR & C 61-SIMSA-L82.

Task S Pnysical and Electrical Properties of Epoxy Resin

Coated Systems.

Part 10 Abrasion Resistance

Epoxies C, F and I were coated on L"x L" steel plates and
subjected to 20C cycles of abrasion on a Tabor Abrasor
Machine as specified in Method 6192 of FED-STD-141. Analysis
of the results showed that the wear index was higher in a
solvent-based systems than in 100% solids systems.

Part 11 Ruggedization

Evoxies C, F and I were coated on printed circuit assemblies
having a samoling of the most common types of components
found on printed circuit assemblies. It was found that, when
the coated assemblies were subjected to a high trequency
vibration specified in Method 204A of MIL-STD-202B, there

was no evidence of cracking or crazihg of the coatirg was noted

Part 12 Flexibility

Epoxies C, F and I were coated to a thickness of 0.012% 0.007
inches on 0.010 inches thick tin foil. The coating was
allowed to cure according to the manufacturer's instructions.
When the flexibility test was performed according to Method
6221 of FED-STD-1L1, it was found that none of the epoxy

coatings showed. evidence of cracking or crasing.
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Stage B

Stage C

Investigation of polyuretrane resin conformal coatings on

XXXP, glass-epoxy and paper-epoxy, copper clad laminate series

specified in MIL-P-13949B and PR & C 61-SIMSA-4B82.

Task 5 Physical and Electrical Properties of Polyurethane
Resin Coating Systems.

Part 10 Abrasion Resistance

Polyurethanes AA,BB,CC and HH were coated on L x L inch
steel plates and subjected to 200 cycles of abrasion on
a Tabor Abrading Machine specified in Method 6192 of
FED-STD-1L1. Analysis of the results revealed that the
wear index did not differ much between polyurethane sam
but had lower wear indices than the epoxy coatings.

Part 11 Ruggedization

When the polyurethane coatings were subjected to the
gsame test described in Part 11, Phase 5 of Task A, ther
was nc evidence of cracking or crazing of the coating.

Part 12 Flexibility

When polyurethanes coatings AA,BB,CC and HH were tested
according to method 6221 of FED-STD-1hl, it was found
that all the coatings passed except polyurethame HH whi

cracked when flexed.

ples,

ch

Investigation of silicone - based polymer coatings cn glass-epoxy

copper clad laminate series specified in MIL-P-139L9B.

Task I Silicone - based polymer coatings

!

Part 1 - Characteristics of silicone - based polymer coating

systems.

W o At sk 13



Two silicone - based pelymer ~oatings that were suggested for use
on ovrinted circuil assembiies were investigated. These two
coatings met the reguirements of para. 2bof PR & € 61-STMSA-L82.
One coating was a Jne comnonent %ype and the other a two component

type. Both coatinss were solveni.based systems.

Part..2 . Curing Schedule

Both coatines were cured at room temperature for 2L hours.

Task 2 Test Panels Used

Test panels used were fabriczied Zrerm tus rarallel line pattern(Specimen X)
descrited in ¥ig. I, Nowe 7 of [MIL-F.S5110, or GE, GB and GF laminates and

is shoum in the Aprendix p. 1iv,

Task 2 Precoating Preparation of Sarface

Part 1 Tleaning

To eliminats all ccrrosion effects other than from testing of
the coataing 1tself, a stepwise cleaniug technique for tune couper
surface of the specimen vanels was devised.

Task L Methed of Toatzng Applicat.on

All specimens were biush coatad.

Task b Pnysicel auu biectriiai Proncrties of Silizone Resin Coating Systems

Part 1 Aprearance and Adnesion

-y - -

rancls revealed no ovidence of
tlistering, wrinkling, cracking and pseling of the coatiny
nor corresion cf printed conductors. All coatings exhibited

goed adhesion to specimen zest nanels,

art ¢ Thiclkness measurements

1 were coated to a2 thiclkmess 22 2.004 - 0,002



Part L Dissipation Factor and Q-Factor of Coated Test Panels

The dissipation factor and Q-value of the coating was determined,

using Specimen X, at 1,50 and 100 mec. by calculating the relative

wzs found that the Q-value and dissipation factor differsnce

between the coated and uncoated patterns did not change much as the

frequency increased.

Stage D
Investigation of MIL-V-173 varnishes for use as conformal coatings

cn glass-epoxy XAXP and paper-epoxy laminates per }‘I]i-P-139h9B.

Task 1 MIL-V-173 Varnishes

Part 1 Characteristics of MIL-V-173 Varnishes

Two MIL-V-173 varnishes, commonly used at Motorola, were chosen for
use as contormzl coatings. These two coatings met the requirements
of rara. 2b of MR & C 61-SIMSi-L82. Both coatings were of the one

component type and are listed ir QFL-173.

Part 2 Curing Schedule

Both coatings were cured for 5 hours at room temperature.

Task 2 Test Panels Used

The test panels used wer fabricated, from two parallel line pattern

descrited in Fig. 1, note 7 of MIL-P-55110, on type PP,PE,GE,GB and

-3
GF laminates.
Task 3 Precoating Preparation of Surface

Part 1 CQleaning

The same cleaning method stated in Task C, phase 3, part I was used.

Task U4 Method of Coating Application

All srecimens were brush coatcd.
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Task 5 Physical and Electrical Properties of MFP Varnish Coatings Systems.

Stage A

Part 1 Appearance and Adhesion

A visual check of the coatings revealed both of the coatings
wrinkled when cured. However, both coatings exhibited good
adhesion to specimen test panels. When MFP varnishes are coated
to thiclkness above 0.002 inches, wrinkling occurs because of the
coating drying initially on the surface.

Part 2 Thickness Measurements

All specimen test panels were coated to a thickness of 0.004 Z 0.002

inches.

Part 4 Dissipation Factor and Q-Factor of Coated Test Panels

The dissipation factor and Q-value of the coating was détermined,
using specimen X,at 1,50 and 100 mc. It was found that the

Q-value decreased with increasing freguency. Q-values of the
coatings were higher on the glass-epoxy than the paper base laminate

indicating good dielectric properties of MFP coatings.

PHASE B

Investigation of Chemical stripping of conformal coatings to facilitate

Repair of printed wiring assembly.

Twenty eight solvents that were recommended for stripping of epoxies and
polyurethanes, were evaluated as to corrosivity of copper and stripping
effect on epoxies and polyurethane coatings. It was found that twelve
of the solvents softened and/or lifted the polyurethane and epoxy coating

without corroding the copper conductors.

T A AP T s s
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Stage B
Investigation on Mechanical Strivping of Conformance Coating to

facilitate repair of rrinted wire assembly.

Hot and "Cocl" soldering iron techniques were evaluated. It
was found that a hot iron whose tip is a 6000F, chars and

. recdeposits the material on the circuitry. However, when a
"cooler" iron, whose tin temperature is between 350 to LOOCF, is

used the resin softens which then can be scraped off easily.

Stage C

Investigation on Chemical-Mechanical Stripping of Conformal

Coating to Facilitate repair of printed wiring assembly.

A technique, which includes techniques evaluated in Stages A

and 2, was developed and given a pilot run through our production
facility. It was found that an assembly can be repaired with
the rminimum of time and with less damage to the printed wiring
assembly using this technique.

PHASE C

Evaluate, for possiblc upgrading purposes, allowable minimum

snacings between conductors on coated and uncoated boards as

described in para. 5.1.5 of MIL-STD-275A,

130 test patierns, shown in the Aprendix, p. v, were fabricated
and coated with the epoxy and polyurethane coatings. A circuit
capable of handling 50 watts was designed for each spacing and
is shown in the Appendix p. vi. Spacings will be tested at
various voltage ratings, as specified in para. 5.1.5 of

MIL-STD-275A, vs. altitude to determime if power requiremeamts can
be upgraded.
-8-
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PBLICATIONS, LECTURES, REPORTS AND CONFERENCES

On March 2k, 1962, the writer visited
the Dow Corning Corporation to obtain
information on silicone coatings and

their effect on printed wiring boards.
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3nages A & B

FACTUAL DATA

PHASE A

Investigation of epoxy and polyurethane conformal coatings on

raper-base and glass-epoxy copper-clad laminate series specified

in MIL-P-139L9B.

Task 5 Phyeical and Elecurical Properties of Epoxy and polyurethane

Conformal Coatings.

Part 10 Abrasion Resistance (Wear Index)

Eroxy and rolyurethane coatings were brush coated on 4 inch
% L inch steel rlates to a thickness of 0.012 % 0.007 inches.
The coated nanels were initially cured according to the

ma wfacturcr's information and then allowed to cure for seven

.

days prior tc per: r.zing the avrasiun tests. For each epoxy

ccating, three coated plates were tested and their results

averaged. The wear index of the coating was determined as
follows:~
The coated steel piates were w.ighed initially tc the
nearest 0.1 milligram and the weights recorded. They were
then placed on the turntable of the Tabor Abraser i'achir.
and subjected to 200 cycles of abrasion using CS-10 Calibraee
vheels with 1C0C gram load anrlied to the wheels. After
the test, the coated plates were re-weighed to the nezrest
C.1 milligram and the weights reccrded. The uear Index was

czlculsted as follows: -

“ear Index (WI) = (A-B) 1000

C

A = weight of test specimen before abrasion

to

= yeight of test specimen after abrasion

C = number of cycles of abrasion recorded.
This data is presented in the Appendix, prge vii

=10-



Jart 11 Ruggedizaticn

The epoxy and rolyurethane coatings were coated over some printed
‘circuit assemblies containing "dummy" components. The heaviest
component mounted on these boards weighed 31 grams. Coating
thiclmese varied from 0.C03 inches for epoxy F to 0.015 inches for
Zroxy C. Two cocztec assemblies were run for each coating. Three
tncoated assembliss were ter ed with the coated assemblies. The
assertlies were subjected to a vibration test specified in Kethod

ZCli of MIL-STD-202B and then reexamined for evidence of cracking

or crazing of coating.

Part 12 Flexibility

e eroxy znd wolyurethane coatings were trush coated onto 0.010

inch _hick tin foil to a thickness of C.0121 0,007 inches. The
costinis were cured accordiné ¢ the manutfacturers specificavions.

Tre gr:cimenc were allowed to cure at room temperature conditions

“rier 2o testing. The flexing test was performed using the following
technigues=

Me test panel uas placed coated side upper-zost on a 1/3

_ack s ismeter stainless steel rod at a roin'. egually distant fraom
the top and bottom edges of the panel. The coated nanel was

bent double in about 1 second. The coating was examined at

- the bend for evidence of cracking or crazing.

Investigation of silicone-based polymer coatings on glass-epoxy and

cilicone-glass copper clad laminate series specified in iIL-P-139L9B.

=11~
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Tagk 1 Silicone-based volymer coctings.

Part 1 Characteristics of silicone-base polymer coatings.

The silicone coatings were reevaluated because the two silicone
coatings discussed in Quarterly Report No. 2 did not meet the
specified tests. One silicone coating wrinkled when cured and
the other showed evidence of copper corrosion when exposed to
humidity conditions. The two coatings that will be described in
this rerort were solvent-based coatings. Of the two silicone
coetings desc ibed, one is a two component system and the other a
one component tyve.

Part 2 Curing Schedule

The two coating systems were cured at room temperature for 2l hours.

Task 2 'lest Panels used

T™e test panels used were the two parallel-lines-pattern (Specimen X)
fabricated in accordance with Figure 1, Note 7 of MIL-P-55110. A

ciagram of these test patterns appears in the Appendix, Table III at the

end of this report.

The test panels were prenared on the following copper-clad laminates, C.062

inches thick, cooper-one side with one and two ounces:
Type GE - Epoxy resin -~ glass fabric base.
Type GB - Epoxy resin ~ glass fabric base, general purpose,
temperature resistant.
Tyve GF - Epoxy resin - glass fabric, flame retardant.
For each silicone coating, three coated test panels and 1 uncoated test

panel, for use as a control, of each of the above mentioned laminates

vas used,

<12-
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Task 3 Precosting Preparation of Surface

Parts 1 and 2 Cleaning and Soldering

Sare procedure as described in Phase 3 of Task C.

Task L rethod of coating application

A1l test specimerns were brush coated.

Task 5 Physical and Electrical Properties of MIL-V-173 varnishes

Part 1 Adhesion and appearance

After the specimen nanels were coated and cured, they were
visually examined for blistering, wrinkling, cracking and
reeling of the coating and corrosion of the conductors.

Part 2 Thickness keasurements

“rocedure descrited in Part 2, rhase 5 of Task C was followed.

Part i Q-Factor and Dissipation Factor of the Coated Test Panele

Procedure described in Part L, phase 5 of Task C was followed.
PHASE B

investigation of chemical stricring of conformal coat:ng as a method of

resairing orinted wiring assembly.
Twenty eight solvents anc écmpounds that were recommended for use as
stricoers of epoxy and rolyurethane coatings were evaluated as to the
fcllouing nurameters:-
(1) Corrosion effect on corger.
(2) Effectiveness as a stripper of eroxy and nolyurethane coatin:s.
Tre rrocedure for determining thcose parameters is as follows:-
(1) Corrosicn effect on conper.,
1 x 3 inch atripe of Type PP,PE,L. :iF and GB coprer-
clad laminates were dipned into the twenty eipht soivents.

Prior to dirping into the solvenus, the copper surface was

-15-
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(1) Resonate Q-Meter (1) without specimen and note Q2 (Voltmeter
reading) and Co readings.

(2) Place test specimen in Q-meter Circuit and resonate circuit
again and note Q, and C, readings.

(3) Calculate Qy of coating as follows:-

x =@ Q (C2 - )
(@ -Qq) 0

From this the dissipation factor is:-

DF= 1

Ox
This data is presented in the Appendix, page ix.

Stage D
Investigation of MiL-V-173 varnishes for use as conformal coatings on

paper-base and glass-epoxy laminates specified in MIL-P-139L9B.

Task 1 MIL=-V-173 varnishes.

Part 1 Characteristics of MIL-V-173 varnishes

These varnishes are of tte moisture-and-fumgus-resistant type,
congisting of a para-phenyl phenol-formaldehyde resin in combination
on the tung olil and suitable solvents. They are made fungistatic by
the addition of 7% salicylanilide. The two varnishes evaluated are
on QPL-173 and are commonly used at Motorola,

Part  Curing Schedule

The varnishes were cured at room temperature for 5 hours.

Task 2 Test Panels Used

Test panels used are the same as described in Task 2 of Stage C,

except that the paper-base laminates are included in the evaluation.



Task 3 Precosting Preparation of Surface

Parts 1 and 2 Cleaning and Soldering

Sanre rrocedure as described in Phase 3 of Task C.

Task I Hethod of coating application

All test speciuiers were brush coated.
Task 5 Physical and Electrical Properties of MIL-V-173 varnishes

Part 1 Adhesion and appearance

After the specimen panels were coated and cured, they were
visually examined for blistering, wrinkling, cracking and
reeling of the coating and corrosion of the conductors.

Part 2 Thickness Measurements

Srocedure descrited in Part 2, rhase & of Task C was followed.

Part I Q-Factor and Dissipation Factor of the Coated Test Panele

Procedure described in Part L, phase 5 of Task C was followed.
PHASE B

investigation of chemical stricring of conformal coating as a method of

regairing orinted wiring assembly.

Twenty eight solvents anc éompounds that were recommended for use as
strippers of epoxy and rolyurethane coatings were evaluated as to the
£cllouing nurameters:-
(1) Corrosion effect on corger.
(2) Effectiveness as a stripper of eroxy and nolyurethane coatinzs.
Tre rrocedure for determining thcse parameters is as follows:-
(1) Corrosicn effect on copoper,
1 x 3 inch stripg of Type PP,PE,L. :iF and GB copper~
clad laminates uwere dipned into the twenty eight solvents.

Prior to dirping into the solvenus, the copper surface was

-15-



scrubbed with pamice to remove oxides and residues. The
coprer clad laminated were dipped for 15 minutes after which
they were allowed to dry overnight. The laminates were
then examined under the microscone for attack of copper
as well as attack on the laminate.

(2) Effectiveness of stripping of epoxy and polyurethane coatings.
A few drops of the strippers were placed on coated epoxy
and polyurethane specimens. After 15 and 30 minutes the
coating was examined for attzck.
The ratz for this investigation aprears on the Appendix, p. x.

Investization of mechanical stripring of conformal coating as a method cf

repairing nrinted wiring asvemtly.

Mhe only technique investigated is the ;se of a 60-watt soldering iron in
removing the cozting. The tin temperature was controlled by varying the
line voltage. This technicue ttilizes burning or softening the coating
with # hot scoldering iren an: thon removing the coating with a suitable

scr.niag tool, |

Shuge C
Investigation of chemical-mechanical strinping of confcrmal coating as

a method of reyairing printed wiring assembly.

This ‘“echnique involves the use of a chemical stripper as well as hot
solder ircn to effect removal of the conformal coating. This technique
uzs evaluated in rrcducticn where 75 boards that were coated had to have

several resistors chznged,

PHASE G

Evaluate, for rossible ungrading purnoses, allowable minimum spacings

between conductors on coated and uncoated boards as described in paragraphs
5.15 of MIL-STD-275A. 16~ -
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A test patterm was devised for this test that duplicates the
spacings described in Tables I through IV of MIL-STD-275A. A

sketch of this test panel appears in the Appendix, page v.

A test circuit was developed and is shown in the Appendix, page vi.

The coated and uncoated panels would be placed in an altitude chamber
and the voltages described in Tables I through IV of MIL-STD-275A

will be applied to each spacing. Coated specimens will be evaluated at
50,000 feet whereas uncoated specimens will be evaluated at 10,000 feet.
After the power is applied to the circuit, the resistance across the

spacings will be measured to determine when breakdown occurs.



CONCLUSION
PHASE A

Stages A & B

Investigation of epoxy resir and polyurethane conformal coatings

on XXXP, glass-epoxy and paper-epoxy copper-clad laminate series

specified ir. MIL-P-:39L9B.

Task 5 Physical and Electrical Properties of Epoxy Resin and

Polyurethane Coating Systems.

Part 10 Abrasion Resistance

Analysis of the wear index results for epoxy coatings reveals
that there is a marked difference in the data. This

difference is attributed to the percentage solids of the coating
system. When the solids content is low, then the wear index

is high. This is due tc the possibllity of solvant teing
trapped in the cured cAating. This is demonstrated in

the following cases:

Epoxy C 100% solids wear Index = 0.0L3
Epoxy F 20% solids wear Index = 0.130
Epoxy I 60% solids wear Index = 0.070

The polyurethanes, on the other hand, exhibited a higher
degree of abrasion resistarce then t° epoxies. This is
evidenced from the results. Polyurethane GG exhibited a
higher wear index than polyurethanes AA and BB. However,
no conclusion can be drawn whether this is caused by
solvent entrappment or not.

Part 11 Ruggedization

When the assemblies coated with epoxy and polyurethanes
coatings were subjected to high and low frequency vibration,
there was no evidence of cracking or crazing of the'coating.

One interesting fact can be concluded from this test, that is the
----- . o ~18-



thickness of the coating does not enhance bettef ruggedization
properties of the assemblies. This fact i= only true if

good assembly techniques are followed, that i. making sure
that the bodies of components are touching the surface of

the beard wherever possitie.

Part 12 Flexibility

then the flexibility test was performed, it was found that ail
srecimens, epoxy and polyurethane, passed except polyurethane
HH which cracked severely when fluxed. Agzain, in this test,

thickness of the coating did not enhance better flexibility.

Stages C and D

p———— - -

Investigation of silicone - based polymers and MFP varnishes for

uge ag conformal coatings on the paper base and glass-epoxy laminate

 series.specified in MIL-P-139L9B and PR & C 61-SIMSA-L5Z.

Task 1 Silicone and MFP coating systems

Part 1 Characteristics of silicones and MFP varnish coating systems.

A1)l the silicone and MFP vamish coating systems studied met
the following characteristics:

(a) Suitability for dip, spray or brush coat application.

(b} Transparency when fully cured.

(e) Cured at room temperature.

(d) Coating formmulation fungus inert.
The IFP varnishes studied were all one component systems whereas

the silicones were one and two comoonent systems.

-19-



Part 2 Curing Schedule

All MFP varnish coatings were cured at room temperature
for 5 hours.
All silicone coatings were cured at room temperature for 2L hours.

Task i Method of Coating Application

A1l coatings were brush coated on specimen test panels.

Task & Physical and Electrical Properties of MFP and Silicone coating systems.

Part 1 Appearance and Adhesion of coatings

The test panels coated with the silicone coatings exhibited no
blistering, wrinkling, cracking, or peeling of the coating and no
corrosion of printed conductors. These coatings alsc exhitited good
adhesion to test nanels. However, the MFP coated panels showed a
arinkled conditicn after curing.

Tart 2 Thickness measurements

£11 specimen test panels were coated to a thickness of 0.004 I 0.002

inches.

Part l: Q<Factor and Dissipation Factor of the Cozted BDoards.

Analysis of the results showed Shat the highest Q-values vere
on:tained with the glass-croxy laminates as ccompared to the paper-
Lase materials. Due to the thinness of the coatings, the Q-values
did not exhibit a great change from the uncoated boards. This was
true expecially of the silicone sanmrles, btecause =ilicone possess
good ‘lielectric rroperties over the frequency range from 1 to 100 mc.
The riata “rom this phase will be plotted to determine how these
coatings behsve over this frequency range when compared to epox as

and polyurethanes and will be presented in the next Quarterly Report.
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PHASE B

Stage A
Investigation of Chemical stripping of conformal coating as a methcd

of repairing printed wiring assembly.

The conclusions drawn from this investigation can be summarized as follows:-
(1) Epoxy and polyurethane coatings were softened and/or lifted when
exposed to 1l of these solvents., The solvents which had no effect
on these coatings will ke discarded.
(2) Soivents A,B, and Q caused severe corrosion of copper. All other
materials did not give evidence of corrosion.
(3) Type PP laminate was attached most severely by these solvents
| whereas type GB laminate was the least attached.
By the use of these sirippings, both rolyurethane and epoxy resin conformal
coatings can te softened by swelling within 15 rinutes after anplication

of solvent stripperafter which the resin can be scrapped off the circuitry.

Stage B
Investigation of mechanical stricping of conformal coating as a method

of repairing printed wiring assembly.

In the ..c of the soldering run technique, it was found that a very hot
rocri chars and redeposits the resin on the conper circuitry making it
difficult to unsolder a connection., MHcuaver, when a "cooler" temperature
of “he iron wes used the resin coating softened which made removal eacier.
General
A form letter was s2nt to various large electronic manufacturers enlisting
their aid in the Phase B of this program. We have asked, in the letter,
for any orocedures that they use in removing conformal coatings to

effect revair. As of this date, no answers have been received as yet.

'7 o V - »_ B 7, ‘ -7 7 : -21-




e

(1)
(2)

(3)

PROGRAM FCR NEXT INTERVAL

Complete Stages C and F of Phase A where needed.

Phase B

a. Jetermine whether procedures evolved in Stages A,B and C
are suitable for actual use. From this specify a standardized
procedure for removing conformal coating.

b. After standard procedure is determined, recoat test patterns

and subject to 10 day humidity.

. Complete Phase C.
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TABLE VI
ABRASION RESISTANCE DATA AND WEAR INDEX CALCULATIONS

Smpl Initial Wear Average
Sample |Ident.} Initisl wt.| Final wt.| minus index wear
no. | (grams) (grams) Final wts. index
Epoxy c-1 90.21147 90.1746 0. 0401 0.0401
c c-2 oLl 6 9l.10Lk 0.0372 0.0372 0.0431
C-3 93.7376 93.6857 0.0519 0,0519
Epoxy | F-1 | 83.88L | 83.8335 0. 0268 01335~
F F-2 83.59L9 83.5695 0.025L 0.127 0.130
F=3 83.1827 83.1570 0.0257 0,129
I I-2 84.2161 84.2026 0.0135 0.068 0,075
I-3 8L.1402 8L.1282 0.0120 0.060
Ureth, | A=l | 8k4.3278 8L.3192 0.0086 0.0L3
A=3 83.5620 83.5530 0.0090 0.045
B B-2 8).8955 84 .8850 0.0105 C.053 0,052
B-3 8L.8616 8L.8512 0.0104 0.052
Ureth, | G-1 83,8321 83.8135 0,0186 0.093
G G-2 84.2511 8L4.2353 0.0188 0.094 0.092
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SILICONE AND MFP COAT]NG- THI CKNESSES

'TABLE VII

Smoli Laminate |AVeTase thickness (inches)
| Patt, 1 |Patt. 2 |Patt. 3
MFP, | PP - 0,003 | o.00k | o.00s
A PE 0.002 0,002 | 0,003

GF 0,002 . | 0.002 0,003

GB 0,002 0,003 | 0,003

GE 0,004 0.004 | 0,003

NFP.| PP 0,004 0,003 0,004
B PE 0.002 0.002 | 0,002
GF 0,002 0,003 0.004

GB 0.003 0,002 0,003

GE 0,00k 0.00B | 0,002

Silic GF Oe 003 po 003 O, 002
A GB 0,003 | 0,003 | 0,003
OE - 0,00k 0.00L } 0,004

Sildic| OF 0,004 0,005 | 0,006
B | GB 10,004 0,002 | 0,002
GE 0,005 | 0.004 | 0.002

~viii-
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TABLE VIIX
Q=-FACTCR AND DISSIPATION FACTOR MEASUREMENRS OF MFP AND SILICONE COATINGS

Type Test AveragJ 1 mc. 50 me 100 mc.
and Laminate | specimeny thick
cede type | peRfls |Av. @ | Av. DE] Av. Q |Av. DF | Av. @ | Av. DF
MFP | GE control - 60.L 0.006 | 104.0 | 0.009 {103.3 0.010
A coated 0.004 | 601L 0.017 98.6 0.010 | 99.5 0.010
GB control - 68.5 0.015 80.6 0.012 |122.8 0.008
coated 0.003 L8.4 C.020 70.7 0.014 f110.4 0.009
GF control - 51.5 0.019 62,9 0.016 | 96.5 0.010
coated 0.002 Lh.7 0.c22 | 56.0 0.018 | 91.7 0.011
PE control - 31.7 0.031 35.0 0.029 | LS.L 0.022
coated 0.002 28.7 0.035% 32.3 0.031 | k2.7 0.024
PP control - 38.2 0.026 36.3 0.029 | L9.7 0.020
5 coated 0.00k 3L.9 0.029 33.9 0.029 | k5.2 0.022
| MFP GE control - 69.5 0.01L | 115.9 0.0085{108.8 0.009
B coated 0.00L 61.7 0.016 | 109.6 0.009 [105.1 0.010
GB control - 113.8 0.009 |107.4 0.009
coated 0.003 102.4 0.010 | 8L.6 0.012
GF control - 7h.2 0.012 | 127.3 0.008 {119.2 C.008
coated 0.003 67.0 nemr 125,00 0.008 115.4 0.009
PE control - 28.6 0.035 53.6 0.M9 | L6.0 0.021
coated 0.002 27.5 0.037 51.5 0.019 | L0.0 0.025
PP control - 36.2 0.027 58.3 0.007 | 51.8 0.019
coated 0.00L | 36.6 0.027 57.3 0.017 | 51.8 0.019
: si1id GE. contrel - 58.5 0.007 | 95.5 0.010 [113.L 0.010
cone § coated 0.00L4 | LO.9 Cc.025 | 98.L 0.010 [112.4 0.010
A GB control - 57.5 0.017 | 93.4 0.011 | 94.9 0.011
coated 0.003 | L2.7 0.023 99.2 0,010 |103. 0.010
GF control - 70.3 0.014 | 115.1 0.00861 97.2 0.010
coated 0.003 56.2 0.018 | 115.7 0.0036 105, 0.009
Sili4 GE control - 63.4 0.016 | 132.L 0.00751209.0 0.009
cone coated 0.003 66.9 0.015 | 123.8 0.008 [108.8 0.009
B GB control - 60.5 0.017 | 125.4 0.008 [118.L 0.008
coated 0.003 59.4 0.007 | 125.5 0.008 ho0s,2 0.009
A L aoF control - 3.4 c.0h | 113.2 0.009 [102.9 0.010
- coated o.00k | 6L.3 0.015 | 117.3 0.0085 [108.6 0.009
i "
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