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CONTCRMAL COATINGS IFOR

PRINTED CIRCUIT ASSEMBLIES

Fourth Quarterly Report for the period of April 15, 1962

to July 15, 1962,

Objective: Phase A: lvaluate 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
provide sufficient physical, mechanical and electrical
properties to assure satisfactory performance of printed
circuit assemblies cver long storage periods and under high
humidity 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.

Phage C: Evaluate, for nossible upgrading purposes, allow-
able minimum spacings between conductors on uncoated and
coated boards as described in vwaragraphs 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 rrotective coatings on printed
circuit boards in order to obtain 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 veriods and under high humidity conditions.

In this report, the stages are defined as follows:~

Stage A

Investigation of enoxy resin conformal coatings on XXXP,
glass-epoxy and paper-epoxy copper clad laminate series
specified in MIL-P-139L9B and PR & C 61-SIMSA-L82.
Tagsk 1 Two-part epoxy resin coating systems

Part 1 Characteristics of epoxy resin coatings

studied.
Part 2 Curing Schedule.
Task 2 Test Tanels used.

Task 3 Precoating Preparation of Surface

Part 1 Cleaning.
Part 2 Soldering.

Task i Method of Coating Application

Task 5 Physir-l and Electrical Properties of
Epoxy Resin Coating Systems.

Part 1 Anrearance and Adhesion.
Part 2 Thickiuess measurements.

Part 3 Dielectric Constant and Dissipation Factor
of disc specimens.

Part I Dissipstion Factor and Q-Factor of coated
test nanels.

Part 5 Dielectric Withstanding Voltage (initial).
Tart & Thermal cycling.
Part 7 Dielectric Withstanding Voltapge {after therwal

cycling).
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PURPOSE
(CON TINUED)

Part 8 Insulation resistance and appearance under
moisture conditions.

Part 9 Dielectric 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, conper-clad laminate series specified in
MIL.P-13949B and PR & C 61-SIMSA-L82.
Tasks 1 - 5 The same as Stage A where application is feasilie.
Stage C.
Investigation of Silicone-based polymer coatings on glass-epoxy
and silicone-glass copper-clad laminate series specified in
MIL-P-13949B.
Stage D.
Investigation of MIL-V-173 varnishes on glass-epexy, XXXP and
paper-enoxy laminates ner MiL--P-139L9B.
Tasks 1 - 5 The same as stage A where application is feasible.

PHASE B Investigate a method of removing the coating from the baard to permit replace-
went of parts when necessary, without imrairing tt  funct onal onerations of
the unit.

Stage £._

Irvestigation of chemical stripping of conformal coating as a wethod
of renairing erinted wiring assembly.

Stage B.
Investigation of mechanical strieming of conformal coating ss a method
of repairing »rinted wiring assembly.
T Evalua for nossible urgrading nurroses, allow e minimum spacings betuyeei
PYASE C Evaluate, for possible urzrading npurposes, allowable wi pacings bet

conductors on coated and tncoaled beards as described in paragraphs 5.1.5 of
MIL-STD-275A.

D
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ABSTRACT

Phase A

Stapes C and D - Investigation of silicone and MFP varnish coatings on glass-epoxy,

ZXXP and paper-epoxy

laminates specified in MIL-P-13919B,

Task 5 - Physical

and Electrical Properties of Silicone and MFP

varnish coating systems.

Part 5 -

Initial Dielectric withstanding voltage.

Part 6 -

A1l silicone and MFP varnish coated specimens
passed the dielectric withstanding voltage
tests specified in para. h.7.8 of MIL-P-55110.

Thermal cycling.

Part 7 =~

When subjected to five cycles of the thermal cycling
test snecified in Method 102A of MIL-STD-202, all
specimens passed without any evidence of cracking or
deterioration of the coating or base materials.

Dielectric Withstanding voltage, after thermal

Part 8 -

cycling.

A1l silicone and MFP varnish coated specimens
nassed the dielectric withstanding voltage tests
srecified in pare. L.7.8 of NIL-P-55110.

Insulation Resistance, under moisbure conditions.

When subjected to the humidity test svecified in
Method 106 of MIL-STD-202, all silicone and ¥FP
varnish srecimens passed the minimum resistance
value of 1 x 108 ohms snecified in SCL6225 after

ten cycles of humidity.

“3m
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ABSTRACT

Phase A (continued)

Part 9 - Dielectric Withstanding Voltage, after moisture resistance.

All silicone and MFP coated specimens passed the dielectric
withstanding voltape tests specified in para. h.7.8 of
MIL-P-55110.

Phase B

Stage A - Investigation of chemical stripring of conformal coating as a method of

renairing nrinted iying ssrcembly.

Twenty eight solvents that were recommended as strippers for epoxy

and polyurethane contincs were evaluated. It was found that three

of these solvents effectively removed or softened the coating within

a fifteen minuhe period. It was also found that when a recoated test
pattern, which was stripped with these solvents prior to recoating,
was subjected to the ten day moisture test specified in Method 106A of
MIL STD-202, there was no evidence of any great change in the
insulation resistance value nor corrosion of the copper conductors.

Stage B - Investigation of mechanical stripping of conformal coating as a method of

repairing orinted wiring ascembly.

Hot and "cool" goldering iron techniques were evaluated. It was found
that a hot iron whose tip temperature is at O00°F. chars and redeposits
the material on the circuitry. However, when a "ecooler" iron, whose

tin temperature is at 300%to Li06°F, is used the resin softens which then
can be scraped of " ~asily. ‘hen this technique was evsluated on a re-
coated test nattern, and subjected to a ten day humidity test described
in Stage A, 1t was found that there was no evidence of any creat charge

in the insulation »r=istance value nor any corrosion of ithe copper

contuctors.

i



ABSTRACT

Phase §

Evaluate, for possible upgrading purposes, allowable minimum spacings

between conductors on coated and uncoated boards as described in para.

5,1.5 of MIL-STD-275A.,

130 test patterns, shown in the Appendix page v, were fabricated and
coated with epoxy and polyurethane coatings. A circuit capable of
handling 50 watts was designed for each spacing and is shown in the
Appendix, page vi. However, when the test patterns were tested at the
altitude and the voltage ratings specified in Tables I to IV of para.
5.1.5 of MIL-STD-275, it was found that the uncoated and coated
specimens were capable of withstanding 78 watts without evidence of
deterioration of the base laminate or the coating. Breakdown voltage
tests were performed on the ccated and uncoated test patterns at

various altitudes and these results are shown in the Appendix, page xii.



PUBLICATIONS, LECTURES, REPORTS AND CONFERENCES

A conference trip was made by A. Beccasio and L. Nero to the
Signal Corps, Fort Monmouth, New Jersey on M:y 8 and 10, 1962
to discuss the progress of the program and alsc results obtained

in Quarterly Report no. 3.

On June L and S, 1962, ¥r. A.Z. 0-louski of the Signal Corps visited
our plant in Cricago, Illinocis to discuss and review progress made

in Phases B and C of the orogram,
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FACTUAL DATA

PHASE A

Stages C and D - Investigation of silicone and MFP varnish on glass - epoxy, XXXP and

paper - epoxy laminates specified in MIL-P-13949B,

Task 5 - Physical and Electrical Properties of silicone and MFP

varnish coating systems.

Part 5 - Initial Dielectric withstanding voltiage

A1)l dielectric withstanding voltage tests were
performed on a Motorola bullt - Breakdown tester
TE-8359 with output from O to 3000 volts AC at 60 cps.
The test specimens were electrified for one minute

at 1000 volts at room temperature.

Part 6 - Thermal cycling

The silicone and MFP coated test patterns were
subjected to five cycles of the temperature
cycling test described insMethod 102A, Cond. D

of MIL-STD-202.

Part 7 - Dielectric Withstanding voltage, after thermal cycling

The procedure described in Part 5 of Task 5 was followed.

Part 8 - Insulation Resistance under moisture conditions

The silicone and MFP coated srecimens were subjected
to 10 cycles of humidity specified in Method 106 of
MIL-STD-202. During the humidity cycling, 100 volts
DC was applied continuously to each specimen. Insul-
ation resistance measurements were taken initially, on
a Keithley Instruments 610 megohm meter, and aftei lhe
first, fourth, seventh and tenth cycles in accordance

with Method 301 of MIL-STD-202. Prior to measurement,

the test pallerns were electrified at 500 volts for

-7-
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15 seconds. Insulation resistance measuremernts
were taken with the test specimens maintained

. at 259C and 90-95% relative humidity. The
insvlation resistance data is presented in the
Aprendix, page vii.

Part 9 - Dieclectric withstanding voltage, after moisture conditions

The nrocedure described in Part © of Task & was followed.

PHASE B

Stage & - Investigation of chemical stripring of conformal stripping of conformal coating

as a method of renairing yrinted wiring assembly.

Twenty eight solvents and compounds that were recommended for use as
strippers of epoxy and polyurethane coatings were evaluated as to the
folaowing parameters: -
(1) Corrosion effect on copper.
(2) Effectiveness as a stripper of epoxy and polyurethane coatings.
The procedure for determining these parameters is as follows: -
(1) Corrosion effect on copper.
1 inch x 3 inch striﬁ% of Type PP,PE,GE,GF and GB copper-clad
laminates were dipped into the twenty eight solvents. Prior
to dirring into the solvents, the copper surface was scrubbed
with pumice to remove oxides and residues. The covper clad
laminates werc dipped for 15 minutes after which they were allowed
to dry overnight. The laminztes were then examined under the
microscope for atbtack of copper as well as attack on the laminates.
(2) Bffectivencss of stripning of epoxy and polyurethané coatings.
AL Tew drops of the strinpers were nlaced on coated epoxy and

rolyurethace specimens. After 15 and 30 minutes the coating

was exanin 4 Tor atlack.



NOTE:

The data from this investigation appears on the Appendix, p.x.

In order to determine the effect of humidity o. chemical

removal, the ifollowing procedure wa- used:

(1) Apply the +ripper to the test pattern with an eye dropper

and let stand for approximately fifteen minutes.

(2) Use the knife end of a soldering aid %tool and gently

(3)

(L)
(5)

—
[85Y
~

scrare off the uplifted coating.
Rinse the remaining stripper from the test patterr. in cold
running water using a soft hand brush on the board to
ensure thorough removal.
Dry test pattern using clean, filtered compressed air.
In some of the test patterns, after the coating was removed
the circuitry and surrounding laminate was sanded with a
fine grade of ;mory paper to better the adhesion of the
recoat coating.
Recoet board to evaluate compatibility of coatings in the
recoat oneration, the following combinations were tested:

(a) epoxy on epoxy

(b) epoxy on polyurethane

(¢) polyurethane on epoxy

{d) polyurethane on polyurethane

(e) silicone on epoxy

(f) silicene on polyurethane

*ALL TEST PATTH:SG USED GERE COATED AT LEAST SIX MONTHS PRIOR TO

SVALUATING RiiOVAL PO iU ES, All recoated boards were

allowed to stand at room temnerature for seven days prior to

subjecting them to the humidity test described in part 8 of

Task Y.

Insulation resisbance measurements were also taken

during this test using the same procedure described in part § of

oy
lasK >.

L2 RO 1 1 -~ R
LHLS UAaba 15 v VCREGH
-
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Stage B - Investigation of mechanical stripping of conformal coating as a method

of repairing orinted wiring assembly.

The only technique investigated was the use of a soldering iron. In order
to determine what tin temrerature is necessary to effect complete removal
of ©1 coating, the following procedure was followed:
The tempersture of the soldering iron tiv was controlled by adjusting the
inrut voltage with a powerstat or Variac. The tip temperature was measured
with a leeds and Northrun rotentiometer to which an iron - constantin
thermocounle was silver soldered to the tip of the soldering iron. The
effectiveness of removal of the coating was evaluated from 100°F to 600°F
in S50OF increments. The technique developed consists of holding the
soldering iron at about 150 anile from the coated b-erd and using it as
a chisel to shave off the coating. This operation was repeatec until
all the coating was removed. The test pattern was then recoated, using
the trchnique described in Stage A of Phase B, The recoated boards were
then subjected to the same humidity test described also in part 8 of
Task 5 of Phas; A. The insulation resistance data is presented in the
Apvendix, nage xvi and the effect of soidering iron temperature on the

removal of the conformal coating is presented in the Aprendix, page ix.

PHASE C

Eveluate, for yossible upgrading rurposes, allowable minimum spacings BETWEEN

conductors on coated and uncoated boards as described in paragraph 5.1.5 of

MIL-STD=-2754,

A test nattern having five different spacings was deveioped. This test
pattern had the following soacings. 0.022, €,726, 0.762, 0,125 and 0,250
inches. A sketch of the test rattern is shown in the Appendix, page v.

In order to more clorely eviluate the maximum power requirements described
in paragranh 5.1.5 of HIL-STD-275A, a test circuit, capable of handling
50 watts, was developed and is shown in Lhe Aprendix, page vi.

10



The anproved epoxy and polyurethane coatings were coated on Type PP,
PE, GI',3E, AND GB laminates. TFor each ivwo ceoated specimens, two

uncoated test ratterns were run as co. ' ols.

The coated and uncoated specimens were placed in an altitude chamber

and the power aprlied t¢ each sracing. Uncoated specimens were evaluated
at 10,000 feet whereas the costed specimens were evaluated at 50,000

feet. Prior to aprrlying the maximum voltages and power specified in
Tables I thru IV of MIL-STD-275, insulation resistance measurements were
taken. The voltage and power requirements for each spacing was applied

to ecch specimen for 1/2 hour and then insulation resistance measurements
were again taken. This test proved fruitless as it was discovered that
the uncoated specimens were capable of handling 78 watts up to altitudes
of B0,000 feet without any evidence of breakdown as <hown by no 3

chanze in the insulation resistance value.

.

The test natterns were then subjected to breakdown tests at 10,000;
25,000, 50,000 and 58,000 feet with the chamber temperature held at
. room ambient. The results of this test is shown in the Apjendix, page xii.
CQNCLUSICH )
PHASE A

Stages C and D-Investigation of silicone and MNFP varnish coatings on glass-epoxy, XXXP

and paper-evnoxy laminates specified in MIL-P-139L49B.

Task 5 - Physical. and electrical prorerties of silicone and MFP

varnish coating syetoems.

Parts 5,7 and 9 - liclectric Withstanding Voltage

All silicine and NP coated test patterns passed this test
when 1000 volte .0 was aprlied for one minute before and

after thermal cycling and after moisture resistance tests.

-1t~



Part 6 - Thermal cycling

All silicone and MFP coated test patterns passed
five cycles of the thermal cycling test specified in
#IL-8STD-202 without any evidence of cracking or
crazing of the coating.

Part 8 - Insulation resistance, under moisture conditions

All silicone and MFP coated test patterns passed the

minimum resistance values of 1 : 108 ohms after ten

cycles of humidity. When examined visually at the end

of the test period, no-evidence of corrosion or discoloration

of the corper conductors was noticed.

Stage A « Investi ation of chemicsl strioping of conformal coating as a method of

repairing printed wiring assembly.

Out of twenty eight solvents or strippers investigated, three were found

to strip the cyoxy and rolyurethane coatings within a fifteen minute period.

Standard statistical analysis of the insulstion resistance data rover 1=

the following conclusions:

(1) Chemicnl =nd =ech ndesl e lads Yol vt valent resuliua.
(2) The effect of the laminzte =nd the base conforpi conling Jderc
neagligible.



Stage B

(3) Epoxy and polyurethane coatings are compatible with one
another, The only significant difference was that Epoxy F
and Polyurethane GG were bebter than Epoxy 1.

(L, Sanding of the repair area nrior to recoat is better than no
sanding. This indicates that better adhesion of the repair coating
to the base laminate is obtained so that a better moisture
barrier is provided.

(S) The insulation resistance value decreases as the number of humidity
cycles increases,

In -estigation of mechanical stripping of conformal coating as a method of

repairing printed wiring assembly.

From the methor evaluated, the following conclusions can be derived:
(1) Best removal was obtained when soldering iron temperature was
3009F to 3750,
(2) Smoking of the coating occurred at temperatures between L5CO F
and 5S00°F.
(3) Conductor leads lifted when the soldering iron temperature was
5009%F or higher.
When this technigue was evaluated on coated test patterns which when recoated
vere subjected to ten duys of humidity, statistical analysis of the insulation
resistance data revealed the same conclusions stated in Stage A.

Evaluate, for poss:ible upgrading purpeses, allowable minimum spacings between

conductors on coated and uncocted boards as described in paragraph 5.1,5 of

MIL-STD-2754,

Analysis of the data shown in bhe Aprendix, Table IX, the following
conclusions can be arrived at:

(1) Breakdown voltages of coated and uncoated boards decrease with
increasing altitude.

-13-




(2) Breakdown voltage is indepenuent of laminate type.

L

(3) No great differences in the breakdown voltages were

noted between epoxy and rolyurethane conformal coatings.

Recommendations for Phase C

(1) We recommend that poragraph ©.1.5 of MIL-STD-275A be changed to read,
as follows: -~ ... up to and including 75 watts ... instead of ...

up to and including 50 watts ...

“1lfe



PROGRAM FOR NEXT INTERVAL

(1) Begin Phase D.

(2) Study for possible use as conformal coatings compounds other
than epoxies, polyurethanes and silicones.

(3) Begin study on the effect of humidity (long term) vs. thickness

of conformal coating on eleectrical properties of the circuit.

<15



IDENTIFTCATICN OF KEY PERSONNEL

TIME SPENT - HOURS

Mr. Anthony Beccasio 271
Project Engineer

Mr. Leonard Nero 356
Statistician and Chemist

Mr, Arthur Bethke 26
Chemist

Mr. Ernesto Colon 85
Technician

Mr. Anthony Miraglio 68
Technician

Mr. Edgar Wolfgram 8
Technician

TOTAL HOURS  81L

=16.
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TABLE II

COATING MANUFACTURERS

This table has been purposely omitted.
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INSULATTON RESISTANCE MEASURE:SC..8 OF SIT fU0 ANDRRP w0 sdetal G0AT i3

e——

Laminate
and Pattern Insulation Resistancs, after (in ohms)

Sample No, | Number

initial | 1st cycle |5th cycle | 7th cycle [l10th cycle 1th cvele

EXXXP 1 2,0 x 1073} 1,0 x 10191 2,0 x 1030 11,0 x 160} 1.0 x 107
MFP-1 2 1,5 x 1007} 1.0 x 1019 12,0 x 1029} 1,0 x 10100 3,0 x 107
3 2.0 x 20 4o x 1089 [ 2.0 x 10101 1.0 x 10100 3.6 ¥ 10
control | 1.5 x 10%} 1.0 x 1019 18.0 x 102 {Lh.0 x 207 §2.0 x 107
XIXP 1 1.5 x 1031} 2,0 x 2012 12,0 x 1011 | 2,0 x w011 f 2.0 ¥ 101t
MFP-1 2 2,0 x 1014 2,0 x 101 }3,0 x 1011 2,0 x 1011 2.0 x 101t
3 2,0 x 1011 | 2,0 x 103 12,0 x 1022 2,0 x 1011 § 2.0 x 161
control 2.0 x 10+1 2,0 x 1011 2,0 x 10 12,0 x 1011 2,0 x 307
QF ' ‘ o )
MFP-1 1 2,0 x 101§ 2,0 x 10*} |2,0 x 1021 |8.0 x 1010 { 6.0 x 1010
2 2,0 x 1011 [ 2,0 x 1011 2,0 x 101 | 1,0 x 1024 8.0 x 1010
3 2,0 x 1041 | 1,0 x 1011 |20 x 1011 [9.0 x 1010 7.0 10¥
control 2,0 x 1011 3,0 x 101 {1,5 x 101 {1css than 17okme =emwe
B 1 2,0 x 10+ 13,0 x 1011 {2,0 x 1011 6,0 x 1010 | 2,0 x 1020
¥FP-1 2 2,0 x 1081 3,9 x 1011 {2,0 x 10T {6.0 x 1020 {2.0 x 10l°
3 2,0 x 102 {3,0 x 101% 2,0 x 102 {6,0 % 1010 {.0 « 1010
conbrol 2,0 x 1011 1.0 x ]010 less than 147 chms
GE 1 2,0 x 1071 {5,0 x 1011 {),0 x 1011 2,0 x 101 |2.0 x 1002
MFP-1 2 2,0 x W }5,0 % 108 13,0 x 1011 12,0 x 1011 | 2,0 « 101%
3 2.0 x 1073 15,0 x 101 13,0 x 1011 2,0 x 201 |2,0 % 3031
control 1.0 x 10 2,0 x 1011 [iess than 147 om cauiene
XXXP : N B ,
MFP.?2 1 1.5 x 107+ 3,0 x 1012 |2,0 x 1011 2,0 x 1011 |2.0 & 1011
2 2,0 x 1031 [3,0 x 1011 2,0 x 1011 [1.5 x 1011 |2,0 % 103
3 2,0 x 101} 3,0 x 1011 [2.0 x 10%% .5 = 1041 j1,5 x 10t
control 2.0 x 1011 5,0 x 1010 l1ess than 1 ONIMG  mmmrsdasvcim i m erses croae)
EXXXP 1 2,0 x 1011 {0 x 101@ 2,0 x 101° h,0 x 1020 |0 % 107
MFPu2 2 2,0 x 1011 15,0 x 1010 2,0 x 1010 B0 x 1010 {3.0 x 109
3 2,0 x 108 15,0 x 1010 |20 x 1010 k.o x 1010 |50 ¥ 108
control 2,0 x 1011 12,0 x 10%0 B0 x 107 B.0 x 10 [2.0 ¥ 107

GF 1
MFP-2 2
3

control

GB 1
MFP-2 2
3

control

GE 1 1
MFP-2 2 2

3 2
control 1

6 x_jbll 2,0 ; 1
. S X 1011 _;. 0

¥l T
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Taminate
and Pattern Insulation Resistance, after (in ohms)
Sample No, | Number
initial 1lst cycle | 5th cycls | 7th cycle [1Oth cycle {y)4h evele
o 1 2,0 x 16+ 13,0 x 1011 | 2,5 x 1014 1,5 x 1031 8,0 x 1010
si1icone-1 2 2,0 x 101 3,0 x 1081 | 2.5 x 1014 1.5 x 10118 8.0 x 1010
3 2,0 x 1011} 3,0 x 1011 ] 2.5 x 1014 1.5 x 10M 1.0 » 1011
control 2,0x 1012{ 2,5 x 1012 | 1.5 x 1004 1,0 x 1011 § 1eas than 147
B 1 2,0 x 1031 | 3,0 x 1011 | 2.5 x 10} 1.5 x 1011 § 1.0 x 1011
811icone=l ° 2,0 x 10011 3,0 x 1011 | 2.5 x 101 1,5 x 1012 §1.0 x 101k
3 2,0 x 1011 3,0 x 1011 | 2,5 x 10}1.5 x 10t} 5.0 x 10
control 1.0 x 1011 5,0 x 107 | 2.0 x 1031}1.0 x 1011 5,0 x 1010
@ 1 2,0 x 1001 | 0 x 1031 | 3.0 x 102|1.5 x 1031 P20 x 1012
silicone=l 2 2,0 x 1031 §4,0 x 1021 | 3,0 x 10%{2.0 x 1011 { 2.0 x 101
3 1.5 x 10 [ 4.0 x 1011 | 3.9 x 1011{2.0 x 1084 {200 % 100t
control 1.5 x 1041 [ 3,0 x 1012 | 2.5 x 1011]1ess than 5)7 OhMS =emod
ww—”mm
GE 1 1.5 x 102 1.0 101 | 3,0 x 10M12,0 x 1013 {2,0 x 1012
silicone~2 2 1.5 x 10%_% L,0 x 10+ { 3,0 x 1011[2,0 x 101L { 2.0 % 10+
3 1.5 x 1077 | Lo x 1081 | 3,0 x 1011{2.0 x 101! {2.0 x 1011
control 1.5 x 1011 {3,0 x 1011 | 2.5 x 1011 {2.0 x 1011 |1.¢ x 1012
o 1 2,0 x 1011 5,0 x 108+ | 2.5 x 1011 [1.5 x 103 {7.0 x 1010
$ilicona-2 2 2,0 x 1011 {0 x 103t | 2,0 x 1011|1,0 x 1021 | 6,0 x 1020
3 1.5 x 1011 {3,0 x 1011 | 2,0 x 104 |2.0 x 10 | 7.0 ¥ 101°
COITtI‘Ol 3.0 X 109 less than 1 7 ONING oo v cmomt s s oot s im0 wo scmn w3 wx 00 20 o]
e::| 1 2.0 x 10%1 {10 x 1011 | 1,0 x 1611] 8,0 x 1080} 1,0 x 1010
8iliconem2 2 2,0 x 1011 |3,0 x 102 | 1,5 x 1011} 8,0 x 10%9| },0 x 101°
3 2.0 x 1011 I5,0 x 101L | 2,0 x 10*] 8.0 x 102°] 7,0 x 1030
control 2.9 x 1011 1.5 x 1011 7.0 x 1010 5.0 x 101 3,0 x ml.()

~riii-




TABLE Vil

EFFECT OF SOLIERING IRON TEMPERATURE VS, REMOVAL OF EPOXY CONFORMAL COATING

Temperature °F, Equiv, millivolts Comments on coating removal
100 1,94 no softening of coating
150 3.h1 slight softening
200 L, 91 slight softening
250 6.2 medium softening
300 7.94 softeming- very easy removal
350 9,18 softenin:- very easy removal
1,00 11,03 softening~ very easy removal
450 12,57 softening=- very easy removal
plus smoking and rupture of
leads
500 1,12 softening- very easy removal
3 ¥y y
plus smoking and lifting of
) leads,
550 15,65 softeninz- very easy removal
5
plus smoking and lifting cof
leads,
600 17,18 softening=- very easy removal

plus smoking and lifting of leads.
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TARLE TX

BREAKIDWN VOLTAGES VS ALTITULE OF COATED AN D UNCOATED SPECIMENS

Altitude = 10,000 ft,
' Board
type Gap
- and spacing Breakdown voltage Brsakdewn voltage Average braakdown
'gamplg (inches) (pattern 1) (pattern 2) voltage
| i
| coated uncoated coated uncogted coated ungoated
OR 0,022 3,0 KV 1.'35 KV 2,1 KV 1.0 KV 2.L45 KV 1.17 Kv
VR 0,026 2.0 Kv 140 KV I 2,1 KV 1.7 KV 2.05 KV 1.55 KV
Uu 0,062 3.0 KV 2,05 KV | 2,6 KV 2.l Xv 2,80 Kv 2,20 KV
».,125 With, 3 KV 3.00 KV| withstood |3KV - 1 minfj~ 3,00 KV {~ 3,00 KV
0,250 withstood 3|KV « 1 min.| scewwmmmmm b e e em
ar 0,022 2.9 Kv 1.5 Xv 3,0 KV 1.6 KV 2.95 KV 1.55 KV
VR 0,026 2. kv 1.7 KV 2.9 Kv 1.6 KV 2.65 KV 1.65 KV
aa 0.062 2.6 KV 2,1 KV |withe 3 KV | 2,4 XKV |~ 2,80 KV 2,25 KV
0,125 with, 3 KV 3.0 XV |with, 3 KV | 3,0 KV 3,00 KV -
0.250 withstood 3|KV = 1 min,| weemecscouulemvuseeenn| <o - rcm
GB 6,022 1.9 KV 1.2 KV 2,5 KV 1.5 KV 2,2 KV 1.35 KV
Epoxy | 0,026 1.7 KV 1.3 Xv 2,2 Kv 1.7 KV 1.95 XV 1,50 KV
I 0,062 2.6 KV 2,1 KV |with, 3 KV [ 2,4 KV [~ 2,80 kv 2,25 KV
0,125 with 3 KV 3,0 KV |with, 3 KV | 3.0 KV - 3,00 KV
0,250 withstood 3|KV « 1 min, | mesouomacnedeeoonaencant  comm o
GF 0,022 3.0 Kv 1.6 KV 3.0 KV 1.5 KV 3,00 XV 1.55 KV
Epoxy | 0.026 3.0 KV 1.h KV 2,9 XV 1.7 Kv 2,95 Kv 1,55 KV
I 0,062 2.9 KV 1.8 KV 3.0 KV 2,0 KV 2,95 KV 1.90 KV
0,125 with, 5 KV 3,0 KV Jwith. 3 XV | 3.0 KV = 3,00 KV
0,250 withstood 3KV ~ 1 min,|=seecoumusouioonswosunmel|  coee e
4B 0.022 with, 3 KV 1.2 KV |with, 3 KV [ 1.l KV ——— 1,30 KV
VR 0,026 3,0 Kv 1.5 KV |with, 3 KV | 1.7 KV |~ 3,0 KV 1,60 KV
GG 0,062 with, 3 KV 1,9 KV' | 3.0 KV 2.2 KV |w 3,0 KV 2,05 KV
0,125 withstood 3[KV -« lmin, Fecwecscsmmoeduacusenousm ] cows -
0,250 withstood 3KV = L Min, | ——ceomesson fomm s ag oo S
TXXXP | 0,022 with, 3 KV 1.2 XV with, 3 KV | 1.2 KV e 1.20 KV
VR 0,026 2,7 KV 1.6 KV 3.0 KV 1.7 KV 2,85 KV 1.65 KV
A 0,062 2.3 KV 2,3 KV 3.0 KV 2.0 KV 2,65 KV 2,15 KV
0,125 withgtoed 3 |KV = 1 nin, |eecmsmoosmes duuooommeaee | o e
0,250 withstood 3{KV - 1 min,|-v-ecrcummeduoonmonoes= Crn s o

=X -
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IHSULATTON QESISTANCE FEASHE KLD G Gl Y50 J8% Ta® o0

Laminate
and | Pattern Ingulation Resistance, after {in ohms)
Sample No, | Number
initial lat cycle | 5th cycle | 7th cycle j10th cycle [1)th cycle
GE mechanical | 2,0 x 107 | ke x 20X 11,0 x 10t | 1.5 x 103} 6.0 x 107
Epoxy I on|stripper A | 2,0 x 1(‘,2 .G % 1071 3.5 x 1057 11.5 = 10113 7.0 ¢ 10?
Epoxy I |stripper B | 1.0 x 107, | b0 x 1011 12,5 % 3071 11,5 x 101 fliuo x 107
u control | 2,0 x 107 2,0 x 1010 16,6 x 107 [ 1.5 x 1019f 1,5 x 208>
GE mecharical | 2,0 x 100] 2.0 % 17 2.8 x 207 |1.0 x 1610 §2,0 x 1012
poly GG onchemical | 1.5 x 10511 2.0 x 107 12,0 x 107 11,0 x 101082,0 x 1032
pily GG |e control | 1.5 x 10M1| 1.5 x 107, 12,0 x 109 16,0 x 107 §1,5 x 10td
u control | 6,0 x 167 | 3.0 x 10™* | 2.5 x 10M 1.0 x 10 f 1.5 x 10%°
@ (sanded) |stripper A | 1.5 x 1037 | 2.0 x 161 | 6.0 x 2020 L0 % 1020 | 3.0 x 1010
silicone A {stripper B | 1.5 x 10-. | 2.0 x 16} {6,0 = 1039 {0 x 1010 { 3,0 x 10%°
on poly GG |mechanical | 1.5 x 10%+]1.5 x 1081 |50 x 1629 |L.0 x 1020 { 3.0 x 1010
u control | 1.0 x 1011 ] 6.0 x 1010 |2,0 x 30%° {1.0 % 1010 | 8.0 x 107
aE mechanieal | 1.0 x 10201 3,0 % 107 11,0 » 10¥° {9.0 x 107 _{5.0 x 10°
Bpoxy I on | chemical | 3.0 x 1027 ]5.0 x 107 12,0 x 100 |1,0 x 3030 7,0 x 209
Epoxy F ¢ control |1.5 x 1011 {3,0 x 1020 |6,0 x 101° 13,0 x 10™° { 1.0 x 100
u contrel | 1.0 x 1611 1.0 x 1o+t 1,0 % 10]'* less than 17 ohws e—ee
GE(sanded) { stripper A | 1.5 % Lo}f 1.5 x 20l ]2,% ¢ 101t {1,8 x 103) | 1,5 x 10++
silicone A | stripper B{ 1.5 x 1077 {1 2.5 x 1i0% 2.5 % 10_37L 1.5 x 1(31]‘ 1.5 % 1014
on Epoxy F | mechanical | 1.5 x 1051 | 2.5 x 10:L 12,5 x 1041 {1.5 x 103t |1.5 x w0l
w control |1.5 x 108 J1,5 x 10 1.0 x 10™ [1.0 % 201 1.5 x 1019
& mechanical [ 1,5 x 10°F 2,0 x 101 |20 x 107 [1.0 x 101 18,0 x 1030
poly GG on jchemical 1.5 x 108 12,0 x 1010 J1,¢ w 20M | 7.0 x 10101 6.0 x 1039
Epoxy I ¢ control |1.5 % 104 12,0 x 10%% [1,5 x 10 | 6.0 x 104950 x 1039
u control [1,0 % ]..C'B 1.0 % 1020 less than 1C? ohMY mmsabuocoono aoenod
GE(sanded) |stripper B 11,0 x 1081 |1,0 x 1077 11,0 x 103 | 4.0 x 102%3.0 % 102°
pely G3 on {mechanice’. |1,0xx 1031 {1,0 x 201 |70 1019 | 3,0 v 1010)2,0 ¢ 103°
poly G&  |stripper 4 11,0 x 303% 11,0 x 20ds 17,0 x 1019 | 5,0 x 1030)2,0 x 03¢
u control [7.0 x 108 [6,0 x 10" [£,0 x 1030 | 2,0 x 20101, » 1020
o c control 1,0 x 1007 7.0 x 1020 | ko x 2020 [ 3.0 x 3020]2,0 % 1079
Poly GG on |mechanical |1.0 x 201} 11,5 x 103 [i.0 = 1080) 2.0 x 104905.5 x 3028
Fpoxy F chemical 1.0 x 103t 16,0 x 2020 | 1.0 x 100 2.¢ x 19%0)L.5 x 3727
u control |5.,0 x 107 |less toan 3 1.0 x 1619 2.0 x 107 [3.0 x 1Y
0B( sanded) | stripper A| 1.0 x 1057 5.0 x 10:0 | %.¢ x 107 { 6.0 x 10397 5,0 x 1027
silicone A | stripper B| 1.0 x 10f1| 1.0 » 1c31 [ 1,0 = 101t | 5.0 x 10308] 2.0 o0
on EPoxy I | mechanical| 1.0 x 1613 1,0 x 20131 1,0 = 10+ [ 2.0 x 1029} 1.0 » 104
u control { 1.0 x 11| 4,0 x 164} 5,0 x 1010 [ 1.0 x 10°0] é.0 x 10%
GB ¢ contrel | 2,0 x vt | 2.0 x 3020 [ 1,5 + t 4,0 % 1009 g0« 103
Epoxy F on | mechanicall 2,0 x 302 2,0 x 1 Ll* 1.5 ¥ 20 k0 x lCiO 2.6 = 100
Foly GG chemical | 2,0 x 1011| 1,8 « 0%t [1.0 x 10> | 2.0 » 1030) 1.0 « 20
u contrel | 5,0 x 109 1,0 x 100 1,0 x 167 Jiess than d07 ohms eee-
NOTE: u jeontrol = undnated «:rntrdi o ooontiol e occatsd sdntraol
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Laminate
and Pattern Tnsulation Reaistance, after (in ohms)
Sample No, | Number
initial 1st cycle Sth c¢yele 7th cycle JOth cycle
oF mechanical| 1,0 x 10i}| 7.0 x 109 | 1.0 x 104%] 4.0 x 109 } 5.0 % 107
Epoxy F | stripper Al 1,0 x 103} 7,0 x 167 | 1,0 x 101%| k.0 x 107 | 5.0 x 10
on Epoxy F| stripper B| 7.0 x 1019] 6,0 x 107 | 1,0 x 1039} ij,0 x 107 § L.0 x 103
u control | 1.0 x 1011 4.0 x 107 | 7.0 x 1% | 3.0 x 10° § 1.0 x 10
OE ¢ control | 3.0 x 2031} 1,5 % 10M f 1.0 x 1021 6,0 x 20100 6,0 x 101°
Epoxy F on | mechanical| 3,0 x 1031] 7.0 x }.0.3"9 L0 x 1019 | 3,0 x 1010% 2,0 x 1010
Fpoxy I chemical | 3,0 x 1011| 1,0 x 101%{ 1,0 x 1011 ] L0 x 1010 3,0 x 10%°
u control | 3,0 x 10%1] 1,5 x 101 3,0 x 3011 | 3.0 x 301903, 5 x 1010 |
ez stripper B| 3.0 x 107 | 1.5 x 103 1,5 x 107 |2,0 % 109 | 3.0 x 10°
Epoxy I on | mechanical| 4,0 x 107 | 2,0 x 107 |1.5 x 107 |2.0 x 109 | 2.0 x 109
Epoxy I stripper Al 1,5 x 109 | 1,0 x 107 [1.0 = 109 |2.0 x 109 12,0 x 107
w conbrol | 1,5 x 1004 1,0 x 1020 7.0 x 10° 5.0 x 107 { 2.0 x 107
® chemical | 5.0 x 101%1 6,0 x 209 11,0 x 1030 }1,0 x 1030 1,0 x 2010
Epoxy I on | ¢ control | 3,0 x 10| 1,0 x 1030 }1,5 x 1010 1,0 x 10}_8 1.0 x 1030
Epoxy I mechardcal| 4,0 x 1010} 5,0 x 10 1.0 x 103° 11,0 x 10 L);OO x 107
u control | 1.5 x 1011{ 5,0 x 1010 | k.0 x 1010 | 1638 than ! o -
GB(sanded) | stripper B| 1,5 x 1010 | 1,0 » 101 | 8,0 x 1010 |5.0 x 1010 | 2,0 x 1010
Epoxy F on | mechanicsl| 2,0 » 101l | 1,5 % 10}}: 1.0 x otk he0 x 21.019 3.0 x 10t
Epoxy F stripper A| 6,0 x 1019 ] 8,0 » 10 [ 4,0 x 101C {3,0 x 10%° | 2,0 x 10¥C
u control | 2,0 x 1030} 1ottan 2107 [1.0 % 1030 8.0 x 107 |Z.0 % 107
@ chemical [ 2.5 x 10+ § 5,0 x 107 4,0 x 207 |40 x 307 |0 x 207
Epoxy I on |c control | 3,0 x et ]2, x 2080 |20 x 1080 {8.0 x 107 8.0 x 207
Paly GG mechanical | 3,0 x 10411 1,0 x 105% |8,0 = 107 |6,0 x 109 |5,0 x 107
u control |8,00x 10° (4.0 x 100 |hG % 167 b0 x 107 3.0 x 10
o2 chemical | 6.9 x 1051 [ 1.0 x 105+ |1.0 x 1007 [7.0 % 1070 [6.0 x 1050
Epoxy F on | c control |6,0 x 1001 | 1.0 x 1011 11,6 x 107 16.0 » 1010 |L.0 » 10+0
Epoxy F mechanical | 5,0 x 104+ 1,5 x 10 |1,5 x 10dt 7.0 x .'1,0‘}“0 5.0 x 1010
u control 3,0 X 108 Tess than 1“7 BHMS  cer oo o o 1w s fa oo o aeod
@B mechanical | 3,0 x 1081 |2,0 x 1027 |2,0 x 1019 11,0 % 1020 [7,0 x 10Y
Poly GG on |stripper A {3.0 x 16+ 12,0 » 1009 2,0 x 1¢1® hic x 1010 lé.¢ x 10?
Poly GG stripper B |3,0 x 1031 |20 x 160 2,0 = 1630 11,0 x 1010 5,0 % 107
u control |3,0 x 10%F |1, snan 167 7.0 x 107 §5.0 x 107 |3.0 x 105
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