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CONFRMAL COATINGS FOR

PRINTED CIRCUIT ASSEMBLIES

Fourth Quarterly Report for the period of April 15, 1962

to July 15, 1962.

Objective: Phase A: Evaluate comnercially 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 over 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.

Phase C: Evaluate, for nossible upgrading 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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TURPOSE

PHASE A 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
provide sufficient physical, mechanical, and electrical properties
to assure satisfactory performance of printed circuit asserblies
over long storage periods and under high humidity conditions.

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

Investigation of epoxy resin conformal coatings on XXXP,
glass-epoxy and paper-enoxy copper clad laminate series
specified in MIL-P-139h9B and PR & C 61-SIMSA-1482.

Task 1 '.o-part epoxy resin coating systems

Part I Characteristics of epoxy resin coatings
studied.

Part 2 Curing Schedule.

Task 2 Test Panels used.

Task 3 Precoating Preparation of Surface

Part I Cleaning.
Part 2 Soldering.

Task h Method of Coating Application

Task 5 Physir 1 and Electrical Properties of
Epoxy Resin Coating Systems.

Part 1 Armcarance and Adhesion.

Part 2 T"hickness measurements.

Part 3 Dielectric Constant and Dissipation Factor
of disc specimens.

Part I DissiFp:tion Factor and Q-Factor of coated
test Danels.

Part $ Die-ectric '41ithstand.-Ing Voltage (initial),

?aut 6 Thermol cycling.

Part 7 Di;electric Withstanding Voltage (after thermial
cycling).



I
PURPOSE

j (CONTINUED)

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
arid glass-epoxy, copper-clad laminate series specified in
MIL-P-l39b9B and PR & C 61-SIMSA-h82.

Tasks I - 5 The same as Stage A where application is feasible.

Investigation of Silicone-based polymer coatings on glass-epoxy
and silicone-glass copper-clad laminate series specified in
, ThIL-P-13949B.

Stage D.

Investigation of VIL.-V-173 varnishes on glass-epexy, XXXP and
paper-enoxy laminates ner MIL-.P-139h9B.

Tasks 1 - 5 The same as stage A where application is feasible.

PHASE B Investigate a method of removing the coating from +k- b-2rd to permit replace-
merit of parts when necessary, without impairing tt junct onal ooerations of
the unit.

Stage A.

Investigation of chemical stripping of conformal coating as a method
of ren-airing rrintod wiring assembly.

Investigation of mcenanical etrir•:i.ng of conformal coating u-s a mlct'!od
of repairing r-jrinted wiring assermbly.

PHASE C Evaluate, for possible u!grading purroses, allowable minimum spacings betweei;
conductors on coated and unicoated boards as described in paragraphs So5 of
Mi,-.STD-275A.
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ABSTRAcT

Phase A

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

SXXXP and paper-epoxy laminates specified in Mnh-P-139h9B.

Task 5 - Physical and Electrical Properties of Silicone and MFP

varnish coating systems.

Part 5 - Initial Dielectric withstanding voltage.

All silicone and ML'P varnish coated specimens

passed the dielectric withstanding voltage

tests specified in para. 4.7.8 of MIL-P-55110.

Part 6 - Thermal cycling.

1,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.

Part 7 -Dielectric Withstanding voltage, after thermal

cycling,

All silicone and MFP varnish coated specimens

nassed the dielectric withstanding voltage tests

specified in para. lI,7.8 of EIL-P-551i0o

Part 8 -Insulation Resistance, undcr moisture conditions.

When subjected to the humidity test snecified in

Method 106 of MIL-STD-202, all silicone and iKFP

varnish specimens passed the minimum resistance

value of 1 x 108 ohms snecified in SCL6225 after

ten cycles of humiddity.

-3-



ABSTRACTi

Phase A (contiLnued)

Part, 9 - Dielectric Withstanding Voltage, after moisture resistance.

All silicone and MFP contcd sreciLmens p~assed the dielectric

withstanding voltage tentst specified in para, h.7.8 of

Phase B

Stage A -Investigation of chemical stripfilng of conformal coating as a Method of

repairinrg nrlflted *~'o seb

T~qertY eight solvents that were recommended as strippers for epoxy

and polyurethane coaýtinc,,s were evaluated. It was found that three

of these Fsolvents effectively removed or softened the coating within

a fifteen minute period. It was also found that when a rocoated test

Dattern, which was stripped with these solvents prior to recoating,

was sub~jected to the ten day moisture test specified in Method 106A of

MEL 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 mechnnical stripring of conformal coating as a method of

repairing orinted wiring asnemhly.

Hot and 'cool' soliierinip iron tcuchniques ,jere evaluated. It wias found

that a hot i-ron oltose tip temPerature is at, 6000F. chars and rede-nosits

the material on the circucitry, Howejfver, when a "cooler" iron, whose

tin temperature is at 300 0 to )IOCOF, is used the resin sloftens which then

can he scraped off Fonaly. 'A4hen thi~s techniqoe w.,as eva~luated on a1 re-.

coated tent oattern, and subjected to a ten 0ay humaidity test described

in Stagýe A, it was found that there jas no Fevidence of any f-reat ch.-nge

-In the insulation r~ istancfr vaýlue nor any corrosion of the copper

con~loctors -



ABSTRACT

Phase C

Evaluate, for possible upgrading purp-oses, 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 capahle of

handling 50 watts ,as designed for each spacing and is shown in the

App'endix, 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 coated and uncoated test patterns at

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



PUBLICATIa4S, LECTURES, REPORTS AND CONFERENCES

A conference trip was made by A. Beccasio and L. Nero to the

Signal Corps, Fort Monmouth, New Jersey on Wy 8 and 10., 1962

to discuss the progress of the program and also results obtained

in Quarterly Report no. 3.

On June L and 5, 1962, Mr. A.Z. Ooowski of the Signal Corps visited

our plant in Chicago, Illinois to discuss and review progress made

in Phases B and C of the orogram.

-6-



FACTUAL DATA

PHASE A

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

paper - epSxy laminates specified in MIL-P-13949B.

Task 5 - Physical and Electrical Properties of silicone and MFP

varnish coating syýstems.

Part 5 - Initial Dielectric withstanding voltage

All dielectric withstanding voltage tests were

performed on a Motorola built - Breakdown tester

TE-8359 with output from 0 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 in.Method 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 specimens 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 me:,ohlm meter, and aftei- Lhe

first, fourth, seventh and tenth cycles in accordance

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

the test patterns were electrified at 500 volts for

-7-



15 seconds. Insulation resistance measurements

,were taken with the test specimens maintained

at 2_5C and 90-95% relative humidity. The

insulation resistance data is presented in the

Arpendix, page vii.

Part 9 - Dielectric withstandiqin voltage, after moisture conditions

-he nrocedure described in Part 5 of Task 5 was followed.

PHASE B

Stage A - Investigation of chemical s!tri.Fin of conformal stripping of conformal coating

as a method of repairing _!rinted wiring assembly.

Twenty eight solvents and compounds that were recommended for use as

strippers of epoxy and polyurethane coatings were evaluated as to the

following 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 strips of Type PP,PE,GEGF and GB copper-clad

laminates w;ere dinned into the twenty eight solvents. Prior

to dir-ring into the solvents, the copper surface was scrubbed

with pumice to remove oxides and residues. The conper clad

laminates were dipped for 15 minutes after which they were allowed

to dry overnight. The lamiinates were then examined under the

micros:cone for attack of conper as well as attack on the laminates.

(2) Effectiven,ýs of ,trirninf; of epoxy and polyurethan4 coatings.

A few drops of the st rinn.ers were nlaced on coated epoxy and

pno],yer0ttrharq ar~ee.mepns- After 15 and 30 minutes the coating

was exanin d for attack

-9



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

In order to determine the effect of humidity o chemical

removal, the following procedure wa' used:

(y) Apply the tripper 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

scrape off the uplifted coating.

(3) Rinse the remaining stripper from the test pattern in cold

running water using a soft hand brush on the board to

ensure thorough removal.

(4) Dry test pattern using clean, filtered compressed air.

(5) In some of the test patterns, after the coating was removed

the circuitry and surrounding laminate was sanded with a

fine grade of emory paper to better the adhesion of the

recoat coating.

(6)uecoat board to evaluate compatibility of coatings in the

recoat oneration, the following combinations were tested:

(a) epoxy on epoxy

(b) epoxy on polyurethane

(c) polyurethane on epoxy

(d) polyurethane on polyurethane

(e) silicone on epoxy

(f) silicone on polyurethane

NOE: 'ALL, TEST W*:.TTLRU',,S USF.D 'tERE COATED Af LEAST SIX MONTHS PRIOR TO

EVALUATING RELI](VAI. TEC!¶W •U ESo All recoated boards were

allowed to stand at room temnerature for seven days prior to

subjecting tho•m to the humidity test described in part 8 of

Task 5. Insulation resistance measurements were also taken

during this ten L using the same procedure described in part 8 of
Task Thin i r in t... .. Arrn,], page" vi-

-9-,
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tae L - Investigation of mechanical st'ipping 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 whait tin temperature is necessary to effect complete removal

of ti coating, the following procedure was followed:

The temperature of the soldering, iron tin was controlled by adjusting the

input voltage with a powerstat or Variac. The tip temperature was measured

with a leeds and Northrur, rotentiometer to which an iron - constantin

thermocouple was silver soldered to the tip of the soldering iron. The

effectiveness of removal of the coating was evaluated from 100OF to 600OF

in 50oF increments. The technique developed consists of holding the

soldering iron at about 45o angle from the coated bWard and using it as

a chisel to shave off the coating. This operation was repeater until

all the coating was removed. The test pattern was then recoated, using

the technique 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 Phase A. The insulation resistance data is presented in the

Apoendix, page xvi and the effect of soldering iron temperature on the

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

PHASE C

Evaluate, for possibl.2 ungrading curposes, allowable minimum spacings BETWEEN

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

MIL-STD-275A.

A test nattern having five different spacings was developed. This test

pattern had the folloving sm ,cings 0.022, c,-26, 0.-62, 0,125 and 0,250

inches. A sketch of the test nattern Is shown in the Appendix, page v.

In order to more closely evaluate the maximum power requirements described

in paragraoh 5.1.5 of MIL-S[TD..275A, a test circuit, capable of handling

50 watts, was develwloed -inil it: shown in Uhe A•;_rindix, . page vi.

-10-
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The anproved epoxy and Polyurethalle coatings were coated on Type PP,

PE, GFGE, AND GB laminates. For each tvo coated specimens, two

uncoated test patterns were run as co. als.

The coated and uncoated specimens were placed in an altitude chamber

and the power applied tc each sr:acing. Uncoated specimens were evaluated

at 10,000 feet whereas the costed specimens were evaluated at 50,000

feet. Prior to applying the maximum voltages and power specified in

Tables I thru IV of ?KE-STD-275, insulation resistance measurements were

taken. The voltage and power requirements for each spacing was applied

to each 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 80,000 feet without any evidence of breakdown as czhown by n5

change 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 charmber temperature held at

room ambient. The results of this test is shown in the Aplendix, page xii.

C0O4 CLU SI 011

PHASE A

Stages C and D-Investigation of silicone and IKFP varnish coatings on glass-eooxy, XXXP

and parer-enox laminates spucified in MIL-P-139h9B,

Task 5 - Jhysical an. electrical properties of silicone and NIFP

varnish coating syrt{?ms.

Partrs 5,7 and 9 - Dielectric Withstandinj Voltage

Fmll cil.icne and JiFP coated test patterns passed this test

4he1r 1000 volt, s .,C wos aprlied for one innute before and

after th:ermal cycling and after moisture resistance tests.

->11 -
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Part 6 - Thermal cycling

All silicone and MFP coated test patterns passed

five cycles of the thermal cycling test specified in

'hIL-STD-202 without any evidence of cracking or

crazing of the coating.

Part 8 - Insulation resistance, under moisture conditions

All silicone and MUP 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 thc conper conductors was noticed.

Phase B

Stage A - In-.cstiation of chemicj-i strinpingr 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 eooxy and rolyurethane coatings within a fifteen minute reriod,

Standard statistical arnalysis of the insulation resistance data r•,, 1

the follouing conclusions;

(i) Cher ic:l :, ri,: arch dhiv :- ,I'1. -,,,tk' y2' i -' ;I f-. 1 ! vl , -nt ren , wtno

(2) The effect of the laminatc ,:nd the base con'or-i coating .jez(

negligible.

-42-
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(3) Epoxy and polyurethane coati ns are compatible with one

another. The only significant difference was that Epoxy F

and Polyurethane GG were better than Epoxy I.

(W, Sanding of the repair area Prior 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.

(5) The insulation resistance value decreases as the number of humidity

cycles increases.

Stack. B In -estigation of mechanical stripping of conformal coating as a method of

repairing printed wiring assembly.

From the methoe' evwluated, the following conclusions can be derived:

(1) Best removal was obtained when soldering iron temperature was

30O0 F to 375OF.

(2) Smoking of the coating occurred at temperatures between 45C° F

and 5000F.

(3) Conductor leads li[ted when the soldering iron temperature was

500OF or higher.

Vhen this technicue was evaluated on coated t est patterns which when recoated

were subjected to ten d&ys of humidity, statistical analysis of the insulation

resistance data revealed the same conclusions stated in Stage A.

Phase C

Evaluate, for possible upgrading purposes, allowable minimum spacings between

conductorr on coated and uncoated boards as described in paragraph 5-l,5 of

[L -STD-275A.

Analysis of the daIta shown in !the Aprendix, Table IX, the following

conclusions can be arrived at:

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

increasing altitude.

-l13-~



(2) Breakdown voltage is indenenent of laminate type.

(3) No great differences in the breakdown voltages Were

notod between epoxy and polyurethane conformal coatings.

Recommendations for Phase C

(1) lie recomt-nd that p,.ragraph 5.1.5 of NIL-STD-275A be changed to read,

as follows: - ... up to and includingr 7$ watts ... instead of ...

up to and including 50 watts ...

-l~I -•



PROGRAM FOR NEXT INTERVAL

(I) Begin Phise 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 electrical properties of the circuit.

-1 S5-



IDENTIFICATION 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 814

-1 6.,



APPENDIX
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TABLE II

COATING MANU IFA CT,'rURS

This table has been purposely omitted.
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INSULATION REI3IS'1'"ACE 1ESU&xsO0-1, &fl-,: A":2 DI 1 KiOP*'A'-' :-dA

Laminate
and Pattern ______ Insulation Resistane after inohs
Sample No. Number 

- yl
______ initial 1st cycle 5th cycle 7th cycle 10thcyce

ECXXP 1 2.-0 x 1.01- .b. 11 .0 x 1010 2. iO
n .0x11 -010x 4.0%,l)-MFP-l 2 l.5 x 10~ 140 .X- 1010 2,0 x 10 20 l O: 3 x 110 3ox o

32.-0 x 10 14. L c 10 2*x l 0ao 1,0 x 100 , 10 3 0 x I 0>
control 1.5 0~ .x 10 1 ,0 x - 94, 9 .

XX?11 0 .0 8 1. 0 loll 2.0 x- 1 2. 20 x

TP12 2.,0 x 10l 2,0 1011l 3.0 x 1011 1290 x lol 2.0 x loll
3 2.-0 x 1011  2.:0 x 101 1 2,0o xý loJ-.- 12.0 x11 x loll2.

control 2.0 1 ol2.0 x o11  12 0 x 2~~ 2, ol20 x 101

GF
MFP-l 1 2.0 x 1011 2.'0 x 1011 2.-0 x 1011 800 x 1010 6.0 x. 1010

2 2.*0 x loll 2.,0 x 1011 2,-0 x loll 10 x loll. 8,0 -, iolO
3 2.-0 x l01l 14:-( x 1011- 2,*0 x loll1 9:,0 x 1010 7.0 l02.

control 2.0 x 1011 3.0 x loll 1:5 x 1011 less than )1M- ch ----

GD1 2.0n x loll 3.-0 x 1011 2,0 x 1012 6.0 x 1010 2.0 x ',!)I0
NF?-l 2' 2.0 x lo11 3 , 5 2 011 2.0 x 1011 6, 0 x 102.0 2, 0 x. 1010

3 2.0 ýx lo0 3.0 x 1011 2 0 x 10~ 6.0 x lol-0 14.0 o .2
control 2.0 x 1011 1.0 x 1010 le~ss than 1,7 ohms

GE 1 2.0 x 1011 5.0 lo 104.0 x 1,11 2 0 1xlu
I'Pl2 2.0 x -Loll 5.,0 x 1011 3.0 x 1011 2.0 x loll 2. 0 ý

32.*0 x '101 5.0 x. 1011 3.0 x 102.1 2.0 x .10-1 2.,x 0.
control 11.0 x 10 2.0 x 1011 less than 1(7 ohjmg -------

MFP.-2 1 1.5 x 101 3.0 x 1011 2,0 x 1-k 2 ,0 x 11011 2.Q G 1011
2 2.'0 x 1011 3.-0 x 1011 2,0 X 1011 1.5 x loll1 2,0 x :1.01"
3 240 x 1011, *'0 x 1011 2 o x 2.0l1,.5 x 1012- 1-5 x 2.011

control 2.0 x lo1l ý.0 x 1010 less than 1 ' ohms ____

E2OCXp 1 2.0 x 101*1 14.o0 x 1010 2.,0 x 1010  1*0 x 1010 )4 0 x 109
-L?222,0x11 5.0 x. 1.010 2,0 x 1010 1.0 x 101 3:0 x 05

3 2.-0 x 101,l 5.*0 x I2.010 2,-0 x 10 iOo 1.2 1010 3ý-, -0'x
control 2.0 x 1011 2.0 x 10-10 0,0 x 10 3.0 x 1.09 2.0 ,Y 0

(F1 2,-0 x l011 140 x: 10" 2.0 x loll 14.,0x1010 :1'.-xI
MFP-2 2 2.0o 7 1011 3,5 x '-loll 15 X 1011 4.O x 2010 -I..o x

3 21,0 x 1011 3.,0 a! .01 ,0 x 1010 1,0 x ploC o
control 2.0 x 10--L Z2,0x 1(7  1. .x 10 lUS wll v

GB 1 2.-o x 1lo. 3,.0 x1011. 2,0 --10111 102x I 9)
VP2 2 2.-0 x loll 1.0 x 1,010 I2:0 x lol 1:0 x i1,,)11 EQ -

3 2.0 X 12011 ,x1.01:1 le 5 xo1b -lo l I (Ix1
control 2.0 x 102. 0 x l01ll 2, .0 1,1011 1.0 x IQ",~

GE, 1 1.5 x 1.011 -1.0x 101 1 V).0-11011 1.5 x 10l11 C!
MPZ2 2.0 x aol1 3.0 x 1.011 30 x "L0ll 2.0 x ic11  2:(-.

3 2.0 x 1-0± ,0 x10'C 3.0 x 10'-1 2.0 x. 2.011 2,0 r
control 1.5 x21 ! h).0 x -10.0 5.0 x 2.010 1.5 x loll 1 x -01'



Laminate '"
and Pattern __Insulation Resistance, after in ohms)

Sample No. Number
-initial lat cycle 5th cycle 7th cycle, loth cycle h

GF 1 2.0 x 10 13 3.0 x 1011 2.5 x loll 1.5 x 101 l 8.0 x 10

silicone- 2 2'0 x 1011 3.0 x 1 0 ll 2.5 x 101 1.5 x l0ll 8.0 x 10
on3 2.*0 x lOll 3.0 x 101 1 2.5 x 1OI- 1.5 x l0oI 1o0 x lOll

control 2.0 x loll 2.5 x loll 1.5 x 10:I 1.0 x 1o01 less than v 7
S1 2,0 x i011 3.0 x 1011 2.5 x iOll 1o5 x 1011 !. x l~ll

11l 101 looll.ol
silicone-i 2 2.0 x 10 3.0 x lol 2.5 x 10 1,5 x 1011 1.0 x lO1l3 2.0 x 1011 3.0 x 10I1 2.5 x 1011 1.5 x loll 5.0 x 101O

control 1.0 x 1011 5.0 x 107 2.0 x I0 11.0 x 1011 5.0 x 1010

CO 1 2.'0 x loll It 0 x 1011 3.0 x l1ll11 x loll 2.0 x 1o1 1

silicone-1 2 2.'0 x 1011 4:0 x 1011 3.0 X 1011 20 x 1l 2.0 x 1011
3 1.*5 x lOl It.0 x 101 1  3.5 x 1011 2,0 x 101 2.0 x 1011

control 1.5 x l0ll 3.0 x 1011 2.5 x loll less than 1)7 ohms ....

GE 1 1,5 x 40.I 4,0 x i011 3.0 x 1o11 2o0 x 1011 2.0 x 1011
silicone-2 2 1.5 x 10I 4;o x i0i! 3.0 x 101l 2,0 x 1011 2.0 x .0ll

3 1.'5 x 1011 4.0 x 10o1 3.0 x 1011 2.0 x 10II 2.0 x 1O11control 1.5 x !011 3.0 x 1011 2.5 x 1011 2.0 x 1011 L°5 x 1011

OF 1 2.O x l0ol 5.0 x I0I11 2,5 x iol 1.5 x 10o1  7.0 x 1010
Silicone-2 2 2.0 x 1011 4°0 x l011 2,O x lOll 1,0 x loll 6,0 x 1010

3 1'5 x 1011 3:0 x O11  2.0 x 1011 2,0 x 1011 7,0 x 1010
control 3.0 x 109 less than 117 ohs

1 2.10 x 1011 4.0 x 1011 1.0 x 1ll 8,0 x 1010 .oO x
Sil 9-,, one2 2 2.o x 1o01 3.0 x 1o}9- 1.5x loO- 8,0 x 1.o0-C ho x ,:10o0

3 2.0 x 1011 5.0 x 10-L-- 2. 0 x l0-L.- 8,0 x 10- 7 0 x I0i("

control 2.0 x loll 1.5 x 011 7.0 x I010 500 x 1020 30 X 10

1 -

S....i• I



TUALE VI

EFFECT OF SOLERING IRON TEMPERATURE VS. REMOVAL OF EPOXY CONFORMAL COATING

Temperature 9F. Equiv. millivolts Comments on coating removal

100 1.5h no softening of coating
150 3.41 slight softening

200 4191 slight softening
250 6.b2 medium softening

300 7.94 softening- very easy removal
350 9.li8 softenint- very easy removal

400 Ui•t3 softening- very easy removal
450 12.57 softening- very easy removal

plus smoking and rupture of
leads

500 i.12 softening- very easy removal
plus smoking and lifting of
leads,

55o 15. 65 softening- very easy removal
plus smoking and lifting of
leads.

600 17.13 softening- very easy removal
plus smoking and lifting of leads.

-Ii• 7-
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7ARY-Y.' TX

BREAKMWN VOLTAGES VS6i ALT'ITULE ,OF COATED AN D UNQOATED SPEC TMEN:

Altitude - 10.000 ft.

Board
type Gap
and spacing Breakdown voltage Breakdown voltage Average braakdowwn
!s ampl '(inches) (pattern 1) (pattern 2) voltage

coated uncoated coated uncoated coated uncoated

.0.022 3.'O KV 1.'35 Kv 2.1 1V 1o0 KV 2,.5 KV 1.17 KV
VF 0.-026 2.0 KV 44hO KV 2.1 Kv 1o7 KV 2.05 KV 1.55 KV
GU 0'062 3.0 KV 2."O KV 2.6 KV 2,4 XV 2.80 •V 2.20 KV

0_2 5 'With. 3 KV 3.00 KV withstood 3KV - I nm ~ 3.00 KV - 3000 KV
0,250 withstood 3 XV - 1 ain. -----------... .......

JC o.022 2.9 KV -1.5 v 3. X .6 KV 2.95 XV 1.55 MV
VR 0.026 2.h KV 1.7 Kv 2.9 KV 1.6 KV 2,65 XV 1.65 KV
CG 0:062 2,6 K1 2ol KV with. 3 IW 2.1 •V 2,.80 KV 2.25 KV

0125 with5 3 KV 3.0 KV with. 3 KV 3.0 KV 3.00 VW
0.250 withstood 3 KV - 1 min. ----

GB E.022 1.9 1V 1.2 KV 2.5 KV 1.5 KV 2.2 KV 1.35 K1
Epoxy 0,026 1.7 10 103 V 2,2 WV 1,7'KV 1.95 V 1. 50 rl

1 0,062 2,6 KV 2.1 KV with, 3 KV 2.h KV 2.80 KV 2.25 rl
0.'125 with 3 Kv 3,0 KV with, 3 KV 3. 01WK 3.,00 KV
0.250 withstood 3 KV - I min . -------- --- '---'--------.----

OF Od.102? 3.,0 KV I.o6 KV 3.0 JW 1.5 KV 3.,00, 1.55V

Epoxy 0.026 30.0 KV 1.14 1W 2.'9 KV 1.7 KV 2.95 KV 1.55 KV
1 O.'062 2.9 KV 1.8 1W 3.0 KV 2.0 KV 29. f•XV 1.90 V

0.125 with ', XV 3,0 KV with. 3 KV 3.0 KV 3.00 01
0.250 withstood 31KV --I rin 1 --------,-- ------------

GB 1.022 with. 3 KV 1-2 KV with. 3 KV .1.4 KV 1.. 30 XV
IR 0.*026 3,0 KV i.5 Kv with:. 3 KV 1.*7 KV 3.0 KV io6o Kv

c).062 with. 3 KV 1,91WK' 3.0 Kv 2 .2 KV M3O1V 2.05 KV
0G.125 withstood BKV..-mIrn. ------
10.250 withstood 3 KV - 1 min - .... -- -----..-----

_4 I,R= 0.-022 with. 3 KV 1._2 KV w•ith. 3, KV I1.2 K7 " 1.20 K•7
R10 . 102 6 2 ,'7 KV 1 .6 Kv 3 .'0 KV 1 .7 KV 2. 85 Kv 1 .6 5 K v

-A0-0652 P.3 •'.lr 2, "3i KIT 3.0 KV . 2,•0 KV 2.I"65 Kv 2.].5 Kv0,'125~ wihto 3 V mn
___ 0. 250 wihto 3 V-16mn



T A 3L - -IX ( C D IPT

BrAld titucde - 25._000 ft.,Board

type Gap
and spacing Breakdown voltage Breakdown voltage Average breakdown

sampl (inches) (pattern 1) (pattern 2) voltage

coated uncoated coated uncoated coated uncoated

PP 0.'022 2.0 KV 1.3 KV With. 3 KV 1.2 KV N 2.5 KV 1.25 KV
Poly 0.026 2.A KV 1.4 KV 1,2 KV 1.4 KV 1.8 KV 1.40 KV

GG 0.062 2.1 KV 1.8 KV 2.2 KV 1,6 KV 2.15 KV 1.70 KV
0.-125 2.14 KV 2.7 KV 2.6 KV 2.5 KV 2.50 KV 2.60 KV
0.250 with. 3 KV 2.8 KV with. 3 KV 2.5 KV ---- 2.65 KV

PE 0,.022 1.2 KV 1.3 KV 1.5 KV 1.2 KV 1.35 KV 1.25 KV
Epoxy 0.026 1.5 KV 1.'i KY 1.6 Kv 1.3 KV 1.55 KV 1.35 KV

F o.o62 1.9 KV 1,8 KV 2.0 KV 1.8 Kv 1.95 KY! 1.80 KY
O.-125 2.-9 KV 2.5 KV 2.5 KV 2.5 KV 2.70 KV 2.50 KV
0.250 2.90 KV 2.7 KY 3,0 KV 3.0 KV 2.95 KV 2.85 KV

GE 0,022 2.0 KV 1.3 KV 2.4 KY 1.3 KV 2,20 KV 1.30 KV
Poly O.26 2.2 KY 1,3 KV 2.0 KV 1,3 KV 2.10 KV 1,30 KV

AA 0.062 2.3 KV 1.9 KV 2.3 KV 1.8 KV 2.30 KV 1.85 KV
0.125 3.0 KV 2,2 KV 2.9 KV 2,3 KV 2.95 KV 2.25 KV
0.250 with. 3 KV 2.8 KV with. 3 KV 2.8 KV Y --- 2.80 KV

GB 06'022 3.0 KV 1.2 KV wit, h. 3 KV 1.1 KV N 3.0 KV a 1515 KV
Poly 0.026 2.-2 KV 1.3 KV 1.7 KV 1.2 KV 1.95 K'-V ].L25 Kv

AA 0,062 2.6 KV 1.7 KV 2.6 iKV 1.7 KV 2.60 KV 1.70 KV
0.125 3.'0 Kv 2.3 KV 2.9 KV 2.4 KV 2.95 KY 2-35 KV
0,250 3.o IT 3.0 KV wth,. 3 KV 3.0 KV N 3,00 KV 3100 KV

GF O.022 3.-0 KV 1.3 KV 1,8 KV 1,1 KV 2.140 KV 120 KV
'poxy 0:026 2.' KV 1.'h KV 1.4 KV 1.3 KV 1.80 KV ,1.35 KV

F 0.'062 2-23 KV 1.L KV 1.9 IT 1.5 KV 2,10 KV Y -45 KV
0.125 2.6 KV 2,1 MK 2. I KV 2.0 KV 2.5'0 K 2.05 Kv
0.250 3,0 KV 2.3 KV I.7 KV 2.11 KV 2,85k v 2.35 KV

______ ______________ _____________ _________ ______:_ I_______ 1-___-



PRIBLE Ix (coln.)

ABltitde - "0 000 ft.Board 50-

type Gap-
and spacing Breakdowr. volbtge Breakdow.- vc.o1tge Aver:age breakdown

sample (inches!) (pattern 1) (pattern 2) voltage

coated uncoated coated uncoated coated uncoated

PE O.022 1.4' KV 0.6 KV 1.5 K, 0.6 KV 1.50 icy 0, 6,0 KV
Poly 0.-026 1.3 2KV 0.8 KV 1. KV 0.7 Kv 130 KV 0.75 KV

GG 0'.062 13 KV 0.9 KY 1.3 V 1.0 XV 1.30 KV 0,95 XV
0.125 1.5 KV KY o I" . K4Y 1.4 4V 1I.h5 KV Idý0 KV
o.250 1.7 KV 1.6 KY 1.8 Kv 1. 5 v 1.75 KV 1.55 KV

GF 0.022 !.6 KV 0.7 KV 1.5 KV 0.7 KV o.. 55 KV f0.70 KV
Epoxy O:O26 1.1 KY 0.8 KV 1,2 KY 0,.8 K7V 1. 15 KY 080 KV
1 0.062 1.3 '-VI 0.9 KV 1 w Q. 0,9 IN 1,20 KV 0.90 XIJ

O.125 1.'3 ICV 1.2 IN 1.3 KV 1.2 KV 1.30 KV 1,20 KV
0.250 1.6 KV 1.2 KY 1.3 KV 1.3 KV 1,.45 KV 2..2 5 K

GE 0.022 1.1 KY 0.7 KV i. KV 0,7 KV 1.25 KV 0,70 KV
Epoxy 0.026 o8, KV 0.9 KV 1.1 KIV 0,7 KV 0.95 KV 0.80 KV

I 0.'062 1.0 KV 1.0 KY 1.3 KV 0.9 KV L.15 KY 0.95 Kv
o.125 1.'5 V 1.3 KV 1.7 Kv 1A V i. .6o Kv 1'.3;r KV
0.25o 1.7 Kv 1.4 Kv 1,8 Kv 1A XV 1.75 KV 1.40 Kv

r_,B o0022 1.5 v 0.8 KV 1 6 Kw 0.7 KV 1.55 Kv 0.75 Kv
Poly 0,7026 1.*? XV 0.8 KV 1.2 KV 0.7 XV 1,20 KV 0,75 KY

CG io62 1.2 KV 0.9 KY 0.8 RXV 1.01 KIT 2,]00 KV 0'.95 KY
0.125 i.5 xv 1.2 KV I.7 KV 1.2 KV j ,60 KV 1,20 Kv
0.250 17 XV 2.0 KV 1,7 KV 1-5 XV 170 KV 1.75 Kv

PP 0.-022 1.5 V o 0-6 KV 0 Kv 0,8 lot 1,o0 Y 0o.70 KV
Epoxy 0.026 1.0 KV 0,7 KY o0 K 0,7 XV 0.90 KV 0,70 KV

F o.O62 1,-? KV 0.9 KV 019 KV 0.9 KV 1.o5 Kv o.90o Kv
0.!25 1.7 KV 1,3 KV 1.1 KV 1,3 KV 1.55 KY 1.30 KV
0.250 1.7 KV 1,5 Kv 1.6 KV 1.5 Xv 1,65 KV 2.50 Kv

-X1 V-



C Cap
and pacing Broakdiowrm voltagre BrefikdoT.L xrol!itzte Ave--ge break4cwa

sample 'inches) (pattern J.) ptrn2Voag

coated uncoated c oa Led unQ~oate d coatied juncoatedi
PP 0,-022 l.3 KV 1 a 0.WV 1.3 KV o.6KV 1.30 KV o .65 Wv

Poly 6.10126 1.-0 KV 06' WV 0.9 KV 0.6 KV 0.95 XV o.60o WV
AA o.0o62 1,*0 WV 0,8 KV 1. 0 KV 0.8 WV .1.00 xv 0.80 KV

0.125 1.2 KV 1.-0 KV 1.? 2 V L. 1. V 1.20 KV 1.05 KV
0.250 1.4 KV .1 KV 1. 5KV 1. 3 KV 1.15 KVj 1.20 WV

a flE VJ, VrC- 0.6 ?1V 10-3 XV o.,6 Wv 1-,20 KV o. 65 Kv
Epxy 6.026 0-7 KV 0.-6 WV 1.0 Kv 0.? KV o, 8• 5V ' ol 6, cW, v

F 0'.'062 0:.9 WV 0",8 WV 1.0 lKI 0.8 xV LOO0 XV 0.80 KV
0.*125 1..2 WV 1,3K J A 1,.V 1.1 WV 1.15 XV 1.20 WV
0 250' 1.-3 WV 1.3 -1 V 1..6 Kv 1..4 WV 1.,,45 KV 2-.35 KV

0n O022 1-2 WV 0.7 KV I1.'3 Vy 0.5 KV 1. 2 X1 V 0l, 6o Wv
Epoxy 0.2026 1:-0 WV 0.'6 WV 1.-0 XV 0.6 HV 1L700 XV 0,.6o Wv

F0o.0162 0."9 WV 0.9KV 0,-9 WV 0,,? KV 0.90 XV 0,80 KV

0. 250 1.13 WV 1. 3 KV 1..3 KV 1. 2 KV 1,30 XV 1.25 WV

PE 601022 1;6 WV 0.'6 KV 1.2 KT 10.6 WV 1.14oKV oý.6o WV
Epoxy 0.*026' 1.2 WV 0. 00 illy ?1 0.7 V'1XV '

1 0,0"062 1.2 WV 0.'8 WV 1.0 KV 0, WV 1 10 WV f01,8$ WV
0.125 1.-4 WV 1.1 WV 1.3 XV 1.1 KV II 1.35 KV J1.10 KV
0. 250 1-.5 WV 1-.2 WKV L6 XV 13 WV 1-55 XV 1,.2 KV

I 0.-022 1.3 KV 0.6 KV 1.2 WV 0.6 KV 1.25 KV 9. 6 KV
Pioly 01.026 1.0 Wv o.-6 Kv 1,0 KV 0,.6 Wv LOC0 WV uOW
AA 0.062 1.1 WV 0. 8 WV 1. 0KV 0,.? WV- .05 V TV

02.12$ 1,ý2 WV 1.0 WV 1.-1, WV C1.9 VI ,, 0.9Q5 W.V
____ 0.250 1,2 WV 1.1 WV 1IX MI .I XV 1 1'5 KV ~Kil X

IIt



2.A.FL X

INSUlATION RFSiSTAN&1 i1F3SIli: KL . ,' ,: i 3,L , -. -,

SLaminate
and Pattern Insulation Resista ce, after .in ohms)
San pl No atumern -nu a,
Sapl_ N._ ume initial let cycle 5th cycle 7th cycle 10th cycle 1

GE mechanical 2:0 x 109 4 .oX 16-• L. 1 6,x .,-0
Epoxy I on stripper A. 2O x 10,? 0., 5"OLA :3 x 1oll 1,5 7 LO 7o x l09
Epoxy I stripper B l.' X 10 4 2 ' 2 Y 1011 1. x 10 4 10

u~ control 2,0 X 10 10 2:0 x '.1000 6,6 X io0 1.5 x :1.010 1 x 10o1l

GE m~echanical 2.O x OId 2;0 x1 2 IC 2.0 0
poly GG on chedical 1.6 x 1O5 3.0 x iOy 2, ' lO _.O x 100 2'0 x 100
p~ly GG o control 1 .5 x 10 1 2.0 x i-9 6,0 x .0' 15 x

u control 6.0 x I0' 3.0 x l0ol 25 x loll 1.0 X 101 1.5 x 10I0

GF(sanded) stripper A 1.5 x 1011 2 0 x 10'l 6.0 x 1010 4,0 x 0l0 3.0 x 10101 10
silicone A stripper B 1.5 x i0t 20 x 10 64a z 1010 4.0 X 1010 3,0 x 10
on poly GG mechanical 1.5 x 101 15 x loll 5.0 x ,c1 0  4.0 x 1010 3.0 x 103-0

u control 1.0 x 1011 6,0 x 10I1 2,0 x 1lO1O 1.0 x 1010 8.0 x 10

GEI mechanical 1.0 X 100 3._5 ..0 1.0 X. 101, 9ý0 x 1.09 5.0 x 1
Epoxy I on chemical 3.0 x 1O 5.0 x 10 2.0 x 010 10 10  x. x0•3011C 6i c x 00lO10
Epoxy F c control 1.5 x o.011 :X 6 0 x 10- e0 Xh1 x 1.0 X

u control 1.0 x 1.0 x 10 1o0 X lo les t0ha I. o1,0 .

GE(sanded) stripper A 1-.5 x 1.011 I. : 0 2.5 x 101' 1.$-5 X -lw1  1.5 x 1O
silicone A stripper B 165 x 10 25 x 1i) 2.5 :: 10' 16 x .10 1-5 x
on Epoxy F mechanical 1.5 x 10"' 2,1 x 1 26 x5 x 10 165 x 10ll

u control 1 .5 x 0i 1.5x 12  1  x 10' '.O x 10 1.5 x I0i

CF mechanical 1.5 x .0 -... .0 X ,1 2.0 x '10l 1.0 x 10I 8.0 x 1010- , J.-• • ol C-" v 111.,10 7 -r - I - ~ f ; O"
poly GO on ch•.-al 1. x 1 2 ..... 011 70 1_0 6.o 0.x
Epoxy I c control 11'5 x lO 2. 20 x 20'' 1.5 x 1-01 6.0 X -5.0 6 x10"

u control 1.0 x :&C 11.0 X .IC e, than 1( Thims
GE(sanded) stripper 13 X I1 1.0 x 10 10 x 1010

poly GI on mechanic' I ll.Oxx I10i 1.O x 1Q0 X 71.0 100 3.0 x C10 2,( 10
poly G0 stripper A 1 x 2,0 ]. 7,x _0 ,. i. O * x 0 "0

u control 7.0 x 10. 6.0 X 2 ,) .0 x 1010 2.0 x '01!0 1. C ]IC'

TI1 0 10 N) >GB c control 1.0 X 10 7.0 X 10 4 ,I0 X 10 3.0 X 30 0 Y C,
Poly GG on mechanical 1.0 x o110 1.,5 x !0' , x 4.U 0 2.0 X 10 •5 x
Epoxy F chemical 1.0 x 10 6 x " 0 .,4 x 1010 2,0 x 10I 1o5 x 2.

u control 5.0 x 107 l0,r• harj 7!2 '1,0 x I0lC 3,0 x 1,0' 3.0 x 'C1
GB(sanded) stripper A 1.0 x 101 8 0 X iO 1 -.0X0 6,0 X !' 5.0 x

-0 ' 1silicone A stripper B 1.0 x 11 I -:G: I'C 1.0 x 1i0 .'0 x 2 x,on EPoxy I mechanical 1.0 x loli ] 0 x 21l 1.0 x i0*- 2,0 x I ,:. .,
u contr,l 1. 10 w 0 1 ) 0 K 10 .0 x 1010 1.0 x 10-0 6 0 '..0

Epoxy F on, mechanical ?.0 x i0' 20X -10, ..6 0" x 1` .
-- :_ -LO'a 0 "

Poly Go chemiical 2.-0 x l' 26 x 1.0 x 10I- 2 0 1 IC0 10 X 10
control 5,0 x 10 0 :0 1,0 x X ' ls than .1.7 Chnm ....

NOTE: u control-uni ) :at, r ICOn o2 coatei n



Laminate
Iand Pattern .Insul-ation Resistance,• after (in ohms) .

Sample No. Number initialn 1st cycle 5th cycle 7th cycle 10th cycle lh cycle

CF mechanical 1.O x 1011 7.0 x 109 1.0 x 10!0 4.0 x 10ý) 5.0 x: 10ý'
Epoxy F stripper A l'O x l0ll 7,0 X 0Ox 1.O x l0 .oO x l 10 5 :,0 x 10
on Epoxy F stripper B 7.'0 x 1010 6,0 x 109 1..0 x 1010 4o 0 x 10 4o00 x ].09

u control 1:0 x lOll h40 x 10 9  7.0 x 109 3.0 x 109 1,0 x 10].0I] !II 010100

GE c control 3.-0 .x loll 1 0 1.' X l~o ' 6-.o x 1010 6.0 X 1.0
Epoxy F on mechanical 3.0 x 101 7.0 x 1.Oj-0 .oO 1010 3°0 x 1010 2 0 x 1010
EPOr I chemical 3.0 x 1011 loO X 1011 1o 1 01 o ,oll x lX o1o 3 O X 10

u control 3.0 x i101 1.5 x 1011 1.0 X 1011 3,0 x 1010 1.5 x 1010
9j

CF. stripper B 3.'0 x 109 1.'5 x 109 1.5 x 109 2.0 x 109 3.0 x 1.09
Epoxy I on mechanical 4.'0 x 109 2.0 x: 10 6 1o5 x l09 2.0 x l09 2.0 x 109
Epoxy I stripper A 1.5 x 10 9  10 x 109  1.0 x 10 9  2.0 x 1O9 2.0 x1 0

u control 1.5 x loll 1:0 X 1010 7.0 x: 09 5°0 x l0 2.0 x 107

GB chemical 5.0 x 10101 6.0 x 109  1.0 x 1010 1.0 x 1.010 10 x iol0
Epoxy I on c control 3.0 x 101O loO x 1010 1,5 x 1010 1,0 x 1010 160 xO 101
Epoxy I mechanical ti.0 x 1010 5.0 x 2-9 10 X 1010 1o0 x i010 1J0 x 109

u control 1.5 x 1011 5.0 x 1010 .o0 x 1010 less than ] oh o -me

GB(sanded) stripper B 1,5 x 1010 1.0 z O'1  8°0 X •0l 3.0 x 1010 2 x0 i0n
Epoxy F on mechanical 2,0 x 1001 1. x ±011 1:0 X 1.0. J. .. :. 1  3 0x
Epoxy F stripper A 6.0 x 10:10 8.0 lo- 61 (.0 x 10O 3o0 x 101.) 2:0 X 10's

u contr•l 2.0 x 1010 '!13?)0 : iN0 1010o 8,0 X l09 5.0 x !09

GF chemical 265 xi o0 109 4.O x 209 4.0 x O9  0, . x-I
lpoxy I on c ontrol 3-0 X 1' C x 100 2.0 x 1 .o 0 X 109 8. Y 19

MPly OG mechanical 3.'0 xx iO21 1.o lC0u 8.o x 1.0n 6,0 X lOý 5'.0 x 1o9
u control 800x 40 9.0 x 'VO LoO 1 10"t h°0 x -0 3oO x .2

GF chemical 6.'0 x 10-" 1o0 x 10 1 '.0 x 101 °0 x0 101 6o0 101
Epoxy F on c control 6,0 X 10.. lo X '1,0-, O 1 X. 0 60 ,: 1010 C. 0 10
Epoxy F mechanical 5.*0 x 10±1 10' xi iI]• 1.6 x 1011 750x c0 0 x i02o

u control 3.0 x 108 ].e.rs !hbr T 7 1 hrr --- ... . ..
GB mechanical 3.'0 x l.011 2 ,oO x 10. -2'( x 0.1.0 10•o " .0x 0O1. 0 x. 0I0P 7o'0 N. 10.'
Poly GO on stripper A 3.0 x 101 1 10
Poly GG stripper B 3.•0 x 10! 2.0 i. 1C. 1*0 xi 0 x "0 :

u control. 3.0 x lol " th0n .10 o0 x 1.0 5-0 x 0o• 3.0 x !0
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