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ABSTRACT

-4

This study identi fied the corrosive effects of Type
RA fl uxes and fl ux residues on printed wi ring boards subjecte d
to electri cal stress in a humid environment at elevated tempera-
ture . The effect of varyi ng delay times between soldering and 

-

~

cleaning of fl ux residues was a lso studied and the protecti ve
val ue of solde r resist and co nforma l coating was evalua ted.
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I. CONCLUSIONS

1. Type RA fl uxes have a degrading effect on the insulation
resistance of printed w iring boards .

2. The analysis of variance of resistance val ues for A, B, & C
fluxes showed a significant difference in resistance values for the
three delay times chosen. Delay in flux residue ren~val affects
degradation.

3. The analysis of variance of resistance values for A, B, & C
fluxes showed a signifi cant di fference in the amount of degradation

caused by each fl ux. The activi ty of the Type RA fluxes in this

experiment cannot be based solely on water extract resistivity tests
specified in MIL—F-14256D.

4. MIL-P-28809 is an excellent tool for the appl i cation intended :
i.e., determining the level of ionic contamina tion on a printed
wiring board . However , it appeared that one fl ux left some residue
which was not measurable with MIL-P-28809, yet still caused degrada-
tion.

5. The ana lys i s of var iance of res i stance val ues for A , B, & C
fl uxes showed a signifi cant difference in the resistance values
between the sol der mask coated and the conformally coated specimens .
The sol der mask gave greater protection against degradation than

- - did the conformal coating.

I I .

1. RA fl uxes shoul d be used with caution .

• 

- • - -  
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2. RA fl uxes shoul d be cleaned immediately from printed wiri ng
boards after sol dering.

3. Care should be taken when changing to a di fferent flux. The
new fl ux may not be compatible wi th the base l ami nate material .

4. Thorough cleani ng of RA fluxes from printed wiring boards is
a necessity. However, at present there is no method of detecti ng

non— ionic contami nants . Work should be performed in this area of
cleanliness testing .

5. Work should be performed on MIL-F- 14256 to determi ne what
addi tional requirements are necessary for specifying a RA flux;
e.g., pH, organics , etc .

I I I .  DISCUSSION

Acti vated rosin base (RA ) fl uxes have been general ly con-
sidered too corrosive for use in the manufacture of military

electroni c assentlies . However, it is now possible for these

fluxes to be used under milita ry speci fication control . Fl ux
vendors have proposed that once their RA flux has seen sol dering

temperature and has done its job its residues are rendered inacti ve.
* So the question arose: is the insulation resistance of printed

wi ri ng boards degraded by such fl uxes as they mi ght be generally

used in electroni cs manufacturi ng?

Rome A ir Develo pment Center requested that MC evalua te the
effects of RA fluxes on printed wiri ng boards.

A literature survey was conducted before this experiment
was started. However, it yielded no information about the type

of experiment that was performed.

2
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The fluxes used in this experiment were advertised by thei r
• - manufactures to meet the minimum requi rements of MIL-F-14256D, Amend-

ment 1 for RA type fluxes. Three fluxes for testing were chosen on

this basis and were designated “A” , “B” , and “C” . Further charact-

erization is shown in Table I.

The comb pattern shown i n Figure 1 (below ) was used as the
basic resistance specimen. It was produced using conventional

printed wi ring board manufacturi ng techniques . Histori cally, a
comb pattern speci men has been associated with printed wi ring

board insulation ri~sistance measurements . This particular pattern

is a duplica te of the one used in the IPC Round Robi n on the

“Addi ti ve Process for Producing Printed Wi ring Boards ” . (Dimensions
on Dwg. AV22 107 in the A ppendix.)

~~~ ERN

Fi gure 1.

A total of 200 comb pattern speci mens was produced. Approx i- 
•

mately 48 specimens were used for each test run .

Usi ng resistance squa res, 1.5 x io8 ohms insulation resist-

ance on the comb pattern was found to be equi valent to 500 megohms

on the trumpet pattern in MIL-P-55110C (equilibration calculation

shown on page A- li in the Appendix).Any resistance value below 1.5 x io8
ohms was considere d a failure .

3
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The experiment was designed so that some test specimens
wi thin a test set were very clean when they were ready for

temperature and humidi ty stress. These specimens were used to deter-
mi ne if the copper cl ad lami nate from which all the comb pattern
specimens were produced contained any electri cal anomalies .

The “Experi ment Matri x” , Table II, is a visual description
of how the experiment was designed. Those specimens wi th in  a test

set were di vided into lots which were then contami nated wi th the
three fluxes . Some test specimens within a fl ux lot were stressed
wi th 100 vol ts D.C., while other test specimens were not voltage
stressed. Some test specimens within a fl ux lot were solder mask
coate d, while others were confo rmally coated. The test specimens
which were tested for electrical anoma l ies  we re neither voltage
stressed nor coated . Wi thin each fl ux lot , there were enough
specimens provided to permi t the data obtained to be analyzed
statisti cal ly.

For the three fl uxes used , there was a total of 48 test
specimens for each delay time. This gave a possibility of five
control specimens since the maximum which could be loaded into
the humidi ty chamber was 53 specimens .

The MIL-P-288O9 Ionic Contami nants Test was used on a

sampling basis to moni tor boards from the same process lot for
cleanliness . (These sampled boards were not temperature and
humidity stressed.)

Time between flux fusing and cleaning was the vari able

chosen to differentiate between temperature and humidi ty stress

runs . It had been proposed that type RA fl uxes woul d attack the
insulating base lami nate of a pri nted wiring board . The three

6 
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delay times between fl ux fusing and cleaning were chosed to
simulate actual fabri cation cycles with 1) in—line cleaning-
or 2 ) 72 hours standi ng ove r a weekend , or 3) 168 hours for
boards touched up or otherwise held in process for one week .

The temperature and humidi ty stress condi tions of MIL-STD-
810C envi ronmental test methods , Method 507.1, Procedure I, were

used. This was done because solder fl ux is used to fabri cate
printed wiring board assemblies used in electroni c equipment.
Ultimately the pri nted wi ring board asse mblies survi ve or fail
in the envi ronment the equi pment sees .

The resistances of the specimens were measure d in the
humidi ty chamber during the high tempe rature and high humi di ty
portion of the temperature and humidity stress cycle. The resist-
ances were measured on 24 hour cycles on working days . The resist-

ance measurements were made using a megohm bri dge .

The experiment proceeded wi th the di fferent delay times in
this order:

1. 72 hours delay
2. 168 hours delay
3. In plant , wave solde red and cleaned , 1 minute delay

before flux removal

An additional study was made to explore exposure to RA
fl uxes beyond the ten day requi rement of the MIL Standard method.
Specimens were prepared by the procedure employed in the main study ,
except that 1) fl ux or flux residues were not removed by the previously
descri bed cleaning steps , and 2) the MIL-STD-810, Env i ronmental Tes t
Methods , Method 507.1, Procedure I, was run for twenty days rather
than ten days .

Some of the findings were :

1. It’ s possible to meet the humidi ty and insulation

_ _ _ _ _ _ _ _
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resistance requirements of MIL-STD-810, Envi ronmental Tes t Methods ,
Method 507.1, Procedure I, and at the same time attack the epoxy
butter coat of the lami nate .

2. Fl uxes which appear to be more prone to humidi ty and
insulation failure (R < 1.5x108 ohms) than some other RA fl uxes
were very gentle to the epoxy butter coat of glass epoxy laminates .

3. The photographs in the Appen dix are typical of what was
observed.

NOTE: Thes e are pr eliminar~i fin dings. I t  is thought they
are worthy of mention, but more inves tigation is
indica ted. None of the conclusions or reconviendat ions
are affected by these finding s.

IV. PROCEDUR E

1. Make 200 comb pattern printed w iring boards of FL-GF , .062 C 1/1.
glass epoxy l ami nate to conform to Dwg . AV 22109 on page A-24 in the
Appendix . 

- -

2. Mask the lami nate, using dry film resist so that the conductor
pattern and the back of the pri nted wiri ng board can be plated .

3. Tin/lead plate . -~~

4. Strip resist.

~~~. Etch unpiated copper. 
—

6. Rinse thoroughly in tap water and blow dry .

8
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7. Omi t sol der fusing operation . (This makes sure that fusing
fluid residues do not affect the test results.)

8. Figure 2 show s how the solder mask coated specimen was co n-
structed. Solde r mask was applied to the comb specimen which was
governed by conductor pads 1, 2 and ½ of 3. Electrical leads were
soldered to conductor pads 1 and 2.

SOLDER M4SK

1 ~~;~ -- 1 F CIRCUIT BOARD/ ~~~~~~~~~~ ~~ /COMB PATTERN

/
I ~~~~~~~~~~~~~~~I

ELECTRICAL l/
LEADS J ~~

‘4
‘4

5’•~ ~~~~~~~~~~~~~~ p
~~~~~~~~~~~~~0~~~~~~~~~~~~~_ _

Figure 2.

SOLDE R MASK COATED SPECIMEN

- S 9. Fi gure 3 shows how the conforma lly coate d specimen was con-
- - structed. Electri ca l leads we re soldere d to conductor pads 1 and
. - 2. The leads exi ted the specimen from the end opposite conductor
.. pads 1 and 2. This al lows the co mb specime n go ve rned by conductor

-

- pad 1, 2 and ½ of 3 to be confo rma]ly coated by dipping

9
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CONFORMAL COATING

CIRCUIT BOARD
W/COMB PATTERN I TT

[ELECTRICAL
1~ LEADS

‘U’

Figure 3.

CON FORMALLY COATED SPECIME N

10. The fl ow charts and procedures for producing the 72 , 168 hour

delay and in-plant , wa ve soldere d and cleaned speci mens , 1 minute
del ay before flux removal , are on paqes 12 and 13.

10
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V. RESULTS

1. Table III show s the 24 hr. period duri ng which each specimen
failed (R < 1.5x10 ohms . To illustrate how the percentage of
specimens wi th R < 1.5x108 ohms was calculated, in the top left

- hand section of Table III the total failures in temperatLre and
- • humidi ty was 19%. Three of the sixteen specimens coate d wi th

fl ux “A” and held 72 hours afte r fusing and befo re cleani ng
failed. Nine teen percent is cal culated by dividing three by
sixteen and mul tiplying by 100.

7 2. Linear regression lines of resistance vs ti me were calculate d

F from the raw data . The slo pes of the li nes for each flux were
analyzed statistically. These are shown on Tables IV, V and VI

on pages A-19, A-20 and A-21 in the Appendix. The formulas shown in

the tables may be used to plot the lines , if so desired . An

example of the above linear regression lines with ± 3Sy limi ts are

shown graphical ly in Figures 4, 5, and 6.

3. The values on MIL-P-28809 ionic contami nation testing of fl ux

contami nated spec imens for eac h delay time are shown i n Table VI I
on page A-22 in the Appendix.

11
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FLOW CHART FOR 72 AND 168 HOUR DELAY SPECIME i~S

ST Ak T 5 /  SPEC I MEGS

2’  - Group 0 conta ins 24 speci ven s
-~ - S Group Y c ontainS 24 spec ive ns

~~~~~ & Group 2 contains 9 specimens

[“‘CLEANING

1. Vapor clean in l ,l ,1— tr ichl oroetn ane(isni b ited , -
2. Clea n overn ight using 75 volume 2—pro pamo l - 25 volume

GROUP X j  0.1. water , w ith resisti vity at least 2Ox1C~ oPen-cm . ii, a pparatu
on Ibeg. AX 21922 shown on (p .  A — 2 5  in Appendix)

SOLCIR I4A~K APPLICATION
1. Screen epoxy solder mask on area governed - - - -  — — - — -  - - - -— — - - —- - -   - - - - -—— 

S -

by conductor pads 1, 2 5 ‘u of 3.
2. Ove n cure solder mask per mfg ’ s instruction s.  j 

~~~~~~~~~~~~~~ 

- ———-
i

[ .  Some as before,j

FLUX APP[I~ A’TT~~~~~~~
’ - - 

~~~~~~~~~~~~~~~~ ~~11. Evenly d ispen s e ,  w it h  a syringe , 0 .5 rI of eacn f iuo 2 ’ . d
& “C on the 24 speci niems w h iC h  have been solder meshed. 2 spec i-
see ms for each f lue .
2. Evenly dispense , wi th  a syringe . 0.5 r’l of ea cr Flue ‘ 4 ,1”
& “C on the 24 specimens w hic n  w i l l  be co nfo rnall j  coated ,  S
specineflo for each f l u x .
3. Evenly dispense , vi tO a syr ixge ,0. 5 ml nif each f l v ’ 4 ’ ,8 &’ C
on toe A s p e c . w h i c n  v i i i  by tested for A o m l c  cor t . .3 syo c.  cx f l u x

~x~~~~~i~~ j si~~ 
!~~ p~~~~ fy~ — -- -

1. Subject the f l uxed sped mems I
to fusing temperature in an infrared

[
sol der fus ing tsa cnim e.

GROU P Z

I L EAD AT TAC H~~NT
I. Solde r elect ri cal lea ds to con-
ductor pads 1 end 2.

- - -

1. Al ’lRow specimex s to sit for
c hosen dela y time .

- 
~L~ A N1P4~- 

iiapàr clean speceesess in 1,1 ,I,— tri chl oro—
ethane li nnibited ) ,
2. SI lo. specimens Co remain in contacE with
Caper for ISO seconds.

GROUP t GROUP- - - -‘-“-— —---~—— --—“— - - “1

1 ç , 944~~ :a0 :v ,  OLe - ~A~~I,TPe 
- 

MILJ-2880 IC
1 ~~~ a -~~ euretna ne base con — CONTAMINRTION

s ’ ~ cv , ’ ’  ar e- a governed by con— ‘TESTI NG
due tur sad ’. . - ft. ,
2. eec e r,- - -  ‘rv’e-x ’ coat i ng yer nf g ’~

Cl ~~ ni • - 
- . x - ——

t e d  - set ‘ - . i ) r  . ~~thod 507 .1 .
rU ‘ - 1 _c .,

1. A pp I , 100 vol tc 0~. ‘ s . . -  I vs ’ r c  to be voltage
C C  re-i. e-S
~ . ‘Cs ’ P~ ’ 10 e s s u .

RE. l ’5TA NCE MEAS ~,Pt ii’, - 
— - - - —- _________

I. J s l n q  ~v’ 1one ‘r d-y-  .st h SAy you . SO S _ t e s t e d  applied take
reading’, ove r a s’ s nut , ’ p ’ r ud
2. Take caSings dureog n S p v e  teeVe rature and hig h hum idity
(65°C/As R u ) ,
3, Take read ine .  on a .4 h r .  c y -  i~ each work i ng day .

~ A 2 i ’ i  TINS AT

12
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FLOW CHART FOR IN PLANT. WAVE SOLDLREL) ARI) CLEANE D SPECI?LNS
(APPROX IMATELY 1 MINUTE DELAY )

TA!T ~~ ~PgJ~~5~~ ~~~~~~~~
— G_JR)W 5 X,L,.,Y • 1 1 UrOyl, 0 contains 9 specimens

._ ,t.,
ie eOUP P

SOLCER K APPL ICATION
L Screen epo xy solder mask on area governed F- —_  — —-— ——-- - r’~~— ”  — C.

by conductor pads I. 2 & 5 of 3. )
2. Oven cure solder mask per mfg s instruction s. J ~[1. Save as before .

~~~~~~ PPL 1?
1

~~~~~~~~~~~~~~
L! ny dT ’~~ nse, with a syringe , 0.5 ml of each FIux ”A , “B
and “C” on the 24 specimens which have been solder masked . 8 sped-
mans for each fluu .
2. Evenly dispense , with a syringe . 0.5 ml of each Flux ”A” . “B”

— 
& “C” on the 24 specimens which w ill be conforoelly coated. 8
spec/ ness for each f lun,
3. Evenly dispense , with a syringe, 0.5 ni of each fiux ’A” , “B”

— • & “C” on the 9 speciness which wi l l be tested for ionic contamin-
ants , 3 spectnens for each flux , - _______ _________

- - f”i P~~U1r~~~ WP~ANT WAVE ‘
~~t~~ T’90’

~9 ~~~~~~~~~~~~~~~~~1. Set t~~”~i io’i’s~ii Mni~ o ihesi”~~~T~Ions C

. — a. Preheater temperature - 500°F
S. Soldering temperature - 49O~E
c. Conveyor speed - 26 inches/ mm .
d. Open oil salv e enough to prevent dross
e. First fountain cleaner - inflib ited 1,I,I-trichloro-

et nane at roo m temperature
f , Second fountain c leaner - inhibi ted l.1.1-tr icnloro -

- 
ethasee at rosrn temlerature

GROUP Z

~~~LEAD ATTACHMENT I

~~~~~~~~~~~~~~~~~~ leads using WPR—2 solder

Lt0 c onductor pads I and 2.

CLEA S’I MG
j~~~

’
~~ )V

’h and imme rsion clean all vi siol e flux from al l
“A”  fluxed specimens with virg im room temperature
in n i Oit ed 1,1,1—triC ueloroethaxe .
2 . Repeat for “B” f lux ed spec / ens .
3. p9±~.i9..L”.C v e o d  speci ~~~~~~~~ ,. -

GRO UP v GROu P C

~O uf-JT ’-l%L CL .1 Ic A PP ,C n .1 . ’l • ‘ -
I. Ap p l y by ~~~~ polyure ’.huie base csnforme l 

~~~~~ 
~

• - coa te nq . Cover area governed Dy conductor pads 1, 2. ~~~~~~~~~

2 .  bee n cure c~ r. for-nal coating per manufacturer ’ s 
- -

• 
- i nstruction s .

• L _

_ -

~~

TEC ’ IP ERA T L/s  U ~Ul’il~~ TY CHOM BER
I. Ci.ntrb l. Set to M L - O T D - 8 1 3 C .  Pk’~nod S J ?.I .
PeQced ~ en I

* 
2. Ap ply I35 c ; .  ‘ - DC to s e -  -~e ’ - - . tO be ccc tog e
stresse d.

~~~~~~
Test for 10 days. 

- - - - - 1.

T~ T~T22CC~ 3iC C~ rAC1C’tCc t  - - -  - ‘~‘11. ssc c g ‘hq(ihs’ br ed ec e si t t’ 55C volts DC po tent ia l  applied take
re od s.gs Oy er a I ‘-din uSs ’ yer od .

p 
- 2 .  0taee re edenis duri n g high temperature and ni gh eumid ity

ts ~~~ Pi e .)
3 .  •ake rev di r’~. or a ci hr. cycle eacn work ing day.

V I 2 U A L L C  A S P E C T  A L  SPP (it”ENS 2T
ij ’IISH OF TEST .
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“1
- NAC TR-22b3

EXPLANATION OF PHOTOGRAPHS
- ‘ 1
I ~ 3B100C

Laminate attack by “B” Fl ux subj ected
to 20 days of temperature and humidi ty
testing per MIL—STD—8 10C , Method 507.1,
Procedure 1 (flux removed).

a iclooc
Laminate attack by “C” Fl ux subj ected
to 20 days at temperature and humidity
testing per MIL-STD-810C, Method 507.1,
Procedure 1 (fl ux removed).

I 4C 100C

- . .  
Burned out track due to surface resistance
deterioration by 20 days of temperature and
humidity testing per MIL-STD-810C, Method

- 507.1, Procedure 1 (no fl ux removed).

- • 4A100C

- 
Lamina te which had been covered with “A” flux
after 20 days of temperature and humidity

- testing per MIL-STD-810C, Method 507.1,
Procedure 1 (flux removed).

2B100S

So l der masked area , no lam i nate attack by “B”
Fl ux subjected to 20 days of temperature and
humidity testing per MIL-STD-810C , Method
507.1, Procedure 1 (fl ux remo ve d ) .

3A100C
Confo rmal coating over ‘A” afte r 20 days of
temperature and humidity testing per MrL-STD-
810C , Method 507.1, Procedure 1 (no flux
removed).

a
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A -i
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NAC TR — 2253

RAW DA TA

72 HR. DELAY BEFORE FLUX REMOVAL

FLUX TYPE (A) FLUX TYPE (A)
CONFORMAL COATED CONFORMA L COATED

0 VOLTS 100 VOLTS I
DAY~ 

Insulation Resistance - OHMS 
________ 

Insulation Resistance — OHMS 
-

— 
Spec 1 Spec 2 Spec 3 

~~~~~~ 
Control# Spec 1 Spec 2 Spec 3 Spec 4~

3 3.15x10~~ 4.7x10’° 2.O5x109 8x109 1.7x10’0 5.3x1010 1,18x1011 6.5x1010 1.88x101°

5 5.5x10~ 2x109 1.84x109 3.9x101° 9Ax108 3.3x108 10.2x101° 1.84x1O 11 1.86x1O~°

6 1,2x108 3.5x109 1.81x109 1.21x101° 7.7x108 5.3x107 8.3x10’° 10.6x101° 1.8x1010
7 6 .5x107 .97x1010 1.9x109 7.35x109 1.08x109 6x108 8.5x101° 1.23x1011 1.87x1O~~

10 6.5x107 5.5x107 2.1x109 3.5x109 1.3x109 5.0x108 4.8x1010 5.5x101° 1.68x101°

SOLDE R MASK ________ SOLDER MASK

— ________ 

0 VOLTS Contro~#2 
100 VOLTS

3 4.5x101° 7.6x101° 5.4x109 5x 1O8 1.66x109 4.75x10’1 1.58x101° 1.74x101° 2.9x10’°
5 

-_
9x101° L56x1O9 9.6x108 3.95x108 1.52x109 4..1Sx1O 1~ 1.52x10

1° 1.62x10’° 2.3x10’°
6 5,6x101° 5.7x101° 4.65x109 5.9x1O9 1.64x1O9 3.9xlO ’° 1.32x101° 1.54x101° 1.9x1O1°

7 2.95x109 4x101° 1O.2x109 8.4x109 2.55x109 3.35x1010 1.47x1010 1.7x101° 1.72x1010

S 10 6.2x109 1.7x109 1.14x1~~ 1,2xlO ’° 3.5x109 11.0x109 1.34x1O ’° 1.5x10’0 1.58x10’°
— _ _  

_ _ 
—

~~~~~ 
-

— 

j H
A-8

-m - ‘
~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 
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NAC TR-2253

... RAW DATA

72 HR. DELAY BEFORE FLUX REMOVAL
FLUX TYPE (B) FLUX TYPE (B)

CONFORMAL COATED CONFORMAL COATED
0 VOLTS 100 VOLTS

Insu la tion Res i stance - OHMS 
________ 

Insulation _Resistance_-_OHMS_________

Spec 1 Spec 2 Spec 3 Spec 4 Spec 1 pec 2 Spec 3 Spec 4

~ 7.9.10~ 3.75x107 1.3x109 8.2x1O8 .9x1O~ 1.84x1O12 7.3x1O1° 4.35x1OU

~ 3.3x1O9 3x107 1.18x1O 1° .26x1O ’° .34x109 .2x 1O 1° 4.6x101° 2.3x1O1°

6 4.9x1O9 2.45x1O7 1 .lx lO ’° 1.6xlO ’° lxlO 9 xlO 1° 3.95x101° 2.2x101°

~ 4.6x1O9 2.6x1O7 1.27x10’° .08x10’° 27x1O 7 .8xlO 1° 3.95x 1O 1° 23x2O 1°

10 2.45x1O9 1.85x1O7 4.Ox1O9 7.10x109 15x1012 27x1012 llx lO ’2 18x1012

SOLDER MASK SOLDER MASK
0 VOLTS 100 VOLTS

3 1.66x1O1° 9x101° 3.3x10’° 3.35x10’° 2.85xlO~~ 2.O5xlO~~ 2 .45x 1O 12 1.14x 1O 11

5 2 .65x1 O9 2 .7x1 0 1° 6.4x109 5.lxlO9 2 .75x 101° 2.O5xlO 1° l .O4x lO~~ 1.6Bx1OW

5 2.lxlO9 2.85x 1O 1° 5.3x1O 9 3.8x10 9 2.5x101° 2x 101° 1.22x1O ’1 l.66x101°

7 2 .lx lO 9 1.74x1O9 4.85x109 3.1x109 1.62x 1O 1° 1.93x10’0 6.4x101° 1.74x1O 10

10 30x10’2 1.54x 10 1° 5.8x109 4 .lx lO 9 24x 10 12 21x 10 12 24x 10 12 3Ox1O 12

- A -9
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RAW DA TA

72 HR. DELAY BEFORE FLUX REMOVA L
FLUX TYPE (C) FLUX TYPE (C)

CONFORMAL COATED CONFO RMAL COATED
— 

0 VOLTS 100 VOLTS

DAYS Insuiation Resistance - OHMS Insulation Resistance - OHMS

— 
Spec 1 Spec 2 Spec 3 Spec 4 Spec 1 Spec 2 Spec 3 Spec 4

3 3.65x1O10 3.4x10’° 2.5x 1010 8.4x1O 10 l.5xlO~~ 2.45x1O~~ 1.72x10
11 1.76x1011

5 1.7x1010 9.4x108 5.6x108 4.9x108 1.2x108 1.84x1O ’° 1.4x10’° 1.86x101°

6 1.28x10’0 2.15x1O 9 4.85x1O9 2.7x1O9 9.2x107 1.8x101° 8.8x109 1.84x10’°
7 2.2x1O~~ 3.2x109 8.4x109 2.75x1O9 9 .Ox 1O 7 1.92x101° 7.3x109 21x 109

10 3.5x10’0 3.5x1O9 8.2x1O8 4.95x1O9 4 .2x 108 1.32x1O1° 2.2x109 2 .lx lO 1°

SOLDER MASK SOLDER MASK
0 VOLTS 100 VOLTS

3 9.7x109 2.8x109 2x1O9 8.7x109 1.4x1O11 l.48xlOU l.6X1OU 1.64x1O11

5 2.9x 1O9 2.6x1O9 2.45x109 9x1O9 6.8x1O9 1.98x10’° 3.5x109 1.48x1O1°

6 3.3x109 2.9x1O9 2.5x 1O9 8.2x 109 9.4x109 6.5x109 3.5x109 8.4x109

7 3.75x1O9 3.2x1O 9 2.85x109 L6x109 6.5x109 1.72x1O10 4.5x109 3.7x109

10 5.9x1O9 5 .6x1O9 3.5x1O9 8.5x108 8.4x109 1.48x101° 2.0x109 8.5x1O9

A-lU
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‘ RAW DATA

168 HR. DELAY BEFORE FLUX REMOVAL

FLUX TYPE (A) FLUX TYPE (A)
CONFORMAL COATED CONFORMA L COATED

0 VOLTS 100 VO LTS

Ins ula t ion Res istance - OHMS 
________ — 

Insulation Ri- lstance_- OHMS

— 
Sp~c 1 Spec 2_ Spec 3 Spec 4 Contro l #1 Spec 1 Spec 2 Spec 3 Spec 4

3 3.2x1O8 3.1x109 2.5x109 I.72x109 2.35xlO9 9.0x108 5.5x101° 9.3xIO ’° 2.3x1O1°

4 2.15x10~ 6.1x109 2.52x109 7.7x109 2.4x1O9 6.7x1O7 5.Ox1O ’° 5.1x1010 2.OxlO ’°
5 18x1O~ 3.3x109 2.8x1O9 2.15x1O9 3.lxlO9 4.9x1O7 O.94x1O ’1 7.lxlO 1° 2.4x1O10

6 1.3x1O~ 1.24x1á~~2.95x1O
9 4L35x1ó10~ 2.55x10

9 4.2x1O7 2.55x1O10 3.5xlO ’0 1.84x101°

7 2.7x1O~ 3.3x1O9 3.lxlO9 19x 1O8 - 3.1x109 3.Ox1O7 2.4x10’0 5.5x10’° 2.15x1O1°

10 7.3x107 ~~~~~~~~~~~~~ 9.7x1O8 2.2x109 2.8x107 4.OxlO ’° 7.OxlO ’° 2.2x101°

SOLDER MASK 
________ 

SOLDER MASK
0 VOLTS on trol#2 100 VOLTS

3 6.9xlO 1° 1.47x1O10 2.25x1O 1° 2.3x1O1° 3.3x109 7.3x10’0 1.4x10’° 2 .5xlO 1° 2.25x1ó’°

4 1.9x109 4.lxlO9 6.0x108 5.6x1O8 5.5x1O8 6.5x10’° 1.36x1O 10 2.5x10’° 2.05x1~ °1

5 1.74x1O9 4.7x108 5.8x1O8 5.6x1O8 1.9x108 5.6x10’° 1.48x1010 2.55x1O 1° 1.95x1O 10

6 1.6x109 1.78x109 4.25x10’° 4.65x1O8 1.58x109 4.7x10’° 1.34x101° 2.15x101° 1.61x1O 1°

- - 

7 1.7x109 3.2x109 6.5x1O8 4.2x1O8 1.54x1O9 1.16x10 ’° 1.3x101° 2.Ox101° 1.7x10’°
• 

10 12.4x108 14.6x1010 5.lxlO8 3.3x108 2.2x109 2.5xlO1° 1.2*1010 2.Ox1O ’° 1.56*1010

A-li
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RAW DATA
168 HR. DELAY BEFORE FLUX REMOVA L

FLUX TYPE (B) FLUX TYPE (B)
CONFORMA L COATING CON FORMAL COATED

O VOLTS 100 VOLTS

)AYC Insulation Resistance - OHMS 
_________ 

Insulati on Resistance — OHMS

— 
Spec 1 Spec 2 spec 3 Spec 4 Control # Spe c 1 Sp~c 2 

~~~~~ 
Spec 4

3 1.3x1O~ 1.3x1O9 1.6x109 4.3x1O~ 2.2x10~ 2.5x10~ 3.25x101° 3.7x1010 2.1~ 1O~

4 1.44X1O~ 1.44x109 7.1x108 3.95x109 2j 5x10 10 2.05x1ó~
0 .15x1O~ 3.1x1010 2.05x107

S 2.1x109 i. igXi ~ 0 i.i~i~8 5.3x1O~ 18.Sx109 3.5x1O~ .35*1010 3.86*1010 2.D4~1O~

6 2.8x1O9 1.27x 1O 9 lOxlO8 4.9x109 2.0*1010 6.8x10~ L0x101° 4.1x1010 2.0x107

7 7.1x1O~ 2.7x1O~ 7.8x1O8 4.2x109 2.1x1O~~ 12.2*108 .5x10 ’° 3.8*1010 2.O~JO~

10 2.5x1O9 7.0*108 .i~io8 3 7 1 O ~ 3.1x1O~~ 13.8*1010 .8*1010 2 .5x lO ’° 5.3~1O~

SOLDER MASK SOLDER MASK
O VOLTS 100 VOLTS

3 l.54~~1O~ 12.0*10
8 L6x108 2.6x1O~ 2.3*1010 1.94*1010 si~~~

1O 2.25*1010

4 7.4x 1O9 L32x109 1.36x1O~ 3x1O9 2.15x1O’~ L95x10
1° 2.25x1à’° 2.25x101°

5 1.97x1O~ L 18x1O9 3.15x1O~ 3x1O9 2.0*1010 1.73*1010 4.0*1010 2.15x101°

6 1.94x1O~ 1.8x109 5.9*108 2 .8x1O~ 1.92x1010 1.62x1010 3.6x101° 2.1x1010

7 1.82x1O~ 1.8x109 3.8x1O9 2.7x109 1.84x10101.56x10’° 3.2*1010 1.98x1O10

10 1.4~1O~ 5.1*108 2.5*108 2.1x109 1.6*1010 1.42*1010 2.5*1010 1.6*1010

A-12
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RAW DATA

- 168 HR. DELAY BEFORE FLUX REMOVAL

FLUX TYPE (C) FLUX TYPE (C )
CONFORMAL COATED CONFORMAL COATED

0 VOLTS 100 VOLTS

DAYS Insu lation Resistance - OHMS — 
Insulation Resistance - OHMS 

________

Spec 1 Spec 2 Spec 3 _Spec 4 Spec I Spec 2 Spec 3 Spec 4

3 1.6x109 1.14x109 7.8x108 4.0x108 17.Ox109 1.46*1010 1.56*1010 1.72*1010

4 8.6x1O~ 2 .75~10~ 3.25x109 7.1x109 1.8xlO1° 1.24x 1O ’° 1.52x1O1° 1.7x101°

5 2.8x1010 8.7x109 9.1x109 1.56x1O10 1.84x101° 1.l5xlO1° 1.56x1O ’° 1.68x101°
6 14.2*1010 1.O8x101° 2.7x1O1° 8.7x 1O8 1.8x1O 1° 1.O8x1O 10 1.52*1010 1.7x101°

7 2.3x1O 9 1.84x1O9 1.6x109 7.Ox1O~ 1.9x1O1° 1.06*1010 1.52x10’0 1.7*1010

10 1.48x109 6.2*108 7 5*108 3.2*108 1.68*1010 6.2x1O9 1.34x101° 1.58*1010

SOLDER MASK SOLDE R MASK
O VOLTS 100 VOLTS

3 1.8x1O9 8.3*108 io.o~io8 7.7x109 1.84x1O1° 1.54x1O1° 2.2x 1O1° 1.78*10
10

4 1.42x1O9 3.55x1O~ 1.5x1O~ 1.07x1O 1° 1.78x101° 1.44x109 1.9x101° 1.76*1010

- - 
5 1.47x1O~ 2.56x1O9 2.3x1O9 1.34*1010 1.84*1010 1.68x1O1° 1.75x 1O 10 1.54*1010 - :

- . 6 1.6x109 3.52x109 3.2xlO~ 4.lxlO 1° 1.7*1010 1.6*1010 1.28x101° 1.44*1010

7 1.48x1O9 5.Ox1O~ 3.9x1O9 1.8x10~ 1.6x1O1° 1.6x101° 5.0*106 1.34x1O ’°
• 10 1.O2x1O9 1.74x101° 1.52x101° 8*10

8 1.56x101° 1.38x1O~ 5x106 6*106

-t
A- 13 I
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RAW DATA
IN PLA N T S WAVE SOLDERED AND CLEANED

1 MINUTE DELAY BEFORE FLUX REMOVAL
FLUX TYPE (A) FLUX TYPE (A)

CONFORMAL COATED CONFORMAL COATED
— 

0 VOLTS 
_____ -~~~~~~~~~~~ 100 VOLTS

Insulation Resistance - OMHS 
_______ 

Insulation Resistance - OMHS 
_________

— 
Spec 1 Spec 2 Spec 3 ~~~~~~~ Spec 1 Spec 2 Spec 3 

_________

1 1.O9x1O~ 7.OxlO9 9.2x109 1.3x109 1.74*1011 3.3x101° 2.5*1010

4 2.4x1O8 6.5x109 6.7x109 2.1x109 1.34x1O8 6.8x1O 10 1.5x1O~

6 7x1O 9 4.3x1010 3.9x109 3.5x10 10 2.5x 109 3.1x10 11 1.76x1O~~

6 1.3x10~ 1.62x 101’ 1.02x1010 5.2x1O~ 2.6x109 2 .6xlOU 1.8x10~~

7 1.2x109 4.5x1O9 2.3*10
10 3.2x1O9 1.9x10~ 2.5*10 11 2.Ox1O~~

B 3.Ox109 1.52*1010 2.54x1010 4.lxlO 1° 2.1x109 2.5xlO~ - -

11 2.5x109 5.0*1010 5.4x1010 5.7~1O~ 4.5*108 2.3x1011 - -

SOLDER MASK SOLDE R MASK
0 VOLTS 100 VOLTS

1 1.38x109 1.34x109 3.59x108 2.9x1O8 2.4*1011 1.5x1010 2.2x1010 1.76*1010

4 2.5x1O~ 2.1x109 1.O6x1O9 7.2x1O8 10.4x1010 2.3x1O1° 3.OxiO 10 2.6*1010

5 1.48x1O~ 9.Ox109 6.OxlO 1° 6 0 ~~10~ 16.Ox1O~~ 9.7*10
10 1O.Ox1O1° 1.2*10

11

5 1.1x1611 1.58*1010 8.3x109 2.6x1O1° 4. 7xlO~~ 8.4x 101° 1x10~~ 1.08*1011

S 
7 3.Ox1O~~ 4.9x1O 1° 4.0x109 6.O~1O~ 3.6*1011 1O .3x1010 1.5*1011 1.2x10’1

8 2.54x101° 11.2x10~ 4.52x109 9.Ox10~ l.O6xiO~~ 9.6x1010 1.06*1011 1.2*10
11

11 5.5x1O9 1.4*1010 3.5x1O~ 2.Ox1O~ 1.8x1012 1O.0x1O’~~1.1X10
’1 j1.16X1O

u1

~~~ 
- - 
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S RAW DATA - .

IN PLANT, WAVE SOLDERED AND CLEANED
1 MINUTE DELAY BEFORE FLUX REMOVAL

FLUX TYPE (B) FLUX TYPE (B)
CON FORMAL COATE D CONFORMAL COATE D

0 VOLTS 100 VOLTS

Insulation Resistance — OHMS 
________ 

Insulation Resistance - OHMS
Spec 1 Spec 2 Spec 3 Spec 4 Spec 1 Spec 2 Spec 3 

- 
Spec 4

~ 1.8x1O~ 4.5x1O 1° 4.51x108 11.2x1O1° 5.4x10~ 2.3x1O 1° 2.4x1O1°

4 1.66x1O~ 16.0x108 4.0*108 2.5x109 1.3x101° 1.96x10~ 2.4*1011

5 3.0x1010 1.32*1610 8.4~1O~ 1.87*1011 4.65x1O’1 6.5*1011 1.84*1011

5 4.6x10~~ 1.7x10~ - - 3.6*1011 2.8*1011 1.22x1O12 2.4*1011

7 1.2x1O 10 6.5xlO10 3.4x1O1° 6.5xlOU 4.3*1011 4.OxlO 11 2.7x1O~

8 1.56x101° 2.56x1010 4 .OxlO 1° 2.5x1O~ 4.2*10
11 

2.58*10
11 2.lxlO 11

11 6.5x109 11.4x 1O 9 6.4x109 8.OxlO 1° 2.2 x 1OU 7.Ox1O 1’ 1.96*1011

SOLDER MASK SOLDE R MASK
0 VOLTS 100 VOLTS

1 2.4x1O 9 7.4*108 3 9x1O~ 9.5~1O~ 4.0*1010 2.3x1O 1° 1.15x1OU 2.3x1O1°

4 2.3x1O~~ 2.2x101° 5.9x1O ’° 12.0~1O~ 2.5x1011 16.Ox1O 1° 6.Ox1OU 1.72*1011

S 2.5x1O1~ 2.95*1010 4.8x1O1° 1.4xI0 1
~ 2.4x101’ 12.5x101° 7.3x10’1 l.1x1011

6 3.45x10’° 6.3x1O 1° 1.2*1010 - - 2.5*1011 l .26x lO~~ 1.82x1O~~ 1.04*10
11

.7 3.5x10~° 2.2x10’° 5.0x10~ - - 2.4x1011 1.3x1011 9.0*1011 1.08*1011 V

8 4 .Ox lO ’° 15.5x1O 9 5.7*1011 7.3x1O~ 2.58x1O~~ 13.2xlO ’° 7.7x 10 11 1.12x 1011

11 8.5*10 4.5x109 8.4x10~ 10.0x10~ 3.5xlOU 1.24x101’ 3.5*1011 1.16*1011

A-15
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RAW DATA

IN PLANT I WAVE SOLDERED AND CLEANED
1 MINUT E DELAY BEFORE FLUX REMOVAL

FLUX TYP E (C) FLUX TYPE (C)
CONFO RMAL COATED CONFORMA L COATED

O VOLTS 100 VOLTS

DAYS Insulation Resistance — OHMS 
________ 

Insulat ion Resistance - OHMS

— 
Spec 1 Spec 2 Spec 3 Spec 4 Spec i Spec 2 Spec 3

1 4.5x1011 2.5xlO 1° 6.5x109 2. 3x lO ’° 15.Ox iO 9 2.lx lO 1°

4 i.8x10~~ 6 .Ox iO9 4.lxlO 1° 1.8x1OU 14.OxiO 1° 1.64xiOU

5 2.6x101° 1.6x 1OU i.4xiO11 i.8x1OU 9.5xlO 1° i .4x 1O~~

6 2.7xi01° 3.1x101° 3.4x101° 2.05x1011 9.4x lO 1° i.34x lOU 
—

7 3.2xi010 18.5x109 2.6x1O~~ 2.5xlO 1’ 9.5xiO 1° i.4xiO~~

8 8.5xi09 ii.Ox1O9 3.ix iOU 2.54xiO11 1O.6x10 10 1.58x10 1’

U 5.OxiOU 6 .4x 1O~ 7.Ox iO9 1.98x iO~~ 9.9xiO 1° 3.52x1O 1°

SOLDER MASK SOLDER MASK
O VOLTS 100 VOLTS

1 i.84x1O~~ 13.6xiO8 2.5x109 1.4xiO~ L54x101° 1.88xiO1° 4.53x109

4 8.5x1O~~ 5.5x101° 3.2x101° 1i.Ox1O9 1.36x1OU i.6x1OU 1.7x iO~~

5 7.4x101° 8.8xiO 1° 3.7xlO ’° i.5xi01° 12.2x1O1° i2.6xiO 1° 12.Ox1O 1°

6 7.5x101° 2.5x1O11 5.1x101° 4x1O1° i.O8x1OU 1.28x1O~~ i.ixiO U

7 1.7x1O~~ iO.2x1O9 5.2xi01° 8.3x1O9 l.lxiO~~ 1.5xi011 i.22x10”

8 7.9xi01° 2.OxlO1° 5.3x lO 1° 15.Ox1O9 l.2xlOU 2.2xiO11 l.36xlO~~

11 5.8x1O~~ 15.5xiO9 2.9xiO ’° 3.56x1O9 i.lxiO~~ 8.6xiO 1° - -

A-16
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E QUILIBRATION OF COMB
- . . PATTERN TO MIL-P-55110

TRUMPET PATTE RN

L

.025’s

/~~~~~~ T
MIL-P-55110 TRUMPET PATTERN

1. Num ber of res istance squares
____ = 40 square s

2. Assume the square s are resistors connected in parallel
1 — 1 + 

1 ÷. .

1~ R1 R2 R40

1 - 40
R1 Rs

Whe re R T = 500 x io6 ohms per MIL-P-55110

R5 = resistance of each square .

3. R~ = Rs
40

4. 500 x 1O6 Rs
40

R = 200 x 108 ohmsS

-
~1’

• • Resistance measure d portion
of comb pattern specimen

1.250 ”

__

.050” _____ _____

2 •
~3

A- 17
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NAC TR-2253

5. Number of resistance squares

1.25~~~ 050” x 5 + 8 corner squares at the ends of the

conductors = 128 squares.

6. For this comb pattern to be eqivalent to the MIL-P-55110 trumpet
pattern , each square must have a resistance of 200 x 108 ohms .

7. Assume s the squares in the comb pattern are resistors in
parallel

1
RT R1 R2 R1~8

1 — 128
RT Rs

where
RT = total resistance

Rs 200 ~ io
8 ohms

8. RT
= R

5

9 R - 200x1O8
T 128

RT 1.5 x 1O~ ohms

10. Therefore , the comb pattern specime n has a MIL-P-55110 equi valent
value of 1.5 x 108 ohms . Any resistance value less than this during
testi ng was a failure .

A-18
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MA TE R LALS

1. Ci rcuit Board Material
FL-GF , .062 ) Cl/ i

2. Solde r Mask
Photocircuj ts Co.
PC-401
Epoxy type

3. Conforma l Coating
Conap, m c .
CE-1155
Polyurethane type

4. Electrica l Leads
200AS100-18 wi re

5. Wi re Solde r
WRP-2

6. Fluxes
The identity of the fluxes is available only tothe funding source of this study because of
their proprietary nature .
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EQUIPMENT

1. Temperature and Humidity Chamber
Bl ue M Co.
Model FR-256BP

2. Power Supply
Lambda Co.
Model LP-534-FM

3. Megohm Bridge
- - General Radio Co.

- - Model 1644-A

4. Vapor Cl eaner
Acra Electri c Corp .

• Spee Degreaser Model 0-3

5. Infra -Red Solder Fusing Mach ine
Research , inc .
Model 4384

~ I I  V i~~i~ . .- .-—
~ . ~.ave .)OI ul I I i~J .)J~~ I.CIII

Plant fabri cated using equipment
from the following companies :

Hol l i s  Eng ineerin g Inc.
Electrovert Co.
Branson Equipment Co.

7. MIL-P-28809 Apparatus as described
i n Nava l Av ion ics Cen ter Ma ter ials
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