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ABSTRACT

This study identi fied the corrosive effects of fusing
fluids and fusing fluid residues on printed wiri ng boards sub- •

jected to electri cal stress in a humid environment at el evated 
- .

temperature . The effect of varying delay times between solder
fusing and cleaning of fusing fluid residues for three fusing
fluids was studied. The effect of a singl e del ay time between
solder fusing and cleaning of fusing fluid residues for eight
other fusing fl uids was studied. Al so, the protecti ve val ue of
a solder resist and a conformal coating was eval uated.
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I~ CONCLUSIONS

- 1. Seven of the fusing fluids tested had a minimal degrading

• effect on the insulation resistance of the prepared specimens .

2. Four of the fusing fluids tested had a degrading effect on the
insulation resistance of the prepared specimens.

3. The insula tion resistance testing of specimens contaminated
with fusing fluids is a better measure of cleanl iness than the
MIL-P-28809 method.

4. The infra-red spectropt’otometer characterization of the fusing 
1

fluids indicate s that seven of them contained glycols. In a report
given at the September 1978 meeting of IPC, it was stated that
glycol s in fluxes have a degrading effect on the insulation resist-
ance of printed-wiring boards. The results of this study do not
conf i rm thi s when the glycol s are used in fusing fluids.

- 5. The test results from the fusing fl uids do not provi de sufficient
statistical data for the preparation of a firs t draft of a military

• 
- specificati on on fusing fluids .

6. The analysis of variance (anova) testing performed on resistance
values of the contami nated specimens indicated the difference between
the 0 VDC and 100 VOC stress specimens is not always signi ficant.

“Pr inted-Wiri ng Aaa~rably Ina ulation ReBietance Degra dation
Caused by Nonionizing Water-Soluble Flux ReBidues “~ Dr. Frank

• Zado, Western Electri c Co., P r inceten, NJ (UNPUBLISHED)

Li 
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7. The anova indicated a signifi cant difference between the
solder mask coated and conformally coated specimens . The sol der
mask material gave greater protection against moisture penetration
than did the conformal coating .

8. The anova revealed a significant difference between the
measured resistances for the 72 hour and 168 hour del ay times for
specimens contaminated wi th fusing fluids A and B. There was no
signifi cant difference wi th fusing fluid C. *

I I ,  RECOMMENDATIONS

1. Insulation resistance testi ng should be perfo rmed by a user
of fusing fl uids to determi ne the deleterious effect on printed-
wiring boards of the fluids he is using.

2. Insulation resistance testing and not the MIL-P-28809 method
shoul d be used to determi ne the cleanl iness of printed-wi ring

boards which have been subjected to fusing fluid usage.

3. Insulation resistance testing shoul d be performed on printed-
wi ri ng boards which have been contami nated with known glycols.

I I I .  DISCUSSION

In the electronics i ndustry, a fusing fluid is generally
defined as a heat-transfer liqui d for fusing appl i cations such as

the reflow melting of solder on printed wiring boards. Since
fusing fluids do not have to promote the wetting of a meta l wi th

solder, they woul d not necessarily have to contain the same
chemi cals as rosin based fluxes . Some of the chemical s in rosin

base d fl uxe s are :

_ .___•.. _~ _ _ • ~~_ •~~~~ ••~
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1. Wetting agents
2. Oxi dation removers
3. Reoxidation preventers

The question as to the corrosive effect of rosin based acti vated
(RA ) fluxe s on pri nted wiring boards has already been addressed.
Since the chemical composition of fusing fl uids is not known by
the user, the question arose: is the insulation resistance of a
printed wiring board degraded by fusing fluids as they are
presently used in electronics manufacturi ng? At present, fusing
fluids are not under a military specification control .

Rome Air Development Center requested that NAC eval uate
the effects of fusing fl uids on printed wiring boards and prepare
a fi rst draft for a military specification on fusing fluids .

A l iterature survey was conducted before this experiment
was started . However , it yielded no information about the type of
experiment that was performed .

Si xteen fus ing fluid s we re chosen at random from fus i ng
fluid manufacturers for use in this experiment. Eleven were tested.
The characterization of the sixteen fusing fluids is shown in Table I.

Eight of the eleven fusing fluids tested were water soluble.
The remaintng three were insoluble in water. The eight water
sol uble fl uids were designated “A , B , C , J, L, M, N, and 0” . The

• three fluids which were insoluble in wa ter we re designated “F, I, 4
• 

- and K” .

The comb pattern shown in Fi gure 1 (page 4) was used as the

r basic resistance specimen . It was produced using conventional

L printed wiring board manufacturing techniques. Histori cally, a comb
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pattern specimen has been associated with printed wi ring board
insulation resistance ~rjeasurements . This particular pattern

is a dupl i cate r.~ the one used in the IPC Round Robi n on the

“Additive Process for Producing Printed Wiring Boards ” .

(Di mensions on Dwg . AV22107 in the Appendix.)

~~;

~ 
•i1i ~I1i~

’

~~~~~

Fi gure 1.

A total of 325 comb pattern specimens was produced .

Approximately 48 specimens were usect for each test run.
4-

Us i ng res i stance squares , 1 .5 x iO~ ohms insulation resist-

ance on the comb pattern ~~ found to be equivalent to 500 megohms

on the trumpet pattern in MIL-P-~511OC (equilibration calculat ion

shown on pageA-22in the Appendix) . Any resistance value below

• 1.5 x io8 ohms was considered a failure .

The experiment was designed so that some test spec imens

within a tes t set were very clean when they were ready for tempera-
ture and humid ity stress. These spec imens were used to determine

if the copper clad laminate from which all the comb pattern specimens

were produced contained any el ectrical anomalies .

The “Experiment Matrix ” , Table II , is a vis ual descri ption

- 
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TABLE I.

CHARACTERI ZATION OF FUSING FLUIDS

FUSING *WATER EXTRAC pH (O.1 ml % RESI9UE CHLORIDE WATER SOLUBILITY 
—

FLUID RESISTIVITY of FLUID AT 500 F ION 1 PART FLUID/4 PARTS
OHM-CM DILUTED W/ INDICATION H20

50 ml 1120)

A 5600 4.1 7.52 
- 

Positi ve Soluble
B 14300 4.4 0.69 Positi ve Sol uble
C 901300 5.6 3.92 ? Soluble
D 907000 4.8 3.84 ? Emulsion
E 156000 4.6 44.11 Negati ve Insolubl e

F 74670 ** ~~~~~ Negati ve Insolubl e
4-

G 10150 4.2 10.79 ? Cloudy Solution

H 6650 3.7 6.08 Positi ve Soiuble

I - 73300 5.9 68.50 Negati ve J Insolubl e

J 6020 4.1 1.77 Positi ve Sol uble
K 71700 5.1 79.64 Negative Insoluble
L 5300 4.1 1.69 Positive Sol uble

11 360000 
— 

5.5 3.24 Negative Soluble
N 6750 4.1 6.20 Positi ve Soluble

0 2950 3.6 
- — 

3.22 Positi ve Soluble
• P 8270 4.0 3.37 Positive Soluble

* 
* Performed according to MIL-F-14256D

** Unable to obtain , insol uble in H20

5
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of how the experi ment was desi gned. Those specimens wi thin a test
set were di vided into lots which were then contami nated with the
fusing fluids . Some test specimens wi thin a fusing fluid lot were
stressed wi th 100 vol ts DC, while other test specimens we re not
vol tage stressed. Some test specimens wi thin a fusing fluid lot
were solder mask coated, while others were conformally coated. The
test specimens which were tested for electri cal anomalies were neither
vol tage stressed nor coated. Wi thin each fusing fl uid lot there were
enough specimens provided to permi t the data obtained to be analyzed
statisti cally.

The fusing fluids were tested in groups of three for each
test run . There was a total of 48 specimens for each group of three.
This gave a possibility of five control specimens , since the maximum
which woul d be loaded into the humidi ty chamber was 53 specimens .

The MIL-P-28809 Ionic Contaminants Test was used on a
sampling basis to monitor boards from the same process lot for
cleanliness . (These sampl ed boards were not temperature and humi di ty
stresse d .)

Time between fusing fluid fusing and cl eaning was the
variable chosen to differentiate between temperature and humidi ty
stress runs for fusing fluids A , B, and C. The two delay times
between fusing fluid fusing and cleaning were chosen to simulate
fabri cation ‘cycles wi th 1) 72 hours standing over a weekend , or
2) 168 hours for boards touched up or otherwise held in process

for one week. The remaining fusing fluids were subjected to a

72 hour delay time only.

The temperature and humidi ty condi tions of MIL-STD-810C

Env i ronmental Tes t Methods , Method 507.1, Procedure I, were used .

_ _ __ __ __ __ _
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Thi s was done because fus ing fluids are used to fabricate printed
wiring boards used in electronic equipment. Ul timately the printed
wiring boards survi ve or fail in the environment the equipment sees.

The resistances of the specimens were measured in the
humidity chamber during the high temperature and high humidit y
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 bridge .

The experiment proceeded in this order:

1. Fluids A , B, and C
A. 72 hour delay
B. 168 hour delay

2. Fluids F, I, and K - 72 hour delay
3. Fluids J , L, and 0 - 72 hour delay

4. Fluids H and N - 72 hour delay

An analysis of variance (anova ) testing was performed to
form conclusions about data collected during this experiment. The
resistance val ues of the specimens contami nated with the fusing

fl uids we re used . The res i stance values used were from the thi rd,
seven th, and tenth days of measurement after initiating the test

for each fusing fluid tested.

IV. PROCEDURE

1. Make 325 comb pattern pri nted wiring boards of FL-GF , .062

C 1/1 glass epoxy l ami nate to conform to ~Wg . AV 22109 on page A-27

in the Appendix. •

2. Mask the lam i nate , using dry film resist so that the conductor
pattern and the back of the printed wiri ng board can be plated .
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3. Tin/lead pl ate.

4. Strip resist.

• 5. Etch unpiated copper.

6. Rinse thoroughly in tap water and blow dry.

7. Rout out specimens.

8. Prepare specimens. The flow chart and procedure for producing
the water soluble and non-water sol uble fusing fl uid specimens is on
page 11.

NOTE:
A. Figure 2 shows how the solder mask coate d specimen was
cons tructed. Solder mask was app lied to the comb specimen
which was governed by conductor pads 1, 2, and ~ of 3.
Electri ca l leads were soldered to conduc tor pads 1 and 2.

( L,Di~~? M 1 ’ K

~~~ / ~~~ —

• w/ COt&~ PATTE;?N

/

~~~~~~~~~~~ 2

f ~~~~~~~~~~~ I ( ‘iR~~’iT

~~~~~~ b ~~~~~~~~~~~ -

• 
_ _ _  Iw i

- - 
Figure 2.

SOLDE R MASK COATED SPECIME N

F I

I • 
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B. Fi gure 3 shows how the conforma lly coated specimen was
constructed. Electrical leads were soldere d to conductor
pads 1 and 2. The leads exi ted the specimen from the end
opposite conductor pads 2 and ~~. This allowed the comb
specimen governed by conductor pads 1, 2 and ~ of 3 to
be confor inally coated by dipping .

~IITIi~~~~t T j ~u L T  ~ i l l

~~~ 
J ) :’~JB F~4~i i -ii \

x 
-

~~~~ 4 ILA LJ

Figure 3.

CON FOR MA LLY COATE D SP E C IMEN
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-
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FLOW CMRT FO R~~~ TER SOLUBLE AND WA; R SOLU;LE 

-

~~~~~
SING FLUID SPECI~EN S

STA~T S 7  SPECI~~NS

GROIJPS X . ~~~~~ Group I contains 24 spec imens
Group I contains 24 specimens
Group 2 contains 9 specImens

_
Solder elec tri

ductor pads l and

1~~ V~~ r clean in 1,1.1 - trichloroethane (Inhibited ).
2. Clean ove rnight using 75 vol ,re % 2-propanol-25 vol,sim t 0.1.
water , with resist ivi ty at least 20 x 106 ohe.aii , in apparatus
on deg. AV 21922 shown on page in the Appendix.

_ _ _ _ _ _ _ _  

—I__________Fl~1l~G FLUID APPLICAT10~I1. Evenly dispense , wi th a syringe . 0.5 ml of each fu si nq fluid .
usually run in grou ps of 3, on tne 24 specimens wh i ch w i ll be solde r
washed. 8 specImens for each fusing fluid.
2. Evenly dispense, with a syringe . 0.5 ml of each f usl n9 f luid.
usually run in groups of 3~ on the 24 specimens wf,ich w~l be confor m-
ally coated. 8 specimens for each fusing fluid.
3. Evenly dispense, with a syringe . 0.5 ml of each fusIn~ flui d.usually run in groupS of 3. on tae 9 specimens which will be tested
for ionic contaminantS. 3 spec imen5 for each fusing fluid. 

________________________ — —  
I —

[EE P O SU ~~ TO FUS T IG TE~~tRATURE
1. Subject the contamina~~W~ pecimens to fusi~~~~~’
temperature in an infra red solde r fusing machine .

1 Allow specimens
chosen

f dela time

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~[~

EA

~

IMG - wa te r Sol ub le u S
1~~~i~~water spray for 2 minutes2. 3 tap water cascade rinses of 1 minute clean specimens in
3. 0.1. water cascade rinse trlchlorethane (inhibited).for 1 minute.

2. Allow specimens to remain in- 
________________

~~~~~

nta

~

t with vapor for 120 seconds .

GROUP I GROIIP Z

_
~i~Lpg 10111

I SOLLER l’~SK APPLICATION I CONFORWIL COATING APPL ICATION 
— 

~~~~~~~~~~~~~~~~~~~~~~I r~~ Screen epoxy solde r mask on 1. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
area governed by conductor pads l,~ base confor ma l coating. Cove r area gov-
2 . & ½ of 3. I erned by conducto r pads 1, 2, 6 ½ of 3.
2. Oven cure sol der mask per ’ 2. Oven cure co nfo rma l coat ing per

• . [manufacturer s instructions. manufacturer s instructions.

rECAp ATTACHiNT 

—______________

I. Solder electrica l leads

L~~~!2~~~Cth r pads I and 2.

TE~PERATI~~E & ~4l~~tb TY t)~~~!~lT~~Cdetrols ~~TTh g~r~11~~roC Method

• 
507 .1, Procedure I.
2. App ly 100 volts
be vol tage stressed
3. Test for 10 da

R~SISTANCE~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I IT using megohm b~Thge wi th 500 volts DC applied II take readings over 1 mi nute periud.
• 

-. I 2. Take rea~lngs during high temperature and high Ih i huinl d lty (65 C/95% RH).
(3. Take readings on a 24 hr . cycle each working_day.!

_ _ _ _ _
r!UL

~

!WNS A 
-

11(~U~LLY INSPEC

r~~I I 
[flNrsH~~~~~~~~~~~~~~~~~~~~~~~~ J

I I

- -~
-
~ - • - 

—

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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RESULTS

1. Only four specimens of the 160 tested wh ich were contami nated
wi th fusing fluids A , B, C, F, I, K, and M had resistance values
less than 1.5 x i08 ohms . Cl ose exami nati on of the four specimens
indicated they were improperl y prepa red. The four specimens were
not used in the evaluation of the fusing fluids .

2. Table III shows the 24 hr. period during which each specimen
contami nated with fusing fluids J, L , 0, and N fa il ed (R~~1.5x1O

8ohms).
To i~lustrate how the percentage of specimens with R<1.5xlO8ohms
was cal culated , in the top left hand section of Table III the total
failure in temperature and humi di ty was 27%. Four of the fifteen
specimens coated with fusing fl uid J and held 72 hours after fusing
and before cleaning ~ai1ed. Twenty-seven percent is calculated
by dividi ng four by fi fteen and mul tiplying by 100.

3. Li near regression lines of resistance vs time were caluclated
from the raw data . The slopes of the lines for each fusing fluid
were analyzed statistically. These are shown on Tabl es V, VI, V II ,
VIII and IX in the Append ix~ The formulas shown in the tabl es may

be used to plot the lines , if so des i red. An example of the above
linear regression lines wi th ± limi ts are shown graphically
in Figures 4, 5 and 6. The graph in Fi gure 6 has a positive slope .

This is not the usual resul t for this type of testing. When a
potential is appl i ed between conductors , the contami nants in

sol ution move towards one conductor due to this difference in
potential . The potential may be due to the electrical stress
appl i ed during testing or when the resistance is bei ng measured
.ising the megohm bridge . The resistance to current flow drops

during this period of time . If the amount of contamination is not

1 )

i v

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~a
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great enough to cause a Hbridgeubetween the conductors, a resist-

ance barrier is formed. This will cause the resistance to current
flow to i ncrease. The linear regression line calcul ated can then

result in one with a positive slope.

4. An infra-red spectrophotometer characterization was performed

on the eleven fusing flui ds tested to Identi fy the main consti tu-

ents therein. The results of the characterization are shown in

Table IV .

5. The val ues on MIL-P-28809 Ionic contami nation testing of

fusing fluid contaminated specimens retained from each test run

are shown in Table X., page A-21 in the Appendix.
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72 HOUR DELA Y NAC TR-2259
FIGURE 4. (A , B , AND C FUSING FLUIDS )

CONTROLS
RESISTANCE VS TIME
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72 HOUR DELAY NAC TR—2259

FIGURE 5. A FUS I NG F L U I D , 0 VOLTS STRESS ,
CONFOR MA LLY COATED

RESISTANCE VS TIME
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72 HOUR DELAY NAC TR-2259
FIGURE 6 .  A FUSING FLUID , 100 VOLTS STRESS,

CONFORM A LLY COATE D

RESISTANCE VS TIME
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NAC TR-2259

TABLE IV.

INFRA-RED SPECTROPHOTOMETER CHARACTERIZATION

OF

FUSING FLUIDS TESTED

FUSING RESULTS
FLUID 

___________________________ 

C

A Isopropyl A lcohol and an Aromatic Surfactant
B Isopropyl Alcohol and Glycol —~~~~

C Gl ycol 
_______________________________________

F Rosin Fl ux
I Hydrocarbon Ofi 

_____ _______________ _______

K Polyester Oil 
-~~~~~~~~~______________________ _____

J Gl ycol 
__________ ____________________________

L Isopro pyl Al cohol ~rid Glycol

M Gjycol 
_____________ __________________________

N 
- 

Isopropyl Al cohol and Glycol
0 Gl yco l 

——____________ __________

18 i_ /-

- - 
-~~~~~~~~~~ • __________
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NAC TR-2259

RAW DATA

FUSING FLU ID FUSING FLUID

TYPE (A) TYPE (A)

72 Hr. Delay 72 Hr . Dela y

CONFORMAL COATE D CONFORMAL COATED
0 VOLTS 100 VOLTS

— ________ Insulation Resistance — OHMS 
_________ 

Insula tion_Resistance_ —_OHMS
DAY Spec.1 Spec.2 * Spec.3 Spec.4 Control#1 Spec.1 Spec.2 Spec.3 Spec.4

3 4.0x108 5 .25x 1O8 2.1x108 2.7x 108 1.68x 1011 1O.4x108 1.12x 109 9.0x108 1O.4x 108

4 2 .6x1O~ 2.25x108 1.66x108 2x 108 1.2x1011 1.15x109 1.15x109 9.35x108 1.06x109

~ 
2.2x 108 1.4x108 1.74x1 08 2. 1x108 1.6x1011 1.6x109 1.54x1 09 1.34x109 1.52x 109

6 2.73x108 2.25x 1D8 3.15x 108 3.7x108 1.53x1011 2.8x109 2.3x109 2.13x109 2 . 33x109

7 1.76x1O~ 1. 34x 108 2x108 l.6x108 1.O2x 1O~~ 2.25 x109 L.86x109 1.74x1 09 2x109

10 1.58x108 8.5x107 1.88x108 1.62x108 8.6x101° 2.8x109 2.1x109 2.2x109 2.43x 109

* Faul ty Specime n

FUSING FLUID FUSIN G FLUID
TYPE (A) TYPE (A )

72 Hr. Dela y 72 Hr. Delay
SOLDE R MASK SOLDER MASK

0 VOLTS 100 VOLTS
________ Insulatft’~ Resistanc~ — OHMS _________ 

Insu la ti on_Resistance_ -_OHMS
DAY Spec . 1 Spec. 2 Spec. 3 Spec. 4 Control #2 Spec . 1 Spec. 2 Spec. 3 Spec. 4

3 3.65x101° 5.lx lO 1° 5. Ox lO 1° 2.2x 1O 1° 1.8x1D9 3.75x101° 3.35x1010 1.lxlO 1° 3.4x101°

4 3x10 1° 3.95x101° 3.85x101° 1.O4x 1010 1.lSxlO 9 3x101° L45x101° .85x109 2.6x1010

S 3.~ x1O 1° 4. 1x101° 4.1x10 10 1.15x1O 1° 1.1x109 3.3x101° 2.9x10 1° 8.85x109 2.85x 1O 1°

6 3.35x101° 3.75x10 1° 3.7x10 ’° 8.OxlD9 9x1D8 2.83x101° 2.~ 3x 1D 1° 9.6x109 2.25x10 1°

7 2. 95x10’° 3 .2x1O 1° 3.4x10 ’0 8.5x109 8.8x108 2. 8x 1O 1° 2.3x101° 1.1x10 1° 2.4x10 10

10 2 5x 10 1° 2.6x 1O 1° 2.78*10
10 6.8x1O~ 2.43*10 1° 2.2*10

10 1 .42*10
10 2.2x 10 1° 2 .2x10~°

—. ________ ________ ________ ________ ________ —

A-2

- - - -
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MAC TR-2259

RAW DATA

FUSING FLUID FUSING FLUID

TYPE (B) TYPE (8)

72 Hr . Delay 72 Hr. Delay

CONFORMAL COATED CONFORMAL COATED
0 VOLTS 100 VOLTS

— _________ Insu lation Resistance - OHMS — Insulation_ Resistance _ -_ OHMS 
______

DAY Spec . 1 Spec . 2 Spec . 3 Spec. 4 Control#3 Spec . I Spec. 2 Spec. 3 Spec . 4

3 2.9x1O~ 3.1x 10~ 3.5x 109 3.9x1Q9 5.5*1010 5.25x 109 5.25x1O~ 5.4x1O~ ~~~~~~~~~~~

4 2.35x1O~ 2 .4x 109 2.65x1O~ 2.95x10~ 2.1*1010 3.8x1O~ 4 .7x 1O~ 4.6x1O~ 4.7~lQ~

5 3.35xlO 9 3.35x1O~ 3.5x1O~ 3.9x1O~ 2.1*1010 6x1O~ 6.4x10~ 6 .3x 109 6.35x lO~

6 3.OxlO 9 2.85x1Q~ 2.93x109 3.13x1O~ 1.06x10’0 4.93x10~ 5. 3x 1O~ 5.2~ 1O~ 5.1x109

7 3.2x109 3.05x1O~ 3.28x109 3.2x 109 1.4x101° 6.4x1O~ 7x109 6.85x109 6.8 5xL0~

10 3.45~1O~ 3.3x109 3.3x109 3.85x1O~ 1.5Bx1O~~ 7x10~ 8.5x1O~ 7. 9x1O~ 9.1x109

FUSING FLUID FUSING FLUID

TYPE (B) TYPE (~~)

72 Hr. Delay 72 Hr. Delay

SOLDE R MASK SOL DER MASK
O VOLTS 100 VOLTS

_______ 
Insulation Resistance - OHMS ________ 

InsI”at ion_Res~ctance_—_DI MS
DAY Spec. 1 Spec. 2 Spec. 3 Spec . 4 Spec. 1 Spec. 2 Spec. 3 Spec. 4

3 2.6*10
10 I. 14x 10’0 2.9*10

10 
3.9*10

10 4.25*10
10 

4.5*10
10 4 9*10

10 5.9x1O~

4 2.4x10~~ 1.02x10
10 3.7x109 3.2*1010 2.75x1010 3.5*1010 4x 10’° 1.5*10

10

5 3.2 5*1010 1.2x1010 4x 1O~ 3.45*1010 1.6*1010 3.4*1010 4*1010 5.2x 1O9

6 1.86*10 10 7.5* 1O~ 1.8*10 10 2.55x 1010 
- 

l.lSxIOw ,2x 1O~~ 3.1*1010 4.6x109

7 3x 10~~ 0.93x10~~ 2.73* 10 10 
3* 10 10 2.15x101° 2.85*1010 3.25*1010 2.7~10~

10 2.75x1O~ 1x10~~ 2.7x1O~~ 2.7*10 10 2.55*10 10 2.45*1010 3.2* 1010 1.86*1010

A -3



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

MAC TR—2259
RAW DATA

FUSING FLUID FUSING FLUID
TYPE (C) TYPE (c)

72 Hr. Delay 72 Hr. Delay

CONFORMAL COATED CONFORMAL COATED
0 VOLTS 100 VOLTS

________ 
Insulation Resistance — OHMS 

________ 
Insu1at ion_ Resistance_-_OHMS

DAY Spec. 1 Spec. 2 Spec. 3 Spec. 4 
________ 

Spec. I Spec. 2 Spec. 3 Spec. 4

3 4.35X10 1 2.35x101’ 4.0*1011 4.85x10’1 4.25*1011 3.75x1010 8.6*1010 4.5*101

4 3.7x10’1 2.25*1011 3.4*1011 3.9*1011 3.3*10” 2*1010 4.35*1010 2.95*101

5 3.6x10” 2.8*1011 3.15x101’ 3.7xlO~~ 3.l5xlO 1’ 8x10’° 4.35X1010 3.5*101

6 2.65*1011 l.53xIO~~ 2.33*1011 2.7*1011 
- 

2.13*1011 8.4*1010 3.45x1010 2.57*101

7 2.65*1011 1.7*1011 2.3x 101’ 2.3*1011 1.94x10’~ 9.5x101° 5*1010 2.57*101

10 2.25xIO~~( 1.6*10
11 1.9*1011 2.2*1011 

— 
1.62*1011 6.7x10 10 2.2xlO ’0 2xIO~~

FUSING FLUID FUSIN G FLUID

TYPE (C) TYPE (c)
72 Hr. Delay 72 Hr. Delay

SOLDER MASK SOLDER MASK
0 VOLTS 100 VOLTS

________ 
Insu latlc Resistance- - OHMS — Ins r’atlon_Res istance_ -_OHMS

DAY Spec . 1 Spec. 2 Spec. 3 Spec. 4 
— 

Spec . 1 Spec . 2 Spec . 3 Spec . 4

3 2.05*101 2.9*1011 1.9*1011 1.6x1011 
— 

1.62*1011 5.8*1010 5*1010 6.65x 10 ’1

- - 4 1.48*101 2.2x 10” 1.56*1011 1.2x10’1 1.26*1011 7.35x10 1° 5.2x 10’° 2.7*1011

5 1. 32*101 1.95*1011 1.3*1011 1.13*10 11 1.1*1011 6*1010 3.8x101° 5.5*1011

6 1*1011 1.46*10 11 9.6*1010 8.8*10
11 

_______ 
8.4*1010 5 .5xlO~ 3 .3*1010 3.7x1O~

7 0.94x101 1.38x1o~~ 9.2*1011 8.4*101 
________ 

8.1*1010 4.6*1011 3.4*1010 4.1*1010

lO j 6.85x10
1 0.97*1011 6 .1*10 10 6*1010 

— 
5.9x101° 3.65x10 11 2.35x10 10 4.5x1010

A-4
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MAC TR-2259
RAW DATA

FUSING FLUID FUSING FLUID
TYPE (A) TYPE (A)

168 Hr . Delay 168 Hr. Delay

CONFORMAL COATED CONFORMAl. COATED
0 VOLTS 100 VOLTS

— ________ ~nsula tion Resistance — OHMS 
_________ 

Insulation _ Res istance_ -_OHMS
DAY Spec. 1 Spec. 2 Spec. 3 Spec. 4 Control#1 Spec. 1 Spec. 2 Spec. 3 Spec. 4

I 1.2x1O~ 1.7x10~ 4.4~10~ 5.2x1O~ 4*1010 6.5x 109 I.18x101° 5ix109 6.3x1O 9

2 O.96x1O~ 1.2x1O~ 2.6~10~ 4.6x 10’° 3.3x101° 6*10~ 8.8~10~ 8.5x10~ 6 .7~10~

3 1.3x1O~ 1.52~1O~ 2.8x1O~ 6.9x109 3.3x1010 7.5x10~ 1x1010 1.02*1010 8.9x1O~

7 1.O3X10~ 1.4x109 1.27x109 3.3x1O9 8.5x1O~ 3.3x1D~ 2.75xIO9 3.7x 109 3x1O~

8 8.8x10~ 9.6x10~ ~~~~ 1.64*1010 4.85*1010 1.86x1O~~ 2.1*1010 2.Z5x1O 1° 2.1*1010

9 3.25x1O~ 2.45x1O~ 3.4x1 O~ 9.4x 109 9.4x109 8.5x 109 9.7x1O~ 1.O9x101° .98*1010

10 1.9x 109 1.8x 1D 9 2.55x109 6.6x1O~ 7.2x1O~ 6. 1x 109 7x109 8x1O~ 7x109

FUSING FLUID FUSING FLUID

TYPE (A) TYPE (A)

168 Hr. Delay 168 Hr. Delay

SOLDER MASK SOLDER MASK
0 VOLTS 100 VOLTS

Insulation Resistance - OHMS _________ 
Ins~ilation_Res”tance_-_OHMS

DAY Spec. 1 Spec. 2 Spec. 3 Spec. 4 Control#2 Spec. I Spec . 2 Spec. 3 Spec. 4

1 2.8*1011 2.8*1011 2.4*1011 2.1*1011 2.9*1011 I.2x 1O 1
~ 9.5*1010 9 6x1010 9*1010

2 1.4*1011 1.1*1011 9*1010 9.6x 1010 1.37*1011 6.2*1010 6x1010 6.2x101° 5.7x1010

3 7.8*1010 8.1*1010 6.6*1010 7.4*1010 8.3*1010 5*10
10 5.4*1010 5.2*1010 5.1x1010

7 1.22x 1O~~ 1.18*10
10 1.02*1010 1*1010 1.2*1010 6~1O~ Jx1O~ 5.8x1O~ 5.7~1O~

8 2.45x1O10 2.4x10~° 2. 1x 1O~° 2.6*1010 2.6*1010 2.1x1010 2.2*1010 1.92x1010 2*10
10

9 1.44*1010 1.4*1010 1.2*1010 1.5*1010 1.64*1010 1.O5x 1O 1° 1.08*1010 .93*1010 .96*1010

10 9.9x10~ 9.6x10~ 8.25~ 1O~ 1.O4x1010 1.24x1O~~ 7.8x 1O9 8.2~1O~ 6.75~ 1O~ 6.6 5~1O~ -

A-5
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MAC TR-2259
RAW DATA

FUSING FLUID FUSING FLUID
TYPE (B) TYPE (B)

168 Hr . Delay 168 Hr . Delay

CONFORMAL COATED CONFO RMAL COATED
0 VOLTS 100 VO LTS

— ________ Insulation Resistance - OHMS _________ 
Insula t ion_Resistance_-_OHMS

DAY Spec. 1 Spec . 2 Spec . 3 Spec. 4 Control#3 Spec. I Spec. 2 Spec . 3 Spec. 4

1 4.6X10: 1.6X10: 5.9 x10 2.7X10: 7.6X10 1: 2.1X1O: 2.8x1o: 4.4X1 0: 2.1,510:

2 3.9x10 1.4*10 5.9*10 3.2*10 5.5*10 2.4*10 3.5x 10 5.7*10 2.6x 10

3 6.8x1O~ 4.4x 1O~ 1.8~1O~ 

- 

5.5x 1O~ 6,51010 4x1O~ 5.3x 1O 9 7.7x 1O9 3.5x 1O~

7 1.22x109 6.3x1O8 3.3x108 6.5*108 9x10~~ 1.18x1O~ 1.52x1O~ 1.88~1O~ 1.O7x 10 9

8 1.6*1010 1.4xlO’0 1.17x10’0 1.18*1010 3.8*1011 1.55*1010 1.76x1O 10 1.Mx1O~~ 1.45*10
10

9 6.25x1O~ 5.5~1O~ 3.B5~1O~ 3.75x1O~ l.O6xlO~~ 5.5x10~ 6.4x1O~ 6.4x1O~ 5x109

10 4.4~1O~ 3.8~1O~ 2.45x 1O9 2.65x1O9 6.7x1010 3.4x109 4.2x109 4.4x1O~ 3.1x 109

FUSING FLUID FUSING FLUID
TYPE (B) TYPE (B )

168 Hr. Delay 168 Hr. Delay
SOLDER MASK SOLDER MASK
0 VOLTS 100 VOLTS

________ Insulatlc’n Reslstanc° — OHMS ________ 
Insu la t ion _Resistance_-_OHMS

DAY Spec. 1 Spec. 2 Spec . 3 Spec. 4 Control #4 Spec. 1 Spec. 2 Spec. 3 Spec. 4

I 2.4x1011 2.4*1011 2.5*1011 4.7*1010 9.3*1010 1.8*1011 l.6xlOU 1.08*1011 1.56x10 ’1

2 l.O5x1OU 1.24*1011 i .32x 1O 11 3.25*1010 8.6*1010 9*1010 8.7x lO ’0 8.9*1010 1.14*1011

3 8.5*1010 O.9 9x 1O 11 1.O4x10” 3.lxlO ’° 7.9*1010 7,51010 6.2*1010 6.8xlO’° 8.6*1010

-
- 

- 7 8.6x 10~ 8.75x1O9 9 .5x1O~ 5.25x 1O 9 5x 10’~ 8.5~10~ &.5~1O~ 8.4x1O~ jOx1O~

8 4.6x1010 5.4*1010 6xlO 1° 4.8,51010 i.i~io 12 6 . lx lO l1 
4.6*1010 5.5*1010 6.75,51010

9 2*1010 2.35x 1O 1° 2.6*1010 1.77*1010 1.12*1011 2.3*10
11 

2*1010 2.15*1010 2.6,51010

10 1.32*1010 1.52x10 10 1.68*1010 1.12,51010 
_________ 

1.57*1010 1.35*10
10 1.52,51010 1.8,51010

- Ui
s -it

~-

___________________________ 

~~~~~~~~~ 
—



NAC TR-2259

P.4W DATA

FUSING FL U I D  FU S I~C FLUIL
TYPE (C)  TY PE (C )

168 Hr. Delay 168 Hr. Delay

L3NFORNAL COATED CONFORMAL .UATE [J
0 VOLTS 100 V~~T~Insulation Resistance - OHMS I n s u l at i o n _ ResC stance - OHMS

DAY Spec. 1 Spec. 2 Spec . 3 Sp~~. 4  Spec . 1 Spec. 2 • Spec . 3 Spec . 4

1 1.86x1O 12 5.6,51011 1.24,51012 6.3*10 10 5.4*10 10 6 .7* 10 10 1.~~ x 1O 12 1.84x10 12

2 1.2,51012 6.4xlO~~ 9,51011 6.5*1010 1.74*1011 2.9x1O~~ 8.5*1011 1.3,51012

3 9.9x101’ 8.6,51011 8,51011 7.3,51010 3•3~~Q 11 5.5*1011 7*10” 8.8,51011

7 1.13,51011 1.23,51011 1.24,51011 0.97x1011 1.35,51011 1.25,51011 1.7x 1011 
~~~~~~

8 5.5,51011 5.9x 1O~~ 5.75x 1D 11 5.1x10~~ 5.5xlO ’~ 5.6x1O ’~ 6.4,51011 6.1x10 11

9 2. 65x 1D 1 2.7 x i011 2 . 75x 1D 11 2 .15x 101’ 2.75,51011 2.6x 1O 11 3.25,51011 3.1*1011

10 1.85x1O~~ 2.1,51011 1.97,510111 1.6,51011 1.92,51011 1.72xlO hh !2 .25x 10 h1 2.1,51011

FUSING FLUID FUSING FLUID

TYPE (C) TYPE (C)
168 Hr. Del ay 168 Hr. Dela y

SOLDER MASK SOLDER MASK
O VOLTS 100 VOLTS

_______ Insul4.~j..Qn Res istance - OHMS Insu ation Res~~tance_- OHMS

DAY Spec . I Spec . 2 Spec. 3 Spec. 4 Spec. 1 Spec. 2 Spec . 3 Spec . 4

1 0.97*1012 l .O9xl O i~ 1.2x1O 1
~ 1.07*1012 

_________ 
8 6,51011 7.2,51011 7.5,51011 2 2 ~~~~

I 1

2 5.6,51011 5 8,51011 5.8,51011 5.3*10 11 
_________ 

4.5*1011 3.5x1O 11 3.7,51011 l. 1xVQ ’°
3 3.4x 10 11 3.3,510 11 3.5,51011 3.2x10 ’1 

_______ 
2.4,51011 1.68.10 11 1.?x 1O 11 1 4x1 O 10

~

7 4,51010 3 4 ~ 1O W 3 9,51010 3.5,51010 
_________ 

3.45,51010 2..65x1O 10 3,51010 2.45,510101

~~~~~~~ 
1.27*10 11 1.32*10 11 1.26,51011 

_________ 
1.06x1o~~ 6*10

10 6.8,51010 5,51010

9 7.2,51010 4.85,51010 6 3,51010 5.7,51010 4.4*1010 1.9,51010 2.2x101° 1.25,51010

10 5.3,51010 3.5,51010 4.4 ,51010 4*10 10 3. 15,51010 1.4,51010 1.66,51010 1.03,51010

A-i

I
- 

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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MAC TR-2259
RAW DATA

FUSING FLUID FUSING FLUID
TYPE (F) TYPE (F)

72 Hr. Delay 72 Hr. Delay

CONFORMAL COATED CONFORMAL COATED
0 VOLTS 100 VOLTS

— _________ Insula tion Resistance - OHMS 
_________ 

Insula tion_Resistance_-_OHMS
DAY Spec. 1 Spec. 2 Spec. 3 Spec. 4 ontrol #1 Spec. I Spec. 2 Spec. 3 Spec. 4

3 7,51010 6.1,51010 7.9,51010 5.8*1010 1.79,51010 5.7x10’° 6.3*1010 6.6,51010 5.5,51010

4 4.45x1O1~ 3.9,51010 4.5,51010 3.6x101° 1.06,51010 3.65x1010 3.65x 101° 4,51010 3.25,51010

5 3.35x1O’0 2.9*1010 3.1,51010 2.55,51010 7.7~1O~ 2.8,51010 2.6x1010 2.8,51010 2.3*1010

6 2.7*1010 2.25,51010 2.35,51010 1.96*1010 6x 1O~ 2.1x 10 10 1.92*1010 2. 2x lO ’° 1.78*1010

7 2 .5*1010 2*10
10 1.96*1010 1.7*1010 5.4X1O~ 1.84,51010 1.64,51010 L84x 10 ’° 1.48,51010

~fl 1.66,51010 1.36,51010 1.38*1010 
1.2,51010 4.05x1O~ L5x1010 1.4,51010 1.56x1O1° 1.2*1010

FUSING FLUID FUSING FLUID
TYPE (F) TYPE (F)

72 Hr. Delay 72 Hr. Delay
SOL DER MASK SOLDER MASK

0 VOLTS 100 VOLTS
________ 

Insulation Resistance - OHMS _________ Ins r ’atlon Resistance - OHMS

DAY Spec . Spec . 2 Spec . 3 Spec. 4 Contro l#2 Spec . 1 Spec . 2 Spec. 3 Spec. 4 *

3 6.4*1011 2.95x101° 3.85,51010 2.2x 10 1° 2.55,51010 3.7 5,51010 3.6 ,51010 4.65 ,51010 7.8,5108

4 1.62x101’ 1.98,51010 2.55,51010 1.28x 1O 1° 1.58,51010 2.43 ,51010 2.37,51010 2.75,51010 9.3,5108

5 8.1,51010 1.52x1O’0 1.88,51010 5 4x 109 i.18x i010 1.9,51010 1.82,51010 1.98,51010 8.2,5108

6 6.2 ,5 1011 1.2xI 010 I.52x1010 3.15xlO~ 9.5x1O~ 1.5,51010 1 46x ’~
10 1.56,51010 6.6,5108

7 4 .9 5*1011 1. 04,51010 1.28,51010 2.75 x1O~ 8x10~ 1. 3x10~° 1.26,51010 1.3,51010 i~,o
8

10 5.6* 10 11 8.9zI0~ 1.06,51010 2. 7xlO~ 5.7 *lO~ 1.08,51010 1.06,51010 1.1,51010 8.6x1D8

* Fau lty Spect~~n

- A-8

~
.

-
- 

C - .~~ ~~~ - 
- - Lh1~
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MAC TR-2259

RAW DATA

FUSING FLUID FUSING FLUID

TYPE (j )  TY PE ( I )
/2 1r. De lay 72 Hr. Delay

CON FORMAL COATED CONFORMAL COATED
0 VOLTS 100 VOLTS

— ________ Insula ti on Res i stance - OHMS 
_________ 

Insu lation _ Resistance_- OHMS
DAY Spec . 1 Spec . 2 Spec. 3 Spec. 4 Spec. 1 Spec . 2 Spec. 3 Spec . 4

3 2.45,51011 5.5x1O~~ 6. 1,51010 4.95,51010 5.7x 1D 1° 4.8x1O~° 5.3*1010 2.8,51010

4 9.4x109 3.4,51010 3.6,51010 2.95x 1O ’° 3.6*1010 2.95x10’° 3.1*1010 1.5*1010

5 6.2xI0~ 2.5,51010 2.6xIO~~ 2.08,51010 2.65x101° 2 .12x10 10 2.24 ,51010 1.36,51010

6 5.O2~lO~ 1.8,51010 1.95x101° 1.55,51010 2.0,51010 1.64x10~~ 1.78x 101° 1.16x 1O1°

7 4.55x1O9 1.52x1010 1.57xlO~~ l . l9xlO~~ 1.76,51010 1.4,51010 1.5x10~~ 9.95x 109

10 5.25~10~ 1.11x10 10 1. 18,51010 8.7x1O~ 1.45,51010 1.11,51010 1.18x 1O 10 6.3x109

FUSING FLUID FUSING FLUID

TYPE ( I )  TYPE ( I )

72 Hr. Delay 72 Hr. Delay
SOLDER ‘~U~ SOLDER MA SK

0 VOLTS 100 VflLTS
________ 

Insulation Resistanc ~’ — OHMS _________ 
Ins u 1ation_Resistance_~..Q.HMS

DAY Spec. 1 Spec . 2 Spec. 3 Spec. 4 
________ 

Spec. 1 Spec . ~ Spec. 3 Spec. 4

3 2.45xlOW 2. 05x1O~ 1.62,51010 4.O5x 101° 3.8x101° 4.3,51010 3 2,51010 2.85,51010

• 4 1.7,51010 1.42,5101 11.4x1D~ 2.75,51010 
_________ 

2.6,51010 2.95,51010 2.2x lO W 2 0x1O~~

5 I .27x1O~~ I0.2x109 8.5x1O~ 2.0,51010 
_________- 

2.0,51010 2.24,51010 1.66,51010 1.52x1O~~

6 9.8x1O 9 8.1x10~ 6. 7x1O~ 1.56,51010 
_________ 

1.64,51010 1.87x10 1° 1.41,51010 1.27,51010

7 8.3x10~ 6.7x10~ 5 .6x1D~ 1.27*1010 
_______ 

1.44,51010 1.62,51010 1.23x1O10 1.lxlO ’°
10 6.65xIC9 5.5x I 09 4. 7x 1O~ 9~75~jQ9 

________ 
1.17x 101° l .2 9x101° ~~~~~~~~~~~~~ 8.9xI0~

A-9

- 7- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - --
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MC TR-2259
RAW DATA

FUSING FLUID FUSING FLUID

TYPE (K) TYPE (K)

72 Hr. Delay 72 Hr. Delay

CONFORMAL COATED CONFORMAL COATED
0 VOLTS 100 VOLTS

— ________ Insulation Res1stanc~ - OHMS ________ 
I nsula tion_Resi stance_-_OHMS

DAY Spec. 1 Spec . 2 Spec. 3 Spec. 4 
— 

Spec. 1 Spec. 2 Spec. 3 Spec. 4

3 3.5,5101 7.5,51011 1.32,51011 9.7,51010 1.02,51011 1.06,51011 1.22,51011

4 9.9x10~ 4.9,51010 7.8*1010 5.7* 10 10 6.0*1010 6.4,51010 7.0,51010

5 5.35x10~ 3.6,51010 5.55,51010 4.0,51010 4.2,51010 4.55x 1O ’° 4.9,51010

6 1.6,5101 2.75 ,5 1010 4.15 ,51010 3.0,51010 3. 2,51010 3.5,51010 3 6,51010

7 1.38x10~ 2.25x 1O~° 3.35,51010 2.5x10~~ 2.58,51010 2 85,51010 2.9,51010

10 1.19*10 1.57,51010 2.3,51010 1.73,51010 1.89x101° 2.08,51010 2.12,51010

FUSING FLUID FUSING FLU IO
TYPE (K) TYPE ( K )

72 Hr. Delay 72 Hr. Delay
SOLDER MASK SOLDE R MASK

0 VOLTS 100 VOLTS
________ Insulation Resistance - OHMS _________ 

Insul ation_Resistance_ -_ OHMS

Spec. 1 Spec. 2 Spec. 3 Spec. 4 * 
________ 

Spec. 1 Spec. 2* Spec . 3 Spec. 4

3 4.4,51010 4.35x1O 1° 3.9,51010 7.7x108 3.25,51010 6.2,5108 1.7,51010 4.6*1010

4 2.95,51010 2.90,51011 2.7,51010 2 .6x 10~ 1.48,51010 6.6,5108 14.4x1O~ 2.95,51010

5 2.2x lO ’0 2.22x10’1 2.06x 101° 2.45~I0~ 1.68,51010 4.6,5108 I.24x101° 2.22,51010

6 1.7,51010 1.74x 10 1
~ 1.65,510

10 2 .3~1O~ 1.49,51010 6.1,5108 1.05*1010 1.78,51010

7 1.44x10’~ 1.46,51011 1.39,51010 1.6~ 1O~ _______ 
1.32x1O 1° 4.05,5108 9.1~10~ 1.48,51010

10 1.06,51010 1.11x 10~ 1.05,51010 1.75x 1O~ _______ 
10.1x10~ 4.75x108 7.75~10~ 1.14x1O~~

* FAULTY SPECIME N

A-b

~~~~~~~~~~

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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MAC TR-2259

RAW DATA

FUSING FLUID FUSING FLUID
TYPE (0 )  TYPE (J )

72 Hr.  Delay 72 Hr. Delay

CON FORMAL COATED CONFORMAL COATE D
0 VOLTS 100 VOLTS

— _________ Insulation Resistance — OHMS 
_________ 

Insulation_Resistance_ -_OHMS
DAY Spec. 1 Spec. 2 Spec. 3 Spec . 4 Control# 1 Spec. 1 Spec. 2 Spec. 3 Spec . 4

3 4.95x1O~ 7~~Q7 4 .4x 107 3.6x10~ 3.15x1O 10 1x109 1.18x109 1.2x 109 7.3,5108

4 1.2x1O~ 1.14,5108 9.7~1O~ 7.5~10~ 2.85,51010 1.8x109 b.94x 1D~ 1.94~~I0~ 1. I4 xbO ~

5 8.8x 10~ 1.36,5108 5.7x lO 7 7x1O 7 1.52,51010 8x 1D8 8.8,5108 8.6,5108 5.4,5108

6 1.08,5108 1.2x 108 9x107 7.6~1O~ 1.76,51010 1.62x1O~ 1.65x1O~ 1.66x1O~ 1.07x108

7 1.46,5108 1.4 8x 1O8 1.D3x1O8 1.06,5108 1.42,51010 1.52xl0~ 1 .46x1O
9 1.48x lO 9 8.8x108

10 2.2,5108 
2.05*108 2.2 ,5108 1.96,5108 1.28,51010 2 .2x lO 9 2. l5xl0~ 2 .2x10 9 L J.Q.~~

FUSING FLUID FUSING FLUID

TYPE (0)  TYPE ( j )

72 Hr. Delay 72 Hr. Delay

SOLDER MASK SOLDE R MASK
0 VOLTS 100 VOLTS

________ Insulation Resistance - OHMS _________ 
Insu let ion _Res~~tance_-_OHMS

Spec. 1 Spec. 2 Spec. 3 Spec. 4 Control #2 Spec. 1 Spec . 2 Spec. 3 Spec. 4

3 1.4x10’ 3.15x1O~ 3 3,5108 4.15x1D~ 3 .65x 1D 10 5.6x 1O~ 4 .5x 109 3 .6x 1O~ _______

4 1.94x10~ 4.3~1O~ 1.2~l0~ 3.9~1O~ 2.75,51010 5.7x1O~ 4.8x1O~ 3.6x10~ ________

5 3.8*101 2.85x1 O9 7.9,5108 2 .85~10~ 2x lO ’° 4 .2x 1O~ 3.75x1O 9 2.9x109

6 9.6,510
1 

3~75~jo9 1.2x 1O 9 2 .7x1O~ 1.84x 1O~~ 4.25x1O9 3~8x10~ 2.75x1O ~ _______-

7 6,51010 2.75xbO~ 1.O8xIO ~ 2.4x 1O~ 1.54,51010 3.75x109 3.25x1O9 2.35x1O~

10 1.38,5101 2.95x1O9 Ix 1O~ I.98xbO~ L2x 1010 3.25 xbO ~ 2.3x10 9 J 2 x b 0 9

A-il

.I
~1 ~

C )

_ _ _  
_ _ _  _ _ _ _  

3
_f

I ~~~~~~~~~~~ 
~~~~~~~~~~ ~~~~~

_
W*,-~~~~ 

- - - - __________ - -  _____________ - .
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~ ~~~~~~~ ..~J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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MAC TR-2259
RAW DAT A

FUSING FLUID FUSING FLUID
TYPE (L) TYPE (L)

72 Hr. Delay 72 Hr. Del ay

CONFORMAL COATED CONFOR~tAL COATED
O VOLTS 100 VOLTS

— ________ Insulation Resistance - OHMS _________ 
Ins u la tion_Resistance_-_OHMS

DAY Spec. I Spec. 2 Spec. 3 Spec. 4 Control#3 Spec. 1 Spec. 2 Spec . 3 Spec. 4

3 7.25~IQ~ 6.O~l0~ 7.5~~l0~ 6.4~1O~ 3.3x1O~ 4.5x108 4.7,5108 9 2x108 6.4,5108

4. ‘ 8.9x1O7 7.9~1O~ 9.6~1O~ 8.7x10~ 3.3x1O~ 6.3,5108 6.5x1O8 1.34x10~ 9~4~ jQ8

5 8.9x10~ 6.8x1O~ 9.5~ l0~ 9x1O7 2.6~1O~ 5.2x 1O8 5.8,5108 1.O6x1O~ 9.1x108

6 1.02,5108 8.7x 107 1.06,5108 1.O8x108 3x1O9 6.8*108 7 5,5108 1.28x1O~ 1.12x1D~

7 1.04,5108 9.4x1O~ 1.07,5108 1.14,5108 2.2x 1O~ 7.2,5108 8.3x1O8 1.26~1O~ 1.lx10~

10 1.18x 10~ I.IxIO8 1.06~ l0~ 1.24,5108 2 . lSx lO9 9.2,5108 9.5,5108 1.3x10~ 1.22x10 ~

FUSING FLUI D FUSING FLUID

T Y E  ( L) TYPE (L)
72 Hr. Delay 72 Hr. Delay

SOLDE R MASK SOLDER MC4SX
O VOLTS 100 VOLTS

________ 
Insulation Resistance - OHMS _______ 

Inst 1 ation_Resis tance_-_OHMS
Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. I Spec. 2 Spec. 3 Spec . 4

3 7.Qx1O~ 8.85~ IO~ 7.45x109 7.6~l0~ 10.0*10~ 1.14x1D~~ l.16x1010 9.6x1O~

4 5.9xbO~ 7.5x10~ 7x 10~ 7.1~1O~ 8.6xIO~ 1.O4x1O 1° 1.02,51010 8xlO~

5 4.5xl0~ S.8~1O~ ~~~~ 5•9~jQ9 6.4xIO~ 8.1x10~ 8.5~1O~ 6.5~10~

6 4.O 5x 1D~ 5x109 5.1x10~ 5.1x 1O~ 5.8x1O~ 7xlO~ 7.6x1O~ 5.~ xb0~

7 3.5x10~ 4 .4 x 1O~ 4.35xl0~ 4.7~1O~ 5.O5xIO 9 6.2~1O~ 6.8x10~ 4 .9S~10~

10 2.7X1O ~ 3.45x10~ 3 .45~I0~ 3 65xlO~ 4.7x10~ 4.9x1O9 5.8x10~ 3.75x1O~

A— 12

1:

~ 

~~~~~~~~~~~~~~~ -4 
- 
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-
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-

~~~ -~ A~~ —



MAC TR-2259

RAW DATA

FUSING F LL ~~U f U . I N G  Fj l D

T YPE (0) TYPE (0)

72 Hr . Delay 72 Hr. Delay

CONFORMAL COATED Uj NF~j R/’AL COATED
O VOLTS 100 VOLTS

— Insulation Resistance - OHMS ______— Insulat ion _ Resistance _ - OHMS
DAY Spec. 1 Spec. 2 Spec. 3 Spec. 4 

— - 
Spec . 1 Spec. 2 Spec. 3 spec. 4

3 1.26xl08 1 46x108 ~~~~~ 5 8,5108 9.O~10~ 2. 57~ 1O~ 8. 2,5108 1 2x1O~

4 I .6 9x 108 1.&x108 ~.2A1U ~ 6.8,5108 ~~~~ 3x1O8 9.4,5108 1 27xbO~

5 1.78,5108 1.94,5108 b .O9x1O~ - 
6.8x1O8 ~.O2x10

8 2.85,5108 8 3,5’j~
8 1.18x1O~

6 2 .lxlO8 2.25,5108 I.O8~1D~ 7.6xbO8 1 12,5108 3.OSx lO 8 9.3,5108 1 22x1O~

7 2.25,5108 2.4,5108 LG2XIO 9 t  7.5,5108 
— ______ 

1.12x1O8 3.05,5108 g.i~io8 ~~~~~~

10 2.15,5108 2. 35x1O8 8.9,5108 L lxb O8 1.2,5108 LO5x108 8.7,5108 b .16~10~

FUSING FLUID FUSING FLUID
TYPE (0) TYP E (0)

12 -Ir. Delay 72 Hr. Delay

SOLDER MA SK S0LD~R MASK
O VOL TS 100 VOLTS

________ 
Insulat ion Resistance - OHMS _______ In s 1 ation_Res i ctance_-_OHMS

Spec. 1 Spec. 2 Spec. 3 Spec. 4 _________ 
Spec. 1 Spec. 2 Spec. 3 Spec. 4

3 6.6x 1O8 1.I8x10~ 8.0,5108 3 05*108 8.5,5108 5 7*108 1.09x109 2.03x109

4 5.6*108 1.02x 109 8.1,5108 3 .25x 1O~ 8. 3x 1D8 5.6,5108 i.O7x1 O~ 1.9x10~

5 5.4,5108 8.9,5108 7.5x 10~ 3.2,5108 7. 7x 1D8 5.5x1O8 1.07*108 1.68x 109

6 4 9 5x1O 8 8.0,5108 7.1,5108 3.25,5108 7.5,5108 5 6,5108 9 9*108 1.58x1O~

7 4 .55x 10 8 7.1,5108 6.4,5108 3.15*108 
________ -_

7.3,5108 5.6,5108 9.5,5108 l . 46x1O9

bO~~4 25xb0 8 6 2,5108 ~~~~~ 3,5108 

A 13 

6 9,5108 5 5,5108 8 9,5108 l 34xiO~
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NAC TR-2259

RAW DATA

FUSING FLUID FUSING FLUID

TYPE (M) TYPE (M)

72 Hr. Delay 72 Hr. Delay

CONFORMAL COATED CONFORMAL COA TED
0 VOLTS 100 VOLTS

— ________ 
Insulation --,esistance - OHMS 

______ 
Insula tion_Resis tance - OHMS

DAY Spec. 1 Spec. Spec. 3 Spec. 4 Control#1 Spec. 1 Spec. 2 Spec. 3 Spec. 4

3 I2x 1O~ 9x10~ i .g~io10 1.8x101° 15xb 09 16x1O~ 16x1O~ 4.6x10~ 12x1O~

4 10.8x l0~ 7.9~1O~ 13.4x109 14x 1O~ lOxlO 9 12.3x1O9 12 .2x 109 4.5x1O~ 10.1x109

5 8.2x1O~ 7.1x1O~ 1.22,51010 1.24,51010 8.lx l O 9 1.15x1O 1° 1.07,51010 4.1x1O~ 8.15x1O~

6 5.8~l0~ 5.3x10~ 9.Ox 1O 9 9.2x1O~ 5.5x1O~ 8.2x109 8.5x 1O~ 3.2~1O~ 6.9x1O9

7 4.9x10~ 5.1x 10~ 8.5x1O9 8.5x1O9 5.1x1O~ 7.4xbO 9 8xiO9 3.3~10~ 6.5x1D9

10 3.8x1O9 4.5x1O9 6.8xl0~ 7.Q,51O~ 4.7~lQ~ 7.1x1O~ 7.3x1O~ 3.2~1O~ 5.8x1O~

FUSIN G FLUID FUSING FLUID

TYPE ( M ) TYPE (N )
72 Hr. Delay 72 Hr. Delay

SOLDER MASK SP LOER MASK
O VOLTS 100 VOLTS

________ 
Insulation Resistanc* — OHMS —________ Insulation_Resi stance_-_OHMS

Spec. 1 Spec. 2 Spec. 3 Spec. 4 Control#2 Spec. 1 Spec. 2 Spec. 3 Spec. 4

3 b2x l O 9 5.8x10~ 9x109 8.5xIO~ 9x10~ 9~1O~ 7x10~ 8.5xbO~ 8.5x10~

4 8x1O~ 4.7xiO~ 7.9x10~ 7.2x1O~ 5.5x10 ~ 7.7x1O~ 8x1C-~ 7.3x1O9

5 8XbO: 4x 1O9 6.45xlO~ 5.9*1
0: 

4.6,510: j 6 .45X10: 6.1,510: 
_______

6 5.9*10 3.5*10 5.6*10 5.3x 10 3.4.C CO 5.5xlO 4~9x1O - 
5.8x10 5 .2X10

- - 7 2.6x1O~ 3.2 O91
~~U~

x1U
~ 

5.1x1 09 2.9 x IO~ 5.5x1O~ 4.9x10~ 1.Sx1D~ 4.3x109

10 2.2x109 2 .9x1O 9j  4 1 ~~O~ 3.5xlO ~ 2.2xlO~ 4.6xl0~ 4.3~1O~ .j 4.9 xbO ~ 4.7x109
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RAW DAT A

FU SI NG FLUID FUSING F LUID
TYPE (N) TYPE (N)

72 Hr. Delay 72 Hr. .ielay

CONFORMAL COATED CON FORMA L COATE D
0 VOLT S 100 VQ~TS

— ______ Insulation Resistance — OHMS 
_______ 

Insuistion _ Resistance - OHMS

DAY Spec. 1 Spec. 2 Spec . 3 Spec . 4 
_________ Spec. 1 Spec . 2 Spec. 3 Spec . 4

3 2.4xlO~ 
1 

6.5x1O~ 12.3x106 
______ 

2.8,5108 1.6x1O8 13~lO~ 13.5~ 1O~
* 1 - * *

4 7.5xlO 9x13° 3.7x 10 2.3*10 
_________ 

7.2xlO i7 .SxlO 2.3*10 2.1*10

5 1.44x1O~ ~~~~~~ 12*106 4.25x1O 7 
_________ 

2.8,5108 3.15*108 3.25x1O8 2.75x108

6 3.3xl07 5.8x107 ~‘.4~1O~ 4.3x1O 7 
_______ 

2.5,5108 .2x10 8 2.8x108 2.8x108

7 3.SxlO 7 5.8x 1O~ 4x107 7.2x1O~ 2. 2 1L 4x 10 8 
- 

3.4x1O8 3.1*108

10 4.O~l0~ 7.5~1O~ 5.5~ 1O~ 9.OxIO 7 
______ 

3.7x108 4.5<108 5.3*108 4 3,5108

* ~~erator  Erro r

FUSING FLUI D FUSING FLUID

TYPE ( N ) TYPE (N)
72 Hr. Delay 72 Hr. Delay

SOLDE F MASK SOLDE R MASK
0 VC UT S 100 VOLTS

Insulation Res~;~~nce — OHMS I n s u l a tion_Res 4
~ tance_- UHMS

~~ec . 1  Spec . 2 Spec. 3 Spec. 4 Spec. 1 Spec. 2 Spec. 3 Spec. 4

3 5.5X1O~ 5.5*10 5.2x1O9 3.lxlo: 2.7,510: 2.8,510: 2 .7x 10

4 4.7*10 4~10 3.1*10 5.2*10 2.6xlO 2.2x10 3*10 2.2x10

5 3.8x 1O~ 3.2xlO~ 3~l0~ 3.45x109 2.15x1O~ 1.98xiQ~ 2xbO~ 1.t~3x10
9

6 3.1x1O~ 2.6x109 2.4x109 2.7x109 1.8~10~ 1,9x10 9 1.7x 1O~ 1 . € x i O ~~~

7 3.1x109 2.4xiY j 2~ 1O~ 2.4x1O9 
- _______ 

1.6x 1O9 1.5xl 0~ ~~~~~x1O~ ~~ .4xbO ~

10 2.1x10~ 1.7xl0
~L~~ ..~

0
~ 

l..8x1O9 1.3xl O 9 1.3 x 109 1.3x1O 9 1.~ x 10~

* Opera tor Erro r
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TABLE x
MIL-P-288 09 IONIC CO~ TAt1 INANTS TEST

C L E A N I N G  R E S I S T I V I T Y  RESISTIVITY RESISTIVITY BEG1t~NING RLSISTIVIT Y

DELM OHM-CM x 1O~ OHM-CM x 10~ OHM-CM ~ io
6 A SOLUTION

A’FUSING 8”FUSING °C ’ FUSING -
FLUID FLUID FLUID

72 Hour
Specimen 1 9.4 9 .8 24.6
Specimen 2 8.0 10.8 30 57.0
Specimen 3 8.5 9.8 30

168 Hour
Specimen 1 3.4 4.6 10.3
Specimen 2 3.1 3.3 9.1 24.0
Specimen 3 3.1 6.0 12.0

K’ FUS ING
FLUID FLUID FLUID

/2 Hour
Specimen 1 7.2 17.4 20.0
Specimen 2 7.0 11.5 ~?1.U 20 .0
Specimen 3 6.6 17.4 19.0

J l- USI~G “L S-USING ‘O FUSING
F L U I D  F L U I D  F L U I D

72 Hour
Specime n 1 2 . 5  4 . 9  4 . 5
Specimen 2 2.0 5.5 3.2 >25.0
Specimen 3 3.4 5.4 5.0

“M FUSING
FLUID FLUID

72 hour
Specime n 1 15.0 - - -
Specimen 2 14.8 5.4 27.0
Specimen 3 13.5 4.7
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EQUILII3 R.ATICN OF CUr- lB
PATTE RN TO MIL-P-55110

TRUMP ET PATTERN

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

.025

MIL-P— 55110 TRUMPET PATTERN

1. Number of res i s tance squares
40 squares

2. Assume the squares are resistors connected in parallel

....L J.. +_ 1~~+. -

RT R1 R2 R40
1 - 40

Ri

Whe re RT 
= 500 x 106 ohms per MIL-P-55110

R5 res is tance  of Cd C~ I ~(ICJer e .

3. R = 
RsT 40

4. ~ao x =

40 -
R =‘ 200 x ohms 

________

L S 

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

Resistance meas ure d portion
of comb patte rr specime n

1.250”

k. .. ~I I
_ _ _  

l --. ,--- i~--- ,--.
.050” :_j~ :

iF ~~~~~~~~~~~~ 2 _
: 1 — .

‘—
~~
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- 
5. Number of resistance squares

1.250 - .O5”~~ x 5 + 8 corner squares at the ends of the
- conductors = 128 squares.

6. For th is comb pattern to be eqivalent to the MIL-P-55110 trumpe t
pattern , each ~~uare mus t have a resistance of 200 x 108 ohms .

7. Assume s the squares in the comb pattern are resistors in
pa r a l l e l

RT R2 R128

1 128
- RT Rs

- where

RT 
= to tal resistance

- 
Rs 

= 200 x i08 ohms

8. RT R5
- 

128

- 

9 R - 200x108

- 
T 128

RT 1.5 x io8 ohms

10. Therefo re , the comb pattern specime n has a MIL— P—55 110 equivalent
v a l u e  of 1.5 x 108 ohms . Any resistance va lue less than this during
tes t ing  was a f a i l u r e .

F-

.1

1 
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MATERIALS

1. Circuit Board Material
FL-GF , .062, Cl/i

2. Sol der Mask
Photocircuits Co.
PC-401
Epoxy type

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

4. Electrical Leads
200AS 100-18 wi re

- 5. Wi re Sol der
WRP -2

- 6. Fusing Fluids
The identity of the fusing fluids is available only to

- the funding source of this study because of
- -  their proprietary nature .

ii

i
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EQU I PMENT

1. Te mperatj re and Humidity Chamber
Blue M Co.
Model FR-256 3P

2. Po ’ -.~ r Supply
Lambda Co.
Mode l LP-534-FM

3. Me go hm Bridge
Genera l Radio Co.
~tdel 1644-A

4. V por Cl eaner
Ac~a Electri c Corp.
Spee Degreaser Mode l D-3

5. Inf ra-RC.~d So lder Fusing Machine
Research , Inc .
Ik del 4384

6. MIL-P-28809 Appa ratus as described
in Naval Avionics Center Materials
Research Report 3-78.
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APPUCAT)OII REVISIONS 
______

P-~I.XT ASSY UStO ON LTR DESCRIPTION DATE APPROVED

-i
-s~~~1

—
~~~~ ~

-.- wI
----

-__~~~(~~~~i~~i~~ 1 F ~~~~~~ _ _ _ _ _ _ _ _

Ti-hfI I 1 _ _  _ _ _

CODE DIM. T0~ -1, L a C •‘
~~~~ + UI)’)

I I L LI I .~~~-:) - - Oç 4

- 
L2 L550 ~~~
L3 1 750 ~~~~~~~

- ~~~ _ _ _ _ _ _ _ _  
_ _ _ _  

.050 ~~~
_____ 

.050 ~~~- - I /Sç * 004

~~~~~~~~ .025 ~~~~-‘S + OOC
0 04

I .525 1 ~~

I 1 -I 1 1 ~~~~~REV STAT (JSIREV 
~ I ,. L - 

-

OF SHEETS tSHE~T1 1 2 - 3 , 4 f 5 6 7 
1 

8] 9 10 11 j_12 13 14 1 15 16 $17 18 1 1 9  20T2 1
INIImPMT DRAWING IN NAVAL AVIONICS FACILITY DEPARTMENT OF THE NAVY

ACCORDA ~.C( WITH MIL-$TD-tOO NAVAL SYSTEMS COMMAND
S DII.~ P$!IONS AR C IN ~ c~sç~ 

I,~ DIANAPOLIS. INO. 462 18 W~tHINQTO$, D. C. 70360
JWLESS OTHERWISE SP~EC. P~oa £NGR T i~ 7~ 5~ a4~
~~(D, TOLERANC($ ARE: 

J—---——-- - COMB SPECIMEN

~ 1 AN GLC~ ~___________ 
PREPA~ (D 

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ _______________________________

FOM INC coM~~No SIZE CODE IDE NT i~~. Oi~A~rnIO ~~~

- _______—— A I AV -2 2 f 07
— 

~~ 

C’IPNT Er :c Q 
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