AD-A139 234

UNCLASSIFIED

AN EVALUATION OF PERMANENT SOLDER MASKS FOR HIGH

RELIABILITY APPLICATIONS(U)} NAVAL WEAPONS CENTER CHINA

LAKE CA D J SANGER FEB 84 NWC-TP-65t7 SBI-AD-E900 330
F/G 13/8




L !_;' =

A P
e * e
L2 flis e

OOOOOOOOOOOOOOOOOOOOOOOOOOOO




OTIC FILE COPY

ADA139234

AHOE # Fho220 \ |

NWC TP 65617

An Evaluation of Permanent Solder
Masks for High Reliability
Applications

by

Donna J. Sanger
Engineering Department

FEBRUARY 1984

NAVAL WEAPONS CENTER
CHINA LAKE, CALIFORNIA 93555

......

Approved for public reiesse; - : '




Naval Weapons Center -

AN ACTIVITY OF THE NAVAL MATERIAL COMMAND

FOREWORD (U)

The evaluation described in this report was completed in December 1983 and
is a Naval Materials Command Manufacturing Technology project. program elements
DNE 00215. 00218. and DNA 821006. Various permanent solder masks were
examined in an effort to determine the acceptability of solder mask for use on
military electronics.

This report has been reviewed for technical accuracy by Edwin B. Royce.

Approved by Under authority of
D. J. RUSSELL. Head K. A. DICKERSON
Engineering Department Capt.. U. S. Navy
20 January 1984 Commander

Released for publication by
B. W. HAYS
Technical Director

NWC Technical Publication 6517

Published by......... .. i Technical Information Department s
Collatiom . . . it e e e e e e e Cover, 40 leaves
First Printing . .. ..o e e e 750 copies




UNCLASSIFIED !
SECUMNTY CLASSIFICATION OF THIS PAGE rWhen Data Entered) !
READ INSTRUCTIONS :
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM |
' REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER '
oy e .
NWC TP 6317 D139 704
§ TITLE rand Subtitle) S. TYPE OF REPORT & PERIOD COVERED
AN EVALUATION OF PERMANENT SOLDER MASKS Final, 1981 19%3

FOR HIGH RELIABILITY APPLICATIONS

6. PERFORMING ORG. REPORT NUMBER
7. AUTHOR's) 8. CONTRACT OR GRANT NUMBER(s)
Donna ). Sanger
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
AREA & WORK UNIT NUMBERS
Do 2 < Conte ' 1
F\af.nl Weapons Center DNME 00215, 00218, and
China Lake, CA 93555 DNA 821006
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
February 1954

Naval Weapons Center
China Lake, CA 935855

13. NUMBER OF PAGES
77
SECURITY CLASS. (of thies report)

14. MONITORING AGENCY NAME & ADDRESS(if diffetent from Controlling Office)

@

UNCLASSIFIED

1Sa. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release. distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, it different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side il necessary and identify by block number)

Solder mask Maskants
Solder resist Permanent mask
Mask

20. ABSTRACT (Continue on reverse side If necessary and identify by block number)

See hack of torm.

DD ,"S%%, 1473  eoition oF 1 nov 68 is omsoLETE

$/N 0102-LF-014-660! UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

(U) An Evaluation of Permanent Solder Masks for High
Reliability  Applications (U), by Donna J. Sanger. China Lake,
Calit,, NWC, February 1984, 77 pp. (NWC TP 6517, publication
UNCLASSIFIED.)

()  With more dense packaging of clectronic subassembly
printed wiring boards, it has become necessary for the military i
to fully understand materials and application problems of solder !
mask. This project was an attempt to experience and understand
the  problems associated with dry film and liquid permanent
solder masks. Items such as registration, adherence. bubbles and
voids, and environmental protection were cxamined. The result
was a better understanding of each of these problems with con-
clusions that solder mask should be used only over bare copper
circuitry and that liquid solder mask should not be used as an
electrical insulating barrier.

UNCLASSIFIED {

SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)




I. Introduction. ... .. ... . T T s e
II. Testing
III. Results. .. ... . . .

IV. Conclusions

Appendixes:
A. Abrasion Test Methods . ... ... ...
B. Adhesion Test Methods. .. ...
C. Solvent Resistance Test Method. .. ... ... .. .. ... ... ... ...
D.  Flux Resistance Test Methods ... ... ... ...
E.  Moisture/Temperature Cyeling. ... ..o o e
F.  Electrical Test Methods. . ...
Figures:

1. Test Board and Solder Mask Artwork. ......... ... .. .. ... ....
2. Vacrel 740FR. Solder Mask on Perimeter of

Plated-Thru-Holes . ... .. . .
3. Vacrel 7408, Solder Mask on Perimeter of

Plated-Thru-Holes . . ..o o e e
4. Solder Mask Thickness Measurement .. .. ..o L
5. Vacrel 740FR. Solder Mask on the Fillets. . ... ... ... ... ...
6. Vacrel 740FR. Wrinkled Mask and Trapped Flux on

Ground Planc. ... ...

Vacrel 740FR. Flux Seeped From Under Chipped Mask

on Ground Planc. ... ... . . . . ...
8. Vacrel 740FR. Resistance Values. (a) Tin/lead (top).

(b) copper (DOttOM) . .o oo .
9. Vacrel 740FR. Resistance Values. (a) Copper (top). ‘

(b) tin/lead (bottom). .. ... ...
10. Vacrel 7408, Wrinkled Mask and Trapped Flux

on Ground Plane. .. ... . . . L
11. Vacrel 7408, Solder Mask in Plated-Thru-Holes

NWC TP 6517

[ A0
PR
[ .. N
. E ot ."/
v ]
‘ i
. -

CONTENTS /{
M
i ! !

Blocked Solder

03
N
o7
69
71
75

1




13.

15.
16.
17.

18.
19.

30.

31.
32
33
34
3s.

36.

37.

NWC TP 6517

Vacrel 740S. Hot Air Leveling Process Caused Mask

to Litt From Traces. . . ...t e e

Vacrel 7408, Hot Air Leveling Process Caused Mask

to Lift and Chip From Comb........ ... .. ... ... .......

Laminar RM, Wave Soldering Caused Blistering of

Bottom Side of Copper Boards .. .......... .. ... ... .. ...

Laminar RM. Wave Soldering Caused Blistering of

Bottom Side of Copper Boards .. ... .. ... .. ... ...

Laminar RM. Mask Chipped Oft of Copper Ground

Planc . . e
Laminar RM. Flux Trapped Under Mask on Traces ... .........
Laminar RM. Mask Loose and Cracked on Y™ Pattern ........

Laminar RM. Mask Lifted and Blistered on Comb

Pattern . ...

Laminar RM, Flux Trapped Under Mask on Ground

Laminar RM. Mask Chipped Off of Comb Pattern.............

Laminar RM, Resistance Values. Tin/Lead. (a) Top.

(D) BOttOM . . . oot e

Laminar RM. Resistance Values, Copper. (a) Top.

(D) DOHIOM . . .o ot e e

Laminar RM, Flux Trapped Under Mask on Comb

Pattern .« . . e

Laminar RM, Solder Remained on Muask After Hot

Air Leveling Process ... oo e

Laminar RM (Extra Cure). Mask Blistered on

Bottom Side. .. ... i

Laminar RM (Extra Cure), Cleanliness Test Caused Mask

on Ground Plane to Crack. .. .. ...

Laminar RM (Extra Cure). Resistance Readings. (a) Top.

(D) BOLtOM . . o e

Laminar RM (IPC-B-25). Blisters on Top Side of

Copper Board. ... ... ... .

Iaminar RM (IPC-B-25). Unsolderable Pad Duce to Solder

Mask Debris. . ... .
Hysol SR1010. Pinholes in Mask on Comb Pattern . ........ ...
Hysol SR1010. Misregistration of Mask on Pads............. ..
Hysol SR1010. Grid Pattern on Ground Plane ........ ... .. ...
Hysol SR1000. Voids in Mask on Comb Pattern ..............

Hysol SR1000. Voids in Mask on Bend of Circuit

Hysol SR1000. Mask Bleed Residue on Pad Caused

Non-Wetted Copper. ... .. e

Hysol SR1000, Flux Trapped Under Wrinkled Mask on

Ground Planc. . ... ...

32
33




P

39,

40.

41.

44,
45,
46.
47.

48.

NWC TP 6517

Hysol SR1010. Flux Trapped Under Wrinkled Musk on

Ground Planc. oo
Hysol SRI1010. Flux Seeped Out From Under

WrEinKicd Mask . oo oot
Hysol SRI1010. Resistunce Readings, Tin/Lead. (1) Top.

(D) DOLIOM . o o et e e e e e
Hysol SR1010. Resistance Readings. Copper. () Top,

() BOTLOME .« e oo e e e e e e e s
Lonco 222-M. Bubbles in Mask on Comb Pattern.........oooo v
Lonco 222-M. Bubbles in Mask and Flux Trapped

on CoMmB PatlerN. oo
Lonco 222-M. Mask Bleed Residue Caused Non-Wetted

COPPCT « o o ettt e e e e e
Lonco 222-M. Muask Bleed onto Traces and Laminate ..o
Lonco 222-M. Void in Mask at Bend in Circuit Trace. ... nnon
Lonco 222-M. Mask Lifted From Ground Plane and

Trapped FIUX ..o
Lonco 222-M. Mask Lifted From Ground Plane and

Trapped FIUX .o
Lonco 222-M. Flux Trapped Under Mask on Ground

PHIC « o o o o e e e e e
Lonco 222-M. Ruesistance Readings, Vin/Lead. ) Top.

(D) DOTLOIMY . o o e e e e e e e e e
Loncoe 222-M. Resistance Readings. Copper. (a) Top. R

(D) BOLLOMI . o e e e e e
Lonco 222-M. Oxidized Copper Under Resin Film ..o
MacDermid 9436, Bubbles in Mask on Comb Pattern........coco oo
MacDermid 9446, Void in Mask at Bend in Circuit Trace....ooo00 o0
MacDermid 9446, Contamination Caused Musk to Lose

AN O .
MacDermid 93446, Unsolderable Copper Caused by

Uncleal SCICCh. oo
MucDermid 9436, Circular Pattern ot Bubbles Caused

Unsolderable Copper . ..o
MacDermid 9446, Flux Trapped Under Solder Mask

on Ground Planc. . . ..
MacDermid 9446, Mask on Ground Plune Rolied Back

by Soldering Process ..o o i
MacDermid 9446, Resistance Readings. Tin/Lead. (a) Top.

() DOLOM . o o o
MacDoermid 9446, Resistance Readings, Copper. (w) Top,

(1) BOTION . o o e e
MacDermid 9446, Blisters on Traces Caused by Hot

AT Loveling « o

46

46




NWC TP 6517

ACKNOWLEDGEMENT

We wish to express appreciation to the solder mask manufacturers and the
fucilities that supported us by applying the masks. This organization does not qualify
solder masks but is concerned with the process controls associated with the use of
solder masks.

Jim D. Raby. Head
Electronics Munufacturing Support Office




NWC TP 6517

INTRODUCTION

A solder mask i o polymeric coating that s applicd to a printed  circuit
board in arcas where solder wetting is not  desired. There are permanent solder
masks and removable solder nusks this report deals with permanent solder masks
which cannot be removed from the circuit board by ordinary solvents found in an
clectronics production arca.

This study on the subject of solder mask was undertaken as o Navy Manu-
facturing Technology program 1o understand the benefits and  problems associated
with solder mask on a printed circuit board. Military  contractors are  expressing
interest in using solder masks but. duce to the many unknowns associated with the
use  of permanent  solder masking, approval tor use has been limited. This study
was designed  to determine the ceffects that a solder mask can have on high relia-
bility military hardware.

Addressed in this cffort are the cases of when it is appropriate 1o nse o
solder mask. the type of surface over which a mask can be applicd without detri-
mental effects, and  the application methods  that will ensure the highest reliability
of the hardware. Seven solder masks were evaluated in order to understand the
difference between various brands and types of masks tor cach of these cases.

A solder mask is used to prevent bridging of closely spaced  circuit  traces
during the wave soldering process. Wave soldering  of  circuits  with  spacing  of
0.010 inch or less can be accomplished veasily with the use of solder mask. lLarge
ground planes can also be soldered casily with the use of solder mask but only if
the mask is appliecd over a bare copper surface. Some solder masks have been
designed to function as a protective insulating layer over circuitry to prevent elec-
trical shorting of devices that are placed across the traces. Although not specifically
designed for the purpose of environmmental protection of the printed circuit board.
solder mask does provide some protection from abrasion during storage. handling.
and the assembly operation. Since solder masks are resistant to the common solvents
used in the assembly operations, they provide protection to the circuit board in this
way. also.

Solder mask on a printed circuit board can lead to many process problems if
the wuser is not aware of the changes that a mask causes. The edge of the mask
around the pads can trap flux and ol Jeading to laking and chipping of the
mask. the smooth surface of some masks makes it difficult tor conformal coating

. 5
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to adhere; uncured components in the mask can lead to processing problems later in
the production cycle; misregistered mask can get on pads and in the plated-thru-holes
causing solderability problems and deformation of fillets. A solder mask should have
no detrimental effects on the hardware. c.g.. flaking that produces chips of mask
that can fall onto other circuit boards in an assembled unit. The mask should not
affect the solderability of the circuit board. Some masks smear or bleed onto pad
areas as a thin uncolored layer of resin that is not visible, but deters the solder
wetting.
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LESTING

A rest plan o was designed 1o determine the performance of vanous brands and
tpes  of solder masks over bare plated copper and over 00740 plated tin Jead.
Saven ditterent solder mashs were mvestigated. including both the dry tilm and the
servenable type masks. Boards were fubricated im-house inoa prototype printed wiring
bodard  tabrication shop and then masked cither commercially or by military contrae-
tors using g particular mask. Foroan acecurate avalugtion ol the masks, it was best
that they be applied accordimg 1o the methods and practices of those who use the
nasks. The masking was not pertormed at the Naval Weapons Conter because noither

the necessary equipment nor the experience with the screening Slque was available,

Masks  were  tested  for mechanical. clectrical. and ¢ ommental properties.
inctuding:  adhesion, abrasion. surface resistivity, breakdown oo solvent resistance.
un resistance, moisture. temperature oveling, hydrolytic stals 0 slderability effects,
amd solder resistance. Masks were abso visually - chiecked  fo pearance.  thickness,

wrinkling. blistering. cracking. and lifting.

The tollowing masks were tested: DuPont Vacrel 740FR. DuPont Viacrel 7408,
Thiokol-Dynachem Laminar RM. Hysol SRTIOTO. Hysol SR1000. Lonco 222-M. and
MacDermid 9440, Both the DuPont and the Dyvnachem products are dry film solder
mashs that were applicd by the vacuum lamination technigue. The DuPont musks
were procesed with solvent, while the Dyunachem product was processed aqueounsly.
Al three of these masks were cured using both o thermal cure and an ultraviolet
cure. The other four masks were liquid masks that were manually screened. then
thermally cured.

A tost board  approximately 4 x 0 3 inches was designed tor this study. A
circuit. 4 f-inch? ground plane. a 0.033-inch Y™ pattern, an open arca of laminate.
aud a4 0.000-inch lines and spaces comb pattern with finger tabs along one edge
for connection to the environmental test hookup were included in the test board.
See Figure 1.

Boards were inspected. then masked according to the application  parameters
that are used in cach particular company  that performed the masking. Al boards
were mashed i opanel form, as four boards per panel. After completion of the cure.
the boards were inspected at 20X tor masking quality. including accuracy ot registra-
tion. bleeding, loss of adhesion, inclusions. voids. pinholes. and arcas of cither thin
deposit or extra heavy  deposit of mask. Plated-thricholes were alsoispected  for
mask .
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FIGURE 1. Test Board and Solder Mask Artwork.
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Following this inspection. the pancls were cut into the separate boards. Maching-
bility of the masks wis noted during the trimming and sanding processes. Mechanicl
tests were performed for Taber abrasion. pencil abrasion. punch teste tape test. and
cross-hateh adhesion on both the ground plane and the laminate arcas. Small picces
of board were used tor the solvent and flux resistance tests. The clectrical tests
surfice  resistivity  and  breakdown  voltage were conducted  on whole boards. An
environmental  test consisting  of o moisture, temperature ovehing according to
MIL-STD-202 Mcthod 100 was conducted. A hydrolytic stability test was performed
on cach mask according to IPC-TM 2.0 11, Later installution of un Flectrovert hot
air leveling system allowed  evaluation of  the masks tor this process. Fach test s
described in the appendines.
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RESULTS

Results of the tests for cach mask are discussed below.

DUPONT VACREL 740FR AND VACREL 740S

A visual inspection of Vacrel 740FR and Vacerel 7408 dry tilm solder miasks
showed mask on the pads and in the plated-thru-holes. This was explamed as o mis-
alignment of the front-to-back registration in the solder mask artwork. Light scatter-
ing during the ultraviolet exposure period allowed the misaligned arcas near the pad
openings to be partially  exposed. During the development process. the solvent was
unable to remove the partially exposed muask. Jeaving rough and irregular edges on
the holes. The rough edges casily chip and flake. settling onto other arcas ot the

b

board. including the plated-thru-holes. See Figures 2 and 3.

The Vacrel 740 series masks are 0.004  inch thick before application. The
thickaess of the mask over the laminate and the traces was measured optically
after microsectioning.  An average thickness was taken trom readings in three Joca-
tions. Sece Figure 4. Both Vacrel 740FR and Vacrel 740S had  thicknesses of
0.002 inch on the traces of the comb pattern and 0.004 inch on the laminate.

The Vacrel 740FR and the Vacrel 7408 had similar properties in most of the
tests performed. A SH pencil hardness scratched  the sarfuce of both masks. Fitty
cycles of Taber abrasion showed little wear: the mask over the conductor surtaces
remained intact. The punch test, both before and after soldering. showed no damage
over copper circuitry. The tinTead arcas were damaged both times,

The tape test for adhesion to faminate. tin lead. and copper circuitry caused
no damage. The cross-hateh test showed little loss (377) on the laminate and copper.
but an unacceptable amount of loss (50°/) on the tin lead. A cross-hateh test on
copper after wave soldering again showed less than 57 foss,

The fluxes had no effect on either the Vacrel 730FR or the Vacrel 7408,

The solvents, except for methylene chioride. had no effect on cither mask
after 2 hours. The methylene chloride rapidly softened  the Vacrel and within a

30-minute period. it could vcasily be removed trom the laminate and tin lead.

The breakdown voltage for Vacrel 740FR  was 3000 VAC betore soldering
and 2000 VAC after soldering and moisture temperature oyelinge The muask was
not charred but there was a halo pattern on the mask where the electrode had
been placed. The breakdown voltage tor Vacrel 7408 was 2430 VAC before solder-
ing and 2500 VAC after soldering and moisture, temperature oveling.

10
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AVERAGE OF THESE

AVERAGE OF THESE

AVERAGE OF THESE

FIGURE 4. Solder Mask Thickness Measurement.

The surfuace  resistivity was 3 X ol obms square tor Vacerel 7401°R - both

hetore and after soldering, Vacrel 7408 was 2 n 10l ohmis'square.

The hydrolytic stability  test caused no  damage to the copper boards but
the mask over the tinlead samples became brittle and cracked.
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FIGURE 6. Vacrel 740FR. Wrinkled Mask and Trapped Flux
on Ground Plane.

FIGURE 7. Vacrel 740FR. Flux Scceped From Under Chipped
Mask on Ground Plane.
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A cleandiness test pertormed after wave soldering on three Vacrel 740FR boards
showed an average of Jess that one microgram/square inch ot jonic contamination 4
passing value tor the cleanliness test.

The  resistance  measurements  taken  during  the moisture/temperature cveling
tests showed  that Vacerel 740FR - provided  relatively  good  protection for the comb
pattern. Sce Figures 8 and 9. Variations in board fabrication and processing could
explain  the samples that show  resistance values lower than the standard  unmasked
board. The breaks in the pattern on the wave soldered side of the copper boards
thottom) are suspected to be operator crror in reading the exponent of the resis-
tance value.

The Vacrel 740FR boards were examined at 20X after the moisture/temperature
cyeling test. The mask in the corners of the ground plane had cracked on both
the tinflead and the copper boards. There was also some cracking on the edge of
the comb patterns. Pockets of flux were still visible under the mask on the tin/lead
ground plane.

Hot air leveling of the Vacrel 740FR copper boards caused no damage to the
mask.

Due to a limited supply of boards masked with Vacrel 7408, cevaluations
were conducted on wave soldering and hot air leveling only. Wrinkling of the mask
over the tin/lead occurred on the Vacrel 740S as it had on the Vacrel 740FR
boards. Flux was trapped on the edges of the wrinkled arcas. Sce Figure 10. The
plated-thru-holes that had partially exposed mask on the edges did not accept solder.
Scee Figure 11.

The hot air leveling process damaged the Vacrel 740S. causing bubbled arcas
on traces that chipped oft when lightly touched. See Figures 12 and 13,
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VACREL 740FR (Sn/Pb — TOP)

(a)
1 A 1 j 1 1 1 1 ] 1
1 2 3 4 5 6 7 8 g 10 11
TIME, DAYS
VACREL 740FR (Cu — BOTTOM)
(b)

A1 1 1 1 1 1 1 | L 1

1 2 3 4 5 6 7 8 9 10 n
TIME, DAYS

LEGEND:

STANDARD
———~ SAMPLE A
—.— SAMPLE B
~ — == SAMPLE C
~—-..—~ SAMPLE D

FIGURE 8. Vacrel 740FR, Resistance Values. (a) Tin/lead (top).
(b) copper (bottom).
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VACREL 740FR (Cu ~ TOP)

13—

]

()
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FIGURE 9. Vacrel 740FR, Resistance Values, (a) Copper (top),
(b) tin/lead (bottom).
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FIGURE 10. Vacrel 7408, Wrinkled Mask and Trapped Flux
on Ground Vlune.

FIGURFE 11. Vacrel 740S. Solder Mask in Plated-Thru-Holes
Biocked Solder.
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FIGURE 120 Vacrel 7405 Hot Air Leseling Provess Caused
Mash to Lt From Traces

FIGURE 13 Vacrel 7305 Hot Ap escling Process Caused
Muask 1o L and Chip brom Comh,
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THIOKOL-DYNACHEM LAMINAR RM

Fhiokol-Dynachem Laminar RM is o dry film solder mask that is developed in
an agqueous process. The inspection at 20X betore any tests were conducted showed
a4 few inclusions and some dark spots on the metal surface. The edees around the
pads were very smooth and  clear though there was some slight misregistration on
the pads. A mask  thickness of 0.0046 inch on the ground plane, 0.0021 inch on
the comb traces. and 0.0033 inch on the laminate wuas measured though the tilm
thichkness betore application was (,O0O4 inch. The thickness difference before applica-
tion and atter application could be due to material swelling caused by the potting
compound used to make the microsection.

Abrasion  resistance was pood: the surfuce could be scratched with only a
SH pencil hardness and 50 cycles of Tuber abrasion showed some wear but not
through to the traces. The punch test caused loss of adhesion of the musk on the
ground plane of both the tin/lead and the copper boards and also on the laminate.

Adhesion on the copper surfaces was good with less than 577 foss trom the
cross-hateh test both before and after soldering. The cross-hateh test caused a loss
of 137 on the tin/lead masked ground planc.

Two of the isopropy] alcohol-based fluxes loosened the Laminar RM trom the
laminate and the metal surtiees.

The solvent resistance test showed poor results. The mask softened or totally
separated from the board surface in cach of the solvents tested.

The electrical tests of Laminar RM gave a breakdown voltage of 2400 VAC
betore soldering and 2500 VAC after soldering and  moisture/temperature  oveling.
Surtace resistivity was 1 x 1013 ohms/square both before and after soldering and
moisture temperature cyeling,

The hydrolytic stability test caused no damage to the Laminar RM.

The hot solder dip caused no damage to the mask but there were some
holes that did not accept solder.

Wave soldering of the Laminar RM  copper boards caused excessive blistering
ot the mask across the entire bottom surface. Sce Figures 14 and 15, Blisters were
concentrated around the pad openings but appeared in all arcas. including the Tami-
mate and the 0.006-inch lines of the comb pattern. Probing the blisters caused the
mask to chip oft down to the copper surfuce. See Figure 1o, Flux was trapped
under the mask on the ground plane and along the entire length of the traces on
the tin fead boards. Sce Figure 170 The tinfcad boards had a tfew blisters on the
bottom side. also. Smooth, cven fillets formed on the pads that had been covered
with misregistered mask on the edges.

20
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A, W
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FIGURE 14. Laminar RM. Wave Soldering Caused Blistering
of Bottom Side ot Copper Boards,

FIGURF 15. Laminar RM. Wave Soldering Caused Blistering
of Bottom Side of Copper Boards.
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FIGURE 16. Laminar RM. Musk Chipped O of
Copper Ground Plane.

FIGURF 17. Laminar RM, Fluxy Trapped Under Mask on

Traces.
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The deanfiness test solution caused the Tanunar RM O 1o sepatate trom the
faninate und  the metal i many arcas but Nus remained trapped  under the msk
that had not separated. See Figures 150 190 and 200 Probing casily tluked the mask
ot ot the board. Sceo Figure 2T fonic contamination vatues were unaceeptably high
4t anoaverage of IS mucrograms square inch.

ln discussions with Thiokol personnel. it was fearned that Laminar RM had
been tommublated to be removed Dy isopropy b alcoliol fhus sk theretore. cannot
he o used tor military - clectronios because ot the isopropanol water solution used m
the deanhiness test.

Lhe resistance readings tor Laminar RM waken dunng the moistare termporatute
ovhing test o were lower than the unmasked  standard but were above the meeehn

range Seo Figures 22 and 230 An esvplanation tor the fower roadimes conld boothy
hoard  tabrication and  processing variables in addition to the hacho o o0 o
the Lannnar RM that would encourage o lower resistance betwoeon 1l 1 oo o the
comb o The very high resistance values tor the tin lead boand crop S 00 B oo

probably due to board tabrication variations.

Inspection stter moisture temperature oyveling showed 1fus trapped aaaer th
traces and souie tuy that had seeped out goross the bFourd Sce beaae 230 The
mash had also become brittle and was casihy cracked

Solder adhered 1o the Laminar RM sample boards that were hot i feveled
Seo brgure 25,

lhe excessive blistering on the bottom side of the wine soldered boards was
thought by Thiokol personnel to be caused by g failure 1o properly cure this side.
A set o IPC-B-25 copper boards masked by Thiokol was additionally tested. Also.
two tn ead and  two  copper boards from  the original set were further cured for
T3 ominutes inoa 300°F oven. then exposed to ultraviolet light for 5 minutes on

L'Jg'h side.

The original boards that were additionally cured were not damaged by the
hot solder dip. but the wave soldering process again caused excessive blistering on
the bottom side ot the board. Wrinkling and tlux entrapment occurred on the top
and bottom sides of the tin‘lead boards. See Figure 26.

Cleanliness  test ionic contamination levels were again above 10 micrograms
squate anch and  the test solution  caused the mask to  separate as  betfore. Sce
Figure 27

——
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FIGURY 18 Laminar
Y Pattern.

FIGURE 19, Laminar
Comb Pattern,
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FIGURE 200 Laminar RMO Flus Trogped Urddor Mok on
Ground Plane.

S EC

FIGURE 210 Faminar RMO Mask Chipped ot o comb
Pattern,
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RESISTANCE, OHMS — LOG 10 VALUES
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LAMINAR RM (Sn/Pb — TOP)
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FIGURE 22. Laminar RM. Resistance Values. Tin/Lead.
(a) Top. (b) bottom.
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LAMINAR RM (Cu — TOP)

(a)

RESISTANCE, OHMS - LOG 10 VALUES

6 | ! I SR 1 ) 1
0o 1 2 3 4 5 6 7 8 9 10 N1
TIME, DAYS

LAMINAR RM (Cu - BOTTOM)

(b)

RESISTANCE, OHMS -~ LOG 10 VALUES

2 3 4 5 6 7 8 9 10 (Al
TIME, DAYS

LEGEND:

STANDARD
—— -~ SAMPLE A
-~ . — SAMPLE B
———~ SAMPLE C
— ..— SAMPLE D

FIGURE 23. Laminar RM, Resistance Values, Copper.
(a) Top. (b) bottom.
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FIGURE 24, Laminar RM. Flux Trapped Under Mask on
Comb Puattern.
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PIGURE 25 Laminat RM O Solder Remaned on AMask Attt

ot A bevehne Process
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FIGURLE 26. Laminar RM (EFxtra Carer. Mash shistared on
Bottom Side.

FIGURE 27 Laminar RM (Bxtra Curer Cleanhness Test
Caused Mask on Ground Plane to Crack.
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Moisture/temperature cyciing resistance values were similar to the original tests
although the standard had a lower resistance. probably due to board fabrication !
variations. See Figure 28. The breaks in the pattern are due to operator absence.

The inspection after moisture/temperature cycling showed entrapped flux. The mis-
registered mask on the pads had become brittle and chipped off of the board.

The Laminar RM appeared very thick on the IPC-B-25 boards supplicd by
Thiokol but measurements could not be made due to the limited amount of boards.
The hot solder dip process caused excessive blistering on the top side of the copper
boards. See Figure 29. The blisters chipped off of the board with handling. There
were many areas of copper that would not accept solder. Close examination of
these arcas revealed small green particles that looked fike “crumbs™ of solder mask
on the copper. See Figure 30. Wave soldering caused flux entrapment on the blistered
top side but no problems on the bottom side.
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LAMINAR RM (EXTENDED CURE - TOP)

13

12}

RESISTANCE, OHMS — LOG 10 VALUES

(a)
}
t
[
6 1 1 1 1 1 | i 1 1 i
0 1 2 3 4 5 6 7 8 9 10 M
TIME, DAYS
13 LAMINAR RM (EXTENDED CURE — BOTTOM)
12
(b

RESISTANCE, OHMS — LOG 10 VALUES

4 5 6
TIME, DAYS

LEGEND:
———— STANDARD
—— ——~ SAMPLE A
——-— SAMPLE B
— e —— SAMPLE C
— ..— SAMPLE D

FIGURE 28. Laminar RM (Extra Cure), Resistance Recadings.
(a) Top. (b) bottom.
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FIGURE 290 Taminar RM GPC-B-25)0 Blisters on Top Side
of Copper Board,

FIGURE 20, Laminar RM (IPC-B-25). Unsolderable Pad Due
to Solder Mask Debris,
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HYSOL SRI010 AND SR1000

[he Hysol SREOTO and SRI000 solder sk e hgquid sareenable o
The SRIOTO has o higher solads content than the SRT00G: theretore. it s i
terent ~arecning propertios as owell as ditterent clectnical propertios. Maskine o1 1l
Hysol SREOTO and SRTOU0 was pettormed Dy two separdte companios

NN

Vistal mspection betore testing of SRTOTO showed many vords, babisios oo
pinholes across the boardss inclusions, wreas ot thin and thich coveraee, arnd areeais
pad  openmes The arreenlar pad openings wore cansed by g nosalizniment oon 1
sevomd s pass o the squeceee. See Tizures 30 and 320 A end pattern trong

sareen was visible on the open area of some ol the ground planes See Fioare 99

Lhe Hysol SRT000 showed some or thie same probloms: voids, bubblos, and
pinlioles on the comb pattearn, ground plane, and in the Y0-dearee bend o traces
i oaddition o mctusions See FPrgures 34 and 350 The copper was Usible o sonn
areas due o the bubbled and pinhoices

FIGURE 31, Hysol SR1010. Pinholes in Mask on Comb
Pattern.




FIGURE 32, Hysol SRI1010. Misregistration ot Mask on Pads.

FIGURE 33 ool SRION0. Grod Pattern on Ground Plane.
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Lhe success of g sereened solder mask v greatly  dependent on the prooess
controls tollowed in the sereening of the mask. The voids. bubbles. and pivholkes
went on these boards are caused by the sereening techngue. Though sereenme does
not  provide  pinhole-tree coverage, caretul control of the process can provent i
voids and bubbles that were seen on these samples. Poor preparation and sork -
ship can cause an aceeptable solder sk to perform poorly under vertam condi-
tions, The murks on the ground plane were caused by anunclean sereen and the
inclusions were due 1o poor surfuce prepardtion.

Ihe thickness ot a screened sofder sk is mach doss than that ot o dry Dl
solder nnsk. Hysol SRIO00 had o thichkness of 00015 inch on the ground plane,
0.0016 inch on the comb patiern traces. and 00039 inch on e faminate,

Phe mechanical properties of the two iHysol sofder masks were stinlar. Both
masks were scratched by oonly the SH pencil hardness and were slightly worn by
0 Gvdes of Taber abrasion but not worn through 1o the metal surtace. e ad-
Bosion was excellent over copper when tested by the crossshateht test and the punch
Lost betore and atter wave soldering tor bdoth masks. The tindead surtuce showed
[tte toss €5 0 o the cross-hatdh et

Neither the Hhsol SRIOTO nor the SREO00 were damaged by the fluses.

Methnviene  chloride removed  the mask from the tin dead  surfaces but ot
from  the copper or the laminate. DMSO softencd the mask allowing it 1o be
seraped s away .

[he breahdown woltages for the SRIOTO and the SRI000 sofder mushs were
fow  und meonsistent due to the pinholes across the ground plane. Hysol SRTOT0
Bad Aadies of 1000 VDC and 300 VDO from two arcas on the same board o The
Preakidown voltage was dependent on the Jocation ot the electrode sinve the sk

Covctiee was S0 varied. Atter wine soldering, the salue was 900 VDC 1ot Hasol
SR and S00 VDO tor Hysol SR1000. The coverage provided by o sereened
Wl sk s not comsistent enough to allow ity use as oan clectrical msulating
[

Fhowol SRIOTO hoad o surtace rosistivity of 5 0a 1013 ohms square and SR1T000
Ve of a1t ohims square.

P bvdiodvtic stability test caused no - damage o ceither mask.

F—,




NWC TP 6517

I'he  hot solder dip process did not damage the mask. Inoareas whae the
Hysol SRT000 mask bled or smeared onto the pads. solder wius not accepted. Copper
was sisible in these areas because there was oo very thin laver of resin that was
cnough o prevent wetting of the copper. but not enough  protection to prevent
oxiddtion during storage. See Figure 3o,

The wave soldering process caused wrinkliog of both masks over the nn ead
In arcas where misregistration allowed solder mask onto the pad. the tillets were
detformed. Flux was trapped under the wrinkfed mask o the ground plane and alonyg
traves for one-quarter inch from the opening. See Figures 37 and 380 The traces
were wrinkled on both the top and bottom sides ot the boards and atter 23 hours.
the flux could be seen near the edges of the traces where it had seeped from under
the wrinkled mask. See Figure 39,

The cleanliness test for jonic residue give passing results at 1.7 micrograms
square inch for Hysol SRIOIO and 042 microgram/square inch for Hysol SRIO00.
An inspection of the Hysol SRI1000 after cleanliness testing revealed flux remuining
in st areas and brittle mask that easily cracked.

Resistance readings for Hysol SRI1010 taken during the moisture ‘temperature
cyeling were generally  lower than the stundard but stll in the acceptable runge.
Scee Figures 40 and 41, Due to the pinholes qeross the comb pattern, the insulating
quality of screened solder mask s not as good as diy film solder mask. Inspectuion
atter ovehing showed trapped fTusy remaining,

Resistance  values for Hysol SR1000 were similar to Hysol SRI0OTO except
that the standard had a lower value. After coveling the SR1000. the wrinkled muask
casily chipped oft of the metal surfaces.

Hot air leveling caused no damage to the Hysol SR1010.




’ FIGURE 36. Hysol SR10UU. Musk Hlead Residue on Pad
Caused Non-Wetted Copper.

FIGURE 37. Hysol SRI000. Flux Trapped Under Wrinkled
d Mask on Ground Plance,
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FIGURE 35 Hysol SRIOV0. Fluy Trapped Under Wiinkled
Mask on Ground Plane.

FIGURE 39, Hysol SR1010. Flux Seeped Cut From Under
Wrinkled Mask.
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HYSOL SR1010 (Sn/Pb — TOP)

(@)
i 1 L 1 1 1 1 1 i i
0 1 2 3 4 5 6 7 8 9 10 1"
TIME, DAYS
HYSOL SR1010 (Sn/Pb — BOTTOM)
T
()]

TIME, DAYS
LEGEND:

STANDARD
—— -~ SAMPLE A

—  —- SAMPLE B
— — —~a- SAMPLE C
—..— SAMPLE D

FIGURE 40. Hysol SR1010, Resistance Readings, Tin/Lead.
(a) Top. (b) bottom.
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_HYSOL SR1010 (Cu — TOP)

13—

RESISTANCE, OHMS — LOG 10 VALUES

6 1 i 1 1 i 1 i 1 ) 1
0 1 2 3 4 5 6 7 8 9 10 11
TIME, DAYS

13 HYSOL SR1010 (Cu — BOTTOM)

(hy)

RESISTANCE, OHMS — LOG 10 VALUES

TIME, DAYS

LEGEND:
STANDARD
-——— —~ SAMPLE A
—-— SAMPLE B
— ——— SAMPLE C
—..— SAMPLE D
FIGURE 4]. Hysol SR1010, Resistance Readings. Copper.
(a) Top. (b) bottom.
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LONCO 222-M
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PEGURE 42 Tonco 22200 Babbles o AMask o on Comb Pattern,
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FIGURE 43, Lonco 222-M, Buboles v Mash and Bluy
Trapped on Comb Pattern.

FiGURE 44 [onco 222-M0 Mask Bleed Residue Caused
Non-Wetted Copper
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FIGURE 45. Lonco 222-M. Musk Bleed onto Traces
and Laminate.

FIGURE 46 Lonco 222-M. Void in Mask at Bend in
Circuit Trace.
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Properties of the Lonco 222-M solder miask were varied due to the quality
of the mask application. The thickness of the mask over the ground plane was
0.0012 inch. This is a very thin coating to be relied upon for adequate protection
against abrasion. dielectric breakdown, and covironmental cycling. The mask  may
have had an inadequate viscosity during the screening process, thus depositing only
a very thin layer of solder mask.

The surface of the Lonco 222-M mask was scratched with only the SH pencil
hardness. but 50 cycles of Taber abrasion showed wear down to the traces. The
wear was probably due to the thin coating. The punch test did not damage the
copper covered traces but did cause loss of adhesion on the tin/lead arcas both
before and after soldering.

Adhesion was good on the copper surface for both the tape and the cross-
hatch tests. The tape test did not affect the mask on tinflead but the cross-hateh
test removed 1009 of the mask.

The Lonco 222-M was not damaged by cither the flux tests or the solvent
tests.

The breakdown voltage of the Lonco 222-M was 650 VDC due to pinholes
in the mask. The surface resistivity of the mask wuas 5 x 1ol2 ohmy/square.

The hydrolytic stability test did not damage the Lonco 222-M.

The hot solder dip revealed the problem associated with the bleed of the
mask onto the pad arca as shown in Figure 44, The copper did not accept solder
because of the film of resin that covered it

Wave soldering of the Lonco 222-M solder mask caused the mask to separate
trom the tinflead ground plane and allowed flux to be trapped under the mask that
remained. Sec Figures 47 and 48, Ti¢ flux under the mask seeped out later. Jeaving
flux residue near the pad openings.

Cleanliness testing results were acceptable with an average of 0.35 microgram
square inch. An inspection after testing revealed that flux was still trapped under
the musk on the ground plane. Sec Figure 49. Also. the misregistered Lonco 222-M
on the sides of the fillets had lifted and were casily chipped off of the surtace.
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FIGURE 47, Lonco 222-M0 Mk Litted from Ground
Planc und Trappod Blus,

FIGURE 48 Lonco 222M.0 Mask Titted Frone Coreoand
Plane and Trapped Flux
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FIGURE 49. Lonco 222-M. Flux Trapped Under Mask on
Ground Plane.

e a A SA— Ce—— e e e T

Resistance  measurenients of  the Lonco 222-M taken  during the moisture

temperature cycling test were all lower than the standurd  unnmasked  board. Sce
Figures 50 and 51. Because ot pinholes throughout. the coating probably  absorbed

3 moisture. thus allowing the resistance to decrease. The wave soldered side of one

| tin/lead board had values in the megohm range which is considered to be a tailure.

| This failure is helieved to be due to the porosity  of the mask caused by the
application procedure.

A visual inspection atter cyeling showed  slight onidation of the copper arecas
that were covered by the thin film of resin that had bled from the mask edge. Sec
Figure S2. Also. the mask on the tinflead ground plane had become brittle.

The hot air leveling process did not damage the Lonco 222-M.
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LONCO 222-M (Sn/Pb — TOP)

12

10+

(a)

RESISTANCE, OHMS — LOG 10 VALUES

(=]
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I

TIME, DAYS
LONCO 222-M (Sn/Pb — BOTTOM)

(b)

RESISTANCE, OHMS — LOG 10 VALUES

TIME, DAYS
LEGEND:

STANDARD
———— SAMPLE A
— . — SAMPLE B
—~ — -~ SAMPLE C
—..— SAMPLE D

FIGURF 50. Lonco 222-M. Resistance Readings. Tin/Lead.
(a) Top. (b) bottom.
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LONCO 222-M (Cu — TOP)
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‘ TIME, DAYS
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— . — SAMPLE B
— — — ~ SAMPLE C
i .. SAMPLE D
! FIGURE ST, Lonco 222-M. Resistance Readings. Copper,
; (2) Top. (b) bottom,
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FIGURE 52. Lonco 222-M. Oxidized Copper Under Resin
Film.
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FIGURLE S4. MachDermid vd4o. Void in Mask at Bend in
Circuit Trace.

FIGURE S5 Macpermd 4o Contamnation Caased Mask
too Tose Adhesion
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FIGURE 560 MacDermid 9436, Unsolderable Copper Caused
by Undean Screen.

FIGURE 37, MacDermid 9340, Circular Pattern ot ubbles

Caused  Unsolderable Copper.
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The thickness of the MacDermid 9446 was 0.0015 inch on the ground pline

The surface of the MacDermid 9446 was scratched by a SH pendal hardnes.,
Fifty cycles of Taber abrasion showed little wear of the mask. The punch test Jdid
not damage the mask over the copper surface. but did cause loss of adhesion of the
mask over the tin/lead ground plane after wave soldering.

The adhesion of the mask to the vopper was excellent on both the tape and
the  cross-hatch  adhesion  tests. The  cross-hateh  test caused 100770 loss of  the
Machermid 9446 over the tin/lead ground plane,

The fluxes caused no damage to the mask.

The only solvent to cause damage to the MacDermid 94346 was methylene
chloride; this caused a slight wrinkling of the mask over both types of metal
surfaces.

The breakdown voltage of the MacDermid 9446 was higher than the other
screenable solder masks with a value of 1900 VDC betore soldering and 1600 VDC
after soldering. The electrode was caretully placed on the ground plane in an arcy
where the drcular pattern of bubbles did not cover. See Figure §7. The surface
resistivity of the mask was 3 x jol2 ohms/square.

The hydrolytic stability test caused no damage to the MacDermid 9440 solder
mask.

The hot solder dip revealed. as it did on the other screenable solder masks.
the thin film of resin that had bled onto the pad arcas causing the copper not to
wet with solder.

Wave soldering of the MacDermid 9446 was accomplished on a Technical
Devices dry wave solder machine due to equipment scheduling conflicts. The param-
eters were the same as those used on the other solder mask samples: 500°F
temperature. spray flux with Alpha 611F. 180°F top side laminate preheat temper-

ature, and a 2-sccond dwell in the wave.

solder

The inspection after wave soidering showed trapped flux in the wrinkles of
the MacDermid 9446 over the tin/lead plating. See Figure 58 The mask on the
0.006-inch traces of the comb pattern were wrinkled and the mask along the ground
plane was rolled back on itself. Sce Figure 59.

Cleanliness testing showed a low amount of ionic contamination with an
average of 1.0 microgram/square inch. The visual inspection after testing showed
trapped flux and mask chipped off of the traces.
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FIGURLE 5% Muchiormid 943400 Floe Troviar Cdaer Solder
Mash on Ground Plane.,

l‘l(vl‘l(’ S9N betd (R YFIELN N SRR PRI LI Raolled
Back by Solderme Proo o




NWC TP 6517

The resistance  measurements  taken  during the moisture/temperature  cycling
show  passing values for the MacDermid 9446. See Figures 60 and 61. All of the
resistance values  were  similar to  the unmasked standard board except the comb
patterns on the top side of the tin/flead boards. This unusual pattern is unexplained
except for the high reading on Day 4 that is suspected to be an operator error in
recording the exponent value of the resistance.

The hot air leveling process caused some blisters on the comb pattern and on
some traces. See Figure 62,
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MACDERMID 9446 (Sn/Pb — TOP)

(a)

TIME, DAYS

MACDERMID 9446 (Sn/Pb — BOTTOM)
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LEGEND:
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—— -~ SAMPLE A
—  — SAMPLE B
- — —~ SAMPLE C
-— - — SAMPLE D
FIGURE 60. MacDermid 9446, Resistance Readings, Tin/Lead.
(a) Top. (b) bottom.
57

-y




RESISTANCE, OHMS - LOG 10 VALUES

RESISTANCE, OHMS — LOG 10 VALUES

NWC TP 6517

MACDERMID 9446 (Cu — TOP)

(a)
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13 MACDERMID 9446 (Cu — BOTTOM)
(b)

5 6
TIME, DAYS

LEGEND:
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—— —- SAMPLE A
— . — SAMPLE B
—~——— SAMPLE C
——..— SAMPLE D

FIGURE 61. MacDermid 9446, Resistance Readings, Copper.
(a) Top. (b) bottom.
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FIGURE 62. MacDermid
Hot Air Leveling.

9446. Blisters on Traces Caused by
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CONCLUSION

The successtul use of solder mask is greatly dependent on the quality of the
nusk application. Poor application procedures cun change the expected properties of
the mask. leading to later problems during the Jife of the masked board.

Surface  preparation is extremely important: all oils, fibers, and other residues
must  be removed betore o muask is apyplied or else the mask will not adhere
properly.

Registration of the mask artwork is important to prevent masking of pad areas:
solder musk on the surface of a pad can deform the fillet. The small pads that are
coming nto  widespread  use need  their entire arca to make a strong. defect-free
connedtion. It part of these pads is covered by a misregistered solder muask or o
mask  that had bled. the strength of the joint is affected. Due to the bleeding eftoect
of the hquid screenable solder masks, larger pad openings must be allowed to pre-
vent misregistration. Dry  film solder masks  have closer registration  tolerance  since
they  do not bleed. thus making it possible for them to be used in arcas with
closely spaced pads.

Voids., bubbles. and pinholes adversely attect both the electrical and  environ-
mental protection that o solder mask can provide. Process controls practiced during
masking can decrease the occurrence ob these detects,

Since  the liguid screenable solder masks cannot be consistently  applied as
pinhole-free coatings on a circuit board. they cannot be used as clectrical insulating
lavers.

The thickness of o dry film mask aids its ability 1o protect against abrasion,
diclectric breakdown. and environmental oveling. but it s amportant that the mask
be properly applied and cured. Thiokol Dy nachem Lannnar RM should not be used

. due to the excessive blistering and loss of adheston. The sensitivity of Laminar RM
to izopropyl alcohol precludes its use in military clectionios.

Solder mask cannot be used over o tin lead pliting due to the wrinkling and
fTlux  entrapment  that + urs during the wave soldering process. Fuatrapped residues
can lead to degradation of the board at o lauter time.

Both the drv film and the liquid solder mash provide good protection against
abrasion and adequately prevent soldering e the arcas that are covered by mask.
Some environmental oycling protection s also provided by both types ot solder
mask.
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To re-emphasize:

1. A liquid sereenable solder muask shall not be used as an clectrical insulating

layer in Navy hardware.

2. Solder mask shall not be used over o tin'lead plating.
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Appendix A

ABRASION TEST METHODS

TABER

An attachment hole was punched into the center of a circait board. then the
board was bolted onto the Taber Abrasion Tester turntabie. A 1000-gram load was
placed on the sample for a 50-cyvcle test. The amount of weur on the solder mask
was then noted.

PENCIL
A 2H hardness pencil was pressed firmly  onto the solder masked board in a

down and forward motion then the mask  was checked for damage. The pendil
hardness was increased to 3H and then to SH until the solder nmask was scratched.

PUNCH

The solder masked board surface was tirmly  punched with g sharp pointed
metal rod: any damage was noted.
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Appendix B
ADHESION TEST METHODS

TAPE

A picce of Scoteh 010 tape was firmly pressed onto the arca to be tested
The tape was then rapidly pulled away ot o 90-degree angle. The tape and bouard
were inspected for mask that had been removed.

CROSS-HATCH

Five paraliel cuts were made into the mask 1 10 inch apart using 4 razon
blade. then tive similar parallel cuts at right angles to the fisst cuts were made.
Loose picces of mask were brushed away then Scoteh 610 tape was applicd  and
removed as in the Tape Test Method. The tape and board were inspected for muask
that had been removed.
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Appendix €

SOLVENT RESISTANCE TEST METHOD

sofder masked  board containing both metal and Taminate arcus
ditferent solvents for 2 hours. Periodic visuad and  mechanical
determine the effect of the solvent on the solder mask. The
isopropyl alcohol. acetone. methylene choride. nrethyl cethil

Kketone (MEK). tolene, syviene. celfosolve acetate. and dimethylsulte xide ¢DMSO).
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Appendix D

FIUX RESISTANCE TEST METHODS

IMME RSION

Staail o picces ot solder o masked board contaming both metal and  lannnate
wote ~oahed o uy tor O odavss Four difterent fluses were used: one RMAL
RA and two nonsrosin tluxes Atter 2 days, the samples were examined tor

Stedataon o the solder mask.

DhROP

P draps ot the fluxes wsed in the immersion test were placed  on small
solder masked  dreuit boards Atfter 20 davs, the samples were examined

Cooradatien or the solder mask.
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Appendin L

MOISTURE TEMPERATURE CYCLING

Selected samples of solder masked boards were wase soldered. then moisture
temperature Gycled 1o determine the environmental properties ot the masks.

Five boards with  solder mask  over tinflead  and  four boards  with  musk
over copper were prepared forowave soldering. The copper boards were  cleaned
inoa o mild alkaline detergent. rinsed  with water, then dipped  in ammonium
persultate (NHy > S>0x o water-rinsed again. then dipped in a 107 solution of
sulturie aad  (H> SO then water-rinsed  again betore hot solder coating. Dried
Poards were brush-coated  with Alpha 01TE RMA flun then hand-dipped for 7 sec-
omds in g SO0 E Spod Pp3T solder pot dollowed by g Ubump” oand squeegee 1o
Jear  the plated through holes. Boards  were then vapor degreased in 110
trchlorocthan

Both the tin lead and the copper boards were trimmed 1o size. cleaned. -
spected tor damage. and resistance-tested. Components were placed in one tinlead
and one copper board. Boards were spray thuned with Alpha 01TE RMA - tlux. then
wive solderad on a Hollis TDL oil injection solder machine. A solder temperature
of 3001, an average top side laminate preheat temperature of 18071, medium ol
on the wave, and @ 2-ccond dwell in the wave were the conditions ot soldering.

A vapor degreasing in Freon TE fe Y minutes immersed in the boiling tank.
I minute jmmersed in the warm tank. and 1 minute suspended o the sapors was
tsed 1o clean the boards after wave soldering.

Cleantiness  tosts  were performed on three of  the wave soldered boards 1o
assture that the Jleaning process was inorder. An Alpha Metals Tonograph with a
wolution of 737 isopropyl alcohol 2377 deionized  water was used 1o test for ionic
cleanliness. Conditions of test were: 002 micromho;centimeter starting  conductivity.
pump rate 8 1720 and 40 counts/second. Less than 10 micrograms square inch was
considered o passing value for jonic cleanliness.
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All wave soldered boards were handled with cfean cotton gloves for inspection
at 20X before starting the 10-day moisturetemperature cycling test. The cycling tost
was a modified version of MIL-STD-202 Mecethod 106E. See Figure F-1. Four tinlead
boards and four copper boards that had been wave soldered and one stundurd
unmasked tin/lead board that had not been wave soldered were placed into an
imsulation  resistance  test oset inside o Blue M Model FR-236PC-1 environmental
chamber.

The insulation resistance test set consisted of 10 gold-tipped edge connectors
that mated to the finger tabs on the test boards. The connectors were wired mto
an open-sided frame that allowed tor unrestricted air flow inside the chamber.
Wiring through a port in the chamber connected the insulation resistance set to g
selector box. then to a GenRad Model 1644A megohm bridge. See ligure B2 The
selector box was used to choose which of the 10 connectors was to be tested. The
megohm bridge supplied 100 VDC across the 0.006-inch comb pattern for a [-minute
period before the resistance value was recorded. Readings were taken two times cach
day, once at the low temperature phase of the cycle and once at the high temper-
ature phase of the cycle. Meaurements were made on both the top and bottom
sides of the boards. At the end of the 10-day period. the chamber was opened and
allowed to cool for 2 hours before a final resistance was recorded. A failure was
classified as a sample having resistance values lower than the standard unmasked
board and in the megohm range.

Resistance values of an open connector were recorded during cach test to
ensure that the system was operating correctly.

All boards were then inspected at 20X tollowing the test.
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Appendix F

ELECTRICAL TEST METHODS

BREAKDOWN VOLTAGE

The breakdown voltage of the solder mask over the ground plane was tested
using a Hypotronics Model H300B high-voltage power supply. A wire was soldered
to the unmashed arca of the tinflead ground plane and o 0.25-inch-diameter polished
brass clectrode was placed on the solder masked arca of the ground plane. A 75-gram
weight was placed on top of the clectrode to ensure good surface contact. See
Figure -1, Voltage was applied in 1000-V increments for l-minute periods  until
a breakdown occurred. A breakdown was classitied as a current of 50 microamps or
greater passing through the solder mask. DC voltage was used first from 0 6000 V
and it no tailure occurred. AC voltage was used.

SURFACE RESISTIVITY

The surfuce  resistivity  of  the  solder  mask  was  tosted using o GenRad
Model 1644A megohm bridge. Two polished brass clectrodes 1 x 0.5 inch were
placed I inch apart on the open arca of solder masked faminate. A 75-gram weight
was placed on top of the clectrodes to ensure good surfuce contact and to keep the
I-inch spacing. See Figure F-20 A voltage of 500 VDC was applicd to the clectrodes
for 1 minute. atter which time o resistance measurement was recorded
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FIGURE F-2. Surface Resistivity Test Set.
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