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INTRODUCTION

A solder mask is a pol ieric coating that is applied to a printed circuit
board in areas wh.re solder wetting is not desired. There are perma.nent solder
masks and remnovable solder iiiasks this report dcals with permianent , lder masks
which cannot be reiih%)x' 110111 the circitl board [I ordinar\ solkeis fo~lud ill all
electronics production area.

This study on the subject of solder mask was undertaken as a .N\\ Ma nIr-
tacturing Technology program to understand the beletit, sand problevims assok iated
with solder mask on a printed circuit board. Military contractors are .expressiig
interest in using solder masks lut, due to tle ma n unkltows associated \with tile
use of permanent solder masking, approval for use hlas been limited. lhis sltud\
was designed to determine the effects that a solder mask can have oi high rclia-
bility military hardware.

Addressed in this efort are the cases of when il is approprAe oit) rUse
solder mask. the type of surface over which a mask can be applied \ithout detri-
mental effects, and the application methods that will ensure the highest reliability
of tile hardware. Seven solder masks were evaluated in order to understand the
difference between various brands and types of masks for each of these cases.

A solder mask is used to prevent bridging of closely spaced circuit traces
during tile wave soldering process. Wave soldering of circuits with spacing of
0.010 inch or less can be accomplished easily with the use of solder mask. La re
ground planes can also be soldered easily with tile use of solder mask but only if'
the mask is applied 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 environmental protection of tile 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 ilie circuit board in this
way, also.

Solder mask on a printed circuit board cari lead to many process problems it
the user is not aware of the changes that a mask causes. ile edge of the mask
around the pad, caln trap tlu\ and oil, leading to flaking and chipping of the
mask; the smooth surface of some masks makes it difficult for conformal coating

tS
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to adhere; Uncured components in thle mnask can lead to processing problems later ini
thle production cycle; misregistered miask can get onl pads and in (lie plated-thrudholes
causing solderability problems and deformation of' fillets. A solder mask should have
no detrimental effects on the hardware, e.g.. flaking that produces chips of' maisk
that can fall onto other circuit boards in anl assembled uinit. The mask shlId not1
affect the solderability of' the circuit board. Somec masks smear or bleed on to pad
areas as a thin Uncolored laver of' resin that is no0t Visible, but deter-s theC solder
wetting.

6
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A\ Ic,, plan wa I CS1111Id 11) kIcicrIiiiic 111C pcrtormancc ot Narii I brandN andL
Ol 't' 0ut d\ldc iuakN , 1 V~ I JIC plc )JICdI 1 c pI and o\ cr Wo40 ph atcd in lcad.

S CIcn dIlIIcrnt ultiCr IIIA'k'. \ crc I\c. Ltc.ilildlidinLI both t11C diN ti11111 and t h,
'.rt~bct\ pc ina'.k'. lioard' \%crc tab! tatlcd 111-li0i1.c inl a prototVpc prlinticd N irincp

board tlirtit ionl Shop mid Owin mia'.kCd cit hcr LOMC-iI) 01 itjItii r\cotr-

tors. ai.~c particular iiil.i'.k. I ot an1 IcClllritc c\,aliation ol"th ilic ask'. it \\i, a' Ic~t
111.t thtC\ hbc app)icd iacctokdilll to thic licthlodi' andt practicc'. of tltosc, xNho n'.,c thc
iini'k. t he iiasking \N a'. not pcrtoriid A Ii Nj.iI Weapons. (111cr bccan'.c rit icr
[tic eIiccc'.'.ar\I cqipcn fb tic c\pcilCc \N th the cclt.! iu ~a. \ahhc

\Ma.k'. \% ere tc'.tced tom mclchlical. elccticl anid k t111illtal propclrt ic,.
Iicludilu adhes'ion., ahra&SOtt. 'itccrc'.istj'. it \ hrcakdoNN n \ oI O\cut ci-tn .

fltn\ rc'.i'tancc. ilUoi't lire. Itl)pcrat lrc Cyc lincL. hvdrtlol\ tic NItA' u)Iddrailit cli'ccI["
.11d '.o dci rcsi'.tma cc.Na.' wcrc As %M visNa l\ c1ck Kcd W~ )artantcc. tI hick i~.
N rink im. bli'.tciii. cracki ng. Mid lifting11.

the Coffo\ iny mias.k,, wcrc tc'.tcd DllIont \'ac-rcl '401:R. IDuPoilt \acrcl -40S.
lI iokof-l)\ iacicuinI lamlinr RNI. Hl\ '.of SRI 0 10. It\ '101 SRI (000. 1 once. i2 ' -\I, Anld
\ IcI~ciilid 9440. Bot h thc, iiiot and tfic D)\ nach1cin product'. arc dr\ filmt '.oldcl
mNiik'. that wcrc applicd I,\ tim \acii'cai fainiuiat lionl tccikIiqc. the D~ul~ont mj'k'.

.\ tr11cc of, thesc nulzsks were cured uISing both ai tiucrinal curIc and1( an1 nit ra'. joct
Cnrc. ic othecr tour mnasks \%erc liquid masks that \%erc mianuall\ scrcciicd t ilici

tlirinaf \ ciir-cd.

A I c'.t board aipproximat clv 4 x3inchics was dcsigned for this I d '. A
circuit . a I -iclt grounld plaIc, a 0.0.35-inch "Y" pat tcrib1 ani open Larea ol Iaiinat c
anld a 0.)On-iitch lilies antd spaces Comb pat tern Nvith fingcr ta-b'. along oric cthgc
IOr con ncct ion to t he environ mcntal test hookup we.'rc nlludcd in tl tte 1c,,t board.

oaird'. werc inlspcctecd thlCn ilaiskcd according to tim application pa raic Icr'.
thai arc iscd inl caclt particular comipany that pcrtormcd thc masking. All board'
x ct-c ina'.kcd in pariel torm. as fouir boards per pald A fter comp11lCt iou of th iccuurc.

tc board'. \%ere inspected at 20X for masking quality. including accurac\ ot rcc i'.t ra-
tion. blecdincu. loss Of adhcsion. inclusions, voids. pi Iiiholes. anld airas Of cithicr tlin
decpos.it or cxtra lica%\ dcplosit of' itask. \%tetirilol' ~re Af',( iII'.pcctcd I'm

7
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Following this inspeC:tiIofl. tile pandcs "erc k cut into tile separate h()midti. Wachil-

bility of' thc nltks asnoted dutring tilc triming and Sadinlg Ir)ILCSCSc. MCJ cl~I~oii
tests w cre pcrFornicd for Taber abrasion. penicil abrasion. pitnch tcst. taptc tect Mnd

cros-htchadhecsion onl both tile ground platic and tiehiclluinatc areas. Sinall pieces
Of boa id %k- r SCd I0e1-fo tile SOlvenlt and flI Iixreistance t est". Thcec rVTiCA! I es
surtacc rcs.isft iit an1d breakdown V lta WI~! crcl COnduMCd onl% s1 hini boads. AI)
em ironiucntal test consist iiig of a mloistuire, tcripcr-at (tic .. cu coding to)()-Ihg

MI IL-SVI)-2N2 Met hod 1001 \wa's c:ond uct c A h~ drol\ tic stabihit V test \kA as prto'rued
onl cach nulsk accordinu to I M 2..11. Later instalaion oit an hoc n scr it
air Icvchinug S\StICM .11ios~ ciicsuation of' tile masks for this I~e~i cli test is

described inl the a ppend ixes.

9
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RLSLJLTS

Results of t he tests fOr each mnask are Mj~issedf below.

DUPONT VACREL 740FR AND) VACREL 740S

A visua ins1pect ion Of Vacrc I '401 R and \'a crel 740S dl V hm solderin masks
showed mask onl thle pads and in tile pitdtrnhoe. iis \aS C\111iaiiied as d Im-
alkignment of the trout-to-ack registratioji in thle SOlder miask art\ork . Lighit sc.ater-
ing during the uitra\ ioet exposure period aiio Ned tile miisalijned areas near thle pad
openings to he partiAiiN exposed. 1)0 ring the development process. the so bent kkas
unable to remove the part jal expo0Sed nask . lea jug roi10211 and irregula r edges on1
thle holes. The rough edges eaSii\ chip and Iflake, Settling onto ot her areas o1 tilie
board. Aci tding the plat cd-tlrunc. See 1'igmrc 2 and 3.

The 'a! 7l 40 se-ries lllasks are O0.J4 indci thick be fore application. [lie
th-icknes o1f the msk over tOe lamNat and tile trace's was Iiieasiired opticall\
after ulicrosect jonine .. An a' erage thIiickness \ as taken firomn read itigs, in thiree loc-

tions. See Figure 4. Both1 Vacrel '40F:R and Vacrel 740S had t liickncsses of
0.002 inch onl tile traces of the comb pat tern and 0.004 inch on the laminate.

The Vacrel '40)1:R and lie \ 'acrel -,40S had shiir ProPerties in moS ost filte
tests performied. A 511 pencil hiard ness1 scratchied thle sulrface 01' bithi masks. Fifi
cycles of' Taber abrasion Showed little wear;_ tile Mask MCI tirlie conduIctor Su rfaces
remlained intact. [he punuch test. bothi beftore anid alter Solderinmg. slio\\ed no damlac
over copper circuit rv . Thie tilllead areas were damaged bothi times .

The tape test for adhesioni to lamlinia te. till lead. anid c:opper circuit r caused
110 damage. Thle cross-hatc cl est showed little loss (5 [I oil the lamlinate anid c:opper.
but an unacceptable amiotlit of loss (50W; oil tilie till lead. A. cross-hat cl test onl
copper after w ave soldering againl showed les tw il 9:5 loss.

The fluxes Ilad no effect onl cit her thle \'acrel -40F-R or thle \acrel -40S.

ile solvents, except for inethi~lene chlorie. had no effecct oii either mnask
after 2 hours. The niet lene chloride rapidly soliticld tile \'acrl and w0it ii a
30-minute perki. it could easily be rermed froml thle lamiinate aiid tinl lead.

T[le breakdown voltage for Vacrel 740FR was 300(0 VAC before Solderiiig
and MCI0 V AC after soldering anid numilroeteniperatie cycii, [lie mask "\as
not charred but t here was a halo pat tern onl thle mlask w ie re tilie elect rode had
been placed. -File breakdown voltage FOr Vacrel 740S was 2450 %AC' befoe older-
ing and 2500 V AC after Slderig and moisttie eniperatu Qr0c0iimg.

10
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AVERAGE OF THESE

AVERAGE OF THESE

AVERAGE OF THESE

FIGURE 4. Solder Mask Thickness Measurement.

Ih he furacc rc stivit, vas 3' \ 103 ohms-,titiarv for Vajcrvl 7401,R101hot)
beftore and after soldering. VaIcrvl 740S %%a-, 2 \ 10)12 ohis 'square.

Ilie hydroly tic stabil itN Iest caused no d iflage to the coppel~r board" but
111e mask over the tin lead oamples became brittl andI Cracked.

12



FI( j$gU< 5. \'zirc 7401:k,< Slcr \18xk on 1<Fillets.



FIGURE 6. Vacrel 740FR. Wrinkled Mask and Trapped FIluX
on Ground Plane.

FIGURE 7. Vacrel 7401--R, Flux Sccpcd Fromi Ulnici Chipped
Mask on G round Plane.

14
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A cleanliness t est performed alte I wa~e Solderi ng on three Vacrel 7401 FR hoards
showecd anl acragc of' less that one nijerograii/square i nchl of ioniuc contariifat ion a
passing %altic for thle cleanliness test.

T he resistane nmeasu remients taken during t he moist ore/f enperat Lire cv clinlg
tests showedCC that Vacl 7401:FR pIded6CL relatively good profectlion for thle comb
pat tern. See Figures 8 aind (). Variat ions in boarid fabrication and processing could
explain the sam ples that show resistance \,allies lower than thle Standard Unmasked
board. The breaks in thle pattern onl thle wave soldered side of' the copper boards
bhottom) are suspected t(o be operator error in reading thle exponent of* thle resis-

tanice value.

The Vacrel 74OFR boards were examined at -'OX after thle mnoisture/temlperature
cVcling test. The miask in tile corners of' tile grounld plane had cracked Onl both
thle tinl/lead and thle copper boards. There was also Some cracking onl thle edge of'
the comb patterns. Pockets ot' flux were- Still \ isible under tilie miask onl tile tin plead
ground plane.

I lot air leveling of' the Vacrel 7401 R copper boards cauIsed no0 damage to tilie
mna sk.

1)Ue to a linmuted suIpply of" boards masked wit Ii Vacref 740JS, evALotio mis
were conlducted Onl wave soldering and hot air leveling only. Wrinklinrg of' tile mask
oveCr tilie tim/lead occurred onl thle VacreO 740S as it had onl tile Vacrel 7401:R
boards. Fluix was trapped onl the edges of' the wrinkled areas. See Figure 10. The
plated-thrii-holes that had partially exposed mask onl thle edges did not accept solder.
See Figure 1t.

The hiot air leveling process daniaged the Vacrel 740S. causing boibbled areas
onl traces that chipped off when lightly touchied. See Figures 1 2 and 1 3.

'5
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VACREL 740FR (Sn/Pb - TOP)
13

M 12
141

(a)
9

0

z8 I\ I (a)< \ i \V/1 \i€I \ I \ I \

Cn It 'I \ v VU, v VIn
LU 7cc

6
0 1 3 4 5 6 7 8 9 10 11

TIME. DAYS

VACREL 740FR (Cu - BOTTOM)
13

(n

z 12
-j><,\ ,\ , ,,

10 F'v\~

C(b)

z 8

wi 7

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

LEGEND:
STANDARD

--- SAMPLE A
-.- SAMPLE B

SAMPLE C
rSAMPLE D

FIGvURE 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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VACREL 740FR (Sn/Pb- BOTTOM)
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LEGEND:
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SAMPLE C

... SAMPLE D

FIGURE 9. Vacrel 740FR, Resistance Values. (a) Copper (top),
(b) tin/lead (bottom).
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FIGURE 10. Vacrel 740S, Wrinkled Mask and T rapped IFlux
oil Grounld Planle.

FI;LJ RE 1 1 Vakrel 740S. Soldei Ma~k in) PhLOCd- I Iirt-I Iol1C,
Blocked Sodcr.
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THIOKOL-I)YNACHEM LAMINAR RM

Ihiokol-Dynachem Laminar RM is a dry film solder mask that is developed in
air aqueouS process. The inspectiol at 20X before anV tests ,,Cre COildtl .Ld 5.l, ed
a fc, ithclusions and some dark spots ol ile metal surface. -l.e edges alrund tlhe
pd' \'re cry smnooth and clear though there was sone slight misregistrati n on
the pad'.. A mask thickness of" 0.0046 inch ol the ground plane. 0.0021 ijiL'hl on]
the c.trub traces. and 0.0053 inch on the laminate was measured though the film
lhikne,,,, before application \was 0.004 inch. The thickness differcelC befOrC a pp1La-
tion and after application could be due to material swelling cau,,ed b\ the potting
collpounId used to make the inicrosection.

\brasion resistance was good tile surface could be scratched ,,itl only a
511 pencil hardlness and 50 cycles of I aher abrasion showed somle wear hut not
through to time traces. lre iLnch test caused loss of adhesion ot the liask ol tile
ground plane of both tile linlead and tire copper boards and also on the laminate.

Adhesion on tle copper surfaces was good with less than 5'; loss ftom tile
cross-halch test both before and after soldering. The cross-hatch test caused a los,
of 15'; on the lin/lead masked ground plane.

T\w of ti isoprntpxl al ohol-lbAsed fluxes loowsened the laminar RM from the
laillilate alnd tile iiietal sIrtaCCs.

|he solvent resistance test showed poor results. The mask softened or totall
separated from tile board surface iii each of' tile soklvets tested.

Tie electrical tests of Laminar RN gave a breakdown voltage of 2400 VA(
before ,olderitig and 2500 VAC aflter soldering aid moisture/temperature c eli ng.
Surface resistivity was I x 1013 ohlrs,'square hoth before and after soldering anrid
llo i,,t ore tempra ttire cycling.

The hyd rolytic stability test caused no damage to the Laminar RM.

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

V\avc soldering of the Laminar RNM copper boards caused excessive blislCring
I' tile mask across fihe cnt ire hottom surface. See Figures 14 alld 15. BlisterN \wCrc

concentrated around the pad opening's but appeared ill all areas, including tire larni-
Iliae ard tile 0.000-inch lilnes of tile comb pattern. Probing tile blisters caused tile
mask to chip off down to tile copper surface. See Figure 16. Flux was trapped
tinder the mask oil the ground plaile ani along tile entire length of tile tra es, Ol
the tin lead boards. See Figure 17. Thie tin lead boards had a e\ blisters oni tile
hotltoill side. also. Sillootl. eell fillets fo eid tt tihe pads thal had bee cC t er'd
\\ith misregistereLI mask oil lie ti des.
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IGURE 14. Laminar RNI. W IN' S H IrIl~ .I SCd bliste'ring

o! Bottom Side. of Copper 13irdS.

FI.U RF 1 5. Lainar RM, Waw~ Soldecring Caiused Blistering
of Bottomr Side of Copper 130iardS.
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litl t1.1 not sCprltcti Se IFiguroN I 19 aind 2t). Pirohiii ca,,iIN tiaked itlik. iiiad,

'Ii ttii boalid. Scc I iurc 21! Ionic contamninat ion ahlcx i crc iacciat high
III i ie ot 15 iirogiailsqr i nkhl~i li. i

II disxi.ixiN~ %w i'i hiikil Iersisonicl. it \ Ilxtaiictt th1 t Im~uiijn R\ Il't

1''tl 0 niititN VCtcIltrikc tcckaunc ot tile ixuituililill tlili'iuiiI d Illi
11W. ICintiHICxN ICNI

Il, Ic 'Icxitaii C (Licliuix lbr Liii RNl takcii duliin.in. iixk i i i-

hinl tct i~crc Iooio cr thtan tile oInIIIJxkccl xtaiidurcl hilt ktl ci)~ bIi i

raiiic Syc Iiurc 22 and 23. An cmptiniumi lor thtic m ici. y uI "IA K.2 IQ
h0,1 I 1 Ii OCat it n II c"Ni tutI pries ' \JliihICN In Jddilltio Ito 111 h1 h 1 , .' .. , ,-,! 11
i ui I .immiar RN1 that \\onLl IdcIo.otIrILc a io rrCxNItan,C Ihctti 1., ti. ti

I c \ cI\ IeI Ic- Irsi'taiicc \IjticN lor tic till ead bi IIV'u.
p~lxIN~ chic to htwrti tabricat ion kii(Iltli.

I Ii'pt-tiI ili at Ic i moitnrcf tCunperdtUIrc ci lici lu\tct 111A t1I1ppcd 11d,7 k
tii JiId N ui 1111\ thui ild xccpcd t mo t 1,i' 1 hu ()urh III- I ,Iy II

niahi. h'it ,4 I hc,uIIIc hinl ic anld oit ix clxiik ,I uk. d

Sc Iguirc 25.

Ilc c\ccssi\ c blistecring onl thle hot toln side of t1 Cie \a' c N'u utIdcdhird tx

houiht hv Itticikot pcriiiiet to hec CAIuctl ON J faitur. t10 pr-0pI-Icr cIN lith,, sic..

\ ,,I ot IPC-13-25 copper hoards masked hN 'Ihiokot \tJ5 additionally tested. .\ho.
t tinl cead antd twvo copper boardsx from Ithc o riginalI set were fuirtheir citrcd hir

-5mnuocs in a 3000~ oven. thten exposed to ultravolet ihtm Or 5 inuutcN onl

I tic original hoards that were add i onalIlv cu rcd kit- 1rc nt dan maged hK I tIck

iii it udoci dip. hut th tic avc soldering prFocess. again caUSed eXCeSSive blistein g Onl
tice hot1to11n side 01' tice hoard. W~rinkli ng and tin x entrapment occurred on tict top
'Ind hot10toni'sides of t't ti 'lea1d hoards. Sec Figunre 260.

Cteaniness test ion ic coot am fat ion levt Is Were again above 10. inicrograiw,

cpu ii c inkcli antd tice test solution cauisedi the mask to separatec as he c re. Sec
Iigurc 27
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LAMINAR RM (Sn/Pb - TOP)
13

LUJ A
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pit It (a )
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TIME, DAYS

LAMINAR RM (Sn/Pb - BOTTOM)______
13

DL 12

0

:10LEND DAS//\ \/ b

u 7

o 1 2 3 4 5 6 7 8 9 10 11

STANDARD
SAMPLE A

-.- SAMPLE B
- -SAMPLE C
-.- SAMPLE D

FIGURE 22. Lamninar RM. Resistance Values, 'Fin/Lead.
(a) Top. (b) bottom.
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LAMINAR RM (Cu- TOP)
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LAMINAR RM (Cu- BOTTOM)
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LEGEND:

STANDARD
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. SAMPLE B
... SAMPLE C
... SAMPLE D

FIG(URE 23. Laminar RM, Resistance Values, Copper.
(a) Top. (b) bottom.
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NWC TP 6517

Moisture/temperat ure cycling resistance values were similar to the original tcsts
although the standard had a lower resistance. probably due to board fabricaition
variations. See Figure 28. The break,, 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 supplied bh
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. (lose examination of
these areas revealed small green particles that looked like "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

S12

S11

0

Ill (a)
w

Z -

wj7

61II I I

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

LAMINAR RM (EXTENDED CURE -BOTTOM)
13

S12

S11

-'0

'9 (b)
o9

z 8

w 7

6 -1 L
0 1 2 3 4 5 6 7 8 9 10 11

TIME, DAYS

LEGEND:
STANDARD

SAMPLE A

--- SAMPLE B
SAMPLE C

- .- SAMPLE D

FIG-URE 28. Laminar RM (Extra Cure), Resistance Readings.
(a) Top, (h) bottom.

31



II(laRI Hn R\l OPCBI -5( I i-2 HIrs mi 101) Sidce
&o! (oppcl Bo~ild

FIJRI 30. Lania RM (11V\ 1 25 S, Unoderabl Pad Duec

toIod i\,i, c l"



11,11 MSR 101 AND) SR MOO0

I lic II1' oI SR I () K IIfl)() ddJL c iflj',k~ .ii Iiuh 1mflh

111 SR (M ) il'' ' II 'i Nol" II II 1111 t c K O . 11 l'0 C h

k.I0( 11C LI RI 3 l l SRAN 0 nlioh'sl d ti as tI ( ot I
11%,ol SKIM tt n .K m o \,,PIolk' , ko N 1J'~

1UNll l SO M 1' d II1\ 'd



FIG;UR[ 32. lb sol SRI ()I . Misregistraioj ot' %hisk on Pads.

* .v.

I I(.R 1 33 I I. So SH I ol o . ( aid 1"aIncI il I on lioul P1j lc.



I 1IJ P1 I ~



NAV ITP 6517
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file hot 'older dip lo:ess didc not kdatuiag thu. iii,1Nsk III M.11] 111\~u eIle
I l\ sol SR 1000 mask bled or smeared on to thle paids. so lder wasl 1tt 10t cd ( ppet
v. as %iible in t hese areas bCauIse t here %kis j avrN ti n layer of! resin ii iii \\ .js

enough to prevent wettinig (o thle coppe1)r. but nt enlough' protection to pic\ciii
0 \iddi jol dutring stortage!. See Figure 3o.

HI'e wAaVe SOlderinge process catused writiklitip of both masks os r tHeL In 1ead
InI areas Michre ,uisregi-stratiOn JlloWed( soIler mask onto thel pad. the fillets vkl c
det'Ortud. I~luX Was trappedCL tinder thll wrinkled tusk tin thle FTOMIu~ p)ll AIId lo
IrA.L, es r 1ne-qIlarter inch f'ron thel openIingL. See FiLgures 31- attc 3". flel' ue
tterc w rinkled on both thle top and bottomt "ides o' thle Moard and aftr .24 hiour,.
thle 11n\ -otild be seen necar thle edge., of' thle 1rales \t here it had seeped rou01t tinlder
le \.trinklcled mask. See Fivitre 39)

11we Cleanliness test 1br ionic residute gat e passing~ results at I .- miirograims

sttnare inch tbOr tHvsol SRI 010 and 0.42 tuirograntjscluare inlch 1to1 II vol SIRI Ut (.
Art inspect iou of' lhe II vsol SR IOOO( af'ter cea nliness, test i nu revealed Vti X ciaii
in i. st areas atid brittle mask that easily cracked.

Resistance reaidings tbOr Ifsol SR 1010 taken dr t ilte moiSttLire Itemperai ititre
cyclirie were gee.itrllk ott I cr111 11taC tJde~ NIntarL btStill inl thle aeepthl rne.
See Figtires 40 and 41 . DIue to tile p1inhOlescrs the cOmbll p)Atter, thle inlatline,
qttAhit\ ofl sI~crend solder akIs, not as, i!ooc as dr\ filmn solder- mask. Insve,,tmuon
al .ter Nrelue lO\t ec trappej)d Its etaiu1im1ig1.

Resistanee vaIltes fo IIVsol SRIO 000 wre simuilar to li\sol SRI 0 ( M ep
that the standard had a lower value. Af'ter cycling thle SRI100(. the \trinkleci mask
easily chiipped off of' thle Metal surf'aces.

H ot air leveliing caused nio damage to thle Ilysol SR IO0W .
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HYSOL SR1010 (Sn/Pb - TOP)
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FIGURE 40. flysol SRI010, Resistance Readings, Tin/Lead.

(a) Top. (b) bottom.
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HYSOL SR1010 (Cu - TOP)
13

u)
S12

i11

6 I , I k I

1

S12

~11
0

-J10

A I'A A
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-.- SAMPLE B
SAMPLE C

-.- SAMPLE 0
FIGURE 41. flysol SR1OIO. Resistance Readings. Copper.
(a) Top. (h) bottom.
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FIGURE 45. Lonco 222-MI. Mask Bleed onito Traces
and Lam~inate

FIG URE 40 Lonco 22 2-MI. Void in Mask al Bend in
Circulit I nic.
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Properties tf the Lonco 222-Ni solder mask \\eVC \aiCd du t the quali.I
of the mask application. Tile thickness of the Mask over [lie ground piane %was
0.0012 inch. This is a very thin coating to be relied upon for adequate pn- c'lion
against abrasion, dielectric breakdown, and environmental cycling. The mak ma.
have had an inadequate viscosity during the screening process, thus depositlInu oil\
a very thin layer of solder mask.

The surface of the Lonco 222-M mask was scratched with only the 511 pclil
hardness, but 50 cycles of Taber abrasion showed wkcar down to the Irace,. The
wear was probably due to the thin coating. The punch test did not damugae thc
copper covered traces but did cause loss of adhesion M tile til/lead arca, both
before and after soldering.

Adhesion was good on tile copper surface r hoth tile tape .lit 1he Cos,,-
hatch tests. The tape test did not affect the mask on tin/lead but tile er ,.-lalh
test removed 100 of the mask.

The Lonco 222-M was not damaged by either the flux tests or tie ,olvent

tests.

The breakdown voltage of the .onco. 222-N was 650 VDC duc to pinhole,,
in the mask. The surtace resistivity of the mask was 5 x 101 2 ohmsII'sqNIL-C.

The hydrolytic stability test did not dammuagc the Loti, o 222- M.

The hot solder dip revealed the problem associated with tile bleed of thc
mask onto the pad area as shown in Figure 44. The copper did not accept sold'r
because of the film of resin that covered it.

Wave soldering of the Lonco 222-M solder mask caused the mask to scparatc
from tile tin/lead ground plane and allowed IUIIX to be trapped under ttihe mask that
remained. See Figures 47 and 48. Tie flux under the mask seeped out later. hca\ing
flux residue near the pad openings.

Cleanliness testing results were acceptable with an average of 0.35 m|icrogralui
square inch. An inspection after testing revealed that flux was still trapped Under
the mask on the ground plane. Sec Figure 49. Also. the misregistered Lonco 222-N
on the sides of the fillets had lifted and were easily chipped off of tile sutla,. e
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FIGURE 49. Lonco 222-M, Flux Trapped Under Mask onl
Ground Planle.

Resistance 0Iatrrooso tile joulco 22-Ni takco iiro thle mo1istuire

temiperatutre cveling test were all lower than ,lic standard oiasked board. See

lHi'ures 50 and ) .let.aiisc of pinhole,, throuighout. the .oatlinv probably absorbed

Moistutre. thius allowing thle resist a ice to( decrease. The wavec sold ered side ofI onec

tin/lead board liad alies il thle iueCLOolo l e L Mlochl is COosidered to he a failure.

[his failure is believed to he dueI to thle IporoSit\ 01- thle ma,'sk caused by thle

application procedure.

A visual inspect ion ater cycling showecd slight ox\idat ion of thle copper areas'

that were covered h\ thle thin filmn Of res-inl thA h1ad bled from thle mask edge. See

F~igure 52. Also. the niask oil the tiii 'lad ground plane had becomec brittle.

The ho0t aIir- leOliog prIOCeSS did not damage thle -olito22-I
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LONCO 222-M (Sn/Pb - TOP)
13

fl12

S11

0

U' (a)

wu7

6
0 1 2 3 4 5 6 7 8 9 10 1

TIME, DAYS

LONCO 222-M (Sn/Pb - BOTTOM)

LU

fl12

o11

0
-J10

An A (b)
_: 9 0v /~~

6-;

0 z 0 1

TIE)DY

STANDARDY

SAMPLE A
-. SAMPLE B

SAMPLE C
- .- SAMPLE D

FiGURFE 50. Lonco 222-M. Resistance Readings. Tin/Lead.
(a) Top. (h) hottolm.
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LONCO 222-M (Cu- TOP)
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[I(; RE 51. Lono 2-M, R istaneI Readings. (opper.
(a) Top, lb) hottom.
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FIGURE 52. Lonco 222-M. Oxidized Copper Under Resin
Film.
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The thickness of the Macl)ermid Q446 was 0.0015 inch ol the groulid pil ic

Tile surface of the Mac)ermid 9446, was scratched by a 511 pencif ha d ',,,

Fifty cycles of Taber abrasion showed little wear of the mask. File punch IL\t Ant
not damage the mask over the copper surtace. but did cause loss of adheion ti1 (d e
mask over the tin/lead ground plane after wave soldering.

The adhesion of the mask to the copper was excellent on both tic tap anid
the cross-hatch adhesion tests. The cros,-hatch test caused 100' lo, ,f It
Macl)ermid 9446 over the tin/lead ground plane.

The fluxes caused no0 damlage to thle mask.

The only solvent to cause damage to the Macl)ermid Q44,) \kzas metlhlcuc
chloridc this caused a slight wrinkling of the mask over both tyl pes ol ntcual
surfaces.

The breakdown voltage of the Macl)ermid 9440 was higher than the olhcr
screenable solder masks with a value of 1900 VI)( bef'ore soldering and I000 VI)(
after soldering. The electrode was carefully placed on the ground plMC in an , rca
where the circular pattern of bubbles did not cover. See Fitre 57. lhe surface
resistivity of the mask was 3 x 1012 ohms,'square.

The hydrolytic stability lest Laused no dallage to tile MaclDermid Q44() solder
mask.

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

Wave soldering of the MacDermid 9446 was accomplished on a Ieclinical
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: 50 0 l1: solder
temperat ure, spray flux with Alpha 611F, 180°F lop side lanli naLe preheal leiiiplr-
ature, and a 2-second dwell in the wave.

The inspection after wave soldering showed trapped flux in tile wriinkle of
the MacDermid 9446 over the tin/lead plating. See Figure 58. The mask on tlic

0.006-inch traces of the comb pattern were wrinkled and the mask along tlhe ground
plane was rolled back on itself. See Figure 59.

('leanliness testing showed a low amount of ionic contamination wili an
average of 1.0 microgram/square inch. The visual inspection after testlikg showCd

trapped flux and mask chipped of of (lie traces.
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NWC TP 6517

The resistance measurements taken during tile moisture/temperature :ycling
show passing values for the Macl)ermid 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/lead 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)
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FI(;tIRE 00. MaciX'rmid 9446. Rcsistance Rcading". lin/Lcd.
(a) Top. (b) hottom.
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MACDERMID 9446 (Cu- TOP)
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FIGURE 61. MacDermid 9446, Resistance Readings. Copper.
(a) Top, (b) bottom.
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FIGURE 62. MacDernlid 9440. Blisters oil Traces CauIsed bw
Hot Air Leveling.
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CON CL USION

11w stikCCesttil 11.se of' SOlder miask is grealy dependentI Onl thle (IualitN of tile
mask applica tion. Poor application proceduri es canl chiange tilie expected properties of
thle mlask. leading to later problems during the life of the masked hoard.

Surface pre parat ion is ext reinely importa nt: all oils, fibers, and otlc hr residutcs
11111ist be remIIoved before a mask is apIl lied or- else the mask will not adhere-
propcirIN

Rceistration of the mask artwork is imaportanut to preve nt masking of pad areas'
solder miiask Onl thle srlf'ace of' a p~ad Canl defIorm the fillet. The small pad-, that are
olliing utO 0wideCSpread Use need their entire area to make a strong. d efeet-freec

connlctlionl. If' part of' these pads is coveredl by at misregistered solder mask or ai
mask thatf had bled. the strength of the -joint is affected. D~ue to the bleedino effect
of thle liquid sCree na ble solder masks, larger pado~ openings ri tst be allowed to~ pre-
vent i isreuist ration. I rN fi liii solder mazsks lia~ e closer registration tolera ne Since
tlie\ do( iiot bleed. thins making it possible for thiemi to be used in marea with
closel\ sIaced paJds.

Voids, bMblsiad 1)111110les ads ersel\ affect 1)ot Ii the electricA and envlir-on-
miental protection tHat ai solder maisk can JlrW ol. Process01 cotrlsJrcticed durIIilne
masking cafii aetlie 0c llC M ()r I I ti es defiect.1

SinIce tile liquild sCreeil)I solcr niasks ciimliot be cowlsentl\ app)IIli a"
pinhole-tree c:oatiies oi i a crL nit board, tIII\ cannot~ be usekd is" electricail iiisoiiltinc

LI l ie. thickness ' ofI a dr N film iii~isk a ids its ti l \ to pn ite a a is abrasion .
dielectric brecakdo%%ll i.and ensiron111iiiiti C' ineIL. hut( it is inpotail that thle nias'k
be p~roperly appjlied and cured. l'ioh II ) nicin lan I RM Ns1001id not1 be use"d
dule to the excessive blistcritig and loss, ofI ad,isoi.lie liii t1C of Iaiiir RMI
tio iopropyl alc~ohol preccludes its, Use ill inliir lect lonik11 "

Solder mask cannot be Used oMCr at till leadd 1+01t Vio due tthe 111 riiiklilne anld
tlui\ eiitrapmient that , urs during thy \N a e soldvi ug- I~e h-it rappe:d residues
'all leald to degradation of, the board at1 1i Ilater tne .

Both1 thle drA ft11 anid theC liquid soldei 11n,isk pios~k idegod prc) tioi agalinst

ab1rasionl and ;ideqiiatel1\ 01,seli sodein i te irsthtaeCosered hw iiiask.
Some ens iromiieiital c.\ clig protctionl I, 'ils plio\ ded by\ hoth t~ pes of solder
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To rc-cflliphiasi/c:

1. A liquid screenible soldcr maISk Shal 1101 bC UsCd as, an1 ClCCtIiC rillusnitiaw

layer in NavN ha rdLkkic.

2. Solder mask shall nol he used m'ei a t in 'l:id plat ug.
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Appendix A

ABRASION TEST METH-OD)S

TABlER

Au\I atitcimuie hole wa I j)M'hed j1)10 fihe Letllf ot J ciriutlit hoard. then lte

board %was bolt ci onto thle Tabher Ab rasio n J ester t rn tab leA I 000-g-rain lod " as
placed on I he sam ple for it 50-cyclc test. The am out of I ksear onl file solder mask

asthenl noted.

PENCIL

A 2H 1M11S I)' hard, nes eni1ws rssed firmly onto the solder masked board in a
downl andI forward motion then the mal~sk wais che ked tor dailmage . Fihe pencil
hardneIss was ilInLIcrse to 311 an1d then1 to 51 li (nti e solder nuiask ws SCratched.

PUNCH

File Solder masked hoard sort ace wasI t1iru1n lv puchled withl a sharp) po0ined
metal rod: anl\ damage was noted.
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Appendix B

AD)HESION TEST NILTHOI)S

TAPE

A\ pijCCC 0o SCOIM I 01()e pc il-11 tl)fI r\C! onI 01 the m:' to Lw . tc tctI
The tapc WJas then rapidJN pu~lled aJay) Jt j )~d~C .11iiC. _11 fw) J fd hai d
,Acre inspected for mnask t hat had hccnI rcino0\L'k

CROSS-HATCH

[iVC Iarailci OlitS\ CrC InadLc into the niiiak 1 10 ilb iJpIMIt L111111 d Ia/u
Miade. then fixc iiliar parallel CLutS at r60ht ang'-de to 1thc tir"I .Lit" \cc ac

Loose piL'Lcs of iiisk werc ~rtjSiwd( away t1hM) SCOtcJ I I) tapc)L \ J .I)IIppLcd and
rcmovcd as in thc Ja pe Test Metcihod. The ap)C a Ild ha rd wkCfrk np. c Litiitta

that hd b)cctI rcinovcdI
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Appendix\ C

SOLVLNT RESISTANC[ TLST Il[THiOI

s'ckkc ~~kil ei ciit difflcicitt soklvct", 1,rI ., Ilolli. \cV ~ujL uIfl d icdItanll
c~icck~ flm ndv Io1 £!ccrillille 111c cffccl ofJ Ilc \'(1\cn1 on thc modvia'k. itc

ci. ok dlcilt\\cc 'jI" ~ alcooll acilmlc. Il)c:tll\ Icuc clloridlc. rivl~ vll\l
kctonc (MI K). tolcnc. \~Iclic, ccllo).ol\cicac and djlnlCtll\ 1111l' \ilC ( IS().
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Appeiidi\ 1)

II I X RtLSIST.\N(1. ILST %i1H0DIoS

1\1%1 RSIO\

,r, i il\ im ou ~li r dilli : ccn 1LI\k!, \\Crce LIcd: 011C RN1.
R< \ tid iu, ji-n!'i tiu\c' Aiic:r 2 da\N th. %LNapL'erc v\Umiflcd Im

!i t h \Nld i u t'
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Appendix F:

.MOISTL;RI1 1 IAIPEIRATLJRI, CYCLING

Sclcctcdo "anl~0 ollcr jnaskcd hwi(IN \\ crc V sJc ldlrcd. tltCn 111ittrC

tclnpcrall10 c( J t dccrMin"c 1thC cnviron11InctAl propcrtic,, ot thc inasks.

Ii~lc h(UIliN jkthl soldlk jna.1k oklcr tin 'Icad aid four boardk \Nith mask

0\C C0I cO rcr Icc p cpa d im \ d soldecrinog. Tlic co ppcr boards ke rc ccacd

illn a lil m d akjilmic dcc 1ct. iimcd %withI k Watlci thecn dippcd ill aimmloniumi

UnLtmil Acidl 111' S0) . tlmcll ",i~tcr--rinskcd againi hctorc hot ,older coating. D~ried

blLi'. %011 AIrcL 01id-wic 11h.llm iI RMA h1A lnx l thcn hd-dhippcd Ibr - sc

0ihl' ill j II) I Sio,, Ph."~- N~ldcl-I) 1)01 ollowc b\ j) a ~ ill d~ 'd(IlVLCC to

~lICd thl' plIitCd tl(Mll oc Board,, % c rl thicim \.11p01 dcgrcascd inl 1.1.1

BHiml 111V tillca andI thc coppcr thoardsI \kcfc trilImcd to size. ccacd. inl-

1()l L1,1 'v 1iUCc. 11nd lvc'hta.l.c-tcstcd. Component"\ xe rc placd inl (mc tin Ic~ad

Jimd 'mc' coppc)C 1)IJird Iloarik \\CIC \piaI\ itim\cd \k ib Alphi ofI If: RMA 1fLnX. thll

xx mx c N(Ild-ccd oill a I buNk I)L oil in-icctionl 'NOlkdcr ndchinIc A xol0dcr tCnpcnitnrcll'

()I 5n) I an ,ml rml top) \idc laiiatc pr-chcat ltcnmpcratll- nrc ],'I NO . lmcdmnml oil

(11n 111c '111 mc. ixI A -c td lxci ill tIE' \%j\ a \ kc l- 111 cr l c ditiOnN" on \sohdcrilig .

A ~m~~n in I rcoi) I'l 1te ' ilmc inm11l1,11[C, 111C inS- Ilh0C boiliiuil tanlk.

Iilimmtc innnllCrNcd ill 11hC \\aim tank. mid I nmintitc nwpcndcdl inl tic \ apors xx a"

nlcd t10 cai till hoarxN a111cr waxlc soldcr-imw.

( Icaninc\\w~ tctNxrc pcrblorincd( onI tIlircc ol' t11 hcJ\ Sxxc0IicrCil boards to

wiirl thInt flic clcamiig priocess W&, ill or~dcr All Alpha Mctak" lonlograph wijth a

'ohiitioit of '5', kopropylI alcohol, 25' dcionilcd waJtcr US nCd to ICSt f'01 iOliC

lcaliiinvc". Conditionis of, tcst wcrc: 0.02 inicronmho ccnitmtlcr startinlg coiixiimti\.

pump ratc: 8 11'-. and 40 cotmntls,/CCoid. Less thtan 10 imirograitl 'dquarc inchxxa

considcrcd a ~X~igxalnc l'r ioilic clcaiilimicss,.
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All wave soldered boards were handled with .'cal iCottoll glo is. I'mr inpection
at 20X before starting the 10-day moisture telperattre ycling test. lhe cycling test
was a modified version of MII.-SI )- 202 Method 1(061F. See lieurc I- I1 our ti lead
boards and four copper boards that had been wave soldlcre d ad one staLLdard
unmasked tin/lead board that had not been wa~ e soldecd Vrc Iplaced int) ill
insulation resistance test set inside a Bluw NI Model I R-250P(-] ' IMrinniet Al
chamber.

The insulation resistance test set consisted Of 10 gol-tlippied edge connecI,,
that mated to the finger tabs on tile test boards. [lie colnectlors were wired into
an open-sided frame that allowed for unrestricted air flow inside the chiamer.
Wiring through a port in tile chamber connected the insulation resistance set to a
selector box, then to a (,enRad Model 1644A megolii bride. See 1-igure 1-2. Ihe
selector box was used to choose which of the 10 connectors was to be tested. [Hie
megohm bridge supplied 100 VDI) across tile 0.000-inch comb pattern for a I-mimtc
period before the resistance value was recorded. Readings were tjken two time, each
day, once at the low temperature phase of the cycle and once at tile high temper-
ature phase of the cycle. Meaurements were made on both the top aild hot toni
sides of the boards. At the end of the 10-day period, the ciamiber was openIed L 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 staildalrd tinasked
board and in the inegolim range.

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

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

ELECTRICAL TEST MI-THOI)S

BREAKDOWN VOLTAGE

Tile breakdown voltage of' thle solder mask over thle gr-Ou iid pi)1 neI waS ee
LisingU Zi Fypotronlics Model 11300B3 high-voltage power supply. A v\ ire waIs SOIldered
to) thle uninasked area ol' thle tinl/leaid ground le andt ai O.25-inlli-diaiiiletcr polished
brass e lect rode waIS placedL Onl thle solder madsked area of* tie grouni d plane. A 75-gram
L eight wkas placed oil top 0f' thle t'lectiOdI to ensure1 g!ood stirhiace coiitact See
FigUire I--I Voltage was applied in 1000-V increlicints for I -liii ii tl perliods Linlt i
a breakdowni oceourred. A break dos il was classit'ied as a current of' 50. niicroamiips or
greater passing thlrotigli the solder mnask. IX( voltage11 was uIsed first froni 0 0000 V
a-li1d ifnofilfLir occurred. AC voltage was used.

SURFACE RESISTIVITY

The SLir-fakc res~istivity Of thle soIlter ma1sk wasv tested sig a ( eiiRat
Moditel 10~44A niegoh lii hiridge. Two polishedu brass electrodes I x 0.5 inichi were
Placedl I inich apart oili the opell area of' sOltlr miaskedl laiiate. A 75-graiii weight
wvas placed onl top of' tile elctodes to enrer goodl SLi rfaCe 'olitdact anid to keep tile
I -inlch spacing. See lig-Lire [-2. A voltage of' 501. V lX, a applied to the elect mules
lor I miliUte. alter wich tlinie a resistance lileas1Mirellielit wasI' rCLOrdetl
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FIGURE F-2. SUrface Resistivity Test Set.
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