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PCT/ US96/ 19625 SCLDER MASK FOR MANUFACTURE OF PRI NTED CIRCU T
BOARDS Background of the Invention Thi s

i nvention relates to the manufacture of the printed circuit 5 boar ds
whi ch are used in many el ectronic applications. Mre particularly, the

I nventi on rel a&ke@s/f2e85an i nproved sol der mask for such circui pPChusgsdsszahi ch
enpl oys epoxy resins or other materials having superior physical and

el ectrical performance. The sol der mask is applied by a uni que

met hod whi ch uses agor pErR MARK: id OF P C OARDS Sol der
mask (also called "solder resis I's defrned as a coatl ng used to
protect (mask) certain areas of a printed circuit board during the

sol dering of conneglii@nand &(tﬁéﬁv%ii&_puit board. The functions of a sol der
resist are summart zed 1n Printed Crcuits Handbook C yde F. Coonbs

Jr., editor, 3rd ed. Thie dgvgption; eiptes 108, magnfseture ofghe rintest cirptiik covers
nost of the other gikdsaGRsh 8 useliGn nfah eledtioni¢i dppliR@Fons, Midre pRfiMEIy! fhePr Ot eCt
the circuitry and to provide electrical i nsul ati on. Because nuch of

the printed circui invention gelatesety amimproved sslden maskefor guch circuit bogrde whichcuit i s
exposed to sol der. . JI6¢&h 8k FresifsCot Souie? nflfekials haviRESp@HR phidRaiiRa Sleirbd Y
performance. The solder mask is applied by a unique method which uses a
coated copper foil.

10 Solder mask (also called “solder resist™) is defined as a coating
used to protect (mask) certain areas of a printed circuit board during the
soldering of connections to the circuit board. The functions of a solder resist are
summarized in Printed Circuits Handbook, Clyde F. Coombs Jr., editor, 3rd ed.
McGraw-Hill, 1988. Since the solder mask covers most of the other surfaces of

15 the circuit board, it serves to protect the circuitry and to provide electrical
insulation. Because much of the printed circuit is covered, only a small area of
the circuit is exposed to solder. Therefore, less solder is used and the possibility
of solder bridging over the circuit lines and other features is reduced. Also, the
transfer of contaminates into the solder container from the circuit board is

20  minimized. Finally, the solder mask reduces dendritic growth of the copper
clements on the circuit board. |

The present invention is directed to improved permanent solder

masks, which remain on the circuit board when in use. In contrast, temporary

solder masks are applied and later removed during the circuit board

25  manufacturing process. Two general types of permanent solder masks are
recognized - liquid and dry film types. Dry films are placed on the circuit board
and while their performance is superior in many respects to films which are
applied in liquid form, they are more expensive and, being solid films, they may
not achieve full contact with both the copper circuit features and the underlying

30 insulating substrate (e.g., a glass reinforced epoxy resin). Resists applied as
liquids, such as by screen printing and the like make full contact with the circuit
features and the board but they may fill holes rather than cover them and they are

not as capable of precisely discriminating the circuit features to be exposed to



of solder bridging over the circuit lines and other features is reduced.
Al so, the transfer of contam nates into the solder container from
the circuit board is 20 m nimzed. Finally, the solder mask reduces
.dendritic growth of the copper el ements on the circuit board.

The present invention is directed to inproved pernmanent sol

masks, whi chWEHE2HSon the circuit board when in use. In coﬁﬁ'gﬁ‘;{l%zs

t enporary sol der masks are applied and later renoved during the
circuit board 25 manuf acturing process. Two general types of pernmanent
sol der masks are recognized - liquid and dry filmtypes. Dry filns
are.placed on the sildecui Getvwallyd liquid films adod noth piovide Fre unifqmmr fhicknessicapd i s

superior in many r t ' i'ﬁg e . ' i n. liquid form
they are nore expe‘gl‘\os'lé ;vie%@ﬁd{ﬂe E%JI‘ ﬁ%ﬁsé% [ @ﬁ lﬁ%?“fh%‘{?’mng!y&&qd wdes'ﬁ%t achi eve
full contact with both the dopphiem commen to bothtypes of conmentionnb solded @rablyisng 30

I nsul ating substr | { Ny | St,S
applied as ?tqtui&o%" @cﬁbﬁﬁ&%%ﬁﬁf#ﬁ% %anﬁ%B%dh%gﬁﬁg&nake
full contact wi§h asrebust asthé typical epoxy résina used dor thegircuitboatdsa Alsojthey ofteey nay

fill holes rather {han FOuSEGEIET ARFbA@ABLS of fame il Bt GAREPLE ©f

preci sely discrimnating € Clrcu eatures 10 be expose 0 WO

97/ 22235 the circuit board to meet Underwriters’ Laboratories standards. Ideally,

PCT/ US96/ 19625 conventional solder mask materials should be replaced with different mate%ials
having a higher Tg, better chemical and thermal resistance, and improved flame

10  resistance, and which are easier to process. The inventor has sought and found

an improved method of applying a solder mask, which is described below.

Summary of the Invention
In one aspect, the invention is a method for forming a solder
15 mask on the surface of a printed circuit board. A sheet of copper foil having at
least one layer of partially cured (i.e. B-staged) thermosetting resin, preferably an
epoxy resin, is applied to the circuitry on the surface of the pninted circuit board.
The resin layer fills the spaces between the circuit features and leaves a layer of
resin above thé circuit features which will serve as the solder mask. Then, an
20  etch resist is applied to the surface of the copper foil and photoimaged. The
uncured portions of the etch resist are removed with solvents, thus exposing
certain copper areas above the locations where solder connections will be made
later. The exposed copper is etched away, leaving the resin layer exposed. That
resin is removed by ablation techniques such as plasma or laser to expose the
25  copper circuit feature to which a solder connection wﬂl be made. The remaining
etch resist is removed with caustics, exposing the remaining copper foil layer,
which is etched away leaving the resin layer as a solder mask.
In a preferred embodiment, the copper foil is coated with fully-
cured (i.e. C-staged) layer of an epoxy resin next to the copper surface and the
30  first layer is coated with a second layer of an epoxy tesin which is partially cured
(i.e. B-staged). In an alternative embodiment, the copper foil has only a single
layer of a resin which is capable of carrying out the functions of the two layers of
epoxy resin as described.



solder. Generally, liquid filnms do not provide a uniform -thickness and
consequently, the electrical resistance also is not as uniformas would be

desi red. A probl em conmon to both types of
conventional solder mask is : that they generally have a | ow gl ass
transition tenwersakepse (Tg) and they are not 5 as robusiciassekiRas

typi cal epoxy resins used for the circuit bgards. Also, they often

are not flame resistant, so that greater amounts of flanme retardents are
needed in the circuit board to nmeet Underwiters' Laboratories
standards. ldeally, In @ogthes raspegh the isvehtiter is reldenmaskr forla pristedul d be
replaced with different .nat.eri al : ' A.gher . bet.t er

chem cal and thernafﬁ?uétsbll"asﬂdg‘ﬁhécg,h&a% Fer%?“gelgg\é‘*cpgr?gwmb%ﬂ“sggtehsei e%hgﬁce, and
whi ch are easi er todexdedaboveThe i nventor has sought and found an
I nproved net hod of applying a solder mask, which is described bel ow
Summary of the Invention I n one aspect, the

i nvention is a mét h@BdefDescriptiondfthe Brawirgs 15 mask on the surface of a
printed circuit board. A she L cop UReTA ARV . | east one
| ayer of partially cured (i .?w%fsfgg'g%n&eh%% rmseotdt fgfng’%“é'gian,sol%efe?‘g ably an
epoxy resin, is applcedidgrotliednventionui try on the surface of the printed
circuit board. The resin layer fills the spaces betweep.the
circuit features and | eaves d'@Hydp % 1B 'h““mtetmeragglﬁ’ﬂ" b%.\fé“’?tﬁ‘gggi'?t?uit
features which w Il pgedéircaiibéda® sol der mask. Then, an 20 etch resist

is applied to the surface of _{he r..fail an hot Qi ed., The
uncufgd portionsl%of t he etchPﬁ%’éﬁsg?‘p%ﬁemr@mﬁdgﬁ\ﬁ?ﬁ@(ﬂr’n\;@ﬁ?,r@%§f

exposi ng C eelcopper fullapd fesi teexpoithnidrchibédesheatsat | ons where sol der
connections wll be nade . | at JThe exposed C er i.s etched away,
| eaving the resin |ayer expo&%‘?‘s’?ﬁaﬂ‘g&B '““meégé@q‘fﬂfgagéw BPPEbI at i on

techni ques such as HiQkra¥ngd soldesMisk! 0 expose the 25 copper circuit
feature to which a solder connection wll be nade. The remaining
etch resist is renoved with caustics, exposing the remaining copper foil

layer, 15  Detailed Description of the Invention

Solder masks are layers of materials which are applied to a
surface of a printed circuit board, but which expose certain circuit features to
which solder connections are to be made. As previously discussed, they serve to
protect the circuit during soldering operations and may remain in place
20 permanently to protect the circuit during its use. However, present materials are
inferior for permanent use and improved materials are desirable. Epoxy resins
would provide the desired physical and electrical properties but their application
is impractical. The present invention provides a method of applying epoxy or
other thermosetting resins as solder masks. It is best described with reference to

25  Figures 1-3.

Figures 1A and 1B illustrate the application of a copper foil 24 coated
with thermosetting resin (hereinafter referred to as the preferred epoxy resin) to
the surface of a typical four layer printed circuit board 10 (PCB). The
fabrication of the PCB began with the etching of circuits 12 on both sides of a

30 glass fabric reinforced epoxy resin 14 laminated to outer layers of copper foil.
These inner circuits are shown connected to a second set of circuits 18 by blind

vias 16.



which is,etched away | eaving the resin layer as a sol der nask.
In a preferred enbodi nent, the copper foil is coated with fully-

cured (i.e. C- staged)

| ayer of an epoxy resin next to the copper surface

and the 30 first layer is coated with a second | ayer of an epoxy
resin which | JJd.al ly cured (i.e. B-staged). | native
enbodi nment Pﬁ)eﬂ?é‘gp%er foil has only a single I aygcf‘ﬁg?%}é‘?ési n

whi ch is capable

of carrying out the functions of the two | ayers of

epoxy resin as descri bed. WO 97/ 22235
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Figures 1-3 ill ustg%iﬁﬂﬁasr@éuhﬂdu%ngf & i ﬂﬂes@w%& :ﬁ’&%k An electrical

I nvent|
connection 22 through the four layer PCB between the two outer layers also is

shown. In the figures the copper foil 24 is shown coated with two layers of
epoxy resin 26 and 28, a preferred construction for the invention, which will be
described in more detail below. The inner layer 26 preferably is substantially
completely cured (C-staged) so that it serves as a uniform protective layer on the
circuit board after the copper has been removed. The outer layer 28 is partially

cured (B-staged) so that it remains free to flow around the raised circuit features

and to serve as an adhesive. Altematively, if a single layer of resin is used, it

must serve both functions. In either case, the coated copper foil and four layer
circuit board of Figure 1A are laminated using heat and pressure, producing the
laminate shown in Figure 1B. Typically, with epoxy resins about 150° to 180°C
and 100 to 400 psig (689 to 2758 kPa gauge) will be needed.

The solder mask will be layer 26. However, it is necessary to
expose the desired circuit features where solder connection will be made and the
residual copper foil must be removed. Access to the circuit feature is obtained
by etching away the copper at the desired location as shown in Figures 2A and
2B. The copper foil (24) surface is covered with an etch resist layer 30. Typical
materials are photoimageable adhesive films which are applied by a nip roil
laminating step. The etch resist 30 is photocured using a mask which allows
only the region to be accessed to remain unexposed as shown in Figure 2A.
Thus, when the unexposed (uncured) etch resist is contacted with a suitable
solvent such as a sodium carbonate solution, the underlying epoxy layer 26 is
exposed, while the remaining copper layer 24 is protected by the cured portion
of the etch resist 30.

The underlying epoxy resin 26 can now be removed by means of
plasma ablation as shown in Figure 3A, although other methods such as UV laser
or IR laser are possible. At this point in the process, the circuit features 32A and
32B which will be soldered have been exposed. It remains to remove the cured
etch resist 30 (not shown in Figure 3A) and the remaining copper foil 24. First,



Figures 1A and IB illustrate the application of a coated foil to a

printed circuit board. 10 Figures 2A and 2B illustrate
the renoval of selected regi ons of the copper foil and resin to
expose the circuit el ements. Fi gures 3A and 3B
illustrate thew@mygg of the remaining copper foil, pcapydolytweds

sol der mask. Detail ed Description of the Inventi on _
Sol der nasks are Iayers of materials which are applied to a surface

of a printed circuit board, but which expose certain circuit features to
whi ch sol der connectihorshaesst isoreievedanith. suitablepsobvents, ety asipaassion didrotithey
serve to pr ot ect the | atl ns and, may
remain in place 20*° 8résrar?asple ﬁ%L%R‘Bed%#o?&gﬁget%E&%?rgo@@a 4cﬁ?r'l ﬁée"fq[v use.
However, present natterétching, kaving the fully curedhépeky esin fayer qserpnumcm saldee nasid
|rrproved material s are de5|rabl rovi de the
desired physical and e}hecsf"rl ca therg%%)r m?ﬂpﬂsﬂ elnr; alp')'\p,)yﬁilsj cﬁaﬁrft the S
i mpractical. The ﬁree@mmdmmfeanme mayvbd@mtatedeﬁdimdhefemamglsplunm dpoxy or

ot her ther m)settl ng resins as. sol h:c% mal ‘Igd I's best described with
reference to IeRRrpY £O%ing, which is ale? fesiov Figures 1A and 1B
illustrate the appl I cation of a copper foil 24 coated wth

t hernmosetting resin éher!eé' naf';;gr’ referred to as the preferred epoxy resin)
to : the surfa cal four layer printed circuit board 10
(PCB). The fabricati ouoﬂkr romeseﬁ'@anh@cgaptm tyPicilly@s oG H5NGn Mick,
circuits 12 on both sides of a | ass fabric reinforced epoxy resin

14 | aminated to &%t e?‘"hP'éSFéP‘E“%P“dC‘B'ﬁ'&’élm‘?GT‘l“sed also. Such fpjieare usugliygroduced i t s
are shown connect ed gyitrs&pedibnFRin dopper sétkidn ontb® rbiirikY théld drum. The foil/ | @S

16. is removed from the drum and treated to protect its surfaces and to improve

adhesion to resin substrates.
The coating or coatings applied to the copper foil may be of
1S  various types, but preferably they will be thermosetting resins, e.g. cfaoxy resins
since they have good electrical properties and thermal resistance. In general, the
coatings should provide suitable protection against soldering as previously
discussed and serve to protect the finished PCB in its normal service. In one
preferred embodiment the first layer will be a fully cured (C-staged) epoxy resin,
20  while the second layer will be a partiaily cured (B-staged) epoxy resin, capable of
flowing under heat and pressure and of encapsulating the exposed circuit
features. A single layer may be used which is capable of providing the functions

of the two layer system.

Epoxy resin formulations may be selected from those used in the
25 PCB field since they will be generally compatible with the glass fiber reinforced
epoxy substrates on which the circuit features are formed. Typically, epoxy
resins are combined with chain extenders, curing agents, catalysts, additives, and
solvents to create an epoxy varnish which can be used to coat copper foil.
Depending on the degree of curing required, the coated foil will be heated to a
30 temperature of about 130° to 160°C to drive off the solvents and to cause the
epoxide groups to polymerize or cure. This process will be carried out twice

when two layers are to be deposited on the foil, or alternatively, the second layer
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The second set of circuits 18 were etched froma | ayer of glass

fiber reinforced epoxy resin 20 having a layer of copper foil on one face.
The glass fiber reinforced resin serves tq nsul ate and
separate the‘%&é%z ers of circuitry as well as se 9 Wé%é'sg 2
adhesi ve between them An el ectri-cal 5 connection 22 through the four
| ayer PCB between the two outer layers als® is shown. In the
figures the copper foil 24 is shown coated with two | ayers of

epoxy resin 26 an f { I 0 whi ch
will be gm cri gargz[ﬂs C%\Eregfog'% U%fg}e?@h& ed Pﬁﬁé&fagedetro
preferably is subsqoamrlfql\rflychhasbeenavelwﬁlpﬂm'eques@ur ed (C—staged) so that it
serves as a uniform protect \NGndQUET othd ,g;;,?s may Gé)usedc'ﬁl‘éi‘éhhlybﬂéﬂmﬁ‘fter t he
copper has been renoved. The outer |ayer |s partially ’

(B-staged) so thatfoim thesmesettiog filmse such aslpglmadmananeeatmrsm cmomrt
features d r si ngl e

| ayer of resini sapuogs'%g viﬁz[n‘éﬁ €% %e i {ﬁ@ﬂo&%ngﬁ%%xﬁ l?ﬁm:t ﬁ%%’sayérl %"%eft her
case, the coated cigpoplatioi dompmhd\cnsrthé second layer since itcmust flotv froadckhef Fi gure
1A are | am nated u3| ng heat d ress e. producing the 15 lamnate
shown in Figure 168 fﬁ“(‘i‘fff’ % §7 Tesins about 150 to 180[err]C
and 100 to 400 psi g (689 to 2758 kPa gauge) will be needed.

The solder nask wll be |ayer 26. However, it is necessary to




expose t he desired circuit features where sol der connection w
and t'he resi dual copper foil nust be renoved. Accesg’ll 'l Tm”“m
circuit feature is obtained 20 by etching away the copper -at cthe w s =

desired | ocation as shown in Figures 2A and 2B. The copper foil
(24) surface igyorauesgd With an etch resist layer 30. Typicalperpsesnoses
mat eri al s are phot ol nrageabl e adhesive filns ich are appli edP y anproll

| ami nating step. The etch resist 30 is photocured using a mask which all ows
only the region to be accessed to renmai n unexposed as shown in Figure 2A
25  Thus, when t he GuddMSosed (uncured) etch resist is contacted with a

sui tabl e sol veny. SUGH nod of Al sSRIBORAK onI WirtaWlof d e
underlying epoxy layer 26 is . exposed, while the renmal nihg copper
| ayer 24 is protect sdcuibopidecompasing: port i on of the etch resist 30.

The underlying epoxy restn 2 . - pl asma
abl ation as shown in Fi gta?e %B\Eﬁig% Pﬁ%{;ﬁﬁ%ﬁ%%‘ﬁ%@ﬁ@c%&%a@% ?ifser
or IR |aser are posPathakly cufed thdmngseping nesinjon ont surfacecaf ¢hecfoil tisppsed soabdt tthe '

f 32A and . z | ' h d. |
rorai s o renove  RERIgrEd St il e Pl GER IR S REE T RRERD,

3A) and the renmi ni nke apppsite facé of the GopperHoil exippsed; WD 97/ 22235
PCT/ US96/ 19625 (b)  applying an etch resist over the exposed surface of the copper
foil,
10 (c)  photoimaging regions of the etch resist and removing uncured

areas of the etch resist to leave copper areas exposed,

(d)  etching away the copper areas exposed in (c), leaving the resin
layer of (a) exposed,

(e)  removing the exposed resin layer of (d) to expose a circuit feature

15 which is to be soldered;

® removing the cured etch resist with a suitable solvent; and

(g) etching the remaining copper foil and exposing the uncured resin
as a solder mask.

2. The method of Claim 1 wherein said thermosetting resin is an

20  epoxy resin.

3. The method of Claim 1 wherein said sheet of copper foil has a
first layer of fully cured thermosetting resin disposed on one face of the copper
foil and said partially cured thermosetting resin layer is disposed on top of said
first layer. |

25 -4 The method of Claim 1 wherein said sheet of copper foil has a
first layer of a fully cured thermosetting resin disposed on one face of the copper
foil and a thermoplastic layer disposed on top of said first layer.

S. The method of Claim 1 wherein said sheet of copper foil has a
single layer of a partially cured thermosetting resin disposed on one face of the

30  copper foil.

6. A solder mask for a printed circuit board deposited on said circuit

board by the method of Claim 1.



the et«ch resist is removed with suitabl e sol vents, such as potassi um

hydr oxi de’ solutions as shown in-Figure 3A. Then the exposed copper
24 can be renoved by etching, leaving the fully cured epoxy resin
| ayer as a permanent sol der nmask on the surface of the PCB as
shown in Fi guMO®#82235 this etching step the 5  exposedPEF/PERfIPE2S
feature nmay be protected fromthe etching solution by a . t enporary
coating, which is later renoved. Coat ed Copper Foi

Copper foil used in nmaking PCB's typically is about 35 [err]mthick, 10
al t hough thinner and thicker foils are used 0. Such foils are usually

pr oduced by el ectrodgposition frog d copper solution onto a
rotating metal drum The &l 7_ o IS e@vgdfromthe drum and treated
to protect its surfacesyand|tAS yprove Ty aghesion to resin
substrates. coatings applied to the
copper foil may be of preferably they wll be
thernosetting resins, eg® L RS NS \ § since they have good

el ectrical properties amXEaNE it &Y Y general, the

coatings should provide} Nesti 13 Ripnst sol dering as previously
di scussed and serve to p 'l ANi’s hi jinits rmal service. In
one preferred ar will De a fully cured

(C-staged) epoxy resin,
cured (B-staged) epoxy

| ayer WI| be a partially
fiow g under heat and
_ {fe X Py’ e oy features. A

single layer may be used Bs -_g% N &&Avi di ng ffle functions

i Yy B Epoxy resin fornul ations
RCB field since they will be
Ar ced epoxy
dned. Typically, epoxy
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resins are conbined with chain extenders, curing agents, catalysts,
addi.ti ves, and solvents to create an epoxy varni sh which can be
used to coat copper foil. Dependi ng on the degree of curing
required, the coated foil will be heated to a 30 terrpera},th,;‘%ggi% out
130 to 160[ erwp@km3slri ve off the solvents and to cause the

epoxi de groups to polynerize or cure. This process wll be carried out

tw ce when two | ayers are to be deposited on the foil, or
alternatively, the second | ayer WO 97/ 22235
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may be partially cured on a separate carrjer sheet and later lamnated to

t he copper foil which has been giV@n a first coat of resin.

Al ternatively, other resi‘ps«pay be used. Preferably, they wll form

thernosetting filns, suckeasipolyimnde or cyanate Est@ resins. Another
5 possi bl e variation is\to\use a thernosetting €sip for the first |ayer

and a t her nopl asi YOSt TIon as f e 0 | ayer since it nust
fl ow around the 5 ] 2 [ ihenel s an adhesi ve.

Figure 2B
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CLAI Ms: 1. A nmethod of form ng a solder mask on the
surface of a printed circuit board conpri sing: (a)

appl yi ng to saawigarkace a sheet of copper foil having a | ayBfTHi96/196255
partially cured thernosetting resin on one surface of the foil disposed so

that the resin |layer is between the copper foil and the circuit
board surface and | eavi ng t he opposite face of the copper foi

exposed,; (b) appl yi ng q23etch resi st over the exposed
surface of the copper foil; 1 (c) phot oi magi ng

regi ons of the etch resigt and renovi ng uncur®qd
resist to | eave copper alNeas exposed:
t he copper areas exposeo§§s\(j .3 | dav]
exposed; i &

expose a circuit featureg
(1) renovi ng the cua;

areas of the etch
(d) et chi ng away
resin | ayer of (a)
bxposed resin layer of (d) to
be sol dered,;
uitabl e sgl vent; and
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(g) * etching the renmaining copper foil and exposing the uncur ed?883 @0 8- ¢
as a sol der mask. 2. The nmethod of Claiml Wnereq d
2P %

thernosetting resin is an 20 epoxy resin.-

net hod

of Claim1l wherein said sheet of copper foil has a
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(57) Abstract

A permanent solder mask
is applied to the surface of a
printed circuit board using a cop-
per foil carrier. The solder mask
preferably is one or two lay-
ers of a thermosetting resin e.g.
cpoxy resin. Selected circuit
features are exposed by etch-
ing away portions of the copper
foil and removing the underly-
ing thermosetting resin. Then,
the remaining copper foil is re-
moved, leaving the solder mask
on the surface of the printed cir-
cuit board.




