2111405 A MASKLESS PROCESS FOR APPLYI NG A PATTERNED SOLDER MASK COATI NG
Tht invention relates to coating processes and, 5 in particular, to a

maskl ess process for defining and registering a solder nask coating on a
printed circuit board. Over the years considerable effort has bgg\lf%med
I n the devel opnment of processes for the 10 manufacture of print i

boards. For exanple, F. M Gllett et al, U S. patent 2,965,952 issued
Decenber 27, 1960 disclose a nethod for manufacturing etched circuitry. In
accordance with this nmethod a plurality of holes are punched through a
sheet of 15 dielectric material having relatively thin sheets of conductive
material secured to each side. The sheet and annul ar surfaces of the holes
are plated with a conductive material in order to establish electrica
connections between the sheets of conductive material. The plated 20

sheets are then coated with an adhesive. A portion of a pattern carried by
a decal comania is used to cover the holes such that the decal comania -
overlies the sheet in an aligned manner. Thereafter the decal conania is
pressed into tight contact with the adhesive and the adhesive is 25 all owed
to dry. After a backing sheet is renoved fromthe decal comani a and any
excess adhesive is renoved fromthe conductive sheets, the conposite
structure is exposed to an 28 acid etchiRg_solution. This etchant renoves
any conductive -2- material not covered by the adhesively-held '
decal comani a. When the decal conania“is renoved, a printed circuit board
havi ng the desired patter A MASKLESS AROCESS FCORIAPRLUYING of t he devel opi ng

technology 5 in the print | is set forth in a
di sclosure entitled "Coati PA . Edﬂ&fﬁ&
_ This invention relates to coating processes and,

5 4in particular, to a maskless précess for defining and
registering a solder mask coating on a printed circuit
board. - -

Over the years considerable effort has been
-expended in the development of processes for the
10 manufacture of printed circuit boards. For examﬁle,
F. M. Gillett et al, U. S. patent 2,965,952 issued
- December 27, 1960 disclose a method for manufacturing
etched circuitry. In accordance with this method a
plurality of holes are punched through a sheet of
15 dielectric material having relatively thin sheets of
conductive material secured to each side. The sheet and
annular surfaces of the holes are plated with a conductive
material in order to establish electrical connections
_ between the sheets of conductive material. The plated
20 sheets are then coated with an adhesive. A portion of a

" pattern carried by a decalcomania is used to cover the
holes such that the decalcomania overlies the sheet in an
aligned manner. Thereafter the decalcomania is pressed'
into tight contact with the adhesive and the adhesive is

25 allowed to dry. After a backing sheet is removed from the
decalcomania and any excess adhesive is removed from the
conductive sheets, the composite structure is exposed to an

28 acid etching solution. This etchant removes any conductive



|.BM Techini cal Disclosure Bulletin, Vol. 9, No. 3, August 1966 at page 22
In this disclosure it is 10 noted that three techniques are available f
depositing.thick, uniformcoatings of photoresist material onto dielectric
substr,ates having through-holes. The fiLsp Lechnique is to fill the holes

+f~t he dielectric sybstrate with ter-solubl er, and after the
pRos or esi st - i s BeFexdgl BATt: 8°HF§§€I 6@ ﬁ’l% %@ﬁ%fv%%%}ft‘f%ﬁ%qqf'
agi t at ed wat er whehh¢heedegdltemaniguisi seovedyrea sprinted istowdtte boandat er
dry. the water %‘%Q’%#h%{‘%u%gig af Qgﬁef‘ﬂbgé%@i g, Whil e allowing the hol es

, amnd ?l ng the subs

to remain wett en coa rate with hydrophobic

phot oresi st 20 materi al . Anpkherhiliustrakioneof othe developing tachnoliagy
‘the phot or esj StinTRhar pPlintBaOUIBcA1BabbAFE| 8B H64 €E6h WX 1d) et ErtH €.

The phot oresi st, for hrough t cre adheres, tQ the.s trate in al
areas except a r . stration of
g fischorard, entit3en FeodtisE °Ss Tt Hid,

the use of a sBhiedeictyipr Substrapesirbyi H. dMdi BaddedirandH tK e Epandhakeni ng
of Land Patterps.., ' piwhki i ﬁm t5C| @sur e
Bull etin; Vol. Qi’f,e Qﬁghglgn I‘\B}grgséﬁfgggégltﬁggl eﬁ%L ﬁ%éﬁﬁg\ét I'S df%lc’l cl?"souir'eqis't
is noted that &6hrddot ANEUSH 19§ dabaPREend2hn ctR abhis Ginglogure i, i
formed by 3@ eqdted abaduehree Bachaigliesughe cavailabldafor gidégusistimet ed

Dort i on of the Wi BpiFhRR,c085IngS & BRRERFSSLAY MdSer il T 17 5T
be Joined. To Sielecdricnsubstrapesbhawinghthneagh+olkeswoykhe (finsthe

screen in tNhosqephA3sueCiRCitdl 7911 the! H6188" 1h Ofife Adidl¥c iy AMdtate (O
whi ch the pads oin | opnents jin the

printed cirecui ﬂ'?rt tgoﬂ'g a&?igmrggsapfdﬁ?ea’éﬂ h?gg?rég%d@/%%%% ds
entitl ed "ASdappldetdotocdissbdveatte” poyvdér vsihg | kbtradomiwhlly
' agitated water. The second_techhique is to immerse the _
substrate in water, dry the water from the surface of the
substrate, while allowing the holes to remain wetted, and
: then coating the substrate with hydrophobic photoresist
20 material. The third technique consists of silk-screening
" the photoresist material through a patternless screen onto
the substrate. The photoresist forced through the screen
adheres to the substrate in all areas except above the hole
areas. o - ' o | '
25 A further illustration of the use of a screening
process'appears in a disclosure entitled "Screening of Land
Patterns" by L. P. Remsen published in the IBM Technical

Di el ectric Substrates" by H M Haddad and H. K Spannhake appeari ng i@

K- Disclosure Bulletin, Vol. 11, No. 10, March 1969 at
o | page 1341. In this disclosure it is noted that conductive
L 30 1land patterns on ceramic substrates can be formed by

screening conductive paste through a screen having the
selected pattern. With finer patterns there is a tendency
towards voids in the end portion of the lands to which pads
of a mounted seﬁiconductor'éhip are to be joined. To

35 overcome this problem, the mask is removed from the screen

"~ in those areas coinciding with the portions of the land

patterns to which the pads are to be joined.

38 Further developments in the printed circuit



M Il er appearing in the |IBM Technical D sclosure Bulletin, Val. 12,

0., 10, March 1970 at page 1657. The 5 disclosure indicates that' a paste
%i sing powdered netals, dispersed in a binder, can be applied in a
dest’red pattern to the surface of a glazed ceram c by methods such as

screening or doctoring. The conductor Pattern is fired at an el evaf ed
t enper at ure anufhsturing &bt Hredexhibiféd By Us A1dEl e drti@ed S O

. h R
e e o b ada Strrﬁlﬁroe‘&ﬁf%m{?f“n; Ey ~
- nol ten netal &, EucMii%erhappeentngninrthb|I\BM1|Iedmm1 rm.scﬂbsure
More recent ggiggrg@ﬁenv§ n1§heN$| etg qﬁfr&ﬁ'ﬂ? % 7Fenre

tent 4,022,932 i sstied ) ow
Prgt ﬁgd fo ZPH O8UFRi. H€¥°$S?¥em9 QeEq% te misﬂm m@ﬂ@dpr epar ed

initially usmegamrsandasﬂepheﬂomra ebisdem®) mﬁme%pﬂlﬂéwmmnetsa%al ques

State-of - ( noPAFEerti: ko "Bt MEedbTRE! SRR Serdlny i methods, sych
cont ai ni ng aarSaampnéns or decteringi vcthe \mnmlctmepadm!m ssatfimeded by
- the patternegtr gai 6leREd Coeiipdia fiohd €8 | ELd €l e The rxﬁfd 3 Wy ch §

uni form reduces e di ns of_ the resi st openings an am)unt

det er mi nég b?aPFﬁe n& ?f?eme'F%]s‘F sto 4&% ﬂ@sﬁ%’c stt}'}?é‘:eand sol vent
used. In a lﬁurﬁdgKthgdﬂhrmgeprodW;cmecgld‘te muetﬂmc@&%mubl i she]gi “
March 14, 19 r S dat?d area of a
mat eri al sucﬁgaégg Ehé g%‘?r&%‘egﬁb r;:%)cté’r%] { ﬁé’é{g%f%g st eps of
defining a rESF'H-nSt.B}S 'B‘Pil?% neitals atin@s rféwasremomtgmdt Bhckness of
the materi al dip-gomeﬁlm@, uni form cover age of the resist step. Thereafter,

n
bbut ment 120 the rosi ot ARFEFOSHRt devetoien 1 B8 IRaRla%es") Shve (e
required arediselosedrinm|B. 3B. Feng, U. SFLpaﬁent dﬁmmmﬁssaed '
||Iustrated My 46, 1977. Feng relates to a resist reflow method for
making submicron patterned resist masks. The mask is
prepared initially.using standard phqto or electron beam
20 1lithography techniques to yield the smallest aperture
dimensions consistent with the.state-of-the-art.' Then, the
resulting mask is placed within a chamber containing an
atmosphere of resist solvent vapor. The-vapor-is absorbed
by the patterned resist mask causing controlled resist
25 reflow which uniformly rednces'the dimensions of the resist
' openings by an amount determined by time. temperature, )
resist thickness, resist type and solvent used. .
~ In a United Kingdom Patent Application No.
'GB 2,003,660A published March 14, 1979 there is disclosed a
30 method for depositing an area of a material such as a metal 1
on a substrate. The method includes the steps of defining
a resist step on the substrate and then depositing a
thickness of the material to provide a uniform coverage of
the resist step. Thereafter, the material is
- 35 unidlrectionally etched to define the area as an abutment
-~ to the resist step. Finally, the. resist is removed to
- leave the required area of material. _
38 Further deve10pments are 111ustrated by the -

[



-4- d| scl osur.e of. a fIarre retardant, flexible, solder resistant cover-coat
based on dichl oropropyl acrylate in E. D. Feit, U S. patent 4,136,225

i ssued January 23, X979.. A still nore recent devel opnent, relating to a 5
process for the-<production of sol der masks f..or:,p.ri nted circuits, is

oo o380 10 E LomGihehaike, bt & cRORE Y Sy TBAHR CHERRT, Flgotant

free faing curtai soveracpatt basednen dichloropropyl acxydaten in0Ea Bur Fass,
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|nsert|on and attac elsto?g t molten sold from

bri dgi fig conduct or s ¥&4d1 B&dﬁuﬁﬁﬂﬂ-ﬂg"ﬁs%eﬂb‘l’ E‘Eﬂ-lﬂlﬂ' FFT: & fgyer on
subsequently to10r ow dergapeobgcthe cbbard| errmammér iy fmﬁdimrﬁeaﬁhﬂ.&hi on

Lypi cal Iy appl i cd | RPYBRAPABY TRebb, Epodif 16k fodl Mrgi el surnse
term.nal pads that Aayerr &hatnngadet@obac%@gﬂemﬁdeﬂh%mmmdl axeas
attachnment, or to matee ¢hit llai}@fmﬁﬁéoﬂiss&@ved. ' The two nost conmon

met hods for patternlngasold a printed cirguit board are
phot oprinting and screen pri nﬁ"ﬁg. e &L?Wg%e{]&réoep % Sé‘ nBfBgral
by its cost and15he devslopmentsatn thglsrtaafqprtnxadenircuaqumnmﬁiheturbe At

particular circuit. tﬁiﬁ%ﬁ%ﬁtiﬂg b‘f?éug?ere lﬁﬁ]ﬁo&t ! cﬂ:‘ﬂd Qﬁat{%‘g sphaiﬁ.c

the case of sol der etarl I's"an opening in.t
problem of applying solder masks to printed circuit boards.

. A solder mask is a permanent coating applied to a
printed circuit board after the conductors have been formed,
20 but prior to the'assembly;operdtions-or component insertion
and attachment. Its purpose is to prevent molten solder
from bridging conductors and pads during assembly
. soldering processes, and subsequently to provide a
protective barrier against surface contamination during the
25 circuit's operating life. The solder mask coating is
typically applied in a pattern to cover all metallisation
except for those terminal pads that must remain bare to
accept solder for component lead attachment or to mate
with connectors. . o
- 30 R The two most common methods for patterning a
solder mask coating on a printed circuit board are
photoprinting and screen printing. The method used
generally is determined by its cost and the resolution and
| regis{ration accuracy required for the particular circuit.
35 Resolution is a measure of detail delineation. In the case
- of solder mask the detail of interest is an opening in the
coating having a predefined shape. Registration isa
38 - measure of the location deviation of the detail from the



coating having a predefined shape. Registration is a 38 neasuyre of the

| ocati on deviation of the detail fromthe i ntended position. In
photoprinting, the entire printed circuit board surface is first conpletely
coated.: Virtually all production solder mask photoprinting operations use
the 5 sol der mask in a dry fil mfrmt as opposed to a liquid. It is

" purchasegtéh@eat: sﬁt&ﬁﬁler al r eady coated and dried (solvent has been

renoved) on a dls bl e ester port sheet,. . The film of sol der’ gask,
as a- thernopl ast 2816‘?7?6 4:! teéltlil?g printed eirevit board by™& 10
Ian1natboar@rsnnﬁscelis|Eir&tﬁcamﬁlaﬂslwebpambﬂed Verecaalipksay) in the

Chot oreBloSaEEfod0fhek dBi Tufttt e 0B raRToRE LAY BAHI 1T D (1
sol d8r aeldepamask ninl% dry e‘ﬁ’ﬁ@eﬂﬂmm opposer: tavaoliquidurce 15 and
the uncygeds Cﬁ@ﬂ:ﬁ&séd’ ﬁéﬁi% Sipiliere ﬂ&@&@x eaa%a aﬁaeayﬂscr posed, and

t herefoge uncu ortions of e coat,j.n renp dissolving in a
soIventE?ﬂg ﬁﬁ#%%J SeR remy qﬂﬁi $FSCE°¥XPﬁﬁ¥§ conpl ete

descri psupport snwe'phot'ﬂps|mmg>£20mm«naskusasgadthef-mbplsstﬂer masks
can be. t S | % y F|In1SoIder
Mask" bgggﬂ&érf?\l é&%%%% &#%%&g&% E(@gﬁingﬁlgThe Pr oceedi ngs
of Qe i%M@éﬂrPM#ﬁect]% thexs gede Nf eurede, Novenber 11-14,
1975 at(eaassﬂ&:éch)omhcﬂe&de?ﬁrew TP asthghubtyatibleol der Mask for

P. C. B. bs a ar| |n Pr.oc s, of th st Printed -

Ci rCU|tr%6£¥Ei?BHV%HhFB e1979' % §k2 gog%?gﬁ h 2.8.8; and

" Pri nt etraiispament sang dpqm.ta samwmg'eagonﬂdngt tBhthepsblder (Dry Film

Sol der Magk) é?%g? n p r ngs of the

First Prlntéﬁggﬁé ?Siié?ﬁ nventlon tﬁB Eg%b?g%gﬂgg %ggggéS 4.1 _

t hr $8ghand sthe umm 98N8 5, prodwces @pagptﬁ:agkarm gxposure. :
The unexposed, and therefore uncured, portions of the

coating are removed by dissolving in a solvent that
typically is sprayed onto the surface.
. A more complete description of the photoprinting
20 process using dry f£ilm solder masks can be found in the
following articles: "Photosensitive Dry Film Solder Mask"
by Roger N. Brummel and Lyle R. Wallig appearing in The
Proceedings of the 19th Electrical/Electronics Insulation ~ . '
Conference, November 11-14, 1975 at pages 1S.through 18; '
25 *"Experiences with Dry Film Solder Mask for P.C.B.'s" by
T. J. Hibbs appearing in Proceedings of the First Printed
Circuit World Convention, June 5-8, 1978 at pages 2.8.1
through 2.8.8; and "Printed Wiring Design Aspects of Using
Permanent FPhotopolymer (Dry Film Solder Mask):Coatings" by
30 J. J. Hickman appearing in Proceedings of the First Printed
Circuit World Convention, June 5-8, 1978 at pages 3.4.1
through 3.4.15.
In screen printing, the solder mask, in an
uncured (uncroaslinked) liquid state, is pushed with a
35 moving squeegee blade through a screen mask onto the '
 ‘printed circuit board, which 1s positioned beneath and in
close proximity to the screen. The screen has areas
38 blocked off in a pattern corresponding to the areas on the

e e ———t v e



uncured (upcrosslinked) liquid state, is pushed with a 35 noving sque
bl ade through a screen mask onto the printed circuit board, which is .

positioned beneath and in close proximty to the screen. The screen has.
~areas 38 bl ocked off in a pattern corcegpandi ng to the areas on the - 6-

printed ci rcwt bo d that, are nat ,to_be coat The scr hghiefore acts
-=ms. a stenci| POIN§eY, fineyid hoard ttk’@tl REG; 8‘0 tg eﬁ@?'g?arf net: pattern.
--The appl i cat m:remd ﬂm:tﬁunmgarseaacaomlenshédtol allowntoansfersof the '

“Addi t i onal aﬂgg{ ;ﬂ'@@tde co r 3 &R nt ation
of the screen ﬁ#l ng ocess carﬁ%ﬁ gﬁﬁgkﬁn t Fe‘sfg %&%ﬁ artic

. " Achi evi ng Omﬂ & @t fccoppld ﬂ-&'ﬂ &aBSPHé?-YMasks by F. Axon R
Ceek, W guster, M lertmmea 1ﬁzameiongam detatEsli ngs of

et T g C“'%%%ie%i%&i@&”ﬁﬂﬂ% arend BEAREHIEY D, R

Suender appeaprcnyam Rmdecdowd dn the Foldowbtngnarticlessi %/Aubimlng

Conventi on,. JR%b\@ﬂ,ﬁn@ P%ik?&.@n tula h 1 " " Ust ng
U traviol et di ati on ab e‘%gy ns Pﬁ Pri Rigds(e)mragﬁlnéSEs aﬂfl

*Fefferman apgtarA%Rp «,yedl eTh Mhe QPHnE?EGtPr %?%@Prom cs >
| nsul at i mocwppéﬁnﬁg ﬁb nﬂ&h’é girptoPpiitedhC ﬁBIloﬁIli
Screen prlntl n 351€3PgN but it
“is not capabl CI n e rezL an aﬁg l(, ?rﬁ‘i‘ a’bl e wth
phot opri nti ng"Precision falden Masks Psing élésﬂéﬂs tpnglmerhebmu rection

*.of narrover spAGhshdErd diffieed ed8d bbeSth85Fiﬁ§teP§iﬁﬁbwse of
| phot opri nti nw:@éﬁﬁﬁ% E‘E{—ﬁ'g q al"'"og""t"" and the
critical nat rFHP@d5c rc bB&r BREL.Y alion stop
‘are maj or1onthirdugh M. 5.2¢ el "Wating Wldiravisiles RadiayiphoCupable ed
solder mask.  pegins for Printed Circuit Coatings” by G. B. Fefferman
appearing in The Proceedings of the 19th '
lectrical/Electronics Insulation ggg;gggggg, November
11-14, 1975 at pages 11 through 15.
20 Screen printing is generally the faster and less
: _expensive method, but it is not capable of producing the
resolution and registration achievable with photoprinting
With printed circuit board designs moving in the direction
of narrower spacing and denser: conductor geometries,
25 1increasing use of photoprinting is taking place. However,
the dry £ilm material cost, and the critical nature of the
:photohask to printed cirecuit board registration step are
major contributing factors to the high oost of using
_ photoprinted solder mask.
30 - Accordingly, ‘the problem faced by the printed
' circuit industry is that of applying a.solder mask coating
to a circuit board by a method that is less costly than
photoprinting yet achieves the resolution and registration
. provided by photoprinting.-_
35 - According to. the present invention there is
provided a process for applying a coating to a cirouit
board so as to produce.uncoated regions on land areas
38 surrounding holes in said circuit board to which land areas




Accordingly, the problemfaced by the printed circuit jndustry
'that of applying a-solder mask coating to a circuit board by a nethod
t/is less costly than photoprinting yet achi eves the resol ution and

regi stration provided by photoprinting. -35 Accordi ng to: the
present invention there is provided a pTd%eSs for applying a coating to a
circui tdboarﬂ af aie&arﬂg@ﬂwgm@ms e qsasherrdm ,AICHARASRERIZED
surroundi ng ho id cipcui i C

el ectri cal conh n3 §p?o°% '}%&’%dté ?ﬁ%ﬂéﬂ B%f%?ﬁ cg‘f'gb‘g'tof
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t hi ckness; &8i nBHTEAfagbeing. ??Y%fe‘br%éﬁﬁ%éﬁwié@n&%ao jé‘&ltd mat er i al
on said Iand ap?ideﬁdrﬁﬂﬂédlﬂﬂiékmébiwﬂdiminl Gaidreageter m ned

t hi ckness, expgQsi sai r t ol Y rce
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sai d second prateasr aunrdundingmebd th@l&a sta @ secang ipne dal |y
|nh|b|ted due es C jal in
regions h |ng%§%|d ?I%St ed t hi ckness 11Q9h3§fgbg§&§%

o "ﬁi
advancenent Oi n®REF&Y 890Tee nde éﬂﬂﬁ uﬁﬂ#iﬁﬁ %Pﬁgda
surface | ayer; saﬂﬂacerrmwn mmgw:e lefé:ls'blsad see“c‘mde pzw,de!te&'mdnedal d
circuit board gpﬁé p*t téhf@”ﬁ@ﬁﬁ idﬂ“%dﬁ 2%§pﬁhiﬁ$ﬁt th the

I'SCusse I'Sc d

heretofore 20 osures -1's overcone I n I'ment o
~invention for @¥el $enghe presence tof epzéyserumhm anwmm ngtps'ial

applied so as §f ?é%ﬂéﬁs mgeﬁhwgtw QPredutbriiond TWicknedisng hol es
in the cirgpit b8 to whic and ar an electr| al nnec n.is to be
g% ergoes gn agyan fﬁﬁh é%ﬂﬂ(iﬁj @ €8 f ace

ef fect ed.
of the C|rCU|tbbneaﬁhathencurefdnhdhdted sundaquiaqmus and removing

said cure-inhibited surface layer from said circuit board
with an appropriate solvent.

- The probdem associated with the heretofore

20 discussed disclosures is overcome in an embodiment of the
invention for applying a coating to a circuit board. The
coating is applied so as to produce uncoated regions on
land areas surrounding holes in the circuit board to which
land areas an electrical connection is to be effected.

25 In the embodiment there is applied to the surface
of the circuit board an uncured material having a cure
reaction which is susceptible to inhibition by the presence
of oxygen. The surface;of the circuit board is covered

~ with the material to a first predetermined thickness. This
30 first predetermined thickness of material .on the land areas
_ surrounding holes in the circuit board is diminished to a
~ second predetermined thickness by allowing a portion of the
material on the land areas to flow into the holes.
The uncured material is exposed to a first energy

35 source which delivers a quantity of energy such that a.

surface layer having the second predetermined thickness has
_ its cure reaction substantially inhibited due to the
- 38 presence of oxygen, Any uncured material in regions having-



~ reacti-on‘whi'ch is susceptible to inhibition by t he presence of oxygen.
~surface of the circuit board is covered with the material to a first
predeterm ned thickness. This 30 first predeterm ned thickness of material
on the land areas surrounding holes in he circuit board i's dimnished to a
second predeternined thickness by al oM ig a portion of the material on the
”'hand areas tthél pirstiprédetdmiimed Tt ckness: andergoesl ansadvpncedent a
= ddrst energy,35 e t. a
. .surface Iayezpi 3‘# %e%rg&lrgeépr ]i%(fe rﬁq ﬁ%ﬂﬁc%ﬁ&gﬁkghﬁp&ﬁiwg
© reaction subeuaﬁe¢ejlqyerwntﬁhexﬁaﬁken<$hﬁu9qa9-én@ébﬁ dopusfggen. Any

- uncured nat efhgbri {is ' FEROVED "o khe cifcuiie Yoard! withdaheapbpepriitekness
~under goes_an van&enent In cure reaction in a sublayer beneath the

- cure-inhiBit® ace | ayer. Thereafter the cure-inhibited surface |ayer
is renoved fromthe. C|Theuamdunm(biMmdteniainﬂlquingtén&os&heehble!he anount

e LRl bty I Al ‘?‘ﬂﬁgﬁ R tilicRhbsS, %ﬁ@‘gggiﬁ?’hany
mat eri al brlﬁglﬁbdﬁﬂélhﬁleg the helgs and hﬂﬁ?n§§§oﬁ 2py pREG®LIALN ned

* thickness. Fapbiagi ﬂ mlhms%qiotgaemrwﬁmreabonuhe circuit board
- and the cured er r|n t he surface of the board can be heated
W?%d

advantag uspﬁe?ﬁ viscosity of the -uncured material and
15 increasing its fIomﬁmilawsng'ﬂpplﬁnaﬂinnlﬁﬁ(&heamncuweﬂemapprisﬂ,

adva”tageouskg b%%ﬁc fﬁ'éﬁd'¥hé”d%&ﬁ¥é&“ﬂi%e&&ﬁi tbverBRk thecOating
i s unpatterne catlon t echni_ques such as curta oat |
rol ler coatiBYrEREe 20f E% GRp & heated, edyantage igé EF?ggo apply
‘the uncured podacing tmtmmiwmpfmww hnel‘.b&&ﬁ.dl ahd i nvention
Wil be Pgtteh HRISIRE OPls UPRivability.
' _ _ The uncured material can be applied |
. ‘advantageously by a screen.printing process such that the
. applied coating is_unpatterned.. Other application
;techhiques such as curtain coating, roller coating and .
20 spray coating can be employed advantageously to apply the
‘uncured material to the surface of the circuit board.

The invention will be better understood upon
consideration of the following detailed description and
appended claims taken in conjunction with the attached

25 drawings of an illustrative embodiment in which:
FIG. 1 is a block diagram illustrating the steps
. in the process with optional steps indicated by blocks
- | having broken outlines;
o FIG. 2 is a partial sectional view of a plated-~
30 through hole in a circuit board showing the disposition of
the uncured material after application to the board;
: FIG. 3 is a partial sectional view of the hole
after the thickness of material on the land area
surrounding the hole is diminished;
35 FIG. 4 is a partial sectional view of the hole
after exposure of the uncured material to a first energy
source which causes an advancement in cure reaction in a
38 sublayer beneath the cure-inhibited surface layer; and
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tfake n conJ unction with the attached 25 drawings of an illustrative
andys/ ment in which: FIG | is a block di agramillustrating the steps in
t he~process with optional steps indicated by bl ocks having broken outlines;
FIG 2 is a partial sectional view of a platged 30 through hole in a
circuit board show ngfg.he 3 appartialosectionde wiae wfetherhobe iaftemfther
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than 20 nils (o EGshegn foynidc dhaty thisk grocassctanobe cmployed advantageously for
hole sizes approximately 20 mils (0. 508mm) in- diameter or greater.
smaller hole sizes than 20 mils (0.508mm) typically make reduction of
the thickness of the material on the land areas more difficult.
20 Nevertheless, use of exped'ients such as use of suction, allows use of
holes smaller than 20 mils (0.508mm). '
As illustrated in the partial sectional view of FIG. 2 the
initial step in the pr-ocess is the app‘hcation to surface 30 of the -
circuit board 31' uncured material 32. Th'is step appears as block 10
25 in FIG. 1.
 Material 32 is chosen so that upon treatment with a suitable
source of energy, for example, ultraviolet 1ight, 1nfrared radiation,
an electron beam or heat, it undergoes a modification, such as a
"chemical reaction, which renders it less susceptible to removal than -
30 from an unmodified r_eg.ion. For ex_ample,_ material 32 is chosen which
upon irradiation undergoés- a chemical reaction such as polymerization
through crosslinking and becomes relatively insoluble in a solvent
that rapidly dissolves the unreacted material.
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t he thickness of the material on the |and areas nore dlfflcult 20 B
Neverthel'ess,” use-of expedients such as use of suction, allows use of holes
smaller than 20 nmils (0.508m). As illustrated in the partlal sect i onal
view of FIG, 2, the initial step in the process is the application to
surface 30 of the circuit board 31 uncured majgrd al 32. This step appears
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| nhi bi tion being suchcggedda Wsnwmeeowayte@aﬁrpms%mﬂ a@St@aflfwabl e

| 'igui d upon exposure to an & 1:F:rl ate first energ
I
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effective is that o?mcreen creen not an patte_rn
therein. Anot her @étwam@ffmivesiss&ha’esfesqrsen printing with the screen not

" having any pattern therein. Another technique that is suitable for
this purpose is a curtain coating process. Other ways that material

20 32 can be applied to surface 30 are roller coating, spray coating and
by the use of a threaded draw-down bar.

Depending on the thickness of material 32 applied to surface 30
and, in particular, whether plated-through hole 36 receives so much
material 32 as to become plugged, it may be necessary to implement the

25 optional step signified by block 11 in FIG. 1. This step calls for
the removal of at least a portion of any uncured material 32 resident
in hole 36 so as to provide a cavity to accept further uncured
material 32 flowing from land area 34 upon implementation of a

, subsequent step. In practice this step is most easily implemented by

o 30 the application of suction to the underside of circuit board 31. '

| . After circuit board 31 has material 32 applied thereto the next
step is to diminish the amount of material 32 on land areas 34. This
step appears as ' o

3%



| S purpose is a curtain coating process. Qther ways that materiral 20 32
be applied to surface 30 are roller coating, spray coating and by the
of a threaded draw down bar. Depending on the thickness of material 32

lied to surface 30 and , in particular, whether plated-through hole 36

_ ei ves so much material 32 as to becqomg pl ugged, it nay be necessary to
I npl ement the_25 optional step-signified by block 11 in FIG 1. This -

r

'step cal s f8106kna3 idnsheyblock diagralsef ElGodsi dheoreductiomdn ddckness, i al ~&o
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application & dJetamount oft naterhal38i thowdng dnte holeh3ar ts prefexpbly circuit
board 31 Bas 1im{taki @lch3thatPBAd Wi iRES P hdR@riE 32 SHER1dkali Ps B5Any afy t he

amount of materigl_ 32 on, lLand areas, 34. .Thi,s step appears. as 35 bl'ock 13
in the bl ock“‘ﬁ?ed'gﬁérﬁzo’f'hﬁhd‘%ft b\%r%éﬁ&dﬁ%ﬁﬁois i'{‘)? ﬂ'Fﬁpagﬁﬁeté‘é"o ®material 32
i s acconpl i shetckngssildfomategial pRrahich wifll nemain ainc(dedoby loxpgerar eas 34 to

flow into pl - u (o] : i ' f
material 32 13 b%itﬁm'ﬁn?ﬁh i%o#@s?kégss; gﬁ?ﬁﬁﬂb% v@l‘& |"‘.$Fn‘ E@amﬂ&?ﬁgt the *©
t hi ckness of. tmiceﬂ?sawamesOﬁnswémssS P8 apnroximataly eneshalfotaiwe mids ght

bridge hedes (85123 P odsm)er than the thickness of material 32 which will

remai n uncured b X n.inhibition. .This thicknes f terial 3 i ch
T Femmin uncuAUERAUgR: el Byfeknbgof \hcirad BERTET B, o Rt areas dty 15
one-hal f to diminished H@e to( the) p2&sence afObolds. 36y tificmagleridle3g hisckness of .
uncur ed Mt eglalssigeyyl s AREE 132 has 41 WsBhSfigtarbiter tnpe Presence of
holes 36, if nateria § I'S_excessively viscous, tﬂat I's, has, a viscosity
greater thanappaxdnatedy €10,00Q) cepbinadnes 95i Weholss 6 ars| wyisug) i eMaldusual 1y ~
smal |, 195t hahat 95, aving additinete Aess ahan tapprodmately aRtndy (@Q508mm) S

G i nut 1 o v E 15080001 FraF caBeSeTVB el hdii o8 rof hikPhess B E Peq 1o
the di m nuti whlbfoceunt.eri al 32 on l'and areas 34, an optional step denoted as
block 12 In order to reduce the amount of time required for the diminution
of material 32 on land areas 34, an optional step denoted as block 12
20 1in FIG. 1, can be.emplqyed'advantageous1y. This optional step
‘involves the heating of circuit board 31 and material 32 covering
surface 30 such that the viscosity of material 32 is reduced thereby
increasing its flowability. In contrast, if material 32 is too thin,
that is, a viscoéity less than approximately 100 centipoise, generally
25 coating of material 32 on circuit board 31 is difficult.
' Having diminished the thickness of material 32 on land areas 34
to a thickness no greater than the thickness of a layer which will
remain uncured due to oxygen inhibition, the next step is to expose
material 32 to a source of energy (not shown) to initiate the cure
30 reaction. This step is denoted as block 14 in FIG. 1. The type of
energy source that is employed is dependent upon the type of material
32 that is used. For instance, if material 32 is an ultraviolet
curable substance the energy source is '
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20 in FIG "1, can be enpl oyed advantageously. This optional step Jéé;;;>'
‘i nvol ves the heatlng of circuit board 31 and material 32 covering surf

30 such that the viscosity of material 32 is reduced thereby increasing its
flowability. In contrast, if material 32,is too thin, that is, a viscosity "
| ess- t han approxi mately 100 cent i poi se, 12%enerally 25 coating of materi al
"¥'32 on ci rcuetithea‘r en3ultravioleturadiatiomgsalrdeiathan telecriviark heed of
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- of a Iayer w || remain uncufed due oxygen 1 nhibition, ﬁext

step is to e¥hEsENREEY FANreS {8 E%%Fc%°%ﬁ°%mergy ( not shomn) to initiate
the cure 30 reacti onWhid¢hevep! tppe soflanpterisl 32 amid b@xevgyFlsGurbe The

aber T 8 Bhar R REp)BThg, pRERERIE 52 21BN AP M RS For,
curabl e subs@akdset sufficieptstoreause ¥y advancement Hn iﬁﬂtﬂuneaVIolet

" radiation SO%Q@thnaﬁnehﬁﬁj?@rbSﬂn 8850w | in TPICY i1p) vid1ieS stridagiere! |y

curabl e subs nce, e en ourc eat sour |c ever type of
mat eri al aegnéb Yegﬂ °?ﬁ%§ é eﬂ$IQ§¥§Fnrﬁﬁh§h o | SM&osed to

"such source hnbunttoteoxyténcinnhmbbentusﬁrahsadmﬁttuienﬁ ton datusecur e
reactlon ? 3@ shown in FIG 4, while surface |ayer 38 renmmins
uncured 0 oxygen |n% "tion. The anount of oxygen in ambient air is

“suffici ent to cause 10No§uenlynkhe;environgent yt iakse the sdeaenofkhey so
‘the dose of . ehposupesfirémf the fbﬁstléﬁérgﬁeswwtux@ﬁmmﬂsﬁﬁnwy of

total  oner gy eRoBRRERY, SpEEiPRSe cFaR-teeret, ar ke Wity - 1B Miseuduce
~sufficient athatcésgnthentotad enesmMIayppliﬁd per undthpiodunfegr shwnddi a
IR, 18, et SR OB perso bt BRI s S\ 1000
enpl oyed. layer 37. For exemple, material undergoing free-
: _radical polymerization, such as acrylates, actinic doses in
. the range of 20 to 2000 millijoules per square centimeter
are typically employed.

20" Excessive intensity generally counteracts the
inhibiting effect of the environment. For example, actinic
intensities greater than 100 milliwatts per square
centimeter generally produce free radicals in surface
layer 38 at a rate faster than oxygen in air reacts with

25 these_radicals to inhibit the reaction. Thus, to increase
the extent of inhibition either the intensity is reduced or
the oxygen concentration in the environment is increased.

- However, for modifications such as free-radical reactions
. _ in materials sncn as some acrylates, intensities less than
« 30 one milliwatt per square centimeter result in excessively

“long and thus uneconomical exposure periods. For such
materials to achieve the desired level of inhibition and
still receive the desired dose level in a nominal time,
intensities in the range of two to twenty milliwatts per

35 square centimeter are employed. As discussed, a suitable

' concentration of oxygen in the environment will inhibit the
modification of surface layer 38 for materials 32 that

38 undergo free-radical reactions. The extent of inhibition
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Excessi ve intensi ty generally counteracts the inhi bi ti ng .

xct of the environnment. For exanple, actinic intensities greater than
mlliwatts per square centinmeter generally produce'free radicals in
face layer 38 at a rate faster than oxygen in air reacts with 25 ‘' these
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Regardless of which method is used, the cure-inhibited material is
removed from board 31 and any rema'mmg sol vent is allowed to drain.
20 This step appears as block 18 in FIG. 1.

' Once uncured surface layer 38 is removed and excess solvent is
drained from board 31, as shown in FIG. 5, board 31 is dried. As
denoted by block 19 in FIG. 1, this drying step is optional.
Following the drying operation, board 31 is heated for a time

25 sufficient to drive off any solvent absorbed into uncovered subIayer
37. The_reafter sublayer 37 is preferably subjected to a second energy
source to further advance the cure reaction to what mi ght b_cbnsidered
the final state at which time sdblayer 37 has a thickness ranging .
between approximately two' (0.05mm) and six mi 1s (0.152mm). Note once

30 aga'in that the heating operation and exposure to the second energy

~ source are optional steps as denoted by blocks 20 and 21 in F1G. 1.

Thé second energy source should be capable of
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block 16 in FIG 1. In accordance:w th the second nethod, board 31 is" @
i mrersed into the solvent. This is denoted as block 17 in FIG 1.

Regardl ess of which nmethod is used, the cure-inhibited material is renoved
from boar.d 31 and any remai ni ng solvent is allowed to drain. 20 This step
appears as block 18 in FIG - 1. Once uncur 88 -surf ace | ayer 38 is renoved
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“manuf act ur ed by screen printed

t hrough a 185 r?ﬁ%h?aﬁoﬁfé%ﬂ%ﬁtsdﬁ ednd, zhe r‘?@ibé\eﬂﬁeﬁeéﬁflﬂeﬁt 5t|-or9"§nP§$5
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setting at "5" areand4 passdimisishedetmiless tthen mavmyotomsw.seﬁimmtlbaerd eet
(152C”B) per ”‘3{'%&% then exposed to a 1,000 watt high _pressure mercury vapor lamp

20 focused over a 12 inch (30.48cms) diameter circle. The exposure was
for a peri.'o_d'of five seconds. The cure-inhibited surface 1'ayer 38 was

~ removed by immersing cihcui-t- board 31 in a 1,1,1-trichloroethane

solvent for 30 seconds. - Circuit board 31 was dried by compressed air.
'Fonawing the ‘drying step, circuit board 31 was heated in a forced air

25 oven for ten minutes at a 'temperature of 100 celcius. This heating
step was employed to drive off any solvent which may have been
absorbed. Circuit board 31 then was exposed to two focused linear 200

o - watt per inch (2.54 cms) medium pressure mercury vapor lamps. One
pass was made under the lamps at a rate of ten feet (304 cms)_ per
¢ . 30 minute. In this embodiment the resulting uncoated region surrounding

hole 36 was an annular ring .concentric with hole 36, having an
internal radius equal to. the hole radius and an external radius eight
mils (0.2mm) greater than the radius of hole 36. -
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As a_result of this heating step, the thickness of material 32 on I and
»as\34 'was diminished to less than one mil (0.025nm). Circuit board 31
en exposed to a 1,000 watt high pressure nercury vapor |anp 20

d over a 12 inch (30.48cns) dianeter circle. The exposure was- for a
of five seconds. The cure-inhibited $urface | ayer 38 was renoved by

rsing circuit bﬂaéﬂ: g% ﬂ’?u?tJJatiEpl ehbd i RbAY %?t\gf%”?n\?e%:g’r'frf"ew&geﬁothe

seconds. Circuit boar corrpresse alr

~drying step, ci F28 tunwaﬂdn@frms%aét éEI the £inss embgdigantes HoweNery Vbrthl%n
m nutes at a teepssdinents unéuredOnatertdlus2 wthamliIedattun@m:nw board Sapyoyed to-

“drive off any sqlvent a r e 0 t hen
‘was exposed to ts%eeﬂo?:%gﬁpq r{ﬁ%ﬁ{&ﬁ %&Bvﬁ%{h E@S’ ?ﬁ%h g%"'@ﬁi‘ﬁé‘? %JS'I“%
pressure nergurdefinition anlys. ourpdsaterial n3ziwasirappl iedhdo | ahickaess ofat e
incoated reg! 32*;???%926[“3" expdNTHithrtal In TSs S5 Wak Tibln It BrPil
hol e 36, havi ng?Hh PArRIRIRY PPH&%‘?J@'E%SI“Q"SWWQ fflecof a&if‘ﬁ%‘%ﬁﬁ?"&’@bxt er nal
“radius ei ght n Cérdudt 2ioard Bleads hebte to hedocalithe vikcteiity dOundired A
second il | ust ra}n&/ g{r‘gﬂdl Nt é?l% “1& k t&é%@rﬂﬂﬂ ?%oev@ &}etggrﬁr cured

material 32 as st e I ment . V\BVGI’ : I ment “uncured

mat eri al 3216)vasemmm was @mplayied Hoahis smbwmgets @@nﬂ}ﬁr pregess. t HOwRNS!s a 60
Tt ool 55 v 6 PRRsEAUERO mRAL WTEH the TonvEfr SiqddSetBLFive ARG 1 in
ol 5! 36 s o B In: Asy e gashlt BETHR fRasdng stBny he AR eknnsc: o MGHTEIat o0
side of circui tmim:arrim 32. oiCilandi arebmaudw&ldimibm ¢o Yessrtmnck. & mils

[ it f t [:C e b a e for
Uhe firel So "SRR e“'%’??'mr“‘%asﬁfﬁ FEE expuioh 900 Hob PG RANE |
However, twtd paagté@umrnsrﬁmrevmrh Q'We e%eémrsqaéw@t (30.48¢msd diaa@et@rér

giznuteI Ag a reawééieOFort glﬁeme@tdfnamt SécondSe trhe Cdﬁ?ésﬁ\h@&ﬂéﬂcblfﬁﬂcémhﬁéﬁ alt
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| anp focused overld, 1-2tninb}orpemamecs:ﬂ):emt doretaepeciadcb 30osecandsy | dol thiisfi ve
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20 “Following the removal of cure-inhibited surface layer 38, circuit
| board 31 was heated in a forced air oven for ten minutes at 100
Celcius. After the heating step, circuit board 31 was exposed to two
focused linear 200 watt per inch medium pressure mercury vapor lamps
with one pass being made at a speed of ten feet (304.8 cms) per
25 minute. In this embodiment of the invention, the resulting uncoated
region surrounding hole 36 was an annular ring concentric with hole
36, having an internal radius equal to the hole radius and an external
radius four mils (0.1 mm) greater than the radius of hole 36.
In a third embodiment of the process uncured material 32 was the
30 same as that used in the first embodiment. However, in this
embodi‘ment material 32 was applied to a thickness of 2.5 mils (0.0635
mm) with-a manually operated draw-down bar having 56 threads per inch
(2.54 cms) Ay excess :
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~a 1,1,1-trichl oroet hane solvent for a period of 30 seconds. In this
enbodi reht of the process, the optional drying step was omtted. 20
Fol l owi ng the renoval of cure-inhibited surface |ayer 38, circuit board 3
was heated in a forced air oven for ten mnutes at 100 Celcius. After the

--heating step, circuit-board 31 was exposed 160-two focused |inear 200 watt
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mat erial 32 ' [ [ ' 31.t h t
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speed of ten feel _ ) pe ] ‘Tace | ayer 38
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oper ation on cicmsl)i edianr pre3$unen seecury svaper t lampswovith coneephssi being {2 akita s
- per inch (2.54 gpeed of ten feet (304.8 cms) per minute. In this third embodiment,
' 20  the uncoated region had an externa] radius four mils (0.1mm) greater
than the radius of hole 36. o ' |
" In a fourth embodiment of the invention, the same uncured
material 32 used in the previous three embodiments was employed. In
this embodiment, uncured material 32 was applied to a thickness of 4.5
25 mils (0.114mm) by screen printing through an 83 mesh polyester screen
having perimeter definition plus ten mil (0.254mm) spots. These spots
were centered over 43 mil (1.09mm) diameter holes 36.  Due to the

& presence of the ten mi1 (0.254mm) spots in the screen, it was not
necessary to remove any excess material 32 from holes 36, since the
A 30 spots prevent the application of material 32 to board 31 in a quantity -

sufficient to plug holes 36. Thereafter, circuit board 31 was heated
to reduce the vi.séosity of uncured material 32. This heating was
accomplished by exposure to an infrared dryer for a period of two
- minutes at which time the surface temperature of circuit board 31
35 reached 100 Celcius. ' B :



5) “nmedi um pressure nercury -vapor |anps with one pass being nade &t a

£ged of ten feet (304.8 cns) per mnute. In this third enbodi nent, 20
uncoated region had an external radius four mls (0.1nm greater than
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and the duratlglﬁﬁof §x osur seco fﬂ re-inhibited surface

| ayer 38 was r ‘By"’ Bregd A é"'i" 1f°I 3 PEERG P A PIAuLeS WEL? on circuit
board 31. Thi s tempenaitae wfislldoleldinsa tG‘cnﬂtohmchl @as dhhepiaxgosed to

manuf actured b n I ters
per mnute. *hFﬁé fo%o(a irr%gd rrenw& ﬁee op ona @gn@? n@ﬁﬁtnpkrem?as?rge tted.
Aft er curelﬁnhlﬂﬂrtw vaporalamps with one pass behng, made @tr%lﬁp?e(b@irlﬁ feetas

Qigtggl in a fOV(Q@d ciis ) ;ié‘f‘elﬁirfu%. aIﬂefﬂ'i@delﬁﬁodinﬁéht”tﬁémﬁ@oa%bd&'eb%ﬁ)%dtdhre of
ci us. :

b d |
watt per i meh (sveal pEsHiis derfl iras S0 LT “Sreaber dhST 8 Yol o e one

pass bei ng nad@6at a: speed of 13 feet (396,cns) per mnute. In th| S
~enbodi ment the uncogyf goeireR iBodfidn® bf the invention, uncured material 32
20 contained the following ingredients in the amounts shown below.

Material 32 for this embodiment will be hereinafter referred to as

Formulation A. - '

: FORMULATION A
Ingredient Amount by unit weight

25 Celrad @3700 ' o - 30
nycar ® vTBN 1300%22° R 20
SR-349 - 30
QM-589 . ' : 40
Irgacure 651 : o : 1

30  Magenta pigment conc.#9R75 3 3

Celrad 3700 obtained from Celanese P1ast1cs and Specialties Company

essentially consists of an acrylated epoxy prepared by reacting

acrylic acid with a bis-phenol A epoxy resin having an epoxy

equivalent weight of 190-200. Hycar VTBN 1300%X22, sold by the B.F.
35 Goodrich Chemical Group, -




external radius seven mls (O.'-178m1) greater than the radius of hole 36.

a fifth-enbodi ment of the invention, uncured nmaterial 32 20 cont ai ned -;',ff!
following ingredients in the anbunts shown bel ow. Material 32 for this =
enbodi pent wi.lI" be hereinafter referred to as Formul ati on A. FORMJLATI ON

- I ngredi ent _ - Amount byl&uri t wei ght 25 Celrad [err]
%Y,Q%R_ 349 - ~ essentially consists of an acry%gté'%%%ina\%zgu file butadiene
40~ rgacure 651 1iquid rubber having a molecular weight of apﬂrogynatemgigﬁpa wWithmmt

- conc. #9R75 acrylonitrile content of Gppraxdmatdly DPbiar neitfdndnaselcayrie

. Plastics and Speci altjes Conpa essentl al | onsj sts _an ryl at gd epox |
prepared by regchr&@"{é&?ymp?gﬁw ef* ﬁhé)‘i\ PSi"Z- ﬁgﬁcﬂ‘ Aﬂg’bgi’y 93@%?%%%\7%8 a%

epoxy equi valent Santonént Compang(-easentiaffjy aonsirasl af3@0X@thoxylated tyi sephens] FA

35 Goodrich Chmcfy;‘ht?:gu -589, avahﬁamee%sﬂtthe' ohmCEHUS 145 cOipady, acr yl ate

term nat ed acryl oni ad| ene uld rupber having a nol ecul af wei ght
of approxi mat el ycensdsts wubstantialdy ofodseharngl acry iate. ofl raperetai eIy 17
pSEr 3cgnt. gnd andpmt»lmmaemtfem thé CIppiguiigietorboratio®hapiig thé ohehical
- 349, obt ai ne 0 r [ _ ' ent ISt '
et hoxyl at ed bi S-B ng}éﬂiﬂé@Sﬁﬁﬁfgﬁo%B?fgéai It“gg%']é%f ﬁ%ﬁecsoﬂg%?ﬁgﬁ%
Haas Conpanyl0 co#fR76: sobdabeadaficamaPesn 6plarsobag.nytordaing at euinperjidone eyl i s
a& phot oi ni ti at or pfgu@At tdiSpérsea- {aeitBimethy RAPASPaRE £13¥LRMatde chenical nane
2, 2-di met hoxy phenyl acet‘oﬂ%en&)ne. I\fagen a ptﬂqﬁent. concentrate 10 {#9R75,
obt ai ned from Penn CEPMIation A is,prepaned as,(AIAg¥ss abhe EOP0N Yessehis
di spersed in. traddedhtieobpovepdungredieretsr iri ahe.amoontsukshéwnoabdvei andraptireed as
fol | ows: Inacmmn el < [ ' '
shown above and ?n th‘e%/sg:rag'erTr‘?s\’taggad*hg%\fgggaéﬁomﬁgpﬁggf ?E%I@t g&éti%g?%%% y
50- 60 Cel ci ut5 bymeans ofdawalestbathaate mikture wancthenxstireedufortifeis dinutesd
for 10-15 m nutegt that temperature by means of a mechanical stirrer. The mixture was
" then cooled to room temperature and allowed to stand for eight hours
before using to allow entrapped air bubbles to escape. Alternatively,
the cooled mixture was placed fn a vacuum chamber at 10-20 mm mercury
20 pressure for five mi nutes to remove the entrapped air bubbles.
Formulation A was applied to circuit board 31 to a thickness of
3.2 mils (0.081 mm) by a manually operated draw-down bar having 40
threads per inch (2.54 cms). Arny excess material 32 in holes 36 was
drawn out by a vacuum from the noncoated side of circuit board 31.
25 Thereafter circuit board 31 was heated by exposure to the same heat -
source described above with respect to the first embodiment, however,
.the conveyer speed was set at 2-1/2 feet (76.2 cms) per minute and one

0 ~ pass was made. This heating step diminished the thickness of uncured
material 32 on land areas 34 to less than 1.2 mils (0.03 mm). Circuit
¥ 30 board 31 was then exposed for 20 seconds to a 1,000 watt high pressure

mercury vapor lamp focused over a 12 inch (30.48 cm) diameter surface.
~ Cure-inhibited surface layer 38
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a \at tenperature by neans of a nechanical stirrer. The m xture was then
' o 'to roomtenperature and all owed to stand for eight hours before

X g/to allow entrapped air bubbles to escape. Alternatively, the cooled
ixttire was placed in a vacuum chamber at 10-20 mm nercury 20 pressure

for ‘five minutes to remove the: entrapped. gigr_. bubbl es. Formul ati on A was
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mnutes. G rdaAtus,8EMP18136ras dried by conpressed ai r Thereafter,
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at ciu lL.na t bpar 0t ocuse

| i near 200 watsc "%f #%h ?"gﬁ&gﬁg "'r%ﬁ?%ﬁut%sg'ﬂﬁ émﬂ‘&' gif”‘o [If\go ™t anps
with two passéﬂgt@‘dlaﬂ]@&rﬁde this aembpde'blenbfwmérbe‘ bereindtterSreferyedeo as nute. -
In this enbodirgpmitatidieguncoat ed regi on had an external radius seven nils
(0.178 nm greater than the radius of hole_36. 10 In a sixth

enbodi nent of the |nvent|on uncur ed FABYWATHIN B> consists of the fol |l ow ng
ingredi entlS in t hdngredieht shown bel ow. -Mat erAmeunt3 By fuii ttddighenbodi ment

wi |l be herei ngaq‘r ®eg%ied to as Fornul aHWB—\%?WDW%TB 15

| ngr edi ent

Anount by unit ight Celrad [err] 3702
50 Hycar ®VTBN 1300K23 0
| © QM-589 o )
- 2,2-diethoxyacetophenone o 4
20. Magenta pigment conc.#9R75 : L 3
~ Modaflow ® : : : 1.

Celrad 3702, from Celanese Plastics and Specialties COmpany,
essentially consists of an acrylate derived from reacting bis-phenol A
‘epoxide with acrylic acid and an unknown diacid.’ Hycar VTBN 1300X23
25 from B.F. Goodrich Chemical Group, s structurally similar to Hycar
VIBN 1300X22 but having approximately 2.35 acrylate groups per
molecule. The photoinitiator is 2,2-diethoxyacetophenone from
Polysciences, Inc. Modaflow is a flow modifier obtained from the I
~ Monsanto Industrial Chemicals Company. ' o
30 - Formulation B was prepared in the same manner as Formu1ation A.

" That s, the ingredients were added to a common vessel in the order
and amounts shown above, heated to 50-60 Celcius and stirred with a
mechanical stirrer for 15 minutes. Entrapped air bubbles were removed
by allowing the mixture to stand at room temperature for
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Hycar  VFBN 1300X23 30 Q589 (3
50 2, 2-'di et hoxyacet ophenone .4 20 Magent a pi gnentd .
conc. #9R75 . 3. Mbodafl ow S

1 Celrag 3702, from Cel anese Pl astics and Speci alt ies Oorrpany, essentially
“consists of an acrylate derived from react-lmg bi s-.phenol A epoxi de with

_acrylic acid angight W?B%?ogé 3@k Cor b N d¥Pndet0Vaeitm2Bor £1ve i Rutes
is structurally simlar to Hycar VTBN 1300X22 but
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inch (2.54 ) PassAMIs me%-ssTm éwamgsszepndmnbﬂwege §higkaess eﬁtun@yr%fi
Yacuum from t hemsepeaR B dors 11 6d QFedy B4Utd 16etHarB 1. sﬁhege@f 0@8 mglrcuit

board 31 h th h

e oapens ¢ ELRMP AR SR et SRR R ORI LB G,
at 2-1/2 feet (ME@RsBUCITERrEEY vipont ampnfocused per qoaagnms(mawa emFhi s

- heating step di gjge i&e‘iui'ﬁﬁ:et h'c%'f-é‘ﬁsnhﬁteﬂnﬁ}*rfﬁ& "Tﬁ%@(r 38| wadZr&fbvbdy ar eas

‘34 to less than 1. ui t. boar then ex ed for
40 seconds asqra@j@@g \ﬂé? WHF% gg?@sﬂ?@%m]cﬁvrvab&iw‘éﬁpbPH‘(ﬂJ%ﬁo‘%Sv%r a
.12 inch (30.48 peripddifanmicer mnutbsce ThEwpeiomali divtiag step fwaseomitted. 38 was

removed by 15 ¢ARgfyiggrdiog iRd RSl HF Q! roRAEOHYY bueilt PGF 2OPebhCh 5o Poar d

- 31 for a

minutes at 100 Celcius. Finally, circuit board 31 was exposed to two
focused linear 200 watt per inch (2.54 cms) medium pressure mercury
20 vapor lamps with two passes being made at a speed of ten feet (304.8
cms) per minute. In this embodiment, the uncoated region surrounding
hole 36 had an external radius six mils (0. 15 mm) greater than the
radius of hole 36.
In a seventh embodiment of the 1nvent1on, Formulation B was
25 applied to circuit board 31 to a thickness of 3.3 mils (0.084 mm) by a
KMC Corporation Model KM-CC-H-1-22 curtain coater operating at a belt
_ speed of 300 feet (91.44 metres) per minute. In this embodiment, it
d'_- was unnecessary to remove excess material from holes 36 since no
' excess material entered the holes. In addition, it was not necessary
v 30 . to heat circuit board 31 to reduce the viscosity of material 32 since -
material 32 surrounding holes 36 is sufficiently diminished by virtue
of the curtain coating application. The material thickness
surrounding holes 36 was less than 1.5 mils (0.038mm). Circuit board
31 then was exposed for 20 seconds to a 1,000 watt high pressure
- 35 mercury vapor



of three minutes. The optional drying step was onmitted. Grcuit

1 was heated in a forced air oven for a period of 30 minutes at 100
Finally, circuit board 31 was exposed to two focused |inear 200

r inch (2.54 cns) medium pressure nmercury 20 vapor lanps with two

bei ng made at a speed of -ten feet {(2D4 8 cns) per minute. In this

embodi ment, t Ny r;#ﬁ"‘?@@ﬁs%q 6‘?&'9@3%5@%@'4@%@ Baiieyd? QupfaceX! of DAL T adi us
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di aneter siff aé@. 175:11'!'!9 sm’qsrtt!uns'eher sediusaglehod® 3pms renoved by i mersion
in diethylene glycol nonobutyl ether for. a period of three mnutes. Crcuit
board 31 was dried by corrpresse‘d air and thereafter was heated in a forced
5 air oven for a period of 30 mnutes at 100 Celcius. Finally, circuit
board 31 was exposed to two focused linear 200 watt per inch (2.54 cns)
medi um pressure nmercury vapor |anps with two passes being nmade at a speed
of ten feet (304.8 cns) per mnute. In this enbodi nent, the uncoated region
surroundi n§f hol e 36 had an external radius seven mls 10 (0.178 nmm
greater than the radius of hole 36. 15 20 25 30 -
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35 -22- CLAFM5 1. A process for applying a_coating to a circuit board
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surroundi ng saikeans &0 88 10spreducer unsoatadnragionskersiand ;areas
exposi ng said Wﬂdﬁ%ﬁo&bé anasauasu?aﬁmybseﬂaceo dﬁﬂnmrmm a

o adot e m néh BAE A0 e14¢ rieal FaReatpn, 8, b8 a: o Fecte

ald second
hrblted due

to the presenc CHARACTERIZEDh &yedheasyepscofed nmaterial in 20 regi ons having

said first predetermned thi nger S
reaction in a subl ayer benea??gﬁﬁingugg ?ﬁ Ba?fsgsur aceﬂ#

ayer

removi ng sai d @ aricwnes magerdiad,bavingen PPBFh B8R %?F cehich

?@p&ﬁprlate solsuEteptible to EﬁhiPi%ionAbyrQhﬁspreﬁeﬁﬁcoéﬂ
erein the t|o o e C
ef-fected byfd; ;?gjr’ﬁ RXFEF f"li ﬁgdl %ﬁ #‘%% ?I%

éﬁ'&d&[@ E poard

o%?d with an
em; heetddi m

and areas is
nto the

hBles, and mhemuwﬁaﬂexmdmednmhdbknessr|al flowing into said holes i s
preferably linited such 30 {AglinilRih 'S&E&SHPLtS ré’dé'?éﬁﬁ
sidewal I s of sgi.d hol es %&g tggathlckn i a i & mat er i1 al
said holes is hSaidapgteris d°Br§ﬁ% et eﬂr?%ﬁcﬂﬂﬁﬁﬂﬂn
process i n acceadanholeis ltocBaisecdnd predetermined thickness;
15 exposing said uncured material to a first
energy source delivering a quantity of energy such that a
. surface layer having at least said second predetermined
'thickness has its cure reaction substantially inhibited due
_ to the presence of oxygen whereas any uncured material in
20 regions having said first predetermined thickness undergoes
an advancement in cure reaction in a sublayer beneath the

re-inhibited surface layer, and

dOI‘l
brid

removing said cure-inhibited surface layer

from'said circuit board with an appropriate ‘'solvent.

25 2. A process in accordance with claim 1, wherein
the diminution of the thickness of material on the land
areas is effected by_a portion of the material of the land

R -}

areas flowing into the holes, and wherein the amount of
_ material flowing into said holes is preferably_limited such
«« 30 that the thickness of said material on sidewalls of said

holes and the thickness'of any said material bridging said
holes is nd-greater than said second predetermined thickness.
3. A process in accordance ‘with claim 2,
wherein said removing step comprises the steps of:
35 - spraying said circuit board including said
_sidewalls of said holes with said solvent for a time
sufficient to remove said cure-inhibited surface layer of

38 said material;



In said renDV|ng step conpri ses the steps of :
ing said circuit board including said. si holes mnth
d/ solvent for a time sufficient to renove fﬂmmwm"mmi'ed surface

r of ‘38 said material; -23- draining afly fenim nd séi vent .from
~ald_circuit board; and drylng said cLr |L boar d. 4 A protess in
~accordance with cIa|n12 5 wherein salg
of: i mersing said C|rCU|@rﬁéaiﬁslﬂEYuH¢H§i§§?G §? hol es

into said seljyeuit ®oaddll gﬁdsuff|C|ent to renove said cure |nh|b|ted
surface | ayer of said nnt

drai'ni ng any remai ni ng
-solvent fromsaid circuit ipg sgﬁﬂ 8*§Pﬂbtsg?%r%TrCU|t board. 5. A
process in accor dance4ui t & praceaa in, agcordanceimeith nclatimoi ng said

applylngggaggh &géal ﬁ?%@mo Eagkg?afbﬂgfyggg the §£éﬁbqgf.heat|ng sai d

circuit uncure ter verlng. sai. ur, of d board
to reduce the viscosity ofimBgrgipg: spid c ﬁ‘é\‘%ﬁgb ei%? f’l‘ﬁ @Nabl lity

of said nat gidewald® of said holés Anpoosaid soluentdﬁaneawtheany one of

I
such that { RUEERSHeRY S5 oM R, Sai. ShEBALAnt FRLGETRL R Y, BYEE LAY 01 1
with any oneadid B@tegiialss 1 to 5, wherein said applying step is

;LTD' eneﬁfc?d |by a Crrta'g a2alinifg paﬁ?gﬁ'émaiﬁniné sttsweﬁﬁ ffox?lcsﬁdiagcg Wi th
y one of cl.ains 0 rein said applying step is inplemented by a
rol | er coat iGHFRide board; a %

drying said circuit board.
5. A process in accordance with claim 1, 2,
3 or 4, wherein following said applying step said process

15 further includes the step of:

heating said circuit board and said uncured
_ material covering said surface of said board to reduce the
viscosity of said material ‘thereby increasing the

. flowability of said material.

20 6. A process in acordance with any one of
claims 1 to 5, wherein said applying step is implemented
by screen printing such that the applied coating is
unpatterned. - |

. 7. A process in accordance with any one of

25 claims 1 to 5, wherein said applying step is implemented

by a curtain coating process. |
8. A process in accordance with any one of
claims 1 to 5, wherein said applying step is implemented
by a roller coating process. _

30 9. A process in accordance with any one of
'claims 1 to 5,wherein said applying step is implemented
by a spray coating process.

10, A process in accordance with any one of
claims 1 to 5, wherein said applying step is implemented

35 by a threaded draw-down bar,

_ 1. A process in accordance with any one of |
claims 1. to 10, wherein said uncured material is an

38 ultraviolet radiation curable liquid. S

-

renmoving s 5 conprlses he 3teps, .-

—r’

o

v

=

)



30 o 9. A process in accordance w th—any one of clains 1 to 5

wher-ei n sald applying step is inplenented by a cess.
process in accordance with any one of clains. | Immllmmullullmrd appl y| n
step is inplenented 35 by-a-threaded draw down bart 11.%A Process in :
accordance with any one of clains 1 to_1@, wherein sai d uncured naterlal
an 38 ultraviolet radiation curable liq g * L 14 S -24 - -

12, A process in. accor ddfoe AMRNPCR#E éﬁeaGP°€ﬁ§Pﬁ§ vith any operefn said
uncured mater |,ﬂain§5 a t-&wmroa,l Whet¢iablsaid gnctred3mafepialecss an accor dance

w th any one i; s g ﬁi wﬁgreln said uncured material is an
el ectron. bean1 Qﬂf4P € ocess in accordance with any one
precedi ng cIa|n1 mherelrﬂidﬂﬂ<pnqqgaaamu agcordayncet whtbagnypeneesf furt her

i ncl udes tﬁ; W UQhEﬁ}bagmiﬁéﬂiﬁﬂbiiy , remaining
after renoval sald cure |nh | sur ace l'ayer, second ener gy
source, said -ng a quantlty of ener gy
relatively greater than1ﬂm shViﬁfae&erﬂandelw!thedn?yoﬁald first
~energy source 5 a rial at
ap accel erat eo&r%'{ &% ° ’og' ﬁ% gog'g‘ogyn@eg ?hrg{" $n~}'g4g§é erein
fol | owi ng sai ds&idnparogess mdnedudes dheustept PE§ step said process

-f rther inghudes the step ofgyp? d{éctmg said sublabee-tlpemaﬁhﬂn UREBYPT |
*emai ning after re vaI of %ﬁ cur.e- bi.t ed for a ti

a
-suff|C|ent t o XRmeNalqt Pﬁ%ﬁcgaiﬂYFE %ﬂ Ag5¢ yer
during the remmargyﬁsaurcbgnsaid|dmdhnﬂednswg@aseuregedelivering a

quantity of energy relatively greater than said quantity
of energy delivered by said first energy source thereby

15 advancing sald cure reaction of said material at an
‘accelerated rate. |

15. A process in accordance with claim 14,
wherein following said removing step but before said
subjecting step said process further includes the step of:

20 _ heating said sublayer, remaining after

- removal of said cure-inhibited surface layer, for a time
sufficient to drive off any solvent absorbed into said
remaining sublayer during the removal of said
cure-inhibited surface layer.

25 : 16. A process in accordance with claim 15,
wherein said second energy source is either an ultraviolet
radiation source, an electron beam source or a heat source.

17. A process in accordance with any one
- preceding claim, wherein after the applying step but

30 before the diminishing step the process further includes

the step of: '

Wk

removing a portion of any uncured material
resident in said holes in said circuit board as a result of
. said applying step so as to provide a cavity to accept
35 uncured material flowing from said land areas as a result
of said diminishing step. | '
18. A process of applying a coating to a circuit
38 Dboard, substantially as hereinbefore described with



' 16. A process in accordance wt h claim 15, wherer'n said
energy source is either an ultraviolet ﬂl“ n. el 'ectron
source or a heat source. 17. A process in a nﬂmmﬂmﬁ"uﬁy one
preceding claim wherein after the applying step But®30" Uefdre*the
di m ni shing step the process further i ?,I udes the step of: renoving a
portion of any uncured nateri al residefC in said holes in said circuit , =
board as a nmesferense &6 thepgiogompanyings 9ra¥ingsey ovide a cavity to acce,py{"“
.35 uncured material flowing fromsaid |and areas as a fresult of said.
dimnishing step. 18. _A_process of applying a coating to a circuit 38
board, substantially as herei nbefore descri bed wth C L S -25
_ reference to the accorrpanyl ng draw ngs. ' '
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