, €3eQIK$M MsC6DOTOnu z DESCRI PTI ON Techni cal F| glm\’
\presentrlnventlon rel%mHNmM@ﬂme‘Ecess of fabricating a circuitize 2002
structure e.g. acir am nated chip carrier or card, by
conbi ni ng | anmi nate technol§d$* wi th substrate technol ogy. Specrflcally, by
conbi ning these two t n a single process, as is done herein, a
circuitized structureﬂmﬂmmmmmﬁm NNfeatures and a high wire density is
formed. Prior Art Conventj , printed dircuit cards and boards utilize
drilled and pl ated through ol es for comuni cati on between opposite sides
and internmedi ate |layers of the board to wiring formed on both sides of the

board.. Frequently, tru&ﬂyE@hngbhﬁgﬁ@&héyyngﬁdwbthﬁbfﬁbrﬁﬁgaég% pins for the

connection of various types of circuit components. s usually required
that the plated through hol es be abl ehogs a solderlng socket for a
nodul e and that requires that they Ggiiﬁgité—ﬁérge and that a sol derable
ring or land of netal be provided around the plated through holes on the
surface of the circuit board so asq?%hﬁkh&ﬂ’ﬁ?é Sol dered connecti ons. i,
Y .. Z24J UNZ002 -2 This type o X ructure dictates card or board space
cannot be u; wiring since the wiring nust be between the holes, |eaving
ropntmtre I!nes Thmjﬂnﬂammanihhenmimm relges that prbem@ﬁaamnount of red for
point to point d 14y ﬂy% %pé§§éuP€$%§§ gggtkgg|Véqyal thgglgﬂd t he

sol der Recently, ere has been 1 ntrod uce surface nodul es in film
chip wiring deV|%Qﬁquuﬁam$§aﬁ8? fRYR P BUCThEFE ot PR rcagipigst

connecti on pads.1AMidetiditechypeooy ei thiclulse rkihe SQan@onﬁgpssary for-the
hol es can be red t N e C y a

si gnificant annuéﬁg&ffss%\gn i s ugéﬁﬂ%&q{i%%hgtéegw%%% ‘mfo% J;\r}g\ %gbl e for
surface wiring. B9k aHoaeSEhnR§ues hl%@rlrnsugg@étf@éll‘fb?ed/arl ous types
of wi re intercongeecidtiravierdang phaéefedduresghnAokesigl ev e Shits iy t he

board. For exanplg, g dlSi.

Prior Art

Conventional printed circuit cards and boards utilize
drilled and plated through holes for communication
between opposite sides and intermediate layers of the
board to wiring formed on both sides of the board.
Frequently, the plated through holes will also receive
pins for the connection of various types of circuit
components. It is usually required that the plated
through holes be able to act as a soldering socket for
a module and that requires that they be fairly large
and that a solderable ring or land of metal be
provided around the plated through holes on the
surface of the circuit board so as to allow for

soldered connections.



- Patent No. 3,356,786 describes a technique where conducting Ii
.provided which extend across vari ous openings or holes. This tecmgqazmbmoz

however, has many limtations both in the structures avail able and the
utilization of the holes. O her patents that describe techniques for

i ncreasi ng somewhat the wiring density, are U S. Patent. Nos. 4,5$4, 405,
4,581, 679, 4, S35, 388, 4,598, 166, 4,179,800. None of these references

conbi ne | aninate technology with substraté- ~ r vuiv ~uuc -3 technol ogy.
Thus, the prior art processes cannot readily achieve tine line features on
the circuitized substrate using a single process. In view of the drawbacks
nment i oned- her ei nabove, there is a continued need to devel ope new processes
for inmproving the wiring density of circuitized structures. SUMVARY OF THE
fTN;)/El\rrl ON One objrafs eypéhef pétﬁﬁﬁfthlﬂenmeﬁtﬁﬁﬂsiﬁléltﬂ aprl(a\t‘i;delaﬁloﬁﬁecggs of
abricating a ci t g rePhangs. of a

| am nate and a h%gﬁhwb%?ﬁogﬁﬁ%atlge c%?iﬁébge‘?gu‘%é%d(gtfeo&:‘ %ﬁ gt tSanf’ {:nventl on
is to provide a Hﬁ6éE§ss%\hF%htH%MH%élge§uétcP?c@ﬁftq zlédféﬂﬁ@tagreé cont ai ni ng
fine line circui beyweAnf yunthrslad] adavahgt PeoRresBMend MRNENAAVESULD

provi de a pr ocessugf flgtgtralﬁcgf‘d arV%ecelnr (EW tH?Q NG ruct o % t&a\;hg}gdum form

| i ne i npedance acrgss ™ mu of " CoNnect &t pfoviding a
syst em whi ch has riaggced electronlc noi se. These as mell as ot her objects
are achi eved by the present process whi ch conbi nes Ianinate t echnol ogy and

2 ~r J UN 2002 sub rat tec AN rgldng(g ess. Oauﬁm fically,
the present inven SCoh é’l'a % ?o %gocess 5P°Fab |c%ﬁ ‘Ehgezg1 Efiti sed
structure, e.g. &ng reddnt fbéarﬁhlm animiaedevhips chlrat efo grotcaade havi ng
fine line circuitgingd B@&eﬁavel\@ﬂ?eﬁp@ﬁdé‘sl o2l tk¥nnébeidK gsad. | RYeRtion
conprlses the St%£$i§)type of structure the space necessary for-the
holes can be reduced somewhat; nevertheless even with
this technology a significant amount of space is used
by the holes which is not available for surface

wiring.

Different techniques have been suggested for various
types of wire interconnection wherein plated through
holes are present on the board. For example, U.S.
Patent No. 3,356,786 describes a technique where
conducting lines can be provided which extend across
various openings or holes. This technigue, however,
has many limitations both in the structures available
and the utilization of the holes. Other patents that
describe technigues for increasing somewhat the wiring
density, are U.S. Patent. Nos. 4,554,405, 4,581,679,
4,535,388, 4,598,166, 4,179,800. None of these

references combine laminate technology with substrate
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(a) applying a dielectric filmto at |east one surface of an organic vue

sub'strat'e having circuitry thereon; (b) formng mcrovias in selective
portions of said dielectric film (c) sputtering a netal seed |ayer on said
dielectric filmand in said mcrovias; (d) plating a netallic Layer on said
netal seed layer; and (e) formng outer circuitry on said plated netallic

| ayer. Preferred dielectric filnms that are enployed in the present
invention include, but are not limted to;3dielectric filns that contain a
phot oi mageabl e | ayer or dielectric filns which are capable of formng

m crovi as when exposed to laser irradiation. In one enbodi nent wherein a
dielectric-filmcontaining a photoi nageabl e | ayer is enployed, the process
of the present invention conprises the steps of: (a) providing a dielectric

filmhaving a pholohipaegpl e Lave! cfdhridl 0ol |00, saldPhghgbprgeabl e

| ayer of said dielectric filmto_at |east one surface OF an organic
substrate havi ng T§a%Cdivt AFhERERebine lipe_fejtyres ppihe Gé)‘-‘cékgbéﬁ‘ﬁg sai d
phot oi mageabl e | ayeystfateaudidged esingle pirbaese. a pattern of radiation to
sel ectively harden portions of said photoi mageabl e | ayer; (d) Providing

m crovias in said photoi mageabl e | ayer which is not harden by-step (c); (e)
curing the phot oi Fadeey L] her drawhadksumestiaged Mxeinadese.| shereon said
cured phot oi mageabd ea |ayerinasd heesaidl dqavenepeasew (Shoddsaldsngoa netal lic

layer on said nmetgl,SeAGd NE" wiBl¥y density of circuitized

structures.

SUMMARY OF THE INVENTION

One object of the present invention is to provide a
process of fabricating a ci;cuitized structure having
multiple inner planes of a laminate and a high wiring
density. ‘

Another object of the present invention is to provide
a process which fabricates a circuitized structure

containing fine line circuitry.

A further object of the present invention is to
provide a process of fabricating a circuitized
structure having uniform line impedance across
multiple parts of connected ground planes providing a

system which has reduced electronic noise.

These as well as other objects are achieved by the

present process which combines laminate technology and



i .2 4 J UN 2002 -6 (h) formng outer circuitry fromsaid tial I !

pI’OVI ded in step (g). ' On the other hand, when a dielectric ??'ﬁ]‘mi\!m
capabl e of formi ng mcrovias when exposed to laser irradiation is enployed
in the present invention, the followng steps are utilized: (a) applying a

dielectric filmthat is capabl e of formyng m crovias upon exposure to | aser
energy to at |east one surface of an organic substrate having circuitry

t her eon; @@Stﬁa&rt&mld@y(;ﬁg\éh%% Igrgceggl ective portions of said dielectric
filmby irradiating t same With | aser energy; (c) cleaning said mcrovias

to renove any Spa@,ﬁqﬂallyetﬁhq present) ingpnitonetelates @ Aatregess of dabrigpaing on cgaditised
di el ect d
el ectri gtr{\éthx@ ar and&(‘fﬁ@ ﬁ aﬁfhc[a%hﬁ d cﬁfzn? rCU@l{ 'oPqu% rﬁ%&zfﬁlﬁdf&e ¥1§¥%ﬁrc8%‘ sal

nmet al seed [ayet; rm ng romsa I7°C
provi ded ithrer&treri\/I()E)spemﬁcalBl the;prueht mﬂﬂrﬁmwmn@htssrthmmmofof t he above

i t nt t hat .
Ceed Tayer cotbai ARGnS e ErPelDR oot G b Riipeb S S RS "R dailEon

to the sukfragiey@fiertdte dielectric film and in the mcrovias. By "seed | ayer"
it is nmeant that a very thin netal | ayer of |ess than about 2000 Ais
sputtered on (he &IPHaEmigpviaginpelsclyerertpes ¢f seid dglactin fdwi d ni crovi as.

- Thi's seed | aygr 's&ftfynﬁﬁ'a'?ﬂéihlss,@t@cﬁia?exfc{rpsrﬂcﬁdla&tlncrfﬁﬁlaz{ndl1ﬁ¥ﬁﬂ nBRKEih the

t hi ckness is t p| ca greater ah about
platmg a metallic layer on said metal seed layer; and

(e) forming outer circuitry on said plated metallic layer.

Preferred dielectric films that are employed in the present invention include, but are
not limited to, dielectric films that contain a photoimageable layer or dielectric films which
are capable of forming microvias when exposed to laser irradiation.

In one embodiment wherein a dielectric film containing a photoimageable layer is
employed, the process of the present invention comprises the steps of:

(a) providing a dielectric film having a photoimageable layer;

(b) laminating said photoimageable layer of said dielectric film to at least one

surface of an organic substrate having circuitry thereon;



BRI EF DESCRI PTI ON OF THE DRAW NGS Figs. 1(a)-1(e) shOM/cross-seg;%ogﬂuhkzooz
wiews of a circuitized structure after different processing ste o]

present invention using a dielectric filmhaving a photoi nageabl e | ayer
therein. Figs. 2(a)-(c) show cross-sectional views of a circuitized
structure after different processing steps of the present invention using a
dielectric filmthat is capable of form ng m crovias when exposed to | aser
irradiation. (c), 2xposing tdidN pOGZmageable’ alét lEBaldEdieldhdRT IION €F aTplidtern of

| N~I ENTI ON The present 1 vention. which grovides a process of fabricating

i rcui ti zEan e sraL e bR RO Al pRR o BaE IO T anel s, I am nat ed

chi p carriers(@ndpidigdihg ecrovak lin R MRtAIRsEdabledydrmwrieh ad hothdrBed BY &fepnce
to the acconpanyi ng drawi ngs wherein |i ke reference nunerals are used for

li ke and &@iresponding el enents of the drawings. Referring first to Figs.
1(a) and 2(a) .\t her nic substrate 12 having circuit

el enents 14 (H@reg¥f%$%g?P@§|t£§a§ﬁgﬁggrned~on the top and bottom surface
thereof, zn th@ ds@awiengs aohetaheeqdr Byentn saidemtddophoteinagedttie yayen and islsemn as
a discontinuous |ayer wherein portions of organic substrate~l 2 are covered
with circtl't®y'®4 and other portions are left exposed. Substrate 12 is al so
shown as cont g)ni poting aetetglliangsr dBsaid hetad k@dnhyersdndst r at es enpl oyed in the
present invention are conventional organic substrates that are nornally
enployed in fabricating circuit boards) lam nated chip carriers or circuit
cards. Typically, the organic substrate is fornmed of a brom nated epoxy
resin inpregnated in glass cloth. Qther organic substrates contenpl ated by
the present invention include, but are not Iimted to, all thernpbset or 2
~r J UN 2002 g_ thernoplastic materials that are generally enpl oyed as
«circuit boards or cards. . Grcuitry 14 on organic substrate 12 is forned
usi ng conventional processes that are well known to those skilled in the
art. ~n exanple of such a process is described in "Printed Circuits
Handbook", C. Conbs 2nd, 1979, Publisher MacGaw Hill, particularly Section
2, Chapters 5-8, the contents of which are summari zed herei nbel ow.
Specifically, circuitry 14 is provided to organic substrate 12 by

lam nating a netal foil such as Cu, O and the like to the organic
substrate using techni ques well known to those skilled in the art. If
desired, the netal foil may be thinned using conventional etching

techni ques well known to those skilled in the art.



Hol'es are drilled entirely through the substrate providing neans for

, conmmuni cati on between opposite sides and internedi ate | ayers cf
‘substrate. The substrate and holes are then plated with a net Hi UmEZQBZ
such as Cu, G, Wand the |ike using conventional plating techniques well
known to those skilled in the art. The plated through holes are then filled
Wi th an epoxy resin containing Cu paste and thereafter the structure is

pl anari zed by using conventional techniqugs well known to those skilled in
the art, e.g. nub renoval or chem cal nechani cal f 24 J UN 2002 -10
polishing. The Cu may be thinned down or renoved, if desired. After the
substrate.has been planarized) it is plated again to provide netal on top
of the filled plated through holes. The filled portions of the plated

t hrough hol es arg g nat ed s 15.1in the ramﬁng F|n f,eatures are then
formed on the sub@ rék) T S ﬁEtﬁ}Epiﬁ?ﬁV &AM BRTR RS ICohP¥REI onal

phot ol i t hogr aphi ereecded duesteli ¢&) i ncl ude, but are not limted to,

provi ding a photoresist to the surface 6f the subconposite structure,

exposi ng the pho ore |st vel opj t he, ph tore ist, etching with
Ccud 2 and stri pp H{')Fcﬁ (Lﬂaélgl s?’gethae 416%‘3&5“&0’2 Atydgy of the
structure shown pnpﬁbgs ofl (formdng2fa¢rowidshemenr ezpesied otq neasease t he
adhesi on of C'rCHkEéaléé1$ﬂ”1éie%b?h?&ériﬁ Jﬂé Bredbh {66§H%£§§3 %%%S'Sts of

processes well known to those skilled, ip the art and inc but is not
linited to, nechﬁﬁ?%%yl?%dﬂﬁﬁﬁiﬁﬁ EhiygRftice and vapor blast, chenical

roughening with etchants and oxi de treatnents, and chem cal adhesion

promoters such ag,$ik eymym ldriglagepié £ AnPIEher Eedcipaaldent for Qu is
bl ack oxi de which is fornged Qé he acti-on of an oxi di zing agent such as

sodi um chl orite WPFRIEY MICEOViag YPRDBERFSUre ﬁod}éF%Et??%FqYIﬁﬂ|@§ t hen
applied onto onelsastaoreodursidrst odt enl@rdrndngubsteate riyadidid her eon usi ng
convent i onal tecQ@kguggrYW%ﬁeggyymn to those skilled in the art. Preferred
t echni ques for applying thedielectric filmto substrate 12 are by vacuum

| am nation (for dry filnms) and screen coating, spray coating or curtain
coating (for |iqubd dpehicyrmicroviialsmgn)selective portions of said

dielectric film by irradiating the same with laser
enerqgy;

(¢) cleaning said microvias to remove any laser

debris;

{d) sputtering a metal seed layer on said dielectric
film and in said microvias;

(e} plating a metallic layer on said metal seed layer;

and

(f) forming outer circuitry from said metallic layer
provided in step (e).



The dielectric films that are enployed in the present invention are
‘\convent-i onal dielectric materials that are well known to those 2k4 IJJH(N |Zﬁ]02
the art, They can conprise aqueous conpositions, solvent processable

conpositions as well as those that formvias by |laser ablation, i.e. from
exposure to laser irradiation. The enbodi nent of using a dielectric film
havi ng a phot oi nageabl e | ayer, as is shown in Figs. 1(a)-(e) will be

described first followed by the~enbodi nmerit- of using a dielectric filmthat
is capable of being |aser ablated (shown in Figs. 2(a)-(c)). Turning to the
enbodi ment shown in Figs. 1(a)-(e), when the dielectric filmcontains a
phot oi mageabl e | ayer,. t he photoi mageabl e | ayer of -said dielectric filmis

| am nat ed, preferably by vacuum | am nation, to one surface of organic

substrate 12. AWy aleibecyfleh ot fife GLhbUbeHPb oyt N BApREGRANE 4 nventi on
conprises a phohglberrapgeabl e egox based resin | ayer 55y 2002 -12
that is sandwic EREBS 4 ﬁ%%%/’d?ré'f iy Ilﬁy‘é‘f‘p%%/ﬁl%dpéé‘laéblaesﬁéfiyest er
llayer. It shoul d&emabatathabg polyetiaf isachagercr e.ap ana ywpeopykene, _
pol vetyl ene, bol y i eneaand Lechd Kixchdel SEOUES @dWoda l b lse and s

thus not present in the process of the present_invent]on. yest er
resin that may bRPAUSEY Bhe MRETBYE_®nt BYhvERBFOMAYRT T Nt JeMEBRE | ayer nust
be optically cl eétat An vetxanmphénohe@al|llzarerpeél abse fiodyetdomrt Re@sONAt hat can
be enpl oyed is i e e y r 1S, T ved after

| am nating the dlvli%f%:%%é(}%% IB% ngsuﬁ)éat%r?gglé %gml ?i%%toﬁl%sﬁg\m in Figs .
1 (a) - (e) Al thdughtt Feid THCRGELRT ~ FYS. seeflajavey &ds of the instant
application and @hetdescrshabilenfgoven hellowesand Speer fwlertainusiheg a
dielectric fil meﬂmr{ésl,gﬁqsatgp%giwgﬁ%qt%rema{_Q@é@@ d 8sif11lsayer, ot her
dielectric filnms containing a layer that is photoi mageabl e may be enpl oyed
in the instant invention. The phot oi mageabl e cationically pol ynerizabl e
epoxy based resin | ayer of BREE e GREFRTITC THE DRAWINGSed of solids and
solvent. The solids are preferably conprised of an epoxy resin system which
conprises fromabout |0p tao about 800 by wei ght referably 200 to 40% by
wei ght, nore pr eFé‘F%bIJyPaa?b'olu(te 36 o'ﬁycﬁx%%lsg'ﬁte,CQlOEag Y1'N 2062 -13 of a
phenoxy pol yol resiouiiadd istractondeaSetd g fifegdntt podcepiioid etamedri n and
bi sphenol A havi g gnh&ohecddar swokablopfudieigvgeniabedtr 49, £0G, and about
130, 000, prefer aglx.about 60, Q00 tobflgogg 9‘906%%9 ore pr eferably greater
than about 60, 00 a f’?%n?a‘f)tb%ﬁt()%@e?o about 9 ob?lwéi ght, nore preferably .
from about 25%to about 30% by weight, nost preferably about 25% by wei ght,
of an epoxi di zedpaykt i § yALt [Onalndei spBEHOs A ifowamahdehydes ngvol ac xesin
having a nol ecul ar, wei ght gf from about, 4,000 1o about 10, 000 %reefser ably
about 5,000 to abdaf 7 o6%" FFOIRABSUE " bFE t G BT 5879565 S We gheSr
preferably from afoghe3pvesenaboensdonpysing ghtdiekecsrpref btabtyaabout 45%
by weight, of a hal eggastedsr Pr&fmabhi cboerananath hipgsyeai dyl 1esber of

bi sphenol A having a rmltecul ar wei ght of from about 600 to about 2,500,
preferably about J060%t6%5bout 1, 700; and from about 0.1 to about 15

parts, preferably about 5 parts, by weight of the total epoxy resin of a
cationic photoinitiator capable of initiating polynerization of said epoxy
based resin system The sol vent conponent of the epoxy based resin system
enpl oyed in the present invention is conprised of propylene glycol

nononet hyl ether acetate and O to | ess than about 10% propyl ene carbonate.
The propyl ene carbonate is preferably the carrier for the photoinitiator.

2 4 ~~ N 2002 -14




Pr ef er abl y, the phenoxy polyol resin has an epoxide val ue of froantabﬂlJN 2002
:0.002 t'o about 3, nore preferably about 0,03 equival ents per kg, a weight

per epoxi de of from about 10,000 to about 60,000, nore preferably from
about 20,000 to about 50,000, nost preferably about 37,000 and a gl ass
transition tenperature of from about 80C to about 150C, nore preferably
from about 90C to about 110C, nost preferably about 98C. Preferably, the
mul ti functional epoxy bi sphenol A formal-8ehyde novol ac resin has an epoxi de
val ue-of from about 1 to about 10, nore preferably fromabout 3 to about 6,
nost preferably about 4.7 equivalents per kg, a weight per epoxide of from
about 180°to about 300, nore preferably from about 190 to about 230, nost.
preferably about 215 and a nelting point of fromabout 60C to about 150C,
nmore preferably from abperaZfi€ht oesdrndTIdNCorFNwat preferaity about 82C.
Preferably, the diglycidyl ether of the hal ogenated bi sphenol A, has an
epoxi de value of fromabout 0.1 to about 5, nore preferably fromabout 1 to
about 3, rost pFRfRERFSAaHAYEntign et Galrtavd deer akgrogensi ght per epoxi de
of from about 20&bfdcatiniy liGRRitiwee @t:ﬂicﬁfxﬁhﬂsy fsthem abBoutiraQ@ct o about

750, nost prefegab 67§apd‘§db§at%gél n arf? flhde ca%b?%g_,smggagpabout

150C, nore prefera y fromd pre y about

97C. 2 ~r J UlkkeoOZillmoy &g ﬁ&spéﬂp%rmﬁeﬁ@llﬁommsmfegeavm | abl e

gder the tradeganene %&m;%afrgmiqr Ay anyeds ahi&Aefslrrpmlurél Q@f%@éhbdebl
rporation, nows yai r.o noX n sQcl at.es Suit e

mul tifuncti onal % PPA Y51 mer’e:I 39/ }g.?/al AbiE Undel dtlﬁ‘g tra engme

Epi rez- SU- 8 frthfHFgﬁ q”é@(WPtﬂ%/ners is now avail abl e as "Epon | 183" from

Shell Gl Conpany. A suitable corrpl ex triaryl sul foni um hexaf | uoroanti nonat e

salt photoiniti at gsrrlg?lnplrrlsyt atval ggl e rzgpec{nci %‘ t ra%{&”ea}%l‘l from

CGeneral Electric 'S how avail a a)69 £r 6m Uni on
Carbide. It shénpwnbénn%rwicqﬁﬁlbﬁﬁéaéﬁok%/ hyReidy (Ao idy SLEREBE St he
present inventiaga I(Hefé&fﬁéﬁp’-‘cnh@fuﬁitﬁ:ydewei opbmgecham ameelteypated sol vent
content of an a revent pr.oyi de plasticity
to the dlelectrgggggw %#%ééﬁgpéﬁﬁog fﬁdtﬁéqg§§ﬁ§¥ﬂ?ﬁghlg% the dielectric
filmduring | anPH&EEBA %«PY%“‘H@rSlﬁ’déGHﬁBEYtb‘l By shaev@sed - sol vent
content" it is wRasbntbatohselsadwemeraibupbdrtivihefepmgadased resin
systemranges fr q?g% 0 ref er.apl rom about 9
o to about 150, Qﬁgsggggé g?a%]? ro%eg gllj'?M ‘%\%&Htrsgb%uean@ st Af ter .
| ani nating the @oatdensi areilaft ©XQA5SEr at 8URSLTIER %ellsatﬂlesoslfﬁl}%’ﬁt film
is renoved, the adi eoaehiningi imners faked ad.a tenperature of from about 70
tao 2 4J UN 2002 -16 about 110C for a period of time of from about 10

m nutes to about 45 m nutes and then the_photoi mageabl e epoxy based resin
layer is exposedt% %X IFRECeFHPBFLERA APIAYERIET g%‘ﬁd?’f?%%t effective-to
sel ecti vel y har denwwenaritonoaseotobhhen plwiadi wegeabtesepskyabasechatesine | ayer.
Preferred baki ng, congdist) %ﬂ\%lggghOi’ﬁdfa{ﬂ}lté&%laﬁeé??EuiE‘V}?@éi’&@ are as

follows: tenperature = m nut es he sel ectjve
har deni ng proceslsa‘?’snaé'ﬁrdr |C§‘dpoﬁﬁr5§/eﬁ/é°rq ﬁhrﬁb‘lﬁ GRGED: maSYRI“Hh ¥ op of the
phot oi mageabl e epoxyomlEsdd sebshrhbgers dndnelderfusi hgoaivaheénépoxal

exposure devi ce pperat H&@tna@eghggogf@ssst erot‘tcplnt a@tthgrreg,? kgiof from about

3 to about 8 psi an_ener ut to ab

m | 1i Joul es/ cne, St g %é@%ﬁ%ﬂ%ﬂ%&oﬂ r I? ﬁ%(f@ 1Paﬁﬁ 1fBr e
preferably, the empbsdﬁe hu @aer het binitd gophetlad- mgtf@pSptegsure of from
about 4 to about 6 psi, an energy of from about 1000 to about 1500
mlliJoules/cn2, using a 365 nanoneter arc 8 Kilowatt | anp. The nost
preferred conditions for providing the selective hardening effect to the
phot oi mageabl e | ayer are 5 psi, 1500 mlliJoules/cn2, using an 8

Ki | owat t ~| anp.




M crOV|as are then fornmed in areas of the structure that are n%g ex e% to
\the pattern of radiation. Typically, mcrovias are formed over Aeaﬁjﬁ 0
cont ai ni ng 2 4J UN2D02 -17 circuitry 14 by baki ng and devel opi ng t he
unexposed phot oi nageabl e | ayer. Specifically, the photoi nageabl e epoxy
based resin layer is baked at tenperatures which are effective to crosslink
and t oughen t he. phot oi nageabl e | ayer. Specifically, baking is conducted at
tenperatures of from about 100C to about .340C for a time period of from
about 15 to about 120 mi nutes. More preferably, baking is conducted at
tenperatures of from about 120C to about 130C for a tinme period of about-30
to about 60 minutes. Partial curing of the photoi nageabl e l-ayer is obtained
inthis step o the present invention It is noted that the above conditions
| ower the anount of sol.vent, resent in the ph 30|na eabl e | ayer.

The baked struct fPEFTEIFHE %&?&6568 SuERAg %cﬁet“ie&ﬁg W\?’Bﬁ Lo¥ed vt | known
in the ark. Typicar¢yitthrardstquueceyde,. particul arly the photoi mageahl e

| ayer, is devel oped using an organi c solvent that dissolves any unexposed
material. Genera

ftrern i s devel oped b onve t|on net hods whi ch
i ncl ude, but arekng?uf ci?%)°ﬁ%5“ﬁ§ BP%%%?%%%]%EHEO 8?@6 g%%%&?
but yr ol act one, dpghyﬁetn¢nmiannQ§§S@netheﬁ aye hweghll yknpwef eor eldoseet hod of

devel opi ng the phetehgageablige |AMer ian Ekasm,pi@scemtsdamvanbkeeesé gi scl osed
in US. 2 '+ J 0 e contents of which

8, fent
are |ncorporateddﬁ§FEFRe%yl? %ﬁiﬂéég CFFCEEBEI%PQéhﬁé&VZEd HERS t he

devel opment procéss., piBdCc eRuld st MscG8awaNi hyy, epahtanaﬂarlpf fromabout 1

to about 5 mls, s@ewoﬂrﬁf eERd YedPaUl 3che @mwnt% Bel ikl LPe
phot oi mageabl e Ia t he, structure of %écqiiysent |nvent|on cont ai ns
a

P o hol o5 i ch SURPBRIEES ReTEkapvra BREE: L EAGHERS Lhridce of
substrate 12. Foprgmndgddeqe¢tqnnwn sublsérphet b2 negeabiiealkdperaiseexposed to

a bl anket exposurf%mrgﬁeﬁsay%@g & WYiacuhe §ork E@é\iﬁhé)lé%b%h@é at a high W

B hi t that bl
ggﬁ&ﬂ%tedyat EgeF§P§§r8Fgf?%h?%b IggWﬁsa%Sbi %dﬁles surilséep 'S

preferably about if 3bel estenkf desired, the metal foil may be thinned
using conventional etching technigues well known to
those skilled in the art.

Holes are drilled entirely through the substrate
providing means for communication between opposite
sides and intermediate layers of the substrate. The
substrate and holes are then plated with a metallic
element such as Cu, Cr, W and the like using
conventional plating techniques well known to those
skilled in the art. The plated through holes are then
filled with an epoxy resin containing Cu paste and
thereafter the structure 1is planarized by using
conventional techniques well known to those skilled in

the art, e.qg. nub removal or chemical mechanical



Per nanent curing of the structure is carried out at tenperatures of from
.abdut 150C to about 190C for a tine period of fromabout 30 to Zbgug%%qoz
mnutes. More preferably, the final cure is carried out at tenpérat
about 160C to about 180C for about 45 to about 90 m nutes. The pernmanently
cured structure of the present invention containing mcrovias 18 and cured
phot oi mageabl e layer 16 is shown in Fig. i(b). 2 4J UN 2002 -19 Prior
to conducting the next step of the present,4jnvention, the structure shown
in Fig. 1(b) may be roughened using conven]tl onal techniques well known to
those skilled in the art to inprove the,adhesion of a netal |ayer to the
surface of the structure. Such roughening techni ques are the sane as those
previ ously described herei nabove. Next, a netal seed |ayer 20 is sputtered
on to the surface of pho.toimageable film 16 and in mcrovias 18. This step
of the present~i RRMTHNG s THoGH PAY Ppg). thir@rd dove 49 eansvakds dfat may be
sputtered in thisdespedf witepr eRensubsnieitd GAsi Debrde, aliili zaBe Aot
limted to, Cr, | i ke r r_al s of .t hes tals are
al so cont enpl at e%ﬁe%%wﬁtg}éﬁncgﬁt ﬁ%dfgcééej _eeﬁ:ggef)ﬁ %cggt%ée) t&’see%éﬁlfqao
distinct nmetal | apkr&ed ifweugbc Rodrsenberlififdied poskitwy et the is preferred
that a layer of Gplhee@pplicéy hosksf aké et dhyraal ayers ofn Gwe ' The
sputtering conditi 92&}?@' oyed in the present invention are effective to
cause the formati 8n 014 et al seed | ayer on the surface of the devel oped
photoresist filmand in the mcrovias. As stated hereinabove, the term
"metal seed | ayerFifenpéesnedreiral thayeromhdclorhasecastibdsigastof from
about 100 to about, 2000 A. MNore %ref grabl t he teIe}LiggaeP | ayer has a

: 2

t hi ckness of fromsgﬁ‘éﬁ%‘f%‘bcpﬁoa’la Suf ﬁ?‘.’f%o R I(_:to _ 4 J UN 2002
-20 is agai n enphabpsedlthegraphist &echpégienydrohs igredeglidhallee from a
full metal layer wbtchimypidaldy prasiditdi£hgesdrebike o aftoilsudfacdko about
0.5 mls. Applyinggsugh %JdgcgéerApéJegﬁtt@ skay {yd® telgc%og% agg, of the cured

phot oi mageabl e | ayer woul rimental to the struCture provided in the
previ ously menti oRBAtSFepss sinftdFnghdepetRYIh e RPRFAFEF et -and f ul |
sputtering cycl e etprsngwowl th algqamd ek nippfiannthg Sutlor@sigkl net al

| ayer. The sputtering conditicSns enployed in the present invention which
are effective in providing the netal seed |layer are as follows: the energy
i s from about O. 48‘hﬁotaﬁoﬁ‘fr%ﬁcﬁz WlllHEgi’e?T%etr% FEEUFFBRE abRi® 280 to
about 150C, and timdgbki.ne(&p ér driabdut the2nt oredyma td8intnetes.thivbre -
preferably, sputtersnd;i rdd : enes; LQRLa . 0.8 4 0 about
0.66 kW a tenpergtdb?glgﬁ ??o‘?ﬁigﬂ%&:ﬁyﬁ% ?graﬂgf}%ile%tg%ng?%r aﬁfligrre
period of from abddeatseph sPREASUY A RELEESSGha Sk PO BptRf ERIRE present

i nvention i s showskinledginl¢ie . aSpenid iicalbges Figpt IEdhoshbwsipédti ng a
metal lic |ayer 22 on spubhgtesh "BLdnes8ed Laver pdfhcel WRkcahbyr bhesp) at ed
metallic layer 22 1 s conposed O met.al sel ﬁct ed frdgrgﬁclti e group consisting

m f a
of Cu, Al, O, W &APFeL FREINeRING JEEPECSPEREEAT ly preferred in
t he present inventimratrentser andgchetiaidli edhgygéen 22romoters such as
. silane coupling agents. A preferred treatment for Cu
is black oxide which is formed by the action of an

oxidizing agent such as sodium chlorite with Cu.



-21 The netal plating is conducted utilizing plating techniques and
_conditions well known to those skilled in the art. For exanplk} N S
enpl oyed as netallic layer 22, it is plated froman acid el ectropl ating
bat h which typically contains copper sulfate in aqueous sulfuric acid. In
accordance wth the present invention, the plating process provides a
netallic |ayer on top of the netal seed | ayer which has a thickness of from
about 0.2 to about 0.5 mls. Acircuit patternis then forned in netallic
| ayer 22 utilizing substrate techni ques vidl-l known to those skilled in the
art. This includes providing a photoresist film(dry or liquid application)
on plated netallic |ayers 20.and 22, exposing and devel opi ng the
photoresist film and etching down the plated netallic |ayers 20 and 22.
The final structure containing outer circuitry which conprises plated
mﬁt ?l lic | ?yer 2.?2 cﬁiﬂﬂléﬂﬁr?'c seed tiﬁ)’@ﬁer?@p!p?i%ﬂomw Nodd qu[r]fl(ai%)e- olEhe -
phot oresi sts enpl ayed in rom.n e, clreui attern in netallic |ayer
are conventi onal S‘E))ergsot-troarteesilgt g"a\)(gf‘ﬁ ‘ﬁ’h’f)%}]\c}r{yt 3Qt ﬁig%e?ﬁi‘f?l&? inthe art. A
preferred phot oresieentfigmalhitechnégues YHd Fnevantoi hivese i Tri lileANAYICOAT
SC-100 which is gnéigi d phelreresiStechnidued ford appN 2002122 The
phot or esi st used_in, provi di q trtl_e cigcuit ej[oa%tern ho netallic |ayer 22 is
exposed and devefdped” Usthd e “SafBPEortiT i'end an8Yt L3RRI Yues wel I known
to those skill edlamindeicn t (ECEhdryi EEling) patd ecmeies thenifor nagrayy usi ng
conventional et chbagih& i A1a%inABELPEEg Web0T 1B0eMI di Bfebig Circuity to
the structure is_by first sputtering a |layer of C onto netallic |ayer 22.
Next, a liquid pﬁbﬁﬁi@si st is applied to the surface of the sputtered Cr
| ayer and then the photoresist is exposed and devel oped usi ng conventi onal
techni ques wel | kREW;i&Ped h105e SKins! edat Nt @empibye@ thatna paddaid is
provided to the EhOt oge5| S1I TherV%% ter,,the ex orsi%dmr ggl (l)nfs-oghs uttered
O and netal lic F&Y8PE*92 Yy LOVars et't ed as déscri'bed"above:"Af t er
etching, the phoeoeesest krowt riqppbaser 8wt t¥rd dputtber edtor . Tivey @dmari ty)
this enbodi ment ismpetsshoyedus tdaapdsaviags, ofoivatppesesssasventi on. The
etching step enpl k. ] the .ci it ttern 6 1] i ayer 22
in step (h) of tﬁgxggéégh{’% %%%%l&ngfskégﬁ%utcﬁd fgjsrﬁngggg?}ftﬁgri%&edgry etch
or a wet etch. SaPtabhiendry- et iy SFRERARTYUES 1At nay2Bé2biPtoyed in the
present inventiomhenehvdaeineactofvasiog et éhelect(RIE)Eilehaaveay dry et ching,

I on bean]etChingp&%@gkmgagaQiQSEﬁmﬁacangs shown in Figs. 1(a)-(e)
will be described first followed by the' embodiment of
using a dielectric film that is capable of being laser
ablated (shown in Figs. 2(a)-(c)).

Turning to the embodiment shown in Figs. 1l(a)- (e},
when the dielectric film contains a photoimageable
layer, the photoimageable layer of said dielectric
film is laminated, preferably by vacuum lamination, to
one surface of organic substrate 12. A preferred
dielectric film employed in the present invention

comprises a photoimageable epoxy based resin lavyer



x

2~ ~+N2002 -2~ When a wet etch is enployed to etch the netallic |ayer, the
.chem cal etchant enployed is selected fromthe group consisti :2 oy]m\gzgﬂg
chromic acid, cupric chloride, ferric chloride, potassium per s
the like. Mxtures of these chenmical etchants with water are al so
contenpl ated herein. The chem cal etchant may al so be buffered to a desired
pH usi ng known buffering agents. A preferred chem cal etchant enployed in
the present invention is cupric chloridejsferric chloride or potassium
per manganate. In a second enbodi nent of the present invention, process
steps . (a)-(g) as nentioned herei nabove are first performed on both sides of
the substrate 12- providing cured phot oi nageabl e epoxy based | ayers 16,
m crovias 18, netal seed layers 20 and plated netallic |ayers 22 on both
sides thereof. It is,noted . that fhis structure l.d be simlar to the one
shown in Fio. 1CBFEekBeptrariiad pebuieh S Argal®esn, Jhver candrasent on e
bottom surface okeihblstpotyestermdaxelr| akt tdhwuldpbeCnptaflitthayers are then
formed in netal lgogybapeis Pdyand ezzj.ugbmgp%w&fnet,h@ofl?lehﬁ%ageeﬂbodi ment s.
I n one enbodi ment,, Lﬂ% Quter cirgui tﬂé IS fsor ne“govbeyé g}@p |n§ a ghot or esi st
to both surface BF HEYAFIT 2T ayBrSs “26°ant 220 SX oS AG " ald 45VePBDi ng bot h
si des of the stramet dfetBhE RPerPERAFECERNEhe Hraogsssed sheapresedt 2 ~ ~~N
2002 21‘24 et CEi Nghveh®t i3A0t hekhe epdptistRat reb e, gHdCwa Vel ashbar grd tﬁy
provi ding a phot.Qresl es o0 LUct yre: ex I the
circuitry on onet%selS’er;%tsgbgnlgg‘%&é%og‘sisar?gftphgg% aebr%es;iﬁgﬁerdg\ggl%oglgng t he
structure; etchiIRFiclHdlyi aéedt - t M PRietaref thaleasr ‘depdrbped; stripping
thg devel oped gf'tﬁ%@re%&ie&t 're?ﬂﬁl ten dagpeat ém@ldMQfmmRbn(t%}ﬂzdfverse
side. As state ove, ' i pLi Figs. 1(a)-(e) are
illustrative of rt eq\ﬁ%géégggi ﬁéfg%é%g[ g%%% g%l Iloérllnch%éi ﬁrfgégnt i nvention
when. t he di el - eckatigatiipg Ebat @i et Pifof bl RateaBisiraker 12Thétdéscri pti on
that follows appldtessHoemcaaesigbereia) -tfee¢.di el ectric filmis one that is
capabl e of ~form ng m crovias upon exposure of the sane to |aser
irradiation. This aspect of the present invention is show in Figs. 2 (a) -
(c) . Turning first to Fig. 2(a), there is shown an organic substrate 12
havi ng ci rcuitryallthdwhmetdeodrbhengopfamdgbot L o s()f ae thhkerneefanthe
or gani ¢ substrat ' S edy | i he: &i.r GUi4t e the sane as
menti oned previ o%s@y_dﬁénmﬁggggé ggé E(liég&CH 1 S)QORNgkfér{ g&gd]ic,{av%/_é%{eri c layer that
i s capabl e of fofPRFif A GPOWEARIWAEH: ed £ aIPI YT &ion is ]
applied to at | epsdtenegablacepoky dsgesd cestiibsiapee, 1&hdmn one enbodi nent
of the present Igyg{%éé¥kci%fi%%tggkggining’a layer that is

’ photoimageable may be employed in the instant

invention.

The photoimageable cationically polymerizable epoxy
based resin layer of the dielectric film is comprised
of solids and solvent. The solids are preferably
comprised of an epoxy resin system which comprises
from about 10% to about 80% by weight, preferably 20%
to 40% by weight, more preferably about 30% by weight,



72 ~a a Nzooz -25 dielectric such as an unsupported epoxy Aram d
_réesin i‘'s coated onto Cu foil. The foil is then lamnated to onzé \ﬁENhZUUZ

sides of the core layer in a lam nation press. The foil is then etched to
expose the dielectric |ayer wherein selected portions of the dielectric

| ayer are irradiated wth a beam of |aser energy under conditions which are
effective to formmcrovias in the structure. Such conditions are well
known to those skilled "in the art. Thelisurface of the dielectric filmis
then irradiated with the laser until mcrovias are forned therein.
Typically,-a 18x24 inch board can be inaged at a rate of about 3000 vias
per mnute. Preferred | aser sources that can be enployed in the present

i nvention include C02, Nd-YAG Excinmer and fhe i ke. Both C02 and UV | asers
will ablate glagg Gi Eﬁéﬁoi@ B8 ot R dagh el UdraelBLeLLA] 8 therefor e

standard FR-4 and I tab ass .rerntorce ectric materials may
be used in a si Rrp CFaQ Sﬂlctiﬁ}fcb‘go“é’@ﬁ)msﬂ%}vsb’cwwluét BRELIPGr#ed after
exposure to | aseplecelgy. wAights cedetivieenealboutr 40,0 andi8anberformed in

dielectric film3Q aue, BELRLrhdiflarkhe E0C080" LS HIRSHEIBIHN RhDs 2(D) 15

t hen subjected to a conven e cl ean grocess so as to eane any
| aser debris th&FSh@FabeyprEeRRR” i fhamebRiEr 8%i 4800t Hafe 2pPated0t hr ough
hol es. It shoul ddabaatedotshsy babsgrt abloabtefdrsafopsbiat GiomCdbboy 3149ssi nce

said 2 4 UN2092,26 08 ggua,éméymogel b)fefgpat@ynsab%u@etzg“bg | ayer

such as Cu which acts as an ablation sto er cl eani ng
structure is firaightoyCdedmrnePP*idirghm %éééuT“éQbﬁm@o isphsned by

netallic | ayer ZbrmEl€letwiddi hboosaancksine hent ageaphalesh liak f«v@ﬁ@‘hﬂg rret al
seed 1ayer 20 ang Tl lbbukaY®6082Alhile, 52550 A% Tenti,gned

her ei nabove. A circuit pattern described al so relna ove I's then
fornmed on the netdd9 cFOI é‘?@f“t 1i’h@z‘)‘h nfa‘IO“‘slaPBBFuPe ?f?of\‘}?cd’éd 53%i RY t hese
steps i s shown iweiglg:, deferabWi fwon lbopteddnt to nienttd Gshay been

particularly sh FNd deser bpegei“éﬁﬂ a%ggcgsaobp %f-gr}{ted ogmodi ment s

thereof, it wll e understood e art that the

In,t
f oregoi ng and otMErCIERRtGEs P ﬁef‘a??ﬂ?%ﬁ&r&@ﬁaﬁg e B reye eh8REI n wi t hout
departing from tde IsiEphencand sewvpeg of ndieculpmswabghi méerftrioonabou? ~r J U

N 2002 27 600 to about 2,500, preferably about 1,000 to about
1,700; and from about 0.1 to about 15 parts,
preferably about 5 parts, by weight of the total epoxy
resin of a cationic photoinitiator capable of
initiating polymerization of said epoxy based resin
system. The solvent component of the epoxy based
resin system employed in the present invention is
comprised of propylene glycol monomethyl ether acetate
and 0 to less than about 10% propylene carbonate. The
propylene carbonate is preferably the carrier for the

photoinitiator.



C]“ai\.ms. 1. A process of fabricating a circuitised structure conﬂr#sUrﬁWthz
. Steps of: (a) applying a dielectric filmto at |east one surface of an
" qQrganic substrate having circuitry thereon; (b) formng mcrovias in
sel ective portions of said dielectric film (c) sputtering a netal seed
| ayer on said dielectric filmand in said mcrovias; (d) plating a netallic
| ayer on said nmetal seed |ayer; and (e)_ g_rn‘i ng outer circuitry on said
plated netallic layer. 2. The process of " claim1l wherein said circuitry on
said substrate is obtained by the steps of: (i) providing a netal foil to
said organic substrate; (iij etching said nmetal foil so as to thin the
sane; (iii) providing holes in said substrate; (iv) plating said substrate
and said holes with a netallic el ement thereby formng plated through holes
in said substraP&efeyibly| | they PRERAXY| BeBPY Heshghhas| & atiatiden epoxy
resin containi ngaCug andffom )aba@nar 08I nep tadust BUCKEFE. praaf elda@19r ocess of
claiml wherein L iglectrd e filmi ect ed e up. cansi sting
of dielectric fﬁﬁ%chhﬁgi% ni&dételnltglag?r?%e' %hg"?élrghgg%%%l%g{%yd%r ogfnd
dielectric fil mE*PRatPPBE i ‘g}oo\}?ioa§bﬁhén6% efors Paekerairergy. 4. The
process of clai frbmwapoet 26200 net abosees | @0er mos t SPHé £ &fach wnder
conditions effecgti V] a . in thi ckness of from
2bout 100 - to SBSUE 300B08GMEE £ MIFEY ALK WnBell GOGE

from about 80°C to about 150°C, more preferably from

about 90°C to about 110°C, most preferably about 98°C.

Preferably, the multifunctional epoxy bisphenol A
formaldehyde novolac resin has an epoxide value- of
from about 1 to about 10, more preferably from about 3
to about 6, most preferably about 4.7 equivalents per
kg, a weight per epoxide of from about 180 to about
300, more preferably from about 190 to about 230, most
preferably about 215 and a melting point of from about
60°C to about 150°C, more preferably from about 70°C to
about 90°C, most preferably about 82°C.

Preferably, the diglycidyl ether of the halogenated
bisphenol A, has an epoxide value of from about 0.1 to
about 5, more preferably from about 1 to about 3, most
preferably about 1.5 equivalents per kg, a weight per
epoxide of from about 200 to about 1000, more
preferably from about 500 to about 750, most
preferably 675 and a melting point of from about 70°C
to about 150°C, more preferably from about 80°C to
about 110°C, most preferably about 97°C.



28 5. The process of claim4 wherein said netal seed | ayer has M mm
.of from about 500 ~ to about 1500 ~. 6. The process of claiml

"metal seed layer is a nmetal selected fromthe group consisting of Cu, Cr,

Al and mixtures and alloys thereof. 7. The process of claim®6 mhereln sald
netal seed layer is a layer of Cr and then a layer of Cu. 8. The process of
claim1l wherein said sputtering step is_conducted at a sputtering energy of
from about 0.48 kWto about 0.72 | cW d1§énperature of fromabout [00C to
about |50C and for a tinme of about 12 minutes to about 18 m nutes. 9. The
process of claiml| wherein said netallic |layer has a thickness of from
about 0.2 mls to about 0.5 -mls. 10. The process of ' claim 1l wherein said
metallic |ayer is conposed of a nmetal selected fromthe group consisting of
Cu, Al, O and AWsuitablige pprooxy Py FesinOishavaiyalsle andetralthiec | ayer

i's CO”DOSEd of é%hdéﬁ%méTh®Kﬂt@Ceﬁérﬁﬁrﬂy abﬁhiawﬂ@rﬁiéhfﬁﬁf$n0Uter circuitry
is formed by the é& % rovi gggtOéeS|st to said netallic
layer; (ii) exp%%’f earﬂ?r@ é E)B’i‘hg“%"él afJPl F e5T UL  Phanex R®F 18t chi ng
said netallic |bysociates.~ A Buhc@oDe n2Q tifundhiopabdessphemadl @, m 1 wherein

sai d organi c supsthets, mlqlamw &ﬁaeprth@owaaénaﬁ\é S facey; -and steps (a)
- (d) are enpl oyed toqb@t surﬁaces of, said substrate. 14. The process of

claim 13 furtheF Bt Or¥rRgS a & PO f“’ﬁé}"tﬂé]r?l Hh TR of said
metallic | ayers}1835. £dwe q@1edc1egslo¢ormaalyrn | A3stiutébhke cmupirdxsing form ng a

circuit patter nt@ﬂaﬂpﬁs@ﬂ%ﬁ&dhbhgfw&t&mt%oaa@er@x%Se side of said

substrate. rocess, of fa ricat ed structure conpri si ng
the steps of (@5‘8 PR AR gPEﬁ“EE{'Y ?acvaﬁfi'amﬁa\.}pﬁar ERh JTTRYRIGESD| e
| ayer; (b) |am hatt ngrcsmmtéxmmﬂommgezam €on@pery . ol ssevw alrzel ledilre C f| Imto

at | east one sugfacgypfgqyy OrQAR 6nS8REd @ igehaving circuitry thereon; (c)
exposi ng sai d photol nageabl e | ayer to a pattern of radiati on under

conditions effective to selectively harden portions of said photoi mageabl e
| ayer; It should be noted that the epoxy based resin system

of the present invention in the steps before
developing has an elevated solvent content of an
amount sufficient to prevent cracking and provide
plasticity to the dielectric film during handling and
to assist flow of the dielectric film during
lamination with the subcomposite. By “elevated
solvent content” it is meant that the solvent amount
in the epoxy based resin system ranges from about 5%
to about 30% by weight, preferably from about 9% to

about 15%, more preferably from about 11.5% to about
13%.

After laminating the dielectric film to substrate 12,
the peelable support film is removed, the dielectric

film is baked at a temperature of from about 70° to



(d) providing mcrovias in areas not harden by step (c); (e) curing the
phot oi mageabl e | ayer; (fJ sputtering a netal seed | ayer onnZa%QJEﬂqggygz
phot oi mageabl e | ayer and in said mcrovias; (g) plating a nEtaltic’l| on
said netal seed layer; and (h) formng a circuit pattern in said netallic

| ayer provided in step (Q). ~~J UN 2002 ~0 17, the process of claim16
wherei n sai d photoi mageabl e | ayer is conposed of an epoxy based resin
system conprising; (a) about 10%to about;g80% by wei ght of a polyol resin
whi ch is a condensation product of epichlorohydrin and bi sphenol A having a
nol ecul ar wei ght of from about 40,000 to about 130, 000; (b) about 20%to
about 90% by wei ght of an epoxidized nmultifunctional bisphenol A

f or mal dehyde novol ac resin having a nol ecul ar wei ght of from about 4,000 to

about 10, 000; (c out. Q9 about_509% hy wei gh f a _hal ogepat ed
epoxi di sed di gl y%:}?%% pelyA s %i’g‘% Jg'aondolol%AtFiTé‘f\ali % fgr"r%lag’c?ﬁrg-aigmi ght of
fromabort 600 tBLBpeRA 2 SpPutahll pipues] apd shewtthe 5 parts by wei ght of

N Jo0 S kB o e b aaed

~ [ i m17.Waerein.said epgxy base

resin system f ur??né?e’f:%rf)}?fri 5?2‘1@%3%8& ‘\lllg(_lrl\% (?c?rrr’}%ﬁgﬂ?? %éz?ceqweg%oé sol vent
conponent conpri sesepkbyslemarglepcpprhibershethytheephetrobvatestd eand 0 to | ess

t han about 10% byp¥Ry 3 sdd Gf¥Hi@N@ayer. Preferred baking conditions
employed in the present invention are as follows:
temperature = about 90°C, time = 30 minutes.

The selective hardening process is carried out by
overlaying a photo-master on top of the photoimageable
epoxy based resin layer and then using a conventional
exposure device operating at a photo-master contact
pressure of from about 3 to about 8 psi, an energy of
from about 800 to about 2000 milliJoules/cm?, using a
365 nanometer arc 8 Kilowatt lamp. More preferably,
the exposure is carried out at a photo-master pressure
of from about 4 to about 6 psi, an energy of from
about 1000 to about 1500 miiliJoules/cmz, using a 365
nanometer arc 8 Kilowatt lamp. The ﬁost preferred
conditions for providing the selective hardening
effect to the photoimageable layer are 5 psi, 1500
milliJoules/cm?, using an 8 Kilowatt lamp.

Microvias are then formed in areas of the structure

that are not exposed to the pattern of radiation.

Typically, microvias are formed over areas containing

-



carbonate. 19. The process of claim 16 wherein step (c) is carried out at a
pooto-ﬁaster pressure of from about 3 psi to about 8 psi, an energy of from
about 800 II11~I1.1CLIILS/CIll~ to about 2000 nilliJoul es/cng) l'sug-d;Naz
nanoneter arc 8 Kilowatt |anp. 2 ~J UN 2002 32 20. The process of claim
19 wherein step (c) is carried out at a photo-naster pressure of from about
4 psi to about 6 psi, an energy of from about 100 mlliJoul es/cnZ to about

1 500 milliJoul es/cne using a 365 nanometéf-arc 8 Kilowatt |anp. 21. The
process of claim 16 wherein step (d) includes the steps of baking and
devel opi ng. 22. The process of claim21 wherein baking is conducted. at a
tenperature of fromabout | 00C to about 140C for a tine period of about 30
m nutes to about 120 mi nutes. 23. The process of claim22 wherein baking is

conducted at a tempatiaiyres by fhauimbens d@0& swimpane haBepboega time
period of aboutﬁﬁgfgaﬁgﬁggbig ﬁ%ﬁﬂ; 60 m nut es. "~ J UN 2002 24, The
e Y,

process of clai ern de opi ng i s conducted using propyl ene
carbonat e, gamma butyrol actone, diglyme or m xtures thereof. 25. The

process of cl ai mpkgifieatin, stkp ge)tdimagaabledemisty ddasd eagrgy of from
about 2 Joul es/ 0.ab SR . C f.claim 16
wherei n step (e?ggg&65%d§§%8§ %?uggﬁénpepgggrgﬂ¥§hF%é%é%ﬁ%%%?ll50 “t 0 about
190C for a tinme GFESS34nEf aRfokPaBhRR St BRALPES2IPRIBOLMAYEXO ni nutes. 27.
The process of dpaidbhfiGanier, ebak bt pd @ondaceaadaretethmiraauregperat ure of

from about 160C 40, about, | §8Ge Ofo &ddt® 1065 O¥b.0T QD BRYLs 45 M nutes to

about 90 m nutes. .
rom about 15 to about 120 minutes. More preferably,

baking is conducted at temperatures of from about
120°C to about 130°C for a time period of about-30 to
about 60 minutes. Partial curing of the
photoimageable layer is obtained in this step of the
present invention. It is noted that the above
conditions lower the amount of solvent that is present
in the photoimageable layer.

The baked structure is then developed using conditions
which are well known in the art. Typically, the
structure, particularly the photoimageahle layer, 1is
developed using an organic solvent that dissolves any
unexposed material. -Generally, the pattern is
developed by conventional methods which include, but
are not limited to, using propylene carbonate, gamma
butyrolactone, diglyme or mixtures thereof. A highly
preferred method of developing the photoimageable

layer in the present invention 1s disclosed in U.S.



28. A process of fabricating a circuitised structure conpri si th t
of: (a) applying a dielectric filmthat is capable of form ngrzﬁ P@amaZﬁﬁz

upon exposure to |laser energy to at | east one surface of an organic
substrate having circuitry thereon; (b) form ng mcrovias in selective
portions of said dielectric filmby irradiating the same with | aser energy;
(c) cleaning said mcrovias to renove any | aser debris; (d) sputtering a
metal seed layer on said |laser ablated di%lectric filmand in said
mcrovias; (e) plating a netallic layer on said netal seed |ayer; and (f)
formng outer circuitry fromsaid nmetallic |ayer provided in step (e). 29.
The nethed of claim28 wherein dielectric filmis.applied by [ am nation.

., (a,. 2"+ JUN 2002 -34 30. The process of claim 28 wherein said
Iaser ener gy | Patemtl Ned by268] 26¢@r HruroatsekecdéBdviiamadee gr oup

consi sting of GQuoMbrifGadld-EXE IR res gnég A, . AF. AYR AYh
CAYA. Ay. A{. AFI ANCAS{TATUAY TARA@L A AS(Y. AA AY.A3LAAA A2 A LA
. Au. Ah' . AO. A+. Al . ALHO, opRS), . 1@YAPT}

?2$4} xr mhe”Y] c( al]mdraajlda]emahaéa]zea] clad tc djheandeabtapoa) ¢ goajaysa] c(al] ¢
produces microvias 18 having a diameter of froﬁ-about
1 to about 5 mils, more preferably about 3 to about 5
mils, in the photoimaéeable layer. Thus, the
structure of the present invention contains fine holes
which extend to circuitry 14 that is loc¢ated on the
surface of substrate 12.

Following development, the photoimageable layer is
exposed to a blanket exposure process using a UV cure
tool that operates at a high UV enerqy. By “high UV
energy” it is meant that the blanket exposure step is
conducted at energies of from about 2 to about 6
Joules/cm?, more preferably about 4 Joules/cm’.

Permanent curing of the structure is carried out at
temperatures of from about 150°C to about 190°C for a
time period of from about 30 to about 120 minutes.
More preferably, the final cure is carried out at
temperatures of about 160°C to about 180°C for about
45 to about 90 minutes. The permanently cured
structure of the present invention containing
microvias 18 and cured photoimageable layer 16 1is
shown in Fig. 1(b).
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Next, a metal seed layer 20 is sputtered on to the
surface of photoimageable film 16 and in microvias 18.
This step of the present- invention is shown in Fig.
1(c). Suitable metals that may be sputtered in this
step of the present invention include, but are not
limited to, Cr, Cu, Al and the like. Mixtures or
alloys of these metals are also contemplated herein.
Also contemplated herein is the use of two distinct
metal layvers. When such an embodiment is employed, it
is preferred that a layer of Cr be applied first
followed by a layer of Cu.

The sputtering conditions employed in the present
invention are effective to cause the formation of a
metal seed layer on the surface of the developed
photoresist film and in the microvias. As stated
hereinabove, the term “metal seed layer” denotes a
metal layer which has a thickness of from about 100 to
about 2000 A. More preferably, the metal seed layer
has a thickness of from about 500 to about 1500 A. It
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is again emphasized that a metal seed layer is
distinguishable from a full metal layer which
typically has a thickness of from about 0.2 to about
0.5 mils. Applying such a full metal layer to the
surface of the cured photoimageable laver would be
detrimental to the structure provided in the
previously mentioned steps since high sputtering
temperatures and full sputtering cycle times would be
required in forming such a full metal layer.

The sputtering conditidns employed in the present
invention which are effective in providing the metal
seed layer are as follows: the energy is from about
0.48 to about 0.72 kW, the temperature from about 100°
to about 150°C, and the time is from about 12 to about
18 minutes. More preferably, sputtering i1s carried
out at an energy from about 0.54 to about 0.66 kW, a
temperature of from about 112° to about 138°C and for
a time period of from about 13 to about 17 minutes.

The next step of the present invention is shown in
Fig. 1(d). Specifically, Fig. 1(d) shows plating a
metallic layer 22 on sputtered metal seed layer 20.
Typically, the plated metallic layer 22 is composed of
a metal selected from the group consisting of Cu, Al,
Cr, W and the like. Of these metals, Cu is highly
preferred in the present invention for forming
metallic layer 22.
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The metal plating is conducted utilizing plating
techniques and conditions well known to those skilled
in the art. For example, when Cu is emﬁloyed as
metallic layer 22, it is plated from an acid -
electroplating bath which typically contains copper
sulfate in aqueous sulfuric acid. In accordance with
the present invention, the plating process provides a
metallic layer on top of the metal seed layer which
has a thickness of from about 0.2 to about 0.5 mils.

A circuit pattern is then formed in metallic la&er 22
utilizing substrate techniques well known to those
skilled in the art. This includes providing a
photoresist film (dry or liquid application) on plated
metallic layers 20 and 22, exposing and developing the
photoresist film; and etching down the plated metallic
layers 20 and 22. The final structure containing
outer circuitry which comprises plated metallic layer
22 and metal seed layer 20 is shown in Fig. 1{(e).

The photoresists employed in forming the circuit
pattern in metallic layer 22 are conventional
photoresists well known to those skilled in the art.
A preferred photoresist for this step of the present

invention is WAYCOAT SC-100 which is a liquid
photoresist.
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The photoresist used in providing the circuit pattern
to metallic layer 22 is exposed and developed using
the same conditions and techniques well known to those
skilled in the art. The circuit pattern is then_ formed
by using conventional etching techniques.

Another way of providing the circuitf to the structure
is by first sputtering a layer of Cr onto metallic
layver 22. Next, a liquid photoresist is applied to
the surface of the sputtered Cr layef and then the
photoresist is exposed and developed using
conventional techniques well known to those skilled in
the art so that a pattern is provided to the
photoresist. Thereaféer, the exposed regions of
sputtered Cr and metallic layers 22 and 20 are etched
as described above. After etching, the photoresist is
stripped from the sputtered Cr. For clarity, this

embodiment is not shown in the drawings of the present
invention.

The etching step employed in forming  the circuit
pattern in metallic layer 22 in step (h) of the
present invention is conducted using either a dry etch
or a wet etch. Suitable dry etching techniques that
may be employed in the present invention include
reactive ion etching (RIE), chemical dry etching, ion
beam etching (IBE) and plasma etching.
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When a wet etch is employed to etch the metallic
layer, the chemical etchant employed is selected from
the group consisting of H,0,, chromic acid, cupric

chloride, ferric chloride, potassium permanganate and

the like. Mixtures of these chemical etchants with

water are also contemplated herein. The chemical
etchant may also be buffered to a desired pH using
known buffering agents. A preferred chemical etchant
employed in the present invention is cupric chloride,

ferric chloride or potassium permanganate.

In a second embodiment of the present invention,
process steps (a)-({(g) as mentioned hereinabove are
first performed on both sides of the substrate 12
providing cured photoimageable epoxy based layers 16,
microvias 18, metal seed layers 20 and plated metallic
layers 22 on both sides thereof. It is noted that
this structure would be similar to the one shown in
Fig. 1(b) except that layers 16, 20 and 22 would be

present on the bottom surface of the structure as well
as the top.

Circuit layers are then formed'in metallic layers 20
and 22 using one of the following embodiments. In one
embodiment, the outer circuity is formed by applying a
photoresist to both surfaces of metallic layers 20 and
22; exposing and developing both sides of the

structure and then subjecting the exposed areas to
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etching. 1In another embodiment, the circuitry is
formed by providing a photoresist to both sides of the
structure; exposing the circuitry on one side; blanket
exposing the other side; developing the structure;
etching the side of the structure that is deveibped;
stripping the developed photoresist; and then
repeating these steps on the reverse side.

As stated above, the foregoing description and Figs.
1(a)-(e) are illustrative of the processing steps
employed in the present invention when the dielectric
film contains a photoimageable layer. The description
that follows applies to cases Wherein the dielectric
film is one that is capable of forming microvias upon
exposure of the same to laser irradiatién. This

aspect of the present invention is shown in Figs.
2(a)-(c).

Turning first to Fig. 2(a), there is shown an organic
substrate 12 having circuitry 14 formed on the top and
bottom surface thereof. The organic substrate and
means used in forming the circuitry are the same as
mentioned previously in regard to Fig. 1l(a).

Next, a dielectric layer that is capable of forming
microvias when exposed to laser irradiation is applied
to at least one surface'of organic substrate 12. In

one embodiment of the present invention, a suitable
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dielectric such as an unsupportéd epoxy or Aramid
resin is coated onto Cu foil. The fo0il is then
laminated to one or both sides of the core layer in a
lamination press. The foil is then etched to expose
the dielectric layer wherein sélected portions of the
dielectric layer are irradiated with a Beam of laser
energy under conditions which are effective to form

microvias in the structure. Such conditions are well

known to those skilled in the art. The surface of the
dielectric film is then irradiated with the laser
until microvias are formed therein. Typically,-a
18x24 inch board can be imaged at a rate of about 3000
vias per minute. Preferred laser sources that can be
employed in the present invention include CO,, Nd-YAG,
Excimer and the like. Both CO, and UV lasers will
ablate glass fibers as well as organic dielectric
materials therefore standard FR-4 and other suitable
glass reinforced dielectric materials may be used in a
similar fashion.

Fig. 2(b) shows the structure formed after exposure to
laser energy. As is seen therein, microvias 18 are
formed in dielectric £ilm 30 over metal layer 14.

The structure shown in Fig. 2(b) is then subjected to
a conventional hole clean process so as to remove any
laser debris that may be present in the microvias or
the plated through holes. It should be noted that
laser ablated stops at circuitry 14 since said



10S+F10%& ()-!11) 10%EE& ()- 10% & ()- 10% & ()- yK~KKG\~NNNPOPa?1@
101 6 #$10%& () - 2! #$109%& ()-2 | "109%& ()- 109%& ()-I 2.4 JUN 2002
197 10%' () - 109&' () - OPPPQPaPf PPQRgH@ 10! 6" 3 10%&' ()- - 109& ()*Z

4109 () -, 10%&' ()- $Y10%&' ()- 10 10R: STTTTTTGVUV7 10
, 109 () - 10%& ()-#10% ()- 10 10

-26-

circuitry typically contains a metallic layer such as
Cu which acts as an ablation stop laver.

After cleaning, the structure is first provided with a
metal seed layer 20 followed by a metallic layer 22.
The conditions and elements employed in forming metal
seed layer 20 and metallic layer 22 are the same as
those mentioned hereinabove. A circuit pattern, as
described also hereinabove, is then formed on the
metallic layer. The final structure provided using
these steps is shown in Fig: 2(c).

While the present invention has been particularly
shown and described with respect to preferred
embodiments thereof, it will be understood by those
skilled in the art that the foregoing and other
changes in form and details may be made therein

without departing from the spirit and scope of the
instant invention.
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Claims

1. A process of fabricating a circuitised structure comprising the steps of:

(a) applying a dielectric film to at least one surface of an organic substrate having

circuitry thereon;

(b) forming microvias in selective portions of said dielectric film;

(¢c) sputtering a metal seed layer on said dielectric film and in said microvias;

(d) plating a metallic layer on said metal seed layer: and

(e) forming outer circuitry on said plated metallic layer.

2. The process of claim 1 wherein said circuitry on said substrate is obtained by the

steps of: (i) providing a metal foil to said organic substrate; (ii) etching said metal foil so as

to thin the same; (iii) providing holes in said substrate; (iv) plating said substrat

e and said

holes with a metallic element thereby forming plated through holes in said substrate; (v)

filling said plated through holes with an epoxy resin containing Cu; and (vi) planarising the

structure.
3. The process of claim 1 wherein said dielectric film is selected from
consisting of dielectric films containing at least one photoimageable layer and

films that form microvias when exposed to laser energy.

the group

dielectric

4.  The process of claim 1 wherein said metal seed layer is sputtered under

conditions effective to provide a seed layer having a thickness of from about 100 A to about

2000 A.
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5. The process of claim 4 wherein said metal seed layer has a thickness of from
about 500 A to about 1500 A.

6.  The process of claim 1 wherein said metal seed layer is a metal selected from
the group consisting of Cu, Cr, Al and mixtures and alloys thereof.

7. The process of claim 6 wherein said metal seed layer is a layer of Cr and then a
layer of Cu.

8.  The process of claim 1 wherein said sputtering step is conducted at a sputtering
energy of from about 0.48 kW to about 0.72 kW, a temperature of from about 100°C to
about 150°C and for a time of about 12 minutes to about 18 minutes.

9. The process of claim | wherein said metallic layer has a thickness of from about
0.2 mils to about 0.5 mils.

10. The process of claim 1 wherein said metallic layer is composed of a metal
selected from the group consisting of Cu, Al, Cr and W.

11.  The process of claim 10 wherein said metallic layer is composed of Cu.

12.  The process of claim | wherein said outer circuitry is formed by the steps of: (i)
providing a photoresist to said metallic layer; (ii) exposing and developing said photoresist;

and (iii) etching said metallic layer.
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13.  The process of claim 1 wherein said organic substrate has circuitry on both of
its surfaces and steps (a) — (d) are employed to both surfaces of said substrate,

14.  The process of claim 13 further comprising forming a circuit pattern on both of
said metallic layers.

15.  The process of claim 13 further comprising forming a circuit pattern on one side
and thereafter on the reverse side of said substrate.

16. A process of fabricating a circuitised structure comprising the steps of:

(a) providing a dielectric film having a photoimageable layer;

(b) laminating said photoimageable layer of said dielectric film to at least one
surface of an organic substrate having circuitry thereon;

(c) exposing said photoimageable layer to a pattern of radiation under conditions
effective to selectively harden portions of said photoimageable layer;

(d) providing microvias in areas not harden by step (c);

(e) curing the photoimageable layer;

(f) sputtering a metal seed layer on said cured photoimageable layer and in said
microvias;

(g) plating a metallic layer on said metal seed layer; and

(h) forming a circuit pattern in said metallic layer provided in step (g).
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17. the process of claim 16 wherein said photoimageable layer is composed of an
epoxy based resin system comprising;
(a) about 10% to about 80% by weight of a polyol resin which is a condensation
product of epichlorohydrin and bisphenol A having a molecular weight of from about
40,000 to about 130,000;
(b) about 20% to about 90% by weight of an epoxidized multifunctional bisphenol
A formaldehyde novolac resin having a molecular weight of from about 4,000 to about
10,000;
(c) about 0% to about 50% by weight of a halogenated epoxidised diglycidyl ether
of bisphenol A having a molecular weight of from about 600 to about 2,500, and
(d) 0.1 to about 15 parts by weight of the total weight of the epoxy resin system of a

cationic photoinitiator.
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19. The process o0f tlaim 16 wherein step (c) is carried out at a photo-master
pressure of from about 3 psi to about 8 psi, an energy of from about 800 milliJoules/em® 1o

about 2000 milliJoules/cm? using a 365 nanometer arc 8 Kilowatt lamp.
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about 1500 milliJoules/cm” using a 365 nanometer arc 8 Kilowatt lamp.
21. The process of claim 16 wherein step (d) includes the steps of baking and
developing.
22. The process of claim 21 wherein baking is conducted at a temperature of from
about 100°C to about 140°C for a time period of about 30 minutes to about 120 minutes.
23. The process of claim 22 wherein baking is conducted at a temperature of from

about 120°C to about 130°C for a time period of about 30 minutes to about 60 minutes.
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24. The process of claim 21 wherein developing is conducted using propylene
carbonate, gamma butyrolactone, diglyme or mixtures thereo!.

25. The process of claim 16 wherein step (e) is carried out at an energy of from
about 2 Joules/cm? to about 6 Joules/cm?.

26. The process of claim 16 wherein step (e) is conducted at a temperature of from
about 150°C to about 190°C for a time period of from about 30 minutes to about 120
minutes.

27. The process of claim 26 wherein step (e) is conducted at a temperature of from
about 160°C to about 180°C for a time period of from about 45 minutes to about 90
minutes.

28. A process of fabricating a circuitised structure comprising the steps of:

(a) applying a dielectric film that is capable of forming microvias upon exposure to
laser energy to at least one surface of an organic substrate having circuitry thereon;

(b) forming microvias in selective portions of said dielectric film by irradiating the
same with laser energy;

(¢) cleaning said microvias to remove any laser debris;

(d) sputtering a metal seed layer on said laser ablated dielectric film and in said
microvias;

(e) plating a metallic layer on said metal seed layer; and

(f) forming outer circuitry from said metallic layer provided in step (e).

29. The method of claim 28 wherein dielectric film is applied by lamination.
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30. The process of claim 28 wherein said laser energy
is supplied by a laser source selected from the group
consisting of CO,, Nd-YAG and Excimer.
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