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METALLI ZEDVOAPMRYE MATERI AL HAVI NG ORDERED DI STRI@VHIER76OE
GONDUCTI VE THROUGH HOLES 5 Field of the Invention

The invention is directed to a netallized | am nate material for use in
printed circuit substrates and a ~method of manufacture therefor. Mre
particularly, the I ny i ' A to ametall‘lrzedlamnate
having an 10 order *' Seryiseie mimavivanpyaavi AR Vi as
which is swtablef%% ﬁb 1 umms scwcwt

substrates sgch as rrulti-chi p rmflygfé of thé‘%s}éi‘ﬁu ke and a met hod of
manuf act ure therefor. round of the | nvention

New appl i cations for E%n’p%‘f%’it'slorél’esctdrlﬁﬁc(’:‘Ed to Eoﬁ?F%Hb?%d kARt natier
digital electr omateraa.'e for usnin prdutled kéregideyabsprdtedi gnd &l

el ectroni cs hav 18?1?&97 nt o y L1z -
applications 2 % ?%h previ ous ﬂd}tcf' %r ntg'%qgh | Iggggu%%‘?g&ﬁf c the
control . Concur FBHERGAPR %%ed##ﬁﬁté%?sé'-q R Jegpiaized lapirate dl‘rﬁ‘cls}’lg an

apEI i cati onaohﬁsraeeeda@mmmmn ot h,gnductlﬂégdh%@ﬁ RIhalesl &flr e .
substrates suc rint oar nd_t ike for electrically
25 i nt er connect I' %Cgl %a%'t r‘g 1fablaﬁe ocres &ff’%élf:%f‘glf 8? Jaglh a&fs e‘Wéct ronic
circuit. prinfed pioewssiswpstiradésasdchnaer maltbnchip qughpids of

digital electrophg €¥i £ERe NAsd &l SR UMY 3SeHnuractabStREEdAlLY. placing
addi tional burdens on the 30 packaging density, speed and other electrical

performance characteristics of printed wiring boards and the like. For

i nstance, nmbbti-chip nodul es (EedWaxbund of vwhecinvewwigor ate several
unpackaged i nt egr at eﬁe‘glgﬁéﬁyﬂéat ons ad %ﬁg&g&?%?&é&&?"& ces directly

mounted on a high 35_d ty Subst rate, cone | ncreasi ngly popul ar
with el ect FERFEQLheFE ARG Qher Gdgitad| SlRGtrankFgHare  perfor mance

applications. continuousbyemeing aiesxeg.laipfeldcanmguﬁbﬁreDéctpf@@ﬂfésiH@est eps
are requi ;gg ; 0aPLOCHES, & LLDLED 100 w39 dpeE0Ln 1 903 SAEPP] Guc 05 2
which prev1ously dld not utilize such electronic
control. Concurrent with the increase in digital
electronics applications has been an increase in the
need for printed circuit substrates such as printed
wiring boards and the like for electrically
25 interconnecting electronic devices together to form an
! electronic circuit.

The processing speed and information throughput of
digital electronic devices has also increased
substantially, placing additional burdens on the

30 packaging density, speed and other electrical
performance characteristics of printed wiring boards and
the like. For instance, multi-chip modules (MCM’s),
which incorporate several unpackaged integrated circuits
and other electronic devices directly mounted on a high

35 density substrate, have become increasingly popular with
electronics manufacturers, particularly in high
performance applications.

However, a significant number of processing steps
are required to produce a printed wiring board. For

40 example, for a double-sided printed wiring board,
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2 Bi0sOD49y circuit | ayers nust be forned on an i nSRATASING7606
- substrate, and further, a plurality of conductive t hrough hol es mnust
be fornmed through the substrate for i nt erconnecting the opposing
circuit patterns. 5 In the manufacture of a typical doubl e-sided
printed wiring board, via holes are formed in an I nsul ating substrate

such as pol yi %ﬁ%s@ﬁgpeki‘@&i@rlaﬁ% must. SRNAUEREUCAAPLE" L Alu Pl hRS coPPer

i's deposited o tra e an t hr ough
holes. 10 TH&bERFBLEEN ABReSUBFheX téh@r ufrallﬁréar pfi epnductive

C?nducfj i ve nmat@roaghdhphestmest Ve Eoredithebnghi uaéysubsxl:rat_f@yf&e f or med
after depositi, C Y. res ating steps to
PertBhR0ct IR (A Yol el ¥ o e HEDRERD

deposi t conductive ma gh hol es are
typical ly 515 mechani thel panngacturs qfl astypdcall ddublevaidedis points

on the substrg&qnﬂeaenﬂkmﬁguagamihangam51@%|a&e formé&tfﬁcéﬁneCtS required
bet ween ci rcui,t trate terial is

netal | i zed andnﬁﬁ‘ga ing ?Wf’ﬁﬁ’@?ﬁt$dﬁ'§gﬁsepf’gﬁ’ﬁﬁ‘& ©2°F eRP LY N jand
typically 20ccadpctévetvaberiakisissh ais tdepperbisr deposiyed oo Ihotdi t her

through a Ste%‘i‘d’esobft EBQUGGthPI\EE Oe{:%'ﬁ:t e' %%?gtﬁg Eﬁﬁé‘%ﬁ%l&em the

conductive naterlaLF 05|ng es 0 ate s etched
through tH® rd&est 8u9h h°} rﬁ??m?#qqﬁﬂ ﬂﬂrm@GIPrbSFtE?nt ®inally, the
remai ni ng 25 condsicstiveahatéaial sdepomivedn |seapi, ngrt hEtdfﬁat:Edem,t t er n

above- descr | bERTp P8, eoriBa Ehter dodliedols WHIRH BBically pequiddl,
process. O hefustbesspdatinghsteps to derpaiitygopdustiveamaterial depositi on

are al so knowinti t&Q hbme arthe tﬁer‘oxﬂ_:fiﬁIHdl‘é% deaosybh@anyhe Iayers of
conductiv terial dep85|ted ont.o t hr ough

SO st e ek g B a8 T PR e o Bindnt” RATTREHE varipyR st iie ho
sem -addi ti veqmr dbesspbgtrate dépendiowl upppethes pdepdsilad over bot h si des

of the 35 %lﬂﬁ%tzfc%hﬁecégdkédqﬁ’{@éd Bdteided digchligt 5Qtee£9st he

St U B LD, BopBerA Bt et S ebtartssea’ S, 2 (1

through holes are formed, a resist mask is typically

20 applied to both sides of the'substrate, typically either
through a stencil or through a photoresist imaging
process. Next, the conductive material on the opposing
sides of the substrate is etched through the resist to
form the final circuit pattern. Finélly, the remaining

25 resist material is removed, leaving the desired pattern
of conductive material on both sides of the substrate.

The above-described process is commonly referred to

as a subtracti#e process. Other processes such as
additive or semi-additive deposition are also known in

30 the art. For additive deposition, the layers of
conductive material are deposited onto the substrate
material through a resist mask, whereby no subsequent
etching is required. In the semi-additive process, a
thin seed layer is depositéd over both sides of the

35 substrate, additional material is plated onto the
substrate through a resist mask, then the resis; is
removed and the entire board is etched to remove the
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The above steps required for the formati on of a printed circuit
substrate are nunerous, and many require t he use of expensive and
conpl ex equi pnent. For 5 instance, the ngtallization of a substrate
mat eri al may require several individual steps, such as conbinations

of plasma treat eﬁpbseapséé@rli@r rﬂn&lﬂ&m t®ROEinak cQ?E@:?ttﬂ)%eﬁbem cal

vapor deposition, ositjion, jon plating,
etc., each of which lf%% %B%)?%a ercﬁﬁul”'g %[5585 gﬁFzgg’"@ﬁE} ‘?1# &nd
knova edgeabl e oE@F-at:@iﬂsCl:F@l-‘a@cﬁubaﬂratream]reohmnhe'oabovend manyrospsises use

cheni cal baths \S’ﬁéc{isguéf dpbesiBiRe ang c‘éﬂn%ﬁ(é&gg }% blen ftelfblteqw ri n? .
addi't1 onal costs associ ate

specialized dis roced es an
15 therewthg S HE A*I"IF #el én&“?ﬁb%???s@ati‘mlsdﬁyfor
printed wiring bequdrﬁaﬂewwhrmdmdnmlpmhpbl t suehyas comibigHtigs many

manuf act urers, ggrbig%gréyegm cfpvu\nt: %%Jihggnggggg_%ivg%éognall vol unes

and/ or custom dg printe gi ven the cost
and conpl eXFP stl‘PIP\e %*&ﬁ]‘?’;ﬁ?ént"aﬂ?&“n?eF’QEF-Féﬁflr oblerbrembatsing, are

best suited onl gléotrblehs ddpom HilapudlonOBlaklingS etc., 0&4Eh abf WHIHh

commrerci al | yqpr turers to produce snmall vol une
and/ or cust %m gg{;%gg%%%gfe es s&’arég'%gg'fszlgéngquﬁpﬂ%ﬁge Cgonsequent ly,
many nanuf act ur ERawiedgeakle dmemttqrsone Ipf addfishon, wmasyppf itdres ahover ovi de

finished print eﬁr&tééé‘@sb&'@édﬁaemlcal R=ehat ¥he choauds ié(@éf%éy are also
contracted out manuf act ur er however, prefer to

30 maxini ze theéﬁﬁ%@?d %lF E&Bge SPRRIRLIRed t c6’-SP°S‘E*‘1better
control costs apdoteduresant thhﬁaaddltlonal coStecissardardd materials are
avai |l abl e tgsenggg§3w1th manuf acturers to produce finished printed wiring
boar ds therefromwt reduced anmount. of equi pnment and 35
processing. Mbst st otk %‘%1% EFEPmeng andnexpaetase necefsawetiar pol yner
filmw th | ayerprbhtedpeitizindsbard matmfdatuireemaRnt B¢ i gtol it didteld, on one
or both sides high for many manufacturers, particularly those
requiring relatively small volumes and/or custom designs
20 of printed wiring boards. However, given the cost and
complexity of the equipment, many fabrication processes
are best suited only for high volume production. It is
generally not commercially practical for many
manufacturers to produce small volume and/or custom
25 printed wiring board designs in house. Consequently,
many manufacturers contract out with one of a few
suppliers to provide finished printed wiring boards.
Prototype boards typically are also contracted out to
suppliers. Many manufacturers, however, prefer to
30 maximize the number of production processes in house to
better control costs and turnaround times.

Stock laminate materials are available to enable
manufacturers to produce finished printed wiring boards
therefrom with a reduced amount of egquipment and

35 processing. Most stock laminate materials include a
dielectric polymer film with layers of unpatterned
conductive material laminated on one or both sides
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4 Wuoeemedo1 For produci ng single sided printed circedWUSIsSO760BOar ds,
this material is particularly convenient in that a manuf acturer needs
only to deposit a resist nask, etch away the conductive material, and
renove the renaining 5 resist. Further, if the lamnate is provided in
roll form the manufacturer may need to cut out the I ndi vi dual

printed wirin s f | iala, f processes
are conparati \%ggggégéorr%?‘ﬂ:é{%%l&dg r%i%%rllenes%ggﬁsp&e, L%ﬁdc%%&?fg‘i require a

great deal of boagdsexpbhsiwatenibrispagtdiculaglygappyenient in that

However, to proddaardetiiteér sheeds Wil ad depoBit a rebost Umslsi] Iisch a
manuf act ur er n%épbgﬁre uired to
ri

form._. t.hro hol at_varipous points
on the. pr1 nt edWBYr ERG " SonaSEELTe i iriat, SARCEARPRS ShBoSTIR IR Ul
patterns. 515redisktli njunthes, | ¥f £heianinatendsr papvhdednin comtilct i ve

material al r egdyndepasi heauPRcbOtdr Sidiphddd®re0but out! €RYI res separate’
plating or netal]lizing. operations, . af t drilli t he. hol es o deposit
~conducti ve natlé’rdiléﬂ"dugl BRHIB?‘% %P%PQ%?%%F@&‘; Ué%n%ﬁﬁeﬂﬁ?ﬁl%]t ock

| am nate 20 AlAt efi ahesar protéesses Eraveldnpamatdsrelyr unsemphitatesd f or

hi gh perform Y aSLtY = 'qggpﬁr'n e ar de desi gns
since the ci rc%&?[ lgsggﬁqﬁgﬁ%f a%ﬁ;% e%c?et en _IJe %ugfesgr?gg% <tgﬁe addi ti onal
steps of d¥d | |sxmgngiye and/gEpeRe¢iNtizaHiadudRPRE Eonduct i ve material to

formthe 25 vias. However, tolpfodies .ddibletsidedopttihaedewbeingi scl oses

| am nat es havi.n reaul ar. arr QRQQHP YA . e jcally
interconnectiﬁﬁ%ﬁ%pgfgﬁagﬁhpétﬁ%ﬁééf . H%%ﬁéhc??ﬁg?F89e§é.§% he
surfaces ther édfrough hglempatf veriows pAinksham &he pyéntadywisdéng Sei bel

| ani nat e bda@dt@YaReRcBRhEEE L I6d Sppds ihRpicd riyiist pRELLEAS. I esi st
on the conducti

ipon' the dEpodiHiihi e BRIERUES R rbapae HetiriR1” kaling conahCERREr 00
and finally remapeniglt Bdready deposited rarmhdtd lsddes. tBprpebvi ding a
regular array Qquires s‘ék)ﬁ%a{?@vbﬂﬂtiﬁ@ SPNERIGHIME 1Rt epkahtdengsi ted
therein, a afté?ngﬂgTiiggethaﬁofggIégléggggfgﬁggn%hgggb% Rggggia ch
' within each of the holes. Consequently, stock laminate
.20 materials are often not well suited for use in house for
high performance, high density double-sided printed
board designs since the circuit board manufacturer often
must perform the additional steps of drilling and
depositing additional conductive material to form the
25 vias. ' :
U.S. Pat. No. 4,770,900 to Seibel discloses |
laminates having a regular array'of'conductive vias .
electrically interconnecting opposing unpatterned
conductive layers on the surfaces thereof. A
30 manufacturer or other end user may use a Seibel laminate
to produce a printed circuit board by stenciling resist
on. the conductive layers, then etching and/or plating
(depending upon the deposition technique) the final
circuit patterns thereon, and finally removing the
35 stencil from the board. By providing a regular array of
vias having the conductive méterial.deposited therein, a

manufacturer may design a printed circuit board which
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remai nder of the via holes to electrically isolate them from ot her
portions of the circuit. The advantage of this systemis that only the
stencil deposition, 5 patterning (i.e., @tching and/or plating), and
stencil renoval steps are required to be perforned by a

manuf acturer. Cusesqoedyl %, parvhonfefttievimhdlel, detchingMabbuNg! tHE

and/ or custom prJ L.r .8g wi £ houyt a.large anmount of

addi ti onal equi ;ﬁ@tﬁtg S{gﬁ% é?(ptég%?\réejg hol%es to e%@&éﬁﬁﬁigyaﬁﬁagﬁge B with
the Seibel procé&¥®m other| pophiens Wiarthe lvdnoudtessFhedadvansagei of Sei bel
are not  pathieubgkty¥msust eshd Wnly HhetkacTanaepBEgh; geNsi ty
applicati ons .. Fi ra%%é relatively th¢ K, conacfiéc/t ive_l ayers such as copper
foils are bonde82F5SE &8st ot e tH %ﬁ‘d}? SFhBLprdRI) whRRR BFENFE as
reliabl e as thi we@pvahdshepe are regivamskdcadieepevrebesstiybgeposited

duct i I , d | ti
foils s?éﬁf“f;gg;ﬁﬁf‘?iﬁucé&%é@fﬁlk@g?ﬁ%ﬁ?%s??gr%%%fgﬂa%‘?@ o a

printed circuit® dVEaETE AP Ve rTHHP™ Brigted; wiringsbaardeteithent
undercut, both af lekgehamount | of reddic: iidialr equibRenti 4881 éxpéAcEsd] tch of a
printed circuit Furt her,nor Sgi bel . di scl oses the use
of one L et grgg%%]é ?ﬁ?)vb%acr]n{screéér#ss)tt H’é\? nghﬁ. gefﬁ’?}i%‘?‘é‘?SSQS

spaci ng t her ebefReBATtigukany Ble txhpessespddsgdoandeiin Seibehpre atdtons
such as MCM's, bhpeishUahBy a8ei dddEHPAGIGRI per forMBicOPh Pih e Hidper of 100
m crons or Iessa \Mﬂcg Ls_an ,___.order Q__f. ng%ni}‘ude smalTer than the size
of the Seibel 2PPLYFREIHRe SHHT o BRI CEPYEX pSaRIVT IR 43¥eTsar ge
30 vias for interebnascerprewifidils rane bondadesof ar shisstrate thmsefises the
surface areasoccunbdves, (i dh i tnor as BR31010008 SEHAIIY add Gl DE!

vias woul d take a an I nor dj nat.e anount of area on a printed circuit
board and g 8ﬁ???@aﬁ@?§sh‘f? sloh depesk58AngoReRet Ve ofa¥ews board. 35
The vias woul d Also, sthai tseaf |adHewdveas andheonventiéfiaT Wdpsr ifbils

ngigphnaonighngggﬁ%%yﬁgﬁﬁf§E¥Léﬂéé§“€he pacRQSEHS ééﬂgfi§r§%ééf§§§ié n each

on a printed circuit board due to patterning

20 difficulties and etching undercut, both of which
increase the required circuit trace pitch of a printed
circuit board.

Furthermore, Seibel discloses the use of one

millimeter vias (1000 microns) having 2.5 millimeter

25 spacing therebetween. In many of today’'s more advanced
applications such as MCM’s, line widths and line spacing
may be on the order of 100 microns or less, which is an
order of magnitude smaller than the size of the Seibel
vias. The addition of conductive pads around the large

30 vias for interconnecting with circuit traces further
increases the surface area occupied on the circuit
becard. Consequently, the Seibel wvias would take up an
inordinate amount of area on a printed circuit board and
significantly affect the packaging density of the board.

35 The vias would also significantly increase the
difficulties in designing high density printed circuit
boards since the traces in each pattern would need to be



. routed around many. reI atlv ar&ed used and/or unused Vi as.

ConsequerwoOwé/o Shis S not parti cul ar| pcymsssadédsor hi gh
'den5|ty, hi gh ékfor bIe sided printed wiring board
applications. {{5 tent EP- A- 239 033 general ly discloses a
printed wring oardfor Iaboratory pur poses where a fixed
distribution pattern of holes extends thrbough an insulating substrate

and is coated %%S% %ﬁ%td\éﬁ yeaelg@_{@éilgll P%I"_Oé%g ruc e%n romgg/ 26143

generally 10 oses a prin Clrcult” boar athin
filmwith a plt#adit Fomsegugntdvestherfoibel prqaaas is nogt ching.

Therefore, a neestuldd @ﬁu&eﬂaﬁbﬂahﬁglimda{sﬁiy, ‘highS pleirblrflahee Use in

t he manuf act ur | h den i.ty . doubl e-sided printed
Wi ring boards %?‘94]?421 s(r%'rgljl‘el%eED con8uc¥' %n?h g’@% af?(ﬁ c'ya1 8 connect i ons,

whi ch does %ot Thapsfiores: & gapdi enhstaufdiera diamidditel oaskerpadcess
steps, equipTB{Hle Y YseCXRCthbSRaAREdO R R fHiYhS 'E:%Q*fBHth@Q

Wi ring boards therefrom the I nvention
.The invention l?a’cé?ei ttyh%é’é’b&ﬁdsbflﬁgrpﬁ%‘b?%rf’é"rm% ated with the
prior art in psoididiing consugtliveethrough anelest elntmdnmlecdonsg an or der ed

di stribution erh:.?c'iq dggsalrjdtzggqhgggughsb&fﬁlééﬂg qmn&,efro fuse in high

per formance . density double-sid W rin boar d

appl i cat i o?'ng ‘\F?’%f%éﬂr%eﬁrseﬁéﬁaﬁr y %‘é%%‘“ent ATe C¥PEEG1FENECar eas
defi ned t her eafeatincthdhifimiahed printedi eieihgibhddrddraHdrmaEremdt hs and
spaci ng of conductive 30 traces patterned on the opposing surfaces of
finished printed wiring boards. FurthernDre the via holes are
preferably arranged in an or deXsEna; ‘ - PR a pitch which

provi des an adequatﬁxéurﬁwntqfont aaaysbsébetheselmadcbﬁu&emmeﬁbl ons while
ret ai ni ng fgfflClenI

su routi ycuit traces between
Thg Laed REh T B iBn ars, PR i ek aTT28] ool
for high vol uniearpxmwanernaﬂehewngr ani drdered digtridmydonavéd cost
savi ngs ther ef popa1 Fi¥dd&¥nhrduid® holes suitable for use in high

performance, high density double-sided printed wiring

board applications. The via holes preferably have

20 diameters and land areas defined therearound which are
consistent with the line widths and spacing of
conductive traces patterned on the opposing surfaces of
finished printed wiring boards. Furthermore, the via
holes are preferably arranged in an ordered distribution

25 having a pitch which provides an adequate number of
through the board interconnections while retaining
sufficient surface area for routing circuit traces
between vias. .

The preferred metallized laminate material is

30 suitable for high volume production, thereby providing
the associated cost savings therefrom. Further, the
metallized laminate material is well suited for
manufacturing small volume and/or custom designs of
printed wiring boards as the material does not require a.

35 significant number of additional process steps,
equipment, and/or expertise to form finished printed
wiring boards therefrom.



. . . . Th_1s Sheet las Bcen Re e]d )
7 metal lized | am nate materi al o manuf act uri ng
smal | vol uMMO %M84%r cust om desi gns of g BEHUES/606t he

mat eri al does not require a signl ddltlonal process

st eps, 5 equi pnent, and/or expertise to forntflnlshe printed Wi ring
boards therefrom Therefore, in accordance with one aspect of the
i nvention, a netallized | am nate nateri al |s provi ded whi ch includes a

dielectric pol yrrerl cme&@fayestiﬁt@ccéf@aﬂ& Sl ro%feea%\étzegoe pREKI ng area
and .opposing fir lural ity of vias

and i ncluding.a
ar r anged r?‘né(r‘?nﬁl’ﬁ&' et H?E?i]f‘bﬁ?‘?g]} rtl%é wSr RFRYLgRea,
and wherein eachnmlmdhas a dnahectrlmﬁpdx¥menﬂuﬂfnmm eqhatrate to about 35

m crons and eachgr%d%ﬂésgdg§a§ay§%§ 6¥”¢ (ﬁ%}éﬁe saugh g?rafeétendlng

bet ween thenéprSIH seco Re Sub
conducti ve l&ltrlbutlaahegtl%ﬂé%%llyams% Hangserhefoppssi hhani ext and |

secgnd SIdeﬁpﬁm.t?easubﬁtzamemfwﬁbﬁﬁléﬂ&iﬂqdid&ahbsa Wﬁ@leaéflﬁfng g
conducti ve materj n con ve er irst side
ghg %gh ﬁglg éﬁéé d n (£ eeq Eﬁé ogﬁogﬁggsggaﬁacgfde of

of the substrate a-second con ayer
the substrate; &%dther subghyate; asﬂﬂﬂ#ﬂF?ﬁRﬁ(maﬁﬁnyallaﬁéﬁ51ve§peslyvely

deposited on theeposneapeﬁl fHe f bpSds Bt ST G SIS sabstPeraulssrahe.

wher ei n hot.or esi a cover the nductive | aqyers and 25 the
vi as. %ﬁpaS&Srgﬁhiﬁ g?y$%€}? RSC @FCSPdtﬁ8ngXCt%ﬁ9entlon a

printed mtrlng ﬂ@&ﬁdSISnpthEIdgﬂQSNWUCSIdeS qﬁuﬂhwds&batﬁaeéecandcfpﬁéyneric
filmsubstrate, Jhieseco aupﬁf,tatesb@e“ égilt t%eeenaeﬁeoagségm?f”st

and 30 second sides and |inhcludin vias arran g
ordered di stri bFiSs Pﬁr&ﬁ@hﬁﬂ?st¥%F%wﬁ%n %%%¥§1a lyag@vRavFRg a pitch
defining a m ni romdapadvaglagéreeand theeaniay.s of adj acent vias, and

wherein eachvia includ h Qo extending

bet ween theqég oppos#ngéfﬁfg 73 ¥§W%%g§%&ﬂhﬂﬂb§'ég5%#g sgbg ate and a
conducti ve mat edinlensdpisi #enetallizrdoanishton material éspnspﬁgd¢drst and
second sides of fidreusebshr ahe naghPicture e & igrivellds wivhageh8atde

conductive ”Hteﬁiakn%e °§£ cg defining a minimum spacing between

centers of adjacent circuit traces on the manufactured

20 board. The metallized laminate material includes a
dielectric polymeric film substrate including a
plurality of vias arranged in an ordered distribution
having a pitch defining a minimum spacing between
centers of adjacent vias, each via having a diameter

25 which is between 10 and 50 percent of the pitch of the
manufactured board; and a conductive material
adhesivelessly deposited on the opposing sides of the
substrate and on the via walls.

In accordance with an additional aspect of the

30 invention, a metallized laminate material is provided
including a dielectric polymeric film substrate
including a plurality of wvias arranged in an ordered
distribution with a pitch that is less than or equal to
about 2.1 mm, each via including a wall defining a

35 through hole extending between the opposing surfaces of
the substrate and having a diameter of less than or
equal to about 125 microms; a conductive material



8 on the opp05|ng first -and second sides of the substrate s

pat t er ne Wwo 96004 I'mtrszsheet (B?en eplacgd t traces, the pPCTIUSYS/OM6061 Ng boar d
having a pitch fln spaci ng between centers of adjacent

circuit traces, t two circuit traces are separated by the
m ni mum spaci ng, and ere| n each via in the ordered di stribution has

a dianeter which is between 10 and 50 8 percent of the pitch of the

rinted wirin -th
anentlon a %ﬁﬁj qe&eSFlXad P°£¥€#ﬁﬁgﬁm¥ﬁeté§q&gi g 133%2%% g%?er?al S
provi ded. The mmqenépddég Fﬁ@hsﬂe’ﬁsaréﬁ having ggmaximum phickness of

vias in a dielgctidss IQ@LEWTBE &iha) sStHSABAUE 35 micrUns’;ehfdt Ber¥tagndave
di aneters of |ess s_and.are arranged

in an ordered 5%° Qﬁ1 %BﬁFgéﬁL %5%?5%t??§9§?xfﬁf5ﬁb%§ﬁt°Bpﬁﬁﬁﬁ9ng area of
the substr el e;siztad adhébievehbetrytecpbeh tthirknestes: ofeless thaneoral

concurrently qphit e %wa%l T ﬁﬂ&féﬁ@St&fsﬂﬁ'&antlali?béb'b@retﬁgd, in each
of the vias. advant ages and features, which 20

characteri ze I?ﬂ?qqﬁﬂéﬂﬁ gﬁyeﬁﬁeaﬁé FF%dV{ﬁﬁ with. particularity in the
cl ai m8 annexed her éiazoarddnbotni agfarther fasgdyr gfatthehdneehtibyeser, for a

better under SLAHIA of manlebBEuLINENL | Al o PIX gzcécci;aﬁggﬁgﬁa%agséem?i ned by

L]

. Its use, reference s escriptive 25
matter, in&hikIr (URe dn $hgeBapphaatureref erinred wigidpgdbrartsolst he
i nventi on. provided includinBrtRé Seepsigt idrildfirighe Plavklgty of

FIGURE 1 is a parti.al fr tive Vv of a_preferred
.metallized Iaﬁ? r@ﬁéfgﬂﬁg%%%élggiiﬁgf flfﬁ %#3%1£%tﬁVeH ansge !
FIGURE 2 is a \pveara |rwvnmgagheme&ey8c¢5steeectthama:tr equali o@ ebouhe2pPeferre

gFthJ:?:EI éed | arﬁli’lﬁxcﬁus{%ﬁ ]'cb@ln@f arranggﬂ id.ad %&?i’é:@d)m.shh:'ifﬁueg.gn 35 h
| s.a art, of a preferred process nyf acturing the
met al | i zed*? arft Qﬁhﬁﬁﬁﬁ%kﬁss V EFB?SIEPng c%ﬂﬂ?éilve mater:"z"glGURE 4is a

fl omchart of accpncsherem'dypmcesSheoopposmg\l}sw%ﬂmr:f the substrate
PCT/ US95/ 076063ng in each of the vias.

These and other advantages and features, which

characterize the invention, are pointed out with

20 particularity in the claims annexed hereto and forming a
further part hereof. However, for a better
understanding in the invention, and the advantages
attained by its use, reference should be made to the
accompanying descriptive matter, in which there is

25 described a preferred embodiment of the invention.

Brief Description of the Drawing
FIGURE 1 is a partial fragmentary perspective view

of a preferred metallized laminate material consistent
30 with the invention.

FIGURE 2 is a partial fragmentary cross-sectional
view of the preferred metallized laminate material of
Fig. 1, taken along line 2-2.

FIGURE 3 is a flowchart of a preferred process for

35 manufacturing the metallized laminate material of Figs.
1 and 2. '
FIGURE 4 is a flowchart of a preferred process for



9 manuf acturing finished printed wiring boards fromthe

met al | i zed W% e material of Figs. .1 and 2. FPET/RBS/08%6and 5B
are enlarged partial fragnentary cross-sectional views of a netallized
t hrough hol e 5 before and after etching and resist renoval, .
respectively. FIGURE 6 is a partigal fragmentary top plan view of
an alternate ordered distribution arrangenent of through hol es on a

mfet a: : I zted Itam I&&hﬁfaﬁthblﬁbefiﬁﬂsmtﬁﬁﬁiéﬂ wikdngayearast feBRWhé Or ease
0 | ustrati on

ed Descr. pt he Breferred
Enbodi nent metal%ﬁ?ﬁfinéa?bn%ﬁ% T3 0 %2{1& IEL RBIndimbers denote
like parts throughouFIGHBESe¥Aramd 3R wmre Ringargedapdreialstxagnentpref erred

metal | ized | am Ralesl@ecpDshal epPiewd tdE a met§£191'z%¥ie'ﬁhkeﬁ nLagigate 10
i ncl udes a di_el tr|c ubstrate. 20hv a first s e22 and a second

side 24 S O IgmCoRREr @gtﬂs‘FWWQCﬁP it F8MOYPked t herein

ext endi ng bet weeespketivedy.and second S|des 20 Conductive material 30 fs

pr ef erabl y adhesi vel d %yﬂgﬂf o i kst
conductive | ayer %igg*E 8 éséc%nd COJ%UC'[I e la gfyeg Fg%%r?g% &F
i nt er connect ed B ééﬁ&ﬁ&?F?eo’é‘é?F%‘P B3 i "c”e&r6ﬁngemen§| at 251'0‘739
phot oresi st 40 h®ldepeai heﬁleaamlz@cmdmiinea:e 25 i ehieakopdOphotbpesiét r st

phot or esi st | yar, 42 and opowmSeCONT PROLOTES] Al Joyer, 44  The

preferredlamn provi de to cu nroll formwth
unet ched conducti ve Iayers 32 and 34 in electrical contact with

substantially all Ofné/daa&e&Boes%Qz Reowi bh tpwﬁéz&ted cditéntnd 44
substantlally verlng % Bﬁ ace, ar ea onducti ve lL.ayers
The vias are’ pref er abiy2afPahfe LR %er &?reln d‘%?t e Ffﬁnd?%o%eﬁabl e

a custoner (or 'ldke paets) thooughoutarhe atvemlc vitws, hFghspelf apdaice,
hi gh densityg 3%11%%“%' ?r@f@?ﬁeﬂrx’n&@li"ééd NGRS 1 LBneakY e f §%¢n

relatively sinple nexpensi ve steps,_ 1 ncludin but not limted
to, imaging the FHFotBVERFiPRaNdLABHBRAT RIS h’é‘cm‘ie% 2 ielectril

substrate 20 having a first side 22 and a second side 24
with an ordered distribution of vias 25 formed therein
extending between the first and second sides.

20 Conductive material 30 is preferably adhesivelessly
deposited on substrate 20 to form first conductive layer
32 and second conductive layer 34 electrically
interconnected by conductive barrels 35 deposited on
vias 25. A photoresist 40 is deposited over conductive

25 material 30 to form first photoresist layer 42 and
second photoresist layer 44.

The preferred laminate 20 is provided to customers

in roll form with unetched conductive layers 32 and 34
in electrical contact with substantially all of vias 25,

30 and with photoresist layers 42 and 44 substantially
covering the surface area of both conductive layers.
The vias are preferably arranged in an ordered
distribution to enable a customer (or "end user") to
manufacture custom high performance, high density

35 double-sided printed wiring boards with only a few
relatively simple and inexpensive steps, including, but
not limited to, imaging the photoresist and removing the
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10 woRpa4oy her eof , etching the conductive material perfdsgigos the
~ desired circuit patterns and through hole i nt erconnections, renoving

t he remai nder of the phot oresi st, and excising the fini shed circuit
fromthe 5 roll 'material. Wi | e many of the advantages and
features of the invention will be déScribed with reference to the
potential cost and nufacturlngébeneflts for end users whi ch are

"custoners” tHEReSUASTSOIrnEtFRLNG FRY ARIAtVe FeFerialnkPelatPeri al s
and form custihe dxbired prireudd patteins Mnmmmm@m@ therefrom it wll

be  appre irﬁ{&dcéﬁ}fegztﬁgﬁgprk‘@ﬁb@#ﬁ% flhe Uikt SRR 1620 appl y to

ot her manufacturers an ers o tﬁ%ards and t he
li ke. In partRRefieresiste and g¥eising the Lindghad &incszmtnéremnaheru al may
be the inisi atoll mayerdaaer of that materl al . Manuf act ure of

Metal li zed Lam na ure flo t of a
preferred process%gﬁmaﬁnggl nanu?ac Yﬁ??? é%ﬂ%ﬂ43€ﬁ§§ufgﬁlw%tggﬁaterials
consi st ent wiinverntddmwdiddi be. deacrhbedrwith reaferenceptoctebe, the first
step 52 is tQpakdddiaan sterad manuf&é@&ﬁ tBéHéf?JtsV'f%thhﬁsuerQ roll of

dielectric ubstrate materi al refer a Iaser ahlation or 25
pl asnma drllllwmﬁ‘§}5ﬁﬁég “ﬁ§?perFﬁ EP% éﬁ?ﬁ% Phe rreferrefe is netallized
to form cohduestald iveiderliaminate materhel@mxmlﬁmmsa:mﬂzedd in the vias
thereof. Nextprifted cirShAR 5% wh?YE%Sbégr&gmgigf§¥fah.a&% bgg@ ggposi ted on

t he opp05|n surfaces of the substrate substanti all coverlng t he
opposi ng condRRRI&RLRLEfk thakn ghei pEingtples °%[ft*}%ﬁél"e§'€rﬂ§ﬁ ¥idlcl eani ng q
step 54 nay adpplpecaisather manpfhaotutersednd |pradhicers @fcpeantelf any

surface © conlamiabion Jbor FRY 0ckhe syRslial &y (hgedeihl Log,

process. elec ric matwer may b
substrat el$n ehea prafanred #éﬂ&ﬂﬁt%e@atﬁh4¢kumﬁy be theprixzfisiably, a

di el ectric mapesdinters &I thatamAGeYNRLI C

Manufacture of Metalliégg_gaminate Materials

Figure 3 is a flowchart of a preferred process 50
20 for manufacturing metallized laminate materials
consistent with the invention. In the preferred
process, the first step 52 is to drill an ordered
distribution of via holes in a roll of dielectric
substrate material, preferably by a laser ablation or
25 plasma drilling proeess; Next, in step 56, the
substrate is metallized to form conductive material on
the opposing surfaces and in the vias thereof. Next, in
step 58, 1ayers'of photoresist are then deposited on the
opposing surfaces of the substrate substantially
" .30 covering the opposing conductive layers and vias. An
optional substrate cleaning step 54 may also be used
prior to metallization to clean off any surface
contamination formed on the substrate by the drilling
process. '
35 A number of dieleetric materials may be used as a
substrate in the preferred metallized laminates.
Preferably, a dielectric material such as a polymeric
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filmis us¥®%9%4%e substrate. Polyinide is the nost THPS
substrate for use with the invention, however, other dielectric
materials such as addition polyners, condensation pol yners, natural
pol yners, treated fil ns, 5 or thernosetting or thernoplastic resins may
be used in the alternative. Specifically, such substrate materials
as pol yester, pehiyat byl esed naphithalatbstpaleyet Pplegride ist ehephddral at e,

fluorinated pol h

pol y( et hyl ene- c%ég t&%&:ﬁ? aﬁﬁ%@%’i@é‘?orwuﬁs [WEE? F Fﬁorl flggnfb% h%“r'l%lv%xf'am d

paper may be us@&heRléiéleCtrl%LW%R#%E%%ﬁnﬂﬁﬂh &ss addiEhoasre ®s or

{Ih ?' d %I ﬁsls coeaeﬁgﬁeeeﬁtlsw}tmt h@w rwt@aaopbeymaed Wl:i:éa{:é@ fiElwd ) i zed
ough hol e _proce owever ese [ tend to.be nore

expensive. afh 86 FBETRAVELEHS 4E YheRms ARy Sor P APRABEY B8 W hmny of

t he advant ages the adferhatjpvef erSmatifrioddy peuehdevbstnatedhateriakshese

latter material ggqa k WS t on and
consequent | y. Wi bgﬁgg bedg, pol wé&%rléher QHp‘httha'fLQltE polyRER§LEHd

ng r t
Substrate di el eCEFFRRRRASRFS s&r‘;g)ﬂﬂactlﬁ?e%’gé’ (et&‘ygﬁgg\?\glﬁéggﬁgﬁé) 12 and 125
m crons are preﬂ@EPed pbhy (et hybeud 4 anH tarephtlhailaitee , f pbhgvingl cormonl y

oSt oot os A9 ELepBKNIEYES, Oind Sl P habel 0%, pATRRED plg%@ gfhe

substrates are hey may

be conveyed thr@@@ﬁtfﬁ§edmﬁte¥E?%sr such i, (CATRIHICAg OFr 56843 cS1 35S

re ]9:: : -Citgn[m | ma@p@bt atbABtructioddiay m%(;i)fbe{Dhﬁté@Qﬁ%ﬁﬂ tRerméedlVbed f ast,
xpensi ve as_conpared w

conveyi ng mater i gﬁmu??‘ \E}F?F BECAppT eci é'fevcfr'héz\?/g\%%r %rlgggn{aﬁ{:‘%r%%ls

substrates may menﬁrQW|bedmonesﬂem§@S1vﬁirﬂ9d do n@ttéﬁﬁattbe and handl ed

during manuhact 4@ @eeeLdyNgtYehinness ééfhﬂﬂaﬂﬂﬁddQnof the advantdg®sder to

manuf acture the pre erred netallized ate t he _f.i st steg shomm as
step 52 in Fig. ©%) the prefergg d????es§np?qy 1 ndRpBALSFLORastE87S t hr ough
hol e aper lateexr matarbhhskaﬂeeﬁatnwelﬂ.subSEﬁbme maﬂértaFrOII

production, and consequently, would have more complex
handling requirements.

20 Substrate dielectric materials in thicknesses
between about 12 and 125 microns are preferred. 1In
particular, polyimide films are commonly available in
thicknesses of 25 and 50 microns, among others. The
substrates are preferably provided in a roll format,

25 whereby they may be conveyed through the different
manufacturing processes by roll-to-roll manipulation.
This type of processing is relatively fast, efficient
and inexpensive as compared with other manners of
conveying material. It will be appreciated, however,

30 that the substrates may be provided in sheets in the
alternative, and handled during manufacture accordingly.

Via Formation
In order to manufacture the preferred metallized
35 laminate, the first step (shown as step 52 in Fig. 3) is
to drill, or form, a number of vias, or through hole
apertures, in a blank dielectric substrate material.



- WO 96/ 00491 PCT/ US95/ 07606

12 WOHR6/0p9¢f err ed process for form ng the through HedEREs9s87606 | aser
abl ati on, whereby a high energy | aser beamis directed onto the
surface of the substrate to etch holes in the surfaces thereof.
Different |aser ablation 5 processes 31re known in the art.

Laser drilling or ablation is readily s %ed for hi gh vol une

production opghalADFesffed lorBbedic 8% EBE-{%EQ the Bcudi? Holdk 19

process, and urt It C
relatively shB?Feﬁe‘?‘lP%F’tﬁn' Wherehy. 3 Hlaédﬁl?w 1%1%%1? kegmtison can

provi de extredbtrygcted omtmldhd fyiﬂlfgl&ehalfeﬁheaﬁulb@&\taﬂ.se 250 Nt > 1led
di anet er or aser | ati a high

on_.pr.ocesses,
ener gy ut By aﬂ(lll TR eeraer% i s FEEFERT aﬁ?%e‘é %ﬁ’r"ﬁ eto 15
deconpose PheP50B8$e8 Axmtkaiawa 1aln<§heaar!:| "-an aperture i nt o the

substrate. An Optlﬁé’éeﬁ)@ﬁﬁmﬂn‘g 'dﬁ:eﬁbtl.atfiaﬁV§¥ readli$%@ﬁﬁat
substrate sur I .Ga mis, con 'l abl e to ane t he

d the o
beamto a pl u; i po’?°‘§’6’§i’1°ﬁ‘oﬁ§ef:8§¥85ﬁ 38 o} urAY (RP HeTfEREESr es i n
the 20 substnate a@l;bfm-ng:]tlopecoweslsr,edndpfeﬂelﬁenedlqaa:tarerstan a |n many

processes, th@af&éeﬁmﬁﬁen@l&f?%atso iR QVirdealpyE1 shoﬁ?}%éﬂ Jidge abl ation

and to reduce the anpunt surface_sopt contam ndilon dep05|ted
around eacf timegpelR @ ltlﬂtﬂn( he@f§Fe 2P RELPRSERN MY X4 aibramely2s
perfornmed i n amabhbttlmdwegh Holesphese lofv as 2BehicHiss tin diamdteUeR

oxi dation andjgLgreaction between the ambient at nosphere and the
substrate naterla[ whi ch often reduces the anount of soot deposited
on the substrate. in mamyedases ablagicasprogesaes ora priglesneargyi scl osed i

%S IP S. Serkaltﬁgyl?let laser beam aseaﬁkbbﬁéd"éﬁﬁ@ra13UEBE¥ﬁte to Hol e
illing W.thqut Surface Sog An alternative
process f§$ d$|F?|$EF?r1 4?%%%% %erlgﬁbi??aiif*%; p! 3% APSFHEYRS ng.
Thi s technol ogptosthe sumambl eAnf optéxabpbestém obs [ﬂysm.he:o Ergiveger.i ng

Grbh of 35 Sghengésh t SUHBRBLGLATFAREG th@éée, | gn@ ¢yPiGH idd1asma
drilling process, a base die ric filmhas at |east a seed | ayer of
copper or anofK&Fe %oﬁﬁhﬁﬂqkﬁ?#iﬁh%ﬁ 4 move the beam to a plurality -

of positions to scan a plurality of apertures in the

20 substrate according to a desired, predefined pattern.
In many processes, the laser is pulsed to provide more
controllable ablation and to reduce the amount of
surface soot contamination deposited around each
aperture. Furthermore, the laser éblation may be

25 performed in a controlled atmosphere of an inert gas to
reduce oxidation and/or reaction between the.ambient
atmosphere and the substrate material, which often
reduces the amount of soot deposited on the substrate.
One preferred laser ablation process is disclosed in

30 U.S. Serial No. . entitled "Laser Through
Hole_ﬁrilling Without Surface Soot Contamination".

. An alternative process for drilling the wvias in the
substrate is plasma driiling.- This technology is
available, for example, from Dyconex Engineering Gmbh of

35 Schénaich, Germany, among others. 1In a typical plasma
drilling process, a base dielectric film has at least a
seed layer of coppef or another conductive material
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13 é’é’o’é“?‘é’& over both sides thereof. The resulting PCTUSYSMIE0hat e i s
et ched through a photoresist mask to form t he desired ordered

di stribution of openings in the copper | ayers, thereby exposing the
base dielectric 5 material underneath. Afster the resist nmask is renoved,
the lamnate is etched in a plasna chanber. The surfaces of the

| ami nat e cover edepysited coppehbdtiy eides thewedf. nd!‘hé)ereamlttadig)y t he
pl asma; -however ot [iga € P ¥hched tHEBASNOL BASEALE] S i U lediy ©t ched

away by the 10 plasmatoformt e qrd I stribution aperturesm
the | aninate. |t0¢9eired qrdarsed fiﬁétiSF-EH'Fr’h°Hr?f-l<PP@‘lngs gt dess may be

capabl e of pr odu@pps@r Visymed) ahexiebyagxposingnehé lossd hkidlasairiabl ation
process (as g 2 al undégﬂga%%§ Oﬁfkg§fePe ;é%ﬁif maéfieglfgﬁéygdpn and

pl asma dr|II|ng proc erre ecause ey can provi de
smal | vias in athe a‘lﬂésatt%ﬁc? EtcheteAn ﬁaﬁﬁé?mal‘#‘%@éﬁm orfhehot h processes

of fer high precgstfdcesvdh d}@gll&m@fatencaﬂérwabﬁll@ﬁ@tﬁpper 1a3RirRg

controllableto hi nly.a.fewm I I s _believed that
circular or elll \;I)\jf% can“" \C/b asetChE% %ir?ﬁ ﬁa??rﬁumqa?"é\%? ®rs }iﬁ‘ q@ggeﬁh

about 200 mi cr owseas of hyssf eiwmepttregswnhénbab@mhe_@awmcrhynst,hermre
preferably 19 pl&sea ti@rf&bpttthéér%%enalsefﬂb@@fén REeffalnaabaut 25

m crons, can be f ormed, usi ng either proc urt hernore, aspect ratios
of about 1:1 tothelamippte. IﬁréﬁeP&BF?"ﬁgoﬁPa‘i t’ih? Plaspay dojdding
obtai ned with procesd hery freocapmble of produdisg pedad ewkmlc&aramag ast ep

(shown as optiogali PLep Gl 1asedd ApfTaliod) pPBYDE [£OULPA Gl can off

soot or other 0 contam nati on orrre arotind the Vi as urlng the drilling
process, parti cB@FPRS fOF Ye&Sr- abl ati on processes. ~ has been found

that the adpssion ofLfududliatd oinaad plasma di'i?llil@g %M.bﬁefs’ﬁe% fﬁiﬂé be

degraded if nu ontan1 atlo L %eft roqu ?e Vi

conducti ve mat Ce‘t??'gkf‘ %&ec\/\&s & ?ch?%r? VTS %%aaltslh yids"in a

cont am nati on. fast quﬁﬂ;s::l@fntcmanemg pl@ce@@e@l¢mclw mafdaesiseg t he

soot debris nmatgfiad, hfﬁﬁﬂﬁﬂéHléﬂohﬁa%@ﬁhcré§§§9¥aﬁfbﬁrEhd via diameter
being controllable to within only a few microns of

20 error. It is believed that circular or elliptical vias
having maximum diameters of less than about 200 microns,
preferably less than about 125 microns, more preferably
less than about 35 microns, and most preferably about 25
microns, can be formed using either process.

25 Furthermore, aspect ratios of about 1:1 to 1:2, and
preferably about 1:1 to 1:1.4, may be obtained with
either process.

A separate cleaning step {(shown as optional step 54
in Fig. 3) may be required to clean off soot or other

30 contamination formed around the vias during the drilling
process, particularly for laser ablation processes. It
has been found that the adhesion of conductive material
to the substrate may be degraded if much contamination
is left around the vias since conductive material does

35 not wet particularly well to the contamination.

Examples of cleaning processes include reflowing the
soot debris material, applying ultrasonic energy to the



~ WD 96/ 00491 PCT/ US95/ 07606

14 . wosgmbdont e, i nmmersing the substrate in an et changcTys98/67686

cl eaning or etching the substrate, vapor honing or bl asting the .
substrate, etc. O her processes for form ng apertures or holes in
a 5 substrate may al so be used, such as stanping, punching,

drilling, etc. However, the practlcal I |1|4| ts of many of these

t echnol ogi es is, about 100 m_cr.on n car

control | ed coﬁ‘d?f‘{")’é?‘n%e’anld“"berﬁ%}ngt q‘th Stre ?u’rﬁésan %[ q?ﬁ s

(e.g., as woutileadringqer retrhing ftdve auhsghaUQnsvagotorh;mm dnst ribution of

hol es), many blastg,flgtﬂgéest{g%%esegee limted to holes of 300 mi cron
di aneters or nore For t referred | an nates, e vi,as are

arr anged in oPHRSEPIAESTS °5n °H“P'ﬁ9aa5?¥5‘ﬁrﬁt%rd? efhdd a5
bet ween t hs ceubetsabé realy cdlesd bei aspdof shehwesnstimgping, purthidmgand 2. 1

m | limeters( é@cw&%velxs) the praBffLai 2Pl HEtILERAPQE O 5

and 1.3 mm (a out 2 to 50 "'w%/'r ered distributrron”, we
mean ‘an 5 ?ﬁﬂg’éﬁ%}mdcﬁg’xﬁsasl%bé’ﬁ 8PeBjcraR diametar hdas ally 20
oriented rel athdert capefubhptdmitriol laddebndedigren®hdionly at drv peri odic

pattern of 9bddRell® RUORIIALS volRel 38, g. , A0 AL AR Iy RN

di fferent patterns,
triangul a0 téOﬁaﬁehagh dengity Qi-’tﬂ?ﬁ?éydbetrébﬁ‘ééobv@f kpissla Y on of a

25 substrate, o@r tRbbEr pRbleddes aFay 1a@itetTd A¥EEs of 360hsiandd al Iy all
of a substrat (fibﬁThe | am nate 10 shown in Fig. 1-exenplifies a square

pattern distr F‘FBﬁrﬁf"r MOT]4 as, whereby the vias are arranged in a
plurality of Parathel preferradl lamizaltels, cohamias wvatde aacingssv bei ng

30 orthogonal lhoogaebeéoaymlﬂimﬁr@g mmeaegatbﬁ (the i &iLided because it
I's conpatible with si.ded " str res such as interneshed

power pl afes, besyzeen gﬁ%x‘éﬁb’i‘%"s o adiesenk ¥1gp e? dPYFEeRER AR of vi as
on a Iarmnaseaﬁdterlamthseﬁmm i(abBug. 16, tohgo emi e vi as 35 25

are arranged g&le%egky V\g' béé’wé’én raﬁi(&m""'ot% %Hae&n@t fim (aboﬁPWioOJ W@s of fset
hal f the distance Jb ucl ng a generally
triangul ar pafidsh. By an "ordered dlStrl utlon", we mean an

arrangement of vias which whereby the vias are spatially
20 oriented relative to one another'in a defined geometric
and periodic pattern or grid on the substrate. The vias
may be arranged in many different patterns, such as
square, rectangular, diamond, or triangular, to name a
few, and may be formed over only a portion of a
25 substrate, or alternatively, may be fofmed over
substantially all of a substrate. The laminate 10 shown
in Fig. 1 exemplifies a square pattern distribution of
vias, whereby the vias are arranged in a plurality of
parallel rows and parallel columns, with each row being
30 orthogonal to each column. This arrangement is
preferred because it is compatible with simple double-
sided structures such as intermeshed power planes, for
example. An alternate ordered distribution of vias on a
laminate material 10’ is shown in Fig. 6, where the vias
35 25’ are arranged in a plurality of rows with alternate
rews of vias offset half the distance between vias in
adjacent rows, producing a generally triangular pattern.
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15 WO 96/40421 or dered di stribution of vias is preferaflGI/USISOT6p& ned
substantially throughout a working area of the substrate. This worKking
area may occupy all of the surface area of a substrate, or only a
portion thereof. 5 For exanple, the workizng area may exclude strips of
mat eri al along the edges thereof which assist in handling the materi al

or which are typicaltye rermmved dlstr&baﬁhéheo‘flai&m ﬁh@xtabl addltlon
t he worki ng areas for adj a‘iﬁ BOI"[I ns alogaroll S ate 10
material may bofoERe n%ﬂ%ﬁﬁﬁ”ﬁl STPEROUE BNt area

di stribution ofsubstsratieong THis |wolr|k.1ng area wWeyabtougsy iagll of the Once
the apertures (yu@éac@raeréé)rafe@ %ﬁbtsb%at& é?béﬁiétg cﬁxgc[%ﬂﬁttﬂh‘é‘i'e@?:{ erial

S preferablg f or med al| exposed Surfaces’ of ubstrate by an
evaporati ve Foy rﬁ’&ﬁ@;%olté‘erré’f’é‘ﬂ‘F-PiaPFSﬁ ‘B?Bc%%%lt(%cﬁ/ﬁf’é%s Stfep 56 in
Fig. 3). This phatestal salldiey e edyesl thefeoPakithéh ass1§‘1bsa.n 5,112,462 and
5,137,791 to 0 SSALYe

di scl osure, tﬁ\é\&%ﬁl %{%ﬁ&%ﬁ%&qg& ﬁ% “e'H?g e?g%ce’gg cor poraeted by
reference her ei firom the finighedypredushce Mtﬁd@h'él% stHEQ wdkdass, t he
substrate bearlaﬁeéé]ef@f ckmﬁée@ﬂtsbbwmbhgna%nghéor@m of subHt%&teOr Vi as,
is first su? ectet(;jto g g ma, chanber,_.to condi ti on
the substrat® fB? ?’ﬁ’ea Lo é’ﬁ |°8ﬁ 8fe Bﬁﬁu Pi %°‘ﬁ’a‘ieeﬁ i e
surfaces. In order@dmmmmﬁa-mep,f vhessaténgeshefraekle. substrate

material are conditioned by formng thin, random and preferably
non-conti nuous di strjbutions of nmetal oxide 30 on the surfaces of the
substrate. A ca@eaklizatiQn yded in the plasma chanber which is

preferably construct@tke®fthe apextumieer i(aliaslicArasformedriamtid t ani um iron,

ni ckel , no o SO
t hat oxi desl?)f %%%g%%r%aﬁ%&g%gbg\%gﬁg%w}s éé’%é‘{&g@? ﬁe&g{eenerderllt ed in
the plasnma chanbdl exRPIRDBInIAFeen ofhEhe Sub§EF#’é%e%Yo€Fn t9HRRQHRSIVE .

Thi s prlocess engRt&Sgh hold iptadiliivatlianepgotesbe (Sdwechd Gtdie syullsirat e
materi a

Fig. 3). This process is the subject of U.S. Patent

Nos. 5,112,462 and 5,137,791 to Swisher. To the extent
20 necessary to support this disclosure, the disclosure of

these references is incorporated by reference herein.

In accordance with the Swisher process, the
substrate bearing the ordered distribution of through
holes, or vias, is first subjected to plasma treatment

25 in a plasma chamber to condition the substrate for the
deposition of conductive material on its surfaces. In
the plasma chamber, the surfaces of the substrate
material are conditioned by forming thin, random, and
preferably non-continuous distributions of metal oxide

30 on the surfaces of the substrate. A cathode is included
in the plasma chamber which is preferably constructed of
a material such as chromium, titanium, iron, nickel,
molybdenum, manganese, zirconium, or mixtures thereof,
so that oxides of one or more of the above materials may

35 be generated in the plasma chamber and deposited on the
surfaces of the substrate. This process enables
conductive layers to be bonded to the substrate material
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16 wdoehospia a fashion that peel strengths in excessp@efusdsnréos pounds
per inch, and even in excess of 10 pounds per i nch, may be obtai ned

wi t hout the use of adhesives. The substrate, thus treat ed, is
next subjected to a 5 vacuum deposition (evaporative) process in order
to form thin layers of conductive mferi al on one or both

surfaces and i,n the thrg gﬁ hol of tg ubst is a-
preferred cond@cfRVB Raf3Fiien atl PG~ SEESH tefCTR ‘ggn%l ve and
easy to work wounds per ihckr rmdmmmumsmﬁewamummlm al um num
gol d, Si liyeh, RRyObACEHLKAONEE GRtdHirid E%e”ﬁb@rb§|§dhe81ves The vapor

nmetal lization (vacu n1de osi tion) ocess ressure/ hi gh
t enperat ure proces< Egétrate' "c}ﬁ'bse trRateds Prérnﬁﬁl:a?'\"’\g%e 526 at | ow
pressure ard v]ak'ruuhu gbpbempéont (e eaponh titven d:e'pcsssednupnﬂerh'eosimﬁmce of

the substrate fﬂ%erl 'Bftégsn@a@éf\;é %@mql GRNbne or b&ERPE! s

deposited on Eﬁe tre surfaces an e apertures (vias) of
the substrate S écﬁﬁl éﬁﬁeég Bhe th r°‘-‘eﬁfbd'tli§(§ %Othﬁnﬁl’@?gﬁ teppst
preferably ab@#ppa0is?@ pﬁaﬂeﬁﬁ@reondddtﬁm niaeemamundsthatm hi s

t hi ckness of rel %ggagb % o§°§ﬁcH§ghy joining |ater
S

copper | ayers tO éfnative to vacuum
deposi ti onk®f Peltramgttwayeﬂnductlm ‘t‘ﬁﬁfﬁfi@ra Sal@l‘?é#ﬁéaﬁlti@b@%‘i‘t i 3L Pr ocess,

known in the g5id%erdl br BRhekNRASHS &m,msieonﬁ@aehagsper to the treated
surfaces of the su ch may be

tr
S o S SRR e el tapulo e RERRRALERS) Brice e,
process to tr arssfeeknoemndlowi peeaauee/laigh)memnematm'sape‘écessc) whefeces and

t hrough holescﬂﬁﬁkﬂ?0§“Q§EEﬁE§ méﬂaihfs vaporfﬁ@d”&%rﬂag praceSse LRAS are

accel erat ed agal de in ressure b¥ngner tlngog hi gh

el ectricalls highGeaperaturs énéhﬁh%%r ited, ywpon g4rhage
material, in tdlieé sidptragepRaterfabe ekeitles prederrdd embodimened to the

substrate mat eéé&lerwl' Cr&eb%s?f:legngﬁdthe trestedSurFacRECLUA LRBogEH tered

copper.
PP hole apertures (vias) of the substrate to a thickness of

about 50-500 nanometers, most preferably about 200

20 nanometers. It has been found that this thickness of
copper forms a strong base for securely joining later
copper layers to the substrate material.

Alternative to vacuum deposition of a first layer
of copper, a chemical deposition procéss, known in the

25 art, may instead be used to bond copper to the treated
surfaces of the substrate.

Another alternative step which may be performed in
lieu of vacuum deposition is the use of a sputtering
process to transfer conductive material onto the treated

30 surfaces and through holes of the substrate. 1In the
sputtering process, ions are accelerated against a
czthode in low pressure by generating a high electrical
potential in a chamber. This causes the cathode
material, in this case copper, to be excited and

35 transferred to‘the substrate material which is oriented
so as to receive the sputtéred cop?er.

One advantage of the use of the vacuum deposition



One advantage of the use of the vacuum deposition WO 96/ 00491

PCT/ US95/ o?’gt?é’“”l 17 PCHUS9S8760R  ough
hol e nmetal lization process is that the pl asma treat nent and the vacuum
deposition may take pl ace in separate zones of the same vacuum

chanber . This generally results in higher reliability and | ower 5
reject rates due to the reduced handling which is associ at ed by
combi ni ng theseist eps thtroughehshertretallichaibar rHQ&B#eis ERecskid led in

the art wll r h cessive | d|V|d st eps al so be
used in the al tg%ag ?vggégﬁ@e& aén%z{:g—;e zragbw’g‘ogeﬁgﬁéﬁé?ﬁrm? i’f\‘%g nducti ve
| ayer is f DAAEE &R ecparatelconns iof the sameuyhchuheshinbes) of

the substrate W&hﬁé'@éneié"ﬂﬂeﬁéénﬁﬂé flnCKﬁ%%%rOEeQQQBﬂJ.t an&Hi@vt;ézal i s
preferablyfgrrred b can ele% ‘kpown in the
opt

art. General Py, *°15 tef2be? gtk}%\f&qyé:?%p?‘&l?‘ars‘lbnﬁ ‘é’ﬁb@’f‘r’a‘fe mat eri al .

in sol ut i oassappited Wt@mmng cdlesgowsepsandtoi thet same
substrate nater bahmpedf i s RE &S, aorf@témfzeaﬂiﬁ #88i ke wi1y conductive
material, in this case copger I S present the solution and is

deposited on t hBPREBEIREEe IS Visy &E‘@%é’ldEPécFF%Fa‘f‘?Ylga]r%o Pel |
known process whsefi in th@rzmteknaﬂmwﬁ1 reliability and controllability, and

it is ff«_fa' S Procgsse '§$‘-écfo %%ngn{e%eqf %ﬂ&gecagsuémé g%?ra,?fjs

t hi ckness o conductlve mat eri a € materi al
20. 25 | foread ef erektFiin Anchdn the thmanghhhekegsévids) of

conductive mat eehal sﬁn.ytia@té Qﬁmm anhel Geliek8SEhickneds 0L SSopph is
al so generally kn mg %2115 re ir thu de 0Si ed thliknesses in
excess of the 509506* PrefTRARYY FOTPSTe Y( geﬁ SECTRPEREHY 2 or 3
m crons) are 3pratesspbhat bi% kr&mrlmﬂt&!leods’tof @epesaling conductive
material onkg aeié@éiéﬁi&t{@g ﬁ{m@s tﬂ%@m a substrﬁyevthéééﬁﬁ ife

above process ste conduct] ve are_fornmed on both
si des of diel ecf’??ﬁtwn S edESp e ﬁﬁ?&r&ﬁa&r 88V€H dPRE rYHLR i T of
netal lized 35 shbstghtdéohasex sl vadijguredngsaavecathodaper The ededired

having a barrelc8£dﬁ8@gygtﬁﬁféf?§fyﬁfﬂ EﬁiéfgﬁggdCBBp&P? is present in
the solution and is deposited on the substrate by this

20 process. Electroplating is a well known process which
provides high reliability and controllability, and it is
this process which is used to produce the final desired
thickness of conductive material 30 in each side of
substrate material 20.

25 Instead of electroplating, the final thickness of
conductive material may be formed by an electroless
process which is also generally known in the art.
Vacuum deposited thicknesses in excess of the 50-500 nm
conductive layer (even as thick as 2 or 3 microns) are

30 also possible. Other methods of depositing conductive
material onto a substrate may also be used.

By virtue of the above process steps, conductive
layers 32 and 34 are formed on both sides of dielectric
substrate 20, and an ordered distribution of metallized

35 through holes {each comprising a via or aperture 25
having a barrel of conductive material 35 formed on the
walls thereof) to electrically interconnect layers 32



~walls thereof) to electrically interconnect |ayers 32 WO 96/ 00491
PCT/ US95 My $509491 18 PCT/6398/07606 \\hi | e
"~ the conductive |ayers preferably substantially cover both sides of the .
substrate, it wll be appreciated that the conductive |ayers may only
be deposited at selected portions qf, the substrate, thereby 5

| eavi ng sonme undeposited areas on the substrate. The conductive .

Layer s and mepahl sged »gmfélgéhéﬁ%%auctéven&ég@@sCgpéféfgﬁsﬁﬂ to have

fini shed thicknesses ons, nore preferably a
fini shed sphFERREIALLY VSR ROt Fifesr0F Rhe BpRstrake noskt Wild
preferably a benappeécidted naas cﬁhearcomabtabeulaﬁers maWiarldndve O her

t hi cknesses ngngglggalggbégl%atseﬁéjtp% gontshOfSH{i Qgg%%e%eatlg%s%eh current

carrying capaci fze t'ou es and
conduct i veS| a}éﬁEIMI some\endepossigipd taﬁ'ﬁéﬁn@%tbﬁ né@bsqlﬁﬁmey are

preferably fornmed shaubbndestiste/ myetﬁseahar AEBAL1ized hOheowdH aldiezat i on

process. However gne sk | | ed reci ate.that the
through hol es™&¥dPe % ‘#\r}:e IS §1R§§}"8§4 E%b%gﬁq?%%e fhidkiy or
conpletely i nd@penabquty%rmnm&s,am@tmepreﬁevabityng figishedknesses.

Qt her techni Q»Aﬁickﬁéssoaiﬂla@tmsgts acﬁodtequnsqm&mns, aﬂaym&& utilized to

produce rel ativel dur.a combi nati on of
vacuum depdsi PFSﬁgramY h ?'ﬁ"l:%ﬁeécié’ﬁﬁﬁkﬁeéﬁ °gp3f't‘8??'hga M%at3 ng, and/ or

- other 25 depedictbas.t eOtherjuesicknedsesumay bendesieablei bdsdédiaipon

nvent i on. Al SGcrObBE; BLAEERSE? d oAl Blidying cBhlSiEple (O | norease

its adhesi on properties vari o ng techni ques, may

al so be used 86ﬁ§ﬁ§?€%¥rvﬁ@?1WQR§¥L+ﬂ§ﬁttbﬁ°u9hl helegimrd ve- based 30
| ami nation preondactivaylapetsasilh HaroOthe eamduthivkness simdeeri al onto

the substial vy S00cal ELESSn Rl FEMEP stmuychhebus1 B BF 2R SHER 00 Ot

rely on c I es™ o mers, to
bond condwedei methijdration pradass.at éiPW&NergeneﬂaSkyll@% n éﬂ'&ﬁ red

given the perfz¢ngaee agyseéses @dfidiRd through holes and
conductive layers may be deposited partially or
completely independently from one another to varying
20 thicknesses. '

Other techniques, or combinations of techniques,
may be utilized to produce relatively thin yet durable
laminates. Any combination of vacuum deposition,
chemical deposition, sputtering, plating, and/or other

25 deposition techniques may be used consistent with the
invention. Also, other processes for treating a
substrate to increase its adhesion properties, including
various oxidizing techniques, may also be used
consistent with the invention. While adhesive-based

30 lamination processes may be used to deposit conductive
material onto the substrate, "adhesiveless" processes
(i.e., processes which do not rely'on conventional
adhesives, e.g., epoxies or other polymers, to bond
conductive layers to a substrate) are generally

35 preferred given the performance advantages attained
therefrom. .

The above-described metallization process is a



therefrom The above-described netallization process is a WO
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19 subtractive process, i.e., a full layer of conductive

material is deposited on the substrate, and is |ater etched to form
the finished circuit patterns. It is gl ieved that additive or

sem -additive processes may be S incorporated in some applications;
however, these subtrl%.'i:@(ieésﬁ-?obﬂ@b'éd i eqy) r£ fAaddi ti ot eeﬁdﬁet?ee

per f or med b nd users fact t he |n|sh circuit

board desi gns. I‘—'é’:eé%iﬁpﬁ ‘FB?SJati %ques rate'p?B@e%? 5‘3 t®hin seed
| ayer of condLunaDmhedaterfatmothelﬂlziﬁhﬂd(hxrdu1t5pnt¢ewns magtbésappl i ed
to formthe  Le0QRYME! E¥a:! aaéiélvéaslersenﬁnmt%%r g%ﬁlegséﬁ‘aﬂ&;éh £

photoresist to forma negatiy e resjst mask
mask to for mX hilQESrPOFAREE: WeS‘P‘F C%P]a’rfiﬁtl°nstné’9éﬂel"lefedt¥lﬁ%ugh hol es,
renove the rena@umn@s993|wbuld1£eqm&kenaﬂﬁiﬂubnxmuym@psveolh;epSrEOrmeaDve

the unpl at ed %ﬁ%d ekﬁyﬁéérs manufacturqsr [#]g:ﬁ%]efb%ti%}ﬁg{idSEEEhP

netallized thr ou ene s areé ogt ai ned
over prior h%mdnéﬁél&%ﬁst rﬁ%’ﬂ%’ﬁam&]&%c@r a gey--eAdiRé¥e prior 20

prgcesses typi c@idogeel, YaOEhﬁﬂhQiéé&eﬁaj{r]& w%mquﬁaterlala&,@rs to a
substrat e; wever, .the_ adhesivel ess thro tal|jzation
process el i g%natagghtthg'ﬂrega ?o‘?‘l g%/e%ppalﬁ%ﬁygg‘f?‘o{:hgystens, base
| ayers of 18 conductave bayenﬁperbmemraaimtuﬁ@rcarbh}dbémdgel thea 25

substrate malerighordtoBdst7cll £6AR% et Uhage reBBLE! hakk |praddi tion,
to formthrough holes wth ?oﬁﬁ@ﬁ or adhe5|ve- ased ZS ens, _t he

through holes EtRToygRefFhe S?aﬁ)f‘et Ehirkancapdyctdve; he S§§ea’l“3yers of
copper are IayemeukaanhaeahEhsuhghrMBesﬁa‘mucatd y;healremaﬁlnadgl resibat, 25

m crons of p S r advanse
constructlo(r:ils %rrnéi( %IECC Bﬁ?%étm& Saroug ho es in grcer % e orm
el ectri cal %ﬂdeﬁé&ﬁﬁéetlons bet ween t he opposing sides of the

substrate. Consequentisingc8hl SBEE&ICHéyEriFE metAlTEEed38heBughSHEBET at €
using these pr|%; a%ggflge b%ﬁer o¥§benef1ts are obtained over prior

laminate construction methods. Many of these prior

20 processes typically rely on adhesives to bond conductive
layers to a substrate; however, the adhesiveless through
hole metallization process eliminates the need for
adhesives. In many prior systems, base layers of 18
microns of copper or more are typically bonded to a

25 substrate material using 17 microns of adhesive
material. In addition, to form through holes with these
prior adhesive-based systems, the through holes
generally are formed and plated after the base layers of
copper are layered onto the substrate. Generally, an

30 additional 25 microns of copper {(or as low as 15 microns
in some advanced constructions) are plated onto the
through holes in order to form electrical
interconnections between the opposing sides of the
substrate. Consequently, each conductive layer formed

35 on a substrate using these prior adhesive-based systems
adds at best about 50-60 microns in thickness.

However, the above-described adhesiveless process



adds at best about 50-60 m'c-rons in thickness. However, the

above- dewonsbmgt adhesi vel ess process WO 96/ 00491 PCT/US9S/07606

PCT/ US95/ 07606 20 i s capabl e of
providing reliable, delamnation resistant conductive |layers and

metal lized through holes at a t hi ckness of about 5 microns or |ess.
This offers a si gni ficant advantag@oover prior adhesi ve- based as wel |
5 as cast fil m adhesi veI 65 | aninates e art, due ta |ncreased
el ab1ity, TPRTRRIS P acRaging Teliablf Yerduthddion radid

characteri sti cgnmbiv%rlayers andpmeshlyized othrouah wiales dth@er

constructi Onsthlckness of H¥owR! isThagkbas 6f f@@@s' VEnid 6%@*&%' vel ess
10 through hol ¢ npf al Ilzaa%Pn process provides.a nunb efits

d
over prior adfitSRver e FPRSTESESVeFPrior @%%‘?’a‘fe ei:l’aeﬁﬁ%ata@s wﬁj ricated
by the thrsugashcast film retteidivedesenlpminases air thr artesist oot to

t her mal gfxl o éé@ﬂ r%rﬂl%%lﬁqg‘%s' f@eﬁi’i‘ﬁfﬁT thodseagiidyre the 15

adhesi ves use {Nlor nmet hodS i s. genera sus eptible to
br eakdown froﬁ?’é?h‘ﬁéteﬁf‘ rac? F2F RS h@rewen using a
t enperature regpitally assocsmhﬁd a:t:.ehrmh&nnai: chnsemest idde, adhesi vel ess

t hr ough hol e gl aéi[irm{alt%nmc&c Sahe Isivgai?&béﬁeoiql?éé’;‘ﬂecie%% 20

excel l ent thernmal freéesistance art processi ng
assenbly 3Ad Fhrowsh roksy wlrlmaémp@ procesabpé@:f&leq G ugbare @fer at ur es

and/ or repeat gdné¥fts Ndver prior adh@?@b@?babéﬂeﬁrécéé?é@edaﬁPVe descraged
process is a er, chem st abi Li an_is fqund Jin prior

net hods. |t hggnBESL f {hﬁﬁ(ﬁ%P Sglbésgﬂ§eﬁh¥% agh ho Sany prior
adhesi ve- basedetrel hbzist ion guoroenesst are moggsrepisbant t o rlesmkwkdwn from
exposure to hﬁ&%Qs es tidETP %xs,aml%nssgeanﬁéyho&@e @iﬂé@ Ratd on of this

adhesive int eS|veIes§gF %fess describ g g oye oms a w der
vari ety oftSpr BEBeS1VES cRef At fheFpPrior mefbg slhsﬁ%§?eiﬁ ¥essi ng

assenbl y st epsussdptilbe atd dyeakdown [fawmnalevatedbeemserhtures\dr onnent s
where chem ca e n%?gp Jikel % ¢ anag{e through
hol es are al S(% Er owccji éygfﬂie dbl es(catrnagr tu]ﬁ%c%&ré In _part due to

t he el i m nat | §ybstrate mater1a1 however, the ad1es1veless through

hole metallization process is capable of providing
20 excellent thermal resistance, particularly during post-
processing assembly and in operating environments
subjected to high temperatures and/or repeated cycling.
Another benefit of the above-described process is a
greater chemical stability than is found in prior
25 methods. It has been found that the adhesives used in
many prior adhesive-based methods is somewhat .
susceptible to breakdown from exposure to harsh
chemicals, and consequently, the elimination of this
.adhesive in the adhesiveless process described above
30 allows a wider variety of processing chemicals to be
used in post-processing assembly steps and also allows
laminates to be used in environments where chemical
exposure may be likely. ' _
' Stronger through holes are also provided by the
35 above-described process, in part due to the elimination
of adhesive which generally degrades the performance of
through holes from repeated stresses. Such stresses



of adhesi ve which general ly degrades the performance of t hr ough hol es

from repeat¥%60#Ysses. Such stresses WD 96/ 00491 PCT/US95/07606

RCT/ US95/ 07606 21 typically arise
fromthermal cycling of the circuit during conmponent assenbly or
during normal operation in extrene opgkating environnents. It has been
found that assenblies constructed with the preferred process can 5

Er;)vi de ? M cr one g e Tyh raigde lf&bﬁSthbﬁmaBr@y@dﬂr@ l&f the cdhkidastand 35

g/ cn2 of press rr h rrel defor tion.ar
cracki ng presentCE i%}h %]C%Q'Lso e]f"Q ‘é‘sgeﬁ{ﬂi |ous urn%i%%zlm W BT TaT o 8
adhesi ve- based cofistenftdrarating enVer@ﬁ@tSadv%tfmﬁébmfmum tdbdtby the

preferred 10 pr@@@eﬁ@oﬁ\é@ d@ﬂsQ&u&etaaoa§tHuené Fde Rl Atk %%«ﬁer
t hi cknesses o cond ers

preferred condt rRfE Ggéﬁﬁn*:{??%‘ﬁé‘h %oﬂs tQ'Ertl @rreadh?g?l V8- based.
assenbl i es). mevmmm@a zistc_zlafcm2 of greesmirepackag§ong wihbouy ammych may be

obt ai ned, which S i3n Yl an
perfor mance/ hi gh agizgrnés]i t&%&ﬁ&é%; oﬁ EPQ&}IE%E% SE%SO%%V %ﬂSth%% ngt based

upon the fact tf%’fekutsr}% R SER SngﬁBI an adhe%’e‘fea‘quszeﬁ ICORSEEYCELSD -t he
fini shed copper | ayerouraant la@ivantageanare hpednitdad asy appgiretepaeidt ed in the
t hr ough hoI p € Y

conductive | ayer@ %% an a qggbg‘égégdgoﬁé?% tkpé %{]e%%t%Q}eﬁP%]H%ssﬁrhol es
addi ti onal coppeﬁfhme%sploét @enéngeh*de layemeumougwqw ésmg@rpnat the

through hol es wiid t&ié’\ﬁr\é&erred E:Bﬁst@h@tx@ﬁ@hd'éhgs@ Wf&ucﬁ@ﬂ%eﬁlﬁem ly,
of t

t hi cker 25 Iayers of fac

substrate when U Iaeéi{)ngtlé’ﬁm%aﬁ&iegsﬁswgfb >né Y& #Ced® Anot her
key to the i ncrmuen: mﬂk&gurmg densz.dznwhighvmam heheohpradined., edhpebeess i s
the fact thais i ;?at:&*lélﬂa!i‘i‘}e&&kbbrténﬂ‘ oA £8¢h¥ed REgieduction of 30

surface copper t |ckness pri qor methods, _the etchant mat er i al
tended to etch tﬁﬁ‘?fﬂ}?ﬂaé}qe)/] hadﬁ’rPééFXraHBb?%%tmns bedkids & SoPTOeNiLEREr
coppers, requiriir perterbazaduponyehe factrahats, iwith ddre tthroumgh helehe

eLohi ng process. plhdiiason BEELELESdREOPRTPAAL AR Y atR0hLAk R

t hi nner copper e surface mnimzes etc
same thlckness as copper deposited 1n the through holes.

20 Since more copper is generally plated onto the
conductive layers of an adhesive-based process than the
through holes, additional copper must be plated around
the through holes so that the through holes will survive
the later etching processes. Consequently, thicker

25 layers of copper will remain on the surfaces of the
substrate when suitable through holes have been
constructed. Another key to the increase in packaging
density with the preferred process is the fact that
etching undercut is minimized by the reduction of

30 surface copper thickness. In prior methods, the etchant
material tended to etch horizontally to a greater degree
because of thicker coppers, requiring wider conductive
traces in order to survive the etching process. In the
preferred process the ability to obtain thinner copper

35 on the surface minimizes etching undercut, and
consequently a smaller line resolution may be utilized.
Thinner copper also means the valley depth between
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. consequently a smaller line resolution may be utilized. Thi nner - copper

al so neaWo %l§e49%al | ey depth between WO 96/ 00491 PCT/US95/07606
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conductors is |less, hence the penetration and etching action of
chemcals in the valleys may be nore evenly controll ed, also providing
finer resolution. In fact, using t preferred process, the limts on
line 5 reSOEHEhQ& ééﬁdﬁl&éﬁ‘&%r 1%%%“@%9&“9@8 ﬁé@eﬁﬂ{ SagncP the
copper |ayer on fl e substrate ar ead

resol ution caPSEPERE ACELIehehIfheRicsle in thepyalleys may be nore

Furthernore, epenlyicahtyolidd), rsdger provipiayi dingr ﬁ@s@lzﬁi&iﬂ | a9 nat e

mat eri al whic Uce, cust r|nted
Wiring boar dsP Eﬁe Q% }\‘l/%%é))b g s%??b%ﬁog\?gﬁbr aﬁ g MR R et hr ough
hol e proce§s resolpiing Ee fiftlengesedependentrupenctheditikredmsdd, as
wel | as some ﬁHéeabyﬁéfsﬁaﬁxﬂC&ﬁE&ﬁe Isﬂbtsl&@htéhebu&5a£é/amﬁfé e metallized

t hrough hol e S readl sui ta v Iurre and/ or | ow
cost producti g;ﬁggg ad bl?’h e, RS U on gﬁgagﬁg F‘rﬁt%? lg‘ﬁ‘% A1 the
tinme t o pakesial each of the steps in the netal li zed t hr ough hol e
process is genera|Fﬂriﬁ§§m6fE”‘dﬁ@ﬁﬁfﬁ%h@&y”ﬁieﬂdfegagg é%kg%??}d%ﬂ$?

preferred_process i flso C aracter chis
more envi t nn@n?ﬁ??é FPERRtS mater aW}H’rﬁHyCEFhE? ‘E%%‘F]rﬁ‘lq l users
Consequent | y, tohproduce netstidn zed ritledowgrihgl boafdﬁﬁ‘StShéYEBbcﬁ&-Utl lized in a

wi der vari etyah 2ppLa cabd Céi&sitl‘%‘et heta9998da®ERAGHLE ndre 3 e JH ©

conpared to nany prior te ® benefit
the thinner cBpp¥tdes anothesx ?%ﬁdﬁc@&%y%ﬁ@%@@h@ﬂ%‘hﬁ%s@ﬂ s the
i ncreased fl ewebl| &&ysomel adidsihidliess @frobbﬁsésniﬁheldat the | am nat es over

prior, &gkegvggéggm%,&%neJﬂ%%d tth\fgugg Bole b%ﬁ%ééé:%gl%sggqs fit e

W t hstand repea
del ani nati on P‘éltablel feoriigh WQJ-‘Jmﬁn?népfplrl éatfl opst paosducgtoitcabl y dynami ¢

flex applicatrBasntbér st Oh@épsiran\ae“faee%wbt eabeRépl as thé)rﬂlmeer heads,
233 ﬁlytsglbggkl g%ﬁéggg&gﬁt?s#; rof h teaglt%ps, ?.nl gﬁéoﬁétarjf]t.lze h%.%%gh
hole process is generally less than many prior methods.
20 Further, the preferred process is also characterized as
a "dry" method, which is more environmentally friendly
than many other techniques. Consequently, the
metallized through hole process may be utilized in a
wider variety of applications, with reduced economic
25 restraints compared to many prior téchnologies.

Another important benefit of the thinner copper
layers produced by the preferred process is the
increased flexibility and reliability of the finished
laminates over prior, thicker assemblies. The ability

30 of a flexible substrate to withstand repeated and/or
narrowed radius bends and resist delamination is
important in many applications, most notably dynamic
flex applications such as disk drive read/write heads,
printér heads, and display interconnécts for portable, .

35 laptop, notebook and sub-notebooklcomputers. In
general, the thinner a laminate, the more flexible it
is, 'and the less it is subjected to tension or



general, the thinner a lanmnate, the nore flexible it s, and the |ess

it is suijmg@nmuo tensi on or WO 96/ 00491 PCT/US95/07606
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forces produced by bendlng. Consequent |y, the thinner |ayers provided
by the preferred process offer a significant advantage over the
significantly thi cker prior assenbl i €% which nust conforn1to t he 5

conventional thickness and rgilabll|ty

o o et e igasioh AR Bradursd by HeRsiiR hoFEhRaREPRE LR L on
process béphenthinserhilayers @reiictdd oy Hher @reﬁternad breeegsund

that the surfacgr@l hheleﬁﬂéyeaﬁﬁ/eamr@dag% dWrC'&h'e351§91?98Q§€ll§r0 the
substrate by th ef erred process deS|rn28e surf e profile
which aids in Fﬁéﬁ FIPF§°§nﬁsse l*??ré%ﬁﬁﬁmmﬂqﬁgcg Fe Fe Ble

del am nati ors r eonseatntional thbokmeds cdnimitdtitdns.substrate. This is
[ t t b
R orvim ng 11 cwsbrFLEg RIS RS O AT 206 TR baRbckpehoty D | |

determ ni ng fl exi bi ty an he
surface prof|Iéh@fa@ﬁéséHﬁHE§§|%%F?Hﬁ%wh%ﬂe metaHL%zﬁéé°PoP§°§Eﬁ§trate

mat eri a: . beydhd! @testRinheposdidwttiv) layers.Once hagebsenf feamnguctive
material 30 ha t t t ot or esi st

| ayers %iﬁ% i%e Ergé§%5|€egg%ké§%§#§q;%% %a% g?és&ﬁggh QQ

dep03|t|onimwoé@@§3@sh9whhassebﬁﬁriﬁﬁ|bVFﬁR?12Fefﬁm§ed progRgsohasi at | ayers

42 and 44 pref gealihrupiavahir£28e ShRSt 2IY ivililah alildsOfincendushiver{aygas 32
and 34, and gﬁéfe ablﬁacover the walls o each f t he V'%ﬁ 25. As
shown in Fig. 2% nfatBifg, 2 PGS et A % (R WA TR é&n resifFapt

phot oresi st, pachnecitdohywibhstbé | substizstehaviTigs is idpewmtasts in the
range of 25 m %re%%s%r ikChSs BQ&EV@&und 3 J0Tod A3 L RS fQE{:QSrtbﬁ wal | s

of the vias may covered t h phot ores| st eaV|n gosed apertures
ext endi ng tqﬁ(nﬂ$¥Qﬂm§nQP§sleﬁ1%HH+?YcﬁP ifelgakid igy of gUCELYRE of
phot or esi st ar @ ay®ed ist hheapetfacesprdfile of the conductlve material

joined to a substrate material.

Photoresist Deposition
20 Once layers of conductive material 30 have been

formed on the dielectric substrate, photoresist layers
42 and 44 are deposited thereon by a photoresist
deposition process (shown as step 58 in Fig.3). The
photoresist layers 42 and 44 preferably cover

25 substantially all of conductive layers 32 and 34, and
preferably cover the walls of each of the vias 25. &as
shown in Fig. 2, the vias may also be completely filled
with photoresist, particularly in smaller vias having
diameters in the range of 25 microns or less. However,

30 for larger vias, only the walls of the vias may be
covered with photoresist, leaving exposed apertures
extending through the vias. In addition, if dried or
cured films of photoresist are used, the apertures in
the vias themselves may be covered coextensive with the

35 conductive layers without any photoresist deposited
directly on the walls of the vias.

The photoresist is preferably an epoxy based



the vias thensel ves may be covered coextensive with the 35 conductive

| ayers wiydegigoadtny phot oresi st deposited directly opcttSosweédss of the

Vi as. The photoresist is preferably an epoxy based WO .
96/ 00491 ' PCT/ US95/ 07606

24 phot oresi st deposited by el ectrophoresis to a thickness of
between 2 and 40 microns, preferably bet@&en 8 and 12 m crons, nost

preferably aboyt 10 m.,crons. The otoresi st rmay be a positive or
ot vo | magdHasOTe ikk: BRPaP L oY, L aH AanHOT eoae) koA FRLEKBCSS L | her
mat eri al s and afetdetseenl 2dapdss 0 i nhctdres ofpre femabdlysbebeeen 8 af@d12
However, the pr.efd d epl | LY Sy tabl e r deposition,
transportati oﬁ'{lgl nLSSQangHe: g%égefébﬂ;?%%lytoflon&l%wl?%%éq FI&% nate material,
which is 10 pPhAEEEsisty "RKpBet AnPOSHF 1R Rn Meggtd vet dmropbdenat e f or
'CESt om pri rg emaﬂdﬁj{m_,bﬁhédudesbﬂnﬁhiclzh ids knqwnWiiriLQhEEQrEEEf f@théﬁ' f
phot oresi st materi al..i_s ra epqsi te e manufacturer o

t he et altA S ALE 2Rg, ‘é‘eferfé(?aég i %?,g‘?ﬁm’fo’g"eﬂnsg‘hﬁﬁ OF)| Ba¥nat=o 1851 ho
metal | i zed | amsest.e Howevexl rbespreferretbmaterial is peetddilysi st | ayers

deposi ted t herg@tapiaeieRy dbP8sit ion Photalfisd Hataem Qnﬁesdseagétsﬂ by the
end user. In hot oi magabl .e .resi st .could be stencill ed

. addi tion,.a gon-
onto the conddgpﬂvéggﬁFFﬁggézﬁg gﬁg%PﬁF?l -eX3Gday ¥R1Chr88; 1 s woul d
requi re addi t ipendlicgariyedmpantapt ofes proyiding st epeckoidamhratad user.
- Furthernore, widh S{R0G ?irﬁﬁted wird iﬁoélﬁ&)i% lgpgnot possible to obtain
d / ' for hig

the line w dt hs/spacl nhg require ] 6 r'tor mance/ hi gh _ '
density applicati of@ilenghsr preferred; phetoxssists matexdal| ifg are about 104

m cron resol utpEfersbleh depositedwsy | thd avenifsiturequiofedhkor hi gh density
applications [ Lequi uty.ons | ow_as . Lgrons or

| ess. me lglg%?r.g?ﬁhgg%eﬁ‘%?%fz#ehtiltg}esd%i)lrs&gs?g,gl?egbﬁﬁgt allized

| ami nat e R erthg mEraldigedddeminate smatexial is seddemighofisr thee by end

users for spegidicketiststiafers depbsited thdrdith, bededetgsians. G ven the

reliability arlggluotoresist could be deposited by the end user. 1In
addition, a non-photoimagable resist could be stencilled
onto the conductive surfaces by an end user. However,

20 this would require additional equipment and processing
steps for the end user. Furthermore, with stenciling,
it is typically not possible to obtain the line
widths/spacing required for high performance/high
density applications. The practical limits on

25 stencilling are about 100 micron resolution, which is
well above that required for high density applications
which may require resolutions as low as 25 microns or
less. _ .

Therefore, by the aforementioned process, a

30 metallized laminate material 10 is produced as a stock
material for use by end users for specialized custom
printed wiring board designs. Given the reliability and
resolution obtained by the aboVe processing steps, the
process is particularly well suited for providing high

35 -performance and high density laminates in a high volume
and a comparatively low cost manner.



resol uti on obtained by the above processing steps, the process is
particul ar (WO it ed for providing high 35 performanc®CAS50§6

density lam nates in a high vol une and a conparatively | ow cost
manner . WO 96/ 00491

PCT/ US95/ 07606 25 25

Uilization of Metallized Lam nate Materials The preferred

netal lized | ani nate naueildkatdn KF MetallhiowhdedmbAaERdMYSEFSaBS @ Stock
material in roll forrx} - The gnd Esgﬁ_.rraé i en_produce c,usltom Zﬁ’d
printed wiring 5 bostuPTGIEERS PPREILABT S I AR R SR IRYaP&t i vel y
| ess conpl ex andexspicdes o @psh sisergsas a stock méierial 4irsheid theemst eps
in one preferredrid Qe theh PRBUHAE! Mhs0E A4 IJHGH &M W ard
using the s%btr cti vser mtagfc)) fobgg | am nat e mat eﬁ apfktl\?\/lg:te}\g1 g}ﬁ%@o

mi crons or note cfa"c%%p’é?detfg%o 6 CBRTEEERAMSEF BT A diRY comparatdyenYyi a. |
The first step 6less ddmplEnoaess expehsive opelesxelapst he photoresist to form
a resist mask theref rﬂ?u Newl e 64 i rs and
via hol es are etcheq t ﬁlr gugh tﬁiélerégléﬁ? ﬁ%&%ﬁ%ﬁ%&e{%éjg%\é%gd 15
circuit patternsShrfPyimRAYFRStYSARGCRI BRANt AR Wiring board uadgianithe
phot or esi st fOrréulg:ﬁahﬁ:irv%inféh:gxﬂsfaskoksarEﬁiﬁ%@dtelmate%ﬁﬂ eiLteb 5 and theI
printed wri | cis r the ro of suhstrate material in
Drep 6o, | 16 MRS BRSO Mbper 4tPdeliR] P LR 20
the art. An opacire samiyivig.nadhe £ipsbdaten @ tin the prcmesmardentoportions

correspondi ng t Q3dNEL LN bhotoreSibEULS BEEh e NSed DGl FolreAbaT
production of t | am nat e

. i magi ng .mask, the_photoresist on the,
nat eri al i Q‘?e@?&fo% S[t%pni%éh ?E‘Feﬁ‘g?‘flgcﬁ‘f? afﬁ’(ﬁ‘éﬁ MY L3 BRIG§h 25
t he mask. The i reagreceystimdtégionghi sheheasesposask to form theoldesditreguch as
an acid or ajdald i Aiusat e3alsubhlNvi interdbattleit oy Nkt dener e
areas of the photoresist to orm.a resist mask therefrom
Once the resist TREANING PRGEREGSLAtt ARTBHRT ok | 2esisfp naske s remevedposed
conductive naterirlstidp 886 and thenguthte@ whybig oukd He WxSged €rehed in

step 64.  ELaN ng tyRioalbyetakes plage. i ng farh @ an etchant
such as cupric chloride in a manner known Th the T
Imagewise development of a photoresist is known in
20 the art. An opaque imaging mask is produced with
transparent portions corresponding to the desired
circuit patterns to be formed. After production of the
imaging mask, the photoresist on the laminate material
is exposed to high intensity ultraviolet light through
25 the mask. The imaged photoresist is then exposed to a
solvent such as an acid or alkaline agueous solution to
dissolve away the desired areas of the photoresist to
form a resist mask therefrom.
Once the resist masks are formed in the photoresist
30 layers, the exposed conductive material in the
conductive layers and the vias is etched in step 64.
Etching typically takes place in a bath of an etchant
such as cupric chloride in a manner known in the art.
After etching, the remaining photoresist in the
35 resist masks is removed in step 66 by exposure to a
solvent such as an acid or alkaline aqueous solution.
Once the photoresist material is removed, the conductive



After etching, the remaining photoresist in the 35 resist masks is renoved

In step posure to a sol vent such as an aci I ne
aqueous Q@P&%ﬂgﬁ Once the photoresist material i ng‘g{%@édé?dﬂ he
conducti ve WD 96/ 00491

PCT/ US95/ 07606 : ' 26 mat eri al
remai ning on the substrate forns the desgered circuit patterns and
i nterconnecting vias for the specific printed wiring board design.

It will be apmtedigledemainingeonbthe sukgtrate formsgtdledesliyegerformed in
a roll-to-rold; opef@tditerdl aBd intePbb@hiscteidd Gialy reRdchast -effective

handling of the ,_. "workpi eces through the nmanufacturing process.
Therefore, fosfp%?h%’éfsﬁs“ﬁ:ﬁa V}Fﬁﬁgrggi‘r‘%o&?%’ﬁnart icle handl i ng, as

in step 68 of the T efiddr det pppressatediethdt) the rdlsived guepst adewi ri ng board
I's excisedefr I teni gl ' Q&g npi punchi ng,
or cutti ng5 %%{%ﬁaﬁgﬁrfom@ﬁ th QTﬁgf%iD%?gf]éeidlap -|,r#é:3b\?\lﬁ'rihﬁgcgoards' may
be used in a offerseffigient angr cagpretiesohe handldqgedf Fhevarious 15
addi tional stwpskpiecdie iHreughothketlahafadeupind efreskss. process for

manuf acturin L 0l d ' i LLAD, s 74 rds., For_ e, hnsul ating
coverl ayers %ﬁérégy?eerfsﬁézﬁq &’%%c\%ﬁggeualéhézs??idp%nl t'%{a ‘?&?2%”?&#’ gces of

t he boarkendlingddia iigh stept £§r af ebhe| preterred Brasessyhéhe 20

el ectroni gocorpRiEids prEint hardad Bbaeatiy éfcidwl from RERr @%11n known
manners. The bogrds {8 ~al sg bz__ sy table for use in nmultil %g_er (three
or nore stackBy-*+2 c%‘wffdfﬁ:tal FEANGFEF) SERURIET | RUNGTG 550 FEFHRZough

ani sotropi ¢ copelatiow. adhesi ve | ayers. Many other 25 conventional post d‘

processing steps npye a¢ i difed fprinl&@af RiPBHy boards may B e@vendgscribe
finishing process Is typical of _, .many subtractive ‘manuf gcturing
techni ques. |Yige| YaBkety of SpRIICARLEHSt hatCRFHTRERT 15f0RESWeeps,

nodi fied as adfitbemal herbpbmay, beodhdobpopatédr ine ot Heo rpresfiatfradt ur i ng
fini shed boar | ] < A ROl LHLOR ori g inted wiring
boards may begg?g%%%gfﬁ;%arﬁﬁl?%gthﬁng ;ir e%er're %?%ﬁ iv?erdu{%fam nat e
mat eri al s of PRAXAfvent9pexample, insulating coverlayers or

insulation may be deposited on the outer surfaces of the

boards. 1In addition, integrated circuit chips or other

20 electronic components may be bonded direétly to the
boards in known manners. The boards may also be
suitable for use in multilayer (three or more stacked
conductive layer) assemblies, being bonded through
anisotropic conductive adhesive layers. Many other

25 conventional post processing steps may also be
performed. '

The above-described finishing process is typical of

| many subtractive manufacturing_techniques.' It will be
appreciated that similar process steps, modified as
30 described above, would be performed for manufacturing
finished boards using semi-additive deposition.

Printed wiring boards may be produced from the
preferred metallized laminate materials of the invention
having higher berformance and higher packaging density

35 than many prior constructions. In particular, extremely
fine and robust circuit traces and metallized vias may
be manufactured using the preferred 1aminates. As



haV|ng hi gher Perfornance and hi gher packagi ng density 35 than many prior

constructi 304N particul ar, extremely fine and r obBSTUSIS07¢HH
traces and netallized vias may be manufactured using the preferred

| am nates. As WD 96/ 00491 )

PCT/ US95/ 07606 27 27 di scussed above,
the preferred evaporative through hole netal lization process provides

adgesi vel esfsf distOk8egoaleed ) mhtzﬁteﬁe:&euh%vﬁgagueiwetﬂﬁé lhﬁﬂxoiﬁé‘d t he
substrate o erin t hi nner nstr Ct on 1 Ig er
BORSIRRAE Eon Srideach iR Sags iRTeee |

packagi ng densi res fdel ani nati on
resi stant, and énVEFGQMWGim}/S betweﬁmﬁ@p conductive Wateoivy apdcse

circuit traces aaMsEEaeéoafééﬂng conﬁsfawa%avleu@etﬁ@ﬁﬁéﬂgéoﬁ@éru\% &g of | ess
t han or equal F[%O about 1 %f%g ron re erab | ow as out. 25 to 50

nicrons or sPigPet & trheé;roﬁ ¢F. Being extremelvn of
| ess t han or eqdarabbeabéellatﬁ}mrmqn orsgistant,paefiepabiyoasenal xg about 50 -
to 100 microns ggylg9s, nost preferably about 100 microns). Vias as
small as 25 15 mcrons i/ also be forned in the preferred | am nates

with pitches betweenN&BHRW1Y. SRACHY CLirrudty tEReesr BBYybe Provwidemen about
0.5 ?nd 1.3 mm hhtihg bbheé esptbidyd and widithisablfelbasdthagas:r asuid w@ach g
via (i r r ] ' it traces Y C tructe
20 in the fFll'gn gbg tlgggngﬁzg%éo e%e%b%%%e;[a’eag %%HP 2?'9%% hei r
associ ated | andma%@%sn@y m,pyncﬁtmgx@ferably\,\paphg é@ mherens c(d te tr aces,

thereby sinplifyi ﬁﬂt&ﬂeof 1essder§1agﬂd1f éauraqmtb Bebher%otrﬁﬁéféﬂé)ngl nce the
circuit

vias do not esen ratlve e cles to route
traces around. prBESZED np@c? oblrtef‘:% §8I ;B i DRGERPE T it er s ¢t hat
are between 10 EthSDrp&:x:@bAY cﬁbcmte 190 oticgbnshe Viascamdsmallesd rxkes to

be formed onst hﬁléfaﬁhﬂypﬂéﬁ% foméa rﬁlu'thebs%@erpé&ff&ﬁﬁh%f&out 25
percent. 30 Furthernpre, the ch of the ordered distribution
vias (i.e., thewﬁﬂl%ﬁ?ﬁ?%t %t% Pi-#5c8Rfers}, mm. prefgya

sel ected such t batweée abaunet®rs aid t1he wimas It isrpplisesd ﬂﬁtween 1 and
25 percent of tgﬁigégféegand areas around each via (i.e., for
interconnecting with circuit traces) may be constructed

20 in the range of 125 microns or less. Therefore, vias
and their associated land areas may occupy similar
widths as the circuit traces, thereby simplifying the
design of circuit patterns therefrom since the vias do
not present comparatively large obstacles to route

25 <circuit traces around.

The vias are preferably sized with diameters that
are between 10 and 50 percent of the pitch of the
conductive traces to be formed on the finished printed
circuit board, preferably about 25 percent.

30 Furthermore, the pitch of the ordered distribution of
vias (i.e., the minimum distance between via centers),
should be selected such that the diameters of the vias
represent between 1 and 25 percent of the ordered
distribution pitch, preferably about 5 percent. This

35 preferred range provides a sufficient number of via
interconnects for most double-sided printed wiring board
applications, while retaining sufficient spacing between



~distribution pitch, preferably about 5 percent. This 35 preferred range

provi desw gsbdonci ent nunber of via I nt erconnect s fPCT/USISD7606

doubl e-sided printed wiring board applications, while retaining
sufficient spacing between WD 96/ 00491

PCT/ US95/ 07606 28 vias to
facilitate routing of circuit traces 28 { her ebet ween. Figs. b5a
and 5b show t refe el a ol ating unused vi as
fromthe fini gﬁ'eg EL Eéé‘“ nte crogitt}qg paft F?%E{;&E %Xc éwn in Fig. 5a,
apertures, su@he§§bab€¢%®re 45 in layer 42, are -  preferably forned in

‘the resist masks CPﬂQéLSSannd 5b EHEW e @h:etfareéa danhed 44 Tlhegg o
apert ur es era ex e at { C C e on

the wal 15 of GABCSZERRPLY FETRSRL Ry isa ERE R IR Gled |
conductive s ape‘a.stsd ahycBit pathemwts.i bidsg shown in FRg.n%§. al so be exposed.

As shown in F'a%er@ﬁreéftgﬁch as a?ﬁé?:.kt'dlié arsdlherrayéagnheaf@w st masks, the
conducti ve Eat%é# on the, walls of via s renoyed, leaving 15
eraRi¥rf

exposed di el e & arm ’vﬁut’r}'}? é"lees&lsﬁ 5‘59?‘5 compT i8NG o5 t he
opposi ng condptiteeebiper ayérough artk 44i.a. These hpewtitebe appreci at ed

that with thegﬁv %E%EQQ BkPEES Sat. 1ea§dﬂectur§;%aau&a§e0ﬁaeﬁﬁé M & gim

anount of space sl nce h ectrlca
connectiodd Z&e wadhBeAL cHRULL? i SRFIUGR LSO IBEK  0ALEREUARI PERLY t he
vi as, rather tdr@asopnt bendastiré i Veydry 2 anikdeBrekiesumscribing tvia nor e,

ven 11 CIrUBOLLY B9oRODk! aSofla ' Mg anoidUBtpYCshavgEeepr e et ched

along with théevia occupi ed area is stil
25 subst ant i &ltichings aad Fﬁaﬂvt@mv%hﬂl¥ﬁﬁﬂsﬁ) mM3ek§seshe conductive |t jg

bel i eved t hat nfa&rerfﬁllyohl ghe PRai D8 reNGRLa NS removdansnéuv@ﬂgl i cations,
etching the walls of tha%aany conductlve

material 1t P dlelecgrécmﬂ??irﬁfﬂ% é'ﬁ' @eEESFSa ¥e potential
30 i nt er f er endissadratiesp &tianoppes b coendugtieree rlayiersc shraugh the via.

applications, jd Jmy b ﬁSiSi‘E&i‘Qé‘Qa'Stﬁé’t | PR 13N PelEeYeed ?rocé@ée“ al on
the walls of vias not connected to circuit atterns, nple to

provi de t her mdd q”qﬁyqqg,vHéatoccupy a minimum amount of space on t
board since the "breaks" in the electrical connections

20 between conductive layers occur on the walls of the
vias, rather than on the conductive layers themselves.
Furthermore, even if circumscribing portions of the
conductive layers are etched along with the via walls,
e.g. portion 28, the occupied area is still

25 substantially lesser than conventional processes.

It is believed that for many high performance, high
density applications, etching the walls of the vias is
advantageous in that any conductive material left on the
via walls of unused vias could pose potential

30 interference or impedance problems. However, in certain
applications, it may bé advantageous to leave conductive
material on the walls of vias. not connected to circuit
patterns, for example, to provide thermal vias for heat
dissipation. '

35 Therefore, it will be appreciated that the
invention provides a metallized laminate material and a
method of manufacture therefor which offer significant



di ssi pation. 35 Therefore, it will be appreciated that the

i nvention BYOWEd a netallized |anminate material and a  PCTURSOA$HE of
manuf acture therefor which offer significant WO 96/ 00491

PCT/ US95/ 07606 29 advant ages over
conventional technologies in the manugq@ct ure of high performance, high
density printed W ring boards and the like. One skilled in the art

will ] appr e&b&hﬁtggab Yoét Osonedidigntaland cipdl bys aki 9ASCHBY be 5dmide
to the preferred_enmbodi nents t hout arting ftro .Lhe spirit an
scope of the i n\t}‘gﬁ’?l}%gﬁkufﬁug,f%i‘%% perdﬁéo ?&ﬁﬁ'ofr}lulgg]sfiﬁgglhﬁ Pﬁgmé?%i s
herei nafter appendgdng boards and thepliBeni mOne skilled in the art awill

netal lized | an RabeeBBLeLi 8ha€OPRFiSidBhanges and modifiditBolkehBFiBd C
polynmeric film sulstrate

th trat h k
opposing firsy ™§de to tBﬁdpgﬁé%ﬁEF%i%ﬂﬁ?&iﬁ%ﬁisgﬁ&?§?3?y88$g%F%€§ 3%53 -

plurality the epivihsahdl sgope rethgde iimvemtdoder e@husst theut i on

t hroughout the wr%hegogr@és@&eéhfnf&ﬁe%tcm%é%%qnafter appéhdés, and
wherein each via has a dianeter of |ess than or equal to about 125
m crons and each via includes a 10 wal | defining a through hole

ext endi ng between the opposing first and second sides of the
substrate, wherein the centers of the adjacent vias are separated
by a di stance of |ess than or equal to 2.1 mm (b)
an electrically conductive materi al adhesivel essly 15 deposited on
the opposing first and second sides of the substrate and on the

via wall s, wherein the



e

conductive materi al f| nes a fi st con

on the first
si de of whee/endrst ryﬂls THIS s\rtﬁiﬁh‘dﬁ‘)cét’l ve lpeyasosmrédehe second
side of the 20 II I md irst and second
phot oresi st | ayers tive ed on t he opposing first
and second si des of the substrate wherein th
phot or esi st Iayers cover the conductive Payers and 25 ﬂ","”"mum"u,”m
2. The netal Il*ezecﬂ g‘m nate material of claima1l, 't . whefeih the substrate

conprises a olyimde film havi ng a. coeffl ci ent of thernmal
expansi.on equal té-t hédt mggaldizedelaminaks imateriadr camprising: 3. The

metal i zed lam nate maua)iah afeThoifi polynael Filln Bagubstsat e has a

t hi ckness of Iess han 0 about 50.m.cro 4. The
metal | i zed | ani nat% PB’FFﬁFtSf q%ﬁ?ia‘ll plWéyn°ga3ﬁa§l a has a

di ameter df |ess talremngedequaant@rderechmatﬁﬁauumnand wher&fh 96/ 00491
PCT/ US95/ 07606 each v1a has Q dﬂlﬁé@@%&% ng&e Hﬁ&frtél of claim
1, wherein each via has, a di anet |s s ecteg

bet ween about 10 5&?@“%0 8rE‘éﬁt’°‘6¥ ? ’tﬂ‘t]d'ﬁietﬁ a waddi fieflmngréces to be

patterned on a pr |tr1|imaigw holg extending beywderctthecdpbbeinghe netal lized

‘lam nate materi al , mg e {§% tch of the circuit traces is |ess
C f & nbé
t han or equal to agsu? 2 g n%%rons ég 7. The netallized

| ani nate Material of cl®m 2 conduchiie ciataried Adhesivedegpiyet er which is
bet ween about 1 depo&ﬁdea5oﬁetﬁén&pﬁ&siﬁgiéhdé§1dﬂ thiee sabgderate
distribution ada %Ea%he via walls, wherein the conductive ‘

material defines first and second conductive layers

_ on the opposing sides of the substrate; and
15 (c¢) first and second photoresist layers
deposited on the opposing sides of the substrate,
wherein the photoresist layers substantially cover

the conductive layers and the vias.

.20 2. The metallized laminate material 6f claim 1,
wherein the substrate comprises a flexible polyimide
film having a coefficient of thermal expansion

'substantially similar to that of the conductive

material.
25 _

3. The metallized laminate material of claim 2,
wherein the substrate has a thickness of less than or
equal to about 50 microns.

30 4, The metallized laminate material of claim 1,

wherein each via has a diameter of less than or equal to
about 125 microns. '

5. The metallized laminate material of claim 1,
35 wherein centers of adjacent vias are spatially separated
by a distance less than or equal to about 2.1 mm.



8. The metgllized |am nate material of claiml, 15 wherein the vias in

t he orderé&oaﬁévg}but arranged in a ' 91%Pe1 rows
and parall el columlﬁwmlﬂgﬁIW| ng orthogonal to each colum..

9. The netallized | amnate "% claim1, | 20 wherein the vias in
the ordered distribution are arrangedsiin a plurality of parallel rows
with alternate rows of vias offset half the distance between vias in
adj acent rows. 2% . The h@talllieedelambihaee hatériaile ofmtedaiad 19f claim
1, wher ei i eLi gk _j € Cli I and
the via walls in“s’ﬁé%%%?e to‘)ti%e%gtﬁbét ra%?{ggtt:%?oﬁﬁﬁ%%é.gﬁef}ég %19 be

non- cont i nuous PeFRAR ARAYY BO: PBAsS8f PREEGRt of thepiteh afe@iagufitom t he
group consi sti ngrafe®xisles @lattd@nedr eﬁhacbffﬂﬁtéldnwﬂ'ﬁk_?%odiﬂ? y?ﬁenum
manganese, zirc 5 xture €0 . : e

mot a1 zed [an Taretdsturad el tePRet 471 £ 1amingre fREFRduceife
material in t hewkewrRiyettinge Didglr of gBeaadrenet virvaces |is degy ithes orfir st
metal |ayer, fosqesl to arutt Reor andesndi stributions by vapor

metal | ization, having a thickness of about 50 to 500 nanoneters, and a
di stributions of netal -oxide selected fromthe group consi sting of

oxi des of iron, chrdhi uffhenimeitelllized hahiyhaieaunatemiaianes e ladir agni um or
m xtures thféeowhifeﬁh %?ch y%%-haghﬁ_HFéﬁéééﬁgg?iéﬁnfgué}égggng%bquIC|a'n]

11, wherein the conductive material 1nt Irst and s . ]
conductive | ayeARd &Anl REFEeRtaOfaFPe PoRFRI SEsthe foxdaged disgniputigper,
formed on the vof wikdd s by vapor metal li zati on, having a thickness of
about 50 to 500

8. The metallizea laminate material of claim 1,
15 wherein the vias in the ordered distribution are
arranged in a plurality of parallel rows and parallel
columns, each row being orthogonal to each column.

9. The metallized laminate material of claim 1,
20 wherein the vias in the ordered distribution are
arranged in a plurality of parallel rows with alternate
rows of vias offset half the distance between vias in
adjacent rows.

25 10. The metallized laminate material of claim 1,
wherein the conductive material in the conductive layers
and the via walls is adhered to the substrate through a
layer of non-continuous random distributions of metal-
oxide selected from the group consisting of oxides of

30 iron, chromium, nickel, molybdenum, manganese, zirconium
or mixtures thereof.

11. The metallized laminate material of claim 10,
wherein the conductive material in the conductive layers
35 and the via walls comprises a first metal layer, formed
on the random distributions by vapor metallization,
having a thickness of about 50 to 500 nanometers, and a
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10 nanonet érs, and a second net al | ayer electroplated on the first
met al | ayem6/00491 I'1'ized | am nat e _mat MCTAISISNT60d ai m 1,

wherein the conduc the fiTst $8¢eRd 15 conductive
| ayers and the vi aUMlgﬂmmﬂLﬁ copp L'Fs S"ﬂifll" }93’ a tlhi ckness of |ess

than or equal to a ere|n the fiirst and second

conductive layers cover the opp05|n flrst and second sides of the
substrate. 20g4 4. Ldege d@nd A | f; claim13,
wherein the conc u%‘% |“\\/eetar];'at ep% glﬁ%é%kﬁ'eégfgr st an 1'gee(r:%'n ¢ ﬁirlelc%(%nductlve

| ayers and t h&¥@¥8% wal | s has a thickness of | ess than or equal to about
5 mcrons. 25 15. The netallized lamnate material of claim1l
wherein the condu 've t I h r S of t he
opposi ng si des of sf@esﬁeé:{%lhgea ?a?ﬂ%ﬁ%%?r\ga@é}lal oyéléq'qi el'y

proxi mat e Shewwﬂa%lmatsh%l FmduehiveumrERY ERhels ¢%sfé?nqq¢é=ﬁ-v@r leygae to the

thickness 204 the. windkatisy @ompiesksal cbﬁp@ﬂgttawing he drgexnede off

t he opposing sides_of the substrate Th tal,lized | am nate
mat eri al of ci?ﬁ?nrlh Dy O (R PN 8PSHEt 8?e’§f§f°rr‘% a i (r){:%feﬂl?ot% esi st .
17. The net al toudect ive Nayensmissbsgansiatlyi eeuer the apposiing sddes

phot or esi st Igfeghgaéugbggaﬂg<ness of less than or equal to about 10
m crons. . The netallized | aninate material of claim 16,
further céPrprl si ng phot oresi st deposited on the via wal | s.

19. The netal |l i zed13 an Tieé eametmildriizeld dméhaten ddterial of claim 12,

wherein the conductive material in the conductive layers '
and the via walls has a thickness of less than or equal
to about 5 microns. '
15
14. The metallized laminate material of claim 1,
wherein the photoresist is an epoxy based photoresist.

15. The metallized laminate material of claim 14,
20 wherein the photoresist layers have a thickness of less
than or equal to about 10 microns.

i6. The metallized laminate material of claim 14,
further comprising photoresist deposited on the via
25 walls.

17. The metallized laminate material of claim 16,
wherein the photoresist on the via walls substantially
fills the vias.

30 _

18. A metallized laminate material for use in the
manufacture of a printed wiring board having a pitch
defining a minimum spacing between centers of adjacent
circuit traces on the manufactured board, the metallized

35 laminate material comprising:
(a) a dielectric polymeric film substrate,
" the substrate including a plurality of vias
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20.

aCt PCEUSHSO260pr | Nt ed

: o bet ween centers
11 nmetal lized

A netal | i zewdemmaonat e I n t
wi ring board having a Imﬂn @l"“:nll m[
of adjacent circuit trace

| am nate materi al corrpr|5| ng: (a

filmsubstrate, the substrate hav3|3ng a working area on opposi ng

first and ggp&gg d [ V. anged
20 in an ordered_di sﬁ :j%ﬁta?g%zltdg%ggzggiﬁlpﬁ&@ﬁ klfla/n‘éﬁggr eéa&bglta'Ihr

the first and seconddef e/ THEHTHY SPAFERE BeFVesRcenters of 5 pjpj rrum
spaci ng bet ween centadfacerit adjaaGenrindywasredndeach via hades edimmeasdy vi a

has a di aneter whi cl"wéf lgﬁldé/\qgerﬁgge%?arﬂ di 50 Per elg@rgfnéh fp ryft ch of

t he manuf actured boar es a wal Ining a
t hr ough hol e5extend|‘|'°|}ge manufacturad \Leare heaﬁﬁpom ng first and second si des
of the substrat e(bYand conductive matetbirladdkéelidl sy

conductive materi al %t—la%%séit qpq__?uvsk)%%?g_ylgﬁgggggtﬁg Qﬁ]etgm{gkfsﬁch?a%sei ng first

and second 30 on the Vvia
21. The netallized I%\Ihqlmethmtvéra &alds.cl ai m 20, wherein each via has
a di aneter which is about 25 percent of the pitch of the printed wiring

board, and wherein th 3 rint M T bhoard has a,pjtc f |less than or
10 . mt@}%ﬁ%eq::ﬁq.lzed Iigmlna{:e materéﬁgi ﬁ{e&r?e‘t“hﬁai'zed

equal to about 2
| am nat e mat er i sheoéin| each A0ia ey @ diameterawhighaidasbeutdi Z8et er whi ch

i s between 1 aTﬂegéeﬂ@rfxe p:.t:cﬁ'ic otfh%hg' Eﬁﬂf@gfﬁgfe@r%ﬁg digf ri bution.

5 23. e net I"am nat e materi_a wherein
each via has a uhaﬁ%%%rt%lwqfé%ad bogzAcBas 8rPikgh of lepg &hagy the
ordered distribati €jual to about 200 microns.

15
20. Theée metallized laminate material of claim 18,
wherein each via has a diameter which is between 1 and
25 percent of the pitch of the ordered distribution.
20 21. The metallized laminate material of claim 20,

wherein each via has a diameter which is about 5 percent
of the pitch of the ordered distribution.

22. The metallized laminate material of claim 18,
25 wherein the conductive material in the vias and on
portions of the opposing sides of the substrate
circumscribing the vias has a maximum thickness lesser
than or equal to the thickness of the conductive
material throughout the opposing sides of the substrate.
30
23. The metallized laminate material of claim 18,
wherein the substrate comprises a flexible polyimide
film having a thickness of less than or equal to about
50 microns and having a coefficient of thermal expansion
35 substantially similar to that of the conductive
material.
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24. The netal | zed-_l_a.njw?r\ir?yl_aof cl W& \ 10 each via has
a di anetwo 9%odo£Ss t han or equa bou ) enE pdePCr T/US95/07606 25.
The netallized | am;mng ' cl ai . B oY centers of .
adj acent vias are "WWHQHI[@,ES by

¢ L MG

15,.-~di stance | ess than or equal

to about 2.1 nm talli¥ed |lam nate material conprising:
(a) a dielectric polymeric filmsubstraté4, the . '~ substrate having a

wor ki ng area on opposi first 20 and second surfaces and_including a
plurality of vias 207! TFhe Wﬁi@&ﬁéé&diﬁaﬁﬁnﬁF%éW%RF¥ﬁ. Qe £8r oughout

t he weke iy eadn wWa thae hi ddameaber sef ohess wHaac ex; agutal. each

via includi ngageyel 1 2416fiddyg @ through hol e extending bet ween the
opposi ng surfaces of the substrate, wherein 25 each via has a

di anmeter of |less than or equal to about - 125 microns and the pitch

of the vias arrangzdl. i ITHehenetallized dasinatle dnsterinl iofh dlaimegs,t han or
equal to.abo . : : ) rj cal -
uJvhere1.n ac nt?er"s '9E g]dgagsnt vias dae‘%)%s?éaie}:dl%olﬁs{ ée%%gjg)éed g

conductive matertal esivel es he~oppost n
surfaces of tRg aubk3tanee daes than or pguahckovakeut 1 kedWductive materi al

havi ng a maxi num t hi ckness of | ess than or equal to about 35

m crons; and c).f.irst.and _second photoresist .| ayers
deposi ted on 26. The ﬁn[)e(&f?slllﬁae?u}?géﬁgtﬁfm?'ﬁ%rjs?}gs?tfaqﬁ'&l“\/vﬁ%rei n the
35 pRot whexein the eri|s drethehordenddcdiserikytsion @ame t he

vias and haveathi sgn of ﬂlQﬁ%lFilﬂ?nerpﬁﬂﬂﬁieior&p@Land paralle140 m crons.
27. A netallized Tam nate materi,al for_ use i

u f t he "manuf acture of a
printed wirinGPhbeERY HRRAFhFY Reilq QEFPRPARE toae?'ﬁ}hi‘in%}ﬂ“?paci ng bet Weer‘
centers of adjacent circuit traces

27. The metallized laminate material of claim 18,
15 wherein the vias in the ordered distribution are
arranged in a plurality of parallel rows with alternate
rows of vias offset half the distance between vias in
adjacent rows.

20 28. The metallized laminate material of claim 18,
wherein the conductive material in the vias and on the
opposing sides of the substrate is adhered to the
substrate through a layer of non-continuous random

~ distributions of metal-oxide selected from the group

25 consisting of oxides of iron, chromium, nickel,

molybdenum, manganese, zirconium or mixtures thereof.

29. The metallized laminate material of claim 28,

wherein the conductive material in the vias and on the

30 opposing sides of the substrate comprises a first metal
layer, formed on the random distributions by vapor
metallization, having a thickness of about 50 to 500
nanometers, and a second metal layer electroplated on
the first metal layer, wherein the first and second

35 metal layers have a thickness of less than or equal to
about 35 microns and substantially cover the opposing

sides of the substrate.
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on the manufactured board, the metal | i zed Iam gt\e%raterl al 5 conprising:

(a) a di el wexssioss9spol yneric at e, e u,yfﬁtmﬂvmsmmaw ng
opposing first and se ﬂlﬂ“ﬁ I l cl uidp asg,urallty of vias
arranged in an ordere = buti on havi Pt chldef i ning a

m ni mum spaci ng 10 between centers of _adj acent Vi apd wherein each
Vi a has a diameter which is betweth 10 and 50 percent of the

pitch of the manufactyre i.n |
defining a through h% dT? aﬁ%ﬂ¥§?ﬁﬂm¥h§te ﬁggg@ﬁaﬁ Of CIa1?|¥%t and
second sides of W ﬁeesabetlﬁe a@@d‘-ﬁ?ﬂ‘@s material in thg 'ahaeleectr%anhey

conductive mat ebppbsififesidesd asSlthe substratéepasi heghOskhdes appasddy first

and second si de f e str at, on the via walls, wherein
t he conductive ehdh EP e?ra?l 5% aboq‘&t hsre%w%agggnd on the opposing first and

second 5 sides of the substrate is adhered to the substrate 20
through a layer of ng@f; CORth&RIOLS A AR itiatler 'mﬁlﬁbwﬁ compmsmgﬁ

net al - oxi de sel ected fromthe consi st des of iron,
chrom um nickel, mol ybdef@ %éf?‘gér?é’s% rig'men?l ELOi ﬁ%’%"rr?ﬁ?(t ur es

t hereof, and wher ei ntheesglosthtette \nemludmg a pauernilatyi oftvibawi as a_nd on
the opposing first aQQréﬁ&é’&'dn?%n ordez% sehib EléﬂbsﬂéﬂeeQ i€s a

first netal |ayer ran om di stributions by_vapor
metal | i zati 88, mcj-“%%’il?lga d”"’tlﬂt defdadngr a5h8uPugh Poleoexiending er s, .
and a secopdtweén| tﬁ@y@pcﬁé:ﬁ@ rstifalced of the substramdal | ayer,

wherein the first andnaggonddiml ;] Wl S MALRRCLbEK188E Han or  OF 158
B

than or equal to abou m Crons "an osing first and
second si des of the sapairg@eabout 125 mlcrOZ’t?} andnﬁbﬁoﬁlet! nﬁﬁuﬁ%turl ng a

netal lized | am nate ordefBdedistridteidiEtind «5@MRhasi B8 £4€aBtEPSawdhit 35

(a) drllll\r?tv%aplurllt of vias in a dielectric polynmer film
substrat e, erein thetvi'gs have di aneters of |ess than
or equal to about 35 (b) ancandngiared materdaiandbdsivebasslder ed

di stribution deposited on the opposing sides of the substrate

and in each wvia, the conductive material having a
maximum thickness of less than or equal to about 35
20 microns; and
{(c) first and second photoresist layers
deposited on the oppesing sides of the substrate,
wherein the photoresist layers substantially cover
the conductive layers and the wvias and have
25 thicknesses of less than or equal to about 40
microns.

32. The metallized laminate material of c<laim 31,
wherein the substrate comprises a flexible polyimide
30 film having a coefficient of thermal expansion
substantially similar to that of the conductive

macerial.

33. The metallized laminate material of claim 32,
35 wherein the substrate has a thickness of less than or

equal to about 50 microns.
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BE‘EN B

substantial ly through@uL_aJmlJQJE%;ifa of . ssﬁaﬁ;ﬁg suljstrate; and 5
(b) adhweissmdess| y depositing conductive &?:.’Z"’Mggmwrrent |y
onto the opposing ngﬁﬁﬂﬂm t he \substrate and in each of the
Vi as. VAL, uunwm""clain128, further conprising the 10

step of, after driIIingcth'e substrate, cleaning the substrate to
renmove contam nati on deposited thereon. 6 30. The nethod of claim

28, further conprigjng e i 1] t or esi st t he
opposi ng sides of i% %Qee kSt as]tlrs'Ltazt%g ?’fgmgggggaﬁ%g%%/ c %/e‘fslat%%gdnduct i ve
| ayers and thwh¢r@isn each via has @1 digmetgit abdless cthamm @0 edualt irer

conpri sing thgpout 28t®icEdngonveying the substrate through the drilling,
20 conductive material depositi-on and photoresi st deposition st eps
using a roll-to-roll handling process. - - 32. The nmethod of claim
31, wherei & the phd%or eBiistmetalligedodiamingtet vptenigl i sscldien sStiep of

deposi ting anygReLYn2fhe PRAUWIESitHe b2darbhi AKBESSHOE 1 485 AN, equal
t o about 40 m crons by €| ectrophoresis. 33. e met hod of
claim 32, whePBPHEt ed t AR idnet S of the photoresist material is |ess

than or equal to 30 about 10 m crons. 34. The nethod of claim

31, wherein the d it . furt ' ep of
deposi L1 ng_phot or o315t 1 metal AR LdhifSke RIPLLEGE OGRS O
net hod of 18| aFhe3gin, el a hasiepsdipmesgr whicht &9 seledkad donis ses the

step of subst petwabhyabdht i1TW and S0 herdent VEt BhehpiOEleSdBleircuit
traces to be patterned on a printed wiring board
manufactured from the metallized laminate material, and ‘
wherein the pitch of the circuit traces is less than or
15 equal to about 200 microns. ' .

37. The metallized laminate material of claim 31,
wherein each via has a diameter which is between about 1
and 25 percent of the pitch of the ordered distribution.
20
38. The metallized laminate material of claim 31,
wherein the conductive material in the vias and on the
opposing surfaces of the substrate is adhered to the
substrate through a layer of non-continuous random
25 distributions of metal-oxide selected from the group
consisting of oxides of iron, chromium; nickel,
molybdenum, manganese, zirconium or mixtures thereof.

39. The metallized laminate material of claim 38,
30 wherein the conductive material in the vias and on the
opposing surfaces of the substrate comprises a first
metal layer, formed on the random distributions by vapor
metallization, having a thickness of about 50 to 500
nanometers, and a second metal layer electroplated on.
35 the first metal layer, wherein the thickness of the
first and second metal layers is less than or equal to
~about 5 microns, and wherein conductive material
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36. The nethod of claim 28, wherein the s bstrﬁi%f‘

pol yi m de WOS60p¥i ng of t
i L |11 ] M
has a 5 thickness of *l e§s thah dr équal to about
37. The method of claim28, wherein the g;;lllng ep is perforned by
| aser abl ati on. 10 ' 38. The nmethod of claim28, wherein the
drilling st @Rpkealel 4RI R P | BRTR s ingNGurfaces of thdd. The
met hod of claim?2 mhereln the drilling Step conprises drilling each
via with a di amSPBPFEERtPess 15 than or equal to about 25 nicrons.
40. The nethod of claim 28, wherein the drilling step conpri ses
drilling the vias wigh, Sp?ﬁé arhex.sﬂ)ﬂ{éd qr%lgalixate RSE&@§QICSPt§ZE§1er%f‘dJ acent
out

vias of |ess than or equa t hod
of clai m 40, SWhQPGFﬁthEhﬂr??¢¢¥Eflve magegd adodpr £E8sVERF| PRRAER he vi as
W th spaci al sepatk@ibfBsof the heppEsing enirdaseal ofdrheestbytastef bet ween

about 0.5 and Zglrc&mgc O%n%aE e v1a84%%e Conégghﬂoghgé¥ﬁégénid%?egurther

conprising the er ni oSited on
t he opposi ng suﬁhé@e@roﬁqvﬁb %%U%W¢ERQ§QKﬂﬁﬁsa°§Iﬁh&Iprd89t1ﬁ¢ circuit

traces, and whempatBrihe dhi-bhdmeuttEit oppdsdMl s9egadekl bENghéhe vias to

\\\ﬁgnprlses a flexible

ng%_lﬁﬂﬂﬁﬂﬁﬁﬂ&ﬁtlally
® N the substrate

m cyons.

have dlanet%%s th ttarg bet ween about 10 and 50 percent of the pitch of
circuit r afEgSt38%C 43 . The nethod of claim 42, further
conprising the step of selecting the dianeter of each via to be about
25 percent of the pitgd Récdei £dd Aidi datdCRAterial of claim 31,

wherein the photoresist is an epoxy based photoresist.

15 42. The metallized laminate material of claim 41,
wherein the photoresist layers have a thickness of about
8 to 12 microns.

43. A method of manufacturing a metallized
20 laminate material for use in the manufacture of printed
wiring boards, the method comprising the steps of:
(a) drilling a plurality of vias in a
dielectric polymer film substrate, wherein the vias
have diameters of less than or equal to about 200
25 microns and are arranged in an ordered
distribution; and
{b} adhesivelessly depositing conductive
material concurrently onto the opposing surfaces of
the substrate and in each of the vias.

30
44. The method of claim 43, further comprising the
step of, after drilling the substrate, cleaning the
substrate to remove contamination deposited thereon.
35 45. The method of claim 43, further comprising the

step of conveying the substrate through the drilling,
conductive material deposition and photoresist

[ IIIIII
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. 44 . The net hod W conprising .the step of selecting
. the di aniQA6/00491 ia to be bet wegqg ueeTaP@Wesd |and BCI/pSIsOTIAE of t he
pitch of the order “ mn\ﬁ“}; ONn. PEPLACED 45 The method of claim .
44, further Corrprl \“‘\u \ﬂ P of QPI ecti Ag—+He di aneter of each via
to.be about ercem & fhe"pitch %f the ordered distribution. 10
46 The nethod of cl ai m 28, wherein theé dr|II|ng step conpri ses
arrangi ng the I r el

col ums, eachdgggvgl%?%g Qéég@odfét%go ongf)lt:L oegaghi Péﬂa@l@w@g 47.
The met hod of claim 28, wherein the drilling - step conprises arranging
‘the vias in a pluraéityTié methodxuﬁmdlaﬁmram$ Butbhet t e s iV Hef Vi as

of fset half t | Is a '
48. The net hggegf °f 8é§r§§%@ﬁvéz§h elggokr? ugﬂ!a égg&s{gﬁﬁledrelsalofdepo& ted
in the via$ aﬁBeoﬁuBBFﬁ‘é?lst%fs’«{hﬁé'-antlaléyp@mg the f gerducstivene substrate
C|rcunscr|b|nqayags and théSyiws, a nmaxi numt hi ckness | esser than or equa

to the t hi ckness of the conductive material throughout the 25

opposi ng surfaces of the substrate. 49. The nmethod of claim

28, wherein the cofduct The methodmiferdlalimddfosiwhevaistelpe conpri ses the step
of formng  phobBPagPsti i 3 Qe %E:Fnb?%égnéh@fti@ﬁ glg oxi de on the

30 opposi_ng surfaces of straté_ by contacting substrate
W th o bl 3OTadSBPBAGLEY TR Y et BRGLOTeSiRE: 5P # CLBH IR { he

pl asma conpri 3esg thanzer equal moygdoutt B mam}om;dbyt ri butions including
nmet al - oxi des

electrophoresis. '

- 48. The method of claim 47, wherein the thickness
15 of the photore51st material is less than or equal to
about 10 microns.

49. The method of claim 46, wherein the depositing
step further comprises the step of depositing
20 photoresist on walls of the vias.

50. The method of claim 49, wherein the depositing
step further comprises the step of substantlally filling
_ the vias with photoresist.
25
51. The method of claim 43, wherein the substrate
comprises a flexible polyimide film having a coefficient
of thermal expansion substantially similar to that of
the conductive material.
30
52. The method of claim 51, wherein the substrate
has a thickness of less than or equal to about 50
microns.

35 . 53. The method of claim 43, wherein the drilling
step is performed by laser ablation.
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-sel ected fromthe gretrp—-consr sting ing of oxi %35 chrom um
PCRUBEHT606and
res an

€
ni ckel , um PrHIs sy,
wher ei n the conduct i mmm@i“um f“‘ HEPa%1S Bz |

39i the vias heuoppos« ng sur ‘Dthe substrate is
adhered to the substrate through the randgg di's tions. 5
50. The nethod of claim49, whereip the conductive mat eri el

deposi ting step furtdwer cm@mte&nadt be &18Pm0f3, wheAROEHEEHiN1ZNRY a

first nmetal layer_o tr ons to a thickness of about
50 to 500 &%%e{ %‘reegr P&Hg%‘ﬁa ér%i -%&cond net al | ayer on 10

the first nmetal |ayer such that the thickness of the first and second
netal layers is | essghanper me@Hal &8 clalmabputwﬁé:énxpreﬂésanlhng

51. The nethod of cl ai m 30, in t he conduct‘ytfg_é material_ 1 nh the
vias and on 1 hée S STRF &6t Eég HPd fRach via AENESSE PLede€8pper
havi ng a thi ckngdss gir leggsil to abbhbtnld® meicadnd 0 about 5 microns, and
wherei n conductive mat eri al substantially covers the opposing
surfaces of t he substrate Thi s Sheet
Has Been Repl aced W3%6/ G'MQTEth"d of claip@y ysssrrigodhe drillingphe
circuit traces gteplrompri@esndeidbsng each via with a diameter of less

10 than or equal to about 25 micromns.

57. The method of claim 43, wherein the drilling
step comprises drilling the vias with spacial
separations between centers of adjacent vias of less

15 than or equal to about 2.1 mm.

58. The -method of claim 56, wherein the drilling
step comprises drilling the vias with spacial
separations between centers of adjacent vias of between

20 about 0.5 and 1.3 mm.

59. The method of claim 43, further comprising the
step of selecting the diameter of each via to be between
about 10 and 50 percent of the pitch of circuit traces

25 - to be patterned on a printed wiring board manufactured
from the metallized laminate material, and wherein the
pitch of the circuit traces is less than or equal to
about 200 microns. |

30 60. The method of claim 59, further comprising the
step of selecting the diameter of each via to be about
25 percent of the pitch of the circuit traces.

61. The method of claim 59, wherein the pitch of
35 the circuit traces is: between about 50 to 100 microns.

. 62. The method of claim 61, wherein the pitch of
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- 63. The nethod of claim43, furtherTh Hasi dplaced step of selecting

the di amawewsedssrach via to-be-betwe and 2Pcpasesrsoeof t he
pitch of the ordered di stributi , 64. The method of claim .
63, further cowmum(lmﬁm“u“lastep of selecting 'the diameter of each via

to be about 5 wiit¥e .pi tch of the ordered distribution.

65. The method of cdai'm 43, *wherein the &Pilling step conpri ses

arranging the yjas. i I ity_o r ows and paralle
col ums, each %/%%‘v %ie%r}gitofga?retshéﬁo%gfm%olggcrﬂi%%rhgrfn. . 66. The
met hod of claim43, wherein the drilling step conprises arranging the

vias in a pluralitys®df The medhedl 8 EWsmWath BlieHeral@nEiok ¥has

of fset half 20 the dist.ance be en.vias in_adjagent, rqQws - 67.
The method of BYER 7 ,emgn%egéﬁﬂagﬁfi 9€ dach Vet 339 &e BeFYErPed in
the vias anfl oamb@artl sl &5 peercent ofppbei pitchrdfcde afirddredsubstrate

ci rcunscri bi nggi berirax idps has a maxi mum thickness | esser than or equal to
t he t hi ckness of the conductive material throughout the opposi ng
surfaces of the substrate. 68. The nethod of claim43, wherein
the conductive 30 émiertisd norhesl biforlatmapées pnpurisesr tdumptiayingf ther m ng
non- cont i nuous | | 5 L.@NS | - pXxi L 0%i ng
surfaces of th%E%gé){nr%%{)eyl%ﬁ?%ctdgﬁmg?hg 4 é&'c?ngéﬁfaf e{-’toe.ﬁv\enh%%gﬁp asma,
produced f#Bm Berseriktof e pPitcheef Fgé greeredadtstriRutsionsma conpri si ng
I oni zed 35 oxygen, the random distributions including netal -oxides

sel ected fromthe ggoup .gonsi sti f oxi,des.of Jron chr.am um
ni ckel , nDIybdenun1é%ﬁnd@ﬁ%§§§&§¥€5%anﬁﬁgr23' wherein the drﬂillng {
step comprises arranging the vias in a plurality of :

parallel rows and parallel columns, each row being
15 orthogonal to each column.

66. The method of claim 43, wherein the drilling
step comprises arranging the vias in a plurality of
parallel rows with alternate rows of vias offset half

20 the distance between vias in adjacent rows.

67. The method of claim 43, wherein the conductive
material deposited,in the vias and on portions of the
opposing surfaces of the substrate circumscribing the

25 viag has a maximum thickness lesser than or equal to the
thickness of the conductive material throughout the
opposing surfaces of the substrate.

68. The method of claim 43, wherein the conductive

30 material deposition step comprises the step of forming
non-continuous random distributions of metal-oxide on
tha opposing surfaces of the substrate by contacting the
substrate with a plasma, produced from at least two
meﬁallic electrodes, the plasma comprising-ionizéd

35 oxygen, the random distributions including metal-oxides
selected from the group consisting of oxides of iron,
chromium, nickel, molybdenum, manganese, zirconium or



41 m X
and on the

a)g‘ig efeof ~and~Wherein the cenductlve material in 260 %he

Vi as

bs ramxsp o |s adher eBCVESHA
substrate through th mﬂ‘ “\ g bu |onsmymé SBezy ; 69. The nethod of
r

claim 68, wherein the
conprises the step of vapor netaII|Z|ng4ﬁ first
random distributions to a thickness of about 50 to 500 10 nanoneters,
and el ectropl at imigtareecthdreefal ahdypéremmin thehechidustinet ahtéaysr such

uati we s o_ i ng Ftepfurther

| ayer on the

that the thicknass ¢fabigng ob el GHSSGEPULIEAL L8YERs Laplesg dhan or

equal to aboyt 35 m cr.ons.

od o

wher ei n the condc@dPgred ﬁﬁt%h?a?“??F?%ﬁ?\Fhﬁ?uéﬁdtﬁﬁ rABA®Wposi ng surfaces
of the subst rdise rabapibaes copper having a thickness of |ess t han or
5 mcrons, and wherein conductive material substantially
covers the opposing sgrfaces of 20 the substrate.

equal to aboyt

1¢

15

20

The method of claim 68, wherein the conductive
material depositing step further comprises the step of
vapor metallizing a first metal layer on the random
distributions to a thickness of about 50 to 500
nanometers, and electroplating a second metal layer on
the first metal layer such that the thickness of the
first and second metal layers is less than or equal to
about 35 microns.

70. The method of claim 69, wherein the conductive
material in the vias and on the opposing surfaces of the
substrate comprises copper having a thickness of less
than or equal to about 5 microns, and wherein conductive
material substantially covers the opposing surfaces of
the substrate. ——
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