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BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention relates to the manufacture of printed circuit boards

10 having enhanced etch uniformity and resclution. The process of this invention
eliminates the need for a black oxide treatment to improve adhesion and
improves the ability to optically inspect the printed circuit boards.

-

DESCRIPTION OF THE RELATED ART

15 Printed eircuit boards have wide application in the field of electfonjcs. They
are useful for large scale applications, such as in missiles and industrial control
equipment, as well as in small scale devices, such as telephones, radios and
personal computers. In particular, when utilizing printed circuits it is
important that a high degree of accuracy and resolution is attained for very

20 _ small line and space widths (on the order of one hundred microns or less) to

ensure good performance of the circuit.

The ability to produce accurate features having very small dimensions, on the
order of one hundred microns or less, is extremely important in the production

25  of small and large scale equipment. The precision of the etching process
becomes more important as the circuit patterns become ever smaller, 1t is well
known in the art to use known photolithographic techniques to produce printed
circuit boards having small features with high accuracy. In general, an

electrically conductive foil is deposited onto a substrate and a photoresist is
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of the PCT Ga ). Jitl S CFI\/ETALICTR NI ON COPPER FO L TO
PRODUCE FI NE ol e e g i o I o0 T BOARD
PRODUCTI ON N ®Ghbauberthe Aand $1663¢f.the'ﬁbﬂisIﬂ\i@aimﬂrhaiﬁﬂﬂai%eﬁ@hﬁoh& manuf act ure of
printed circuit, boards haying, enhance tch upiform d resolutlon 00
The process el ﬁtﬁ%t{gr%l ?@F%%ipth? erostﬁ%@ £o% o i mprove
adhesi on and uaﬁmmg&hetﬂaﬂvadalthdMlytsmefap&magdldswhb&wa@&éﬂiahﬁucp7 printed

circuit boards. The process is perfornmed by conducting steps (a) and (b) in
ei t her order. mre #&paEicishing cquidibe sghiayed basaise g cqpper grains are

10 eclongated and oriented vertically near the matte side and less side or horizontal

etching occurs. In addition, there is less of a need to over efch to remove the
tooth structure and treatment from the substrate, which results in better etch

uniformity.

15 When laminating the shiny side of the foil onto a substrate, it is necessary to
roughen the surface to provide sufficient adhesion. One method to accomplish
this is to plate nodules to the shiny side of a copper foil. An example of this
type of copper product is commercially available from Oak-Mitsui Inc., of
Hoosick Falls, N.Y. as MLS. Another method that has been nsed is to deposit‘

20  roughening layers, such as nodules, on each side of the foil, forming "double
treated" foils, With this process one gets superior resist adhesion, as well as
the elimination of the oxide process. This has not been preferred in the
industry because the exposed side of the foil may have the roughening layer
damaged during handling.

25

- 'When the matte-side is against the laminate another known method of
roughening the shiny layer is a process in which a copper foil is pre-roughened
by chemical micra etching (using sodium persulfate or sulfuric acid/hydrogen
peroxide which are available from MacDermid of Waterbury CT or Shipley
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el ectrically conductive |layer onto a substrate, which el ect i ¢sdrdhy2005
conductive | ayer has a roughened second surface opposite to the first
surface; b) depositing a thin netal |ayer onto the roughened second surface
of the electrically conductive |ayer, which netal |ayer conprises a
material having a different etch resistance property than that of the
electrically conductive |ayer. Thereafter one Q deposits a photoresist onto
the netal |ayer; imagew se exposes and devel ops the photoresist, thereby
reveal.i ng underl yi orti of t.he al .l ayer. The . ope renoves the
reveal ed und$9$Y@ﬁ??P pr ?W@C‘?ﬁ?{@ MR RyRines ﬁ‘@‘lﬁg%f/%?%\;‘gal ing

under | yi ng posftriaBnsd efioki BEIap&D N ULeiurMes ik Ry Chedtichiiyerare o debesit eveal ed
under’lying portions of the conductive_|ayer, to_thereby produce a printed

circuit | ayera!ager oflpeltroppnsxidslrrviiabi ToroMepRamiEe SPIBoPPER FO L TO

PRODUCE FIN RO dN G | T BOARD
PRODUCTI ON 5%%8&&%@%@%%% FI ELD G%Q%EEPF%\/@%% The present

i nventi on ¥ el Biiessquence hfchemingk seetroants ipnndssirahledgcaype & isi cumperseres 10 havi ng
enhanced etch_uniform [.on; : 0 {S invention
elimnates t haéﬂﬁ%treo H@S&y%égggésgp@?%?m%%ﬁlgiﬁgﬁﬁ%%p?%%%gﬂhesi on and
i nproves t he thikld 4 yeett in thptit Gaklpyockss shme daes nbichape tha pedlepisrofui t boar ds.

DESCRI PTI ON T ELATED, Al Print circui r ave w de

appl i cati on %upﬁg‘:’%‘@laoma?ucgi’ree%ﬁ%(i}"gﬁggﬁéﬁgmgé3%%56‘%%§pr or large scale
appl i cati ons, rgufidht agingthdhesdstinSofandtilayeitsictit Bbardsptier will etéhqui prent ,  as
well as in small scal e _devices, such as tel ephones, radios and personal
conput er s 10| rFiEsHit iipes ing poaceigih high 1epolvting 2t PSR circuits it is i nportant
that a high degree of accuracy and resolution is attained for very 20 snall
| i ne and space widths (on the order of one hundred mcrons or less) to
ensure good pefidrisrarperatingsiusly heing edinthe arite improvs leghmigiepbiouliele accurat e
features havi : ' ' n undred m crons
or less, is eXx P%%%%éﬁgng@%@?%&%t%%%}gﬁdgﬁg%ge oeg'sgr%rjlﬂll and | arge
scal e equi pnmestamplEhee fif.&qakiio240{807 mdiichtiehbang pbotoseistartideavisg nor e

| mpor tant 15a S g,gc?rta fe,r c(::ou- c;[ E‘,, Sl on et%cﬁqc:gansﬁ usefal for e%grllc%{g' imlaée Is well

conirast and reproducing parts having very small dimensions. Portions of a
conductive foil underlying the photoresist are selectively etched to form a
pattern of circuit lines. Another approach is disclosed in U.S. patent 6,042,711
which provides a metal foil with improved peel strength having a metal layer

20  of a dusty dendritic deposit and a metal flash layer. Additionally, International
Publication WO 00/03568 discloses a method of forming circuit lines on a
substrate by applying a roughened conductive metal layer using a copper foil

carrier.

25  In yet another approach, U.S. patent 5,679,230 provides a copper foil for use in
the manufacture of printed circuit boards. This copper foil can be used io
make multilayer circuit boards without requiring the conventional black oxide

treatment to improve adhesion.




known in the art to use known photolithographic techniques tgQ yLe0duss
printed circuit boards having small features with high accuracy. In
general, an electrically conductive foil is deposited onto a substrate and
a photoresist is 1 11 March 2005 then deposited onto the foil. That
photoresist is then i magewi se exposed and devel oped, formng a pattern of

small lines and spaces that are then etched into the conductive foil. 5
Conventionally a matte side of a foil is lam nated onto the substrate,
mainly because the matte side of the foil is rougher and has better

adhesi on to t hehe mestifidhod faviddshe afftbath 16 bdtan®the phdlchRidrtheHowever, it has
been found that,by lamnating the foil with the shiny side down agai nst
the substrate PR FHeIm ool da¥pie denositsd vl auletbelax@Rnéved because
the copper or aiuBsd) errldn@hiQReAiRhs AN SicR ilaGPEBR  LRELE ALY Near the matte
side and | ess side or horizontal etching occurS. In"addition, there is

| ess of a needonduciyelayer: & improvesriphaceuseey andeselutian Wdtenetebinmd t r eat nent
fromthe supst vl ' Und ] 15 When

| am nat i ngufheﬁ]%tﬁli%ﬁy Sl &28%?}3 %%@%?f&gﬁ%tﬁ%éﬁéﬁ%ﬁa?@% {g,%lggtdtfigrsannec essary to
roughen t he suefidedayet.o provi de sufficient adhesion. One nethod to
acconplish this is to plate nodules to the shiny side of -a copper foil. An
exanple of this type of copper product is conmrercially available from
Cak- M t sui | ncThe mdtal ldyensenploybdin!tis picdés aralshShivAmdbRessd et hod that has

been used is to_,deposit. 20 rougheni ng .l ayers, ,such as nqdul es, on each side
of the foil,.ﬂ3ﬂﬁgﬁﬁ . ﬁwﬁﬂmﬁgéﬁﬁﬁ ﬁﬁFé§ﬁ§?d§W%Wf?qu?ﬂHFﬁgéss.one gets
superior resi Shutckeiie Shtaal ingfectiddl dquipmmenttid Rinteichaliis @R bribhge, OXi de process.
This has not been preferred in the industry because the exposed side of

the foil may HawEen ke meil e v brripdiove bightngemnigelstaggtihantitteng. 25 Wien
the matte-si de;idy AGRLASH nlebRinlcAHaRREES sRAAL ARFck QM IRIRE Of

- marks.

15 SUMMARY OF THE INVENTION

The invention provides a process for producing a printed circuit layer
comprising conducting steps (&) and (b) in either order:
a) depositing a first surface of an electrically conductive layer onto a substrate,
which electrically conductive layer has a roughened second surface opposite to
20 the first surface; _

b} depositing a thin metal layer onto the roughened second surface of the
electrically conductive layer, which metal layer comprises a material having a
different etch resistance property than that of the electrically conductive layer;
and then

25 ¢) depositing a photoresist onto the metal layer;
d) imagewise exposing and developing the photoresist, thereby revealing
underlying portions of the metal layer;
e) removing the revealed underlying portions of the metal layer, thereby

revealing underlying portions of the conductive layer; and
4




rougheni ng the shiny layer is a process in which a copper f oiilMish 2005
pre-roughened by chem cal mcro etching (using sodium persulfate or

sul furic acid/ hydrogen peroxide which are available from MacDerm d of
Waterbury CT or Shipley 2 11 March 2005 Ronel of Marborough MA) or pum ce
scrubbi ng (machines available from1. S of Italy and |sioki of Japan) .
The surface is later chemcally treated to deposit a |layer of black copper
oxi de (al so available from MacDerm .d and Shipley Ronel), allow ng another
i nsul ating substrate to be lam nated over the circuit. 5 This sequence of
chem cal treatnments is undesirable because it is cunbersone and introduces

wast e di sposal ik REBhetetelic Mi-PYRBLERbS: HIRbondRBIELALGe there is a

need in the art for a process that does not have the problems of double
treati ng a condbereivuneodues & prirel Gifpiélyetoes not need a bl ack oxide treatnent
during the processing of nmulti-layer circuit boards, that will etch 10 .
circuit lines and spaces with high resolution and accuracy. Efforts are
conti nuously beThegnventitm alse prdwidear privted cinquitdayer predived byuths ptogesshf ch  circui t

boards are rganufautcg{le% %nfl tg?ljjs tﬁg ageuracy of these features. For
exanpl e, see€ u.g" P Ehe? aﬂll ) 807 I"¢h" t eaches a photoresi st article

havi ng 15 a pord) d&lositing ofifsosuifatd of an blsttritallyroduetive ek onts @killstrhter enhanci ng

i mmge contrast .and_reproducin rtg havi very smal ]l di nmepsions.
Portions of a ORI ?O&Pvc%ﬁ%@?rﬁwwu@%ee TOPKL BLRCEOPRISEE We| ect i vel y
etched to formme fiRahieden of circuit lines, Another approach is disclosed

in US patent 6,042,711 which provides a netal foil with inproved peel
strengt h havi nd) denesitiag a figmetablayes pntg thereuahenpd serond pefagepdBs t and a net al

~flash. layery, Aféﬁ’éc&icaﬂ_aéohxucﬁb{faﬁr,%&m@tlal la eggéﬂé@%ﬂgg%ﬁ%ﬂ? 268 discl oses

a method of formng Circuirt lithes on a s yi ng a roughened
conducti ve net aliffdrent eich msisngeeprepspp than ot of theeleatiiaily c@dudtiveJayer; anot her
approach, U.S. Rauent 5,679, 230 provides a copper foil for use in the
manuf act ure of pri fted circuit boards. This copper foil can be used to

¢) depositing a photoresist onto the metal layer;

d) imagewise exposing and developing the photoresist, thereby revealing
15 underlying portions of the metal layer; _

-e) removing the revealed underlying portions of the metal layer, thereby

revealing underlying portions of the conductive layer; and

f) removing the revealed underlying portions of the conductive layer.

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
" The invention broadly provides & process for producing a printed circuit layer

and printed circuit board.

The first step in conducting the process of the present invention is to deposit a
25 - layer of an electrically conductive material onto a suitable substrate. Typical
substrates are those suitable to be processed into a printed circuit or other
microelectronic device. Suitable substrates for the present invention non-
exclusively include polymers reinforced with materiéls such as fiberglass,

aramid (Kevlar), aramid paper (Thermount), polybenzoxolate paper or

3




make multilayer circuit boards w thout requiring the conventji;qpaly Rback
oxide treatnent to inprove adhesion. 3 11 March 2005 The present invention
provi des an approach to solving the problens of the prior art wherein a
thin netal |ayer is deposited onto a conductive |layer on a substrate. This
metal |ayer acts as an etch mask during etching of the conductive |ayer,
and i nproves etch accuracy and resolution. After etching, s this thin netal
| ayer remai ns on the conductive |ayer obviating the need for an oxide

| ayer. The netal |ayers enployed in this process are also highly uniform
and reflective, making the printed circuits forned thereby nbre conpatible
with 10 aut onedoinbidaBérsGRdredfNOP BRd PoxyeHith fibeeglbssidinforcombmitiedleci rcuits of the

prior art. Further, the netal |ayers, used herein have high nechani cal
strength, and @9%P“ﬁ¥@ﬂFW”F@%iékﬁﬁ@“@@aﬁﬁﬁﬁﬁﬁﬁg OT&Q%ﬁ@GF @i¢h as surface
scratches and Sahf arsdiRic&aadSsRNMARYG s ik dobENE!sNod BRhiagivent i on

provides a process for producing a printed circuit layer conprising.
conducting st egystaline silivan,(tojysiligore pmpphoussiisen, epifaxipd pleqm AksUieoRi r st surf ace
of an electyricgagll. !ﬁ% ; i l ectrically
conducti ve afgghﬁggﬂgsggig en%ﬂﬁ%@gﬁEHQg%%?gggﬁ%%%ﬁgf?%@?%ﬂmg0 the first
surface; b) . deposfromrappua 19 i abontst08 mitrayse morsrinefenably Mo apheindde second surf ace
of the electri catl§0y conductive layer, which nmetal |ayer conprises a
material havi igo% “'d % ent etch resistance property than that of the

el ectrically conductive layer; and then 25 c) depositing a photoresist

onto the netal | ayer; .d). i magewi se exposin anagéd vel opi ng. t he phot or esi st
t her eby reveal Thgondnstes ey ﬂ?be%%@:ﬁ?( F‘l’)‘l‘?glsﬁsfa}gﬂ@‘l R8s PAPEY ,%‘nc’
10 brass, chrome, , nickel, aluminum, stainless steel, iron, gold, silver, titanium
and combinations and alloys thereof. Most preferably, the conductive layer is

a copper foil.

Copper foils are preferably produced by electrodepositing copper from

15  solution onto a rotating metal drum. The side of the foil next to the drum is
typically the smooth or shiny side, while the other side has a relatively rough
surface, also known as the matte side. This drum is usually made of stainless
steel or titanium which acts as a cathode and receives the copper as it is
deposited from solution. An anode is generally constructed from a lead alloy.

20 A cell voltage of about 5 to 10 volts is applied between the anode and the
cathode fo cause the copper to be deposited, while oxygen is evolved at the
anode. This copper foil is then removed from the drum, cut to the required
size, and lamipated onto the substrate. Lamination is preferably conducted in

a press at a minimum of about 175°C, for about 30 minuies. Preferably, the

25  pressis under a vacuum of at least 28 inches of mercury, and maintained at a

pressure of about 150 psi.

Preferably but not necessarily prior to lamination, the conductive foil is

preferably, but not necessarily, electrolytically treated on the shiny side to form

6




~.conductive layer onto a substrate, which electrically conductive |ayer has

e) renoving the reveal ed underlying portions of the netal | 1 eby
reveal i ng underlying portions of the conductive |ayer; and ZM?%&%%?@E 2005
f) renmoving the reveal ed underlying portions of the conductive |ayer, to

t hereby produce a printed circuit layer. The invention also provides a
printed circuit |ayer produced by the process of 5 conducting steps a) and
b) in either order: a) depositing a first surface of an electrically

a roughened second surface opposite to the first surface; b) depositing a
thin metal |ayer onto the roughened second surface of the 10 electrically

conducti ve | ayefoupMhia cipkAdepbdty 8id SMBRSHST 1BatBBEhE HarbAYd 39

different etch resistance property than that of the electrically conductive

| ayer; and t helepesjt rieaoiulesef aangitlor ateys Thescondwestavepraferadly copgeer ;  d)
| magew se EXpoﬁhQQqﬂQEmt YSMQB%?&F@?@ﬁ@H%%Rﬁﬁ?&ﬁﬁwe%@ﬁkqg¥mkgveal'”9 15

underlying portions o e neta renovi ng e reveal ed underlying
portions of thedmstcalto haybstrateiThe setiire migossabiurepf tredeil isyeagurpdbita ons of the

conductive layer ;. ~and f e i the r d der L yin ortjions of the
conducti ve FayEFﬁﬂﬁagBE#ﬁﬁfg%¥B§%EﬁEb 0@%%%Fﬂ¥ﬁéﬁ ﬁﬁ%ﬁgﬁ | MENTS The
i nventi on br oadivyilapleditint MahaFgpoet Serpoaitiop bHCiucihimg, Ohjar Todogtpky rcui t | ayer
and printed circuit boar Thy. first step ip condycting the process of the
present inventiQﬁ?mF@n?HS%gﬁ%ﬁgﬁm%ﬁnuﬁguWagﬁP{hﬁk%ﬁq 8ﬁk@???@§@$y conduct i ve
mat eri al onto aceoddih@ll iBchsUd stiRIEIPCTINIG30] Sestiddst. o &ShadnstithiRgse suitable
to be processed into a_printed circuit or m croel ectroni ¢ devi ce.

ot her
Sui t abl e subst riaPreeeging e Parkagian Ciptipehel ormandms ResdeNodhtjeaky i ncl ude
pol ymers rejpnf qniaed 6wdaD MBRLEhéRlemet phocBfurd, 2 Reh k@3t length Im over

the sample surface is selected. Rz defined as the average maximum peak to

valley height of five consecutive sampling lengths within the measurement
length Im (where Io is Im/5). Rt is the maximum roughness depth and is the
greatest perpendicular distance between the highest peak and the lowest valley

15.  within the measurement length Im. Rp is the maximum leveling depth and is
the height of the highest peak within the measuring length Im. Ra, or average

roughness, is defined as the arithmetic average value of all absolute distances

of the roughness profile from the center line within the measuring length Im.

20  The parameters of importance for this invention are Rz and Ra. The surface

treatments carried out produce a surface structure having peaks and valleys,
which produce roughness parameters wherein Ra ranges from about 1 to about

10 microns and Rz ranges from about 2 to about 10 microns.

25  The surface treatments carried out produce a surface structure having peaks
and valleys, on the shiny side, which produce roughness patameters wherein
Ra ranges from about 1 to about 4 microns, preferably from about 2 to about 4

microns, and most preferably from about 3 to about 4 microns. The Rz value




aram d (Kevlar), aram d paper (Thernount), polybenzoxol ate papgicPsooss 11
Mar ch 2005 conbi nations thereof. O these epoxy with fiberglass
reinforcenent is the nost preferred substrate. Also suitable are

sem conductor materials such as galliumarsenide (GaAs), silicon and
conposi tions containing silicon such as crystalline silicon, polysilicon,
anor phous silicon, epitaxial silicon, and silicon 5 dioxide (Si Q2) and

m xtures thereof The preferred thickness of the substrate is of from about
10 to about 200 mcrons, nore preferably fromabout, 10 to about 50

m crons. The conductive |ayer preferably conprises a material such as

copper, zinc, 1o brass .o ni.ckel | um nu siaLnl ess, steel, iron,
Gl e i fver. crEshrREanE2e0pIHLs PGS sRa P el 2o P Bk,
preferably, thea. Caivtns]dndendragreferably fron stoppeto sboutld.s fopper foils are
preferably produced by el ectrodepositing copper from 15 solution onto a
rotating netal drum The side of the foil next to the drumis typically

the snooth or SiheRyrffb eatmehts bnéd®i plobigde aSutdaeRRscnde hakml pevid Yy rough

surface,- al so kngwn as the matte side. This drumis usually nade of
stainless st ednd ¥illeys. onHemtinmidenhich godise poughienbriemeids Mewefves t he
copper as it | RA8RRSELAGDAEAD HYubld BltronfhrARARS flof HEMeT Pl y construct ed
froma lead alloy. ~ 20 A cell voltage of about 5 to 10 volts is applied
bet ween t he andgbeut#reictons an¢aesigerdereldy Eemebout fdo dwpbss migonseTheposi t ed,

whi l e oxygen i f.8%f) ] s fl renoved
fromthe drum cut te g&%ﬁﬂﬁ?%gﬁuﬁ 23,0 é%g}ltz@?ﬁlglﬁ)ggﬁ}%%ér?]%fggmgg?%Q? e substrate.
Lam nation i s pbeaft@mabioys, cohuoetpedenrbly frammbegd tatbat i microm. of about 175' C,
for about 31% m nutes. Preferably, the 25 press is under a vacuum of at

| east 28 inches of nercury, and maintained at a pressure of about 150 psi.
Preferably but Pastrablects shdyi side Has & edppbiicheuit abaitizam 4. 5tnetheineluct i ve foil is

referably, but not necessarily, electrolytically treated on the shiny side
F o form y produce an average rough%ess }of2 ung/ or greater.y The matte side y

preferably will have a roughness Rz as made of about 4-7.5 pm. The micro
nodules of metal or alloy will have a size of about 0.5 pm. Other metals may

15  be deposited as micro nodules if desired, for example, zinc, indium, tin, cobalt,
brass, bronze and the like. This process is more thoroughly described in U.S.
patent 5,679,230, which is incorporated herein by reference. The shiny
surface has a peel strength ranging from about .7 kg/linear cm to about 1.6
kg/linear, preferably from about .9 kg/linear cm to about 1.6 kg/linear.

20  The maite surface has a peel strength ranging from about .9 kg/linear cm to
about 2 kg/linear, preferably from about 1.1 kg/linear cm to about 2 kg/linear.
Peel strength is measured according to industry standard IPC-TM-650 Section
2.4.8 Revision C.

25  The conductive layer preferably has a thickness of from about 0.5 to about 200
microns, more preferably from about 9 to about 70 microns. The conductive
layer may also be applied using any other well known method of metal
deposition such as electroless deposition, coating, sputtering, evaporation or

by lamination onto the substrate.




6 11 March 2005 a rougheni ng copper deposit, and el ectrol ytijqaly opeat ed
on the matte side to deposit mcro nodules of a netal or alloy. These
nodul es are preferably copper or a copper alloy, and do not add roughness
to the surface, but do increase adhesion to a substrate. The surface

m crostructure of the foil is nmeasured by a 5 profiloneter, such as a

Pert honeter nodel MAP or S5P which is comercially available from Mahr

Fei npruef Corporation of Cincinnati, Ohio. Topography neasurenents of the
surface grain structure of peaks and valleys are nade according to

i ndustry standard | PC-TM 650 Section 2.2.17 of the Institute for

I nt erconnecting and Packaging Crcuits of 2115 Sanders Road, Northbrook, to
II1linois 60062. In the nmeasurenent procedure, a neasurenent |ength I mover
‘the sanpl e sur fAdseprefsrablylbutnot decefRarilfefioed lasinatios, thy fildgprefrssblyrum peak to
val l ey height qf fiv e i | i l.engths w thi.n_t measur enment
| ength Tm (V\he(r%g“ilo(%nigcsegs%ﬁ SE%EC%%EF@{E%&QEG%?@&%@O%Q ﬁg}s%m(?gagth and is the
gr eat est per penaec Uiy methHbyen sardfehbie elctidhgichllyglrpadtep el tiend t he | owest

vall ey 15 wi.thin fhe neasurenent | ength | .S, the maxi rum | evel i ng
Hapth and 18 CHREIEgRED of TG PG BEt Aisaindehoet Rl ore e CREtE g | engt h
Im Ra, or avengge(afiérQsgha@gSo tHeSubiahieNBkoatng RRrtadigd BaBbhatorper age val ue

of all absol ut z}ﬁdi stances of the roughness profile fromthe center line

within the mead¥famigatioaagionhq sppdusgveriagerp Rrefmibethe mstal jaxgscds @ Bfte for this
i nvention are iy, aRdcdRprisdtEnStiA 896 ed AR TRRLSHE hfidd8 6 Plind, 0dUCE a

surface structure having peaks and vall eys, whi ch “producé roughness

par amet er s whecbiomiuRa, tiapigegndlyhdanumb onalloys theseefb ddest preeratilethens and Rz
ranges from,ab ] 1.G[ O nts carried
out pr oducema gljtﬂgrtaflga %&S@Eﬁ%&# gelh%agﬁ'ngﬁepnééaémg‘%gféggﬁ&%é?hqggr?%he shi ny

si de, whi ch pr effrae aboudHrie sisoup & mivedsy moraipefeitly frita aban dgite abowm about 1 to

L T R e RS

preferably fro
circuit lines and spaces to be etched into the conductive layer.

15 Once the metal layer is deposited onto the conductive layer, the next step is to
selectively etch away portions of the metal layer, forming an etched pattern in
the metal layer. This etched pattern is formed by well known
photolithographic techniques using a photoresist composition. First, a
photoresist deposited directly onto the thin metal layer. The photoresist

20 composition may be positive worl{in,.gr or negative working and is generally
commercially available. The resist can be very thin (5 to 20 microns) since it’s
main function is to only define the thin metal layer and does not need to
withstand severe etch conditions. This allows much greater resolution.
Suitable positive working photoresists are well known in the art and may

25  comprise an o-quinone diazide radiation sensitizer. The o-quinone diazide
sensitizers include the o-quinone-4-or-5-sulfonyl-diazides disclosed in U. S.
Patents Nos. 2,797,213; 3,106,465; 3,148,983; 3,130,047; 3,201,329;
3,785,825; and 3,802,885. When o-quinone diazides are used, preferred

binding resins include a water insoluble, aqueous alkaline soluble or swellable

9




"~ fromabout 4:5 to about 8 m crons, and nost preferably fromabout 5 to

11 March 2005 ranges from about 2 to about 4.5 mcrons, prefignablya0bsom
about 2.5 to about 4.5 nmicrons, and nore preferably from about 3 to about
4.5 mcrons. The surface treatnents carried out produce a surface structure
havi ng peaks 5 and valleys, on the matte side, which produce roughness
paraneters wherei n Ra ranges from about 4 to about 10 microns, preferably

about 7.5 mcrons, The Rz value ranges fromabout 4 to about 10.m crons,
preferably fromabout 4 to about 9 mcrons, and nore preferably from about
4 to about 7.5 mcrons. 10 Preferably, the shiny side has a copper deposit
about 2 to 4. %igmetaiicktid is PERANES B! ; of 2 gm or
- greater. The nattegtsi de prlse?%raaﬁy n\?ﬁ%{%g@%?e ‘%5% ngggzdslélRQcas made of
‘about 4-7.5 gifsibheaycobtined getuinersially, foretanployungéd thy tradelnkmbiae a_si ze of
about 0.5 gm . . it.ed.as ymcro nqdul es if desired,
for exanple, z]“gng@ioﬁ‘ﬁ!ﬁqﬁ”%?#&%é‘%g ?,FQO(%%F‘QQ%’,I@%@WE %Y Bhe 1ike. This
process i-s norSbipidydrlive ghttyresists tNepiiiord photorekifs arephb SidelPecdt@rdaB; which is
i ncorporat ed Q%E‘Pﬁ by reference. The shiny surface has a peel strength
rangi ng from about .

.7 kg/linear cmto about 1.6 kg/linear, preferably from
about .9 kg/linear cmto about 1.6 kg/linear. 20 The matte surface has a
peel strengt h&ﬁ?nﬁi ng N r.otrl'? apout .9 kg/linear cmto about 2 kg/linear,
preferably frdffBEGUESSE 5 thenyymageyais exphsed bo apbigisradiatiog/spehrasdight in Peel st rengt h

I's measured ag@eaihlaGitaidlady fivadd $iRd 8f fe E;]%%Q&M%h%‘%ﬁz&skoo@ 2.4.8
bly has a thic

Revision C. 25 The conductive | ayer prefera ness of from
about 0.5 to &%8ud bYGo clegires bam, iopwr reugpe beamndn X rdyradistinodetifict o about 70

m crons. Te ommug iy Se i Y Rl TR | | B9 .20y ot her wel |
known met hod of net aIaly %Iepos?{n?on g%ﬁﬂggﬁé?g‘gdth?%&el@tg‘%ﬁ%ﬁﬁf!‘f’on, coating,
sputtering, eligidion 4 leperothe phytotesini inthen Dmagewise déeibpsdidigat e. 8

suitable solvent, such as an aqueous alkaline solution, thereby revealing

underlying portions of the metal layer.

15 Subsequently, the revealed underlying portions of the metal layer are removed

through well known etching techniques while not removing the portions

underlying the remaining photoresist. Suitable etchants non-exclusively
include acidic solutions, such as cupric chloride (preferable for etching of
nickel) or nitric acid (preferable for etching of tin). Also preferred are ferric

20 chloride or sulfuric peroxide (hydrogen peroxide with sulfuric acid). During
this step, the portions of the conductive layer underlying the etched off

portions of the metal layer are revealed. This patterned metal layer defines an
excellent quality etch mask for etching the conductive layer with high accuracy
and precision.

25
Next, the revealed underlying portions of the conductive layer are removed by
etching while not removing the portions of the conductive layer underlying the
non-removed portions of the metal layer. Suitable etchants for removing the

conductive layer non-exclusively include alkaline solutions, such as

10



11 March 2005 Also preferably but not necessarily prior to liagyfpaiioes. the
foil is preferably, but not necessarily, electrolytically treated on
either side with, a thin netal l|ayer. This netal layer is preferably

el ectrolytically deposited onto the 5 conductive |ayer. The netal |ayer may
al so be deposited onto the conductive layer (after lam nating to the
substrate) by coating, sputtering, evaporation or by lamnation onto the
conductive layer. Preferably the nmetal layer is a thin filmand conprises
a material selected such as nickel, tin, palladiumplatinum chrom um
titanium nol ybdenum or alloys thereof Mst preferably the 10 netal [|ayer

conpri ses ni ckel - 1] The e p Pﬂﬁ jckness of

f rom about .Olibggég%hgmfﬁgnlcr%ﬁ%ﬂhﬁﬁﬁghbﬁg%gﬁa {%) roﬁﬁ%%gﬁt .2 to about
3 microns. Thi sinseeltaall diieds eFfhewgshlt issgrintedagadtboatdiinvimg skeetlentdef i ne a pattern
of «circuit lines and spaces .fo et ched.into. the conductive |ayer. 15
Once the neta|“F893W1F§RH@§%¥#E%@ﬁ%ﬁW%eFﬁEa%BﬁﬂﬁE?F$e | ayer, the next step
is to selectively etch away portions of the netal |ayer, form ng an etched
pattern in _the netal |ayer. Thjs etched pattern is fornmed by well known
phot ol i t _hogrSapﬁ‘f %“_OFI?EPE‘?_%ﬁ@gm‘?&:“ﬂifﬁﬁ’%ﬁqﬁ’&ttg?%‘flgﬁyeéﬁ?%ﬂégﬁ1?161?‘?{ %First, a
phot or esi st depaspdseetcking pobdsy maNbdconotdd i HiRdndlodin@NE biter ke phot or esi st

20 conposition nmay be positive morkin% or negative wor king and is generally
commerci al | y aPhetpigsistdias e ipager aud doyploprd. ach of thp reyeqlest aastiong ofi crons) si nce

it's  main fungllfiaiisyel &d%'é%d&%fifé%\?e&ﬁt%lﬂr %r{&g&grlﬁe?&g\% % e?cggd does not

need to mﬁthsgand severe etch con lrons. \ J h- r eat er
resol ution.- Sina eiprie chlotds étcher. vitor kiching phetheymesta! dayers.andudieg Tinknown in t he

~art and My, 25,6o5p10b 38, 00 UL o£hioA) den kR kAL SERBl! zer - The

0- qui none di azi sensrtlzers 1nc

0- qui none- 4- or @} @udlafsecopl edhiag sehe s sdil shidae dThissitgle dchingRadpdnt s Nos.
2,797, 213; 3,106 %%%% 3,%&81983; 3,130 047;ﬂ§,281, 29; , 785, 825; and
3,802, 885. \he RGO RS Yendons of el hap AR P Pils WA ng resins

include a wat egingleefhiiRlsRp IAGHE QUSayalse bk heRsHH] tt Mctasy théiwdll i e 9

in the etcher by possibly 10 to 25% depending on the etch system. .Higher

15  spray pressﬁres and temperature may accomplish the same results,
After the circuit lines and spaces are etched through the metal layer and the
conductive layer, the remaining photoresist can optionally be removed from
the metal layer surface either by stripping with a suitable solvent or by ashing
by well known ashing techniques. The photoresist may also be removed after

20  etching the metal layer, but prior to etching the conductive foil.

In a preferred ashing process, plasma is generated in a microwave plasma
generator located upstream of a stripping chamber and siripping gases pass
through this generator so that reactive species produced from the gases in the
25  plasma enter the stripping chamber. Plasma ions are removed such as by
filtering from plasma radicals. The term "radical”, as used herein is intended
to define uncharged particles such as atoms or molecular fragments which are
generated by the upstream plasma generator., The plasma generator may

comprise any plasma generator known in the art. Plasma generators which are

11




1 1 March 2005 binding resin, which is preferably a novol ak.;; Jtipddoe
positive photodielectric resins may be obtained commercially, for exanple,
under the trade nane of AZ-P4620 from d ariant Corporation of Somerville,
New Jersey as well as Shipley I-line photoresist. Negative photoresists
are also wdely coomercially 5 available. The photoresist is then

i mgew se exposed to actinic radiation such as light in the visible,
ultraviolet or infrared regions of the spectrumthrough a nask, or scanned
by an electron beam ion or neutron beamor X-ray radiation. Actinic 10
radi ation may be in the formof incoherent |ight or coherent light, for
exanpl e, | i ghtapdbleonfipaoviidisgd souikh ef pHivhlerabitaiiallswitianiohs@gew se devel oped

using a suitable solvent,. such as an. eous  al i ne sol ution, thereby
reveal i ng un&%? Snﬂe§8¥?P%5 rﬁﬁnﬂﬁ “ﬁ@g%PmﬂﬁséFié%gméﬁﬁgéﬁﬁghtIy, t he

reveal ed underd,3i0M9136¢ disQaktred bf Wiieh AR haleby AYGpordkEby RS through wel |
known etchi ng techni ques while naot renoving the portions underlying the

remai ni ng phot YRFEs#E type ofi panypitionelygeasrtted plasmasrey, isgonerrlybe seé itude aci di ¢

sol utions, ssUGHe gfctfeb B he ifvBitRhi HefclaBlhENAR sl 06 &fe?amd'%g of ~ nickel) or
# tin Al so preferr 3

nitric acid (preferable for etching o ). r are ferric 20
chl oride or suMFipPaEe Pesmpgeasatonspgh ayén cpandsiaddods AHRAwdsmei ¢ aci d) .
During this tggg%nﬁg-gi 51181 i r derlying the

et ched of f pg%??%ﬂs 0 tﬁe5ﬁ§t5@E?%@%?ﬁ§%§&§%5§§F£§¥§+ﬁ#§ patterned netal
| ayer defi nes Amvthepwesgbdne plasnpugenertitpr ehich ismapdbld efsuptiyihd agutdaef conduct i ve

| ayer with hi .aecur.ac an recision,_ 25 xt, the reveal ed underlying

portions .of- t%gdl%gsn]'gﬁl‘%tslm\j/%aqt’%f@?enﬁ%fe?eg%lefea&mﬁvm%‘?ﬁ%&c {1 e not renoving

the portioms afailable foandpglied Weatdrialseine 1B €8 Kldyindel $the Pasiniidng@BPRd portions

of the netal | eh. auitab e etchants for remving the conductive |ayer
C%i“ ¢l %

non- excl usi vel R 1858 GrmmFrskYY ailehle Hem Matison
Technology of Fremont, California. Ashing may also be performed in an

anisotropic method through the use of in situ ashing in an etch chamber such
as a TEL DRM 85, available from Tokyo Electron Ltd.

15
At this point, another insulating substrate may be laminated over the circuit
without an additional roughening step and without black oxide treatment of the
matte side of the foil. The thin metal layer does not need to be removed after
etching and acts as an oxide replacement and supplies enough adhesion to

20 form a multilayer structure. Also, the metal layer is more uniform and
reflective than a conductive foil alone and is easily inspected using weil

known automatic optical inspection (AQI) equipment.

_ The following non-limiting examples serve to illustrate the invention.

25
EXAMPLE |

A copper foil is treated on the shiny with copper podules and a Zn-Cr barrier
layer is applied. The matte side is also treated with nodules but is subsequently

12




11 March 2005 ammoni um chl ori de/ ammoni um hydroxi de. This cingwidcPeasd may
then be rinsed and dried. The result is a printed circuit board havi ng
excellent resolution and uniformty, and having excellent perfornmance. 5
In anot her preferred enbodi nent wherein the netal |ayer conprises nickel, a
one pass etching process nmay be conducted. In this enbodinent, after the
phot oresi st has been i naged and devel oped, each of the reveal ed portions of
the netal |ayer and the underlying electrically conductive |ayer nay be
etched in a cupric chloride etcher. For etching of other netal |ayers,
including Tin, 10 the appropriate etchant is unable to properly etch the
under|yi ng condugioh Weih nidRbl TRB foifis SRR 504 B iréﬁr??haleﬁﬁ%[aﬂgiags requi red.
This single etching step is preferred for etchin fhes or spaces of
greater than ab®ith i shiny side ygpinst the mskanigl) ¢o forne hiswhgtrate. epliqed used, it may al so
be necessary taqy] ! ' ' r_ by possibly 10 to
25% dependi ng g%m?ﬁ%$g§gﬂﬁgggf%§$&$ﬁéﬁggaqg?“%%ﬁgaﬁ%ggggﬂ%ggg(ﬁ t enperat ure
may acconpl i sh witeU¥ dight thosgh 4 maskAd frem antiwagei Abephotdresisds davelosqdaces are

etched through th | laver and the copnductive_layer. .the remaining
phot or esi st %ganuglélgpfrﬁggnsg f/a%%oélatreee OUeE Blr?geqflﬁgac &{}gl’%ﬁﬁ‘ﬁblér surface either
by, stripping wehbved using b airie chiokidestth, @xkpoaing GRlbn@r uldierisehl Thkown aski ng
techni ques. The phot oresist may al so be renoved after 20 etching the netal
| ayer, but pri &PBWBIS&“(E‘H‘#HS@“%WW? sterg i c.le%Pﬁ U3ESSt di¥ ed ashi ng
process, pl asnghbrediivemai@tsing adodTuf hNeVi8e R ERHBHRSE RR ALk tocat ed
upstream of a stripping chanber and stripping gases pass_through this
generat or so t Hbgpepiggier piiBe sybsizate baspd eniihie bepee poftere: AhesgadB e bsedt he 25 pl asna
enter the sfyi BR PRIV trdob S MRS wdhEard £ éﬂ&p filtering
from pl asma radi cal s. The'fgfn1"r§%ﬂ%aﬁ"? 5% usgﬁﬁﬁgP In F@ﬁ?% ended to
def i ne unchar gaepching andorpsaired ifglacessannfendrsllcgred nolhe cohpletefl salgtretat s whi ch are
generated by t I rator. The nl asna ner at or may
conpri se any ppﬁg%%%%%ﬁ%gg 8r?%ﬁ%ﬁﬁgg%%?ng§PnggF§§ﬁ§“®§ﬁgwﬁtors which are
11 o cores (if required) with copper foil on the outside. This printed circuit board

“blank” is drilled, external circuitry defined, and completed by putting on

15  soldermask and solder. The finished board is tested and then assembled.
EXAMPLE 2
Example 1 is repeated except the matte side of the laminate is against the
20 substrate and is treated with Zn-Cr. The shiny side has nodules plated as in
Example 1 but is treated with nickel.

EXAMPLE 3

25 . Example 2 is repeated except the shiny surface is roughened by microetching

prior to the nickel treatment.

13




11 March 2005 capabl e of providing a source of radicals, substgpRidmoky

W thout ions or electrons, are described, for exanple, in US. patent
5,174,856 and U.S. patent 5,200,031, the disclosures of which are hereby

i ncorporated by reference. While any type of conventionally generated

pl asma may, in general, be used in 5 the practice of the invention,
preferably the plasma used is generated by a mcrowave plasma generat or
such as, for exanple, a Mddel AURA plasma generator commercially avail able
fromthe GaSonics of San Jose, Calif. Another upstream plasma generat or
~which is capable of supplying a source of radicals in the substantial
absence of el ectrons and/or ions |EXAbPhErdci ally 10 avail able from Applied
Materials, Inc. as an Advanced Strip Passivation (ASP) Chanber. Pl asma
ashers are also conmercially available from Mattson Technol ogy of Frenont,
Cal i forni a.  AsRiangplathis redested beepiahd dinysifleisvoaghenahbysabtiesdi ¢ net hod t hr ough
the use of in sigu ashing in.an etch chanber such as a TEL DRM 85,

avai | abl e froﬁ?*Iﬂ?%”ﬁF@%PV@ﬂ“ﬁ?@@ﬂ15 At this point, another insulating
substrate may be |lam nated over the circuit wthout an additional
rougheni ng step and wi thout black oxide treatnment of the matte side of the
foil. The thin netal |ayer does noEXAMELES, pe renoved after et ching and
~acts as an oxide replacenent and supplies enough adhesion to 20 forma

mul tilayer structure. Also, the netal layer is nore uniformand reflective
than a conductBx¢eplediis reppassiexgend the phetarshiftyis phagpeonansat nagirpapdiel | known
automatic opti I i Ad ) equi pnent. The follow ng non-limting
exanpl es servgsﬁ%mbP$%§%{a§@n'he i nvention. 25 EXAMPLE 1 A copper foil is
treated onot he shiny with copper nodules and a Zn-Cr barrier layer is
applied. The matte side is also trﬁﬁ&ﬁﬁﬁ@éﬂq nodul es but is subsequently 12

Example 1 is repeated except etching is done in one step with cupric chloride.
15 EXAMPLE 7

Example 1 is repeated except the photoresist is exposed using a direct laser

imaging system.
20 EXAMPLE §

Example 1 is repeated except tin is plated in place of nickel and etching is

done using nitric acid.
25 EXAMPLE 9

Copper foils are produced by electrodepositing copper from solution onto a
rotating metal drum according to Example I of U.S. patent 3,293,109, Copper

is dissolved in sulfuric acid and then electrodeposited in a solution of 70-105

14




11 March 2005 treated with nickel. The foil is |am nated to;aR R85
inpregnated fiberglass (with the shiny side against the material) to form
a substrate. A liquid photoresist is applied to the substrate to a

t hi ckness of 12 microns and exposed wth UV [ight through a nmask to from
an i mage. The photoresist is devel oped 5 using potassium carbonat e,
exposi ng the nickel surface. The nickel is renpbved using a cupric chloride
etch, exposing the copper underneath. The copper is etched using an
ammoni a based systemto define the traces. The photoresist renpved using a
sodi um hydr oxi de sol ution. Holes are punched in the perineter of the
substrate'basgﬂ;mmmpﬁﬁaiﬂ@gﬁsm&mi60n60§MHﬁﬁwmmumnbanm$edem for

regi stration. .;The t i hspec d u3|n an_aut omat optica

i nspection n&@ﬁ?ﬁéijﬁﬁsﬁg%ﬁﬂ? £§? TR MBS The conpl et ed
substrate W ukually 6NgEnitihawESh &&ﬁs@)caﬂh&dé @H&éb@h@ﬁh@@d ilgpoxy fibergl ass
with other caores (if required) with copper foil on the outside. This

printed circuferasiulfom splptig¥he agode is ponsgucteddiem A lped el:l%éwﬁliy defi ned, and
conpl eted Ry QHIttatgbBQa%ﬂt éé 1@%&%&3@&3&%&%@%@&%&%@9@@ board is

tested and then assenbl ed IS repeated except the matte
side of the |a@ﬁSﬁa‘{e@op@ragl‘mdﬁmsrt@dwhﬂwﬁygmw@mi g apedet reated with

Zn-Cr. The sh | @ yt is treated
wi t h nickel. E&éﬁékgﬁgq%%'égﬂﬂmﬁE%Q§ &gépeé%QQNEQgg%%aghquhlny surface is
roughened by tﬁlonlrabeutclmtmgouanwlnchismemdnedrnhttoetheﬂeqmmdwadﬂxandw 11 March 2005
EXAMPLE 4 Exa

puni ce scrubggﬂg”ﬁwp eaﬁ%ﬁée ?ﬁ@é@h@ q%n&mghggn&ﬁhﬁgughened by

10 "shiny side") Whﬂe the other side has a relatively rough surface (the "matte
side™.

Samples of the copper foil are treated on either of the shiny or matte sides to
produce surface nodules according to U.S. patent 5,679,230, Other samples of
15 the copper foil are microetched with cupric chloride on either of the shiny or
matte sides. Samples of the copper are measured for surface roughness and
peel strength. Surface roughness is measured according to IPC-TM-650
Section 2.2,17 and peel strength is measured according to IPC-TM-650

Section 2.4.8 Revision C. The following results are noted:

20

Copper Treatment  Surface Peel Strength*

Foil Roughness _

Side (Ra in microns) (kg/ linear ¢m)
25  Shiny None 0.25 <0.18

Shiny Micro-etch ~ 1.20 039

Shiny Nodules 3.56 1.52

Matte None 508 - 0.63

Matte Micro-etch  5.72 0.93

30  Matie Nodules 7.60 1.91

15




EXAMPLE 5 Exanple | is repeated except the photoresist is ofy;aspey sgeent
nature and is not renoved after etching. 10 EXAMPLE 6 Exanple 1 is
repeat ed except etching is done in one step with cupric chloride. 15
EXAMPLE 7 Exanple 1 is repeated except the photoresist is exposed using a
direct |laser imaging system 20 EXAMPLE 8 Exanple 1 is repeated except tin
is plated in place of nickel and etching is done using nitric acid. 25
EXAMPLE 9 Copper foils are produced by el ectrodepositing copper from
solution onto a rotating nmetal drum according to Exanple I of U S. patent
3,293, 109. Copper is dissolved in sulfuric acid and then el ectrodeposited
in a solution of 70-105 14 11 March 2005 g/L of copper as copper sulfate,
80-160 g/L of free sulfuric acid, at 40:60 degrees C. The solution is
brought into con?ﬁ?}ts trepethvas detgtoapsd iy laminglingthe papper ie areoxy pfepreist ani um

whi ch acts as am@%m%es@%eé%hg‘ﬂ?ﬁlsfdg%ecfﬂ%ﬂ&f &l it 'b&ari.\s deposited from
'solution. The anode is constructed froma |ead alloy. cell 5 voltage of
about 5 to 10 volts is applled between the anode and the cathode to cause
the copper to b I e de. Copper
builds up a %ontﬁ?ﬁﬁgﬁ %@A@glgggérégg%mﬁa%um g?ééesé ng ss of from
about 18 to 70 Werw¢mr¢fSH¢@MMenslntmitbnmhmlylapmwmtaﬂbmh&temfand finally

d I toll next to. the d h (the 10
“Shiny. s de) ek sk U ons Bk P R P g BB Mace (1 he

"matte * without departing from the spirit and scope of the invention. It is intended that
the claims be interpreted to cover the disclosed embodiment, those alternatives

10 which have been discussed above and all equivalents thereto.
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side"). Sanples of the copper foil are treated on either of {fih@aehedng oOr
matte sides to produce surface nodul es according to U. S. patent 5,679, 230.
Q her sanples of 15 the copper foil are mcroetched with cupric chloride on
either of the shiny or matte sides. Sanples of the copper are neasured for
surface roughness and peel strength, Surface roughness is neasured
according to IPCGTM 650 Section 2.2.17 and peel strength is neasured
according to | PCTM 650 Section 2.4.8 Revision C. The following results
are noted: 20 Copper TreatnentSurface Peel Strength* Foil Roughness Si de(Ra
in mcrons) (kg/ linear cm) 25Shi nyNoneO. 25 <0.18 Shi nyM cro-etchl.20 0. 39
Shi nyNodul es3. 5@kt is 2laiMddtigNone5. 08 0. 63 MatteM cro-etch5.72 0. 93
30Mat t eNodul es7.60 1.91 15 11 March 2005 * Peel strength was determ ned by
| am nating the copper tq an oXy prepreg. . This sjnul ates the peel
strength insi def't @rws??i(%%rr?éﬁﬁ‘%%é@?@mg&’é?ﬂla@'W‘P?Hr’éﬂ*gﬁén%ﬁ%‘ﬁpsi nvention
“has been parti c@l add (¥) mRaue oafeed described with reference to preferred
enbodi ments, it wll pe readily appreciated by those of ordinary skill in
the art that va®i‘SPRSItHE A suficg ohtronlectrically ennduating layer ambcorsubstiatdout

| departing from {hieh sBétfitdiy @%umﬁﬁepﬂastaqgugihgﬁéﬁ @EJOH@SIH%&E)&__ E}[ﬁnogi&ttg nded t hat

the first surface;
b) depositing a thin metal layer onto the roughened second surface of the
electrically conductive layer, which metal layer comprises a material having a
different etch resistance property than that of the electrically conductive layer;

10 and then
¢) depositing a photoresist onto the metal layer;
d) imagewise exposing and developing the photoresist, thereby revealing
underlying portions of the metal layer;
e) removing the revealed underlying portions of the metal layer, thereby

15 revealing underlying portions of the conductive layer; and
1) removing the revealed underlying portions of the conductive layer, to

thereby produce a printed circuit layer.

2. The process of claim 1 wherein step a) is conducted and then step b) is

20  conducted.

3. The process of claim 1 wherein step b) is conducted and then step a) is

conducted.

25 4. The process of claim 1 wherein step a) is conducted by first roughening the
second surface of the electrically conductive layer, then treating with a second
metal, and then depositing the first surface of the electrically conductive layer

onto the substrate,

17




the clains be interpreted to cover the disclosed enbodi nent,qit\igeg200s
alternatives 10 which have been di scussed above and all equival ents
“thereto. 16 11 March 2005 What is clainmed is: 1. A process for producing a
printed circuit |ayer conprising conducting steps (a) and (b) in either

order: a) depositing a first surface of an electrically conductive |ayer
onto a substrate, 5 which electrically conductive |ayer has a roughened
second surface opposite to the first surface; b) depositing a thin netal

| ayer onto the roughened second surface of the electrically conductive

| ayer, which netal |ayer conprises a material having a different etch

resi stance profdhe procesanf tlhiat 1 whertih etep h)Es tordaetkd vy endugiehigtlcayer; 10 and

then c) depositing a_photaqoresist onto the nmetal K |ayer; .d) | ew se
exposi ng and d‘@?f‘@gﬁﬁﬁf%@ O%ﬂ’é ef?ﬁ@f’ﬂg’é@?@{c?"etlﬁﬁé@?‘é&@%ﬁ“%ﬁg“gg’%ﬂerI ying
portions of therisddFlhd Aot@icallPlonbRIVY 12p& chidehé fpeahed underlying portions
of the netal |ayer, thereby 15 revealing underlying portions of the

conductive layer; and f) renoving the reveal ed underlying portions of the

conduct i ve { ayemye bRock BPUERYI REQLHSR B PELRLAG 6 fiStticbod@iyt 2. The

process of clalm erein step a) 1s conducted an step b) is 20

conduct ed. 3. feuacsedthe olctichil qonduoiirelapir ontottegsubjtratesand dieduct ed and t hen
-step a) is ¢ : . 1 rein step a) is
conduct ed by ﬁ?ggﬁhﬁgHg%gﬁéﬁéiﬁﬁgg!@%ggﬁﬁgéﬁg%g%gh%#£@ﬁe electrically
conductive layer, then treating with a second netal, and then depositing
the first surf?ﬁﬁ of the %Lec rjcall co%du tive,l ayer gnto t he substrate.
. The process of claim 1 wherein the roughened second surface of the
10 electrically conductive layer has an average roughness (Ra) value that ranges

from about 1 to about 10 microns.

8. The process of claim 1 wherein the roughened second surface of the
electrically conductive layer comprises micro-nodules of a metal or metal alloy

15 onorin the roughened second surface.

9. The process of claim 1 wherein the roughened second surface of the

electrically conductive layer is micro-etched.

20 10. A process for producing a composite which comprises repeating sieps a)
through f) of claim 1 at least once to thereby produce a plurality of printed
circuit layers and then subsequently attaching the printed circuit layers to each

other via at least one intermediate stratum thus forming a printed circuit board.

25  11. The process of claim 1 further comprising the step of removing any

remaining photoresist after step (e).

12. The process of claim 1 further comprising the step of removing any

remaining photoresist after step (f).
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17 11, March 2005 5. The process of claim|l wherein step a) ifg aEvsised by
first roughening the second surface of the electrically conductive | ayer
and then depositing the first surface of the electrically conductive |ayer
onto the substrate. 5 6. The process of claim1l wherein step a) is
conducted by first depositing the first surface of the electrically
conductive |l ayer onto the substrate and then roughening the second surface
of the electrically conductive layer. 7. The process of claim1l wherein the
roughened second surface of the 10 electrically conductive | ayer has an
~average roughness (Ra) value that ranges fromabout 1 to about 10 m crons.
8. The process of claim!| wherein the roughened second surface of the
electrically co d t|ve I ri.s nodul es of a netal or neta
alloy 15 on orﬁ ?W8°q5%€1%‘ﬁaéﬁéd’vr% ﬁ’ﬂ g‘ 3315! DICUVERYeh FUIREISES of claim 1
wher ei n the roughéneitagecaastsefdflace of the electrically conductive |ayer
is mcro-etched. 20 10. A process for producing a conposite which conprises
repeating steps a) through f) of claim1l at |east once to thereby produce
a plurality of g gdcesbfl Gt WiRYE! fe A Ia?ﬁ-'}oﬁm@gﬁﬁfbﬁ foyi, attaching the
printed circuit layers to each other via at [ east one Internediate stratum
thus formng a printed circuit board. 25 11. The process-of claim1 further
conprising the st Li ftLer step (e),
12. The procesggo?mg?%F%§QP¥ é?ﬂ%%ﬁgggg#ﬁkﬁgﬁg 9%8%ﬁ%$§%%%%@§ng any

r emai ni ng phot @p]éstﬁ@ﬁomﬁhmomwpslmg of 4dppdr], bidas, chaink8Sed Ilunfihempr ocess of
claim1 wherei ctl e |l ayer conprises an
electrically cgﬁ%gg?ﬁ %; &g&gxijmn ocess of claim1 wherein the
metal | ayerloconprises a netal foil

16. The process of claim 1 wherein the conductive layer is a copper foil.

17. The process of claim 1 wherein the conductive layer is laminated onto the
substrate.
15

18. The process of claim 1 wherein the conductive layer is deposited onto the

substrate by electrolytic or electroless deposition.

19. The process of claim 1 wherein the conductive layer is deposited onto the

20  substrate by coating, sputtering, or evaporation.

20. The procéss of claim 1 wherein the metal layer comprises a material
selected from the group consisting of nickel, tin, palladium, platinum,
chromium, molybdenum, titanium and alloys and combinations thereof

25

21. The process of claim 1 wherein the metal layer comprises nickel.

22. The process of claim 1 wherein the metal layer comprises tin.

19




15, The process of claim1 wherein the conductive |ayer conpriash 2005
material selected fromthe group consisting of copper , brass, stainless
steel, alum num nickel and alloys and conbi nations thereof. 10 16. The
process of claim | wherein the conductive layer is a copper foil. 17. The
process of . claim1 wherein the conductive layer is lam nated onto the
substrate. 15 18. The process of claim|l wherein the conductive |ayer is
deposited onto the substrate by electrolytic or electrol ess deposition.
19. The process of claiml wherein the conductive |ayer is deposited onto
the 20 substrate by coating, sputtering, or evaporation. 20. The process
of clai m1l wher8i Thepiecessifalairh aydieredOiP eGSRy idTahBaiedbntos® ected fromthe
group consistin f nickel, tin, palladium platinum chrom um

nmol ybdenum ti t© Wﬁﬁﬁ%&ﬁﬁ“alloys and conbi nations thereof 25 21. The process
of claim1l wherein the netal |ayer conprises nickel. 22. The process of
claim1l wherein the nmetal |ayer conprises tin. 19 11 March 2005 23. The
process of cl ai%h Thewressss af ¢l Lngieasin hegrotal layen indepgsited eniortho t he

conductive |say@pnduefive Hﬂﬁbj?éiﬂﬁﬁé.?cu%iyﬁe b@élé@tﬂoﬁ‘é\ér‘@egﬁéiﬁbét%n@w' layer is

deposited onto the 5 conductive |ayer by eit ectrolytic or electroless
deposition techniques. 25. The process of claim|l wherein‘the netal |ayer

i's deposited ontk i i . ring, or
evapor at i on. 12 g%%ﬁ%cg&g;?g}égég@#ey@% nr%%l l\%ﬁegisecggosf%&e)&grééglgal ed portions of
- the netal | ayeromiuetiverlgrroechabiyg, apitigrieg, ohevagoratbh. The process of claim |
wherein the reveal ed portions of the conductive

10 26. The process of claim 1 wherein the revealed portions of the metal layer are

removed by acid etching.

27. The process of claim 1 wherein the revealed portions of the conductive
layer are removed by alkaline etching.

15
28. The process of claim 1 wherein the revealed portions of the metal layer
and the underlying portions of the conductive layer are simultaneously

removed by acid etching.
20 29. The process of claim 1 wherein the substrate comprises a polymer film.

30. The process of claim 1 wherein the substrate comprises a polyimide,

polyester, or liquid crystal polymer film.

25 31. The process of claim 1 wherein the substrate comprises a reinforced

polymer.

20




l,ayer, K are renoved by al kaline etching. 15 28. The process ofQligtkobs
wherein the reveal ed portions of the netal |layer and the underlying
portions of the conductive |ayer are simultaneously renoved by acid
etching. 20.29. The process of claim1 wherein the substrate conprises a
polymer film .30...The process of claim1l wherein the substrate conprises a
polyi m de, polyester, or liquid crystal polyner film 25 31. The process
~of claiml| wherein the substrate conprises a reinforced polynmer. 20 | |
March 2005 32. The process of claim|l wherein the substrate conprises a
reinforced polyner which conprises an epoxy, polyimde, cyanate ester,
BT- Epoxy or . S@nthepmodesss claire n edkreibth88ibsifhecqmpizessredforeddai m | wherei n
the substrate copprises.a rei.nforced Lyner wherein r ei nf or cenent
conprises fi berpﬁﬁ’g?g vgigchaclqmgpﬁegﬁpgpoggﬁ@& ‘¥‘f§13’. cyﬂlaﬁ??sﬁﬁé%ltl g??xé’d’irt | ayer
produced by theopbberss tlefeofonducting steps a) and b) in either order: 10
a) depositing a first surface of an electrically conductive |ayer onto a
substrate, which electrically conductive |ayer has a roughened second
surface oppasi t38. 11 prédas Jriclafth 1 WhelelitBe subltAERRStNTeRsdlign metal layer
onto the roughened second surface of the electrically conductive |ayer,
whi ch metal | ayelymepyrherpia dhe rginfpsgeaenigoniprigisdtyeiglassl® agiofdagiceaperet ch

resi stance property than that of the electrically conductive |ayer; and
then c) depositing a photoresist onto the netal |ayer; d) inagew se
exposi ng and dé¢ehagpinteg cirbist lpyen prodecid Sy thetpharesyf coreetidg steps amder | yi ng

portions of-th%)ﬂﬁ%ﬁ&chﬁ¥§r;

10 a)depositing a first surface of an electrically conductive layer onto a substrate,

which electrically conductive layer has a roughened second surface opposite to
the first swrface;
b) depositing a thin metal layer onto the roughened second surface of the
electrically conductive layer, which metal layer comprises a material having a
15 different etch resistance property than that of the electrically conductive layer;
and then
¢) depositing a photoresist onto the metal layer;
d) imagewise exposing and developing the photoresist, thereby revealing
underlying portions of the metal layer;
20  e) removing the revealed underlying portions of the metal layer, thereby
revealing underlying portions of the conductive layer; and

f) removing the revealed underlying portions of the conductive layer.

35. The printed circuit layer of claim 34 wherein the electrically conductive

25  layer comprises an electrically conductive foil

36. The printed circuit layer of claim 34 wherein the metal layer comprises a

metal foil.
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20 e) renoving the reveal ed underlying portions of the netaljilnayer2006her eby
reveal i ng underlying portions of the conductive |ayer; and f) renoving the
reveal ed underlying portions of the conductive |ayer. 35. The printed
circuit layer of claim34 wherein the electrically conductive 25 |ayer
conprises an electrically conductive foil 36. The printed circuit |ayer of
claim34 wherein the netal |ayer conprises a netal foil. 21 11 March 2005
37. The printed circuit layer of claim 34 wherein the conductive |ayer
conprises a material selected fromthe group consisting of copper, brass,
stainless steel, alumnum nickel and alloys and conbi nati ons thereof. 38.
The printed c3%dbet prinigdr cigduitc layem d 4ciaimerdd rwheteinc tred wondwadive alpger

conprises a c i rinted ci it lLayve f_clai 4 wherein
the nmetal | ay(g)?‘p@%’r?%% gneastégrgal s-#ll;ét%geﬁ g&s@?e@%’é’g ?P%'%ﬁiﬁpﬁ?%‘}?ﬁ g}ég’i sting of
ni ckel, tin, siahlessistes, ghiraihimmynickel @ndativysandodmbidatiens thériebfini um and

all oys and conbi nations thereof. 40. The printed circuit |ayer of claim34
wherein the nmetal |ayer conprises nickel. 41. The printed circuit |ayer of

cl ai m 34 wher3s. Thelprintaet eicult Rier ot@amT 34 #heldimthe’dndlidtepdyent ed circuit
| ayer of claim 34 wherein tljéﬁ substrate conprises a sem conductor. 43. The

printed circufdMPrEFEA OPPEI'QIm 34 wherein the substrate conprises gallium
arsenide, silicon, conpositions containing silicon and conbi nati ons

t hereof . 22 ] o
39. The printed circuit layer of claim 34 wherein the metal layer comprises a

material selected from the group consisting of nickel, tin, palladium, platinum,
chromium, molybdenum, titanium and alloys and combinations thereof.

40. The printed circuit layer of claim 34 wherein the metal layer comprises
nickel.

41. The printed circuit fayer of claim 34 wherein the metal layer comprises tin.

42. The printed circuit layer of claim 34 wherein the substrate comprises a
semiconductor.

43. The printed circuit layer of claim 34 wherein the substrate comprises

gallium arsenide, silicon, compositions containing silicon and combinations
thereof.
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