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general , an &hepiesént a{deytlmmwmttwle thandfactiere d€ posied edcuiricards substrate and

t is WO 02/ 03a897 PCT/ US01/ 32~00
having enhanced etch umiformity and resolution. 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

Printed circuit boards have wide application in the field of electronics. 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
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
of small and large scale equipment. The precision of the etching process
becomes more important as the circuit patterns become ever smaller. It 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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t hen deposited onto the foil. That photoresist is then i nagew se exposed
and devel oped, formng a pattern of small lines and spaces that are then
etched inyg 0tz};@sgﬁpnducti ve foil. 5 Conventionally a mattepgrdgopi4en fOil is
| am nated onto the substrate, mainly because the matte side of the foil is
rougher and has better adhesion to the substrate than the shiny side of the
foil. However, it has been found that by lamnating the foil with the shiny
si de down agai nst the substrate that nmuch nore accurate etching could be

achi eved because the co r grains are elongated and.oriented yertically

near the mat DEn Srepstiedhoitp DedOu; dBa holpgryd ey et Beedrad |

. addi tion, th@e'v@dpéd,lf&%%nga pauIRSHsthl ANGTanBkpdbel Mot SERYR idhRd {AOL N
structure and treatnment fromthe substrate, which results In better etch

uni formty. thecvbwtivafilnati ng the shiny side of the foil onto a substrate,
it is necessary to roughen the surface to provide sufficient adhesion. One
nmet hod to acconplish this is to plate nodules to the shiny side of a copper

foil. An sexanphRnfbndliasndieRfieqif 78R REamMFRM U0 tHS SENTARY, flaitlly y avail abl e
fromQCak-Mtsui Inc., of Hoosick Falls, NY. as M.S. Anot her hethod that

has been uselkcassettie meposide oibe faligherghagarddyas bsttersudbesiastonldul es, on each

side of the foil, forming."double treated" foils. Wth this process one

gets superi oﬁ"‘%l%%l? than %g‘é‘?yo?éje %t‘seth?/\blll' }g%wet"ﬁé itdhas tkr“Ferf‘a‘gPB&tl'@f g)f he oxi de
rocess. Thi 133 I 3 he exposed

P SS Il?g{ﬁ?ﬁlgg%e t%ﬂ%tkﬁt‘h@gl‘%{/ ﬁqe HBwh :agalhﬂ %Eé&r%@ﬁ%f‘ﬁﬁcﬂ XPOs

side of the y have the rougheni ng yer danmage ring handling. 25
Wien t he matmeresicc@raietahiyey comtd hdwhleand badaeseahotdpper gmimsmararet hod of

r ougheni ng teqPJe shiny layer is a process in whjch a copper foil is

pr e- r ougHenedongatediingiogisntedvertigal @%f%%@is agd dss sidp oF bemaogtad or

sul furic aci dl I i?ad_}g ' gh%@ m d of

Wat er bury CTQ é@xgh?%gymgﬁ&ﬁ\t}%%%&)%@ 9 ﬁ%@@s@% %ﬁazéi o%ﬁg of

Mar bor ough MApthostrupture @rel st ifiogn thesalsiraeswaichirésaht i Betterettls of Italy and
| sioki of Japan) . The surface is later chemcally treated to deposit a

| ayer of bl a#kfa&E®Pper oxi de (al so available from MacDerni d and Shi pl ey
Ronel ), allow ng another insulating substrate to be |am nated over the
circuit. 5 This sequence of chem cal treatnments is undesirable because it

i s cumberssonwhen thniR4tipAHE StsinyeigE 6f Mk $FIPSIRD aRUSIHaRNE inhdchssaaocheni cal s
used. Therefore, there is a need in the art for a process that does not

have the proloughan the sutbagbleprovidasiffigieat edhssiontPreemetbpd teaaegomplish does not
need DL Fub IR B AP Er B SSRS Che b s o1 ol
accuracy. Effype bScoppbr proMict duihtciBBY BehilaBId €ronOhL®1i@ut 1ncQ of Mpr ove
techni ques by which circuit boards are manufactured and thus the accuracy
of these f ea}%gcpsé@(_ FatlsyN.Y. as MLS. Another method that has been used 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 micro etching (using sodium persulfate or sulfuric acid/hydrogen

peroxide which are available from MacDermid of Waterbury CT or Shipley
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exanple, see U S. patent 5,240,807 which teaches a photoresist article
havi ng 15 a portable, conformable, built-on etch mask useful for enhancing

i mage Coyégﬁ%sgﬁd reproduci ng parts having very smal | dig@pgéRnsseePortions
of a conductive foil underlying the photoresist are selectively etched to

forma pattern of circuit lines. Another approach is disclosed in U S
patent 6,042,71 1 which provides a netal foil with inproved peel strength
having a netal |ayer 20 of a dusty dendritic deposit and a netal flash

| ayer. Additjonally International .Publigation WO 00/03568 disgl
ot hod of 1 SRR Nirbeh PLE Painics e e FRoBesalyin gom Foughened

conductive (Ui . Reked ion ot her
approach, u@@gé‘k‘ gzst%kétég%i,ﬁg)goﬂ%%ovi %els dé“?@%ﬁ%”%’ (%i5 ?tk(?g%/@égggpi n the

manuf act ur e addyepof blhedcopperoaxide (alsamualablEhirem ddgebermidodnd Shipiee used t o nmake

mul tilayer circuit boards wi thout requiring the conventional plack oxide
treatnent t oi’ﬂﬁyraﬁ)'\?@”%‘é?g]ebﬁ’.wlﬁtmg SEDE 5’3?&8@’7"@@@ QYSF theyasuitoo The

present § nvaRiJ uHLOYF IRMia BRRALASG Ui B bAduLNEiRIABLRTR Of Lhe pri or

art wherein a thin netal layer' 1s deposited onto a conductive |ayer on a
substrate. 7hd mtrvdtieds waateetispasdl prabdenanwel dfe ammicatbursedgTledreforeng of t he

conductive layer, and.inproves etch accyracy and yesolution. After etching,
this thin mtess s|2pe lfk@ﬁﬁﬁrﬁ%raol?foméﬁ“@bﬁ%ﬁidw et ‘i/%rrolbgﬁ\?iogti ng the need

for an oxi d‘aobiﬁxgrgat}néﬁeco hlvelrgy cﬁwﬁi’(‘fﬁ'dBéfs%t hBed Nbigcpgess are al so

hi ghl'y uni form an ective, making the printed circurts fornmed thereby
mor e conpat itlehtenent drirglth® pmtéssing i nuddi-ldyasgaaitiboardephizpmigirdgtct han pri nt ed
circuits of the prior art. Further, the nmetal |ayers used herein have high
mechani ¢@l §trewhlings and sepcey with hghiresodwtionangd gecwragymechani cal  danmge, such as
surface scratches and scuff marks. 15 SUMVARY OF THE | NVENTI ON The

i nvention provides a process for producing a printed circuit |ayer

conpri si ng Gty afd ddgtisiRBY bem) Aad if he drntoginphae tehdRrjues &) wirposi ting a
first surface of an electrically conductive |ayer onto a substrate, which
el ectri cal | giredhlnaeds aje mapytagtured and thusaacseacy etbese GatprescEobpposite to

example, see U.S. patent 5,240,807 which teaches a photoresist article having
IS a portable, conformable, built-on etch mask useful for enhancing image
contrast 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 to
make multilayer circuit boards without requiring the conventional black oxide

treatment to improve adhesion.
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20 the first surface; b) depositing a thin netal |ayer onto the roughened
second surface of the electrically conductive |ayer, which netal |ayer
conpri se jal having a different etch resistance p tLhan t hat
of the els\ggt%%‘ﬁﬁy conductive layer; and then 25 c) depog??ﬁjﬁgﬁggm
photoresist onto the netal |ayer; d} inmagew se exposing and devel oping the
phot oresi st, thereby revealing underlying portions of the netal |ayer; e)
renoving the reveal ed underlying portions of the netal |ayer, thereby
reveal i ng underlying portions of the conductjve |ayer; and WO 02/ 035897
PCT/ US01/ 32- The(réspniianeiiongrevidesag nanioash Qriabrng hagrobsns offie of t he
conductive | I . c : Cl 4.1 The invention
al so provi dgg%ga%r\%h%féelggglﬁﬁxé’uc{?{]?Eg)gglgr B‘%&%g‘g ab%?lh?'#eutv;%rl%%gé%aof 5
conducti ng subfifaté) THRche) ldydr &itd 43 etshdriisk duyingerbiglofiigs a first surface
of an electrically conductive |layer onto a substrate, which electrically
conduct i ve |apdyctivadaysr, apd jRpieses derassrragypdieeolpiinio Al efchinghe first

surface; (b) it j . . cond surface
ot he elost PR e i o TLBE SRUEG OB VRO U IREE i aRC0"S

mat eri al hawxide layedi fferent etch resistance property than that of the
electrically conductive layer; and then c) depositing a photoresist onto
the netal |ayer; d) inagew se exposing and devel opi ng t he photoresi st,

t hereby revegling. it nder | ying,.: [ f netal |ayer; e) renoving

t he revealegﬁﬁn %@N&%ﬁgﬂ8§?¥¥%ﬁgh§$E%ﬁ§ﬂ%%?ﬁ?hﬂ@‘é%?ﬁ¥ﬂé$éby reveal i ng
under | yi ng peflédtionsmaing bR peiandusihivefolay®iheredi ehdrd companbidith he reveal ed

under|ying portions of the conductive |ayer. 2o DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODMVENDPSCcathespesticarmduipment ad pyinisd sirdsolsheprigags f or
producing aprinted circuit |ayer an ri.nted circuit board. The first step
i condust | gt 05 BraCH & L QTP baR e GEsBr i endB MRS ¢ & 25 1 aver
of an el ect rnigﬂ% kosise e pbEnaRIcHBdaBalgd] suemhOsiafagdlik B a4 B&IF at e. Typi cal
substrates are those suitable to be processed into a printed circuit or

ot her m croehaks.roni ¢ device. Suitable substrates for the present invention
nonexcl usi vely include polyners reinforced with materials such as

fi berglass, aram d (Kevlar), aram d paper (Thernmount), pol ybenzoxol ate

paper or;s WO 02/03; 897 PEUMRIARS R eonbrmaticans thereof . OF these epoxy
with fiberglass reinforcenent 1s the

The invention provides a process for producing a printed circuit layer
comprising conducting steps (a) 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 c) 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



nost preferred substrate. Al so suitable are sem conductor materials such as
gal lium arsenide (GAs), silicon and conpositions containing silicon such
as crystalad iohi con, polysilicon, anorphous silicon, ep| i i 1icon,
and sili cgjr(ljdg%éﬁgii de (Si02) and m xtures thereof. The pr EFterﬁgggszﬁ?ckness
of the substrate is of from about 10 to about 200 m crons, nore preferably
fromabout 10 to about 50 microns. The conductive |ayer preferably
conprises a material such as copper, zinc, 1 o brass, chrone, , nickel,

al um num stainless steel, iro old, sil VeEﬁJ ti taniém and conbi nati ons

1 9
and al | oys thésee¥ing %§'€Veﬁ}€éf@ﬂ%®1‘% PRrHenTfriaticqndveliYed9¥i s a copper foil .
. Copper foils abliMeRERACEG DY el ectrodepositing copper from 15
sol ution ontt(})lgxg%g{og%lggngphnéteal ﬂ#ﬁ]n?erThe side of the foil next to the drum
is typically the snooth or shiny side, while the other side has a

relatively rough surface, also known as the matte side, This drumis
usual |y madelRsfin¥endion preyidere i ?l&HItB%i%ﬁiOéHcc&cttysthagroae%&f hode and
recei ves ¢ he bt 2 B8 RRSd ek, f rom sol ution. An anode is generally
constructsted ?O%g%ag{glﬁéagﬂ o;). go A cer'l vol tage of about 5 to 10 volts is
appl i ed bet wgelepbditngafirtesafade bhan elatthicadly doadwaivs éayehentc appestratep be
deposited, while oxygen is evolved at the anode. This copper foil is then
removed fr onvhigh eleeliieplly:eqndugtivejayer datd raughanied second quifagsiopapels tont o t he
substrate. ' ' is preferably conducted in a press at a m ni mum of
about | 75C%€§?&§E§%te’ 30 mnutes. Preferably, the 25 press is under a
vacuum of atb)ldepsditizBa thig hesl tiyen@ne theyroughdedRcoiiddunfade aftha pressure of
about 150 psi. Preferably but not necessarily prior to |l am nation, the
conduct i e fdeqtricallypoadudtiyplayer, pluchypetaljayes semprisss a raptgdalbgyvipgiacal | y
treated on t ' i / { 2.100 a
rougheni ng cé(}gfﬁiepl %é%gessgﬁntcgﬂ%)%e@eglta 4 6”@?9?@{3?@@?%1@5@&9%@% eeinat te side
to deposit mgdrtRenodul es 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
i ncrease adh@slepesiting aphieresiptanéo themeetal dgesice mi crostructure of the foil is
nmeasured by a .5 profiloneter %uch as P%rthorr{etﬁar nodel ,MP or S5P which
i s conmmerci a |1§paBew1se exposing ahd 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 a 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 materials such as fiberglass,

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

5



avai | abl e from Mahr Fei npruef Corporation of C ncinnati, Chio. Topography
measurenments of the surface grain structure of peaks and vall eys are nade

accor di ngwlgyloaskyst ry standard |1 PC-TM 650 Section 2.2.17 @bridig308itute
d

for Interconnecting and Packaging Crcuits of 2115 Sanders Road,

Nort hbrook, 10 Illinois 60062. In the neasurenent procedure, a measurenent
| ength I mover the sanple surface is selected. Rz defined as the average
maxi num peak to valley height of five consecutive sanpling I engths within

t he neasurenent, .l ength I'm relois.Imb)., Rt is the maxi num roughness

dept h and iscmnﬁwgagﬁéﬂtofé_ﬁﬁﬁgﬁaFWM“@‘%%%!H%E*B@W SHSEC hj _ghestg peak

. and the lovwﬁ&sté%&'l&ﬁé’%s’hb@t&%.t Rid L EBRSEMEIRMctd SRt fall BchRe 1S the
veln epth an

maxi num | e I's the height of the highest peak within the

measuring | eguiium hrsenila(Gats)asiBeagmdreompbsigsss congirdeg sitiech aghtihe arit hnetic

. average value of all_absol ut & di stances of. the rouglhgess profile fromthe
center |ine SYRHipe sHeOhwabSHicoRy AMATRRNS FliconEPHHEal SRIRReAYSIISR | npor t ance

for this dnvept ; : i.ed out
produce & surpede R FardmBite e ET B AR L pEE ST e SRR ce
roughness paisafrfoar sbowhB) ®i aboRe2 (langemsf mom padforablylfrdne abdau0 td0 ni crons and
Rz ranges from about 2 to about 10 mcrons. 25 The surface treatnents
carried out POYREBIHORYrface structure having peaks and valleys, on the
shiny side, which produce roughness paraneters wherein Ra ranges from about
1 to about 4 microns, preferably fromabout 2 to about 4 m crons, and nost

preferably fTiaoadottive3ayed paddaratily 4omibrises asnatdiid sbth asabpger,/zinc, WO 02/ 03a897
PCT1USO1/ 32. 100 ranges from about 2 to about 4.5 mcrons, preferably from
about 2. B t obragethromes, Hi¢kal.chyningmg stadiess peels semigold, silvem tipyium 3 t o about

4.5 mcrons._Th . C I C syrface structure
havi ng peak Sar@ Cg’nm}%afg?ﬁ%/ﬁs% Eﬁ%&{gﬁﬁé&rﬁh?{l (tgaslt E%éée}%lm P% g&hﬁjr% (CJ@YJec%;errgsu ghness
paranet ers whesgpenfola ranges from about 4 to about 10 microns, preferably
fromabout 4.5 to about 8 mcrons, and nost preferably fromabout 5 to

about 7.5 mcrons. The Rz value ranges from about 4 to about 10 m crons,
preferabl y from apout, 4,40 ABOUL, 8ty Mlhoadi MBS, B8y abl y from about
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 to 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 laminated onto the substrate. Lamination is preferably conducted in
a press at a minimum of about 175°C, for about 30 minutes. Preferably, the

25  press is 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



Preferably, the shiny side has a copper deposit about 2 to 4.5 umthick to
produce an average roughness (Rz) of 2 umor greater. The natte side
pref er abl woMsldssddave a roughness Rz as nade of about 4-7. $c4isofBQedM Cro
nodul es of netal or alloy will have a size of about 0.5 um Oher netals
may |5 be deposited as mcro nodules if desired, for exanple, zinc, indium
tin, cobalt, brass, bronze and the |like. This process is nore thoroughly
described in U S. patent 5,679,230, which is incorporated herein by
reference. The s in surf

eel, strength.ra fr about .
kg/linear cnf{%® ’f)‘B COpPPgT ﬁ%’PF‘?ﬁB@FgC%‘R @‘?%21”36'1%9‘ f‘PBR@%’E}%ﬁ‘E 8‘g}okgll i near cm
. to about 1. 64k hi@8Mmodeies JiemeRl &ealﬁ)zrfme@ d&@ﬁle@ar@%&fe@bfﬁ&%é} rangi ng

fromabout .9 kg/linear cmto about 2 /linear, preferably fromabout 1.1

kg/ | i near cnetacappeuallog, ) do notadd r@ebmesstqténgmrfaccsbwmamwe according to

i ndustry standard | PC- on 2.4.8 5 The, conducti ve

| ayer pref er%cgﬁef/‘ opLy? ﬁl;g}gwhf“&?ﬂée Sé”%?e ?’fcé?ﬁtrgﬁgﬂetO%h%ﬂ’[‘ﬁsﬂ%ﬂfre B i cr ons,
nore prefer aployidmaen aRAws aPektRodfietihodd MAE 508K wmﬁls{:&ﬁw&&iau | ayer may
al so be applied using any ot her well known nethod of netal E03|t|on such

as el ectr ol eswildelpdioim Mahr mexefr@orpgrpu@m ef Cmgmnetw,@inoafqmerap

| am nation onto the Wgsc%fsératf t 2/ 0358 /lUSU1/32 UUAIso
preferably bBfEHET™ a1 ase ﬁrrai"b? Yt P H fil ValleRRate diadei s pref erabl y,
but not neceggafding/to @dugeryrs@h&gra aPE T 156 AR 00D 281 dT e BiGteVibt N, a thin
metal layer. This metal layer is preferably electrolytically dep05|ted onto

the 5 conduclmtfxreoﬂna‘ﬁmganmf’eckﬁ@!rml @cytelofarhkﬁ sdndersiRwad dpershitireak, ont o t he

conduct i mnatin 0 the substrate

cputter g, B bae0 g P BB e g e B ALRE PIE T er
Preferably tm@saﬁbﬁlsuﬁfg&qg sél@et@a Rfildaﬁﬁedamtﬁ@@lve%gmﬁamﬁmapeamoeﬂ al sel ected
such as nickel, tin, palladiumplatinum chromum titanium nolybdenum or

al | oys therevﬁlleylblbght @i fefeanoatrcyti vehampding lenigthy evithiothomeesrementkel  or ti n.
The netal |ayer ref % t hi ckness of from OlL.to about 10
m crons, ?]é" gﬁ{eaofq@péhgguﬁthegmg{gn%émghge ad%?%r?é‘d SHAfs metal | ayer
will serve a@eﬁ@st%%n@%ﬁl‘ér digtaflef Be'i‘\ﬁee% tl?@hntgﬁésnpélefk ﬁurtﬁélloWeEﬂd%ﬁéy and spaces

to be etched”into the conductive |ayer. Once the netal Tayer” i
deposi t ets onwohinitbe measiuerdny éengtnyier., Rp héhﬂemnmmirvclsng depstedreias i veI y etch

awa ortion he a form ng an efch attern in the netal
o PO o Be Bhigh{ e hithes: YL EE thm APing e IphaRe: ks o
techni ques ul%'ugﬂnés‘s r?;b@ém{ee%f e FRIRAR atvuage vallié b3l atﬁomtpal%&%gst deposi t ed

directly onto the t’hin nmetal |ayer. otoresi st 20 conposition may be
posi ti ve wor &fithgraghnesgatdfilefromrtke cgltar’mielvetrgerhemdalsgnng 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 parameters wherein
Ra ranges from about | 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



commercially avail able. The resist can be very thin (5 to 20 mcrons) since
it's main function is to only define the thin netal |ayer and does not need
to withst awod eesspe etch conditions. This allows much greaPer/usesslat i on.
Sui tabl e positive working photoresists are well known in the art and may 25
conprise 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; andngsqit 8% 200194 GULRRNG, HeRZbIESoR8omtSeSi0 oef er r ed

bi ndi ng resins Tnclude a water insol uble, aqueous al kaline sol uble or

~swel | able 9 4.1\®ig2NnH368o0reTEfausdy fram-abouti fedibayt 4.&giigronshi ch is
preferably a novol ak. Suitable positive photodielectric resins may be
obtained cormercially, for exanple, under the trade nane of AZ-P4620 from
Cariant Cor ppicadikfabe @datmen txtibd But PNeYcd Alsficeabrub@ld haAtgeald ey |-1ine
phot oresi st. Negative photoresists are also widely comercially avail abl e.
The phot orsesiad vialeyshemthermaajewidee which geediice cougbréssiparamgtirawhemainsuch as
light in the yisible, ultraviolet qr infrared regions of t spectrum

t hrough a masrg‘? raSBeszE‘Hﬂﬁé%”a}lﬁvoéﬁ"‘gﬂtgé’f'fn&’ﬁs’ﬂ’é&ﬁ{aﬁ%ﬁo%Pg%dtkft(?n beam or
X-ray radi atipay fefidbhS akd oSEHEREDBNERYLOG 5D ab&] 7T Phibres. TREOher ent

| ight or coherent light, for exanple, light froma |aser. The photoresi st

i s then i mageiv sadudmnetsoipen absitdgo abeuiilOabicwns,glrefersbly fserohbag 420 aqueous

al kal i ne sol ution, thereby reveal Lnqg,upderlying portipns.of the netal

Tayer - 5 sutbeBbyEiTRYS v oraetr iy R APy e i ORISR (he et al

| ayer are;q¢ enoved through well known etching techniques while not renoving
t he portions underlying the remaining photoresist. Suitable etchants

non- excl usi velPrgferabty, tlkeshani didechasael aoppaymsposstabhutabtoctippincthichltor i de

(preferable for etching of nickel r.pitric acid referable for etching
OF iy AL s P g auttes et (RS T A PT e G TEBMRHF PR por ox de

(hydrogen pergxjeigs iy iiiaklaliBlidne &0t s mbAg drAGodtl.£.5 Hhe Aine thiigroPOr ti ons of
t he conducti ve {eayeyr,wvunder Iayri n% tehe etscnﬁed of ?Oportlsglns 019 thg nmetal |ayer
are reveal ed.noflies of aictad onatbymeilldlave agize ofl@fdun@s (an. Oxeehletadt maual ity etch

mask for etching the conductive |ayer. with high accuragy and precision. 25
Next, t hel’r eVRABasiisAde MIgiongIplss HHdspiee ?Ortewrfe]‘sna%m%m 'é‘}réP{’aer renoved

by etching whirh, Rghsd SIPHL 18 ¢ s BRICLIDRR! (bl hORBUGRENf: iy er

under |l yi ng the ndn-renoved portion e neta ayer. Suitable etchants
for renovi ng pdtent §@T6260, wiich &yiecorpaated heleirsbyefererncac | Tdashalykal i ne
sol utions, such_as ~o WO 02/ 03s897 .

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 matte surface has a peel strength ranging from about .9 kg/linear cm to
about 2 kg/linear, preferably from about 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.



PCT/ US01/ 32~00 anmmoni um chl ori de/ ammoni um hydr oxi de. This circuit board may
then be rinsed and dried. The result is a printed circuit board havi ng
excel | ent “r(ﬁ&qbggc?yon and unifornmity, and having excel | ent pgifQiARgse: S In
anot her preferred enbodi nent wherein the netal |ayer conprises nickel,
one pass etching process may 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, the appropriate etchant is unable to properly etch the
~underlying c i fL01 j i i required.
This single g!} g#%lfgl\égltye%lt !‘%ﬂ%?ee gfl?@ﬂ@?%)ﬁﬁ@{?l‘gﬂ?:}%ﬂf@#engp %trféré%)é’l’ces of
gr eat er thanb@houhecdssatilys elethfdnticallgtmgkd orticher sglestigdpaitinused, it nmay al so
, be necessary to increase the dwell time in the etcher by possibly 10 to 25%
dependi ng onla¥#e Taichell ey s Pr.\g?‘ﬁr@t}%?'e?‘@wgydﬁﬁ%g%?'ég thehd t enper at ure
may acconpl i A NI S .gpaces are
ot ahod £ oUSHbREeTREE, TREMEl:? 1oy bRl e Rebitid ortd B SR iRERTE: D
phot or esi st lag¢r (afidrilamnalaliyg toethe suhsurad) by cratingespoedralg, aperatisninf ace ei t her
by stripping with a suitable solvent or by asking by well known ashing
t echni ques. %@%@6@@@9@? cmwm%'ayedePreé’?fa‘aléfdgf'amﬁéll% ‘é?g'HPng the metal
ayer, bl Pri0hnd Coufh iRl Rihaltdir GAREMGLLY & fiokdl, ir Batfadlif bERRGH, aShi n
process, plasma is generated in a mcrowave plasna generator [otated
upstream of éhrsmiinppitagurahaolydderandorsdl foly piicreof. g Aé@s prefigably Iieough t hi s
generator so that reactive species produced fromthe gases in the 25 plasna
enter th¥ stPE@playey ompmsesnicksl getin Tom@et BYsranpfowllvshiaef thisknsss fi | tering
from pl asma ' rma' ' p Leln 4s 4 nded to
defi ne unchaélgtgédﬁ%g@pi'@]lh@sa%gﬂtcw ég%a@%greﬁ&%ﬁggﬂﬁﬁ (lt)drla%?r)edr?t% {slgvvni ch are
gener at ed by3 iti@onSThiearap lagenuillgeneratakichThekpd asim geiemadfor my
conprise any plasma generator known in the art. Plasm generators which are
W O 02/ 03S89@rquitHmes ahspaces tp e echphmtathgconstyelansy- a source of radical s,
substantially without ions or electrons, are described, for exanple, in
U S patent 5 174,856 and U S. patent 5,200,031, the disclosures of which
are hereby i08&s henatethybyisidepsyiemoesto thidnduate lhpepah©hext @Ry @il onal |y
generated plasma may, in general, be used in the practice of the invention,
preferably t$eechvelygichasay ppgioge abhgmieipl hayen foimipg amotehesl patistn igener at or

such as, for _exannpl.e Mod URA pl enenat or commerci ally avail abl e
fromthe Gasttglﬁimce 3?)'652%}"5Sg;lé?ﬁegﬁ'ﬂszﬁroﬁeﬁg? %%Elﬂoé”é’m pl asma gener at or

whi ch is capghiglithbgrapi@teghilgue siglaGfhotresindb@pbstidm) Hifkg ssubst anti al
absence of electrons and/or ions is connercially avail able from Applied

Materi al s, |Plotorgsistepadicd direetlysinie fephisgneiatlavsh Theaotagsipther. Pl asma
ashers are al so _comerci,al ly. i | abl on Technol ogy of Frenont,
Gl for i, RS R SR s B Bl et SRR BRI ou ¢ hr ough

the use of i gonsibidiallyAlaithble) TRO redistEantearBethiBBab 28 midrohE)siddBW 85,
avai l abl e from Tokyo Electron Ltd. 15 At this point, another insulating

substrat e magaisdunetinnriateeenindefnetthethin metal taye andoloes 2ot naerdiiot i onal
rougheni ng st qﬁﬁ%{'aﬁew?rtgif}gc‘;f'ltcgﬁé@%&Wsda‘?lg%%ﬁ{gg%?%ﬁg@%stgmilpm te side of the

foil. The th\(vh not nee ved Fer etchi ng and
acts as an OSmi%ld&ﬁ,lt%Wﬂhg%Bdo%mﬁ'dr@ﬁ/eﬁﬁﬂékgﬂ?irﬂﬂbﬁﬁlaﬂdlnia? 20 forma
f

mul tilayer structure. Al so, e netal layer is nore uniform and
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



reflective than a conductive foil alone and is easily inspected using well
known automatic optical inspection (AO) equipnment. The foll ow ng

non- 1 i m t {\RPo0s¥sp! es serve to illustrate the invention. Q%Tﬁgg?%%r@l A
copper foil 1s treated on the shiny with copper nodules and a Zn- barrier

| ayer is applied. The matte side is also treated with nodules but is
subsequently 12 WO 02/ 03897 PCT/ USOL/ 32~00 treated with nickel. The foil
is lam nated to an epoxy inpregnated fiberglass (wth the shiny side
agai nst the materi al o forma substrate, A liquid photoresist is applied
fo the substPAFEEFD "‘tL'HLﬁhd%H@Q‘éa@fa&%" K PHIRDIGPRFI B RIOIFISIFATC U 1 i ght
. through a m§n§ fhal bR Bb@Mheh WBRSerclilfy, RIRLARSR! Sidet &eqéﬁsh@9@9f5 usi ng

pot assi um car bonate, exposing the ni'ckel surface. The nickel 1s renoved
usi ng a cuprAgZ-RA6Ro fiodeClatiett, Capposomgl Sdneereitippdew lereeyr asemtllas The copper is
, etched using, an ampni a based st.temto define the traces. The photoresi st

renoved usi ‘H'%%EHE‘P}‘QE?F’SM%‘"%‘F plqtegsistgrelsoyidely poatgicially ¢ he
peri meters of,\Lihgyisubstrate based on the image pattern. These will be used
10 for registration. The traces are inspected using an autonmatic opti cal
i nspection machine and repaired if necessary (and all owed). The conpleted
substrate with etched traces écote)_is | .am nat ed betmquugg%gé.fiberglass
with ot her cbtRNOIQIEsIftdqther BusENfitF*Paisdde agtbni¢ radiplipp u e This
printed circybtihparngumabient infredfdaldrS S 1RAbENMRH mEhighUihisx gef i ned, and
conpl eted by qu??ﬁg g% ~ 5 égldgrn§s£ and sgﬁ%er. fﬂ%ﬁfin%shed board is
tested and tdvemeddyemtsleeton ExhRbico2ndivambean br Xsray epbatioad Aexiaept the nmatte
side of the Iam',nate is.ag]ai nst%%ihe 20 sggstrate anﬁlﬁg’hs treated with Zn-Cr.
The shi n{P si@di2Ha% My beinthe fpran eliingRherqnt fightfs caherery light, fonexampied wi t h
ni ckel . EXA b Sst'; at &4 el surface is
oughened by?%ﬂ%é'?gﬁ??ﬁe@. h*gi?é Bhcforksist'iE BRATAL N GERVebP& SRASY

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 Jayer 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



prior to the nickel treatnent. 13 WD 02/03i 897 EXAMPLE 4 Exanple 2 is
repeat ed except the shiny side is roughened by pum ce scrubbing prior to
ni ckel trQa)RRkee7d> EXAMPLE 5 PCTI USU /32. 1UU Exanpl e 1 |§,§

t he photoresist is of a permanent nature and is not

renove

TARBAS A except
after etching.

to EXAMPLE 6 Exanple 1 is repeated except etching is done in one step with
cupric chloride. |5 EXAMPLE 7 Exanple 1 is repeated except the photoresist
i s exposed using a direct |aser irragi ng system 20 EXAMPLE 8 Exanple 1 is

repeated except t|n | ted i.n C f .ni.ckel . and et chi i s done using
nitric acid. 3“2'90 ‘EP‘{? %B%Pmﬁ’dafoé“g thb?%ﬁﬂﬁg’ﬂarﬂjn@’l bE’?P%depom ting

. copper fromﬁr%leél”énh&ﬂnémtpneare§@ttl%' ﬂﬁteﬂ%ﬁr@mt HodmAGROEMeNent 0 Exanpl e | of
U S. patent 3,293,109. Copper Is d| ssolved in sulfuric acid and then

el ectr odeposneScdultlornarai wifotrnitprandhaviog ¢0%1ldm performance.

5  In another preferred embodiment wherein the metal layer comprises nickel, a

one pass etching process may be conducted. In this embodiment, after the

photoresist has been imaged and developed, each of the revealed portions of

the metal layer and the underlying electrically conductive layer may be etched

in a cupric chloride etcher. For etching of other metal layers, including Tin,

10 the appropriate etchant is unable to properly etch the underlying conductive

foil and a second etching step is still required. This single etching step is

preferred for etching lines or spaces of greater than about 3 mils. When a

single etching step is used, it may also be necessary to increase the dwell time

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

5  spray pressures 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 stripping gases pass

25

through this generator so that reactive species produced from the gases in the
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



WO 02/035897 5 10 t5 20 PCT/ USO 1/3200 g/ L of copper as copper sulfate,
80-160 g/L of free sulfuric acid, at 40 -60 degrees C. The solution is

brought iwWoeeabact with a rotating metal dram usual ly ebridshashggn which
acts as a cathode and receives the copper as it is deposited from sol ution.

The anode is constructed froma lead alloy. A cell voltage of about 5 to |
Ovolts is applied between the anode and the cathode to cause the copper to
be deposited, while oxygen is evolved at the anode. Copper builds up a
conti nuous filqﬁgf copper on t he dryn1at attviﬁkn%ﬁstof fromabout 18 to 70
um whi ch i aPERBIEROVEIE T 1ouTerRE TPty PURPRNUATR VAR PR y wound i n

. roll's. The sdi@@rops, std@estabdd, R xkarhplel in@ 8F pHiRd1 S, 199886 And NS pakehit Ny si de”)
while the other side has a relatively rough surface (the "matte side").

Sanpl es of tH20G@Ppére dissilosures of whishtaseihesebyeincorperated bytrefestmicery or matte

. sides to pr qe surfacg nodu[l eslaccorag(i#e}g to U.S. patent, 5, 6791230. O her
sanpl es of t WAUEBPHEPE PHEGAVERHongllY. Behcy 2313 RGP EFRETHnPoICAdt on ei t her

of the shi nyh@pradBtd 6f thé HeenticRIpRIELIPthel IBNRARBETs Rh&rat¥Basur ed for surface

roughness and peel strength. Surface roughness is nmeasured according to

| PC- TM 650 Seistowavedlampengratopsuch ast foeexpniple.s Medsl drldiAadasoradi ng to

| PC- TM 650 Sect | on 2.4.8 .gzyvi Si q:ir] ﬁ The fﬁl l.owm resulgzsi are noted:
Copper Tr eatfHBHE %ﬁp?’_gﬁi@m eqvag? & afnh _698 PEY e]8§e’ 2 E (Ra in mcrons)
(kg/ linear gmthdupshédny Pﬁ%@g&@ﬁﬂerlxgﬁbh W%ﬂﬂ@oﬁi@?ﬂyi source of

39Shi nyNodul es3. 561. S2Mat t eNone5. 080. 63Matt eM cr o- et chb5. 720. 9330

Mat t eNodul eg7digals i9theissbstani@ #8¢13:8 S8 9 lecP@E dndlor 193 ds-GinmeRedly strengt h was

oo P grate A0 BB R RBAE . R0 AR ST Sy o o 1
i nvention has,HarR Mantd &ubshteal@mmatridasahbRatbiMdssef erence to
preferred enbodinents, it will be readily appreciated by those of ordinary

skill in thelahnolpgrof Kramioow Sakifeamige 4 sking maydisbibeaeiformsedmayanbe made wi t hout
departing fromthe spirit,.and, scope af the jnvention 1t is intended that
the clains lfé“giofff’ﬂ'l%gﬁg‘é‘{jt WgBWe?Setoﬁ@ ﬂf”saé}"é‘gé'aa’éﬁt%ﬂl?%l?ﬁr,su r}‘nose
al ternatives,g10rmhi RaVe 880 rEhSES l@,ggﬁecﬁlgg\rd@d.and all equival ents
thereto. 16 WO 02/035897 Wat is clainmed is:
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 well

known automatic optical inspection (AOI) equipment.

The following non-limiting examples serve to illustrate the invention.
25
EXAMPLE 1

A copper foil is treated on the shiny with copper nodules and a Zn-Cr barrier

layer is applied. The matte side is also treated with nodules but is subsequently

12



PCT/ USOL/ 32~U0 1. A process for producing a printed circuit |ayer
conprising conducting steps (a) and (b) in either order: a) depositing a

first sur{areaissan electrically conductive |ayer onto a $qaiddbBee > Which
el ectrically 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 naterial havi ng a different etch resi stance property than that

of the electrlc u e I nd then c} depositing, a photoresist
onto the net&@q mc@g %hﬁé@&ﬁ “E%ﬁ 49 Ay Ry L %8?@ ﬂﬁ?hb“% photoresist
. thereby reVg(e iihge Hﬂﬁﬁlhé‘h@ﬁn@ﬂ{ém&&%l?% fbhﬁ a%lgs@tlaf_lel %Ylﬁg}md e) renoving the

reveal ed underlying portions of the metal |ayer ereby ~5 revealing
under | yi ng mhotorms indppiiae tmmndubﬂtnaweo laalyieknesaofl X thicrersonid egpdsee r eveal ed

. underlying por [ of, the con u ve | ayer, .to thereby. produce, a printed
circuit |ayeyith W t hrgtghsd Mgpk 19 %a‘il élthﬁ i‘?@bﬁsg}/'“@*% #lct ed and

then step b)ush%]p%@asgﬁnﬂém&ﬁte éxpom% th%ﬂ@l@é%u@écecmmckemerel n step b) is
conducted and then step a) is conducted. 25 4. The process of claim1

wherei n st epempve(tusamgmimmr@cbhbyldﬁlemt emalggéim qgpehedsmeahd Thar f ace of the
electrically conducthgcﬁ lg% t hen bt rgatltnrg f;fh a. second taI and then
deposi ting t3PBP¥'} §iched ysingan #pmpRa based syyiepAe Aginedheffasssvd " ayer onto the
substrate. Infotord¥i02h0RARg a sodium hydroxide solution. Holes are punched in

the perimeter of the substrate based on the image pattern. These will be used

10 for registration. The traces are inspected using an automatic optical inspection

machine and repaired if necessary (and allowed). The completed substrate

with etched traces (core) is laminated between epoxy fiberglass with other

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 | 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.



PCTI USO1/ 32~0(1 5. The process of claim1l wherein step a) is conducted by
first roughening the second surface of the electrically conductive |ayer
and then @enpabidng the first surface of the electricallypeppdypiiye | ayver
onto the substrate. 5 6. The process of claim1l wherein step a) Is
conducted by first depositing the first surface of the electrically
conductive |layer 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 1 el rically conductive |ayer has an
aver age roughness (Ra) val ue that£§8ﬁ§§§E¥£0n1about 1 to about 10 m crons.
. 8. The process of claim1l wherein the roughened second surface of the
el ectrically conductive |ayer conprises mcro-nodules of a netal or netal
al l oy ~ 5 onErample 2t inecpeaiad hreseptiths sbiopdids us foaglkened by Phmiger ocess of claim 1
. Wherein the rgg%hened seco q surface of the electrically conductive |ayer

is mcro-etcl ."fd”fﬁp’ﬂcg?6@@@§“Por produci ng a conposite which conprises
repeating steps a) through f) of claim1l at |east once to thereby produce a
plurality of printed circuit |ayers and then subsequently attaching the
printed circuit layers to each ot BAMPAE | east one internmediate stratum
thus formng a printed circuit board. 25 1 1. The process of claim1l
further conprising the step of renoving any remai ni ng photoresist after
step (e}. 12ExaE§EeIPrip&séaieooéxcgﬁt_%@wotmigthsrBf&?&mahédt@@tuw&ﬁgep of
removi ng any rermal ni ng  photoresist after step (f). 18

not removed after etching.

’ EXAMPLE 6
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 8§
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



WO U2/ 035897 PCT/USULl/ 32~U0 - 13. The process of claim1 wherein the
electrically conductive |ayer conprises an electrically conductive foil. 5

14. The pprsesss#h claim 1l wherein the nmetal |ayer conpri sgg,doiBi@h foil.
15. The process of claim 1 wherein the conductive | ayer conprises a

material selected fromthe group consisting of copper , brass, stainless
steel, alum num nickel and alloys and conbi nations thereof. to 16 The
process of claim1 wherein the conductive Iayer is a copper foil. 17. The

lbstrate. 1810 SO 5 FoREs SIGHe ATACMELL RHETMHUERET P ve | ayer i s
- deposited onba AT SHRSHIALEHoRIPEHE bHL: Gl GLAREMARuIenosT | on.  10.

The process claim 1 wherein the conductive | ayer rs deposited onto the
20 substrat eumllyoﬁtntangxm sqdlmz}t &t 3G, cadrodeaabmcaveaxhe c@tper Ihie ipr ocess of

. claim21 wher the neta r co rlsesa teri | ected. fromthe
group consis ‘? é‘t?ﬁer?ﬁ“éR pon{ﬁ}? angd, 1569811%%“65% %‘?fi ﬁ “ﬂlm mol ybdenum

titani umﬁndvaugem@m sqm@wmsqiaﬁnédm%w&h tﬁéar%%le aldheRaMBESH Of claim |

wherein the netal |ayer conprises nickel. . e process of claim1l

wher ei n t he catathelcapper toberdenosited, whale oxggen 1S/\@/c0fzddla(tﬂ&829ﬁ5d@CT | USOl / 32-100

23. The process ofb (i|al m 1 V\lnereitrl thfe met al a L nat{ad onto the
conducti ve |§9@?e_r uilds up a continuous film of copper on t e um atat €ss 0

from about 18 to 70 um, which is removed, slit to the required width and
finally wound in rolls. The side of the foil next to the drum is smooth (the
10 "shiny side") while 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
producé 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 cm)
25 Shiny None 0.25 <0.18

Shiny Micro-etch  1.20 039

Shiny Nodules 3.56 1.52

Matte None 5.08 0.63

Matte Micro-etch  5.72 0.93

30  Matte Nodules 7.60 1.91



24. The process of claim1l wherein the netal |ayer is deposited onto the 5
conductive |layer by either electrolytic or electrol ess deposition

t echni quegg ogflésssﬂ'e process of claim1l wherein the netal payekolBi6heposited
onto the conductive |ayer by coating, sputtering, or evaporation. 26. The
process of claim1 wherein the reveal ed portions of the netal |ayer are
renmoved by acid etching. 27. The process of claim 1 wherein the reveal ed
portions of the conductive |ayer are renoved by al kaline etching. 15 28.
The process of claim 1l wherein the reveal ed portions of the nmetal |ayer and
t he underlying portions of the conductive |ayer are sinultaneously renoved
by acid etchi ny ; [ &5 8h Bpdxher strate
conprises a pgﬁ/?rleg%gﬁ?‘lvﬁ é%%%@%?g?ﬁ“@?'égﬁp%%?m 1 \?\I/?lelr?g)i ﬁ#t e substrate
conpri ses a Tios yiimilades thp pee) eserepth inside thecfiriishedicyrswinbogsdl yner film 25 31.
The process of claim1 wherein the substrate conprises a reinforced

pol ynmer. 20 WO 02/ 035897 PCT/ US01/ 32~00 32. The process of claiml

wher ei n tshe_W&lhéEHe%é‘seﬁPimédt%‘ﬁ%a@bée%Eﬁf&hfé@l‘? SROWY BRI deNbiidd wighpr | ses an
epoxy, polyimde, cyanate ester, BT-Epoxy of conbinations thereof. 5 33.
The process referaicaimprtfonted caibedintestss ityail bareaddy appregiated by thoisepbr ced pol yner
wherein the rejnforcenent c rises fiberglass.ar an organic paper . 34. A
printed ci rc‘Hs’t“aTya%]fgf”‘p‘B%aﬁ vmpuPHEar}gF%g%@go% NS R 58 eps a) and b)
in either orggfsu ApAERPEbhtRGsHhrif dnbiSEoRWTHRCRVEtioaN 18k Gfiérdes Mdry
conductive layer onto a substrate, which electrically conductive |ayer has
a roughened theclims saimtepreted pp osvier thetdiscldsed inbedimsnt, thosealtdshativeposi ting a
thin nmetal |a ,ee; onto tfae roughened second surface of the electrically
conduct i \fe I‘é{i}/'é haygheen dipspssed f 8?‘”@8 ‘i“f'%%%m%&m%ri al having a ~ 5
different etch resistance property than that of the electrically conductive
| ayer; and then c) depositing a photoresist onto the netal |ayer; d)

i mgewi se exposi ng and devel opi ng the photoresist, thereby revealing
underlying portions of the netal l|ayer; 20 e) renoving the reveal ed
underlying portions of the netal |ayer, thereby revealing underlying
portions of the conductive layer; and f) renoving the reveal ed underlying
portions of the conductive layer. 35. The printed circuit layer of claim 34
wherein the electrically conductive 25 | ayer conprises an electrically
conductive foil



36. The printed circuit layer of claim34 wherein the netal |ayer conprises
a netal foil. 21 W O 02/03S897 PCT/USO 1 /3200 37. The printed circuit

| ayer of \wbahissad; wherein the conductive |ayer conprises gc F% 661230
selected fromthe group consisting of copper , brass, stalnless steel

al um num nickel and alloys and conbi nations thereof . 38. The print ed
circuit layer of claim 34 wherein the conductive |ayer conprises a copper
foil. 39. The printed circuit |ayer of claim34 wherein the netal |ayer
conpri ses a terl | ected fromthe group consisting of nickel, tin,

pal | adi um i“l ﬁﬁﬁi f&,‘ﬁ Somi um ol ybdenum titani um and al | oys and

conbi nat i ons thereof . 40. The printed circuit layer of claim34 wherein
the metal |ayekp %@Wﬂoﬁﬁ@dmlﬁgﬁbrmt@ac1r3_d'l€la?éx|c6r@ﬂsﬁ?k@hﬁdcnh@{t@ﬁs of claim 34
wherein the netal |ayer conprises tin The printed circuit |ayer of

cl ai m 34 wherkdnd (bhin eithbserdet e conprises a seni conductor. 43. The printed

t | f bst I d
11 60n,  comdgreisie iR G SRS A iR sPRursor . 2o
SUBSTI TUEE StiGEH el@&Hbﬁlﬂ&hductwe layer has a roughened second surface ogposne

JA(LALL LA A9 A LA AL A ALL. ALs. ALs. A" . Asus.
EFZ{' "@M the first surface;

o o) &) A ebapbarl Rl SRR Sah AR el Ak o b g e o<l ered cal

I ~a_b/\ 6YK&|é¢€c’fﬁk§]lffk6ﬁd&cﬁ6& ﬁ%rca«h&a]n@@éhq@slee 8dhpti &3 h h &l ﬁ@«&&ghca} ca] ca] ca]
ca] ca] ca] ca] cal] ca] ca] ca] ca] ca ca] ca] ca] ca] ca! &B) 03Loz! " " #| #; UGB &&&)'

"*Ixsnid ZU](hfﬁrcat]frtd] walpenjecppralychyy haly)ichg dat}toaqlb"@pd@tha]lm] ca] cal] ca] ca
]calcalca]c a% calcalca]calcalcalcalcal ") (8(~((*T*+++<,,,,,,-;

.f//001 'flzj g 33%ip4| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] Q@hgﬁéﬂtﬁ%]a%ﬂoﬁﬁlﬁﬁ]oﬁﬁj wahesl @@Lpa] ca] ca] ca] ca] ca! p4udx4444#50556
68d899-:y:::i;; ;<
?2X?2?27?{ qu gb]%m}agmﬂnsfae}m}mg]amhqlm]oma]gih@ phjtompisalleadyceleabhga] ca] ca] ca] ca] ¢
a] ca] ca] ca] ca] Sl ;Lfcgl ??lsgeca] ca! ??AXABBCCD

ng ortl t etal la

¢) removing the revealed underlying portions of the metal layer, thereby

A A ALs. AY

15  revealing underlying portions of the conductive layer; and
f) 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.
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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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selected from the group consisting of copper , brass, stainless steel, aluminum,

nickel and alloys and combinations thereof.

10
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 process 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.
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25. The process of claim 1 wherein the metal layer is deposited onto the

conductive layer by coating, sputtering, or evaporation.

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.

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
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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 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

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.

21



10%!: & ()- sfS, &10%!:&'()-qqqqqqq,r~rvu4 sF 100/@! & ()- s109%Q2 & ()- s
10%3 "()- s109%Q & ()-10:!:120:!:10:!: s910%!:& ()-~rrs_sss;t|[:vW4 s
s1096) & ( 6 & ()-s slefVQ & ()-s s109%Q & ()- s9910
s109Q) & (%V ?tttuduu|[ vU4 s s$10%) & ()-s s, #109%Q & () - g@sréqu)/ 4%?() s
S&S10%) & ()- s109%) & ()- s3109%2 & ()-uu/ VVVV\D\N|[ vU4A s s2 109 & ()-s
ss” 010%Q &7(Thesprinted Gocitdayey oﬁclsim@.@/b@e&l thy cordutOvJager(compsises a

1099 & s109% &Z& 1Q0 100
o100y & (irieney I b erofs Kk of SRR iR AT S 5
S 109 82 &fbifuyniRAEEE Bl and YorbBUERE thdrest SLALOVEEZE, () - Sy@0%8zE: ()-

. SY $10%&z& ()-_yyyzzRzz|[:vU4 s sy@ML0%z&z& ()-s s!10%&z& ()- s
10%&z& ()-s sy910% &z & () - le‘V«z&z& ()- 3310%&2& ()-2zz {{{%l ||[:vW4 s s

LU3( 1008 Te PEABRAIEDLE gt clm 3 Frehetn e GNP IEEE Sprprs o

G' 109&& ( kopper TdiRY@&9& () - le%;&g& () 10z&z10z&z10z8&z
s910% &z & (g L}~ ~~~|[:v4 ; sy! 10%;]&g& ()-F ss 10%&g& ()-s
sy10%9&g& ()-s snMO%m&w&' () - syl0%g&gé&' ( S

SLs0100aagk (1° Wﬁﬁ%@g@’@%ﬁ%ﬁé@“ﬁ%@@ e oaeR, o ()

, Y10% X! s&edted from, tl(&@fk@;c@m{tbnga)fﬁl@ép%@adl}adwﬁi ﬁﬂmc)h(r?nﬁm 10%! & ()-9
E<zY8NA41 s6L.:10% x!" & ()-- - - L'@ovx! O&' ()- -
L! @L09xx! selyhd enwnLﬁlt@@méaélesandLQOém Bs@erepl . 1 abcqsvs s 10% & ()- S
"10% & () - 510%& ()-10"x!" 10" x!" 110" x!'" s910% x!" & () -
sy3mlo% x!' & ()-f$[d|[:vWHA s s 10% & ()-S5 s L10% & ()-5 s S10% & ()- s F10%
& ()- s sB0YIEe piinted cBidivbager(of-clain[34wikkrain shehtdtaliager cdmprises,nick@lo & ()- s s
10% & ()- sO0 10% & ()- s f10% & ()- s 10% & ()->A\|[:vU4 s s $310% & ()-s S
,H#10% & ()- s s 10% & ()- sO 10% & ()- s?910% & ()- s :10% & ()- Nornal"
"Headi ng 3] Ghe p}'ﬁég'cﬂgulaﬁ%'&ofclﬁﬂgu%ééﬁ%e méﬂsaé V9o §h§est1nHead' ng 53]c"
"Headi ng 63]c" "Heading 73 Headi ng 83] c" "Head | ng 9 Def aul t
Paragraph Font ?

(TRl el Pl A AR o sy AT SESR {w y2i | 1)

$>\ i j kIl meggicshdievaryz{| } ~6Ti mes New RorranArl al Courier Nevv h Root
Ent r yWor dDocunent i I"#SYR () *+,-./0123456789: ;
<=>? @GABCDEFGHI JKLMNOPQRSTUVWWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

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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