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< (54) Title: USE OF METALLIC TREATMENT ON COPPER FOIL TO PRODUCE FINE LINES AND REPLACE OXIDE
PROCESS IN PRINTED CIRCUIT BOARD PRODUCTION

7

N (57) Abstract: The invention relates to the manufacture of printed circuit hoards having enhanced etch uniformity and resolution.
The process eliminates the need for a black oxide reatment to improve adhesion and improves the ability to opiically inspect the
printed cireuit hoards. The process iz performed by conducting steps (a} and (b} in either order: a) depositing a first surface of an

=~ ¢lectrically 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 different etch resistance property than that of the electrically conductive layer. Thereafter one
deposils a photoresist onto the metal layer; imagewise exposes and develops the photoresist, thereby revealing underlying portions

3 of the metal layer. The one removes the revealed underlying portions of the metal layer, thereby revealing underlying portions of the
conductive layer and removes the revealed underlying portions of the conductive layer, to thereby produce a printed circuit layer.
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each regul ar issue of the PCT Gazette. (54) Title: USE OF METALLIC
TREATMENT ON COPPER FO L TO PRODUCE FI NE LI NES AND REPLACE OXIDE PROCESS

I N PRINTED Cl RCU T BOARD PRCDUCTI O\I N CN (57) Abstract: The invention
relates to the ranuf act ur e B¥CH $-0 G INVERHEIGN havi ng enhanced etch
uniformty and resol ution.

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

i




00 The process elimnates the need for a black oxide treat ngntyi-en doapr ove
adhesion and inproves the ability to optically inspect the C7 printed
circuit boards. The process is performed by conducting steps (a) and (b) in
either order. a) depositing a first surface of an electrically conductive

| ayer onto a substrate, 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 nmetal |ayer conprises a material having a different etch

resi stance 'pr QRgf deYositbdbht ARto®! THDhoRhEEk fs'tﬁ&‘ﬂilrﬁg&ﬁ&%{?&deagnd ayer.
Thereafter one Q deposits a photoresist onto the netal layer; inmagew se
‘exposes and delFediensd: forping p peitsreefisell lingsand pypcesdbat ate thep siehdd ity i ng porti ons
of the netal Lpyghauliles@ne renoves the reveal ed underlying portions of the
metal |ayer, t eregy reveal i ng underlying portions of the conductive |ayer
and renoves the reveal ed underlying portions of the conductive |ayer, to

t her eby praqdu ri d_circui er..11.Ma 2005 USE. METALLI C
TREATMENT ON bl S oot et it e e 0B Rod bt PrROGESS

I N PRI NTED Cl Retdude thSmbRbsiRRELTb MNobrhBAGIGR bR {dhesidibiotVENTI ON FI ELD OF
THE | NVENTI ON The

resent .inventign_relates to the nufacture of printed
circuit board§u‘136a'f%é]i’ﬁ“_ %‘Hﬁé_ é‘é%éff??ﬁ ef‘"c’)"rﬁibf‘“&’e% upd Wﬂion. The
process of t hijgminfugihd B0 witlthdBhiHRE dbPE aRBR0hE AibsRaub iRfku@xi de treat nent
to i nprove adhesion and inproves the ability to optically inspect the

printed ci r cuiftorbEAREE ctobigcorulpbe exhicvrd feqpusriticAPEIST SRISEE Printed circuit
poards havey WelleRRPLIIGREROR vdficalt) Rk iR nthu@Lial LR G ol AT uselul

for large scale applications, such as In mssiles an ustriral control
equi pnent , as etebing ogayrd. in gdditidn, Sl ieleshnfiames] to sugleichgo teptoaplienes, radi os
and personal ,c ters. Jln_particular en . utilizin rint.ed circuits it
is inportant t?c}%é%é{%ﬁ?%uﬁuﬁgg’regeﬁoﬁ 33%'{?%}8’;}”13%6?“1@ e’i)%df s attained for
very 20 snal | vhifmmii@nd space wi dths (on the order of one hundred m crons or
|l ess) to ensure good performance of the circuit. The ability to produce
accurate features having very snmall dinensions, on the

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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order, of one hundred mcrons or less, is extrenely inportant];Maréd®05
production 25 of small and | arge scal e equi pnent. The precision of the
et ching process becones nore inportant as the circuit patterns becone ever

smalfer. It is well known in the art to use known photolithographic
techni ques to produce printed circuit boards having small features with
hi gh 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. 0 Si st t hen .im i se_exposed..and. deyel oped,
forning a pa?é‘%eﬂ fl(ﬁarg?fﬁ}%h SEP‘EIH&@ %ﬁ@@‘@ﬁ%‘; neﬁ?‘@‘@%ﬁ"%?&ed into the
conductive f oifnaly9m@enoie Bf Tpas . 11"19[3ﬁldﬁﬁﬁ&t&lcﬁ&m@iﬂyareﬁt@ﬂtode{iodlﬁm nat ed onto
the substrate, mainly because the matte side of th |s rougher and

has better aoﬁﬂé&qf@ﬁblﬁ"df qoREeT oFidp Salfonvallabisfrom Maciderm ‘&’f the foil.
However, it eBegfdviURdmENAlu RN sﬁlﬁ@&té‘ﬁ"iﬂeﬁﬁnﬁ:ﬂ@d B%rlﬁleVUn{:ﬁtt he shiny side

down agai nst e’su strate that nuch nore accurate etching could be
achi eved bfeca'ﬂseseﬂh@lccoi)fﬁlénﬂ@haﬁah%en@rlémms@lbb@%"&jﬁ BriymbeP@Ert ed vertical ly

near the mat ta?nd%ntgo?lp%ggmgtgﬁgpﬁsé%ﬁ‘oﬁgmm{tﬁ a@@&ﬁ;ﬂm@a&ﬁl DhecUT S In

addition, there’is to over etch to rermvet t oot h
struct ure andhémrést medin the e fdrhprseds shat dées pottiave the pedldntsof | n better etch

uniformty. n lLam nati onto a substrate,
it is necessa‘f‘ﬁ’fg)tg eat?'ﬁ?g??@%“?ﬁee%oﬂﬁfl‘?gé’@xfl%esﬂ%veﬁ ggﬂulf%& i ent adhesion. One
nmet hod to accmmhmhunﬁgm:@pm@esmgcﬁﬂrﬁnﬂmchﬁcasb@s@dsmﬁmmm side of a
copper foil. An exanple of this 0 pper product is commercially
avai | abl el¢- ro‘iﬁ%ﬁkﬂq’@la@‘éﬁ?a@%‘@mh‘%ﬁmﬁﬁﬁé‘ EHAFS, N Y. as M.S. Anot her

met hod that has been used is to deposit 20 roughening | ayers, such as

nodul es, on each side of the foil, formng "double treated" foils. Wth
this process Bffetsges contusasly bring aflesin theprids improvaischniques iswhithe el i ni nati on

of the oxide BracEssas b iRl in BRI MPLGLEL &% fidbfifes. For

example, see U.S. patent 5,240,807 which teaches a photoresist article having
15  aportable, conformable, built-on etch mask useful for enhancing image
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.




i,ndustry because the exposed side of the foil may have the rgqughenshg | ayer
damaged during handling. 25 When the natte-side is against the amnate
anot her known net hod of roughening the shiny layer is a process in which a
copper foil is pre-roughened by chem cal mcro etching (using sodium
persul fate 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 scrubbing (machines available from1. S of Italy and Isioki
of Japan) . The surface is later chemcally treated to deposit a |layer of
bl ack copper ORledgestaif@nasaprbiabdsenapmpackhe Raving te prybtbnSlerpkey  Ronel ),

al l owi ng anot her insylating substrate to be |amnated over the circuit. 5
Thi s sequence Bforén ré'ana@%ﬁ*ﬁﬁ?@ﬁﬁ@%ﬁ@&%%@éﬁ%@%@nm i's

cunber some  angbifikd, @M&ﬂ%ﬁ&ﬁ@s%ﬂ%fﬁh&%@Qin%%h%%ﬁh&he chem cal s used.

Therefore, there is a need in the art for a process that does not have the
probl ems of  dSuBHcEve lagest anddmpropsriphaceuyecy fand feselaipnntfifichetddes not need a

bl ack oxid t : ' : ' gl re..Clf CUi t boards,
Chat w116 chgauntel Bl B ORERANEIE oMb 1 BB O o
accuracy. Effoeidelavee continuously being nmade in the art to inprove

techni ques by which circuit boards are manufactured and-thus the accuracy
of these features. For exanple, see U S. patent 5,240,807 which teaches a
phot or esi st arTheahetal hayeisregplyedinphit babdse arcatsp hiphiyafliform fud | t -on et ch nask

useful for enhapci.ng i e, contrast and reproduci ng parts having very
smal | di mensi dff écﬁpagﬂq[k%%ghed}rmgdcg@ﬂfaggmeggpq%?p% '“P.F‘?/liﬁﬁﬂmf‘he phot or esi st
are sel ect i el hioatatib eptidaPinkREmOndquipRbhtQhidh gﬁifnte@cfr@lﬁi_sfof{hb PRSyarANOL her _
approach is disclosed in U’'S. patent 6,042,711 which provides a netal foil

wi th i nproved §ebrs e meir iavem grrddegrein awe high meghsnicalotretgtn aslaey dendri tic
deposit and a pREAeck A% nlefifiloal BEAEL HRAAL b¥tacd QrSHIM DG

- 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




Publ i cati on WD 00/ 03568 di scl oses a net hod of form ng circuitf] NaBesoosn a
substrate by applying a roughened conductive netal |ayer 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 nake nultilayer circuit boards w thout
requiring the conventional black oxide treatnent to inprove adhesion. 3 11
March 2005 The present invention provides 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 netal |ayer acts as an etch nmask

during etching ®ferfolf: %&ﬂ@ﬂﬁkﬂ%&hk?ﬁ@bmﬁﬁﬁﬁﬁﬂ&ﬂbﬁ&ﬁﬁv@&ﬁﬂt@CCUfaCy and
resolution. After etcﬁ hin netal |ayer remalns on the

conducti ve Iayéhﬂﬂwumabpﬁgmwﬁ@hﬁ@@@kW@¥ an oxide layer. The netal |ayers
enployed in this process are also-highly uniformand reflective, making
the printed circuits forned thereby nore conpatible with 10 automatic
optical ins pectTlmrin@qlu'nnmmrmﬁdmn prntedtienitdayecprodwedby thberopsss of art .

Furt her, th% %m%?g%%m %ﬁﬂ%ﬂﬁgﬁhgg%%ve hi gh nechani cal strength, and

are hlghly resi’s ge, such as surface scratches and
scuff marks. J@d@dWﬁ&sﬁﬂaﬁdﬂ‘aMEl‘clJthElily’Ehﬁddcﬁmmgtetomoarswﬁﬁtes a process

for producing a ted t, | ri conducti ng.steps (a) and
() Pnoei Ther vt eciealie it B e § SUBAIPA o Gheas SBPREE 1S bal | 3

conducti ve IayQﬁeﬂ@ﬁﬁkﬁm§ubstrate whi ch electrically conductive | ayer has
a roughened second surface opposite to 20 the first surface; b) depositing

a thin metal | &) 8pposifnga thimedllgre aeg theapwghancd seqoné arfsee pffbe

10 electrically conductive layer, which metal layer coraprises a material having a
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
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




electrically conductive layer, which netal l|ayer conprises g;iRRl&f 3085
having a different etch resistance property than that of the electrically
conductive layer; and then 25 c) depositing a photoresist onto the netal

| ayer; d) imagew se exposing and devel opi ng 't he photoresist, thereby

reveal ing wunderlying portions of the netal |ayer; e) renoving the reveal ed
underlying portions of the netal |ayer, thereby revealing underlying
portions of the conductive |ayer; and 4 11 March 2005 f) renoving the
reveal ed underlying portions of the conductive layer, to thereby produce a
printed circuit layer. The invention also provides a printed circuit |ayer
produced by t h@npiR6esshadfof Bf trmckpoty Wigh Abeglsssadinfarvdmbt is theei t her or der:
a) depositing a first surface o anﬁg#ectrical$y conggg%iv | ayer onto a
substrate, whreshpifeed sybsiptp A8 SHHOE NS TURPBI AP P IAS § ed second

surface opposif@ifParsdnitR éi}w&@t silfdoh bAC SompdbitseResiatnidpdiliok Rich agret al | ayer
onto the roughened secon surface of the 10 electrically conductive l.ayer,
whi ch net al | ayetallinsrpicon.aslysiliven smpmbousailicpry cpitaxil sifietmeMid ¥R r esi st ance
property than k L thGRLE Yn FRENES YE&ntR¥BHhe sutdiglet hen c)
deposi ting g dﬁgﬁo?gé?égﬁ%ﬁ%ﬁﬁ%ﬁ%'netaF ﬁgyer; d inageaﬁse exposi ng and
devel opi ng t heis pfifbom rbmit $0 fo dboer290 ynicrensemiciermgeferably droteabpyt I9de por t i ons  of
the netal |ayer; X reqpving t he reveal ed underlying portions of the neta
| ayer, thereby?”PeVéari®Ry under!ying portions of the conductive layer; and
f) renmoving the reveal ed underlying portions of the conductive |ayer. 20
DETAI LED DESCRI PTI ON OF THE PREFI.T_RRED ENVBCDI MENTS .
~ The conductive layer preferably comprises a material such as copper, zine,
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




The invention broadly provides a process for producing a pruq%@gdgﬁﬁEU|t
'ayer’ and printed circuit board. Thy first step in conducting the process
of the present invention is to deposit a 25 |ayer of an electrically
conductive material onto a suitable substrate. Typical substrates are those
suitable to be processed into a printed circuit or other microelectronic
devi ce. Suitable substrates for the present invention non- exclusively

- .include polyners reinforced with materials such as fiberglass, aramd

(Kevl ar), aram d paper (Thernount), pol ybenzoxol ate paper or 5 11 March
2005 conbinations thereof. O these epoxy with fiberglass reinforcenent is

the, most pref eioathoribelial Rpodl a0 albBbley ReResshe0RAGIOR MRter ] al S

such as gallium arsenrde l'icon and conposi tions cont ai ni ng
silicon such asdepwty@p@modwes @ﬁmm@@@r alioy) Jbeseingdies agwefstrblysopperi con,

epitaxial s GG oofidflaifly) &0 udt SHaQdgfResh 1 Phu AR LIl iR, L her eof The

preferred thickness™o strate rom about 0 about 200
m crons, nore pPdbdsenad hyuﬁstruimﬁb@ultfa,ce frderosructateanitheSBil isimeasured bylhe

Conductl ve | 2y & fﬁ()l%f&tg]{ g\?hmy g?”rﬁlomese ér%o%%]%gg %ggl Cc%g%%oxﬁxﬁg?&ﬁy zinc, to

brass, chr orre il Aum silver,
titani um and cmnh[albbtﬂc@mMahf%nqﬂeﬁﬂsmofaﬁbﬁoﬂ‘Cmm phief Bopmblayhy t he

conductive layer is CQ oi | er foils refergbly produced by
el ect r odeposi tlrﬁeﬁs¥8rﬂ%?°§tﬁ%ﬁ? %e%?)‘flﬁtt"%@ﬁ BJ‘II'HGBI{S(;?“ 8?15‘5? ¢al drum The

side of the fonabcdaﬁﬁgtotlﬁdds&ﬁstdﬁdafﬂE@-TM;&@OC&&«MMW@frm@kgmﬁtref&hi ny side,
while the other side has a rel ativel rou surface, also known as the

matte side. Thil&eQPAFrting E&Q@é‘fkla?nﬁﬁﬁémﬁf"fg%lél SendessRoagy Nerthtspoks i t ani um whi ch

acts as a cat hqﬁﬁo@%dodzeclﬁw&ﬁeam%magemed@é a'rﬁeaéLﬁerﬁjtﬁPﬁﬁéﬂl%qot/Erom sol uti on.
An anode i's generally constructed froma |lead alloy. 20 A cell voltage of

about 5 to 10 v samplessueipgsiis selecisdt Ruedaiinedas themydmgamaxitpm 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




cat hode to cause the copper to be deposited, while oxygen is9yQlyamsat the
anode. This copper foil is then renoved fromthe drum cut to the required
size, and |lam nated onto the substrate. Lami nation is preferably conducted
in a press at a mninmmof about 175 C, for about 30 m nutes. Preferably,
the 25 press is under a vacuum of at |east 28 inches of mercury, and

mai ntai ned at a pressure of about 150 psi. Preferably but not necessarily
prior to lam nation, the conductive foil is preferably, but not
necessarily, electrolytically treated on the shiny side to form6 11 March
2005 a rougheni ng copper deposit, and electrolytically treated on the matte

side to deposit mero nodules o netal o l.oy. .Th nodul es are
preferably copﬁg}g{a’S %?mgﬂ ‘%gﬁ%?i’"&{‘f'g%}?"r%‘ﬁdp”a‘%mﬁh’f%%b" g%gﬁ"n"g’%t to the
surface, but dd.jmicreasad neddwmsicablytionaatoubstorabte 4.5Hieroasr f ace

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 Cor pametin@ite @batikins banal dut plolid a shRRSaREY havilasdkenent s of the
surface grain structure of peaks and valleys are nmade according to

i ndustry st and&pd valisgs pritssoptiaside; WHclpprodupd royighyessparanagtses wheeor

| nt er connect i NRARhLEE#2951E tEhldetl ¢ BicRins 2hdieraNig RART oAl Nor t hbrook, to
Il'linois 60062. In the measurenent procedure, a imeasurenent |ength | mover
the sanpl e sur fahew imicrops, ead wast prefergldy frew ahent Stieabeye?- Agicrarsx ThUM peak to
val | ey hei ght i 0 ' i AT asur ement

| ength Tm (Me?{az‘{dg%?%&“#@?%d&\t{gfw?’t em%%loﬁ%%\;ér?%ﬁ %@gs%bé e%tt and is the
gr eat est per perbiwQirarrods, stdmoe phdftralde fromteboltidgh elstut péakicramd t he | owest

val |l ey 15 wi'ot hin the measurement length Im Rp is the maxi mum | eveling
depth and is the height of the highest peak within the nmeasuring | ength
Im Ra, or avemPageablyatgihigsside Hasa c@pemnifositabbing taniStmmbidkeo aver age val ue
of all absolute dj stances of the ({{(Z)U%Bness profi,l,e fromthe center line
‘Within the nea Ravead aélﬁ)agq]ropghness ) o1 2 pm or greater, The matte side

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.




20 The paraneters of inportance for this invention are Rz and Ngaeh X00€
surface treatnents carried out produce a surface structure having peaks
and val |l eys, which produce roughness paraneters wherein Ra ranges from
about 1 to about 10 mi crons and Rz ranges from about 2 to about 10

m crons. 25 The surface treatnents carried out produce a surface structure
havi ng peaks and valleys, on the shiny side, which produce roughness
paranmeters wherein Ra ranges fromabout 1 to about 4 mcrons, preferably
fromabout 2 to about 4 mcrons, and nost preferably fromabout 3 to about
4 mcrons. The Rz value 7 11 March 2005 ranges from about 2 to about 4.5

m crons, preferably fromabout 2.5 to about 4.5 mcrons, and nore
preferably fromabout 3 to about 4.5 microns. The surface treatnents
carried out prddscmefarablybubio netessacly prier thdaningiopshk il iSpmfrgablal | eys, on the

matte side, whi rod r h ar te r.ein ranges from about
4 to about 10 %ﬁg?gﬁé?&%ﬁgf%%%%ﬁga@?%ﬁﬁgggﬁ?ﬁﬁﬁ%ﬁﬁ%ﬁnggﬁgm%Pnicrons, and
nmost pr ef er abl Yayer. Orhisietal layer is@raftrably eléctolyticaltyatepositétento B2 val ue ranges

fromabout 4 to apout .10 nicrons, preferahly from about 4 to. about 9
i or ons. - and naPECBEHERED I PR RL e Ao hefentsta oo e ok 10

Preferably, thesghaftyr IshBleidpas t@ sGRRRRY byl®R@s, ipudbais evipb@tidh & gmthick to
produce an avera&g@roughness (Rz) of 2 gn1or%$reater. Tge matte side
preferably wil [bYHRiaation ogigdhsoadictive yernhesierdly theomgtal leyer 52 98 The nicro

nodul es of et @, @hd ohRMed dhtedR¥8eBedshdfasHckAPRY haldRid Plaridler metal s
may 15 be deposited as mcro nodules if desired, for exanple, ZzZinc, indium

tin, cobalt, IshesdumFitanire melrbdemun b dleys titrpef. gYles preferaldy ther e t hor oughl y
described ipn U : i IS, .l 1 herein b
fﬁhe ol %\agélcggﬁap?es %gel%‘? On. ’g% rﬁ%ﬂ#@eg@&f&%&%ﬁé}%& GohidGE&! N by

ref erence. ace has a'p n Ihg Tromabout .7
kg/l'i near cm t of Gbmuabout.(B to koput i emironspmert pre&ivibly fromabatd b abditkg/ | i near cm
to about 1.6 k%/n'ﬁ'cr%%é’.‘ "This metal layer will serve as an etch mask to define a pattern of

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




20 The matte surface has a peel strength ranging from about 119k&{dgopear cm
to about 2 kg/linear, preferably fromabout 1.1 kg/linear cmto about 2
kg/linear. Peel strength is neasured according to industry standard

I PC-TM 650 Section 2.4.8 Revision C. 25 The conductive |ayer preferably
has a thickness of fromabout 0.5 to about 200 nicrons, nore preferably

"~ fromabout 9 to about 70 nicrons. The conductive | ayer nmay al so be applied

usi ng any other well known nethod of metal deposition such as el.ectrol ess
deposition, coating, sputtering, evaporation or by |lam nation onto the
substrate. 8 11 March 2005 Al so preferably but not necessarily prior to
| am nation, thgdi@ihsih SHREE SEARLY A notH sard Lv.. .electrolytically
" treated on eit her@si de wi t h,ﬁg t %tl&r?nﬁet a'gﬂ]?aggbg%gﬁ%%w§0t%%?l‘glﬂlﬁ ayer is
preferably el desnsapaytticokiaingd dgeposicialyl forexemplhgmBerdhantadetiameof ayer. The
metal |ayer B i n he canductjve |ayer (after
| ami nating to e %Eg%%r gtﬁg%ﬁ%ﬁ&%ﬁ%’f’ %l ﬁ%é,Ongeﬁﬂﬁ?’ﬁeiwriﬁfs%eﬁa‘ﬁ%faéti on or by
| ami nati on ontSbipidyd-line phietotesivte Negatiare phdtoresiers adelalso thidsly®inaherti@yer is a thin
filmand ccgrrpraiwﬁﬁglea materi al selected such as nickel, tin, palladium
pl ati num “chromuny titanium nolybdenumor alloys thereof Mst preferably
the 10 netal |ayer conprises nickel or tin. The netal |ayer preferably has
a thickness % fﬂqm about .01 to about 10 microns, nore preferably from
about .2 to ap8fPLoCH GRYmaghyise rppsd t9 anfipic rogiationsughas light imn et ch nask
to define a patetvesime,qﬂtmvedlétwint&a}ehe@%%néeﬂthé &8m into the
conductive layer. 15 Once the netal Tayer igﬁgepogl??%ga%i&g’el?he conducti ve
| ayer, the nexXfandsddy anglecton beemeiopioyraujron besm endéyaypetittioondctifict he net al
layer, forgi nghadmofbGPedial kehdr il i NieS,ghched pattern
is formed by well 0knog/n phot ooﬁit ﬁcl)lgcrjhaep ?%%é%ﬁ#%%@gghﬁscl’rr%m%plfihot or esi st
conposi tion. Hehtdiom alasesBteqhetoiesist iel teo shdgedtisd deetpbdusdig 0 t he thin netal

layer. The ph%iﬁf)l%%!)l%nt, 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 etchiné 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




20 conposition may be positive working or negative working aadds megerally
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 wthstand severe etch conditions. This allows nuch greater

resol ution. Suitable positive working photoresists are well known in the
art and may 25 conprise an o-qui none di azide radiation sensitizer. The

0- qui none di azide sensitizers include the

0- qui none- 4-or-5-sul fonyl -di azi des 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 g-g”ip . di.azi edy.. erred . Rinding resins

i ncl ude a watef 1hHs0 u%ﬁ@?gg%éggﬁgﬂgﬁggﬁ?hghggpﬁ%ﬁ%)or @a%?ﬁg%le 911
March 2005 bi ndinsegl anédried. Nisireshlt iss primteeireot boasd Imoing leadellerBui t abl e positive
phot odi el ectric Sins be obt.ai.ned c rcially, for exanple, under
the trade nane“%P&Eﬂi@EH%%%n¥'oﬁ@é?%?%ﬁﬁ?ﬁ%ﬂsﬁﬁ?ﬁ?? h of Sonerville, New
Jersey as well as Shipley I-1ine photoresist. Negative photoresists are

al so widely co rciall val.l abl e. Th hoforesi st.is then i magew se
exposed to &ct EPT?EIE’ éaﬁeﬁ'ﬂegﬁrgg%l&‘ﬂe‘ﬁﬁ‘ﬁ?%& 'E‘F\tahf"% CRIPHETSRY @?keﬁlat ravi ol et or
infrared regi ogfe fss BMInS PR6dsE HEY bddontehiedd IBSKemRbimeBE afdiakk by an el ectron
beam ion or neutron beamor X-ray radiation, Actinic {0 radiation may be

in the form of Phetewsrigihenbecniigpged ghd deyplapeneach ohise reveaded ROKEGRBPE, | ght from
a laser. The phQUALAILRE addnd HRBITPIEN Gy %ﬁﬁ%ﬁﬁr&?@gﬂ)}ﬁ%‘&eﬁcﬁ&u' table

sol vent, such as an adueous al kali ne sol ution, ] 2veal 1 ng

under | yi ng -por iz @enpripthlotide sighen | For sipking ofl@h@miptad pyentihgiudinhBiny eveal ed
—uynder | yi ng ,por iy of | [ hr el | known
et chi ng teéﬁnigﬁ%@ﬁﬁﬁ%?%gﬁ%%?%g#%&%%§&¥%%?%g$@?éﬁ%ﬂyﬁﬁﬁéﬁﬁgﬁﬁg t he

renai ni ng phot dsibsidatsecdidietching stepisGtilh pdgairetd rEhisabiglsdtshidgystepiinc| ude aci dic
solutions, such a8 GYdGurt ool & Lt AT SEALE QN 3 ShE M Wdn O

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
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




nickel) or nitric acid (preferable for etching of tin). A sqipiglieigped are
ferric 20 chloride or sulfuric peroxide (hydrogen peroxide with sulfuric
acid). During this step, the portions of the conductive |ayer underlying
the etched off portions of the netal |ayer are reveal ed. This patterned
nmetal |ayer defines an excellent quality etch mask for etching the
conductive layer with high accuracy and precision. 25 Next, the reveal ed
under |l ying portions of the conductive |ayer are renoved by etching while
not renoving the portions of the conductive |ayer underlying the
non-renoved portions of the nmetal |layer. Suitable etchants for renoving the
conduct i ve | aympabirosf-peosidingsa soatey of radiculd ssubdtdsiblilywitaat hd @ns, such as 10 11

March 2005 a nium chl.ori. moni um roxide. This circuit board may
then be rinset cﬁﬂlﬁ’ ?fFfiES&?lg% rF’@é‘tﬂTeP lqhé%apaﬁﬁtﬁtlgﬁgiﬁiqngﬁ-%PB*G%?d havi ng
excel l ent  res3p00{030/theulisklokich 6f Whitl are ABGbRYIrPEaeX 5leFdibe T f Or maNCE. 5

I n anot her preferred enbqdi nrent wherein the netal | ayer conprises nickel, a

one pass et chi WEHE@eST pyepionalyrasaetied playme may, in gensallbaiset in af t er t he

phot or esi sts hage hagfe biE s, HEXELORRIIaBAGR AL (Llfidagygal ed portions of

d
the metal |ayer and the underlying eléctrically coﬁdr%ctl ve |l ayer may be
etched in a dWgioPevepipwr ggacralprivel as, fyexanmdhiandodsf AURAa@lasmet al | ayers,

i ncluding Ti n’geﬂ&atﬁtll%mﬁ‘!%gt%iﬁﬁ'gg%ia%le%&bﬁlg@g?élﬁ%%é@otsg,.C@Ji?perl y etch the

under | yi ng conducti ve a secon ep’is still required.
Thi s singl e etdshihegupstreqm plesmagenéretor wilich arcapabidifsgprlyimessonrcespaces of

greater than . ils. VWhen a si e etching step is. ysed, it may al so
be necessary '? %ﬁﬁsclget%'ss@éﬁt%ﬁgﬁ%ﬁnfe ?ﬁeﬂ%ml?sr‘?“%’émg?’éﬁ%‘gmﬁrﬁmﬁ%ssi bly 10 to
25% dependiong apsilabledront Applivy dMabstialsHng e bn AdvaREPStip PABHEIRASASRY tenperature

may acconplish.the same results. After the circuit lines and spaces are
et %:l'h ed t mou gRZh@Wger 2 shigrpre alse compmercially available from Matison P

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 1

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



conductive |layer, the remaining photoresist can optionally Qe n\gapyes from
the nmetal |ayer surface either by, stripping with a suitable solvent or by
ashing by well known asking techniques. The photoresi st may al so be
removed after 20 etching the netal |ayer, but prior to etching the
conductive foil. In a preferred ashing process, plasma is generated in a

m crowave plasma generator |ocated upstream of a stripping chanber and
stripping gases pass through this generator so that reactive species
produced fromthe gases in the 25 plasma enter the stripping chanber.
Plasna ions are renoved such as by filtering fromplasma radicals. The
term"radical " 1tre§€éd‘&§lﬁ%dil€1r %@fdlﬁsna%ﬁr@éhecgané %%Bgn éﬁgﬁg{ E&ﬂ particles
such as atons or nolecular fragnents whi ch are e & e upstream
pl asna generatdﬁﬂhﬂW§hﬁwa§ﬂa§g@h@wamﬁrwhﬂybnneﬁﬁnﬁ&efthM@lasna gener at or
el g e o photoRlsRPH B AR & A QG Bl 13 bR T RIRG 202D © O
providing a source o cals stanti el ectrons,
are descri bed, WldTU‘éilathhleugh aimbkkSo frpmtaanmna@, Ifﬁdplaﬁt&esasmh divélqunlat ent

5, 200, 031, t e res of which. ar i nc. ora ed by reference.
Wi | e any tfge 0F§§8%%§ %%ﬁa e @%8%%% kﬁﬁ% “general, be used
in5 the practuamm&ﬁumhgabmthhkmﬂeaaieﬁﬁﬁﬁ@ﬂﬁdﬁﬁﬂﬁhﬁﬁﬁ@hU&ﬁé i s generated

by a mcrowave Ias nerat or sucg for e a Mpdel AURA pl asma
generator conmmerEy eéfslefhg‘gﬁwga“lﬂa@“’?‘?%aﬁw ?‘%@691?1 @P“@%ﬁ? J8&e, calif.

Anot her upst r egiioteisiBmeAak Rk Alsodifkh Bhdrb a6 &Madh e Heles aidRRhdHeMth @ source of
radicals in the substantial absence of electrons and/or ions is

commerci al |y 106heResipetenpithe FW%WF@W%#W&%@IH [These vél banseAdvanced Strip
Passi vati ono( A3 regifdiRiBREThe tRlc8SHRn @ﬁe@ﬁpﬁ?ﬂé i a uﬁgﬁﬁ@f yﬁe' l{xéﬁ avai | abl e

from Mattson Technology of Frenont so be
perforned in armachmegmtmmedlfmcdaw @hdd@g‘hd} H“éleusapleifedlsmbssratbu ashing in an

etch chanmber s %ﬁl etc%%d ﬁ'ac-«I;E t‘col%gz M lggj‘nateé{ getween epogyrfeoerg-{ass Wi)th IcE)lc ectron Ltd.

cores (if required) with copper foil on the outside. This printed 01rcu1t 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




15 At this point, another insulating substrate may be | am natqg@vepst he
circuit wthout an additional roughening step and without black oxide
treatment of the matte side of the foil. The thin nmetal |ayer does not
need to be renoved after etching and acts as an oxi de repl acenent and
suppl i es enough adhesion to 20 forma nultilayer structure. Al so, the netal
| ayer «is nore uniformand reflective than a conductive foil alone and is
easily inspected using well known automatic optical inspection (AQ)

equi pnent. The following non-limting exanples serve to illustrate the
~invention. 25 EXAMPLE 1 A copper foil is treated on the shiny with copper
nodul es and a Zn-Cr barrier |ayerEXaMEDpl4 ed. The nmatte side is also
treated with nodul es but is subsequently 12 11 March 2005 treated with
nickel. The foil is lamnated to an epoxy inpregnated fiberglass (with the
shiny side agakExestpldhis repebied ededt theoshingrsite ds wugiehedliyeoumicd | qui d  phot or esi st
is applied to the .substrate éo t@ickness of 12 m crons and exposed wth
W ight throSGHOUPHRHEGE 10 Bk SRR hpge. The photoresist is devel oped 5
usi ng potasgsi um carbonate, exposing the nickel surface. The nickel is
removed using a cupric chloride etch, exposing the copper underneath. The
copper is etched using an amni a %&é@@iéiéten1to define-the traces. The
~phot oresi st renoved using a sodi um hydroxi de sol ution. Holes are punched in
the perinmeter of the substrate based on the inmage pattern. These will be
used 10 for r &grmpledis whcatadrxcent the@botaresistiinefranermeneniiatyge and iaut omat i ¢
optical inspegtion  mehi .and repaired if necessary (and all owed). The
conpl eted subStrate wt ched traces (core) is |am nated between epoxy
fiberglassiowith other cores (if required) with copper foil on the outside.
This printed circuit board 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 §

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




"blank"” is drilled, external circuitry defined, and conpl et efdpRy.nPebt i Ng on
15 sol dermask and solder. The finished board is tested and then assenbl ed.
EXAMPLE 2 Exanple 1 is repeated except the matte side of the lamnate is
against the 20 substrate and is treated with Zn-Cr. The shiny side has
nodul es plated as in Exanple 1 but is treated with nickel. EXAMPLE 3 25
Exanple 2 is repeated except the shiny surface is roughened by m croetching
prior to the nickel treatnent. 13 11 March 2005 EXAMPLE 4. Exanple 2 is
repeat ed except the shiny side is roughened by pum ce scrubbing prior to
nickel treatnment. 5 EXAMPLE 5 Exanple | is repeated except the photoresist

i s of a per maglndf copiben becoppet silfate, 804160 giiwf Gde aflfuec add,cbithegpd 10 EXAMPLE 6

Exanple 1 is repeat %hex ept .etching is done in one step Wth cupric
chioride.  15dtker By Sqkitani rouBn i Gaplast i 23lBe ERLB ot or ooi st i s
exposed usi ngugually bEEkniLASRhich hdiPBiaRBth63kSdnd MRceiR s the¥ypkfas& ibxanple 1 is
repeated except tin is plated in place of nickel and etching is done using
nitric acid. deposited from solution. The anode is constructed from a lead alloy. A ce

5  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.
~ Copper builds up a continuous film of copper on the drum at a thickness of
from about 18 to 70 pm, 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
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
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25 EXAVPLE 9 Copper foils are produced by el ectrodepositing gagges 2dosom
solution onto a rotating netal drumaccording 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 sul fate,
80-160 g/L of free sulfuric acid, at 40-60 degrees C. The solution is
brought into contact with a rotating netal dram usually of titanium
which acts as a cathode and receives the copper as it is deposited from
solution. The anode is constructed froma lead alloy. A cell 5 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. Copper
bui l ds up a continyous filmof copper on the drumat a thickness of from
about 18 to 70 mlpe frength wasdeispines bydpminating thiheopperdo pr enpxypeisgand final |y
wound in rolls. THiB&in®iAe 1 pebN@ed Al Insia kS snooth (the 10
"shiny side") while the ot hper Si d%&hasggkr%%g%%g%g%%gh surface (the
"matte side"). Sanples of the copper foil are treated on either of the
shiny or matie @i 4 . i to, U S. patent
5 679, 230 G hey L mepRse HR R LR R e BRIk e cupr o
chl oride on ei tsérensé toriefersed empodimentypit il 4 wlakily afanqidtedbyohodeloé copper are

nmeasured for su nd. el stren , .Surface roughness is
measured accor d‘%’fﬁg‘ﬁ%@g@% %ﬁ%@gm?élgﬁ?%ﬁes .‘;m%l%ﬁ?fﬂmf)’élgg%?’%gt his
measur ed accor diitlgout dephfg TivindhOspiriead k@pe af the BivERM6h STt W nfendeiNBatf 0l | owi ng
results are not&d: 20 COQ er Treat ntPEnt_Sulrf%ce Peel Strength*

¢ claifms be int 11133reted to cover the disclosed embodiment, those alternatives

10 which have been discussed above and all equivalents thereto.
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Foi | Roughness Side(Ra in mcrons) (kg/ linear cnm) 25Shi nyNone@a2o2068. 18
Shi nyM cro-etchl. 20 0. 39 Shi nyNodul es3.56 1.52 MatteNone5.08 0.63

MatteM cro-etch5. 72 0.93 30MatteNodul es7.60 1.91 15 11 March 2005 * Peel
strength was determ ned by | am nating the copper to an epoxy prepreg. This
sinmul ates the peel strength inside the finished circuit board. 5 Wiile the
present invention has been particularly shown and described with reference
to preferred enbodinents, it will be readily appreciated by those of
ordinary skill in the art that various changes and nodifications may be
made w thout departing fromthe spirit and scope of the invention. It is

i ntended that whetiekRinggibe interpreted to cover the discl osed enbodi nent,
those alternatives 10 which have been di scussed above and all equival ents
thereto. 16 11 phrch 2035 wgg%.is clained is: 1. A process for producing a
printed circuit 'l YR IMFPUIHg 2 PEREE cruiidast eqseprising condugtingsfers n ei t her
‘order: a) depos{a) kdigbpinfeithGlordettlr f ace of an el ectrically conductive |ayer
onto a substrate,. 5 which electrically_ conductive |ayer has a roughened
second surface %ﬁﬁﬁ§ﬁ@§aﬁ%ﬁSFﬁ@ePfﬁgﬂﬂéﬁﬁﬂbﬁéﬂmwwﬂ&ﬁmﬁﬂqaﬂ@ﬂamxhin net al

| llayer onto the ypiREEARIS 8GR RULSARE a9budhBRd 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
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




electrically conductive |ayer, which netal |ayer conprises a 18K b
having a different etch resistance property than that of the electrically
- conductive layer; 10 and then c) depositing a photoresist onto the netal

| ayer; d) inmagew se exposing and devel opi ng the photoresist, thereby

revealing underlying portions of the netal |ayer; e) renoving the reveal ed
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 conductive |ayer, to thereby produce a printed circuit

| ayer. 2. The process of claim1l wherein step a) is conducted and then step
b) is 20 Cond.‘il(ﬂhEﬂroc&s of t18inDT Ghesis s1p aik adrdudtedibyefingi rougieipg the | S conduct ed

and then step a con The proc clal 1 _wherein step
a) is conductéﬁ“ﬁ?s €O gﬁﬁﬁgﬁ@ﬂﬁgﬁm?ﬂﬁuv ﬁﬂféﬁ%%QE%“ e ESt o) ectrical ly
conductive | ayQkface dTee didcBthilyébnhdite BySaRHe subli-d. . and then depositing
the first surface of the electrically conductive Iayer onto the substrate.

17 11 March 2005 5. The process of claim|l wherein step a) is conducted by
first rougheniaautBRcesS6panth puhdansieRh) it Bdaberty fisaldspmguct i ve | ayer

and then depositing the first ace of | ectrically conductive |ayer
onto the substﬁﬁmﬂmﬁmgGsﬂw?ﬁ@ﬁwﬂbﬂégéwiweb%apHWimmWéﬂQEHMQﬂ@p a) is

~conducted by fﬂoﬁ&%n@gﬂt%%éo&lﬁ E f&éél%&?ﬁaﬂggé}ﬁﬁctgffel#@le electrically

conductive |layer-on he su Pe™an roughéning the second surface
of the electrically conductive Iayer 7. The process of claim1l wherein the

r oughened secon surface e 10 ect onductive | ayer has an
aver age roughn e&gc PRES™S 95@6‘5‘ e g’ﬁd&‘@ bred bl SRELE b dié

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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fromabout 1 to about 10 mcrons. 8. The process of claiml whgkehdodshe
roughened second surface of the electrically conductive |ayer conprises
m cro-nodul es of a metal or nmetal alloy 15 on or in the roughened second
surface. 9. The process of claim1 wherein the roughened second surface of
the electrically conductive layer is mcro-etched. 20 10. A process for
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 t hen subsequently attaching the printed circuit |ayers to each
~other via at |east one internediate stratumthus formng a printed circuit
board. 25 11. The process of claim1 further conprising the step of

renoving any r {nin hot or esi st .after st e), .12. The process of
claiml father @%‘?P@?ﬁg‘ﬁ%@t%@ ﬂ?@%&@?ﬁ@ é?é}“’tlYeelW FIFRYISBhot or esi st
after step (f).anldechikalpsc@Bucti®ORill3. The process of claim1l wherein the
electrically conductive |ayer conprises an electrically conductive foil. 5
14. The process of claim1l wherein the netal |ayer conprises a netal foil.
15, The process|40Tnehédit df RN Siitrdil@ie GRRANGLI HRpiQY 8 neGPRRI | SESs a
material selected fromthe group consisting” of cgpper , brass, stainless
steel, alum num nickel and alloys and conbi nati ons thereof. 10 16. The
process of claim The WRELLLPILRE i ' Qi l. 17. The
process of claim1l aﬁgiein %ﬁe cgﬁﬁﬁgﬁ%§§&F§§§ﬁ5F§a?@%%%%ﬁgﬁb%ﬁto t he
substrate. 15 Ielectfhbomthecgrowp whsigingiofiedppuhdrast, atatniess sreahchhgibinme, | ayer is

deposi ted o_nt 0 n%](%l 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 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




substrate by electrolytic or electrol ess deposition. 19. Thejgeessmsof
claiml wherein the conductive |ayer is deposited onto the 20 substrate by
coating, sputtering, or evaporation. 20. The process of claim1l wherein the
nmetal |ayer conprises a material selected fromthe group consisting of
nickel, tin, palladium platinum chromum nolybdenum titani.um and

al l oys and conbi nations thereof 25 21. The process of claim1l wherein the
nmetal |ayer conprises nickel. 22. The process of claim1l wherein the netal

| ayer conprises tin. 19 11 March 2005 23. The process of claim1l wherein
the netal layer is lam nated onto the conductive |ayer. 24. The process of
clai m | wher ei 3t hie piedesd oflcRy@ N Wisreilehofietabldysd i laminaRd Bne@Rluct i ve | ayer by
either electrolytic.or, el ectroless deposition techniques. 25. The process
of claim! wher8MYEYda¥fit al |ayer is deposited onto the conductive |ayer
by coating, sputtering, or evaporation. 10 26. The process of claim1
wherein the revealed portions of the netal |ayer are renoved by acid
etching. 27. TH& proressss of clamd whereipfiemstal layerds deppiigientoshs t i ons of the

conductive sl ayghqefi 15;%?99/&%@&1@0@&&8?&&%&9% Psi@tgﬁ.mqggse process of

claim1 wherein the reveal'ed portio the ne yer nd the
underlying portions of the conductive |ayer are sinmultaneously renoved by

acid etching. A r . i rej . bstrate conprises
a pol yner fiIn%gé%%I?ﬁggﬁgggggz%ggkgﬁ%?%g%ﬁﬁ%%?ﬁﬁhgpﬁgggéﬁgtrate conpri ses
~a polyimde, pohdpeistedayer by cdaiiog)sghtieriys batvapahtjorer film

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




25 31, The process of claim| wherein the substrate conpriseg @akigdgakor ced
polymer. 20 I | March 2005 32. The process of claim| wherein the substrate
conprises a reinforced polynmer which conprises an epoxy, polyim de,
cyanat e ester, -BT-Epoxy or .conbinations thereof. 5 33. The process of
claiml| wherein the substrate conprises a reinforced polyner wherein the
rei nforcenent conprises fiberglass or an organic paper. 34. A printed
~circuit layer produced by the process of conducting steps a) and b) in
either order: 10 a) depositing a first surface of an electrically
conductive |layer onto a substrate, which electrically conductive l'ayer has
a roughened sed@ntheguodessoe iy 0 sitieeirt the sublieaté congiriseald k€@ cedd) depositing a
thin nmetal |ayer, onto.the roughened second, surface of el ectrically
conduct i ve | ay&PVHhivEEChFETRR S@B‘?“Xﬁf‘?@?‘?’ scy%“%?sﬁﬁégitlgﬂ‘g‘\)’ioﬁg a 15

di fferent etchcombinsfi@i¢ergroperty 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

under | yi ng por 330N mécebdUT clith dlwheR%Ehe sudBtrdd cdnfiIRMW NMinkdGedr €veal ed
underlying portions of the netal |ayer, thereby revealing underlying

portions of th@olysweywkerpipéhq rgipfyrecmeniromprisesfiveigtags erle orgagisaresd . under | yi ng
portions of the conductive layer. 35. The printed circuit |layer of claim34
wherein the electrically conductive 25 |ayer conprises an electrically
conduct i ve foi B438.prifited cpeuintayed pridnesdiby tHegyaessaff caddattng3#epphlemdi N t he net a

| ayer conpri se%) a eitﬂ?rto%er:f oi | .

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. |

21




21 11 March 2005 37. The printed circuit |layer of claim 34 whengeindobe
conductive layer conprises a material selected fromthe group consisting
of copper, brass, stainless steel, alum num nickel and alloys and

conmbi nations thereof. 38. The printed circuit layer of claim34 wherein the
conductive | ayer conprises a copper foil. 39. The printed circuit |ayer of
claim34 wherein the netal |ayer conprises a naterial selected fromthe
group consisting of nickel, tin, palladium platinum chrom um

nol ybdenum titanium and alloys and conbi nations thereof. 40. The printed
circuit layer of claim34 wherein the netal |ayer conprises nickel. 41.
The printed c3%dbet printedr cigduitc layem d 4ciainerdd rwhereinnihenlcohdiyative claypr | ses

tin. 42. The [ j ch.ai 4 rel he subsirate
comor i ses o SISER 5 ek sea P hBLPodl SREFIC oL BSRY Ples 54
wherein the sslasbsasmet(almmnemsmcgaldndlaﬂow sehcaolabinatidristhereof. onposi ti ons
containing silicon and conbi nati ons thereof. 22

38. The printed circuit layer of claim 34 wherein the conductive layer
comprises a copper foil.

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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