11 JUN 2005 Metal Pattern Formation The invention relates to a nethod of
formng a netal pattern on a dielectric substrate coated wth a | ayer of
metal, preferably with a copper film hnd to the use of an el ecty ophoietic
varni sh applied to a base netal surface containing at |east one abl ation
anplifier adjusted to ultraviolet radiation and being added to the varnish
as an addetabRaftermdfpomdion f or | ayi ng bare the base netal surface by
ablating the varnish wth ultraviolet radiation. In the past, many

di fferent t hods of producin ui t patte ns on el iC circuit
carri er s doysatipn prl E)%fé’é'dnetgﬂgP é’nﬁéﬂgém PlespatisE o 63@@?“‘%3“@6%& | ayer

t hat ”%%EﬁWth%Q}(ﬁ‘err%f lﬁé@algirbi*e{ grﬂ{th Q:cﬁlgae?!{i'ilﬁuéﬂd B9RE ghe'Brlafr i @l 1S first

produced in 't t hitkness required for circuit structures. Then, those
r egi ons ofeletctreptmnete:rvesfmdleapm&d to hbagsrietalenirate cuitainipgat estame ablotien ed with a

resi st |ayer .. hat C ond to Cir ct.ures .t.o be formed so that
these regi®BWd ‘ﬁ‘r%d#%‘{ %ﬂ”‘&lﬁﬂah’é‘g? ‘gﬁﬂﬁ@%a‘ﬁ?ﬂt h@t@mlﬂb S bocess, thus
bei ng presgaiviesal cbﬁ1 bhéht BG1hRhS btk Ahd Bide Ricb ShFadd Wy a%ldtﬁg%§@£ﬂ§lﬁ filmis
at first forned tpe printed circuit board material. Al ayer of

phot or esi swlthlsltraﬁoletmdmmne applied there onto and t he copper filmis
exposed again by phot ostructuri ng at the places that correspond to the
circuit st[{. ctures to fornmed. hereafter first a further copper |ayer is

deposi t ed etn«'ré » BABY %ﬁrp%lrowgpﬁr%cma cirgyifpatterns qnuleRtiq eireit ¢ i t
pattern angd.fRemv@ bedd ¥3 es;eﬁsmsthe bﬁié?f)laté%% R;E&i%da coppPReGURAt |y, the layer

of photoresist I's reno bare I m's renoved by etching,
the | ayer comptpaelyamsa&neshﬂlpd ptieted cirgpit lbrmrdrmateh‘lal myfest frodwed ih teder neat h

inst t h th b th t
ayer of  aeGres FRrEP R s S Pnsihots aie o 1 it eBHCES "
gal vanor e%hesﬁm{t@d/arcuumﬁg HELSRAR vt EHsﬂ?IaPrEﬂ}BMO%EﬁHﬁQ% e R0

consi der abl € di sadvant ages. Mdre specifi cal is not possible to
manuf act ustueinte to hafoumad sethahthesomedions @msprctrertcdrdurmgﬂmaubaﬂqwt of wi dths of

20 1 S SRR it (NI 5 A SIS lBiGafeen, made (o
starting gk ke fobmedof tHeGHink& &&uitcd,oﬁﬂdr}ﬁétbﬂalm layer of photoresist is

for example applied there onto and the copper film is exposed again by

photostructuring at the places that correspond to the circuit structures to be formed.

Thereafter first a further copper layer is deposited to the exposed copper regions in

order to form the circuit pattern and then a galvanoresist layer is formed.

Subsequently, the layer of photoresist is removed and the bare copper film is removed

by etching, the layer of galvanoresist protecting the metal layer located underneath

against the etching agent. In the subcase of the metal resist process, a layer of metal

resist, a tin/lead layer for example, is applied as a galvanoresist layer.

These methods and other known methods present considerable disadvantages. More
specifically, it is not possible to manufacture under manufacturing conditions circuit
structures of widths of less than 100 um in a reproducible way, Numerous attempts

have been made to achieve this goal. With the help of



produced. Such nethods however are not suited for mass production since they
are too expensive and conpl ex and/or require very expensive startijnﬂ,N 2005
materials. These nethods are not suitzd to produce circuits with lines
having a structure width of less than 50 umthough. DE-A- 18 11 377

di scl oses a nethod of manufacturing printed circuit boards with circuit

| i nes applsomd comphicitéd mietheds sitkbstathg materiats, sichanirceitctoul@ finally bayer, nore

specifically. a er of tin, is exclysiye applied to the er filmin
thebor eq Pt SeEh et Bpvetirar 3! r SRS Rrb v o ik BT ¢ hr ough
and i n whitGhetdRRsideahd &fnpled htdibil relhifevR bR Bive StafBen¥iSk CiHed®. For this

purpose, the outer sides of the boards are provided wWith a layer of varnish
ext endi ng nethddsraregotishitedbtdguedust cirbeitshwitle ingsrhiagmgtastrugiwe widi of tees et ch

resist Iﬁéﬁé{%ﬁE 7 32 249 Al indicates a nmethod of manufacturing
t hr ee- di AP 5Bt ed circuit boards in subtractive/seni-additive
technique with pattern transm ssion on an insulating substrate in which the

substrat e oAl 8l P61 aRol68RAGhehbd g%sén%?ﬁaa{ﬂiﬁ% rifORL Rt RakdO¥RE With a tin

‘metal resist that may be electro ated anhd/or electrolytically
deposi t ed.cirThit linet apiplieden bothisgles Hencofahedticlval gicke xgess bgfet, mdraser radi ati on

wi t hout usin sk sq .that the circuit ttern cteated | s a ative. The
copper regpwﬁécﬁw@amvgtmﬁéeﬁdg%%géﬂﬂmg ?‘ﬁewpﬁ%f_ lmgal)w? ol i ng. EP 0
062 300 A% @laQidfit bbaras thathARIHEH cQltaRELAMGIAINE 1 WhRY 164 §&key boards in

which a copper filmis applied on at |east one side of a plastic substrate,

t he ci r cuicircpifiline patterip &si maget byeatcling. Fed thinpurhesec thepater sidesrobthe domasi t i ng a
metallic etch resist | ayer anto,the ppper, film the ch resist, |ayer

Dot g sel &S oL okl VaRirgTRGS e duksdeboT UF PR BTREY or n by
nmeans of adp‘bg,ﬁpgrthp@@m&ﬁglgy@ﬁ remai ni ng copper filmbeing removed by
etching as tar as the surface of the plastic substrate at the places renoved
by way of the laser treatnment. In Derwent Abstracts to JP-A-59227186 a

met hod i s DEBY3DEMY A1 intlicaths anidtholl of tidnBB0Mring loeexdanémsionabpragpd i ed to the

outer sides only of 'a printed circuit board that has been caontacted through,
then a metcHENt bogr %@rS“gFa‘é%VE e%é??‘g?“,’e t&ﬁ@ﬁ@ueo‘tvﬁ palten UBRIHISHIORBRAN or tin,

::|S ) gﬁip?Si L AhelsDBstR nSwifibh RSB aBSeoa¥ISH P ESbpeP itk ROk Hr§iTosfegW th the
all over with a tin metal resist that may be electroless plated and/or electrolytically
deposited. The metal resist is then selectively exposed to laser radiation without using
a mask so thaf the circuit pattern created is a negative. The copper regions that have

been exposed may then be removed by etching.

EP 0 062 300 A2 also describes a method of producing printed circuit boards in which
a copper film is applied on at least one side of a plastic substrate, the circuit pattern
being then formed in the copper film by depositing a metallic etch resist layer onto the
copper film, the etch resist layer being selectively evaporated according to the desired
circuit pattern by means of a laser beam and the remaining copper film being removed
by etching as far as the surface of the plastic substrate at the places removed by way

of the laser treatment.

In Derwent Abstracts to JP-A-59227186 a method is outlined in which a



pattern is exposed to |ight and devel oped prior to finally renoving by
etching the exposed copper. EP 0 757 885 B 1 indicates a nethod of formng
netallic circuit patterns on electrically isolating substrates at
first a netal layer is applied to the substrate prior to applying thereupon
an organic protective layer with an electrophoretic dip coat. Then, the

pr ot ect i vehbmyesist issapplindtoetiie iontet hides gy ofis pafited hizcuitboardiiliat bastbeenns t o be

formed by neans . af |aser radiatiqn. An etch.resistant netal |ayer, is
depos: t o4 <G et Auondth disng el 19isr PReEh Fopitb A PSR LaHRMS AR | ve | ayer
is cleareg, chfepbﬂteh% thEGRSE tﬁgbét‘é@,%hérélﬁ)oﬁlﬂﬁéﬁlﬁyt&‘eﬁ%‘fth pRthen® by neans
of laser radiation and the exposed netal layer is also renpbved in these

r egi ons bypatteraris exgfosehtodighib amdydevstaped peior todgmlly reméoing by eichingdher at ed by an
Nd- YAG | aser. .DE 41 31 065 Al discloses still another nethod of

manuf act urrfRGAEPARET circuit boards, in which at first a metal |ayer and
then a netallic or an organic |layer of etch resist is applied onto a

substrate. j L r.:af: ist a |ayer of
tin or of L0 37T S8FEY tndfehEih ApuBq OF kb AN i Bt 51 e h 1ot ot a
| ayer t hadectivallp ésofrtimgsobstrates ieivbichran fily mehétal layer & appliedsd thei ¢ coating. In
the regions, directly adjacent the future circuit, pattern, the |ayer of etch
resist is SPH%Wter%rh%}éapﬂ ing LheIEUR0Y A\ L EARIG RIS ]@g rr%‘ﬁh@‘heti c radiation, by

means of 'e@e%%})ﬁ(ﬁgﬂi@&i' QBar Phen, SABleBrive 1ayéq§&n?ov@'ayn ih%%gilsﬁgeoﬁhé cui t

pattern and istands of the netal 1Tayer that are electrically isolated from
t he patt eraircby patterhd toghetfoenahimsmeasaif tasernratiiatios.uhs tich resistant awptal layadi ation is

enerated .by a Nd- YAG.| aser. - The docune i ndi cates that.etchin t renches
oF 150" pminKEeR G e s BRiP ATl HAG ekl SRRT BHIEHEUSH K he et al
| ayers on gacdy §i alhe PlgididplceMitROni8 REDGE pARPYBY hdand &F 132r Williatldl 44 17

245 Al discl oses a nethod of” manufacturing netal structures on the 4 1 JUN
2005 sur fand ¢heofxppsadinetd] lejardsialso temaonved in thiesy mgiont by mvetnholhnodeipng ses

coating the substrate,.wi.th a pri and thereafter applying onto the priner
| ayer a sé%%‘?‘?ﬁs'liﬁ?eélr?m# Slgﬁ'geé?tggtﬂﬁlf‘%ﬁlé&g\ﬁ'@?s@rct rically conducting, then
abating part of the second |layer by neans of an exciner laser and finally

el ectrol essp Rl 311089 A4 dRGGes S bR IRARS oMbt @Y rintSHETARE

boards, in which at first a metal layer and then a metallic or an organic layer of etch
resist is applied onto a substrate. It suggests using as a metallic layér of etch resist a
layer of tin or of an alloy of tin and lead and as an organic layer of etch resist a layer
that may be produced by clectrophoretic or electrostatic coating. In the regions
directly adjacent the future circuit pattern, the layer of etch resist is then removed by
etching by means of electromagnetic radiation, by means of laser radiation for
example, in such a way that the circuit pattern and islands of the metal layer that are
electrically isolated from the pattern by etching trenches remain on the substrate.
Laser radiation is generated by a Nd-Y AG-laser. The document indicates that etching
trenches of 150 pm width are produced with this method, the undercut of the metal

layers on each flank of the etching trenches amounting to 35 um.

DE 44 17 245 Al discloses a method of manufacturing metal structures on the



EP 0 469 635 Al al so describes a nethod of producing printed circuit boards
in which a netal |ayer and then an organic |ayer of etch resist are applied
onto a substrate. The organic etch regist |ayer used is an el ects+pphpngsi c
di p coating. Subsequently, the etch resist layer in the regions dirrectly

adj acent the future circuit pattern is cleared off by nmeans of a

Nd- YAG | aserfagnsf prinedtdinesit rgpds echensih dhe dehod comprises woatagy thy seisthtieng. EP 0

489 560 Al descr.i bes re%%tn conpositign for form n%ﬁa OSi&?iPﬁ}e]@ hot or esi st
whi ch s C¥BHR BRmrAndInGRR APEIY ORI fhe PEmST AT & SH9PY (Yo R rcuit
boards. Thgt béifS bRcERAPPSIHdLEhg, thefl %ﬂh{gﬁ%ﬁt&f tRORRbYIREEZRL hSshsQf ah he

foll ow ng conpounds: a)” acrylic acid and nethacrylic acid, b) conpounds

that are nsimedlaset anddoially electrolesseplating ametat on thetexposedyimngrdaygnd tert - but yl
met hacryl a%nef and further c) a polynerizable nononer with which a

honopol ynél'8&h be obtained that has a glass transition tenperature Tg of
OC or less, e. g. ethyl acrylate, iso-propyl acrylate, n-propyl acrylate,

| so-butyl 56 Y54k s é%‘af‘s%@ékcrﬁ)‘aéﬂ &deét‘%kgd%c@glgﬁéq JRUFEMs 3 Ghidh oct V!

met hacryl ate and n-decyl nethacryl ate. al so contal ns a photoacid
gener at or ,a metablayer apt dsplraardrgmic kyénpifetohuagist atké fapdied omocenshbstpaterifThem sal t .
For structuring, the resist iis exposed to.light and devel oped, the regions
bei ng al té’F%@l‘g?dﬂFFé“SE sl is 47 ‘E&F‘}?p]éorﬁfé‘g'/dﬁ’ﬁ&f‘tq%ey are soluble in the

processi ng solution. The known net hods either are extrenely sophisticated

and t hus [ L1, 1.S: . Lol . Li-ne

ot uct ur e Rk, e dot fefelBher RARIGRL R O TAMLELMERMERMIINES L er

t he known patteimds sleared lositbystiédng lof & Ndo¥AKH | abaland illoskbus exgoiedmetat Bgesisi N whi ch
no photoresist js used but a resist which is not sensitive to light. This is
because i tremgkEkbyLIPAg time to renove the resist in 5 -1 JUN 2005 these
cases entirely fromthe surface of the substrate. One possibility to produce

S 111 5§D SR SRR D S5 A B R P v 50

conpl i cat aghiginik dsbdiss xpRPBdrétc virfishBsuhasifatheifpUsahtebditduitoardsl The t hi s
process. In using the customary materials with a thick. copper film
(usual | y Iysigaympesitionels obtagnedray penolymatization of theolobowiig wanpouady: abl e

acrylic acid and methacrylic acid, b) compounds that are unstable to acids, for
example tert-butyl acrylate and tert-butyl methacrylate and further ¢} a polymerizable
monomer with which a homopolymér can be obtained that has a glass transition
temperature T, of 0°C or less, e. g. ethyl acrylate, iso-propyl acrylate, n-propyl
acrylate, iso-butyl acrylate, 2-ethyl hexyl acrylate, n-hexyl methacrylate, n-octyl
methacrylate and n-decyl methacrylate.

The resist also contains a photoacid generator, e. g. a phosphonium, sulphontum,
diazonium and iodonium salt. For structuring, the resist is exposed to light and
developed, the regions being altered by the exposure in such a way that they are

soluble in the processing solution.

The known methods either are extremely sophisticated and thus expensive or it is not
possible to manufacture very fine structures having a width of 50 um and less in a
reproducible way. Further the known processes also suffer in being laborious in those
cases in which no photoresist is used but a resist which is not sensitive to light. This is

because it takes a long time to remove the resist in



undercut, the circuit structures often have no rectangul ar section, so that
the area with which they rest on the substrate is very small, the desired
adhesion of the circuit lines being not achieved as a result thereof. In

using the method described in DE 37 325249 Al, it has been found 1 H&kK 2008ven
after |aser ablation, considerable amounts of tin are still to be found on
those regions of the copper surfaces that have previously been freed from

tin so thadhesekasep entizely fomm shemataed of the pehstiaenPne pessitilityite prstuce stchsf act ory.
More specidical l.y when. uf ' [ id. C ' B, [ it lines
havi ng str%nggﬁ}“ét&vﬁsﬁﬁ%%&g&ﬁtggéggﬁ%aéﬂ{eﬁrgrweﬁn 8plrd§§3%1| 4%@9{3@“ ts may be
obt ai ned. ofhe nsdrapgenadnen diclk. Budft it Betrairdifatily cbmpicatvdindEhuovgiensivee |imts.
In parts, either the spaces, between the circuit |ines are interconnected or
the circdp manpiaglirgsuch gpateright with thap procesyeln usgig the pustompry matemalyyathot t ne

circuit pat t ORREhAf | : ed by

et chi ng. %Aﬁﬁ‘ {38 ar%r,lﬂpﬂgrlg??ﬂ)tﬂﬁ%%%P% pro%ﬂ%%ga%&?%&%ﬁﬁssﬂﬁggﬁod of ten
creat e pr abbemst, the ciisuit seguert ofiehassesectiiguiaxsactipngsodhantha asalveldr r esi st
mask is being formed and in rocesses | ich the end_| ayers, deposited are
| ayer ContHish thEKEest e HieakBYtrag ety swmalh H@%ﬁ?&‘lﬂ@ﬁ%‘@{l of the cirgRiipeh of the

mask to t'T)%inglfo?Hélﬁev%ﬁraﬁﬁtré’%lﬁﬁhérgofﬂm sufficient and in the second case,
S at

t he copper ructures t ave been freed fromthe layer of tin cannot
perfectly be etched to formthe |ayer of nickel/gold. The nethods in which

an etch rdfisihgtiaethbs deReBedintIDE 307 312491419 itdiap bedfoudd that, Rvendifkszh sai d
| ayer is structured with an Nd- YAG | aser bi/lftsel ectively allow ng the

var ni sh | dgssr ablatien, sprsiderable ameuntp pEdwate stiflite pe fpunden thesefegionsolithe s case

too, 6 -1 ro i i . osit
agai n ont 5%?%5%%9?055%% g)%ff’ %oﬁ%f%%e%ﬁrjéﬁeﬁ ?@é@&ﬁﬁ{’ (Ma?%g’ ré%%%%{?cﬁgpnet allic
| ayers, a sobdeqedtitiemhilg ifabivatsthctonit Mdre ebcifivallwvhihet nphofaoseingicirtvie | ayers

are deposited onto the netalljc surface, an additional step in devel opnent
i s necess&AIerVEHR syet linggdaring strpetize widthsof dess thaa0amedogsproducibiet h - sai d

resists ar LEfigul & % i ik dS1 L t.1Q use themin
dayl i ght. rgﬁu?tls&%%%%ggoﬁ egg'ri:gé ?ﬁ?’? tal'?%g%&ﬁg\?;m% aé:ltlrt(a;{éft?3 %lgp ‘(’)ar?i\eé% ?g&pﬁ]]@t‘gor esi st
systens ddimiot Inf pathl bisher ferspades detween thieadrong dibksiine dmebnfidcreelsir thd r uct ur es.
The basi c probl.em of he e{ sent, invention is therefore avoiding the

di sadvant é:gréglt Ypes are disrupted. Sometimes, pitting-like etchings of the circuit pattern were

observed after the copper film had been removed by etching.

Additionally, the circuit patterns produced with this method often create problems in
subsequent processes, for example when a solder resist mask is being formed and in
processes in which the end layers deposited are layer combinations of nickel/gold. In
the first case, the adhesion of the mask to the circuit structures is not sufficient and in
the second case, the copper structures that have been freed from the layer of tin cannot

perfectly be etched to form the layer of nickel/gold.

The methods in which an etch resist layer is made with an electro dip coat and in
which said layer is structured with an Nd-YAG-laser by selectively allowing the

varnish layer to evaporate, also present difficulties, since in this case too,



t he known net hods and finding nore specifically a nethod that makes it
possible to readily and, nost of all, very quickly, carry out structur ?
whi ch may al so be perforned in mass pﬁoductlon and that permts t-ol ZW
reproduci bly manufacture finest structures with structure w dths of 50 urn
and |l ess. Furthernore, the problens experienced with the known nmethods with
regard t o uwnrepradupitidé tesidyesire fomicdehat nmyolepest apggint drdo thelehdylexposedii t

patterns are not.to he sh f the C|rc to be

Pepr oduci praaianifars. ffet bimeliting Rl diven s shhiatbbal i iibfirsdincece  on.
The probl itiSplsheasitibY 1ayHQ afRddpesiclcons theMektAlAc Shidadd) dn AMkidn4] §tbe use of

an el ectrophoretic varnish according to claim 16. Preferred enbodi nents of

t he i nventi dﬁvel@pment irciesessany. Meoredver, dhdse resistroand the aih?pﬁatesrh@atqzﬁbwﬁbd accor di ng

tothelnve ser form talli.c. pattern. on dielectrli

substrat es™ F%ﬁf F”i?p ﬁf@it?% %eﬂ? Cgusl.?sglﬁ o e%%?l%tgr 5 'g‘e?lﬁgdﬁ@ %’Bd The
met hod i s [fRdsehesiP RStintl it khd/knoweick | écrophSHEHE Bhdtb@BikYsysRhR oaloe eeadily C Ui t
carriers for the mcroelectronics industry, e. g. chip carriers, multichip

nmodul es ( MENit grigr-Beneesolutigm pf dnest steugturesarri er s. Of course, the nethod may
al so be used for manufacturing other products e. g. for manufacturing

ted it. b d CB t.h st t f 5 f
P e o1 eaci asic PROYIR offherbpht 0y Stintds Methfar® a @F‘zﬂg the isaCraIess Shd for
forning mehakndia kiefhBas A PAARE nbfe fREHAROS AelloR (B ubies itpsdibiato t he

varni sh contains at |east one ablation anplifier matching the ultraviolet
radi at i on readikyend) lyosta)é‘all,rmmqmbklm‘Catﬂy@uaptplqtlamg\/\ahlnhmyla@pém by ultraviol et

radi ation is ssible,. This.i s ac ved rea5| ng the
abl ati on rpgffxgnn%gmafg?séﬂﬂ uCﬁ?'h%r} Bt peginy ciJrIePrro ?‘Efy n@#% U exposur e
tines are sﬁﬁ&u@m@hﬁ@fucﬁ@mdmgoﬂmm\aﬁﬂ s Fur@¥@hiorkl thl@?ﬂﬂalér@@w ng any
residue that are considerably shorter than processing tinmes of known

met hods. meermrced with temigiovn methady with prgetd todhe ¢%pab1§1f3aﬂf fartberat i ¢ car bo nyI

“conpound, enon and t es t.hereof, e.
D ek Ble Mhidhed S A R RO AT 18 Rk e Bht¥ SBab BAE°! o wof
e. ¢. hydrexi tobergreheiklessd isdb BMﬂé memebfe@tzmmma@&e@mgmlswmr oXxy

benzophenones, as well

The problem is solved by the method according to c¢laim 1 and by the use of an
electrophoretic varnish according to claim 16. Preferred embodiments of the invention

are indicated in the subordinate claims.

The method according to the invention serves to form a metallic pattern on dielectric

substrates. Electrophoretic varnish is used in performing the method.

The method is more specifically used to produce highly integrated circuit carriers for
the microelectronics industry, e. g. chip carriers, multichip modules (MCM) and other
hybrid circuit carriers. Of course, the method may also be used for manufacturing
other products, e. g. for manufacturing printed circuit boards (PCB) with structure

widths in excess of 50 um, of micro reactors,



as cinnamc acid, tropolone and the derivatives thereof Furthernore on
principle, polycyclic hydrocarbons in the form of anthracene, 9-anthracene
met hanol, 1. 4- di nethoxy anthracene, B.10-diethyl anthracene, 9-ghdmoXs
met hyl ant hracene, 9.10- bis- (trinmethylsilyl ethinyl) anthracene, pyrene
and peryl ene, further diphenyl butadiene and the derivatives thereof,
chrysene atoragsl thedis, sglap hellgetors,iind derclorming megali pattbine on Plastipetonn het er ocycl es,
especially QOlticél%*ig het erocycl es, may be used e. g. carbazole and the
derivati ves TREF 8t nor e specifically with hydrophilic groups, e. g.

phenol i ¢ hydroxy and carboxyl groups, further dipyridyl am nes, phenoxazine,

2- phenyl heps i Wi Sordifs AI8RHOROABIARNRMIfier FRYhRR; BPRltHR5bletAl SO
aromatic nitro conpounds, e. g. nitrophenolées, nitroanilines,-nitrostyrene

as wel |  asdiatiorsexdieniely Bastramovalafitheeapplied varnishdayer by ulttaioletivadigiomissh
contains an abl at.j.0 lifier,that matches the ul traviol et radiation, a
rof 1t anl drafibeRib TRRE 4cbiehe bL ks Rs e b AR, 5 35N "W ¢ hand
wi thout  aldradfl Githadvidlbeadimiion, ¢Rpbsafe NG 4B UShib &l BAfendvind fhg abl ation
rate of the varnish layers: the radiation tine required to achieve conplete
removal coatndshblayerevithoatilepying any sestdoe that argtconsidemblyshowgrtbarspeci fi cal |y of
30 to 50 8 -1 JUN[i2005 when ttlﬁggse conpounds were included.

|

Tr ans-benﬁ?%%%’ﬁ% %%9%18}10%110%, hydroxy benzophenone, nitrophenol and
di pyridyl amne are particularly well suited. The reason therefore possibly

is that t hﬁﬁ%b&ﬁﬁﬂ@fb?ﬁﬁe%@re&%é&ﬁbéﬂyﬁ@hh'?ﬂo%laiti@ ch}‘b%nﬁ%ﬁiﬁbﬁﬁdl, particles so
that the nolecules of the ablation anplifier do not” aggregate into |arger

si zed bodicesprisingseg.coatophendse bied thg detivativies therdobrarigytratiss benizylidess i n t he

matrix of the . copolyner. The ahl.ation lJfi i s,added to the varnish as
an addi 11 SRAPPIERBEERoPhAE SR GirIeaRY Geaoies & IR But the et hod

accor di ng Yefzdphendrdy,thy oy GenSoptzhbmisQnd peMhi@dxybédrophedads asRenl surface,
preferably with a copper film is used and the base netal surface is etched

upon st r uchs ginnagticarid twipalpne end the derivatives Brerend. Kuvthermens oggsineinde, et al
pattern is ,created. |f a base .net layer is used, said |ayer, may be
conpl et el ypo}yéwgl%ela%a%cgﬁbons DOME £ 8‘% antliracene, Satthfacens me@lanoel, £

dimethoxy anthracene, 9.10-diethyl anthracene, 9-phenoxy methyl anthracene, 9.10-

bis- (trimethylsilyl ethinyl) anthracene, pyrene and perylene, further diphenyl

butadiene and the derivatives thereof, chrysene as well as diphenyl fulvene, are

suitable.

Furtheron heterocycles, especially polycyclic heterocycles, may be used e. g.
carbazole and the derivatives thereof, more specifically with hydrophilic groups, . g.
phenolic hydroxy and carboxyl groups, further dipyridyl amines, phenoxazine, 2-

phenyl benzimidazole and isoquinoline oxide, may be applied.

Also aromatic nitro compounds, e. g. nitrophenoles, nitroanilines,-nitrostyrene as well

as 1. 5-dinitro naphthaline, are suited.

In that the varnish contains an ablation amplifier that matches the ultraviolet radiation,
a profitable ablation time is achieved. Comparative tests carried out with and without
ablation amplifier yielded an enormous increase in the ablation rate of the varnish
layers: the radiation time required to achieve complete removal could be reduced by a

factor of at least 15, more specifically of 30 to 50



structuring in the exposed regions. The follow ng process steps are
performed to structure the base netal surface: a) providing a substrate
conprising a base netal surface; b) applying a varnish |ayer to t € 1LN 2005
substrate by nmeans of an el ectrophoretic process, the varnish Ia-eL
containing at |east one ablation anplifier adjusted to wultraviolet

radi at i on,wheh thdsacomgounse wese imchided alrans-bgoeilidane aestpplicapns, diydraxyn (s 450
nm in at ., eas arts. of the o) t hat do not, GOrr.as t he et al

o tern t §o g fopRierofSad SRR abitfarf BopBiiafI WATRRRE IR, Le®) Svner
wavel engt Redsbintterefbretgdesiblylit thavihebedonipdingd are fedddly Rglubletingheddpelysedet er mi ned
by whet her exposure to |]j is carried out _in air (2 190 n or under

i ght .
vacuum whertEdes spihat te malepdes ofthe ablation amplifierdomet aggiegats BriRylaResst bel ow 190
m may be 1 j NOSEH . f =1 JUN
2005 TheS@%?ﬂ%%ﬁgﬁgﬁé?Q@§§W#%}%§§§%%~gmggﬂC§§§ﬁgﬁéﬁblﬁgﬁg§%§XP§ﬂFhe regi ons
t hat do nebpoigmer.espond to the nmetal pattern to be fornmed. |n another
enbodi ment, the varnish layer is only renoved in parts of these regions, e.
g. only in those regions that are directly adjacent the netal pattern to be
formed, sdherahlatien agplifier igeddaddgdheyarpish as an @ ngl prrnpenent ioHbe Bsuskr et e
areas of the netal pattern to be fornmed (cf. in this regard DE 41 31 056
A, EP O 469635 Al and EP 0 361 192 A2 for exanple). The advantage of this
way of proceeding is that in cases in which the netal pattern only
i nconpl et oy cAbyiHNBMIERE WefIMQLSorliAg 16 telieaitich, 4 ABDseMBpldvidR witiPat hat | arge
regions are |eft unaffected by the pattern, the varnish |ayer can be
renoved mbebe ekt srface.qnefetadly with e copnes fibmy it aiged akthe besegasialsurfacawsi ch t he

varni sh | ayer .is tq be compl et.el leared. off, in the. whol e.region in which
ot ol " hat iied o tpffrti Besthiieta e ion 3o thd P St Refiy BREARR | " s
| aser r adicaate Ifactseae aRtdl Mysr sadéd khidMayes mapbe CoMpRtoM tdindvedubbh ci ent 1y hi gh
energy density and can noreover be sharply Tocused in order to be capable

of manuf actueturiag iide exprsed regionsc Thy Wowite nroeess stepeaeipedPiyed tBecause in the -
f ocused | r ensity is achieved that is sufficiently high
to abIate%ﬁﬁénggﬁgbgﬁrﬁggé%&h ie surface regions in which the varnish | ayer
is to be

a) providing a substrate comprising a base metal surface;

b) applying a varnish layer to the substrate by means of an electrophoretic
process, the varnish layer containing at least one ablation amplifier adjusted to
ultraviolet radiation,

c) abating the varnish layer with ultraviolet radiation (s 450 nm) in at least parts
of the regions that do not correspond to the metal pattern to be formed, the
base metal surface being laid bare (the lower wavelength limit of the
ultraviolet radiation being among others determined by whether exposure to
light is catried out in air (2 190 nm) or under vacuum, whereas in the latter
case radiation with a wavelength of below 190 nm may be used);

d) etching of the exposed base metal surface.



removed and which are to be exposed to light are scanned in this latter case
so that the surface regions are one after the other captured by t Qﬁﬁﬂlﬁ%
It is of course also possible not to fé@cus the | aser beam so that re
surface of the substrate for exanple is sinmultaneously exposed to light. In
this case, a mask is used (either in contact with the substrate or w thout
cont act byI‘kwazynmfh laycromy fonexayde berpompletetshienioged hethg mg‘t@:tsdhatdgnr@m in which
the metal pattern t hese.. ons, .the varnish
ayer 1< sParEoRRL beatispaleiads Pe fdmen trpmolhel SRRGURER RO Gemthe Var ni b
layer in ther Is&ﬁﬂﬁfhﬁndﬂrfed‘iﬂlﬁaﬁ&ﬁ@hdﬁskﬁloﬁué f@aeglytih @lose 8dgorisahfi@rexposed, an
excinmer |aser is preferably used .an ArF-, Krd -, KrE-, Xed -, XeF-or

an F2 | asdhreqily aiaceabing mgtal natiern e b@forg@d sodhites gslargsrareas ofpietal | JUN 2005
10 This r %91&1%%1 b\éRJVG% ecc?isérgte%%ats 'ofﬁeq{nétéﬁ qéﬁgllnttﬁ% tfglgnet f"% ﬁ\tlser g%rdn' sh

| ayers consi Ing o organic nate eavl n resi due since the

cheni cal b]tEldlBlDSGhﬂ EP@a¢H9CE35rm1 MES 36l IDEAZ\@fa:mﬂiplé)aS[hé can be broken
by neans of ultravjal et radiation. Wen usi ng an_exciner |aser, the energy
density ata dyantageqd dis vy of pt@@%&%ﬁtthatm e3ses Hbwviyich fhsumetal paster onlEast 50

m)/ cne. \}ﬂ or un!e‘fé‘é@f cORBRMAY s IR bf {h%%uﬁg?%éﬁég §% ﬂ{%@'gﬁ‘?és RichDKah. when

t he speed at t he I'S scanned across oar reduced or when
exposur e tlemanaf&ctedd@-rtﬂt pg{eyn,phe){ramgh thyehenn ttreinbeedsmeh fastee fiohetheent i re

substrate surface osed to focysed | aser, beam, The net hod

accor di ng Sfl@i%ﬁ%ﬁlﬁrﬁe&‘eﬁxﬂﬁaﬁcaﬁsmw 1O herarRsbiYen s fo beganeplee Y%eﬂmr ch the

circuit 1li Circuit lines may for
1h ng@ %ﬁﬁ E{ﬁhi\eh% a;fi rg%&eé@m‘éfﬂo?{glﬂtré formed.

exanpl e be ave an rectan ar section with a base
width of 15 um The section of the circuit lines is substantially shaped

l'i ke a trapezabgyaadation fraferdbbemsed ioldnd ridigion healbe36is padigtioafist he circuit
| i nes abutti ng the dielectric is wider than the surface. As a result, a
| arge ar e@re¥idebyithesulfisiantly highracaydensity and:sas mosepver be shasplydeqused | s

obt ai ned I hi eved. Wth

cirout  taPld PR SThARe ke uR R BhBghs AEHLE PRlEl TC2S of

t he flankseofust irethe €odused lasdriboan anceabﬂggdemilgés mliieveammm sufficiesthpr oxi nat el y

|2| ngsug]r O;Il_{llé}g@g &}é I esam%a]é}ée(rte ugiﬁ?ag%gg?o%s ?r?wﬁ %th \liaarglléh?atye; 1hseco %I reult
removed and which are to be exposed to light are scanned in this latter case so that the

surface regions are one after the other captured by the beam.

It is of course also possible not to focus the laser beam so that the entire surface of the
substrate for example is simultancously exposed to light. In this case, a mask is used
(either in contact with the substrate or without contact by way of an optical system) to
shield the surface regions in which the metal pattern is to be formed so that, in these

regions, the varnish layer is protected from the laser beam.

To selectively remove the varnish layer in the regions of the base metal surface that
are to be exposed, an excimer laser is preferably used, e. g. an ArF-, KrCI-, KtF-,

XeCl-, XeF-or an F; laser with a constant output of 300 joules/s for example.



fromunder the surface of the circuit lines. The wdth of the circuit |ines
can be set to be reproducible. Circuit lines with a substantiall+y] domggggnt
structure wi dth of about 20 um may forl0exanpl e be obtained. Variation in
width [ies within the range of at nost 1 um Electric integrity of the
entire electric circuit is thus secured. Mie specifically, the problens

t hat have Théisordigtisesarees ipatiictlady wellruiteditosahlate wernish layprs @ps@iingad Al do not

occur. Failures in.subse nt.etching, of.11..-1 JUN 2005 .t exposed copper
ayer haye 4ot padat R BRYR Y PR st melond il Bt s GRERT LT LG
be processisleculds oMt tarhible 1agaF ine Ureliemibyi riedne GO VRGvRIdtesdibtheh. sur f ace
regions corresponding to the circuit lines have been treated by | aser and
after a protective coating for etching nade from netal has subsequently
been deposWhendusing arhexsémenlesgi,dhe enemgy/dénsity atghe thoafiothoifreapmeisl em and wi t hout
| eaving residues. Pitting-]|i etchin in the netal pattern have,not been
obeerved AR mokS R RO par Gl ER e BB AR Per o

exi sts no jAfRRHeRRh, WHEd e kpdidQe dhsdhite 1R ietcanaek drbgUhd beadid ers @ In
contrast to known nethods, application of a solder resist nmask and
subsequentredused s wheroerpebura tineenid apeoydinglyfprelonged wips! & thiosamsttimpe 8sent any
difficulti eﬁ.e SIuESt hee f'grst C%Seﬁ’t acrllp)g_sfi gu%ecgfa tq)%asol der resist mask to the
circuit |iAe¥S t@%oﬂ”aﬁgﬁg%?? PRONSRESRY EsE™  he surfaces of the
circuit lines can be satisfactorily etched prior to applying the end |ayer.
The net hodpimakat Ad&Grd*ﬁYg t’&»‘%ﬁé‘ﬁw@ﬁticﬁh’be%ﬂﬁ!i b/ fobm it patEAYnGehidk gRr di ng to
the invention is of greater ease as conpared to conventional structuring

t echni quesingsit liges hpive sonatwiesridtha e 56 omeand lessi Gircwitlinesgnayt ©r eShmplodeni sh

| ayer in rticul. requi nes .no . further.chem cal devel nt...Addi tional |y,
. mexi mumiPRSE RiEh bgvedo qingstdBstangl: region DL & B v dth ot U Tence 11 mmy
be carri ede@itn oFthd\@Huit TRSK & subfaR RNy SRS dikdiattRipb Al ahd ¥ ha$Babnces em tting
in the visible, nore specifically in"'the red or infra-red region of the

spect rum feendcthatrtbe hasgsireared theaicquitdings pbuttire thedde@dois wider thm e 31 065 Al ,
EP O 757 885. Bl ,and ERP 0,469 635, Al e ultraviolet radjatiye sources
Hoed aneortiTA A8 AR, LEEper R Emcs heGeth fotiteft fhes rRChf el

is obtained and optimal adhesion to the substrate is accordingly achieved. With circuit

lines of about 20 um wide and about 20 um high, the steepness of the flanks of the

circuit lines, called undercut, amounts to approximately 2. 5 um. This signifies that
the base area on each flank of the circuit lines protrudes by the indicated distance

from under the surface of the ¢ircuit lines.

The width of the circuit lines can be set to be reproducible. Circuit lines with a
substantially constant structure width of about 20 um may for example be obtained.
Variation in width lies within the range of at most 1 um. Electric integrity of the entire

electric circuit is thus secured.

More specifically, the problems that have been observed with the method described in
DE 37 32 249 A1 do not occur. Failures in subsequent etching of



to formforest netal patterns, nore specifically with structure w dths of 50
umand less. This is nade possible by the fact that the varnish L@y@h my
be renmoved fromthe wunderlying base metal -1 JUN 2005 12 surface *a.
readily b. without any residue c. |eaving sharp contours d. that the base
nmetal |ayer may be renoved in the exposed regions without substantial

under cut ali¢ exposduecopaeminydn hheg/mot beers orerredr SH the suiface wdions bfthei t hout any

resi due and l.eaving sharp.coptours. 1t. has been faound t.hat on usin

radi at i ve UatiT B et U IR s vamsh IR S vl gt M Sr it g

wavel engt korradpoading o e cifdBit VidésHavh bbéyeéatddSoyIaler 38€ bfier BPidteetive MOT €
particularly not be carried out |eavin sharE) cont ours. the contrary, the

st ruct ur egoating far stehingyeade dione metahbesssubpesiritisipacn dapesifad i B8 our s.
Mor eover, réé?lisg_gqsa%#%%&%gd with?ﬁt@?@@%gga%@;} thke%‘glﬁg chapel s formed on the

base net al e reason e removal of the varnish
| ayer using the electronagnetic radiation in the visible and infrared

region i s pifiREIRE efdBiR kY tHeGletAPAtienHavs HOSERA bbdirled fABREaARYhE CogRrit 1S the
case when ultraviolet Tadiation’is used. In the thermal process, reaction
product s flaysrhaskeenatchedh | ayer are forned in an undefined way, these
reaction products nmay in parts be of high nolecular weight so that renoval

of the varnish layer is inco ete. on, account, of its | ow vapor. pressure.
Exci mer | A4%PeVer BersxisteRA %FSB{?% fortleh irRpsine B@ﬁéﬁi’sﬂéﬂf;‘&&g%{f@gﬁ n the
ul travi ol ghntrfRROEH RN MBRoEL PN BES 818G rEé?&Bfnzi%EraﬁHkuﬁs_@ﬂgénE ain a high

radi ation density 1n this wavel ength range. Processing ti needed for
sel ect i veldgpositmanvofimm enddayeaphiniskeligaldedo nat presomsing eliffiollyies.doltleefiksbs a resul t

t hereof so that, the throu ut . of rocessi. l.ant rovi deq with such
Fact 1111 eSa1% athegtmat s aen st osk e ciait o 16 v gt tieni s et hod
i's suffiCiggtindatddhe sHABCATRITARMLIAGA AL 8B BeQatifiRctbANEAMHABBRE T UT t her

advant ages over the known
applying the end layer.

The method of abating by means of an energy radiation source according to the
invention is of greater ease as compared to conventional structuring techniques using
photoresists and screen printing resists. The varnish layer in particular requires no
further chemical development. Additionally, a maximum flexibility of the structuring

process is achieved since it may be carried out without masks.

As contrasted with radiative sources emitting in the visible, more specifically in the
red or infra-red region of the spectrum, (such methods are described in EP 0 062 300
A2, DE 41 31 065 A1, EP 0 757 885 B1 and EP 0 469 635 Al), the ultraviolet
radiative sources used according to the present invention are particularly well suited
to form finest metal patterns, more specifically with structure widths of 50 um and
less. This is made possible by the fact that the varnish layer may be removed from the

underlying base metal



met hods: a) in the process of etching used to structure the base netal
surface, 1 JUN 2005 13 protection of the bores in the substrat es_1i§ 05
effective so that a dependable resistgnce to etching is guaranteed %M”
nmetal layers in these areas are not affected; the same is true for the
varni sh | ayer remai ning over the netal patterns on the surfaces of the
substrat esiirfad®) the substrates coated with the varnish |ayer are

mechani cal ly insensitive since after having been subnmitted to drying and if
need be to a heat treatnent, the varnish layer is scratch resistant and
nmor e speci fi @altadilyesi stant to fingerprints; c) the varnish is not

phot osensi tige aﬁj?%]{’iccordidn ly is easier to handle than conventi onal
phot or esi sts;" (W BVE MY he var ni sh | ayer may readily be renoved. An
anaphoreti c yangi dhsrgdoatqirabl y used to formthe varnish layer. Such

varni shes are readily rempvabl e by neans of al kaline solutions. The

copol ymer shédulteptizg/ease metdl davenwiay §e prragiedin the:expypsedgegiontwebBown to t he base

rotal surf aces o ARKSPAERHL AL te LoplTaRP R Neen SR ERS ety 000

resi stance to ac copper € ants, to a rochl orirc-aci 13 solution

for exanpl e; c)wilHoushgulesidesid i¢avifig ElfPYahb@sf rom t he base netal surfaces
and should not |eave any residue behind when irradiated wth ultraviol et

radiation; d) It should be easily renovable fromthe base netal surfaces
with an dthesdesy famind dhdt oe usiogwadiativeisooreeinghe (gsibleand asfearadXragiohayers (2 %

by wei ght NaOH sqgl utjon).:. e) od e si f.yin ower .in agueous solvents for

use as an I%b??’&?"g?li‘%h’ Wwwﬁ,ﬁ%f‘jmﬁwa&fa}g@%ﬂgwsi@ﬁ8?1‘? T"gﬁ’perat ure Tg bel ow

100C i n ongigfculRly3HsRbabdBed ol BAVIRS flabp AtANEO BE Oty thY SirSihiRET at es.
varnish layer often shows flanks with unsharp contours. Moreover, in these cases,

residues remain in the channels formed on the base metal area.

The reason therefore may be that removal of the varnish layer using the
electromagnetic radiation in the visible and infrared region is thermal (pyrolytic) and
not substantially photolytic as it is the case when ultraviolet radiation is used. In the
thermal process, reaction products from the vamish layer are formed in an undefined
way, these reaction products may in parts be of high molecular weight so that removal

of the varnish layer is incomplete on account of its low vapor pressure.

Excimer lasers are particularly well suited to generate radiation in the ultraviolet
range of the spectrum, because they permit to attain a high radiation density in this
wavelength range. Processing time needed for selectively removing the varnish layer
is considerably reduced as a result thereof so that the throughput of a processing plant
provided with such facilities is high enough and hence the cost for carrying out this

method is sufficiently low.

The method according to the invention has further advantages over the known

methods:

a) in the process of etching used to structure the base metal surface,



For an optimum varnish formed with the copolyners, a conprom se has to be 14
-1 JUN 2005 found between the need for sufficient thickness requi r_eld ﬂ"??ﬂﬁ
maki ng sure of sufficient resistanceilo etching and m ni numt hi cknes‘é
guaranteeing fast ablation rates with wultraviolet radiation. For this
purpose, the varnish is preferably nmade of at |east one copol yner forned by
t he copol ypmeteactien bbthe bbrestim tiesnbstmtdses effettive sorthah e dgpendpble oepmEtarse by
met hacrylic_ .acid, C - kyl t hacryl ate and other esters thereof, C3 to
G0l kyl et eyt and mial Yt B o PO gReae Ty e (a8 MR oxy ol Kyl
met hacryl ghethaRamahneyer 8hfhgloVer tﬁ@hetalfpﬁ@erﬁ!; Y theFupRs oFfpehi ch have 2-4
carbon atons. The term al kyl (neth) acrylate designates both al kyl
acryl at es sabstratdskyl net hacrylates. It is to be understood that the
copol ymer may al so conpri se nononers ot her than the above nentioned
nononers, __e. g, Styrene, | eic acid and the esters, thereof  In referred
enbodi mentb) ﬂafe%uhat&t%ﬁ qoeteée#lrﬁl@ﬁawq@ﬁﬁesmﬁﬂ@% Y%w%vem@%@& ed by
mal ei ¢ aci ’ [ . t ood t hat
The var ni SRl SiorBRLAAREERE 1 ncKlf bk R HRN Bekiment A et 8 e by
copol yner isefatuh redistaattznd enare sydcificalip nesiatars to fimgepnintst he copol ynmer, net hyl
met hacrylate is nore specifically used as the C-C2 al kyl nethacryl ate,
butyl acrylate as the C3-Cl10 al kyl acrylate, and 1-hydroxy ethyl
met hacr y| &0 ehe vamghyisael phatpsensigise aadaopprdinglyis qapisr ?Oésaaél?ttﬁ% hydr oxy propyl
acryl ates coﬁ{/]&tiﬂﬁﬁg)hﬁ?brés@s‘?s-hydr oxy al kyl nethacrylate. To produce the
copol yner, e nononers arée preferably used in the following anobunts: a)
met hacrylic acid: 1-25 % by weight, b) Cl-C2 al kyl nethacrylate : 20-80 % by
wei ght, i) nfetedwt théldedish &Gy nal feadild bOEerieveYd. Wei ght, d) hydroxy al kyl
met hacrylate : 0-20 % by weight, the sumof the anmpbunts of the above
ment i oned nononers anounting to a total -1 JUN 2005 15

An anaphoretic varnish is preferably used to form the varnish layer. Such varnishes

are readily removable by means of alkaline solutions.

The copolymer should have the following properties:

a) Good adhesion to the base metal surfaces, more specifically to the copper
surfaces;

b) Good resistance to acid copper etchants, to a hydrochloric acid FeCI3
solution for example;

c) It should easily be removable from the base metal surfaces and should not
leave any residue behind when irradiated with ultraviolet radiation;

d) It should be easily removable from the base metal surfaces with an
aqueous, alkaline solution upon etching the base metal layers (2 % by
weight NaOH solution);

e) Good emulsifying power in aqueous solvents for use as an anaphoretic
varnish;

f) Low glass transition temperature Tg below 100°C in order to guarantee

thermosetting even for sensitive substrates.

For an optimum varnish formed with the copolymers, a compromise has to be



of 100 % by weight. If a C3-Cl10 al kyl nethacrylate is used instead of a
C3-C10 al kyl acrylate, this fornmer nononer is to be used in a confiﬁﬁ[ﬁgly
hi gher concentration, e. g. in a concddtration of 25 - 75 % by we é) fSuch
an increase reduces by the sanme anount the content of Cl - C2 al kyl

met hacrylate, e.g. to a proportion of 5-40 % by wei ght. The copol yner
cont ai ns rfewrddmtyedndheoeed foosufficient thisknebs egjuaned dér mitany surniof buffigiget to t he

base netal surface apd to.quarantee  sufficient emnmul sifwvi ower .of the
copol yrer esiiies {E sGbigRaREAH AFefel of bSfbusfbe Pl PR o ounds 1 n
t he copol yieividlst ta@@tion.ow, adhesion is too low. On the other side, too high
a proportion is also to be avoided to nmake certain that the varnish |ayer

may be conpletely (w thout |eaving any residue) cleared off when abl ated by
| aser r aditar thonpapdseptheeragpsitisiirefalably miterofiahkeastionyg eopaljinkr fommedbge net al

copotyrer LothpaRtertretdh pRRRRS SRR e a0 Baridathihani o
properti escidle €, 3RSE hietifadhylate bl Geistedd thbfeBETS t@fﬁlﬁﬁlﬁyltf(ﬁle&i)}ﬁﬁfﬁﬂatéo the
gh,

practical requirenents. If its proportion is too hi copol yner
enbri t t | esndther asiers theeeafae welllne hydrony atkybaetbdcrylaty anghasher avierd theteafi on of

h | i bl enati.c., | i t4,0on | | t he, |
bt ai ned 18 By S TGy 2d ExnBLABRE HB0eid ah P @t sl 07 et chi ng
when the hkR§iendB Gth auu[yf Af¢lales aRPAIRA Héthate{ltce At iskb e GRd&ek@od ey theacr yl at es,

nore specifically but acrylate, are also used to optimze rigidity of the
copol yner coppizmei may Alse sowprigromeneraerp pthge than tharboye megtipnesk monanerget hyl and

ety et NGB ol S SRSl HELIPTAIPLR BILEGIG Ahgge (ransi(lon

t enper at ure® e copolyner. S re’s ' the | owest

possi bl e imeth@iglRr acidarket@ edtbre theesarenntberwbitutet ®fimdl¢ie atidrnd taf ter | aser
abl ation as | ow as possible. This is necessary to mnimze thermal stress

of the di erteetthergokupstrate and of possi bly other electronic 16 -1 JUN 2005
conponents that have already been placed on the circuit carriers to be

Phe Ta vairdeeanr Gas Gl b BBR b AinRb st oo pRREPIRBER butyl
acryl ate ythal #s by forrfed BY &polyMirBMMAhe hBove acrylic monomers.

To form the copolymer, methyl methacrylate is more specifically used as the C-C,
alkyl methacrylate, butyl acrylate as the C;-Cyg alkyl acrylate, and 1-hydroxy ethyl
methacrylate, 2-hiydroxy ethyl methacrylate or the respective hydroxy propyl acrylates
are used as the hydroxy alkyl methacrylate.

To produce the copolymer, the monomers are preferably used in the following

amounts:

a) methacrylic acid: 1-25 % by weight,

b) C;-C; alkyl methacrylate : 20-80 % by weight,

c) C3-Cyg, alkyl acrylate : 1-50 % by weight,

d) hydroxy alkyl methacrylate : 0-20 % by weight, the sum of the amounts of the

above mentioned monomers amounting to a total



this case, protection of the base netal surface agai nst an agueous chem cal
etchant is additionally inproved. By using the hydroxy alKkyl met hajgnyiieat es,
adhesion of the varnish |ayer to the lgse metal surface is optinized. By

i ncreasing the concentration thereof in the copolynmer, adhesion is
enhanced. The upper Iimt to the proportion is reached when the copol yner
can no | ondgéf0 Bebrwenijghet el y renoved fromthe base netal surface using an

al kal i ne aqueous solution. If the reaction occurring during the synthesis of

t he copol rrers |s dequately run, the her of ca be optim zed
further. Vﬁ%ﬁ%redﬁéﬁddflﬁ éé %d lf’gorﬁreéduci ng

copol yner cull; : of
15, 000 t(ﬁn *‘%‘*8%“%W&“nﬁi&sﬁéﬁﬁ%@‘“%%‘%ﬁ%ﬁ%%é ?ﬁ%&?%‘%&ﬁg‘?%‘ﬁ”. My
i's too | owf26R&5C0bypiweight. Srishai meuledse raiyeesrbytthe sand smawmd tikoemitendbf have t he

required resi e to etching., A varnish ol ymer having too high a
val ue for Gy rﬁ@?lﬁarrwcé)flat&%gﬁﬁal%‘ﬁ’é’&m %tygré(gd/a]i’ g‘rgh'corrpl etely renpved
fromthe base nmetal surface. The index of polydi spersiveness Pi of the
copolyner atio - MV val ue by
nunber s of 8 %necu aé‘ﬂﬁgﬁe &ggaélﬁtéé B%thQ weiswccgﬁhg%&ﬁ I%P{h m zed by
t he way t hke bz&ametairsuxfmnﬂrtmguaimtbaglfﬁhent enyulsifiesg powér dffilee crqxogln)erer s is
run. I n choosing a]é(val u nore, speci |caI_I%Oof 2.0to
fl

f 1.5 to 3.5
2.5, var nil8RqUeRYe alew%ﬂ)‘genb% Iafdaﬁelgaﬂ%a{tgwglp@%@ indls CapohrReristooet chi ng
possi bl e. (Ihi e?théiBﬁf%%G'iowso Q)tl?e'? sldd og?ﬁg.lf uéx‘ag?rtt@ﬁ i€ 6%e°afvo§4}|e varni sh

contai ning the copol yner - "ower t e nore t m xture
of copol yn&mkmeﬂtamr&mtﬂmu&mrﬂi lagzerlmatylwedogml&e]gt(wahom:demyn§w hesis is

honbgeneou hat, Lf.th va for i's h enq | ess. parts of
copo?yrrer srefﬂ‘é‘\‘ﬁ?ﬁ a‘&’dloét\)”]{}%ﬁ %Fy G ra‘ilaH‘UP\FIQGGgre SP?“Q%QIYC‘B]FRW ed. Through
the use ofj, GJ?tthHPﬁés\érﬁ%t sulARY i ‘é@%@&%ﬂ?&@x{i@?d%ﬁﬂ%%lkﬁlﬂw‘ l\e/xl%lueé‘iﬁde

possi bl e. e nmean val ue by wel ght ul ar wel ght Is for exanple
det er m nedobyion.

The copolymer contains methyl and/or ethyl methacrylate to adjust mechanical
properties, more specifically to adapt stiffness of the copolymer to the practical
requirements. If its proportion is too high, the copolymer embrittles and can fracture
when heat treated. Moreover, manipulation of such layers is problematic. If its
proportion is too low, the layer obtained is too soft and does not have the desired

resistance to etching when the base metal surface is being structured.

The Cs3-Cyp alkyl acrylates, more specifically butyl acrylate, are also used to optimize
rigidity of the copolymer, wherein these components proved to be antagonists to
methyl and ethyl methacrylate. This component furthermore affects glass transition
temperature T, of the copolymer. This temperature should be the lowest possible in
order to keep the temperature for heat treatment after laser ablation as low as possible.
This is necessary to minimize thermal stress of the dielectric substrate and of possibly

other electronic



means of size exclusion chromat ography (SEC), nore specifically by neans of
gel perneation chromatography (GPC). The nean val ue by nunbers of 1t gl 2005
mol ecul ar wei ght MN may for exanple H& determ ned by osnonetry. The two
met hods are actually known. By utilizing the special copolynmer conposition
and nore specifically in using the specific ablation anplifiers, extrenely
f ast renowampofienthibabipyeiabdadydrean placédgrethelpyrcuit arrignsito be pracasicdt Aon i s made

possi ble. .,This i.s,achi eved on.opne hand by havi ng. t ar ni sh osi tion

P or mul at edmtieg L PRy ton SEC G lR gro b s v e PLBES ) P and
anount s t Qe hild, @od Hidh apropbrtitt &f BRIty ABS _@ﬁiiwa?e@mwwn{mre
specifically to fromI to um resistance to etching of the netal pattern
areas coatthid casg pietectien ohthgibsse metgpbsurfage agpinst po aqueohaphensigalteighiaat iSor copper
patterns igdﬁfﬁ fli Cf'mentv dn that the varnish | ayer is capable of protecting
so wel | tH uﬁ’ﬂ%’iylpﬁ%qayers of base netal against etchants, thickness of
the varnish | ayer can be chosen to be small so that ablation rate can be
consi der atﬁ)b’ué_iﬂgcﬂh@ﬁ?@ﬂéx? QMR PmBMadilakdl OYMheTBA BOAR vafdist 1Afer@b R basband by
additional I'y inserting the conpounds of the ablation anplifier, ablation
rate i s aduoktelisorfadd ip opticiizedsBy intceeasing thexeamaentration itheneaf in fie copolysuert t her eof

with ultravjolet. radiatiQn, exposure.tines are. achieyed fagr renoving the
Varni s | &bl bRl np S ko s s Rt Beanr y short er

than proc %?bl@ﬂlei bdiBrfo 10hgdfR\WBmPRIP tmoved TR SR WakOMBAI Qirffee VidinBlagh may

contain further customary conponents such as dyes and pignents for

i nprovi ng absabive equaeys prlviar-t i es of the varnish and an optical inspection
after structuring, then plasticizers and inorganic fillers that influence

flo ro ties..(theol o of the r Qi f or anpl e,, noreover _bondi n
agent s e 1F e 1) BN s be SrmERest chthe fone bR AU TRA Fily Whance
adhesi on %froﬁe?@esacﬁé}lsb% b\é%’%lfxﬂéd'fﬁﬁﬁ‘ér. T‘lﬁbﬁ@ﬁoﬁﬂ?ﬁ%ﬁfﬁéﬂ}rbﬁ%ﬂl& arel JUN 2005

18 undernéath. In addition, the varnish may al so” contain surface lubricants

f or opti maghieyed prpsedrgigrppplyopes haverg omearhealsuby weightef tho atodetulaict h t he

The ‘subst are S ol o P IRLe e Lin G e rctineDiea? 5o SBTERO fERmET 20°" °

aqueous  Tf Mw is too low, the copolymer obtained is again too soft and does not have the

required resistance to etching. A varnish with a copolymer having too high a value for
this parameter can no longer be readily and completely removed from the base metal

surface.

The index of polydispersiveness P; of the copolymer, which is defined by the ratio
My/My, My being the mean value by numbers of the molecular weight of the
copolymer, can also be optimized by the way the reaction occurring during the
synthesis of the copolymers is run. In choosing a value of 1.5 to 3.5 for P;, more
specifically of 2.0 to 2.5, varnish layers can be produced that make good resistance to

etching possible.

This parameter is also an indicator for the action of the varnish containing the
copolymer : the lower the value of Py, the more the mixture of copolymers with
various molecular weights obtained by synthesis is homogeneous, so that, if the value

for My, is high enough, less parts of copolymers having a low value for M,



solvent. In addition to water, the solvent may al so contain organic
solvents, nore specifically hydrophilic solvents such as nethyl ethyly 2005
ket one, di oxane, nethoxyethanol, dietiyl ene glycol as well as esters of

et hyl ene glycol and diethylene glycol, ethers of ethylene glycol and

di ethyl ene glycol, esters of propylene glycol and ethers of propylene

gl ycol . Targpeanthinesl. Theough ithe usk of sieh capolymene imponediresistanontengtehingys first be
honbgeneousl| disgglved in the organic solvent in a concentration preferably
of from fﬁ“%ém % by wei ght. Then, the sol ution/enul sion thus obtained is
received in water. Subsequently, at |east one base is added to neutralize

the acid M‘fﬁe%n%ldehﬁr w&@ﬂ@fﬂ{‘éﬁlﬁple&h@r WasR Mﬁiﬁﬁ%ﬁ%ﬁlﬁpl@%’féﬁnﬁﬁh%t ed from
the group conprising friethyl am ne, nondet hanol am ne, norpholiné, ammonia

and sodi ummdaps pbsizelexch@idreshromatography{(SEY), moreadpevifically bemeatsyofgeko be used,
e. g. tributylamne. pH of .t sion | djusted tp.a I rangi ng of
o neut Pama oSy 0T T Sl tave SRS pOR s e T ope of

copol yner .ydight Addhig fb&ahpiebe dh@mBRIdUWY dshiaeBFUTRE fvd MEthoBO¥Rr of the

conposition in water is inproved so that an inifially turbid enulsion in
wat er t ur rastually bnewn.al nost cl ear solution. The solids content of the
enmul si on obtained preferably anmounts to from5 to 20 % by weight. The

production, prqcess.indi cated, herein above may al so, be, changed. The varnish
Payer can beaitlizing b seet ﬁ@@ﬂﬁ%&@&%@swnﬁ%ﬁérwealf@a&m%?@gﬂle

el ectr OIOh%@éiﬁ@aﬂ@ﬁ&?ﬁn%lﬁ%rs,teﬁﬁérn&grfﬁ’éi’%&noyta*ﬂSf the %g%ﬁ&lt\%nﬁlﬁl?l’dy wi th the

base netal ™ surface i1s brought, together wth a counter elecfrode, into
cont act wiultnavidlet radiatios is madmossibie. dmid isachidved ge ohs hapibhy vidgtheveen t he

substrate and,the coynt el.ectrode, 19 - JUN 2005 . Layer,.t hi ckness of the
varni sh préfiiLgmpo ﬁ’é’ﬂﬁ{"gn‘llﬁte{lﬁl sk a "YE%TH%‘SE‘ “gﬁﬁffl%lmseﬁ%‘l‘{irql? E’é(F’i ¥ to no
nor e than galMndAtholiRE o &6 afdrd iHad |1ﬂn};ﬂeffefa91?té nbnére ¥iln ThSnlARkRE certain

iaals
of an extrenely fast and dependabl e rénoval "on abating with ultraviolet
radi at i on.sp@nifieallytie froar hicshuayesistanas tobatehing of ifre anetaltpattenaiasdas soated s

oener al | R A D e DO O PRS0 b
purpose, thf t8dahicRASrel B chiblEXBITeBtitl dodlell the@mnderlying layers of base

metal against etchants, thickness of the varnish layer can be chosen to be small so that

ablation rate can be considerably increased compared to known methods. On the other

hand by additionally inserting the compounds of the ablation amplifier, ablation rate

is additionally increased to the extent mentioned. As a result thereof, with ultraviolet

radiation, exposure times are achieved for removing the varnish layer without leaving

any residue that are considerably shorter than processing times of known methods.

The electrophoretic varnish may contain further customary components such as dyes
and pigments for improving processing properties of the varnish and an optical
inspection after structuring, then plasticizers and inorganic fillers that influence flow
properties (theology) of the varnish for example, moreover bonding agents, e. g.
benzotriazole or other similar compounds that may enhance adhesion of the applied

varnish layer to the copper film lying



convection drier or with infrared heating by radiation. A conbination of a
continuous- flow drier and infrared heating by radiation or hot air {panNh(iRY
al so be made use of. Then, the substri8te is exposed to the radiative source
in the way indicated. The thereby generated gaseous products are drawn by
way of appropriate punps fromthe inmmediate surroundings of the substrate
in order wodgneatledn addition thayamstmmdlmcmntegn surfawdndnrmgnta foroppingpiagpl y

f d | b h .l di h b
2 b anke & GHSRRRTER O] L SuTAA aurbet hcveii WOE B RN fesi's: " Tayer,

extrenel yemumfyﬁgrdg@ﬁﬂgr@% gl;&yacagcﬁwageﬂtsl n the resist layer. The structure
widths that may be obtained are considerably |ower than 20 um

Alternatively, scattered laser radiation, with a section of the beamof 5
cmby 5 cmhbcsubm:mmentmmﬂasﬂwefeb@lyjélamlvedlorem:ul:sﬁcthsleqn Foudoust i on i s either

directed on |aa that is i rect tact with the
substrate Q{Y Erbad%ﬁw rrglﬁ Sggelﬂ)trlﬁ?ye?:lf‘%‘&o%ﬂ{l(?r%aﬁbc SQEJ‘F {}65106? way of an
opti cal S)éﬁé&mall%ﬂﬁ)ﬁﬁﬁ 1% sBlv@ﬁts%ﬁ&P&trﬁétﬁﬁl athyl et adigkneand steep flanks may
be formed In theSe cases too. After the |layer of varnish has been

structur edndibﬂmﬁlﬁsoloﬂleﬂmema\gl}@bleas welbasastesnof etiideneglyenl aed diethylankaces t hat
h b by .. i If th f f
nave b |t LSS Rl BBl hE PR a2,

used for tehRrPerResRenc/sfuIr ochl oric acid CuCl 2 etch solution 20 1 JUN 2005
or a hydrochloric aci d eCl 3 solution are particularly well suited.

Al ternatively an amoni acal etch solution my be used as well, since the
resi st of ﬂé)rmoéudeftha:\'rmish the gbesteanatiofied Sompanentsmayl fiead be at pH < 10. After

| of the bas t that h laid h h |
& o et amaBTogeT DTy S aed AURe ohniesohPn Ao reRah BtaE O BOFL her oot al
| ayers meyo b B9, B wAaheHeAne 8iBtiSdEm IBIGA! 0 AR ALs 1EGRAUE vidral | ne

solutions are particularly well suited for the purpose, for exanple an
aqueous sdubtdquently, atleakt one baschoadded t@nelé;rahs@th@tacmigroﬁpseafdhum hydr oxi de. The

(hus o5t o e, CoPRE L BB S Bt 880t B ShALL K COTLOUERS) very Tine
amine, monoethanolamine, morpholine, ammonia and sodium hydr0x1de. Other
mono-, di-or trialkyl amines may also be used, e. g. tributylamine. pH of the emulsion
is adjusted to a value ranging of from neutral to slightly alkaline. The optimum pH
depends on the type of copolymer. In adding the base, the solubility/emulsifying
power of the composition in water is improved so that an initially turbid emulsion in
water turns into an almost clear solution. The solids content of the emulsion obtained
preferably amounts to from 5 to 20 % by weight. The production process indicated

herein above may also be changed.

The varnish layer can be applied to the substrate by means of a customary
electrophoretic method. For this purpose, the substrate provided with the base metal
surface is brought, together with a counter electrode, into contact with the varnish

emulsion and a voltage is applied between the substrate and the counter electrode.



After the netal patterns have been laid bare, at |east one nore netal |ayer
can be applied onto the netal patterns by neans of a nethod of el‘ef:tgﬁ”m?S
plating. Appropriate netal |ayers or 18onbi nati ons of netal | ayersbal"’
deposited in particular in order to protect the surfaces from corrosion and
to form sol derabl e and bondable surfaces or to preserve those during a |ong
st or age t iLager thickuease of the vaimishoprefefablgnampungyto ref moferthamb phye ndeposi ted in
order to formsal derabl e surfaces., To obtajn ndabl e _syrfaces, first a
Tayer of APy b Fiore B o R And s mpo e R €7 ZinT OBy Mish hopt e
onto the GeRARLSaYEiPRGRIy fAsta dpendabldremeflald MHabhg deBeskdvislet t he

additional netal |ayers, the copper surfaces of the netal patterns are

first prepahaidn n using for exanpl e sol utions containing surface- active
agents. Another additional possibility for preparing the surfaces consists

in slight tchin he copper .sur es.in order ta create.a m croscopic
roughnessd F%we ygrohals%g?n f%e‘%’gﬁ?ﬂg’rsrf‘fﬁl‘%@q“ieﬁa?lp’é@]éﬁgn‘adhere tightly to
the coppemnosifibidEBard&td by H3hStr2HhARSE sol SRR Y, BIuS Pr&QliME itoR®h fRr  coppe

are enployed, that is acid, aqueous solufions of oxi di zing agents, e. g.
sol ut i ons refuirgt keslistanse tostehini skidrshia purpobs; dircogdstrate & fox Exrenple dued et e.

Bet ween t hese and ,f.urt he r.ocess stages,. t.he surfaces arg rinsed in order
to compl ctoRFRangUd ¢ aui R saind O pieict; A RPRERERoThER PHBER e
previous flowedidrand mﬁq}edﬁe&wbggﬁﬁaﬁoﬁh@m 4P path en B abRSIRAMERPRLIOfr €gi ons a
| ayer of tin or of atin alloy Tor exanple serving as a solder |layer or a

| ayer of nickel and thereupon a | ayer of gold serving as a bondable surface
ar e f or mnedhey, thetelistrate posiposahto thhedativayeurse al the wagindicttal. dhet ect  t he

netal patterns agai nst oxidatipn. Th | atin aths used to formthe netal
Tayer s by (RSPl aapap Sl S HataRs VAo SRPOPRE GHIPS PHLIEe, he
coating SHRRRdHRN{urRNIBMinPAYELE SARHERTIA bRftr R} brevd? 8 reWDS ) #ofn fotmingsed and
dried. The method nenti oned herei nabove can be carried out using various
techni ques. The substrates provided with the copper filnms may for exanple
be i mrer sdd using @ vehyeshamplpfoeasidrigses béant fromswhioh laakangedradiatib@nksoundingr ef er r ed
met hod for,  bringing th

the malrrllqaeagl is bfanked out and which is scanned across the surface of the resist

layer, extremely fine structures may be formed in the resist layer. The structure widths

that may be obtained are considerably lower than 20 um. Alternatively, scattered laser

radiation, with a section of the beam of 5 cm by 5 cm for example, may also be used.

In this case, radiation is either directed onto the surface via a mask that is in direct

contact with the substrate surface, or radiation is projected onto the surface by way of

an optical system.

Extremely fine structures with straight and steep flanks may be formed in these cases

too.

After the layer of varnish has been structured by means of ultraviolet radiation, the
base metal surfaces that have been laid bare are removed by etching. If the base metal
surface of concern is a copper layer, a customary acid etch solution for copper can be

used for the purpose. A hydrochloric acid CuCl; etch solution




substrates into contact wwth the processing solutions consists in using a

process of continuous horizontal operation for formng the varnish | ayer

and for renoving the exposed copper f20l ms. This process consi sts"l__TnJU 2003
conveying the substrates through such a plant in horizontal direction of

transportation. The substrates are thereby held either vertically or

hor i zont alor ¢ hyéirechlesic atiddteChasobytiontiee sartieulardhy well suitedaddliernalieelyonveyed in a

hori zont al__di rect'*o,[nléof1 .ransggrtatdi an. 1Th1% Stglle%si'(%%'%f gsasrlllggei qel ivered to

t he subst FEIROETA &E §°B§}°I}rﬁl§ © 1o pF b Pngt B AT AEE SHYRY they are
brought i Régst@@BI(AGIMAY td@RNEatgfd &llow nozzl es, jet nozzles or spray nozzles
or, in processing baths, with the processing fluids. To produce highly
integrated circuit carriers, the base material used for the substrates can
consi st ofAfiera¢raped of the hasametaklagerghiatdas besn laidbars, thnvaaish layetiss wi t h base
copper filns..The productio rocess of these erials, ks actually known.
bependi ng RELREO 1t actn Bield PideBuare RRGe s iR PuBBot®an ne

appl i ed oRm@ K RposittdRidths ntkes pafémé. Neqneaid AlRAlineWBRLILAS Sre Phitidulaplye coatings
are al so conceivable, a circuit pattern being formed in each new | ayer by
nmeans of tWedl switeth it the pepesen fpricsample anmguenus splutign pEsodian gprbenate ki nost
indefinitely. .22 + T.J Q increase signal wiring density. It is evident
that the rsgﬁs{lﬁlg%tolf\s/oedl%lgr%ﬁ%f(?d\% pattern nust be finished before an additional

dielectric layer can be constituted. Fig. 1 is a schematic illustration of
t he met hodRerey dhtfifled CphBepdtteMeR prdiiidedByith giae%yrc@mafea,sv&¥ &in¥ 3bpesh | ayer 3
is applied onto a substrate being provided with a copper Tilm1l and

subst ant i tmgturss that heyesjedpeapdrstraight Banksy resin 2. According to Fig. 1A the
varni sh layer is partially covered with a mask 4, e. g. with a contact

metal mask._ U traviolef |aser. radiation 5 emtted b Kr F- exci ner | aser
for exan‘pﬁ%ﬁrW%mP@ﬁpﬂegﬁ%PBE@'ﬂ%ﬁgkaﬂ OBHIETE Hét"\?éaryﬁ’f%ﬁ‘? “ayer. In the
exposed ra%ﬁli%tomﬁné’tﬁf M&s'b?ﬂ%ané”of £ nleRUIPKIeLRIRYESafiddm t he the copper
filmsurfaces 1. This can be surveyed fromFig. 1 B at" the places 6 where

the varnish layer 3 has been partially renoved. Then, the exposed substrate
i S br oughtApmbgriatomead tayeds toh cambinetiomsadf nedta Hayeed art idepysitad ihpadtiaddéinri ¢ aci d
Cud 2 | uti f le. Th d f
50 uorcl.‘le(% Qo prootcec%\ %nspurfg.ces fro?n g())(r?gs?oei\l an%ch %%n s?oLfcrlergglg fmg {)gndable
surfaces or to preserve those during a long storage time. A layer of tin or of an alloy

of tin can be deposited in order to form solderable surfaces.

To obtain bondable surfaces, first a layer of nickel in particular and thereupon a layer

of gold may be applied onto the copper surfaces.

In order to be capable of depositing the additional metal layers, the copper surfaces of
the metal patterns are first prepared in using for example solutions containing surface-
active agents. Another additional possibility for preparing the surfaces consists in
slightly etching the copper surfaces in order to create a microscopic roughness for
example so that the further metallic layers adhere tightly to the copper surface. For
this purpose, customary etch solutions for copper are employed, that is acid, aqueous
solutions of oxidizing agents, e. g. solutions of alkali peroxo disulphate, hydrogen
peroxide or caroate. Between these and further process stages, the surfaces are rinsed
in order to completely remove rests of liquid still sticking on them from the previous

treatment.



attacked in the process so that the copper film1l is renoved fromthe epoxy
resin 2 in these regions. This may be surveyed fromFig. 1 C at the pl aces
6'. In the process of etching, the degired circuit pattern is t}efHNé Jon

t he surfaces of epoxy resin 2. Then, the renaining varnish |ayer is renoved
using a stripping solution, e. g. a NaOH solution. The netal pattern
produced iTBehghttheosxpobel cpbatregipas § Fyer oftinB)r.of Resudlloy fof exahplassang f or
optim zing the nethod ane ingi.c t.ed, herei naftler: S%l t hesis of the

copol ymer &S 2 poldgg laygr ara layep of pigkclandthezeuponp 2 layer of g S MgAS®hes: To produce
the copol WaRAsble fRERY hredtbidd eiheRPddp¥RIibn aNtbse Biyers hlsd\dbin2 Q0 Protect

azobi si sobutyronitrile (AZDN) were given into a doubl e-necked flask, Then,

t he nononghsmelel patedereagainFhexidaiiont i on mi xture was kept hernetically seal ed
during the entire duration of the reaction. The proportion of ingredients
utilized for prodycin he, copol yners is.indicat in Tablje 1. To initiate

t he pol yrréﬁiefizﬂng aﬂ’ég'é?‘f@rf?mf‘ﬁ?? ‘ﬁ?tﬂ{]&?{%s%gleﬁ’ésa? .th?iﬁ-?sﬁia?{l%?’é? was kept

at reflux at:ﬂlﬁllﬁﬁ&%‘.rs (h). The conversion in [% determ ned upon conpletion

of the reaction i1s also indicated in Table 1. Upon conpletion of the

reaction, the polyner was precipitated fromthe reaction mxture with water

at a wei ghltfieralid eatihg stepaunbsti®ied hatcbech@aticdant, tof subbeate ¢adiisedand m xt ur e.

After separation, a colorless powder was obtained that was dried under
vacuum f ordti48- hat 60 to 70C. Mol ecul ar wei ghts of the copol yners were

determ ned by neans of gel perneation chromatography (Mwy,) or by osnonetry

(M, a P standar d. bei used eac ti for .calibration, 2 -n further
experi npn!t\fgq,% Igi}ﬁ?(ﬂl_g Ilcljtéongfi 'ﬁg{?&#‘, ?/}ff;e?aélrlﬁ/acgn&e rorul? gan%ﬁ?r_l%u)? t%cg]r?llque%o’ljrlﬁei nuous
pr ocessi NGubdttestphbidelwiR 8. cofiérfilas miaydbr &tenplOBé ihelbakd re@eieant s were
added at the beginning of the reaction, the rest of themwas added at a

| at er st agocesgg sutias copfaiigd in {pake Anprgtared metheshios hringing e r eact i on
i Xt o e. .1 . j i . i . Th
"t o R PRt BB oAb L oI RS UBp G BLubliEs BEREH R 000 o

of MAA,  MéBntitbuklEbizontfl SPperativ@ for forming the varnish layer and for removing the

exposed copper films, This process consists in conveying the substrates through such
a plant in horizontal direction of transportation. The substrates are thereby held either
vertically or horizontally. In the first case, the substrates can again be conveyed in a

horizontal direction of transportation.

The solutions can be delivered to the substrate surfaces by means of appropriate
nozzles in that they are brought into contact by means of flow nozzles, jet nozzles or

spray nozzles or, in processing baths, with the processing fluids.

To produce highly integrated circuit carriers, the base material used for the substrates
can consist of a dielectric that is provided on one or on both sides with base copper
films. The production process of these materials is actually known. Depending upon
the wiring density needed, the dielectric layers can be applied on one or on both sides
of the carrier substrate. Multiple coatings are also conceivable, a circuit pattern being
formed in each new layer by means of the method according to the invention. This

permits to almost indefinitely



added at the beginning of the reaction and another part (approximately from
33to0 39 % referred to the whole anount of this nononer) was adde_ mjhg@?
9 h of reaction time. The mixing rati2@ of the nononers and the prope

of the copolyners made from these nononers are indicated in Table 2. The
val ues of the added 24 - 1 JUN 2005 proportions of nononers indicated in
bracket s amaedsh eigaaﬂnum'mg dauiitydltug @\hdemt ¢hah thefrespeaiivd @mduétive pattemansstt he
respectiv h ues e th s add begi nni ng of the
reaction. %ﬁgjlr"‘l fehaél dftfo gﬁiﬂ: ?X%ﬁ%‘leger%oni‘gﬁ%l?e ated separately, the
instant of time of addition is gi ven in brackets (for exanple T3h: addition
after 3 Ihe 1003 akhehicaAdaloR bt iSRS IRMARINOybAtfon/ By Sh | ayer s:

Some of the ‘copol ymers that were produced in b hes or accofding to the
sem - contelastroplsoress dnminwhrlayeabpd applied nnto assubsipgtebeipg atoyided wih m- coat i ng,

varying rotati p heen. set gecor din o desired | ayer
t hi ckness.®® ﬂﬂlf’éﬁ?'ﬁae‘?”éi %E? I%ipﬁ‘m&ﬁ lygEsP §P°X750’@S]gr2t 100G, resp. , dependi ng
on Tg of the copol yrrer The oven was equi pped with a fan. is to be noted

that dryi ng%ngtbt% gelr i@h?&epfs'pgﬁiaﬁ ceireréﬁsqxgelrg{ém e%%h?%t he

presence o stances” in't arnis 0 rnish is | ower
t han t hat coﬁtamxnetahnmd er]lteavmlé’Hasek relationr % siniitaaiigen KoF-etccimardasantbrcapaci ty -

of renpval in que | kal i ne sol ution r ter ned The, condi ti ons
under whi EKAMRIE atgd tiepyeriba TSk & oz the m@qayea 1B/ &5PBeHl ckness : To
det er m ne (L ayey tﬁe*\}aﬁjﬁﬁl?ﬁ er ﬁs@l@éfét@ﬁreﬁﬁ%ed’%ﬂ tHé’tHE% ercﬁlméfé(?f edy 1,nduced
currents or- eddy currents were ured (Bykotester 7500). Repeat ability of
t he val uesThieasbesdrayoliromdig.d B autie plives ¢ alhersthebimishdayendrhes bear i fi ed by
optical mcrp og%6 ) Resistance to etching: Etch solution: 30 % by wei ght

FeCL3 sol béft V% by wei ght HCl + 60 % by wei ght water Tenperat ure:
40C, imrersion tine: 1 mn c) Capacity of renoval in alkaline solution: 2 %

by wei Oht P30S kb Qs HIREE AL St WStact WHHE Shaficht ek schufi)a The resul ts

are reproauce
hydrochloric acid CuCl2 solution for example. The exposed copper surfaces are

attacked in the process so that the copper film 1 is removed from the epoxy resin 2 in
these regions. This may be surveyed from Fig. 1C at the places 6'. In the process of

etching, the desired circuit pattern is created on the surfaces of epoxy resin 2.

Then, the remaining varnish layer is removed using a stripping solution, e. g. a NaOH

solution. The metal pattern produced is left on the substrate (Fig. 1 D).
Results of the assays for optimizing the method are indicated hereinafter:
Synthesis of the copolymers:

1.At first, the copolymers were produced in batches:

To produce the copolymers, methyl ethyl ketone (MEK) and



25 JUN 2005 3. Further copolynmers were produced to test reproducibility of
the production process. The mxing ratio of the nononers and the physical
properties of the copolynmers obtained fromthe nononmers are indicated in
Tabl e 4. Copolyner No. 13 was produce@3under the same conditions asl JUN 2005
copolymer No. 6. But here, conversion achieved was higher so that glass
transition tenperature Tg was | ower. Copolyners No. 14 and 15 were

pol yner i zd@dokipisehutyreniile RAZDN vere givenino 9 daublemgeledi sk, Themethser cent age of
conversio . : .

copol yner rs}n %&%%%g%gﬂggé\@re éée{pag%ﬁng%tfﬁzeg‘ﬁém@gﬁnaﬁlg %ﬁ@!’ﬁ%ﬁ%&% ﬂé%g}eng t he
nmononer s antret dueation dfitlhd eactidho hliepponmnad ingydehtwatlizdddos produciGgpol ymer No.
17 was produced, under .the sane Cl:ﬁnﬂi tions but with a higher proportion of
BA. It méﬂ%@@h@%ﬂsna@w@tﬁigﬁa @Qhsition tenperature Tg was | ower
(approximately 74C). Further results with regard to resistance to etching

0,0, o0 AL i

No. 16 an ayers wer e al he These

| ayers mayat pdfhl fhe2Lhomt @h)ellhe ¢wonRa ih [Bdétseni@edpdn canislagor 6F tht kal i ne
aqueous solution within the indicated inmersion tinme. Furthernore, it was

i nvest i gatreasting i alspindisgsymdplledr oduced are suited to fornulate an
anaphoretic varnish. For this purpose, varni shes were produced that had the

fol | owi ng ;¢conposi ti.on: .Pol r 10 % wei ght 26, - UN_,2005 .. Sol vent ( MEK)
18, 6 96 by VTGRSR ofi e e hned S Btee st B IR Mvat o ¢ he
rest By Vahikhi?gwithQvAGH Alwediht kiR AUOstsRASRtd itd | parRE tiRHefiohhe var ni shes
were adjusted. Different conditions of the emul sion formed were obtai ned

t her eby: whighirgHAlder sepasationg p gploressrovisier was abteiaed tiahwas dried viidsh poi nt, the
fluid obtained sturlg’c{. @q?vethis
vacuum ror48 hat 60to 7 .

Molecular weights of the copolymers were determined by means of gel permeation
chromatography (M) or by osmometry (My), a PMMA standard being used each

time for calibration.

2. In further experiments, synthesis of copolymers was carried out by semi-
continuous processing. For this purpose, only part of the individual reactants were

added at the beginning of the reaction, the rest of them was added at a later stage.

BA or BMA, resp., were added in a batch to the reaction mixture, i. e. the whole
amount at the beginning of the reaction. The initiator AZDN was also added in a
batch for the copolymer No. 6. One part of MAA, MMA and HEMA, resp., was
added at the beginning of the reaction and another part (approximately from 33 to 39
%, referred to the whole amount of this monomer) was added within 9 h of reaction

time.

The mixing ratio of the monomers and the properties of the copolymers made from

these monomers are indicated in Table 2. The values of the added



val ue, the emulsion was clear. At the transition point itself, the turbid
fluid turned into a clear emnmulsion. Varni shes were produced wth copol yners
No. 6,16 and 20 and examned. Fig. 2 shows the dependence of pH on Hﬁﬁ
anount of triethyl amne [% by wei ght 24added to the varnish. It cah 2003
furthernore be seen fromFig. 2 at which pHthe fluid was turbid and at

whi ch pH a cl ear enul sion was,  obtai ned. To form an anaphoretic_varnish, a pH
at whi ch torepastiens srpngEercindigated s bragkatpare the amounsadeed avithin P ref] v above
the tr an.s'r{:]e{cggn B%e%h&éﬁ&ﬁ@re%ﬁec%é chgle\?z{lﬁ{saa!re oA Ruhf aﬁﬁé@at the 10 deposit
the varnis y anaphoresi s an experinental array was chosen 1 n which a
copper pl deginamip\wiftig: mactn. BovadlZDNa therdifferantoadd itk ageriadicatd epandtelwas

arr anged ef ween two es aof special ste (stainless steel) serving as
cat hodes. ’é‘s@ﬁfa‘bfitt%e gﬁ%@&%& sa & gkeéseffjmt %a@pi%# flw#émgpﬂﬁgr Sas
arranged iy a tank containing the enulsion. The volune of the fluid
anounted to 100 cnB. By neans of a power supply, a voltage was applied

bet ween the anode and the cathodes, the current flowi ng being kept

const ant . (Fiagactdrishdns of thevashikhe&r il ofaht heiish Biyersent densities, typical
voltage/time dependencies for a varni sh produced with copolyner No. 6. It
has been found that the varnish produced with copolyner No. 16 exhibits a
sim|ar bdeme dithe @ypolmears thahyerernzoduseh subasches of mrtiviegm thy semiar ni sh | ayers
produced with 27 -1 .JUN 2005 .. copol yner . coul d be produced in a w de
range of C?P?%l}oélﬁplepm%c‘ﬁ?{ggg%l?% %&/90 %8?p@8%\lﬁlﬁ&6qyﬁguﬂﬁ?aglpgb¥1awgdeposi tion at a
set cat hogbatienl rs%ws Heviag bdenl seyicorddig 19 desikdddhyer thibksdsniess coul d be

obtai ned. After the varnish |ayers naé% from copol ynmer No. 6 had been
deposited onto the copper anode, said copper anode was rinsed and dried in
order to riwduerewersisicd imauovencht 70He os HI07Entesp. Middending ocofT tdf¢hehase

(triethyl amne) fromthe |ayer and.to. condense the |layer. Fig. 4 shows the
resul ts of°OPe) Purrbiies SITrsdari b e R as® RawEibel Lhise e wer o

ob% ﬁ' tned WetfOrB PRy PREWNR of fhe folEndraBas fo the pidienR T AAMEBAAGABStATked hi s case
Wi WO

in the varnish T, of the varnish is lower than that of pure copolymer.

Thickness, resistance to etching and capacity of removal in aqueous alkaline solution

were determined. The conditions under which this was determined were as follows:

a) Layer thickness : To determine layer thickness, a device was used by means of

which induced currents or eddy currents were measured (Bykotester 7500).
Repeatability of the values measured amounted to 1 um. The values obtained were

verified by optical microscopy.

b) Resistance to etching: Etch solution: 30 % by weight FeCL3 solution + 10 % by
weight HCI + 60 % by weight water

Temperature: 40°C, immersion time: 1 min

¢) Capacity of removal in alkaline solution: 2 % by weight NaOH solution

Temperature: 50°C, immersion time: 1 min The results are reproduced in Table 3.



different cathodic current densities. After production, the |ayers were
treated by heating at 95C for 30 mn. Tenperature was 10C above gl ass
transition tenperature Tg of this copgkymer. It may be seen from FilyN 805t hat
| ayers of a thickness of nerely from1 to 2 umcould be obtained:

Resi stance to etching of these |ayers was determned in further tests.

Resi st ancé. Fortletrchpalgmemsvdre ptoddcatd tbhest repoddiicibality toff theqaroghasiohippscesd. whi ch
was as follows,: FeCl3 30 % by weight HCl 10 % by i ght \Water the rest
Tenper at urdeSHXINEHRIQPLHE mpngaicks plbicabprangstisnl WF EARRIYMELSe anount ed
to 1 mn. obfldd ok B fadiRert RRUNdiSOPIATARE 4f OF varni shes with copol ymer
No. 6, the varnish ayer having i1n this case been deposited with a cathodic
current density 28 -.1 JUN 2005 of j = 0. 50 mAdcnR. Table 6 indicates, in
addi ti on tQopblyenes dROI ¥ ek prodaced vireldr fhersainbeodditions Btcopslyoder Noe6. Biar ni sh, the
cut-of f voltage (voltage at which deposition was termnated), the duration
of deposi et conveesiqarbieved wag higher waheglyss dgnsition temperataedi=a¥se t o et chi ng.
Table 7 cq&;]%i ns further results for the resistance to etching of various
var ni shes  obf ai ned with copolyner No. 6 that were deposited at a cathodic
current density of j = 0.33 mA/cnR. Tables 6 and 7 show that the m ninmum

t hi ckness @%)plyﬁlférs)/ﬁb.niéﬁihfﬂ HJ)/\Qéreg!pI HRBOWHART 6 h Ntead oXWEN 0. tO from2 to 3
um the anodic current density did not matter. This mninmumthickness of

the | ayer corresponded to the mininmumthickness of the |layers applied by
spi n- coat ilhgrefatesthe pemmeiEagd ¢ffvoaversionivel nohthe sirael been produced with
copolynmer No. 16 yielded the sane result. Mreover, the |ayers that had been

deposi ted by anaphoresis were, exam ned by _neans _of scanning el ectron

ni cr oscopy™ PRiERfO Begastspsodusibilite capRlysisdYR, 16 anf0 werepolymerizgdes of t he

| ayers werge,. t : C!FEEQ S ¥ ondi ng surfaces of the

| ayers prg%%gﬁﬁglyhg%?ﬁq%@%ﬁé%gﬁ es ma%g?%ﬁgg‘tﬁﬁess of a layer of 2.9 um
thick determ ned by neans of the AFM techni que anpbunted to 320 nm whereas

t he mean Conversions achieved was the same.

Copolymer No. 17 was produced under the same conditions but with a higher
proportion of BA. It was observed that glass transition temperature T, was lower

(approximately 74°C).

Further results with regard to resistance to etching are indicated in Table 5. It may be
deduced therefrom that, with copolymers No. 16 and 17, etch resistant layers of 3 um
thick were obtained. These layers may also be completely removed from the copper

areas in alkaline aqueous solution within the indicated immersion time.

Furthermore, it was investigated how the copolymers produced are suited to formulate
an anaphoretic varnish. For this purpose, varnishes were produced that had the

following composition:

Polymer 10 % by weight



roughness of a layer of 3.4 umthick applied by the spin-coating technique
anounted to 70 ran. The | ayers produced by anaphoresis were substantially
of a colum-shaped structure. Then, ©ests were carried out to inch q@ﬁm
ablation anplifier in the varnish conposition of copolyner No. 16

abl ation anplifier used was trans- benzylidene acetophenone at a
concent r atSobrendER) % by wei gﬂB or%fogrweghtt o t he anount of copol yner.

I ncl usi on_of | ati.on anpl not, substantially influence

emul si fyi %S%éﬂ‘éf\l}?]gqmjﬂ? )the cd %%g} gb BB only increased by 29 -1 JUN
2005 apprgxbsrately 0.15 unit gpe sbye characteristic remai ned substantially
unchanged. The foll ow ng anaphoresis experinents were carried out using a
varni sh having the follow ng conposition: Copolynmer No. 16 10 % by wei ght

t rans- benByl ﬁaml;a‘ngtlrmmimmheﬁhaadded%abg’di\ﬂﬁr@th dfiike dBniSh&bvogre adjugted. Tri et hyl
amne 0.5 ht ter 69.9 % by weight . pH of the e si.gn was 7. 84.
Layers of ]%lﬁb%/?f‘ ?nég?@es?ﬂ]}ﬁﬂo%ﬁﬁmfﬂ V@%%“@%@B“”%WB@I{E%% fheed under

t he CQ“d'vtaffi?ﬂﬁwMé&B%gnﬂﬁﬁ%hflﬁ&%&m AR il OBtapRa v@aﬁ?ﬁrbﬁi@(ﬂo@@ﬂu&"‘ th an
ultraviolet |laser source on a plate of epoxy resin at was provided with a
copper fi Ivaiw;‘th&@rrmmictrh@vad(clemdAv\thblﬂraasmam pomhltstd:&&retufbusﬂmdrtumedmtk appl i ed
thereon. For this, purpose, a KrF laser with an output of 50 watt was

enpl oyed. RIS FOLLS | aser beam was scanned across the coated surface.
Energy density in the |aser beam anpbunted to from 150 mJ/cn2 to 200 mJ/ cn®.
AS a1 esuUlriie WAk Blflod PUER MRRHETRICH I BTATPD MRd EQRRAEL SHId goe.  The
copper | ai are in e process of* Iaser structuring was renpved at 45C

usi ng an shﬁdvdﬂxeatepafdeﬁctbl afipHien tecimonat off triethyhawine §%¢ hhewéight] addetro
conposition oride 80 to Cy2+ per Liter drochloric acid
280 t o 30(§hehyan(up% AR Y Onbg'}g Rjat which pH the fluid was turbid

and at which pH a clear emulsion was obtained.

To form an anaphoretic varnish, a pH at which the emulsion was clear was
respectively adjusted slightly above the transition point hinted at with vertical lines in
Fig. 2.

To deposit the varnish by anaphoresis an experimental array was chosen in which a
copper plate serving as an anode having an overall area of 6 cm2 was arranged
between two plates of special steel (stainless steel) serving as cathodes. The spacing
anode/cathode was set to 2 cm. This array was arranged in a tank containing the
emulsion. The volume of the fluid amounted to 100 cm3. By means of a power
supply, a voltage was applied between the anode and the cathodes, the current flowing

being kept constant.

Fig. 3 shows, for different cathodic current densities, typical voltage/time
dependencies for a varnish produced with copolymer No. 6. It has been found that the
varnish produced with copolymer No. 16 exhibits a similar behavior.

By adjusting the cathodic current density, varnish layers produced with



A pattern consisting of copper circuit lines was forned. Subsequently, using
a 30 - 1 JUN 2005 2 % by weight solution of NaOH the varnish | ayer was
conpletely renoved fromthe base copper surface. |Imges were taken with a
scanni ng el ectron mcroscope in order X0 verify the etch result:_%h

circuit lines had a very regular section: the circuit lines were tra@@&gm%
in shape and had_a wi dth of approximately 20 um The area of _the circuit
lines restPPYyBst Nen@oqrd bepradured ingaride sngs of ditesent ficknsssescBY of t he

circuit | isﬁfgétin TRE dli ﬁﬂﬁﬁfﬂé&)&ﬁ%n afh E&‘é?ﬁmhiic%ﬁgr% fﬁgﬁﬁﬁn#ér%faéér{ | ght and

so steep that tthe undercut d@nounted to less t No not ches,
f unnel - shdlpiekines$ ciild s obtachedt her irregul arities were observed. No etching
tracks could be seen on the surface regions that were protected by the

varni sh | ayer during the etching process.  _To determ ne the effect of the

abl ati on a’%{&ﬂfiﬂllq anish laygisanade fraay sopakgmerdiip G g bsor denasited oethe sur f ace of
printed ci.recul I I i.d.l ayer having
5t hi cknosePb Ol S B bibdc Yo ERART ol 5 HorfEh [dihec AL hs

concent r atarmant effthd BolverhYMEK)gint .of MrrbaseiGriethgl amise ofrora thelpger dndus pr oduced
wer e exposed to varyi ng nunber of laser pulses wth a | aser wavel ength of
308 rim é’op‘éeé]é?&@ﬂ@feéy of 600 mJ} and an energy density of 400 mi/cn®.
Then, the exposed copper was etched. This allowed to determ ne how many

| aser pul 5, 48 ggﬁe%«;‘g B (?‘tﬁeogg%s%&{ﬁll%t F)ﬁﬂgé’rﬁll}ircgcﬂeess Ry %%Ehes-[ﬁaqg%g? ti onal

reproduces The re hese Tests. er experinen

emul si on \uhedmeineish vepobyndrayda e thefliyem Ieapel heoR hrodioed thdhisthe: wiwtwse ons had
the foll ow_ng corrﬁ}%si tions, different ablation anplifiers being used in

each i ndi Widersnt cahodicspretiofsasiiger No. 16 10 % by wei ght Abl ation anplifier
1 %by weight MEK 11.8 % by weight Triethyl amne 0.5 % by weight Wter

2 .
76.7 % by Avﬁér%%du%gior%, tfgeq?llyezr(s) (\JVSere treated by heating at 95°C for 30 min,
Temperature was 10°C above glass transition temperature T of this copolymer.

It may be seen from Fig. 4 that layers of a thickness of merely from 1 to 2 um could
be obtained.

Resistance to etching of these layers was determined in further tests.

Resistance to etching was tested withia solution the composition of which was as
follows : FeCl; 30 % by weight HCI 10 % by weight Water the rest Temperature of
the etching bath amounted to 40°C and etching time amounted to 1 min.

Table 6 indicates results obtained for varnishes with copolymer No. 6, the varnish

layer having in this case been deposited with a cathodic current density



The varni sh enul si ons were applied to printed circuit board material at a
cathodic current density of | 0.50 Alcn2. The cut-off voltage anounted to
80 V. As for the rest the dep05|t|on280nd|t|ons corresponded to t
respective conditions given hereinabove. Thereafter the resist Cgp@ZMS
formed were abl ated under the conditions described hereinabove. The nunber
of | aser pijjsds50eifcmd@d for conplete renoval of the layers is given in
Table 9 for different ablation anplifiers. -1 JUN 2005..... MD 02/071466
PCT/ EP02/ 01464 32, u) O mo 3 1fJyr NNOCI NCD - IC ~. N co
V' 1 O m able @indiqatey, mfﬁ)ddlt@nctpﬂw cogolymes gqpiredqfoy e fe@eawragf tbs o 3f N

r-qo0o tvanﬁ:sh(?tlg c@t-%oﬂag&v’é'ltaéé # which deposition was terminated), the duration

of deposition, the layer thickness determined and the resistance to etching.

Table 7 contains further results for the resistance to etching of various varnishes
obtained with copolymer No. 6 that were deposited at a cathodic current density of j =
0.33 mA/cm?,

Tables 6 and 7 show that the minimum thickness of the varnish layer with copolymer
No. 6 amounted to from 2 to 3 um, the anodic current density did not matter. This
minimum thickness of the layer corresponded to the minimum thickness of the layers
applied by spin-coating. Tests made with a varnish that had been produced with
copolymer No. 16 yielded the same result.

Moreover, the layers that had been deposited by anaphoresis were examined by means
of scanning electron microscopy (SEM) and atomic force microscopy (AFM). The
surfaces of the layers were found to be rougher than the corresponding surfaces of the
layers produced by spin-coating. The mean roughness of a layer of 2.9 um thick
determined by means of the AFM- technique amounted to 320 nm, whereas the mean
roughness of a layer of 3.4 um thick applied by the spin-coating technique amounted
to 70 nm. The layers produced by anaphoresis were substantially of a column-shaped

structure.

Then, tests were carried out to include an ablation amplifier in the varnish
composition of copolymer No. 16. The ablation amplifier used was trans- benzylidene
acetophenone at a concentration of 10 % by weight referred to the amount of
copolymer. Inclusion of the ablation amplifier did not substantially influence

emulsifying behavior of the copolymer. pH was only increased by
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approximately 0.15 units. The characteristic remained substantially unchanged.

The following anaphoresis experiments were carried out using a varnish having the

following composition:

Copolymer No. 16 10 % by weight
trans-benzylidene acetophenone 1 % by weight
MEK 18.6 % by weight
Triethyl amine _ 0.5 % by weight
Water _ 69.9 % by weight
pH of the emulsion was 7.84.

Layers of a thickness of 3.8 um and 11.5 um, resp., were deposited under the

conditions mentioned hereinabove.

Ablation was then examined with an ultraviolet laser source on a plate of epoxy resin
that was provided with a copper film of 10 um thick and with a varnish layer of 3 um
thick applied thereon. For this purpose, a KrF laser with an output of 50 watt was
employed. The focused laser beam was scanned across the coated surface. Energy
density in the laser beam amounted to from 150 mJ/ecm” to 200 mJ/cm?. As a result

the varnish layer was removed from the copper surface.

The copper laid bare in the process of laser structuring was removed at 45°C using an

acid copper chloride etch solution having the following composition:

Copper chloride 80 to 160 g Cu®* per liter
Hydrochloric acid 280 to 300 ml (HCI at 32 % by weight) per liter

A pattern consisting of copper circuit lines was formed. Subsequently, using a
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base copper surface.

Images were taken with a scanning electron microscope in order to verify the etch
result: the circuit lines had a very regular section: the circuit lines were trapezoid in
shape and had a width of approximately 20 um. The area of the circuit lines resting on
the FR4 material was larger than the surface of the circuit lines. The flanks of the
circuit lines were regular, straight and so steep that the undercut amounted to less than
2.5 um. No notches, funnel-shaped etchings and other irregularities were observed.
No etching tracks could be seen on the surface regions that were protected by the

varnish layer during the etching process.

To determine the effect of the ablation amplifier, a varnish layer was applied over the
whole surface of printed circuit board material by means of spin- coating, said layer
having a thickness of 2.5 um and containing the ablation amplifier in a concentration
of 10 % by weight. Various regions of a layer thus produced were exposedto a
varying number of laser pulses with a laser wavelength of 308 nm, a laser energy of
600 mJ and an energy density of 400 mJ /em?. Then, the exposed copper was etched.
This allowed to determine how many laser pulses were needed to completely remove

the polymer.
Table 8 reproduces the results of these tests,

In a further experiment additional emulsion varnishes were prepared from copolymer
No. 16. The emulsions had the following compositions, different ablation amplifiers

being used in each individual varnish:

Copolymer No. 16 10 % by weight
Ablation amplifier 1 % by weight
MEK 11.8 % by weight
Triethyl amine 0.5 % by weight

Water 76.7 % by weight
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The varnish emulsions were applied to printed circuit board material at a cathodic
current density of j = 0.50 A/em?. The cut-off voltage amounted to 80 V. As for the
rest the deposition conditions corresponded to the respective conditions given

hereinabove.

Thereafter the resist layers formed were ablated under the conditions described
hereinabove. The number of laser pulses required for complete removal of the layers

is given in Table 9 for different ablation amplifiers.
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Table 3:
Copolymer Na. Thickness [pm] Resistance to Capacity of removal
' etching )
")
5 3 9.3 + +
3 6.1 + +
8 64 + +
6 5.4 + +
9 10 Oxidation +
10 9 10 Oxidation +
10 5 Oxidation Mot nessible
10 4.4 Oxidation Not possible
11 7.4 Slight oxidation -
11 4.6 Slight oxidation -
15
=y .+ all right (for resistance to etching: no oxidation to be seen)
Table 5:
20
Copolymer No. Thickness [um] Resistance to Capacity of removal
etching M
)
16 528 + +
16 4.04 + +
25 18 3 » + +
17 5.36 + +
17 4.04 + +
17 3 + +

30 *) .+ all right {for resistance to etching: no oxidation to be seen)




u=20

E + & JUNR8DSo

to MNOOOOOC
RCYEBODINGIN d. O ' O
1 JUN 2006 WO

>,
L EN
Q Cc
N_

-r
N
U
0

3 umof o] L N.
uuomm L ~ tl~
Q QZEoNEEX
2 mcolL LO.OLO

~ Wwo

c
Do

N Ny@ow7ee OO0

z
bO Ez 3 mp) a.

UQcC 07 C;
UONO~ONC
02/ 071466 PC | EPCR2/ 0

35

apejAloe AIng-u g

speylioeyiew gaw i
gjejluorylew Ming-t \ypgd

uonnos auy) woy sswijodoo papp (.,
teuwkjodoo pajeydioesd (,
s1eifioeylaw |AY18 AXOIpAY-Z WAIH
pioe ojfuoeliaw yy

yXowA 622 122 A 5e 4
002G 0¥z'ss 0L¥'69 002’75 0Lv'8E [lowy/B] My
0Z1'T2 0Z5've 049 00¥'ve 0e)'s frowy6] My
89 89 5’68 L08 19 {1~ pamnsesuw [,y
vl 5'Z6 z6 €6 19 (, pamnseaw [0} "1
GZ6 9'88 126 v'¥6 L'68 €26 [24] uojsionuog
yg 49 4a 4o ug us *£48LLIOUOW 10} JUOD-ILUBS
(49 u03-lwes) (yg Juoo-lwses) {ug "juoo-jwes)
a0 80 8¥°0 B0 81'0 81°0 NOZY
(leelez (vee)zs (bee)z'2 (regies (1egrzs (begles YINGH
¥6l vl ¥'6l 6l 61 2] vd
{z'6€) 609 (Z'6e) 8°1Y {z'6E) 609 (z'6g) 6709 (z'se)6'09 {z'6e) 6709 YW
(L88) ozt {2'8€) 5T (Leehegy (Lee) gzl (recysey {(r'eg) g2 VYW
IJl‘illJiI}I
[iuBrom Aq %] yBrem £Aq o] [ybBram Ag o] [yBram Aq 9] fiyBram £g 9] [1uBtam Aq o]
JUBJU0D B0 usju0n Usjuoo JusuoD pibisidleke]
0z "ON tewAadeny | /1 -oN sswhlodo] | 9| oN Jawdlodo) | g} ‘oNJewAodog | pLL o tewijodo] | g) oN JawAjodod Jawouoiy
Fo|qej},

0z

Gl

oL



36 Table 6: Sanple No. Cut-off Deposition Filmthickness Resistance to
voltage tinme [pn] etching [V] [sec] 13 2.6 12 0 poor 5 4 9.57 1484006 poor
14 9.0 6 B8494p90r 5 19.0 24 0.7 poor 6 28.6 24 1.55 sapi-praci@tys 7 38.1
26.4 1.9 satisfactory 10 8 47.6 40.8 2.65 good 9 57.1 50.4 4 good 10 66.6
74.4 5 good 11 71.4 100.8 8.6 good 12 71.9 144 11.5 good 15 Table 7:
Sanpl e No. Cut-off Deposition Filmthizgkness Resistance to voltage tine
[pn] etching [M [sec] 20 16 19.0 50.4 0 poor 12 39.1 55.2 0.5 poor 9~
52.4 57.P,Qeb-poor 10 47.6 60 0.8 poor 6 66.6 64.8 1.7 poor 25 4 76.2 74.4
2 satisfactory 5 71.4 74.4 1.6 satisfactory 2 80.9 86.4 2.9 good 21 117.6

105. 6 2.5—goed
Sample Ne. Cut-off Deposition Film thickness Resistance to
voltage fime [pm] etching
\Y [sec]
13 2.6 12 0 poor
5 4 9.5 14.4 0 poor
14 9.0 168.8 0 poor
5 19.0 24 0.7 poor
B8 28.6 24 1.55 satisfactary
7 38.1 26.4 1.9 satisfactory
10 8 47.6 40.8 2.65 good
9 571 504 4 good
10 66.6 74.4 5 good
11 714 100.8 8.6 good
12 71.9 144 11.5 good
15
Table 7:
Sample No. Cut-off Deposition Film thickness Resistance to
voltage fime Tamy] etching
\Y [sec]
20 16 19.0 50.4 ' 0 poor
12 39.1 55.2 0.5 poor
9 52.4 57.6 0.8 poor
10 47.6 Y 0.8 poor
6 £6.6 54.8 1.7 poor
25 4 76.2 744 2 satisfactory
5 - 714 74.4 1.6 satisfactory
2 80.9 86.4 8 good
21 117.6 105.6 25 good
22 114.2 110.4 6.4 good
30 24 106.0 115.2 6.4 good
23 110.0 124.8 6.6 goaod
27 118.0 134 | 7.9 good




22 114.2 110.4 6.4 good 30 24 106.0 115.2 6.4 good 23 110.0 1;? §2$56 good
27 118.0 134 7.9 good | JUN 2005 WD 02/ 071466 PCT/ P. P02/ 01464 9 abl e 8:
Copol ymrer i | ation anplifier Result 5 9 benzylidene ne 7
pulsesgﬁ§m%&ﬁf I hydr oxy benzophenone 7 pul ses 10 trans- SE?ﬁﬁ%ﬁg“ED 0 pul ses,
no abl ation 10 benzyli dene acetophenone 6 pul ses 10 10

2. 4-di hydr oxybenzophenone 6 pul ses 9 wtthout > pul ses, no ablation 15 Table
9: L Ablation anplifier Thickness [p Result 20 2.4-di hydroxy benzophenone
1.9 6 p? Bg; .4-nitrophenol 2.1 4 pulses pyrene 2.5 30 pul ses 2.2=di pyridyl
amine 2'8 Ulses wnitrostyrene 1.8 15 pulses ''S without 2.5 > 100

pul ses 1 JUN 2005 dains: 1. N@thod of formng a netal pattern on a
dielectric substra ng thod steps. a) providing a

substra Result
5 .
9 benzylidene acetophencne 7 puises
9 2.4-dihydroxy henzophenone 7 pulses
10 frans-stilbene > 90 puises, no ablation
10 benzylidene acetophenone 6 pulses
10 10 2.4-dihydroxy benzophenone 6 puises
Q without > puilses, no ablation
15
Table 9:
Abiation amplifier Thickness [jam] Result J
&= — = — —
20 2.4-dihydroxy benzophenone 1.9 6 pulses j
4-nitrophenacl 2.1 4 pulses
pyrene 2.5 30 puises
2.2 dipyridyl amine R 28 5 pulses
w-nifrostyrene 1.8 15 puises
5 without 2.5 > 100 pulses




b) applying a varnish layer to the substrate by nmeans of an el ectrophoretic
process, c) ablating the varnish layer in at |east parts of regions that do
not correspond to the nmetal pattern to be forned, the base nmetal surface
being laid bare by nmeans of ultraviolet radiation; d) etching of the base
metal surface that has been | aid bare, wherein the varnish copt a_juﬂs U@t | east
one ablatign anplifier adjusted to wultraviolet radiation and b€l gz dded to
the varni s&l38®8an additional conponent. 2. Method according to claim i1,
wherein the at | east one ablation anplifier is selected fromthe group
conprising ar i , 9%% , : I 8 onpounds,
het erocyclic lggﬁ&pe('t)%orﬁlccfg{fgﬁg}%?ona g)gﬁﬂlﬁtop(%%%lg%%%hﬁbcfgj.a%%?ﬂ%@tsﬁgghé;ccordi ng to
one of the previdlowing methivd siperein the ablation anplifier is selected from
t he group conprising derjvatives of ace_t_oph%gone, benzophenone, cinnamc
acid, tropol one, far Prowiding »HEsirats sPRBrEASE basrometabsuridess vat i ves t her eof
-chrysenes, di phenyl\f J: i 1 i - nyl

benzi m dazol es, i )s/}J q&%@]ﬁgﬁg a@%é%e?%}ht%ggp eﬁeo g@%&}ﬁ@tﬁ# g%ﬁ??@]r?gés}ﬁ

W ni trostyrenes and prockssdi ni tronapht hali nes 4. Method according to one of
the previous clains, wherein the ultravialet adj ation, is, generated by a

| aser. 5. Method aacablai%ﬂwawleyerﬂrh@tlﬁqswmgf!regla%@?t%@tei n the
ultraviolet radiati ' SEEH I ”ﬁ&a wbfN 2005 6.
Met hod according to g%&%@fﬁgﬁg?@@gﬁ&@f al rrso,gﬁ\%?fe;tﬁ%lﬁ%et el\j?ar nish layer is
formed with an anaphbeiagilaid baderbysicany of Metiiottt sclixioi ng to one of the
previous clains, wherein the varnish_ is_forne wWth . | east one copol yner
produced by copol y@eﬂmiogweol?asﬁﬂ?&lré‘l‘@cet%”éﬁ%%?@&q?ﬁg’ﬁﬁ he group
conprising nmethacrylic acid, C-C2 al kyl

wherein the varnish contains at least one ablation amplifier adjusted to
ultraviolet radiation and being added to the varnish as an additional

component.

2. Method according to claim 1, wherein the at least one ablation amplifier is
selected from the group comprising aromatic carbonyl compounds, polycyclic
hydrocarbon compounds, heterocyclic compounds and aromatic nitro

compounds.

3. Method according to one of the previous claims, wherein the ablation
amplifier is selected from the group comprising derivatives of acetophenone,
benzophenone, cinnamic acid, tropolone, further diphenylbutadienes and the
derivatives thereof, chrysenes, diphenylfulvenes, dipyridyl amines,
phenoxazines, 2-phenyl benzimidazoles, isoquinoline oxides, nitrophenoles,

nitroanilines, @ -nitrostyrenes and 1. 5-dinitronaphthalines

4. Method according to one of the previous claims, wherein the ultraviolet

radiation is generated by a laser.

5. Method according to one of the previous claims, wherein the ultraviolet

radiation is generated by an excimer laser.
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nmet hacryl ate, C3-Clo al kyl (meth) acrylate and hydroxy al kyl nethacrylate ;
t he al kyl groups of which have 2-4 carbon atons. 8. Method according to
claim7, wherein O-C2 alkyl nethacrylate is nethyl nmethacrylate ; C3-Co
al kyl (nmeth) acrylate is butyl acrylate ; and/or hydroxy ‘alkyl nethacrylate
is 1-hydroxy ethyl nethacrylate and/or 2-hydroxy ethyl net hacr)d?agm* 2@5
Met hod according to one of clainms_7 and 8, wherein the copolymer .i S torned
f r om nononer $- wMethodiecqrdingdaprgyoizhe previous slaime (wheeeiy thecvagmiplylayariss o py

wei ght b) d sz%%%%%?g@g&ﬁ%gmmﬁp 80 % by weight «c¢) C3-Clo al kyl

acrylate : 1-50 roxy al kyl nethacrylate : 0-20 % by
wei ght, the sum of the aforenentioned nononers anounting to a total of 100 %
by weight. 10. Method according to one ,of clainsg 7 to 9, wherein the nmean

val ue b%/ }Nei ght Megodiaseotaingde anépt the pesyiousplagns..wistein thn Yassh }ssﬁ)@léqd in the
_ ! 10
wherei n v s sarbRagtdnd SodiileGicbRiced by s O ARERE oA, €081 L

accordi ng to onelaftedframnie grotyp cdrhprisihenethactylie a¢idg@xCotlkypol ydi sper si veness
Pl of the copolyner is set to a value in the range of from 39 1 JUN 2005
1.5 to 3. 5. 1ameRmerbe Lodow almahyacayipe ood hgrergatd meloeylie of 1 i <

set in the rangﬁle\(,)\% 1%{&%#{%}1&9}%’%@{4&%@ d according to one of the
rern [

previ ous cl ai ns, e varnrs s anaphoretic and contains at |east
one base selected fromthe group conprising nono, di, trialkyl am nes,

monoet hanol g Qe e acaording to clam 7. Whareln C1-C ok Thetihorybaie 18 Fiethyl
methacrylate ; C;-Cyp alkyl (meth) acrylate is butyl acrylate ; and/or hydroxy
alkyl methacrylate is 1-hydroxy ethyl methacrylate and/or 2-hydroxy ethyl
methacrylate.

9. Method according to one of claims 7 and 8, wherein the copolymer is formed

from monomers with the following amounts:

a) methacrylic acid: 1-25 % by weight

b) Ci-C; alkyl methacrylate : 20-80 % by weight
¢) Ci-Cyp alkyl acrylate : 1-50 % by weight

d) hydroxy alkyl methacrylate : 0-20 % by weight,

the sum of the aforementioned monomers amounting to a total of 100 % by
weight.

10. Method according to one of claims 7 to 9, wherein the mean value by weight
of the molecular weight My, of the copolymer is set in the range of from
15,000 to 100,000 g/mol.

11. Method according to claim 10, wherein My, is set in the range of from 50,000
to 60,000 g/mol.

12. Method according to one of claims 7 to 11, wherein the index of

polydispersiveness P; of the copolymer is set to a value in the range of from
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15. Method according to one of the previous clains, wherein the varnish

| ayer is renoved fromthe based netal surface after nethod step d). 16. Use
of an el ectrophoretic varnish applied to a base nmetal surface containing at

| east one ablation anplifier adjusted to ultraviolet radiation and bein
added to the varnish as an additional conponent for |aying bare théitbdie
nmetal surface by ablating the varnish with ultraviolet radiation.” 17. Use
according to cl d&-%B>-wherein the at |east one ablation anplifier is
selected formthe group conprising aromati c carbonyl compounds, polycyclic
hydr ocar bon conpounds, heterocyclic conpounds and aromatic nitro conpounds.
18. Use accor di3.1gethod acrerdifig tchalaial b, véhetsdn thedralkig of Bnisrset m thhreangbbhit i on
anplifier is selected fromthe group conprising derivatives of

acet ophenone, E‘Jé‘?ﬂé&f@r%oge cinnam c acid, tropolone, further

di phenyl but adi enes and the derivatives thereof, chrysenes,

di phenyl ful venes, dipyridyl am nes, phenoxazines, 2-phenyl benzi m dazol es,

i soqui nol i ne d&4%iMethod accordipg tmariesaf the prievicunelainisy wherein thetvapdshjisenes and 1.
5-dinitronaphthalines..19. Use.according,to one qf. clains 16 to 18 wherein
the varnish is aﬂﬁ‘agkﬁgﬁ%‘fnélﬁoﬁ‘ a“?ﬁaﬁ% ﬁ"‘lagtﬂngz??f? S-epefteglgf\?‘% OUNCORRISIIL. ¢ or di ng
to one of clai Mpdky, P thAkyMAGHE, honb&hM BnSR, indriHliaEhnthbikia @hd | €ast one
copol ymer produced by copol ynerization of nononmers, selected fromthe group

conpri si ng met hasediun bydrexid¢. C1- C2 al kyl nethacrylate, C3-C10 al kyl (neth)
acrylate and hydroxy ‘al kyl nmethacrylate ; the al kyl groups of which have
2-4 carbon atons. 21. Use according to claim20, wherein d-C2 al kyl

net hacryl at e i15, N@tHod laccofBhB 86 6i¥d @iRe preCuSeRind, MHerdiBleRiarde My@tie is butyl
acrylate ; and/or hydroxy alkyl nethacrylate is 1-hydroxy ethy

met hacryl at e andresoved fipartbg hased matal spdadeadieymathed sep d)Use according to one
of clains 20 and 21, wherein the copolyner is forned

16. Use of an electrophoretic varnish applied to a base metal surface containing at
least one ablation amplifier adjusted to ultraviolet radiation and being added to
the varnish as an additional component for laying bare the base metal surface

by ablating the varnish with ultraviolet radiation.

17. Use according to claim 16, wherein the at least one ablation amplifier is
selected form the group comprising aromatic carbonyl compounds, polycyclic
hydrocarbon compounds, heterocyclic compounds and aromatic nitro

compounds.

18. Use according to one of the claims 16 and 17, wherein the ablation amplifier is
selected from the group comprising derivatives of acetophenone,
benzophenone, cinnamic acid, tropolone, further diphenylbutadienes and the
derivatives thereof, chrysenes, diphenylfulvenes, dipyridyl amines,
phenoxazines, 2-phenyl benzimidazoles, isoquinoline oxides, nitrophenoles,

nitroanilines, o -nitrostyrenes and 1.5-dinitronaphthalines.

19. Use according to one of claims 16 to 18, wherein the varnish is an anaphoretic

varnish.



from mononmers wth the follow ng anounts: a) nethacrylic acid: 1-25 % by
weight b) d-C2 alkyl nethacrylate : 20-80 % by weight «c¢) C3-Cl0 al kyl
acrylate : 1-50 % by wei ght d) hydroxy al kyl nethacrylate : 0-20 % by

wei ght, the sum of the aforenmentioned nononers anobunting to a total]Z@N BP0 %
by weight. 23. Electrophoretic varnish according to one of clains to 22,

wherein the an_ val ue by wei .of _the |.ecul gr wei,ght of the
copol yrer | s AL Usp Aok _ g?’%?f&eoq%iamﬁ &%tqﬁfgﬁﬁr%%@%%bm PRt WAt Use
according to onge.Qf orﬁlc%?@l‘{\vm%ppfﬂﬁugea’by%ﬁél?in@riﬁﬁﬁ’m'di'@ﬁihoﬁie_rs, selected
pol ydi spersi veness Pl o he copol ynmér 1s”set to a value in the range of
from 1.5 to 3. Frontthe group comprising methacrylic acid, Cy-C; alkyl methacrylate, C3-Cig

alkyl (meth) acrylate and hydroxy alkyl methacrylate ; the alkyl groups of

which have 2-4 carbon atoms.

21. Use according to claim 20, wherein C;-C; alkyl methacrylate is methyl
methacrylate ; C3~Cy¢ alkyl (meth) acrylate is butyl acrylate ; and/or hydroxy
alkyl methacrylate is 1-hydroxy ethyl methacrylate and/or 2-hydroxy ethyl
methacrylate.

22. Use according to one of claims 20 and 21, wherein the copolymer is formed
from monomers with the following amounts:
a) methacrylic acid: 1-25 % by weight
b) Ci-C; alkyl methacrylate : 20-80 % by weightl
¢} Cs-Cyp alkyl acrylate : 1-50 % by weight
d) hydroxy alkyl methacrylate : 0-20 % by weight,

the sum of the aforementioned monomers amounting to a total of 100 % by
weight,

23. Electrophoretic varnish according to one of claims 20 to 22, wherein the mean
value by weight of the molecular weight Mw of the copolymer is set in the
range of from 15,000 to 100,000 g/mol.

24, Use according to one of claims 20 to 23, wherein the index of

polydispersiveness PI of the copolymer is set to a value in the range of from
1.5t03.5.
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