; e3e, 6T9ND 02/ 071466 Metal Pattern Formation 5 Specification: N
PCT/ EPO2/ 01464 - The invention relates to a nmethod of form ng a netal P
pattern @y gughflectric substrate coated with a layer of F@/Eﬁ 20Ri&f er abl YAk -
wi th a copper #I|ﬁ] and to an el ectrophoretic varnish. 70 In t%e past, nany

di fferent nethods of producing circuit patterns on electric circuit

carriers have been proposed. In the panel plating process, a copper |ayer

that conpletely covers the drilled printed circuit board material is first
produced in the thickness required for the circuit structures. Then, those
regions of the 15 outer sides of the printed circuit boards are covered

with a resist layer that correspond to the circuit structures to be forned

so that thetal RatteynFenmationt ect ed during the subsequent etching process,

t hus being preserved. In the pattern plati t a thin copper film
is at first formed on the printed circuit mﬂmﬂm\“ﬁtﬁmﬂw |. A layer of
phot &g esi Bpddifidaionexanpl e applied there onto Zfyead the copper filmis

exposed agai n by photostructuring at the places that correspond to the
circuit structures to be fornmed. Thereafter first a further copper |ayer is

partern aniie heEnICRSoEtsaBRL et GEbERRminG 8 il PR ARG Ehe | ayer
of phot or esibstrats cogwavsith 8Taldrlef nstal pPeflRPSBly Wiﬂhlra }:ép;seﬂfﬁwﬁ@naxo%trﬁhi ng,

the 25 |l ayer of gal vanoresist protecting the netal |ayer |ocated underneath
agai nst t Hleelrepligrgtiayamish.| n t he subcase of the netal resist process, a
Iayefoof nmetal resist, a tin/lead |layer for exanple, is applied as a

gal vanoresi st | ayer. These nethods and ot her known net hods present

consi der allhghdipastinanypdifferertindthoels i peoduchag bireuit pattsrnBUn dleeticbl e to
manuf act ure upder manufacturing conditions circuit structures of w dths of

| ess t han CISYILGRATIBrsNavehasiROpreed iy therasebplating PEogass, BoapPBEiaYaiade t o

achi eve thj i t fop A sone
ol 1 cat et SoRplotdhicbveREnB el printed FrSi g prel S WRbEPUHCRA, 1)
produced. iSthé thickmestsrebaired for thecinealt stucturds f THenTHsGs e FeRfitits bPthesi Nce

t hey, §re tol#ﬁex.pensi maﬁjand conpl ex and/or require very expensive starting
mat el al s.OUFRESIEREf Hagiprinted Gisuitbaardsiarecovasad withc Fesistlaventhat | i nes
having a Sortddiondts tHé@Fr@HgiPEtrbétﬁFeéfbaﬁbﬁﬂHMH ' khe gg"l&r% 377

di scl oses a nethod of manutacturing printed circult boar Wth circuit

| i nes applprotecied during dhelsubsaqrend Biching phoceissathustheling peaservédayiaithe nor e

speci fi cal laver of tin) js.exclusiv . a [ to . the co r filmin

t he bores é#ﬂe?a pﬁtg\%pﬁoﬁggﬁ%g*%I'Hpthggg}rﬁkx ﬂ%gﬁ"ﬁg EMEdan M"E@?@d t hr ough
and in \Ahidi‘t:Lﬁthﬁ)aidfrhétéﬂaEWl‘ézéﬁoﬂ pHStoRAdtes fbrie%aﬁgﬁ@_a?ﬁlié& Hur8%bntgor this
purpose, the outer sides of the boards are provided w a layer of varnish

ext e#Rii ng ¥ ther ceppariimdsigsgossad againthyrphwtpsirustuting aptie plages thatet ch

resist |ay A Ldi ¢ d_of n turing

t hree-di rre%f%%%nlagro ﬁﬁ?ﬁ“@‘?%&@\z@%ﬁ’r@%??S'H?%ﬂm“?g%%ff‘%?ﬁ%e#f%. tive

t echni que copperpaydrds ldeboﬂtwn'o&*h'emposed@o?péﬂie@idn%qnsorbéf todfoPm thewhi ch the
substrate coated t}/\/l%tﬁ)r%rgéﬁopper filmis at tirst coated all over with a tin

metal resiQCULHRA eh a33lvanaresist layen isfioamed. Subsequanily; the layer
deposi t ed. of o tBRis id Rshsled i .

ot at | on S MaRéett i€ fithaled fnd SRhafe Eopperiinils ferfbhRIBY dichingofe, |
nega?bve. l[aper obgalvanoregisb protettirly thevimetad dayeripmated undgrrdatin againsétheved by

tching. EB Q. 062 3Q0 I d i b t hod of duci i nt
cirout bosetiod o9 dhersublats BEine etalresahpocses. oh B pEihelAIgRERG: de of
a plastic sUAsba@Ier IGR@INEIE) is ppliba'aR PEaREnsRRIRL IgdFed in the copper

filmby depositing™a netallic etch resi st ?ayer onto t'he copper film the
" etch resist |layer being selectively evaporated according to the desired

bei ng. r enor e Db GRT TR St kpBRE mARRs Rt o SRR AR AR ot
T at t3@ pl aklese spavifiesliyit isawt pésditie tbanaiufabRMé WROEr manufdt Abstracts
to JP-A-59227186 a nethod is outlined in which a WO 02/ 071466 3

PCT/ E_Poz/b oqensitionm eissuikstadctyres of widthe Qfg%-?n?ﬂa(ﬁlu‘t@r Ve iB&"Qﬂ’iP‘_S’/UQiTIGaN@Y-i Pt ed
Gt ch 1 es onUMerdds <8R REYE R Rldte fo B 1160 W e Hlio 6B T 1

of the bores, whereupon the photoresist with the circuit pattern is exposed
to tight and devel oped prior to 5 finally renoving by e ' posed
copper. EP 0 757 885 Bl indicates a nethod of formng nHﬁMNWﬂWWMﬂmeit
patterns on electrically isolating substrates in which at fitgi.a neta

| ayer is applied to the substrate prior to applying thereupon an organic
protective layer with an 10 el ectrophoretic dip coat. Then) the protective

Y s v



are produced with this nmethod, the undercut of the netal |ayers on each
flank of 30 the etching trenches anmounting to 35 Nm DE 44 17 245 Al

di scl ose?,@“mt,j]Qd of manufacturing netal structures on tfeyppii1d/ 071466
PCT/ EP02/ 01464 4 surface of printed circuit boards, wherein the nethod
conprises coating the substrate with a:griner and thereafter applying onto
the prinmer |ayer a second | ayer, both |ayers not being electrically

duct i h L ati £, the. d b f i
oser - and sPrierfBiSet e BS At StATing Tasiels $Hkn ArelES BRuBimaly BET My er
surface. ERoQudid Rh Metiidsthslesrdri e hotsiRedRS MhsP pRoULELOS shicethe

circuit boards in which a netal |ayer and then an organic |ayer of etch
resi st ar @rafeo expersive andxuamapleyasd/oriequire seiycexparnsivecgtiaging ayer used is

he”r g1 ool 118 aidfiekB orn 50 SHRER R Ke CrEBREWIR GBS BYNGNCT 5,
meansg of  atildtuféwiddsef leasdhame0tmishaughosed nmetal |ayer is renoved by

etching. EP 0 489 560 Al describes a resin conposition for formng a
positive 15 photoresist which is used as an anaphoretic varnish for

tive 15 photoresist whi naphoreti o varnish for
Copol yrer | DaTE AR Tor St lsFffes, RS of RRnLERAAE PHRBH oty bl Gioc Y

met hacr yl i groaitilides Rppliedpaeth sides thareofLinsivhiBhart etchaesist layer, mampl e tert
butyl acrylate and tert butyl nethacrylate and further ¢) a Rofynerizable
monorer  wi $RECHiAEN adayRieiit jeexcluaivelyanpied e e sapperiimindng bgres of
tranghtio idrehP! opy|
acryl ate, qﬁhﬁ@%ﬁg‘é‘%@?@s ﬁ&)ﬂé\l’ﬁ 9?%8?9%&%% Hﬁb% h%ﬁaﬁ%%f&g@s yl at e,

n- hexyl meddsiedydiriuit line-matterh israiduedny étehinga For thid uyposes tthaoutaraides The
resi st also contains a photpaci enerator, e g..a phosphoniu syl phoni um
it azoni um GhiHSoRER are Bamdec it SRveroarphEShdos 28 o e SderDs 1t o

| i ght and I : i } by the exposure in such a
way that t eysﬁé‘fBT'ﬁﬂ eé‘?élwt ehgﬁé@géﬁhéﬁg&gﬁl ution. The known net hods
either are extrenely sophisticated and thus expensive or it is not possible

t f fi t t i jdth of 5Q. N d 30 | i
2’ ebPoducPh & S pherAT eatbR o ated o ladetuitod Bregdinmidiiala: ng -
| abori ous piinieReieuR BbaRds iy sWtitrdt0elISBRERRNGEchiqls Witbphtehn’ esi st whi ch

is not sensitive to lig This is because it takes a long tine to renove

the resi sttrapsmispioroon en insatieg semirate inpdich thessubstraie soatediwith @ rom t he

cons ot s 1 FORRIIUTG BF Bl DR 8 Bee Wit B gBla alGE Al o2 1T o
no nore t hgrclrolesiphateld ardiér elecirslytizdilyaiapdisited) Thie eeetal fesiit kthend t hus
expensi ve to nmanufacture such materials with this 5 process. In using the

cust éRary selestively exppsad to laset kadiglipewithoyt Hsing adnask $9 thahthe circwks " peen
found t hat ; ' : [ j I es
of ten havepar‘lﬁé)&rn giq:-tg gfn%ﬂﬁgr né@%&ﬂeﬁﬁﬁ@? C())%P Hgﬁ'ﬁ@é gr}%gﬁ v\\’ngt é‘é\ﬁn%xg%% ﬂg@/ est on
t he subst r thtem besremoyed bwldtchinge desired adhesion of the circuit |ines
bei ng not achieved as a result thereof. 10 In using the nethod described in
DE 37 32 249 Al, it has been found that, even after laser ablation,

consi der abEe @uBRHGD A2 aldd\dés@ibesid netfodsf prediging prirted eirt@igbearisah t he
copper surfaces that have previously been freed fromtin so that the result
obt ai2Bed ofvhiniba eqpeet film isaprjiedomat lesst ong sidewfya plestie substtate thel |y 15

wh facturi ) . . Wi th Ci . . oyl
i dtns o pedt pRrfubeiy g forEin the geBbbCi bl RESBRS A ReRR SEN S
shape and yégistlapér drite tﬁéﬁ;@ﬁbérﬁlﬁﬂ&ﬁe\é&iﬁ R Bferbeisy beksctively | N parts,
ei ther the spaces between the circuit lines are interconnected or the
“circuit |i swaperatedipseargingito therasired circhit pattamn by reeansceli & lpseppeane

circuit pa I ; : } d by
ot chi ng, " ABIE S Epiring BoiEe: At Geink EmbRBE Y Sichly'Ss RS IRE SultBRBLF O, L
" creat3® prolthe plastic sabsisatpuathe placssseanveddy wayoiitiee l@sen treatoénter resi st
mask is being formed and in processes in which the end | ayers deposited are
| ayer 25 conbinations of nickel/gold. In the first case, the adhesion of
the mask t ¢, HJepwel ! gl C : {Cik i inl Whi second
case, the g%ppergggﬁgg?ﬂﬁggafﬁgéqﬁggz1Eggwﬁgggggsﬁﬁgwﬁﬁﬁghpgeg? of tin
cannot perfectly be etched to formthe [ ayer of nickel/gold. 30 The net hods
in which an etch resist layer is made with an electro dip coat and in which
said layer is structured with an Nd- YAG | aser by selectively allow ng the
varni sh | ayer to evaporate, also present difficulties, since in this case

t oo, WO 02/ 071466 6 PCT/ EP02/01464-1 unreproduci bl e residues are forned
that may deposit again onto the already exposed netal surfaces. If, for

. o o



., the derivatives thereof, e.

- hydrocarbons i

In that the varnish contains at | east one ablation anpifer matching the 5
ultraviolet radiation extrenely fast renoval of the applied varnish |ayer
by ul trayw@hssi@adi ation is made possible. This is achi evedrbyoaxidienel y

increasing the ablation rate. As a result thereof, with ultraviolet

radi ati on) exposure tinmes are achieved :gor removi ng the varnish | ayer

w t hout | eaving any residue that are considerably shorter than processing

aromat ¢ SHRIRE oo Y8 B S EF oRfora bftieMEEuEBERld et ' "
derivati vasedmesrstaétedehbughl titrbe ndathilid daeerast etcoRSiKNamobgrithgresfone and
roxy benzophenones, di hydroxi/m:hm . acid

f, e.g. hyd

benzophendifiderangtad or Yinyigdeppsited partbe yallsafdlke baees,ayhergypen
t ropol one j yat i I s RG] ol ycyclic

ofchfst A K81 dER paBT X el IGTENE dnd BeboipBeupror 18
9. 4- § et Hinallyaetriovieneetclirgthei extposed @oppeacene, 9- phenoxy net hyl
ant hracene, 9. 10-bfs-(trinethylsilyl ethinyl) anthracene, pyrene and
peryi ene, further diphenyl butadiene and the 20 derivatives thereof,
chrysene {104 | 1 erocycl es,
especi al | 3a/é Bﬁ%@????%@tﬁ @P&{/g%@ﬁ@gﬁ@?ﬁgﬁ ﬂgg?jé}éma CFHégfrt gggt%ﬁeg]g'tr']d t he
deri vat i vesletinieatyisolatingesubgtratds inavhigh at filst laymetab hayards gppligxbio theg.
phenol i c hydroxy and carboxyl groups, further dipyridyl am nes,
P enoxasi 1RABSKESR BRg oy b dHEGLDoR AR 9193 MBIRERYSTOVINED be appl i ed.
25 o ar } ik Qi 0  Hh@. ki i bt
W nﬁ?ost yéf‘gﬁfébggéyve\gﬁm%%f tgﬂglﬁ'ntlht:.6 r%ohégtp‘ktéh 1 E ég?\ééﬁsm’ t eg. b?dr?fsnfat t he
var ni sh cotheatiresiitpattephsato benfermed by sreansanf lasarcadiatioheAnletchvésistant

radi ation, _a.profitable aplation tine is, achieved. argtive tests
carr i ed oumetl 9yensE draoffadiond o EXprasd Bislal¥iFtioey T BRA:Me.groehE nous
i ncrease i prokd@jvalbgér i8tldarb@ offfinithe régions abjdcBiethe fuldie dirgitddtem bym®
required to achieve conplete renoval could be reduced by a factor of"at
| east 15, meassfdaseriradiation ahdibe exposed mataiday®s 468 errordiPotheee464
when, these_conmpo ) re incl uded. ans-henzvl.idene aceta one,
iy oy TEDDRLTRALE oher S bRGHokRE Jraber R teih S SR RN B N 1
wel | suit egAGER®sereason therefore possibly is that these conpounds are
readily soluble in the copolyner particles so that the nol ecul es of the
abl ation anplifier 5 do not aggregate into |arger sized bodies, these
conmpounds j 3Here j 1 i i fgef”r' i
copol yrer. Bﬁggggl at |%%H§%ﬁeg%'ﬁlqn@ﬁ%ﬂ“%§%gﬁ tnt(')gﬁe vér i@'nt%é‘l%gﬁu't
addi t i onal boards;irewhichrattfingt aimedal lapgr andthem ahtetalliabr aa arghoidilagertof a

t b | be 1Q f t t apl ati ] i fi dth
Courant Do ai A o Tt IS telS yaPecks SRRyt L
the sensit bggy refs?sttahﬁ%éloﬁ%yé% dralldiEotit Bhd bddPiRl ab anBro8Adla

f gm'bfeved by
this bond. For carryihg out the method according to the inventionh, a
substrat e ptahviesist alayei that enayhseprasuged hyrdlactegphoretie puelegtrastatica copper

ccor di ng. oo bEredaRe BB Q. alargN ok Ehe HEtul Balo R M oL Pt ca. 1+
a base net atcH Rt is thensrefhovedl By &Ry BRIhd2ms Of didctiothagritisradibtiopon
structuri nga; n the exposed regions. The foll ow ng process steps are

per f 8Bned by meang pliaser radiatipndorexampig, in sueh axiawthal ths cliewypattebst r at e

conpri sing : p 2
subst  at o B CHGRALSBf e Mkl ReYes sy BRMLLEaR, WBlefod Rol PRl pirh 05
cont ai ni ng etdhih@ ehches rerhaiataorptheasniistiaterL ey vadiation i3 géneratadobyet

radi ation, 25 c)_ ablating the varnish | a%(\ea;; with ultravi oé r adi gbon (s
- 450 nm) i nNg-YAGriasepathedesument indiatassthag stching reaches @ f}p%Hmw ®he
nmetal patt f J | M e
over vaveringroed Wil pictiod 208 ieflutBting FRaRapets! i Badihnk bf
" det e3@ ned tihy etdidnd trenehgmoamoanting to 88tum.s carried out in air (a 190 nm or
under vacuum whereas in the latter case radiation with 30 a wavel ength of
bel ow 190 nm may be used); d) etching of the exposed base netal surface.
VD 02/ 071468 A4RETHEEAY d36desT A natPbl of indrliSETAY ridtal SXdElIeh G the
conpletely renoved in the regions at do not correspond to the netal
pattern to be formed. In another enbodi nent, the varnish layer is only
removed in parts of these regions, e.g. only in those regions that are
directly adjacent the netal pattern to be fornmed, so that e.g. 5 |large
areas of metal remain between the discrete areas of the netal pattern to be

formed (cf. in this regard DE 41 31 056 Al, EP 0 469 635 Al and EP 0 361
192 A2 for exanple). The advantage of this way of proceeding is that in

o . 4 a o o, N — . — —



« lines can be set to be reproduci

the circuit lines have structure widths of 50 pmand less. Crcuit lines
may for 15 exanple be fornmed which have an al nost rectangul ar section with
a base V“vﬁéb‘z/ﬁu(ﬂ@ Nm The section of the circuit lines ipcprP&i@n ally
shaped like a trapezoid and it has been found that the base area of the
circuit lines abutting the dielectric ig wder than the surface. As a
result, a large area of contact between the circuit lines and the

di el ectri Gy j i b g | [ '

acor di ngl g B, e e RS bout 20
yam hi gh, substrateewjthesprimer aihd thieraaftsr applying antodbé primerdayer@asecand

under cut, ,anoupt o approxi.matel y.12.5 Nm This, siqgnifies t t he base
orea on edfpt Pafdagerd Ratoing sctialiy copfetiianh Fhlatna ha Ghihed di ot ance
from undersebBRd Iaydragenriant it i dxgithér las8eand FinailjelettrdiddsPiatingeaci r cui t

] ble. Crcuit Iines with a substantially
const@ant dJuelat oortbe gixpoRedprimaslayersusieeenay for exanpl e be obt ai ned.
Variation in width lies within the range of at nost 1 um Electric
integrity of the entire electric circuit is thus secured. 30 More

speci fi calgy 0 462685 alkd ddsetibénd endthed ofipredusiag \prihted sircuitaidends in

described in DE 37 32 249 Al do not occur. Failures in subsequent etching
of WD ovhigh semetal pyen ammbthenarearganic laypoetetchdppist aragrplieRRMo®ot been

b 4. | ) ot ( e >
Cheerven, sl T SHARCBERAPREE W08 € bt Sn PoRAIRIBSERREL. 1
to tH@e ci rSubseduently, thevetcheesist lagat iadhby%ﬁmrdimdyaﬂ]mnatwmmti ve

coating for, etching nmade fr tal has_s equently 5 been deposited in
these regi@iesit RRHETRS slearedioff HBERNDHPHBINGnYAMerager rpgithe das egPeses dues.

Pitting-1i ' i pattern have not been observed even
after the rﬁgtpaglﬂ%rgﬁZﬁnﬁgé&%gﬁélﬁr{%hed' 10 Moreover, there exists no
probl em of further processing the etched circuit carriers: In contrast to

known et l.i.caji,on qof a solder resjst k and bsequent

dopoci 11 orEa 485 8kh A1 y8Rcrlesh FaIR FBPRSHON BT T TURGAPCSAYSa 11 cul ti es.
In t fir & i i hrigtdd 15

| neaSi s JofoRitst IHEATS Ao as erfurbphishér pairidh (R MartabiOfing PR ™2, e
can be sattimfuilcheardsy The cesid qomposition iambitzined bytreopehunérigation oftike net hod of

"o o o eobUPRIE eSneRlaiber eV 8 3t sBR Meltac TR Y. D S A ques
usi ng phot greasnsthbletdthdids, 96NeRdrhple! tBE-biLagl §c|¥r§lateT BAd tért-Busi! Meligéryldie

particular requires no further chem cal devel opnent. Additionally, a
maxi num f | @xd Birthenc)s pelymesizable: menerpep wibewbichs hemopolymesicapde t nay be

carr ?Bd Oué%t%ﬁ.er{iéyjfﬁtat 'ﬁgggasgllalgg g@ﬁ?ﬁ?ﬁﬁ%ﬁ@%@am Ehof ﬁ&a g[r. iee\é.gr % &y L em tting

in the visi nore spec oreérn on “of the
spegt rum 8%@!#19{#%@615%9&%@%01@@% édﬁlryla?lepiseﬁﬂltyl’d%rﬁage, REsth 3xy065 Al)
EP 0 757 5 Bl and EP 5 Al), the ultraviolet radjative sources
used accor 8¢ t?o"’tdh?é)/b?'@é@ﬁrylﬁﬁré Gtgmgthacryate %nﬁ ar %FYlAE\th%‘-‘uM@ to
formfines t bl g, t ure w dt hs of
50 Nm and T%ggéé‘%hg'%b.?ﬁﬁ%%@‘?ﬁ@%@&ﬁ@%\%téﬁ? ﬁg?ﬁﬁide{%ér ni sh | ayer
may be rensulpbohiuom dibzonindeany iodgnhes sattefFort struairing,/ theiresist it 2xposedce a.
readi.ly b.,w thout, any residue c.. leavin har,p. cont ours PCT/ EPP2/ 01464 5
ooULRE ¢ nio bl FEelpBg R s5innS Belngr e by BeeRPORUE P AGEDR AV hout
subst ant i afhHHREY aFE bR intthe ' has been readily cleared off
wi t hout an§/ reg(?%lue gﬁ%‘ Eelg\}lhngfg?\égrsg@c%ﬂyg%?s. It has been found that on
using radiative sources in the (visible and infrared) 10 region of | onger

I h [ he. ' | i Sy . .
par t1 cut'ar TRRSEMEReode tichidhe Byt popeBlaipl e naR s heralREf I,
the struct jg et poasibleho Imarifasiute veryTMeSstrlires avifg Bngtth of 8Dphpand .
Moreover) in these cases, residues remain in the channels fornmed on the

* base 3%t al lesedn a rapsodusiblerwandrusther gherdkpown pragessesraisa sulier inReingr ni sh

| ayer usin netd. okl On: ek Wy i ed
region is &@3@&”%%3@?% 9?%‘“3&"38%@? CHsu bs'?%hél ir']sa%%d }?Hg%g%ﬁ?.ﬁ@ﬁgisﬂ% afs t he
case when geéhsitive db tight. dtisisi etause ittakes & long time foenmvepthecesist inr eact i on
products fromthe varnish layer are fornmed in an undefined way, these
reaction products may in parts be of high nolecular weight so that renoval
of the varnish layer is inconplete on account 20 of its |ow vapor pressure.
Excimer |lasers are particularly well suited to generate radiation in the
ultraviolet range of the spectrum because they pernmit to attain a high
radi ation density in this wavel ength range. Processing tinme needed for
selectively renmoving the 25 varnish |ayer is considerably reduced as a
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PCT/ EP0O2/ 01464 protection of the bores in the substrates is effective so
that a dependabl e resistance to etching is guaranteed and netal |ayers in
these argayoA§sgot affected; the same is true for the vagdpghledkg’
remai ni ng over the netal patterns on the surfaces of the substrates; 5 b)
the substrates coated with the varnish lLayer are nmechanically insensitive
since after having been submtted to drying and if need be to a heat
treatnent,, the varnis S ScC resi stant and nor cifically
e st ant hESF PASE pRirhaYSmthE R e SUSsiERe AT AR I and

accor di nglprouaceaaaerné %trbéﬂtﬁé@céﬁsr&i&em sEAHING RohPBahatefial Béiﬂ@'p?bﬁded)

nor eover, the varnish er may readily be renoved. An anaphoOretic varnish
i s pref er awitlyaopger fﬂm o%lnmmmevthaismmltbrﬁkrBusbtsrreﬁmdmw are readily

ble b t Th ld h th
Fol I oni ng Froperted8hd BuCoutindie b bARinchte MR RB A W Ml es. "rore
specig i calprpcéss. tlhQrsnr@pmerctettrrtmagﬁmat&%@wnt@eqﬁndke@pﬁearrmﬂ (tnga'tryl d copper
etchants, to a hydrochloric acid FeC 3 solution for exanp c) It should

easily be tbmaﬁmsrbeemfpued Meon@paourﬁmffc@aweéamemdemtntbe gigyite any

casi 1y rorpu RSt e dBeehode stit 8o HaetRE s Wit Mhishanéil o1 ne
sol ution upetoftidsobstidte iHeer smbhy thealeeired Gdhésion ofehgRirchigfiesol ution);
e) Good enul sifying power in aqueous solvents for use as an anaphoretic

var ni sh; 99|DG\N°§ﬁ§B'§V@¢Qﬁ§| kaspiff ther@eér at ure Tg bel ow 100C in order to

guar giit ee 30 thernpbsetting even for sensitive substrates. For an optinum
varni sh formed with the copol yners, a conprom se has to be W O 02/ 071466
PCT/ EPO2/ Ol4ieing e metitbddéseribed inDBSFBT 249 A4 ftihaiscden founl tkals evequi r ed
for making sure of sufficient resistance t? et chi nﬁ; and m ni rrumthr ckness
for guar andied ﬁaetatﬁatl%rmtﬂeraele&nwmﬁ ofjtin 256 sHIl & be faund PBANOSE For this

f‘ﬁr POSE, {@r t‘ﬁB d pBF Sfi75E84 the{m%e gFexﬁéuéleéén AR dPERHES tHaer med by
e copoly rza i on o PORONar S 6l cat el FromY he roup conprising
met hacr yl i theawsdlt obtained’df slibsdquent ktohing Btrmt:saﬂsfabtmy Msrespemﬁeallyof, C3

to aIk rreth)acr |l ate apd ot her |, sters thereof as well as oxy
b1 ky 18mot hRbEDITERRARTBE OB SaBIers Wil Gt IS having SHNGURRNBIPSAT h have
2 - 4 10 cgk s ) Qihﬁieeén al kyl
acryl ates ar?gqg ﬁéemtﬂﬂﬁ'ﬁsg@?i u&mdc? Lgéebﬁﬂr?gjeérnds?g?d t hat tdﬁgﬁd}h

copol yrer obtheagiruvitdinep vagies myaomn:tesllmttaeln pantsn either theapaces hetween!

nononers) rene efic a d the. sters re ln eferred
emboc mont g FERYFRR re iR Rpriherfa ofPE ArefinBeS ere ek, soet

mal ef i ¢ acpptimgifiké BREhfTsCofthb RPtaR patid Werd BSsaTvee after tise toppur filmder st ood
that the varnish nmay al so congrrse ot her polyners than the copol yner forned

by c8Bol yniiad beeg rﬁﬁ'@Vﬁgch)’ee tgb¥gl i ¢ nonomers. To formthe copol yner, nethyl
nmet hacrylate is nore specifically used as the 20 C~ - Cz al kyl

nmet hacryl ate, butyl acrylate as the C3 - Cl10 al kyl acrylate, and 1-hydroxy
et hyl net hadditionably, tﬁetcjrdumppttetrtwprodacetatmthItbisqneﬂ'notltm‘teresneabei ve hydroxy

propyl acrylates are used as the xy al t hacryl at e. roduce the
ool yrior | PIoRISRS SUPSSGHET praresses: f psamilewhab & sprissistssadhBunt o | )

met hacryl i odRid@er e: 20 -
80 % by vverﬁgﬁt@ f&(t;r)né&?na 5%@%«?{%&23@%@ eqd E%e?é Jﬁ%y wel ghtlw% d)
hydr @y al kpmbiationsrof Inickel/gold. I the)filsy cass, dhe adhaﬂosmﬁtbé mask tartbent s of

t he above nentioped nononer,s unting to a total 02/ 071466 15 of 100
o6 by el gneToHE SRS e suioIeantingfis Sapdi case e EpPRFESictitast
Instead of yat ve e e froAfthe léz@rotttm éaﬁrrbtﬁeﬁeawaeetchéd {cofopd tHeed i n
a considerably er concentratio . In a b concentration of 25 - 75 %
* by wei ght. Iayﬁrtofatrcheﬁgﬁldase reduces by the same armunt the content of C~ -
Cz alkyl nethacrylate, e.g. to a proportion of 5 - 40 % by weight. The

copol yner contains nethacrylic acid to optim ze adhesion of the varnish 10

" laye3g o t Thehpdthodetinwiieh én@cmrébrétQawaé madeanmufahldecm divedatidnd ng
power of the copolyner in aqueous alkaline solvents. pr.op ortr on of this

co(rjrpounds iim whigh sajg dayards sfryciused mitl, araNdGriasey mbeeleewelbﬁ @‘M'@Qﬁt her i
side, too %Qoﬁﬁry%%?@r id ﬁ@arﬁe@?@"V%‘Pec#}@r}e?‘épﬁftﬁlc@rﬂ%st an@%‘ﬁﬁ ue) {2'306 at the

varnish | a €°Co eavin ear'ed of f
when abl ated by | aser 15 radiation and nore specrfrcally when the | ayer
with the base netal surface is subsequently renoved with an al kal i ne
aqueous solution. The copol yner contains nethyl and/or ethyl nethacrylate
to adjust nechani cal properties) nore specifically to adapt stiffness of
the copolyner to the practical 20 requirenents. If its proportion is too
hi gh, the copolyner enbrrttles and can fracture mhen heat treated
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antagoni sts to nethyl and ethyl nethacrylate. This conmponent furthernore
affects glass transition tenperature Tg of the copolyner. This tenperature
30 shoul dyH82hNgsel OWest possible in order to keep the tenpgefapyiRsdor heat
treatment after |aser ablation as |low as possible. This is necessary to
mnimze thermal stress of the dielectr 66,0 substrate and of possibly other
el ectronic WO 02/ 071466 PCT/ EP02/ 014 16 conponents that have already

been pl ac carrders cessed. . An i se in the
proport i 039‘68&8? 'bgfl“' g&j# Al fIP E’é@a agé% @aﬂéiwﬂagﬁ r&tag}ﬂ On the
ot her handxposed et gurwm%ont fd?rstrQlfctLhmnghe?éII‘dla%Ps ¥ &rilentigRalsof t a
Iayer Moreover in this case, protection of the base netal 5 surface

agai nst arﬁ“%ﬂj'@é‘dﬁé‘t'l!iﬁ@ﬁrb\&hlcbIPJE\IQH-?ﬂerISQIVQdQVQI‘ScﬂfGIdepOISI‘I@tII ontaitheByetalling t he

hydr oxy a t. er to the base

metal sur ot ecBE B St et S aERpRBrny 5 At el MR Bate cor " ¢ ne

copol5/ner regidteand the Sumi‘mmedateahﬁlthlﬁmrreblslt@ ard Qlfﬂdmﬁ 10mefsipllagy | s

reached 1% when the cop oldémar can no | onger be conpletely renoved fromthe
I

base net alPesaHBg s ot gyl ntm%%ﬁth%naqdeﬂ@tsl@hasub@ﬁn fpénd fhatthect i on
occurri ng iehdka fun, t he
properties thé‘{‘glg%:f?ﬁgﬁ&’éttleg;ﬁbﬁar%;'%z%g?ﬁ} Rﬁgégﬁﬁﬁ@agﬁ%\@?%@"%ﬁr |oned 15
pr operti evesoletian kwf énest struqunmduol ng copol ynmers havi ng a nean val ue by

wei ght of the nol ecul ar wei ght MV of 15,000 to 100,000 g/ nol, nore
specifically of 50,000 to 60,000 g/nmol. If MNis too |low, the copolyner
obt ed i sistance to
etcﬁllmng Aﬁ] vée?ﬁ%lgﬁ&%ﬂte ﬁpéﬂgggﬁ ?Qé}ﬂsin a\}}g{?{ﬁ&? B%gﬁoge%'&ﬁgaiégfor this

par amet er dlsadvamtagﬂsgefthbmnomdneﬂwdt& andllf' ndxnglmcbnei speoﬁImIIy'd rhethod he base

t al f h d PI h | whi ch
TS et | nednstmakes s s Reedli BB st 8 lousTv. Ricy SRraor o of |t he
nol ecul ar éﬂ%ﬁn@@vhﬁl‘ﬁmﬁ%&@o\’ﬁ@beﬁé eéllﬁ?n ShPthdt ety t&he

reaction occurring during the 25 synthesis o tFﬂ’Bau%&f nmers i's run.
choosi ng depeadusitly mamufactus @esjrstnuk:turesnmtrsq;tamtmecwidtbs of 5@ ufn and 2. 5

bosslTie. Wt RfertirE, MErEPer atiancaiontt B Ridmsetiafmting var ni sh
cont ai ni ngegafd BPtHROSEPALITRY of fuiiek 9\‘@6esfshfg W fiftsiRdd & I‘cwtt ﬁ@ctégﬁ%%ré Bt

m xture of copolyners with various nol ecular weights obtalne y synthesis
i s honpgerteqgsur.sthe aaape of therpircuitllines toe isto be reprotucihleuas isitoxomear t s of
copol yner 2/ 071466 PCT/ EP0O2/ 01464 17 are
cont ai nedsthl%ﬁ]ﬁgggﬂaqi%mt%@ %?eétgéﬂw588¥€?£ i nproved resistance to
etchl ng i s made possible. The nean val ue by wel ght of the nol ecul ar wei ght

for rmned b ns of size exclusigon chromatography
(SE ) 'Eh "Eﬁ?mdaIW%wvnﬁsdﬁeW%@qcowmaﬁm tard @Y r aphy (GPC} .
The nean Vé]ééll@o nﬁgﬁ) n@ﬂ l e be
determ ned by o@rr%rra?g???ms'ﬂ&é&a' ls“a g??tﬁ?ﬁew 'ﬁ“%tselgqgg
utilizing mnentgp'eataajndcnaheﬂ inrtbe Sa:lbmmhsaitel clainasid nore specifically in using
the specific ablation anplifiers, extrenely fast renoval of the applied
varni sh | ayer by ultraviol et radiation is made possi ble. This is achieved

on one hanfhdwmedtayd aacémq/wmbsﬁv&ﬂmﬁos%%@'fof&w'n?étsmc Sd'étt%HFBna way

that, alt hou&@ t hi ckness the layer Is snual anounts to no nore than
5 pneS pr efdiplgstric substeates Trhereiecm@phoyenmvanﬁshaceomidmeanventm rom1l to

varni sn 1 S ARERER BRI bBtntiinbde Mo S,  Copper patterne i

sufficient. In that the varnish layer is capable of protecting so well the

underlying_| ayers of base netal against etchants, thickness of the varnish

" layer can Blée{ﬂﬁfaeﬂ is gase speeificallydisadto produse highly integrated: airgsst

consi dera t by
b+d ribRCfdr 356 thi I%@I&'Ilpoﬂl %ﬁﬂéﬂﬁw]t%@ &Iﬁﬂ%@r@s Bﬁftﬁbﬂ)elﬁ'nfgg%%

additional 'y 1 nserting he conp I-on anpli ation

“rate30s ad(cMGNbraIId Q’thenhymeldcmtocérﬁerseomrﬁ@rthe(m@lﬂodﬁﬁa)aarseshét
thereof, with 1Eqrtraw ol et, radi ati on, exposure tines are achieved for

removi ng t#RE4IGrManUiRg ng\faﬂaqmrpdugtéve@ famgapetaciuring papted circuit

consi dera JLESF n t The

el ectroph(t))dr)(gatrlagq\??rglvg' %@égﬁl ain H}éraf‘%éer cﬁ%’ﬁhrawggs rgﬁéekﬁ{s such as
dyes and pignents for inproving processing properties of the varnish and an
optical inspection after structuring, then plasticizers and inorganic
fillers that 30 influence flow properties (rheol ogy) of the varnish for
exanpl e, noreover bondi ng agents, e.g. benzotriazole or other simlar
conmpounds that may enhance adhesion of the applied varnish layer to the

copper f| I m I y| ng WO 02/ 071466 PCT/ EP02/ 01464 18 under neat h 1n add| t| on,
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| ayer fromformng. In using a very sharply focused | aser beam from whi ch

| eakage radiation surrounding the main beamis bl anked out and which is
scanned W&%ﬁlﬁ»lﬁ'e 20 surface of the resist layer) extrengyebi2RGies
structures may be forned in the resist layer. The structure w dths that may
be obtained are considerably |ower than, 20 Nm Alternatively, scattered

| aser radiation, wth a section of the beamof 5 cmby 5 cmfor exanple,

may al so : i radiat i i i i he

ur face. vis4ORnpdiE, 50V gBtRctlrs, B0l Mol ol el HarE g BB B ¢ ace.
or radi at idutorativergffentt ed onto the surface by way of an optical system
Extrenely fine structures with straight and steep flanks nmay be fornmed in
these cases too. After the layer of varnish has been structured by neans of
ul travi ol at) en laid bare
are remmyval 108 veftlsh Sl BERBSMBhC pRUbh BINGT et G 1" Sopper

| ayer§ a a.utsagﬁbitﬁuﬁatim ektrgmtydiaist mmdwva ofﬂwapva%iS}kslagleﬁw t he

pur pose. A ro ywjc acid Cul 2 etch.sol ution WO 02/ 071466 20

PCT/ EP02/ dﬂ&%wo r%&ﬁb?f? aﬁ:maéﬁinpsa@fedclh%ﬂ%awm BY: exiremear NCERASG v wel |
sui ted. A8t i r;?gl' I eﬂfiﬁn 1,
since the tbgse{ﬁzétﬂo))ﬁ? e?'g%sﬁf |2J|[ent ?fggs‘@gtugﬁé:ﬁe&%g%d‘%{%@%@gﬁka |&§t pH <
10. 5 Aft aareraminieved fof remevingdbe vatnish laygewithbat leawingoamnrdsidut that are t he
varni sh layer.js preferably renoved soq that_ the net atterns are exposed.
Furt her néiy%s'%?@'wsshﬁﬁkﬂﬂmpweagas imesoidiawn Hﬁﬁ%&% patterns. Agueous
al kg ne solutions are particularly well suited for the purpose, for

exanpl e an aqueous sol ution of sodi um carbonate or a solution of sodium
hydr oxi de. Theablation lamsplifier arore dpeoifipally isan aramatic gcarbongiecbmpaundshar pl y

t d g t t hat ..h t d straight flanks.
ALt t he SAITENSiG Era HEtmAN R AN B AeSHEVES PaTBaL B G Hbr o motal | ayer

can 15 be myiisén@abetdphenaﬁé,a&er&@Pheﬁ&% Biid TR& @eriOhtives Theha, 4.
el ectrol ess plating. Appropriate netal l[ayers or conbinations of “netal
| ayers ar ehysipyy beazophensaesi dibydroxybeszaphenengs and polyhydraxyr f aces from

Gor i 08 o BetipchRenBhE ook W81 38 i Y SpBIGHE 3R8 T SbribatvBRn it he %
deposi t ed thersafdFurthermorenars phingiprh helysytlicanritocatBons iw terfoimbsidabl e
surfaces, first a layer of nickel in particular and thereupon a |ayer of

Jol d ey bRNtaEAsaned dnthracesedethancs Jr4-giraethoky: apihracene $A0sisEY o of
d iti i tol h . 3 h t al
e er e antifacifd, ittloxThathyl Bffdbent) 8, AOBRRINRKIHIGPeBind) > Tt &

sur ]1: ace- acammﬁmwrﬁm?\pem&mmﬁgl diploersyl lbbladi?né and_ptha;apa(r]I ing the
sur es cqQnsists L.h S t etching t CO I surraces,.|l order to
creadt s nienuRkes thedahdtindza & el ansiu b fvere derteRer et al i c
Layers adheqngioBidtérdcgoldic Sgstialy ARTE hefocy Bk, iy B Bed ! Oy

etch solutions for coppér are enployed, that is acid, aqueous solUtions of
oxi di zi ng egfbazele andjthesderivatives thareof, moreapeciiisatiy withi hydrpphitiegroupsogen

e i neeqtidh hpfbfe pibRTEhg AroSaERtRpY Lo SV ABHERET oiTcking on
t hem fr om phendNazine) B phemyd berrimidazolé Qnd3sequinoimd elidePaybiadpligt. Then,

in the exposed copper regions a |ayer of tin or of a tin all o_é for exanple
serveRg asAlposyomatic niffe coppaundsy .9 bitrapherelesa Airaanilinesp srnitiostyyeine of

gol d servi 1 d by netal deposition. These
Layers al sggﬁlv% ?%ﬁgéog% bﬁthéﬁ%é%g S%@écﬁr ns agai nst oxidation. 5 The

pl ati ng baths used to formthe netal |ayers by neans of electroless plating

are actually, known. After the coatjng steps._.nmeptioned haye been, rri ed
out, the siibthathevamish canfginsmmnabla 'F@H{?’?'fliﬁre mﬁfehﬁ%ﬁ'ﬁ B'ﬁ'@&'of%r ei nabove

can be car F%cﬁ?ti&ﬂta grﬂfﬁwmé%iéqtsﬁ tg,%lywﬁ@feg.mﬁnﬁa Ve b8t daffd dad with
t he copper 11 NBs M or exanpl e be | nmer se Into the processi ng sol uti ons
" cont 8Dned withtantkwitheuiahlation achpliietelded ancendrmaous ingrease is thss ablatien i nt o

contact with t rocessing sql utians consi sts. in. usi a process of

cont i nuous’ rqr};%%f’ﬁfm%blﬂy%ﬁ'gheF%é]'aﬁ% ﬁﬁ“ﬁdeﬂHEeaﬁ?ﬁlCB%"Pa{'?p@?pﬁ% d for
renovi ng t kemeyaQoedd BEREBEUCEd byh fadtal Bf AT BBSE $5,0RBF Shécifichily GTeRMoBD t he
substrates through such a plant”in horizontal direction of transportation.
The substrates are thereby held either vertically or horizontally. In the
first case, the 20 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 neans of flow nozzles, jet nozzles or spray nozzles or, in
processing baths, with the processing fluids. 25 To produce highly
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the copper filmsurfaces 1. This can be surveyed fromFig.1l B at the pl aces
6 where the varnish layer 3 has been partially renoved. 15 Then, the
exposed ubeld-d@ | S brought into contact with a chem calp@fghanldti on, a
hydrochl ori ¢ acid CuC z solution for exanple. The exposed copper surfaces
are attacked in the process so that thescopper film1l is renmoved fromthe
epoxy resin 2 in these regions. This nmay be surveyed fromFig. 1 C at the

20 pl ' . ' i i it tt [
creat od onen:tRseABnBSEER e IFL LRI OES e BhabhhhgBir ol oh 1 ayer
i s renovedituairogy bestdphepiong, aittaphenol asd dipzﬁdwééﬂﬁr@@r@?a?ﬂculihﬁ waiit al
pattern produ e_ﬁhls | eft_on the substrate (Fig. 1 D). 25 Results of the
assays foﬁuﬁﬁéi 9 rerRpaiberaforpRoss iRl in thatdbese samepunds are reddiyhesi s of

. produce.t houdle irthe codtiyref Bariclolse R ERidaifeS ot Yate) follie™>s ™
PCT/ [BP02/ @bt mnbga;ﬁeéimmja;gerréimd bedies\ARisse wermpoyindsbeimd rather

doubl e- necked f|ask, . Thepn, the no s were added. The reaction m xture
was kept ngﬁplyc‘iﬁfrspug%g!"éhedﬂgﬁ'WQDﬁE\%CQHPIiYF’Lerdur ation of the reaction.
The proportion of ingredients utilized for producing the copolyners is

indicated in Table 1. 5 To initiate the polynerization reaction, the
m xt ur e waddhehabiatian ampdifier mayrke added &ptheavarnishlasxari additiénabcommpéhent The

conversion in [% determ ned upon conpletion of the reaction is also

i cat ed T {48l 8y 15 e Bt SRR e, feoveleot BaRY BRAIER Pener ves
pr eciepi t akGindd DEdEh IHRAGHIERGH BMPIIAEEakd the YRdISTonAlf tﬁe%gagané@m higf 7
parts of water to 1 part of the reaction mxture. After sepdration, a

col or | ess casadthe reqsliredpadxigutytinspasaof the sensitineeto e copolyorerdd e at 60 to
70C. 15 | ecul ar. wei of the yners, were determ ned by means of gel
perneati o a'ﬂ'ﬁbﬁg\f%ﬁg%éw Wé"eé{f"gg&qb%%ry (M), a PMVA standard bei ng
used each tinme for calibration. 2. In further experinments, synthesis of

copol ynmers was carried out by sem 20 continuous processing. For this
pur pose, drancasating eut theanetheidacneadingda theinventien.ca adbsimatatprovidedegi nni ng

of t re I t d a later staae.,. BA or BMA,
res p‘{.}s,9 vveslg&lléggj@&teﬂﬁe%?%gggée’t'ﬂ'gﬁ%B&e@ﬂ] g%ﬁphﬂi‘{“m« és, uF?é ?%sl’?ge m&?e 25
amount at rhéal Baghodis@ichéd uponrstaciiniy addurdingitbitieé fiveMibh seamatiheo added
in a batch for the copolyner No. 6 One part of MAA MVA and HEMA, resp.,
was added dasirerdngtal patieyissreated. ifanbasemelaldayards msedpsyid laygsgnay beat el v
from33 t 0 ji TR added
within 9 %ﬁpléﬁe&%ﬁ@%@?@#geng;gﬁﬁ’]&gmr%ei)r(\?%‘é?g?él%i {)%Kmé nnno!lré‘fv}s‘}%:md t he
pr oper t i eprotessstepszre peciosmedde struciure hbs base nuetel surface:i ndi cated in
Tablg, 2. The val ues of the added WO 02/ 071466 PCT/ EP02/ 01464 24

pr o tions of nononers indicated in brackets are the anmounts added within
9 h of reafidB0idind'R suUbBSHaRScAMBrisiAg REAde Rebil BAFfa¥al Ues are the anounts
added at the beginning of the reactron. For AZDN, the different additions
are i ndi cR)aPpYpgEavamish layer tortbesubstiate byrmeans ad @nt¢lectropharetien in

i shes GeE: YR vyl iaver MDlduR8 o lesd phe bR ORIAY fleesR. 1"
produced iultraefofdteadiatioaccording to the 10 sem -conti nuous nethod were
applied onto a gop@g pl ate Spi n-coati ng) varyi 225 rotational speeds

| b
havi 4% beeh akiating: ‘éﬁrﬁ'@hﬂa)’ée‘é’lﬂﬁ sifraviglet radiationr{<s450 Ry in g} least pafts dri ed

oven was. Cngfeiefls e noferesd iR Iha AR Jatidth (1% RIRRUTERL T
pg(rj f?r nedlb%SEEnmt l(surfﬁ_ﬁedn;eri]ﬂglhiqbb!a;ehrﬁl_}% lmt\ﬁWéléﬁgtprliﬁlsi_eotﬁmltré?ir?let Chat
addi tional subs ces in the varni e varnish is | ower an tha
o bur o cBRIIAG Do ASHNg Otners Qe taraveed by WielAT RKPRRW piat s SaT ederoval
i n aqueou |:kald ne. e I {i i Eﬁ.&gi' Ly ch
this was (i%@éb?ﬁlﬂn d“%gh@rdg ug‘?%? g??@v@? WQEP{%’)}Q?R? I C r%?g?éq%ﬂggtvgm ne

' IgéeBOt hi c&{m@le]ertgtheﬁbebvvé\mQOMﬁe?a)%/bmseggé;)f ghi Chti Bqlu'cted c?r{ﬁnts ?)r
eddy currents re neasure ot est er . Repeatability o e val ues
measur ed a&r)oﬁtﬁﬁﬁ‘g quﬁefxBﬁ.?eé S%'F%F@ES‘HEﬁ%ﬁ-ned 25 were verified by optical
m croscopy. b) Resistance to etching: Etch solution: 30 % by weight Fed 3
solution + 10 by weight HCl + 60 % by wei ght water Tenperature: 400

imrersion time: 1 min 30 ¢c) Capacity of renoval in alkaline solution: 2 %
by wei ght NaOH sol ution Tenperature: 50C, imrersion tinme: 1 mn



- observed that gl ass transi

WD 02/ 071466 25 The results are reproduced in Table 3. PCIT/EP02/01464 3.
Further copolymers were produced to test reproducibility of the production
process. G20MxdeNg ratio of the nononers and the physi C?Cﬁﬁﬂﬁﬁmfhes of
the 5 copolyners obtained fromthe nononers are indicated in Table 4.

Copol ymer No. 13 was produced under thegsame conditions as copol yner No. 6.
But here, conversion achieved was higher so that glass transition

tenperatu Ty %ﬁ zed
within 6 ﬁen‘érm %?Maxl 9 I!)I¥her ?@Pgté&ﬁgn%gégémgee%(w%er si on
was not t ke mtrcmrrerspoodderthe metalpattese to bprfod'qedbllnl aﬁdthemnbbdiﬂiﬁém No. 16

and 20 were 15 nNerize sem ontl addl ng the m)no s and t he
initiator "h%e!ﬁvﬁ%é ﬁé'%‘&'ﬂb’é@@&v én Pﬁ 'gﬁrr@rg IQS‘Y'IV € produced

under the réQrﬁﬁsQﬁQﬂér"e'dlfb%ﬂ?% jaehnb tive m&msa rRF&% 1£8fin é%“thaib
ion tenmperature T ower (appr oxi mat ely
740) .5 Fur targe arggaqugnetrat lemaig detveen timﬁscaateareas of thiei mgtahpettendto:at ed in

Ston'r osi be el SHTE Sedd e 1031 A8 A B0 SR8 TR Bk 0 Ty AT o
be conpl et 9 FH 192ARefdr éxmpré)erﬁ@aaeén@@@aﬁtms WKl progeadiv qslfthétol ution
within the indicated imersion tinme. Furthérnore, it" was inves ated how

the copol yieRsepibwhichdharraetalpattern enly inaampletelsar aneyanly cover S eni sh. For

conpout (| Sartass e SGRsErs S UL regidi g8 yhdfisly i btbatiam,
18. 610% by the Nal'rirsﬁmr (canibe rmyﬁom meth fadtef from heoubstrari slfadéhtipyn t he

rest PCT/ EP02/01.1C- 4 By var%{ g the anmobunt of the added base different
pH of the l@&?ﬁegmwm@ea@m éayernﬂq be@ﬁmpi@f@br ¢leared off in the whalesi on

formed werg t:al ni sh was bel ow a certain
transition %@’ilﬁn' mghﬁlﬁéﬁ?ﬁ%ﬁgl ne was %UI’BI¥ . Above this value, the

enmul sion was clear. At the transition point itself, the turbid fluid turned

into a cl enul si o 10 Varni shes were produced vvlth copolyners No. 6, 16
and 20 angﬁ&‘éﬂ?rﬂéﬂagﬁt‘ n Pfe{?WM used 13858k MEBO%PGW%&%@ digiemis of

triefhyl 0 ‘@‘%ﬁfﬁ’@ re be
seenM;romqjll:}){g;iaea«/R"twa whi ¢ dﬁlﬂﬁgﬁ% P%ﬁ}; avxggéﬂ?ré}t)&ga%h{(? r&@%&%%ﬁﬁ% cl ear
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cont%‘?nl n%b‘égr%ﬂ?@?én tﬁ%éﬁmafsq'ﬁ%&f%é%}é%?&%ﬁ%g§tﬁﬁb cnB8. By
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order tor unt of the solvent (MEK) and of the base

" (triethyl g&nﬁngfqégﬁqﬂvl ayer and to condense the layer. 10 Fig. 4 shows

the results of the neasurenent of |ayer thickness for varnishes that were

obt al ned wi.ith copol K’rrer No. 6, the layers having been produced in this case
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KrF-, XeCl-, XeF- or an F, laser with a constant output of 300 watts for example.



- the layer

15 Tenperature was 10C above glass transition tenperature T9 of this
copolyner. It may be seen fromFig. 4 that |ayers of a thickness of nerely
from1 tw@oiﬂgllgﬁgul d be obtained. 20 Resistance to etchi ngepiphigss | ayers
was determned in further tests. Resistance to etching was tested with a
solution the conposition of which was zﬁ follows: Fed 3 30 % by wei ght 25
HC( 10 % by wei ght Water the rest Tenpefature of the etching bath anounted

to 40C and, etching tine amount. ' le 6 inpdicates results
obt ai ned" 15 rediaieraslires FPabiel R ites 8 SR StnER R v ng 1 n
thi s casecHeastintsBPdIdarfic Mdtridl withou® (Havind Bh e Résided Sintl the YRLRWEH) 71466 28
of j = 0.50 mAl cn2. PCT/ EP02/ 01464 Table 6 indicates, in addition to the
copol ymer opadgin thejorgania melacsien oihe yarishdayeneanhsshokendydneass of vol t age
(vol tage Al [tion was term nated), the 5 duration of deposition,
aﬁﬁ%ﬁe@%‘?@e érm ned and the resistance to etching. Table 7
contg@ ns further results for the resistance to etching of various varnishes
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| ayers produced by spin-coating. The nean roughness of a |ayer of 2.9 Nm
thick determ ned by neans of the AFMtechni que ambunted to 320 nm whereas
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t echni que anounte The 25 layers produced by anaphoresis were
subst ant i dhé girotit lines have-stiuahre vdadihe af HO0gumANEhiess Sreuitlines mwayfored out to

16 Hhe aBpERIR SaorTRAbhiE SaVs et Bt RlaBRB0 BroroRvil e BSRAERL ot
concent r atgfas Gm. The%sdtyionaif i cir@litlinesdsisubktamtialip ghaped likeop dlaperoid
I nclusion of the ablation anplifier did not substantially influence

emul si fyi repchiéhasikeendounddhatdhe baseareaaf fhe ckeHillinesatuttingthe,  wo
02/ 071466 RGI/ EPO2/ 9 ' jds. Th
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conpgsi tion: Copol ynmer . .16 traps- zyl i dene agceto one .NEK Tri et hyl
am nédvat eﬁum agEa" mg'yla%'ﬁ‘_{)gdié@gﬁpﬁﬂggn%s abﬁ%‘ﬁ%} “@.%'ggbmf{ wei ght
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KrF | aser gwrfdceaof el dikbuitdine80 watt was enpl oyed. The focused | aser beam
was aganned across the

The width of the circuit lines can be set to be reproducible. Circuit lines with a
substantially constant structure width of about 20 pm 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.

30
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



coated surface. Energy density in the |aser beam anmounted to from 150
mJ/cnz to 200 m}/cnR. As a result the varnish |layer was renoved fromthe

copper sWwd affrscine copper laid bare in the process of | agef/ppifodsdsur i ng
was renoved at 45C using an acid copper chloride etch solution having. the

foll ow ng conposition: Copper chl orideﬁo to 160 g Cu2+ per liter
Hydrochloric acid 280 to 300 mM (HC at 32 % by weight) per liter A pattern

consi sting, of co r circuit |ines e i WO
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not ches, fle@N#10-TeRIGHEE- et chings 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 determ ne the effect of
t he abl at i Pittiagdike &tohingsainthe metal patjenn heve rigtieeadhsesved peematieetheur f ace
of printed ci rcgit ?ﬁ)ard mat er i al by neans of spincoating, said |ayer
having a t APRReIdayerdiasbeenaichigd. contai ning the ablation anplifier in a
conc Btrati on of 10 % by weight. Various regions of a |layer thus produced
wer e exposed to a varying nunber of |aser pulses with a | aser wavel ength of
308 nm a Muoreovermntheng exist$00 problemiotfurthaeprpeegsingithe edcherbaredwiy cn2. Then,
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fol | owi ng diffipuities.ilo tie fitsticaee cadhegiomef tbe soldgriresist maskitadhe sisauit n each

vat eriS10- odge fgohnt SABGHTR Sus Saeorith Bapd i Byddes o1 Fe Qfciit TheS Bl nel™ "0,
by wei ght saW6-0fR7 dtehed rbr EPagpRtheBhdTlagevar ni sh enul si ons were

applied to printed circuit board material at a cathodic current density of
] = 0.50 AlcnZ. The cut-off voltage anobunted to 80 V. As for the rest the

deposi {1 on GNALHANS Afbfife By Mishs! & drl\endi6y REGLYS s6ARA ddchgingityen

her ei nabov ereaf resist layers”tormed were ab nder the
condi ti ons tHefventied idof gieatdroaase dheompatesr tocforivestionalstamturingyui red f or

conplete renoval of the layers.is given in Table 9 foc. different ation
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flexibility of the structuring process is achieved since it may be carried out "

without masks.

25 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 A1),
thé ultraviolet radiative sources used according to the present invention are
particularly well suited to form finest metal patterns, more specifically with
30 structure widths of 50 pm and less. This is made possible by the fact

that the varnish layer may be removed from the underlying base metal
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cleared off without any residue and leaving sharp contours.

It has been found that on using radiative sources in the (visible and infrared)

10 region of longer wavelength, ablation of the varnish layer is not secure and can
more particularly not be carried out leaving sharp contours. On the contrary, the
structured 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

15 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 varnish 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

20 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

25 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
30 methods:

a) in the process of etching used to structure the base metal surface,
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*) 39. 3++36. 1++66. 4++65. 4++9100«i dat i on+9100xi dat i on+1050xi dat i onNot
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oxidation- *) "+": all right (for resistance to etching: no oxidation to be
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LO t~N.-. r' C Oofaigpted; theseme isjtruafor thecyamish leyer emainiiecvRidhe
W NI N o 7 patteriy e S &fths SWBFage ik S TN T O
O~-~I 78) NOQuON~NIYdhesubstratds coated with the varnish layer are mechanically
insensitive since after having been submitted to drying and if need be to
a heat treatment, the varnish layer is scratch resistant and more
specifically resistant to fingerprints;
c) the varnish is not photosensitive and accordingly is easier to handle
10 than conventional photoresists;

d) moreover, the varnish layer may readily be removed.

An anaphoretic varnish is preferably used to form the varnish layer. Such
varnishes are readily removable by means of alkaline solutions.
15

The copolymer should have the following properties:

a) Good adhesion to the base metal surfaces, more specifically to the
copper surfaces;
20 b) Good resistance to acid copper etchants, to a hydrochloric acid FeCl,
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 radia;ion;
d) It should be easily removable from the base metal surfaces with an
25 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 T, below 100°C in order to guarantee
30 thermosetting even for sensitive substrates.

For an optimum varnish formed with the copolymers, a compromise has to be
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formed by the copolymerization of monomers selected from the group
comprising methacrylic acid, C, - C, alkyl methacrylate and other esters thereof,
C, to C,, alkyl (meth)acrylate and other esters thereof as well as hydroxy alkyl
methacrylate and other esters thereof, the alkyl groups of which have 2 - 4
10 carbon atoms. The term alkyl (meth)acrylate designates both alkyl acrylates and
alkyl methacrylates. It is to be understood that the copolymer may also
comprise monomers ather than the above mentioned monomers, e.g. styrene,
maleic acid and the esters thereof. In a preferred embodiment methacrylic acid
and the esters thereof may be substituted by maleic acid and the esters thereof.
15 Furthermore it is to be understood that the varnish may also comprise other
polymers than the copolymer formed by copolymerizing the above acrylic
monomers.

To form the copolymer, methyl methacrylate is more specifically used as the
20 C, - C, alkyl methacrylate, butyl acrylate as the C; - C,, alkyl acrylate, and

1-hydroxy ethyl methacrylate, 2-hydroxy ethyl methacrylate or the respective

hydroxy propyl acrylates are used as {he hydroxy alkyl methacrylate.

To produce the copolymer, the monomers are preferably used in the following
25  amounts:

a) methacrylic acid: 1 - 25 % by weight,
b) C, - C, alkyl methacrylate: 20 - 80 % by weight,
c) C; - C,, alkyl acrylate: 1 - 50 % by weight,

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

the sum of the amounts of the above mentioned monomers amounting to a total
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Met hod acgor gh i3 laim1l, wherein the at |east one ablation anplifier is
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10. Met hodgipeQargd.ng to one of clainms 7 to 9, wherein the nean val ue by
25
The C, - C,, 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
30 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



wei ght of the nol ecul ar wei ght MV of the copolyner is set in the range of
from 15,000 to 100,000 g/nol. 30 11. Method according to claim 10, wherein
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PCT/ EP02/ 01464 40 12. Method according to one of clains 7 to 11, erein
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ablation rate is additionally increased fo 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
25 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

30 influence flow properties (rheology) 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
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group comprising triethyl amine, monoethanolamine, morpholine, ammonia and
sodium hydroxide. 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
20 to slightly alkaline. The optimum pH depends on the type of copolymer. In
adding the base, the solubility/femulsifying 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
25 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

30 varnish emulsion and a voltage is applied between the substrate and the
counter electrode.
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10 a continuous-flow drier and infrared heating by radiation or hot air path may also

be made use of.

Then, the substrate is exposed to the radiative source in the way indicated. The
thereby generated gaseous products are drawn by way of appropriate pumps

15 from the immediate surroundings of the substrate in order to prevent a new
layer from forming.

In using a very sharply focused laser beam from which leakage radiation
surrounding the main beam is blanked out and which is scanned across the
20 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 pm. 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
25 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 uitraviolet radiation,
30 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 hydrochioric acid CuCl, etch solution
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After the metal patterns have been laid bare, at least one more metal layer can

15 be applied onto the metal patterns by means of a method of electroless plating.
Appropriate metal layers or combinations of metal layers are deposited in
particular in order to protect the surfaces from corrosion and to form solderable
and bondable 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.

20 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

25 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.

30 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.
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The method mentioned hereinabove can be carried out using various
techniques. The substrates provided with the copper films may for example be
immersed into the processing solutions contained in tanks. A preferred method

15 for bringing the substrates into contact with the processing solutions consists in
using a process of continuous horizontal operation 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

20 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.

25
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
30 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
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excimer laser for example, is radiated through the mask 4 onto the varnish
layer. In the exposed regions, the varnish layer 3 is thereby removed from the
the copper film surfaces 1. This can be surveyed from Fig. 1B at the places 6
where the varnish layer 3 has been partially removed.

15
Then, the exposed substrate is brought into contact with a chemicai etch
solution, a hydrochloric acid CuCl, 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
20 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 siripping solution, e.g. a
NaOH solution. The metal pattern produced is left on the substrate (Fig. 1D).

25
Results of the assays for optimizing the method are indicated hereinafter:
Synthesis of the copolymers:

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

To produce the copolymers, methy! ethyl ketone (MEK) and
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To initiate the polymerization reaction, the mixture was heated. The mixture was
kept at reflux for 24 hours (h). The conversion in {%)] determined upon
completion of the reaction is also indicated in Table 1.

10 Upon completion of the reaction, the polymer was precipitated from the reaction
mixture with water at a weight ratio of 7 parts of water to 1 part of the reaction

mixture. After separation, a colorless powder was obtained that was dried under
vacuum for 48 h at 60 to 70°C.

15 Molecular weights of the copolymers were determined by means of gel

permeation chromatography (M) or by osmometry (M), a PMMA standard
being used each time for calibration.

2. In further experiments, synthesis of copolymers was carried out by semi-
20 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
25 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.
30
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
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Characterization of the varnishes and of the varnish layers:

Some of the copolymers that were produced in batches or according to the

10 semi-continuous method were applied onto a copper plate by spin-coating,
varying rotational speeds having been set according to desired layer thickness.
The layers were dried in an oven at 70°C or 100°C, resp., depending on T of
the copolymer. The oven was equipped with a fan. It is to be noted that drying
may be performed also below T of the polymer. Due to the presence of

15 additional substances 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
20 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 ym. The values obtained
25 were verified by optical microscopy.

b) Resistance to etching: Etch solution: 30 % by weight FeCl; solution + 10 %
by weight HCI + 60 % by weight water
Temperature: 40°C, immersion time: 1 min

30

c) Capacity of removal in alkaline solution: 2 % by weight NaOH solution
Temperature: 50°C, immersion time: 1 min
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5 copolymers obtained from the monomers are indicated in Table 4.

Copolymer No. 13 was produced under the same conditions as copolymer
No. 6. But here, conversion achieved was higher so that glass transition
temperature T, was lower.

10
Copolymers No. 14 and 15 were polymerized within 6 h instead of within 9 h.
Therefore, the percentage of conversion was not the same.

In order to increase reproducibility, copolymers No. 16 and 20 were
15 poIYmerized, semi-continuously adding the monomers and the initiator.
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
20 (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

25 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
formuiate an anaphoretic varnish. For this purpose, varnishes were produced

30 that had the following composition:

Polymer 10 % by weight
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By varying the amount of the added base different pH of the varnishes were
adjusted. Different conditions of the emulsion formed were obtained thereby:
when pH of the varnish was below a certain transition point, the fiuid obtained
was turbid. Above this value, the emulsion was clear. At the transition point
itself, the turbid fluid turned into a clear emulsion.

Varnishes were produced with copolymers No. 6, 16 and 20 and examined.
Fig. 2 shows the dependence of pH on the amount of triethyl amine

[% by weight] added to the varnish. It can furthermore be seen from Fig. 2 at
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 cm? 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 em?. By means of a power supply, a voltage was applied between the
anode and the cathodes, the current flowing being kept constant.

Table 3 shows, for different cathodic current densities, typical voitage/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
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5 After the varnish layers made from copolymer No. 6 had been deposited onto
the copper anode, said copper anode was rinsed and dried in order to remove
excess amount of the solvent (MEK) and of the base (triethyl amine) from the

layer and to condense the layer.

10 Fig. 4 shows the results of the measurement of layer thickness for varnishes
that were obtained with copolymer No. 6, the layers having been produced in
this case with two different cathodic current densities.

After production, the layers were treated by heating at 95°C for 30 min.
15 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.

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

Resistancs to etching was tested with:a solution the composition of which was

as follows:

FeCl, 30 % by weight
25 HCI 10 % by weight

Water the rest

Temperature of the etching bath amounted to 40°C and etching time amounted
to 1 min.

30
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
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the varnish, the cut-off voltage (voltage at which deposition was terminated), the

5 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
10 current density of j = 0.33 mA/em?.

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

15 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
20 (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 uym 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
25 . 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 frans-

30 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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Copolymer No. 16 10 % by weight
trans-benzylidene acetophenone 1 % by weight
MEK . 18.6 % by weight
Triethyl amine 0.5 % by weight
10 Water 69.9 % by weight

pH of the emulsion was 7.84.

Layers of a thickness of 3.8 ym and 11.5 ym, resp., were deposited under the
15 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 pm thick and with a varnish
layer of 3 pm thick applied thereon. For this purpose, a KrF laser with an output
20 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/cm?

to 200 mJ/cm?, As a result the varnish layer was removed from the copper
surface.

25 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
30 liter

A pattern consisting of copper circuit lines was formed. Subsequently, using a
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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 ym. No notches, funnel-shaped etchings

10 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
15 over the whole surface of printed circuit board material by means of spin-
coating, said layer having a thickness of 2.5 ym and containing the ablation
amplifier in a concentration of 10 % by weight. Various regions of a layer thus
produced were exposed to a varying number of laser pulses with a laser
wavelength of 308 nm, a laser energy of 600 mJ and an energy density of
20 400 mJ/cm?. 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
25 copolymer No. 16. The emulsions had the following compositions, different
ablation ampilifiers being used in each individual varnish:

Copolymer No. 16 10 % by weight

Ablation amplifier 1 % by weight
30 MEK 11.8 % by weight

Triethyl amine 0.5 % by weight

Water 76.7 % by weight
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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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") .+ all right (for resistance to etching: no oxidation to be seen)
Table 5:
20
Copolymer No. Thickness [um] Resistance to Capacity of removal
etching )
)
16 5.28 + +
16 4.04 + +
25 16 3 + +
17 5.36 + +
17 404 + +
17 3 + +
30 *) .+ all right (for resistance to etching: no oxidation to be seen)
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methacrylate, C, - C,, alkyl (meth)acrylate and hydroxy alkyl methacrylate; the
alkyl groups of which have 2 - 4 carbon atoms.

10 8. Method according to claim 7, wherein C, - C, alkyl methacrylate is methyl
methacrylate; C, - C,, alkyl (meth)acrylate is butyl acrylate; and/or hydroxy alkyl
methacrylate is 1-hydroxy ethyl methacrylate and/or 2-hydroxy ethyl
methacrylate .

15 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) C, - C, alkyl methacrylate: 20 - 80 % by weight
20 ¢) C; - C,, 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.

25
10. Method according to one of claims 7 to 9, wherein the mean value by
weight of the molecular weight M,, of the copolymer is set in the range of from
15,000 to 100,000 g/mol.

30 11. Method according to claim 10, wherein M,, is set in the range of from

50,000 to 60,000 g/mol.
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compounds polycyclic hydrocarbon compounds, heterocyclic compounds and
aromatic nitro compounds.

18. Electrophoretic varnish according to one of claims 16 and 17, wherein the
25 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, w-nitrostyrenes and 7.5-dinitronaphthalines
30
19. Electrophoretic varnish according to one of claims 16 to 18, wherein the
varnish is an anaphoretic varnish.
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d) hydroxy alkyl methacrylate: 0 - 20 % by weight,

20 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 vaiue by weight of the molecular weight M, of the copolymer is set in the
25 range of from 15,000 to 100,000 g/mol.

24. Electrophoretic varnish according to one of claims 20 to 23, wherein the
index of polydispersiveness P, of the copolymer is set to a value in the range of
from 1.5 to 3.5.

30

25. Substrate coated with the electrophoretic varnish according to one of claims
16 to 24.



