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1 Copper interconnection for flat panel display
manuf acturing The invention rellates to a nmethod of
depositing a 5 copper interconnection |ayer on a

substrate for ué@pbaralnftgﬁ't:oﬂﬁ@%ltlghs El:@y flat

i nt erconnecti on system basi ¢ principles of
TFT-LCD panel s arpanelldlhpéau mandfahépring used

wi dely as conputer screens or TV displays. In the
panel s, each pixel has an address given 10 by its line

nunber Tard Lroremidwimiey]l dded heomad rin¥tRba RhXel®positing a
constltutuﬂgathe screen. There is one pixel at each

i PSP PG e and2 ¥ EoPiim? Wik BRlee for use in a

| tlerc panedt &d sbhaquah ta Adyrihddd i r<3agiest.or which is
activaggd (conductlve state) when both correspondi ng

line 138ndPRBEGMPEIBCABLEat 84, THE-pFRel Panedsrodes well

beinagn, t%ﬁe%e@r (é&g@tué‘@@eﬁlagﬂ?g/o@é' b ﬁQleEa%fééns or TV
energte t he appropri ate pi xel Col or.

cOrrBLpYRdi g It'rfiﬁs BABClEel GATH tiexel xl'eas aa@r ea:s,t;r@?se given
degctivat ednthef,fiher twsbéigf‘nnsm ohf {he ma]l:rlx of

connection to the related 20 pi xel Ich comes ba
t BiFEd SofPgrhatutérer thehesnass siThenst iheomnt splegl at each

panekrkBekgages, o f he frgglﬁ%ncyag& the duvming signals are
needs to be |ncrease§' er eby generatlng an |1 ncrease

ointrEcpaprastefc th%@mmhtahceh@h thiebe [tireesisttixchwhich is
LyER; JBRBY E{cg?lld@%t%@e %J\?e)m‘gﬁglgah on %]tcoﬁrterg esponding line

driving signals. 0 reduce
déndysCOltlmhasan%eracat Ieaﬂgdsugghst golixe®. gelédttbees being

a I esi st ance Cop Address line

o TRy B LORS b Bl OGS O DS g 551 b Fate the
usppspprietedpdagiercohst eattheh aﬂwn BoAre8p0h8€ngd0 1ine and
g ec de material_of the thin fi] mtransistor
a%éfuﬁélateg na?%ﬁ?ﬁ gP&&ﬂ?(x|%ﬁ?|.4ﬁ%§§ﬁv%ﬁ%%s,then the

b’eranse:stbe sestsieyi toyf Of weppebnneciich | ewerthe related
that of _alum num Variouys etching

Con}é)ai fl
protessel é?% 0YBaSt BafikEC 35St PRASLERSr §olﬂdamever
dry etwhémg tolfe copper 46 ﬁﬁb display panel increases, the

frequency of the driving signals needs to be increased,
thereby generating an increase of the parasitic
capacitance of these lines, which in turn means a delay
in the propagation of the driving signals. In an attempt
to reduce these delays, it has been already suggested,
e.g. in the article entitled “Low Resistance Copper
Address line for TFT-LCD” - Japan Display’ 89 - pp. 498-
501, to use sputtered copper instead of aluminum, as the
gate electrode material of the thin film transistor and
related matrix interconnection lines or buses, because the
resistivity of copper is much lower compared to that of
aluminum.

Various etching processes are used to make
transistors. However, dry etching of copper is not
effective because most of copper species are not volatile

and/or etching gas and by-products are corrosive
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ef fecti ve because nost of copper species are not

volatile and/or etching gas apd by-products are

corrosive 2 in nbost cases. In the sem conductor

I ndugstry, -LhesDamascene Process has been devel oped,

wherein a via-hole is made first then copper is

fill edliintbet kerislandyciconbindesony of tiey DaBascene Process

(EQHtF%Ehn@kv%qgﬁgﬁ,Fw55§?§ﬁsa(§kﬁgﬁgfglﬁ%i%ghelf&rst then
the flat panel display industry, the use or copper is
cofapbdsr ets t didddyte inlte sthral hadkd ayoyascombtim@tion of dry
sem : Lpdu t Pr, sis

ot eSS Thd! s Peby PAS el e ok 5t e

requi r €8 bhehflotnpreedt eistilzan o stuny, erithanrusangof copper

:Qce n n_ex ienced with,l arge .
DBt sop8loebas by PERUCETPRhE P EEiRt ! (g filnery in the
| semgcantdiicipat achdifstirt hebuse thle FandsqeroceBsoweskd is not
rggﬁgiagggdtgghnical hurdl es .and increase the . h
nmanufacturing®coSPr OB PhE ST WAlTE RS B Ththg® muc
gn‘n?::epmf:re;iss #hsan sTMLedrﬁHﬁmwgrir}]q pgo@ke and has not

jfficult to control, the, shape o t copper
| ResPcSksadegned BELHS A g5t Ot TR ot (i iy Lrgm ® 1.8m
uﬁed I35t 'Iﬁcrt—llgmbsmm@p}' c wet nj;g;_tc‘efﬂmig:ipglﬁao dErFthel :tel\ee use of
that. it shou e easy to conbine the 20 Electrole
PPHEPngPPPEEESS 5ﬂ819herﬁﬂf¥ioF*mﬁ%o&é%ﬁ?”‘?ﬁMeQ@HFgf?s and
hascbeepeditffd Cﬂéﬁufﬂc@ﬁ@ihgc%dsﬂ: conhi pee | bEHODr 3R, wet
with Electroless Plating. This is essentially due to
t RECBAREt BAcEOBPERany §3§8356Pdﬂﬁgwtreatnent to be

carri edoéttetN theiEl gotkolRss iRatl RY RINRESS Shd #pape of
pretreatment steps using al kaline solutions that nost _
PRBEoFEBPSTE s 1BERREPNSLAG OhePadsdisE dEqtgiaisic (et etching

Pi 8t ,BEdl Buberber Hﬁ@.s%rhlﬂﬁc I%%_t QRslifly pattern, said
e

pattern dissolves into t plating soldtion and the

desi r edNpake¥r hedanist that3d toshaivded benyaste. to combine the

FELLCROREs; | PESELFUCLBLETLa) | BT g Ok AR process

t Eapevatur elthi glaer bhen 90Cfficult in practice to combine
lithography with Electroless Plating. This is essentially
due to the existence of many steps of pre-treatment to be
carried out in the Electroless Plating process: said
pretreatment steps using alkaline solutions that most
Photoresists cannot stand.

When the Electroless Cu Plating is performed on the
photoresist pattern, said pattern dissolves into the
plating solution and the desired pattern cannot be
obtained anymore. Furthermore, these Photoresist layers
cannot stand for a long time (> 1 min) under an operation
temperature higher than 90°C.

The process for depositing a copper interconnection
layer on a substrate for use in a flat panel display
interconnection system according to the invention

comprises the steps of:
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The process for depositing a copper interconnection
| ayer on a substrate for use i@ a flat panel display
35 interconnection systemaccording to the invention

conpri a@s theastiepss=afid Jurdk Gaal g sa %I‘Mé‘ﬂ& layer;
with a hotore3|st | ayer; b) Patterning Said

phot or B$i st PRAJEFNEBIobTaif Pheltarasiad phaysrestat obtain a
|pﬁtte@@@@rb&bﬁ@ﬁ@éﬂéﬁ*ﬂa§€¥3éJﬁﬂE&blﬁ&H%@rfggsanHe trench

sai d_photoresi st layer; 5°c) Providing a

cB?&I§§§?FoﬁnF8y§@1€h9@Q&QﬁﬁSHﬁﬁtkWM@ﬁ phot or esi st
| ayer, csali dPEbfriHlﬁat 8 y§§§:b@” Aaacyae_t salﬁvdr{]glgyggt to%Lto said

adhesion to the subsStrate In | east” one tr
t RARTEENERe PPRECEEES IS M%ﬂﬁﬁ &%ﬂdﬁﬁl@ﬁ%u@ht@lysatlon layer

ph@%@ﬁ% a'%éﬁ%éﬂ“&ﬂﬂggﬁ%ﬁl@otehelguﬁﬁ%ég%e RAtLELN @t least

on a cogper ayer (plus at |éas i nsul at
IQ?értHﬁaéhné £R) tai [theagherte e irdkd aywe: . copper

i ntercg ne&§i§@ F%ﬁﬂ?n] TE? pext two St%PS ?ﬂugh80351ble to

process essentla consi I'n dep03|t i'ng an
| AEGREEI anPR&Yern nmt wéiath |seastppeEne 1ahbert ramblrs amd least an

r§H§¥lQQlBHe Eggég{ﬁﬁgﬁgfgggkﬁgrder Ac%%ﬁDFﬁ Egs make the

being carried o atever
f teepegnbotementnettibe isysdrti.on (Figures 1 and 2)

{he ELERLIALERSELALLIASSLED e SR el AL O A Y consist

is carried ou er s
f bh| clegeb iyt e photonsslstlpattjearyer r@miovahestae:p least one

ohet B Bt 1S ARGV oonbORI IS T s Taf r R Lot hFbgpe two

théepsrBE1ngtahysabaoauttQﬁ,w eltleorerd ohyietrhe
Electr ess Plating step.of the insulation |ayer.

Bot h %%Fﬂ%ﬂ?s1ﬁ?of1dgiéf§Ub§FP89émﬁPFh ﬁfpan@rnlﬂveﬂtlon

otFi@areﬁqu akh@n J)gy et hsUpRrd MRS PNpl B i Pal &8, Ot the
irst catal ysation layer on the substrate.

V%%F%i@Fl%ﬂbo&%ﬁﬁﬁ i §Sus&RT IR nertitst epttesualskid first
COAPEL $€a8168C LS AL & S %ptﬁ@d HoELEELE QL €SSattern

30 Plating step for said copper posi tion.

removal “step, while according to a second embodiment
(Figure 3) the photoresist pattern removal step 1s carried
out after the first catalysation step, followed by the
Electroless Plating step of the insulation layer.

Both embodiments provide a substrate with a pattern
of the insulation layer superimposed on the pattern of the
first catalyéation layer on the substrate.

Whatever embodiment is used, the next steps usually
comprise a second catalysation step and an Electroless
Plating step for said copper deposition.

Therefore, according to a first embodiment, the
process of the invention further comprises the steps of:

d) Providing an electroless plated layer of an
insulation layer deposited onto said first catalysation
layer; and

e} Removing the successively superimposed

photoresist layer, first catalysation layer and insulation
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Therefore, according to a first enbodi nent, the
process of the invention furthar conprises the steps
of: d) Providing an electroless plated | ayer of an

i nsylat ian.d.ayer depasiity JQQ%P SR G Eitst 1o st one trench,

catal ysatio 35 |l ayer; an Renovi ng the

stieceddiaigl v qupdrdomosedthphbivsescatalmyetjofi tsyer and of
catal ¥sati;an 4l r;qu ' td yer except at

t he Iocaltﬁl %%lo ?ha at c%rgas eaoénlg&?tf%%% , to obtain a

pat t er Acgbrdiadf itsta catabydaembodiayeart  ardheofprdadmss of the
[ I lﬁ% ubstrate. According to a

sg?:%yr? ttel(rar)glo | meet:}hte?[nt %?pp]?lg%eessst of 1?Cheét-js 50#‘nventi on

furt hed)coRpmogesigt héhst ephotbred) sRemiwviveg t hed the first

et MRl o S b ey e S B el TpbnbRe g 1east

exce e lI'o | a
obinai rtraerpdt,t ere obtbhe &i patteanalofSationfitayecatBlysation
ttl% substr% e; and 10 e) Proyiding an el ectrol ess

€

plAYEF PAY &MY 5 &1%n | ayer deposited onto

t he pakter Profvishingy f iarst eladtatyradds onplayed, t8yer of an
.pattern of  the fjhé‘?tgncata yzation | ayer and
h

obt ai )

o PEHASTHE AT | 4505 bhednenteubLRr A oRs O sard first
AceardiyRgttionanotier, enpedi gBoiihhes Mydadk Y of the first
fur;h r c%rrprl se the step of: f%l Provi di ng_ a second
c&farydaaiter™ ai@k’eﬁt dstefontheoplpful abipat tdyephf on the

t Repsmswhat.i on | ayer to obtain a catalyzed insul ated

| ayer. 20 Preferably, this second catal ysation |ayer
i s' pl afEGCTEANGhe thol 2PQUBRY r afBPSdiMgRE, Bilte sHigthod may

a(fhh%@iegnlc)bnﬁﬁis@ecﬂen%ﬁ@ ign | ayer, not to t he
substrate. According to still another enbodi nent, the

met hod ThaP rMAIRG 2 oRpEPBE FREasYEptéPn ABygr at least on
P"t%phdcbﬁgtﬁﬁ gl 8otd Q) €83 e&n@h?%@ﬁobag‘ﬁyé@ thORbtain a

of e catalyzed i1 nsul ated [ayer of ste

Asedrdivagdy ingwledsd Wayato deposit copper on the

Preferably, this second catalysation layer is plated
on the whole substrate surface, but shall adhere only to
the insulation layer, not to the substrate.

According to still another embodiment, the method may
further comprise the step of:

g) Providing an electroless copper plated layer on
top of the catalyzed insulated layer of step f).

Accordingly, an easy way to deposit copper on the
second catalytic layer, which is on top of the insulation
layer, is to immerse the whole substrate in the
appropriate solution, bearing in mind that copper will not
adhere to the substrate because the second catalytic layer
shall have a very poor adhesion on the substrate surface.

Any of the methods described here above may
additionally comprise the step of cleaning the substrate

prior to step a) and/or the step of micro etching the

substrate prior to step a).
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second catalytic layer, which is on top of the

insulation layer, is to imer$e the whol e substrate

in the 30 appropriate solution, bearing in mnd that

copper uMilflomot asther entio Hikg sybstialebepaysa 408 s can be
second catal ytic |ayer shall have a very poor

a&ﬁ’éﬁw%m Hel et et e Biathes. repaydbessheheeshagsof the

d%ﬁbﬁﬂ%ﬁfimr§u§9§¥§m8§¥,aqgiEEQ@?EBYx%%%ﬁfsﬁaEES n can be
step of cleaning the substrate 35 prior to step af
afPEinase shep BFiRPcr §het chislpeeteoleswst i&teoPf i oprocess”

t @ ittrRtA)copbe MHI iR thin and high quality copper
| ayers can be obtai ned goy El ectrol ess Pl ating
regar difgdaqifdesi zeodf thee subbftarBf Fumdwswreara also

d@v%ilrledcrﬁﬁﬁpeﬂquagéng&rﬁﬂ{btt& &g& %?ﬁgﬂgxggééggr&qs, (e.g.,

"electroless-lift-o process
etchieg-f Rrichdi plles Bfuhiche L1911 béén pPooesssane fbsothe VLSI

| fy P : ' -
(B kA Lo SARSAURAD St LR PPUERCL LR, ponsists

fef:the VLS| Era Vol. 1", Lattice Press). The
lift-off . [ f: 1) Patterni.ng a
ﬁ) @5%%%%%#& r%e%k%ncyi %Xe )oqu%ﬁﬂﬁtiiywﬁgsely,

stencil '| ayer on I nverse
patt er Béd Zevéayeal Ity ilse ppatedroed advertwal Df tibe plated on

fmg?g‘e%ﬁee%) fgwechlea%%lrrg%gyér,e stencil |ayer is renoved

st enci whil e the other part of
t he | ager Thendiayed oon thhe stasrgeit] asawef | 1@l r@add&i Nwith the

The Lift-aff is w.del sed for patterning of _
TaEePEALs TR c HHHorS b et o aPP et G ra¥eFrorema ined
obn LED mamgkactay angindiSpapateants 7, 005, 332 and

6, 998, 640 2Q .di,scl ose TFT-LCD nanufacturi ng processes.

to redgeg tﬁegtﬁ"l?dftifer ot nesRelviseds@dr i fpsudtptterning  of

pnacessalld Shpat eAhnot2Hy 664541 §Cl PSESet@-hed. In terms of
nuf ac:tur%igé;t2 process of gate el ectrode, and S

pHE BN ERCOUBING; s 8- SsesPrbEREfg bf0Qat 232 semcceb, 998, 640
agfsdnase MEalschHN wWeh CRILACE: M NAOMS- JNEY ¥L 2bbuce the

using the |lift-off process
number of masks used during such process.

U.S. patent 5,290,664 discloses a manufacturing
process of gate electrode, and U.S. patent 4,598,246
discloses forming of gate, source and drain metals in
contact windows. They are all using the lift-off process
with corresponding dry deposition (e.g. sputtering).

Reverse pattern of photoresist is made on the
substrate first. The photoresist pattern works as a
stencil layer. Then, the substrate is immersed into

various solutions (e.g. tin and palladium solutions) to

. catalyze the surface. This process is to adsorb particle-

like catalysis on substrate surface. Then, an insulation
layer (e.g. NiP) is plated electrolessly. The layer is
plated on the catalysis. Then, the photoresist pattern is
removed wusing a removal solution together with the
insulation layer on the photoresist, while the layer on

the base substrate directly is not removed. Then, the
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with corresponding dry deposition (e.g. sputtering).

Reverse pattern of photoresist gis made on the

substrate first. The photoresist pattern works as a

Sts%‘?ﬁﬂraltaé’e Tﬂﬁﬁergé@ Silll‘h:sc}rgt es!ﬁ? Jfﬂg}?rs d nt Qilver or

30 various solutlons . tin and F adi u

s@lad{hafmsamtéoéatapytetphecstlaiaze tTha SSprﬁaess dgnitro. This
Rduarti li b t 4

T en, an msﬁ%aﬁcor?l&%log%er azﬁgrgﬂf% ﬂf{g %F%gly%l% on the

e Isadtsrtal s | yur ffinee | a&éters thcd asedond t:laeada'sartysns step, a

T GO Sl ort BOSRe W H TheTe ISR et oncfapfting can

obvet h@b@im@rdesmtly whinl ethhe lLagedadhont hﬂzapase because Cu

I ire I S, Jot noved. Th
Egz%tr gltg: ?)s i ﬁrﬁ%r ged ] ntr[bucgh saiits off eecd:lvﬁ | $optoron the
pakﬂsammcsnllﬂym) Ao a:atalsylZe t hes Wi dAg@dpper pattern

a t rb article-1li
ol B PR aRls R R A dods gt (Frentagbnpien the

catlaiaysatel on sstle,ioa, 5 caﬁﬁer kager msthbat edneeds neither
%ctrol can be observed onl

cﬁs %tVbﬁlH‘%yBFOE&ééugg%ﬁ 35 afi M @“@ﬁcﬁnﬁssgrocessf

i ﬁom‘ucthhda esseef dBCcithee dhptudn EhehiRsubpbto8s| ayeh raises
a result, the de |red copper pattern can be

oBPgﬁenei’jssﬁ*ﬁé phot ed IR @bRVAEct WHERhepEorg, the

abhar}tloli@s‘i_@tuﬂla@{@,r Q@dn"ol%e iretdntt Leedso Pahd AeMthan 1 minute
g‘gbscat ed wiring process such as a Damascene

§perﬁ<§rlof’h§eﬁ‘§’§r§1tutrﬁ§ @BFRRet?®tchi ng process

that I #hSesarSONR |s%%¥5%soéf5% giheddese abovVenvention are
Furthernore, the oresist |ayer is not in contact

f Bi- Srrsech s reim ﬁéttér 85 oRincd rep eyt rnf e ryask rehadignent s .
above 90C. The various steps of the process of the
invention are disclosed herein after according to
pr ef er Fd¢apingdiofebase sGbeamiatg aftdpaspmikaiailt:e

t t | ut h t f
Nach, - RRSELS kROt 23 o0 e gt NeDny prcsbe NopBOs 45

'ougam Coxonteamiani o1y theacsubst balanie GorHaasiSlarty on the

e. [ rsion of the substrate iinto said solution.
|§g{0§t3n§§| b(leegtogsllﬂsﬁt % %tgp immersion of the substrate

into said solution. . It is possible to skip this step
when the surface is clean enough or if such treatment may
damage the substrate or cause unexpected chemical
reactions.

This step is usually carried out for a duration which
is preferably between 30sec and 10min at a temperature
comprised between 30°C to 100°C, more preferably between
Imin to 5min between 50°C to 90°C. Then the substrate is
washed with de-ionized (DI) water. This cleaning step when

necessary may also be carried out by using ultraviolet

light or an ozone solution.

Micro etching of the base substrate step (optional):
The aim of this step is to create micro roughness on

the substrate in order to enhance the adhes_ion of the
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when the surface is clean enough or if such treatnent
may 25 danmage the substrate or 7cause unexpected
chemi cal reactions. This step is usually carried out

fQﬁr&tdw&ﬂkhﬂndéﬁb§fteﬁsoBE%fQHﬁpl¥u9§£¥§@8 39%69§98€?351ble

10m n_at tenperature conprised between 30Cto
nbPe SEef é@&@ VFU5@t ierk 180 laiar t o Bl nibeslwleirs0kiyer) has

98CsuFrerithe SUBSLHNe des e Wit desd oni zed, original

D) water. This cleaning step en necessary may
aFSH9hBeEsr roRd léutS‘Ié:‘yhustfilmjfcul Etawalgettrdea’gmntor ray cause

Oa@E@lﬁﬁh%buo&eégiﬂ@ﬁgooﬁt?H'n%@Hﬁéh?u??%@esugﬁﬁnﬁ§%ep is

step (optlonal) The aimo 0 crea
§ roughesssirg the suthsttinate |nnboden taqmmcszolutlon
g@gg I{st Layer P t he
Egtrat zw%&[{psrtl%glsg b(§ f5 togsé k%ciﬁl‘ggis'tﬁ 8? FI (it may
|a§tép cemgrisgsdiOgt/ilorrd al;ﬂé?r)g/ﬁasof a\Uﬂ;&fflﬁmerﬂtOsec to 5min,

adhe t due toits o
otohaees PIRR I R, By ety Syl srmpriaie 034
StdeBri Modtuale MacndN300ALt he gbgsfs, Snlfrfba{;,e* Hairs 30 sec to
skep: .S e t.he su t.o an

agugéhé gg?ﬁt Fgé 'S'm% caltgy"‘L@of?lfilrg?1 b QT HUge (jpter-
volune of HF, (it may also conprlse IOg/L to 100 g/L

of NHAE%‘IB | Osec to 5m n, nore typically with an
aqueous'8 ?uF?ﬁﬁs’éorﬁ?FE?ﬁ’g’-Bgs%H%Pt oladngine dgvelopment
aafld 308+ kpbongPo/ L of NHAF, for 30 sec to 3 min. Then

the substrate Is washed with DI pure water.
Phot o- Resi sétpnt t &6ni Agnst epy( coanivegt idesdl oERentpatterning

ALoSLELPBLAGL 19 INEOLER 13,9003 B pRTLERLLONA PR

patterning Focess conprising g
sub- stepsfoatlogt i 0§ oththeppbdbakedisst $elluitiem ondito  the

t rate; - Pre-baking.(e.g. 900 to dry such
I%}g/%?éygg% Providing a mask onto this |ayer; -

Exposi ngPtre-bivkinghlethe phoCy-eestsy shraughyehs
mask; _ Providing a mask onto this layer;

- Exposing to UV light the photo-resist through the
mask;

- Removing the mask;

— Developing the exposed photoresist (or non-exposed,
depending on the resist) used with a TMAH solution and
rinsing with DI pure water

- Post-baking (e.g. 150°C) to harden the non-removed
photo-resist.

First catalysation step:

Typically, SnCl, and PdCl, solutions can be used for
this step to create an ultra thin Palladium catalysis
layer onto the surface, particularly in the trenches where
the photo-resist has been removed; for that purpose, the
substrate is immersed into a SnCl, solution, then rinsed

with DI pure water, then immersed into a PdC1l, soclution.

- Preferably, from 0.1g/L to 50g/L of SnCl, in an agueous
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- Renoving the mask; - Devel oping the exposed
phot oresi st (or non-exposed, 25 depending on the
resist) used with a TMAH solution and rinsing with DI

.D@6§uW@b%rch%§§isPﬁﬁiﬂQ;&?-Qc>1§@§3 J@ hagden {he c.q. The

non-renoved photo-resist. 30 First catal ysation step:
TYpldal $9luBhon2ignmapgCrzrogolant jamseeeah delwsken fopmprising
thi,g1st ep =@ c/fat @ Md rgethid, Pel hagl atalysi

| ayer onto the surface, ,par%%ﬂ%%ﬁ g'bﬁg{ﬁ?@éﬁééeé’% PdCla.
wiere prefphabdyrestbe h3sChbeemsalermved; choprilats 1g/L  to
pYhHRose, £ h S | S. ] rsed kptq a SpC :

sol E??on?ftﬁgﬁ%i %25 oélvmt‘%t% b‘:iggﬁrae gﬂ%ér, Oth% ]S%lutlon of
i Hdr sexthd ntbea HRHEIL? swlutian. coRpefieeabl§.,1dflonto 2g/L of
0 L 0 Cl2,i p=an,agyeous..8 __sol ution

B AR A e S R S

soluti dh is mexle freomtdacipgiecus sothston camri Ssi nfollowing

0.019 5%uvol .. HC1 and between O. O g/L to 5g/lL of
ng%éﬁkgl%/bfga%FéPgr aBts? tRe“Bhc12 kol ?onsb‘gﬁﬁFﬁsesOf the
| glibst@a®e200/skh0f + SAEH2 di §501 viedhd Nifheéh 0.9 QLS rate is
solution of HCL, and the PdCl2 sol ution conprises
0LMBrESEE ZgIto of JoaCELigirsiswl vedlihiena (hisw ¢endisioning

HGL1 80k Bhi nddids §nEEEEEQB§d4§EHtthﬁh£8h'ﬁ NG cquce the
chem cal reactjon may occur on the surface of tHe 1
saBstiphi@e Shz+ +ORd Phe= @mAfiace P@ndThemomplie a reductive
iﬁﬁégﬁﬁ%e.'éhéﬂygf§§d HﬂEO %l%@%%&fégy ng'ﬁghﬂgkggn layer.
I's conditioning Solution contains a reducing agent,
WRACEhraapgr eduece tareothod dakimbedSménton t hkisurfecmeditioning

. Cho dagimpedsmenton ¢ hiis
SPOAPERPR &y MR o " afet ol 1R GRT B { Goanth, of the

epbedingntsoltiisorcodtlstiontdg insath | naxmaysteay ehereinafter,

si.m ; Lt to.th f ot ti | uti .
SHEER LS UROShAL oL O B i LS LR R Boainen,

sal Bgih i tto Acely i ngN&R,Bmot heslerdedi nest , usaddbg/dor this
to 5Qg/ L NaH2PQ2 solution_js used for this 2 o
cSﬁag?FﬁﬁPﬁBgsoﬁq}tqwn'Thgh?nﬁ'éflnﬁr(ﬁ%?rh %ﬂet%e conditioning

coeadutioni Ng carried out for 10sec to 3min.

Electroless Plating step of the insulation layer

Electroless NiP or NiMP (M being selected from the
group consisting of W, Mo or Re) is typically deposited as
an insulation layer. NiSO; and NaH,PO, solutions are
used as Ni and P sources. NaH,PO, is also used as
a reducing agent. A complexing agent is selected
from organic compounds having at least one carboxylib

group {-COOX: X being selected from the group consisting

- of H, metals, alkyl) and their mixtures. Preferably, it is

selected from the group consisting of acetic acid,
tartaric acid, glycolic acid, 1lactic acid and their
mixtures. For the plating of NiP, the substrate is e.q.
immersed into the solution. The pH of the solution is
adjusted with a pH buffer if necessary. In one embodiment,

a solution of 10g/L to 45g/L of NiSQO, 7H.0, 3g/L to 50g/L
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solution is carried out for | Gsec to 3mn. Electroless
Plating step of the insulationolayer Electroless NP

or Ni MP (M being selected fromthe 25 group

cefsistbpg, of,0N M, of t?§)5bﬁL9%pb‘Ea'8%¥/c%§B%s' 8% a@o and

an i nsul ation Iayer Ni SO4 and sol utions ar
us84Llast NFaERETPCs GG ced s N@mpo@aasi algw etk asan dbe added

reducd ngragenti z-A coppl&xd ng- S f
or gani c conpo&r?ds havi ng at Iae st oﬁr;e %?ﬁ@%yl e ggppm The

gFeUBerabaoX: archarhgoseltdst dop i oarehprgfeumbly maintained
COASHSI Ngy He S+ oal deyd hej Xtures

Pr ef er abl y,m?% i's r%(se?%cicgd df@k/oém %ﬂg t&r o%(lé) ?dnslf%??%%tlvely’
ofoReefirefagiadly t afPafi ctacBa’ Cgla,mbl Pc tawi 6, tegitéctively.

aghd BDG LHET T il XLULES, . F f

subst?ate |§ tln@ Sa:gglrrrs;be?sgf ter o%e?ﬁit gl 3_11} onpl#femg rate
pfﬁvp@ftltlﬁe@qluume@h sl clank sist edymbhlaypH tnddertbf 1min for

n S | rent | uti on of

Aot o Rs S575a0, ST 1ot g/ T L R o ed with
5pl/pure ®OmerL of glycolic acid (709 and 3g/L of
tartaric acid is used. Lead conpounds can be added as

a stabilizer in the range of 0.5ppmto | Qopm The

t enperetokcresis OH(OR) t BAHIRAR HmdfLf & 8PhYan alkaline or
mai ntained 5 in the range of 50C to 90C and 2 to 9,

¥R REIIVEF ySolwkienpr ef er abl vy, 7OC to 80C and 2 to 6

~ respecid VElyove THEe péQEFQQnEH t %%g%% gr m ne&',qlbb rate is

the plating rate ere
tlﬁsfﬂ%la?rq!@' 1BDQe@ tioethaval f epluﬁﬁmm Nlaotj ay’ehis sihen,alkaline

I
Phot oresi st (Eﬁ;‘é(j\gg\f}?gglﬁyr e.%\%ﬁni% t %?Pjaﬁl‘i{apﬁlﬁg siescribed

. drexn galdeesolfietri dmilo teml\'ﬁmlhhe:le@fﬁrtcﬁfrfg?dc_)n the thickness

0 the sub e is .1 rsed into a ,
Qgﬁ%vaFﬁ ut|d%t?e % E&7dS glkgﬂg r &heut FohRshgate is
ussthed witeh opLi poak ol Narisd ephslesgt i bgd1abere plated on

on the thickness

ove Imn to 15m.n dependin
acth é’n&%&l IERE ot énangPéts AvedhetQgdkheat evish the
vmjmmgarsﬁgl pHiE satee Thoeknsylatian bayvernd! aigdtrate

0] ,

J&rectly shall remain on the surface. The removal solution
has the ability to dissolve the photoresist even when
recovered with the insulation layer on the first

catalysation layer.

Second catalysation step:

The substrate is immersed into a solution comprising
AgNO; in NH4OH, PdCl; in HC1l or Pd {NH3)4Cl, in NH40H
to deposit an ultra thin silver or palladium layer onto
the substrate surface. Fér the silver layer, 0.1 g/L to
10g/L of AgNO; in 0.01% to 1% NH,OH solution is used
typically. This step can be carried out for 10sec to
smin typically, preferably for 30sec to Imin. For the
palladium layer, 0.01g/L to 5g/L of PdCl, in 0.01% to
5% HCl solution is used. More preferably, 0.1g/L to 2g/L
of PdCl, is dissolved into a 0.05% to 1% HCl solution.
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20 the photo-resist surface is renoved together with
the photo-resist, while the lgyer plated on the

substrate directly shall remain on the surface. The

r eipval, Sol h th bilLit sol ve_t.he .
phot o?célselsrst&éﬂ\)/(gﬁlmﬁgﬁ's rchgL e/lLedﬁ'yvvl ?R 9 fre ?%sgfjat J4€lz in
| dyers dre tohke NH 08t is2bsedtal ysation |ayer. Second

catal ysation step: The substrate is imersed into a

solution conprising AgNO3 in NHAOH, PdCl2 in HCl or

Pd (NHERLecrbiieE? HQtihgle@Fodine ddpfdy adduh sidper

or palladium | ayer. onto the substrate surface. For the

si | ver Alay@Ptignply [Iradicing/ Istee AgNGB ibe 0. @96t oif this
1%h|¥*d4:gés%0|lﬂhﬁkd1§t§us§ﬁid/&¥p{:ﬁ@| E:¥§81-Et1":'1§r1 ére atfh €plated
carried out for |Gsec to Snmin typically, ferably

f O FFSed'Yo i BheFspnERe 035 thal Ismﬂq}rﬁllfai}ﬂ@ron Of@mgilted In

tQh@Q;/ lepfe PAGLE ispQeQL¥%:t O 5 50/1‘31:11_&%%%1 tnt%n SSOﬁ %:Lonlng

‘More preferably, 0.1g/L to 2g/L

|ﬁpéu519n059i¥tl@r1%tra|011mmwon iotol naothéatlng solution.

eﬁb%‘éﬂlﬁ%ﬁbﬁ C,Qm{ﬂ l(-f‘ tr% 1(5)93{9[‘ 1‘_% EQ EEI 05 o%ﬂ'e/%erably

to 5% NH4OH i s use ectrol ess Pl a
| yér step:3% AR JEHOnal reski ngr@ttwctanfbelsdn@ HCHO, a

tg'oiut‘ﬂ_me]c;kneéém P&E%S‘ ty (229‘1[{’% thg% resi %t | \ﬂ ty 81‘ DMAR

the plat are not“in.t ange t he
sﬁ@eMﬁtba{ﬂF\mnnleé@marrmd may &ahbe dmseustle Sulsta apeeferably

|§| r§8d 2&00% ?ﬂ%dtlom ng solution prior to

lonin a plati ‘solution. 10 A solution
Corr'pr [ angl@ci:%dl&s&%@i HCHO ngose 1 preber aiﬁqell@: Sdomprises
[{ Lu i_s usged.. I nstead of u5|n
soI u

i on-conpr Fsi U(?H“@/ P8 gL G ng sgent and a pH

(Bu[ﬂﬁelnylém nedom ans)mpmyerdd SO e U%\@ld e@;ﬁﬁ@&e, a solution:
ref erabl %Q{S}%Ltosﬁ%l)_ of _DI\AB) el ectrol,ess

OBPaiLFhégs it oh© Y %%nSHSQes a&l%asaﬁd@&m@ agent

rediletngdagaitim €heoBRLEX %rﬁ&gﬁﬂlrﬁ;rdoﬂ RHadmfdey, asmines,
As an exa ution conprising

OnentS
DvB-EgTRag) | gt e dor iy S HewEELhG agaRt  ASeorbic acid,

hypophosphites and any mixture thereof can be used.
According to a preferred embodiment, 0.05% to 1% of HCHO
is used. A Ni compound (i.e., 0.1g/L to 10g/L of NiCl,)
can be added to promote the Cu plating. The complexing
agent may be selected from the group consisting of EDTAs,
tartrates, citrates, diamines, sugar alcohols and their
mixtures. In a preferred embodiment, 20 g/L to 60g/L of
potassium sodium tartrate is used. The pH of the solution
is adjusted in the range of 9 to 13 with an alkaline
solution such as NaOH. Sulfur compounds can also be added
as stabilizer in the range of 0.lppm to Z2ppm.

The substrate is immersed into the mixed solution.
The plating time can be determined by the plating rate and
the required thickness, typically 1min to 60min, more
preferably 5min to 40min for several hundreds nm Cu
layers. Here, the copper layer directly deposited on the

glass substrate is removed while the copper layer
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selected fromthe group consisting of al dehydes,
am nes, 20 hydrazi nes, am ne boranes, glyoxylic acid,
ascorbic acid, hypophosphites and any m xture thereof

used. orficcordidg rr ogL e
0 0§$§?b 1968% ?S {é&fﬁ&%f@? f%%%gﬁ Q%IIHEt removed,

9%9@?%%)q%zﬂ%?ﬁ#ngqu:Qla%%nl%em@@webes@ pEbeotevehehan on
Cut hd aih@ﬁla%ﬁ@ncoﬂ@§§f'n9&?5 a%ggguf?grgﬁggew%%lﬁ%d copper

fromthe group consisting of
cPAAES, e edtasiuyat- al cohol's and their

m Xt ur @$e ﬂhﬁ%ﬂ%fgﬁ”&ffﬁeg?e o3 use&%g%th ¢%¥ﬁ1w1th the

of _potassiumsodiumtartr
sdiodiliosing segdppdesd andt tra)mmtme 9 et}mnitﬂem t m@ng with

alek 3huilee %Qt§9 t'%ﬂl @gckiv ¥h%g%a%§§8§fments of the

can "al so be ad as sta I |zer
OpﬁﬁﬁﬁﬁﬁoagﬂmﬁdfﬂﬁaBnﬂﬁhxsﬂnnvenuxnmused into the

m xed [ u The | atin can e etern1ned by .
t he p|§?.ngigg¥% ad éi ga Yﬁ? ?ng% siccedsively

t gpieealeldy [bf n neceGmny) mand Sﬁ@f@f et-abley 5|(r1f1 ﬁ@cessary)

49pn f dred ers.

copper ?a&%ﬁxg{reégﬁp égpgS|te %%rtﬁ% l@laé1e S¢18d§ on the

Zﬁbbﬁtaﬁéelé r@q?&kab:ie thchgQge@dI@wavgjthe P.R. layer
p e nto.the insulation |ayer js pot renov

bgcgﬁgé %ﬁjq%ﬂp G RH G sFREOMIR hwhésh Epﬁe&w\k%ght 4 can

tganhhroudkitﬁS@b@dﬂ@1ﬁﬁweboréésﬁoh@§Wdapéﬁ%érn 5 in the

dfglred Q%g patternéﬁfp be obtained. 5

i Noenti on e 150 QFQMﬁﬂﬂwﬁQﬁﬁPRﬁqrFQrﬁﬁrrY out the

fbténmhng exanples and conparative exanples along wth

figure whi ch represent various enbodi nents of

t he oc%ls%SfaZ:E@rtaldfg%ttol%. Stepvehsi ofheron ceixguiag 1out  to
adgpasstsubS&a@éﬁ ydat8oRUAGRSRS VEI Yon 10 €§§aE$%t@£hed layer

ﬁgessary and mcro etched (1 f necessary
photBr EBLSt TEoume) 1 Ard @anOﬂepbglp@@aﬂwdﬂﬁWlngs appended

sgostimte Lphimyatddrs tReA &?ﬁ?gﬁ%gqﬁi{élﬁg U{}ot have

| ayer 2 with adequate openi ng
| PR L 4Y can t@éckhﬁéagmnd)eheBBendﬁrexﬁnmsm@ndh&gr actual

g?%%ﬁ%ggg?g@%%$5¥ﬁ§> ﬁén CEQ%Ylng Ou€e¥ﬁgo%ﬁ%é£§%, their

relative thickness also are not necessarily at their right
scales; these drawings only intend to give an indication
on their superimposition; catalysation layers have often a
thickness which is hardly detectable compared to the
thickness of the photoresist layer, the insulation layer,
and/or the copper layer.)

Catalyzed bumps 7 are then created at the bottom of
the trench 8. Then Electroless Plating is carried out for
the deposition of an insulation layer 9, 10 on the
catalysation layer 6 and on the catalyzed bumps 7. Then
all the photoresist pattern (which adheres less to the
substrate than the catalysation layer) is removed, leaving
only the desired pattern 10 of an insulation layer on the
catalysation layer (catalyzed bumps) 7 and the substrate

l.(the first catalysation layer adheres better to the
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trench 8. A first catalysation step is then carried

out to deposit a catalysationipayer 6 onto the

patterned layer 2(On this figure 1 and any of the

othels 1 draw ngs, qujgg | ;. speclification, the

var oSus_ ayers nggt%not a%rgoﬁcgg%% %/ga%ﬁ)ckness and

shape rfamuesentd ngdi beiesast uanothlirck regs>dintbrshapehich is
when ;G yi 0 th [ . their ..relativ

t hi clr%glg al so tzL;lIftr“?e n% ﬁggg%glgri % at” 19T r]:'eghlimt further
scaigy; 1 geese sreaningsdemdyitimend secghdecabalysation layer
i ndi cati.o their superinposition; catalysation

Igae?}gl A e%o ?eglne }n%%]l‘sac%%%gf%?%hfé]st?]a?ﬁ?ége a catalyzed
deémectlad ieorcdperred( 1@®, the) ; thowknesstié tbeond catalysation

p resi.st, l.ayer he .insul ation | ayer, . and/or the
cgt% et I(Ial;e}r .J)g(?aliedﬁtﬁffe%f u?l%%o%lté?g ?%eﬁh%r‘égf’iﬁ gprface of
t hebostubetehte30bthihe it encll 8. nbhenaBheger ch€ssvell to the
P atqisnctizjE is carried ouf for the degosjti on of an

at’i }P

| REWATIOT | dferts, MBPGPInEC chbal yRRAVGH AR ertager  (10).
ard farrttheer cated WeidbDUWHRSs st Ihen adl 1&BEroless deposition
prf}?%t oresisteﬁgattern élwg'?ch adheres |l ess to the , ,
sMstt dt PR HarPTheC Tt ary S8t it 19y rfye i Satahpged, insulation
| @avwisrg @9 ,0nlly tike dasiirad qattern 10 of an

i nsul atj.on | ayer on the catal Xsati on | ayer (catalyzed

bunps) F#944¢ thellsibsesas eanetherhempoddmeadt o 3pnto the
| ap@ocasheresobetierit onbheviz sukstrale thap-teatheysation
phot oresi st | ayer) Figure 2 discloses another .
effb&@meht PRAFEREF 4t s PRt or eevehbstiPRerts ofarried out,
FilgRA nly BRIt f WHNRI ot LA $85s S e@ugil deRosiLily #nen an
second catal ysation |ayer 5 11 on tgf of the

i BdGICAtdiessayBatdngo st dsa carblgdeduti nbal aldprsit the
| gyes ord 1] c C ysat.i .
(11%%1(§%qroé%e%aé%§gm§\égc§sefﬁd§gn%éj \?\;Efg{eesi‘islufr acggg¥§9zatlon
t A@ysubshr dicd tsawed tbwnid | seeenddbetzl psawedh $bepheo deposit

oA Ladieanco G R IRBIY ddfsicea o

1 further step cons C
dépesi bivenaldf suchpper gsat tephaidedn befoné)theo provide a

C%%%Eﬁ@%%d'¥%gé¥£é¥5nlf'fér(%QB,l%%)i%H%gwgﬁ¥tﬁu£é finally
deposited a copper layer 15 by Electroless Plating. The
copper layer (15) 1is plated on the second catalysation
layer (14) only where it is able to properly adhere to the
previous layer, i.e. on the insulation layer pattern {13)
only.

The following examples disclose some of the various

possible embodiments of the invention.

Example 1

A glass substrate was immersed into a de-greasing
solution comprising NaOH, Na,CO; NasPO, for 3min at 80°C
in order to remove organic contaminants on the glass
surface.

After rinsing with de-ionized water, it was immersed

into a diluted HF/NH HF solution for I1min to create micro
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Fi gure 3 discl oses another enbodinent simlar to the

enbodi nent of fig 1. However afker the first

catal ysation 15 step, a photoresist pattern renoval
strefugimeeas rigd ouhe | @aMimG-ONl yrthe Gat alyaed BUDS  qpep
7 still in . place. Then an Electroless Plating step Is !
c&r R B PG ld d5osi il hePhp Rt at Fon (PRyerspatdasrad on the
13 unita dihe fpéﬁteﬁﬁéélXﬁﬁtbgﬁosh§$ertg'Lﬁpli%%ﬁg kaﬁf%ugh. a

second catal ysation stepto deposit 20 the se

cHPaky $aG GiFNedpeed) 4kt el yoaleibosiaredton sulist rate.

over al lnrsurf agRvas l@i neg: b e) ' a .
catal yzed insul ati C?gﬁhl%a er (13%%) po}% o&fvﬁ/ic islayer’ the
f PRRISYFat@epdsi tiewmer pemtcayer 98Chy Bbéothiohessomprising
Phatimg. dhe gsgepper ;layer (1 [ | at n. t he

se_cglnd catal ysati (E))n I aéer J(&‘)14) %gﬁl y %ﬁjle]‘?%lclg?’ i sand then
aBfeersesr apdel yaadhded: t aalheiqr evdcoysilsdyer , 0i.3e/L  PAC1,
ORnkle d ngui at ien | tern.(13) only. The_ .

fol l owing exanpl es %%/]é%f%g{la gé%%ofirf h%agér isé)ﬂéltlon) - After
pb63FEBNE ehwdismbstsace thbthnvent.i onatd®, Exanplesl Awmersed

gkass substig : [ Mg into a de-greasin .
sol ut’i on conﬁ?@%@gn%ngaﬁﬁﬁgf&ﬁc% %raBr’ﬁ%ﬁiué‘tlng agent
gber iBfsecderThen,r énovea or ameeseantarbnant Sruldiion layer
9L 3S$ i n3° . After rinsing with de-ionized
v\gt e?,lnlgt S\tj\%glfc?:&ngrer sed into a diluted HF/ NHAHF
sol utiBabler 1 nslow® cheatleath Ckombdsitauahness ehet NS1ating
S%L?ggig}‘l s%i de subpstrate. Then a conventi onal .
oIt va BRot ot dsi StF (PR $eleoheddash the isghdetdce laver
pal teededobytésposure to W light through a nmask and
devel oped after post-baking on the substrate. 5 After
devel opnent of the photoresist layer, the substrate
is imersed into a SnCl2 sopatig@niconprising |Qg/L of
SnCl2 in.a 1% HC1 solutjon,—and then immersed into a
PAC12 $8PHPPBAtEGAPri sing 0. 3g|/ComdtRonsnto a 0. 10

t (HAo-fsi-n—each—selption)—After
HCL solRiEg . 30g/L PH 5’by acetate buffer
NaH,PO, H20: 30g/L Temperature: 70C
Lactic acid: 15mL/L

Tartaric acid: 15g/L

|Lead acetate 3H,0:

1.5ppm

After rinsing with D.I. water, the substrate is
immersed into an alkaline solution {(the same composition
as the degrease solution in this example) to remove the
patterned photoresist layer. This step 1s carried out for
smin. The insulation layer plated on the photoresist layer
is removed together with the photoresist layer, while the
layer plated directly on the substrate remains on the
substrate surface.

The substrate is then immersed for 45 sec in a

solution containing 1.59/L AgNO; into a 0.3% NH,OH
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“rinsing h DI.| water, it is i mersed
into tl'Ieu@mrréaat |ongp§_ﬁ| utiron described in Table 2,
with the—corresponding plating conditions: 5 Tahle 2

10 rinsing the substrate with D.I. water, it was

imrersed into a conditioning s$glution containing a

reduci ng agent for 30sec. Then, it was imTersed into
lationlaver tio blelsh

the at con‘pgéilt?olﬁ %@éthsge&?% Cant conémtlo%s‘?p After

WIEMNITR itdhes el Wistteth tas Wiiehlihsm atra‘oarl ayerisplamedsed into

7%“‘& BorL e oy ETESbe BT e Satbpr i 2sogritn the

ingp@ldtagctg cz:can:ixjtldﬁ:ssrt/ L Tartaric acid:
1Sg/L Lead acetate 3H20: 1.5ppm 20 After rinsing

wth D.I. water, the substrate is imersed into an
al kal i ne sol utlon (the saneTe®IROY tion as the
degreas Yyaml i to renpve _the

patternml&ti&l%t | ayer. Tklc§n§¥1é=ﬁ-qn§ carried out

for 25 [3dn, BHeo! eyt T o tayee tthe
phot or gsj st N avgcr) %}(rem)ved tjoget hg) \%at t he

photore§4§nN¢@eyé|HzOthl4€/Lhe @p@m pleaped adiurect | y on
t he SUb S ns—on—tne ubstrat Fh
substr dt |st %lm“rersedfor 45 secina 30

sol uti cmhcﬁﬁlataﬁgl/ng 1. Sg/L AgI\I(B into a 0.3% NH4AOH 14

sol uti Htcﬁ@w( tié pcond—ecatalysation-step—After

g eiirf arao

o o
T OSUrt acecy LILILA >3

Conposi tions Conditions CuSO4 5HR0: 79/ L pH12 by NaCH

After the copper-plating step has been carried out,
the substrate is washed with DI water, to obtain the
desired copper pattern. The plated Cu/NiP pattern has an
excellent adhesion to the glass substrate, as demonstrated
by wusing the tape test. The roughness and thickness
uniformity of both layers are satisfactory (less than 10nm
and within 10%, respectively). The NiP layer is comprised
of 91 wt% Ni and 9wt$% P.

X-ray analysis revealed that the ©NiP layer was
amorphous. The Cu layer plated on the NiP layer had a low
resistivity (3.0pQcm using the four point probe method).
The X-ray analysis also revealed that only slight changes
of the morphology of the NiP occurred after annealing of

the substrate in an oven at 400°C for 1 hour under a

nitrogen atmosphere.

| Example 2

A copper pattern is manufactured in accordance with
Example 1, except that a silicon wafer is used instead of
a glass substrate. The results obtained on the wafer were

consistent with those obtained on the glass substrate.
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that a

CAHANaOG6 5H20O 349/ L Room tenperature Na2CO3: 3g/L

Ni C12: 1g/L HCHO (37%: 13g/L 15hiourea: 0.2ppm After

the copper-plating step has been carried out, 10 the
substihaled ito Washag WHh Bl Makef s LA i 1t ‘
dﬁrsi red copper. pat ?er n. The plat esc)JlCu/ %I% %p]?gtltlre% nchfasthe NiP
an2Y&XeelGhentt ladirsk i O NP t hevgtassesabstnaséedast 400C, and
demprstrzat egha 1B Usi g they @tggdt t opgan

and thi c%tnes,s ki%jsnll folrm'.ty. 0L§ ot hﬁ?an;%%gﬁgée{!ﬂg ffidunt of Cu
stitdgecor IntPesEhe hai Jioem 18adad . wiThe n akG%ysis revealed
respecthyet yyipJoe N Pyl ib$ COUPL fq Oyt % -
Ni and 9v§%%’% X-ray ana?ég%éoieve‘%a?lg}éé%%ata?}%e%lﬁla% the NiP
| dp@erwied amsndifdusiemthéwobd myierr ptapaoti bty he Ni P

| ayer had a low resistivity (3.0pQmusing the four

poi nt probe nethod). 20 The X-ray anal ysis al so

r Sempagd tilval Examplsd ilght changes of the norphol ogy

of the_ N, P occurred af%er anneal i ng of the substrate
in an 8ven & Cj)dé@ fort 1 RBEr dRgeladionm trlgyeer (NiP) was

atonspbeee. 125 DRIt DA ERPHaRAIIAdY iSh the substrate.
manuf a&,b%rtﬁd in accordance with Exanpl'e 1, except
I

con e ¥3S uBEEPAsPBadhsf subieaie first, and
sthefr ailes phecbeselibe qhiridiation LAe Wal,ers ' Bur on this

cgnsi stent with those obtained on the glass substrate.
152YPR 8FdEPNEo 1t fFpMiHe du diidtusitore chipablatign ofayer was
t BechieR d%, t el ateo i P, |.a e nealed
at 4000, and a_ﬁ X—ray3 anal%%‘ﬁi Egcéﬁ%{dt}cétl%g Fgg e tayer.
neasuré ctiedarfdma FPrards dpnf tbed thitkness sind core etching
wabee, The: analy st sk e .t hat. n i gi bl .
di ffusi on ocg%rssr/e{élﬁ'g%gg?%gt d%rﬁleﬁ NP ?gyelr %iagoa%ﬁ thickness
sURVPE érft BhPbakfiter capabhihgt y.theonpabat rate Exarypl fmmersed

- 1;Méh e%ggkggeOff%qe Hﬁﬁuhgﬁloqxlaxﬁén Nip)tﬁgz pﬁgkoresist.

conducted in order to pattern said aye‘iZe on
stbshrathe second catalysation step and the Electroless

Plating of copper layer step were carried out as in

Example 1.

Even though this process allowed making a copper

pattern, it had been very difficult to control the shape

of the copper interconnection using the wet etching,
because the wet etching caused undercut etching of the NiP

layer due to its isotropic nature.

Comparative Example 2

A copper layer was plated on the substrate as in
Example 1, but without depositing a NiP layer. The copper
layer obtained showed a poor adhesion onto the substrate

and it was pealed off easily.

Comparative Example 3

All the steps of the Example 1 were carried out

.except the optional cleaning step of the base substrate or
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The Ni P | ayer was plated on the substrate first, and

then the photoresist patterni nggwas carried out on

this layer as done in exanple 1. Then, the insulation

| ayem wasc) &shed ¥8EpgcarFelds ¢!

the Ni P | ayer. (g Theﬂefcﬁl ng tIOn‘E %lptce}gdés % %%(9 solution

t RRdHAGs @ drRP R etchibrylow ai @] Cbumiasdty@yeam ghowed poor

3@%ﬂdﬁﬁé§§*hﬁﬁﬁg¥mﬁﬁh'558?3? N A %%E%d fﬁg%lty, when

etching, the substraie was | rmersed acet one Tof

160 ninédtiedovalene phottresi stas ﬁmammwohy organic

C AR QN S eeg; and &fcl'@c?mk%ﬁl eff’n%grgl aéﬁgg 8 ooved or

copper layer s Wwere carried t as N

E\‘ﬂé@emouglﬁnt Hile s odess atdsawd wmkinyg nay copperthe cleaning

patter [ ng besy Mer fi ontrol the

sh 21:% rl Fhiw copper te]terconnec‘fi: |%1n(gu%‘|§n§ef%eal\9\%‘fe improved

etﬁl@hlf@g,le:Sf echirse ndperamktcidtichitng caused under cut

etching of the NNP Ilayer due to its isotropic nature.

Conparative Exanple 2 A copper |ayer was plated on the

Sﬂbmbla&hﬂ:m im:amiﬂ@qarrpl e 1, but w thout depositing

a NP l?'r The copper }{ler obt ai ned showed a poor

adhesi B tonEBet h%t%%storfaté CangXffPhas beale® ofprried out

easickyt G;qr@abpt;wﬁaixam&%—%t%%ﬂd thep st ﬁ:ﬁ%noftﬂ&esurface

Exanple 1 were carried out except the optional

chan‘?}i‘f@ SUbStdtithedBase MUibspPravédgr meCcrey teughness, the

cheapy ®iep ¢ayki-gd QHLyWith o8 | eagh, lugjon

gw n% a tenper a?ure bel o‘\'/qv 30 (I% at eg ngégs {ég S%bStrate

pb&ea tlﬁgcléqe@écaﬁl fr@msénd?ﬁr thecleufstrate definitively

rgRA gdycd bﬂnbgrlﬂvev"féq{heg T ngfLal 1%1?‘15695 gurc{o \@3 1 glass

cont am nat ed” by organic conponents g ouc

f FHgetEsadnd fgrroa?\FébeIéiD pansdd) (d .y t iesenimst 7€23es, thls step
r I ing step in proper conditions

aggdﬁéggéggdntﬁg%"g%a %e i mproved wuniformty and/or

reproducibility. 10 Conparative Exanple 4 Al the

E paratll;]r% %’,‘:%EE% e 1 were carried out

All the steps of the Example 1 were carried out
except the first catalysation step. No NiP layer was
plated on the substrate, and therefore the copper layer

did not have enough adhesion to the substrate.

Comparative Example 6

Various  comparative examples were carried out
~according to Example 1, except that in the first
catalysation step, the concentration of $nCl, was either
lower than 0.1g/L or higher than 50g/L, or that the
concentration of PdCl, was either lower than 0.01g/L or
higher than 5g/L. In all these examples, no NiP layer was
plated on the substrate or the plated NiP layer exhibited
poor thickness uniformity, a poor adhesion and/or a lack
of reproducibility. Therefore, the copper layer deposited

on the NiP was not satisfactory either.
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except the optional mcro-etching step. Wen the

surface of the substrate doesl’hot provide mcro

roughness, the plated NiP |ayers showed poor adhesion

to substrate. 15 Creating a mcro roughness of the
substrate deflnltlvelg hel p to i nprove adhesi on. Wen
uSPHBazatiypeExpmplel dss  substrate for TFT-LCD pane

(e.g. £Rfnihg 705 | Soaben sual |l y_nece sar

20 Cbnparatlve Exa IBESEQ e §t§&§%ﬁ8§%e ¥eon the
1subﬁér@§ﬁv|edeEG€ptexdmmttrmtﬁarsummﬂﬁﬁgmntlGMep in a
SLBR41 MO Roh ay ted on the substrate, an

t her ef or e tﬁg %55 %F@%g 31 NS Ve effdtigh®F fhat  the
a@ﬁ@genhrablphe sﬁbsthateNaH&Po@onpanathwa Exaepl ewds either
V@g%g S ar e e l.es were carri u

accor |ngR$H é%%%%1e<%§nel e n5$ﬁggflr§P all these
c@%éf?santonasEep,rkhehdbnhﬁﬁéraﬁaenpohtgﬂCb&\Mhb substrate

het 30 I wer. than.0.1g/L or higher than 50g/L, or
EL ?E c%ﬁfﬁ%tnﬂ Qﬂ\éﬁﬁPd%ii s SHOPRS RRREr tHalckness
Oudk gptmbry, hi ghepddran S5gdhesional | driess exagpl esack of
n ' 1 S on the substrate_or the )
PSP EGANELBLAIET - hRbeCed e padte t RPERAB A SRF Glapasyited on
atipeoNiBdhageonwasdhot aakaekad®oefy kapheduci bility.
Therefore, the copper |ayer deposited on the N P was

not satisfactory either. 17 Conparative Exanple 7 Al

L

themsienei et Exapphe & were carried out on the

SubStTat e, the immersion stepina 5
condltV@ﬁ#®@§ ﬂﬁQmQﬂEhemanﬁ cadietedubcoprthaty the Example

cpncentd, [ ution e S er

e s sorgt She RS ARe ShRPL ok P aPP Akl wameo,
dﬂjq,erbactcas@nd}o Bl Pcbayer am:s:l,pl abeda@fict hecid and lead

0 pIa ed such, NP er showed poor

t¢§%é5€égslo&ﬁ%£forn%ty,% 586 5&%&9%5+Wﬁuﬂﬁﬂn%?qzxﬂ@flned
dﬁeree@b@d00|bEhth¢r Ther efiuirre, 1dge€0ppgE | @¥@ted on the
q589§t£ "or  if plated the NiP layer exhibited poor
thickness uniformity, a poor adhesion and/or a lack of
reproducibility. Therefore, the copper layer deposited on

the NiP layer was not satisfactory either.

Comparative Example 9

Various examples were carried out in a similar way as
disclosed in Example 1, except that the temperature of the
NiP plating bath was below 50°C. Usually, no NiP layer was
plated on the substrate or when plated such NiP. layer
exhibited, either poor thickﬁess uniformity and/or a lack
of reproducibility.

On the other hand, when the temperature was higher
than 90°C, the plated NiP layer exhibited a poor adhesion
to the glass substrate as the plating rate was too high,
which might increase the internal stress of the layer.

Therefore, the copper layer deposited on the NiP layer was
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the Ni P | ayer was not satisfactory either. Conparative
Exanpl e 8 15 Vari ous exanpl es were conducted accordi ng
to Exanple 1, except that the concentrations of N SO
THP, Nah2RGR + eiltaRd, ¢ acid, glycolic acid,
tartaric acid and | ead conpounds wer e out of the
r espectiféEheaRges défimephoheres apbvéayEirt lddd mootNi Pithstand
B 4aRoBLALAACON E NP0, SUBSI T ALEEO LhLaPI AL R he e ihe
Ni P | ayer” exhi bited poor thickness uanormt
amoéﬁsaﬁdi/ ol ayelrack sof vergpr bbdckbi I(tby b@héeef ownathstand
t ye |
s Eraerors T rer e ohes R ct Pt E T o5 Bk tover
exaFpngs tiver & oddomiiedy ca]Iep .n a simlar way as
di scl osed in Exanple 1, except that the tenperature of
the N P plating bath was bel ow 50C. Usually, no NP
I&:pepawas-.:.vﬂ #xadshpde fge substrate or when plated such

&Sr 30 exhi bited, either poor thickness
unlfor £ R d AR Jesc ki 17 ‘F%ﬁFbﬁGch‘ﬁil iy agyprgance with

oERamphand, wherpitheHAMpRerial gf £ 1 JascHU ghes Ii‘@ih&%th was

the .plated Ni P | ayer_exhibite poor adhesi on

gPaISssafs ridte TP M pPacitngiicate hasTros i dilhessﬂs various
Waix@Rple ghtrkﬁCN§?SQJ¥E%'Wﬁ@rﬁﬁht%HrQ§§x9ftBQe§ rate or

Therefore, the copper | ayer deposited on the N P layer
wibeng Phstesat toractem) diaviesr . et t ertorehilet  balanced

DBﬁb%@%%&s‘t%‘%r Pédglnot tWﬁE?l%‘é%gd rgffohﬁ falta%fh%smn to

of 90C for nore than ot Or €s|
i §ubstyathi cRngt o re@moshuaditilsgttand 5 'R@Mcaieur e)thezt copper

.bgg?ggs G 5éfyé%bkﬁ1dk %O|NE§triéy dHrEngsé{Hsfactory

OW ng step npara Fve AT i ous
eRalrpEss ﬁ@méhammqnai(Nhenrtkmcpmdaﬁcemﬂtdoluhlon is above

E&@npl e hi s H of the Ni P ng bat

was ag]c%%t egj%e&{%é be t%owpf1 §*&bovéSe. 1 uaﬁyt he@%Stroyed
vddiieaslveranpltes theo shilRtiayer dvasi rp} atted IR pldeing step.
S%Rigrﬁgﬁegrimpossible to carry out the desired Cu pattern.

Comparative Example 11

The various steps of Example 1 were carried out
except the second catalysation step), in which case, it

was usually not possible to plate a Cu layer on the NiP

layer.

'ngpg;ative Example 12

. Various examples similar to Example 1 were carried
out, except that the concentration of AgNO;3; in the
photoresist pattern step below 0.1g/L or above 10g/L.
Either no Cu layer was plated or the plated Cu layer

exhibited poor thickness uniformity, a poor adhesion

- and/or a lack of reproducibility.

. Comparative Example 13
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when plated the NN P | ayer did not exhibit bal anced

characteristics (e.g., thickness uniformty, adhesion

to 15 substrate and reproduci bility). Therefore, the

copper varayer depegted 98r-Lhe M Pala i
g:tlsf ctory either. Furtrher rr%re evmé(nﬁrtt\,%%pig—f%?r?ﬁnce with
FGIP4R | &rabbhet 169G ke bhRot BEési selpatitbr nors Pd (NHs) 4Cl,

uanakqhqyogesgdsplyggo (d‘l\,§§oll\1§gd| n{ sol pt i

during.the Ni P pl at i ng step. Tﬁlségﬁ%keéyl n%g%%? pi'g NH.OH
t §OLHFEPout Tt hé hfesisepral p%ﬁt@lyﬁatmn'pazs‘aepve This step

,Ema@pbar%leﬁh%dtafdsoﬂgg Sbeﬁg/ﬂf E’é%”p A8 G a”' L8l o5g/1,

out except the second cata ysa ion? s ep
c&8dNHp}aClas igas? ugudiH«PHndopos sBibi e uﬂunﬁlr&h.@ra CT.he plated
| ayer paydhe N tive
var i ous&éxanpl es lsk%]?ny%r tcég1 @ niss % 1uﬁé rE‘&l‘l'lyl’ed agpesion,
olifsigké®pEyt haand here@m@ejmmmmf AgNeBrapléhe to  those
PRt gk gskSt L tep below 0.1g/L or above | Qg/L.
Ei ther no Cﬂ F%@Fﬂe s:,L plated or the plated Cu | ayer
exhi bited poor thickness uniformty, a poor adhesion
Lack_of reprqducibility. 35 Conparative

aa% 285196 (2 i qxanples were carried out in
aceor d&a@ﬁﬁoﬂ\&tféx@ﬁm dimihat RACIR LALTCL $O

d(NH3) 4C12  in NHAOH grgl ution vvasxusgggl ngt (l&eq%tdrle carried
A‘@J PACRRE O R0l e ? oRONAenksaséedAd cx;fatlaqéa;@@q:tm\ely CuS0y

SSBD, Thi s, B3R5 cagfi € L

Tn D19 e or 8, aaa Ed(N(gO@%ClI;& IR e SE sulfur
SFPRAPPARRF sYBRe q’HE pratée mﬂmweemrtgetmdieflned in the
t@lé&ﬂﬁé§e§§'&ﬁﬁﬁk&¥ ﬁgQﬁﬁ'on?%e eShllVi ty Q%l layer was

roduci bility abI e OBt ai ne
FpP@ Pntrp @bﬁpaﬁabSVQaExanqatewh@nVap[Lamsdexaﬁhbesd poor

StHl&ﬁﬁe§Q E&ﬁﬂPf@r&l@ﬁre Cgrrlpoor adhesion, a higher

resistivity and/or a lack of reproducibility.

Comparative Example 15

Various examples similar to Example 1 were carried
out, except that the pH of the Cu plating bath was
adjusted either below 9 or above 13. No Cu layer was .
plated onto the substrate when the pH was below 9 as the
plating kinetics was too low. On the other hand, when the
pPH was above 13, the Cu layer exhibited poor thickness
uniformity, a poor adhesion, a higher resistivity and/or a
lack of reproducibility. It has been assumed that the
plating rate was too high and that this might increase the
internal stress of the layer. The balanced characteristics
among thickness uniformity, adhesion and reproducibility
were obtained under the defined ranges of the copper

Electroless Plating step.

Examgle 3



10

15

out, except that the concentrations of respectively

CuS™M 5H20, CAHAKNNaG6 5H20, Ny conmpounds, HCHO,

and/ or sulfur 15 conmpounds were out of the respective

ranges ydetiped i nobe el eGLIOl e3p,GoRRen PLALI N9.818Req  in
above. No | ayer was plated onto the substrate or

wHeTR I 1t eé sHeqel pbort tihieknegswal f orfni the aphobpresist
a I ghele LESLSLI V / ck
rg%kodUC|b|?$ty X %b bz%aféé% EQQCQrO§f§%V'P9£tlng' of ‘the
eml@stlgmnhaafen o ﬂm@mc@:mw@ c%R rp@dteout yas therefore

agfﬁgie eltaQﬁ ptb % orﬁgggégp%%gaﬁgtEhm%gﬁerpﬁﬁgoreSlSt

ZWHﬂLﬁ(ﬁh&ﬂﬂiﬁil&t%@biayatedwbeﬂltbd @H\Mﬁﬁkﬁﬁ@@lgubstrate
asy. ati.ng kipetj t Iovv e ot her .
hgﬁgF%%#gL %ﬁg %éﬁmaggﬁ hove 1%9 t e 638 Eﬁ catalysis
exhwmam@dqgoowashi&&mesgedunﬂfomhetyena ﬂﬂbrtaéhephOﬂoresist

[ r.r ti |ty nd/or_a |.ack of .
pF% %blb??m§ a! F§§ Thee' @ssUlEH A HA" t HeVEF  (NiF)  was
plpdtaltraagl r*ahermﬁténo tiiglcaandhthati ® hilav@rghtas ngrleasei only
of the Ia The bal nced

t t
RS S SRRt P EkRELEVAANY 0Pt LTk IR Laver

ardulepr dskici bbtamedweroa ohirad negubsdestehe delfelnr)ed the Cu

r of, the er Electroless Plating ste
cEARGREode56 BLehpper SheR oPAS was HABeRh! 28P45  the second
dicachoged tiidnBsarpl, e 2k exeeNlodditi i H:drgymyal . of the
photoresist pattern was done before the Electrol ess
Plating of the insulation |ayer. The photoresist PR
pattern was therefore 5 together with the catalytic

| ayer on the photoresist, while the catalytic |ayer
deposited on the base substrate directly was not
renoved. As a result, the catalysis patterning was
achi eved at the end of the photoresist pattern
renmoval . Then, the insulation |layer (NiP) was 10
plated thereafter. Since the NP | ayer was plated only
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on the catalytic |layer selectively, a patterned NP

| ayer could be obtained on theisubstrate. Then, the

Cu Electroless Plating step was perfornmed after the

second catalysation step, as disclosed in Exanple 1.

15 21 CLAIMS 1 A nethod of depositing a copper

i nterconnection 5 layer on SL&&MStrate for use in a

flat panel display interconnection system conprising

the steps of: a) Coating said substrate with a

phot or dsi 8t Melieed of) Papverfiing sai d-qppetor éaistrconnection
| avgfert 0opbt Qi @ s Ralter phot or.esi st er )
conprising at | east otr-%:éa t r%g%chggio Bat Fer#@%ti Mg &ai display
pHATGEEIM ety st e oviaimgi sifig rshe cat @by sat i on

| ayer to said; rne ot oresi st |ayer, said

first (%gt al ysat i%%é%\@ﬁ thbgs\t}% % Beth & pjtiﬁé%‘?%?%stfo layer;
the subdtr atP@titﬁmh?gagshédst%h@md éi;%dl_ﬁlh 1bhar It@(_)t h:ibtain a
PhL QLS ra. L met hod according to claiml,
fE%}her S%I Fﬁ%ﬁﬁ&s%ﬁ%aéé%ﬁé P SEIDVE Hi Hegeah one trench
ePédttieginest ipitat ed ildaydrotafredt st Nsdyfatj on | ayer

deposi ted o .d first, catalysatjon 20 layer; and
e) Ren%?! ngﬁgﬁgigﬁggesa_si %éF?gcsu%ei}q]rﬁp%téd”bhéﬁﬁﬁési%to said
| Rpéiterhieds phodbalepdatd Anjayersand #nssl atd 0 L a¥€ion layer

e at. the .| ocatjon of the at | east one trench, to
oéggﬁhga apakljﬁecé:reﬁ ciaf(:hleh%l‘?ri‘l rsp ERpaPybaticaiel dyerthmdaat least

opne2srehehi nhahatbor hkayslotrddiatsubsidate. 3 A
met hod according to claim1, further conprising the
steps of: d) Renoving the photoresist |ayer and the

first 230 antwlosate@Brhangr xcepii@t 1th 4o i i
tPE at | east _ one trench, ?o obt ai nla pat ?grr%%%fft %I%rlsmg
fFPSt SE&PSI 9Sation 1 ayer on the substrate; and

d) Providing an electroless plated layer of an
‘insulation layer deposited onto said first catalysation
layer; and

e) Removing the successively superimposed photoresist
layer, first catalysation layer and insulation layer
except at the location of the at least one trench, to
obtain a pattern of the first catalysation layer and of

the insulation layer on the substrate.

3 A method according to claim 1, further comprising
the steps of:

d) Removing the photoresist layer and the first
catalysation layer except at the location of the at least
one trench, to obtain a pattern of the first catalysation
layer on the substrate; and

e) Providing an electroless plated 1layer of an
insulation layer deposited onto the pattern of said first
catalysation layer, to obtain a pattern of the first

canalization layer and of the insulation layer on the

substrate.
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e) Providing an electroless plated | ayer of an

i nsul ation | ayer deposited ontpzthe pattern of said

first 35 catalysation layer, to obtain a pattern of

the first canalization layer and of the insulation

| ayer on the substrate. 22 4 The nethod according to
claim2 thQ ftﬂﬁth@d goapridsngg the stapnof2 for 3 further

Preyipdtiing eg:at ysation layer at least on 5
top of the pattern f e insulation layer to obtain a

cat al yZed Bupsulcitred 4 agecond T:taéarls’tslaadoacdmchmgatt Ooleast on

cl f h I §ien t
Prtgj\}:{ndléﬁg%yﬁ gfe%?%e?s g‘fa% gn%&)tgtsgrlopa;lea}yg%% tpobtain a
ofcatisd yzatdaliywed atresl Jatyeek | ayer of step f). 6 The
met hod according to one of clains 1 to 5,
additionally conprising the step of cleaning the
substr &t €helSngithiat docstkepng) tol cllzdniret hberagsor dofgrising
t ne.of claims 1 to 6, additionally conprising the
cth% %t%I% crfg etching the substrate prior to step a).
g) Providing an electroless plated copper layer on

top of the catalyzed insulated layer of step f).

6 The method according to one of claims 1 to 5,
additionally comprising the step of cleaning the substrate

.prior to step a).

7 The method according to one of claims 1 to 6,
additionally comprising the step of micro-etching the

substrate prior to step a).



