1 Copper interconnection for flat panel display manufacturing The invention relates to a method of
depositing a 5copper interconnection layer on a substrate for use in a flat panel display interconnection
system.  The basic principles of TFT-LCD panels are Well known, and they are used widely as
computer screens or TV displays. In the panels, each pixel has an address given 10by its line number
and column number in the matrix of PRRREZoAREGTRPIRESFaER. FR&EreShRFsection of a line and a
interconnected through a thin film is ong=hixal aleashLolmARYRIER@EE dgnsistor which is activated
(conductive state) when both corresponding line 15 and column are activated, the pixel electrodes
being thereby brought under appropriate voltage to generate the appropriate pixel color. When the
corresponding line and cBhennivepixebaddreds)tare deactivated thenithe fransigios switage seoff the
connection t the relgted 20pixel. whichcames back daitsgriginal gplor.. . « ViR thedize gf the
display panel increases, the frequency of the driving signals needs to be increased, thereby generating
| an increase of the PafdsiRE e patitsinde ¥t tHREERRRRRIcIR tS¥Fk#ans a delay 25 in the

' propagation of the driving’signdis.sihcan attémpt to reducefthesetalays, ithasheen alreadyel 1
suggested, e.g. in the aticle gatiterl oy Registance: GoRRer Addrss liae for JETLLED"s Japgn

Display' 89 - pp. 498- 501, to use sputtered copper instead of aluminum, as the 30 gate electrode
material of the thin“fiPtra¥Sistotanti telaRaPmafix ikfEoriEEfdn tAds GrbiREdrBEca L PR

. resistivity dftcoppepis mtuich |bivex canzphead tatiht obalmiinunnnmiatous etching precesses afe used
' to make

pixels constituting the screen. There is one pixel at each
intersection of a line and a column which are
interconnected through a thin film transistor which is
activated (conductive state} when both corresponding line
15 and column are activated, the pixel electrodes being
thereby brought under appropriate voltage to generate the
appropriate pixel color. When the corresponding line and
column (the pixel address) are deactivated then the
transistor switches off the connection to the related
20  pixel, which comes back to its original color.

' When the size of the display panel increases, the
frequency ¢f the driving signals needs to be increased,
thereby generating an increase of the parasitic
capacitance o©f these lines, which in turn meang a delay

25 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

30 gate electrode material of the thin film transistor and

related matrix interconnection lines or buses, because the

resistivity of copper 1s much lower compared to that of
aluminum.

Various etching processes are used to make

35 transisteors. 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



35 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 2 in most cases. In the semiconductor
industry, the Damascene Process has been developed, wherein a via-hole is made first then copper is
filled into the hole by combination of dry (sputtering) and wet processes (electroplating). In the flat
panel display industry, the use of copper is considered to reduce the signal delay as in the
semiconductor industry, but the Damascene Process is not considered as appropriate since such
process requﬁ*és‘ﬁ?t?dh frforé $teps than the current wiring process and has not been experienced with
large substrates (e.g11.3ex 1s8mifop GBI TP CDgandly. Yt is Ahficigzad Ivatthe §S€6£86ch
process woulHaaise semediechnigabhurdigs-and increase thenmnufacturingecosti Orrtherather hand,
wet etching of ggpper isi@bso Sludied. in_lglgweygéhi_t fsgmere difficultiacentral dhe s@gpedh}fl;he
copper interconnectjons, because isotropic. w: ching is,us t-nQt.anisotropic wet etching.

One may beli \8/81‘%(r:%zj;\cteltIC js"ﬁggldaglgi egg)t/: S égrﬁ%y%eet%eg( Ele%ﬁe((?l%%%lPogtﬁp ﬁpr'ocess and the Lift-off

process. However, it hadbeert tifficifnPrattice b comBifie fithography with Ble’frole88 i4ting. This

is essentially Héie to #he etistente dPmanySteps ofdre-treatiient to BE eakified?dut in the Elgttroless

Plating procese saithpretreatmernitrsieps uging alkalinetsolutians HatmosP Photoresists carmiot stand.

When the ElectiplessCu Plating.ds pediorngd ondhe photorgsistpattesn ssaid patternsdissalves into

(he plating sopfion ancLife desited paitern caopet be obianed aavmore, frifetmals. thess

Photoresist layers cann(?t stancsf?or a ong time (> 1 min) under an opergtion tegnr%eratgre higher than
" .

90C.  Accorff teR TSt a&pelt dfth Prést irien idn, thefe isprovidéd a mBthdd ‘of dépositing a
copper intercOfiiection |8y ohla substraté forBiée fi Bifat Panel display fteréShnédtiors $§5tem,
comprising thesteps of: w3u1d ay £oating said substrate avithraiphidteresistdayiery realspPatterning said

photoresist laygrtorabtain a.patterped photeresistdayeyicamprising @ least onestrempchpattgrmed into
said photores&sté%;é%{; is %)]llggov&i g.afirst catalysation layer onto said patterned photoresist layer,
[

b O ) :
said first catalysation layer having a better adhesion to the substrate in thelat Iggst qﬂrge trench than to

the photoresist layef: <& Provifiing an"8léctrotéds plated ayér ofah inSulation IaSye?i%%p&%]ted onto
said first catal/8aticiPRIyeF, ahdtc X €)RERbYAGthestecasshrRIysBpEfirpbSedet etching

is used but not anisctropic wet etching.

One may believe that it should be easy to combine the
Electroless Plating process and the Lift-off process.
However, it has been difficult in practice to combine
lithography with Electroless Plating. This 1is 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 sclutions that most
Photoresists cannot stand.

When the Electrcoless Cu Plating is performed on the
photoresist pattern, salid 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.

According to a first aspect of the present invention,
there ig provided a method of depositing a copper
interconnection layer on a substrate for use in a flat
panel display interconnection system, comprising the steps
of:



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.

In accordance with a second aspect of the present invention, there is provided a method of depositing
a copper interconnection layer on a substrate for use in a flat panel display interconnection system,
comprising the steps of: a) Coating said substrate with a photoresis layer; b) Patterning said
photoresist layer to obtain a patterned photoresist layer comprising at least one trench patterned into
said photoresist layér,  <FroVRlifG A%irsQtak3aton fdykr dnkdi SaiSattethed Protaresist layer,
said first catalysationlayerfweiieg aivettersadiesipi ta thessubstratédn ¢thie ateastioheitreneh than to
the photoresisilayerned d)rRemevingshe photoresistlayersand thetfirstcatalysationdayerexcept at

the location og; Ihe atleast one 5re§§§dt%9gt@(g@gs@§t@_rq the. first catalysation layer on the substrate;

and e) Providing an elgctrolegirplated Iaélleg of an insulation Iayenr dﬁgoséig:ed onto thesgagern of

said first catalysation)layer, to'obtain 4 pgttern of t%e ﬁFstfacaxgﬁzta on Iaye¥ and of the instifation layer

on the substrafe: "84 N eIBPRSHYSIth & prcteds; it iS3hds fodsitle t6 Efcaté Atpatterd ®HShich a
copper layer (plus atleastatinsulatidh dayeruntderneath) wilbadheresto nakehthe ¢bpparast
interconnectigm systeshch Aceordingiaa finstembeodimentiefitbe invention (Figures 1 and 2), the

Electroless Plating step of ge,insulation layer ig capried.outafter.said first catalysation step, followed
by the photorggig{[l E%%%@nrentﬂoval steg:ewhile cgordin%to a secfgnd mb;[)diment (féi%l%&?ﬁnthe
the

. aver S neo Sgl 1rs C a
photore5|st pattern removal s eFYIS carrle% OU]T a? er tﬁe Irst caafa ysation step, f%ﬁOW

Electroless Plaifg'stef of the insulation layer. Both embodiments provide a substrate with a
pattern of the insulation layserseiperinposedtdrethe patterpast 186 TigstiCatalysaticreiepoadte
substrate. pWhateveriembadimens isfusesk theanext séepsi usually gomptise aisecand catalysation

step and an Elgctrolegs Plating.step:far said cOppar depasiion, +4 1 «a AcCering to.anethet o
embodiment tO e m%tlhoa(lj may furtp}groczorr%%%seftpgssge é){: 1 SQ tPrggldinagg% 3:segorclid g%tajc)ﬁsgtlon layer
at least on top oF?he patté)rn of the insulation layerto obtain a}/catajfyzed insulated layer.

insulation layer on the substrate.

In accordance with a second aspect of the present
invention, there is provided a method of depositing a
copper interconnection layer on a substrate for use in a
flat panel display interconnection system, comprising the
steps of:

a) Ceoating said substrate with a photoresist layer;

b Patterning said photoresist layer to obtain a
patterned photoresist layer comprising at least one trench
patterned into said photoresist layer;

C) Providing a £first catalysation layer ontc said
patterned photoresist layer, said first catalysation layer
having a better adhesion fTo the substrate in the at least
one trench than to the photoresist laver;

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

e) Providing an electroless plated layer of an
insulation layer deposited onto the pattern of said first
catalysation layer, to obtain a pattern of the first
canalization layver and of the insulation layer on the
substrate.



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 laye a{s 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 Fav&-&vity Pook adh&siohoitthe Subsiate Stifddas Any Stthe“méthotsdescribed
here above may additionally eomprisecihe stepoiieaning @Y Substrdfespricttto stép & andffor the
step of microietehingithesubstyate pricidostepna). 5111 Uaiformethiroand hightiuealiocopper layers
can be obtaingd by Electroless Rlating:regardless the size of the substrate. Furthermore, a desired
copper pattern can be obtajned by sing the. jelectroless lift:off process” Swithout,conner eighing.
Principles of the Lift-off process are also we 'Known or semiconductor.and LCD man%fact!;iring, (e.g.,

S. Wolf and RENZ¥4G5er, " Siftésh Processity for tHE VIS TS vor 1 ' &ttice Préss). The'lift-off
process consists dbation 1) Patietning'a sterdiFiayefon taidet indérsery, S232fA lajérfibe
patterned eveniually isaplated os adl@areatf ihetardet, by  tBe TheHayerwrethetsteneit taer is
removed with-{he-15stencillayer, whileithe other-part efithedayersemainedhan thertargetas a final
attern. The. lift-off is,wid f ternin ri n il - ed. In
'E)em?s of LCDPrﬁé%ﬁ?aectzarmgQB/?g.S&p%%gr%tgg%gggﬁ%%a?%%,Qa%ng(‘%g% %({IQ% w XQI%?&‘EP
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 catalysation 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.



20 disclose TFT-LCD manufacturing processes to reduce the number of masks used during such
process. U.S. patent 5,290,664 discloses a manufacturing process of gate electrode, and U.S.
patent 4,599,246 discloses forming of gate, source and drain metals in 25 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 photoérlesist pattern works as a stencil layer. Then, the

substrate is immersed into 30 various solutions (e.g. tin and palladium solutions) to catalyze the
surface. This proces$issHdsdri- partiche-fike c B %Eb%e%%%%@. FrRen, BhrihGfation layer
(e.g. NiP) is ptatedreleetrolesslyt Fheddyer is plated on the catalysis. Then, the photoresist pattern is
35 removed using agemeyakselution togethesnithdhe mspdatioilayarorethe photosesist, while the
layer on the b&f substrafe. directly is-pot remqued. Then, the ;6 subslrals is immegsed dnto a solution
(e.g. silver orgtaaﬁlggium olution tqccgt yze the surface again. This process aims at adsorbing

ataly

particle-like c sid bn tha Substrate surtace. ‘After the second catalysation step, a 5 copper layer is

plated electrolessly. &S CPplating ehh RS 6BEENeYGhly BA Themsutatidn H5eP bat&dséBu plating
on glass is mabtk less@Effectivitiat ohethe instdation layér. ASalresdtihhe desirdd coppetpattern can
be obtained. Thephotaresist does not contasct with theb 30:wdkaldine solution, and the method needs

neither complicated yiring Process such as:a Ramascene REcessener, theuse,of the drywet etching
process that rg&se%srl%%me issues as Ehg%cribted hgqie_ above. Furthermore, the photoresist layer is not in
t

contact for more than 1 mintite Lowi opéraei%n temperatures above 90C. The various steps of the

process of the inverfion 28 Hisci6Se i Rerit ShEF AESoTdMGRB PrefetrtFémbadifterts C188ning of
base substratefstepgoptidialy 204 soletidn seehlasva misthre 8¢NaDH, Na2C0O3 Na3P04 is used for
removing any trace pt-argaiic.coRtamipant ©nsthe subistrate (ecg:rglass) by-ergprémmernsioniof the
substrate intossaid selutign -1 is; possibje {0 skin this step whenithg surfaceis clean.graughor if such
treatment may 23 damage the sybstrate qr.cauge ynexpegted chemical reactions, opriace

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

acdditionally comprise the step o¢f cleaning the substrate

priocr to step a) and/or the step of micrce etching the

substrate prior te step al.



This step is usuall

temperature comprised between 30C to 100C, more preferably between 30 Imin to 5min between 50C
to 90C. Then the substrate is washed with de-ionized (DP) water. This cleaning step when necessary

y carried out for a duration which is preferably between 30sec and 10min ata

may also be carried out ba/ using ultraviolet light or an ozone solution. 35Micro etching of the base

substrate step (optional):
order to enhance theaghestionaf theeéfirstlayer depasited ardq dheisubstrates Itds possibla:tosskip
this step if the Iayeg&%.gtygyéqtio%@@@ Prﬁ‘é x%suff;cie@é agh%%ioncgn

roughness or if such micro etching treatment may cause 5 de t
This step is done RPRfHBRIng the subdiage intdan aqueses s61LE6E tHiEamPESMpREAGT 3% to 5%
by volume ofHF, (it &y atsoceqspprise 46gilntp. 100 g/L of NH4F) for IOsec to 5min, or more typically
with an aqueous solutionig:]g)mrcg%g% Q.S(’/?[#Oto 8%e volltrgeflt-lfB%%iiof%gngg% 8Qa/L of NHAF .for 30 sec

to 3 min. Then the substrate 1S w. ‘ |
development and StAPPint} 28Thé ke 5 RINd6REBYLoteptichal PR Parediss BFdckss chprising as
the following sub-stepsiol £ Gaading .ofithe phateresist soiutien©nte:the=sidasttates Prerkaking fe.g.

90C) to dry such layeg; 30 Proyiding a,mask oplg s lafr;, 1 FXposing 19, Y.t g phafozresist

through the mask;
10
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ni HpEimtrithiscdtdp s @hcreate Hikib retERREsS N TS ssstrai€in

etrimen

ed with DI pure water.

of:

1) Patterning a stencil layer on target inversely,

2} A layer to be patterned eventually is plated on
all area of the target,

3) The layer on the stencil layer is removed with the
stencil layer, while the other part of the layer remained
on the tarxget as a final pattern.

_ The 1lift-off 1is widely wused for patterning of
materials that cannct be easily dry-etched. In terms of
LCD manufacturing, U.S. patents 7,005,332 and 6,998,640
disclose TFT-LCD manufacturing processes to reduce the
number of masks used during such process.

U.s. patent 5,290,664 discloses a manufacturing
process of gate electrode, and U.S. patent 4,599,246
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 1layer. Then, the substrate 1is immersed into
various sclutions {(e.g. tin and palladium solutions) to
catalyze the surface. This process 1s 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 using a removal solution together with the

insulation layer on the photoresist, while the layer on

the base substrate directly 4is not zremoved. Then, the

ihe,substiale,gue g s grigina

reactions on the glass surface.

esist patterning step (coating,



Removing the mask; Developing the exposed photoresist (or non-exposed, 25depending on the
resist) used with a TMAH solution and rinsing with DI pure water Post-baking (e.g. 150C) to harden
the non-removed photo-resist. 30First catalysation step:& Typically, SnC12 and PdC12 solutions can
be used for this step to create an ultra thin Palladium catalysis layer onto the surface, particularly in
the trenches wheré s sigtecresist hAsThResa@moved; for thacpuipose, the 35 subblaedisor

immersed into a Sp&12 selutipn sthearinsed with Ripwewaterythen dmprersed e P dGia solution.
Preferably, from 0.1g/L to 50g/L of SNnC12 in an aqueous 8 solution comprising 0.1% to 10%. vol. HC1
is used. The PdCl%gs%?l?tlsoSn %jr“ﬁnasdeafForﬁégsnoga)&%l&spsaozﬁﬁﬁ)%fg&g6ﬁseiné: ?fﬁ%%st%%%? ?/oleﬁ:l and
between 0.01g/L t¢BHATERREC BRNare prefdradly, theSEERB6|utiet ediptisberig/Eters 26g/L of

SnC12 dissgjved inig8:5% 4 6% selutiontefHeh apdthe PAGL2 solutian compyisesiddodato 29/L
of PdC12 dissolve%(iento %0.05% 1% f|Cl solutic%g. Itisantici atedthatt?efollowigg cher{n:ical
reaction may occui on thée 3hrace of the %Osﬁ%str% 5 anZQSH 2548 FPy; TEER, the Siibstrate 18!

immersed into a canditioniag seluticn.aFsis conditiorihg sbaion ediairsiasedtbing agent, Wikch may

reduce the oxidativenan4 ©0Jhe saiace atsl promaie aredyglive plating ahemisterofblecialgss
insulation layer. 15 éccgrdin% to anotguer@qmb iment, this con itionin?ésolution may have a similar
1on di

0
composition to thaf8f the pISING 38 iton diScIBSEE fHF fHeiekt L6t h 8B ATt Fitholit ki &  it.

According #Panothet kmbatimensod Sgiloto 50gAnNaH2E02 solngdirisiused ercthis 20ddiditioning
solution. The immessigniin dhe £anditianing sghitiends caslied, oy ordOsRe 3@ process,
nor the use of the dry/wet etching process that raises
some issues as described here above. Furthermore, the
photoreéist layer is not in contact for more than 1 minute
15 with operation temperatures above 90°C.
The various steps of the process of the invention are

disclosed herein after according to preferred embodiments.

Cleaning of base substrate step (optional):

20 A solution such as a mixture of NaOH, NaC0Os NasP0O, is

- used for removing any trace of organic contaminant on the

substrate (e.g. glass) by e.g. 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

25 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

30 Imin to Smin 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.

35 ~ 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 adhesion of the



Electroless Plating step of the insulation layer Electroless Nip or NiMP (M being selected from the 25
group consisting of W, Mo or Re) is typically deposited as an insulation layer. NiSO4 and NaH2P02
solutions are used as Ni and P sources. NaH2PO02 is alsb used as a reducing agent. A complexing
agent is selected from organic compounds having at least one carboxylic 30 group (-COOX: X being
selected from the 6?0%?)%0%@’&??19%3—?%5%%, Ay arithaFRiktareS Préferadbly, A8 SE&ed from
the group consistirtig 0§ Réetic Acisl, tartariciacidhelytalicacidglagtic aaiskand their migutes Rarsthe
plating of NiP, the substale.is.5,9. Ap.lunsrseddnigthe.sgluan, Jhepid of the salution ds adjusted
with a pH buffer if necessary. In one embodiment, a solution of 10g/L to 45g/L of Ni504 7H20, 3g/L to
50g/L 9 of NaH2PUZEBBEEMLA 0 56MERDF gIvtBRe add EFORY arldr Sg/E st artdiRYackRdifsed.
Lead compéunds can benedded asastatilizer intherhage 0k Sppmrtod Oppnrihe temgeratyre and
oH of the bath are puglerably majalaned,ndhe range L0 10,906 agg 219 B, gspectygly, ore

preferably, 70C to 80C and 2 to 6 respectively. The plating time can be determined by the plating rate
and the required tHigRAEEE WpiCARP BbEERT0 MrihForts0nns NRYIayersitheR fthB Bubdti&te™d Washed
with 10Dl pure waterso ®Rhatetesist {PR)patierr tamaval with am atkalineroriarserganic salution To

. remove the patterned HB?@"&%?&Q?@%Q@}? is 15 immersed intg a r%rlqovaImi_\iojﬂjl{tgir}1 e.g. the same
- alkaline solution as used In thé optional cleaning step described here above) for Imin to 15min

' depending'&n the fificidfesE ety Pate T Ié: rdsistoPHER; thé siBskratefRiwakhetwitlh ®I pure
- water. The insulati®ndayer plated enOsthiesphatedesist surfacadisyenoved tpgetharavthrthe
photo-resist, while the layer plated on the substrate directly 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 25catalysation layer PBetormReatedisativnttepning heshemtraledtnimimgrsedane opoiandn
comprising AgNO%j{HNIS—@,_qg ggg)lz in HC1 or Pd (NH3)4C12 in NH40OH 30 to deposit an ultra thin
silver or palladium layer onto the substrate surface. For the silver layer, 0.1 g/L to 10g/L of AQNO3 in
0.01% to T9%% NH4OH solthien iS EERd typicalfoThis Bép @RMBEeRAHRE Ut FERIOSREE M g pically,
preferably for 30seo-teckaiin. Eomphei sing as the following sub-steps:

- Coating of the photoresist solution onto the

substrate;

Pre-baking {e.g. 90°C) to dry such layer;

20 Providing a mask onto this layer;

Exposing tco UV light the photo-resist through the

mask;

§

Removing the mask;

I

Developing the exposed photoresist (or non-exposed,
25 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.

30 ¥First catalysation step:

Typically, 3nCl: 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

35 substrate is immersed into a 5SnCl; sclution, then rinsed
with DI pure water, then immersed into a PdCl, solution.

' Preferably,'from_O.lg/L to 50g/L of SnCl: in an aguecus



35 palladium layer, 0.01g/L, to 5g/L of PdC12 in 0.01% to 5% HC1 solution is used. More preferably,

0.1g/L to 2g/L of PdC12 is dissolved into a 0.05% to 1% HC1 solution. 10 In other embodiments,
0.1g/L to 10g/L of Pd (NH3)4C12 in 0.1% to 5% NH4OHSs used. Electroless Plating of the copper
layer step: 5 An optional reducing step can be done if this thickness uniformity and/or the resistivity of
the plated Cu are rfstlin therangesithe tpacifitativpn Fequitdth Invihis caélthé substrete is Tinenersed

into a conditioning seRion PIQE KLNMErsiIENG adHating sQUEeRs1Q S sehbian comprising §.1% to

5% of HCHO, more, preferably 0,5% to 3% of HCHQ, is used. Instead of using HCHO, a solutjon
comprising 0.1g/L ?o' égl%. %fo Draﬁl?y iMe@%Aﬁﬁeggrtéﬂn%?%ei&lg%é GSe ,g(FnLorg %rgé%l&y
0.5¢/L to 3g/L of DNMAB). 5% ekadrbioss Cagplafing Solutien usdally conmpisésesCulsplirceta
reducing agent, a cagplexing agaot andiapbhylier asHmain gomperents, AssanLxamplena seglution

comprising 2g/L to /L of GuUSO4, reducjng agent selected from the group consisfing o
aldehydes, amines, 20’ hy r%zi%gse, ﬁ%@%ﬁé’ﬁ@b‘?ﬁb@%@é&? £Sconbic Hetd, k§pophbspiites and
any mixture thereoP@aaheused 1Aecbrélirigrtosa préfekreticemBodifiient00:85% 10 1% of HCHO is

used. A Ni compound (i.e;+0.19/L;te 109/L-0fNi012) can be addgdto promete the Crplating nEhe
complexing 25 age! temialgabie selected from the group consisting of EDTASs, tartrates, cigfrates
diamines, sugar alCOlaE Ehtl thefmitites A% préfsitdd efBodiffit, 20°FE 36%0gft fof potdssium
sodium tarfrate is usesk TiwecpH of $hé solutiattis adjgsttd in the rangerof Stiesl Bwitb wrnalkalire 30
solution such as N@%xsslggjr clolmé)o%nds cnag.z%lso be added aststabiliz iQs'Ehe range. of %%ggm to

2ppm.  The substrate is |mm3"eréced into The mixad Soi ior?.Qﬁﬁ'le }ﬁ%?ihg i}r}ne can be 1e—"zf’ecfmln d by

the plating rate and el téqUitreBQhickihBSs, Bypieiydinig to260min, Nithe IS PrsferaPBAINt®™OmIn

for several hundreds:nam €idayess Herenthe Beppet layes diresty deapesitedon the glagssupsirate is
removed while the c](_)g% osited ogto th insu!:aggpn layer js not removed, hecause Cu

plating on glass is Fuc :?ééasyz;?(ﬁc%ﬁ%%%gx on the ins%ﬁfaetcl:o% Iaygfs.' As alr%sshlﬁt,a thedesired Xgﬁper
pattern carl Be obtdifiegrding to  another embodiment, this conditioning
solution may have a similar composition to that of the
plating sclution disclosed in the next step hereinafter,
“without Ni salt in it. According to ancther embodiment,
a 5g/L to 50g/L NaH;PO; solution is wused for this
20 conditioning solution. The immersion in the conditioning

solution is carried out for 10sec to 3min.

Electrcless Plating step of the insulation layer
BElectroless NiP or NiMP (M being selected from the
25 group consisting of W, Mo or Re) is typically deposited as
an insulation layer. NiSO; and NaH;PC, solutions are
used as Ni and P sources. NaH:P0O, is also used as
a reducing agent. A complexing agent is selected
from organic compounds having at least one carboxylic
30 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.qg.
35 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 NiSO; 7H:C, 3g/L to S50g/L



5The invention will be now better understood with the following examples and comparative examples
along with figures 1 to 3, which represent various embodiments of the process according to this
invention. On Figure 1, a glass substrate 1 is successively 10 cleaned (if necessary) and micro etched
(if necessary). Then a photoresist (P.R.) layer 2 is deposited on the substrate 1. A mask 3 is then

placed above the PR NajfeF 92w adeqliaté osénif§atnbugt wiicremb iy sights €A %o #irdugh to
create the correspdpdingafatterntxinithe=15 dayier 2:,5han itisdevelopgd andsstripped 0 gaayOUt the
trench 8. A firségatglysg{igg sfen 'g_,the cayried out to deposit a catalysatjon layer 6 ontg, the
patterned layer 2(On this fi%ure%L andL anylo th{:”ahoethejfﬁeilllt}g(/?/ingos§ap%é-z%1852{}1 ch %ot éjgﬁnécif%%ﬁon, the
various layers do FSTRFEATSFSIlY 2ndhickHe fanthshape representieethieraictval THiEred s o d
shape wherbcarryihg oththerangessy thegoetativethipknesssalgo aredot Becessatiyat their fight
scales; these drawings only intend;to give.ghoindicatio on their superimposition; catalysation
layers have often a thiCkr?:!eSS_ V\%%cﬁ?lf harﬁ)g/]oc'fnete%c?ab e(?(%:mﬁar}cfd % t%g t%kﬁgssspgﬁﬁé%ei%bresist
layer, the insulatioh!18y&L ahiler tHelEGppEriaydrd Cieaigzad pathpSy atdthemErtdtad artieshottom
of 30 the trench 8afhientElecieeiess Rinting is-gaksied, out {gytha Xiepositior of an insulation 4ayer 9, 10

on the catalysation |ay: rq\ﬁ@,d the catalyzed bumps 7. Then all the photoresist pattern (which
adheres less to the substrate thgga%gerésdtaly@ﬁgﬁ Ia&g}?is rsé!flr]?ovae%a, egavi%gs SSW%‘% yet%e éLsiCi&rqed

pattern 10%# an inSdlABBRIaYS61 the catalysation layer (catalyzed bumps) 7 and the substrate 1. (the
first catalysation layer adheres better to the 12 substrate than to the photoresist layer) Figure 2
discloses another embodé;goegt which is similar to the embodiment of Figure 1 but further comprises a

step of depositing a seconP cataRsafion Rt PEERTBp DPRRYRSUMHSR IR 26%811855F
catalyzed insulaticerlayeg kG d 19pilawdyar the second catalysation layer (11) is preferably deposited

on the whole surface of the sy%%r%e t it will not adhere as well to the substrate as it agheres to the
insulation Iag;er'(lQ). 10 A further stepg\glvﬁ'c%éc%%%f:s S of grff %?éactﬁ:o?esslss el|;)tt(l§-‘s&|2tiosnugfS g%%%%e%%attem
12 on top &Pthe catERzEAGASUIETSH layergroved) iSedunfetbsut.(e. 9. the same alkaline

solution as used in the opticnal cleaning step described
here above) for Imin to 15min depending on the thickness
and removal rate of the resist. Then, the substrate is
washed with DI pure water. The insulation layer plated on
20 the photo-resist surface is removed together with the
photo-resist, while the layer plated on the substrate
directly 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

25  catalysation layer.

Second catalysation step:
The substrate is immersed into a solution comprising
AgNO3; in NH4CH, PdCl, in HC1 or Pd (NH3).Cl, in NH4OH
30 to deposit an ultra thin silver or palladium layer onto
' the substrate surface. For the silver layer, 0.1 g/L to
10g/L of AgNO; in 0.01% to 1% NH,0H solution is used
typically. This step can be carried out for 10sec to
Smin typically, preferably for 30sec to 1Imin. For the
35 palladium layer, 0.01g/L to 5g/L of PdCl, in 0.01% to
5% HCl solution is used. More preferably, 0.1lg/L to 2g/L
of PdCl, is dissolved into a 0.05% to 1% HCl1L solution.



| Figure 3 discloses another embodiment similar to the embodiment of fig 1. However after the first

| catalysation 15 step, a photoresist pattern removal step is carried out, leaving only the catalyzed
bumps 7 still in place. Then an Electroless Plating step isCcarried out to deposit the insulation layer
pattern 13 onto the first catalyzation layer 7, followed by a second catalysation step to deposit 20 the
second catalysatior tayertiEk (peafecablpaeposited dn fhe averdlsutface fis eotplditied beiare) to

provide a catalyzedyinsyllatiorslayge (33, 14) ertoqvhich is finally deposited a copper layer 15 by
Electroless Plating. The copper layer (15) is plated on the second catalysation 25 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 diciess-samesofHbasatipusHaIsdlespphadinepta-otbednvention. 30
Example 1 A glass supstrate was immersed into a de-greasing solutjon comprising Na

Na2CO3 Na%PO4 for ‘3m|nnat §’6)§/ :IL.I’? %%[gr tgerg%c&v%gorg%%%) con _gr%ir_mgtf? S o#?fﬁ*‘cea glagsés\l?u s%”r ace.
After rinsing with d&Jidisized svater ifwasifmmeaed ito BhdilutRPRFINMAHYE sofutfdrefop faire® create

micro 13 roughnesswon:the suifacenoftsaid suhgksater Thae, apervantional pasitivephetoresish(PR) is
coated on the subszt_rﬁtes, pgétsernechpl)é exposure a:[g (UAYA Iigh{ throggg 2 rgg%léagd g:e\éeég E% I@{tr?r
post-baking on the sufﬁstrat "B A erdeve opmen?ofltﬁe pﬁ%‘%re&st layer, the Substiate i imimersed
into a SNC12 solutidAlesmpRsing oYL FSNGERGT 81108 HEDSelutivn, Rhdtthes impedrabddnto a
PdC12 solutipn compgsing:Q-sg/LBagt2dntaa 0.1% HG1 selutien (4min,inkaeh seidipmapiter 10
rinsing the substrate with D.1. water, it was jjmmersed intq a conditioning sqlution. contgining a reducing
agent for 30sec. Th(?e'r\g It v_I\%aCDS i\/n\é?F'nePs][éd %ﬁé@m %nssulléﬁgﬁlaygp Slgﬁﬁéi socf%tiotﬁ.smg ?’:&ggg’l shows
the bath compositiéit 48 the platisgaBotiiions wheroMib is selected aitffe insuteition I8 Plated

solution: Table 1 (DiMethylAmineBorane) may also be used, {more preferably
0.5g/L to 3g/L of DMAB).

15 An electroless Cu plating solution usually comprises
a Cu source, a reducing agent, a complexing agent and a pH
buffer as main components. As an example, a solution
comprising 2g/L to 15g/L of CuS04, and a reducing agent

- selected from the group consisting of aldehydes, amines,

20 hydrazines, amine boranes, glyoxylic acid, ascorbic acid,
hypophosphites and any mixture thereocf 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

25 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

30 sclution such as NaOH. Sulfur compounds can also be added
as stabilizer in the range of 0.lppm to 2ppm.

_ The substrate is immersed into the mixed solution.
The plating time c¢can be determined by the plating rate and
the required thickness, typically 1min to 60min, more

35 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



Compositions Conditions Ni304 7H20:30g/L pH 5 by acetate buffer NaH2P02 H20: 30g/L ~
Temperature: 70C Lactic acid: 15ml/L Tartaric acid:15g/L Leadacetate31120: 1.5ppm 20
11

10

15

20

25

30

35

deposited onte the insulation layer is not removed,
because Cu plating on glass is much less effective than on
the insulation layer. As a result, the desired coppex
pattern can be obtained.

The invention will be now better understood with the
following examples and comparative examples along with
figures 1 to 3, which represent various embodiments of the
process according to this invention.

On Figure 1, a glass substrate 1 is successively
cleaned (if necessary) and micro etched (if necessary) .
Then a photoresist (P.R.) layer 2 1is deposited on the
substrate 1. A mask 3 is then placed above the P.R. layer
2 with adequate openings through which the UV light 4 can
go through to create the corresponding pattern 5 in the
layer 2.Then it is developed and stripped to carry out the
trench 8.

A first catalysation step is then carried out to
deposit a catalysation layer 6 onto the patterned layer
2(0On this figure 1 and any of the other drawings appended
to this specification, the wvarious layers do not have
usually a thickness and shape representing their actual
thickness and shape when carrying out the process; 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

1.{(the first catalysation layer adheres better to the



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 is
carried out for 25 5min. The insulation layer plated on thkZphotoresist layer is removed together with
the photoresist layer, while the layer plated directly on the substrate remains on the substrate surface.
The substrate is theHfiRIésedToRr A5 Sectifa BOsvIgde T éeritalmig 1)5g/L AgNO3 into a 0.3%

NH4014 14 solution used fofthe sezond catalysation steptvAfter rinsing thawsuhstrage with D.L gvater,

etk T T
comprises a step of depositing a second catalysation layer
5 11 on top of the insulation layer 10 to create a catalyzed
insulation layer (10, 11); Eowever the second catalysation
layer (11) is preferably deposited on the whole surface of
the substrate but it will not adhere as well to the
substrate as it acdheres to the insulation layer (10).
10 A further step which consists of an electroless deposition
of a copper pattern 12 on top of the catalyzed insulation

layer (10, 11} is carried out.
Figure 3 discloses another embodiment similar tec the
embodiment of fig 1. However after the first catalysation
15 step, a photoresist pattern removal step is carried out,
leaving only the catalyzed bumps 7 still in place. Then an
Electroless Plating step is carried out to deposit the
insulation layer pattern 13 onto the first catalyzation
layer‘7, followed by a second catalysation step to deposit
20 7 the second catalysation layer 14 (preferably deposited on
the overall surface as explained before) to provide a
catalyzed insulation layer (13, 14) onto which is finally
deposited a copper layer 15 by Electroless Plating. The
copper layer (15) 1is plated on the second catalysation
25 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 wvarious

possible embodiments of the invention.

30
Example 1
A glass substrate was immersed into a de-~greasing
solution comprising NaOH, NazC0; Nasz;PCs for 3min at 80°C
in order to remove organic contaminants on the glass
35 surface.

After rinsing with de-ionized water, it was immersed

into a diluted HF/NH;HF solution for 1min to create micro



pl-112 by NaOH C4H4Na06 51-120:34g/LﬂI'§'56"rﬁ”temb'é'féture Na2003:3g/L ”NiC12.:Ig/L
HCHO(37%):13g/L Thiourea: 0.2ppm After the copper-plating step has been carrlled out, desired
copper pattern. The plated Cu/NiP excellent adhesion to‘the glass substrate, by using the tape test.

ess uniformity of both layers are satisfactor .
The roughn roug%%ess ogl the surfacg of said substrate. Then,

a conventional positive photoresist (PR} is coated on the
substrate, patterned by exposure toc UV light through a
mask and developed after post-baking on the substrate.

5 After development of the photoresist layer, the
substrate is immersed into a SnCl, solutiocn comprising
10g/L of - SnCl, in a 1% HC1 solution, and then
immersed into a PdCl, solution comprising 0.3g/L PdCl,
into a 0.1% HCl solution (4min in each solution). After

i0 rinsing the substrate with D.I. water, it was immersed

into a conditioning solution containing a reducing agent

for 30sec. Then, it was immersed into an insulation layer
plating solution.

Table 1 shows the bath composition and the plating

15 conditions when NiP is selected as the insulation lavyer

plated solution:

Table 1
Compositions Conditions
(N1SO4 TH,0: 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

20

After zrinsing 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 is carried out for
25 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

30 solution containing 1.5¢/L AgNOs; into a 0.3% NH,0H



15and within 10%, respectively). The NiP lay of 91 wt% Ni and 9wt% P. X-ray analysis revealed that
the amorphous. The Cu layer plated on the NiP layer had a low resistivity (3.0WQcm using the four
point probe method). 20 The X-ray analysis also revealedthat only slight changes of the morphology
of the NiP occurred after annealing of the substrate in an oven at 400C for 1 hour under a nitrogen
atmosphere. 25Ex&npIE-200  AedPpef patteth s nidrfadured ik dvcsrdante iteExandléar
except that a silicor wafends used Matead ot a glasssubstrate,skhe-results pbtaingd padhe water were
consistent with those obtained.on the glass, syhstrate. 15 In,order to st e Cu diffusion ability
of the NIP layer, thg%?at?(ﬁl Cﬁﬁ%ﬁgﬁgrss (\??/lef'rlgua%%eé?gg ar 2(%8 , and ;ir?%ﬁ;gy aéjﬁalyvé.llst(lgs1 c%%n%ucted
| to measure the amBRkt 8FLAN LS ® #tb ¥R sitieddifidfen The analysis revealed 5that negligible Cu
- diffusion ocaairred and that the Nip layer had a sufficient Cu barrier capability. Comparative Example |
- Wet etching of the insulation layer (NIP) was 10cond¥g§]c.i;n£)rder to pattern said layer on the

- substrate. ‘ —

Composgitions Conditions

CuS0; 5H,0: 7g/L pH12 by NaOH
C4HaNaOs 5H.0: 34g/L Room temperature
Na,C03: 3g/L

NiCl,: 1g/L

HCHC (37%): 13g/L

Thiourea: 0.2ppm

After the copper-plating step has been carried out,

10 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 using the tape test. The roughness and thickness

uniformity of both lavers are satisfactory (less than 10nm

15 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).
20 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.

25 - 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.



- The Nip layer was plated on the substrate first, and then the photoresist patterning was carried out on
this layer as done in example 1. Then, the insulation layer was etched using a FeC13 solution to
pattern the NiP layer. 15 The etching time depends on the thickness and the etching rate, but was
typically 3min to etch a 50nm thickness layer of NIP. After etching, the substrate was immersed into
acetone for 10 min't® rehiie the pRbRIEsISThEN, tHé SErsRGCatiRalbh Step ahd e ERERoless
20Plating of coppet dgyer stepavese caeiedavtdein Examplesdre Evendheudgh this poacessmallowed
making a copper pattekn, | (ffi trol the shape. of t OopRer. intercgnnection
using the wet etchi%g, ?Sgéx%igﬁgyﬁg egtgcfh%%%%%}%ﬁm er%ﬁta %%ﬁ%ﬁ}%hmﬁqué%d% to its
isotropic nature. COMpEFER®E BXaRbleRea Sppet tayel s Hlatdd 6n thBaLbEirate 2R 36
Example 1, but withbat-depesitingidNiP laver dTite eopper layarobtainedsiowetka pagisadiesion
onto the substrate [t W, I easjly..C rative Exampl 35All the steps of the
Example 1 were czﬁﬁg%ou%%}gsgpﬁﬁ%ﬁgpﬁ%? c%g;%nag'ﬂ gt%—:-%rofcfﬁ %%%s,(]éls%u%étrate or 16 with a
cleaning step carried out with a cleaning solution having a temperature below 30C. Plated layers

showed poor Comparative Example 1

Wet etching of the insulation layer (NiP)  was

10 conducted in order to pattern said layer on the substrate.

‘ The NiP layer was plated on the substrate first, and

then the photoresist patterning was carried out on this

layer as done in example 1. Then, the insulation layer was

etched using a FeCl; solution to pattern the NiP layer.

15 The etching time depends on the thickness and the etching

rate, but was typically 3min to etch a 50nm thickness

layer of NiP. After etching, the substrate was immersed

into acetone for 10 min to remove the photoresist,

Then, the second catalysation step and the Electroless

20 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 contrcl the shape
of the copper interconnection wusing the wet etching,

25 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
30 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

35 All the steps of the Example 1 were carried out

except the optional cleaning step of the base substrate or



thickness uniformity and/or the initial glass surface Scomponents (e.g., touched lack of reproducibility,
when was contaminated by organic by fingers and grooved or wiped). In these last cases, carrying out
the cleaning step in proper conditions as disclosed herelébove improved uniformity and/or
reproducibility. 10Comparative Example 4 All the steps of the Example | were carried out except
the optional micro-Bicdhing step® WS - Sl f R oithe sobstratétdbed riot préviBe niefdfoighness,
the plated NIP layérsshoged pearpadhasier tiosubsirate” th Cpeatirgia Maigea roughness qfdbe

substrate defiitvety helg o ioNe adhesion Wrnusing § caPmelgpalAsRAUASHRte tofen

TFT-LCD panel (e.g. Corning 7059), this step is usually necessary. 20Comparative Exam
the steps of the EX lelhivete barfléd Hoit e?(‘ééﬁfaﬂ’?e filsd BatffpsHitrpistapeNo RIP 1878 aRAS plated
on the substsate, andrtherefarssthe(eqpper layendidawt haye enongh adhesion toghesubstrata: 25

according to Exankpi%)ggtplys%qlontsﬁ%@, theg 3Qlower gheasn 0.1g/l. Qs % except that in ggggﬁrﬂ%ﬁon of
: SNC12 higher than 50g/L, or that th
g step in proper conditions as disclosed here above improved

uniformity and/or reproducibility.

10 Comparative Example 4

All the steps of the Example 1 were carried out
except the optional micro-etching step. When the surface
0f the substrate does not provide micro roughness, the
plated NiP layers showed poor adhesion to substrate.

15 Creating a micro roughness of the substrate definitively
help to improve adhesion. When using a commercial glass
substrate for TFT-LCD panel {e.g. Corning 7059}, this step

is uvsually necessary.

20 Comparative Example 5

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.

25
Comparative Example 6

Various  comparative examples were carried out
according to Example 1, except that in the first
catalysation step, the concentration of SnCl, was either

30 lower than 0.1g/L or higher than 50g/L, or that the
concentration of PdCl; was either lower than 0.0l1g/L or
higher than 5g/L. In all these examples, nc NiP layer was
plated on the substrate or the plated NiP layer exhibited
poor thickness uniformity, a poor adhesion and/or a lack

35 of reproducibility. Therefore, the copper layer deposited

on the NiP was not satisfactory either.



concentration of PdC12 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 Jayer exhibited poor thickness uniformity, a
poor adhesion and/or a lack 350f reproducibility. Therefa)?z:/, the copper layer deposited on the NIP was
not satisfactory either. 17 Comparative Example 7 All the steps of Example 1 were carried out on
the substrate, except that the immersion step in a 5 conditioning) was either not carried out or that the
concentration of theokipki#ORveo|Biramp¥ed Tvas either lower than 5g/L, or higher than 50g/L. In all
thfese different cases, noZNIP lqy V\Q;Eseglgtigfo glt}spu#)gtrelte or if é)_lacted Suc N(;B Iaygrt; stg%wed poor
thickness 10 uniformity, a poor adhesion and/or a lack’o reprocruu |I|ty.a‘Fhere ore, t‘ﬁe copperelayer
deposited on the NIBA&Y&fHas notSHtieRictontBifter. CdifipardiBsERdmple 8S¥5Variold examples
were condubted aesardingitorExamplesdsexeephibat the eonegiitrations eliNiSO4 7HRALNatizP02
H_20, lactic acid, glggglljge%iga@ir@{ic g%id_ §@1de_le%ga§&;890ugg§ ,‘\Jf%elrgnoutuosf ége r{ga[g abeojy&elzzéther no
Ni? substrate or if Elated the thickness uniformity, a poor

ower than 5¢/L, or higher than 50g/L. In all these

different cases, no NiP layer was plated on the substrate

or 1if plated such NiP 1layer showed poor thickness
10 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 8

15 Various examples were conducted according to Example
1, except that the concentrations of NiSO, 7H:0, NaR;P0O,
H,O, lactic acid, glycolic acid, tartaric acid and lead
compounds were out of the respective ranges defined
here above. Either no NiP layer was plated on the

20 substrate 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.

25 Comparative Example 9

Varicus 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, nco NiP layer was
plated on the substrate or when plated such NiP layer

30 exhibited, either poor thickness 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,

35 which might increase the internal stress of the layer.

Therefore, the copper layer deposited on the NiP layer was



respective ranges defined layer was plated on the NiP layer exhibited poor adhesion and/or a lack of

reproducibility. Therefore, the copper layer deposited on the NIP layer was not satisfactory either.
25Comparative Example 9  Various examples were cafied out in a similar way as disclosed in
Example 1, except that the temperature of the Nip plating bath was below 50C. Usually, no NiP layer
was plated on the §3BstPabIciimés plated sher NiP layer 30exhibited, either poor thickness
uniformity and/or a lack ofieprogtedilly. the@nghe etherdiand, yapethe tempekaturesnas higher
than 90C, the plat Nip%a er@q:xatlitl)litreed a_poora Si nr'_[_o the ]glas%}slubstrﬁ:e as the p#%ting rate was
too high, 35which mlg%t increase the internal s?ress of tRé Iayr/néjr. Therefore, e%%)rﬁper ayer (gllé%posited
on the NIP layer wRE°t8 7ot safisfabfor§Reithts. VEthekhbrX théiphotbrtistTayeriditisieind
withstand the tempesagise 06,906 for moredbamd sniai Hihe phetargsigtilayen isevery thick fedetter

| withstand _5temper8{3lug%}bdt Q%%O’ESEPC@E%'{% tosgggglve this layer during the following step.

. Comparative Example

Comparative Example 10

Various examples were carried out in accordance with

10 Example 1, except that this pH of the NiP plating bath was
adjusted either below 2 or above 9. In all these various
examples, no NiP layer was plated onto the substrate or

when plated the NiP layer did not exhibit balanced
characteristics (e.g., thickness uniformity, adhesion to

15 substrate and reproducibility). Therefore, the copper
layer deposited on the NiP layer was not satisfactory
either. Furthermore, when the pH of the solution is above

10, the photoresist pattern is usually destroyed
(dissolved into the soclution) during the NiP plating step.

20 This makes impossible 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

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

'Comparative Example 12

Various examples similar to Example 1 were carried
30 out, except that the concentration of AgNO3 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.
35

Comparative Example 13



Various examples were carried out in accordance with 10 Example 1, except that this pH of the NiP
plating bath was adjusted either below 2 or above 9. In all these various examples, no NiP layer was
plated onto the substrate or when plated the NiP layer did’not exhibit balanced characteristics (e.g.,
thickness uniformity, adhgsion to 15 substrate and reproducibility). Therefore, the copper layer
deposited on the Nip layerWwas ot SFRFRIGR Sfter. Fariamibretivhém tcsa sl ane solitioh is
~above 10, the photéxesisf patténn istsually elesiroyetin(dissolvedsinte thesaolutien) curing theNiP
plating step. 20This malkestmpossiRls I9,cafry out the desired 1g:eu‘,ﬂ%atterﬁ. g?rﬁ%arativrga Eé%%%e 11
ysa c

The various steps of Example 1 were carried out except the secon cata on %tef}), inw case,
it 25was usually nGIHOESIHR to Hiate HC U 187GV theRIP YRR [Eompardti-ExampR 12 tearious
examples similar to&Exarepleikdermitanietind0 ougexceptdbal the congentigtion SEAgNESZ i the
photoresist patter low 0.1g/L or ab g/L. Either.no. Cu layer was Iatefirkcy)r the plated Cu
layer exhibited poﬁﬁﬁ:ﬁ?&gﬂn%%{rm%y, a%\fc%égd#géﬁor? ar%}(lnlr]alrg}é?(egfs r:é%?lddum eflitﬁ%%eg
Comparative Exariple 132¥8*  VEHBGS LS ples Werbransed othif azadriince widh eséemple 1,
that PdC12 in HC Irselition i tRd(NHAMC 12dpMddOtbsalitign wasmsed instead eLAIN@34R
NH4OH solution in ihe segand; catalysation step. This step 5 was carried out using 0.3g/l, PdC12 in
0.1% HC1 or 0.25¢/L Pd(NH3)4C12 in 2 % NH4OH for a 3min immersion. The plated Cu layer
exhibited thikness uniformity, adhesion, resistivity and reproducibility comparable to those obtained in

Exahuﬂel. Comparative Example 14

Various examples similar to Example 1 were carried

out, except that the concentrations of respectively CuSQy

SHz0, C.H:KNNaOg 5H;0, Ni compounds, HCHO, and/or sulfur

15 compounds were out of the respective ranges defined in the

electroless copper plating step above. No Cu layer was

plated onto the substrate or when plated, showed poor

thickness uniformity, a poor adhesion, a higher
resistivity and/or a lack of reproducibility.

20

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

25 plated onto the substrate when the pH was below 9 as the
' plating kinetics was too low. On the other hand, when the
pH was above 13, the Cu layer exhibited pcor thickness
uniformity, a poor adhesion, a higher resistivity and/or a
lack of reproducibility. It has been assumed that the
30 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.
35

Example 3



10 Comparative Example 14 Various examples similar to Example 1 were carried out, except that
the concentrations of respectively CuSO4 5H20, C4H4KNNa06 5H20, Ni compounds, HCHO, and/or
sulfur 15 compounds were out of the respective ranges #&fined in the electroless copper plating step
above. No Cu layer was plated onto the substrate or when plated, showed poor thickness uniformity, a
poor adhesion, a higher %sis‘f%?%ﬁd/@aémf EpFoddabikityc 2bConparafiie Exaffife 15°
Various examples Birattarite Examgple dpnere aarried: aut, exesptthat the pH pétheXaplating bath was
adjusted either beigu.9 or aboye.13,No.Cuplayver.as 43 plaied.onio ihe subsiggig heg ng pi was
below 9 as the plating kinetics was too low. On the other hand, when the pH was arlla ve 13, the Cu
layer exhibited poortAitkAB4S BiniGifity, & PEoPEAMIESST LB highRr PESISRAR aiftfol-A$aaisKre
reproducibiliy. It hasdeenassumed thahie 3@ phating eate Wwast00 Bigh ahe thahthis rughiocrease
the internal stress thfelag LT §tl%§1|§§9%d g&s{r&gte{gi%%?s among Othicléﬂgssblégi orgmgsgggggion and
reproducibility were obtained under the defined ranges of the copperrtlectroless lating step. 35
Example 3 20  Aoppet patieds waSfabrieied o8 disfi8sed inB&itdle 1 BR8eptieat té témoval
of the photoresist pattera was gone:hefare e ectralessHilatingref thefnstiatioplayesréle st
photoresist PR pag}%rgtv(\g%thgerg%rg D tog%réer wit ﬁge C:Ei‘%aslm% @/gg o] tgi eorhottlt:)&g[?i,?t, vv\g%ilse the
catalytic layer depOsited on the Pase substrate IElirecty was not removed. As a result, the catalysis
patterning was achid@édat the @hT iR phStbresist phfterN #Emdvil eFhelidthe Mstit&gbndByer (NiP)
was 10 plated thergaftereSissedheNR laysrevasplated 9rly 105, the catalytic-leyer relectivglygra
patterned NiP Iayeg: 88':1@ beD%btalctEgaolr}l %hc? sucpsf[ra%eﬁél'hgg hset%u LEle.Ctroﬁsgn'?lat'@% stepwas
performed after the second catalysation step, as disclosed in xamp?e 115

Electroless Plating step was performed after the second

catalysation step, as disclosed in Example 1.

15



21 CLAIMS 1 A method of depositing a copper interconnection layer on a substrate for use in a
flat panel display interconnection system, comprisiig the steps of: a) Coating said substrate with a
photoresist layer; b) Patterning said photoresist layer to obtain a patterned photoresist layer

comprising at least one trench patterned into se' %oresist layer; c¢) Providing a first
catalysation layer onto said patterned photore , said first catalysation layer having a better

adhesion to the substrate in the at least one trench than to the photoresist layer; d) Providing an

electroless platfdAaySr 0 %@inégla' layer deposited onto said. first catalysation layer; and e)
Removing the success?ve&y superim%p%%(e)g jsp%]}()ﬁﬂeresa}st ?gfe?,@fﬁstlc%%aﬁ%:acl)t%}lelggéro %dﬁ‘lﬁgﬁlgtion layer
except atthezlogakion b e atdeastomelitrerichf iebbéma patiesrdfathe fidteatalysationilayer and of

the insulggg@é%ergg}nygi%§aﬁe Sgé%)gwecg@qd of depositing a copper interconnection layer

onasubstrateforuseinaflatpaneldisplay 2la’interconnection system, comprising the steps of: a)
Coating said suibstraté #ithid:ghétoissistuayérr a t epyPateraing sdid photoresiselager to obtain a

patterned photeresist fayer é:ggkgg@ing At feast gne drepch gg{ternfgﬁjgrlo sajd photaresist layer; C)

Providing a first catalysation layer onto said patterned photoresist layer, said first catalysation layer
having aP5etiet deftiésidn &5 theesubstraté 3 Hie af fEERY bAG B@nchithaktdthe phvtordsistiayer;  d)

Removing;the-phiaresistiayer apd e fitstesi st 1aver;

) Providing a first catalysation layer onto said
patterned photoresist layer, said first catalysation lavyer
having & better acdhesion to the substrate in the at least one
trench than to the photoresist layer;

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 cof the at least cne trench, to obtain a pattern
of the first catalysation layer and of the insulation layer on

the substrate.

2 A method of depositing a copper interconnection layer

on a substrate for use in a flat panel display



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 layer of an insulation
layer deposited onto the pattern of said first catalysation layer, to obtain a pattern of the first

canalizati fthei la nthe trate. 22 3The method according to claim
5%%%3@&%{‘9& 3 z}‘é %%{‘ %8[{90\” % byyate.. 22

1 or 2 further comprising ‘the st secon Pa?ysatlon layer at least on top of the
pattern of the insulatidikiyéento @btaﬁh a@bmtymcblnwmib}mdalaybntoraSTJIrmtmbamraccordlng to

claim 3 further ggmpr@g@ttggﬁ%%of salah PEM%Q%QQ f%trolfg gptedﬁgopp%é%yq on top of the

catalyzed insulated layer of step according to ne of claims 1to 4 addltlonally
comprisipg the steslof Rleaiiipthessubstrdte prictaustegEans a6 Theemethodaecording tdone of

claims 1 g@@ggg@ngmgomlél%tggos}%% legncirgﬁtghmg the substrate prior to step a).

ABSTR A method of depositing a copper intérconnection layer on a substrate for use in a
flat panel dlspl§y> intBRONRBERSN systent, Idoriprisititthestaision  d)aC6ating®aid substrate with a

photoresistilayer; - 4b) Pattesning said phatpresist layento ghtain a patieged, phatosesistsubstrate
comprising at least one
having a better adhesion to the substrate in the at least one

trench than to the photoresist layer:

dj 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 layer of an insulation
layer deposited onte the pattern of said first catalysation
layer, to obtain a pattern of the first canalization layer and

of the insulation layer on the substrate.



trench patterned into said photoresist layer; c) Providing a first catalysation layer onto the patterned
photoresist substrate;  d) Providing an electroléss plated layer of an insulation layer deposited onto
said first catalysation layer; e) Removing the successively superimposed photoresist layer,

catalysat!on Ia%erﬁ% |%%%Igg%n Jlaaé/ccie(r) gégg}pt in %he& % Ile%stlorlbertrgn(‘ig131 thotggtglncg Igl}t:tgrsnl g% the first
catalysation layer with an insulation layer egp05| ed thereon. Figure
the step of:

f) Providing a second catalysation layer at least on top
of the pattern of the insulation laver to obtain a catalyzed

insulated layer.

4 The method according to claim 3 further comprising the

step of:

g; Providing an electroless plated copper layer on top of

the catalyzed insulated layer of step ).

5 The method according to one of claims 1 to 4,
additionally comprising the step of cleaning the substrate

prior to step a).

6 The method according to one of claims 1 to 5,

additionally comprising the step o¢f micro-etching the

substrate prior to step a).



