10

15

20

25

30

35

1 Copper interconnection for flat panel dlsplay manufacturlng The
invention relates to a method of depositing a 5copper interconnection
layer on a substrate for use in a flat panel Hisplay interconnection system.
The basic principles of TFT-LCD panels are well known, and they are
used widely as comptePRGEeA bRTSLPARBREYECM t‘ﬁ‘érpaﬂﬁ each pixel

has an address given 10pyiitsilin@iupnber adccekwinpumbper in the
matrix of pixels constituting the screen. There intersection of a line and a

interconnected through a thin film is one pixel at each column which are
transistor ithieh snaetivated (contlactive state)awhenthaetl carfespepdingiting a

line L3 and,colymn,areactivated, the.pixel elactiodes,baing therehy, vse in a

brou)%ht under appropriate voltage to generate the appropriate pixel color.
Lk EGPEpSHARS e 1 %‘F%ﬂe(ﬂ%lﬁ&eﬁé{a&%@s) are
deactivate@tleen ithe fransistarswitchies off the tonrecton foathe relatede well

20pixel,yhich gamasdackta its otigingd golar. WQ&B&*&%@@@%@% or TV

display panel increases, the frequency of the drivin iagnals needs to be
.ncréﬁs‘éﬁal%ﬁ’éeb%eﬁe?auﬂa%ﬁcre%%é%ffh?é‘lﬁ 2kt caPacidficesf given
thesb¥ings, swhichi tunmineansaadelay Ponin theuptiopagation etihe matrix of

drivigg signalg. in.an atempy tq peduce these delays, ithas hee 3&%@yat each

suggested, e.g. in the article entitled "Low Resistance Cop ger Address
line fdt TP ETOR Jap8h Display B Spp. 306- 502, to GeeWPltterdpich  are

coppertinsteathefalamintny; @sdhe 30 gaterelectiode roatatied etthe thihich is
film yapsisLarand relatgd oalx inferGonnegtion line Sz%r Bus ﬁéege%%‘éseng line

the resistivity of copper is much lower compare to’that of altmin
and column are activated, the pixel electrodes being

thereby brought under appropriate voltage to generate the
appropriate pixel color. When the cor.responding line and
column (the pixel address) are deactivated then the
transistor switches off the connection to the related
- 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
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 1s much lower compared to that of
aluminum.

Various etching processes are used to make
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



Various etching processes are used to make 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 thetfat paref display industry, the use of copper is considered to reduce

the signal tetay s&ihthe demficondbsdr fidustry, Big theaDamasténeProcess
hREOCBs®:is nbiwonsideied akapptapriatessincensieh processikrequiiest then
Jpueh,more;steps)than the gugrent ydring precess and bas 0L beeA  of dry
ghsrienced with Jaroe subsigtes (6.0, 1 omx 1A or.GRFFT-LCD

panel). 1t'is anticipated that the use of such process would raise some
techn%[c%ll fiftlles-atd MRredsedhe manufatiinig tést. BHthe Bthet hand P e*
iWet erehinkfsireshpetds asodtgdied the Holeverl it is'mord difficult to  the
seoniral thie: shape atitrescopper ihterconnectionsssecause isotropicswets not
&lehingds ised but pot-apisetiepic wet efching.n pPBedvay beliverthat ihucn
mSOhlp GUIC‘ISPG eSasiyhth'lC.o h%nec&qer E.Ie.CCtro%,e]:slS IlP aH@%BE%Csesgr?@dﬁ[Qg Lljifggﬁb@en
process. However, it has been difficult ctice to comglne lithog %phiyor o

npr

Kt EISQSI8sS Pidting 2TAR ié&&é&rﬁﬁaﬂg%ué% tHe exigténge of Many

T5t8ps P prearsatnentth bé earfdd ot ketheElctidless Phating froddss such

rsaid pretreatnient steps=using.alkadine soltdibns thatimestaPhbtoresists se  the

rGanneistand.n g  When the lectrpless GuhRlatingds perfarmed e e ng  of
gytesissy paai[tseén,s%@ pattern dissolves into the plating solution and the

h
%}g ired pattern cannot be obtained anymore. Furthermore, es?1
Phototédi&tafers'danhdt S43h& foq'laflf(})/h%utﬁﬁe E°1 WY GRderare  Shape of

Bfer AP P ARIFE PHGIET than DoChecancrding 6 SFfirst a&pectedrcning
ithe presentinventiors theretisqurovided a miettiodgf. depositing a copper
interconRection layeriena substrate forusauing fiat paneldisplayombine the
ﬁ’ﬂ%&%%ﬁ%%@” sysigm,gompisipg the sigps of.. 3. 8) Soalipg satd o cess .
ubstrate with a photoresist Iaye NN ¢ Ii%ttc_ernlng said Q(ggresé%t ayer . . o

13'Ebigih a pattertiéd ph%?oergssi{fta%% Omprising at least 61i€ trench
It AEA TS sHitphotoresisERYBES FepProviting™a fifst datalfSatfont a1y
dayertontd-said pattetred-photbresist layer ssaid first catalysatiert-fayer to be
dawing.a beger adhesion to-the substratel indhe atleast age trepelzdian tosaid
ﬁ?%{¥5gyﬁgﬁyaﬂ%éps 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:



d) Providing an electroless plated layer of an insulation layer deposited

onto said first catalysation layer; and e)

Removingthesuccessivelysuperimposed photoresist layer, first

catalysation layer and insulation layer except at the location of the at least

one trench, to obtain a pattern of the figst catalysation layer and of the

insulation layer on the substrate. In accordance with a second aspect

of the®resehtinvéRtiors Ahere 18 bvRIed &' figthdd BREERESIERG a copper

interconnectiortlagenona sabstratefor usedrs aflat panet display obtain a
pRtarsenaectionsystersi eempesing thessteps ©fng  aa) Qeating sai@ trench
ciuhstiate with-2 photorgsis Jayers.. s ; ) Rattarping said photoresist layer

to obtain a pstterne .Rho ores'?.t Ias)éer com IEi:sin at I%asl'lon% tren&@to said

patter% d into'said pho?preasis I%ﬁ/er; ca_c)g F/OSVI&]ﬁa a first-Catal sation
Py ERE sar paftéfadtphotGresist layer Saithirstcatalysatisit fayer layer
hhaving abetter adhesiolr to thensubstratesin thecatleastoriatrédch than feeast
cthe phetarasistdayerso +1th Reroevingdbe photaresist layer and the first

catalygation jayer £xcept atthe location,of the at least opg trepghelo o an
.0bta % ngerﬂ of the |53t catal)é%%non Iaé/er on thg:\i suplsys te; an

e), .
llgrsol%/lda}ng ah elettroless ﬁgf)esdllayer of an insulation layer epo%?tdéal%?otlon
“hESIatteA Of said first catalysation layer, to obtain a pattern of the first

canalization Feyeraiiof the iiduation |ayer onthésubstrate. 3aperByposed
pUSING SUEN &-Proeess; jt ig thuscpossibie {6 ereade: a pattern emwhichsaulation

1%%?;%%@%;(9'“&%%@%5@6%@%%@1@06%ay@f'iéln%rg?@é@t)twwfr?e?h@f%ﬁ%h, to
make tne cQ r.interc clion sysiem. ccorain allrs
B A et (P 1 SRA%), e Eearaless Pty °F ©b

Q&P bt theThstiation 18eF f&ecarnBd btd Bfter said first catalysation step,
followéd by theopketorssistpattermrernovansiepawhiie accofding® apresent
isecondiembodirhent(Figure 3xibeiphatoresistpattesd removalistepsisting a
&%&ﬂ%@ oytafterihe first:.calalysation step, followed by the £lecholegse in a
frating step.of the. insulation, layer. nne%oéﬁ‘c?@bgg'é@%%? PIOVIAE 85 g the
substrate with a pa &rn’of the sulation layer sup rlmposeofon the
Sﬁa‘:ifé?n f the first catalysation layer on the substrate. Whatever
embodimentGaséa dtheanekt StdFs-asdaly"Comprisea seespgist layer;
catalysation steptand and=lestrolessPlating stepsfor seidreopper obtain a
ﬁgﬂ¥éﬁﬂgﬁ 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.



4 According to another embodiment the method may further comprise
the step of: f) Providing a second catalysation layer at least on top of
the pattern of the insulation layer to obtain a catalyzed insulated layer.
Preferably, this second catalysation layer is plated on the whole substrate
surface, but shall adhere only to the Iggulation layer, not to the substrate.
According to still another embodiment, the method may further. comprise
the stel o5 119 gf Bréviding S ERetrofess topperislakeiayer 8n toh 6F 32
atheoeatafyzied insulatdd fdyeraof stepPer  Aederdingdlylal eady waypst  an
idepasit cepper:pnethe.setond-catalytic: iayer, adhields on tom@kthehe copper
1 Insulation Jayer; is tosimmerse the whole substrate in the appropriate
solutign, saring,in mind that eopger wi pal.adnere 10 e SUBSITAE, yencs on
because the second catafaytic ayer shall have a very poor adhesion on the
(§458tFSE surfad@dang )offthetﬂ?eth%gﬁéﬁorﬂb%ﬁ%e%lg%vr@mgf ep ot the
iagditiohiatiyicomprigethe stép of GlE&HIRG the@ubstratd pfibr to tepla) first
cand/oy the step ofsmiesg etching dthe Substyatetprior toistepaksbst pattern
~Eniem, thin-and high.quality cepperdaygrs can besobtaineshby  embodiment
{ Ileg%r%e% )Pl%thneq g 198‘%%'?%%5 %Slé%dggé%supggg%%fugtpgﬁmgge Barried
esire coppe%%att rn can be o tai e b% using the eIe%técjrlﬁga-élg-ofg the
BfoceS5=Biithotlt coppkr etchiRg® - ¥ SBlinciBles ofthe Liftoff frocess are
E1s6 wslkfswi fortserficohtictof ahtL CDTHaRtheturibgy 6g., S. Wolf
and Red\LhT attiesd iSikcors Processitg for theddtSkEm Vol 1" d atticecern of
tReess), The ift:off prosgss-consists- 1Rek sea 1)Rattemingoa stenei layer the
fy}gygggg§?§§§¥ion 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.



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 15stencil layer, while

the other part of the layer remained on the target as a final pattern.

The lift-off is widely used for patterning of materials that cannot be easily

dry-etched. In terms of LCD manufactyring, U.S. patents 7,005,332 and

6,998,640 20 disclose TFT-LCD manufacturing processes to reduce the

nuMbRE 6P ibskE used MAHYCUCHOEES "t i Jafdrit B o8 Be4 urther
cdisploses atimanafazuririg process of gate electrode, and U.S. patent

4,599:246diseloses: forming«afgate, Sourceyand deain mefals ink25 least on
contack windows, They,are gt using the Jift;eff process wih correspepding, 2
cérg qu ZoE;sglltlo:.Ln €.9.spu teﬂ%g%r Reverse pattern of photoresist is made
6n the' §Gbstrate first e photoresist pattern works as a stencil layer.

Then fthe‘&iRErate istifime &t mtb 56 Varisaé sorfiond (6. tif dngpted on
tpalladiumd solatibsd) e tcatalyzd theesurface. THis pfocedhds fo gdsarb to the
iparticleslikencatalysis, on substsatensurfaces Thene an insulation layer (e.g.

NiP) ig plated glectrolessly; The lavands platedhen the catalysis. Theante nay
f{)hr(%tggerﬁst Cpmatt}:e{rsl Is %‘% eremé)vedouf's_mg a removal solution together with

fe msulaﬁon?ayer onthe psnoetgress't, while the layer on the base

substfite Bire¥tyisiotTBmbvedt FRLA Sthe B RUBErEEAE Thmet¥Ed s toP
of sbhutiong eyl wileer orpalladiem Jolution)td cata@lyze the surface again.

This precessiaims gt adsarbiag particleslike: eatadysis shithesthistrate on - the
surface. ég%%ﬁﬁﬁt%%o@g@%@'ﬁ@@&ﬂ% a9 CQB@ﬁré@’eﬁﬂﬁap@@ulat ion

Sleglolessly Here, s Riating. canbe abseryed pplon fle nsuiaiBop s ace

axZer becausé Cu r|$1r:'§1t|n(‘:1 on glass is much less e ective that on t
SRLUILHOA 1ayBR 3 BFesti, theHbsited topparpatiertican B&5bt&RBE e ©°
it phbwrasistddecastscontact Wit te! 10 alkalineisoldtioit andithé L have
anethod reeds neither camplicated wirhg pracess suchzasza Damascene
Procegs,nor the use:of theglryiyetetchingprocessithatjaises sehéve  may

d3Res 2a deseribeg.fiere gbos, [ udhermols, e phalprepistjayerdafiot rate
In contact for more than 1 minute 15wit ogeratlon temr[geratures above
Hoer to step a) and/or the tep of icro etching the

substrate prior te step al.



The various steps of the process of the invention are disclosed herein

after according to preferred embodiments. Cleaning of base substrate

step (optional): 20A solution such as a mixture of NaOH, Na2CO3

Na3PO4 is used for removing any trace of organic contaminant on the

substrate (8- 5fH8) bielg. iffRerBioitof BitdubstrafORRE Saitistitoncan be
. It iscpassibledoiskiEthis sie whenphesirfgce isselean enougheordt sucho £ the
treatmgnt,may e}2{5 OL%YQ%%%EQ% ﬁgbst‘raate Qr.caus ugg%%ged Cl% renjif%al can be
reactions. This step iIs usually ’carrleofjoutjfor a duration wHich is

pref&RbRiBEecRBOsEE Hifdl 10 at Fibffperates Eomptisedff process”

S betwetth3dE tedPPEY marerireierably between 30 Imin to 5min between

50C to 90G; r‘l’ﬂ(}a1 .the substrate istvf\{%shég with dezlonized. QI%Q sV\éater.&lhis 11so
cleaning step when necessary may also be carried out by using ultr_awo?et

light ¥#-2h &6iEsditfors SIBMRE WREIsHg dPthellidsensubstats stdmy, (e.9..,
(optignalfo1 £ Beeiaim ofithissiep is, (0'TERAEIDICI P FRUGRNASSOTHIE the VIST
subsprage jp order o ephapge Ine adhesion gl dhg Tcfist layer deposited .. o

onto t strate. it is possﬁ) e o%ﬁlsp this step € layer (e.g. insulation

10 JayeBtras a sufficient adhesion to the substrate due to its original
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35

roughness Dy ifisieherhiciagtehisgdreatment ey cavsex glatrimnentalsely,
reactions on.the glass surface. .This_step is dong by immersing the

substrate ifth & aHiRons Soulih SoEaTy RempraiRg D fostb 573 by Lated o
volufhelofE2(icrhal s d esfrise 10g/L to 100 g/L of NH4F) for I0sec

to 5min, ormore-ypicaliy wikhar REuseds selution gemprising:RSied0ia th the
3% vQlume HF and 30g/L tq 60g/L. of NH4F, for 30 sec o 3. min, Thenthe
su bs?qr:a?g % \]/'vasfﬁ‘é’(? ﬁﬁth"t’)]llp% retbhvgtecr).ghe‘ﬁhgt%ﬁies?s%[ ptar%f%r%iﬁﬁes]feﬁ emained

(coafihg theveiapaent afd stdjpiag) pattexn.

_ 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 layer. Then, the substrate is immersed into
various sclutions {(e.g. tin and palladium solutions) to
catalyze the surface. This process 1is 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
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15The step is done by conventional PR patterning process comprising as

the following sub-steps: Coating of the photoresist solution onto the
substrate; Pre-baking (e.g. 90C) to dry sugéh layer; 20- Providing a mask

onto this layer; Exposing to UV light the photo-resist through the mask;
Remd¥rifthetmasks imngy@gdopiitithe expesddphotoresistqor silver or
nonlsam@;]@&@d%m@iﬂgxﬂn the L%%&M%&W%@)T%ﬂf@éuﬂgam. This
rinsing with DI pure water Paost-baking (e.g. o harden the

o FAH088 PRGOS B, S0Py R Rt S PRy Kk pon the
and Pdcabrsdigtiohisidaaree uBdd ¢or thisestepetocardateadindiizathion  step, a

Pallacigpesatalysisdayer pnigdbe srtacer gadicylayly indbe trefighgsating can
whe%eethe o%h%tg%rgéist haf been rerQoved;.for ttéat f,ur%os\?l, the 35 c

substrate 75 immersed ffito*a SRE12 g‘(ﬁutiéﬁﬁﬁ A Tihd@d with Dl puk?gcause 4
watep liehtithmersediiie 21 PHE 1 2ngglutioh eRrefeedifip cfedme0. 1gifiato on  the

500/k o6 SnGl2 0 anggueous &sqlution comprsingO:3%dQ 1Q9%6YoF pattern
HC1 iggsgd. The PAC12 solution is made from ap aqueous solution

compRSInG 0.6 E5E vol SR hERTeEh (1835 PR Brisdc 2 T the
More pieféiabty, theaBntCi2molutiemdomptibes Ig/igphod  needs  neither

complicated wiring process such as a Damascene 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
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):
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
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 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.

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
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5 209/L of SnC12 dissolved into a 0.5% to 5% solution ofHCI,andthe -

PdC12 solution comprises 0.1g/L to 2g/L of PdC12 dissolved into a 0.05%

to 1% HC1 solution. ItisanticipatedthatthefblIowing chemical reaction

may occur on the surface of the 10substrate: sn2+pd2+sn4+Pd. Then, the
subdtdialis iftersetPite 4 e dRibhgidofutisHPPhistohditibhings possible
solution loixtains sreducmgidgerntewhichemay ¢educei thexddaive Sager) has
on the spgace and promate g, redugtive plat “Qs‘:é‘;?&'é“t')é&’é el?cg:trg;%ssé)rigina 1

insulation layer. 15 According to another embodiment, this conditionin

solutiBHIRES RigvePd sitilaritohpdBitiohto Bat bl e platfiff86itiormay cause
disc&)sedﬂmdhe_albxtetepmgmaﬁar, wﬂ@o@l‘daiﬁltmﬁ_fé\eeordm@ step is
anolshemhpdiifll: a3l hatWlaNAHIZ Y SALLONLE U2EHI8LINS 01uc 0n
20 conditioning solution. The immersion in the conditioning solution Is

carefPo I IO ST RTEIRIT EdttttedoPI&ngrstey oL eI Hlalidn (1T may
layes Etectralegs Nig oL OBVMP (Mbeing selected fnomihe £2-rgnadec to Smin,

congjsti , IS typical sited as an insulation layer, . o
IS8 A NP e R B ra 0.3
is al58 uddd WRlaFEddtingadent 8/ dontle fifg AgeftisiidiEeteddtoni0 sec to
orgadhimtampriwndsthayingiaklieast ene caroxyda 3G groupr(-e@XwXter.
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 acihgleoReadrlt |agicthedainiahel friRturésdadring platiieyefiopment
NiP e subsikalg i3,6-9- 35 immersed into the solution. The pH of the

solution is adjusted with a pH buffer if necessary. In one embodiment, a _
solution of TFy/L 8 9Bg/List NBOBRETHRY, 3gACRY SDE/A-0Dak Ndfoppatterning
H20p btk $0 SOinply/b of rgdy colic aeid fH%pancJgaunttarigric acid is

used. Lead_co cap.be ed stabilizer,in the range of

0.5ppm to IOp[?r(E?%‘q% em%ira%?%an%ﬁp 5 %selbsaﬁh a?g)%%e e?a{’blymt0 the
maifiaitiEd-mtthe range of 50C to 90C and 2 to 9, respectively, more
preferably 7@ 4o Bk aRd 2406.respectivaly, Hie plating tmag ean be
determined b¥ Eg% Pclﬁl‘ n§ rate QQQ tg]fe1 {gq%l{ledsthickness, typically, 30sec

ti
to Imin for 50nm Nip a?/ rs. 'I[rhen, the stbstrats is Washéd with 10D pure

‘water. ~ Exposing tc¢ 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, 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
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
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Photoresist (PR) pattern removal with an alkaline or an organic solution

To remove the patterned photo-resist the substrate is 15 immersed into a
removal solution (e.g. the same alkaline s@ution as used in the optional

cleaning step described here above) for Imin to 15min depending on the
thickPesy Bielremovalratd Othe rdSisttPhed Othe vabstrai€ ls washebed. The
Witl;cl 1 : (02 0% es‘&@tﬁfj.%he irf%@ilﬁl? L@Y%ﬁnplﬁiﬁda‘_éﬂlggdll.@.e %%&l%ﬂshcamprising
surface.is_removed together with t oto-resist, while the layer plate

on tf]tg' gl?b%st]rggote%'lre%%g 'shé rerﬁgﬁl %r‘? e gﬂlrfa?dempre%’o aqp solLtiont dCt2-
has HergbilBr e 8issbive the Prdtofstisteverwhiehorecoverad withthelg/L  to

insu@ti@mﬂ,ay@f Oﬁﬂﬁﬁﬁfsﬁg§§@§{b{a’?§1tiqwﬁ¥era5%@%j o%gglmti%gt@@ion of
The strate is immersed. into a solutjion comprising AgN in NH4OH
PaCE M Hﬂécsjr%‘(f(r\ﬁ—?%;&li? 2BHS re%peogit%h]lﬂt/rgthtfﬁ 2g/L of
silvePéF paldgianlagst omo the sObStbatetsuribeetibr #od sivierrayer,

0.1 g/L to 10g/L of AGNO3 i, Q:01%% ta 4% NHAOH, selution isdsed  £6110wing
typicggll . This ste% can be carried out for I0sec to 5min typically

orefSTABR 6T 3056255 HAth. FBRthe S5 BHRadidiR layeP0.0FPE LBy of  the
PdCiae 0:1%:to 590FICA selttion issuded+Mpse preferablyh@ lglibtotrate is
29/L. is.dissolved into a 0.05% to 1% HC1 solution, .10 In other . .

e T O (RS 006 to Ly NHHGHS Lonina
used® ElEEHoRsS PHtmENST tie dsshetiageratsnts Arbdsionapiedueifigee the

stepsaidee dose ISHTS thigknesseundamaig-andiidhegesistivily of theeductive

platedeC are not in the range of the specification required. In this case,
the SU %,Flr:é?g is irﬁﬁ"leer%esc? frgfo a 8%nditfe§1e|ﬁ:gt é:gl%ﬁcs)'% pri&rrig%maﬁ%elr%fbn layer.
into APFaXiTH B6IUtioRe 10 aNsdilian comprsiigents to 5%isf HGKOditioning

more;spreferily % tRa3fe obHGHIR isused.JasteataldsingHEHD a0 the
solutign comprising 0.1g/L tq 5 /L%ofD AB (DiMethylAmineBora e%ma,y
aIsoIE)eauEsierl ) (rﬁ((})r%;i B%e%relra%fyg(f Bﬁ_e 0 fiLd}Lg M%%%Flf&r? @IS}E’I SI%‘};g‘after’
Cu phatftpadluibn ustdifly dompitsesAccording to another embodiment,
a 5g/L to 50g/L NaH;P0, solution is wused for this
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
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
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.
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
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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 froth the group consisting of
aldehydes, amines, 20 hydrazines, amine boranes, glyoxylic acid,

ascStbidGdleE Py pdithospliid L ali@ af§Mhiktare thereorednbe ased. (70%) and
Accaorglitig tf atprefestectembodimentu 0059 1e1%0 ebHEHAd:Used Ae added
Ni cgrénp%ungéldgipi to,10g/L of Ni012) can be added to promote the

Cu plating. The comp%(%ngé% a%"lg_;he%t rﬁ%?/' g sé)l%ctzjdd??%%mthé céroé(:o)ppm' The
condisiiRG bf EFras Battratds Aditrdtes, darhinedrsugar ef s dndrdieitained
mixturesthea prefgered embodiment 20007k 102600/ 1z ofiRotassiupe spdisl vely,
tartrate, is deIhe,pH,of the splution i justed jn the range of 9to 13 .

with an allzgﬁwe_ %g skf}))i‘l_lgﬁont}gc% a% a%)ﬁg.itguf’l‘f}rCg cogr;péandgs CAR ST ey
be abidRdPa< iz &rifidheSafgd 6f CIEFFIS 2pPmbY  The subbahiag rate
is immersekintocienixed salliiRne $B¢ pladipgdimea ¢an Be sleterminethin for
by the, plating. rate and the required thickness, typically Imin to 60min .
more 35 p?é%?abl%gr%ﬁtb 4(’)rlr&nlﬁlnf’or slée%gral %%I%%I?é%as%m o Iafeargbed with
Her& thBWehpet t&jer directly deposited on the glass substrate is

removed while the copper layer 11 deposited onto the insulation layer is

not removed, because Cu plating on %Igss is much less effective than on

the insulatom 55 EF RS St (RAFSST TTRRY PhudtarAfe alkaline ox

obtzame ehrigiEinel nvealiamidih be now better understood with the following

examples gpd £g a%%%egﬁ%@g'eénaé%” with figures 1to 3 Which 4 v ate is

represent various embodiments o efahe process accordslng .FO ﬁ’]IS invention.

On EffBfE 122 glassosubstraieorlsusedsdivelp 10ecleandd @f ristessaykaline

3nd sm_irtgzﬁtﬁhh(’-‘ddif ﬁg@ass?ﬁ'&) .tmlpo@@hjﬁk%qlsi&tl(&%iﬂ@/ié@é% described
epaosite N the substrat i, as IS then placed above the P.R. \

e RS0 1R £larths. thickness

thro@§h toféeare the EdFrespohdigepatie mis in thehen jayshz Tisewittisate is

develgprd@nsistAppad uearry.auldhe tieneh 8:su1 Adirsheatalysation ated on
stepti}; then %agriggi: ggt gschegosi a catalysation layer 6 onto the patterned

layer (0P s figiie T Sd any orihg other dFSHMERp iRt SE 1othid:  the
spe&ifigdtior,ahé varioushayers ddinot have usuplly tetlicloesstdrd  substrate

shape representing their-agtyahthickness and,shape WheR CayingLUtso1ut1on
the process; their.relative thickne%f als%are not necessarily at their right

scalt@Sthed arain E%hly iRt oP Qv an iMifcafliptoresist €ven when

recovered with the insulation layer on the first

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
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
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.
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25 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 copger layer.) Catalyzed bumps 7
are then created at the bottom of 30 the trench 8. Then Electroless
Platidg i taried outdoritherdepositiohoflan trsuldtionilayef 9pH0 diviheCl, in

catalysation. layes 6andpn;the catalyzed bumps 7. Then all the

photoresist pattern (W?‘]iCh adheres less to the substrate than the
catalysation layer) is removed, leaving 35 only the desired pattern 10 of

an insulaticEllayei-ondas CRialysatiprolayeh £ atalyped buapsy 7strgthe
substrate 1A'|(1t|he firgt,cataysatio I%yer adheres better to the 1%substra
O 1 (=]
p = m

LY .
than to the otor%&s??aaf/er)r gﬁ?é’z dslgceigsescgﬁlotheree %%?mel;'itg this

whiclis Siifrto Whé EpBodimenner Figurd ¢ boefurtiercbimprizssehe plated

step ofidapesiting aisecend catalysation layer Spkl-e#ioReithe required. In
insu—l%ggg Iaé/er 10 to create a %atalélzed insulation I%yder (10t,ollg; How

ver, .
the second cgfsaffysa |Sﬁ Iasy%k? fﬁaiseprélfseré'bﬁ??iéﬁosneﬁnm the w%%rfeg l%mnlng

surfagelofithesulthee but ft willhiet bekere adwiall todthersubisiizge agddution.
a?h@%el%&ﬂﬁmulaé&ﬁﬁﬂ%%@%. 19 A further §t§pf¥ﬁﬁﬁ@t‘ Cﬁlﬁiﬁésgﬁfeaﬁ’érably
electpoless deposigion of a copper. pattern 12 on top of the catalyze

insulgﬁgﬁ Ia%/é: (%(3, ﬁ%fis carrﬁdlosut.use igurr}en§ %?s%?osgs% an%?ﬁé}rg HCHO, =
embé&gHnERtEimilar ¢omRr émbeglimerfl ofdigl. However after/the firset DMAB

catalysaten hka et asRitalaesishpattenygmeyal siepils Caritofireferably
IeaV|Bgsogr;})£Fr{%c§Pgalé%gig¥Jgtgéné%§ 7 still in place. Then an Electroless

Plating Step iscarti 85it the insulation layer pattern 13 onto
the first catélyzafiew taget s followen It a mgcord vathtysatiosfepytoconprises

depogsitcZ0 b see0nd catalyzation layenl4 (Rreferabl.danrsitednthend a pr
over%ll %rface as eﬁ)lamed before) to provide a catalyzed insulation Iayer_,L )

(13, DR 61 which Tl SUBSAERE & copber IQbr BB IEtrolBss 201Ut on
PlatingrPve sdopperdgyér (15) iS ptaféd ofi thewszondoadalysatien 25.ng  agent

layeryd b ophWhe st iéi?@eg@ol%@p%}‘xéqu%@&% the: PreviQUSJaYe', -8mines,

on the insulation layer pattern (13) only. The following examples | )
disclBYE BB GFthe Vot Es POEERRE enfbbiftetd Of R fvedtsipdolc 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
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
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
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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Example 1 A glass substrate was immersed into a de-greasing
solution comprising NaOH, Na2CO3 Na3P0O4 for 3min at 80C in order to
remove organic contaminants on the glass 35surface. After rinsing

with de-ionized water, it was immersed into a diluted HF/NH4HF solution
for IMTABTrESR mRiHE©13 FoGghriess B thbsurfdoevsfrsaid subswate, removed,

Therheceonventional pesitive photprasist (RRyisoeatediondhe subsaternan on
patterped qué%%%%ﬁo Lﬂ{:}i Pt thﬁ)ugh a maslé ?Pd d% elopgd after

post-baking on the substrate.’5 “After ﬁevaéloﬁr%%n of the pﬁotor%%ilsfed copper
layeF Tivd €GBstrate iBmART3éa%%to a SNC12 solution comprising 10g/L

of SnC12 irrael%ﬂrl@hséelbtﬁiomigacé ﬁ@gﬂ&@;%@%@gﬂolﬂﬁe@%&sﬂwmh the
COMpAiSi L PdC12.into a 0.1% HC1 solution (4min in eac )
solu%r?).ﬂ%vfgt)%?%o ?%%Pr%lﬁse s&éisgirat%ovﬂx}ﬁ’ﬁﬁa.l. water St ﬁ%@?ﬁ%e?s]e%flg with
into & tBRARBNING Soldtion ebRtaIRIAG EeRRIDtINGEagert SorBbsat. ens itof the
was jrmsssed inieandnaglationdayer platrosalytion. Table 1

shows the path com ggitia[Ln ang thelplating 150conditions when Nip is .
selected as the imstiation [dyerplated SolutiBR” FabR £ compositighscessively
ConditisAgeNi3okf7HPOoWe YY) 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



pH 5 by acetate buffer NaH2P02 H20: 30g/L Temperature: 70C Lactic

acid: 15ml/L Tartaric acid:15g/L Leadacetate31120: 1.5ppm 20  After

rinsing with D.l. water, the substrate is imAersed into an alkaline solution

(the same composition as the degrease solution in this example) to

rem& e BatterheapHotofdsistriparo Thsistép ia gadied out for 25

Smin. The insgiation layerplatedayethe photenesist layerdziremaved which is .
together.with the _photoresist layer,.while the layer plated directly on the
subsstﬁ“a@év%gr%aintsoon t %esubesr[ér{?;l?g sur gge. 34 El]'Ii‘qnuergub;i[rat(i:-’j}lstcther%f nrther
immERSERITbF a5 secihar30doldspredhtanting 1BHPIRyNGBaAMsa Diges layer

5 NH4014on top of the insulation layer 10 to create a catalyzed
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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).
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
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
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
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.

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
surface.

After rinsing with de-ionized water, it was immersed

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



14 solution used for the second catalysation step. After rinsing the

substrate with D.l. water, it is immersed into the Cu plating_solutlon

described in Table 2, with the correspondihg plating conditions: 5 Table

2 Compositions Conditions CuSO4 5H20:7g/L p1-112 by NaOH
C4H£RI%‘§%“§f—’i20%ﬂg/Ltﬁ8om ohpefRurecf 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.

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
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
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

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
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 1.5¢/L AgNOs; into a 0.3% NH,0H
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Na2003:3g/L NiC12:lg/L HCHO(37%):13g/L Thiourea: 0.2ppm After the
copper-plating step has been carried out, desired copper pattern. The
plated Cu/NiP excellent adhesion to the gfaés substrate, by using the tape

test. The roughness uniformity of both layers are satisfactory 15and within
10%SRESpettively)SFhe Nitrlaytdiol sroeNfangDvitdy pation step. After

rinsing the substrate with D.I. water, it is immersed into
the Cu plating solution described in Table 2, with the

corresponding plating conditions:

Table 2
Composgitions Conditions
CuS0,; SH0: 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,
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
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.



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 revedled that only slight changes of

the morphology of the NiP occurred after annealing of the substrate in an .
over &t #36E ForP hslHshaet Benifrdgehi &tbsiotiers amstdkife 20f the NiP
coppier yattern e manufactumd/Nigccosgance wikd&Example leexaeputhat, and

 saAnwalel Isusad hptea ol glass ubstaie G IS U ODIAINEE: of cu
on the wafer were consistent with those obtained on the gﬁlss Substrate.

15 Ifofdeti8Studf tRe ERRIfTLiIORAPp ARG ¥ the TP Aot heislatdgvealed
Cu/Nipdayerswiie bhealeth atdDOG; Ginshanotctay asalysisds conguctedle Nip
tom 8 0 A Iffu intq.the silicon wafer. The analysis
reveglgé%éghﬁg‘?ﬁirglié%@é%%%&sﬁgo&éé%ﬁé&%n aiﬁgﬁeé ?E)'Iayer had

a sufficient Cu barrier capability. Comparative Example | Wet etching of

the iogrigten ayas (Akiwas 1Pconducted in order to pattern said layer

on the subsfrate. _ The Nip layer was plated on the substrate first, and

then the phbtaresit BatBfhindWas tafried QR DRt fayerd¥ Gibne 2P} was

10 exampleduclissh, the fnsidatidrolayet wasretchdd usigesr FeC 18 solgtidrstrate .
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to pattern thgNiR4@Yelayer 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.
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
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,
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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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 ¥8r 10 min to remove the
photoresist. Then, the second catalysation step and the Electroless '
20P4tihg of cOPSErEYEr SEPRvER G REd Bl aintExdmpieepningygplution
thoughthisgpracesxabewed meaking avcyyiar patteat,dichadibees verypwed poor

diffiquit.t rol the. the ¢ r interconnect I e
cto. Fohecaush he At Ctohig, ase i haeriut DTS Ny when
layet-HGe toTtsbs6ttopttAZEire SEBATAZRatiVE Exafipie TU R ESSer RYyerorganic
was platpdisnthe sulistkate astipudd&Example 1fbulguitkoutdeposiingaed or
NiP he per layer iped.showed a r adhesion oniq the .
subs"'?rig%?eé %-ll;nd itc'@v%s%p%%%d g#_) %zl?sild)?.§l Csl%rsn'pargtgl\%a% %(%%pl%uéz 3%%% thceleamng
steps ofkhe ExBATIE 1 \wareddriet ot exeémahe tpfohsraeaRinystéprroved
of therhasersuisiraie oy ok6 withra aleaniig step carried out with a

cleaning solution having a temperature below 30C. Plated layers showed

poor
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.
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.

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.

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
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
of reproducibility. Therefore, the copper layer deposited

on the NiP was not satisfactory either.
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thickness uniformity and/or the initial glass surface 5components (e.g.,

touched lack of reproducibility, when was_contaminated by organic by

fingers and grooved or wiped). In these At cases, carrying out the

cleaning step in proper conditions as disclosed here above improved

uniformity and/or reproducibility. 10Comparative Example 4 All the
stepSaiphe £xavep|Bravgrbecaried out except the optional micro-etching

step. Whep fhe sufacg afhe syosiials, dpes ROPINIGINE0y our on the
roughness, the plated NIP layers showed poor adhesionto substrate. 15
Cre&tiPE Faikfo rougireRtof tHe afostrate definifRay Aéfito inkprve in @
adhesiondi\Mhen using assemmaerdialglags substateifon TR ECRPanglat the
(.9-6R0URg 0PD) IS, sten isusyally pecessary, 20comparalive o sther

Example. All the steps of the Example 1 were Carried out except the

first tatiysatidifstep NI NiPIdyePias atelisthS 8gddtratel anga 11 these

therefofe sheseppersayer did not have gapugh adpesioado dhe substialBstrate

25 accgrdi ] ample catglysation step, the 30lower than 0.1g/L or

1, e%:ept%hat ig cé%ggntrg?gnhof%]é?lz %?g’r’weg? thasnf%%'ge , of that th%%mkness
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

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
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.

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, nc NiP layer was
plated on the substrate or when plated such NiP layer
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,
which might increase the internal stress of the layer.

Therefore, the copper layer deposited on the NiP layer was
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concentration of PdC12 was either lower than OOlg/Lormhlgher than59/L -

In all these examples, no NIP layer was plated on the substrate or the
plated NiP layer exhibited poor thickness Ufiformity, a poor adhesion
and/or a lack 350f reproducibility. Therefore, the copper layer deposited
on tHENIPYdS AeCsatsfactbiféither. 17 Comparative Example 7 Al

the steps of xampladrwere-earriet oub o8 dhe subsiiate, excephthat e hstand
immg;}s&on ste in.a.n5. condit] nigg),@/asfgi}her not carriﬁed out or that theIf the

+ £ )
concentration of the NaH2 solution used was Sither lower haIrrmugb/L,

or higReF aaFP36§/L. hi i theds diffeasint cddeisrho NiFclayee Wesstplatdd-hstand

on the:sgbstsaterer)if platedoauch NP layershowed peordhickness 10his layer
uniformity or ion and/or a lack of reproducibility. Therefore, the
copp%ﬁa?ﬁr g:e630Z't:f:c(te%Ie%Jr‘lAr tHEN %R/'er was not satisfactory either.

Comparative Example 8 15Various examples were conducted according

to E@?mﬁwﬁgﬁbg cpycentrations of NiSO4 7H20, NaH2P02
H20, Tactic_aci@, glycolic acid, tartaric acid and lead
Various examples were carried out in accordance with
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
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.

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

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

layer.

'Comparative Example 12

Various examples similar to Example 1 were carried
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.

Comparative Example 13
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compounds were out of the here above. Either no Ni? substrate or it

plated the thickness uniformity, a poor respective ranges defined layer
was plated on the NiP layer exhibited poot &dhesion and/or a lack of
reproducibility. Therefore, the copper layer deposited on the NIP layer was
not satisfactory 8iers35BBhTar MV ESATPRES OWaribls @xafmplegice with
werdgarrigteoutlin a similar weaircas diselosertin Exampta dnexeapt that(nu,) c1,
the t re Qf.t ip.plating b s helgw 50C. Usual NiP
Iayerd'ei ﬁa?fjf [%%ed %%%%%sﬁ%eg or W%]gevcrl]a plé?esf}%l?c N?Iila)%%ma i NH,OH
30eXHbited *&thel hoot MickiesCmdforARly ke adack sftep- This step
repredecibiityc i edOnulte otharchatid3wlen tae lemperatutewas higher 0. 25g/L
thang0Gthe Plateg Nip Ia%/eﬁﬁﬁg'}pitﬁg ﬁ oot adhesion fg the glas,

[

substrate as the plating rate was too high, Sswhich mﬁé‘ﬁ%‘ﬁﬁ@r_‘h%se the'® plétEd
internAl st theelﬁ%éﬁil'h%ﬁjeforé?lﬂ@%bb‘f)"er layBr depasited-on thehesion,
NIP izt swdsr it8/not satisfactepreitheri bi Firthermergp dhe phetorasist those

Iayeggpa@%\githiﬁtaggép%1%m9erature of 90C for more than 1 min. If the
photoresist layer is very thick (fo better withstand

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
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.

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
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
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.

Example 3
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Stemperature), it becomes difficult to dissolve this layer during the
following step. Comparative Example 10 Various examples were carried
out in accordance with 10 Example 1, exé&pt that this pH of the NiP
plating bath was adjusted either below 2 or above 9. In all these various '
examples, o NEPR§Er WA H1atEY ohifthefstiisterd 88 with pRtsFfirsed in
NiP yetplic:nol exbibiihalanced charaeteristies{@y., BCkNgss photoresist
unifouutys BANGRION 19048 SUAE and Pyl NSRS §° of cne
copper layer deposited on the Nip layer was not satisfactory either.
Furt C WHenhESH of Rfe BEREBHTS aBbvE ROPiE SHtorEsTst-herefore
patternge tissallyeestroyeide(dissaiuad inte the spaioruritgthehiforesist,
plating siep- 20T is.akss jmposgble 9.gay;quldhe fesied CUPANER ¢ rate
Comparative Example 1 The Various steps of Example 1 were ]
carri@d it ek¥ept e sBESNd k@AY Sation Bfp)2in Whtih!Case, thgswaatalysis
usuablysiod possibledaplate-a faviayeraon thedliPdayer.GompasativBot oresist
Example 12 Vayi xamples similar.jo Example 1.were carried. 30
exc %t%aet%e crogr%rj(‘:%eﬁ?r%ﬁon@g?e&éN()%' in thjén%g%%s?gt ngtf%1 r%rsteé)ggt?) was
belo®l@1§A otappseitoyyL. Eftherfo Biflayt fvad prREd dithe plaégd only
Cu layerexhibitecbngaritbickagss usiéarauti au0pr adhgsionandéer Air layer
lack ggﬁ%%r()d%%bmtgbggi%%@pa@zgve Eﬁ(gmplseu%%txate . Then, the Cu
Electroless Plating step was performed after the second

catalysation step, as disclosed in Example 1.



19  Various examples were carried out in accordance with Example 1,

that PAC12 in HC1 solution or Pd(NH3)4C12 in NH4OH solution was used

instead of AQNO3 in NH40OH solution in the second catalysation step. This

step 5 was carried out using 0.3%%,5%12 in 0.1% HC1 or 0.25g/L

Pd(NH3)4C12 in 2 % NH4O0H fo immersion. The plated Cu layer

exhibited thickness uniformity, adhesion, resistivity and reproducibility

a o;th ined,in Example 1. 10 Camparative Example 1

e o a5 ESE eh Sairicd e e A e | aver

on  a conkeitrationsiofreypgectively:CUSe#% 5H20; CAMHUKNNFOE BH20cNRnect ion

systé%(?,ml%%{ﬂ‘j’?i Eﬁ%otﬁ%d@!& gplgurolf'i compounds were out of the

respective ranges defined in the electroless copper plating step above. No
GU layef risiplatesicoriio e Shstigtevor Wheh plated; showed pbayer;

thickness,yniformity; a pogr adhesion, a higher resistivity. andjer alagk of ;-
reproducibility. 20 Comparative Example 15~ Various examples similar
patteg EB@mplect fefe tafried BUE Bxcepiiiat HepH 6ftthel€d pratimg:batts zench

vattd¥as-adiugted eithes below 9,01 ahove 13, No,Cu layer was 25 plated onto
the substrate when the pH was below 9 as the plating kinetics was too

IGW. Onthe BtRertand® whehifié pHWwAS absdd 13Nthe Gy ifjer onto  said

patt&xhibitedpeerdhickness unidounity, apear aghesien, a higher Lasisthity 1aver
and/or a lack of re roducibilitg. It has been assumed that the 30 plating

havingednReloutigh aha IR iGRBINEHRARE RS fidfalSifesdlof e st one

t renddyerhthe balancedharactedstios amoag fhickness uniformity, adhesion
and reogrod_ugibility were obtained under the defined ranges of the copper

é%cﬁ’ggg ﬁﬂ%g%ﬁeﬁ%ﬁ§éfﬁﬁﬁﬁﬁ3Plated 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



20 A copper pattern was fabricated as disclosed in Example 1 except
that the removal of the photoresist{dgitern was done before the
Electroless Plating of the insulation layer. The photoresist PR pattern was
int e RSEle, douether with the catallic laver,on e photogesist, while the
catalytic layer deposited on ase substrate dire t?y was not removed.
As a reSit thagatslysis patterping-waw Bchievegtat tierend ot theayer;
Rhptoresist pattem remoyal, Then, the Jnsuiaton layer (NIP) was 10
pla)lted thereatter. Si%ece t%e NiP Igyer vC\)/as plated on y%n the catalyi?g?éiyjé? @
pattselwdivald patsrhed NiFralager coaltse sbtained bn thestibstieite, trench
pat +JH180 the, Cu Electroless Plating; step yuas performed after the second
catalysation step, as disclosed in Example 1. 15 21 CLAIMS 1A
rReéthodrefdébasiting@ cobpEF inter€dnidctia s Tayet on kasiiistrarefop usesaid
patté&ﬁé@trm%gﬁ_sggasyslaterggga%c,ﬂorgéx%e%feg\pﬂ eP3 0k 1aver

. a) Coating said substrate with a photoresist layer,  b) Patterning said
hawp%oﬁor@ﬁgﬂ%e%wéi% PAUETREd pHOEESIStSayd? chRfpriding gtast one
trendeastiong trenchpatigrned inte said photoresist layer; c) Providing a

first catalysation layer onto said patterned photoresist layer, said first ‘
GtalysBfiBR Yaye? havifG a b@ﬁé)rt&fﬁe%w‘oc‘rgto tHE ¥Gstra®ift the ateast 1 25T

cataDpedtensh thagde thejpheteresist tayer; 1 cc D) :Rrgvidinganeleetraless:t  one
lated layer of an insulation layer depagsited onto said first catalysation
tre“‘? erEn Pt 5 HY RerkSUing tHe Stccel&ivély StibefimpBsed phofitedigyer on
the dayes;first eatadysation layer and insulation layer except at the location of
the at least gne trench, to obtain a pattern of the fjrst catalysation layer ,
A TR AT e T e S ARRGE - =2 ettt o Hbpobiic £on
layen cdppersihterdonmectiondayer pnasebsirateforuseinaflatpaseldisptayl ysation

layer, to obtain a pattern of the first canalization layer and

of the insulation layer on the substrate.



21a interconnection system, comprising the steps of: a) Coating said
substrate with a photoresist layer; 22 b) Patterning said photoresist layer
to obtain a patterned photoresist layer comprising at least one trench
patigmed ino sgic pholoresistlayeri ) &) Providing airst catalysation . ., ,
layer onto said” patterne pﬁoi%ressﬁayer, saidfirstca éjlysa 10N Iayelp g
the daminged better adhesion to the substrate in the at least one trench than to
the photoresist layer; d) Remaving the photoresistlayer and the first
Ly 5 e Toaton of Tk ISk e tfonch i, on top
of thbtaired patterncdf théfirst oatalysation lalayem theosubstrate; and cate)l yzed
insufdouding g[eptro_less plated I_ayer of an insulat_ion layer depositeo_l 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. 22 3
The methad accarding.fa.claim 1,05 2 further comprising.the SIep.of 5 i n ) the
Providing a second catalysation layer at least on top of the pattern of the
step jgdulation layer to obtain a catalyzed insulated layer. 4 The method
conghing ti¢laim 3fugher-comprising fhe step Qfoppéy Providingan « op of
electroless plated copper layer on top of the catalyzed insulated layer of
the Gy zedsifraihittisst adotidingftoBridFofclaims 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, additionallly comprising the ste

p
of micrdSetchingtHe suBSFREDMH to sfep e ©of claims® 1 to

additionally comprising the step of cleaning the substrate

r

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).
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ABSTRACT 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 sa%substrate with a photoresist
layer; b) Patterning said photoresist layér to obtain a patterned
photoresist substrate comprising at least one trench patterned into said
photoresist layer; c) Providing a first catalysation layer onto the patterned
photoresist substrate;  d) ProvidingAE8R&f8less plated layer of an
insulation layer deposited onto said first catalysation layer; €) Removing
the successively superimposed ?p,hoj[oresist layer, catalysation layer and

insulation fhyBF BX28pPih tHERT Tdast Shetr&ifP TS obiHif BGAHE o ihe Laver
firstwatalysationdayerawith af msulatiea layen depositéd dlierepanEiguredi splay

interconnection system, comprising the steps of:
a) Coating said substrate with a photoresist layer;
b} Patterning said photeoresist layer to obtain a
patterned photoresist substrate comprising at least one
trench patterned into said photoresist layer:;
c) Providing a first catalysation layer onto the
patterned photoresist substrate;
d) Providing an electroless plated layer of an
insulation layer deposited onto said first catalysation
layer;
e) Removing the successively superimposed photoresist
layer, catalysation layer and insulation layer except in
" the at least one trench, to obtain a pattern of the first
catalysation layer with an . insulation layer deposited

thereon.

Figure 1



