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Electroless NiWP adhesion and capping layers for TFT copper gate
process The size of glass substrate is getting larger and larger to

vasaduosuiasger TET-LCD or plasma panels efficiently. Howeveg assthgs/ngei7s
area increases, it becomes more difficult to achieve uniform displaying of

the image since the signal delay at gate lines becomes critical. This is due
to the high resistivity of the current gate material (aluminium) and lower
resistivity materials such as copper are 10 expected to be used in the
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as aluminum. Copper is easy to oxidize and easy to diff
materials. It is known from US-B-6,413,845 a wet deposition process for
TFT Cu gate, using stacked layers of Ni and Au between the glass
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the ?E%Q? é[%!lgls document. US-B-6 413 845 discloses stacked-layers
Al layers) : however this process requires multi-step depositions
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uniformity, under the process conditions as disclosed in this document.

US-B-6 413 845 discloses stacked-layers (Ni and Au layers) : however,
this process requires mulii-step depositions with corresponding resist processes
which increase the cost of manufacture of the final TFT display panel.

Deposition of adhesion and/or capping layers have been proposed using a
dry process such as PVD and CVD. However, these dry processes are expensive
in terms of equipment, especially the tool cost which increases drastically with the
panel size. This is getting very critical for panel manufaciurers since one of the
key reasons to increase the glass substrate area is to reduce production cost.

There is accordingly still today an issue to be resolved by the man skilled
in the art, to define a process which does not increase the cost of depositing the
diffusion barrier layer, which provides good adhesion to the glass substrate and
which is preferably applicable to the capping layer deposition process of the



According to a first aspect of the present invention, there is provided a
method of depositing a NIMP layer on a substrate such as glass and/or
copper, M being selected from the %roup comprising W, Mo, Re,
comprising the steps of : a) optionally cleaning the substrate, b) optionally
coppemigyaeretching the substrate, ¢) depositing a catalyzation layer on the
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with aP53EESRiRRRe IRt AR grecun%%?@rgm@ QAR %?RBQHOCEI@ngE?BS’{Em a
invention, there is provided a TET-LCD or plasma d t}ﬁsglggépane

layer compraing bat m%&%&%&%ﬁ%&%%&éaﬁ%%@ 67 sl 25% wi
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rface has alreadg a certain roughness o freatment causes
(a) Cleppicetdrapddéas®ental reactions on the surface. Typically, this step
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of organic contaminates on the surface).

it is possible to skip this step when the surface is clean enough or if these
treatments may cause damages or unexpected chemical reactions.



WO 2tl107/006338PCT/EP2005/009175 3 0.3% to 3% vol. HF solution. (c)

Catalyzation. SnCI2 and/or PdCI2 solutions are usually used. This step is

carried out to provide an ultra thin Balladium layer on surface. The

substrate is first immersed in SnCIZ"5 solution (or similar) then immersed
This dtep RoGiRisdlutidridos siaitain aftestinsingpithis/stehseandd depeaieduy and

ozonSWAaHEMesifihe desied hiciness of ¢ aﬁdr@_ysﬁ]am tm%ﬁa%ﬁt@ﬂ?é de-

achieved in orée step. It is however possible to skip this step when
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solution used in step (c).This step may reduce oxidative Sn4+ on the
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; 50/t solm@of S%?% (,‘?ﬂ) Is similar to the solution of step at solution o

© 7ogin QHY 063 ot TBRiARF G RE dRA PRECA et AR Gt o PBsiiieto
use a NaH2PO02 solution only. This conditioning step maypreferably last
for I0sec to 3 min. (e) Electroless NiWP deposition on glass substrate and
or on Cu : 25 Preferably, a solution containing N1SO4, Na2W04 and/or
NaH2P02is used as a source of Ni, W and P, respectively. NaH2P02 is a
reducing agent. Tr-sodium citrate and (NH4)2S0O4 may also be added to
the solution and are respectively used as a complex formation agent and
a pH buffer. H2S0O4, NaOH and/or NH40OH can also be used to adjust the
pH of the solution if necessary. The temperature
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30 and pH of the bath solution are in the range of 50C to 100C and 5 to
11, respectively, more preferably, in the range of 60 to 90C and 7 to 10

weshestighs The plating time can be determined by the depgsitign-sai€uos17s
and the thickness of the layer, typlceﬁly between 15 sec to 5min for 50nm

NiWP layer thickness. The invention will be now better understood with
the following examples 35 and comparative examples. Example 1:

0.3%\ thagerglakg-Subshnditswas dipped into a de-greasing solution comprising
(c) @Q&? MNagCO3, Na3PO4 (within the respectlve proportions defined

snﬁfef?efﬁ?ﬂg R B BEP AP RGO WIS SSPee TR Gl farerovide
an uisrution (22896)oer lawen @0 cledeses “ﬁh@r@&ba@aﬁtﬁe@efwatth@marmgn SnCly
solufdier(onsingldt wasimmersedinte a Srdt? sahuliem (LOhinsne) 2t Minsing.
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SVdét@sa@@lﬂm showed good adhesion to the glass substrate. The

By ceavghpess (Ra)saas thestbigeass wibpnaiyirt RndadssScNeical reaction at

ctaryAless, than sanwandywithin 5%, respectively). The deposition
the gﬁﬁe v%s(ga out rilﬁm/mlnggg1 tyr()jﬁi\gl The NIWP film consists of 85wt% Ni,

GRixHiBRIRPand 10wt% of P. 20 X-ray analysis revealed that the NiWP
An dayenuasohdis ofarizaning phoedumatg e Shiangesiofithese discovered that

this g@%@%@%g&@ﬂ%ﬁ%ﬂﬁp@\%@éﬁ%H%&@&%&H@%ﬁ%} The
he Ni

ot e oo IS Bl AdR ST IE S Ve AV g e
NiWE pladias %itﬂ@'@HS?@ Wlﬁ%ﬁg}gﬁﬁf%@mw EPPF@I’@% Sn on the
surfareforanity. promBlectrethssiGa |BjéiRvategepisitedchpitiietslecaléssbly the
solulBW/Brlaves apye éﬁﬁﬁ’é%d@ﬂo%ﬁﬁ@ﬁ mes@&ﬁ SUpEH A0 BRp (q)
doesla S 200 re heat n és an é)i#cJ % A# )é? %g %Ied hatﬁgﬁ—i PO

Usion of Ca hto tﬁ Oi\l was on hrafidi Sy A Inap 2"
SC’]U%@%h&ﬁrﬁ%&@?%ﬁﬁﬁ%dﬁ@%&@%ﬁﬁiﬁor 10390 fo 3 min.
{e) Electroless NIWP deposition on glass substrate and oron Cu :
Preferably, a solution containing NiSQy4, Na;WO4 and/or NaH.POsls used as a
source of Ni, W and P, respectively. NaH.PO; is a reducing agent. Tri-sodium
citrate and (NH4):504 may also be added to the solution and are respectively
used as a complex formation agent and a pH buffer. H,S0y, NaOH and/or NH,OH
can also be used to adjust the pH of the solution if necessary. The temperature
and pH of the bath solutiocn are in the range of 50C to 100C and 5 to 11,
respectively, more preferably, in the range of 60 to 90C and 7 to 10 respectively.
The plating time can be determined by the deposition rate and the thickness of the
layer, typically between 15 sec to Smin for 50nm NIWP layer thickness.

The invention will be now better undersiood with the following examples
and comparative examples.

Example 1 :
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30 confirm that this Iayer was adequate for Cu layer adhesion, Cu layer
capping and had an effective barrier effect in both cases (of course, it may

valsehmsed for one propose only adhesion or capping or basfigRteaaes/0090175
Comparatives Examples : all these éxamples are made in similar

conditions to 35Example 1, except as provided hereinbelow Comparative

Example 1 : WO 2007/006338PCT/EP2005/009175 5 A Cu layer

was‘dbposigiaterstisipas siasbdipatednitioat duenesiiagysbiWenlayghprising

v oor : ' ; .

e
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Wafﬁﬂe(&ﬁgfédi?iW§h@iﬁ@@%8&i@ﬁfﬂ5ﬁﬁit&7{ riePHepRed (Bibily fTom parativecreate
micréExanpte8sk0 ArN WP dayerrwadfepatidmnitheglanssuhsicattigs B Sncl,
o AT TP Py e G IS S0
PaCle B T Tk RIVGE yep bt g ARt i se o @
conditigitiple 20kiisht FatARB cCARAPAIBEIS (L) WHEM® cabiet conirising a
radudiosiiarn was ebgety ddoikheiginssiapbsitae .

NaHaPO, HaO: 20g/L., (NH4)2804: 30g/L, Tri-sodium citrate 2H,0: 70g/1.

Then, it was dipped into NIWP plating solution at 60°C at pH7, having the
following composition :

NiSOs 6H20: 20g/L, NaWO, 2H0: 30g/L, NaH.PO, H,0O: 20g/L,
(NH4)2S04: 30g/L, Tri-sodium citrate 2H,0: 70g/L.. '

The deposited films showed good adhesion to the glass subsirate. The
roughness (Ra) and the thickness uniformity of the layers were satisfactory (less
than 5nm and within 5%, respectively). The depaosition rate was about 3nm/min as
typical.

The NIWP film consists of 85wt% Ni, Swit% of W and 10wt% of P.

X-ray analysis revealed that the NIWP layer was made of an amorphous
material. Changes of these characteristics was only slight even after heating said
layer at 400C for 1 hour.

The NiIWP layer was deposited on Cu in a similar manner to that used on
the glass substrate. The deposited NiWP fiim showed good adhesion fo the Cu
with satisfactory roughness and thickness uniformity.

Electroless Cu layer was deposited on the slectroless NiWP layer above
(already deposited on the glass substrate). Then, the layers were heated at 400C
for 1 hour. X-ray analysis revealed that the diffusion of Cu into the NiIWP was only

“slight after the healing and that good adhesion exist with the glass substrate which

confirm that this layer was adequate for Cu layer adhesion, Cu layer capping and
had an effective barrier effect in both cases (of course, it may also be used for
one propose only : adhesion or capping or barrier).

Comparatives Examples . all these examples are made in similar conditions to
Example 1, except as provided hereinbelow :

Comparative Example 1 :
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Comparative Example 5: 20A NiWP layer was deposited on the glass
substrate as in Example 1 except that the conditioning step (d) was not

vEaHietuesizgThe deposited film showed poor uniformity and r?ﬁﬁgﬂyﬁif?@ o175
Comparative Example 6 : 25A NiWP’layer was deposited on glass

substrate as in Example 1 except that the temperature of the NIWP
deposition bath was set below 50C. The deposited film showed a poorer

uniférndity andireperddeipiiiiedompaned dhhe SARe SPAMeace 'iﬁfeﬁfhediaﬁy
Nm@%&%@ﬁéﬁ%&f&%\o&eé%@?'gaﬂagfaﬂ%a ng%cg &%%%%%g@]ass

Comparative Example 7 A NiWP layer wa osited on't
substrate as in Example 1, except that the pH of the NiWP deposition bath
Compassaidfustsanagie value higher than 11. The deposited film showed a

poomrmdtnpsuagdhaﬁe@ thpeanedion nﬁé@@%@%@%@g&#ﬁi@t%mme 1
[a i
el e RS S CRT AN SRR R e sb e e ppgwec
poo |5r% §?é7ﬁc(g§'§'§|’m¥ons were adjusted at dlfferent values. The
deposﬂed film showed poorer uniformity. 5 Example 2: A NiWP layer

Con\@@ﬁeﬁe@@mgg & glass substrate and then in turn, a Cu layer was

dep s g(}%D Iaé%r g&(?(gs kg)st%d in %égng xce tth%t?%ﬂ e 1

com smon 0 ution'used in Ste om rlses
excepi .%‘@4%#2?#%@%&@?%@/@%@%ﬁ@m@a - sﬁBWéﬁ?@@é@ed fitm
showelhesionadithsion on the glass substrate.

Comparative Example 4 :

A NIWP layer was deposited on the glass substrate as in Example 1
except that the catalyzation step (c) was not camied out. No deposition was
observed on the glass substrate.

Comparative Example 5 :

A NIWP layer was deposited on the glass substraie as in Example 1
except that the conditioning step (d) was not caried out. The deposited film
showed poor uniformity and reproducibility.

Comparative Example 6 :

A NIWP layer was deposited on glass substrate as in Example 1 except
that the temperature of the NiIWP deposition bath was set below 50C. The
deposited film showed a poorer uniformity and reproducibility, compared to the
same experience ran at bath femperature above 50°C, all conditions being
otherwise similar.

Comparative Example 7

A NIWFP layer was deposited on the glass substrate as in Example 1,
except that the pH of the NIWP deposition bath was adjusted to a value higher
than 11. The deposited film showed a poorer adhesion than in the case of a pH
between 5 fo 11, all other conditions being similar.

Comparative Example 8
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10 glass substrate and the Cu layer had a satisfactory roughness and
thickness uniformity. The NiWP film comprised 81wt% Ni, 7wt% of W and

wiZwiPooed s X-ray analysis revealed that the NiIWP layeg WasRadsue17s
of an amorphous material. Changes%f these characteristics was only

slight even after heating these layers at 400C for 1 hour, while a negligible
Cu diffusion into the NiIWP was isobserved. Example 3: A NiWP
layeAwdy e fagéeden aiglassitadostiatBaangddiiesubdiisne € udaeamae 1
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vel ﬁl%ssr%&f{n %Wt 8EB8¢ited film had a good

adhesion to the glass substrate and the Cu layer had a better roughness
Exaangeitlickness uniformity than in Example 1. The NiWP film was consisting
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Example 3 :
A NIWP layer was deposited on a glass substrate and then, in turn, a Cu

layer was deposited on the NIWP layer as Example 1 except that the amount of
Tri-sodium citrate 2H20 was equal to 35¢g/L and that the bath temperature was
90C when carrying out step (e). The deposited film had a good adhesion o the
glass substrate and the Cu layer had a better roughness and thickness uniformity
than in Example 1. The NiWP film was consisting of 94wt%, Ni, 2wt% of W and
4wi% of P.

X-ray analysis revealed that the NIWP layer was made of a partially
crystalline material. Changes of these characteristics were only slight even after
heating at 400C for 1 hour, while a negligible Cu diffusion into the NiIWP layer was
observed.

Example 4 ;
A NiMoP and a Cu layers were deposited on a glass substrate as in

Example 1 except that NaxMoQO, was used instead of Na,WO,. The composition
of the condifioning solution was as follows '
NaHPO, HxO: 20g/L, NH4CE: 50g/L, Tri-sodium citrate 2H,0: 85¢/L

This solution had & pH of 9 and was maintained at room temperature.
The NiMoP plating bath used had the following composition :
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5 substitute and the Cu layer. The roughness and thickness uniformity of
the layers were satisfactory. The deposition rate was about 2nm/min as

wipnigaladdresNiMoP film was essentially consisting of 81wt% Mi2nitSuM@s17s
and 17wt% P. X-ray analysis reealed that the NiMoP layer was

amorphous. Changes of these characteristics were only slight even after
heating at 400C for 1 hour. The 10X-ray analysis also revealed that the

NiSaiff i of Bg/Antdtha o PO tn lyNslighP ©ye Rl alte 2hg/ine dingsl: 509/,
Tri-defmR 8Pate QHQQ:%%}E?P was deposited on a glass substrate and on a

Cu layer as in.15 Ex le 1, except that (NH4)2Re04 was used instead .

o NABE, B SF e SR B B et o 05 A CaRp e Gt ained
at aNgnpPER 11 AP 20gA NeNIaRYSEEr 0y Al aHed dioad cukes N 20 Bsglass
subdittetpthod the shiutigewaseqmagindsaaddrgiskhdionumiintainedrate layers
werdOSmdpIRFIAtHE JOTheNIReRIlaUng bath sspddadbejollowing. niviop

atpre. t
__composition”: NiISO4. gH20: /L, (NH4)2Re04: 0.5g/1., N P02 H20:
Fim SR SRR e SO SO A O N s NI B. T o of
the Sefigiornaksiedewrtied Wisildind\Babelayerensterensshivmswabanges of
thesmaintainaeisticd Gue2b Theydengisiteddiinagshowetshgogdatesiantasias he
x..raggtshgws{mg@méa {H@mﬁ&aw%?@u%ﬁﬁ 1hg gm&s@% only slight

actory. The NIReP tilm was essentially consisting ot 71wt
even sl B REANG 6wivs of P. 8

Example 5 ;

A NiReP was deposited on a glass substrate and on a Cu layer as in
Example 1, except that (NH4),ReO, was used instead of Na.WQO,.
The conditioning solution had the following compositions :
NaHPO, Hz0: 20g/L, (NH4)2804: 30g/L, Tri-sodium citrate 2H,0: 85g/L.
The pH of the solution was equal to 9, and the solution maintained at room
femperature.

The NiReP plating bath used had the following composition :
NiSO4 6Ho0: 35g/L, (NH4)2ReOy4: 0.5¢/L, NaHPOy HoO: 20g/L, (NH,)2804: 30g/L.,
Tri-sodium citrate 2H,O: 85g/L..

The pH of the solution was equal to 9 while the femperature of the
sofution was maintained fo 70C.,

The deposited films showed good adhesion {o glass and Cu. The
roughness and thickness uniformity of the layers were satisfactory. The NiReP film
was essentially consisting of 71wit% Ni, 23wt% of Re and 6wi% of P.



CLAIMS 1. A method of depositing a NiIMP layer on a substrate such

as glass and/or copper, M being selected from the group comprising W,

Mo, Re, comprising the steps of : 8 a) optionally cleaning the substrate,

b) optionally micro etching the substrate, c) depositing a catalyzation layer

on the substrate, d) conditioé&é%substrate with an aqueous

conditioning solution containing a reducing agent, e) depositing a

NiMP. Idysnethanecdulspesding eohidbtingicosupstrhstiteotneiparighass

ant1ereebpithy 2 RRthaMiE coRPrising rrrRCUsRSS ofhhiviand Aar AUB, Re,
COEg};}rdesrht,}o (%Etalqea Iaé?_r comprising between 55% to 96% wt Ni, 3% to 20%

WEP AN o wt M. 2. A method according to claim 1, wherein

%10
the |51 YRIGE D HdEENARIBIfrg68I0HBh is comprised between 5 to 11.
3. Alsheipnshatigarding wataig thos2veherein the pH value of the bath

mixturey] ' . ) d according to one

of clgﬁregg%%%@%gég%yﬁ%ﬁ %}eg%méeg@gﬁﬁ%}gﬁing solution and .

the BRHFHISHPRISEILISh SHOBRaMIINAIANRRUS copdiiRgogOution
coatziniding technengf atgems 1 to 4, wherein the temperature of the

condlifioingrsatition isigioe tayepmieraneralupe esedus) e dalBling said

temperature. 6. A method gccording tq.one. of claims 1 to.5, wherein
UGS T eraiine SO BAITIRRAIATS PBALE IR ComD i, brectisors
of MielatinbétwrPdevive eistagbipiven dayricetioHy igBsbbitdaesNb§iUst 96%

wt Ubsate wherein r hiMA dayeras depesited on the glass substrate and/or
on the copper connections in accordance with the process of one of the

preceding claims. 8. A TFT-LCD or plasma display panel comprisin
an irteréorinethien dsaeEiRgolaigatidimwherein the pH value of the

conditioning solution is comprised between 5 to 11.

3. A method accerding to claim 1 or 2 wherein the pH value of the bath
mixture is comprised between 5 fo 11.

4. A method according to one of claims 2 or 3, wherein the pH values
of the conditioning solution and the bath mixture solution are substantially the
same.

5. A method according to one of claims 1 to 4, wherein the temperature
of the conditioning solution is close to room temperature or equal to room
iemperature.

6. A method according to one of claims 1 fo 5, wherein the temperature
of the bath mixture is higher than 50C.

7. An interconnection device using copper connections deposited on a
glass substrate wherein a NIMP layer is deposited on the glass substrate
and/or on the copper connections in accordance with the process of one of
the preceding claims.

8. A TFT-LCD or plasma display panel comprising an interconnection
device according to claim 7.



