Stress- Reduced N -P/Pd Stacks for Bondabl e Wafer Surfaces Field of the

I nvention The present invention relates to a substrate having a bondabl e
met al | i ¢ woabiong3smenpri sing, on a Al or Cu surface, a NeclP/Eraywneass a Pd

| ayer, which |layers have specific thicknesses and reduced stress. Further,
the present invention relates to processes for the preparation of such
substrates. Background of the Invention El ectrol ess nickel palladium gold
processes for wire bonding and flip chip solder ing are known in the prior
art and descri [Btiess-teducadoNieP/Rd StackptamBpadahle Wafér SatfacesEP 0 701 281
A2. Simlar processes are described in US patent No. 6,445,069 and European
patent application EP 126 5 19 A2. The under bunp netallisation (UBM is
driven bmgﬁg@‘l&&hﬁspects, such as wafer level nminia turisation,
electrical signal integrity and netal stack reliability. Wafers are getting
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surfaces, which have reduced stress and thereby to mnimze or avoid

war page (Badldmowaﬂetrf.tﬁlerlmentioh t he I nvention

Electroless nickel palladium gold processes for wire bonding and flip chip solder-
ing are known in the prior art and described, for example, in European patent ap-
10 plication EP 0 701 281 A2. Similar processes are described in US patent No.
6,445,069 and European patent application EP 1 126 519 A2. The under bump
metallisation (UBM) is driven by technological aspects, such as wafer level minia-
turisation, electrical signal integrity and metal stack reliability. Wafers are getting
thinner and, thus, any applied metal stack can cause undesired warpage of the

15 wafer.

According to the prior art, a Cu or Al layer is coated first on the wafer surface,
followed by the plating of Ni-P and Pd (and optionally Au) on individual compart-
ments of the wafer surface (“pads”). The layers of the prior art stacks have a de-

posit internal stress that results in a warpage of the wafer.

20 QObject of the Invention

Therefore, it is the object of the present invention to provide Ni-P/Pd stacks for
bondable wafer surfaces, which have reduced stress and thereby to minimize or

avoid warpage of the wafer.



This object is achieved by a substrate having a bondable netallic coating
comprising, in this order, on an Al or Cu surface: (a) a N-P layer, (b) a
Pd | ayer wodpios@ssoenal |y, (c) an Au | ayer, wherein the rhirarp@esecritet he
Ni-P layer (a) is 0.2 to 10 nm the thickness of the Pd |ayer (b) is 0.05
to 1.0 mm and the thickness of the optional Au layer (c) is 0.01 to 0.5 mm
and wherein the NN -P layer (a) has a PZontent of 10.5 to 14 wt.-% The
resulting Ni-P/Pd stack (layers (a) and (b)) gen erally has a (tensile)

deposit internal at[ejs not hi gher than 34.48 MPa (5,000 psi). Detailed
Descri pti t n The present invention is based on the
surprising finding that by selecting the thi cknesses of the individual

| ayers o - ing the
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of the r gsiging, nytHis oRidrdontaackl o Cl sba‘aom(al)lag“hlelP layen(B4 RE 1&fex e, 000
psi) tensile or will even be conpressive and t war page of the waver
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range of 0.1 to 0.5 nm The optional Aulaés/ has a thickness of 0.01 to
0.5 mm @@’f&ﬂ@ﬁﬂ?ﬁt@%éﬁ andaegesulliog Nid fdstagk (I7rersne) Pnddhbigenas a P

cont ent icha el BARAE) Afdkif Pidallizede ndlHignbAKGh 44 A4 sy o naf ter al so

be refer
(5,000 psi).

10 Detailed Description of the Invention

The present invention is based on the surprising finding that by selecting the
thicknesses of the individual layers of the stack within the above-mentioned
ranges and by selecting the above phosphorous content for the Ni-P layer, the
deposit internal stress of the resulting Ni-P/Pd stack will be not higher than

15 34.48 MPa (5,000 psi) tensile or will even be compressive and that warpage of

the waver coated with such a stack can thus be minimized or avoided altogether.

In the stack according to the present invention, the Ni-P layer has a thickness

ranging from 0.2 to 10 um, preferably from 0.5 to 3.0 ym.

The Pd layer has a thickness in the range of 0.05 to 1.0 um, preferably in the
20 range of 0.1 t0 0.5 ym.

The optional Au layer has a thickness of 0.01 to 0.5 uym, preferably in the range of
0.01 to 0.3 um.

The Ni-P layer has a P content in the range of 10.5 to 14 wt.-%. This layer will

hereinafter also be referred to as “high-phos Ni-P layer”.

25 The deposit internal stress of the high-phos Ni-P layer is generally compressive
(0 to 34.48 MPa (0 to 5,000 psi)). The stress of Ni-P layers with a phosphorus



The deposit internal stress of the high-phos N-P |layer is generally
conpressive (0 to 34.48 MPa (0 to 5,000 psi)). The stress of N -P |ayers
with a phwephmvusmont ent between 4 wt.-% and about 10. 5Ppetr/EP2600/0617d6 phos™)
is tensile, whereas a conpressive stress is obtained at a high phosphorus
(" hi gh-phos") content above 10.5 wt.-%_(see W Riedel, "Electroless N ckel
Pl ating", Finishing Publications Ltd., 31991 , p. 111) . The Pd | ayer
preferably has a tensile deposit internal stress not higher than 137.9 MPa

20, 000 i), nmore preferaply not higher than 103.4 15, 000 i) and
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I ndi vidual |ayers can be determ ned by depositing the |ayer alone on a

a
copper skids 18P E F?-t%@t)- strip) under the sanme con ditions under which they
are deposited to produce the stack and nmeasuring the stress of the
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Next, the preparation he substrate according to t present 1 nvention
conpri s i137.9 MPa(2056G60 psidunert prefédbiy abdtttighef thhanbi08l4MRa (5,000 $ei)f aces
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, psi) tensile.
The deposit internal stress values of the individual layers can be determined by
depositing the layer alone on a copper substrate (test strip) under the same con-
ditions under which they are deposited to produce the stack and measuring the
stress of the individual layer by means of a commercially available measuring de-

15 vice.

Next, the preparation of the substrate according to the present invention compris-
ing the stress-reduced Ni-P/Pd stacks for bondable wafer surfaces is described in

more detail:

It involves the so-called “under bump metallisation” (UBM), which has been de-
20 veloped in view of recent demands for a wafer level miniaturisation, electrical sig-

nal integrity and metal stack reliability.
The UBM process can be generally separated into four different parts.

The first part involves pre-treatment and includes the surface preparation of Al/Al-

alloy and Cu pads. For a pre-treatment of Al and Al-alloy different zincations are
25 available, for example Xenolyte™ cleaner ACA™, Xenolyte Etch MA™, Xenolyte

CFA™ or Xenolyte CF™ (all available from Atotech Deutschland GmbH) which

fulfil the industry standards of cyanide-free chemistry.



and Cu pads. For a pre-treatnment of Al and Al -alloy different zincations
are avail able, for exanple Xenolyte(tm cleaner ACA(tn), Xenolyte Etch
MA(t ), Xeoabya3EBA(tnm) or Xenolyte CF(tm) (all avail alpce/Hreasiosdzes ech
Deut schl and GrbH) which fulfil the industry standards of cyanide-free
chem stry. The second part in the UBM proocess invol ves el ectrol ess ni ckel

plating. In this step of electroless ni*ckel pl ati ng, aqueous el ectrol ess

ni ckel plating solu tions can be used conprising a nickel salt, and
hypophosghorous cid or aHE soluble salt thereof selected from sodi um
Py bobhos Jie o0 At M BUEAESBRT Irohis SRABHESHTIRFEOERESBN Lo, Thi o
sol ution should be free of added ni ckel hypophosphite, and free of alkal

or al kali ; ' ; 0 ' ' |84t .
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a reduci micked eppoptnygpbitepapdiftee ofaikalder alkelihd earth mygtapions @apablesofaci d or a
bat h sol ubl e salt thereof such as sodi um hypophosphite, potassium

hy pophos pHiMIBg BdNaBIf OHNPRORSPNESphi te. The anobunt of the reduci ng agent
enployed in the plating bath is at least suff i cient to stoichionetrically

reduce ¢ ufd EleelroR! A8 Rol er e HHRHATY MERGbn KBAEe AN 8 e ni cke
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0. 05 to ahtyfroin Bbomt £appembbut 18 granatped litef(§a), pnéfeyably a@obypephbephi t e

reducing ions are introduced to Provide a hypophosphite i on concentration

of 10 ~ 99/l are utilised. Stated differently, the concentration of nickel cation will be in the
range of from 0.02 to about 0.3 moles per litre, or preferably in the range of from

about 0.05 to about 0.15 moles per litre.

The nickel plating solutions also contain, as a reducing agent, hypophosphite
ions derived from hypophosphorous acid or a bath soluble salt thereof such as

15 sodium hypophosphite, potassium hypophosphite and ammonium hypophosphite.

The amount of the reducing agent employed in the plating bath is at least suffi-
cient to stoichiometrically reduce the nickel cation in the electroless nickel reac-
tion to free nickel metal, and such concentration is usually within the range of
from about 0.05 to about 1.0 moles per litre. Stated differently, the hypophosphite
20 reducing ions are introduced to provide a hypophosphite ion concentration of
about 2 up to about 60 g/I, or from about 12 to 50 g/l or even from about 20 to
about 45 g/I. As a conventional practice the reducing agent is replenished during

the reaction.

The plating solutions of the present invention which contain nickel and the phos-
25 phorus reducing agents such as hypophosphites or the sodium, potassium or
ammonium salts thereof, provide a continuous deposit of a nickel-phosphorus

alloy coating on the substrate. High levels of phosphorus (“high-phos”), generally



about 2 up to about 60 g/l, or fromabout 12 to 50 g/|I or even from about
20 to about 45 g/l. As a conventional practice the reducing agent is

repl eni shwo 20wrd4Bsw2t he reaction. The pl ating sol uti ons eCTiEPeIENEESNT

i nvention which contain nickel and the phosphorus reduci ng agents such as
hypophosphites or the sodi um potassiuglor amoni um salts thereof, provide
a continuous deposit of a nickel-phospiorus alloy coating on the substrate.
Hi gh | evel s of phosphorus ("hi gh-phos"), generallyabout 10.5 wt.-% and up

to about 14 % by wei ght are o I ned by conducting .th | ati ng, .
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accelerators, inhibitors, brighteners, etc. These materials are known in
the art. Thus, in.gne enpodi nent, a, conpl exi agent or a m xture of
Conmptexi (N EDBIAE A BEOs Rl e Tk S Blots s B3 RENEpl exi ng
agents ar ; ' h ' BitarkNEr&Tp! exi ng
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conpl ex tehers)ieteeThesemaperaseate kmowhén ga atti on and to further sol ubilise

t he hypophosphite degradati on products formed during the plating process.
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or chel ating agents. Useful . , , ,
10 plating solutions in amounts sufficient to complex the nickel ions present in the

solution and to further solubilise the hypophosphite degradation products formed

during the plating process. Generally, the complexing agents are employed in

amounts of up to about 200 g/I with amounts of about 15 to about 75 g/l being

more typical. In another embodiment, the complexing agents are present in

15 amounts of from about 20 to about 60 g/l.

In one embodiment, carboxylic acids, polyamines or sulfonic acids or mixtures
thereof may be employed as the nickel complexing or chelating agents. Useful
carboxylic acids include the mono-, di-, tri- and tetra-carboxylic acids. The car-
boxylic acids may be substituted with various substituent moieties such as hy-

20  droxy or amino groups and the acids may be introduced into the plating solutions
as their sodium, potassium or ammonium salts. Some complexing agents such as
acetic acid, for example, may also act as a buffering agent, and the appropriate
concentration of such additive components can be optimised for any plating solu-

tion in consideration of their dual functionality.

25 Examples of such carboxylic acids which are useful as the nickel complexing or
chelating agents in the solutions of the present invention include: monocarboxylic
acids such as acetic acid, hydroxyacetic acid (glycolic acid), aminoacetic acid

(glycine), 2-amino propanoic acid, (alanine); 2-hydroxy propanoic acid (lactic



carboxylic acids include the nono-, di-, tri- and tetra-carboxylic acids.
The car boxylic acids may be substituted with various substituent noieties
such as hyorowy4ssozan no groups and the aci ds may be i npcodipesd/ ob2765@© t he
plating solutions as their sodium potassiumor ammoni um salts. Some

conpl exi ng agents such as acetic acid, for exanple, may also act as a

buf fering agent, and the appropriate céncentration of such additive
conponents can be optim sed for any plating solu tion in consideration of
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can be i %B[tfb\fggng%attﬁ-%oﬁ%%itibieoé]kgﬁnevgﬂﬁsqgﬁcgggtﬁcﬁ{ as sodium, potassium or
ammonium hydroxides, carbonates and bicarbonates. The stability of the operat-

ing pH of the plating solutions can be improved by the addition of various buffer
compounds such as acetic acid, propionic acid, boric acid, or the like, in amounts

15 up to about 30 g/l with amounts of from about 2 to about 10 g/l being typical. As
noted above, some of the buffering compounds such as acetic acid and propionic

acid may also function as complexing agents.

The electroless nickel plating solutions may also include organic and/or inorganic
stabilising agents of the types heretofore known in the art including lead ions,

20 cadmium ions, tin ions, bismuth ions, antimony ions and zinc ions which can be
conveniently introduced in the form of bath soluble and compatible salts such as
the acetates, etc. Organic stabilisers useful in electroless plating solutions in-
clude sulfur-containing compounds such as, for example, thiourea, mercaptans,
sulfonates, thiocyanates, etc. The stabilisers are used in small amounts such as

25 from 0.05 to about 5 ppm of solution, and more often in amounts of from about 0.1

to 2 or 3 ppm.

The nickel plating solutions optionally may employ one or more wetting agents of

any of the various types heretofore known which are soluble and compatible with



conpounds such as acetic acid, propionic acid, boric acid, or the like, in
anopunts up to about 30 g/| with anmounts of from about 2 to about 10 g/l
bei ng t ypvoabio/Assonot ed above, sone of the buffering corpumpdeessrite as
acetic acid and propionic acid may al so function as conpl exi ng agents. The
el ectrol ess nickel plating solutions y al so i nclude organic and/or

I norgani c stabilising agents of the types heretofore known in the art
including lead ions, cadmumions, tin ions, bisnuth ions, antinony ions

and zinc whi ch can.be copveniently in duced in the formof bath
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El ectrol ess nickel plating baths on the al kaline side generally are

oper afed tempRIAUtehBaptBa@Cisie elactitessarigin®gelugensral Iy at a | ower
The duration of contact of the electroless nickel solution with the substrate being
plated is a function which is dependent on the desired thickness of the nickel-

phosphorus alloy. Typically, the contact time can range from 1 to 30 minutes.

During the deposition of the nickel alloy, mild agitation generally is employed, and
15 this agitation may be a mild air agitation, mechanical agitation, bath circulation by

pumping, rotation of a barrel plating, etc. The plating solution may also be sub-

jected to a periodic or continuous filtration treatment to reduce the level of con-

taminants therein. Replenishment of the constituents of the bath may also be per-

formed, in some embodiments, on a periodic or continuous basis to maintain the
20  concentration of constituents, and in particular, the concentration of nickel ions

and hypophosphite ions, as well as the pH level within the desired limits.

The third step of the UBM process comprises plating from an electroless palla-

dium plating bath.

The electroless palladium bath is described in EP 0 698 130 B1 and was modified
25  for the present invention with an additional stabilizer. Interestingly, it can be used
to plate a Pd layer on a high-phos Ni-P layer without previous activation. How-

ever, especially for Pd plating at lower temperatures, a step of activating the high-



tenperature than the acidic electroless plating solutions. The duration of
contact of the electroless nickel solution with the substrate being plated
is a funcwdaoodassmb i s dependent on the desired thi cknepeT®pP2000062756

ni ckel phosphorus alloy. Typically, the contact tine can range from1 to 30
m nutes. During the deposition of the %ickel alloy, mld agitation
generally is enployed, and this agitation may be a mld air agitation,
mechani cal agitation, bath circul ation by punping, rotation of a barrel

plating, etc. T | ati ng sol ytion may al e sub jected tg a periodic or
Pont | naoBBoRIit? Gk Satorall Hecaratd ut Drioredbeid i ciens Baiatiia o

t herein. Slf?@d)_l eni shnment of the constituents of the bath may al so be pe r
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the concentration of constituents, and in particular, the concentration of
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desired limts. The third step of the UBM process conprises plating froman

el ectrol ess palla diumplatin t The el ectrol | | adi um bath is
descri be®T'n EP 0 698 136r%erfgg%o\%§, WB&?Pf@S”@S?@ﬁ@% esent invention
with an additional stabilizer. Interestingly, it can be used to plate a Pd
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especially for Pd plating at | ower tenperatures, a step of activating the
hi ghphos Ni -P | ayer nmay optionally be carried out before the el ectrol ess Pd
pl ati ng dmepersivhdinpeef er peafetsad 3 oadtmin, anerd piefered brtol1€svirPd pl ating are
as follows: pH preferred 5to 6.5 nore preferred 5.6 to 6.0 bath
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If an activation step is carried out before the electroless Pd plating step, the Pd
plating bath temperature may be as low as about 40 °C (and up to about 95 °C).

10 Such activation may be achieved, for example by so-called ionogenic Pd activa-
tors which are usually acidic, contain a Pd** source such as PdCl, or PdSO,4 and
deposit a seed layer of elemental Pd on the Ni-P layer. Such activators are well
known to the skilled person and are commercially available as solutions under the
trademark Xenolyte Activator ACU1™ (product of Atotech Deutschland GmbH).

15 So-called colloidal acidic activators, in which Pd clusters are surrounded by Sn,

are equally well-known and may also be used.

The additional stabilizer in a state of the art electroless palladium bath as de-
scribed in EP 0 698 130 may be used in order to deposit palladium without any
additional activation on a high-phos Ni-P layer. Furthermore, such stabilizers al-

20 low the electroless deposition of palladium at temperatures between 70 °C and
90 °C which leads to a reduced internal stress of the deposited palladium layer.
Known electroless palladium baths show a short lifetime at such high bath tem-
peratures which is not tolerable in industrial applications. The additional stabiliz-
ers are selected from the group comprising sulfimides, polyphenylsulfides,

25  pyrimidines, polyalcohols and inorganic complexing agents like rhodanide. A pre-

ferred sulfimide is saccharine, preferred pyrimidines are nicotine amide,



Additional stabilizer: preferred 10 to 500 ng/l, nore preferred 100 to 300
nmg/l 1f an activation step is carried out before the electroless Pd plating
step, thewBdomiassong bath tenperature may be as | ow as abwmp2600/0635¢ and up
to about 95 0C). Such activation may be achi eved, for exanple by so-called
Il onogenic Pd activa tors which are usugl |y acidic, contain a Pd2+ source
such as PdCl 2 or PdSO4 and deposit a seed | ayer of el enental Pd on the Ni-P
| ayer. Such activators are well known to the skilled person and are
rk Xenol yte Activator

comerci al | able as sol utions under the trade
AoU 1( t P Sact St 9@'8@& NS A 2 TOERY PEToG PE e heo FisT  at i G

acti vat on r :

wel | - knoJ\nélpr%drjlg o%élﬁgv(?g usy;eg_ﬁy@ﬁgglgggl P H@/ﬁ?(?p@%(%%] ?@e‘?o'?gﬂ@ sriga){ e of
the art @bbpblypkm&erp:eglycaﬂ|copolym¢rsmddmrmrtwbsemereoEP 0 698 130 may be
used in order to deposi t pal | adi um wi t hout any additional activation on a

hi gh- pho N|-Pla rnore, suc abi r |1 ow the el ectrol ess
Gepos, 11 SNall. 436 DalnAhaald FyRparin oF B4 ORdaR NG5S StRek SO GESICh | aads
to a red f I Fr O i r n

el ectrol ?‘bg@pgl{éfcgr | umgo%tI Pa'ftln oevlvégﬁoslﬂort | fetrdlgrreérg? a}s%%ﬁﬁg seé ?ﬁ@t em

per at ur eshickneds oBtheQiptmbbgaunayermn togustt thie dallagioin tfer 8. 011tbei) &g t i onal
stabiliz ers are selected fromthe group conprisi n(% sul fim des

pol yphen reierav 806 {80 hwmm; B8 ORiergEadiaiies inmpst RevigEHRlY d@@ﬁ%‘i%@(b)‘\g
agents lKa{NOARN Scess. %&céﬁ ‘?ﬁrﬁ@%u&% éé‘§98s bﬁoa%&rl}?efd' RS- exRrBIE! byd

pyrim di nes are nicotine nrc act d, ni cotlnlc aci d,

2- hydr ox\H.[Kdiseh, Eelenetalisctithten: ABsehéldUmchlgehychidfthnW@fd@ngen E.
pol yet hyl enegl ycol , Bol ypropyl enegl ycol , BOl yet hyl engl ycol -
pol ypﬁ%p;}-l%'ﬁ@ %Fk?@l, 83oP3grf3. Arrditable kathifoeslee @|9§§f90|¢pmi'n9y3 avai-

optional gol g, MG EiallPYinB&r MeXr&deRard RGrotka PRI EK = o §61E; pHIPOSe:
4.5 t0 6.0; immersion time =7 to 15 min; 0.5 to 2 g/l Au (as K[Au(CN)_])

Thus, if an Al coated wafer is used in the present invention as a starting sub-
strate, the process comprises the steps of cleaning, etching, zincation (as pre-
15 treatment steps), followed by nickel plating, optionally activation of the high-phos

Ni-Pd layer, palladium plating and, optionally, gold plating.

If Cu coated wafers are used as the starting substrate, the pre-treatment com-

prises the steps of cleaning, optionally etching, and Pd activation, followed again

by the steps of nickel plating, optionally activation of the high-phos Ni-Pd layer,
20 palladium plating and, optionally, gold plating.

The present invention is further illustrated by the following examples and com-

parative examples.

Values for internal stress of individual Pd or Ni-P layers as well as Ni-P/Pd stacks

were determined with a “Deposit Stress Analyzer” (Model 683; Speciality Testing
25 & Development Co.). Specially designed test strips from the same company were

coated with Ni-P, Pd and Ni-P/Pd layers and tested according to the procedure

described by the equipment supplier.



el ectroless gold plating electrolytes known fromprior art can be used. The
t hi ckness of the optional gold |ayer on top of the palladiumlayer is 0.01
to 0.5 mwoposfmsably 0.05 to 0.3 mm The optional gol dprcayerocomcITest
preferably deposited by an i mmersion process. Such imrersion processes are
descri bed, for exanple, by H Kaiser, el netal | schi chten: Abschei dung,

Ei genschaften, Anwendungen; E. Leuze Verlag, 2002, page 43. A suitable bath
for electroless gold plating is avail able comercially under the trademark
Aur ot ech SFpl s(1t T =2801to 90 OC, pH=4.51t0 6.0; imrersion tinme =7
to 15 mi ARXeHEeIgC rat r CN) 2]) Thus, if an Al coated wafer is
used in the present invention as a starting sub strate, the process

conpri se h | G ! j i t reat ment
reps) - TolT e ] i S e R e e " he. b gh- phos
Ni - Pd | ay=R 0 698l 13®)iwith plcatipugitmmdcoroptisingdl ¢/ Pdgdbds f2 asigiiformic aaid coat ed
waf ers are use S the starti b ate, the pre-tre t comprises the
ot eps.of ARBAN RTVISTRYRIANS J1SPBheIeD Bk MITREAETa0 T AR aga n by
t he step i LIBGTM@RtoNa| ' ' hi gh- phos N - Pd

I ayerf5 pil)lhlggtc!\iﬂ ulfn Ieélt?%(ggblgﬂad, Qﬁp’)\{l [ 6%‘5%&6%%%%6%% g\%&mﬁ he present

invention is further illustrated by the foll ow ng exanpl es and com parative
exanpl es.Théaihuearsiar timetod timaNi-$t plassd Off.3 iunt) Qu dubstréte inrth&iPdbdthyeass as

N i - P/ Pd stack e det ined wit N it Str. Anal "
(Wbder o8Me Tapuias ey erabin RPd Dens Wik e PR (15400 69 ' HEsPBNER 1 est
e ; . . : - .
anl oot OIS (R ERCERIAY HECESEeRa bt dibi e oRd bl effiickvers
suppl i er viasataRkr ito(aveopat; ahé el ley@ethiokesss was 0.27 um).

10 Example 2 (comparative experiment)

A pure Pd layer was plated from a stress reduced Pd bath (disclosed in US patent
No. 4,424,241) on a mid-phos Ni-P layer (Xenolyte™ Ni M™, Atotech Deutschland
GmbH) overlying a Cu substrate. The Cu substrate was immersed for five minutes
in the Xenolyte™ Ni M™ bath and after rinsing with deionized water for 5 minutes

15 in the palladium bath.

The Pd bath contained:

Pd* ions 1 g/l
Ethylenediamine 3 g/l
Sodium formate 40.8 g/l
20 Saccharin sodium salt hydrate 0.2 g/l (anhydrous basis)

It had a pH of 5.8 and the bath temperature was 85 °C.

The obtained Ni-P/Pd stack had thicknesses of 0.9 um for the Ni-P layer and
0.21 um for the Pd layer. The observed overall stack stress was 53.79 MPa
(7,800 psi) tensile.



A pure Pd | ayer was plated froma state of the art bath (disclosed in EP O
698 130) with a conposition conprising 1 g/l Pd2+ ions, 27.6 g/l formc

aci d and wogblo/mssvyl enedi anmine at a pH of 5.5 and a temperatresos/06f7565 0C on
a mdphos N -P layer (Xenolyte(tn) N Mtm, Atotech Deutschland GrbH). The
imrersion time of the NN-P plated ( 1 mr) Cu substrate in the Pd bath
was five mnutes. The resulting stack % ress was 103.4 MPa (15,000 psi) in
the tensile direction (for calculation of the stress the sumof the N -P
and Pd | er t hi ckness was taken into account; the Pd |ayer thickness was

0.27 M) J@@QJ@J—e 2 (conparative experiment) A pure Pd | ayer was pl ated
froma stress reduced Pd bath (disclosed in US patent No. 4,424,241 ) on a

m d- phos e f ﬁn‘lﬁfs’s SPERRPYPE 6tk M CMWiA a MNP} fr@ﬁ%w ?Hés‘ﬁﬁﬁ")
overlying a Cu strate. The Cu substrate was | rsed Ive mnutes in
t he Xenolbatieandia pireNRd tgyeb ateted fromatheestressreidngediPdhbatbiusedze Exsat@e for 5
m nutes in the Pal | adé um bath. The Pd bath contai ned: Pd2+ ions 1 g/l

Et hyl enedi WAT AESSMN§d-Sodi um formate 40.8 g/| Saccharin sodiumsalt hydrate
0.2 g/l (anhydrous basis) It had a pH of 5.8 and the bath tenperature was
85 0C, Thg, ?ﬁl NP R csh@fiedrad thi cknesses of 0.9 mmfor the Ni-P

| ayer and 0.2 for the Pd | ayer. The observed overall stack stress was
53.79 MPa (7, 800 psi) tensile.Exanple 3

Ni** ions 6 g/l
Na hypophosphite - HO 30 g/l
Malic acid 10 g/l
Succinic acid 18 g/l

10 Lactic acid 30 g/l
Pb ions 0.2 mg/l

It had a pH of 4.8 and the bath temperature was 85 °C.

The resulting Ni-P layer thickness was 0.92 ym and the Pd layer thickness was

0.19 um. The resulting stack has a stress value of 21.38 MPa (3,100 psi) tensile.

15 Example 4

A Pd layer from the Pd bath of Example 1 on a high-phos Ni-P layer (from the
high-phos Ni-P bath used in Example 3) was deposited after additional activation
of the Ni-P layer by Xenolyte Activator ACU1 (product of Atotech Deutschland
GmbH).

20 A stack thus obtained had an average Ni-P layer thickness of 0.84 um, a Pd layer
thickness of 0.25 ym and an overall stress value of 27.58 MPa (4,000 psi) tensile.
The stress of the Ni-P layer was 34.48 MPa (5,000 psi) in the compressive direc-
tion prior to the Pd plating.



The filmstress of a NN-P/Pd stack on Cu with a Ni-P layer froma high-phos
Ni -P bath and a pure Pd | ayer plated fromthe stress reduced Pd bath used

i n Exanplwo2owza3sbet er mi ned. The hi gh-phos Ni - P bat h cortcainpeebs/obi7sé¢- i ons 6
g/l Na hypophosphite H20 30 g/I Malic acid 10 g/l Succinic acid 18 g/l
Lactic acid 30 g/l Pbions 0.2 ng/l It ?ad a pH of 4.8 and the bath
tenperature was 85 OC. The resulting NiZP | ayer thickness was 0.92 mm and
the Pd | ayer thickness was 0.1 9 mm The resulting stack has a stress val ue

of 2 1.3% VPa 5%1 00 psi) tensile. Exanple 4 A Pd |ayer fromthe Pd bath
of Exanpl=@ hi gh-phos Ni -P | ayer (fromthe high-phos N -P bath used

in Exanple 3) was deposited after additional activation of the N -P |ayer

by Xenol y ﬁigﬁ H Pl%gépw&n{é’h@ﬁﬁpﬁl‘f]oé)f\liﬁ lﬂ%tﬁ%e@@%ﬁfﬂ% aer %"&or&ﬁ?ﬁt ack

t hus obtain ad an average N™- ayer thickness of '0.84 nm a Pd |ayer
t hi cknessitain)@n2Gu yreldedlasamallvesraptesstveesiessadlightlpfde2ie s gviram( @ HIOK- psi )

tensile. The stress i -P | ayer was 34.48 MPa, (5, 000 i) ] he
conpr ess S AATEY HT 447 BAMPo (4 CORPAL RISy S ADEBS B AT LS BIAEA
Layer ;fr eg17o i cdipestivel. R&bIGESS oFX IR e PdlI8YerRoM 1K€ BREh with a
composition described in Example 2, the overall stack stress was 20.69 MPa
(3,000 psi) tensile for 1 um of Ni-P and 21.38 MPa (3,100 psi) tensile for 3 um of
Ni-P.

Example 6 (comparative example)

10 A Pd layer from a state of the art bath with a composition as described in Example
1 with a pH of 5.5 and at a temperature of 55 °C directly deposited on Cu with
activation by Xenolyte Activator ACU 1 (Atotech Deutschland GmbH) yielded a
mean stress value of 241.4 MPa (35,000 psi) tensile.

Example 7

15 A Pd layer from the stress reduced bath used in Example 2 directly deposited on
a Cu substrate with activation by Xenolyte Activator ACU 1 (Atotech Deutschland
GmbH) yielded a mean stress value of 89.65 MPa (13,000 psi) tensile at a pH of
5.8 and a bath temperature of 85 °C. The Pd bath is additionally stable for at least
48 h on temperature, whereas the state of the art bath from Example 1 will plate

20 outat 85 °C after 3 h.



sition) on Cu yielded a small conpressive stress slightly decreasing froma
thick ness from1l mn (27.58 MPa (4,000 psi) conpressive) to at |least 3 mm
(25. 52 MRao(2810/@8s0psi ) conpressive). After plating of apOoTAPosmibs7Eayer
fromthe bath with a conposition described in Exanple 2, the overall stack
stress was 20.69 MPa (3,000 psi) tensiJI for 1 mmof Ni-P and 2 1.38 MPa
(3,1 00 psi) tensile for 3 Mmof N -P. anple 6 (conparative exanple) A Pd
| ayer froma state of the art bath with a conposition as described in
Exanmple 1 with a pH of 5.5 and at a :egﬁzéature of 55 C directly deposited
on Cu with activation by Xenolyte A r ACU 1 (Atotech Deutschland
GrbH) yielded a nean stress value of 241 .4 MPa (35,000 psi) tensile.

Exanple 7 A Eﬂdsm@éﬂ%rtefhggrg?t%oﬁaé@é%nét%m&%uh@tdamﬁ%@,nn Eaph&r dn

directly deposited on substrate wth actiVvation by Xenolyte Activator
ACU 1 (Atoteah MaurtGebludade:GrbH) yi el ded a nean stress val ue of 89.65 MPa
(13,000 psi) tensile at a pH of 5.8 and a bath tenperature of 85 C. The Pd
bath is additional]: ?table for at least 48 h on tenperature, whereas the
state of the(%)rtakﬂ%lﬁ ¥%Sm Exanple 1 will plate out at 85 C after 3

h. CLAIMS 1. A substrate having a bondable netallic coating conprising, in

this grder, op) an By |RerGudsHpiiGediy, (a) a Ni-P layer, (b) a Pd layer and,
optionally, ?c% an Au’l ayer,

(c) an Au layer,

wherein the thickness of the Ni-P layer (a) is 0.2 to 10 pym, the thickness of
the Pd layer (b) is 0.05 to 1.0 um and the thickness of the optional Au layer
(c)is 0.01 to 0.5 um,

10 wherein the Ni-P layer (a) has a P content of 10.5 to 14 wt.-%, and

wherein a stack consisting of a Ni-P layer (a) and a Pd layer (b) has a de-
posit internal stress not higher than 34.48 MPa (5,000 psi).

2. The substrate according to claim 1 wherein the thickness of the Ni-P layer
(a) is 0.5 to 3.0 um and the thickness of the Pd layer (b) is 0.1 to 0.5 ym and
15 the thickness of the optional Au layer (c) is 0.01 to 0.3 um.

3. The substrate according to claim 1 wherein the Pd layer (b) has a deposit

internal stress not larger than 137.9 MPa (20,000 psi) tensile.

4. A process for the preparation of a substrate according to claim 1 comprising

the following steps:

20 (i) immersing a substrate having an Al or Cu surface in a Ni-P plating bath
comprising a nickel salt, and hypophosphorus acid or a bath-soluble
salt thereof selected from sodium hypophosphite, potassium hypo-

phosphite and ammonium hypophosphite, wherein the solution is free



wherein the thickness of the Ni-P layer (a) is 0.2 to 10 nm the thickness
of the Pd layer (b) is 0.05 to 1.0 nmand the thickness of the optional Au
| ayer (c)wo0fly@isoeo 0.5 mm wherein the N -P |ayer (a)poasraoosocxss ent of
10.5 to 14 w.-% and wherein a stack consisting of a N-P layer (a) and a
Pd | ayer (b) has a de posit internal i] ess not higher than 34.48 MPa
(5,000 psi). 2 . The substrate accordi é to claim1 wherein the thickness
of the NN-P layer (a) is 0.5 to 3.0 mm and the thickness of the Pd | ayer
(b) is 0.1to 0.5 and.th kness of e optional Au | aye is 0.01
to 0.3 nmm 3 . Tﬁéng]%%ﬂ%e h)é'% H &eténa?@ie T lKHER AR a‘ﬂ’}%e@f& | ayer (D)
has a deposit in 000 psi)
tensile. 4 . A pbgé(;tgfgig)ng%Bﬁﬁle@fghﬁ{n&ﬁnoﬁ@g bi‘eo’élr}ﬁ pﬁatde@%ccordl ng to
claim1 conprising the followi ng steps: (i) inmrersing a substrate having an
Al or Cu surfaceata tamiderdtupd at from dizdut 7601Gpta sharg % 10 ekdlat sghil of and

hypophosphorus a |d 0 sol e salt t sel e d fromsodi um
hypophosphi ¢ e, pggéﬁﬂ%f&p@%%%ﬁar@ep%ﬂ APl Ry B AR MILE. wher ei n
the sglution is i fe‘?% tﬂ@%‘%sﬂ%ﬁ(% hypophosphite, and free of alkali or
al kaline earth net'al 1ons capable o? form ng an insol ubl e orthophosphite at

a tenperature of fromabout 70 C to about 95 C and at a pH of from about 3
to about 6 f dii) airpmeirsidgmrhe NitFocGftedi substratehobiiamesd iNi st€p (dyrea Rehplatieg

substrate and (i imersing the Ni -P-coated substrate optained in step (i)
T 5 P pl ating BRICRBRERNGiFIeant e RGN i PauCen?] BAo5a0s Eetucy T ens!
one reduc ing agent, at least one complexing agent and at least one sulfimide
stabilizer additive in a quantity of 10 to 500 mg/l
10 at a pH of 5 to 6.5 for a period of 3 to 20 min to obtain a Pd layer on
the substrate,
wherein the Pd layer is deposited onto the Ni-P layer obtained in step (i)
without any activation of the Ni-P layer prior to deposition of the Pd layer
and step (ii) is carried out at a temperature of from about 70 to about 90 °C
15 or

wherein the Pd layer is deposited onto the Ni-P layer obtained in step (i) af-
ter activation of the Ni-P layer and step (ii) is carried out at a temperature of
from about 40 to about 95 °C.

5.  The process according to claim 4 wherein the substrate is an Al wafer, the
20 surface of which is cleaned and etched or followed by zincation prior to

nickel plating (i).

6. The process according to claim 4 wherein the substrate is a Cu wafer, the
surface of which is cleaned, optionally, etched, followed by Pd activation

prior to Ni-P plating (i).



ing agent, at |east one conpl exing agent and at |east one sul fimde
stabilizer additive in a quantity of 10 to 500 ng/l at a pHof 5 to 6.5 for
a period wh28100a330 nmin to obtain a Pd | ayer on the subgtratregoobzsei n t he
Pd | ayer is deposited onto the Ni-P |layer obtained in step (i) w thout any
activation of the N-P layer prior to ?gposition of the Pd | ayer and step
(ii) is carried out at a tenperature ofYfrom about 70 to about 90 C or
wherein the Pd | ayer is deposited onto the Ni-P |ayer obtained in step (i)
af ter activation of the Ni-P |ayer and_ste ii). is carried out at a

t enper at dre %ef%ﬁ?%%%‘for%‘gtt& %{wo%e Qfsc'é!’ﬁ%g‘.toﬁné“rﬂ?%éé’é%o%%r(ﬂbr?g to

cl ai m 4 wher gi ; Hefsih f.e ; @nin i S

cl eaned and %%éc%églﬁorrﬁgﬁqq ovvedd tf%t/r%gk? ﬁ%aaf#?jo\ﬁﬁhpﬁéglr% '? géil C ecf){hpe}l\g?i gé r(i ). 6
. The processntaecaoAdiphafingobathai m 4 wherein the substrate is a Cu wafer, the
surface of which is cleaned, optionally, etched, followed by Pd activation
prior to N-P plating (i).7 . The process according to any one of clains 4
to 6, further conprising: (iii) a step of inmersing the substrate coated
with the Ni-P layer and the Pd layer into an Au plating bath.



