1 Process for the deposition of palladiumlayers and palladium bath for
this purpose Description The invention relates to a process for the
deposition of palladiumlayers on netal surfaces and a bath for carrying
out the process. 5 In the electronics intlustry, |arge nunbers of circuit
boards having an organic basis (printed circuits) and inorganic basis

(gl ass/ceram ¢ substrates) are used. The electrical connection between the
el ectroni c conponents on the boards is usually established by neans of
copper condpggcess fok AEK dep Rpadrest prlladhifin Ciyeps/and pRREdiEm TahIbE GiidparpRti abl e
connection between the el ectronic conponents and the netallic contact ar eas
on the 10 plane of the circuit board, it is necessary to provide the contact
areas with one or nore additional mﬂaﬁﬁpﬁnmﬂmvor organi c covering | ayers.
Here, the physicochenical properties of the coating materials are utilized
to meet the demands in terns of processability for conponent assenbly and
t he functi ohed inveniper rélatss 66 a hrocessnfoirehe dgporifioroof patipdinentayersnelenatdl t he
overal | |ays%ﬁfa§ésrdﬁ8 Wah ol%a?(ﬁh?%ﬂ?thg‘gt&ggss of producing these final |ayers
have beconme known he c oice’ o rticul ar process depends on the
required function and,the costs of the process. The deposition of netals

f r om solut | Bnthe ceptoniss igdwsiiyalarge numbersqel pisaiin beprds Wiaviag st piganic asisges

whi cht ﬁonV%Emfelﬁeclﬂ@@ﬁé)tanQhUrgﬁﬂﬁ@rb@ﬁﬁl (gtatsaderdtﬁe suBdtRitdsh BreZ @0 VIR aeétnéélat e,
l1.e€e. e netall]C

eduction a f elec r ol
deposi ti on ?ﬂmecé@netfeé%[?%*g’f’éﬁ?CHQHICtW(’BE@ﬁPE tﬁﬁ f’ﬂaraﬁés wuall Bteséftll é‘f naI
cijr rent soumeshs (]iﬂ‘lcdppduséﬁduaior pragks ioeated nat th@rﬂlmuﬁltﬁﬁtdsotmt oHtaiprOftiables but
al so, in part|c ar

t b t apl i shed
For "t e depBPRisR b VR i oESR G PO 4 BB G o leR RS et o
deposi tilon plase @f theicthedit boardeit ibyeceksangs meialanlgeccmmta'rm&zittnmmrmoxfer om

chert cal_r egliidie) AU CandR LRl e AIHRICTRIDRTINER Bl

I’eCIUI re an externa ower conn |on e ClI I’CUI

confi gur ed ottthezoajirgg matarigld die utilized dovnregt tthe dmandsnm taxmis fod ipnodessability for
di stributi ofyfonBhOLSSRES gﬁ@tﬁm&fbn@?&robgpﬁ% Yfth QO@EI %]%hg OHESEPSnenfienser

and nore conplex circult ns can | rincip ed nore readily.
Oning to tW@ﬂw3QH%%PY%HE@%F&“FH@HEresent |nvent|on the two el ectrol ess
coating 30 processes, nanely coating by neans of charge exchange and

coatinglPy Veddns Méthods of producing these final layers have become known. The choice of a
particular process depends on the required function and the costs of the process. The

deposition of metals from solutions containing metal salts requires negative electric

charges which convert the positively charged metal ion into the zero-valent state, i.e. the

metallic form, by reduction. In the case of electrolytic metal deposition or
20  electroplating, this occurs with the aid of an external current source.

In industrial practice, not only electrolytic processes but also, in particular, electroless
coating processes have become established for the deposition of metallic final surfaces.
The charges necessary for deposition are provided either by charge exchange reactions
or come from chemical reducing agents. Electroless coating processes thus do not

25  require an external power connection. The layout of the circuit can thus be configured
flexibly. In addition, owing to the more uniform layer distribution of processes which
do not involve an external current, denser and more complex circuit designs can in
principle be realized more readily.

Owing to their importance to the present invention, the two electroless coating
30  processes, namely coating by means of charge exchange and coating by means of
autocatalysis (chemical reduction) together with the terms most widely used for them

are compared in table 1:



autocatal ysis (chem cal reduction) together with the terns nost w dely used
for them are conpared in table 1: 2 Table 1: Conparison of deposition
processes which do not involve an external current for the exanple of
pal | adi um Deposition by Autocatal ysis Charge exchange Deposition reaction
Pd> + R-* Pd + R Pd" + M --- Pd + Me+ R organic or inorganic,
non-netallic Me: less noble than palladium is reducing agent substrate or
auxiliary anode e.g. Cu, Ni or Ag Cernman term- chem sch Pal |l adi um -
Ladungsausﬂaame:nveﬁoaiyaﬁsbn of Sddposities ﬂ?@édsﬁ:@l Which &dRAl haslive M ef(t@fﬂdl(t Y
PaIIadlun1Zenentat|onsv hren ﬁ%@talytlsch Pal | adi um -
Vtardrangungsverfahlc'éﬁen 1§ﬁgﬁﬂﬂg?éﬁ ffahren) English term -

el ectr ol ec_s_pal_l_ad_l_um_k_mr si-on n:\l ladium - aut neat al \If LC n:\| Ladium -
stri ke palll adi um - di spl acenent reaDépaﬁndﬁﬂnrthe purposes of the pr esgnt
I nvention,) the terns dep05|t|on by autogatal ysis d 5 deposition by |charge
exchange are used f oAUbaaEAYHS by ocesses.! In the d ‘Egﬁﬁxgﬁgﬁ§ition by |neans
of aut ocalPeysiifion FORtBRAS tive metal ions present in the coating bath are
reduced by j ' j
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conponent § (conpl exi ng agents + stabiliZers) Mnat Agt an

German term

- chemisch Palladium - Ladungsaustauschverfahren
- stromlos Palladium - Sudpalladium
- reduktiv Palladium - Zementationsverfahren
- autokatalytisch Palladium - Verdringungsverfahren
- (Ionenaustauschverfahren)
English term
- electroless palladium - immersion palladium
- autocatalytic palladium - strike palladium

displacement reaction

For the purposes of the present invention, the terms deposition by autocatalysis and
5  deposition by charge exchange are used for the two processes.

In the case of deposition by means of autocatalysis, the positive metal ions present in
the coating bath are reduced by an additional component R having a reducing action and
deposited.

When autocatalytic coating baths are used, there is always a risk of spontaneous

10  decomposition of the electrolyte by reduction of the metal ions even while the bath is
being made ready. Attempts are made to counter this spontaneous decomposition by
addition of suitable bath components (complexing agents + stabilizers) and set an
optimum ratio of bath stability to activity of the electrolyte.

In the ideal case, metal ions are reductively deposited exclusively on the metallic
15  functional surfaces to be coated. Undesirable spontaneous decomposition reactions, i.e.
metal deposition on non-functional surfaces such as the vessel wall, heating facilities



optimumratio of bath stability to activity of the electrolyte. In the ideal
case, netal ions are reductively deposited exclusively on the netallic 15
functional surfaces to be coated. Undesirabl e spontaneous deconposition

reactions, i.e. nmetal deposition on nor3functional surfaces such as the
vessel wall, heating facilities 3 and piping and also on non-netallic
constituents of the circuit boards (exposed base nmaterial surfaces or
organi c covering materials such as sol dering nasks) are suppressed. In the
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C

the el efment jJolInin tronic conponents on the substrate
side, have to neet |ncreased demands in respect of function and reliability
of the conndetinest, wislespsearhelegieolessyenating dreqessed dve final pufagseen Hgh-ghaldy
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require a c nbi nat i on of [various conpstruction and as t echni ques on the
sane charge exchange and the autocatalytic nickel (alloy)/strike gold process The balance of
the process- and materials-specific advantages and disadvantages of the individual
20  systems plays a decisive role in the selection and use of one of these processes on the

production scale.

However, if the final surfaces of the circuit boards, the element joining the group of
electronic components on the substrate side, have to meet increased demands in respect
of function and reliability of the connection, alternative layer systems have to be used.

25  Thus, evermore complex and more highly integrated electronic components often
require a combination of various construction and assembly techniques on the same
circuit board surface in order to be able to optimize electrical disentanglement on the
subsequent connection planes. Apart from processability of the final layer for different
and multi-use soldering processes (wave and reflow) and suitability for adhesive

30 bonding, suitability for bonding with aluminum wire and/or gold wire is also
particularly important.

Wire bonding is a micro pressure welding process in which identical or different
materials are joined to one another in the solid state by means of pressure and also
temperature and/or ultrasound.



circuit board surface in order to be able to optim ze electrical
di sent angl enent on the subsequent connection planes. Apart from
processability of the final layer for different and nulti-use soldering
processes (wave and reflow) and suitabil4ty for adhesive 30 bonding,
suitability for bonding wth alumnumwre and/or gold wire is al so
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have thg f dldn@¥ilg KHtR #6HVIBRA-BERT g power leads comprising thick aluminum wire and for
thin aluminum or gold wire for connecting of the IC (chip) on the support material.
However, the use of autocatalytic noble metal processes (gold or palladium) means a
complicated process for the producer of the layers. Furthermore, the two layer systems
require relatively thick noble metal layers, which has a corresponding effect on the costs
20  of the overall layer system.

Autocatalytic processes for producing multifunctional surfaces on printed circuits
additionally have the following disadvantages:

¢ high manufacturing complexity in order to realize reliable bath handling with high-
quality coating results.

25 e The composition of the electrolyte is relatively complex due to the reaction
mechanisms which occur. The resulting costs for working with these autocatalytic
processes are correspondingly high because of the use and consumption of the
chemicals employed.

e To achieve the required multifunctional layer properties (in particular reliable
30 thermosonic bonding with gold wire), high layer thicknesses have been specified by
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art. The praoblemis Sol process for app y| ng a unctro yéer to a
substrate rekal. 20 conprising a nickel or nickel alloy layer, a palladium
layer and, if desired, a gold or gold alloy |ayer, wherein the nickel or
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The problem is solved by a process for applying a functional layer to a substrate metal

20  comprising a nickel or nickel alloy layer, a palladium layer and, if desired, a gold or
gold alloy layer, wherein the nickel or nickel alloy layer is deposited autocatalytically,
the palladium layer is deposited by charge exchange and the final gold or gold alloy
layer is once again deposited by charge exchange or autocatalytically, with the bath for
deposition of the palladium layer comprising not only a palladium salt but also an

25 inorganic compound of at least one of the elements copper, thallium, selenium and
tellurium, preferable copper.

The substrate metal usually forms the conductor tracks of an electronic circuit board and

is usually selected from among copper and copper alloys. However, any other

conductive material such as silver or a silver alloy is in principle also possible as
30  substrate material.

For soldering applications in which the thermal stressability of the surface and
suitability for aluminum wire bonding have to meet the highest requirements, layer

structures according to the invention consisting only of an autocatalytically applied
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autocatalytically). Instead, deposition of palladium on nickel or its alloys by charge
exchange from the known baths results in deposition of inhomogeneous, highly porous
layers which do not adhere and whose quality does not meet requirements in respect of
solderability, bondability or improvement of the corrosion behavior.

20 It has surprisingly been found that the requirements in respect of multiple solderability
and bondability can only be met when not only a palladium salt but also an inorganic
compound of at least one of the elements copper, thallium, selenium and tellurium are
added to the palladium bath. Preference is given to using a copper compound, in
particular copper sulfate. As a result of this additive, firmly adhering, optically

25 homogeneous, thin palladium layers which have a low porosity are obtained on the
intermediate layer, generally autocatalytic nickel. However, the additive itself cannot be
detected in the finished layer system by means of the standard analytical methods (e.g.
SEM-EDX).

The palladium bath for the deposition of the palladium layer by charge exchange
30  preferably comprises at least one palladium salt having an inorganic or organic anion
selected from the group consisting of palladium sulfate, palladium nitrate, palladium

chloride and palladium acetate and also an acid matrix comprising at least one mineral
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In an embodiment of the palladium bath for the deposition of a palladium layer by
charge exchange on a nickel or nickel-phosphorus alloy layer, the bath preferably has
20  the following composition:

a) from 10 to 1000 mg/l, in particular from 10 to 500 mg/l, of palladium from at least
one palladium salt having an inorganic or organic anion selected from the group

consisting of palladium sulfate, palladium nitrate and palladium acetate,

b) from 5 to 500 g/l, in particular from 10 to 200 g/l, of at least one mineral acid
25 selected from the group consisting of sulfuric acid, nitric acid and phosphoric acid
and

¢) from 1 to 200 mg/l, in particular from 2 to 50 mg/l, of at least one of the elements
copper, thallium, selenium and tellurium from inorganic compounds of these
elements.

30 To improve the stability of the palladium bath, particular components which have a
complexing action on nickel and/or palladium can be added to the bath. Examples of
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thickness by means of known autocatalytic processes.

Additional studies carried out by the inventors on the effect of pollutant gases on the
corrosion behavior of the layer systems deposited according to the invention show a

20 significant improvement in the results when using the charge exchange process for
palladium on autocatalytic nickel compared to pure autocatalytic nickel/gold layers
from the prior art.

The thin palladium layer applied to nickel by charge exchange according to the
invention has a low porosity and forms a good diffusion barrier against diffusion of

25 nickel into the optional gold layer. In contrast, without the addition of inorganic
compounds of at least one of the elements copper, thallium, selenium and tellurium to
the charge exchange bath, satisfactory adhesive and barrier action of the palladium layer
are not achieved.

Example 1:

30 A layer system nickel/palladium/gold was deposited on the copper conductor tracks of a

circuit board by the process of the invention.
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15  palladium sulfate, 100 g/l of phosphoric acid and 50 mg/] of copper as copper sulfate.

The molar ratio of palladium to phosphoric acid was thus about 1:1100. The bath had a
- pH of <1. This palladium bath, too, gave the same positive layer properties as in
Example 1.
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3.  The process as claimed in claim 2, characterized in that the molar ratio of palladium to the
mineral acid or acids is in the range from 1:500 to 1:2000.

4,  The process as claimed in claim 3, characterized in that the deposition of the palladium
layer is carried out at a temperature of the coating bath in the range from room temperature
to 70°C.

5.  The process as claimed in claim 4, characterized in that the deposition of the palladium
layer is carried out at a temperature of the coating bath of from 25 to 50°C.

6. The process as claimed in any of the preceding claims, characterized in that the contact
time of the coating bath for palladium is in the range from 1 to 20 minutes.

7.  The process as claimed in claim 1, characterized in that the substrate metal forms the
conductor tracks of an electronic circuit board and is selected from among copper, copper
alloys and other conductive materials.



al l oys and ot her conductive materials. 11 8. The process as clained in
claim1, characterized in that the nickel alloy is a nickel/boron,

ni ckel / phosphorus, nickel/iron/phosphorus, nickel/phosphorus/tungsten,
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in that the bath contains the following components:

a) from 10 to 1000 mg/l of palladium from at least one palladium salt having an
inorganic or organic anion selected from the group consisting of palladium sulfate,
palladium nitrate and palladium acetate,

b) from 5 to 500 g/l of at least one mineral acid selected from the group consisting of
sulfuric acid, nitric acid and phosphoric acid and

c) from 1 to 200 mg/l of at least one of the elements copper, thallium, selenium and

tellurium from inorganic compounds of these elements.

11. The palladium bath as claimed in claim 10 which contains from 1 to 200 g/l of a
complexing agent for nickel and/or palladium selected from the group consisting of
hydroxycarboxylic acids with and without a functional mercapto group and amine
compounds to improve the deposition performance of the electrolyte and the bath stability.



