WD 03/ 004725 PCT/ EPO2/ 06654 1 Regeneration Method For A Plating Solution
Specification: 5 The invention relates to a nethod of depositing a | ayer of
netal, noweosspoesfically a | ayer containing tin, above alPlcCTRPO2/6@bBsi cati ng
printed circuit boards and other electrical circuit carriers, and to a

met hod of regenerating a solution contdining netal ions in a high

oxi dation state, nore specifically Sn(lV) ions. The plating nethod is

mai nly intended for utilization in the production of 10 sol derable | ayers
and etch-resist layers as well as in the deposition by cenentation of

|l ayers of RegepsratienMribodfonARlating Seluiosy copper more specifically on
the inner layers of printed circuit boards in order to bond said inner

| ayers together. 15 For fabricating printed circuit boards, layers of tin
and tin al Spgeificatiore specifically tin-lead coatings are deposited onto the
copper surfaces to serve diverse purposes. On the one side, tin-lead alloy
coatings serve as sol der pads on the surface of 20 the printed circuit
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specifically on the inner layers of printed circuit boards in order to bond said

inner layers together.

15 For fabricating printed circuit boards, layers of tin and tin alloys, more
specifically tin-lead coatings are deposited onto the copper surfaces to serve
diverse purposes.

On the one side, tin-lead alloy coatings serve as solder pads on the surface of

20 the prmted circuit board at the places at which electronic component parts are
to be soldered. In this case, such layers are deposited locally in those regions
in which leads or other connecting elements of the component parts are to be
electrically connected to the copper surface. After the solder regions are
formed on the copper surfaces, the components are mounted on the solder

25 pads where they are bonded. Next, the solder is remelted in an oven to allow
the electrical interconnections to form.

Layers of tin may also be used as etch-resist layers, e.g., to form metal
patterns on the surfaces of the printed circuit boards. For this purpose, a

30 negative image of the conductive pattern is at first formed on the copper
surfaces by means of a photo-patternable resist. Then, the layers of tin or of



2 tin-lead alloy are deposited in the canals of the resist layer. After the
resist is renoved, bare copper may be renoved by etching so that it is
only the wpristd4725traces and all the other netal patternsPecA/RPhBI®H f aces
of the printed circuit board that remain below the layer of tin or
tin-lead. 5 Furthernore, tin layers are2also utilized as internediate

| ayers between the copper surfaces of the inner layers of nmultilayered
circuit bdirdsdaldytdie depesied of tHeheardile bétHer esist ler) Aftegtrasiesfst ker
reinforced |ayers of resin). For to provide tight bonding of the copper
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bet ween copper and resin. To acconplish t e su es have heretofore
been supertigard dhatyremeinbetaw the laysoottn betintiéadk oxi de treatnent. However,
t he thereby forned oxide layer is not sufficiently resistant to acids so
that the inner |ayers, which have been cut in the process of drilling the

PCB 15 matmirirfdrmoné sirfielard ard sidofutmsed B8 inteFhadite [yerd Bl |
formng delam nations. This problemis avoided when’tin |ayers are used
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15 material, are delaminated from the resin of the PCB material, forming
delaminations. This problem is avoided when tin layers are used instead of the
black oxide layers. For production, the tin layers are directly deposited by
cementation onto the copper surfaces of the circuit traces. In post-treatment, if
necessary, further bonding compounds are applied to the tin layers (e.g., a
20 mixture of an ureidosilane and a disilane cross-linking agent ‘
4 | ('EP 0 545 21 é"AZ)) before the inner layers are pressed together By action Bf

heat and pressure.

Whereas, in the second application mentioned, the layers of tin or tin-lead

25 alloy, respectively, can be electrolytically deposited as no electrically isolated
metal regions have to be tin-plated, in the first and in the last mentioned case
tin cannot be deposited by means of an electrolytic method since the copper
areas to be metal plated usually are electrically mutually isolated so that it is
hardly possible to establish an electric contact. For this reason, so called

30 cementation baths are at hand for tin-plating.

A plating bath of this type is described in U.S. Patent No. 4,715,894. In addition



30 cenentation baths are at hand for tin-plating. A plating bath of this
type is described in U S. Patent No. 4,715,894. In addition WO 03/004725
PCT/ EP02/WO83404735t0 a Sn(11) compound, this bath al so comCamre2/es6shi our ea
conpound and an urea conpound. According to EP 0 545 216 A2, thiourea,
urea and the derivatives thereof may al3so be used as alternatives.
Furthernore, the solution in accordance with U S. Patent No. 4,715, 894
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15 Cu(l) ions complexed with thiourea are to form onto the copper surfaces when
tin is deposited. Concurrently, metallic tin is deposited by reduction of Sn(ll)
ions. In this reaction, copper is dissolved, a tin coating being simultaneously
formed on the copper surfaces.

ZQ EP 0 545 216 A2 reports that the Cu(l) thiourea complex enriches in the

| | solutlon Sn(lV) ions also enrich in the solution through oxidation of Sn(ll) ions
as oxygen from the air is carried into the solution. However, the concentrations
of the Cu(l) thiourea complex and of the Sn(IV) ions do not exceed stationary
concentration values when the printed circuit boards are merely immersed into

25 the solution for treatment, since the bath solution is permanently drained away
by the boards and diluted with water tha': has been carried over. If however, the
bath fluid is sprayed onto the copper surfaces by way of spray nozzles, the rate
of substance turnover, related to the volume of the bath, is considerably higher.
Under these conditions, the concentration of the Cu(l) thiourea complex

30 increases to such an extent that the limit of its solubility is reached and the
complex precipitates as a deposit. The deposit clogs the nozzles and causes
problems in the movable mechanical parts of the plant. in the plating bath,



bath fluid is sprayed onto the copper surfaces by way of spray nozzles, the
rate of substance turnover, related to the volunme of the bath, is

consi der awby3ldgher. Under these conditions, the concent PariEPn2/afes4 he
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to tie reaet forth baleat,iprl mhdlalikedofprisimbRbM¥busly oxidizing to form Cu(l) ions
according to reaction equation (2) which is also set forth below. A complex with
thiourea or with the derivatives thereof, respectively, is formed thereby.
Simultaneously, through the oxygen carried into the solution, part of the Sn(ll)
ions oxidizes to form Sn(1V) ions according to the reaction equation (3) set forth
20 below. The sprayed solution is next returned to the reservoir. There, the Sn(IV)
" ions react with' the metallic tin to form the double quantity of Sn(ll) lons

Do

according to the reaction equation (4) set forth below.

The method of regenerating tin-plating cementation baths described in

25 EP 0 545 216 A2 proved however to cause the concentration of tin contained in
the solution to rise continuously. Therefore, the concentration of Sn(ll) ions in
the solution must be subjected to permanent analytic control. This is often not
easily possible under manufacturing conditions and often readily causes the
concentration to vary greatly. As a result thereof, the deposition of tin can

30 become uncontrollable. This is not acceptable. One approach to overcoming
this problem could involve automated monitoring of the concentration of Sn(ll)
ions and permitting or obviating contact between the plating solution and



The nethod of regenerating tin-plating cenentation baths described in 25 EP
0 545 216 A2 proved however to cause the concentration of tin contained in
t he sol utwonses7ed se conti nuously. Therefore, the concent patiEPo2/efesasn( | 1)
ions in the solution nust be subjected to permanent analytic control. This
is often not easily possible under mangfacturing conditions and often
readily causes the concentration to vary greatly. As a result thereof, the
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are indi Ca@;@ﬁ{)héhte{j%vﬁjggor d| nat e clains. 15 The plating nethod in

accordance wth the invention serves to produce |layers of netal, nore
specilfical ly | ayers containing tin and preferably |l ayers of pure tin. The
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in a low oxidation state, nore specifically Sn(
the subordinate claims.

15 The plating method in accordance with the invention serves to produce layers
of metal, more specifically layers containing tin and preferably layers of pure
tin. The method can also be utilized for depositing layers consisting of a tin
alloy. It involves the following method steps:

20 o ‘a Prowdlng a metal plating bath, more specifically a tin plating bath
contammg metal ions in-a low oxidation state, more specifi cally Sn(ll)
ions,

b. Depositing a metal layer from the metal plating bath onto a work
piece;

25 ¢. Providing an electrolytic regeneration cell comprised of at least one
auxiliary cathode and of at least one auxiliary anode;

d. Electrolytically depositing, in the electrolytic regeneration cell, metal
serving for regeneration, more specifically metallic tin, from the metal
plating bath onto the at least one auxiliary cathode;

30 e. Bringing the metal plating bath into contact with the metal serving for

| regeneration in an effort to reduce metal ions in a high oxidation state
contained in the metal plating bath, more specifically Sn(lV) ions, to



lons, b. Depositing a netal layer fromthe netal plating bath onto a work
pi ece; 25 c. Providing an electrolytic regeneration cell conprised of at

| east onewoOanxdd7emry cat hode and of at | east one auxili ar pCarEPdE9c664

El ectrolytically depositing, in the electrolytic regeneration cell, netal
serving for regeneration, nore specificgly netallic tin, fromthe netal

pl ati ng bath onto the at | east one auxili ary cat hode; 30 e. Bringing the
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an effort to reduce netal ions in a atlon state conta| ned in the
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cat hode anghetfodibtdpeast one auxiliary anode; b. Electrolytically

depositing, in the electrolytic regeneration cell, netal serving for
regeneration, nore specifically nmetallic tin, fromthe solution onto the

at | east one auXipbiafid; i ' ct with
t he netal serw%\ @r@ﬁgg%ﬁﬂ&ggg?@ rgél?ﬂir%ﬁoipg ??anhggéegt%{e@ﬁéfgﬁ@l ons in
t he hDgh oxi dat a‘aoxnlianyacta&hodmnd oﬁaetsa‘st oaélawxﬁiaw ahod@ns to netal ions in
t he | ow oxi dati on I[SqtcﬁtF hmre §$e0| ficall Yﬂc i ons. When hereinafter
| ayers cont ai ni AgEecHOMically, dgpagiiing, indhe elsctrp Sfticrfeﬁﬁﬁ@raﬁsn cell, metal

serving for regeneration, more specifically metallic tin, from the solution

onto the at least one auxiliary cathode;

c. Bringing the solution into contact with the metal serving for

15 regeneration in an effort to reduce metal ions in the high oxidation state,
more specifically Sn(lV) ions, to metal ions in the low oxidation state,
more specifically Sn(ll) ions.

When hereinafter layers containing tin, a tin plating bath or a tin plating
20 solutlon metalllc tin, Sn(ll) ions, Sn(lV) ions and a tin electrode or an electrode
o contammg tin, respec’uvely, are referred to, this should also apply generally and
in lieu of to metal layers, a metal plating bath, metal, metal ions in a low
oxidation state, metal ions in a high oxidation state, a metal electrode or an
electrode containing metal, respectively.

25
The methods of the invention may more specifically be utilized for electroless
deposition of tin or tin alloys utilizing a reduction agent, for the electrolytic
deposition of tin and tin alloys and for the deposition by cementation of tin or tin
alloys.

30
By a method of deposition by cementation a method is meant by which the

metal to be deposited receives from the substrate metal the electrons needed



20 solution, netallic tin, Sn(ll) ions, Sn(lV) ions and a tin electrode or
an electrode containing tin, respectively, are referred to, this should

al so applwogenet7as |y and in lieu of to nmetal |ayers, a nPCalEPpY/edeshng bat h,
metal, netal ions in a low oxidation state, nmetal ions in a high oxidation
state, a netal electrode or an electroge containing netal, respectively.
25 The nethods of the invention may nore specifically be utilized for

el ectr ol esfr the pedudtioartodhe oixidativbntstate Adroysaidisubsirattomatdlednetiirentlagent ,
for the elecgtrolyti deposition of tin and tin alloys and for the

deposi ti on®8§iZ Rel pr@ferﬁgw @?SQIY@ thareBys. 30 By a net hod of
deposition by cenentation a nethod is neant by which the netal to be
deposited receives fromthe substrate netal the el ectrons needed WO
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copper surfaces 5 on printed circuit boards or other circuit carriers with
tin containing layers. In the nethod described in EP 0 545 216 A2, netallic
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15 the follow ng reaction takes ™l acd: ™~ SnzZ+ ¥ 2 e- =-- % 22Uty ek
(1) I'n el 8ol ¢ contdirrersintthe platingebath EThism 19¢ eSpRfic A¢ fillods: ext er nal

source of
When tin is deposited from an electroless, cementation or electrolytic tin bath,
15 the following reaction takes place:

ST Gl - p— >238n (1)

In electrolytic deposition, the electrons originate from an external source of
20 e[ec;tric current and are delivered to the Sn(il) ions via the cathode. In the case
- of electroless fin plating, the electrons needed for depositing the metai are
provided by a reduction agent. In deposition by cementation, the electrons
originate from the dissolving base metal, in the present case copper, onto
which tin is deposited:

25
2 CU = >2Cu*+2¢ (2)
In an interfering side reaction, Sn(ll) ions oxidize in these baths, through the
oxygen from the air, to form Sn(lV) ions:
30

SN% + %5 0, + HyO —ecememee >8n* +2 OH" (3)



20 electric current and are delivered to the Sn(ll) ions via the cathode.
In the case of electroless tin plating, the electrons needed for
deposi ti mgotobwoates al are provided by a reduction agent. POTGPPDEI6S4 on by
cementation, the electrons originate fromthe dissolving base netal, in
the present case copper, onto which tig is deposited: 25 2 Cu
---------------- >2 Cu+t +2e (2) Inaninterfering side reaction, Sn(ll)
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i npai red or the parts nmay even be damaged by precipitating sofid matter.
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set forth thereactidrebquaticao(t)histatidckaayvyltRe Brypo) ivAY ad68iding totthel east
partially. 10 In contacting the glﬁatl ng solution with netallic tin, Sn(lV)

i ons cont dPAEPN Aquakion (b satifeth heeein belaveBa abii(may beshieschwsagRing to t he
equation sgt.f4n ‘Qﬁ) ow for this reaction, netallic tin being dissolved
in the process (conproportionation): 15 Sn" + Sn ---------- > 2 Sn2} (4)
Thi stGreans that for each Sn(IV) ion forned, two Sn(ll) ions are forned. As
a result thereof, the concentration of tin contained in the platin
sol ution In contacting tpue p?at?ng solution with metallic tin, SnatIV) ions contalne% in theg

solution are reduced to Sn(ll) ions according to the equation set forth below for

this reaction, metallic tin being dissolved in the process (comproportionation):
15 ST RS E— >2 Sn% 4)

This means that for each Sn(IV) ion formed, two Sn(ll) ions are formed. As a

result thereof, the concentration of tin contained in the plating solution

increases gradually when the regeneration method according to EP 0 545 216
| 20 A2 is applied.

By contrast, in carrying out the method of the invention, the metallic tin used for
reducing the Sn(IV) ions originates through electrolytic deposition from the very
tin plating solution. As a result thereof, the tin balance of the bath is not

25 disturbed by the regeneration according to equation (4). As the metallic tin used
for regeneration is also formed from Sn(ll) ions according to equation (1), and
hence the concentration of the Sn(ll) ions being lowered at first by electrolytic
deposition, the Sn(l1) ions consumed both through this reaction (1) and through
the side reaction (3) are produced again by the regeneration reaction (4). The

30 Sn(ll) ions content therefore remains constant.

The method of the invention therefore permits to avoid the detrimental
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15 50 percent by volume of water. It may also contain organic solvents like for

example alcohols and ether esters.

The Sn(ll) compound is preferably a Sn(ll) salt of an inorganic (mineral) acid,
e.g., of an acid containing sulfur, phosphorus and/or halogen; hydrogen halides
‘20 o however should be avoided because of their corrosive effect and their tendency
| " to iﬁcdrpbréfe tin halides into the deposited tin. Furthermore, the‘ S‘h(“) |
compound may also be the Sn(ll) salt of an organic acid, e.g., of Sn(ll)
formiate, Sn(ll) acetate and the homologues thereof and the salt of an aromatic
acid, more specifically of Sn(ll) benzoate. The preferred salts are the Sn(ll)
25 salts of the acids containing sulfur, i.e., the salts of the sulfuric acid and of the
sulfamic acid (SnSO, and Sn(OSO,NH,),). The solution may furthermore
contain alkali metal stannates such as sodium stannate or potassium stannate.

If a tin alloy is deposited, the tin plating solution additionally contains at least

30 one compound of the other alloying metals, for example a nickel, lead, mercury
and/or gold salt; the anions of these salts can be the same as those utilized for
the tin salts.



The Sn(11) conpound is preferably a Sn(ll) salt of an inorganic (mneral)
acid, e.g., of an acid containing sulfur, phosphorus and/or hal ogen;

hydr ogen Wwelodes2s 20 however shoul d be avoi ded because of PCR&iPo2/e64 0Si ve
effect and their tendency to incorporate tin halides into the deposited
tin. Furthernore, the Sn(ll) conpound nmy also be the Sn(ll) salt of an
organic acid, e.g., of Sn(ll) formate, Sn(ll) acetate and the honol ogues
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t he conpouhdbsofathedinhealt and,df hegessmry,alith thaebetirnesits 6f thadghéalldying Pat ent
No. 4,715,894, The conpounds disclosed therein are incorporated herein by

ref er ence M&%@IS.-di scl osure. 5 The acid contained in the tin pl ati ng sol ution
preferably is a mneral acid but may also be an organic acid, the anion of
the acid being generally identical with that of the tin salt and, if
necel¥ar y, The compbandbdf thieureal arsl ofeatusedadrbenom $padifigallyteéal s. 10 The

ds of thj. . .used ifically the |
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di'scl osur &y J%orporated herein by reference as a disclosure.
15

The tin plating solution can also contain complexing agents, those indicated in
Kirk-Othmer, Encyclopedia of Chemical Technology, 3" Edition, Volume 5,
pages 339 - 368 being particularly suited. The complexing agents disclosed
therein are incorporated herein as a disclosure. More specifically, amino

20 parboxyliq acids and hydroxy carboxylic acids may be used. U.S. Patent No.

| o 4;715,894 d}i‘sc'ld‘ses certain examples of suitable compounds. THe co%nﬁlexing

agents disclosed therein are incorporated herein by reference as a disclosure.

The solution may also contain reducing agents, aldehydes, e.g., formaldehyde

25 and acetaldehyde being more specifically utilized. Further reducing agents are
indicated in U.S. Patent No. 4,715,894. The reducing agents disclosed therein
are incorporated herein by reference as a disclosure.

Anionic, cationic and amphoteric surface-active agents may be used alike. It
30 only matters that the surface-active agents are suited to reduce the surface
tension of the plating solution sufficiently.



The tin plating solution can al so contain conpl exi ng agents, those
indicated in Kirk-OQhner, Encycl opedia of Chenical Technology, 3°d
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surface tension of the plating solution sufficiently. WO 03/004725

PCT/ EP0O2/ 06654 11 The netallic tin used for regeneration may be deposited
onto an i néhe aaubiatyi cathode aahduecoigurad bt ccpibtgdeiube, eRpanaée mdtaicdr ode s
meant which cqnsisﬁig 8f g materi a thf’it resists dissolution in the tin

pl ating sofUFiTBHNGHEATY ke fprexample g plata pryvidedwithgibs: ddiecawdliatyi zat i on.
Mor e speci ¢ith hrh A i : e d | njzed

it ans am Hhaode ey JSeRE ALY i RABISRES, s R St 8 Alifbg
expahfed n@wng for examplefadimpbtbndf/some dewonillenateps & someafeey pr ovi ded with

i bs. Th (1] t | b h [ |1 ' , e.g., |
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be accommodated in_a separate container Tor exanple, at1ng sol ution
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exanmple b f ttomplate acc dated in a tower,
tha Pl at ﬁ%é}t%‘éﬁéil tgér:ttcgrﬂ tpggtlfanéééc%moggted i 'Pofier, e platng 2R fion entering
15 through said bottom plate and flowing through said tower. Configuring the
auxiliary cathode in the form of smaller pieces permits to considerably increase

the conversion rate of the Sn(IV) ions to Sn(ll) ions.

If an inert auxiliary cathode is made use of, the maximum quantity of tin that
20 ~ ¢an be‘ dissolved again in the regeneration reaction according to reaction
| | \\e‘duatidn’\(4)‘is that amount that had been previously deposited from ihe} bath.
As a result thereof, the bath can be regenerated continuously without
complicated analytical bath monitoring and, by contrast to the method

according to EP 0 545 216 A2, the concentration of tin in the bath does not
25 rise.

If, for depositing tin onto platinized titanium for example, the cathodic current
density set for the auxiliary cathode is sufficiently high (e.g., 8 A/dm?3), a tin
coating in the form of flat scale crystals is obtained. This crystal shape has a
30 very large surface which is well suited for the regeneration reaction according
to equation (4) since it provides a very large surface referred to the weight of
tin. As a result thereof, a large surface of deposited tin can be provided in a
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15 deposited onto the auxiliary cathode is directly utilized to regenerate the tin
plating solution, the auxiliary cathode is not to be polarized cathodicaily during
the actual regeneration process in order to allow the fin to dissolve from the
auxiliary cathode. Therefore, with this method, the auxiliary cathode is only
polarized cathodic intermittently each time tin is to be deposited onto the
20  auxiliary cathpde. As soon as enough tin has been deposited onto the auxiliary
I V‘c:athode,‘ the electrical- connection between the auxiliary cathode andf the
auxiliary anode is interrupted in order to halt the deposition process. Then, the
dissolution reaction according to equation (4) of this reaction takes place under
these conditions, the plating solution having to be contacted with the auxiliary
25 cathode. As soon as but a small amount of tin or no tin at all is left at the

auxiliary cathode, tin can again be deposited onto said electrode.

For the regeneration reaction, metallic tin formed on the auxiliary cathode may
either be used directly in contacting the plating solution with the auxiliary

30 cathode coated with metallic tin or be removed mechanically from said
electrode and be contacted with the tin plating solution after removal thereof.



auxi liary cathode being polarized cathodically and the auxiliary anode
being polarized anodically when tin is to be deposited onto the auxiliary
cat hode. WD osiom725 deposited onto the auxiliary cathode i ®CuiRPeZ/0d6y4
utilized to regenerate the tin plating solution, the auxiliary cathode is
not to be polarized cathodically duringi3the actual regeneration process in
order to allowthe tin to dissolve fromthe auxiliary cathode. Therefore,

wi th this Hethecharticellyaeridveahe trraddsmbateusOrw@ltfye apgitiary egttlode] thedi c
intermttently each tinme tin |% eposited onto the 20 auxiliary

cat hode. ~ ABUKliaRy hdp isgprefera Waf@kseéwt GEH@S@'?@HaMmﬁ ﬁﬁ@ea@flnnﬁstaky

cat hode, t I t [ t he
St i ary 1§98 g hdERREl AL Bk Hiofd th AaY it Be (adti
Then, the indd ftontamer rfcmahneatmg mecmmrttedgnrbmt bqaris @mm(dl}a resetvibirghateact i on

t akes pl ace der the condj the plating solution having to be
cont att ed WPTRMSHEEANR ?ﬁ"&g ?Oiﬂg'oea Hihgdre %BS%”@&”QILR" ip tagEeseABuUNt of

tin or no iHé”‘tu@Hus@bl‘veé%o I s@m IBﬁS gﬁgvyoﬁ% BBﬁ'&nmbb’?n?ﬁé' again be

deposited onto said el ectrode. eneration reaction, netallic tin
formed on Precessxhs saoy asethaa\d’mlerwan’e’uytdreat let@ttmmdsﬂiheewhblﬁ quartiynofct i ng

the platin I, with the auxiliary 30 ode, ¢ allic tin

or be rem%%%%@ﬂgﬁ)%g{?nvlqerr&ﬁlgéh%re%%%‘f 588 'S‘oﬁ?&’eﬁtfﬂ'glﬂ?rat&gg Bh t he

t | n pl ati ngepeditedi o #hé g[,xmlgﬂp(y@thog@%%p[)e a¥ge§3/ 004725 PCT/ EP02/ 06654 13
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ary cathode is preferably taken out of the plant and the scal es of

netal tha I : ri.ppe ff,. The r ed tin y then
e pl aced Arae Aattth HAMER BE VBN ARG eliods SRel IR KB fpinclsdr s or
into a reskomote duxiianbcatiodai2rsl Elhee@ilrﬁtonh@h‘éégnéﬁi stritiherlop intdey t r eat ment
container or in the reservoir, e tin dissolves to formSn(ll) ions,
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auxi 1dary eaperdareny theeplatidgdath, on the morphology of electrolytically deposited
tin, on the geometrical surface of the auxiliary cathode and on the flow
conditions in immediate proximity to the dissolving tin. The rate may thus be
optimized. A maximum dissolution rate is permanently aimed at since under
these conditions Sn(IV) ions are actually quantitatively reduced to Sn(ll) ions.
20 Th|s makes it pOSSIbIe to minimize the concentration of Sn(1V) ions contalned in
SR the platmg solutlon The dissolution rate is the higher the higher the
concentration of acid in the tin plating solution, the higher the temperature of
the bath, the larger the surface of tin deposited onto the auxiliary cathode,
referred to the weight of the tin, the larger the geometrical surface of the
25 auxiliary cathode and the higher the convection of the plating solution in
immediate proximity to the dissolving tin.

To optimize the method of the invention, the space surrounding the auxiliary
anode (anode space) in the electrolytic regeneration cell can be separated from

30 the space surrounding the auxiliary cathode (cathode space) by a membrane.
The membrane is preferably configured in such a manner that cations (Sn(ll)
ions and Sn(lV) ions) cannot pass through. Therefore, the membrane may



10 The rate at which tin fromthe very auxiliary cathode or netallic tin
renmoved fromthe auxiliary cathode and placed into the treatnent container
or into awore®et72dir di ssolves in the plating solution depemagPonosess
plurality of parameters: the dissolution rate of tin depends inter alia on
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15 anode. Sn(lV) ions are thus prevented from forming at the auxiliary anode,
which would otherwise lower the efficiency of regeneration. The auxiliary anode
may for example be immersed into an anode space that is separated from the
cathode space surrounding the auxiliary cathode by an anion exchange
membrane. The plating solution in the cathode space, which more specifically

20 contalns SnSO and H,SO, for example, cannot get near the auxmary anode

e smce the membrane prevents Sn(ll) ions from passing through. A solutlon of

the acid which is also contained in the cathode space is preferably also filled
into the anode space. In the present example, the acid would be H,SO,. When
the current flows between the two spaces, electroneutrality is guaranteed by the

25 transfer of sulfate anions and by the corresponding electrode reactions, i.e., by
the tin plating reaction at the auxiliary cathode according to equation (1) of this
reaction and by an oxidation reaction at the auxiliary anode, in which oxygen is
formed from water according reaction equation (5):

30 Y = No Jomm— >2H +2e +0, (5)

As the Sn(ll) ions are prevented from contacting the auxiliary anode, oxidation



al so obtai ned when the acid contained in the tin plating solution differs
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| ayers containing tin are deposited onto the printed circuit boards. These
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speci ?i cal P@”"Eﬁ@%%’ﬂcﬁs SnSO4 and H2SO4 for exanpl e, cannot get near the
auxi liary anode since the nenbrane prevents Sn(ll) ions from passing
t hrough. A solution of the acid which is also contained in the cathode
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plating reaction~at the auxiliary cathode accor di 0 ron of this
reaci®on agrpugh fon thigireactioon Thésaotaydre eealizbe by Appropriatedeomietricsi ch
oxygen is ned fr wat er. accordi ng reactjon equation - 30 2 H20
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of Sn(l1) ions according to the follow ng equation: Sn2%

__________ auxiliary .cathodenvhiah may lesyl to the comesntiative glercaitage, may also

be achieved in that the anode space is accommodated in a container which is

15 separated from the cathode space, both spaces communicating through a pipe
whose diameter is relatively smalil.

Concentration overvoltage in the above mentioned sense may also be achieved
in considerably increasing the current density at the auxiliary anode so that
20 o Sn‘(ll) i‘on"s ?rgvirtually no longer available in the immediate proximity Cof‘the
" auxiliary anode. Under these conditions, Sn(ll) ions do not oxidize to ‘for;n
Sn(lV) ions, but water oxidizes to form oxygen. The current density at the
auxiliary anode may for example be increased by reducing the surface of the
auxiliary anode relative to the surface of the auxiliary cathode.

25
In another embodiment of the invention, at least one electrode containing the
tin to be deposited, i.e., an electrode of metallic tin for example, can be
contacted with the tin plating bath. This tin electrode is polarized anodically
relative to another electrode so that the tin electrode dissolves at least partially.
30 Such a soluble tin electrode may for example consist of poured balls which are

located in a suitable container, e.g., in a titanium basket.



Alternatively, the auxiliary anode can also contact the tin plating
solution directly. In order to also prevent in this case oxidation of the
Sn(ll) ioweo3amewesding to reaction equation (6), the conc®cUrER2/06654
overvol tage nust be high 10 enough for this reaction. This may be realized
by an appropriate geonetrical arrangenggmt of the auxiliary anode relative
to the auxiliary cathode for exanple: a depletion of the Sn(Il) ions in

t he sol uti pnthicads themp GledtRody @XEtNeast ihRrinhent %iérit)z’érdyaﬁ@dia?élstivé/WLch
SO
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is relatively small. Concentration overvoltage in the above nentioned sense

may al so bia @sihg évedoluble tirosksctietiabltys posgisiasbprodlee e el ickenpyty at the
auxi |l Lary anode so that Zg,Sn(I Iewl;(rons_ are virtually no |longer available in
t he itmedi YEECIHEBR CRNSYMEE iR e e pMI&rCiepmti@e.rea@ﬁ/mbfsoﬁm@tstéeé@hahitions,
Sn(ll) ion FOXh O3 ; (e ' e | di to form
oxygen. Trameant ShiPEhmaed i hepiiioifon B30t shsh s SHb8 a8t be

i ncreased tgsirezticonaegtratien ©f Sdid)eiont doneained i theasolutisrodeadted\add mwehgo t he
surface of the au>g<i I i%ry.c%ihtode. 25 I n, anot her enbodi nent of the

i nvent i on, PrEEERR 95 ENEME dissolytion the snediciseplutinn regction @t ghe tiBposi t ed,
i.e., an ebleefrbQ@8eaR | b\Eintd @féq?‘g% b with the
tin i_)éati ng batﬂlg '?'h{bgr}ﬁ”%betlb}g@ﬁlg%%ﬂfgs pol ar |8fz% antbgﬁﬂggﬁ%eﬁ'trrérﬁlta{ ive to
anot Hér el Re tanges svppligthito thiessalubledineelecivode, Brai\d) ivas nady dlsadie aiucedl | y.

30 Such a b Ln el ectrode may for exanpl e consi st poured balls
which are &ﬁh%a%lgattr{)(ﬂe 4 AR r@é‘ﬁtr eo\"?‘(?jiéﬂ"ﬁ‘n@. dﬂ?t%“r? tp Pﬁ"@n@'@ﬁﬁr% et. wo
03/ 004725 Bﬁﬁﬁ/m IéHe654 16 In this case, the tin electrode is at |east
intermttently polarized anodic relative to the other el ectrode so that
nmetallic tin dissolves to formSn(ll) ions. In using the soluble tin

el ectrode, winbn! iR 8 et frobRsPIHAMS fehi%tish O tif doRESndY in the plating

15 solution, namely the concentration of Sn(ll) ions, must however be analytically
monitored with accuracy since otherwise, the dissolution of the tin electrodes
may cause the concentration of tin contained in the plating solution to exceed
the reference value. In this case, dissolution of metallic tin of the tin electrode is
not automatically limited which is the case when an inert auxiliary cathode is

20 exclusively used.

The tin plating solution may be contacted with the work in different ways: with
conventional methods, the work is immersed into a bath of the plating solution,
which is filled in a container. In this case, the arrangement with auxiliary

25 cathode and auxiliary anode is located either in the same container in a free
space or in a separate container through which the plating solution flows. Fluid
conduits in which the plating solution can be circulated between the treatment
container and the regeneration container are provided for this purpose between
the treatment container and this other regeneration container.

30
Furthermore, the work can be treated in a so called horizontal plant with a
coating chamber. In this horizontal plant, the work is conveyed in horizontal



5 dissolution consuned in the electrolytic deposition reaction so that the
total anpunt of tin contained in the plating solution is kept constant. As
soon as twe o3gesks ed concentration of Sn(l1) ions contai nedTiEPo2/bE@5s0l uti on
is achieved in the process of anodic dissolution, the anodic dissolution
reaction at the tin electrode can be hgfted by interrupting the flow of
current. After the current is 10 no |longer supplied to the soluble tin

el ect r ode, difexdtiov) of tearssporithedsgh Ssidrddusest. Irpthid Sage, ehe PIdtPRESIINLGRIESI NY

themto regct with the netallic tin of the electrode to formSn(ll) ions.
When usi ngdelivered & thesrpperishiEiagen of the worlo Ry syt ofmazainsaier@d SPFaY he
plating 1 i 1B j Jaf ) h ver
be anal yt ?%é%l%/%’ ffryg?nné?ored)ﬁs\}I ﬁ%@%éfﬁ%‘ﬂg%e”ggyﬁg\?%ks'%cgﬁi@%i%? ion
of the ti nthel dambere&or thy paguese, tihe solutiorns keptiinm eisetvdir ont wheediti t he

pl ati$g sol u]ti on %o exceezr([:e #}he ref erence valfgqer. In this case, dissolution
of metal | i LEHMERER IO tEeNeZZlps. Py MGalifeol RUMpSt AR BRRIatg sqiufioninesd which is
t he case WasHiaéiedi tRB!, &y : ' WILY! tin
plating sof G ron my oppErSuiracas, A% M el iniE oRECH P Lt kot et flst |
convent i onfglturmedriodBe resasveiovia fluidicomduitednithiscasebtitehanéngdment aithng

sol uti on, ich is filled in.a container. In this case, ,the arrangenent
with auxi I?%Qﬁq§ai%94‘?o%éj%ﬁ“§'i¥ﬁqq(%§ %ﬁ?@ﬂﬁ“?gatﬁgc%@@ﬂ I fRenesSeryPik he sane
cont ai ner omina §éEfratcs RRRAcPItidcehtapRAr at e contai ner through which the
plating solution flows. Fluid conduits in which the plating solution can

be cl9cul ated between the treatment container and the regeneration

cont ai ner OV f Hi sge _between the treatnent container
Sd thi's ofEs BIeEE or B Mh P B P T Bk mistiod Of dSEraiia bo
treated i rsglution cahteirindiatatalashein alkagh p%bho@std%@,aééﬂ&iéigf@géfuﬁoh” this
hori zontal plant, éhe work is conveyed in horizontal WO 03/004725

PCT/ EP02/ (REBAINING7SIlY bionsols dsaripals feugihspeqjfic ealbwdinentseincludinghi s
case, the diQbdWodBhidht, Bethdd steps, method parameters, materials, solutions

15 etc., have been described, various modifications to the disclosed embodiments
will be apparent to those skilled in the art upon reading this disclosure.
Therefore, it is to be understood that such embodiments are merely illustrative
of and not restrictive on the broad invention and that this invention is not limited

| to the specific embodiments described, but only by the scope of the appended
20 claims.



delivered to the copper surfaces of the work by way of nozzles, e.g., spray
nozzles, flow nozzles, jet nozzles or the like, while the work is conveyed
t hrough wbasohaeber. For this purpose, the solution is kepl/EPn2/@scse£ser voir
fromwhere it is 5 delivered to the nozzles by nmeans of punps. After the

pl ating solution has contacted the coppger surfaces, it is drained into
collecting tanks fromwhere it is returned to the reservoir via fluid
conduits. In this case, the arrangenent with auxiliary cathode and
auxiliary anode is accommpdated either in the reservoir or in a separate
regeneration container. 10 Thus a nethod of depositing a |layer of nmetal and
a method ofgipgenerating a solution containing nmetal ions in a high
oxidation state, especially a solution containing Sn(lV) ions, is

descri bed. Although specific enbodi ments, including specific equipnent,

met hod steps, nethaqd paraneters erials, solutions 15 etc., have been
descr¥bed, P\/gm%tbggrfgai%ppgﬁpg @d@e{;@ﬁ@m eRrBRrI3Eg dhe fllowving methodistepsse
apparent to those skilled in the art upon reading this disclosure.
Therefore, it is to be understood that such enbodi ments are nerely
illustrative o@. Brapaniog ametaliphatingebath aonéaibingadeiahicerst inenloandxitthtidn t hi s

invention is nog hé,n‘ited to the specific enbodi nents described, but only
by the scope of tta € appended 20 clains. WO 03/004725 PCT/ EP02/ 06654 18

Clains: 5 1. A pEDbpekithig denssi ki agframﬁm_te%e{aﬂbﬁerﬁn QRAtR'dntd Adwdre fol | owi ng
met h steps: a. Preparing a nefal plating bath antal ning netal ions in a
| ow O%i dation RE&Ee; b. Depositing a netal |ayer fromthe netal plating

bath onto a wor place: i noi 1 he al. ating bath ip contact
with the netal ée?'\q}?%géﬁfoerme?%lég%tk{égb%r{ﬁicﬁnﬁgwthﬁbemﬁé&ﬁe’ﬁ‘é@% Ofions in a
hi gh oxi dati on =g&neration in order to reduce metal ions in a high oxidation state

contained in the metal plating bath to metal ions in a low oxidation state,

15 wherein an electrolytic regeneration cell comprised of at least one auxiliary
cathode and of at least one auxiliary anode is provided and wherein the metal

serving for regeneration is electrolytically deposited from the metal plating bath
onto the at least one auxiliary cathode.

‘20 : 27 T{he method of claim 1, wherein the method serves for depositing tin

! C‘bntainin"g‘ iayer‘é, wherein the metal ions in the low oxidation state éré S“n(ll)
ions and the metal ions in the high oxidation state are Sn(IV) ions and wherein
the metal is metallic tin.

25 3. The method of any of claims 1 and 2, wherein the at least one auxiliary

cathode is made of copper or of a copper alloy.

4. The method of any of claims 1 and 2, wherein the at least one auxiliary

cathode is made of an inert material.
30

5. The method of claim 4, wherein the at least one auxiliary cathode is made of
platinized titanium.



contained in the netal plating bath to netal ions in a | ow oxidation state,
15 wherein an electrolytic regeneration cell conprised of at |east one

auxi | i arywomawhpoee and of at | east one auxiliary anode i sPpr@prodedsand
wherein the metal serving for regeneration is electrolytically deposited
fromthe nmetal plating bath onto the &gl east one auxiliary cathode. 20 2.
The nmethod of claim1l, wherein the nethod serves for depositing tin

cont ai ni nm.lmﬁ@thdﬂléf@rﬁ}{bfﬂgirﬁ@q% 5, AFerein HRE By i8¢k t@éiité?:{‘inséscn%?ﬁ/)are

Sn(ll1) ions and the netal ions in the high oxidation state are I ons
and wher eigitto the afrtaast one apiiliary cathode. by2adjastinththenasthodic alurremy defisitt.ai ms 1
and 2, wherein the at |east one auxiliary cathode is nmade of copper or of
a copper alloy. 4. The nethod of any of clainms 1 and 2, wherein the at

| east one 7adid indthyod 6P4RYOORCIERNEAAE B Iwifdrein Fidtal B Rsital-omd tre affhe net hod
of claim4, wherein the at |east one auxiliary cathode is nade o?

pl at ithi zedeastiang awxiliagp cafimtuipapesEmicaihramsarEd andwherdiheaftet hod of any

f clai : i l..is d ited i I tg th t
east “one "STEREE i MEBLS oA Bl et e RBRT Mgt "Tafeeif Tedued )~ <
The met hodnetal &ms infa bighioxidationcstéte vdraarica iﬁ&h@knéisméﬁe%éaﬂmcpmw at 5
| east one auxjli g{\z cat hode i s nechanically renoved and erein, after

renoval , QS FeR HWoxidaliar skated with the metal plating bath in order to
reduce netal ions in a high oxidation state contained in the netal plating
bath to nmetal ions in a |ow oxidation state. 10 8. The nmet hod of any of

clai®s 1 t8o The methad of drtyeofatiaihesn$ tto gnevirarein tHay at 18asidsne hexik@Rpaimidged from
t he space.surround(%lﬁprgn;t e at |least one auxiliary cathode by a "nenbrane. 9.

The met hodf BPPREL? SHRSCR SUEOURSRG Hieeal lsatione auribiarysiathodaly at he

membrane.

9. The method of claim 8, wherein the membrane is configured such that the

15 metal ions may not permeate said membrane.

10. The method of any of claims 8 and 9, wherein said membrane is an anion

exchange membrane or a monoselective ion exchange membrane.

2{0 1 ‘1. The method of any of claims 8 to 10, wherein an acid is provided to the

space surrounding the at least one auxiliary anode.

12. The method of any of claims 1 to 11, wherein at least one electrode
containing the metal to be deposited is contacted with the metal plating bath

25 and wherein the at least one electrode is polarized anodically relative to at least
one further electrode so that the at least one electrode containing the metal to
be deposited dissolves at least partially.

13. The method of any of claims 1 to 12, wherein the workpiece is conveyed in
30 horizontal direction through a coating chamber for deposition of the metal tayer.

14. A method of regenerating a solution containing metal ions in a high



15 netal ions may not perneate said nenbrane. 10. The nethod of any of
clains 8 and 9, wherein said nenbrane is an anion exchange nenbrane or a
nonosel ecwowa/0d4es exchange nenbrane. 20 11. The net hod of pamEPOt/o@sai ns 8
to 10, wherein an acid is provided to the space surrounding the at | east
one auxiliary anode. 12. The nethod of Zpny of clains | to 11, wherein at

| east one electrode containing the netal to be deposited is contacted with

the netal lidatiogstaehn2hicntheihied diessligoRts bRAGNt PG cBhREt Wawea histal
pol ari zed anodi cal l%@t{el ative to at least one further electrode so that

the at | ea¥RVHISOEregenasaton BrRrdehintpduse thetastal wnsie adeighoxidationi ssol ves
at | east | : ; of claims | to 12, wherein the
wor kpi ecepgégéc?n%;[/aeﬁé?snmr%w{%ﬁaggﬁ gfé%i rection through a coating chanber

for deposiwheneinfan blecirelyéit réggresratiod ell Bompirised ob bt lezge bRBAILXIIBNR SOl Ution
contaéni ng%ﬁﬁtal IB% in a,high W) 03/004725 PCT/ EP02/ 06654 20 oxi dati on
n gfe 8

state? i Jtigast op lrry anede igpiovidadandwhergindhe efahet al
serving f i i r : i y i ah

oxt dat on 5y MECRP ISR I ARK I A Koy FenTine S50 ofto i

el ect r ol ytatdeasigpreeauaxiliany cadiddeconpri sed of at |east one auxiliary 5

cat hode and of at |east one auxiliary anode is provided and wherein the
metal serving for regeneration is electrolytically deposited fromthe
soluti on ofg oridimetifdd bPdaim NCwhrein AmMEMdIved for rdbenditRgh gl ©f al m
14, wherein the nethod serves for regenerating a tin f cont al i ng

sol ut@ on, eandaising solutiostveiersivribiei metath érisoiw the ilalaoxidatioh atatecare S(l) | )

whesernd iR FBidhe 8oBLioRe i e bR XS Q5tSER §nflfionednd wheftin 2

the metal is metallic tin.



