1 Method for Renoving lonic Contam nants fromthe Surface of a Wrkpl ace
Specification: The invention rel ates td a method for renovi ng ionic

contam nants fromthe surface of a workpiece having a sol der resist nask
and a surface top layer. The nethod preferably serves to produce electric
circui t WBethodfer Remavingdonic Cantaminants framdheBurfacel of iarWoirkpiecer ds, in
particular to produce contacts on circuit carriers, such as edge connector
contacts and push button contacts on printed circuit boards. During

manuf act Bpksifictiore! ectric circuit carriers, organic and/or netallic layers
are applied onto the copper surfaces of the base material. These |ayers may
perform different functions. The organic | ayers nay for exanple be used to
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t hose t hglicthay edgetcoanectoe donedtsiaed pasi BuRb® BbRticik ok hahteddifas of the
copper | ayer |located there beneath are exposed. These areas nay then be

sel ectivBQ?rdétched or plated with copper or other metals using an
el ectroless, a chemcal or an electrochem cal nethod. If the netal |ayers
are partially etched or deposited as described, the circuit «carriers

obt ai nedDhging neafufactarihy of efdotiic tinsiscarmiers) erdhit Bnd@iphétallistiaysrs wres, the
met hod steps nmay be repeated. Individual |ayers are conpacted together to

form nuPPplieglentodhe capper syfacastithe base mieriak Tapselaysis o Bht
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deposi t edoppsartsurfasesdn de sussdiguehtpmcessed) dorthis purpese, Pretdresisteaiecal
applied onto the copper surfaces so as to completely cover them. Thereafter, the
layers may be partially exposed to light using a special photomask which images
the desired line structures on the photoresist. Thereafter, the imaged structures
are developed with corresponding chemicals. Depending on the type of
photoresist, which may be negative or positive, either the areas that have been
exposed to light or those that have not are removed due to developing so that
areas of the copper layer located there beneath are exposed. These areas may
then be selectively etched or plated with copper or other metals using an

electroless, a chemical or an electrochemical method.

If the metal layers are partially etched or deposited as described, the circuit
carriers obtained have certain line structures. To build up complex structures, the
method sieps may be repeated. Individual layers are compacted together to form

multilayer circuits.

In order to allow for electronic component mounting on the circuit carriers provided
with the line structures, additional layers such as gold, silver, tin, nickel layers, are

for example deposited next, using an electroless, a chemical or an electrochemical



WO 2007/ 025675 PCT/ EP2006/ 008315 2 nmethod, to formthe surface top |ayer
whil e using a solder resist. On the one side, these surface top |ayers
serve to fqorm sol derabl e surface areas needed to nount the conmponents. On
the other YHYY3’d surface areas are al so suited for HEHER2R$%sed and
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take place on the sane manufacturinhg site, rther processgng w | |
only ocheusesand unhossed sggucondsictorgamponentss | ayers are for exanpl e al so
for as surface top layers for nmanufacturing detachable electric

contacts, for exanple plug connectors for 15 plugging the circuit carrier

by i nserThesp surfareitop tayess ratéowoclstt seragds pedstesiple |a?é:%aﬁtérfa@drranuf acturing
push buttons. ce the cjrcuit carrjer haci been conpleted, i.e., after the
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to further processi ng, in order to clean them ftfomany 1onic contam nants
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concent r a¢dupiat aflateristtgee contam nation of the circuit carrier. In these
standardi zed tests (for exanple the test method | PC-TM 650, devel oped by
Technical Commttees of |PC/ Association Connecting Electronic Industries -

Det ect i ogoRfhd R8P IEVEFREA 16 ekARpR AN ConMEH e uHRRE 35H y Resistivity
of Sol vent Extract 38 ROSE) ) , _ani;/ still adﬂ?réi ng iegnl [o oﬁgﬁi nants are
ext r act eddangiachyiagsietachahleagieotric contacts, for example plug connectors for

15 plugging the circuit carrier by inserting them into contact sockets and contact

areas for manufacturing push buttons.

Once the circuit carrier has been completed, i.e., after the surface top layer has
been applied, the circuit carriers are rinsed thoroughly once more, before they are

20 dried and then stored or subjected to further processing, in order to clean them
from any ionic contaminants originating from the various method steps and more
specifically being caused by the deposition method for producing the surface top
layers.

25 Tests are carried out to control cleanliness and in order to determine the
concentration of surface contamination of the circuit carrier. In these standardized
tests (for example the test method IPC-TM-650, developed by Technical
Committees of IPC/Association Connecting Electronic Industries — Detection and
Measurement of lonizable Surface Contaminants by Resistivity of Solvent Extract

30 (ROSE)), any still adhering ionic contaminants are extracted for example manually
from the surface of the circuit carrier using a water (deionized) / 2-propanol
mixture. The extract is collected in its totality and its electric resistance or its
conductivity is determined. The concentration of the ionic contaminants in units of
a standard NaCl solution can be determined from a (straight) calibration line



fromthe surface of the circuit carrier using a water (deionized) /
2-propanol mxture. The extract is collected inits totality and its

el ectric r\@il st nce or its conductivity is determ ned. The concentration of
the ionic ﬁ?"&%ﬁ?ﬂ.ts in units of standard NaCOl soPGTEEHOHME 5
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t he i1 oni contam nants. This risk increases in particular on the background
of increasing 10 mniaturization of circuit carriers or of increasing

conpl exi er surface.area on t ircui.t carriers.
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that, due to the presence of contaminants, such finer conductor structures often

become useless, for example for component mounting. Moreover, bridging ionic

contaminants may also produce leakage current or even short circuits between

20 adjacent conductor structures, which may adversely affect or even destroy the
circuit carrier and the components located thereon through impedance fluctuations

in the conductors.

in practice, it has been found that, in particular in the case of circuit carriers with
25 solder resist masks and in spite of repeating the rinsing steps, the solutions and
methods utilized do not suffice or are deficient in removing the ionic contaminants
to be found on the surface after deposition of the surface top layers. As a result,
the surfaces have undesirable high concentrations of ionic contaminants even
after cleaning, these contaminants leading in further processing to the problems

30 mentioned herein above.

A detergent for cleaning components and units for radioelectronic equipment is
disclosed in Chem. Abstr. 95:221722 relating to SU 859 433 A1, This detergent

- contains, i.a., triethanolamine and ethanol.



met hods utilized do not suffice or are deficient in renoving the ionic
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A discloses a cleaning agent for sem conductor industry, the agent

cont ai nia"§ Wa!8". et hanol ani ne, ethanol and water. 5 Further US 6,566,315 B2
di sclsoses formul ations including a 1, 3-dicarbonyl conpound chel ating agent
and copper inhibiting agents for stripping residues from sem conductor
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manuf acture of optical |enses. The conpositions contain ethanol am nes and

al cohol $ongin. g tteihanglagine wateryand G?@/@”@éﬂ%coél kanol am ne seni conduct or
proggss residue rempval conpositions and a process. The conpositions
contain an al kanol am ne and a polar solvent |ike water or a polar organic
sol vent HAurther %D BPAEHE551A/cdiscloses elehring comgosdions 20d methods for

cleaning resin and polymeric materials used in manufaciure, more specifically in

the manufacture of optical lenses. The compositions contain ethanclamines and

alcohols.

15
Further US 6,121,217 A discioses alkanolamine semiconductor process residue
removal compositions and a process. The compositions contain an alkanolamine
and a polar solvent like water or a polar organic solvent like ethylene glycol or
ethers thereof.

20

Chem. Abstr. 137:187413 relating to CN 1316495 A discloses a water-based -
detergent for cleaning printed circuit boards. The detergent contains, i.a., alkanol

amine and ethanol or anather aliphatic alcohol.

25  Further Chem. Abstr. 137:187414 relating to CN 1316417 A discloses a liquid
detergent for cleaning metallic parts or semiconductors. This detergent contains,
i.a., alkanolamine, a C16-C18 aliphatic alcohol and ethylene glycol.

Further DE 199 45 221 A1 discloses a washing agent for rollers, this agent
30 containing, i.a., a monovalent alcohol and an amino alcohol, e.g., 2-propanol and

2-amino-2-(methyl-1-propanol).
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el ectri carl 0 % SB t he cl eaning agent used in this process contai ning,
i.a., trlé‘?h‘é 'for%lﬁe and a water- soluble organic solvent, such as a
corrpound contai ning an al cohol group, like a linear alcohol. The problem
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soluble organic solvent, such as a compound containing an alcchol group, like a linear alcohol.

The preblem underlying the present invention is to avoid the known disadvantages of the solutions
and methods for cleaning the surface of circuit carriers having copper structures covered partly with
a solder resist mask and partly with conductive surface top layers.

It is therefore an object of the invention to find a chemical solution for removing ionic contaminants
from the surface of a workpiece having a solder resist mask and a surface top layer.

It is a further object of the invention to find a chemical solution for at least strongly and reliably
reducing ionic contaminants from the surface of such a workpiece.

It is a further object of the invention to find a chemical solution for removing ionic contaminants
from the surface of such a workpiece which is cost efficient and easy to manipulate.

It is still another object of the present invention to find a method of removing ionic contaminants

from the surface of such a workpiece.

it is still ancther object of the present invention to find a method of removing ionic contaminants
from the surface of such a workpiece which is cost efficient and easy to perform.

The solution to these objects is achieved by the method of removing ionic contaminants from the
surface of a workpiece of claim 1. Preferred embodiments of the invention are recited in the

dependent claims.



a solder resist mask and partly with cgnductive surface top layers. It is
therefore an object of the invention t® find a chem cal solution for
renoving ionic contam nants fromthe surface of a workpi ece having a sol der
resist mask and a surface top layer. It is a further object of the invention
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lonic contam.nants fromt e*'?%hf ace of such a workpiece. It is a further
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I s achieved by the nmethod of renoving ionhic contamnants fromthe surface

of a workpiteets. of claim 1. Preferred enbodi ments of the invention are
recited in the dependent clainms. 6 The invention serves to renove ionic
contam nants fromthe surface of a workpiece, nore specifically after a
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preci sely on copper surface areas or copper structures that are not covered

with a sedmi8insi esi st mask on the surface of the workpiece, to form
sol der abl e and/ or bondabl e areas on such surface areas, as well as to
manuf acture contacts such as edge connector contacts and push button

contacts. Thegsol ujti|e8stt shedfrst86fhpblnd Reletridwematheldrgup RYRIprisiy i S an
aqueous solution and contains: a) at |east one first conpound sel ected from
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c) at least one third compound selected from the group comprising
guanidine compounds and/or the salts thereof.

The solution is preferably used for producing electric circuit carriers such as
printed circuit boards and can be used in vertical and/or horizontal lines. The
solution to be used in the method of the invention can more specifically be used to
be applied on circuit carriers for producing contacts such as edge connector
contacts and push button contacts.

The method of the invention is simple, easy to perform and cost-efficient. It serves
to remove ionic contaminants from the surface of a workpiece having a solder
resist mask and a surface top layer being coated on copper structures, the method
comprising treating the workpiece with the aqueous solution of the invention once
the top layer has been deposited. The workpieces preferably include electric circuit
carriers such as printed circuit boards having solderable and/or bondable areas as
well as contacts such as edge connector contacts and push button contacts.

With the aqueous solution and with the method of the invention the problems
arising from using the known means can be eliminated. The strongly cleaned

surfaces
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top | ayer being coated on copper structures, the method conprising treating
the workpiece with the aqueous solution of the invention once the top |ayer

has beenltd@sdaendgundteat 9@nm@aﬁo@waw@5mnibﬁ;ftu@raglwlr@@uoad/c U@ingdbztbl
ar eas - acodtEne Sabliof e B (nbubiie dlErEn: PorBhtbra R aeth oot on

cont act susdil for th8eoRiav eesist mabkittheranddwhtwf idhi¢ Bentamtinadtsdn thieesurfacerndfi on t he
problens arising fromusin known nmeans can be elimnated. The strongly

t he
cl eaned theuweepieces candriredueedibypdl ta 81 % pvekcenvesdional methass: Basi ng

et hod of S Blet SroBféts B BuoBvind B EHTBHIngRe dhdr fod S50 o e can
be st r ongloykpieshscostur wiHargthelsbld@rcesistmass wWaremot pesherly dured mehagd of the

i nventi on. DeFfendi ng on the material used for the solder resist mask, the
amount obeeAffectediiviheriacessas fondepesiting theotop layerswht thgisecasesaan be

reduced Wpé@aﬁt%ﬁ?o%’nﬁ’é( rin%%é{‘ﬁﬂﬂééé’ﬂ?érlﬂ@tct&ﬂgﬁntiéﬁalig%luti‘coﬂg%%dtrﬁgfhohge rai n
probl ens In renopving 1 onlc contam nants romthe surface o WOr Kpl eces
occur whhas bhen sehitzednasiigthemekentiaventive. Gounopanatiye teste dvitrprirdgd been

affected by the processes for depositing the top layers. In these cases, an
i npor t anF'“F'-Iﬂ:)tPWQﬁﬂHﬁ‘ amﬁ witbaut $<ﬁé§rsr%mgmqaké i alseiayidgncedhat thens and

net hods : ' o ' lan. | ve tests
i pr SpaseoRamiRS UL i RonP U Ritah BeBREIRR bRBREdHd e ) 3 S <o
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contaminants also bleed out from the solder resist masks that are attacked by the

aggressive bath chemicals of the deposition baths.

Without limiting the general idea of the invention, the cleaning effect of the
aqueous solution used in the method of the invention is possibly due to the fact
that the solder resist mask is slightly dissolved by said aqueous solution if the
method of the invention is performed, this causing the ionic contaminants to be
released from the solder resist mask and to be absorbed or bound in the aqueous
solution. Without the agueous solution, the contaminants would otherwise be
released from the solder resist mask at a later stage only, thus leading at a later
point of time to the occurrence of the undesirable contaminations on the surface of
the workpiece.

The quality of cleanliness of the surface of the workpiece is controlled, as already
described above, by standardized tests. These tests are preferably carried out in
accordance with the test methods manual IPC-TM-650, which is incorporated by
reference herein (test method: IPC-TM-650 under item No 2.3.25, developed by
Technical Committees of IPC/Association Connecting Electronic Industries —
Detection and Measurement of lonizable Surface Contaminants by Resistivity of
Solvent Extract (ROSE)). In this test, a printed circuit board is preferably immersed
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Cont am nalebbolbyatee siisture ta incodaseSaloneluctiEiy is aleterpasSiEduringihe entret est, a

printed circuit board is preferably i rsed 8, int | cohol./ wat er

P ture CRSUEOT3snees sy Sxpretsestipaenser Haind® NaClgminy of o1
wat er ( dgig Ry . ; I &4 ioRing intWhiéh 1 MD.
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i nst r umethesvalbes bticértain stahdard €onoantcatiomst of Natalradutions dreydoibed Against he

surface of the printed circuit bpard si.ng the al cohol/water m xture. The
m xture ﬁke\éag\l"‘gﬁ* q;g;r%%ﬂqr@iq%al_ecgwecqr[ﬁlphwgg%m ani nants on the printed
circuit board (and/or contained in the solder resist nask), which are

extracted by the m xture, cause the electric conductivity of the
The aqueous solution used in the method of the invention preferably has a pH of

more than 7. A pH-range of more than 9 is particularly preferred. A pH in a range

in excess of 11 is most preferred.

In order to achieve the cleaning effect described by removing ionic contaminants,
the aqueous solution used in the method of the invention contains the at least one
first compound (ethanolamine compound and/or the salt thereof) preferably in a
concentration ranging from 5 to 25 g/l, with a concentration of about 14 g/l being
particularly preferred (all first compounds taken together). Monoethanolamine is

preferably added as an ethanolamine compound.

The concentration of the alcoholic solvent preferably ranges from 0.5 to 5 g/l, with
a concentration of about 1 g/ being particularly preferred (all alcoholic solvents
taken together). Low molecular alcoholic solvents such as methanol, ethanol, n-

butanol, iso-butanol or tert-butanol are preferably added. 2-propanol is particularly

preferred.

In the aqueous solution used in the method of the invention, the guanidine
compounds and/or the salts thereof probably act as chelate complexes with

respect to the ionic contaminants



al cohol /water m xture to increase. Conductivity is determ ned during the
entire neasurenent (30 m nutes) and egpressed in pg/cn2 or pg/inch2 NaC
equivalent, wth the NaCl equival ent being determ ned by a (straight)
calibration line in which the values of certain standard concentrations of
NaCl solutions are plotted against the values of corresponding electric
conduct i Wit dérect qoprdingtien s theymetaldans/medals to thee nitiogeoecastaining i nvent i on

par 1 col 2o Bpdefie offREgupRRh s Bre R PBaSn FhrEr e hiote bt or r o

| n or der siiisstanddscofehe RRuebagrbhgioafdfelsd irdentsn.bed by renoving ionic
contam nants, the aqueous solution used in the nmethod of the invention

contains the at |east one first conpound (ethanol am ne conpound and/or the

I h b /1l ith
2 concen] T2PLAR AR Rtng Bt ot BRE AN BLIrBBURR IS e By %1 ot
Cormoundand/akeﬁtrfetmt@hhébeof)\@@mbmhges ﬂem e 5 u@r&*@ﬂr\aiﬂh ¥ cﬁﬁ\@edtraﬁon&n
et hanol am ne corrgound The concentration of coholi ¢ sol vent pref erably

ranges felaRauts.% g/lbeing Pa'\'I\IFHI@de”%@Iﬁ@é’r(?Hé“ﬂqu)ﬁompoaﬂ%takﬁngtpge
I
P el TP U abaht bRl G Sald gﬁ@pmﬁtémonuw

i so- but aGakniginiter ¢éarbatateoyuanidirurafphosphateasidpnidiniunopalfate dre particul arly
preferred. In the agueous sol ution used in the nmethod of the invention, the

Guani di nBATIEUREY PRRETEG T bP PygesxeNtAIRing sebanivnsoabing Qi@n'CHBIU%eI ate
I t
coor i neg?ipodpes RSl dfahnl MEPTEARY FRENBIT b BISER, St/ ucture

f r agnent eleofron leffegisani di ne. This effect is possi ny enhanced by the ot her
substances of the aqueous solution of the invention. The concentration of
the at least one third conpound (guanidine conpounds and/or of the salts

ther €of ) 1Pk BBl o AR, Wuudo s usdh i mRRERLIALT on of about

1.5 g/l g parti cu npounds 't aken toget her).
invention contains 1 5 g of guanidinium carbonate, 14 g of monoethanolamine

(850 ml/l) and 1 g of 2-propanol, based on one liter of deionized water. A pH of 9 -

12 is particularly preferred for the aqueous solution.

For treatment, the aqueous solution used in the method of the invention can be
heated in order to improve the cleaning effect for it has been found that the ionic
contaminants can thus be removed more efficiently. During treatment of the
workpiece, said aqueous solution preferably has a temperature ranging from 50 —

70°C. A temperature of about 60°C is particularly preferred.

The workpiece is preferably treated with the aqueous solution for a duration of 0.5
to 2 min. One minute is particularly preferred.

The concentration of the ionic contaminants may be further reduced if the
workpiece is rinsed with deionized water at least once prior to being treated with

said aqueous solution.

As an alternative, or in addition thereto, the workpiece can be rinsed with

deionized water at least once after having been treated with said aqueous solution.



The guani di ne conmpound is preferably added as a salt (guanidi ni um conpound).
Guani di ni um car bonat e, guani di ni um phosphate or guani dinium sul fate are

parti cul ar f ed. The oxygen-contai ning salt anions of the guani di nium
conpounds é%gﬁﬁﬁyéﬁénhance the efficigncy of the chelaﬂgﬂﬁgﬁﬁp@%“ghrough

el ectron effects. In a preferred conposition, the aqueous solution used in
the nmethod of the invention contains 1.5 g of guanidi nium carbonate, 14 ¢

of nonoethanol am ne (850 m /1) and 1 of 2-propanol, based on one liter of
dei oni zeEo\}\EPré’r”? s}g\eglufeoqfotgeyvoi 'Fge'da?% ﬁﬂﬂcéﬁcgﬁy g’r%fﬁé‘?'?@dmrﬁ‘labthﬁé aqueous

sol uti onandeslder=bilityBthe dréss anm%quéi@béfcbatéduﬁiﬂiﬂtﬁerbdd%%eflﬁ; ﬁ‘%ﬁér?f the
I nvention can be heated in order to Inprove the cleaning effect for it has

been f ouf@diypskpiesrcanybe dried imadryeraftes haringtbees rinsed avith deionized
ef ficf enfyhier B AI89rddi rfﬁ@trisﬂfoﬂcgﬁoggﬂ.r kpi ece, said aqueous sol ution
g

preferably has a tenperature rangin rom50 - 70C. A tenperature of about
60C is particularly preferred. The workpiece is preferably treated with the
aqueous a.duratign One, mnute is particularly

tion for of .0.5 to 2 nin.
preferr eéf)d#f%?a&yrﬂ?gﬁt?%%m%eﬁ?ctméh ?%‘??Oaéwgnlvﬁpwaqﬂnéawﬂee VBH&Sher
reduced isfobisbered plRicaRR wHen'thd sefietrédistdRb sy qe AR REd&trohf&RanRNCce prior
to being treated wth said aqueous solution. As an alternative,” or in

addi t i ?ncqrﬁgqtg?d@,suph@smﬁir@s@@ agaiates, -gndeeimesks Tlaii/@i RBERZAPOMHer at | east
cncEyB SRR, T AL £ PRS0 2007 02567

speci f i cadditiortatly filled eith éndrganiatmatetigls sach asBide babiljO,tfyr etample. ar eas of the

wor kpi ece coated with the surface top layer, said workpiece can be dried in
a dryer after having been rinsed with deionized 5 water, this al so reducing

the ri skTié degdsitedicoRdudiveadiifactas layetPaid SrefAabI) SeRii&s from thb
correspondingly | ow contam nati on val'lues is obseifved in particular when the

sol der r@9UBCOMPERIDGEUty Enrgald. sivempatladinmeand nickel or the alloys
15  thereof.

The deposited conductive surface top layers may serve for example as bondable
and solderable layers or as electric contacts/contact layers for push buttons or
edge connector contacts. The surface top layers may be deposited using for

20 example an electrochemical, an electroless or a chemical method. Chemical
deposition through charge exchange reaction between the metals is preferred,
with a metal (here copper or a copper alloy) disseliving partially while the metal
dissolved is deposited. A surface top layer obtained through chemical deposition
of immersion silver or immersicn tin (deposited through charge exchange reaction)

25 is thereby particularly preferred. Electroless deposition of e.g., nickel with

immersion gold being applied thereon is also preferred.

To form an electroless nickel-gold layer with an electroless method, the copper
surface is first treated with a bath for depositing palladium nuclei onto the surface.
30 Next, in another bath containing nickel ions, for example in the form of a sulfate
salt, as well as a reducing agent, metal plating can be performed. The reducing
agent usually utilized is a hypophosphite salt, for example the sodium salt, or the
corresponding acid. In this case, a nickel/phosphorus layer forms. If a nickel/boron

layer is to be formed, a borane, for example dimethyl amino borane or a



conpounds such as epoxy resin acrylates, e.g., the masks Taiyo PSR 4000 IVH,
10 Taiyo PSR 4000 WMP, Taiyo 4000 AUS 511 Tai yo 4000 GHP 3. These are
additionally filled with inorganic materials such as Si 02 or A1203 for
exanple. The deposited conductive surface top |ayers are preferably

sel ect edhydridolidnate syrohias sadipmi ksorog hydade idwtilized, agihledredatingergenpdf | adi um
and ni ckel or, ééﬁ al |l oys %5 her eof . The deposited conductive surface top
| ayers nBYre&RFkR laysrs dka ke be depositedidhe dedugiag ageakvsas Brafeddisisor as
electric t :

cont act o HRERE & ARiATine QuiRalve Tnges bt dutionally cBEM ERPRAAY, . .
el ect r ochgemtsamoraspetificallyodrganicozarboxflieracedd, pieadjodtingCagentsaduchdeposi ti on

t hr ough char(%ﬁ excha&?e reac@i on t}g ween the netals its preferred, wth a
metal  ( hBFENQB REACEALS 3HWRRAS Hia @%‘”%Psgﬁﬁsﬁ FoFHITUICPRNDE A he net al

di ssol veg,l PPRL r t ' r y cal

deposi ti ‘ér?ﬂssc#gi %ﬁ%?ﬁ%ﬁ%?ﬁ%%g t?ﬁﬂh%?'bselﬁélnﬁgléﬁfh% gg%gietgg tp%rgg%%h char ge
exchangewithart élecirol@ss nethbodr preferphiytin authargy epcledrege prbcekbect r ol ess
deposition of e.g., nickel with inmmersion gold being applied thereon is

al so preferred. To forman el ectrol ess nickel-gold layer with an el ectrol ess

nmet hod, SLHr | ' ' : ositi
ol | adh unoro R BRHemigat e, iné cbBber STfHca"s tohthch gith & Mool L 1o

ni ckel i oostairfimy tieflBniphe, fonekimapfeotinl) fsufateybhadoid sath as aalfwid beidsas
reduci ng agent, netal plating can be performed. The reducing agent usually
uti i zedWel ag hiigra Qe thiolfaa derivatives JagdInclayaefosegi eiihegarpedr t he

i ckel | ba e fibian bhalge! e BRGe B clory Bt Re PP B e ARy Ot no

borane otina 11 hydridoborate such as sodi um boron hydride is utilized as
the reducing agent. If pure nickel layers are to be deposited, the reducing
agent used preferably is hydrazine or a hydrazine derivative. These baths

addi ti O”ﬁ*bldégﬁgma?}e:?_f oP IMmerdion sil@é}eﬂ{esc%pwéfr RtrBRIrES bhdhd WotkS18BE Can
carboxyl i ¢ acids, ‘pH adj usting agents su as ammonia or acetate, as well
as st abi bezieatedgithtam scidic satution dantainimgpsivedionst

The workpieces can be treated in current dip (immersion) lines. For treating printed
circuit boards, it has been found particularly advantageous to utilize what are
termed conveyorized lines in which the printed circuit boards are conveyorized
through the line on a horizontal conveying path while being contacted with the
treatment solutions through appropriate nozzles such as spray or flow nozzles. For
this purpose, the printed circuit boards can be held horizontally or vertically or in

any other orientation.
The following examples serve to further explain the invention:

For this purpose, printed circuit boards with various solder resist masks covering
partially the copper structures on the printed circuit board were treated using
various deposition methods for forming surface top layers. Next, the printed circuit
boards were treated either with or without the aqueous solution which is used in
accordance with the method of the invention. Thereafter, the amount of ionic
contaminants formed on the printed circuit boards was determined according to

’Ehe standardized tests described herein above.



| ead salts. The gold layer is applied to the nickel layer that has been
deposited wth an el ectrol ess net hod,12preferabl y in a charge exchange
process. To forma chemcal tin |layer, the copper surface is contacted with
a solution containing tin(ll) ions, for exanple tin(ll) sulfate, an acid
such as Emampla t. acid, as well as a thiourea or a thiourea derivative. The
tin layer fornms on the copper surface through charge exchange reaction,
with the copper dissolving in favour of tin, To deposit |ayers of imrersion

silver, PRAtROARSI bﬁarra@bw&hg_é?pasﬁbf@ut%rd&ﬁir@&a r@a_eks glgai% e dodh MH an

acidic solution containing silver 1ons. The workpi ec can be treated in

current GapyoRIRH0O0IMP, Tayext00AU S % dtaiym4(00 fiHR 3) siere tieatdsbawitbla, it has

b f d d.cul d il .
conveyor 1 SRBPHEE niHhia AEKSRETET Bhikd €4 a et IarSion B E by 1 2ec
through {Hig Wwh8apBhed ﬁ%iiﬁ?%h%iti&ﬁ%&ﬁb&ﬁa%ﬁﬁi hfethehE<lifoRaieact ed with

the treatnent SOPU'[I ons t appropriate nozr%IZs such as spray or flow
nozzl es. migthaneg sulfonicapidsand thimirea i Aftexddepasdticn, chedrodsd ofiratle phinted
hori zont al |

ticall L th ientation. The follow
exarmp! 6521 e Hsniealty it accHitarcn Bhoiton Fiebiofhoad B et M 1 e e
Circui t ROsEHsdINdWRENS tveRfibS Bor ;@g}é{ce?;r_asks covering partially the

copper structures on the printed circuit bboard were treated using various
deposition nmethods for form ng surface top |ayers. Next, the printed circuit

board t ted either.with i thout th ti. ich i
008 o T8 A BB oo Bt kiAo Taies o I FRRed ot e R ML hooun
of ioni Chagenl RILRAY égﬁebgﬁea%ééaeorpbh@mlﬁég ot defdtizedR@lels was det erm ned

according to the standardi zed tests described herein above. 12 Exanple 1:
Printed circuit boards with four different solder resist nmasks (Taiyo PSR

4000 WMH, Tai PSR 4000 MP, Tai,yo 4000 AU Taiyo 4000 GHP 3) were
treated with i% Q"Fﬂ Wg'ﬂqrﬁﬁaf%}%?%%gﬁ%b to Table 1 and a | ayer of

i mrer si on ti n18Yy/bfBnoethanolamine (850 ml/l in deionized water)
1 g/l of isopropanol
pH of about 10.5.

Next, the amount of the ionic contaminants on the boards was determined using

the standardized test. The results are set forth in Table 2.

The results show that the extent of ionic contamination could be considerably
reduced with the treatment method of the invention. The amount of ionic
contaminants was reduced by 58 % for MP and 87 % for AUS 5.

Example 2:

Two printed circuit boards, each one coated with the solder resist mask Taiyo PSR
4000 MP, were treated with a vertically performed method for immersion silver
deposition according to Table 3, with a silver layer of 1 um thick being applied. The
silver deposition bath contained silver methanesulfonate and methane sulfonic
acid. After deposition, one board of each printed circuit board type was treated in
accordance with the invention, and one board not in accordance with the invention

(for reference).



thick was applied. The tin deposition bath contained tin(ll)

met hanesul fonate, nethane sul fonic aci®d and thiourea. After deposition, one
board of each printed circuit board type was treated in accordance with the
i nvention, and one board not in accordance with the invention (for

r ef er encHgxt, Theaspuabd abtheaboici comtdreinagtsise the boamsovasmdetemmindd adieg net hod of
the inveptiqgn ,had the fqllow ng conpasitjon sed on one liter of

dei oni ze@'evé?%qar%ﬁ.z.e@r}ﬁﬁ- be r&ﬁ%\ﬂ? a‘%g?fﬁpﬁ*éﬂ%gﬁg@ef(puri ty 98 % 14 g/l of
nonoet hanol am ne (850 m /1 in deionized water) 1 g/l of isopropanol pH of

about 10.5. Next, the amount of the ionic contam nants on the boards was

det er m néhie uesulig shovethat thalexient etiionestantaminationidoudd be eopsidefablyh i n Tabl e
2. The resuyltg show that the extent of .ionic cqntamnati coul d be

consi der Eutped iR edritment msth d ot Ris i Radort dRerEAlM e 'on. “The amount
of i oni Ceoarimants dtsSredaced 89 ukRut By %98 % for MP and 87 % for AUS 5.
Exanple 2: Two printed circuif boards, each one coated with the sol der
resi st mask Taiyo PSR 4000 MP, were treated with a vertically perforned

met hod for imersion silver deposition according to Table 3, with a silver

| ayer of 1 pmthick being applied. The silver deposition bath contained
silver nethanesul fonate and nethane sulfonic acid. After deposition, one
board of each printed circuit board type was treated in accordance with the
i nvention, and one board not in accordance with the invention (for
reference). 13 Next, the ampbunt of the ionic contam nants on the boards was
determ ned using the standardized test. The results are set forth in Table
4. The results show that the extent of ionic contam nation could be
considerably reduced with the treatnent nethod of the invention. The anpunt
of ionic contam nants was reduced by about 63 %



14 Table 1. Process Sequence:

Tenperature

accordance with the cl eaning solution

Time Method steps with the Method steps (for
[mn] cleaning solution déed in reference) w thout the

i nvention 5 Pro Select SF Pro Sel ect

SF 40C 1 D. |I. water D. |I. water RT 1 D. |I. water . water RT 1
M cr ot echaltleM. HrotesshSehd&E@e:1 D.1. water D. |. water RT 1 D.I. water D. 1I.
water RT 1 Stannatech Pre Dip Stannatech Pre Dip RT 13 Stannatech V 2000
St annatech V 2000 70C 1 Alkaline rinse Alkaline rinse RT 1 D. |I. water D.
|. water RT 1 T - ter ' SO ] ed in ----

Time” . b8 stels with g
60C accor de;[ir%eé)vm t hﬂgﬁﬁn;@%ﬁ%ﬁéﬁf ink t:':Lc\legte ﬂ? t the watlée'{r"'s)%ﬁlu%l D|l. water
D.1. water RFMHot AdcBafanERith kiese 20 |ea1,iﬁdcgo|,jﬂoqse Hot rinse 50C (20 Dryer
Dryer 60C D. |I. walmientldpi oni zed water RT: roomtenperpture Tabl e |2.
Resul ts: | oirc—contamnatton—in [pg/\,||1 Natcl ct,|uiv<:ul et

5 Pro Select SF Pro Select SF 40°C

1 D.l. water D.l. water RT

1 D.l. water D.I. water RT

1 Microtech H Microtech H 35°C

1 D.l. water D.|. water RT

1 D.I. water D.l. water RT

1 Stannatech Pre Dip Stannatech Pre Dip RT

13 Stannatech V 2000 Stannatech V 2000 70°C

1 Alkaline rinse Alkaline rinse RT

1 D.l. water D.l. water RT

1 D.l. water D.l. water RT

1 Cleaning solution used in - 80°C

accordance with the
invention

1 D.l. water D.. water RT

1 D.l. water D.l. water RT

1 Hot rinse Hot rinse 50°C

1 Hot rinse Hot rinse 50°C

20 Dryer Dryer 60°C

D.l. water: Deionized water
RT: room temperature

Table 2. Results:

lonic contamination in [pg/fcm?) NaCl equivalent

Solder resist mask Taiyo PSR 4000 MH MP AUS 5 GHP 3
With the cleaning solution used in 0.34 0.25 0.06 0.40
accordance with the invention

Without cleaning solution (for 0.99 0.59 0.45 1.86
reference)




Sol der resist mask Taiyo PSR 4000 MH NR AUS 5 GHP 3 Wth the cleaning

sol ution used in 0.34 0.25 0.06 0.40 '@cordance with the invention Wt hout
cl eaning solution (for 0.99 0.59 0.45 1.86 reference) 15 Table 3. Process
Sequence: Tinme Method steps with the Method steps (for Tenperature [m n]
cl eani ngTsbled. iRsocesseBequencef. er ence) without the accordance with the
cleaning solution invention 5 Pro Select SF Pro Sel ect SF 40C 1 D. 1.

water D.1. water RT 1 Mcro EtchCMcro Etch C35C 1D |. water D. |I.
wat e_r RT 1_ Tlrhe &ﬁo@steﬁs c?sb 5! ON S‘Pén'l’% f‘mre
Pre-i mrersi ¢ %’n n? sold’tlo i frl OnerBfe'aﬁa it heRT ger DI,
water RT 1 " ef,.-d cd withawker RT |1 nﬁ@gmd?roadl p 40C 1,5 Sil ver Silver
50C 1 D I water |Ellenhonvvater RT 1 Clleani ng solution used in --- 60C
accordance thtt VE - waterT R 20 Dryen Dryer
B0C Do ekt or P SHEOSR war or 6 Sefect SF e

1 D.l. water D.l. water RT

1 Micro Etch C Micro Etch C 35°C

1 D.I. water D.l. water RT

1 D.l. water D.l. water RT

1 Pre-immersion solution Pre-immersion solution RT

1 Conditioner Conditioner RT

1 D.l. water D.l. water RT

1 D.l. water D.l. water RT

1 Predip Predip 40°C

15 Silver Silver 50°C

1 D.l. water D.l. water RT

1 Cleaning solution used in --- 60°C

accordance with the
invention
1 D.I. water D.1. water RT
20 Dryer Dryer 60°C
D.l. water: Deionized water

RT: room temperature

Table 4. Results:

lonic contamination in [ug/cm?] NaCl equivalent
With the cleaning Without cleaning solution
solution used in (for reference)
accordance with the
invention

Solder resist mask Taiyo PSR 4000 0.10 0.27

MP




RT: roomtenperature Table 4. Results: lonic contamnation in [pg/cm] Nad
equi valent Wth the cleaning Wthout cleaning solution solution used in

(for refer cordance with the invention Sol der i st nmask Taiyo PSR
4000 0. 10"8‘?%@)”“ 2007/ 025675 PC]/ EP2006/ 008315 185%%}’%?%‘?’&’?313 An

aqueous solution for renoving ionic contam nants fromthe surface of a

wor kpi ecelaid®i ng a sol der resist mask and a surface top layer, the solution
5 containing: a) at |east one first conpound selected fromthe group
conprising ethanol am ne conpounds and the salts thereof; and b) at |east

one secohd cd@rpaguebuseabhitioador rromvingeiogicoegntaraimantssfrorg thalsadhod bEasol vent s.
10 2. The aqueous solut.ion according to claiml, characterjzed in that the
ol ut i on addMaTAEET PEDA AT TS PLmenk SR & TGS ConEERdh e SOMPB 11 om ¢ he
gr oupgs conpr i LoRthikgNi di ne conpounds and the salts thereof. 15 3. The
aqueous solution according to any one of the preceding clains,

characteri ze®)i n 8higastene firgtcorspeunrd pelasled fiame thaapupreemprising

h | am ne. . ' 1DG. f th
ronoetranol am e ofg A Ag SREhuAL s BAECEIER Ay oY, one o Lhe

precedi ng cl ai ns, east one al coholic sol vent
I s sel ected fbjyom ehieasirregecmdpranspougndsepectedifrom thedyrowp copanising

alcoholic solvents.
10
2. The aqueous solution according to claim 1, characterized in that the
solution additionally contains at least one third compound selected from the

group comprising guanidine compounds and the salts thereof.

15 3. The aqueous solution according to any one of the preceding claims,
characterized in that at least one ethanolamine compound is

monoethanolamine.

4, The aqueous solution according to any one of the preceding claims,
20 characterized in that at least one alcoholic solvent is selected from the
group comprising 2-propanol and n-propanol.

5. The aqueous solution according to any one of the preceding claims,
characterized in that at least one salt of the guanidine compound is selected
25 from the group comprising guanidinium carbonate, guanidinium phosphate

and guanidinium sulfate.

6. The agueous solution according to any one of the preceding claims,
characterized in that the concentration of the at least one first compound
30 ranges from about 5 to about 25 gfl.

7. The aqueous solution according to any one of the preceding claims,
characterized in that the concentration of the at least one alcoholic solvent

ranges from about 0.5 to about 5 g/l.



5. The aqueous sol ution according to any one of the preceding clains,
characterized in that at |east one salt'‘of the guanidine conpound is
selected 25 fromthe group conprising guani di ni um carbonate, guani di ni um

phosphate _and ,guani dj nium sul fate. 6. The aqueous, sol ution according to any
one of t heSprect® mptoedaggording ioyanst @ne stithe precadingigiaimsoMb@ieindbe on of t he

at | east one fiﬁﬁtofggfg’é’%%us%lﬁl?d}gﬁsin%&?ﬁéé@f’éﬂo@ A0 about 25 g/l. 7. The

aqueous sol ution accordihg to any one o e preceding clains,
characterized in that the concentration of the at |east one al coholic

solvent ranges_fromabout 0.5 tp about 5 g/l. 17 8. The t hod accordin
to any onesof t hge H?%E%@iaﬁﬁo@l'%ﬂ ﬁ’s?nxlxﬂé‘? Bfﬂ‘etwgcﬁﬂ"@fc'%'msdr@lﬁﬂ@ﬂd €sol uti gn

is in excess of il } ny one of the precedin
plake %EldHa%L]?e%ug"%ltrﬁﬁ‘dmﬁqn %RE?ééjbf'ébélﬂ any p g9

clainms, wherein the p aqueous solution 1s in excess of about 11.
10. The method according to any one of the preceding clains, wherein said
nmethod is !IJ ed j

in th duct |. f electgj i t i i, ti |
reinod 1< yged 0. HSRA SISO oLy LESKELC SLrEH, QA She i vorcal
9, wherein sai dngHdPld dsed iH%ﬁé‘gHﬂdéﬁSan‘é@&ﬁé eirc it catigrd niverf@d)t acts on

electric circuit carriers. 1 he nmet hod according to any one of the

precedi ng cl ai nand/ahborzontablings. aqueous sol ution for renoving ionic
contam nants has a tenperature ranging fromabout 50 C to about 70C 13.
The net hod according to any one of the preceding clains, wherein said

wor kpi ece 1% treRé atbtHbd RAce@idhP i anHsns of BlhaiR® 1100, WRER3IH 38id MBtifed is
contam nants for a duration of about” 0.5 mn to about 2 mn. 14. The net hod
accordi ng to anyseshis tbe produgticecefddlegtricicantasts anelagitric sutwit camietker resi st
mask is of the Taiyo PSR 4000 MH, Taiyo PSR 4000 MP, Taiyo 4000 AUS 5 or
Taiyo 4000 GHP 3 type.

12. The method according to any one of the preceding claims, wherein said
aqueous solution for removing ionic contaminants has a temperature
ranging from about 50 °C to about 70°C.

13. The method according to any one of the preceding claims, wherein said
workpiece is treated with said aqueous solution for removing ionic
contaminants for a duration of about 0.5 min to about 2 min.

|

14.  The method according to any one of the preceding claims, wherein said
solder resist mask is of the Taiyo PSR 4000 MH, Taiyo PSR 4000 MP,
Taiyo 4000 AUS 5 or Taiyo 4000 GHP 3 type.

15.  The method according to any one of claims 13 and 14, characterized in
that the workpiece is treated with the aqueous solution for removing ionic

contaminants for a duration of about 0.5 min to about 2 min.

16. The method according to any one of claims 13 - 15, characterized in that
the solder resist mask is of the Taiyo PSR 4000 MH, Taiyo PSR 4000
MP, Taiyo 4000 AUS 5 or Taiyo 4000 GHP 3 type.



15. The method according to any one of clains 13 and 14, characterized in
that the workpiece is treated with the agqueous solution for renoving ionic
contam nants for a duration of about 0.5 min to about 2 mn. 16. The nethod

accordi ng of clainms 13 - 15, characterized i sol der
Ceotot madiB R RRIC O yo PSR 4000 WM, Taiyo PSR 400(5’%%%?‘}“?‘8‘?8% 4000 AUS

5 or Tai 4000 GHP 3 type,. 2007/ 025675 PCT/ 006/ 008315 . 18 17. The
et hodatbor di Ry MEMCAAPBIRNG 0 ABPRE OF SEmS 63 —cIh AReAeTZEd ID{hetha e
surface top |ltageurfhse iBRdl8y&is IndtR! 6 a ARkA Gerdtdd RoMithE 86 M BomBABINGST NY

bi snmuth, tin, gold, silver, palladiumand nickel and the alloys thereof. 5

18. The net hdismetoetini grid: silver. paflpdivm andipigkeland.tbg allays thereethe surface top
| ayer is deposited onto the workpiece surface using a deposition method
selected fromthe group conprising el ectrol ess, chem cal and

el ects och&ni cHie methuddscoiding o claime 1ifechrardctadzed oh thgt the surfacetepof cl ai ns 13

- 18, ch teri in.that . th f t op | is at.| f
sol der abl e ard eI s HapPstediint Y wHpiE sl fiRo s Bkl HEpAYIOL BRI ng 1 o any
one of cl ai meselétted f8m thBYroGd eérin?ﬁ@ingrelédh@tess;éhérhﬁ;an@ﬁmod further

conprises rinsing the workpiece at | east once with deionized water before
and/ or after dlestrghsiijadenatiods a treatment with the aqueous sol uti on.

10 19. The method according to any one of claims 13 — 18, characterized in that
the surface top layer is at least one of a solderable and bondable surface

top layer.

20  The method according to any one of claims 13 — 19, characterized in that
15 the method further comprises rinsing the workpiece at least once with
deionized water before and/or affer being subjected to a treatment with the

aqueous solution.



