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COVPCOSI TFON AND METHOD FOR REDUCI NG COPPER OXI DE
TO METALLI C CUPPIR402 Rel at BET/HBHYI36%t i on
This, application is a continuation-in-part of U S. Serial No. 08/574, 946,
filed 5 Decenber 19, 1995. Field of
the I nvention ' The present invention relates to a conposition and
nmet hod for reduci ng copper oxide to nmetallic copper in the fabrication
of multilayer printed circomMmpPOSEIION AND METHOD FOR REDUCING

Background of the Invention 1 O Successful fabrication of nmultilayer
printed circuit boards requi COPPEBNAKIRE TO METALIErCOPPEBpper and resin

| ayers. However, direct bonding of copper and resin | ayers does not
provi de sufficient bonding strength. Therefore, it is common to | mprove

copper resin bonding strength by de L4 ; copper surface an oxide
| ayer, such as cuprous oxide, cupri (F:Weg)b(fldégﬂpgl?ct{t@ i ke. Formation of the

oxi de |ayer, 1 5THii 4gplicktios ié BecdpitiMuatiopfiarpastiof &S, Behbladt: DBIETY QA rfiled
creates m nute unevennesses on the copper surface which provide an

i nt erl ockd nPesemmier 1t 1R, t he copper surface and resin, thus

I mprovi ng bondi ng strength. However, copper oxides are readily
hydr ol yzed and di ssol ved upon contact with aci d. Because various acid
treatnments are used in |ater stages @ﬁjgpgﬁ%ﬁﬁ@hganof 20 nul tilayer circuit
boards, oxide | ayer deposition has geen problematic at best. Acid

attack on the oxThe pregeat inventionrelaltes toed eoresbsitivn and hethod st redueing” qopper
ring", because as acid strips the black-brown oxide |layer fromthe
surface, a PKife r mesrilic copppr iktheolabeicatian (feguliavgs mrinted circuit boargdg
probl em of vulnerability of the oxide |layer to acid was solved by the 25
met hod described in U S. Patent No. 4,642,161 to Akahoshi et al., herein

i ncorporated by reference in itsgaBkifcRing of th INgah@ehi et al . patent has
been assi gned

10 ~ Successful fabrication of multilayer printed circuit boards requires bonding
together of copper and resin layers, However, direct bonding of copper and resin
layers does not provide sufficient bonding strength. Therefore, it is common to
improve copper resin bonding strength by depositing on the copper surface an oxide
layer, such as cuprous oxide, cupric oxide, or the like. Formation of the oxide layer,

15 which turns the pink copper surface a black-brown color, creates minute
unevennesses on the copper surface which provide an interlocking effect between the
copper surface and resin, thus improving bonding strength.

However, copper oxides are readily hydrolyzed and dissolved upon contact with
acid. Because various acid treatments are used in later stages of fabrication of

20 multilayer circuit boards, oxide layer deposition has been problematic at best. Acid
attack on the oxide layer is commonly referred to in the industry as “pink ring”,
because as acid strips the black-brown oxide layer from the surface, a ring of bare
pink copper becomes evident.

The problem of vulnerability of the oxide layer to acid was solved by the

25 method described in U.S. Patent No. 4,642,161 to Akahoshi et al., herein

incorporated by reference in its entirety; the Akahoshi et al. patent has been assigned



to Hitachi, Ltd. The Akahoshi et al. nmethod is al so described in Akahoshi

et al., ' fobin VOr | d 14(1) (1987), and in the Htachi, Lcal
publi cation %gﬂﬁm Chem cal Reduction Treatnent of Copper &‘?’é‘ég’%@?ﬁﬁ
Met hod ( Technol ogy for the Eli m nation of Pink Ring", both of which .

references are herein incorporated by 5 reference in their entireties.
In the Akahoshi et al. nethod, the copper oxide |layer is reduced to
by neans of a reducing solution containing an am ne
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contrast to cupric oxide and cuprous oxl n aci

t he net BlirinationpperPiskirRinge, bosldfi Aaidh ealeréincdse dtie thepsinPinesRstTateth ibyh
is the same bl ack- brown color as the oxide |ayer, has good acid
r esi st an®e. referenee dn éheiy entitatissng t he copper oxide to netallic copper,

the acid resistance of, the surface or panel is 1 5.increased, .and there |s
a reduced i kel .ﬁﬂd@a %'Fa*?‘?fé"% a?‘&ﬁ'&%‘goﬁ‘he"‘b‘?ﬂﬂ@’rq’ﬁﬁe fayer Is reducedrtp, metallic

presently r Wqﬂﬁéﬁ'@oggg%%:iﬁk@ﬂti% %oﬁ?ﬁﬁné%noémfn%%% g cBHﬁ:roiugp as the

oxi de to net c ‘copper oranes represented by e “gener

formula:  actRidredutiNgRigent WTReGhinuR: BREVERNeasss GrRatedPoBid 8bpsd! REtRd fféam
the group consisting of H CHerr], and CHerr]CHerr]), such as

di et hy| ani @edatieraremgiDNniy wingireduntion sshtiadibe nxgalliBeoppse sanfaceptroiuand s
SO O e Bt o KRS, 0 S
clearly desidPat {0 cUBME! BRI EGHIRRE! é’)ﬁdé?%ﬁﬁéf?%régﬁ}b %@leiﬁ%elnzﬁﬂdé the

| ess expensive than the am ne boranes, while ensuring t

copper | ayemnetallic casndrtsunigcé resulsng froanttal fredutiidn podeesluahitt i8ahakaimashigeed
bondi ng properties and 25 acid resistance. . ) _
Sunmary of QTR eRlenas she oxide layer, hap gond asidhmsistenee. (Tinesefiore bitreducing the
provi des a &

sit.,on for reducing a.copper . oxide.layer to netallic .
copper so asoq{%?fé\%figipatr%ets@ﬁdf : 'rtggi%'?oref‘ﬁéaq‘fﬁ af 1§ 85'63%? or pe_meﬁ 1S
-2 - 15 increased, 3N® tREBNEY fddRBed MEbiiRR aﬂtr%qm&aﬁeéwp&ksm tion
containing a cyclic borane- conpound. Exanpl es of such cyclic borane
conpounds i ncl uddenpreslently iendven aeducing agenpewhicharbaapable pfreédlioieg cupric
borane, piperazi ne borane, 2,6-lutidine borane, N N

oxide to metallic copper are amine boranes represented by the general formula:

BH,NHRR' (wherein R and R’ are each a member selected from the group consisting

of H, CH,, and CH,CH,), such as dimethylamine borane (DMAB) and ammonia borane.

20 Because amine boranes are costly to manufacture, they are quite expensive, which
resuits in high operating costs for the reduction process.

Thus, it is clearly desirable to develop an alternative reducing agent which is

less expensive than the amine boranes, while ensuring that the metallic copper layer

resulting from such an alternative reducing agent has good bonding properties and

25 acid resistance.

Summary of the Invention
In one embodiment, this invention provides a composition for reducing a copper

oxide layer to metallic copper so as to facilitate bonding a resin to the metallic copper.



di et hyl ani | i ne borane, 4-nethyl norpholine borane, and 1, 4-oxat hi ane bor ane.
5 . In enbodi nent, the present invention provide

i npr ovenent ?‘{)W%J)EEM met hod of bondi ng copper and a resin togé?ﬂg?%{/%@lﬁei n
a copper oxide layer is reduced to netallic copper and the netallic
copper is bonded to a resin. The i nprovenent includes reducing the
copper oxide layer to netallic copper with an aqueous reduci ng sol ution

cont ai ni ng _g cyclic borane conpound. 10 . It is an object of the
present i nveRgiCOMRLSHeR ineludas ag) aqueexsi redusiagugglvtion gentaining & syclie borame

bor anes use (o[FTey oxi d er metallic, copper so as
to facili ta‘?%ﬁ'géwé?'ng& g é%? %P? g&{ ﬁééf?eﬁ%'{aﬁécco{ég%‘é?és mc'lu@ nx%rgh\qltr\esborane,
anot her obj giperidinet BerdteSeMidihBVEsrahe gierdeineeBsfinepes & Itdirf® Yofane, N,N-
associated wth cquer oxi de reduction processes. 15 O her o%j ects,
advant ages, digthylaritine besand, 4imetbybsenphoiine doraran anid 1,4exathiane bormppar ent

fromtheSfoI Iovm'ln% Scﬁgdfi at i on. . ) . . Detailed
Descri pti‘on of tReNGI0EheMARdiment, the pregentinveatien H5R¥IdEF AR inprovesent sesa

a conposi tignang W?Q%@%%ﬂﬁeﬂ%d‘% resin (088REr Wh&id & BEHAL bsiag dR08! is

in the fabrication o printed cir
previ ousl y rdesced bed merahieetoppérdand ethec kriedallic Scapidri isUbahded 48ed Uesind ]E'h?e

manuf acturing of multi-layer printed circuit boards because formation o
t he oxi de IMpreypeentinclobes uedycinpethei enprasppdde daydratoe metblliacddoppeowaith an
col or, creat 1 nne%ses on tgfc golpper surface which provide

an inter| octd Sé’rﬂéprilétgﬁfzin@eﬁqmﬁﬁglcﬁa ainiNg}Hy UAN&SPARR M Esin, thus
| proving bondi gissad 8RR oP'ind BReseRY fvantibA WS\ bvidg brPRFRHEEYE ARRRInG $hERP

are soluble in acid, e oxi ayer 1 s vulner e to acl

The Akahoshio e arhinentdrbads ety ¢t icdacipgab teppaioxide |ayer o vwdtaricaldgpet $o0ds
t he oxi de | ayer. According to that nethod, the copper oxide |ayer is

reduced to Wekesilitate bondipgiessimio teametallicLappgtci ng sol uti on cont ai ni ng
an am ne borane npou as ,th . . ' .

-3 - £ e it RE g HESeRh P ATHIANe to ARALRARS: QBETatingacaats
on_the COPREIsoEiMEdGrith toPber oxi@s! b pRSEEsEe{ Ol | Ovi ng reduction, so
that the netallic copper surface produced’ as a result of the reduction
process1hi | | f orfQthar sbfetis,i &htdnyagds, aing featstenidftha presént, inassltion will @come
metal lic copper surface resulting fromthe reduction process, which is the
sane 5 bl aFefoBbths fellowing specticatioper, has good aci d resi stance.
Because good acid resi stance indicates that the copper oxide |ayer has
been successfully reduced to metal lic copper (despite no change in

color of the surface), and basedfied Désbription of the Invention

The present specification describes a composition and method for reducing

copper oxide to metallic copper in the fabrication of multilayer printed circuit boards.

20 As previously described, copper oxide reduction is particularly useful in the
manufacturing of multi-layer printed circuit boards because formation of the oxide
layer, which turns the pink copper surface a black-brown color, creates minute
unevennesses on the copper surface which provide an interlocking effect between the
copper surface and resin, thus improving bonding strength of the layers. However,

25 because copper oxides are soluble in acid, the oxide layer is vulnerable to acid attack.
The Akahoshi et al. method solved the problem of the acid vulnerability of the

oxide layer. According to that method, the copper oxide layer is reduced to metallic

copper by means of a reducing solution containing an amine borane compound as the



nmetallic copper surface retains the m nute unevennesses created by the

earlier oxi dati on process, good acid resistance also indicates that the
nmetal lic coppaosazagzace 1 O resulting fromthe reduction proceIgusasiodsohayve
an excellent ability to bond with resins such as t-hose described in the .
Akahoshi et al. patent. Such resins include epoxy resins, polyimde

resins, polyam de resins, polyester resins, phenolic resins, and

t hernopl astic resins such as pol yet hyl ene, pol yphenyl ene sul fi de,

pol yet her - i fgid8 reducih§Hgdft. TRE mihtQ & Rnhessek Greated on THEEcAPPENSUPRICBTASM
di scl-osed in the Akahoshi et al nethod are represented by t he general
fornul a: BHsdigiRRN wmeainifolidwingdeRuctiore seatttat aherordialtic coppert suffdgeoprioduced las
%r_lgup consistin q‘fthe reg:Hét?r and err Cerrr as represent ed bel ow

a resg focess wi orm siggng bond with a resin, and
'['Er . the m@@éﬁmr surfaceﬁg%f_ll‘gng from the rewm, which is the same
-4 - S black-browilder asrtheokidedayer, haslgodel attideesigtamce neBémmauan ggaaacid
amoni a borane. However, such am ne bor anes ﬁre expensi ve;, furthernore,
after conplT8BISEINGH indieataedhpbghe coppeigaxidediaver é%;?ﬁ@ﬂ Yigcgesiuly radesed tae

am ne bor angs, 4 cgngﬁgggsﬁo{%n{wg haﬁgﬁch' Elor of h%oél}ﬁé&n gﬂg%‘a?;%fsé such a

greatly in excess © iong rlcal y reqU|
metallic copper surface retains the minute unevennesses created by the earlier

oxidation process, good acid resistance also indicates that the metallic copper surface

10 resulting from the reduction process will. have an excellent ability to bond with resins
such as those described in the Akahoshi et al. patent. Such resins include epoxy
resins, polyimide resins, polyamide resins, polyester resins, phenolic resins, and
thermoplastic resins such as polyethylene, polyphenylene sulfide, polyether-imide
resins, and fluororesins,

15 The amine boranes disclosed in the Akahoshi et al method are represented by
the general formula: BH,NHRR' wherein R and R' are each a member selected from

the group consisting of H, CH,, and CH,CH,, as represented below:

. _CH,
BH,N BH,NH,
20 H,y '
BH,NH,CH, BH,NH,CH,CH,
H, H,CH,
BH,N BH,N
H,CH, H,CH,



5 such reduction. Thus, reduction of copper oxide by am ne borane conpounds
typically resiybbgaissr hi gh operating costs. The pr espotrusss/sadsor
di scovered that an aqueous solution containing a cyclic borane, in
particul ar, cyclic borane conpounds having nitrogen or sulfur as a ring-
form ng nenber, such as the cyclic conpound norphol i ne borane, OCAHNH: BH3,
Is 1 0 very effective in reducing copper oxide to netallic copper so as to

facilitat N (aoueing Copper O o | c ot f
oot ot onTHPS4 Bhine pofdned iNGEAE dirfetrifariebdrafe 688 RHmbAis AFaf8" Hsweler,
bl 25‘;" | ”6139‘5*@‘@“%@”5@"6%8”#@&&%?wsﬁﬁe;afdr{rr&mfo%,whﬂgr com;ﬂ@ﬂ?gmf] fi%c Haawed

Mor phol i ne bahuarieni of dopper exjpensirfeees otheasmoirecharares hrencariseinzgd imetHeoreanetion
such as DVAB, presently used in the reduction of copper oxide to netallic

copper . sqiNEiopeNt aMBURLS ateally ingreess idfdhsameen stotgijiemetrigaliystaguired) for

conpared g o B l.ch 2Q,has a ltin oi.nt of. rrl. (9 rr] E).
Because ot FREN oSl dnHg. perdRto, &, Fa Shiad b elink Heghr dimagupes
obt ai ned byyghishiy tedul@NnaHigREBeeitingPESsigure. On the ot her “hand, to
purify the ['ower-nelting polnt conpound DVAB, vacuumdistillation nust

be used, resultiTige ipreddrgnvemandistolverédhthatast sqlenusnsolptioh icomtaioirane ayslic
conpar ed to DMAB.. This rel ative ease in manufacturing norpholine
borane as cBAffEdNtRAMtiCUIAR eiclishelare camPOLRASDVAENG NEEpgeR or Fulfyrias a ringes
cost saving t.hereb stgnificant.ly decreasing.,operating casts fQlmthe
copper oxi didfwaﬁﬁ?'ﬁhebr%‘&bg"é. the Cyc‘i'? co Hﬂ%@%eff‘f’%&"ﬁ)'ssﬁ’g%%’g%f6@0‘%‘}\@@% IS
borane ag ayeRAeGEOABERHUMRAY GRIRF BkiHddto metdilic BbASESSS S 18 faeiiedle KordiRg
coat ed copper ‘panel through a“reducing sol ution

- 5- of a resieaot thienmegalliorcoppkr ire thercanese Bédalwisstidmeofmenalkilayer qopmed
surface produced from reduction is the same brown-bl ack color as the
oxi de | ayer Cir¢yg beatdse Tlee epaipound maiphebne Peranerrantaing MitEpgenh A& RCEaFITENNg

are neasured to, test the efff:ctiveness of
member, as shown below.

15

BH,

Morpholine borane is less expensive to manufacture than the amine boranes,
such as DMAB, presently used in the reduction of copper oxide to metallic copper.
The melting point of morpholine borane is 98° {208°F), compared to DMAB, which

20 has a melting point of 36° (97°F). Because of its higher melting point, purified
morpho!_ine borane can be obtained by distillation at ambient pressure. On the other
hand, to purify the lower-melting point compound DMAB, vacuum distillation must
be used, resulting in higher manufacturing costs for morpholine borane as compared
to DMAB. This relative ease in manufacturing morpholine borane as compared to

25 amine boranes such as DMAB, results in up to a 50% cost savings, thereby
significantly decreasing operating costs for the copper oxide reduction process.

The effectiveness of morpholine borane as a reducing agent was determined

by processing a copper oxide coated copper panel through a reducing solution



t he reduci ng process. Such paraneters include initiation tinme, acid ,
resistance, and 5 weight |oss of the copper oxide coating after reduction.
The initiati oMOBPAS02 s the time required for the reduction of PERUSERAE, -

oxide to initiate. When the reduction reaction initiates, hydrogen
bubbl es rapidly formfrom t he copper oxide and continue until the
reaction is conplete; preferably, initiation .occurs within 4 m nutes.

The acid resistance is determ ned by i mersing the reduced 10 copper in an
aci d bath. Wehedihing mepsifslineUsorares Bevagee the nestaliictduppedsuciapp aroduceattfrom
one suggested nmeasure of acid resistance is whether the netallic copper

| ayer can redugtigrstiarttheasanher bedwndirak fcolorags [thasexigpolayesothgrauaies several
Thus, t-he effectiveness of t he reduction process can b eterm.ned b
resi st ance tpéradBP'EFrﬁt"f‘é%rk?hafh%pWeﬁrﬁ'Pﬁe which BEEE"E‘F’S?W(QC T[?a??éﬁ? tgﬁgg{e&&vgpﬁ?%gg
the effecti dugf, inchuideirPPRRST 1iRd, 4P Adked1ah 88 S8nd
wei ght V\hen\ﬂt?ﬁgé@oégé%&)pgﬁsgé ?éétﬁ)@gﬁ:@%&§%§nd}eashrl ng the " ' Wei ghtal [oss
of the CO@pQﬁei?m' s ndk, cdpprer XY edatirepaftef rededtoni on can be

determ ned. A [ow weight |oss indicates that the copper oxide is not fully
bei ng r educedhe nitétombingg isvibiedgime Iregusiradsfog tbe requatieancfitheogoppss meside to

panel .20 inifiate.s\herl i redusdion 1E3R18) MOFIAoMHCoW0T Bieben dombl. By
th b X at L D . t - O
the copper S FRER oRIdE o G e T8 i

m nut e uneveRBERSKRhRNABIRUtdE The adl@rédistance iyeterminetidyeimnedirgethef reduted
nor phol i ne borane reduction to forma sufficiently strong bond with a

resin. Sl2hceppemis amasiddetiepdistatiesiopser pyvivasilengerin agigsthas donsriRer exides:
ins, and th | ast i i h | yet h | yphenyl

Ul 11 de, " poloyE: HERESTR B A0 ST aBEraeI T aheT LoMe e nRaII FagRtayer oan

copper and wi}%{‘)t@ﬁ& %Eidhr@é%‘céncé%rtdﬂll e&fabwdt@c?ﬁwiﬁm{e%wTh@%éseff‘e%@i_vlaﬁess_ of

successful ly ricated. above criteria were used to identify

t hat nor pholtheeedartioiepidcest foaet be determined bgdesistanoeoiapeacidoattatk. t The weight
metallic copper at concentrations ranging fromabout 1 g/l .
-6 - loss of the pansl @isa idgterminesthe efiastivaness chtBeSAHFHEN £I/PEFH tH

boar os. - The CRPEREFHER PabPnars weTa afie fb Condlt ildet Fhadted 87 ritéspithg the

of about 2. ?/vélght t18sd & thd/doppel dIddé igaiedr the? contilbtentbe of redubttil ican be
further described and illustrated with reference to the follow ng exampl es:
5 determined. A low weight loss ingigatp$ éhat the copper omﬁedqmu@lly being

040110 SOLLAL O Vs BLERR S RO, b Sl HA B 2 Gher o8 G Ve
angl gOB;r Olmide b§ YE&icPBRExi@ VfRr oA ARektaicddppaPpYReimeNt i oned copper
20 Successful reduction by morpholine borane, as measured by the above
parameters, Iensures that the minute unevennesses created on the copper surface
from oxidation remain following reduction. Those minute unevennesses enable the
metallic copper surface produced from morpholine borane reduction to form a
sufficiently strong bond with a resin. Such resins include epoxy resins, polyamide
25 resins, phenoloic resins, and thermoplastic resins such as polyethylene, polyphenylene
sulfide, polyether-imide resins, and fluororesins. By bonding together copper and
resins layers, multilayer printed circuit boards can be successfully fabricated.

The above criteria were used to identify that morpholine borane is effective in

reducing copper oxide to metallic copper at concentrations ranging from about 1 g/!



i mersing the panel's in the reducing solution for a 4 mnute dwell tine.
The initiatiwg 9§,dg %]l me was recorded. The percent wei ght | osgc9fusbdissagorper

oxi de coating an e tinme that the resultant coating survived a 10 %
by vol unme hydrochloric acid bath were recor ded. " An aqueous
reduci ng sol ution was prepared using 2.7 g/L norpholine borane and 15.2

g/l sodi um hydroxi de. This vvas the experinental formula used to determ ne
15 the eff ctiveness of m)r b ne as a redu a and cont

the o Cst OPCHIGRRRTH CIne U I SOREh dofesThie 1 TLqlic GAPRPRAD TR
216 gL BBBcatio r&%ﬁhﬂﬁ@%ﬁﬁf&nc.@f 0BRRRY.S THY BrdfBIFBE SABranbiindCoorane
reduci ng solution for a elnitiation time was
recorded. Toacpetration isvin gy rangesofodbdute?. Gxg/deo 16. 8 gyhtin pgrieat, I 7td/lve The
that the resultant coati ng survived a 1 0 % vol ume 20 hydrochloric acid
bath were rR&Hipsds further escr'bsétandmmaéﬁ@vwérmmanﬁeteéh%ﬁ@lqmn@ egmnlesd
fromAl dgi ch Chem cal Conpany, M uke?é W sconsi n. Sodi um hydr oxi de
was obtained fromHill Brothers Ch &onpany, Orange, California.

The results, preagergadoli® rEa@&;aglsolbﬁbﬁvaas nshepaiedl Ly MO6 PEYL! diRfethQTatRRe
25 effectlvely reduces copper oxide to netallic copper.

-7 - borane and 15 2 g/l sodlum hydroxide. The solution, at room@e;rature, was used
-lﬁie(rjnl;c' ng A ena'g c«p_rbtggl to reduce cop@%rl %)ilcgq.]gcfmgeé on the abov lﬁgpgﬁpﬁeer panels gy,
E g(r:ane 19!1\4713%'5/213 Cthe pan@ﬂslé t% '?%/doucrng solution f%r4 a g%frﬁﬂ@ dwell time. THYRRRLLRE

Exanpl e1@ time was recdtuedpr Esepérceny aright Ibesdithet duppel foxitte steniegsaraf the time
morphol i ne Rgtr %Qee rgstul'?atnqecroatmg survived a 10 % by volume hydrochloric acid bath were
recorded.
.An agueous reducing solution was prepared using 2.7 g/L morpholine borane
and 15.2 g/l sodium hydroxide. This was the experimental formula used to determine
15 the effectiveness of morpholine borane as a reducing agent, and contains the
stoichiometric equivalent composition of -BH; to that contained in a 1.6 g/L DMAB
reducing solution. The panels were immersed in the reducing solution for a 4 minute
dwell time. The initiation time was recorded. The percent weight loss of the oxide
coating and the time that the resultant coating survived a 10 % by volume
20 hydrochloric acid bath were recorded.
Both DMAB and morpholine borane were obtained from Aldrich Chemical
Company, Milwaukee, Wisconsin. Sodium hydroxide was obtained from Hill Brothers
Chemical Company, Orange, California.

The results, presented in Table 1, below, indicate that morpholine borane

25 effectively reduces copper oxide to metallic copper.



concentrations. The saturation concentration of norpholine borane in an

aqueous ég&ion of 1 5.2 g/l sodium hydroxide in the range of

appr oxi mat el 3’9 "2 . 60 g/1. 1 0 The results, presented in AGHUS98MH3406
bel ow, indicate that norpholine borane is an ef fective reduci ng agent
at concentrations ranging fromabout 1 g/l to saturation.

TABLE 2 Concentrati on of Initiation % Wei ght Aci d
Mor phol i ne Bor ane Ti me Loss Resi stance 15

0 g/l > 4 mn <5% TABLE1 < 10 sec 1
g/l 69566 17 %. 45 min 25g/ |
3 sec Redumpng Agent |50 Ipitigtion % Weight 50 g/ IAcid 7
sec 20 % 50 mi nTime Ldissh r eppe®iesistaride aln ne
borane educi 1l anefEthyldnling® (N0Ws REL TN aTg 75 gl Dpr angs SRR {0
.be consuned evien aftgr.all of ghe cupric oxjde on the ppnel S ha been
reduced to COH 2 b additional Jcupric oxidelis introducedfinto
t he ol ut i [dMorrimlinenBerana of tide3secne jbor EIT %ont | nueS4 AF trim
reducti on of the copper oxi de panel s because, it Is theorized, the
reduced copper oxide fromthe panels is still present in the reducing

solution, and may be reoxidi zed or nay Examiplg2e the hydrol ysis 25 of the

am ne bor anes. erefore, .the.am ne boran are consunmed jn greater than
the st oi chi t?ﬁeéeahﬁu’ﬁptwgtféé%ﬁgﬁk}e teg*sercé‘aae%sst ﬂg%ab@fn%kpt@%ﬁt pther

panel s. Th%qncen%@i@ﬁ@j V%&QQ%HI?H\ %Bn?én'&gﬁoﬁ gﬁgﬁé{b?\ioﬁgg tor&rbeogrt?ﬁ:a%%%us

usable lifetine of the reduci ng solution, el'yre

hi gher opersatutimn o0b4t5s2 gl sédiemphpdrexiie in the range of approximately 50 g/l - 60 g/l.
- 8- In a co-pending application, the present 1 nventor
di scl 0shQ (T resits, i iesented in Tableug ibsfowt anditatesthatt moshalincoboeame is an
reducing s L.ons._decreased_ am ne boranpe . consunption to between
Cbout 13 oot PSSt sEE nanae A heaRbafigns srngind dyedbout | a/hte Retumsence
of such stabilizers. Suitable reductionyagppijizers disclosed in the co- 5
pendi ng application include thio-containing (-C =S)NH err]) conpounds such

as thiourea, CoridemtpdtRrcoOnt ai NiyRigiaticher r H[cygrw]a@mrr]) CORRRNds 3$uch as
tolytriazole anﬁlo‘?ﬁﬁ@lﬂ{ééé‘é‘ﬁ%e TinsoXxazo e-c?_%%i ning (gd&HRHEENO
as—3—gfto e hi-azg

corrpounflg suc l—as—3—aftrreo—b—rethy-sexazele 3
0 @nglés mer capt obehMibhi akol e< % % dadol e< 10 sec

(-NCs-) mpoynds su
1 g/l 69 sec 17 % 45 min
25 g/ 9 sec 19 % 50 min
50 g/l 7 sec 20 % 50 min

With respect to the amine borane reducing agents, it is known that the amine

20 boranes continue to be consumed even after all of the cupric oxide on the panels has
been reduced to copper metal, and no additional cupric oxide is introduced into the
solution. Consumption of the amine boranes continues after reduction of the copper
oxide panels because, it is theorized, the reduced copper oxide from the pa"nels is still
present in the reducing solution, and may be reoxidized or may catalyze the hydrolysis

25 of the amine boranes. Therefore, the amine boranes are consumed in greater than the
stoichiometric amount necessary to reduce the copper oxide on the paneis. The
excessive consumption of the reducing agent shortens the usable lifetime of the

reducing solution, and ultimately results in higher operating costs for the process.



containing (-NCN-) conpounds such as benzi m dazol e, and sul f one-cont ai ni ng
(-SA err]H b ogpupounds such as sulfam c acid. A?Cf/%%ﬁ{dsmd I n
t he co-pending application, the selection of a particular stabilrzer
and stabilizer concentration is based on several factors, including the
foll ow ng: whether the reduction process stabilized by a given
concentration of selected stabilizer is initiated wwthin a reasonable
time (preferabl Y i%l | ess t.han at:'ouh. 1 ? 4 m nute.szl, vvhg(ﬁjher the netallic
copper |ayer restl £i5%PEPYRE: FRPICALIONs theiArpsRt inventor discioses fhat @dditiop of
resistant t tdnd e : | i
Fedfeit e Efa%ﬂf"zef@'i‘ﬁ atHP@ 55%&“%%@8,[ gLng Q&.UEIHQF td{ﬂeage%sge?i gbﬁﬁg}&éne

whet her the netallic copper layer can wt acl

about 30 ni cotmahptienco betvabery abstret 1%y td BE Wb eIk BERIME! ArisRimflorsh&F &4
stabilizer actually results in a decreased consunption of the am ne

bor ane reduilfi g alisence ofguch stabilizens IGuitable eatiictignagipbilizertsi dincloskd lin the co-
respect an cgm ne gorane sol ut h.on . conéi fti n[% of 1.6 g/l dinethylam ne
BNANG APPUGHAMINRER dRiogrentpindte GEF T 5)NH,) carprounsis suchy as thipwrea,

borane ard A
Comcentror | AEERBRORKIAAG (kR oA oS! 0. AR g e GBS
X

, benzoisbkazslee -©,HNO) ; ' | iBgxAeslse
BB”m) 25 nercapt obgﬁgﬁﬁﬂ% az(g:] e (ab%ﬁ?aghg%gsn%?‘t tt;@eénz:?iirgn' dazgl #m%&@g&&

ppm ; and siflidazaie-containiagi ENCSsuombolings | JuchTae neve getotiengo tigdol €, ainidazole-
al so di scl oses that t@&eases I n reduci ng agent concentration and
t enper at ur CXHANRHE NS eprapaypes suehas Seprimidazols, rangisultonereasitaining (-SO;H)

concent nat i . . -0-
The pr eggnt&%}ﬁeglﬁrt‘%sr sH?Q@S\F&If@mFﬁ&fd‘copper oxi de reduction by norpholine

borane can be siAg |ddscyibsd alpl khe &b-pending! SppIRdioR, CRRSYORELBA 8f a ﬁafﬁ‘%“e'%r

nor phol i ne bor ane. The nor phol i ne borane reduction process, sta

by t hi our eastabiizéniandasebilizer concentragisonabbesdd on sederahdacrirs) lindlugingPeie
| ayer resulting.fromthe stabilized reduction 5 process is resistant to
aci d attackiolR¥ingx aphether the FRAUEION PrAGESS oftabilized yr addiveatconcentration of

reducing s | | St-1 0Q,: . I hol.i ne borape and 1 5. /1

[ educt 19SSl 0GP M BlocP i TBEHRIN 5r BG40 s B poour
t hi our edsi M anFRABSNTWABIHER the midtalliBecdpbidapér ARRMInG fRorRPRd wﬁ%&%biﬂze%
ppm The present inventor also discovered that, as was the case
in his co-gédurtign1proceppliscedsisiant rnedacidngttagkenfoneosuggdstad | measm@ of such
t enperature ha¥e an effe%t 0 effective concentration range of the

h
stabi | i zer .P§FaNcRfpYRet Pt madell RgPB®N layeoan withstand aeidmftesk tasoaltleasty
g/ L mor phol et By Aisud8F aha %éﬂﬁ %elmé%%r&“rngnég{tﬂtpo% of selected stabilizer

actually results in a decreased consumption of the amine borane reducing agent.
20 In the co-pending application, with respect to an amine borane solution
consisting of 1.6 g/l dimethylamine borane and 15.2 g/l sodium hydroxide at 80°F,
the above criteria were used to identify the following preferred stabilizers and
effective concentrations: thiourea (about 1 ppm - 13 ppm); tolytriazole (about 0.50
ppm}; benzotriazole (about 1.0 ppm); 3-amino-5-methylisoxazole (about 100 ppm);
25 mercaptobenzo-thiazole {about 10 ppm); benzimidazole (about 10 ppm); and sulfamic
acid (about 10 g/l)l. The co-pending application also discloses that increases in
reducing agent concentration and temperature can increase the upper limits of

effective stabilizer concentrations.



the tenperature fromabout 80[err]F to 1 20[err]F increases the upper limt
of the effective concentration range of thiourea stabilizer from about
1 5 ppmto awowsis2p2ppm 1 5 Increasing the norpholine boran®CTaise#MPat i on
to 16.8 g/L, at about 80[err]F, increases the upper Iimt of the
effective concentration range of thiourea stabilizer to about 1 60 ppm
at a norpholine borane concentration of 1 6.8 g/L, if the tenperature is
increased to 1 20[err]F, the upper limt of the effective concentration

range of thiourgae ?reséhﬁl%\}én?c@i‘ dis'&%b@?éﬁeﬁwétocoﬁfék'toxm rédiBtiotPby morpholine

General Procedures for Testing Stabilizers In order to test the
potential shaabné icaarbe ditndl aply stahilizedraceas tr radueatoetsuegitionry’ morphedingthiovanse.
simlar to those u in an actuyal copper oxide reduct rocess., . The
reduci ng so]tfiﬁ |”i‘)‘?f§ P@ Rorane 66& Q%scéﬁ%\r‘z%gﬁé q}g’ééuése"ﬂﬂﬂerﬁ’g'rhﬁ

act ual orPu Hdb lé)fbt'r% a%%eﬁ“qu %gﬁé? la ggfpé)sqﬂtlﬁélh%‘?n Etﬁg%'tm%iéﬂr{]er&%ctlon

reducing s 1 on a uce copper panels 'are renove

remai ni NG - GBPEYs XSSt 6 WeRPattack. f pé.t SRIMPEPIHY Sre8bnt MG eh B HiddtyePdtPHat
resulting in overall consunption of reducing agent in greater than the
st oi chi orretar redlmmglrstolutwessasrymﬁgrofr 2dugli mmrp}ﬂolmpberane andxitda@ gfh sodéum

panel s. sunpti on of uci m of copper

oxi de and t "Q’Gﬁgtﬁ?{hq CBP’dr%Eﬁﬁbﬂ&eQ%fah @édig iﬂ‘ﬂe%é” actonceNHaEon
The - 10

concentr at |'8r¥h8fra %eeogggaglt r%g5 g&enfo OUtaP\gI%Hl cally determned initially
and after 24  Thehswesgnt Mv@nt&ISIEE didcovelrdd HdtPBs was the case iRisRASpeRdiAg
negative effects the potential stabilizer could have on the copper

oxi de réBumrptisationc eeduaieg egdet eoncertiatign mndcmpefgtlaecbm@anoe&fw partbe

through 5t pe reduci ng so] ution co ai ni Bﬁ; g %atl al stabilizer.

As descri betl efjlygeconce “Eaﬁ@r"e’a\ﬂ@faé’ SEPettapH E@F i fetf "H?eﬁ%‘r“HPHe
the effecti SHIRR r 0
process i m%é)?‘gt?sl%oﬁo({fl me, azm7 resi bgﬁﬁéejbé%q‘;éﬁéer{wm g?ﬂ%t al 11 zec}}%ﬁaﬁgg? Paising
surfaces reabaltempgrdtucdriroheabowtb80PE ed 112@1’1Fahcmaseaﬂ®b upp@hlimitaf shefeffective
the copper oxide coating after reduction, Initiation tinme is the

tine requi r%‘%ﬁf%@ﬁp@"%xpﬁéh@ééﬁﬁ:ﬁﬁhﬂ‘% fb‘é’@ poouindA pPPM ihabpul & pemM-
reacti O'?Sb qg&%%s gytqg p&%ﬂqg hg ne%%n%ﬂXtraﬁélg]}%qg & Bﬂ;'a"}%‘éoﬂ{‘hbb Ft E‘\%reases

reactionis conp I’ESI S ance ned I nmer si n

resulting the uppteahimzadmécmmmv%wcfn%eﬁtraﬂorafhr@@ of tadurea Meibiller €0 @BHHEN 60
survives | onger than copper oxides in an acid bath. Thus, the

ef f ect i vengMmpiataa gineephalinebbbraned coaderdration pf516rd ks if ﬁhprt@mnﬁrn@re hig
oot o0 TelRllohtad AT R 8Bl i L AT SN apuce BT FHES dEuRShta
ef fecti veneggnfiked Breases to about 200 ppm.

20 General Procedures for Testing Stabilizers

In order to test the potential stabilizer, the present inventor created reducing

solutions similar to those used in an actual copper oxide reduction process. The

reducing solutions were then poisoned with copper oxide, because during an actual

copper oxide reduction process, copper oxide remains in the reducing solution after

25 the reduced copper panels are removed. The remaining copper oxide consumes

further amounts of the reducing agent, resulting in overall consumption of reducing

agent in greater than the stoichiometric amount necessary for reduction of copper

oxide on the panels. Thus, the consumption of reducing agent per gram of copper

oxide and the consumption of reducing agent per time could be determined. The

-10 -



reduction process. Copper oxide |oses weight when it is chenmically reduced
to. ._copper, By neasuring the weight |oss of the panels, the

conpl et eness %&%‘ngeduct ion was deternmi ned. A | ow wei ght | 0s BCTHSPH6%S

t hat- t he copper oxide is not fully being reduced. Copper oxide panels
were made by growi ng an oxide | ayer on a netallic copper panel.

Exanple 3 To test the effect of the potential reducing stabilizer

t hi ourea, an aqueous reducing 25 solution was prepared using 2.7 grams per
li ter nor phePnerntEEdioanef thedregdusing agent was anrlyticallyydstesmined imtially wad after 24
obtained frgm Al drich Chem cal Conpany, M |waukee, W sconsi n. Sodi um
hydr oxi de \Aﬁgu@bgéﬁ ??éjc?r??télr?l ﬁa'—ﬁrﬁ'o%r ot hers Chem cal Conpany, Or ange,

Cali fornia. ThatTRopyédibR néativB YRR Bb 'lgﬁaﬁ'
sol ution. An experi hent al r;%%aution was prgpg%ng'g y 5&??%’88@ %gkgepgnﬂgbg%c’pper
t hi our ea t ooxide reduction process avertideerntined by arotesstraypesppéooxitie pahel through

Both the control and the experinental solutions were

Egpts%ﬁ:edsﬁ?v: t e ge.nwsgﬁeh&fortléaaainiasiajeivem?@ten;iabéﬁamwa af\s siesefibed above,
oxi e s aliped Vet sBTbh i iePlS SREnRRR A BiaP UG ot N otkes ot vt

are 5 provsiaefized rd@ldifg rocesses; reduction process initiation time, acid resistané®bFtie

Mor phol i ne | nitial St oi chi o. nsunpti on Bor ane

Concent . metailizadhcoprder sugfaces resulting fronSoheistabilized retloctidmlandeweight loss of
Mor phol i ne th Nbrephol.i ne , Bor ane Borane to
Bor ane Overthe COpper oxide coating after reduction. Reduce Al l 24 HOUr S

Copper @g de 10 Irg';iation tamg(?f“tﬁgklén%be%J)rfdzfozgogé!ﬁc)élF%rggagtl%g% bgpiri.lmen

g/ L peri nmenta

Exanpl e 4 the reductidhaeetfies bieginss hgbiddendbiishles a&m@ﬂorﬁhémlbeﬂtiﬁ@é until the
nor phol i ne borane was tested to a solution of 2.7 g/L norpholine borane

and 1 5.2 ¢rEECYBRiiamamRietxi dicidimsistanse was detsrmineddbynimngspimgi thteerasalting
o0 £ e SOl oh i BBpb Yol b DRI AEEOR g SPOket Wt B
wei ght | 0SSgoppel Gxfdes! i la56d LAYl TROS Y éPEctREREsS B AU eh.stHbRizRE $H4dStion
are presented in Table 4.
15 process in producing the desired metallic copper surface, was determined by
resistance to acid attack.

Weight loss of the tested panel also determines the effectiveness of the
reduction process. Copper oxide loses weight when it is chemically reduced to
copper metal. By measuring the weight loss of the panels, the completeness of

20 reduction was determined. A low weight loss indicates that the copper oxide is not
fully being reduced. Copper oxide panels were made by growing an oxide fayer on
a metallic copper panel.
| Example 3
To test the effect of the potential reducing stabilizer thiourea, an aqueous reducing
25 solution was prepared using 2.7 grams per liter morpholine borane and 15.2 g/L
sodium hydroxide. DMAB was obtained from Aldrich Chemical Company, Milwaukee,
Wisconsin. Sedium hydroxide was obtained from Hill Brothers Chemical Company,

Orange, California. That solution, at room temperature, was used as the control

solution. An experimental solution was prepared by adding 2.5 ppm of thiourea to

11 -



TABLE 4 20 Concent. Initiation % Aci d

Consunp. of Ti me Wei ght Resi st ance

Thiourea  WO9%/42402 Loss - FEW&P’?’??@“

Bor ane Over

24 Hours 0 ppm 25 sec 20 % 40 mn

1.78 g/L 5 ppm 30 sec 20 % 40 mn

0.25 g/L 25 10 ppm 30 sec 18 % 45 mn

0.1 9 g/L a solutiori keopical in compoﬂﬁoaeto the control sibﬁ.ut%n Both théSEomhrol and the
0.14 g/L 20 ppm 60 s m n 0.11
g/L experimental solutions were pmsoned with OO_L725 g/L of copper oxide. Thae

b our ea. oSRTFNETRLS: SeBndiRediafards b B iz e® 2eaR5af Batiegp sopper
copper okRIUGE Ol ded aRE f@hb@»@e&neﬂﬁ@c@w&%dé WPAE AdeepbeVE reeas@s be

the fact that the nore thiourea added to the reducing solution,
| ess norphplovidedar dablei 3. 5 consuned.
Exanpl e 5 In this exanple, the concentrations of both norpholine
borane and thiourea were varied. REARBERG sol utions of (1) 8.4 g/L MB,
1 5.2 ¢g/L sodiu r—:‘—--=-~:———-~-~—-—————-— =i=6=8=g#§l¥8==§=2=9#b@@é um
hydr oxi de wer e 8iRifhiPhe 1 of SPBEUBPLCRAE| r educi ng
baths, and the r b6ppeentoxi dpCpaseng. whs pet ermi ned. | The
measur ed par anet csluwene i ni | Madrplosiirie neMavpholae  we] Murpholass apd acid
resi stance. The [fesults are ppe&fit ed | hedadwectoo- Borane Over
TABLE 5 (oncent . Thi ourea | Reducd Rt 1 at | 94 H(/&r\é‘él gh
Acid 15 of Cohcent . Co é'ITSX! Loss
Resi st ance 84—gl 0 —pp P dfg Lec 21 3%
50 min 10 gl Qongre! 1@.pprell | 0.0313 @lbc | 1.174B91% 50
mn 8.4 eri 0! ppn I 0« 50
in o 4 bppenmenol ]P0 on | _osizag | oipggel ] 30
mn

ample 4

The effective stabilization range of thiourea for morpholine borane was tested

to a solution of 2.7 g/L morpholine borane and 15.2 g/L sodium hydroxide, thiourea

15 was added at 5 ppm intervals, and the solution's ability to reduce copper oxide and
stability were determined. The measured parameters were initiation time, percent
weight loss, acid resistance, and consumption over 24 hours. The results are

presented in Table 4.

TABLE 4
20 | Concent. Initiation % Acid Consump.
of Time Weight Resistance of
Thiourea Loss Morpholine
Borane Over
24 Hours
O ppm 25 sec 20 % 40 min 1.78 g/L
5 ppm 30 sec 20 % 40 min 0.25 g/l
25 10 ppm 30 sec 18 % 45 min 0.19 g/L
15 ppm 40 sec 16 % 35 min 0.14 g/L
20 ppm 60 sec 9% < 1 min 0.11 g/L
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20 8.4 g/L 40 ppm 1 5 sec 18. 3% 45 mn
8.4 g/L 20 sec 16. 1% 50 pi

8.4 g/l Wég""%ﬁ“% 25 sec 15. 8% 25 hEFusssisas
8.4 g/L 70 ppm 25 sec 15. 7% <1 mn 1
6.8 g/L 0 ppm 5 sec 22. 8% 50 mn 25 16.8
g/ L 25 ppm 5 sec 17. 6% 50 m' n 16.8

g/ L 16.8 g/L

50 pp, 16. 50
75 ppm (51 s @pove resultggnqhy@te that m5q) an/L morphggtgneg tgﬂrgne solutiom,
ppm thi’&r?ﬁcgfn be addkdr é/%. cor?&ntra%i%&surg tg gbout 1%- p%ﬁrg,/% gngoodlczzopg%%

15 sec

sec ¥édlition can be aofigVied. Also evn&l@n@fr@hﬂ-the abo@*@@a@@% the fact tHat €
16. 8% 50 mn 16.8 g/L 180 ppm sec

16. 4% morec thigyrga added to the reducing solution, the less morphokné&borane is

These re ults |nd|§ate that thiourea nay be used as a stabilizer in a
nmor phol i ne reduci ng solution at concentrations ranging from

greater than O ppm thiourea to 1 6%;%@ %ased on the trends evident
fromthese results, it is probable tha uci ng sol utions of

nor phol i ne bor aire thavammgmnctaetdowcemanaﬁ@%&Qfoth haBrphdfing tﬂdrbne%d}ﬁm&éﬁea
still use thiourea as a stabilizer at concentrations greater than 0 ppm

t hi ourea. Were varied. Reducing solutions of (1) 8.4 g/L MB, 1&2agib| sodium hydroxnde Asd
in Ex the ef f trat f stabil
h the r cdddl hg S8 BEor -2 biEpuRtL Y stomeg A TRV SRaOTaT adR AYRT the
t. N f
agent. pe si’dé)ome{ﬁeea‘éﬁhifﬁtgo@ﬁﬁg néﬁda{mé)%dheﬂgﬁ of coéb@wbé% Ee an féc\lli/ag dégquf ﬁ%%

solution is al so depende e tenperatur

To illustrdihe rheamirédcpsranietbauesrat iitaion aifeS Wééﬁevmgﬁf‘%f,@d%ungcnd
solution with thi ourea as a stabilizer, reducing solutions of simlar

nor phol i ne 'gYFtanse. The paatbist argtaresenteddnttabiaibea concentrations were made
and the ability to reduce 1 5 copper OXJ’.gﬁLgag“la S at various tenperatures
were tested. An aqueous sol ut 2.7 grams per liter

di et byl amTeCHREeRE T S Phillfea | o 1o odRauon e g Vergh ¥ g PPTRe roUEeR
was mad he sp [Ton|s g { redu.Fie ( p 6H1
det er nmi had oral it eIy og | The! MR It ¢ ar&OFFste esﬂﬂaﬂﬁ%l el 6
bel ow. 8.4 g/L 0 ppm 10 sec 21.3% 50 min
8.4 g/L 10 ppm 10 sec 18.7% 50 min
8.4 g/l 20 ppm 15 sec 20.9% 50 min
8.4 g/L 30 ppm 15 sec 16.5% 50 min
20 8.4 g/L 40 ppm 15 sec 18.3% 45 min
8.4 g/L 50 ppm 20 sec 16.1% 50 min
8.4 g/l 60 ppm 25 sec 15.8% 45 min
8.4 g/L 70 ppm 25 sec 15.7% < 1 min
16.8 g/L O ppm 5 sec 22.8% 50 min
25 16.8 g/L 25 ppm 5 sec 17.6% 50 min
o 16.8 g/L 50 ppm 10 sec 16.1% 50 min
16.8 g/L 75 ppm 10 sec 19.7% 50 min
16.8 g/L 100 ppm 10 sec 18.3% 45 min
16.8 g/L 120 ppm 15 sec 17.5% 45 min
30 16.8 g/L 140 ppm 15 sec 17.17% 50 min
16.8 g/L 160 ppm 15 sec 16.8% 50 min
16.8 g/L 180 ppm 15 sec 16.4% < 1 min
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20 TABLE 6 Mor phol i ne

Thi our ea Tenper at ure Initiation Aci d Bor ane
Concent r at i OIWO 99/42402 Weight  Tine Resi stance pcT/us98/03406
Concentration Loss 2.7 g/L

20 ppm 80[err]F 9.0 60 sec <1 mn 25 2.7 g/L
20 ppm 100[err] F 156 45 sec 35 mn 2.7 g/ L
20 ppm 120[err] F 19.8 40 sec 40 mn An

aqueous sol uti Onl'r@(seaeﬁnflgsr MR8 that tth%ur%wlp%)é Uge@,gé aagﬁaf)%??/tzlp% ok ﬂle!}H@

hydr oxi de and 70 ppmthiourea was made. e solutron o reduc

copper borarie reducing solution at concentrations ranging from grebder than O ppm thiourea
oxi de panel s determ ned at several tenperatures. The results are |isted
in Table fO \Q%%nggw Based on the trends evident from these results, it ipapabaple that

Bor hne - ‘GaHELS i of METRGIRe ctane naihg qonobRtebite Sibatiingn th.8 on

Concent r &t i |1 maa/Fstill use thiolurga7as a sétabilizer at cbﬁ@eﬁwtrar;cions gre%té]rBﬂ{Afalng) EO ppm

70 ppm 8 5 sec <1m
70 ppm thioured[ err] F 18.1 25 sec 35 min 8.4 g/L
70 ppm 120[err] F 19.3 20 sec 40 mn 10 An

aqueous solution of 16.8 grams per |i teErxaﬁ'Ei?lﬁIﬁ)l i ne borane, 15.2 g/L
20 um 0 09 2k 0 B 1668 o e e RO BT b b
_rI_ZSBlE:EtZ ar einl het educing $dlutieRli€ dBpBRE&W. on the concentration of reducing agent. The
10 effective concentration range of stabilizer in the reducing solution is also dependent
on the temperature of the reducing solution.

To illustrate the effects of temperature on a morpholine borane reducing
solution with thiourea as a stabilizer, reducing solutions of similar morpholine borane
concentrations and thiourea concentrations were made and the’ ability to reduce

15 copper oxide panels at various temperatures were tested.

An aqueous solution of 2.7 grams per liter dimethylamine borane, 15.2 g/L
sodium hydroxide, and 20 ppm thiourea was made. The solution's ability to reduce
copper oxide panels was determined for several temperatures. The results are listed

in Table 6 below.

20 TABLE 6
Morpholine Thiourea Temperature % Initiation Acid
Borane Concentration Weight Time Resistance
Concentration Loss
2.7 g/L 20 ppm 80°F 9.0 60 sec < 1 min
25 2.7 g/L 20 ppm 100°F 15.6 45 sec 35 min
2.7 g/l 20 ppm 120°F 19.8 40 sec 40 min

An aqueous solution of 8.4 grams per liter morpholine borane, 15.2 g/L sodium

hydroxide and 70 ppm thiourea was made. The solution's ability to reduce copper
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15 Mor phol i ne Thi our ea Tenperature % Initiation Acid
Bor ane, Caps I on Wi ght Ti me Resbétgggmnﬁm
Concentration S4lhdadh Loss 16. 200
ppm - 80[err]F 15.1 20 sec <1 mn 16 8 g/L

200 ppm 100[err]F 17.0 15 sec 35 mn 20 16.8 g/L

200 ppm 120[err]F 18.8 15 sec 40 mn The
present i nvent o di scovered an additional nment

reducti on prowﬁesean AT ﬂeﬁalneéaat.%arai§emeﬁ$?§ ¢ pheT Pl i fistachiy Table
of- al kane paganes. Morpholine borane stabilized with thiourea shows
nore stability a t'er the reduci ng bath has been continuously processed

and repl eni shed than a conparable 25 DVARBLEdQuUci ng solution stabilized

with thiour

been continuously

nraocessed

nd reple

ni shed

Thi s i nprovéniddorptaiinbe [expThionesh by| Sxcamperatgeand C6npal inigatiore |DVABcihd
nor phol i ng hor apgrarRduct | gBneéeRsFEp More cl osel Weight DVARirdudtRedistadce
reduci ng d&%tcgnn \baining 1.5 g/L|DVAB and 1 pB. %o@é'— NaOH is ijnitially
made. Coppef—oext-eae—s :T".e', s—af-e—thep—proeessed—thrt aag..- he—redtgtg bath
The copper fxi d&-4 8/l edulced 70 ppm 15. 5 sec

by the dine hylstma iT:R borane7o| @pmhe eacm@frr the h@. on @At 28sed the35|\m3\ i 9
oxi di zed an Ll@ltu peT UX|$6 IS_Tedpced bet that e a0

di net hyl am opal/ UM b | oked o o Il do R gl oy SOT mmﬂ:e

typi cal concentration of DVAB used for reducing copper oxide panels is

1.6 g/L B. Therefore ont rol s temls e e|
the " Bhe andAReausoudieliio BblBf P Rebiter srephoiporaes. 152 ot
repl eni Shma@hdlu{n hgem%la'é‘gﬁd mp%%ﬁweg%%nﬁﬁe Pﬁ@@Hﬁftac@a%CéHTﬁ’ﬂ Pradude
the tank. Therefor constant concentration of I's present in the

reduci ng solcuppemnoxitie papkels Wl‘aﬂé\liietermmbdtattsleeembnempbraurem Phetrbsuits are listed
group is continuously 1 0 increasing.
The concent iatligble 8felew. di net hyl ani ne functional group reaches an

di met hyl am ne _functi onal

equi librium
formed i s equival ent

when t he anpbunt of the

to the anou

of FBHEA

nt

anm ne functi onal

g

roup being

hyl am ne bei ng dragged out

of the regdufT TG HROHhE O] O T hidarea Temperature % Initiation Acid
Borane Concentration Weight Time Resistance
Concentration Loss
16.8 g/L 200 ppm 80°F 15.1 20 sec < 1 min
16.8 g/L 200 ppm 100°F 17.0 15 sec 35 min
20 16.8 g/L 200 ppm 120°F 18.8 15 sec 40 min

The present inventor also discovered an additional improvement to the

reduction process which can be realized by using morpholine borane instead of alkane

. boranes. Morpholine borane stabilized with thiourea shows more stability after the

reducing bath has been continuously processed and replenished than a comparable

25 DMAB reducing solution stabilized with thiourea which has been continuously
processed and replenished.

This improvement can be explained by examining and comparing the DMAB and

morpholine borane reduction processes more closely. in DMAB reduction, a reducing

bath containing 1.5 g/L DMAB and 15.2 g/L NaOH is initially made. Copper oxide

30 panels are then processed through the reducing bath. The copper oxide is reduced
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panels. (It is a rough estimate that 10 - 1 5 nL of reducing solution per
square foot 1 5 of panel is dragged out of the reducing solution tank.) -
Theref ore, afwews/gqperi od of repleni shnent, the process shoul plefiygaldsyosbe -

in equilibriumw th respect to the dinethylam ne functional group. That
is there should be 1.6 g/L DMAB, 1 5.2 g/L NaOH, and probably a
constant concentration of di met hyl am ne functional group side product,

and probably a constant concentration 20 of a boron containing side product

the.reduci ry BaPrOmSTYRRAR BUARES "I, tn e BRihucthe BSRH Btdinpl R FRGAS" s
there are tymidiRidnasd aheScatpdr ekidatid reliiddd.allt aBeRbyeflthat tHd Bihethylarhii®
paranmeters of % weight |oss, acid resistance, initiation time, consunption

over 1/ tunctionel groupaisdefioass asjrte prodoeer 24 hours were tested. The bath
isinitially m 25 up of 1.6 g/L B and 15. /L NaOH To mmc )

equi l i brium whi F%P'E@amnﬁrﬁt"on%ﬁ%&i%#épgreﬂymgw%‘p%ﬁe@a% ISs
added tog he 4 Rigt il t crea . [ LN hal f
over 24 Four S YhPMAR PbeERE ARt pepBONERRbiAL AR G (ERIs the

times. The BMABm keéptdh@oAStant dditeptratiohso0fl .8 /gL IDMABI tAdlreplenishment
concentration has been designated "10 turnovers,” an initial bath is
desi gnat ed CoMdiryes, the dimethylamine side product accumulates in the tankg-Therefore, a

(ornaver . BAdh, AT ol Leticag, Soltlon aowles PR
DVAB and 15p@t Ghe concdhtiohNose th@a{iirﬁ%k'h%m%ﬁ ﬂ%ctﬁfn%?'gﬁ%hﬁt ig rEo(fthﬁgjously

actual process, because in an actual process, DVAB 1s” cohtinuous

repl eni dfedincoeasingitain the DMAB | evel 5 constant at 1.6 g/L DNAB, while
the concentration of dinethylam ne side &rﬁgiduct . increases to the
equi | i bri um anoulite cencentragignadibe dimethyiasaige fgrctienal gegup repchercamemlibrium
present re r | enj,shpent. is made. . The Qve .scenariq i.s
B mvar 1 or gl I8 naSH Fate By SaURE Rpprtanal oroun, REEe YRR EgHS Gt ATent
mor phol i ne Rt micund.of difethMAarinee baing Sraggba @it oFi g rBHQ?iH%tsothi&?ronﬁﬁs

during the reduction of copper oxide is probably the norpholine conplex.
t he nor phol pareipollaneaireugie @stiniaté edatd U0 i-nth tleof extiucing soiptionames , squiaee foot
nor phol i r.ane rergai ns at a constant concentration of 2.7 g/L MB,

b
but the %gn‘&feﬁ?‘?"gtiF (glﬁagge out Pﬁ@%@%@&%*'&‘?‘&@ t8Pkdiuct, the mor phol i ne
conpl ex, conti nuﬁ?erhf)ﬁrbn%'?t%?saepgﬁ& '.Pft{%%ed@horﬁ@l{itﬂ etﬁ%@%%és?%b“obfibglﬂl‘ﬁaeyﬁ

respect to the norpholi'he conplé es sane par ane

was done abgxyglibvidri Wil Pesidect @0 EMABirMBS yiRiRe fOhédicHdl )f(;r@ﬂﬂ' That &f e 4Bould

repl eni shnments of norpholine borane. As above, half of the norpholine
bor ane was k®nk&mad dWARId&8. Dk, NaBHl, agrad rprobablyuan castsaantoiconbentzgtion of
{ 5?Lgciefg?ecﬁ}hiet%la%r%e erlﬁctimr;‘aiaﬁ iglaolupcgl g %?éékjaé‘ti grrmld Vﬁ’?gba%?\? iagcnoar;[s%gntlgoncentration
20 of a boron containing side product resulting from the reduction process. This more

accurately represents the reducing bath as it will be run in the process.

In summary, there are two main states of the bath, initial and at equilibrium.,
The parameters of % weight loss, acid resistance, initiation time, consumption over
1/2 turnover, and consumption over 24 hours were tested. The bath is initially made
25 up of 1.6 g/L DMAB and 15.2 g/L NaOH. To mimic equilibrium, which is reached in
approxihately 20 days, copper oxide is added to the initial bath to decrease the
concentration of DMAB in half over 24 hours. This is continued until the DMAB is
replenished 20 times. The sum total of the 20 replenishments of 1/2 the initial

concentration has been designated “10 turnovers,” an initial bath is designated “zero
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initial bath was designated zero turnovers. 20 The above di scussi on

descri bed th [ wi thout addition of the stabilizer i When
406
thiouréa is ﬁ“é@&g’&g&’zt abilize the reduction, the stabilizer i geg@ggeszﬁb%ck

wi th the DMAB or the norpholine borane, depending on which reduci ng agent
IS used. For exanple, the concentration of thiourea is initially 2.5
ppm then the actual concentration of thiourea starts at 2.5 ppm and

i ncreases with each repl eni shment 25 of DMAB or norpholine borane, as_the
case may beturpgiars.”efiterilf tuineyersy thecrpgdcing solution nowneas ughtysam eauilintiee

one.  when 2Pl PEpedN ARt BRarRg cs teedien P K ofRag REBOTE2 b1
consunpt i ONNgBeS. RrbtBAHES tHIsCASEY an‘%deiQélP'rﬁﬁni@fér%c%I {6 BERES o at SRR

to the initial consunption over 24 hours at zero turnovers (conpare row
8 to row 2,actndl process, DMAB is continuously replenished to maintain tfie DMAB level

o 2 e B A AL RO S A5
i ncreases Qy.gleag "t}’c?%é)%iui{ibriﬁrgeargsbrgf, nal tl@@@éh‘f@l ér%e@vrﬂftégflhg\g%%h@bl\ﬁﬂho
turnovers (conpare row 0 row b, and row to row o).

TABLE 9 préBerfiurgaey eefdréPepfpsdHnbent iDYABd&nd Mor phol i ne Borane (w th and
Wi t hout Thiourea InitiaF DMAB concentration: 1.6 g/L Initial
Mor phol i ne Bor aridec @bowat seenasin ig. ginglar for merphelioe Thenaoeer MB. 10 The initial
Reducti on

sol ution concenO{rogg'\éh of morpl‘n?)%é borane isA%stq/gtMB and 15.?&@3@9%. Side product

cComp. 10 formed during the reduction of copper oxide is probably the Mbfholine complex. As
(% consum

24 hrs.) the morpiRdinelborane is replehisBed during the2fedifdiion procegd. the morpholine
50.1 12.1 15 0.0 m 20. 8% sec mn
(42.3% borane tg¢ginsat a constant %W:eptration of sz/ﬂﬂ- ?VfB, but thexgonggntration of

?non7 thess(?x(sg_eﬁtg%sig% prod@c‘t,?.ﬁhleor&npé%ho!ir% CoRBIEx, continues to increase unfiffhe
bath reaches equilibrium with respect to the morpholine complex. Testing for the

15 same parameters as was done above with respect to DMAB was done initially and
after 20 replenishments of morpholine borane. As above, half of the morpholine
borane was consumed and added back, and again the sum total of the 20
replenishments of 1/2 the initial concentration was designated 10 turnovers; the
initial bath was designated zero turnovers.

20 The above discussion described the process without addition of the stabilizer
thiourea. When thiourea is used fo stabilize the reduction, the stabilizer is added back
with the DMAB or the morpholine borane, depending on which reducing agent is
used. For example, the concentration of thiourea is initially 2.5 ppm, then the actual
concentration of thiourea starts at 2.5 ppm and increases with each replenishment

25 of DMAB or morpholine borane, as the case may be, until equilibrium is reached.

The results presented in Table 9 illustrate the excellent benefits of using MB as
opposed to DMAB. When stabilizirig a DMAB reducing solution with thiourea, the
consumption over 24 hours greater than doubles after 10 turnovers, compared to the

initial consumption over 24 hours at zero turnovers (compare row 8 to row 2, and
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Row 3 DVAB _ 38.1 48. 4 1.61

5.0 ppm 20. 0% sec mn (5.76%

Thi our ea 25 WOS%4283w 4 Mor phol i ne PR TAUS98/03406

37.6 12. 4 Bor ane 20. 6% sec mn
(43.8% 0.0 ppm Thi ourea 30 Row 5 Mor phol i ne
20.0 48.1 2.92 Bor ane 23. 2% sec
mn (10.6% 2.5 ppm Thi ourea 35 Row 6

Mor phol i ne row 9 to row 3). In con*?r@st1 when usmg“r'%rpholme borane st&aﬂ]rfed by thiourea,
Bor ane 20. 6% (7.96% 5.0
ppm - the consumption e 24 hours doesmatudaasble, 48Ut only m@aasesrbylzm 806 o14

hours is exp ressed . as nol. reduci %gra gent (DVAB or rphol i ne
bor ane) / nol e&g}g&q} CBQFH@F’('&BCPV@( %gég)zero turnovers (compare row 11 to row 5,
- 18 - d Tur novers: Reducti on % W .
init. A?n drOW 2 téb\‘s’%\;r!{qoe)over 24 sol ution Loss
Ti ne 5 Resi st. hrs. * TABLE@®NP.
(% consum hrs.) 5 Row 7
DVAB 10 Turnpyes 3 O) Reg@tss WAB anmtbM@rpiaiine Borane (with7and without ThioQrda)
ppm _ 45.6 nin (58. 4%
Thi our ea nitia? VAR ggpcgniigtiont 1°6 o/lpppg 18.1%  41.1 sec
?19469/1@ N initial MbrBRoline Borane céncetiffion: 2.7 g/L
' At Zero Turnovers:
10 Reduction % VVI. fnit. Acid Consum.
solution Loss Time Resist. over 24
comp. hrs.*
(% consum.
24 hrs.)
S
AB 29.3 50.1 12.1
15 0.0 ppm 20.8% sec min -. (42.3%)
Thiourea '
S
B 30.7 : 2.27
21.3% 50.0 :
2.5 ppm sec : 8.06%
20 Thiourea min ! °
i
B 38.1 48.4 1.61
5.0 ppm 20.0% sec min (5.76%)
Thiourea
25 N Rovr\'/ 4
orpholine
18.2 37.6 12.4
O?grggfn 20.6% sec min (43.8%)
Thiourea
30 M Row [5
orpholine
0 20.0 48.1 2.92
2??23; 23.2% sec min (10.6%)
Thiourea
35 M Row »;5 '
orpholine 2.17
Borane 20.6% 26.1 45.7 (7.96%)
5.0 ppm sec min
Thiourea
40 * Consumption over 24 hours is expressed as mol. reducing agent (DMAB or

morpholine borane)/mol. copper oxide (add other notes).
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Thi ourea Row 9 DIVAB
3.07 15 WO §/424@pm 17. 1% 46.8 sec 42.0 mn per/usesiobdes. 8%
Thi our ea Row 10 Mor phol i ne
17.1 20 Bor ane 19. 5% 29.3 sec 40.4 mn
(66.1% Thi our ea Row 11 Mor phol i ne
3.31 Bor ane 18. 2% 30.7 sec 38.2 mn (12. 7%
25 . 221 P Wrnovers: Thi our ea Row 12 Mor phol i ne
2.51 or ane 16. 2% 33.2 sec 39.3 mn 30
5.0 ppm eDuCRo0 % WVI. Thit. Wm
Thi our ea * solugensunptilon dwees 24| holimaei s |exPesistsed as nohrs. ¥ educi g
agent ( DVAB or comp. norpghol i ne borane/ nol. g¢opper oxilde (%ddomsurar
not es) . The present inventor|discovergd that tHere a2¢ hrgdlic
borane c® ounds Fiow%‘ addi t[i on to nor phi ne borane which [are very effectijve
in reduci nfj coppd?MH8 de to pal | S .o [faci | i 14t2 bondifng
of a resinfto th%’él PRl lic coppesrg/fll t1e%6:'§p&?(r)ur£5e'%(s)¥ﬁr?ebri c dbBoh %) f
mul til ayer flprint €YOH[%%cuit Hoards. The cyclic hor ane conpounds i ncl @§de
pi peri dj ne| bor andiowg i di ne |bor ane, pi perazine horane, 2,6-Tutidine
bor ane, | - et hyl i MAd i ne bgrang 18 N Higt hydanitl 4408 ba gne, 4.85
4- et hyl nojf phol i € PR bor arle, and 1, 4} oxat hi ang¢ borane. [As cdi98%een Hy
referring o the''¥PHIER ures jof t hese conpounds set _fdrth bel ow, as wifth
mor phol i neff bor an&owdsen of |t he 9105, 119
- nds (iln qthes, wor @ N- di et hgi&hi | i ne
bor ane)’ Rofit ai n { PRGen or 47189 1Of &6.8%ce 1XA2R ik (11.8%)
ioure
Row 10
Morpholine 17.1
Borane 19.5% 29.3 sec | 40.4 min 2 o
20 0.0 ppm (66.1%)
Thiourea
Row 11
Morpholine
Borane 18.2% 30.7 sec | 38.2 min 3'310
25 2.5 ppm {(12.7%)
Thiourea
Row 12
Mcérpholine : 2.51
orane ) ; .
30 5.0 ppm 16.2% 33.2 sec | 38.3 min (9.33%)
Thiourea
* Consumption over 24 hours is expressed as mol. reducing agent (DMAB or
morpholine borane/mol. copper oxide (add other notes).
The present inventor discovered that there are cyclic borane compounds in
35 addition to morphine borane which are very effective in reducing copper oxide to

40

metallic copper so as to facilitate bonding of a resin to the metallic copper in the
course of fabrication of multilayer printed circuit boards. The cyclic borane
compounds include piperidine borane, pyridine borane, piperazine borane, 2,6-lutidine
borane, 4-ethyimorpholine borane, N,N-diethylaniline borane, 4-methyimorpholine
borane, and 1,4-oxathiane borane. As can be seen by referring to the structures of

these compounds set forth below, as with morpholine borane, seven of the
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sul fur as a ring-form ng nenber.

pyri di ne borane [err]
pi perazi ne bA&YQPRA2402

4- et hyl nor phol i ne bor ane

[err]

bor ane 1, 4- oxat hi ane bor ane
above cyclic borane conpounds as reducing
processi ng aafoppéndsolin dtheromerdd, albppesptpl

surface

pi peri di ne borane
[err] 10

2,6-1utidine borane PCT/US98/03406 r |
N, N-di et hyl ani |l i ne borane 15

4- et hyl nor phol i ne
The effecti veness of the

%gents 20 was determ ned by

diethiylanilipe Boranghsontgin nitrogen or

1s t he sane brown-bl ack col or as the

solution co ni ng the .cyclic borane conpound. Because the netallic copper
" BB R P 0e

oxi de | ayer, there were several

par anmet ers ot her than appearance which

were neasured to test the effecti veness of the reducing process. Such
paraneters included initiation time, acid 25 resistance, and weight | oss of

t he copper oxide coating after reduction. einitiationtinme is
the tine required o Eell@cti on of the COppgs o Eé initiate.
When the rgducti oR ninitiates, hydroge bubbll‘és- Blﬁly formfrom

t he copper oxide ahd—cdntifiue unti |

the reaction .

conpl ete; preferably,

dnitiation - 20 -
piperidine borane pyridine borane
cRH
\, / \H \ S/ B¥ >
C H3
10 piperazine borane 2,6-Iutidine borane
BHz
)/ \ -BHB e
\ . N— CHzCH>
\.~/ CH2EH3 EttzcH 2
4-ethylmorpholine borane N,N—-diethylaniliﬁé borane
15 / \ «BH> / h e
S S2BhRz
4-methylmorpholine borane 1,4-oxathiane borane

The effectiveness of the above cyclic borane compounds as reducing agents
20 was determined by processing a copper oxide coated copper panel through a reducing
solution containing the cyclic borane compound. Because the metallic copper surface
produced from reduction is the same brown-black color as the oxide layer, there were
several parameters other than appearance which were measured to test the
effecfiveness of the reducing process. Such parameters included initiation time, acid

25 resistance, and weight loss of the copper oxide coating after reduction.
The initiation time is the time required for the reduction of the copper oxide to
initiate. When the reduction reaction initiates, hydrogen bubbles rapidly form from

the copper oxide and continue until the reaction is complete; preferably, initiation
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occurs within 4 mnutes. The acid resistance was determ ned by i mrersing

t he , reduc\gggglgﬁgfr in an acid bath. Metallic copper survi Y,g§/dsg §5b6 I n
acid than do copper oxides; one suggested neasure of acid resistance is

whet her the netallic copper |l ayer can withstand acid resistance for at
| east about 30 m nutes. Thus, the 5 effectiveness of the reduction process
can be determ ned by resistance to acid attack. The wei ght | oss of the

panel al so determ nes the effectiveness of the reduction . gro_cess. A
copper oxi dBCEMISeVithi & myiautas: Wheneaihdesisianse Was eteEminegueydmnpgrsing the

measuring t 1,0 | 0ss i ndi cates thagt. the er I de, i S no ul, |

bei ng reducgegi,g\g%d -@é)‘?%efre‘lnaﬁrﬂ f,c' Ff}?ﬁ Wﬁsgas!ﬁcf §%§Bgﬁfg&§\ﬁ§ah’nﬁf&'ﬁ(§% et an do
oxi de panel goNgdreoRiIds: BMel&gyeQi!Ed”'ﬁne%@uPé( bfRclAY&distaRca i§BVRbIHEF thePPetallic
panel . Successful réduction by the cyclic borane conmpounds, as

measur ed bycoeper layeralzoveithatanteacd sesistasoe éor shizbst hbouti 80treinuies.eTinass the
created %n ;tr&e copper surface fromoxidation remain foll own

reducti o, GHESWVERess C& (i ERAUGHOEPTRFRIS AN Predetermineddy W%?'%B’b‘ffe% agif eaaek.
br oduced {1 o) L0gGRYGbLE dIOfANEaRETHOLMLAGHEL AR Lol fidRebsS0fhe reduction
g W resin. u uae

sufficiently Stro bond ch 'resins 1nc epoxy resrIns,

pol yani de proce€si 6 coppemnekide pahekiodes vasight diemogieasdgper'oddd s dtideds By
pol yet hyl ene, pol yphenyl ene sul fide, polyether-imde resins, and

f 1 uor ocesi ndeagyrind g weighidess indieaspp shatatheg copper exideds Inef dply being raduged;
printed circui.t ards.can be .successfully bricated. . The above
B teri a web ek BESIENERF S BFERT BOPRrS BonGoBRES PP YIS &k g by
reduci ng oc OpRAYing*drfiBxideNafPéish alMefdlid bbpgérpdendi ng a resin to the
metallic copper in the fabrication of nmultilayer printed circuit
boards. The i nveSudamssfid reduttien by thedegclid berhrencombbuatis,atedeadured by the
reference to the foll ow ng exanp

| es: .

Exanpl e 7 @bove parametersyGRSHIES tBHURIETHINSe UDRVAINNRES Chraipd o8dhgfopgep suiage

di et hyl am r.ane | ut.] L oot 1 r ed

TR T P S T

panel s by i w&edifd BEppéresReEtR! srobdlcéd Brom the ERSEAdiEnS BbmipoRAdirédudtidh 8 fathe

dwel | time. The initiation time was recorded. The percent’ wei ght | oss
of the déppesubidientiyceuwongdoaddvitha tesine Shch resies iredude apoxy resiosapolygmide
survived a 10% b\t/) vol ume hydrochloric ai\ci d bath we{‘e reforﬁled.

- 21 - resins, phenoloic resins, and thermoplastic resins such as polyethylene, polyphenylene
sulfide, polyether-imide resins, and fluorocesins. By bonding together copper and
resins layers, multilayer printed circuit boards can be successfully fabricated.

The above criteria were used to identify which borane compounds were

20 effective in reducing copper oxide, in order to facilitate bonding a resin to the metallic

copper in the fabrication of multilayer printed circuit boards. The invention is further
described and illustrated with reference to the following examples:

Example 7

An aqueous reducing solution was prepared using 25 g/L dimethylamine

25 borane. The solution, at room temperature, was used as a control to reduce copper:

oxide formed on the above-mentioned copper panels by immersing the panels in the

reducing solution for a 4-minute dwell time. The initiation time was recorded. The

percent weight loss of the copper oxide coating and the time that the resultant

coating survived a 10% by volume hydrochloric acid bath were recorded.
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An aqueous reduci ng solution was prepared using 42 g/L piperidine borane.
This was the experinental formula used to deternine the effectiveness of

pi peridine WOPW¥24#e as a reducing agent, and contains the sEGH/UHASERI6r| ¢
equi val ent conposition of -BH err] to that contained in the control
solution, a 25 g/L DVMAB reducing solution. 5 The panels were imrersed in
the reducing solution for a 4-nminute dwell time. The initiation tinme
was recorded. The percent weight |oss of the oxide coating and the tinme
that the result o ae@@budFedutingVwiutionl Wasdprepatatrasingdd 2ajil griperidifie bopand)
wer e recor ded. Both DMAB and pi peri di ne borane were obtained
from Al dri chhicheas 8 exgertoantahfornMia waed ¢ dewradns she effectiveness offpiperidine
results, presented in Table 10, below .indi at per i e boran

L Tact; vel Voo EHR e Moo aavie A SHotane, Be st B AR Laul dén & ABSsition

Table 1 0. of -H, R QhtARRBLIN the_lc!oﬂitrtoil 2biuthn, a 25 YIONIAB reducing solution.
Aci d I me Coss

Resi st ande The panbisnwthy Iramiensed in the redGcigcCsolution for a BBmiflate dwell time, The

mn Bor ane Pi peri di ne Borane 4 sec 17. 9%

35 nin initiation time was recorded. The percent weightlagsafethg oxide coating and the
aqueous reduci ng | ution S prepared usi 5 g/,L_di,nmef hyl.am ne. 20

bor ane. The'CGIHet G FestrtptinatnRar dvey 8 TGk PN e Ve BB G PEEP AR e
copper Rébeed. or med on the above-nenti oned copper panels by inmrersing
the panels in the reducing solution for a 4-mnute dwell tinme. The
initiation time Betb P8tABdand diberidine herapentvenei gpptaineds $rarh AltsicboSbpemical
oxi de cqati anthlf:ti that the resultant coating survived a 1 0%
by volu h€8W@HVO “(‘!"%\‘r{]?e@' 1SG°0&Pe recorded. 25 Aqueous sol utions

of each experi memal ' und e T tal.ni :

stoi chionetric equi v%ﬁqg{nsﬁr%g‘rérgrg%s%?t ?\o-rl;\ég% ]ga'_g)‘:égoowt F}%‘%lE%%n?a#n@%eflﬁﬁfhgorane

control, a &¥egivehPhéRidesdisppty os@daitd aetallibeoppperi nental borane conpounds

i ncl uded nor phol i ne borane, piperidine ?orane pyri di ne borane, piperazine
a

bor ane, | ble 1 - 22 -
Reducing Agent Initiation % Weight * Acid
Time Loss Resistance
15 Dimethylamine 26 sec 19.7% 51 min
Borane
Piperidine Borane 4 sec 17.9% 35 min
Example 8

An aqueous reducing solution was prepared uéing 25 g/L dimethylamine

20 borane. The solution, at room temperature, was used as a control to reduce copper

oxide formed on the above-mentioned copper panels by immersing the panels in the

reducing sblution for a 4-minute dwell time. The initiation time was recorded. The

percent weight loss of the copper oxide coating and the time that the resultant
coating survived a 10% by volume hydrochloric acid bath were recorded.

25 Aqueous solutions of each experimental borane compound were made,

containing the stoichiometric equivalent composition of -BH; to that contained in the

control, a 25 g/L DMAB reducing solufion. The experimental borane compounds

included morpholine borane, piperidine borane, pyridine borane, piperazine borane,
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2,6-iutidine borane, 4-ethyl norpholine borane, N, N-diethylanaline borane,

4- nmet hy, I ne borane, and 1, 4-oxat hi ane borane. Th re
i mersed in 4’VW}E)'QE@&redu0| ng solution for a 4-mnute dwell tﬁ’r‘rﬁ%%@s“%
initiation tinme was recorded. The percent weight |oss of the oxide
coating and the time that the resultant coating 5 survived a 10% by

vol ume hydrochloric acid bath were recorded. Al of the above
borane conpgunds, were obtained from Al drich Chem cal Conpany,

M | waukee, We&ddiding borane, 4- ethmlmormlnes bq@a@eerfﬂé&d:athmnazmellbomeom-
| ndi cate thaf gltlllﬂﬁﬂo(géﬁélh}ce é’l{e%g?and 1 4 -0X n?hnlzjaﬂcei orgnfleeml"hve'e}{'le se\cfjvue%gy%g&grsgd in

oxide to ne
Bor ane Conpgiinebducing so'tﬂiotn' i Pn. munut{’d‘@@élghhe The lwtla’uoﬁ uﬂine was recorded.
Concentrati on

Di met hyl ami Tike Percemt welght Rﬁs&fﬁthe oxide codtirly 4840the time that5tl\enﬂe§ultant coatmg
25 g/L 1 5 Morpholine Borane, 42 14 sec 19. -

min 5 pyryaredge Hé%dmanelurr@hvdmblowcamd bath wemwee%ded 35 m n
ri di ne Borane,, 39
E|ypera2| ne Boran%‘? A{g{he a%v%}@rane compoqgisg%ere obtained frgg1 ,ﬁlangh Chemical
g/L ,lnl’btah | RIS 0 sec 15.5% 30 mn
4- Et hyl nor phoI 9 YL wiisbonsih? S2C 40 min 25
Borane, 55 g/L The resiitd\- &e@bhﬁddam TabR 11, be'ﬁo\ﬁe(indlcate that ﬂh7e @%hc borane
50 mn Borane, 69 g/L 4- Met hyI nmor phol i ne sec
17. 7% compougds m‘f,ectlvely reduc@gppper, oxdigegblLmatellic toppédxat h| ane Bor ane,
5 sec 17. 3% 30 mnT 6 0 g/ L
Exanpl e 8 (Prophetic) Based on 3Bl ati ons made by the pr esent
i nvent or wilﬁm - ot FE—t0
saturation) rH)rrPh& e rEdrar Aéfd
D o3 orlicentration : Resistance
Dimethylamine Borane, 26 sec 19.18% 51 min
25 g/l
15 || Morpholine Borane, 42 14 sec 19.7% « 55 min
g/l
Piperidine Borane, 42 40 sec 17.9% 35 min
g/l
Pyridine Borane, 39 g/L 60 sec 16.7% 30 min
20 Piperazine Borane, 42 20 sec 18.9% 45 min
g/L
2,6-lutidine Borane, 51 10 sec 15.5% 30 min
g/L
4-Ethylmorpholine 40 sec 17.7% 40 min
25 Borane, 55 g/L .
N,N-Diethylaniline 5 sec 17.0% 50 min
Borane, 69 g/L
4-Methylmorpholine 10 sec 17.7% 35 min
Borane, 48 g/L
30 | 1,4-Oxathiane Borane, 5 sec 17.3% 30 min
60 g/L

Example 9 {Prophetic)
Based on observations made by the present inventor with respect to the

effectiveness ranges (about 1.0 g/L to saturation) of morpholine borane for reducing
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copper oxide to netallic copper on the observed data for the other cycljc
borane, and on conparisons of the structure of norpholine borane with

t he structur¥®%f240e ot her cyclic boranes, the present PRYAI§PHPI406
expects that the ranges of concentrations for whi ch the cyclic boranes
will be effective in reducing copper oxide to netallic copper 5 will be as
fol | ows: pi peridi ne borane: about 1 .0 g/L to saturation pyridi ne
borane: about 0.9 g/L to saturation pi perazi ne borane: about 1.0 g/L to
sat urat i oncopperZoxidé b nsitBific Rebpacon @ dbsdrvéd data for thalothér ¢yslic Mbrane, and
4- et hyl nor phol i ne borane: about 1.3 g/L to saturation

N, N- di et hypaseMmpasisbos afiche ammurqotangvrph@lm%mran@w&ﬂhthe struptytasfi ngrqihame
borane: about,. 1 13%“‘ to saturat.i on &é%ttnl ane bor ane: .about

g/L to sat ¢YcliG Bpranes, the present inventor expects e TR0GRHP CfBCEWBBﬂ%% %95
15 I oRe 67kl QAF e oPiebiFe G PEARIS EGRRE WG 9 el Rk cBper,

Stabilizers and use
cyclic lmoramesevds follddys: subst ituted for norpholine borane in respective

testings of each cyclic borane: pi peri di ne borane pyridi ne borane
20 pi per apipeddber borane: abauﬁilmglldtmeaﬂmmam N, N- di et hyl ani | i ne borane
4- et hyl nor phol i ne bor ane - oxat hi ape borane 25 Based on

obser vat i oR¥IGEEbAINE h%b%teggngﬂ-ltﬁvﬁt’fﬁ“% to the stabling effect

t hi ourea h oI|n bor. and on conparisons- of the
structure @%e?&uﬁ@né Hor aﬁ)gug ?Q%AL&?%%H %@bgtructures of the other cyclic
bor anes, tﬁes-mtﬁﬁﬁgtborane | ID6RIN10D KRB Gatutalidh the consunption of the other

cyclic boranes wi || be decreased in a simlar manner to the decreased
nmor phol1|me4ta:hahmmhnhueqbbrm aboet ied g/b to saturation
- 24 -

N,N-diethylaniline borane: about 1.3 g/L to saturation

4-methyimorphine borane: about 1.1 g/L to saturation

1.4-oxathiane borane: about 1.2 g/L to saturation
Example 10 {Prophetic)

15 The procedures followed in the General Procedures for Testing Stabilizers and
in Examples 3-6 will be used, except that the following cyclic boranes will be
substituted for morpholine borane in respective testings of each cyclic borane:
piperidine borane
pyridine borane

20 piperazine borane
2,6-lutidine borane
N,N-diethylaniline borane
4-methylmorpholine borane
1,4-oxathiane borane

25 Based on observations made by the present inventor as to the stabling effect
thiourea has on morpholine borane reduction, and on comparisons of the structure of
morpholine borane with the structures of the other cyclic boranes, the present
inventor expects that the consumption of the other cyclic boranes will be decreased

in a similar manner to the decreased morpholine borane consumption observed in

-24 -



Exanpl es 3-6, when the reducing stabilizer thiourea is present in the

reduci ng sol u{,,io at a concentration in the range of about bo
200 ppm %/4ﬁozi s to be understood that the present invelﬁ:{rlﬁjosﬁgggg not

confined to the particul ar construction and arrangenent herein
i'llustrated and described, but enbraces such 5 nodified fornms thereof as
cones within the scope of the follow ng clains.

Examples 3-6, when the reducing stabilizer thiourea is present in the reducing solution
at a concentration in the range of about 2.5 ppm to 200 ppm.

It is to be understood that the present invention is not confined to the particular
construction and arrangement herein illustrated and described, but embraces such

5 modified forms thereof as comes within the scope of the following claims.

.95 -



- 25 - VWhat is clainmed is: 1. A conposition for
reduci ng a corP®isgsii de |ayer to netallic copper so as t edTAL99B/03406 e
bonding a resin to the netallic copper, the conposition. The conpri sing
an aqueous reducing solution containing a cyclic borane conpound. 5

2. The conposition of claim1l, wherein the cyclic borane conpound is
sel ected fromthe group consisting of cyclic borane conpounds havi ng

nitrogen a . .ngr form ng nenber, cyclic borane conpounds having
sul fur as gvﬁ?tnlﬁ-q%'b%%n{gs' menber, and N, N-di et hyl aniline borane.

3. The conpositionadtormbasifioR folfeaiLeing 4 Bepserdxide kyeateneeslio vopperssclés
nmor phol i ne bor ane. 4. The conposition of claim3, wherein the
nor phol i netbdacilitate bopdiagentesin tatheomstallic gopper, ithe chmpositionanfee 6pmasising 1
.0 g/l to saturation. tion of claim4, wherein

i . 5. .The conposi
t he nor phoPPRAUSGHS fedveing saltign E%"Téﬂ”'ﬁg@o‘h\g@ﬁtﬁ?‘ﬁ?\"%ﬁom@ﬁ‘g‘ran_ge of
about 2-E?h9/| t?iclz 6"I'ﬁegtéc':mgosi‘ciondcfi cszlaﬁ‘n 1, m\%régpﬂrﬁlgs ydiRNb&fane! Arfibgund

wherein e cyc borane conpoun pi per or ane. 7Is
The conposistlegtedfrof tHeyoupuisaitingt dfecyelip drorsheneorinpoands ihavingesitogeatas a
a concentration in the range of about 1.0 g/l to saturation. 20 8.
The conposiingdiermingmember, ameliciberange cefraundsohayiegcempyuasl 3 ging-forming
pyri di ne boran osition of claim8, wherein the

: . 9. .The cQ
pyri di ne bH?%mgeri'?”ﬁrgsl\é'rqfetgﬁ'!a"”megb%aﬁg‘entration in the range of about 0.9

g/l to saturatign. The compodftion dNEIAFRMPONHErEIR e &VAicTberandh@diBbBuhd §s
cyclic borane conpound is ?g pi per azi ne bor ane. 11. The

conposi 10 omaerpholimé botarte. wherei n the pi perazi ne borane is present at a
SOt On 1 e i osidon of claim 3, whereinthe &' O™
morpholine borane is present at a concentration in the
range of about 1.0 g/l to saturation.
5. The composition of claim 4, wherein the morpholine borane is present
15 at a concentration in the range of about 2.7 g/l to 16.8 g/l
6. The composition of claim 2, wherein the cyclic borane compound is
piperidine bo';'ane.
7. The composition of claim 6, wherein the piperidine borane is present at
a concentration in the range of about 1.0 g/l to saturation.
20 8. The composition of claim 2, wherein the cyclic borane compound is
pyridine borane.
9. The composition of claim 8, wherein the pyridine borane is present at
‘a concentration in the range of about 0.9 g/l to saturation.
10. The composition of claim 2, wherein the cyclic borane compound is
25 piperazine borane.
11. The composition of claim 10, wherein the piperazine borane is present
at a concentration in the range of about 1.0 g/l to saturation.

12. The composition of claim 2, wherein the cyclic borane compound is 2,6

jutidine borane.

- 26 -
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12. The.conposition of claim2, wherein the cyclic borane conmpound is 2,6

| utidi.ne bor PCE0S98/03406

13. The conp%?g?%l?zg%z of claim 12, wherein the 2,6 lutidine borane is

pr esent at a concentration in the range of about 1.2 g/l to saturation.
14. The conposition of claim2, wherein the cyclic borane conpound is 4-
et hyl nor phol i ne borane. 5 15. The conposition of claim 14, wherein

of about 1 3 6/t o UK cpmpesion of diaim 12, yherdln B8R 1GRINE Bordhe HirkRRY"
wherei n_t heycy 8bhColPEgA? if BIPPUIYS dathut 1.2 GREXLIREABAL | ne bor ane.

17.. The conposition of claim 16, wherein the 4-nethyl norpholine borane 10
is present at a lglanceTte abimpositiontdfeclaiam@e vaferaipotite dyclicdidrane compoud isrnd-
1 8 The conposition of claim?2, wherein the cyclic borane conpound is 1,4
oxat hi ane bPyiaorpholine borana. 9. The conposition of claim 18, wherein the
1, 4 oxat i ane bgrane 4.8 resen . Fatd on | ;
Lo UG ane DALNC fise comeBGRERSt bl L AR 4y ERERHBIAE Kifane s
wher ei n t heyg¥ghi £t BUGARENEAIBAWIEhd Parlyebf aboutdi &3 B ltavatiratioRor ane
present at a concentration in the range of about 1 .3 %/I to )

sat uration. 16. T comphsiticonfodaint @n vetierelrathe eyclicuvarane coommung isgda
reduci ng stabilizer in, an amount sufficient to decrease consunption of

the cyclic BeHRAEEBRYETBORAIE ng 20 reduction to a level |ess than that
dinth f the.redugi bj ki ' :
e Copper oxi de ridhuct | o CoPIReBLLS 4F RSt Erhefdh the A RthARdrRofiRt bofard

process1ps jsHrksaHtest & BoActPREMERI thd tdiRyecdMabdit THt g/ kb catirBfien. | ayer
resulting fromthe stabilized reduction process is resistant to acid

attack. ~ 18.22. Théhempositiosi dfiazimo?, ethereinahe cwhke boranermeompelns isgt 4
stabilizer is thiourea. 25 23. The conposition of claim 22,
wher ei n t hi AtBEMePLYAB8ent at a concentration in the range of about

Fesi h toget hor vy ei T cogppftion ofoBis™] 40 RyRrefP B 124 GRRRarR Hoflne is
copper and grageRhek!dohceRTBALN IS tROP&IRsE 6P aBolie$! g/l to saturation.

15 20. The composition of claim 2, wherein the cyclic borane compound is N,N-
diethylaniline borane present at a concentration in the range of about 1.3 g/l to
saturation.

21.  The composition of claim 2, further comprising a reducing stabilizer in
an amount sufficient to decrease consumption of the cyclic borane compound during

20 reduction to a level less than that consumed in the absence of the reducing stabilizer
during the course of a copper oxide reduction process, wherein the stabilized
reduction process is initiated in a reasonable time and the metallic copper tayer
resulting from the stabilized reduction process is resistant to acid attack.

22. The composition of claim 21, wherein the reducing stabilizer is thiourea.

25 - 23. The composition of claim 22, wherein thiourea is present at a
concentration in the range of about 2.5 ppm to 200 ppm.

24. In a method of bonding copper and a resin together wherein a copper

oxide layer is reduced to metallic copper and the metallic copper is bonded to a resin,

(AR AL Ll 7.



t he i nprovenent conprising reducing the copper oxide layer to netallic -
copper with womse4aiueous reduci ng sol ution containing a cycbPCT/USS/EINES

~conmpound. 25. The inprovenent of claim 24, wherein the cyclic
borane conpound is selected fromthe group consisting of cyclic borane
conpounds having nitrogen as a 5 ring-form ng nenber, cyclic borane
conpounds having sulfur as a ring-formng menber, and

N, N-di et hyltﬁ@'irhip?@vé?ﬁérﬁn@omprising reducifd the EHSpdrBNiQY RiRAko Phet@lIR) BpPRr with
wherein the cyclic borane conpolnd 1Is sel ected fromthe group

consi st i ng anf agoequsotedoeingosaloton goptainitigne chdicaberanp yaointpaend. bor ane,

pi perazi ne borane, 2,6-1utidine borane, 4-ethylnorpholine borane, 4- 1 0
met hyl nor phol i n@5sor drhe impravement g% slaimuAé. weeseie. the cyclic borane compeuind is
i mprovenent__of claim 26, wherein.the cycli.c borane conpound is .

mor phol | ne SGUcaf o 5ot 6faHP oA SY YoIG BTN RePRIGES cpvii Ditrogenyas,f
to sat ; : | el al w | :
nmor phol i ﬁe?{)ﬁ gﬁ@‘ IB ergeembe{' g% gttlc f-ggg?l%:reﬂrﬁrﬁgﬁﬁ? Pﬁ%{nﬁeﬁrﬂg@rﬂﬁéso a %Lc?‘nghg

g/l to 16. gn@hber, and N,N-dieAYlanilifecborapeovenent of claim 26, wherein the
cyclic borane is piperidine borane present at a concentration in the
range of about 280 g/Thetipnpravement ofi claim 25, whergo. theTtys!ic iorane gempooind is

claim 26, wherein.the cyclic borane is ridine bor.ane ,present at a,.
concentr at isﬁﬁaclt‘ﬁd frioan F%%QEO%‘ C%ﬂ%ﬁt"%‘.’@%f phelipeharapey ?'Bﬁf'd'%@ orane, pyidine
The i rov of .. Lm. 2 r ey . ' orsa ' ' Zi

boran(rarp pre?e@rﬁ?ﬁ%{t péﬁ%%%@gn%roé idn?'ﬁ-lbﬂg'n%g;dgég%% é‘ﬁ%ﬁ‘t""ﬁf’ﬁi@?‘ F‘gt (t))'a?ane, 4

SatUrat1:@n-methylm_og;holﬁ%-borih@, AP N W-ofatHiamd betariem 26, wherein the cyclic
borane is 2,6-lutidine borane present at a concentration in the range

of about 1.2 g/R7o Shteuinesprogement of claim 283 wheTeis theprvslie emanetouipmiumd is

26, wherein the cycljc borane is 4- 25 ethyl norphol,ine borane presen a

concent r at mﬂrqﬁwﬁ%ﬁe%%epgﬁse%ﬁta1qunc§p¥raitl8n In"the, rangg iogn‘f"&m e ga]} to

34. The irggwr\é%gg\nt of claim 26, wherein the cyclic borane is 4-

met hyl nor phol' i ne "borane present at a concentration in the range of about 1

.19/l to s@gur atfHeNimprovement of claim 27, wherein the morpholine borane preséht-

15 at a concentration in the range of about 2.7 g/l to 16.8 g/l.
29. The improvement of claim 26, wherein the cyclic borane is piperidine
borane prese:nt at a concentration in the range of about 1.0 g/l to saturation.
30. The improvement of claim 26, wherein the cyclic borane is pyridine
borane present at a concentration in the range of about 0.9 g/l to saturation.
20 31. The improvemenic of claim 26, wherein the cyclic borane is piperazine
borane present at a concentration in the range of about 1.0 g/l to saturation.
32. The improvement of claim 28, wherein the cyclic borane is 2,6-lutidine
borane present at a concentration in the range of about 1.2 g/l to saturation.
33. The improvement of claim 26, wherein the cyclic borane is 4-
25 ethylmorpholine borane present at a concentration in the range of about 1.3 g/l to
saturation.
34. The improvement of claim 26, wherein the cyclic borane is 4-
methyimorpholine borane present at a concentration in the range of about 1..1 g/l to

saturation.
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35. The.inprovenent of claim 26, wherein the cycl ic borane is 1,4
oxat hi.:ane  wolgpusyge Present at a concentration in the range pefrimosodsod. 2

g/l to saturation. 36. The inprovenent of claim 26, wherein the
cyclic borane is 1,4 oxathiane ~ borane present at a concentration in the
range of about 1.2 g/l to saturation. 5 37. The inprovenent of
claim25, wherein the cyclic borane is N N di et hyl ani | i ne borane

present at a coggentration in the r I M : t Lon.
38.  The inpr ov@?{entﬁ-@? "EP';%VW? O]j %Wﬁeﬁ’c\gﬁ%gﬁ’sﬁkﬁgc%%ibtfl)gaqeo'stﬁg dr%%%’iq&ng
sol uti on appaMechiadest a0hdoRREntrBtiaR iR tMa! fﬁndg%u&f hlso@nt .2 g/l derataation.
consunption of the 10 cyclic borane conpound during reduction to a | evel

| ess than that 88nsufibe irnpravement of aleirerdfis wherelnetheexiighic bgraneaisi 1. #axathiane

during the course of a copper oxide reduction wh in th

stabi l'i zedbP@ﬂ@cﬁﬁeéﬁ”b?béggé‘cﬁgt’?HP? i, s Fange,0% abdn ki 8/ P REtIATON. ¢ he
netal | i G copperqdaye e ' fro N r | INS .-
osstant TTt87 2o Gnar Tiirp\ Bt 5 WhiE'A el 65 Cyefe BOARERE AEN

wher ei n t hgigiRpluniling Bopk!l pgent 3t tdcoHESRration in the radfe ofThiBoutmid\giment
of claim 39, wherein thiourea is present at a concentration in the

range of abatwrator® ppmto 200 ppm

' 38. The improvement of élaim 25, further comprising adding to the reducing
solution a reducing stabilizer in an amount sufficient to decrease consumption of the
10 cyclic borane compound during reduction to a level less than that consumed in the
absence of the reducing stabilizer during the course of a copper oxide reduction
process, wherein the stabilized reduction process is initiated in a reasonable time and
the metallic copper layer resulting from the stabilized reduction process is resistant

o acid attack. )
15 39. Theimprovement of claim 38, wherein the reducing stabilizer is thiourea.
40. The improvement of claim 39, wherein thiourea is present at a

. concentration in the range of about 2.5 ppm to 200 ppm.
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