; OPQRe3e! yb! vt-4@TbT\ ELECTROLYTI C DESI LVERI NG AGENTS AND E. E~rao~,r
'0ES. ~~aa, ~~ MaT.-oo FI ELD OF THE | NVENTI ON 2 d~ JUL 2002 This invention
relates to a electrolytic desitvering agents and el ectrolytic.d ihbéﬁhhng

met hod usMMMMﬂMﬁmmﬂmm, and nore specifjcally to electrolytic 8 g
agents an g nethod suitable for electrolytically renoving or
peellng of f- u&&@ﬁled silver plated portions fromsilver plated surface. The
term"desilver" is herein used to mean renoving or peeling off fromsilver |

pl ated surface unwanted SELEETRPLITEC DESILUBRING AGENTENAEDti on al so
relates to electrolytic desilvering agents and desilvering method which 1

perm t thmm of ELEGIBOLNYICr DESILUBRONGAMETHQD St or age of
desil vere Wmmm@m rkpi eces based on copper, copper alloy, or the |ike.
e

The el ectrol y} Si'lvering agents and the nethod using the sane of this
I nvention do no adversely affect the bondability of the desilvered parts
I n the bonding step known as di e bonding and wire bondi ng. BACKGROUND OF
THE | NVENTI ON El ectronic parts and devi ces, such as |ead frames and
connector pins, are often pAIELBI OF BHEt ENVENTRONi | ver. The surface
portions not to be silver-plated are masked or otherw se shi el ded, and yet
the silver EhéSednven#ﬂonzrelaceszsgzazelegtcatybhaldqsékvenusgover base

surface portions where such | silver plating does not to be nade. Wen this
happensagenés and electrolytic desilvering method using the same, and

more specifically to electrolytic desilvering agents and
desilvering method suitable for electrolytically removing or
peeling off unwanted silver plated portions from silver plated
surface. The term "desilver" 1s herein used to mean removing
or peeling off from silver plated surface unwanted silver
plated portion(s).

This invention also relates to electrolytic desilvering
agents and desilvering method which permit the prevention of
tarnishing or corrosion during storage of desilvered parts or
workpieces based on copper, copper alloy, or the like.

The electrolytic desilvering agents and the method using
the same of this invention do not adversely affect the
bondability of the desilvered parts in the bonding step

known as die bonding and wire bonding.

BACKGROUND OF THE INVENTION
Electronic parts and devices, such as lead frames and
connector pins, are often partially plated with silver. The
surface portions not to be silver-plated are masked or

otherwise shielded, and yet the silver plated f£ilm



" excess silver plated filmnmust be taken away. A nethod known in the art for
‘renmoving the unwanted silver filmis terned electrolytic desilvering. The

. electrolytic desilvering nmethod conprises i Mmersing the exce%i'xgg¥aiklver_
pl ated workpi eces into a bath of desilvering agent (desilveri 6 on)
and carrying out electrolysis using the objects as anodes, thereby renoving
the unnecessary silver fiInlportions.zEIectrontic desilvering agents that .
have hitherto been used include concentrated sulfuric acid m xed with }
sodi um Bickhaiena®n¢ eqkbaliBi Byed bpaBOgamfaeappupdionsdwhees sasnd on
sodi um thi osul fate. They have presented problens of attacking even !
necessagy 1vielrvel apiagedopsr hoénsowbiel madechiwvhgnt bkibabeppenppether copper
all oy) or needing care in handling because of the high toxicity of cyanogen
conpounéxcessvisewet phated dédml mesitnbheageres away.dd methadeknaen
dangerous concentrated sulfuric acid and highly toxic cyanogen conpound but
are conpasé¢temairtl foof remoydnge thei dnivandedt sl vesnfalmsisnteninedogen at om
in the nol ecul e have been devel oped. Anong them are agents based on

succi ni eileéetoolyliicalesidvesingan Thek glecterdlythgddesidverJngamethopat ent
Application Kokai No. 2-104699 (Kokoku No. 5-87598) and those cont ai ning

2- pyr r olcothprd sBsc ambexgling &bedexcessdvellyt sddverhplatgft vorkpieges
saccharide (Patent Application Kokai No. 6-41800). Patent Application Kokai
No. 2- 175825 adbathooésdesidvezingsagentniidesdlvendngorpdbuhidenphadndg - NH-,
such as 2 ~JUL 2002 3 4 barbituric acid, uracil, and glutarimde. Patent
Appl i cattamrykokaputio elect491981sr ysdbes theeobjecss ashpnades: ntB8ERBYNd as
a conpl exi ng agent. The desilvering agents of conpounds based on cyclic

aci d .amﬁ@@yi@antaﬁnMn@eﬁﬁésﬁﬁwr§égﬁe§té#ﬂmnppﬁéiﬁﬁﬁecule have many
drawbacks. They tend to be hydrolyzed with al kalies, and accunul ation of

t he deconpo@ilectropysdeedesddveriagspagpty ihpéchayvs PAEPREERSBERY sil ver
plated surface such as passivation, tarnishing, lack of uniformty and

ot hers aedhdngiluger congeagratedasal fygdg épég Pd&gA; withheRedddmye
consunption of the main constituent with short bath life. Another problem

i s the Mdfdatey ORSt COBSALPINONG GYABPISPFOREPPBAr aBAsPRGS:BAAPEI on
causes unwanted passivation or irregul ar desilverin% gi t he §urface.

Manuf actofr €06 usk AhdesddEade -ddiede davay BrEEEEAdPAGPLEBEs® known as die
bondi ng and wire bonding. D e bonding is_.a,step in.which a. sem conductor
chi p i s 3ttestHed eyer §&SFP&WESN1W%ré§3?}eFe§P FlPPSeHB}§ebgkggéﬂF occurs
during the process, the die pad wll _be contaniggted Wi t h organiginatter to
cause i it PGSeGORREFoRd FGPREF RAEYIoRFuEERGI B CERE it BRRELing

[ ihle. W di ' f hi fi f Au, A1, :
L0 Som BRSO RTSs AR (PR Tindr FYRRCUeR ATBPelhect them Hore

agai n any oqal ATRALION O N g TG calenle HORCho! BBYSLBE BnkerY,

rough surfa I T17om™ _ ermt c uction to the outside.

bondabi HANP e3P e RERNraes Suriazac mad B BiBMGLIEGE EEbotleR | o7

agents of IRSH 1t Are Uohipddd i PPee He3211894 8 R e that
contains one nitrogen atom in the molecule have been
developed. Among them are agents based on succinimide or
phthalimide and an alkali metal hydroxide (Japanese Patent
Application Kokai No. 2-104699 (Kokoku No. 5-87598) and those
containing 2-pyrrolidone-5-carboxylic acid with or without the
addition of a saccharide (Patent Application Kokai No.
6-41800). Patent Application Kokai No. 2-175825 discloses

five- and six-membered ring compounds having -NH-, such as



|
"OBJECT OF THE INVENTION It is therefore an object of this invention to }
devel op agents and a method for electrolytic desilvering that permt ;
-renoval ‘of silver at a high current density while ensuring |ong. \%5& lﬁ
with little hydrolysis of the principal constituent and further?2 b ny
del eterious effect upon the bondability of the desilvered surface.
probl em comon to the desilvering agengs of the prior art has been that
when the base is copper, copper alloy, or the |ike, desilvering induces :
sone di sEAbiitigidf 44191, baseadmt.erdrl At aadhiivt. Patehtt Appiuchaden This in
turn tends to cause surface tarnishing or corrosion of the desilvered parts
during HKoN=zigelo . TM+R431006 proidwds AjecGisedfofl Al hiyildanddlino eon@otedel op

el ectrolytic desilvering agents and desilvering nmethod which, when the
parts t asdha ponmpasedhqraydigsed on copper, copper alloy, or the like,
render it possible to prevent the tarnishing or corrosion of the desilvered
surface duriTe stesridyeriSidVdgen tE- oifHie driddtBsON aAlkeide bno ey clice asiide

i nvesti.gations to realize the objects it has now been found that specified
ni t r ogenntydds coaxdigdouings are triidinogear iatain ves tiey mod ecmd eohawver e N at ons
in the ring show el ectron polarized states unli ke those with a single N i
2 ~ JUL 28?2 drastba@nkend Theat temngl) toadd yhwwdmddivgedhywditdl pdkaldesd .t aodeby
extend the bath life, permt desilvering at high current density, and, with
t he addiadanwnuwdfatddiodic the deaampeaid ign axlodde tsdvans angesdgadlypon t he
bondability of desilvered surfaces. On the basis of this discovery, the
present afifiemtt iton theoviegessare|sddivean \rliatkede sunfecengusde@®ss conprising a
desi |l vering conponent selected fromthe group consisting of hydantoin,

5, 5-di rrma%ﬁLWd@m.omarrdﬁﬂmg.c laskd o s updifiopmityppndd @kdess of the

3- et hyl - pyrazolone and allantoin as a principal constituent and a boric
aci d codidver & é%é@%ﬁﬁy ddest ialigntresyldudiaexgessda® be added to the
agents.

consumption of the main constituent with short bath life.
Another problem is the tendency that desilvering under high
current density condition causes unwanted passivation or
irregular desilvering of the surface.

Manufacture of semiconductor devices involves bonding
steps, known as die bonding and wire bonding. Die bonding is
a step in which a semiconductor chip is attached to a lead
frame with epoxy resin. If epoxy bleedout occurs during the
process, the die pad will be contaminated with organic matter
to cause inferior ground bonding and make conduction to the
outside impossible. Wire bonding i1s a step for attaching £fine
wire of Au, Al, etc. to semiconductor chips and frame inner
leads to interconnect them. Here again any contamination of
the Ag surface of the inner leads or a very rough surface
condition will not permit conduction to the outside, It is
thus important for a desilvering agent to have no adverse

effect upon the bondability of the desilvered surface. The



|
"It has also been found that the addition of a certain copper inhibitor to
the electrolytic desilvering agent allows it to be adsorbed by the base
.surface, naking it possible to prevent tarnishing or corrosi OQPfJULhM
desil vered surface during storage. Based on this finding, this i1nvention
provi des electro |lytic desilvering agents of the above conpositions further
contai ning one or nore of the conpoundsg selected fromthe group consisting:
of benzotriazol e, benzim dazole, thiouracil, thiobarbituric acid, ’
benzot hi abole-mbrbzoned chgentHdaL otlee pHIGE eart Nhf@zonable Nialamdt ne, and
their derivatives as a copper inhibitor and inhibitors. This invention {
further phesedesqahremexts ol ytic desilvering nethod characterized by
imrersing of an i - 2 ~ JUL 2802 6 excessively silver plated copper or
copper alloy object in a solution of one of the above nentioned
el ectrolytic desilvering agents and carrying out the electrolysis using
sai d obj ect as an anode. TheORJECT rQF yITRE IEVYEFTEONNg is desirably
performed with stirring under the conditions of: pH of the agent: 7 to 14;
bath current Itehsi ther@fdre casorjelrt 9 f abhil $ai vertioen diardevel®n o 60C .
Under this invention the main constituent of the desilvering agent, which
has two agenbseandadonsgthedt fier relectedbybiandes biveningpdihat nermitat e
different fromthat with a single N atom and sel dom under goes hydrol ysi s.
That presenabdly afcobhveriat axhighiccubrent | dersivy Wbl @nduwsiingy of
desilvering at high current density. It is also presunmed that, according to
t hi s i nvéaRgohathhbl fRiswibri bhtbke hxdppbrsintehi thr RAHLREIRMper or copper
all oy base surface controls the activation of the base surface, even though
it nmay a€eBfphbyerbnandi Supther onlthouheanystelafrr IPus afikeqthdRRIS | ver ed
surface fromtarni shing or corroding while being stored. DETAILED :
DESCRI PTERR bpndall } \oENaf dbheardept I vRTodl Sebha¢e t uent of the desilvering
agent of the invention is a sgecified nitrogen cyclic compound or its
derivative hAVPREPISM ¢r™HOR etN BT H Yol Ry Rgents iaf diedE®P% rom t he
group consi sting, of h%/dant oi n, 5,5-di nethyl hé/dant oi n, cyanuric acid,
6- met hyl @8¥phas dBsemetnat nevhs? - BhS 12358 ok, CAPRE T | CRRRA T 2 IHRY BN cal
formul as of these 2.4 JU 2002 principal constjituents are given bel ow for
r ef er encEne[ EhKGT c4fS YTl ng ji?d‘ﬁ%%n?‘g‘?% ¢issed virhAE A RARE hydant oi n

id HH O-N N C ~ ~ ~H ~ CH 1- 00 6- Met hyl - 3- .3- Mpt -5-
A | ant o} BOBEF b GRS a0t Lo Bt oF KR (SREERBROGELS in furh tnds B

cause surface tarnishing or corrosion of the desilvered parts

1

during storage. Thus it is another object of this invention
to develop electrolytic desilvering agents and desilvering
method which, when the parts to be processed are based on
copper, copper alloy, or the like, render it possible to
prevent the tarnishing or corrosion of the desilvered surface

during storage.

SUMMARY OF THE INVENTION
After our intensive investigations to realize the objects
it has now been found that specified nitrogen cyclic compounds
or their derivatives having two or more N atoms in the ring

show electron polarized states unlike those with a single N



N1IH O O The concentration of such a principal constituent in a bath ranges ;
from5 to 200 g/.~ , preferably from15 to 100 g/.~ . A too | ow
concentration tends to cause silver passivation, while a too h%gPJUL 2002
concentration i s undesirable because it can pose a probl em of

desilvering agent (solution) being wastefully carried out. As an accessory
constituent, basically as a pH bufferPng agent, a boric acid conpound such
as potassiumtetraborate, (ortho)boric acid, potassiumdiborate, sodium
bor at e, sothmurametiteiortdtey, ardiivheamderqa ehydidlgrsdtse anidetthalrebgt e, or

pent aborate is added. The concentration of the boric acid conpound is in

t he rangeexdiferis tthel @atgy 14 fe ,prpefmridbldeslid vex sy @/t highl curlrent
concentration is too | ow the pH buffering 2 ~JUL 2002 r s action is
limted, dansiitfy t revdonddiit itdte @ddisitayo dfi gh hdd o agfiidecompoundr e t han
saturated to no avail. This accessory constituent contributes greatly to

t he bondabtddlindepfadvesr stesififiesrtsd unarf d&dwe bandadpdil 1 tyhefe desddyezed, a
surfactant is added. An anionic, cationic, or nonionic type or their

m xture rayrfigcased. The concentration range of the surfactant is between
0.1 ~ g/~ and 10 g/.~ , preferably between 10 ~, g/.~ and 1 %/.~ .

| nadequat e céredite fasds @fedMa va diher aresentednyentdpar eas
excessive concentration wastefully saturates its effect. As a copper

i nhi bi t orPr@Hyfesanprelagteadaitda desilynning Roanssc soswsisiggor
benzotriazol e, benzi m dazole, thiouracil, thiobarbituric acid,

benzot hi &&fid varimh companent, gelacted fgame, theraFeren €onsisidrgl Ple, and
their derivatives may be used. The concentrati on of the copper inhibitor
ranges f ety modo Sngiime thyd-dwdanphiol it Grarwd S@¢ify/ . ~ . Too low a
concentration . s not effective in preventjng tarnishing while too high a
concentreﬁ?@ﬁ?h¥9%%fﬂﬁﬁ%9Q§QQQni%f Qﬁgﬂiﬂ§?ﬁi§ﬂ%9%QE?' éﬁi@@tﬁéﬁtioned

copper inhibitors have the follow.ng structural formulas: 2 ~ g%t ~9

( Cheni cal®§-6t rﬁﬁiggCJ-f]aletﬁ%te d_g.horic acid compound as

accessory constituent. A surfactant may be added to the

[

agents.

It has also been found that the addition of a certain
copper inhibitor to the electrolytic desilvering agent allows
it to be adsorbed by the base surface, making it possible to
prevent tarnishing or corrosion of the desilvered surface
during storage.

Based on this finding, this invention provides electro-
lytic desilvering agents of the above compositions further
containing one or more of the compounds selected from the
group consisting of benzotriazole, benzimidazole, thiouracil,
thiobarbituric acid, benzothiazole, -benzoxazole, indazole,
indole, imidazole, imidazoline, and their derivatives as a
copper inhibitor and inhibitors.

This invention further provides an electrolytic

desilvering method characterized by immersing of an



|
‘N Thi obarbituric a. 0 ~~O HN ~H 11 S Benzi m dazole HN ~1 N Thiouracil H N
“"N(~H | 0 Benzot hi azol e Benzoxazole S~ O N1l ' N Indazol e Indole |mn dazole
I'mdazoline NN ~N ~N N hf Using such a desilvering agent, desplvsyli 2802 s
carried out under predeterm ned conditions. The desilvering agent is
adjusted with a pH adjuster such as sodi um hydroxi de or other al kali netal
hydroxi de or alkaline earth nmetal hydroxide to pH 7 to 14, preferably pH 7
0 12. If the pHis below the range the desilvering rate is so |ow that the
silver sextaseivehylssibvéemhatehereppenmic poreprer| ackow cokiigd var iang
results. On the other hand, a pH above the range brings no nmerit. The |
obj ect s selabipnoetsere ¢ theaakkvrdeRtirned elextmwINi®60Q to i nvention
are those consisting of a base of copper, copper alloy, iron-nickel alloy
such as dgsilyeyingiagents ard ALK Ul thy elRCliPlars ¥etU8ing or ned
wth a silver coating filmon the surface by silver plating, silver
sol deri ng2idtebient odf 2® MRA%Hg Beig iRt Rty desihv g drSred on the
surface is imersed into a_bath of the electrolytic desilvering agent
pr epar edd@siEpbl¥ PerfoEred twhil 3Ll ring Rple ke dthruGRf Hensh*fct Rih
anode. The material of_the cathode is not specially linmted but stainless

steel isofisthelggemky. 7 T¢R ki rRakh fBreTeRt idenpitgel ot tamP YW m,
preferably_ between 0.5 and 10 A/ i, g&fh respect to the area of the silver

plated stRfaPREROCHBPEEH VR W t'd ¥ current density slows down the
passi vat i on DRSSE| GRIS AT (Ul arab e G 1o YIS 't anges | rom 10
L0 00 aBLErLebhy SO 18 ARt 05s 00, dRMane o8 o bath, Leper atures
[eopect | Sels A8 LBLLERR o LE DALY SHLLO PLEELRL YoLSy | AUt g0l and 11
faster the 20 tRt 00 0 D41 &5n WIEL-40Ss WG 1901 08 flgl | ver consists of

presumably accounts for extended bath life and the

possibility of desilvering at high current density. It is

also presumed that, according to this invention, the

adsorption of a copper inhibitor on a copper or copper alloy

base surface controls the activation of the base surface,

even though it may accompany some dissolution of the base,

and prevents the desilvered surface from tarnishing or

corroding while being stored.

DETAILED DESCRIPTION OF THE INVENTION
The principal constituent of the desilvering agent of the
invention is a specified nitrogen cyclic compound or its
derivative having two or more N atoms in the ring. It is
selected from the group consisting of hydantoin, 5,5-dimethyl-
hydantoin, c¢yanuric acid, 6-methyl-3-pyridazone, 3-methyl-5-

pyrazolone, and allantoin. The chemical formulas of these



copper or-a copper alloy having a silver coating filmformed by silver
- plating, silver soldering, or the likke, it is inmersed in a bath which
further contains a copper inhibitor and is electrolyzed as an anode under
t he above-nentioned conditions. Aternatively, the sane effed#&iJLagi0ai ned
by 2 ~ JUL 2002 mdipping the object in a copper inhibitor solution
before or after the electrolytic desilwering. D pping for at | east one
second in the solution proves effective for protecting copper against
t ar ni shi rxingiealt kensititeenteatirrggfivem bk law dlorecefesengebe partly
removed by a desilvering bath, it is possible to either mask the silver
pl ated surface portions to be retained or locally imerse the portions to
be desilvered in @héﬁgbgﬁuﬁbrﬁﬁlggelfiIver filmin the portions to be
retained is thick enough to survive the desilvering of the unwanted
portions, the whole object nay be immersed in the bath. In the case of a
| ead frame, the silver | filmingi nd ot her necessary portions
usual L.y becones a | ow & &%@%Qg%ensiti' géé@%iggiing el eEYRBYYEFC
desi | vering while the silver filmin Yhe surfoundi ng unfi€t8ssary portions
beconmes a high current density region. Thus, the object c be directly
desilvered electrolytically w thout masking the necessZ:gf Npver plated

i 0o

!

portions and only the unnggessary silver glated film paor are

sel ectively renoved. E The igyentiQn will now b bed in
further details in connettiogn with its ybrkifig exanpl es, rgference
exanpl es, and conpar at 0%e eyéhples.cﬁ§< eries | Desilvering baths of
di fferent conpositions were prepared 02 ~ JUL 2DQx 12 as represented by
Exanple Nos. 1-r 6 in Table 1. Copper lead franes, with their pads partly
silver plated to a thickness of 5 ~c meach (the portions around the pad
being |ikew se silver qlydagd, unnecessplidy)-sWer ey gtk 85, t €st speci nens.
They were inmmersed int@, e Aasd | Vs Pedhs and were electrolytically
desil vered under the condigions givengalso in Table 1. fhat is, the

unnecessary portions were Nempyed &y an el ect HoNEINH foroed at pH 8~-11
current density of 3.0 .0 d rr~Y_ bweh tenperature| of {25 C, and
stirring rate of 1.0 miskec for 30 s . The desi | veredNBpeci nens were
eval uated by observati®n under a m croscopBs (x100) é% t he outward
appearances of the silver plated and base surfaces and al so of the

appear ances of the bases after boiling. At the sanme tinme, the desilvered

f1methicknesses YR8 debeiiingd Buch WOLeselbat BH:308LURLS1a01 N di e
g n he speci

bondi ng and wire Bondi ng were done, a nmens were ‘i'nspected for
any .”?‘C%aocfhf ‘398%&%%9' ghdout saf L er Joe é?&a”er ?P?fé?%bf e qife Pond, 100
conditions afrter e latter. e sane ectrolytrc desllvering Wwas repeated
42 days g/£ . A too low concentration tends to cause silver

passivation, while a too high concentration is undesirable

because it can pose a problem of the desilvering agent

(solution) being wastefully carried out.

As an accessory constituent, basically as a pH buffering
agent, a boric acid compound such as potassium tetraborate,
(ortho)boric acid, potassium diborate, sodium borate, sodium
pentaborate, or other borate, diborate, tetraborate, or
pentaborate is added. The concentration of the boric acid

compound is in the range of 5 to 100 g/¢ , preferably 10 to

50 g/¢ . If the concentration is too low the pH buffering



after the preparation of the baths, and the results were evaluated in the
sane manner. The outward appearances of the silver and base surfaces were
all good. Roiling caused sone tarnishing of the bases but not t 4éHﬁL%%ﬁFnt
t hat the bases were unusable. The desilvered filmthicknesses r

0.9-~-1.6 ~c m indicating adequate desilvering performance. Bondability
rati ngs were 2 ~JUL 2(i02 13 high too. Exactly the sane results were
obtained in the tests conducted 42 day§ after the preparation of the baths.
Thi s si gradtiasn tisatl innetdibt fsuthaidE didd iooettertarateisirs i sRedoer érigh EBhenpl es As
Ref erence Exanple Nos. 1 and 2 in Table 1 shows, simlar electrolytic *
desi | veriaffedstis vimrmee cormiucaddinadiaty to et ravta‘llhyd‘antsmamzmlsmm‘yand a bat h
of hydantoi n and pot assi um pyrophosphate, in place of a boric acid
conpound,carss timegrt badrftori bt egyane adfl vadee ddwr pargadtiiltidantof Whieh t he bat h
of hydantoin al one, the outward appearances of both silver and base

sur f aces degiel vpref BRurfigee base appearance changed due to tarni shing on
boiling. The bath of hydantoin and potassi um pyrophosphate as the pH
buf f eri ng agdmritharr ivhernedhadesssonh &pFawmfardantofissisdded .andnbase
surfaces, inmpairing the bondability of the desilvered surface either. This
means t heanigiokg.amatiginithe Qo msHanion tore o ddsiliy avdixtypregaay dech as
hydant oi n and a boric acid conpound according to this invention. Tests
conduct ed*sE8 dalhe Fangentra o fandgeo @ hfthehsurfastgare isxdetwpenhe sane
results. Conparative Exanples A desilvering bath conposed mainly of

succi ni ni®e & Yohvand ol:glg/d%sq IRr&feredge e tieeraddt hed /Mat ﬁmé‘f 1

succi nim de plus potassiumtetraborate were prepared, as represented by
Conpar at i 962 Exadffideqgnte congentgat ipgpdees nat PFOTREsn & syEfactsad in

Exanpl es, Iead frames of copper whose pad 2 4 JUL 2002 14
ffect whereas excessive concentration wastefully saturates

its effect.

As a copper inhibitor, any one or more selected from the
group consisting of benzotriazole, benzimidazole, thiouracil,
thiobarbituric acid, benzothiazole, benzoxazole, indazole,
indole, imidazone, imidazoline, and their derivatives may be
used. The concentration of the copper inhibitor ranges from
1 to 1000 mg/¢ , preferably from 5 to 500 mg/¢ . Too low a
concentration is not effective in preventing tarnishing while
too high a concentration is no more effective beyond
saturation. The above-mentioned copper inhibitors have the

following structural formulas:



!
portions had been partly silver plated to a thickness of 5 a mwere used as
test specinens and they were imersed in the -above baths for electrolytic
. desilvering under the conditions shown in Table 1. That is, salv '
removed from unwanted portions by electrolysis at pH 9, curregt g@k?@@& of
3.0 AAd m, bath tenperature of 25C . and stirring rate of 1.0 msec for 30
seconds. The desil vered speci nens were evaluated in the sane way as above.
Tests with freshly prepared baths showed that both the silver and base
surfaces of the specinens had good outward appearances. The base surface
tarni shed upon boiling. The desilvered filmthickness was 0.8 ~c m Tests |
with the baths 42 days after their preparation gave the silver and base [
surfaces uneven and poor outward appearances. The speci mens showed poor ‘
bondabilities too. The desilvered filmthickness sharply decreased to 0.4u"
m i ndi cati ng tihenigabdidrnu¥as Had al ready expired. TABLE 1 Speci nenE x
a mp 1 aReference Exanpl eConparative
Exanpl.eNo. 1234561212pr.i nci Lydant oi n uricé-mettlyl-3-3-m
et hyl - 5- aIIant0|HH?Hg ?#Ehﬁuﬂ%ﬁqﬁﬁ%ﬁf g§ﬂ55¥ a'ﬂ"ieconstltuentSO g/
~hvdant o nHC|dpyr|dazoneggrldazoneBathBD g/ ~50 ~25 g/ ~50 g/.~50 g/.~50
g/ B50 g/ ~50 g/ $50
g/ . ~conposi ti onacce (or ho) - pot a S|Jﬁpotass uns |un(ortho) (ortho)--po
t assi um pot assi UNToRS bor|
aC|dtetraboratetetraboratetetraboratebor|c aci dbo |c
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Exanple Series Il This series used copper inhibitors. Baths of conpositions
r epr es emutte ainde rEpaedied eiog ne~cdndi tTabke Theedesplepaied. aGeppeis| ead
frames, with their pads partly silver plated to a thickness of 5~, meach
(t he peadjustedamddhd at pd pddubéemgshckeass eodiime hydrakédeunneothsaril y),
were used as test specinens. They were imrersed into the desilvering baths.
and wered kalldc medlaflt ihydiroxidespicvel&dlundeeatrlid metdilt hgdsogidenton Tabl e 2.
That is, the unnecessary silver plated portions were renoved by an

el ectr @y g $opdrdf,opredesabpl ®H~712, 1l2ur Aénttheepsl iy bRlBWOthe5. 0 A/ drd ,
bath tenperature of 25C , and stirring rate of 1.0 msec for 30 seconds.
The dedgianger ddies gesiidwesingr gagealigased low thatnkheesideecr sbeflaca Exanpl e .
Series |I. The silver and base surfaces of the specinens after the !
el ect r dleygiss Hoodlesdnei raevene dadi Peori sglpetiivendesd lwesisngt i sfactory with
the desilvered filmthickness ranging from0.9 to 1.6u m The desilvered
speci maesuldigen Cax ttdie ofheirnkead.of PHnaboven the engenyrpnge water, showed
good silver and base appearances. Their bondabilities were favorable too.
Tests &@ddet ed 42 days after the preparation of the baths gave quite the
sanme results. This neant that the baths still had service life after the
tests. Ref dhen®® iBehFpltes bel earcesyerdc ide sicopadangenwsd thathigd out in the
same nmanner as above with the exception that a bath of hydantoin 2 4 JUL
2D02 17 alone and a bath of hydantoin, potassium pyrophosphate as an
accessory constituent as a pH buffering agent, and benzotriazole as a
copper inhibitor were used instead, as Reference Exanple Nos. 1 and 2 in
Tabl e 2.




|

‘As stated al ready, the bath of hydantoin al one gave both good silver and
base surface appearances but the base tarnished upon boiling. Wth the bath
-of hydantoin, potassium pyrophosphate as an accessory constituents 3g.
buffering agent, and benzotri azole as a copper inhibitor, the appearances
of the silver and base surfaces were poor. The bondablllty t oo was
undesirabl e. These denonstrate the |npoy%ance of the conbination of the
desilvering constituent such as hydantoin, a boric acid conpound, and a
copper |th%Tltb@na@r@atmsebqommstiwwf|a)nba§'eesQ$ capret edcoppeaiys after
the preparation of the baths gave just the sane results. Conparative ?
Exanpl esa il @ési i veripickal habbey ssuthgas vt i ol Ivle stainlmsncteel,
constituent and a bath containing succinimde, potassiumtetraborate as a
pH buf f ep1FEe hoRhtOY arll REReE rmekal e %@rlﬂﬁ@d'pb@? 3 rihi e reca ngr epar ed,
as shown_in Conparative Exanple Nos. 1 and 2 in Table 2. In the manner
descri befi iR e aFhe esurfacy ?Yaﬁw%’sv%lf Rbpprg wHokweradpsienigis ekt been
partly .silver plated to a thickness of 5~, mwere used as test speci nens
and they werdn|oRigceavingea HbivehAoating &f bk tthos tfarnadion dieg
under the conditjons shown in Table 2. That is, silver was renoved from
unwant edSHoFRFH LS b’y’“melﬁs%d\]mt‘?eﬁ)zbal@ A ecthesieatralyii®, current
density of 3.0 A/ dni. h te erature of 256 C, and stlrrlng rate of 1.0
m sec fotesbl ¥Rt g% &Fsﬁ}&‘f%rﬁn%]@q RS Al uat ed.
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sur f aceappear ancegoodgoodgood good good
immersed in a bath which further contains a copper inhibitor

and is electrolyzed as an anode under the above-mentioned

conditions. Alternatively, the same effect is attained by
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appear ancedaysaft er 4 JUL 2002
boi | i nggoodgoodgoodgoodgoodgoodgoodt ar ni sht ar ni sht ar ni sht arni shl at erdesi |l ve
red filnthickness (u. m1.61.61.60.91.31.51.51.61 60 40. 4epo~Cy
bl eedout nononononono' noy~yesYesyesw re
bondinggoodgoodgoodgoodgoodgoodgoodpooﬂboorpoorpoor NLCr 2 4 JUL 2(102
20 ADVANRAGEiOE THE PRYENEI ON ThicorPaveAnhdhitam ppdhbhgnt hefbréeonf an
el ectrolytic desilvering agent narkedly conpared with the spans of existing
agents. PEtgar fhesedesitredyitis é@sﬁﬂgﬁréngﬁeﬁﬁppiagnﬁpratAEGGSttOhas no
adverse effect upon the bondability of the workpieces. This invention
renders FECPBSsiiBl &heosplutder RePNpFe8éfectivepper, PEoppeting| 69PPOF the |
i ke fromtarnishing or corrosion during storage after their electrolytic
desi | ver PA§LNFhusarPA&hinge of the el ectrol ytic desilvering agent is by far
the longer than those of conventional agents, and tarnishing or corrosion
of copper, cYpgsrthel 8}lver Ser&dng filEr cfa8B ehdest pHFetenPRIPARELE
perform ng desilvering at greater_ current density. 2 ~ JUL 29D 21 \What
i s cl ai mEgmpyed; byag gFé&ﬂV&FﬁPchéégkl%Er?ﬁgpaﬁﬁﬁPlEoﬁﬁrFéFhﬁF pagkat
| east one desilverinﬁ onstitgent selﬁgted romthe rou& consisting of

@i - ne

hydant oi §hesS314ERePRRERFISHESARS BPRRLPAE Kei Be BERBLRGH- ST pjPfablBne,
Uy Ryl ene, and ol Lantel by 2%, 2, Rel Pl L,goReLt ppLand (0) @
oo | vor 9,20 COTH ek ehea! phogsl 08, 0251 Luethto constatuent
L o RRERAeC5RE: REaeArBEEBS BE oo PP NP HYAnpREhRoRS ahacuBelery
ConStitu%g%éc%n%agc%eai%%@&%%%agk'the bath. In the case of a lead
frame, the silver coating film in its pad and other necessary
portions usually becomes a low current density region during
electrolytic desilvering while the silver film in the
surrounding unnecessary portions becomes a high current
density region. Thus, the object can be directly desilvered
electrolytically without masking the necessary silver plated

portions and only the unnecessary silver plated film portions

are selectively removed.

EXAMPLES
The invention will now be described in further details in
connection with its working examples, reference examples, and

comparative examples.

Example Series I

Desilvering baths of different compositions were prepared



3. An eleetrolytic desilvering agent conprising: (a) at |east one
desilvering constituent selected fromthe group consisting of hydantoin,

5, 5-di et hyl hydant oi n, cyanuric acid, 6-nethyl-3-pyridazone, 2 4 JUL

3-net hyl - 5- pyrazol one, and allantoin, as a principal constituent; (%?'a
boric acid compound as an accessory canstituent; and (c) at |east one

sel ected fromthe group consisting oﬂj%enzotriazole, benzi m dazol e,
thiouracil, thiobarbituric acid, benzothiazole, benzoxazole, indazo.le,

i ndol e, dsmmegr@sented dyz dxampleanbst.hdi~+ 6ddmni Tabileed,. as a copper 2 4
JUL 2(102 22 inhibitor or inhibitors. 4. An electrolytic desilvering agent '
conpri si ng: Coppeat lesdk tf mame sde siilthertihed rc padisi paetlyseliévesdpladedt he
group consi sting of hydantoin, 5,5-dinmethyl hydantoin, cyanuric acid,

6- net hyltag-apyhhiigkness oF Petthyl oy (dhel postigng akrbundoithe ®gda pri nci pal
constituent; (b) a boric acid conpound as an accessory constituent; (c) a
sur f act deindadd keWiset sidyer giated aanesessgnidig . gress vsrdi 88i ng of
benzotri azol e, benzi m dazole, thiouracil, thiobarbituric acid,

benzot hitesd spasdmensaz fihey weke dmmersedoliato; fhgadesdlveringzbriths, and
their derivatives, as a copper inhibitor or inhibitors. 5. An agent

accor di Fq& yedleaiahestinedydilcally desilyeriedy uagrst ithgefengdd t40pFi nci pa
constituent is used in a bath at a concentration of from5 to 200 g/ .~ ,

t he bor i9dvaes @leghisui@bde dn ddedsd&ry thenynnecessazy ROESAECBAt WEERPoN of
from5 to 100dg[;/.~ , the surfactant at a concentration of from0.1 a g to
10 g/ . ~remgyed by Shsdeathalyisis rerformes s ®Haf~aldonEBAFLRLI on of from
1 to 1000 ng/ . 6. An electrolytic desilvering nmethod which conprises

i mrer si S§RE W37 18F ol -Cofst mrr Patdpfemperesirei Pfefad &n-t BBAsurface
into a bath of an electraqlytic desilveri n% a%ent according to any of clains
1 to 5 StdaHAeRrt@AY iId Jusec for 80)8eC08885 23 el ectrol ysis using the
wor kpi ece as _an anode. 7.. A nethod according.to,claim6_wherein the

el ectrol yti gkﬁegqsx}i"ierﬁ?q SHEGITENSe Fake §VSLPALPAgPYnaBFerKBEABRdI ti ons
"of pH 7 to 14; bath current nsity. 0.1 to 50 A/d rrt; and_bath

t enper attRAET fb“PEW&ﬁSQPQ,AEEQﬁS. Z&R@prﬁggﬁg;apﬁgaFﬂgFes 6°2hd

: A I Y
1S A A A A e e Auh et o ArAR oWV ATETLBLKYAN) L0

of the bases after boiling. At the same time, the desilvered
film thicknesses were determined by fluorescent X-ray
analysis. Both die bonding and wire bonding were done, and
the specimens were inspected for any trace of epoxy bleedout
after the former and for the wire bond conditions after the
latter.

The same electrolytic desilvering was repeated 42 days
after the preparation of the baths, and the results were
evaluated in the same manner.

The outward appearances of the silver and base surfaces
were all good. Boiling caused some tarnishing of the bases
but not to the extent that the bases were unusable. The
desilvered film thicknesses were 0.9~ 1.6 p m, indicating

adequate desilvering performance. Bondability ratings were
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agent deteriorated the both appearances of silver and base

surfaces, impairing the bondability of the desilvered surface
either. This means the importance of the combination of the
desilvering agent such as hydantoin and a boric acid compound
according to this invention. Tests conducted 42 days after

the preparation of the bath gave exactly the same results.

Comparative Examples

A desilvering bath composed mainly of succinimide, a
conventional desilvering agent and another bath of succinimide
plus potassium tetraborate were prepared, as represented by
Comparative Example Nos. 1 and 2 in Table 1. In the manner

described in Examples, lead frames of copper whose pad
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L&PI10U&R ()-z! SL&SL10%R' () -z L&$PLOUR ()-2z!2L&S10W 1 & ()-2z$ 10%& () -
10z** U, ,above whatds (94 &Rl ytid el lvering under the conditions

shown in Table 1. That is, silver was removed from unwanted

i portions by electrolysis at pH 9, current density of 3.0

A/d m', bath temperature of 25°C , and stirring rate of 1.0

m/sec for 30 seconds.

The desilvered specimens were evaluated in the same way

as above. Tests with freshly prepared baths showed that both

the silver and base surfaces of the specimens had good ocutward

appearances. The base surface tarnished upon boiling. The

desilvered film thickness was 0.8 p m. Tests with the baths

42 days after their preparation gave the silver and base

surfaces uneven and poor outward appearances. The specimens

showed poor bondabilities too. The desilvered film thickness

sharply decreased to 0.4y m indicating that the bath life had

already expired.
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Example Series 11

This series used copper inhibitors. Baths of compositions
represented by Example Nos. 1~ 7 in Table 2 were prepared.
Copper lead frames, with their pads partly silver plated to a

" thickness of 5y m each (the portions around the pad being
likewise silver plated unnecessarily), were used as test
specimens. They were immersed into the desilvering baths and
were electrolytically desilvered under the conditions given
in Table 2. That is, the unnecessary silver plated portions
were removed by an electrolysis performed at pH 8 ~ 12,
current density of 3.0~ 5.0 A/dn’ , bath temperature of 25C ,
and stirring rate of 1.0 m/sec for 30 seconds. The desilvered
specimens were evaluated in the manner described in Example
Series I.

The silver and base surfaces of the specimens after the
electrolysis looked fine. The desilvering performance was
satisfactory with the desilvered film thickness ranging from
0.9 to 1.6y m. The desilvered specimens, even after 10
minutes of immersion in boiling pure water, showed good
silver and base appearances. Their bondabilities were
favorable too. Tests conducted 42 days after the preparation
of the baths gave quite the same results. This meant that the

baths still had service life after the tests.

Reference Examples

Electrolytic desilvering was carried out in the same

manner as above with the exception that a bath of hydantoin
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p810%& dgcegeyy B@utytuent as a pH buffering agent, and
benzotriazole as a copper inhibitor were used instead, as
Reference Example Nos. 1 and 2 in Table 2.
As stated already, the bath of hydantoin alone gave both
good silver and base surface appearances but the base
tarnished upon boiling. With the bath of hydantoin, potassium
pyrophosphate as an accessory constituent as a pH buffering
agent, and benzotriazole as a copper inhibitor, the
appearances of the silver and base surfaces were poor. The
bondability too was undesirable. These demonstrate the
importance of the combination of the desilvering constituent
such as hydantoin, a boric acid compound, and a copper

inhibitor as taught by this invention. Tests repeated 42 days

after the preparation of the baths gave just the same results.

Comparative Examples

A desilvering bath containing succinimide as a principal
constituent and a bath containing succinimide, potassium
tetraborate as a pH buffering agent, and benzotriazole as a
copper inhibitor were prepared, as shown in Comparative
Example Nos. 1 and 2 in Table 2. In the manner described in
Examples, lead frames of copper whose pad portions had been
partly silver plated to a thickness of 5y m were used as
test specimens and they were immersed in the above baths for
electrolytic desilvering under the conditions shown in Table

2. That is, silver was removed from unwanted portions by
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desilvering agent is by far the longer than those of
conventional agents, and tarnishing or corrosion of copper,
copper alloy, or other similar base can be prevented while

performing desilvering at greater current density.
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group consisting of hydantoin, 5,5-dimethylhydantoin,
cyanuric acid, 6-methyl-3-pyridazone, 3-methyl-5-pyrazolone,
and allantoin, as a principal constituent;
(b) a boric acid compound as an accessory constituent; and
(c) at least one selected from the group consisting of
benzotriazole, benzimidazole, thiouracil, thiobarbituric

acid, benzothiazole, benzoxazole, indazole, indole,

imidazole, imidazoline, and their derivatives, as a copper
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7. A method according to claim 6 wherein the electrolytic
desilvering is performed with stirring under the conditions
“of pH: 7 to 1l4; bath current density: 0.1 to 50 A/d nf ; and

bath temperature: 10 to 60°C .



