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2 10,=1- METHCD*AND APPARATUS FOR CONTROLLING ELECTROLESS PLATINSHESNE

T t i nvention rel'ates to a nethod for controlling 5 el ectrol ess: L §10

b , such as electroless nickel plating baths, and to apparatus used

therefor. El ectrol ess plating baths are_gpusceptible to con- siderable

variation in their conposition since netal salt, reducing agent and ot hen

I ngredi ents are quickly con- 10 suined during plating. It is thus C
necessary frequently to replenish such consuned ingredients to keep the

rate of deposition constant yaghdgeayhi AFPARA TSI FOR CONTROLREINGepoSi t's
uni form For such purposes, @ vartrery or nNetnods and apparatus ror the

autormtic control or re- 15gLRUTROEESSNPLATINGEE®ATH ess pl ating baths have
been proposed as disclosed M Japanese Patent Application Laid-Qpen Nos.
53-44434, 53-45631 and 54-8123. However, el ectrol ess plating baths such as
el ectro- less nickel plating baths and el ectrol ess copper plating 20

bat hs have a short eff attisveinvdrtioAsrelatersoltesa mathad Eorceontnokl irng
an extended period of tine, reaction by-products accunulate in the plating
sol uti on.5The e2ectroless piaiting, bakhsh suehhds @ker tsobesgedakssl -
‘tion products of a reducing agent and neutralization salts 25 resul ting
from pl ating rpaetiing, bahhs scand atoeaprasatusadisnd tBeprEOitng rate and
properties of deposits. Wth reaction by-products accunul at ed, the
repl eni shnment of ingreBleatsolessupdatiinglkathy anensuspepi=itile etocidoa-

siderable variation in their compositien since metal salt,
reducing agent and othern ingredientstare quicklf cén- -

10 sumed during plating. It is thus neceSsary fregquently to
replenish such consumed ingredients to keep the rate of

. deposition constant and the thickness and properties of
-deposits uniform. For such.purposes, a variety of
methods and apparatus for the automatic éontrol or re-

15 plenishment of electroless plating baths have been proposed
as disclosed in J#panese Patent Application Laid—Opeﬁ Nos.
53-44434, 53-45631 and 54;8123._

'However, electroless plating baths such as electro-
less nickel plating baths and electroless copper plating

20 baths have a short effective life. As electroless plating
is continued for an extended period of timé, reaction
‘by~products accumulate in the plating solution. The
reaction by-products, which are believed to be decomposi-
tion products of a reducing agent and neutralization salts

25 resulting from plating reaction, adversely affect such
factors as plating rate and properties of deposits. With
reaction by-products accumulated, the replenishment of

ipgredients consumed by plating cannot prevent reduction.



-

-2--of the plating rate and variation’of the conposition and properties OQ;Z§§
de stﬁ$.,quordingly, although el ectrol ess plating solution is replenished~
ei ther by ‘the above-nentioned autonmatig_repl enishing nmethods 5 or !
manual | y when needed, plating baths age or beconme unusable within a

rel atively short period of time. The rate of deposition is greatly

d d d |« i 0Q. ' ' bl
CSipar ed wi t R 36 aRtTL 10 Ko rEL FRAPREE hel Mo AR T Y e

wh th tal .4 . ' t l.eni.sh to i
therr concendrd BRSTES (s, el 205D, REBCEARAEI AN GREM D ! Noder
such ci rcunsteq_ré%q:%fg}é& %ﬂghs&l‘éﬁiﬁﬁ gl_gsg.g q_%q,i' cfeegif?ﬁ@f] by a fresh

pl ati ng sol ution. en 1 n the case ere the above-nentioned

automati c cogjs Q!q&fa%}réln?&ﬂﬁfﬁﬁé& RLebiAe 1R p1% I NE dnd Ghod s

aut omat i cal | y~repleni a plating solution, the degree of aging of the bath

shoul d gl my%xb?nafrmla{ Qe AOReLQE8] HRaREagMBRIHS YK bAdbéEome ACCOT d-
20 i ngly, plating baths nust be discarded after a relative- |y short

peri-od of usgnRaHIR Pri Qﬁi@&ineaefélatgeélgl FHOYE PIRSS aSf Cofhened with
the above-nentioned automatic control nethod. The prior plating processes

are al so unsattes frafiedrof Widfos EBDEAt 150 §abhLNRi Nt analeeed 2ondtthe
therefore desirable to-provide a nmethod and apparatus for controlling an

el ectrol ess YPrijpae:iss hofhenebyeshablage deponitis vl BetconetdepaBlyng can
be carried out for an extended Ju’ period of tinme with substantia
elimnation ebmpageadith those pbtained from the initial
10 plating solution,-éven whéﬁ'the'metal ion and the
réducing agent are repienished so as to iﬁcrease theii
concentrations to the levels in the initial plating
solution. Under such circﬁmstances, the aged bath must
be discarded and repléced by .a fresh plating solution.
15 . Even in the cése where the above-mentioned
automatic control of an electroless plating bath_i§
. employed tb automatically replenish a plating solution,
the degfee of aéing of the béth should always be
.separately monitored to accommodate such aging. Accord-
20 ingly, plating baths must be discarded afﬁer a relative-
ly short period of use in-the pribr art électroless
plating processes cbmbined.with the above-mentioned
automatic cbﬁt:ol ﬁethod. The priér plaﬁing processes
are also unsatisfactory with respect to bath mainteﬂancé.
25 o ' | |
- ;It-is'therefore desirable to_provide
a metﬁod and appafatus for confrolling
_an.electfoiess plating bath whereby stéble continuous

electroless plating can_bé carried out for an extended

(72
<

period of time with substantial elimination of the need



13- for remeking the el ectroless plating bath, or at |east with substantial
ction of plating bath remaking as conpared with the prior art methéd,
hence with substantial advantages in waste disposal. 5. It s
0 desirable to provide a method and apparatus for controlling an
ectrol ess plating bath whereby the rate of desposition and the ,properties
of deposits can be kept substantially constant and uniformfor an extendedia,
period of time, and bath maintenance is easy and accurate. 10 It is
further desirable to provide eIectroIess‘%Tating control nethod and

apparatus suitable for the practjce of electyo]ess plating of e.qg.. nickel,
cggalt, nickeﬁ9€oE§NP&ﬂWQng%%xﬁﬁﬁﬁ§rq%?ﬁsgBiﬁ L EﬁgbérgrAééo#%@ﬁ to one

aspect of the present invention 5 there Ls_provide method .for

control ling aHQESeEP%ﬁt o P ?ﬁﬁ?Pt%é %g?gbﬁgcgﬁgpi§FW R steps of:
continuously Qr intermt t,| asuri trgt.izo f.at, :l.gast one
consunmabl e i ngﬁe&f’@ﬁ’?ﬁe ﬁﬁet%lt S r%ﬁ-léé&g ép?%tﬂg%gﬁggf h,g}lgng‘eglgteo%ﬁ'tt?]cal |y
adding to the i -hat | ISt L SR osition conprising -
consumabl e inagé%%3%%£%%[%gv%ﬁhigééikﬁSﬂ%%e%hgi%ggggggd concentration has
reached a ¢predet er m.nad, vwal | ty ral gt i

nmeasur i ng,gjdi rectl glto?'%i \r%s}r{gct y{%%g@aﬁgﬂﬁ#ég#gt aI ggg’@gn;a%?or?\sbl?n%tﬁteus%
i ngredient of ghbe cgnelo1aligRs 4 ad1dk Fgi &s§ OpSHERAgO¥ak ha whRiedY lthe .
determ ne the degree of aging of the bath, and automatically discharging a

DL ede} erm nedryeeUdE et i i Eh& Ot hé | propedt auBOBE! dedldsi taddiatg be
the plating

kept substantially constant and uniform for an extended
périod of time, and bath maintenance is easy aﬁd'accurate.

10 It is further desirabie to provide electroless
plating control method and apparatus suitable for the
practiée of électroleés plating.of e.g. nickel, cobalt,
nickel-cobalt ailoy, copper, tin, gold and silver.

According to one éspect of.the present invention,

15 there is provided a method for controlling-an electroless
plating bath the method comprising the steps of:
.continuously or intermittehtly measuring the concentration
of at least one consumable ingredient in the electroless
plating bath, and automatically adding to the plating bath

20 a first replenishing composition comprising consumable
ingredients after-detecting that the measured
concentraﬁion has reached a predetermined value while
continuously or intermittently measuring, directly or
indirectly, the amount of at least one consumable

25 ingredieﬁt of the electroless plating bath consumed over a
period to determine the degree of aging of the ba;h, and
automatically discharging a predetermined volume of the

plating solution and automatically adding to the plating
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=~bath a second repl eni shing conposition containing unconsumabl e
I n redﬁbnts J.n-an amount essentially corresponding to the amunt [ost by
t he dlscharglng after detecting that the anmount of the consumabl e
ingredient 5 consumed during said period has reached a predet erm ned
wal ue. According to another aspect of the present invention, there is
‘provi ded-apparatus for controlling an el ectrol ess plating bath, t he
-appar at us conpri sing: 10 a mechani sm for adding a first repl enishing
conposi tion including: nmeans for automatjcally neasuring the concentration
of at |east one consunable ingredient inthe electroless plating bath, 15

concentratio t en the
measur ed congﬁq% gﬁéﬂgﬂ é ﬂg?ﬁ%ﬁggﬁva?hgggh wﬁeans f or
automat i cal | Xn&%gi thf'e fiﬂg%eéf&k@g“ ?r'i“ QH SROBASI éggeneeamya ng
consumabl.e ingredients to 20 the el ectrol ess plating bath upon

recei pt of thedidsgo fmfluomaamnlégtfsy Ghécbaéehaggagg after
|

pr edet ermi ned vol une o e electroless plating solution and a ng a

second repl erjetidtl mP gt tih dmedngli 6 €he consufeble fagredasuti ng
directly or indirectly the amount of at |east one consumabl e ingredient of

t he el ecty ol esmsuinadd rdphiadd s:ammpmdmldlrhag taachadr anprpéetedmup’ed t he
next di schargi ng and-
value, _

According to another aspect of the present invention,
thére is provided apparatus for controlling an electroless
plating bath, the apparatus comprising: |

10 a mechénism’for adding a first replenishing
composition including:
means for automatically measuring the concentration
Oof at least one consumable ingredient in the
electroless plating bath,
15 concentration detecting means for génerating a first
| signal when the measured concentration has
‘reached a predetermined value and
~means for automatically adding the first replenishing
composition comprising consumable ingredients to
20 the electroless plating_bath upon receipt of
the first signal, and

a mechanism for discharging a predetermined volume of
the electroless plating'solution and adding a second
replenishing composition including

25 means for measuring directly or indirectly the amount
of at least one consumable ingredient of the o
electroless plating bath conéumed during the

current period upto the next discharging and



S e

= epl eni shnent to determnine the degree of aging of the bath, aging
ee detecting neans for generating a second signal when the apount o&
onsumabl e 5 i ngredi ent consuned during the cur r ent peri od *
as”’ reached a predeterm ned val ue, nmeans for discharging a predeterntned
vol.ume of the plating solution upon receipt of the second. signal,*and 10
means for adding to the electroless plating bath the second repIenisthg e
-conmposi tion containing unconsunabl e ingredients in an anmount essentially '
corresponding to the anmount |ost by the discharging. 15 In the present

i nvention, "consumable ingredients” refers to ingredients consunmed during

el ectrol ess plating, tal .ion such as_nickel n an u |n agent
such as sodlunthypophos%ﬁéﬁ?qtﬁhWﬁ%&etoe %E?f%fﬁgsLBFagFﬁ§%8a§%

"unconsumabl e |ngred|ent§ES e¥§% 0 20 i ngredients not. essentlally
consuned during el ectrol% except by drug- out e.g. a chelating

agent such as SOdI :ﬁlq.%elt@é(%e esodjééejér% r%,ir’aﬁlga?gt p Héf‘gﬁﬁhgdae@é?:@' hgEent s

of the present inve conc on o ctroless plating bath
is measured 25 in terns f ﬁ +ﬁ9@n9f°gegﬁg kB ghﬁagqgh whi | e
t he degree of aging of t ess plating bath is oBtalne

nmeasuring 4 he consuned @m@%gdfgnt consumed during the current per1od
has reached a predetermined value, |
means for discha:ging a-predetermined volume of the
plating solution upon receipt of the second
signal, and

10 means for adding te the electroless plating bath the

.second replenishing'cemposition'containing
unconsumable ingredients in an amount
essentially correepohding-to the amount lost by
the discharging.

15 In the present iﬁvention, "consumable ingredients"
refers to ingredients consumed during electroless plating,
e.g. metal ion such as nickel ion and a reducing agent
'such as sodium hypophosphite for nickel electroless
plating bath, and "unconsumable iﬁgredients“ refers tq

20 ingredien;s not essentially consumed during electroless
plating except by drug~out, e.g. a chelating agent such as
sodium acetate, sodium citrate, etc.

In preferred embodiments of the present invention, the
concentration,pf the electroless plating bath is measured.

25 in terms of the concentration of metai in the bath, while
the degree of aging of the electroless plating bath is

obtained by measuring the consumed -amount of



- -6- nmetal ‘ion in the bath. In this-case, the amount of the netal ion (:%f37
consunkd in the bath may be nonitoreddy counting the nunber of '
r &pl eni’'shrments of the first replenishing conposition which'in turn, is :
obtained by 5 counting the nunber of command signals for comanding the
automati ¢ repeealsionntinofthiehdath st Impthis stasg, cbhpoambuat of nce t he
‘concentration of the electroless plat- ing bath, for exanple, the netal
ébhcentrationhbntMGlldontﬁﬂnﬁumedxﬁnwthethaﬂhtm#nihe mpoikomedt of the
con- sunabl e ingredients consuned during platingand the first replenishing
conposi ti on bysesunging ddesimmber £ t¥epteontshmentsi pfr ddicefiirss
automatically replenish- ed in accordance with the nmeasured val ue, while
the 15 con¥epdendshing FompasiisiemiwRichgiadtRER, (£6r obtadmed by net al
ion) in the bath is neasured to determ ne the, degree df aging of the bath

and a predet EPHRAARS FNETOUIPeh L% SOMRIN 0P LERBAS] §08i SORMAFEd® t he
second repl eni'shing conposition containing_the unconsumabl e 20

i ngredi ents &58eAYTAMAFIG HRRIRIMFIEERE 8ﬁetnggﬁé?&eaeﬁéﬁﬂ¥ﬁ?¥Q9
automati cal ly repl eni,shed each tine the given consumabl e i ngredi ent has
been consune&§ROF: er- mned anmount (that is, each tinme the degree of
agi ng has reached aspredet rm ned val ue

ref reshed, substanti&qﬂfeﬁ %ﬁ?ﬁ&?ﬁ@ fﬁéiﬂéggf?%&%%ﬁ%ﬁggé§¥gﬁg5 %?F%écggiﬁ_
oo Lenst S 24 SSHALD LR BRERRS bURCL BT S P
| nar edignt s, S, 3% Tfud 80 5o" §LEHRINE the  ARBRe B e LRl Nt &l ned
' sumable ingredients consumed during plating,and the
-first replenishing composition essentially consisting
of the consumable ingredients. is automatically replenish-
ed in accordance with the_measﬁred value, while the
15 © consumed amount of a consumable ingredient (for example,
a metal ion) in the bath is ﬁeasured to deterﬁine the
degree of aging of the bath and a predetermined volume
of the platiﬁg solution is discharged, and the second
replenishing composition containing the unconsumable-

20 ingredients essentially corresponding to the discharged
portion is automatically replenished each time the given
consumable ingredient has been cbnsumed in a predeter-
mined amount (that is, each time the degree of aging
‘has reached a predetermined value), the.bath is éutoma-

<5 . tically refreshed, substantially élimina£ing the need
for remaking the plaﬁing bath or at least substantially
__exténding the'effecfive life of the bath as compared
with the prior art methods. Furthermore, éince the

consumable ingredients such as metal ions, reducing

30 agents, etc. are maintained at substantially constant



/73\concentrations and the anbunt of reaction. by-products resulting from
th}ing process ts maintained within an allowable range, the rate of ®
dep

psitton and the properties of the resulting deposits are naintaihqd'S_ *
efistant and uniform Differently stated, the bath is maintai ned under
hi ghty stable conditions for an.extended7period of tinme. It is al.so
possible to main- tain the plating bath at a | ower netal concentration thaqi
the prior art bath while retaining.,the rate of 10 deposjtion at . '
substanti al |y t$RAGeREratiens,and,the agount offreaction Jpysprpdugts,

advant ageous from pi nt _of vi Qf waste disposal.. The, present .|, ti
na§ advgnt;geod§?§€% %ﬁpngﬁvbggéﬁggtRﬁ%ﬁﬁéﬁﬁ%ﬁi %gﬁhgegfwﬁ%Eng?n on

balt, 15 i ckel - cob [ : . Jdhe i ' il L.b
ol 1S ot ISEELLGOHBLE bk, 2 SR oMb EL LR T o

[ d ] o i : I o i ' [ 1
cccomanying drauigse: b Y el Bhaurtiin mdloekd g spbgTREc v
the preseny invenLplioeFLl Gnii®odnl Ofls AAUAN Pl SHITPHE Bhet1 25

concentratTon neasuring devi Ce; IS a agr anf

SDECtrOphOtO”EHﬁéiﬁégigea Qﬁdhﬁeﬂigﬁ¥2rééﬁﬂfé‘éEﬁ@i%iHﬂsd?&kcﬁh'a”d'F'G- 4

Is a block diagramo control se of the concentration neasuring
devi ce. extended period of time. It is also possible to main-

tain the plating bath at a lower metal concentration
than the prior art bath .while retaining the rate of
10 deposition at substantially the samellevel as the prior
art. These featureé are also advéntageous froﬁ a point
of view of waste dispdsal; |
The present invention may advantageously be
applied to electroless plating baths of nickel, cobalt,

15 - nickel-cobalt alloy and copper.

The invention will become more. apparent from

iy the following descriptioﬁ.with referénce to the
20 accompanying drawings, in which: _
FIG. 1 is a block diagram schematically showing
one embodiment of the eléctroless plating arrangement
according to ﬁhe present invention;

FIG. 2 is a block diagram of an example of the

concentration measuring device;

[\ 4]
n

FIG. 3 is a block diagram of a sPectrophotometer-""
section of the concentration measuring device; and
FIG. 4 is a block diagram of a control section of

the concentration measuring device.



-8- Refgyring to FIG 1, one enbodi ment of the ar- rangement for
congroll'ing an ‘el ectrol ess nickel plating bath according to the present
invention.is schematical- |y shown as including a plating tank 1 which is
provi ded 5 with the necessary attachnments including a heating.el enent
for. heating an electroless plating bath 2 to a desired tenperature, for
exanpl e, ‘a heater or steam pipe, a cooling element for cooling the bath 2
to a approxi- nmately roomtenperature after the conpletion of plating, 10
afilter, a stirrer and the |Iike, although they are not shown in the
figure. In connection with the plating tank 1, the arrangenent includes a
concentration nmeasuring/detecting device 3 for automatically neasuring the
" concentration 15 .of the plating bath and transmitting signal A when the
neasured val ue has reached a predetermned concentration | evel and signal B
when the nunber of command of signalgs A has reached a predeternined |evel,
a fluid circulating punp 4 in the formof a mcrotube punp, for exanple,
and 20 a circulating line'5 connecting the tank 1, measuring/ detecting
device 3 and the punp 4. The plating solution 2 in the tank 1 is punped

fromthe inlet through n he _concentr urlng/detectlng
device 3 where the conce%fmri gtr? %#GO 'emp"f= ef“lgn{g}' sg‘%u |on fs for exanpl e

t he ni ckel concentsrgenen someasurpbtingefrorbedtiolessrmickeheliatingo the tank |
concent - rati on neSCURTETIE BTG am a gt L AR BT O e
5is provided wthy ahbyrpas&rcmﬂmcta Platting (tank 1 which is provided
s with the necessary attachments including a heating
element for heating an electroless plating bath 2 to a
desired temperature. for example, a heater or steam pipe,
a cooling element for cooling the bath 2 to a approxi-
mately room temperature after the completion of plating,
'10 a filter, a stirrer and the like, although they are not
shown in the figure. . _

In connection with the plating tank 1, the
arrangement includes a concentration measuring/detecting
device 3 for automatically_measuring the concentration

15 of the pla;ihq bath and transmitting signal A when the
measured value has reeched a predetermined concentration
level and signal B when the number of command of_signals
A has reached.a predetermined level, a fluid circulating
pump 4 in the form of a microtube pemp, for example, and

20 a circulating line 5 eonneeting the tank 1, measuring/
detecting device 3 end the pump 4. The élating solution
2 in the tank 1 is pumped from the inlet through the
line 5 to the concentration measuring/detecting device 3

" where the concentration of the plating solution 2, for

- 25 -example the nickel concentration, is meaeured before it is

returned into the tank 1 from the outlet of the line S.
| FIés. 2 to 4 illustrate an example of the concent-
ration measuring/detecting device 3. As shownlin FIG. 2,

the line 5 is provided with a bypass conduit 6 which in



codduit 6 and
onet er uni
determ ne the

turn, is provided with a spectrophotofeter. unit 7 including a
through cell 7a. As the plating solution 2 flows through.

the bypas@

then through the fl owthrough cell 7a of the spectro-*5 - 'y

t 7, the optical transmttance of the solution i
netal concent- ration in the solution. In this r

prefer- able to neasure the absorbance of a netal conplex int
solution in order to follow the consunp- 10 = tion of the net
in a nore sensitive manner. The transmittance of the plating s

t he absorption wave | ength of the netal

vol t age signa
pl ati ng sol uti

by nmeans of a suitable transducer. The concentr
on 15 2 is nonitored in this manner. The conc

measuri ng/ detecting device 3 is described in detail by referri
and 4. As shown in FIG 3, light L emtted by a light source 8 in the
spectrophotoneter unit 7 passes throughga heat radiation- 20
filter 9, a wave length-selecting filter 10 and a condensi ng

this order before |gurpasi§e§r°§,mégugﬂhtQespgg‘l_gopgﬁoggqequmtv\hl ch the plating

solution flows continuously. The absorption of light by the p

sol ution is detect cacbydiag phélenwrehraugh Tel\ V@t hdys the platdng

s neasured to
espect, it is
he pl ati.ng o
al by plating'w
olution at

conplex is trans- duced into a

ation of the
entration
ng to FIGS. 3

absor bi ng
ens 11 in

ating

7b contai ni ng

the standard sol ut's%eueﬁnnwewsdtﬁfuuaﬁeﬁg yp8s£ Cbhaui@ $Qnahat the cells may
be alternately placed in the |1 ght path. The nmeasurenent cel

standard cell

7b arthephrapish Ebe Fh@“&h#%bl%ﬁl Slrooh thy spectro-~

5 photometer unit 7, the opticai transmittance of the

solution is measured to determine the metal concent-

7a and the

ration in the solution. In this respect, it is prefer-

able to measure the absorbance of a metal complex in

the plating solution in order to follow the consump-

10 tion of the metal by plating in a more sensitive manner.

The transmittance of the plating éolution-at the

absorption wave length of the metal complex is trans-

duced into a voltage signal by means of a suitable
transducer. -The concentration of the plating solution
15 2 is monitored in this mannerx.
The concentration measuring/detecting device 3

is described in detail by referring to FIGS. 3 and 4.

As shown in FIG. 3, light L emitted by a light source 8

in the spectrophotometer unit 7 passes through a heat radiation-

20 absorbing filter 9, a wave length~selecting filter 10

and a condensing lens 1l in this order before it passes

through the cell 7a through which the plating solution flows
‘continuously. The absorption of light by the plating

solution is detected by a photometer'lz. Another cell

25 7b containing the standard solution is mounted adjacent

the cell 7a so that the cells may be -alternately placed

in the light path. The measurement cell 7a and the

standard cell 7b are movable in the direction shown by

 an arrow. The standard cell 7b may be moved in the light

30 path to replace the measurement cell 7a when needed,



an af?‘w. " The standard cell 7b may bé noved in the |ight 30 path to
repl ace, t he.neasurenment cell 7a when neg@ed, - thereby neasuring the '
abhsor bance of the,standard solu- tion. The spectrophotonmeter unit 7 is
electrically connected to a control section 13. As shown in FIG 4, a

m nute currerheleby melasuriofg tihe Hindorbance 18£5the istahddrido saiu-nput 14,
agplified and converted into a voltage by an anplifier. 15, and indicated by -
a vol t- neteribd.i nThee speahmdphotaeter eoiteipdsdedgetrichd lybsor bance.

A conparator 17 conpares the output of the anglifrer 15 with a preset '

vol tage and pomtmecdedi®o a sqpkioll sectienoddput Asgshown e FAG! i fier

out put reaches the preset value. |f the preset voltage val ue corresponds to
" the absorbande atménﬁﬂﬁﬂ¢Qﬁﬂﬂﬁ#uf%ﬁWdﬁugbuﬁhpéhthﬁephétamﬁtﬁtih?the
plating solution is con- sumed, then signal A devel oping at the output 18

15 r spr esdr FecdhA0 @ 1Raut %nc%‘h?f&?i’-éﬁ RRS FeavrEdethdndiven val ue.
Signal Ais transmtted to a first replﬁnishing_nechanisn119 whi ch consi sts

of a reservoid VEdt@Gq A%niafy ABIiEieY epPenf B AGIAGASSS bYoR VR L&mpl y

conduit 21 connected to the reservoir 20 and 20 openi in . the Iating'
tank 1, and &I‘Ftéregtard'r?a .i%%l?rt 32VPnRHE Eeﬁef&isp%%gn@p&?r i pt of

of “the 11 r st FERRRER o A GRIRATTERE | b1 FOPRALS (8 SHRE Aok 1
" oploni shi ng ARLIGrR SR TR b BEAREE PR R e dnd Mt
i ngr edignt s, f.o0, SXAH € 1 & i fhuhh: wReh WS WA ey B0yl at-
' reaches the preset value. If the preset voltage value
éorrespohds to the absorbance at a given concentration
to which the metal ion in the plating solution is con-
sumed, then signal A developing at the odtput 18.
15 represents that the metal concentration has reached the
gi&en value. Signal A is transmitted to.a first
replenishing mechanism 19 which consists of a reservoir

20 containing a first replenishing composition, a

supply conduit 21 connected to the reservoir 20 and
20 opening in the plating tank 1, and an electromagnetic
valve 22 in thélcondﬁit.Zl; Upon receipt of signal A,
the valvé-ZZ'is opened for a given time to allow a given
amouht of the first_replenishing composition to flow
~into the plating tank 1 through the conduit 21. Thus
25 . the given amount of the first ieplenishing composition
_essentiaily consisting of consumable ingrediehts,.for
example,.a meta1 salt, a reducing agent, a pH regulat-
ing agent ‘and other consumable coﬁponents is added to
the electroless plating bath correspondiné to the con-

30 ~sumption. It should be noted thaé'although the single



agent and ot her consumabl e conponent’s is-added to the el ectrol ess

ng bath corresponding to the con—1d0 sunption. It shoutd.be noted ,
al t hough the single reservoir 20 is depicted in FIG, 1, a plurality
of reservoirs may be used. Each reservoir contains dif- ferent pne of the
consumabl e i ngreesenveife2@. isadepigitedalin FIGeducimgolgeality pf .
regul ating agent 5 and ot her conponents). O course, each reservoir 1S\«
provided with ixesewoitvadnay hedusedot r Fasinhaiesexnoie. coptasnbydidg t he
met al' val ue, -e.g. nickel value in an electroless nickel plating bath, in
this manner, 10ferenbtonal 9ft khearemsimgblehdnaredienkhsuledddur RBng pl at -
ing is avail able, but also the anount of the reducing agent consuned and

the variation orepplvaplE afer8FAFLAN &9aNEhA RiereIWEALIBISAGRALI n FI G

4, a counter 23 is connected to 15 the control sectjon 13. The counter

23 counts 2he nARBePtBET cEARBRACHESI-gnQts RULFe i RAFUCFRAGEYREAI AF of the
el ectromagnetic valy 2 of the first rep]enish-.i chani sm 19. The
nunber of actuaPFBﬁlg?gtHétEIé rSHQgﬁQAaP |§R§:é&§£gFﬂ@aﬂBﬁﬁéF of

repl eni shnment 20_ of the first replenishing composition. A detector 24
is al so provi det®®¥Pch detects that the number of command of signals A

hat is, the numb i sh f the fi | eni shi
Comosi 11 on) reaches aobr SRBLOPLIN ROE MG VARt fPeSpoRAERS iy AR Lt or
- 24 transmits 25, o3 gRabeBolbQT Mt Piathg BLER! 0 tR1E' Ganhedddi N

nuneral 26 is a
10 not only the amount of the metal consumed during plat-

ing is available, but also the amoﬁnt of the reducing
agent consumed and the variation of pH value are
available at the same time.
As shown in FIG..4; a counter.23 is connected to
15 ‘the control section 13. The counter 23 counts the
number of command of signals A for instructing opening
of the electromagnetic valve 22 of the fifst.replenish-
ing mechanism 19. The number of actuation of the
electromagnetic valve 22 is the number of replenishment
20 = of the first replenishing composition. .A detector 24
is-also provided which detects that the number of command
of signals A (that is, the number of replenishment of
the first replenishing composition) reaches a predeter-
mined number. At this point, the detector 24 transmits
25 signal B from its output 25. |
Referiing to FIG. 1 again, numeral 26 is a
discharge mechanism actuatable upon receipt of.the above~
mentioned signal B. This discharge mechanism 26 comprises
a discharge pipe 27 having one end in f£fluid communication

30 with-fhe plating tank 1 and a control pump 28 disposed
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“0i scharge 'mechani sm act uat abl e upon recei pt of the above- nentioned signaﬁéﬁ%)
B. Thiss di scharge mechani sm 26 conpri s _a discharge pipe 27 having one e -

i m.-f1urd-cormuni cation 30 with théégfating.tank 1 and a control punp 28

di sposed -12-“in the pipe. Upon receipt of signal B fromthe output 25

of the detect : pur r | ' dj ge a
girven vol une %# %ﬁ% %Pg?i'ngggéﬁu?%gﬁﬁ oépoﬁﬁyg&*% ‘Eutrarelragfzg%' IS a
rrechani sm 5 fQE - p ' he b S Cegpogi tion

cont ai.ni ng es%%n??a?ﬂgnggggggﬁggz%ﬁigﬁﬁgggﬂﬁ%ggtqﬁ%iféggstﬁgPd?scharging.

The r.epl eni shipgeAeeiAB €8 49 seWAVgeS ¥ A veP SfdDire 39 CEALapNRRYnghe
second replenish- ing conposition, a feed pipe 31 having one end connected

10 to the rgsea¥®bh AVoutNdfARIRl aarlOMBINatiner®]l V29 32sdaspesddnlikn he
pi pe 31. The el ectromagnetic valve 32, which receives signal B fromthe

output 2§ of f£6e gepplementingopties devorid QfesTenisRingt compbeidivehar ge
punp 28 has been interrupted, to thereby add the second 15 repl eni shing
conposi ti on coohtalnigguessentiml drgredieteniisich argotonbecdoatially
corresponding to the discharged volune into the tank 1. In this regard, the
repl eni shi ng bpchhei dins2hargiingnc| (the aeplemishingfmeebanismr 29%ach for
different one of the ingredients to 20 be replenished, each -having an
~indi vi dual feedmprieesnd reiservair R cantainbegethé3secopdoriegdénish-He
measur- ing line 5 to cool the flow of the plating solution therethrough
from t he tankingt goppasitiom,t anfieeg pipe 31 having one end ‘connected
10 to the reservoir 30, and an electromagnetic valve 32
disposed in the pipe 31l. The electromagnetic valve 32,
which receives signal B from the output 25 of the
detector 24, opens for a given time after the discharge
pump 28 has been interrupted, to thereby add the second
15 - replenishing composition containing unconsumable in-
gredients in a volume essentiaily corresponding to the
discharged volume into the tank 1. 1In this regard, the
replenishing mechanism 29 may include a plurality of
reservoirs each for different one of the ingredients to
20 be replenished,'each having an individual feed pipe and
valve.

In FIG. 1, a cooler 33 is provided in the measur-
ing line 5 to cool the flow of the plating solution
therethrough from the tank 1 to near room temperatu:e.

25. Also provided in £he,line-5 is a filter 34 for filtering
- out very fine insolubles out of the flow of the plating
solution therethrough. The location of -the cooler 33
in the line 5 upstream of the concentration measuring/
detecting device 3 allows for méasurement of concentra-

30 tion at room temperature because a flow of the plating
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Al sO provided in the line 5 is a filter 34 for filtering out very fine
bl es out of the flow of the platingl3elution therethrough., The &

afion of the cooler 33 in the line 5 upstream of the concentration - ¢

measuring/ detecting device 3 allows for neasurenent of concéntra- 30°

tion at roomte s LB e I t i B0has 3 PN

t hrough the bypgggﬁg%ﬁguitpggﬁﬁgﬁ %’i%ﬁ%d&%%%%mgtgange%’gﬁgr e?ydltlzégr? the .

purpose of avoi ghNgobRMRempleitat ud@Ne NI ke ﬁﬁ@?@s@é@é@ﬁ&ﬂ'fﬁwg any other™ -

means may be enployed as exenplified by the use of a 5

const ant - t enper gepperathk el dcpandaMIAlN i HDmEssusfBakissd aMyt bther

el ectrical conpensation. Described belowis howto control an el ectrol ess

ni ckel plating ﬁé&hsuﬁhggbbh@mwomtéxm;eﬁiméana?- thenusel®f a

A workpiece to be plated is first subjected to well-known necessary

pre-treatngnts constankveéehperatumnistibadnre eémpéraktase probe gy-ating

Is carried out by imrersing the pre-treated workpiece in the plating bath 2

in the tank 1 heempdndedawddh redebatanjmahtcompedsatiohor exanple, [err]. In

the practice of plating in this manner, the punp 4 is operated to introduce

part of the plating sobDeskcaib@2d hehawels dmdw 1to ncontholnmans elienttolass.

As the plating solution continuously passes through the 20 concentration

" nmeasuri ng/ det ecniigjedepledinghath tusingpnthet abovenconstkuicteghcarmangeon

in the case of thetgoncentration measuri ng/ det ecting device 3 shown in FIG
menc. ’ .

10 A workpiece to be plated is first subjedted to
well-known necessary pre;treatments in a conventional
manner before electroless nickel plating is carried out
by immersing ﬁhe pre-treated workpiece in the plating
bath 2 in ;ﬁe tank 1 heated at a desired temperature,

15 for example, 90°C.

| In the practice of plating in this manner, the
pump 4 is operated to introduce part of the plating
solution 2 from the t;nk 1 into the measuring line 5.
As the plating solution continuously passes tﬁrough the

20 .concentration measuring/detecting device 3 where the
concentration (nickel cgncentratibn in the case of the
concentration'measuring/detecﬁing device 3 shown in FIG.
2) of the.solution is automatically measured.

The progress of plating results in a reduction

25 of the concéhtration of the plating solution, particular-
ly the concentrations of niékel ion and a reducing agent
(such as sodium hypophosphite) in the solution. 1In the
event a hypophosphité is used as a reducing agent for
electroless nickel plating, the plating solution also |

30 - shows a reduction of pH. As a result of such concentratior



2) of the solution is automatically neasured. The progress of plating
resul ms in a reduction 25 of the concentration of the plating solutio
particular- Iy the concentrations of nickel-ion and a reduci ng agent (such
as sodi um hypophdsphite) in the solution. In the event a hypophesphite is
used as a reducing agent for electroless nickel plating, the plating
solution al so 30 shows a reduction of pH As a result of such
ncentration - -14- reduction; when the nickel concentration neasured by
t he spectrophotoneter unit 7 reaches a predeterm ned concentration value in
the case of the concentration neasuring/detecting device 3 showmn in FIG 2,
the 5 control section 13 associated with the detecting device 3 produces

“signal. A In detail, prior to neasure-. nent of the absorbance of the actual
"plating solution, the standard solution cell 7b is noved in the |light path
to replace the-cell 7a. The absorbance of nickel 10 in the standard

solution in the cell 7b is neasured ZHd the thus obtai ned absorbance val'ue

is set in the co r 17 as_a reference val Thentheflow— t hr ough
cell 7ais rmvednp%r“fﬁ % i YRE P8t B CHRh RTINS %ﬁ&é‘ﬁ‘??‘éﬁ *RoW (ni ckel

concentration) of tlﬁd’lepeﬂhbﬁﬂoﬂéhe'hsr unitiv e&adhes @ poddekéeningd’s Of the

absor bance of. the £I a;[;érg 4 véjltéz rZFasgred b the s gct gorghotometer unit 7
reaches the predef®t c5:’"onc 5t PArT s \73I°5e R CMFER"°V ol t age det ect ed

reduces to or bel Mshhaxgpdesetiﬁgeameaaesmua; Frée 2caygear at or 17 transnmits

signal Ato 29 LOQ.8l SSLIAMPNELLe Y8l S &2ed alll8eldd §lviEP! eni shing

3 produces signal A. In detail, prior to weasure-

ment of the absorbance of the actual plating solution,

the standard solution cell 7b is moved in the light

path to replace the-cell 7a. The absorbance of nickel

10  in the standard solution in the cell 7b is measured
and the thus obtﬁined absorbance value is set in the
comparator 17 as a reference value. Then the flow-
through cell 7a is moved in the ligﬁt path. When the
cchcentration (nickel'concentration) of the solution

15 which is giveﬁ in terms of the absorbance of the plating
solutibn measured By ﬁhe_spectrophotometer unit 7
reaches the predetermined concentration value or when
the voltage detected ;educes to or below the preset
reference value, the comparator 17 transmits signal A to

20 the electromagnetic'valve 22 of the_first'replénishing
mechanism 19 to open the valve 22 for a given time.
Accordingly, a given amount of the first replenishing
composition is fed from the reservoir 20 to the tank 1
to compensate for those ingredients consumed'during the

25 _ preceding plating such as nickel ion and reducing agent
.and to adjust the pH of the plating haﬁh 2. It should
be noted that the first replenishin§ composition mainly
contains thbse ingrediénts consumable during plating
including nickel salt, reducinq agent ;ﬁd pH regqulating

30 agent such as.sodium hydroxide and op:ionally} a minor

n



ghani sm 19 to open the valve 22 for a given tine. Accordingly, a given
unt of the first replenishing conposition is fed fromthe reservoir £0

to the tank 1 to conpensate for those ingredients consuned dgring'tHe,25 !
precedi ng plating such as nickel ion and reducing agent and to adjust the.
pH of the plating bath 2. It should be noted that the first replépishing
conposition mainly contains those ingredi ents consunmable during plating = .
i ncl udi ng ni ckel salt, reducing agent and pH regul ati ng 30 agent such as™
sodi.uin hydr oxi de and optionally, a mnor anount of conpl exi ng agent,
stabilizer, brightener, etc. It is generally desired to keep the nickel
salt, reduc- ing agent and pH regul ati ng agent separate fromeach other. In
such separate storage, each optional agent 5 such as conpl exi ng agent,
stabilizer, and brightener nay preferably be m xed with the basic
ingredient to which it is inert. By addi®§-the first replenishing
conposition in this manner, the concentration of the plating bath 2 (the .10
concentrations of nickel, reducing agent, etc.) is restored to the initial
| evel so that the rata@owtt pf foMpipxdRg depnvsi s1ebhliz28r ndrkahieA®d Ststantial ly

constant. On the ot hef baRdne sy GELIHET el RadP Uil S1d2E DHRDESq0E- cOMMand of
.signals Ato the valve 22 °of the first 15 repl eni shi ng mechani sm 19,

that is the nunber ofirgcaasat andpil segulpkinggrgast separmte fromceashhe nunber of

repl eni sh- ment of ¢ i@alif Sin LG QULSALIGLSANAOSIh UpesMiANuddhe detect or 24
det ectsthat the counted nunber reaches a predeterm ned nunber, for exanple,
each ti me when orfe orsuch as complexing agent, stabilizer, and brightener may

preferably be mixed with the basic ingredient to which it
is inert.
By adding the first replenishing composition in
this manner, the concéntration of the plating bath 2 (the
lo concentrations of nickel, reducing aggnt, ete.) is
restored to the initial level so that the rate of plating
or deposition is maintained substantially constant.
on the other hand, the counter 23 counts the number
of command of signals A to the valve 22 of the first
15 replenishing mechanism 19, that is the number of actua-
tion of the valve 22, and hence the number of replenish-
ment of the first rep?enishing composition. When the
detector 24 detecfsthat the counted number reaches a
predetermined number, for example, each time when one or
20 several signals A are generated, the detector 24 transmits
signal B from its output 25 to the pump 28 of the dis-
charge mechanism 26 to operate the pump 28 for a given
time, - thereby discharging a given volume of the plating
solution 2 f£rom the tank 1 through the discharge pipe 27.
25 It should bg noted that the discharge iiquid is desir-
ably fed to a waste treatment device and essential
ingredients contained therein may be circulated for
reuse after the undesired by-products are.remOQed. Upon
interruption of the pump.is, the eiedtromagnetic valve

30 31 of the second replenishing mechanism 29 is opened for



from r%s output 25 to the punp 28 of the dis- charge nechanism 26 to
operate the punp 28 for a given tine hereby di scharging a given vol une
the .plating splution 2 fromthe tank } through t he di scharge pipe 27. 25
It should dbe-noted that the discharge Liquid is desir- ably fed to a waste
t{eat nent device, and essentlal I ngredi ents_con alne rern may, be

citcul ated fdr FRR %ﬂf“t%r sfr EHVED- gP .- Upon

interruption of the l ect i C valve 30 the
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pl ati ng h “or concent or thos | utions mainly ng a

conpl exi ng a ﬁéréfg§06h¥ecﬂa yUBedmbde d¥ £'$81Weion!having
ingredients to e rep eni shed, "such as netal salt and reduci ng agent tend

to react wthgd hesmpbsitgohl 8Eekkhad ﬁﬁaslétﬁyﬂ@eaepaéﬁaet»r gstored
in different reserv0|rs he di schargi ng of a given volunme of the plating

15 - sol uti ofy @ dot hets cpbrbbabrageObraR AT Hd Bld Mok ma{REPONdi Ng
vol unme of the second repl eni shing conposition prevent reaction by-products

from accumil agoieainihdica complexing agent which is scarcely consumed

zg! several signals A are generated; the detector 24 transmits si gnal 7;55%;y

10 by plating. I£ ingredients to be replenished, such as
. - metal selt and reducing agent tend to.react with each
other, it is preferred that they are separately stored
in dlfferent reservoirs.
The discharging of a given volume of the plating
15 solution and the repleeishing of an essentialLy cor- ‘
respohding volume of the second replenishing composition
prevent reaction by—gréducts from accumulating in the
plating bath to an undesired extent, thereby controll-
ing ths ameuht of 'such reaction by-products within an
20 allowable range. As a result, redﬁction of plating rate
due to accumulation of reaction'b&—products is precluded.
The plating hath is intermittently renewed in the con-
tinued operation for an ektended period of time. For an
exrended 0peretion_of the plating bath, the plating rate
- 45 is maintained subetanéially consﬁant and deposits are
| 'maintained substanrially uniform in every respect includ-~-
ing the campoeition and prbperties, for example, Ni-P
alloy compoeition for a hypophosphite reddcing agent.
and the hardnees of depesits,._ '

30 As described above, reaction by-products accumulate



'iﬁr@ bath to an undesired ext ent, thér'eby controll- ing the anount of

pl
su raction by-products within an 20 al l owabl e range. As a result, s
re ion of plating rate due to accunul ation of reaction by-products i’s

precl uded. The plating bath is intermttently renewed in the con- tinded
operation for an extended period of tine. For an extended operatiqn.of the
pl ati'ng bath, the plating rate 25 I s mai ntai ned substantially const.ant
and deposits are maintained substantially uniformin every respect includ-
ing the conposition and properties, for exanple, N -P alloy conposition for
. a hypophosphite reduci ng agent and the hardness of -deposits.. 30

As descri bed above, reaction by-products accunul ate -17- in a plating
bath as plating is continued for a period of tine. The accumnul ated reaction
by- products adverse- |y affect the plating rate and the quality of
deposits. These reaction by-products mainly consist of the pro- 5 duct s
of a reduci ng agent deconposed when thg.ﬂptal fon in the plating bath is
reduced into an elenmental netal by the teducing agent and neutralization
salts resulting fromthis reaction. In this respect, the anobunt of reducing
agent required to réducelatiogrdagh msapuribg 3k dddtinuedetaxl aipeniadit 0 an

elenental metal is sybstant ially consc ! a0l and,Lhe auunty of Leact i on
by-products resultlng romthris reduction 1s al sosubstantiallTy constant.

The consunption of aygiffesr antaiplatthg netalandorheoqualdtiyiondppagienst results in
.the formation of a ¢orrespondi ng,am nt. .15 of r.e@ctgfo&eb¥§gj oduct s_.

Therefore, the constGRes AaSGhy" DY products mainly consis

5 ducts of a reducing agent decomposed when the metal ion
in the plating bath is reduced into an elemental metal
by the reducing'agene and neutralization salts resulting
from this reaction. In thisﬁrespegt, the amount of
reducing agent':equired'to reduce a certain amount of

10 metal-ion into an elemental meﬁal.is substantially cons-~ l;
tant and the amount of reaction'by-products resulting'
from this reduction is also substantially constant. The
consumption of a2 given amount of metal ion or reducing
agent results in the formation of a corresponding amount

15 of reaction by-products. Therefore, the consumed amount
of a consumable ingredient in such a plating bath

represents the degree of accumulation of reaction by-

products in the bath. Accordingly, by detecting the

consumed amount of at least one consumable ingredient in
20 ' the bath (for example, the consumed amount of métal ion
or reducing agent, more specifically, the consumed
amount of nickel ion, or hypophosphite in the case of
electroless nickel plating bath using a hypophosphite
reduéing agent, or in some éases the cohsumed amount of
25 caustic aikali), the degree of accumulation of reaction
by-products, that is, the degree of aging of the plating
bath can be aceurately deteéted. lIn this embodiment,
the detection of the number of actuationsof the valve
22 is equivalent to the detection of the number of re-

30 plenishments of the first replenishing compoéition which



of "a cogsunabl e ingredient in such a plating bath represents the degree cﬁ(ié?}/
accunul dati gn-ef* reacti on by- products in the bath. Accordingly, by :
detecting-the 'consunmed anount of at |east one consumable ingredient in 20
the bath (for exanple, the consunmed anount of netal ion or reducing agent,
more specifically, the consumed anpbunt of nickel ion, or hypophosphite in
the/case of el ectroless nickel plating bath using a hypophosphite reducing
agent, or .in some cases the consumed anount of 25 caustic alkali), the
degree of accunul ation of reaction by-products, that is, the degree of

aging of the plating bath can be accurately detected. In this enbodi nent,

the detection of the nunber of actuations of the valve 22 is equivalent to

t he detection of the nunmber of re- 30 “pl eni shnents of the first

. repl eni shing conposition which -18- in turn, is equivalent to the
detection of the consum ed anmount of the consumabl e ingredients during

pl ati ng. Each tine the nunber of act-d&tionsof -the valve 22 reaches a
predet erm ned val ue, a given volunme of the 5 plating solution 2 is

di scharged and arknemr,l_tisangMvgggnQe@Qﬂg!d@ged@wrgg e &diRusecond
repl eni shing conposi- tion (mainly containing |n%%ed|ents;to be |l ost by the
di schargi ng) is reSppravpspfdthe Retsupibitairaraditmhe) PR GAATEI0f reaction

by- products wit higcan;abk! @QueaRiBes 380k tkkionsddN chd1@aeak Ng bath. As a
result, the plating solution is effective sem -permanently or at |east the

effective |ife ofreehkesphmrefereswingdi tMues ar eHEPKIIY %t¥i%ded as conpared
with the F”"Og arglaggﬁghggkﬁtiéd]Zafgjhiééﬁgrgéahﬁhd an essentially

corresponding volume of the second replenishing composi-
tion (mainly containing ingredients-to be lost by the
discharging) is replenished, thereby maintaining the

. amount of reactiocn by-prodpcts within an allowable range

10 in the plating bath. As a result, the plating solution
is effective semi-permanently or at least the effective
life of the plating solution is remarkably extended as
compared with the prior art methods. In addition, the
plating rate and the properties of deposits are main-

15  tained substantially uniform for the prolonged operation
of the bath. -

According tq't?e above-mentioned plating process,
the'plating bath is automatically controlled and main-
tained in an easy, but accurate manner. Especially.

20  important is the easiness of maintenance"of electroless
élating baths which aée;notoriously troublesome to handle
as compared with usual electroplating. Furthermore, since
the plating bath is always maintained at a substantially
constant .concentration by the replenishment, the nickel

25 ._cohcen:ration of the bath may be set lower at the begin-

| ning unlike the prior art which needs to set the initial
nickel concent:ation to a higher.level in order to cbm-
pensate for the reduction of plating or deposition rate
due to reduction of nickel concentration in the progress

30 | of plating. In addigion; thé plating bﬁth is automatical-

ly renewed little by little by means of the discharging



!aﬂang rate and the propertles of dep05|ts are main- 15 tai ned
tantially uniformfor the prolonged(nxﬁkﬂmon of the bath. Accordi g tq
t he -above-nentioned pl ating process, the plating bath is aut onatical |y

controlled and nmain ined.in an easy, . but cur gt e _manner,. .Especiglly 20
i nportant is thé“QaEFEa§§ 1isms 2 eEPa ﬁ@ssmﬁﬂmﬂﬁﬁ}Q%u ® whi ch

are notoriously_trqubl esone to andl conpared w th usual (-
el ectropl ati ng. b%%ﬂ’?eﬂfgr‘@ stg ?ﬂ% rM"atl ng bath is always naintai ned at

b |1 h h kel
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~ plating. |t|on I's automatical - 1y renewe

by little by ne é%§9r9| n fdlge | SB
26 and 29, mnimzi ng# lgi en ﬁ‘\?\w/aSYSr r’e:g?nglr?:t I n@cﬁh ll‘{%ove mé]
embodi ment , -t he yahsar %}féﬂerpér@tmﬁt {R%tA8! gikeinS s1AGdy f@aseeed in

order to 5 detern1ne metal concentration such as nickel 1n the plating

. solution. Howevermiih@ ¥ ¥kd OTHEBaaHY! BEhER! BuitAMI}N HHAP mdy HEE
plating solution is not limted thereto, but any other suitable neans nmay

be used. For ex¥mid®, rit Mimsli®] @h 9hHEEatuirt ¥ StHur Jéintam@nfé-such
as EDTA may be added to the plating solution
10 agents such as EDTA may be added to the plating solution
| to cause the plating solution to develop the cemrespond-
ing color. The degree of color development is a measure
for the metal concentration. 'In.tnis case, however,
those portions of the plating solution wnich have been
15 subjected to concentration measurement cannot be fed
back to the'line 5 via the bypass conduit Slas in the
case of FIG. 2. The platlng solution after measurement
should be separately fed to a suztable unit for waste
disposal. Another example of concentration measurement
20 is to measure the potential difference between the initial
and the subsequent nortione'of the solution. However,

- the above-described method of directly measuring the,
absorbance of the plating solution is most advantageous
among others because it can be performed by means of

25 simple equipment and the plating solution subjected to
weasurement can be fed back to the plating tank 1 again.
; | Furthermore,'it is also poaeible to detect the varying
concentratien of a plating solution by measuring the

varying pH value thereof. Additionally, the - above-

30 mentioned nickel concentration measurement may be combined
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to causegt he platlng solution to develop the correspond- ing color. The
degrEe'o? -col of *devel opment is a measure for the netal concentration. In 32
thi s case, - however, . those portions of the plating solution which have been
15 . subjected to concentration neasurenent cannot be fed back to the line
5 via the bypass conduit 6 as in the case of FIG 2. The plating solution
af t'ef measurenent shoul d be separately fed to a suitable unit for waste
di sposal . Anot her exanple of concentration nmeasurenent 20 is to measure
the potential difference between the initial and the subsequent portions of
t he sol ution. However, the above-described nethod of directly neasuring

t he, absorbance of the plating solution is nost advantageous anong ot hers:
because it can be perfornmed by neans of 25 si npl e equi pnent and t he
plating solution subjected to neasurenent can be fed back to the platlng
tank 1 agai'n. Furthernore, it is also possible to detect the varying
concentration of a plating solution Ry.neasuring the varying pH val ue

t hereof.. - Additionally, the above- 30 menti oned ni ckel concentration

measur erent may beg,;eREak t0neasuzafdnt Wol bhathendd bk RaSNY §{RARg SO that the pH
of the plating solution may be autonatlcallg and |ndependently con- trotled

in accordance wit IFotpdop ayeboruismakicadiy @ad ipdepasdentdryii-of the consuned

amount of the 5 . conauimhlb& hiiedi @t m&a& ipftheQdirddy the method of
detecting the nunber of actuationsof the valve 22 by counting the nunber of

commands of 5| gnal s A i Bhe Hetesséte o ritpsdfansyred arouat ffsphensi ng punp i s used

to re- 5 consumable ingredients is carried out by the method of

detecting the number of actuationsof the valve 22 by
counting the number of commandsof signals A in the
above embodiment. If a dispensing pump is used to re-
plenish a metered amount of the first repienishing com-
10 position, the consumed amount of tbe consumable ingredi-
ent may be detected by counting the number of actuationSs
of the dispensing pump. Any other suitable detecting
methods may be employed for a particular way of replenish-
ing. ?urthermore, the consumed amount of the consumable
15 ingredient may alsb be detected by measuring the amount
of a metal deposited. If workpieces to be plated have
a substantially equal surface area and the necessary
plating time or neces;a:y deposition thickness is equal
v for each-plating cycle, then an equal amount of metal
20 is reduced and deposited and an equal amount of metal
ion is consumed in each plating c¢ycle. Then the detec-
tion method may be to count the number of signa;s
‘generated by a limit switch each time a plated workpiece.
is replaced'by a new unplated workpiece in the plating
25 bath. If'workpieces to be plated have a substantially
equél surface #rea, but the necessary plating time is not
always equal, then the amount of metal depositéd may be
detected by measuring the plating time and the consumed
amoﬁnt of the consumable ingredients may be derived

30 therefrom. After a certain total plating time, the above-



?]p 0 sh‘a metered anount of the first reblenfshihg com 10 position, the
e umed anmount of the consunmabl e ingredizient may be detected by count¥ ng .

p) 5

-the nunber of actuations of the dispensing punp. Any other.guitable{;
detecting nethods may be enployed for a particular way of replenish- ing.
Furt hernore, the consuned anount of the consumable 15 I ngredi ent may

al so be det ect ed meptimnad idischaraingnands repiendishiagostens ngy be. - ﬂ;

-wor kpi eces to be plated have a substantially equal surface area and.the
necessary pl ati n§agiriedboMecessary deposition thickness is equal for each

plating cycle, then an-equal anpunt of metal 20 I s reduced and deposited
and an equal anount of rgt d&the AbeeerBarkirned, epbodinents,g e |enThen

the detec- tion method nmay be to cpunt _t he nunber, of signals, generated by a
[imit switch cacRaitRAticn MEAPHEIRG] SEYIFE 18, RCOFBRFat etk b hirkhe kY-

kpi ' h | ati 5, Jbath, . If workpi. .b I d h
Substant al By oqEASs Fhsitite SOt oiE Py Rec BIZRRFIN ANGRFEGTALSS Tor
I |, th th t. of tal d i t.ed . tected b '
emonri na-the pf Ehe Rt aRRY TERS WIRROBMIBRIEN oL e dtAag on-
O di ' . ' 0 A . ' | plati
- naredients ) Wl YD o SSHELRST 1A Roak BT ) SLE gl 7t 10
be carried out. 'HE %@M@éﬁgﬁiﬂnﬁ eeg?_g@g_%ntémg.he con- centration

measuring device 1s®l ncorpor I'n the pass conduit, but it may be

SLL?Ct'y Incorporated i npf hgn&i 4554 alhBAt bR d b ey, Ahd NEeLYRESS
- 10 repleniéhing mechanism 29 acts after the discharge pump.
28 of the discharge mechanism 26 has been interrupted.
Alternatively, the replenishing mechanism 29 may act
by the cqmmhnd of signal B when or before the discharge
pump 28 operates. The first and second replenishing'

15 mechanisms 19 ané 29 are not limited to the above-
mentioned embodiments. For examplg,'a dispensing pump
may be used for the supplement of the first or second
replenishing composition.

The discharge mechanism 26 may be replaced by an

20 overflow pipe 35 as,@epicted by a dot-and-dash line in
FIG. 1. In this case, signal B is transmitted from the
control section 13 to the second replenishing mechahism
29 to feed a given volume of the second replenishing
composition to the plating bath in the tank 1. an

25 incremental volume of the plating solution due to thé
addition of the second repienishing_composition is
discharged through the overflow pipe 35. Althougp the
above;mentibnéd embodiments refer to the control of
‘electroless nickel plating, similar results may be

- 30 obtained for other electroless plating including electro-

~——y



!! Afso t he concentration neasurlng device may be provided within the
platldg tank. I n the above- nentlone$5enbod|nents the second 10
réplenlshrng nmechani sm 29 acts after“The di scharge punp 28 of the dlscharge

echan om 2o1has Sepaay BiE i and ATAIEIAIR cERS ERIER “L 3t he
h The f d d h
nEohant Eﬁfp‘i”‘iaﬁ n%B%%?%:eeiat 2% lestrele %%e%s‘?&eﬁéeﬁé#:eéa'eé‘r ewfaod.h rents,
F
o second T epl SRFERLAT %%n%w?qarfi%spméa%éﬁé?'%geaé%ﬁ&n???n”éac’mty be
repl aced by an 20 9%ﬂ§g é%é%oﬁ? £§ t %f?a@io dﬂg ﬁ&%&llne I n

FIG 1. In this ca ransm ronl seetion 13

to the second. t%RBEQhép' Eﬂ;gﬁﬁf £§Etgffgﬁg §n9&¥%90 olune of the

second Fbple I"shiing conposi‘tion to e plati bat h € tank 1. An 25
incremental vol unme qh,d Re At Qnu ér EoBﬁemS%Q'EH% gfy t he
~second.repl eni shing conposition Is |sc ar ge rough the over &Q/plpe 35.
Al 't hough thev&ttzxv%éf%?é&%?%&m'f@ﬂiéwiﬁ&eéxhﬂpm% CHicH adfe not

el ectroless nic plating, simlar results my be obtai ned for other .

el ectrol ess RAYNGINUMED S| BGh{€- the sédpel 8ES thabahiveRitalddlg and
el ectrol ess cobalt-nickel plating as well as el ectrol ess copper plating

usi ng a for myyamelle Nypophosphite reduci ng agent. O her nodifications and
vari ations nﬁy’négﬁﬁﬁé : '

10 Plating.was conducted in 100 liters of an

electroless nickel plating bath having the following

composition:-
Nickel sulfate (NJ.SO4 6H20) . 18 g/1
(nickel ion 4 g/1) .
15 Sqdlum hypophosphite (Nanzpoz-nzo) 24 g/l
| ‘Sodium succinate @ 16 g/1
Malic acid h 18 g/1
Stabilizer (Pb2¥) | ' _ 0.003 g/1
pH ' | : : 5.6
20 at a temperature of 90°c.in an apparatus as shown in
FIGS. 1 to 4 while the nickel concentration was

autcﬁatically ahd continuously measured (the nickel
concentration meas&fement was effected by measuring the
‘transmittance at 670 nm). It was assumed that the éet

25 level of nickel ion was 4 g/1. . At the time the nickel
conéentration'measured had decreased to the set level
(4 g/1) or Below;-§igﬁal A was generated to add a first
replenishing composition consisting of the below-
mentidned three replénishing solutions I, II and III

' | 2+

30 in equai amounts of 400 ml (équivalent to 0.2 g)l of Ni®")

co~



?§N thin*the scope and spirit of the invention. The invention will be
tood nore readily with reference to the follow ng exanpl es,. which sr

o be construed to limt the scope of the invention. Exanple 1 10 *
Pl ating was conducted in 100 liters of an electrol ess nickel plating bath
having ‘the foll ow ng conposition: N cket23wlfate [err] 18 g/l
(nickel ion :

Egr5}| Stabi|iggﬁgégé%gﬁlﬁH&%ﬁ%@ﬂFHEEhese rspbégiapﬁhHHégié¥£o£ﬁ¥jCIfCid

5.6 20 t t X f ¥ . L. 1 4

while the ni okel e T Gidle [itad ded "ifT BREERC BeRS AR Esdbaividieey °
d (th : | — _ . Y .

the. tr ansii 11 ancEai GHPAes |t FELEATERhAUER, Bt hrec(RiRsageic

i ckel i 4 I At ' | ' s
Sggr cased to 1 he B ey it R ERcp ERRal Ao Y HeiVed R SR
ret leni shi N ot f b . N

Fepl eni shi ng sol CETRARTP SRARL SRPF! £ S20eR L1l Y Beed ST Gmpenes

(equivalent to 0.o% QHe Hedp¥dtivéOreplen?dhihgl sRAMLiRHE HOMhd NEB&ting

_replenlshlng solution |, 11 : -

" bath. It was also assumed that when 1 g/l of nickel

5
U
no

ion was consumed or a total amount of the replenishing

solution I adding up to 1 g/l of nickel ion was replenish-

10 ed, signal B was generated to discharge 5 liters of the
plating bath each time before 5 liters of a.second re-
plenishing éoﬁposition consisting of the solution IV
having the following composition was fed. (the invention
‘method) |

15 _ For the.purpose of comparison, the above-mentioned
plating procedure was repeated except that signal B was
not generated, and hepce, neither the discharge of the
plating solution nor ;he replenishment of the second
replenishing solution IV was conducted. That is, only

20 the nickel conéentration was méasured and the soiutions
I, II and III were addeq'agcordingly. (comparative
method) | |

After plating was.conduéted a given number of
turns (by "one tufn“ is meant the'consumption of 4 g of

25 nickel ion per liter of plating bath in continuous |
plating, and hence an increased number of turns results
in further aging of ﬁhe bath), the rate of deposition
and the composition of Ni-P alloy deposit wefe_determined,

obtaining the results shown in Table 1l.

4 g/l) 15 Sodi um hypophosphi te ™.

g
!



[ —

am_ | . weré contained in three separate reservoirs each provi ded with a @

feed gonduit and an el ectromagnetic valve. In. response to signal A the

vl vesswere simul - 5 taneously opened for a given tine to feed equal

amounts of the respective replenishing solutions to the plating bath. It~

was also assunmed that when 1 g/l ofzplckel ion was consunmed or a total
mount of the replenishing solution®l’ adding up to 1 g/I of nickel ion was
| eni sh- 10 ed, signal B was generated to discharge 5 liters of the

plating bath emeh fhiree E@gﬁéhikﬂiﬁﬁﬁébﬁﬁoQiﬁfﬁﬁﬂd re- plenishing
conposition cONsSTsting o € solutlon aving the follow ng conposition

was fed. (the |nvent|on met.h . For the purpose of conparison,
t he above- nentioned p sgpgb%ﬁﬁjeu%gnrépeat ed except that signal B was

not generated, and hence e, di scharge of -the pl,atdi ng,,sol uti on nor
the repl eni shment of themgﬁéﬁﬁg %$§éﬁ€shing sol ution Ivz%ééggghducted
That is, only 200~ the e on was neasure sol utions
I, Il and Il were added accordll' n&fcy%% ?Tpar ative net ho%’% %I ating
was cond ted a glve%€g¥ggg é}@gquEXn ge turn” is neant the

hi CK

consunptlon of 4 go I on per |ter of plating bath in

conti nuous plating, and Qﬁﬂfﬁﬁﬁ jpynber of tur lts in
further aging of the bath t he r%ﬁgﬁﬁééggpogltlon and t%? C osition of
Ni -P all oy dep05|t\MﬁébrggfgﬁgﬁedsoggggbﬂlQgIthe results shown in Table 1.
-24-

Sodium -hydroxide 68 g/l

The second replenishing solution{composition) IV:

10 - The same composition as the lnltlal plating
solution
Sodium succihate o 16 g/1
Malic acid ' _ -~ 18 g/1.
Nickel sulfate | 18 g/1
3 15 _ Sodium hypophosphite. 24 g/1
Stabilizer (Pb2%) © 0.003 g/1

we

ned '}



first ieplehishing conposi tion: Replenishing solution | Nickel sulfate

g/l 2« Stabilizer [err] 0.075 g/l 5 c I SN
- Repl eni shing solution Il Sodi um hypophosphite 270 g/ | o ¢
Repl eni shing solution Il Sodi um hydroxi de ' 68 g/l The second
repl eni shing sol ution(conposition) IV: ;95_ the sane conposition .as the.
initial plating solution Sodi um succi naté 16 g/I Malic acid7-:
18 g/| Nickel sulfate - - - 18 g/l 15 : Sodi um
hypophosphi te o 24 g/l Stabilizer [err] - . 0. 003 g/l
-25- Table 1 Rate of P Eahlend Nunber deposi tion
in Ni-P deposit ([err]/hour) (% by weight) turns Invention
‘Conparative Invention Conparative 2 - - 20.5 ’ 20..0 ,
7.8 7.8 4 20_0 170 2.0 8 4 6
19.8 13.5 i8.1 Rate%2 8 : 19.7 p conteh® O
8.2 9.8 l@ug?er 19.5  depositfidn . 8.8n Ni-p dbRokit
_ turns .(um/hou:) (¥ by weight) |
Invention |Comparative| Invention Comparative}
2 20.5 20..0 7.8 7.8
4 20.0 - 17.0 8.0 8.4
6 19.8 13.5 8.1 9.2
8 19.7 10.0 8.2 9.8
" 10 19.5 8.5 8.3 10. 4
12  19.3 unplated 8.3 . -
14 19.1 ‘ 8.4
16 19.0 - 8.5
18 18.9 B 8.6
20 18.8 | 8.5
22 | 18.6 8.7
24 -18.4 8.7
26 18.5 . 8.8
28 18.3 9.0
30 18.0 |- 8.9
32 17.9 , 9.1
34 17.7 9.3
36 17.4 ' 9.3
38 17.2 - 9.5
40 16.7 - 9.6




’ "~ 19.3 unplated .  °8.3 14 - 19.1 @

8. 416 . 19.0 -26- 8.5 18 18.9

8#6 200 - =~ 18.8 ' . . 8.5 22 - 18.6

8.7 24 ~ 18.4 : 8.7 26 18.5

8.8 28 - '," ' 9.0-30 - 18.0

8.9 32 . Efngle 2 9.1 34 17,7

93 36 17. 4 t4 + -

9 5 40 _ 16 7 Plating was. c:onduc:*:.ed9 1%.%3‘ 2 6ec g(&]?e% EOBFéFi ng vas
conducted in D€l 8§t HRERSRa¢ERE! khl! FI1ND é&ﬂﬁé@xif@nfm | owi ng
conposi tion: @b%altgsu fatea[er? qu g/l - Sodi um

hypophosphite [err] % I Sodlun1tartrate
115.0 g/| Boric aci dcobalt sulfate CoS0,- 78 20)8 4 g/I Th?%uﬁea/_l

0.01 g/l pH ) : f
[err]g|n5gn apparatu§°§%“§h8%ﬁ°?ﬁqg9§§t9LGQ?QQEQR1 Phe 2Bbal gpiratgre ’

concentration of the_bgth natlcally and continuou asyred. It
was assuned t hat thesgg “W“@éF Ebbalt ion was 4 g/1. fig'geg/i'

-Boric acid . 8.4 g/1
Thiourea o o - 0.01 g/1
- PH ' : . e 9.0
‘10 at a temperature of 90°C_ih'an apparatus as shown in
FIGS. 1 to 4 while the cobalt concentration of the

bath was automatically and continuously measured. It

et =

was assumed that the set level of cobalt ion was 4 g/l.
At the time the cobalt = concentration measured had
15 decreased to the set level (4 g/l) or below, signal A

was generated to add a first replenishing composition

e e et

consisting of the beléw—mentioﬁed three replenishing
solutions V, VI and VII in equal amounts of 2 ml per liter
~of the bath for each addition. These replenishing solu-
20 tions Vv, VI and VII Wére contained ;p threé separate
: reservoirs eaéh p¥ovideé with'anfeed ccnduit'and an
electromagnetic valve. Iﬁ response to signal A, the valves
were simultaneously opened for a_giveh time to feed eqﬁal
ambunts of the respective sblutions V, VI and VII to the
25_. pléting batﬁ.' It was al;o assumed that when 1l g/l of
| cobalt ion was consumed or a totél amount.of the replenish-

ing solution V adding up to 1 g/1 of cobalt ion was re-

\

Plenished, signal B was transmitted to discharge 10 - 50

ml/l of the plating bath each time before the corresponding

30 amount of a second replenishing composition consisting of



time the éobalt concentration neasured had 15 decreased to the

. ! el &4 g/l) or below, signal A was generated to add a first , .,
replenishing conposition consisting of the bel ownentioned three o
‘repl enishing solutions V, VI and VII in eqya_anounts of ‘2 m per liter of

‘the bath Tor each addition. These replenishing solu- 20 tions ¥, VI and
VI| were contained in three separate reservoirs each provided wth a feed

conduit and an el ectromagnetic valve. In resgpnse_to_qignal A the val ves
were si milt aneous| ehepesmttion ¥ITVchaving tbef §odlowiang sampositbionheas
respective solutions V, VI and VIl to the 25 plating bath. It was al so

assuned that when Ffefld Gthecleventionymetheddumed or a total anount of the -

repl eni'sh- ing solution V adding up to 1 g/l of cobalt ion was re-
pl eni shed, signal B was- t rERE¥Be cPurpodesefaFgurPegisony hhe ajover
plating bath each tinme before the,corrsggggding 30 anount_, of a second

f epl eni shi ng conpodMenigiPResPieting P ure WRS ISNRALRY \BIFeREFRRtt he
B R R O e, Wi e .
“plating bath nor r & SHErRERELhg PRERCBEE, FeRASRARTEITY AT PP vas
Soluttons Vi v andeR1entrELiddalusiepaiiae, Vel RN RS TIERSE TR, | Ry
“method) After plat ifﬂge V@&gf@duct egoﬁcghﬁgtﬁlégo%rasofmeasuxjed and the
| solutions V, VI_and ﬁII were ﬁdéed accordingly. (the
lb éomparative method) |
After plating was ccnductgd a given number of
turns (by "one turﬁ“_is.méant the consumption of 4 g of

cobalt ion per liter of plating bath in continuous

plating), the rate of deposition and the composition of

 cdeiaid s st it 3 ‘

15  Co-P alloy depbsit were determined, obtaining the results

shown in Table 2.

The first replenishing composition

" Replenishing solutiop \'4
Cobalt sulfate 240 g/1
20 : Thiourea = B 0.11 g/1
Replenishing solﬁtioﬁ \'4 4 |
Sodium hypophosphite : 270 g/1

Replenishing solution VII

Sodium hydroxide 68 g/1
25 The second'replenishing solution VIIX
| Sodium tartrate . 115 g/1

‘Boric acid - 8.4 g/1



e turn” is neant the consunption of 4 g of cobalt

t’ns (by "on i i
t@r;ﬁL pLating bath in continuous plating),

t e dorpositi

on of 15

Co- P all oy deposit were determ ned,
resul ts 'shown in 'Table 2. The first rgjg.enishing conposition Replenishing:

. solution V Cobalt sulfate

Thlourea

Rypophosphi te
hydr oxi de

VIl Sodiumt

(V2]

8.4 g/l -28- Table 2

deposi tion

artrate

. 1
uriiros TITv

240 g/l 20

0.11 g/| Repl eni shing sol ution VI

Repl eni shing solution VII Sodi um
second repl eni shing sol ution
Boric acid

P cont ent. Nunber °
([err]/hour)

i on per
the rate of deposition and

obt ai ni ng the

Sodi um

(% by wei ght)

14. 7 14. 5 .
4.4 4.4 Bumber
13.3 _ 2.8 of
. ' 5.7 6 turns

270 g/ |
68 g/l 25 Th
- Trablg2 )

Rat e of
in Co-P dep03|t of
IILT Ull wnpal a[“r Vv T
4.4. - Rate pf3 2
13.8 depos1§3¢a
4.8 (uvm/hour) 5

a
I_IVCI[LIUIT WI'IPCII ClLrVU LT

14.4 P conteng
4.6.in Co-P4deposit
13.0 (% by weight)

[

2T ] T J. L T
Invention iComparative

B WwoN M

w 00 NN o U

10
11
12
13
14
15
16-

14.7
14.4

13.8

' 13.3
13.0
12.7
12.3
12.0
11.6
11.0
10.4

9.8
9.6
9.0
8.4
7.6

14.5
14.0
13.3
12.8
11.1
9.1

6.3

3.6

unplated

—572 T 58
Invention {Comparative.
4.4 4.3
4.4 4.4
4.6 4.8
4.8 5.2
- 5.7
5.2 5.8
- 6-4
5.5 7.1
5.7
6.0
6.2
6.4




; H/ 12.3 6.3 6.48 . . 12.0 3.6 5.5
i 11.6 unpl at ed - - 10 : 11.0. | s,
LT _ -10.4 . - 12 9.8 . o e
.0 13 . 9.6 14 9.0 6.2 15° 8.4 16
.6 6.4 -29- As segagtron1the results of Tables 1

and 2, the present invention is advantageous in that the ef- fective life 7=
of an el éctroless plating bath is substantially extended as conpared with
prior art 5 nethods. Rsrseemdizom thhe eesulbisdefofables dnandhe,

physi cal properties of deposits are substantially uniform and consistent,
and pl ating bat hstben preseaitn inventdomniigh adwantrgerss in Shadndde R+ od
of tine since netallic value, reducing agent_and other ingredi- 10 -ents
are maintained at featdventliife Pfcmtérﬂcm-i’lFﬁ-PSn athd ishe anmount

of reaction by-products resul ting fronu£latin procgss_hi mai_ntained within
an al | onabl e r angsubstantjaldy)egiended as compared with prior art

5 methods. Furthermore,'the rate of deposition and the

~NoOUINN

physical proﬁerties of déposits'aré substantially
uniforﬁ-and consistent, and plating béths can be main-
tained highly stable for an extended period of time.
since metallic value, reducing agenﬁ-and other ingredi-
10 ents are.maintained at substantially_constaﬁt.concent-
.rations and the amount of:reaction by-products resulting
from plating process is maintained within an allowable

range.



ceMcent rati on’
plati ng bat.h,

repl eni shi ng conposi tion conprising consunabi e i ngred
that the neasured concentration has reached a predete
sﬁntlnuously or inter- 10 mittently measuring, directly of i‘hdi%edtly, the
‘I'east one consunabl e |ngred|§nt of the electroless plating-

anount ‘of at
bat h consuned

thod for controlling an electrol ess platlng bath _—
rd sing the steps of continuously or inter- n1ttent|y neasurlng tﬁé

of at least one 5 consunabl e ingredient in the electroles
and automatically adding to the plating bath a first

1T T o

over a period to det er mi n&3Pre degree of aging of the bath,

and automatically di scharging a predet erm ned vol ume of the plating

sol uti on and

S matically adding to the plating bath a second

repl eni shing composition_containi ng unconsumabl e |ngred|ents I n an anount

essentially c

dror dsRRFNSR) §QF (FRN ng 2R gleche

4eEEhat at hag dawr,

detecting that .the agP t of the, consunab)] e nggedleﬁi consgned during said

period has 20 F&
claim1l wherein
and the conceM
of the concent

inclaim?®

of the consu
3 wherein the
pl ati ng bath

FURR TR oF %ps THEN P}QBBS ) |
%ﬂ%ﬁ%”*ﬁ%‘*‘ionsm %"‘519'&??%5 Bha e} B 28b0F on¢ n”f%fmsh |
or it | 'Q@’Pc%énls%‘ﬂ%t{ﬁ PhE Penfderdhe st pIRE IR RELET
dcéflya dEd Mg ! B8 %l? %f@tﬂﬁ&hﬂgtﬁsasﬂﬁge”h inclaim

consune -31- a nmetal 1on in the electrol ess
replenlsh1ng Fompos1t10n comprising consumable ingredients

~after detecting'that the_measured concentration has

10

15

20

25

reached a predetermined value while continuously or inter-

mittently measnrihg, directly or indirectly, the amount of

at least one consumable ingredient of the electroleSs_
plating bath consumed over a period to determine the
degree of aging of the bath, and automatically discharging
a predetermined volume of the plating solution and autb-
matically adding to the plating bath a second replenishing
composition containing unconsumable ingredients in an
amount essentially corresponding to the amount lost by the
discharging after détecting that the amount of the
consumable ingredient consumed during said period has
reached a predetermined value, |

2. The method as set forth in claim 1 wherein at least one
cbnsumable_ingredient in the bath is a metal, and the
concentration of the electroless plating bath is measured
in terms of the concentration of a metal in the bath;

3. The method as set forth in claim 1 or 2 wherein the
consumable ingredient used for the measurement of the
consumed amount is a metal ion.

4. The method_as set forth in claim 3 wherein the consumed

¥ Qetimtmn+h in




T ' ) _ ) : : ’ e aerverr -~ e
i smgpyored by counting the nunmber of répleni'shments of the first

hi ng conposi.tion, and the predeterm ned voLuﬂE~QL~LD$_BLEELEg‘ *

i s discharged after 5 detecting that the nunber ’
replept’'shnment shas reached a predeterm ned val ue. 5. t forth
I n-cl aim 4 wherein the nunber of replenishnents of ,Lm @Hj@shl ng
conposition is obtained by counting the nunmber of connaﬁd'5|gn _-f“ ;
comandi ng the automatic repl eni shment of the first replenishing )
conposition. 6. The nethod as set forth in any one of claiml1l to 5 wherein
the electroless plating is electroless niclkgl- plating, electrol ess cobalt
pl ati ng, electroless nickel- 15 cobalt alloy plating or electrol ess copper
plating. 7. Appagpbuficf ek eget meltlilndoan il atie &l iy Rdd Pplat ing tibeth
apparatus conprising: a mechanismfor adding a first replenishing
conposi tion incl ygi AghiEBred by coantinhagr the omibernldf repbenisignémes of
concentration of at |east one consumable ingredient in the electroless
pl ati ng bat h, cohhenf1nstouepébaaﬁhmggmammpdhmtgpnunandrgpeipred@tsrgnaed
when the nmeasured concentration has 25 reached a predeterm ned
“val ue, and neansveébumaueénkhecpleyiagdisedutien iistdisghargedi atter

. conposition conprising consunabl e ingredients to the electroless plating
- bat h -32-5upofteteetipg bhatnshei pimbergefi replenishmentshas reached a

predetermined value,

5. The method as set fofth in claim 4 wherein the number
of replenishments.bf the first repleniéhing composition
is.obtained by counting the number of command signals for
10 commanding the automatic‘replehishment of the first
replenishing.composition. | _
6. The method as set forth in any one of claim 1 to 5
wherein the electroless plating is electroless nickel
plating, electroless cobalt plating, electroless nickel-
15 cobalt alloy plating or electroless copper plating.
7. Apparatus for controlling an electroless plating bath,
the apparatus comprising:
a mechanism for adding a first replenishing
composition including: B
20 means for automatically measuring the concentration
of at least one:consumable ingredient in the
| elecﬁroleSS'plating bath,-
concentration deﬁecting means for generating a first
'signal when the measured concentration has
25 reached a predetermined value, and
| .'means fof automatically adding the first
replenishing composition comprising gonsumable

ihgredients to the electroless plating bath



a!'ta mechani sm for discharging a predetern1ned volune of . the eTectroIéss
m§¥|$@ sol,ution and adding a second 5 repl eni shi ng conposition
i Acl udi ng: neans for measuring, directly or indirectly, the anount of at’
| éast one consumabl e ingredient of the electroless ‘ P“mﬂml.]mad
' dur| ng the current period up to the.next di schargl nglmm Iﬂu ““
r€pl eni shnent to deternine the degree of aging of thebath‘ a§i n degree
¥t ecting means for generating a second signal when the anmount of the
consumabl e i ngredi ent consunmed during &Be-current perlod 15 has
reached a predeternined val ue, means for discharging a predeternined vol ume
of. the plating soIutionuppnnreeeépptoﬁfthbefies&nélgngnql and neans for
adding to the electroless plating bath the 20 second :
repl eni shi ng conpo3ndi on contai ni ng unconsunmabl e i ngredi ents in an anount
essentially corresponding to.the_anmount |ost by the discharging. 8. The
apparatus as setd{BeERARASR| 6P igRBAETANGhE PTedsftesminati oolumasyti Ng
means is so designed as to deter- mine the optical absorption of a netal in
t he electrole%%eﬁ?%ﬁ?ﬁﬁ°b%§ﬁ pbatipg §BéSFéPGSa§§ 88dingr @h segonliai m 7 or 8

wherein the ree asur, ans is nmeans.for counting the
§1 repf%n1§ﬁ1ng poszg?on 1nc9ug?ng- g

means for measuring, directly or indirectly, the
amount of at least one consumable inéredient of
the electroless plating bath consumed during
the current period up to the next discharging and
10 replenishment to determine the degree of aging
of tﬁe bath,
aging degree detecting means for generating a second'
| signal when the amount of the consumable . |
ingredient consumed during the current period
15 has reached a predetermined value,
means for discharging a pfedetermined volume of the
plating solution upon receipt of the second
signal, and | |
means for adding to the electroless platlng bath the
20 o second replenishing composition containing
unconsumable ingredients in an amount
essentially corresponding to the amount lost by
the discharging.
8. The apparatus as set forth in claim 7 wherein the
25 concentration measuring means is so designed as to deter-

mine the optical absorption of a metal in the electroless

pPlating bath.

W

9. The apparatus as set forth in claim 7 or 8 wherein the
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“nund of replenishnents of_the first repleniéhing conposi tion. 10. The

-conyaAdi ng the automatic replenishnment of the first reJI I”ﬂ'ﬂ
conposition. 11.. A nethod for controlling an el ectoless p | uw
~substantially as descri bed herein with reference to the draw ngs. I2

Apparatus for controlling an el ectrol ess plating bath substantlally as
described herein with reference to the drawtdys. The text of the

specification has been reproduced by photocopyi t he_applicants or inal
CTEREE] rﬂ%ﬁ%sdﬁf Ha.

typescript. It nagiagndgores mem |€ﬁ??t}69r5

preni ses of the PBY

The origimal typesclRl oL in S IR S50V Dol dRPSRLRY O the

composition.

10. The apparatus as set forth in claim 9 wherein the
5. replenishment number counting means is so designed as to

count the number of command signals fbr commanding the |

automatic replenishment of the first replenishing

composition., _ _ | )

_llr A method for controllihg an electoless'plating bath
10 substantially as deséribed herein with reference to the

drawings.

12. Apparatus for controlling an electroless plating

bath substantially.as described herein with reference to

the drawings.

The text of the specification has been reproduced by photocopying the applicants original
typescript. It mey contain a few amendments which are difficult to read. The .original
typescript containing these amendments may be inspected on the premises of the Patent Offige
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us as -set forth in claim9 wherein the 5 rep|éﬁT@ﬁﬁEﬂ%—ﬂUﬂD§L-\Tj.€
pg neans is so designed as to count the number of d S|gnals '
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