METHOD ANDFAPPARATUS FOR CONTROLLI NG ELE REX:
Sption relates to a method for’ controlling

at [, ch as electrol ess nickel plating.baths, and*tg«a

= efog_ El ectrol ess plating baths are susceptlble fo  consid

variation in their conposition since netal salts, reducing age
ingredients are quickly 10  consumed- during platlng I't 1S Ihus
necessary frequently to replenish such consuned |ngred|ents 0. ‘keep 1 h
rate of deposition constant and the thickness and pro- perties of depos

uni form For such purposes, gﬁ¥ﬁbb€%§hﬂm%m%ﬂﬁ1§§8r' the - ¥
automatic control 15 or reprem hs have
been proposed as discl osed i grgepRoessLaEIN®BAsRt | on Lai d- Open Nos.
53-44434, 53-45631 and 54-81Z3T-TOWEVEr, elrectroless plating baths such as
el ectro- -l ess nickel plating baths and electrol ess copper plating 20

baths have a short effective life. As electroless plating is continued far
an extended period of tine, maaetu@wéntnnuxhzistascﬂﬂuhahéthbdtH@rpbaﬂﬂﬁblllng
solution. The reaction by-products, which are believed to be deconposi -

tion products o§ a retleetpglagesnplatdngeliatdis zasuoh &5 eleaktsliessultiorel
fromplating reaction, adversely affect such factors as plating rate and
properties of deposipkachghbaeaﬁbl@mdannagpax@t@scwaeﬂathdrefbe.
repl eni shnent of ingredients consunmed by plating cannot prevent reduction

-2- of the plating rate andpqad d UL PIp1 L€ £ PEERL! QBe susceptible to

considerable variation in their cbmposifion since metal
salts, reducing agent and other ingredients aré quickly
lb_ consumed during plating. It is thus necessary'frequently
to- replenish such consumed ingredients ﬁo keep the
rate of deéosition constant and the thickness and pro- ;
perties'of deposits uniform. For such purposes, a
variety of methods and apparatus for the automatic control
15 or replenishment of electroless pléting baths have been
proposed as disclosed in Japanese Patent Application
Laid-Open Nos. 53-44434, 53-45631 and 54-8123. |
However; electroless plating baths such as electro:
- less nickel plating baths and electroless copper plating
20 bathé have a short effective life. As electroless platins
is continued'fdr an extended period of time, 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
25 salts resulting from plating reaction, adversely affect
such factors as plating rate and properties of deposits.
With.reaction by—proauctslaccumulated, the replénishment

of ingredients consumed by plating cannot prevent reductﬁ
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and ‘promerties.of depositss. Aceordingly, although electroless plating
solMtion is replerished either by the above-nentioned automatic :
_repl eni shing nethods 5 or manual ly wh2Ra needed,. plating baths age or
7bec me ing - unusabl e within a relatively short period of
tinme. The rate of deposition is greatly reduced and the properties of
the resulting ddhoshe splakingorataecprad yardatdaay of tHhe emeresitiasd from
the initial 10 pl ati ng sol ution, even when the netal ion and the
reducing agent 3% PEPPRAFEA8IOS0dgBOEA tisncr 8s0Rdi1gly, although
concentrations to the levels_in,the initial plating soJution. Undér such
ci rcunst ances, $}RFERYEHI RLALIRIpECIIELMNSF é'rﬁPg]r%"b’r%H: &ytherresh

pl ati ng sol uti

. i h .2 Wh h bove- ' d
aut omati ¢ contﬁ@? %ﬁgaﬁbﬁY%E?FﬁggggebrS%ﬁ%§;¥;§1Fégigéﬁ%§gﬁg¥§eg§gégone
t ti | | eni sh | at i | ution, .t.h f ' f the bath
Should alvBys 1o caarar v yhehoReRdet Bl aritihinbie 298 o5 Pagone’® "
i di ngly, O- 20 Is bat tv.b § d_af '
ot vely shortmymabld or HEEhLACp EeTaeIVE SRS MFEked B! thmen
processes combigpgd yuip I)E%@EB&?E%%{ !i@e%@gﬁ?t ! Cr&?%&é?' ?gﬁggﬁ% The

prior plating processeS are afrso unsatisfactory wth Tespec

mai nt enance. .2 | r 60k RelSeistdiid BBV Pafpt Bedsaddrably’
appar atus for g%}'r‘ltts?%?ﬁ'ﬁg g%'eﬁgctrosl ess} pﬂtatﬁ&%g iE)Ealfh wher eby stabl e
continuous el ecééﬂ?aksasw@ltﬁt tRGseAdUIR I9R¥d | BfomUthé o naniakt ended peri od
of .on 30 tTnme with substantial elimnation of the need for renaking

10 plating solution, even when the metal ion and the

reducing agent are replenished so as to increase their
Yy .. concentrétions to the levels in the initial plating
| solution. Under suéh'circumstances, the aged bath must
be discarded and replaced by a fresh piating solution.
15 Even in the case where the above-mentioned
ol automatic control of an electroless plating bath is
employed to automaticqily-replenish a plating solution,
the .degree of aging of the bath should always be separate-
ly monitored to accommodate such aging. .Accordingly,
o= 20 plating baths must be'discérded after a relatively short
period of use. in the prior art electroless plating .
ng processes coﬁbined with Ehe.above-mentioned automatic
| control method. The prior plating processes are also
unsatisfactory with respect to bath maintenance.

It is therefore desirable .
to provide a method and apparatué,foi controlling an
electroleés plating bath whereby stable continuous electro-
less'plating can be carried out for an extended period of

.on 30 time with substantial elimination of the need for remaking
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<3- the el ectrol ess plating bathor at least with suba stanti al ¢
educt i on of plating bath remaking as conpared with the pr| or.art met hodand

tence With sub- stantial advantages in waste disposal. S - I t
is alsog"desirable to provide a nethod and apparatus for controlling an
el ectrol ess plating bath whereby the rate of deposition and the properties
of deposits can be kept substantially constant and uniformfor an extended
period of tine, and 10 bat h mai ntenance is easy and accurate. It |&‘a
further desirable to provide electroless plating control nethod and =
apparatus suitable for the practice of electroless plating of, e.g. nickel,
cobalt, nickel-cobalt alloy, copper, tin, gold 15 and silver. Accordlng
to one aspect of the present invention, there is provi ded a nethod for
controlling an electro- less plating bath, the nethod conprising the steps
of : 20 continuously or intermttently neasuring the con- centration of at
| east one consunable ingredient in the ®rectroless plating bath, and
automatically adding to the plating bath a first 25 . replenlshrng
conposi tion conpri sithg Consetddlesd puiwitly asks, af henedal actd BEot hat t he

nmeasured concentration has reached a Fkgdetern1ned val ue, while

continuously or int SFMTEPEnEPIFGHEYL UPY RIAEAIRARCERmEME0R% ty of the

el ectrol ess pl ati ngchadaed Gi80 the ﬁe&ermnﬂthmadegke& obigdgbkirg of the

bat h, and
. stantial advantages in waste disposal.
5 It is also desirable to
provide a method and apparatus for controlling an

electroless plating bath whereby tha rate of deposition

and the proéerties of deposits can-be kept substantially

constant and unifoﬁm for an extended period of time, and
10 bath maintenance is easy and accu:ate;

It is Euzther desxrable to

provide electroless plating control method and apparatus

suitable for the practice of electroless plating of, e.g.

nickel, cobalt, nickel-cobalt alloy, copper, tin, gold
15 and silver.

Accoxrding to one aspect of the.present invention,
there is provided a method  for controlling an electro-

less plating bath, the method comprisinq the steps of:

20 _
continuously or %ntermiﬁtently measuring the con-
centration of at least one consumable ingredient in the
. electroless plating bath, and
automatically adding to the plating bath a first
25 replenishing composition comprising consumable ingredients

after detecting that the measured concentration
has reached a predetermined value; while _
continuously or intarmittently measuring a
physical property of the electroless plating bath to
30 determine the degree of aging of the bath, and.



—

-4- autanatlcally dlscharglng as predetern1ned vol une of the plating 4&%9
sol wti on and autonatlcally adding to the plating bath a second repl eni shi
conposition contain- ing unconsunmebl e ingredients in an anpbunt essentially
5 corresponding to the anmount | ost by the discharging after detecting

"~ that™the neasured val ue has reached-a predeterm ned val ue. According to
.anot her aspect of the present inven- tion, there is provided appar at us
for controlling an 10 el ectrol ess plating bath, the apparatus

conpr sing: a nechanlsn1for adding a first replenlshlng conposi tion

I ncl udi ng: 15 means for automatically neasuring the concen-
tration of at | east one consumable ingredi- ent in the electroless plating
bat h, concentration detecting nmeans for generating a first signal when the
neasured oncentration 20 has reached a predeterm ned

val ue, and nmeans for automatically addlng the first re- plenishing
conposition conprising consumable imMgredients to the -electroless plating.
bath upon receipt of the 25 first signal, and a mechani sm
for dischargi.ng a pr edahmtmdlyahmrgingt hq:reaaetmmleesalpheatl ng sol ution

and addi ng a secon epleni shi CO Si nel:u
means f OI’ measur i ?1 t{;e pllﬁt:.x.nF ﬂqgtpiipgg}e)n%t at.i.caﬂ.y étﬂ.gg t:o the

plating bath a second replenishing composition contain-
ing unconsumable ingredients in an amount essentially
5 corrésponding to the amount lost by thé discharging
after detecting that the measﬁted value has reached a
ptedetermined value.
Accordinq to another aspect of the present inven-
. tion, there is provided apparatus for controlling an

10  electroless plating bath, the apparatus comprising:

a mechanism for adding a first replenishing
composition including: .

15 means for. automatically measuring the concen-
tration of at least one consumable ingredi-
ent in the electroless plating bath,

concentration detecting means for éeneratinq
a first signal when the measured concentration
20 - has reached a predetermined value, and
means for augomﬁtically adding the first re-
plenishing compdsition comprising
consumable ingredients to the
electroless plating bath upon receipt of the
25  firse signal,
and
a mechanism for discharging a predetérmined volume
of the electroless plating solution and adding a
second replénishinq composition including:

30 . ' means for measuring a physical property of
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B 1. v ’ k3 . .
. the electroless plating bath to determ ne thhe degree of "aging of the bath,

.agi ng degree detecting neans for generating a second signal when the
(1 asured vafug 5 of the physi<5al property has reached a

“—pr edet erm ned val ue , nmeans for discharging.a predeternj neq vqlune.,of the
pl ating sol ution upon receipt of thet’E%c?}r%?f’g‘ﬁﬁF,Pgﬁgi%%“% to determine
means for adding to the el ectroless pjatidg atl ;anée&prghé %Qltﬁ'r']i sh@
conposi tion containing unconsumabl e 1 ngredients in~an” anount essenti ahNy -

. gorresponding to the amount | ost kgihfedshredhdede8lingd means for gehéribing
‘present invention, "consumable ingredients" refers to ingredients consuned
during electroless plat- ing, e.g. ansecdnd @igpathwhen nthek dleasyrednvatue
reduci ng agent such as sodi um hypophosphite for nickel electroless plating
bath, and "unconsurfabl e ingredi ent s"of eths Phvsigel PrepgFelinan Seasped a
essentially consurmed during el ectrol ess.pl ati.ng .except-+hy drug-out, e.g. a
chel ating agent such as sodi um acet aPE%4 ?)'Wﬁﬁ% i??gg 'betc. I'n preferred
enbodi ments of the present inventim@anst fér H¥EMArGIhE08 Pfeddteralinelr 0bbife
plating bath is 25 measured in terns of the concentration of a netal in

“the bath, while the degree of aging of the plakimgoseistpdmtupdmgegeipti gf the
obt ai ned by neasuring one physical property,, that is, specific gravity,
_electrical conductivity or refractiv&PaeRx3ignaleaBfectrol ess plating

bath. 30 157 nce the  congeRbLakiom flidd'RcCLAE! LRLESH I bRGeRED

bath the second replenishing composition

containing unconsumable ingredients in an
amount essentially corresponding to thé
amoﬁnt lost by the discharging.

15 In the present invention, "consumable ingrediénts"'
rgfers:to.ingredients consuméd during electroless plat-.
ing, e.g. metal ion such as nickél ion and a reducing
agent_suchlaé sodium gypophosphite for nickel electroless
plating bath, and "unconsumable ingredientsé refers to

20 ingredients not essentially'consumedlduring electroless
plating except by drug-cut, e.g. a chelating agent such as
sodium aéetate; sodium citraté, etc.

In prefe:red'embodiments of the present invention,
the éomcentiatipn'of the electroless plating bath is
.25 measured in termé of the concentration qf a metal in the
bath,.while the degree of aging of the electroless plat~ .
ing bath.is obtained by measuring one thsicaI property,
that is, specific gravity, elgctrical'conductivity or
refractive index of the electroless plating bath.

30 . Since the congentration of the electroless plating bath
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for eXaane the netal cohcentration in the bathis neasured to determne (é;a
t he }anount of the consunable ng ~ingredi ents consuned '

during plating,and the first re- : pl enishing.
conp03|t(gh essentially conS|st|ng of thé 5 consumabl e ingredients is

gt omatl cal 1y repl enksheddacoohd YR plobher MRS Yl Heenily | € one

physi cal ne exanp , sp eC|f|c g?aV|t

el ectrical the measured -to deﬁ@ﬂﬁlﬂfé et ﬁmﬁﬁnﬁeéf aﬂie \conistsles1ef the
. el ectol ess plating bath is neasured to determ ne the.degree of 10 agi ng
nof the bath and a pr ésueretientedconsumed glurting platimg,qnﬂtnﬁeoﬁirst re~

di scharged and the second replenish- in ng conposition

e cont ai-ni ng LuﬂconsunaBF%P%?ﬂﬁquFBH?%S%E%ﬂﬂﬂﬁﬁiFPﬁlé6+¥e%ﬂﬁﬁﬁﬁtﬁggtBf e
(i:sschar ged portion ig Rﬁm ﬁgl;%éfd{@rmseq'ss Qﬁ%ﬁggﬂféiiﬁ? #g%@ﬁﬁﬂ#g? of the

physi cal proper y neasuré as reached prede eve t hat

is, each time-the degpegccirdagcagwias tiRaGladueedr e4BIES WHIAG vakUSkysidM
bath i s automatical - |y refreshed, substantially elimnating the need- for,

meenvki ng the plati ngpbapértm £or| exauplab Smecifak| gravity, @dtesrlmmglt he
effective life of the bath as conpared wit)|

"#heor art nethods. FORERREIVIY, OFi ﬁ%%ricffe’-"@gﬁé‘éﬁﬁbPE ?‘?@r%tﬁcéﬁf%%ﬁch as

t al d I t ant

Concent ati ons and ¢ RELEHS Ret 1s0hSa idY o 8B He i dedeet G070 2T
g 25 i Ng procesy isagRhlcd RQé Wathi ndia %ﬂea&ekﬂlﬁe@%lxﬂaeoeai:ﬁeof

depositi.on and the properties of the resulting deposits are maintained

a constant and un|fornplEtiﬁgnsnﬂmtyoattsedhsdﬂardeathndsthaJSEQHndedepmdnish-
hi ghly stable con- ditions for, an extended period of tinme. It is also 30
mpossnble t o mai nt ai niPAecPIRASITdoBatARERIBLAG WRCORSIRRPle ingredients

essentially corresponding to the discharged portion is
automatically replenished each time the value_of the
tg® : .15 physical propexty measured has reached a predetermineé
- | " level (that is, each.tihe the degree of aging has
;. , reached a predetermined value), the bath is automatical-
ESs ly refreshed, substantially eliminating the need for
remaking the plating beth of at least substantially
: 20 extendihg the effective life of the bath as compared with
as _ the prior art ﬁethbds. ?Fufthermore, since the consumable
ingredients_such as metal ions, redﬁcing egents, etc. are
1, maintained at substantially constant concentrations and
the amount of'reaction by-products.resulting from plat-

- 25 ing process is maintained.within an allowable range, the
rate of depos;tzon and the propertzes of the resulting
deposits are mazntalned constant and uniform. Differently
stated, the bath is ma;ntazned under highly stable con-
ditions for an extended perlod of time. It is also

30 possible to ma;ntaxn the platlng bath at a lower metal
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.-7- concentration than the prior art bath while reta ing-the rate of

~deposition at substantially the sane |evel as the prior art.- These
features are al so advant ageous froma point of waste disposal. 5 o
‘IThe present isayention nmay advantageously be apptried to electroless plating

bat hs of nickel, cobalt,

ni ckel -cobalt -all oy and copper. 1 The

o .
invention will now be illustrated fromthe follow ng_descrinpti W th--
reference to the acconpar???ﬁ@“%?agﬁﬁ%'bs,mf‘nt i ]F11.°’1':I%ﬁ(l %af:é gﬁ#%cﬁ??éhgﬁr am

schematical | y show ng ongngrgdi sed ﬁ’abiassézkf&zﬁ ra esaslsrahﬁmmlara@gaﬂant

15 according to the present invention: FIG I's a bl ock diagram of an
exanpl e of the concentr atlieveinesstite pyridevace, Friased featarbsoake cilagr advaht-
a spectrophotoneter section of the concentration neasuring_device; 20

FIG 4 is a block di agr aRg8PUBnfesi fhiEeipt afcwashe|diapesrdn of the

concentration measur L
the specifi:c-gravity
exanpl e of the 25

10,9071 00 Gk Pl Y AREL BRLSIAPLS

Gp1Gal €8 WhkdirdibYsBESH dd battdi 68 nfhiR1,7 ee?,'&ge,

bl ock di agram.of an exanpl’é of the refractive 1 ndex Tmeasuring device;
8 graphically illustratexickelredbdliorsllioy ahdt &epperrber of turns to the
~.electrical conductivity 30 of an electroless plating bath; and

10

15
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The inventibn will now be illustrated from the
ﬁollqwing deséription with reference to the éccompanying
drawings, in whiéh:.. | |

?IG.'l is a block diagram schematically showing
one embodiment of the electfoléss plating arrangement
according to the present invention;

"FIG. 2 isia_block diagram of an example of tﬁe |
concentration meésuripg device;

FIG. 3 is a block diagram of a spectrophotometer

.section of the concentration measuring device;

FIG. 4 is a block diagram of an example of a
control section of the concenﬁration measuring device;

FIG. 5 is a block diégram-of an examplé of ﬁhe
specific gravity mgasuring device;-

FIG. 6 is a block diagram of an example of the
electrical conductivity measuring device; |

FIG. 7 is a block diagram of an example of the
refractive index measuring device;
| FIG. 8 graphically illustrates the relationship
of the numbe# of turns to.the electrical conductivity

‘of an electroless plating bath; and



FIG 9 |§“graphrcally illdstrates thé relation- ship of -the nunber of tur
to the refractive index of an electroless plating bath. Referring to FIG

1,

1e

tlll!le-

pi pe, >
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one enbodi nent of the arrange- e nment for controlling an el ectroless
ni ckel plating bath according to t he present invention is schematically
shown as including a plating tank 1 which is:provided with the necessary
attachnments including a heating elenent for 10 heating an el ectrol ess
= pIatth bath 2 to-a desired tem perature, for exanple, a heater or steam

cooling element for cooling the bath 2 to a approximately room
tenperature after the conpletion of plating, a filter, a stirrer and the
ge, although they are not shown in 15 the figure. In connection with
plating tank 1, the arrange- nment includes a concentration

neasuring/detecting device 3 for automatically neasuring the _concentration:
of the plating bath.and transm tting.glgnal A when the neasured 20 val ue
has reached a predeterm ned concentration | evel, 'a physical property
nmeasuri ng/ detecting device 4 for neasuring one phy5|cal property of the
8,ating bath to deter i B&6+¢ Reiti@Errbdcaily atfilngtrates (fhe Fed?§i98-bat h and
transmtting si gnanip dihehe hime?e6 Lakit Valng ﬂ@é«&@@&hﬁ&h@& a
predeterm ned | evel (or predeterm ned degree of aging), a- fluid circul ating
punp 5 in the fornoflectielassirkgtinguhth-f or exanple, and a circulating |ine
6 connecting the tank 1, neasuring/detecting devices 3 and 4 and the punp
The platlng solutlon 2 inthe tank 1 is punped

5.
e

ying

10

15

20

28

30

Referring to FIG. 1, one embodiment of the arrange-

) ment for controlling an electroless nickel plating bath

according to the p:esent invention is schematically shown

" as including a plating tank 1 which is provided with the

necéssaryléftachments including a heating element for
heating an electroless plating bath 2 to a desired tem-
perature, for exaﬁple, a heater or steam pipe, a cooling
element for cooling the bath 2 to a approximately room
temperature after the éampleti?n of plating, a filter,
a stirrer and the like, although they are not shown in
the figure.

'In connection with the plaﬁing tank 1, the arrange-
ment includes a conceptratioh measuring/detecting device

3 for hutamaticélly measuring the concentration of the

plating bath and transmitting signal A when the measured

value has reached a predeterhined concentration level,

a physical property mehsuring/detecging device 4 for

measuring one physical ptoperty of the plating bath to
determine the degree of aging of the plating bath and

' transmitting signalln when the measured value has reached

a pzedeterminedllével {or p:edetermined'degree of aging),
a fluid circulating phmp 5 in the form of a micrdtube
pump, for exahple, and a circulating line 6 connecting
the tank 1, measuring/detecting devices 3 and 4 and the
pump S. The plating solution 2 in the tank 1 is pumped

‘from the inlet through the line 6 to the concentration
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( 30 . -fromthe inlet through the line 6 to the concentration . .9. %
& asurlng/detectlng device 3 where the concentration of the pl ati ng
sOlution 2, for exanple the nickel concent- ration,is neasured and then to
t he physical property measuring/ detecting device 4 where the sel ected-
physical 5 property of the plating solution 2 is neasured before it is
-returned into the tank 1 fromthe outlet of the line 6- FIGS. 2 to 4 -
illustrate an exanpl e of the-concent- ration neasuring/detecting device 3
As shown in FIG 2, 10 the line 6 is provided with a bypass conduit
which in turn, is provided with a spectrophotoneter unit 8 includ- ing a’
flowthrough cell Ba. As the plating solution 2 flows through the bypass
.conduit 7 and then through the flowthrough cell Ba of the
spectrophotoneter unit 8, 15 the optical transmttance of the solution
is measured to determine the netal concenti-gtion in the solution. In this
respect, it is preferable to nmeasure the absorbance of a nmetal conplex in
the plating solution mqrasouixerdetceciimlgldnﬂéhe ciEre LRt tdiceirakivh BRt al Dby
plat- 20 ing in a pore nS|t men The transm ttance of the
.pl ating solution at t%p Jb "'i)tsf’ Ve ?‘é‘nﬁﬁ?‘pé? PRNITEE LSO T ex i s
transduced into a voltagen.stgmlsuﬂp mnsexoioa:hswﬂyab&aﬁ. propasgiucer. The .
-concentration of the ea Lzin g%t % on 2 |s nonitored .in this manner. 25
The concentration measurl n‘g/g 88 j1“f‘1 ﬁéﬁ? devieze fehe pei5ted RhYRIFAt | by
referring to FIGSs 3 pweglerty oﬂs:hsrmumngnsﬂu&oxﬂz id ghdsuke®Fetdadiby a |ight
source 9 in

8

is retu:ned into the tank 1 from the outlet of the line
6. | - |
FIGS. 2 go_4 iliuétrate an example of the concent-
ration measﬁring/degeccihg aeviCe 3. As shown in FIG. 2,
10  the line 6 is provided with a bypass conduit 7 which in
' turn, is provided with a spectrophotometer unit 8 includ-
ing a flow-through cell 8a. As.ﬁhe plating solution 2-
flows through the bypasé_conduit 7 and then through the
flow-through cell 8a of ghe spectro?hotometer unit 8,
15 the optical transmittance of the solution is measured
to determine the metal concentration in the solution.
In this respect, it ;s preferable to measure the
absorbance of a metal complex in the plating solut;on
in order to follow the consumption of the metal by plat-
20 ing in a more'sepgitive manner. The transmittance of the
plating solution at the absorption wave length of the
metal complex is transduced intb a.voltage Signal by means
of a suitable transducer. The concentration of the plat-
ing solution 2 is monitored in this manner. |
25 The concentration measuring/detecting device is
described in detail by referring to FIGS. 3 and 4. As
‘shown in PIG. 3, light L emitted by a light source 9 in
the spectroéhotomete:_unit 8 passes through a heat radiation-
absorbing filter 10; a wave lehgth-selecting filter 11
30 and a condenSing lens 12 in this ordér before it passés thfough
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t he spec®rophotonmeter unit 8 passes through a heat radiation- absorbing
filf®er+10, a wave length-selecting filter 11 30 and a condensing |ens :
12 in this order before it passes ' through the cell 8a through which

t he-plating solution flows conti nuousilg-~ The absorption of |ight by the
plating solution is detected by a photoneter. 13. Another cell 8b contai ning
the standard solution is nounted adjacent 5° the cell 8a so that the cells

may be al terna{ﬂ;&’g%hicﬁﬁ mxbhkgx{l 'rk?ﬁi{]crpaéﬂh gf@tf'ﬁ%s%fﬁ@%&?hb&a and

t he ‘S¥andard- cé are novabl the direction shown by an arrow. The

“standard cel | 8BngR%uBasTRYCd THe HMadrigifodd$ 10gherbgcenkhplaRany enent

- cell 8a when 10 needed, "t hereby neasdring the abSorbance of "t he st'andard-

sol ution. Thegspaeibarhet dericdited ity & iphst@iétésally candehleedcdedla
control section 14. As shown in FIG 4, a mnute current flow output of the

photoneter 13 gb tefthindng Rhid standiid isobdtiod Lsnmeuhted adjareht
voltage by an anplifier 16, and indicated by a voltmeter 17 in the form of

a vol t agescor r ehpordillg 820 sichehalts tHEmnesl 16\ maypbeatdtetfatelyapinddi.
out put of the anplifier 16 with a preset voltage and produces signal A at
Its output 19 dhethehdight igatdr. olhriimexsubhenelf cellle8ar andd the ue. | f
t he preset voltage value corresponds to the absorbance at a given ,
concentrati on standiacid cedlnd@lalateomovabhe phathegdivectiion ishasonhyred,
then signal A developing at the output 19 represents that the metal '
concentration Rasarzashed Thee sflandand | cell Byrmayobe mavied timartth# tted to
a first repl enishing nechani sm 20 which consists of a reservoir 21
contai ni ng a filighty gath to replace the measurement cell 8a when
10 needed, thereby measuring the absorbance of thé stahdard?
- solution. The spectrophotqmeter unit 8 is electrically
connected to a control section 14. As shown in FIG. 4,
a minute current flow output of the photometer 13 is
fed to an input 15, amplified ahd_cpnverted into a
15 . ﬁoltage-by an amplifiér 16, and indicated by a voltmeter
17 in the form of a voltage corresponding to the
absorbance. A compargébr 18 compares the output of the
-amplifier 16 with.a preset voltage and produces signal
A at its output 19 when the amplifier 6utput reaches
20 the preset value. If the preset voltage'value corresponds
to the absorbance at a given concentration to which the
metal ion in the plating solution is consumed, then
signal A developing at the output 19 represents that the
métal éoncentratidn has reached the given value. Signal
25 A is transmitted to a first replenishing mechanism 20
'which_consists of a reservoir 21 éontaining a first reple-
nishing composition, a supply'conduit 22 connected to
thezreservpir 21 and opéning_in the plating tank }; and
an electromagnetic valve 23 in the conduit 22. Upon

30  receipt of signal a, the valve 23 is opened for a given



- ) ) ¥
ni shing conposition, a supply conduit 22 connected to the reservoir 21 %nd.
epening in the plating tank 1, and an eIe;&ron&gnetlc valve 23 in the
qui 22. Upon 30 recei pt of signal the valve 23 is opened for a
time to allow a given amount of the first replenish- ing
onposition to flowinto the plating tank 1 thro gh th .conduit 22, Thus
t he gi ven anount G#m?h§°f?ﬂépwiépﬁéﬂ%ﬂNQEPﬁﬁﬁﬂ%g PPSn §§§nFP£¥9P15h“

" educi ng Sgent o BH FEREREE e.tag%}@m 1 % fneTasinoa &ﬁponents E
dded he el ol

Shoul d be not ed ¢ KT §§ G PR 2 re Sk R, v sl ¥he |
HIG L2 plural iy gl RSN A eéi?nEeng;,%isp&& 9{%4}55@&1’}?

di fferent one of

~reduci ng agegt, aggH pa fdthalbhad 34N diaél&’té’t "Eox CORRABINL Sk niea1OWaTk

each reservoir is provi tS own condurt an rragnetlc

valve. By analys! gorLhGcifilla #ie.a Eﬂrét#gﬁhﬁg §ehr& g%aﬁloes&éxo'@éﬁ-

ni ckel plating bath, 1 nner , t he nt o e neta

consuned during pkaiaBlel SompdineHY L. 16 8adbd Orbena IRk ol Pllicing

agent 20 consuned and the“variation of pH value are avail abl e

sane tinme. |In thepahfyeosreadcitiing (e €e 0toABaRApLioa.P! it Hhad!HON 'S
dlrectly measured in order to deter- m ne netal concentration such as

ni ckFI in the pl ahbted?That wAtldwh thEVEIRgle! PeseRivdadt U IBardlidced
e 10  in FIG. 1, a plurality of reservoirs may be used; Each
reservoir contains different one of the consumable in-
gredients (e.g., a metal salt, a reducing aQent, a pH
regulating agent and other components). Of course, each
reservoir is provided with its own conduit and electro-
15  magnetic valve. |
By analysipg the metal vaiue, e.g. nickel value
in an electroless nickel plating bath, in this mannér, |
not only the amount of the metal.consumed durihg plating
is available, but also the amount of the reducing agent
20 consumed and the variation of pH value are available at
the same time. |
In the above embodiment, the absotbapce of a
'plating'solution is direcﬁly measured in order to deter-
mine metal concentration sﬁch as nickel in the plating
25 solutioh. However, the method for measurin§ metal
concentration in_the plating solution is not limited
thereto, but any other suitable means may be ﬁsed. For
example, an indicator or other suitable'réagehts sﬁch

as EDTA may be added to the plating solution to cause

30 the plating solution to develop the cérrespohding color.

i
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sui tYbl e neans may be used. For exanple, an indicator or other suitable

concentr®ion in tﬁe plati'ng solution is not limted thereto, but any Ohhe%gg;:

reagents such as EDTA nay ‘be added k45 t he plating solution to cause 3.0

the plating solution to develop the correspondi ng col or.

of col or deve

-12- The degree

case, however }9?0 ;g%n%r%)% réj‘# on%gf‘g{: e?%‘zé&%’gﬁﬁﬁ? gﬁ &o?“ge?%% Lf)%vgjl%efagi :ub-

75 e bypadtetohaioer GRS FRIEng' pde ShdiVer, widse 07 i O °
af ter measur epn; SHOWS DRe SERRERNE! LoARLIL Gt 3l Wkdn  ghpuast e

0 neasure'the .

di sposal . . Ar
potential dif
I portions of t

t

directly. measgyi gigls t @05 0GPANEReOD

er exanpl € of*concCe I'on neasur ene

JEEERF e aRERR BRI, nilaireny Y do% o ERLBEGH

t ageous %nnng ot hers because it can KE performed by neans of sinple

he P lcridit 507 W4 Ofn i En&Dehsadvan-

equi prent ang?fm@x@l a n@rrﬁel'g;lheangu%bwt%nl%f_téﬁ HERSWFERBAL can be fed

~back to the

ating tank 1 again. urthernore, it Is also possible to

detect the vasnband CHECS8paRhtelyOEed RiAld HhiainlLd by fEASWaBEE the
gvarying pH value thereof. Additionally, the above- nentioned nickel

concentrationg

that the pH of the plat- ing solution may be automatically and

i ndependent | yigoto measure the.potential difference between the ini-

tial and the éubsequent portions of the solution. How-
ever, the abdve-described method of directly measuring
the absorbance of the plating solution is most advan-
tageous among otherS'becadse.it can be'pérformgd by means
of simple equipment and the plating solution subjected
to meaéurement'can be fed back to the plating tank 1 .
again. Furthérmore, it is #lso'possible to deﬁect the
varying concentr;tipn;of # plating solution Ey'measuring
the varying pH valué.thereof. Additidnally,'the above-

mentioned nickel concentration measurement may be com-

bined with the pH measurement so that the pH of the plat- .

ing so;ution may;be automatically and independently coh-
trolled in accordance with the value of pH measured.
-FIG. S'illustrates.one exaﬁple'of the physical
property measuring/detecting device 4. The line 6 is
provided with a bypass conduit 24 with which a unit 25
is combined for measu:ing.the specific gravity of the
electroless plating solution. The specific gravity

measuring unit 25 includes a.transparent vessel 26, inter-

posed in the bypass conduit 24 and an overflow pipe 27

:d
10

h

zh

o 15
20
25
30

such that the plaﬁing solution 2 flows into_thé vessel

+

saEenAndtliele exafiple) of Womtenttdtide méhsaaemeatent so



- when the solu

e) of the physical property measuring/detecting device 4., The line "6 !
[ provi ded with a bypass conduit 24-pgdih which-a unit 25 i's conbi ned 3
for measuring the specific gravity of the electroless plating solution. The”

posed | n he Brpsoccudhh e Tiesite SSOAFF, 347 18085505 YR For s
plating sol uti,og %ﬁ%&@ﬁ&d%ﬂdhgrgy e&esseiGZFhEﬁuQﬂetg§wn§%gss condq&;;

24, increases Its top lev and ove oms out o VESS

" downst r eam po?’%@w&‘f ot@q._ﬁy%ggr@ghaugé Qbrgnggugﬁet% eF’U\ﬁ%?lg’e e 27

tr_o@l n accordance with the value of pH neasured: FIG - 5 |Ilustra‘f es one'

evel excee the 1 nlet of overtf 27.

- The level of P13t ifHerS YNk | BT uEi6AUBe B NERLREA C QRS i Jghe vessel
© 26. The ves-rplig, 26 acconmmpdates a specific gravi ggt g?é 3’91{11151@{' inthe £
- formof g hydregPloverdflowsipl | 2. t MPhEPREVELC o' 2Nkt Y1
" solution. At opp05|ete sides of 10 - the transgarent vegtstﬁtnla"eggare S{H’(l:at ed I

a light sourcqg?%nus mEdtiined cohsTahteRht thedveisada 2 aﬂ{% ectric |
gt

. . detector 30 in the formofa. photo-transistor for receiv- in I ght
enitted by thgelowe actbmiddatésta gpecifie JRavimeltest Mg AlHaresd NaSt ed
- to a control sec- 15 tion 31 wherein a mnute current output of the photo
. detector. 30 i $Heeddmm &t ianrhydBdmatdrafipki ieaduatitigC e \$PdaFidit 0 a
vol tage by an. anplifier 33. A conparator 34 conpares this voltage signa
with a preset grawidye ofal thee vpﬂ.a‘hlngrseipunlda.t 0 Atheppadidge sialdie oifr | ved
20 fromthe photo detector 30 when it receives the entire

1o the transparent vessel 26 are located a light source 29

DR e

in the form of a light-emitting diode and a photoelectric

detector 30 in the form of a photo-transistor for receiv-

ing the light emitted by the source 29. The photo

Vb i bl and

detector 30 is electrically connected to a'éontrol sec-

15. tion 31 wherein a minute current output of the photo "é

e L

detector 30 is fed to an input 32 and amélified and con- _
verted into a voltage by an amplifier 33. A comparator
34 compares this véltage signal with alﬁreéet.voltage
value which corrésponds to the voltage valuelderived
20 from the photo detector 39 when it receives'ghe entiﬁe
quantity of light einitted by the source 29. If the input
voltage is not equal to the preset : voltage value, the
' comparator 34 produces signal B at its output 35.
As the plating sélution 2 flows through the vessel
"~ 25 26, the hydrometer .28 fluctuates to a more or less extent
depending on the specific gravity of the solution. When
the speéific gravity of thé plating solution 2 is rela- .
tively low because of less aginé an@_hence, the top of
the hydrometér'ZB does not reach the light path connect-

30 ing the light source 29 and the photo detector 30, the



guantity‘of | i ght enitted‘by the. source 29. 'If the input voltage is not

to the preset voltage val ue, the cqnrarator 34 produces signal B at<i;;9

equ
it
th

the bydronet ey gfz gﬁﬂﬁ &Q%tée(;@gﬁ,(teﬁel gankcaatzb 9l S5Yna nat ! ectéhe

Ilght #S0oUr ce

out put 35. As the:plating solution 211 ows t hrough t he vessel

25 26,

nydronmeter 28 fluctuates to a nore or |ess extent depending on the

f t ft | ating:
D on 97411, o Wibepldétateolten Lheaties th Gty dladdey, 2100

ot ect or t he -14- photo

or 30

receives the gy rfafistddd y oisltaat ?QE‘tE.hedsBluft*l%rﬁ%é? Ape0 that

signal B is not generated As the pla

I ng sOl ution ages the specific

gravity of thesp%&ﬂi@ &kélyl 6¥ tRer8a3atidn gRAAWRMANY Ubidpesxegeds the
e

pr edet er.m ned val ue.
hydr onet

oneter 28 rises higher and the top of the :
28 a[xﬁﬁt‘émﬁﬁellygékceaab ehenpeedet et dd)ialagey ceTR@ and t he -

photo detector 30. Since the light emtted by the source 29 is partially or

entirely inter

30 receives none or part of the emtted Iight. The current val ue

transmtted t 28 heeactped SRebyighe pathcronne@ting the llghtlsanrceeduced
and then signal B develops at the com parator output 35. 15 '

order to neasu2® amid thpecphotogdaetecyorf 38 .pl Sinue sthaitlioght uem.tmgdal SO
be made of nmeans for transducing the specific gravity of the solution into

a voltage,

10 .- by the top of hydrometer 28, the photo detector 30

et tédr 28yrisest hpghbrhatdotstectalB.of Ncheoydromeeetor

In

a fhpatherseerte 29nhecpadtialdyt ol endtixely intercepted

receives none or part of the emitted light. The current

value transmitted to the input 32 by the detector 3Qbis

- at least reduced, and then signal B develops at the com-

parator output 35.

15 " In order to measure the specific gravity of a '

plating soiution, use may also be made of means for

transducing the specific gravity of the solution into

a voltage, a float or scale connected to a load cell,

and the like. .

20 - FIG. 6. illustrates another example of the physical

. property measﬁring/detectihg device 4. The line'G.is

provided with a bypass conduit 36 havin§ a unit 37 con-

nected therein for measuring the electrical conductivity

of the plating solution. ‘The conductivity measuring

- 25 unit 37 includes a cell 38 connected in the 5ypass conduit

36. The cell 38 consists of a substantially cylindrical

tube 38a closed at both ends and inlet and outlet members

38b and 38c connected to opposite sides of the cylindrical

" tube 38a. The cylindircal tube 38a is previded in the

30 proximity of its ends with a pair of electrodes 39a and



and the like. 20 FIG 6 illustrates another 'exarrpl‘e of g he 3
qal property measuring/ detecting devicelf- The li.ne 6 is.provided with 3
ss conduit 36 having a unit 37 con- nected therein for measuring the
~Nefectrical conductivity of the plating solution. The conductivity neasuring

25  unit 37 i nS9dewhicielareggnadmmett pliakinupme opy pladiswmi pkatdsl The

‘cell 38 consists of a substantially cylindrical tube 38a closed at both

ends and inl et a&homEininwnikiackepSpagedsarasinacdyaro Gfanee anges
al. tybe 38a is provided in the 30 -

.of the cylindrical tube 38a. The cylindir I
Cproximity of it§qaﬂﬁ9§ﬂQrFQ1%ﬁn?1%#t€+Eﬁir88 UEHA Viky measyingidnrare
G v di St ance B RouARE el THR a8 chPreandc At e SIREHD | n-
Dlating sofuti ofoPduri e 01of sthe ALRELRE BPIRHON 2 dhcia Methess |
ance: bet veen T hEah &R ARSI Y BB RUD 10 HOE, ek Tted diofvees
Vol tage by 11 owHy SYSaades {ds 404 30e. 3 EHER IR Red Bt ™
conductivity deta%ccteor & Iejée:h i‘lix’?gtéigg{:lrxdggn??g ;%g.‘(# ?%%‘%& r@% I&éaé:%‘iéf ?42 |

whi ch i ncludes an anpli a voltneter
46. The out put t b Nyt N S
transmtted to ta%]:e % %u&f?o?ﬁfﬁengrr}ﬁ&i ?P&?@ﬁmﬁﬁgﬁgﬁg a‘)r{r%*%%?ed and

converted it 0 petyeen them or as a varying voltage by flowing a constant

current between them.

The above-mentiéned conductivity detector 41 is
elect;ically connectéd to a control Secﬁion 42 which
includes an amplifier 44, a voltmeter 45, and a compa-

15. 'ratqr 46. The output of the detector 41 in the form of
current or voltage is transmitted to the input 43 of
the amplifiér 44 where it is amplified and converted into
a voltage when it is in the form of current. The thus
converted voltage is indicated by the v§ltmeter 45 as a
20 . varying voltage corresponding to the varying conductivity
'and also ﬁransmitted to- the comparator 46 where it is
compared with a pfeseﬁ voltage value. The comparator
46 produces signal B at its ouﬁput'47 when the measured
-voltage_reaches the preset valué.
25 | FIG..7 illustrates a further example of the
physical.property measuring/dgtecting,device 4, The
liné 6 ié provided with a bypass conduit 48 having'a
unit 49 associated_thefewith for measuring the refrac-
tive index of the plating solution. The unit 49 is

30 constructed such that incident 1ight_LA emitted by a




!!voltag! when it is in the formof turrent. The thus converted voltage is @§>

i‘ndieat ed by the vol tneter 45 as a 20_jg-varying voltage corresponding to
the.yarying conductivity and also transmtted to- the 'conparator 46 where
it conpared with a preset voltage val ue. The conparator 46 produces

signal B at i§gogut Qé%éé}#{ﬁfpggi‘?xﬁ%&ﬁhﬂ@f A6k £AE8 CEhbREwRERS €!

val ue. 25 ‘a further exanple of the physical

property nmeasypiagadat getikho sdeplaRed inehd iBodss S1pRaVEgedswi th a-
bypasss condui t 48 having-a unit 49 associated therewith for neasuring the

refrac- tive ppdgx19f rbfgelted Ak THd!lirftexrfdde botedl the3Prism .
constructed such that incident light LA emtted by a -16- li-ght source

50 having a cepdgpgetheopiatang klainidh tDyeand athei sestltihgced in the
bypass |line 48 is totally reflected at the interface between the prism51
and the gl ati pgfiectedonightald, tiwe vexmivedigbp arphbtometelri §i. LB is
received by a photoneter 52. | e the photoneter 52 senses the critical
light, i.e. tWhifesitheophartdriederr 52 menseés ytbé chithcadr Lighth tihe.
varying refractive index of the plating solution 2, a conparator/anplifier
53 serves to &beupbsiiioer wadlhenge cint@asibynofewhiichc yagansatlb0 to
adj ust or control the angle of incident |ight LA so that the intensity of
critical |ighthehverying aefaagtive dndextoft thevplatiggr sodaddione 3mdex
of -the plating solution is nmaintained constant. A variation of the angle
of incident 18 compgmatox/anpldifiar B3I nsereesokt artaage: antsenvaliffer-

10 " motor 50a to move the condenser 50 to adjust 6r control

the angle of incident light L, so that the intensity

A
of critical light which may otherwise vary with the

. varying refractive index of the plating solution'is
maintained constant. A variation of the angle of incident

A
ence by an éngular detector 50Db.

15 light L, is détected in the form of a potential diffex-
The angular de;ector‘SOb is electrically connected
to a control section 54 which includes an amplifier 56,
a voltmeter 57 and .a comparator 58. The outpﬁt of the
20 detectox sob in the form of a.voltage is transmitted to
the input 55 of ﬁhe amplifiér where-it is amplified.
|  The amplified voltaigé is indicated by the voltmeter 57
as a ﬁoltage variation corresponding to-thg varying
refractive index and also transmitted to the comparator
25 58 where it is compared with a predetermined volﬁage-'
value. The comparator 58 produces sigﬁal B at its out-
put 59 when the measured voltage reaches the predeter-
mined value. The time when the increasing refractive
indéx of the plating solution 2 reaches a predetermined

30 . value is the time when the potential difference



(Eﬁgce by an angul ar detector 50b. The angu) ar. detector 50b.is Electr?cally

G ted to a control section 54 whicliicl udes an anplifier .56, a

vol tyfet er 57 and. a conparator 58. The output of the 20 detector 50b in. ;
the formof a voltage is_transmitted to the.input 55 of the anplifier where °
it is anplifiedcoqFespapiingefovd VvaFdatiammk khel incidentolighter 57 as
a voltage variation corresponding.to the varying refractive index and al so
tiansnitted to ¥He?BehBaFramBenssting fox & idislacementofi theacriti-
predeterninedﬂvoliage val ue. ,  The co rator 58 produces signal B at its
out- put 59 wheRthtigREsBPELEIOR: X C?-&&_k?e@’i teepined - pataagiadl ue.
The tinme when t$e hgcreasin refractive index of the plating solution 2
reaches a predetEFFPRERC80Va1Y&rue is the tine when the potential

diff C-17- ¢ ing . f . the incid | { gh '

ool o compEnsating for FgAeSERtich e ML IO e lye LRGP0 EhE o
h . d i ned ials di | ue. Th :

foront: on bf ot rREAEIAETsBSRINN S Lid AL 46 the. anove-mepbitped | (o

t he above- nenti t , shuts 4 toqi ' iple taln . |l eclri ca
out put si gnal b@ggﬁ?ggt Peqséﬁsﬁﬁgtaals\?a%i%%ﬁf%féé h%ﬁ{tg% gl ggugggf:t%ﬁ‘o ]t he
reflected |ightoRQ¥oiBagsqah1a _d°ﬁgggrym§éﬁ q by §l s XS QRS a

di spl acenent ofothg crit?cal F?ghg'as a=vaﬂfﬁfé% %fgf%gﬁ%kéﬁa%?lk§g - .
Referring to Fléptdlagabitikymoralc) dorFedhéa LightichbyemBaniss@eagt uatable .

upon recei pt of the above- ' o

10 photometer or by directly sensing a displacement of the

critical light.as a variation of'light quantity.
-Referring to FIG._l aéain,hnumeral 60 is a dis-
charge mechanism actuatable upon recéipt of.the above-
menﬁioned sig#al B.- This discharge mechanism 60
15 comprises a discharge pipe 61 having one end in fluid
. commuhication with the plating tank 1 and_a control pump
62 disposed ih the pipe. Upon receipt df-signal B from
the phyéical propefty detecting device 4, the.puﬁp 62
operates for a given time to discharge a given volume
20 - of the platihg sblﬁtion 2 out of the ténk l. Numeral
..Sﬁ.is'a-mechanism for Supplementing a second rep;eﬁish-
ing composition containing eésential ingredients which-
~are to be lost by-théﬁischargiﬁg. The replenishing
mechanism 63 comprises a reservoir 64 containing the
25 second replenishing-compcsition, a feed pipe 65 having -
one end connected to the_:esérvoir 64, and an electfo-
magnetic.valve 66 disp&éed in the pipe 65. The electro-
magnetic valve 66, which receives signal B1frdm the
.physical ptopérty detecting-dﬁvicé 4, opens for a given.

30 time after the discharge pumpész has been interrupted,




m_ I oned si ghal B. This ‘di schar ge frechani sm 60 15 conprises. a di scharge

pi p& 61 having oné end in fluid commynication with the plating tank 1 and a

to
conposition ¢
t hedischargin
containing th
" one end conne
di sposed int

signal B from't

30 . ti af
t her eby gﬁd t
i ngredients i
volume into t

62 di sposed ‘in the pipé;aUpon recei pt of signal B fromthe

85‘%%“ | W%&%%@%@'nghiﬁr § UB10%d RuedpL

€ fepl eni shing nechani CONpri.seés a reservol ¢ 64

()

confrol punp

ph(;)cal property detecting device 4, the punp 62 operates for a given tinme .
i scharge a_giyel | f | Yt t. of the tank

1. Nuneral Ggoi%ﬁggﬁé@hgﬁﬁgﬁgF%fﬁﬁﬁ%gféﬁ%giéﬁgsggéécgﬁ&?%@%%@ﬁ h- ing . -

. M bediepligl st Hayi
?géglgbc?%g§%§dﬂﬁl 'Eﬁ“iﬁbqﬁfgeﬁ?gggﬁ vB1uaRd 1RIRE aving

servolTr 64, and an e tro- magnetic valve 66

| 38 6%n HE £, "BNEetLE1YALYRIEE MUl IGE Y es
Qgﬁg E'hysi_&éla;g}g?%ﬁy det ect i ngﬁdeyik%el&g{)“pensh‘flﬁp%j/'
ek Hhe 18ia%C RAIHI P 2o ase §6£001 BEC R Tbr diffkl-— O
he“second repl eni shing "conposi tion containi ng unconsunabl e
ent VolUGE affeeindratdion€dr t6spangeplend shied ,digadinr ged
he tank 1. In this regard, the replenishing mechanism63 5

may include ahakiinhgl iany isidiveisiiabifeedapbpé andiivhiiee. ent one of the

I ngredients t

o0 be repl eni shed, each. having an individual feed pipe and

or a given

valve. In FIG 1, a dwlFG.671, =2 ravleedéVnishprovdded imdHd meedsumd- cool

the flow of t

10

15
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30

he plating solution 10 t heret hrough fromthe tank 1 to near
room t enper at dneg. 1lAneo 6rioovictesl ithe hEléwnef6the plhitlingr solutoiodi | tering

therethrough from the tank 1 to near room temperaﬁure,
Also provided ih the line 6 is a filter 68 fér.filtering
out very fine insolubles oﬁt of the.flaw of the plating
solution therethrough. The location oﬁ the cooler 67

in the line 6 upstréam of the concentration-and physical
property measuring/detecting devices 3 and 4 alLows for
measurement of concentration and physical property at
room temperature because ; flow of the plating solution
through the bypass conduits 7 and 24, 36 or 48 has been
cboled to room-temperafure.. For the.purpqse of avoiding
temperature dependence of these measurements, any other
means may be employed as~éxemplified by the use of a
conStahtétemperaﬁuré batﬁ or at teﬁperature probe ac-

companied with electrical compensation.

‘Described below is how to control an eiectroless

" nickel platiﬁg bath using the above-constructed arfange—

ment.

A workpiece'to be plated is first subjected to
well-known necessary pre-treatments in a conventional
manner before eleétro;ess nickel plating is éarried out

by immersing the pre-treated workpiece in the plating -



he hrough. The | ocati on of the cooler 67 in the line 6 upstream of the
oncentration and phy5|cal property neasuring/detecting devices 3 and

4 allows for Megapny n0£h§0{g§ﬁﬂt 12hedRean e W 4t - O OPERPYEBLuERO™

tenperature because a fTow 0 at1ng solution ypass

| conduits 7 and ?ﬂ, 3§%§mpf§ h §o§een cooled to roomtenperature. For the ;
pur pose of -avoi di ng fehperature dependence of these neasurenents, w@#ny - :

other neans may be e”plﬂﬂeéhés?ﬁééﬁﬁbbfb&dpﬂh iRy USe ©hi& manner, the
constant-tenperature bath or t enperature probe ac- conpanied wth

el ectrical conpehgms i 9NisDeperabed kel awtrddune t;saf:@r&fothénpzheshgol ess
25 ni ckel plating bath using the above-constructed arrange- nent.
wor kpi ece tg be gdniefons2ffren thej eahkd L Al | theaneasesenigaline 6.
pre-treatnments in a conventional nmanner before electrol ess nickel plating
is carried out 3s the pnatingngo&hezpmecbntﬁnubuu&*mp&seesnthbeughatIng
- 19- bath 2 in the tank 1 heated at a desired tenperature, for exanple,
~[err]. In the prtis¢icencénpration andtphysmnatnprapertmnmeSsu81ng¢rated to
i ntroduce part of the plating 5 solution 2 fromthe tank 1 into the
measuring |ine cletactingpfleviggssdl andod odrerenuthes | gopasstrathionugh t he
concentration and physical property nmeasuring/ detecting devices 3 and 4
where the concenfasckeh ¢onckekrasicoontimtihem ¢ase hef ctbe cbnceatration
concentration
10 measutlng/detectlng device 3 shown in FIG. 2) and the

-@ut ry fine insolubles out of the flgw-of the plating sol ution

physical property (specific_gravity, conductivity or
refractive index) of the solution are automatically
measured. |
~ The progﬁess of plating results in a reduction
15  of the concentrétiqn of the plating sbluﬁiqn, particu-
larly the conceqtrations'of nickel ion and a reducing
‘agent (such as sodium;hypohosphité) in the solution. In
the eventzahypophosphite is used as a reducing agent
for electroless nickel plating, the plating'solutidn'_
20  also shows a redUCtiQn of pH. As a result offsuch con-
centration :eduction,!ﬁhen the nickel concentration
measured by -the spectrophotometer'unit 8 reaches a pre-
determined concentration value in the case of the
concentration-measurihg/detecting device 3 shown in FIG.
25 2, the control section 14 associated with the détecting
device 3 produces signal A. Detailedly, prior to measure-
ment of the absorbance of the actual plating solution,
the standard solution céli 8b is moved in the light path
to réélace the cell 8a. The absorbance of nickel in the

30 standard solution in tﬁe'ce11 8b is measured and the




g re®suring/ det"ecti ng ‘devi ce. 3 showpgs FIG 2) and the physical @
.foﬁbrty (specific gravity, conductivity or refractive index) of the
- soldiyi on are automatically measured. The progress of plating.results in a

redwbtion 15 ¢ puaf oHig iU SO viliie PLE! LBG S0 teweor&(mgﬁ.[gge&k .
-arly the concentrations of ni-ckel 1on and a reducing agent (such as sodium
‘hypohosphi te) 1igN 5lsh@ $elfeddite Waide, €VEhea Exaoahammugg} ﬁnfﬂ% a

reduci'ng agent for electroless nickel plating, the plating s

dl so"shows a hadweived i6f tMé 1#fhe poenlt WhehUeheCaickedNdotd&it -
reducti-on, when the nickel concentration neasured by-the spectrophotoneter

unit 8 reachegat iRt ofl &l NEdIASt TONCFRLEAT E8NGE TS i) tdims ase e t he
‘concentration neasuring/detecting device 3 shown in FIG 25 2, the

control sgecti epsbrbammeciot athevplatinwgdsbRatiop mewsured pywdiees signal
A. Detailedly, prior to neasure- nent of the absorbance of the actual
pl ating sol ut ispectropixitonster smit i 8nreathe8bthe predetiernived it~ pat h
to replace the cell 8a. The absorbance of nickel in the 30 standard :
solution in tledxdatizn ivwhenor edhendtheevoltage detesctdd aeduces
absorbance value.-is set in the conparator 18 as a reference val ue. Then
the flow t hr odgh axelHeldw ithenmeeiséh raferepioe yailie \Wdre tdampaxkedr
concent- ration of the solution which is given in ternms of the 5
absor bance of lithéganamiks stianabrAntasthedelpctromagnatishivabnet 23 afiit 8-
reaches the predeterm ned con- centration value or when the voltage
det ect edi0 edudthe f£irst replenishing mechanism 20 to open the valve
23 for.a given time. Accordingly, a given amount of the
first replenishing composition is fed from the reservoir
21 to the tank 1 to compensate for those ingredients con-
" sumed during ﬁhe'preéeding,plating such-as nickel ion
15 and réducing agent and to adjust the pH of the plating
| bath 2. It should be noted that the first replenishing
composition mainly contains those ingredientS-coﬁsumable
during plating including nickel salt, reducing agent and
pH regqulating agent such as sodium hydroxide and optional-
20 ly, a minor amount of complexing égent, stabilizer,
brightener, etc. It is, generally desired to keep the
_ ﬁickel salt, reducing agent and pH regulaﬁing agent
separate from each other. In such separate storage, each
optional agent such as complexing agent, stabilizer, and
25 brighteher may preferably be mixed with the basic in-
gredient to which it is inerg.
By adding the first repleniShing composition in
~ this manner, the concentration of the plating bath 2
(the concentrations of nickel, réducing agent, etc.) is
30 restored to the initial level so that the rate of plating

or deposition is maintained substantially constant.



- const ant. L 2Fefirag | :
2, the val,ues of_ physical, propertj sugh as spegjfic gravity,.conductivity
and refrad ve iq?g'é)FQ%és_ i 1Y tgéﬁti 'gm 3a_P§‘.%-Cil't_ 5 ?fé‘?_’e%%%%'pﬁ?_si bl e

3 =2l e
E B s(:BeIOM/the preset reference val ue, -the-conparator 18 transmts sigsal
- g g the el ectronmagnetic valve 23 of 10 the first replenishing nmechani sm

010 open the valve 234 aeactfiorrby+prodéctsr decogimplateiite relremplatof
the first replenishing conposition is fed fromthe reservoir 21-to the tank
1 to conpensat eihgr batise, rthedraltes cofi- physitdadu propertdes enech ngs
pl ati ng such as nickel ion 15 and reduci ng agent and to adjust the pH of

‘the plating bat lspacilfiicsgmavi tye, noorduchavitieahdr siefirantdve imiex owr

conposition nainly contains those ingredients consunabl e during plating

i ncl udi ng ‘ni ckelthealplatigducaolptient vany. pHIkeds dhexefapmipessible

sodi um hydr oxi de and optional - 20 ly, a mnor anount of conplexing agent,
stabilizer 5 bri ¢ dehermiine the | degreer af| pgdagi ofd the kaskating nbatkbl '
salt, reducing agent and pH regulating-agent separate fromeach other. In
such separate shbyr REASUHSNY e cPAYSHG_At PEOPRTEY c S9N BXanpigent ,

stabilizer, and 25 bri ght.ener may preferably be mixed with the_basic in- -

gredi ent to whi @PEHfic igrAvityy GERFRGLANAY Ot nefnashive ntndexwpesition
in this manner, the _concentration of {he plating bath 2 (fhe concentrations
of nickel, redudihfybafdht, B2 §Pecifpc Ira¥vif¥ed CRNREIREY Andevel so
that the rate of plating or, depositiop is I,ntai ned substantially

ks | S P ohtier SOTBEIAM 4an e CIABREES PHqthe: b

described above. When thé measured value reaches a
- predetermined degree of.aging {(predetermined specific
gravity, conductivity or refractive index value), the
phyéical property-détecﬁing device 4, more specifically,
15 the associated control-éection 31, 42 or 54 t:ahsmits
| Signél'B to the discharge mechanism 60. Upon receipﬁ of -
signal B, the pump 62'is operated fo?Ia qiveﬁ time to
discharge.a'given vol;me 6f the plating-solution-from
the tank 1 through the discharge pipe 61. It should be
20 noted ﬁhat the discharge liquid is desirably fed to a
waste treatment device and esséntial ingredients con-
tained therein may be circulated for reuse after the
undesired byéproducts are removed.  Upon interruption
of the pump 62, the electfomagnetic valve 66 of the
25 second replenishing mechaniém 63-i§ opened for a given
time to supply a given VOlumé of the second réplenishing-

composition from the teservbir 64 to the tank 1. It

should be noted that this second replenishing composition

makes up for those'ingredients to be lost by discharging

30 and mainly'contains a complexing agent. Generally, use

g Sl
et s bhe s inbienii i i e -



prro~“@et ermi ne the degree of aging of the plating bath by neasuring oné}fy
pé‘§ﬁcal-prope(ty,'for_exanple, specif2g-gravity, conductivity or

refrAytive i ndex of the bath. The specific gravity, conductivity and
refrective-index of the solution can be neasured by the 10 . devices shown

in FIGS. 5, 6 and 7, re ectivelr s descri.bed above. Wen the asur ed
val ue reaches ’Bﬁb_rlé%ié{‘%$ i A dadgé\lg‘g"'ﬁ’f‘ Viidq péé%e?%'??ri ﬁ%’ﬂpgﬁéﬁggpc

- gravity, ducti Vi ty. ' i.nd I hysij t
et 6t ngdovi 8 Hhe TPLEAGLEP RdR B Bl toath oP Y25 B0nPRBR LY,  on
3L 2 0 54 USR8 bt S Bb AR ko Rk bl sl SO I REINASH) Bl g
i Schar go ot peadgnt |FhEER| 1 895RALKENG" colbtiielf BN dedfg s e IF -
desirably fed e . . . )
Larned thér o niiafefiehes E6obETRepRHiChAl it Ml i ca0RATEBRA 0T S

are renoved. UpggubPh§' A4BhEORAB oS dUsBE G th headhesthapnoiel i val ve 66
of the 25 second repl eni shing mechanism 63 is opened for a given tine to

supply a gi ven,ygksiPe@f thie the ér@@é@i&ﬁ&éﬂgj{]cé’ﬁ@?ém ianai Egerieht
reservoir 64 tg the tank 1. It should be noted that this second

repl eni shing cpgpesvdipg. makes up for those ingredients to be |ost by
di scharging 30 °~ and mainly contains a conpl exing agent. Cenerally, use

-22- may be nade of arhel disehakaiingg dfhe <hivPer OvpDEInk OF &het Paatritially
made-up plating bath or its concent- R _

10 ing solution and the replenishing of an essentially
corresponding volume of the second replenishing com~
poeition pfeveﬁt reaction by-products from accumulating
in the plating bath to-an undesired extent, thereby
controlling'the amount of such reaction by-products

15 within an allewable range. As a result, reduction of
piating rate due to accumulation of reaction by-praqducts
‘is precluded. The plating bath is intermittently
renewed in the contimued operation for an extended period
of time. For an extended operation of the plating bath,

- 20 the plating rate is maintained substantially constant’
and deposits are maintéined substantially uniform in
every respect including the compoeiticn and_properties,

o for exemple, Ni-P alloy composition for a hypophosphite
reducing agent and the hardness of deposits. With

25 respect to this matter, the inventors have found that

- the accumuiation of reaction by-prodﬂcte.or'the degree
of éging of plating bath can'be accﬁrately monitored by
following the specifie gravity, conductivity or refrac-
tive index of the pleting bath. When the degree of

30 aging of the plating bath reaches a predetermined value



@Q t hose sol utions mainly contafr®&2fg a.conpl exi ng agent "whi ch ts #
gtarcely consuned by plating. If 5 i ngredients to be repl enished such as
. 4retal salt and reducing agent tend to react with each other, it is_ -
" preferred that OFepbvVe,sdpant|9f sthecplatings batdhis discharged ad

di scharging of. a given volune of the plat- 10, _ing solution and the, '

repl eni shi ng ofaaﬁﬁﬁ%ﬁﬂﬁﬁhﬂﬂ%fQﬁﬁ?@%gﬁﬁﬂpn8a§8ﬂﬂhﬁQQtﬁﬂﬂiqukﬁﬁFed1"
P the plating BRtE &5 HE (RS PE(EES, BHEChAK Lo, Lo RERITIRARe andint
Ceduction of pl A fo BSR-kncthe ABRUAN afi GRAGE LD -G R o |5
Bperation for afiRtAhar PEAREERTY SRhetaARR L RIHERT PRER ¢ ne
Bha dopos ts ar oA T, RERATLE, PRERBLILE, SERhC SRRy SPTSEYT
Composi ton o BHRH,GIR SrEeBtVE| 1588 kBTN kolllinaiity Yytended

deposits. Wth 25 cgr“%n&%tﬁp. gaggt Lek, pﬁﬁgi@\é%ﬁ%g@v%épu@?ﬁhat

t he accunulati on of y- ucts or agi ng of “plrating

- bath can be acciyaldldedmisd %fkgxﬁﬁb' BYiLAS ¢ %ﬁﬁg&éi\% %4 éeE g%\éantgf

conductivity or refrac- tive In he plating ree

30 agingf thE RldHddmedaihar68Raes rackbede i mith A néd subdBantial-

ly uniform.

According to the above-mentioned plating process,
the plating bath is'automatically céntrolied_and main-
tained in an easy; but accurate mahner. _Especiélly

15 importan£ is the easiness of maintenance of electroless
plating baths which ére-notoriously troubles;me to handle
as Eompared with usual electroplating. Furthermore,
since the plating bath is always méintained at.a sub-
stantially constant.concentraﬁion by the replenishment,

20 the nickel concentration of the bath may be set lower
at the beginning unlike the prior art which needs to set
the initial nickel concentration to a higher level in
order to cqmpensate'for'a ﬁeduction of plating or
deposition rate due to reduction of nickel concentration

25 in the progress of plating. In addition, the plating
bath is automatically renewed little by little by means
of the discharging and replenishing mechanisms 60 and 63,
minimizing the burden of wéste treatment. |

In the abbve—mentionedEembodimenﬁs, the concent-

30 ration measuring device is incoirporated in the bypass



conpesition mai nly containi ng i ngredi - éﬁis to be lost by the.discharging
i's | eni shed. As a result, the anount of reaction by-products is 5

mai nt ai ned sulkesindwiital butcittnay be direptldyi dpcorporadedhdn tthebath is -
effective sem -permanently or at |east the effective life thereof is

remar kabl y extcdxgad-adsing e ikl opi ssionr efppabyPgsfeesiiifror such
extengﬁd use of plating baths, the plating.rate, quality 10 of deposits
and offier fac®ds® ardreFoReeReeR SiPRt BARFUFINgy dgVicH MaYARDrding to the
above-nentioned plating process, the.plating bath is automatically
control | ed an®navided Hiin the B%%g%nBuFa&Beurate manner. Especially 15

i mportant is the easiness of naintepance of el ectroless plating baths which
are notor%ously tr ou&ﬁe%’?ﬁf‘égl?ot an xsaeagoﬁﬁapéertm e ng

o ool 0D 11 Do AICLID! o SLRGEALLS BhEVIS B2 Sclpre ggintained o
ke conceniiatan, pd 6 PEL BTN -BERERLELOLE oFe B TRLgR U Tk
DN TErel U5 SRdFEPETSrhFatdr, B A A0 fhe e
PL00125S, O, LA i | SngChALE kB B0 LY, B SARLACEALY,

mechani s 60(3%{%%%:&@& ”Hitﬁget B?r@ﬁ&g%gggf- 1‘%}% Qi AHPOL s oh NokNe -

above- nmenti on I ments, concent - I on nmeasuring device is
incorporated i f e Y P@SRduit. Although the concentration measure-

POVE ¥ a part of the plating bath i§,di scharged and a repl eni shing (ééb

-ment is-foilowed by the physical property measurement
_in the above embodimenté, the ‘order of measurements
is not limited thereto, but may be reversed. Alterna-
15 | tively, concentration and physical property may be
measured in different independent circuits} The
pﬁysical properﬁy meiFu:ing device may also be provid- .
ed in the piating tank.
In the above-mentioned embodiments, the second
20 replenishing mechanism 63 acts after the discharge
pump 62 of the dischargé_mechanism 66 has been inter-
rupted. Alternatively, the.replenishing‘mechanism 63
may act by the command of signal B when or before the
discharge pump 62 operates. The first and sécond re-
25 .pleniéhing mechanism 20 and 63 are.not limited to the
above-mentioned embodiments. Fbr example, a dispens-
ing pump may be used'for the supplement of the first
or second replenishing composition.
_'The discharge mechanism 60 may be replaced Sy

30  an overflow pipe 69 as depicted by a dot-and-dash line



i -24- Q;}unnt, but it may be directly inc¢8bporated in tHe-;ircﬁIatjnﬁ ling
I A,th omi ssion of a bypass conduit. Also, the concentration-neasuring device !
Yyl be provided wthin the platj tank, 5 . . Al though the physical
property measur ity %}e@T'c s arB #ﬁgBrSSP&'e&%%ﬁlnea ENS agﬁ'ﬁHGFth. rom -
measure the physi,cal t] t l.at.hng bath such as specific
gravity, congu-gﬁﬁgiﬁ%g‘%ﬁir%%?%gglnvgﬁi [r% ef?lrﬁ% §9° %&%Pgﬁﬁbgﬁ?r@ﬁt s, they.
may be directly | rprated.] he .cjr.c ' L N i th _oni,ssi oggof
a bypass condui tn?&ﬁ?%{lo%gh@?hgacgﬁgén%rg iQ)grr]x Sr}eog'ét“rpeg—éﬁreﬁ? ige?BPfloﬁEGQ'brg
t he physical prqgp ﬂfﬂgu ;LB the aheve ' e.Qrder of
npasgr gment S Psct_g%tﬁ?/sl m t dégﬁggé%ggqbu? om%\ébﬂ%g}{g%éh&{}eﬁ 8- %Tg?‘
tively, congentraliomandcPbisheal 960! b BhdHITAM Chot Rrdbhf BLEN!
I ng devic be

i ndependent circuits. The physical property neasu e nmay al SO
provid- ed in the phidisgaiefén be the %Q@Gﬁﬂ“%éﬂf&ﬁ%% dj i £§

second 20 repl eni shing nechani sm 63 acts after “the |§c grggﬁgb%%téggbf

the di scharge nmeghaiiseh&Pgédstheelighntle oviedirbw giperagtively, the

r epl eni shiing nmechani sm 63 may act by the command of signal B when or before

the discharge punp 62 apEthéesh Ehe hbbve @nbodamitks erefdr BheRhahi Ng
mechani sm 20 and 63 are not limted to the above-nenti oned enbodi ments.  For

" exanpl e, a di sparentiol ¢finpleeyrbiessenitkel ha Sty cneini Dart bashikst or
second repl eni shing conposition. The discharge nechani sm 60 may be repl aced

by 30 al®ver fiayy pe pebt@ineddEprcothelry eledtiraluksiashating including

electroless cObalt plating and eleétroless cobalt~

P T .

nickel plating as well as electroless copger plating
uéing a formalin or hypophosphite reducing-agent.
Other modificatidns and variations may be madé
15 within the scope and'spirit of the invention.
The'invehtioﬁ will be.understood more readily

with reference to the, following examples, which are not

to be construed to limit the scope of the invention.

Example 1

20 Plating was conducted in 100 liters of an electro-
less nickel plating-bath-having the following composition
and physical and chemical data:

18 g/1

Nickel sglfaﬁe (Niso4'6ﬁ20) | E
(nickel ion . A 4 g/1)

25 '. ' SQdiuﬁ_hYé&phpSphitg'(NaazPoz-sz) | : 24.g/l
Sodium succinate | - 16 g/1
Malic acid _ _ 18 g/1
Stabilizer (Pb2+) 0.003 g/1
pH T 5.6

30 . Specific gravity, 25°C 1.051

Atk s uei < ma aen



. MFIG 1. Inthis case, signat28-is transmitted fromthe control -
_ on 14 to the second repl eni shing nmechanism 63 to feed a given vol ume ke
- of dﬂe second re- plenishing -conposition to the plating'bath in the tank 5 -
1. An increnental vElesbrdradnhcomdngtiyieyt?3Cdue to t B8 mdmbo/om of
the second repl eni shing conpositiaon is discharged through the overflow pipe .
69. Al though the abo?S%EﬁEE&Wﬁb$§9Q&ﬁeQS%Q)the control of d&ldcBrdékess ,
~nickel plating, .similar results 10 -~ nay be obtained for other electroless
pl at iy incl udeng eemperatese eBad @laiiny sppachtasr aseshowmbdld - ni ckel’
plating as well as .electrol ess copper plating using a formalin or
‘hypophosphi t errggucilngoadenthil@ Ithe Mmikkek atoneentdrdtioni andons nay be -
made 15 wi.thin the scope and spirit of the invention. The invention wll
be under st ood sperd fieadiciawitiyt lof therkmide were hatbbhaticgldyampdes, which
are not to be construed to limt the scope of -t-he invention. Exanple 1 20
Pl ati ng was cepdtinadusiyl deasured dfhernitkelrocontestraitdleal plating bath
‘having the follow ng conposition and physical and chemical data: Nickel
sul fate ([errmpasurement was] g&fifiactied dxeimeasuring the transmit-

4 g/l) 25 Sodi_um hypophosphite ([err]) 24 g/1 Sodi um
succi nat e tance at 670 nm). Itgas | assumedathgt the set level
18 g/ Stabilizer ([err]) - 0.003 g/l .

of nickel ion was 4 g/1. At the time the nickel con-

10 | centration measured had decreased to the set level (4%)

" or below, signal A waé'generated to add a first
replenishing composition consisting of éhe below-
mentioned three réplenishing solutions I, II and III
in equal amounts of 400 ml (equiva;ent-to 0.2 g/l of

15 Ni2+) for each addition. These replenishing solutions
I, II and III were containéd in three separate reservoirs
each provided with a fegd‘conduit'and an electromagnetic
valve. Iﬁ responée to signal A, the valves were simul;
taneously opened for a given timé to feédfxmal amounts

.20 of the reépective replenishing solutions to the plating
‘bath. It was also assumed that the set specific gravity
was 1.221. When the specific gravity meaéured had
increased to the set level (1,211) or_higher, signal B

| was generated to discharge S 1iters of the plating |
25 ' '

soiutiqn each time befcré 5 liters of a second repleAish—
~ing composition donsisting of the solution IV having
the following composition was fed. (the invention method)
 F6r the purpose of comparison, the above-mentioned
Plating procedure was repeated except that the specific
30

gravity measurement was not effected, and hence, neither
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| | . | : . . N d |
; Q - .5.6 30 - = Specific *
avity, 25C -1.051 = Electrical eonductivity, [err]
m mho/.cm Refr Brix .2

| _errEelr.at ure of [gf’H %S'ﬁi"g%%)éﬁpé%gﬁ %Jsa%%s?ﬁuﬁﬁ'eé nf:t &Qoea;[/ﬁﬁa?]ee‘fi'ﬂ" |
 Zut ot ﬁ??{?;t éﬁﬁg§§n§%&%| e el R K%Pisg?}te&?ﬁéiﬁ con-
s aseunsd 1 nat SprEeds BhAPYRY i} Ene  ARSRE) chiEnlatich g U

ni ckel con- 10 ratd ‘ r ¢@¥E cgeased t 4% or
bel ow, signal A \I/‘\‘/%g%lg%tgr z%tq‘ed' io aﬁ'a |€§tife%?eﬁ| S iIIral:SI (i"gér;:péo?llcﬁ%é]
consisting gf th ]§#r }i@ﬂﬁ& & epLefnbghing solutions I, |1 and
1T in equa? ann%ﬁ?§¢3 qgg?ﬁﬂ (em{ﬁ{éfg%t to gbgbgll of 2+ 15 [err]) for
each addition. These r ey SIid¥h 5?! whs 088nduckkdaddd dikedehEnlsePt sk ned
in three separate reser\?}(?i rs (Salg'ch pl?%v_i ded vmnt hca T eedglc?'or?duit an .ad;‘f
el ectronagneti c Calpfd (Hy) "o Widen® 0f §1 H8ahtAtheh @orutist V6K oS A -
‘taneously opened for a gi'ven tinme to feed equal amounts 2 of the :
respective repl egieshikkel0lidr Qer tDi &L BEapLAGiBG hatH MRcahEtn@Seymed
that the set specific gravity was 1.221. Wen the specific gravity neasured

- had increased topiariigf, lane@lhddceldn Ohchegbed numpey JE Vesrgeneéshedst o
discharge 5 liters of the plating 25° solution each tinme before 5 liters

of a secondorepl dn Furtiher i of otheéobath) i, nghef rdte f Wepodsivisavi ng

and the composition of Ni-P alloy deposit were determin-

ed, obtaining the results shown in Table 1; :

The first replenishing composition
- \ 8

. Replenishing solution I

15 Nickel sulfate ' - 225 g/1
Stabilizer (Pb2') | 0.075 g/1
Replenishing sdlution II
" Sodium hypophosphite . 270 g/1
'Replenishing solution III |

.20 Sodium hydroxide - - " 68 g/1

The second feglenishing'_.solutibn (compesition) IV:
the same composition as the initial plating solution

Sodium succinate - . o 16 g/1
Malic acid ' 18 g/1
25 ‘ Nickel suifate g | - 18 g/1
Sodium hypophosphite . 24 g/1

Stabilizer (PbZ') | | 0.003 g/1



m ol ¥ owi ng corrpost tion was fed. (the i. nvention nethod) For the pur po@ _

of‘%onparlson t he above- nenti oned pl ati ng procedure was repeated except
that t he speC|f|c 30 gravity neasurigent was not- effected, and hence,

her t he di scharge of the platT sol ution nor the replenish- nent'of
th second repl-eni shing solution IV was con- ducted. That is, only the
ni ckel concentration was nmeasured and_the solutions-1, [l and Il were-
added 5 .accordi ngly. (conparatlﬂééﬁﬁLﬂod) Aft er pIatlng was conducted a

givéhfnunber of turns (by "one turn" is neant the consunpti.on of 4 g of
nickel ion per liter of plating bath in continuous plating, and hence an

i ncreased nympber of tyrns resurfs, 10 Tn Turgyher agi o1 tag patny, lthe
rate of depcsi&i n_and the conpBeFe; ﬁ of Ni-Pjall o 4§£ re detqrnln-
ed, obtai nirg Uits sho% ‘10%’0) 1. The fir ?
‘conmposition |Re ugﬁgghlng sol uti BW P Ni ck sulfate !
225 g/l 2+ §tabitiZer % ; g@ A i
solution |1 Sodiunthypop 0S ﬁ % : Comparatlve ;%Z ﬁ¥¥% §%§§%$ﬁ598Ibtlon
I 20 . Jodi um hydr oxj de | _ 68" ¢/1 The “pecond
repl eni shi ng. sol u2i.on j( conp@8k Bi on ; sang co ition as initia
| eni shi | Ui ( 29i i on) | V: 20h® nmposi t i 7h8 initial
pl ati ng sol uUti on Sodi um succi nat e _ 16{g/1 Malic acjd
18 g/ 1 4 - 20.0 17.0 8.2 8.4 P
6 20.0 | 13.5 8.2 9.2 |
8 19.8 10.0 | - 8.2 9.8
10 . 19.8 8.5 8.2 10.4
12 19.8 unplated 8.2 : f-
14 19.6 | 8.2 !
16  19.6 | 8.2 | §
|
18 19.4 ' 8.2 §
20 19.4 | 8.3 |
22 . 19.2 8.3 ' i
24 © 19,0 | 8.3
26  18.8 8.3
28 . 18.8 8.3
30 18.8 . . 8.3
32 18.6 8.3
34 18.6 8.3
.36 18.4 - 8.3
38 18.2 | . 8.4
40 18.0 . 8.4




5 - Nickel sulfate 18 g/ Sodi um p

TR S e -

‘ popptsphi t e - 24 g/l 2+ %?ablllzer ([err])
003 I -28- Table 1 Rate of P content Nunber
~deposi tion . in Ni-P dep03|t No of ' - (pn hour) "
- (9% turns Invent@gggggmpagatlve | nvention. Conparative 2 20.0
20. 0 7. 7.8 4 -+ 20.0 17..0 8.2
8.4 6 20.0 Plalfidy was condicEed in an elettkoless coBRltw
10.0 8.2 . 9.8 10 19.8 8.5 8.2
10.4 12 p’[l&t&.ng batipl lkdeiing the foll2wihg compositlin and phy-~
8.2 16 .719. 6 8.2 18 = 19.4
- 8.2 20 - 1%i4al and chemical data:8. 3 22 19.2
. 8.3 . : ' r 24 19.0 - 8.3 26
+ 18. 8 .5 . Cahgllgsulfate ($9894 7H20) . 22.5894130
18. 8 . 8.3 32 18 - 8.3 34
18. 6 Sanqmg@ypophosphgge4(NaH P02°Hzo) 22.5 g/2 .
’ Sodium tartrate . 115.0 g/l
Boric acid ' - 8.4 g/1
Thiourea . ' 0.0l g/l
10 ' pPH 9.0
' Specific gravity, 25°C. 1.036
Electrical conductivity, 25°C 26 m.mho/cm
~Refractive indéx, 25°C ' 5.3 Brix %

at a temperature of 90°C in an apéaratus as shown in

15  FIG. 1 to 5 while the cobalt concentration and specific
gravity of the'bath were automatically and continuously
measured. It was asstmed that the set level of cobalt’

. ion was 4 g/1. At the time the cobalt concentration

measured had decreased to the set level (4 g/l1l) or below,

- 20 signal A was generated td add a first replenishing com-
position consisting of the below—menti9ned thfee replenish?
ing solutions V,-VI'and VII in equal amounts of 2 ml per
liter of the bath for eaéh addition. These replenishing
soiutions.v, VI and VII'were contained in three separate

25 reservoirs each provided with a feed conduit and an
eiectfomagnetic valve. In response to signal A, the
valves were simnitaneoﬁsly.opened for a given time to
feed equal amounts of the respective solutions VvV, VI and .
VII to the plating bath. It was also assuﬁed tﬁaf the

30 set specific gravity was 1.125. At the time the specific




=% 18.2 . 8.4 40 18.0

3 L .
- 8:4%  -29- Exanple 2 Pl ating was conducted in an el ectrol ess cobal t P
plating bath having the follow ng cqu sition and phy- sical and chemcal”
dat 5 - Cobalt sulfate ([er ?) . 22.5.9/1 Sodium :
hyp osphite ([err]) 22.5 g/l Sodiumtartrate ~ ~115.0
- g/l Boric acigravity measured had increased gtd ghe Setolevel (1.125)
0.01 ¢/l 10 _ pH ' 9.0 Specific
gravi¥y, [errpr higher, signal Bl wse6 Wansmitbedcbaddisrharge 16
26 m mho/cm Refractive index, 250C - " 5.3 Brix %at a

t enper at ur e 0509831 pfathgpplating hathhwechntime befpre theo®xmile. the
cobal t. concentration and specific gravity'of - the bath were automatically
and cont i nuouskegpandingeamonntof & sspeend ngeplapisbingegompesiddin t' ion
was 4 g/l. At the tine the cobalt concentration neasured had decreased to-
“the set lsevel consastingy ofethe sodntion; YRl havasggther £0ddMdntd a

first replenishing com position cocfistin of  the bel
?h?nlgﬁ

w-_nentioned three .
repl eni sh- . i nGORBPSAEIRR Vas, fedy ﬁ%FlaﬂDUﬁFg°Qﬁ 2 m per liter

of the bath for each_addition. These r pIéniSthg solﬁti%ga'v, VI _.and VI
were contained in thFO& BRAPOSE O  QQEPINLFONg b, AROVESPERTIPT { eed

conduit and ag £SOk APHINddadAl Was ' Feb83RAA° S e Amd M .

specific gravity measurement was not effected, and hence,
io neither discharge of the plating solution nor replenish-
| ment of the.second replenishing solution VIII was
conducted. That is, only the cobalt concentration was
measured and the solutions V, VI and VII were added
accordingly. (éomparétive method) : ' -.
15' After -plating was conducted a given numser of -
turns (by "one turn" is meant the consumption of 4 g
of cobalé ion per litgf of plating bath in continuous
"plating), the rate of deposition and tlie composition of
Co~P alloy deposit were determined, obtaining the

20 results shown in Table 2.

- . The first replenishing composition

Replenishing solution V

Cobalt sulfate | 240 g/l.
Thiourea _. 0.11 g/1
25 Replenishing solution VI = -
Sodium hypophosphite o 270 g/1
Repienishing solution VIIX _
. Sodium hydroxide _ 68 g/’
The second reglenishing solution VIII

i

30 sodium tartrate 115 g/1



. s
3l ves’ mere si mul t aneously opened for a given tine’ to feed equal anount ¢ of
e rgspective solutions V, VI and VII- to-3kre plating bath. It was al so
agsumed”t hat the 30 set specific gravity was 1.125. At the tine the
gpecific -30- gravity neasured had increased to the set |evel (1.125) or
hi gher, signal B was transmtted to discharge 10°- 50 mi /| of the plating i
bath each tinme before the cor- respommigbggxgnt of a second replenishing - 1
conposition 5 consisting of the sol ut | having the following wr :
conposition was fed. (the invention method) For the purpose of conparison,
t he above-nention- ed plating procedure\mas repeated except t hat: t he

speci fic gravityrmeasorenegtwas IIUL el | ected,—and; hence, 0 Ter teT
di scharge of the p;gggb%g spol ut i .on 1%| sh- rd=nt OEFLE%C%&MQQ tFo t
r epl eni shi ng sol pt was co F at is,{only posi
concentration was ne&8ur ed and the(8 1?:1‘?‘1‘5)15 V VI and VI Rsr &gl _
accordingly. (cohpdfER%e |TBITO glatln% conauc;ed:
a given nunber of turns (byFPVGH %an'c?fgpﬁ’éaﬁ%vﬁmal QParytyye
cobalt ion per |I{tTer of plpting bath |n ‘contrnuoustprating),” tﬁe Tate of
deposition and the conposiliorLlsf7 Co-P alLdysdeposit war.g det érm neql, 3
obt ai ni ng t he*20 resul ts{ shown in Table 2. The first replenlshlng
- conposi tion Repl gni shi2ng spl uti4ng V Cpbal 14s0l fate 4.7 . 4.4240
g/l Thiourea : : 0.11 g/ I _ _ _
_ 3 14.0 - 13.3 4.8 4.8
4 14.0 | 12.8 | 4.8 5.2
5 13.7 1l.1 - 5.7
6 13.4 9.1 5.0 5.8 |
7 13.0- | . 6.3 - 6.4 |
8 12.8 unplated 5.4 - f
9 12.7 n - |
10 12.2 | 5.4
11 2.1 |s | -
12 11.9 5.5
13 11.5 -
14 11.2 | 5.8
15 - 11.0 S .-
16 10.7 | 5.9




-éh'ng 50|utLon VI Sodi um hypophosphite - 270 g/l-w.“" o
.nlshlng sol ution VI 1 Sodi um hydr oxi de 68 g/I.The.

secbnd #epl eni shing solution VIII 30 : sodiumtartrate
115 g/1 ~ Table 2 Rate of : P content Nunber
deposi tion. in Co-P dep05|t of (pn hour) .
% by wei ght) turns I nvention ‘Conpar ative32knventi on Conparative 1
14. 7 14.5 : 4.7 ' 4.3 2 14. 6 14. 0,
4.7 4.4 3 14.0 . 13.3 4.8 4.8 4
14.0 4.8 5 25 13 7 111
i sExfgple 3 % | | ' 5.87
13.0 6.3

- Using-100_1lit th 1@1
549 15 7 10 USing-190, liters %f4 e same %c&r?%egg 53%%%11 1o
11.9

58 15 plating bath 5551%§Exampléle%ﬂd'an appatatus as. shown

in FIGS. 1 to 4 and 6, the general procedure of Example
5 1 was repeated except that the electrlcal conductivity
| of the bath was measured 1nstead of specific gravity.
In this example, the set conductivity was assumed to be
50 mllllmho (m:u? per centimeter (herelnafter referred
to as m.mho/cm). Signal B was transmitted at the time
10 the conductivity measured had increased to the set level
| (50 m.mho/cm) or higher. |
The results obtained are shown in Table 3 to-
gether with the results of a comparative plating proce-
dure without conductivity monitoring.

15




9
- -32- Exanple 3 Using 100 liters of the same .el ectrol ess nlckel plating bat h
. a8 n Exanple 1 and an apparatus as. shown in FIGS.. 1 1o 4 and 6, the

pey al procedure of*Exanple 1 was repeated except ‘that the el ectrical
guctivity of the bath was measured instead of specific gravity. In this
exany, the set. conductivity was assumed to be 50 nillimho ([err]) per
centi\qget er (herelnafter referred to as ho/ cnm) . Signal B was transn1tted
at the time 10 the conductivity measuréd had increased to the set | et
(50 mmho/cm) or higher. The results obtained are shown in Table 3 to--

gether with the results of a corrparatlvq, Eliatlig proce- dure w thout

- conductivity nonitoring. 15 -33- Tab e of _ ' P
cont-ent, depqgsi ti on . in N -P deposit Nunber
([err]/’hour) - (% by weight) turns Inventlon Cbnparatlve
| nvention- Conparpatire—2 —26—6 266 8 8
4 20. 0. 17.0| . Bage of 8.4 6 P coptent '
13.5 8.0| yumber 9 2 8 ~depositiop 10. 0in Ni-P dgpgsit f
9.8 10 19. 8" of 8.5 (um/hemmy 10. 4 (% by weight) g
turns 'Invention;cémpatative ‘Invention | Comparative ;
2 2006 | 200 | 7.8 | 7.8
4 ©20.0 17.0 8.0 | 8.4
6 19.8 13.5 8.0 9.2 E
8 19.8  10.0 8.0 . 9.8 !
10 19.8 8.5 s | 1004
12 19.6 | unplated 8.0 - .
14 | - 19.6 | | 8.1 :
16 19.6 | 8.1 o ;
18 19.6 - 8.1 ;
20 19.4 8.1 ’
22 ©19.4 - | | 8.2
24 19.2 8.2
26 19.2 ' 8.2
28 19.2 1 8.2
30 19.0 - 8.2
.32 19.0 ' 8.2
34 19.0 8.2
36 18.8 ' 8.2
38 ~ 18.8 | 8.2 '
. 40 18.6 N 8.3




1 19.6 - ‘unplated 8.0 _ 14~ 19.6

8.1 19.6 . 8.1 18 . 19.6

8.1 20 19.4 8.1 22 - 19. 4

8.2 24 ' 19. 2 8.2 26 ' 19. 2

8228 - 19.2 —348.2 30 . 19.0

8.2 19.0 _ 8.2 34 - 19.0

8.2<§§' 18. 8 8.2 38 18. 8 . '
8.2 40 18.6 _ . - -34- G- 8 graphically
illustrates the reF&Frod%hﬁE%ﬂh%Qﬁ}*Xnéijhﬁﬁr?g?ﬁ55#8 tﬁ@géﬁéepﬁméﬂ

conductivity Tho/ ¢ of the:electroless njckel.platingba having the
above-descriﬁgg&ggnﬁ o ﬁ%ﬁgﬁﬁéﬁ%hE ¢ e %?gfh$8i5°°gﬂﬁﬁ%.v¥ e results
of FIG 8 reyeal,t t duc-_ 1iyvl [ NCY s ki rl he, .nunber
-of turns and (Wéﬁ‘gg?%%“l)leb’geé:?‘e%e%o eéagglér\%g%# nﬁ‘é}@% egk?g?g‘ s%ﬁﬁkg\a"ﬁl%ﬁi ng
bat h i ncreasgg VnS R afs SepL o] ' : |_ati can
be accuratel%ﬁﬁo%gP§F¢§g§§%14§§(ééﬁ?neasﬁ?%n&%?g%?gFﬁ%ngp%ﬁﬁgﬁgﬁﬁgg;
‘thereof .. Exanghg)4 Uphao Jdigsalto £ #fd | 0lgespetahe! tnllkakthidd dildhds i n
Exanple52 and"an”apparat us as .shown i n FI&S.‘E to :
- tivity increases linearly as the number of turns and
hence, the deg;ee of aging of the electroless nickel
plating bath increases. This proves that the degree of

aging of a plating bath can be accurately monitored

10 through measurement of the conductivity thereof.

. Exaggie 4
: Using the same electroless cobalt plating bath
as in Example 2 and an appar&tus as shown in FIGS. 1 to
4 and 6, the general proCedure of Example 2 was repeated
15 . except that the electrical conductiviﬁy of the bath was
measureg instead of spe;ific gravity. In this example,
the set conductivity was assumed to bé 35 m.mho/cm.
Signal B was transmitted at the time the conductivity
measured increased to the seE.level (35 m.mho/cm) or
- 20 higher. |
The results obtained_ére shown in Table 4 toge-
ther with the results of a comparative platihg procedure

without conductivity monitoring.




aQd 6, the genéral procedure of Exanple 2.was repeated 15  except thad

he lel ectrical conductivity of the bath was neasured instead of speC|f|c
ity. In this exanple, the set conductivity was assuned to be 35

o/cm Signal B was transmitted at the tine the conductivity neasured
incre-ﬁ@- to the set level (35 mmho/cnLigL 20 hi gher. The results

obt ai ned are shown in Table 4 toge- ther with the results of a conparat. ve
plating procedure without conductivity nonitoring, -35- Tabl e 4 Rat g#0f
P content Nunber deposi tion: in Co-P deposit of :
([err]/ hour) % by wei ght ) ZBRE&4 | nvent i on Conpar at i ve !
| nvention Conparative 1 14. 6 14.5 4.4 4.3 2 -
" 14. 4 '14.0 4.5 - Mz 3 14. 4 13.8
4.7 : 4.8 15 128 4—8 o
13.8 11,1 4. 9 Ratesof g - 13.6 P conteat
5.1 5. 8|7 Number 13 2 -  deposgition 5.1 in Co-P deposit
'13.2 . unplated ©°f pF 29 {(um/houy) (¥ by weight)
12. 6 turns. =711 o7 - 55—
12. 4 . . pipvention Comparatlve Invention Comparatlve' e
1 14.6 14.5 4.4 4.3 '|
2 14.4 ©14.0 4.5 4.4
3 14.4 13.3 4.7 _ 4.8
4 14.0 12.8 4.8 5.2
5 - 13.8 11.1 4.9 5.7
6 13.6 9.1 5.1 ' 5.8
7 13.2 | 6.3 5.1 6.4
8 13.2 . .| unplated 5.2 -
9 13.0 | 5.2
10 12.6 5.4
11 12.4 | ) 5.5
12 12.4 5.6
13 12.0 _— 5.6
14 1.6 | | 5.7
15 11.4 ) 5.7
16 11.4 | 5.8




1 ¥ 12.0 L ' , 516 14 11.6 -

5. ¥ 11.4 _— 5.7 16 11.4 - '

5.8 ©36- Exanple 5 Using 100 liters.of the same el ectrol ess njckel. T~
plating bath as in Exanple 1 and an apparatus as shown in FIGS 1 to 4 and
7, the general procedure of Exanple 5.3l was repeated except that the
refractive index of the bath was neasured instead of specific gravity. In
' thiiigxanple, the set refractive i ndex was assunmed to be 16.:0 Brix %.
Signal- B was transmtted at the tine the refractive index neasured

i ncreased to tE¥ample|dvel 10 (16.0 Brix % or higher. The results
obt ai ned are shown in_Table 5 together with the results of_ a conparative
plating procedure w t%$ipgt 108 Laterseofndbe fame flherftrolesgmigksle 5
Rate of ont ent, Nurmje deposi tion

" N P deposiBlafing bath S8jifoErpmble 1 and an SHPARAGES hE) ShAFRs
I7-n\_éent on . Cor;agrlaiége llggegt iaga %mﬁreatgie\ﬁ%r%l procezé)lirSe-of Exam;zag'eo
| -5 1 was repeated except that the refractive index of the
bath was measﬁred instead of specific gravity: IIn this
exﬁmple, the sgt refractive index was assumed to be 16.0
Brix %. Signal B was transmitted at the time the
tefractive index measured increased to the ;et.level'
10 (16.0 Brix %) or higher. |
The :esults'obgained are shown in Table 5 fogether

with the results of a comparative plating procedure with-

¢ . out refractive index monitoring.

\



4 20.0 . 17.0 80 ' . 846  ".19.8 2
- 8.0 9.2 8 - 19.8 10.0 - 7.9
9 0. 19.6 . 8.5 7.9 10.4 12 19.6
unpl at ed 7.9 14 . 19.4 7.9 16 _ 19. 4
7.9 19. 4 783720 19.2
- 7.82 19. 2 7.8 24 19.0° .
. 7.8 26 19.0 7.8 28 18. 8 o
7.8 30 18.6 7.7 32 - 18. 4
7.7 34 18. 4 Tab}e3§ - 18.2
7.7 38 18.0 7.6 40 - 17.6
7.6 -38-_FIG .9 graphically illustrates the relatlonshlp of the nunber.
of turns to°the efraet |1|uch_Bllx% of—the |eC[r0|ess n|CKe| p|at|n
bat h havi ng the{above- degcri bed cBﬁEGs i on (nmeapur enent F
[err]). 5 It ils NueXrom FI G 9ePQHti®Me refrhcti ver g%iﬁs g
linearly as the nur’rt_gfﬁ of {turns afB™ABRYE) the debree of wgf.g
el ectrol ess ni ckel PMERS ng_Dar_ L NCr Fases DT OVES T ree f|
aging of a platiing bath c4hPBenkieD a% %r}‘[v(ﬁ dP {Tb‘ﬁnneggﬂpgga%w% ‘
: |
2 20.5 ' 20.0 7.8 7.8 L
4 20.0 - 17.0 _ 8.0 8.4
6 19.8 13.5 8.0 9.2
8 19.8 - 10.0 | 7.9 9.8
10 19.6 . 8.5 7.9 ~10.4
12 19.6 unplated 7.9 -
14 | 19.4 7.9 :
16 19.4 - 7.9
18 19.4 7.9 !
_ i
20 19.2 7.8 ;
- 22 19.2 758
24 19.0 |~ 7.8
26 19.0 7.8
28 18.8 |- 7.8
30 _ 18.6: 7.7
32 18.4 | ' 7.7
- 34 18.4 ' 7.7
36 18.2 7.7
38 | 18.0 _' 7.6
o 40 17.6 ' 7.6




et of the refractive index t her eof . Exanpl e 6 Usi.ng the sane . @Eé;

ele froless copbalt plating bath as in Exanple 2 and an apparatus as shown
"in FIGS. 1to 4 and 7, the general procedure of Exanple 2 was repeated 15
except that the refractlve I ndex of t he bath was neasured |nstead of

speci fi.c gravity. In this exanple, S set refractive index was 'assuned to
be .5 Brix % Signal B was transn1f 8T at the time the refractive index
meagyr- ed increased to the set level (11.5 Brix @6 or hi gher. 20

The resul ts obtained_are shown i.n, Tab e 0 eth h the results of a
conparative platlng ﬁﬁbceéuﬂ§ﬁﬂh*ﬁ£hi }%EgF§é Fﬁd§ B hip - 39-

Table 6 Rate P_cont ent. Nunb os,i ti.on
in Co-P depo tgp number of Rﬁ&ﬂ ]7 EP? regractlve 1n§9§b¢gﬁ%§ﬂﬁ) turns
_ L?Xentl?n Cbg%gr tl% ec\”agéégléggﬁgi ai@glng bath4h§V1ng the‘$§P€§£5

iﬁéo | ﬁﬁéféglbed coﬁ%ﬁfltlon (mei§u€ement tem%%ggture 25¢ T 5

13.0 7 6.3

19 5 Jig seen frAbfg F4‘:tG. 9 uﬁ% %t% e refraé%a.%e g.ndex 12.2
- 5.0

increases linearly as the number of turns and hence, the
degree of aging of the electroless nickel plating bath
increases. This préves that the degree of aging of a

- plating bath can be accurately monitored through measure-

10 ment of Ehe refractive index thereof.

Examgle 6

Using the same electrdless cobalt plating bath
‘as in Example 2 and an aééaraﬁus as shown in FIGS. 1l to
4 and 7, the général procedure of Examplé 2 was repeated
15 --excep£ that the refractive index of the bath was measured
instead of specific gravity. In.this example, the set
refréctive index was assumed to be 11.5 Brix %. Signal
B was transmitted at the time the refractive index measur-
ed increased to the set level }11.5 Brix %) or higher.
20 - 'The results obtained are shown in Table 6 fogether
with the results of a cbmpérative plating procedure

- without refractive index monitoring.



. 11.6 - 5.1°'11 . S11.4 e

12, 11.0 . 5.2 13 - 11,

2 ) 14. 10.6 . : 5;3 15 10. 2 , '
16. 9.6 5.5 -40- s seen fromthe results
agr}s 1 to 6,the present invention i§3§6vantageous in.that the effec-

tive Mte of an electroless plating bath is substan- tially extended as

compared with prior art methods. 5 Furthernore, the rate of depositn

and the physical properties of deposit s@bstantially uniform and
consistent, and plating baths can bhe n§5§§§$n§d highly stable for an
extended period of tine since netallic value, reducing agent and ot her

i ngredients are maintain- 10 ed at substantially constant concentrations
and the anmount of reactionjby-produgiserggul ting from platipngdy S is i
mai ntai ned- Wi t hi Pyyald owabl e raggeositichl- CLAIMS. 1in co-d & jgor |
controlling an e|eclysol ess platjng( JRoutfie et hod conpmgﬂuyggégbﬁ% ps i
of : continuously|oguipngermitently nmeasiring the cobcentration of Qat |east
- one consumabl e i hgredient | knvention Comparative | Invention|Comparative |
1 14.6 145 4.4 4.3
2 14.3 © 14.0 | 4.5 4.4
3 14.6 13.3 4.7 4;8
a 13.6 12.8 | 4.8 5.2
5 13.4 11.1 4.8 5.7 !
6 13.0 a1 ] aus 5.8 :
7 12.4 6.3 - 4.9 6.4
8 12.4 _unplated 5.0 -
9 12.2 | | 5.0
10 11.6 ' 5.1
11 11.4 - 5.2 i
12 _ 11.0 5.2
13 11.0 _ 5.3
14  10.6 | 5:3
15 10.2 ; 5.5 i
16 . 9.6 | -~ 5.5 é
; ;




. e
theyt.ectrol ess™ plating bath, and automatically adding to the plating bathg ‘
a first 10 repl eni shi ng conposition conprising consunmabl e ingredients :
after“detecting that the neasured concentration has reached a predeterm ne

val ue, while continuously or internmttently measuring a physical property -

of the electroless plating bath to 15 -ageternine the degree of "agi ng- of

the path, and automatically discharging a predet erm ned vol une of the"

plathgg sol ution and automatical l'y adding to the plating bath a second

‘repl eni shi ng conp05|t on_containin ncon bl & ingqr,edi ents in an anount
.essentially cor- A‘sr%% %ngT'ﬂ‘B glc}g %g%ﬁgﬁ O% .11‘#@1, t%hé'-%sschaégl ng

after detecti éggﬁtt{ﬁbgﬁéfgﬁegsvghU$R%Eﬁ%%%spQX§' 1=$8F¥ert has

reached a pre erm ne thod "as se Phifecel aim 1

whérein at I t t he .bat h, and the
concelnt rati onq?'s @%f@gﬁf@ﬁeg%ggggggg% a#latqb!{g }ﬂltsﬂ %e%s%ai% terms of
the concent rald. & EEhakai Bs! BSmbatka %m% ngﬂzf: @@%%@g forth in

clpaim1l or erel t he physical property to nmeasur ed ific

gravity, &I ethdP@‘xeftﬂ’Bf‘éCttHét i‘a‘% pef E%%Us\iﬁl:n.d’iﬂ%d ¥he p‘&h it The
nmet hod as set forth in any of clains 1,2 and -42-" wher'el 9ﬂ§

elkctroless plptopartses! 86t aeposstei alel sﬂb’ﬁﬂﬂﬁuﬂﬁftﬁﬂiféﬁn
e

pl ati ng, electroless nickel- cobalt alloy plating or ectrol ess copper
plating. 5  donsistent{Paadaplatioy GAtHIddmMbameined inbesrila) i ng

bat h, -t he apparatus conpri sing:
. stable for an extended period of time since metallic
value, reducing agent and other ihgredients are maintain-
10 ed at substantially constant concentrations and the

. amount of reaction by-products resulting from plating

process is maintained within an allowable range.



chani sm for addi ng a first ‘repl-eni sh- 10 ”“lmmmmmnmtn
gl udi ng: means for autonatically measuring the con- il
bAsumabl e i ngredient in the el ectrol ess plating bath, *cofceht r'ati*on

oetectlng means for generat- 15 ing a first signal when .
t he neasured concentration has reached a predeterm ned val ue, and means for
automatical l'y adding the first re- plenishing conposition 20

conpri si ng consunabl e ingredients to the electroless plating bath Jﬂgn 7
recei pt of the first signal, and a nmechanismfor discharging a i
predet erm ned volume 25 of the electroless plating solution and adding a '
second repl eni shing conposition including neans for neasuring a physi cal
property of the electroless plating bath to determ ne the degree of aging

of the bath, 30 agi ng degree detecting nmeans for generating
-43- a second signal when the nmeasured valug of the physical proper ty has

r eached a predeterm ned val ue. neans for Eharglng a predeterm ned vol une

5 of the plating solutlon upon recei pt. of the second
signal, and . CLAIMS: .
1. A method for controlling an electroless plating

- bath, the method comprising the steps of:

continuously or intermittehﬁly measuring the
concentration of at least one consumable ing:edient in
the electroless plating bath, and

automaticaliy adding.to the plating bath a first

10 replenishing composition comprising consumable ingredients

after éetecting'that ;he measured concentration has
- reached a predetermined value; while
”continuously or intermittently measuring a
fhysical property of the electroless plating bath to

15 determine the degree of aging of the bath, and

automatically discharging a predetermined volume
of the plating solutipn and automatically adding to the
plating bath a second replenishing composition containing
unconsumable ingredients in an amount essentially cor-

20 responding to the amount lost by the discharging after
detecting that the measured value of the physical érépe:ty
has-reached a predetermined value. |
2. - The method as set forth in claim 1 wherein at least one
consumable ingredient is a metal in the bath, and the concentration

25 of the electroless plating bath is measured in terms of the
concentration of a metal in the bath.

3. The ﬁethod as set forth in claim 1 o? 2 vherein the physical
éroper!:y to be measured is séecific gravity, electrical
conductivity or refractive index.

30 4, The method as set forth in any of claims 1,2 and 3



nmeans# or add| ng to {he el ectrol ess pI ating bath tmm
conposi tion containing unconsunmabl e ingredients in m

amount essenti al | y corresponding to the amount. Iost "’IH I’Mng
The apparatus as set forth in claim5 wherein the concent t-at kons urin
means. i's so designed as to deternmine the optical absorption of a netal |n
the 15 el ectrol ess plating bath. 7. The apparatus as set forth in

claimN\s-or 6 wherein the means for measuring the physical property is so
designed as to determne the specific gravity of the electroless plating

bat h.. 20 : The apparatus as set forthin claim5 or 6 herein neans
for nmeasuring the-physical property is so designed as to determ ne the '
el ectrical conductivity of the electroless plating bath. 9. The

‘atus as set forth in claim5 or 6 wherein 25 - the nmeans for

iri ng the physical property is so designed as to determ ne the

ctive index of the electroless plating bath. 10. A net hod for
olling an el ectroless plating batir48ubstantially as described herein
reference to the draw ngs. 30 11. Apparatus for controlling an
el ectrol ess pl ati ngvisaein thelpisramniessblayingds gtectroldse didkelr plavingyi t h r ef er ence
to the drawi ngs. The,lgxh L6 éo!ﬂglt.sBFﬂit:bC%ﬂ%}ob&i pfc;n Teproduced by
phot-ocopyi ng t he appf'l cants origlna e specl cation has been
reproducd by phot ocopsaltigalilhe pdppingc amt slegtigliens|coppereplatipg. cont ai ni ng. |t
may jcontain a few anmendnents which are difficult to read typescript. It
may icontain a for amendnents which are difficult to the Th ori gi nal
tyPescri pt cont & ni Rg t heseaAppagatise fiors costrollimgi arc pbesiteolesn t he premi ses of
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plating bath, the apparatus comprising:

a mechanism for adding - a first replenish-

i 10 ing éomposition'including:

: - ' - means for automatically measuiing the con-
centration of one consuﬁable_ingredient
in the electroless plating bath,

concentration detecting means for.generat-

15 ing a first'signai when the measured
concentfation has reached a prédeterﬁined
value, and

means for automatically adding the first re-
plenishing composition

20 comptisiné consumable ingredients to

| .the electrolegs plating bath upon receipt
6£ the first signal;-
and '
‘2 mechanism for discharging a predetermined volume
25 of the electroless plating solution and adding
" a second replenishing épmposition including :
means for measuring a physica; property of
| the electroless piating_bath to determine’
ﬁhe degree of aging of the bath,

30 ' aging degree detecting means for generating
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-a second signhal when the measured value
of the physi¢a1 prcpe:ﬁy'haé reached a
p:edétermiggé value.

means for dischaéging a predetermined volume
of the plating solution upon receipt of
the second signal, aﬁd . _

means for'adding3t6 the electroless plating
bath the second replenishing composition
containing uniconsumable ingredients in'
an ;mount.esSentially corresponding to the
amount lost. by the discharging.

6. The apparatus as set forth in claim § wherein the

concentration measuring means is so designed as to

. determine the optipal absorption of a metal in the

electroless plating bath.

7. The apparatus as set forth in claim S ot 6 wherein
the means for measuripg the physical property is so
designed as to determine the specific gravity ?t the
electroless plating bath.

8. The apparatus as set forth in claim 5 or 6 wherein

means for measuring the-:physical property is so designed

"as to determine the electrical conductivity of the

4

electroless plating bath. _
9. The apparatus as set forth in claim 5 or 6 wherein

the means for measuring Ehe_physical property ig so

designed as to determine the:refracﬁive index of the

electroless plating Sath.

10. A method for controlling an electroless plating bath
substantially as described heteip with_:efe:ehce to the drawings.

11. Appé:atus for controlling an'electroless plating bath

. substantially as described herein wiﬁh reference to the drawings.
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