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BACKGROUND OF THE | NVENTI ON The present invention relates to an apparat us
for measuring a deposition speed of electroless plating i
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this is that, when a plating thickness is not set to an
adequate value, defects occur in the quality aspect. For
example, in the case where the plating thickness is large, a
problem of etching leavings occurs in the subsequent pattern
forming step. To the contrary, in the case where the
plating thickness is conversely thin, problems such as
occurrence of cracks and the like arise, which causes the
through-holl reliability to be reduced.

_ In order to prevent such deficiencies, it is necessary
to control the plating thickness to ah adequate value. As a
measuring method of controlling the plating thickness, there
is a weight method in which a weight of plated copper, which
is deposited for a predetermined period of time, for
example, for thirty (30) ~ sixty (60) minutes, is measured.
Since, however, this measuring method must detect ;he weight
of the copper periodically, there are disadvantages that it
becomes difficult to continue the measurement;ﬁénd to bring
the measurement to an apparatus. ’

In view of the above, as a technique for removing the
above~described disadvantages, in recent years, there has
been proposed, in Japanese Laid Open Patent Publication No.
SHO 58-141373 or the like, a method for measuring a
deposition speed of the electroless plating liquid by means

tcurs in the




of a polarization resistance process. This is a nmethod which is
characterized i'n that, when el ectrol ess copper plating reaction advances on
a pair of copper electrodes in electroless plating |liquid, under
conditions that- electrical .5 potential is Epl and a deposition speed is
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experi nents, 8{ r 01" €éss ‘copper platlng liquid L-59 is used which is

manuf acturl® by Hitachi Chemi cal Co. Ltd. As described above, when the
fluctuation of the 35 neas ment value is brought to 20% or nore, it is no

nore possible to control t correct or accurate plating -2- t hi ckness.
Et chi ng | eavi ngs angplcradks—eecur .i.n (19 -
AE
15 where AE is the outside polarization;

AL is the outside current; and
K is a constant determined by the
reaction condition.

20 In the method described above, however, not only the
apparatus'is complicated in structure and 1n¢reases in cost,
but also the surface of the dissolved metal is apt to be
oxidized. Accordingly, there are problems that it is
difficult to effect plating onto the electrode surfaces, and

25 it becomes difficult to effect correct or accurate

~ measurement.

In fact, experiments conducted by the inventors of the
present application enabled the results in which fluctuation
of a measurement value was brought to 120% or more per two

30 (2) days, to be obtained. .

In connection with the above, in the experiments,
electroless copper plating liquid L-59 is used which is
manufactured by Hitachi Chemical Co. Ltd.

As described above, when the fluctuation of the

35 measurement value is brought to *20% or more, it is no more
possible to control the correct or accurate plating
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eaChaeéordlng to the 1nvent1on,.there is prov1ded an apparatus
for measuring an electroless platlng deposit:.on speed,
comprising: a sensor compr1s1ng a palr of electrodes facing
each other, each of said electrodes hav1ng a conductor and
a non-conductor on an 1n51de portion and an outside

portion, respectlvely, of each of sald electrodes, each

of

said conductors belng made of copper or a noble-metal and
each of said non—conductors belng made of an alkallproof
" non-conductive :materlal, 'a sensor drive circuit that

cyclically applies a reference voltage to ‘each of said

electrodes and measures a voltage ~proportional to

polarization resistance between said pair of electrodes -

vhen the reference voltage is applied to said electrodes,

an electroless_plating'being"deposited on said electrodes

-~ when the reference voltage is not ‘applied; a processing

circuit that inputs_the measured voltage from said drive

circuit and computes the electroless plating ‘deposition
speed; and a display circuit that inputs data of - the
plating deposition speed from said processing circuit and

displays the data of the plating_degosition speed.
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sai'd el ectrodes having a conductor and a non-conductor on an inside portion
and an outside portion, respectively, of each of said el ectrodes, each of
sai d conductors being made of copper or-a noble-netal, and each of said
non-conduct ors bei ng made of an al kal i proof non-conductive material; and a
sensor drive circuit conprising voltage applying neans for cyclically
appl yi ng vol tage across the el ectrodes and pol ari zati on resi stance neans
for meaguring pol ari zatAerording ttmdshé gnesant Hmwrm&mm:eﬁ\d@ofuirmgm
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>~ According to the present invention there is still

further provided a method of measuring an electroless
plating deposition speed, which method comprises placing,
in an electroless plating fluid, a pair of electrodes
facing each other, each of said electrodes having a
conductor and a non-conductor on an inside portion and an
~outside portion, respectively, of each of said electrodes,
each of said conductors being made of copper or a noble-
metél, and each of said non-conductors being made of an
alkaliproof non-conductive material, cyclically applying a
voltage across the electrodes, measuring the polarization

. resistance between the electrodes and calculating the

N electroless plating deposition speed from the polarization
resistance.

outside—to-each—oethern. Each of the conductors is made of
an alkaliproof non-conductive material such as epoxy resin,

epoxy resin of a glass base material, or the like.

—4-



The pol arization resistance is outputted to the processing circuit as a
vol tage value, and is converted into a digital signal. Subséquently, thg
converted output is used to conpute the deposition speed of the el ectrol ess
pl ati ng conmponents at the conputing section. The results of the conmputation
are displayed by the display circuit. In this manner, in the invention,
since the deposition speed is conputed and di spl ayed on the basis of the

pol ari zation resi stpien Rtie\eprdrgenant 6f thectim@afticitCwel€agenisnuous
measur enent of _the deposition speed. is.nmade ssiple so that a diflfereagge
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hi gher in g%?%%:‘? 1%&%&8?%&%?@#&9@%1%%% r%’c‘?l&g 1%F -arrangenent of

the pair of electro¥be polavitzationi esistance 1sc eukpubihede to nthel -
material i BdsQR ¢ _}E§&d XoJ ¢t fQE£§1 f e-THg rodes

I S conpare %MB%%EtQ g&(;zgfe‘ré _eresf_h?mrrgtnga#gt erlra é)'l sa?gr_ 'Ee'%d %ﬁa}t’ﬁge%%}t si de
opposi te sutRteed @igikalpgignad .c| Sthsamientlye the RoRverEedhaytaut
tendency thak $88qdtbf Bonputed tiie igepodfitivh Bpddd bt i the deidctRdtedB ©
uniform while the latter has a tendéenc _thgg the diffusing condition of

t he platingplatFpauF9W39“ﬁ¥ﬁ§rﬂﬁr?ﬁﬁfﬁgﬂpu P9t FeCtiOvon, ThPerasRak§enent

~in which thegnehal cohpltiatiions ard @rhprammpfthéedis?ldy eipewdt.
surfaces is less in_difference between the asuying val ue angd the .
deposition speed onIPhet%}sf'oﬂané‘%an Ihe ‘?’ar?&é‘féh‘f“?%-mh?%ﬂthetﬂﬁt al W
mat eri al i sdéposttiion spekdfis itomputediamisplayed fonecthe Fbashsronre,
-~ the polarization resistance between the pair of electrodes,
accurate continuous measurement of the deposition speed is
made possible so  that a difference  between the actual o
~ deposition speed' and the measuring value is reduced to the
utmost. | | |
Since the conductive material of each of the pair
of electrodes is made of copper. or a noble-metal material
such as Au, Pt or the like which is small in ionization
series, the metal surface is;preVénted from being oxidized.
As a result, plating of each of the electrode surfaces
advances smoothly. - Thus, the measurenent of the'deposition _
speed, which is higher in accurécy, is made possible. /
The construction or arrangement of the pair of
electrodes will be described below. The case where a metal .
material is formed on the inside oppogedisurfaces of the
‘pair of electrodes is compared with the case where the
metal'material-is~forméd“on the outside oppdsite55urfaces
of the pair'of“eleCtrodes. Then, the.former has a tendency
that the diffusing condition of the plating liquid is made
more'uniform, while the latter has a tendency that the
diffusing condition of the plating
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fluctuation of the neasuring value is also reduced. Moreover, each of the
non- conductive surfaces is nade of a non-conductive material of alkalinity
'such as an epoxy 10 resin material or the |ike, whereby deterioration of
the*non-conductive surface is reduced and, in addition thereto, an attenpt
can be made to fRONE! & td&i‘ié)&idn-ﬁfnﬁ*di‘ﬂrom thl® $ek%bRS thke of the pair
of electrodes is also considerably prolonged. 15 BRILEF DE DESCRI PTI ON OF THE
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BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram showing an embodiment of an
apparatus for measuring a deposition speed of electroless

plating, according to the invention;

20 Fig. 2 1s a perspective view showing an electrode

| couple which a sensor provided in the above-described
embodiment has;.
Figs. 3 and 4 are perspective views showing

modifications of the electrode couple;

25 Flg. 5 1s a flow chart showing operation of measuring

—/ : the deposition speed, in the aforesaid embodiment;

' Fig. 6 is a view showing components of electroless
copper plating liquid which is used in measurement of a
deposition speed of Cu at plating processing; and

30 Fig. 7 is a view showing the results in which the
apparatus according to the embodiment is used to measure the
= deposition speed of Cu at plating processing, in éomparison
with a comparative example.

35

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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and a display circuit 4. A signal obtained due to driving of the sensor 1
by the sensor drive circuit 2 is processed to find a deposition speed. _The
deposition speed is 10 displayed by the display circuit 4. The sensor
drive circuit 2 conprises an electric source 11 for generating reference *

vol tage of prefgrghly 541 bIRRMMLak:H SHbwihel 0 WBloWIRANTNGS Sher ence

vol tage obtained by the electric source 11 to the sen to take out a 15

current SI @PRarmatg fPrammeafirifg iac seres i on Spesideodn ed eedirodgss and a
current ‘é?‘d'édﬂﬂrfg‘ rthJ'ﬁhelgltR%‘Hﬂ%nta” operational anplifier q;a :

and a resi gance 14 tor converting the current” signal taken out by the

switch 12 to a. vidle appanafitg fom aegsvnlage theoldepgs idiipnalspiesds ofpl i ed 20 -
to the go h [ n A/D
convert o CSIRRNIRSS Plating A0 10 Tl 10 Sl uzes & N %,
oper at es tfs@mndh B sAnsem @%@et@rﬁﬂﬂi@d Lya @rmeqsgilng e cuditt Bge to a

ol tage oi g SRS R L CA Wi, BitarRled il B BT Vi, 1

processed taf fthed sensiart ilndxidpusisensors gedve - clireuitai2 ig depeeissedn speed

s displayed uit, 4. verter rcuit 15
Al D-convert tiﬁé(i/& t%é’ea%ita)e/iog gsﬁ)qedout aig’t gé/pfols gori Sdrive circuit
2 to gemsraiifspamyeﬂgmsdaﬁlm wiiispilagr e:imqmﬂu ad to: the CPU 17. Further, the

timer 16 effect tIITEOEI‘aIOI’lt rgte ti dat a _whi.ch are su plledto
the CPU 17. The ‘ﬁ’é%%\%%t pg"ésglagte&e&t&}gms %o a

predet er m nad ﬁmclartjéxgrtmmmﬁarmea ml(ﬂafg'éldfﬂptﬂﬁbr&bllgt IEOﬁNEWVQ@n
ener gi zation tine eenes gi zatio th respect to the sensor 1

i s brought ®o & %ﬁ&é‘bfﬁ] li’r}tr‘& r1{}?""" G\Qded'r?“tcﬁe [ dage, Pbitad nedne
dat a obt ai nad the téleadtrrmf s'kﬁxrdea 1apoy thiee seRlsordd 1o akeelondt odes 19agy
and 19b of the sensor %g}c{@qaqulé no vol tage thereto. 5 Furthernore,

when t He vAUEFRY §1éﬁﬂﬂ the appddcation of the reference

voltage, and a currentfvoltage_converting circuit 18 having
an-operational amplifier 13 and a resistance 14'for
converting the current signal taken out by the switch 12 to
a voltage signal. The generated voltage signal 1s supplied
20 to-the processing circuit 3.
- The processing circuit 3 comprises an A/D converter
circuit 15, a timer 16 and a CPU 17. The:ptoceSsing circuit.
3 operates the switchelz'with a predeterminedicycle to apply
the voltage to a pair of electrodes 19a and: 19b (refer to
25 Fig. 2) of.the:sensor'i.*fA-voltage'signal outputted from .
the senSorgdriveicircuit-z:at this time is processed to find A
a plating deposition speed. The plating deposition speed is
displayed.by the display circuit 4. a
| The A/D converter circuit 15 A/D-converts'the voltage
30 signal outputted from the sensor drive circuit’ 2 to generate
voltage data which are supplied to the: CPU 17.
.Further, the timer.ls'effects.time-operation'to-
generate time data which ere-supplied to the CPU 17.
The CPU 17 switches the switch 12 so as to be brought
35 to a predetermined cycle, for example; to a cycle such that
a ratio between energization time and deenergization time

4
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19a and 19b of the sensor 1, the CPU 17 processes the voltage data
outputted fromthe A/D converter circuit 2 in accordance with the follow ng
operational equation to find the plating deposition speed which is supplied
to:the 10 display circuit 4: [err] where Kis a constant; 15

[err] is a valleg of the s =Y g 7Y P I f remc | § age
out putted f_r(ﬂ#'t ereeﬁﬁegc%élic%s 2%%2%‘%10;1{ % %SS%Z°\?‘§F‘§e%§f Qt ﬁéﬁ gs??t gﬁé@ %4
Wi t hi n_t he, cus rento Vbl & age, comvidhe ibasis rafuithe2®ime data obtained by the;

Lhi 0t he. cus rEnto bl ¢ & _ _
oo The cortih 16+ b e His WThls o S dectyshPa 48 A3 124

Jromthe el ecéfithe wersorll, amd RS apply wad wolRfagef thiereteosi stance 14 in
the equation (2). .are brought to,thei e cli r ternn t he
pol ar i zat | ©n FORHICHGRE: (e BIE Yo PREGS PERate Be” el 1Lttt

wal ue-[err] of94 hendol9mgef dehe, semsbr He, pihet IORY d9pegiociessespebe i s found
fromthe polarization conductance [egr The 3 | at | deposi ti.o eed
i s supplied thF%gﬂi%F%f%{:Qléﬁ??&fr%e ¢ ﬁe/bplcginivﬁdj%%é'p gfﬁugk ?pg dis
suppl i ed fronaéber@ihbd witihetlte spdHyowing Whera tdicplaeguatdopl &bi fgnd
deposition speed. 35 : Specificall fqr, ex | e R, A2P/ 202A

manuf act ur ed E@e_JﬂaWE‘WPEﬁ?ﬁ{?ﬂsl?%é%svgbiﬁbajggorsé’ipaﬁm Ve £B& i on for
driving tg sa&gﬁapﬂgui@w; manuf act ured by NATI ONAL CONDUCTOR Co., -
Ltd. is used as the operational anplifier 13 of the current voltage
converting circuit 18, Cl CL-7109 manufactured by MAXIM Co., Ltd is used as

the A/D converter 5 <circuit 15, HLIC 6340 nmanufactured by H TACH Co.
Ltd. is used as the tiner 16, and HL 6309E nanufacgéy(ﬂj by HI TACHI

Eg = K-Es-Rf-llRp .
N where K is a constant;
15 ' E, is a value of the voltage data;
Eg 1s a value of reference voltage
outputted from the electric source 11;
Ry is a value of the resistance 14 within
the current -voltage converting circuit
20 18; and
1/Rp is a polarization conductance of
the sensor 1.
In this case, since the constant K, the value Eg of the
reference voltage outputted from the electric source 11, and
25 the value Ry of the resistance 14 in the equation (2) are
~ brought to their respective predetermined values, the
polarization conductance 1/Rp of the sensor 1 is found from
the value-E, of the voltage data, and the plating deposition
speed is found from the polarization conductance 1/R,. The
30 plating deposition speed is supplied to the display cirqpit
4. , _ o
5 ~ When the plating deposition speed is supplied from the
CPU'17. the display circuit 4 displays the plating
_depdsition.speed.
35 Specifically, for example, SSR, A2P/202A manufactured
by JEL SYSTEM Co., Ltd. is used as a relay drive section for
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Co., Ltd. is used as the CPU 17. In addition the el ements descri bed above,
connected to the CPU 17 are, for exanple, a contact out put section [Trade
10 Name: HL-6321, manufactured by H TACH Co., Ltd.] which functions as

Cectton | TG heREhe SR AL CLATET pdniSege e BT AR, 1P
for di spl'ajoMpUOTOR Gd, qQuidutifusied 8as Otmdoﬁémidmaﬁpéinpmﬂé‘rlﬁa

converting-section | Trade Nane: MI-7528, nuf act ured. by NMAX Lt g ]
for creati @ &he GHAT ey YPIEAET KONVEL tHEIE %ﬁ%%tn%%sd?xﬁb Z%Q?lon -

[ Trade Namgapfrakifled ByMactMIesl. PyL O] NN e CRPUEHER 9 cobértetr

nmeasuri ng conductance, and the.like .(all: not_ shown The sensor 1

has an & e(ﬁirréﬂlé-fchﬁ)I L @%d@#ﬂ‘i‘fﬂﬁ'@re@ bﬂ‘fﬁ%&@@lr%ea cbtidt els0 is
orovi ded Wi 4 g, Ay SR 0060 834 T 09)96 R d B8 88 HrTABRTPS!

of el ectrodes ave thei.r respective surfaces which are opposed
to each ot lGw., Cadiucks \msexllraacbhemP&rb725 formed respectively on the

D eeti vely on th AdfEEm A PROsERPIGLLLE YA 86800 2cBhReLRRATH,
S x lrJ ; acelsatz ﬂt#u% a(mplel'nfami)gglmr (@Igs),mplea alobbﬂtaet gbuﬁpﬁer sebgiughgggﬁgg:‘ d
'Ehe nor&%orﬁﬂﬂﬁ'l \i’“ﬁ#ﬁa I?’g%ég ﬁﬁ t?ﬂ'e%#‘éﬁﬁ]él eﬁr ﬁgﬁoi \éﬁlﬂﬁct i ve

mat eri al  SuRihEE1 GO Ys 'BShlls EOPXOutPatDing & hRREnRASS amheﬁxl ahd @het he
| i ke. These el ectrodes 19a and 19b are fi xedly_supported by é resin 23.

A pair of Ik%kﬁvm#eﬁﬁ@ﬂle&?%%ﬁ‘?“?%ﬂﬁhs?ﬁﬁigB [Tpade Né@?n E@ 8dd°kave

Conduct | vo Y Eac SiLEd b WERON! ElearRICOCHTT EEqL £ BSE GISPYabInk 0,
( Tr adenmar k)infiysand ouwtput sﬂf)v\ﬂaﬁépé@tandl Yramdthec6PUong BYAthe el ectroggy
coupl edlfgb&'%e‘féc#’gf%c é'c?{:fo&of'rﬁgﬁlQ“Nhﬁle E fir- ?5%5 RaRArhcthr8ahy’ 0des

19a an rranged-s
- MAXIM Co., Ltd.] for creating a signal for a recorder, a

conductance measuring. section [Trade Name: LF-13741,
manufactured by NATIONAL CONDUCTOR Co., Ltd.] for measuring
- conductance, and the like (all not shown).
20 The sensor 1 has an electrode couple 20 as shown in
Fig. 2. The electrode couple 20 1is provided with the
aforementioned pair of electrodes 18a and 18b. The pair of
electrodes 19a and 18b have their-respective.surfaces which
are opposed to each other. Conductive surfaces 21 are
25 formed respectively on the opposed or-facing5Surfaces, and -
" non-conductive surfaces 22 afe fOrmedérespectiVely_on the ~
opposite surfaces. ‘Preferably, each of the conductive
. surfaces 21 is made of copper (Cu) or a noble-metal material
such as gold (Au), platinum (Pt), palladium (Pd) or the like.
30 Preferably, each of the non-conductive surfaces 22 is made
of an alkaliproof non-conductive material such as epOxy 
"resin, epoxy resin of a glass base maferial. or the like.
These electrodes 19a and 1Sb are fixedly supported by
epoxy resin 23. A palr of lead wires°24'e¥tend through the
35 epoxy resin 23 “and have their respective forward ends which
-are connected respectively to the conductive surfaces 21.

q
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5 that the non-conductive surfaces 22 are opposed to each other. An

el ectrpode couple 20B has a pair of electrodes 19a and 19b by which an

el enent 25 of a rectangul ar parall el epi ped, made of pol ypropylene, is

cl anped. Measuring action or operation of the enbodinment will 10 next be
descri bed wi tmhéeleaanwerés B4garée. coveroe weelsureftgomppmaiemnu)l ust rat ed

in Fi 1, a tinmer_secti f|r t turned surene

Then,gphe change- ogg tﬁﬂ 12 F§°YuFﬁ§Ee%$$V?£# éi?igﬁﬁiéﬂﬁu§¥ éq

start Qf the arma&ureaenboﬁsz)e AAhGEIGereS@é d&xﬁmmﬂs é‘rmbmrl?ieg.arased

t he change- ov smntc 12 _is_tu or t r t.tine S%é% hat the
vol tage is apEPFeG Pﬁ h8fePéEF%58 eﬁo é b rﬁqé 8

vol tage hag bgnatagne ﬁdnt—éohhﬂcelwét saﬁlﬁa@@slpiz 45¢) oppod¥d ad Ze’ﬁdlpn

conductance (inverse 20 nunber tjion resistance val ue
Toasur ed ( S5y OtHeRsur 88 SAAREEORS: SoUPLeiB REE A R EF B AlACRAdaR 1%

converter cirgHigt 168 bySwhiCANMAr beEmdAta28r 67 14 aFsFtdngdi 40 the CPU 17,
and are stored in_a nmenory section (S7 and 88) Subsequentlﬁ t he

change- over sﬂﬁ?é%lféepépﬁgnnEG e50f RRIYPEORY1GRRy sur ement of
the deposition Spemagﬁr@ﬁgphmsn §ECBpQP§f%h08f'€hé eapFd Eherdt Wil

time, output voltag bt ai ned by the sensor drive circuit 2 changes or
vari es as 1ol pext. behdeseslbgeeWlharefigrencenbe Figt . surfaces of the

respect ive el ect rodas A3 h3geutIgohpbleathfci i pecEouRl o2k pd yoldage is

applied to the surfaces of the respective e ectrodes 19a,
pol ari zati on &dmeucsastdoncdsr §1§§ttw§§ﬁn§ﬂe°@a13¢ staet mamerrya (SHh of

the electr Ode'r?‘%%{p' %h%o chlﬂge%'vfe?g%w!%heizbk pQJ}x]?ﬁé& 3+ PNeSESL £ AKF

occurring 35 a he variation in tage 'I's neasured.
Heke, the pl atsuengnslpeeatleas s&apitopdr thenmeasuremenhist$P) wi tAfter six eflect

tes(’ the pol 1 %ltgbﬁgscﬂg%%é%eelg‘égéﬁsethéecEQ&Q%Q&r&bf‘{&?"fﬁ is
pressi o (3
turned on for the first time (S3), so that the voltage is
applied to the electrode couple 20.
Subsequently, after the voltage has been applied to the
electrode couple (S4), a polarization conductance (inverse
20 number of a polarization resistance value) is measured (S5).
Measured analog data are converted into digital by the A/D
converter circuit 15 (S6). Converted data are transmitted
to the CPU 17, and are stored in a memory section (S7 and
S8). Subsequently, the change-over switch 12 is turned
25 "OFF" (S9), whereby the measurement of the deposition speed
N is completed. Such operation is repeated.

At this time, output voltage obtained by the sensor
drive circuit 2 changes or varies as follows. That is, when
plating is made to the surfaces of the respective electrodes

30 1%a, 19b of the electrode couple 20 and voltagée is applied
to the surfaces of the respective electrodes 1%a, 19b, a
polarization conductance occurs between the pair of
electrodes 19a, 19b of the electrode couple 20.

The voltage varies by polarizatioh resistahce occurring

35 at this time, ana the variation in the voltage 1s measured.
Here, the plating speed has a proportional relationship with

1O



[err] where 1pl is the plating speed; Kis a constant; and 10

1.- is the polarization conductance. RP Further, the voltage has a .
proportional rélationship 15 with respect to the pol ari zati on conduct anc
because the voltage has the follow ng rel ati onal expression (4) 1 [err]

where EO i'S_output vol {stance;: and isa .
pol ari zat | oR® ?%é#étEﬂcéﬁgzgpigﬁi?%giég g%ﬁ?%ﬁé%@%%e %ﬁﬁﬂ&? Ym% vol t age i
measur ed, WheIbbwing relabSembleekpressbume(shehalas:ng speed. - The .
apparatus of the aforenentioned enbodinent is next 30 - used to conmpar ey -
wi th each other, the.results in which the dep05|t|on speed of Cu is ’
nmeasured- at platlng processi ng. Measurenment was conducted in which the

el ectrode coupl e, 2 20B il lustrated Figs. 2 and 4 were dipped in

el ectrol ®ss copp%?fpfaglng I qui d COhtg#ﬂl

Fig. 6. The case where thrpel ectrode couple 20 is used and the 11 case
where the el ectrode couple 20B is used, in the apparatus according to the
enbodi ment, are shown in Fig. 7 in conparison. In the above-descri bed
experiment, a flygératipn Y8l tReSpbatenghspéedpterval s of ten (10) mnute
was investigated regarding fluctuation of the neasuring value. Further, t
deposi tion speed was |Kvé§t§gﬁ?ﬁﬁtﬁﬂtih%n@a5|s of a change in plating

t hi cknegg per one hour. 1 B

is the polarization conductance.

' Further, the voltage has a proportional relationship
15 - with respect to the polarization conductance, because the
voltage has the following relational expression (4):

1 |
~ E0 - Eg-Rpg—— ... (4)
20 " RP |

where EO is output voltage'

Re 1s a feedback resistance' and
RP is a polarization resistance.
o5 _ o .

For the reason discussed above, the voltage is
measured, whereby it is possible to measure the plating
speed. - S ' s

The apparatus of the aforementioned embodiment is next

30 used to compare with each other, the results 1n which the
deposition speed of Cu is measured at plating processing
Measurement was conducted in which the electrode couple 20
or 20B iilustrated in Figs. 2 and 4 were dipped'in
electroless copper plating liquid containing components

35 illustrated in Fig. 6. '

The case where the electrode couple 20 is used and the

.
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ng conponents 35 illustrated in -
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As will be seen fromFig. 7, the follow ng good or 10 superior results were
obtained. That is, in the electrode couple 20B, the fluctuation of the
neasuring val ue, and a difference between the neasuring val ue and the
deposition speed of the Cu foi'l were both brought to a value equal to or
greater than h@%ﬂ mhﬂﬁd<thd edectrader goupief @0Bohis @Sedayinwbheeas, in the

el ectrode couple t he f| n re bot h_br ou

to a val ue, | e &P taﬁﬁufoa g"hdt#'%t g%era |8hg§/gg}n%é§du§§§d£§éﬁ? Eggy ?

Si X (Ql/days inrdoimpardrson .Si nce t he non-conductive surface of the 20

el ectrode couple 2 mad resin terlal Si bl e
{0 use the apparat&?zik 4383?5%@W§g3§§ﬁerpFﬁ SﬁﬁéCPlghuﬁ}Pﬁgﬁ gﬁi

in lthe af OrSES%'td elmsf ol riglltfe(ﬁv]tca&lrs fodr ttehleo (cler)omtihutnesswafsdinvbetﬁrgaseﬂ| ngOI

cycl e was short 0J, ex r te secon our 4) seconds
that were theT: ‘{,ié’ﬁ ﬁp"h%@r" 3\()%’19‘% E&@s\ﬁ'gﬁgr g8plte tgufﬁé k88

el ectrodes andjegos i(tiors P wanlinwist iigatedr oacthienbaki Beodf acbRahge! ess

plating were alternately rep ated mhereb was possi ble to approach the
real tinme. Furkth@l afv@ﬂ"% bﬂué'd to the el ectrodes 19a, 30

19b, reading of th%&%ﬁiqctb@%éiﬁtﬁdaﬁmgt arrt %hee&-oamowhaesgoea byo (2)
seconds fromtinme the voltage has been app in grder to lose or nullify

t he char gitfy tsuasnMQnmr WQ¥QIﬂ?ﬂﬁ%ﬂ&@nse?héﬁnﬁﬁnehﬂ thet gdectrode

el ectrodes. |y et althe FAdRAON S ftﬁeeh.eabﬁehﬁgsﬁiueepaﬁat hon
speed, accordlng to invention, the construction and material of

el ectrode coupih’ﬁﬁaﬁ@%é?ﬁtwe%cﬂlq measwyding yadugnangr ther ﬂ68§5@§58§ such
as the el ectrg%f'eng Y s 1P CE PRI wele WIth bPauizhe @8 asvafmmghﬁail go 2.

3 or 4. Acco experinments, however, superior or results

wer\é/ obt ai ned o1 zmtfen rehars 2% dkn Gid teo of) endy i°§et§‘§§é°nn§9§ PRE&N t he
case of theslaler g £ d@?e ?@&Mfge%um@t 205 the P3ackaagibaown
t hat , rode .

by t'he us coupl e
and the difference were both brought to a value less than

+10% even 1f operation was conducted continuously for six
(6) days{
Furthermore, since the non-conductive surface of the
20 electrode couple 20 is made of an epoxy resin material, it
is made possible to use the apparatus in a recycling manner.
In connection with the above, in the aforesaid
measuring action for the deposition speed, the measuring
cycle was short, for example, for ten (10) seconds, and four
25 (4) seconds that were the application time of the voltage
N\ with respect to the electrodes and six (8) seconds that were
the processing time of ‘electroless plating were alternately
repeated, -whereby it was possible to approach the real time.
. Further, when the voltage is applied to the electrodes 19a,
30 19b, reading of the conductance data can start after an
elapse of two (2) seconds from time the voltage has been
applied, in order to lose or nullify the charging time with
respect to the condenser component of the electrodes.
In the apparatus for measuring the electroless
35 deposition speed, according to the invention, the
construction and material of the electrode couple have been

12



illustrated in Fig. 2, a difference between the neasuring value and the
deposition speed on the Cu foil decreases, and 10 fluctuation of the
measuring val ue decreases. Furthernore, it has al so been known that, if,
after constant Cu has been deposited on the conductive surface, the Cuis *
renmoved, itsummmmimmmmﬁtmmmtvmmas o i it is

made easy ta use the electr a recycli anner

present d qciae&t&o 5t S gb:hiéﬁ{)fort t#éd%y Srr%setﬂ éhtcﬁmtﬂé‘

el ectrode )l e, ZﬂmmZOA\oeondmﬂg)m ﬂw@:cbmntehﬁdteudww&ors Owah

present appli cat howev I t,.has erh S bee | dered that the -

di ff er ence SHPeh I'a e fq%‘?‘grﬁ:eesq]nt%ﬁ‘é % cf&rfo(ﬁ:e[ Fere i ng | quid

:jnf ]E he eCé:treIﬂErcsder fengpXi2d ol g hesetl f fmealrtmndgtd %sdl\/‘?ﬁe%ﬁar dlaZOB -
i fference jn_nmeasurin to ectrode coupl es an is

consi der ed 1&IcHeH 0 ‘%hee‘htslt?fiee d@tﬁﬂﬁ{e%p g"ihaarrei% £ das, been :
hi gh- t enpenaidie €t 2%y the alderar |1tt£é“é1edtﬁ%@él%dvéﬁ‘€ ggoecause a -

cl ose-cont act force between the conductive surface the Teflon nmateri al

i s reduced,iEstratey, in Fg’r%vdt?a'l 18 ctfrnence he giheameasaring ont act
section betygage tdiR1 EREIURdoe b el bl tthéheﬁp feme%ec%%rs%%v Bnd

di fference between the 30 neasuring val ue and the deposition speed

Cu foi 11¢ ndFatatien ofh thaineaHining sfalug I‘lﬁﬁﬂﬁﬂﬂ&ﬁw off urtthenmone,i ng
val ue increpsams Wiso Kédd ¥dwn that A EPRAFEL I tRATY Hi%k Hien

el ectrol ess plating deposition speed, conprising: a sensor conpr|5|ng a

pair of el é&l?Qﬁjb%edé?ﬁ fehe fondugfeive surfacs, Sehed G dat mmemvmg a

- conduct or [ﬁgﬂ n tion,

respectlvel o% affn&? saljifpnfsgégtétg%eésjfeée:%r: S |§ac§(rill uct or sqgcrel ng
made of cop{ﬂrmaﬂe £a9%| to s the rlectnodg muomdmmmmlslmu ng magg)
of an aigalmr%t non- conductlve materl al ; a sensor. dri ve

i

¥

At present, a factor of a difference of the measuring
results due to the electrode couples 20 and 20A" is unknown.
According to the inventors of the present application,
however, it has perhaps been considered that the difference

20 1is a difference in chemical reaction of the plating liquid
in the electrode surface due to the diffusion condition.

Moreover, a difference in measuring results due to the
electrode couples 20 and 20B is considered such that, when
the électrode-couples;are dipped in high—temperature'and

25 high-alkari liquid, leakage occurs because a ¢lose-contact
force between the conductive surface and'the Teflon-maferial v
is reduced, so that Cu is gradually deposited or. _ _
precipitated at a contact section between“thetconductive
surface and the lead wires, whereby a difference between the

30 measuring value andtthe deposition speéd on the Cu foil
increases and, in addition thereto, fluctuation of the -
medasuring value increases
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circuit that cyclically applies a reference voltage to each of said
el ectrpodes and neasures a voltage proportional to a polarization resistance
bet ween said pair of electrodes when the reference voltage is applied to

said el ectrodes, an el ectrol ess plati ' giied on said el ectrodes
when the reference voltage is not apmﬁ mllgﬂl mumg circuit that inputs
the nmeasured voltage fromsaid drive elreuit andscomputes the el ectrol ess
pl ati ng _,deposi##épeed; and a display circuit that inputs data of the

pl ati ng_.deposittTt peed from said processing circuit, and displays the
data of *the pliati ng dexmwsappanatpsefor? measurihy supaelectrbdessepdatiing an
el ectrol ess plat.ing: 1t ﬁﬁﬁﬁﬂr'éﬁﬁfr | ' . rei i

nobl e- net al %%Qf&?%ﬁ#ﬁ&d’es e o0 %{%&éﬁ)ﬁgﬂd@lﬁs% %ﬁ%ﬁi‘_’&m
and sai d al kaleyeatfodes- dawing | eachat other,i neacieobnsaid epdeptnades
and epoxy res'#ﬁn%‘lééﬁlim "%féf‘ra' i‘l'om-%onducé:cﬁ“ oD %gx%?.dfeo ortion

measuring an el ectr [ posi tion speed, accor fo Ctaim 2,
wherein said G 8n cPUtSigae PAFELIR xaBIoFRAF IO bPla B8aSR ehb&aithde

of epoxy resiR1edtraids ledtth | SR GATd Sorictvtd bdiHP uiaes B deppryper
are connected -rgigectlve‘l to said conductorgs, 4. An. a gabat,us for
measuring an & GPLETREtAl ARG 8868 1h (7R LhRON-CRRIAGEAEE: bedng mae
Wh_e(rjei n Zai d e ][a@faﬁkamipgdef %m-wmmih g@laﬁaﬁéﬁan; saréa?eo&f datiofe of
sai d conductors, facgs ,t.owar er. ... b. ' ar at or ,measuring
an el ectrol es?’ﬁ%*%d‘%v%ﬂqmﬁ%@fh%i%ﬁeffﬁﬁﬁ J?Lﬁ&ﬁﬁbr?%&?c%
sensor conpri sMgsaidaclectroiest andemefamives eacvobtiage , prepbrifionald to
el ectrodes havj r - - Q. cror i hside riJ d
o out si de pordt | BaTar LESETOR, (OY sF RS RUMUEY (sl P A0 be° A ih g
conduct or s beiwhenetize ofefeppraceonod tagel dsmmli@dldteasaidf edsmictrodes,
non-conduct o , bel g PPgFeal Blatitdyl Wiy dUPbLANNCLhVETR! Yrlett titbed
when the reference voltage is not applied; a processing
circuit that inputs the measured voltage from said drive

circuit and computes the electroless plating deposition
speed; and a display circuit that inputs data of the
plating deposition speed from said processihg circuit, and
displays the data of the plating deposition speed.
2. An apparatus for measuring an electroless plating
deposition speed, according to Claim 1, wherein said noble-
‘metal material includes one of gold, platinum and
palladium, and said alkaliproof non~conductive material
includes one of epoxy resin and epoxy resin of a glass base
material. ' ' '
3. An apparatus for measuring an electroless plating
deposition speed, according to Claim 2, wherein said pair
of electrodes'are'fixably supported by a base member made
of epoxy resin, and a pair of lead wires exteﬁding through
said base member are connected respectively to said
conductors. -

)

4, An apparatus for measuring an electroless plating
deposition speed, according to Claim 3, wherein said pair
of electrodes are arranged such that a surface of each of
said conductors faces toward each other.
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sensor drive circuit conprisin | -means for cyclically
appl yi ng vol tage across the eI m@ ma!'! IlﬂEi zation resistance neans
for neasuring polarization re5| e el ectrodes. 6.

Apparatus according to Claim5 further conprising processing neans for
calculating a plating deposition speed froma neasured pol ari zation

resi stance. 7. A nethod of nmeasuring an electroless plating

deposi tion Speed V\kkpparmhhs)d fmprmm:pi.mg:l an i electdaless| elaping hng
fluid, a paiy

& T aci _ ac el ect
having a con&ggt or and ;&ﬁ%n&con aﬁbgggltﬁgl d%%‘%ﬁﬁc?% afd aéqu&?’%l de
portion, reconprising a)fpaamrpﬁfelec'qredest facing each othex,d em‘:l‘dmﬁ ors

bei ng made g rg?ﬁ t I a’i{&h&&é‘ sgi Ql mﬁ; b
bei ng made o% cﬁ%@%%oﬂégﬁ- c%n(f ctive rrat%frnlia ' g}?@l ?ggﬁ appl y| ng a

e

vol t age -acr @8 ltﬂﬁald% Raxttier and pasentajdet Rertionar rmaﬂtl‘f@svst

bet ween t he e@leff WF0SaY dod etctrod e, 'Ebé}h%@'s%fitd @o@ﬁﬁ;dwfé rﬁéﬂﬁg%ﬁdé On -

speed fromthe polarization resist ance. ar at us uring an

el ectrol ess 9% SOPRTIOF0S ppbﬂfegmlgumidamca pf tors
descri bed weiinr fﬁd%{\(‘cﬁf t#h ﬂl@hﬁﬁpﬁb@fﬂnbﬁrcﬁhaub‘&ive Tnﬁt‘ercifai hghd a
acconpanyi n avm A net hod ,of neasurin n el ectrol ess
Pt hg depBSREth S it Lb FORPE 8100 . PBLEBGR RIS MAARS (FPT
reference t eyioldwal Xy olapplky iy Oultady HorosHS the electrodes and
polarization reslstance means for measuring polarlzatlon
| resistance between the electrodes. _ _ |
6. - Apparatus accord:.ng to Claim 5 further compr:.s:.ng
process:.ng means for calculat:.ng a plat:.ng depos:.tlon speed
- from a measured polarizatlon resistance.
7. A ‘method of measuring an electroless plat:.ng
| _depos:.t:.on speed, which method compr:l.ses placing in an
_electroless platlng fluid, a pair of electrodes fac:.ng each
other, each of said electrodes hav1ng a conductor and a
non-conductor on an inside portion and an outs:Lde port:l.on,
respectrve_ly, of each of said electrodes, each of said _'
conductors being made of copper or a n_o_b_le-m_e_.t_al,_ and each
of said :non-conduc_tors being made of an alkali_proof ‘non-
_ conducti‘ve_ material cyclically applying a iroltage across
_the electrodes, measuring the po'larization resistance
between the electrodes and calculating the -electroless
-plating deposition speed from the polar:.zatlon resistance.
8. Apparatus for measuring an elec_t_ro.less_ plating
deposition speed substantially as h_ereinb.efore described
with reference to, and as shown in, Figures 1 to 4 of the
accompanylng drawings. _ |
9. A method of measuring an. electroless platlng'
deposition speed substantially as herelnbefore described
with reference to Figure 5 of the accomp_any_ing. drawings.
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