
2250095 APPARATUS FOR MEASURING DEPOSITION SPEED OF ELECTROLESS PLATING 5
BACKGROUND OF THE INVENTION The present invention relates to an apparatus
for measuring a deposition speed of electroless plating liquid.
Conventionally, in a manufacturing step of a printed 10  control panel or
distributing board, an electroless copper plating step occupies the
important position. Importance of the electroless copper plating step
increases more and more with development of an additive process. The reason
for this is that, when a plating thickness is not set to an 15. 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 20  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 an adequate value.  As a measuring method of
controlling the plating thickness, there 25  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 the weight of the copper
periodically, there are disadvantages that it 30  becomes difficult to
continue the measurement, and 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. 35 SHO 58-141373 or the like, a method for
measuring a deposition speed of the electroless plating liquid by means   



of a polarization resistance process. This is a method which is
characterized in that, when electroless copper plating reaction advances on
a pair of copper electrodes, in electroless plating liquid, under
conditions that electrical 5 potential is Ep1 and a deposition speed is
1pl, a constant or predetermined electric current [err] is given from the
outside in accordance with the following relational expression, and an
outside polarization [err] induced thereby is measured: 10 [err] 15
where [err] is the outside polarization; [err] 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 increases 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 20% 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 -2-    thickness.
Etching leavings and cracks occur in the 



measuring step of the printed control panel.  This reduces the through-hole
reliability considerably. SUMMARY OF THE INVENTION It is therefore an
object of the invention to provide an apparatus for measuring a deposition
speed of electroless plating,  in which a difference between a measuring
value and a deposition speed of a metal foil such as Cu or the like is
small,  and fluctuation of the measuring value is also small. In order to
achieve the above-described object, according to the invention, there is
provided an apparatus for measuring an electroless plating deposition
speed, comprising: a sensor comprising 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-metal,
and each of said non-conductors being made of an alkaliproof non-conductive
material;  a  sensor  drive  circuit  that cyclically applies a reference
voltage to each of said electrodes  and measures  a voltage  proportional
to  a polarization resistance between said pair of electrodes when 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 deposition speed.
-3-    According to the present invention there is further provided
apparatus for measuring an electroless plating deposition speed, which
apparatus comprises a sensor comprising 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-metal, and each of said
non-conductors being made of an alkaliproof non-conductive material; and a
sensor drive circuit comprising voltage applying means for cyclically
applying voltage across the electrodes and polarization resistance means
for measuring polarization resistance between the electrodes. 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- metal, 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
electroless plating deposition speed from the polarization resistance.
[err] [err]. [err].  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-    With the arrangement of the invention,
voltage is applied to the pair of electrodes by the sensor drive circuit.
When the voltage is applied, the polarization resistance between the pair
of electrodes is measured, while, when the voltage is not applied, the
electroless plating is deposited on the electrode couple. 



The polarization resistance  is outputted to the processing circuit as a
voltage value, and is converted into a digital signal. Subsequently, the
converted output is used to compute the deposition speed of the electroless
plating components at the computing section. The results of the computation
are displayed by the display circuit. In this manner, in the invention,
since the deposition speed is computed and displayed on the basis of 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 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 prevented from
being oxidized. As a result, plating of each of the electrode surfaces
advances smoothly.  Thus, the measurement of the deposition speed, which is
higher in accuracy, 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 opposed surfaces of the pair of electrodes
is compared with the case where the metal material is formed on the outside
opposite surfaces 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    liquid is made non-uniform. For this reason, the arrangement
in which the metal material is formed on each of the inside opposed
surfaces is less in difference between the measuring value and the
deposition speed on the Cu foil 5 than the arrangement in which the metal
material is formed on each of the outside opposite surfaces. Furthermore, 



fluctuation of the measuring value is also reduced. Moreover, each of the
non-conductive surfaces is made of a non-conductive material of alkalinity
such as an epoxy 10 resin material or the like, whereby deterioration of
the non-conductive surface is reduced and, in addition thereto, an attempt
can be made to recycle the pair of electrodes. The service life of the pair
of electrodes is also considerably prolonged. 15 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 is 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       Fig. 5 is 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 comparison with a comparative example. 35 DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS    Fig. 1 is a block diagram
showing an embodiment of an apparatus for measuring a deposition speed of
electroless plating, according to the invention. The apparatus for
measuring the deposition speed of 5 electroless plating, illustrated in
Fig. 1, comprises a sensor 1,a sensor drive circuit 2, a processing circuit
3 



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 comprises an electric source 11 for generating reference
voltage of preferably 5 mV ~ 20 mV, a switch 12 for applying the reference
voltage obtained by the electric source 11 to the sensor 1 to take out a 15
current signal flowing at the application of the reference voltage, and a
current voltage 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 is 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 processing circuit 3
operates the switch 12 with a predetermined cycle to apply the voltage to a
pair of electrodes 19a and 19b (refer to 25  Fig. 2) of the sensor 1.  A
voltage signal outputted from the sensor drive circuit 2 at this time is
processed to find a plating deposition speed.  The plating deposition speed
is displayed  by the display circuit 4. 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 16 effects time operation to generate time data which are 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    with respect to the sensor 1
is brought to a range of from 1 : 1 to 1 : 10, on the basis of the time
data obtained by the timer 16, to apply the voltage to the electrodes 19a
and 19b of the sensor 1, or to apply no voltage thereto. 5  Furthermore,
when the voltage is applied to the electrodes 



19a and 19b of the sensor 1, the CPU 17 processes the voltage data
outputted from the A/D converter circuit 2 in accordance with the following
operational equation to find the plating deposition speed which is supplied
to the 10  display circuit 4: [err] where K is a constant; 15
[err] is a value of the voltage data; [err] is a value of reference voltage
outputted from the electric source 11; Rf is a value of the resistance 14
within the current voltage converting circuit 20                      18;
and [err] is a polarization conductance of the sensor 1. In this case,
since the constant K, the value [err] of the reference voltage outputted
from the electric source 11, and 25  the value Rf of the resistance 14 in
the equation (2) are brought to their respective predetermined values, the
polarization conductance [err] of the sensor 1 is found from the
value-[err] of the voltage data, and the plating deposition speed is found
from the polarization conductance [err]  The 30  plating deposition speed
is supplied to the display circuit 4. When the plating deposition speed is
supplied from the CPU 17, the display circuit 4 displays the plating
deposition speed. 35       Specifically, for example, SSR, A2P/202A
manufactured by JEL SYSTEM Co., Ltd. is used as a relay drive section for
driving the switch 12, LT-13741 manufactured by NATIONAL CONDUCTOR Co.,
Ltd. is used as the operational amplifier 13 of the current voltage
converting circuit 18, CICL-7109 manufactured by MAXIM Co., Ltd is used as
the A/D converter 5  circuit 15, HLIC 6340 manufactured by HITACHI Co.,
Ltd. is used as the timer 16, and HL 6309E manufactured by HITACHI 



Co., Ltd. is used as the CPU 17. In addition the elements described above,
connected to the CPU 17 are, for example, a contact output section [Trade
10  Name: HL-6321, manufactured by HITACHI Co., Ltd.] which functions as
means for outputting a warning or alarm and the like, a panel input-output
section [Trade Name: [err] 8279C, manufactured by NIHON ELECTRIC Co., Ltd.]
for displaying input and output of data to and from the CPU, a D/A 15
converting section [Trade Name: MT-7528, manufactured by 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 is
provided with the aforementioned pair of electrodes 19a and 19b. The pair
of electrodes l9a and 19b have their respective surfaces which are opposed
to each other. Conductive surfaces 21 are 25  formed respectively on the
opposed or facing surfaces, and non-conductive surfaces 22 are formed
respectively 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 material, or the
like. These electrodes 19a and 19b are fixedly supported by epoxy resin 23.
A pair of lead wires 24 extend through the 35  epoxy resin 23, and have
their respective forward ends which are connected respectively to the
conductive surfaces 21. 9    The lead wires 24 are covered with Teflon
(Trademark). Figs. 3 and 4 show respectively modifications of the electrode
couple. An electrode couple 20A shown in Fig. 3 has a pair of electrodes
19a and 19b which are arranged such 



5  that the non-conductive surfaces 22 are opposed to each other. An
electrode couple 20B has a pair of electrodes 19a and 19b by which an
element 25 of a rectangular parallelepiped, made of polypropylene, is
clamped. Measuring action or operation of the embodiment will 10 next be
described with reference to Fig. 5. In the measuring apparatus illustrated
in Fig. 1, a timer section is first turned on to start measurement (S1).
Then, the change-over switch 12 is turned off for six (6) seconds after
start of the measurement (S2). After six (6) 15 seconds have been elapsed,
the change-over switch 12 is 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 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 19a, 19b of the electrode couple 20 and voltage is
applied to the surfaces of the respective electrodes 19a, 19b, a
polarization conductance occurs between the pair of electrodes l9a, 19b of
the electrode couple 20. The voltage varies by polarization resistance
occurring 35 at this time, and the variation in the voltage is measured.
Here, the plating speed has a proportional relationship with 10    respect
to the polarization conductance, because the following relational
expression (3) holds: 



[err] where 1pl is the plating speed; K is a constant; and 10
1 -     is the polarization conductance. RP Further, the voltage has a
proportional relationship 15  with respect to the polarization conductance,
because the voltage has the following relational expression (4): 1 [err]
where E0 is output voltage; Rf is a feedback resistance; and RP is a
polarization resistance. 25 For the reason discussed above, the voltage is
measured, whereby it is possible to measure the plating speed. - The
apparatus of the aforementioned embodiment is next 30  used to compare,
with each other, the results in which the deposition speed of Cu is
measured at plating processing. Measurement was conducted in which the
electrode couple 20 or 20B illustrated 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 11    case
where the electrode couple 20B is used, in the apparatus according to the
embodiment, are shown in Fig. 7 in comparison. In the above-described
experiment, a fluctuation value 5 at each of intervals of ten (10) minutes
was investigated regarding fluctuation of the measuring value. Further, the
deposition speed was investigated on the basis of a change in plating
thickness per one hour. 



As will be seen from Fig. 7, the following good or 10 superior results were
obtained. That is, in the electrode couple 20B, the fluctuation of the
measuring value, and a difference between the measuring value and the
deposition speed of the Cu foil were both brought to a value equal to or
greater than 10% in spite of only operation for one 15 day, whereas, in the
electrode couple 20, the fluctuation and the difference were both brought
to a value less than 10% even if 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 with respect to the
electrodes and six (6) 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    such that modifications of various types such
as the electrode couple 20, 20A or 20B were considered as shown in Fig. 2,
3 or 4.  According to the experiments, however, superior or good results
were obtained if the former 5  electrode couple 20 is used, more than the
case of the latter two electrodes 20A and 20B. That is, it has been known
that, by the use of the electrode couple 20 



illustrated in Fig. 2, a difference between the measuring value and the
deposition speed on the Cu foil decreases, and 10  fluctuation of the
measuring value decreases.  Furthermore, it has also been known that, if,
after constant Cu has been deposited on the conductive surface, the Cu is
removed, it is possible to again use the electrode couple, that is, it is
made easy to use the electrode section in a recycling 15 manner. 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  is 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 electrode couples are dipped in
high-temperature and 25 high-alkari liquid, leakage occurs because a
close-contact force between the conductive surface and the Teflon material
is reduced, so that Cu is gradually deposited or precipitated at a contact
section between the conductive surface and the lead wires, whereby a
difference between the 30 measuring value and the deposition speed on the
Cu foil increases and, in addition thereto, fluctuation of the measuring
value increases. 35    CLAIMS 1.      An apparatus for measuring an
electroless plating deposition speed, comprising: a sensor comprising 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-metal, and each of said non-conductors being made
of an alkaliproof non-conductive material; a sensor drive 



circuit that cyclically applies a reference voltage to each of said
electrodes and measures a voltage proportional to a polarization resistance
between said pair of electrodes when 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 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 extending 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.    5.      Apparatus for measuring
an electroless plating deposition  speed,  which  apparatus  comprises  a
sensor comprising 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-metal, and each of said
non-conductors being made of an alkaliproof non-conductive material and a 



sensor drive circuit comprising voltage applying means for cyclically
applying voltage across the electrodes and polarization resistance means
for measuring polarization resistance between the electrodes. 6.
Apparatus according to Claim 5 further comprising processing means for
calculating a plating deposition speed from a measured polarization
resistance. 7.      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-metal, 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 electroless plating deposition
speed from the polarization resistance. 8.      Apparatus for measuring an
electroless plating deposition speed substantially as hereinbefore
described with reference to, and as shown in, Figures 1 to 4 of the
accompanying drawings. 9.      A method  of measuring  an electroless
plating deposition speed substantially as hereinbefore described with
reference to Figure 5 of the accompanying drawings. 15    


