
EP 0 284 270 B1 Description Technical Field 5     The invention involves a
process for treating an article where the composition of a multicomponent
solution used in the process is monitored using highly accurate index of
refraction measurements. Background of the Invention 10     Various types
of chemical solutions are used extensively in the fabrication of devices
and articles. Typical examples are plating solutions, solutions used to
etched surfaces or holes, solutions used to prepare surfaces for various
processing, etc. The success of these processes often depend critically on
the exact composition of these solutions as well as other process
parameters such as temperature, contact time, etc. Highly desirable is a
continuous procedure for monitoring solution composition so as to insure is
close control of the process. Indeed, in many modem technological
processes, rapid, continuous response to composition changes is a necessity
to avoid extensive loss of product and to prevent the production of
defective product. A particular example may be useful in illustrating the
importance of close control of solution composi- tion in some processes.
Solutions of dimethylformamide in water are used to treat polymer surfaces
prior to 20   metallisation in the fabrication of substrates for circuit
boards. Close control of solution composition is of critical importance.
Too high a concentration of dimethylformamide in water leads to a brittle
surface; too low a concentration produces insufficient swelling and often
weak bonding of metal to polymer surface. Close control of solution
concentration as well as temperature and exposure time yields smooth, well-
bonded metallic layers suitable for use in circuit boards. 25
Particularly useful is a method of continuously monitoring solution
composition so as to insure correct composition of solution at all times.
Also useful is a feedback system to continuously and automatically adjust
solution composition to a predetermined value. Various multicomponent
solutions are of interest including 2-component solutions, 3-component
solutions and larger-component solutions. United States Patent No.
4,451,147 discloses a refractometer for measuring refractive index of a 30
medium during a continuous process in which a light beam is directed to a
prismatic body having a media surface contacting the boundary surface of
the media and a mirror surface, the media surface reflecting a measurement
light beam refracted by the media and the mirror surface a reference beam.
The reference and media beams are directed to respective light detectors.
According to the present invention there is provided a process as defined
in claim 1. 35     An embodiment of the invention provides a process for
treating a device, said process involving a solution, in which the
composition of the solution is monitored by a special refractive index
measurement procedure. The measurement procedure involves use of a dual
wavelength technique to provide intrinsic stability and a glass surface in
contact with the solution to provide extremely high sensitivity. The
procedure is designed to provide extremely accurate index of refraction
measurements over the narrow index range of 40 interest in solution
composition measurements. The index range is fixed by suitable selection of
glass material, angle of incidence and wavelength. Two wavelengths [err]
and [err] are selected so as to provide partial reflection of one
wavelength [err] and complete reflection of the other wavelength [err]).
The second wavelength [err] provides a reference beam to correct for
fluctuations in various parameters such as source intensity. The first
wavelength [err] is used to measure index of refraction. Such a system
provides a 45 monitoring scheme where solution composition is a function of
reflected light intensity. Such close control of solution composition
yields excellent results particularly for the swelling operation in
metallizing polymer surfaces for circuit boards or other uses. Brief
Description of the Drawings 50 FIG. 1 shows an optical ray diagram of the
solution composition monitoring system; FIG. 2 shows a calibration of light
intensity vs. solution composition for dimethylformamide in water solution;
FIG. 3 shows a diagram of a typical apparatus for monitoring solution
composition in accordance with the 55   invention; and FIG. 4 shows data on
the refraction intensity vs. composition in a dimethylformamate in water
solution. Detailed Description 2 



EP 0 284 270 B1 The invention is based on the discovery that the index of
refraction of a solution can be measured very accurately and in a form
highly convenient for process monitoring by putting the solution in contact
with one surface of a prism, adjusting the angle of incidence of the light
beam on this prism surface so that small changes in the index of refraction
of the liquid result in changes in the intensity of the reflected light. As
the 5  index of the liquid approaches the index of the glass prism, more
and more light is refracted into the liquid and less reflected away from
the liquid (see FIG. 1). A double beam arrangement is used in the measuring
process with two beams of light or radiation at different wavelengths. The
first beam of light with wavelength [err] is used to measure the index of
refraction of the solution as described above. The other beam of light with
wavelength [err] is used as a standard or reference beam to correct for
various parameter variations such 10  as variation in source intensity,
detector sensitivity, amplifier gain, surface film formation on the prism,
etc. The temperature of the solution is also measured to correct for
variations of parameters caused by temperature changes. The standard beam
is largely reflected at the glass-liquid interface with little or no
refraction into the liquid. This is usually referred to as total reflection
of the beam. In practice, reflection is only about 95 15  percent due to
various imperfections in the glass-liquid interface such as scratches,
dust, etc. For convenience, the reflection is referred to as total although
its important characteristic is its independence from variations in the
index of refraction of the liquid. The invention is conveniently described
in terms of the design of the apparatus used to measure the composition of
the solution. Two wavelengths are used in the measurement, one wavelength
being partially 20  reflected from a solid-liquid interface and the other
wavelength totally reflected and used as an intensity reference. The
reflectivity of the partially-reflected beam depends on the index of
refraction of the liquid. Various arrangements can be used to accommodate
the two wavelengths. Two light beams might be used as one beam containing
the two wavelengths. Also, a beam of light with a range of wavelengths
might be used with proper selection of each wavelength (e.g., by the use of
optical filters) at the detector. 25     The general structure and
measurement philosophy applies to a large variety of solutions including
binary solutions and solutions with more than two components. For purposes
herein, solutions with more than two components are referred to as
multicomponent solutions. Particular design features depend on the range of
index which need be measured to monitor the composition of the solution. In
order to provide a concrete example, a dimethylformulate-water solution
will be used with composi- 30  tion at about 863 volume percent
dimethylformamate. The index of refraction at ambient temperatures is about
1.42. The range of index around this index which is useful for composition
control at ordinary ambient temperatures is about 0.005. The procedure is
designed to insure maximum index sensitivity in this index range. In
applying the process to a specific solution, parameters are selected to
insure accurate measurement 35  over the index range of interest. This
index range depends on the solution and how the index changes with
composition and the expected temperature variations and how it effects the
index. Among the parameters to be selected are the index of refraction and
dispersion of the glass, the angle of incidence of the measuring and
reference beams and the wavelengths of the measuring and reference beams.
The various parameters may be selected in a number of ways. It is usually
most convenient to first 40  select the glass (or transparent substance)
used in the prism in contact with the solution. Although a number of
transparent substances can be used including plastic, single crystal, etc.,
glass is most convenient and is usually not affected by the solution being
measured. Optical quality glass is most preferred. Typical optical
materials are quartz, flint glass and Crown glasses. A large variety of
optical materials including optical glasses are found in various trade
catalogs including "The Optical Purchasing 45  Directory", Book 2, The
Optical Publishing Co., Inc., Pittsfield, Massachusetts. It should be
remarked that the glass denoted as SF-11 (made by Schott or Ohara), with
index 1.785 at the sodium D line, Abbe Number 25.7 is useful for a large
variety of applications. In order to have partial reflection of the light
beam from the glass-solution interface, the index of the glass of at least
0.1 units higher than the index of the solution being measured. This is to
insure reasonable 50   reflections at the glass solution interface. It is
preferred that the index of the glass be not more than about 



0.6 units greater than the solution because of the difficulty of obtaining
any reflection at the glass-solution interface at reasonable angles of
incidence. Generally, a glass index about 0.3 to 0.4 units greater than the
solution is most convenient. Second, the angle of incidence is chosen to
yield reasonable reflection intensity at the solution 55   composition of
interest. It is preferred that this reflection intensity change
significantly with composition and that this change be approximately linear
with solution composition. The wavelength of the measuring [err] and
reference beam [err] are chosen so that the measuring beam is partially
reflecting at the interface and the reference beam is completely reflecting
at the glass-liquid interface. 3    EP 0 284 270 B1 A calculation is
carried out to determine the nature of the function of reflected intensity
vs. composition of the solution. The calculation is best explained by
reference to the setup 10 in FIG. 1. The solution 11 being measured has an
index of refraction denoted by n and the glass prism 12 an index of
refraction denoted by [err]. The incident light beam 13 has an angle of
incidence of [err] and the angle of refraction of the 5   refracted beam 14
is denoted by [err]. The angle of incidence [err] is selected to produce
roughly 50 percent reflection for [err] near the midpoint of the index
range to be controlled and to produce roughly linear response to
composition changes. Simultaneously, near total reflection is desired for
[err] over the entire range of solution composition and temperature. To
achieve this result, calculations are made of the reflection coefficient at
the different index of refractions exhibited by the solution at the
compositions of 10  interest and likely solution temperatures form the
reflected beam 15. Both the measuring beam and reference beam are usually
incorporated in the incident beam; the measuring beam at a wavelength where
only partial reflection occurs and the reference beam a wavelength where
total reflection occurs. The intensity of the reflected light beam can be
characterized theoretically by the use of the Fresnel reflection
coefficients. Light is characterized by the phase and amplitude of the
electric field in two 15 perpendicular planes. The plane defined by the
incident and reflected beams is denoted by the subscript p, while the plane
perpendicular to this is denoted by the subscript s. The general theory
applies to absorbing medium, and the reflection coefficients are complex
variables. However, for the present case, both the glass prism and the
solutions are assumed to be lossless dielectrics and the simplified
coefficients are used. The ratio of the amplitude of the reflected and
incident electric fields are [err] and [err] for p and s polarized light:
[err] 25 (2) 30 The angle of refraction [err] is related to the angle of
incidence [err] by Snell's law: [err] sin [err] = n sin [err].  (3) 35
The intensities of the reflected beams are obtained by squaring the
amplitude reflection coefficients and are denoted as [err] and [err] For
unpolarized light and no polarization selection in the detector system, the
reflection coefficient is given by 40 R  =  0.5 [err]
(4) The refractive index of both the glass prism and the solution are
functions of wavelength. The refractive 45 index of the solution is a
function of temperature and composition. For design purposes, the
temperature dependence of the glass is neglected. For design purposes, the
intensity of the reflected measuring beam is calculated as a function of
index of refraction for indexes of interest in measuring composition of the
solution. This is done for various angles of incidence [err] to insure a
reasonably linear relation between composition and reflection intensity and
some 50  reasonable change in reflection intensity with composition. A
typical set of curves is shown in FIG. 2 where intensity reflection
coefficient is plotted as a function of composition of a
dimethylformamide-water solution. Three curves are shown as three different
angles of incidence [err]. At [err] = 52.65 degrees. The R vs. composition
curve is highly nonlinear and at [err] = 52.15 



degrees, the variation of R with composition is not very great. 55     At a
value of [err] = 52.40 degrees, the curve is close to linear and the change
of R with composition is reasonably large. Thus, for angles of incidence
close to [err] = 52.40 degrees, the dependence of R on composition seems
satisfactory for composition measurement. Also, calculations for the
reference beam at a wavelength of 486 nm show complete reflection over the
composition range of interest and the solution 4    EP 0284270 B1
temperature range of interest. FIG. 3 shows an apparatus used to monitor
the composition of a solution in accordance with the invention. It
essentially measures index of refraction of the solution by the intensity
of the light reflected from the glass-solution interface. The apparatus 30
is composed of a light source 31, a lens and aperture 5  system to produce
collimated light 32, a glass prism 33 which interfaces with the solution
being measured 34 at an interface 35 where some of the light is reflected
and then collected at another lens system 36. The collected light is
divided into two parts, one 37 going to a detection system that responds
only to light at the measuring-beam wavelength (810 [err] in this example)
and one 38 responding only to light at the reflected- beam wavelength (450
[err] in this example). Light filters 39 and 40 are often used in front of
the light 10 detectors to accomplish this end. After fixing the parameters
for a particular application, it is often advantageous to produce a
calibration curve both for added accuracy and to confirm the near linear
relationship between reflected intensity and composition. Measurements are
made on solutions of known composition. A standardized reflection intensity
is used which is the intensity of the measuring beam (at 810 [err] in this
case) divided by the 15 intensity of the standard beam (450 [err] in this
case) in the calibration measurements and subsequent concentration
measurement. A typical calibration measurement is shown in FIG. 4 for
[err]. Other calibration curves may be measured for other temperatures. By
suitable measurement of standardized reflection intensity and temperature,
the solution composition may be determined. Also, a feedback control system
is advantageously used with this system. 20    Solutions with more than two
components can be measured with additional information. For example,
densitometer measurements may be used in conjunction with the index of
refraction measurements to provide the additional information or various
other types of measurements (calarimetry, etc.) may be used. Also, various
assumptions may be made such as two components remain in the same ratio to
provide the additional information for the third component. 25     Process
carried out using the inventive process yield excellent results including
extremely uniform and constant amount of swelling and uniform surface
plating. In addition, electroless metal plating (e.g., copper or nickel)
carried out on such surfaces after suitable swelling yields excellent
metallized surfaces suitable for a variety of applications including for
electronic devices, printed wiring boards, as well as cosmetic or jewelry
articles. 30 Claims 1. A process of treating an article by contacting at
least part of a surface of the article with either a multicomponent
solution or a reaction product of the multicomponent solution and at least
one reactant, 35     and monitoring the composition of the solution, which
monitoring comprises: placing said solution or reaction product in contact
with a transparent solid so as to form a interface between the solid and
the solution, directing onto said interface at least one light beam of
radiation, and measuring refractive index of the solution, said at least
one light beam comprises a radiation with two wavelengths which are
different each 40     from another and are so selected that for one
wavelength a portion of said radiation is reflected and another portion is
refracted at said interface, the reflected and refracted radiation portions
of said one wavelength being dependent on the index of refraction of the
multicomponent composition, and for another of said two wavelengths the
radiation is reflected from the transparent solid-solution interface and is
totally independent of the index of refraction of the multicomponent
composition, and 45         said measuring includes measuring the intensity
of the radiation with said one wavelength and with 



said another wavelength. 2. The process of claim 1 in which the
multicomponent solution is a two-component solution. so  3.  The process of
claim 2 in which the multicomponent solution comprises dimethylformamate in
water. 4. The process of claim 1 in which the transparent solid is a glass
in the form of a prism. 5. The process of claim 4 in which the index of
refraction of the glass is from 0.1 to 0.6 units higher than 55     that of
the multicomponent solution. 6. The process of claim 5 in which the index
of refraction of the multicomponent solution is 1.42  0.01.    EP 0 284
270B1 temperature range of interest. FIG. 3 shows an apparatus used to
monitor the composition of a solution in accordance with the invention. It
essentially measures index of refraction of the solution by the intensity
of the light reflected from the glass-solution interface. The apparatus 30
is composed of a light source 31, a lens and aperture 5  system to produce
collimated light 32, a glass prism 33 which interfaces with the solution
being measured 34 at an interface 35 where some of the light is reflected
and then collected at another lens system 36. The collected light is
divided into two parts, one 37 going to a detection system that responds
only to light at the measuring-beam wavelength (810 [err] in this example)
and one 38 responding only to light at the reflected- beam wavelength (450
[err] in this example). Light filters 39 and 40 are often used in front of
the light 10  detectors to accomplish this end. After fixing the parameters
for a particular application, it is often advantageous to produce a
calibration curve both for added accuracy and to confirm the near linear
relationship between reflected intensity and composition. Measurements are
made on solutions of known composition. A standardized reflection intensity
is used which is the intensity of the measuring beam (at 810 [err] in this
case) divided by the 15   intensity of the standard beam (450 [err] in this
case) in the calibration measurements and subsequent concentration
measurement. A typical calibration measurement is shown in FIG. 4 for
[err]. Other calibration curves may be measured for other temperatures. By
suitable measurement of standardized reflection intensity and temperature,
the solution composition may be determined. Also, a feedback control system
is advantageously used with this system. 20     Solutions with more than
two components can be measured with additional information. For example,
densitometer measurements may be used in conjunction with the index of
refraction measurements to provide the additional information or various
other types of measurements (calarimetry, etc.) may be used. Also, various
assumptions may be made such as two components remain in the same ratio to
provide the additional information for the third component. 25     Process
carried out using the inventive process yield excellent results including
extremely uniform and constant amount of swelling and uniform surface
plating. In addition, electroless metal plating (e.g., copper or nickel)
carried out on such surfaces after suitable swelling yields excellent
metallized surfaces suitable for a variety of applications including for
electronic devices, printed wiring boards, as well as cosmetic or jewelry
articles. 30 Claims 1. A process of treating an article by contacting at
least part of a surface of the article with either a multicomponent
solution or a reaction product of the multicomponent solution and at least
one reactant, 35     and monitoring the composition of the solution, which
monitoring comprises: placing said solution or reaction product in contact
with a transparent solid so as to form a interface between the solid and
the solution, directing onto said interface at least one light beam of
radiation, and measuring refractive index of the solution, said at least
one light beam comprises a radiation with two wavelengths which are
different each 40     from another and are so selected that for one
wavelength a portion of said radiation is reflected and another portion is
refracted at said interface, the reflected and refracted radiation portions
of said one wavelength being dependent on the index of refraction of the
multicomponent composition, and for another of said two wavelengths the
radiation is reflected from the transparent solid-solution interface and is
totally independent of the index of refraction of the multicomponent
composition, and 



45         said measuring includes measuring the intensity of the radiation
with said one wavelength and with said another wavelength. 2. The process
of claim 1 in which the multicomponent solution is a two-component
solution. 50  3. The process of claim 2 in which the multicomponent
solution comprises dimethylformamate in water. 4. The process of claim 1 in
which the transparent solid is a glass in the form of a prism, 5. The
process of claim 4 in which the index of refraction of the glass is from
0.1 to 0.6 units higher than 55     that of the multicomponent solution. 6.
The process of claim 5 in which the index of refraction of the
multicomponent solution is 1.42  0.01. 5    EP 0 284 270 B1 7. The process
of claim 6 in which the glass has index refraction of 1.785 0.020 at the
sodium D line and an Abbe Number of 25.7  0.3. 8.  The process of claim 1
in which the surface of the article is a polymer surface. 5 9. The process
of claim 8 in which the surface is subjected to electroless metal plating.
PatentansprUche lo  1. Verfahren zur Behandlung eines Artikels, in dem
mindestens ein Tell einer Oberfliche des Artikels mit entweder einer
Vielkomponenten-L-sung oder einem Reaktionsprodukt der
Vielkomponenten-L6sung und mindestens elnem Reaktionsmittel in Berthrung
gebracht und die Zusammensetzung der L6sung Uberwacht wird, wobei die
Oberwachung folgende Schritte umfalt: die Losung oder das Reaktionsprodukt
wird in BerUhrung mit einem durchsichtigten Festkbrper 15     gebracht, so
daB eine Zwischenflache zwischen dem Festkorper und der Losung gebildet
wird, auf die Zwischenflache wird mindestens ein Uchtbindel einer Strahlung
gerichtet, der Brechungsindex der Losung wird gemessen, der mindestens eine
LichtbUndel weist eine Strahlung mit zwei Wellenlangen auf, die
unterschiedlich zueinander sind und so ausgewahit sind, daB fOr eine
Wellenl~nge emn Tell der Strahlung reflektiert und fi40      ein anderer
Teil an der Zwischenflache gebrochen wird. wobei der reflektierte und
gebrochene Strahlungsanteil dieser einen Wellenlange von dem Brechungsindex
der Vielkomponenten-Zusammen- setzung abhangt und far eine andere der
beiden Wellenlangen wird die Strahlung von der transparen- ten
Zwischenflache fest-flissig reflektiert und ist ganzlich unabhangig von dem
Brechungsindex der Vielkomponenten-Zusammensetzung und 25     die Messung
umfalt die Messung der Intensitat der Strahlung mit der einen Wellenlange
und mit der anderen Wellenlange. 2  Verfahren nach Anspruch 1, in welcher
die Vielkomponenten-Lo sung eine Zweikomponenten-Losung ist. 30 3.
Verfahren nach Anspruch 2, in welcher die Vielkomponenten-Losung
Dimethylformamat in Wasser umfalt. -    -  4. Verfahren nach Anspruch 1, 35
in welcher der transparente Feststoff als Glas in Form eines Prismas
vorliegt. 5. Verfahren nach Anspruch 4, in welcher der Brechungsindex des
Glasses von 0,1 bis 0,6 Einheiten gr6Ber als der der
Vielkomponenten-Lo-sung ist. 40 6. Verfahren nach Anspruch 5, in welcher
der Brechungdsindex der Vielkomponenten-L6sung 1,42  0,01 betragt. 7.
Verfahren nach Anspruch 6, 45     in welcher das Glas einen Brechungsindex
von 1,785  0,020 bei der Natriumlinie D und eine Abbe- Zahl von 25,7  0,3
aufweist. &  Verfahren nach Anspruch 1, in welchem die Oberflache des
Artikels eine Polymeroberflache ist. 



50 9. Verfahren nach Anspruch 8, in welchem die Oberflache einem
elektrofreien Metallplattieren ausgesetzt wird. Revendicatlons 65 1. Un
proc6dd de traitement d'an article par la mise en contact d'au moins une
partie d'une surface de l'article avec une solution a composants multiples
ou avec un prodult de r6action de la solution a composants multiples et
d'au moins un reactif, et par le contr8le de la composition de la solution,
ce 6    EP 0 284 270 B1                I liii  111111  lil   ll 11 I1 *   C
L   M   S   * contr8le comprenant: les operations qui consistent a placer
la solution ou le produit de r6action en contact avec un solide
transparent, de fagon a former une interface entre le solide et la
solution, a diriger sur cette interface au moins un faisceau de rayonnement
lumineux, et a mesurer l'indice de refraction de la solution, 5         le
ou les faisceaux lumineux consistant en un rayonnement qui comprend deux
longueurs d'onde qui sont mutuellement diffdrentes et qui sont
selectionn6es de facon que pour une longueur d'onde, une partie du
rayonnement soit r6fl6chie, tandis qu'une autre partie est r6fractee a
l'interface, les parties de rayonnement r6flechie et r6fractee de la
longueur d'onde pr6cit6e dependant de l'indice de refraction de la
composition a composants multiples, et de fagon que pour une autre des deux
10     longueurs d'onde, le rayonnement soit r~fl6chi par l'interface entre
le solide transparent et 1a solution, et solt totalement ind6pendant de
l'indice de refraction de la solution a composants multiples, et la mesure
comprenant la mesure de l'intensit6 du rayonnement a la longueur d'onde
mentionn6e en premier et a l'autre longueur d'onde. 15  2. Le proced6 de la
revendication 1. dans lequel la solution a composants multiples est une
solution a deux composants. 3. Le proc6d6 de la revendication 2, dans
lequel la solution a composants multiples consiste en dim6thylformamate
dans de l'eau. J 20 4. Le proc6de de la revendication 1, dans lequel le
solide transparent est un verre ayant la forme d'un prisme. 5. Le proc6de
de la revendication 4, dans lequel l'indice de refraction du verre est
sup~rieur de 0,1 A 0,6 25     unit6 a celui de la solution A composants
multiples. 6. Le procede de la revendication 5, dans lequel l'indice de
refraction de la solution a composants multiples est 6gal a 1,42 0,01. 30
7. Le proc6de de la revendication 6, dans lequel le verre a un indice de
refraction de 1,785 0,020 a la raie D du sodium, et un coefficient d'Abbe
de 25,7 0,3. 8. Le proc6d6 de la revendication 1, dans lequel la surface de
l'article est une surface en polymere. 35  9. Le proc6de de la
revendication 8, dans lequel la surface est soumise A une op6ration de
revgtement chimique par un metal. 40 45 50 55 7    


