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(57) Cette invention concerne une cuvette destinée a un
instrument d’analyse spectrométrique, laquelle cuvette
comprend deux fenétres opposces (73, 76) faites d’un
materiau qui est transparent a la lumicre €émise a la
longueur d’onde utilis¢e pendant 1" analyse. Ces fenétres
définissent un trajet lumineux limité pour un faisceau de
lumiere qui va traverser la cavite a 1'intérieur de la
cuvette. Lorsque 1'on utilise des cuvettes comportant des
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(57) A cuvette for a spectrometric analysis instrument has
two opposing windows (73, 76) made of a matenal,
which 1s transparent to the light of the waveband used for
the analysis. The windows define a limited light path of
a light beam passing through a cavity imnside the cuvette.
When using cuvettes having windows of a matenal,
such as diamond, having a refractive index considerably
different from the fluid to be analysed, the window
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fenétres qui sont faites d un matériau, tel que du diamant,
possedant un 1ndice de réfraction sensiblement différent
de celu1 du fluide a analyser, les surfaces des fenétres
formant la cavite de la cuvette ne sont pas parallcles. De
cette maniere, les distances internes qui separent des
zones opposees desdites surfaces des fenétres vont varier
sur toute la surface des fenétres transparentes. Ainsi,
toutes les réflexions internes se produisant dans la cavite
vont s’additionner selon une phase quasi al€atoire, ce qui
permet d’¢liminer toute tendance de resonance. Ce
systeme presente de grands avantages lorsqu’un
instrument fait partie d'un groupe d'instruments qui
doivent étre normalis€s afin d’obtenir des ¢talonnages
uniformes de ces derniers.
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surfaces forming the cuvette cavity should not be
parallel, thereby ensuring that the internal distances
between opposed areas of the window surfaces will vary
across the transparent windows. Thereby any internal
reflections within the cavity will add 1n almost random
phase, avoiding any tendency to resonance. This 1s very
advantageous when the instrument 1s a member of a
plurality of instruments, which must be standardised 1n
order to be able to provide uniform calibrations for said
plurality of instruments.
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(37) Abstract

A cuvette for a spectrometric analysis instrument has two opposing windows (73, 76) made of a material, which is transparent to
the light of the waveband used for the analysis. The windows define a limited light path of a light beam passing through a cavity inside
the cuvette. When using cuvettes having windows of a material, such as diamond, having a refractive index considerably different from
the fiuid to be analysed, the window surfaces forming the cuvette cavity should not be paraliel, thereby ensuring that the internal distances
between opposed areas of the window surfaces will vary across the transparent windows. Thereby any internal reflections within the cavity
will add in almost random phase, avoiding any tendency to resonance. This is very advantageous when the instrument is a member of a |
plurality of instruments, which must be standardised in order to be able to provide uniform calibrations for said plurality of instruments.
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Title of Invention: A cuvette and spacer therefore as well as a method of producing the
spacer.

TECHNICAL FIELD

The present invention relates to a cuvette for a spectrometric analysis equipment, said cuvette
having two opposing windows made of a material which is transparent to the light of the
waveband used for the analysis, said windows defining a limited ight path of a light beam
passing through a cavity inside the cuvette. More specifically the invention relates to a cuvette
used in spectrometric equipment such as interferometers. essentially for analysis of fluid

samples. Further, the invention relates to a spacer for the cuvette and a method for producing
the spacer.

BACKGROUND ART

Generally, presently used cuvettes apply parallel windows. A method and fiow system for
spectrometry and a cuvette is disclosed in DK patent application No. 1221/96 and in the

corresponding WO 98/20338. A cuvette having a wedge shaped spacer is claimed in WO
98/20338.

The problem

The present invention specifically relates to Spectroscopic equipment for analysis of milk. Such

equipment uses fairly thin cuvettes having light paths of typically about 15-50 ym. Optical
cuvettes used for high pressures and dedicated to have a long life in flow systems in which

they are highly exposed to intensive wear may advantageously be provided with diamond
windows. Due to considerable differences in refractive indexes between fluid in the cuvette
and the diamond windows the light beam may be subjected to multiple refiections, i.e. the
Cuvette may become a resonator. Such refiections and resonance will influence the recorded
spectra as expilained further in the detailed specification. This poses a problem when it is the
intention to produce and distribute a great number of IR measurement instruments. In this
respect, it is essential to be gble to transfer standard calibrations to such instruments.
Otherwise, it would be necessary to perform individual calibrations on each of the instruments.
Such calibrations are time-consuming. Accordingly, it is essential to be able to standardise all
instruments, a process, which may be performed by measunng a standard fiuid on the
instrument, and adjusting the instrument to give a predetermined response. Experience has
shown that muitiple reflections occurring in the cuvettes having substantially paraliel diamond
windows obstruct the use of standard calibrations. Accordingly it is the aim of the present

invention to provide a cuvette which can be produced in great numbers and with which the
Spectrometric equipment can be standardised reguiarly in order to compensate for gradual

changes in the components. After exchange of a worn-out cuvette, the equipment must be
readjusted followed by regular standardising of the equipment.

SUBSTITUTE SHEET (RULE 26)
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SUMMARY OF THE INVENTION

The invention relates to a cuvette for spectrometric analysis equipment, said cuvette having two
opposing windows made of a material, which is transparent to the light of the waveband used for

By these means it is ensured that the waves refiected internally in the cuvette cavity, will arrive
in differing and substantially random phases. if they return to the transmitted main beam to be
detected by the electronic detector means associated with the spectrometric equipment. in this

way they will add to a sum of signails wherein tendencies to resonance are highly attenuated.

Thereby the unwanted ripples in the spectrometric absorption diagram are avoided.

Preferably, one of the window surfaces — or at least one or more areas of the window surface -

Is arranged oblique, i.e. forming an angle slightly different from 0° with the other window surface.

This is one way to ensure that the width of the Cuvette cavity varies within a predetermined
interval.

in a preferred embodiment according to the invention, the space between the two windows is
wedge shaped. In the preferred embodiment according to the invention a wedge shaped spacer
Is arranged between and separating the two windows to define a slightly wedge shaped cuvette
cavity. By these means, the unwanted ripples in the recorded spectra are almost avoided.

In an advantageous embodiment, at least one of the window surfaces is a slightly curved, e.g. a

substantially spherical segment or aimost spherical segment. The curved surface ensures that
the width of the inner cavity varies with-in a predetermined interval.

Preferably, the material of the windows is diamond, Germanium, Zinc Selenium. Silicon or
Gallium Arsenide. The windows may be coated by wear resistant coatings, such as hard carbon.

The thickness of the spacer may vary from e.g. about 10 to 200 um. Generally, the preferred
thickness will depend on the properties of the medium or fluidum to be measured. In the case
of raw milk or a dairy product, the preferred thickness of the spacer is about 20 -50 um.

According to the invention the thickness of the Spacer may vary gradually “across” a diameter
of the spacer - and along the periphery of

the optical opening of the optical instrument.
Preferably,

the spacer is wedge shaped. The Spacer may be made of several material, e.g.
metal or plastic materials, depending on the conditions to which it will be subjected or exposed.

SUBSTITUTE SHEET (RULE 26)
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According to the invention a spacer may be produced in the following way: A sheet of metal film

is submerged in an etching bath, such as ferric chioride, and the submergence depth is
controlied and varied by the time.

Preferably, the submergence depth is gradually increased until substantially the whole sheet is
submerged and removed from the etching bath, or that substantially the whole sheet is
submerged complietely the submergence depth being gradually decreased until substantially the

whole sheet is emerged and removed from the etching bath and that the submergence is time
controlled. Preferably, the sheet of metal film has an original thickness of about 60 pum.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a sectional view of a preferred embodiment of an IR Cuvette according to the
invention, seen from above, and in enlarged scale.

Figure 2 shows an eniarged view of a centre portion of the cuvette in Figure 1.
Figure 3 shows a simplified view of an embodiment of an IR cuvette.

Figure 4 shows an exploded view of the cuvette in Figure 3 and a wedge shaped spacer.

Figure 5 shows as an example a first preferred embodiment of a spacer.
Figure 6 shows as an example a second preferred embodiment of a spacer.

Figure 7A, 7B, 7C, 7D, 7E and 7F show transverse sections through different cavities according
to the invention.

Figure 8 shows a first and a second spectrum recorded with a cuvette filled with skim milk, and

having an ordinary parallel spacer and an oblique spacer, respectively, between the windows.
Figure 9 shows spectra recorded for three different cases.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

A cuvette according to the invention is designed for use in spectroscopic measuring apparatus,
such as FTIR, and preferably MID IR. A preferred embodiment Is specifically used to control
dairy products. More specifically such apparatus is intended to continue being useful for a iong

lifetime albeit being exposed to high pressures and acid cleaning liquids used in dairy
processes.

mounted between steel members 71. 72 and kept in a predetermined mutual distance by a thin
spacer 81 (visible in the enlarged Figure 2). Figure 1 shows as an example a presently preferred
embodiment of a cuvette. An IR light beam of the spectrometric equipment can pass through
openings 75, 77 and diamond windows 73, 76 enclosing a small cavity 80 visible in Figure 2.

The cavity 80 is arranged to be filled with the fiuid to be analysed through tiny tubes or channels
74, 84. Bore holes 79, 85 are arranged for the assemblage of the cuvette.

SUBSTITUTE SHEET (RULE 26)
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Preferably, the width of the fluid cavity and thereby the path length of the light beam within the

muitiple reflections whereby the cuvette cavity between the windows may become a sort of

resonator, giving rise to a kind of ripple (many smali peaks) in the recorded spectrum, e.g. .
as it appears from Figure 8.

In order to avoid such multiple reflections it is suggested according to the invention that the
window surfaces forming the cuvette cavity are non parallel, thereby ensuring that the internal
distances between opposed areas of the window surfaces will vary across the transparent

windows. In the preferred embodiment shown in Figure 1 this is ensured by using a wedge
shaped spacer 81 between the members 71, 72.

Figure 3 shows a simplified view of such a cuvette. For the sake of simplicity no fluid channels
are shown in Figure 3. Figure 4 is an exploded view for Clearly illustrating the structure. The
thickness and wedge shape of the spacer 81 is strongly exaggerated for the sake of clarity. As it
appears from Figure 3 and 4 the cuvette structure comprises top member 171 and bottom
member 172. Between these members 171, 172 two diamond discs 173, 176 and a wedge

shaped spacer 181 are inserted. The centre opening 180 in the spacer 181 provides the
cavity to be filled with the fiuid, e.g. milk. The outer peripheral nms of the discs 173, 176 abut

the inner peripheral rims of the spacer 181 and the members 171, 172. In this way the
dimensions of the cavity 80 are well defined and very stable.

For the purpose of illustrating the influence on a spectrum Figure 8 shows a first spectrum 101
recorded for a skim milk filled cuvette having a ordinary plane parallel spacer between paraliel
windows substantially perpendicular to the optical axis of the optical spectrum recording system
and a second spectrum 102 recorded for a skim milk filled cuvette having an oblique wedge

shaped spacer between the windows still aimost perpendicular to the optical axis of the optical
spectrum recording system.

It appears clearly from this figure that a number of reflections occur when using the paraliel
windows. Such reflections are highly unwanted. They will deteriorate a standardisation of the
apparatus, 1.e. in the presence of such reflections, it will be impossible to standardise several
apparatus in order to allow the use of the same standard calibration on all apparatus. Such

standardisation is a great advantage when the apparatus are produced and distributed in great
numbers to many worid-wide spread laboratories.

The effect of using an oblique or wedge shaped spacer may be explained as follows: With
parallel windows the result (at some wavelengths) of the light beams reflected within and

SUBSTITUTE SHEET (RULE 26)
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passing through the cavity defined by the centre area of the spacer may be a constructive

interference, providing large ripples in the spectrum. Using oblique windows, the length of the
light path will vary from top to bottom of the spacer. Thereby the resuit will be a sum of many

carbon. Figure 9 illustrates the influence of using a wedge shaped spacer between coated
Germanium windows. The cuvette was filled with air. The heavily varying curve track 201
shows a spectrometric recording using an ordinary paraliel spacer. The less varying curve
track 202 shows a spectrometric recording using a first wedge shaped spacer providing a 16
% variation in light path from top to bottom of the optical window. The almost non-varying

curve track 203 shows a spectrometric recording using a second wedge shaped spacer,
providing a 27 % variation in light path from top to bottom of the optical window.

the cuvette cavity is slightly wedge shaped. One (301) of the window surfaces defining the cavity
s oblique. The other is substantially upright (Figure 7A). For the sake of clarity Fig. 7B indicates

the wedge form highly exaggerated by showing a window surface 302 being clearly oblique.
Figure 7C indicates that both window surfaces of a cavity 303 may be oblique.

However, the essential feature is that the light paths within the cuvette must be of various
lengths. This can be accomplished in many ways. One or both of the window surfaces 304, 305
in the cavity may be curved, e.g. a convex curvature (Figure 7D). They may be any kind of
curved section, such as a spherical segment, a parabolic segment, hyperbolic segments or
surfaces composed thereof. A presently contemplated cavity 313 is defined by a piane window
311 and a curved window 312. The curved window surface almost resembles a spherical
segment surrounded by an annular spherical element of opposite curvature: (i.e; a radial section
through the curved surface is aimost sinusoidal as shown in Figure 7E). This provide the curved

window 312 with a substantially plane annular periphery able to be mounted in the cuvette in the
same way as an ordinary plane window.

In a further contemplated embodiment (with or without a spacer) at least one area of a surface

of a window 314 has been processed, e.g. by grinding, thereby providing a number of slightly
oblique areas 315 in the window surface. e.g. as shown in Figure 7F.

SUBSTITUTE SHEET (RULE 26)
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The most simple way to obtain a cuvette cavity providing light paths of various lengths seems to
be by use of a wedge shaped spacer between the windows. Presently preferred embodiments
of a wedge shaped spacer according to the invention are shown in Figures 5 and 6. Each of the
spacers is designed for use in a specific flow cuvette.

In Figure 5 the spacer 110 is shown as a circular disc. It is provided with a longitudinal sioth 112
comprising a circular portion 114 defining the cavity of the cuvette, i.e. the zone within the
cuvette, which is filled with the liquid sample to be measured. The two adjacent portions 116 and
118 of the sloth 112 provide for the inlet and outlet of liquid to and from the cavity 114. In a first
embodiment such a spacer may have a diameter of 5.2 mm, the diameter of the inner cavity can
be 2.2 mm and the thickness may vary from 30 ym to 45 ym. In a second embodiment of
similar structure the outer diameter may be 19.5 mm, the diameter of the inner cavity can be 5.0
mm and the thickness may vary from 22 ym to 54 pm.

In a further embodiment shown in Figure 6, the spacer 510 has an almost circular portion 514
on a substantially rhombic opening. The two corners 516 and 518 of the rhombus form the inlet
and outlet for fluid. The diameter of spacer may be 21 mm. The diameter of the circular portion
of the opening is 10 mm. The disc is preferably wedge shaped, the thickness varying from about
28 pm to 48 ym at the outer periphery of the disc. Accordingly, the variation across the cavity
will be about 10 pm.

In the preferred embodiment, the spacer is intended for the MID-IR-range. The light path
through the cuvette may be from 10 to 100, even 200 um. In the preferred embodiment it is
from 25 to 50 ym, e.g. having an average of about 38 ym.

Accordingly the spacer is very thin, about said 38 pm thick. According to the invention the
spacer is wedge shaped, e.g. it may be 22 pym in the upper end and 54 uym in the lower end of
the periphery of the disc. (difference: 32 um) When looking strictly at the optical light path
through the cuvette - the light path varies from about 34 to 42 uym across the 5 mm cavity. (i.e. a
variation of 8 ym /38 pm or +/- 4 ym on 38 pym which is about +/- 10% or close to 20%)

A spacer according to the invention may be produced from several materials such as metals or
plastic materials depending on the conditions the cuvette is exposed to. However the presently
preferred material is a 60 um metal film, preferably a film having a photographic coating. As it is
well-known from the production of printed circuits such coating can be used for controlled
etching in an etching bath, comprising e.g. Ferric chloride.

AMENDED SHEET
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According to the invention the metal film is exposed to a gradualiy varying and controlled etching
providing a slightly wedge shaped metal sheet. According to a first preferred method the metal
film is submerged in an etching bath. Preferably the metal film is submerged gradually and
slowly as time passes by, - and then retracted completely from the etching bath or visa versa.
Furthermore the film might be both submerged and retracted gradually. In either way a wedge
shaped film is the result. The temperature of the bath can be 48 °C. and the submergence rate
can be 1 mm per minute. Preferably the film is submerged or partly submerged for about 20
minutes in the etching bath. Preferably the etching fluid is stirred thoroughly. According to a
second embodiment the coated metal fiim is exposed to a series of jets of etching liquid,

whereby a covering sheet, or screen may be gradually moved to vary the area hit by the etching
liquid.

Afterwards the final thickness profile of the sheet is measured. The useful areas are located and
a template of the desired form is transferred to the photographic coating. The desired form of the

spacer is cut out of the wedge shaped foil e.g. either by a further etching now controlied by the
remaining portion of the photographic coating or by punching or stamping.

Alternatively, either the metal film sheet or the cut-out spacer may be subjected to a controlled
grinding process e.g. by a diamond paste in order to achieve the desired wedge form. In a
further aiternative embodiment one or both of the windows are subjected to a controlied grinding
process in order to achieve a desired wedge form, which in turn will ensure a wedge shaped
cavity . In a further alternative embodiment an oblique mounting of one or both of the windows in
the cuvette steel members may be arranged in order to ensure a wedge shaped cavity .

The diamond windows may be made from natural or artificial/industrial diamonds, such as CVD-
diamonds. in a further embodiment, the windows are made from Germanium provided with a

hard carbon coating applied by chemical vapour deposition. Other window materials could be
Silicon or Gallium Arsenide.

The invention is described in the above in way of non-limiting examples. It is understood that
one skilled in the art can accomplish variants without departing from the spirit and scope of the

invention as defined in the claims. In particular he may roll or press the plastic film or metal foil
into the wedge form.

SUBSTITUTE SHEET (RULE 26)
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1. Cuvette for a spectrometric analysis equipment, said cuvette having two opposing windows (73,
76) made of a material, which is transparent to the light of the waveband used for the analysis,
said windows defining a limited light path of a light beam passing through a cavity (80) inside the
cuvette,characterised in thatawedge shaped spacer (81) is inserted between
and separating the two windows (73, 76), the spacer surrounding the cuvette cavity, and
defining the cavity (80) between the two windows (73, 76).

2. Cuvette accordingtoclaim1, characterised in thatthe length of the light path
within the cavity (80) is between 10 um and 200 um.

3. Cuvette accordingtoclaimi1or2, characterised in thatitis applied for analysis
of fluid samples.

4. Cuvette accordingtoclaimi1,20r3 characterised in thatthe refractive index of
the windows differs considerably from the refractive index of the fluid sample.

5. Cuvette accordingto anyoftheclaims 1-4, characterised in thatthe material of
the windows is Diamond, Germanium, Zinc Selenium, Silicon or Gallium Arsenide.

6. Cuvette according to any of the claims 1-5, characterised in thatthe object to

be measured is raw milk or a dairy product.

7. Cuvette according to any of the claims 1 - 6 and intended for MID-IR waveband,
characterised in thatthepathlength between the two windows (73, 76) varies
about 20 % - 30 % across the optical window.

8. Cuvette according to any of the claims 1 - 6 and intended for MID-IR waveband,
characterised in thatthe pathlength between the two windows (73, 76) varies
from about 10-200 um, e.g. such as from about 20 um to about 50 um or e.g. from about 30 pum
to about 45 ym, such as from 34 pm to about 42 um across the optical window.

9. Cuvette according to any of the claims 1 - 6 and intended for MID-IR waveband,
characterised in thatthe pathlength between the two windows (73, 76) varies
from about 22 pm to about 54 um across the optical window.
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10. Spacer for a cuvette according to any of theclaims 1-9, characterised i n that

11,

12.

13.

14.

15.

thickness of the spacer (81 in Figure 2, 181 in Figure 4) is from about 10 to 200 um, and
preferably from 20 ~50 pm, and more preferable from 30 pHm to 45 pm, varying gradually across

a diameter of the spacer and/or along the periphery of the optical opening of the optical
iInstrument.

Method of producing a spacer according to claim 10, wherein the spacer is provided from a thin
sheet of metalfilm,characterised in thatthe sheetof metal film is exposed to an

etching liquid, such as ferric chloride, and that the exposed area is controlied and varied by the
time.

Method for producing a spacer accordingtoclaim11, characterised in that a
sheet of metal film is submerged in an etching bath, such as ferric chloride, and that the
submergence depth is controlled and varied by the time.

Method accordingtoclam 12, characterised in thatthe submergence depth is

gradually increased until substantially the whole sheet is submerged, and that the submergence
Is time controlled.

Method accordingtoclam 12, characterised in thatthe submergence depth is
gradually decreased until substantially the whole sheet is emerged and removed from the etching

bath, and that the submergence is time controlled.

Method accordingtoclaim 11, characterised in the sheetof metal film has an
original thickness of about 60 pm.

AMENDED SHEET

......




CA 02307774 2000-04-28

WO 99/23473 PCT/DK98/00473

SUBSTITUTE SHEET (RULE 26)



CA 02307774 2000-04-28

WO 99/23473 PCT/DK98/00473

Fig. 3

181

SUBSTITUTE SHEET (RULE 26)



CA 02307774 2000-04-28

WO 99/23473 PCT/DK98/00473
3/5
FIg. o
118
110
114
116
Fig. 6

310

918 516

SUBSTITUTE SHEET (RULE 26)



02307774 2000-04-28

CA

PCT/DK98/00473

WO 99/23473

4/5

Fig. 7C

Fig. 7B

302\ﬂ

304

Fig. 7A

301\ﬂ

&/303

305

Fig. 7D

Fig. 7E

311

ARRRMRRRRRARURRNURRRRRNRRNN RN

N
oY
™

SUBSTITUTE SHEET (RULE 26)



WO 99/23473

Absorbance

0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35

0.40

0.08 |

006 f\: -

0.04

0.02

0.00

0.0
-0.04
-0.06

-0.08 . . .
2800 2700 2600 2500 2400 2300 2200 2100 2000 1900 1800

1000

CA 02307774 2000-04-28

5/5

PCT/DK98/00473

/202

2000 3000

SUBSTITUTE SHEET (RULE 26)

203

201

cm

4000 cm -1



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings

