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(57) Abstract

A sensor capsule (10) to facilitate positioning of an analyte sensitive element such as a CO; sensor at the end of a fiber optic probe,
which discloses a dye layer defined by a dye well (52), fluorescent dye solution (54) and apertures (32, 19) formed in a silicone sensor
membrane (46). A Teflon covering membrane (48) is positioned over the silicone membrane to retain the dye layer within the well, and
perforated metal disc (44) is positioned beneath the silicone membrane (48) to provide support and resist swelling of the dye layer. The
perforated metal disc, silicone membrane and Teflon membrane define a sandwich sensor structure which is positioned within an outer
housing (16). An insert member (30) is positioned over the sandwich sensor structure and is snap fit into outer housing (16) to provide
a sensor capsule (10) which may be removeably positioned/replaced in association with a probe tip used for forming the fiber optic CO,

sensor.
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SENSOR CAPSULE FOR CO, SENSOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to instruments for measuring
the concentration of a gas in a fluid, and more particularly relates to an improved
sensor including a sensor capsule for facilitating positioning an analyte sensitive

element at the end of an optical fiber probe.

2. Description of Related Art

Various forms of analyte measuring instruments have been designed
and developed for use in numerous medical and industrial applications. Among
these devices are those that rely on optical properties of a sensing element containing
a dye which is responsive to a particular analyte. When the dve interacts with the
analyte, the dye undergoes an optical change, such as a change of fluorescence,
which is measurable and is directly related to the concentration of the analyte _
contained in the medium being sampled.

The analyte sensitive substance or indicator is located in a sensor
element typically including a permeable membrane allowing the analyte to permeate
and interact with the indicator. The indicator, typically a dye solution. has in prior
devices been held trapped between the permeable membrane and an optical sensing
surface, for example, the end of a probe, and has required a dye retaining mesh. A
recognized need in the use of these sensors is the ability to interchange the element
containing the indicator. It is desirable to change the element containing the
indicator for various reasons. including to avoid transfer of contamination when the
sensor probe 1s applied to different sensing locations, or due to the dye leaching out
of the sensor. or for other reasons which make it desirable to interchange sensor

elements.
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SUMMARY OF THE INVENTION

The present invention provides a sensor capsule for use in
combination with a fiber optic sensor. In particular, the present invention is
specifically designed for use in a carbon dioxide sensor.

The sensor capsule comprises a two-piece snap together cap including
an outer housing portion and an inner insert portion which fits within the housing
portion. The housing and insert portions cooperate to retain a perforated metal disc.
a sensor membrane, a covering membrane and a sandwiched dye layer at a
predetermined position within the sensor capsule.

The sensor membrane comprises a silicone membrane positioned in
engagement with the perforated metal disc and includes an indentation defining a dye
well containing an indicator dye solution. The covering membrane comprises a
Teflon membrane positioned over the silicone membrane to retain the dye solution
within the dye well.

The snap together design of the sensor capsule assembly holds the
sandwiched dye layer in a rigid structure which facilitates attachment to and -
detachment from a sensor probe while protecting the dye layer.

Therefore, it is an object of the present invention to provide a sensor
capsule for facilitating mounting of an indicator element to a sensor probe.

It is a further object of the invention to provide a sensor capsule which
includes sandwiched layers for retaining a dye solution.

It is yet another object of the invention to provide a sensor capsule
which provides a rigid housing for enclosing a sandwiched dye layer.

Other objects and advantages of the invention will be apparent from

the following description, the accompanying drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an exploded perspective view showing a probe assembly
incorporating the sensor capsule of the present invention;
Fig. 2 is an exploded perspective view of the sensor capsule; and

Fig. 3 1s a cross-sectional elevational view of the assembled sensor
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capsule.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring initially to Fig. 1, the present invention provides a sensor
capsule 10 which is adapted to fit on a probe housing 12 where it is held in place by a
probe cap 14 positioned over the sensor capsule 10 and mounted to the housing 12.
The probe housing 12 is of the type which is used with a fiber optic sensor system
wherein fiber optic elements are used to transmit and detect light to and from a
fluorescent dye indicator for measuring the concentration of an analyte, such as
carbon dioxide.

Referring further to Figs. 2 and 3, the present invention is particularly
directed to a self-contained structure defined by the sensor capsule 10 whereby the
indicator or sensor dye may be conveniently brought into association with the probe
housing 12 or interchanged with a different sensor capsule 10. The sensor capsule 10
comprises an outer housing 16 formed with a circular base portion 18 defining a base
aperture 19, and four axially extending side walls 20 which are separated by slots 22.
The distal ends of each of the side walls 20 includes a radially inwardly extending
detent portion 24 having lower sides 26 located in axially spaced relation to an
annular ledge 28 defined on the annular base portion 18 adjacent to a proximal end of
the side walls 20.

The sensor capsule 10 further includes a cylindrical, inner insert
member 30 defining an aperture 32 therethrough. In addition, an annular grooved or
recessed area 34 is defined at one end of the insert member 30 extending radially
inwardly from an outer surface 36 of the insert member 30. The insert member 30 is
adapted to be positioned within the outer housing 16, with an annular lower surface
38 of the insert member 30 located adjacent to ledge 28 and the recessed area 34
engaged by the lower surfaces 26 of the detent portions 24. Further, it should be
noted that the outer housing 16 is formed such that the side walls 20 will flex
outwardly as the insert member 30 is inserted, and the detent portions 24 will snap
over the recessed 34 when the insert member 30 reaches its final position to thereby

positively retain the insert member 30 within the outer housing 16. Also. in order to
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facilitate insertion of the insert member 30, the upper surfaces of the detent portions
24 are provided with inwardly and downwardly angled portions 40 which facilitate
outward flexing of the side walls 20.

The outer housing 16 and insert member 30 cooperate to hold a
sandwiched sensor structure 42 comprising a perforated metal disc 44, a silicone
sensor membrane 46 and a Teflon covering membrane 48. The perforated metal disc
44 1s supported on a ledge 50 inside the outer housing 16, and the silicone membrane
46 is supported on top of the perforated disc 44. The silicone membrane 46 includes
a dye well 52 containing a fluorescent dye solution 54. The Teflon membrane 48
acts to retain the dye solution 54 within the dye well 52.

When the perforated metal disc 44, silicone membrane 46, dye
solution 54 and Teflon membrane 48 are positioned within the outer housing 16, and
the insert member 30 is snapped into place, a lower end 56 of the insert member 30
engages the Teflon membrane 48 and rigidly retains the sandwiched sensor structure
42 in position at the lower end of the outer housing 16 whereby the dye solution 54 is
physically retained between the silicone membrane 46 and Teflon membrane 48
through cooperation of the outer housing 16 and insert member 30.

When placed on the probe housing 12, a tip 58 of the probe housing
12 extends through the aperture 32 of the insert member 30 to the Teflon membrane
48, and the dye well 52 defines the optical path for the sensor. This optical path
structure is in contrast to the typical prior art sensors which generally require a dye
retaining mesh and wherein the dye solution may be trapped between a membrane
and the optical sensing surface itself. Plus, the present invention retains the dye
solution 54 in such a way that it may be positioned adjacent to the sensor surface at
the tip 58, or easily removed for use in combination with a different probe housing
12 or to be replaced by a different sensor capsule 10. It should also be understood
that compression of the silicone membrane 46 is independent of the tolerances of the
fit between the probe housing 12 and the probe cap 14 in that a shoulder 60 of the
probe tip 58 rests in engagement with the distal ends of the side walls 20, and the
boundaries of the dye layer formed by the dye solution 54 within the dye well 52 are

defined between the perforated metal disc 44 and the end of the probe tip 58
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positioned at the Teflon membrane 48. In this manner, it is possible to construct the
sensor capsule 10 such that the compression of the silicone membrane 30 is
consistent from one sensor to another.

In a specific embodiment of the present invention, the outer housing

16 and insert member 30 are formed of PEEK, which is a steam sterilizable USP
Class VI plastic. The perforated metal disc is made of 0.005" thick 316 stainless
steel having perforation holes 60 with a diameter of 0.010" and spaced apart with
0.015" on-center spacing. The silicone membrane 46 is injection molded with a wall
thickness of 0.025" and a well thickness or depth of 0.010", and is preferably black to
prevent transmission of light therethrough. The Teflon membrane 48 is formed
0.002" thick, and the dye solution constrained between the Teflon membrane 48 and
the silicone membrane 46 is a measured amount of photo-reactive HPTS dye in a
buffered solution. The perforated metal disc 44 serves as a mechanical constraint for
swelling of the dye layer 54 as well as providing a short diffusion path for dissolved
CO, to penetrate through. Further, the present design reduces the length of the
diffusion path by 80% in comparison to prior art sensors, which feature helps to
reduce the response time of the sensor.

From the above description, it should be apparent that the present

invention provides certain advantages over prior art sensors including:

1. A sandwiched dye layer in a dye well;

2. A dye well defining the optical path of the sensor and
eliminating the need for a dye retaining mesh,;

3. A perforated metal support for the outer or silicone membrane
wherein the perforated metal and the probe tip provide two
solid surfaces confining the boundaries of the sandwiched dye
layer;

4. A snap together cap design which facilitates assembly and
which eliminates the need for O-ring seals found in prior art
sensors wherein the snap together design holds the sandwiched
dye layer assembly in a rigid structure;

5. A structure providing membrane compression which is
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independent of the geometric tolerances of the probe housing
containing the probe tip and the probe cap wherein the outer
housing of the sensor capsule rests against the shoulder of the
probe tip; and
5 6. The provision of a sensor capsule which is interchangeable for
mounting on multiple probe housings.
While the form of apparatus herein described constitutes a preferred
embodiment of this invention, it is to be understood that the invention is not limited
to this precise form of apparatus, and that changes may be made therein without

10 departing from the scope of the invention which is defined in the appended claims.
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--CLAIMS--
1. A sensor for measuring the concentration of an analyte in a solution,
the sensor comprising:
a sensor membrane diffusible to an analyte to be measured;
an indentation defining a well in said sensor membrane;

a photo-reactive dye solution located in said well and defining a dye

layer; and

a covering membrane positioned over said well to retain said dye
solution.
2. The sensor of claim 1 further including a thin perforated element

supporting said sensor membrane, said thin perforated element defining a diffusion

path for passage of said analyte to said sensor membrane.

3. The sensor of claim 2 further including a housing and an insert
member wherein said covering membrane, sensor membrane, dye layer and thin
perforated element are located within said housing and sandwiched between said

insert member and said housing.

4. The sensor of claim 3 wherein said insert member cooperates with
said housing in a snap fit to retain said insert within said housing.
3. The sensor of claim 3 wherein said insert member includes an

aperture for receiving a tip of a fiber optic probe therein.

6. The sensor of claim 2 wherein said thin perforated element comprises

a stainless steel member having a plurality of perforations.

7. The sensor of claim 1 wherein said sensor membrane comprises

silicone.
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8. The sensor of claim 1 wherein said covering membrane comprises
Teflon.
0. The sensor of claim 1 wherein said dye solution comprises photo-

reactive HPTS dye.
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