
FORM 1 SPRUSON & FERGUSON

COMMONWEALTH OF AUSTRALIA 

PATENTS ACT 1952 

APPLICATION FOR A STANDARD PATENT

Abbott Laboratories, of One Abbott Park Road, Abbott Park, Illinois, 
60064-3500, UNITED STATES OF AMERICA, hereby apply for the grant of a standard 
patent for an invention entitled:

Optical Fiber Distribution System for an Optical Fiber
Sensor

which is described in the accompanying complete specification.

Details of basic application(s):

Basic Applic. No: Country:

224,442 US

Application Date:

25 July 1988

The address for service is:-

Spruson & Ferguson
Patent Attorneys
Level 33 St Martins Tower
31 Market Street
Sydney New South Wales Australia

DATED this TWENTIETH day of JULY 1989

Abbott Laboratories

By:

Registered Patent Attorney

TO: THE COMMISSIONER OF PATENTS
OUR REF: 102052
S&F CODE: 50000

REPRINT OF RECEIPT
SOOS932 20/07/89

5845/3



Spruson & Ferguson

Title of Invention

COMMONWEALTH OF AUSTRALIA
THE PATENTS ACT 1952

DECLARATION IN SUPPORT OF A 
CONVENTION APPLICATION FOR A PATENT

In support of the Convention Application made for a 
patent for an invention entitled:
OPTICAL FIBER DISTRIBUTION SYSTEM FOR AN OPTICAL

1/We- Charles M. Brock, Assistant Secretary
Hull name(s) and
address(es) of
Deciarant(s) care of Abbott Laboratories

One Abbott Park Road
Abbott Park, Illinois 60064-3500, USA

do solemnly and sincerely declare as follows:

I

AUSTRALIA 
convention 
STANDARD 
& PETTY PATENT 
DECLARATION 

SFP4

FIBER SENSOR

Hull name(s) of 
Applicant(s) ■Ham/We are the apptiea-n-t(s-)--fer the-patefH-

( or. in the case of an application by a body corporate)
1. I am/We-are-authorised by Abbott Laboratories

© · © « € »
8 £

J * » * * * Basic Country(ies)
© »

i it
♦ t « r Priority Date(s)

ε

* s : Basic Applicant(s)

* T

Hull name(s) and 
address(es) of 
inventor(s)

i ί ί t 
ε f

« ®

Sit out how Applicantfs) 
’ J ; ‘ thrive tide from actual

inventor(s) e.g. The 
Applicantfs) is/are the 
assignee(s) of the 
invention from the 
inventor(s)

the applicantfs-) for the patent to make this declaration on 
its/their behalf.
The basic application^) as defined by Section 141 of the
Act wasAwefe-made

in the United States of America
on July 25, 1988
by DAVID GIULIANI and ROBERT ALLEN GUTCHECK

----- 1· am/We are the aetatd"lnvcntorfs)-ol' the invention-referred-----  
•to in the basic application(s)

(or where a person other than the inventor is the applicant)
3. DAVID GIULIANI and ROBERT ALLEN GUTCHECK

of 8415 Benotho Place, Mercer Island, Washington 98040, USA 
and 10500 Beardslee Boulevard, Bothell, Washington 
98021, USA,

(respectively)
-is/are the actual inventor(s) of the invention and the facts upon
which the applicantfs) is/-aFe entitled to make the application are
as follows:
The said applicant is the assignee of the actual 
inventor (s ) .

4. The basic application^) referred to in paragraph 2 of this
Declaration was/were the first applicationfs) made in a Convention 
country in respect of the inventions) the subject of the application.

Declared at Abbott Park, this day of June 19 89
Illinois ABBOTT LABORATORIES

SFP4 To: The Commissioner of Patents Signature of Declarantfs)
Charles M. .Brock 
Assistant Secretary

A

1/81



(12) PATENT ABRIDGMENT (11) Document No. AU-B-38831/89 
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 614649

(54) Title
OPTICAL FIBER DISTRIBUTION SYSTEM FOR AN OPTICAL FIBER SENSOR

)>

International Patent Classification(s)
(51)4 G08C 023/00 G01N 021/25 G01N 021/31 G02B 006/36

G02B 006/44

(21) Application No. : 38831/89 (22) Application Date : 20.07.89

(30) Priority Data

(31) Number (32) Date (33) Country
224442 25.07.83 US UNITED STATES OF AMERICA

(43) Publication Date : 25.01.90

(44) Publication Date of Accepted Application : 05.09.91

(71) Applicant(s)
ABBOTT LABORATORIES

(72) Inventor(s)
DAVID GIULIANI; ROBERT ALLEN GUTCHECK

(74) Attorney or Agent
SPRUSON & FERGUSON , GPO Box 3898, SYDNEY NSW 2001

(56) Prior Art Documents
US 4599711
US 4529875 
US 4523092

(57) Claim

1. A distribution system for an environmental 
parameter measuring sensor, the sensor having: a 
single-fiber sensor tip that includes means for altering a 
light signal in accordance with the presence of the 
environmental parameter to be measured; a signal-generating 
component for producing first and second optical signals of 
distinct wavelengths, the first signal wavelength being such 
that the signal intensity is altered at the sensor tip in 
proportion to the presence of the environmental parameter, 
the second signal wavelength be?ing such that the intensity 
of the signal is predictably altered at the sensor tip; and 
a signal-measuring component for receiving signals from the 
distribution system, the distribution system comprising:

a plurality of lengths of optical fiber, at 
least some of said lengths connected in light communicating 
relationship by abutting the ends thereof, the relationship 
of the diameters of said abutting optical fibers being such 
that whenever a group of two or more'fibers is connected to 
a single fiber,the end of said single fiber completely 
subtends the end of the group of fibers;

a dividing connector for connecting at least,
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three intermediate fibers to the signal-generating component
to thereby receive intermediate signals, at least one
intermediate signal corresponding to the wavelength of the
first signal and one intermediate signal corresponding to
the wavelength of the second signal;

a mixing connector for connecting a mixing 
fiber to said intermediate fibers to thereby receive said 
intermediate signals and blend them into a single mixed 
signal, said mixing fiber being of a suitable length to mix 
the first and second signals into a single mixed signal 
distributed uniformly across said mixing fiber;

a transmitting connector for connecting a 
transmitting fiber to said mixing fiber to thereby receive a 
portion of said mixed signal;

a tip connector for connecting said 
transmitting fiber and an indicator fiber to tip fiber means 
for transmitting said mixed signal to the sensor tip and for 
transmitting a portion of the resulting indicator signal 
returned from the sensor tip to said indicator fiber, 
whereby the signal returned from the sensor tip is 
transmitted to the signal-measuring component via said 
indicator fiber and the intensity of said intermediate 
signals corresponding to the first signal is maximized at 
the dividing connector, the intensity of said intermediate 
signals corresponding to the first signal being bounded by 
the transmission of intermediate signals corresponding to 
the second signal of adequate intensity such that the 
intensity of the indicator signal of a wavelength 
corresponding to the wavelength of the second signal 
received by the signal-measuring component is suitable for 
monitoring the operation of the distribution system.
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OPTICAL FIBER DISTRIBUTION SY8TEM FOR 
AN OPTICAL· FIBER SENSOR 

Abstract of the Invention
A device for distributing signals within a sensor system used for monitoring 

the presence of a specific analyte in a composition by means of an analyte­
sensitive indicator molecule is disclosed. The sensor system includes a signal­
generating component, a single-fiber sensor tip that houses the indicator molecule 

5 and a signal-measuring component. In one preferred embodiment, the signal­
generating component generates a first optical signal of a wavelength that is 
sensitive to the indicator molecule, and a second optical signal of a wavelength 
that is predictably altered'by the indicator molecule. The distribution system 
includes lengths of optical fiber, a dividing connector, a mixing connector, a 

10 transmitting connector and a tip connector. The dividing connector connects at 
least three intermediate fibers to the signal-generating component to thereby 
receive intermediate signals. At least one of the intermediate signals corresponds 
to the wavelength of the first signal and one intermediate signal corresponds to 
the wavelength of the second signal. The mixing connector connects a mixing 

15 fiber to the intermediate fibers to thereby receive the intermediate signals and 
blend them into a single mixed signal. The transmitting connector connects a 
transmitting fiber to the mixing fiber to thereby receive a portion of the mixed 
signal, and connects a comparison fiber to the mixing fiber to transmit a portion 
of the mixed signal to the signal-measuring component. The tip connector 

20 connects the transmitting fiber to the sensor tip fiber to thereby transmit a 
portion of the mixed signal to the sensor tip, and connects an indicator fiber to 
the sensor tip to thereby transmit a portion of the resulting indicator signal 
returned from the sensor tip to the signal-measuring component. The intensity of 
the intermediate signal corresponding to the first signal is maximized at the 

25 dividing connector. The intensity of the intermediate signals corresponding to the 
wavelength of the first signal are bounded by the necessity of transmitting 
intermediate signals corresponding to the second signal of adequate intensity such 
that the intensity of the indicator signal of a wavelength corresponding to the 
wavelength of the second signal is suitable for monitoring the operation of the 

30 distribution system.
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OPTICAL FIBER DISTRIBUTION SYSTEM FOR 
AN OPTICAL FIBER SENSOR

Field of the Invention
This invention relates to an optical fiber distribution system suitable for use 

in an optical fiber sensor system and, more particularly, for use in an optical fiber 
sensor system having a sensor tip made up of a single fiber and incorporating 
optical wavelength sensitive indicators to monitor analyte concentrations in 

5 compositions, and having distribution system monitoring capabilities.
• Background of the Invention

In recent years,, optical fiber sensors, also known as optrodes, have been 
developed to detect the presence and monitor the concentration of various 
analytes, including oxygen, carbon dioxide, glucose, inorganic ions, and hydrogen 

10 Ions, in liquids and in gases. Such sensors are based on the recognized phenomenon 
that the absorbance or luminescence of certain indicator molecules is specifically 
perturbed in the presence of certain analytes. The perturbation in the absorbance 
and/or luminescence profile can be detected by monitoring radiation that is 
reflected or emitted by the indicator molecule when it is in the presence of a 

15 specific analyte. The targeted analyte is generally a part of a solution containing 
a variety of analytes.

Duofiber optical sensors have been developed that position an analyte­
sensitive indicator molecule in the light path of a sensor tip. The indicator 
molecule Is typically housed in a sealed chamber whose walls are permeable to the 

20 analyte. The sealed chamber is submerged in the analyte-containing solution. The 
sensor tip includes a pair of optical fibers. The term "duofiber" refers to the 
number of fibers in the sensor tip. In comparison, a "single-fiber" sensor utilizes 
only one fiber in the sensor tip. In a duofiber sensor, one fiber transmits 
electromagnetic radiation, termed measuring signal, from a signal-generating 

25 component to the indicator molecule. The other fiber transmits the reflected or
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emitted light, termed indicator signal, from the sensor tip to a signal-measuring
component that measures the indicator signal intensity. The configuration of the
optical fibers between the signal-generating component, the sensor tip, arid the
signal-measuring component describes the optical fiber distribution system for the

5 sensor system.
There are two common types of sensor systems: absorption and

luminescent. In an absorption system, an analyte-sensitive dye is typically housed 
in the sealed chamber of the sensor tip. The system operates on the concept of 
optically detecting the change in color of the analyte-sensitive dye. This is done 

10 by measuring the intensity of the measuring signal reflected or unabsorbed at the 
sensor tip and comparing it to the intensity of the original measuring signal to 
determine the portion of the measuring signal that was absorbed by the dye at the 
sensor tip. Suitable analyte-sensitive indicator molecules are known in the art and 
are selected based upon the particular analyte substance whose detection is

15 targeted.
There are two major types of luminescent sensor systems: phosphorescent 

and fluorescent. Sucu systems operate on the concept of measuring the 
luminescent intensity or lifetime of the radiation emitted by the excitation of the 
analyte-sensitive molecule. The sensor irradiates the indicator molecule with 

20 light at a wavelength band corresponding to a region of analyte-dependent 
absorbance by the indicator molecule. Luminescent emission is measured by the 
signal-measuring component. The ambient analyte concentration is determined by 
known techniques as r function of the measured luminescent emission.

The optical fiber distribution system is an integral part of each optical fiber
25 sensor system. The distribution system is made up of optical fibers and optical 

connectors. The distribution system directs the measuring signal from the signal­
generating component to the sensor tip and also directs the reflected or emitted 
indicator signal from the sensor tip to the signal-measuring component. If the 
sensor is using an absorption monitoring technique, the distribution system will 

3θ additionally direct a portion of the measuring signal directly to the 
signal-measuring component. A determination of the quantity of a specific 
analyte is then made by comparing the intensity of the measuring signal to the 
intensity of the indicator signal. As noted above, if the sensor is using a 
luminescent monitoring technique, the analyte concentration is determined by 

35 analyzing the emitted indicator signal over a period of time.
The efficiency and reliability of a sensor system largely depends on its 

optical fiber distribution system. Although current optical fiber technology may
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not provide a one hundred percent signal transfer at fiber connection points, the 
signal reduction at optical fiber connections should be ascertainable and 
controllable. Variability in analyte concentration measurements that may be 
related to the optical fiber distribution system arise from fiber loss, fiber coupling 

5 inefficiency, fiber concentration, and response to noise, either random or periodic, 
produced by a variety of internal and external sources.

In current medical applications, it Is desirable that the fiber distribution 
system be relatively small, flexible, and highly efficient. The size requirement 
becomes more crucial as in situ blood gas monitoring techniques are being 

10 developed. For example, a blood gas catheter or sensor may be inserted into and 
left in a patient's body for a long period of time to provide continuous monitoring 
of specific conditions. The catheter tip includes the analyte-sensitive indicator 
molecule. For the patient's comfort, the catheter tip should be as small as 
possible. To accommodate this desirable size characteristic, a single fiber 

15 extending to the catheter tip is desirable. The remainder of the distribution 
system Is then sized in proportion to the catheter tip fiber for maximum 
efficiency.

In a single-fiber sensor system, a single optical fiber carries the measuring 
signal to the indicator molecule, as well as carries the reflected or emitted 

20 indicator signal from the Indicator molecule. One useful characteristic of a 
single-fiber system is that it is reducible to nearly one-half the size of the 
duofiber system at the sensor tip. However, a single-fiber sensor presents 
problems related to the small amount of light a single fiber, as well as the related 
distribution system, can carry, and the ability of the system to distinguish 

25 indicator signals from measuring signals that are reflected back at imperfect fiber 
connections. The former problem Is especially prevalent in analog-based sensors. 
Medical sensors are generally of this type. In analog-based sensors, the intensity 
of the signal produced at the sensor rather than the mere existence of the signal, 
as in a digital system, is significant. Each change in signal intensity that is not 

30 traceable to a constant in the distribution system will be attributed to a 
parameter in the monitoring process. Thus, the optical fiber distribution system 
must be highly predictable and reliable in order to provide useful monitoring 
results.

Summary of the Invention
35 In accordance with this invention, a distribution system for a sensor system

and a method of distributing signals are described. The distribution system is 
suitable for use In a variety of single-fiber sensor systems that have a signal-

*■ V



1 V Z

5

15

? ί ο « » * 
ν ο

- Ο ©4 
Μ © οΒ Β

Ο © ο
e β ο

« et
Ο ή <9

Ο Ο ο
» s α

4> <9 © β
Ο V 4
© Ο

20

25
β

ο 4 Η 4 « 4
•9 Φ
Ο 4 * 4

Β β Ο
*· β ΐ>

30

. 35

- 4 - 
generating component for generating two signals of distinct wavelengths, 
a single-fiber sensor tip, and a signal-measuring component. The 
intensity of the first signal wavelength generated by the signal­
generating component is altered by the indicator molecule in proportion 
to the presence of the analyte. The intensity of the second signal 
wavelength is predictably altered by the indicator molecule. The optical 
distribution system of the present invention provides greater signal 
magnitude as measured by the signal-measuring component, provides known 
signal reduction at fiber connection points, decreases the effect of 
noise on the monitoring process, and provides a systems operation monitor.

According to a first embodiment of the invention there is provided 
a distribution system for an environmental parameter measuring sensor, 
the sensor having: a single-fiber sensor tip that includes means for 
altering a light signal in accordance with the presence of the 
environmental parameter to be measured; a signal-generating component for 
producing first and second optical signals of distinct wavelengths, the 
first signal wavelength being such that the signal intensity is altered 
at the sensor tip in proportion to the presence of the environmental 
parameter, the second signal wavelength being such that the intensity of 
the signal is predictably altered at the sensor tip; and a signal­
measuring component for receiving signals from the distribution system, 
the distribution system comprising: '

a plurality of lengths of optical fiber, at least some of said 
lengths connected in light communicating relationship by abutting the 
ends thereof, the relationship of the diameters of said abutting optical 
fibers being such that whenever a group of two or more fibers is 
connected to a single fiber, the end of said single fiber completely 
subtends the end of the group of fibers;

a dividing connector for connecting at least three intermediate 
fibers to the signal-generating component to thereby receive intermediate 
signals, at least one intermediate signal corresponding to the wavelength 
of the first signal and one intermediate signal corresponding to the 
wavelength of the second signal;

a mixing connector for connecting a mixing fiber to ,aid 
intermediate fibers to thereby receive said intermediate signals and 
blend them into a single mixed signal, said mixing fiber being of a
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suitable length to mix the first and second signals into a single mixed 
signal distributed uniformly across said mixing fiber;

a transmitting connector for connecting a transmitting fiber to 
said mixing fiber to thereby receive a portion of said mixed signal;

a tip connector for connecting said transmitting fiber and an 
indicator fiber to tip fiber means for transmitting said mixed signal to 
the sensor tip and for transmitting a portion of the resulting indicator 
signal returned from the sensor tip to said indicator fiber, whereby the 
signal returned from the sensor tip is transmitted to the signal­
measuring component via said indicator
intermediate signals corresponding to the first signal is maximized 
the dividing connector, the intensity of said intermediate signals 
corresponding to the first signal being bounded by the transmission 
intermediate signals corresponding to the second signal of adequate 
intensity such that the intensity of the indicator signal of a wavelength 
corresponding to 
signal-measuring 
the distribution

According to a second embodiment

fiber and the intensity of said 
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the wavelength of the 
component is suitable 
system.

of

second signal received by the 
for monitoring the operation of

of the invention there is provided 
a distribution system for a sensor that utilizes an analyte-sensitive 
indicator molecule to monitor the concentration of an analyte, the sensor 
having: a signal-generating component for producing first and second 
optical signals of distinct wavelengths, the first signal wavelength 
being such that the signal intensity is altered by the indicator molecule 
in proportion to the presence of the analyte, the second signal 
wavelength being such that the intensity of the signal is predictably 
altered by the indicator molecule so that the intensity of the returned 
signal is predictable; a single-fiber sensor tip that includes the 
indicator molecule; and a signal-measuring component for receiving 
signals from the distribution system, the distribution system comprising: 

lengths of optical fiber of first and second diameters, said second 
diameter being larger than said f’rst diameter;

a dividing connector for connecting at least three intermediate 
fibers of said first diameter to the signal-generating component to 
thereby receive intermediate signals, at least one intermediate signal 
corresponding to the wavelength of the first signal and one intermediate

43f
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signal corresponding to the wavelength of the second signal;
a mixing connector for connecting a mixing fiber of said second 

diameter to said intermediate fibers to thereby receive said intermediate 
signals and blend them into a single mixed signal, said mixing fiber 
being ’of a suitable length to mix the first and second signals into a 
single mixed signal distributed uniformly across said mixing fiber;

a transmitting connector for connecting a transmitting fiber of 
said first diameter to said mixing fiber to thereby receive a portion of 
said mixed signal; and

a tip connector for connecting said transmitting fiber to the 
sensor tip fiber to thereby transmit said mixed signal to the sensor tip, 
and for connecting an indicator fiber of said first diameter to the 
sensor tip to thereby transmit a portion of the resulting indicator 
signal returned from the sensor tip to the signal-measuring component, 
whereby the intensity of said intermediate signals corresponding to the 
first signal is maximized at the dividing connector, the Intensity of 
said intermediate signals corresponding to the first signal being bounded 
by the transmission of intermediate signals corresponding to the second 
signal of adequate intensity such that the intensity of the indicator 
signal of a wavelength corresponding to the wavelength of the second 
signal received by the signal-measuring component is suitable for 
monitoring the operation of the distribution system.

According to a third embodiment of the invention there is provided 
a method for distributing signals in an environmental parameter measuring 
sensor, the sensor having: a single-fiber sensor tip that includes means 
for altering a light signal in accordance with the presence of the 
environmental parameter to be measured; a signal-generating component for 
producing first and second optical signals of distinct wavelengths, the 
first signal wavelength being such that the signal intensity is altered 
at the sensor tip in proportion to the presence of the environmental 
parameter, the second signal wavelength being such that the intensity of 
the signal is predictably altered at the sensor tip; a signal-measuring 
component for receiving signals from the distribution system; a plurality 
of lengths of optical fibers,· at least some of said lengths connected in 
light communicating relationship by abutting the ends thereof, the 
relationships of the diameters of said connected optical fibers being

243f
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such that whenever a group of two or more fibers is connected to a single 
fiber, the end of said single fiber completely subtends the end of the 
group of fibers, said method comprising the steps of:

dividing the first and second signals into intermediate signals by 
connecting at least three intermediate fibers to the signal-generating 
component such that at least one intermediate signal corresponds to the 
wavelength of the first signal and one intermediate signal corresponds to 
the wavelength of the second signal;

mixing said intermediate signals into a mixed signal by connecting 
a mixing fiber to said intermediate fibers to thereby receive said 
intermediate signals and blend them into a single mixed signal, said 
mixing fiber being of a suitable length to mix the first and second 
signals into a single mixed signal distributed uniformly across said 
mixing fiber;

transmitting a portion of said mixed signal along a transmitting 
fiber by connecting said transmitting fiber to said mixing fiber;

transmitting a portion of said mixed signal along a comparison 
fiber by connecting said comparison fiber to said mixing fiber;

transmitting said mixed signal from said transmitting fiber to the 
sensor tip by connecting said transmitting fiber to the tip fiber means; 
and

transmitting a portion of the resulting indicator signal returned 
from the sensor tip along an indicator fiber by connecting an indicator 
fiber to the tip fiber means, whereby the signal returned from the sensor 
tip is transmitted to the signal measuring component via said indicator 
fiber and the intensity of said intermediate signals corresponding to the 
first signal is maximized at the dividing connector, the intensity of 
said intermediate signals corresponding to the wavelength of the first 
signal being bounded by the transmission of intermediate signals 
corresponding to the second signal of adequate intensity such that the 
intensity of the indicator signal of a wavelength corresponding to the 
wavelength of the second signal received by the signal-measuring 
component is suitable for monitoring the operation of the distribution 
system.

According to a fourth embodiment of the invention there is provided
a method for distributing signals in a sensor that utilizes an
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analyte-sensitive indicator molecule to monitor the concentration of an 
analyte, the sensor having: a signal-generating component for producing 
first and second optical signals of distinct wavelengths, the first 
signal wavelength being such that the signal intensity is altered by the 

5 indicator molecule in proportion to the presence of the analyte, the 
second signal wavelength being such that the intensity of the signal is 
predictably altered by the indicator molecule; a single-fiber sensor tip 
that includes the indicator molecule; a signal-measuring component for 
receiving signals from the distribution system; and a plurality of 

10 optical fibers of first and second diameters, the second diameter being 
larger than the first diameter, said method comprising the steps of: 

dividing the first and second signals into intermediate signals by 
connecting at least three intermediate fibers of the first diameter to 
the signal-generating component such that at least one intermediate 

15 signal corresponds to the wavelength of the first signal and one 
intermediate signal corresponds to the wavelength of the second signal; 

mixing said intermediate signals into a mixed signal by connecting 
a mixing fiber of the second diameter to said intermediate fibers to 
thereby receive said intermediate signals and blend them into a single 

20 mixed signal, said mixing fiber being of a suitable length to mix the 
first and second signals into a single mixed signal distributed uniformly 
across said mixing fiber;

transmitting a portion of said mixed signal along a transmitting 
fiber of the first diameter by connecting said transmitting fiber to said 

25 mixing fiber;
transmitting a portion of said mixed signal along a comparison 

fiber of the first diameter by connecting said comparison fiber to said 
mixing fiber;

transmitting said mixed signal from said transmitting fiber to the 
30 sensor tip by connecting said transmitting fiber to the sensor tip fiber;

and
transmitting a portion of the resulting indicator signal returned 

from the sensor tip to the signal-measuring component by connecting an 
indicator fiber of the first diameter to the sensor tip, whereby the 

35 intensity of said intermediate signals corresponding to the first signal 
is maximized at the dividing connector, the intensity of said
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intermediate signals corresponding to the wavelength of the first signal 
being bounded by the transmission of intermediate signals corresponding 
to the second signal of adequate intensity such that the intensity of the 
indicator signal of a wavelength corresponding to the wavelength of the 

5 second signal received by the signal-measuring component is suitable for 
monitoring the operation of the distribution system.

The present invention includes lengths of optical fiber, a dividing 
connector, a mixing connector, a transmitting connector and a tip 
connector. The optical fiber lengths are of first and second diameters, 

10 the second diameter being larger than the first diameter and being 
substantially equal to the diameter of the sensor tip fiber. The 
dividing connector connects at least three intermediate fibers of the 
first diameter to the signal-generating component to thereby receive 
intermediate signals. At least one of the intermediate signals

15 corresponds to the first signal and at least one intermediate signal 
corresponds to the second signal. The mixing connector connects a mixing 
fiber of the second diameter to the intermediate fibers to thereby 
receive the intermediate signals and blend them into a single mixed 
signal. The transmitting connector connects a transmitting fiber of the

20 first diameter to the mixing fiber to thereby receive a portion of the 
mixed signal. The tip connector connects the transmitting fiber to the 
sensor tip fiber to thereby transmit the mixed signal to the sensor tip, 
and connects an indicator fiber of the first diameter to the sensor tip 
to thereby transmit a portion of the resulting indicator signal returned

25 from the sensor tip to the signal-measuring component. The intensity of 
the intermediate signals corresponding to the first signal is maximized 
at the dividing connector. The intensity of the intermediate signals 
corresponding to the first signal is bounded by the necessity of 
transmitting intermediate signals corresponding to the second signal of

30 adequate intensity such that the intensity of the indicator signal
■ orresponding to the second signal received by the signal-measuring 
component is suitable for providing distribution system information such 
as operation status.

In accordance with further aspects of the present invention, the
35 relationship of the first diameter relative to the second diameter, and 

of the configurations of the dividing connector, the mixing connector,
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the transmitting connector, and the tip connector, are such that at each 
connector where a fiber of the second
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diameter la connected to a fiber of the first diameter, the fiber of the second 
diameter completely subtends the fiber of the first diameter.

In accordance with additional aspects of the present invention, the dividing 
connector connects three intermediate fibers to the signal-generating component 

5 to thereby receive signals of the first signal wavelength and connects one 
intermediate fiber to the signal-generating component to thereby receive signals 
of the second wavelength. The transmitting connector connects two transmitting 
fibers to the mixing fiber, and the tip connector connects two indicator fibers to 
the sensor tip.

10 In accordance with other aspects of the present invention, the transmitting
connector connects a comparison fiber of the first diameter to the mixing fiber to 
thereby transmit a portion of the mixed signal to the signal-measuring component.

In accordance with still further aspects of the present invention, at each 
fiber connection point the reduction in signal intensity is known, minimized, and 

15 controllable. The amount of signal transferred at the connection is highly 
predictable. The number and diameter of the fibers are optimized to reduce cost 
and size, and to Increase signal-to-nolse ratio.

In accordance with additional aspects of this Invention, the distribution 
system is formed from plastic optical fibers connected by standard butt-coupled 

20 connector pairs. Additionally, each fiber or group of fibers is encased in polyvinyl 
chloride piping for protection.

In accordance with still further aspects of the present invention an optical 
riber distribution system is provided that is efficient and inexpensive to produce. 

Brief Description of the Drawings
25 The foregoing aspects and many of the attendant "‘Wantages of this

invention will become more readily appreciated as the same becomes better 
understood by reference to the following detailed description, when taken in 
conjunction with the accompanying drawings, wherein:

FIGURE 1 Is a block diagram of a representative system for measuring 
3C pH/pCO2 βη^ θ2’ Including an optical fiber distribution system in accordance with 

the invention;
FIGURE 2 is a schematic diagram of an optical fiber distribution system in 

accordance with the invention;
FIGURE 3 is a cross-sectional view of a fiber connection in accordance with 

jc the present invention; and
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FIGURE 4 Is a pictorial diagram of a portion of the optical fiber distribution 
system In accordance with the present Invention with a partial cut-away to show 
one length of optical fiber.

Description of the Preferred Embodiments
The optical fiber distribution system of the present invention is suitable for

5 use in conjunction with a variety of physiological pH and blood gas concentration 
sensors. The distribution system Is integratable into a single-fiber tip sensor 
system. Preferred embodiments of the distribution system will be described in 
conjunction with pH/PCOj absorption sensors and with POg luminescent sensors. 
However, it is to be understood that the following descriptions are not meant to

10 limit the present invention to use in conjunction with any specific sensor types.
FIGURE 1 shows a representative sensor system 10 for determining the 

pH/PCOg concentration of gaseous compositions by measuring the quenching of 
various sensor indicator molecules by the composition. The system 10 includes: 
signal-generating component 12; optical distribution system 16} sensor tip 17;

15 signal-measuring component 18; and microcomputer 20. The signal-measuring 
component 18 Includes: indicator-signal and comparison-signal detectors 22(a) and 
22(b); indicator-signal and comparison-signal preamplifiers 24(a) and 24(b); and 
signal converter 26.

The system 10 provides light excitation of a pH/PCOg quenching-sensitive 
20 composition 28, such as a phenol red based composition, sequestered in the sensor 

tip 17. The sensor tip 17 and composition 28 are submerged in an analyte­
containing solution (not shown). The signals transmitted from signal-generating 
component 12, preferably a pair of colored L.E.D.S 12(a) and 12(b), pass through 
optical fiber distribution system 16. L.E.D. 12(a) generates a signal, termed 

25 measuring signal, that is of a wavelength that will be absorbed by the indicator 
molecule in composition 28 in proportion to the presence of pH/PCOg in the 
analytercontaining solution. L.E.D. 12(b) generates a signal, termed reference 
signal, that Is of a wavelength that is predictably quenched by the composition 28 
so that the intensity of the signal reflected at the sensor tip is predictable. As 

30 the reference signal is transmitted through system 10, it Is subject to known signal 
intensity reductions at the various component connections and at the sensor tip.

The distribution system divides the measuring and reference signals into 
intermediate signals and mixes those to produce a single mixed signal. The 
distribution system transmits a portion of the mixed signal to the comparison- 

35 signal detector 22(b) and a portion on to the sensor tip 17. At the sensor tip, the 
mixed signal encounters the quenching-sensitive composition.

ί Mt4 *< < t e
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The radiation in the mixed signal that corresponds In wavelength to the 
measuring signal is absorbed by the indicator molecule in proportion to the 
quantity of the analyte present in the analyte-containing solution. The radiation 
in the mixed signal that corresponds in wavelength to the reference signal is 

5 absorbed at a predictable rate by the analyte-sensitive composition. The 
unabsorbed or reflected signals are termed indicator signal. The distribution 
system transmits the Indicator signal from the sensor tip to the indicator-signal 
detector 22(a).

The comparison- and Indicator-signal detectors receive optical signals as 
10 input and output corresponding electrical signals. An example of a conventional 

signal detector is a positive-interface-negative (PIN) silicon component. The 
indicator signal is transmitted to indicator preamplifier 24(a), and the mixed 
signal is transmitted to comparison-signal preamplifier 24(b). The preamplifiers 
24 transmit the amplified signals on to the signal converter 26, which converts the 

15 signals from analog to digital. The signals are then input into the microcomputer 
20, which controls the sensor's operation and acts as an input/output device for 
"he sensor.

The microcomputer analyzes the signals received from the signal-measuring 
component 18 to monitor the presence of the analyte as well as the distribution 

20 system operation. The measuring and reference signals in the mixed signal, and 
the reflected measuring and reference signals the indicator signal are all 
distinguishable by their respective wavelengths at the signal-measuring component
18. The signals representing the measuring and reference signals are Isolated by 
filtering. Alternatively, if the reference end measuring signals are generated at 

25 distinct time intervals, then the signals -are isolated by time differentiation. The 
microcomputer compares the intensity of the measuring signal received at the 
comparison component to that received at the indicator component to determine 
the quantity of the analyte in the solution being monitored. The microcomputer 
also compares the intensity of the reference signal received at the comparison 

30 component to that received at the indicator component to determine whether the 
distribution system is operating accurately.

By replacing the sensor tip sequestering a pH/PCC^ quenching-sensitive
composition 28 with a tip sequestering an POj luminescent-sensitive composition,
such as a porphyrin based composition, the system 10 acts as an POj monitoring

35 system. In a phosphorescent monitoring system, only a single signal source is
required. No reference signal need be generated or transmitted through the
system because of the nature of the phosphorescent measuring procedure. The
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phosphorescence is an Inherent quality of the sensor that la fixed by the dye 
matrix. The decay time for any given POj quantity is unique. Thus, the intensity 
of the measured or indicator signal does not affect the measuring process. Thus, 
no reference signal is necessary to monitor distribution system operation to guard 

5 against unexpected signal intensity reduction due to distribution system 
malfunctions.

The optical fiber distribution system 18 operates in the same manner as 
described above. At the sensor tip, the excitation caused by the measuring signal 
causes the luminescent-sensitive composition to emit radiation, identified as an 

10 indicator signal. The indicator signal includes radiation in a wavelength band 
corresponding to the emission caused by the measuring signal. The indicator­
signal detector 22(a) includes a wavelength-isolation component to detect and 
isolate the emitted radiation. An example of a wavelength isolation component is 
a spectral filter that isolates the spectral region of Interest.

15 In the microcomputer, the time decay of the emitted signal in the
wavelength band corresponding to the excitation caused by the measuring signal is 
measured. One method of measuring the time decay of the signal is to consider a 
division of the signal as a function of time and compare the ratio of the two parts 
as a function of time. This comparison produces an indication of the presence of 

20 the analyte in the solution being monitored. Although they are not utilized, the 
presence of the comparison component of the signal-measuring component and of 
the aspects of the distribution system related to the transmission of a reference 
signal do not affect the operation of the remainder of the system. Thus, one 
optical fiber distribution configuration is useful in both absorption and 

25 luminescent sensors.
As illustrated in FIGURE 2, one preferred embodiment of the optical 

distribution system 16 suitable for use with an absorption sensor includes three 
sections! mixed-signal component 29; indicator component 30; and comparison 
component 31. The mixed-signal component couples measuring and reference 

3Q signal* to produce a mixed signal, transmits the mixed signal to the sensor tip 17, 
and transmits an indicator signal back from the sensor tip to the distribution 
system. The indicator component 30 transmits the indicator signal from the 
mixed-signal component to the indicator-signal detector 22(a) of the signal­
measuring component. The comparison component 31 transmits a mixed signal 

35 from the mixed-signal component to the comparison-signal detector 22(b) of the 
signal-measuring component.
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The components preferably include lengths of plastic optical fiber and fiber 
connector pairs. In one preferred system, two diameters of fibers are used. The 
larger diameter fiber Is approximately twice the diameter of the smaller fiber. 
Suitable diameters for the fibers are 250pm and 114pm measured across the fiber 

5 outer claddings. The fiber connections of the present invention (discussed below) 
ensure that a signal of predictable intensity is transmitted between the fibers.

The mixed-signal component 29 receives the measuring and reference signal 
inputs from the signal-generating component 12, which preferably includes a first 
signal source 12(a) and a second signal source 12(b). Suitable signal sources for 

10 pH/PCOj sensors utilizing a phenol red based quenching-sensitive composition and 
PCg sensors utilizing a porphyrin based phosphorescent-sensitive composition, are 
green 12(a) and red 12(b) L.E.D.s for generating measuring and reference signals, 
respectively. Input fibers 38(a) and 38(b) carry the signals from the signal sources 
to dividing connectors 39(a) and 39(b), respectively. Input fibers 38(a) and 38(b) 

15 are fibers of the larger diameter. One end of each fiber 38 is placed in abutting 
relation to one of the L.E.D.s during operation, such that the fiber cross-sectional 
faces are in complete contact with the L.E.D.S. Thus, the intensities of the signal 
inputs are equal to the Intensities of the L.E.D.s across the fiber cross-sectional 
areas. The amount of the signal being received from each L.E.D. is thus dictated 

20 by the input fiber diameter and the effective numerical aperture of the fiber. The 
other ends of the input fibers are connected to dividing connectors 39(a) and 39(b).

The measuring and reference signals are divided into intermediate signals in 
order to establish a ratio between the measuring and reference signals in the 
system. In one embodiment, the division is performed by connecting input fiber 

25 3 8(a) to dividing fibers 40(a-c) which are fibers of the smaller diameter, and
connecting input fiber 38(b) to dividing fiber 40(d) which is also a smaller diameter 
fiber. By this division of the input signals during operation, the ratio between the 
amount of measuring and reference signals being carried by the optical 
distribution system is known to be 3:1. By utilizing this dividing component, the 

3Q intensity of the measuring signal transmitted through the distribution system may 
be maximized. This signal maximization provides for more accurate monitoring 
results. The intensity of the measuring signal that is transmitted is bounded by 
the necessity of transmitting a reference signal of adequate intensity to allow for 
accurate system operation monitoring.

jg With reference to FIGURE 3, the ends of dividing fibers 40(a-c) connect with
the end of input fiber 38(a) at dividing connector 39(a) so that the ends of dividing 
fibers 40(a-c) are completely subtended by the end of input fiber 38(a). The
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connection thus ensures that no signal reduction occurs at dividing connector 39(a) 
due to a portion of any dividing fiber 40(a-c) extending beyond the circumference 
of input fiber 38(a). Such a misalignment results in a signal of unpredictable 
Intensity being transmitted along the misaligned fibers during operation. In each 

5 of the other fiber connectors in the distribution system, the fiber ends are 
similarly aligned so that the end of the smaller diameter fiber is subtended by the 
end of the larger diameter fiber. In this manner, the amount of signal transferred 
at each fiber connection is predictable based on the fiber diameters. The optical 
fiber connections in the distribution system are preferably established by standard 

10 SMA butt-coupled connector pairs. For example, input fiber 38(a) is connected to 
dividing fibers 40(a-c) by the joining of a pair of connectors Into which the fiber 
ends have been threaded and secured. Fibers of different diameters are connected

ft
» » » « a <

• *
« a t t6 » C« e

» t<© < r
< «ι
» t s

• · c
« 4 t

« · 119 * J
• r

in this manner. Each connector pair is sized to securely hold the fibers in abutting 
relationship.

15 In order to mix the measuring and reference signals into a single mixed
signal, dividing fibers 40(a-d) are connected by mixing connector 41 in abutting 
relationship to mixing fiber 42 which is a fiber of the larger diameter. Mixing 
fiber 42 is of adequate length to evenly distribute the measuring and reference 
signals within the fiber. This length requirement ensures that a sample signal 

20 obtained at any point along the cross-sectional face of the end of fiber 42 opposite 
the mixing connector ("remote end") will include proportions of measuring and 
reference signals equivalent to the ratio in the total signal transmitted by the 
fiber, i.e., a 3:1 ratio in this embodiment.

During operation, a portion of the mixed signal from mixing fiber 42 is 
25 routed along transmitting fibers 44(a) and (b). Transmitting fibers 44 are fibers of 

the smaller diameter and are connected to the mixing fiber at transmitting 
connection 43.

The tip connector 45 connects transmitting fibers 44 to tip fiber 46. Tip 
fiber 46 is preferably a fiber of the larger diameter. The opposite end of the tip 

3Q fiber 4P is connectable to the sensor tip or to other fibers intermediately 
positioned relative to the tip. The tip fiber 46 is connectable to any number of 
sensor tips by connecting devices such as the butt-coupled connector pairs 
described above. Alternatively, the sensor tip fiber may be directly connected by 
the tip connector to the transmitting fibers. Since the characteristics of the 

35 sensor tip, I.e., the analyte-sensitive composition in the tip, define the analyte to 
be monitored, the distribution system can be used for a variety of sensor 
applications.
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The indicator component 30 is connected to tip fiber 40 at tip 
connector 45. The indicator component includes Indicator fibers 48, indicator 
connector 49, and indicator-output fiber 50. During operation, a portion of the 
signals traveling away from the sensor tip through tip fiber 46 are passed to the 

5 indicator fibers 48(a) and 48(b), which are fibers of the smaller diameter. As is 
the case with most fiber connections, a portion of the mixed signal passing 
through tip connector 45 towards the sensor tip is reflected back into the 
transmitting and indicator fibers due to connector characteristics such as changes 
in the index of refraction across the connecting space. These reflected signals are 

10 transmitted along indicator fibers 48 into the indicator component. Since the 
reflected signals are of the same wavelength as the indicator signals, they must be 
differentiated from the Indicator signals, otherwise the intensity of the indicator 
signals will Ide increased by the audition of the reflected signals. The tip 
connector 45, by connecting tip fiber 46 and indicator fibers 48 in the manner 

15 discussed with reference to FIGURE 3, reduces the effects of the reflection at the 
connector. Reflected and Indicator signal differentiation is also done by 
controlling the monitoring process, i.e., controlling the quantity of the signal 
passed through the system and the timing for the transmitting/measurlng 
processes. This control is a function of the microcomputer 20.

20 Indicator fibera 48 are connected to indicator-output fiber 50, preferably a
fiber of the larger diameter, through indicator connector 49. Indicator-output 
fiber 50 is directly connected to the indicator-signal detector 22(a).

A portion of the mixed signal is routed from mixing fiber 42 to comparison 
component 31. The comparison component includes comparison fiber 60, 

25 comparison connector 62, and comparison-output fiber 64. The comparison 
fiber 60 la connected to the mixing fiber 42 by transmitting connector 41 and to 
the comparison-output fiber 62 by comparison connector 62. Comparison fiber 60 
is a fiber of the smaller diameter and comparison-output fiber 64 Is a fiber of the 
larger diameter. The comparison-output fiber 64 Is connected to the comparison * 

30 signal detector 22(b).
In the preferred embodiment described above, about twenty-five percent of 

the total mixed signal at transmitting connector 43 is channeled to the 
comparison-signal detector 22(b) through comparison component 31. 
Approximately fifty percent of the total mixed signal at transmitting 

35 connector 43 is channeled through transmitting fibers 44. Finally, approximately 
50 percent of the indicator signal at tip connector 45 is channeled to the 
indicator-signal detector 22(a) through indicator component 30.
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In one preferred mode of operation, a measuring signal is generated at signal
generator 12(a) at specific time Intervals to provide analyte concentration
readings. The readings for pH and PCOj are obtained by comparing the intensity
of the measuring signal wavelength band of the mixed signal with the Intensity of

5 the measuring signal wavelength band of the indicator signal.
A reference signal is generated at signal generator 12(b) at specific time 

intervals in order to perform checks on the distribution system operation. 
Because the red light is a reference light for sensors using' a phenol red based 
composition, the change of intensity of the reference signal as It is transmitted 

10 from the signal-generating component to the signal-measuring component is 
predictable basted on the known reductions at the fiber connections and at the
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sensor tip. If the intensity of the reference signal received at the indicator 
component is not as expected when compared to the intensity of the reference 
signal received at the comparison component, it is an Indication that a 

15 malfunction, I.e., fiber break or misconnection, has occurred within the 
distribution system. This further Indicates that the measuring signals indicative 
of analyte concentration may be subject to the same malfunction.

In an alternative use of the invention, the distribution system is connected to 
a sensor tip In a luminescent sensor system. In a luminescent sensor system, the 

20 wavelength of the emitted signal is of a different wavelength than the measuring 
signal used to excite the indicator molecule. To monitor the presence of the 
analyte, the time decay of the emitted signal is measured. In this embodiment, 
the comparison section 31 of the distribution system Is not utilized. However, the 
presence of the comparison section of the distribution system does not detract 

25 from the performance of the distribution system in tha luminescent sensor 
system. Additionally, the reference signal is not necessary in order to monitor 
overall system operation.

The optical fibers used in the described embodiments u.f the optical fiber 
distribution system are preferably plastic fibers for ease of handling. Other types 

30 of optical fibers, such as glass, are also suitable for the present invention.
When the end of the smaller diameter fiber is completely subtended by the 

end of a larger diameter fiber, then the loss experienced as the signal travels from 
the larger diameter fiber to the smaller diameter fiber is:

Area Ratio Loss = 10 Log [(small diameter)/(large diameter)J 2
35 . By utilizing these known losses at the fiber connections, the optical 

distribution system is modifiable and the signal transfer at each connector is 
determinable so that the system operation is predictable.



-13-

• 9 β ϋ ο α
■ e ο

• 9 Ο Ο
9 ,. a
Ο 9

β »9
9 α ©

• βα

β ©ο
« Ο i

« ο ί

Ο Β ♦ Φ
9 «
0 g

With reference to FIGURE 4, a portion of the optical distribution system as 
it would appear' In actual use has the optical fibers encased in polyvinyl chloride 
(P.V.CL) casing for protection. One half of each butt-coupler pair of the 
transmitting connector 43, tip connector 45, comparison connector 62 and 

5 indicator connector 4$ is shown. Thus, for example, the other half of transmitting 
connector 43, shown in reference, is an SMA connector carrying mixing fiber 42. 
The connector shown in reference is attached to the illustrated connector to 
complete mixing connector 43. The distribution system made in this manner can 
easily be handled without damaging the optical fibers or affecting the integrity of 

10 the optical connections.
While preferred embodiments of the invention Lave been illustrated and 

described, it will be appreciated that various changes can be made therein without 
departing from the spirit and scope of the invention. For example, other fiber 
dimensions are suitable for use if signal intensity requirements dictate. Other 

15 optical fiber couplers that provide known and consistent coupling qualities can be 
used.

One alternative embodiment of the distribution system utilizes more than 
two distinct signal sources. For example, a third signal source generates a 
distinct reference signal. At least one dividing fiber is connected to the signal- 

20 generating component in order to receive an intermediate signal corresponding in 
wavelength to the third signal wavelength. The indicator signal corresponding in 
wavelength to the third signal Is utilized as a second system operation indicator. 
The relationship between the two distinct reference signals provides information 
related to the system's overall operation. Similarly, additional signals for 

25 measuring could be transmitted through the distribution system. The ratio 
between the various signals transmitted through the system is controlled by the 
configuration of the dividing connector and fibers.

-¾ 9G »
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The claims defining the invention are as follows:
1. A distribution system for an environmental 

parameter measuring sensor, the sensor having: a 
single-fiber sensor tip that includes means for altering a 
light signal in accordance with the presence of the 
environmental parameter to be measured; a signal-generating 
component for producing first and second optical signals of 
distinct wavelengths, the first signal wave' gth being such 
that the signal intensity is altered at the sensor tip in 
proportion to the presence of the environmental parameter, 
the second signal wavelength being such that the intensity 
of the signal is predictably altered at the sensor tip; and 
a signal-measuring component for receiving signals from the 
distribution system, the distribution system comprising: 

a plurality of lengths of optical fiber, at 
least some of said lengths connected in light communicating 
relationship by abutting the ends thereof, the relationship 
of the diameters of said abutting optical fibers being such 
that whenever a group of two or more fibers is connected to 
a single fiber,the end of said single fiber completely 
subtends the end of the group of fibers;

a dividing connector for connecting at least 
three intermediate fibers to the signal-generating component 
to thereby receive intermediate signals, at least one 
intermediate signal corresponding to the wavelength of the 
first signal and one intermediate signal corresponding to 
the wavelength of the second signal;

a mixing connector for connecting a mixing 
fiber to said intermediate fibers to thereby receive said 
intermediate signals and blend them into a single mixed 
signal, said mixing fiber being of a suitable length to mix 
the first and second signals into a single mixed signal 
distributed uniformly across said mixing fiber;

a transmitting connector for connecting a 
transmitting fiber to said mixing fiber to thereby receive a 
portion of said mixed signal; '
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a tip connector for connecting said 
transmitting fiber and an indicator fiber to tip fiber means 
for transmitting said mixed signal to the sensor tip and for 
transmitting a portion of the resulting indicator signal 
returned from the sensor tip to said indicator fiber, 
whereby the signal returned from the sensor tip is 
transmitted to the signal-measuring component via said 
indicator fiber and the intensity of said intermediate 
signals corresponding to the first signal is maximized at 
the dividing connector, the intensity of said intermediate 
signals corresponding to the first signal being bounded by 
the transmission of intermediate signals corresponding to 
the second signal of adequate intensity such that the 
intensity of the indicator signal of a wavelength♦

*;*··; corresponding to the wavelength of the second signal 
·’·’*· received by the signal-measuring component is suitable for 

monitoring the operation of the distribution system.ft «ft β fttft « ft
’ 2. The distribution system as claimed in Claim

»” 1, wherein the said tip fiber means includes the
single-fiber of the sensor tip.

3. The distribution system as claimed in Claim
< « ft“ ‘ 1, wherein said tip fiber means includes an extension fiber,

« ♦ ·
one end of which is connected to said transmitting fiber and 
said indicator fiber via said tip connector.

ft «
ft ft ft «

4. The distribution system as claimed in Claim
1, wherein said transmitting connector further connects a 
comparison fiber to said mixing fiber to thereby transmit a 
portion of said mixed signal to the signal-measuring 
component.
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5. A distribution system for a sensor that 
utilizes an analyte-sensitive indicator molecule to monitor 
the concentration of an analyte, the sensor having: a 
signal generating component for producing first and second 
optical signals of distinct wavelengths, the first signal 
wavelength being such that the signal intensity is altered 
by the indicator molecule in proportion to the presence of 
the analyte, the second signal wavelength being such that 
the intensity of the signal is predictably altered by the 
indicator molecule so that the intensity of the returned 
signal is predictable; a single-fiber sensor tip that 
includes the indicator molecule; and a signal-measuring 
component for receiving signals from the distribution 
system, the distribution system comprising:

lengths of optical fiber of first and second 
diameters, said second diameter being larger than said first 
diameter

a dividing connector for connecting at least 
three intermediate fibers of said first diameter to the 
signal-generating component to thereby receive intermediate 
signals, at least one intermediate signal corresponding to 
the wavelength of the first signal and one intermediate 
signal corresponding to the wavelength of the second signal;

a mixing connector for connecting a mixing 
fiber of said second diameter to said intermedite fibers to 
thereby receive said intermediate signals and blend them 
into a single mixed signal, said mixing fiber being of a 
suitable length to mix the first and second signals into a 
single mixed signal distributed uniformly across said mixing 
fiber;

a transmitting connector for connecting a
transmitting fiber of said first diameter to said mixing
fiber to thereby receive a portion of said mixed signal; and
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a tip connector for connecting said 
transmitting fiber to the sensor tip fiber to thereby 
transmit said mixed signal to the sensor tip, and for 
connecting an indicator fiber of said first diameter to the 
sensor tip to thereby transmit a portion of the resulting 
indicator signal returned from the sensor tip to the 
signal-measuring component, whereby the intensity of said 
intermediate signals corresponding to the first signal is 
maximized at the dividing connector, the intensity of 
said intermediate signals corresponding to the first signal 
being bounded by the transmission of intermediate signals 
corresponding to the second signal of e.deqiiate intensity 
such that the intensity of the indicator signal of a 
wavelength corresponding to the wavelength of the second< 
signal received by the signal-measuring component is

;·'**/ suitable for monitoring the operation of the distribution 
system.

« ««ί ♦ β
’* 6. The distribution system as claimed in Claim

‘ · 5, wherein said dividing connector, said mixing connector,
said transmitting connector, and said tip connector each 
includes a butt-coupler pair.
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7. The distribution system as claimed in Claim
5, wherein said dividing connector connects three 
intermediate fibers to the signal-generating component to 
thereby receive signals of the first signal wavelength and 
connects one intermediate fiber to the signal-generating 
component to thereby receive signals of the second signal 
wavelength.

4
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8. The distribution system as claimed in any one of claims 5 to

7, whereii. said transmitting connector connects a plurality of said 
transmitting fibers to said mixing fiber, and wherein said tip connector 
connects a plurality of indicator fibers to the sensor tip.

5 9. The distribution system as claimed in any one of claims 5 to
8, wherein the relationship of said first diameter relative to said 
second diameter, and the configurations of said dividing connector, said 
mixing connector, said transmitting connector, and said tip connector, 
are such that each connector where a fiber of said first diameter is

10 connected to a fiber of said second diameter, the fiber of said second
diameter completely subtends the fiber of said first diameter.

i0. The optical fiber distribution system as claimed in any one of 
claims 5 to 9, whereir? said optical fibers are encased in polyvinyl 
chloride casing.

15 11. The optical fiber distribution system as claimed in any one of
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claims 5 to 10, wherein said transmitting connector connects a comparison 
fiber of said first diameter to said mixing fiber to thereby transmit a 
portion of said mixed signal to the signal-measuring component.

12. The distribution system as claimed in any one of claims 5 to
20 11, wherein said dividing cr^nector, said mixing connector, said 

transmitting connector, and said tip connector each includes a
butt-coupler pair.

13. The distribution system as claimed in any one of claims 5 to
12, wherein said dividing connector connects tnree intermediate fibers to 

25 the signal-generating component to thereby receive signals of the first 
signal wavelength and connects one intermediate fiber to the signal­
generating component to thereby receive signals of the second signal 
wavelength.

' 14. The distribution system as claimed in any one of claims 5 to
30 13, wherein the relationship of said first diameter to said second

diameter, and the configurations of said dividing connector, said mixing 
connector, said transmitting connector, and said t-1 p connector, are such 
that at each connector where a fiber of said first diameter is connected 
to a fiber of said second diameter, the fiber of said second diameter 

35 completely subtends the fiber of said first diameter.
15. The c- tical fiber distribution system as claimed in any one of 

claims 5 to 14, wherein said optical fibers are encased in polyvinyl
chloride casing.

J
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16. The distribution system as claimed in any one of claims 5 to 

15, wherein the diameter of said mixing fiber is substantially equal to 
the diameter of the sensor tip fiber.

17. A method for distributing signals in an environmental 
parameter measuring sensor, the sensor having: a single-fiber sensor tip 
that includes means for altering a light signal in accordance with the 
presence of the environmental parameter to be measured; a 
signal-generating component for producing first and second optical
signals of distinct wavelengths, the first signal wavelength being such

10 that the signal intensity is altered at the sensor tip in proportion to 
the presence of the environmental parameter, the second signal wavelength 
being such that the intensity of the signal is predictably altered at 
the sensor tip; a signal-measuring component for receiving signals from 
the distribution system; a plurality of lengths of optical fibers, at

15 least some of said lengths connected in light communicating relationship
by abutting the ends thereof, the relationships of the diameters of said 

. connected optical fibers being such that whenever a group of two or more 
® © « * β- 9 ; ' : ■ '

β * fibers is connected to a single fiber, the end of said single fiber
“ ’ completely subtends the end of the group of fibers, said method

20 comprising the steps of:
dividing the first and second signals into intermediate signals by

© β 9 ; ' .

connecting at least three intermediate fibers to the signal-generating
° * component such that at least one intermediate signal corresponds to the

wavelength of the first signal and one intermediate signal corresponds to
25 the wavelength of the second signal;

mixing said intermediate signals into a mixed signal by connecting 
a mixing fiber to said intermediate fibers to thereby receive said 
intermediate signals and blend them into a single mixed signal, said 
mixing fiber being of a suitable length to mix the first and second

30 signals into a single mixed signal distributed uniformly across said 
mixing fiber;

transmitting a portion of said mixed signal ..along a transmitting 
fiber by connecting said transmitting fiber to said mixing fiber;

transmitting a portion of said mixed signal along a comparison
35 fiber by connecting said comparison fiber to said mixing fiber;

transmitting said mixed signal from said transmitting fiber to the
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sensor tip by connecting said transmitting fiber to the tip fiber means; 
and

transmitting a portion of the resulting indicator signal returned 
from the sensor tip along an indicator fiber by connecting an indicator 
fiber to the tip fiber means, whereby the signal returned from the sensor 
tip is transmitted to the signal measuring component via said indicator 
fiber and the intensity of said intermediate signals corresponding to the 
first signal is maximized at the dividing connector, the intensity of 
said intermediate signals corresponding to the wavelength of the first 
signal being bounded by the transmission of intermediate signals 
corresponding to the second signal of adequate intensity such that the 
intensity of the indicator signal of a wavelength corresponding to the 
wavelength of the second signal received by the signal-measuring 
component is suitable for monitoring 
system.

18. A method for distributing 
analyte-sensitive indicator molecule
analyte, the sensor having: a signal-generating 
• <rst and second optical signals of distinct wavelengths, 
signal wavelength being such that the signal intensity is 
indicator molecule in proportion to the presence of the analyte, the 
second signal wavelength being such that the intensity of the signal 
predictably altered by the indicator molecule; a single-fiber sensor
that includes the indicator molecule; a signal-measuring component for 
receiving signals from the distribution system; and a plurality of 
optical fibers of first and second diameters, the second diameter being 
larger than the first diameter, said method comprising the steps of: 

dividing the first and second signals into intermediate signals by 
connecting at least three intermediate fibers of the first diameter to 
the signal-generating component such that at least one intermediate 
signal corresponds to the wavelength of the first signal and one 
intermediate signal corresponds to the wavelength,of the second signal;

mixing said intermediate signals into a mixed signal’ by connecting 
a mixing fiber of the second .diameter to said intermediate fibers to 
thereby receive said intermediate signals and blend them into a single 
mixed signal, said mixing fiber being of a suitable length to mix the

the operation of the distribution

signals in 
to monitor

a sensor that utilizes an 
the concentration of an 
component for producing 

the first 
altered by the

i s 
tip
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first and second signals into a single mixed signal distributed uniformly 
across said mixing

transmitting
fiber of the first
mixing "iber;

cransmi tti ng
fiber of the first 
mixing fiber;

transmitti ng

fiber;
a portion of said mixed signal along a transmitting 
diameter by connecting said transmitting fiber to said

a portion of said mixed signal along a comparison 
diameter by connecting said comparison fiber to said

ι
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said mixed signal from said transmitting fiber to the 
sensor tip by connecting said transmitting fiber to the sensor tip fiber; 
and

transmitting a portion of the resulting indicator signal returned 
from the sensor tip to the signal-measuring component by connecting an 
indicator fiber of the first diameter to the sensor tip, whereby the 
intensity of said intermediate signals corresponding to the first signal 
is maximized at the dividing connector, the intensity of said 
intermediate signals corresponding to the wavelength of the first signal 
being bounded by the transmission of intermediate signals corresponding 
to the second signal of adequate intensity such that the intensity of the 
indicator signal of a wavelength corresponding to the wavelength of the 
second signal received by the signal-measuring component is suitable for 
monitoring the operation of the distribution system.

19. A distribution system for an environmental parameter measuring 
sensor, substantially as herein described with reference to Figure 1, 
Figure 2, or Figure 2, Figure 3 and/or Figure 4.

20. A distribution system for a sensor that utilizes an 
analyte-sensitive indicator molecule to monitor the concentration of an 
analyte, substantially as herein described with reference to Figure 1, 
Figure 2,

21.
parameter 
described
and/or Figure 4.

22. A method for distributing signals in 
analyte-sensitive indicator molecule to monitor

or Figure 2, Figure 3 and/or Figure 4.
A method for distributing signals in an environmental 

measuring sensor, which method is substantially as herein 
with reference to Figure 1, Figure 2, or- Figure 2, Figure 3

35
a sensor that utilizes an 
the concentration of an

>·' IL
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analyte, which method is substantially as herein described with reference 
to Figure 1, Figure 2, Figure 2, Figure 3 and/or Figure 4.

DATED this TWENTY-SIXTH day of JUNE 1991

Abbott Laboratories

Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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