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(57) Abstract

An optical switching assembly selectively connects an optical source and a detector to at least one fiber optic device. The assembly 
includes first and second groups of optical paths, and first and second optical switches. The first optical switch selectively connects the 
optical source to one end of the first group of optical paths, and the second optical switch selectively connects the detector to the one end 
of the second group of optical paths. The assembly also includes a plurality of junctions, each having a lead associated therewith, and one 
or more of the leads are connected to the fiber optic device. The junctions connect the other end of the first group of optical paths and the 
other end of the second group of optical paths to the lead to facilitate the testing of the fiber optic device.
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APPARATUS AND METHOD FOR TESTING
OPTICAL FIBER SYSTEM COMPONENTS

RELATED APPLICATIONS
This application claims priority from U.S. 

provisional application 60/040,875, filed on March 21, 
1997, incorporated herein by reference. This application

5 is a continuation-in-part application of U.S. application
serial number 08/725,651, filed on October 1, 1996,
incorporated herein by reference.
BACKGROUND OF THE INVENTION
Field of the Invention

10 The present invention relates to switching
assemblies, and more specifically, to switching 
assemblies, and/or optical switches used for testing 
optical fibers, devices, and/or fiberoptic devices, such 
as fiber optic couplers. The present completely,

15 accurately, and reliably tests a fiber optic device for
some, many and/or all relevant optical characteristics. 
Background of the Related Art

Fiber optic devices are typically tested after 
manufacture to determine their optical characteristics.

20 For example, attenuators may be tested to determine the
actual attenuation of the device, and fiber optic 
couplers may be tested to determine the coupling ratio at 
selected wavelengths and polarizations.

Currently, various techniques and/or switching
25 assemblies are available for testing of fiber optic

devices. For example, FIGs. 1A-1B illustrate one testing 
assembly disclosed in United Kingdom Patent Application 
2235043A to Philip C. Longhurst, incorporated herein by 
reference. In FIG. 1A, an optical measurement system

30 measures insertion loss of each fibre in sequence of a
multi-fibre connector 15 connected to an optical fibre 
ribbon 16 to be obtained using light source 17, 18 and
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detector 22 of the system. A multi-channel optical 
switch 1 is connected to a light source 17, 18. A 1 x 2 
bi-directional splitter 2 is optically coupled between 
each of the switch channels 4 and a respective fibre 8 of

5 a standard multi-fibre connector 3 mating with the
connector 15 to be tested. Optical fiber 5 is fusion 
spliced at 6 to the channel 4 and to one of the fibers 8 
of an optical fiber ribbon 7 connected to the connector 
3 by an optical fiber 9 which is fusion spliced at 10.

10 FIG. IB is an illustration when the optical
measurement system is used to monitor and record the 
return loss between the pair of optical fibers 
interconnected by the mating of the standard multi-fibre 
connector 3 and the multi-fibre connector 15 under test.

15 To perform the return loss test, the adaptor 21 and large
area detector 22 (shown in FIG. 1A) are disconnected and 
removed from the end of the optical fibre ribbon 16. The 
free end of the optical fibre ribbon 16 is immersed in an 
index matching gel 23 from which no light will be

2 0 reflected. The testing for the return loss is then
conducted using light source 17, 18 and additional
detectors 19, 20.

Thus, in the Longhurst reference, the testing 
procedure is complex and cumbersome. Further, all

25 desired properties of the fiber optic device cannot be
tested without additional connections being made, and/or 
operations being conducted and/or additional testing 
equipment being required, between different test 
procedures. Thus, the testing system in the Longhurst

30 reference is inefficient and not sufficiently and/or
adequately automated.

FIG. 2 is an illustration of another prior art 
switching assembly; that is, the transmission measurement 
facility described in Bellcore Generic Requirements for

35 Fiber Optic Branching Components, Bellcore GR-1209-CORE,
Issue 1, November 1994, incorporated herein by reference.
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The source switch 112 is used to launch light from one of 
sources 104 selected via switch 106 into any of the 
devices under test 108 in environmental chamber 110. The 
detector switch 114 connects any DUT 108 to the power 
meter 118, measuring transmitted power and reflected 
power. The coupler 116 directs the optical power 
reflected by the DUT 108 to port (r) on Switch 114 for 
detection. A reference fiber 120, located at port (m) of 
Switches 112, 114 is used to correct for variations in 
source power over time. A reflectance reference 122 is 
located at port (r) of Switch 112, and is used to 
calculate reflectance from the measured optical power.

Insertion loss is calculated by subtracting the 
power transmitted through the reference fiber 120 from 
the power transmitted through the DUT 108. Reflectance 
is calculated by subtracting the power reflected by the 
reflectance reference 122 from the power reflected by the 
DUT 108. The Switches, Power Meter and Environmental 
Chambers are computer controlled via GPIB interface. 
However, I have realized that this switching assembly 
(suggested for use for environmental testing of fiber 
optic devices) cannot be used to collect and/or capture 
sufficient data to define a full transfer matrix needed 
to calculate/determine the prescribed device 
characteristics for adequate and/or sufficient fiber 
optic device testing. For example, this switching 
assembly cannot obtain or collect directivity and/or near 
end crosstalk measurements of a fiber optic device.

It is therefore desirable to provide a testing 
assembly capable of completely, accurately, and reliably 
testing a fiber optic device for some, most, and/or all 
relevant optical characteristics.

It is also desirable to provide a testing assembly 
capable of completely, accurately, and reliably testing 
a fiber optic device, such as an optical fiber biconical 
taper (FBT) coupler.

35
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It is also desirable to provide a testing assembly 
capable of completely, accurately, rapidly, and reliably 
testing a fiber optic device without altering or changing 
the test configuration and/or testing equipment.

5 It is also desirable to provide a testing assembly
capable of completely, accurately, rapidly, and reliably 
testing a fiber optic device without requiring the 
connections between the testing device and the device 
under test (DUT) to be altered or changed during the

10 testing operation.
It is also desirable to provide a testing assembly

capable of completely, accurately, rapidly, and reliably 
testing a fiber optic device without altering or changing 
the test configuration and/or testing equipment, while

15 also connecting to, and/or disconnecting from, and/or
simultaneously testing, another device under test. 
SUMMARY OF THE INVENTION

It is a feature and advantage of the present 
invention in providing a testing assembly capable of

20 completely, accurately, and reliably testing a fiber
optic device for all relevant optical characteristics.

It is another feature and advantage of the present 
invention in providing a testing assembly capable of 
completely, accurately, and reliably testing a fiber

25 optic device such as an optical fiber biconical taper
(FBT) coupler.

It is another feature and advantage of the present 
invention in providing a testing assembly capable of 
completely, accurately, and reliably testing a fiber

30 optic device without altering or changing the test
configuration and/or testing equipment.

It is another feature and advantage of the present 
invention in providing a testing assembly capable of 
completely, accurately, and reliably testing a fiber

35 optic device without requiring the connections between
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the testing device and the device under test (DUT) to be 
altered or changed during the testing operation.

It is another feature and advantage of the present 
invention in providing a testing assembly capable of

5 completely, accurately, rapidly, and reliably testing a
fiber optic device without altering or changing the test 
configuration and/or testing equipment, while also 
connecting to, and/or disconnecting from, and/or 
simultaneously testing, another device under test.

10 The present invention is based, in part, on the
realization or identification of the problem that during 
testing of fiber optic devices, the testing equipment 
and/or the fiber optic devices require manual 
intervention during the testing program before the fiber

15 optic device can be completely and adequately tested.
This requires much effort to be expended by personnel 
running or implementing the testing program, thereby 
creating many inefficiencies in the entire process of 
testing a fiber optic device.

20 Advantageously, I have discovered that it is
possible to fully test a fiber optic device in accordance 
with a predetermined testing program without requiring 
changes in testing equipment, and/or connections between 
the testing equipment and the device under test.

25 Further, I have discovered that a switching assembly can
be designed that efficiently and effectively connects a 
testing device to a device under test.

In accordance with one embodiment of the invention, 
an optical switching assembly selectively connects an

30 optical source and a detector to at least one fiber optic
device. The assembly includes first and second groups of 
optical paths, and first and second optical switches. 
The first optical switch selectively connects the optical 
source to one end of one of the first groups of optical

35 paths, and the second optical switch selectively connects
the detector to the one end of one of the second groups
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of optical paths. The assembly also includes a plurality 
of junctions, each having a lead associated therewith, 
and one or more of the leads are connected to the fiber 
optic device. The junctions each connect the other end

5 of one of the first groups of optical paths and the other
end of one of the second groups of optical paths to a 
lead to facilitate the testing of the fiber optic device.

According to another embodiment of the invention, an 
optical switching assembly selectively connects an

10 optical source and a detector to at least one fiber optic
t

device having at least n-leads. The assembly includes a 
junction device having at least n-junctions respectively 
connected to the n-leads of the fiber optic device. The 
assembly also includes an optical switch selectively

15 connecting the optical source to each of the n-junctions,
and selectively connecting the detector to each of the n- 
junctions .

Methods for using the optical switching assembly for 
testing two devices substantially simultaneously, for

20 testing one device while another device is being
connected to/disconnected from the optical switching 
assembly, for performing two tests on one device 
substantially simultaneously, and the like, are also 
provided.

25 These together with other objects and advantages
which will be subsequently apparent, reside in the 
details of construction and operation as more fully 
herein described and claimed, with reference being had to 
the accompanying drawings forming a part hereof wherein

30 like numerals refer to like elements throughout.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is an illustration of a prior art optical 
measurement system configured to be used to monitor and 
record the insertion loss between the pair of optical

35 fibers interconnected by the mating of the standard
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multi-fibre connector and the multi-fibre connector under 
test ;

FIG. IB is an illustration of the prior art optical 
measurement system, shown in FIG. 1A, configured to be

5 used to monitor and record the return loss between the
pair of optical fibers interconnected by the mating of 
the standard multi-fibre connector and the multi-fibre 
connector under test;

FIG. 2 is an illustration of a prior art 
10 transmission measurement facility described in Bellcore

Generic Requirements for Fiber Optic Branching
Components;

FIG. 3A shows a schematic diagram of an optical 
testing apparatus;

15 FIG. 3B shows a representation of a 1 x 2 FBT
coupler to be tested shown as the device under test 
(DUT);

FIG. 4 shows the first step in this testing 
procedure is to connect the test device to the optical

20 switching assembly;
FIG. 5 shows the next step in the testing procedure

is to obtain reference power values;
FIG. 6 is an illustration of the next step of

obtaining reference reflectance values;
25 FIG. 7 is an illustration of the next step in the

testing procedure to obtain the optical power 
distribution values from lead 1 to lead 2 of the device 
under test;

FIG. 8 is an illustration of the next step in the
30 testing procedure to determine optical power transmitted

from lead 1 to lead 3 of the device under test;
FIG. 9 is an illustration of the next step in the 

testing procedure to determine the optical power 
transmitted from lead 1 and reflected by the test device

35 back to lead 1 of the device under test;
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FIG. 10 is an illustration of the next step in the
testing procedure to determine the optical power
transmitted from lead 2 to lead 1 of the device under
test ;

FIG. 11 is an illustration of the next step in the
testing procedure to determine the optical power
transmitted from lead 2 to lead 3 of the device under
test ;

FIG. 12 is an illustration of the next step in the
testing procedure to determine the optical power
transmitted from lead 3 to lead 2 of the device under
test ;

FIG. 13 is a schematic diagram of an optical testing 
apparatus shown connected to multiple 1x2 FBT couplers

15 to be tested; and
FIG. 14 is a schematic diagram of the optical

testing apparatus, shown in FIG. 13, shown connected to 
a 1 x 4 FBT coupler to be tested.
DESCRIPTION OF PREFERRED EMBODIMENT OF THE INVENTION

20 The present invention is used on, and provides
efficient, accurate, rapid and reliable testing of, 
optical fibers, devices and/or fiber optic devices 
(hereinafter "fiber optic device") such as couplers, 
switches, wave-division multiplexers (WDM), filters,

25 attenuators, polarizers, waveguides, sensors, wideband
fiber optic couplers, fiber optic connectors, fiber optic 
amplifiers, fiber optic sensors and the like, that 
provide substantially similar optical responses, 
properties and/or indicators . These various fiber optic

30 devices, such as the WDM, may be constructed of different
materials such as glass, crystal, metal, plastic, ceramic 
and the like.

The present invention completely, accurately, and 
reliably tests a fiber optic device for all relevant

35 optical characteristics. The present invention
facilitates and/or performs the testing of optical
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characteristics of fiber optic devices such as couplers, 
switches, WDMs, and the like, to, for example, industry- 
standard specifications, such as standard, published 
Bellcore (Bell Communications Research) Specifications 
1209 and/or 1221, incorporated herein by reference.

One principal advantage of the method and/or 
apparatus described herein is that it allows the 
automatic and rapid testing of a fiber optic device for 
all relevant optical characteristics. A principal use of 
this method and/or apparatus is also in post-production 
testing for a passive fiber optic component manufacturer. 
This method and/or apparatus will quickly, reliably, and 
accurately test a fiber optic device, in a highly 
automated manner.

To illustrate this method, I will conceptually 
demonstrate the standard Bellcore 1209 optical testing of 
a 1 x 2 FBT coupler. The testing of other fiber optic 
devices would be similar (with the exception that some 
steps may be added and/or omitted based on the specific 
optical device being tested) , including testing of single 
optical fibers and/or devices. In this description, the 
number of fiber optic device leads and testing apparatus 
connections have been minimized for clarity. The testing 
of other fiber optic devices with a different number of 
leads would be similar. A testing apparatus with a 
greater number of connections would allow devices with a 
greater number of leads, and/or a greater number of 
devices, to be tested.

FIG. 3A shows a schematic diagram of an optical 
testing apparatus 24. It includes a set of optical 
sources 26 (shown as Source) , such as lasers, LEDs, etc., 
and methods to select and control the optical properties 
of those sources 26, such as polarizers, wavelength 
filters, etc. The optical testing apparatus 24 also 
includes a set of optical detectors 28 (shown as 
Detector), and methods to select and control the
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detectors 28 for measuring the optical properties being 
tested.

An optical switching assembly 30 (shown as large box 
below Source and Detector) is included for connecting the

5 source 26 and the detector 28 to the device under test,
described below in greater detail. The optical switching 
assembly 30 includes two 1 x N optical switches 32, 34 
(shown as switch A and switch B) and a set of 1 x 2 
optical directional couplers 36, 38, 40, 42, 44 and 46

10 (shown as small boxes 1-6), each connected to both
optical switches 32, 34 via optical paths (e.g., optical 
fiber, waveguide, free space, and the like).

A set of ports 48, 50, 52, 54, 56 and 58 (shown as 
small black vertical lines below the 1x2 couplers),

15 attached to the optical couplers 36, 38, 40, 42, 44 and
46, are used to connect external devices to the optical 
switching assembly 30. Each optical coupler 36, 38, 40, 
42, 44 and 46, connects each port 48, 50, 52, 54, 56 and 
58 to both switch A 32, which directs input from the

20 source 26, and switch B 34, which directs output to the
detector 28.

This connection configuration gives each port 48, 
50, 52, 54, 56 and 58 the ability to simultaneously act 
as both an input from the source 26 and an output to the

25 detector 28. A reference optical reflector 60 (shown as
black horizontal line 54 below port 4) may be permanently 
attached to port 4 indicated by reference numeral 54 , and 
is used as a reference optical reflectance measurement 
standard. An optical patch cable 62 (shown as black line

30 56, 58 below port 5 and port 6) may permanently connect
port 5 indicated by reference numeral 56 and port 6 
indicated by reference numeral 58, and is used to 
calibrate and measure the optical power of the source 26.

FIG. 3B shows a representation of a 1 x 2 FBT
35 coupler to be tested 64 (shown as the Device Under Test

or DUT). To properly test this device, it is necessary
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to measure the distribution of optical power from each 
lead to all leads 66, 68 and/or 70.

FIG. 4 shows the first step in this testing 
procedure is to connect the device under test 64 to the 
optical switching assembly 30. To accomplish this, the 
leads 66, 68, 70 of the device under test 64 are 
preferably fusion spliced to connect to ports 48, 50, 52, 
respectively. Other forms of connection described 
herein, instead of fusion splicing, are possible, such as 
use of optical connectors, mechanical splices, free space 
connection, waveguides and the like. For clarity, 
optical connections under discussion will be emphasized 
by thicker black lines.

FIG. 5 shows the next step in the testing procedure 
is to obtain reference optical power and reflectance 
values. To determine reference optical power values, 
switch A 32 connects the source 26 to port 5 (reference 
numeral 56) via optical path or communication line 72 and 
optical directional coupler 5 (reference numeral 44) , the 
optical patch cable 62 connects port 5 (reference numeral 
56) to' port 6 (reference numeral 58) . Switch B 34 
connects the detector 28 to port 6 (reference numeral 58) 
via optical path 74 and optical directional coupler 6 
(reference numeral 46). The source 26 is now connected 
to the detector 28, and optical power measurements of the 
source 26 can be made by detector 28, and stored for 
later reference. Patch cable 62 can be any suitable 
device and/or optical path (e.g., free space) and/or 
means that connects and/or provides an optical connection 
between port 5 (reference numeral 56) and port 6 
(reference numeral 58).

FIG. 6 is an illustration of the next step of 
determining reference optical reflectance values. In 
FIG. 6, to determine reference optical reflectance 
values, switch A 32 connects the source 2 6 to port 4 
(reference numeral 54) via optical path 76 and optical
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directional coupler 4 (reference numeral 42) . The 
reference optical reflector 60 is connected to port 4 
(reference numeral 54) and reflects a predetermined 
amount of optical power back to port 4 (reference numeral

5 54). Switch B 34 connects port 4 (reference numeral 54)
to the detector 28 via optical path 78 and optical 
directional coupler 42 . Optical reflectance measurements 
of the source 26 can now be made by the detector 28, and 
stored for later reference.

10 FIG. 7 is the next step in this testing procedure to
obtain the optical power distribution values for each of 
the leads 66, 68, 70 of the device under test 64. To
determine optical power transmitted from lead 1 
(reference numeral 66) to lead 2 (reference numeral 68) ,

15 switch A 32 connects the source 26 to port 1 (reference
numeral 48) via optical directional coupler 36 and 
optical path 80. In addition, switch B 34 connects port 
2 (reference numeral 50) to the detector 28 via optical 
directional coupler 38 and optical path 82 . All optical

20 measurements from lead 1 (reference numeral 66) to lead
2 (reference numeral 68) can now be made.

For example, the types of optical measurements made 
by the testing system may include one or more of the 
optical tests described in Bellcore 1209 and 1221,

25 incorporated herein by reference.
FIG. 8 is the next step in this testing procedure to 

obtain the optical power distribution values for each of 
the leads 66, 68, 70 of the device under test 64. To
determine optical power transmitted from lead 1

30 (reference numeral 66) to lead 3 (reference numeral 70) ,
switch A 32 connects the source 26 to port 1 (reference 
numeral 48) via optical directional coupler 36 and 
optical path 80. In addition, switch B 34 connects port
3 (reference numeral 52) to the detector 28 via optical

35 directional coupler 40 and optical path 84. All optical
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measurements from lead 1 (reference numeral 66) to lead 
3 (reference numeral 70) can now be made.

FIG. 9 is the next step in this testing procedure to 
obtain the optical power distribution values for each of 
the leads 66, 68, 70 of the device under test 64. To 
determine optical power transmitted from lead 1 
(reference numeral 66) reflected back to lead 1, switch 
A 32 connects the source 26 to port 1 (reference numeral 
48) via optical directional coupler 36 and optical path 
80. In addition, switch B 34 connects port 1 (reference 
numeral 48) to the detector 28 via optical directional 
coupler 36 and optical path 86. All optical measurements 
from lead 1 (reference numeral 66) reflected by the test 
device back to lead 1 can now be made.

FIG. 10 is the next step in this testing procedure 
to obtain the optical power distribution values for each 
of the leads 66, 68, 70 of the device under test 64. To 
determine optical power transmitted from lead 2 
(reference numeral 68) to lead 1 (reference numeral 66) , 
switch A 32 connects the source 26 to port 2 (reference 
numeral 50) via optical directional coupler 38 and 
optical path 88. In addition, switch B 34 connects port 
1 (reference numeral 48) to the detector 28 via optical 
directional coupler 36 and optical path 86. All optical 
measurements from lead 2 (reference numeral 68) to lead 
1 (reference numeral 66) can now be made.

FIG. 11 is the next step in this testing procedure 
to obtain the optical power distribution values for each 
of the leads 66, 68, 70 of the device under test 64. To 
determine optical power transmitted from lead 2 
(reference numeral 68) to lead 3 (reference numeral 70) , 
switch A 32 connects the source 26 to port 2 (reference 
numeral 50) via optical directional coupler 38 and 
optical path 88. In addition, switch B 34 connects port 
3 (reference numeral 52) to the detector 28 via optical 
directional coupler 40 and optical path 84. All optical
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measurements from lead 2 (reference numeral 68) to lead 
3 (reference numeral 70) can now be made. The 
determination of optical power transmitted from lead 2 
reflected by the test device back to lead 2 is similar to

5 that shown in FIG. 9.
FIG. 12 is the next step in this testing procedure

to obtain the optical power distribution values for each 
of the leads 66, 68, 70 of the device under test 64. To 
determine optical power transmitted from lead 3

10 (reference numeral 70) to lead 2 (reference numeral 68) ,
switch A 32 connects the source 26 to port 3 (reference 
numeral 52) via optical directional coupler 40 and 
optical path 90. In addition, switch B 34 connects port 
2 (reference numeral 50) to the detector 28 via optical

15 directional coupler 38 and optical path 82. All optical
measurements from lead 3 (reference numeral 70) to lead 
2 (reference numeral 68) can now be made.

The determination of optical power transmitted from 
lead 3 reflected by the test device back to lead 3 is

20 similar to that shown in FIG. 9, and the determination of
optical power transmitted from lead 3 to lead 1 is 
similar to that shown in FIG. 8.

At this point, all optical distribution measurements 
from each lead to all other leads have been made. Using

25 these optical measurements and the initial reference
measurements, all relevant Bellcore 1209 and/or 1221 
optical calculations, for example, can be performed.

The following figures show an example of a test 
apparatus that can be used to test a greater number of

30 devices, and/or devices with a greater number of leads.
FIG. 13 shows a schematic diagram of an optical 

testing apparatus connected to multiple 1x2 FBT 
couplers to be tested. To increase efficiency, one or 
more devices can be tested while other devices are being

35 connected and/or disconnected. For example, optical
switching assembly 30 includes two 1 x N optical switches
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32, 34 (shown as switch A and switch B) and a set of 1 x 
2 optical directional couplers 36, 38, 40, 42, 44, 46,
92, 94 and 96 (shown as small boxes 1 - 9), each
connected to both optical switches 32, 34. Note that an

5 additional three optical directional couplers 92, 94, 96
are included.

A set of ports 48, 50, 52, 54, 56, 58, 98, 100, 102 
(shown as small black vertical lines below the 1x2 
couplers), attached to the optical couplers 36, 38, 40,

10 42, 44, 46, 92, 94, 96 are used to connect external
devices to the optical switching assembly 30. Each 
optical coupler 36, 38, 40, 42, 44, 46, 92, 94, 96
connects each port 48, 50, 52, 54, 56, 58 98, 100, 102 to 
both switch A 32, which directs input from the source 26,

15 and switch B 34, which directs output to the detector 28.
The leads 66, 68, 70 of the device under test 64 are
preferably fusion spliced to ports 48, 50, 52,
respectively. In addition, while device under test 64 is 
being tested, device under test 104 can be connected

20 and/or disconnected to/from optical switching assembly
30. More specifically, leads 106, 108, 110 of the device 
under test 104 can be fusion spliced to ports 54, 56, 58, 
respectively, for subsequent testing of, or simultaneous 
testing with, device under test 64.

25 FIG. 14 shows a schematic diagram of the optical
testing apparatus, shown in FIG. 13, connected to a 1 x 
4 FBT coupler to be tested. Optical switching assembly 
30 includes two 1 x N optical switches 32, 34 (shown as 
switch A and switch B) and a set of 1 x 2 optical

30 directional couplers 36, 38, 40, 42, 44, 46, 92, 94 and
96 (shown as small boxes 1 - 9), each connected to both 
optical switches 32, 34. Note that an additional three 
optical directional couplers 92, 94, 96 are included.

A set of ports 48, 50, 52, 54, 56, 58, 98, 100, 102
35 (shown as small black vertical lines below the 1x2

couplers), attached to the optical couplers 36, 38, 40,
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42, 44, 46, 92, 94, 96 are used to connect external 
devices to the optical switching assembly 30. Each 
optical coupler 36, 38, 40, 42, 44, 46, 92, 94, 96 
connects each port 48, 50, 52, 54, 56, 58 98, 100, 102 to

5 both switch A 32, which directs input from the source 26,
and switch B 34, which directs output to the detector 28. 
The leads 66, 68, 70, 112, 114 of the device under test 
64 can be fusion spliced to ports 48, 50, 52, 54, 56,
respectively. Other standard means of connecting the

10 leads of the device under test to the ports may also be
used. For example, instead of fusion splicing, optical 
connectors, mechanical splices, free space connection, 
waveguides and the like, may be used.

Accordingly, the optical testing apparatus
15 illustrated in FIG. 14 is able to automatically test a

device under test that comprises a 1 x 4 FBT coupler, 
without requiring various connection steps during the 
testing process to complete the predetermined testing 
steps.

20 While the above examples illustrated principally
testing a 1 x 2 FBT coupler, any size and/or number of 
FBT couplers, fiber optic devices, testing devices, 
sources, detectors and/or other devices requiring testing 
can be used with the optical testing apparatus described

25 herein. Similarly, any size and/or number of optical
directional couplers can also be used. Further, any 
number and/or size of optical switches can also be used. 
The source and detector described herein may be of any 
suitable device. The FBT couplers can also be

30 substituted with any other suitable switching mechanism.
For example, more than one set of optical switches 

can be used to test more than one device under test 
substantially simultaneously and/or to perform more than 
one test substantially simultaneously. For example, if

35 the device under test 64 has lead 6 6 connected to optical
switch 32 and source 26, lead 68 connected to switch 34
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35

associated with detector 28, and lead 70 connected to an 
additional optical switch and detector, the testing 
system will be able to simultaneously perform two test 
procedures, on lead 68 and lead 70, of the device under 
test 64 .

Similarly, use of multiple sets of sources and 
associated optical switches and multiple sets of 
detectors and associated optical switches permits 
multiple devices under test to be tested substantially 
simultaneously, and/or devices under test requiring 
multiple sources and/or detectors, as needed. For 
example, some 2x2 devices under test, such as erbium- 
doped fiber amplifiers, require two different 
simultaneous sources and two different simultaneous 
detectors for performing the test procedures.

All switches described herein that are separate 
entities may, of course, be combined into a single 
switching device with additional inputs/outputs. For 
example, switches 32, 34 may be combined into a single 
switching assembly providing similar functions. Optical 
couplers 36, 38, 40, 42, 44, 46, 92, 94, 96 could also be 
combined into a single optical coupler/switch with the 
required amount of input/output ports and/or similar 
functionality. That is, the above example merely 
provides a logical separation of switching devices, and 
other functionally similar switching devices are 
contemplated or within the scope of the optical switching 
apparatus described herein. Further, the coupler(s) can 
be any standard junction and/or switch that provides a 
similar function. In addition, the coupler(s) and/or 
junction and/or switch can be of any dimension, such as 
1 x n. For example, if standard 1 x n optical switches 
are substituted for the coupler(s) 36, 38, 40, 42, 44, or 
46, a 1 x 2 optical directional coupler may be required 
between the source 26 and optical switches 32, 34 to 
allow back reflection to be measured.
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The source and detector components described herein 
may comprise any suitable device for performing a 
predetermined testing function. Thus, for testing of 
fiber optic devices, the source may be a laser; however, 
for testing other devices the source may comprise another 
testing/polling device used to test the accuracy of a 
predetermined circuit, semiconductor device, conductor, 
and the like. In addition, the source and detector 
components may be a single device providing similar 
and/or simultaneous functionality as separate source and 
detector components. Thus, various testing devices 
and/or devices under test may be used with the switching 
apparatus described herein.

The source, detector and fiber optic device under 
test may also be connected to various different 
parts/ports of the switching assembly described herein. 
That is, the specific configuration used in the example 
discussed herein may be altered to suit different needs. 
For example, the positions of the source and detector may 
be switched. Similarly, it is also possible to switch 
the defector and/or the source with the fiber optic 
device, depending on the number of leads requiring 
testing and the specific testing program being 
implemented.

Additional test devices such as sources and/or 
detectors may also be used. In this situation, the 
additional sources and/detectors may be connected in the 
conventional manner and/or in the manner described herein 
for maximum and/or simultaneous utilization of same. For 
example, an additional source(s) may be connected to an 
additional optical switch that selectively connects the 
additional source(s) to each of the ports. Similarly, an 
additional detector(s) may be connected to an additional 
optical switch that selectively connects the additional 
detector(s) to edch of the ports.35
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Standard means of connecting any of the components 
in the switching assembly including the source, detector 
and/or device under test may be used. For example, 
fusion splicing, optical connectors, mechanical splices,

5 free space connection, waveguides and the like, may be
used to connect components.

In view of the advantages of the switching assembly 
described herein, standard automated programs run by a 
computer, microprocessor and the like, can be used in

10 combination and/or successively to fully test the fiber
optic device. That is, the present invention allows 
various testing procedures to be implemented without 
requiring the test setup and/or connections to be altered 
prior to completion of the entire combination of testing

15 procedures.
The many features and advantages of the invention 

are apparent from the detailed specification, and thus, 
it is intended by the appended claims to cover all such 
features and advantages of the invention which fall

2 0 within the true spirit and scope of the invention.
Further, since numerous modifications and variations will 
readily occur to those skilled in the art, it is not 
desired to limit the invention to the exact construction 
and operation illustrated and described, and accordingly,

25 all suitable modifications and equivalents may be
resorted to, falling within the scope of the invention.
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What is claimed is:
1. A switching assembly for selectively connecting 

first and second test devices to at least one device 
under test, comprising:

first and second groups of optical paths, each 
5 optical path having a first and second end;

a first switch selectively connecting the first test 
device to the first end of one of the first groups of 
optical paths;

a second switch selectively connecting the second 
10 test device to the first end of one of the second groups

of optical paths; and
a plurality of junctions, each having a lead, at 

least one lead connected to the at least one device under 
test, said plurality of junctions connecting the second

15 end of a corresponding optical path from the first group
and the second end of a corresponding optical path from 
the second group to the at least one lead.

2. A switching assembly of claim 1, wherein at 
least one of said plurality of junctions is a passive 
fiber optic directional coupler.

3. A switching assembly of claim 1, wherein at 
least one of said first and second switches is a fiber 
optic switch.

4. A switching assembly of claim 1, wherein at 
least one of said first and second groups of optical 
paths is an optical fiber.

5. A switching assembly of claim 1, wherein said 
first test device is a light source and said second test 
device is a detector.

6. A switching assembly of claim 1, wherein at 
least one of the first and second test devices performs 
at least two testing procedures to the at least one 
device under test without requiring the test

5 configuration to be altered prior to completing the at
least two testing procedures.
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7. A switching assembly of claim 1, wherein the at 
least one device under test comprises at least one of a 
wavelength division multiplexer, a wideband fiber optic 
coupler, a coupler, a switch, a filter, an attenuator, a 
waveguide, a fiber optic sensor, a sensor, a fiber optic 
coupler, an optical fiber, an optical connector, a fiber 
optic connector, an optical amplifier, a fiber optic 
amplifier, an optical switch, a fiber optic switch and a 
polarizer.

8. A switching assembly of claim 1, wherein one of 
said plurality of junctions is connected to a reference 
reflector.

9. A switching assembly of claim 8, wherein two of 
said plurality of junctions are at least one of 
mechanically and optically connected to each other to at 
least one of calibrate and obtain a reference measurement 
for at least one of the first and second test devices.

10. A switching assembly of claim 1, wherein said 
plurality of junctions comprise a first junction 
connected to a reference reflector, second and third 
junctions optically connected to each other, and an 
additional junction for each port of the device under 
test.

11. A switching assembly of claim 1, wherein two of 
said plurality of junctions are optically connected to 
each other to at least one of calibrate and obtain a 
reference measurement for at least one of the first and 
second test devices .

12. An optical switching assembly for selectively 
connecting an optical source and a detector to at least 
one fiber optic device, comprising:

first and second groups of optical paths, each 
optical path having a first and second end;

a first optical switch selectively connecting the 
optical source to the first end of one of the first 
groups of optical paths;
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a second optical switch selectively connecting the 
10 detector to the first end of one of the second groups of

optical paths; and
a plurality of junctions, each having a lead, at 

least one lead connected to said at least one fiber optic 
device, said plurality of junctions connecting the second

15 end of a corresponding optical path from the first group
and the second end of a corresponding optical path from 
the second group to the at least one lead.

13. An optical switching assembly of claim 12, 
wherein at least one of said first and second groups of 
optical paths is an optical fiber.

14. An optical switching assembly of claim 12, 
wherein the optical source and the detector together are 
configured to perform at least two testing procedures to 
the at least one fiber optic device without requiring the

5 test configuration to be altered prior to completing the
at least two testing procedures.

15. A switching assembly of claim 12, wherein the 
at least one device under test comprises at least one of 
a wavelength division multiplexer, a wideband fiber optic 
coupler, a coupler, a switch, a filter, an attenuator, a

5 waveguide, a fiber optic sensor, a sensor, a fiber optic
coupler, an optical fiber, an optical connector, a fiber 
optic connector, an optical amplifier, a fiber optic 
amplifier, an optical switch, a fiber optic switch and a 
polarizer.

16. A switching assembly of claim 12, wherein one 
of said plurality of junctions is connected to a 
reference reflector.

17. A switching assembly of claim 12, wherein two 
of said plurality of junctions are optically connected to 
each other to at least one of calibrate and obtain a 
reference measurement for at least one of the first and

5 second test devices.
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18. A switching assembly of claim 12, wherein said 
plurality of junctions comprise a first junction 
connected to a reference reflector, second and third 
junctions optically connected to each other, and another 
junction for each port of the device under test.

19. A switching assembly of claim 12, wherein two 
of said plurality of junctions are optically connected to 
each other to at least one of calibrate and obtain a 
reference measurement for at least one of the first and 
second test devices.

20. A switching assembly of claim 12, wherein said 
plurality of junctions comprise a first junction 
connected to a reference reflector, second and third 
junctions optically connected to each other, and an 
additional junction for each port of the device under 
test.

21. An optical switching assembly for selectively 
connecting an optical source and a detector to at least 
one fiber optic device, comprising:

first and second groups of optical paths, each 
optical path having a first and second end;

an optical switch selectively connecting the optical 
source to the first end of one of the first groups of 
optical paths, and selectively connecting the detector to 
the first end of one of the second groups of optical 
paths; and

a junction device having at least one lead connected 
to said at least one fiber optic device, said junction 
device connecting the second end of a corresponding 
optical path from the first group and the second end of 
a corresponding optical path from the second group to the 
at least one lead.

22. An optical switching assembly of claim 21, 
wherein the optical source and the detector together are 
configured to perform at least two testing procedures to 
the at least one fiber optic device without requiring the
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5 test configuration to be altered prior to completing the
at least two testing procedures.

23. A switching assembly of claim 21, wherein the 
at least one fiber optic device comprises at least one of 
a wavelength division multiplexer, a wideband fiber optic 
coupler, a coupler, a switch, a filter, an attenuator, a

5 waveguide, a fiber optic sensor, a sensor, a fiber optic
coupler, an optical fiber, an optical connector, a fiber 
optic connector, an optical amplifier, a fiber optic 
amplifier, an optical switch, a fiber optic switch and a 
polarizer.

24. A switching assembly of claim 21, wherein said 
junction device comprises another lead optically 
connected to a reference reflector.

25. A switching assembly of claim 24, wherein said 
junction device comprises first and second leads 
optically connected to each other to at least one of 
calibrate and obtain a reference measurement for at least

5 one of the optical source and the detector.
26. A switching assembly of claim 21, wherein said 

junction device comprises a first junction optically 
connected to a reference reflector, second and third 
junctions optically connected to each other, and another

5 junction for each port of the device under test.
27. A switching assembly of claim 21, wherein two 

of said junction device comprises first and second 
junctions optically connected to each other to at least 
one of calibrate and obtain a reference measurement for

5 at least one of the optical source and the detector.
28. An optical switching assembly for selectively 

connecting an optical source and a detector to at least 
one fiber optic device, comprising:

first and second groups of optical path means, each 
5 optical path means having a first and second end;

optical switching means for selectively connecting 
the optical source to the first end of one of the first
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groups of optical path means, and for selectively- 
connecting the detector to the first end of one of the 
second groups of optical path means; and

a junction device having at least one lead connected 
to said at least one fiber optic device, said junction 
device connecting the second end of a corresponding 
optical path means from the first group and the second 
end of a corresponding optical path means from the second 
group to the at least one lead.

29. A method of selectively connecting an optical 
source and a detector to at least one fiber optic device 
using a switching assembly, comprising at least one of 
non-sequential, sequential, sequence independent steps 
of :

(a) selectively connecting the optical source to a 
first end of one of a first group of optical paths;

(b) selectively connecting the detector to a first 
end of one of a second group of optical paths; and

(c) connecting a second end of the one of the first 
group of optical paths to a junction;

(d) connecting a second end of the one of the 
second group of optical paths to the junction; and

(e) connecting the at least one fiber optic device 
to the junction.

30. A method of claim 29, further comprising the 
step of performing at least two testing procedures on the 
at least one fiber optic device without requiring the 
test configuration to be altered prior to completing the 
at least two testing procedures.

31. A method of claim 29, further comprising the 
steps of :

(1) connecting the junction to a reference 
reflector; and

(2) performing a reference test using the reference 
reflector.
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32. A method of claim 31, wherein the junction 
comprises first and second junctions, and wherein said 
method further comprises the step of connecting the first 
and second junctions to each other, and calibrating at

5 least one of the optical source and the detector using 
the first and second junctions.

33. A method of claim 31, further comprising the 
step of connecting each port of the fiber optic device to 
a separate junction of the junctions.

34. A method of claim 29, wherein the junction 
comprises first and second junctions, and wherein said 
method further comprises the steps of optically- 
connecting the first and second junctions to each other,

5 and calibrating at least one of the optical source and 
the detector using the first and second junctions.

35. A method of claim 29, wherein the junction 
comprises first, second and third junctions, and wherein 
said method further comprises the steps of:

(1) connecting the first junction to a reference 
5 reflector, and performing a reference test using the

reference reflector;
(2) optically connecting the second and third 

junctions to each other, and calibrating at least one of 
the optical source and the detector using the second and

10 third junctions; and
(3) connecting each port of the at least one fiber 

optic device to a separate junction of the junction.
36. An optical switching assembly for selectively 

connecting an optical source and a detector to at least 
one fiber optic device having at least n-leads, 
comprising:

a junction device having at least n-junctions 
respectively connected to the at least n-leads of the at 
least one fiber optic device; and

5
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an optical switch selectively connecting the optical 
source to each of the n-junctions, and selectively 
connecting the detector to each of the n-junctions.
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37. A switching assembly for selectively connecting first and second 

test devices to at least one device under test, comprising:

first and second groups of optical paths, each optica! path having a first 

and second end;

a first switch selectively connecting the first test device to the firs: end 
of one of the first groups of optical paths;

a second switch sciectivcly connecting the second test device to the 
first end of one of the second groups of optical paths; and

a plurality of junctions, each having a lead, each lead connecting each 

junction to a corresponding and separate port of the at least one device under 

test, said plurality of junctions connecting the second end of a corresponding 
optical path from the first group and the second end of a corresponding optical 

path from the second group to the at least one lead,

38. A method of selectively connecting an optical source and a 

detector to at least one fiber optic device using a switching assembly, 

comprising at least one of non-sequential, sequential, sequence independent 

steps of:
(a) selectively connecting the optical source to. a firs; end of one of a 

first group of optical paths;
(b) selectively connecting the detector to a first end of one of a second 

group of optical paths; and
(c) connecting a second end of the one of the first group of optical 

paths to a junction;
(d) connecting a second end of the one of the second group of optical 

paths to the junction; and
(e) connecting each port of the fiber optic device to a separate junction 

of the junctions.

39. An optical switching assembly for selectively connecting an 
optical source and a detector to at least one fiber optic device having at ieust 

three leads, comprising:
a junction device having at least three junctions respectively connected 

to the at least three leads of the at least one fiberoptic device; and

an optical switch selectively connecting the optical source to each of 

the at least three junctions, and selectively connecting the detector to each of 

the at least three junctions.

AMENDED Shtt f
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40. An optical switching assembly for selectively connecting an 

optical source and a detector lo at least one fiber optic coupler having at least 
π-lcads, comprising:

a junction device having at least n-junctions respectively connected to 

the at least n-lcads of the at least one fiberoptic coupler; and

an optical switch selectively connecting the optical source to each of 
the π-junctions, and selectively connecting the detector to each of the n- 

junctions.

41. An optical switching assembly according to claim 4Q,

wherein said at least one fiber optic coupler comprises first and second 

fiber optic couplers with respective first und second n-ieads,

wherein said n-junctions comprises First and second n-junctions 

connected respectively to first and second n-lcads of said first and second fiber 

optic couplers, and

wherein said optica! switch selectively connects the optical souredo* 

each of the first and second n-junctions of said first and second optica! 
couplers, and selectively connects the detector to each of the first and second 

n-junctions of said first and second optical couplers.

42. An optical switching assembly for selectively connecting an 
optica! source and a detector to at least one fiber optic device having at least n- 

leads, comprising:
at least first and second fiber optic devices with respective first and 

second n-leads;
at least first and second n-juncticns connected respectively to said first 

and second n-leads of said first and second fiber optic devices; and
at least one optical switch selectively connecting the optica* source to 

each of the first and second n-junctions of said first and second optical 
devices, and selectively connecting the detector to each of the first and second 

n-junctions of said first and second optical devices.

AMENDED SHffT
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43. An optical switching assembly comprising:

first and second groups of optical fibers, each optical fiber having a first

and second end;

a first optical switch for selectively connecting a light source to the first 

5 end of one of the first group of optical fibers;

a second optical switch for selectively connecting an optical device to 

the first end of one of the second group of optical fibers; and

a plurality of junctions, each having an optical fiber lead and 

connecting the second end of a corresponding optical fiber from the first

10 group and the second end of a corresponding optical fiber from the second 

group to the optical fiber lead,

wherein the light source is used to test the optical device connected to 

at least one of said optical fiber leads by performing at least two testing 

procedures without requiring the optical device to be disconnected from said

15 at least one of said optical fiber leads prior to completing the at least two 

testing procedures.

44. The assembly of claim 43, wherein the first and second switches each 

have leads connecting the first end of the corresponding optical fibers to the

20 corresponding switch, each lead minimising back-reflectance of light at the 

first end of the corresponding optical fiber.

45. The assembly of claim 43, wherein at least one of said junctions is a 

passive fiber optic coupler.

46. The assembly of claim 45, wherein the passive fiber optic coupler 

minimises back-reflectance of light received from the corresponding optical 

fiber lead.

47. The assembly of claim 43, wherein at least one of said optical fiber 

leads has a cleaved end having a predetermined reflectance.



31

48. The assembly of claim 43, wherein a first optical fiber lead of one of the 

plurality of junctions is fusion spliced to a second optical fiber lead of 

another of the plurality of junctions.

5

49. The assembly of claim 48, wherein the optical device is 

configured to measure a power loss of light propagation between the light 

source and the optical device by the first and second optical switches and the 

one of the plurality of junctions and the another of the plurality of junctions

10 respectively corresponding to the first and second optical fiber leads.

50. The assembly of claim 48, wherein the first optical fiber lead connects 

the switching assembly to the optical device.

15 51. The assembly of claim 43, wherein one of said plurality of junctions is

connected to a reference reflector.

52. The assembly of claim 51, wherein four of said plurality of junctions 

comprise a first junction connected to the reference reflector, second and

20 third junctions connected to a patch cable, and another junction for each 

input and output port of the device under test.

53. The assembly of claim 51, wherein two of said plurality of junctions 

are connected to each other via a patch cable to calibrate at least one of the

25 first and second test devices.

54. The assembly of claim 43 wherein two of said plurality of junctions are 

connected to each other via a patch cable to calibrate at least one of the first 

and second test devices.
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55. The assembly of claim 43, wherein four of said plurality of junctions 

comprise a first junction connected to a reference reflector, second and third 

junctions connected to a patch cable, and an additional junction for each 

input and output port of the device under test.

5

56. An optical switching assembly comprising:

first and second groups of optical fibers, each optical fiber having a first 

and second end;

a first optical switch for selectively connecting a light source to the first

10 end of one of the first group of optical fibers;

a second optical switch for selectively connecting an optical device to

the first end of one of the second group of optical fibers; and

a plurality of junctions, each having an optical fiber lead and

connecting the second end of a corresponding optical fiber from the first

15 group and the second end of a corresponding optical fiber from the second 

group to the optical fiber lead, wherein the light source is used to test a fiber 

optic device connected to at least one of said optical fiber leads by performing 

at least two testing procedures without requiring the fiber optic device to be 

disconnected from said at least one of said optical fiber leads prior to

20 completing the at least two testing procedures.

57. An optical switching assembly comprising:

first and second groups of optical fibers, each optical fiber having a first

and second end;

25 a first optical switch for selectively, individually and alternately

connecting a light source to each of the first ends of the first group of optical 

fibers;

a second optical switch for selectively, individually and alternately

connecting an optical device to the first end of one of the second group of

optical fibers; and
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a plurality of junctions, each having an optical filer lead and 

connecting the second end of a corresponding optical fiber from the first 

group and the second end of a corresponding optical fiber from the second 

group to the optical fiber lead.

5

58. An optical switching assembly comprising:

first and second groups of optical fibers, each optical fiber having a first

and second end;

a first optical switch for selectively connecting a first optical device to 

10 the first end of one of the first group of optical fibers;

a second optical switch for selectively connecting a second optical 

device to the first end of one of the second group of optical fibers; and

a plurality of junctions, each having an optical fiber lead and 

connecting the second end of a corresponding optical fiber from the first

15 group and the second end of a corresponding optical fiber from the second 

group to the optical fiber lead, wherein the light source is used to test a fiber 

optic device connected to at least one of said optical fiber leads by performing 

at least two testing procedures without requiring the fiber optic device to be 

disconnected from said at least one of said optical fiber leads prior to

20 completing the at least two testing procedures.

59. A method for testing a fiber optic device, comprising:

connecting at least first and second fiber optic devices, each having an

optical fiber lead, to respective first and second junctions of an optical 

switching assembly, the optical switching assembly comprising a first optical 

switch and a second optical switch, each of the junctions having first and 

second optical fibers connecting the corresponding junction to the first and 

second optical switches, respectively;

setting the first and second optical switches to test the first fiber optic

device coupled to the first junction;
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testing the first fiber optic device coupled to the first junction by 

performing at least two testing procedures on the first fiber optic device 

connected to at least one of said optical fiber leads without requiring the fiber 

optic device to be disconnected from said at least one of said optical fiber

5 leads prior to completing the at least two testing procedures; and

resetting the first and second optical switches to test the second fiber

optic device coupled to the second junction.

«···
• · ··

60. An optical switching assembly comprising:

10 first and second groups of optical fibers, each optical fiber having a first

and second end;

a first optical switch for selectively connecting a first optical device to 

the first end of one of the first group of optical fibers;

a second optical switch for selectively connecting a second optical

15 device to the first end of one of the second group of optical fibers; and 

a plurality of junctions, each having an optical fiber lead and

connecting the second end of a corresponding optical fiber from the first 

group and the second end of a corresponding optical fiber from the second 

group to the optical fiber lead,

20 wherein the light source is used to test at least one of the first and

second optical devices connected to at least one of said optical fiber leads by 

performing at least two testing procedures without requiring the at least first 

and second optical devices to be disconnected from said at least one of said 

optical fiber leads prior to completing the at least two testing procedures.

61. The assembly of claim 60, wherein the first and second switches each 

have leads connecting the first end of the corresponding optical fibers to the 

corresponding switch, each lead minimising back-reflectance of light at the 

first end of the corresponding optical fiber.
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62. The assembly of claim 60, wherein at least one of said junctions is a 

passive fiber optic coupler.

63. The assembly of claim 62, wherein the passive fiber optic coupler

5 minimises back-reflectance of light received from the corresponding optical 

fiber lead.

64. The assembly of claim 60, wherein at least one of said optical fiber 

leads has a cleaved end having a predetermined reflectance.

10

65. A switching assembly substantially as described herein with reference

• to Figures 3 to 14 of the accompanying drawings.
• ·· ·• · ·• ·• · ···· ·• · · ·
: * : 66. An optical switching assembly substantially as described herein with
• ·
• ’·.· 15 reference to Figures 3 to 14 of the accompanying drawings.

67. A method of selectively connecting an optical source and a detector to 

at least one fiber optic device substantially as described herein with reference 

to Figures 3 to 14 of the accompanying drawings.

68. A method for testing a fiber optic device substantially as described 

herein with reference to Figures 3 to 14 of the accompanying drawings.

Dated this 19th day of April 2001 

25 Cary Bloom

Patent Attorneys for the Applicant;

F B RICE & CO
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ĥrMS

V:

SUBSTITUTE SHEET (RULE 26)



WO 98/14766 PCT/US97/16169

12/15

SUBSTITUTE SHEET (RULE 26)



ί
WO 98/14766 PCT/US97/16169

13/15

SUBSTITUTE SHEET (RULE 26)



WO 98/14766 PCT/US97/16169

14/15

FI
G

. 13

SUBSTITUTE SHEET (RULE 26)



I

WO 98/14766 PCT/US97/16169

15/15

SUBSTITUTE SHEET (RULE 26)


