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BACKGROUND

Technical Field of the Invention

The present invention relates to a method and system for coupling multimode optical

fibers to optical detectors. The present invention also relates to fiber optic pigtails made in

accordance with the inventive method.

Description of the Prior Art

Fiber optic communication devices include a transmitter that comprises an optical energy

source such as a laser diode coupled to one end of an optical fiber and a receiver that comprises

an optical sensor or detector coupled to the other end of the optical fiber. The transmitter emits

signal that are carried over the optical fiber and received by the receiver that can be great

distances away. The transmitter can include a laser subassembly, also known as a pigtailed laser,

that includes a short length of optical fiber fixed by welding or adhesive to a laser diode. The

end of the optical fiber opposite the laser diode is typically connectorized with a fiber optic



connector that is mated with a fiber optic adapter mounted at one end of a fiber optic cable

assembly. Similarly, the receiver can include a photodiode subassembly, also known as a

pigtailed photodiode, that includes a short length of optical fiber fixed by welding or adhesive to

an optical detector, such as a photodiode. The end of the optical fiber opposite the photodiode is

typically connectorized with a fiber optic connector that is mated with a fiber optic adapter

mounted at other end of the fiber optic cable assembly.

There are several types of optical fibers, including single mode optical fiber and

multimode optical fiber. As a result, there are single mode optical fiber pigtails and multimode

optical fiber pigtails. In addition, multimode based systems are typically used for short distance

applications using larger core diameter optical fiber. Single mode based systems are typically

used for longer distance application using smaller core diameter optical fiber.



SUMMARY

It can be desirable to use a single mode fiber transmitter in a system that includes

multimode fiber and equipment that uses multimode fiber pigtailed receivers. For example, a

facility can be wired with multimode optical fiber and have equipment that includes multimode

receivers that need to communicate with transmitters that are pigtailed with single mode optical

fiber. It has been discovered that while the single mode pigtail connected to the transmitter laser

diode can be connected to the multimode optical fiber that is connected to the photodiode optical

detector of the receiver, the multimode pigtail that is fixed to optical detector using conventional

manufacturing methods may not be sufficiently aligned such that the signals received from the

optical detector are not stable and are sensitive to movements of the multimode optical fiber.

Even when the multimode optical fiber is not disturbed physically, the distribution of light

transmitted through a length of multimode fiber can continue to change over time.

According to the present invention, a method and system is provided for alignment of an

optical detector and/or a multimode optical fiber termination in order to fix the multimode

optical fiber termination to the optical detector. The alignment can include the adjustment of

linear position and the angular orientation of both the multimode optical fiber and the optical

detector using one or more mechanical positioning devices coupled to the end of the multimode

optical fiber and one or more mechanical positioning devices coupled to the optical detector.

While aligning the multimode fiber termination relative to the optical detector, a light source

having a single mode fiber pigtail is illuminated causing light signals to be transmitted through

the multimode optical fiber and detected by the optical detector. Signal output by the optical

detector can be measured and the position and/or the angular orientation of the optical fiber and

the optical detector can be adjusted to obtain the maximum signal output from the optical

detector. With the alignment of the optical fiber and the optical detector held in position to

provide maximum signal output, optical fiber can be manipulated by mechanical means to verify

that the signal output from the optical detector is stable within a predefined range of variation.

If the signal output from the optical detector does not remain stable during manipulation,

the optical fiber and/or the optical detector can be further aligned into a positional relationship

wherein the signal output from the optical detector remains stable during manipulation.

If the signal output from the optical detector remains relatively stable during

manipulation, the optical fiber can be fixed using laser welding, adhesive or other mechanical



means, to the optical detector. In order create a fiber optic pigtail, the fiber optic cable can be

cut or cleaved at a predefined distance from the optical detector. A fiber optic connector can be

mounted on the cut or cleaved end of the fiber optic pigtail. Alternatively, the fiber optic

connector can be mounted on one end of the fiber optic pigtail prior to alignment and fixation to

the optical detector.

According to an aspect of the present invention, there is provided an optical detector

subassembly having a multimode optical fiber pigtail aligned according to a method as disclosed

herein

According to another aspect of the present invention, there is provided an optical detector

subassembly having a multimode optical fiber pigtail aligned according to a method as disclosed

herein that provides stable output while the optical fiber is manipulated.

According to another aspect of the present invention, there is provided an optical detector

subassembly having a multimode optical fiber pigtail aligned according to the invention that

provides reduced signal output variation while the optical fiber is manipulated when compared

with multimode optical fiber pigtails produced according to prior art methods.

According to a further aspect of the present invention, is to provide a method for

manufacturing an optical detector subassembly having a multimode optical fiber pigtail aligned

to an optical detector that more consistently produces optical detector subassemblies that provide

stable output while the optical fiber is manipulated.



These and other capabilities of the invention, along with the invention itself, will be more

fully understood after a review of the following figures, detailed description, and claims.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a diagrammatic view of a system for coupling multimode fiber to an optical

detector according to an embodiment of the present invention;

FIG. 2 is a diagrammatic view of a system for coupling multimode fiber to an optical

detector according to an embodiment of the present invention;

FIG. 3 is a flow diagram of a method for coupling multimode fiber to an optical detector,

according to an embodiment of the present invention; and

FIGs. 4A and 4B show a diagram of an apparatus for manipulating multimode optical

fiber according to an embodiment of the present invention.



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Reference will now be made in detail to embodiments of the present invention, examples

of which are illustrated in the accompanying drawings, wherein like reference numerals refer to

the like elements throughout. The embodiments are described below to explain the present

invention by referring to the figures.

Referring now to the drawings, Figures 1 and 2 show a simplified diagram of a

photodiode coupling system 10, according to an embodiment of the present invention. System 10

includes a light source 12 (for example, a Fabry-Perot laser diode) coupled, at its output, to an

optical fiber pigtail 14. Optical fiber pigtail 14 is preferably a single mode optical fiber designed

to carry the wavelength of light energy produced by light source 12. Optical fiber pigtail 14 can

be coupled by a mating sleeve 16 to a multimode optical fiber 18. Optical fiber 18 can be wound

into a coil of one or more loops of less than ten inches in diameter. The fiber terminations of

optical fiber pigtail 14 and multimode optical fiber 18 can be angle cleaved and/or polished to

provide lower back-reflection toward laser source 12. Alternatively, optical fiber pigtail 14 can

be spliced to multimode optical fiber 18. The distal end of multimode optical fiber 18 can be

ferrule terminated and positioned relative to the sensor 26 by cable positioner 22. The ferrule or

end of the optical fiber 18 can be removably coupled, for example by a clamp, to the cable

positioner 22, allowing the ferrule or the distal end of optical fiber 18 to be fixed by laser

welding, adhesive or other methods to the sensor 26.

The sensor 26 can be any optical detector that can be used to detect the optical signals

sent over the multimode optical fiber 18. In accordance with one embodiment of the invention,

the sensor 26 can be a photodiode. The sensor 26 can be mounted in a housing and optionally

positioned relative to the distal end of the optical fiber 18 by a sensor positioner 24.

In accordance with one embodiment of the invention, the cable positioner 22 can be a

linear positioner which can move the ferrule or the distal end of the optical fiber 18 along one or

more Cartesian axes (X, Y, Z) , for example, in two dimensions over the face of the sensor 26.

In accordance with an alternative embodiment of the invention, the cable positioner 22 can be an

angular positioner which can move the ferrule or the distal end of the optical fiber 18 over one or

more angles (theta, phi). In accordance with one embodiment of the invention, the sensor

positioner 24 can be a linear positioner which can move the sensor 26 along one or more

Cartesian axes (X, Y, Z), for example, in two dimensions to align the face of the sensor 26 with



the ferrule or the distal end of the optical fiber 18. In accordance with an alternative

embodiment of the invention, the sensor positioner 24 can be an angular positioner which can

move the sensor 26 over one or more angles (theta, phi). Further, the cable positioner 22 can be

a linear positioner and sensor positioner 24 can be an angular positioner or the cable positioner

22 can be an angular positioner and sensor positioner 24 can be a linear positioner. In alternative

embodiments, one of the ferrule or distal end of optical fiber 18 and sensor 26 can be fixed in

position and a single positioner (either a cable positioner 22 or a sensor positioner 24) can be

used to align the sensor 26 or the ferrule or distal end of optical fiber 18, respectively. The

single postioner can move along one or more Cartesian axes (X, Y, Z), for example, in two

dimensions to align the face of the sensor 26 with the ferrule or the distal end of the optical fiber

18. In an alternate embodiment, the ferrule or the distal end of the optical fiber 18 and/or the

sensor 26 can be moved in a circular or spiral pattern to align the face of the sensor 26 with the

ferrule or the distal end of the optical fiber 18.

In the embodiment where the sensor 26 includes a photodiode, the photodiode can be

reverse biased by connecting it to a direct current power source 32. One of the measured output

signals from the photodiode sensor 26 can include the photocurrent generated by the absorption

of light emitted from laser diode 12 and transmitted through optical fibers 14 and optical fiber

18. The photocurrent can be measured, for example, using a (digital) voltage meter 36 to

measure the voltage drop across a resistor 34 (100 Ohm) connected in series with photodiode

sensor 26 and DC power source 32. The photocurrent can be determined using Ohm's law from

the measured voltage drop over series resistor 34.

In an alternative embodiment of the invention, light source 12 can be controlled to inject

a square wave signal at a low frequency into the laser light source 12 and monitor the output of

the sensor 26 on an oscilloscope. The alignment operation can be performed and positioning of

the ferrule or the distal end of optical fiber 18 and the sensor 26 can be performed so that the

square wave output signal appears well squared off and at maximum amplitude irrespective of

the movements of the multimode optical fiber 18.

In an alternative embodiment of the invention, light source 12 can be controlled to inject

a continuous wave (CW) radio frequency signal into the laser light source 12 and monitor the

change in the amplitude of the RF signal as a function of time. The alignment operation can be

performed and positioning of the ferrule or the distal end of optical fiber 18 and the sensor 26



can be performed so that the amplitude of the RF signal is insensitive to movements of the

multimode optical fiber 18.

In accordance with one embodiment of the invention, a computer controlled device can

be used to measure the sensor output signal and adjust the (linear and/or angular) positions of the

multimode optical fiber 18 and/or the sensor 26 in accordance with the invention. As shown in

Figs. 2, 4A and 4B, the system according to the invention can include a computerized controller

50, connected to the output of the sensor 26 (for example, using a power source 32, resistor 34

and voltage measuring device 36) and connected to the cable positioner 22 and the sensor

positioner 24 to control the alignment of the optical fiber 18 and/or sensor 26 in accordance with

the invention. The controller 50 can employ one or more computer programs, software and/or

firmware in operation to perform one or more algorithms in accordance with the invention. The

cable positioner 22 and the sensor positioner 24 can each include one or more motorized linear

or angular positioning stages or a robotic manipulator that can be controlled directly or indirectly

by controller 50. The controller 50 can also be connected to a manipulating or clamping

mechanism 42 which can hold or support one or more loops of the optical fiber 18 and

manipulate the optical fiber 18 in accordance with the invention while the measuring the output

signal from the sensor 26 to determine whether the output signal is substantially stable to allow

the optical fiber 18 to be fixed to the sensor 26. In accordance with further embodiments of the

invention, the controller 50 can be connected to an adhesive application system which can apply

adhesive to the end of the optical fiber 18 to fix it to the sensor 26 in response to control signals

from the controller 50. Alternatively, the controller 50 can be connected to a laser welding

device that laser welds the end of the optical fiber 18 to the sensor 26. In one embodiment of the

invention, the multimode optical fiber 18 can be cut or cleaved a short distance from the sensor

26 and a fiber optic connector can be mounted on the cut end of the pigtail. In an alternate

embodiment of the invention, a fiber optic connector can be mounted on one end of the

multimode optical fiber prior to alignment and fixation to the sensor 26.

Figure 3 shows a flow diagram illustrating a method for coupling multimode optical fiber

to an optical detector according to an embodiment of the present invention. At 310, the coupling

system 10 is setup whereby optical fiber 18 can be connected to the light source 12 by single

mode fiber optic pigtail 14 and the mating sleeve 16, and the end of the optical fiber 18 (to be

fixed to the sensor 26) can be coupled to the cable positioner 22 by a clamp or other mechanical



coupling. Similarly, the sensor 26 can be coupled to the sensor positioner 24 by a clamp or other

mechanical coupling. At 312, the position and/or the orientation of the optical fiber 18 and/or

the sensor 26 can be adjusted and at the same time, the output signal from the sensor 26 (for

example, the photocurrent from a photodiode sensor) can be monitored to adjust the optical fiber

18 and/or the sensor 26 into a relative position whereby the output signal from the sensor 26 is at

a relative maximum or peak level. This can be accomplished by moving, in a small or

predetermined amount, in each degree of freedom of the cable positioner 22 and/or the sensor

positioner 24 individually and determining the difference between the output signal before and

after the movement. If the movement in a given direction results in an increase in the output

signal from the sensor 26, movement continues in that direction until the output signal from the

sensor 26 starts to decrease (has passed its peak) and then the last movement is reversed to return

the output signal to its relative maximum or peak level. If the movement in that direction results

in a decrease in the output signal from the sensor 26, movement continues in the opposite

direction until the output signal from the sensor 26 starts to decrease (has passed its peak) and

then the last movement is reversed to return the output signal to its relative maximum or peak

level.

At 314, if the sensor 26 output is not at its relative maximum or peak level, the process

returns to 312 and the position and/or the orientation of the optical fiber 18 and/or the sensor 26

can be further adjusted. If the sensor 26 output is at its relative maximum or peak level, the

process proceeds to 316 where the optical fiber loop 18 is manipulated.

At 316, the optical fiber loop is manipulated and the output of the sensor 26 can be

monitored to determine whether the output of the sensor 26 is stable. In accordance with one

embodiment of the invention, the relative maximum or peak output level of the sensor 26 (before

manipulation) can be compared to the output level of the sensor 26 after optical fiber is

manipulated and a difference or deviation value determined. The output of the sensor 26 can be

considered stable where the difference or deviation value is smaller than a predetermined

threshold value. In accordance with one embodiment of the invention, the predetermined

threshold value can be determined as a function of the relative maximum or peak output level of

the sensor 26, for example 0 - 15%. At 318, if the sensor 26 output is not considered stable, the

process returns to 312 where the position and/or the orientation of the optical fiber 18 and/or the

sensor 26 can be further adjusted to a new relative maximum or peak level.



At 318, if the sensor 26 output is considered stable, the process proceeds to 320 where

the end of the optical fiber 18 is fixed to the sensor 26. At 320, the end of the optical fiber 18

can be fixed to the sensor 26 using any well know mechanical connection including mechanical

connecting devices, laser welding or adhesives (for example, epoxy, UV cure adhesives), as

known in the art of making optical fiber pigtails. In accordance with one embodiment of the

invention an adhesive is used adhere a ferrule to the end of the optical fiber and after the end of

the optical fiber and the sensor 26 are positioned in accordance with the invention, an adhesive is

used to adhere the ferrule to the sensor 26.

Figs. 4A and 4B shows an apparatus 60 for manipulating the optical fiber 18 according to

one embodiment of the invention. The apparatus 60 can include a baseplate 62, an actuator 64

mounted to the baseplate 62, an arm 66 coupled to the actuator 64 and a pair of chucks 72 and 74

adapted to hold and manipulate the optical fiber 18. The actuator 64 can be mounted or coupled

to the plate 62 and in one embodiment, the actuator can be mounted by screws or adhesive, to the

back side, for example, the opposite side that the stationary chuck 72 is mounted to. The

actuator 64 can include a rotary actuator or a motor having an output shaft that can rotate about

an axis. Arm 66 can be mounted to the output shaft of the actuator 64, whereby actuation of the

actuator 64 causes arm 66 to rotate about the axis. The apparatus 60 can include a stationary

chuck 72 and a movable chuck 74. The stationary chuck 72 can be fastened to the front side of

the baseplate 62, for example, by screws (through holes shown), by welding, brazing or

adhesive. The movable chuck 74 can be coupled to the arm 66, for example, by screws (through

hole shown), by welding, brazing or adhesive. A slot 62A can be provided to allow the movable

chuck 74 to be coupled to the arm 66 through the baseplate 62, where the actuator 64 is mounted

to the back side of the baseplate 62. Each chuck can, for example, include a large plate coupled

to a small plate or bracket, wherein the short plate is spaced from the large plate by a small gap.

The size of the gap can be selected to enable one or more loops of the optical fiber 18 to be held

by each chuck 72, 74 without damaging the optical fiber during insertion and manipulation.

One end of the optical fiber 18 can include a connector which can mate with another

connector mounted on one end of the pigtailed laser which serves as the light source. The two

male connectors can be mated in the optical fiber adapter 16. The other end of the optical fiber

18 can include a connector that can mate with a connector mounted on the end of the optical

fiber opposite the end to be fixed to photodiode optical sensor 26. The two connectors can be



mated in optical fiber adapter 68. The end to be fixed can be held by the cable positioner 22 in

relation to the sensor 26. The sensor 26 can be held by the sensor positioner 24. The controller

50 can be connected to the output of the sensor 26 and connected to the cable positioner 22

and/or the sensor positioner 26 to move the end of the optical fiber and/or the sensor to align the

end of the optical fiber relative to the sensor 26 to produce the best output signal. In addition,

the controller 50 can be connected to the actuator 64 to move the movable chuck 74 which can

cause the loop of optical fiber 18 to become flattened as shown in Fig. 4B.

In operation, with the chucks arranged as shown in Fig. 4A, the controller 50 can actuate

the cable positioner 22 and/or the sensor positioner 24 to align the end of the optical fiber with

the sensor to produce the maximum output signal. After the optical fiber is aligned with sensor,

the actuator 64 can be actuated causing the arm 66 to pivot about the axis, moving the movable

chuck 74 towards the stationary chuck 72 as shown in Fig. 4B. Further, the actuator 64 can be

actuated causing the arm 66 to pivot in the opposite direction, moving the movable chuck 74

away from the stationary chuck 72 as shown in Fig. 4A. Thus, the movable chuck 74 can be

moved toward and away from the stationary chuck 72 according to a predefined or random

frequency for a predetermined time period. For example, the movable chuck 74 can be moved at

a frequency of 1.0 cycle per 5 seconds for a time period of 30 seconds. Other frequencies can

range from 0.10 Hz to 1.0 Hz and the time period can be as short as 10 seconds and longer than 1

minute. At the same time, the controller 50 can receive the output signal from the sensor 26 and

determine whether the optical fiber-sensor alignment meets the stability requirements.

In accordance with one embodiment of the invention, sensor output stability can be

determined as a function of the maximum and minimum output of the sensor recorded by the

controller 50. For example, the controller 50 can record the maximum output of sensor 26 and

the minimum output of sensor 26 and determine the sensor output stability as (Outputmax -

Outputmin)/Outputmax. In an alternate embodiment, the sensor output stability can be determined

as a function of the static output of the sensor prior to manipulation of the optical fiber and the

outputs measured by the controller. For example, the sensor output stability can be determined

as (Outputmax - Outputmin)/Outputstatlc.

In accordance with one embodiment of the invention, each of the stationary chuck 72 and

the movable chuck 74 can include a face that is approximately 30mm wide and each can include

a 10mm wide bracket 72A and 74A which holds the optical fiber in position relative to the face.



In this embodiment, the face of the movable chuck 74 is moved by the actuator 64 toward the

face of the stationary chuck 72 causing the one or more loops of optical fiber 18 to become

elongated as shown in Fig. 4B. The width of the face can range from 5mm to 50mm and any

holding device or mechanism (for example, bracket, adhesive, cable tie, tape) can be used to hold

the optical fiber 18 against the faces of the chucks 72 and 74.

As one of ordinary skill will appreciate, in accordance with the invention, the position

and/or the orientation of the optical fiber 18 and/or the sensor 26 can be adjusted to arrive at a

relative maximum or peak output level of the sensor 26, which may or may not correspond to the

absolute maximum or peak level for a given optical fiber 18 and sensor 26. As a practical

matter, there can be more than one alignment configuration of the optical fiber 18 and the sensor

26 that results in a relative maximum or peak output level of the sensor 26. However, it may or

may not be the case that each such alignment configuration proves to be stable when the optical

fiber is manipulated.

In accordance with the invention, the level of stability tested for the comparison threshold

can be determined by the physical component properties (including the diameter, and material

composition and construction) of the optical fiber, the requirements of the system in which it will

be used and the desired performance characteristics of the final subassembly (the fiber optic

pigtail). In accordance with one embodiment of the invention, the stability of the output of the

sensor 26 during the optical fiber manipulation operation can be limited to between 0% and 25%

and preferably, less than 1.0% of the relative maximum or peak output value. The required level

of stability can depend on the intended application of the fiber optic photodiode subassembly.

In accordance with the present invention, the optical fiber 18 can be manipulated while

one end is operativeIy coupled to a light source 12 and the other end is held in position to be

fastened to an optical detector 26. The optical fiber 18 can be manipulated in many different

ways depending on the desired performance characteristics of the resulting subassembly and the

physical component properties (including the diameter, and material composition and

construction) of the optical fiber. In accordance with one embodiment of the invention, the

multimode optical fiber 18 can be coiled into one or more loops having a diameter of between

one and 10 inches, as shown in Figs. 1 and 2, and bent by applying pressure 42 along a diameter

of the loop(s) causing the loop(s) into a "figure 8" configuration. In an alternative embodiment

of the invention, the multimode optical fiber 18 can be coiled into one or more loops having a



diameter of less than 2.0 cm, as shown in Figs. 1 and 2, and bent by applying pressure 42 along a

diameter of the loop(s) causing the loop(s) into a "figure 8" configuration. In other embodiments

of the invention, the loop(s) can be elongated or oval and the diameter can be less than one inch

or greater than 10 inches. The loop(s) can be oriented in a horizontal orientation, a vertical

orientation or an angled orientation. In other embodiments of the invention, the loops can be

twisted into a "figure 8" configuration. In further embodiments of the invention, the optical fiber

can be folded onto itself as part of the manipulation operation. In still further embodiments of

the invention, the optical fiber can formed into one or more loops and the diameter of the loop(s)

can be changed as part of the manipulation operation. In other embodiments of the invention,

the optical fiber 18 can be shaken using well known optical fiber shaking equipment.

As one of ordinary skill appreciate the method of the invention can be practiced

manually, for example, where the end of the optical fiber 26 can be clamped to linear positioning

stage (providing X, Y and Z motion) and the sensor 26 can be clamped to an angular positioning

stage (providing rotation about two orthogonal axes). In this embodiment, the user can move the

end of the optical fiber 18 and the sensor 26 close together and measure the output on the

voltmeter 36. The voltmeter 36 can measure the voltage across a 100 ohm resister and the

photocurrent can be easily determined by dividing the voltage meter reading by 100. The user

can then move the end of the optical fiber along each axis of the linear positioning stage and the

sensor about each axis of the angular positioning stage, to find the relative maximum or peak

output level of the sensor 26 for each axis. After the position corresponding to the maximum or

peak output level of the sensor 26 is determined, the user can manipulate the cable, for example

by coiling it on one or more loops and pinching it in the middle (or using a fixture to do so)

while monitoring the reading of the voltmeter 36 to determine if the maximum or peak output

level of the sensor 26 deviates by more than a defined threshold. If it does, the end of the optical

fiber 18 and the sensor 26 can be re-aligned and the manipulation operation repeated.

Alternatively, the end of the optical fiber 18 and the sensor 26 can be re-aligned while the optical

fiber is manipulated and the output of the sensor 26 is monitored to detect the sensor 26 output

level deviation. If the position proves to be stable during manipulation, the user can fasten the

end of the optical fiber 18 to the sensor 26 using an adhesive, for example, an epoxy resin or UV

curing adhesive, by laser welding, or any other well know means for attaching an optical fiber to

an optical detector..



The end products produced in accordance with the present invention can include an

optical fiber subassembly that includes an optical fiber fastened to an optical detector. The

optical fiber can be, for example, multimode optical fiber. In accordance with one embodiment

of the invention, the subassembly can include a relatively short length of multimode optical fiber

fastened to an optical detector, commonly know as a fiber optic pigtail. In other embodiments of

the invention, the subassembly can include a relatively long length of multimode optical fiber

fastened to an optical detector. As one of ordinary skill will appreciate, the present invention

can be used to fasten an optical fiber to an optical detector or any fiber optic component that can

be connected to an optical fiber or between two optical fibers (including, for example, a laser

diode, a filter, an isolator, an attenuator, a switch, a reflector, a modulator, a polarizer, a

circulator or a splitter). In the latter embodiment, instead of positioning the optical detector, the

optical energy source is positioned with respect to the end of the optical fiber and the output of

the sensor coupled to the other end of the optical fiber can be monitored to find a position

corresponding to a maximum or peak output level and the cable can be manipulated while

monitoring the sensor output to confirm stability.

The present invention is not limited in its application to the details of design and the

arrangement of the components set forth in the description or illustrated in the drawings. The

invention is capable of other embodiments or of being practiced or carried out in various ways.

Also, the phraseology and terminology employed herein is for the purpose of description and

should not be regarded as limiting.

Other embodiments are within the scope and spirit of the invention. For example, due to

the nature of software, functions described above can be implemented using software, hardware,

firmware, hardwiring, or combinations of any of these. Features implementing functions may

also be physically located at various positions, including being distributed such that portions of

functions are implemented at different physical locations.

Further, while the description above refers to the invention, the description may include

more than one invention.

What is claimed is:



CLAIMS

1. A method making a fiber optic subassembly including an optical fiber and an optical

detector, the method comprising:

coupling a light source to a first end of the optical fiber enabling light energy from the

light source to be transmitted from the first end through the optical fiber to a second end of the

optical fiber;

positioning the second end of the optical fiber relative to the optical detector;

measuring a signal output by the optical detector;

adjusting the position of the second end of the optical fiber relative to the optical detector

to align the second end of the optical fiber with respect to the optical detector at a position that

corresponds to a relative peak signal output of the optical detector;

manipulating of the optical fiber and monitoring the output signal of the optical detector

to confirm that output signal of the optical detector is stable during manipulation; and

fixing the second end of the optical fiber to the optical detector.

2 . A method making a fiber optic subassembly according to claim 1 wherein the position of

the second end of the optical fiber is adjusted along at least one of three linear axes.

3. A method making a fiber optic subassembly according to claim 1 wherein the position of

the optical detector is adjusted angularly about at least one of two rotational axes.

4 . A method making a fiber optic subassembly according to claim 1wherein the output

signal of the optical detector after adjusting the position is compared to the output signal of the

optical detector before adjusting the position.

5. A method making a fiber optic subassembly according to claim 1wherein the output

signal of the optical detector is considered stable if the output signal during manipulation does

not deviate from the output signal prior to manipulation by more than a predetermined amount.



6. A method making a fiber optic subassembly according to claim 1wherein the output

signal of the optical detector is considered stable if a maximum output signal measured during

manipulation does not deviate from a minimum output signal by more than a predetermined

amount.

7. A fiber optic subassembly including an optical fiber and an optical detector, the fiber

optic subassembly being made according to the method comprising:

coupling a light source to a first end of the optical fiber enabling light energy to be

transmitted from the first end through the optical fiber to a second end of the optical fiber;

positioning the second end of the optical fiber relative to the optical detector;

measuring a signal output by the optical detector;

adjusting the position of the second end of the optical fiber relative to the optical detector

to align the second end of the optical fiber with respect to the optical detector at a position that

corresponds to a relative peak signal output of the optical detector;

manipulating of the optical fiber and monitoring the output signal of the optical detector

to confirm that output signal of the optical detector is stable during manipulation; and

fixing the second end of the optical fiber to the optical detector.

8. A fiber optic subassembly made according to claim 7 wherein the position of the second

end of the optical fiber is adjusted along at least one of three linear axes.

9. A fiber optic subassembly made according to claim 7 wherein the position of the optical

detector is adjusted angularly about at least one of two rotational axes.

10. A fiber optic subassembly made according to claim 7 wherein the output signal of the

optical detector after adjusting the position is compared to the output signal of the optical

detector before adjusting the position.

11. A fiber optic subassembly made according to claim 7 wherein the output signal of the

optical detector is considered stable if the output signal during manipulation does not deviate

from the output signal prior to manipulation by a predetermined amount.



12. A fiber optic subassembly including a multimode optical fiber and an optical detector, the

fiber optic subassembly being made according to the method comprising:

coupling a light source having a single mode optical fiber pigtail to a first end of the

multimode optical fiber enabling light energy from the light source to be transmitted from the

first end through the multimode optical fiber to a second end of the multimode optical fiber;

positioning the second end of the multimode optical fiber relative to the optical detector;

measuring a signal output by the optical detector;

adjusting the position in a linear dimension of the second end of the multimode optical

fiber relative to the optical detector to align the second end of the multimode optical fiber with

respect to the optical detector to a position that corresponds to a relative peak signal output of the

optical detector;

adjusting the position in an angular dimension of the optical detector relative to the

second end of the multimode optical fiber to align optical detector with respect to the second end

of the multimode optical fiber to a position that corresponds to a relative peak signal output of

the optical detector;

manipulating of the multimode optical fiber by forming the optical fiber in at least one

loop and compressing the loop;

monitoring the output signal of the optical detector to confirm that output signal of the

optical detector is stable during manipulation; and

fixing the second end of the multimode optical fiber to the optical detector.
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