


A

LA-UR -78-824

MASTER
TITLE: A FIBER-OPTIC TIME DOMAIN REFLECTOMETER

. Lyons, LASL, J-14

. Golob, LASL, E-DOR (Terminated 2/28/78)
. Looney, LASL, J-14

. Nelson, EG&G, Inc.

. Davies, EG&G., Inc.

AUTHOR(S):

P
J.
L.
M
T

LPOoOMmMmom

SUBMITTED TO: SPIE Technical Symposium East on Guided
Wave Optical Systems and Devices

NOTICE
This report was prepared as an account of work
sponsored by the United Ststes Govemment. Neither the
United States nor the United States Depsastment of
Energy, nor any of their employees. nor any of their
contractor, sub or their employ makes
sny wairanty, express or implied, or assumes lny legal
Lability or responsibility for the
or useful of any inf , product or
process disclosed, or represents lhl ill use would not
infiinge privately owned righta.

By acceptance of this article for publication, the
publisher recognizes the Government’s (license) rights
in any copyright and the Government and its authorized

represcntatives have unrestricted right to reproduce in
} whole or in part said article under any copyright
< secured by the publisher.

publisher identify this article as work performed under

The Los Alamos Scientific Laboratory requests that the
> the auspices of the USERDA.

‘k}'rr‘\’u -.'V.I-A 0 N L\/
os u a n‘os mﬁﬂl’ AT mererr weep pfp YYI?Q

o4

scientific laboratory Bag - oo C ot avgtly o“
of the University of Colifornia 00Dy Lo foutt T iy "*'Ww?‘ Fassibie Nﬁﬂl
adilsey, ,

LOS ALAMOS, NEW MEXICO 87544

An Affirmative Action/Equal Opporttunity Employer

UNITED STATES

g?rn&(y%ggﬂ ENFERGY RESEARCH AND
St No- 2 DEVELOPMENT ADMINISTRATION
CONTRACT W.7405-k.NG. 36 i ’46

"rEeTETRl FRAN AF THIG NOCUMENT 1S UNLTMITED


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.
 
 For additional information or comments, contact: 
 
 Library Without Walls Project 
 Los Alamos National Laboratory Research Library
 Los Alamos, NM 87544 
 Phone: (505)667-4448 
 E-mail: lwwp@lanl.gov


A FIBER-OPTIC TIME DOMAIN REFLECTOMCTER*
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EGGG, Inc., 130 Robin Hill Road
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P.B. Lyons, J.E. Golob, and L.D. Loonecy
University ox California, Los Alamos Scientific Laboratory
P.0. Box 1663, Los Alamos, New Mexico 87545

Abstract

An optical time domain reflectomcter is described which combines in one instrument the basic capability to
snalyzo several important fiber characteristics. The device uses the polarization properties of light to
enable high sensitivity fault detcction close to tho fiber input end; its probe pulsc tempural characteristics
and high gain photodetector in combination provide exccllent discontinuity location resolution in long lossy
fibors, and give an indication of fiber dispersion at large bandwidths.

Introduction

An optical time domain reflectomoter (OTDR) has been developed which can measure a combination of important
optical tiznsmission properties of fiber lightguides. The OTDR can detcct faults at lengths as short as 0.4 m
.+ and, depending on fiber loss, as long as 5 km to 10 km. It can measure, without signal averaging, discon-

" tinuities in fiber with losses >65 db. Average fiber attenuation can be measured. Fiber dispersion is
indicated to S ns resolution limit. The significant difference in this OTDR over those previously rcportedl‘3
is the means used to achieve hlgh sensitivity fault decteciion close to the input end of the fiber.

The inherent polarization of some semiconductor lasers is used in conjunction with the isolation properties
of polarizing beamspllitters to reduco the problem of large initial roflections that would saturate the
analyzing photodotector.

Description .

The OTDR's proviously reported have a configuration similar to that shown in Figure 1.

Optical Recording
Detector Instrument
Light ' Optical Fiber
Source Sampler Under Test

Fig. 1. Block diagram of typical opticni time domain reflectometer.

An optical probe pulse is injected into the fiber to be measured. A fraction of the injected pulse is
sampled by an analyzing photodetector and is displayed on an oscilloscopo as a "start" pulse, or it may be
used to initiate a time interval meter count sequence. The probe light injected into the fiber ie partially
reflected at internal discontinuitios in the fiber, such as cracks, small fractures, connectors or splicos,
and from the extreme fiber ond. Tho reflections are transmitted back to the Input end of the fibers where
they, tou, are detectod by the photodetcctor and recorded. The time interval betwcen the start pulse and the
reflection pulse indicates the location of the fault.

The probe pulse undergoes scatturing continuously along the length of the fiber, producing a low-level
reflected signal. The degree of this scattering is dependent on the amount of transmission loss in the fiber
and is causcd by scattering from microscopic inhomogeneities. Anslysis of the backscatter gives a measure-
ment of average flber attenuation.

*This work was performed undor the auspices of the U.S. Nepartment of Energy. NOTE: By acceptance of this
article, the publisher and/or reclplent acknowledges tho U.S. Government's right to retain a nonexclusivo

royalty-fres licenso in and to any copyright covering thls paper.
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Design Considcrations

Two primary goals ir the design of an OTDR are high sensitivity and high resolution. lligh sensitivity can
be achicved by using a high intensity light source and a high gain detector. High resolution can be achieved
by using a fast rising or short duration light source and a fast responsc detector.

In the present system a scmiconductor GaARAs injection laser was chosen as the probe pulsc source for its
high peak intensity and fast rise, short duration output. A phctomultiplicr detector was selected" over an
avalanche photodiode (APD) because of its high sensitivity and large noise-fres gain.

A serious problem can arise with this combination of components. Photodctector saturation can result from
reflections of the initial probe pulse. These reflections are from the sampling optics, the fiber holder,
and the Fresnel reflection at the fiber input. Their combined intensity can be many times greater than a
discontinuity intensity. When hard saturation of the photodetector occurs, the detector can "hang up”
(produce an output signal of microseconds duration from an optical input pulse of a few nanoseconds). While
the detector is in saturation it is insensitive to low-level reflections from fiber discentinuities.

Several techniques have been suggested to overcome this problem. One is the use of a special pated photo-
multiplier which can be gated to reduce the photomultiplicr gain for the duration of the initial probe pulse.?
Another technique is the use of a Y fiber optical directional coupler,? wherein the probe pulse is coupled to
the test fiber through a fiber pigtail. The reflected pulses are coupled bhack into the pigtail and to a
second fiber which terminates at the photodctector and is welded to the pigtail. Using this technique the
detector collects only that portion of probe pulse which is reflected from the test fiber input face. Both
these techniques, and others, have been reported in the litorature.

A property of some semiconductor lasers has made possible unother effective method. Certain lasers, such
as some RCA types, produce light that is more polarized in one dircction than the other. The degrce of this
polarization may range from 2:1 to 7:1. Using this property in conjunction with a polarizing beamsplitter,
it is possible to transmit significantly morc than 50% of the laser outpur to the fiber input. A conventional
beamsplitter, on the other hand, usling either unpolarized or polarized light, will have maximum efficiency at
8 50% - 50% splitting ratio.

System Toechnique

The system doscribed hcre uscs the properties of polarized lasers and beamsplitters, and other commercially
available components, to achicve improved optical coupling efficiency and greatly reduced reflection of the
initial probe pulse at the detector. The system, shown in Figure 2, works in thc following way. The
polarized probe pulse cmitted by a GaARAs injection laser is collimated by a lens, passes through &
polerizing beamsplitter adjusted for maximum transmisslon, and is focussed by a second lens into the test
fiber. The test fiber is positioned in a glass capillary tube® which is furnished at one end to accept it,
This ontry configuration reduces the possibillty of damaging the clcaved fiber end. In addition the
stationsry capillary provides automatic positioning of the test fiber at the focus of the probe pulse.
Polar’2ation of the GaALAs laser is in thc plane of Figure 2.

O.cilloscope

DC Bias @

Filter
Gallium Aluminum
hrscnide Laser

. : Capillary Positioner
- . ‘ .cns
' - z — —_ Mercury
— ~ — Pulser

Z,

Fiber Under Test

c——>
Polarizing W Plastic Polarizer
Beamsplitter or Absorber

¥ig. . Configuration of improved optical fiber analyzer system.

The polarized probe iight scattered from the lens and the fiber ernd retains its direction of polarization.
This light passes back *hrough the beamsplitter to vhe laser where It is furthor scattercd and lost. Only a
sma'l part of it is sci: tered sufflciently to reach the phototube, constituting the "staort" pulse. This pulse
triggors the oscillosco;v sweep and is recorded, or it may trigger a timc Interval moter or similar interval
mensuring apparatus.
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The probe pulse injected into the fiber rapidly loses its polarization due to multiple internal reflec-
tions. The discontinuity reflections coming out of the fiber are therefore principally unpolarized. As they
are emitted into the beamsplitter they are separated into two polarization components, one Leing reflected
into the phototube and recorded, and the other passing through the beamsplitter to the laser source arca,
where it is scattercd and lost. :

A polarizing element may be used at the beamsplitier surface opposite the phototube to absorb undesired
laser emission of the proper polarization which leaks through the polarizing clement. This further decreases
unwanted light that might be scattered and detected by the phototube. The pickup of scattered light in this
system is further reduced by restricting the viewing angle of the PM tube to scc only the appropriate part of

_ the face of the beamsplitting polurizer. The restriction is accomplished by coupling the phototube and beam-
splitter with an opaque-wall cylinder.

Results

Minimum rcsolvable lengths are less than 40 cm. A typical measurcment is shown in Figu. 3. For fiber
length less than 3 m long, as in the above case, a necutral density filter is used in front of the laser to
improve the system resolution. Figure 3 indicates that the amount of detected scattered light from the
initial probe pulse is only twice that of a 4% Fresicl reflection from the end of the fiber. This is quite
small and leaves 1ittle room for improvement.

End Reflection

wlignlgiihant: g
‘Prohc Pulsc

Fig. 3. Fault detection of a 60-cm-long lightguide. Filter of
optical density 3.0 used at the laser output; sweep
speod: 5 ns/div.

The 60-cm scction uscd in Figure 3 was also connected (using Thomas § Betts connectors) to the end of two
similarly connected 500-: sections of Corning high frequency graded-index fiber to give the ruflections shown
in Figures 4a and 4b.
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i ;::Tfij. 4a. Optical reflectometry of two 500-m Fig. 4b. Detail of second connector and fiber
- ——— .. . leagths of connectorized higk fre- pigtuil at end of 1-km of fiber.

quency graded-index fiber, with Sweep speed: 5 ns/div.
60-cn pigtall connected to second o _
.length. Swoep speed: 1 ups/div.

" In Figure 4a the first reflection is from the initial probe pulse. The second reflecilon ls from the con-
._ nector botween the 500-m sections. The third reflection, which is actually two reflections not resolvable at

'aani e woahingypa gt
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1 ps/div. sweep speed, is from the 60-cm fiber connector and fiber end. An expanded view of the third reflec-
tion is shown in Figure 4b at 5 ns/div. sweep speed. It shows the connector and the end of the 60-cm section,
still well resolved'with little pulse broadening after two-way transmission through 1 km of fiber. These
particular 500-m scctions had previously been radiated by a cobult source and arc very lossy, hence the
greatly attenuated reflection signals from the 60-cm section.

Pulse broadening due to dispersion is an inhcrent fiber property that limits the potential bandwidth of
information that can be transmitted through a fiber at any given wavelength. An example of pulsc broadening,
measured with this system at 850 nm, is shown in Figures 5a and 5b for a 500-m length of Corning step-index
fiber. Figure 5a shows the initiai 5-ns FWHM probe pulse injected into the fiber., After two-way transmission
in the fiber the pulse is broadened to 8 ns FWHM, as shown in Figure 5b.
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Fig. 5a., Narrow pulsewidth characceristic Fig. S5b. Reflected probe pulse showing width

(5 ns FWIM) of probe pu.se input degraded to 8 ns by two-way trans-
to test fiber. Sweep speed: mission through 500-m fiber, from
5 ns/div. which fiber bandwidth is derived.

Sweep speed: 5 ns/div.

Fiber Attenuation

The high probe pulse intensity plus the sensitivity and large S/N ratio of the photodetector provide
quantitative data showing fiber attenuation duec to Rayleigh scatter in the fiber at the probe pulse wave-
length. In some fiber types, such as low-loss, only a small proportion of incident light is backscattered

and the measurement is less precise.

Analysis of backscatter requires a time-continuous recording display such as provided by an oscillmscope,
rather than use of a time interval meter. The techrique is to adjust the oscilloscope sweep spced and gain
as needed to display the test fiber backscatter characteristic, as shown in the lower trace of Figure 6a.
This recording is of a 500-m step-index fiber that exhibits loss irregularities over its length. Then, with
all but 10 cm of test fiber removed,* the reference probe pulse characteristic is rccorded at the same
oscilloscope settings, illustrated by the upper trace in Figure 6a. A scmilog plot of amplitude difference
between the traces at selected times produces a line whose slope enables dircct calculation of average

attenuation.

A typical analysis of attenuation using this technique is shown in Figure 6b, wherc the data plotted are
from the traces of Figure 6a. The calculational technique for determining attenuation is:

P,/P, = et ()
a = (1/ct) In (P,/P,) (2)
a = (1/0.3) In (18/6.5) = 3.39 nepers/km
db = 10 log & : (3)
db = 10 log e>*39
db = 14.9 db/km .

*The end of fiber is index matched to suppress reflections.
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Fig. 6a. Reference (upper trace) and backscatter Fig. 6b. Fiber backscatter data plotted fronm
characteristic (lower trace) from a ~ curve of Figurc 6a.

low-loss 500-m length of step-index
fiber. Sweep speed: 0.5 us/div.

where

4]
]

velocity of light in fiber

".
n

light transmission time through fiber
" P = backscatter power
o = loss factor of fiber

In this case the average loss is determined to be 14.9 db/km at the 850-nm probe pulse wavelength, compared
to a value of 12 db/km at 900 nm reported by the fiber manufacturer.
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