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Low-Coherence Interferometric Measurements of the
Dispersion of Multiple Fiber Bragg Gratings

Shellee D. Dyer, Member, IEEEand Kent B. Rochford, Member, IEEE

Abstract—We show that the dispersion of multiple fiber Bragg
gratings can be obtained from a single low-coherence interfero-
metric measurement. The individual gratings can be identified ei-
ther from the spatial separation of the interferometric signatures
or from the unique wavelength-reflection bands of the gratings.

Index Terms—Chromatic dispersion, fiber Bragg grating, group
delay, interferometry, optical fibers, white light.

I. INTRODUCTION

L OW-COHERENCE interferometry has several advantages
over conventional techniques for the characterization of

fiber Bragg gratings (FBGs). A key advantage is the rapidity
with which the group delay can be obtained. The interferogram
is obtained in less than a second, and processing the interfero-
gram to obtain the group delay takes less than 60 seconds [1],
compared with the modulation phase-shift measurement, which
can take several hours [2].

Rapid group delay measurements have also been demon-
strated using a frequency-domain method [3]. That technique
uses a tunable laser diode rather than a broad-band source, and
the measured signal is a function of wavelength, rather than op-
tical path difference (OPD). The frequency-domain technique
requires two Fourier transforms to calculate the group delay,
compared to only one for the low-coherence method.

The low-coherence technique has good repeatability (better
than 1 ps) and, because of its speed, is immune to errors caused
by thermal variations and instrument drift. Low-coherence in-
terferometry is also immune to the type of ripple washout prob-
lems that can occur with the modulation phase-shift measure-
ment [4].

In this letter, we demonstrate the measurement of the group
delay of individual FBGs in cascaded assemblies. This is im-
portant in telecommunications applications where several grat-
ings are used in series as add/drop multiplexers [5], and in cases
where several gratings are concatenated to achieve desired dis-
persion characteristics [6].

II. M EASUREMENTMETHOD

A diagram of the low-coherence interferometric system is
shown in Fig. 1. A broad-band erbium (Er) superfluorescent
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fiber source (SFS) provides the input signal. Fiber coupler
1 provides a comparison signal for the difference-over-sum
( ) amplifier, as explained below. Fiber coupler 2 is part of
a Michelson interferometer. Three FBGs are spliced onto the
test arm of the interferometer. FBGs A and C have overlapping
reflection bands; therefore, fiber coupler 3 separates these two
gratings to eliminate Fabry–Perot and shadowing effects.

The reference arm of the interferometer contains a variable-
length air path so that the total OPD of the interferometer can be
varied. A frequency-stabilized HeNe-laser interferometer moni-
tors the position of the reference-arm mirror, and a zero-crossing
detector triggers sampling of the IR signal on positive-sloped
zero crossings of the HeNe signal. A polarization controller is
used to optimize the fringe visibility by matching the polariza-
tion state of the reference arm signal to that of the test arm.

The light from the reference arm is recombined with the light
from the test arm at fiber coupler 2, and the recombined light
is directed onto the two IR detectors. The detected signals have
similar source excess-noise characteristics, while the interfer-
ence terms are 180out of phase due to coupler 2. Therefore,
using a amplifier will reduce excess noise from the SFS,
which is the dominant noise source. This improves the interfer-
ogram’s signal-to-noise ratio (SNR) by a factor of 3, and yields
a corresponding improvement in the group-delay SNR.

If the effective spatial separation between the FBGs exceeds
the width of the individual coherence functions, then the output
signal of the amplifier, as a function of OPD, consists of
three distinct signatures. Each of these signatures represents the
interference of light reflected from one of the FBGs with light
reflected from the reference-arm mirror.

The shape and extent of the interferometric signatures from
FBGs A and C are determined by their reflection characteris-
tics. The output of the amplifier for either of these
signatures is given by [7]

(1)

where is the OPD, is the wavenumber, is the power
spectral density of the Er SFS, and is the
complex field reflection coefficient of the corresponding FBG.
The reflection group delay () of each grating is calculated
from the phase of the Fourier transform of as follows:

(2)
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Fig. 1. Diagram of low-coherence interferometric system for measuring the dispersion of multiple FBGs. AR: antireflection coating, FC: fiber coupler, RA:
reference arm, TA: test arm, PC: polarization controller, GL: grin lens, M: mirror, TS: translation stage, BS: beamsplitter, DBS: dichroic beamsplitter,�=�:
difference over sum.

The light transmitted by grating A and reflected by grating
B sees the effects of both gratings A and B, and the output of
the amplifier for this interferometric signature is related to
both gratings as follows:

(3)

where is the complex field transmission
coefficient of grating A, and is the
complex field reflection coefficient of grating B. The equations
above were derived assuming that the only difference in group
delay between the two arms arises from the group delay of
the FBGs. In reality, there is a small background group delay
arising from the difference in the length of the test and reference
arm fibers, but it is negligible compared with the group delay
of a typical FBG [8].

It is also possible to measure the transmission group delay of
a single grating using a variation of the system shown in Fig. 1.
We replaced fiber coupler 3 and the three gratings with grating
A spliced directly to the test arm of fiber coupler 2. We cleaved
the far end of grating A’s fiber pigtail to produce a Fresnel re-
flection. In this case, the interferogram consists of a pair of sig-
natures. The first signature represents the interference of light
reflected by grating A with light from the reference arm, as
given by (1). The second signature represents the interference
of light reflected by the cleaved endface with the light from the
reference arm. This signature is related to FBG A’s transmission
function as follows:

(4)

where is the complex field transmission
coefficient of FBG A.

III. D ATA PROCESSING

There are two options for processing a multigrating interfer-
ogram to obtain group delay. One option (method #1) is to sepa-
rate the interferogram array into three separate arrays, each cen-
tered on an individual FBG signature. Each FBG signature is
truncated near the points where the SNR is approximately unity.
Next, we append zeros to each array (zero padding) to obtain
three arrays, each of length . The choice of determines the
wavelength resolution of the group delay results. Larger values
of give better resolution, but if is too large, computational
errors such as roundoff error will affect the accuracy of the re-
sults. For the results shown in this letter, we use , giving
a wavelength resolution of 14 pm. To obtain the group delay,
we take the Fourier transforms of each truncated and padded in-
terferogram. The relative group delay of the FBG is determined
by differentiating the phase of the corresponding Fourier trans-
form. This processing option can be applied only in cases where
the interferometric signatures do not overlap.

Another processing option (method #2) involves calculating
the group delay of all three gratings simultaneously, by calcu-
lating a Fourier transform of the entire interferogram. If the re-
flection bands of the three gratings do not overlap, then the group
delay of each individual grating can be identified as a function
of wavelength. The problem that arises in simultaneously pro-
cessing multiple signatures is that the separation between the sig-
natures leads to a sinusoidal beating function in the Fourier trans-
form. The period of this sinusoidal function is determined by the
spatial separation between the gratings; in cases where the sep-
aration is small, the period of this sinusoidal function is large
enough to be neglected. In cases involving large separation be-
tween gratings, we eliminate this sinusoidal function by trun-
cating each grating’s signature near the unity SNR points. Next,
we calculate the central fringe of each interferogram [9], and we
shift the individual arrays such that the three central fringes are
all at the same point. Then we add the three interferogram ar-
rays, zero pad the total array to a length of, and calculate the
Fourier transform. We obtain the group delay by differentiating
the phase of the Fourier transform, and identify each individual
grating from its respective wavelength reflection band. This pro-
cessing technique can be applied to cases in which the interfero-
metric signatures of the gratings spatially overlap, as long as their
respective wavelength reflection bands are nonoverlapping.
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TABLE I
SPECIFICATIONS OF THETHREE GRATINGS

Fig. 2. Relative group delay (RGD) of gratings A and B calculated individually
using processing method #1. Also shown is the transmission RGD of grating
A. To illustrate the measurement’s repeatability, results are shown from two
separate measurements. The relative group-delay difference due to the fiber
delay between the two gratings is not shown.

IV. EXPERIMENTAL RESULTS

We used our interferometric system to determine the reflec-
tion group delay of three gratings. The center wavelengths, re-
flection bandwidths, and reflectances of the three gratings are
shown in Table I. Gratings A and B were separated by approxi-
mately 7 cm of fiber, and the effective fiber separation between
gratings A and C was 8 mm. The interferogram in this case con-
sisted of three distinct signatures created by interference of the
reflections from each of the three gratings with light from the
reference arm.

We calculated the group delay of each of the three gratings
using processing method #1. The group delay results for grat-
ings A and B are shown in Fig. 2. For grating A, this group
delay is simply the relative reflection group delay of the grating.
In the case of grating B’s interferometric signature, the group
delay is a product of the reflection group delay of B with twice
the transmission group delay of grating A, as given by (3). The
double-pass transmission group delay of grating A is also shown
in Fig. 2. From this graph it is clear that the transmission-group
delay of grating A is very small in the reflection band of B, and
therefore it can be neglected compared with the reflection-group
delay of grating B.

We also calculated the group delays using processing method
#2. Since gratings A and C have overlapping reflection bands,
their group delays cannot be separated in wavelength, and pro-
cessing method #1 above is the only way to calculate the group
delay of these two gratings. However, it is possible to simultane-
ously calculate the group delay of gratings A and B or B and C

Fig. 3. Relative group delay of gratings B and C calculated simultaneously
using processing method #2. Results are shown from two repeated measure-
ments. The relative group-delay difference due to fiber delay between the two
gratings is not shown.

using method #2. Simultaneously calculating the group delay of
gratings B and C gives the results shown in Fig. 3. We identified
the group delay of gratings B and C from their known reflection
bands, also shown in Fig. 3.

V. CONCLUSION

We have demonstrated a high-speed measurement of the
group delay of multiple cascaded gratings using low-coher-
ence interferometry. We have shown that the group delay of
individual gratings in series can be determined regardless of
overlapping reflection bands. This is an important advantage
of the low-coherence technique; the modulation-phase shift
measurement is incapable of distinguishing between individual
components with overlapping reflection bands.
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