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

Shellee D. DyerMember, IEEEand Kent B. RochfordMember, IEEE

Abstract—We show that the dispersion of multiple fiber Bragg fiber source (SFS) provides the input signal. Fiber coupler
gratings can be obtained from a single low-coherence interfero- 1 provides a comparison signal for the difference-over-sum
metric measurement. The individual gratings can be identified ei- - \ /5y amplifier, as explained below. Fiber coupler 2 is part of
ther from the spatial separation of the interferometric signatures . . .
or from the unique wavelength-reflection bands of the gratings. ~ @ Michelson interferometer. Three FBGs are spliced onto the

- S . test arm of the interferometer. FBGs A and C have overlapping

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

OW-COHERENCE interferometry has several advantagesried. A frequency-stabilized HeNe-laser interferometer moni-

over conventional techniques for the characterization tsfrs the position of the reference-arm mirror, and a zero-crossing
fiber Bragg gratings (FBGs). A key advantage is the rapidiggetector triggers sampling of the IR signal on positive-sloped
with which the group delay can be obtained. The interferograrmero crossings of the HeNe signal. A polarization controller is
is obtained in less than a second, and processing the interfarsed to optimize the fringe visibility by matching the polariza-
gram to obtain the group delay takes less than 60 seconds {itJn state of the reference arm signal to that of the test arm.
compared with the modulation phase-shift measurement, whichThe light from the reference arm is recombined with the light
can take several hours [2]. from the test arm at fiber coupler 2, and the recombined light

Rapid group delay measurements have also been demigndirected onto the two IR detectors. The detected signals have
strated using a frequency-domain method [3]. That technigggnilar source excess-noise characteristics, while the interfer-
uses a tunable laser diode rather than a broad-band source, et terms are 18ut of phase due to coupler 2. Therefore,
the measured Signal is a function of WaVElength, rather than Q}:gmg aA/E amp"ﬁer will reduce excess noise from the SFS,
tical path difference (OPD). The frequency-domain technigygnich is the dominant noise source. This improves the interfer-
requires two Fourier transforms to calculate the group de'%ram’s signal-to-noise ratio (SNR) by a factor of 3, and yields
compared to only one for the low-coherence method. a corresponding improvement in the group-delay SNR.

The low-coherence technique has good repeatability (bettef ihe effective spatial separation between the FBGs exceeds
than 1 ps) and, because of its speed, is immune to errors cayged,idth of the individual coherence functions, then the output
by thermal vgrlatlon_s and instrument dnft._Low-coherence '%’lgnal of theA /S amplifier, as a function of OPD, consists of
terferometry is also immune tothe typ(_a of ripple Wa_ShOUt Probree distinct signatures. Each of these signatures represents the
lems that can occur with the modulation phase-shift measufgro terence of light reflected from one of the FBGs with light
ment [A.']' reflected from the reference-arm mirror.
dellg;h(;? ilre]gf/ :d:’;'; i%rg?snis;rsiéggerge;sssuerrirgﬁenst o_r_rt]?seigr? u_pl'he shape and extent of the interferometric signatures from

’ 'BBGs A and C are determined by their reflection characteris-

portant in telegommunlcatlons apphcatlpns where sever_al 9'8Cs. The outpul’(¢) of the A /3. amplifier for either of these
ings are used in series as add/drop multiplexers [5], and in cases

where several gratings are concatenated to achieve desired %%r_]atures Is given by [7]
persion characteristics [6].

. INTRODUCTION

VO xte{ [ Gloro)emnlion o)) explizeot) do
®

Il. MEASUREMENT METHOD

A diagram of the low-coherence interferometric system is

shown in Fig. 1. A broad-band erbium (Er) superfluorescen . . .
g () sup wthereg is the OPDs is the wavenumbel7(o) is the power
spectral density of the Er SFS, anf) exp(j¢,.(0)) is the
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Fig. 1. Diagram of low-coherence interferometric system for measuring the dispersion of multiple FBGs. AR: antireflection coating, FC: fiserRodupl
reference arm, TA: test arm, PC: polarization controller, GL: grin lens, M: mirror, TS: translation stage, BS: beamsplitter, DBS: dichroictteeataghli
difference over sum.

The light transmitted by grating A and reflected by grating [Il. DATA PROCESSING
B sees the effects of both gratings A and B, and the output Ofrqr0 4re two options for processing a multigrating interfer-

the A /¥ amplifier for this interferometric signature is related t%gram to obtain group delay. One option (method #1) is to sepa-

both gratings as follows: rate the interferogram array into three separate arrays, each cen-
tered on an individual FBG signature. Each FBG signature is

o0 . truncated near the points where the SNR is approximately unity.
; 2,.
Vig) ocRe {/_oo Go)ltalo) exp(jra(9)) (o) Next, we append zeros to each array (zero padding) to obtain
three arrays, each of leng2ft . The choice ofV determines the
- exp(jorp(0)) exp(j2noé) da} (3) wavelength resolution of the group delay results. Larger values

of N give better resolution, but i is too large, computational

errors such as roundoff error will affect the accuracy of the re-
wheret s (o) exp(jdra(o)) is the complex field transmission sults. For the results shown in this letter, we D&e= 18, giving
coefficient of grating A, andrp(c)exp(jo,.p(c)) is the a wavelength resolution of 14 pm. To obtain the group delay,
complex field reflection coefficient of grating B. The equation®e take the Fourier transforms of each truncated and padded in-
above were derived assuming that the only difference in grotgsferogram. The relative group delay of the FBG is determined
delay between the two arms arises from the group delay & differentiating the phase of the corresponding Fourier trans-
the FBGs. In reality, there is a small background group del#m. This processing option can be applied only in cases where
arising from the difference in the length of the test and referenti# interferometric signatures do not overlap. _
arm fibers, but it is negligible compared with the group dela% Another processing option (m_ethod_#Z) involves calculating
of a typical FBG [8]. e group de_lay of all three grat|ng§ S|_multaneously, by calcu-

Itis also possible to measure the transmission group dela))%tfng a Fourier transform of the entire interferogram. If the re-

a single grating using a variation of the system shown in Fig.g?Ction bands of the three gratings do not overlap, then the group

We replaced fiber coupler 3 and the three gratings with grati lay of each individual grating can be identified as a function

A spliced directly to the test arm of fiber coupler 2. We cleaved wa_lvelengt_h. The prOb'e”ﬁ that arises in 5|_multaneously pro-
cessing multiple signatures is that the separation between the sig-

the far end of grating A's fiber pigtail to produce a Fresnel Iatures leads to a sinusoidal beating functionin the Fourier trans-

flection. In this case, the interferogram consists of a pair of Siﬂ)’rm. The period of this sinusoidal function is determined by the

natures. The first_ signatu_re r_epresents the interference of ”%Btatial separation between the gratings: in cases where the sep-
reflected by grating A with light from the reference arm, agyation is small, the period of this sinusoidal function is large
given by (1). The second signature represents the interfereggg,ugh to be neglected. In cases involving large separation be-
of light reflected by the cleaved endface with the light from thgyeen gratings, we eliminate this sinusoidal function by trun-
reference arm. This signature is related to FBG A's transmissi@gting each grating’s signature near the unity SNR points. Next,

function as follows: we calculate the central fringe of each interferogram [9], and we
shift the individual arrays such that the three central fringes are
i . 5 all at the same point. Then we add the three interferogram ar-
V(&) xRe {/ G(o)[ta(o) exp(jpra(e))] rays, zero pad the total array to a lengti2df and calculate the
- Fourier transform. We obtain the group delay by differentiating
-exp (j2nof) do} (4) 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-
wheret (o) exp(j¢ra(c)) is the complex field transmission metric signatures of the gratings spatially overlap, as long as their
coefficient of FBG A. respective wavelength reflection bands are nonoverlapping.
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TABLE | z O I
SPECIFICATIONS OF THETHREE GRATINGS : 40
o]
Grating | Center Wavelength (nm) | Reflection Bandwidth, FWHM (nm) | Reflectance (%) S 30 i
A 1555.6 54 99 5 220F ,
E 10 |- ! '
B 15413 10.1 >97 E i e il
C 1554.7 17 99 % °r ‘ ; it g“ i‘l
ey, ||
A _20-‘...1....17.. L
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l Reflection RGD I [ """ Transmission RGD of A I Wavelength (nm)
~ 50 T T [T~ ) ) ) )
2 m ! ! ' H ! Fig. 3. Relative group delay of gratings B and C calculated simultaneously
: 40 i:_ using processing method #2. Results are shown from two repeated measure-
= [ PR BG A\ ments. The relative group-delay difference due to fiber delay between the two
A *r - > gratings is not shown.
r 1
2 20 ;
° : ) . .
o oF x using method #2. Simultaneously calculating the group delay of
3 N . . . . . P
e 1 T gratings B and C gives the results shown in Fig. 3. We identified
2 ok FBG B '1 the group delay of gratings B and C from their known reflection
o - ) > L7 bands, also shown in Fig. 3.
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1535 1540 1545 1550 1555 1560

Wavelength (nm) V. CONCLUSION

Fig.2. Relative group delay (RGD) of gratings A and B calculated individually We have demonstrated a high-speed measurement of the

using processing method #1. Also shown is the transmission RGD of gratiggoup delay of multiple cascaded gratings using low-coher-

A. To illustrate the measurement’s repeatability, results are shown from t .
separate measurements. The relative group-delay difference due to the }%?gpe mterferometry. We have shown that the group delay of

delay between the two gratings is not shown. 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

We used our interferometric system to determine the reflegomponents with overlapping reflection bands.
tion group delay of three gratings. The center wavelengths, re-
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