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Pulsewidth Distortion Monitoring in a 40-Gb/s
Optical System Affected by PMD

G. Bosco Student Member, IEEB. E. Olsson, and D. J. Blumenth&enior Member, IEEE

Abstract—A novel technique for monitoring the pulse broad-
ening due to polarization-mode dispersion (PMD) in optical sys-
tems is described. The technique is based on the measurement of
the Stokes vectors at different frequencies over the spectrum of the
received optical pulse and does not require priori knowledge of
the fiber PMD statistics or details of the optical path. The validity
of our technique has been demonstrated by both simulation and
experimental results.

S; = Stokes vector at frequency f;

Index Terms—Optical communication, optical performance
monitoring, polarization-mode dispersion.
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I. INTRODUCTION Fig. 1. (a) Frequency sweep over the pulse spectrum. (b) Corresponding
. . . motion of the Stokes vector on the Poincaré sphere.
HE REAL time measurement of pulse distortion due

to polarization-mode dispersion (PMD) in an optical Il. OUTPUT PULSEWIDTH ESTIMATION USING THE
link without knowledge of the transport history is a critical POINCARE SPHEREMETHOD
milestone toward optical performance monitoring for optical
networks [1]. This type of measurement can be used for

channel and path “health” assessment and to provide feedb%% :
p prov! iper. Pooleet al. showed in [4] that2,, = 72 + (1 —v)A72,

to dynamic PMD compensation elements. Direct measuremerf1 : ; X © .
of the PMD-induced oulse distortion is a more appro ria\g erer, is the input rms widthsy reflects the relative power
P pprop ‘allfeanched in the two principal states and is the differential

measurement for this class of applications than the standa ay time. The maximum pulse broadeniag? /4 is obtained

approaches to the PMD analysis based on a statistical desqipe, the power is equally distributed between the two PSPs

tion [2]. Recently, a 10-Gb/s field experiment was performed, _ 1/2).

that utilized a tunable bandpass filter to analyze the state-of-porhe poincaré sphere method [5] is based on the estimation of
larization for PMD-compensation [3]. However, the effectfe effective DGD using

of limited filter bandwidths and resulting PMD estimation

errors were not considered. In this letter, we present a new ATeq = A% 1)
technique that allows direct monitoring of pulse broadening A f

due to PMD without using statistics. This technique is based amereA® is the angular width of the arc described by the Stokes
an estimated differential group delay (DGD) obtained througlector on the Poincaré sphere in the frequency windoyi

the measurement of the Stokes vectors at different frequend®a technique consists in measuring the Stokes vector at several
over the received pulse spectrum. The validity of the technigfrequencies over the pulse spectrum (see Fig. 1), and estimating
is demonstrated by both simulation and experimental resultsthe effective DGD using (1) with

In this section, a novel method is described which allows one
ﬁstimate the rms width?,, of a pulse at the output of a PMD

N-1
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. . L . . Fig. 3. Error in the estimation of the pulse broadening versus the normalized
Fig. 2. Error in the’estlmatlon of the P‘J'sew'dth for different values of DGDﬁIt%r bandwidth with and without erroF:’ compensationg.J Parameters: R&ED
Stars: New Poincaré sphere method. Circles: Standard method. 8.5 ps (the pulse broadening is around 40%), = 50 GHz andN is equal

to 10.

Equations (3) and (4) are exact for first-order PMD only. When

higher order PMD is present, a residual estimation error rises,1) The measured Stokes vectors are different from the real
which is negligible in most practical cases, as shown in Fig. 2  ones, yielding an error in the evaluation&f in (1).

and in the following experimental results. A set of simulations 2) When we evaluate the Stokes vector at a given frequency
has been run, where the PMD fiber consists of 15 segments fi, we are actually measuring the average of the Stokes
of polarization-maintaining fiber with a DGD equal to 1.8 ps  Vvector over the filter bandwidth, weighted by the power
each. The effective DGD has been estimated using both (1) with ~ spectrum of the pulse, which is not symmetric around
Af = 50 GHz andN = 5! (stars) and the relatioh7.g = fi. This approach corresponds to measuring the Stokes
d®/dQ evaluated at the pulse center frequency (circles). The  vector at the shifted frequency

error in the estimation of the output pulsewidth has been ob-
tained averaging the results over all the possible input polariza-
tion states of the pulse. The input pulse shape is Gaussian, with
rms widthr,, = 4.2 ps, which corresponds to a full-width at
half-maximum of 45 GHz. The first technique gives better revhereH (f) is the transfer function of the filter anfl( f) is the

sults that the second one for all values of DGD, and it consefd!se power spectrum. One way of compensating for the second
to keep the estimation error always under 5%. cause of error is to evaluate the real frequencies at which the
Stokes vectors are measured at the two extreme points of the
frequency interval {{ andf4,) using (5) and then replacindy f

; r gl
In this section, the issue of the nonzero bandwidth of tr%lt‘lr']hﬁfulgefé\;oadféﬁin estimation error after compensation is
optical filters in front of the polarimeter used to measure th P 9 P

. S . .shown in Fig. 3 (solid line). The residual error is due to the
Stokes parameters at different frequencies is investigated. Fig. L L
P d g ncertainty in the measurement of the Stokes vector, which is

(dashed line) shows the error, with respect to the case of |rrLin for hiaher filter bandwidths. It be sh :
nite resolution, in the estimation of the output pulse broadeni ger for igher itter banawidins. 1t can be shown, running a
I ge number of simulations, that the error in the estimation of

when a Gaussian filter is used to sweep the frequencies over € pulse broadening, either with or without error compensation
pulse spectrum (dashed line), versus the bandwidth of the filter. P ; 9, np L
The bandwidth values have been normalized over the FW pends very little on the amount of DGD present in the fiber,

width of the pulse spectrum. It is evident that the estimation gpd consequently on the magnitude of pulse broadening.

the pulse broadening is much more accurate when a filter with'.o‘ﬂer error compensation, the experimental error in the po-

a steep transfer function is used. arimeter and the |nsFab|I|ty of the input polarization state will
probably be the dominant error factors.

f= it / UIH( — [P ) 5)

A. Realistic Measurement

B. Error Compensation

. . N - Ill. EXPERIMENTAL RESULTS
The error in the pulse broadening estimation due to the finite

resolution of the filters used to measure the Stokes vectors ocThe experimental setup is reported in Fig. 4. A fiber ring
curs for two principal reasons. laser generates optical pulses with FWHM of 8 and 5 ps, which
propagate through the PMD emulator. The PMD emulator

1Several simulations have been run in order to optimize the valuag afnd is Composed by sixteen segments in the first measurement
N. It turns out that\ f can be chosen between the full-width at half-maximum

(FWHM) and twice the FWHM of the pulse spectrum and that reasonable valy@@d €ight segments in the second measurement of polariza-
for N are between five and ten. tion-maintaining fiber with a DGD equal to 1.8 ps each. The
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PC TBPF B. Measurement 2

PMD

FRL — 2 palaox "z" T In the second set of measurements, 5-ps pulses are generated,

which corresponds to a FWHM of the pulse spectrum of 90 GHz

and a normalized filter bandwidth of 0.33. In this case, we ex-
PD pect a lower estimation error, since the normalized bandwidth is

Fig. 4. Experimental setup. FRL: Fiber ring-laser. TBPF: Tunable bandpassrsna”er' Th_e ave_rage DGD in Fhe PMD emulator was 4.6 ps. We

filter. PC: Polarization controller. PD: Photodetector. proceeded in a similar way as in the first set of measurement, ad-

justing the polarization controller to obtain a pulse broadening

polarization controller is used to change the input polariz&f 62% and of 33%, respectively. We us&d = 90 GHz and

tion state of the pulses in order to obtain the desired pulde= 8. Before compensation, we obtained an error of 19% and

broadening. The tunable bandpass filter is used to select #R%0, respectively, while after compensation the estimation er-

different frequencies at which the Stokes vectors are measufees were reduced to 5% and 6%. The results are again in perfect

by the polarimeter. The transfer function of the filter can bagreement with those of Fig. 3, with the normalized filter band-

approximated by a Gaussian filter with a FWHM bandwidtiidth equal to 0.33.

equal to 30 GHz. An oscilloscope is used to store the pulse

shape at the output of the fiber, and from that the rms width of IV. CONCLUSION

the pulse can be measured.

* OSCILLOSCOPE

In this letter, we have presented a novel technique of esti-
A. Measurement 1 mating the_pulse broadening due to PMD in optical systems. The
i , i technique is based on the measurement of the Stokes vectors at
In the first set of measurements, the fiber ring laser genefieent frequencies over the spectrum of the received optical
ated 8-ps pulses, which corresponds to a FWHM of the pulsgse ang does not requisepriori knowledge of the fiber PMD

spectrum of 56 GHz and a normalized filter bandwidth (See Segajistics. We have demonstrated the validity of our technique
tion 11-A) of 0.53. The average DGD in the PMD emulatorwa§vith both simulations and experiments.

8.5 ps. First, the polarization controller was adjusted to max-
imize the output pulsewidth, yielding a pulse broadening of
about 70%. We measured the Stokes vectors and the power at

the output of the PMD emulator and used the Poincaré spheréll G. Rossi, T. Dimmick, and D. J. Blumenthal, “Optical performance mon-
itoring for optical networks using subcarrier multiplexing, Lightwave
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