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Interferometric Noise in Optical Time Division
Multiplexing Transmission System

Jianfeng Zhang, Minyu Yao, Qianfan Xu, Hongming Zhang, Can Peng, and Yizhi Gao

Abstract—A theoretical assessment of the interferometric noise system requirements are also presented. In Section IV, summa-
in the optical time division multiplexing (OTDM) transmission rizing conclusions are given.
system is presented. The impact of such noise on the system
performance were investigated in detail. The corresponding
system requirements were also revealed by the calculation re- Il. INTERFEROMETRICNOISE
?nligffesoergg{nri?ﬁggaetli(r)\nt?]gnO'}igeMuzss?;ngrgfeth/lgg to reduce the e mechanism of how the interferometric noise is induced
' in an OTDM link is illustrated in Fig. 1. In a practical OTDM
Index Terms—Bit error rate, interferometric crosstalk, optical  transmitter configuration, the optical pulses emitted by the laser
noise, optical time division multiplexing (OTDM), phase noise. source are interleaved into a number of channels and then modu-
lated by the data. At the receiver, one channel will be selected by
|. INTRODUCTION the optical demultiplexer and converted into electrical signal by
PTICAL time division multiplexing (OTDM) is an the receiver. If the pulses have an unperfected extinction ratio

- . . . . ._Qr unsuitable pulsewidth, the pulses in different channels will
efficient technique of increasing the capacity of optica . . "
o . overlap each other at the receiver. Under this condition, the mul-
transmission systems and optical networks. The performal

C . : R
of OTDM system is limited by a complex combination Olzlp(?exe.:r acts as an mterferometer, SO the.recelved optical inten
o 4 : : . i sity will depend on the relative phase difference between the
noise including the interferometric noise [1], [2]. While the . .

terfering channels. Usually such a phase difference fluctuates

interferometric noise in the WDM networks has long attracteg‘] . Do
ue to the phase noise existing in the pulse source, thus, the

attention [9]-[11], only several papers report the investigatio . : ) : .
on such noise in the OTDM system in the recent years. Jepsrc]iseerqnultlplexed channel will be added by the intensity noise. In

et al. [3] showed both theoretically and experimentally th rpost cases, the interferometric noise falls inside the receiver

. ; : : andwidth, which degrade the system performance greatly.
the interferometric noise would become a serious problem o : . . L :
Io characterize the interferometric noise in detail, the

degrade the system performance when the pulses in differen : : . . ! :
variance of the received signal power including two interfering

channels overlapped. Several methods were also demonstraie . ) . . S

C . . channels is calculated in the following. The optical field in one
to suppress such noise in the OTDM data link by using nori: L
) . o . o2 channel is given by
linear switching [4], or filtering [5], special polarization control
[6], or the transmultiplexing method [7]. E(t) = A(t)ei* W7 1)

However, a complete theoretical characterization of such

noise in OTDM system and evaluation of its impact on thgnere A(¢) represents the field's envelopg(t) represents the
system performance were scarcely addressed until now. TB&qom process of phase noiserepresents the polarization
aim of this paper is to characterize the interferometric Noisgyte. With the assumption that the interfering signals have the

in the OTDM transmission system and analyze the syst&fihiched polarization, the normalized received power at the time
requirements set by such noise, which is very necessary for the;, pe given by

OTDM system design and optimization.

In Section Il, the properties of the interferometric noise in 1 /? ) )
OTDM transmission system are analyzed and the correspond{nﬁ T Z_T[CHA (T) + a2 A (T — 7q) + 2y/a1a2A(T)
system model is presented. In Section IlI, the system perfor; A(r — ma) cos(wora + p(1) — o(r — 7)) - W(r)dr  (2)
mance under such noise is investigated in detail. The system re- ¢ ¢ ¢
guirements on the optical transmitter and the limitations on tk)\ﬁherefd is the path delay time between two chann#lr) is
transmission link imposed by the noise are analyzed. Disclie switching window function of the demultiplex@t;s the bit
sions on the employment of prechirping technique to ease {Rgerval at the base rate, angl, represents the information bit

in the corresponding channel.
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Fig. 1. Interferometric noise in OTDM transmission system. (a) OTDM transmitter. (b) OTDM receiver.

form [11], [13], the expectation and variance of which is give ~ *? o ‘

by

. 0.4
E(cos(f + Ap(t)) = cos(B)e e 3

E(cos?(8 + Ap(1)) = 0.5(1 + cos(28)e™ 7). (4)
(B is an arbitrary phase value, denotes the coherence time

of the laser source, which provides the characterization
phase fluctuations. For most pulse sources employed in OTI:E

o

0.3

noise variance

flyCtation

d

02— i Wy enviormental perturbation E

lize

a

semi-coherent ; incoherent

system,r. ranges from several nanoseconds to a few 100 15 0.1~ ——— 1
while T is 100 ps or less in high-bit-rate system. Thig;(7)
function in (2) is regarded as a slowly varying function, and th (¢ { N S
third term in this expression can be further simplified 0 1 2 3 4 5 6
/T,
1/
Al = T /t_T [2 Vv ala?A(T)A(T - Td) Fig. 2. Variance of interferometric noise as a functiormrgf ..
x cos(woTa + A¢(7))|W (1) dr
1 [t fields combine incoherently. In this incoherent regime, the max-
o /t . [2y/a1a2 A(T)A(T — 74)] imum conversion of phase noise into intensity noise occurs and
B the variance is also irrelevant éory, as shown in Fig. 2. While
W(r)dr - Ag(t)). ’ o=
X W(r)dr - cos(wora + Ad(t)) ©) for the small value of,;/7.(< 1), the expectation is strongly
Using (3)—(5), the expectation and variance of the signal pow#Pendent on the value ofry, thus, the fields combine coher-
fluctuation can be calculated foa;, as) € (1,1) ently. In this regime, variance approaches the maximum value
/ when fields interfere in quadratufer, = nm + 7/2) and the
E[AT] = I cos(wora) - 0T (6a) minimum value when they interfere in phaser, = nrw + ).

Slow fluctuations inr, induced by environmental perturbations

2 _ 2\ ;2
op = E(I") — EX(I) will result in fluctuations of both signal and noise power, which

=12 [0.5 (1 + cos(2wpTy) - €~ = ) may bring about the system instability. Note, that when the value
) o of 4 /7. is approximately zero, the interferometric noise would
— cos”(woTq)e” e } (6b) disappear. Such can be realized by carefully configuring OTDM

multiplexers, which may need hybrid integration with intensity
wherely, = (2/T) tt_T A(T)A(T — 174)W (7) dT denotes the modulators regarding the practical use of OTDM system [18].
crosstalk power. Equations (6a) and (6b) show thét. is an As for a usual OTDM multiplexer, the path delays between
important parameter. For the large valuerpfr,., the average channels vary from several centimeters to several meters, which
signal power is irrelevant to the relative phase differencgbe- determines the system operating in the semicoherent or coherent
tween the two interfering fields. In other words, the interferingegime. While for an OTDM add/drop multiplexer (ADM), the
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pulsesin the added channel is emitted by a different pulse sou
and have uncorrelated phase to other channels, the system
erates in the incoherent regime. 2.0

In the following, we evaluated the system requirements s~ |
by the interferometric noise in terms of the incoherent regimz, | ;|
where the noise power approaches the maximum value (2
worst case):

Ap(t) = p(t) — p(t — Ta) = (1) + Ap (7

where®(¢) is the regular phase relationship function betwee 5
channels and\¢ represents the random variable of the phas | L= = 24 4dB

noise, which varies uniformly betwedr, 7]. Then, several 00 : . : . : .
-40 -35 -30 -25 -20

L ‘

Power Pena

parameters are defined in the following:
interferometric crosstalk ¢ (dB)

1 T
m = T / A% ()W (T) dr (8a) Fig. 3. System performance in the presence of interferometric crosstalk and
T 0 ) intersymbol crosstalk.
Jo A%(1 — 1g)W(T)dr
§ = 20 (8b)
T
Jo AX(T)W (T)dr Several methods have been proposed to apply to MGF to eval-
foT A(T = 74)A(T) cos(® (7)) W (1) dr uate the system BER, such as modified Chernoff bound (MCB)
Ve= (8c) [14] and saddlepoint approximation (SPA) [12]. In this paper,

T p2
Jo AW (r)dr we apply SPA on (12) to evaluate the noise performance, which

wherem represents the average received signal pofvapre- can resultin satisfactory accuracy. In the following calculations,
sents the intersymbol crosstalk from the neighboring chann#éle switching window is assumed to be square and equal to the
ande represents the interferometric crosstalk, which indicat®4dth of the channel slot (ideal), and the power penalty is cal-
the effect of interferometric noise on the system. Substituting (@ylated aBBER = 107,

and (7) into (8), the received power at the decision time 0)
can be simplified as the following:

I'=m(a1+6-as+ 2y/a1az - Ve). (®) A Transmitter

Due to the fact that the number of channels contributing to theClearly, the pulses generated by the pulse source should not
interferometric noise is small, the noise distribution deviates faverlap to avoid interference between adjacent channels. Thus,
from the Gaussian distribution [8]. We adopt the system moddle optical pulse source is a key element determining the whole
based on the moment generation function presented in referesiggiem’s performance. In this section, the impact of channel in-
[2] to accurately evaluate such noise. Then its corresponditegference and the system requirements on the pulse source will
conditioned MGF can be expressed by be generally analyzed. In the following discussions, we assume

that the pulses are chirpless and only neighboring channels con-

Mi(s) = Ele*l] = esm(artad) . g [eQSW‘/E'“’S(M’)} tribute to the channel crosstalk. such a assumption is reasonable

_ sm(ay+az-6) — in most cases.
¢ lo(2v/aaz - V= 5). (10) In Section Il, it was shown that overlapping of channels will

For more than two interfering terms, the conditioned MGRring about both the interferometric crosstdt and inter-
can be derived in the same way symbol crosstalKé). Fig. 3 shows the system performance in
the presence of both crosstalks. We notice that the performance
degradation is more sensitive to the interferometric crosstalk.
My(s) = ™™ ]_[esmﬂq "Io(Var(Hai(t)ei-s) (1) sghould not be larger thar-24.4 dB to keep the system
=2 performance in the tolerable range1( dB), while the system

wheres; andé; represent the intersymbol crosstalk and interfeperformance indicates little difference when the intersymbol
ometric crosstalk from théth channelly( -) is the zero-order crosstalk varies between30 and—15 dB. Calculations show
modified Bessel function of the first kind. that the resulted intersymbol crosstalkwould not be larger

The converted signal is also corrupted by the electricitlan —15 dB for a usual OTDM transmitter, thus, interfer-
thermal noise originating in the electrical receiver, so the MGémetric noise play the major role in degrading the system

[ll. PERFORMANCEANALYSIS

N

for the total decision variablg is given by performance. In fact, with the following approximation:
M.(s) = E,[M(s)] - e n*"/2 (12)
[T A=) AW () dt\ ™ [T A2(t — ) A2(t) dt
whereoy;, represents electrical noise and the operdigr | = ¢ = ( 0 T d : ) ~ 20 7 d :
(1/28-1) 3, .. [-] represents the statistical averaging over Jo A2(O)W(t) dt Jo A(t)dt

the bit symbols. (13)
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. ) . Fig. 6. (a) Channel crosstalk. (b) System penalty against the accumulated
e is a measurable parameter, which can be estimated by andipersion.

tensity autocorrelator.

Furthermore, two parameters are used to characterize fige a linear chirp imposed by the chromatic dispersion and
pulses emitted by the laser source, the FWHM pulsewidife system performs in a different way. Investigations on the in-
mrwam and pulse extinction ratio ER, which is illustrated inerferometric noise arising from overlapped pulses resulted by
Fig. 4. The impacts of these two parameters on the systeRg dispersion mismatch is very necessary for understanding the
performance are calculated, which is shown in Fig. 5. Thgnole system performance. Especially, such a investigation also
presented results are corresponding to pulses with secant sh@pgals the dispersion tolerance of the transmission link. In this
and Gaussian shape. section, we take the % 10 Gb/s OTDM transmission link for

As we see, the pulse pedestal has a very damaging effgd example to show the impacts of the noise.
on the system performance. Higher than 28 dB ER should beytilizing (8b) and (8c), Fig. 6 shows the relation between the
achieved to keep the penalty below 1 dB. It is also shown th&{annel crosstalk and the net dispersion. In the calculation, the
different requirements on the duty ratio are imposed to ke@Ber nonlinear effect is neglected, the pulsewidth and pulse ex-
system in good performance for pulses with different ERs. Higfhction ratio are assumed to be 8 ps an85 dB, respectively.
extinction ratio would ease the requirements on the duty ratigs jjjustrated in Fig. 6, the pulsewidth increases quickly with the
In general, duty ratio should be kept below 0.3 for secant shagigpersion and result in overlapping of the channels. The over-
while 0.4 for Gaussian shape. The difference stems from the fﬁéﬁping effectively increases the intersymbol crosstalhile
that secant shape has a more weight in its tail than the Gausgig[y increase the interferometric crosstalk a little (no more 1 dB
one. for 40 ps/nm in this figure). This is due to the fact that the chirp
in the pulses introduces the frequency difference between the
interfering channels, and moves much of interferometric noise

As for the high-speed OTDM link in the linear or pseudoeutside the receiver filter.
linear transmission regime [6], accurate dispersion compensaTherefore, the performance degradation is mainly attributed
tion becomes very necessary. The dispersion mismatch wotddhe increased intersymbol crosstalk in the presence of inter-
broaden the pulses and contribute to crosstalk between the cHarmmetric noise. Consequently, we can conclude that the inter-
nels. However, such channel overlapping is different with thaymbol crosstalk dominates concerning the channel overlapping
discussed in Section IlI-A. This is due to the fact that the pulsessulted by the dispersion mismatch.

B. Propagation in Dispersive Fiber
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the requirements on the pulse extinction ratio has been relaxed
by more than 12 dB. Under this condition, pulses with only
16-dB ER can be employed in the OTDM system. Therefore,
prechirping technique make it possible for the commercial mod-
ulators (LINbG; or EA) to be employed in the OTDM system

as the optical pulse sources.

Without Prechirping With Prechirping

Receiver filter

frequency shift by
. .ghirping

Interferometric noise power spectra

However, prechirping simultaneously broadens the pulse
spectrum, which may decrease the spectrum efficiency of
the OTDM/WDM system. Thus, the phase modulation depth
should be selected reasonably for practical system applications.

IV. CONCLUSION

The system model for the interferometric noise in OTDM

transmission system is presented. The relative system require-

Fig. 7. Principle of reduction of interferometric noise by prechirping.

ments are investigated in detail. Prechirping is shown to be a ef-

fective technique to ease the system requirements on the pulse

- " source.
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