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Simultaneous All-Optical Demultiplexing and
Regeneration Based on Self-Phase and Cross-Phase
Modulation in a Dispersion Shifted Fiber

Jianjun Yu and Palle Jeppeséviember, IEEE

Abstract—Simultaneous demultiplexing and regeneration of based on the effects of XPM and SPM in a dispersion shifted
40-Gb/s optical time division multiplexed (OTDM) signal based fiber after subsequent optical filtering demultiplexing and
on self-phase and cross-phase modulation in a dispersion shifted regeneration are realized simultaneously.

fiber is numerically and experimentally investigated. The optimal Thi . ized foll Section I ts th
walkoff time between the control pulse and OTDM signal is ob- IS Paperis organized as 1ollows. Section 1l Presents e

tained by numerical simulation. Our experiment also shows that principlg for 3imU|t§n90US aII-opticaI .demu.ltiplexi.ng a}nd re-
it is an effective method for realizing simultaneous demultiplexing generation. In Section Ill, numerical simulations with different

and regeneration when used in the middle of a system or in the walkoff times between control pulses and OTDM signals are

receiver with a proper walkoff time. presented and the optimal walkoff time is obtained. In Sec-

Index Terms—All-optical demultiplexing, all-optical regenera- tion IV ,we describe two experiments. The first one shows that
tion, all-optical wavelength conversion, cross-phase modulation the method can be used in the middle of a transmission system.
(XPM), seli-phase modulation (SPM). The regenerated and dropped channel signal has small chirp and
almost the same pulsewidth as the input signal and hence is

|. INTRODUCTION suitable for further transmission when re-added in other OTDM
. . . streams. The second experiment verifies that the method has a

IGH-capacity all-optical networks based on optic

. o ! ) trong capacity for noise suppression when the dropped channel
. .t|me d|y|S|on multiplexing (O.TDM) and wavelengthis directly used in the receiver. Our experiments also show that
division multiplexing (WDM) require compact and stabl

- . : . 'Simultaneous all-optical demultiplexing and regeneration can be
switching devices, fqr ex‘?‘mp'e for hlgh-speed_ deml“'It'ple)('q%alized only for proper walkoff time. Finally, Section V sum-
and add-drop multiplexing [1]-[5]. Many high-speed de- _ .

. . ; md';\rlzes the results.
multiplexing methods and devices have been demonstrated,
such as cross-phase modulation (XPM), in a nonlinear optical
loop mirror (NOLM) [2], semiconductor optical amplifier
(SOA), Mach—Zehnder interferometer (MZI), or Michelson Qualitatively, the idea of the method is as follows. When
interferometer [3], [4], four-wave mixing in a dispersion shiftedhe control pulses and the OTDM signals propagate simulta-
fiber (DSF), or an SOA [5] and electroabsorption (EA) modaeously in a DSF, the optical spectrum of the OTDM signals
ulator. Using these demultiplexing methods, the degradatiafil be broadened because of SPM and XPM. Assuming that the
of signal quality due to noise accumulation, pulse distortioigput OTDM signals have the spectral bandwidtly, and that
and crosstalk cannot be effectively suppressed. All-opticdispersion can be ignored, the optical spectrum of the desired
2R regeneration based on the effect of self-phase modulatidrmannel to be demultiplexed from the OTDM signals broadens
(SPM) of the data signal in a dispersion shifted fiber has bedne to SPM and XPM
demonstrated [6]. This method suppresses the noise in 0 bits
and the amplitude fluctuations in 1-bits of return-to-zero (RZ)wspm/xpm = Awo(27/A)nal L 4 2A8wo(27/M)no I L. (1)
optical data streams. Use of XPM with subsequent filtering
to realize wavelength conversion was reported in [7]; recentyere /. and . are the pulse intensity of signal and control
40-Gb/s wavelength conversion was realized by using tHi&lISes, respectively;, the nonlinear refractive index the
method [8]. In this paper, based on the two methods of [g\]avelength of the OTDM signals, arddthe length of the DSF.
and [7], we present a new method that has the function of The other channels in the aggregated OTDM signal only

simultaneous demultiplexing and regeneration. The methodSkffer SPM; therefore, the optical spectrum of the other chan-
nels after propagation in the DSF will broaden according to

Il. PRINCIPLE

Manuscript received March 6, 2000; revised November 8, 2000. wWsPM = Aw0(27r/)\)ngst. (2)
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Fig. 1. Schematic diagram of simultaneous demultiplexing and regeneration.

DSF, the signals pass through an optical filter, whose center fomly suffer small SPM and XPM, so after the optical filter the
guencywy, is shiftedAwgy,ir, With respect to the input OTDM small pulse is rejected. In this way channel 1 is demultiplexed
signal frequencyg and regenerated simultaneously.
The control pulse and the signal of the desired channel to be
wf = wo + Awsit.- @) demultiplexed will be separated in time after the signal and con-
If the spectral broadening (1) of a pulse is small enough, erOI puls_e have propagated_a certain distance in th_e DSF if the
example when walkoff time between the signal and control pulse is not zero.
The walkoff effect reduces XPM; hence the spectrum of the de-
wspM/xPM/2 < AWghify (4) sired channel to be demultiplexed might not be separated effec-
tively from those of other channels. Therefore, we must choose
then the pulse is rejected by the filter. This happens when th&)SF with proper zero dispersion wavelength in order to make
pulse intensity/, is too small (noise in 0 bits). If the control the walkoff time small. However, in the following numerical
pulse intensity is high enough (1 bit) so that simulations and experiments we will see that there is no regen-
w /2> Awa ®) eration capacity if the walkoff time is very small. So, we must
SPM/XPM/ £ = Seshitt choose a proper compromise for the walkoff time in order to re-
then a part of the XPM- and SPM-broadened spectrum pasdége simultaneous all-optical regeneration and demultiplexing.
through the filter. The bandwidth of the filtered pulse is deteM/e will analyze in detail some special cases by numerical sim-
mined by the filter bandwidti\w . In this way simultaneous ulation in the following section.
demultiplexing and regeneration is realized.
Fig. 1 shows an example in which a 10-Gb/s signal is de- [Il. NUMERICAL SIMULATIONS
multiplexed and rggenerated simultaneously fr_om an aggregateqrhe propagation of the control pulses and the OTDM signals
40-Gb/s OTDM signal. The 40-Gb/s OTDM signal consists % the 15-km DSF is governed by the nonlinear Schrédinger

four channels at 10 Gb/s each, chan_nel 1 consists o_f~111_0 equation (NLSE). Group velocity dispersion (GVD), SPM, and
channel 2 of 0111: -, and so on. We discuss the case in WhICQPM are incorporated into our model.
channel 1 is demultiplexed and regenerated. It is clearly Seefrpa propagation of the control pulses and OTDM signals in

that the signals in the other channels will not suffer XPM,; hOV\fhe DSF can be expressed by the following coupled NLSEs [2]:
ever, the 1-bits in channel 1 will suffer XPM in addition tOcontrol pulse:

SPM, which causes the spectrum of the 1-bits in channel 1 to be
strongly broadened. So, the spectrum of the 1-bit in channel 1 A, 184

1

ilsg_eparathed frolmltr;lose of (I)ther ghanngls. Therl]‘irst aqld sef;:ond 0z o ot + 5/3(/\1)_&2 + 5‘“41

-bit in channe ave a large intensity, so they will suffer . 2 2
stronger SPM than the third 1-bit in channel 1. However, if we =" [|A1| + 2[4 } A (6)
choose the center frequency of the optical filter properly, we CgﬂgDM Ise:
ensure that only part of the XPM- and SPM-broadened spectr pulse:
passes thro_ugh the filter. In this way the intensity of_the firs_,t and 0Ay 104, i 94, 1
second 1-bit becomes the same as that of the third 1-bit after 5 T T 5/3(A2)W + §aA2
demultiplexing. Furthermore, we can see that the first 0-bit in ) . 2 ) )
channel 1 is represented by a small pulse, but such a pulse will =iv [2 |[A1]" + | Ao } Az. (7)
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Fig. 2. Calculated walkoff time between the control pulse at 1560.6 nm an 150 100 50 0 -0 -100 -150
OTDM pulse at different wavelengths. Frequency (GHZ)
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Here, A; (=1, 2) is the wavelength4; is the propagating
optical field amplitudey; the group velocity3(X;) the linear —— XPM and SPM, P, =80 mW
group velocity dispersion parameter given bW2?D;/27wc 104 wo- XPM and SPM, P,=100 mW

where D; is the dispersion parameter andis the speed

——— XPM and SPM, P, =150 mW

of light in vacuum,~; the nonlinear coefficient defined by XPM and SPM, P,=200 mW

Vi = now;/cAet = 2mna/Aeg ), Where the nonlinear index
coefficientn, = 2.67 x 1072°m? /W, andA.g = 50pm? is
the effective fiber core areax = 0.25 dB/km is the loss of
the DSF, and we assume that it is independent of waveleng &,
The shapes of the control and signal pulses are both Gaussi @
The peak power of the control pulse is 400 mW. The FWHN 'S
pulsewidths of the control pulse and signal are both 8 ps. Tt
DSF has a length of 15 km with zero dispersion wavelengtf%
of 1559 nm and dispersion slope of 0.08 ps#tkm. Fig. 2
shows the calculated walkoff time between the control pulse
1560.6 nm and OTDM pulse at different wavelengths.

First, we investigate the optical spectrum characteristics fc Frequency (GHz)
the case where the wavelengths of the control pulse and signals b)

are 1560.6 and 1555.7 nm, respectively. _ _ L _ _
Fig. 3 shows the opical spectra for different input signdf9 &, OPieesiecta id ihe sonaiaitsss ity e conto puse
power. From Fig. 3 we can obtain the following conclusionsgind xpMm with?, of 10 mw, 30 mW, and 50 mW, respectively. (b) Considering
1) 3-dB bandwidth of the original OTDM signal spectrum idoth SPM and XPM withP, of 80 mW, 100 mW, 150 mW, and 200 mW,
approximately 100 GHz (0.8 nm); 2) new spectral componerifsPectvely
of the OTDM signal are generated because of SPM when the
peak power, of the OTDM signals exceeds about 100 mW; 3)ange, the change in the output intensity is small; in this case, the
considering the desired channel to be demultiplexed, the optieathod shows some regeneration capacity for 1-bits. When the
spectrum of the 1-bits of this channel is broadened becausesighal is large, such aB, larger than 150 mW, the broadened
XPM, and the frequency of the peak of the spectrum is shiftggectrum of the other channels cannot be effectively separated
to a higher frequency and the shape of the optical spectrunfrism that of the desired channel. From Fig. 4, we can see that the
asymmetrical; and 4) the largéy,, the larger the frequency shift output power increases very fast whEpbecomes larger than
of the peak of the spectrum. 150 mW; this demonstrates that there is only a weak regenera-
We use an optical filter to filter the optical spectrum after thion capacity when the power in the 1-bits becomes too large.
control pulses and the OTDM signals have propagated over thén the following section we will consider the case where the
DSF. The bandwidth (FWHM) of the Gaussian optical filter isvavelengths of the control pulses and the OTDM signals are
0.8 nm and the frequency shift of the optical filteéx.,;r. /27) 1560.6 and 1557.3 nm, respectively.
to a higher frequency than the OTDM signal is 100 GHz. It is When the wavelength of the OTDM signals is 1557.3 nm,
clearly seen that the output signal is zero for small input sign#éhe optical spectrum foF, of 100 mW and only considering
Fig. 4 shows the transfer function when the wavelength of ti8”M is shown in Fig. 5. We can see that the optical spectrum
OTDM signal is 1555.7 nm. Fig. 4 demonstrates that it is a very almost the same as in Fig. 3(a) because in both cases GVD
effective method for suppressing the small signal noise, suishsmall and SPM is the main effect. However, when XPM is
as ASE noise accumulation. Whé) is in the 75 to 150 mW considered, the optical spectrum of the signals is divided into

ower (dB)

T .
-100 -150

¥ T T T T
150 100 50 0 -50
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Fig. 7. Optical spectrum of “1” in the signal with the control pulse at 1560.6
nm and for different wavelength OTDM pulse: (a) 1554.1 nm, (b) 1554.9
nm, and (c) 1556.5 nm.

two sections because a small walkoff leads to a strong XPM; the
peak wavelength is further shifted to the higher frequency side
and in the right part of the optical spectrum appears a multipeak
configuration [10]. The optical spectra fét- chosen in the 20

to 200 mW range are also shown in Fig. 5. We can see that the
frequency shift of the peak of the spectrais 270 GHz and almost
independent aF,,. WhenAwys: /27 is 270 GHz and the shift is
toward higher frequency, it is easy to filter the optical spectrum

Fig. 6. Transfer function for the wavelength of OTDM signals at 1557.3 nmof the desired channel to be demultiplexed. Fig. 6 shows the
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OTDM pulse at 1556.9mm the walkoff time is 1 ps, the optical spectrum is similar to that in
15 e 3%;‘;‘;44‘;;“5’]2'&“; - Fig. 5. In this case, demultiplexing is easily realized, but not re-
2 mﬁﬁ anj SPM, P:iso mw generation. It means tha_lt inorderto reah_ze simultaneous demul-
s " e e Sspxlf;;(fg:&” tiplexing and regeneration, the walkoff time should be smaller
% N than 9.4 ps and larger than 1 ps.
=
% IV. EXPERIMENTAL RESULTS AND DISCUSSION
-5
2 : It is well known that the dropped channel from an OTDM
0T o 0 B SURRE stream can be used either to add to another OTDM steam and
Frequency (GHz) thgn b(_a transm_ltted along dlst_ance [9] or to be rece_|ved by a re-
ceiver in an optical network. If it has to be re-added into another
O OTDM stream, not only the regeneration capacity but also the
20 OTDM e 1 1557 Tmm - chirp 'and puIsewiFJth characteristi.cs. are very important. pr-
-+« -Only SPM P,=100mW ever, if the demultiplexed channel is just received by a receiver,
15 With XPM and SPM, P, =20 mW the regeneration capacity is very important.
— - - - - With XPM and SPM, P =60 mW
gcq 104 Wfth XPM and SPM, P, =100 mW
5 s 0 XPM and SPM P, 2200 mW A. Application in the Middle of a System
% o4 / The experimental setup is shown in Fig. 8. The 10-Gb/s RZ
e s signals at 1555.7 or 1557.3 nm are obtained by the use of wave-
g 31 | length conversion based on a NOLM [11], [12]. The control
E 04 b laser for wavelength conversion is a 10 GHz, 1560.6-nm gain-
. /\ al switched distributed feedback laser diode that generates 8 ps

(FWHM) pulses after compression in a dispersion compensa-
tion fiber (DCF). After adding the LiNb@modulator, and mod-
ulating the control pulses with a pseudorandom bit sequence of
®© 231 _ 1, a control signal at 10 Gb/s is obtained. The continuous
Fig. 7 (Continued).  Optical spectrum of “1” in the signal with the controwave (CW) lightwave is generated by a DFB-LD at 1555.7 or
pulse at 1560.6 nm and for different wavelength OTDM pulse: (d) 1556.9 nf557 .3 nm. The control signal is coupled into the NOLM using
and (e) 1557.1 nm. . . .
a wavelength independent 3-dB optical coupler. A polarization
controller in the loop is used to obtain best performance of the
transfer function when the wavelength of the OTDM signals onverted pulses [11]. A 1.6-nm bandpass tunable optical filter
1557.3 nm. The parameters are: the bandwidth (FWHM) of tla¢the output of the NOLM is used to suppress the control pulses.
Gaussian optical filter is 0.8 nm amw,y,;s /27 is 270 GHz. All optical couplers are 22 couplers with power coupling ra-
Fig. 6 shows an almost linear relationship between the inpids of 50: 50%. The NOLM for wavelength conversion consists
and output power demonstrating that there is no regeneratmfr8 km of DSF with zero dispersion wavelength of 1550.7 nm
capacity in this case. and dispersion slope of 0.08 ps/Akm. The converted signals
Comparing the above two cases, we can see that there is aatel555.7 or 1557.3 nm are multiplexed to 40 Gb/s by a fiber
generation capacity only when the walkoff time is greater thardelay-line multiplexer. The aggregated 40-Gb/s OTDM signal
certain value. In the following section, we numerically investis then amplified to 10-dBm average power by an EDFA, it is
gate the fact that the regenerative capacity of the demultiplexiogmpensated by 4.8-km DCF after transmission through 30-km
is lost at certain values of the walkoff time. Fig. 7 shows the ogingle mode fiber (SMF), then amplified to 10 dBm again, trans-
tical spectra for different wavelengths OTDM signals. When thaitted through another 25-km SMF and 3.6-km DCF, then am-
wavelength of the OTDM signals is 1554.1 nm, we can see frgptified to 18 dBm again and finally transmitted through another
Fig. 2 that the walkoff time is 15 ps. Because the walkoff timB0-km SMF and 7.2-km DCF. The DCFs have a negative dis-
is too great, there is only a small broadened spectrum, whigarsion slope, the higher order dispersion is also compensated
leads to the fact that the spectrum of the desired channel canpesides group velocity dispersion, and the fiber chain has al-
be effectively separated from that of the other channels. In sutiost full-dispersion compensation. The demultiplexing in the
a case, we cannot realize all-optical demultiplexing and regdime domain is realized by use of a DSF with a length of 16 km,
eration. When the wavelength of the OTDM signal is1554.9 nreero dispersion wavelength of 1559 nm, and dispersion slope
the walkoff time is 9.4 ps. In this case, the demultiplexing caof 0.08 ps/im? - km). The powers of the control pulses and the
be realized, but the regeneration capacity is not good. When #Gb/s OTDM signal are each adjusted by a tunable attenuator.
wavelength of OTDM signals are 1556.5 and 1556.9 nm, ti#owever, the total power into the DSF is maintained to 18 dBm.
walkoff times are 3 and 2 ps, respectively. In these two casdégljusting the optical time-delay of the control pulses allows us
the optical spectra are similar to that in Fig. 3, and the demulté demultiplex the desired channel from the 40-Gb/s OTDM
plexing and regeneration can be effectively realized. Howevetream. The optical spectrum of the demultiplexed channel is
when the wavelength of the OTDM signals is 1557.1 nm arfiltered by two cascaded tunable optical filters.

T T ’
400 200 0 -200 -400 -600 -800

Frequency (GHz)
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10Gbss 16 dBm
18 dBm
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Fiber chain
1555.7 nm
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10dBm 10dBm  18dBm 25 km

Fig. 8. Experimental setup for studying application in the middle of a system.

Zero line

(@) (b)

ZCIU iiuc
(¢) d

Fig. 9. Eye diagrams at 1555.7 nm. (a) Converted signal at 10 Gb/s. (b) Multiplexed signal before transmission at 40 Gb/s. (c) Demultiplexe® $ipial at 1
after transmission over 105-km SMF and the first optical filter. (d) Demultiplexed signal at 10 Gb/s after transmission over 105-km SMF and tbpt®atond
filter.

First, we let the OTDM signals operate at 1555.7 nm. Thson between the optical spectra of the OTDM signals before and
eye diagram and BER curve of the 10-Gb/s converted sigradter the DSF is shown in Fig. 10. We can see that the optical
are shown in Fig. 9(a) and Fig. 11, respectively. Compared wipectrum of the OTDM signal is broadened because of SPM
the BER curve of the original signal at 10 Gh/s (back-to-baclkgnd XPM. The eye diagram and optical spectrum of the demul-
the penalty of the converted signal is 0.2 dB at a BER of?10 tiplexed channel after the first optical filter is shown in Fig. 9(c)
The eye diagram of the 40-Gb/s multiplexed signal is showand Fig. 10, respectively. Because of the limited suppression of
in Fig. 9(b). After the OTDM signal is propagated through théhe first tunable optical filter, the signals in the other channels
DSF, we use a tunable optical filter with a bandwidth of 1.6 nmman also be seen in Fig. 9(c). We then use the second optical
to filter the optical spectrum of the OTDM signals. A comparfilter to further suppress the signals in the other channels. From

Authorized licensed use limited to: Danmarks Tekniske Informationscenter. Downloaded on March 29,2010 at 08:34:03 EDT from IEEE Xplore. Restrictions apply.
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Fig. 10. Optical spectra at 1555.7 nm after transmission over 105-km SNfg. 11. BER as a function of optical power.
(resolution of 0.1 nm).

and even split. The shifted frequency of the peak power of the

Fig. 9(d) and Fig. 10 we can see that the signals in other chalemultiplexed channel is 1.6 nm and is larger than 0.8 nm as
nels are effectively suppressed. But, even after two optical fihown in Fig. 10. After the first tunable optical filter, the eye
ters, some signals in other channels still exist, which lead tadi@gram is shown in Fig. 12(b) and the other channels are al-
slightly wider zero line in the time slots of the other channelsnost suppressed. We use the second optical filter to further sup-
From Fig. 9(d), we can see that there are almost no fluctuatigeress the other channels and the signals in the other channels
of 1-bits and 0-bits in the time slots of the desired demultiplexede fully suppressed. But we can see that the noise in both the
channel. There is almost no difference between Fig. 9(a) ahdits and 0-bits in the desired channel is larger than in Fig. 9(d).
(d) except for a slightly wider zero line in the time slots of thd he BER of the demultiplexed signals after transmission over
other channels. The accumulation of ASE noise is suppresdétb-km SMF is measured and shown in Fig. 11; comparing with
effectively, which demonstrates the regenerative capacity of tithe BER curve before transmission, the penalty after transmis-
method. More BER curves are shown in Fig. 10. Comparirgion is 0.5 dB, which demonstrates that the accumulated ASE
with the BER curve of the converted signal, the penalty of th#ise and pulse distortion by nonlinear effect cannot be sup-
demultiplexed signal before transmission is 1.1 dB, which pressed effectively and hence there is no regeneration capacity.
caused by the limited suppression of the optical filter. If we If the dropped signal has to be re-added to other OTDM
could obtain a narrow bandwidth filter, the penalty could be rétreams, the chirp characteristic is very important because a
duced. We can also let the demultiplexed channel propagatehirped signal can cause degradation in a SMF. We let the
another DSF like in [5]; by use of SPM occurring when the sigiropped signal at 1555.7 or 1557.3 nm be transmitted over
nals propagate in the DSF, the signals are regenerated again2infm SMF and a DCF providing full dispersion compensation.
the other channels are completely suppressed. But after trahgen the BER performance is measured and the results are
mission over 105-km SMF, there is no additional power penaltghown in Fig. 11. There are no noticeable added penalties,
this shows a very good demultiplexing performance and théich demonstrates that the chirp after the demultiplexing is
ASE noise accumulation is effectively suppressed. very small. We also measure the pulsewidth after demulti-

Now we let the OTDM signals operate at 1557.3 nm. BecauBkexing and regeneration and the results are shown in Fig. 14.
the zero dispersion wavelength of the DSF is 1559 nm and té can see that the pulsewidth is almost maintained at 8 ps.
wavelength of the control pulses is 1560.6 nm, there is a mihhis demonstrates that the dropped signal is suitable for further
imum walkoff. In that case, the XPM effect is largest, whiclransmission in OTDM networks.
causes the broadened optical spectrum to be widest. Therefore, = .
in this case, the optical spectrum of the desired channel to Be APPlication in a Receiver
demultiplexed is easy to separate. When the demultiplexed signal is used in a receiver we will

The BER curve of the converted signal at 1557.3 nmis showenly pay attention to the capacity of noise suppression. Like
in Fig. 11. Compared with the BER curve of the original signdlL3], we change the input signal-to-ASE noise ratio and mea-
at 10 Gb/s (back-to-back), the penalty of the converted sigraire the penalty after demultiplexing and regeneration. The ex-
is 0.2 dB at a BER of 10°. The eye diagram of the 40-Gb/sperimental setup is shown in Fig. 15 and it is almost the same
OTDM signals at 1557.3 nm before transmission is shown &s in Fig. 8. No transmission fiber is used and an attenuator be-
Fig. 12(a). Comparing with the BER curve of the converted sifere the EDFA and MUX controls the input power and hence
nals at 10 Gb/s, the penalty of the demultiplexed signals ke signal-to-ASE noise ratio at the input of the DSF.
fore transmission is 1 dB. After 105 km SMF transmission, we The regeneration capacity is demonstrated in Fig. 16. Be-
demultiplex the 40 Gb/s OTDM signals by our new methoatause of the limited suppression of the filter, there is 1.1-dB
Fig. 13 shows the optical spectra after the 40-Gb/s OTDM sigenalty when the wavelength of OTDM signals is 1555.7 or
nals and control pulses have propagated in 16-km DSF. Frd®s57.3 nm. We can see that simultaneous demultiplexing and
Fig. 13 we can see that the spectrum of the signals is broadenegeneration are realized when the OTDM signal is 1555.7 nm;
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Fig. 12. Eyediagrams at 1557.3 nm: (a) Converted signal at 40 Gb/s, (b) demultiplexed signal at 10 Gb/s after transmission over 105-km SMF @ptit#ie first
filter, and (c) demultiplexed signal at 10 Gb/s after transmission over 105-km SMF and the second optical filter.
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Fig. 13. Optical spectra at 1557.3 nm after transmission over 105-km S

(resolution of 0.1 nm) “thg. 14. Measured autocorrelator traces.

from the numerical simulations. The experimental results show
even when the EDFA input power is as low a80 dBm, the that the regenerated and demultiplexed signal has small chirp
added penalty is only 1 dB. However, the 10-Gb/s back-to-bagkd its pulsewidth can almost be maintained; hence it is suitable
signal at 1555.7 nm has 3.5-dB penalty for the same EDFA infféf not only application in a receiver but also for application in

power. When the OTDM signal wavelength is 1557.3 nm, thfie middle of a system where the dropped channel is re-added
ASE noise cannot be effectively suppressed which shows thabther OTDM streams.

there is no regeneration capacity.
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