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Source Based on Spectral Carving of Supercontinuum

Generated in Fibers
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Abstract—We demonstrate a high-power, multi-wavelength,
short pulse source at 10 Gb/s based on spectral slicing of super-
continuum (SC) generated in short fibers. We show that short
fiber SC can be used for dense wavelength division multiplexing
applications because of its 7.9 dBm/nm power spectral density,
140 nm spectral bandwidth, and 0.5 dB spectral uniformity over
40 nm. Pulse carving up to 60 nm away from the pump wavelength
and CW generation by longitudinal mode carving indicates that
the coherence of the SC is maintained. By using high nonlinearity
fibers, the spectral bandwidth is increased to 250 nm, which can
accommodate 600 wavelength channels with 50 GHz channel
spacing and 6 Tb/s aggregate data rate. We also calculate the
coherence degradation due to amplification of incoherent energy
during the SC generation. Theoretical results show that the SC
generation in short fibers has 13 dB higher signal-to-noise ratio
(SNR) compared to the SC generated in long fiber.

Index Terms—Nonlinear optics, optical fiber communication,
optical fiber devices, optical noise, supercontinuum, wavelength
division multiplexing (WDM).

I. INTRODUCTION

DUE TO fast growth in Internet technology, demand for
bandwidth is estimated to exceed 1 Tb/s by year 2002

with a further doubling every two years. Utilizing the entire
40 THz low loss transmission window of the silica fibers is one
of the ways to answer this growth other than using multiple fiber
links. The preferred approach to utilize the low loss transmis-
sion window of silica fibers with the current technology is to use
the combined techniques of optical time division multiplexing
(OTDM) and wavelength division multiplexing (WDM). For a
high spectral efficiency, large channel count system, a key en-
abling technology is a multiple wavelength high repetition rate
source with large and uniform bandwidth, accurate wavelength
spacing, high coherence, and high-power spectral density.

Dense wavelength division multiplexing (DWDM) sources
based on temporal modulation of chirped short pulse lasers
have been demonstrated [1], [2]. In this scheme, Knoxet al.en-
code the data on different wavelengths by modulating a highly
chirped laser spectrum that is temporally distributed. Based
on the same scheme, in a recent experiment, Boivinet al.have
demonstrated 110 channels at 2.35 Gb/s data transmission by
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utilizing pulse interleaving technique to multiply the repetition
rate 64 times [3]. However, the spectral width of the seed pulse
and the modulator speed (12 GHz) limit the channel count
and the pulse width of each channel in this scheme. Moreover,
due to the requirement of high chirp rate, it can only operate
at higher speeds at the expense of the channel count. Since the
power spectral density is not uniform across the spectrum, a
special equalization technique is required to obtain uniform
wavelength channels. In an alternative scheme, Mikullaet
al.have demonstrated pulse carving from a laser spectrum
broadened in normal dispersion fiber [4]. By using this scheme,
authors has demonstrated 16-channel pulse carving [5]. Al-
though over 40 wavelength channels with 2.5 Gb/s repetition
rates and 100 GHz channel spacing is feasible in this scheme,
rapid pulse broadening in normal dispersion regime limits
reaching higher channel counts and larger spectral broadening.
This rapid temporal broadening also limits the supercontinuum
(SC) generation in normal dispersion regime at higher repeti-
tion rates due to interference between adjacent pulses.

Short pulse generation based on spectral slicing of the SC
generated in optical fibers is another technique to obtain a
DWDM source. Although the SC generation has been used for
different applications before, only recently has it been proposed
as a DWDM source [6]–[8]. Multiple wavelength pulse sources
with more than 100 nm spectral bandwidth generated in spe-
cially designed long fibers (1 km) have been demonstrated
by different groups [9], [10]. In an updated work, Kawanishi
et al. has recently demonstrated propagation of 19 wavelength
channels carved out of SC through 40 km of dispersion-shifted
(DS) fiber at 160 Gb/s [11]. Each 160 Gb/s channel is generated
by 16 times multiplication of pulses carved from the SC.
However, since these experiments use long lengths of fibers to
generate the SC by adiabatic soliton compression effect, low
input power is required, and this requirement leads to lower
power spectral density and signal-to-noise ratio (SNR) at the
output. Experimental demonstrations reveal that only less than

7 dBm/nm power spectral density is available at the fiber
output in long fiber SC generation schemes [12]. In order to
compensate low power spectral density, low noise amplifiers
are required for long distance propagation. In addition to the
issue of power spectral density, Nakazawaet al.has shown that
the quality of SC generated in long fibers is also limited by the
coherence degradation of the channels away from the pump
wavelength [13]. In their recent work, the authors show that
quality of the SC is correlated with its coherence, and the co-
herence is degraded by the spreading of amplified spontaneous
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Fig. 1. Experimental setup used for 10 Gb/s SC generation in short fibers. Amplified 10 Gb/s pulse train propagated through three sections of fibers togenerate
140 nm SC. Pulse carving followed by amplification and propagation is demonstrated at the EDFA band and at shorter wavelengths. DSF: Dispersion shifted fiber,
HNLF: high nonlinearity fiber, OSA: optical spectrum analyzer, AC: autocorrelator.

emission (ASE) noise due to modulation instability (MI) and
four wave mixing (FWM) during SC generation.

In this paper, we show that short fiber SC generation has the
ability to generate a DWDM source with broad and uniform
bandwidth, high-power spectral density, and high coherence.
Experimentally, we demonstrate a 10 Gb/s multiple wavelength
pulse source with 140 nm spectral bandwidth and0.5 dB
uniformity over 40 nm. The power spectral density is measured
to be 7.9 dBm/nm across the flat region. Furthermore, the SC
can be improved up to 250 nm bandwidth and0.5 dB unifor-
mity over 83 nm by using high nonlinearity fibers. Experimental
demonstration of 1.4 ps transform-limited pulse carving as far
as 60 nm away from the pump wavelength, pulse propagation
and longitudinal mode carving for CW generation indicates that
the coherence of the SC is maintained. Based on the theoretical
calculations, we also show that the coherence of the short fiber
SC generation is maintained, and it has 13 dB higher modula-
tion depth of longitudinal modes as compared to SC generated
in long fibers. The experimental and the theoretical results indi-
cate that by using DWDM source based on short fiber SC gener-
ation, 600-channel data transmission with6 Tb/s capacity
is achievable at 50 GHz channel separation.

The outline of the paper is as follows. In Section II, we will
describe the experimental setup used for SC generation and the
experimental results including the generated SC and coherence
test based on pulse carving and propagation. We will simulate
short fiber SC generation and contrast ratio degradation of lon-
gitudinal modes due to noise amplification in Section III. Sec-
tion IV contains a discussion of possible system applications of
the short fiber SC generation as a DWDM source and its advan-
tages. Finally, Section V summarizes our findings.

II. EXPERIMENTAL SETUP AND RESULTS OF THESC
GENERATION

The experimental setup used in SC generation is shown in
Fig. 1. A 10 Gb/s actively modelocked fiber laser generates hy-

perbolic secant pulses with 1.3 ps temporal width with a time-
bandwidth product of 0.32 at 1551 nm. Since the SC is gener-
ated in short fibers, 100 W input peak power is required to
achieve enough spectral broadening. We use an erbium-doped
fiber amplifier with 30 dBm saturated output power to reach
an average power level of 1 W. Following the amplifier, three
sections of fibers are used to generate the SC. In general, the
first two sections are used for pulse compression and the last
section is used for SC formation. Specifically, the first section
is 10 m of Corning SMF-28 fiber, where the amplified pulses
are compressed via the soliton effect pulse compression. Fur-
ther pulse compression is obtained by the same effect in DSF1,
which is 13 m of DS fiber with nm. The last section
is 4.5 m of dispersion shifted fiber (DSF2) with nm
or 4 m of high nonlinearity dispersion shifted (HNL-DS) fiber
with nm. The third-order dispersion is the dominant
effect in this section, and spectral flattening accompanied by
additional spectral broadening is obtained [14], [15]. Since the
first two sections of fibers are the same, throughout the paper,
we differentiate the two SC setups according to the fiber used
in the last section. Table I summarizes the fiber parameters used
in the experiment. Detailed description of the mechanisms con-
tributing to the SC generation will be discussed in the next sec-
tion. We demonstrate spectral slicing for short pulse generation
both within the EDFA band and at shorter wavelengths by using
a 2.3-nm tunable filter. A 25-nm super-Gaussian filter centered
at 1490 nm is used for testing the broadband coherence. After
the amplification of the pulses carved at short wavelengths by
a Raman amplifier, 26 km of Corning SMF-28 fiber is used for
propagation. An optical spectrum analyzer with 6.25 GHz spec-
tral resolution and an autocorrelator are used for diagnostics.

Fig. 2(a) shows the 10 Gb/s SC spectra generated in conven-
tional, low nonlinearity, DS fiber. We obtain 140 nm spectral
broadening at 20 dB below the spectral peak. The SC has three
regions where most of the energy is accumulated: 1) center, 2)
Stokes. and 3) anti-Stokes regions. The Stokes side has 44 nm
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TABLE I

bandwidth at 15 dB below the center peak, and 20 nm spectral
region with 0.5 dB uniformity. The power spectral density in
this region is measured to be 11 dBm/nm. On the other hand,
the anti-Stokes side has 50 nm bandwidth at the same level and
40 nm spectral region with the same uniformity of0.5 dB.
Unlike the Stokes region, power spectral density in this side is
lower, 7.9 dBm/nm. A generated SC with a nearly symmetric
spectrum indicates that the spectral broadening mechanism is
dominated by self-phase-modulation (SPM) during the SC gen-
eration. A 6 nm difference in bandwidth and 3 dB difference in
power density shows the effect of third-order dispersion, which
leads to asymmetrical flattening of the anti-Stokes side while
lowering the power spectral density. The center part of the SC
has the peak spectral density and 16 nm bandwidth.

The spectral broadening is increased to 250 nm by replacing
the last section of the SC fiber with HNL-DS fiber. Experi-
mentally, we use 4 m of HNL-DS fiber with 4.5 times higher
nonlinearity and zero dispersion wavelength at 1530 nm to re-
place DSF2. Similar SC to that obtained from DSF2 is gener-
ated, but due to the higher nonlinearity and lower dispersion
slope in the HNL-DS fiber, spectral broadening is increased to
250 nm [16]. Fig. 2(b) shows the generated SC spectra with
250 nm bandwidth in high nonlinearity fiber. The flat region
on the anti-Stokes side is increased to 83 nm with the same

0.5 dB uniformity. However, because of the lower input power
requirement due to increased nonlinearity, almost doubled spec-
tral broadening, and higher splice loss, the power spectral den-
sity of the flat region is decreased to 0 dBm/nm at the flat portion
of the spectrum. The bandwidth of the Stokes region is measured
to be 21 nm with 0.5 dB uniformity and 9 dBm/nm power
spectral density.

The coherence of the SC is tested by measuring the pulse
quality across the spectrum and by carving longitudinal modes
to generate CW light. The SC generation setup with conven-
tional DS fiber is used for pulse carving and coherence measure-
ments. Experimentally, we use two different filters to carve out
pulses across the spectrum. The first filter is a tunable Gaussian
filter with a tuning range of 70 nm from 1490 nm to 1560 nm
and nominally 2.3 nm bandwidth, which varies from 2.4 nm
to 2 nm within the tuning range. The second filter is a 25-nm
super-Gaussian filter centered at 1490 nm. In the first step of
the experiment, we test the coherence of the pulses carved from
SC near the EDFA band. We use the tunable filter to carve out a

(a)

(b)

Fig. 2. (a) SC spectra generated in conventional DS fibers. We measure 140
nm bandwidth with�0.5 dB uniformity over 40 nm. Power spectral density is
measured to be 7.9 dBm/nm over the flat region. (b) The spectral broadening
improved to 250 nm with�0.5 dB uniformity over 83 nm by using high
nonlinearity DS fibers.

pulse at 1524.8 nm with 2.11 nm 3 dB bandwidth, as shown in
Fig. 3(a). In order to check the nonlinear behavior of the carved
pulses, we propagate it through 12 km of dispersion shifted fiber
with nm. Fig. 3(b) shows the pulse spectra after
the propagation for three different average input power levels of
1 mW, 3 mW, and 5 mW. Since the carved pulse is very close to
zero-dispersion-wavelength, SPM-dominated propagation char-
acteristics are presented at the output of the fiber. The number
of the spectral peaks indicate nonlinear phase shift of, and

2.5 is obtained for input power levels of 3 mW and 5 mW,
respectively. The asymmetry in the spectrum is expected due to
normal dispersion effect at shorter wavelengths. These results
show that the temporal stability and the coherence of the SC
within EDFA band are preserved.

In the second step of the coherence test, we carve pulses
near 1500 nm and propagate through 26 km SMF fiber after
amplification. We use a Raman amplifier to amplify the signal
after carving pulses at short wavelengths and before propaga-
tion. The Raman amplification is obtained by using two sec-
tions of dispersion shifted fibers with 4.4 km length and a CW
pump source at 1117 nm. Accumulated chirp in the Raman
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(a)

(b)

Fig. 3. (a) Transform limited pulse carving has been demonstrated vicinity of
the EDFA band (1524 nm). (b) We check the propagation behavior of the carved
pulses by propagating through 12 km DS fiber for three different input power
levels. SPM dominated spectral modulation indicates that spectral carving of
the SC near EDFA band generates soliton like pulses and coherence of the SC
is maintained.

amplifier is compensated by using a 2.5 km of SMF-28 fiber
after the amplifier. Optimum chirp compensation is obtained
at 1504 nm. After compensation, we carve 1.37 ps nearly
transform limited Gaussian pulses with at 1504
nm indicated in Fig. 4(a). The corresponding autocorrelation
trace is shown in Fig. 4(b). The coherence of the pulse is con-
firmed by the propagation through 26 km of SMF-28 fiber. Be-
cause of the very high dispersion, which is more than 700 ps,
a higher repetition rate pulse train is observed in the temporal
domain at the output end of the SMF-28 fiber. The phenomenon
of obtaining high repetition pulses in linear propagation is ex-
plained by longitudinal mode beating resulted from high disper-
sion [17]. Shakeet al.show that, because of dispersion, a pulse
is formed at the time position where longitudinal modes of the
several adjacent pulses overlap. With further dispersion, the rep-
etition rate decreases gradually and returns to fundamental oper-
ation frequency. The autocorrelation of the propagation results
are shown in Fig. 5. The separation between adjacent pulses
are measured to be21 ps, which corresponds a pulse train at
48 GHz repetition rate. The pulse train remains stable as long as
environmental fluctuations are isolated. This measurement re-
sult indicates that the longitudinal mode structure of the laser is
replicated across the SC instead of incoherent energy spreading,
which also shows that the coherence of the SC is preserved.

(a)

(b)

Fig. 4. (a) Transform limited pulse carving is demonstrated near 1500 nm.
(b) The autocorrelation trace of the carved pulse at 1504 nm. We obtain 1.37
ps nearly transform limited Gaussian pulses with time-bandwidth product of
�0.45.

Fig. 5. High repetition rate pulse train is obtained after propagating the carved
pulses through 26 km of standard fiber. More than 700 ps dispersion leads to
beating of the longitudinal modes at different time position and creates 48 GHz
pulse train.

The pulse carving results across the whole Raman gain band-
width are shown in Fig. 6(a). In addition to pulse carving and
propagation at single wavelength in Raman gain bandwidth, we
demonstrate carvability of the SC spectra wavelengths between
1490 nm and 1511 nm. Since the chirp compensation is opti-
mized for the wavelength 1504 nm, broader pulse widths are
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(a)

(b)

Fig. 6. (a) Results of the coherent pulse carving after subtracting the total
dispersion in the 11 km of DSF at the Raman amplifier. Nearly transform limited
pulses are generated with average� � 1:5 ps and���� � 0:46. The results
indicate that the coherence of the SC is maintained up to 60 nm away from the
pump and it is uniform across the spectrum. (b) A 0.6 ps short pulse carving
with 20 nm broadband filter shows the coherence of the SC is maintained even
at the edge of the SC.

measured at wavelengths other than 1504 nm. After subtracting
the pulse broadening during the amplification by using the for-
mula , we calculate the
actual width of the carved pulses. The parameter is the
measured pulsewidth, is zero dispersion wavelength of the
fiber, is pulse carving wavelength, is the filter bandwidth,

is the dispersion slope, andis the fiber length in the
Raman amplifier. Fig. 6(a) shows the calculated pulse widths
after subtracting the effect of the total dispersion accumulated
in the amplifier from the measured pulse widths. An average
of 1.5 ps pulse width and indicates that the
coherence of the SC is preserved up to 60 nm away from the
pump wavelength and uniform across the spectrum. As another
example, Fig. 6(b) shows the generation of 0.6 ps pulses with
20 nm spectral carving, which also indicates that coherence is
preserved even at the edge of the SC. The inconsistency between
filter bandwidth and the pulse width arises because the edge of
the SC spectrum does not completely fill the filter bandwidth
and the pulses are slightly chirped before the autocorrelator.

The coherence of the SC is also confirmed by CW genera-
tion by longitudinal mode carving of the generated SC. In an

Fig. 7. Experimental results of relative intensity noise measurement. The
results indicate that the longitudinal modes of the pump are replicated with 7
dB/Hz noise degradation. The results also show that each of the longitudinal
modes can be carved to generate a CW signal. Uniformity of relative intensity
noise shows that coherence is preserved equally across the SC.

updated experiment, we have demonstrated that longitudinal
modes of the SC can be carved to generate CW light [18]. The
carving results indicate that the longitudinal modes of the seed
pump source is replicated during the SC generation with low
noise degradation. As a figure of merit, we measure the noise
performance of CW from the SC and CW from seed pump.
Fig. 7 shows the measured relative intensity noise for CW sig-
nals carved from the pump and the SC. The measurement re-
sults show that the generated CW source has less than 7 dB/Hz
intensity noise degradation across the spectrum compared to the
pump. This degradation is attributed to the amplifier noise, ASE
noise, and MI effects during SC formation. However, the uni-
formity of the intensity noise shows that coherence of the SC is
preserved equally across the spectrum.

III. M ECHANISMS OFSC GENERATION AND THEORETICAL

RESULTS

We confirm our experimental results by simulating the SC
generation. We also focus on the evolution of the SC starting
with the amplifier output and discuss the behavior of the spec-
tral broadening with respect to linear and nonlinear effects in
the fiber. The generation of SC is modeled by the nonlinear
Schrodinger equation, which describes the pulse propagation
under the influence of nonlinear and linear effects in the fiber.
The equation is formulated as

where defines the normalized envelope function of the elec-
tric field at the main axis and defines the component at the or-
thogonal polarization [19]. The left side of the equation gives the
linear pulse propagation under the influence of group velocity
dispersion (GVD) and third-order dispersion (TOD), where
is the second-order dispersion constant (ps/km) and is the
TOD constant (ps/km). The perturbations caused by the non-
linear effects in the fiber are given by the terms on the right-hand
side of the equation. The first two nonlinear terms on the right
side are SPM and cross phase modulation (XPM) effects, and
the stimulated Raman scattering is included as the last term on
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Fig. 8. Experimental and simulation results of the SC generation in optical
fibers based on the experimental fiber parameters. This figure shows the
evolution of SC spectra at fiber lengths of (a) after the amplifier, (b) 10 m,
(c) 23 m, (d) 24.5 m, (e) 26 m, and (f) 27.5 m. The straight line shows the
experimental results and dotted line shows the simulation results.

the right-hand side. The nonlinearity constant is defined by
(W km ). Raman gain is defined by the constant which
is set to be 5 fs. We use the split step Fourier method to simulate
the SC generation [19].

Fig. 8 summarizes the evolution of the SC generation based
on fiber parameters used in the experiment. Fig. 8(a) shows
the pulse spectrum after the amplifier. Due to20 m of gain
fiber and patch cords, the spectral width of the pulse at the am-
plifier output is increased from 2 nm to 3.2 nm, which shows
that the pulse compression starts during the amplification. At
the end of the 10 m of SMF-28 fiber, we observe soliton effect
pulse compression with a clear indication of SPM, as shown in
Fig. 7(b). The double peak on the spectrum indicates that signal
acquires nearly nonlinear phase shift in the first section.
Fig. 8(c) shows the spectral broadening at the end of the DSF1
fiber. Since the GVD is nearly four times smaller in the second
section than the first section, higher nonlinear phase shift is ac-
quired. The contribution of the TOD is also expected to appear
with increasing bandwidth in this section and to cause small
spectral asymmetry. The spectral flattening occurs in the last
section of the fiber, where GVD is as low as 0.3 ps/nm.km. Al-
though the spectral broadening still continues along the fiber in
this section, spectral asymmetry also continues to grow with in-
creasing TOD effect due to large bandwidth. Fig. 8(d) shows the
shape of the spectrum at one-third of the length of the last sec-
tion, where TOD effects starts to show up more clearly. Starting
with the second half of the DSF2, asymmetric pulse break up
starts to dominate at the trailing end of the pulse and the rate of
the spectral broadening decreases. However, the rate of spectral
flattening increases with the pulse breakup and anti-Stokes side
becomes wider and flatter. Fig. 8(e) shows the power spectral
density distribution at 3 m of DSF2 fiber. Complete flattening

Fig. 9. Simulation results of the coherence degradation in short fiber SC
generation and 1 km of dispersion decreasing and dispersion flattened fiber
(DDDF). � indicates modulation depth (contrast ratio) of longitudinal modes
calculated for SC generated in short DS fibers, andshows the contrast ratio
calculated for the SC generated in long DDDF fibers. In average, short fiber
SC generation has�13 dB higher contrast ratio than the one generated in 1
km fiber.

is obtained at the last 1.5 m of DSF2 fiber, as seen in Fig. 7(f).
The simulation results show that the contribution of Raman in
SC generation is minimal, and this can be explained by the short-
ness of the fiber.

We calculate the degradation in phase coherence during the
SC generation by using the same simulation. Since there is no
direct measurement of coherence for pulsed laser, we use SNR,
i.e., the depth of longitudinal modes, as an indicator for the co-
herence. Our aim is to measure how much the SNR and depth of
longitudinal modes degrade compared to input signal due to in-
teraction of ASE noise with signal during SC generation. Dete-
riorating SNR values shows increasing randomness in phase and
amplitude due to ASE noise. In previous works, this comparison
has been demonstrated for different combinations of long fiber
SC generation, and it has been shown that the coherence degra-
dation due to ASE amplification is less in dispersion decreasing
fibers than in constant dispersion fibers and dispersion flattened
fibers [13]. For comparison, we simulate the SC generation in
short fibers with experimental parameters as well as in disper-
sion-decreasing-dispersion-flattened (DDDF) fiber. The length
of DDDF is set to 1 km with dispersion parameters of10.5
ps /km and 0.1 ps/km at the beginning and at the end of the
fiber, respectively. The soliton order at the beginning of DDDF
fiber is set to 1.6. In order to simulate the ASE, we generate
a background noise with random amplitude and phase gener-
ated by a Gaussian random number generator. The initial SNR
is set to be 45 dB, which corresponds to an amplifier with noise
figure of 7 dB. Since the coherence of the pulse is related to
the contrast ratio, modulation depth, of the longitudinal modes,
we calculate the contrast ratio at different spectral points along
the SC for comparison.

Fig. 9 summarizes the calculated contrast ratio at different
points along the SC spectra for two different fibers. The simu-
lation results show that the SNR and the modulation depth are
degraded more than 20 dB in both fibers due to MI initiated by
background ASE. However, the short fiber SC generation shows
better contrast ratio compared to the DDDF fiber. Specifically,
13 dB less degradation is calculated in short fiber SC generation
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at 60 nm away from the pump, where contrast ratio decreases
to as low as 9 dB in DDDF fiber. The only exception is that
4-dB better modulation depth is calculated at the vicinity of the
pump wavelength, where long fiber SC has a spectral peak. The
asymmetry in contrast ratio degradation is caused by the higher
power spectral density at longer wavelengths, and the location
of the pump wavelength close to the edge of the EDFA band.
Nearly flat contrast ratio (22 dB) around 1500 nm also con-
firms the transform limited pulse carving and broadband coher-
ence demonstrated experimentally.

IV. DISCUSSION

Our experimental and theoretical results confirm that the
DWDM source based on short fiber SC generation satisfies
all the requirements of a source used in OTDM/WDM appli-
cations. Although synchronization and wavelength accuracy
are inherent properties of DWDM sources from a single laser,
coherence, bandwidth, uniformity, and high-power spectral
density are four main properties that can be satisfied by DWDM
source based on short fiber SC generation. By using multiple
wavelength pulse generation based on spectral slicing of short
fiber SC, we show that the bandwidth of the source can be more
than doubled with 10% amplitude variation over 80 nm com-
pared to chirped pulse modulation and SC generation in normal
dispersion fiber. This bandwidth can be increased up to 250 nm
by compromising the spectral uniformity and power spectral
density. Moreover, for a single-channel DWDM source 10 Gb/s
data rate shows nearly two orders-of-magnitude increments in
repetition rates without any pulse interleaving circuit compared
to sources generated by chirped pulse modulation technique.
On the other hand, data encoding on multiple wavelength chan-
nels simultaneously by using a single modulator is a unique
feature used in chirped pulse modulation technique, where
this modulation technique cannot be implemented by using
high repetition rate SC sources. However, the channel count is
proportional to the speed of the modulator and the amount of
chirping. This proportionality limits the operation frequency
in chirped pulse modulation technique due to availability of
high-speed modulators and inter-pulse interference caused
by high chirping. In addition to high bit rate operation, by
using the short fiber SC generation scheme in conventional
dispersion shifted fibers, the power spectral density is improved
by more than 15 dB compared to long fiber SC generation, and
bandwidth is uniform over 40 nm. This uniform bandwidth can
also be improved to 83 nm at the expense of 8 dB decrease in
power spectral density, which still gives 7 dB improvement in
power level compared to long fiber SC generation scheme.

Since actual coherence measurements of a pulsed laser by
interferometric techniques are limited by frequency chirp and
pulsed nature of the signal, spectral carvability, SNR, CW gen-
eration by longitudinal mode filtering and propagation charac-
teristics can be used as indicator of coherence [13]. In our ex-
periments, we show that the SC generated in short fibers main-
tains its coherence up to 60 nm away from the pump wavelength
by transform limited pulse carving and propagation within and
outside the EDFA band. These results are also confirmed the-
oretically. We calculate that the pulses carved from the short

fiber SC have longitudinal modes contrast ratio of 22 dB even
at 60 nm away from the pump wavelength for the input signal
with SNR of 45 dB. Compared to the contrast ratio of 9 dB at the
same point obtained in long fiber SC generation scheme, short
fiber SC generation scheme shows 13 dB improvement in mod-
ulation depth of longitudinal modes and in coherence. Although
essential mechanisms for spectral broadening in both fibers are
the same, the difference between contrast ratio can be explained
by the difference in the length. In the short fiber SC generation
spectral, flattening occurs within a distance less than half soliton
period, where optimum compression is obtained. For soliton or-
ders 10, MI perturbation is not as effective as higher order
solitons within half soliton period [13]. The stepwise dispersion
decreasing pulse compression scheme with relatively high av-
erage dispersion (9.5 ps/nm.km) is also disturbs MI gain in
the first two sections. Although in DDDF fiber, decreasing dis-
persion profile reduces MI gain, the average dispersion is low
and steady growth of ASE noise with increasing gain bandwidth
is still expected along the fiber. Moreover, the pulses propagate
multiple soliton periods, where the symmetry of initial soliton
disappears due to MI.

CW signal generation based on longitudinal mode carving
also confirms that the coherence is preserved across the spec-
trum. The 7 dB/Hz amplitude noise degradation compared to
the pump signal shows that generated SC has similar coherence.
This 7 dB/Hz difference confirms the degradation due to ampli-
fication and MI during SC generation. However, the uniformity
of the intensity noise also shows that the coherence is main-
tained equally across the whole SC spectra. In addition to co-
herence, power spectral density of the two scheme is compared.
Since SC generation in long fibers depends on adiabatic soliton
compression effect, where this compression scheme requires
low input power, the low power spectral density (7 dBm/nm)
and low SNR is obtained at the output. These results lead to high
amplification requirement at the output, where no single ampli-
fier module is available to cover the whole SC bandwidth.

To understand the capacity of SC generation, we calculate
the maximum achievable number of channels by assuming
50 GHz (0.4 nm) filter spacing, which is commercially avail-
able. Our experimental results indicate that SC generation in
high nonlinearity fibers has the capacity of achieving200
wavelength channels at 10 Gb/s over 83 nm bandwidth with

0.5 dB amplitude uniformity. Due to overall bandwidth of
250 nm, these capacities can reach up to 6 Tb/s by utilizing
the entire SC bandwidth at the expense of amplitude equaliza-
tion circuit. Compared to the experimental demonstration of
235 Gb/s by using chirped pulse modulation technique, short
fiber SC generation has the capability of an order of magnitude
improvement without any pulse interleaving circuit.

V. SUMMARY

In summary, we demonstrate coherent short pulse generation
based on spectral slicing of the SC generated in short fibers at
10 Gb/s. By using conventional DS fibers, we generate 140 nm
spectral broadening with 7.9 dBm/nm (0.5 dBm) power spec-
tral density over 40 nm. By using high nonlinearity dispersion
shifted fibers, spectral broadening is improved to 250 nm with
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0.5 dB uniformity over 80 nm. Coherence of the SC is tested
by pulse carving, propagation and longitudinal mode carving.
The results show that the coherence of the short fiber SC gen-
eration is maintained up to 60 nm away from the pump wave-
length. We confirm our results by calculating the SNR degra-
dation because of interaction of pulses with ASE noise during
the SC generation. The simulation results show that the longitu-
dinal mode contrast ratio of the pulses carved from the SC de-
grades nearly 23 dB at 60 nm away from the pump wavelength.
The 13 dB improvement in contrast ratio is calculated at 60 nm
away from pump compared to the results obtained by using
long fiber SC generation. As a DWDM source short fiber SC
source can also improve the power spectral density by15 dB
compared to the SC generated in long fibers. Compared to the
chirped pulse modulation technique, we obtain doubled uniform
spectral bandwidth at 200 times higher repetition rates. Based
on the experimental results, we estimate that synchronous 600
wavelength channels with total of6 Tb/s data rate at 50 GHz
channel spacing is achievable by utilizing the 250 nm spectral
bandwidth generated in high nonlinearity fibers.
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