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Managing the vast quantity of avail-
able optical frequency resources is
a necessary precondition to the

creation of flexible, high-capacity optical
networks.1 One of the largest commercial
systems is a 10-Gbit/s, 160-channel wave-
length division multiplexed (WDM) sys-
tem. In experimental demonstrations, the
number of wavelengths has now reached
500.2 It is expected that future WDM net-
works will employ multiwavelengths that
range from 100 to 1000.

Optical frequency carrier generation
on International Telecommunication
Union (ITU) grids with well-controlled
spacing is one of the key technologies for
such WDM systems. For conventional
WDM sources, one must prepare a large
number of optical sources and control all
the wavelengths independently [Fig. 1(a)].
The size and cost of the WDM source in-
creases in proportion to the number of
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channels. Therefore, it is difficult to con-
struct WDM sources with a channel num-
ber greater than one hundred. On the oth-
er hand, the combination of a multicarri-
er source (MCS) and a WDM demulti-
plexer, which can generate multiple opti-
cal carriers simultaneously, is an effective
way to solve the above problems [Fig.
1(b)]. Moreover, a MCS can generate
multiple optical carriers with uniform
channel spacing. Therefore, it is easy to
control all the wavelengths on ITU grids 
simultaneously.

A supercontinuum (SC) source is a
promising method for obtaining such
well-managed multiple optical carriers.
The advantages of using a SC MCS in-
clude fixed-channel (frequency) spacing
in which the accuracy equals that of the
microwave oscillator (Hz) used, and its su-
perbroadened spectra in which a stream of
more than 100 channels can be generated.

Here, I describe the principle and fea-
tures of a SC source. I also present the gen-
eration of more than 100-channel carriers
with 12.5- or 25-GHz spacing from a sin-
gle SC MCS and discuss the noise charac-
teristics and optical frequency stability. A
transmission experiment that uses this SC
MCS is described. The feasibility of its use
for over 100-channel WDM systems is 
also shown.

Supercontinuum generation
SC generation is a phenomenon in which
an intense pump pulse spectrum is broad-
ened over a continuous range. It occurs in
various nonlinear materials such as solids,
gases, and semiconductors because of the
combined effects of self-focusing, self-
phase modulation, cross-phase modula-
tion, and parametric four-wave mixing
(FWM). Since the discovery of SC genera-
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quency (~50 GHz) and a short pulse
width (<5 ps).15 To achieve the second
point, we used polarization-maintaining
SC fiber. The noise and spectral character-
istics of SC light strongly depend on chro-
matic dispersion of the SC fiber. To resolve
these points, we used a dispersion-flat-
tened, dispersion-decreasing optical fiber
as the SC fiber.8 By using this type of fiber,
the pump pulse spectrum can be convert-
ed to a superbroadened SC spectrum with
high SNR and high conversion efficiency.

Figure 3 shows the experimental con-
figuration that was used to generate multi-
carriers from the SC MCS with the mode-
locked LD and the polarization-maintain-

ing dispersion-flattened, dispersion-de-
creasing fiber.13 The mode-locked LD gen-
erates a 4.3-ps, 12.5-GHz pulse train. It is
then amplified with an Er-doped fiber am-
plifier (EDFA) and coupled into a polar-
ization-maintaining SC fiber. The output
spectrum exhibited greater than 100-nm
spectrum broadening as shown in Fig. 3.
The figure shows that greater than 1000-
channel, 12.5-GHz-spaced optical carriers
were generated. The optical power of each
optical carrier is around –20 dBm. The
spectrum around 1560 nm, which is more
than 20 nm (200 channel) from the pump
laser wavelength, exhibits equally spaced
optical carriers.
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Figure 1. Configurations of WDM sources: (a) conventional and (b) one obtained by use of a multicarri-
er source.
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tion in 1970, it has been used mainly as a
wideband optical source for ultrafast spec-
troscopy.3 SC generation in optical fibers
was also studied by use of intense YAG
lasers or color-center lasers to make use of
the high FWM efficiency offered by the
low dispersion nature of the material.4 Re-
search into applying SC pulses to commu-
nication and optical signal processing be-
gan only in 1993.5 Morioka et al.6 pro-
posed using wideband SC generated in the
low dispersion region of single-mode
fibers to produce multiwavelength optical
pulses. A breakthrough occurred when a
SC was successfully generated by laser
diodes up to gigahertz repetition rates.
Another breakthrough followed with the
nearly penalty-free generation of SC puls-
es filtered from a SC.7 Since then, the
mechanism of SC generation has been an-
alyzed,8 and transmission experiments by
use of SC pulse sources have been demon-
strated.9,10 Recently, multiple optical carri-
er generation based on a SC source has
been reported by several researchers.11–14

Figure 2 shows the basic configuration
of the SC MCS. The SC is realized when
optical fibers are pumped by picosecond
optical pulses. It is noteworthy that the
generated SC light has high coherence and
a high signal-to-noise ratio (SNR). One
can obtain optical carriers by spectrally
slicing individual longitudinal modes
from the SC spectrum. Therefore, multi-
ple carriers (multiwavelength cw light)
can be generated by utilization of a wave-
length demultiplexer whose channel spac-
ing equals the repetition rate of the pump
pulses. Some of the advantages of a SC for
optical carrier generation are fixed chan-
nel spacing, the accuracy of which equals
that of a microwave oscillator (Hz) and its
superbroadened spectra (~200 nm) with
which a stream of more than 100 channels
can be generated.

Multiple optical carrier 
generation 
To ensure that a SC MCS can be used as a
stable multiple optical carrier generator, it
is important to: use a low-noise short-
pulse source; reduce the polarization fluc-
tuations in the SC fiber; and suppress
noise generation during spectral broaden-
ing. To address the first point, we em-
ployed a mode-locked laser diode (LD)
because of its low-noise characteristic and
because it can easily be used to generate
optical pulses with high repetition fre-

Figure 2. Basic configuration of the SC MCS.
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Optical frequency stability 
and noise characteristics
The long-term stability of the absolute
frequency of one channel, determined by
the temperature accuracy of the source
mode-locked LD, is better than 0.3 GHz
in Fig. 3. This is much smaller than the
channel spacing. The linewidth remains
nearly constant at 2.5 ± 0.3 MHz
(1538–1591 nm) and is basically equal to
that of the source mode-locked LD. The
linewidth of the 12.5-GHz microwave
component of the SC pulse train, which
represents the convolution of all channel
spacings, was less than 1 Hz; this repre-
sents the instrument resolution.

The SNR of each optical carrier was
calculated by integration of the relative 
intensity noise (RIN) measured from 
100 MHz to 2.5 GHz. The SNR exceeds 
26 dB for the 1512–1580-nm wavelength
range, which is sufficient to realize a 
2.5 Gbit/s, multiple 100-km transmission.

A normal-dispersion and dispersion-
flattened fiber is the other promising fiber
for SC generation.16 When this fiber is
used, the SC spectrum is relatively narrow
(~40 nm), however, optical carriers with
relatively high power and high SNR can be
obtained. Recently, we demonstrated
greater than 150-channel optical carriers

with 25-GHz equal spacing.14 Figure 4
shows the measured output spectrum and
wavelength dependence of the optical
power and the SNR (for the bandwidth
from 100 MHz to 10 GHz). Optical 
powers of each channel range from +8 to
+15 dBm and are highest among the opti-
cal carrier sources based on longitudinal
mode slicing. This means there is no need
for amplification before external modula-
tion. These high output powers simplify
the construction of the transmitter. We
obtained ±1.5-dB flatness and powers of
more than 10 dBm over 18 nm (90 chan-
nels). Although the SNRs degrade at the
center and edge channels, over the 30 nm
range they exceeded 28.2 dB.

The feasibility of the SC MCS for
WDM systems was confirmed by a trans-
mission experiment (Fig. 5).17 For this ex-
periment, the wavelength ranged from
1530 to 1560 nm, and the normal-disper-
sion and dispersion-flattened fiber was
utilized as the SC fiber. More than 100
channel optical carriers with 25-GHz
equal spacing on an ITU grid were gener-
ated from the SC MCS. The inset in Fig.5
shows the spectrum of the dense WDM
signal. The spectrum flatness was 3 dB.
The dense WDM signal was injected into a
recirculating loop that consists of an 

80-km transmission fiber, EDFAs, a gain
equalizer, and Raman pump LDs. Figure 6
shows the wavelength dependence of the
Q factors after 640-km transmission. Al-
though the Q factors degraded at the edge
channels, they exceeded 15.6 dB, which is
equivalent to a bit error rate (BER) of 10-9

in 106 channels (1535.82–1556.76 nm).
These results show that the SC MCS can
be applied to greater than 100-channel
WDM systems.

Applications and issues
The SC MCSs have significant potential to
change the paradigm of a number of ap-
plications as well as WDM transmission
systems, for which the management of
multiple optical carriers is of key interest.
Such applications include optical frequen-
cy standards, which require optical carri-
ers strictly fixed to ITU grids. As men-
tioned above, the SC MCS can provide sta-
ble optical carriers with fixed channel
spacing, in which the accuracy of spacing
equals that of the microwave oscillator
(Hz), and its superbroadened spectra can
cover the entire spectral bandwidth of the
S, C, and L bands (1470–1610 nm). In fu-
ture photonic networks, the SC MCSs 
can be used as multiwavelength sources 
for wavelength conversion in photonic
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Figure 3. Experimental configuration of multiple optical carrier generation. Figure 4. Measured optical spectrum, SNR, and optical
power of the optical carrier.
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routers.1 In optical code-division multi-
plexing (OCDM) systems, optical carriers
from the SC MCSs are suitable for signal
sources because they are highly coherent.18

To enhance WDM networks with high-
er bit rates (40 Gbit/s) and/or longer
transmission distances (>1000 km), fur-
ther research to improve the SNR and flat-
ness of the SC spectrum is needed. Both
requirements can be met by optimization
of the design of the SC fiber and the
pumping condition. To apply the SC MCS
to practical WDM systems, external mod-
ulators are indispensable. Compact and
low-cost modulators should be developed.
It is also important to investigate novel SC
fiber implementation approaches such as
photonic crystal fibers. Recently, photonic
crystal fibers have been studied intensely
because of their attractive features, includ-
ing high optical nonlinearity and large de-
sign flexibility in terms of their dispersion
parameter.19

Conclusion
We have described the generation of more
than 100-channel optical carriers from 
a single supercontinuum multicarrier
source. These carriers have sufficient SNR
to be useful in WDM systems. Channel
spacing is strictly determined by mi-
crowave mode-locking frequency of the
source laser, which makes hertz accuracy
possible. The SC MCSs have the impor-
tant potential that would allow the para-
digm to be changed for many applications,
such as WDM transmission systems, pho-
tonic networks, optical frequency stan-

dards, and OCDM systems. To match fu-
ture optical networks, further research is
needed to improve the SNR and the flat-
ness of the SC spectrum. It is also impor-
tant to investigate the long-term stability
and reliability of this source.
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Figure 5. Experimental setup of the demulti-
plexed WDM transmission.

Figure 6. Optical spectra after 640-km transmission.
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