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Multichannel Wavelength Conversion Exploiting
Cascaded Second-Order Nonlinearity in

LiNbO3 Waveguides
Junqiang Sun, Wei Liu, Jing Tian, Member, IEEE, J. R. Kurz, and M. M. Fejer

Abstract—Ten-channel wavelength conversion is achieved by
exploiting cascaded second-order nonlinearity in periodically
poled LiNbO3 waveguides. No external pump input is required
in the converter and conversion efficiency is improved due to the
enhancement of pump and signal interaction. Approximate 70-nm
conversion bandwidth is realized under pump power less than
25 mW at 1550-nm band.

Index Terms—Nonlinear optics, optical fiber communication,
wavelength conversion, wavelength-division multiplexing.

I. INTRODUCTION

A LL-OPTICAL wavelength conversion is expected to be
a crucial technique in broad-band dense wavelength-di-

vision-multiplexed (DWDM) networks owing to its capability
of wavelength reuse, thereby avoiding wavelength channel
contentions and facilitating network management [1]. For
practical DWDM system applications, requirements for high
conversion efficiency, wide wavelength conversion bandwidth,
low frequency chirp, and capability to accommodate signals
of any format and protocol including analog and frequency
modulation must be satisfied. Compared with the previous
demonstrated approaches such as cross-gain modulation [2],
cross-phase modulation [3], and four-wave mixing [4] in semi-
conductor optical amplifiers (SOAs), wavelength conversion
employing difference frequency generation (DFG) can meet
the above requirements and has manifested several advantages:
In addition to strict transparency for random modulation rates
and formats and without intrinsic frequency chirp, it can simul-
taneously up and down convert multiple channels with equal
efficiencies [5]. DFG-based wavelength conversion has been
demonstrated utilizing periodically domain-inverted LiNbO
(PPLN) [5], and AlGaAs [6] waveguides, showing impressive
potentials for DWDM networks. However, 100-mW pump
power at wavelength of 750800 nm is required to realize
0-dB conversion efficiency, and it is difficult to simultaneously
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Fig. 1. Experimental arrangement for DFG-based multichannel wavelength
conversion. PC: Polarization controller. FC: Fiber coupler.

couple the 780-nm pump and 1.5-m band signals into the
fundamental mode of the waveguide. Wavelength conversion in
PPLN waveguides is achieved more conveniently by employing
cascaded second-harmonic generation (SHG) and DFG so
that all incident signals are in the 1.5-m band and propagate
through the waveguides in single mode. High pump powers
( 100 mW) at 1.5 m are required for standard devices, how-
ever, high efficiency buried waveguides can reduce the required
pump power to 75 mW [7]. In this letter, a novel experimental
scheme is presented to enhance conversion efficiency, in which
no external pump injection is required and pump light is
internally generated inside the proposed configuration. Due to
the characteristics of the intracavity pump laser and enhanced
pump and signal interaction, conversion efficiency is improved
significantly.

II. EXPERIMENTAL SETUP

The experimental arrangement for DFG-based wavelength
conversion is schematically shown in Fig. 1, which includes
a multiwavelength laser source and the combination of a tun-
able ring fiber laser and a DFG-based wavelength converter. The
multiwavelength ring laser consists of an SOA, a comb filter,
a bandpass filter, an isolator, and polarization controllers. The
multiquantum-well SOA serves as a gain medium, which pro-
vides the small-signal gain of 20 dB with the gain bandwidth
of 50 nm. Two inline polarization controllers are positioned in
the ring cavity to compensate the polarization sensitivity caused
by the SOA. The comb filter with the wavelength spacing of
1.6 nm determines the resonant modes. The bandpass filter with
18-nm bandwidth is used to inhibit the lasing wavelength region
and filter the amplified spontaneous emission (ASE) noise. This
bandpass filter can be replaced to obtain different lasing wave-
length regions. The output multiwavelength signal is extracted
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Fig. 2. Output optical spectra from the multiwavelength laser for the bandpass
filter with wavelength region of 1561–1579 nm.

through a 9 : 1 fiber coupler. The tunable ring laser is composed
of a tunable Fabry–Pérot filter and a erbium-doped fiber ampli-
fier (EDFA) which can offer the small-signal gain of 25 dB and
saturation output power of 27 dBm. Its lasing wavelength can be
tuned as a pump wavelength to satisfy the SHG in the periodi-
cally poled LiNbO (PPLN) waveguide. The waveguide is fab-
ricated by annealed proton exchange in PPLN. The component
used in this experiment is 50 mm in length, has quasi-phase-
matching (QPM) period of 14.7-m, waveguide width of 12m,
and an initial proton exchange depth of 0.8m. The device pa-
rameters allow phasematching at room temperature between the
fundamental mode of the pump at 1544 nm and the fundamental
mode of the second-harmonic wave at 772 nm. The fiber-to-
fiber coupling loss is estimated about 4.7 dB caused by the re-
flection losses at the uncoated endfaces, mode mismatching be-
tween the fibers and the PPLN waveguide, and intrinsic wave-
guide losses. Making use of cascaded second-order nonlinearity,
DFG-based wavelength conversion can be achieved by means of
pump and multichannel signal interaction in PPLN waveguide.
The output spectra are monitored by an optical spectrum ana-
lyzer with the highest spectral resolution of 0.06 nm.

III. EXPERIMENTAL RESULTS AND DISCUSSIONS

Fig. 2 shows the output spectrum from the multiwavelength
laser when the central wavelengths of bandpass filter is chosen
at 1570 nm. Ten lasing wavelengths are observed with a
fixed channel spacing of 1.6 nm. More than16-dBm output
power for each wavelength is obtained with more than 30-dB
signal-to-ASE ratio. The device performance is verified by
launching a single channel signal with wavelength of 1580.2 nm
into the suggested configuration. Fig. 3 illustrates the mea-
sured output spectrum and distinctly displays the wavelength
conversion between 1580.2 and 1508.5 nm. The optimum
pump wavelength is measured at 1543.5 nm to satisfy the QPM
condition when the PPLN waveguide operates at room temper-
ature. In the experiments, the largest conversion efficiency is
realized by tuning the Fabry–Pérot filter. From the measured
results, it can be estimated that the intracavity pump power is
less than 50 mW. It can be concluded that the pump power is

Fig. 3. Measured output spectrum from the wavelength converter for single
channel wavelength conversion.

Fig. 4. Conversion efficiency as a function of the input signal wavelength for
single-pass and ring configurations. The pump power inside the waveguide (at
1543.5 nm) is about 25 mW.

lowered and the conversion efficiency is improved thanks to the
enhancement of pump and signal interaction. Fig. 4 shows the
variations of the measured conversion efficiency with the input
signal wavelength while keeping the pump wavelength fixed
at 1543.5 nm. The conversion efficiency varied by less than
3 dB across the wavelength span of 70 nm, and the fluctuation
is less than 1 dB from 1510 to 1570 nm. By keeping the same
power and polarization state of the pump light injected into
the waveguide as in the ring configuration, the conversion
efficiency for the single-pass arrangement is measured and
also plotted in Fig. 4. Approximate 3.5-dB enhancement of the
conversion efficiency is achieved with our suggested scheme
under the input pump power of 25 mW. The improvement of
conversion efficiency can be explained due to the following
facts. First, in the ring configuration the intracavity laser serves
as pump light while the externally amplified signal is used
as pump light in the single-pass configuration. Evidently, the
linewidth of the intracavity laser is narrower than that of the
amplified signal. According to the cascaded second-order
nonlinear effect in the PPLN waveguide, the narrower pump
light will produce the higher conversion efficiency. Second,
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Fig. 5. Measured output spectrum from the wavelength converter for
multichannel wavelength conversion with input signal wavelength region of
1561–1579 nm.

transverse mode distributions in the waveguide are different
between the amplified signal and the intracavity laser. Lasing
is established on the basis of the sustained oscillation and
the lasing power is concentrated along the central axis in the
PPLN waveguide. Thus, the pump power density in the ring
configuration is higher than that in the single-pass configu-
ration. Meanwhile, the lasing wavelength can be easily tuned
to align to the pump wavelength required for DFG effect.
Therefore, the pump and signal interaction is enhanced and
the improvement of conversion efficiency is achieved. Finally,
in the ring configuration, the polarization state of the intra-
cavity laser is aligned to the desired polarization states during
the process of the adjustment of the polarization controller
owing to the fact that lasing is taken place for the minimum
polarization-dependent loss. Therefore, almost total intracavity
laser involves in the wavelength conversion. Whereas in the
single-pass configuration the utilization ratio of the amplified
pump light will be decreased due to the polarization state
difference for different waveguide structures when the situation
of the polarization controller is kept same as in the ring config-
uration. As a result, the conversion efficiency is consequently
impaired. Fig. 5 shows simultaneous multichannel wavelength
conversion by the injection of multiwavelength lasing lines
into the configuration at 1570-nm band. The results indicate
that the conversion efficiencies are almost the same for all
the converted channels. The converted signals are the mirror
image of the input signals about the pump wavelength. The
intracavity pump power is less than 100 mW and about 70-nm
wavelength span is realized with our scheme. During the
experiment, we find that the strong EDFA ASE noise can be
effectively suppressed for the converted signals. This behavior
is ascribed to the inverted population depletion owing to the
laser oscillation at the pump wavelength. In addition, the

PPLN waveguide filters one polarization, removing half of the
spontaneous emission in one pass, while keeping the correctly
polarized signal. For DFG-based wavelength converters, the
pump wavelength can be changed by the design of different
QPM period and the adjustment of operation temperature.
Moreover, the QPM condition can be further relaxed by intro-
ducing various phase-shifting domains into the QPM gratings
[8]. Consequently, The lasing wavelengths within the entire
EDFA gain bandwidth can be used as the pump wavelength [9].
This implies that broad bandwidth tunable laser from 1400 to
1700 nm can be potentially generated employing our scheme.

IV. CONCLUSION

A novel multichannel wavelength conversion scheme
has been proposed and demonstrated within the 1.5-m
band by exploiting cascaded second-order nonlinearity in
LiNbO waveguides. Ten lasing wavelengths are generated
and converted simultaneously. Approximate 70-nm conversion
bandwidth is achieved. Owing to the enhancement of pump and
signal interaction, the conversion efficiency is increased and,
hence, the pump power is lowered. Our scheme also provides
the possibility to realize a broad bandwidth tunable laser source
for optical communication applications.
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