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Tunable Wavelength Conversion of ps-Pulses
Exploiting Cascaded Sum- and Difference Frequency

Generation in a PPLN-Fiber Ring Laser
Jian Wang, Junqiang Sun, J. R. Kurz, and M. M. Fejer

Abstract—Tunable wavelength conversion of picosecond
(ps)-pulses based on cascaded sum- and difference frequency gen-
eration is proposed and demonstrated by use of a fiber ring laser
incorporating a periodically poled lithium niobate waveguide and
two parallel-arranged tunable filters (TFs). The pulsed signal with
40-GHz repetition rate and 1.57-ps pulsewidth is employed. No
external pump and control sources are required in the wavelength
converter. By properly adjusting two TFs to change the lasing
pump and control wavelengths, flexible wavelength conversion
from a changeable input signal wavelength to a variable output
idler wavelength is achieved.

Index Terms—All-optical wavelength conversion, cascaded sum-
and difference frequency generation (cSFG/DFG), fiber ring laser,
nonlinear optics, periodically poled lithium niobate (PPLN).

I. INTRODUCTION

RECENTLY, wavelength conversion based on difference
frequency generation (DFG) in a periodically poled

lithium niobate (PPLN) waveguide has attracted considerable
interest [1]. It offers several distinct advantages such as ultrafast
response, large signal bandwidth, no spontaneous emission
noise, no intrinsic frequency chirp, and transparency to bit rate
and data format, etc. However, conventional direct DFG and
cascaded second-harmonic generation and difference frequency
generation (cSHG/DFG) cannot perform tunable wavelength
conversion, which is required in future all-optical networks
in order to construct a flexible communication system [1]. To
overcome the restriction of the wavelength tunability, cascaded
sum- and difference frequency generation (cSFG/DFG) was
proposed [2]–[4]. Although Min [2], Lee [3], and Yu [4] et al.
have demonstrated the cSFG/DFG-based wavelength conver-
sion, showing impressive conversion performance, two external
continuous-wave (CW) optical sources were needed [2]–[4],
which would significantly increase system complexity. Xu
[5] and Chen [6] et al., however, proposed cSHG/DFG-based
intracavity wavelength conversion to reduce one external pump
source. Nevertheless, up to now, cSFG/DFG-based intracavity
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Fig. 1. Experimental setup for the cSFG/DFG-based wavelength conversion;
MLL: tunable mode-locked fiber laser; VOA: variable optical attenuator;
FC: fiber coupler; OSA: optical spectrum analyzer.

wavelength conversion has not been reported because of the
further requirement of reducing two external optical sources.

We have previously demonstrated the cSFG/DFG-based
wavelength conversion [7] as well as cSHG/DFG-based intra-
cavity wavelength conversion [8]. In this letter we report, for
what we believe is the first time, cSFG/DFG-based tunable
intracavity wavelength conversion of picosecond (ps)-pulses
using a PPLN-fiber ring laser. Two parallel-arranged tunable
filters (TFs) are inserted into the ring cavity so as to internally
generate the lasing pump and control waves, because of which
no external pump and control sources are required.

II. EXPERIMENTAL SETUP

The experimental setup is shown in Fig. 1, which includes
a tunable pulsed signal source and the combination of a tun-
able fiber ring laser and a cSFG/DFG-based wavelength con-
verter. A tunable mode-locked fiber laser (MLL) with a rep-
etition rate of 40 GHz and a pulsewidth of 1.57 ps serves as
the pulsed signal source. The tunable fiber ring laser is com-
posed of two parallel-arranged TFs with 50-nm tuning band-
width in the 1550-nm band and 1-nm linewidth, two variable
optical attenuators, an isolator, a PPLN waveguide, two polar-
ization controllers (PCs), and a high-power erbium-doped fiber
amplifier (EDFA) with the small-signal gain of 40 dB and sat-
uration output power of 30 dBm. Details of the PPLN wave-
guide parameters are described in [7]. In the cSFG/DFG pro-
cesses, two CW lasing optical waves generated in the fiber ring
laser serve as the pump and control waves, and their wave-
lengths are determined by the TFs in the ring cavity. The signal
and pump generate a sum-frequency wave via the SFG process
under the quasi-phase matching (QPM) condition. Simultane-
ously, the control wave interacts with the sum-frequency wave
to yield an idler by the subsequent DFG process. For a fixed
signal wavelength, the output idler wavelength can be tuned by
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Fig. 2. Measured output spectra of the tunable cSFG/DFG-based wavelength
conversion for different lasing control wavelengths: (a) 1565.8, (b) 1563.1,
(c) 1561.0, (d) 1558.5 nm. The signal and lasing pump wavelengths are kept at
1539.7 and 1548.0 nm, respectively during the experiments.

fixing the pump wavelength while changing the control wave-
length. For a variable signal wavelength, flexible wavelength
conversion from a changeable input signal wavelength to a vari-
able output idler wavelength can be realized by appropriately
adjusting the pump wavelength and tuning the control wave-
length. The output spectra are monitored by an optical spectrum
analyzer (Anritsu MS9710C) with the highest spectral resolu-
tion of 0.05 nm.

III. EXPERIMENTAL RESULTS

Fig. 2 illustrates the tunable performance of the cSFG/DFG-
based wavelength conversion for four different control wave-
lengths. The signal wavelength is set at 1539.7 nm, and the
lasing pump wavelength is tuned at 1548.0 nm to satisfy the
QPM condition for the SFG process. It is found that the output
idler wavelength can be tuned from 1522.9 to 1530.0 nm as the
lasing control wavelength is changed from 1565.8 to 1558.5 nm.

Fig. 3 plots the measured conversion efficiency and idler
wavelength as a function of the lasing control wavelength cor-
responding to Fig. 2. The pump and control powers are adjusted
at about 3 dBm at the output of the PPLN waveguide. The
average conversion efficiency is measured at about 20.54 dB
with the fluctuation less than 2.85 dB. The idler wavelength has
a linear relationship with the control wavelength. The fluctua-
tion in conversion efficiency can be ascribed to the influences
of variable polarization states, power and wavelength jittering
of the optical sources, and instabilities of the environment such
as temperature during different time periods.

Fig. 4 depicts the variable-in cSFG/DFG-based wavelength
conversion for three different signal wavelengths. It is expected
that a changeable input signal wavelength can be converted to

Fig. 3. Dependence of the conversion efficiency (unclosed circles) and idler
wavelength (closed squares) on the lasing control wavelength. The signal wave-
length is 1539.7 nm corresponding to Fig. 2.

Fig. 4. Measured output spectra of the variable-in cSFG/DFG-based wave-
length conversion for different signal wavelengths: (a) 1538.0, (b) 1535.0,
(c) 1533.4 nm. Three lasing pump wavelengths are (a) 1550.0, (b) 1552.0,
(c) 1553.0 nm. Three lasing control wavelengths are (a), (b) 1564.9 and
(c) 1565.5 nm. Three idler wavelengths are (a), (b) 1523.3 and (c) 1521.6 nm.

a variable output idler wavelength by simultaneously tuning the
lasing pump and control wavelengths. As shown in Figs. 2 and 4,
the lasing pump wavelength depends on the signal wavelength
under the QPM condition for the SFG process, while the idler
wavelength is determined by the lasing control wavelength. Re-
markably, Fig. 4(a) and (b) also exhibits the variable-in fixed-out
function, i.e., different signal wavelengths can be converted to
the same idler wavelength.

In our proposed scheme, the advantages of intracavity
wavelength conversion as well as cSFG/DFG-based tunable
wavelength conversion are combined together. No external
pump and control sources are required in the wavelength
converter, thus the economy and simplicity of the device are
evident. Remarkably, EDFA is homogeneous gain medium at
room temperature, which may lead to strong mode competi-
tion and unstable lasing. However, as the PPLN waveguide is
polarization-sensitive, intracavity polarization inhomogeneity
is induced in the fiber ring laser. Moreover, using PCs in the
ring cavity can further enhance the intracavity polarization
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Fig. 5. Conversion efficiency as functions of (a) idler wavelength and (b) signal
wavelength. The sum-frequency wave is kept at 772.0 nm in the numerical sim-
ulations.

Fig. 6. Numerical simulations for the optical spectra and eye diagrams of the
input signal and output idler waves. (a), (b) Spectra; (c), (d) eye diagrams; (a),
(c) input signal; (b), (d) output idler. The signal is assumed to be a 2 � 1,
40-Gb/s PRBS NRZ data signal.

inhomogeneity. Therefore, the EDFA homogeneous linewidth
broadening can be greatly reduced. Furthermore, we place and
adjust two variable optical attenuators after TFs to suppress the
gain competition. As a result, stable output of the lasing pump
and control waves can be simultaneously achieved.

IV. NUMERICAL ANALYSIS

We further numerically verify the conversion performance of
the cSFG/DFG-based tunable wavelength conversion. The peak
power of the pulsed signal is 10 mW and the powers of the CW
pump and control waves are assumed to be 100 mW.

Fig. 5 shows the dependences of the conversion efficiency
on the idler and signal wavelengths. The theoretical results pre-
dict that the 3-dB bandwidth of the output idler and input signal
wavelengths are 89 and 100 nm, respectively, which implies a
flexible wavelength conversion from a changeable input signal
wavelength to a variable output idler wavelength both within
wide wavelength ranges. In addition, the idler wavelength in
Fig. 5(a) changes linearly with the control wavelength, which
agrees well with the experimental result in Fig. 3. Also, the
pump wavelength in Fig. 5(b) has a linear relationship with the
signal wavelength.

Fig. 6 further illustrates the conversion performance using
a , 40-Gb/s pseudorandom bit sequence (PRBS) nonre-
turn-to-zero (NRZ) data signal. As shown in Fig. 6, besides the
optical spectrum, the eye diagram of the output idler wave is

also very similar to that of the input signal wave. The nice eye
opening of the idler wave exhibits the impressive performance
of the cSFG/DFG-based wavelength conversion at 40 Gb/s.

Remarkably, according to [6], in the fiber ring-based wave-
length converter, the intracavity generated pump and control
powers are not affected by the power level of the signal when
the launched signal power is small. From this viewpoint, when
the input signal has a low power level, the fiber ring-based
wavelength converter can be described by a simplified model
in which the powers of the pump and control waves injected
into the PPLN waveguide are assumed to be constant. In our
proposed device, by appropriately adjusting two variable op-
tical attenuators in the ring cavity and reducing the input signal
power, the above small-signal assumption can be easily satis-
fied, and the numerical calculations in Fig. 6 are reasonable.

V. CONCLUSION

Tunable wavelength conversion of ps-pulses based on
cSFG/DFG in a PPLN-fiber ring laser has been proposed and
experimentally demonstrated for the first time. No external
pump and control sources are required in the wavelength
converter. For a fixed signal wavelength (1539.7 nm), the
output idler wavelength can be tuned linearly from 1522.9
to 1530.0 nm as the lasing control wavelength is changed
from 1565.8 to 1558.5 nm. For a variable signal wavelength,
a changeable idler wavelength can be achieved by properly
tuning the lasing pump and control wavelengths. It is expected
that the cSFG/DFG-based conversion scheme and proposed
compact device are attractive for future all-optical networks.
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