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Experiment study of wavelength conversion in a
dispersion-flattened photonic crystal fiber
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Wavelength conversion based on four-wave mixing (FWM) has been demonstrated using a 40-m dispersion
flattened highly nonlinear photonic crystal fiber (HNL-PCF). A conversion efficiency of −26 dB for a
pump power of 19.5 dBm and a conversion bandwidth of 28 nm have been obtained, which are limited by
the continuous wave (CW) laser wavelength range and tunability of optical band pass filters (OBPFs).
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With the recent interest in phase-modulated signals for
optical communication systems, a suitable wavelength
conversion techniques should be found. Wavelength con-
version can be achieved by using either cross-phase mod-
ulation (XPM)[1] or four-wave mixing (FWM)[2] within
optical fibers. Arguably, FWM is more flexible and at-
tractive than XPM because of its relative transparency
to both bit rate and modulation format. FWM in a fiber
is a phase and intensity modulation preserving process
that is furthermore independent of the bit rate owing to
the virtually instantaneous response of the Kerr nonlin-
earity of fused silica, therefore satisfying the major re-
quirements for transparent wavelength conversion in all-
optical systems[3]. In recent years, photonic crystal fibers
(PCFs) have received a lot of attention owing to their ex-
ceptional properties. In contrast with conventional opti-
cal fibers, the PCFs have three main merits. Firstly, their
cross-section can be optimized to obtain single-mode op-
eration over a wide wavelength range[4]. Secondly, PCFs
with a very small core can exhibit very high nonlinear
properties[5]. Finally, dispersion characteristics in PCFs
can be easily shaped due to the flexibility of varying air-
hole size and the position in the photonic cladding[6].

In this letter, we demonstrate wavelength conversion
using FWM in a 40-m-long dispersion-flattened highly
nonlinear photonic crystal fiber (HNL-PCF) in internal.
We measure a conversion efficiency of −26 dB and a con-
version bandwidth of 28 nm respectively only limited by
the continuous wave (CW) laser wavelength variety range
and tunability of optical band pass filters (OBPFs).

The conversion efficiency is defined as the ratio of the
converted signal power to the input signal power, which
can be expressed in decibel units as

Conversion efficiency [dB] = 10 log(Pc/Ps),

where Pc and Ps are the powers of converted signal and
the input signal, respectively. The formula used for FWM
estimation was originally derived by Hill et al.[7] and was
later reformulated to include the phase-matching depen-
dent on efficiency by Shibata et al.[8],

Pc = η(1024π6/n4λ2c2)(3χ1111)2

×(Leff/Aeff)2P 2
pPs exp(−αL). (1)

To evaluate the degenerated FWM, Eq. (1) can be writ-
ten as[9]

Pc = (γPpLeff)2 · Pse−αL · η, (2)

where L is the fiber length, n the refractive index of the
core, c the light velocity in free space, χ1111 the third-
order nonlinear susceptibility, λ the wavelength, Aeff the
effective area, α the fiber attenuation coefficient, Pp and
Ps are the powers of pump and signal, respectively. The
Leff is the effective interaction length given as

Leff = (1 − e−αL)/α. (3)

And the optimum fiber length is[10]

Lopt = ln(3)/α. (4)

Furthermore, η is the FWM efficiency, which can be ex-
pressed as
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here Δβ is the propagation constant difference written
as

Δβ = βc + βs − 2βp. (6)

Applying Eqs. (2), (4), and (5), we can get the Pc and
then the conversion efficiency can be written as[9]

Conversion efficiency

=
Pc

Ps
≈ 4

27

(
c2 · n2 · Pp

λ5
sAeff · Δf3 · dD/dλ

)
. (7)

The experimental setup is shown in Fig. 1. An opti-
cal transceiver served as pump and a wavelength-tunable
CW laser served as signal. The pump wavelength was
set to 1552 nm. In order to suppress stimulated Brillouin
scattering (SBS), the pump spectrum was broadened by
a phase modulator (PM). Then the pump was amplified
by a high power conventional erbium-doped fiber am-
plifier (EDFA), with 30-dBm maximum output power.
The fiber we used is a dispersion flattened HNL-PCF
with a nonlinear coefficient of γ = 11 W−1·km−1, and
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Fig. 1. Experimental setup for the wavelength conversion.
PC: Polarization controller; PM: phase modulator; EDFA:
erbium-doped fiber amplifier; BPF1 and BPF2: band-pass
filters; PCF: dispersion flattened photonic crystal fiber; OSA:
optical spectrum analyser.

Fig. 2. Electromicrograph of the fiber.

the dispersion slope is 0.03 ps/(nm2·km). The electromi-
crograph of the fiber is shown in Fig. 2. The attenuation
of the 40-m HNL-PCF is < 19 dB/km, using Eq. (3), the
Leff is about 35 m or longer, so the length of the fiber
used is suitable for our experimental setup. Signal and
pump were combined by a 90/10 coupler with 0.46-dB
insertion loss for the pump and 9.8-dB insertion loss for
the signal. The states of polarization of both the signal
and the pump were optimized by adjusting the PC in
order to ensure the highest conversion efficiency. At the
output of the PCF, we can get the spectra of the signal,
pump, and the converted wavelength from the optical
spectra analyser (OSA).

The observed wavelength conversion spectrum is shown
in Fig. 3. The pump wavelength is 1552 nm. The pump
power before being lunched into the PCF is measured to
be about 19 dBm. The signal wavelength and power are
1562.2 nm and −15 dBm, respectively.

As shown in Fig. 3, the converted signal wavelength is
1541.8 nm. Then we adjust the polarization controller
to change the polarization states of the signal and the
pump. We find that the converted peak power fluctuates
evidently with the tuning of the polarization controller,
when the converted peak power is the maximum, a −26-
dB conversion efficiency is obtained, and sometimes, the
converted peak even disappears. Therefore, this wave-
length conversion is polarization sensitively.

Figure 4 shows the relationship between the conver-
sion efficiency and the converted output wavelength. As
shown in Fig. 4, 3-dB tuning range over 28 nm is ob-
tained from 1539 to 1567 nm, and the fluctuation in the
conversion efficiency is less than 2 dB. It shows that the
peak conversion efficiency is about −26 dB and is flat
over a 28-nm bandwidth.

Fig. 3. Wavelength conversion spectrum. Pump wavelength
is set to 1552 nm, while the signal wavelength is 1562.2 nm.

Fig. 4. Measured conversion efficiency versus the signal wave-
length.

In this paper, wavelength conversion in a HNL-
PCF based on FWM is demonstrated. The conversion
efficiency is measured to be about −26 dB and the 3-dB
conversion bandwidth is about 28 nm. Furthermore, the
converter has a polarization sensitive property.
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