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Abstract
Optical wavelength converters are very important devices in optical

Dense Wavelength Division Multiplexing (DWDM) Systems. Among numerous
wavelength technologies Four-Wave Mixing (FWM) in optical fibers is attractive
because it offers strict transparency to amplitude, frequency and phase. They also
have the ability to convert multiple wavelengths simultaneously and to invert optical
spectra. Four-wave mixing conversion efficiency depends upon fiber nonlinearity.

The effects of fiber nonlinearity play a decisive role in the design and
performance of modem optical communication links. So it is important to measure
the nonlinear promising technique for determining fiber nonlinearity (γ). This paper
investigates a way of estimating fiber nonlinearity through four-wave mixing process.
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االمواج االربعةحساب الخطیة اللیف الضوئي من خالل خلط 
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ملخص:ال
. كذلك عندھا (DWDM)في أنظمة الضوئیةباأللیافإن مغیرات الطول الموجي مھمة في أجھزة االتصاالت 

ربعة األلموجاتلخلط االضوئيالطیفتحویللوذلك. (FWM)االمكانیة لتغییر عدة أطوال موجیة في نفس الوقت 
لتصمیم والعمل لالتصاالت في ااً مھماً اللیف تلعب دورالخطیةإن.(γ)خطیة اللیفوكفاءة الخلط تعتمد على ال

.اللیفالخطیةوتحدیدیكون من المھم قیاسعلیھ والضوئیة، 
طریقة الخلط.بوموجاتخالل أربع مناللیفخطیةالطریقة لتقدیر تقدیمفي ھذا البحث تم
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1. Introduction
Nonlinear effects in optical fibers such as stimulated Raman scattering (SRS),

stimulated Brillion scattering (SBS) and optical Kerr effect have many useful applications
in telecommunications and in optical signal processing[1], [2]. The optical Kerr effect, in
which the refractive index changes with optical power, leads to various secondary effects
such as self-phase modulation, cross-phase modulation, modulation instability and Four-
Wave Mixing.

Applications using Kerr effect include optical parametric amplification, frequency
conversion [3], optical phase conjugation [4], pulse compression [5] and regeneration [6].
Each of these applications requires properly designed single mode fibers with high
nonlinearity, right dispersion properties and low attenuation. This nonlinear coefficient in
optical fibers is determined by two factors [7]. The first one is the nonlinear refractive
index (n2) which depends on the fiber material. Optical fibers used in communications do
not possess a high nonlinearity coefficient, however the nonlinear phenomena can be
observed at very high intensities of light and at large transmission distances [1].

Although the power used at transmission of signals is not of very high intensity in the
fiber [several tens of mWatts], the light intensity in the fiber is very high [4]. This is
owing to the fact that the cross-section of the fiber is very small 10-7 or 10-8 cm for single
mode fibers, so the light intensities acting upon a fiber reach as much as several GW/cm,
such an intensity value is sufficient for inducing nonlinear effects, thus significantly
influencing the light propagation in a fiber over different distances.

The second one is the effective area of the fiber which is related to fiber design.
Nonlinear optical fibers have been used as wavelength converters through the process of
four-wave mixing [8]. This paper discusses the process of fiber nonlinearity estimation
through the four-wave mixing process.

2. Four-Wave Mixing (FWM)
Four-wave mixing in optical fibers is an effect produced by the intensity-dependent

refractive index, occurs when two or more wavelengths of light propagate together
through an optical fiber. Light is generated at new frequencies using optical power from
the original signals. This generation of new frequencies is subjected to a condition known
as phase matching [9]. Assuming that self and cross-phase modulation (SPM) and (PM)
are ignored, the power of the generated wave is given by [10]

( ) = (− ) { ( )} … (1)

where l is the fiber length, is the fiber attenuation coefficient, γ is the nonlinear
coefficient of the fiber, and η is the FWM efficiency for (W3). The nonlinear coefficient γ
is given by [10]:

= … (2)

where is the effective fiber core area,  is the wavelength and n2 is the fiber
nonlinear refractive index. The determination of fiber nonlinear coefficient can be done
by using FW as shown in Fig. 1.
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Fig. l A termination of the nonlinear fiber.

3. Results

As the severity of the nonlinear effects is dependent on the intensity distribution inside

the fiber, it is convenient to use the nonlinear coefficient to represent the magnitude of

this phenomenon. The nonlinear coefficient can be determined directly

from the slope of the nonlinear phase shift as a function of optical power (neglecting the
effects of dispersion) as shown in Fig. 2.

The frequency behavior of wavelength converter regions is shown in Fig. 3 via
determining the conversion efficiency variations with frequency. Such figure illustrates
the wide-band operation of these converters, while neglecting the impact of SNDE.

Fig. 2 Effect of fiber input power on nonlinearity.



Al-Rafidain Engineering                     Vol.23                      No. 1            FEB.   2015

94

Fig. 3 Conversion efficiency vs. frequency.

4. Conclusion
The nonlinear coefficient can be determined from the slope of the nonlinear phase

shift as a function of the optical input power. To take into account  chromatic dispersion,
one can solve the ”SNDE” and add the effect of chromatic dispersion to the result
obtained.
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