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In this paper, XPM based filter free wavelength conversion is proposed and demonstrated using Sagnac interferometric 
loop, circulator, asymmetric Mach-Zehnder modulators and multiplexers. Two input NRZ signals of different wavelengths 
(1551 nm and 1553 nm) each with a data rate of 100 Gb/s are simultaneously converted to a target wavelength of 1555 nm. 
In contrast to other interferometry, using a common route where two light beams propagate in opposite directions, the 
Sagnac interferometer uses the interference created by superimposing light waves to extract information. Sagnac effect is 
exploited to isolate the wavelengths as a frequency selector and to provide phase shift between co- and counter propagating 
signals. Proposed system is investigated with or without using the optical band passes filters and compared with the back-to-
back (b2b) signal. Simulation results reveals that filter less conversion obtained higher extinction ratio (> 20 dB) for both 
1551 nm to 1553 nm and 1553 to 1555 nm conversion using Sagnac effect. Power penalties are found to be less than 0.5 dB 
for the conversion of 1551 nm to 1555 nm and less than 0.4 dB for the conversion of 1553 nm to 1555 nm. To the best of 
our knowledge, this is a novel technique that provides filter-free wavelength conversion, multicasting, and a reduction in 
system complexity without requiring separate phase control. Even at low power, the lack of filters lowers bit error rate and 
insertion losses. Filter-free wavelength conversion lowers complexity, increases scalability, and is more stable. 
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Introduction 
An all-optical Multi-Wavelength Conversion 

(MWC) is the backbone of nonlinear optics for fast 
processing. Wavelength converters are prominent 
devices for enabling dynamic routing and reuse of 
wavelength in futuristic advanced spectrally  
efficient DWDM networks. In recent times, several 
methods of wavelength conversion have been 
developed such as Periodically Poled Lithium Niobate 
(PPLN) waveguide, Pumping, Semiconductor Optical 
Amplifiers (SOAs), FWM, XGM, XPM, opto-
electronic conversion. All these methods have many 
advantages and are effective, but there are some 
drawbacks as well. XGM based wavelength conversion 
implementing MQW-SOA is effective for converting 
4- wavelengths at 40 Gb/s. It has limited operational
speed as it depends on gain recovery time, carrier
concentration rate in MQW-SOA, inverted coding
operation and extinction ratio.1 A PPLN wave guide-
based wavelength conversion provides flexible tuning

for different modulation formats using Cascaded Sum- 
and Difference Frequency Generation (cSFG/DFG) but 
it has some demerits such as pulse width adjustment 
and limiting bit rate.2 Spectral filtering also plays key 
role in wavelength conversion using Self-Phase 
Modulation (SPM). Multicasting of converted signal 
inducing SPM on 100-m-long photonic-crystal-fiber 
medium has an advantage of not using polarization 
control and external light source but it is limited to 10-
Gb/s Return-to-Zero (RZ) signal.3 SOA-MZI 
interferometry is a good alternative for multi-
wavelength conversion but phase control between 
different paths is a challenge at higher data rate which 
leads to limiting the number of channels.4 FWM based 
wavelength conversion in a nonlinear medium provides 
sufficient tunable bandwidth range but FWM power 
adjustment is a key challenge as it is caused by third 
order nonlinearity and thus the Stimulated Brillouin 
Scattering (SBS) limits the line width of converted 
signal.5 Raman assisted four-wave mixing can be 
exploited to realize all-optical multicasting switch at 10 
Gb/s. It has some drawbacks such as uses of external 
light sources and limited pulse broadening on 
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dispersion shifted fiber.6 Multicasting of DPSK signals 
using FWM over Bismuth Highly Nonlinear Fiber (Bi-
HNLF) transmits information to multiple sources 
simultaneously but uses of three external sources 
(pumps) is a hurdle in matching the phase differences.7 

A format of wavelength conversion using Dispersion 
Shifted Highly Nonlinear Fiber (DS-HNLF) inducing 
XPM can attain large range of conversion bandwidth at 
high data rate.8 More often high pump power is 
required to induce the XPM sufficiently owing to the 
lesser nonlinearity coefficient in DS-HNLF.  

The All-Optical Wavelength Conversion (AOWC) 
has been conceptualized for 56 Gbps Polarization 
Division Multiplexing (PDM) 16-ary Quadrature 
Amplitude Modulation (QAM) signal exploiting 
FWM in dual polarization SOAs via configuration of 
the parallel State of Polarization (SOP) dual pumps.9 
This implementation has some limitations such as use 
of dual polarization to improve the bandwidth and 
spectral efficiency and a tradeoff among OSNR, 
injection current of SOA and pump power for long 
haul optical fiber communications which leads to the 
complexity of the system. The Photonic Crystal 
Fibers (PCFs) have various nonlinear optical 
processing such as dispersion compensators, lasers, 
amplifiers and wavelength conversion. The 
wavelength conversion over wide tunable range 
integrating the optofluidic infiltration of PCFs has 
been released correlating FWM and dispersion for 
pump wavelengths.10 This process has difficulties in 
controlling the refractive index of the PCF air holes to 
tune with converted wavelength region. Graphene has 
some advantages over PCF in implementing FWM 
based polarization-controlled wavelength conversion 
but this approach has some disadvantages such as 
need of external dual pumping and SOP control unit.11 

Sagnac interferometer-based fiber optic loop 
integrated on nonlinear fibers and circulators have 
found versatile functionality in optical regeneration, 
developing gyroscopes, wavelength (de) interleavers 
optical filters, pulse shaping, optical switching 
etc.12−17 Sagnac interference can be a prominent 
alternative as compared to the other interferometry 
configuration for multi-wavelength conversion 
considering its utility. Sagnac interferometry provides 
a broader range of reflection band and high resilience 
in reflectance tuning. The utility of Sagnac effect has 
motivated researchers to look for other possible uses. 
Xu et al. have studied wavelength conversion 
employing Sagnac interferometric loop.18 They have 

realized very less power penalty of 2.4 dB placing 
SOA at symmetric position. Extinction ratio has been 
improved due to correlative operation of cross-gain 
modulation and cross-polarization modulation effects. 
They have found that Sagnac interferometer can be 
enabled with the Terahertz Optical Asymmetric 
Demultiplexer (TOAD). This approach has some 
demerits such as less spectral efficiency and 
complexity in configuration. Zheng et al. have 
investigated frequency conversion using constructive 
interference in Sagnac loop.19 They have modulated 
multifrequency modes correlating input-output in a 
large range of parameter values but lacking in terms 
of data rate and feasibility of data transmission to very 
limited number of channels. Fresnel rhomb has been 
used as a wideband and reasonable retarder in 
designing a Sagnac-type spontaneous parametric 
down conversion.20 A good agreement of 
nondegenerate Entangled Photon Sources (EPS) has 
been concluded between both telecommunication 
wavelength and quantum-memory wavelength. This 
approach has some major drawbacks such as 
difficulties in controlling differences in phase shift 
and maintaining orthogonality due to multiple total 
internal reflections, stress-induced retardances. 
Menon et al. have demonstrated wavelength 
conversion using Sagnac interferometer based on 
asymmetric twin waveguide at 10 Gb/s and analyzed 
pulse shape of converted light beam.21 They have 
used SOA offset to add the nonlinearity in 
interferometric loop and realized an undistorted 
performance over a long range of 30 nm window. It 
has many limitations such as less data rate, 
complexity in loop and appropriate positioning of 
SOA. Yan et al. have investigated frequency 
conversion using Sagnac interferometer.22 They have 
realized that single photon conversion can lead to 
adequate amalgamation of quantum storage system 
with the quantum communication network. A 
compact all-optical wavelength converter has been 
investigated integrating an asymmetrically configured 
Sagnac loop and power penalty below 2.1 dB has 
been obtained.23 40 Gb/s NRZ data signal has been 
converted using Sagnac loop over the entire C-band 
and a comparative analysis for both up- and down- 
conversion has been made with respect to b2b 
configuration. Jiang et al. have demonstrated the all-
optical wavelength conversion of 40 Gb/s NRZ signal 
using Sagnac loop interferometer.24 They have 
correlated the SOA length and carrier characteristic 
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with the performance of Sagnac loop and observed 
that shorter length SOAs are more useful in the 
Sagnac interferometer. The main limitations of all 
such schemes are: wavelength dependence, less 
scalability, a smaller number of multicasting 
channels, complexity, more power requirement, and 
less operational speed. All these shortcomings 
motivate us to develop a wavelength conversion 
methodology which is simple and can incorporate a 
greater number of less spaced multicasting channels at 
higher data rates. We propose filter free wavelength 
conversion using Sagnac interferometry to reduce the 
complexity and to increase the scalability. Note that a 
filter contributes some insertion loss to external 
pumped light, which is undesirable. XPM based 
Sagnac interferometry using circulators is less prone 
to Amplified Spontaneous Emission (ASE). 
Moreover, externally tunable filters are not needed to 
extract the input data signal exactly in the proposed 
design. In this paper, we focus on the filter free multi-
wavelength conversion of on-off driven Non-Return-
to-Zero (NRZ) voltage data signals. This process 
involves the Cross-Gain Modulation (XGM) and the 
Sagnac effect on nonlinear fiber path.  
 

Theoretical Analysis 
This study presents a demonstration of the 

application of hybrid multiplexing. Hybrid 
multiplexing has been achieved by the use of 
circulator, Sagnac loop, fiber delays, and 
multiplexing. Signals are directed along 
predetermined pathways by a circulator, which 
controls the flow of signals. The circulator in the 
suggested network aids in managing signal routing 
between various components. In order to prevent 
signal interference, controlled fiber delays are used to 
control signal synchronization throughout the 
network. In order to exploit the available bandwidth 
and sustain high data rates, multiplexers are essential 
components of DWDM networks. They integrate 
several signals onto a single optical fiber. In order to 
improve signal quality, maximize performance, and 
add nonlinearity, XPM, and Sagnac interferometry 
inherence, hybrid multiplexing is employed. When 
used in DWDM networks, the Sagnac interferometer 
has a number of benefits, including built-in stability, 
ease of configuration, less crosstalk, improved signal 
quality, wavelength sensitivity, compatibility with 
optical fibers, and the possibility to use multiplexing 
techniques. The results and analysis section highlights 
some of the unique benefits of hybrid multiplexing, 

including resource optimization, performance 
optimization, flexibility, and adaptability. 
 
Nonlinearity 

The propagation of light beams in a dielectric 
medium results in nonlinearities for intense fields. 
Inside a medium, total induced polarization (𝒫ሬ⃗ ሻ in 
electric field (ℰሬሬ⃗ ሻ can be expressed as Eq. (1) 

𝒫ሬ⃗ ൌ 𝜖଴൛𝜒ଵ.ℰሬሬ⃗ ൅ 𝜒ଶ.ℰሬሬ⃗ ℰሬሬ⃗ ൅ 𝜒ଷ.ℰሬሬ⃗ ℰሬሬ⃗ ℰሬሬ⃗ ൟ  … (1) 

where, 𝜒௞ is the kth order susceptibility and 
permittivity of free space (vacuum) is denoted by 𝜖଴. 
The first term in Eq. (1) represents linear polarization 
(dielectric constant) of total polarization and it 
contributes dominantly to 𝒫ሬ⃗ . Second and higher order 
terms contribute to nonlinear polarization. Second 
term represents the nonlinearity due to asymmetric 
nonlinear medium and vanishes for SiO2 as it is a 
symmetric molecule. Effective refractive index (𝑛௘) 
of nonlinear medium includes the combined effect of 
linearity and nonlinearity and it is related with mode 
intensity of light (𝐼ሻ as Eq. (2)  

𝑛௘ ൌ 𝑛௟ ൅ 𝑛௡௟𝐼 … (2) 

𝑛௡௟ is the Kerr coefficient which is refractive index 
nonlinear coefficient. Dependance of the Kerr 
coefficient to the field intensity is known as Kerr 
effect. As intensity of light depends on the effective 
mode area 𝐴௘ and input power P so effective refractive 
index of nonlinear medium is expresses as Eq. (3) 

𝑛௘ ൌ 𝑛௟ ൅ 𝑛௡௟
௉

஺೐
 … (3) 

Linear refractive index of the fiber is written as Eq. (4) 

𝑛௟ ൌ ඥ1 ൅ 𝜒ଵ  … (4) 

and, Nonlinear index coefficient is written as Eq. (5) 

𝑛௡௟ ൌ
ଷ

ସ

ఞయ

௖ఢబ௡೗మ
 … (5) 

Propagation of optical beam inside a single mode 
fiber (SMF) obeys the Nonlinear Schrodinger 
Equation (NLSE) as Eq. (6) 

𝑖 డ஺
డక
െ 𝛽ଶ

డమ஺

డ்మ
൅ 𝑖 ఈ

ଶ
𝐴 ൌ െ𝛾|𝐴|ଶ𝐴 … (6) 

where, 𝐴ሺ𝜉,𝑇ሻ is normalized amplitude of the pulse 
envelope, T is width (> 5ps) of the light pulses 
propagating inside the fibers. 𝜉 is the direction of 
propagation, 𝛽ଶ is the Group Velocity Dispersion 
(GVD) parameter and 𝛼 is attenuation constant. 
Nonlinear coefficient 𝛾 is expressed as Eq. (7) 
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𝛾 ൌ ఠ೚௡೙೗
௖஺೐

… (7) 

In Eq. (7), 𝜔௢ is central frequency, 𝛾 is nonlinearity 
propagation coefficient (W-1m-1), 𝑛௡௟ is nonlinear 
refractive index (Kerr coefficient), whereas 𝐴௘ is the 
effective core area. On the basis of dispersion length 
(𝑙ௗሻ, physical length of the fiber (𝑙ሻ and nonlinearity 
length (𝑙௡௟), four major situations arise. If 𝑙ௗ ≫ 𝑙, and 
𝑙௡௟ ≫ 𝑙 then fiber acts just as a medium to transfer 
light without any nonlinear dispersive effects. If 
𝑙ௗ ≪ 𝑙, and 𝑙௡௟ ≫ 𝑙 then dispersion pulse broadening 
incurs and GVD limited regime. For soliton, 𝑙ௗ ≪ 𝑙, 
and 𝑙௡௟ ≪ 𝑙. Moreover, for 𝑙ௗ ≫ 𝑙, and 𝑙௡௟ ≪ 𝑙 SPM 
incurs in a nonlinearity limited regime.  

XPM 
In XPM, the phase change of one beam in a 

nonlinear medium (a Kerr medium) is influenced by 
the optical intensity of another beam. Total electric 
field considering quasi-monochromatic approximation 
is written as Eq. (8) 

ℰሬሬ⃗ ሺ𝑟, 𝑡ሻ ൌ
ଵ

ଶ
ൣℰଵ𝑒ି௜ఠ೚భ௧ ൅ ℰଶ𝑒ି௜ఠ೚మ௧൧𝑥ො ൅ 𝑐. 𝑐.  … (8) 

where, 𝜔௢ଵ and 𝜔௢ଶ are the central carrier frequencies 
of two light beam, polarization unit vector is denoted 
as 𝑥ො, 𝜔௢ଵ and 𝜔௢ଶ are the carrier frequencies of the 
two optical beams and the corresponding optical field 
amplitudes ℰଵ and ℰଶ are slowly time varying 
functions compared with an optical period. In general, 
nonlinear effects in optical waveguides occurs using 
the short pulses assuming that spectral width of each 
light pulse obeys the condition 𝛥𝜔௝ ൏൏ 𝜔௝ (𝑗 ൌ 1,2) 
for widths ranging from ∼10 ns to 10 fs. The 
maximum nonlinear phase contributed by SPM is 
expressed by the Eq. (9) 

𝜙௡௟ ൌ 𝛾𝑃𝑙௘ … (9)

where, 𝑃 is pulse input power and defined as 𝑃 ൌ
|𝐴|ଶ. For two channels, the nonlinear phase shift 
acquired by 𝑗th channel (𝜙௡௟,௝ሻ is stated as Eq. (10) 

𝜙௡௟,௝ሺ𝜉ሻ ൌ 𝛾௝൫𝑃௝ ൅ 2𝑃ଷି௝൯𝜉 … (10) 

where, 𝑗 ൌ 1 𝑜𝑟 2, and 𝑃௝ is incident optical power for 
𝑗th channel. Nonlinear coefficient for 𝑗th channel is 

defined as 𝛾௝ ൌ
ఠೕ௡೙೗
௖஺೐

 (𝑗 ൌ 1,2). Moreover, for the

N-channel WDM system, Eq. (11) states the nonlinear
phase shift that results from the superposition of SPM
and XPM.

𝜙௡௟,௝ ൌ 𝛾௝𝑙௘൫𝑃௝ ൅ 2∑ 𝑃௡
ே
௡ஷ௝ ൯ … (11) 

where, 𝑙௘ is effective length of the fiber and defined 

as 𝑙௘ ൌ 𝑀
ଵି௘షഀಽಲ

ఈ
, 𝐿஺ is spacing for amplifier, 𝛼 if

fiber attenuation, and 𝑀 is total number of sections 
integrated in whole fiber link. Considering only SPM 
and XPM effects for interaction of N WDM channels 
in an optical link, coupled differential equations for 
slowly varying amplitudes are expressed as Eq. (12) 
డ஺ೕ
డక

ൌ െ𝑖𝛾௝ ቀห𝐴௝ห
ଶ
൅ 2෌ |𝐴௡|ଶே

௡ஷ௝
ቁ ห𝐴௝ห  … (12) 

where, 𝑗 ൌ 1 𝑡𝑜 𝑁. 𝐴 is slowly varying amplitude, 𝜉 
represents the distance travelled in propagation 
direction and 𝛾௝ is nonlinear coefficients for 𝑗th 
channel. 

Sagnac Effect 

The Sagnac interferometers were first reported 
for rotation sensing by George Sagnac in 1913. 
Nowadays, Sagnac interferometers have been 
implemented in sensing, lasing and optical 
communications. Some major applications of Sagnac 
effect in optical fiber communication systems are 
Interferometric Optical Gyroscopes (IOGs), reflective 
mirrors, wavelength (de) interleavers, filters and 
optical analogues of quantum physics. Sagnac effect 
states that the phase shift (△𝜙) between the 
counter-propagating light beams in an interferometer 
is related with a constant angular rotation rate (𝛺ሬ⃗ ) and 
expressed as Eq. (13)  

△𝜙 ൌ ଼గா

ℎ௖మ
𝐴.𝛺ሬ⃗  … (13)

where, 𝐸 is the accumulating energy of interfering 

particle and expressed as, 𝐸 ൌ
௛௖

ఒ
, 𝜆 is operating beam 

wavelength, speed of propagating beam in vacuum is 
represented as 𝑐, 𝐴 is the area vector enclosed in the 
interferometer geometry, and ℎ is the Planck’s 
constant. Sagnac interferometers can also be used as 
wave length (de) interleavers for multiplexing and 
demultiplexing the signals in DWDM networks. 
Sagnac effect-based wavelength (de) interleavers can 
achieve high order filtering capability, roll-off with 
fewer units, high extinction ratio (ER) and precise 
flatness due to the co- and counter bidirectional light 
propagation maintaining stronger coherent mode 
interference.25−27 Self-coupled Sagnac interferometer 
have been used to develop an integrated advance 
optical filter. Basics filters such as Chebyshev, 
Butterworth, elliptic and Bessel filters have been 
formed using Sagnac interference in order to achieve 
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both wavelength and bandwidth tuning, high 
extinction ratios and broad bandwidth.28–30  

System Description and Operation 
The proposed simulation setup for filter free 

wavelength conversion of two signals simultaneously 
each with a data rate of 100 Gb/s is shown in Fig. 1. 
The main essence of this design is the use of Sagnac 
effect, circulators and nonlinear fibers. A Continuous 
Wave (CW) laser source, namely cw_laser, generates 
probe signal at 1555 nm. Two input signals are 
Intensity Modulated (IM) separately at wavelengths 
1551 nm (pump 1) and 1553 nm (pump 2) using 
cw_laser1 and cw_laser2 respectively. The intensity 
modulated signals are also known as pumps. Intensity 
modulation unit is comprised of the Pseudo Random 
Bit Sequence (PRBS) generator, the electrical signal 
generators (siggen) and the dual arm asymmetric 
Mach-Zehnder Modulator (MZM). PRBS1 and 
PRBS2 are used to generate a binary sequence of 
length 2ଷଵ െ 1 for both input signal at 100 Gb/s. 
Logical signals are converted into electrical pulses 
using siggen1 and siggen2 for both input signals. 
Circulator is a 3 input and 3 output port device which 
is used to isolate light signals that propagate in 
opposite directions such that light signal does not 
exits from the same port at the output. Probe signal at 

desired wavelength of 1555 nm is fed to the input port 
1 of the circulator. Optical signal of circulator at the 
output port 2 is coupled into the optical multiplexer 1 
(OptMUX1) via time delay unit 1 (FiberDelay_1) and 
signal at the output port 3 of the circulator is coupled 
into the OptMUX2 via FiberDelay_2. Both the 
intensity modulated input data signals are coupled 
with probe signal using optical multiplexers. The 
optical delay in both fiber path has been used to 
maintain the Free Spectral Range (FSR) between 
two next to next transmission peaks. XPM is 
induced due to interaction of pump and probe light 
beams in a Kerr medium. After overlapping, optical 
intensity of one light alters the phase shift of others 
and XPM is governed by the Eqs (8–12). The outputs 
of both OptMUX1 and OptMUX2 are fed to the 
nonlinear fibers 1 (NLFiber1) and nonlinear fibers 2 
(NLFiber2), respectively. Nonlinear fibers are used to 
convert the wavelengths of intensity modulated input 
data signals by using nonlinear factors such as 
Polarization Mode Dispersion (PMD), dispersion, 
XPM, ASE noise and bi-directional effects. The 
outputs of both device NLFiber1 and NLFiber 2 are 
fed to input port 1 and input port 2 of the Sagnac loop 
(named as Sagnac_Effect in Fig. 1), respectively. 
Sagnac effect generates a phase shift in a ring 
interferometer which depends on rotation. In a fiber 

Fig. 1 — Simulation setups of proposed filter free wavelength conversion of two channels simultaneously employing Sagnac effect 
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optic loop, bidirectional Sagnac loop relates 
differential phase shift between clockwise and counter 
clockwise travelling light beams. Outputs of the 
Sagnac effect at outport 1 and outport 2 are fed to the 
optical receivers. Receiver1 detects the wavelength 
conversion of 1551 nm to 1555 nm and receiver2 
detects the wavelength conversion of 1553 nm to 
1555 nm wavelength conversion. Due to Sagnac 
effect, XPM induced wavelength converted signal, 
probe and pump signal are filtered out simultaneously 
in both nonlinear fiber paths without using external 
optical fibers. The performance of proposed system 
has been analyzed using optical spectrum analyzers, 
bit error rate tester (BERT1 and BERT2) and eye 
diagrams (EyeDiag_1 and EyeDiag_2). 

Results and Discussion 
The performance of proposed scheme of filter free 

wavelength conversion exploiting Sagnac effect is 
evaluated using optical spectrum analyser, optical 
receiver, bit-error-rate tester (BERT) and eye-
diagrams. Simulations are performed in OptSim 
software. Simulation parameters of nonlinear fiber 
are followed as- length: 10 Km, loss inside the f 
iber: 0.2 dB/km, dispersion:  1.4 ൈ 10ି଺ m, pmd 
coefficient: 3.16 ൈ 10ିଵହ s/m଴.ହ, and coil diameter of 
Sagnac loop: 3.2 cm. Moreover, parameters of optical 
receiver integrated with Avalanche Photo-Diode 
(APD) detector are taken as: pre-bits: 2, post-bits: 3, 
photodetector quantum efficiency: 0.8, and bandwidth 
(BW): 10 GHz. 

The intensity-modulated input signal (pump signal) 
at 1551 nm via cw_laser1 and the probe signal at 
1555 nm via cw_laser and circulator are coupled, 
and the resulting optical spectrum is displayed in 
Fig. 2(a). This spectrum displays the power received 
at the OptMUX1 output over a range of wavelengths 
for 0 dBm probe power and −10 dBm pump power. 
The optical spectrum for the 1551 nm to 1555 nm 
wavelength conversion via nonlinear route NLFiber1 
at −10 dBm probe power and −30 dBm pump power 
is displayed at output port 1 of the Sagnac effect 
block in Fig. 2(b). This figure displays that input 
signal at 1551 nm has been shifted to targeted 
wavelength of 1555 nm. Converted signal is centered 
at 1555 nm for a broader wavelength span and power 
strength increases by 10 dBm due to cross-gain 
modulation (XGM) in nonlinear path. Sagnac effect 
has been occurred to isolate the frequency of both 
transmitted and targeted signal.  

After connecting an intensity-modulated input 
signal (pump signal) at 1553 nm via cw_laser2 and a 
probe signal at 1555 nm via cw_laser and circulator, 
the optical spectrum produced from OptMUX2 is 
shown in Fig. 3(a). This spectrum displays, with a 
launch power of 0 dBm for the probe and −10 dBm 
for the pump, the optical power received at the 
OptMUX2's output across a range of wavelengths. 

The optical spectrum for the 1553 nm to 1555 nm 
wavelength conversion via nonlinear route NLFiber2 
at −10 dBm probe power and −30 dBm pump power 
is displayed at output port 2 of the Sagnac effect 
block in Fig. 3(b). This figure displays that input 
signal at 1553 nm has been shifted to targeted 
wavelength of 1555 nm. Converted signal is centered 
at 1555 nm for a much broader wavelength span and 
power strength increases by 12 dBm due to cross-gain 
modulation (XGM) in nonlinear path. Sagnac effect 
has been occurred to isolate the centered frequency of 
both transmitted and targeted signal at 1553 nm and 
1555 nm respectively. Both Fig. 2(b) and Fig. 3(a) 
confirm that Sagnac interferometer plays an important 
role for frequency selection and filtering due to phase 
shift of propagating signals in a fiber optic loop for 
both the simultaneous conversions without using any 

Fig. 2 — Optical spectra for 1551 to 1555 nm wavelength
conversion: (a) at the output port of OptMUX1 (b2b signal
spectra); and (b) at the output port 1 of Sagnac loop (wavelength
converted signal spectra) 
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external optical filter. Signal strength due to XPM in 
both the path is governed by the Eq. (12) and Sagnac 
effect is governed by the Eq. (13). 

The b2b eye diagram for an NRZ input data signal 
at 1551 nm at 0 dBm probe signal strength and 
−10 dBm pump signal power is displayed in Fig. 4(a).

Fig. 3 — Optical spectra for 1553 to 1555 nm wavelength conversion (a) at the output port of OptMUX2 (b2b signal spectra); and (b) at
the output port 2 of Sagnac loop (wavelength converted signal spectra) 

Fig. 4 — Eye diagram (a) at 1551 nm before conversion (b2b signal) at 0 dBm probe power and −10 dBm pump power; (b) for 1551 to 
1555 nm wavelength conversion with filter at −10 dBm probe power and −30 dBm pump power; (c) for 1551 to 1555 nm wavelength 
conversion without filter at −10 dBm probe power and −30 dBm pump power; (d) at 1553 nm before conversion (b2b signal) at 0 dBm
probe power and −10 dBm pump power; (e) for 1553 to 1555 nm wavelength conversion with filter at −10 dBm probe power and −30 
dBm pump power; and (f) for 1553 to 1555 nm wavelength conversion without filter at −10 dBm probe power and −30 dBm pump power 
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The eye diagrams for wavelength conversion of 1551 
nm to 1555 nm with and without the use of a filter, 
respectively, at −10 dBm probe signal power and 
−30 dBm pump signal power, are shown in Fig. 4(b)
and 4(c). From both the Fig. 4(b) and Fig. 4(c), it has
been observed that obtained optical field strength of
converted signal is very high at very low launch
power of input signal. A wide-open eye-diagram is
realized without using filter as shown in Fig. 4(c).
Comparing the eye-diagrams of Fig. 4(a) and Fig.
4(c), it can be concluded that there is no pulse-
broadening after wavelength conversion even without
using filters which reflects a very fast conversion.
Furthermore, Fig. 4(d), Fig. 4(e) and Fig. 4(f) show
the eye diagrams of back-to-back signal, after
conversion with filter and after conversion without
filter, respectively, for 1553 nm to 1555 nm. The eye
diagram is displayed in Fig. 4(d) at 0 dBm probe
power and −10 dBm pump power prior to
conversion. The eye diagrams at −10 dBm probe
power and −30 dBm pump power, following
wavelength conversion, are displayed in Fig. 4(e) and
4(f). Comparing the eye-diagrams of Fig. 4(e) and
Fig. 4(f), it is observed the performance of conversion
is comparable with and without filter and there is no
pulse-broadening even without using optical filter
which reflects a very fast conversion for 1553 nm to
1555 nm conversion also. Eye diagrams analysis
confirms that Sagnac interferometer can reduce the
complexity of design and improve the performance
without using the filters.

The bit-error-rate (BER) curves for the wavelength 
conversion from 1551 nm to 1555 nm are displayed in 
Fig. 5(a) as a function of the received power. Bit-
error-rates of b2b and converted signal with or 
without filter measured using BER tester BERT1 via 
optical receiver1 are shown at launch power of −10 
dBm probe and −30 dBm pump. The BER decreases 
as received power increases. Launched power of 
both probe and pump signal is correlated to BER. 
Received power obtained for b2b signal, converted 
signal with filter and converted signal without filter 
at BER ൌ 10ିଽ are −36.8 dBm, −35.8 dBm and 
−34.3 dBm, respectively. It is observed that
power penalties are less than 1.5 dB for high
data rate 100 Gb/s NRZ signal which can be reduced
below 0.5 dB for data rate less than 60 Gb/s. The BER
curves as a function of the received power for 1553
nm to 1555 nm wavelength conversion are shown in
Fig. 5(b). Bit-error-rates of b2b signal before
conversion and converted signal with or without filter
measured using BER tester BERT2 via optical
receiver 2 are displayed at launch power of −10 dBm
probe and −30 dBm pump. Received power obtained
for b2b signal, converted signal with filter and
converted signal without filter at BER ൌ 10ିଽ are
−36.4 dBm, −35.2 dBm and −34.2 dBm, respectively.
It is observed that power penalties are below 1.5 dB at
higher data rate of 100 Gb/s which can be further
improved by optimizing the launch power and
reducing the data rate. For data rate less than 60 Gb/s,
power penalties can be lowered to below 0.4 dB

Fig. 5 — BER curves for wavelength conversion without filter at −10 dBm probe power, and −30 dBm pump power (a) 1551 to 1555 nm; 
and (b) 1553 to 1555 nm  
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at 1553 nm. For both conversion extinction ratio (ER) 
is > 20 dB without using filter for high data rate 
100 Gb/s NRZ signal. BER is improved for 1553 nm 
pump input signal comparing to 1551 nm pump signal 
as there is less frequency gap between input data 
signal (1553 nm) and targeted signal (1555 nm). 

Furthermore, Table 1 shows the comparative 
analysis of proposed work with recent investigations 
attributed to wavelength conversion. 

Conclusions 
Filter free wavelength conversion of 100 Gb/s NRZ 

signal has been demonstrated inducing XPM by 
Sagnac loop on nonlinear fiber path. Sagnac effect is 
used to select the targeted wavelength correlating the 
phase shift between counter propagating optical beam. 
It provides better phase control, high scalability, and 
more tuning flexibility. The results show that it is 
possible to convert two wavelengths concurrently and 
efficiently without the need for filters. For both 
conversions obtained Extinction Ratio (ER) is higher 
than 20 dB. Additionally, Power penalty is less than 
0.5 dB power penalties for 1551 nm to 1555 nm 
conversion and less than 0.4 dB for 1553 nm to 
1555 nm at 60 Gb/s. Furthermore, the number of filter 
free conversions over existing system can be extended 
by optimizing interferometry and can be investigated 
for RZ signal also at high speed. Sophisticated 
techniques may yield improved conversion efficiency 
since insertion losses can be caused by circulators and 
the Sagnac effect. Since the wavelength range at 

which conversion is efficient may be limited by the 
properties of the nonlinear media utilized in the 
Sagnac loop, a tradeoff between wavelength and 
speed is necessary. 
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