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multiplexing [1–3]. The fundamental concept behind OFCG 
is to produce a number of optical signals or harmonics to 
maximize the use of optical bandwidth from a single optical 
source [4, 5]. The OFCG can be used to reduce the optical 
sources on the optical line terminal (OLT), providing a wide 
bandwidth and high transmission data rate [6]. Equal fre-
quency spacing between lines, optical spectrum flatness, tiny 
linewidth of each comb line, low implementation cost, and a 
wide spectrum wavelength range are the essential features of 
the OFCG [7]. Over the past few years, a wide range of strat-
egies have been given, each with its own set of benefits and 
drawbacks. These approaches were divided into electrical 
and optical categories. The optical approach is currently the 
most widely utilized in research since the electrical method’s 
bandwidth was constrained by the electrical components’ 
capabilities, but the optical method allowed for a broader 
bandwidth [7, 8]. The main drawbacks of the optical method, 
which uses a mode-locked laser (MLL) to implement OFCG, 
are stability and the difficulty in tuning the spacing between 
lines because the carrier frequency depends on the cavity of 
the laser diode due to environmental factors and requires a 
complex feedback loop for stable operation [9, 10].

The four-wave mixing effect and stimulated Brillouin 
scattering, which has a complex structure and necessi-
tates high-power optical amplifiers and optical filters to 
sort the optical spectrum, are another method based on 
fiber nonlinearity [11]. The most popular and effective 
optical modulation approach makes use of one or more 
modulators with nested, cascaded, or loop structures to 
optically modulate a limited internal or external seed 
source to generate a variety of wavelengths or frequency 
comb lines [6]. This technique stands out for its stabil-
ity, simplicity in adjusting comb spacing, and versatility 
[12, 13]. The continuous wave (CW) laser diode can be 
modulated using a single modulator, resulting in a simple 
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Introduction

The optical frequency comb generator (OFCG) is an essen-
tial source for several applications, including optical fre-
quency measurement, optical frequency division multiplex-
ing, microwave photonic signal processing, optical arbitrary 
waveform generation, and dense wavelength division 
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system with few comb lines [14]. To enhance the number 
of comb lines, cascading modulator techniques were pre-
sented. The bandwidth of this method is constrained by the 
optical modulator’s insertion losses [15]. In optical com-
munication, various optical devices are integrated with 
optical fibers. In recent decades, it has been established 
that optical filters play a critical role in optical communi-
cation networks. Optical filters are critical components of 
optical communication systems [16]. By using wavelength 
division multiplexing (WDM) and dense-WDM (DWDM) 
[17–20], the capacity of a single optical fiber may increase 
such that it can transport several (4, 8, or more) channels 
at different centers wavelength [21–24]. One can select the 
desired optical channel using an optical filter [25, 26]. In 
fact, without using any electronic devices, one can sepa-
rate the very closely spaced optical channels by utilizing 
optical filters [27, 28].

In addition, for various target applications, the resulting 
comb has distinct properties. The frequency comb spacing, 
comb flatness, and signal-to-noise ratio are regarded as the 
three most crucial comb performance characteristics in the 
area of optical communication systems.

In this work, a simple, cost effective, and efficient comb 
generator is demonstrated and evaluated via WDM optical 
communication system. Moreover, the generated comb is 

examined through the system in terms quality factor and 
BER.

Simulation design

In the proposed OFCG, the input optical power is achieved 
from a continuous laser source (CW) at wavelength of 
1550 nm and input power of 10 dBm. The optical signal 
is feed to a dual drive Mach–Zehnder modulator (MZM) 
to generate up to 25 flat channels with channel spacing of 
40 GHz. In addition, a sine generator is connect to a fork 
inorder to split the sine signal into two paths, both signals 
amplified by two electrical amplifiers and connected to 
MZM as illustrated in Fig. 1b. The generated comb is con-
nected to a WDM a demultiplexer (De-WDM) to extract 
each channel alone. Then, each channel modulated via an 
MZM and combine all modulated channels through a WDM 
to send via single mode fiber (SMF) as depicted in Fig. 1c. 
Furthermore, a dispersion compensation fiber (DCF) is used 
to compensate the chromatic dispersion within attenuation 
losses of 0.4 dB/km. Two optical amplifiers were used to 
amplify the optical signal before/after the DCF as illustrated 
in Fig. 1a. Finally, the receiving signal is evaluated in terms 
of BER and Q-Factor utilizing the receiver assembly as 

Fig. 1   Illustrate a the proposed OFCG–WDM communication system, b OFCG system, c Optical transmitter, d Optical receiver



J Opt	

1 3

shown as in Fig. 1d. In addition, all the design parameters 
that adopting in this work are illustrated in Table 1.

Results and discussion

In this part, the design parameters of the proposed comb 
generator are investigated to achieve the optimum frequency 
comb performance. The switching RF voltage of the MZM 
is significantly affect on the 3–dB comb flat, therefore its 
need to carefully adjust. In addition, the channel spacing 
is effected by several parameters, namely the input power, 
the frequency of the sine generator, and the system bit rate. 
Therefore, these parameters need to optimize carefully 
to achieve higher number of generated channel with high 
performance.

In order to investigate the effect of switching RF volt-
age on the generated comb, this voltage is varied from 1 to 
10 V with a step of 1 V; the results of the 1 and 10 V are 

depicted in Fig. 2a and b, respectively; the results show that 
the optimum voltage is about 4 V. From the other side, the 
sine generator frequency is varied from 100 to 300 GHz with 
a step of 100 GHz as shown as in Fig. 3. In result, the opti-
mum parameters for switching RF voltage and sine generator 
frequency are about 4 V and 200 GHz, respectively, as illus-
trate in Fig. 4. The achieved comb is depicted in Fig. 4, up 
to 25 channels are achieved with constant channel spacing 
of 40 GHz and average power of –10.84 dBm. The gener-
ated comb is spread over approximately 8 nm, ranging from 
1546.17 to 1553.85 nm. This comb is qualified to use as a 
source for WDM communication system. In the next steps, 
the achieved comb will be evaluated after integrated it in 
fiber optic communication system.

The WDM–OFCG communication system is used to 
evaluate the generated comb as depicted in Fig. 1a. In this 
work, both of the attenuation and dispersion budget were 
analyzed and improved utilizing the optical amplifier and 
the DCF, respectively. Therefore, the SMF is swept from 

Table 1   Simulation design 
parameters

System Item Description

Transmitter assembly CW Laser Frequency = 1550 nm; power = 10dBm
Sine Generator Frequency = 200 GHz; Amplitude = 5a.u
Electrical Amplifier Gain = 10 dB
MZM Extinction ratio = 30 dB; bias voltage = 4 V

Transmission channel SMF Sweeped from 10 to 200 km
EDFA Gain of 30 dB and NF of 4 dB
DCF Sweeped 1.4 to 30.7 km

Receiver assembly Photodetector APD Gain = 3
Low Pass Bessel Filter 0.75*bit rate
3R Regenerator
BER

Fig. 2   Shows the generated comb at several switching RF voltage of the MZM a 1 V, b 10 V
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10 to 200 km with a steps of 10 km. While the DCF is 
swept from 1.4 to 30.7 km to compensate the chromatic 
dispersion of the SMF. Two optical amplifiers were used 
to compensate the attenuation of the propose system with 
gain of 30 dB and NF of 4 dB. The performance of the 
proposed system in terms of Q–Factor and BER is investi-
gated as illustrated in Fig. 5a and b, respectively. Accord-
ing to the results, the performance is degraded as the link 
distance increases and the maximum achieved distance 
is about 120 km at a communication condition of 6 and 
10E-9 of Q-factor and BER, respectively.

Based on the eye diagram pattern, the quality of the 
communication system can be assessed. Thus, the eye dia-
gram for the proposed WDM is investigated for �1 , �13, and 
�25 at link distance of 120 km as illustrated in Fig. 6.Fig. 4   Generated comb at optimum design parameters of 4  V and 

200  GHz for switching RF voltage and sine generator frequency, 
respectively, up to 25 channels over of 8  nm with 40  GHz channel 
spacing and −10.84 dBm of average power

Fig. 5   Shows the effect of fiber length on both of a Q–Facto and b BER

Fig. 3   Shows the generated comb at several frequency of the sine generator a 100 GHz, b 300 GHz
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Fig. 6   Eye diagram for several wavelength of a �1 , b �13, and c �25

Conclusions

The WDM–OFCG communication system is simulated by 
OptiSystem software. According to the results, comb per-
formance in the terms of flatness and the number of channel 
is effect by both of switching RF voltage and sine generator 
frequency. The proposed design produced up to 25 chan-
nels with constant channel spacing of 40 GHz and average 
power of –10.84 dBm. The generated comb is spread over 
approximately 8 nm, ranging from 1546.17 to 1553.85 nm. 

The proposed WDM–OFCG produced a BL about 45,000 
Gbps.km.

References

	 1.	 K. Qu et al., High flatness optical frequency comb generator based 
on the chirping of modulators. Opt. Rev. 23, 436–441 (2016)

	 2.	 J.K. Hmood et al., Optical frequency comb generation based 
on chirping of Mach-Zehnder Modulators. Opt. Commun. 344, 
139–146 (2015)



	 J Opt

1 3

	 3.	 F. Zhang, X. Ge, S. Pan, A two-stage optical frequency comb 
generator based on polarization modulators and a Mach-Zehnder 
interferometer. Opt. Commun. 354, 94–102 (2015)

	 4.	 Ferreira, R. L. and Rocha, M. L. Optical comb generation tech-
niques. in 5th IWT 2013, International Workshop on Telecom-
munications (2013).

	 5.	 R. Ullah et al., Pulsed laser-based optical frequency comb gen-
erator for high capacity wavelength division multiplexed passive 
optical network supporting 12 Tbps. Opt. Eng. 55, 96106–96155 
(2016)

	 6.	 V. Corral, R. Guzmán, C. Gordón, X.J.M. Leijtens, G. Carpintero, 
Optical frequency comb generator based on a monolithically inte-
grated passive mode-locked ring laser with a Mach-Zehnder inter-
ferometer. Opt. Lett. 41, 1937–1940 (2016)

	 7.	 C. Shen, P. Li, X. Zhu, Y. Zhang, Y. Han, Ultra-flat broadband 
microwave frequency comb generation based on optical frequency 
comb with a multiple-quantum-well electro-absorption modulator 
in critical state. Front. Optoelectron. 12, 382–391 (2019)

	 8.	 N.R. Doloca, K. Meiners-Hagen, M. Wedde, F. Pollinger, A. Abou-
Zeid, Absolute distance measurement system using a femtosecond 
laser as a modulator. Meas. Sci. Technol. 21, 115302 (2010)

	 9.	 A.J. Metcalf, V. Torres-Company, D.E. Leaird, A.M. Weiner, High-
power broadly tunable electrooptic frequency comb generator. IEEE 
J. Sel. Top. Quantum Electron. 19, 231–236 (2013)

	10.	 G.T. Harvey, L.F. Mollenauer, Harmonically mode-locked fiber ring 
laser with an internal Fabry-Perot stabilizer for soliton transmission. 
Opt. Lett. 18, 107–109 (1993)

	11.	 X. Shan, D.M. Spirit, Novel method to suppress noise in harmoni-
cally modelocked erbium fibre lasers. Electron. Lett. 29, 979–981 
(1993)

	12.	 M. Kato, K. Fujiura, T. Kurihara, Generation of super-stable 40 
GHz pulses from Fabry-Perot resonator integrated with electro-optic 
phase modulator. Electron. Lett. 40, 1 (2004)

	13.	 T. Kawanishi, T. Sakamoto, S. Shinada, M. Izutsu, Optical frequency 
comb generator using optical fiber loops with single-sideband modu-
lation. IEICE Electron. Express 1, 217–221 (2004)

	14.	 Shen, P., Gomes, N. J., Davies, P. A. and Shillue, W. P. Generation 
of 2 THz span optical comb in a tunable fiber ring based optical fre-
quency comb generator. in Microwave Photonics, 2007 Interntional 
Topical Meeting on IEEE, pp. 46–49 (2007).

	15.	 R. Ullah et al., Flattened optical multicarrier generation technique 
for optical line terminal side in next generation WDM-PON support-
ing high data rate transmission. IEEE Access 6, 6183–6193 (2018)

	16.	 A. Rostami, F. Nazari, H.A. Banaei, A. Bahrami, A novel proposal 
for DWDM demultiplexer design using modified photonic crystal 
structure. Photon. Nanostruct. Fundam Appl. 8, 14–22 (2010)

	17.	 S.M. Abdulsatar, M.A. Saleh, A.K. Abass, M.H. Ali, M.A. Yaseen, 
Bidirectional hybrid optical communication system based on wave-
length division multiplexing for outdoor applications. Opt. Quantum 
Electron. 53, 1–11 (2021)

	18.	 M.A. Saleh, A.K. Abass, M.H. Ali, Enhancing performance of 
WDM-RoFSO communication system utilizing dual channel tech-
nique for 5G applications. Opt. Quantum Electron. 54, 1–11 (2022)

	19.	 A. Almukhtar, A. Abass, H.M. Ali, Effect of fiber-telescope coupling 
losses on wideband wavelength division multiplexing in free space 
optical communications. Eng. Technol. J. 40, 350–357 (2022)

	20.	 S.H. Alnajjar, M.H. Ali, A.K. Abass, Enhancing performance of 
hybrid FSO/Fiber optic communication link utilizing multi-channel 
configuration. J. Opt. Commun. (2019). https://​doi.​org/​10.​1515/​
joc-​2018-​0193

	21.	 M.H. Ali, A.K. Abass, S.A. Abd Al-Hussein, 32 Channel × 40 Gb/s 
WDM optical communication system utilizing different configu-
rations of hybrid fiber amplifier. Opt. Quantum Electron. (2019). 
https://​doi.​org/​10.​1007/​s11082-​019-​1842-8

	22.	 S.R. Tahhan, M.H. Ali, A.K. Abass, Characteristics of dispersion 
compensation for 32 channels at 40 Gb/s under different techniques. 
J. Opt. Commun. 41, 57–65 (2017)

	23.	 M. Djavid, F. Monifi, A. Ghaffari, M.S. Abrishamian, Heterostruc-
ture wavelength division demultiplexers using photonic crystal ring 
resonators. Opt. Commun. 281, 4028–4032 (2008)

	24.	 S.-G. Mun, J.-H. Moon, H.-K. Lee, J.-Y. Kim, C.-H. Lee, A WDM-
PON with a 40 Gb/s (32× 1.25 Gb/s) capacity based on wavelength-
locked Fabry-Perot laser diodes. Opt. Express 16, 11361–11368 
(2008)

	25.	 A. Rostami, H.A. Banaei, F. Nazari, A. Bahrami, An ultra compact 
photonic crystal wavelength division demultiplexer using resonance 
cavities in a modified Y-branch structure. Optik (Stuttg). 122, 1481–
1485 (2011)

	26.	 Z. Xu et al., Optical filter based on contra-directional waveguide 
coupling in a 2D photonic crystal with square lattice of dielectric 
rods. Opt. Express 13, 5608–5613 (2005)

	27.	 M.K.S. Al-Mashhadani, T.F. Al-Mashhadani, H.H. Goktas, Tunable 
50 GHz laser comb generation of multiwavelength Brillouin erbium 
fiber laser. Opt. Commun. 464, 125542 (2020)

	28.	 M.K.S. Al-Mashhadani, T.F. Al-Mashhadani, H.H. Goktas, Broadly 
tunable 40 GHz Brillouin frequency spacing multiwavelength 
Brillouin-Erbium fiber laser for DWDM. Opt. Commun. 451, 116–
123 (2019)

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of such 
publishing agreement and applicable law.

https://doi.org/10.1515/joc-2018-0193
https://doi.org/10.1515/joc-2018-0193
https://doi.org/10.1007/s11082-019-1842-8

	Design and simulation of 40 GHz–WDM communication system-based optical frequency comb generator
	Abstract 
	Introduction
	Simulation design
	Results and discussion
	Conclusions
	References


