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An ultra-wide and flat optical frequency comb (OFC) generation scheme using multiple continuous wave (CW) light 

sources based on electro-absorption modulator (EAM) and frequency modulator (FM) is proposed. In the scheme, each 

CW light source is broadened and modulated by the first EAM and FM, respectively. The second EAM is introduced 

to flatten the ultra-wide OFC lines. By setting the wavelength spacing of light sources equal to the bandwidth of 

sub-OFC, an ultra-wide OFC can be obtained. Principle analysis and simulation for the scheme are performed. The 

results show that in the case of a single light source, a tunable and flat OFC is obtained. With the increase of light 

sources, the bandwidth of the generated ultra-wide OFC expands rapidly. In the case of 28 light sources, a 22 GHz ul-

tra-wide OFC with bandwidth of 16.52 THz can be generated. 
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Optical frequency comb (OFC) has drawn great attention 

due to its widespread applications in some areas, such as 

ultra-high precision detection, chemical composition 

detection and long distance communication. At present, a 

variety of schemes have been reported to generate OFC. 

An ultra-wide OFC can be obtained by using optical 

feedback, high order nonlinear fiber (HNLF) and er-

bium-doped fiber (EDF) to enhance the optical nonlinear 

effects
[1]

. However, due to the difficult control of optical 

nonlinear effects, the flatness of the generated OFC is 

poor. In contrast, OFC generation schemes using external 

modulators driven by radio frequency (RF) signals 

without complicated parameter control are simpler
[2-6]

. 

Unfortunately, due to the use of RF signal generators, 

these systems are always costly and only a few spectral 

lines can be obtained. To reduce the cost, another OFC 

generation method using optoelectronic oscillator (OEO) 

ring instead of RF signal generators was proposed
[7,8]

. 

However, the system is complex and the generated OFC 

is not tunable. Besides, some schemes, which introduced 

optical loop to expand OFC bandwidth, were reported
[9-11]

 

and an ultra-wide OFC with bandwidth of 1 THz was 

generated indeed. Moreover, the amplified spontaneous 

emission (ASE) noises are accumulated continually, 

which seriously affect the flatness of the generated OFC.  

  In this paper, we report an ultra-wide, flat and tunable 

OFC generation scheme using multiple continuous wave 

(CW) light sources based on electro-absorption modula-

tor (EAM) and frequency modulator (FM). In the case of 

a single light source, the generated OFC has a bandwidth 

of 525 GHz with flatness of 0.81 dB. And in the case of 

28 light sources, an OFC with bandwidth of 16.52 THz 

and flatness less than 2 dB is obtained.  

  The schematic diagram of the ultra-wide and flat OFC 

generation is shown in Fig.1. In the case of a single light 

source, the CW light from the tunable laser diode (TLD1) 

is broadened and modulated by EAM1 and FM, respec-

tively. Thus, the output optical field of FM can be ex-

pressed as
[12]
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where ωc and E0 are the angular frequency and electric 

field amplitude of TLD1, respectively. TEAM(t) and TFM(t) 

are the transmittances of EAM and FM, respectively. V is 

the applied voltage of EAM1. Ve and a are two constants 

related to EAM1. mf is the modulation index of FM, and 

cosωmt is the driving signal of FM.  

  The corresponding spectrum at the output of FM is 

shown in Fig.1(a). EAM2 as a limiter reduces the power 

of the high spectral lines and increases the low ones. So 

the power difference in the spectrum is reduced and the 

flatness of the spectrum at the output of EAM2 can be 

further improved, as shown in Fig.1(b). EAM1, EAM2 
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and FM are driven by the same RF signal. Thus, the 

output optical field of EAM2 can be expressed as 

 

 
TLD: tunable laser diode; EAM: electro-absorption modulator; FM: 

frequency modulator; RF: radio frequency; SOA: semiconductor opti-

cal amplifier 

Fig.1 Schematic diagram of the ultra-wide and flat 

OFC generation and output spectra of (a) FM, (b) 

EAM2, and (c) the generated ultra-wide OFC 
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where J
n
(·) is the Bessel function with the order of n, 

where n=0, ±1, ±2, ±3.... The signal modulated by EAM 

is similar to Gaussian pulse, whose pulse shape is the 

spectral envelope. In the time domain, every term of 

Eq.(2) represents a Gaussian pulse, whose intensity var-

ies with sinωmt, and the frequency spacing is ωm. In the 

frequency domain, each term represents a spectrum with 

the line spacing of ωm and the frequency of ωct+nωm. 
Besides, the power of the nth spectrum varies with the 

value of J
n
(·) and the power of spectral lines decays from 

the center line to side bands exponentially. Thus, the 

spectra are superimposed on each other, and the power of 

different frequencies increases by different values. 

However, the power of the center spectral line in the nth 

spectrum is the main power component at frequency of 

ωct+nωm. Due to the small difference between the in-

creases at different frequencies, the power of spectral 

lines in the output spectrum is almost the same.   

  In the case of multiple CW light sources, light beams 

are coupled into EAMs and FM. Each light beam gener-

ates its sub-OFC. By setting the spacing between adja-

cent sub-OFCs exactly equal to the spectral line spacing, 

an ultra-wide OFC is obtained, as shown in Fig.1(c). 

  The parameters of the devices used in the system are 

as follows: the power of TLD is 1 mW with the linewidth 

of 10 MHz; two EAMs are both at reversed bias with the 

bias voltage of 1 V and the modulation voltage is 2 V; 

the frequency offset of FM is 600 GHz. 

  Only a single light beam with center frequency of 

194 THz is launched to the optical path. Fig.2 shows the 

spectra of the obtained OFCs by setting the RF signal 

frequencies at 10 GHz, 15 GHz, 20 GHz and 25 GHz, 

respectively. From Fig.2, we can see that 4 OFCs with 

line spacings of 10 GHz, 15 GHz, 20 GHz and 25 GHz 

respectively are obtained. Due to the fixed bandwidth of 

output signal modulated by FM, the bandwidths of 4 

OFCs are both 600 GHz determined by the frequency 

offset of FM. Besides, the flatness of boundary part in 4 

OFCs becomes worse. Compared with the flatness of 

entire spectrum, that of the middle parts in 4 spectra is 

better. In order to get a good flatness, by intercepting 

bandwidths of 520 GHz, 510 GHz, 480 GHz and 

525 GHz in 4 spectra, 4 OFCs with 52, 34, 24 and 21 

lines and flatnesses of 1.65 dB, 0.93 dB, 1.51 dB and 

0.81 dB are achieved. We can also see that the line num-

ber reduces with the increase of line spacing, and the 

power of spectra arises with the reduction of line number 

slightly. 

 

   
(a)                           (b) 

   
(c)                           (d) 

Fig.2 In the case of a single light source, the spectra 

of OFCs with different line spacings of (a) 10 GHz, (b) 

15 GHz, (c) 20 GHz, and (d) 25 GHz 

 

  Fig.3 shows the spectra of generated OFCs with optical 

input frequencies of 192 THz, 193 THz, 194 THz and 

195 THz, respectively, driven by a 25 GHz RF signal. The 

results show that the frequency of input light determines the 

center frequency of OFC. And with the increase of light fre-

quency, the entire spectrum moves to high frequency region. 
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However, the spectral envelope is almost unchanged.   

 

   
(a)                           (b) 

   
(c)                           (d) 

Fig.3 In the case of a single light source , the spectra 

of OFCs with different center frequencies of (a) 

192 THz, (b) 193 THz, (c) 194 THz, and (d) 195 THz 
 
In order to generate an ultra-wide OFC, multiple light 

sources are coupled into the light path. Fig.4 shows the spec-

tra of generated OFCs with 4 different light sources. With RF 

signal frequencies of 22 GHz, 24 GHz, 26 GHz and 28 GHz, 

the wavelength spacings of light sources are equal to 

638 GHz, 624 GHz, 598 GHz and 588 GHz, respectively. 

From Fig.4, we can see that the line spacings of generated 

OFCs are 22 GHz, 24 GHz, 26 GHz and 28 GHz, respec-

tively. With the increase of line spacing, the line number de-

creases proportionally while the line power grows slightly. 

Also, the flatness is improved with the increase of line spac-

ing. However, compared with the case of a single light source, 

the flatness of the ultra-wide OFC deteriorates slightly, due to 

the poor flatness of boundary part of sub-OFCs. 
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig.4 In the case of four light sources, the spectra of 

OFCs with different line spacings of (a) 22 GHz, (b) 

24 GHz, (c) 26 GHz, and (d) 28 GHz 

 

  Fig.5 shows the spectra of generated OFCs with 4, 12, 

20 and 28 light sources, respectively. Illustration I and II 

are the enlarged views of part of the spectra in Fig.5(c) 

and (d), respectively. From Fig.5, we can see that with 

the increase of light sources, the bandwidth of generated 

ultra-wide OFC expands rapidly and the flatness 

deteriorates slightly. Also, the average power decreases 

visibly. In Fig.5(d), when 28 light beams are coupled into 

the optical path, we can generate a 22 GHz ultra-wide 

OFC with 751 lines, bandwidth of 16.52 THz and 

flatness less than 2 dB. 

 

 
(a) 

 
(b)
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(c) 

 
(d) 

Fig.5 In the case of multiple light sources, the spectra 

of generated OFCs with light numbers of (a) 4, (b) 12, 

(c) 20, and (d) 28 (The insets are the enlarged views of 

part of the spectra in (c) and (d), respectively.) 

 

  An ultra-wide, flat and tunable OFC generation 

scheme using multiple CW light sources based on EAMs 

and FM is proposed and investigated. The results show 

that in the case of a single light source, a flat and tunable 

OFC is obtained, and with the increase of line spacing, the 

line number reduces and the average power arises propor-

tionally. With the increase of light sources, the bandwidth 

of generated ultra-wide OFC expands rapidly while the  

flatness deteriorates slightly. In the case of 28 light sources, 

an ultra-wide OFC with bandwidth of 16.52 THz and flat-

ness smaller than 2 dB can be generated.   
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