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Abstract. An innovative scheme to generate the high-quality OFC based on 

DPMZM cascaded dual-parallel PolM with frequency multiplication circuit is 
proposed and demonstrated. In the scheme, 5 comb lines are generated in the first-

stage generator, and the comb line is expanded to 11 times in the second-stage 

generator. The theoretical model of the overall scheme is established and analyzed. 
In this scheme, 66-line OFC is generated and the flatness is 0.73 dB, the side mode 

suppression ratio (SMSR) is 14.19 dB, and the optical signal noise ratio (OSNR) is 

about 29 dB. 
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1. Introduction 

Microwave photonics has many unique superiorities, for instance the large bandwidth, 

low transmission loss, multiplexable and resistance to electromagnetic interference 

(EMI), and will be applied widely in radar technology, which can improve the 

performance of radar. 

In microwave photonic radar system, high-quality multi-wavelength light sources 

are required, and the high-quality optical frequency comb (OFC) with high flatness, a 

large number of comb lines and the tunable frequency interval are considered as a 

research hotspot, and can be applied in WDM system [1], photonic filtering [2] and 

optical millimeter wave generating [3], etc. In the past decade, various schemes have 

been proposed for generating OFC, for instance the optical nonlinear effect method [4], 

the mode-locked laser method [5], the photoelectric oscillator method [6], and the 

external modulator method [7-10]. The method of generating OFC based on the external 

modulator has superiorities of stability, flexibility and adjustment, which has attracted 

great attention. In 2013, a novel approach to generating an OFC by applying a 

polarization modulator (PolM) and a polarizer was proposed which can generate 25-line 

OFC, and the flatness of OFC is 1 dB [8]. In 2014, a low-cost and simple OFC generation 

scheme was proposed by applying a dual-parallel Mach-Zehnder modulator (DPMZM) 

and generate 5-line and 7-line OFC with the flatness of 0.1 dB and 1 dB, respectively [9]. 
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In 2015, a new scheme to generate OFC using one MZM and DPMZM which generate 

9-line OFC, and the flatness is 0.8 dB [10].  

In this scheme, a new scheme to generate the high-quality OFC is proposed and 

demonstrated. The result shows that 66-line OFC is generated, the flatness is 0.73 dB 

and SMSR is 14.19dB.  

2. Scheme principle and analysis 

The schematic diagram of flat OFC generation based on DPMZM cascaded dual-parallel 

PolM with frequency multiplication circuit is shown in Figure 1.  
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Figure 1. Schematic diagram of the flat OFC generation based on DPMZM cascaded dual-parallel PolM with 

frequency multiplication circuit. 

Assuming the light wave launched from the laser diode can be expressed as 

( ) cj t
in cE t E e �� . On the upper branch, the RF1 is injected into the frequency 

multiplication circuit. The schematic diagram of frequency multiplication circuit is 

shown in Figure 2. On the lower branch, the RF1 signal is limited by a limiter, and then 

injected into the frequency multiplication circuit. 
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Figure 2. Schematic diagram of frequency multiplication circuit. 

The phase shifts of electric frequency shifters are 
1 / 3PS� �� , 

2 / 3PS� �� � , 

3 / 3PS� �� , 
4 / 3PS� �� �  and 

5 / 2PS� ��  respectively. The RF1 signal is 

RF1 1 1( ) cos( )RFV t V t�� , after frequency multiplication circuit, the output is: 
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The output spectrogram is shown in Figure 3, assuming that =4GHz� . 
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Figure 3. Electrical spectrum of the output signal. 

The drive signals output by the frequency multiplication circuit are injected into 

DPMZM for modulation. MZM-a and MZM-b are biased at minimum transmission point, 

and the MZM-c is applied to introduce phase difference of �  on the upper and lower 

branch, therefore 
1 2 3= = =4VDC DC DCV V V . When the modulation index is small enough, the 

influence of the high-order sidebands can be ignored, and 1� order sidebands are 

preserved. The output expression of the upper branch is: 

1 1 1 1 1 13 5 3 5

1 1

1
( ) ( )( )

4

j t j t j t j t j t j t
out a in RFE j E t J V e e e e e e� � � � � �� � �

� � � � � � �              (2) 

The output expression of the lower branch is: 

1 1 1 1 1 1
*
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Combine the upper and lower branch of the DPMZM, the expression of the output 

signal can be defined as: 

1 1 1 1 1 1
*

3 5 3 5

1 1 1 1

1
( ) ( )[ ( ) ( )] ( )

4
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In the actual simulation, the optical carrier cannot be completely suppressed. In order 

to suppress the optical carrier, it is necessary to adjust the limiter to change the amplitude 

of the lower-branch optical signal, so that 
*1 1

0( ) 0( )RF RF
J V J V� , and realize the suppression 

of the optical carrier without affecting other harmonic components. The output spectrum 

of DPMZM is shown in Figure 4. 
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Figure 4. The optical spectrum at the output of DPMZM. 
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On the upper branch of dual-parallel PolM, by adjusting PC1, the optical signal is 

injected into PolM at an angle of 45  with the main axis of PolM. Assuming that the 

optical signal is ( )inE t , which is injected into PolM, and the expression of RF is 

( ) cosV t V t�� . Set the angle between the Pol and the main axis of PolM as 45� � , 

the output expression after Pol is: 

cos cos
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Where �  is the phase difference introduced by the upper and lower phase modulators, 

/m V V���  is the modulation index of PolM, and ( )nJ m  is the nth-order Bessel 

function. By adjust PC2 we can make the phase difference � �� . If the value of m  is 

small, high-order Bessel function should be ignored, only the +1 order and -1 order 

harmonics are preserved. The output expression of the signal can be expressed as: 
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E t j J m � ��� �                                   (6) 

When RF signal is 
2 2 2( ) cos( )RF RFV t V t�� , which is injected into the frequency 

multiplication circuit. The output signal of upper branch can be expressed as: 

  2 2 2 2 2 2

5
3 3 5 52

1

( )
( ) ( )(e e +e e +e e )

2 16

j t j t j t j t j t j tin RF
upper

E t VE t j J � � � � � �� � �� � � �          (7) 

When RF signal is 
2 2 2( ) cos(2 )RF RFV t V t�� � , the output is:    
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If 
0 2 2 2( ) ( )RF RFJ V J V�  and 2 2 2 2

1 2 0 2 1 2 0 2cos [ ( ) ( )] / [ ( ) ( )]RF RF RF RFJ V J V J V J V� � � � , by adjusting 

the � , we can make 
0 2 1 2 2 2( ) ( ) ( )RF RF RFJ V J V J V� �� � . When a beam of optical carrier is 

injected into PolM, the upper and lower output signals are shown in Figure 5.   
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Figure 5. Optical spectrum at the output of upper (a) and lower(b) branch of dual-parallel PolM. 
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On the upper branch of the dual-parallel PolM, each optical comb generated by 

DPMZM will be injected into PolM as an optical carrier for modulation. The output 

expression of the PolM1 is: 
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On the lower branch of dual-parallel PolM, the OFC generated by DPMZM will be 

injected into an optical attenuator, by optical attenuator we can attenuate the input optical 

signal power. And then, each of optical comb line is injected into PolM as an optical 

carrier for modulation. The output expression of the PolM2 is: 
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            (10) 

According to Eq.(9) and Eq.(10), we can get 36 comb lines and 30 comb lines 

respectively. By coupling the upper and lower branch, we can obtain 66-line OFC, and 

the expression can be expressed as: 
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In order to obtain an OFC with the same comb line interval, the frequencies of RF1 

signal and RF2 signal need to satisfy the following relationship: 
1 25.5� �� . 

3. Simulation results and analysis 

To prove that the scheme is feasible, we demonstrate the scheme by the simulation. First 

of all, a laser diode (LD) generates a continuous light carrier and the frequency of the 

light carrier is 193.1 THz, the power is 10 dBm, and the line-width is 10 MHz, which is 

modulated by DPMZM. The half-wave voltage of the MZM-a and MZM-b are set to 4V , 

the bias voltage of the upper and lower sub-MZMs are 
1 2 4DC DCV V V� � , and the bias 

voltage of MZM-c is  
3 4DCV V� . The frequency of RF1 is 22 GHz, and the amplitude of 

RF1 is1.0V . By adjusting the limiter, the amplitude of the input RF signal of the MZM-

b can be adjusted. In this scheme, adjusting the limiter to make the amplitude of the RF 

signal to 0.5V . The frequency of RF2 is 4GHz, and the amplitude is1.0V . On the 

upper branch of dual-parallel PolM, the frequency offset of the upper branch of PolM1 
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is 90 deg, and the lower branch is -90 deg. We set the rotation angle of PC1 to 45 deg, 

so that making the input signal and the main axis of PolM at the angle of 45 deg. Change 

the PC2 and setting its rotation angle to 45 deg, and the signal is injected into a Pol with 

a device angle of 45 deg. On the lower branch of dual-parallel PolM, the frequency of 

RF drive signal is
22 8RFf GHz� , the frequency offset of the upper branch of PolM2 is 

210 deg, and the lower branch is -210 deg. Similarly, the parameters of the PC3, PC4 

and Pol are the same as the upper branch of dual-parallel PolM. 

When the value of above parameters remain unchanged, as shown in Figure 6(a), 

the interval of the comb lines is 4GHz, 66-line OFC is generated, the flatness is 0.73dB, 

and the SMSR is 14.19 dB, the OSNR is about 29 dB. When the frequency of the RF2 is 

0.5 GHz, as shown in Figure 6(b), the interval of the comb lines is about 0.5 GHz, 66 

line OFC is generated and the flatness is 1.16 dB, and the SMSR is 13.69 dB, the OSNR 

is about 19.5 dB. 
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Figure 6. The generated optical comb with 66 comb lines when the interval is 4GHz (a) and 0.5GHz (b). 

According to Fig.6, we can generate 66 comb lines. When the frequency of RF2 is 

4 GHz, the generated OFC is relatively flat, and the interval of the comb line is uniform. 

When the frequency of RF2 is 0.5 GHz, the generated OFC is also relatively flat, 

however, the interval of the comb line is not uniform, which is caused by the frequency 

multiplication circuit. The Fig.7 shows the comparison between the theoretical value and 

the simulated value of the output signal after different RF2 signals are injected into the 

frequency multiplication circuit. 
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Figure . Comparison between the theoretical value and the simulated value of the output signal after 

0.5GHz (a) and 4GHz (b) signals are injected into the frequency multiplication circuit. 

As shown in Fig.7 (a), when the frequency of RF2 is 4 GHz, the simulated value of 

the output signal after frequency multiplication circuit is completely consistent with the 

theoretical value, and the output signal is 4 GHz, 12 GHz and 20 GHz. As shown in Fig.7 

(b), when the frequency of RF2 is 0.5 GHz, the simulated value of the output signal after 

frequency multiplication circuit is not completely consistent with the theoretical value, 

and the output signal is 0.47 GHz, 1.4 GHz and 2.34 GHz, which causes the interval of 

the comb line is not so uniform. 

4. Conclusion 

In this scheme, an innovative scheme to generate the high-quality OFC based on 

DPMZM cascaded dual-parallel PolM with frequency multiplication circuit is proposed 

and demonstrated. In this scheme, when the interval of the comb lines is 4GHz, 66 optical 

comb lines with a flatness of 0.73dB is generated, and the SMSR is 14.19 dB, the OSNR 

is about 30dB. When the frequency of the RF2 is 0.5 GHz, the interval of the comb lines 

is about 0.5 GHz, 66 optical comb lines with a flatness of 1.16 dB is generated, and the 

SMSR is 13.69 dB, the optical signal noise ratio is about 21.14 dB. In our proposal, by 

adjusting the frequency of the RF, we can adjust the interval of OFC. The results show 

the considerable approach for generation OFC. Compared with other schemes, this 

scheme requires low-power RF signal, and the minimum interval of comb lines can reach 

to about 0.5 GHz. 
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