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Abstract. A triangular shaped microwave pulse is generated by optical heterodyning 
principle using Stimulated Brillouin Scattering (SBS) in an optical fiber communication 
link. A narrowband Distributed Feedback (DFB) Laser diode of wavelength 1552.52 nm, 
LiNbO Mach Zehnder Modulator (MZM), Highly Nonlinear Fiber (HNLF) of length 20 
Km and Optical receiver that comprise high power optical pump source, circulator, PIN 
photo detector and Band pass filter form the link. Finally, a Radio over Fiber system for 
the generation of triangular shaped microwave pulse is built through simulation. 
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1   Introduction 

Microwave pulse generation utilizing effectively accessible electrical methodologies and 
devices used for generation have the limitation of low frequency and therefore the bandwidth 
capacity is less. Luckily, the inherent benefit of photonics makes the generation of microwave 
competent of providing huge bandwidth (e.g., 10’s to 100’s of GHz). The triangular shaped 
waveform is the standard one amongst a wide variety of microwave pulses, which can be 
generated using different optical approaches. The fundamental ideas of these methods are 
derived from the study of periodic signals by Fourier series. As triangular shaped waveform 
comprises only odd-order harmonics and has a quick roll-off in the amplitude of its higher 
order harmonics and approximately, two odd-order harmonics will roughly reflect the 
triangular waveform. One solution is to construct a triangular shaped pulse generator in 
association with the frequency to time mapping using the spectral shaping. However, it could 
lead to bad control of the generated signal parameters. Furthermore, high environmental 
reliability and proper phase synchronization are necessary due to the utilization of cascaded 
optical filters. It is possible to achieve an amplitude proportion of 1:9 and a frequency 
proportion of 1:3 through changing the amplitudes and phases of the sidebands for the two 
harmonics that is equal to the first two triangular waveform components of the Fourier 
series. Hence, the optical approach supported external optical modulation is suggested to give 
solution to the above issues. In the suggested solution, only optical sidebands of odd-order are 
produced using an MZM biased at minimal transmission point. As an outcome of 
this approach, an optical single-drive Mach-Zehnder interferometer modulator in combination 
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with a polarization modulator or an interleaver in a Sagnac Loop could produce triangular-
shaped microwave pulses. 

 
In addition, a dual-parallel MZM wherein six dc biases can also produce triangular shaped 

microwave pulses and to get specified harmonics, it must be controlled precisely and 
simultaneously. Owing to the utilization of Sagnac Loop configuration or Mach-Zehnder 
interferometer, these two devices may be susceptible to environmental changes. The first-
order sideband amplitude is 9 times that of the third-order sideband by varying the modulation 
index accordingly. Therefore to contribute gain for retrieving suppressed carrier, the SBS 
based optical carrier processing is implemented. For eliminating the unnecessary sidebands, an 
optical band pass filter is then employed. Thus triangular-shaped microwave pulses are often 
produced in this manner when SBS gain is sufficiently large. As a result, a reliable generation 
device with good precision is therefore assured.  

  
For stimulated Brillouin scattering based radio over-fiber (RoF) systems, a harmonic 

radio frequency (RF) carrier generation and the up conversion method for broadband data with 
single mode and SSB modulation has been suggested. Through this technique, we have 
successfully exhibit 3rd-harmonic radio frequency carrier generation at frequency 32.625 GHz 
with local oscillator frequency of 10.875 GHz and up conversion of 1.25 Gbps data to the RF 
carrier. Furthermore, the data capacity is independent of the SBS gain profile. At last, the 
downlink RoF system’s transmission performance is evaluated [1]. A triangular shaped pulse 
generation by means of optical carrier processing based on SBS has been experimentally 
demonstrated. In that, by changing the RF signal frequency supplied to the MZM, the 
triangular pulse has been produced and its frequency is often tuned flexibly. And in the 
experiments, triangular shaped pulses are generated with frequencies 5 GHz, 8 GHz and 10 
GHz according to the above theory, demonstrating desired waveforms and excellent tunability 
[2]. Stimulated Brillouin Scattering allows the pump light to spread backwards and this 
successively causes the distributed erbium doped fiber amplifier (DEDFA) gain to decrease. 
This paper provides a study of Stimulated Brillouin Scattering  nonlinear effect on DEDFA 
and presents descriptive numerical findings. And it is demonstrated that there exists a pump 
laser linewidth threshold value. The DEDFA gain is decreased substantially at the point when 
the linewidth pump laser is smaller than the threshold value [3]. 

 
An extremely steady configuration of optical two-tone signal generator intended for 

astronomical implementations and high data rate communication produces high frequency 
(HF) optical signals (frequencies over 100 GHz). One way of generating these optical signals 
is to produce by means of two laser sources with an optical phase locked loop (PLL) for 
feedback control; on the other hand, the optical PLL has a stability issues with its operation 
[4]. The optical intensity and its mathematical formulae relating to the Fourier expansion of 
the standard triangular shaped waveform are often produced by the use of active polarization 
control and optical carrier suppression modulation. The repetition rate of the pulses is also 
observed to depend only on the local oscillator driving frequency. Hence, continuously the 
frequency tunability is achieved by adjusting it. First the function is evaluated by theory and 
then tested by simulation. As tuning the repetition rate involves just one frequency tunable 
oscillator, the proposal may be appealing [5]. The simulation investigated the optical carrier 
suppressed signal generation and performances of radio over fiber system. A Dual-Drive 
Mach-Zehnder Interferometer is engaged for both signal modulation and suppression of 
optical carrier. By biasing the Dual-Drive MZM at null point, Suppressed carrier modulation 



 
 
 
 

is accomplished. Suppression of optical carriers increases efficiency of RoF system like noise 
figure and link gain. And Different optical carrier suppression ratio values are often achieved 
by changing the Dual-Drive MZM extinction ratio [6]. The paper presented an all-optical 
millimetre wave carrier generation from a multi wavelength Brillouin erbium fiber laser. By 
controlling the gain in the cavity, Four-channel outputs are generated from the fiber laser, with 
spacing of about 21.5 GHz. As a result of eliminating the two channels in the centre, the dual 
wavelength signal with spacing corresponds to 6 orders of the Brillouin frequency shift is 
achieved. A millimetre wave carrier at frequency 64.17GHz is produced by heterodyning 
these signals at the speedy photo detector. The versatility of the induced millimetre wave 
signal frequency to be tuned at 0.0066 GHz/°C is realised by the Brillouin frequency shift 
characteristic of temperature dependence [7]. 

2   Principle 

The principle of optical MMW generation is shown in fig. 1. Initially the optical signal 
from a DFB laser source is given to the MZM (Mach-Zehnder Modulator). An RF sinusoidal 
signal is also fed into the MZM modulator. In the MZM modulation index is set in such a way 
that the optical carrier and even order side and are suppressed at its output. Hence, the optical 
signal at the MZM modulator output contains odd order side bands only (1,3,5,..) , whereas the 
even order side bands (2,4,6,..) and carrier are suppressed. The side bands can be increased by 
increasing the extension ratio of the MZM modulator. But optical carrier is necessary for 
generation of triangular waves. 

 
Eout = Eo exp (jωct) ∑

1−(−1)n
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We can consider upto ±3rd side band, 
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Eout = Eo  exp (jωct) x { J−3 exp(−j3ωt) + 0 +   J−1 exp(−jωt) + 0 + J1 exp(jωt)+ 
     0+ J3 exp (j3ωt)} 
 
Eout = Eo exp(jωct) x { J−3 exp(−j3ωt) + J−1 exp(−jωt) + J1 exp(jωt) + 
                                    J3 exp (j3ωt)}                                                                                (2) 
 
The expression (2) contains the optical carrier and odd order sidebands only and even 

order side bands are suppressed. But practically they cannot be completely suppressed. Hence 
the expression (1) can be rewritten as, 

 



 
 
 
 

Eout = Eo exp (jωct) x {√α ∑  J2n exp[j(2n)ωt] +∞
n=−∞  

 
                                ∑  J2n+1 exp[j(2n + 1)ωt]∞

n=−∞ }                                                       (3) 
 
Where, ‘α’- the power coefficient of the vestigial even-order sidebands and the carrier. 
 
The carrier suppression ratio (CSR) is given by 
 
CSR = 10 log10 (P1st−order Pcarrier⁄ ) 
 
        = 20 log10 (J1 √α J0⁄ )            (4) 
 
Where, Pcarrier and P1st- order are the powers of optical carrier and first order sideband 

respectively. Hence  
 
α = J1

   2

J0
   2(10

CSR
10� )

                                       (5)     

 
So as to recover the suppressed carrier, SBS technique is used. SBS involves the use of a 

laser source followed by EDFA (pumping source) and a Bidirectional HNLF (Highly Non- 
Linear Fiber). The MZM output is connected to source side of the fiber through an isolator. 
The pumping signal is applied to the fiber through a circulator. When the laser power exceeds 
a particular threshold level of the fiber, non-linearity occurs in the fiber. The vestigial carrier 
would then be amplified with the SBS gain of G. In the meantime, an optical band pass filter 
is employed to filter the unnecessary sidebands, since the optical field can be written at the 
output of the OBPF as, 

 
Eout=EO exp (jωct) x {√Gα J0 exp(jϕ) + J1 exp(jωt) + 
                               
                               √αJ2 exp(j2ωt) +  J3 exp(j3ωt)}          (6) 
 
Iout ≈ 2ƦE0

2{√Gα J0 [J1cos(ωt − ϕ) + J3 cos(3ωt − ϕ)]+DC+J1J3 cos(2ωt)}                  (7) 
 
From Equation (7), it is obvious that, the Second order harmonic is the most important 

part, that stimulates noise to the triangular shaped pulse. Thus the following condition must be 
satisfied in Equation (7) that 

 
√Gα J0  J3 ≫   J1 J3             (8) 
 
The Second order harmonic are often eliminated such that the system should have 

sufficiently large SBS gain. While setting the index of modulation to 1.51, it is possible to 
further simplify Equation (7) to, 

 
I out  α DC

 √Gα J0 
+ cos(ωt − ϕ) + 1

9
cos (3ωt − ϕ)                                   (9) 

 



 
 
 
 

When the SBS gain ‘G’ is at peak, the nonlinear phase change induced by SBS to be zero. 
(i.e.) φ = 0. Mathematical expression has been obtained approximately in Equation (9) to 
describe triangular microwave pulse. 

 
I out  α DC

 √Gα J0 
+ cos(ωt) + 1

9
cos (3ωt)       (10) 

 
Due to this non-linearity, most of the pumping signal is reflected back to the source side 

of the fiber. Hence this pumping signal is superimposed on the suppressed carrier and the 
carrier signal is recovered. An OBPF (Optical Band pass Filter) is used to filter out the side 
bands with negative order. Hence, its output contains only positive order side bands 
(+1,+2,+5,...) and all negative order side bands (-1,-3,-5,...) are removed. This filtered optical 
signal is then given to a PIN photo detector. 

 

 
 

 
Fig. 1. Simulation setup for the generation of triangular shaped microwave pulse using SBS. 

 
At the PIN photo detector output, we can get the required triangular waveform. The 

frequency of the triangular waveform generated is often altered by varying the input sinusoidal 
(RF) signal frequency. 

 
 
3    Simulation Results 
 

The simulation has been carried out with the aid of Optisystem software. The input 
spectrum obtained from the laser diode is shown in Fig. 2.  The frequency of 193.1THz signal 
having the wavelength of 1550nm is used as the optical input source. This input signal is 
applied to Mach-Zehnder Modulator for modulation using a RF signal. 

 



 
 
 
 

 
 

Fig. 2. Spectrum of Laser diode. 
 

 
 

Fig. 3. Output Spectrum of MZM 
 
The suppressed carrier and suppressed even order side bands from MZM is shown in Fig. 

3. The applied input signal is modulated using Mach-Zehnder modulator.  From the output of 
MZM modulator we obtain only Odd order side bands. Because of the constructive and 
destructive interference of the optical signal produced by Lithium Niobate Crystal in MZM we 
get only odd order side bands. 

 
At the receiver, The RF output obtained from the photo detector is shown in Fig. 4.  The 

photo detector converted the optical signal as electrical signal. Then the generated RF signal 
contains the carrier and odd order sidebands only. The second order sidebands are often 
completely suppressed by appropriately increasing the carrier signal power. 
 
 



 
 
 
 

 
 

Fig. 4. RF output spectrum 
 

The generated triangular shaped pulse is shown in Fig. 5.  The triangular waveforms of 
different frequencies can be achieved by fine-tuning the RF signal frequency supplied to the 
Mach-Zehnder modulator. 
 

 
 

Fig. 5. The generated triangular shaped waveform 

4   Conclusion 

In this approach, by reducing system complexity and cost by avoiding frequency 
converter and reducing the consumption of fiber, we produce triangular-shaped microwave 
pulses. By the amplification effect of SBS gain, the suppressed optical carrier is retrieved back 
and by means of an optical filter, all optical sidebands with negative-orders are eliminated 
then. The first order harmonics amplitude is often tuned to 9 fold of that of third order 
harmonics by opto-electronic conversion in photo detector. The modulated signal processing 
using SBS is then carried out. And it must be noted that when the SBS gain is at peak, 



 
 
 
 

nonlinear phase change induced by SBS is zero, which is a crucial provision to our method. 
Consequently, an OBPF filtered out the unnecessary optical sidebands, except the positive 
first order sidebands, the positive third order sidebands and the carrier. The second order 
harmonics are often ignored during the optical to electrical conversion in a photo detector, as 
the strength of optical carrier is far greater than that of the positive first order optical sideband. 
And to contribute gain for retrieving the suppressed carrier, the carrier optical processing 
based on stimulated Brillouin scattering is implemented. For eliminating the unnecessary 
sidebands, an optical band pass filter is then employed. The triangular shaped microwave 
pulses are often produced in this manner as the SBS gain to be sufficiently huge. The target 
triangular shaped microwave pulse was produced with the efficiency and therefore 
the tunability of the suggested system was confirmed. The Triangular Shaped microwave 
pulse always has its uniqueness in the Communication Systems. The generation can 
be considerably simplified and complexity can also be reduced in the future. And therefore 
the other non-linearities present in the fiber are often used as advantages in generating 
different types of waveforms. Tunability of the waveform also can be improvised in the future 
generation techniques. 
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