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Abstract-Radio over fiber (ROF) systems are attractive 
solutions for broadband wireless access network due to its 
capacity for supporting high speed data rate transmission. And 
optical heterodyning is a promising method to generate 
microwave signals used in radio over fiber systems. Beating of 
the different modes of an optical frequency comb can produce 
microwave signals of different frequencies. And improving the 
properties of the optical frequency comb by injection locking 
can lead to the improvement of the noise characteristics of the 
microwave signal. In Our experiment, a tunable laser was used 
as the master laser, and a distributed feedback laser was used 
as the slave laser. The frequency comb was produced by two 
cascaded phase modulators. By adjusting the wavelength of the 
master laser and the injection power, we achieved a 17dB 
improvement on the signal to noise ratio of the microwave 
signal. 
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I.  INTRODUCTION  

Microwave photonics is a cross disciplinary study of the 
interaction between microwave and optical signals. And it 
has a good prospect in the application of wireless access 
network, radar, satellite communication and so on [1]. With 
the growth of smart wireless devices and the Internet of 
things, the next few years, mobile data is expected to reach 
24EB per month. In order to achieve such a high amount of 
data requirements, the use of the bandwidth to reach several 
tens of GHz millimeter wave is needed. For broadband 
wireless access network, radio over fiber are attractive 
solutions because they can support high speed data rate 
transmission and avoid the frequency band competition with 
current wireless communication devices [2]. And In the 
process of distributing data to a wireless base station, the 
optical fiber is a kind of transmission medium with many 
advantages, such as high bandwidth, low transmission loss, 
negligible interference and light weight, etc. And these 
advantages makes the research through the use of optical 
methods to generate microwave signal more and more 
interested in. The most common method is to generate 
microwave signal through the optical heterodyne method. 
Two light signals with different wavelength beaten by a 
photodetector and the frequency of the generated microwave 
signal equals to the difference of the two light signals. And 
optical frequency comb is a bridge that connects the 
microwave frequency band and the optical frequency band. 
And it is a kind of light source with equal frequency space 
spectrum. By beating of the different modes of the optical 
frequency comb, we can get microwave signals of different 
frequencies easily. And due to the high correlation between 

the phases of modes in the optical frequency comb, the 
microwave signal generated by the photodetector will have a 
relative low phase noise [3]. It is desirable for the 
applications described above to use optical frequency combs 
with high power of each modes and high signal to noise ratio. 
But due to the limitation of the bandwidth of the filter, it is 
very difficult to allocate and adjust a single mode of the 
optical frequency comb. But with injection locking we can 
simultaneously filter and amplify individual comb modes [4], 
and maintain the low phase noise at the same time.  

II. EXPERIMENTAL PRINCIPLE 

While using the optical heterodyning to generate the 
microwave signal, assume that the two optical signals are 

 E1 (t) = E01 (1t + 1) (1) 

 E2 (t) = E02 (2t + 2) (2) 

In which E,  and  represent for the amplitude, 
frequency and phase. And the output current of the two 
optical signal through the photon detector is 

 IRF(t) = Acos[(1- 2)t + (1 - 2)] (3) 

In which I, A represent for the current of the output and 
the intensity of the electric field. As shown, the frequency of 
the output signal equals to the difference of frequencies of 
the two optical signals. Therefore, we can use different 
modes of the optical frequency comb to generate a 
microwave signal with frequency which is multiple times of 
that of the radio frequency signal, and with a relative low 
phase noise. For optical injection, there are two important 
parameters, the injection power and the frequency detuning, 
which is the difference between the frequency of the master 
laser and the slave laser. When the output of the master laser 
with different injection power and frequency detuning is 
injected into the slave laser, different effects will be emitted 
including four wave mixing, period-one oscillation and 
locking [5]. And for injection locking, there is another 
important parameter called locking range. When the 
frequency of master laser falls in the locking range, the 
wavelength of the slave laser will be pulled to the 
wavelength of the master laser and finally reaches the state 
that is equal to the wavelength of the master laser. Then the 
frequency of the slave laser is locked and the power of the 
master laser is amplified, as shown in Figfure 1.  
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Figure 1.  The slave laser was optically injection locked to a single mode 
of the frequency comb. And the slave laser will emit at the same frequency 

of the single mode. 

III. EXPERIMENT SYSTEM AND RESULT 

ANALYSIS 

In our experiment, we use a tunable laser as the master 
laser. Both of its power and wavelength can be adjusted, and 
the precision of its wavelength is 1pm. A distributed 
feedback laser (DFB) is used as our slave laser. Its 
wavelength is 1548.232nm, and its power can be adjusted by 
adjusting its working current.  

Figure 2 shows the system of our experiment. 

 
Figure 2.  The system of our experiment, in which we use injection 
locking to improve the signal to noise ratio of the microwave signal 

generated by beating of two different modes of the optical frequency comb. 

The output of the master laser is first modulated by two 
cascaded phase modulator to generate an optical frequency 
comb. Then the optical frequency comb goes to the wave 
shaper, and two modes with a frequency space of 40GHz 
will be filtered out. And the choice of frequency interval for 
40GHz is mainly to take into account the actual demand. 
And then the two modes are injected into the distributed 
feedback laser through a circulator. When the signal after 
injection come out from the circulator, it will be divided into 
two channels by a coupler. And then one channel is directly 
linked to an optical spectrum analyzer for measuring the 
change of the optical spectrum. And the other channel is first 
linked to a photo detector and then the generated microwave 
signal is send into the spectrum analyzer. 

Figure 3. shows the filtered sidebands of the optical 
frequency comb before and after injection. At this time, the 
current of the tunable laser is 6.98mA, and the injection 
power is 5.7µW. And the wavelengths of the sidebands are 

1547.86nm and 1548.19nm, and the sideband with longer 
wavelength is used to optically injection lock the slave laser.  

 
Figure 3.  The filterted sidebands of the optical frequency comb. 

In this figure the black line represents for the sidebands 
before injection, and the red line represents for the sideband 
after injection. As shown in Figure 3, the intensity of the 
sideband with longer wavelength increased about 20dB. 

 
Figure 4.  The spectrum of the microwave signal generated by the two 

sideband before and after injection. 

And Figure 4. shows the spectrum of the microwave 
signal generated from the photodetector. The black line in 
this figure represents for the spectrum before injection, and 
the red line represents for the spectrum after injection. As we 
can see the intensity level of the noise remains almost the 
same but the power of the microwave signal increased about 
17dBm, which means that the signal to noise ratio increased 
about 17dB. 
And for reflecting the importance of the correlation between 

phases of the two optical signals which are beaten by the 

photodetector, we did another experiment, in which the 

output of the master laser was directly injected into the slave 

laser through a circulator and the injection parameters were 

adjusted to cause four wave mixing in the slave laser. Then 

the signal after injection was divided into two channels by a 

coupler. One channel was linked directly into an optical 

spectrum analyzer for observation of the optical spectrum of 

the signal. The other channel was first linked to a 

photodetector and then the generated microwave signal was 

linked to the spectrum analyzer. 
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Figure 5.  The optical spectrum of the four wave mixing signal. 

 
Figure 6.  The optical spectrum of the four wave mixing signal. 

We observe the optical spectrum as we adjust the 
wavelength of the master laser. When there are two principle 
modes and sidebands aside each of them, the slave laser is 
under the state of four wave mixing. At this time, the 
wavelength of the tunable laser was about 1548.19nm, which 
equals that of the tunable laser in our injection locking 
experiment. The output power of the tunable laser was 2dBm, 
and the power of the slave laser was about 3.63dBm. As 
shown in Figure 5. , the two principle modes are at the 
wavelength of the free running slave laser and the master 
laser. The first order sidebands aside are about 20dB weaker 
than the principles modes. And if without considering the 
correlation of the phases, we expect that the frequency of 
microwave signal generated by the photodetector equals to 
the difference of frequencies of the two principle modes. 
However, as we can see in Figure 6. , the spectrum was not a 
single frequency. And it is mainly because that the phases of 
the two principles are not related. 

IV. CONCLUSION 

When we optically inject the output of master laser into 
the slave laser, different injection conditions will cause 
different effects in the slave laser. In our experiments, we 
keep the difference between frequencies of the two lasers 
constant and adjust the injection ratio for compare. Under the 
state of injection locking, the spectrum of the microwave 
signal generated by beating is pure. And without increment 
of noise, the signal to noise ratio is increased about 17dB. 
But under the state of four wave mixing, the spectrum of the 
microwave signal is not a single frequency because the 
phases of the two principle modes are not correlated. And we 
can say that using injection locking with frequency comb can 
easily maintain the correlation between the phases of 
different modes, and increase the signal to noise ratio 
without increment of the relative low noise. 
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