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Frequency multiplication of microwave photonic signal based on
biased Mach-Zehnder modulator

Long Jie, Li Zhengyong, Ye Zhuxiong, Yang Chengwu, Li Xiaomeng, Liu Jia, Wu Chongging

(Key Laboratory of Luminescence and Optical Information of Ministry of Education,

Beijing Jiaotong University, Beijing 100044, China)

Abstract: High -speed photonic signal source is absolute necessity for modern optical communications,
which attracts more and more attention at present. By using a biased Mach-Zehnder modulator (MZM), a
simple scheme based on frequency multiplication was presented and experimentally investigated for
generation of high-speed microwave photonic signal. The phase difference of two beams in the MZM
was adjusted by a DC bias applied on the MZM, which caused pulse splitting and frequency
multiplication. In the experiment, a 5-GHz RF signal source successfully generated double -frequency
microwave optical signal (10-GHz) with great quality. It was also observed that different biased voltage
would produce different pulse train, while the optimal bias was required for high —-quality frequency
multiplication. This scheme is available to generate high-frequency optical pulses over 40 GHz, which is
promising to be widely used in microwave photonic communication.
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0 Introduction

As the rapid development of optical communications,
high -speed photonic signal sources become more and
more attractive. At present, generation of microwave pho-
tonic signals have been intensively investigated for various
applications, such as broad -band wireless access net-
works, phase-array antennas, optical sensors, and radars* -1,
Many schemes, for example, optical heterodyne detection
with optical interleaving®*, optical external modulation*-*
and dual -wavelength single longitudinal mode fiber ring
laser - have been reported to generate high-speed pho-
tonic signals. Among them, the external modulation tech-
nique, which employs highly integrated Mach - Zehn-
der modulator (MZM), is simpler and more stable. In
this paper, a new scheme based on frequency multiplica-
tion in a biased MZM, has been presented and experimen-
tally investigated for generation of high-speed microwave
photonic signal. By experiment, 5 -GHz RF signal has
successfully generated 10 -GHz optical signal with great
quality. And the optimal bias is obtained for high -quality
frequency multiplication.

1 Theoretical analysis and experimental
demonstration

Figure 1 shows the diagram of optical pulse frequen-
cy multiplication system. The biased MZM is the key de-
vice, which is driven by a RF signal and controlled by a
DC bias voltage. The filter is used to reduce the noise.
While the photodetector (PD) is utilized to convert optical

signal to electrical signal.
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Fig.1 Conceptual diagram of optical pulse frequency multiplication

system
For simple expression, the input optical field is given

by
Ein(t)=E, cos(w,t) (1)

where E, and w, are the electric field amplitude and angu-
lar frequency of the input optical carrier respectively.

And the RF signal is denoted by

V(t)=V, cos(w,t) (2)

where V. and w, are the amplitude and angular frequency
of the RF signal.

After the MZM, the output optical field can be writ-
ten as

Vo (1)=E; cos( %ﬂ ] - cos(w, ) 3)

in which, V(t) is the drive voltage of the RF signal, and
the phase difference A¢ (V) is produced by the RF signal
and tunable DC-bias which is given by

AG(V)=u+ TV, cos(w.) 4)

where ¢, is a phase shift caused by DC -bias, V, is the
half -wave voltage of the MZM, here the constant phase
shift between two arms of MZM is considered to be zero
for simple expression.

After the square - law detector (PD), the photocurrent
related to the optical intensity can be expressed as

i(D)=R- [Eq(t)]? (5)

where R is the response of the PD.

According to Eq. (3) -(5), it is clear that the output

optical intensity is governed by ¢, as well as 8= VE , Which

can be optimized to maximize the frequency doubling per-
formance.

Assume the frequency of RF signal is 5 GHz, while 8
is a determinate value for a certain MZM, thus A$[V(t)] is
only dependent on the DC -bias voltage. In our proposed
method, the DC bias is tuned to satisfy ¢,=(2n+1)mw, (n=
0,1,2,---). Given V=2V, based on Eq. (3)-(5), we com-
pute the output optical intensity for different ¢,. Figure 2
partly shows the results.

In Fig. 2, the DC bias of the MZM is tuned to satisfy
bo=2r, 2.57, 3w, where Fig. 2 (a) shows the intensity of
the input RF signal at 5 GHz. Fig.2 (b) -(d) are the
intensities of output optical signal for ¢, =2, 2.5w, 3,
respectively, and Fig.2 (e)-(h) show the corresponding
frequency spectrum. By comparing the results, we can
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Fig.2 Biased MZM based frequency multiplication for different phase

shift

find that doubling frequency of 10 GHz will be achieved

well when DC bias keeps ¢po=31.

Furthermore, by using the setup illustrated in Fig.1,

_Wﬂ*wﬂmw

(b) Corresponding frequency
spectrum (48.5GHz/div)

(a) Waveforms(200 ps/div)

Fig.3 Experimental results of frequency multiplication for 5 GHz optical

signal to 10 GHz

The MZM used in our experiment is a modulator
with 3 dB bandwidth of 15 GHz. From Fig.3 we can ob-
tain that the optimal DC bias voltage is 5.58 V at which we
get high-quality 10 GHz optical signal.

3 Conclusion

In summary, we have proposed and demonstrated the
frequency multiplication scheme by using a biased MZM,
and successfully generate high -speed optical signal. By
finely adjust the bias voltage applied on the MZM, we ex-
perimentally get 10 GHz microwave optical signal with
high performance from a low -speed 5 GHz RF signal
source. The optimal bias voltage is 5.58 V for the MZM to
achieve high -quality frequency multiplication. In addi-
tion, by upgrading the MZM, our scheme can generate
high-frequency optical signals over 40 GHz.
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