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Numerical Analysis of All-Optical Microwave
Mixing and Bandpass Filtering in an RoF Link
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Abstract— 1n this paper, all-optical signal processors that perform
both microwave mixing and bandpass filtering in a radio-over-fiber
(RoF) link are presented. The key device is a Mach-Zehnder
modulator (MZM) which performs all-optical microwave mixing. An
up-converted microwave signal is obtained and other unwanted
frequency components are suppressed at the end of the fiber span.
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[. INTRODUCTION

ROF technologies are of great interest for many potential
applications such as broad-band wireless access networks,
sensor networks, radar and satellite communication systems.
The key function of an RoF network is to distribute microwave
and millimeter wave signals over optical fiber to take the
advantages of the low loss, low dispersion, and large band
width of optical fiber links. It is also highly desired that the
distributed signals can be processed directly in the fiber link
without optical to electrical (O/E) and electrical to optical
(E/O) conversions. All-optical microwave mixing and filtering
are proposed by many authors [1-6].

In this paper, an approach to perform both all-optical
microwave mixing and bandpass filtering in an RoF link using
a MZM is presented. The mixed signals at the output of the
MZM are fed to the single mode fiber (SMF) link, which acts
as a dispersive device for bandpass filtering, and distributes
the mixed signal to a remote site. The combination of the
MZM, of an array of tunable lasers, and of the SMF link forms
an all-optical microwave bandpass filter, which can be
designed to have a passband located at the up-or down-
converted microwave frequency. Section II presents the
configuration principle of the MZM that realize an all-optical
mixing system in an RoF link without extra optical to electrical
conversion. Section III presents the numerical results and an
extension to achieve a bandpass filter operation. In this
Section, a bandpass filter based on all-optical filtering using a
SMF is demonstrated. A brief conclusion is given in Section
Iv.
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II. SYSTEM PRINCIPLE

The schematic of the proposed signal processor with MZM
is shown in Fig.1.
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Fig.1 Schematic of the proposed system with MZM. LD: Laser
diode, PD: Photodetector, SA: Spectrum analyzer

The mixed optical signals after the MZM are applied to the
SMF link serving as a dispersive device as well as a
transmission medium. By applying the optical signal to a PD,
an electrical signal with different frequencies can be generated.
The generated electrical signal V,,, can be expressed as
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where @, =( m.Vpc)/ Vs, and V, is the half-wave voltage of
the MZM. J,, is the Bessel function of the first kind of order 7.

The generated signal distribution is affected by ¢, , which
is determined by the dc bias Vpc.
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III. NUMERICAL RESULTS

Fig.2 shows the spectra of the generated electrical signals
with @, =n/2.
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Fig.2. The generated electrical signal with ¢, =7 /2

In Fig.2, it is shown that a series of microwave signals are
obtained. Corresponding to Fig.2 if the direct current bias

adjust to have ¢, =n/2, the up-converted frequency suppress.
Therefore, this configuration can not be used with @, =7/2 in

practical situations for up-conversion.
The spectra of the generated electrical signals at the output

of the mixer with ¢, =z, 2x is shown in Fig. 3.
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Fig.3. The generated electrical signal with ¢, = 7,27

Fig.3 shows that the generated signal frequencies are located
at 5.6, 6.2, 9.6, 11.8 and 12.4 GHz which are the local and
radio frequency and sum and subtract of them. It is clear that
the up-converted component at 11.8 GHz is also obtained.
Therefore, we should adjust the direct current bias to have

@, =m or @, =2r for up-conversion. In Fig.3, it is shown that

a series of unwanted microwave signals which correspond to
the different frequency components of the mixing are also
observed. Therefore, a bandpass filter with narrow passband
and high mainlobe-to-sidelobe ratio must be used to suppress
the unwanted frequency components. Because the generated
frequencies are very close together, the filter must be design
with very narrow bandwidth.

If the passband peak of the microwave bandpass filter is
located at the frequency of the up-converted component, the
system can perform simultaneously all-optical microwave
mixing and bandpass filtering. The passband of the transfer
function of the filter which uses one laser is very wide and the
up-converted signal can not be filtered. To achieve microwave
filtering with very narrow bandwidth, the number of taps must
be large. Many taps can be obtained using an array of LDs as
the light source and sweeping the modulating frequency. The
frequency response of the signal processor is shown in Fig.4.
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Fig.4 Transfer function of the filter with different LDs

It can be seen that a bandpass filter with narrow passband
and high mainlobe-to-sidelobe ratio is obtained to suppress the
unwanted frequency components. The RF frequency at the
peak of the passband is of 11.8 GHz and is determined by the
wavelength spacing of the LDs which is 0.2 nm and the
accumulated dispersion of the 30 km SMF link. Fig.5 shows
the spectra of the generated electrical signals over 30 km
length of the SMF with D=17 ps/(nm.km).
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Fig.5. Power spectrum at the output of the PD

In Fig.5, it is shown that only the up-converted signal is
obtained while other frequency components are efficiently
suppressed.

IV. CONCLUSION

In this paper, an all-optical signal processing that performed
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all-optical microwave mixing and bandpass filtering in an RoF
link was presented. The all-optical microwave mixer device in
signal processing was a MZM. A length of SMF can be used in
the system as a dispersive device. Therefore, the up-converted
microwave signal was generated at the end of the SMF.
Numerical results show that the only up-converted signal was
obtained at the remote site with a high rejection of other
unwanted components.
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