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Single-sideband modulated radio-over-fiber system based

on phase-shifted superstructure fiber Bragg grating
Zhang Chan, Ning Tigang, Li Jing, Li Chao, Zheng Jingjing, Ma Shaoshuo

(Key Lab of All Optical Network & Advanced Telecommunication Network of EMC, Institute of Lightwave Technology,
Beijing Jiaotong University, Beijing 100044, China)

Abstract: A prototype for the typical optical single-sideband(SSB) modulated radio-over-fiber (ROF) system
was presented by employing a phase-shifted superstructure Bragg grating. The grating has different
transmission characteristics with different oblique angle. So, the different transmission peak could be obtained
with different phase shift inserted into different positions. Then it was used in SSB modulation scheme as a
filter. In the scheme, the lower sideband experiences higher attenuation due to the negative slope in
reflectivity spectrum. Thus the conversion from dual-sideband(DSB) to single sideband with carrier(SSB+C)
can be easily achieved by using only one phase-shifted superstructure fiber Bragg grating. Also, the optical
carrier-to-sideband ratio(OCSR) can be optimized by using grating with different oblique angle. In this paper,
the OCSR could be optimized from 33.02dB to 1.31 dB and a 60 GHz millimeter-wave was detected after
photodiode. What's more, a min BER of 1.966e—44 with 30—km fiber length was implemented which means
that only using one phase-shifted superstructure FBG can improve the link performance greatly.
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0 Introduction

Radio over fiber (RoF) is a promising technology

to realize the high-speed wireless or mobile
communication systems ™. In a RoF link, the mm-
wave and microwave signals at the carrier frequency
are delivered over a central station (CS) and several
base stations(BSs). According to recent researches, mm—
wave carrier generation methods include: (1) intensity
modulation direct detection (IMDD)™, (2) remote
heterodyne detection®™, and (3) harmonic upconversion
techniques ®. IMDD is one of the simplest and
cheapest approaches. However, due to the chromatic
dispersion in fiber links, the converted RF signals will
experience periodic dispersion-induced power fading
corresponding to fiber length, which makes long-
distance fiber transmission unpredictable. To solve this
problem, the optical carrier suppression (OCS) and
optical single-sideband with carrier(OSSB+C) schemes
have been proposed "I, In Ref.[7], fiber grating was
first proposed to improve link performance. A narrow-
band FBG was proposed to suppress optical carrier
and improve receiver sensitivity. However, it suffers
from poor OCSR tunability. In Ref. [8], an SBS —
assisted filter based on PS —-FBG was proposed to
improve dynamic range, however, it suffers from
complicated structures and the OCSR cannot reach 0dB.

In this work, we analyze and demonstrate an
OSSB +C modulation RoF system using a phase-
shifted superstructure FBG as a filter. This grating has
wavelength selectivity of high quality, low insertion
loss, and stable spectral characteristics. In our
experiment, 7 identical phases are inserted into a 16—
mm-—long grating evenly. Then the grating is used in
the RoF system. Only using one phase-shifted
superstructure FBG can generate the OSSB+C signal

and improve the link performance greatly.

1 Principle and discussion

The transmission spectrum of the phase-shifted

superstructure FBG is shown in Fig.1. As can be
seen, there are two transmission high peaks at the
wavelengths of 1547.8 and 1548.2 nm. The first peak
is with a transmission depth of 31.92 dB and the
second peak is with a transmission depth of 74.41 dB.
The spectra from 1 547.1 to 1 547.34 nm can be
considered as flat. In this paper, we demonstrate a 16—
mm—long grating with seven identical phases inserted
in 1/8, 1/4, 3/8, 1/2, 5/8, 3/4, 7/8 of the grating.
The main parameters are as follows: KL=16.0 mm, T=
533 nm, Ng=1.460, ¢=0.25p, m=0.000 8.
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Fig.1 Spectra of phase-shifted superstructure FBG

Figure 2 shows the diagram of the RoF system
by employing phase-shifted superstructure FBG. In the

experiment, two peaks with 0.48 —nm wavelength
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oscillator Mixer PRBS data

Phase-shifted
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Fig.2 Schematic setup of the OSSB+C RoF system

deviation are realized. Then, the grating is used in the
single-sideband RoF system. The optical field at the
output of MZM can be expressed as

E .=Ecos(wy)cos[mcos(wyt)] @8]
where E, and w, denote the magnitude and angular
frequency of optical electric field, m=mV,/V, represents
the modulation index of MZM, V,, V.. denote modulation
voltage and half wave switching voltage of the MZM.
Then expand Eq.(1) with the Bessel functions. Eq.(1)

becomes
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En(D=Eexp(at)[J(m)+2 X, (=1)"Jp,(m)x

n=1
cos(2n(w,t))] (2)
For example, m equals to 1, the optical field at

the output of the MZM can be simplified as

Eopsp(1)==EoJo(m)exp(jant+j2w,#)+Eoo(m)exp(jwt)—

EoJy(m)exp(jwt—j2w,t) (3)
The simulated spectrum of DSB is shown in Fig.3.
The OCSR of signal can be calculated from the figure as

> Ju(m)

OCSR=20log)

z Jy(m)

33.02dB (4)

Power/dBm
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Fig.3 Simulated optical spectrum of ODSB

Then the optical field is transmitted by the
phase-shifted superstructure FBG. Making sure that the
peak with a 31.92 dB transmission depth is adjusted to
the optical carrier and the peak with a 74.41 dB
transmission depth is adjusted to lower sideband. The
output signal can be regarded as OSSB+C modulation
signal, the output signal from phase-shifted
superstructure FBG can be concluded as
Eossp(1)=[~aEoJ5(m)exp(joi+j2w,i)+asEno(m)
exp(jad)-aEl(mexp(jai-i2o)]  (5)
Where a,, a, and a; denote the attenuation factor

respectively. The OCSR is calculated as

D Jum)

OCSR’=20log,, 1.31dB (6)

D J(m)

The resulting spectrum can be seen in Fig.4.

After being amplified by an erbium-doped optical

fiber amplifier(EDFA), the OSSB+C signal is intensity
modulated with 0.5Gb/s pseudorandom binary sequence
(PRBS) data and then transmitted through dispersive
single-mode fiber. The transfer function of SMF can

be concluded as

)
H(f)=exp —ij(M)L@ (7)
where D (A,) denotes the dispersion coefficient, A,
represents operating wavelength, v and w, denote the
frequency of sideband and carrier. The Fourier
transform of Eq.(5) is multiplied by Eq.(7), the result
can be expressed as

F[Eosss’ (D) ]=[—aEo)o(m) 6 w— o—2w,)+

a>EoJo(m) 6 w—wp)—asEy](m) 8 w— w2 w,)] -
2
exp| —-imD(L A=) ®)
Then Fourier inverse transform of Eq.(8) is done,

the output signal is OSSB +C modulation signal in

optical field, which can be concluded as

Eosss' (1) =[~aEoJs(m)exp(jod+i2w~iD(M) NLo, /7i¢)+
aEnlo(m)exp(jot)—azEy]>(m)
exp(jai—j2w,i~D(V) NLo, /mc)] 9)
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Fig.4 Simulated optical spectrum of OSSB
Figure 5 shows the spectrum of 60 GHz signal,
the power of the signal can be calculated as
o4 2 2 2 2 2 2 2
P,.=2R’E J,(m)J,(m){a, a,+a,a,+2a\a, a
cos[2D(A) KLa, /mc]} (10)

If we don’t use a phase-shifted superstructure

FBG, the power of the 60 GHz signal is

P! =2R%E, J. (m)J. (m){ 2+2c08[2D(A) XL, /mc] } (1)
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Fig.5 Spectrum of 60 GHz signal

The mm —wave signal power due to the fiber
length is shown in Fig.6. When the L increases from
0 to 20 km,

fluctuates in periodism because of the fiber dispersion.

the millimeter-wave signal power
Thus the fluctuation of the signal power can be
significantly improved. As shown in Fig.7, when the
fiber length is 20 km, the scheme with phase-shifted
superstructure FBG is with higher receiving sensitivity
of —5.2 dBm at BER of 107, and the scheme with
uniform FBG is with a lower receiving sensitivity
of 1 dBm at BER of 107 the receiving sensitivity

increases 6.2 dB.
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Fig.6 Millimeter-wave signal power due to fiber length
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2 Conclusion

In conclusion, we proposed an OSSB +C signal
generation for a RoF system. We only employ a
phase-shifted superstructure FBG as a filter to realize
OSSB +C  generation and CSR  optimization
simultaneously. Hence, the receiving sensitivity and
the optical link performance can be consequently
improved, which has been proved by a simulation.
Finally, a 60 GHz millimeter-wave electrical signal is

detected after the process of the photodiode.
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