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An improved radio-over-fiber communication system
based on optical carrier suppression
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An improved radio-over-fiber (ROF) system based on optical carrier suppression modulation (OCS) is presented. In this ROF
system, through adopting frequency down-conversion of the down-sideband, a millimeter (mm) wave emitted signal, whose
frequency is higher than twice of the radio frequency (RF) which is used to drive the dual-arm LiNbO3; Mach-Zehnder intensity
modulator (DLN-MZI) in OCS, can be obtained at the base station. Meantime, self-mixing technique has been used to realize
frequency down-conversion of the up-stream link, and then the base station can be further simplified due to that the local
oscillation (LO) is not necessary. For 2.5 Gh/s down-link data stream, the transmission characteristics of this system have
been investigated. The results show that the effect of the fiber chromatic is not serious, after transmission over 140 Km

single-mode fiber, the eye diagram is still open and the power penalty is about 0.86 dBm.
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1. Introduction

The radio-over-fiber (ROF) is a promising technique
for providing wireless broadband services [1-10]. As one of
the key techniques in the ROF system, the generation of the
optical millimeter (mm) wave has attracted many interests
in recent years, and many schemes have been proposed to
generate optical mm-wave. Among these schemes, optical
external modulation has been proven to be a simple and
effective approach. Through adopting different optical
external modulation methods such as double sideband
(DSB), single sideband (SSB) and optical carrier
suppression (OCS) [1-2], different format mm-waves can
be obtained.

In the ROF system, the baseband signal can be loaded
into the system by the subcarrier modulation technique. In
this way, the baseband signal is modulated onto one (or
both) of the central optical carrier and two sidebands [6].
The reported results showed that the transmission
performance can be improved if the baseband signal is only

modulated onto one of the two sidebands based on OCS [4].

This method helps to avoid both the periodical fading of
optical mm-wave power and the code distortion caused by
the chromatic dispersion.

In this paper, we propose an improved ROF system
based on OCS. Through adopting frequency
down-conversion and the self-mixing technique, the
required RF driving frequency for generating a fixed
frequency optical mm-wave can be decreased and the base
station can also be simplified. For 2.5 Gb/s down-link
baseband signal, after transmission over 140Km
single-mode fiber, the eye diagram is not deteriorated
obviously and the power penalty is about 0.86 dBm.

2. Systematical setup and theory

Fig. 1 is the schematic of the improved ROF system. In
central office, a dual-arm LiNbO3; Mach-Zehnder intensity
modulator (DLN-MzI) is used to modulate a
continuous-wave (CW) light wave generated by a
distributed feedback laser diode (DFB-LD). The optical
mm-wave output from DLN-MZI mainly consists of two
first-order sidebands (named upper and lower sideband)
due to optical carrier suppression (OCS) technique, and the
upper sideband and lower sideband are separated by an
optical interleaver (IL). The upper sideband is modulated
by the down-link digital data stream, while the lower
sideband is frequency-down-converted by an optical
frequency converter. The upper sideband with carrying
signal, together with the frequency down-converted lower
sideband, inject into single-mode fiber by an optical
coupler (OC). At the base station, optical mm-wave is
divided into two parts, where one part is used to generate
electrical mm-wave by a photodetector (PD) and the other
part is used as the optical carrier of the up-link stream
through filtering the upper-sideband. The electrical
mm-wave is broadcast by an antenna. The received up-link
data from the antenna are down-converted through
self-mixing technique to obtain baseband up-link data,
which is used to drive an intensity modulator (IM) to
generate an optical up-link data before it is transmitted to
the central office via the fiber.
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Central office

Base station

Fig. 1. Schematic of the improved ROF system based on OCS. DLN-MZI: Dual-arm LiNbO3; Mach-Zehnder intensity
modulator; IL: Optical interleaver; IM: Intensity modulator; FDC: Frequency-down convertor; OC: Optical coupler;
SMF: Single-mode fiber; OF: Optical filter.

For optical wireless communication system, the
influences of fiber chromatic on the optical mm-wave in
the down-link must be considered. The amplitude of
modulated optical signal output from DLN-MZI can be
expressed as:

E(t) = Afa , cos(w, —®,)t +a,cosat+a, cos(aw, + o, )t] (1)
where A; and o, are the amplitude and frequency of the
input CW light wave, respectively, a; and a.; are the
relative amplitude of optical carrier and two first-order
sidebands generated by modulation, respectively, o, is the
frequency of the radio frequency (RF) driving signal. In the
right side of Eq. (1), the term including a, can be ignored
due to OCS modulation technique.

After the upper sideband is modulated by the baseband
signal and the lower sideband is
frequency-down-converted, the optical field coupling into
the single-mode fiber is:

E(t) ~ A[a cos(e, -, —a,)t+ At)a,, cos(a, + w,)t] (2)

where @, is the down-converted frequency of the lower
sideband, and A(t) is the down-link data stream.
After neglecting the loss and the nonlinearity of the fiber,
the amplitude of optical field at distance z can be described
b
’ E,(z,t) =a,A cos[(w, — @, o)t - B(o, -, —,)7]
Blo,+oy,)
(4 wm
= A, cos[(a, — @, —a,)t— (o, — o, — @) 2]
+ A, cos[(a, + o)t - B(o, +@,)z]

+a,AAlL- z)cos[(a, + @, )t - (o, + ®,,)Z]

@)

where fS(w) is the transmission constant. Here, we define
A =anAAt-Alocton)(octon)z) and Aj=ajA . for
simplification. Then photocurrent detected by PD can be

mathematically expressed as
1,(t) = u|E, (2,0 “)

where 1 characterizes the converted efficiency of O/E, and
the optical component is neglected due to that the PD can
not response the optical frequency. The Taylor’s expansion

of f(w) is
Plo o) =p@)tof @)+ 5o @)L O
and the photocurrent becomes
1)~ (AL + A2+ A 050, + o)t B (021 ©)

Thus, the electrical mm-wave signal with frequency
2wm+mo can be obtained at the base station when a radio
frequency signal with w, is used to drive DLN-MZI in the
central office.

In traditional ROF systems, in order to realize the
frequency down-conversion of the high-frequency
mm-wave received from the antenna, a local oscillator (LO)
is usually necessary at the base station. In this improved
system, the LO is not needed by adopting self-mixing
technique. Assumed that the high-frequency signal
received from the antenna is s(t)=A(t)cos(wnt), the signal
after self-mixing can be expressed as:

S'(t) = s(t)- s(t) = A2(t) cos® @, t = % A ()1 cos(2w t)]  (7)

For the digital data stream, the value of A(t) is 0 or 1,
and then the signal after self-mixing can be expressed as:
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S(t) = % A(t)[1-cos(2w,1)] )

After passing through a low pass filter, the baseband
up-link signal can be obtained.

3. Results and discussion
During the simulations, we use the optical

communication simulation software optisystem3.0 and
matlab7.5.
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Fig. 2. Optical spectrum output from DLN-MZI.
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Fig. 3. Optical spectrum after optical coupler.

A distributed-feedback (DFB) laser is used to generate
a CW with 193.1THz central frequency and 1mw power.
The CW light wave is OCS modulated by a dual-arm

LN-MZI driven by two complementary 20 GHz RF signals.

Fig. 2 is the spectrum of the obtained optical mm-wave.
The frequency difference between the two sidebands is 40
GHz and the carrier suppression ratio is more than 20 dB.
After passing an optical interleaver, the two sidebands are
separated. The upper sideband is modulated with 2.5 Gb/s
down-link baseband data, while the lower sideband is 20
GHz frequency-down-converted. The modulated upper
sideband and down-converted lower sideband are
simultaneously injected into single-mode fiber through an
optical coupler, and the optical spectrum after the optical
coupler is given in Fig. 3. As shown in this diagram, the
two sidebands have a 60 GHz frequency difference, and the

upper sideband carries the data signal but the lower
sideband does not. At the base station, the optical
mm-wave is divided into two parts. One part is converted
into 60 GHz electrical mm-wave by a PD and the other
passes through an optical filter to extract the lower
sideband which is used as optical carrier for the up-link
data.
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Fig. 4. Eye diagrams of baseband signal after transmission
over different length fiber.

Fig. 4 is the eye diagrams of the baseband signal after
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transmission over different length single-mode fiber. It
should be pointed out that self-mixing technique has been
used during signal demodulated process. From this
diagram, one can see that the signal transmission quality
deteriorates slowly with the increase of the transmission
distance. The eye diagram is still open even for
transmission over 140 km single-mode fiber, but fully
closes when the transmission distance reaches 200 km.

The BER diagram of downlink
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Fig. 5. Dependence of BER on the received power for
back-to-back (B-T-B), 50 km and 140 km transmission
distances, respectively.

Finally, we examine the dependence of the bit error
rate (BER) on the received power. Fig. 5 is the simulated
results for back-to-back (B-T-B), 50 km and 140 km
transmission distances, respectively. For 10° BER, the
optical power penalty is 0.35 dBm after transmission over
50 km and is about 0.86 dBm after transmission over
140 km.

5. Conclusions

In conclusion, we propose an improved ROF system
based on OCS. Based on this ROF system, mm-wave with
60 GHz has been obtained by adopting the frequency
down-conversion ~ when the dual-arm  LiNbO;
Mach-Zehnder intensity modulator is driven by 20 GHz RF
signal. The base station is simplified because the local
oscillation can be discarded by introducing self-mixing
technique. Furthermore, the transmission performance of
this improved system has been investigated, and the results
show that for 2.5 Gb/s baseband data stream, the clean eye
diagram can be obtained after transmission over 140 Km
single-mode fiber. Additionally, the BER performance is
evaluated. The power penalty after transmission over 50
km is 0.35 dBm, and power penalty after transmission over
140 km is 0.86 dBm.

Acknowledgements

This work was supported by the Open Fund of the
State Key Laboratory of Millimeter Waves, and the Natural
Science Foundation Project of Chongging City (CQ CSTC)
of China.

References

[1] z. Jia, J. Yu, Gee-Kung Chang, J. Lightwave Techol.
25, 3458 (2007).

[2] G. K. Chang, J. Yu, Z. Jia, “Architectures and
Enabling Technologies for Super-Broadband
Radio-over-Fiber Optical-Wireless Access
Networks,” IEEE International Topical Meeting on
Microwave Photonics, pp 24-28 (2007).

[3]J. Ma, C. Yu, Z. Zhou, J. Yu, Opt. Commun. 268, 51
(2006).

[4] L. Chen, Y. Shao, X. Lei, H. Wen, S.Wen, IEEE
Photon. Technol. Lett. 19, 387 (2007).

[5] Z. Jia, J. Yu, G. K. Chang, IEEE. Photon. Technol.
Lett. 18, 1726 (2006).

[6] Z. J. Fang, Q. Ye, F. Liu, R. H. Qu, Chinese J. Lasers
33, 482 (2006).

[7]J. Ma, J. Yu, X. Xin, C. Yu, L. Rao, Opt. Fiber
Technol. 15, 125 (2009).

[8] J. Yu, Z. Jia, L. Yi, Y. Su, G. K. Chang, T. Wang,
IEEE. Photon. Technol. Lett. 18, 265 (2006).

[9] G. H. Smith, D. Novak, Z. Ahmed, Electron. Lett. 33,
74 (1997).

[10] A. Kaszubowska, L. Hu, L. P. Barry, IEEE. Photon.
Technol. Lett. 18, 562 (2006).

“Corresponding author: ggxia@swu.edu.cn



