
Performance Evaluation of Radio-over-Fibre
Systems Using Mach-Zehnder Modulator

A. Bahrami1, Student member, IEEE, T. Kanesan1, Student member, IEEE, W. P. Ng1, Senior member, IEEE,

Z. Ghassemlooy1, Senior member, IEEE, C. Qiao2, Senior member, IEEE

1 Optical Communications Research Group, NCRLab, Northumbria University, Newcastle upon Tyne, UK, 2 University at Buffalo The State University

of New York, USA

Abstract: This paper investigates the bit error rate (BER) performance of a radio-over-
fibre (RoF) system utilizing the binary phase shift keying (BPSK) and quadrature phase
shift keying (QPSK) at a radio frequency (RF) of 5 GHz. The RF signal is externally
modulated using the Mach-Zehnder modulator (MZM). The effects of noise sources and
channels for the RoF link at distances of 30, 60, 90, 120 and 200 km are investigated. We
shown that the RoF system offers lower BER performance compared to the RF wireless
communication system employing the same modulation schemes.

1. Introduction

RoF refers to a technique where light is modulated by a radio signal and transmitted over an optical
fibre link to facilitate wireless access. RoF system has been designed to improve the performance of a
radio system by providing higher bandwidth for mobile communications. RoF systems have several
advantages including lower attenuation compared to the coaxial cable [1], higher bandwidth [2],
immunity to the RF interference, and durability [3].

In this paper the BER performance of a RoF system at a carrier frequency of 5 GHz employing BPSK
and QPSK modulation schemes and the external Mach-Zehnder modulator (MZM) [4] over the
distances of 30, 60, 90,120 and 200 km have been modelled to investigate the effect of noise,
attenuation and the chromatic dispersion. The results have been compared to a RF wireless
communication system with the Rayleigh fading channel and the additive white Gaussian noise
(AWGN).

2. RoF System

Figure 1 illustrates the block diagram of the RoF system investigated in this paper. It consists of a
central office (CO) connected to a base station (BS) via a single mode fibre (SMF). At the CO the
modulating electrical signal, xRF(t) (1) is split into its in-phase and quadrature-phase components, xi(t)
and xq(t), respectively via a 3 dB splitter.
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where VRF is the electrical signal amplitude in volts, ωRF(t) is the electrical carrier frequency defined as
2πfRF, and θ(t) is the signal phase in radians. The output of MZM which is denoted as yR(t) as shown in
(2) [4]:
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where VLD is the laser source voltage in mV, LM is the insertion loss of MZM, ωc(t) is the optical carrier
frequency, γ=Vdc/√2×Vπ, is defined as the normalized direct current (dc) voltage, Vdc and Vπ is the
threshold voltage and switching voltage for MZM in volts respectively. In order to obtain an
optical single sideband (OSSB) signal from the MZM output, the value of γ should be 0.5. Φin(t) is
the phase difference of optical carrier within MZM in radian.
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Figure 1: RoF system block diagram using MZM.

The received signal is amplified using an erbium doped fibre amplifier (EDFA) preamplifier prior to
being converted back into electrical format using a photodetector (PD).

The photocurrent generated at PD is given by [4]:
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where R is the responsivity [5] and nth(t) is the total noise current due to the thermal noise, shot noise,
signal-to-spontaneous beat noise, and spontaneous-to-spontaneous beat noise [6].

All system noise sources have been represented with Gaussian probability density functions as the
stochastic process of the noise [7],[8] .Thermal noise and shot noise could affect the performance of
communication systems significantly. In this paper, thermal noise, shot noise, signal-to-spontaneous
beat noise and spontaneous-to-spontaneous beat noise are taken into account [9].

3. RF Wireless Communication Channel

Higher data rate transmission in wireless communication systems is limited by multipath fading [10].
Increasing the quality of the system or reducing the BER in a multipath fading channel is extremely
complex in mobile communication systems [11]. In the presence of the AWGN channel, using typical
modulation schemes and coding, the BER performance can be improved (i.e. from 10-2 to 10-3) by
increasing the signal-to-noise ratio (SNR) (i.e. 1 or 2 dB). However in fading environment the same
improvement may require additional 10 dB of SNR [11]. The Rayleigh channel represents the fading
effect when there is no line-of-side (LOS) between the CO and BS [10]. In this paper the propagation
loss has been modelled with the free space propagation loss model (FSPL) between the CO and BS
[10].

4. Results and Discussions.

Table 1: Parameter definition

Parameter Symbol Value Unit Parameter Symbol Value Unit
Electrical signal am-

plitude
VRF 1 V

Normalized direct cur-
rent

γ 0.5

Electrical carrier
frequency

fRF 5 GHz Threshold voltage Vdc 1.7677 V

Signal phase θ(t) 0 rad Switching voltage Vπ 2.5 V

Laser source voltage VLD 3.2 mV
Phase difference of

optical carrier
Φin 0 rad

Insertion loss LM 6 dB Responsivity R 0.9 A/W
Optical carrier fre-

quency
ωc 193 THz

Base stationCentral Office

EDFA

Electrical Signal
Optical Signal

xq (t)
π/2

Laser
source

Demodulator

Local
Oscillator

BER
Calculation

Photo
Detector, R

yR(t)

xRF (t)

MZM
Modulator

xi (t)
VLD (t)

3 dB splitter
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Figure 2: BER performance against the SNR for RoF system for a range of link range over the Rayleigh
channel (a) BPSK and (b) QPSK

As it has been illustrated in figure 2, the BER performance degraded from 10-3 to 10-1 when the
distance increases from 30 to 200 km. As shown in the figure, the simulated BER performance for all
link range values are higher than the predicted curve due to the multipath fading effect occurs in
wireless communication systems and depicted as Rayleigh fading effect. In wireless communication
systems for uncoded data the required BER is 10-5 [12]. In order to achieve the BER of 10-5, the
minimum SNR value is 15 dB and for 200 km it increases to 34 dB.

(a) (b)

Figure 3: BER performance against the SNR for RoF system for a range of link over fibre for
(a) BPSK and (b) QPSK

In figure 3, the BER plot is almost the same for all link range values for BPSK and QPSK. The two
simulated curves plotted in figure 3 are above the theoretical curve due to the noise effects which have
been taken into the consideration. Although the noise in the system degrades the performance of the
RoF link, the degradation level is far less than the degradation of RF wireless communication systems.

For the RoF system, the SNR required to achieve the BER of 10-5 at a distance of 200 km is 10.9 dB.
The SNR penalty for the RF wireless communication system to achieve the same BER of 10-5 is 25 dB
compared 1.9 dB for the RoF system.
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5. Conclusions

In this paper the performance of RoF system using BPSK and QPSK modulation schemes have been
evaluated in terms of the BER and are compared to the RF wireless communication systems. We have
shown that the effect of the fading channel in the RF wireless communication system is more severe
compared to degradation of optical fibre in the RoF system. In the RoF system the SNR penalty is less
than 2 dB for BER of 10-5 for both modulation schemes. By comparing the results of BER values in
RF wireless communication system with RoF communication system using theoretical curve as the
reference point, RoF has far less degradation in BER values by 10-3 in average. In order for RF
wireless communication systems to achieve the BER value of 10-5, the SNR penalty is 25 dB for the
distance of 200 km. Therefore, RoF communication systems are better alternative compared to RF
wireless communication systems.
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