International Journal of Soft Computing and Engineering (1JSCE)

ISSN: 2231-2307, Volume-3 Issue-1, March 2013

A Novel Radio over Fiber System for Long
Haul Single-Mode-Fiber Transmission
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Abstract — We have proposed and demonstrated a novel
architecture of a radio over fiber (RoF) system in this paper. In
this downlink system, the base band data signals are carried by
the optical millimeter-wave generated at the central station and
converted to the electrical RF signal by a converter at the base
station before we distribute them through antenna. Here we
generate and transmit the optical millimeter-wave by using
external modulation technique and carrier suppression method.
The performance is investigated by the good eye diagram and the
significantly low BER at different lengths of the single mode
fiber (SMF).

Index Terms —RoF system, Optical carrier suppression, Long
haul transmission, Bit error rate, Q-factor.

I. INTRODUCTION

The radio over fiber system (RoF) is one of the promising
scheme for the future broad band wireless communication
system such as mobile communications, hotspots etc. In its
downlink system, the base band data signals are carried by
the optical mm-wave generated at the central station and
converted to the electrical radio frequency (RF) signal by a
converter at the base station before we distribute them
through antenna. Various schemes for RoF system have
been proposed. But these are suitable for the short range
application by using multimode fiber as in [1]. The single
mode fiber (SMF) is avoided because of the large power
loss. But compared with the conventional high frequency
wireless system, ROF system shows many advantages such
as low cost, high performance huge bandwidth and long
distance transmission [2]. The optical millimeter-wave
generation is a popular approach for RoF transmission.
Several methods are discussed in the previous works by
Brown et.al [2] and Yu et. al [3]. These methods are suitable
for maximum of 80 km transmission [3]. The external
modulation technique is suitable for the optical mm-wave
generation [4]. The dispersion effect causes the degradation
of the transmission performances. To reduce the effect,
several approaches are developed in [5], [6].

In this paper we have configured a design which is
capable for gigabit Ethernet transmission. The external
modulation technique is used here for optical carrier
suppression. In order to reduce power fading at the receiver
end the carrier suppression is needed. As the sidebands are
carrying information, the suppression of the carrier will
increase the dynamic range of the fiber optic link and also
the receiver sensitivity. The SMF is used for transmission
optical signal to the receiver. The bit error rate (BER) and
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eye diagrams have been investigated for different SMF
lengths of our long-haul transmission.

Il. PRINCIPLE

The continuous light wave (CW) is represented by E,(t) =
a, cos w, t.The optical carrier is suppressed the OCS optical
mm wave mainly consists of two sidebands (w, — w,,) and
(w; + wy,) and it can be expressed as

E;(t) = a(t)[a_; cos(w, — wp) t + aycos w, t +
a+I1coswc+wmt (D)
Here a, and a, is the relative amplitude of the carrier and
its first order sidebands, but a, is small. There are higher
harmonics in real system because of the remodulation and
nonlinearity of the modulator, but they are too small to be
considered. Considering the Fourier transform{A(t)} =
A(w) , the power spectrum density can be expressed as
Pl(Z, (J)) = F{El(zl t)}F{El(ZJ _t)} = 1/4[a(%{a(w -
w)a(-w + w.) + a(w + w)a(—w — w)} +
a2 {a(w — w, — wy) a(—w + W, + w,) + alw + w, +
W) a(—w — w, — wy)} + a2 {a(w — w, + wy)a(—w +
we + wm) + a(_w + w, — wm)}] (2)
Here we assume that the spectra of carrier and sidebands do
not overlap each other. The optical carrier is very small and
the sidebands at (w. + w,,) are the main components, so the
bandwidth in the power spectrum density is about
2w,,.There are some optical filter placed at the output end of
the optical modulator. These filters are use to suppress and
remove out the carrier. Thus the millimeter-wave can be
generated. Theoretically we have the expression for the
unfiltered photocurrent at the receiver end which is given
below:
L(t) =
(3)na* a3 + (a%y +a2)] + pa?(®) {[agas; +
aOa—1coswmt+a+1a—I1coswmt 3)
The current includes direct current component and radio
frequency components. When the optical carrier and the
electrical drive signal are applied to an optical phase
modulator the optical carrier suppression is happened. Due
to optical carrier suppression, the current mainly consists of
DC component and harmonic component at 2w,,. After
filtering the photocurrent becomes:
I,(8) ~ S u(ad, + a2,) + pa,1a_; cos 2wm(t — f'(0c)z)
After the transmission over SMF of length ‘z’,
millimeter wave becomes:
EZ (Z, t) =
aq COS[((UC - wm)t - ﬂ(wc - (‘)m)z] +ag COS[((‘)c)t -
Lwcz+a+1coswc+wmt—Lfawctwmz (5)
Here S (w) is the propagation constant, which is dependent
on the half wave voltage V..

4)
the
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There is no fading in the dc component and RF harmonic at
20, but if the carrier sideband is not suppressed
completely, RF harmonic at w, shows fading with the
period T = f,;2D~1A72 and its amplitude is proportional to
the amplitude of the remainder of the optical carrier at ..
Ata, — 0, the full optical carrier suppression will
eliminate the fading harmonic at ®p. In SMF, each
optical frequency travels through the fiber at different
velocities due to chromatic dispersion. If ‘D’ is the
dispersion parameter and P, is the RF power of the
generated radio frequency f.,, then

Py o cos["=2 A2f2] (6)
Where L is the length of the SMF and A is the carrier
wavelength. From (6) it can be said that the fiber length L is

i . nc
limited by: L < TS @)

Where 1 is the duty cycle and B is the data-rate. For NRZ
signal 1 = 1. The eye diagram closes gradually as the signals
are transmitted along the SMF. When the transmission
distance approaches L, the eye closes completely. Thus the
eye closure is depends upon the data rate, duty cycle, radio
frequency and the fiber dispersion. The detected RF current
mainly includes the harmonic at 2w, which shows no
fading and has larger amplitude than that of harmonic at o,
Because of that the odd order sidebands are suppressed by
the optical filter. As the optical signal passing through the
fiber the optical sidebands will sift and the width will
reduce. As the transmission length approaches to L the
width disappears and the eye diagram is closed. If we use
low bit rate and low RF, then long haul transmission can be
possible according to (7). The reduction in the chromatic
dispersion in SMF can help in sending data to a long
distance through optical millimeter-wave.
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I1l. EXPERIMENTAL SETUP

The experimental set up is shown in the fig. 1. A
continuous wave (CW) laser, having wavelength of 1550nm
is used as a source. The signal is modulated by Mach-
Zehnder modulator, driven by an NRZ electrical signal with
1 Gb/s pseudorandom bit sequence (PRBS) and a word
length of 2"-1. The modulated signal is passing through an
erbium doped fiber amplifier (EDFA), variable optical
attenuator (VOA) and a polarizer controller (PC) which has
symmetry factor of 10. Then the optical signal is modulated
by a dual arm LiNbO3-Mach-Zehnder (Li-MZM) modulator
which is biased at V, (switching bias voltage) and driven by
two complementary 50 GHz RF sinusoidal clocks. It is used
to realize the optical carrier suppression. The modulated
signal is fed into an EDFA and variable optical attenuator
(VOA). All EDFAs have similar optical characteristics, with
an output power of 17 dBm and a noise figure of 4.5 dB at
an input power of 0 dBm. Then the signal is transmitted
through SMF of different lengths. The optical signal filtered
through the Bessel optical filter (BOF1) and then it passes
through the EDFA and again filtered by BOF2. The two
filters have the bandwidth of 10 GHz and depth of 100dB. A
photodetector APD is used to convert the optical signal to an
electrical signal. A 100 GHz local oscillator has been
coupled with a mixer which is linked with electrical signal.
The electrical signal is passing through a low pass Bessel
filter. The BER analyzer which is connected to the low pass
filter will show the eye diagram and detect the BER. Using
power meter we have measured the received optical power
and the receiver sensitivity. We have studied the BER and
Eye-diagrams for different values of SMF length.
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Fig.1. Experimental setup for the generation of optical millimeter wave via external modulation

IV. RESULTS & DISCUSSIONS

The transmission of carrier is a waste of power as the
information is carried by the sidebands. Furthermore, the
carrier suppression also leads to improve the dynamic range
and noise figure of the SMF. Fig.2. () shows the optical
spectrum after the SMF transmission. Fig.2. (b) shows the
optical spectrum after receiving and mixed with the clock
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signal. These optical spectrums at 0 km SMF, suggest that
the optical carrier has been suppressed.
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Fig.2. (a) The optical spectrum at transmission end and
(b) the optical spectrum at the receiving end (at 0 km
SMF)
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Fig.3. Eye diagram at different optical fiber length (a) B-
T-B (b) 40km (c) 100km (d) 140km (e)180km and (f)
200km

In the fig.3 eye diagrams of our proposed architecture
are shown for the transmission of signal due to the different
optical fiber lengths of SMF. The eye diagram of fiber
length of 0 km, 40 km, 100 km, 140 Km, 180 Km and
200km are shown in Fig. 3(a), (b), (c), (d), (e), and (f)
respectively. These diagrams have clearly shown that the
system can transmit 1Gb/s data about 200 km. At 200 km
length of SMF the code width is disappeared and the eye is
completely closed. The BER is measured by BER analyzer.
The signals are built up by the RF component at 50 GHz and
superposed onto the DC level. For a BER of 10°, the
receiver sensitivity is 40.2 dBm. The power penalty after 20
km negligible but after 80 km it is almost 2dB. (BER) is
defined as the probability of an incorrect identification of a
bit by the decision circuit of a receiver [7, 8]. The receiver
sensitivity is measured by the minimum average received
optical power (Pm,) required to achieve a fixed BER. If 14 is
the decision threshold current the I,,(t) > I;, signifies
‘1’bit is recorded and I,,(t) < I; signifies 0’ bit is
recorded. Here we suppose I, (t) and L,,(t) are the currents
in two conditions respectively. Now we have the equation

1 Q\] . exp(-0Q?%/2)
BER = ;lerfe ()] = =i ®)
Where Q is the quality factor, and it is represented by
Q= I21-I39 )
o1+09

Now solving for Py, we get the equation below

= (+0) (Eominy

1+r o1+0g

(10)

. . P
Where ‘r’ is extinction ratio and it can be defined as r = P—O.
1

R is the responsivity of the system. From (7) and (8) we can
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get the relation between BER and the received optical

power: BER =~ K Pmine_Klp’Z"i" (1)
~ = L () 2R e
Where K = (m)a 100 and K; = 2 (1+r) (U1+Uo) -

The BER is caIcuIated with the help of the eye diagram. As
the transmission length approaches towards the, the eye
diagram closes gradually. Fig.4 has shown the relation
between the BER and the received optical power. The power
penalty can be calculated from the figure. The power
penalty is defined by

Pmm
= Jmn = 10l0g10 (- (12)

At the BER of 10°the power penalty between 0 km and
100 km transmission length is ~2 dB and for the 0 km and
180 km transmission length it is ~3 dB.
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Fig.4. -log (BER) vs. received optical power at
different lengths

The received optical powers for the length of 0 km, 40 km,
100 km, 140 km and 180 km are -42.8dBm, -41.9 dBm , -
40.7dBm, -40.1 dBm and -39.9 dBm respectively. It is
observed that the received power is degraded with the
increasing length of the fiber. Fig.5 has clearly shown that
the Q-factor is degraded due to increasing length of the
fiber. The quality factor is related to the fiber length by the
following equation [9]:
(1-7) 2RPpine (@)
Q = (1+7) gg+0q (13)
Where a is the attenuation coefficient and L is the length of
the SMF.
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V. CONCLUSION

We have theoretically analyzed and observed successfully
the generation of the optical millimeter wave by external
modulation technique. Since we have used relatively
optimized RF signal to drive Li-MZM modulator, the power
of the higher order sidebands of the millimeter wave is
reduced and the optical carrier is suppressed also. Thus the
performance of the system is improved. It becomes more
stabilized. The low power penalty shows that this optical
network would hardly require any dispersion compensation
measure. The relation between the BER and the received
optical power has been developed and it is investigated
successfully. The eye diagrams clearly suggest that the
proposed system is significantly good enough to transmit the
1Gb/s data rate over long-haul SMF. Because of the low
power loss, good performance and low cost, the scheme is
preferable RoF system for important optical networks like
gigabit Ethernet transmissions etc.
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