Open Science Index, Electronics and Communication Engineering VVol:2, No:12, 2008 publications.waset.org/14616.pdf

World Academy of Science, Engineering and Technology
International Journal of Electronics and Communication Engineering
Vol:2, No:12, 2008

Effect of Chromatic Dispersion on Optical
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Abstract— 1n this paper, the optical generation of three bands of
continuously tunable millimeter-wave signals using an optical phase
modulator (OPM) and a polarization state rotation filter (PSRF) as an
optical notch filter is analyzed. The effect of the chromatic dispersion
on millimeter-wave signals is presented.
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1. INTRODUCTION

IBER-optic microwave and millimeter-wave links can be

implemented by the use of direct detection techniques or
remote heterodyne detection techniques [1]. In the direct
detection-links, the millimeter-wave signal is intensity
modulated onto the optical carrier from a laser. The optical
signal is then transmitted through the optical fiber, and the
millimeter-wave signal is recovered by direct detection in a
photodiode. The fiber chromatic dispersion becomes a limiting
factor for the transmission distance when the microwave
signals are in the above 20 GHz regime. In order to cope with
the limiting dispersion effects, optical self-heterodyne
techniques as well as other remote heterodyne coherent
schemes should be applied [2-4]. Several methods have been
reported for the generation of modulated RF optical carriers in
fiber-wireless systems. These include optical heterodyne and
self-heterodyne techniques, and fundamental and harmonic
signal generation using pulsed lasers [5-9].

Section II presents a system configuration that realizes a
millimeter-wave signal generation system. In this section an
extension to achieve a generating electrical signal is described.
Section IIT shows the results. In this section, the spectrum of
the generated electrical signals over the single mode fiber
(SMF) is presented. The effect of the chromatic dispersion on
the resulting signal is analyzed. A brief summary is given in
Section I'V.
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II. SYSTEM PRINCIPLE

The operating principle of the optical generation of
millimeter-wave signals is illustrated in Fig.1.
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Fig. 1 Setup for optical generation of millimeter-wave signals. PD:
Photodetector, PM: phase modulator, PC: polarization controller,
EDFA: Erbium-doped fiber amplifier, SA: spectrum analyzer
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The normalized amplitude of the phase-modulated optical
field can be expanded in terms of Bessel functions of the first
kind. The phase modulation process generates a series of
sidebands with Bessel function amplitude coefficients. When
the phase modulator is driven by an electrical signal with
adequate power, a large value of the modulation depth (f) is
obtained. In this case, the power in the input optical carrier
will be spread out among the first-order, second-order, third-
order, and higher order optical sidebands. The optical
spectrum at the output of the phase modulator with different
modulation depths is shown in Fig.2.
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Fig. 2 Optical spectra with different modulation depths
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In Fig. 2, f=(z.Vrp)/V; is related to the phase-modulation
depth, where V7, is the half-wave voltage of the optical phase
modulator and Ve is the amplitude of the electrical drive
signal. In this figure, it is shown that when f is small, only the
first-order upper and lower sidebands can be considered, and
higher-order sidebands are negligible. If f is relatively large
then the power levels of the higher order sidebands are
comparable to those of the carrier and the first-order
sidebands.

Fig.3 shows the Bessel function of the first kind of zero
order as a function of modulation depth.
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Fig.3 Bessel function of the first kind of zero order as a function of
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In Fig.3, it is shown that the J(0, f) is zero when the
modulation depth is approximately 2.4. Therefore, we can
obtain the amplitude of the RF signal V as

Then

Vep =0.76V, )
The optical spectrum at the output of the phase modulator
with different modulation depths is shown in Fig.4.
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Fig.4 Optical spectra with different modulation depths
(a) p=1.8, (b) p=2.4
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In Fig.4, it is shown that the optical carrier is completely
suppressed corresponding to f=2.4.

The phase modulated signal after the PSRF can be written
as
v VA
E,, =E,{J cos[(@, + opp )t + 5] —cos[(w, — opp )t — 5]
+J, cos[(@, + 2wpp )t + 7]+ cos[(w, = 2wpp )t — 7]

+ J5cos[(w, +3wpp)t — %] —cos[(@, —3wgp)t + %]

—J,cos(w,t)} 2)

where E, and w, are the amplitude and angular frequency of
the optical carrier. wgr is the modulating angular frequency of
the electrical drive signal, and J, is the Bessel function of the
first kind of order n.

The voltage expression of the generated electrical signals is

V. (O) = AE[J] +J3 +J;5 + J} cosQat)

+J3 cos@apt) + J3 cos6wp)] 3)

where 4 is a constant, which is related to E, and the
responsivity of the PD. In this equation the limited bandwidth
of the receiving circuit is also taken into account. Eq. (3)
clearly indicates that there are no odd-order harmonic terms in
the optically generated electrical signals once the carrier is
removed and the proposed configuration is able to generate
optically even-order harmonics of the electrical drive signal
and suppress all odd-order harmonics.

III. RESULTS

The optical carrier generated by the tunable laser source is
sent to the phase modulator via a polarization controller. The
optical spectra before and after the PSRF are shown in Fig. 5.
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Fig.5 Typical optical spectra with § =1.6
(a) before the PSRF, (b) after the PSREF, (...) transfer function of

PSRF with 24 ps group delay time.
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Fig. 5 shows that optical sidebands are generated up to the
fourth order. They are distributed symmetrically around the
optical carrier. It is clearly shown in Fig. 5 that the optical
carrier power is attenuated to higher than 40 dB. Fig. 6 shows
the spectrum of the optically generated electrical signal
without fiber chromatic dispersion at the output of the PD
when the electrical drive signal is set to 8 and 10 GHz.
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Fig.6 Spectrum of the generated millimeter-wave signals with the
drive signal frequency (a)8 GHz, (b)10 GHz

It is seen that even-order frequencies of the drive electrical
signal is generated. When the electrical drive signal is tuned
from 8 to 10 GHz, three bands of millimeter-wave signals from
16 to 20 GHz, 32 to 40 GHz and 48 to 60 GHz with high
frequency stability and narrow linewidth are generated.
Although the chromatic dispersion of the SSMF is D =17
ps/(nm-km), it has to be considered when analyzing the quality
of an electrical signal generated after the optical sidebands
have traveled in a long fiber span. When fiber chromatic
dispersion is taken into account, the propagation constant Q
(w) of the fiber for an optical sideband at w,*nwrr can be
approximately represented by a Taylor series around the center
angular frequency w,

Qw, tnwge)=Qw,) +Q'(@,)(Fnwg)

4

1
+EQ”(w0)(ina)RF)2 T

The effect of higher order dispersion is neglected for the
single-mode fiber at 1550-nm band and 97w, can be
expressed by the chromatic dispersion parameter D as

2 D ®)

where c¢ is the speed of light in free space and f, is the
frequency of the optical carrier. The voltage expression after
the optical signal traveled through a fiber span of length L and
the electro-optical conversion can be written as

C

Q”(a)o) ==

International Scholarly and Scientific Research & Innovation 2(12) 2008

V)= AEI2 4.3 4 72 (2] xsinGreDI(LEE )

o

+2J,J, % sin(stl(fﬂ)z)] X COS(pyt — WppY(,)L)

0

+[J] =2J,J, cos(S;wDL(%)z)] X COSQpyt

— 20 (@,)L) ~[2.1,] % sin(stu%f)]

o

X c0SG@ppt — 3w Y (@, L) +[JF - 2J,J,

x cos(87chL(%)2)] X coS(4 gyt —4wppY(@,)L)

Jo

—[2J,J; % sin(Szzz:Dl(%)z)]x coS(wppt — 5w Y (w,)L)

o
+J;5 c08(6apst — 6w Y (@,)L)]} (6)
where frr is the frequency of the electrical drive signal.
Fig.7 shows the spectra of the generated electrical signals over
25km length of the SSMF with 17 ps/(nm.km) chromatic
dispersion parameter, when the microwave drive signal is
tuned at 10 and 11 GHz.
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Fig.7 Spectrum of the generated millimeter-wave signals with the
drive signal frequency (a) 10 GHz, (b) 11 GHz.

IV. CONCLUSION

In this paper, the optical generation of wideband
continuously tunable millimeter-wave signals is analyzed.
When the generated optical sidebands were applied to a PD,
only even-order electrical harmonics were generated. Three
bands of millimeter-wave signals from 16 to 20 GHz, 32 to 40
GHz and 48 to 60 GHz were generated.
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