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Abstract — A novel approach to reduce the dispersion-
induced effects in microwave/millimeter-wave optical links
based on the combination of chirp generated by Il. EXPERIMENTAL SET-UP

semiconductor optical amplifiers (SOA’s) and fiber-induced . . .
self-phase modulation has been proposed  and Figure 1 depicts the experimental arrangement used to

experimentally demonstrated. The results show that the demonstrate the proposed technique. The output level of
dispersion-induced RF carrier suppression effect may be an externally modulated optical transmitter operating at
alleviated by more than 20 dB when the SOA is operated 1550 nm is set to +10 dBm by using an erbium-doped
under saturation. prever, the SQA ir_lpu_t_power mL_Jst be fiper amplifier (EDFA) module. A variable tpal
garefu!ly controlled in order to avoid significant nonlinear attenuator is used to control the optical power at the SOA
istortion. . . X X
(Philips CQF871) input. It is well known that the chirp
generated by aSOA increases signdantly under
I. INTRODUCTION saturation conditions [7], therefore in our setup it may be
Conventional microwave optical transmissionsvar'eoI acting on the attenuator. TIEDA output is

operating near 1550 nm are severely limited by the(u_rther launched intc_) a _50 km SSMF span and a
chromatic dispersion of standard single-mode fiperdnicrovave photorecelv_er is employed as op_toelectronlc
(SSMF's) [1]. Thislimitation mainly consists of the RF conversor. The SOA bias current was kept fixed at 300

carrier suppression effect due to dispersion-induce{ﬂA during the experlmer(ljtsb The_ RF'tO'FfF rr_esplonse Ofk
sideband cancellations at certain combinations of'€ SyStém was measured by using an electrical networ

microwave frequencies and propagation distances‘g.malyzer (HP8510C). The nonlinear distortion (NLD)

Several techniques have been proposed to overcome tigsing from the optical transmitter was also measured

effect such as optical single sideband modulation [2]-[3],“Si_ng both s_ingle-tone (h_armo_nic d_istortio_n_) and_ two-tone
dispersion compensation using chirped fiber gratings [4 gthlrd order intermodulation distortion) driving 5|gnals_ at
variable chirp in electroabsorption modulators [5] and hed FIQF p&r; EOf Mthe Mach-Zehnder  electro-optical
self-phase modulation effect introduced 8gMF's [6]. modulator (MZ-EOM).

Most of these techniques do not enhance the RF-to-RF

_efficiency due to no optical amplification is directly iaser wzEom EDFA AL son 50 km Photoreceiver
involved. | P

In this paper a novel approach to overcome dispersior ¥ — < —I> = p— ZS
induced effects in microwave/millimeter-wave optical
links based on adjusting the chirp and phase modulation . SOA input power

. . . RF input RF output

generated by saturated semiconductor optical amplifiers
(SOA's) is investigted. The experimental results show @2,?2’,@;
that the fading of the RF-to-RF system response is .

significantly alleviated by properly setting the optical
power at the SOA input. As the SOA input powerFig. 1. Experimental arrangement used to demonstrate the
increases the frequency notches of the RF response arg/-Pased approach.

shifted to higher frequencies and further reduced up to 20

dB. Preliminary measurements on harmonic and

intermodulation distortions generated by B®A-based

transmitter are also presented.
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[ll. RESULTSAND DISCUSSION measurements, a RF tone of 6 GHz was used in the
experiment. For the two-tone NLD measurement, two RF
Sones of 1.9 and 2.1 GHz were used. Figure 3 shows 2nd
D2) and 3rd (HD3) order harmonic distortion levels.

e NLD level floor imposed by the MZ-EOM is also

The RF-to-RF response of the 50 km optical link wa
measured under different situations to evaluateSDé-
based approach. In figure 2, the obtained responses wi

SOA (solid lines) and without employing SOA at the depicted in figure 3. For HD2 an increase of nearly 10 dB

optical transmitter (dashed lines) may be observed. It ¢ ) . .
be seen that the RF response exhibits deep notches Wt}artl +10dBm SOA input power) is observewinly due to

no SOA is employed (dashed lines) and also that thesg SOA nonlinear response. Howeyer the HD3 increase

: . : ay be up to 15 dB, even though it is not relevant due to
notches move to higher frequencies as the input power Pe HD2 relative hiah values. A 3rd  order
the SSMF increases, which is due to the self-phasge 9 ‘

. ; Ihtermodulation distortion (2f- f,) level of about-52
modulation 6PM) efiect as reported in [6]. However, the . v
efficiency of the SPM technique obtained with our dBc was also obtained for BOA input power of +10

: . . . dBm. Therefore, the SOA input power must be carefully
experimental set-up was not as high as in [6] since we di . . -
. . ontrolled in order to achieve both equalization and
not employ any method for canceling the stimulate i

Brillouin scattering during the measurements. nearity.
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Fig. 2.
transmitter.

situations.

Conversely, incorporating tH&OA in the expemental
setup, as depicted in figure 1, the carrier suppression
effect may be alleviated by increasing the optical power A novel approach to overcome the RF carrier
at the SOA input, i.e. by decreasing theticgl suppression effect in microwave/millimeter-wave optical
attenuation at its input, as show in figure 2 (solid lines)links based on the joint effect &OA chirp and SPM in
This is due to the joint effect of the transmitter chirpSSMF's has been proposed. The eixpental results
(introduced by the SOA under sadtion conditions) and show that the frequency notches caused by the
the SPM of the SSMF for high tpal powers at the dispersion-induced carrier suppression effect may be
input. For the RF responses obtained using3B& the  alleviated by properly adjusting th®OA input opical
output power of the EDFA was kept fixed at +10 dBm. Inpower. However, since the SOA opts under
figure 2 it can be seen that the RF response is even flatteaturation conditions, the NLD must be carefully
for higher SOA input poweralthough this flattening controlled in order to assure the desired system
effect saturates for an optical attenuation of 0 dB (SOAberformance.
input power of +10 dBm).

Finally, in order to evaluate the NLD level introduced
by the EDFA-SOA configwation single-tone and two-
tone measurements were carried out varying the SOEI] H. Schmuck, "Comparison of optical millimetre-wave

; ; ; ] system concepts with regard to chromatic dispersion,”
input power in the system. For the single-tone NLD Electron. Lett, vol. 31, no. 21, pp. 1848-1849, 1995,

IV. CONCLUSION
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