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ABSTRACT

Microwave and mm-wave photonics for broadband communications is an area of important growth and of great
interest for the information society technologies (Internet traffic, video on demand, >1 Gb/s to the home, 40 Gb/s
optical systems, optical beam forming for intelligent antennas, all-optical networks, etc.). Fibre Bragg gratings
are key components for the development of low-cost microwave photonics. Reliability and high tunability
capacity are some of the specific advantages of using fibre Bragg gratings. Recent developments include novel
configurations to obtain tunable all-optical negative multi-tap microwave filters, adjustable dispersion devices
and temperature insensitive transversal filters.

1. INTRODUCTION

Microwave and mm-wave photonics is an emerging technology that has attracted the interest of many researchers
for high-speed fibre links, fibre delivery of mm-waves, optical beam forming and optical processing of
microwave signals. The unification of microwave and photonic techniques will take advantage of low loss fibre-
components, large bandwidth and reduced electromagnetic interference.

Fibre Bragg gratings (FBGs) are key components for the development of low-cost microwave photonics
because of both the amplitude response and the depressive properties. In addition, several techniques have been
developed to tune the properties of FBGs with high flexibility."* Thus, the doors are opened to design low cost
and reconfigurable fibre-optic microwave photonic systems based on FBGs.

Our work is focused on fibre-optic transversal filters in which the microwave signal is carried by an intensity
modulated optical signal. However, most of the devices and techniques that we have developed can be adapted to
be used in other applications, for example, as reconfigurable dispersion compensators® for high speed fibre links
and dynamic optical beam forming systems.®’ Here, we will present some of our recent results on automatic |
tunable and reconfigurable systems based (a) on using uniform FBGs (UFBGs) to generate multi-tap microwave i
filters,® in which a broadband optical source is sliced by the UFBGs, and (b) on tunable dispersion devices to i’
reconfigurate the microwave filter response. |

2. BROADBAND OPTICAL SOURCES SLICED BY UFBGs

The most conventional and simple approach to design a multi-tap transversal filter is to use a set of tunable laser
sources and a depressive element,’ either a chirped fibre grating or a simple coil of fibre, as it is depicted in
figure 1. The main disadvantages of this approach is the high cost of the lasers and the limitations to implement
transversal filters with several negative-taps. Furthermore, the temperature effects can be an important drawback
in this approach.
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Figure 1. Scheme of a multi—tap transversal filter based on a set of tunable lasers and a chirped FBG.

Thus, the first idea to test is the use of a set of UFBGs and a broadband source to set up a multiwavelength
source. In this case, it can be shown that the bandwidth of the UFBGs (4345) limits the frequency response of the
| microwave filter'® and sets a RF bandwidth Ohsas ~ [D SAs345]", where D is the linear dispersion (D = 2t/7]).
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Figure 2 shows a configuration in which 4 UFBs are arranged in parallel. This configuration permits to weight
the taps to achieve a large sidelobe suppression. A mechanical stage is used to apply stress to the UFBGs, which
shifts the Bragg wavelengths and tunes the free spectral range (FSR) of the microwave filter. In order to maintain
the Bragg wavelengths spectrally equispaced, each UFBG is stretched over a different fibre length. In this
experiment, the bandwidth of the UFBGs and the linear dispersion have been chosen to insure an RF bandwidth

&ap > 50 GHz.
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Figure 2. Scheme of a multiwavelength source based on SJour UFBGs.

Figure 3 shows the tuning and reconfiguration capacities of the system. Figure 3(a) gives the FSR as a function of
the Bragg wavelength separation between UFBGs, while figure 3(b) gives the sidelobe suppression as a function
of the attenuation factor Ar (see figure 2).
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Figure 3. (a) FSR as a function of the reciprocal wavelength spacing between taps. (b) Calibration curve of
sidelobe suppression versus the attenuation tuning parameter (the insets are the intensities of the taps in two
different filters). In both figures the dots are the experimental values and the solid line is the theory.
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Figure 4. FSR versus temperature for a 2 taps microwave filter: (solid line) using two tunable lasers and
(dashed line) using two UFBGs. In both cases the same chirped FBG is used.
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One advantage of combining UFBGs with a chirped FBG to set up the filter is an important reduction of the
temperature effects. Figure 4 gives the FSR of a filter made with two taps. We can see that, in the case of using
two tunable lasers (solid line), the FSR has big fluctuations as a function of the temperature due to the residual
ripples of the group delay time of the chirped FBG and due to any deviation that the FBG might have from an
ideal linearly chirped FBG.

However, we have found that the most important advantage of using UFBGs to set up a multiwavelength source
is that it permits the development of a simple technique to obtain transversal filters with negative coefficients. In
our experiments we have combined tunable lasers to generate the positive-taps and the transmission of UFBGs
when they are illuminated with a broadband source to generate the negative taps. Figure 5 is an example of the
experimental arrangement in which the tunable lasers could be replaced with a broadband source sliced by a set
of UFBs as it was done in figure 2.
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Figure 5. Experimental arrangement of a filter with one positive-tap and one negative-tap. (a) Output spectrum
of the broadband source (EDFA). (b) Input signal launched into the electro-optic modulator. TL: tunable laser:
OSA: optical spectrum analyser; LCA: linear circuit analyser.

It can be shown that the finite bandwidth of the broadband source, 64, defines a sort of cut off frequency, f., for
the filter response in such a way that only above that f, frequency the filter response corresponds to the ideal
response of the transversal filter, being f. ~1/(D 62). Thus f; can be reduce by using higher dispersion values and
broader-band sources. Figure 6 gives, as an example, the response of a 4 taps filter, equispaced 1.56 nm, with
a cut off frequency f. < 50 MHz. In this case we used a broadband optical source with 28 nm bandwidth and
a depressive line with a linear dispersion of D = 0.782 ns/nm.
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Figure 6. Filter response: experiment (solid line) and theory (dotted line).
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3. TUNABLE DISPERSION FBGs

Another approach, in which we have been working, to introduce reconfiguration capacity in the filter response is
the use of tunable dispersion devices. We have developed a variable dispersion device based on tuning the chirp
of a tapered FBG (TFBG) by means of a magnetic transducer. Thus, we combine in a single device (a) the chirp
generated by writing the grating in a tapered fibre with (b) the effects of a non homogeneous distribution of the
strain along the device.* In order to achieve an efficient control of the device, the TFGB is fixed to a
magnetostrictive transducer, while a non uniform magnetic field generated by a solenoid is used to control the
dispersion.’ Figure 7 is a scheme of the experimental arrangement.
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I Figure 7. Scheme of a reconfigurable microwave filter based on a variable dispersion device. EOM:
electrooptic modulator, LCA: linear circuit analyser, TFBG: tapered fibre Bragg grating.

For example, figure 8 gives some results that were obtained using a tapered fibre of 5 cm length, with an initial
diameter of 125 um and an end diameter of 82.4 um, which gave a 3 dB bandwidth of 1.58 nm, and a 4 cm-long

gradient for this specific device, having a useful 3 dB bandwidth of 1.06 nm. The implementation of RF filters
with & optical carriers, equidistant by A4,/ (N-1), permits to obtain filters with a different free spectral range
(FSR), which can be adjusted by changing the dispersion. Figure 8(b) plots the range of FSR that can be obtained
with our device (shaded region). In this plot we can see the experimental points corresponding to a set of filters
as a function of the reciprocal wavelength separation between taps. At a constant wavelength separation,
ARy / (N-1), we can see the interval of FSR that can be adjusted with the dispersion, from a minimum FSR
corresponding to D, to the maximum FSR when the dispersion achieves the minimum value D
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Figure 8. (a) Dispersion of the TFBG as a function of the magnetic field gradient. (b) FSR versus the
wavelength separation between taps.





[image: image6.jpg]ICTON 2003 179 Th.B.2

AKNOWLEDGEMENTS

The authors wish to acknowledge the financial support of the Spanish MCyT projects TIC2002-04527-C02-01
and TIC2001-2969-C03-01 and the European project NEFERTITI IST-2001-32786.

REFERENCES

[1] J.L.Cruz, A. Diez, M.V. Andrés, A. Segura, B. Ortega and L. Dong, "Fibre Bragg gratings tuned and
chirped using magnetic fields", Electron. Lett. 33, 235-236 (1997).

[2] B. Ortega, J.L. Cruz, M.V. Andrés, A. Diez, D. Pastor and J. Capmany, "Microwave phase shifter based on
a fibre Bragg grating", Electron. Lett. 34, 2051-2053 (1998).

[3] J.Mora, B. Ortega, M.V. Andrés, J. Capmany, D. Pastor, J.L. Cruz and S. Sales, "Tunable chirped fibre
Bragg grating device controlled by variable magnetic fields", Electron. Lett. 38, 118-119 (2002).

[4] J.Mora, J. Villatoro, A. Diez, J. L. Cruz y M.V. Andrés, "Tunable chirp in Bragg gratings written in tapered
core fibres", Opt. Commun. 210, 51-55 (2002).

[5] J. Mora, B. Ortega, M.V. Andrés, J. Capmany, J.L. Cruz, D. Pastor and S. Sales, "Tunable dispersion device
based on a tapered fiber Bragg grating and non-uniform magnetic fields", IEEE Photon. Technol. Lett., to be
published.

; [6] J.L.Cruz, B. Ortega, M.V. Andrés, B. Gimeno, D. Pastor, J. Capmany and L. Dong, "Chirped fibre Bragg
gratings for phased-array antennas", Electron. Lett. 33, 545-546 (1997).

| [7]1 J.L.Cruz, B. Ortega, M.V. Andrés, B. Gimeno, J. Capmany and L. Dong, "Array factor of a phased array

« antenna steered by a chirped fibre grating beamformer", IEEE Photon. Technol. Lett. 10, 1153-1155 (1998).

[8] J.Mora, B. Ortega, J. Capmany, D. Pastor, J.L. Cruz, M.V. Andrés, D. Pastor and S. Sales, "Automatic

! tunable and reconfigurable fiber-optic microwave filters based on a broadband optical source sliced by
uniform fiber Bragg gratings", Optics Express 10, 1291-98 (2002).

[9] J. Capmany, D. Pastor and B. Ortega, ‘New and flexible fiber-optic delay-line filters using chirped Bragg
gratings and laser arrays’, IEEE Trans. Microwave Theory and Techniques 47, 1321-1326 (1999).

[10] J. Mora, B. Ortega, J.L. Cruz, J. Capmany, D. Pastor and M.V. Andrés, "White light sources filtered with
| Bragg gratings for RF photonics applications”, Opt. Commun., to be published.





