Now the two frequency offset values are suitably modified as

, 0.4185ds
Afl = "fr 2 _
d s for e, < 4.5
Afy = £,04185%
)
and
Afy = —fTO‘4185%
fore, > 45
. 0.4185 ds T=
Afy = fr———
2 s

The resonant frequencies corresponding to ports 1 and 2, respec-
tively, are given by

h=Ff+AR (2)

f 2= f -+ Af 2 (3)
where c is the velocity of light in free space, s = m? (area of the
original circle) and (s — As) is the overlapping area of the two cir-
cles. The theoretical resonant frequencies for ports 1 and 2 are
2.609 and 3.129GHz, respectively. The experiment has been
repeated with substrates of different thickness and dielectric con-
stant. The agreement between theoretical and experimental reso-
nance frequencies is found to be good, except for a slight error
that could be due to tolerances in dielectric constant, fabrication
etc. Generally, the above analysis can predict the resonant fre-
quencies with an error of less than 5%.
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Fig. 4 E-plane and H-plane radiation patterns of the antenna at the cen-
tre frequencies of the two ports

port 1
————port 2

Conclusion: A novel dual port broad-band microstrip antenna res-
onating at two frequencies and providing orthogonal polarisations
with very good isolation between the two ports is reported. The
gain of the antenna is comparable to that of a standard circular
patch microstrip antenna. This antenna may find application in
systems where dual frequency operation with large bandwidth is
required.
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Programmable dispersion matrix using
Bragg fibre grating for optically controlled
phased array antennas

D.T.X. Tong and M.C. Wu

Indexing terms: Gratings in fibres, Optical control of microwaves

A programmable dispersion matrix implemented with Bragg fibre
gratings is demonstrated in conjunction with a multiwavelength
laser source for use in optically controlled phased array antennas.
Relative time delays are experimentally measured using a
prototype programmable dispersion matrix with 2 bit resolution
and the results agree well with the theoretical prediction.

Introduction: In addition to the obvious advantages of optical
fibres, they can be used to produce optically controlled phased
array antennas (OCPAAs) with true time delay features, large
instantaneous bandwidth and squint-free operation. Recently,
there has been increasing interest in exploiting the wavelength
domain of lightwaves to reduce the overall system complexity and
cost [1 — 7]. For example, we have previously reported a hardware-
compressive multiwavelength OCPAA (MWOCPAA) system using
a programmable dispersion matrix (PDM) in conjunction with a
multiwavelength laser source [7]. In such scheme, an ‘optical wave-
length-to-array element’ correspondence is established. The PDM
is implemented with dispersive fibre to generate relative time delay
among the optical wavelengths and hence control the beam angle.
One drawback of this approach is that long fibres (~kilometres)
are required to create large time delays, and therefore system size
becomes an issue. Moreover, the dispersion-generated time delay
is accompanied by dispersion-induced signal distortion. To ease
these problems, we demonstrate i this Letter a PDM imple-
mented using a Bragg fibre grating as a ‘tailorable dispersive’
clement.

RFin WDM
demultiplexer\

programmable-
dispersion
matrix

multi-\ source

ERREIE K
NN

}

PAA

Fig. 1 Schematic diagram of MWOCPAA using a multiwavelength
laser source and a PDM

Principle:  Fig. 1 illustrates the schematic diagram of the
MWOCPAA. The multiwavelength laser source provides optical
wavelengths {A,, A, ..., A,}. A microwave signal is modulated
onto all the optical wavelengths simultaneously by an external
electro-optic (EO) modulator. The modulated lightwaves are then
sent through the PDM for true-time delay processing. The details
of the PDM are shown in Fig. 2. In general, a PDM with #-bit
resolution consists of n dispersive elements and (n+1) 2 x 2 optical

2" AL fibre
4 Gy gratings

grating AL 2 AL
spacing’

optical
circulator

from
EOM

Fig. 2 n-bit resolution PDM implemented with fibre gratings

switches. The dispersive elements in this demonstration are real-
ised by Bragg fibre gratings. A series of grating reflectors are fab-
ricated at different positions along the fibre. Each grating is
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matched to a different wavelength from the multiwavelength
source and therefore G, reflects A,. The spacings between the grat-
ings are arranged so that the relative time delay between adjacent
optical wavelengths exhibited at each stage increases exponen-

tially, ie. 1>, 21, 221, ..., 27"1,. Here, 1, is the relative time
delay in the first stage of the PDM:
2-AL; -
= fl” (1)

where AL, is the grating spacing in the first stage, » is the refrac-
tive index of the fibre, and ¢ is the velocity of light in free space.
An optical circulator is used to route the lightwaves. By program-
ming the 2 x 2 optical switches, the total relative time delay gener-
ated by the PDM, T,,,,, can vary from 0 to (2'~1)-1, in increments
of 1,. At the receiver, a wavelength-division-multiplexed (WDM)
demultiplexer routes 2, to the ith element of the array, giving rise
to linear time shifts of {0, Trpu, 2°Trpass o-or (1=1)Tppy} across the
array elements. The steering angle 6 is

§ =sin? (%) 2)

for all RF frequencies, where A is the distance between array ele-
ments.

Experiment: To demonstrate the concept of PDM, an experimen-
tal prototype with 2bit resolution was constructed. An 80GHz
monolithic passive CPM InGaAs-InGaAsP quantum well laser
was used as the multiwavelength source [7]. The reduced mode
partition noise in the mode-locked laser makes it a suitable multi-
wavelength source for this application [8]. Four gratings were
implemented at each stage of the PDM to reflect optical wave-
lengths at 1546.85, 1547.47, 1548.09 and 1548.71nm from the
CPM laser. The grating spacings in the first and second stages of
the PDM were 1 and 2cm, respectively. All the gratings used in
the setup had a reflectivity of 85% and an FWHM reflection band
of 0.15nm. The RF signal was applied to all wavelengths through
an external EO modulator with 5GHz bandwidth. A tunable fibre
Fabry-Perot filter with 10GHz bandwidth was placed after the
PDM to select different wavelength channels for time delay meas-
urement. The selected channel was fed to a high speed photodetec-
tor. The time delay was measured using an HP 8510 microwave
network analyser.
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Fig. 3 Relative time delay at various optical wavelengths generated by
fibre grating in first stuge (AL), second stage (2-AL) and both stages of
PDM (AL+2-AL)

The lines represent the theoretical prediction and markers the meas-
ured data

Results: Fig. 3 shows the measured relative time delay as a flinc-
tion of optical wavelength. The time delays were measured relative
to that at A = 1546.85nm. Using either grating or both simultane-
ously, the measured time delays between adjacent wavelength
obtained from these measurements were 98.38, 201.30 and
292.59ps, compared to the theoretical values of 97.33, 194.67 and
292ps, respectively. These small differences are due to deviations
in grating positions and mismatches between optical wavelengths
and grating pitches.

ELECTRONICS LETTERS

Swwmary: In conclusion, we have demonstrated a programmable
dispersion matrix using a grating fibre for applications such as
OCPAAs. Compared to a PDM comprising dispersive fibre, the
use of a fibre grating in a PDM as a tailorable dispersive element
significantly reduces the system size and eliminates dispersion-
induced signal distortion.
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Low dissipation power and high linearity
PCS power amplifier with adaptive gate bias
control circuit

K.-J. Youn, B. Kim, C.-S. Lee, S.-J. Maeng, J.-J. Lee,
K.-E. Pyun and H.-M. Park

Indexing terms: Linearisation techniques, Radiofrequency amplifiers

A new PCS power amplifier with gate bias control circuit has
been developed for high efficiency at low output power level, and
for high linearity at high output power level. The efficiency at an
average operating power of 16dBm was improved to 10.5%, and
the IMD; at the maximum operating power of 27dBm to —33dBc.

Introduction: Power amplifiers with high power-added efficiency
(PAE) and low intermodulation distortion have been required in
CDMA personal communications service (PCS) systems to reduce
power consumption and bit error rate. There were many reports on
improving efficiency and linearising output power by methods such
as feedforward [1] and predistortion [2]. However, because most of
the efforts were focused on improving maximum efficiency near sat-
uration output power, the efficiencies at the average operating
power were poor. Moreover, most of the linearising techniques are
difficult to apply to small size amplifiers for hand held phones due
to their complexity. Meanwhile, there were some reports on improv-
ing efficiency [3] and intermodulation distortion [4] by adjusting
gate bias controlled by input signal level. But, to our knowledge,
there were no reports on achieving high efficiency and low third-
order intermodulation distortion (/M D;), simultaneously.
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