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This paper presents an innovative design of an Ultra Wide-Band (UWB) impulse radiation source. The transmitting system is
composed of an UWB antenna with an integrated optoelectronic generator, which is able to feed the system with appropriate
waveforms, a pulsed high voltage source, and an optical command system. The radiation source is the elementary part of a
forthcoming short-range UWB Radar with autonomous scanning capability. In this paper, we present in detail the necessary
subsystems required to design the elementary radiation source. Measurements have been performed to validate the proposed
radiation source and this offers a mathematical method of calculation to trace back to the radiated field at 1 m.
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I INTRODUCTION

In multi-antennas transmitting system, the possibility of beam-
forming via employing optical delay has attracted a great inter-
est over the years in the generation of radiated waveforms using
optoelectronic devices [1-3]. The purpose is to provide an alter-
native to previous work in order to obtain a high-speed scan-
ning system and presenting a more operational role with very
short radiated waveforms, which is particularly crucial for
short-range and through-the-wall detection applications.

Previous studies performed by XLIM and Centre
d’Ingénierie des Systemes en Télécommunications, Electro
Magnétisme et Electronique (CISTEME) have already demon-
strated the feasibility and advantages of a system combining as
many antennas as optical generation devices, a “n” generators/
“n” antennas architecture. The aforementioned type of archi-
tecture has been widely used for Ultra Wide-Band (UWB)
synthetic aperture [4] and high power UWB radiation
source applications [5].

The benefits of the previous demonstrators are relatively
significant, especially in terms of shape control of the radiated
waveform. It is also worth to note that the use of connectors
and cables to connect the generator with the antenna intro-
duces unnecessary electrical discontinuities. This will limit
the performance of UWB radiation source, especially at high
frequencies. In order to overcome this limitation, an
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integration of the optoelectronic generator has been simulated
using a transient 3D EM/circuit co-simulation with CST
Microwave Studio (MWS) and CST Design Studio (DS) [6-8].

The paper is organised as follows: Section II explains the
design of an elementary radiation source, Sections III and
IV respectively, introduce the pulsed high voltage source
and the optical command. Measurements performed on the
antenna with the integrated optoelectronic generator in
order to validate the proper operation of the system are pre-
sented in Section V. In the same section, an analytical
method is also proposed to build the radiated electrical field
from the received signal and calibrations. Finally Section VI
concludes the paper.

Il. ELEMENTARY RADIATION
SOURCE

The elementary radiator of the transmitting array consists of a
UWB antenna and an integrated pulses generator, hence the
name “elementary radiation source”.

The optoelectronic generator, illustrated in Fig. 1, can
deliver electrical short bipolar pulses by using the well-known
frozen wave generator principle [9-11]. It is composed of a
transmission line connected to the antenna via the first
switch on the one end and a short-circuit via a second switch
on the other end. Under fully loaded condition, the electrical
energy stored in the 50 ) microstrip line is released through
the fast silicon photo-conductive switches, which can be acti-
vated by 8o ps optical pulse. The optical pulses are distributed
to the photo-conductive switches via two optical fibres [6].

The photo-generated pulse shape can be easily modified by
adjusting the parameters shown in Fig. 1, for example, the
larger the optical energy on the switch A, the higher will be
the magnitude of the positive half wave pulse generated. The
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Fig. 1. Generator with tunable parameters and photo-generated pulse shape.

parameters are selected accordingly so that the spectrum of
the generated pulses matches with the adaption band of the
antenna. This will ensure the minimum standing waves gener-
ated between the edge of the antenna and the supply device.

The UWB antenna chosen for this application has been
inspired by the radiator developed by Koshelev [12], which
combines a magnetic loop and the radiation mode of a travel-
ling wave antenna. The polytétrafluoroéthylene (PTFE)
(Teflon) part added below the feeding point enables high
voltage applications. Indeed, to reach high voltage levels we
rather used a microstrip line, thus preventing undesired break-
down between the line and the ground. The simulation model
and the antenna prototype with an integrated photoswitch can
be seen respectively, in Figs 2(a) and 2(b). The model of the
photoswitch is detailed in [6].

Figure 3 shows the simulation results obtained for the elem-
entary radiation source using CST MWS. The simulation has
been performed by feeding the embedded optoelectronic gener-
ator antenna with a photo-generated pulse using a waveguide
port at the intersection of the transmission line and the beginning
of the flare part. With a length of around 30 cm, a height of
21 cm, and a thickness of 10 cm, this antenna has a very wide
adaptation (—10 dB) with a matching bandwidth between 0.3
and 3 GHz (Fig 3(a)). Figure 3(b) shows that the realized gain
in the main radiation direction is low for frequencies under
1 GHz and moderate/high for frequencies above 1 GHz.
Radiation patterns of antennas in E and H planes are also
respectively shown in Figs 3(c) and 3(d), to give an idea of the
evolution of half power beam width with respect to frequency.

1. THE PULSED SOURCE

The lifetime of the photoswitches A and B (Fig. 2(a)) normally
depend on the duration of the high voltage applied. So it is
essential to drive optical switches using a pulsed voltage. In
this context, Sciences pour I'Ingénieur Appliquée a la
Mécanique et au génie Electrique (SIAME) laboratory has
designed and realized a pulsed power source, which is able
to control both the amplitude and the bias voltage of the
photoconductive switches.

The DC source (Fig. 1-High Voltage) used to polarize
photoswitches has been replaced by a pulsed source and this
leads to an increase in the maximum voltage switched by
photodiodes and as a consequence, a better performance for
the radar. The pulsed voltage waveform applied to the photo-
switches must be a high voltage square pulse in order to polar-
ize the generator during several switchings (15 pulses applied

https://doi.org/10.1017/51759078716000684 Published online by Cambridge University Press

(a)

(b)

Fig. 2. (a) CST model and (b) prototype of the elementary radiation source
composed of the photoswitch and the UWB antenna.

to the antenna) with a very low drop. The main characteristics
of pulsed power source are:

e Maximum output voltage = 12 kV

e Load = 10 pF, mainly due to microstrip line between
switches

e Pulse width = 450 ns

e Dulse repetition frequency of a few tens of Hz

¢ No significant drop during the pulse.

To meet the above mentioned criteria, the choice has been made
to use insulated gate bipolar transistors (IGBTs) technology,
whose characteristics such as the rise time, the jitter and the repe-
tition frequency are consistent with our problem. A series com-
ponents association enables high switching performances, rather
than using a single component and uses low calibre semiconduc-
tors to keep significant speed performances (the speed of the
series arrangement can be the same of each of its components).

Figure 4 shows the schematic diagram of the pulsed source.
A series combination of 14 IGBTs, knowing that each IGBT
can withstand 1.2 kV, can support 16.8 kV, offers the flexibil-
ity of achieving the maximum required voltage of 12 kV. The
14 switching components must be turned-on simultaneously
to obtain a steady and relatively fast rise-time.

This particular arrangement allows a very weak value of the
stray inductance of the high voltage part and prevents undesired
breakdown on the circuit surface, thanks to a sufficient distance
between high and low voltage parts. In these conditions, the
pulsed power source is able to generate the output voltage as
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Fig. 3. Reflection coefficient (a), realized gain in the main direction for the antenna with integrated photoswitch (b), radiation patterns for E (c) and H (d) planes.

shown in Fig. 5-yellow curve. The maximum voltage obtained is
12 kV, with its rise-time and pulse width of 150 ps and 450 ns.

V. THEOPTICAL COMMAND

The most adequate optical sources capable of realizing the
optical control are the mode locked lasers combined with a
pulse picker and an amplification stage in a regenerative amp-
lifier. In this application, a pulsed Nd:YAG/CR4+:YAG

microchip laser source has been used to realize the optical
command as depicted in Fig. 6. This laser delivers 500 ps
pulses in the infrared domain at 1064 nm. The output pulse
energy is coupled with a 40 m long optical fiber in order to
adjust an optical delay, enabling the synchronization between
the microchip laser and the regenerative amplifier. The regen-
erative amplifier is composed of two Pockels cells, two polari-
zers and a Nd:YAG rod integrated in 1.8 m long optical cavity.

Nonlinear rotation of the pulse polarization due to the propa-
gation in optical fiber is filtered by the polarizer P,, which

SNUBBER CIRCUIT
R=380
€= 100pF
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j j R3 =37k WHEELING
DHOOE
I =121y IGBT IGBT
DRIVER | [ REGULATOR DRIVER | [ REGULATOR
7805ACY 7805ACV
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OPTIC FIBER DC/DC OPTIC FIBER DC/DC
CONTROL CONVERTER CONTROL CONVERTER
1
DC POWER _r--\—l
SUPPLY : 12V

LOW VOLTAGE
TRIGGER

Fig. 4. Schematic diagram of series-connected IGBTs combination.
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Fig. 5. Experimental result obtained with 14 series-connected IGBTs - CH1: HV
signal with Vi, = 12 KV (Attenuator = 6o dB) and CHz2: low voltage trigger.

induces pulse shortening before the amplification step. A time
profile of the reshaped optical pulse is shown in Fig. 7(a).

To obtain an ultrafast pulse train in the MHz range, a
Pockels cell is activated in order to release a part of the pulse
energy, which oscillates in the regenerative cavity. This
process is maintained during several hundreds of nanoseconds
to obtain a train of pulses. The length of the amplifier imposes
the output repetition rate. Cavities longer than tens of meters
have been already demonstrated (repetition rate <4 MHz)
[13]. Here, the output repetition rate (33.8 MHz) is fixed by
the frequency round-trip of the pulse in the regenerative amp-
lifier and the number of pulses constituting the train is con-
trolled by the open-time of the second Pockels cell.

The optical system is able to generate either a single mono-
polar(only one photoswitch is illuminated)/bipolar(both of
the switches are illuminated) pulse (Fig. 7(a)) or a monopo-
lar/bipolar pulse train (Fig. 7(b)). The maximum energy per
pulse is set to 25 J.

V. MEASUREMENT

In this section, radiation measurements in the main direction
have been performed to control the operation of the complete

Microchip laser
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Fig. 6. Optical system - PC: pockels Cell; HWP: half wave plate; QWP: quarter
wave plate; R: rod; M: mirror; PHD: PHotoDiode.
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source combining the antenna with the integrated optoelec-
tronic generator, the laser source, and the pulsed bias
source. Initially, we focus on the impact of the probe on radi-
ation to avoid any undesired disturbances. Then, we discuss
the main results obtained in different configurations in
terms of pulse shape and bias level. We also introduce a
propagation model used to rebuilt the radiated electrical
field in the main direction of the transmitting antenna.

A) Experimental setup

The experimental configuration depicted in Fig. 8(a),
describes the main settings and references of the material
used.

The optical source is installed on an optical table (Fig. 8(d))
in a measurement room. The pulsed bias source (Fig. 8(e)) is
located near the optical source. The antenna with the embed-
ded photoswitch (Fig. 8(b)) is placed on a physical support
and the receiving antenna is located in front of the transmit-
ting antenna. The receiving antenna (Fig. 8(c)) is a K-antenna
with a bandwidth at —10 dB of 300 MHz-3 GHz. The dis-
tance between antennas is 5.17 m and positioning height is
2.45 m. The voltage in the transmitting antenna (or just
after the optoelectronic generator at the beginning of the
flare part) is measured with the oscilloscope through a high
voltage probe (Fig. 8(b)). The used probe (Barth 2440-
6 GHz of Electronic Technology) is specific for the measure-
ment of high voltage short pulses (up to 5kV and up to
60 ps rise time). This probe has an input resistance of 1 k()
on a 50 {) load and provides 1/20 of the measured voltage
(26 dB). The advantage of using this voltage probe is to facili-
tate the optical adjustments. The reception voltage is mea-
sured directly on the oscilloscope through a 26dB
attenuator to protect it from unexpected high power fluctua-
tions. The oscilloscope used is a digital real-time oscilloscope
(model: DSO-X92004Q) from Agilent Technologies with a
bandwidth of 20 GHz.

The oscilloscope operates in interpolated mode with a sam-
pling rate of 8o Gsa/s. Measurements are recorded after a 64
pulses averaging. The trigger mode is edge trigger on either
the signal from the voltage sensor placed in the issuing or dir-
ectly from the voltage measured with the receiving antenna.

Table 1 summarizes the main characteristics of the most
significant radiation measurements. A first series of measure-
ments was carried out using low-level DC bias voltage to
check the influence of the voltage probe on the receiving
voltage. The DC bias level has been increased to 1 kV. The
DC bias source was then replaced with the pulsed voltage
source; tests were conducted to photogeneration of a single
pulse (SP) and a burst composed of 20 pulses. Depending
on the number of illuminated photoswitches (one or two),
two shapes have been photogenerated: monopolar (mono)
and bipolar (bi). The load resistance has been welded in the
middle of the transmission line in order to easily adjust the
RC charging time constant. Several configurations have been
tested to find out a good trade off for the load resistance
value. This value should not be too low to avoid the back
propagation into the high voltage cable and should not be
too high to allow a loading time of the line shorter than the
repetition rate in burst mode. T, corresponds to the measure-
ment of the photogenerated signal via the probe and R, corre-
sponds to the signal measured using the receiving antenna.
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Fig. 7. Monopolar pulse shape after temporal shortening (a), bipolar pulses train at 33.8 MHz (b).
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Fig. 8. Experimental setup schematic layout (a), probe (b), receiving antenna (c), optical command (d), pulsed high voltage source (e).
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Table 1. Radiated measurements features.

T. R, Bias Bias Load res./ Shape Waveform
mode leve’kV  kQ
1 M M DC 0.15 1.87 bi SP
2 M I DC 0.15 1.87 mono SP
3 O @ DC 0.15 1.87 bi SP
4 0O & DC 0.15 1.87 mono SP
s O i DC 1 1.87 bi SP
6 O i DC 1 1.87 mono SP
7 M K Pulsed 1 1.42 bi SP
8 I A Pulsed 1 1.42 mono SP
9 O [ Pulsed 1 1.42 bi Burst
10 O 4 Pulsed 1 1.42 mono  Burst
11 M K Pulsed 1 0.1 bi Burst
12 [ [ Pulsed 1 0.1 mono  Burst

B) Measured voltage

1) MEASUREMENTS 1-4

Figure 9(a) shows the voltage in the antenna measured by the
probe. The voltage levels correspond to a correction of 52 dB
(26 dB attenuator and 26 dB probe). The optical adjustments
have been optimized for the photogeneration of a bipolar pulse.

30
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The measured voltage is a bipolar shape followed by some
characteristic oscillations of the signal reflected at the edge of
the antenna. The peak to peak level of the voltage is 64.5 V for
a 150 V bias.

The voltages measured at the receiving antenna output
with or without the probe voltage are compared in Fig. 9(b).
The presence of the probe does not interfere with the radiated
field in the main direction. Indeed, the transient shapes are
similar (derived from the bipolar) and the peak to peak
levels are slightly higher when the voltage sensor is removed.

The same experiment has been performed for the gener-
ation of a monopolar pulse. The voltage measured at the
output of the probe has a steep rising edge followed by
strong oscillations with low frequency content reflected at
the edge of the antenna (Fig. 9(c)). These oscillations are
caused by the mismatch between the spectrum of the mono-
polar pulse (which starts from DC) and the antenna band-
width. This observation highlights the advantage of using
bipolar pulses rather than monopolar pulses [6, 14, 15]. The
peak voltage level of 77 V is obtained for an input voltage
bias of 150 V.

As the generation of the bipolar pulse, we consider that the
presence of the probe does not disturb the radiation in the
main axis (Fig. 11). Therefore, these results confirm the
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Fig. 9. (a) Probe measurement with a correction of 52 dB - bipolar shape, (b) received signals on the antenna with a correction of 26 dB with and without the
probe for a bipolar shape, (c) probe measurement with a correction of 52 dB - monopolar shape, and (d) received signals on the antenna with a correction of 26 dB

with and without the probe for a monopolar shape.
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Fig. 10. Received signals on the antenna with a correction of 26 dB for (a) a bipolar shape and (b) a monopolar shape - DC and pulsed bias correspond

respectively, to the blue curve and the red curve.

possibility of using this probe to optimize the settings of the
optical beam needed for the photogeneration.

2) MEASUREMENTS 5 AND 6

For measurements 5 and 6, a DC bias voltage of 1 kV is
applied. The transient shapes of these voltages are comparable
with previous ones (Figs 9(b) and 9(d)).

The energy yield, which can be defined as the ratio between
the output level of the photogenerated pulse and the bias
voltage for the same optical power, is better in the case of a
bipolar signal (Fig. 10(a)). Intuitively, this is entirely consistent
and comes from a better compatibility between the spectrum of
the bipolar pulse and the antenna frequency response.
Furthermore, increasing the voltage level for a monopolar
signal corresponds to the ratio 1 kV/150 V (Fig. 10(b)).

3) MEASUREMENTS 7 AND §

The DC bias source have been replaced by the pulsed voltage
source developed by STAME laboratory as described earlier in
this paper (Section III). The configuration is the same as the
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ones used for the measurements 5 and 6 with 1 kV level
bias in SP mode. The transient shapes and measured voltage
are very close whatever the bias mode (10).

4) MEASUREMENTS 9 AND 10

Measurements 9 and 10 have been performed in the same
configuration in terms of bias level with the generation of a
burst composed by 20 bipolar pulses at 33.8 MHz.
Figure 11(a) shows the received signal with a bipolar pulses
burst and a monopolar pulses burst 11(b). The period
between each pulse is stable and is equal to 29.59 ns.

The consistency between the pulse amplitudes obtained at
the output of the system is not perfect. This distortion is dir-
ectly attributable to the atypical features of the source and
more precisely to the changes in the laser gain along the multi-
pass cavity. In Fig. 11(b) we can notice strong oscillations
between two successive pulses and this is owing to the low fre-
quency content, which is not radiated by the antenna. A com-
parison has also been performed between the magnitude of a
SP and the magnitude of a pulse contained in a burst. The SP
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Fig. 11. Received signal for a bipolar pulses burst (a) and a monopolar pulses burst (b) with 1 kV pulsed bias level and 1.42 k() load resistor.
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Fig. 12. Probe measurement (a) and received signal (b) for a bipolar pulses burst with 1 kV pulsed bias level and 100 () load resistor.

is 3.2 times higher than the pulse contained in a burst, because
the optical power voluntarily decreases to take into account
the recovery time of optical switches, to ensure that the
diode has enough time to return to the off state.

5) MEASUREMENTS 11 AND 12

For the last measurements, the load resistor 1.42 k() has been
changed by a 100 () resistor. The voltage measured with the
probe is shown in Fig. 12(a) for the photogeneration of
bipolar pulses. The photogenerated pulses amplitude
changes significantly. The average peak to peak magnitude
is around 400 V for a 1 kV bias voltage.

Figure 12(b) shows the received pulse train. The level of the
pulses changes in accordance with variations in the amplitude
of photogenerated pulses. The maximum peak to peak level is
higher (3.4 V) than for the measurements done with a load
resistor 1.42 k€ (1.1 V). The decrease in loading time of the
line enhances performance. However, the oscillations between
two pulses are stronger. These spurious signals are introduced
by the pulsed bias source, with a lower load resistance, more
energy may be coupled on the transmission line for the recovery
of the semiconductor insulation characteristics.
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Time / ns
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Fig.
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Measurement 12, presented in Fig. 13 shows that the amp-
litude variations are significant for the first pulses and the
average peak level is 700 V. The corresponding measured
signal reception showed an average level of 4.5 V peak to
peak, which is much stronger than the measurements
obtained with a 1.42 k() load resistance. As before, the yield
is improved but the oscillations between two pulses are
significant.

C) Radiated field at 1 m

A propagation model has been developed to estimate the
photogenerated radiated field at a distance of 1 m using the
signal measured at the receiver. Indeed, this model takes
into account the receiving antenna, cables, and attenuator
transfer functions. Deduced from the Friis formula, we can
easily demonstrate the equation (1).

E1m(f) = Z2(f) : (1)

r
Hr(f)ﬂl(f) ,

!

Level

0 100 200 300

Time / ns
(b)

13. Probe measurement (a) and received signal (b) for a monopolar pulses burst with 1 kV pulsed bias level and 100 () load resistor.
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Fig. 14. Radiated field at 1 m (a) transient shape e, ,(t) for a bipolar pulse (a) - monopolar pulse (c) and spectrum of the bipolar pulse (b) - monopolar pulse (d).

with:

* E,(f), Fourier transform complex notation of the photo-
generated radiated field at 1 m e, ,,(t)

e V,(f), Fourier transform complex notation of the mea-
sured voltage on receiving antenna v,(t)

e H,, transfer function complex notation of the receiving
antenna

e H,, transfer function complex notation representing losses
(attenuator and cable)

e 1, distance between the receiving antenna and the transmit-
ting antenna.

H, and H, has been computed using measurements previously
performed to characterized receiving antenna, cables, and
attenuator.

This calculation has been applied to the measurements 7
and 8 for which the pulsed bias source is set to 1 kV. The
peak to peak level of the electric field at 1 m is 610 V for the
photogeneration of a bipolar signal (Fig. 14(a)) and 380 V
for a monopolar signal (Fig. 14(c)) and the spectrum of
bipolar radiated signal is wider (Fig. 14(b), BW at —10 dB:
350 MHz-2.65 GHz) than the monopolar signal (Fig. 14(d),
BW at —10 dB: 250 MHz-1.8 GHz).

The yield in this case is better than for the previous tests
(150 V of DC bias level). The figure of merit, which can be
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defined as the ratio between the maximum amplitude of the
radiated field at 1 m and the amplitude of the feeding pulse,
is 1 for bipolar pulse and 0.8 for monopolar pulse. These
values are low but depend on the photogenerated spectrum
signals. Indeed, for a photogenerated pulse whose spectrum
extends to 3 GHz, the theoretical factor of merit of the
antenna is 1.6.

VI. CONCLUSION

In this paper, an innovative optoelectronic system capable of
generating picoseconds kilovolt pulses with a repetition rate
higher than tens MHz has been presented. First, we described
a new kind of UWB elementary radiation source with an inte-
grated photoswitch triggered by optical flash. Measurement
result validates the operation of the complete radiation
source with the generation and the radiation of bursts com-
posed of 20 pulses at a frequency 33.8 MHz. The levels of
radiated electric fields are consistent with the expected
results. The radiated spectrum of the monopolar electrical
signal generated is mainly composed of low frequencies and
does not cover a frequency band up to 3 GHz, which is per-
fectly understandable and expected as long as the monopolar
pulse shape is not suitable with the used K-antenna. The
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shaping of the pulse using bipolar signal would precisely
control the spectrum around the central frequency and
enhance the desired bandwidth. It is therefore shown that per-
fectly matching the profile of the spectrum related to the signal
and the one related to the spectral characteristics of the
antenna allows to optimize the radiation system. Finally, the
integration of the optoelectronic source enhances the com-
pactness of the system and would be even more interesting
if the frequency band is higher.
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