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Description

Technical Field

[0001] The present invention relates generally to radio
frequency directed energy (RFDE) systems, and more
particularly to multifunctional type RFDE systems.

Background of the Invention

[0002] Radio frequency directed energy (RFDE) sys-
tems are known in the art for directing high power RF,
microwave and/or millimeter wave electromagnetic en-
ergy to destroy or disrupt a target. Although RFDE sys-
tems typically serve as military weapons, RFDE systems
need not be limited to weapon systems. For example,
RFDE systems of the present invention may be used for
non-military purposes such as destroying or disrupting
foreign objects, contaminants, undesirable atmospheric
conditions, or other types of targets.
[0003] As for weapon systems, it is important to distin-
guish between an RFDE weapon system and an elec-
tronic warfare system. A primary difference between an
RFDE weapon and an electronic warfare system is power
and kill mode. An electronic warfare system makes use
of a priori knowledge of a target it is designed to jam or
disrupt. An electronic warfare system uses such a priori
knowledge of a target’s characteristics (e.g., frequency
of operation, method of operation, etc.) to disrupt or con-
fuse the target with "finesse", or a relatively low amount
of power.
[0004] On the other hand, an RFDE weapon system
can go after a broad range of targets (electronics, bio-
logical, ordinance, structures, etc.) due to its relatively
large radiated power. A priori knowledge of the intended
target characteristics is typically not required because
the RFDE weapon either burns-out or overwhelms its
target by the shear amount of power it radiates.
[0005] An ongoing problem with RFDE systems is tar-
geting-accurately pointing the RF directed energy beam
at the intended target and establishing an accurate range
from the system to the target. To date, the RFDE system
targeting problem has been addressed by using what
may be referred to as auxiliary add-on systems. These
add-on systems could include a stand-alone radar sys-
tem, a stand-alone laser range finder, stand-alone optical
or infrared imaging system, etc. However, these add-on
systems add significant cost to the RFDE system. In ad-
dition, these add-on systems add significant complexity
by requiring calibration of the alignment between the
RFDE system and the stand-alone targeting system.
[0006] Fig. 1 is a block diagram of a typical RFDE sys-
tem 10. In its simplest form, the system 10 includes a
high power transmitter 12 transmitting thru a high power
antenna 14. The transmitter 12 operates at RF, micro-
wave or millimeter wave frequencies. The system 10 op-
erates based on a prime power source 16, such as an
AC mains, generator, high capacity battery system, etc.

A power conditioning block 18 conditions power delivered
from the power source 16 so as to be suitable for pow-
ering the transmitter 12. A cooling system 20 provides
appropriate cooling to the power conditioning block 18
and the high power transmitter 12 as needed. A control
block 22 provides appropriate control among the various
sub-systems.
[0007] The RFDE weapon system 10 further includes
an antenna pointing system 24 for aiming the high power
antenna 14, and thus the high power electromagnetic
energy beam transmitted therefrom, at the target. The
pointing system 24 typically is driven by coordinate data
identifying the direction and range of the intended target.
Such coordinate data is provided by a stand-alone tar-
geting system 26. As is noted above, the targeting system
26 is an add-on often in the form of a stand-alone radar
system, a stand-alone laser range finder, stand-alone
optical or infrared imaging system, etc. As is also noted
above, however, these add-on systems add significantly
to the cost and complexity of the RFDE system.
US 2004/0075884 A1 discloses a phase conjugate relay
mirror apparatus for high energy laser system and meth-
od.
US 2006/0082488 A1 discloses advanced electromag-
netic location of electronic equipment.
[0008] In view of the aforementioned shortcomings as-
sociated with conventional RFDE systems, there is a
strong need in the art for an RFDE system which is not
subject to the cost and complexity associated with con-
ventional targeting systems.

Summary of the Invention

[0009] The RFDE system of the present invention elim-
inates the need for a separate, stand-alone targeting sys-
tem by integrating a targeting system within the RFDE
system itself. The RFDE system is multi-functional in that
all or part of the RFDE system hardware that functions
to direct high power electromagnetic energy also func-
tions to obtain and provide targeting information to aim
the high power electromagnetic energy beam. For exam-
ple, the RFDE transmitter is not only used as the source
of the directed electromagnetic energy, but is also used
as a radar transmitter for targeting an object. A relatively
simple radar receiver may then be added to the RFDE
system. The cost of the overall system is substantially
reduced since an expensive radar transmitter is not re-
quired. Moreover, the complexity of the system is re-
duced as calibration of the alignment between the RFDE
system and a stand-alone targeting system becomes un-
necessary.
[0010] The invention relates to a multi-functional radio
frequency directed energy (RFDE) system according to
claim 1 of the appended set of claims.
[0011] The invention also relates to a method of oper-
ating a multi-functional radio frequency directed energy
(RFDE) system according to claim 13 of the appended
set of claims.
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[0012] To the accomplishment of the foregoing and re-
lated ends, the invention, then, comprises the features
hereinafter fully described and particularly pointed out in
the claims. The following description and the annexed
drawings set forth in detail certain illustrative embodi-
ments of the invention. These embodiments are indica-
tive, however, of but a few of the various ways in which
the principles of the invention may be employed. Other
objects, advantages and novel features of the invention
will become apparent from the following detailed descrip-
tion of the invention when considered in conjunction with
the drawings.

Brief Description of the Drawings

[0013]

Fig. 1 is a block diagram of a conventional RFDE
system;
Fig. 2 is a block diagram of a multi-functional RFDE
system in accordance with a first embodiment of the
present invention;
Fig. 3 is a block diagram of a multi-functional RFDE
system in accordance with a second embodiment of
the present invention;
Fig. 4 is a block diagram of a multi-functional RFDE
system in accordance with a third embodiment of the
present invention;
Fig. 5 is a block diagram of a multi-functional RFDE
system in accordance with a fourth embodiment of
the present invention;
Fig. 6 is a block diagram of a multi-functional RFDE
system in accordance with a fifth embodiment of the
present invention;
Fig. 7 illustrates a multi-functional RFDE system
mounted within an aircraft in accordance with an em-
bodiment of the present invention;
Fig. 8 illustrates a multi-functional RFDE system
mounted within a wheeled vehicle in accordance with
an embodiment of the present invention; and
Fig. 9 is a schematic diagram of a multi-functional
RFDE system incorporating a reflector-type antenna
in accordance with an embodiment of the present
invention.

Detailed Description of the Invention

[0014] The present invention will now be described
with reference to the drawings, in which like reference
numerals are provided to refer to like elements through-
out.
[0015] The RFDE system of the present invention in-
tegrates a targeting system, such as a radar targeting
system, into an otherwise conventional RFDE system.
There are several ways that the targeting system can be
integrated into the RFDE system as explained herein.
The particular embodiments described below are meant
to be merely exemplary. The present invention contem-

plates not only the particular embodiments described
herein, but any system in which a targeting system is
integrated in part or in whole within the RFDE system.
[0016] Referring to Fig. 2, an RFDE system 30 is
shown in accordance with an embodiment of the present
invention. Since many of the elements of the RFDE sys-
tem 30 in Fig. 2 are similar to those in the conventional
system 10 discussed above with respect to Fig. 1, only
the relevant differences with be discussed herein for sake
of brevity. In this particular embodiment, a portion of an
otherwise conventional RFDE system (notably the high
power transmitter 12 and/or the transmit antenna 14)
forms part of the targeting system. Specifically, during a
targeting mode, the high power RFDE transmitter 12 is
controlled by the control block 22 to transmit standard
radar tracking signals thru the antenna 14. The radar
tracking signals may be any type of conventional radar
signal such a pulse or continuous wave radar. The power
level of the tracking signals may be a high powered sig-
nal, such as the RFDE signal itself, or a relatively low
powered signal as more typical in radar tracking applica-
tions.
[0017] In the embodiment of Fig. 2, a separate radar
receiver 32 and radar receive antenna 34 are used in
conjunction with the integrated RFDE/radar transmitter
12. In one embodiment, the RFDE high power output
beam intended to destroy or disturb a target is transmitted
using the RFDE/radar transmitter 12 and antenna 14.
The radar receive antenna 34 receives portions of the
RFDE output beam reflected by the target back towards
the system 30. The radar receiver 32 processes the re-
flected return signals using conventional techniques in
order to identify the location of the target. For example,
the radar receiver 32 can be coherently linked to the
transmitted RFDE output waveform (represented by line
36) so that Doppler processing can be achieved and the
direction and range of the target identified.
[0018] The radar receiver 32 provides the target loca-
tion information to an integrated targeting system block
38 which feeds the location information to the antenna
pointing system 24. Such operation allows the antenna
14 to be directed in both search and track radar functions.
[0019] As will be appreciated, the RFDE system 30 in
Fig. 2, as with the various other embodiments of the in-
vention described herein, can operate in both an RFDE
mode and a tracking mode. Both modes may be carried
out simultaneously as described above, for example,
where the high power electromagnetic energy output
waveform of the RFDE system also serves as the radar
tracking system transmit signal. Alternatively, the RFDE
system 30 may switch between the RFDE mode and the
tracking mode using a separate RFDE high power beam
and lower power radar transmit signals, respectively. So
long as the system 30 switches between the two modes
rapidly enough so as not to lose track of the target, op-
eration between RFDE mode and tracking mode may be
time-division multiplexed.
[0020] Typically the radar transmitter is one of the most
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expensive portions of a radar tracking system. Therefore,
by using the RFDE transmitter 12 and antenna 14 to func-
tion as the radar transmitter and antenna for targeting,
the cost of the targeting system can be drastically re-
duced. Also, using the radar return of the RFDE high
power beam itself to determine the target location can
substantially improve the beam pointing accuracy of the
RFDE system 30. By using the RFDE high power beam
to determine the location of the target, the power density
on target will be maximized when standard radar tracking
techniques are employed (e.g., monopulse, continuous
scan, etc.).
[0021] Those of ordinary skill will appreciate that the
RFDE transmitter 12 can be any transmitter suitable for
transmitting an RFDE high power beam. For example,
the RFDE transmitter 12 may be a single or multiple tube
source, or solid state source. Moreover, it will be appre-
ciated that the antenna 14 can be any type of suitable
high power antenna which can be mechanically and/or
electronically pointed and scanned via the antenna point-
ing system 24. The transmitter/antenna can also be com-
prised of an active electronically steered array (AESA),
for example, where an array of high power amplifiers/
antennas is utilized. The radar receive antenna 34 can
be any type of suitable antenna for receiving the radar
return signals. As with the antenna 14, the radar receive
antenna 34 is mechanically and/or electronically pointed
and scanned via the antenna pointing system 24. The
antenna pointing system 24 can be a mechanical gimbal
or a beam steering computer controlling phase shifters
in an electronically steerable array.
[0022] Fig. 3 illustrates another embodiment repre-
senting how a tracking system can be integrated with an
RFDE system. The embodiment of Fig. 3, as with the
other embodiments described herein, shares many of
the same elements as Fig. 2, and thus again only the
relevant differences between the embodiments will be
discussed for sake of brevity.
[0023] Specifically, Fig. 3 illustrates an RFDE system
40 in which the power amplifier of the tracking system is
integrated within the power amplifier of the RFDE system.
More particularly, the RFDE transmitter 12 includes a low
power RFDE signal source 42 operating at a first fre-
quency and input to an adder 44. The output of the adder
44 is input to a power amplifier 46 which amplifies the
output before being radiated by the transmit antenna 14.
A low power radar signal source 48 at a second frequency
is also input to the adder 44. In addition, the low power
radar signal source 48 is input to the radar receiver 32
to provide for coherent processing. The adder 44 thus
outputs the combined RFDE signal source and radar sig-
nal source to the power amplifier 46. The power amplifier
46 can be any suitable type of amplifier including, for
example, an injection locked magnetron, a klystron, a
solid-state amplifier, etc., or an array of any of these types
of amplifiers in an AESA embodiment.
[0024] In the embodiment of Fig. 3, a separate low
power radar signal from the signal source 48 is used.

This signal is combined with the RFDE signal from the
RFDE signal source 42 prior to the combined signal being
amplified by the power amplifier 46. The frequencies of
the RFDE signal and the radar signal do not have to be
at the same frequency. In fact, they can be completely
Independent of each other within the bandwidth con-
straints of the power amplifier 46 and the RFDE transmit
antenna 14. It will be appreciated that significant isolation
can be achieved between the RFDE and radar signals
by filtering out the RFDE signal at the receive antenna
34 and/or radar receiver 32.
[0025] Again, it will be appreciated that the RFDE sys-
tem 40 of Fig. 3 may operate in an RFDE mode and a
targeting mode. As in the other embodiments described
herein, such modes may be carried out simultaneously
or in time-multiplexed fashion. In the case where the
RFDE signal source 42 and radar signal source 48 are
different, one may consider such operation as frequency-
multiplexed as will be appreciated.
[0026] Fig. 4 illustrates yet another embodiment of the
present invention. In this embodiment, the RFDE system
50 integrates the radar receive antenna into the same
antenna 14 serving as the RFDE and radar transmit an-
tenna. This is accomplished by means of a high power
circulator 52 which routes the RFDE/radar transmit sig-
nals from the shared transmitter 12 through to the anten-
na 14. Reflected signals received by the antenna are
routed by the circulator 52 to the receiver 32 for process-
ing. In this example, as in the others discussed herein,
the RFDE transmit signal may also be the radar transmit
signal. The return signal is received by the same antenna
14 and coupled through the circulator 52 to the receiver
32. The radar system thus can provide target information
feedback to the antenna pointing system 24.
[0027] The high power circulator 52 can be problematic
in that it can be difficult to design a circulator that can
handle the typical total power radiated by an RFDE sys-
tem. Nevertheless, with improvements in materials and
technologies such a circulator may someday be commer-
cially feasible. Furthermore, the embodiment of Fig. 4
certainly is very suitable for an AESA system where the
output power is broken-up among an array of transmit
elements as discussed in more detail below.
[0028] In some integrated RFDE/targeting applica-
tions it may be desirable only to share the antenna be-
tween the RFDE and targeting systems. The RFDE sys-
tem and the targeting system otherwise operate inde-
pendently. An example of such an embodiment is shown
in Fig. 5.
[0029] Specifically, the embodiment of Fig. 5 illustrates
a radar system 32’ which functions essentially independ-
ently of the RFDE system 60 with the exception of sharing
a dual polarized antenna 14. The RFDE system transmits
the RFDE high power beam from the transmitter 12 via
the dual polarized antenna 14 using one polarization
(e.g., vertical, right hand circular, etc.). The radar system
32’, with its own transmitter/receiver, transmits the radar
transmit signal via the antenna 14 using the orthogonal
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polarization (e.g., horizontal, left hand circular, etc.). The
reflected radar return signal received by the antenna 14
is processed by the radar system 32’ to provide target
location information, again using conventional tech-
niques. As in the other embodiments, the location infor-
mation is provided to the integrated targeting system 38
which provides the information to the antenna pointing
system 24. The embodiment of Fig. 5 can be used to
provide tracking information and/or is especially suitable
for providing range information for the RFDE system.
[0030] Fig. 6 illustrates an embodiment in which AE-
SAs or phased array antennas may be incorporated with-
in the present invention. The embodiment of Fig. 6 is
fundamentally the same as the embodiment of Fig. 3,
with the exception that the power amplifier 46 is repre-
sented by an array of power amplifiers 46’ included with
the RFDE/radar transmit AESA antenna 14. The radar
receive antenna 34 may similarly comprise an AESA an-
tenna.
[0031] As is shown in Fig. 6, the combined signal from
the adder 44 is input to a power splitter 72 within the
AESA antenna 14. The power splitter 72 separates the
signal and provides the split signal to respective phase
shifters 74 and power amplifiers 46’ corresponding to re-
spective radiator elements 14’ in the antenna 14. The
antenna pointing system 24 may steer the antenna 14
by adjusting the phase of the phase shifters 74, as will
be appreciated.
[0032] Continuing to refer to Fig. 6, it will further be
appreciated that the radar source 48 and RFDE source
42 can be at different frequencies and still radiate in the
same direction. As long as the phase shifters 74 are se-
lected to provide a true time delay (which is fairly common
in the art), the antenna 14 may be steered concurrently
for both frequencies.
[0033] A multifunctional RFDE system of the present
invention can be employed on a variety of platforms. For
example, Fig. 7 illustrates an embodiment in which the
system is employed on an aircraft. The combined RFDE/
radar transmitter 12 and antenna 14 (not shown), for ex-
ample, are mounted to radiate out the side of the aircraft.
A pod is then mounted beneath the aircraft, containing
the radar receiver 32 and receive antenna 34 (also not
shown).
[0034] Fig. 8 shows an embodiment in which the RFDE
system of the present invention can be employed on a
wheeled vehicle. For example, the RFDE and radar sys-
tems are mounted in the back of the vehicle and share
a common antenna. One possible such system 80 is
shown in Fig. 9. A high power RFDE source 12 radiates
into a beam transport system comprised of mirrors (e.g.,
82) suitable for the frequency of operation. A cross-po-
larized radar transmit signal from the radar system 32’ is
then injected into the RFDE beam path by means of a
beam combiner/splitter 84. The RFDE and radar transmit
signal are then simultaneously transmitted from the com-
mon antenna 14, in this embodiment a reflector-type an-
tenna. The radar return signal is received by the antenna

14 and directed back to the cross-polarized radar system
32’ via the mirrors 82 and beam combiner/splitter 84.

Claims

1. A multi-functional radio frequency directed energy
(RFDE) system (30, 40, 50, 80), comprising:

an RFDE transmitter (12) and at least one RFDE
antenna (14, 14’) for directing high power elec-
tromagnetic energy towards a target sufficient
to cause high energy damage or disruption of
the target;
a targeting system (38) for locating the target,
the targeting system including a radar transmit-
ter (48) and at least one radar antenna (14, 34)
for transmitting and receiving electromagnetic
energy to locate the target; and
an antenna pointing system (24) for aiming the
at least one RFDE antenna (14, 14’) at the target
based on the location of the target as ascer-
tained by the targeting system (38),
wherein at least a portion of the radar transmitter
(48) or the at least one radar antenna (14, 34)
is integrated within at least a portion of the RFDE
transmitter (12) or the at least one RFDE anten-
na (14, 14’),
wherein the radar transmitter (48) is embodied
at least partially within the RFDE transmitter
(12), and wherein the radar transmitter (48) and
the RFDE transmitter comprise a common RF
power amplifier (46)

2. The multi-functional RFDE system of claim 1, where-
in the at least one radar antenna (14, 34) is embodied
at least partially within the at least one RFDE antenna
(14, 14’).

3. The multi-functional RFDE system of claim 1, where-
in the electromagnetic energy for locating the target
is at a first frequency, and the high power electro-
magnetic energy is at a second frequency different
from the first.

4. The multi-functional RFDE system of claim 2, where-
in the at least one radar antenna (14, 34) functions
to transmit the electromagnetic energy for locating
the

5. The multi-functional RFDE system of claim 4 wherein
the at least one radar antenna (14, 34) includes a
first radar antenna (14) that functions to transmit the
electromagnetic energy for locating the target and
to transmit the high power electromagnetic energy,
and a second radar antenna (34) that functions to
receive the electromagnetic energy reflected from
the target in order to locate the target.
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6. The multi-functional RFDE system of claim 5, where-
in the first radar antenna (14) comprises a multi-el-
ement phased array.

7. The multi-functional RFDE system of claim 4, where-
in the at least one radar antenna (14) that functions
to transmit the electromagnetic energy for locating
the target also functions to receive the electromag-
netic energy reflected from the target in order to lo-
cate the target.

8. The multi-functional RFDE system of claim 7, where-
in the at least one radar antenna (14) comprises a
dual-polarized antenna.

9. The multi-functional RFDE system of claim 1, where-
in the system comprises a beam combiner (84) for
combining the high power electromagnetic energy
with the electromagnetic energy for locating the tar-
get in a path between the RFDE transmitter and the
RFDE antenna.

10. The multi-functional RFDE system of claim 1, where-
in the system is configured for operation in a mobile
vehicle.

11. The multi-functional RFDE system of claim 10,
wherein the mobile vehicle is a wheeled-vehicle.

12. The multi-functional RFDE system of claim 10,
wherein the mobile vehicle is an aircraft.

13. A method of operating a multi-functional radio fre-
quency directed energy (RFDE) system, comprising
the steps of:

utilizing an RFDE transmitter (12) and at least
one RFDE antenna (14,14’) to direct high power
electromagnetic energy towards a target suffi-
cient to cause high energy damage or disruption
of the target;
utilizing a targeting system (38) to locate the tar-
get, the targeting system including a radar trans-
mitter (48) and at least one radar antenna
(14,34) for transmitting and receiving electro-
magnetic energy to locate the target;
aiming the at least one RFDE antenna (14,14’)
at the target based on the location of the target
as ascertained by the targeting system (38); and
integrating at least a portion of the radar trans-
mitter or the at least one radar antenna (14,34)
within at least a portion of the RFDE transmitter
or the at least one RFDE antenna (14,14’),
wherein the radar transmitter (48) is embodied
at least partially within the RFDE transmitter
(12), wherein the radar transmitter (48) and the
RFDE transmitter comprise a common RF pow-
er amplifier (46).

14. The method of claim 13, wherein the at least one
radar antenna (14,34) is embodied at least partially
within the at least one RFDE antenna (14,14’).

15. The method of claim 13, wherein the electromagnetic
energy for locating the target is at a first frequency,
and the high power electromagnetic energy is at a
second frequency different from the first.

Patentansprüche

1. Multifunktionales Funkfrequenzrichtenergiesystem
(RFDE-System) (30, 40, 50, 80), das Folgendes um-
fasst:

einen RFDE-Sender (12) und wenigstens eine
RFDE-Antenne (14, 14’) zum Richten elektro-
magnetischer Energie von hoher Leistung zu ei-
nem Ziel, die ausreichend ist, um eine energie-
reiche Beschädigung oder Unterbrechung des
Ziels zu verursachen;
ein Zielermittlungssystem (38) zum Orten des
Ziels, wobei das Zielermittlungssystem einen
Radarsender (48) und wenigstens eine Radar-
antenne (14, 34) zum Senden und Empfangen
von elektromagnetischer Energie umfasst, um
das Ziel zu orten; und
ein Antennenausrichtungssystem (24) zum
Ausrichten der wenigstens einen RFDE-Anten-
ne (14, 14’) auf das Ziel auf der Grundlage des
Zielortes, der durch das Zielermittlungssystem
(38) ermittelt wurde,
wobei wenigstens ein Abschnitt des Radarsen-
ders (48) oder der wenigstens einen Radaran-
tenne (14, 34) in wenigstens einen Abschnitt des
RFDE-Senders (12) oder der wenigstens einen
RFDE-Antenne (14, 14’) integriert ist,
wobei der Radarsender (48) wenigstens teilwei-
se innerhalb des RFDE-Senders (12) ausge-
führt ist, und
wobei der Radarsender (48) und der RFDE-
Sender (12) einen gemeinsamen RF-Leistungs-
verstärker (46) umfassen.

2. Multifunktionales RFDE-System nach Anspruch 1,
wobei die wenigstens eine Radarantenne (14, 34)
wenigstens teilweise innerhalb der wenigstens einen
RFDE-Antenne (14, 14’) ausgeführt ist.

3. Multifunktionales RFDE-System nach Anspruch 1,
wobei die elektromagnetische Energie zum Orten
des Ziels eine erste Frequenz hat und die elektro-
magnetische Energie von hoher Leistung eine zwei-
te Frequenz hat, die von der ersten verschieden ist.

4. Multifunktionales RFDE-System nach Anspruch 2,
wobei die wenigstens eine Radarantenne (14, 34)

9 10 



EP 2 106 525 B1

7

5

10

15

20

25

30

35

40

45

50

55

so arbeitet, dass sie die elektromagnetische Energie
zum Orten des Ziels sendet.

5. Multifunktionales RFDE-System nach Anspruch 4,
wobei die wenigstens eine Radarantenne (14, 34)
eine erste Radarantenne (14), die so arbeitet, dass
sie die elektromagnetische Energie zum Orten des
Ziels sendet und die elektromagnetische Energie
von hoher Leistung sendet, und eine zweite Radar-
antenne (34), die so arbeitet, dass sie die vom Ziel
reflektierte elektromagnetische Energie empfängt,
um das Ziel zu orten, umfasst.

6. Multifunktionales RFDE-System nach Anspruch 5,
wobei die erste Radarantenne (14) eine aus mehre-
ren Elementen bestehende phasengesteuerte
Gruppe umfasst.

7. Multifunktionales RFDE-System nach Anspruch 4,
wobei die wenigstens eine Radarantenne (14), die
so arbeitet, dass sie die elektromagnetische Energie
zum Orten des Ziels sendet, außerdem so arbeitet,
dass sie die vom Ziel reflektierte elektromagnetische
Energie empfängt, um das Ziel zu orten.

8. Multifunktionales RFDE-System nach Anspruch 7,
wobei die wenigstens eine Radarantenne (14) eine
dualpolarisierte Antenne umfasst.

9. Multifunktionales RFDE-System nach Anspruch 1,
wobei das System einen Strahlkombinierer (84) um-
fasst, um die elektromagnetische Energie von hoher
Leistung mit der elektromagnetischen Energie zum
Orten des Ziels in einem Weg zwischen dem RFDE-
Sender und der RFDE-Antenne zu kombinieren.

10. Multifunktionales RFDE-System nach Anspruch 1,
wobei das System für den Betrieb in einem mobilen
Fahrzeug konfiguriert ist.

11. Multifunktionales RFDE-System nach Anspruch 10,
wobei das mobile Fahrzeug ein Radfahrzeug ist.

12. Multifunktionales RFDE-System nach Anspruch 10,
wobei das mobile Fahrzeug ein Luftfahrzeug ist.

13. Verfahren zum Betreiben eines multifunktionalen
Funkfrequenzrichtenergiesystems (RFDE-System),
das folgende Schritte umfasst:

Verwenden eines RFDE-Senders (12) und we-
nigstens einer RFDE-Antenne (14, 14’) zum
Richten elektromagnetischer Energie von hoher
Leistung zu einem Ziel, die ausreichend ist, um
eine energiereiche Beschädigung oder Unter-
brechung des Ziels zu verursachen;
Verwenden eines Zielermittlungssystems (38)
zum Orten des Ziels, wobei das Zielermittlungs-

system einen Radarsender (48) und wenigstens
eine Radarantenne (14, 34) zum Senden und
Empfangen von elektromagnetischer Energie
umfasst, um das Ziel zu orten; und
Ausrichten der wenigstens einen RFDE-Anten-
ne (14, 14’) auf das Ziel auf der Grundlage des
Zielortes, der durch das Zielermittlungssystem
(38) ermittelt wurde;
Integrieren wenigstens eines Abschnitts des
Radarsenders (48) oder der wenigstens einen
Radarantenne (14, 34) in wenigstens einen Ab-
schnitt des RFDE-Senders (12) oder der wenig-
stens einen RFDE-Antenne (14, 14’),
wobei der Radarsender (48) wenigstens teilwei-
se innerhalb des RFDE-Senders (12) ausge-
führt ist,
wobei der Radarsender (48) und der RFDE-
Sender (12) einen gemeinsamen RF-Leistungs-
verstärker (46) umfassen.

14. Verfahren nach Anspruch 13, wobei die wenigstens
eine Radarantenne (14, 34) wenigstens teilweise in-
nerhalb der wenigstens einen RFDE-Antenne (14,
14’) ausgeführt ist.

15. Verfahren nach Anspruch 13, wobei die elektroma-
gnetische Energie zum Orten des Ziels eine erste
Frequenz hat und die elektromagnetische Energie
von hoher Leistung eine zweite Frequenz hat, die
von der ersten verschieden ist.

Revendications

1. Système à énergie dirigée radiofréquence (RFDE)
multifonctionnel (30, 40, 50, 80), comprenant :

un émetteur RFDE (12) et au moins une antenne
RFDE (14, 14’) servant à diriger vers une cible
de l’énergie électromagnétique de forte puis-
sance suffisante pour occasionner un endom-
magement énergétique ou une perturbation
énergétique importants de la cible ;
un système de repérage de cible (38) servant à
localiser la cible, le système de repérage de ci-
ble comportant un émetteur radar (48) et au
moins une antenne radar (14, 34) servant à
émettre et à recevoir de l’énergie électromagné-
tique en vue de localiser la cible ; et
un système de pointage d’antenne (24) servant
à pointer ladite au moins une antenne RFDE
(14, 14’) sur la cible en fonction de la position
de la cible établie par le système de repérage
de cible (38),
au moins une partie de l’émetteur radar (48) ou
de ladite au moins une antenne radar (14, 34)
étant intégrée à au moins une partie de l’émet-
teur RFDE (12) ou de ladite au moins une an-

11 12 



EP 2 106 525 B1

8

5

10

15

20

25

30

35

40

45

50

55

tenne RFDE (14, 14’),
l’émetteur radar (48) étant réalisé au moins par-
tiellement dans l’émetteur RFDE (12), et
l’émetteur radar (48) et l’émetteur RFDE (12)
comprenant un amplificateur de puissance RF
commun (46).

2. Système RFDE multifonctionnel selon la revendica-
tion 1, laquelle au moins une antenne radar (14, 34)
est réalisée au moins partiellement dans ladite au
moins une antenne RFDE (14, 14’).

3. Système RFDE multifonctionnel selon la revendica-
tion 1, laquelle énergie électromagnétique servant à
localiser la cible possède une première fréquence,
et laquelle énergie électromagnétique de forte puis-
sance possède une deuxième fréquence différente
de la première.

4. Système RFDE multifonctionnel selon la revendica-
tion 2, laquelle au moins une antenne radar (14, 34)
fonctionne pour émettre l’énergie électromagnéti-
que servant à localiser la cible.

5. Système RFDE multifonctionnel selon la revendica-
tion 4, laquelle au moins une antenne radar (14, 34)
comporte une première antenne radar (14) qui fonc-
tionne pour émettre l’énergie électromagnétique ser-
vant à localiser la cible et pour émettre l’énergie élec-
tromagnétique de forte puissance, et une deuxième
antenne radar (34) qui fonctionne pour recevoir
l’énergie électromagnétique réfléchie par la cible afin
de localiser celle-ci.

6. Système RFDE multifonctionnel selon la revendica-
tion 5, laquelle première antenne radar (14) com-
prend un réseau à commande de phase à plusieurs
éléments.

7. Système RFDE multifonctionnel selon la revendica-
tion 4, laquelle au moins une antenne radar (14) qui
fonctionne pour émettre l’énergie électromagnéti-
que servant à localiser la cible fonctionne également
pour recevoir l’énergie électromagnétique réfléchie
par la cible afin de localiser celle-ci.

8. Système RFDE multifonctionnel selon la revendica-
tion 7, laquelle au moins une antenne radar (14) com-
prend une antenne bipolarisée.

9. Système RFDE multifonctionnel selon la revendica-
tion 1, lequel système comprend un mélangeur de
faisceaux (84) servant à mélanger l’énergie électro-
magnétique de forte puissance à l’énergie électro-
magnétique servant à localiser la cible sur un trajet
allant de l’émetteur RFDE à l’antenne RFDE.

10. Système RFDE multifonctionnel selon la revendica-

tion 1, lequel système est conçu pour fonctionner
dans un véhicule mobile.

11. Système RFDE multifonctionnel selon la revendica-
tion 10, lequel véhicule mobile est un véhicule à
roues.

12. Système RFDE multifonctionnel selon la revendica-
tion 10, lequel véhicule mobile est un aéronef.

13. Procédé de fonctionnement d’un système à énergie
dirigée radiofréquence (RFDE) multifonctionnel, le
procédé comprenant les étapes consistant à :

utiliser un émetteur RFDE (12) et au moins une
antenne RFDE (14, 14’) pour diriger vers une
cible de l’énergie électromagnétique de forte
puissance suffisante pour occasionner un en-
dommagement énergétique ou une perturbation
énergétique importants de la cible ;
utiliser un système de repérage de cible (38)
pour localiser la cible, le système de repérage
de cible comportant un émetteur radar (48) et
au moins une antenne radar (14, 34) servant à
émettre et à recevoir de l’énergie électromagné-
tique en vue de localiser la cible ;
pointer ladite au moins une antenne RFDE (14,
14’) sur la cible en fonction de la position de la
cible établie par le système de repérage de cible
(38) ; et
intégrer au moins une partie de l’émetteur radar
(48) ou de ladite au moins une antenne radar
(14, 34) à au moins une partie de l’émetteur
RFDE (12) ou de ladite au moins une antenne
RFDE (14, 14’),
l’émetteur radar (48) étant réalisé au moins par-
tiellement dans l’émetteur RFDE (12),
l’émetteur radar (48) et l’émetteur RFDE (12)
comprenant un amplificateur de puissance RF
commun (46).

14. Procédé selon la revendication 13, laquelle au moins
une antenne radar (14, 34) est réalisée au moins
partiellement dans ladite au moins une antenne
RFDE (14, 14’).

15. Procédé selon la revendication 13, laquelle énergie
électromagnétique servant à localiser la cible pos-
sède une première fréquence, et laquelle énergie
électromagnétique de forte puissance possède une
deuxième fréquence différente de la première.
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