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Description

[0001] This invention relates to a hybrid coupler. More particularly, this invention relates to a system for providing a
phase shift at a hybrid coupler.
[0002] A coupler can be implemented as a power coupler or a directional coupler. Power couplers (e.g., power splitters
and, when used in reverse, power combiners) and directional couplers are passive devices that can be used in the field
of radio technology. A coupler can be implemented as a pair of transmission lines that provide mutual inductance and
capacitance. A power coupler can couple a defined amount of the electromagnetic power in a transmission line to another
port where the power can be used in another circuit. A directional coupler can be configured to couple power flowing in
one direction such that power entering the output port is not coupled. Directional couplers and power dividers have many
applications, these include; providing a signal sample for measurement or monitoring, feedback, combining feeds to
and from antennae, and providing taps for cable distributed systems such as cable TV.
[0003] A coupler can have a coupling factor that defines an output power at an output port of a coupler relative to a
power provided at an input port of the coupler. The coupling factor represents a primary property of a directional coupler.
Coupling factor is a negative quantity when expressed in decibel ratio, although in some examples the minus sign is
dropped (but still implied). The coupling factor can vary with frequency.
[0004] An example for an amplifier arrangement using hybrid complers is given in DE 102009030694.
[0005] One example relates to a circuit for amplifying an input signal that can comprise a plurality of couplers. A splitting
coupler of the plurality of couplers can receive the input signal and a combining coupler of the plurality of couplers can
provide an output signal. N number of amplifiers can be included in the circuit to amplify the input signal, wherein N is
a non-binary integer greater than one. At least one of the plurality of couplers can comprise a hybrid coupler that has
two ports terminated into equal reactances (equal in both phase and amplitude).
[0006] Another example relates to a system for amplifying an input signal. The system can comprise a signal source
to provide the input signal. The system can also comprise a phase compensating amplifier system comprising N number
of amplifiers configured to amplify the input signal, wherein N is a non-binary integer greater than one. The phase
compensating amplifier system can also comprise a plurality of couplers arranged and configured to compensate for a
nonlinear insertion phase of a plurality of couplers. At least one of the couplers can comprise a hybrid coupler to provide
a phase advance of the input signal. The system can further comprise a load that receives an output signal from the
phase compensating amplifier system.
[0007] Yet another example relates to a hybrid coupler comprising a thru port terminated into a first reactance. The
hybrid coupler can also comprise a coupled port terminated into a second reactance, substantially equal to the first
reactance. The hybrid coupler can further comprise an input port to receive an input signal. An isolated port of the hybrid
coupler can provide an output signal. The output signal can have a phase shift relative to the input signal equal to about
two times a delay of the thru port of the hybrid coupler minus 90°.

FIG. 1 illustrates an example of a system with a phase compensating amplifier system.
FIG. 2 illustrates an example of a coupler.
FIG. 3 illustrates a graph depicting an insertion phase of a coupler.
FIG. 4 illustrates an example of a hybrid coupler.
FIG. 5 illustrates an example of a phase compensating amplifier system.
FIG. 6 illustrates an example of a circuit diagram of a phase compensating amplifier system.
FIG. 7 illustrates another example of a circuit diagram of a phase compensating amplifier system.
FIG. 8 illustrates yet another example of a circuit diagram of a phase compensating amplifier system.

[0008] An amplifying system can include a phase compensating amplifier system. The phase compensating amplifier
system can include a plurality of amplifiers arranged to amplify an input signal. The phase compensating amplifier system
can also include a plurality of couplers to provide the input signal to the plurality of amplifiers. Moreover, the couplers
can be arranged and configured in a manner that compensates for insertion phase (e.g., delay) of the couplers. To
provide this compensation, one or more hybrid couplers can be employed.
[0009] FIG. 1 illustrates an example of an amplifying system 2. The amplifying system 2 can include a signal source
4 that can provide an input signal. In some examples, the signal source 4 could be representative of an audio and/or a
video signal source, such as a broadcast signal source. The input signal could be, for example, a frequency modulated
(FM) signal, an amplitude modulated (AM) signal, a quadrature modulation signal, etc. The input signal can be provided
to a phase compensating amplifier system 6. The phase compensating amplifier system 6 can be configured as a circuit
that includes N number of amplifiers, where N is an integer greater than two, and N does not equal 2K, where K is an
integer greater than or equal to one. In this manner, N can be any positive non-binary integer greater than one (e.g., 3,
5, 6, 7, 9, etc.). Moreover, the N number of amplifiers can be arranged in parallel, wherein a plurality of couplers are
employed to split the input signal and combine signals output by the N number of amplifiers to drive a load 8. The load
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8 could be implemented, for example, as a resistive and/or a reactive load, such as a transmission line and/or an antenna.
[0010] Each of the plurality of couplers can be implemented as a power splitter or a power combiner. FIG. 2 illustrates
an example of a coupler 50 that could be employed as one of the couplers included in the phase compensation amplifier
system 6. The coupler 50 can include an input port (labeled in FIG. 2 as "INPUT OR OUTPUT") for receiving an input
signal in examples where the coupler 50 is implemented as a power splitter. Additionally, the coupler 50 can include in
isolated port (labeled in FIG. 2 as "ISOLATED") that can be terminated with a terminating resistor that has a resistance
denoted as ’R’. In some examples, the resistance can be 50 ohms. Additionally, the isolated port can be coupled via the
terminating resistor to a neutral node (e.g., ground). In some examples, such as examples where the coupler 50 is
configured as a power combiner, the input port could be an output port and can provide an output signal, while the
coupled port and the thru port can receive input signals that are combined to the output signal.
[0011] The coupler 50 can include a thru port (labeled in FIG. 2 as "THRU") that can provide a delayed version of the
input signal. The coupler 50 can also include a coupled port (labeled in FIG. 2 as "THRU") that can provide a version of
the input signal that has a delay substantially equal to the delay at the thru port, plus about 90°. In some examples, the
input signal could be an FM signal with a relatively constant amplitude of about 1 volt. In such a situation, a voltage at
the thru port (Vthru) could be determined from Equation 1, while a voltage at the coupled port (Vcoupled) could be determined
from Equation 2. It is to be understood that in other examples, an input signal with a variable voltage, and/or a voltage
other than 1 volt could be employed. 

wherein:

K is a coupling coefficient of the coupler 50, which is a value between 0 and 1, which can be based on the physical
characteristics of a transformer in the coupler 50;
λ is a wavelength, in meters of the input signal;
f is a frequency, in hertz (Hz) of the input signal.
Vp is a propagation velocity of a medium containing the coupler 50, in meters per second. For air, this value can
be equal to about 300X106 meters per second; and
L is the length of the coupler 50, in meters.

[0012] In examples where the coupler 50 is arranged as a power splitter, such as a directional coupler, the coupler
50 can have the coupling factor, C, in decibels (dB) defined by equation 5. 

wherein:

P1 is the power of a signal provided to the input port; and
P3 is the power of a signal output at the coupled port.

[0013] The coupling coefficient, K and the coupling factor C are related properties. Equation 6 defines the relationship
between the coupling coefficient, K and the coupling factor C for the coupler 50. 
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[0014] FIG. 3 illustrates an example of a graph 100 depicting insertion phase (e.g., delay) in degrees of a coupler
(such as the coupler 50) illustrated in FIG. 2, plotted as a function of frequency in gigahertz (GHz) of an input signal. In
FIG. 3, the insertion phase is plotted for a thru port (such as the thru port illustrated in FIG. 2) of the coupler, as well as
a coupled port (such as the coupled port illustrated in FIG. 2) of the coupler. As illustrated, the insertion phase of the
thru port and the coupled port are offset by 90°. As established in Equations 1 and 2 described with respect to FIG. 2
and illustrated in the graph 100, the coupler provides a nonlinear insertion phase (versus frequency) to the input signal
at both the thru port and the coupled port.
[0015] FIG. 4 illustrates an example of a hybrid coupler 150. The hybrid coupler 150 can be configured to provide a
coupling factor of about -3 dB (such as about -2.8 dB). In some examples, the hybrid coupler 150 can be referred to as
a 3 dB hybrid. The hybrid coupler 150 can be similar to the coupler 50 illustrated in FIG. 2, such that Equation 1-6 and
FIG. 3 can characterize performance characteristics of the hybrid coupler 150. The hybrid coupler 150 can be configured
such that an input port receives an input signal and an isolated port provides an output signal. Moreover, a thru port and
a coupled port of the hybrid coupler 150 can be terminated into equal reactances, which reactances are designated in
FIG. 4 as "X1." The reactances can be implemented, for example, as a capacitor and/or an inductor. In other examples,
the reactances can be at or near 0, such that the thru port and the coupled port can be terminated into a neutral node
(e.g., ground), which can be referred to as a short. In other examples, the reactances can be infinite, such that the
reactances can be implemented as open circuits.
[0016] The isolated port of the hybrid coupler 150 can provide a delay version of the input signal input into the input
port substantially equal to two times a delay of the thru port of the coupler 50 illustrated in FIG. 2 minus a phase shift of
90° (e.g., a phase advance). Accordingly, the hybrid coupler 150 can be employed to provide phase compensation (e.g.,
balancing) for the coupler 50 illustrated in FIG. 2.
[0017] Referring back to FIG. 1, the plurality of couplers can be arranged to compensate for insertion phase (e.g., by
applying a delay plus or minus a phase shift) inherently present in each of plurality of couplers. By employment of the
amplifying system 2, maximum power transfer can be attained to drive the load 8.
[0018] FIG. 5 illustrates an example of a phase compensating amplifier system 200, such as the phase compensating
amplifier system 6 illustrated in FIG. 1. The phase compensating amplifier system 200 can include a splitter coupler 202
that receives an input signal, such as the input signal described with respect to FIG. 1. The splitter coupler 202 could
be implemented, for example, in a manner similar to the coupler illustrated in FIG. 2, wherein the input signal can be
provided to an input port of the splitter coupler 202. In some examples, the splitter coupler 202 can have a coupling
factor of about -4.77 dB. Moreover, a thru port of the splitter coupler 202 can be coupled to a broadband combiner 204.
The broadband combiner 204 can include, for example, G number of amplifiers, wherein G is a positive, even integer.
Additionally, the broadband combiner 204 can include F number of couplers, wherein F is and even integer greater than
or equal to G. A signal output by the broadband combiner 204 can be provided to a combiner coupler 206.
[0019] A coupled port of the splitter coupler 202 can be provided to one or more hybrid couplers 208. The number of
hybrid couplers included in the one or more hybrid couplers can be based on the number of amplifiers in the phase
compensating amplifier system 200. A given hybrid coupler of the one or more hybrid couplers 208 can be implemented,
in a manner similar to the hybrid coupler 50 illustrated in FIG. 4, wherein a signal from the coupled port of the splitter
coupler 202 is provided to an input port of the given hybrid coupler. An isolated port of the given hybrid coupler can be
implemented as an output node of the given hybrid coupler that could be coupled, for example, to an input port of another
hybrid coupler or to an amplifier, such as in a manner described herein. Further, a coupled port and a thru port of the
hybrid coupler can be terminated into substantially equal reactances, such as an electrically neutral node (e.g., ground),
a capacitor and/or an inductor or simply left open. The given hybrid coupler can have a coupling factor of about -3 dB
and a characteristic impedance (e.g., a system impedance) of about 50 ohms.
[0020] The one or more hybrid couplers 208 can be coupled to an amplifier system 210. The amplifier system 210
can include, for example, one or more amplifiers. Additionally, in some examples, the amplifier system 210 can also
include one or more couplers. A signal output by the amplifier system 210 can be provided to the combiner coupler 206.
The number of couplers included in the amplifier system can be based on the number of amplifiers in the phase com-
pensating amplifier system 200.
[0021] The combiner coupler 206 can be implemented in a manner similar to the coupler 50 illustrated in FIG. 2
configured as a power combiner. In such a situation, the output of the one or more hybrid couplers 208 can be provided
to a coupled port of the combiner coupler 206. Additionally, an output of the broadband combiner 204 can be provided
to a thru port of the combiner coupler 206. An isolated port of the combiner coupler 206 can be coupled to a neutral
node (e.g., ground) via a resistive load (e.g., 50 ohms). Furthermore, an output port of the combiner coupler 206 can
be provided as an output of the phase compensating amplifier system 200.
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[0022] Employment of the phase compensating amplifier system 200 illustrated in FIG. 5 provides a proper phase
balance over a wide range of frequencies (e.g., one octave or more). Further, employment of the hybrid coupler ensures
that the proper insertion phase is applied. Since, as illustrated and described with respect to FIGS. 2 and 3, the insertion
phase of a coupler is nonlinear, employment of the hybrid coupler ensures that the proper insertion phase is applied
when employing a non-binary number of amplifiers instead of an approximation of the proper insertion phase.
[0023] FIG. 6 illustrates an example of a circuit diagram for a phase compensating amplifier system 250 that could be
employed as the phase compensating amplifier system 6 illustrated in FIG. 1 and/or the phase compensating amplifier
system illustrated in FIG. 5. It is noted that throughout FIGs. 6-8 a thru port of the couplers is labeled as ’T’, a coupled
port is labeled as ’C’ and an isolated port is labeled as ’IS.’ In examples where a coupler is configured as a power splitter
or as a hybrid coupler, an input port is labeled as an ’I’. Moreover, in examples where a coupler is configured as a power
combiner, the output port of the coupler is labeled as ’O’ instead of an ’I’. Additionally, throughout FIGs. 6-8 resistive
loads designated as ’R’ are included. Unless otherwise noted, each of the resistive loads can have a resistance of about
50 ohms.
[0024] In the example illustrated in FIG. 6, the phase compensating amplifier system 250 includes three amplifiers
252. In FIG. 6, a coupler configured as a splitter coupler 254 can receive an input signal at an input port of the splitter
coupler 254. A thru port of the splitter coupler 254 can be provided to a broadband combiner 256, which could be
employed to implement the broadband combiner 204 illustrated in FIG. 5. A coupled port of the splitter coupler 254 can
be coupled to an input port of a hybrid coupler 258, and an isolated port can be coupled to an electrically neutral node
via a resistive load. The splitter coupler 254 can have a coupling factor, for example, of about -4.77 dB.
[0025] The broadband combiner 256 can include two of the three amplifiers 252 included in the phase compensating
amplifier system 250. Moreover, the broadband combiner 256 can include two couplers 260 and 262 with coupling
factors of about -3 dB (such as -2.8 dB) configured and arranged in a manner illustrated. An output node of the broadband
combiner 256, which can be implemented as an output port of the coupler 262 can be provided to a thru port of a combiner
coupler 264.
[0026] The hybrid coupler 258 can be implemented as a coupler with a -3 dB (such as -2.8 dB) coupling factor configured
such that a coupled port and a thru port of the hybrid coupler 258 are terminated into (e.g. coupled to) loads with
substantially equal reactance (e.g., an electrically neutral node, a combination of capacitors and inductors, and an open
circuit, etc.). Moreover, as noted, the input port of the hybrid coupler 258 can receive a signal from the coupled port of
the splitter coupler 254. An isolated port of the hybrid coupler 258 can be coupled to an amplifier system 266. In the
example illustrated in FIG. 6, the amplifier system 266 includes the third amplifier 252 of the three amplifiers in the phase
compensating amplifier system 250. The amplifier system 266 can provide an output signal to a coupled port of the
combiner coupler 264.
[0027] The combiner coupler 264 can have a coupling factor of about -4.77dB. The combiner coupler 264 can have
an isolated port coupled to an electrically neutral node via a resistive load. Moreover, an output port of the combiner
coupler 264 could be employed to provide an output signal of the phase compensating amplifier system 250. Relative
to the input signal, the output signal can have a delay of about four times a delay (insertion phase) of a thru port at a
single coupler, plus a phase shift of 90°.
[0028] FIG. 7 illustrates another example of a circuit diagram for a phase compensating amplifier system 300 that
could be employed as the phase compensating amplifier system 6 illustrated in FIG. 1 and/or the phase compensating
amplifier system illustrated 200 in FIG. 5. In the example illustrated in FIG. 7, five amplifiers 302 are included. The phase
compensating amplifier system 300 can receive an input signal at an input port of a splitter coupler 304, which could be
implemented in a manner similar to the splitter coupler 254 illustrated in FIG. 6. Accordingly, a thru port of the splitter
coupler 304 can be provided to a broadband combiner 306 of the phase compensating amplifier system 300 and a
coupled port of the splitter coupler 304 can be provided to two hybrid couplers 308.
[0029] The broadband combiner 306 can include four amplifiers 302 and six couplers 310, 312, 314, 316, 318 and
320 configured and arranged in a manner illustrated in FIG. 7. Each of the six couplers 310, 312, 314, 316, 318 and 320
can have a coupling factor of about -3 dB (such as -2.8 dB). Moreover, an output port of the coupler 320 can be provided
to a thru port of a combiner coupler 322.
[0030] A first hybrid coupler 324 of the two hybrid couplers 308 can receive the signal from the coupled port of the
splitter coupler 304 at an input port. Each of the two hybrid couplers 308 can have a coupling factor of about -3 dB (such
as -2.8 dB). An isolated port of the first hybrid 324 coupler can be coupled to an input port of a second hybrid coupler
326 of the two hybrid couplers 308. Moreover, an isolated port of the second hybrid 326 coupler can be coupled to an
amplifier system 328. Further, a thru port and a coupled port of the first hybrid coupler 324 can be terminated with
substantially equal reactances (illustrated in FIG. 6, as electrically neutral nodes). Similarly, a thru port and a coupled
port of the second hybrid coupler 326 can also be terminated with substantially equal reactances (illustrated in FIG. 6,
as open circuits). The amplifier system 328 can include a fifth amplifier 302 of the five amplifiers in the phase compensating
amplifier system 300. Moreover, the amplifier system 328 can output a signal to a coupled port of the combiner coupler 322.
[0031] The combiner coupler 322 can be implemented in a manner similar to the combiner coupler 264 illustrated in



EP 2 766 991 B1

6

5

10

15

20

25

30

35

40

45

50

55

FIG. 6. Accordingly, the combiner coupler 322 can provide an output signal for the phase compensating amplifier system
300 at an output port of the combiner coupler 322. By employment of the phase combining amplifier system illustrated
300, the output signal can be provided with a delay of about six times a delay (insertion phase) of a thru port at a single
coupler plus a phase shift of about 180°.
[0032] FIG. 8 illustrates yet another example of a circuit diagram for a phase compensating amplifier system 350 that
could be employed as the phase compensating amplifier system 6 illustrated in FIG. 1 and/or the phase compensating
amplifier system illustrated 300 in FIG. 5. In the example illustrated in FIG. 8, six amplifiers 352 are included. The phase
compensating amplifier system 350 can receive an input signal at an input port of a splitter coupler 354, which could be
implemented in a manner similar to the splitter coupler 254 illustrated in FIG. 6. Accordingly, a thru port of the splitter
coupler 354 can be provided to a broadband combiner 356 of the phase compensating amplifier system 350 and a
coupled port of the splitter coupler 354 can be provided to a hybrid coupler 357.
[0033] The broadband combiner 356 can include four amplifiers 352 and six couplers 358, 360, 362, 364, 366 and
368 arranged and configured in a manner illustrated in FIG. 7. Each of the six couplers 358, 360, 362, 364, 366 and 368
can have a coupling factor of about -3 dB (such as -2.8 dB). Moreover, an output port of the coupler 368 can be provided
to a thru port of a combiner coupler 370.
[0034] The hybrid coupler 357 can receive the signal from the coupled port of the splitter coupler 354 at an input port.
An isolated port of the hybrid coupler 357 can be coupled to an amplifier system 372. Further, a thru port and a coupled
port of the hybrid coupler 357 can be terminated with substantially equal reactances (illustrated in FIG. 6 as electrically
neutral nodes).
[0035] The amplifier system 372 can include fifth and sixth amplifiers 352 of the six amplifiers 352 in the phase
compensating amplifier system 350. Further, the amplifier system 372 can include two couplers 374 and 376 arranged
and configured in the manner illustrated. The amplifier system 372 can output a signal to a coupled port of the combiner
coupler 370.
[0036] The combiner coupler 370 can be implemented in a manner similar to the combiner coupler 264 illustrated in
FIG. 6. Accordingly, the combiner coupler 370 can provide an output signal for the phase compensating amplifier system
350 that an output port of the combiner coupler 370. By employment of the phase compensating amplifier system 350
illustrated in FIG. 6, the output signal can be provided with a delay of about six times a delay (insertion phase) of a thru
port of a single coupler plus a phase shift of about 180°.
[0037] What have been described above are examples. It is, of course, not possible to describe every conceivable
combination of components or methods, but one of ordinary skill in the art will recognize that many further combinations
and permutations are possible. Accordingly, the invention is intended to embrace all such alterations, modifications, and
variations that fall within the scope of this application, including the appended claims.

Claims

1. A circuit for amplifying an input signal comprising:

a plurality of couplers, wherein a splitting coupler (254,304, 354) of the plurality of couplers receives the input
signal and a combining coupler (264,322,370) of the plurality of couplers provides an output signal; and
N number of amplifiers (252,302, 352) to amplify the input signal, wherein N is an integer greater than two, and
N does not equal 2K, where K is an integer greater than or equal to two;
wherein at least one of the plurality of couplers comprises a hybrid coupler that has two ports terminated into
substantially equal reactances.

2. The circuit of claim 1, wherein the hybrid coupler has a thru port and a coupled port terminated into a short.

3. The circuit of claim 1, wherein the hybrid coupler has a thru port and a coupled port providing an open circuit.

4. The circuit of claim 1, wherein at least two of the plurality of couplers comprise a first hybrid coupler and a second
hybrid coupler, wherein each of the first and second hybrid couplers have two ports coupled to nodes with substantially
equal reactance.

5. The circuit of claim 4, wherein N is equal to five and an isolated port of the second hybrid coupler is coupled to an
amplifier of the N number of amplifiers.

6. The circuit of claim 1, wherein the circuit has a bandwidth of at least one octave.
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7. The circuit of claim 1, wherein each of the plurality of couplers provides a substantially equal nonlinear insertion phase.

8. The circuit of claim 1, wherein each of the splitting coupler and the combining coupler have a coupling factor greater
than a coupling factor of the at least one hybrid coupler.

Patentansprüche

1. Schaltung zum Verstärken eines Eingangssignals, umfassend:

eine Vielzahl von Kopplern, wobei ein Teilungskoppler (254, 304, 354) der Vielzahl von Kopplern ein Eingangs-
signal empfängt und ein Vereinigungskoppler (264, 322, 370) der Vielzahl von Kopplern ein Ausgangssignal
bereitstellt; und
eine Anzahl von N Verstärkern (252, 302, 352), um das Eingangssignal zu verstärken, wobei N eine ganze Zahl
größer 2 ist, und N nicht gleich 2K ist, wobei K eine ganze Zahl größer oder gleich 2 ist;
wobei zumindest einer der Vielzahl von Kopplern einen Hybridkoppler umfasst, der zwei Anschlüsse aufweist,
die in im Wesentlichen gleiche Reaktanzen enden.

2. Schaltung nach Anspruch 1, wobei der Hybridkoppler einen Durchgangsanschluss und einen gekoppelten Anschluss
aufweist, die in einen Kurzen enden.

3. Schaltung nach Anspruch 1, wobei der Hybridkoppler einen Durchgangsanschluss und einen gekoppelten Anschluss
aufweist, die eine offene Schaltung bereitstellen.

4. Schaltung nach Anspruch 1, wobei zumindest zwei der Vielzahl von Kopplern einen ersten Hybridkoppler und einen
zweiten Hybridkoppler umfassen, wobei sowohl der erste also auch der zweite Hybridkoppler zwei Anschlüsse
aufweist, die mit Knoten mit im Wesentlichen gleicher Reaktanz gekoppelt sind.

5. Schaltung nach Anspruch 4, wobei N gleich 5 ist und ein isolierter Anschluss des zweiten Hybridkopplers mit einem
Verstärker der Anzahl der N Verstärker gekoppelt ist.

6. Schaltung nach Anspruch 1, wobei die Schaltung eine Bandbreite von wenigstens einer Oktave aufweist.

7. Schaltung nach Anspruch 1, wobei jeder der Vielzahl von Kopplern eine im Wesentlichen gleiche nichtlineare Ein-
fügungsphase bereitstellt.

8. Schaltung nach Anspruch 1, wobei sowohl der Teilungskoppler als auch der Vereinigungskoppler einen Kopplungs-
faktor aufweist, der größer ist als ein Kopplungsfaktor des zumindest einen Hybridkopplers.

Revendications

1. Circuit pour amplifier un signal d’entrée comprenant :

une pluralité de coupleurs, dans lequel un coupleur de division (254, 304, 354) de la pluralité de coupleurs
reçoit le signal d’entrée et un coupleur de combinaison (264, 322, 370) de la pluralité de coupleurs délivre un
signal de sortie ; et
un nombre N d’amplificateurs (252, 302, 352) pour amplifier le signal d’entrée, dans lequel N est une entier
supérieur à deux, et N n’est pas égal à 2k, où K est un entier supérieur ou égal à deux ;
dans lequel au moins un de la pluralité de coupleurs comprend un coupleur hybride qui a deux ports terminés
par des réactances sensiblement égales.

2. Circuit selon la revendication 1, dans lequel le coupleur hybride a un port direct et un port couplé terminé sur un
court-circuit.

3. Circuit selon la revendication 1, dans lequel le coupleur hybride a un port direct et un port couplé fournissant un
circuit ouvert.
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4. Circuit selon la revendication 1, dans lequel au moins deux de la pluralité de coupleurs comprennent un premier
coupleur hybride et un deuxième coupleur hybride, dans lequel chacun des premier et deuxième coupleurs hybrides
a deux ports couplés à des noeuds avec une réactance sensiblement égale.

5. Circuit selon la revendication 4, dans lequel N est égal à cinq et un port isolé du deuxième coupleur hybride est
couplé à un amplificateur du nombre N d’amplificateurs.

6. Circuit selon la revendication 1, dans lequel le circuit a une largeur de bande d’au moins une octave.

7. Circuit selon la revendication 1, dans lequel chacun de la pluralité de coupleurs fournit une phase d’insertion non
linéaire sensiblement égale.

8. Circuit selon la revendication 1, dans lequel chacun du coupleur de division et du coupleur de combinaison a un
facteur de couplage supérieur à un facteur de couplage de l’au moins un coupleur hybride.
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