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(54) A radio frequency amplifying circuit

(57) A hybrid coupler (66, 67; 72, 73) has four ports
and is capable of coupling radio frequency signals hav-
ing a certain frequency from at least one port to at least
one other port. The hybrid coupler (66, 67; 72, 73) is
implemented as a differential coupler arranged to cou-
ple differential radio frequency signals. With such a hy-
brid coupler a power amplifying circuit can be produced
which has sufficiently low ripple on the supply voltage

to be integrated together with more sensitive radio cir-
cuits, and which is also insensitive to load mismatch
such that an isolator can be avoided. A differential hybrid
coupler allows the output current to be shared between
four transistors or amplifiers, thus reducing the ampli-
tude of the ripple. Further, the frequency of the ripple is
four times the operating frequency of the circuit, which
makes it much easier to filter out the ripple.
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Description

Technical Field of the Invention

[0001] The invention relates to a hybrid coupler hav-
ing four ports and capable of coupling radio frequency
signals having of a certain frequency from at least one
port to at least one other port. The invention further re-
lates to an amplifying circuit comprising such hybrid cou-
plers, and a portable radio communications device com-
prising such an amplifying circuit. The invention also re-
lates to a method of amplifying radio frequency signals.

Description of Related Art

[0002] Radio transmitters as they are used in e.g.
portable radio communications devices often have a
power amplifier (PA) separated from the rest of the radio
circuit, and the power amplifier is often connected to an
antenna through an isolator which is provided to com-
pensate for an impedance mismatch by the output load
(i.e. the antenna) presented to the output of the power
amplifier. Without the isolator the mismatch would result
in an unsatisfactory value of the VSWR (Voltage Stand-
ing Wave Ratio).
[0003] Especially in portable devices there is a de-
mand for miniaturization of the circuits, and one way of
obtaining this would be to integrate the power amplifier
on the same chip as the rest of the radio circuit and/or
to avoid the isolator.
[0004] However, the integration of the power amplifier
together with the more sensitive parts of the radio circuit
will typically result in increased distortion because the
power amplifier produces ripple on the supply voltage
to the more sensitive circuits. In addition, this problem
increases because of the tendency to use lower and
lower supply voltages in such circuits. Unchanged out-
put power from a lower voltage means a higher current
and thus higher ripple on the supply voltage.
[0005] The ripple can be reduced by combining mul-
tiple transistors or other types of amplifiers in the power
amplifier, provided the transistors/amplifiers are not
conducting in phase. One state of the art solution is to
use a differential amplifier. In this solution the current
through the transistors from the supply voltage to
ground is close to being constant as long as the amplifier
is running in its linear region. However, such power am-
plifiers are generally driven so strongly that overloading
occurs, i.e. they are run in their non linear region in which
ripple (pulses) is still produced on the supply voltage.
The benefit of the differential amplifier compared to a
one-transistor amplifier is that the amplitude of the ripple
is halved and the frequency is doubled, but the result is
still not acceptable.
[0006] Regarding the removal of the isolator, the pow-
er amplifier can be re-biased to keep it in its linear range
even with the load mismatch, but this prevents the am-
plifiers from being driven sufficiently strongly, and it also

requires a relatively complicated regulating circuit.
[0007] Another solution utilizing the combination of
multiple transistors is to use amplifying circuits with hy-
brid couplers. Such amplifiers are known to be less sen-
sitive to output load mismatch, or at least they can be
modified to be so. An example of this is disclosed in US
4 656 434. Thus the isolator can be avoided. In this type
of amplifier there is a 90° phase shift between the con-
ducting periods of the two transistors. Similar to the dif-
ferential amplifier the amplitude of the ripple on the sup-
ply voltage is substantially halved. There will typically
be frequency components of the operating frequency
and of twice the operating frequency. Again, this is an
improvement compared to the one-transistor amplifier,
but it is still not sufficient.
[0008] Therefore, it is an object of the invention to pro-
vide a hybrid coupler allowing an amplifying circuit to be
produced which has sufficiently low ripple on the supply
voltage to be integrated together with more sensitive ra-
dio circuits, and which is also insensitive to load mis-
match such that an isolator can be avoided.

Summary

[0009] According to the invention the object is
achieved in that the hybrid coupler is implemented as a
differential coupler arranged to couple differential radio
frequency signals.
[0010] A differential hybrid coupler allows the output
current to be shared between four transistors or ampli-
fiers, thus reducing the amplitude of the ripple to a much
lower level than that of the one-transistor amplifier. Fur-
ther, the conducting periods of the four transistors are
equally spaced with a 90° phase shift between them,
and thus the frequency of the ripple is four times the
operating frequency of the circuit, which makes it much
easier to filter out the ripple in other parts of the circuit.
[0011] In one embodiment of the invention the hybrid
coupler is implemented in a stripline technology, and in
another embodiment it is implemented in a microstrip
technology. Thus the hybrids can easily be integrated
together with other circuits in one of these technologies.
[0012] In an expedient embodiment the hybrid cou-
pler is a 3 dB coupler, such that power of the frequency
supplied to one port is split substantially equally be-
tween two other ports, while the remaining port is sub-
stantially isolated from the other ports. In this way it is
ensured that the output current is shared equally be-
tween the four transistors or amplifiers so that the am-
plitude of the ripple is reduced to one quarter of that of
the one-transistor amplifier.
[0013] The hybrid coupler may be arranged to split the
power between the two other ports in such a way that
the signals provided at these ports are in phase with
each other. This allows a simple type of hybrid to be
used, but the electrical lengths of the connections be-
tween the outputs of the hybrid at the input side of the
amplifying circuit and the two amplifiers must differ by a
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quarter of a wavelength for the signals of the operating
frequency in order to ensure that the two amplifiers still
conduct with a phase shift of 90° between them.
[0014] Alternatively, the hybrid coupler may be ar-
ranged to split the power between the two other ports in
such a way that the signals provided at these ports are
in quadrature to each other. This allows connections
with equal electrical lengths to be used from the outputs
to the amplifiers, because the output signals already
have a 90° phase difference. In an expedient embodi-
ment this hybrid coupler is a line coupled hybrid.
[0015] As mentioned, the invention further relates to
an amplifying circuit for radio frequency signals having
a certain frequency and thus a certain wavelength. This
circuit comprises at least a first hybrid coupler having
an input port to which radio frequency signals can be
applied, an isolated port, a first output port, and a second
output port, and being arranged for dividing a signal ap-
plied to the input port into a first signal component to the
first output port and a second signal component to the
second output port; a first amplifier having an input port
and an output port, said input port being connected to
the first output port of the first hybrid coupler; a second
amplifier having an input port and an output port, said
input port being connected to the second output port of
the first hybrid coupler; and a second hybrid coupler
having a first input port connected to the output port of
the first amplifier, a second input port connected to the
output port of the second amplifier, an isolated port, and
an output port connectable to an output load impedance,
and being arranged for combining signals applied to the
first input port and the second input port to the output
port, said first and second hybrid couplers and said first
and second amplifiers providing a first and a second
path for radio frequency signals from the input port of
the first hybrid coupler to the output port of the second
hybrid coupler, said first path comprising the first ampli-
fier and said second path comprising the second ampli-
fier; and wherein the total electrical lengths of the two
paths are substantially identical, and the electrical
length from the input port of the first hybrid coupler to
each of the input ports of the first and second amplifiers
differs by a quarter of a wavelength for said radio fre-
quency signals.
[0016] When the hybrid couplers are implemented as
differential couplers arranged to couple differential radio
frequency signals, and the amplifiers are differential am-
plifiers, an amplifying circuit is provided which has suf-
ficiently low ripple on the supply voltage to be integrated
together with more sensitive radio circuits, and which is
also insensitive to load mismatch such that an isolator
can be avoided.
[0017] A differential hybrid coupler allows the output
current to be shared between four transistors or ampli-
fiers, thus reducing the amplitude of the ripple to a much
lower level than that of a one-transistor amplifier. Fur-
ther, the conducting periods of the four transistors are
equally spaced with a 90° phase shift between them,

and thus the frequency of the ripple is four times the
operating frequency of the circuit, which makes it much
easier to filter out the ripple in other parts of the circuit.
[0018] In one embodiment of the invention the first
and second hybrid couplers are implemented in a strip-
line technology, and in another embodiment they are im-
plemented in a microstrip technology. Thus the hybrids
and the amplifying circuit can easily be integrated to-
gether with other circuits in one of these technologies.
[0019] In an expedient embodiment the first and sec-
ond hybrid couplers are 3 dB couplers. In this way it is
ensured that the output current is shared equally be-
tween the four transistors or amplifiers so that the am-
plitude of the ripple is reduced to one quarter of that of
the one-transistor amplifier.
[0020] The first and second hybrid couplers may be
in-phase couplers, such that said first and second signal
components on the output ports of the first hybrid cou-
pler are in phase with each other, and signals in phase
with each other applied to the two input ports of the sec-
ond hybrid coupler are combined to one signal at its out-
put port. This allows a simple type of hybrid to be used,
but the electrical lengths of the connections between the
outputs of the hybrid at the input side of the amplifying
circuit and the two amplifiers, and those between the
two amplifiers and the inputs of the hybrid at the output
side of the amplifying circuit, must differ by a quarter of
a wavelength for the signals of the operating frequency
in order to ensure that the two amplifiers still conduct
with a phase shift of 90° between them.
[0021] Alternatively, the first and second hybrid cou-
plers may be quadrature couplers, such that the first and
second signal components on the output ports of the first
hybrid coupler are in quadrature to each other, and sig-
nals in quadrature to each other applied to the two input
ports of the second hybrid coupler are combined to one
signal at its output port.
[0022] This allows connections with equal electrical
lengths to be used from the outputs of the hybrid at the
input side of the amplifying circuit to the amplifiers, and
from the amplifiers to the inputs of the hybrid at the out-
put side of the amplifying circuit, because the output sig-
nals already have a 90° phase difference. In an expedi-
ent embodiment the first and second hybrid couplers are
line-coupled hybrids.
[0023] As mentioned, the invention further relates to
a portable radio communications device comprising an
amplifying circuit as described above. Due to the above-
mentioned advantages such a device can be further
miniaturized, because the power amplifier can be inte-
grated together with other parts of the radio circuit, and
the isolator may be avoided. In an expedient embodi-
ment the device is a mobile telephone.
[0024] As mentioned, the invention further relates to
a method of amplifying radio frequency signals having
a certain frequency and thus a certain wavelength. The
method comprises the steps of applying radio frequency
signals to an input port of a first hybrid coupler; dividing
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the signals applied to the input port into a first signal
component to a first output port of the first hybrid coupler
and a second signal component to a second output port
of the first hybrid coupler; amplifying said first signal
component in a first amplifier having an input port and
an output port, said input port being connected to the
first output port of the first hybrid coupler; amplifying said
second signal component in a second amplifier having
an input port and an output port, said input port being
connected to the second output port of the first hybrid
coupler; coupling the amplified first signal component
from the output port of the first amplifier to a first input
port of a second hybrid coupler and the amplified second
signal component from the output port of the second am-
plifier to a first input port of the second hybrid coupler;
combining in the second hybrid coupler the signals ap-
plied to the input ports thereof to an output signal on the
output port of the second hybrid coupler; and coupling
said output signal to an output load impedance; wherein
the total electrical lengths of the paths of the two signal
components from the input port of the first hybrid coupler
to the output port of the second hybrid coupler are sub-
stantially identical, and the electrical length from the in-
put port of the first hybrid coupler to each of the input
ports of the first and second amplifiers differs by a quar-
ter of a wavelength for said radio frequency signals.
[0025] When the radio frequency signals are applied,
coupled and amplified as differential signals from the in-
put port of the first hybrid coupler to the output port of
the second hybrid coupler, an amplifying method is pro-
vided which has sufficiently low ripple on the supply volt-
age to allow a corresponding circuit to be integrated to-
gether with more sensitive radio circuits, and which is
also insensitive to load mismatch such that an isolator
can be avoided.
[0026] Differential amplification allows the output cur-
rent to be shared between four transistors or amplifiers,
thus reducing the amplitude of the ripple to a much lower
level than that of a one-transistor amplifier. Further, the
conducting periods of the four transistors are equally
spaced with a 90° phase shift between them, and thus
the frequency of the ripple is four times the operating
frequency of the circuit, which makes it much easier to
filter out the ripple in other parts of the circuit.

Brief Description of the Drawings

[0027] The invention will now be described more fully
below with reference to the drawings, in which

figure 1 shows a known one-transistor power am-
plifier,

figure 2 shows an example of ripple on the supply
voltage to the amplifier of figure 1,

figure 3 shows a known differential power amplifier,

figure 4 shows an example of ripple on the supply
voltage to the amplifier of figure 3,

figure 5 shows a known power amplifier with quad-
rature hybrid couplers,

figure 6 shows the structure of a direct-coupled line
coupler,

figure 7 shows an implementation of a direct-cou-
pled line coupler in a microstrip technology,

figure 8 shows the structure of a line-coupled hy-
brid,

figure 9 shows an example of ripple on the supply
voltage to a power amplifier with hybrid couplers,

figure 10 shows the structure of a Wilkinson hybrid,

figure 11 shows the structure of a circular hybrid,

figure 12 shows a known power amplifier with in-
phase hybrid couplers,

figure 13 shows the structure of a differential line-
coupled hybrid according to the invention,

figure 14 shows an implementation of a differential
line-coupled hybrid in a microstrip technology,

figure 15 shows an implementation of a differential
line-coupled hybrid in a stripline technology,

figure 16 shows a first embodiment of a power am-
plifier with a differential hybrid coupler according to
the invention,

figure 17 shows a second embodiment of a power
amplifier with a differential hybrid coupler according
to the invention, and

figure 18 shows an example of ripple on the supply
voltage to a power amplifier according to the inven-
tion.

Detailed Description of Embodiments

[0028] First some prior art circuits will be described
for comparison with circuits according to the invention.
Thus figure 1 shows a prior art power amplifier 1 of the
one-transistor amplifier type for use in a portable radio
communications device. Although the amplifier in a
practical circuit will typically comprise several additional
components, it is here illustrated as consisting of a tran-
sistor 2 and an impedance 3. The impedance 3 can be
any type of impedance, e.g. a current generator having
a very high impedance at radio frequencies. The input
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to the power amplifier 1 comes from a radio circuit 4,
and the amplified output is delivered at the out-terminal.
The output power from the amplifier is connected to an
antenna 5, but because the antenna 5 will normally
present an impedance mismatch to the output of the
power amplifier 1, an isolator 6 is normally inserted be-
tween the output of the power amplifier 1 and the anten-
na 5 in order to improve the VSWR (Voltage Standing
Wave Ratio) of the circuit.
[0029] In a portable radio communications device,
such as a mobile telephone, the power amplifier is gen-
erally driven so strongly that overloading occurs. This
means that the transistor is driven in its non linear re-
gion, and ripple in the form of pulses will be generated
in the current drawn from the supply voltage (Vcc) to the
amplifier, and thus on the supply voltage itself. This is
illustrated in figure 2 which shows that one pulse is gen-
erated for each period of the radio frequency signal am-
plified by the power amplifier. For e.g. a GSM mobile
phone the frequency could typically be 900 MHz or 1800
MHz. The form of the pulse shown is just illustrative, and
similarly, the amplitude is shown exaggerated for illus-
trative purposes.
[0030] The presence of this ripple on the supply volt-
age to the power amplifier prevents the power amplifier
from being integrated on the same chip as the rest of
the radio circuit 4, because this circuit contains some
very sensitive components, and unacceptable distortion
would be the result.
[0031] The ripple can be reduced by combining mul-
tiple transistors, such that the current drawn from the
supply voltage is divided between the multiple transis-
tors, provided the transistors do not conduct simultane-
ously. One way is to use a differential amplifier 11 as
shown in figure 3. The radio circuit 14 now delivers the
signal to be amplified to the power amplifier 11 as a dif-
ferential signal which is amplified by the two transistors
12 and 13. As long as such an amplifier is driven in its
linear region the current through the transistors is close
to being constant (2 x I), but as mentioned above, this
is not the case. The two transistors now conduct in anti-
phase, and thus the pulses in the current drawn from
the supply voltage, and thus in the supply voltage itself,
are phase shifted 180° from each other. At the same
time the amplitude of each pulse is halved, because the
total current is divided between the two transistors.
[0032] This is illustrated in figure 4. The upper dia-
gram shows the ripple caused by transistor 12, while the
next diagram similarly shows the ripple caused by tran-
sistor 13. Finally, the lower diagram shows the com-
bined ripple. It will be seen that the frequency of the rip-
ple is doubled and the amplitude halved, but still the rip-
ple is significant and prevents the power amplifier from
being integrated together with the rest of the radio cir-
cuit.
[0033] The combination of multiple transistors can al-
so be implemented in a power amplifier in which the
transistors are connected together by means of an ar-

rangement of hybrid couplers as illustrated with the pow-
er amplifier 21 in figure 5. The two transistors 22 and 23
are connected to the two hybrid couplers 24 and 25. For
better understanding of this circuit, the function of a hy-
brid coupler will be briefly described below.
[0034] When circuits are implemented in e.g. micros-
trip or stripline technologies, an electrical leakage field
extends a short distance outside the conductive pattern.
This gives rise to capacitive coupling between two ad-
jacent conductors. The coupling increases with de-
creasing separation of the conductors, and the strong-
est coupling is achieved when the two conductors are
in close proximity for a distance of a quarter of a wave-
length at the operating frequency. In addition, a strong
directional effect is obtained.
[0035] As an example, a direct-coupled line coupler
is shown in figure 6. If power is applied to the arrange-
ment via port 1, a portion of the power is transferred to
the other conductor. In case of ideal matching at all
ports, all the power transferred to the other conductor
will be fed out through port 3. No power is transferred to
port 4, and therefore the coupler is called a directional
coupler. Through adjustment of the distance between
the conductors the proportion of power transferred to
port 3 can be varied. If the losses in the line structure
are disregarded, all the remaining input power will flow
through port 2. In this case the so-called 3 dB coupler,
in which the power is split equally between ports 2 and
3, is the most interesting one, but other variations are
possible. An important characteristic of the shown hy-
brid coupler is the relative difference between the phas-
es of the signals at ports 1, 2 and 3. In particular, it is
noted that for this coupler the phase difference between
the two output ports, i.e. ports 2 and 3, is 90°. Therefore,
the coupler is called a quadrature hybrid.
[0036] Figure 7 shows how this coupler can be imple-
mented in a microstrip technology. The conductors 31
and 32 are placed on one side of a substrate 33, while
a ground plane 34 is located on the opposite side of the
substrate 33. In a stripline technology the conductors of
the coupler would be placed in the middle of a substrate
having ground planes on both sides. In a practical solu-
tion it can be difficult to position the two conductors close
enough to each other to obtain sufficient coupling.
Therefore, a practical solution is often implemented as
e.g. a Lange coupler, which is well known and therefore
not described in further detail here. It can be noted that
the coupler is symmetrical, such that if a signal is input
to e.g. port 2 instead of port 1, port 3 will be the isolated
port and the input power will be divided equally between
ports 1 and 4, with the same relative phase positions.
[0037] The coupling between two lines can also be ef-
fected by connecting lines. A simple version of a line-
coupled hybrid is shown in figure 8. The best character-
istics are obtained when the distance between the cou-
pling lines as well as the length of the lines correspond
to a quarter of a wavelength at the operating frequency.
With 50Ω coupling lines and 35Ω characteristic imped-
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ance for the intervening line sections, both 3 dB coupling
and a 50Ω impedance of the ports are achieved. The
characteristics of this type of hybrid are also shown in
the figure. If a signal is applied to port 1, the power is
split between ports 2 and 3 with the mutual phase dif-
ference being 90°. This hybrid is therefore also of the
quadrature type.
[0038] Hybrids of the quadrature type as described
above can be used in the circuit of figure 5. When the
signal from the radio circuit 4 is coupled to the input port
of the hybrid 24 there will be a 90° phase difference be-
tween the output ports, which corresponds to a λ/4 dif-
ference in the propagation path. Provided the connec-
tion lines from the output ports of the hybrid 24 to the
input of the transistors 22 and 23 have equal electrical
lengths, the inputs of the two transistors will also have
a 90° phase difference, and thus the transistors will con-
duct with a 90° phase shift between each other. The out-
puts of the transistors 22 and 23 are connected to a hy-
brid 25 which is of the same type as the hybrid 24. Pro-
vided again that the connection lines from the transistors
to the hybrid 25 are of equal electrical lengths, the two
input signals to the hybrid 25 will also have a 90° phase
difference. The hybrid is symmetrical, and thus it will
now function with two input ports to which the two input
signals with a 90° phase difference are connected, and
these signals will be combined to one signal at the single
output port while the fourth port is still isolated. The total
electrical length of the two paths through the transistors
should be the same from the input of the input hybrid to
the output of the output hybrid. In this way the two waves
are added optimally in phase in the output hybrid.
[0039] In order to minimize the effect of mismatch in
the transistor inputs, the electrical lengths from the input
of the input hybrid to the input of the two transistors
should differ by λ/4, because then reflected waves from
the transistors will cancel each other in the input hybrid.
This difference is obtained in the quadrature hybrid. As
mentioned above, this means that the transistors will
conduct with a 90° phase difference between each oth-
er. Therefore the pulses in the current drawn from the
supply voltage, and thus in the supply voltage itself, will
also be phase shifted 90° from each other. Similarly to
the circuit of figure 3 the amplitude of each pulse is
halved compared to the one-transistor solution, be-
cause the total current is divided between the two tran-
sistors.
[0040] This is illustrated in figure 9. The upper dia-
gram shows the ripple caused by transistor 22, while the
next diagram similarly shows the ripple caused by tran-
sistor 23. Finally, the lower diagram shows the com-
bined ripple. It will be seen that in this case the frequency
of the ripple will still have a component of the operating
frequency, and there will also be a component of twice
the operating frequency. Again, the amplitude is halved,
but still the ripple is significant and prevents the power
amplifier from being integrated together with the rest of
the radio circuit.

[0041] The hybrids described above are of the quad-
rature type. However, in some applications other types
are preferred, and thus the design principles of two other
hybrid types, in which the two output signals are in
phase, will be described. Figure 10 shows a Wilkinson
hybrid which basically consists of a forked line. To obtain
a coupling impedance of 50Ω in port 1, the 50Ω lines in
ports 2 and 3 are transformed to 100Ω at the fork by
means of a quarter-wave 70Ω impedance transformer.
On matching of both port 2 and port 3, identical voltages
are obtained on both sides of the 100Ω resistance.
Thus, no power is lost in the resistance, which can be
seen as an internal isolated port.
[0042] Another hybrid, which can produce output sig-
nals in phase, is the circular hybrid shown in figure 11.
If a signal is applied to port 1, two waves result which
travel in opposite directions round the circular line. The
circumference (3/2 λ) of the circular line and the relative
positions of the ports have been chosen such that the
two waves will be added in phase or in anti-phase at the
points where the ports are connected. If the signals are
added in anti-phase, no output signal will result. This
corresponds to the isolated port.
[0043] These hybrid couplers can be used in an am-
plifier circuit similar to that of figure 5, and a modified
version of the circuit is shown in figure 12. The amplifier
41 differs from the amplifier 21 in figure 5 in that hybrids
44 and 45 having in-phase ports are used instead of the
quadrature hybrids 24 and 25. These hybrids have the
same electrical length from the input port to the two out-
put ports, or, in the opposite direction, to two input ports
to a common output port. In order to maintain a 90°
phase difference between the transistors, the connec-
tion lines from the output ports of the hybrid 44 to the
inputs of the transistors 22 and 23 are arranged to have
a λ/4 difference in their electrical lengths. Similarly, the
connection lines from the transistor outputs to the input
ports of the output hybrid 45 have a λ/4 difference in
electrical length in order to ensure that the inputs to the
hybrid 45 are in phase. Thus again, the total electrical
length of the two paths through the transistors is the
same from the input of the input hybrid to the output of
the output hybrid, and the two waves are added optimal-
ly in phase in the output hybrid. The ripple of this solution
is the same as the one shown in figure 9, and thus the
amplifier is not suitable for integration together with the
rest of the radio circuit.
[0044] This problem is solved by the invention. The
idea is to implement a hybrid coupler as a differential
hybrid, as will now be described. Figure 13 shows an
example of a differential hybrid coupler of the line-cou-
pled type. the structure is similar to that of figure 8, but
instead of using the ground plane as a reference plane,
two identical structures 51 and 52, both similar to the
one known from figure 8, are implemented above each
other in separate layers. Each of the differential lines in
the structure has the same impedance and the same
length as the single ended hybrid of figure 8. A differen-
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tial signal applied to the two ports labelled "1" will be
divided between the differential ports 2 and 3 with the
mutual phase difference being 90°. Thus this hybrid is
a differential quadrature hybrid. No signal will be present
at the differential port 4, and thus again this port is an
isolated port. The isolated port can be terminated with
a resistor to ensure impedance matching, but, as men-
tioned, no signal will be present across such resistor.
[0045] Figure 14 shows how this differential line-cou-
pled hybrid can be implemented in a microstrip technol-
ogy. Two substrate layers 53 and 54 are used. The con-
ducting pattern 51 is placed on the top side of the sub-
strate layer 53, while the pattern 52 is placed between
the two substrate layers in line with the pattern 51. Like
before, a ground plane 55 is located at the opposite side
of the substrate 54. The figure does not show the con-
nections to the structure, but these are easily imple-
mented, as is well known in the microstrip technology.
[0046] Alternatively, the structure can also be imple-
mented in a stripline technology as shown in figure 15.
The structure is very similar to the microstrip structure,
but a further substrate layer 56 is added at the top of the
layer 53, such that also the conducting pattern 51 will
be placed between two substrate layers. A second
ground plane 57 is located at the top of the layer 56, so
that the conducting patterns are placed between two
grond planes, as is well known in the stripline technolo-
gy.
[0047] Above, a differential hybrid of the line-coupled
type is described, but it should be noted that any of the
other hybrid types illustrated in e.g. figures 6, 10 and 11
can easily be implemented as differential hybrids as
well. This is also the case for other hybrid types not spe-
cifically described in this document.
[0048] A power amplifier circuit utilizing the differential
hybrid couplers is shown in figure 16. When the differ-
ential signal from the radio circuit 14 is coupled to the
differential input port of the hybrid 66 there will be a 90°
phase difference between the output ports, which cor-
responds to a λ/4 difference in the propagation path.
One of the differential output ports is connected to the
two transistors 62 and 63 which conducts in anti-phase
because of the differential signal, provided the connec-
tion lines have equal electrical lengths. The other differ-
ential output port, which has a 90° phase difference from
the first one, is connected to the transistors 64 and 65.
These transistors also conduct in anti-phase. Since
each transistor pair conducts in anti-phase, and there is
a 90° phase difference between the two pairs, the con-
duction periods for the four transistors are now distrib-
uted equally with a 90° phase difference between each
period.
[0049] The outputs of the transistors 62 and 63 are
connected to one differential input port of the differential
hybrid 67 which is of the same type as the hybrid 66.
Similarly, the outputs of the transistors 64 and 65 are
connected to the other differential input port of the dif-
ferential hybrid 67. Provided again that the connection

lines from the transistors to the hybrid 67 are of equal
electrical lengths, the two differential input signals to the
hybrid 67 will also have a 90° phase difference. Also the
differential hybrid is symmetrical, and thus it will now
function with two differential input ports to which the two
differential input signals with a 90° phase difference are
connected, and these signals will be combined to one
differential signal at the differential output port while the
fourth port is still isolated. Again the total electrical
length of the paths through the transistors should be the
same from the input of the input hybrid to the output of
the output hybrid. In this way the waves are added op-
timally in phase in the output hybrid. The isolated ports
of the two hybrids are terminated with the resistors 68
and 69.
[0050] The circuit of figure 16 uses differential quad-
rature hybrids, but again also in-phase hybrids can be
used, as is shown in the circuit 71 in figure 17. The only
differences from figure 16 are that in-phase hybrids 72
and 73 are used instead of the quadrature hybrids, and
that the electrical lengths of the connections between
the transistors and the hybrids in the upper part of the
circuit differ with λ/4 from the connections in the lower
part of the circuit to ensure that the transistors 62 and
63 still have a 90° phase difference from the transistors
64 and 65.
[0051] As mentioned above, the four transistors in fig-
ure 16 or figure 17 will conduct with a 90° phase differ-
ence between each other. Therefore the pulses in the
current drawn from the supply voltage, and thus in the
supply voltage itself, will also differ 90° from each other.
The amplitude of each pulse is now reduced to one quar-
ter compared to the one-transistor solution, because the
total current is divided between the four transistors.
[0052] This is illustrated in figure 18. The upper dia-
gram shows the ripple caused by transistor 62, while the
next diagrams similarly show the ripple caused by tran-
sistors 65, 63 and 64. Finally, the lower diagram shows
the combined ripple. It is seen that the ripple now has a
frequency four times the operating frequency, and that
the amplitude is now much reduced. As mentioned be-
fore, the shown shape of the ripple is only illustrative,
but even with other shapes the ripple will at least be re-
duced to a quarter of the ripple for the one-transistor
solution. Further, four times the operating frequency is
far easier to filter out in other blocks. This means that
with this solution it is possible to integrate the power am-
plifier with the transistors and the hybrids together with
the more sensitive functions of the radio circuit on one
chip or very close in the same package.
[0053] As mentioned for the single ended hybrid am-
plifier, the output hybrid will make the load of the collec-
tors of the transistors unsensitive to load mismatch at
the output, or at least the circuit can be compensated
therefor by a feed-back coupling. This also applies to
the differential hybrid amplifier, although the load is of
course differential. Thus this solution also allows that the
output can be connected directly to the antenna without
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the need for an isolator between the amplifier and the
antenna.
[0054] The solution also allows for lower voltage op-
eration. This is due to the fact that the peak current is
now divided between four transistors. Further, because
the transistor stages are differential they can in practice
work with twice the actual supply voltage even without
inductive chokes at the supply lines. If chokes are used,
it could be up to four times the actual supply voltage.
Thus it is possible to operate the power amplifier with
very low supply voltages, which is often a demand in e.
g. mobile telephones.
[0055] Although a preferred embodiment of the
present invention has been described and shown, the
invention is not restricted to it, but may also be embodied
in other ways within the scope of the subject-matter de-
fined in the following claims.

Claims

1. A hybrid coupler (66, 67; 72, 73) having four ports
and capable of coupling radio frequency signals
having a certain frequency from at least one port to
at least one other port,
characterized in that the hybrid coupler (66, 67;
72, 73) is implemented as a differential coupler ar-
ranged to couple differential radio frequency sig-
nals.

2. A hybrid coupler according to claim 1, character-
ized in that the hybrid coupler is implemented in a
stripline technology.

3. A hybrid coupler according to claim 1, character-
ized in that the hybrid coupler is implemented in a
microstrip technology.

4. A hybrid coupler according to any one of claims 1-3,
characterized in that it is a 3 dB coupler, such that
power of said frequency supplied to one port is split
substantially equally between two other ports, while
the remaining port is substantially isolated from the
other ports.

5. A hybrid coupler according to claim 4, character-
ized in that it is arranged to split the power between
the two other ports in such a way that the signals
provided at these ports are in phase with each other.

6. A hybrid coupler according to claim 4, character-
ized in that it is arranged to split the power between
the two other ports in such a way that the signals
provided at these ports are in quadrature to each
other.

7. A hybrid coupler according to claim 6, character-
ized in that it is a line-coupled hybrid.

8. An amplifying circuit for radio frequency signals
having a certain frequency and thus a certain wave-
length, said circuit comprising at least:

• a first hybrid coupler (66; 72) having

• an input port to which radio frequency sig-
nals can be applied,

• an isolated port,
• a first output port, and
• a second output port,

and being arranged for dividing a signal applied
to the input port into a first signal component to
the first output port and a second signal com-
ponent to the second output port,

• a first amplifier (62, 63) having an input port and
an output port, said input port being connected
to the first output port of the first hybrid coupler
(66; 72),

• a second amplifier (64, 65) having an input port
and an output port, said input port being con-
nected to the second output port of the first hy-
brid coupler (66; 72), and

• a second hybrid coupler (67; 73) having

• a first input port connected to the output
port of the first amplifier (62, 63),

• a second input port connected to the output
port of the second amplifier (64, 65),

• an isolated port, and
• an output port connectable to an output

load impedance,

and being arranged for combining signals ap-
plied to the first input port and the second input
port to the output port,

said first and second hybrid couplers and said first
and second amplifiers providing a first and a second
path for radio frequency signals from the input port
of the first hybrid coupler (66; 72) to the output port
of the second hybrid coupler (67; 73), said first path
comprising the first amplifier (62, 63) and said sec-
ond path comprising the second amplifier (64, 65),
and wherein the total electrical lengths of the two
paths are substantially identical, and the electrical
length from the input port of the first hybrid coupler
to each of the input ports of the first and second am-
plifiers differs by a quarter of a wavelength for said
radio frequency signals,
characterized in that said hybrid couplers (66, 67;
72, 73) are implemented as differential couplers ar-
ranged to couple differential radio frequency sig-
nals, and said amplifiers (62, 63; 64, 65) are differ-
ential amplifiers.

9. An amplifying circuit according to claim 8, charac-
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terized in that said first and second hybrid couplers
are implemented in a stripline technology.

10. An amplifying circuit according to claim 8, charac-
terized in that said first and second hybrid couplers
are implemented in a microstrip technology.

11. An amplifying circuit according to any one of claims
8-10, characterized in that said first and second
hybrid couplers are 3 dB couplers.

12. An amplifying circuit according to claim 11, charac-
terized in that said first and second hybrid couplers
are in-phase couplers, such that said first and sec-
ond signal components on the output ports of the
first hybrid coupler are in phase with each other, and
signals in phase with each other applied to the two
input ports of the second hybrid coupler are com-
bined to one signal at its output port.

13. An amplifying circuit according to claim 11, charac-
terized in that said first and second hybrid couplers
are quadrature couplers, such that said first and
second signal components on the output ports of
the first hybrid coupler are in quadrature to each
other, and signals in quadrature to each other ap-
plied to the two input ports of the second hybrid cou-
pler are combined to one signal at its output port.

14. An amplifying circuit according to claim 13, charac-
terized in that said first and second hybrid couplers
are line-coupled hybrids.

15. A portable radio communications device comprising
an amplifying circuit according to any one of claims
8-14.

16. A portable radio communications device according
to claim 15, characterized in that the device is a
mobile telephone.

17. A method of amplifying radio frequency signals hav-
ing a certain frequency and thus a certain wave-
length, said method comprising the steps of:

• applying radio frequency signals to an input
port of a first hybrid coupler (66; 72),

• dividing the signals applied to the input port into
a first signal component to a first output port of
the first hybrid coupler and a second signal
component to a second output port of the first
hybrid coupler,

• amplifying said first signal component in a first
amplifier (62, 63) having an input port and an
output port, said input port being connected to
the first output port of the first hybrid coupler
(66; 72),

• amplifying said second signal component in a

second amplifier (64, 65) having an input port
and an output port, said input port being con-
nected to the second output port of the first hy-
brid coupler (66; 72),

• coupling the amplified first signal component
from the output port of the first amplifier (62, 63)
to a first input port of a second hybrid coupler
(67; 73) and the amplified second signal com-
ponent from the output port of the second am-
plifier (64, 65) to a first input port of the second
hybrid coupler (67; 73),

• combining in the second hybrid coupler (67; 73)
the signals applied to the input ports thereof to
an output signal on the output port of the sec-
ond hybrid coupler, and

• coupling said output signal to an output load im-
pedance,

wherein the total electrical lengths of the paths of
the two signal components from the input port of the
first hybrid coupler to the output port of the second
hybrid coupler are substantially identical, and the
electrical length from the input port of the first hybrid
coupler to each of the input ports of the first and
second amplifiers differs by a quarter of a wave-
length for said radio frequency signals,
characterized in that the radio frequency signals
are applied, coupled and amplified as differential
signals from the input port of the first hybrid coupler
(66, 72) to the output port of the second hybrid cou-
pler (67; 73).
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