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ABSTRACT

The invention provides a transmitter comprising two (or
more) phase locked loops controlling respective oscillators,
and implementing different phase modulation. Multiple
phases are derived from the respective oscillators, and an
edge rotator forms an output signal from a combination of the
phases. The oscillators can operate at different frequencies,
neither of which is an integer multiple of the other, whereas
the output signals of the multiplexers of the first and second
phase locked loops are closer in frequency and can be the
same. This reduces the problem of pulling, with a circuit that
can be implemented with low power and area and with the
versatility of being digitally intensive.
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TRANSMITTER
[0001] This invention relates to transmitters, and in particular to transmitters which combine two channels with different
phase modulation. This type of transmitter is known as an
outphasing transmitter.
[0002] There is an increasing demand for a highly reconfigurable modulator that can handle different wireless communications standards such as GSM, WCDMA and LTE of
3GPP.
[0003] The continuous push towards system-level integration and, recently, the integration of multiple radios/channels
on the same system-on-chip (SoC) die present particular difficulties. Examples of such integration are for multi-radio
cores or communication channels. In these RF-SoC designs,
interference coupling sets a severe limitation on the performance of RF circuits. One of the main problems from such
coupling is injection pulling. The problems of injection pulling and signal integrity will keep on increasing.
[0004] Any oscillatory system, such as an LC-tank-based
phase locked loop (PLL ), is generally vulnerable to injection
pulling through electromagnetic, capacitive, substrate,
ground, and supply parasitic coupling. This pulling is likely to
be the main cause that limits the spectral purity of the transmitter output.
[0005] In order to achieve a high level of integration in RF
CMOS ICs, designers need to put different VCO's close to
each other, and this may lead to increased cross talk and
negative effects on the circuit operation.
[0006] One way to solve this problem is by employing
8-shape inductors. As reported in A. Poon, A. Chang, H.
Samavati, and S. Wong, "Reduction of inductive crosstalk
using quadrupole inductors," Solid-State Circuits, IEEE Journal of, vol. 44, no. 6, pp. 1756-1764, June 2009, 30 dB of
magnetic coupling reduction could be achieved, however,
other coupling paths are unaffected. This is at the cost of
larger area and reduction of the inductor quality (Q) factor.
This approach also cannot reduce pulling of the output power
amplifiers (PAs).
[0007] Nowadays there is a strong push to integrate an RF
power amplifier (PA) with the rest of the transmitter due to
cost reasons. This has already happened in wireless connectivity (e.g., Bluetooth, WiFi) and is now happening for cellular mobiles.
[0008] On the base station side, integrating a 200 W power
amplifier on the same die as the transmitter is not seriously
considered yet. However, there are attempts to integrate the
RF front-end portion with the PA within the same package. In
this scenario, the harmonics of PA output or even the transmitter output driver are typically not attenuated enough and
can injection-pull the oscillator, even though an integer edge
divider is used between the oscillator and PA driver.
[0009] FIG. 1 shows the problem of aggressors/victims in
the most recent multi-core radios. A set of radio cores is
shown, each comprising an all-digital phase locked loop
(ADPLL) which drives (as part of a control loop) a digitally
controlled oscillator (DCO). A buffer (BUF) and divider
arrangement drive the power amplifier. The problem of pulling is represented by the arrows 10 in the figure.
[0010] A method of mitigating pulling through a phase
rotation has been proposed, e.g. four phase rotation. However, this introduces excessive amount of noise since a number of devices are inserted in the feed-forward path, each
adding their own phase noise contribution.

[0011] A four phase rotation system is disclosed in the
article "A 4.75 GHz Fractional Frequency Divider-by-1.25
With TDC-Based All-Digital Spur Calibration in 45-nm
CMOS" by Stefano Pellerano et. al., in IEEE Journal of Solid
State Circuits vol. 46 No. 12 December 2009.
[0012] The invention is defined by the claims.
[0013] According to the invention, there is provided a transmitter comprising:
[0014] a phase modulator;
[0015] a first phase locked loop controlled by by a first
oscillator and receiving a first phase modulated signal from
the phase modulator;
[0016] a second phase locked loop controlled by a second
oscillator and receiving a second phase modulated signal
from the phase modulator; and
[0017] a power amplifier driven by the outputs of the first
and second phase locked loops,
[0018] means for deriving multiple phases from the phase
locked loops; and
[0019] an edge rotator (32) associated with each phase
locked loop to form a respective output signal from a combination of the multiple phases,
[0020] wherein the first and second oscillators operate at
different frequencies, neither of which is an integer multiple
of the other, and the output signals are closer in frequency
than the first and second oscillator frequencies.
[0021] The invention provides a low-power architectural
solution that avoids the pulling problem through a frequency
translation of aggressor/victim circuits. It can be used in RF
cellular base station or mobile station, and extra care is taken
to implement it in an ultra-low phase-noise manner.
[0022] The output signals of the edge rotators of the first
and second phase locked loops can be the same (or sufficiently close that they would suffer from pulling effects if
generated by the oscillators), but the oscillator frequencies
are separated.
[0023] The means for deriving multiple phases is for
example for deriving 4, 8 or more phases. These phases
enable frequency translation when combining the phases to
generate the output signals.
[0024] The means for deriving multiple phases can comprise a divider and the edge rotator can have a respective
multiplexer to select different phases at different times. However, other ways of generating different phase signals can be
used.
[0025] Each divider can comprise a divide by 4 divider for
deriving 8 phases and each edge rotator can comprises a ring
counter. The ring counter controls the cycling through the
phases, and thereby construct a new waveform.
[0026] The ring counter of the edge rotator of the first phase
locked loop preferably rotates in the opposite sense to the ring
counter of the edge rotator of the second phase locked loop.
This means that one implements an increase in frequency
compared to the phase signals from the divider and the other
implements a decrease in frequency.
[0027] In one implementation, the first phase locked loop
and the second phase locked loop are all-digital, and the first
and second oscillators are digitally controlled. This provides
a digitally-intensive approach which creates more options for
system design. Moreover, a digital approach provides low
cost and much better performance than its analog counterpart.
[0028] By introducing frequency planning by means of a
fractional ratio between the local oscillators and the transmitter power amplifier (or its driver) output frequencies, the
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pulling issues due to various multiple paths can be prevented.
In this way, the integer harmonic relationship between the PA
output and oscillators can be eliminated.
[0029] For example, the use of 8 or more phases enables a
range of fractional divider ratios to be implemented. One
preferred implementation uses exactly 8 phases, but the
invention could be implemented with 4 or 16 or another
number of phases.
[0030] The first and second phase locked loops can each
comprise a retiming circuit for generating multiplexer control
signals.
[0031] The first and second oscillators are preferably each
tuneable, with a different tuning range. In one example the
first oscillator is tuneable with a tuning range 6.45 GHz to 8.5
GHz and the second oscillator is tuneable with a tuning range
from 7.15 GHz to 9.2 GHz.
[0032] By using an 8 phase system, the period of the output
of the first phase locked loop can beoneof3.5, 4.5, 4.75, 5.25,
6, 7, 8, 9, and 10 times the period of the first oscillator output
signal, and the period of the output of the second phase locked
loop can beadifferentoneof3.5, 4.5, 4.75, 5.25, 6, 7, 8, 9, and
10 times the period of the second oscillator output signal.
[0033] In one example the period of the output of the first
phase locked loop is 3.5 times the period of the first oscillator
output signal, and the period of the output of the second phase
locked loop is 4.5 times the period of the second oscillator
output signal.
[0034] The amplifier can be used in a mobile telephony
base station.
[0035] Examples of the invention will now be described in
detail with reference to the accompanying drawings, in
which:
[0036] FIG. 1 shows the problem of aggressors/victims in
multi-core radios;
[0037] FIG. 2 shows the basic architecture of a transmitter
of the invention;
[0038] FIG. 3 shows the way the oscillators' frequencies
are changed in accordance with the invention;
[0039] FIG. 4 shows a conceptual block diagram of the
edge rotating system of FIG. 3;
[0040] FIG. 5 shows how by selecting the phases in tum, it
is possible to create a new output frequency;
[0041] FIG. 6 shows the ring counter in schematic form;
[0042] FIG. 7 shows the internal waveforms in more detail
when the edge rotator in FIG. 3 is commanded to rotate its 8
phases counter-clockwise (i.e. constant phase retarding);
[0043] FIG. 8 shows a system level schematic and circuit
details for the various components;
[0044] FIG. 9 shows the retiming circuit in more details as
well as the divider; and
[0045] FIG. 10 shows two overlapping tuning ranges.
[0046] The invention provides a transmitter comprising
two phase locked loops (PLLs), preferably all-digital PLLs,
controlling respective oscillators, preferably digitally-controlled oscillators (DCOs), and implementing different
phase/frequency modulation. Multiple phases, preferably
equidistant phases, are derived from the respective oscillators, and a multiplexer forms an output signal from a combination of the phases. The oscillators can operate at different
frequencies, neither of which is an integer multiple of the
other nor that of the output, whereas average frequencies of
the output signals of the multiplexers of the first and second
phase locked loops can be substantially the same. This

reduces the problem of pulling with a circuit that can be
implemented with low power and area and with the versatility
of being digitally intensive.
[0047] With a proper arrangement of the power amplifier
network, the invention can thus provide a new outphasing
modulator. An all-digital PLL can be at the heart of the design,
and when such digital circuits are used, the architecture is
highly reconfigurable. Both amplitude and phase modulation
can be performed by a combination of two ADPLLs and two
switched-mode PAs with a matching network.
[0048] The use of ADPLLs offers several advantages, for
instance, it makes it possible to change the loop bandwidth,
data rate and settling time on the fly. In contrast, with an
analog design, it is impossible to achieve this performance
with a very small area and power consumption.
[0049] To meet different standards, this design can incorporate two-point modulation of an ADPLL. This data modulation increases bandwidth beyond the loop bandwidth. This
enables the modulator to be used with high bandwidth communication standards.
[0050] The basic architecture is shown in FIG. 2. The input
data code is provided to a unit for generating in-phase (I) and
quadrature (Q) digital base band (DBB) signals. The architecture contains two ADPLLs 20, 22 which perform phase
modulation via frequency modulation. The phase control signals are provided by an outphasing modulator. TheADPLLs
drive the switched-mode power amplifiers and a combiner.
[0051] Reference is made to the article by M. van der
Heijden, M. Acar, J. Vromans, and D. Calvillo-Cortes, "A 19
w high-efficiency wide-band CMOS-GaN class-E chireix RF
outphasing power amplifier," in Microwave Symposium
Digest (MTT), 2011 IEEE MTT-S International, June 2011,
pp. 1-4.
[0052] The potential problem with this architecture is pulling since the two ADPLLs are on the same die and close to
each other.
[0053] Recently an outphasing architecture based on an
all-digital PLL (ADPLL) has been proposed. This is disclosed in "All-Digital Outphasing Modulator for a SoftwareDefined Transmitter" of Mohannnad E. Heidari et. al., in
IEEE Journal of Circuits, Vol. 44, No. 4, April 2009.
[0054] The design requires only oneADPLL to up-convert
signals and perform phase modulation. This makes the architecture free of an analog mixer. A phase rotator is used to
perform amplitude modulation. The phase rotator converts I
and Q signals to phase.
[0055] This phase, known as the outphasing angle, is added
to and subtracted from the actual phase in two different paths.
To adjust the delay between these paths, a delay locked loop
(DLL) is constructed.
[0056] This digital approach is not mature enough to be
used in different parts of a design, and some parts of the
circuits are still based on analog components, which is not
desirable. For example, phase rotators are analog-intensive
and are not configurable. Besides, the mechanism of whole
system consists of an ADPLL and DLLs; together it is quite
complicated.
[0057] The invention provides an approach in which frequency planning is employed, which means the core DCO of
two ADPLLs work at different frequencies that are sufficiently far apart. In preferred versions, a digitally-intensive
solution is provided.
[0058] A block diagram of the preferred solution of the
invention is shown in FIG. 3, which shows the two ADPLL
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cores. In particular, FIG. 3 shows the way the oscillators'
outputs are processed. Each oscillator operates at a different
frequency: fcl and fc2. A divider 30 and edge rotator 32
together provide a phase rotator divider function. It should be
noted that an oscillator could provide multiple phase outputs
in which case the divider providing multiple outputs might
not be needed. The improvement in phase noise and spurious
tones is obtained on the following basis:
[OOS9] using digital-intensive approach, which is area
and cost effective;
[0060] using ADPLLs creates more options for configurability;
[0061] two amplitude modulation and phase modulation
paths are inherently synchronized with each other;
[0062] the two paths are aligned with each other since the
two ADPLLs share the same frequency reference to
which the PLLs are locked; and
[0063] a mixed signal approach is provided to reduce the
pulling effect.
[0064] The preferred example of the invention provides a
mixed signal approach that can alleviate the pulling of the
each system with different oscillators. The invention uses
frequency planning. It is possible to use an integer (N)
divider, but the problem is the harmonics can still cause
pulling of the main oscillator. By using a fractional divider,
the main frequency can be separated, and pulling can be
reduced.
[006S] FIG. 4 shows a conceptual block diagram of the
edge rotating system 32 of FIG. 3. This example is based on
an 8 phase edge rotating system. However a 4 phase system
can be used, or even a 16 phase system. Also, a non-powerof-two phase system can be used.
[0066] In the 8 phase version, the DCO output, after passing
through a buffer 40 is divided by 4 by the divider 42 to
generate 8 different phase signals.
[0067] The 8 outputs are provided to a multiplexer 44, and
one of the outputs is selected at any time based on the control
signal provided by a ring counter 46. An output buffer 4S is
also shown.
[006S] In order to understand the concept, consider that
there are two DCO' s. It is desired to have the same (or nearly
the same) average output frequency after the divider/multiplexer, but the DCO center frequencies are different from
each other.
[0069] FIG. S shows how by selecting the phases in tum, it
is possible to create a new output frequency, shown by signal
SO. This is generated by the ring counter output (signal S2)
controlling the multiplexer select signal (signal S4).
[0070] In this way, it is possible to have the same output
frequency but the DCO frequencies are separate from each
other. This reduces the pulling significantly. In order to properly select the edge, a state machine can be implemented.
[0071] The output generated clock can be used to trigger
the ring counter. This counter has ability to set and reset.
[0072] FIG. 6 shows the ring counter in schematic form.
[0073] It comprises a closed loop of flip flops. The output
phases are labeled Cl to CS. A retiming circuit (shown at the
top of FIG. 6) uses the output phases Cl to CS to generate
multiplexer control signals Sl to SS. By correct sampling of
the output of the counter, the proper edges can be selected, as
shown in FIG. S. The sampling edge is chosen in such a way
that the setup and hold times of the flip flops in different
corners are met. The overhead area and power of such systems
is very low.

[007 4] The operation of the preferred example of system of
the invention will now be described in more detail.
[007S] As mentioned above, the system contains two oscillators, each with an edge rotator. This corresponds to a twochannel system. More than two such channels could be used
in general. The frequency translation direction depends on the
edge rotation direction. The frequencies of the two channel
outputs are the same (fol =fo2) but the center frequencies of
the oscillators (fcl, fc2) are well separated. Thus, the coupling between the oscillators as well as between the outputs
and oscillators is no longer problematic.
[0076] As mentioned above, a fractional divider with an
8-phase rotation is provided in order to accomplish the pulling mitigation.
[0077] FIG. 7 shows the internal waveforms in more detail
when the edge rotator in rotator is commanded to rotate its 8
phases counter-clockwise (i.e., constant phase retarding).
[007S] The ring counter output waveform shows all 8 signals Cl to CS superposed. Each signal has only one pulse
every 8. Similarly, the multiplexer select signals Sl to SS are
shows superposed and again each signal has only one pulse
every 8.
[0079] The timing of the multiplex control signals is based
on the phase signals, which are the signals generated by the
divider 42 (shown in FIG. 9).
[OOSO] The way the phases PS and P6 control the timing of
the first two multiplex select signals is shown in FIG. 7. There
is a delay from the start of the phase signal (such as PS) to the
start of the associated multiplexer select signal (such as the
first pulse of signal S4 in the case of phase PS), and this is
shown as Td2. The same delay is also present between the
leading edge of a phase signal and the corresponding ring
counter signal. This is shown as Tdl.
[OOSl] By picking a rising edge of the next retarded divider
phase, the output clock edges lag, thus resulting in the frequency decrease by 1/s. The output is made of a sequence of
pulses, which derive from the different phases in tum.
[OOS2] The other rotator operates in the opposite direction.
[OOS3] In this way, one rotator/multiplexer reduces its DCO
frequency to generate the output frequency, and the other
rotator/multiplexer increases its DCO frequency to generate
the same output frequency.
[OOS4] FIG. S shows a system level schematic and circuit
details for the various components.
[OOSS] The ring counter is shown again. It has a set flip flop
and a chain ofreset flip flops. The set and reset flip flops are
shown in more detail, each in the form of edge triggered
D-type flip flops. The set/reset flip flops control the normal
pass-through or the fractional division. Edge-triggered D flipflops retime the ring counter output signals for the appropriate
edge selection.
[OOS6] The multiplexer is also shown, which comprises a
set of parallel complementary pass gate switches controlled
by Sl to SS, for selectively coupling one of the phases Pl to
PS to an output buffer which provides strong driving capability. The parallel connection provides an OR function.
[OOS7] FIG. 9 shows the retiming circuit in more details as
well as the divider. The divide by 4 is implemented by a static
CMOS divider to generate the eight equidistant phases Pl to
PS. The retimer is implemented as a stack of edge triggered D
type flip flops clocked by the ring counter outputs Cl to CS, to
control the switching of the phase signals Pl to PS thereby to
generate the multiplex control signals Sl to SS.
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[0088] To minimize the phase noise degradation of the output clock, extreme care must be taken to limit the device count
on the feed-forward path to the absolute minimum, thus putting all the signal processing complexity on the non-critical
feedback path. According to simple equations, divide by 4
dividers can generate the additional divide ratios of 4.5 and
3.5:
Tout! ~Tosclx4x9/8°'4.5xToscl;
Tout2~Tosc2x4x7/8~3.5xTosc2.

[0089] One of these time periods is based on a time lag of
one phase per cycle (by retarding through the phases), and the
other is based on a gain of one phase per cycle (by advancing
through the phases).
[0090] In order to have a reliable selection of the edges, the
select signal should come in the shaded area of FIG. 7. To
guarantee this, consideration of the worst-case timing uncertainty is needed. The critical timing delay consists of setup/
hold time and clock-to-Q delay of the flip-flops of both the
ring counter and retiming circuit. In order to relax the timing,
an edge trigged flip-flop is chosen that exhibits small setup
and hold times. Taking into account these delays results in
choosing the appropriate signal phase (Pl-PS) to retime the
counter output to generate a correct select signal for the
multiplexer (Sl-SS).
[0091] As mentioned above, the benefit of the phaseswitched dividers is that they can operate at higher frequencies and are well suited for RF applications. However, phaserotating dividers are sensitive to inherent mismatches and can
generate significant spurs. These spur levels are typically
non-essential when the fractional dividers are used in the
feedback path of a frequency synthesizer.
[0092] It is possible to relate the maximum tolerable phase
mismatch given the spurious-free dynamic range (SFDR)
required at the output of the divider.
[0093] The divider is generally not limited to 3.5 and 4.5
divisions. By further modifying the selection path, different
division ratios can be achieved. By closer inspection of the
waveforms, equations such as Tnew=Toldx2+ Told/2 and
Tnew=Toldx2+ Told/2+ Told/8 can be derived (Told and Tnew
are shown in FIG. 7) which gives ratios of 10 and 5.25.
Further investigation shows that ratios of 4.75, 6, 7, 8, 9 can
also be achieved.
[0094] Besides the injection pulling management, the fractional divider can be used to further extend the frequency
range for multi-band radios.
[0095] FIG. 10 shows the two oscillators with overlapping
tuning range. In a well-finetuned system, the overlap should
be minimized. The first oscillator is tunable from 6.45 GHz to
8.5 GHz and the second from 7.15 GHz to 9.2 GHz.
[0096] The two oscillators operate in a modified class-C
architecture, for example as explained in M. Tohidian, A.
Fotowat-Ahmadi, M. Kamarei, and F. Ndagijimana, "Highswing class-C VCO," in ESSCIRC (ESSCIRC), 2011 Proceedings of the ESSCRIC, September 2011, pp. 495-498.
[0097] By way of example, the tuning range of both oscillators can be around 26%. The oscillators can have a 5-bit
binary-weighted coarse MOM capacitor bank, a 2-bit fine
MOM capacitor bank, and a linear varactor for a continuous
tuning range of 15 MHz.
[0098] The oscillator core area can be 0.18 mm2. A resistive ac-coupled buffer can be cascaded with an inverter to
drive the divide by CMOS divider that generates the eight
phases. The measured oscillator FoM at 3 MHz offset over the

entire tuning range is 185 dB and phase noise at 2 GHz output
is -143 dBc/Hz, respectively. Moreover, the noise floor measures -156 dBc/Hz and varies around 1 dB by activating the
edge rotation.
[0099] The switched capacitor structure is used to coarsely
tune the resonant frequency. The size of the switch transistors
is set as a compromise between their parasitic capacitance
(too large switches would reduce the tuning range) and the
phase noise degradation (two small switches would introduce
resistive losses in the on-state, thus reducing the Q factor of
the switched capacitors). For reliability reasons, all the oscillator core transistors are thick oxide devices.
[0100] In order to demonstrate the effectiveness of the
approach, the oscillators and programmable fractional dividers have been implemented in 65 nm CMOS.
[0101] The total chip area was 0.82 mm2, while each oscillator occupied 0.18 mm2 as mentioned above. The two frequency generating channels are placed 200 µm apart on the
same CMOS die. This corresponds to a tight floorplanning
environment of today's commercial multi-channel SoCs.
[0102] The supply and ground connections to the two oscillators are separated on the die. The measured current consumption is 12 mA at 1.7 V for each oscillator and 1.3 mA at
1.2 V for each resistive buffer. The estimated (i.e., mixture of
measurements and simulations) current consumption is 2.5
mA for the divider and 0.5 mA for the 2 GHz 8-phase rotator,
both at 1.2 V.
[0103] The injection pulling scheme has been successfully
verified with RF performance satisfying the intended base
station transmitter system.
[0104] With the two oscillators separated by only 200 µm,
their mutual coupling is expected to be high. With closer than
200 kHz separation, the two oscillators experience injection
locking. In order to avoid the injection locking and to suppress the injection pulling in the normal system operation, the
phase rotators can be activated at the same time but in the
opposite directions, thus separating the resonant frequencies
by 2 GHz. As desired, both outputs are again at the same
frequency, although at different duty cycles, which is corrected up-stream. However, the pulling is now almost nonexistent due to large separation of the two resonating frequencies. It has been found that the generated spur level would be
immeasurably small below -80 dBc and located 2 GHz from
the main carrier.
[0105] The example of the invention described above thus
provides a fractional divider based on an 8-phase rotator for
injection-pulling mitigation. Inserting the rotator between an
oscillator and a PA or PA driver in a 2-channel communication system-on-chip (SoC) allows the oscillators to resonate
at frequencies far away from each other and form the common
output frequency. This way, any potential injection pulling
generating spurs can be avoided. The coupling of two oscillators is normally so tight that they would injection lock.
Separating the center frequency of them by 28% can reduce
the injection pulling spurs to an ultra-low value. The SoC has
been experimentally verified in 65 nm CMOS for a targeted
base station transmitter.
[0106] The preferred example of the invention described
above provides an all-digital outphasing transmitter which
can meet all communications standards. The architecture targets base-station applications.
[0107] In particular, a two-channel RF generation system is
provided, for example for a 2 GHz base station transmitter
that avoids pulling due to various parasitic coupling paths,
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especially between a strong RF output and a sensitive LCtank of an RF oscillator. This is achieved through a fractional
frequency translation by means of a programmable fractional
divider. Any frequency relationship of victims/aggressors
within and between the RF transmission channels is avoided,
and thus rendered harmless in the creation ofinjection pulling
spurs. The proposed method can push the injection pulling
spur far away from the carrier.
[0108] The use ofan all-digital phase locked loop and digitally controlled oscillators is just one example, with the
advantages explained above. However, the invention can be
implemented with analogue phase locked loops and other
types of oscillator. The use of the divider and rotator is not the
only way to derive the desired multiple phases. For example,
the oscillator architecture can provide all phases, and thereby
itself define the means for deriving multiple phases.
[0109] The invention relates in particular to the provision of
two oscillators which can be in close proximity, by using a
phase rotation approach to convert two different oscillator
frequencies such that the output signals after the phase rotations are closer in frequency than the oscillator frequencies.
[0110] Other variations to the disclosed embodiments can
be understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the drawings, the disclosure, and the appended claims. In the claims,
the word "comprising" does not exclude other elements or
steps, and the indefinite article "a" or "an" does not exclude a
plurality. The mere fact that certain measures are recited in
mutually different dependent claims does not indicate that a
combination of these measured cannot be used to advantage.
Any reference signs in the claims should not be construed as
limiting the scope.
1. A transmitter comprising:
a phase modulator;
a first phase locked loop controlling a first oscillator and
receiving a first phase modulated signal from the phase
modulator;
a second phase locked loop controlling a second oscillator
and receiving a second phase modulated signal from the
phase modulator; and
a power amplifier driven by the outputs of the first and
second phase locked loops,
means for deriving multiple phases from the phase locked
loops; and
an edge rotator associated with each phase locked loop to
form a respective output signal from a combination of
the multiple phases,
wherein the first and second oscillators operate at different
frequencies, neither of which is an integer multiple of

the other, and the output signals are closer in frequency
than the first and second oscillator frequencies.
2. A transmitter as claimed in claim 1, wherein the average
output signals frequencies of the edge rotators of the first and
second phase locked loops are the same.
3. A transmitter as claimed in claim 1 wherein the means
for deriving multiple phases is for deriving 4, 8 or more
phases.
4. A transmitter as claimed in claim 1, wherein the means
for deriving multiple phases comprises a divider and each
edge rotator comprises a respective multiplexer.
5. A transmitter as claimed in claim 4, wherein each divider
comprises a divide by 4 divider for deriving 8 phases.
6. A transmitter as claimed in claim 4, wherein each edge
rotator comprises a ring counter.
7. A transmitter as claimed in claim 6, wherein the ring
counter of the edge rotator of the first phase locked loop
rotates in the opposite sense to the ring counter of the edge
rotator of the second phase locked loop.
8. A transmitter as claimed in claim 1, wherein the first
phase locked loop and the second phase locked loop are
all-digital, and the first and second oscillators are digitally
controlled.
9. A transmitter as claimed in claim 1, wherein the first and
second phase locked loops each comprise a retiming circuit
for generating multiplexer control signals.
10. A transmitter as claimed in claim 9, wherein the retiming circuit comprises a set of edge triggered flip flops.
11. A transmitter as claimed in claim 1, wherein the first
and second oscillators are each tuneable, with a different
tuning range.
12. A transmitter as claimed in claim 1, wherein the first
oscillator is tuneable with a tuning range 6.45 GHz to 8.5 GHz
and the second oscillator is tuneable with a tuning range from
7.15 GHz to 9.2 GHz.
13. A transmitter as claimed in claim 1, wherein the period
of the output of the first phase locked loop is one of3.5, 4.5,
4.75, 5.25, 6, 7, 8, 9, and 10 times the period of the first
oscillator output signal, and the period of the output of the
second phase locked loop is a different one of3.5, 4.5, 4.75,
5.25, 6, 7, 8, 9, and lOtimes the period of the second oscillator
output signal.
14. A transmitter as claimed in claim 1, wherein the period
of the output of the first phase locked loop is 3 .5 times the
period of the first oscillator output signal, and the period of
the output of the second phase locked loop is 4.5 times the
period of the second oscillator output signal.
15. A mobile telephony base station comprising an amplifier as claimed in claim 1.
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