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Title: AMPLIFIER CIRCUIT, INTEGRATED CIRCUIT AND RADIO FREQUENCY
COMMUNICATION UNIT

Description

Field of the invention

The field of this invention relates to an amplifier circuit, an integrated circuit and a
radio frequency communication unit comprising such an amplifier circuit and/or
integrated circuit. The invention is particularly applicable to, but not limited to, a

variable gain low noise amplifier circuit.

Background of the Invention

[0001] In the field of radio frequency (RF) communication receivers, the main task of the
receiver front-end circuit is to process a signal that is received by an antenna coupled to
the receiver front-end circuit in such a manner that it can be more easily processed by
subsequent receiver circuits, for example, demodulation circuitry. Typically, such
front-end circuits comprise low noise amplifier (LNA) circuitry for amplifying the received
RF signal, and mixer circuitry arranged to perform frequency translation of the amplified
radio frequency signal to a lower intermediate or baseband frequency. The
intermediate/baseband frequency signal may then be filtered to remove interfering
signals, etc.

[0002] Since the frequency of the intermediate or baseband signal output by the mixer
circuitry is typically much lower than the carrier frequency (frg) for the received RF signal,
all stages within the receive chain subsequent to the mixer circuitry operates at low or
baseband frequencies. Furthermore, due to the amplification provided by the LNA
circuitry in front of the mixer circuitry, and by the mixer circuitry itself (if active mixers are
used), the signal levels following the mixer circuitry are also larger than the signal level of
the received RF signal. Accordingly, these low frequency/high signal level
characteristics allow the use of a large variety of circuit techniques for the
implementation of the stages within the receive chain following the front-end circuitry.
[0003] However, due to the high operating frequencies and the low signal levels of the
received RF signal, only a very limited number of circuit techniques may be used to

successfully implement the front-end circuitry that comprises the LNA circuitry and the
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mixer circuitry. The primary challenge in the design of an LNA circuit is to minimise
noise. However, LNA circuitry within an RF receiver also has to provide a sufficiently
large gain, a well defined input impedance, and has to introduce very little distortion (e.g.
the performance of the LNA should be designed to be as linear as possible). Hence,
one of the most important LNA linearity metrics is the IP3 (third order intercept point).
[0004] Referring now to FIG. 1, there is illustrated an example of a known LNA circuit
topology 100, comprising an inductively degenerated amplifier. The LNA circuit
topology 100 illustrated in FIG. 1 exploits the voltage gain provided by a series RLC
resonance circuit to boost the voltage appearing between the gate and the source of the
input device. This voltage amplification provides two advantages: firstly it provides
amplification before the first noisy component of the amplifier, namely transistor M1 110;
and secondly the effective transconductance  of the amplifier input stage is increased by
a factor 'Q' compared to the transconductance of transistor M1 110, where 'Q' is the
quality factor of the input series resonance. The effect of providing such amplification
before the first noisy component of the amplifier is a net reduction in the noise
contributed by the amplifier over the total noise appearing at the output of the amplifier.
Furthermore, the consequence of the increase of the effective transconductance of the
amplifier input stage is a reduced current consumption for a given desired gain.
[0005] However, since the input stage is built around a resonant circuit, the input stage
operates over relatively narrow bandwidths and, thus, has to be tuned differently for
different frequency bands. In order to accommodate a large dynamic range, such as
that required for modern communication receivers, the LNA circuitry is typically required
to provide two or more gain settings. For the amplifier topology illustrated in FIG. 1,
programmable gain settings are implemented by way of splitting the signal current using
cascode transistors ivza 120 and Mg, 130 such that, in all but the maximum gain setting,
only part of the signal current reaches the output of the amplifier.
[0006] A problem with this approach is that it is inefficient interms of current consumption,
particularly at low gain settings. Accordingly, a desirable feature would be to be able to
reduce the current consumption in the low gain settings. However, implementing any
form of current reduction technique would change the transconductance  of transistor M1
110. Since the input impedance of the amplifier topology 100 at resonance is real, and
is proportional to the transconductance of transistor M1 110, such a current reduction
would result in a change in the input impedance of the amplifier, which would cause a
mismatch with, for example, an antenna coupled thereto.

[0007] A further problem with the amplifier topology 100 of FIG. 1 is that it exhibits a poor
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linearity performance. The voltage amplification provided by the input resonance circuit
increases the gate-source voltage swing of transistor M1 110. Whilst this may be
beneficial in terms of noise, it also increases the distortion introduced by transistor M1
110.

[O008] An alternative example of a known LNA circuit topology comprises a
common-gate configuration. A problem with a traditional common-gate amplifier
topology is that the theoretical best noise figure (NF) achievable is limited to 2.2dB. The
achievable noise figure is limited by the fact that the transconductance of the input
device not only defines the noise characteristic of the amplifier, but it also determines its
input impedance. A better noise figure can typically only be achieved by using reactive
impedance transformations. This circuit configuration is therefore only used in receivers
with relatively relaxed noise requirements. However, FIG. 2 illustrates an example of a
recently proposed common-gate amplifier topology 200 in which the noise performance
of the common-gate stage is improved. For the illustrated example, a common-source
stage, comprising transistors M_4b 210 and M.b 220, is connected in parallel with the
common-gate stage, comprising transistors M1 230 and M2 240. If the transistors are
properly sized, the noise of the common-gate transistor appears as a common-mode
signal at the output of the amplifier, and can therefore be suppressed. The main noise
contributor is then the common-source stage, which can be designed to have a higher
transconductance than its common-gate counterpart. The higher transconductance
common-source stage, together with the cancelling of the noise generated by the
common-gate stage, result in an amplifier with an improved noise figure. However, the
noise performance of such an amplifier topology 200 of FIG. 2 is still unable to match that
of the inductively degenerated amplifier topology 100 of FIG. 1.

[0009] Nevertheless, an advantage of the amplifier topology 200 of FIG. 2 is that it
converts a single ended input signal into a differential signal at the input of amplifier. A
differential signal enables improved dynamic range, reduced sensitivity to supply voltage
and substrate noise, improved isolation, etc. within, for example, a receiver chain of
which the amplifier forms a part.

[0010] The input impedance of the amplifier topology 200 of FIG. 2 is broadband and is
equal to the reciprocal of the transconductance of transistor M2 240. Accordingly, in the
same manner as for the inductively degenerated amplifier of FIG. 1, the current cannot
be reduced in the low gain modes, as this would modify the input impedance of the
amplifier circuit. Gain control is therefore usually implemented with the help of cascode

transistors in the same manner as described for the inductively degenerated amplifier of
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FIG. 1.

[001 1] Referring now to FIG. 3, there is illustrated a further example of an amplifier
topology 300 that is suitable for the implementation of an LNA, where the amplifier
topology 300 comprises a shunt-shunt feedback amplifier. However, this configuration
is not popular for the implementation of highly integrated receivers for mobile
applications for two main reasons. Firstly, for proper operation the transconductance of
transistor M1 310 has to be quite large (> 100mS), resulting in the amplifier, and in
particular implementations comprising MOSFETSs, being power hungry. Secondly, no
straightforward way of implementing various gain settings has been proposed, as both
the gain and the input impedance of the amplifier are functions of the feedback resistor
RF 320, of the load resistor R, 330 and of the transconductance of M1 in a non-trivial
way.

[0012] In addition to the above identified short comings of the prior art topologies,
analogue circuits comprising components, such as inductors, are unable to scale and
provide comparable improvements in integrated circuit manufacturing processes in the
same manner as digital circuits. Instead, scaling of analogue circuits must be achieved
by innovation and new design and circuit techniques.

[001 3] Thus, a need exists for an improved amplifier circuit, integrated circuit and radio
frequency communication unit that may alleviate one or more of the aforementioned

problems of known amplifier circuits.

Summary of the invention

[0014]Accordingly, the invention seeks to mitigate, alleviate or eliminate one or more of
the above mentioned disadvantages either singly or in any combination. Aspects of the
invention provide an amplifier circuit, an integrated circuit and a radio frequency
communication device comprising such an amplifier circuit, as described in the
appended claims.

[001 5] According to afirst aspect of the invention, there is provided an amplifier circuit for
amplifying an input signal received at an input thereof. The amplifier circuit comprises a
feedback resistance connected between the input of the amplifier circuit and an output
thereof, and transconductance circuitry arranged to inject a transconductance current at
a point along the feedback resistance. The transconductance circuitry is configurable
to vary the point along the feedback resistance where the transconductance is injected.

[0016] In this manner, a resistive value of the feedback resistance that is located within

the feedback loop may be reduced by an amount ARg for low gain settings.
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Additionally, that part of the feedback resistance that is no longer present within the
feedback loop becomes coupled in series with a load resistance (RLO) for the amplifier
circuitry, and as such the effective load resistance becomes increased by a
corresponding amount, namely AR.. Accordingly, by shifting the point at which the
transconductance  current is injected, the gain of the amplifier may be varied in a
controllable manner.

[001 7] According to an optional feature of the invention, the transconductance circuitry is
configured to adjust the point along the feedback resistance at which the
transconductance  current is injected such that a constant input impedance of the
amplifier circuit is maintained.

[001 8] According to an optional feature of the invention, the transconductance circuitry is
implemented using a complementary stage arrangement. In this manner, current
consumption may be reduced and the noise figure of the amplifier circuitry may be
improved. For example, the transconductance circuity may comprise a first
complementary  stage and .at least one further complementary stage where the
transconductance circuitry may be arranged to inject a first transconductance current
provided by said first complementary stage at a first point along the feedback resistance.
[001 9] According to an optional feature of the invention, the at least one further
complementary stage may be arranged to inject an at least one further transconductance
current provided by said at least one further complementary stage at an at least one
further point along the feedback resistance.

[0020] In accordance with an optional feature of the invention, the first transconductance
current from the first complementary stage may be injected into the feedback resistance
by way of a first common-gate transistor stage and at least one further common-gate
transistor stage.

[0021] In accordance with an optional feature of the invention, at least one further
transconductance current from the at least one further complémentary stage may be
injected into the feedback resistance by way of at least one still further common-gate
transistor stage.

[0022] According to an optional feature of the invention, each complementary stage may
comprise a pair of complementary metal oxide semiconductor field effect transistors.
[0023] According to an optional feature of the invention, the amplifier circuit may be
adapted for use in a broadband radio frequency front-end circuitry.

The optional features of the invention might be combined in any possible way.
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[0024]According to a second aspect of the invention, there is provided an integrated
circuit comprising the amplifier circuit of the first aspect of the invention.

[0025] According to a third aspect of the invention, there is provided a radio frequency
communication unit comprising the amplifier circuit of the first aspect of the invention.
[0026] These and other aspects of the invention will be apparent from, and elucidated

with reference to, the embodiments described hereinafter.

Brief Description of the Drawings

[0027] Further details, aspects and embodiments of the invention will be described, by
way of example only, with reference to the drawings. Elements in the figures are
illustrated for simplicity and clarity and have not necessarily been drawn to scale. Like
reference numerals have been included in the respective drawings to ease
understanding.

[0028] FIG. 1illustrates an example of a known low noise amplifier topology.

[0029] FIG. 2 illustrates an example of a further known low noise amplifier topology.
[0030] FIG. 3 illustrates an example of a still further known low noise amplifier topology.
[0031] FIG. 4 illustrates a block diagram of an example of a radio frequency
communication unit that may be adapted to use an amplifier circuit according to
embodiments of the invention.

[0032] FIG. 5 illustrates an example of generic front-end receiver circuitry.

[0033] FIG. 6 illustrates an example of a simplified diagram of an amplifier circuit
according to some embodiments of the present invention.

[0034] FIG. 7 illustrates an example of an amplifier circuit adapted according to some

embodiments of the invention.

Detailed Description

[0035] Examples of the invention will be described in terms of radio frequency (RF)
communication receiver front-end low noise amplifier (LNA) circuitry. However, it will
be appreciated by a skilled artisan that the inventive concept herein described may be
embodied in any type of amplifier circuitry. In a number of applications, amplifier
circuitry adapted in accordance with the examples of the invention effectively performs
variable gain low noise amplification of a received signal without the need for on-chip

analogue components, such as inductor coils or the like, whilst enabling a reduction in
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current consumption for low gain configurations. In this manner, power consumption of
the LNA for low gain configurations, may be reduced, and the scalability of
semiconductor components such as transistors resulting from improvements in
semiconductor manufacturing processes may be taken advantage of.

[0036] The term '‘complementary stage arrangement' hereinafter used encompasses the
general use of a complementary stage transistor circuit. The term, '‘complementary
stage configuration' hereinafter used encompasses how a transistor-based amplifier
circuit, using a complementary stage transistor arrangement can be configured to
provide different complementary stage characteristics.

[0037] Referring first to FIG. 4, a block diagram of an example of a radio frequency (RF)
communication unit (sometimes referred to as a mobile subscriber unit (MS) in the
context of cellular communications or a user equipment (UE) in terms of a 3 generation
partnership project (3GPP) communication system) is shown, in accordance with one
embodiment of the invention. However, the examples of amplifier circuits later
described may be implemented in any wireless communication wunit. The RF
communication unit, or MS, 400 contains an antenna 402 preferably coupled to a duplex
filter or antenna switch 404 that provides isolation between receive and transmit chains
within the MS 400.

[0038] The receiver chain, as known in the art, includes receiver front-end circuit 406
(effectively providing reception, filtering and intermediate or base-band frequency
conversion). The front-end circuit 406 is serially coupled to a signal processor 408.
An output from the signal processor 408 is provided to a suitable output device 410, such
as a screen or flat panel display. The receiver chain also includes received signal
strength indicator (RSSI) circuitry 412, which in turn is coupled to a controller 414 that
maintains overall communication unit control. The controller 414 may therefore receive
bit error rate (BER) or frame error rate (FER) data from recovered information. The
controller 414 is also coupled to the receiver front-end circuit 406 and the signal
processor 408 (generally realised by a digital signal processor (DSP) 430). The
controller is also coupled to a memory device 416 that selectively stores operating
regimes, such as decoding/encoding functions, synchronisation patterns, code
sequences, RSSI data, and the like. A timer 418 is operably coupled to the controller
414 to control the timing of operations (transmission or reception of time-dependent
signals) within the MS 400.

[0039] As regards the transmit chain, this essentially includes an input device 420, such

as a keypad, coupled in series through transmitter/modulation circuitry 422 and a power
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amplifier 424 to the antenna 402. The signal processor 408 in the transmit chain may
be implemented as distinct from the processor in the receive chain. Alternatively, a
single processor 408 may be used to implement processing of both transmit and receive
signals, as shown in FIG. 4. Clearly, the various components within the MS 400 can be
realised in discrete or integrated component form, with an ultimate structure therefore
being merely an application-specific or design selection.

[0040] Referring now to FIG. 5, there is illustrated an example of generic front-end
receiver circuitry 500, such as may be used to implement the front-end circuit 406 of the
MS 400 of FIG. 4. The front-end circuitry 500 comprises low noise amplifier (LNA) 510
for amplifying a received RF signal, for example as would be received by antenna 402 of
MS 400. The front-end circuitry 500 further comprises mixer circuitry 520 arranged to
perform frequency translation of the received amplified signal output by LNA 510 to a
lower intermediate or baseband frequency signal. The intermediate/baseband

frequency signal is then filtered and further processed by intermediate or baseband
frequency circuitry (IF/BB circuitry) 530.

[0041] Referring now to FIG. 6, there is illustrated an example of a simplified diagram of
an amplifier circuit 600 for amplifying an input signal received at an input 610 thereof,
such as may be used to implement the LNA 510 of FIG. 5. For the illustrated example,
the amplifier circuit 600 is based on a shunt-shunt feedback topology and comprises a
feedback resistance 620 connected between the input 610 of the amplifier circuit and an
output node 630 thereof. The amplifier circuit 600 further comprises transconductance

circuitry 640 arranged to inject a transconductance current for the received input signal
at a point along the feedback resistance 620, said transconductance current being based
on a voltage level at the input 610 of the amplifier circuit for the illustrated example. In
particular, the transconductance circuitry 640 is configurable to vary the point along the
feedback resistance 620 where the transconductance current is injected.

[0042] For example, the transconductance circuitry 640 of FIG. 6 is arranged to inject a
transconductance current at a first point 622 along the feedback resistance 620 when in
a first configuration, for example during high gain configuration, whereby the first point
622 along the feedback resistance 620 is located generally adjacent to the output node
630 of the amplifier circuit 600. In this manner, a large proportion of the resistive value,
which for the illustrated example comprises substantially the full resistive value (rro). of
the feedback resistance 620 is present within the feedback loop, thereby resulting in a
high gain for the amplifier. The transconductance circuitry 640 may be further arranged

to inject a transconductance current at an at least one further point 624 along the
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feedback resistance 620 when operating in an at least one further configuration, for
example during a reduced gain configuration, whereby the at least one further point 624
along the feedback resistance 620 is located toward the input 610 of the amplifier circuit
relative to the first point 622. In this manner, the resistive value of the feedback
resistance 620 that is present within the feedback loop is reduced by an amount AREg.
Additionally, that part of the feedback resistance that is no longer present within the
feedback loop becomes coupled in series with a load resistance (Ri_o) 650 for the
amplifier circuitry, and as such the effective load resistance 650 becomes increased by a
corresponding amount, namely ARg. Accordingly, by shifting the point at which the
transconductance current is injected from the first point 622 to the second point 624, the
gain of the amplifier is reduced.

[0043]As will be appreciated by a skilled artisan, the gain of an amplifier circuit, such as
that illustrated in FIG. 6, is a function of both the feedback resistance 620 and the load
resistance 650, along with the transconductance (G,) provided by transconductance

circuitry 640. Thus, by varying the point at which the transconductance current is
injected into the feedback resistance 620, the effective values of both the resistance
within the feedback loop and the output resistance may be modified to vary the gain of
the amplifier circuit.

[0044]The input impedance of an amplifier circuit, such as that illustrated in FIG. 6, is
also a function of the feedback resistance 620, the load resistance 650, and the
transconductance (G,,) provided by transconductance circuitry 640. Accordingly, for the
illustrated embodiment the transconductance circuitry 640 may be further arranged to
adjust the transconductance (G,)) of the amplifier circuit by controlling the point along the
feedback resistance 620 at which the transconductance current is injected. In this
manner, the transconductance may be adjusted, such that a substantially constant input
impedance of the amplifier circuit 600 may be maintained, irrespective of the point along
the feedback resistance 620 at which the transconductance current is injected.
Advantageously, for a lower-gain configuration, whereby the value of the feedback
resistance within the feedback loop is reduced whilst the effective load resistance is
increased, a lower transconductance current is required in order to maintain the constant
input impedance. Accordingly, during lower-gain configurations the overall power
consumption of the amplifier circuitry is reduced, thereby providing a significant benefit
for implementations where power consumption is an important design factor.

[0045] For the example illustrated in FIG. 6, the point at which the transconductance

current is injected into the feedback resistance, and the transconductance (G of the
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transconductance circuitry 640, is controllable by way of a control voltage V_ 660.
[0046] Referring now to FIG. 7 there is illustrated an example of a more detailed
implementation of an amplifier circuit 700, adapted in accordance with some
embodiments of the invention. For the example illustrated in FIG. 7, the amplifier circuit
700 forms part of a receiver front-end circuit provided within an integrated circuit 705.
The amplifier circuit 700 comprises feedback resistance in a form of a first feedback
resistor RF; 720 and a second first feedback resistor RFb 725 connected in series with
one another between an input 710 of the amplifier circuit 700 and an output node 730 of
the amplifier circuit 700.
[0047] The amplifier circuit 700 further comprises transconductance circuitry arranged to
inject a transconductance current at a point along the feedback resistance 720, 725, and
configurable to vary the point along the feedback resistance at which the
transconductance current is injected. For the example illustrated in FIG. 7, the
transconductance circuitry is implemented using a complementary stage arrangement to
reduce current consumption of the amplifier circuitry 700. The power consumption is
reduced by use of a complementary stage as, for a given required total
transconductance, the complementary circuit is implemented using two sub-circuits. For
example, one sub-circuit is implemented with p-MOSFET devices and the other one with
n-MOSFET. The two sub-circuits can be stacked one on top of the other between supply
and ground, thereby sharing the same bias current. In a different example, a
non-complementary implementation can be thought of as a parallel connection of two
parts, each one requiring its own, non-shareable amount of current. In addition, the
noise figure of the amplifier circuitry 700 can be improved by using a complementary
stage arrangement, since for a total given current for a complementary stage it is
possible to achieve a larger total transconductance. This can be exploited to obtain a
lower noise figure.
[0048] More particularly for the illustrated example, the transconductance circuitry
comprises a first complementary stage configuration comprising transistors 740 and 742,
and a second complementary stage comprising transistors 744 and 746. The
transconductance circuitry is arranged to inject a first transconductance current provided
by said first complementary stage configuration at a first point along the feedback
resistance 720, 725, illustrated generally at node 750, and located generally adjacent to
the output node 730 of the amplifier circuit 700. For clarity purposes only, nodes 730
and 750 have been illustrated in FIG. 7 as being separate. However, in practice, these

nodes 730, 750 may be arranged to form a single common node. The first
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transconductance current from the first complementary stage configuration is injected
into the feedback resistance 720, 725 at node 750 by way of two common-gate transistor
stages comprising transistors 760, 762 and 764, 766 respectively. Accordingly, when
the transconductance circuitry is configured to inject the first transconductance current

from the first complementary stage configuration into the feedback resistance at node

750, transistor gate voltages Vgi, V?u VE and VY% for transistors 760, 762 and 764,
766 respectively are set at potentials that are suitable for switching the respective
transistors 'ON', thereby operably coupling the first and second complementary stages
comprising transistors 740, 742 and 744, 746 respectively to node 750. Accordingly,
when the transconductance circuitry is arranged to operate in this first configuration, the
transconductance (G, ) of the transconductance circuitry is equal to the sum of the
transconductances for transistors 740, 742, 744 and 746. Furthermore, the resistance
within the feedback loop comprises the sum of feedback resistors RR; 720 and Rgb 725.
[0049] The transconductance circuitry for the illustrated example further comprises a
second complementary stage configuration comprising only the first complementary
stage provided by transistors 740 and 742. The transconductance circuitry is arranged
to inject a second transconductance current provided by said second complementary
stage configuration at a second point along the feedback resistance 720, 725, illustrated
generally at node 770, and located toward the input 710 of the amplifier circuit relative to
the first node 750. The second transconductance current from the second
complementary stage configuration is injected into the feedback resistance 720, 725 at
node 770 by way of a further common-gate transistor stage comprising transistors 780,

785. Transistors 780, 785 are arranged to receive at their gates, the inverse of the gate

P N
voltages for transistors 760, 762 respectively, illustrated by Vza and Ve1 in FIG. 7.

[0050]Accordingly, when the transconductance circuitry is arranged to operate in the first

. . , : P N P N
configuration described above, whilst the gate voltages Veai, va, veo and Veo for

transistors 760, 762 and 764, 766 respectively are set at potentials that are suitable for

o : . vP A .
switching the respective transistors ON', the gate voltages Ya and Va for transistors
780 and 785 are set at potentials that are suitable for switching the respective transistors
OFF', thereby effectively isolating node 770 from the first complementary stage provided

by transistors 740 and 742. However, when the transconductance circuitry is arranged to

v

operate in the second configuration, the gate voltages V51, Vlc\'ll, veo and v o for
transistors 760, 762 and 764, 766 respectively are set at potentials that are suitable for
switching the respective transistors OFF, thereby effectively isolating node 750 from the
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first and second complementary stages provided by transistors 740, 742, 744, 746.

[0051] Meanwhile, the gate voltages Vfl and ﬁ for transistors 780 and 785 are set at
potentials that are suitable for switching the respective transistors 'ON', thereby operably
coupling node 770 to the first complementary stage provided by transistors 740 and 742.
Accordingly, when the transconductance circuitry is substantially arranged to operate in
this second configuration, the transconductance (G) of the transconductance circuitry is
equal to the sum of the transconductances for transistors 740 and 742 only.
Furthermore, the resistance within the feedback loop comprises only the first feedback
resistor R, 720, with the second feedback resistor Rgb 725 becoming coupled in series
with a load of the amplifier circuit 700, which for the illustrated example comprises mixer
circuitry 790.

[0052] As can be seen, the amplifier circuit 700 of FIG. 7 is inductor-less.  Such an
inductor-less arrangement is now able to be implemented due to the development of
nanometer scale semiconductor technology, which results in very fast transistors
comprising significantly reduced parasitic capacitances. Whilst the renunciation of
inductors in this manner leads to a relatively high current consumption when the
amplifier circuit 700 is configured for maximum gain, the reduction in current
consumption at the lower gain configuration has been found to be significant enough to
sufficiently counter the high current consumption at high gain to thereby make the
average current consumption acceptable. Significantly, the removal of inductors from
the amplifier circuit enables significant savings in terms of area within an integrated
circuit, and improvements in semiconductor and integrated circuit manufacturing
processes may be fully exploited.

[0053] Another advantageous feature of the amplifier circuit 700 of FIG. 7 is that it does
not require external matching components. Well-known feedback techniques may be
used to directly generate the required real input impedance for the amplifier circuit 700 of
FIG. 7. This is in contrast to, for example, inductively degenerated LNAs that require an
inductor connected to the input transistor in order to obtain a real impedance.

[0054] It is envisaged that the inventive concept is not limited to use within an RF
communication unit receiver. It is envisaged that the inventive concept herein described
may equally be applied to any application requiring a variable gain amplifier circuit.
Furthermore, a skilled artisan will appreciate that in other applications, alternative
functions/circuits/devices and/or other technigues may be used to implement the
inventive concept, such as, by way of example, variable gain transimpedance amplifiers

(current input, voltage output), variable frequency relaxation-oscillators, etc.
12
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[0055] Thus, the hereinbefore examples provide a variable-gain low noise amplifier
circuit. In particular, the hereinbefore examples of a variable gain low noise amplifier
circuit are capable of providing reduced power consumption in lower gain configurations.
Advantageously, the hereinbefore examples further provide an inductor-less amplifier
circuit that requires substantially no external matching network components.
[0056] In particular, it is envisaged that the aforementioned inventive concept can be
applied by a manufacturer to any integrated circuit comprising amplifier circuitry, for
example those of the MediaTek™ wireless handset and/or wireless connectivity family of
products. It is further envisaged that, for example, a manufacturer may employ the
inventive concept in a design of a stand-alone device, such as an integrated front-end
circuit, or application-specific integrated circuit (ASIC) and/or any other sub-system
element.
[0057] It will be appreciated that, for clarity purposes, the above examples have
described embodiments of the invention with reference to certain functional units or
devices or circuits. However, it will be apparent that any suitable distribution of
functionality between different functional units, or devices or circuits, for example with
respect to the transconductance circuitry, may be used without detracting from the
invention. Hence, references to specific functional units are only to be viewed as
references to suitable means for providing the described functionality, rather than
indicative of a strict logical or physical structure or organization.
[0058]Aspects of the invention may be implemented in any suitable form including
hardware, software, firmware or any combination of these. Thus, the elements and
components of an embodiment of the invention may be physically, functionally and
logically implemented in any suitable way. Indeed, the functionality may be
implemented in a single unit, in a plurality of units or as part of other functional units.
[0059] Although the invention has been described in connection with some embodiments,
it is not intended to be limited to the specific form set forth herein. Rather, the scope of
the invention is limited only by the accompanying claims. Additionally, although a
feature may appear to be described in connection with particular embodiments, one
skilled in the art would recognize that various features of the described embodiments
may be combined in accordance with the invention. In the claims, the term ‘comprising'
does not exclude the presence of other elements or steps.
[0060] Furthermore, although individually listed, a plurality of means, elements or
method steps may be implemented by, for example, a single unit or processor.

Additionally, although individual features may be included in different claims, these may
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possibly be advantageously combined, and the inclusion in different claims does not
imply that a combination of features is not feasible and/or advantageous. Also, the
inclusion of a feature in one category of claims does not imply a limitation to this category,
but rather indicates that the feature is equally applicable to other claim categories, as
appropriate.

[0061] Furthermore, the order of features in the claims does not imply any specific order
in which the features must be performed. In addition, singular references do not
exclude a plurality. Thus, references to 'a’, 'an’, 'first', 'second’, etc. do not preclude a
plurality.

[0062]Thus, an improved amplifier circuit has been described, wherein at least one or
more of the aforementioned disadvantages with prior art arrangements has been

substantially alleviated.

14



WO 2011/029492 PCT/EP2010/003871
Claims

What is claimed is:
1. An amplifier circuit for amplifying an input signal received at an input node of
the amplifier circuit, the amplifier circuit comprising:

a feedback resistance connected between the input node of the amplifier
circuit and an output node of the amplifier circuit; and

transconductance circuitry arranged to inject a transconductance current at a
point along the feedback resistance,

wherein the transconductance circuitry is configurable to vary the point along

the feedback resistance where the transconductance current is injected.

2. The amplifier circuit of Claim 1 wherein the transconductance circuitry is
configured to adjust the point along the feedback resistance at which the
transconductance current is injected such that a constant input impedance of the

amplifier circuit is maintained.

3. The amplifier circuit of Claim 1 wherein the transconductance circuitry uses a

complementary stage arrangement.

4. The amplifier circuit of Claim 3 wherein the transconductance circuitry
comprises: a first complementary stage and at least one further complementary stage
where the transconductance circuitry is arranged to inject a first transconductance
current provided by said first complementary stage at a first point along the feedback

resistance.

5. The amplifier circuit of Claim 4 wherein the at least one further
complementary stage is arranged to inject an at least one further transconductance
current provided by said at least one further complementary stage at an at least one

further point along the feedback resistance.

6. The amplifier circuit of Claim 4 wherein the first transconductance current
from the first complementary stage is injected into the feedback resistance by way of a
first common-gate transistor stage and at least one further common-gate transistor

stage.

15
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7. The amplifier circuit of Claim 5 wherein at least one further transconductance

current from the at least one further complementary stage is injected into the feedback

resistance by way of at least one still further common-gate transistor stage.

8. The amplifier circuit of Claim 4 wherein each complementary stage comprises

a pair of complementary metal oxide semiconductor field effect transistors.

9. The amplifier circuit of Claim 1 wherein the amplifier circuit is adapted for use

in a broadband radio frequency front-end circuit.

10. An integrated circuit comprising an amplifier circuit for amplifying an input

signal received at an input node of the amplifier circuit, the amplifier circuit comprising:

a feedback resistance connected between the input node of the amplifier
circuit and an output node of the amplifier circuit; and

transconductance circuitry arranged to inject a transconductance current at a
point along the feedback resistance,

wherein the transconductance circuitry is configurable to vary the point along

the feedback resistance where the transconductance current is injected.

11. The integrated circuit of Claim 10 wherein the transconductance circuitry is
configured to adjust the point along the feedback resistance at which the
transconductance current is injected such that a constant input impedance of the

amplifier circuit is maintained.

12. The integrated circuit of Claim 10 wherein the transconductance circuitry uses

a complementary stage arrangement.

13. The integrated circuit of Claim 12 wherein the transconductance circuitry
comprises: a first complementary stage and at least one further complementary stage
where the transconductance circuitry is arranged to inject a first transconductance

current provided by said first complementary stage at a first point along the feedback

resistance.
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14. The integrated circuit of Claim 13 wherein the at least one further
complementary stage is arranged to inject an at least one further transconductance
current provided by said at least one further complementary stage at an at least one

further point along the feedback resistance.

15. The integrated circuit of Claim 13 wherein the first transconductance current
from the first complementary stage is injected into the feedback resistance by way of a
first common-gate transistor stage and at least one further common-gate transistor

stage.

16. A radio frequency communication unit comprising an amplifier circuit for
amplifying an input signal received at an input node of the amplifier circuit, the amplifier
circuit comprising:

a feedback resistance connected between the input node of the amplifier
circuit and an output node of the amplifier circuit; and

transconductance circuitry arranged to inject a transconductance current at a
point along the feedback resistance,

wherein the transconductance circuitry is configurable to vary the point along

the feedback resistance where the transconductance current is injected.

17. The radio frequency communication wunit of Claim 16 wherein the
transconductance circuitry is configured to adjust the point along the feedback
resistance at which the transconductance current is injected such that a constant input

impedance of the amplifier circuit is maintained.

18. The radio frequency communication wunit of Claim 16 wherein the

transconductance circuitry uses a complementary stage arrangement.

19. The radio frequency communication wunit of Claim 18 wherein the
transconductance circuitry comprises: a first complementary stage and at least one
further complementary stage where the transconductance circuitry is arranged to inject a
first transconductance current provided by said first complementary stage at a first point
along the feedback resistance.

17
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20. The radio frequency communication unit of Claim 19 wherein the at least one
further complementary stage is arranged to inject an at least one further
transconductance current provided by said at least one further complementary stage at

an at least one further point along the feedback resistance.
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