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METHOD AND APPARATUS TO LINEARIZE 
TRANSCONDUCTORS BY PREDISTORTION 

FIELD OF THE INVENTION 

0001. This invention relates to the linearization of 
transconductors, which find applications in a wide variety of 
analogue circuits, including modulators for radio frequency 
transmitters, where the maximal achievable output signal-to 
noise ratio is of particular importance. 

BACKGROUND OF THE INVENTION AND 
RELATED ART 

0002. A voltage-controlled current source, or a transcon 
ductor, is an important building block in electronic circuits. 
Transistors, based on either the bipolar junction or field effect 
principle, essentially perform Such a function. The Voltage 
to-current, or V-I, characteristics of transistors, however, are 
usually not sufficiently linear for large-signal applications 
Such as a transmitting modulator. Linear impedances are 
therefore often combined with transistors to form linear 
transconductors. FIG. 1a shows a bipolar transistor with 
resistive emitter degeneration as a linear transconductor. 
When the product of the transistor's transconductance g, and 
the degenerating resistance R is much greater than unity the 
overall ratio between the output current I and the input volt 
age V is then given by 1/R, which is linear. Another example 
is given in FIG.1b, where the combination of transistor Tand 
amplifier OP makes the effective input impedance of the 
structure (seen from node 1) much smaller than the linear 
impedance Z, so that the output current I is related to the 
control Voltage V, and the bias current I by either II+ 
(V-V)/Z, if the said control Voltage is applied to node 2 or 
II-(V-V)/Z, if the said control Voltage is applied to 
node 3. In Such and similar schemes the linear impedance Z is 
connected to the low impedance node of the transistor, that is, 
the emitter for the bipolar junction transistor or the source for 
the field effect transistor. This usually makes it necessary to 
bias the said emitter or source terminal of the current-source 
transistor away from a common reference point Such as the 
ground terminal GND or a power supply V, as the case may 
be, to allow Voltage headroom for the necessary Supporting 
circuitry. This headroom reduces the usable Voltage Swing at 
the output node (the collector or drain terminal of the transis 
tor) compared to a transistor in common-source or common 
emitter configuration, which we refer to as a grounded 
transconductor. In modern integrated circuits where the per 
missible supply voltage is very limited, the loss of available 
signal Swing to the bias requirement of the linearizing cir 
cuitry is becoming unacceptably large in relative terms. With 
the incorporation of linearizing resistor(s), bias current 
Source(s) and operational amplifier, the achievable signal-to 
noise ratio for the output current can also be seriously 
degraded by the inevitable noise Sources associated with Such 
additional elements, as compared to a grounded transconduc 
tor, an example of which is depicted in FIG.1c. In transmitter 
applications noise from Such linearized transconductors is 
usually the cause for typical noise performance of the modu 
lating mixer being two orders of magnitude worse than that 
which is required by applications such as GSM. Polar modu 
lators (where no modulating mixers are required) are there 
fore overwhelmingly preferred over Cartesian modulators for 
this reason, despite the ease with which the latter modulator 
type can accommodate both amplitude and phase modulation 
schemes as required by the latest mobile communications 
standards such as wireless LAN, EDGE and UMTS. 
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SUMMARY OF THE INVENTION 

0003. According to the present invention there is provided 
a transconductor circuit comprising: 

0004 an output transconductor having a control input 
and an output responsive to the signal at the control 
input, and 

0005 a predistortion circuit comprising: 
0006 a control input, 
0007 a model transconductor, having an input voltage 
to output current characteristic where the output current 
is related to that of the output transconductor by a con 
stant factor, which factor includes a factor of one, and 
having a control input and an output responsive to the 
signal at its control input, 

0008 a feedback network 
0009 that is connected to receive the signal at the 
control input to the predistortion circuit, 

0010 that has a feedback input connected to receive 
a feedback signal indicative of the signal output from 
the output of the model transconductor, and has a 
control output connected to Supply a transconductor 
control signal to the control input of the model 
transconductor and to the control input of the output 
transconductor, and 

0011 that is responsive to the signal from the control 
input to the predistortion circuit and to the feedback 
signal indicative of the signal output from the output 
of the model transconductor, in providing the 
transconductor control signal, to control the output of 
the model transconductor to be linear with respect to 
the signal at the control input of the predistortion 
circuit 

0012. The present invention also provides a transconduc 
tor circuit comprising: 

0013 an output transistor having a control input and an 
output, and 

0.014) a predistortion circuit comprising: 
0.015 a control input, 
0016 a replica transistor, being a replica or a scaled 
replica of the output transistor and having a control input 
and an output, and 

0017 an amplifier connected to compare a signal at the 
control input to the predistortion circuit and a feedback 
signal indicative of the output from the replica transistor 
to provide a control signal to the control input of the 
replica transistor to control the output of the replica 
transistor to be linear with respect to the signal at the 
control input of the predistortion circuit, the control 
signal output from the amplifier also being connected to 
the control input of the output transistor. 

0018. The present invention also provides a method of 
controlling an output transconductor comprising: 

0.019 providing an output transconductor and a model 
transconductor having an input voltage to output current 
characteristic where the output current is related to that 
of the output transconductor by a constant factor, which 
factor includes a factor of one, 

0020 receiving an input control signal, 
0021 sensing the output of the model transconductor, 
0022 providing, in response to the input control signal 
and to a signal indicative of the output of the model 
transconductor, a transconductor control signal to con 
trol the output of the model transconductor to be linear 
with respect to the input control signal, and 

0023 applying the said transconductor control signal to 
the output transconductor to control the output thereof. 
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0024 Preferred features of the invention are defined in 
further claims of those appended hereto. 
0025. An advantage of the present invention is to linearize 
the Voltage-to-current transfer characteristic of a nonlinear 
transconductor device. When the transconductor is a transis 
tor the invention allows (but does not demand) the transistor 
to be connected in common-source or common emitter con 
figuration, which maximizes the signal range as well as the 
signal to noise ratio at the output of the transconductor. 
0026. The invention uses a model transconductor, prefer 
ably in the form of a replica transconductor, which can be 
arranged, for example, among transconducting devices pro 
duced in the same batch during integrated circuit fabrication. 
Such devices can be designed to be practically identical to 
each other. Scaled replica versions of transconducting 
devices such as transistors have scaled V-I transfer functions. 
Deviation of a transconductor's V-I transfer curve from a 
straight line is sensed by the model transconductor having its 
control terminal connected in common with that of the main 
transconductor but having its current output connected to a 
separate node. Sensing and correcting the model transcon 
ductor can be achieved without affecting the output signal 
range and noise behavior of the main transconductor. The 
information derived from the model on the necessary Voltage 
correction to its control terminal is then used for the main 
transconductor. 
0027 Preferably, the predistorter comprises linear imped 
ances that help convert either the output current of the said 
model into Voltage or the input Voltage to the predistorter into 
current, so that the said input voltage and the said model 
output current can be compared by a feedback circuitry that 
accordingly adjusts the control Voltage of the model transcon 
ductor until the difference is practically Zero. The said control 
voltage for the model transconductor can then be used either 
directly or, preferably after additional signal conditioning, as 
the output of the predistorter. The said output of the predis 
torter can be applied to a single main transconductor or alter 
natively several main transconductors sharing similar V-I 
characteristics. 

0028. In an advanced embodiment of the invention, sig 
nals within the main transconductor that reflect its operating 
(including load) conditions, including its output Voltage or 
current, are sensed and fed (back) to the predistorter, where 
upon additional servo mechanisms act to ensure that the 
model transconductor inside the predistorter match the main 
transconductor in those operating conditions. 
0029. An advantage of the invention is that very linear 
radio modulators can be realized and moreover this can be 
done without sacrificing noise performance, so that expensive 
surface acoustic wave (SAW) filters are not needed to 
improve the modulator's output noise spectral density. More 
particularly the circuit provided can all be fabricated using 
integrated circuit technology, preferably in a single integrated 
circuit. 

0030 The invention is of use, amongst other things, in 
mobile telephones or in any other kind of mobile terminal 
station, for example, PDAs with wireless mobile data con 
nectivity or a similarly enabled laptop computer, in the latter 
case wireless connection is provided, for example, in a PC 
card, which may send data using GPRS, EDGE, or UMTS 
services. 

0031 Preferred embodiments of the present invention will 
now be described in greater detail, by way of example only, 
with reference to the accompanying drawings, of which: 
0032 FIG.1a is a schematic diagram of a prior-art emitter 
degenerated transconductor. 
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0033 FIG. 1b is a schematic diagram of a prior-art, ampli 
fier-regulated folded cascode transconductor. 
0034 FIG. 1c is a schematic diagram of a prior-art, com 
mon-emitter transconductor. 
0035 FIG. 2 is a general block diagram of a predistorted 
linear transconductor circuit, according to the present inven 
tion. 
0036 FIG. 3 is a more detailed block diagram of the pre 
distorted linear transconductor circuit, according to the 
present invention. 
0037 FIG. 4 is a block diagram of a first exemplary imple 
mentation of the predistorted linear transconductor circuit, 
according to the present invention. 
0038 FIG. 5a is a circuit schematic of a first exemplary 
implementation of the signal conditioning block in the pre 
distorter A. 
0039 FIG. 5b is a schematic diagram of a second exem 
plary implementation of the signal-conditioning block in the 
pre-distorter A. 
0040 FIG. 6a is a diagram of a single-balanced mixer 
employing a grounded transconductor. 
0041 FIG. 6b is a schematic diagram of a single-balanced 
mixer with grounded transconductor realized by a single 
transistor Ms. 
0042 FIG. 6c is a schematic diagram of a single-balanced 
mixer with the grounded transconductor realized by the cas 
code of two transistors, M, and Ms. 
0043 FIG. 7 is a schematic diagram of a single-balanced 
mixer, incorporating a linearized transconductor according to 
the present invention, in which feedback concerning an oper 
ating condition of an output transconductor is provided to a 
model transconductor in the predistorter. 
0044 FIG. 8 is a schematic diagram of a single-balanced 
mixer, incorporating a linearized transconductor according to 
the present invention, in which both feedback of an operating 
condition from a main transconductor to a model transcon 
ductor and a signal conditioner are employed. 
0045 FIG.9 is a schematic diagram, in single-ended nota 
tion, of a preferred embodiment of a single-balanced mixer 
that incorporates a preferred embodiment of the linearized 
transconductor according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0046. A predistortedlinear transconductor G 10 in accor 
dance with the invention comprises, as shown generally in 
block diagram form in FIG. 2, a predistorter A 11 and a 
transconductor B 12. At its boundary the overall linear 
transconductor G 10 has an overall input port V, 13 and an 
overall output port I, 14 that comprises an output current I 
15 or that may comprise several output currents I to I, 15. 
16, 17 that are scaled copies of one another, provided for 
example by multiple transconductors 19, 20, 21 in block B 
that are connected to the same control Voltage 26. Since 
reference to one such output current or transconductor is 
sufficient in illustrating the present invention to those skilled 
in the art, from now on only a single transconductor 19 and its 
output current I, 15 in block B will generally be referred to in 
the descriptions to follow. The input port V of G, receives 
the signal Voltage to be converted into current. The output port 
I provides the desired current(s) that are linearly related to 
V, by a constant transconductance. 
0047. The input port V, 13 is provided by the input of the 
predistorter A11. Predistorter A receives input signal V, and, 
in certain embodiments, examples of which are given later, 
may have additional input port(s) V, 18 to receive feedback 
signal(s) from transconductor B that contain information 
about B’s operating conditions (e.g. loading conditions). In 
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response to both the input signal V, and, when applicable, 
feedback signals V, predistorter A 11 produces its output 
signal V. 26 according to the characteristics of its internal 
circuitry that includes a model transconductor. The said out 
put signal V of predistorter A is applied to the input port of 
transconductor B12, which is also its voltage control port 26. 
The output port I, 14 is provided by the output of the transcon 
ductor B12. Transconductor B receives its input signal V, 26 
from predistorter A 11 and, when applicable, also provides 
feedback signal or signals V. 
0048 Details of blocks A and B now follow. FIG.3 shows 
a preferred general construction of the predistorter A in block 
diagram form. Predistorter A includes a model transconduc 
tor 22, at least one sensing element 23 for the output current 
of the said model transconductor, a feedback network 24 and, 
optionally a signal conditioning circuit 25. The model 
transconductor receives its control voltage V. 26' from the 
feedback network and provides its output current I. 27 to the 
sensing element. The output 28 of the sensing element is fed 
into the feedback network 24, which compares it with the 
input voltage V, 13. One of the output signals of the feedback 
network is the control voltage V. 26'. In certain preferred 
embodiments the feedback network also compares signal or 
signals V, 18 from the transconductor in block B with its 
counterpart V 30 of the model transconductor (i.e. the sig 
nals V, and V indicate the same operating condition in the 
two transconductors, for example by taking V from the same 
node in the transconductor 22 as that from which V is taken 
in transconductor 19) and feeds back control signal V 31 to 
reduce any difference between V. 18 and V 30. (Note that 
the operating condition V and V is not limited to being a 
Voltage as the V symbols suggest; it may, for example, be a 
current.) 
0049. In most applications the control signal V. 26' can be 
used directly as the output V, 26 of block A. In some pre 
ferred embodiments, however, additional signal conditioning 
is performed on V by signal conditioning block 25 and the 
output of that is used as V. Block B contains one (or more) 
transconductor having a V-I characteristic that has the output 
current Ktimes that of the model transconductor inside block 
A for the same control voltage. The control voltage for the 
transconductor in block B is V, and its output current is I. In 
some preferred embodiments terminal V is led out of block 
B and that contains information on the operating (e.g. load 
ing) conditions of the main transconductor. (Note that for 
reasons of reducing power consumption in block A factor K 
will usually be greater than one, but the invention works 
equally well where K is one or less than one.) 
0050. A first exemplary implementation of the predistorter 
A 11 is depicted in FIG. 4. This is in single ended form, but 
this can be easily converted to an equivalent differential 
implementation by those skilled in the art. The circuit com 
prises a model transconductor 22 having a current input con 
nected to ground and a Voltage control input, a linear load 
impedance Z 23 (forming the sense element and providing a 
bias to the model transconductor 22) connected between the 
current output of the model transconductor 22 and the power 
supply, and an operational amplifier OA1 40. The amplifier 
has its output 26' connected to the voltage control input of the 
model transconductor 22 and, as the output of the predistorter, 
to the voltage control input of the main transconductor 19 that 
is to be controlled. A linear feedback impedance Z. 41 is 
connected between the output node V, 28 of the model 
transconductor 22 and the non-inverting input 43 of the 
operational amplifier 40, which has its inverting input 42 

Aug. 16, 2012 

connected to ground. A linear input impedance Z 44 is con 
nected between the input for V, and the non-inverting input 
43. 

0051 Amplifier OA1 40, model transconductor g 22 
and linear impedance Z. 41 form a negative feedback loop 
(the transconductor providing in this case the inversion to 
make the feedback negative) that effectively forces the ampli 
fier's differential input voltage to zero. Both the inverting 
input V, 42 and the noninverting input V, 43 of OA1 40 are 
therefore held to a constant bias Voltage or AC ground, so that 
the current I, flowing through linear impedance Z 44 is 
proportional to the input Voltage V. The same current will 
flow through linear impedance Z if the input impedance of 
OA1 is infinite or much higher than Z. According to Kirch 
hoff's current law applied to node V 28, the output of the 
model transconductor 22, the current I out of the model 
transconductor is related to the input voltage by I (1+Z/ 
Z)V/Z+C f(V), where C is a constant representing any 
signal independent bias current. It follows that the output 
current of the main transconductor is given by I.Kf(V) 
=KIK(1+Z/Z)V/Z+KC, which is linear in the input 
Voltage. 
0052. In many applications the desired signal is limited in 
frequency within a prescribed band. Outside the desired sig 
nal band spurious signals and particularly noise should be 
minimized. A radio transmitteris one such example. Since the 
predistortion principle according to the present invention 
only needs to be effective for the desired signal to be output by 
the main transconductor 19 and the predistorted control sig 
nal V is also bandlimited, a signal conditioner can be 
employed, as shown at 25 in FIG. 3, between the control 
terminal V. 26' of the model transconductor and that of the 
main transconductor, V. 26, to remove some of the spurious 
signal and noise components unrelated to the desired signal. 
In particular, any out-of-band noise that is present in the 
predistorter output can be effectively removed without affect 
ing the conversion of desired input Voltage into a linear cur 
rent. Note that since it corrects the non-linearity of the main 
transconductor 19 the signal V'generally contains informa 
tion in a wider bandwidth than that of the desired signal and 
this information is passed by the conditioner to the main 
transconductor (or as much of it as will provide the desired 
degree of linearity). Thus signals V and V are essentially 
the same, only with the latter having the spurious signal 
removed. 

0053 FIG. 5a shows an example of the signal conditioner, 
which is a simple R-C lowpass filter comprising a resistor 
R50 connected between its input and its output and a capaci 
tor C50 connected between ground and the output. FIG. 5b 
shows another example of the signal conditioner, in which 
both the predistorter and the main transconductor are realized 
in (pseudo) differential form, and additional high frequency 
attenuation is realized by feeding forward a highpass filtered 
version of control voltage to the opposite side of the differ 
ential transconductor input. In this example the main 
transconductor is provided by two FET transistors 19 having 
gates controlled respectively by the filtered differential con 
trol signals V" and V. These are provided by respective 
lowpass RC filters (R53, C51 and R54 and C52) having the 
same form as in FIG.5a, which filter respective ends V" and 
V of the control signal 26' provided in differential form by 
feedback network 24 via a respective resistor R51 and R52. 
Each end of the unfiltered control signal is also buffered by a 
respective buffer amplifier and high pass filtered by a respec 
tive capacitor C53 and C54 and is injected into the node on the 
other side between the input resistor and the resistor of the 
low pass filter. 
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0054 The linearized transconductor according to the 
present invention finds use in a variety of applications, includ 
ing linear modulators in which the transconductor is followed 
by commutating Switches that are driven by a local oscillator 
signal LO, as illustrated in FIG. 6a. In FIG. 6a the output of 
the main transconductor 19 is connected to the common node 
S of the commutating switches and is controlled by the output 
V. 26 of the predistortion circuit. The switches are provided 
by FETs M and M (61 and 62) which switch the output 
current of the transconductor to respective load impedances 
Z, and Z, xy (63 and 64) in response to complementary local 
oscillator signals LO, LO. Through the switches the linear 
current output by the transconductor is modulated by the LO 
to the radio carrier frequency making it suitable for transmis 
sion. The voltage on the common node S of the pair of 
Switches M and M, connected in this instance to the 
output node of the main transconductor, follows a trajectory 
determined by both the complementary LO signals and the 
load impedances Z, and Zy. The resulting Voltage Swing 
can be very substantial, which subjects the output of the main 
transconductor 19, sometimes realized as a single transistor 
Ms 65 as shown in FIG. 6b, to considerably different bound 
ary conditions from those of its model inside the predistorter 
A. To reduce the impact of this load signal Swing on the 
linearity of bottom transistor Ms that performs the basic 
transconducting function, a cascode transistor M, 66 is usu 
ally placed between the drain (or collector) of Ms and the 
load, or, in the case of the modulator, the common node S of 
the switch pair. This is shown in FIG. 6c. A corresponding 
cascode transistor M 68 is preferably also inserted into the 
model transconductor inside the predistorter to maintain 
similarity. (The model transconductor also comprises, in this 
example, a transistor 67 controlled by the control signal 
26/26 similar to that 65 of the main transconductor again for 
similarity.) 
0055. The incorporation of a cascode transistor, however, 

is often still not enough to force the drain terminals of the 
bottom transistors Ms in the main transconductor and Ms in 
the model transconductor to be sufficiently similar for very 
high linearity requirements. To improve the tracking between 
the said drainterminals a servo mechanism can be introduced, 
which forces the drain terminal of Ms to track that of Ms. 
FIG. 7 shows a preferred example of the said servo mecha 
nism. The drain terminal V, 18 of Ms is connected to the 
non-inverting input of operational amplifier OA2 69 while 
that of Ms. V30, is connected to the inverting input of OA2. 
The output of OA2, V 31, is connected to the gate of 
cascode transistor M in the model transconductor, closing 
a negative feedback loop that forces OA2's two inputs, thus 
the drain Voltages of Ms and Ms to be virtually identical. 
Generally, depending on the exact implementation of the 
transconductor, one or more nodes of the transconductor can 
be sensed by a negative feedback network, for Voltage or 
current signals that reflect the operating (including load) con 
ditions of the main transconductor, in order to maintain simi 
lar conditions in the model transconductor. 

0056 Since the main transconductor can be used in cir 
cuits where additional signals are applied at the load side, as 
in the case of the modulating mixer in FIG. 6, its output 
Voltage may contain signal components at different frequen 
cies from those of the predistorter input V. When such 
out-of-band frequency components are sensed by the sec 
ondary feedback loop introduced in FIG. 7, they may also 
propagate through the main feedback loop in the predistorter, 
such as that depicted in FIG. 4, and circulate to the control 
node of the model transconductor, V, in which case their 
presence in V can be essential for maintaining, to a desired 
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degree of linearity, the linear relationship between the model 
output current and the predistorter input. To preserve similar 
ity between the model and the main transconductor, the lat 
ter's control voltage V, must also receive the same, useful, 
out-of-band components as V (recall that to correct the 
non-linearity the useful correcting signals in V/V, will 
usually have a greater bandwidth than those that it is desired 
to output from the main transconductor). This can make it 
difficult, however, to insert a signal conditioning block 
between V and V, to remove undesired out-of-band signals. 
Such as noise, without removing part of the useful out-of 
band signal for pre-distortion or introducing a delay that 
affects its effectiveness. 

0057 Two or more model transconductors can be used to 
overcome Such limitation and allow pre-distortion and feed 
back servo to be realized separately within predistorter A. 
FIG. 8 shows an example of the predistorter in which that is 
done. A first model transconductor (realized by Ms and 
M. in this example) is embedded in the main feedback loop 
described in FIGS. 3 and 4, whereas a second model transcon 
ductor (realized by Ms and M) is embedded in the feed 
back servo loop depicted in FIG. 7. The signal-conditioning 
block 25 depicted in FIG.3 is now placed between the control 
terminal of the said first model transconductor and that of the 
second, where it blocks any spurious out of band signals 
present in the predistorter, for example, caused by spurious 
out of band signals in V. 
0.058 To impose a linear V-I transfer function on the main 
transconductor Ms, in this example the second model 
transconductor Ms., which shares the same control voltage, 
is arranged to derive its current in linear relationship to the 
overall input voltage to the predistorter, V. This is achieved, 
in this example, by using a secondary feedback loop to lock 
the output Voltage of the said second model transconductor, 
V", to that of the said first model, V. That there is this linear 
relationship is explained as follows. First, as noted above, the 
current I is linear in V. Now, since sense element 23/im 
pedance Z is linear and the current passing through it, O+ 
V/Z, is linear in V, it follows that Voltage that it sets, V. 
is also linear in V. Further, since V is servoed to V, it 
follows that V is also linear in V. Finally since Z is linear 
and the Voltage V' defining the current, I, through it is 
linear in V, it follows that that current, I, is also linear in 
V. So with I being linear in V, so is the current output 
from the main transconductor 65, 66 because both main 
transconductor and the second model transconductor have 
their control terminals connected to the same Voltage. 
0059. The servo function is performed in this example by 
an amplifier g, 33 having its positive input connected to 
receive V, its negative input connected to receive V and its 
output connected to provide a current to the node between the 
transistors of the first model transconductor. This current 
affects in turn I, V, V, and V/V, hence adjusting V'. 
0060. Now, as mentioned above the second model 
transconductor is kept in the same operating environment as 
the main transconductor 65, 66 by the servo loop comprising 
OA2. The output of that servo loop is however also applied to 
the first model transconductor in the same way that it is 
applied to the second model transconductor so that the first 
model, as well as the second, is also kept in the same operat 
ing environment as the main transconductor, with the result 
that out of band signals that impinge on the operating envi 
ronment of the main transconductor, for example the local 
oscillator signals LO, are taken into account by the feedback 
network 24 (implemented by OA1 etc.), which has V as one 
of its inputs, in the production of the transconductor control 
signal 26, 26'. 
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0061 Thus it may be seen that for both model transcon 
ductors in this example their output currents are each linear in 
the input V. Furthermore V may also be seen to be a signal 
indicative of either and each of the linear output currents I 
and I of the two model transconductors (since V and V. 
are servoed together). 
0062 Optionally and preferably a second signal condi 
tioner block 32, preferably identical to the main signal con 
ditioner 25, is connected to the output V of the first model 
transconductor and V' is locked to the output of the said 
second signal conditioning block, so that both the input and 
output voltages of the second model are similar to those of the 
first model except for a common delay introduced by the two 
signal conditioners, the feedback amplifierg, 33 now com 
paring V' with the version of V output by the said second 
signal conditioner. As well as providing the mentioned sym 
metrical delay the second conditioner avoids trying to drive 
V. via the servo mechanism (provided by amplifier 33) with 
signal components that would not be passed anyway via 
signal conditioner 25 (which is on the path by which amplifier 
33 influences V'). 
0063 FIG. 9 shows in schematic diagram the preferred 
implementation of a single-balanced mixer incorporating a 
linearized transconductor according to the present invention, 
where the deployed circuits are illustrated in single-ended 
forms for clarity. Converting these into fully differential 
forms, and indeed further in the context of a double balanced 
mixer with pseudo-differential transconductors, is straight 
forward to those skilled in the art. 
0064. While some of the preferred embodiments have 
been shown and described, it is to be understood that many 
changes and modifications can be made thereunto without 
departing from the invention as described in the appended 
claims. 
0065 Typically the circuits described above are provided 
in an integrated circuit. 
0066. As will be apparent from the above, the invention is 
based on scaled (or identical) V-I characteristics for the main 
and model transconductors. It has also been noted that the 
transconductors are preferably implemented as transistors. 
Now, it is known that when a circuit uses transistors that need 
to have scaled (or identical) characteristics the usual way to 
do that is to provide scaled replica transistors having scaled 
(or identical) physical geometries. It is also known that these 
replicas can be made to a high degree of similarity if they are 
produced in the same integrated circuit, preferably orientated 
in the same direction. 
0067. The invention is, however, not limited to transcon 
ductors in the form of replica transistors but is applicable to 
any way of providing transconductors with scaled V-I char 
acteristics. 
0068. When the transconductors are implemented using 
transistors, those may be for example bipolar or field effect 
transistors. The invention also applies to other kinds of 
transconductor. 

1-38. (canceled) 
39. A transconductor circuit comprising: 
an output transconductor having a control input and an 

output responsive to the signal at the control input, and 
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a predistortion circuit comprising: 
a control input, 
a model transconductor, having an input voltage to output 

current characteristic where the output current is related 
to that of the output transconductor by a constant factor, 
which factor includes a factor of one, and having a 
control input and an output responsive to the signal at its 
control input, 

a feedback network that is connected to receive the signal 
at the control input to the predistortion circuit, 

that has a feedback input connected to receive a feedback 
signal indicative of the signal output from the output of 
the model transconductor, and has a control output con 
nected to supply a transconductor control signal to the 
control input of the model transconductor and to the 
control input of the output transconductor, and 

that is responsive to the signal from the control input to the 
predistortion circuit and to the feedback signal indica 
tive of the signal output from the output of the model 
transconductor, in providing the transconductor control 
signal, to control the output of the model transconductor 
to be linear with respect to the signal at the control input 
of the predistortion circuit, 

wherein the predistortion circuit comprises a linear imped 
ance connected to pass current from the output of the 
model transconductorand to provide the feedback signal 
of the feedback network, and 

wherein the feedback network comprises: 
a first linear impedance connected to pass the signal at the 

input of the predistortion circuit, 
a second linear impedance connected to pass the feedback 

signal from the feedback input, and 
an amplifier connected to receive at a first input both the 

signal at the input of the predistortion circuit and the 
feedback signal via respectively the first linear imped 
ance and the second linear impedance, and having an 
output providing the transconductor control signal. 

40. A transconductor circuit as claimed in claim39 wherein 
the amplifier has a second input connected to a constant bias 
Voltage. 

41. A transconductor circuit as claimed in claim 40 wherein 
the constant bias Voltage is ground. 

42. A transconductor circuitas claimed in claim39 wherein 
the model and output transconductors each have a terminal 
connected to a common reference point. 

43. A transconductor circuit as claimed in claim 42 wherein 
the common reference point is ground. 

44. A transconductor circuit as claimed in claim39 wherein 
at least one of the said transconductors comprises a bipolar 
transistor having a common emitter connection. 

45. A transconductor circuit as claimed in claim39 wherein 
at least one of the said transconductors comprises a field 
effect transistor having a common source connection. 

46. A transconductor circuit as claimed in claim 42 wherein 
the amplifier has a second input connected to the common 
reference point. 

47. A transconductor circuitas claimed in claim 46 wherein 
the common reference point is ground. 
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