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(54) AMPLIFIER LINEARIZATION AND RELATED APPARATUS THEREOF

(57) Some embodiments relate to a device (200a),
comprising an amplifier (230a) and a linearizer (210a),
the linearizer comprising a first transistor (212), the first
transistor comprising a first terminal coupled to an input
of the amplifier, a second terminal configured to be cou-
pled to a DC supply voltage, and a control terminal con-
figured to control a current flowing between the first and
second terminals and configured to receive a DC bias
voltage different from a voltage of the first terminal. Some

embodiments relate to a device, comprising an amplifier,
comprising an input, an output, and a first set of one or
more transistors coupled between the input and the out-
put, and a linearizer, comprising a second set of one or
more transistors coupled between a DC supply voltage
and the input of the amplifier, wherein the first set of tran-
sistors and the second set of transistors have a same
topology.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. provi-
sional application serial no. 62/629,737, filed February
13, 2018, titled "AMPLIFIER LINEARIZATION AND RE-
LATED APPARATUS THEREOF," which is hereby in-
corporated by reference in its entirety.

BACKGROUND

[0002] Power amplifiers are known electronic devices
for increasing the power of an Alternating Current (AC)
signal. Typically, an amplifier will use electric power from
a Direct Current (DC) power supply to multiply a voltage
amplitude of an AC signal input to the amplifier by a gain
factor, and to provide the multiplied signal as an output.
[0003] It is desirable for an amplifier to operate linearly
across as wide a range of possible voltage amplitudes
as possible. Over an input voltage range in which the
amplifier operates linearly, an AC signal output by the
amplifier will be proportional to an AC signal input by a
gain factor which is constant over the input voltage range.
Over an input voltage range in which the gain factor is
not constant, the amplifier is operating non-linearly, and
such non-linearity may be undesirable.

BRIEF SUMMARY

[0004] Some embodiments relate to a device compris-
ing an amplifier and a linearizer. The linearizer may com-
prise a first transistor, comprising a first terminal coupled
to an input of the amplifier, a second terminal configured
to be coupled to a DC supply voltage, and a control ter-
minal configured to control a current flowing between the
first and second terminals and configured to receive a
DC bias voltage different from a voltage of the first ter-
minal.
[0005] The DC bias voltage may be selectable from
among a plurality of DC bias voltages.
[0006] The amplifier may comprise a first transistor
having a common-channel terminal configuration.
[0007] The amplifier may further comprise a second
transistor having a common-control terminal configura-
tion.
[0008] The first and second transistors may be field
effect transistors (FETs) having common-source and
common-gate configurations, respectively.
[0009] The linearizer may further comprise a second
transistor through which the first transistor is coupled to
the input of the amplifier, the second transistor compris-
ing a first terminal coupled to the input of the amplifier, a
second terminal coupled to the first terminal of the first
transistor, and a control terminal configured to control a
current flowing between the first and second terminals
and configured to receive a DC bias voltage different from
a voltage of the first terminal.

[0010] The second terminal may be coupled to an out-
put of the amplifier.
[0011] A voltage at the control terminal may be either
greater than a voltage at the first terminal by at least a
threshold voltage of the first transistor and less than a
voltage at the second terminal by at least the threshold
voltage, or less than a voltage at the first terminal by at
least the threshold voltage and greater than a voltage at
the second terminal by at least the threshold voltage.
[0012] Some embodiments relate to a device, compris-
ing an amplifier, the amplifier comprising an input, an
output, and a first set of one or more transistors coupled
between the input and the output, and a linearizer, com-
prising a second set of one or more transistors coupled
between a DC supply voltage and the input of the ampli-
fier, wherein the first set of transistors and the second
set of transistors have a same topology.
[0013] The first set of transistors and the second set
of transistors may each comprise a cascode topology or
each comprise a non-cascode topology.
[0014] The first set of transistors and the second set
of transistors may each comprise a cascode topology,
and respective first and second transistors of the first set
of transistors may comprise a common-control terminal
and a common-channel terminal configuration.
[0015] Channels of first and second transistors of the
second set of transistors may be coupled to one another
between the input of the amplifier and the DC supply
voltage.
[0016] In some embodiments, the first and second
transistors of the first set of transistors may be field effect
transistors (FETs) respectively comprising a common-
gate and a common-source configuration.
[0017] The first set of transistors and the second set
of transistors may each comprise a non-cascode topol-
ogy, and a first transistor of the first set of transistors may
comprise a common-channel terminal configuration.
[0018] Channel terminals of a first transistor of the sec-
ond set of transistors may be coupled to the DC supply
voltage and to the input of the power supply.
[0019] In some embodiments, the first transistor of the
first set of transistors may be a field effect transistor (FET)
comprising a common-source configuration.
[0020] The second set of transistors may be coupled
between the input and the output of the amplifier.
[0021] The foregoing summary is provided by way of
illustration and is not intended to be limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

FIG. 1A is a block diagram illustrating an exemplary
system including an amplifier compensated with a
linearizer, in accordance with some embodiments.
FIG. 1B includes a series of graphs of various trans-
fer functions corresponding to the system illustrated
in FIG. 1A.
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FIG. 2A is a circuit diagram illustrating an exemplary
system including a single-ended amplifier compen-
sated with a linearizer, in accordance with some em-
bodiments.
FIG. 2B is a circuit diagram illustrating an exemplary
system including a single-ended amplifier compen-
sated with a cascode linearizer, in accordance with
some embodiments.
FIG. 2C is a circuit diagram illustrating an exemplary
system including a differential amplifier compensat-
ed with a linearizer, in accordance with some em-
bodiments.
FIG. 3A is a circuit diagram illustrating an exemplary
system including a cascode differential amplifier
compensated with a cascode linearizer, in accord-
ance with some embodiments.
FIG. 3B is a circuit diagram illustrating an exemplary
system including a cascode single-ended amplifier
compensated with a cascode linearizer, in accord-
ance with some embodiments.
FIG. 4A is a circuit diagram illustrating an exemplary
system including a single-ended amplifier compen-
sated with an output-coupled linearizer, in accord-
ance with some embodiments.
FIG. 4B is a circuit diagram illustrating an exemplary
system including a cascode differential amplifier
compensated with an output-coupled cascode line-
arizer, in accordance with some embodiments.
FIG. 5A is a circuit diagram illustrating an exemplary
system including a single-ended amplifier compen-
sated with a PMOS linearizer, in accordance with
some embodiments.
FIG. 5B is a circuit diagram illustrating an exemplary
system including a single-ended amplifier compen-
sated with a PMOS and NMOS linearizer, in accord-
ance with some embodiments.

DETAILED DESCRIPTION

[0023] Implementing an amplifier, such as a power am-
plifier to be used in a radio-frequency (RF) transmission
system, may involve compromising between the efficien-
cy and linearity of the amplifier. Amplifiers having better
linearity typically offer poor operating efficiency, often dis-
sipating more than half of all operating power into heat
rather than into the AC signal output by the amplifier. For
example, a class A power amplifier may operate linearly
over a significantly wider range of input voltages com-
pared to a class C power amplifier, but with an operating
efficiency below 50%, and often even below 10%. Am-
plifiers having better operating efficiency typically offer
poor linearity, having a relatively small range of voltages
over which a gain factor of the amplifier is constant. For
example, a class C power amplifier may operate with an
efficiency as high or higher than 70%, but operates line-
arly over a significantly decreased range of input voltages
compared to a class A amplifier. Thus, selection of an
amplifier involves a tradeoff between efficiency and lin-

earity.
[0024] The inventors have developed techniques for
improving linearity in systems having a non-linear ampli-
fier by compensating the amplifier with a linearizer. The
linearizer may be a device coupled to an input of the
amplifier and configured to provide a non-constant im-
pedance transfer function for an AC signal received at
the input of the amplifier. The non-constant impedance
transfer function of the linearizer may compensate for a
non-linear response of the amplifier over an input voltage
range. For example, if the gain factor of the amplifier is
increasing over a particular voltage range due to non-
linearity of the amplifier, the impedance transfer function
of the linearizer may compensate by decreasing over the
voltage range such that an overall linearity of the linear-
izer together with the amplifier is improved over the volt-
age range. Thus, a linearizer and amplifier may be im-
plemented in combination with improved overall linearity
as compared to the amplifier alone.
[0025] FIG. 1A is a block diagram illustrating exempla-
ry system 100 including amplifier 130 compensated with
linearizer 110, in accordance with some embodiments.
Linearizer 110 is coupled in parallel with amplifier 130.
Inputs 102a and 102b of system 100 are coupled to each
of linearizer 110 and amplifier 130, and outputs 104a and
104b of system 100 are coupled to amplifier 130. In some
embodiments, outputs 104a and 104b may be coupled
to linearizer 110, as shown in the dotted line in FIG. 1A.
[0026] Linearizer 110 and amplifier 130 are coupled
between inputs 102a and 102b and outputs 104a and
104b. As a non-limiting example, inputs 102a and 102b
may be coupled to a baseband-to-RF mixer, and outputs
104a and 104b may be coupled to an RF antenna. AC
signals received at inputs 102a and 102b and produced
at outputs 104a and 104b may be differential signals,
with high side (+) signals received at input 102a and pro-
duced at output 104a, and with low side (-) signals re-
ceived at input 102b and produced at output 104b. Alter-
natively, the AC signals may be single-ended signals.
For example, input 102b and output 104b may not be
included or may be connected to a fixed reference volt-
age.
[0027] Amplifier 130 may be configured to multiply a
signal received at inputs 102a and 102b by a gain factor
and to provide the result to outputs 104a and 104b. Am-
plifier 130 may include one or more transistors, and the
gain factor of amplifier 130 may be set based on a con-
figuration of the transistors such as their positioning and
voltage bias condition.
[0028] Linearizer 110 may be configured to provide a
non-linear shunt impedance for an AC signal received at
inputs 102a and 102b of system 100. For example, line-
arizer 110 may be coupled between inputs 102a and
102b and a DC power supply. AC signals received at
inputs 102a and 102b may be conducted to the DC power
supply through linearizer 110 such that linearizer 110 pro-
vides a shunt impedance for system 100. Linearizer 110
may include one or more transistors, and the non-linear
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shunt impedance of linearizer 110 may be set based on
a configuration of the transistors such as their positioning
and voltage bias condition.
[0029] In system 100, linearizer 110 and amplifier 130
combine to provide an overall transfer function having
improved linearity compared to the gain factor of amplifier
130. When combined, the overall transfer function of sys-
tem 100 between inputs 102a and 102b and outputs 104a
and 104b may be substantially more constant over a
range of AC signal voltages than the gain factor of am-
plifier 130. For example, amplifier 130 may have a non-
linear gain factor over a certain range of voltages of the
signal received at inputs 102a and 102b. To compensate
for the non-linear gain factor of amplifier 130, linearizer
110 may be configured to provide a non-linear imped-
ance such that an overall transfer function between in-
puts 102a and 102b and outputs 104a and 104b has im-
proved linearity over the certain range of voltages com-
pared to the gain factor of amplifier 130. The gain factor
of amplifier 130, the non-linear impedance of linearizer
110, and the overall transfer function of system 100 are
described herein including with reference to FIG. 1B.
[0030] Although not shown in FIG. 1A, it should be ap-
preciated that each of linearizer 110 and amplifier 130
are connected to a DC power supply. For example, lin-
earizer 110 may couple AC signals received at inputs
102a and 102b to the DC power supply, and amplifier
130 may convert power received from the DC power sup-
ply into signal power for amplifying the AC signal at out-
puts 104a and 104b.
[0031] FIG. 1B illustrates a series of graphs 150, 170
and 190, corresponding to various transfer functions of
components in system 100, as illustrated in FIG. 1A.
Graph 150 shows impedance transfer function 154 of
linearizer 110, along with constant impedance transfer
function 152. Graph 170 shows gain factor 174 of ampli-
fier 130, along with constant gain factor 172. Graph 190
shows overall transfer function 194 of system 100 from
inputs 102a and 102b to outputs 104a and 104b, along
with constant transfer function 192. For example, overall
transfer function 194 is the product of impedance transfer
function 154 and gain factor 174. Impedance transfer
function 154, gain factor 174, and overall transfer function
194 are plotted over a range of input voltages VIN from
V1 to V2.
[0032] As shown in graph 150, impedance transfer
function 154 of linearizer is 110 deviates from constant
impedance transfer function 152 between V1 and V2. For
example, linearizer 110 may include one or more tran-
sistors biased to produce a desired non-linear channel
impedance between V1 and V2. Thus, impedance trans-
fer function 154 is non-linear with respect to input volt-
ages VIN from V1 to V2.
[0033] As shown in graph 170, gain factor 174 of am-
plifier 130 deviates from constant gain factor 172 be-
tween voltages V1 and V2. For example, amplifier 130
may be a class-C power amplifier having poor linearity
between voltages V1 and V2. Thus, gain factor 174 is

non-linear with respect to input voltages VIN from V1 to V2.
[0034] As shown in graph 190, overall transfer function
194 of system 100, including amplifier 130 with shunt-
coupled linearizer 110, is substantially equal to constant
transfer function 192 between voltages V1 and V2. The
product of impedance transfer function 154 and gain fac-
tor 174 may result in an overall transfer function which
shows improved linearity between voltages V1 and V2.
For example, transistors of linearizer 110 may be biased
to produce a non-linear channel impedance of the tran-
sistors which cancels out non-linearity in gain factor 174
of amplifier 130 between voltages V1 and V2. Since over-
all transfer function 194 is the product of impedance
transfer function 154 and gain factor 174, overall transfer
function 194 shows improved linearity between voltages
V1 and V2 compared to gain factor 174.
[0035] The inventors have developed linearizers im-
plemented with one or more transistors coupled to an
amplifier. For example, the transistors may be coupled
to an input of the amplifier with a channel of the transistors
configured to provide a non-linear impedance for signals
received at the input. FIGs. 2A-2C illustrate circuit dia-
grams of exemplary systems 200a, 200b, and 200c, each
having a linearizer implemented with one or more tran-
sistors coupled to the amplifier. Each of systems 200a,
200b, and 200c, may be configured to operate in the man-
ner described in connection with system 100 of FIGs. 1A-
1B.
[0036] FIG. 2A is a circuit diagram illustrating system
200a including single-ended amplifier 230a compensat-
ed with linearizer 210a coupled between input 202 and
output 204. System 200A is illustrated as a single-ended
system. Accordingly, signals received at input 202 and
provided at output 204 may be single-ended signals.
[0037] Amplifier 230a comprises transistor 232, which
may be configured to amplify a signal received at a control
terminal and to provide the amplifier result at a channel
terminal coupled to output 204. In the illustrative embod-
iment of FIG. 2A, transistor 232 is a FET in a common-
source configuration, with the control terminal of transis-
tor 232 being a gate tied to input 202. Transistor 232 has
a drain tied to output 204, and also to matching network
242. Matching network 242 may include a passive com-
ponent such as inductor, and/or a balun. Matching net-
work 242 is coupled to current mirror 240, which provides
a current for biasing transistor 232. In some embodi-
ments, the drain of transistor 232 may be tied to a source
of a cascode transistor, a drain of which may be coupled
to current mirror 240. The source of transistor 232 cou-
pled to a common voltage terminal such as ground. How-
ever, the source of transistor 232 may be coupled to other
components. For example, in some embodiments, the
source of transistor 232 is coupled to current mirror 240.
[0038] In the illustrated common-source configuration,
transistor 232 is configured to receive the AC signal at
its gate, to amplify the AC signal based on a gain factor,
and to provide the AC signal with added gain at its drain.
For example, the gain factor may be set based on a DC
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bias voltage at the gate, the drain, and the source of
transistor 232, as well as based on current provided by
current source 240. The gain factor may be non-linear
over a range of AC signal voltages at the gate. Transistor
232 may provide the AC signal with added gain at the
drain, which is coupled to output 204.
[0039] It should be appreciated that some embodi-
ments do not include current mirror 240. For example, in
some embodiments, matching network 242 may be cou-
pled to DC power supply 206. In some embodiments,
transistor 232 may receive an input or provide an output
to one or more transistors of an additional amplification
stage of amplifier 230a. It should be appreciated that tran-
sistor 232 may have a different amplifier configuration,
such as common-gate or common-drain, for example.
Additionally, transistor 232 may be a different type of tran-
sistor such as a BJT, HEMT, IGBT, or HBT, and likewise
may have a configuration such as common-base, com-
mon-emitter, or common-collector suitable to the corre-
sponding type of transistor.
[0040] Linearizer 210a is configured to provide a non-
linear impedance to compensate amplifier 230a. In FIG.
2A, linearizer 210a includes transistor 212 having a chan-
nel coupled between input 202 and DC power supply
206, and having a control terminal tied to DC bias voltage
214. Transistor 212 may be configured such that the AC
signal received at input 202 is conducted through a non-
linear channel impedance to DC power supply 206. DC
power supply 206 may constitute an AC ground for the
AC signal received at input 202. For example, the AC
signal received at input 202 may include an AC compo-
nent operating around a DC bias, and there is substan-
tially no AC component at DC power supply 206. Accord-
ingly, while the AC signal is not completely grounded at
DC power supply 206, because the DC component of
the signal is still present, the AC component of the AC
signal may be negligible at DC power supply 206 as
though it were grounded. In FIG. 2A, transistor 212 is a
FET, with a source coupled to input 202 and a drain cou-
pled to DC power supply 206. If the FET is biased into
the saturation region, the channel impedance of the FET
may be non-linear, such that the channel impedance var-
ies depending on a voltage of the AC signal at input 202.
It should be appreciated that transistor 212 may be a
different type of transistor such as a BJT, HEMT, IGBT,
or HBT.
[0041] The inventors have developed linearizers which
may be implemented with a selectable impedance. For
example, one or more transistors of the linearizer may
receive a selectable control terminal bias voltage (e.g.,
a gate bias voltage for a FET or a base bias voltage for
a BJT), which allows for selecting an impedance of the
linearizer. For instance, the control terminal bias voltage
may set a channel impedance of the transistors, which
contribute to the impedance of the linearizer. In FIG. 2A,
DC bias voltage 214 sets a non-linear channel imped-
ance of transistor 212. Thus, a certain desired non-linear
channel impedance for AC signals coupled between in-

put 202 and DC power supply 206 through transistor 212
may be achieved by setting DC bias voltage 214 accord-
ingly. For example, DC bias voltage 214 may set a par-
ticular non-linear channel impedance for received AC sig-
nals operating between a first AC voltage level and a
second AC voltage level. In some embodiments, DC bias
voltage 214 may be a selectable bias voltage for produc-
ing a desired non-linear channel impedance of transistor
212.
[0042] The inventors have recognized and appreciated
that implementing a linearizer with a selectable imped-
ance may reduce an overall size of the linearizer, thus
lowering the manufacturing cost and improving the op-
erating efficiency of the linearizer. In a linearizer without
a selectable impedance, an impedance of the linearizer
may be set by channel dimensions of devices within the
linearizer. For example, the linearizer may include a di-
ode-connected transistor, with an impedance of the lin-
earizer set by a channel size, such as a channel width,
of the transistor. To compensate for the non-linear re-
sponse of the amplifier, the transistor of such a linearizer
would need to have approximately a same size channel
width as the transistor(s) of the amplifier, so as to match
a current density of the amplifier. However, the channel
widths of transistors in the amplifier may be large, and
so implementing the linearizer to compensate for the am-
plifier results in an increased manufacturing cost when
implemented in an integrated circuit. Additionally, the
large transistor channel width results in large internal ca-
pacitances of the transistor, requiring more power to turn
on the transistor. Accordingly, the linearizer may have a
high cost and require more power to operate.
[0043] In contrast, a linearizer implemented with a se-
lectable impedance, such as described herein including
with reference to FIG. 2A, may be configured to provide
a desired impedance with a smaller channel width than
in linearizers without a selectable impedance. The im-
pedance of the linearizer may be set not only based on
a channel width of the transistors of the linearizer, but
also according to the selectable control terminal bias volt-
age of the transistors. For example, the control terminal
bias voltage may be set relative to a control terminal bias
voltage of the transistor(s) of the amplifier, so as to ac-
commodate non-linearity in the amplifier. The channel
width of the transistor of the linearizer may be reduced
when the control terminal bias voltage compensates for
the impact of the reduced channel width on the imped-
ance of the linearizer. Accordingly, the linearizer may be
implemented with a small channel width while maintain-
ing the capability of matching current density in the am-
plifier, resulting in a reduced manufacturing cost and im-
proved operating efficiency, as compared to a linearizer
without a selectable impedance. In some embodiments,
the transistor(s) of the linearizer may have channel
widths between 5% and 10% of the channel widths of
the transistor(s) of the amplifier.
[0044] The inventors have developed linearizers which
may be implemented including a common-control termi-
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nal configured transistor (e.g., common-gate for FETs or
common-base for BJTs). For example, in FIG. 2A, tran-
sistor 212 is a FET in a common-gate configuration, with
a source coupled to input 202 and a drain coupled to DC
power supply 206A. A gate of transistor 212 is coupled
to a DC bias voltage different from the DC supply voltage,
and different from the voltage at input 202.
[0045] The inventors have developed linearizers which
may be implemented with cascode common-control ter-
minal configured transistors. For example, first and sec-
ond FETs may be arranged in a common-gate configu-
ration between an input of the amplifier and a DC supply
voltage. FIG. 2B is a circuit diagram illustrating system
200b, including single-ended amplifier 230b compensat-
ed with cascode linearizer 210b coupled between input
202 and output 202. In FIG. 2B, linearizer 210b comprises
transistors 212a and 212b which have a cascode topol-
ogy. It should be appreciated that system 200b may be
configured to operate in the manner described in con-
nection with system 200a. For example, amplifier 230b
may be configured to operate in the manner described
for amplifier 230a.
[0046] Linearizer 210b may be configured to provide
a non-linear impedance between input 202 and DC pow-
er supply 206 based on DC bias voltages 214a and 214b
supplied at control terminals of transistors 212a and
212b. DC bias voltages 214a and 214b may be config-
ured to set a non-linear channel impedance for each of
transistors 212a and 212b. DC bias voltages 214a and
214b may be selectable bias voltages for producing a
desired non-linear channel impedance for transistors
212a and 212b. Accordingly, an AC signal received at
input 202 may be conducted through non-linear channel
impedances of transistors 212a and 212b set by DC bias
voltages 214a and 214b. It should be appreciated that
DC bias voltages 214a and 214b may be a same DC bias
voltage, or may be different DC bias voltages.
[0047] The inventors have developed linearizers which
may be configured for differential systems. FIG. 2C is a
circuit diagram illustrating system 200c, including differ-
ential amplifier 230c compensated with linearizer 210c
coupled between inputs 202a and 202b and outputs 204a
and 204b. In contrast to systems 200a and 200b, signals
received at inputs 202a and 202b of system 200c may
be differential signals, with a high side of the differential
signal received at input 202a and a low side signal re-
ceived at input 202b. In FIG. 2C, linearizer 210c may be
configured to provide a non-linear impedance for differ-
ential signals received at inputs 202a and 202b.
[0048] Amplifier 230c may be configured to operate in
the manner described for amplifiers 230a and 230b in
connection with FIGs. 2A-2B. However, in contrast to
FIGs. 2A-2B, amplifier 230c is configured to amplify dif-
ferential signals received at inputs 202a and 202b. For
example, amplifier 230c includes transistors 232a and
232b, with transistor 232a configured to amplify a high
side component of a differential signal received at input
202a, and with transistor 232b configured to amplify a

low side component of a differential signal received at
input 202b. As shown in FIG. 2C, control terminals of
transistors 232a and 232b are coupled to inputs 202a
and 202b, and channels of transistors 232a and 232b
are coupled to outputs 204a and 204b. Gain factors of
transistors 232a and 232b may be set by a DC bias at
control terminals and across channels of transistors 232a
and 232b in the manner described for transistor 232 in
connection with FIG. 2A. Transistors 232a and 232b are
further configured to provide corresponding amplified
components of the differential signal at outputs 204a and
204b respectively. DC biasing conditions of transistors
232a and 232b may be substantially equivalent, such
that transistors 232a and 232b have substantially equiv-
alent gain factors to avoid adding distortion to compo-
nents of signals provided at outputs 204a and 204b.
[0049] Linearizer 210c includes transistor 212a cou-
pled between input 202a and DC power supply 206, and
transistor 212b coupled between input 202b and DC pow-
er supply 206. Transistors 212a and 212b have control
terminals coupled to DC bias voltages 214a and 214b,
such that non-linear channel impedances of transistors
212a and 212b may be set according to DC bias voltages
214a and 214b. For example, DC bias voltages 214a and
214b may be selectable bias voltages for producing a
desired non-linear channel impedance for transistors
212a and 212b. Transistors 212a and 212b may be sub-
stantially equal in size and equivalent in configuration,
for example having substantially equal DC bias voltages
214a and 214b, to avoid adding distortion into a differ-
ential signal received at inputs 202a and 202b. Distortion
in signals provided at control terminals of transistors 232a
and 232b of amplifier 230c would result in lower quality
signals that may not be intelligible for systems configured
to receive the signals provided at outputs 204a and 204b
of system 200c.
[0050] The inventors have developed linearizers which
may be implemented having a same topology as ampli-
fiers for which they are configured to compensate. FIGs.
3A-3B illustrate exemplary systems including an ampli-
fier and a linearizer in which the amplifier and linearizer
have a same topology, in accordance with some embod-
iments.
[0051] FIG. 3A is a circuit diagram illustrating system
300a, including cascode differential amplifier 330a com-
pensated with cascode linearizer 310a, coupled between
inputs 302a and 302b and outputs 304a and 304b. Lin-
earizer 310a and amplifier 330a each have a cascode
configuration, and thus have a same topology. In the il-
lustrated embodiment, linearizer 310a and amplifier 330a
each have a cascode topology. It should be appreciated
that system 300a may be configured to operate in the
manner described in connection with FIG. 2C. For exam-
ple, system 300a may be configured to receive differen-
tial signals at inputs 302a and 302b.
[0052] Amplifier 330a may have a cascode topology
of transistors 332a, 332b, 332c and 332d. Transistors
332a and 332b may have a common-control terminal
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configuration. For instance, transistors 332a and 332b
may be FETs, with gates of the FETs tied to DC bias
voltages 334a and 334b. Transistors 332c and 332d may
have a common-channel terminal configuration. For ex-
ample, transistors 332c and 332d may be FETs, with
gates of the FETs coupled to inputs 302a and 302b.
Drains of the FETs may be coupled to transistors 332a
and 332b such that amplifier 330a has a cascode topol-
ogy.
[0053] Linearizer 310a may comprise transistors 312a,
312b, 312c and 312d configured in a cascode topology.
Transistors 312a, 312b, 312c and 312d may be biased
by DC bias voltages 314a, 314b, 314c and 314d. DC bias
voltages 314a and 314b may be substantially equal, and
DC bias voltages 314c and 314d may be substantially
equal, so as to avoid adding distortion to a signal received
at inputs 302a and 302b. In some embodiments, DC bias
voltages 314a, 314b, 314c and 314d may all be substan-
tially equal to one another.
[0054] FIG. 3B is a circuit diagram illustrating single-
ended system 300b, including cascode single-ended am-
plifier 330b compensated with cascode linearizer 310b,
coupled between input 302 and output 304. Linearizer
310b and amplifier 330b each have a cascode configu-
ration, and thus have a same topology. System 300b may
be configured to operate in the manner described in con-
nection with FIG. 2B.
[0055] The inventors have developed linearizers con-
figured for coupling to inputs and outputs of the amplifiers
for which they are configured to compensate. FIGs. 4A-
4B are circuit diagrams illustrating exemplary systems
including an amplifier and an output-coupled linearizer,
in accordance with some embodiments.
[0056] FIG. 4A is a circuit diagram illustrating system
400a, including single-ended amplifier 430a compensat-
ed with output-coupled linearizer 410a, coupled between
input 402 and output 404. System 400a may be config-
ured to operate in the manner described for system 200a
in connection with FIG. 2A. For example, linearizer 410a
may be configured to provide a non-linear impedance in
parallel with amplifier 430a for signals received at input
402. Additionally, signals received at input 402 may be
coupled to output 404 by way of linearizer 410a.
[0057] The inventors have recognized and appreciated
that, because signals conducted through linearizer 410a
may not experience a frequency shift, such signals may
be superimposed at the output of amplifier 430a. Accord-
ingly, system 400a may preserve substantially all of the
signal received at input 402 and provide the amplifier
signal at output 404. It should be appreciated that, in
some embodiments, linearizer 410a may be configured
to match a phase shift of amplifier 430a, such that signals
received at input 402 reach output 404 through linearizer
410a in phase with signals which reach output 404
through amplifier 430a. In some embodiments, linearizer
410a may be configured to provide a 180 degree phase
shift, such that signals received at input 402 may reach
output 404 out of phase with signals which reach output

404 through amplifier 430a. In accordance with various
embodiments, linearizer 410a may be configured to pro-
vide any desired phase shift for signals received at input
402. Additionally, it should be appreciated that, while lin-
earizer 410a and amplifier 430a are illustrated as having
a same non-cascode topology, linearizer 410a and am-
plifier 430a may have different topologies in accordance
with various embodiments.
[0058] FIG. 4B is a circuit diagram illustrating exem-
plary system 400b including cascode differential ampli-
fier 430b compensated with output-coupled cascode lin-
earizer 410b, in accordance with some embodiments.
System 400b may be configured to operate in the manner
described in connection with FIG. 4A. For example, lin-
earizer 410b is coupled between inputs 402a and 402b
and outputs 404a and 404b, and may be configured to
provide a non-linear impedance in parallel with amplifier
430b. However, in contrast to FIG. 4A, system 400b is
configured to receive differential signals at inputs 402a
and 402b, and linearizer 410b and amplifier 430b have
cascode topologies. It should be appreciated that linear-
izer 410b and amplifier 430b may be configured to oper-
ate in the manner described for linearizer 310a and am-
plifier 330a in connection with FIG. 3A.
[0059] FIG. 5A is a circuit diagram illustrating exem-
plary system 500a including single-ended amplifier 530a
compensated with PMOS linearizer 510a, in accordance
with some embodiments. System 500a may be config-
ured to operate in the manner described in connection
with FIG. 2A. For example, linearizer 510a may be con-
figured to provide a non-linear impedance in parallel with
amplifier 530a. However, in contrast to linearizer 210a
of FIG. 2A, linearizer 510a includes PMOS transistor 512,
having a control terminal biased by DC bias voltage 514.
In some embodiments, DC bias voltage 514 may be a
negative supply voltage from DC power supply 506. It
should be appreciated that linearizer 510a may be con-
figured to operate in the manner described for linearizer
210a in connection with FIG. 2A.
[0060] FIG. 5B is a circuit diagram illustrating exem-
plary system 500b including single-ended amplifier 530b
compensated with PMOS and NMOS linearizer 510b, in
accordance with some embodiments. System 500b may
be configured to operate in the manner described in con-
nection with FIG. 2A. For example, linearizer 510b may
be configured to provide a non-linear impedance in par-
allel with amplifier 530b. However, in contrast to linearizer
210a of FIG. 2A, linearizer 510b includes NMOS transis-
tor 512a and PMOS transistor 512b. NMOS transistor
512a is biased by DC bias voltage 514a, which may be
configured in the manner described for DC bias voltage
214 in connection with FIG. 2A. PMOS transistor 512b
is biased by DC bias voltage 514b, which may be con-
figured in the manner described for DC bias voltage 514
in connection with FIG. 5A.
[0061] Various aspects of the apparatus and tech-
niques described herein may be used alone, in combi-
nation, or in a variety of arrangements not specifically
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discussed in the embodiments described in the foregoing
description and is therefore not limited in its application
to the details and arrangement of components set forth
in the foregoing description or illustrated in the drawings.
For example, aspects described in one embodiment may
be combined in any manner with aspects described in
other embodiments.
[0062] It should be appreciated that the above de-
scribed transistors may be implemented in any of a va-
riety of ways. For example, one or more of the transistors
may be implemented as bipolar junction transistors or
field-effect transistors (FETs), such as metal-oxide sem-
iconductor field-effect transistors (MOSFETs), junction
field-effect transistors (JFETs), heterostructure field-ef-
fect transistors (HFETs), heterojunction bipolar transis-
tors (HBTs), and high electron mobility transistors
(HEMTs). In instances where one or more transistors de-
scribed herein are implemented as BJTs, the gate,
source, and drain terminals described above for such
transistors may be base, emitter, and collector terminals,
respectively.
[0063] Additionally, it should be appreciated that am-
plifiers described herein may comprise multiple cascade
stages of common-source, common-control terminal
and/or cascode configured transistors. In some embod-
iments, amplifier 130 may comprise a class C power am-
plifier. In some embodiments, amplifiers described here-
in may comprise a power amplifier belonging to any one
of classes A, B, AB, C, D, E, F, G and H. In some em-
bodiments, amplifier 130 may comprise a low-noise am-
plifier.
[0064] Additionally, it should be appreciated that illus-
trated embodiments which omit current mirror 240 may
be adapted to include current mirror 240.
[0065] Use of ordinal terms such as "first", "second",
"third", etc., in the claims to modify a claim element does
not by itself connote any priority, precedence, or order
of one claim element over another or the temporal order
in which acts of a method are performed, but are used
merely as labels to distinguish one claim element having
a certain name from another element having a same
name (but for use of the ordinal term) to distinguish the
claim elements.
[0066] Also, the phraseology and terminology used
herein is for the purpose of description and should not
be regarded as limiting. The use of "including", "compris-
ing", "having", "containing" or "involving" and variations
thereof herein, is meant to encompass the items listed
thereafter and equivalents thereof as well as additional
items.
[0067] The use of "coupled" or "connected" is meant
to refer to circuit elements, or signals, that are either di-
rectly linked to one another or through intermediate com-
ponents.
[0068] The terms "approximately", "substantially," and
"about" may be used to mean within 620% of a target
value in some embodiments, within 610% of a target
value in some embodiments, within 65% of a target value

in some embodiments, and within 62% of a target value
in some embodiments. The terms "approximately" and
"about" may include the target value.

Claims

1. A device, comprising:

an amplifier; and
a linearizer comprising a first transistor, the first
transistor comprising:

a first terminal coupled to an input of the
amplifier;
a second terminal configured to be coupled
to a DC supply voltage; and
a control terminal configured to control a
current flowing between the first and second
terminals and configured to receive a DC
bias voltage different from a voltage of the
first terminal.

2. The device of claim 1, wherein the DC bias voltage
is selectable from among a plurality of DC bias volt-
ages.

3. The device of any preceding claim, wherein the am-
plifier comprises a first transistor having a common-
channel terminal configuration.

4. The device of claim 3, wherein the amplifier further
comprises a second transistor having a common-
control terminal configuration.

5. The device of claim 4, wherein the first and second
transistors are field effect transistors (FETs) having
common-source and common-gate configurations,
respectively.

6. The device of claim 1, wherein the linearizer further
comprises a second transistor through which the first
transistor is coupled to the input of the amplifier, the
second transistor comprising:

a first terminal coupled to the input of the ampli-
fier;
a second terminal coupled to the first terminal
of the first transistor; and
a control terminal configured to control a current
flowing between the first and second terminals
and configured to receive a DC bias voltage dif-
ferent from a voltage of the first terminal.

7. The device of any preceding claim, wherein the sec-
ond terminal is coupled to an output of the amplifier.

8. The device of any preceding claim, wherein a voltage
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at the control terminal is either:

greater than a voltage at the first terminal by at
least a threshold voltage of the first transistor
and less than a voltage at the second terminal
by at least the threshold voltage; or
less than a voltage at the first terminal by at least
the threshold voltage and greater than a voltage
at the second terminal by at least the threshold
voltage.

9. A device, comprising:

an amplifier, comprising:

an input;
an output; and
a first set of one or more transistors coupled
between the input and the output; and

a linearizer, comprising:

a second set of one or more transistors cou-
pled between a DC supply voltage and the
input of the amplifier; and
wherein the first set of transistors and the
second set of transistors have a same to-
pology.

10. The device of claim 9, wherein the first set of tran-
sistors and the second set of transistors each com-
prise a cascode topology or each comprise a non-
cascode topology.

11. The device of claim 10, wherein the first set of tran-
sistors and the second set of transistors each com-
prise a cascode topology, and wherein respective
first and second transistors of the first set of transis-
tors comprise a common-control terminal and a com-
mon-channel terminal configuration.

12. The device of claim 11, wherein channels of first and
second transistors of the second set of transistors
are coupled to one another between the input of the
amplifier and the DC supply voltage.

13. The device of claim 12, wherein the first and second
transistors of the first set of transistors are field effect
transistors (FETs) respectively comprising a com-
mon-gate and a common-source configuration.

14. The device of claim 10, wherein the first set of tran-
sistors and the second set of transistors each com-
prise a non-cascode topology, and wherein a first
transistor of the first set of transistors comprises a
common-channel terminal configuration.

15. The device of claim 14, wherein channel terminals

of a first transistor of the second set of transistors
are coupled to the DC supply voltage and to the input
of the power supply.
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