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Abstract—A 2.4 GHz CMOS amplifier with third-order in-
termodulation distortion cancellation is presented based on the
derivative superposition technique. The proposed circuit uses a
conventional amplifier topology followed by a distortion cancel-
lation circuit that can significantly improve third-order linearity.
To quantify the linearity improvement, two general-purpose am-
plifiers were fabricated and measured: (1) a traditional cascode
amplifier and (2) an identical cascode amplifier followed by a
distortion cancellation circuit. The new amplifier increases the
IP3 by approximately 12 dB without having a significant effect on
either the gain or noise characteristics of the original amplifier.

I. INTRODUCTION

The intermodulation distortion (IMD) of an amplifier, in
addition to gain, noise figure, and 1-dB compression point, is
a very important consideration in many applications. To char-
acterize the IMD of an amplifier, the most common method
used is the third-order intermodulation product intercept point
(IP3). This method is based on the common situation where the
desired signal is in the presence of an interferer that is nearby
in the frequency domain. The third-order nonlinearities of an
amplifier generate new tones that are close to the desired tone
that can cause interference.

There have been several methods suggested that can po-
tentially improve the linearity of CMOS amplifiers. These
include: predistortion, feedback, feedforward, optimal biasing,
and derivative superposition.

Predistortion techniques rely on the ability to distort the
input signal to an amplifier such that it is the inverse of
the amplifier nonlinearity and is most commonly used in
power amplifiers (e.g. [1]). In [2], active feedback was used to
linearize a low-noise amplifier (LNA), but in some cases the
noise figure can be seriously degraded using this technique.
Feedforward distortion cancellation was used in both [3] and
[4]. While a high IP3 was obtained in [3], only simulation
results are shown. In [4], a duplication of the original amplifier
is required, which doubles the power consumption, and also
requires different input signal power levels for the main and
auxiliary amplifier circuits. The optimal biasing technique
relies on the accurate biasing of the transistors such that
the third-order nonlinearity coefficient is zero. While this
technique has been demonstrated with good results (e.g. a
10.5 dB IP3 improvement in [5]), it is very sensitive to bias
variations. The derivative superposition technique uses parallel
transistors with different biases such that when the signals are

Fig. 1. Derivative superposition with two FETs.

summed, the distortion terms are cancelled. Two or more FETs
are used in parallel with different bias points and widths in
order to control the distortion at the output. This technique
has been used in [6]–[8] with measured IP3 improvements
of 10 dB or more. A typical derivative superposition circuit
is shown in Fig. 1 with two FETs. This circuit is most
commonly used used to control the third-order intermodulation
(IM3) distortion by separately biasing the two FETs in Fig.
1 such that one has a positive third-order coefficient and the
other a negative third-order coefficient with equal magnitudes.
This can result in a significant improvement in the IP3 of
an amplifier. In [6], derivative superposition was used in a
cascode amplifier design by adding an additional common-
source transistor in parallel with the original common-source
transistor (each with appropriate gate bias and device width).

In this work, the derivative superposition technique is used
after the amplifier to cancel the third-order intermodulation
products generated by the amplifier. Whereas the previously
mentioned techniques are generally integrated into the initial
amplifier design, this topology opens the possibility of en-
hancing the linearity of a pre-existing amplifier by following
it with a distortion cancellation circuit. Furthermore, since the
distortion cancellation circuit is connected to the output of the
amplifier, its effect on the noise figure can be greatly reduced.
Measurement results of the proposed technique show a very
minor effect on the gain and noise figure characteristics of the
original amplifier, but a significant improvement in the IP3.
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Fig. 2. (a) Conventional cascode amplifier and (b) cascode amplifier with third-order IMD cancellation.

II. DISTORTION CANCELLATION TECHNIQUE

The circuit diagram for a conventional general-purpose
cascode amplifier is shown in Fig. 2(a). This very common
amplifier uses inductors Lg and Ls for matching and the
parallel tank circuit, C1 and L1, in addition to any parasitic
capacitance, is designed to resonate at the desired frequency.
Shown in Fig. 2(b) is the amplifier with third-order IMD
cancellation, which consists of the original amplifier shown
in Fig. 2(a), followed by a distortion cancellation circuit.

In general, the output drain current of a FET amplifier can
be described by the power series:

id = gm1vgs + gm2v
2
gs + gm3v

3
gs + ... (1)

where
gmn =

∂nID

∂V n
GS

(2)

are the coefficients of the fundamental (n = 1) and higher-
order (n > 1) terms that lead to nonlinearities. The IP3

performance is predominantly determined by the third-order
nonlinearity coefficient, gm3. The IIP3 for an amplifier with a
50 Ω input impedance is given by [9]:

IIP3 = 10 log
(

40
3

∣∣∣∣gm1

gm3

∣∣∣∣
)

dBm (3)

It is well known that the gm3 coefficient can be either positive
or negative, depending on the biasing conditions (e.g. see
[5]). In fact, gm3, changes from positive to negative as the
FET transitions from the weak to strong inversion regions, as
shown in Fig. 3. The ability to control the sign of the third-
order coefficient is the property used in this work to design a
amplifier with third-order IMD cancellation.

The distortion cancellation circuit is simply two parallel
source-follower buffers. The load resistor, RL, is designed
to be somewhat greater than 50 Ω so that the resulting
increased voltage amplitude is equal to the loss through the

buffer consisting of transistors M3 and M4. The result is a
fundamental output that is very similar to the original amplifier
in Fig. 2(a). The auxiliary path through the buffer M5 and M6
is designed with appropriate biasing and device sizes such
that the third-order nonlinearity current that is generated is
equal in magnitude to the the primary path, but 180◦ out of
phase. The phase inversion is achieved by biasing M3 and
M5 independently in the negative and positive gm3 regions,
respectively. For the primary path, through M3 and M4, the
required VGS will typically be in the strong inversion region,
and thus will have a negative gm3. The auxiliary path through
M5 and M6 is therefore biased through Vg2 and Vg3 to be
in the weak inversion region where there is a positive gm3.
The resulting third-order nonlinearity currents are summed
at the output, resulting in distortion cancellation. Since the
fundamental signal maintains the same sign for both buffer
circuits, it is added in-phase, thus increasing the fundamental
output power. However, since a positive gm3 occurs in the
weak or moderate inversion regions, the contribution of the
auxiliary path to the fundamental output power is much
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Fig. 3. Typical third-order nonlinearity coefficient, gm3.
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smaller than from the primary path (since gm1 is small in
the weak and moderate inversion regions).

Consider two input signals to the amplifier shown in Fig.
2(b) with different frequencies, f1 and f2. The output of the
“Conventional Amplifier” includes the fundamental signals, f1

and f2, as well as the IM3 signals generated in the cascode
amplifier (2f1 ± f2 and 2f2 ± f1). The IM3 products at
the output of M3–M4 include the contribution of the IM3
signals generated by the cascode amplifier that were inputs to
the distortion cancellation circuit, as well as the IM3 signals
generated in M3–M4 from the amplified f1 and f2 signals.
The M3–M4 buffer is biased such that the gm3 coefficient
is negative. The auxiliary path M5–M6 buffer is designed
to be in the positive gm3 region, and it therefore produces
IM3 products that are opposite in phase relative to those
generated by the M3–M4 buffer. By designing each source-
follower buffer in the distortion cancellation circuit to generate
overall IM3 currents that are equal in magnitude, but 180◦ out
of phase, it is possible to significantly improve the IP3 of the
amplifier by summing these currents at the output.

In order to choose the bias points that result in optimal
distortion cancellation, existing BSIM3 FET models were used
in simulations for this work and they resulted in very accu-
rate predictions. If accurate device models are not available,
this technique can still be used, but IM3 measurements for
the chosen technology may be necessary to achieve optimal
performance.

III. MEASUREMENT RESULTS

The supply voltage for both amplifiers was set to 1.8 V
and the bias voltages on the third-order IMD cancellation
amplifier were Vg1 = 1.0 V, Vg2 = 0.52 V, and Vg3 = 1.5
V. To characterize the performance of both of the amplifiers,
a full two-port calibration was performed and the S-Parameters
were measured using a vector network analyzer. The results
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Fig. 4. Measured S21 and S11 of the conventional and distortion cancellation
amplifiers.

are shown in Fig. 4. It is clear that both amplifiers have very
similar S11 and S21 characteristics. Note that the amplifier
with third-order IMD cancellation achieves a slightly higher
gain and a slightly larger bandwidth. For both amplifiers the
gain and return loss at 2.4 GHz are approximately 16 dB and
−10 dB, respectively.

To determine the linearity of each amplifier, a two-tone input
signal (2.400 GHz and 2.401 GHz) was used and the output
power of the third-order distortion was measured. Shown in
Fig. 5 is the output spectrum for both amplifiers superimposed
so that the difference in third-order intermodulation distortion
is clear. The input power used for each tone was −30 dBm. It
is not possible to distinguish between the two amplifiers with
regards to the fundamental outputs. For both amplifiers, the
two fundamental outputs show a power of approximately −14
dBm as expected since the measured S21 was approximately
16 dB. The third-order intermodulation distortion products
occur at 2.399 GHz and 2.402 GHz (2f1 − f2 and 2f2 − f1)
for this two-tone test. In the case of the conventional am-
plifier, the output power of the third-order intermodulation
products is approximately −67 dBm (dashed line). In the case
of the amplifier with distortion cancellation, the third-order
intermodulation products have been significantly attenuated
by approximately 21 dB (solid line). These two plots clearly
illustrate that the proposed distortion cancellation method
can provide much improved third-order linearity performance.
The IP2 performance of the amplifier is degraded somewhat
with this technique, however, since the second-order distortion
signals are far out of band (1 MHz and 4.801 GHz in this case)
this is not a major concern in most systems.

The input power of the two input tones were then swept for
each amplifier while the fundamental and third-order distortion
output powers were measured. The results are shown in Fig.
6. The IIP3 of the conventional amplifier is approximately
-2 dBm whereas the IIP3 of the amplifier with distortion
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Fig. 5. Superimposed spectra of both amplifiers with two input tones at
2.400 GHz and 2.401 GHz (−30 dBm input power).
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Fig. 6. IP3 measurements for the original and distortion cancellation
amplifiers.

cancellation is approximately 10 dBm. Therefore, a +12
dB improvement in IIP3 was measured using the proposed
technique. With the distortion cancellation amplifier, the 1-dB
compression point is reduced by approximately 3 dB, however,
this may not be a significant concern in many cases where
there is a low input power level (e.g. in a low-noise amplifier).

The noise figure of each amplifier was measured to de-
termine the effect of the distortion cancellation circuit on
the noise performance. At 2.4 GHz, the noise figure of the
conventional amplifier is 4.02 dB, while the noise figure of the
third-order IMD cancellation amplifier is 4.18 dB, an increase
of just 0.16 dB. Therefore, there is not a significant degradation
in the noise figure with this technique.

The DC current used by the conventional amplifier was
21 mA and for the distortion cancellation amplifier it was
31 mA. The added current in the proposed amplifier is due
almost entirely to the M3–M4 source-follower circuit shown
in Fig. 2(b). A commonly used figure of merit for for low-
noise amplifiers is defined as [10]:

FOM =
OIP3

(F − 1)PDC
(4)

where OIP3 is the output-referred IP3 point, F is the noise
factor, and PDC is the DC power consumption. The proposed
amplifier achieves a FOM of 308, which compares favourably
to most LNAs in the literature. A photograph of the fabricated
chip is shown in Fig. 7. The dimensions of the entire chip are
1 mm × 1 mm with each amplifier using half of this space
(0.5 mm2). The additional chip area required by the proposed
technique is approximately 300 μm × 200 μm (0.06 mm2).

IV. CONCLUSION

A new amplifier has been described that includes a dis-
tortion cancellation circuit to significantly improve third-
order linearity. The derivative superposition technique is used
after the amplifier to attenuate third-order intermodulation

Fig. 7. Microphotograph of the fabricated amplifier circuits (top is the
conventional amplifier and bottom is the new amplifier with IP3 enhancement.

products without significantly increasing the noise figure.
To evaluate the effectiveness of this technique, two general-
purpose amplifiers were designed – one with the distortion
cancellation circuit and the other without. The result was a
+12 dB improvement in the IIP3 point with no significant
affect on the gain or noise characteristics of the amplifier.
This technique could be very attractive in the situation where
an existing amplifier does not meet the IP3 requirements.
Rather than completely redesign the amplifier for improved
linearity performance, the proposed technique could be used
to improve the intermodulation distortion by following the
existing amplifier with a distortion cancellation circuit.
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