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Abstract — A new linearization method is presented where a
device with poor linearity is combined with a second device
having good linearity. The resulting composite device has
much better linearity than the two original devices. The new
method is applicable to both receivers and transmitters, and is
implemented as an integrated -circuit without external
components. Third order intermodulation distortion is
canceled by appropriate design of the gains and intercept
points of two amplifiers. Finally, hardware test data is
presented both for an integrated circuit prototype and for a
prototype using off-the-shelf amplifiers.

1. INTRODUCTION

The presence of nonlinearities in amplifiers and other
devices continues to limit the performance of radio
transmitters and receivers. In radio receivers, nonlinearities
lead to undesired signals that block the reception of weak
signals. In radio transmitters, nonlinearities lead to
undesired out-of-band radiation that can interfere with
adjacent frequency bands.

The foregoing consequences of nonlinearity have
motivated the development of a variety of approaches to
linearize devices[1]-[3]. Although these earlier approaches
provide varying levels of improvement, they suffer a variety
of limitations in performance, complexity, or the need for
delay lines. Among these prior approaches are
feedforward[1][6], Envelope Elimination and Restoration
(EER)[1], Linear Amplification Using Nonlinear
Components (LINC)[5], Digital Predistortion[7], and others
[8]-[10]. In the digital pre-distortion method, the input
signal to a power amplifier is pre-distorted such that the
output of the amplifier is the desired linear signal. In EER,
the envelope is stripped from the signal and a nonlinear
amplifier in conjunction with envelope-based control is
used to re-create the original signal at higher power levels.
In LINC, two constant-envelope waveforms driving two
non-linear amplifiers are combined to form the final signal.
Typically, these earlier techniques can suffer from a variety
of disadvantages including cost, complexity, signal
processing overhead, component phase or time delay
matching, and the like. Furthermore, the preceding methods
are best suited to power amplifiers in transmitters, and are
not generally applicable to receivers.

To address these issues, a new linearization method is
presented that employs a simple architecture offering the
potential to improve linearity in both transmitters and
receivers. In addition, the new method can be implemented
as an integrated circuit without external components.
Finally, the method is sufficiently general to be applied to
devices other than amplifiers.

The new linearization method is illustrated in a simple
architecture comprised of two amplifiers, with an input
circuit to split the input power between the two amplifiers,
and with an output circuit to subtract the amplifier
outputs[7]. In this, a less linear amplifier is combined with a
more linear amplifier, where the resulting linearity of the
overall circuit exceeds the performance of the individual
amplifiers. Cancellation is then effected by proper design of
the gains and third order output intercept points of the two
amplifiers. The unanticipated result is that an amplifier with
poor linearity can be used to improve the linearity of a
second amplifier having better linearity. Although the
present paper focuses on the particular problem of third
order nonlinearity, the concepts underlying the new method
may be applied to other nonlinearities.

The new linearization method is first described in Section
II. Then, Section III introduces the conditions necessary for
linearization. Experimental results are given in Section IV.

II. NEW LINEARIZATION METHOD

Before proceeding with detailed description of the new
method, the underlying principle is first outlined. In this,
consider the output spectra of two amplifiers with equal
input signals and differing levels of distortion as illustrated
in Fig. 1. If the more linear amplifier has higher gain and
better linearity, its frequency spectrum may appear as
Spectrum 1 on the left of Fig. 1 when two sinusoidal tones
are applied as inputs. In Spectrum 1, the input sinusoidal
frequencies correspond to the two innermost spectral lines,
and the two outermost spectral lines correspond to third
order nonlinear distortion. If the second amplifier has
lower gain and worse linearity than the first amplifier, it
may have an output spectrum as illustrated in Spectrum 2.

If the output signals of the two amplifiers in Fig. 1 are
subtracted, then the third order distortion will be canceled
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Fig. 1. Illustration of frequency spectra at the output of
two amplifiers where two outermost spectral lines in each
spectrum represent third order distortion products.

and eliminated since the outermost spectral lines of
Spectrum 1 and Spectrum 2 have the same amplitude
(assuming the amplifiers are designed for equal phase).
Also, the desired linear signal will not be canceled since the
innermost spectral lines of Spectrum 1 and Spectrum 2 are
of different amplitude. Thus, the final output after
subtracting the two amplifier outputs should be devoid of
third order distortion.

In the foregoing discussion, the two amplifiers must be
designed to have appropriate gains and third order output
intercept points (OIP3) to effect cancellation of distortion.
In addition, equal power division is not required at the input
or output combiners as long as distortion cancels at the
output while preserving the desired signal. Given the
fundamental notion illustrated in Fig. 1, many alternative
realizations are apparent.

III. CONDITIONS FOR LINEARIZATION

A simple embodiment of the new method is illustrated in
Fig. 2. The embodiment of Fig. 2 was chosen to illustrate
the method because of the simplicity of the architecture and
because of straightforward implementation as a hardware
prototype. Other realizations can be readily envisioned.
For example, the two 180-degree hybrids shown in Fig. 2
may be implemented in a variety of ways for splitting and
subtracting signals in an integrated circuit implementation.
Nevertheless, the configuration of Fig. 2 suffices for
discussing the principles of the new linearization method.

In Fig. 2, the input signal is first split into two equal-
amplitude in-phase signals by the 180-degree hybrid on the
left. The outputs of the left 180-degree hybrid in Fig. 2 are
applied to two amplifiers Ul and U2. As outlined
previously, Ul and U2 have different gains and output
intercept points. The second 180-degree hybrid of Fig. 2
recombines the two amplifier outputs with 180-degree
phase, effectively subtracting the outputs.

For the circuit of Fig. 2, third order distortion at the
output is canceled when:
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Fig. 2. Block diagram of new linearization method with
input signal split in-phase by first 180-degree hybrid and
amplifier output signals subtracted in hybrid on the right.

2(0IP31—0OIP32) =3(G1—G>2), (1)

where the gain of amplifier Ul is G; (dB) and the third
order output intercept point of amplifier Ul is OIP3,
(dBm). In similar fashion, G, (dB) and OIP3, (dBm) are
the gain and third order output intercept point of amplifier
U2.

To illustrate the cancellation, consider the particular case
of G;=15 dB and OIP3,=20 dBm, and G,=5 dB and
OIP3,=5 dBm. The third-order two-tone intermodulation
distortion for each amplifier output may be calculated as:

P3=0IP3-3(OIP3— Pout ), )

where P, is the linear output power level in dBm, and P; is
the output power level of the third order distortion in dBm.
The condition in (1) causes P; in (2) to be the same at the
outputs of both amplifiers of Fig. 2, thereby resulting in
cancellation of third order distortion.

In the foregoing example, let the input signals to both
amplifiers be -10 dBm, in-phase. Then, using (2) the third
order distortion level at the output of the first amplifier is P;
=20 - 3(20 - (-10 + 15)) = -25 dBm. Similarly, the third
order distortion level at the output of the second amplifier is
P;=5-3(5-(-10 + 5)) = -25 dBm. Since the distortion is
the same level at the output of both amplifiers in this
example, the distortion will be canceled when added 180-
degrees out of phase in the hybrid on the right of Fig. 2. In
addition, with -10 dBm input, the linear signal outputs of
the two amplifiers will be 5 dBm for Ul and -5 dBm for
U2. And, since the linear components of the signal are of
unequal amplitude, they will not be canceled when added
180-degrees out of phase in the hybrid on the right of Fig.
2. Furthermore, cancellation is not affected by input signal



level since the third order distortion level of both amplifiers
changes 3 dB for each dB change in the linear input signal.

IV. PROTOTYPE AND RESULTS

For the purposes of demonstrating the new method, a first
prototype was built using off-the-shelf components. Also, a
second prototype was implemented as an integrated circuit.

In the first prototype, amplifier Ul of Fig. 2 was
implemented with an ERASSM at 30 mA, amplifier U2 an
MARISM at 20 mA, and two AMT-2 180 degree
hybrids[11]. The currents of the amplifiers were set to the
foregoing values and a 13 dB attenuator was added to the
output of the MARISM, such that the cancellation
conditions given in (1) were met.

The output spectrum of the more linear amplifier
(ERA5SM) is shown in Fig. 3, taken at the final output of
Fig. 2 with the second amplifier turned off. Similarly, the
output spectrum of the less linear amplifier (MARISM) is
shown in Fig. 4. In both cases, the linear signal frequencies
are at 125 and 125.1 MHz. Comparing Figs. 3 and 4 to Fig.
1, it can be seen that the third order nonlinear distortion
frequencies at 124.9 and 125.2 MHz have approximately
equal amplitudes at the outputs of the two amplifiers, and
should therefore cancel at the output.

Fig. 5 shows the final output when both amplifiers are
turned on, and shows that third order distortion is reduced
by approximately 23 dB, from -62 dBm to -85 dBm at
125.2 MHz. Because the linear signal components (-11.47
dBm and -20.44 dBm) were within 9 dB of each other, the
prototype shows approximately 3dB reduction in the linear
signal components due to the output. Nevertheless, the
prototype serves to illustrate the basic principles of the new
method.

More recently, a second prototype was implemented as an
integrated circuit in a 0.5 micron CMOS process. In this,
the circuit of Fig. 2 was implemented as the schematic of
Fig. 6 where inputs are applied in-phase to two differential
pairs and outputs are subtracted by cross-coupling the
differential outputs[12,13]. As before, the output of spectra
of the two differential amplifiers are in Figs. 7 and 8. Fig. 9
shows the final output when both amplifiers are turned on,
and shows that third order distortion is reduced by
approximately 22 dB, from -76 dBm to -98 dBm at 110.2
MHz.
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Fig. 4. Measured frequency spectrum of less linear
amplifier (MAR1SM) in prototype.
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Fig. 7. Measured frequency spectrum of more linear
amplifier in integrated circuit prototype.
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Fig. 5. Measured output spectrum of prototype showing
cancellation of third order distortion products.
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Fig. 6. Schematic of integrated circuit prototype.

Fig. 8. Measured frequency spectrum of less linear

amplifier in integrated circuit prototype.
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Fig. 9. Measured output spectrum of integrated circuit
prototype showing cancellation of third order distortion
products.



