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Novel Third-Order Distortion Generator with
Residual IM2 Suppression Capabilities
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Abstract—Commonly used diode-based third-order distortion
generators produce residual second-order distortion signals due
to the unmatched statistical characteristics of the diodes. In
this paper, a novel circuit technique is presented by which,
in theory, the suppression of undesirable residual second-order
distortion is achieved. A theoretical analysis of the proposed novel
circuit topologies is carried out using Volterra series analysis.
The residual second-order intermodulation distortions (IM2) of
conventional antiparallel and bridge configurations are compared
with the modified versions presented in the paper. Simulated
results show that the modified antiparallel configuration possess
a maximum residual IM2 46 dB lower than the one produced by
the conventional configuration. The modified bridge configuration
has a maximum residual IM2 36 dB lower than the one of the
conventional configuration. A sensitivity analysis of the modified
configurations is also presented. Experimental results indicate
that 20-dB cancellation is achievable.

Index Terms— Intermodulation, linearization, predistortion,
second-order cancellation, third-order distortion generator,
Volterra analysis.

I. INTRODUCTION

SIGNAL predistortion is a widely used linearization tech-
nique which has found application in the design of highly

linear analog optical transmitters such as the ones used in
CATV [1]–[3], and microwave links [4] as well as in the design
of high power amplifiers utilized in wireless communications
and microwave radio systems [5]. The technique consists
of inserting a set of predistorters before the device to be
linearized, as shown in Fig. 1, such that each predistorter
generates a nonlinearity of fixed order whose amplitudes
and phases in a frequency range are, respectively, equal and
180 out of phase to the ones produced by the device to be
linearized. As a result, the output signal, ideally, is linear
(at least, the output signal does not contain the nonlinearity
orders of the predistorter). However, in practice, predistorters
not only generate the order of the nonlinearity for which
they were designed but also generate residual nonlinearities
of different orders. These residual nonlinearities may interact
with the main nonlinearity introduced by another predistorter
(in the case that multiple predistorters are used) or add
extra nonlinearities to the overall circuit, which may have
a detrimental effect on the performance of the circuit [1].
For that reason, it is important to design predistorters that
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Fig. 1. Block diagram illustrating the predistotion technique.

(a) (b) (c)

Fig. 2. (a) Third-order predistorter configuration, (b) conventional antipar-
allel generator, and (c) conventional bridge generator. DC bias circuits are
not shown.

reduce, as much as possible, the generation of unwanted
nonlinearities. In this paper, a novel technique is presented
by which the residual second-order intermodulation distortion
(IM2) of diode-based third-order generators is substantially
reduced. Fig. 2(a) shows a general implementation of a third-
order predistorter (TOP). It consists of a third-order-distortion
generator and a pad (implemented by resistors , and

) which is utilized to sample the RF signal from the main
path and also to inject the nonlinear signal generated by
the distortion generator. is the RF voltage source,
is the internal resistance of the generator, and is the
load. Several types of diode-configurations can be utilized to
implement the distortion generator. Fig. 2(b) and (c) shows,
respectively, a conventional antiparallel and a conventional
bridge configuration [1], [5], [6].

The topologies of the circuits are such that when all the
diodes are identical, only third-order distortion is injected to
the main path. However, in general, when the diodes are
not identical, second-order nonlinearities are generated.1 The
main cause for the unmatched statistical characteristics among
diodes of the same type is the dissimilarity of their ideality
factors, . Fig. 3 shows the residual IM2 delivered to the load

by a conventional antiparallel predistorter configuration
utilizing Schottky diodes as a function of the ideality factor

1In the bridge configuration, there are two particular cases where even
though the diodes are different, there is no residual IM2. This occurs when a)
diodesD1 andD2, andD3 andD4 are, respectively, identical and b) diodes
D1 andD3, andD2 andD4 are, respectively, identical.
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Fig. 3. Residual IM2 as a function of�3 for the conventional antiparallel
configuration.

Fig. 4. Equivalent circuit for a Schottky diode.

of diode . The simulated results shown in the figure
were obtained utilizing the software CNL/2 [7] where it was
assumed that the ideality factor of diode is equal
to one and may vary from 1 to 1.2. For the example, it
is assumed that the type of diodes utilized to implement the
conventional antiparallel configuration have ideality factors
whose statistical distribution is in the interval ,
where and are, respectively, the minimum and
maximum possible ideality factors for that type of diode. For
the example, it is assumed that and .

Fig. 4 shows the Schottky diode model utilized in the
simulation [8], [9]. , and are, respectively, the
series resistance, and the small signal junction resistance and
capacitance. The special symbol utilized over the resistance
and capacitance indicates that both elements are nonlinear.
For the purposes of the analysis presented in this paper, the
effect of is neglected.2 It should be noted that the frequency
range for which the analysis presented here is valid depends
on the type of Schottky diodes utilized in the implementation
of the circuits. For example, predistorters utilized in CATV
applications operate between 5 MHz and 1 GHz. These
predistorters, in general, utilize Schottky diodes whose cutoff
frequencies are in the tens of gigahertzs. Therefore, for this
application (and many others), the effect of the can be
neglected. Table I shows the diodes’ parameters, the resistor
values of the pad, and the currents and voltages utilized in
the simulation. and are the dc bias currents of the
diodes and . The subindex utilized for each of the
diode parameters indicates with which diode the parameter
is associated.

From Fig. 3, it can be noted that the residual IM2 is
significantly reduced for values of smaller than 1.01, and
it is completely suppressed when . However, for

2It is assumed that the circuits are memoryless.

larger values of , the residual IM2 becomes significant. It is
important to realize that the residual IM2 of a circuit depends
directly on the ideality factors of the diodes that compose the
predistorter. Since the ideality factor of diodes of the same type
is a random variable, the maximum residual IM2 (MRIM2) for
the example shown in Fig. 3 occurs when (note that

). For this case MRIM2 47.4 dB. Similar results
to those shown in Fig. 3 can also be obtained for the bridge
configuration.

One approach to reduce the residual IM2 in the circuits
previously described consists of adjusting the bias current
in some of the diodes such that the measured residual IM2
be reduced to an acceptable level [1]. Another approach is
to measure, in a large set of diodes, the ideality factor of
each diode and match those with similar ideality factors. Even
though these techniques reduce the residual IM2 of the circuits,
they are not suitable for high-volume production since they are
time-consuming and expensive.

In Section II, novel circuit topologies are presented that sub-
stantially reduce the generation of residual IM2. In Section III,
a nonlinear analysis of the new topologies is presented based
on Volterra series analysis. In Section IV, a sensitivity analysis
shows the effects of temperature and bias current variations
and component tolerances in the performance of the circuits.
Experimental results are shown in Section V.

II. NOVEL CIRCUIT TOPOLOGIES

Fig. 5(a) and (b) shows, respectively, two novel circuit
topologies that reduce the generation of residual IM2 for the
antiparallel and bridge configurations. The modification to the
bridge configuration consists of adding a resistorbetween
the middle nodes of the two branches. The modification to the
antiparallel configuration consists of adding two resistors (),
in addition to the resistor , to form a bridge configuration.
Qualitatively, the mechanism by which the residual IM2 is
reduced in the new topologies can be clearly explained for the
case of the modified antiparallel configuration. The objective
of the resistive network, implemented by resistorand two
resistors , is to suppress the residual IM2 not only when

, as it happens in the conventional configuration
(see Fig. 3), but also when and , where is
a value larger than one (for the example presented in Fig. 3,
the constant should be larger than one and smaller than
1.2). Consequently, the residual IM2 as a function ofwill
be different from the one shown in Fig. 3. The resistorin
the modified bridge configuration plays a similar role to the
resistive network in the modified antiparallel configuration. In
the following section, an analytical explanation is presented.

III. N ONLINEAR ANALYSIS

The analysis of the circuits shown in Fig. 5 is carried out
using the method of nonlinear currents based on Volterra series
analysis [8]. The method is applicable to the circuits analyzed
in this paper because they possess weak nonlinearities. The
modified bridge configuration in Fig. 5(b) is analyzed first
since, as it will be shown later, the modified antiparallel
configuration is a particular case of it.
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TABLE I
DIODE PARAMETERS, RESISTOR VALUES, CURRENTS, AND VOLTAGES USED IN THE

SIMULATION OF THE MODIFIED AND CONVENTIONAL ANTIPARALLEL CONFIGURATIONS

(a) (b)

Fig. 5. Proposed new configurations to reduce the MRIM2: (a) modified
antiparallel configuration and (b) modified bridge configuration. DC bias
circuits are not shown.

(a) (b)

Fig. 6. (a) Linear equivalent circuit and (b) second-order equivalent circuit
used to calculate the linear and second-order components using the method
of nonlinear currents.

From Fig. 4, neglecting the effect of the nonlinear ca-
pacitance , it can be seen that a Schottky diode can
be represented by a linear resistance () in series with a
nonlinear resistance . has a voltage across it and
current , its current–voltage relation is given by [8], [9]

(1)

where , and
. , and are the junction temperature, the electron

charge, and the Boltzman’s constant, respectively.
Fig. 6(a) and (b) shows, respectively, the equivalent circuits

of a Schottky diode utilized to calculate the first- and second-
order components using the method of nonlinear currents.
The voltage is found through linear analysis, assuming
that all sources of nonlinearities are set to zero. The second-
order current source, , which represents all the
second-order current components in the nonlinear element, is
found from the voltage calculated previously. The voltage

is the total linear voltage across the resistor and the
conductance , as shown in Fig. 6(a).

Fig. 7(a) and (b) shows, respectively, the equivalent circuits
for the linear and second-order analysis of the TOP using
the modified bridge configuration shown in Fig. 5(b).
and are the equivalent Thevenin resistance and voltage,

(a) (b)

Fig. 7. (a) Linear and (b) second-order equivalent circuits for the bridge
configuration using the methods of nonlinear currents.

respectively, between nodes X and Y, , and

(2)

(3)

(4)

where the subindex is associated with the diode
numbers as indicated in Fig. 5(b).

From Fig. 7(a), it can be seen that each of the voltages
can be expressed as a function of the linear output voltage

as follows:

(5)

(6)

(7)

(8)

where

(9)

The voltage , in turn, can be calculated as a function of
as shown in (10) at the bottom of the following page. The

voltage indicated in Fig. 7(b) represents the second-order
output voltage and it can be found, after a tedious process, as
shown in (11) at the bottom of the following page. Note that
the voltage can be calculated as a function of the voltage
generator by using (4)–(10).

From (11), it can be seen that is reduced to zero
when the numerator is equal to zero. A value of
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can be found that satisfies . This indicates that
complete cancellation of the second-order distortion can be
obtained even though the diodes have different ideality factors.
Also, it should be noted that when all diodes are equal

and , the
presence of the conductancedoes not affect the cancellation
of the second-order distortion.

A. Modified Antiparallel Distortion Generator

For this particular case, the model shown in Fig. 7 can
be applied to analyze the modified antiparallel distortion
generator shown in Fig. 5(a) by setting and

. By equating , a value of can be
found as shown in (12) at the bottom of this page.should
be selected such that . It can be shown that has to
be chosen such that (see Appendix A)

(13)

where is the minimum value of . For ,
. Therefore, the suppression of the residual IM2

( ) can be achieved without the need of the resistor
. In general, the value of should not be too large

since, in that case, the third-order intermodulation (IM3)
is substantially reduced in comparison to the IM3 of the
conventional configuration under similar bias conditions.

Fig. 8 shows the residual IM2 (at ) as a function of
when the TOP [Fig. 2(a)] is utilized in conjunction with the
modified antiparallel distortion generator [Fig. 5(a)] and the
conventional one [Fig. 2(b)]. For both cases, the parameters
shown in Table I were utilized in the simulation. For the mod-
ified antiparallel configuration, and .
The value of was calculated using (12) and assuming that

and . It should be noted that for the antiparallel
configuration, the residual IM2 is totally suppressed when
is 1 and 1.2. From Fig. 8, it can be observed that the MRIM2
occurs at . The residual IM2 at that point is 93.5
dB. This value is 46.1 dB smaller than the MRIM2 of the
conventional antiparallel configuration (note that in Fig. 3,

Fig. 8. Simulation results for the (a) conventional and (b) modified antipar-
allel configuration.

MRIM2 47.4 dB). The penalty for adding the resistors
and is a 1.5 dB reduction of the IM3 delivered to the

load in comparison to the one delivered by a conventional
antiparallel configuration under similar conditions. However,
in most cases, this penalty can be easily compensated by
biasing the diodes at lower currents or by increasing the input
signal power.

The simulation results shown in Fig. 8 for the modified
antiparallel configuration case assume that the resistoris
calculated with . Fig. 9 shows the cases where
is calculated with , 1.15, 1.17, and 1.2.3 As can be
observed, if the resistor is calculated assuming that
or and the maximum (statistical) value of can be as
high as 1.2, the MRIM2 for both cases is larger than the
one corresponding to the case whereis calculated with

. However, if is calculated with , the
MRIM2 is slightly smaller than the one corresponding to the
case where the resistor is calculated with . From
a theoretical point of view, the optimum case occurs when
is calculated with . However, from a practical point
of view, there are other factors, such as temperature variation

3It should be noted that even though the calculation ofR is carried out at
�3 < 1:2, it is still assumed that the statistical distribution of�3 is between
1 and 1.2.

(10)

(11)

(12)
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Fig. 9. Residual IM2 as a function of�3 for the antiparallel configuration
for different values ofR. The value of�3 utilized to calculate the resistance
is shown in parentheses. The residual IM2 for the conventional configuration
is shown for comparison purposes.

and component tolerances, which affect more significantly the
overall performance of the circuit, reducing the importance
of determining with or . The effects of
those factors in the performance of the circuit are shown in
Section IV.

B. Modified Bridge Distortion Generator

Assuming that the statistical distribution of the ideality
factors of a particular type of diodes is between and ,
it can be proven that the MRIM2 of the conventional bridge
configuration occurs when the diodes utilized to implement
the bridge satisfy the following conditions:

, where and (or alternatively,
and ). For this particular case,

, and . By equating , a
value of can be found as follows4:

(14)

Fig. 10 shows the residual IM2 (at ) as a function of
when the TOP [Fig. 2(a)] is utilized in conjunction with

the modified bridge distortion generator [Fig. 5(b)] and the
conventional one [Fig. 2(c)]. For both cases, the parameters
shown in Table II were utilized in the simulation. The resistor

for the example shown in Fig. 10 was calculated using
(14) assuming that and . Its value is 51

. From the figure, it can be seen that the MRIM2 for the
conventional configuration occurs at . Its value is

48.4 dB. The MRIM2 for the modified configuration occurs
at and its value is 84.9 dB. Consequently, the
modified configuration has an MRIM2 36.5 dB lower than
the one of the conventional one. It also should be noted
that the IM3 generated by the conventional and modified
bridge configurations are 32 and 38 dBm, respectively.

4It should be noted from (14) that wheng11 = g12 (that corresponds to
the case when all diodes are identical), the resistorR is undetermined since
the bridge is balanced and consequently the value of the resistorR does not
affect the behavior of the circuit. The same occurs in (12) wheng11 = g13.

Fig. 10. Residual IM2 as a function of�2 for the modified and conventional
bridge configurations. It is assumed that�1 = �4 = 1 and �2 = �3. The
resistorR was calculated assuming�2 = 1:2.

The penalty for utilizing the resistor is a 6-dB reduction
in IM3.

Equation (14) can be rewritten as follows (see Appendix
B)5:

(15)

It is important to mention that the value of depends on the
bias currents of the diodes since and depend on the
bias current of the diodes and , respectively. Equation
(15) can be rewritten as follows:

(16)

where and . Since , it can be
concluded that

(17)

The total small signal resistance of two forward-biased diodes
( and ) in series is given by

(18)

where and and and are, respectively, the
series resistances and the small signal junction resistances of
diodes and . Assuming that and

,6 can be approximated by

(19)

Substituting , given by (19), into (17) results in

(20)

Equation (20) indicates that for , the resistance
can be implemented by two diodes in series whose bias current
is identical to the current that flows through the diodes that
constitute the bridge. With this approach, the modified bridge
configuration can work over a range of bias currents.

5It should be noted that (14) and (15) are equivalent, except for the case
wheng11 = g12.

6It is implicitly understood that the bias current that flows through diodes
DA andDB is almost identical to the currents that flow through the diodes
of the bridge.
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TABLE II
DIODES’ PARAMETERS, RESISTOR VALUES, CURRENTS, AND VOLTAGES USED IN THE SIMULATION OF THE

MODIFIED AND CONVENTIONAL BRIDGE CONFIGURATIONS

Fig. 11. Third-order predistorter implemented with a modified bridge con-
figuration in whichR is implemented by two diodes in series. The dc bias
currents of the diodes can be changed by adjusting the dc voltage sources
VAA and VBB .

Fig. 12. MRIM2 of the bridge configuration as a function of the bias current
of the diodes for the case where the resistorR is implemented by two Schottky
diodes.

Fig. 11 shows a TOP using the modified bridge configu-
ration when the resistor is implemented by two diodes in
series. As can be observed, diodes and are biased
using the same bias circuit utilized by the other diodes. It
should be noted that the third-order generator shown in Fig. 11
can be easily implemented in an IC.

Fig. 12 shows the MRIM2 of the circuit shown in Fig. 11
as a function of the diode’s bias current.7 Simulation results
are presented for different ideality factors of the diodes that

7It can be proven that the bias currents that flow for each diode are
approximately equal, even though their ideality factors are different. This is
due to the fact that, in general, the values of the external bias resistorRA and
RB are large enough to set the bias currents through the diodes. Therefore,
for the analysis, it is assumed that all the currents are identical.

Fig. 13. R� and R as a function of IB . R� is calculated for
�A = �B = 1 [R�(1:0; 1:0)] and�A = �B = 1:2 [R�(1:2; 1:2)].

implement . For comparison purposes, the MRIM2 as a
function of the diodes’ bias current for the TOP with a
conventional bridge configuration is also shown in the figure.
Simulation results shown in Fig. 12 assumed that diodes
and , as well as diodes and , are, respectively,
identical. The parameters shown in Table II were used for
the simulation. The bridge diodes have and

. It can be observed that for low bias currents,
the MRIM2 of the modified bridge configuration is about 18
dB better than that of the conventional one. At higher currents,
the improvement is reduced to about 10 dB. This is due to the
fact that the values of the small signal junction resistance of the
diodes at high bias currents are of the same order of magnitude
as the series resistance of the diodes. This can be clearly seen
from Fig. 13, where the resistor, calculated using (15), and

are shown as a function of the diode’s bias current. For
comparison purposes, the simulation of the resistance of the
diodes was done for two diode pairs: the first pair has ideality
factors and the second pair . The
difference between and is larger when .

The application of the six-diode configuration is limited to
relatively low bias currents. However, in many applications,
the bias currents are normally low since high IM3 are required.
For these applications, the possibility of implementing the
resistor using two diodes in series is very attractive.8

8SinceR� is always larger than the optimumR, a resistorRp could be
placed in parallel withR�. The value ofRp could be optimized to minimize
the error between the overall resistance andR over a larger range of bias
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Fig. 14. Residual IM2 degradation in the modified antiparallel configuration
due to the tolerances of the resistorR. The nominal value ofR is 680
.
Tolerances are set to±5 and ±10%.

The overall performance of the six-diode configuration can
be substantially improved by choosing diodes with smaller
series resistance. It is interesting to note that diodesand

may generate certain distortion since they are nonlinear
elements. However, their contribution to the overall residual
IM2 or to the generation of IM3 is expected to be negligible
since the ac voltage across them is small.

IV. SENSITIVITY ANALYSIS

The objective of this section is to see how the component
tolerances and the variations in temperature and in bias condi-
tions affect the residual IM2 of the modified antiparallel and
bridge configuration. The analysis will help to identify those
components that are critical in the design of the circuits.

A. Sensitivity Analysis for the Modified
Antiparallel Configuration

The nominal values utilized for the analysis of the modified
antiparallel configuration are , ,
mA, and K. The nominal MRIM2 is 93.5 dB.
The behavior of the circuit under the nominal conditions was
presented in Fig. 8.

1) Resistor Tolerances:Fig. 14 shows the simulated resid-
ual IM2 as a function of assuming that the tolerances of
the resistor are set to 5 and 10%. It can be observed
that the highest MRIM2 occurs when is 10% larger than its
nominal value. The penalty is an MRIM2 1 dB higher than the
one for the nominal case. It can be seen that relatively large
changes in do not significantly degrade the residual IM2.

It is interesting to consider the case where the two resistors
that constitute the modified antiparallel configuration are

different from each other. Fig. 15 shows the modified antipar-
allel configuration, where the resistors are substituted by
the resistors and . Fig. 16 shows the simulated residual
IM2 as a function of when the difference between and

is 1% of the nominal value of . It can be observed
that the MRIM2 occurs when and
its value is 17.7 dB higher than the one corresponding to the
nominal case. This large change in MRIM2 makesa critical
component in the design of this circuit.
currents. Consequently, the predistorter could operate with smaller MRIM2
over a larger range of bias current.

Fig. 15. Modified antiparallel configuration. For the nominal case
Rd2 = Rd4 = Rd. Due to the tolerance of the components, in general,
Rd2 6= Rd4.

Fig. 16. Residual IM2 degradation in the modified antiparallel configuration
due to mismatch in the values ofRd.

Fig. 17. Residual IM2 degradation in the modified antiparallel configuration
due to changes in the bias current of the diodes.

2) Bias Current Tolerances:Fig. 17 shows the case when
the diode currents change5 and 10% from their nominal
value. From the figure, it can be observed that the MRIM2 is
15.3 higher than the nominal one. This value corresponds to

mA ( %). This indicates that changes in bias
currents have to be limited to achieve good MRIM2.

3) Temperature Variations:Fig. 18 shows the simulated
residual IM2 as a function of for three different
temperatures (260, 300, and 340 K). Note that 300K is the
nominal value. It can be observed that MRIM2 is 16 dB
higher than the nominal value.

In summary, the two major contributors to the degradation
of the MRIM2 are the resistors and temperature.
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Fig. 18. Residual IM2 degradation in the modified antiparallel configuration
due to small changes in temperature.

Fig. 19. Residual IM2 degradation in the modified bridge configuration due
to tolerances in the resistorR. The nominal value ofR is 51
.

B. Sensitivity Analysis for the Modified Bridge Configuration

The nominal values utilized for the analysis of the modified
bridge configuration are: , mA, and
K. The nominal MRIM2 is 84.9 dB. The behavior of the
circuit under the nominal conditions was presented in Fig. 10.

1) Resistor Tolerances: Fig. 19 shows the simulated
residual IM2 as a function of assuming that the tolerances
of the resistor are set to±5 and ±10% of its nominal
value. From the figure, it can be observed that the highest
MRIM2 occurs when the resistor is 10% smaller than its
nominal value. The penalty is an MRIM2 12.7 dB higher
than the nominal one. However, this penalty can be reduced
to around 1 dB if the resistor is kept within±1% tolerance.
The nominal value of is 51 .

2) Bias Currents: Fig. 20 shows the case when the current
that flows through the diodes changes±5% from the nominal
value. The MRIM2 occurs when the diode current is 5% higher
than its nominal value. It should be noted that the penalty in
the MRIM2 of the circuit, in comparison to the nominal case,
is 6.8 dB. This effect could be reduced by limiting the bias
current variation.

3) Temperature Variations:Fig. 21 shows the simulated
residual IM2 as a function of for three different
temperatures (260, 300, and 340K). The MRIM2 over the
range of temperature is 15.5 dB higher than the nominal one.
In summary, temperature is the main parameter that limits the

Fig. 20. Residual IM2 degradation in the modified bridge configuration due
to small changes in the diode bias currents.

Fig. 21. Residual IM2 degradation in the modified bridge configuration due
to changes in temperature.

Fig. 22. Residual IM2 for the six-diode configuration as a function of�2
for different temperatures.

performance of the modified bridge configuration. However,
the MRIM2 over the range of temperatures is 21 dB lower
than the MRIM2 of the conventional configuration.

C. Effect of Temperature on the Six-Diode Configuration

To simulate the effect of temperature in the six-diode config-
uration, it is assumed that the nominal conditions are
mA, K. The parameters given in Table II were used in
the simulation. Fig. 22 shows the residual IM2 as a function of
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Fig. 23. Experimental setup utilized to measure the residual IM2 of the
circuits.

for three different temperatures (260, 300, and 340K). It can
be observed that the MRIM2 remains constant over tempera-
ture. This is due to the fact that the resistoris implemented
with two diodes in series whose resistances are also functions
of the temperature. This is another advantage of the six-diode
configuration. For the simulation .

V. EXPERIMENTAL RESULTS

Two TOP’s were implemented: one using the conventional
antiparallel configuration and the other using the modified ver-
sion. For both cases, the same pair of HP HSMS2820 Schottky
diodes was utilized to implement the circuits. The measured
characteristics of the diodes were those shown in Table I.

has an ideality factor . The measurements were
performed using the setup shown in Fig. 23. The measured
residual IM2 of the modified configuration was 20 dB lower
than the measured residual IM2 of the conventional one. For
the modified configuration, , , and
was set to 1.5 mA. For the measurements, the fundamental
frequencies were set to MHz and MHz. IM2
was measured at 18 and 32 MHz. Notch filters were utilized
in the measurement setup to improve the dynamic range of
the network analyzer.

VI. CONCLUSION

In this paper, a novel technique was presented that reduces
the generation of residual IM2 in third-order predistorters
using antiparallel and bridge configurations. A detailed anal-
ysis of the circuits was carried out using the method of
nonlinear currents. The analysis proved that, in theory, com-
plete cancellation of the residual IM2 is achieved not only
when the diodes are identical but also when the diodes
are dissimilar. Since the dissimilarity of the diodes is due
in great part to the random nature of the values of their
ideality factors, the concept of MRIM2 was introduced to have
an absolute measurement of the performance of the circuit
when the ideality factors of the diodes are in the interval

. Simulations carried out using CNL/2 proved that
the MRIM2 of the new circuits was much lower than the ones
of the conventional antiparallel and bridge configurations. A
sensitivity analysis showed that two of the components (
and ) in the modified antiparallel configuration must have
very small tolerances in order to reduce the degradation in
their MRIM2. However, the MRIM2 of the modified bridge
configuration proved to be quite insensitive to some of the

changes that were tested, such as component tolerance and
diode bias current variations. Its performance is limited by
the temperature of operation of the circuits. It is important
to mention that for a (diode) junction temperature range
between 260–340 K, the simulated MRIM2 was 21 dB lower
than the one corresponding to the equivalent conventional
configuration.

A limitation of the modified bridge configuration shown in
Fig. 5(b) is that it cannot operate over a range of bias currents
without having a significant degradation in the MRIM2 of
the circuit. A novel circuit, in which is implemented by
two diodes in series, was proposed and analyzed. The analysis
showed that the new configuration has a good MRIM2 at low
bias currents. Moreover, the MRIM2 of the configuration is
quite insensitive to temperature variations.

For comparison purposes, a modified antiparallel configu-
ration and a conventional one were implemented utilizing the
same diodes. Experimental results showed that the MRIM2
of the modified configuration was 20 dB lower than the one
obtained for the conventional configurations.

It should be noted that even though the calculation ofis
carried out at , it is still assumed that the statistical
distribution of is between 1 and 1.2.

It should be noted from (14) that when (that
corresponds to the case when all diodes are identical), the
resistor is undetermined since the bridge is balanced, and
consequently, the value of the resistor does not affect
the behavior of the circuit. The same occurs in (12) when

.
It should be noted that (14) and (15) are equivalent, except

for the case when .
It is implicitly understood that the bias current that flows

through diodes and is almost identical to the currents
that flow through the diodes of the bridge.

It can be proven that the bias currents that flow for each
diode are approximately equal, even though their ideality
factors are different. This is due to the fact that, in general,
the values of the external bias resistor and are large
enough to set the bias currents through the diodes. Therefore,
for the analysis, it is assumed that all the currents are identical.

Since is always larger than the optimum, a resistor
could be placed in parallel with . The value of could be
optimized to minimize the error between the overall resistance
and over a larger range of bias currents. Consequently, the
predistorter could operate with smaller MRIM2 over a larger
range of bias current.

APPENDIX A

Rearranging the denominator of (12), as shown in (A1.1),
results in (A1.2), both shown at the top of the following page.
Dividing numerator and denominator by

results in

(A1.3)
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(A1.1)

(A1.2)

Rearranging the second term of the denominator results in

(A1.4)

Dividing the numerator and denominator of the second term
of the denominator by results in

(A1.5)

Rearranging the second term of the denominator results in

(A1.6)
For , (A1.6) can be simplified to

(A1.7)

Since , the denominator of (A1.7) must be larger or
equal to zero

(A1.8)

or equivalently,

(A1.9)

From (A1.7), it can be clearly seen that when ,
.

APPENDIX B

From (14)

(A2.1)

Rearranging the numerator results in

(A2.2)

This equation can be rewritten as

(A2.3)

Finally, for ,

(A2.4)
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