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Abstract: To ensure that linearity is maintained to a high degree, it is necessary to examine the nature of amplifier distortion.
Audio amplifier distortion is of concern for many years. The conventional feedback techniques used at audio frequencies are
not applicable to many RF amplifiers due to following problems:

1. Stability at high bandwidth;

2. Cost for high gains in RF stages.

Memory less or Instantaneous Nonlinear Model assumes that the PA has no memory effects i.e. it has no knowledge of past
events and hence the present o/p signal is only a function of present i/p signal. The model is further simplified by restricting
the analysis to signal and distortion contained within the first harmonic zone, such models are referred to as band pass
memory less nonlinear models and are further simplified since they do not need to model even order nonlinearities. A
memory less nonlinear model can be modeled in polar (amplitude & phase) or Cartesian (I & Q) form.
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1. INTRODUCTION

Memoryless modeling has been used for many years because
of its generally easier computational implementation, its
relative efficiency in system simulations and its acceptable
level of accuracy in many situations. Historically, this
approach has found particular favour in predicting
intermodulation distortion problems in the robust
multicarrier travelling-wave tube amplifiers (TWTAs) used
in communication satellite transponders. Any memory-like
effects will be those introduced by the channelizing
demultiplexers on the input, which mainly result in multipath
crosstalk effects, and by the zonal filters that are used on
the output to remove especially harmonics but also out-of-
band intermodulation products (IMPs).

2. MEMORYLESS NONLINEAR MODELS

Memoryless nonlinear models are those in which the output
envelope reacts instantaneously to variations in the input
envelope. The paper discusses polar and Cartesian form of
nonlinear models. Approximate forms of memoryless
nonlinear models are also discussed.

2.1. Polar Form of Memory Less Nonlinear Model

This model treats the AM/AM and AM/PM components of
nonlinearity as separate items and produces a model which
is effectively a cascade of two processes. This model may
be considered at two levels-first by considering the effect of
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model on a single RF sine wave and secondly by extension
of this to a modulated signal. For this, we consider a CW
signal, c (t) at a frequency fc and with an amplitude A:

C(t) = A cos (2πfct + r) (1)

The distorted o/p signal D(t) of a bandpass memoryless
nonlinearity is given by:

D(t) = f(A) cos [2πfct + θ + g (A)] (2)

Where f(A) describes AM/AM characteristics of the
nonlinearity and g(A) describes its AM/PM conversion.

Work by Minkoff [1, 2] has shown that = n 1and = n2
can be applied to modulated signals as well as to a single
CW carrier. Thus

C(t) = A(t) cos [2πfct + θ(t)]

Where A (t) describes the envelope modulations present
on carrier.

The model can characterize envelope nonlinearities and
can be used to describe the in band distortion of a signal
containing some form of envelope variation. A block diagram
of this form of envelope variation is shown.

Figure 1: Polar Form of Envelope Nonlinearity for AM/AM and
AM/PM Distortion
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2.2. Cartesian Form of Memoryless Nonlinear Model

This model can be constructed from two nonlinear amplitude
models I{A(t)} and Q{A(t)}. This model has an advantage
that it avoids the potential complexity of AM/PM model.
The distorted o/p from a bandpass memoryless nonlinearity
may be expanded to give

D(t) = f{A(t)}cos[g{A(t)}]cos[2πfct+θ(t)] –f{A(t)}
sin[g{A(t)}]sin[2πfct + θ(t)] (3)

This may be expressed in Quadrature components as

D(t) = I{A(t)}cos[2πfct + θ(t)] – Q{A(t)}sin[2πfct + θ(t)]

(4)

Where I{A(t)} = f{A(t)}cos[g{A(t)}]

And Q{A(t)} = f{A(t)}sin[g{A(t)}]

The Cartesian form of envelope non linearity for both
AM/AM and AM/PM distortion can be represented
diagrammatically as follows:

Figure 2: Cartesian Form of Envelope Nonlinearity for AM/AM
and AM/PM

Figure 3: Cartesian Form of Envelope Characteristics for a Class
C Amplifier

2.3. Approximate Forms of Memoryless Nonlinear
Model

A number of simpler models involving more analytical
functions may be used to improve speed at the expense of
model accuracy.

2.3.1. Taylor Series

The concept involves describing the distorted output of the
system D(t) in the form of Taylor series [3,4] of the input,
v

in
(t):

D (t) = Σ
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where a
n
 is constant.

This form of model has the advantage that the relative
level of each order of distortion is clear from its coefficient
a

i
and the level of each IMD product may therefore be

calculated. It is useful for systems which contain few orders
of distortion. A standard Taylor series as described by = n 5
will only characterize AM/AM distortion.If significant AM/
PM distortion exists within a nonlinear device then a complex
power series must be used:
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An alternative is the use of two series, one representing
thr I characteristic and other representing the Q characteristic
which is effectively a splitting of the terms in = n 6 and
results in model of the form as shown.

Figure 4: Quadrature Taylor Series Model

2.3.2. Saleh Functions

Saleh Functions[5,6] are a simple method of approximating
a nonlinear characteristic in either polar or Cartesian form.
These functions have subsequently been applied to the
problem of predistortion linearization of TWT amplifiers
and the prediction of carrier to intermodulation ratios for
multicarrier and Gaussian input signals. The basic concept
of Saleh Functions is to approximate the AM/AM and AM/
PM characteristics of nonlinearity. These functions provide
an accurate, yet simple, model for a bandpass memoryless
nonlinearity.

3. RESULTS AND DISCUSSION

The equivalent memoryless characteristics of an LDMOS:

High-power PA is shown[7]. These were extracted from
measurements of an input and corresponding amplified
output 3G (third generation) WCDMA signal memoryless
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quadrature characteristics (black dots) of an LDMOS PA:
(a) in-phase component P and (b) quadrature component Q
(for a PA at 5 dB IBO).

Figure 5: The WCDMA Signal Measurements (Grey) and the
Extracted Equivalent

Figure 6: The LDMOS PA Polar (a) AM–AM and (b) AM–PM
Measurements on the Amplification of a WCDMA
Signal (at 5 dB IBO) and the Extracted Equivalent
Memoryless Characteristics.

The following graphs depicts the measurements that
were taken on a three-stage class-AB PA with a Motorola
90W MRF 18090A LDMOS transistor in the final stage and
having the following nominal characteristics: a frequency
range 1.93-1.96 GHz, maximum output power 48 dBm, 36
dB gain and a 1 dB output compression point of 53dBm.The
measurement setup allowed for an RF bandwidth of 35MHz
to be captured, within which a signal-to-noise ratio (SNR)
of approximately 60 dB was achieved.

4. CONCLUSION

The design of memoryless nonlinear model to linearize
power amplifiers was considered. The model assumes that
power amplifiers have no memory effects, that is, it has no
knowledge of past events and hence the present output signal
is only a function of present input signal. The main advantage
is the simplification of the model as they do not need to
model even order nonlinearities.
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