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Abstract: This paper re-examines the AM-AM and AM-PM data-based behavioral
model of a narrowband quasi-static nonlinear system via Volterra series analysis. It is
shown that, under narrowband input signal and flat baseband impedance assumptions,
the model is in compliance with bandpass nonlinearity theory. Consequentially, there
exists a relationship based on the Chebyshev-Fourier transform between the
nonlinearity’s one tone and two tone AM-AM transfer functions.

Introduction:
The band-pass nomlinear static behavioral model can be written as:

with input signal:

x ( t ) = v ( t )COS[O,t

+ cp(t)]

(2)

A(r) and @(r) in (1) are the envelope and phase transfer function of the band-pass
nonlinearity, respectively. For a known instantaneous nonlinearity, A(r) is obtained by
Chebyshev transforming that nonlinearity
Good simulation results have been
achieved using this model[*].
In practical applications when the instantaneous nonlinearity is unknown, A(r) and
@(r) are normally derived by fitting the AM-AM and AM-PM data from either one
tone measurement or circuit level simulation [31. Measurement data collected in this
way has been shown to be quite effective in characterizing the nonlinearity compared
to the results from circuit level simulations, in cases where thermal and DC bias
effects are negligible [41[51. Nevertheless, the theoretical basis for and the limits on the
validity of the model are somewhat vague.
This paper investigates this AM-AM and AM-PM data based model by means of
Volterra series analysis. To do so, the fitted nonlinearity of the one tone AM-AM data
is treated as an instantaneous nonlinearity. Then, it is shown that when specific
assumptions are satisfied, the Chebyshev Fourier transformation that relates the
instantaneous nomlinearity and its AM-AM fitted nonlinearity, is the two tone
envelope AM-AM transfer function. This establishes the use of one tone AM-AM and
AM-PM data for modelling band-pass nonlinearities. Finally, we show that the
necessary conditions for the assumptions to be met are that the envelope signal is
narrowband and that the baseband impedance is flat over the bandwidth of the
envelope signal.

I.

Two tone envelope A M - A M transfer function
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When referring to the bandpass nonlinearity the nonlinearity is taken to be centred
on the carrier frequency, which can also be seen as an instantaneous nonlinearity
itself. Fig. 1 depicts these two nonlinearities.

(a) Ban+ass nonlinearity of the envelope s l g ~ a l

(b) Instantaneousnonlinearity of the envelope srgnal

Fig. 1 Bandpass nonlinearity and instantaneous nonlinearity
For an instantaneous nonlinearity as shown in fig.1-b, its envelope one tone AMAM data can be obtained using two tone input measurements or simulation. This is
illustrated in fig.2 and equation (3).

Ap(hl'*t)red device

or circuit level model

Inner schematics ofthe instardaneous nonlinearity
Fig.2 Virtual envelope one tone measurement
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where
W ,= W O - A @

o2=w,+Aw

In light of bandpass nonlinearity theory, a Chebyshev Fourier transformation
relationship exists between the instantaneous nonlinearity and the bandpass
nonlinearity. In the following section this relationship is observed, using Volterra
series analysis, between the one tone AM-Ah4 data and the envelope AM-AM data.

II.

Volterra series analysis

60

We consider a system that can be modelled by the third order Volterra series. The
t)
system's response to a single input tone x(t) = ~ c o s ( 2 ~is:~ L61
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and
( f ) , ( f a , f b,f ,) are the system's first and third order Volterra nonlinear
transfer functions.
The system's response to a two tone input signal
A
~ ( t=-[COS(
)
2MIt)+ COS(^@^^)] = A cos(2dft) cos(2MOt)
2
is given by:
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Since we are tallung about narrowband situations, we have

f,

f o

(7)
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let us assume that:

then (6) can be simplified to
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(1 1)
We will examine the validity of assumptions (8) (9) and (10) in the next section.
In this sectionthe assumptions are deemed appropriate. From (4), we see that the AMAM characteristic for a single input tone is:

A'
G(A)= -HI
1 4

2

A6
+-H,
256

2

A4
+-H,H,coscX
16

while from (lo), the AM-AM characteristic for the envelope signal with the same
amplitude for the single tone input is:
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Fig.3 Comparison of G(A), g(A) and the Inverted Chebyshev Transformation of g(A)
Fig.3 illustrates the relationship of the Chebyshev Fourier transformation between
G(A) and g(A). According to the theory of bandpass nonlinearity, it suggests that the
AM-AM characteristic of the one tone signal is the instantaneous nonlinear transfer
function of the envelope AM-AM data. Therefore, if (8) (9) and (10) are met, the
AM-Ah4 and AM-PM data fitted transfer functions are representative of the band-pass
no* linearity of the envelope signal.

III.

Assumptions examined

In order to investigate under what conditions assumptions (8) (9) and (10) can be
met, we take advantage of the closed form of the Volterra no* linear transfer
fimctions for the general nomlinear circuit shown in fig. 4 [71,
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Fig.4 A general nonlinear circuit
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Equation (23) is illustrative of the considerable influence of sub- harmonic frequency
terminations and bias circuits on the model’s accuracy, a phenomenon previously
reported 18].
In order to test our theoretical work, we considered a realistic power amplifier
using a harmonic balance based simulator. The result is shown in fig.3.

Fig.5 Comparison of G(A),g(A) and g(A)’s Chebyshev Transformation
with data from HB simulation

IV. Conclusions
T h ~paper
s
demonstrates that when the envelope signal is narrowband and the
baseband impedance of the circuit is flat, the two tone or envelope AM-AM data
correlates well with the Chebyshev transformed one tone measured or simulated AMAM data. Thus, consistent with the theory of bandpass nonlinearity, the one tone
measured or simulated AM-AM and AM-PM data can be used as the bandpass quasistatic no& linear behavioural model.
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