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In any wireless system, bandwidth
is an expensive and limited resource.
Service providers who have made

large investments to license portions
of available cellular and personal-
communications-services (PCS)
bands must recoup their investments
by maximizing the number of sub-
scribers served per cell and per chan-
nel. Because modern wireless com-
munications systems are based on
complex digital modulation schemes
in order to increase the amount of
information transmitted per band-
width unit, increasing demands are
placed on the transmit power ampli-
fiers (PAs) to maintain a high degree
of linearity even when boosting com-
plex modulated signals. Excessive
levels of ACP, for example, can dis-
rupt the performance of nearby cells
and prove costly to system operators
in terms of lost coverage and sub-
scribers. As a result, it is critical to
accurately test the single-carrier and
multicarrier PAs used in cellular and
PCS systems. 

But testing these amplifiers is not
trivial. As far as broadband signals
are concerned, these tried-and-test-
ed methods unfortunately involve a
number of partly unsolved problems
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Check Amplifier
Dynamic Behavior With True 
Test SignalsThis new measurement technique uses

Fast Fourier transform (FFT) tech-
niques and predistortion to analyze
amplifier characteristics. 
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A
MPLIFIER quality is often evaluated with less-than-ideal test sig-
nals and measurement systems. Amplifiers for wireless communica-
tions systems, for example, are commonly tested with vector-net-
work analyzers (VNAs) better suited for low-level linear-signal

characterization. Due to a need to better understand the nonlinear behav-
ior of large-signal RF amplifiers, a new method was developed for mea-
suring amplifier nonlinear parameters. By predistorting the input signals
to an amplifier under test, it was possible to decrease the level of adjacent-
channel power (ACP) and thus more accurately evaluate amplifier ampli-
tude-modulation/amplitude modulation (AM/AM) and amplitude-modula-
tion/phase-modulation (AM/PM) performance.

Control

Trigger

Computer

Control
Data

0 dBm

RF signal
Signal analyzer (FSIQ)

I/Q mixer (digital)

I/Q baseband data   (digital, 14 b)

FSIQB70

I/Q baseband data (analog)

I/Q modulation
generator

(AMIQ)

Vector signal generator
(SMIQ)

RF signal

0 dBm

DUT
(e.g., power amplifier)

+30 dBm

Fixed attenuator

Data

1. This block diagram shows the test setup used to demonstrate amplifier
AM/AM and AM/PM characteristics by using accurate test signals. 
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such as:
• Feedforward control becomes

more expensive with increasing
bandwidth.

•  Feedback control involves high-
er noise with increasing bandwidth.

• Measurement with a network
analyzer does not show the charac-
teristic expected when driving with
broadband input signals. This is due
to different characteristics of the
amplifier, e.g., memory effects, tem-
perature drift, etc.

Due to the limitations of tradition-
al measurement methods in charac-
terizing cellular/PCS amplifiers, it
was necessary to develop a new char-
acterization technique that would
rely on using test signals that were
truer representations of the actual
signals used in a communication sys-
tem. With this new method, it is pos-
sible to determine an amplifier’s
AM/AM and AM/PM characteristics
by using realistic test signals (such as
band-limited noise) to emulate actual
communications channels. 

Figure 1 shows a block diagram of
the measurement setup. The mea-
surement signal is generated under
the control of measurement software
running on an external computer.
The software code is loaded into an
arbitrary waveform generator, con-
verted to RF signals by means of a
high-resolution digital-to-analog con-
verter (DAC), and applied to the
device under test (DUT). The ampli-
fier or DUT’s output signals are
downconverted to baseband signals
and then sampled. 

With this measurement setup, two
sets of complex in-phase/quadrature
(I/Q) data are created—the data gen-
erated by the measurement software
and the data measured at the output
of the DUT. The two sets of data
have a time offset and generally show
different levels, due to the AM/AM
and AM/PM distortion. 

The differences in levels between
the two sets of signal data can be
eliminated by a reference measure-
ment. This is done by replacing the
DUT with a direct connection and
making the measurement, or by
decreasing the signal level to a point
where the DUT operates in a linear
region, then making the measure-
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ment at this point. 
To eliminate the time offset

(between the reference measure-
ment and the measurement at the
output of the amplifier DUT) both
signals are processed by means of
Fast Fourier transform (FFT).
Phase differences are subtracted in
the frequency domain and a regres-
sion calculation is carried out over
the linear phase obtained by the time
offset of the two measurements. If
two measurements x1(t) and x2(t)
show only differences in timing, so
that:

x2(t) = x1(t – �),
then the timing difference can be

derived by means of: The FFT correlation,
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2. The FFT correlation, FFT[corr(x1, x2)], can be seen here for the phase and
amplitude level of a sample amplifier. 

3. This closeup plot shows the timing differences for positive and negative
values of �. 
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FFT[corr(x1, x2)], is shown in Fig. 2,
while a close-up of the timing differ-
ences for positive and negative val-
ues of � can be seen in Fig. 3. The use
of FFT correlation is not affected by
the nonlinear effects of the DUT
since these effects are small com-
pared with the effects of the timing
offsets.

The timing offset thus determined
is corrected in the frequency domain
so that level-normalized and phase-
locked I/Q data are available by
retransformation into the time
domain. These data are then separat-
ed into amplitude and phase informa-
tion, and entered as coordinates
according to the definition of AM/AM
and AM/PM compression. Then, a
functional relationship, i.e., the
numeric values for the amplifier’s
transfer characteristics, is obtained
by regression. This calculation is per-
formed with a few mathematical
statements. For example, assuming
xi as the reference signal (such as the
signal amplitude that is fed to the
input of the DUT) and yi as the mea-
sured signal (the DUT’s output
amplitude), the idea is to minimize
the following statement:

This can be done by solving the fol-
lowing expression:
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The results of this
calculation are the
values of ai; these are
the coefficients of the
polynomial which
describe the DUT’s
characteristic trans-
fer function. (It is also
possible to use spline
calculation or a combi-
nation of spline and
polynomial regression
for this purpose.) Fig-
ure 4 reveals the
results of a timing-
corrected measure-
ment with a polyno-
mial curve included
for the amplifier’s
AM/AM characteris-
tic curve.

One way to prove
that the initial data
are really representa-
tive of the DUT’s
dynamic characteris-
tics is to precorrect
the I/Q data set gen-
erated by the mea-
surement software using an inverse
FFT characteristic. This can be used
to perform an AM/AM and/or
AM/PM characteristic measurement
or to determine the improved ACP
rejection in the frequency domain
curve. However, due to the limited
output power of the DUT, which can-
not be improved by predistortion, it
does not make sense to drive the
DUT over its linearity cutoff point.
Due to this, the amplitude of the
DUT is somewhat limited in these
measurements (Fig. 5). 

By taking reference and measured
I/Q data, estimating and eliminating
the timing offset by FFT and inverse
FFT operations, and calculating
amplitude and phase through regres-
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5. The amplitude of the DUT used in the experiments is
somewhat limited, although adequate for
demonstrating the effectiveness of predistortion in RF
measurements. 

4. This plot shows the results of an amplifier timing-
corrected measurement for AM/AM characteristics. 

(3)

sion, the DUT’s AM/AM and
AM/PM characteristics can be mea-
sured. There are significant differ-
ences between the curves mea-
sured with a VNA and the curves
measured with the new method.
The new method provides repro-
ducible results, compared to the
results with the VNA, where care-
ful calibrations must be performed
and where much attention must be
paid to the measurement setup (for
example, to ensure that all coaxial
connectors are properly torqued
from measurement to measure-
ment). When applied to other
amplifiers, improvement in error-
vector-magnitude (EVM) perfor-
mance is possible. ••


