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Abstract This paper presents a new time-frequency
characterization method for extracting the linear and third-order
nonlinear parameters of a PA including long term memory. A
dynamic frequency two-tone test signal is developed where the
frequency separation between tones increases over time to enable
third-order measurements over frequency from a single
measurement. A measurement technique is presented using a
single Vector Signal Analyzer (VSA) measurement to coherently
capture both the test signal and the DDT output sequentially by
switching between the two paths during the measurement. The
linear and third-order characteristics of a nonlinear PA are
estimated from measuring a sequence of dynamic two-tone
signals which vary the relative phase of the input tones.
Measurement results for the linear response are in good
agreement with vector network analyzer (VNA) measurements.
Third-order amplitude and phase characteristics are presented
over a tone spacing of 1 kHz to 1 MHz centered at 2 GHz for
three different power levels.

Index Terms - Circuit modeling, intermodulation distortion,
microwave measurements, time domain measurements, time­
frequency analysis.

I. INTRODUCTION

Measurements to identify and quantify memory effects in
nonlinear power amplifiers are important for the optimization
of linear power amplifier performance and to improve
development of nonlinear behavioral models. Accurate
measurements of third-order amplitude and phase response to
modulated signals are necessary to determine the origin and
nature of nonlinearity exhibiting long term memory. It was
shown in [1] that the third-order response of a PA presenting
memory can be characterized by performing a sequence of
simple two-tone measurements where the tone spacing is
stepped for each measurement. This characterization approach
was based on the assumption that the fundamental frequency
filtering and the second harmonic filtering components within
the PA are constant over the tone spacing. In that case, the
baseband contribution to the long term memory effects can be
identified as the F2( 0)2, -0)1) term in the intermodulation (1M)
component of the PA output below:

The procedure in [2] was used with a microwave transition
analyzer (MTA) to characterize the amplitude and the phase
of upper and lower 1M components. MTA's synchronous two
channel sampling capability enables simultaneous capture of a
DOT's input and output. But due to the sub sampling nature
of the RF frontend in MTA, the dynamic range is degraded by
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all the down-converted noise. Thus, the amount of repetitive
measurements required makes the process complex and time
consuming.

A new method is presented here to simplify and speed up
the characterization process. It combines a single channel
Vector Signal Analyzer (YSA) with a dynamic frequency
two-tone signal to enable nonlinear characterization over
frequency in a single measurement. Measurement dynamic
range is improved due to the tuned narrowband frontend in the
YSA. A dynamic time-frequency two-tone waveform is
designed in conjunction with post processing to avoid spectral
leakage. A simple hot switching technique circumvents the
triggering uncertainty problem, which arises from sequentially
capturing a DOT's input and output in a single channel
measurement system. Linear and third-order characterization
results for a 2 GHz solid state PA are presented over a tone­
spacing of 1 kHz to 1 MHz.

II. TEST SYSTEM CONFIGURATION

A. Waveform Design

To simplify the sequence of two-tone measurements in PA
characterization [2-3], waveform segments of varying tone
spacing are concatenated together in an arbitrary waveform
generator (AWG) and up-converted. The test signal is thus a
frequency modulated two-tone signal with the tone spacing
changing over time. It can be described mathematically as

where the function o(t) determines the tone-spacing over time.
Discrete frequency separation over time is defined by

N

8(t) = L Pkrect (t - tk )· (3)
k=O

So for the duration of each tk segment, the instantaneous
spectrum can be considered a two-tone excitation.

The baseband interpretation of this modulation is that the
two single sideband tones are moving away from each other
over time. The two-tones and the 1M products can then be
measured and characterized over a wide range of tone spacing
with one measurement using the YSA. Fig. 1 shows the
composite envelope spectrum of the test signal segments. The
two dimensional spectrum is calculated from the short time
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