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Abstract

The first investigation intothe effect of
frequency separation orthe intermodulation
distortion performance of Heterojunction Bipolar
Transistor (HBT) power amplifiers is reported.
The measured results shawat thefrequency
spacing betweethe two input tonesaffects the
intermodulation distortion performance Gfass
AB power amplifiers, but not Class A power
amplifiers.

1. Introduction

HBTs arebecoming a verypopular choice of
device for use in microwavepower amplifiers
[1,2] owing to characteristics such hgh gain,
linearity, and high output power. The
intermodulation distortion performance of these
devices has been investiga{&il and it hadeen
proposed that they offer superior
intermodulation distortion performance [4].

Highly linear power amplifiers are a vital
requirement in multi-carrier communication
systems wheréhe carriersignals may be closely

spacing betweethe two input tones caraffect
the intermodulation distortion of an HBJiased

in Class AB[8], and thispaper extends theork

on intermodulation distortion performance in
power amplifers by examininghe role ofbias
conditions and their interaction with thermal
operation. Thework presentechere examines
for the first time the effect of a variation in
frequency separation dhe two input tones on
the third order intermodulation distortion (IN)
performance of a Class A and a Class AB HBT
power amplifier. The frequency spacingAf)
used for IM measurements is usuathgtween 1
MHz and 10 MHz. This work uses a range of
different Af in measurements and simulations to
fully characterise the IMperformance of HBT
power amplifiers.

2. Theoretical Background and Power
Amplifier Simulations

The work discussed i8] has showrthat the
non-linearity ofthe Class ABoperation results in
mixing products thatfall within the thermal
frequency response ofhe device causing a
change in thehermal operatiomwvhich results in

spaced in frequency, and it has been suggestegn increase iihe power of the IM products.

that HBT power amplifiersmay be able to
address this requirement [5]. The thermal
performance ofpower HBTs is known to limit
device operation [6,7]and it has been further
proposed that thethermal aspects of HBT
operation can affect the intermodulation
distortion performance [8].  Thdrequency

This meanghat HBT power amigiers whereAf
falls within this thermal frequency responisave
to be characteriseaarefully and this paper
examines the intermodulation  distortion
performance of botlass A and Class AB HBT
power amplifers with values of Af between
2 kHz and 1 MHz.
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Isothermalpower amplifier simulations using an 3. Amplifier Design And Intermodulation

equivalent circuit model[9] which does not

Distortion Measurements

contain a thermal model have been carried out on
a Class Apoweramplifier. This model describes The two HBT power amplifiers used in thierk
a power HBTand a simulated load-pull was were designedsing load-pull measurements. A

carriedout to determinethe optimum reflection
coefficients to givemaximumpower gain. The
IM 3 performance of this circuit wasimulated

using two different input tone frequency
spacings. The firssimulationwas carried out
with a spacing of 1 MHz anthe second with a
frequency spacing of XHz. The results are
shown inFigure 1 and demonstratéhat in the

absence of any thermal effe¢tse power of the
IM3 products does nahange with a variation in
input tone frequency spacing until theplifier is

driven well into the power gain saturation region.
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Figure 1 Class A Power Amplifier
Simulations with a Variation In Frequency

Spacing of the Two Input Tones.
OO Af=2kHz, B @ Af=1MHz

TRL calibration techniqug10] was used to

allow the measurements to be de-embedded to

the plane ofthe devicesused. Theload-pull
measurements were performed unddass A
and Class ABbias conditions at 1.8GHz and
from the results the poweamplifiers were
designed fomaximumpowergain. Eactpower
amplifier was fabricated on microstrip and
external bias Teesvere used to provide the
power supplies tothe transistor. The iPou
characteristics were measured aisthgthe test
setup shown ifrigure 2 the IM; performance of
each amplifier was measured.
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Figure 2 Two-Tone Intermodulation
Distortion Measurement Setup

The frequency spacingAf) between the two
input tones in thdirst measurement waset at
1 MHz and in the second measuremAhtwas

reduced to 4 kHz. Figure 3 shows atypical

spectrum analyzeputput obtained during the
measurements wheithe IM; productscan be
clearly seen.

4. Measurement Results

Figure 4 shows theoutput powerevel of each
of the fundamentals andll of the 3rd order
productsresulting fromthe non-linearmixing of

thetwo input tones for both th€lass A and AB
power amplifiers.
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Figure 4 IM; Results For The Class A and Class AB HBT Power Amplifier. Fundamentals and
all 3rd Order Products are Shown

In the Class A casé¢he variation inAf does not
cause an increasetine power of the thirdrder
products. This is probablydue to thelinear
operation of the poweamplifier whichalthough
generating intermodulation distortioproducts

thatfall within the thermal frequency response of
the circuit such ad£f;) producttheyare not of
sufficient power to affect the intermodulation
distortion performance. There is some variation
in the power of the IM products, but no
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increase. The variation ikely to be due to
simultaneous phase and amplitatigtortion[11].
The Class AB results comatst strongly with the
Class A case results amsthow thatwhen Af is
reduced to 4 kHz the power of the thiodder

performance is device relatadther thantest
equipment related.

6. Acknowledgments

productscan be increased by between 4 dB andThe authors acknowledge the U.K EPSRC,

6.5 dB. This is a significantleterioration in the

M/A-COM Corporate  Research and

amplifier's performance and can be attributed to Development, U.S.A and Dr K.Lu for his advice.

the f,-f; productwhich falls withinthe thermal
frequency response othe power amplifier
causingthe bias point to be modulated. This
affects the thermal performance ofhe power
amplifier increasing the non-linearity operation
and degrading the IM performance. The
comparison between thé&€lass A and AB
operation also showthat this change must be
device rather than measurement¢quipment
relatedsince it has been seen ame Class of
operation, but not in bottvhen an identicalest
equipment setup has been used.

5. Conclusions

The results show thamtermodulation distortion
measurements wherédf may be anything
between 1 MHz and 10 MHznay not be
sufficient tofully describethe IM; performance
of a Class ABHBT poweramplifier which is a
common Class ofoperation chosen bynany
circuit designers formobile communications
systems.
that the IM performance of a Class A@Bnplifier
may be up to6.5 dB worsewhen the f,-f;
product falls within the amplifier's thermal

frequency response causing a change in th

thermal performance othe power amplifier.
There was no reduction seen
performance of a Class ABT poweramplifier
showing the linear operation of thisClass and
demonstratingthat the use of afrequency
spacing between 1 MHz and 10 MHz tiwo-

tone intermodulation distortion measurements is

sufficient to describethe Class A power
amplifiers IM; performance.
AB results also showhat thechange in IM

Measurements presented here showy

in the 3IM
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