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Analog Predistortion Linearizer for High-Power
RF Amplifiers

Jaehyok Yi, Youngoo Yang, Myungkyu Park, Wonwoo Kang, and Bumman Kim

Abstract—We have developed an analog predistortion are directly measured and the measured data is used for the
linearizer for a high-power amplifier of a code-division mul-  predistorter design. The magnitude transfer functions of IMDs

tiple-access (CDMA) base station. To effectively suppress the 5ra easily measured on a spectrum analyzer. The method for
spectral regrowth in the adjacent channels, the odd-order inter-

modulation distortions (IMDs) should be cancelled. To accomplish megsurlng phase information was reported in [5]. We developed
this purpose, we employed a predistorter, which can cancel the @n improved method. In our approach, the phase offsets of the
third and fifth IMDs independently. The implemented predistorter  IMD components can be measured directly by finding the phase
|lnezag|$eg ;héHRFbamdp“geé évgh an average ?OWEV Ofl 45 dBmh difference between the fundamental and intermodulation (IM)
at 2.37-2.4-GHz band. A 9-dB suppression of spectral regrowth, d N Ei
from 33 to 42 dBc, was achieved for the CDMA signal with an Componenftfr.] Thet m(e.afrl:rerﬂent Se]EUp IS shgwn Im Fig. ],E Tr_:_f]
8.192-Mc/s chip rate over a 30-MHz bandwidth. essence of the setup is the phase reference signal generator. The
o o _ reference IM generator is operated at a very low frequency, i.e.,
Index Terms—intermodulation distortion, linearization, predis- 750 kH d at the | £ the ph fthe h ;
tortion, RF power amplifier. z, and at the low frequency, the phase of the harmonic
terms are Dor 180 without variation with the input power level
[6]. The IMD terms of the main amplifier and IM generator are

. INTRODUCTION cancelled by adjusting the vector modulator. We can measure

MONG THE various techniques for linearizing RF powethe relgtive phase variations of Fhe_fundamental and IMD terms

A amplifiers, a predistortion method is a low-cost solutioAS @n input power level by monitoring the phase changes of the
for the moderate performance improvement [1]. It has addition4tctor modulator. o
advantages of low-power consumption and simple circuit con-e have employed a power amplifier with an average output
figuration over feed-forward amplifiers [2]. In comparison witPOWer of 45 dBm and a peak power of 450 W. The amplifier
a feedback technique, the predistortion offers wider bandwidRNSISts of two parts: the driver and main amplifier. The driver
because it is inherently an open-loop structure [3]. is an LDMOS-based three-stage amplifier, and a 30-W LDMOS

In general, the high-power RF amplifiers for base statior® usg_d at the final stage to drive the main amplifier. The main
operate in class-AB mode for enhanced efficiency. As a resnPlifier is two stages. One stage is a 120-W LDMOS and the
in addition to the third-order intermodulation distortion (IMD)/final stage is a four-way combined 120-W LDMOS, which can
a significant amount of higher order distortions are generatdtndle 450 W of peak power in a CDMA signal. The amplifier
The linearization performance of the predistortion depends BRerates in class AB and the overall gain of the main amplifier
how well the nonlinear characteristic of the predistorter follow§ @bout 50 dB. Fig. 2 shows the power amplifier.
that of the main amplifier. Therefore, we have developed a pre-The measured fundamental, third intermodulation (IM3) and
distorter with a separate control of third- and fifth-order condifth intermodulation (IM5) relative phases of this main ampli-
ponents for the efficient suppression of harmonics. Based figr are shown in Fig. 3. As the amp_llfler saturates_, the relative
the predistortion method, we have demonstrated a high-quafjases of IM3 and IM5 change rapidly. The relative phases of

linear power amplifier. IM3 and IM5 differ significantly in most power levels, which
implies that it is very difficult to compensate the IMDs of this
II. NONLINEARITY OF MAIN AMPLIEIER amplifier with only one predistortion device.

The amplifier module of code-division multiple-access
(CDMA) base station uses large-size devices, which display a ] ) ) ] o
large memory effect. To predict the nonlinear behavior of the A_ conventional conflgur_atlon of predlstortlon circuit, shown
amplifier, the usual method of measuring AM/AM and AM/PM" Fig. 4(a), uses one nonlinear device for the generation of pre-
characteristics is not appropriate since the characterizatiorfligtortion signals [2], [7]. To compensate for nonlinearities, the
adequate only for memoryless systems [4]. For this reasdi components of predistortion circuits sr_\ould have an equgl
the two-tone transfer characteristics of the main amplifighagnitude and out of phase compared with those of the main

amplifier. It is very difficult to match the nonlinear character-
. . _ istics of the predistorter and main amplifier because they differ
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Fig. 1. Measurement setup for two-tone transfer characteristics.
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Fig. 2. Power-amplifier module used for the experiment.
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significant IM5 and can control the magnitude and phase of IM5
independently by a vector modulator.

IV. EXPERIMENTAL RESULTS

The predistortion circuit of Fig. 4(b) is used to linearize the
high-power RF amplifier described in Section Il. The error gen-
erating amplifier is made by a GaAs FET monolithic-microwave
integrated-circuit (MMIC) amplifier with an outpu?l dB of
21 dBm. Fig. 5 shows the two-tone power spectra at several
points in the predistorter circuit. The IM3 level of the IM3 gen-
erating amplifier is 25 dB higher than the IM5 level and the IM5
component of IM3 generation part does not affect the IM5 com-
ponent of the IM5 generating amplifier. In the IM5 generation
part, the power levels of higher than IM5 components are much
lower than IM5 and they are negligible. The carrier signal is can-
celled by about 30—35 dB and IM3 component in the IM5 gener-
ation part is cancelled by 20 dB. The vector modulator consists
of a variable attenuator and a phase shifter. They are reflection
types using a 3-dB hybrid coupler, as shown in Fig. 6(a). To
achieve a 30-dB cancellation level, the variations of attenuation
and phase shift of the vector modulator is less thdn2 dB
and 2, respectively [2]. The measured attenuation and phase
shift over a 30-MHz frequency range are shown in Fig. 6(b). As
shown in this figure, the variations are withir0.1 dB and 2,
and the vector modulator satisfies the accuracy requirement.

Fig. 7 illustrates the results of the CDMA test with the main
amplifier and predistortion linearizer. The test CDMA signal is
8.192-MHz bandwidth with a center frequency of 2.385 GHz

Fig. 3. Input power dependence of the relative phases of fundamental IM3 apdd has about 11-dB peak-to-average ratio. The spectral re-

IM5.

growth of the main amplifier at the average output power of
45 dBm is suppressed by about 9 dB at 5-MHz offset from the

generating amplifier for IM3 is quite linear and only IM3 harcenter frequency. Fig. 6(a) and (b) shows the spectra before and
monic is significant. To generate IM5, another error generatirdter linearization, respectively. Fig. 6(c) shows the measured
amplifier with higher nonlinearity is employed. In general, thepectral regrowth of the main amplifier at the center frequen-
IM3 is greater than the IM5 level and IM3 is cancelled out usingies of 2.375, 2.385, and 2.395 when the output power is low-
the IM3 component of an IM3 generating amplifier. We can havered from the average output power of 45 dBm. The lineariza-
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Fig. 4. (a) Conventional and (b) modified predistortion circuit configurations.
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Fig. 5. Two-tone power spectra at the several points of the predistortion circuit. (a) After carrier cancellation at IM3 generation path. (jeftanczllation

at IM5 generation path. (c) After IM3 cancellation at IM5 generation path. (d) Final output of predistorter.
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Refection-type vector modulator: schematic and measured result. (a) Schematic of vector modulator. (b) Measured result.
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Fig. 7. Spectral regrowth. (a) Before linearization. (b) After linearization. (c) Spectral regrowth of the main amplifier. (d) Suppressionabfegentth for
different power levels. (a) Before linearization (at average output power of 45 dBm). (b) After linearization (at average output power of 45 @pentrét)
regrowth versus output power for the main amplifier at 5-MHz offset from several center frequencies (measured IMD is the difference of the wpeeiréh@o
center and offset frequencies). (d) Suppression of spectral regrowth for different power levels.
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tion result of Fig. 6(d) shows that the spectral regrowth is sup-[4] W.Boschand G. Gatti, “Measurement and simulation of memory effects
pressed for the broad power range. The Spectral regrowth Of the in predistortion IinearizerS,IEEE Trans. Microwave Theory TeC'VOI

. . e . 37, pp. 1885-1890, Dec. 1989.
linearized amplifier is below 42 dBc for the 30-MHz bandwidth, [5] N. Suematsu, Y. lyama, and O. Ishida, “Transfer characteristic of IM3

which is quite usable for many real systems. The improvement relative phase for a GaAs FET amplifiedlEEE Trans. Microwave
is smaller for the lower power, but the amplifier is more linear __ Theory Tech.vol. 45, pp. 1885-1890, Dec. 1997.

h d thi lifi isfi he li . h [6] Y. Yang, Y. Kim, J. Yi, B. Kim, and M. Park, “Modeling and measure-
at that power, and this ampliner satisfies the linearity character- ment of two tone transfer characteristics of high power amplifiers,” in

istics for all power levels. 2000 European Microwaves Conf., submitted for publication.
[7] R.C. Tupynamba and E. Camargo, “MESFET nonlinearities applied to
predistortion linearizer design,” iEEE MTT-S Int. Microwave Symp.
V. CONCLUSIONS Dig., vol. 2, 1992, pp. 955-958.

In this paper, we have developed a predistortion linearizer
that can control the IM3 and IM5 separately and applied it to
the linearization of a high-power RF ampl_lfler with an aVer"’lgfaehyok Yi, photograph and biography not available at time of publication.
output level of 45 dBm. The phase variations of the IM terms
are accurately measured using the new method and the data
is employed for the predistorter design. About 9-dB improve-
ment of adjacent channel leakage ratio (ACLR) was achievialingoo Yang photograph and biography not available at time of publication.
at 5-MHz offset from the center frequency of a CDMA signal
with an 8.192-MHz signal bandwidth. This amplifier covers a

2.37-2.4-GHz bandwidth. _ _ , ,
Myungkyu Park, photograph and biography not available at time of publica-
tion.
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