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Abstract

This paper represents an analog predistortion linearizer for the high power amplifier with low memory effect. The
high power amplifier is implemented using a 90-W peak envelope power(PEP) LDMOSFET at 2.14-GHz and an
envelope short matching topology is applied at the active ports to minimize the memory effect. The analog pre-
distortion circuit comprises the fundamental path and the cuber and quintic generating circuits, whose amplitudes and
phases can be controlled independently. The predistortion circuit is tested for two-tone and wide-band code division
multiple access(WCDMA) 4FA signals. For the WCDMA signal, the adjacent channel leakage ratios(ACLRs) at 3
MHz offset are improved by 12.4 dB at average output powers of 36 dBm and 42 dBm.
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1. introduction

Current wireless communication systems, such as code
division multiple access(CDMA)-2000, wide-band code
division multiple access(WCDMA), orthogonal frequency
division multiplexing(OFDM) and so on, are progressed
to increase the bandwidth and number of carriers for
high data rates. The instantaneous transmit powers of
the systems vary widely and rapidly, generating high peak-
to-average power ratio(PAPR) signals. Power amplifiers
for the systems require high linearity to amplify the sig-
nals without distortions. In order to satisfy the linearity
specification, various linearization techniques are adop-
ted. Among the techniques, an analog predistortion te-
chnique is preferred for the linear amplifiers due to the
advantages of a simple structure, low cost, and rea-
sonably good linearity improvement. However, because
the power amplifiers have serious memory effects due
to wide bandwidth characteristics of the systems, it is
;Jl?r%; ] difficult to apply the analog predistortion technique

The memory effects are defined as changes of the
amplitude and phase in distortion components due to the
previous signals. To characterize them, two-tone signals
with varying tone spacings are applied to an amplifier.
The memory effects cause asymmetrical and tone spa-
cing dependent intermodulation distortion(IMD) charac-

teristics™ . An usual predistorter can not compensate
the non-uniform charcateristics of the amplifiers because
the predistorter has uniform IMD characteristics accor-
ding to the tone spacing. Therefore, the memory effects
of the high power amplifiers should be minimized in
order to have a good harmonic cancellation behavior
using the predistortion circuit.

Many previous works have tried to analyze the me-
mory effects or reduce them, and they have found that
the envelope impedance is the most important factor for
reducing the memory effects™ ™, However, the effects
are still a big problem for the current high power am-
plifiers. The objective of this paper is to demonstrate a
good performance of an analog predistorter for the po-
wer amplifiers with low memory effect. First, we have
discussed the matching topology to reduce the memory
effect. The matching topology consists of the tantalum
capacitors at the gate and drain ports with the con-
ventional matching circuit. The tantalum capacitors play
an important role in shorting the envelope voltage com-
ponents while providing matchable impedances at the
fundamental frequency. Second, we have developed an
analog cuber and quintic predistortion circuit that can
control the IM3 and IMS5 separately and applied it for
the linearization of the low memory power amplifier.
Third, we have also developed the analog predistortion
power amplifier for a repeater system using the predis-
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torter and the power amplifier with low memory effect.
The amplifiers are tested for two-tone and WCDMA
4FA signals. The measurement results show that the po-
wer amplifiers with low memory effect are suitable for
the linearization using the analog predistortion circuit.

II. The Matching Scheme for High Power Amplifier
with Low Memory Effect

The envelope voltage components of (f.—fi) and the
second harmonic components of 2f, and 2f; generated
by the nonlinearity of the amplifier cause the memory
effects. The second harmonic components are removed
by properly designing the bias circuit. However, it is di-
fficult to remove the envelope components. Fig. 1 shows
the circuit topologies for the conventional amplifier and
the low memory amplifier. From Fig. 1(a), in order to
explore the envelope components, the impedances of the
gate and drain nodes can be represented by

ZGate (f2 - fi) = ZG,device 1 ZG.malch " ZG.blas (1)
and
Zl)min (ﬂ - fi) = ZD,device // ZD,match // ZD,biax . (2)

At the envelope frequency, the matching impedances
Zmaer 18 mearly an open circuit, and the envelope im-
pedance of each node depends on the impedances of the
Zias' . As the power capacity of the power amplifier in-
creases, the output load impedance of the amplifier de-
creases. It is difficult to short the envelope voltage com-
ponent using the bias circuit because the reduced device
impedance is very small and the envelope impedance of
the bias circuits with A/4 can be larger than the device
impedance.

Fig. 1(b) shows the new matching topology to reduce
the memory effect. The envelope voltage signal compo-
nents are shorted right at the gate and drain terminals
using large tantalum capacitors. In order to explore the
envelope impedance of this matching topology, the im-
pedance of each node can be calculated by

Z(jale(‘fZ - f;) = ZGﬂde\rice iz ZGJ:ias 4 Z(i,erw (3)
and
ZDmm (fz - -/;) = Zf).device 1 Zﬁ‘bms / ZI).env' (4)

Because the impedance of the envelope trap, Z., is
close to a short at the envelope frequency and open at
the RF, the envelope voltage components do not exist
and the envelope trap circuit do not affect the funda-
mental load matching circuit. Therefore, high power
amplifiers can be designed properly while reducing the
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Fig. 1. Schematic diagram of high power amplifiers.

memory effect using the new topology.

We have implemented the power amplifiers on RF35
printed circuit boards, one is the conventional power am-
plifier and the other is the power amplifier with low
memory effect, at 2.14-GHz using the Freescale MRF5-
$21090. The device is able to deliver a 90 watt peak
envelope power(PEP). The two power amplifiers have
been optimized for the similar performance in linearity
for WCDMA 4FA signal at the same bias point, Vpp
=27 V and Ipsg=850 mA. The matching circuit of the
amplifier with low memory effect comprises the tanta-
lum capacitors (22 uF) located within each matching
circuit as shown in Fig. 1(b).

I. Analog Predistortion Linearization Circuit

Fig. 2 shows a block diagram of the analog predis-
tortion linearization circuit. An excited input signal is
divided into the fundamental path, the cuber generating
path, and the quintic generating path by two 3-dB hy-
brid couplers. At the cuber generating path(middle pa-
th), an excited input signal is applied to the cuber gene-
rating circuit, which creates the IM3 component using
Shottky diodes. It can effectively cancel the fundamental
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Quintic generating cireuit

Fig. 2. Block diagram of the analog cuber and quintic pre-
distortion circuit.

signal by selecting a proper length of the transmission
line, resistor, and capacitor[zl’[‘”.

At the quintic generating path(lower path), an excited
input signal is divided into the IM5 generating circuit
(IM5G) and the fundamental cancelling path. The circuit
configuration of the IM5G is similar to the cuber gene-
rating circuit as shown in Fig. 3(a). The biased Shottky
diodes of the IM5G induce the sweet spot for IM3
component, and the IMS5 is larger than the IM3 compo-
nent for power range of 8 dB as shown in Fig. 3(b).
To generate only the IM5, the fundamental signal is can-
celled by the cancelling loop in the the quintic gene-
rating circuit. After generating the IM3 and IM5 com-
ponents, the IM5 component is amplified, and their am-
plitudes and phases are controlled by the vector modu-
lators consisting of a voltage variable attenuator and phase
shifter. These controlled IM3 and IMS components are
combined with the delayed fundamental signal by two
3-dB couplers. Finally, the combined signals are supp-
lied to the power amplifier stage.

To validate the analog predistortion circuit, the analog
cuber and quintic generating circuits are implemented,
and Fig. 4 shows a photograph of the analog predis-
torter. The cuber generating circuit consists of Shottky
diodes (Hewlett-Packard HSMS2850), transmission line
with electrical length(L) of 0.12 A, Ri=5.1 &, and C,
=2.7 pF. The IM5 generating circuit also comprises
Shottky diodes, R=8.2 Q, (»=3.9 pF, C5=10 pF, R;=
2 k&, and the bias voltage V4=0.3 V as shown in Fig.
3(a).

IV. Experimental Results

Fig. 5 illustrates the IMD3 characteristics of each am-
plifier for two-tone (up to 20 MHz tone spacing) signal.
As shown in Fig. 4, the IMD3 difference (IM3U-IM3L)
of the conventional amplifier increases according to the
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Fig. 3. (a) Block diagram of the IMS generating circuit
(IM5G). (b) Measured fundamental, 3%, and 5
components generated by IM5G.

Fig. 4. Photograph of the analog cuber and quintic pre-
distortion circuit.

tone spacing, but the IMD3 characteristic of the ampli-
fier with low memory effect is not affected by the spa-
cing. Moreover, the IMD3s are not monotonous over
the whole output power range.

These experimental results show the proposed mat-
ching topology is effective for reducing the envelope
frequency components, and the amplifier is suitable for
applying the analog predistortion linearization circuit due
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Fig. 5. Measured IMD3 performance of each amplifier for
two-tone (up to 20 MHz tone spacing) signal.

to such low memory characteristic.

Fig. 6 shows the IMD characteristics, before and after
the linearization, of the power amplifier with low me-
mory effect for a two-tone (up to 20 MHz tone spacing)
signal. We could linearize the distortions significantly,
more than 13 dB up to 10 MHz tone spacing signal, but
the improvement is reduced to 7~8 dB for 20 MHz tone
spacing signal.

In order to explore the linearization performance of
the analog predistortion circuit for WCDMA 4FA signal
with a 20 MHz bandwidth, the proposed predistortion
circuit is optimized at an average output power of 36
dBm. Due to the high PAPR of the WCDMA 4FA sig-
nal, the analog predistortion circuit should be optimized
at 38 dBm for a two-tone signal. Fig. 7 shows the mea-
sured adjacent channel leakage ratio(ACLR) performance,
before and after linearization, of the amplifier for WCD-
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Fig. 6. Measured IMD performance before and afier the
linearization of the amplifier with low memory
effect for two-tone (up to 20 MHz tone spacing)
signal.

MA 4FA signal. The ACLRs at 5 MHz offset and at
10 MHz offset are improved by 12.4 dB and 11.5 dB,
respectively, at the average output power of 36 dBm.
This experimental result indicates that the linearization
performance of WCDMA 4FA signal with a 20 MHz
bandwidth depends on the linearization of the two-tone
signal up to 10 MHz tone spacing.

Fig. 8 shows the power amplifier line-up for a re-
peater system using the analog cuber and quintic predis-
torter, configured to generate a 15-W (42 dBm) ave-
rage output power for WCDMA 4FA signal. The main
amplifier is comprised by two identical power ampli-
fiers with low memory effect represented in Section II
and is combined by 3-dB hybrid coupler at the input
and output ports. Fig. 9 shows the measured ACLR per-
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Fig. 8. Line-up of the analog predistortion power ampli-
fier for a repeater system.

formance before and after linearization of the predis-
tortion power amplifier for WCDMA 4FA signal. The
ACLRs at 5 MHz offset and at 10 MHz offset are
improved by 12.4 dB and 11.2 dB, respectively, at the
average output power of 42 dBm. Contrary to the low
memory amplifier, the conventional power amplifiers do
not produce any significant ACLR cancellation, less than
2 dB linearization. The total efficiency of the analog
cuber and quintic predistortion circuit and amplifiers is
9.5 % at the average output power of 42 dBm. Fig. 10
shows the measured spectra before and after lineari-
zation of the predistortion power amplifier at an average
output power of 42 dBm.

V. Conclusions

We have developed a high power amplifier with low
memory effect suitable for the analog predistortion li-
nearization circuit. The high power amplifier is im-
plemented using a 90-W PEP LDMOSFET at 2.14-GHz
and the envelope short matching topology is applied at
the gate and drain ports to minimize the memory effect.
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Fig. 9. Measured ACLR performance of the low memory
and analog predistortion power amplifiers for WCD-
MA 4FA signal.
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Fig. 10. Measured WCDMA 4FA spectra of the low me-
mory and analog predistortion power amplifiers at
an average output power of 42 dBm.

The analog predistortion circuit consists of the funda-
mental path and the cuber and quintic generating cir-
cuits, and can be controlled independently for the ampli-
tudes and phases of the distortion components. To vali-
date the linearization performances of the proposed ampli-
fier experimentally, we applied the analog predistortion
linearization circuit. For WCDMA 4FA signal, the AC-
LRs at 5 MHz offset are improved by 12.4 dB at ave-
rage output powers of 36 dBm and 42 dBm, contrary
to the under 2 dB improvement for a conventional po-
wer amplifier. These experimental results show that the
amplifier with low memory effect is suitable for the
linearization using the analog predistortion circuit.
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