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Abstruct-— This paper describes a new adaptive feedfor-
ward ampliﬁer for WCDMA system using an imperfect
signal cancellation. Due to the complicated signal statis-
tics, the distortion generated by the error amplifier is
stgnificantly reduced by the imperfect signal cancellation.
Therefore, the performances of feedforward amplifier are
improved with this new adaptation technique, especially
for the modulated signals with a high peak-to-average
ratio. For verification, a 2.14 GHz feedforward ampli-
fier with 80 W output power has been implemented and
tested with digital control circuits. The results, com-
pared to the perfect signal cancellation, show maore than
7 dB improvement of ACLR at 80 W output power. The
efficiency is also improved from 7.5 % to 9 % at the same
ACLR’s. ’
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As wireless system evolves from second-generation to

INTRODUCTION

third- or fourth-generation, the linearity, efficiency, and
bandwidth requirements for the power amplifiers be-
conle tighter. Many techniques, inchiding feedforward,
envelope feedback, manifold types of predistorters, ete.,
have been employed to effectively satisfy these perfor-
niahce requirements and to reduce production cost for
various system applications. Feedforward is generally
known as the best performing linearization technique
for linear power amplifiers at RF band. Many previous
works for varions implementations and analyses of the
feedforward type linearizers have heen reported [1]-[12].
Distortion cancellation in the feedforward amplifiers is
hased on the subtraction of two signals. The degree of
cancellation is mainly determined by the amplitude and
phase balances of the signals over the bandwidth of in-
terest [2].[3]. However, due to the high peak-to-average
ratio of the ervor signal extracted at the first loop, the
error amplifier is easily saturated and the distortion gen-
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erated by the error amplifier limits the error cancellation
capability of the feedforward amplifier [4]. This prob-
lem becomes more serious as the peak-to-average ratio
of a signal or number of carriers are increased, Hence, a
larger-size error amplifier is required to amplify the er-
ror signal without generating any significant distortion.
But, the large-size error amplifier canses many problems
with cost, heating, efficiency, ete. :

It was already addressed that the perfect signal can-
cellation in the first loop of the feedforward amplifier is
not an optimum for minimizing the output error level
[5]. This means, in other words, that the error amplifier
can generate less distortion signals, when the input sig-
nal with imperfect signal canceilation is applied. To uti-
lize this benefit, & new merged adaptive control method,
which optimizes the signal cancellation level for the best
linearity of the feedforward amplifier, has been imple-
mented. For the experiments, a 2.14 GHz digitally con-
trolled feedforward amplifier with 30 W output power
for WCDMA base stations has been built and tested.
The optimally merged control technique has been com-
pared with conventional method [6],[7], using down-link
16-channel WCDMA signal.

{I. NEW ADAPTIVE CONTROL SCHEME

To adopt the beneficial effects of the impesfect signal
cancellation on suppressing the distortion generated by
the error amplifier with verv simple manner, the usual 4
adaptive control parameters(2 for the Ist loop and other
2 for the 2nd loop controls) of the feedforward amplifier
are sequentially adjusted to minimize the final output
error level. Fig. 1 shows the simplified block diagrams
to compare a new adaptation technique using the im-
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Fig. 1. Simplified block diagrams of adaptive leedforward am-
plifiers with (a) the conventional and (b} the new adaptation
methods.

perfect signal cancellation with a conventional one. The
conventional method in fig. 1{a) is also used to get an
initial adaptation step for the new adaptation technique
shown in fig. 1(h).

An execution flow of the proposed adaptation process
is shown in fig. 2. The algorithm used in this experiment
is based on the modified power gradient with an adap-
tive delta-modulation [6]. The adaptation flow consists
of two steps. Step 1 is required to scarch for the ini-
tial control voltages of the two vector modulators, and
is identical to the conventional adaptation. After con-
vergence of step 1. the control is handed over to step
2. Then, all control parameters of both 1st loop and
2nd loop are sequentially adjusted to optimize the error
cancellation level monitored using DET2.

11T, IMPLEMENTATION AND EXPERIMENTAL RESULTS

A, hinplenentation

To validate the proposed adaptive control scheme, a
2.14 GHe adaptive feedforward amplifier with 80 W av-
erage ontput power for down-link 16-channel WCDMA
signal has heen implemented. The overall main amplifier
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1st loop adaptation with DET1 h—

YES

—l{ 2nd toop adaptation with DET2 h—

STEP |

STEP 2

Fig. 2. Flowchart of the proposed adaptation process.

module has been designed to deliver more than average
100 W WCDMA signal with 30 dBc IMSR. at 2.5 MHz
offset and 65 dB of gain. The final stage of the main am-
plifier has been configured to have 720 W PEP by 4-way
combination of 180 W PEP amplifiers using motolola’s
MRF21180 LDMOSFETs. The error amplifier module
has more than 65 dB of guin and its power capacity i
4 times less than that of the main amplifier.

For the svstem, the vector modulator has been fah-
ricated by the series connection of a reflection type at-
tenuator and a phase shifter using 3 dB hybhrid cou-
plers, PIN diodes, and varactor diodes. The st loop
delay has been compensated by a coaxial delay line and
the 2nd loop delay has been compensated by a delay
filter, witich has about 15 ns of delay and 0.9 dB of
loss. For the conventional and new adaptation controls.
a pilotless error power detection method is emploved.
For the detection, the RI¥
a proper IF band to filter the main signal components
out. The adaptation algorithms described in section I}
were coded and installed. The adaptive control pro-
grams have heen run using a low cost micro-controller
based on intel’s 80C196KC CPU, 2-chanue]l ADC’s. and
4-channel DAC’s. Many other digital in/out ports are
also controlled to detect fanlts, to control PLL frequency
synthesizer for error detection, to provide alarm and
protection signals, and so on.

signal is down-converted to
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Fig. 3. PSD's with single-carrier WCDMA signal for both the new
and the conventional adaptation methodls at 49 dBm cutput
power: {a} the signal cancellation level and (b) the error can-
cellation level.

B. Erperimental Resulls

Experiments have been performed to verify the new
adaptive control scheme based on the imperfect signal
cancellation. Conventional and new adaptive control al-
gorithins have been executed to optimize the linearity
of a 2.14 GHz feedforward amplifier with 80 W out-
put power using WCDMA signal. The results for the
conventional and new adaptation controls are compared
in fig. 3 and fig. 4. Fig. 3 shows the PSD’s of two
cases, which are visualizing signal cancellation levels at
fig. 3(a) and error cancellation levels at fig. 3(b). Due
to the imperfect signal cancellation, the PSD of the new
adaptive control method is 8 dB higher than that of the
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Fig. 4. Adaptive control results (a) for [MSR's at 2.5 and & MHz
offsets versus average output power and (b) for efficiency and
average output power versus IMSR. at 2.5 MHz offset.

conventional case (see fig. 3(a)). The error cancella-
tion is improved by 7 dB to -51 dBc¢ from -44 dBc of
IMSR's at 2.5 MHz offset at 48 dBm of the average out-
put power (see fig. 3(b})). Fig. 4 summarizes the over-
all adaptation experiments with single-carrier WCDMA
signal. Fig. 4(a) compares IMSR’s at 2.5 MHz and 5
MHz offsets of the two cases for the various average ont-
put power levels. The amplifier adopting the proposed
merged control methed delivers about 4% dBm of the
average output power with -51 dB¢ IMSR specification,
which is about 1.2 dB improvement of average output
power compared with the conventional case. Fig. 4(b)
shows the efficiency and average output power for the
various IMSR’s at 2.5 MHz offset. The efficiency of the



new method at IMSR -51 dBe is about 9 %, while that of
the conventional control is 7.5 %. The optimum imper-
fect cancellation point can be easily found by referring
to the minimum output error level during the adaptive
control and the new adaptation algorithm always con-
verges to the optimum point.

IV. CONCLUSIONS

For the signals with a high PAR, the premature sat-
uration of the error amplifier of the feedforward system
call be a major performance degrading source. Due to
the interaction between the signal and IM terms, the
distortion signal generated by the error amplifier are af-
fected by the main signal cancellation level and can be
significantly reduced with a properly imperfect signal
cancellation. To adopt the benefit of the imperfect sig-
nal cancellation to linearization, a new adaptive control
method for feedforward amplifiers with merged control
of the 1st and 2nd loops has been propesed.

To validate the new adaptive control method, a 2.14
GHz digitally controlled feedforward amplifier with 80
W ooutput power for the WCDMA base stations has been
designed and implemented. The optimal merged con-
trol téchnique has been compared with the conventional
method using WCDMA signal. The new method can
improve the linearity to a considerable amount, which
backs up the proposed adaptation method. This signif-
icant linearity improvement using the proposed control
scheme can be easily acquired without any additional
hardware. This adaptation method can be applied to
any feedforward amplifiers transmitting the signals with
a high PAR.
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