Adaptive Duplexer Implemented Using Feedforward Technique
With a BST Phase Shifter

Tomas O’Sullivan, Robert Yofk, Bud Noren*, Peter Asbeck

University of California, San Diego, La Jolla, CA 92093, USA
*University of California, Santa Barbara, Santa Barbara, CA 93106, USA
*Agile Materials and Technologies, Goleta, CA 93117, USA.

Abstract — As the complexity of modern modulation through the feedforward loop. This allows for the user to
schemes increases, the noise levels inserted in the receivequickly alter the characteristics of the duplexer to achieve

?ea‘cnhiizwheto”a:sggg aiﬁealsigoilg(t:iroer?sf)?. g‘tziuspfei%?r?s optimum system performance once a receive band has
introduced, which reduces the noise levels in the receive band been specified for communication.

of the system. Feedforward techniques are used to create an

adaptive null in the receive band, which can be targeted at Il. FEEDFORWARDFOR NOISE CANCELLATION
any channel across the band. This null has been shown to
give an improved isolation of 20dB for the duplexer over a 2
MHz bandwidth. This feedforward system is implemented ~ —Smmp———— Delay ——
using a BST phase shifter toenable tunability of the
enhancement null.

Index Terms — Adaptive duplexers, BST phase shifters,
feedforward noise cancellation.
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[. INTRODUCTION

In recent years digital modulation schemes have beconfég. 1 Single feedforward loop block diagram
progressively more complex [1]. Coupled with this, many
of the traditionally analogcomponents in transmitter ~ Figure 1 shows a single feedforward loop block
systems have been replaced diigital blocks [2], [3]. diagram. A portion of the input signal is coupled off and
These factors have combined to result in more pollution okdjusted in both amplitude and phase. This signal is then
the receive band spectrum wilpurious noise signals. applied at the output to effect cancellation of all signals at
This leads to an increasing number of errors in thdéhe output. For this project the input signal is noise
received signal and reduces the quality of service to thenintentionally generated in the transmitter, which it is
end user in any mobile or cellular system. In this project iflesired to cancel, and hence the feedforward loop gives
is proposed to minimize this problem by implementing arnoise cancellation at the output. For cancellation of the
adaptive duplexer system to enable a transceiver tgignal using feedforward techniques the amplitudes of the
remove the noise which it creates, from the receivéombined signals at the output must be matched, and the
spectrum. The scheme is targeted towards handsgignals must be anti-phase. If these conditions are met
applications and hence will improve the performance othen perfect cancellation will be achieved, but if
the duplexer over the bandwidth of the single channelnismatches in the phases and amplitudes of the signals
which the user is receiving. For this project the designeg@ombined at the outputoccur then cancellation
and implemented system was targeted for the IS-98erformance is seriously degraded [5]. For a normalized
CDMA frequency plan scheme. input signal with amplitude df, the amplitude squared of

The adaptive null in the tramission characteristics of the output when there is a smatch in the amplitude of
the duplexer is achieved using feedforward techniques.A, and a mismatch in the phaseofof the signals to be
Feedforward techniques have been traditionally thought cfombined can be expressed as :
as a means for canceling distortion in amplifiers [4], but
they are also amenable to noise cancellation, as will be Murf® = [1 - cos(1) - *Acos(' 1)]? (1)
presented here. The null can be adjusted by simply + [sih() + ' Asin(" 1)]?
altering the amplitude and phase of the signal as it passes



The effect of a group delay mismatch between the pathsancellation, hence this system is inherently narrowband.
on the performance of a feedfawl system also needs to By adjusting the amplitude and phase of the signal
be considered. A mismatch in delay times will result in ghrough the feedforward loop however, it is possible to
reduced bandwidth over which the feedforward system itarget this bandlimited cancellation at a frequency of the
effective [6]. The amplitudat the output for a normalized users choosing.
input signal with a delay mismatch between the paths of The topology of figure 2 allows for a low insertion loss

'Wean be expressed as follows: and low power dissipation implementation of the system.
Incorporation of a conventional duplexer is an important
Vour = 2*cos(' Z* ' W+ $2) (2) consideration. As a result of duplexer action, the power

level of the noise to be cancelled at the output is
From equation (1) it is seen that to achieve 30 dB ofttenuated by approximate$0 dB. Because of this the
cancellation, an amplitude match to within 0.27 dB and &ignal from the feedforward loop is much lower in
phase match to within 8s required. Also from (2) it amplitude than if the system was implemented without the
can be seen that to get 30 dB cancellation over a 25 MH3UPIexer in place. Due to thfact the linear class A low
bandwidth, a delay match within 400 ps is needed noise amplifiers can be biased at a much lower level and
' ' the coupling factors used can be reduced. Hence a low

power dissipation, low insertion loss adaptive duplexer
[ll. ADAPTIVE DUPLEXERTOPOLOGY system can be obtained.

The system design for adaptive duplexer operation is IV, SYSTEM SIMULATION
shown in figure 2. The feedforward system is applied '

around a conventional duplexer to enhance its To verify the operation of the system the setup was
performance, operating between the TX and ANT portssimulated using the Agilent ADS simulation tool. An s-
The operation of this systetmas the effect of canceling parameter simulation of the system was performed to gain
noise before it reaches the physical antenna. insight into how performance varies as certain parameters
are altered. The duplexer and LNA were modeled as 2-
port s-parameter blocks and the amplitude and phase
adjustment components were treated as ideal blocks. The
optimization tool was then utilized to alter the values for
the amplitude and phase blocks to get cancellation at
various frequencies across the band.
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Fig 2 System topology for the adaptive duplexer

The system operates in standard feedforward fashi
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with a fraction of the input signal coupled off before the T e

TX port of the duplexer. The required amplitude ani 7000 _/m

phase adjustments are then applied to this signal and
signals are recombined at the ANT port of the duplexe 9% ‘ ‘ ‘ ‘ ‘ ‘ ‘
Alternatively by flipping the direction of the output 800 820 B840 Sfo STAH) 90 920 940
coupler and once again making the correct adjustments eney

amplitude and phase, the cancellation can be applied at the
RX port. The notch filter imdded in the feedforward loop Fig3  System simulation results from ADS, transmit and

to prevent signals in the transmit band from passing r?]ceive b_ar_ldslfgr ';595 CDMA are T\hOW”- Da[]k trace
through the loop. This prevents cancellation of the desired shows original duplexer opation, light traces show

. . system optimized for 3 different frequencies
TX signal through feedforward action. Unfortunately the

presence of this filter anthe duplexer in the system |, figure 3 the results frorthree different simulations

introduces a time delay mismatch between the two path§eriaid on a single pt can be seen. The darkest trace is
of the feedforward system. As described previously, thi$hat for the duplexer operation without feedforward

time delay mismatch restrictse bandwidth of effective o hancement. The other traces are for three separate



simulations of the adaptive duplexer system, with the
cancellation targeted at different regions of the band. As |
can be seen the conventional duplexer operation is

supplemented by the feedforward action over a narrow L
bandwidth. From simulations it was seen that 20 dB of Epcos B4224
improvement was achieved over a 2MHz range. This
2MHz null could be targeted at any frequency in the | M\
receive band. _
In figure 4 an expanded view of the performance of the ge0rder  class A BST Phase Variable
Notch Filter LNA Shifter  Attenuator

adaptive duplexer at a frequency of 881 MHz is seen. The
upper trace is the duplexer performance and the lowe¥ig 5 Experimental syst setup block diagram
trace is for the adaptive duplexer system.
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Fig4 Expanded view of frequency response of adaptive

duplexer operation Fig 6 BST phase shifter from Ag Materials and Technologies

V. MEASUREDRESULTS 60

40

The simulated system was then implemented and its
performance measured. The duplexer used was the 20 //
EPCOS B4224 product. The LNA was a class Adesignto 5 |
maximize linearity and the transistors utilized were /_/'/
Agilent AT-41511 components. Thé'®rder notch filter 20
was implemented using lumped L's and C’s. The phase 40
shifter and attenuator werehosen to be continuously 60 //
voltage variable to allow for adjustment of the system.

The phase shifter used was a Barium Strontium Titanate o 2 4 6 8 0 12 14 16
(BST) based product from Agile Materials. Figure 5 Vcontrol (V)
illustrates the implemented system setup.

A schematic of the layout for the distributed phaseFig 7 BST phase shifter performance
shifter is seen in figure @dere we can see the spiral
inductors and a zoomed view of the BST capacitors. The The performance of the phase shifter as the control
capacitance of these elements varies by more than 2vpltage is varied is seen figure 7. This measurement
with the application of a DC control voltage. As a result,was carried out at 900 MHz. An overall phase variation of

the phase shift along the lumped LC line can be varied2® can be obtained. The phase shift required in order to
over a wide range. tune the duplexer over the CDMA band is of the order of

100.

From figure 8 the measur@@rformance of the adaptive
duplexer at three separate frequencies of operation is seen.
It is observed that these results are similar to those
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predicted from simulation. The performance achieved is Here G is the gain, F is the noise figure of the class A
an added isolation of greater than 20 dB over a 2 MHamplifier and C is the coupling of the output coupler. This

bandwidth at any point in the receive band.
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gives an added noise level of 0.355*(kTB).

For the topology where the cancellation is applied at the
RX port, the signal to be cancelled is dependent on the
level of antenna mismatch. Hence to maintain optimum
cancellation, an adaptive technique may be required.

VII. CONCLUSIONS

In this paper the operation of an adaptive duplexer
system has been demonstrated. The system operation has
been shown to be effective through both simulation and
measurement. It has been shown that the system improves
the performance of a duplexer by 20 dB over a single
channel bandwidth. This approach can be applied in
handset applications to improve performance with a low
cost both in terms of power dissipation and insertion loss.
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Fig8 Measured adaptive duplexer performance, dark trace

shows original duplexer perfmance, light traces show
system optimized for 3 different frequencies

Table of Performance

To further investigate the performance of the system,

the adaptive duplexer was optimized over the 25MHz

receive band in 1IMHz stesd the attenuation and phase

shift at each frequency wasaorded, as shown in figure
9. The variation in the amplitude across the band is
minimal but there is a significant variation in the phase
shift (light trace). This is due delay mismatch between

Added Attenuation 20dB
Attenuation Bandwidth 2 MHz
Insertion Loss 0.27 dB
Power Dissipation 9.75 mW
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Fig 9 Variation in attenuatioand phase required to achieve

enhancement across the band

The noise added in the regeiband due to the operation
of the feedforward system waalso measured. This was [5]
done by measuring the noise figure and gain of the error
path and using the following relation [6]

NADD = kTBGF/C (3)

Research Office.
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