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Abstract— High power wideband interferers appearing at 20,
15 and 10 MHz away from the mobile RX band edge can now
be suppressed by applying feedforward cancellation in the RF
domain where the filtering is carried out using a new bandstop
resonator. A study is conducted on the design of high selective
resonators using power splitters, short-terminated delay lines
and no attenuators. A 4-tap resonator is designed and measured
showing a 3 dB bandwidth of 11 MHz only, a maximum insertion
loss of 3.9 dB and more than 21 dB rejection. The system is
tuned to handle interferers at different locations using a voltage
control phase shifter. The cancellation performance is tested using
two 10 MHz wide LTE modulated signals representing both the
desired received signal (-50 dBm) and the interferer (-20 dBm).
The power spectrum measurements show more than 45 dB
cancellation for the interferers at 20 and 15 MHz, while 20 dB
for the interferer at 10 MHz frequency separation leaving the
desired signal with less than 5 dB insertion loss and no significant
noise is added.
Index Terms— Bandstop resonators, feedforward cancellation,
in-Band interferers.

I. I NTRODUCTION
NE of the key challenges introduced with the new
LTE spectrum fragmentation is the in-band interference, as a result of allocating many LTE bands in highly
congested parts of the spectrum. A famous example is the
Digital TV broadcasting and public safety signals whose
transmitters operate at few MHz away from the LTE
upper C band (776 MHz - 787 MHz). These interference
signals can reach the receiver with high power levels of up
to −20 ∼ −15 dBm, which will not only degrade the quality
of communication but also can cause severe impairments to
the components of the receiver.
Gharpurey et al. [1] introduced a feed forward interferer
cancellation technique which targets narrowband interferers
only (<2 MHz). In this technique, the desired signal is
down converted to DC leaving the interferer at some intermediate frequency (IF). Another example showing a hybrid
RF-DSP cancellation where the receiver linearity is much
improved and wideband interferers can be controlled. However
a successful cancellation is obtained for only large frequency
offset interferers [2]. An exploration on the possibility of
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Fig. 1. The block diagram for the setup proposed to suppress out of band
RF interference signals using bandstop RF resonators.

having a complete passive way of blocking interference at
RF using N-path filtering is presented in [3]. This method
is successful for only low power interferers as it still suffers
from non-linearity (IIP3 > 17 dBm). In this letter a new
feedforward technique is presented where both the filtering
and the cancellation are implemented in the RF domain using
a new high selective bandstop resonator. This work targets high
power interferers with only few MHz away from the receiver.
II. S YSTEM OVERVIEW
Fig. 1 shows the block diagram of the feedforward cancellation technique proposed in this letter using bandstop resonators. The received signal is first injected to a bi-directional
20 dB coupler whose coupling port is connected to a bandstop
resonator, through port forms the main path and isolation port
forms the auxiliary path. The interferer signal is reflected back
from the resonator leaving the coupler at the isolation port
where its amplified and subtracted from the main path. For this
system to work, a very sharp resonator is required with high
selectivity to separate the desired signal (d) from interferers
(i) appearing at less than 20 MHz away. In addition, the
stop band must be wide enough to cover the total bandwidth
of the desired signal to successfully eliminate the interferer
while keeping the distortion levels for the received signal at
minimum.
III. C IRCUIT D ESIGN AND S IMULATIONS
The design presented in this letter is based on the conventional structure of a 2-tap notch filter, which consists of
a power divider and combiner joined by two different length
transmission lines with a delay difference (T ) as introduced
in [4]. In this letter, the power combiner is eliminated and
a short circuit termination is added to each of the two taps.
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Fig. 2. The simulated S-parameter for the 2-tap and 4-tap resonator with a
maximum delay of 9 ns.
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Fig. 4.
The simulated S-parameter for 4-tap bandstop resonators with
different power split ratios, T = 3 ns.

Fig. 3. The circuit model of the new 4-tap stop band resonator. a- with added
attenuators, b- with unequal power split ratio.

Fig. 5. The board layout of the 4-tap band stop resonator with K = 0.7.
The outline of the board is 13.5 cm x 22.5 cm.

The signals are now reflected at the short termination, recombined at the input and a single notch appears between every
n
, where n is an odd
two peaks at frequencies f not ch = 2T
number. By increasing the number of taps (e.g. 4 taps) such
that the time delay step at each tap is a multiple of T , multiple
notches can be created in the frequency response between
every two peaks (e.g. the four quarters of the signal are
reflected out of phase). The first subplot in Fig. 2 shows the
circuit simulation results of a 2-tap and 4-tap resonators constructed using ideal components from System-Passive library
in Agilent ADS 2011. The delay elements of the first resonator
was set to a value of 9 ns, while the three delays of the 4-tap
are set to 3 ns, 6 ns and 9 ns. Having the same maximum
delay for the two resonators, the peaks will appear at the
same frequency. With this maximum delay value (Tmax ), an
interferer at less than 27 MHz ( 4T1max ) can be attenuated.
Up till now, it is assumed that all signal taps carry the same
power which will never be the case in practice. In fact, the
power combiner will always receive unequal amplitude levels
from the four delay taps. For the reason that, each delay will
introduce a different insertion loss to the signal. But, as long as
the insertion loss is directly proportional to the delay values,
peaks and notches can still be formed. In this letter, a study
is carried out on the effect of the amplitude of each tap on
the frequency response. And, it is noticed that by lowering the
amplitude of the signals reflected back from the taps with the
smallest and largest delays, the attenuation response can be
improved. This can be demonstrated by inserting additional
attenuators (e.g. 3 dB) to the first and fourth signal tap as
shown in Fig. 3-a. The circuit simulations are again repeated
for the 4-tap model with/without the attenuators in the second
subplot of Fig. 2, where more than 14 dB extra attenuation
appears for the second case, leaving the pass band with an
additional losses of 2.5 dB.

In order to avoid these extra losses, it is suggested to adjust
the power split ratio of the first power divider at the input
port instead as shown in Fig. 3-b. The power split ratio (K) is
the ratio between the power at the first output to that in the
second output. Therefore, K = 0.5 suggests distributing one
third of the signal among the two taps with the largest and
smallest delays leaving the rest of power equally distributed
among the two other taps. Fig. 4 shows the circuit simulation
results of the modified resonator with different values for the
unequal power split ratio (K).
IV. M ICROSTRIP I MPLEMENTATION AND M EASUREMENTS
Here, the 4-tap bandstop resonator circuit is implemented
using Microstrip technology. Ceramic substrate (Rogers 6010)
is selected with high prematurity (εr = 10.2, thickness = 1.27 mm) to obtain the large delays required. Meander
transmission lines with 50 ohm impedance are constructed
such that the height is less than quarter the propagation wavelength (28 mm) to suppress higher order modes. The lines are
separated by not less than 2 mm to reduce coupling losses. The
maximum required delay is calculated for a frequency offset
of 20 MHz with the interferer signal centered at 770 MHz to
be τ = 7.3 ns, 14.6 ns and 21.9 ns delay for the three taps.
The four lines are then terminated with an open circuit rather
than a short to facilitate the fabrication process and avoid the
losses added by grounded vias.
Unequal power split ratio for the first power divider is used
with K = 0.7, which is the smallest possible value for having
the line dimensions of greater than 0.2 mm for the output
ports. Fig. 5 shows the board layout for the resonator with
K = 0.7, and Table. I lists all the different dimensions for
the lines. Fig. 4 shows a comparison between the measured
S-parameters of the fabricated circuits. Measurements shows

812

IEEE MICROWAVE AND WIRELESS COMPONENTS LETTERS, VOL. 26, NO. 10, OCTOBER 2016

TABLE I
G EOMETRIC D IMENSIONS OF THE B OARD IN mm

Fig. 8. The measured power spectrum for the received signals before and
after interference cancellation with (d) at 795 MHz, (i) at 15 and 10 MHz
offset.
TABLE II
S UMMARY OF THE M EASURED PARAMETERS AND C OMPARISON
Fig. 6. The test bench for the new interference cancellation with a 4-tap
stopband resonator (K = 0.7).

Fig. 7. The measured power spectrum for the received signals before and
after interference cancellation with (i) at 770 MHz and (d) at 795 MHz.

a good agreement with the circuit simulation at frequencies
around 770 MHz which is the frequency on which the Wilkinson power splitters are designed. To obtain this agreement
on a wider band of frequency, the power splitters must be
designed with multiple sections of quarter wave transformers.
The measured resonator with unequal power split ratio shows
2 dB less insertion loss compared to the resonator designed
with equal power ratio.
V. T EST R ESULTS
Fig. 6 shows the setup of the test bench used to test the
interference cancellation using the new fabricated bandstop
resonator with K = 0.7. A fixed microstrip delay of 5 ns
together with a voltage controlled phase shifter are used
to compensate for the phase/delay in the feedforward path.
Two LTE modulated signals are generated with a bandwidth
of 10 MHz for each. The interferer (-25 dBm) is first
located at 770 MHz, 20 MHz away from the edge of the
receiver (-50 dBm). The power spectrum measurements are
first recorded for the signal at the input of the bi-directional
coupler, then at the output of the rat race ring coupler.
More than 45 dB cancellation is measured at the center
of the interferer, beside more than 25 dB cancellation over

the 10 MHz band as seen in Fig. 7, which also points to
the desired signal to interference power ratio before and after
cancellation (d/i). Measurements are again repeated with the
frequency separation reduced to 15 and 10 MHz, where in
each case the voltage controlled phase shifter is slightly tuned.
A successful cancellation for the interferer is again obtained
leaving the receiver band slightly attenuated by less than 5 dB
as shown in Fig. 8. Furthermore, a comparison is conducted
in Table II showing a high rejection for wideband interferers
at smaller frequency offsets, in addition to a higher 1dB
compression point when compared to other solutions.
VI. C ONCLUSION
In this letter, a study is presented on the design of new
bandstop resonators with high selectivity for in-band interference cancellation. A 4-tap resonator is fabricated and measured
showing a 3 dB bandwidth of 11 MHz only, a maximum
insertion loss of 3.9 dB, in addition to >21 dB rejection.
A test is conducted using two 10 MHz LTE signals: (i) with
an average peak power of −25 dBm; and (d) with −50 dBm.
Three cases with different frequency offsets are tested: 20; 15;
and 10 MHz. More than 45 dB cancellation is achieved for
the first two cases, and 20 dB for the third case.
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