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ABSTRACT An active reconfigurable ultra-wideband antenna exhibiting complementary frequency notched
and narrowband responses is proposed in this paper. The frequency responses are achieved on a CPW
fed single element printed monopole antenna loaded with a pair of split ring resonators (SRR) and PIN
Diodes. The SRRs and PIN Diodes embedded on the Coplanar Waveguide (CPW) feed works as an inline
filter, when activated, exhibits frequency reconfigurability by transforming a frequency notched wideband
antenna into a narrowband antenna. Different biasing conditions (reverse and forward) on the loaded PIN
diodes toggle between frequency-notched and narrow band response of the antenna. Prototypes are fabricated
and the measured impedance and radiation characteristics are presented. This concept offers multi-antenna

functionality using a single radiator without any modification or addition to the radiator geometry.

INDEX TERMS Active antenna, frequency notch antenna, PIN diodes, UWB antenna, cognitive radio.
I. INTRODUCTION T T RF MEMS/PIN-Diodes
Modern RF systems employ transceivers which comprise I and Varctors 1
multiple antennas for different functions and applications.
Reconfigurable printed antennas are desirable in such wire-
less systems which can alleviate the undesired co-housing
of multiple antennas [1]. Reconfigurable antennas have been
studied by numerous research groups over last few decades
and a good account of the works are compiled in [2]. Recon-
figuration techniques in a reconfigurable antenna, as indi-
cated in Figure 1, can be broadly classified into four
categories: i) electrical reconfiguration, ii) optical recon-
figuration, iii) physical reconfiguration, iv) material based
reconfiguration [2], [3]. One of the recent techniques of
achieving antenna reconfigurability is cascading a reconfig- v
urable filter section in the feed line of the printed anten- 77 Structural
nas. By this technique, a single antenna can be operated ' Alterations
to work in different bands or different operating frequen-
cies [4]-[7]. Figure 2 shows a basic block diagram of such
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reconfigurable filtered based antenna. One such integrated
antenna-filter combination, where a reconfigurable bandpass
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FIGURE 2. Block Diagram of the proposed planar antenna based
reconfigurable filtenna.

filter is incorporated within the feeding line of a printed
antenna, is referred to as a filtenna in [8]. A recent paper
showing a compact broadband reconfigurable frequency tun-
able structure using single ring rectangular shaped SRRs
coupled to a CPW line provides a stop-band in the transmis-
sion characteristic of the line [9]. The structure can also be
reconfigured from band-stop to band-pass configuration by
switching the loaded pair of p-i-n diodes across slots of the
host CPW [9]. When an additional PIN diode is connected
between the two rectangular rings placed beneath the respec-
tive slots of the CPW in a diagonal fashion, it effectively
acts like a new S-shaped SRR with enhanced length and
thereby provides a new resonance frequency as also shown in
the paper [9]. Table-1 presents a comprehensive summary of
various reconfigurable UWB antennas [8], [10]-[23] reported
over last few years.

In this paper, a multi-functional and reconfigurable antenna
is realized using the design concept presented in [9] and [24].
A pair of SRRs and PIN diode loaded in the CPW feed line
constitute a dual state filter section, exhibiting frequency-
notched/narrow band-pass response depending on the sta-
tus (ON/OFF) of the PIN diode. This filter section can be
integrated in the feed-section of any CPW fed antenna. The
present antenna, due to this integrated dual state filter section,
exhibits a unique frequency reconfiguration capability that
transforms a frequency notched wideband antenna into a
narrowband antenna where the narrowband frequency com-
plements the notch frequency. A single printed monopole
antenna loaded with SRRs and PIN diodes on the feed section
provides the dual functionality. Here, unlike in [9], the SRRs
used are square shaped and no additional PIN/varactors
diodes are connected between them. The frequency notch
in the wideband printed monopole antenna is caused by the
SRRs which are magnetically coupled with feeding CPW line
and inhibit signal propagation around the SRRs’ resonance
frequency [24]-[26]. With the loading of PIN diodes on CPW
and appropriate biasing, the frequency notched wideband
antenna can be reconfigured into a narrowband antenna oper-
ating at the SRR’s resonance. The design is realized using a
printed circular monopole antenna having a wide bandwidth.
The printed monopole is fed by a CPW transmission line
loaded with a pair of SRRs and PIN diodes.

It is further demonstrated that the notch frequency and the
narrowband frequency can be tuned by changing the physical
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dimension of the SRR geometry as well as shape of the
SRRs without perturbing the radiator dimension. The various
shapes of SRRs that can be utilized are circular, square,
hexagonal and triangular. Moreover, the inclusion of the
SRRs and the PIN diodes on the feed section of the antenna
do not have any adverse impact on the radiation performance
of the antenna. Physical insight of the dual functionality
is explained using the simulated contour Poynting vector
plots. Potent application of such reconfigurable antennas are,
1) MIMO systems used for high-data rate applications, ii) cog-
nitive radio (CR) systems of Software Defined Radio (SDR)
which demand wideband and narrowband antennas [27],
iii) multiservice/multiband/multi-standard radio (MSR).

The paper is organized as follows: Sec. II describes the
realization of the dual state filter. Section III deals with the
design and development of the proposed dual complimen-
tary response based CPW fed monopole antenna. Antenna
configurations and corresponding simulated and measured
results are reported in section I'V. This section also presents
some physically insightful plots obtained from [28] which
sheds more light on the principle of operation of the proposed
antenna and are in confirmation with the measured results.
The paper is concluded in Sec. V.

Il. REALIZATION OF DUAL STATE FILTER SECTION

Proposed active reconfigurable antenna design achieves
reconfiguration features due to the reconfigurable filter
section integrated in the feed-line of the antenna. This makes
the design of the filter-section and the radiator mutually
independent which allows the proposed concept to be easily
extended to any other printed antenna. In this section, a very
brief description on the realization of the dual-state filter
section is discussed. Section—III employs this filter section
in a printed monopole antenna which effectively converts the
antenna into a reconfigurable filtenna. The dual state filter
section is realized by loading a pair of square-shaped SRRs
beneath the slot lines of a 50 2 CPW line and a pair of
PIN diodes connected between the signal lines and ground
lines of the CPW. To ensure best possible excitation of the
SRRs by the propagating magnetic field of the CPW line,
SRRs are precisely located so that centre of the SRRs falls
on the centre of the slots of the CPW. Figure 3 shows the
fabricated prototypes of such a dual state filter. The SRRs
having dimension of gexy = 2.5 mm, ¢ = 0.35 mm,
d = 07 mmand g1 = g = 0.4 mm (see fig. 6(c)
for notations)are printed on RT-Duriod 5870 laminate with
& = 2.33 and tand = 0.0009 with precise location. A pair
of silicon PIN diodes with model no. SMP 1145 are placed
on the opposite side of substrate. When the diodes are not
biased, due to the resonance of the SRR, the SRR loaded
CPW yield band-notched function. On the other hand, with
suitable forward bias voltage, the combination of SRRs and
PIN-diodes acting as ‘ON’ switch constitute a narrow BPF.
Figure 4 shows the experimental set up for characterizing
the S-parameters of the SRRs and PIN diode loaded filter
section.As indicated in Fig. 4, PIN diodes are biased ON/OFF
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TABLE 1. Comprehensive survey of the existing reconfigurable antennas.

Ref. Antenna Means of No of Antenna Type Antenna Frequency
Functionality Reconfiguration switching/tun Size Range
ing elements (mmXmm) GHz
used

[8] Tuning the operating | Varactor One varactor Dual sided 59.8 x 30 6.1-6.5
frequency vivaldi

[10] | Dual band selected Varactor and PIN 1 varactor and | Meandered and | 11.5 x8.4 | 2.39-3.0
through PIN diode diode 1 PIN U-shaped
and tuned with monopole
varactor

[11] | UWB for sensing and | Photoconductive 4 Switches U-shaped 40 x 38.5 3.1-10.6 and 5.8-
narrow band for silicon switches monopole and 6.8, 6.7-7.3, 7.0-
communicating open annulus 8.4,7.9-9.2

[12] | Wideband or four PIN diode 2 PIN diode CPW fed 80 x 60 1.3-6, 2.55, 2.6,
different narrowband monopole 2.8, 3.2GHz
operations

[13] | Wideband and Reconfigurable 1 PIN and 2 Circular disc 60x30 3.8-6,3.9-4.82
narrowband Filter section in the | varactor monopole

feed-line

[14] | Wideband and Varactor and PIN 2 varactor and | Funnel shaped 50 x 30 2.4-5, NB tuned
tunable narrowband diode 1 PIN monopole between 3.0-

4.4GHz

[15] | Wideband and two PIN diode 5 PIN diodes Elliptical shaped | 45 x 40 2.2-11,2.4-2.6,
narrow bands monopole 5-6.2GHz

[16] | One wideband and PIN diode 4 PIN diodes Folded bow-tie | 3D antenna | 0.83-2.16 and
four narrow-bands dipole, thin 0.9,1.15, 1.5 and

dipole and loop 1.85

[17] | Two wide-bands PIN diode 2 PIN diodes Slot antenna 246 x86 |52,55
(extending the BW of
1st band)

[18] | Two different antenna | Varactor and PIN 2 varactor and | Printed folded NA Antl: 6-6.6
(one employs diode 6 PIN diodes dipoles Ant 2:5.3-6.6 and
varactor and other 6.4-8
PIN diode)

[19] | Five narrow-bands Motorized rotation Motor Printed 70 x50 3.4-5.56, 6.3-10,

of substrate monopole and 2.1-3,5.4-6.2, 3-
multiple patches 3.4

[20] | Converting wideband | GaAs FET switch Two SPDT Circular 50 x 50 2-11,2.1-2.6,
antenna to 4 different switched monopole 3.6-4.6,2.8-3.4
narrowband antennas and 4.9-5.8

[21] | Tuning the operating | Varactor and motion | One varactor Dual sided 59.8 x 30 6.6-7.2
frequency actuation vivaldi

[22] | Converting wideband | PIN diodes 12 PIN diodes | Inverted U- 68x51 2.5-3.75
antenna to four shaped patch
different narrowband
antennas

[23] | Reconfigurable Varactors and PIN 4 PIN and 2 UWB monopole | 65 x 120 0.72-3.44
MIMO diodes Varactor and meandered

line monopole

using a DC bias source applied through the in-built bias Tee
of the VNA which also ensures isolation of DC and RF.
Figure 5(a) and (b) shows the measured S-parameters of the
realized CPW based reconfigurable filter for the PIN diode
in OFF and ON state respectively. As indicated in Fig 5(a),

100804

with diodes in OFF state the prototype yields band-notched
response. The same prototype, with the PIN diode in ON state
exhibits a narrow pass-band response. Thus, the SRR and
PIN diode loaded CPW can act as a dual state reconfigurable
filter.
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FIGURE 3. Fabricated prototype of the PIN-diode actuated S-SRR loaded
CPW based dual state reconfigurable filter.
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FIGURE 4. Experimental setup for characterizing the dual state filter with
bias source and in-built bias Tee.

1. ANTENNA CONFIGURATION

Figure 6 shows the schematic of the proposed active antenna
loaded with SRRs and PIN diodes on the CPW feed section.
A circular monopole having radius R is fed by a CPW
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FIGURE 5. Measured S-parameters of the realized dual-state filter section.
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FIGURE 6. Schematic of SRR coupled PIN diode loaded active antenna

(a) Top view of CPW fed printed circular monopole connected to external
bias tee with a pair of SRRs printed on the back side and a pair of PIN
diodes on the CPW slots. (b) Side View showing the printed SRRs
separated by h from the PIN diode loaded CPW feed line. (c) Schematic of
a unit cell of square SRR, a pair of which is printed on the back side of
the CPW feed line and aligned with the PIN diodes.

line consisting of ground planes having width W; and W5,
length Ls and a signal line of width S and length Ls + 7.
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The signal line and the ground planes are separated by a
symmetric pair of slot gaps, s,. The antenna is printed on a
substrate having thickness / and dielectric constant ¢,. Two
square shaped split ring resonators having dimension, dey,
which is half the dimension of the side-length of the SRR,
conductor thickness c, separation between rings d and split
gaps g1 and g» as shown in Fig. 6(c), are printed on the other
side of the substrate with their centers coinciding with the slot
lines of the CPW feed. A pair of PIN diodes are placed on the
slots of the CPW with their positions coinciding with the axes
passing through the center of the SRRs.

In the proposed configuration, the CPW is inductively
coupled to a pair of SRRs, having narrow split gaps g1 and g7,
which are symmetrically placed on the backside of the
substrate. The propagating electric field vector is polarized
along the plane of the SRRs and the magnetic field vector
is polarized along the SRRs’ axes. The propagating signal
excites the SRR, which prohibits transmission around its
resonance frequency determined by the SRRs’ dimensions
and the constitutive parameters of the host substrate yielding
in frequency notch [26]. The symmetric position of the SRRs
to optimize efficient magnetic coupling has been shown to
yield notch in the antenna impedance and radiation charac-
teristic [26], [29], [30].The CPW transmission line also being
loaded with PIN diodes which on different biasing conditions
(reverse and forward) would effectively open and short the
signal line with the ground planes. This, in turn provides
frequency notched response and its complementary narrow
band response.

The prototype was fabricated on Taconic substrate having
& = 2.33, tan § = 0.0009 and thickness &4 = 1.575mm.
The circular monopole having radius R = 12.5mm and fed
with a CPW having ground plane length L; = 22.5 mm,
width W = 50mm, signal line width § = 6mm, slot gap
S¢ = 0.3mm and feed gap ¢+ = 0.2mm was etched on one
side of the substrate. The slot gaps and the signal line width
were optimized to yield a line impedance close to 50€2. A pair
of SRRs having dimensions dey = 2.5mm, ¢ = 0.35 mm,
d = 0.6 mm and split gaps g1 = g2 = 0.5 mm, were printed
on the other side of the substrate with their axes coinciding
with the slot line in the CPW as shown in Fig. 7. A pair
of silicon PIN diodes (SMP 1145) were placed on the slots
between the ground planes and the signal line and aligned to
the position of SRRs axes. As shown in Fig. 7(b), the required
DC bias to the diodes are provided using a Mini circuits
15542 bias tee.

IV. MEASUREMENTS AND RESULTS

The proposed SRR and PIN diode loaded active antenna
is simulated using a commercial electromagnetic simula-
tor [28]. In this simulation two different configuration of
the active antenna for ON and OFF state of the diodes are
considered by replacing the diodes with the corresponding
equivalent circuits as shown in Fig. 8. The lumped circuit
parameters, obtained from the manufacturer’s data sheet,
in diode ON condition assigned in the simulation were
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FIGURE 7. (a) Fabricated prototype of the proposed active antenna with a
magnified view of the PIN diodes accommodated between the signal line
and ground planes of the CPW. SRRs are printed on the opposite side of
the CPW (b) Prototype connected to the Mini Circuits bias Tee.
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FIGURE 8. Lumped equivalent circuit of the PIN diode (a) ON (b) OFF.
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Ly = 0.45nH and R, = 22 and in diode OFF condition were
Ly = 0.45nH and R, = 5SMQ and Cr = 0.14fF. The resul-
tant HFSS model with lumped circuit parameters for both
the cases are simulated. Figure 9 shows the simulated and
measured S1; plots of the proposed active antenna for OFF
status of the diode. The plot indicates wideband characteristic
from 2.5 GHz to 11 GHz with a sharp notch at 6.1 GHz and
6.01 GHz for simulated and measured data, respectively. This
notch corresponds to the resonance frequency of the SRR
and can be varied by scaling the physical dimension of the
SRRs [26]. The variation between simulation and measure-
ment post-resonance is due to the ohmic loss arising from the
finite impedance of the PIN diodes in their OFF state.
Figure 10 shows the simulated and measured Si; of
the prototype active antenna with the diode in ON condi-
tion. As revealed in the plot, with the diode in ON condi-
tion, the antenna yields a narrowband response centered at
6.12 GHz and 6.02 GHz for simulated and measured data
and effectively complements the impedance behavior of the
antenna in diode OFF condition. Figures 9 and 10 reveal the
complementary nature of the antenna under diode OFF and
ON conditions. The active antenna with diode ON condition
provides a narrow band response due to the narrow band pass
filter formed with the combination of SRRs and PIN diodes
on the slots of the CPW. On the other hand, with diode in OFF
condition, the band notch filtering of the SRRs contribute to
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FIGURE 9. Measured and simulated S;; response of the SRR coupled PIN
diode loaded CPW fed printed circular monopole active antenna with
diodes in OFF conditions. ¢, = 2.33, thickness h = 1.575mm,
R =12.5mm, Ls =22.5 mm, W = 50mm, S = 6mm, Sg = 0.3mm,
t = 0.2mm; SRR parameters: @gy; = 2.5 mm, ¢ = 0.35 mm, d = 0.6 mm
and split gaps, g; = g, = 0.5 mm.
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FIGURE 10. Measured and simulated S;; response of the SRR coupled
PIN diode loaded CPW fed printed circular monopole active antenna with
diodes in ON conditions. Parameters as in Fig. 9.

frequency notched UWB response of the antenna. The biasing
of the diodes is conducted through 5V D.C. supply connected
to the bias tee. The current flowing through the diodes in
forward bias condition provides the DC-short between signal
and ground planes of the CPW which in turn reconfigures the
notched wideband antenna into a narrowband antenna.
Figure 11 shows the measured maximum realized peak
gain plotted against the frequency of the prototype active
antenna in diode OFF and ON conditions. In diode OFF
condition, the gain drops sharply at the notch frequency
of 6.01 GHz prohibiting radiation whereas for the rest of the
frequencies the gain remains above 0 dBi. A complementary
gain profile is yielded when the diode is switched ON and
the gain rises sharply at 6.02 GHz and drops off at either
side of the radiating frequency. The measured gain value in
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FIGURE 11. Measured realized peak gain of the SRR coupled PIN diode
loaded CPW fed printed circular monopole active antenna with diodes
OFF and ON conditions. Parameters as in Fig. 9.
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FIGURE 12. Measured normalized E and H-plane radiation patterns of the
fabricated active antenna. (a) and (c) x-y plane (E-plane) in diode OFF and
ON conditions. (b) and (d) x-z plane (H-plane) in diodes OFF and ON
condition.

diode ON condition at the narrowband frequency 6.02 GHz
was obtained as 3.59 dBi.

The measured normalized radiation patterns in two princi-
pal planes, the x-y-plane (E-plane) and x-z-plane (H-plane),
for the prototype in diodes OFF condition are shown
in Fig. 12(a) and 12(b), respectively, for 3.8 GHz, 8 GHz and
9.4 GHz. The E-plane and H-plane at 6.02 GHz for diode ON
condition are shown in Fig. 12(c) and 12(d). The radiation
patterns indicate axial null along y-axis ensuring monopole
type radiation for the x-y -plane with high cross polar discrim-
ination. The H-plane radiation yields an omni-directional pat-
tern for the x-z-plane. The simulated efficiency was obtained
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FIGURE 13. Simulated contour plots of the magnitude of the Poynting
vectors through one of the CPW slots as a function of frequency. (a) with
diodes OFF condition and (b)with diodes ON condition. (Plots are in
uniform scale).

at 92% and 76% for diode OFF and diode ON conditions,
respectively.

A more physical insight of the complementary nature of
the antenna response can be arrived by observing the mag-
nitude of the Poynting vector along the feed-line in diode
ON and diode OFF conditions as illustrated in Fig. 13.The
figure represents a 3D contour plot with x-axis being the
distance from the connector to the radiator and y-axis repre-
senting the frequency and color coding represents the point-
ing vector, plotted using field calculator option of 3D EM
solver [28]. As shown in Fig. 13(a), with the diode in OFF
condition, the SRR prohibits propagation of electromagnetic
energy at its resonance frequency yielding a notched UWB
response. Before the SRR location electromagnetic energy
of all frequencies propagating, after interaction with SRR
one frequency is prohibited from reaching the radiator. With
the diode in ON condition, a complementary nature of the
propagation is triggered where electromagnetic energy over
only a narrow frequency at approximately the SRRs reso-
nance frequency band is propagated. The rest of the energy
is reflected back to the input port as depicted in Fig. 13(b).

Figure 14 shows the simulated reflection coefficient of the
proposed antenna for different a.,; dimensions in diode ON
and diode OFF conditions. Three different a.,; dimensions
of 2.3mm, 2.5mm and 2.7mm yielded notch frequencies in
diode OFF condition at 5.45 GHz, 6.1 GHz and 6.65 GHz
while with diode in ON condition narrowband response
centered at 5.5 GHz, 6.15 GHz and 6.7GHz is obtained.
Figure 14 has an inset which shows the zoomed view of
the notch and narrowband frequencies from SGHz to 7GHz
to increase the legibility. The wide variation of the notch
and narrowband frequency using the proposed concept by
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FIGURE 14. Simulated S;; of the SRR coupled PIN diode loaded CPW fed
printed circular monopole active antenna with diodes OFF and ON
conditions for various ag,; values. Solid curves are for diode OFF case
and dotted curves are for diode ON case.
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FIGURE 15. Simulated realized peak gain of the SRR coupled PIN diode
loaded CPW fed printed circular monopole active antenna with diodes
OFF and ON conditions for various ag,; values. Solid curves are for diode
OFF case and dotted curves are for diode ON case conditions.

changing the SRR parameter and without altering the basic
radiator dimension is evident from the figure. Similar varia-
tion can also be achieved by changing the other parameters
of the SRRs like ¢, d and g. The corresponding simulated
maximum realized gain as a function of frequency of SRRs
with varying a.ys is shown in Fig. 15. The dip and peak in
gain parameters in diode OFF and ON conditions are evident
from the plots.

V. CONCLUSION

A novel active reconfigurable UWB antenna with real time
switching yielding complementary responses of frequency
notched wideband and narrowband is realized and vali-
dated in this paper. The multiple frequency reconfigurabil-
ity is achieved by loading the CPW transmission line with
a pair of SRRs and PIN diodes. The combination of the
SRRs with different conditions of diode bias yield the two
complementary characteristics. Prototype was fabricated to
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validate the simulated results with the measured impedance
and radiation characteristics. Since the notch and narrow
band frequency is determined by the SRRs geometry, several
multi-dimensional SRRs can be used for multiple frequency
notches. The antenna can be replaced with any other sensor
which would yield the desired response using the proposed
technique.
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