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This paper presents a spiral antenna design operating in the frequency range of 1–15GHz having both selective notch bands and
wideband response. The main feed arm of spiral antenna is configured as rectangular monopole of width quarter wavelength to
achieve impedance matching with standard 50Ω excitation. Frequency tuning in the design is achieved by placing varactor diode
at an appropriate position along the spiral arms and in the ground plane. The design offers a peak gain of 3.4 dB (simulated) and
3 dB (measured). The unique frequency response of antenna makes its suitable to be used for front-end system of cognitive radio
for sensing the spectrum in various modes.

1. Introduction

The development of antennas in the past five decades has
gone through various design changes, in order to enhance
the overall radiation characteristics. The antennas which are
being used in the presentwireless communication technology
are either having amultiple frequency response or awideband
response. But the rapid growth in the field of microwave
communication has put a demand to develop antenna with
wideband response due to their high data rates, great capacity,
simplex design, and low power consumption. However, an
antenna with ultra-wide band response mainly finds its
application in electronic warfare and military purpose. It is
found in [1–3] that, frequency independent antennas like log-
spiral, rectangular spiral and Archimedean-spiral are suitable
to provide a wideband frequency response, but the problem
that arises in such antennas is with the feeding system due
to increased antenna impedance which is generally in the
range of (140–200)Ω. So special wideband balun is required
to be designed [4–6] for providing an impedancematching in
the wide microwave range of frequency thereby making the
whole system much more bulky and putting a constraint in
their application.

Another main drawback of UWB antennas is their
interference with existing communication channels like GSM

(900–1800GHz), UMTS (1.92–2.71 GHz), local area network
(WLAN 5.15–5.825GHz), and worldwide interoperability
for microwave access (Wi-MAX, 3.3–3.7 GHz) IEEE 802.11a
in the United States (5.15–5.35GHz, 5.725–5.825GHz). The
interference produces a high impulse noise which is difficult
to eliminate at the receiver system and thereby increases the
complexity of whole communication system.

The cognitive radio system is the upcoming wireless
technology for very high data rates even beyond 100Mbps.
Such a system requires a few design specifications which the
antenna should meet. For example, antennas are expected to
have a dual nature of frequency response, that is, wideband
response to support higher data rates and multiple frequency
bands so that they can support present wireless technology
and the existing applications. Also features like frequency
response conversion from wideband to multiple band and
vice-versa and coarse and fine tuning for lower frequency
range to support variety of applicationwillmake the cognitive
systemmore efficient and smarter and allow to sense the spec-
trum in various modes like full mode (wideband spectrum
scanning) and licenced and unlicensed bandmode (scanning
only selective frequency bands). This will certainly help to
tackle the problem of spectrum scarcity.

In this paper, a design of spiral antenna is presented
to meet the design requirements of upcoming and present
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wireless technology. The spiral antenna is designed to
operate in the frequency range of 1–15GHz. The arms of
spiral are configured as rectangular monopole to provide
an impedance matching with standard 50Ω excitation. A
frequency response switching between selective band and
wideband along with the tuning is achieved by changing
the antenna electrical length with the placement of varactor
diode at an appropriate position along the spiral arms.
Optimization of ground plane is also performed to investigate
its effect on the frequency response.

2. Spiral Antenna Design

The antenna is designed by taking a FR-4 substrate of
permittivity (𝜀

𝑟
= 4.3) and loss tangent (𝛿 = 0.025). The

procedure begins by configuring each arm of the spiral as
rectangularmonopole.Thewidth of arm (𝑤) is taken as 𝜆

𝑔
/4,

where

𝜆
𝑔
=
𝜆
𝑟

√𝜀eff
=
𝑐

𝑓
𝑟√𝜀eff
,

𝜀eff =
𝜀
𝑟
+ 1

2
,

(1)

where 𝜀eff is effective dielectric constant,𝑓𝑟 is higher resonant
frequency, and 𝜆

𝑟
is resonant wavelength.

Therefore, assuming 9.2GHz as the higher resonant
frequency, the width (𝑤) is calculated as 5mm. Figure 1(a)
shows the basic geometrical design of spiral antenna which
is composed of six arms. The alternate arms width has been
kept as 2𝑤, so as to increase the overall effective area which
will eventually help to shift frequency bands response towards
lower range also. Since the presented design is configured
as microstrip, the ground plane dimensions are calculated
using transmission line model [7]. The calculated ground
plane dimension is at length (𝐿

𝑔
) of 157mm and width

(𝑊
𝑔
) of 126mm. Figure 1(b) shows the layout of modified

ground plane having a rectangular slot of cut-out width 2mm
along with the connection pad for varactor diodes which are
incorporated for frequency tuning later.

2.1. Frequency Tuning and Biasing. Thecoarse and fine tuning
of frequency response in the designed spiral antenna is
achieved by placing varactor diode at an appropriate position
along the spiral arm and ground plane. Figure 2 shows the
placement of varactor diodes along with RF/DC isolation
network. Varactor diode model MA46H071 GaAs is used
in the design. The main purpose for introducing varactor
diode instead of PIN diode is to control the antenna electrical
length (𝛽𝑙) and hence the resonant frequency with the help
of DC bias. The equivalent circuit of diode proposed by the
vendor is a series of RLC circuit with a parallel capacitance
as shown in Figure 5(a). For diode model, the typical value of
a series of resistance (𝑅

𝑠
) is 5Ω and a series of inductance

(𝐿
𝑠
) is 5 nH. The plot for junction capacitance (𝐶

𝑗
) as a

function of reverse bias voltage for MA46H071 is shown in
Figure 5(b).

The DC isolation in the design is given by a capacitor
which offers low impedance at the RF frequency. So a DC

blocking capacitor of 220 pF is placed along the main arm of
spiral as shown in Figure 2(a).

It is important to note that for the placement of diode
and DC blocking capacitor, a gap of 1mm has been formed
at the respective arm. This gap discontinuity introduces an
extra capacitance in the form of equivalent ∏-network as
shown in Figure 3. However, the extra capacitance (𝐶

𝑥
) given

by reversed biased varactor diode and DC block will modify
the equivalent circuit as shown in Figure 4. The numerical
value of the capacitances can be found [8] using (2):

𝐶
𝑝
= 0.5 𝐶

𝑒
,

𝐶
𝑔
= 0.5𝐶

𝑜
− 0.25𝐶

𝑒

𝐶
𝑜

𝑊
pF/m = (

𝜀
𝑟

9.6
)

0.8

(
𝑠

𝑊
)

𝑚𝑜

exp (𝑘𝑜) ,

𝐶
𝑒

𝑊
pF/m = 12(

𝜀
𝑟

9.6
)

0.9

(
𝑠

𝑊
)

𝑚𝑒

exp (𝑘𝑒) ,

(2)

where 𝑚𝑜 = (𝑊/ℎ)[0.619 log(𝑊/ℎ) − 0.3853], 𝑘𝑜 = 4.26 −
1.453 log(𝑊/ℎ), for 0.1 ≤ 𝑠/𝑊 ≤ 1.0, 𝑚𝑒 = 0.8675, 𝑘𝑒 =
2.043(𝑊/ℎ)

0.12, for 0.1 ≤ 𝑠/𝑊 ≤ 0.3. With 𝑠 = 1mm,𝑊 =
5mm for arm 1 and 10mm for arm 4, 𝜀

𝑟
= 4.3, ℎ = 1.6mm.

Next, the radio frequency (RF) signal is isolated by
putting a low pass filter (LPF) between the +ve connection
pad and diode cathode terminal via a high impedance line
(100Ω). The LPF is a ceramic SMD component of Johanson
filter. Figure 6 shows the plot of RF isolation, which is
well below −30 dB indicating that RF signal will be isolated
effectively. It is important to note that at higher frequencies,
parasitic package effect of lumped components becomes
more significant; here in the design this has been accounted
to some extent by the use of high impedance line along with
the filter whichwill provide an impedancemismatch between
the antenna and DC source and will isolate RF.

To achieve frequency tuning at a greater extent, the
ground plane of antenna is modified by introducing a square
slot and three varactor diodes are placed between the slots
in three different directions as shown in Figure 2(b). Lastly,
the antenna frequency tuning network is biased via a typical
voltage regulator circuit made using IC-LM317 as shown in
Figure 7.

3. Results and Discussion

A numerical analysis of the proposed spiral antenna design
is done using computer simulation tool (CST-2010) which
works on finite integral numerical technique (FIT) [9].
Initially the design is solved without any diode biasing and
a unique frequency response having both selective notches
and wideband in the range of 1–15GHz is achieved as shown
in Figure 8(a). The excited wideband response is due to
the increase in adjacent spiral arm width which allows a
better continuous exponential decay (𝑒−𝛽𝑙) of antenna surface
current from the main arm towards its progressive arms. On
the other hand,multiple notch frequency bands are resonated
towards the lower side of spectrum (L-S band) due to antenna
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Figure 1: Spiral antenna layout (top view), (b) antenna modified ground plane.
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Figure 2: (a) Spiral with diode and RF/DC isolation, (b) varactor diode placement in ground plane.
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Figure 3: Gap discontinuity equivalent circuit.

overall effective length and discontinuities between the adja-
cent arms which creates multiple maxima and minima in
the current distribution at the rejection frequencies. A close
agreement in the simulated and measured result of reflection
coefficient can be seen in Figure 8(a).

The comparative wideband gain plot of simulated and
measured result for the design without any diode biasing is
correspondingly shown in Figure 8(b). The design offers a
peak simulated gain of 3.4 dB and measured gain of 3.25 dB
in the full band of 1 GHz to 15GHz. A detail frequency

Cx

Cg

Cp
Cp

Figure 4: Modified equivalent circuit.

and gain analysis are illustrated in Table 1. The surface
current distribution simulated for the notch frequency bands
at 1.93GHz, 2.79GHz, 3.47GHz, and 4.45GHz is shown
in Figure 9. It is observed that since the antenna surface
current is relatively the same, the E-field pattern produced is
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Figure 5: (a) Equivalent circuit model of varactor diode, (b) plot of diode junction capacitance.

1 3 5 7 9

Frequency (GHz)

RF isolation0

−10

−20

−30

−40

−50

−60

−70

−80

−90

−100

S 2
1
/S

12
(d

B)

Figure 6: Plot of RF isolation versus frequency.

IC1

LM317

0.1uF

1

23

5K

240Ohm

10uF
C1

C2

R1

R2

Vin (28V max)
Vout

Figure 7: Typical voltage regulator circuit.



Advances in Electrical Engineering 5

0

−5

−10

−15

−20

−25

−30

−35

−40
2 3 4 5 6 7 8 9 10 11 12 13 14 15

Frequency (GHz)

Simulated
Measured

S 1
1

(d
B)

(a)

2 3 4 5 6 7 8 9 10 11 12 13 14 15

Frequency (GHz)

Simulated
Measured

5

4

3

2

1

0

−1

−2

−3

G
ai

n 
(d

B)

(b)

Figure 8: Plot of (a) reflection coefficient, (b) gain (without diode).
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Figure 9: Antenna surface current at (a) 1.93GHz, (b) 2.79GHz, (c) 3.47GHz, and (d) 4.45GHz.

Table 1: Frequency band and gain analysis for antenna with diodes
OFF.

Parameter Simulated
frequency (GHz)

Peak gain (dB)
Simulated/measured

Selective
resonant bands 1.93, 2.79, 3.47, 4.45 2.78/2.65

Wideband 5.7–15 3.4/3

comparable as shown in Figure 10.The antenna under no bias
condition has vertical polarization all the selective resonant
frequencies shown in Table 1.

Next, in order for the antenna to support multiple
frequency channels, there is a need to convert wideband into
notch bands. This is achieved by placing a varactor between
the 3rd and 4th arm of the spiral as discussed in Section 2,
which suitably helps to vary the antenna electrical length and
eliminate the continuous time decay current component.This

Table 2: Resonated frequencies at different diode junction capaci-
tance.

Bias
voltage (v)

Junction
capacitance (pF) Resonant frequencies (GHz)

4 0.9 1.1, 2, 2.8, 3.51, 4.88, 5.55, 6.3, 7,
7.71, 8.46

0.5 2 1.07, 1.97, 2.76, 3.26, 3.51, 4.88,
5.66, 6.32, 7.72, 8.49

allows a fine tuning of frequencies in the spectrumof selective
band as function of diode junction capacitance as shown in
Figure 11(a). The excited notch resonant frequencies for the
spiral with two different diode reverse bias capacitances are
illustrated in Table 2.The radiation pattern plots for the notch
band mode of antenna are not presented here, since they are
comparable to those of antenna operating without any diode
biasing.
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Figure 10: Relative power pattern (dB) plots in E-plane (𝑥𝑧) without diode.

Table 3: Resonated frequencies for different diode ON-OFF conditions in ground plane.

Diode ON Diode OFF Resonant frequencies (GHz)
Selective band/wideband

D1 D2, D3 {1.89, 2.63, 3.23, 3.66, 3.82, 4, 4.38, 4.99, 5.28, 5.64}/{6.15–10}
D1, D2 D3 {1.89, 2.38, 2.63, 3.28, 3.42, 3.66, 3.84, 4, 4.39, 4.98, 5.32, 5.64}/{6.15–10}
D1, D2, D3 — {1.19, 1.72, 2.15, 2.33, 2.62, 3.26, 3.66, 3.85, 4, 4.42, 4.97, 5.33, 5.63}/{6.13–10}

Lastly, the switching action of three varactor diodes
placed in the antenna ground plane provides a frequency
band conversion back from multiple notches to notches
and wideband which can be seen in Figure 11(b). Three
different ON-OFF conditions are used in order to have
increased frequency reconfigurability option in the design.

The diode ON-OFF conditions and their corresponding
resonant frequencies are illustrated in Table 3. However, here
in this case, a variety of radiation pattern are observed in the
shape of omnidirectional, butterfly, eight and flower petal.
This explains that, with diode placed in the antenna ground
plane, both frequency andpattern reconfigurability have been
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Figure 11: Computed reflection coefficient plot with (a) diode bias and (b) with ground plane diode switching.
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Figure 12: Measured plot of 𝑆
11
(a) at 0.9 pF and (b) at 2 pF.
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Figure 13: Measured plot of 𝑆
11
(a) at D1 condition (b) at D1 + D2 condition.

achieved (Figures 12 and 13). The unique pattern plots in E-
plane for D1, D1 +D2, andD1 +D2 +D3 condition at some of
the resonant frequencies are shown in Figures 14 and 15. The
polarization forD1 condition at 1.89GHz and 2.63GHz is ver-
tical and at 4.99GHz is horizontal, whereas for D1 +D2+D3

it is again horizontal polarization. However, small grat-
ing lobes are observed at 4.98GHz, 4.99GHz, 5.28GHz,
5.23GHz, and 5.64GHz, because these are the frequencies
at which more than one spiral arm has dominant current
distribution.
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Figure 14: Relative power pattern (dB) plots in E-plane (𝑥𝑧) for D1-ON.

The radiation pattern plots for D1 + D2 configuration are
not illustrated since they are comparable to those with D1
configuration.

It has been observed that a slight shift in the measured
frequency response has occurred in diode bias conditions and
ground plane diode switching conditions.This is possibly due
to the rough soldering at the terminal joints of varactor diode
and DC blocking capacitor. However, the unique pattern
of frequency response as that of simulated results is also
preserved in the measured results.

4. Fabricated Design

The design shown in Figure 16 is fabricated on lossy FR-4
material and a thin layer of tin has been coated on the antenna

to prevent oxidation of copper material. The RF choke and
blocking capacitor is of ceramic type with SMD package.
Standard 50Ω SMA connector is used to provide RF feed in
the antenna.The red wire indicates a +ve DC connection and
black wire is for DC ground.

5. Conclusion

Amicrostrip configured planar reconfigurable spiral antenna
design has been demonstrated. The unique frequency
response of notch and wideband together makes the antenna
suitable to be used for front-end system of cognitive radio.
Also the frequency band conversion from notch and wide-
band to multiple notch frequencies by placing a varactor
diode at suitable position along the spiral arms not only
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Figure 15: Relative power pattern (dB) plots in E-plane (𝑥𝑧) at 2.15 GHz for D1, D2, and D3-ON.

(a) (b)

Figure 16: Implemented printed circuit board, (a) antenna view and (b) ground plane view.

increases support of various frequency channels but also
helps to avoid adjacent channel interferences due to wide-
band. The measured and simulated results of the proposed
design without any diode biasing are in close agreement to
each other. It is found that the radiation patterns at reso-
nant frequencies are almost comparable when the antenna
is operating without any diode biasing. Thus we can say
that designed antenna exhibits frequency reconfigurability.
However, grating lobes which are the undesired lobes do exist
when the antenna ground plane is modified with three diode
switching conditions.

The future work aims to find techniques to minimize
the grating lobes and develop a smart array of such antenna
design which will eventually help to provide a greater degree

of freedom in frequency scanning of spectrums for the
various mode of cognitive radio.
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