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Abstract— In this paper, frequency reconfigurable spiral
patch antenna is designed. Frequency reconfiguration is
achieved by changing the electrical length of antenna with
the help of PIN diode switch. Design parameters of spiral
antenna are optimized to get improved results. After that, a
generic spiral structure is designed using these optimized
values. This will reduce complexity and simulation time.
Now, there is no need to redesign spiral structure for
different values of design parameters. Just have to put
values of parameter in their respective variable and this
generic structure will be converted to desired structure.
Thiswill reduce design complexity and simulation time.
Keywords— FR4 Substrate, Rectangular Spiral Microstrip
Antenna (RSMA), Coaxial feeding, PIN diode.

l. INTRODUCTION
Reconfigurable microstrip antenna playswider role in
wireless communication. Microstrip patch may haveng
conventional shapes exampéetangular, circular, spil etc
[1]. Rectangular spiral structure consist thin spiratgra
printed on substrate and fed from the center. Is
advantageslike reduced size, low profile and hi
efficiency. These structures show characteristick
circularly polarization with moderate gain. It chave any
number of turns. Spiral structures are broadlysifiesl into
two categories- Archimedean spiral aedtangular spire
Spiral antennas are basicallfrequency independe
antenna. Frequency independent antennas éthose
antennas whose radiation pattern, impedance
polarization remain unchanged over wide bandwi
Frequency pattern of such antenrdepends only orits
physical dimensions.Spiral antenna’s radiation patte
direction is perpendicular to plane of spiiThese antennas
have wide half power beam width ani can be used in
LAN, GSM, CDMA, RADAR applicationsetc [2]-[4].
Thus, it can awid use of different antenna for differe
services. Numerical analis of spiral by moment meths
and this antenna can be mounted over ground paatt&in
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bidirectional radiation and study of central loaglito
improve axial ratio[5]-[6].

Frequency Reconfigurability is thproperty of antenna to
change itsresonant frequency by changing structure w
radiation pattern and polarization remains unchanged
operating frequency can Imodified by adding or removing
some lengtlof the antennthrough electrical, mechanical or
any other means. The radiatipattern of this new modified
length antenna possesssmme characteristics as first one
because current distribution will remain sa

Effective kength of antenncan be changed by MEMS, PIN
diodes, optical diodesr by mechanical methods. PIN dic
switches s mostly used because they have advantage
fast switching speedgase of handling capacitypure
resistance at RF frequencexcellent isolation and less
power consumptionAlso, this switch can easily be placed
on spiral structure.

I. THEORY AND DESIGN
The smallest and largeradius of the spiral structure
definestheir respective upper and lower -off frequencies.
Band theory definetvorking of spiral antenna operating
in the region where the circumference of the spgalqua

to its wavelength [7]8] as shown in figure
B

S

Fig. 1: Basic two wirerectangular spiral antenna

Where

rl: inner radius of spiral antenna
r2: outer radius of spiral antenna
W: width of spiral patch
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S distance between turns

While designing spiral structurspiral arm is increasecy
discrete steps in the manney; &, 2a, 2&, 3a, 3a, 4a,
da....... (M-1)&, (M-1)a and Sais designed as shown
figure 2 The value of et as0.503.. The last turn lengt
4May=C is taken as outer peripheral length of spir&iamn

9.
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Fig. 2: Spiral patch configuration

Design parameters of spiral antenna kheight, length &
width of the structurelength and width of the spir
segment and gap between two tunwhich are calculate
below. The design frequency of tlstennzs 2.5 GHz.
The operating wavelength of proposed structure i
A = C/f = 120 mm(C= speed of light3x1)
1. Thickness of Substrate
h=0.134. = 16.2 mm
2. Length of substrate
L=0.6L =70 mm
3. Width of spiral patch
w =0.0133 =1.62 mm
4. First element length of spiral patct
2= 0.0503. = 6.04 mm
5. Peripheral length of spiral patct
C =4Mag=1.61.= 187 mm
We gotlength of the outermost spiral arm (C) is 187 |
which is within the range a?A\g < C < 3.g (i.e. 144 mn
and 216 mm). Thignsures antenna radic tilted beam of
the circular polarization.
This spiral structurés placed on dielectrimaterial which is
further backedby conducting ground plane. FRtype
material is selected as dielectrigubstrate which has
dielectric constant of 4.4. Thisiedectric substrate ar
ground plane botlshow same physical dimensii square
shape and same side length L whicAQsmm.
Designed spiral patch antenig excitec through coaxial
wire feeding. Coax feed is appliedagdpropriat location of
spiral structure. Coaxial connector #tacted to lower
surface of ground plane. Coaxial wire after passimgugh
substrate is soldered to spitch as shown in figure
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Coaxial feeding is mostly used because of ease to
fabricate, good impedance matching and low spul
radiation advantages [10].

/ﬁutnh.lrﬂ
] C 1

Ground \ Coaxial
Flams

Connecton

Fig. 3. Coaxial feeding of designed antenna

Il OPTIMIZATION OF THE DIFFERENT
PARAMETERS

Effect of height of dielectric substrate and lasgraent
length () of spiral patch on matching characteristics ai
as radiation properties is analyzed. Variation atfiec
parameter like the width of spiral is not discusbedaue it
has negligible effect on performance of ante
A. Substrate height optimization (h
The thickness of the substrate (H) is calculatednbé by
using the relation (0.134) from existing literature. For
optimization the antenna geometry is analyzecdifferent
values of H in multiple of 1.6 mm. Simulated retloss al
both switch ON and OFF state for different subs
heights are given in figure.

h= 12,8 mm

— h= 16 mm
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Loss

(b)
Fig. 4. Return loss for different substrate heights (h) at (a)
PIN ON state (b) PIN OFF state

Table.1: Return lossfor different substrate heights (h) at
pin on and off state

Parameter h=9.6 h=11.2 | h=12.8 | h=16
mm mm mm mm

PIN [PIN [PIN |PIN [PIN |PIN |PIN |PIN
ON [OFF|ON |OFF|ON |OFF|ON |OFF

Resonant
frequencyl) [2.27[2.7 [2.23[2.63[2.1¢|2.57[]2.11f2.1
(GHz)

Returnloss &l 1g | .14 a1 |82 |27 [17 |-10]-14
(in dB) —
From above figures and table, the optimize value
substrate height should be 11.2 mm. FR4 (Glass W}
materials of height 1.6 mm is used in seven statkgers
to maintain the height of 11.2 mm is selected &stsate.
B. Last segment length optimization I

The line segment length has important role in na@ing
axial ratio at radiating frequency. This segmemigta is

optimized for =28 (12mm) to |=5a (30mm) length.

Segment lengths of designed spiral antennashown in
figure 5.

First Seament

length a, T~

st Segmem

Tenyeth i-na,

Fig. 5: Segment length representation of designed antenna

The value of last segment lendthis obtained 24mm whil
designing four turn spiral antenna taking initig@gsent
length 6 mm (§=0.0134%). Thickness of substrate is tak
as 11.2 mm. Antenna is analgzdor nearby values
segment lengths (in multiple of=6 mm) to get best resul
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in terms axial ratio. Simulated axial ratio is giva figure
6.

Axial ratio

— =12 mm
~ i=18mm

- =24 mm

AR: 2.9dB at 2.24 GHz

= =30 mm

Fig. 6: Axial ratio for different segment length (1)

Table.2: Axial ratio for different segment lengths (1)

Parameters 1=12 1=18 1=24 | 1=30
mm mm mm mm

Resonant 2.24 2.24 2.24 2.24
frequency 6]

(GH2)

Axial ratio atf, (in | 3.34 296 | 3.27 3.93

dB)

From above figure and table, it can be seen tlve¢do axial
ratio (<3dB) is obtained fd=18mm at 2.24 GHz. Antenna
at other length parameters will not result gooccudar
polarization due to axial ratio>3c

V. PREPARING GENERIC SPIRAL
STRUCTURE

Designing of spiral structure is difficult for eyesimulation
for its every parametric variation. When wart modeling
this structure in software (HFSS), it is quite diffit to
place different size perpendicular segments. fligisrous to
remember the consecutive segments coordinate q@us
This conventional process is timensuming as well. We
may haveto change the dimensions many times. There
variable based generic design is prepared whictsés for
further simulations.
The design parameters of genertructure are shown in
figure 7 below.

Properties: second and fifthpoint - HFSSspiralsecondpoint

& Valie  Dptinization € Tuning  Sensiiviy  Statisics
Name Vaue | Unk [ EvauatedVale Description | Resdonly | Hidden |

t 0035 mm 003 - -

h 12 o 11.2m r r

L 2 nn 720m r r

ws 2 nn 720m r r

" 6 mm 16mm r r

i 6 nm Gom r r

¥ Show Hidden

Add

Fig. 7: Design properties of generic spiral structure
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Where
L, Ws and h: length, width and height of Substrate
wp, a0 and t: width, first segment length and theds of
Spiral structure
Coordinates and dimensions of all segments of Ispatch
are expressed in terms of design parameters. Seplanng
of generic structure is shown in figure 8 and eixyd
below.

D

C
L B ‘
E E
Fig. 8:Preparing generic spiral structure

Coordinates of point A: L/2, Ws/2, h

Length of segment AB:pa

Coordinates of point B: L/2, Ws/2+a0-wp, h

Length of segment BCpa

Coordinates of point C: L/2+a0-wp, Ws/2+a0, h

Length of segment CD: ga

Coordinates of point D: L/2+a0, Ws/2-a0, h

Length of segment DE: g2a

Coordinates of point E: L/2-a0, L/2-a0, h

Length of segment EF: ga

Coordinates of point F: L/2-a0, Ws/2+2*a0-wp, h

And soon........

Prepared generic spiral structure using designnpeters
which are calculated for 5 GHz and 1 GHz is shown i
figure 9 and 10 below.

]

L= |

Fig. 9:Small generic spiral structureradiating at 5 GHz
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—

Fig. 10:Large generic spiral structureradiating at 1 GHz

V. CONCLUSION

Rectangular spiral microstrip antenna is designedi ifiis
placed on FR4 substrate which is backed by conalycti
ground plane along with coax feeding. Different iges
parameters of antenna are optimized and optimizddes
of substrate height and last segment length oldaane 112
mm and 18 mm respectively. A universal spiral strceis
prepared to avoid designing of spiral structureiragand
again for different design parameters and thus diedu
simulation time and complexity.
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