Luternational Junrnal on Wireless aml Optes] Conusumentions —
Vol. 2. No. 2 (20041 1K1 187 world Soientifle
o World Seientilie Pubhishing Compans

WA WO GEnEnTY o e

A COMPACT ELECTRONICALLY
RECONFIGURABLE DUAL FREQUENCY
MICROSTRIP ANTENNA FOR L-BAND
APPLICATIONS

S. V. SHYNU. GLJO AUGUSTIN. C. K. AANANDAN, I MIOHANAN
and K. VASUDEVAN
Centny for Rescarch in Electromagnelics and Aniennas,

Departineni of Electronaes. Cochm Unaversity of Scrence and Technology.
Kochi 682 022. Kerala, India

Aceepted 18 May 2005

A novel design of & compiict electronieally reconfigurable dual frequency dual
polarized single feed hexagonal slot loaded microstrip antenna in L-band s
introduced in this paper. Pin diodes are nsed to switch the operating frequencics
considerably, without mueh atfecting the radiation charncteristios and gain, The
antenua can work with a frequency ratio varviog in a wide range from 1.2 to 1.4
The proposed desizgn has an added advantage of size reduction up to 72.21% and
LA TE tor the rwo resonating frequencies. compared to stundared reetang b
patelies, The design adso gives consderabile idwidely ol np o 22329 el 202

for Pl bwer oprerat g freguenrnes

Kewweonds Reconhenrable sntenna dual regueney: dual polarized: wicrostep
pivteh anesan: pine diode

1. Introduaction

DPrial frequency isiltipolarzation mierosteip aotennas have wide applications in satellite
hase conununication. atr ronte surveillance. GES and mobile satellite personal comnmnni
cation svstems (Holf of ai, 2003: Laxev ot al., 2000: Shynu of al,, 2004, Recontly widh
sattention has beer antained by these rvpes of anmtennas in satellite and mebile conm
tieation systemis ta abiain polarization diversiy for good performance of recoption e
transmission or to negrate the receiving and transmitting funetions into one antenis fo
reddneing the antenna size [Fan & Yahva, 20022 Chen of ol 2004]. Recondienrabl HICTOST T
sntennas ean be nsed 1o cover these nmbiple fancetions with o single amenga apertare. This
will inerease antenna efhiciency and signal processing speed while maintaining high degos
of Hexibility, Al these applications nesd a compaer reconfignrable microstrip antenns b
g better binudwidth and easy swirehing capabilinies, [n this paper we demonstrate a gove
cotnnact single feed clectronically recontigurable microstrip patel antenna with o switeliahb
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extended dual arm hexagonal slot for dual freguency operation and enhanced size redncrion
I'wo pin diodes are embedded in the arms of the central hexagonal slot to switel the rw
resonant frequencies of the anmenna, considerably. by changing the electrical length of 1l
stot. Thus multiple fregquencies are generated in asingle antenna aperture by controlling tis
DC bias of the two piu diodes. Transmission lines are avoided in between the active compeo-
nents and the radiating element so rhar added noise and ohmic lusses are suppressed asud
the resulting structure is more compact. The new design has the added advantage of high
area reduction. berter bandwidth and good matching for all operating frequencies compared
to conventional icrostrip patch anrennas and offers a high flexibility in frequency runmg.
Anather attractive feature is that the antenna shows almost similar radiarion patterns at
all operating frequencies without much reduction in gain. The design has been successinll
imnplemented and experimental results are presented.

2. Antenna Structure and Design

The geometry of the proposed reconfignrable microstrip patch antenna with dual arm hexag-
onal slot is illustrated in Fig. 1. A squarc microstrip patch anrenna with side dimension L
i~ [abricated on a substrate of thickness h and relative permirrivity €, A hexagoual slot of
side parameters [, aud 1 with two identical slot arms of length [, and width w,. extending
up to the edge of the square patch is placed at its cemer. Two surface mowm pin diodes
D, and D5 are positioned at the slot arms with distances £y and ry respectively from the
hexagonal side. The positions of the diodes ry and ry can be suitably cliosen 1o get 1l
desired frequeney ratio. Good DC isolation is obtained by embedding two sid capacitors
'y and s on the protrading <lot anns as shown in the Fig, 1. DC bias voltage is applied ro
the patch through two chip inducrors. which controls the pin diode states. The diodes
placed in such a wiy that one is torward hiased sud the other in reverse, at o thoe, <o i

PIN diode (D)

Microstrp line
feed

| L G PIN diode (D2)

Fig. 1. Geomelry of the proposed reconfigurabile dual frequency antenna controlled by pin diodes. Antenna
paramelers are given in Fig. 2.
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resonant frequency of the antenna cau be sclected by appropriately biasing the diodes. The
autenna is electromagnetically coupled using a 50 ohm microstrip line as shown in Fig. 1.

The fundamenal resonant frequency of the conventional unslotted square pateh is
1.884 GHz. By loading the hexagoual slot alone the operating frequency can be lowered
to L7 GHz. results i greater aren reduction. “The extended slor arms splits the fundamen
tal resonant frequency of the sguare microstrip patch with hexagon alone, into two separate
resonant modes, TNy and 1My, with orthogonal polarization planes. Thus the contral
hexagonal slot with the two =lot arins considerably increases the effective lengths of the two
excited resona modes, ‘TN, and TNy, and the excited patch surface current densities
are perturbed in such a way that rthese 1wo modes can be excited for dual frequeney oper-
ation with a single feed. The length of the slot anus determines the frequency ratio of the
two operating frequencies awd a constant frequencey ratio will be maintained for same slot
arm lengths. Thus desired frequency reconfiguration can be readily achioved by switching
the two slots with differemt lengrhs, by cinbedding the pin diodes.

When the pin diode is on. it essentially behaves as equivadent short cirenit. thas driv-
ing the currents on the pateh directly through it. reducing the effective length of the <ot
Since Dy and )y are placed at r; and ro. to achieve different slot lengths, dual frequency
seneration is accomplished by different frequency ratios. depending on which diode is for-
ward biased. When both diodes are off. the currents have to low through the capacitors
Cy and Cy. with an increased enrrent path. resulting in rhe shifting of resonant frequencies
towards lower frequeney region with another frequeney ratio. The advantage of this desien
i= that the pin diodes ¢ be placed ar any position of the two slor arms for ditfferent e Lol
roovalnes, withont neh affeering the good return loss charactenistios and badwidein for o
single feed position. Phis properiy of the design gives more Hexibility in froguency sonime
where frenueney rigio varies ina wider vange 1.2 w01

Jo Experimental Resalts

I Lie proposed reconfignrable antenna s tested nsimg a HP 33100 Nector Network Aualyzer
When rthe protrading slor arins are absent, the antenna shows a single resonant fregueney
ar L7EGHz ek lower (144 MHz) than the findimental resonant fregueney (1854 GHz)
of the unslotred sqnare pateh anterma. Fhos the hexagonal slot of side parameters 1 and £,
placed at its center reduces the ndamemal resonant frequency of the pateh from 1.854 Gl
to LT4 GHz, wiving enhanced size reduction.

When both diodes. £y and D are off. the anteuna resonates at 1.21 GHz and 1.675 GHz
with a frequency rano L3845, By turning on the diode Dy, positioned at ry = Onon, the
first resonant fregueney shitts 150 MHz and second by 5 MHz giving excitations a1 136 Gl
and 1L.67 GHz with & much lower freguency ratio 1.2279. Also by keeping s o, positioned
At o = M. the operating frequency ratio can be bronght 1o 1.29, where the amenns
resonates at 1295 GHz and 1675 Gz, T all these three diode states the anteni las o good
matching below =10dB ar a single feed position. Figure 2 shows the measured retnrn loss
(S11) of the antenna with dimensions L = dem, 4 = = O em. 1) = Do, oy = S e,
i, =00 em, b= L 1Gem and €, = 3.8,

The new design provides a maxinnun area reduction of 72.21% for the lirst resonam
frequency and J6.51% for the second resonant frequeney. compared ro standard rectanguiar
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Return loss (dB)

Frequency (GHz)

Fig. 2. Measured return loss (Sy1) of the antenna for the three pin diode states, (L = lemg ly = o = 08 e
ry =0em, rp = 083cm. wy = Olem. b = 016 cm and €, = 3.98).

patches. which proves the compactuess of the proposed design, snitable for the carly wien-
tioned applications in L-band. Morcover. bandwidths up to 2.82% and 2.12% respectively
have been obtained in the two modes. in all the three diode states.

The trausmission characreristics are measured using HP8510C Vector Network Analvzer
interfaced to a S3LOC Antomatic Antenna Position Controller and an IBM PC. The designed
reconfigurable antenna is kept in the transmitting mode and a wide band standard Lhorn is
nsed as receiver. RE signal and o DC voltage sonree are applied to the reconfignrable antenna
e the teansmnt g, mende aned the poser reeeived by the wiede bl born, e the vertieal
plane s stored as o linetion of fregqueneys for e pactenae PEN diode states The tragesnt s
amtenna is then rotted 90 1o record the reccived power as o funetion of frequensy in the
horizomal plane. The sinalysis of the recorded datacin botl the planes reveals that the
resonant frequencies are in orthogonal polavization planes, The experiment s cieried om
for all the three PIN diode states and it is fonnd that the polarization ol the two aperaning
fregueneies is essenrially same i oall the Jdiode states, Fig. 3.

Gain measareinents are earried om using the gain comparisou method with standani
cireular patches Fabricated in the dieleetric substrate of €, = 308 For the lest resotaant
frequency the sain s fonnd to be 363 dB1 and 3.57 dBi respectively, when Dy oo 1 e
on. In the case ol second resonant frequeney i is 5.6 dBi and 5.4 dBi when Dy and D4 are on
respectively, When both the diodes are off. the measured gain for first resomnnt freguenes
is .38 B s tha of second resonant requency is 5,07 dB3i,

The radiarion patrerns are measured for three diode states and plotred in Fig. 1 Al e
patterns <show simianr broadside radintion characteristios withowt any distortion even afe
the diodes are tarned ONL which is bighily desirable tor frequency reconfignrable sarenis
Althongh the maximum radiation direcrion shows some sfight variations, the power if
ference between them in all the diode states are below 001dB. e measured 3413 bean
width for the two resonant frequencies i dillerent PIN diode states are shown in Table |
Fabde 2 lists the variation of maxinn radiation direction in degrees, {or the two operating
freguencies i dilferens diode <tates
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Fig. 3. Variation of received power with trequeney for the two orthogonal polarization planes for all the three
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Tabde 1. Mewsured bean wadth g degeves or fiest sd second resonam tregpuene s
for all PIN<diode states

First resomont frueney, fy Second resonant Ireguenes. [

( ON 1 ON Iy N Ds L] I ON I ON Dy N T 00)

F -l a4 AL i 112 L 154

=1 L =1 ~4 wN N S 4
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Table 2. Maxunum radhation direction i degrees for first and second resonant Ire-
quencies for all PIN-diode states.

First resonant frequeney. [y Second nsonant frequencey, fo

In ON .f)-- ON fj; S l)'.l OrF D| ON Dg ON D| &’J’;f Ol

L= Plane <t bR aul” ug* Yl I
H-lane P L5 N7 8 85 95"

4. Conclusion

A novel clectronically reconfigurable dual frequency. dual polarized microstrip patcl: antenua
snitable for compact L-band operation is reported in this paper. The autenua nses a highly
simplified circuitry of pin diodes. without any transmission lines. for switching the operating
frequencies. The frequency ratio of the antenna varies in a wide range of 1.2 o 1.4 with
a good bandwidth of 2.82% and 2.42% for the two resonant modes. The added advantage
of the antenna is that its high size reduction of 72.21% and 46.84% for the two operating
frequencies compared to standard rectaugular patch. without much reduction in gain.
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