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Highly Broadband Circular Polarized Patch Antenna
with 3 Phase Feed Structure

Rohin Theunis', Maaren Baert!, Paol Leroux!, Wim Dehaene!
TESAT MICAS, KU Leuven, Leuven, Belgium, mbin.theuns @esat kulewven.be

Abwfrect—In this paper a highly hroadband ciccolarly polar-
iwed paich antennn design is shown. The design feabures severnl
novelties which includes the use of a 3 phase leed circular paich
for optimal axinl rotio and the 3-phose microstrip feed strochore
to excite the patch antenna. Combining those techniques provides
superior bandwidth in both refumn less and axial ratio compared
to clasical rectangular patch designs as shown by simuolation
ungd mensurements,

frdex Terms—dircular polarized antenna, patch.

[. [wTRODUCTION

One of the himiting faciors in indoor communicabon and
lecalization sysbems 1s multipath propagabon. For communicar-
ticms sysbems this effect wall tnireduce Bding and inter symbal
tnberference. With the use of circular polanezbon, it 15 poesible
tx abtienuate the paths with an odd mumber of refections. The
paths with only one reflection tend 1o have the most influence
the channel response. For indoor pesiticning and localization,
multipath propagaticn 15 one of the main sources of ermor an
these kind of systems. When lecking atl the different pathes that
happen tnside a room, 1k can be seen that most of them an
grouped close together and the difference between the paths
i rather small. This small path length difference peeds o
multiple of the maximum allowed bandwidih 10 be able 1o
distinguish those from sach other in some occosions. I the
circular polanzed antenna can remove some of those neflected
paths the bandwidih can be reduced.

The design of this anlenna 15 opbmized for o cenber Fre-
gquency of 5.8 GHz o facilitabe b vse of the 5.8 GHe [SM
band and the 5 (iHz 802.1 La band.

Il. ANTENNA DESIGH

The proposed antenna structure consists out of two pronted
circuit bomrd made outl of 1 mm thick FR4 with an e of
1.2 a= shown in Agure 2. The paich 15 placed 4 mm above
the reflector. The patch and bobiom peb oare connected with
3 opper feod pins. These pins have a diameter of 1 mm.
This provides the excimbion and stabilizes the antenna me-
chanically. A microsinp feed network s located on the Boblom
side of the reflector. The botlom =ide of the reflector the feed
network 15 made with microsiip tansmission lines,

A circular paich has a few clear adwvantages compared to
normal rectangular designs, when a good axial m@bo 1= reguined
[11. This is mainly the result of the retational symmetry it has
around its central axis. This resulis mio almost oo aide lobes
with the wrong polarication. As seen in a reclangular paikch
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Fig. |. 3D view of the menna

antenna 2], there are points where it has a few =ide lobes
where the azial ratio 15 poor.

Tr uplimj:u: excilzation of the 'p:lL-:l'l antenna a novel 3 Feed
pui.nl =yskem has bieen du:jgnl.'d. 3 feed 'p-::-inlx 1= the minimum
number tn which a balanced excimbion of the p:ll.-:l'l 1= puxsi]‘.-h:.
Designs with cnly two feed points at an 907 shift have a shghi
imbalance because the Feeds introduce a small asymmetry.
Thas tmnslates inlo a degraded axial o of the anteona. More
feed poants are possible but the matching network for those
kinds of feed systems becomes more difficull

These feeds poinis are called 11, ¥ and W in. The anienna
is excited by applying [T with 0%, ¥ with 1207 and W with
240" phase shaft jusi ke in 3 phase electne power disinibation.
With this armngement a nght hand polanzed wove 15 created.
Swapping two Feeds points excites a lefi hand polarization.
The sime analogy appears in eleciric molors whers a swap of
bwo wines reverses the direction.

If this anbeona 15 doven by o perfect feed network, the
other polanzation s fully canceled. In this theorchcal case the
axial mbio 1= always 1. This can be casily shown through the
svmmelry of the antenna. The cnly way the other polanzation
15 passible 15 because of mechanical imperfections of the paich
and as resull of the networks that generates the nequired phase
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Fig. 2 Anmennx pop. side and homom vies.

shifts.

At |]|::l, the antenna 15 =imuolated wath 3 ports, o for
each feed |:l-::-in1- [n the excitation for these poris the correct
PI‘I:L“-L' =hifl 15 introduced o match the wanbed pulu.ri:.-:uli.-::-n.
Tor case the uplirni:':lli-::-n af the anlenna and feed network a
uqui\'u]unl .‘;ll hzas been defined 1n 1.'r.||.1u.1j|.1n l. The ides 1= that
the tquj'mh:nl return loss of one ol 1= a combinaticn of the
stmulated return loss and the sum of the |:-::-1.|'|:||jngx bebween

that poot and the oihers.

.‘;” Sr_.'r.' | Sr.'|' _n_l.'lzl:l" | Fll-.”. _11‘:.2.1”- I:l__]

The main |:||.'5.ign paramelers ol the antenna are the diameter
al the r.vnl.q:h, the distance betwesn of the p;.l.1|:|'.| and the gmund
plunl:. the dizmeter of the refector and the feed offset. The
diameter of the p;.l.1|:|'.| sots the center l'n:r_'||.|.-|.'r||.-_'.r af the antennz.
The ]1|:iE]11 ol the pu.1|:|'.| has influence on the bandwidth,
efficiency and center frequency. An increase in the distance
between the 'F'.TIl.CI'I and the rellector impmvus the i:l'ﬁi:ii:m::,- and
bandwidih but 11 decreases the center fmqurni:_'f'. The diameter
al the reflector determines on the front b back o of the
antenna. A undersized reflector will canse some of the mdiated
encrgy o move to the back of the antenna. With this parbicular
3-phase Feed schup the offsel where the patch 15 excited monly
infuences the real pat of the impedance of the 3 combined
feed poanis. Becwse of this properly, this parmmeter makes
the design of the feed network easier The porl impedance
wits chosen o be equal to the characienstic impedance of the
individual ransmisions line=, 100 £

[I[I. FrEn ¥ETWORE

The main regquirement of the feed network 1= b match and
creabe the required phase shifts o the feed poants. The Feed
impedance of the patch has be chosen o ke 100 82, This eases
the matching from the pamllel circwt to the requared 5002 To
gel the required impodance for the phase shifl ransmission
limes a treck wadth of 400 wre has be chosen. The antenna
Feed oflset and diameter 15 adjusted wnil bt matched o the
tranz=mission line impedance al the comrect center frequency.

This network 15 placed on the botiom side of the reflector

PCR. The main goals of these tansmission lines is b create

213948

Fig. 2. Bandwilih expansion dxough te panial cancellaion of the imaginmy
Inpedance. Firt romie the ¥ ond W fesds 120" and 2400 Than with
the admitanee clun sdd up the Pesds. Doodhe Onal cquans swvelengih
rrElormeion hack in the Impedace chat

the phase shift and maich the antenpa to 50 2. The 3 Feed
transmission line are length matched to get the required phase
delays of 07, 1307 and 240° These 3 hines are combined 1o
creabe an antenna impedance of around A3 2. The low antenna
impedance 15 tmnsformed wath a quarter wavelength match
to 50 0 for use in applicabions and ease of measurcments.
Figure 2 shows the proposed network.

The minimum value of the axial rabio 1s mainly determined
by loss in the tmnsmission hoes resuling i an amplitude
mismabch, The bandwidih of the axial ratio cormesponds to by
the Frequency range where the matching network hos good
encugh phase matching.

The problem of the amplitude mismalch in the fecd lines
could be =olved by shightly changing the impedance of exch
tnchivadual transmission line. A lower impedance ling goks more
power. Thus the ampliude mismatch could be canceled out.
Thas would ke implemented by introducing quarter wavelengih
trensformers 1n cach line. The parllel cieuit impodance
should stll equal o 33 0

The feecd nebwork alss has a positve influence on the
bandwidih. This 15 mostly due the fact of the 3-phase Feed
and the phass shifi= as seen in the example on hgure 3 where
an mismatch 15 introduced. The foed impedance 15 in this case
the star point on the impedance smuth chard. Through the phase
shift lines the round poants are generated. [n the feed nobawork
these are placed pamllel, therclor a trmnsformation o the Y or
admittance =mith chart 1= needed. The admittances ans added
and a irmnsformation back 1o the impedance chart 15 done. The
Trangle pownt shows a losv peal part and also semo imaginary
component. The trinsfcomaticn from this point o the center 15
done by a simple quarter wavelengih tansfcomer. This poant
15 faudy closs to the optimal impedance.

IV, SmuULATION AND MEASUREMENTS RESULTS

The simulation shows that a large bandwidih 1s poesible with
the proposed structure. Figure 4 shows the retum loss of the
antenna in different scenarios. In the case withouwt the matching

nelwork the — 10 &8 bandwidth 15 685 MHz or 12 %, When
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of G256 W= or 123, Wiih Ieed Is expands o 1.7 G8 - ar 27 %, The
measursd bandwichh ol e anenna s 1.8 GH = or 31 %
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Fig. 5. Simulaied with Iesd mial mio [dEE The axial moo has o bandwidih
ol T30 M= ar 13,4 5.

wi include the the feed struciure the bandwadih increases to
1.7 GHe or 27 9.

The return loss of several prokobype anbennas are measured
with a Rohde&Schware ZWA veclor network analyeer. As
shown in bgure 4 the simulated and measured resulls have
a similar shape and bandwidih.

In bgure 5 the simulated axial mbio of the anbenna = plotied,
As poted in secticn 1T the phase matching ol the feed network
determines the axial mio bhandwadth. The mimmum of the
axial ratic 15 alzs dependent on the losses a0 the delay lhines.
Longer lines have more loss, thus the W feed point has a lower
power compansd the the others, which increases the axial cakic,

In the far field plet on Ggure 6 10 s clear that the side
lobes are almost net exisbing. Lake in section 11 told that this
15 mainly due to the symmetry proprncties of the anbenna,
The reabized gan of the antenna s 10 di, which = o be
expected [rom a single patch antenna. The rejection of the
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Fig. 7. Simulmed reallzed gain in dBI

other polarization 15 25 dB at the point of the highest gain.

V. CoNcLusios

This antenna design shows great promise due o 15 groat
bandwidih and good aaal mibo. Alse the propessd Feed
network expands the return loss bandwndih. As seen i the
companscn table this de=ign has a similar or beiter pecfor-
mance than other design=. Also the simple consiruchicn and
dezign of the increases b usefulness. The proposed circular
pu.1|:|'.| d-u:i..g.n has o axial ratic bandwadth of 13.4 %, And with
the 3 phum.' feed network the i.m'pn:du.nn.' Fandwidth 1= at least
7 7.
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TABLE 1
COMPARISON TARLE

This work  [L] [2] [3] [4]
[mpedance bandwadih {— 1048 | 278 T.1'% 156 224% 1.7%
Axial ratio bandwidih §—3d41) 13.4% 485 [l 14.4% R
Cenber froquency aEGH: 24 GH= SR GH= R W = 24 GH =
Realized gain 10 o 1 7 7 R di 5304 JH
Paich geometry circular circular reclangular stacked circular circular |
Feed method 3 phase EM coupled  angled microsing  circular oing feed  slot + stob -
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