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A Notch-Wire Composite Antenna
for Polarization Diversity Reception

Nobuhiro Kuga,Associate Member, IEEEHiroyuki Arai, Member, IEEE and Naohisa Gotdsellow, IEEE

Abstract—This paper presents a notch-wire composite antenna A base-station antenna mounted on a ceiling for an indoor
for polarization diversity reception in an indoor base-station ireless network requires a constant radiation pattern in the
system. A three-notched disk antenna and a wire antenna are i, 0nta| plane and a null along the vertical axis as a quarter
proposed as component antennas for the horizontal and the | th | t Thi its high bility of
vertical polarization, respectively. These component antennas are wavelengih monopole antenna. This permits high mobility o
unified as a single composite diversity antenna by mounting remote terminals. A low-profile configuration is also required
the wire antenna on the notched disk. Antenna characteristics from an aesthetic view point. A polarization diversity antenna
are calculated using the method of moments (MoM) with wire s easily realized using a patch antenna with two orthogonal
grid models and examined in terms of component arrangement faading [7], however, such a method cannot be applicable to
and terminal isolation. It is found that maximum isolation is the indoor base-station antenna because it is difficult to obtain
obtained when the current path of the wire antenna is where the - R “ :
current exciting the H-pol element is cancelled. Consequently, the horizontal pattern, which is omnidirectional for both dual
both component antennas may work independently even in the polarizations.
composite form. The quasi-monopole pattern is also confirmed  This paper presents a composite notch-wire antenna for
for each polarization. polarization diversity reception in an indoor base-station sys-

Index Terms—Antennas. tem. A three-notched disk antenna and a wire-loop antenna
are proposed as the component antennas for the horizontal
polarization and the vertical polarization, respectively. Their
characteristics are examined using the method of moments
§VERAL diversity schemes have been used to obtain(@oM) with thin-wire approximations that are verified through

igh-channel quality in mobile wireless communicationsneasurement. Current distribution on the component antennas
Space diversity [1] and pattern diversity [2] are very popular ifire also calculated. A composite polarization diversity antenna,
land—mobile communication, but require large mounting spaggich consists of the disk- and wire-type component antennas
to obtain high-diversity gain. Even concerning omnidirectiona also proposed. Antenna characteristics are examined in terms
antennas, the spacing requirements are generallyd.more. of antenna configuration and terminal isolation. It is found that
Energy density reception scheme has a potential to be a qutgximum isolation is obtained when the current path of the
small diversity system because it utilizes the and H-field wijre antenna is where the current exciting tHepol wave is
components at the same position [3]. A flat antenna basgshcelled. Both component antennas may work independently,

on this theory has been also proposed [4], however, theSgen in the composite form, therefore, the quasi-monopole
schemes are effective only in single polarization environmepéttern is also obtained for each polarization.

with the Rayleigh fading. On the other hand, the use of
two orthogonal polarizations, usually the vertical and the Il. COMPONENT ANTENNAS

horizontal polarization, allows reduction of the signal fading First two antennas are proposed as component antennas for
effect without physical separation of the branches becauseI . . . propose P .
arization diversity reception. Fig. 1 shows a disk antenna

cross correlation between orthogonal polarization components

is small in a multipath environment [5]. In addition, it may alsd”” the horizontal polarization receptiort{fpol component

reduce the polarization mismatching on the line of sight. Theggtenna) consisting of a circular disk loading three notches

are quite attractive properties for indoor wireless networkSgaC(ad 120 apart. Outer radius of the disk g, and each

including portable handsets. The effectiveness of the scherrhoéch has angglar widthy, and depthly. The phase and .
plitude exciting three notches are equal. A feed port is

vl\;?_'sza[lz? reported through the experimental evaluation at 1 placed at near the center of the notched disk with a three-

branch power divider to deliver the power. In the following,
a divider employing three coaxial lines with a characteristic
Manuscript received February 28, 1997; revised January 9, 1998. impedanceZ, and a lengthl. was used of which the outer
N. Kuga is with the Antenna Development Project, 3rd Division otgnductor is attached to the notched disk and the inner
Optoelectronic System Laboratory, Takasago Works, Hitachi Cable, Lt ond . d he feed be. Th b
Hitachi-shi, 3191414, Japan. conductor is connected to the feed probe. The antenna can be
H. Arai is with the Faculty of Engineering, Yokohama National Universityalso fabricated on a dielectric substrate using microstrip lines.
Yokohama-shi, 2400067 Japan. o __An antenna with a similar structure was proposed as a energy
N. Goto is with the Faculty of Engineering, Takushoku University, HaChIOan . . 31 but it diff ianifi Vi
shi, 1930944 Japan. ensity reception antenna [3], but it differs significantly in
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Fig. 2. Wire antenna for th& -pol reception.
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density reception scheme utilizes fields with°96f phase a, =50,h=20,a, =10[mm)|
difference and single polarization. (b)

Next a wire antenna for the vertical polarization receptio . -
. . . . . . . Fig. 3. Input impedance characteristics of the component antennas. (a)
is shown in Fig. 2. It consists of three vertical wire-loop With\otched disk antenna (H-pol, no mounting plate). (b) Wire antenna (V-pol,
120 rotation and the power is supplied at the vertical wir@finite ground plane).
placing at the rotation center. Each loop has a horizontal wire
with length«a;, and vertical wire with height. The perimeter measurement and calculation. The disk radius= 50 mm,
of a component loop (OABC) is about a half wavelength anéle notch widthar = 30°, and the characteristic impedance
has a ratio ofOA:AB = 1:5. of coaxial line in the power dividerZ, is 75 2. Good
Next, characteristics of the component antennas are @dgreement is obtained and validity of the wire-grid model
scribed. They were calculated using the MoM with the wirgs confirmed. As the power divider works as an impedance-
grid model and using numerical electromagnetic code 2 NE@#atching network, enhancement of the impedance bandwidth
[8]. Each wire is divided into short segment of which thés also obtained in the form of dual resonance [9]. Therefore,
length is less thar\/20, and §-gap voltage source is impliedthe fractional bandwidth (return loss —10 dB) of the H-
on the feed segment. The input impedance ofithpol wire pol antenna is 17% for a center frequency of 1763 MHz.
antenna is calculated assuming an infinite ground plane dfd. 3(b) shows the input impedance characteristics of the
measured using an large but finite size of ground plang-pol component antenna. Good agreement is also obtained
The H-pol element is modeled as a wire-grid model witlbetween calculation and measurement. In the experiment, the
three voltage sources without the power divider. No grourghtenna is composed of enamel coated wires with a radius
plane is assumed for thE-pol antenna. Using this model, aof 0.5 mm and a circular ground plane with a radius of 300
driving admittance of the feeding probe of the notch antenmam. The fractional bandwidth of th&-pol element is about
is calculated. In next step, the probe admittance is obtained 18% for a center frequency of 1788 MHz, which is narrower
transforming to terminal admittance via a transmission linhan one of the notched-disk antenna because of no matching
with a characteristic impedancg, and a lengthL. Input network. When designing the composite antenna, its operation
admittance of theH-pol antenna is obtained in a form offrequency depends on tHé-pol element because th&-pol
summation of the terminal admittance. In this section, thelement has the wide-band characteristic.
component antenna tests were performed separately. Next, the current distributions by the MoM calculation are
Fig. 3(a) shows the input impedance of tHepol compo- shown. One of théd-pol antennas is shown in Fig. 4, where
nent antenna, where the solid line and dotted line represéa) and (b) are distributions at dual-resonance frequencies. The
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Fig. 6. Composite antenna for two-branch polarization diversity reception.

(b) tion is shown in Fig. 6. A conducting mounting plate may be
Fig. 4. Current distribution on the notched-disk component antenna. (a) 1.!é§ed_ to stabilize antenna performancg, however, it IS nc')t used
GHz. (b) 1.85 GHz. in this study. The antenna diameter is about 8,6vhich is

larger than one of a conventional printed dipole, however, the
calculated amplitude is larger in Fig. 4(a) than in Fig. 4(b§elght of 0.12X is lower and more advantageous for indoor
therefore, all the data are normalized by the maximum disk=_: . - . .
current amplitude at 1.69 GHz. A common phenomena _iSThe input characteristic of the_composne antenna |s_shown
that the current excited by the feeding probe flows along te Fig. 7. Good agreemgnt obtained between calculation and
notch and is cancelled near the disk center. Fig. 5 shows mgasurement shows validity of the presen.ted model. The reso-
current distribution along th& -pol wire antenna. On th& - na_n_t fre_quency of the component_antenna IS not changed_by the
pol element, since the phase of the current is inverted at l.’ﬁ%'f'cat'on’ however, the band_W|dth of thé-pol element_ls
distance ofa,,/A = 0.1, a current in phase with the one of th e_duced to 8.5%. The bandwidth ﬁf—pol_ element remams_
center wire flows on the outer wires with a relative amplitud\é”de' and dual—resona_nce characteristics. Mutual co_uplmg
of —3.5 dB (0.67). Current on the horizontal portion does n etwee_n the feed ports_|s less _thamo dB over the operating
contribute to radiation; only the vertical portion contributes t andW|dtr_1, as shown n the figure. It should be n_ote(_j that
radiation, therefore, the asymmetry of the horizontal patternt c °°“P"“9 Is larger m_the lower frequency th_an_m r_ugher
smaller than the one of th&/-pol. one. Thls phenomenon is due to the current dlstrlbuthn, as
shown in Fig. 4. In the lower frequency, tié-pol current is
distributed more along th&-pol current path, therefore, the
coupling increases.

Ideally, in the polarization diversity reception, the branches Here, we examine the element arrangement in terms of
can be placed in the same place because uncorrelated fielddbasach isolation. Fig. 8 shows an isolation characteristic be-
received regardless of their arrangement. Therefore, combinimgeen the feed ports of the composite antenna, which is
the two-component antennas, we propose a composite antecedaulated versus arrangement anglg- in Fig. 6. Maximum
for two-branch polarization diversity reception. Its configuraralues are obtained whepgy = 606°,180°, and 300°

I1l. COMPOSITE POLARIZATION DIVERSITY ANTENNA
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acteristics and current distributions were demonstrated. While
the notched-disk antenna for th&-pol reception has a wide
bandwidth due to the matching network, the wire antenna
for the V-pol reception does not because of the no-matching
network.

Characteristics of the composite polarization diversity an-
tenna were also examined using the MoM and their results are
confirmed by experiment. After unification of the component
antennas, the bandwidth of tHé-pol antenna decreased to

Fig. 8. Branch isolation characteristics as a function of the arrangem@uw5%, while the one of thed-pol antenna remained 17%

angle érrv .

because on the notched disk, the current path ofithgol

of the —10 dB fractional bandwidth. Thei-pol radiation
pattern has a degradation 2.5 dB in the horizontal plane,
which is large compared with th&-pol as+3.0 dB. Mutual

element is on where the current exciting tHepol element is coupling characteristics are also examined in terms of the
cancelled. In the figure, the maximum value is 14 dB whegirrent distribution and antenna arrangement angle. A field test

the notch widthae = 30°.

of the composite diversity antenna is left as a future problem.

Next, radiation pattern of the composite antenna is shown
in Fig. 9. Each pattern represents a co-polarization of the
corresponding branch. A quasi-uniform pattern with null in[;
the z-axis direction is obtained for both polarizations. Average
antenna gain is 0 dBi in they plane, however, there exists 2]
the degradation withint2.5 dB and+1.5 dB for the H-pol
and theV-pol pattern, respectively. It is found that the an-
tenna unification increases the horizontal pattern degradatioﬁ!
especially for theH-pol antenna. [4]

(5]
IV. CONCLUSION

A notch-wire composite antenna was presented as a p&!
larization diversity antenna. The component antennas were
examined using the MoM and their input impedance char-
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