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Abstract — This article presents a multi-column array and a
beam forming circuit that produces two overlappingbeams with
high efficiency and adjustable beam patterns for weless base
station applications. The proposed antenna is an fdtable
cylindrical sector array comprising of three separée columns of
linear array. This structure allows forming of two overlapping
beams with amplitude and phase excitations which @a be
implemented using a compact and low loss circuit. e adjustable
offset displacement for the center column array atiws refinement
and adjustment of pattern characteristics of the two overlapping
beams. This method results in beam split loss ofde than 0.5dB in
comparison to a single beam case. Performance paraters such
as the beam cross-over loss and pattern discriminan between
beams can also be adjusted in-situ for optimum opation.

Index Terms — Beam forming network, dual beam, multi-beam
array, base station antenna, smart antenna.

|. INTRODUCTION

In a high-capacity wireless network, cell coveragea sector

may require narrower beam patterns to meet the niéma

capacity. In such scenarios, the sector may berbetirved
using two overlapping beams of narrower beamwidthulti-
column array is typically used to form the multigleams
using a combination of hybrids, couplers and plshsféers [1]
[2]. This general beam forming method often incuas
additional front-end loss as a result of circuithpkbosses and
signal split between beams. Furthermore, a geneeaim
forming method often requires multiple crossingaman input
feed lines, which can cause difficulties in theuattbeam-
forming circuit implementation.

This paper presents a compact, low-cost beam fgrmin

structure for use in efficient beam forming of taeerlapping
beams within a cellular sector. This method allawesease in
an overall network capacity by using multiple cohsmof
linear array arranged on a cylindrical curvaturehisT
arrangement results is an amplitude and phaseaércis taper
which can be implemented using a simple and low-lmsam
forming network. This method produces two symmatric
beams with respect to the azimuth boresight. Riadiat
patterns of the two beams are overlapped in thenerathat
the coverage of the cellular sector can be optithizgng the
adjustable beam array.

[I. 3-COLUMN DUAL BEAM ARRAY

The proposed antenna is a cylindrical sector amdnch can
be perceived as a superposition of two partiallgdi ring

arrays. The azimuth pattern of the two-ring circuaray can
be varied by adjusting the relative dimension ef thdiuses of
the rings. Fig. 1 depicts the theoretical moded general two-
ring array.

Fig.1. Theoretical two-ring concept of theatiheam array

A simplified mathematical model for the total fietuf the
three-column two-ring array is

F(8,9) = 1, 0E,(6,9) Dexpljkasindcos@—Ag)]
+ 1o 0o (8, ¢) Dexpljka,sin@cos@)]
+1_4 Dé_l(e, @) Uexpljkasinfcosp+Ag)] (1)
Where,
E(6,9) = E(6,9-09)
EL(6.9) = E,(6.0+ 1)

(2)
3)

A

E,(6,¢) represents the element pattern of radiators on the

center column. i and |, are complex excitation coefficients
for radiators 1 and -1. Radiuses of the two ringsaaand a,
respectivelyk is the wave numbeA¢ is the angular spacing

between radiating elements.

Fig. 2 shows the front and cross-sectional viewghef 30-
element, three-column, cylindrical sector arraye Tdrray is
designed to operate in a typical wireless commtioicéband,



1700 MHz to 2200 MHz. The radiating elements arertape-
coupled patches. Each of the three linear arrag®isnted on
a separate reflector. Radius of the inside réags determined

3-Column Multibeam Array
Center Displacement D=0.0mm

by the subtend angle of the two edge reflectarsRadius of 0
the outside ring,a,, is set and adjusted by the vertica
displacement, D, which can be varied between -5rom
+25mm in the direction of the mechanical boresdijrgction. 61
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Fig. 3. Simulated beam patterns ofttinee-column array

With the displacement distance of the center colsah at
D=0mm (reflector surface of the center column Isweith the
top edges of the two edge columns), the three wabmams
and the 65° broad beam pattern can be formed usiag
following amplitude and phase excitations:
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Fig. 2. Three-column array with adjustateater column

Where Ae represents an additional phase adjustment, which
can be introduced into the excitation by additiba fixed line

Table I. Amplitude and Phase excitatifimssarious beams

length on the feed line, or varying the relativepiticement

The relative slope of the two edge colunmswith respect to
the center column, is critical in achieving theuiegd pattern
shapes and beam cross-over loss. Typically, thigeais set
between 20 deg to 30 deg with respect to the ceatemn.
With these parameters, the dual beam patterns @n b
maintained over a relatively broad frequency badtlwiFig. 3
shows a simulated 65° full coverage beam pattechthree
independent narrow beams at 2200 MHz. For theslysas

(HPBW) of each individual narrow beam is approxiehat33
deg, which provides combined azimuth coverage ofi€&gree
for a typical cell sector.

I1l. B EAM FORMING CIRCUIT

distance of the center column, D. This adjustablesp allows
further optimization of beam parameters such ashbibam
cross-over losses and pattern discrimination.

Figure 4 shows amplitude and phase excitationfi®f3tto-2
beam forming network for the dual beam patterngufd 5
the angle € is set at 20deg. The half-power-beamwidth@nd 6 show the equivalent signal diagram and the
implementation of the compact dual beam former gsin

micorstrip transmission line method.
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Fig. 4. Excitations function of the dual beam forme
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Fig.5. Equivalent excitation signal diagram of theal beam former

The proposed 3-to-2 beam former is implementedgusiro
unequally-split 180deg splitters and two in-phasgkison
combiners. This simple
advantage of excellent isolations between anterorés @s
shown in Fig.7 (pattern pending), simulated res(étgilent
ADS). These merits are inherent result of port edation at
the sum and difference ports of the 180 deg sitte

Another significant advantage of this implementatis the
low beam-split signal losses. Each of the dual lseare
formed using a 180-deg splitter (10 dB) on the esponding
edge column and a 3dB (0 deg) splitter on the certtkimn.
The total signal loss due to the beam split isfleas 0.5 dB in
comparison to the single beam case (center 33ighwias an
excitation taper of (0.5, 1.0, 0.5). This is a direesult of the
optimum phase and amplitude
configuration. Furthermore, the path loss is alsgaimized
because of the compact circuit design.

implementation has an added 50

tapers from the arra

Fig. 6. Microstrip implementation of the compdatal beam former

Isolation between Antenna Ports of 3x2 Beam Former
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Fig. 7. Isolation between antenna poftdual beam former

IV. SIMULATION RESULTS

A 4-element sub-array model of the three-colummyais
simulated using the Ansoft 3D full-wave Finite Elem
Method (FEM) HFSS. For these analyses, the sutdagte is
set to 20deg. Fig. 8 and 9 show the simulated ahipatterns
at 1700 MHz and 2200 MHz with the displacementadise

YD) set at Omm.
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Fig. 8. Simulated dual beam pattatnk700 MHz
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Fig. 9. Simulated dual beam patt@tn2200 MHz

Dual Beam Patterns for Various Displacement D
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Fig. 10. Dual beam patterns for various displacdrdestance D

On the other hand, at D=+15mm, the dual beams has a
optimum pattern discrimination of over 24dB at éxpense of
the beam cross-over loss of -4.9dB. The followiradple

summarizes the dual beam performances for various
displacement distance D.
Displacement] Cross-over| Discrimination HPBW
Distance Loss At Peak (deg)
D=-10 mm -1.6 dB 4 dB 36
D=-5.0mm -2.3dB 6.5dB 35
D= 0.0mm -3.7dB 10.5dB 33
D=+15mm -4.9 dB 24 dB 35

Table Il. Pattern parameters for various dispiaat distance D

This feature allows one to optimize, for instance,

The beam cross-over loss at azimuth=0 deg is betweeerformance at hand-over point (cross-over) orrietence

3.5dB@1700 MHz to 3.7dB@2200 MHz When
displacement distance D is set at Omm. These bedtarps
and the cross-over losses can be varied by intinduan
additional phase offset between the center colunchtlae two
edge columns using the adjustable displacemenirieaf the
array. For comparison, Fig 10 shows the dual beatteqms
for the displacement distance at -5mm, Omm, andnm5

thediscrimination, as required

VII. M EASURED RESULTS AND COMPARISONS

Fig. 11 show the prototype of the dual-beam ar@structed
based on the principle of the three-column varid@amwidth
array. Five 3x2 microstrip BFNs are used to feed #0-

For displacement distance (D) between -5mm and A15m glement array. BFN Outputs of the left (L) andhtigR)

the beam cross-over loss is varying between -1t6dB.9 dB.

beams are combined in two separate 1-to-5 RET (@emo

The lowest beam cross-over loss is -1.6 dB when thgieyation tilt) phase shifters for separate elevatcontrol.

displacement distance is at D=-10mm. This low cimsx
loss, however, comes at the expense of pattermirdisation
performance (4dB at beam peak).

This allows beam tilt in elevation plane betweamd 7 deg.

in the
in Santa, Ana

Antenna patterns of the array were measured
Powerwave spherical near-field chamber
California.



Fig. 12 shows a typical azimuth beam patterns (262) of

the array when the RET is set to 0 deg and ceigptatement
D=0mm. In this case, the measured HPBW are apmideily
31deg with cross over loss of about -4.9 dB. Thayahas

Fig.11. 3-Column Dual Beam Arrayld@8FN Feeds

very low cross-polar field components, well bel@0 €dB.
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Fig.12. Measured azimuth beam pagtat 2150 MHz
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Fig.13. Measured elevation beam padtatr2150 MHz

Fig. 13 gives typical elevation patterns of theagrrat
2150 MHz when RET=0deg. The offset distance dods no
seem to affect the main beam pattern in the elmvagtiane
significantly. However, SLL tend to increase as tiféset
distance decreases.

Fig. 14 to 17 compare HFSS simulations and measured
patterns (1700 MHz and 2200 MHz) in the azimutmeléor
D=0.0mm and -5.0mm. These results show generallydgo
correlations between the simulations and measuesdlts.
However, the HPBW is somewhat better correlatedmnthe
displacement D is above 0 mm and the cross-overisdsetter
predicted when D is below Omm.

VII. CONCLUSIONS

An adjustable, dual beam antenna array, alongavithmpact,
low-loss beam former (pattern pending) is preseffitedthe
wireless base station applications. This strucpuogluces two
symmetrical narrow beams with respect to the azimut
boresight within a cellular sector. Radiation patseof the two
beams are adjustable for optimization of the cayeraf a
cellular sector to minimize beam-split loss, or dptimize
pattern discrimination and HPBW performance. Thithod
allows an effective increase in the overall netweakacity as

a result of low-loss and narrow beam patterns.

A full array prototype was built and radiation gatts were
measured in the Powerwave spherical near-fielderdBanta
Ana). Results are correlated with EM (HFSS) sinmatat.



Dual Beam Array Pattern Comparisons
RET=0 deg, D=0.0mm

Dual Beam Array Pattern Comparisons

RET=0 deg, D=-5.0mm
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Fig.16. Pattern comparison at 1Mz, D=-5.0mm
Fig.14. Pattern comparison at 1700MBtz0.0mm
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Fig.17. Pattern comparison at 2Ry, D=-5.0mm
Fig.15. Pattern comparison at 2Rz, D=0.0mm
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