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Abstract

Different structures of multiple-beam networks (beam-formers)
have been proposed, such as the Blass matrix , the Nolen , the
Rotman lens , and the Butler matrix [1]. The most important
beamforming networks used for multiple beams with lineaire
array are based on the Butler matrix. In this paper, the design of
a planar new 8x8 Butler matrix were designed to form the
orthogonal beamforming generates by 8 linear rectangular
mirostrip antenna array, and the design procedure of matrix and
its components: hybrids and phase shifters are prersented and
descussed.
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1. Introduction

The main advantages of Butler matrix as distributors are
their ability to generate orthogonal beams with a constant
level of aggregation using few components and ease of
design. They have achieved a multibeam antenna Cited
example is in the application of these matrix in the
commercia satellite  transponders  (transponders
multichannel), the inclusion of non-linear amplifiers are
identical between two matrix set end to end to make a
significant reduction in interference (IMP intermodulation
product). They are found in the geostationary
INMARSAT-3 as for mobile communication systems,
where the use of 4x4 matrix in microstrip technology
(stripline) operating at 1.542 GHz leads to a maximum
power of 20 W signals to one or more antennas. To thislist
we can add the satellites in low orbits, such as Iridium
system created by Motorola that provide comprehensive
service for customers primarily making international calls.
Butler matrix then generate up to 16 beams simultaneously
with minimal transmission losses [2].
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In the case of GSM (Global System Mobile) operating
around 900 MHz for both base stations type using PCS
CDMA systems for communications interior (indoor)
around 60 GHz, Butler matrix are present and offer a good
compromise in terms of coverage, the number of beams.
This is a circuit reciprocal passive symmetrical N input
ports and N output ports that drives N radiating €lements
producing N different orthogonal beams, which is
composed of joints that connect the input ports to output
ports via lines transmission path length equal. The Butler
matrix is composed of three components that are the 3-dB
couplers, the phase shifters and crossings. Since there are
two main types of coupler, the coupler (3-dB, 90°)
codirectifs and couplers (3-dB, 180 °) contradirectifs
respectively in phase 90° and 180°. Then we distinguish
two types of matrix Butler binary [1,3,4]:

e Matrix standard, employing 90° hybrids, of which
the beams generated are located either side of the
norma to the plane containing the radiating
elements.

e Matrix nonstandard employing 180° hybrid,
which generated beams are also located on either
side of the normal to the plane containing the
radiating elements, but with a further beam in the
reference axis corresponding to the normal
antenna array.

2. Principle of operation of the couplers

The directional couplers are passive devices with four
ports and outputs allowing to obtain an output proportional
to the input: these are power dividers. We can distinguish
between broad classes of directional couplers as couplers
are close by (contra-directional) and couplers junctions
(co-directional).

1JCSI

www.lJCSl.org



IJCSI International Journal of Computer Science Issues, Vol. 9, Issue 6, No 3, November 2012
ISSN (Online): 1694-0814
www.lJCSl.org 123

Indeed, in a Butler matrix, they are couplers (3-dB, 90°)
codirectifs and couplers (3-dB, 180°) contradirectifs which
are often used. These two types of 3-dB coupler,
respectively phase 90° and 180° used in Butler matrix
standard and non-standard will now be examined. The
matrix expression for the transfer function3-dB coupler,
respectively phase 90° and 180° respectively is given by:

HE IR
S 1 1 1] [E
sl e

S outputs of the coupler and E; itsinputs.

grating) is obtained by applying the superposition theorem
by summing the contributions of each source wireten:

n=N-1 - 2T A A i
F)= > a xf(axe ™" )

n=0
with () the radiation pattern of each source, a, the

illumination law which feeds each source in phase and
amplitude, A ,A,...... A, are the phase centers of each

source.
FO=T0 > 8™ " —ldxARG) 3

AF(0)is known as the array factor since this term is

purely a function of the excitation coefficients and the
positions of the radiating elements. Hence it characterizes
the array independently of the radiating elements used.

E. S, In the particular case for linear networks made of identical
radiating elements, the field radiated by the array in a
direction U is given by the product of the array factor

E s AF (G) multiplied by the radiation of an elementary

2 2 sourcef () .
@ Here we consider the case of uniform illumination

Es \ S normalized (|a,|=1) and a constant phase gradient, we can
write:

E2 b—/ S2 an — e’]-n-(p (4)

(b) The array factor can be written:
N1 o Zods
Fig. 1 Functional representation (a) 3 dB coupler 90 °,(b) 180 ° 3dB AR6)= Zé [fd W} (5)
couplers.

Note that, unlike the coupler (3-dB, 90°), the coupler (3-
dB, 180°) is not symmetric, also according to the input
port chosen phase will take place or not (if the input 1 is
selected, there is a 180° phase shift between the output
ports 3 and 4).

3. Description and relationship with the of
Butler matrix

A Butler matrix in its standard or non-standard is
composed of 3 dB couplers, phase shifters and has N input
ports and N output ports connected to an antenna array.
This set constitutes the multibeam antenna. The signa
which feeds each port is then divided into N signals equal
in amplitude and recombined by the antenna array to
produce the corresponding beam of which the phase for
each misalignment depends mainly on the type of coupler
selected. The expression of radiation in a direction 0 (angle
between the viewing direction and the normal to the
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n=0
The phase gradient ¢ (@ =kd.sin(6,)) now becomes a
variable that changes the orientation of the main lobe of
the array factor. In the case of the, the array factor
therefore simplifies as follows [5]:

. T . .
N| =-dsinf—sing,
sin (A sing-sin Oj ©)

AF(0)=
Nsin(%dsine—sineoj

3.1 Description of the Butler matrix with 3dB / 90°
couplers

After expanding mathematical expression of the array
factor of alinear array fed by a Butler matrix NxN using
couplers (3 dB, 90°) is as follows[5]:
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(7 (2m-1) elements associated with the input ports in the same line

snN| —dsnf-—~—rn o . .
AF(0)= A 2N @) (90—, ).The column containing the phase shifters is
Nsinl Zdsing— (2m—1)ﬂ followed by another column which contains couplers 3 dB
A 2N and therefore, there will be a second column that has
T mentier. m N N phase shifters. In this second column, the phase shifters
P = (2m—1)ﬁ ' ' 6[1—2:2} are placed in front of the ends of each group of eight
values and are equal to 90 least twice the phase gradient
Where: @, between the radiating elements associated with the

e ¢ : The phase difference which indicates a

direction of aiming of the beam,

e d: distance between elements

e 0 :angleformed by the viewing direction and the
normal to the grating.

3.1 Description of the Butler matrix with 3dB / 180°
couplers

Similarly, the offset values for matrix NXN using
couplers 180° are of the form:

o =2m’  mentier,m_ [1_&5}
N 272

The array factor can be written:

snN| Tdsno- " 7
A 2N

Nsn| “dsno- "z
A 2N

4. Design procedure of Butler matrix

®)

AF(0)=

4.1 Number positions and couplers

The number of coupling needed for the design of a Butler
matrix of order N, where N is a power of two, suchasN =
2n. This number n is the number of levels of couplers
used in the matrix. The number of couplings per level is
half of the order of the matrix, N/2. For example, for a
matrix 8x8, n = 3 Therefore, this matrix has three levels
of four couplers 3 dB, couplers or twelve in total. The
number of coupling does not depend on the type of
coupler used.

4.2 Positions and values shifters

The first column contains all the input ports of the matrix
is divided into groups of two, four and eight. The two
inputs of each pair are combined by a 3dB coupler and the
next column contains the phase shifters. In this column
the phase shifters are placed opposite the ends of each
group of four, the values of the phase shifters are equal to

90 least the phase gradient ¢, between the radiating
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input ports in the same line (90—-2x ¢, ).On the same

column other phase shifters are placed on adjacent to
those located at the ends of each group of eight, and they
have the same values as those of adjacent, that is to
say 90— 2x ¢, . Another column couplers which will be

followed by a third phase shifter column for values that
will 90—4x ¢, . The number of phase shifters required

depends on the type of couplers used. For a matrix using
couplers 90°, there (n-1) line de N/2 phase shifters, a
total of N(n-1)/2 shifters. In general, the phase gradients
in a matrix using couplers (3dB, 90°) are of the form [4]:

0y =(2p-1)x T Withp |, 1| (pintegen) (9

The same way as the previous procedure for the new
topology of the Butler matrix using couplers (3 dB 180°),
there (n-1) levels, but the number of phase shifters vary
from one level to another. Considering that k is the number
of the line from the outputs, then the number of phase
shifters for k™™ levelsis :N/2 — 27,

The first phase shifter is aways placed on the second line
of the matrix. Values and positions of its shifters are
completely different from the previous one. The latter
alows to use s= 2™ _1 less than a matrix phase shifters
using couplers 3dB 90°. To understand the mechanism
design matrix 8x8 is analyzed in the ssimulation. The whole
procedure has already been an article [3,4].
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5. Simulation result The antenna element is square and operates in the band
(f = 10 GHz), The main characteristics of this substrate
5.1 Choice of the radiating element are:
y > Didlectric constant : & =2-°°, 196=001
2 » Thickness of the dielectric:h=1.59

» Thelength of the patch Wx= 1.8 mm;
» The width of the patch Wy= 1.8 mm.

Figure (3) shows the radiation pattern of a printed antenna
with rectangular 0 variable et ¢ =0 (plan E). The antenna
does not have secondary lobes and the field amplitude is
almost constant regardless of the value of the angle 6.

Elément rayonnant /
o

\s

Substrat

/ diélectrique
x/ \ Plan de masse

Fig. 2 Microstrip patch antenna

ot

Amplitude [dB]

For the simulation we chose the elementary source as a ' ' Phase [dedl
printed antenna, the antenna is composed of a plate of 0deg

dielectric substrate known which one face is fully
metallized, the ground plane, the other side having a
metallization forming the partia element radiant. A
distance to the point M of the space, the field induced by
the source islocated in the plane, it is expressed by [6]:

E(M)=E,(0,4).U,+E,(6,4). Up (10)
E, (6,0) = F(0).[cose.d, (0,9) +sined (6,¢)] (11) Fig. 3 Radiation pattern of aprinted antenna at 10 GHz (a): Radiation
: attern of a printed antenna (b): in polar coordinates
E, (6,9) = G(6).[-sine.J, (6,¢) + cose.J, (6,9)] (12) p p (b):inp
with:
F(6) = — —1WHoT oSO (13) 5.2 Simulation results
T —je, cos6.cot g(k,Th)
G(0) = —jwp,T.cos6 (14) Butler matrix of order 8 offers the possibility of controlling
cosO - jTcotg(k,Th) 8 beams. It consists of 3 dB couplers 12, 16 crosses and
Surface currents decomp()% asfollows: e|ght pha% shifters for the standard matrix and Only 5
sin[(k.L,(sin®sin)/2].2n cos(k,L, (sin 6 cosg) /2phiftersfor non-standard matrix, the internal architecture of
J=LLI. x X o R
= Lbyh [k,L,(Sn0sing)/2] [x — (k.L, Sin6cose)’] these matrix is shown in Figure 4.
(15) Butler matrix standard is composed of three levels of
couplers. Can disassociate into two matrix of order four
3oL Ll sinf(k L, (sin8cose)/2)] 2rcos[(k,L,(sinBsing)/2)]  juxtaposed identical with a level of 4 sensors located just
YU kL, (86 cose)/2] [n? - (k,L, sin0sing)?] above. It may also be noted that the values of its phase
(16) shifters are multiple /8. The new architecture is identical
. — to the previous position and the exception values of the
T= \/ ¢ .(1-jtans)-sin“0 a7 phase shifters that are multiples of n/4. The employees are

al couplers couplers (3-dB,180°). Found within this
topology 4x4 Butler matrix non-standard. The values of
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the phase shifters are multiples of n/4 for the matrix using
couplers (3-dB, 90°) et de n/2 couplers for using the (3-dB,
180°).

Different radiation patterns obtained by the Butler matrix
standard and nonstandard according to the selected input
port are represented in the figure above. These results do
not take into account the external environment to the
network antennas, such as the power supply circuit of the
matrix.
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Fig. 4 Functional schematic Butler matrix (a):with 3 dB/90° couplers (b)
:with 3 dB/180° couplers
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Fig. 5 Performance of the Butler matrix 8x8 standard (a),(b): Simulated
radiation pattern in Cartesian coordinates respectively 3 dB/90° couplers
and 3 dB/180° couplers (c),(d) : Simulated radiation pattern in polar
coordinates3 dB/90° couplers and 3 dB/180°
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6. Simulation result matrix Butler Plan
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Fig .6 A two-dimensional Butler matrix producing orthogonal beams[7]

Curves that follow represent the different network
coverage level using Butler matrix NxN as beam splitter.
The matrix has as many ports 4 Entry output, so in this
case we have a square  lattice. since
network plan includes several cascaded linear networks,
we will have severa main lobes output determined by
applying the superposition theorem.

dB

) p
sind.sing sinf.cosp
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Fig. 7 Performance of the Butler matrix plan 4x4 standard (a): Three-
dimensional radiation pattern (b) Two dimensiona amplitude
distribution on the aperture

The Figure (7) is the three-dimensional representation of
the diagram radiation of plantar networks powered by
Butler matrices 4x 4. They provide more effective network
coverage antennas throughout the space. The main lobes
represent the largest amount energy (gain) facing the
antenna array, and each is associated with the main lobe
with small energies focused in unwanted directions, they
are considered as interference with its levels should be
minimized to increase the performance the beam forming
network.

7. Conclusions

This article presents the performance of Butler matrix.
Beam forming networks for multiple beam antennas are a
very important antenna sub-system as they enable to reuse
the same radiating aperture to produce all the beams [§].
The Butler matrix was studied, simulated successfully.
The complete analysis of 3-D Butler matrix for planar
antenna array is carried out. The radiation patterns that
result as progressive phase shifts produced by 3-D
configuration of Butler matrix are presented. The
simulated results show that the butler matrix produces
orthogonal beams in the required directions. It is therefore
the best choice to begin a detailed study of power networks
with multiple beams in the millimeter range in microstrip
technology [9,10,11].

References

[1] J. Butler, " Beam-Forming Matrix Simplifies Design of
Electronically Scanned Antennas ", Electron. Design, vol. 9,
1961, pp. 170~ 173.

1JCSI

www.lJCSl.org



IJCSI International Journal of Computer Science Issues, Vol. 9, Issue 6, No 3, November 2012
ISSN (Online): 1694-0814
www.lJCSl.org 128

[2] B.G.EVANS, Communication systems, Brith Library,1999.
[3] H.Moody, "The systematic design of the Butler matrix", IEEE

Trans. Antennas Propag, vol. 12, no. 6, 1964, pp. 786— 788.

[4] T. MACNAMARA, "Simplified Design Procedure for Butler
Matrix Incorporing 90° Hybrids or 180° Hybrids", IEEE
Trans. Antennas Propa., vol. 134, no. 1, 1987, pp. 50-54.

[5] I.ALBERT, "Etudes des matrix de Butler", note technique N°
146, Centre Spatia de Toulouse, 2002.

[6] D.Pozar ,and D. Schaubert, Microstrip Antennas. The
Analysis and Design of Microstrip Antennas and Arrays,John
Wiley & Sons 1995.

[7] B. Pattan, " The Versatile Butler Matrix", Microwave
Journal, Vol. 47, No.11, 2004, pp. 126-138.

[8] B.Guenad, "Multibeam Antennas Array Pattern Synthesis
Using a Variational Method", Radioengineering journal, Vol
16, ,pp 28-33, 2007.

[9] M. Ali, N. J. G. Fonseca, "Design and implementation of
two-layer compact wideband Butler matrices in SIW
technology for Ku-band applications',|EEE Transactions on
Antennas and Propagation, Vol. 59, No. 2, 2011, ,pp. 503-
512.

[10] T.Mazri,and F.Riouch, "Application of Butler Matrix to a
Tree Structure of Microstrip Antenna Array ", 1JCSI
International Journal of Computer Science Issues, Vol. 8,
Issue 4, No 2, 2011,pp. 274-278.

[11] C. Leclerc, H. Aubert,, " The close-form solution for
symmetric Butler matrices ", Progress In Electromagnetics
Research C, Val. 26, 2012, pp. 167-179.

M. Guenad Boumediene was born in Algeria in 1978. received the
magister diplomas in 2005 from Abou Bekr Belkaid University,
Algeria. Currently, he is working toward the doctorate degree in
communications systems from the University of Tlemcen, Algeria.
Since December 2009, he has been with the Department of
Electrical at the University of Chlef, Algeria, where he is currently a
lecturer. M. GUENAD is interested to the following topics: analysis
and design of  multiple-antenna  wireless  systems,
MIMO communication system, beamforming network ,butler
matrix. M GUENAD is reviewer in journal PIER & JEMWA since
2008 to today

Sidi Mohammed Meriah received the diploma of state engineer
in electronics in 1992 from the National Polytechnic College,
magister degree in electronics in 1997, and doctorate degree from
the Tlemcen University in 2005. He is a senior lecturer at the
Tlemcen University and researcher within the telecommunications
laboratory. He worked on smart array antenna.

F. Tarik Bendimerad was born in 1959 in Sidi Bel Abbés, Algeria.
He received the State Engineer diploma in 1983 from Oran
Sciences and Technologies University, Algeria and the Doctorate
Degree from Nice Sophia Antiplois University, France, in 1989.
He is a professor and the Director of the Telecommunications
Laboratory. His main area of research is the microwave
techniques and radiation and he is responsible of the antenna
section.

1JCSI
ww.lJCSl.or
Copyright (c) 2012 International Journal of Computer Science Issues. All Rights Reserved. W JCSl.org





