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Abstract-This communication describes a mim‘aturizmm
Butler Matrix Using Distributed capacitors in the Quasi-
Arbitrary Phase-Difference Hybrid Coupler. First, A traditional
branch-line coupler with any phase difference can be calculated
the imped d phase of each short side. next, a transmission
line can be replaced by a high impedance transmission line and

arallel capacitors, meanwhile. To miniaturize the circuit, all
@[ributed capacitances are placed inside the branch coupler.

ased on this compact branch line coupl nfiguration, a
miniaturized 4 x 4 Butler matrix requires standalone phase
shifters d crossovers eliminated. A distributed capacitive
branch coupler with arbitrary phase difference is proposed to
replace the traditional branch coupler. Throug miniaturized
design of branch couplers and the elimination of phase shifters and
crossover junctions, the design of the butler matrix is 66 % smaller
than the traditional butler matrix design proceedings.

Keywords — distributed capacitors, Butler, quasi-arbitrary
phase-difference, coupler.

I. INTRODUCTION

Research on the Miniaturization of Multi-beam Feeder
Networks has been a lot of attention in the past few decades It
can greatly reduce the area of the RF front-end. In existing
research it has several research methods in butler matrix to
miniaturize size. Various compa tler structures[1], [2]had
been proposed. Base the size of conventional Butler
matrices is large. The asymmetrical structure provides fairly
flexible phase outputs are wsed. For example, in [3]Wi-Fi
frequency(2.45GHz) uses single-pole double-throw (SPDT)
switches added to select the proper constant phase shifts the
oversize of structure is uced by 22%. By replacing the
traditional quadratur upler with an arbitrary phase
difference coupler[4], the output port of the proposed butler
matrix can be relatively flexible, and the redundant microstrip
lilmml replaces the phase difference can be removed.

In this paper, a novel miniaturized arbitrary phase difference
coupler is implemented, and the phase difference is generated
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by distributed capacitance. Firstly, the miniaturization
processing of quadrature coupler based on distributed
capacitance is pr()p()sedy replacing the original impedance
line equivalently with a high impedance transmission line and
capacitors, and all distributed capacitors are imple ed in the
inner area of the branch line coupler. Secondly, the coupler with
arbitrary phase difference output is finally realized by analyzing
different distributed capacitances.

DESIGN OF BUTLER MATRIX

In this paper, the crossover and the phase shifter are removed,
the closed-loop connection of the coupler of any phase reduces
the area of the Butler matrix by a lot of wiring resources that
llcd in a significant reduction in the size. Fig. 1 shows the
Butler matrix, with four input ports 1-4, and four output ports
5-8. The Butler matrix consists of two 90 ° distributed
capacitors compact hybrid couplers and two 135° M45°
distributed capacitors phase-difference hybrid couplers are
shown in Fig. 2. Loading lines are a practical way to miniaturize

nsmission line circuit. From the results in [5] , the design
with mixed distributed and lumped distributed elements, the
equivalent circuits was performed carefully in order to obtain a
sufficient design area.
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Figure 1. Schematic of the proposed Butler matrix.




The proposed coupler structure is gbricated on a substrate
with a dielectric, constant er = 2.55, loss tangent é = 0.0029,
thickness h = 0.8 mm, The center frequency of the coupler is
2.4GHz.

(a) (b)
Figure 2. (a) 90°  hybrid couplers. (b) 135° /45" hybrid couplers.

The matrix formula can be known from[5], so that the
following equivalent circuit parameters can be deduced.
Equivalent to(1)(2)(3).

JBo1 = }.tagn 901!;201 (1)
__ cos Bg—cos
Boy = Zesin 8 2)
_ Zgsind
Zg - sin A5 {3]

Here B, is the distributed capacitance value, 8,; and
Zoan: the phase and impedance of the open stub at both ends,
By 1s the phase of the series transmisien line, 0 is the phase of
the original transmission line, Z.is the impedance of the
original transmission line, and Zs is the impedance of the series
transmission line. The distributed capacitance is calculated by
the above formula. The physical length of distributed capacitors
can we know from[6]. Equivalent to(4).
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that where cis the speed of light and A, g, Adgzp , Agzg are
the effective wavelengths at the center frequency. and Ag1g
A zg are the side lengths of the internal distributed capacitors.
Zias £oa . and Zz, are the impedance values of different
transmission lines, respectively. All distributed capacitors have
the same value, where A, g = A, After calculating the
formula, use the electromagnetic simulation software HFSS to
carry out simulation optimization, and obtain the maximum size
parameters after fine-tuning. L1=133mm, L2=12.8mm,
W=1.9mm, d1=6.2mm, L3=16mm, L4=13mm, WI=52mm,
W2=3.2mm, d2=7.1mm, d3=3.2mm.

The above-mentioned couplers are sequentially closed-loop
connected through the schematic mechanism .Since there is no
need for a crossover structure, the size is greatly reduced, as is
shown in Fig. 3.

Figure 3. Structure of 4 > 4 Butler matrix
III. RESULT

The Butler matrix can be easily formed by connecting
couplers with short microstrip lines and feeding through the
ports, the s-parameter result graph shown in Fig. 4. can be
obtained, the measured S-parameters are less than -10dB from
(2.3-2.6GHz), the insertion loss is 6.921dB. Since the signal
passes through the two-layer coupler, the insertion loss of the
two couplers is 3dB drive.
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Figure 4. Simulated results of proposed Butler matrix. (a) S-parameter of
portl is excited (b) S-parameter of port2 is excited (c) S-parameter of port3
is excited (d) S-parameter of portd is excited.

The phase differences of feeding at each port through the
simulation software are 135°+9°,-45£10°, -135£8°, and 45°+7°,
respectively. As shown in Fig. 5. below.
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Figure 5. Simulated results of proposed Butler matrix. (a) phase-difference of
portl is excited (b) phase-difference of pon2 is excited (c) phase-difference
of port3 is excited (d) phase-difference of portd is excited.

IV. CONCLUSION

The design in this paper is different from the traditional butler
matrix, a new design is proposed, thnump()sed coupler can
achieve arbitrary phase difference, and the corresponding
Butler matrix can be easily constructed by connecting the
couplers with short microstrip lines, to achieve the purpose of
miniaturization, the realized butler matrix meets the
requirements of s-parameters between 2.2-2.6GHz. Through
the input of different ports, realize the phase difference of £135°
and £45°.
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