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Abstract
The design of the Butler 4x4 wideband matrix has been
moved, whose dimensions are reduced due to the use of
low-pass filters. The simulation process was carried out in
a specialized program NI-AWR. The area occupied by the
compact matrix is 15496.8 mm2, with a center frequency
of 1 GHz (63.4% relative to the size of the regular
matrix). The suggested matrix was fabricated and
measured. The measured characteristics presented good
similarity with the simulation results.

2 Layout
The standard matrix of 4 power dividers, 1 crossover and
two phase-shifting cells is shown in Fig. 1. A typical
design will have a difference of 45 degrees between the
phases at the output ports. In order for the matrix to work
in a wide frequency band, a three-loop directional coupler
design was used as a power divider. The substrate
material is FR4 (dielectric constant 4.4 and thickness 1
mm). The theoretical study of the matrices was carried out
in the NI-AWR program. The matrix topology with a
central frequency of 1 GHz is shown in Fig. 2.

1 Introduction
The position of the beam in space can be controlled using
multi-beam antenna arrays, representing antennas with
several independent inputs, each of which has its own
radiation pattern. In multipath antennas, simultaneous
excitation of several inputs is also possible, which
corresponds to the simultaneous existence of several
beams in space and significantly expands the possibilities
of using such antenna arrays. The formation of the
required distribution is provided by a diagram-forming
scheme. Many practical patterns of antenna arrays are
known. The most common are the antenna array based on
a parallel beam-forming diagram (Butler matrix) and a
sequential beam-forming diagram (Blass matrix). A
distinctive feature and advantage of an antenna array
based on a matrix diagram-forming circuit is the
possibility of compiling circuits of the same, eight-pole
power dividers, and a set of fixed phase shifters. In
practice, the commonly known Butler matrix is most often
used. One of the promising trends for them is integrated
miniaturization. The decimeter wavelength range is
between 300-3000 MHz, which corresponds to
electromagnetic waves from 1 to 3 m long. Microwave
devices contain elements that are comparable in size to a
wavelength that is closely related to the operating
frequency. Therefore, with a decrease in frequency, the
dimensions of the device will increase. The standard
Butler 4x4 matrix consists of four directional couplers and
one crossover (crossing transmission lines). The working
strip will depend on the working strip of these elements.
At present, one can find in the literature a description of
compact Butler matrices [1] – [19]. In this paper, a
compact matrix is proposed, the area of which is reduced
due to the use of cells.

Figure 1. Butler 4x4 matrix diagram.

Figure 2. The layout of the Butler matrix.
The characteristics of the full-sized matrix were obtained
after electrodynamic analysis of its topology in the NIAWR program (Fig. 3, Fig. 4, Fig. 5). The area of such a
matrix is 42352 mm2. When applying a microwave signal
to the first input of the matrix, we obtain that the
transmission coefficients have values near - 7.5dB. The
bandwidth of the matrix according to the criterion of an

imbalance of transmission coefficients of +1 dB is 200
MHz. The bandwidth of the matrix at the isolation level of
-10 dB is 400 MHz.

Figure 3. S-parameters from the frequency.

Figure 4. S-parameters from the frequency.

Figure 6. The layout of compact 4x4 Butler matrix for
ATL.

Figure 7. S-parameters from the frequency.
Figure 5. S-parameters from the frequency.
It can be seen that the matrix turned out to be rather
cumbersome and there is an area inside the matrix that is
not used in any way. In this regard, it is necessary to carry
out a procedure to minimize the topology of a full-sized
matrix. This procedure consists in the synthesis of cells
acting as an analogue for conventional transmission lines.
After replacing the segments with these cells, and having
optimized the entire structure, we obtained the layout of
the compact Butler matrix (Fig. 6). The frequency
characteristics after electrodynamic analysis are illustrated
in Figures 7-8.

Figure 8. S-parameters from the frequency.

Figure 11. S-parameters from the frequency.
Figure 9. S-parameters from the frequency.
The area of such a matrix is 15496.8 mm2 (which is
63.4% less than that of a full-sized one). When applying a
microwave signal to the first input of the matrix, we
obtain that the transmission coefficients have values near
- 7.5dB. The bandwidth of the matrix according to the
criterion of an imbalance of transmission coefficients of
+1 dB is 180 MHz. The matrix bandwidth at the isolation
level of -10 dB is 450 MHz.

3 Parameter Measurement

Figure 12. S-parameters from the frequency.

After we received a model of a compact 4x4 matrix, it is
necessary to make a prototype of this matrix and check its
characteristics in working. Figure 8 shows a photograph
of the made Butler matrix. The characteristics of such a
matrix were obtained using the Rohde & Schwarz ZVA24
vector network analyzer, and they showed high similarity
with the theoretical ones (Fig. 9,10).

Figure 13. S-parameters from the frequency.
When applying a microwave signal to the first input of the
matrix, we obtain that the transmission coefficients have
values near - 8dB. The bandwidth of the matrix according
to the criterion of the imbalance of transmission
coefficients +1 dB is equal to 170 MHz. The matrix
bandwidth at the decoupling level of -10 dB is 440 MHz.
It can be seen that there are slight differences in the
characteristics, but they are caused by a possible
difference in the parameters of the used substrate and the
accuracy of the fabrication of the matrix topology. For a
more detailed comparison of full-size and compact
matrices, the main characteristics are full in table 1.

Table 1 Comparison of design matrix

Figure 10. Photo made Matrix Butler.

Design

Bandwidth,
MHz

Area, mm2

Standard
Compact

200
170

42352
15496.8

Size
reduction,
%
63.4

The area of such a matrix is 15496.8 mm2 (which is
63.4% less than that of a full-sized one). When applying a
microwave signal to the first input of the matrix, we
obtain that the transmission coefficients have values near
- 7.5dB. The bandwidth of the matrix according to the
criterion of an imbalance of transmission coefficients of
+1 dB is 180 MHz. The matrix bandwidth at the isolation
level of -10 dB is 450 MHz.
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A compact 4x4 matrix is proposed in the work, whose
area is reduced due to the use of cells. The area of the fullsize matrix is 42352 mm2, and the size of the compact
matrix is 63.4% smaller and amounts to 15496.8 mm2.
The fabricated prototype matrix showed a high
convergence of practical and theoretical characteristics of
the device. However, there are such negative factors,
reduction of the band and an growth in losses in the
transmission coefficients.
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