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Phase shift combiner for multi-channel VHF
communication
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The growing demand for communication systems requires multi-channel solutions. However, the number of antennas in com-
munication systems is dictated by the number of channels in each system which is limited by the available space on a broad-
casting platform and by the limited available resources. We have developed a Multi-Channel Phase Control coupler in the
VHF frequency range enabling a reduction in the number of antennas to a third of the original setup. The system is based
on a phase shifter in a meander stripline geometry connected to each channel individually. The channels are then phase
matched simultaneously to a single antenna through a computer-controlled capacitor bank connected to each phase shifter.
The system performance shows a low insertion loss of 0.5 dB and a low return loss of 215 dB for the multi-channel setup.
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I . I N T R O D U C T I O N

Multiple communication channels, commonly found in
control centers, suffer from the problem of limited space
and cost resources. In the case of mobile command centers,
the lack of space is even more problematic, and limits
the number of possible communication systems. Moreover,
in military applications, a dense antenna setup can put
RADAR invisibility at risk. Combining several channels to
single output antenna, with no matching solutions, will
result in distractive interference between the channels and a
significant loss in transmission output. Possible solutions to
this matching problem are already available, such as
Triplexer or Splitter/Combiner units. However, such solutions
have disadvantages such as fix frequencies (Triplexer) [1], or
inherent insertion loss (5 dB in a three-channel combiner)
[2]. In order to obtain a frequency tuned, low insertion loss,
and low return loss matching unit, we have developed a
Multi-Channel Phase Control system (MCPC), allowing the
simultaneous transmission and receiving of several channels
through a single antenna, as shown in Fig. 1. Our MCPC
allows the reduction of antenna number by a factor of three.

I I . M C P C S Y S T E M D E S I G N

A) System configuration
The proposed system was designed for a frequency range of
30–80 MHz (VHF Band). The phase matching is obtained

by a capacitor-tuned phase shifter. We required the phase
shifter to meet the following specifications: insertion loss
lower than 3 dB and S11 lower than 220 dB. Therefore, we
chose to implement the phase shifter design with a hybrid
908 coupler and a capacitor bank installed in each channel.
In order to achieve matching between the three channels,
the system is computer controlled (Fig. 1), determining the
precise capacitor values. As a result, each channel is
matched for a specific frequency band, while the other chan-
nels are kept isolated.

B) Coupler
The coupler was designed in a stripline structure for uniform
transverse electromagnetic (TEM) wave propagation.
Accordingly, the coupler can be modeled as an equivalent cap-
acitor circuit [3, 4]. The design must take into consideration a
wideband matching range and high-power transmission
within acceptable dimension limitations for acceptable appli-
cation. To achieve small-scale device in this frequency range,
we selected meander geometry [5–7]. We used electromagnet-
ic simulations in order to design our coupler. Taking into
account the contribution of even and odd modes of the
coupler, we used the following equations:
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where Z0o
and Z0e

are the approximate odd and even
mode impedance expressions, respectively, B is the distance
between the two ground plates, S is the distance between the
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two strip lines, W is the strip width, h0 is the characteristic
impedance of free-space, and 1r is the relative dielectric con-
stant of the substrate. The stripline geometry and the related
parameters are shown in Fig. 2. The total impedance Z0 of
the coupler [8] can be written as

Z0 =
�������
Z0e Z0o

√
. (3)

In the following section, we will elaborate on several con-
siderations which must be taken into account for design of
the mentioned coupler geometry [9]. First, line width affects
both mutual coupling and impedance value. In our simula-
tion, the line width, which was first designed to be uniform,
exhibited undesired mutual coupling and high electrical
fields close to the coupler ports. Second, the bending radius
of the meander must be larger than the strip width [4]. In
our simulation, the coupler dimensions exceeded the
maximum dimension constraints due to high bending
radius to strip width ratio. Therefore, a correlation between
W and S was introduced into the coupler design, and simu-
lated to maintain the typical impedance and a minimal
power loss. Finally, the distance between the two parallel
lines must be large enough to achieve a minimal mutual coup-
ling while retaining the compact dimensions of the coupler.
Moreover, long parallel lines contribute to undesired mutual
coupling along the stripline. Therefore, simulations of the
power loss as a function of line length, line width, and line

separation were performed (Fig. 3) in order to obtain
optimal line dimensions. In addition, our coupler design
was based on commercial materials in order to enable a
future device fabrication. The simulation was based on the
RT/duroid 6006 substrate with a relative dielectric constant
of 6.15 and a thickness of 9.51 mm with 2 Oz of the copper
layer. In order to obtain our device geometry, we introduced
a combination of two striplines separated by the RT/duroid
6006 substrate with a thickness of 1 mm, B ¼ 20 mm, S ¼
1 mm, W ¼ 3, and L ¼ 550 mm as defined in Fig. 2.
Additional substrates were combined in order to obtain the
device thickness requirements from the stripline to the
ground plates. Electromagnetic simulations of the hybrid
coupler show an insertion loss of �3 dB in the transmission
and coupling ports along with a reflection coefficient (S11)
lower than 220 dB at the frequency range of 40–75 MHz
(Fig. 4). The final structure of the coupler is shown in Fig. 5.

C) Capacitor bank
The capacitor bank was connected to the coupling and to the
through ports of the coupler, as a part of the matching unit
diagram block, shown in Fig. 6. The capacitor bank, covering
a phase range of 0–1808, was monitored by a phase control
unit, which determines the capacitance for each channel.
Each capacitance value provides a specific phase shift at a
given frequency. The obtained phase shift was correlated

Fig. 1. Three channels coupling system connected to a single antenna using
three phase-shifting units.

Fig. 3. IL (dB) as a function of stripline length (cm).

Fig. 4. S-parameters HFSS simulation of the coupler. Port designation: 1 for
input, 2 for coupling, 3 for through, and 4 for isolation.

Fig. 2. Stripline coupler.
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with the two other channels to maintain a simultaneous phase
match to the antenna. In order to obtain the capacitance value
for each channel, the following procedure was applied, start-
ing with equation (4), which represents the matching condi-
tion for couplers junction, in our case it was realized for
three channels.

Im
∑

j

yij + ystbi

{ }
=

∑
j

bij + bstbi = 0, (4)

yij =
1 + Gij

1 − Gij
. (5)

yij and Gij are the admittance and reflection coefficients,
respectively, of channel j at the (self)-frequency of channel i.
ystbi

is the admittance, at the (self)-frequency of channel i, of
the additional stub connected between the matching unit
and the junction of the three channels. By equating the
imaginary part of the admittance to zero we can extract bij,
the susceptance of channel j, at (self)-frequency of channel i
and bstbi

, the susceptance of the additional stub at the self-
frequency of channel i. By equating this part to zero, we can
state that the junction is matched for all connected channels.
The reflection is given by

Gij = kS11 +
S2

21GB

1 − S22GB
lij, (6)

where GB is the reflection coefficient of the stub. The reflection
coefficient is obtained from the S-parameter matrix of each
channel. Using the junction equation [3, 4], and assuming a
system of three channels, we can write the following matrix
equation:

b12(C2) + b13(C3) + bstb1 = 0,

b21(C1) + b23(C3) + bstb2 = 0,

b31(C1) + b32(C2) + bstb3 = 0.

(7)

Ci is the capacitance value for coupler in channel i and
bij(Ci) is the susceptance as a function of the associated cap-
acitance. This matrix is solved numerically and results in a
nine capacitors bank with capacitance range of 10–500 pF.
The capacitance of each channel is found derived numerically,
based on prior knowledge of the other channel frequencies. A
typical phase shift graph, as a function of frequency, for
several capacitance values, is shown in Fig. 7.

I I I . S Y S T E M O P E R A T I O N &
S I M U L A T I O N R E S U L T S

The different capacitances, each connected to a different
channel, determine the phase shift obtained by the reflection
from other channels. To demonstrate our design, a schematic
block diagram of the propagating and reflected waves is shown
in Fig. 8. In this manner, a propagating wave from a transmit-
ting system accumulates phase along the transmission lines
and the phase shifter up to the junction point. With a multi-
channel system, one must take into account the reflection of
the propagating wave from each of the other channels. The
reflected signals from the other two channels interfere
destructively with the original one at the junction point.
Therefore, each channel is matched to the antenna, while
other ports are considered to be open, i.e. having high imped-
ance. This analysis can also be performed in the opposite dir-
ection, i.e. receiving analysis, and results in the same
mechanism, due to reciprocity.

The system operation was simulated using Agilent ADS
software in order to check our design. In the simulation, the
coupler S-parameters were obtained from the electromagnetic
simulation results. First, we had to simulate the S-parameters

Fig. 5. Meander geometry of the coupler showing six bends structure with
steps in the width along the line.

Fig. 6. Matching unit diagram block.

Fig. 7. Phase shift simulation of coupler with a capacitors bank. The figure shows
different phase shift lines for capacitors ranging from 10 to 500 pF where the
calculating, up line, curve are related to the highest capacitance. The phase shift
is linear along the frequency and exhibits a phase of more than 1808.
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of the phase shifter block, in order to obtain the susceptance
coefficients for the junction equation. The system simulation
was carried out for the three channels, each working at a dif-
ferent frequency. The three sources were connected to output
band pass filters of BW ¼ 5 MHz in order to simulate an
actual communication system.

The capacitance value for each channel was calculated in
order to obtain matching to the junction point. The harmonic
balance simulation, as seen in Fig. 9, shows the original output
power of each channel at the junction point without reflection
interferences. Our simulation shows an insertion loss of
approximately 0.5 dB in each channel.

A) Experimental results
Measurement was performed on the coupler and a two con-
tinuous bank capacitor, having a capacitance range of 10–
350 pF. Ports 1 and 2, respectively, are the phase shifter,
input, and output ports (Fig. 6). Figure 10 shows the phase
shifter scattering coefficients for different capacitance values.

The blue graphs indicate the transfer coefficients for differ-
ent capacitance values. Insertion loss (IL) measured on the
device, in the relevant frequency range, was 20.5 dB.
Reflectance coefficients for the input port are marked in differ-
ent colors corresponding to different values of capacitance.

Figure 11 presents the capability of the phase shift unit. The
graph shows a linear frequency behavior for each capacitive
value, for the 35–80 MHz frequency range. The capacitor
bank, with a capacity range of 10–350 pF, provides phase shift
ability of 1808. This behavior facilitates the computation of the
system and displays a monovalent value for channels matching.

I V . C O N C L U S I O N

We designed and implemented a multi-channel matching
system, based on a phase shifter, for three simultaneous com-
munication systems. We demonstrated that the design meets

Fig. 8. Propagating wave in the full multi-coupler system demonstrates interferences at the junction point.

Fig. 9. Simulation of the full multi-channel system. ADS simulation shows
transmission of 50 dBm output power in three different operating frequencies:
50, 60, and 70 MHz. Simulation shows the maximum insertion loss of 0.6 dB.

Fig. 10. Matching unit scattering coefficients.

Fig. 11. Phase control capability for different capacitance values.
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the primary requirements for minimum insertion losses and
return losses in each channel. Using our design, it is possible
to reduce the number of antennas by a factor of three, without
compromising the system performance. A phase-shifting cap-
ability of 1808 is demonstrated, along with low IL of about
20.5 dB per channel.
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