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1 Introduction

This report documents a candidate design for a multiband land mobile radio (LMR) antenna system
under our project “Antenna Systems for Multiband Mobile & Portable Radio” [1]. The antenna sys-
tem is intended for use in multiband vehicle-mounted push-to-talk systems, such as those commonly
employed in public safety organizations. The design presented here includes a significant changes
and improvements from our earlier (project Phase I) design, reported in [2].

Figure 1 shows a block diagram of the system. It consists of a monopole-type antenna, an
automatic electronic antenna tuner, cable sufficient to connect the system to an existing transceiver,
and (optionally) a multiplexer allowing multiple transceivers to share the antenna system. The goal
of this system is to provide reasonable performance in the VHF-High (138–174 MHz), 220 MHz,
UHF (406–512 MHz), and 764–862 MHz bands. Achieving reasonable receive-mode performance in
multiple bands simultaneously is also of interest. An improvement over the previous (Phase I) design
is that the VHF-Low (25–50 MHz) band is also supported, by means of an electronically-switchable
extension element on the monopole, described in [3]. The cited report also shows that the extension
may provide better performance at some frequencies in higher bands as well.

Figure 1: Block diagram of the candidate antenna system.

The top-level design of the antenna system is described in Section 2. Section 3 provides addi-
tional details on the design of the antenna tuner proposed for this system.

2 System Design

This design uses a electronically-reconfigurable monopole, as shown in Figure 2 and described in [3].
The two states of the monopole are referred to as “high-band” – intended primarily for frequencies
in VHF-High band and above – and “low-band” – intended for VHF-Low. The starting point for
antenna design was the requirement that the antenna itself be simple and similar in form to existing
single-band antennas used in this application; i.e., monopoles. Given this constraint, we chose for the
high-band “base” element a monopole that would perform well in a traditional mode of operation in
the center of the highest desired frequency band, around 800 MHz. It is well-known that monopoles
with lengths λ/4 and 5λ/8 are good choices. A 5λ/8 design is the better choice in this case, for two
reasons: (1) 800 MHz monopoles are already physically small, so there is not much to be gained
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by trying to reduce antenna size for operation in this band, and (2) the extra length makes design
for lower frequencies easier. The base element of the design considered here is 23.5 cm long. This
is the same length chosen in the Phase I design, in which no attempt was made at optimization.
After considering a variety of other lengths in the meantime, this still appears to the among the best
possible choices. The length of the low-band “extension” element was selected so that the overall
length of the monopole, when the elements were electrically-connected, would yield good impedance
mismatch efficiency and pattern characteristics at about 40 MHz.

The only other antenna parameter to consider given the “mechanically simple” design constraint
is diameter. It is well-known that impedance bandwidth increases with increasing diameter; on the
other hand, weight, wind loading, and overall ruggedness are important practical considerations.
We arbitrarily chose a diameter of 10 mm for the base element, as this is very close to a standard
size for stock metallic rod, and seems reasonable to us from the perspective of the cited practical
considerations. The rod can be hollow, allowing the routing of the switch control line inside the base
element to the switch. The diameter of the extension element is 2 mm, again because this is very
close to the diameter customarily used for VHF-Low antennas, and because increasing the diameter
to 10 mm (to make it the same as that of the base element) was not found to provide a significant
improvement in performance in the VHF-Low band.

As demonstrated in [2] (see also [4]), an antenna tuner is required. Because the necessary tuning
will vary from band to band, and because the tuning is essential for transmit-mode operation, the
tuner must (1) be able to determine when the transceiver is transmitting, and in what band; and (2)
configure the tuner appropriately. This is accommodated in the design described in the next section.

Finally, we consider the issue that in many cases, multiband installations are implemented using
multiple single-band transceivers, as opposed to a single multiband transceiver. When multiple
transceivers are employed, it is necessary to “fan out” the output of the antenna-tuner-cable system.
One possible choice for doing this is to use a traditional power divider. This however has the
severe drawback that the insertion loss is greater than 3 dB for two-way dividing, 6 dB for 4-way
dividing, and so on. An approach which does not suffer this drawback is to use a multiplexer. In the
receive direction, a multiplexer divides its input according to frequency range, so that nominally all

the power associated with a specified frequency band goes to a single output. In this application, a
multiplexer will have the additional advantage of increasing the transmit-to-receive isolation between
transceivers.

3 Antenna Tuner

The principal problem in the current phase of the project is to design a suitable antenna tuner.
A block diagram of the current system is shown in Figure 3. This design incorporates several
improvements over the Phase I design, including: (1) Closed-loop selection of tuning states, using
VSWR measurements; (2) Faster and precise estimation of transmit frequency, utilizing a frequency
counting technique; (3) transmit power handling increased from 1 W maximum to 10 W maximum;
(4) simultaneous control of 10 (as opposed to 6) stubs in any combination, providing a vastly
increased number of additional tuning states. This tuner also provides an external signal to control
the state of the reconfigurable antenna described in the previous section. We now describe the design
and method of operation of the Phase II tuner in detail.

As in the Phase I approach, matching is accomplished using switchable shunt reactances located
along the transmission line. The design of the stubline is essentially unchanged from the Phase I
design [5], shown in Figure 4, and the overall performance of the tuner will be essentially the same
as reported in [2] for the tuning states considered in that report.
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Figure 2: The reconfigurable monopole antenna. The switch control is routed inside the (hollow)
base section to a latching relay switch between sections.

4



Figure 3: Block diagram of the antenna tuner.

When a reactance is disconnected by it’s switch, it has no effect; therefore in principle any num-
ber of shunt reactances can be employed. In practice, we would like to constrain the shunt positions
to a limited range over a section of the coaxial cable close to the antenna, so that they may be
conveniently contained within a compact enclosure. The shunt reactances are implemented as open-
circuited sections (“stubs”) of transmission line.

The shunt reactances could in principle be implemented as discrete capacitors; however in prac-
tice this is becomes difficult at frequencies in the VHF-High band and above due to the small values
required. For convenience the stubs are implemented using the same (e.g., RG-58) cable used in the
primary transmission line; however there is no particular obstacle to using microstrip lines on the
stubline printed circuit board in future designs.

A top-level description of the scheme for setting the stubline switches is as follows: A small
fraction (−20 dB) of the power flowing from the transceiver(s) to the antenna is diverted from the
transmitted signal using a Mini-Circuits (Inc.) SYDC-20-13HP surface mount directional coupler.
The frequency of the transmitted signal is measured using a “frequency counting” scheme described
below, which employs a Microchip (Inc.) PIC16F887 (“PIC”) microcontroller. Using a lookup table,
the microcontroller maps the measured frequency to a set of stubs to use, and activates those stubs.
Simultaneously, tiny fractions of the forward (desired) and reverse (reflected) transmitted power are
obtained using another SYDC-20-13HP coupler. These signals are detected using an Analog Devices
(Inc.) AD8364 dual-channel RF detector integrated circuit (IC), which outputs voltages which are
log-linearly proportional to the input RF powers. These outputs are measured by the PIC controller
and compared in software to determine VSWR during transmit. This provides confirmation that
the selected stubline state is suitable; alternatively, if VSWR is determined to be inadequate, the
tuner PIC controller will try small changes to the stubline states in an attempt to “learn” the best
choice for the frequency currently in use.

The scheme for estimating transmit frequency is as follows. The signal from the radio-side di-
rectional coupler is input to an ON Semiconductor (Inc.) MC12080 prescaler IC. The prescaler
divides the input frequency by 80, obtaining a frequency range between 1.725 MHz (correspond-
ing to 138 MHz) and 10.775 MHz (corresponding to 862 MHz). The prescaler output is used to
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Figure 4: The stubline. When installed, open-circuited lengths of coaxial cable are (permanently)
attached to the connectors along the length of the board.

drive the clock pin of one of the timers on the PIC controller, which generates a periodic interrupt
whose frequency is proportional to the transmit frequency. Unfortunately, the MC12080 is limited
to frequencies above 100 MHz, which excludes the VHF-Low band. To determine if transmission
in the VHF-Low band is occurring, the coupler output is also directed to a separate, parallel path
consisting of a bandpass filter and an RF detector. A suitable bandpass filter design is the VHF-Low
channel of the 5-channel filter bank from the Phase I design [6]. Similarly, a suitable power detector
design is that used in the Phase I design [7]. As in the Phase I design, the voltage at the output
of the RF power detector is sampled using one of the PIC controller’s analog-to-digital converters.
Thus, unlike the scheme for VHF-High band and above, the PIC controller does not have access
to a precise frequency of transmission; it only knows whether there is transmission in this band, or
not. However, the VSWR-monitoring scheme described above remains available and can be used to
make fine adjustments to the stubline state.

As in the Phase I design, this implementation uses the Microchip (Inc.) DM164120-2 “PICkit
2 44-Pin Demo Board” as its controller. The microcontroller on this board is the Microchip
PIC16F887, and the board requires about 20 mA at +5 VDC. Digital logic outputs are connected
in pairs to the relay coil terminals on the stubline tuner (i.e., neither side of the coil is grounded).
When a relay state change is required, one of the two outputs is pulsed high while holding the other
low. The relays are of the latching variety and require no power to maintain state. Thus, the tuner
will remain functional – albeit fixed in its last state – even if all power to the unit is lost.
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