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1 Introduction

Mobile and portable radio is an essential component of commercial, military, and
public safety operations, with systems in many frequency bands ranging from HF
through SHF. This profusion of frequencies and associated modes complicates in-
teroperability and, especially in the case of military and public safety applications,
significantly impacts operational effectiveness. Inexpensive high-performance multi-
band radios may be part of the solution to this problem. Such radios are on the
verge of becoming possible as a result of emerging single-chip transceiver technology
[1,2]. An aspect of this problem which remains essentially unsolved is how suitable
antennas can be integrated into the design without degrading performance or leading
to objectionable sizes or shapes. To be accepted by users, these radios must achieve
performance comparable to existing radios, using the same monopole-type anten-
nas already in common use. Developing antennas which perform well over many
bands each representing large fractional bandwidths is a daunting task, especially
at VHF and below where resonant-mode operation is typically not possible. Thus,
any impedance match between antenna and receiver which achieves efficient power
transfer will necessarily have unacceptably narrow bandwidth [3], and therefore will
need to be tuned as the channel changes. Such a scheme is difficult to implement in
trunked or otherwise frequency-agile systems, and furthermore precludes the pos-
sibility of simultaneous multi-frequency reception which is of interest especially in
cognitive radio applications.

In this paper we consider an alternative approach which exploits the fact that the
single-chip transceivers from which practical multiband radios are likely to be built
(e.g., [2]) consist of multiple receivers operating in parallel, each of which can be
directly connected to a dedicated off-chip filter. In this case an RF multiplexer can
be used to segment the tuning range into multiple bands. Once partitioned in this
manner, the interface for lower frequency bands – the most troublesome as noted
above – can be separately optimized not for match efficiency, but rather for effective
sensitivity, exploiting the high levels of environmental noise known to exist at these
frequencies [4]. We demonstrate the technique by designing an antenna interface
which yields acceptable performance for operation in four bands – 138–174 MHz,
220–222 MHz, 406–512 MHz, and 764–862 MHz – when used with a monopole just
20 cm long with 5 mm radius, assuming front end noise figure in the range 1–2 dB.
Such noise figures are well within the capabilities of existing low-cost electronics.



2 Antenna-Receiver Interface Design

The monopole is modeled as a voltage source in series with an impedance Zant, which
is equal to one-half the impedance a dipole (obtained using image theory) in free
space. We obtain a circuit model for Zant using the method described in [5]. The
circuit model and associated impedance are shown in Figure 1. We wish to interface
this antenna to separate receiver inputs using the multiplexer architecture shown in
Figure 2. We initially design the multiplexer channels for constant 50Ω frequency-
independent input and output impedances, neglecting the possibility of interaction,
with results as shown in Table 1 and Figure 3. These results are expressed in terms
of transducer power gain (TPG), defined as the ratio of power delivered by a match-
ing network to a load, to the power delivered to a perfectly matched load directly
from the antenna. Note that the performance is unacceptable, especially in the 138–
174 MHz band. However, the relevant question for receive system performance is not
match efficiency but rather sensitivity. Furthermore, it is well-known that external
VHF-band radio noise due to natural and man-made sources can be strong enough
to constrain the sensitivity of well-designed receivers [6]. Thus, we propose that the
relevant design criteria are actually (1) that the ratio γ of external (unavoidable)
noise to internally generated noise at the output of a receiver front end should be
large, and (2) the TPG should be reasonably flat over the passband. The quantity
γ is given by η(1−|Γ|2)Text/TFE where η is antenna efficiency (∼ 1 in the frequency
band of interest), Text is external noise temperature (7660 K to 3760 K in areas
classified as “residential” [4]), Γ is reflection coefficient, and TFE is the noise tem-
perature of the front end. To exploit this observation, we used the GENESYS tool
of the Advanced Design System (ADS) to jointly optimize the component values of
the 138–174 MHz and 220–222 MHz channels to achieve maximum flatness (thereby
satisfying the second criterion), ignoring TPG. The other two channels were opti-
mized for maximum TPG simply by tuning the value of first series inductor in each
channel. The result is shown in Figure 4, with optimized component values given in
Table 1. Figure 5 shows that this design achieves large γ in the first two channels,
despite poor TPG, for front end noise figures (corresponding to TFE) as high as
2.0 dB.

It should be noted that the results in Figure 5 are obtained assuming Text classified
as “residential” in [9]. However, the noise associated with environments classified as
“rural” are only a factor of ∼ 3 less than than this; furthermore, one would expect
the risk of intermodulation would also be correspondingly less. This suggests the
possibility of a dynamically-varying optimal tradeoff between linearity and sensitiv-
ity parameterized in terms of Text, which could be measured by the receiver.
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Figure 1: Circuit model and impedance for a 20 cm monopole of 5 mm radius.
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Figure 2: Interface concept; each multiplexer channel uses topology shown on right.

Component Channel–1 Channel–2 Channel–3 Channel–4
Before After Before After Before After Before After

L1 (nH) 377.1 290.6 1357.4 1322.5 111.2 82.5 114.9 81.1
C1 (pF) 2.8 6.9 0.4 0.4 1.1 1.1 0.3 0.3
L2 (nH) 9.7 7.6 1.3 1.3 3.1 3.1 0.9 0.9
C2 (pF) 108.7 136.1 391.4 389.4 39.0 39.0 42.8 42.8
L3 (nH) 561.6 402.9 2021.9 2101.2 173.4 173.4 182.0 182.0
C3 (pF) 1.9 2.6 0.3 0.3 0.7 0.7 0.2 0.2
L4 (nH) 9.7 8.3 1.3 1.2 3.1 3.1 0.9 0.9
C4 (pF) 108.7 125.1 391.4 437.5 39.0 39.0 42.8 42.8
L5 (nH) 377.1 207.2 1357.4 1301.4 112.2 112.2 114.9 114.9
C5 (pF) 2.8 5.1 0.4 0.4 1.1 1.1 0.3 0.3

Table 1: Component values of the multiplexer before and after the optimization.



Figure 3: Performance of initial multiplexer assuming constant 50Ω termination
impedances (solid line) and assuming actual antenna input (dotted line).

Figure 4: Same as Figure 3 assuming antenna input, after optimization (see text).

Figure 5: Ratio (γ) of environmental to front end noise in the first two channels
assuming indicated front end noise figure and “residential” noise per [4].


