A PHYSICS-BASED IMPEDANCE MODEL FOR A MINIATUR-
IZED BROADBAND SPIRAL ANTENNA

Lee M, Kramer B.A., Chen C.C. , Volakis, J.L.
ElectroScience Laboratory, Dep. Electrical and Computegilkeering,
The Ohio State University

There is a strong interest in the commercial and military@sdor small and
broadband antennas. Existing commercial applications haveed for a single an-
tenna operating in the frequency range of 825-2500 MHz (AMBYB, GPS, PCS,
SDARS), for example. For military applications, there isoah need to have a single
aperture which permits operation in different communaratbands and can also be
used for imaging and guidance applications. These need#r@éegide band anten-
nas, such as the miniaturized spiral antenna. Due to itslberal nature, broadband
antenna miniaturization usually can not be achieved by extional ways of port
impedance tuning. Instead, more homogenous treatmergsatiie whole antenna
aperture has to be applied. Various such techniques haddssefoped, including
dielectric material loading, distributed lumped elemarading, etc. Almost all of
these strategies intend to reduce the effective wavelangttie antenna geometry,
thus making the antenna electrically larger. However, & &lao been observed that
this approach results in diminishing gain-shift return wheore aggressive minia-
turization is applied to a broadband antenna. To understanll behavior one has
to explain the impact of miniaturization strategies on angeimpedance. This paper
presents a simple physics-based working model describmapdband spiral antenna
impedance as a function of frequency. Comparison betweemtidel and the full
wave simulation shows very good agreement. Further moig,ntbdel is able to
include the impact of miniaturization strategies on spamtennas. Based on this
model, we are able to explain the two major issues associgitbdoroadband spi-
ral miniaturization, namely, the diminishing gain-shiéturn and the broadside gain
drop at high frequency. Specifically, we model the spiratana as a wrapped trans-
mission line structure in terms of wave propagation, andndiicoous set of radiating
loops in terms of radiation. The model shows that the sloweasituation results in
unavoidable spiral antenna radiation pattern broaderihghe same time, radiation
resistance shows mixed response, namely, shifting toveavdrl frequency but was
also lowered in magnitude. The physical insight into thesaés can not be provided
by full wave simulation, which is also computationally hgder a broadband spiral
structure. We also show that this working model is in linehwtite well known small
antenna limit theory. While the small antenna limit theorgrglly provides a uni-
versal limitation on all radiation elements, the workingdabproposed in this paper
provides more functional details when spiral antenna isatern. This allows more
focused solutions to the miniaturization issues to be agea.
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