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L. INTRODUCTION

With the development of ferrite thin-film technology and possible mono-
lithic integration of such substrates [1], microstrip radiators on ferrite substrates [2],
[31 become increasingly attractive in tunable patch antenna configurations. For the
accurate prediction of circuit performance, it is necessary - as in, e.g., GaAs-based
MMIC applications - that theoretical models include such material characteristics
as substrate losses and anisotropies, finite metallization thickness and finite con-
ductivity of the radiating patch and the ground metallization. While substrate losses
are sometimes considered in patch antenna models, the metallizations are still as-
sumed ideal and of vanishing thickness. That this assumption can result in large er-
rors is well known from investigations carried out for MMIC structures, e.g., {4].

Therefore, this paper focuses on the incorporation of conductor, bottom
metallization and substrate losses in the analysis of magnetically tunable patch
radiators on ferrite substrates. A modified spectral-domain immittance approach is
used to investigate the influence of different magnitudes and directions of external
magnetic bias on the resonant frequency and Q-factor. Pattern calcularions demon-
strate that the basic shape of radiation characteristics is maintained when applying
external magnetic bias.

II. THEORY
Fig. 1 shows the patch antenna geometry and indicates the substrate losses
as well as those of the conducting paich and bottom metallization. The ferrite
material is represented by tensors
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for magnetic bias in x-, y-, z-direction, respectively. Although the tensor compo-
nents can be complex in general, well-known real expressions [5] are used in this
investigation while the substrate losses are entirely attributed to the complex per-
mittivity.
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The spectral-domain immittance approach (SDIA) [6] is then applied o
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decouple TE-to-y and TM-to-y modes in the spectral domain. After obtaining the
related propagation constants and immittances, the finite patch and bottom metalli-
zations are incorporated via their surface inpedances
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where subscripts p, g represent patch, ground metallization, respectively, and A is
the penetration depth. While the ground metallization can directly be considered in
the SDIA procedure, a complex boundary condition [7] is applied for the conduct-
ing patch to modify the Green'’s dyadic functions.

For derails regarding this method and comparison with available data
involving ferrite substrates, the reader is referred to [8]. The underlying principles
of resonant frequency/Q-factor and pattern calculations are presented in (9], [10],
respectively. Computation time for one set of parameters is approximately ten min-
utes on a workstation compatible with a IBM RS6000/530.

II1. RESULTS

At the example of a MIC configuration, the set of Fig. 2 shows the effects
of external magnetic bias on the resonant frequency, Q-factor and radiation pattern
of the patch. For the square geometry investigated, the tuning range is comparable
with respect to bias applied in all three directions of the cartesian coordinate sys-
tem. The ferrite behaves as a lossy dielectric at zero external bias and reduces its
effective complex permeability with increasing bias. Consequently, both resonant
frequency (Fig. 2 top) and Q-factor (Fig. 2 mid) increase with applicd d.c. bias.
The increase in Q-factor, i.c. reduction of losses, with applied bias is also visible in
the radiation pattern (Fig. 2 bottom) which is normalized to the maximum field
strength calculated in the lossless case. With the varying magnetic bias chosen in
the y-direction as example, the basic shape and beamwidth of the patterns are
changed only marginally. The corresponding resonant frequencies are those plotted
in Fig. 2 (top).

Figs. 3 show a similar investigation with respect to thin-film technology as
proposed in [1]. The fundamental differences compared 1o Figs. 2 are a slightly
reduced tuning range and a significantly lower Q-factor. The Q-factor reduction is
predominantly due to the lower saturation magnetization assumed in this case.
Note that the difference in surface impedance for the conducting patch in both
cases (Fig. 2 and Fig. 3) differs only by some milliohms so that the thin conductor
and bottom metallization in Fig. 3 do not contribute to the lower Q-factor.

IV. CONCLUSION

An extended spectral domain immittance approach is used to rigorously
analyze rectangular patch radiators on ferrite substrate. The theoretical model
includes the effects of a lossy conducting patch, a lossy ground metallization as
well as a five-element tensor and a complex permittivity to represent the ferrite
substrate. For a square patch geometry, it is demonstrated that tuning range and Q-
factor are independent of the direction of magnetic bias. Radiation patterns main-
tain their basic shape and beamwidth during tuning while the efficiency increases
with external bias.
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Fig. 1 Nonideal microstrip patch radiator on lossy ferrite substrate and imperfect ground metalliza-

uon.
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Fig.2 Resonant frequency (top), Q-factor
(mid) and radiation cpg;ttem (bottom) of MIC
pach on ferrite substrate. W=L=8mm,
h=254pum, €=12.6, tan8=0.001, t;=t,=15um,
Gy=0= 408/\m, Bs=0.16T.
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Eiﬁd Resonant frequency (top), Q-factor (mid)
and radiation pattern (boltomg of MMIC patch
on thin-film ferrite. W=L=10mm, h=75/um,
=126, and=0.001, t;==0.8um, o=05=
Jjum, Bs=0.125T.
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