on the feedline, so no magnetic bPIm was put beneath the Cu feedline.
Metal magnetic PIms used for magnetic patch antennas have an
atomic composition of (EgCo040)ssB1s, and were amorphous with a
saturation magnetisation of 16 kG, a coercivity of <0.3 Oe, and a
high resistivity of 1000 cm. All FeCoB bIms were im thick,
deposited by sputtering with an in-situ magnetic Peld to preset the
magnetisation direction, thus aehing anisotropic in-plane perme-
ability. Two magnetic antennas were made with magnetisation of the
FeCoB magnetic PIm preset to be either parallel (1st) or perpendicular
(2nd) to the feedline, as shownHkigs. 1and2. Photolithography and

wet etching were used for patterning the Cu and magnetic layers.
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[2]. The introduction of magnetic
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materials into dielectric patch ®mna substrates leads to enhanced

maxiuatd pernmeability, and an improved intrinsic impedance of the 20

v oM=eee;) that better matches that of free space. The
better impedance match results in enhanced bandwidth and efbciency
of the patch antennas.

Traditionally ferrites have been the default magnetic materials for
antenna applicationgl, 2]. However, the large loss tangents of the
available self-biased ferrite materials (without applied magnetic bias
beld) severely limited their application frequencies to 500 MHz or less. frequency, GHz

Metal magnetic PIms have high saturation magnetisation values of URsig. 2 Return loss of Prst magnetic patantenna with different applied
to 24 kG and self-biased ferromagnetic resonances at severdBGHz magnetic belds perpendicular to feedline direction
4]. In addition, metal magnetic bPIms with narrow ferromagnetic
resonance linewidth comparable to those of ferrites, and high square_i_ ¢ lts-Ret | f th tional ant fi
ness (remnance ratib,=MJ) of 100%]3, 4] were reported, making it ~ |¢St ésults:Return loss of the conventional antenna (non-magnetic
possible to achieve self-biased magnetic patch antennas up to sevet%'i‘tenna) on aIL_Jmlna subs_tratadahe two magnetic ant_ennas was
GHz. Further, metal magnetic Pims and the associated fabricatiof€asured and is shown kigs. 1and2. The non-magnetic antenna
technologies are low temperature processes compatible to MMICSNOWS a measured resonance frequency of 2135MHz and the
technologies. In this Letter, we report a new type of electronically 10dB bandwidth (BW) is 24
tunable magnetic patch antennas with metal magnetic PIms being
designed, fabricated, and tested at 2.1 GHz, exhibiting enhanced
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Fig. 1 Return loss of brst magnetic patch antenna with different applied
magnetic belds along feedline direction

Designs and fabricationA conventional (non-magnetic) patch
antenna operating at 2.13 GHz was designed orf%a2°square
alumina substrate with a thickness of 2 mm. The Cu patch size for this
non-magnetic antenna is¥222.2 mm,W%30 mm and thickness of
3mm. Two new magnetic antennas were designed and fabricated with
the same alumina substrate and Cu patch dimensions as those of the
non-magnetic antenna, et that there was onemin-thick metal
magnetic PIm between the Cu patch and the alumina substrate. The
shape of the magnetic layer was controlled to be the same as that of
the Cu patch (excluding the feedline), as showhigs. 1and?2. This
magnetic bPIm shape was Pnalised as a result of two considerations.
First, we wish to have a strong coupling between the magnetic PIm
and the microwave magnetic driveelds, which are concentrated
beneath the patch. Secondly, we wish to minimise the unwanted loss



