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[2]. The introduction of magneti
materials into dielectric patch antenna substrates leads to enhan
substrate permeability, and an improved intrinsic impedance omedium (Z ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
m

0mr=e0er

p
) that better matches that of free space.

better impedance match results in enhanced bandwidth and efÞ
of the patch antennas.

Traditionally ferrites have been the default magnetic material
antenna applications[1, 2]. However, the large loss tangents of
available self-biased ferrite materials (without applied magnetic
Þeld) severely limited their application frequencies to 500 MHz or

Metal magnetic Þlms have high saturation magnetisation values
to 24 kG and self-biased ferromagnetic resonances at several G[3,
4]. In addition, metal magnetic Þlms with narrow ferromagn
resonance linewidth comparable to those of ferrites, and high sq
ness (remnance ratioMr=Ms) of � 100%[3, 4] were reported, making
possible to achieve self-biased magnetic patch antennas up to s
GHz. Further, metal magnetic Þlms and the associated fabric
technologies are low temperature processes compatible to M
technologies. In this Letter, we report a new type of electronic
tunable magnetic patch antennas with metal magnetic Þlms
designed, fabricated, and tested at 2.1 GHz, exhibiting enha
performances.

Fig. 1 Return loss of Þrst magnetic patch antenna with different app
magnetic Þelds along feedline direction

Designs and fabrication:A conventional (non-magnetic) patc
antenna operating at 2.13 GHz was designed on a 200� 200square
alumina substrate with a thickness of 2 mm. The Cu patch size fo
non-magnetic antenna isL ¼22.2 mm,W¼30 mm and thickness o
3 mm. Two new magnetic antennas were designed and fabricated
the same alumina substrate and Cu patch dimensions as those
non-magnetic antenna, except that there was one 1mm-thick metal
magnetic Þlm between the Cu patch and the alumina substrate
shape of the magnetic layer was controlled to be the same as t
the Cu patch (excluding the feedline), as shown inFigs. 1and2. This
magnetic Þlm shape was Þnalised as a result of two considera
First, we wish to have a strong coupling between the magnetic
and the microwave magnetic driveÞelds, which are concentrat
beneath the patch. Secondly, we wish to minimise the unwanted
cy
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on the feedline, so no magnetic Þlm was put beneath the Cu fee
Metal magnetic Þlms used for magnetic patch antennas hav
atomic composition of (Fe60Co40)85B15, and were amorphous with
saturation magnetisation of 16 kG, a coercivity of < 0.3 Oe, an
high resistivity of 100mO � cm. All FeCoB Þlms were 1mm thick,
deposited by sputtering with an in-situ magnetic Þeld to prese
magnetisation direction, thus achieving anisotropic in-plane perm
ability. Two magnetic antennas were made with magnetisation o
FeCoB magnetic Þlm preset to be either parallel (1st) or perpend
(2nd) to the feedline, as shown inFigs. 1and2. Photolithography and
wet etching were used for patterning the Cu and magnetic layer

Fig. 2 Return loss of Þrst magnetic patch antenna with different applie
magnetic Þelds perpendicular to feedline direction

Test results:Return loss of the conventional antenna (non-magn
antenna) on alumina substrate, and the two magnetic antennas w
measured and is shown inFigs. 1and2. The non-magnetic antenn
shows a measured resonance frequency of 2135 MHz and
� 10 dB bandwidth (BW) is 24�


