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N. Cramer, D. Lucic, R. E. Camley, and Z. Celinski®
Department of Physics, University of Colorado at Colorado Springs, Colorado Springs,
Colorado 80933-7150

We have constructed a series of microstrips for transmission of microwaves. These microstrips
incorporate ferromagnetic and dielectric layers and therefore absorb microwave energy at the
ferromagnetic resonand&MR) frequency. The absorption notch in transmission can be tuned to
various frequencies by varying an external applied magnetic field. For our devices, which
incorporate Fe as the ferromagnetic material, the resultant FMR frequencies range from 10—20 GHz
for applied fields up to only 1000 Oe. This frequency range is substantially higher than those found
in devices utilizing a dielectric ferrimagnet such as YIG. We constructed devices using
monocrystalline Fe films grown in a molecular beam epitaxy system. Our devices are of different
construction than other Fe dielectric microstrips and show much improvement in terms of notch
width and depth. We observed maximum attenuation on the order of 100 dB/cm, much larger than
previously reported values of 4 dB/cm. @000 American Institute of Physics.
[S0021-897€00)70308-2

INTRODUCTION EXPERIMENT

Tunable filters based on the ferrimagnetic dielectric YIG ~ Previous filter structures used Fe epitaxial films grown
are a well-established technology with many practicaldirectly on semi-insulating GaAs wafers. The backside of the
applications: Band-stop filters, for example, rely on ferro- wafer and the Fe films were then coated with a high-
magnetic resonancé~MR) to absorb microwave power at conductivity metal. The Fe side was then etched into a strip
the FMR frequency. This frequency is set by material prop-to form the microstrip structure shown in Figal For these
erties, such as saturation magnetizatidn,, anisotropy filters, high quality, epitaxial Fe (linewidth of ~35 Og is
fields,H,, the gyromagnetic ratioy, and the magnitude of required to get reasonable attenuation.
an applied fieldH. If the applied field is along the easy axis, ~ Our devices, in contrast, consist of layers deposited on
the frequency is given by only one side of a GaA801) wafer as shown in Fig. (b).
This allows us to have a much thinner dielectric layer which
ultimately results in a much higher attenuation. The first
o=yJ(H+Hy)(H+H,+47My), stage of film growth was performed with molecular beam

epitaxy (MBE) at a pressure of-10"° Torr during deposi-
: ... tion. Deposition was monitored both with a quartz thickness
and therefore the resonance frequency can be varied with an_". . . : . .
. . monitor and with reflection high-energy electron diffraction
electromagnet. The maximum field produced by the electro-
. - (RHEED.
magnet determines the upper limit for the band-stop fre-
qguency. Hence, high frequencies are difficult to achieve with
a device of limited physical size.

An alternative that has received attention in recent years o
is the use of a higM ¢ material such as Fe. While Fe has a &;Tﬁmm'"m
much higher resonance frequency for the same applied field,
its conductivity can lead to high loss at microwave frequen-
cies. However, structures utilizing thin Fe films minimize oo
conduction loss while still producing high attenuation at the
band-stop frequendy’®

Recent attempts at producing Fe-film-based structures
have succeeded in making filters with high band-stop fre- 0.2um Fe(100) copped <
quencies and low broadband IgssHowever, the maximum wihihinAgloer gy
attenuation has only reached about 4—5 dB/cm. We con- A&l
structed microstrip band-stop filters using a slightly different =~ G100
geometry and growth method, resulting in much higher at-

tenuation. FIG. 1. Perspective cross sections for Scholemann structure using a
GaAg100 wafer as the dielectric layér). Our structureb) is formed with
vacuum-deposited Si{as the dielectric. Note that the dielectric(in) only
dElectronic mail: zcelinsk@mail.uccs.edu exists directly below the microstrip, allowing single-sided probing.
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FIG. 3. Stop-band center frequency as a function of applied magnetic field
for various structures. The plot for monocrystalline Fe represents our struc-

FIG. 2. Magnitude ofS,; as a function of frequencys,, represents voltage h ; s IS _ ;
ture with the microstrip aligned with an easy axis.

attenuation and therefore power attenuation is double in terms of dB.

power attenuation of over 100 dB/cm. The tremendous in-
crease in attenuation at the stop-band center frequency com-
ared to earlier devices is due to the use of the thinner di-
lectric as predicted by theofy.

The observed insertion loss of about 7 dB is primarily
) ) o - due to impedance mismatch. This could be improved either
ered_ with 5 nm of Ag to protect it from oxidation. Fe film by increasing the thickness of the dielectric or by narrowing
quality was measured with FMR. This also allowed us to . . :

. . . . ) .—the width of the upper conducting strip. Currently, we are
determine the easy axis of the film. Creating microstrips . : . S
aligned with the easy axis increased the effective field in thereStrICteOI to a maximum dielectric thickness due to our probe

g . Y ) Station and we are restricted to a minimum strip width due to
strip and increased the operating frequency.

The sample was then transferred to a traditional e—beamuse of a shadow mask.
P The variation in notch frequency with applied field fol-

evaporation system to complete the structure. A shadovlvows theory reasonably well as shown in Fig. 3. By placing

m:::: \t,\rgaes crlgpupn%d Olgr;[gpaﬁgtr;i Sssrgp:ﬁebigrisdtzposgfnetgqe strip along an easy axis, we create an effective field in the
9 P P P Pe. ¢ rip that is the sum of applied external field and anisotropy

pm Of_ SIC; was deposited and capped W'tmm. Ag to form {ield. Thus, the effective field is boosted by 550 Oe. Figure 3
the dielectric and upper conductor, respectively. Note thancludes a theoretical plot for monocrystalline Fe with this

. : ) i
because the ground plane is exposed on either side of thaenisotropy and also shows plots for polycrystalline Fe and

microstrip, the strip can be probed from the top side of theYIG for comparison. Clearly, monocrystalline Fe produces

wafer. . . . o much higher frequencies for similar fields than either of the
Magnetic anisotropy, saturation magnetization, and reso-

nance linewidth were all measured in 10 and 24 GHz FMROther two.
systems. Filter properties were measured with a Hewlett

Packard 40 GHz vector network analyzer. This system al-

lowed measurement of reflection, transmission, and charaGONCLUSION

teristic impedance.

First, a 1 nmthick Fg001) “seed” layer was grown on
a GaAg001) substrate. A 600 nm layer of Ag01) was then
deposited and annealed at 520 K. This Ag film provides %
ground plane and the template for further growth of epitaxial
Fe(001). Next, 200 nm of F&01) was added and then cov-

We have created a band-stop filter with center frequen-
cies in the 10—-20 GHz range which is tunable with a small
external magnetic field. This device represents two major
RESULTS AND DISCUSSION improvements over other similar dEViCQSi) We find sub-

stantially higher attenuation in the stop band &&d our

Our FMR measurements showed a fourfold in-plane anstructure obtains high attenuation even with higher Fe line-
isotropy field of 550 Oe. The resonance linewidth was ap-widths.
proximately 50 Oe at 10 GHz for the monocrystalline Fe  These improvements allow a great reduction in size for a
sample. complete device including an electromagnet. Raising the fre-

The magnitude of the ratio of transmitted voltage to in-quency range reduces the applied field required to create a
put voltage,S,;, as a function of frequency is shown in Fig. high center frequency and thus reduces the electromagnet
2 for our 0.14 cm long microstrip. The separate data setsize. Increasing the attenuation reduces the microstrip length
represent applied fields ranging from 0 to 880 Oe. The stoprequired and allows the electromagnet pole pieces to be
band depth is about 10 dB voltage attenuation or 20 dBplaced closer together. This allows the same field strength to
power attenuation. For our short sample, this results in de created with a smaller magnet. In addition, our structure
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