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Micro assisted magnetic recording (MAMR) is currently of high interest in research attempting to achieve next-generation hard-disk

drives with high areal densities of over 1 T bit/inch’. To achieve the necessary MAMR technology, an ac magnetic field generator
must be realized in a writing head device. A major candidate for the field generator is a free layer with nano-sized dot shapes as a field
generating layer (FGL) in a spin torque oscillator (STO).

Generated ac field characteristics such as amplitude, frequency, and direction, which depend on a trajectory of magnetization
precession (mode), have to be controlled by engineering. Several numerical simulation works indicate that the necessary ac field
amplitude is as large as a few kOe and the frequency of the ac field is the same order as the ferromagnetic resonance frequency of the
media (typically a few 10 GHz). It has also been pointed out that polarity of the ac field strongly affects the stability of the writing
probability and the necessary ac field amplitude. The STO precession is basically regarded as a rotation around an effective field. A
YM x Hytorque dominantly acts on the magnetic moment from a standard Landau-Lifshits-Gilbert (LLG) equation + Spin Transfer
Torque (STT) model. Therefore, the STO precession and FMR precession are regarded as similar dynamics. We expect to analyze
precession modes in the STO from a FMR spectrum of a nano-dot. FMR spectra for patterned magnetic film have been measured by
a vector network analyzer (VNA) FMR technique using a coplanar wave guide (CPW). VNA-FMR gives AS data as both the parallel
component to the input signal, as the real part, and the perpendicular component, as the imaginary part, in the phase plane. Both
components of AS are a combination of symmetric Lorentzian and anti-symmetric Lorentzian.

The observed FMR spectrum amplitude is proportional to the ac magnetic susceptibility of the sample. The ac susceptibility in a

magnetization precession is denoted as a tensor component of ;; as follows,
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The dM; component is proportional to the induced current in the inductor. The ac field (H,j) component is proportional to the field
induced the around sample by the inductor. If a straight signal line is regarded as an inductor, a H,., parallel to the x-direction is
generated, and the induced current originates from dM according to Faraday’s law. As a result, ., will be measured in this situation.
When the sample, however, is located around the shorted region of a shorted CPW, the situation becomes more complicated, as the
short terminated region is conceived as a combination of a double half tum coil and a single wire. The half tumn coil generates the
z-component of H,. and picks up a current by dM,. The summation of ac field vectors in the sample position from the inductors
depends on the individual inductance, and the coil’s shape and geometry. The voltage generated by the induced currents also depends
on the circuit design. Therefore, the measured spectrum is not simply regarded as a 7, component in the VNA FMR. If the
observed y component is controlled by the circuit geometry and
sample position of the CPW in VNA FMR, we can deduce the 3-D
motion of magnetization in a FMR mode from the % components.

The information is applicable for the prediction of FGL motion and

can be used to design an efficient field generation device. In this 107 X 103 [nm?]

dissertation, FMR spectra for nano-sized magnetic dots of shorted 45 um
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CPW were measured in various positions and fields. The measured y

components from the spectra are discussed.

A shorted CPW (Figl.) was fabricated by photo-lithography and Ar ~ Fig1 A Scanning electron microscope image of the

ion etching for Ta (5 nm)/[Cu (100 nmyTa (5 nm)]; fabricated CPW and the sample. A GSG probe was

. ¢ the left end of the CPW. The sampl
laminated non-magnetic metal film with small roughness (Ra = 0.3 connected at the left end of the © sampies

) ) magnetic dots were fabricated in different positions of
nm) on quartz substrate (0.5 mm thickness and & =3.78). Film

A, B, and C. The average value of the nano-dot
stacks of Si0, (10 nm) /Ta (5 nm) /FeCo (20 nm)/ Ta (5 nm) were

diameter was 107 *103 nm’. The interval between dots
then deposited on to the CPW. Finally, a resist pattern of circular

was about 100 nm.
nano-dots (100 nm diameter and a few ten thousands of dots) were
pattemed on the signal line of the CPW by electron beam lithography. The Ta, FeCo and SiO, films were pattemed to nano-dots by an

Ar ion etching with the resist mask. Three samples with different positions A, B and C in Fig, 1 were fabricated. The center line of the



dotted area in Fig. 1 was completely fabricated in the
symmetric position at the center line of the signal line.

The results are summarized as follow:

We have successfully measured two components of 5 from a
CPW VNA FMR technique by altering the sample position
and setting the GSG probes precisely on the CPW, The two
observed components (Fig. 2) give a projection of the
magnetization trajectory of magnetic nano-dot to the x- and
#=dhirection of a precession mode. Therefore, we expect to
deduce the rajectory of precession in FGL from the
CXperiments,

The magnetic circular nano-dots showed a triple mode of
the precession in spite of the mono-domain and of the
relatively symmetric shape of the circle under an in-plane
field in Fig3. The triple mode is caused by an
inhomogeneity of the  demagnetization field in the
nano-dot. In the actual STO device, a small shape differences,
in which created in a device fabrication processes, may also
enhance an  inhomogeneity of demagnetization  field
distmbution. Therefore, the inhomogeneity would result in
mode differences of between fabricated STO devices.

A slight dot-sze variation mduced a lage spectnum dhange, which
resulied m the appearance of the FMR peak splitting in the case of a
large dot sze (=100 nm). However, only the unifiom mode was

ohservad n the case of a small dot sae (<70 nm),
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Fig.2 Observed FMR. spectra (real part: black solid line, imaginary
part: red solid ling) for circular nano-dots at sample position in (a) A,
(b) B, and (c) C. An in-plane field of 1.5 kOe was applied in the
y-direction. {d) FMR. spectra vanation for different extemal field
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Fig3 Sample size dependence of the FMR spectra. Each
spectrum was measured under an external magnetic field of 1.5

kOe



The FMR spectra generated under out-of-plane fields also exhibited a frequency decrease and an amplitude increase (Figs. 4 (a) and 4
(B)). The 1* FMR mode was also note to gradually disappear in the highest field of 7 kOe, as shown in Fig, 4(b). Therefore, the large
out-of-plane field resulted in transformation of the FMR mode in the nanodot into the uniform mode.

The applied out-of-plane field slightly decreased the resonance frequency of FMRE. The elliptic cone tmjectory was observed to
change its ellipticity as the out-of-plane field was increased in Fig. 4. Therefore, the generated ac field components from a FGL will

asymmetrically change with an out-of-plane field.
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Fig. 4 FMR spectra of (a) 69 = 64 nm” and (b) 88 = 85 nm’ amays for different out-of-plane external fields. (c) Size dependence of

FME amplitude for different out-of-plane extenal fields.
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