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Impact of the mutual direction of Polarizer and Free Layer on the

auto-oscillation mode of magnetic tunnel junctions (MTJs)

of different geometry
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In this work we studied the auto-oscillation mode of structures based on magnetic tunnel junctions. During

the experiment we studied how different values and orientation of the magnetic field affect the efficiency of the

auto-oscillations regime for samples of various shapes. The auto-oscillation mode in samples was observed near the

transition from one state of magnetization of the free layer to another. It was found that the maximum value of the

power spectral density and its position relative to the frequency axis can be controlled by changing the magnitude

and orientation of the external magnetic field.
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1. Introduction

Spin-transfer nano-oscillators based on magnetic tunnel

junctions (MTJ) are one of the most promising develop-

ments in nano-electronics and nano-photonics. These de-
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Figure 1. Schematic of the experimental setup and MTJ structure.Current was transmitted through the sample using a source-measurement

units (SMU). The characteristic current value varied from −2 to +1mA.

vices are nanosystems capable of generating high-frequency

electromagnetic waves, ranging from a few gigahertz to ter-

ahertz, while consuming a minimal amount of energy. The

auto-oscillation mode makes spin-transfer nano-oscillators

potentially useful for creating high-frequency generators
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Figure 2. Magnetoresistance diagram for sample size

250× 300 nm.

with low power consumption. Such devices can be used in

a variety of applications, including wireless communication,

radar, microwave electronics and many others.

The study of spin-transfer nano-oscillators and their

properties is an active research area in the scientific

and engineering fields [1–3], as these devices have many
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Figure 3. a), b) Diagram of the typical experimental behavior of the magnetoresistance curve of elliptical samples. c) The power spectral

density (PSD) diagram as a function of frequency and external field at 25◦ of rotation relative to SAF.

potential applications and can become a key element of

future electronic devices [4–5]. Spin-transfer oscillators are

also known to be used as a true random number generator

due to the possibility of stochastic switching of the free-layer

magnetization [6].
In this paper, we have studied the auto-oscillation mode

dependence on the orientation and magnitude of the

external magnetic field. Nano-oscillators were studied in

samples of different geometries and layer structures under

different conditions.

2. Experiment description

In this paper we studied the dependence of the

sample geometry, relative field direction of the magnet,

polarizer and free layer on the auto-oscillation mode.

Samples consisting of the following layers were ex-

amined: IrMn (6)/CoFe30 (2.6)/Ru (0.7)/CoFe40B20 (1.8)/
MgO/CoFe40B20 (2.0)/Ta (0.21)/NiFe (3) (Fig. 1). The

CoFe/Ru/CoFeB structure is an antiferromagnetically

bonded three layers: (SAF) acts as both reference (RL)
and pinned layer (PL) [7]. MgO acts as a tunnel barrier,

and the top layer of CoFeB is a free layer (FL), in

which magnetization precession can be excited by a spin-
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Figure 4. a) Dependence of the PSD value on the frequency, at which the generation peak was observed at a fixed magnetic field

value (25◦). b) Diagram of the generation peak width dependence on the field values. c) Diagram of the PSD value against field values.

polarized current (spin transfer tor STT [8]). In this paper,

measurements were carried out on samples with sizes

100× 300 nm, 200× 300 nm and 250× 300 nm. Elliptical

shaped samples at angles 0, 15, 30, 90◦ with respect to the

pinned layer were considered. The schematic diagram and

sample structure are shown in Fig. 1.

The frequency averaged signal power distribution (PSD)
was recorded with a spectrum analyzer (RFSA). The signal

was studied in the frequency range f = 100MHz−4GHz.

The external magnetic field was created by an electromag-

net, which could be rotated. The field range was ±300Oe.

3. Discussion

The samples under study have a complex magnetization

structure. From the magnetoresistance diagram (Fig. 2), it
can be seen that besides the antiparallel and parallel states

of the free layer, there are some additional complex states

in the field range Hext = [0, 120]Oe.
Among the samples studied, attention should be paid

to samples where the ellipse is directed at an angle 90◦

with respect to the SAF, since in these samples, the auto-

oscillation mode was observed in general more frequently

than in all other samples. Among these samples, generation

was observed, on average, more frequently on samples

of size 250 × 300 nm than on elongated samples of size

100× 300 nm. Thus, for an elliptical sample with a given

geometry, the maximum value of the power spectral density

is observed at the orientation of the magnetic field relative

to the SAF in the range [0◦, 55◦]. Maximum value of auto-

oscillations was observed at 25◦ and in the range of external

fields Hext = [−58;−10]Oe.

The magnetoresistance values in the antiparallel state

for angles [0◦, 20◦] are relatively comparable and are

±300Ohm, but by ∼ 50◦ the maximum value drops

to ±260Ohm (Fig. 3, a). As the rotation angle is further

increased, there is a gradual remagnetization of the sample,

which finally occurs at 90◦ relative to the major axis of the

ellipse. A similar trend is observed for negative field angles,

except that a larger angle is required for remagnetization

(Fig. 3, b).

The diagram of PSD versus frequency and external field

(Fig. 3, c) shows a wide range of fields, where the auto-

oscillation effect is clearly observed in negative and small

positive fields and for frequencies above 2GHz. The max-

imum PSD values were observed at low frequencies. After

applying a field H < −10Oe, the PSD value decreased

to −144 dBm, which coincides with the values found when
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Figure 5. Diagram of the frequency at which the maximum

power spectral density was observed for different magnetic field

values.
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Figure 6. a) PSD dependencies of auto-oscillation mode PSD on

frequency at a fixed magnetic field value −45Oe. b) Dependence

of maximum PSD value on the angle.

studying the spectra for each magnetic field value at 25◦

fixed field orientation (Fig. 4, a).
It can be seen from the diagram in Fig. 4, that the

oscillations peak changed its width and shifted towards

higher frequencies as the magnetic field value increased.

The maximum value of auto-oscillations was observed

at field value −40Oe. As the field was subsequently

reduced, the auto-oscillations peak shifted towards the low

frequencies and the peak width increased. After field

value −20Oe, the generation peak disappears.

In the field range [−50,−48]Oe the peak generation

width (Fig. 4, b), maximum PSD value (Fig. 4, c) is observed
to abruptly change. In the hysteresis diagram for 25◦

(Fig. 3, a), this area of the fields corresponds to the

boundary between the transition from one state to another.

The maximum value of the power spectral density was

observed at the frequency defined by Kittel’s formula for

ferromagnetic resonance [9]:

f = γ

√

(

M(Nz − Nx) + B0 cos(θext)
)

×
(

M(Ny − Nx ) + B0 cos(θext)
) . (1)

Here, γ — is the gyromagnetic ratio, M — is the magne-

tization of the free layer, B0 — is the value of the external

magnetic field. Nx , Ny , Nz — demagnetization coefficients,

for the measured elliptical sample with 250× 300 nm they

are 0.024, 0.042, 0.934, respectively [10]. The auto-

oscillations peak shifted towards the low frequencies as the

field value decreased (Fig. 5).
By changing the orientation of the external magnetic

field and a fixed magnetic field value at −45Oe the auto-

oscillation mode was observed in the frequency range

f = [1.8−2.2]GHz. The maximum PSD = −143.5 dBm

remained constant at field angles smaller than 45◦, at

larger angles, the generation peak shifted towards the

low frequencies and disappeared at 70◦ . Fig. 6 shows

power spectral density diagrams for different magnetic field

orientations relative to the easy axis.

4. Conclusion

In this paper, the mode of auto-oscillation in elliptical

MTJs of different geometries at different magnetic field

values and orientations has been studied. The generation

was most often observed on samples of size 250× 300 nm,

where the ellipse is rotated at an angle 90◦ with respect

to SAF. The auto-oscillation mode was observed at the

moment of transition from one state of the free layer

to another, regardless of the orientation of the magnetic

field. It is also found that in a linear distribution of

magnetoresistance from the field, minimum PSD values are

observed. The maximum PSD value was observed near

switching, after which the oscillations peak disappeared.

There is an abrupt change in the oscillations peak at the

moment of MTJ switching. When the magnetic field

orientation is fixed, the generation frequency decreases as

the field magnitude decreases. The most significant and
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stable auto-oscillation effect was observed in the negative

field area at magnet rotation angle 25◦ relative to the

major axis of the ellipse. At a fixed magnetic field value,

the generation peak did not change its position when the

magnetic field orientation was less than 45◦ . At higher

angles, the peak shifted towards the low frequencies and

disappeared near 90◦ .
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