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In this study, we examined the signal-to-noise ratio (SNR) of magnetic field sensors based on spin transfer torque
(STT) tunnel junctions (MTJs), comonly used as random-access memories (MRAMs). In MRAM technology, STT is
used to set magnetization direction of the memory layer. By applying a bias voltage to the MTJ, the magnetization of the
memory layer can be switched through the spin torque of spin-polarized electrons tunneling from the reference layer. The
switching voltage is dependent on the applied field perpendicular to the surface of the MTJ. The STT-based MTJ sensor
detects the applied field by measuring the switching voltage. The basic properties of the STT-based MTJ sensor have been

demonstrated in Ref. [1], and reported a noise level of 21.8 uT/Hz'?

. To understand the origin of noise in the STT-based
MT]J sensor, we have analyzed the STT switching behavior of the thermally activated memory layer under applied pulse
or continuous bias voltage and an external field. We investigated certain MTJ characteristics that affect the sensor's SNR
by examining the bias voltage dependence of the STT switching probability and evaluated the findings using the following
methods. First, MTJ samples were fabricated with the perpendicular anisotropy stack, having a SAF reference layer and
a FeCoB 1/W 0.2/FeCoB 0.75nm free layer, structured to pillar diameters of 50-100 nm with lithography techniques. The
voltage dependence of the switching probability of MTJs with different pillar diameters was determined from at least
1000 pulse switching trials under varying external fields. The duration of the applied voltage pulses was 1 ps. The

observed switching probabilities were modeled using the following equation:

oer-cof - onl40-i2)

which represents the switching probability at room temperature, with each parameter in the equation obtained by fitting
the experimental data. V. and A stand for the critical voltage at 0 K and the energy barrier of the switching, respectively.
The SNR of the STT-based MTJ sensors was defined as the square of the voltage-signal at a 50% switching probability,
normalized by its variance. Solid circles in Fig. 1 show the experimental SNR obtained from different samples as a
function of A where no external field was applied. It is important to note that MTJs have a finite switching voltage even
in the absence of an external field, resulting in a finite SNR at zero external field. According to the data, the SNR increases
monotonously for higher A increases increases, which can be

qualitatively described as follows. As A increases, a higher [ -]
switching voltage is needed, and the stochastic magnetization 30

reversal is reduced because the thermal activation energy I »
becomes relatively insignificant compared to A. Thus, by
adjusting A of the STT-MTJ sensor, it is possible to
simultaneously achieve signal enhancement and reduction of

SNR (dB)
-

“

stochastic noise. The dashed line in Fig. 1 shows the theoretical [ /’
SNR for arbitrary values of 4, defining the noise as de,./dV.

. . . === Calculation
The theoretical results agree well with the experimental data and [ 7 e SNR® H=0 Oe |

Ix107  4x10T 5x10°
Energy barrier A (kgT)

the SNR is confirmed to be proportional to 42.
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1) H. Nicolas et al., IEEE Sensors Journal, 23, pp. 5670-5680  Fig. 1. SNR of STT-based MT]J sensors under zero
(2023). applied field. The dashed line illustrates the
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Fig.1 Diagram of hydrogen charging device Fig.2 Effect of hydrogen charging on the magnetic

properties of SUS304 samples
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