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Theoretical study for (111)-oriented magnetic tunnel junctions with SrTiOs barriers

K. Masuda?, H. Itoh?, Y. Sonobe?®, H. Sukegawa?, S. Mitani', and Y. Miura!
(NIMS?, Kansai Univ.?, Waseda Univ.®)

[FLHI

WRT v HE LT 7EAAEY (MRAM) ~DISHD T2, A b RS (MTY) 1@ b o LA
it (TMR k) & RERBEMKESE PMA) 20T 50ERHL. ZOX I RFERNL, BAIXINE
C fee SRBEMER D111 5 M 2 g Hm & L7z B (1D EL A MTIZ O W CHEGRIFZE 24T > C& 72 [1,2]. Fexlx
b RVRERE L LT M@0 & 2 MTI I OW TRENT 2470, 2000% % #E 2 5 miv > TMR B & L1 SlfsdE &4
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Dependence of magnetic tunneling properties of Fe3s04-MTJs on barrier material
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CoFe/MgO/CoFe(001) magnetic tunnel junctions with giant tunnel
magnetoresistance exceeding 630% at room temperature

Thomas Scheike, Zhenchao Wen, Hiroaki Sukegawa, and Seiji Mitani
National Institute for Materials Science, Tsukuba 305-0047, Japan

Magnetic tunnel junctions (MTJs) are a key component for spintronics applications, such as sensors and magnetic
random-access memory (MRAM). However, the resistive change of MTJs, i.e., tunnel magnetoresistance (TMR) ratio,
is low even after several decades of research and development as compared to other nonvolatile competing solutions,
such as resistive RAM. Recently, we have demonstrated increased room temperature (RT) TMR ratio exceeding 400%
using single-crystal Fe/MgO/Fe" and Fe/MgAlO/Fe? MTIs, doubling the previously reported ratios of Fe-based MTJs
by careful optimization of several key layers. The results further emphasized the important role of interface properties,
i.e., roughness and oxidation, on the transport properties. In this work, we show the effect of tuning of Mg and CoFe
insertion layers at the interfaces on the transport properties leading to increased RT TMR ratios.>

Epitaxial MTJ stacks were fabricated using an ultra-high vacuum magnetron sputter: MgO(001) substrate//Cr
(60)/Fe (50)/CoFe (dvot)/Mg (dmg)/wedged, electron-beam deposited MgO (1-3)/CoFe (diop)/Fe (5)/IrMn (10)/ Ru (12)
(units in nm). Each layer except IrMn and Ru were in-situ post-annealed. MTJs were patterned into elliptical pillars
using photolithography and ion etching followed by ex-sifu annealing. Transport properties were evaluated using a
standard 4-probe method. For low temperature measurements, a physical property measurement system was used.

The TMR curve of the optimized MTJ structure is shown in Fig. 1. A maximum RT TMR ratio of 631% was
obtained using dyo = 2.24 nm, dvg = 0.6 nm, and diop = 0.56 nm, which exceeds the reported TMR record of 604% in a
polycrystalline CoFeB/MgO/CoFeB MTJ.¥ The TMR ratio is strongly dependent on the MgO thickness showing a
significant oscillatory behavior with a maximum peak-to-valley difference of 125% at RT. The temperature dependence
of the TMR ratio is shown in Fig. 2. The TMR ratio increases monotonically with reduced temperature and reaches a
maximum of 1143% at 10 K, demonstrating a high tunneling spin polarization. Our results show that TMR ratios of
well-engineered interfaces of Fe/MgO/Fe-based MTJs can be even further increased, e.g., by tuning of electrode
composition and thickness, etc.

The work was partly supported by JSPS KAKENHI Grant Nos. 16H06332, 21H01750, 21H01397, and 22H04966
and is partly based on results obtained from a project, JPNP16007, commissioned by the New Energy and Industrial
Technology Development Organization (NEDO).
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Fig. 1 TMR curve of optimized MT]J at RT. Fig. 2 Temperature dependence of TMR.
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