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Samples growth by ultrahigh vacuum sputtering NiCrMnSi

The CoFe:N and NiCrMnSi samples were sputtered using

ultrahigh vacuum (UHV) magnetron sputtering. High resolution transmission electron microscopy (HR-TEM) and energy dispersive X-ray spectroscopy (EDX) mapping :

The sample grown at Ta = 500°C shows atomic mixing at the MgO(001)/NiCrMnSi interface up to 5 monolayers (MLs).
— Polycrystalline nature, even though the EDX mapping proves all the constituent elements are distributed homogeneously.
— The growth temperature of 500°C is not enough for the NiCrMnSi crystallisation.

The structures of the samples are as follows (thickness in nm) :
(i) MgO(001) sub.//NiCrMnSi (100)/Ta (3) !
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M L IRTH ﬁ' 'E" A ‘g]' Iflg L The sample grown at Ta = 700°C is epitaxially grown with the grain size of 5~10 nm with interfacial mixing of ~ 20 MLs.

LR | BR[| B | BB — NiCrMnSi crystallisation.
2052543085510 “22 (sd"e;)s SONGSRI0RZ5480 — This agrees with the X-ray diffraction (XRD) signals measured on these devices.
" ’ . — The corresponding EDX map shows Ni and Cr segregations from the NiCrMnSi matrix, which agrees with XRD signals.
The NiCrMnS;i I t led at Ta = 500 and 700°C
o L i e it Rt L an The corresponding transport properties of their MT]s show larger TMR ratios in the sample grown at Ta = 700°C.

before the Ta layer was deposited.
(i) Si sub.//Ta (5)/Ru (10)/CorsFezs:N (15)Ta (5) — The interfacial smoothness of the MTJs rather than the compositions of the ferromagnetic layers.
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Deposition temperature was 250°C.
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o5 3 Soanm CozsFess:N High resolution (1 5M magnification) TEM images of CozsFe2s:N (N2 10%) :
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[3] Y. Onodera et al., Jpn. J. Appl. Phys. 59, 073003 (2020). ~ 1.0 nm at of CozsFe2s:N / Ta
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Summary
» We fabricated NiCrMnSi and Co7sFe2s:N films for MTJs.

« Polycrystalline NiCrMnSi grown at 500°C.

« Epitaxial NiCrMnSi grown at 700°C but with Ni and Cr
segregation.

« Clear epitaxial growth of CorzsFe2s:N is observed
» No contaminations / phase segregations detected at Co7sFe2s:N interfaces.

« Non-destructive imaging confirmed Co-N formation at

the CosFezs:N / Ta interfaces. 5nm Ru'/ CorsFezs:N ({I088) CorsFezs:N ({l8R8) /iTa

» Co-N thickness increases with increasing N2 partial
pressure during sputtering.

« To avoid Co-N formation, a BN tunnelling barrier was
tested, showing - 0.2% TMR ratio at room temperature. [4]

« Further optimisation is required for Heusler-alloy and
nitride-based MTJs, [5]

« Bottom Ru / CorsFezs:N interface is observed by subtracting SEM images
between 2.2 and 2.0 keV.

» Top Co7sFe2s:N / Ta interface is observed by subtracting SEM images between
0.7 and 0.6 keV.

— ~ 1 pm cobalt-nitride grains are formed.

High resolution (1.5M magnification) TEM images of CozsFe2s:N (N2 20%) :
« Clear epitaxial growth of Co7sFe2s:N is observed.
« ~ 3 nm thick Co-N layer is observed at Co7sFe2s:N interfaces.

« Bottom Ru / CorsFezs:N interface is observed by subtracting SEM images
between 2.2 and 2.0 keV.

« Top Co7sFe2s:N / Ta interface is observed by subtracting SEM images between
0.7 and 0.6 keV.

— ~ 3 pm cobalt-nitride grains are formed.

[5] K. Elphick et al., http://arxiv.org/abs/2010.04493
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