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Development of a Band-gap Measurement Technique for
Half-Metallic Ferromagnetic Ultrathin Films

T. Alhuwaymel?, A. Hirohata" and M. El-Gomati’
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*National Nanotechnology Center, KACST, Riyadh, Saudi Arabia
3JST PRESTO, Japan Science and Technology Agency, 332-0012, Japan
{tfhab500, atsufumi.hirohata, mohamed.elgomati}@york.ac.uk

Abstract. Spintronics is a new field that aims to realise high performance elec-
tronic devices. The electron spins are utilised to create a spin-polarised current
which used to be ignored in the conventional electronics. The potential ad-
vantages of spintronics are: non-volatile memory, high storage density, high da-
ta processing speed and low power consumption. In order to achieve these ad-
vantages, there are three key requirements for spintronic devices: high spin po-
larisation, high Curie temperature (7;) (i.c., the temperature beyond which fer-
romagnetic materials becomes paramagnetic) and control of interface structure.

In spintronic devices, ferromagnets (FMs) can be used to inject spins into
semiconductors (SCs) and non-magnetic metals. However, the FM/SC struc-
tures have a conductivity mismatch which decreases the efficient injection of
polarised carriers.! To overcome this conductivity mismatch, three approaches
have been proposed. The first is to use 100% spin polarised materials (i.e., Half-
Metallic Ferromagnetics (HMFs)). The second is to use materials with similar
conductivity (e.g., dilute magnetic semiconductors (DMS)). The third is to use a
tuned barrier (e.g., MgO). The HMFs are new class of materials that have
unique band structures; the majority spin band (usually represented as spin-up
band) have metallic band structure while the minority spin band (spin-down
band) have semiconducting band structure with a band gap at Er. Thus, they
exhibit 100% spin polarisation at Er. There are four categories of materials that
are theoretically predicted to be HMFs; Heusler alloys, zinc-blend compounds,
oxide compounds and perovskites.

In this study, Co-based full-Heusler alloys are used due to good lattice con-
stant matching with major III-V semiconductors, high Curie temperature (great-
er than 950K for Co,MnSi), and the ability to control spin density of states
(DOS) at the f. > The main aim of this study is to develop a new technique to
directly measure the band-gap of the Heusler alloys. Circularly polarised infra-
red (IR) light will be used to excite only minority spins in the Heusler alloys.
By controlling the wavelength of the IR light, the excitation energy can be
matched to the half-metallic band-gap. This technique will allow us to charac-
terise the width of the minority spin band-gap in the Heusler alloys. This tech-
nique will accordingly provide feedback to growth to achieve 100% spin polari-
sation as a prerequisite for spintronic devices.

' G. Schmidt et al., Phys. Rev. B 62, R4790 (2000).
% A. Hirohata et al., Curr. Opinion Solid State Mater. Sci. 10, 93-107 (2006).




