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Fabrication of Fe/MgO/Gd magnetic tunnel junctions
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Gadolinium (Gd) is one of the most attractive materials due to its unique magnetic and electric
properties. Several studies mentioned that the magnetization at the Gd surface (about 2 A in ref. [2]) is
anti-ferromagnetically coupled to the bulk one [1, 2]. Since interface contributions to tunnel
magnetoresistance (TMR) are considerably stronger than those of the bulk [3], characterization of the TMR
is one of the most effective methods for investigating the interface. However, there is no report on magnetic
tunnel junctions (MTJs) with a pure Gd electrode, except for a scanning tunnel microscopy study on a Gd
(0001) surface [4]. In this study, we have fabricated MTJs with a pure Gd electrode.

The structure of the MTJs is as follows: Fe (50 nm)/MgO (2 nm)/Gd (20 nm), which were deposited
onto the single-crystal MgO (001) substrate by molecular beam epitaxy methods. As shown in Fig. 1, the
crystallinity of the Gd film was characterized by reflection high energy electron diffraction (RHEED). The
MTIJs were patterned into 0.5x5 pm® junctions, using electron beam lithography and an Ar-ion milling
technique. The resistance-area products (RAs) is 45.9 kQ-um? at RT. Figure 2 shows the TMR curves of the
Fe/MgO/Gd MTJs under the bias voltage of 50 mV (measured at 10 K). The TMR ratio for in-plane field is
around 2.4% at 3 kOe. The TMR effect was attributed to the spin-polarized tunneling between the Fe and
Gd films.
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Fig. 2 TMR effect for in-plane field in the
Fe/MgO/Gd MTJs measured at 50 mV, 10K

Fig. 1 RHEED pattern of the Gd overlayer along
[100] and [110] azimuths of the MgO substrate
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