
Fig. 1. RHEED images of ZnO barrier layer grown at various temperatures Tg. 
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Fully epitaxial ferromagnet/semiconductor/ferromagnet heterojunctions is one of the fundamental 

building blocks of a vertical-type spin metal-oxide-semiconductor field-effect transistor [1,2]. ZnO is a 

typical oxide semiconductor and has a wurtzite type crystal structure. It has been recently 

demonstrated that a thin ZnO film with a rock-salt (RS) crystal structure can be epitaxial grown on 

MgO(001) [3,4]. In this study, we examined to grow fully epitaxial Fe/RS-ZnO/MgO/Fe structure and 

conducted a detailed investigation on its structural properties. 

Films were prepared by molecular beam epitaxy. The structure of the MTJ was Au (10 nm) cap 

layer / Co (10 nm) pinned layer / Fe (5 nm) top electrode / ZnO (1.2 nm) tunnel barrier/ MgO (1 nm) 

tunnel barrier / Fe (30 nm) bottom electrode / MgO (10 nm) buffer layer on MgO(001) substrates. The 

ZnO layer was deposited under an O2 pressure of 1  10-6 Torr. 

Figures 1 show reflection high-energy electron diffraction (RHEED) images of the ZnO layer grown 

at various temperatures Tg. Streaky patterns, similar to the MgO(001) seed layer, were observed for the 

samples with Tg = 100C, 170C and 230C, indicating the formation of the single-crystalline 

RS-ZnO(001) layer. We also confirmed by the RHEED observation that the Fe top electrodes grown 

on the single-crystalline RS-ZnO tunnel barrier are single-crystalline, resulting in a fully epitaxial 

Fe(001)/RS-ZnO(001)/MgO(001)/Fe(001) structure.  
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