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We report on the magnetic properties of Mn-doped homo-epitaxial Ge films.  Two
different approaches are used to fabricate ferromagnetic Ge films.  In the first
approach, Mn-doped Ge films were grown on (2x1) reconstructed Ge(100) using
molecular beam epitaxy as was reported by Y. D. Park et al. [Science 295, 651
(2002)].  The Mn-concentration varied between 1% and 5%.  The Ge films show
ferromagnetic ordering with Curie temperatures ranging from 25 K to 295 K,
which has been determined from the remnant magnetization measured with a
SQUID magnetometer.  The magnetic response appears to consist of two
different contributions, namely the ferromagnetic response from the dilute
magnetic semiconductor (DMS) and the response from ferromagnetic alloy
precipitates.  X-ray diffraction (XRD), Rutherford backscattering, and ion-
channeling experiments were used to characterize the stoichiometry,
homogeneity, and epitaxial quality of the films.  In the second approach, a 40-nm
Mn film is deposited onto Ge(111) and annealed to 150°C for several minutes.
Scanning tunneling microscope and XRD measurements show a high-quality
epitaxial Mn5Ge3 alloy film with Mn5Ge3(001)//Ge(111).  The Curie temperature of
this ferromagnetic alloy film is 295 K, which is similar to that of bulk Mn5Ge3.  The
identical Tc of the epitaxial alloy film and Mn-doped Ge(100) films strongly
suggests that the DMS film contains bulk Mn5Ge3 precipitates.  These
precipitates are below the detection limit of XRD.  This thin-film ferromagnetic
system has good potential for spin-injection studies in silicon-compatible
semiconductors.
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