
tional position �5�B per atom� Ms should be 0.249 T. The
effective concentration of Mn xeff �=xsub−xint� is calculated to
be 0.091±0.006, assuming x=xsub+xint. Here, xsub and xint
are the concentration of Mnsub and Mnint, respectively.
Assuming that Mnint is a double donor, p is estimated to be
�8�1020 cm−3. We note that the calculated TC by the p-d
Zener model using the estimated p and xeff is �345 K, much
higher than the observed one ��118 K�.

Figure 4�c� shows �0H dependence of M /Ms, or equiva-
lent quantity, measured by three different techniques. MCD
was measured at a photon energy of 1.82 eV �E0 energy�.
The saturation value of M �Ms�, MCD �MCDs�, and RHall

�RHall,s� were 0.105 T, −157 mdeg, and 202 �, respectively.
All the curves were virtually identical. The MCD spectrum
from 1.5 to 4 eV shows shape similar to that previously ob-
served in Ga1−xMnxAs with low x ��0.1�.25,26 The normal-
ized MCD curves under several different �0H fall on the
same trace �not shown�. Similar results were recently ob-
served in Ga1−xMnxAs with high x on GaAs buffer layer.27

These experimental observations indicate that the sample has
the single ferromagnetic phase.

In summary, we have described the properties of high
Mn concentration Ga1−xMnxAs �x=0.075–0.200�. TC in-
creases with increasing x. Tmax is higher than that of TC re-
gardless of x. The magnetic anisotropy depends on the direc-
tion of strain as in the case of conventional Ga1−xMnxAs.

�0H dependences of M, MCD, and RHall show that ferromag-
netism in Ga0.8Mn0.2As is intrinsic.
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FIG. 4. �Color online� �a� Magnetic field �0H loops of M /Ms for four

different orientations ��100�, �1̄10�, �110�, and �001�� at 5 K after annealing
at 180 °C for 15 min. The inset shows temperature T dependence of rema-
nent magnetization Mr for four orientations. �b� Annealing time ta depen-
dence of Curie temperature TC. �c� �0H dependence of M /Ms �SQUID; �

symbols�, RHall /RHall,s �AHE; solid line�, and MCD/MCDs �MCD; open
circles� at 1.82 eV. All data are obtained at 20 K.
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