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be explained assuming that the [110]/[1-10] symmetry
breaking mechanism has opposite sign in this material
and therefore should be modelled by a negative value of
the effective strain exy. Then the easy axis transition of
TI-14 would correspond to arrow (2) in Fig. 12. Another
possibility is to assume the same sign of exy as for the
above samples and associate the transition in sample TI-
14 with arrow (4) in Figs. 13 and 14. Note, however, that
the intermediate-temperature anisotropy state with the
largest magnetisation projection along the [110] diagonal
seen when following the theory trend along arrow (4) has
not been reported in the experimental study of sample
TI-14. Arrows (4)-(6) in Fig. 12 correspond to measured
anisotropy behaviour driven by increasing hole density
in pairs of as-grown and annealed samples TI-11,12, TI-
13,14, and TI-15,16.

At the upper end of the investigated effective Mn con-
centration interval the theoretical alignment of magnetic
easy axes is mapped by Figs. 13 and 14. Samples TI-17 to
TI-20 nominally doped to x = 7% were all annealed after
growth, passivated by hydrogen plasma, and then gradu-
ally depassivated to achieve different hole densities (mea-
sured by high-field Hall effect). Magnetic anisotropies
were determined by FMR. The assignment of the in-plane
diagonal directions to the non-equivalent [110] and [110]
crystallographic axes is not specified in this experimen-
tal work; recall that this ambiguity is not crucial for the
present discussion. The transition observed in these sam-
ples from a cubic ([100]/[010] easy directions) dominated
anisotropy at low temperatures to a uniaxial behaviour
at high temperatures is captured by arrows (3) and (4)
in Figs. 13 and 14. Importantly, the depassivated higher
hole density samples TI-19 and TI-20 show an additional
switching of the easy-axis from one to the other diagonal
direction at intermediate temperatures, consistent with
the theoretical temperature dependence along the arrow
(4). This double transition behaviour was also detected
in the annealed sample TI-25, where the temperature
dependent magnetisation projections were measured by
SQUID. In this experiment it is identified that the easy-
axis first rotates towards the [110] direction at interme-
diate temperatures and then switches to the [110] direc-
tion at high temperatures, consistent with the behaviour
marked by arrow (4) in Figs. 13 and 14.

Samples TI-21,22 are measured only at low tempera-
ture. Easy axis reorientation from [100] to [110] direction
is driven by increase of hole density, which corresponds to
arrow (6) in Fig. 13 or 14. The hole density was measured
by the electrochemical capacitance-voltage method.

In-plane anisotropies of samples with x ≈ 2% are mod-
elled in Fig. 15. To obtain the cubic anisotropy domi-
nated region at low temperatures and a transition to the
uniaxial behaviour at high temperatures, as observed in
samples TI-1 to TI-6, we take for this low Mn doping
exy = 0.005%. (The effective strain exy = 0.01% would
lead to easy axis along [110] over the entire temperature
range and for exy = 0.001% the cubic anisotropy region
would extend up to very high temperatures.) Arrow (1)

FIG. 15: (Color online) Theoretical hole density - temper-
ature diagrams of crystal directions with the largest projec-
tion of the magnetic easy axis at x = 2%, exy = 0.005%,
e0 = −0.2%. Arrows mark anisotropy behaviour driven by
change of temperature or hole density explaining experimen-
tally observed behaviour surveyed in Tab. I.

FIG. 16: (Color online) Theoretical hole density - temper-
ature diagrams of crystal directions with the largest projec-
tion of the magnetic easy axis at x = 7%, exy = 0.03%,
e0 = −0.2%. Arrows mark anisotropy behaviour driven by
change of temperature or hole density explaining experimen-
tally observed behaviour surveyed in Tab. I.

in Fig. 15 corresponds to easy axis switching from the
[100] to the [110] direction in samples TI-1,2,3. Arrows
(2) and (3) in Fig. 15 mark the behaviour of the easy
axis driven by increasing hole density when annealing the
sample TI-1 to obtain the sample TI-2 at low and high
temperature, respectively. Sample TI-4 assumes the [110]
diagonal always harder than the [110] diagonal. A tran-
sition from cubic to uniaxial dominated anisotropy is ob-
served upon increasing the temperature. This behaviour
corresponds to arrow (1) in Figs. 15. (The hole density
of sample TI-3, p = 3.5 × 1020cm−3, was determined
by low-temperature high-field Hall effect measurements,


