
The active ferromagnetic patterns can be made in the
sub-micrometer regime by using suitably sized SiO2

features to block the hydrogenation. For this purpose, a
�200 nm SiO2 layer was deposited via e-beam evaporation
through a stencil mask placed in contact with a
�5mm� 5mm Ga0.96Mn0.04As sample. The stencil mask
contains arrays of square windows defined by e-beam
lithography, with the smallest windows being 250 nm on a
side. The sample was then exposed to the same hydro-
genation conditions mentioned above for 3 h followed by

oxide removal with HF. C-AFM images for arrays of
electrically active Ga1�xMnxAs features prepared in this
fashion are shown in Fig. 3. The magnetic properties of
these features are expected to be similar to those of the
Hall-bar patterns described above as the same hydrogena-
tion conditions have been used.
An alternative technique for creating isolated Ga1�x

MnxAs features in a passivated substrate is selective laser
depassivation. It is known that the hydrogen ions can be
dissociated from the Mn atoms via extended furnace
annealing at �190 1C [6], and consequently the magnetic
and transport properties of the as-grown film can be
restored. To produce isolated active regions, it is possible
to mimic the effect of furnace annealing locally using low-
power pulsed-laser annealing with a confined spot-size to
reactivate desired locations on the hydrogenated substrate.
For this purpose, Ga0.96Mn0.04As samples prepared via II-
PLM were hydrogenated repeating the above conditions
for 6 h. Laser annealing was then carried out using a Q-
switched Nd:YAG laser (l ¼ 532 nm, FWHM ¼ 4–6 ns) at
10Hz for 5min. The laser spot was focused with a 0.55NA
(50X) objective lens to a diameter of �4 mm. C-AFM
measurements for a feature made with a fluence of
�65mJ cm�2 are shown in Fig. 4. A large contrast in
contact conductance is accompanied by a highly uniform
topography, suggesting that under these conditions the
laser energy is sufficient to remove hydrogen but not suffi-
cient to induce significant structural damage or ablation.
To investigate the degree of magnetic reactivation, laser
annealing was carried out at a fluence of 65mJ cm�2 using
a 3mm� 3mm homogenized beam (with otherwise similar
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Fig. 3. C-AFM image of sub-micron Ga1�xMnxAs features produced

with selective hydrogenation (3 h). Inset shows a scan on a single feature.
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Fig. 4. C-AFM height (top) and conductance (bottom) images of a feature resulting from low-power pulsed-laser annealing of hydrogenated

Ga1�xMnxAs (6 h hydrogenation).
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