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Diluted magnetic semiconductors, especially (Ga,Mn)As, have been intensively 

studied for last decade since they bridge the physics of semiconductors and magnetism. As the 
ferromagnetic (FM) coupling among localized moments (solely Mn so far) is mediated by 
mobile carriers (holes) which concentration is limited either by the presence of Mn itself 
and/or by self-compensating defects in the host material, these materials are frequently found 
to be on the verge of localization of the electronic states. This can be regarded as detrimental 
for wide ranging spintronics applications, but on the other hand such materials serve as a 
powerful tool to study an interplay between magnetism and localization, or even to 
quantitatively investigate the very nature of the metal-insulator transition (MIT). In particular, 
due to qualitatively different magnetic signatures of regions with significantly different carrier 
density, an opportunity is given to trace the evolution of the character of the electronic states 
on crossing the MIT by using direct magnetometry. Therefore we expect to find (i) a long 
range FM order in metallic samples, (ii) percolating or not FM “bubbles” in weakly localizes 
materials, and (iii) uncoupled paramagnetic moments in purely insulating samples. But in 
practice various degrees of combinations of the above contributions are seen, so a firm ability 
of recognizing of these responses in (Ga,Mn)As is required if one wants to investigate the 
transition region.  

The complications start already in ultrathin metallic samples which show considerable 
deviations from the typical for (Ga,Mn)As behavior. As one of the few possible explanation 
invokes a presence of sizable number of small FM volumes (the “bubbles”) created in the 
near-to-surface depletion zone [1]. We perform a detailed and a wide-ranging magnetic 
studies of samples where magnetic response characteristic to the metallic phase is very small, 
or is even completely quenched. For this purpose we select a 600 nm thick layer with only 2% 
of Mn in which the proximity to MIT is solely assured by the low Mn concentration. We also 
investigate 5 and 7.5 % films with thickness ranging from 4 to 8 nm. We perform both DC 
and AC SQUID magnetometry and an angle dependent FMR. All studied samples show a 
coexistence of a temperature reversible magnetization characteristic for a long-range-coupled 
magnetization as well as an irreversible one possessing characteristics similar to a blocked 
superparamagnet. The relative contribution of former to the latter scales down linearly with 
the inverse of the TC of the layer, confirming a gradual localization of the extended states 
already on the metallic side of MIT. The reach T-dependent AC magnetization compares well 
to the DC m(H) studies confirming a presence of both blocked superparamagnetic moment 
and a spin reorientation transition between uniaxial and biaxial magnetic anisotropy in the 
metallic part of the sample. 
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