Annealing effect of low temperature grown Si capping layers on SiGe quantum dots
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In microelectronic and nanoelectronic quantum devices, the device performance not only highly correlates with the quantum structures but also the structures of surrounding area. Thus, for the quantum dots (QDs), the growth of capping layers on QDs is important to passivate the surface. However, the capping process at high temperatures will change the morphology dramatically to quantum rings. [1, 2] When the Si capping layer is grown at low temperatures, though the morphology of QDs which are buried in the capping layer is preserved, however planar defects are observed in a thick Si capping layer and over the QDs. [3] In this paper, the annealing effect of low temperature grown Si capping layer on SiGe QDs is investigated, in order to explore a process by which the morphology of QDs is preserved in the Si capping layer and at the same time the defects in the low temperature grown Si layer could be eliminated. 
The Si capping layer with a thickness of 50 nm was deposited at a temperature of 300 oC. The surface morphology of Si capping layer is similar to that of as grown SiGe QDs, as shown in Figs. 1(a) and 1(b). After annealing at 640 oC for 10 min, the dot structures evolved to pits with a depth of about 8 nm and the boundaries along <110>, as shown in Fig. 1(c). Transmission electron microscopy (TEM) observation shows that the dots and pits have one to one correspondence, as shown in Fig. 1(d). By in situ annealing at a lower temperature of 540 oC, the detailed migration of Si atoms during the pit formation is revealed. The mechanism for the pit formation is proposed based on strain energy relief and minimization of surface energy.
The obtained pit patterns could be used as templates for the growth of quantum dot molecules. The deposition of Ge atoms on a pit patterned surface will result in the formation of QD molecules surrounding the pits, as shown in Fig. 2, with a 90o rotation of the pit boundaries. The mechanism for the QD molecules formation is discussed.
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FIG. 1 AFM images of (a) as grown QDs, (b) 50 nm thick Si capped QDs, (c) 50 nm thick Si capped QDs annealed at 640 oC for 10 min and (d) Cross-sectional TEM image of the sample shown in (c).
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FIG. 2 AFM image of QD molecules grown on a pit-patterned template, as shown in Fig. 1(c).
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