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ABSTRACT

IlI-V are appealing materials as high-speed transistor channels in silicon-based
nanoelectronics. InAs and GaSb epitaxial layers grown on silicon substrate are of interest according to
their significant electrons and holes mobility, respectively. The device scaling-down depends on the
ability to create ever-shrinking dimensions of patterns. Directed self-assembly (DSA)-patterning owing
to his period patterns of 10-50 nm length scales is a promising candidate as an alternative patterning
method to develop sub-10nm field effect transistor (FET).

In this study we present the electrical, structural and topological characterizations of a GaSb
thin layer directly grown on a nominal 300mm (001)-Si substrate. The significant challenge is to deal
with crystalline defects, such as dislocations and antiphase boundaries (APBs) induced by the growth
of a lll-V material on Si substrate with a lattice mismatch of 12%. This GaSb layer packs and
minimizes defects density, and so act as a buffer layer for the above-InAs-epitaxial layer. We obtained
an APBs-free 250nm GaSh layer on nominal (001)-Si substrate, with a surface roughness RMS as low
as 0.6 nm. The X-Ray diffraction measurements revealed a full-width-at-half-maximum (FWHM) of 550
arcsec for a 470 nm GaSb layer which point out a suitable crystalline quality. Electronic microscopy
evidenced the presence of a periodic array of 90° dislocations at the interface GaSh/Si and a
threading dislocations density of 10° cm? estimated by TEM for a 800nm GaSb layer. Then we pursue
with the growth of the InAs epitaxial layer used as channel for an InAs NWFET. In order to obtain
densely packed InAs nanowires we deposit topographic Au confinement patterns. To neutralize the
affinity of either domain of the PS-b-PMMA block copolymer (BCP) with the underlying InAs layer, a ~6
nm-thick brush layer of random PS-r-PMMA is spin-coated and thermally grafted to the surface. PS-b-
PMMA BCP is then spin-coated on top of the stack. The PMMA domain was then removed by a
combination of UV exposure and solvent and the brush layer opened by dry—etchingl. Once revealed,
the patterns of the PS mask have been transferred into the underlying InAs sheet®.

To conclude, we have demonstrated the use of PS-b-PMMA to transfer high resolution and
high density patterns into a low roughness InAs layer as the first steps towards InAs nanowires.
Further publications will introduce the GaSb etch step and the gate-all-around deposition process.
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