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A thick transition layer (often exceeding 100 nm) is commonly used to grow IlI-V
semiconductors on Si. In this study, we explore the growth of ultrathin and highly-mismatched
InAs directly on SOI islands. SOI islands allow the termination of misfit dislocations at the island
edges to relieve the strain. For MOSFETSs, the ability to tailor the ratio of InAs to Si in an
ultrathin (~3 nm) channel allows optimization of both the channel density-of-states effective mass
and the bandgap [1], for achieving high channel current at low voltage. We show that flat, planar,
growth of InAs can be achieved, despite the 11.6% lattice mismatch, on submicron SOI islands
by molecular beam epitaxy (MBE) toward realization of MOSFETSs. Furthermore, metalorganic
chemical vapor deposition is shown to nucleate InAs selectively on SOI islands and first back-
gated transistor results are presented.

Wafers of 100-mm-diameter (100) SOI are thinned using a Logitech CDP (chemical delayering
and planarization) system to approximately 500 nm, using an experimental slurry from Cabot
Microelectronics, EXP-0012. Thermal oxidation followed by oxide removal in buffered HF is
used to thin the Si to a layer thickness as small as 10 nm. After this process the wafer has a
surface flatness within £ 1 nm when measured over a 1 ym length.

Dow Corning FOx-12 flowable oxide, containing hydrogen silsesquioxane (HSQ) as the primary
component, is coated on the wafer and used as a negative electron-beam-lithography (EBL) resist
to pattern submicron islands for definition by reactive ion etching (RIE). An Alcatel 601e RIE is
used to etch the Si using SFe and O, at =120 °C. The Si etch rate is approximately 130 nm/min
with a 14:1 etch selectivity between Si and FOx-12.

Prior to loading for MBE, the wafer surface with the HSQ islands was characterized by x-ray
photoelectron spectroscopy (XPS) which showed that the surface is clean. The FOx-12 was next
removed in a 15 s buffered-HF dip and the wafer was loaded directly into the MBE system. The
native oxide on the Si islands was blown off at high temperatures, ranging from 710 to 750 °C, as
determined by monitoring the RHEED pattern (reflection high-energy electron diffraction). As
much as 40 nm of InAs was then deposited by MBE at temperatures of 110, 200, and 250 °C
using a V: 11 flux ratio of 33:1. These low growth temperatures were used to prevent the islanding
of InAs that is common at higher growth temperatures [2]. Scanning electron microscopy (SEM)
shows that approximately 1 in 4 islands grown at 250 °C achieve a flat growth.

Flat, planar growth occurred only for the MBE samples grown at 250 °C; growths at 110 °C and
150 °C yielded only polycrystalline InAs. Growth of InAs on large Si islands (tens to hundreds of
square microns) as well as growth on SiO, yielded polycrystalline InAs at all three growth
temperatures. Patterned SOI lines of width 200 nm also nucleated smooth, flat InAs at 250 °C,
while growth on 500-nm-width lines and all lines grown at lower growth temperatures were
polycrystalline.
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Fig. 1. Energy band diagram
of the InAs-on-SOI compo-
site channel MOSFET.
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Fig. 2. SEM cross-section of
a (100) SIMOX-SOI wafer
after CMP and thermal
oxidation thinning.

Fig. 3. SEM image of SOI
islands after FOx-12 removal
and before growth on InAs.
SEM and AFM show the
island heights ranges from
150 to 400 nm ina 10 ym
field.

Fig. 4 (right). SEM images
of the 250 °C MBE InAs
growth (a) on a 100-um-

scale Si island and (b) on an
adjacent SiO, surface. Note
the growths on these surfaces
appear to be polycrystalline.

Fig. 5. SEM images of
250 °C MBE InAs growths
on (100) 500 x 500 nm? SOI

islands: (a) approximately
one-in-four are flat and
planar, (b) some show a
coalesced network.

Fig. 6 SEM images of the
250 °C MBE InAs growth on
SOl lines: (a) 200 nm and (b)

500 nm width. Only on the
200-nm-width lines is smooth,
flat growth of InAs observed.
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Fig. 7. (2) SEM of Ti/Au
source/drain contacts to InAs
on (100) SOl island, grown
selectively by MOCVD at
450 °C. The island size is 0.2 x
2 um?. (b) Common-source
back-gated transistor
characteristic showing weak
gate control due to the thick
InAs layer and thick oxide
(Ip ~60 mA/um? at 600 pA).
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