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INTRODUCTION

To study the behavior of partially- or fully-depleted me-
tal-oxide-semiconductor field-effect transistors (PD/FD-
MOSFETS) with channel dimensions in the sub- or ultra-
sub-30nm regime only standard technology combined
with cost-intensive “Silicon-on-Insulator” and ebeam li-
thography is available at the moment. An interesting alter-
native approach is given by “Silicon-on-Nothing” (SON)
concepts recently discussed for lateral partially- or fully-
depleted MOSFETSs[1, 2]. In this contribution we want to
introduce a novel SiGe-based vertical SON technology
for the fabrication of PD/FD-MOSFETs in thisregime.

SONFET CONCEPT

We have developed a combined molecular beam epitaxy
(MBE) and chemical vapour deposition (CVD) process
based on selective SiGe etching for the fabrication of

vertical, fully depleted SON-M OSFETs (VFD-SONFETS)
with channel length L and depletion width W in the sub-
30nm regime defined by atomically controlled deposition
instead of lithography. The transistor width W is defined
by optical lithography.

As depicted in fig.1 the basic structure for a n(p)-channel
VFD-SONFET is a SiGe sacrificial layer ad a n'(p*)-
doped Si top layer working as source deposited by means
of MBE on top of an*(p*)-doped Si substrate (drain). The
thickness of the SiGe layer determines the channel length
L of thefinal VFD-SONFET.

After mesa etching (which is an uncritical lithography
step) an ultra-thin intrinsic Si layer is conformal deposited
by means of CVD (its thickness determines the depletion
width Wp). After conformal deposition of an Al,O3 gate
dielectric by means of Metal-Organic CVD (MOCVD) a
highly n*(p")-doped polycrystalline Si layer is deposited
using Low Pressure CVD (LPCVD). After gate electrode
formation the MOS gate is encapsulated with a
SiO,/Si3N,4 passivation layer, the transistor body is opened
by reactive ion etching (RIE), and the SiGe layer is etched
away with a selective SiGe etch. Finally an overal
SO,/Si3N4 capsule and metal contacts are formed (fig.2).
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Fig.1: Fabrication of the proposed n(p)-channel VFD-
SONFET before selective Si;.xGex removal

To avoid the collapse of the transistor body after SiGe re-
moval the top electrode must be realized as cantilever,
bridge, or trench structure.
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Fig.2: Proposed n(p)-channel VFD-SONFET

RESULTS

A critical step in the processing sequence is the selective
removal of the SGe under the gate. We have used a
PA:HF:H,0O = 1:1:1 solution (PA: Peracetic Acid, HF:
Hydrofluoric Acid) and a high selective removal of the
SiGe was obtained, as can be observed by the bridge test
structurein Fig.3.

Fig.3: Complete undercutting of a 100nm Sig7Gep 3 layer

The SiGe layer had a thickness of 30nm, 50nm, or 100nm
and a 30% Ge composition. Si deposition for channel for-
mation was 30nm Different test device configurations,
such as a trench structure, bridge structures (fig.4), and
cantilever structures were fabricated.

Fig.3: SEM of aVFDSONFET without gate structure and
capsul e after selective SiGe etching (bridge structure)

Thetop n*-region (source) is mechanically stable after the
SiGe layer etching step up to the lengths >5mm, which
makes it possible to process wide and/or multiple gate
fingers. The complete fabrication sequence involving an
ion implanted drain, MBE-grown SiGe sacrificial layer
and n*-doped contact layer, mesa etching, CVD of Si for
channel formation, selective SiGe etching, gate and con-
tact formation will be discussed.
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