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The silicon-on-nothing (SON) technology promises improved short-channel performance for
ultra-scaled CMOS, without the added cost of the UTB SOI wafers [1]. The vertical fully-
depleted SON concept (VFD SONFET) demonstrates the vertical SON structure, using the active
transistor region grown on the sidewall of the Si/SiGe/Si stack with subsequent highly-selective
SiGe removal [2]. As well as the improved SCE, the standard bulk region is eliminated in the
VFD SONFET, making it a three-terminal device [Fig. 1 (a)] with well-controlled dimensions by
the thickness of the grown layers [Fig. 1 (b)]. The absence of the transistor bulk is a unique
property of the VFD SONFET, not present in either bulk or SOI CMOS, and the compact
capacitance model is developed to describe the two-dimensional nature of this fully-depleted
MOS structure. The calculation of the threshold voltage (V) using the compact model is
presented in this paper.

The capacitance components of the VFD SONFET in the subthreshold region are shown in Fig. 2
[3]. Intrinsic capacities include the capacitance of the depleted silicon body Cg; s, gate oxide
capacitance Cgox=kcoxLejtcox, and buried oxide capacitance Cpox=2kpoxIn(1+L.s/2dpox)/n. The
buried oxide capacitance Cpox of the VFD SONFET has specific, two-dimensional properties and
its analytical relation is given with an approximation by perpendicular planes. For the effective
channel lengths that are #zox < Lj/2 analytical relation is Cpoxy=2kgoxIn(1+tgox/dpox)/m. Overlap,
fringe and source/drain depletion capacitances are also included in Fig. 2, but do not have
significant influence on the Vy. Equivalent capacitive circuit of the VFD SONFET in the
subthreshold region is shown in Fig. 3, where Vyp; and ¥;; are the top-gate flat-band voltage and
potential, and Vg, and W;; are the back-gate flat-band voltage and potential.

The voltage-doping transformation (VDT) is used for the short-channel effects modeling [4].
According to the VDT, the effective channel doping is NA*=NA-kS,~2VDS*/(ng;;Z), where
VDS*=VDS+2(Vb,-+‘I’52—‘Ps1)i2\/[(Vb,--i-‘I’sg—‘I’S D(VpstVp+Wso-¥))]. The silicon body capacitance with
short channel effects (VDT) taken into account is CS[Yd*:qNA*tSiLe[f/(lIISI'\PSZ), where
W =qNtsLey/Cpox. The threshold voltage is determined from the strong inversion criterion
Y, =2¥;, where W,=V7n(N,4/n;). From the equivalent capacitive circuit, V;;, can be extracted as:

2 Cs; ,d* CBOX J_ CS‘i,d* CB()X N CSi ,d* CBOX
* DS * ' FB2 *
CGU)((CSi a4t ZCBOX ) CGOX(CSi at ZCB()X) CGOX(CSM + 2CB()X)
where Vig/=VAn(NgN4/n 1-2) and Vig,=V7An(Ns.pN4/n ,-2 ).
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The calculated V), values are compared to the results of the two-dimensional, drift-diffusion
model simulations in MEDICI [5]. In Fig. 4, calculated and simulated threshold voltage values
are plotted against L. for different #ox (a), channel concentrations (b), BOX dielectrics (c), and
BOX thicknesses (d). Good agreement between our model and MEDICI data is achieved for L.y
down to 50 nm, with differences less than 5 mV (2 %). For L.y below 50 nm, compact model
loses accuracy due to rough approximation of the effective doping in the channel area N, which
affects the calculated silicon body capacitance CS,-,d*.
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Fig. 1. (a) VFD SONFET structure cross-section, Fig. 2. Capacitive model of the
(b) VFD SONFET structure close-up. VFD SONFET in subthreshold region.
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Fig. 3. Equivalent capacitive circuit of the VFD SONFET in subthreshold region.
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Fig. 4. Dependence of threshold voltage on: (a) ZGox, (b) Ny, (¢) Kpox, (d) tsox-
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