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Abstract
In this work, the RF and microwave noise performance of bulk and
fully-depleted silicon-on-insulator (FD SOI) transistors with directly
comparable topologies is investigated by means of an ensemble Monte Carlo
simulator, and in the case of FD SOI devices, the influence of varying the
active layer thickness is also studied. Intrinsic noise sources are calculated
and analysed, and important figures of merit such as NFmin or Rn are also
determined and evaluated. Moreover, a microscopic understanding of the
noise phenomena is achieved, which is essential for the optimization of the
transistors. FD SOI devices show a reduced influence of induced gate
noise and drain noise as compared to the bulk transistor due to the minor
influence of phonon scattering and energetic carriers at the pinch-off region.
Whereas reducing the active layer thickness minimizes the effect of hot
carriers in the noise parameters, it can lead to a degradation of other
important high-frequency figures of merit such as gm or fT.

1. Introduction

Excellent high-frequency behaviour, together with a reduced
influence of hot carriers and short-channel effects have been
claimed for fully-depleted (FD) silicon-on-insulator (SOI)
MOSFETs, thus becoming the mainstream alternative to bulk
silicon MOSFET devices [1]. To profit from the advantages
provided by FD SOI transistors, it is necessary to achieve
a complete knowledge of their differences and similarities
as compared to corresponding bulk devices operating in the
RF and microwave frequencies range. In particular, the
analysis of the noise performance of the transistors is critical
in order to develop low-noise applications with a reduced
cost. Nevertheless, the different geometrical and physical
parameters of fabricated transistors make it almost impossible
to perform experimental one-to-one comparisons between bulk
and FD SOI MOSFETs [2]. Simulation tools are the best
solution to carry out this study, thus helping to further develop
silicon technologies.

In this work, we have employed a 2D ensemble Monte
Carlo simulator (EMC) [3] to perform a complete investigation

of the noise behaviour of 250 nm bulk and FD SOI n-
MOSFETs with equivalent topologies (with the only exception
of the presence of a buried oxide 400 nm thick in the FD SOI
device, figure 1). Furthermore, in the case of the FD SOI
transistor two different values for the active layer thickness
(tsi), 30 nm and 50 nm, both corresponding to FD devices,
were studied in order to evaluate the impact of this important
parameter on the different figures of merit.

2. Static behaviour

The analysis of the inner quantities associated with charge
transport is of great importance for the subsequent physical
interpretation of the noise performance. Several magnitudes
provided by the EMC simulator have been analysed: potential
profiles, electric fields, velocity, energy and concentration of
carriers, density of scattering mechanisms, etc. We found
a very important influence of the buried oxide in the carrier
transport conditions inside the channel: the FD SOI devices
under study show a higher channel potential, a reduced density
of phonon scattering mechanisms and lower electric fields
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Figure 1. Scheme of the simulated devices: (a) bulk MOSFET and
(b) FD SOI MOSFET.
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Figure 2. Velocity and energy of electrons along the channel in the
three structures for VGS = 1.75 V and VDS = 1.25 V.

at the drain metallurgical junction and a thicker and more
homogeneous inversion layer. As an example, in figure 2
we show the results for the energy and velocity of carriers
along the channel for VGS = 1.75 V and VDS = 1.25 V for the
three simulated structures. Results prove a reduced maximum
energy and velocity overshoot for FD SOI devices at the pinch-
off region as compared to the bulk transistor especially when
the active layer thickness is reduced. This indicates a lower
influence of hot carriers in the FD SOI MOSFETs under study
than in the bulk device, with important consequences on the
noise performance.
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Figure 3. (a) SIG and (b) SID as a function of VGS − VT at 6 GHz for
VDS = 1.25 V.
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Figure 4. α, β and C parameters at 10 GHz as a function of
VGS − VT for the three structures, with VDS = 1.25 V.

3. Noise performance

For the study of the high-frequency noise performance of the
transistors, we considered a two-port device representation
with two noise current generators: one at the output (drain)—
associated with noise generated by carriers in the channel—
and another at the input (gate)—related to noise induced by
charge fluctuations under this terminal [4]. Both noise sources
are correlated. The spectral densities of current fluctuations at
terminals (SID at the drain and SIG at the gate) are provided by
the Monte Carlo simulator in a natural way, together with the
cross-correlation (SIGID), thus achieving a correct description
of the noise behaviour. The frequency dependence of the
spectral densities in the RF and microwave range has been
found to be in excellent agreement with the general theory for
FET devices [4]. With regard to the bias dependence, as an
example figure 3 shows the results for SIG and SID as a function
of VGS − VT for the simulated structures.

Nevertheless, in order to perform a straightforward
comparison of the intrinsic noise in bulk and FD SOI devices,
it is necessary to use the normalized noise parameters α, β

and C [5], shown in figure 4. Those incorporate the spectral
densities and the effect of dynamic parameters, which were
calculated by means of the Fourier analysis of the transient
response of terminal currents to voltage steps. In this way,
it has been checked that a reduced coupling to the gate of
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Figure 5. (a) NFmin at 10 GHz, (b) Rn at 10 GHz, (c) gm and (d) fT as
a function of VGS − VT for VDS = 1.25 V in the three simulated
structures.

charge fluctuations in the channel (lower β) exists for the FD
SOI MOSFET, especially at high gate biasing. This effect is
explained in terms of the more distributed charge transport in
the active layer of the device induced by the presence of the
buried oxide, which is also responsible for a thicker inversion
layer, as observed in our EMC results. Moreover, an enhanced
drain noise is obtained in the bulk transistor (larger α); this
phenomenon is related to a reduced influence of scattering
mechanisms at the drain in FD SOI transistors together with
the lower peak energy obtained in this kind of device. The
reduced effect of scattering mechanisms below the gate is also
responsible for a minor correlation between both noise sources
(C ) in the FD SOI MOSFETs.

Finally, the typical four noise parameters employed in
circuit analysis (minimum noise figure NFmin, equivalent noise
resistance Rn and phase and modulus of the complex optimum
reflection coefficient �opt) are also calculated [6]. As an
example, we shall discuss the results concerning NFmin and
Rn, which are usually considered as the main figures of merit
of the noise generated by the device. In the case of NFmin

(figure 5(a)) lower values are obtained in the FD SOI devices
(especially for the device with tsi = 50 nm at high VGS − VT),
mainly due to the reduced influence of both the noise generated
in the channel and the induced gate noise. Nevertheless,
it must be mentioned that at frequencies over the 20 to
30 GHz range, the bulk device presents enhanced values for
this figure of merit as compared to the FD SOI transistors
analysed. Regarding Rn, significantly lower values are
observed in the FD SOI MOSFETs (figure 5(b)), in good
agreement with the distributed nature of charge transport in the
channel and the reduced influence of induced gate noise. This
result indicates that using the FD SOI transistor it becomes

easier to obtain the minimum noise condition in a low-noise
amplifier design.

With regard to other important high-frequency figures
of merit, in figure 5(c) and (d) we show the results for the
intrinsic transconductance (gm) and the cut-off frequency (fT)
as a function of VGS − VT. The FD SOI device with tsi = 50 nm
offers the best results for gm; in the case of the FD SOI with
tsi = 30 nm, lower values are obtained, a fact that has been
checked to be associated with the increase of channel access
resistance due to the narrow active region, that becomes more
prominent when the depth of the access regions is smaller than
the maximum depletion region corresponding to the doping
concentration of the substrate (55 nm in the devices under
study). Regarding fT, better values are obtained at high VGS

for the bulk device, whereas the FD SOI transistors offer poorer
results as tsi is reduced. Our results indicate that this is due
to the behaviour of the gate-to-source capacitance, which is
progressively higher in the FD SOI MOSFETs as the active
layer is thinner.

4. Conclusions

A detailed investigation of the high-frequency noise
performance of 250 nm bulk and FD SOI transistors with
directly comparable topologies has been performed by means
of an ensemble Monte Carlo simulator. Results show that in
the case of FD SOI transistors a significantly reduced influence
of induced gate noise and drain noise is obtained, a fact that
is associated with the lower carrier energies observed at the
pinch-off region and the minor influence of phonon scattering
mechanisms. Reducing the active layer thickness allows us to
minimize the effect of hot carriers on the high-frequency noise;
in contrast, the corresponding increase of access resistances
leads to a fall off in the advantages provided by a narrower
active region in terms of gm and fT.
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