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Abstract—The impact of back biasing on electron transport
in extreme short channel Ultra-Thin Body and BOX (UTBB)
SOI MOSFET:s is investigated by a deterministic multi-subband
Boltzmann solver. A 7.5nm channel length UTBB device is
simulated, and its transport details are presented in this paper.

Index Terms—UTBB, back biasing, Boltzmann transport equa-
tion (BTE), quasi-ballistic transport

I. INTRODUCTION

UTBB SOI device is a promising solution for continued
aggressive scaling beyond the 14nm node because of its better
short channel effect control, threshold voltage modulation,
reduced variability and compatibility with mainstream planar
technology [1]. Many experimental works have be done [2],
[3] to study nanoscale UTBB SOI devices characteristics re-
cently. However, the carrier transport details inside the devices,
which are critical for the compact models in sub 14nm scale,
are not clearly known yet. A comprehensive study of electron
transport details, with particular focus on the impact of back
biasing, is presented in this paper.

II. SIMULATION METHOD

A transient multi-subband deterministic Boltzmann trans-
port equation (BTE) solver based on the Positive and Flux
Conservative (PFC) method [4]-[6] is employed to explore the
transport details in a end-of-roadmap UTBB SOI nMOSFET.
The channel length is fixed to 7.5nm with 10'*em =2 doping
(Fig. 1). The effective oxide thickness (EOT) is 0.9nm and
the source and drain length are both 7.5nm with a doping
concentration of 10?°cm™3. The body thickness is 3nm,
and BOX thickness 6nm. The BTE is 1D in real space (x-
direction), and 2D in wavevector space (kyx,ky) due to the
quantization in z direction. The quantum confinement effect
is taken into account by 1D Schrodinger equation (z-direction)
and 2D Poisson iterations.

In real space, spacing of 0.3nm in z-direction and in z
of 0.15nm are used (75 x 66 grid nodes). In the dimensional
splitted k space, the adimensional kinetic energy has 150 grids
with spacing of kg7, and the angular dimension has 6 angles
with spacing of 7/3. Only 8 subbands are considered in the
simulation due to the strong energy band splitting as a result
of the ultra thin Silicon body. Phonon and surface roughness
scattering are considered, and the Pauli exclusion principle is
included in the BTE solver.
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Fig. 1. The device structure of the simulated UTBB SOI nMOSFET and the

doping profile. The channel length is 7.5nm, source and drain length 7.5nm,
EOT 0.9nm, T' ; 3nm and Tgox 6nm respectively.

III. RESULTS AND DISCUSSION

The ballistic and diffusive output characteristics of the
simulated UTBB SOI device at zero back biasing (ZBB) are
shown in Fig. 2. Although the channel length is extremely
short, scattering still plays an important role, especially for the
strong inversion and large drain bias cases. Therefore, all the
results below are simulated at diffusive conditions. The output
characteristics at different back biases with V,=0.4V and OV
are shown in Fig. 3. The effect of back-biasing modulation is
obvious seen at both 0.4V and zero gate voltages. Forward
back biasing (FBB) boosts the drain current significantly, and
makes the device acting as a double gate MOSFET. The output
curves at V,=0.4V with -1V reverse back biasing (RBB) and
V,=0V with 1V FBB coincide very well, which means that 2V
back bias may achieve the similar control ability with 0.4V
gate voltage for such a device structure.

Fig. 4 demonstrates the 3D potential profile at V,=0.4V,
V4=0.4V and V,=-1.0V. In contrary to typical double gate
MOSFETs, the potential distribution in the channel along
the quantum confinement direction is asymmetric. The 3D
potential profile shows that RBB can reinforce the gate control
ability and hence reduce the DIBL effect. Fig. 5 illustrates the
cross-section potential profile and electron density distribution
along quantum confinement direction at the virtual source
(VS) [7] for different back biasing at V,=0.4V, V;=0.4V. The
back biasing modulation on the electrostatic potential manly
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Fig. 2. Comparison of ballistic and diffusive output characteristic at zero

back bias and different gate voltages. All the results below are simulated with
the presence of phonon and surface roughness scattering.
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Fig. 3. Output characteristic at different back biases with V;=0.4V and OV.

appears in the bottom half of the silicon layer. The ultra
thin silicon layer results in strong quantum confinement in
the channel, and drives electrons away from the surfaces.
Therefore, the range of the density peak shift in thin silicon
layers is not as obvious as that in larger devices.

The back biasing tuning effect on the lowest subband is
shown in Fig. 6. FBB lowers the barrier height significantly,
especially for the small gate bias cases. Therefore, in order to
turn off ultra short channel devices and minimize the off-state
current, RBB is necessary. It is worth noticing that there are
subband energy drops at the channel-end of the source when
imposing FBB at V;=0.4V and V;=0.4V. The contribution to
the sheet density of the two-folded lowest subbands at the VS
is shown in Fig. 7. The two-folded lowest subbands contribute
up to 97.5% of the total electrons at V3=-1.5V and V,=0V,
and down to 71.4% at V,=1.5V and V;=0.4V. The reason is
that back biasing induced barrier lowering (BBIBL) and gate
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Fig. 4. The three dimensional potential profile of the simulated device with
Vy=0.4V, V4=0.4V and V;=-1.0V.
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Fig. 5. The cross-section potential profile and electron density distribution

along the quantum confinement direction on the VS. The back bias varies
from -1V to 1V. V and V,; are set to 0.4V.

induced barrier lowering (GIBL) (Fig. 6) insure higher energy
injections at the VS.

Fig. 8 shows the barrier height with respect to the source
contact as a function of back biases at different gate and drain
voltages. According to the virtual source model [7], electron
density and group velocity at the VS are merely determined by
the barrier height. Fig. 8 clearly shows that the barrier height
has strong dependency on back biasing, especially in the RBB
region. This is the main mechanism of the back biasing tuning
effect. Fig. 9 shows the electron group velocity at the VS as
a function of back biases. The group velocity increases more
rapidly in the RBB region when increasing V;, which is self-
consistent with Fig. 8. Usually for deca-nanometer channel
length devices, the injection group velocity at the VS is smaller
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Fig. 6. The lowest subband profile along the transport direction for different
back and drain biases with V;=0.4V (left) and OV (right), respectively.
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Fig. 7. The contribution to sheet density of the 2-folded lowest subband on
the VS at different back biases.

than the thermal velocity vy, (107em /s) [8], [9]. However, in
such a short channel and thin body device, the group velocity
at the VS may higher than vy;,. In the FBB region of the on-
state case(e.g. the solid black line), the electron distribution
is already far from equilibrium because of the potential drop
in the source region(Fig. 3 left). Electrons have already been
accelerated before reaching the VS when applying large gate
and drain biases. Fig. 10 shows the electron sheet density
at the VS as a function of back biases. The sheet density
increases almost linearly with the increase of back voltage at
on-states. Fig. 11 shows the ratio of backward moving and
the forward moving electron density on the VS with 0.4V
gate voltage at different back and drain biases. The backward
moving electrons increase exponentially in the FBB region
attributing to the barrier lowering w.r.t. the drain contact.
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Fig. 8. The barrier height w.r.t. the source contact as a function of back bias
at different gate and drain voltages.
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Fig. 9. The group velocity on the VS as a function of back bias at different
gate and drain voltages.
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Fig. 10. The electron sheet density on the VS at different back biases with
V4=0.4V and 0.0V.
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Fig. 11. The ratio of n- and n+ on the VS at different back and drain biases
with V=0.4V.

IV. CONCLUSION

In this paper, we explored detailed electron transport char-
acteristics in a 7.5nm channel length UTBB SOI nMOSFET.
The back biasing dependence of electrostatic potential, barrier
height, electron velocity and density on the VS, which are
critical to end-of-roadmap device modeling, were calculated
by a physically based multi-subbband BTE solver. The barrier
height modulation induced by back biasing plays a very
important role in nano-scale UTBB SOI devices.
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