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Abstract. In this paper we numerically examine the electrical characteristics of surrounding-gate strained silicon
nanowire field effect transistors (FETs) by changing the radius (Rs;ge) of silicon-germanium (SiGe) wire. Due to the
higher electron mobility, the n-type FETs with strained silicon channel films do enhance driving capability (~8%
increment on the drain current) in comparison with the pure Si one. The leakage current and transfer characteristics,
the threshold-voltage (V;), the drain induced barrier height lowering (DIBL), and the gate capacitance (Cg) are
estimated with respect to different gate length (L), gate bias (Vi;), and Rs;jge. For short channel effects, such as
V; roll-off and DIBL, the surrounding-gate strained silicon nanowire FET sustains similar characteristics with the

pure Si one.
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1. Introduction

Strained silicon (Si) field effect transistors (FETs) have
recently been proposed [1-10]. Their driving capabil-
ity is superior to that of the pure Si-based FETs. Com-
pared with the pure Si-based FET, the strained FET
has a slightly higher leakage current due to the silicon-
germanium (SiGe) channel film has a lower band-
gap. To suppress the leakage current, double-gate (DG)
strained Si FETs have been proposed. They have better
transport characteristics and improved short channel ef-
fects (SCEs) than that of single gate (SG) strained FET's
[1-23]. On the other hand, pure Si-based surrounding-
gate FET has the best channel controllability and lowest

SCEs among different structures of FETs [11-23]. We
believe that study on surrounding-gate strained Si FET's
can quantitatively provide rich information for diverse
applications of nanodevice.

In this paper, the surrounding-gate stained Si
nanowire FETs are computationally explored. In terms
of several electrical characteristics, we find that
the surrounding-gate strained Si nanowire FETs ex-
hibit higher on-state current and maintain almost the
same off-state current and SCEs, compared with the
surrounding-gate Si nanowire FETs. The radius (Rsige)
of SiGe wire, shown in Fig. 1, does modify the elec-
trical characteristics of surrounding-gate strained Si
nanowire FET. However, the surrounding-gate strained
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Figure 1. A cross-section view of the surrounding-gate strained Si
nanowire FET. The oxide thickness (BC) is 1 nm and the layer radius
(oB) of Si film and SiGe is 5 nm.

Si nanowire FET sustains the similar on/off current ra-
tio, the threshold voltage roll-off, and SCEs, compared
with the characteristics of pure Si one. This study is use-
ful in optimal design of structure for the strained FETs.
The paper is organized as follows. Section 2 state
the computational structure. Section 3 describes the
simulation results. Section 4 draws conclusions.

2. Device Structure and Simulation

A cross-section view of the simulated surrounding-gate
strained Si nanowire FET is shown in Fig. 1. The struc-
ture is with a SiGe nanowire covered by a layer of
Si. The composition of Si,Ge;_, of the n-type FET
is fixed at x = 0.8 in our simulation. The dopant of
channel and source/drain are 10'® and 5 x 10%cm—3,
respectively. Mid-gap gate material, TiN is used in the
device. The oxide thickness (BC), shown in Fig. 1,
is equal to 1 nm and the layer radius (oB) of Si and
SiGe is equal to 5 nm. Full quantum mechanical mod-
els theoretically are the most accurate ways to study
such ultrasmall nanodevices. However, this approach
is computationally expensive in the simulation of two-
and three-dimensional (2D/3D) devices [14-23]. Phe-
nomenological quantum correction model, a calibrated
3D density-gradient drift-diffusion model, is adopted
in this work [14-23]. This approach quantitatively pre-
dicts the main tendency of electrical characteristics of
the examined devices. Formulation of mobility is an
important factor for the strained Si devices [24-25],
a strained-dependent mobility is implemented in our
simulation.
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Figure?2. A cross-section view of the electrostatic potentials in both
surrounding-gate pure (Rsige = 0 nm) and strained (Rsige = 4 nm)
Si nanowire FETs, where the gate length L = 5 nm.

3. Results and Discussion

Electrostatic potential distribution of the surrounding-
gate nanowire FET with Vgg = 0.5Vand Vp = 0.05V
are almost the same for the strained (Rsige = 4 nm)
and pure Si (Rsice = 0 nm) samples due to the di-
electric constant of both Si and SiGe films are very
similar. Cutting from the center of nanowire FET, a
cross-sectional plot of the computed potential distri-
bution indicates that there is only slightly difference
between them, shown in Fig. 2.

Figure 3 shows the Ip — Vi curves of the sur-
rounding gate strained Si FETs with different Rg;ge.-
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Figure 3. The computed Ip — Vs curves of the FET with different
Rsige-
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Figure 4. The computed Ip — Vp curves of the FET with different
RsiGe-

Results confirm that the difference of V, and the ra-
tio of on/off current among different testing condi-
tions are small. Strained Si structures do not have
very significantly changes on the transfer character-
istics for the surrounding-gate nanowire FETs devices.
Band gap of SiGe is intrinsically smaller than that of
pure Si, but the leakage current does not influenced.
This consequence is caused from the fact that the
surrounding-gate nanowire FET does have excellent
channel controllability. Therefore, suppression of leak-
age current is enhanced from the band gap narrowing.

Shown in Fig. 4, the surrounding-gate strained Si
nanowire FET with Rsige = 2 and 4 nm, respectively,
has a higher drain current than that of the pure Si one
(solid lines). The larger radius (Rsjge = 4 nm) of SiGe
implies the higher drain current (dash lines) due to a
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Figure 5. The Cg versus Vgs of the FET with different Rgige.
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Figure 6. The V; and DIBL versus Rsige, respectively.
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Figure 7. The V; versus the L for the FET with Rsige = 0 and
4 nm.
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Figure 8. The DIBL versus the L for the FET with Rsige = 0
and 4 nm.
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higher stress caused from the thinner Si film. We ob-
serve that the lower source/drain parasitic resistance
caused from the SiGe layer plays another factor for the
enhancement of the on-state current. Figure 5 shows
the relation of C¢ versus V. A higher gate to channel
capacitance is obtained for the strained Si nanowire
FETs.

Figure 6 shows the V; and DIBL versus Rgige. It
is found that Rgijge only has slight influence on the
threshold voltage and the DIBL effect. Similar results
can be also found from the threshold voltage roll-off
and DIBL effect versus the gate length, shown in Figs. 7
and 8 respectively.

4. Conclusions

We have theoretically investigated the effect of Rgige
on the electrical characteristics of the surrounding-
gate strained Si nanowire FET using a 3D device
simulation. Rsige can change the driving current of
the surrounding-gate strained Si nanowire FET. When
Rsige is increased, the driving current is increased.
However, it does not have significant changes on the
transfer characteristics. The surrounding-gate strained
Si nanowire FET has larger gate-to-channel capaci-
tance and on-state current. The on/off current ratio,
the threshold voltage roll-off, and the SCEs can be sus-
tained similarly with the characteristics of pure Si one.
Ip — Vi characteristics relate to the transfer charac-
teristics which dominate the switching capability, the
leakage current, and the power consumption. Ip — Vp
characteristics have relations with the output charac-
teristic and play the central role in the high frequency
performance and application of analog circuits. Sim-
ulation results have shown that the surrounding-gate
strained Si nanowire FET is attractive to application of
nanodevices. We note that for more accurate estima-
tion, effects of the random doping fluctuation should
also be included [26-27]. We are currently working on
device characteristic optimization with respect to var-
ious physical parameters including composition effect
of Si,Ge_,.
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