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Strained silicon devices have been widely studied [1-2]. They possess better driving capacity
than that of silicon-based devices. Double-gate strained silicon field effect transistors (FET)
have recently been proposed and found better transport characteristics than single gate strained
devices [1-4]. For example, double-gate strained silicon FETs not only have relatively high
mobility, high transconductance, and ideal subthreshold swing but also suppress short-channel
effects (SCEs) [1-2]. Due to supericr channel controllability, excellent performance of
surrounding-gate FET has also been studied to further reduce SCEs [3-4]; however, these
structures have not been well investigated for strained silicon devices.

In this work, , shown in Fig. 1, strained silicon surrounding-gatc nanowire FETs are
numerically explored and optimized with respect to various physical parameters. In our
simulation the region of silicon-germanium Si,Ge,.,, where x = 0.8 is simply fixed, channel and
source/drain doping is 10'® and 5x10%cm?, respectively, and mid-gap gate material is TiN. A
three-dimensional (3D) quantum correction transport model, density-gradient drift-diffusion
madel, is applied in the simulation of strained silicon surrounding-gate FETs {4]. It is known
that the formulation of mobility is an important factor for strained silicon; however, to focus on
the structure optimization of thickness of silicon-germanium, Kaiblinger-Grujin’s mobility [5]
is implemented in our nanodevice simulator. By fixing other parameters, our preliminary result
shows that the thickness of silicon-germanium layer plays an important factor in transport
characteristics. Unlike the results obtained from double- and single-gate FETs [1-2], the on/off
current ratio and the threshold voltage do not significantly affected by the thickness of
silicon-germanium layer. In other words, surrounding-gate strained silicon FET obtains a
higher driving current without significantly changes in threshold voltage and on/off current
ratio. These characteristics are attractive in nanodevice era. Figure 1 shows a cross-section
view of the optimized FET structure. The simulated structure is a silicon-germanium nanowire
covered by a silicon layer. The radius of surrounding-gate nanowire FET is 5 nm and the gate
oxide thickness is 1 nm. Among several physical quantities, we take here the Ip-Vp
characteristics as a benchmark in the optimization of strained silicon FET structure with
respect to the radius of silicon-germanium (Rsige). Figures 2(a) and 2(b) show potential
distributions for both pure silicon and strained silicon FETs, where the radius of
silicon-germanium nanowire is 4 nm which is covered by 1 nm silicon film. We find that the
distributions arc almost the same for both samples. Cutting from the center of nanowire,
cross-section plot of potential distribution, shown in Fig. 3(a), indicates that thcre is only
slightly difference between them. Fig. 3(b) confirms that the difference of the threshold voltage
and the on/off current ratio among different testing conditions are small. Strained siticon
nanowire FET structures do not change the transfer characteristics of surrounding-gate devices
even the silicon-germanium is naturally with a smaller band gap than that of silicon. This
consequence 1s caused from the fact that the surrounding-gate nanowire FET has excellent
channel controllability. Therefore, suppression of leakage current is enhanced from the band
gap narrowing. Based on our calculation, it is found that one of the most attractive
characteristics for the surrounding-gate strained silicon nanowire FET is the improvement of
driving current. As shown in Fig. 4, strained silicon nanowire FET structures have a higher
drain current than that of the pure silicon structure (i.¢., Rsige = 0 nm). Furthermore, it could be
also found that the larger silicon-germanium radius (Rgge = 4 nm) implies the higher drain
current. It 1s due to a higher stress caused from the thinner stlicon film.

In this paper, we have investigated the thickness effect of silicon-germanium for
surrounding-gate strained silicon nanowire FETs by our developed 3D nanodevice simulator,
Rsice influences the driving current characteristic of surrounding-gate strained silicon nanowire
FETs. A large Rsic. increases the driving current and does almost not change the transfer
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characteristics. We are currently working on more advanced structure and device characteristic
optimization with respect to various physical parameter including component effect of Si,Ge,...
This work is supported in part by Taiwan NSC under contract No.

NSC-93-2215-E-429-008, the grant of Ministry of Economic Affairs, Taiwan under contract

No. 92-EC-17-A-07-S1-0011, and the 2004 grant from Taiwan Semiconductor Manufacturing

Company, Hsinchu, Taiwan.

[1]1 B. H. Lee et al., Tech. Dig. IEDM (2002) 946; H.M. Nayfeh et ol.,, IEEE Elec. Dev. Lett.
24 (2003) 248; J. Welser ef al., Tech. Dig. IEDM (1992) 1000; M. Rashed et al., Proc.
Biennial University / Government / Industry Microelec. Symp. (1995} 168; J. R. Hwang
et al., Dig. Tech. 2003 Symp. VLSI Tech. (2003) 103; L.. Huang &t al., IEEE Trans. Elec.
Dev. 49 (2002) 1566.

[2] C. Fenouillet-Beranger et al., Solid-State Elcc. 48 (2004) 961; M. Enciso Aguilar et al.,
Solid-State Elec. 48 (2004) 1443; F.-L. Yang et al., Dig. Tech. 2003 Symp. VLSI Tech.
(2003) 137; K. Rim ef al., IEEE Trans. Elec. Dev. 47 (2000) 1406.

[3] F.-L. Yang et al,, Tech. Dig. FEDM (2002) 255; H. Wakabayashi et al., Tech. Dig.
[EDM (2003) S20P7; 8. N. Balaban et a/., Solid-State Elec. 46 (2002) 435.

[4] R. Venugopal et @l., J. App. Phys. 92 (2002) 3730; . Wang and M. Lundstrom, Tech. Dig.
IEDM (2002) 707; A. Svizhenko and M.P. Anantram, IEEE Trans. Elec. Dev. 50 (2003)
1459; H. Kawaura er al., Appl. Phys. Lett. 76 (2000} 3810; A. Schenk and A. Wetltstein,
Tech. Proc. MSM (2002) 552; A. Asenov et al., Tech. Proc. MSM (2002) 490; Y. Lief al.,
Eng. Comput. 18 (2002) 124; T.-w. Tang ef al., J. Comput. Elec. 1 (2002) 389.

[5] K. Matsuda, J. Comput. Elec. 1 (2002) 425; G. Kaiblinger-Grujin and S. Selberherr, Proc.
MSM (1998) 70.

e ) -“"?%N%'M

_-..nms'mnandas:s.m 1 Vp= 0.05V

R =drmandoll=3rm w

3

&

o
-

Gate lmrgih = e

——R_,, =Gnm ot = 3w

Elettrostatic Patantial (V)

=
8

2
2

. L " & 0t 02 03 04 @5 08 47 03
m si : . o | 0DOE  Dooe b [““o).ﬂﬂ 004 VQM
m%m// (a) (b)
Figure 1. A cross-section view of the surrounding - Figure 3. (a) A cross-section view of the electrostatic
gate strained Si nanowire FET. The oxide thickness potentials and (b} the transfer IV characteristics of the
(BC} is 1 nm and the layer radius (0B) of silicon film surrounding-gate pure and strained silicon nanowire
and silicon-germanium is 5 nm. FETs.
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Figure 2. The computed electrostatic potential of the Figure 4. The driving current IV characteristics of
surrounding-gate (a) pure and (b) strained Si both surrounding-gate pute and strained silicon
nanowire FET, where Vg = 0.5 V and V= 0.05 V. nanowire FETs.
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