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1. Introduction an example of such case, the results calculated for g-HfO
Silicon nanowire (SINW) MOSFETSs, illustrated in Fig. 1,coated SiNW are shown in Figs. 3(b) and 4.
have been attracting considerable attention as one of tBe|nteractions in Gate Biased SiNWs

promising device structures for further CMOS scaling dugy| cajculations in the previous section were done under the
to their better electrostatic gate control [1, 2]. AcoustiGssymption that electrons are confined to the core with an infi-
phonons in nanostructures are modulated by interfaces Qgge potential well having a flat bottom. In SINW MOSFETS,
tween acoustically dierent materials, and therefore they dif-pgyever, the potential is not flat due to the gate voltage, and
fer from bulk phonons, which are usually used as substituigarefore the electron states aréfetient from those obtained
for actual acoustic phonons. Recent studies have reportghai hottom potential well. The electron states in practical
that such acoustic phonon modulation (APM) has appreciablgyices can be described by the Slinger—Poisson equa-
impacts on electron transport in free-standing SINWS [4-7}i, \we solved it for a cross section withithout taking into

as well as coated SiNWs [3, 8]. However, although the im5¢count wave function penetration (WFP) into the oxide shell

pgcts also depend on electron states, it is qqt cl_ear in operatiidine same manner as that presented in Refs. [9] and [10].
SINW MOSFETs how muchfeect the modification of elec- The resulting electron states for a Si€oated [001]-oriented

tron states due to the gate voltage has on them. In this wokinw are shown in Fig. 5. Figure 6 shows the modulated
we theoretically investigate the interaction between modyg,q pylk phonon form factors calculated for the intra-lowest-
lated acoustic phonons and elgctrons In gate blaged SINWSbband scattering in the 4-fold valley and for several gate
2. Electron-Modulated-Acoustic-Phonon Interactions voltages,Vg's. In the calculation, the interaction in the ox-
FlgL_Jre 2 shows t.he calculatlo_n model of acoustic phonons IBe shell was ignored db,. in the shell was set to zero, be-

a SiO;-coated SINW. Assuming the core and coating shelause the two form factors are insensitive to it, as can be seen
are isotropic continua, acoustic phonons can be derived frofiym Fig. 7. The two form factors decrease with increasing
Navier's equation. Figure 3(a) shows their dispersion relatioRs; whether with or without WFP, which is clearly seen in
Acoustic phonons scatter electrons through a deformation ppiy. 8(a). The figure shows the two form factorsogd =0

tential (DP), and the scattering rate is given by as functions ofVg. As can be seen in Fig. 5(c), the elec-
1 DikeTL °‘i , LA tron wave function spreads throughout the cross section with
= > mnm (Gz)0(E — E)| 1 - = |dk;, ; i i i i
Trn(Kz) e 2nip J-w ky increasingVg, and accordingly it becomes narrower in the ra-

dial wavevector domain. The radial wavevector spectrum of

direction before and after the scattering, respectivelyn() the product of the initial and final wave functions for a scat-
those in ther-direction, &, ;) the wavévectors alohg the tering shows the contribution of individual acoustic phonon
zaxis, €, E’) the energies ;nm the lattice temperature. modes to the scattering. The spectrum for the intra-lowest-
Als0, Dy, 1, andp are the acoustic DP constant, longitudinafubband scattering is shown in Fig. 9, and as expected, it
sound velocity, and mass density in a SINW, respectively. TH&TOWs toward small wavevector with increasitg which
form factor | mnmr () is the wave function overlap betweenndicates that phonons with a relatively large wavevector be-
electrons and acoustic phonons, and describesfidreinces €0Me less able to contribute to the scattering. Thus, the form
between modulated and bulk phonons. Figure 3(b) shows tfFtor decreases whether with or without APM. In addition,
form factor for the intra-lowest-subband scattering caused PP reduces further the two form factors because it makes

modulated acoustic phonons in Si€oated SiNWs of dfer- the wave function widgr in the space domain and narrower in
entt,,’s. Note that the form factor at smajja is larger than the wavevector doma!n. .Flgure 8(b) shows the ratio of the
that for bulk phonons. This form factor increase enhancd¥© form factors, and indicates that the APMegts become
the electron scattering and degrades the mobility as shodffg€r with increasing/c or with taking WFP into account.

in Fig. 4. The increase, however, becomes suppressed whkRis is because the wave function bgcomes closer to the inter-
thickening of the Si@shell, because the shell strongly weakfac€ between the core and shell which causes APM.

ens the phonon vibration in the core. In addition, if the she##. Conclusion

is acoustically harder than the core andfisiently thick, the The interaction between modulated acoustic phonons and
form factor would be smaller than that for bulk phonons, andlectrons in gate biased SiINWs was investigated theoreti-
hence the electron transport properties would improve [8]. Azlly. It was found that, although with increasing gate voltage

where (n, nY) are the electron quantum numbers in the
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the form factor decreases whether with or without APM, the [3] V. A. Fonoberowet al.: Nano Lett.6 (2006) 2442.

APM effects become larger. In addition, WFP reduces further[g]
the form factor and strengthens the APKeets. [
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Fig. 1: Schematic view of a SINW
MOSFET.

wa/v,

Imn,m’n’ (Qz)/lmn,m’n’;bulk

©
o

—_
w

—_

—

—
(=]

15

A. K. Buin et al.: Nano Lett.8 (2008) 760.
] A. K. Buinetal: J. Appl. Phys104(2008) 053716.
[6] E.B. Ramayyat al.: J. Appl. Phys104(2008) 063711.

[7] J. Hattoriet al.: J. Appl. Phys107(2010) 033712.

[8] J. Hattoriet al.: Jpn. J. Appl. Phys49(2010) 04DNO9.
[9] E. Gnaniet al.: Proc. ESSDERC, 2004, p. 177.

[10] A. Trellakiset al.: J. Appl. Phys81(1997) 7880.

10

()4
Dilatational mode
ISiNW/ISioz (toxl =a/2)

)

—_

r~----" Infinite square well potential |

T T
_ Free-standing

10 SiINW 1
200 —— SINW/SIO,
----- SiNW/HFO,
(tox =2.0a)

(b)

(m,n)=m’,n")=(0,1)

0

2 4 q.a 6 8 10

8 T T 7|
— --- SINW/HFO, (tox =2a)
2 6+ Bulk phonon e
& — SINW/SIO; (tox =2a)
o 4[__Free-standing Z7 @ J
2 SiNW 7 4-fold valley
5 ol T =300K ;
2 g Dy =12eV
< . Niow =2X 10°m™!
o R j ' 3
Stop e
g ——
3 -
=0.9F -7 E
g Pt (b)
20.8k=-7 L L 3
0 1 a[nm] 2 3

Fig. 3: (a) Acoustic phonon dispersion relation iRig. 4: (a) Values of electron mobility limited

Fig. 2 SINW model for acoustica SiQ-coated SiNW. The horizontal axis represerity the intra-lowest-subband scattering due to
phonons. A SiNW of length., and the phonon wavevector along thexis, g,, and the modulated acoustic phonons, calculated for 4-
radiusais coated with a Si@shell of vertical axis the frequency,. (b) Modulated phononfold valley electrons in [001]-oriented SiNWs
thicknesst,,. We used the cylindri-form factor calculated for the intra-lowest-subbar@d different radii. (b) Their ratios to the bulk
cal coordinates, and assumed that scattering, plotted as a function gfa. The vertical phonon limited mobility.

is infinite and the shell surface is freeaxis is divided by the bulk phonon form factor.
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Fig. 5: Gate voltage dependence of the electron states in a cross section of a [OOl]-orEgRi.léEPriemed SINW o =2 nm coated with

SiINW with a SiG shell: (a) potential profile, (b) energy levels mesured from the Fermi Ie@e"ﬁ

IO, shell oftyy =1 nm, and with the elec-

(c) wave function for the lowest subband in the 4-fold valley, and (d) total electron densii§n Wave functions shown in Fig. 5(c).
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Fig. 7: (a) Modulated and bulk form factorg=ig. 8 (a) Modulated and bulk form facHor the intra-lowest-subband scattering, which
atg,a= 0 for severaVs's plotted as functionstors atg,a=0 calculated for dferentVg's can be obtained through the Hankel trans-
of Dy in the shell divided by that in the corewith/without taking into account the electrofiorm. The area of this spectrum gives the bulk
wave function penetration, (b) Their ratios. phonon form factor foDZ% = DZh.

(b) Their ratios.
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