1 1 1 1 1 (\ 1 1 1 1
- ] 46-05—' 1 -1
0=0 ] \
\\\» [ — A=D1
= I \
01F AN == O=18 3 3e-05p ) - LAs02)
N E I 1
\\ 1 ] \
\\\ O I \
RN < =p/4 I \ a
= 001F ™Y - = 2605 \
NG ~ S E Al I \
o ~ = < i \
N - ] I 1
N ~
N ™ le-05F \\ 4
0,001 O=31/8" 3 \
. 3 AN
3 ~e_
\\ ] Oﬁ ——— e = ]
“ |
N
0.0001F oo \3
1 s 1 N L 2 1 L _le-05 1 1 N 1 1
2 1 6 S 10 ¢ 2 g 6 S 10
(T, (T,

Fig.5 Probability distribution of escape times for Fig.6 Validation of the numerical rates for two different
w;=2I%, |p|=0.9 compared to those computed with time steps by comparing with the analytical results from
the method from [2]. [2] for® = 0.
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Full band Monte Carlo simulation of high-field transport in si nanowires
R Hathwar, M Saraniti, and S M Goodnick
Arizona State University, USA

The effect of collision broadening on the number of impact events has previously been studied in bulk
materials. It was shown that incorporating collision broadening increases the number of impact events in
the bulk [1]. In this paper, we study the effect of collision broadening in nanowires, where it is expected
to have more significance due to the 1D nature of the density of states. In this initial study, a simple
Lorentzian broadening is employed and its effects on the velocity field and impact ionization events are
studied. A full band impact ionization rate for nanowires is also presented for the first time within the tight
binding scheme.

The band structure of the Si nanowires along the [100] direction is calculated according to the empirical
tight binding method (TB) [2]. The deformation potential scattering rates are calculated using Fermi’s golden
rule from the TB coefficients using the method outlined in [3]. At high electric fields multiband tunneling
during the free-flight process becomes important [4]. This is taken into account by solving the Krieger and
lafrate equations using the Magnus expansion method [5]. The impact ionization rate is derived for
nanowires within the TB scheme and is given by eqn. (1) k, ,, represents the high energy electron/hole
impacting with a valence band electron/conduction band hole, k, ,,, creating two new electrons/holes,

ko nand k3o,
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where the overlap integral is given by

- G’rf"d
n n' k k k :~-'-';r ’Qr T | ﬁ
m,m' ( ? ) ;sv E[ (}x +Gr (2)

X II:_‘IZI-.,:.: (kl) n'u (;‘_ ) (kd-)Cm',v (;\_3 )grdqr

and the joint density of states is

1
JDOS (k .k )= 3
m.m ( a b) ﬁEm (;\Tﬂ)_aEm,(kb) ( )
ok, ok,
q, =k —k,) : T, is the atom
position, g = \/(rﬂ,y T, )2 + (rﬂ,z ~T,., )2

and C;; (k) are the tight binding coefficients.

The calculation of the overlap integral given by eqn. (2) is computationally very expensive. It can be replaced
with a constant overlap integral which greatly reduces the number of computations while still being fairly
accurate as shown in Fig.1 and Fig.2, though the effect of the approximation on the anisotropy of the impact
ionization rates is unclear.

As an initial study of the effect of collision broadening on the high field properties of Si nanowires, the final
energy after a scattering event is governed by a Lorentzian distribution rather than a delta function. The width
of the Lorentzian distribution is given by the total scattering rate at that energy [6].

The nanowires considered in this study are 2nm x 2nm rectangular Si nanowires along the [100] direction.
The effect of adding the simple collision broadening on the velocity- field curves is shown in Fig.3. The
addition of collision broadening reduces the mobility and the peak velocity. In Fig.4 the energy distribution
of electrons at an electric field of 750 kV/cm after they have reached steady state is shown. When collision
broadening is included, the electrons are able to reach much higher energies as shown in the figure.

This increase in the energy distribution leads to a significant increase in the number of impact events
occurring as shown in Fig. 5. Therefore the correct treatment of collision broadening is important to properly
understand the role of impact ionization at high electric fields in nanowires.
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Fig. 1. Scattering rates for electrons in a 2nm x 2nm Si
nanowire. Comparison between the exact impact
ionization rate and the rate calculate with a fixed overlap

Fig. 4. Electron energy distributions for electrons in a
2nm x 2nm Si nanowire at 750 kV/cm with and without
Lorentzian broadening.
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Fig. 5. Percentage impact events during a single free-
flight duration of electrons in a 2nm x 2nm Si nanowire
with and without Lorentzian broadening.

Fig. 2. Scattering rates for holes in a 2nm x 2nm Si
nanowire. Comparison between the exact impact

Y.Chang, D. Ting, J. Tang, K. Hess, Applied Physics Letters, 42, 76 (1983).

S. Lee, F. Oyafuso, P. Allmen, G. Klimeck, Physical Review B, 69, 045316 (2004).

A.K. Buin, A. Verma, and M. P. Anantram, J. Appl. Phys. 104, 053716 (2008).

H-E. Nilsson, A. Martinez, E. Ghillino, U. Sannemo, E. Bellotti and M. Goano, Journal of Applied
Physics, 90,6 (2001).

R. Hathwar, M. Saraniti, S.M. Goodnick, Journal of Applied Physics, 120, 044307 (2016)

L. Reggiani, P. Lugli, and A. Jauho, Journal of Applied Physics, 34, 3072 (1988).

International Workshop on Computational Nanotechnology





