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where and are the zeros of the arguments of the delta
functions, as shown in Fig. 5, and " is the DOS. DOS
comes from the derivatives of the arguments (evaluated at the
Zeros)

De ning " " (

Fig. 5. (a) In-scattering processes. Any statés coupled with four states

, , and . The two emission points are the solution to the (19)
equation 0, and the two absorption points are
the solution to the equation 0. Here, isthe

variable. (b) Out-scattering processes. Here, and are the solution The second term in the above equation is phonon’s group
{0 the equation: O,and —and arethe oiq0city which is two orders of magnitude smaller than the
solution to the equation 0. v Iity, which IS tw . gnitu

electron’s group velocity and thus dropped out. Thus

where the rst term is the rate of in-scattering to state 1 > " (20)
and the second term is the rate of out-scattering from state

and the integral is performed over a single spin (phonon scat-

tering does not ip spin [29]) and single valley (intervalleyThus, in evaluating the collision integral, the four neighboring
and intervalley processes are considered separately). The teffles . ,and  from which electron can in or out

* represents the transition rate from  and is scatter are calculated rst using the phonon dispersion of the
calculated using Fermi's Golden rule in the following way [29]respective mode according to the energy and momentum con-
For in-scattering servation rules. The matrix elemeits  of the corresponding
transitions are calculated next (as shown in Table I). Using (17),
* 2 ) " " ( (18), and (14), and referring to Fig. 5(b), the collision integral
is evaluated as
172 172 (15)
F t-scatteri
or out-scattering 1 1 1
* 2 ) " " ( 1 1 1
12 12 (16) 1 1 1
Here,) and) are the electron—phonon matrix elements 1 1 1 (21)
for the respective transitions wi)h ) ,and isthe
phonon population. The upper and lower signs above repighere 2 ) ", and where

sent emission and absorption processes, and the delta functionq 5 4nq em or ab. To avoid the Van Hove singularity
comes from the energy and momentum conservation rules [3§1-p pOS, we convolve the DOS with a Gaussian broadening
Using the property of delta function [31] function of 0.1 meV, as prescribed in [32]. Physically, the

, , where s are the zeros of , the above delta gingylarity never happens because, around these points, the
functions for in-scattering can be simpli ed as [see Fig. 5(a)] phonon DOS (s no longer negligible.

n n ( 2 n
The phonon generation rate is the difference
R ( 2 " (17) Dbetween the phonon emission rate and the phonon absorp-
tion rate
and similarly for out-scattering as [see Fig. 5(b)] 2 ) " " ( -
2
(2 : 2 C _
5 ) (
"o ( 2 " (18) 1 1

- (22)
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