ECE-656: Fall 2009

Lecture 14:
Solving the BTE:
1D/ RTA

Professor Mark Lundstrom
Electrical and Computer Engineering
Purdue University, West Lafayette, IN USA
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the BTE

f(f,p,t)

If o !
—+"¥# f+E¥# =
't P

* S(psp) f(p9&%f (p)§ %+ S(p. 9 f(p)&%f (pdy

p$ p$

Six-dimensional integro-differential equation for f(r, p, ).
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collision integral
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&=" S(p. b)f(bl)#%’) & = fo!(ffo) .. f!(ffo)

in-scattering B out-scattering

n

f

PAIGIRAL]

See Lundstrom: pp. 139-141. The RTA can be justified
when the scattering is isotropic and/or elastic  in which
case the proper time to use is the Omomentum relaxation
time.O
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RTA (i)
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even in momentum
OsymmetricO
| 1 W Ec! E(D)
fs(p) &e kT

= 4Ec +E(p)! FoGksT ! : :
1+ e el £(p)=£(p)+ £.(p)
! ! ! f.(p) =" f.(! p
@f_|#f(p)! fs(p)&_| fA(p) () ( )
= %o " (= = odd in momentum
f ' Oanti-symmetricO

Lundstrom ECE-656 FO9 6




RTA (iii)

i, Ly = o&E(P)S (D)) _ o Tu(P)
T ¥ fHR¥H f =3 % +=9 %
assume:
1 f=0 F=I1cE =0 Perturbations from
! ! equilibrium decay
1, (pit) _ f.(p.t) exponentially with time.
I't #,
on(xt) __(n—no)
: : ; ot oo T
f,(p,t)=f,(p,0)e "
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BTE
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X
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f(p)=h(p)*a! Er  !((E)=1,
Recall: Ex
" —_—
g(x+dx)! g(x)+—=dx+... "y
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1 Maxwellian
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£(B)=1,(p +dp.9) L
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alternative solution method
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! 0 — 0
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alternative solution method (ii)

1 !
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alternative solution (iii)

(1 y="22"1F, assume: !/,(E)=/,

kT~
<, X> = * q#o ?Lm* <, §>')Ex ;m* <, f>?/0: kBT
m (kBT/Z)% 2 # 2 & 2
_a30% o _. q!
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diffusion
I I I f#f
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diffusion

<I2H >#D :$kBqu 0 | 0 1#rl
x " q z m < x) - "EE
D. k7T
D = !21 —n — B
n < X f> .Un q
Lundstrom ECE-656 FO9 17
drift + diffusion
1#n
) = I ="D ——
()="uE  ()="p i

Do/Hy =keT /0
J.='ng(".)=nqu.E, = gD, dn/dx

IJn :q!O/m*

But what if the scattering time is not constant?
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BTE solution
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energy-dependent tau

"f(E) = !o(E/kBT)S

Opower law scattering®

" (#) '(E> (1))=1 " (s+5/2)

. (52
"Xt (E ,
(X)1 G <<If>> <E<;E(>E>

Lundstrom, p. 137-138
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energy-dependent tau

AR I'(n)=(n-1)
;. (E!(E) ' (1/2) =7
<< f>> (E) )
L (p+1)=p! (p)
1 (E) =1, (E/kT)
=1/ ) (S+ 5/2) s =-1/2: acoustic phonon scattering
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s = +3/2 : ionized impurity scattering
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1D transport: BTE

1™

1
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BTE ! Landauer

So the BTE gives the same answer as
the Landauer approach in the diffusive
limie - providing that we properly

define the mfp . Lundstrom ECE-656 FO9
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why does mfp = 2 v tau?

incident scattering
electron potential

E = >3 b—> X

nc

back forward
scattering scattering

If we assume that the scattering is isotropic (equal
probability of scattering forward or back) then average time
between backscattering events is 2!

'(E)=2"(E)#(E)
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multiple scattering mechanisms

g _!h#ﬁ _|fA!f_:|_A
dt coll ”f dt coll ”1 ”2 ”tot

1 1 1

I_:I_+I_ ‘L-lzﬂL-lo(E/kBT)sl .’2:!20(E/kBT)SZ
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| = ! 20(E/kBT)Sl+Sz
G (E/KT)? +1 0 (E/KeT)™
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MathiessenOsule

S=s=s 1, =28 (Ejk,T) =15 (E/k,T)
!10 + !10
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ellipsoidal bands
Si conduction band "
kZ I conduction ban IIZ:qu<<*>>
6 m
5 4 ky
q{(#
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— \_D_k’x
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"1 2 %
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1 2 . )
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