ECE-656: Fall 2009

Lecture 14:
Solving the BTE:
1D/ RTA

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

S5 NCN PURDUE

nanoHUB.org




the BTE
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Six-dimensional integro-differential equation for f(r, p, t).
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collision integral
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“scattering rate”
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[ 1()=f(p))
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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 “momentum relaxation

time.”
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RTA (i)
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rfq(b): fo (_ b)

even In momentum
“symmetric”

rf‘ﬂb): fs (b)"' fA(b)
rfﬂ(b): — T, (_b)

odd in momentum
“anti-symmetric”
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RTA (iii)
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solution

6f
f()="f(P)rar £ nE)=x
|_| px
Recall:
f(p)t £,
g(x+dx)~g(x)+ dx+ —>
~\

[ [ A ! displaced
rf‘Kp): fo (p + deX) ‘| M:x?/vaecl:liean
dpx — q TO Z-x
So the distribution has been displaced dp, =—qr £ Px
by p, is a direction opposite to the X X
electric field
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current

I — an <Ux> — r\Lq:uné-x

| /W = gn, <Ux> = Nsqu,Z, ap, =

I/A=an(v,)=nau,Z,
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alternative solution method

qg (f — f )
apx z-f (E)
r r of r of, OE
|il(p): f,(p)+qrZ, api = f,(p)+ar, fxﬁ—éapx
f £(p)= oEr ~E)/keT
f(b)= 1, (P)-ar £, %,
] B o, 1 f
r 07, v OE kT °
f(p)=——2F F
I_IA(p) kBT 0% x 5E :UX

Lundstrom ECE-656 F09

ap,
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alternative solution method (i)
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alternative solution (li)
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diffusion
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diffusion
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drift + diffusion

1 on
() =-m&,  (v)=-D,-—
‘Jnx — _nq<UX> =—Nq <UX> drift +<UX> diff)

Dn/:un = kBT/q
J. =-ng{v,)=nqy,E, = D, dn/dx
/un — qTO/m

But what if the scattering time is not constant?
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BTE solution

q(uiri)  a(v’n)

BTTRT T 3T

(02 =U§+U§+UZZ—)U§ =02/3)
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energy-dependent tau

Hy = CI<<T: >> 7 (E)=1, (E/kBT )S

“power law scattering”

(v’r,) (Er,(E))
=09

B S+5/2
_Txe®) i NS
Xf (E _<Ez'f(E)>

Zf(E) <<Tf>>= (E)

Lundstrom, p. 137-138
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energy-dependent tau

af(=))

T Ty r'(n)=(n-1)

(RECE o
E

7. (E)=7,(E/ksT)

T'(p+1)=pC(p)

<<T >> = F(S T 5/2) s = -1/2: acoustic phonon scattering
f : F(5/2) s = +3/2 . ionized impurity scattering
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1D transport: BTE

- (__) (U r, ){ Consider a 1D nanowire with 1 subband
occupied.

1 17 1d(hk,) o,
Ix = E%(_q)ux fA = ;J;O(_q)ux fA dkx dk, = — ( ): 2

—° h dE  h
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I 2 ——dEZ'
2 oo - 2o

- {2;{2 Tl(E)[—%]dE}g A(E)=2v,7,

0
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BTE - Landauer

T(E)= ME)

A(E)=2v,7,
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
Einc X »—— X
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 2A

A(E)=2v(E)z, (E)
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multiple scattering mechanisms

ﬁ :—l—)ﬁ :—.I:A—.I:A:_L
dt coll Ty dt coll ] & Lot
1 1 1 S S2
—_— = — z'1:710(E/kBT) (%! :TZO(E/kBT)
Tiot AN
B T10720 (E/ Ke T )l 2
Tiot =

710 (E/KeT ) + 750 (E/KsT )
0 << - >> # 75" (E/kgT )™

Lundstrom ECE-656 F09 28



Mathiessen’s rule

Sl = SZ =S TtOt = ,Z.Tlci:-? (E/kBT )S = Z'(gOt (E/kBT )S
10 10
1 1 1
=—+
Hy = q<<rj ) P Myt
m

Mathiessen’s Rule
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ellipsoidal bands

Si conduction band n g <<T>>
01, = gq >
] m
n Qg7
036 =70 <r§]*>>
t

o=20,+40,

m m

n 1
Gl’zzgq 3m’  3m

“conductivity effective mass”
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