ECE-656: Fall 2009

Lecture 19:
Characteristic Times

Professor Mark Lundstrom
Electrical and Computer Engineering
Purdue University, West Lafayette, IN USA
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Cf = 28(5p)f(5)[1= 1 (P)]- Z8(5.5) ()1 £ (P)]

>
1) How do we calculate S(p, pO)?

2) How do we obtain physically-relevant, Ocharacteristic timesO from
S(p, pO)?
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outline

1) Characteristic times

2) Relaxation Time Approximation and !,
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characteristic times
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scattering rate

S( Py D!) transition rate for scattering from p, to pO

= ) S( Po. f)")%# f (fJ")& (no spin flip scattering)

1 S
[ (ﬁo) - $ S( Pos P ) Oout-scattering rateO

p! .
-’_(1!@ (2#) 0,@$%n&d&% dp' s(p0 )
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momentum relaxation time
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momentum relaxation time and scattering time

=% (D, ) (P p,) coss
'm(pO) p)
%!p—)—‘$#8(po p)%§#8(po p")(P"/ py) coS&

1 1

= S Py, P , Jcos$
(5) 1) &SR )eoss
Y
1

Zero if S contains no
angular dependence

(isotropic scattering)
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energy relaxation time

1 | 1, AE 'E_E(py)" E(J
—!—=ZS(po,p’)— _=M
Te(Po) & E, E E(po)

1 !
AE =0 (dlastic) mﬂ Te(pg) =
E=!" (phonon emisson) L e rE(E)O)=5>r
(h) E "o
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comparison of times

1 o p(t=0)
(a) =) \i

L ol Lyt - %
!n(Po) ;)éos(p"'p)pz _— ~—
1 =0 I !"E /
t m
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any relaxation time
1 ooy oy $ L _"(Bo)# " (P9
= & (P, =
() &Py ey

T¢(#0) p.T
example:
olR)=v.(h) 5= S0 DI v.(0)/o.(0)]
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outline

1) Characteristic times

2) Relaxation Time Approximation and !,
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collision integral and RTA

=" g E)!, ;)) f (bl) #" !p, |p') f (b) (non-degenerate)

p! p!

iy f~ 1
@(F,P,t) = — == (Relaxation Time Approximation)

T, (r,p)

1) Under what conditions can we approximate the collision
integral with the RTA?

2) When we can, how is !; defined?
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simplified collision integral

&= ZS(II?';?)f(IL')— 25(1'7;7')f(;7) (non-degenerate)

& =" S(pL p)gh, (P)+ (P2 " S(P. P& (D) + fu(P)

p! p!

& =" 5(};!,};)f0(}7!)#" S(};,}a!)fo(}n)=o (equilibrium)

p! p!

& =" s(ptp)t,(p)#" S(p.p1)f,(P)

p! p!
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equilibrium simplification

Ct=" s(pLp)f(p)#" S(p.p!)f(p)

p! p!

Can we relate S(pl,p) and S(p,p!) ?  Yes, in equilibrium.

S =" s(fog,b) fo(fo!)#" s(fo, fo!)fo(fo):o (equilibrium)

p! p!
S(pL.p) f,(p!)" S(p.p!) f, (p) =0 (detailed balance)
S(;IJI})) = S(})})');L((I% Applies out of equilibrium too.
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£o(p?) £.(p)
! !
) S( b b!)# " fo(P) fA(E’!)&: 1, The characteristic time
o %é f,(p!) fA(b)( *(p) should be independent of f.
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RTA (i)

& (p)=! 1.(p)) S(b, g :_((r%%%)f‘

i) isotropic scattering: S(p.p!)=S(p." p!)

& =11, s(p) = L42)

$(p)
" S(E),fo!):—lq— Oout-scattering rateO
p! #(p)

isotropic scattering : RTAvalid, !/ =!=!_
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RTA (iii)

& (p)=! 1.(b)) S(b, g :_((r%%?

i) elastic scattering: f,(B) = ()

& =1 fA(I!J)$ s(fo, |!o")(1! cos#) =1 fib)
p %

i, . .
- = ZS(p,p )(1-cosex)  Omomentum relaxation rate®
f P

elastic scattering: RTAvalid, ! =/,
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RTA (iv)

The (microscopic) momentum relaxation time is valid:

1) Near equilibrium

2) For isotropic scattering or elastic scattering.

When valid, the characteristic time is the momentum
relaxation time.

See Lundstrom, Chapter 3, pp. 139-141 for more discussion.
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guestions

1) Characteristic times

2) Relaxation Time Approximation and !;
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