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Phase coherence length = Distance an electron travels before suffering and phase change of 211

. = Elastic scattering length = Mean free path between elastic scattering events (lon Impurity scattering)
., = Inelastic scattering length = distance an electron travels before loosing an energy kT (Phonon scattering)
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Fermi wavelength is proportional to the separation of the electrons . ;J
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RECALL DIFFUSIVE TRANSPORT

beib Al
Ju =q(nu,E+D,Vn)

et P

DD approach is valid and temperature dependent mobility is
et MODIIt
sufficient parameter
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MOSFET MOBILITY

Let I, is the drain current, L is the length and W is the channel width, V4 is the gate voltage, and V is the threshold

gate voltage. Effective mobility p - is deduced from the first-order one-dimensional model in the linear mode (Vg <<

Vs-Vr) using drain conductance (gp,) e l/é D 0 1,
S WCox Vas = V1) 4 Vpsly —or
- (i,
Field effect mobility uz, is given by (g,, is trans-conductance) Jr lor U C@ g Vﬁ) Voy— 12 ) (O
— ! L
Lg _ol, [ D y
Hpp = En = Wl BT
WCOX VDS aVGS Vs =cnst - ¥ e

P

_ T
experimentally measured p g << g1, due to neglect of the gate \% dependence (EL)
\'g

Urv/dk“\ =
Py ML 2l W (J,-V1)
D JUl T 2 = T
D
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MOSFET MOBILITY

Sy "
—_— —
K\/QJ,\/{)

Mg IS related to p

effective mobility decreases with the gate voltage ﬁ <0, except for very low
voltage, where mobility increase due to decreased coulombic scattering

Saturation mobility u,, is deduced from saturation characteristics D/§/
- vl

Wu, C
M&Q ID,sat = %(VG‘S‘ - I/T)2

experimentally u,, are always smaller compared to p g
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. L E> —,
J, =4q(ny,E +D,Vn) MLE e | ZT =TT T
— 2G| o =0
. e . = . // . o5 — =
For short channel devices, high field exists /V"O/“ﬂ\/;L = oY > Zm B
< =
I s I pe R -
_High field. /V* ¥ y_/
* v, ™ saturation velocity \)D\; & L Vo /[) \g/o(/
* E,=optical-phonon energy //t v /*5_/ s /\) \)[) o eV e
* Constant o ~2 (electron) ¢ 7 L u
. ~1 (holes) =Y » NK/W .
—_— cor &~
Lo Jae "
E 8E Yy £
v, Ho —, V,= £ ~10"cm/s = e |2)
1e
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1 IUOE o 42 v ﬂ_\
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"
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SATURATION VELOCITY
Energy loss rate d <E> Eop
— Ry eévs —_
dt )
Momentum relaxation d<m VS> A e§ _ myvs
dt T,
Sof
] A -
For tetrahedral semiconductors / r
E,p= optical-phonon energy ~ 40 meV
m*~0.1m,
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>
108 : = Velocity saturation ~ 107cm/s for
— n-Si (hot electrons)
AAldjode\IL" "t
L — applicats == Velocity reduction in GaAs (peaks —
o GaAls/ N L ’5 ) GT 3X103 V/Cm) T
1 :‘[
S Pl A . oy e
g o . Saturation velocities decrease as /7|
< pd Si AL s temperature increase
F // |4 s e L
= At M
e V) =
A1 L
/1
101501 / 103 104 103 106
SEMICONDUCTOR DEVICE MODELING AND SIMULATION

RECALL DD EQUATIONS

T
< .
\9/ /(w/ l]n 2 q(nynE-'_Dnvn)
L /

DD approach =» Thermal equilibrium (electrons, lattice temperature: T, = T, = TL) / 9
Strong electric field = electrons gain energy = Increased Tn, Tp G

Driving force=» Pressure of the electron gas (nK 1) gradient vs density gradient

Modified current density J = q(l’lﬂ E+DVn+nDNT )
n n n T n

local temperature estimated with the local energy balance equation
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E@g@l sudden step in the electric field as a function of time / _ Q< > E

* Momentum relaxation time decreases as function of time
* Carrier energy increases as function of time

ﬂ?/] =

(Vi ~
& —
[T
a2\ :
\J// {
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VELOCITY OVERSOOT

Spatial - sudden step in electric field at particular location (steady state, J=cnst) v, =
* Momentum relaxation time decreases as function of position m
* Carrier energy increases as function of position

c

«
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* Velocity and Non-local effects discussed
* Discussed ways to extend the validity of DD model
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Carrier Balance, Energy balance and momentum balance Equations
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. . . . . i o or Bj ol = \%)
* Basic hydrodynamic (balance) equations - derivation 2=+ 7,

; v ot” Z’iﬁ- o
? 128
. . . [PV 2l
* Ensemble relaxation rates and their calculation . ki s K/
a/f ',/b‘ ﬁ— ¢
g=_l . _ﬂ‘ ﬁ 0//1 17\‘ of _ f7f0 %
* Recall BTE J a T EV ka+(6t)co,, ‘ (EL..‘_ . e
—_— e R T
* Multiply BTE with an appropriate function ¢(k) and integrate over k P8 o e
4 b
k\‘\ "“/\’: /A( ) ~

o[ ¢.f.dk o .
_J"’a/téZ_Z(I¢.yff.dk)+%.j(mdk+j(%j

coll
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- SoNaM
0| ¢.T.dk - K
— -VTLV:—Vr(I¢.U.f.dk +%J.(Yk/¢)'ﬂ(_+j(%

-

coll

N \/_\//)//LL )/.
MV F+G,-R 7 e
= — —+ — _ T /OJ
> U
1 F¢=j¢.u.fdk 4
W(//V P
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CARRIER BALANCE EQUATIONS

Balance equation for the carrier density is obtained by assuming that ¢(k)=1
Lo on
n,=[gfdk=n<" o _ _
AIALISLE ~ = ViR +G, R,
Fy= o0t dK=nv, =-3,/9

<

F, e Final form of the balance equation for
G,=—=|(V,¢9)f.dk=0 . .
‘T n j(,kﬁ) — the carrier density:

of = on
R¢ B _I(choll ¢d k ) _(choll an

%
= - — _:_v(‘]n) on J/G/?
o b ot
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- momentum: ¢{k)=-gp/m_ =-qnk/m-z
/%; LAyt an V |: G R
n=[gfdk=3 ot ¢ - +
s _[¢ “n %/ r L b @ at 7
=j¢ufdk_—2qW/m* ”/» h
E, O Final form of the momentum balance
Gﬁ;j( k¢)fdk 9’nE/m* equation:
__ ([ f_dn o(J =
R¢ __J-[choll ¢dk - TM f (atn) - 2_(1V .Wn + qan/m*_i e
I L m
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ENERGY BALANCE EQUATIONS
Balance equation for the energy : ¢(k)=h2k?/2m*: -~ 4@
n¢=J‘f.f.dR=V_Vn_ /W/bquif /\/W
F, =[¢u.f.dk=F, —F o \/J¢o 5
Fe 1 so= o wr de = (s W
G¢=?j(wk=5.3n I 4 = —
aY W, w, \"‘/@g ) e
R¢=—I(EJ gk == )
coll E b
Final form of the energy balance equation:
o(W . _ «
oW,) _ V.(Fy)¥EJ. —u A+ t%/}fr/)
— T o e ene
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. — . bf
Balance equation for the momentum: ¢(k)=-qp/m*=-ghk/m*: Al = = =,
- momentum: qp/m”
_ K= o(J 2 - J
n, = [¢.f.dk=1, ( ”):_qv-Wn+q2nE/m*——"
F, = [gu.f.dk =-2qW, /m* a  mt =
= [gu.f. A - /=
- B Jot? o -t -
G¢=£.I(Vk¢).f.dk=q2nE/m* Wt L pls
h L On 9T —
_ o(nv,) gn— v, -
R¢:_I(ﬁ] ¢-dk=J—” <, <nV")+0|—TE+L*.M=—%: PARg
ot coll Ty ot m, m, or Tn )ze y
> o(2%) apg, 1 o(pksT) PV,
A ot m, m,~ or 7,
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*Each new balance equation intfroduces new variable

«Carrier concentration = carrier flux or momentum =>
momentum flux or Kinetic energy 2»energy flux

*To have a closed set of equations, one either:
*(a) ignores energy (heat) flux altogether
*(b) use a phenomenological “closure” relation for heat flux
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COMPLETE BALANCE EQUATIONS

" M
S oW, _ V.(Fy)+EJ, -2
~ ot Te

/ =
HEAT pcﬂ V.[kTVT ]+EJ+E[R- Gl

A ==
I P
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6%@%
a_n:lv.(Jn)+ on S — @ - = Do
ot q coll v
}Q\/\
& > 2
(3 ~ S -
M8 /—( ")zz—qV-Wn+q2nE/m*—L >
e mtpt ooy
o(W - —
EB W) _ v (R,)+ B oo
ot Te

HEAT pc% =V.[K(T)VT, ]+ E.J +E,[R-G]
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Derived and discussed balance equations for hydrodynamic model.
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* Relaxation times and Numerical schemes
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SEMI-CLASSICAL APPROACH

1. Drift-Diffusion Method OR local field model: x = f(local field) = - ~ =
OCal Tield model: V=

2. Hydrodynamic/energy balance OR local energy model: x = f(local
energy) '

3. Direct Solution of the Boltzmann Transport Equation via:
* Particle-Based Approaches — Monte Carlo method
* Numerical Solution to Boltzmann-Poisson Problem

4. Quantum transport:
* Schrodinger-Poisson

* density gradient / quantum potential.

R
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ENSEMBLE RELAXATION RATE
Ensemble relaxation rate(appeared in carrier balance equation) is related to
intervalley transfer o 'y %,
(@] _n-n, /iﬁ;@ P
= — i Zs Nis
ot coll Tn/ //V
(lc > le )
These rates are calculated using Monte Carlo simulations. @) () JUﬁ \)‘)g“ e ste)
~ke
Recall, /_\7 of s U/_/—
) (ij pdk = n —n¢ (Ej =J'[f(k')S(k’,k)— f (k)S(k,k"]dk'
col .
’ ot coll | AT "
relaxation W R, = JLJ.[f(k)S(k k- f(k)S(k", k)]dk:l #(k)dk
k &

L
 f(k)S(kLk) ,
vﬂl fiOS ) }S(k,k’)dk };(k) f(kydk

(2

—J[ L k)} (ke 5]
F(0S(k.K)
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Ensemble relaxation rate(appeared in carrier balance equation) is related to

(3.
at coll z-n

These rates are calculated using Monte Carlo simulations.

of - n,—n
R,=—|| = | ¢dk=—"-—
’ I[atjcoll¢

Ensemble relaxation rate

intervalley transfer

Recall,

SEMICONDUCTOR DEVICE MODELING AND SIMULATION

MOMENTUM RELAXATION RATE

Recall momentum balance equation a(J ) 2q 7 fl’/ J
_ e = VW, + g nE/m* -~ 2

L ————
<

Under steady state, for a bulk semiconductor with uniform electric field —

.

o(v — \Y; B Yy £ T 028 (1)
( d) ZQE/m*——d :0 _ /n - i/}L)/’Vi\/y— - 7"
T \]A = i v Zun oM g M
= v % e -

momentum relaxation rate
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o Gy

Y
/-a(W ):_/(/E) E’j’n_wn _WO
8’[ — Te

Under steady state, for a bulk semiconductor with uniform electric field

OW) g3 Wa-W, _, AZ
ot Te \\a

1 EJ, Joreboets W

L/\}m—— \/JO OQ/J")

energy relaxation rate = =

SEMICONDUCTOR DEVICE MODELING AND SIMULATION

VELOCITY OVERSHOOT
Simplified momentum balance approach, % - qﬁ/m*_vﬂ 10
==

For a uniform electric field applied at t=0, v, (t) = 4% E[ e tm 1

m* \ L
Steady state reaches after the electron  «, gz YAdu (M
. - E |[— ) =
have travelled a distance . //I vy (Ddt = eer:A* E TR
A —
k// js/'/tw ?ﬁ(’ <(/ ) z C
For E=1 V/um, d>> 20 nm NS Vg :/{/ \ch\? J
Energy relaxation time >> momentum relaxation time Ve - %
- I Y
Ze? “m aze (Mo - 1) 070
/ \/,\U -
?z Vaf "‘\/—c

<
NP a/ﬂU'
M
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balance equations have following form

Discretized Forward Time Centered Space (FTCS) form

ntl _ gn —uy”
u; u Uy uj_l)

i__
A U( 2Ax

VON NEUMANN STABILITY

varying as to be considered constant in space and time.

factor, |¢(k)| > 1 for some k.

ou_ OFu)_ du
o ox . pox

the form 0P o
quuh;)u? = £
) 4/{?;,/’/4”1}/ > <€

SEMICONDUCTOR DEVICE MODELING AND SIMULATION

It is local. Assuming coefficients of the difference equations sufficiently slowly

e
=»independent solutions, or eigenmodes, of the difference equations are all of
IgenmModes,

(2 O

> £

=>»difference equation is unstable (expomwing modes) if amplification

Q) en
nh ¢ Kiox noVxg e '{V\Z PG CRY]
For FTCS  u/™ —uf W —uwiy (< S~ = - v ( -5 >
“/\ hAt = —U( 2Ax )4{(\”% /_/)%/_; Cesw . I‘A?)c\y
L - o<
@\ . . VAt . %’ﬁl =V ( ”//’”‘\/04 7)@@@‘/»‘)
) =1-1-"-sin(kAX) > unstable * '~ o
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u({ oY) — UudH
N =

L 0%) — A=A

p7ARG

L own
L-,




Courant condition

e
\/\L

Phase error=0 if

stability criterion ~ £(K) =¢

SEMICONDUCTOR DEVICE MODELING AND SIMULATION

1
Lax Method U™ =—(u" +u’
] 2 J+1 j-1
o
v A

o B
Sy v Ul
VT e

<

—_ e—ikAx +
————
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os(kax) — i Y2 sin(k Ax)
A

) VAL

1(1——)sin(KAX

(1= sin(kay
VAt

AX =
AX
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(

Stability Criterion ‘f(k) = COS(kAX) —1 —tSil'lf kAX)
—_—

AX .
V25 Gy
Yl Ow) A+ /)
G = Lo
N

~J o e
1 pNE T U

=
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SLE w Clejox <

n IK ln /—’n_T gfi///ie— - e oy =
oM -0 @ -200+0", | 5~
al J = i+l 4/ (WA~ ke
At K(AX)? 4%:\0““,4 e B
e e oy ™
I G
. . .. e o¥ v leom <
Crank Nicholson: implicit, always stable . K’ _ Ax g2z 83 ); 'ﬂ )
— - y )4/3)\ [~ Lon? = 20
1 n n+1 n+1 ]+l n n n
O - @) O 207"+ @, -20]+ D]
,,071
At 2 2K(AX)’ Lik(é)%/)
pk ~rox
f’W\AI’/’Q s |4/ ﬁﬁq f’” ’
| — F o lf’ﬁv ( ;/

2((/)v
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STABILE METHODS

DuFort-Frankel scheme: explicit, unconditionally stable
explicit, unconditionally stab

n+l -1 n A _ FHn-l n _ e, «Lg
OF —OF _ D05 —P) 405, oo 9y oG
2At k(AX)* o /
. {w% D> o
Leapfrog scheme:  expiicit, always unstable L - C %
+1 a1 N AgD L g /
Of' -0 @f, -20]+ P,
2At k(AX)*
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* Discussed the relaxation time and discretization of Hydrodynamic equations.
— T
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e Monte Carlo simulations 1L T
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RECALL BTE

of 1 F of
. —+—-V,E-V f+=2.V, =] —
Recall BTE, ot T ( L..
Y
. f-f,

\Y
o " | AT RJSOC0 T 1 ]Sk} =

\e

* BTE is a complicated integro-differential equations for distribution functions f,
which is usually solved by

* Making simplifying approximations; Drift-Diffusion (DD) and Hydrodynamic (HD) approaches

—_—

* Statistical approach: Monte carlo simulations (MC)

SEMICONDUCTOR DEVICE MODELING AND SIMULATION

of 1 of
* ~ 4+ _ VEVf+—=.V f=] = )
Recgd BTE, ot n " ' ok (atjcoll 1/1—/ /Lj
J =l
gV h K= 1= a_ f-1 o & firpne
(at jcoll - 8”3 dk{ fk' [1 fk]s(k ’k) fk [1 fk’]s(k,k )} - T
]\\)

Poisson
Equation

* To solve BTE, we need to calculate

* Scattering rates S(k,k') from state k to state k'

. . . Boltzmann
* External force by solving Poisson equation e

J
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MONTE CARLO METHOD
. _(r,k/,tL distribution functions = ensemble property . d;ff/ =
« individual particle = position (r) and momentum (k) —> 27¢ (re) m’ IQJ“,» Vo
A W) T e N T
* Start with N=103 to 10* particles c - %} NRe
- - = o e e
* carrier trajectory: free flight between successive collisions _;Luwé Lew [ == v }%t_
* Collision are instantaneous Ao v -
- _ _ - b A =T
oy e(E+vxB)t T
k(t) =k(0) - P
R h E e
/ - ?
e(E +vxB)t’ 2
X(t) = x(0)+ v(0O)t - ————

i;* 7(\7\@*)

Foe—

SEMICONDUCTOR DEVICE MODELING AND SIMULATION

MONTE CARLO METHOD
(r b
£ o e(E+vxBt r k) N
ko (15) k) =k® h :
_r Blto+i5+12) | x(ty = x(0) +voyt ~ LELYXBI .

* Scattering rate =»random selection of (time of free flight, type of scattering, effect of scattering (energy, angle) )
YPE O Statleting, €fect of seattering (enersy, ansle

Scattering . dk(t) __e(E+vxB) o dr®) _V,E

v ¢ ﬁ
E>E- 0 dt h . n
/
k —> k' — 1 — v ' \ Lj lLT /[U() (",fk'))
&—F-Vjsi(k,k).dk 4= V/@i/g)r‘?fuw
! ¢ ¢ .

* Scattering rate = probability per unit time that an electron in

state k will scatter to any state k' due to it" scattering process
< — — -_— —mm—m——ee——— -
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SELECTION OF FREE FLIGHT

Suppose, Ay, (E)=Z_M/E); A, (constant) Pr—=m M= =

- — No

Let n = electron population that have not experience any collision since t=0.

Between, t and t+dt, number of electron that experience collision: dn/n =-A, dt

L=~ WP n=n0)exp(-4h)/

Therefore, proba ility that an electron has not experience collision fo_rM

ALk

N _ o
@—exp( A,b)

Probability that electron suffers first collision between t and t+dt is

z A o
/ﬂ(t)dt = /%dt j/eXp(—/Iot)X/lodt - Go @% =
o) 5 i

SEMICONDUCTOR DEVICE MODELING AND SIMULATION

SELECTION OF FREE FLIGHT

Let t, be the time of next scattering event for a carrier

_—

The probability that the free-flight time is less than t; is:

@jp/mgt = [exp(~A,0) x Ayt = 1-exp(~4t,)
. —

Fort, > ,R =1.

Select a uniformly
random number
distributed between 0
w% R, = obtain t,

SEMICONDUCTOR DEVICE MODELING AND SIMULATION
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Since Ao, (E)=> A(E) is not a constant 1o ¥ -
“Total 1172 T

c \(_‘)
Introduce self-scattering (A,.) such that A, =3 A(E) + A, ?Ljig([//

Such that self-scattering (A,.) does not change the energy or direction of the carrier =

no change in state (rE)
aye) =

Scattering event is selected by choosing a random number between 0 and 1

: _AE)  _AE)+AE)
g ="1—— mm) o- e

SEMICONDUCTOR DEVICE MODELING AND SIMULATION

SELECTION OF SCATTERING EVENT

For elastic scattering process: !E’ =E o

e Z
For inelastic phonon scattering process: E =E + Aw F

2

1 T
A=p=]stode= ]

iV

S,(E.E,6,¢).A(E).B(6,$).0E 'sin6.d0.dg

1
67 4077

1(0,.4,) = [ sin0.d0[ B(6,4).d¢
16.4)=] | B@.4)d¢

Following probabilities selected with a randorg numb%
A /‘ZJ/J
. P(6,)=1(8,,2m)/I(Tr, 21 Goodd )P0, o 4
Rainzn,  —, ferR i
* P os(9)=1(65,95)/1(65,2) — [ 68 Aol 5

For isotropic scattering: )
/70&? A o ly 2%

SEMICONDUCTOR DEVICE MODELING AND SIMULATION




EXAMPLE: GaAs

gradient can be found from monte carlo simulation

18 —

) " zinc-blende GaAs

300K
MR

10" em™3
107 em™>

04 I Ref: J Mater Sci: Mater Electron

(2014) 25:4675-4713

0.2 ‘1>‘

b
0 I\/2 4 6 8 i 12 14 16 18 20 ’\j)\ /'}A z
T Electric Field (kV/cm) %
- =

Drift velocity vs Electric field calculation for uniform GaAs material

. —

Mobility (7000 cm?/V.s), velocity saturation (107 cm/s), rgl_awmeqand negative

Iy

5§ 12 7 =In
"9\ | 9 Yo

=l /hlwm
'§ 0.8 1 f/

® 2

=>__ 06 f‘

5 A

* Discussed Monte Carlo method for calculating carrier drift velocity in semiconductor
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LECTURE: 53

/

1
e Scattering rate due to ith scattering event ﬁZF = _[ Si(k,k").dk'
- (b &) Jo (1= £D)
e Recall from lecture 38 S A p
U 27[ ) 2 U —_ N 7 aort! =

Si(k,k)=7|H(k,k)| S(E-Exhe = EE#

) . =~ T (k, k) — Y,

HOGKD) = [3U, (i e

v - L pr e e

E'=E+AE Jrt
AE=0 for a static scattering potential - o

AE=+ hw for an oscillating scattering potential Ugye«!

—_—
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SCATTERING POTENTIAL

S, (k, k)_—|H(k kY[ §(E'~EFhw)

Hk,k) = [y U (Dpdr - o

v /( A
* Scattering potential can be given as

U,(r)=u (r)e"”t+U (re'” —

e Electron wave functlon as product of envelop function and a periodic function (as per Bloch's
theorem)

¢

(D) =G0 D =0y g

_—
-_

NZ N 7) ﬂér‘
ur\

% \U &
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SCATTERING POTENTIAL

Scattering potential U “ (F) —y® (r)e—ia)t YL (r)eia)t

Electron wave function 7789 (F) Gn( t)unk (F) = ei .Funk (F)

/\’( e

A ot
c a

H(k.k') = Iv/f U, (FpidF - I U, (e tordi |

v, \i//_’_)

7 U, " W)

.
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cattering potentia U so(r) = Aé‘(l) .z
Electron wave function Vo (F) ~ Gn (Fat)unk (F) = eia'FUnk (F)
LK {\)rﬂff
Pl sp €
1 =~ dmias A 2
Hlck) =7 U, (e “0fdr =2 = 2 = ——
Lv — \/L\,
S, (k) = 2Z|H .k S(E - E 5 6) ;
- h PR —_ Do lc
27 ( AY MV‘;JW
:7&] S(E-E) —7
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PROBLEM-I(B) — TRAVELLING WAVE

= T

* Scattering potential U (I’) = Ag!(Fr-eD) = A Z///—/‘
sO

*  Electron wave function (F) ~ Gn (Fﬂt)unk (F) = e”unk (F)

H (/k'k,l:‘f.f U, (r)e ®®rdr = /Ae-%(k “k-B) ~ " J ORY =
\ - P\ e’ T{ e

I

S|(k7k')=2_ﬂ|H(k,k')|25(E'—E$ha)) _ /} é_l_'hﬂf g ( }L ,]L|4’f})
- h ’ — - _— ’_:__,__/—
:2ﬂ(A)25(E'—E—h0)) o ket
h _— (
& !nl’l
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RELAXATION TIME \
scottering rate L 7 A== [ S0k HRd e
(> i Vg s —m . %“4’*‘
Momentum relaxation time . " A K/'#"‘fi_ - ,/L:_ no¥ \ .
Lo A== [Skka-Tdk T e el —
“Taw I Ve — . ,,_k
Energy relaxation time £(e! ) E_“,‘,
- é ®) - -1~ SIU
A== [ s ko 1-25) ) g s
’ 1—‘i Vi E(k) ~ Z
/Dé _k/____’f—_ M,\l_ D\_S - L zﬁ I
. M\&, lv\yu./\)ﬂ k. _——
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PROBLEM-2 SCATTERING

The probability of an electron suffering a collision in any infinitesimal interval dt is just dt/t, L e ””:"

(a) Show that an electron picked at random at a given moment had no collision during the preceding t
seconds with probability e. Show that it will have no collision during the next t seconds with the same
—_—

probability. xlz
K N e
Cre
*HH* Ll/ %‘@) /,Y‘” Y ,{—/' k/
DL S AN A v ms ET 7t
] X » /
: % 0 4 5ol Ve o
\ o 1 . 7
v . ner
X, IA \_‘_,V po
15 = X
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PROBLEM-2 SCATTERING

The probability of an electron suffering a collision in any infinitesimal interval dt is just dt/t.

(a) Show that an electron picked at random at a given moment had no collision during the preceding t
seconds with probability e*. Show that it will have no collision during the next t seconds with the same
probability.

(b) Show that the probability that the time interval between two successive collisions of an electron falls in
the range between t and t + dt is (dt/t) e ",

19) Y owud
—
e/xI'L?‘)}:/
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PROBLEM-2 SCATTERING

The probability of an electron suffering a collision in any infinitesimal interval dt is just dt/t.

(a) Show that an electron picked at random at a given moment had no collision during the preceding t
seconds with probability e. Show that it will have no collision during the next t seconds with the same

probability.
(b) Show that the probability that the time interval between two succejsive collisions of an electron falls in
the range between t and t + dt is (dt/t) e V", N, & X7 Ja /Jo% = a2 M T e
J “n © nz 0 €
(c) Show as a consequence of (a) that at any moment the mean time back to the last collision (or up to the
next collision) averaged over all electrons is T. Alz g _’_0,: ", e:‘“/-e. (- M
° dr L e o =/
Sk - /IL \Jx,l)\,/ U\"‘/(UJJ\M e :{L
0 z o P
1>~ m"/)w W x S’Vo o
[ S Al Ju ® z/“’ < l
e < »o - i {’; '
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* Discussed problems related to scattering rates and probabilities
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