Announcements

Welcome to the Wong Building!

Ch. 4 solutions will be posted to WebCT on
Friday.

The deadline for WebCT quizzes Is extended. You
will have from the time it is posted un @W/\

Fridays.
Ch. 5 homework: 5.1, 5.2, 5.3, 5.8, 5.14, 5.23,

5.10, 5.11, 5.21, 5.28 plus one additional problem
(see the problem set file on WebCT).



Diffusion

o Self-diffusion: In an elemental solid, atoms
also migrate.

Label some atoms After some time

9909000000000
QQQQQ. 600000
QQQQQQQQQQQ.
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Diffusion

 How do we guantify the amount or rate of
diffusion?

moles (or mass) diffusing  mol or kg

(surface area)time)  c¢m2s m?2s

J =Flux =

 Measured empirically
— Make thin film (membrane) of known surface area

— Impose concentration gradient

— Measure how fast atoms or molecules diffuse through the
membrane

M=
] M | dM mass J « slope
B Al B A ldt diffused




Steady-State Diffusion 395
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Example: Chemical Protective Clothing (CPC)

« Methylene chloride is a common ingredient of paint
removers. Besides being an irritant, it also may be
absorbed through skin. When using this paint remover,
protective gloves should be worn.

o If butyl rubber gloves (0.04 cm thick) are used, what is
the diffusive flux of methylene chloride through the
glove?

e Data:

— diffusion coefficient in butyl rubber:
D =110x108 cm?/s

— surface concentrations:
C, =0.44 g/cm?
C, =0.02 g/cm?



Example (cont).

» Solution — assuming linear conc. gradient

J=-(110x10"8 cm

dcC 8-C,

J=-D—=-D
dx

X2 — X1

Data: D =110x10%8cm?/s
C, =0.44 g/cm3

C, =0.02 g/cm3

X, —X; =0.04 cm

2/6) (0.02 glem® —0.44 g/cm?)
(0.04 cm)

1.16 x10™°

9
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Diffusion Mechanisms

o Interstitial diffusion — smaller atoms
can diffuse between atoms.

Position of interstitial Position of interstitial
atom before diffusion atom after diffusion

200 o000
Q00 000
Q00 o000

Adapted from Fig. 5.3 (b), Callister 7e.

More rapid than vacancy diffusion



Diffusion and Activation Barrier




Diffusion and Temperature

 Diffusion coefficient increases with increasing T

D = diffusion coefficient [m?/s] or sometimes [cm?/sS]
D, = pre-exponential [m?/s] or sometimes [cm?/s]

Qg4 = activation energy [J/mol or eV/atom]

R =gas constant [8.314 J/mol-K]

k, = Boltzmann’s constant [8.617x10~ eV/atom-K]

T = absolute temperature [K]
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Diffusion and Temperature

D has exponential dependence on T

108 § e
2
D (m?/s) Dinterstitial >> Dsubstitutional
C in a-Fe Al In Al

1014 Ciny-Fe Fe in a-Fe

Fe in y-Fe
20 | l
10 05 1.0 15 1000K/T

Adapted from Fig. 5.7, Callister 7e. (Date for Fig. 5.7 taken from E.A.
Brandes and G.B. Brook (Ed.) Smithells Metals Reference Book, 7th
ed., Butterworth-Heinemann, Oxford, 1992.)



LITTUsIon coerricient (m+</s)

Temperature (°C)
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Example: At 500°C the diffusion coefficient and
activation energy for Cu in Si are

D(500°C) = 4 x 1013 m?/s
Qg4 = 41.5 kd/mol

What is the diffusion coefficient at 350°C?

D transform_ InD
data

Temp=T 1T

/
InD, =InD, —@ 1 and InD; =InD, _Q 1
R T,

InD2—InD1:In—2:—Qd 1 1
D, R\T, T,




Example (cont.)

D2=Dlexp—QOI L 1
R\T, T,

T,= 273 + 500 = 773K

T,= 273 + 350 = 623K
OQOQ/

T
m‘ _ 41500 J/mol {1 1
D, 5) eXp —
g 8.314 J/mol-K \ 623K 773K
\ 5
\J 1P C

D,=0.84 x 103 m?/s

)
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Cu Interconnects Boc el

o Cu diffuses readily
Into Si

* Most chips require an
elevated temperature
processing step

 How do we manage
to use Cu for
Integrated circuits?




Non-steady State Diffusion

* The concentration of diffusing species Is a
function of both time and position C = C(x,t)

e |n this case Fick’s Second Law is used

2
oC _,0C

Fick’'s Second Law =
ot OX*°




Applications of Ficks 2nd law
The Carburization of Steel

INncrease In C concn to increase surface hardness/wear resistance

Structure?
From C,
carburising
atmosphere
Cs L= " ncreasing t
fromt=0
distance

Require time to reach certain C concn to certain depth
solve Ficks 2nd law using following boundary conditions



Solution

C(X’t)_c‘j—l—erf .
C s C 0 B 2 ~/ Dt D varies with C%
Take avg value
Error function erf(>l</ (ZV(Dt) )

0.5l

x/(2N(Dt))
e.g. If time oo,
x/(2N(Dt)) = 0,

and C=C, throughout
the specimen




