(nfinite integration of the Fick’s second law 2= D o'
ct ox
we have
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As the B diffuses into A, the total amount of B is fixed

fc(x,l)dx = N = constant

Then,

O Ay -7 P
JTIL dx=a2 \/B fc D d(\/_:j)=N

To solve the above equation, let’s define y —
2JDr

a2 VD fé""’dy =N
Jr

. el
since rc Ydy= -

then,
N

(1:7'7=D'

so Eq. (2) can now be written as

N
N pmetran (3)

c(x,t) = :7-;57

as determined by
various times will be like this

t

t3>t2>t|

then we have,

this diffusion kinetics equation, the concentration profile of carbon as
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¥ he above diffusion is one-direction (0 - +0). But if we extends i
+oo (like a droplet dissolved into a solution) with dopant at xj(‘) ct'; S it tohtwo-way, from - to
¢ =U, then we have

AN ¢ sty a= N
A\/nl)

N -2’74

C(X,() - = O ety ofy)
2Dn o MRS

Situation b): i -
b): Doping with a fixed surface concentration (e.g. carburization of steel

/
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:ZZ Ki(C, t;,)/
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Carbon concentration profile shown at different times,

Carbonization thickness is defined as Y4(cstco) = Dt

The solution of the Fick’s second law can be obtained as follows, the surface is in contact
with an infinite long reservoir of fixed concentration of Cs. For x < 0, choose a coordinate

system u.

1\ - — diffuse

s
j/ pd u —_—
< rd

- du X

A\ 4
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The fixed amount of dopant per area is Cs d 1t =N, which diffuse toward right.
Then using Eq. (3) above, the slab “du” contributes to the concentration at X is

Csdll e-/t’ 141

de(x, t) = -y

So, all the slabs from x= - to x totally contribute

c(x,t)= _[”dc(xt) r

e -1 14D

du
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Where error function  erf (z) = 72,_ re-)’dy
” )

Considering boundary conditions;

cx=0)=g,,

¢ (n = 7) = ey, corresponding 1o the original concentration of carbon existing in the phase, ¢,
remains constant in the far bulk phase at x = <,

(%, 1) (C, ~coperf (—pome)
C y‘! C-_ C‘ “£n)e ———
2~/7)1

the concentration profile shown above follows this diffusion equation,

Mow let's consider Imerdiffusion as shown below, which represents more general cases.

(Rl ]

(:; C]

v

Solving the Fick's second law gives
(R ¢, tC x

¢ ()= (=)~ (L) erf ( ) '

¢ 2 24D |

Interdiffusion is popular between two semi-infinite specimens of different compositions ¢y, ¢;,
when they are joined together and anncaled, or mixed in case of two solutions (liquids). Many
examples in practice fall into the case interdiffusion, including two semiconductor interface,
metal-semiconductor interface, clc.
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