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a C, = 0.90% x=05mm=50x 10"*m
Co = 0.20% Dgzzc = 1.28 x 10" m¥s
C, = 0.40% t=7s

Substituting the above values in Eq. (&)

gives

0.90 - 0.40 o
0.90 — 020

50 x 10~*m ]

2V(1.28 x 10~ m¥s) ()

050 _ . (6988\
i erf( w) = 0.7143
Let Z = §§_§r_3_ then erf Z = 0.7143
. ‘ ﬁ}f: -
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We need o wrwker 7 QMo exxuc Kraachon NEEA Y AL A o
- - - - \y C 2 uw) —\‘) L)Q
) 6 . i_ 0( \’k*L IQQX* i e (—"\n& *’\v\n v\\g\u\\oer LO \"\‘ler F‘-\‘U'\\QJ\ Jel. b‘*\
O .FSS 0.7143 - 07112  x = 0.75
ert Z Z 0.7421 — 0.7112 0.80 — 0.75
07112 075 x — 0.75 = (0.1003)(0.05)
03 oo x = 0.75 + 0.005 = 0.755
L ]
Thus Z = ﬁ'g—g'[é = (.755
9.88
Vi = 0755 92.6
t = 8567 s = 143 min ¢
.. Dore = 1.28 x 10-" m?/s
2 )
Cs - CO 2\/5;
C, = 0.90% x=050mm = 50 %X 10~*m
Co = 0.20% Dagoc = 1.28 x 101 m?%/s
C.="% t=5h=5hX3600s/h =18 x 10%s
090 — C, _ erf[ 50 x 10~ m }
0.90 — 0.20 2V(1.28 x 10" m/s)(1.8 x 10* s)
0.90 - C,
—0.70 = erf 0.521

Z ertZ
0.500 0.5205
0.524 X

0.550 0.5633
AT

LetZ = 0.521. We need to know what the corresponding error function for the Z value
of 0.521 is. To determine this number from Table 4.1, we must interpolate the data as
shown in the accompanying table.

Therefore

0.521 — 0.500

!

x — 0.5205

0.550 — 0.500 0.5633 — 0.5205

042 =
x — 0.5205
X
0.90 - G

0.70

i

i

X - '0.5205
0.0428

(0.42)(0.0428)
0.0180 + 0.5205
0.538

= erf 0.521 = 0.538

0.90 — (0.70)(0.538)
0.52% «
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7.0 x 10°% 0 . )]}
10 x 10-7 Pl "Rl \G213K ~ 3K
Q

_ 0 Y o »
In(7.0 x 109 = —-R;(7.855 x 10 1294 x 1079 8.314(5'08 x 109

Diowrc _ exg(—Q/er) - exp[ﬁ_@_(__l_ _1__)]

11.16
Q

Q(6.11 x 1079
183,000 J/mol = 183 kl/mol «

I

i

DHOO“C = 7.0 X 10—-[7 mz/S

G - C X

" _ rf =

C.-¢C °© (2\/5) (%)

C. = 10* atoms/m? - x=7"m (depth at which C, = 10% atoms/m?)

C, = 10%? atoms/m? Dijooec = 7.0 x 1077 m?s

C, = 0 atoms/m? t=3h=3h x 3600s/h = 1.08 x 10%s

Substituting the above values into Eq. &%) gives

1024 — 1022 B erf[ xm e ]
10 — 0 2V(7.0 x 107" m?%s)(1.08 x 10%s)

|~ 001 = erf (X )=o.99
hT4 < 10—m
X
Let 2= 17 < 10 m
Thus erf Z = 0.99 and = 1.82

(from Table 4. Tusing interpolation). Therefore

X

(Z)(1.74 x 1075m) = (1.82)(1.74 x 1078 m)
3.17 x 107°m «

i

Note: Typical diffusion depths in silicon wafers are of the order of a few

micrometers (i.e., about 10~% m), while the wafer is usually several hundred
micrometers thick.



Derive expressions for the Burger’s vectors in terms of the lattice parameter, o, for FCC and BCC
materials For copper (an FCC material with a = 0 1278 nm) calculate the magnitude and direction

— of the Burger’s vector
A Burgers vector is defined on a slip plane in a ship direction (see class notes).
e FCC Crystal
Shp directions: < 110 >, which are the directions of Burgers vectors
Magnitude: b = 2r and from sketch, 4b% = a® + a2, thus b = NG
; ; i ; fame <310>
Unit vector in < 110 > direction: 373—
Thus |b==+% < 110>
o BCC Crystal
Ship directions: < 111 > which are the directions of the Burgers vectors
Magnitude. Still b = 27, but 4b? = 2a® +a? = b = lé—ga
Unit vector in < 111 > direction: <l>
Thus: |b =+ <111 >
Application. Copper, FCC crystal, a = 0.1278 nm.
:  h— &
Magnitude: b—— 5= 0.0904 nm
Direction: < 110 >
b = +£0.0639 < 110 >
A molybdenum (Mo) crystal has a Burger's vector of length 0 272 nm If the lattice parameter, a, of Mo 1s
6 . 0314 nm, determine 1ts crystal structure (1e. FCC, BCC or HCP 7)
':24‘(-‘
— i From Exercise 1:
/ . a
FCC. b= 73
BCC. b=¥a
Let us calculate ¢ for a molybdenum: 2 = 3375 = 0 866.

Hence, [ molybdenum s a BCC crystal
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You are“designing a turbine ;r;girne part made of an FCC single crystal. By using the Schmid
law, determine the 7. necessary for the part to have a uniaxial yield strength of 200 MPa in
the [331] crystallographic direction?

"Let us determine the Schmid factor of a FCC crystal pulled in the [331] direction.

Shp . ) (111) (111) (111)
Systems [Tip] [oI1] [i01] | [110] [011] (101} | [110] [ox1] [io1] | [110] fo11] {101]
T a T ol = =
Tensile cosgp | —= = -‘/%;7 :é:? 7137 7?; —Iﬁ @‘ jﬁ 7;% _(Wi 7}%
0 -— —

y ~3 ¥
Axis COSA 0 e —‘;E:g ;
W W —'MD o =
19:2/6 1976

11
(331) M 0 196 19/ | 396 _JevE 196 | 39v/8  TovE  10V6
The Schimd factor is thus 2% (tensile test in [331] direction).

So {1e = MY = 22 x 200 =86 MPa




