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Cs — Co

C5 = 0.90%

Co 0.20%

0.40%

x 0.5 mm 5.0 x 10~ m

D927~~ = 1.28 x 10—” m
2/s

t =

Substitutingtheabovevaluesin Eq. (~) gives

0.90 — 0.40
0.90 — 0.20

0.50
0.70

(69 88’\
— 0rf = 0.7143

.1

69.88

Cc4~t 72 ~.

then erfZ = 0.7143
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Let
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c)

ortZ Z

o 7112
o 7143
o 7421

0.7143 — 0.7112 x — 0.75
0.7421 — 0.7112 0.80 — 0.75

x — 0.75 (0.1003)(0.05)0,75
x

0.80
x = 0.75 + 0.005 = 0.755

Thus

C5 = 0.90%

C0 = 0.20%

0.90 — C5

0.90 — 0.20

0.90 — C5

0.70

6%8 0755vi
6988

92.6
0.755

= 8567 s = 143 mm 4

1.28 x 10—” m
2/s

Cs—Cs _ / x N
—erf

x = 0.50 mm = 5.0 x 10-am

D92rc = 1.28 x 10-” m2/s

5 h 5 h x 3600 s/h 1.8 x 10~ s

=erf ~2”1.28 5.Ox 104m 1
L x 10-” rnls)(1.8 x jQ4 s)J

= erf 0.521

LetZ = 0.521. We needto knowwhat thecorrespondingen-or functionfor theZ value
of 0.521 is. To determinethis numberfrom Table 4.1, we must interpolatethedata~
shownin the accompanyingtable.

Z erfZ

0.500 0.5205
0.521 x
0.550 0.5633

0.521 — 0.500 x — 0.5205
0.550 — 0.500 0.5633 — 0.5205

— x — 0.5205
0.42 0.0428

x — 0.5205 = (0.42)(0.0428)

x = 0.0180 + 0.5205

= 0.538

Therefore

0
0.90

—

0.70 = erf 0.521 = 0.538

C
5 0.90 — (0.70)(0.538)

= 0.52%4



- c~ IP-~T

C *- 2~3 fl2§F3 t~

-T 500”C t 2~3 z/

1K

exp(— Q/RT2

)

exp(—Q/RTI)
= exp[I(~w -

7.0 x 10-’~
1.0 x 10’~

— exPIR[(1273K 773 K) jI}
ln(7.0 x 10~) = —~(7.855 x 10~’ — 12.94 x 10~) = ~~Q~(s.O8x 10-i)

R 8.314

11.16 = Q(6.11 x 10-~)

Q = 183,000 .1/mo! = 183 ki/mol 4

DIZOO..C = 7.0 x 10-’~ m
2/s

CsCr = erf ( X

Cs—co \..

C
5 — 1024 atoms/rn

3

C
5 — 1022 atoms/rn

3

C
0 0 atoms/in

3

• x = ?m (depthat which C
5 = 1022 atoms/rn

3)

~ 7.0 x 10’~ m2/s

t = 3 h 3 h x 3600 s/h 1.08 x 10~ s

Substitutingthe abovevalues into Eq. ~) gives

1024 — 1022
1024 — 0 m2/s)(108 x 1O~erf L~7.0 ~ xm

1— 0.01 = erf (1.74 ~ 10 m) 0.99

x
Z 1.74 x 10-

6m

erfZ = 0.99 and Z = 1.82

(from Table4. lusing interpolation).Therefore

x = (Z)(l.74 x 106 m) = (1.82)(1.74 x 106 m)

= 3.17 x 10-6m4

Note:Typical diffusion depthsin silicon wafersareof the order of a few
micrometers(i.e., about 10-6in), while thewafer is usuallyseveralhundred

3

LA~ f~=~’3h4

D~

Let

Thus

micrometersthick.



Derive expressionsfor the Burger’s vectorsin terms of the lattice parameter,a, for FCC and 13CC
materials For copper (an FCCmaterialwith a 0 1278 nm) calculatethe magnitudeand direction
of the Burger’s vector

A Burgersvector is definedon a slip planein a slip direction (see classnotes).

FCCCrystal

Slip directions: < 110 >, which are the directionsof Burgersvectors

Magnitude: b = 2r andfrom sketch, 4b2 — a2 + a2 thus b —_7~.
Unit vectorin <110> direction:

Thus b=±~-<l10>

13CC Crystal
Slip directions K 111 > which are the directionsof the Burgersvectors

Magnitude.Still b 2r, but 4b2 2a2 + a2 ~ b —

Unit vectorin < 111 > direction <~

>

Thus: b=±~<111>

Application. Copper,FCC crystal, a= 0.1278 nrn.
Magnitude: b -~ = 0.0904 inn

Direction: <110>
b = ±0.0639<110>

A molybdenum(Mo) crystal hasa Burger’svector of length 0 272 nm If the lattice parameter,a, of Mo is
o 3~4 nm,determineits crystalstructure(ie. FCC, BCC or HCP 7)

F~-om Exercise1:

FCC.
BCC. b=~a

2

6 b 0272Let us calculate~ for a molybdenum: ~ = ~-~j-~ — 0 866.

5.

6

Hence, f molybdenumis a 13CCcrystal
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You aredesigninga turbineenginepart madeof an FCCsingle crystal. By usingthe Schmid
law1 determinethe r~ necessaryfor the part to havea uniaxial yield strengthof 200 MPa in
the {33 13 crystallographicdirection?
Let us determinethe Schinid factor of a FCC crystalpulled in the [331] direction.

Sbp
Systems

(111)
[110] [OIl] [101]

(Ill)
[110] [Oil] [101]

(111)
[110] [011] [101]

(111)
[110] [011] [101]

Tensile cosp —~ 7

Axis cosA ~
~

0 — —
[331] M T T~7~ Th~ ~9V6 Vh”6 i9v’~ iRV6 T~7~ i~Vf i ig,R i~V6

The Schrrndfactor is thus ~ (tensile testin [331] direction).

~2

.F0~- -f~tLL c4,~y~ rec~cAo~ +0 #4~ pIace,
0-Jr

-(-4

2~

ci

0
So T~=~ ~ x200~z86 MPaj


