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12 48
{111} <110> {111} {111} <110>
12 {110} < 111> {211}<111>
{312} < 111> {110} 6 {110} <111>
12 {211} 12 “€211”* 1 <111>
12 {312} 24 {312} 1 <111>
24 48
[001] 10°Pa (111) [TI01]
T =0C0SACOSQ
T o A [001]-[101] e [001]-[111]
COS/”L—;—i cos(p—;_i
VIVi+1 42 VIV1+1+1 43
11
r=10" —=—=Pa=4.08 x10°Pa
V243
C A C L,
b L,
/'%/
b L2 AN )
0 Pl L,
? ? ?
[001] b=a[101]/2 t [121]
a=0.36nm
F
T b Fg=10 o T =0 C0SACOSQ
b=a[101]/2 t [121] (111) A [001]-[101] @

6-1



[001] - [L11] 1 cosi=1/2 cosg=1/\3  =0c//6=04080

b av/2/2=036x10"° x+/2/2=255x10"m
F, = =0.408x255x10"" o N/m=1.04x10"c N/m

o Pa
Fe Oc

b Fo=—0ob b
b [101] o=0C0s%p'=012

F. = %2.55 x10™ o N/m=1.275x10" ¢ N/m

o Pa
R1 R1
R, ?
2
R]_ E = Gb n&
47K b
R1 R,
Gb? R, Gb* R,
22 In—Lt-2"_|p_2
47K Ab 47K Ab
2
R, - R
Jb
7. =10"G
? 5
5 bh=255x10""m
F=1m=10"Gx255x10"° =255x10 G N-m™
R F~Gb%/2R
R
2
Gb” _ 255x107™G
-10y2
R (255107 ) ?14 ~1275%10°m
2x255x%x10
8. 2 100nm 8nm ? a=0.3nm
G=7x10""Pa
F d
F_Gw

2md
b=a+v2/2=03x~/2/2nm = 0.212nm = 2.12 x10%°m
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100nm



8nm

2 2
4, Gb d:Gb dzﬂ:G—blnﬁ
dy 2720 2z 4 d 27 d,

_ 7x10° x(0211x10)* 100
- 2w

W:

=0125x10°)-m™

? ( ) 9.8x10°Pa 1=0.3 G=5x10""Pa ( b
EA-B _ Gbh, by X(X2 - yz)
X 27(1-0) (x* + y?)?
A—->B _ sz 1
X 27(1-v) X
Th

Gb 1
XL——7—7—
2z(l-v) 7

10
XSG—bi= 5x10° b 1 = =116x10%b
2z(l-v) 7 27(1-03) 98x10

0

10. 73kJ/mol 1000K 300K b 0.3nm

F=—In— F.=0b

o —k—TlnL
T ¢,
c=exp(~G, /kT) 1000K 300K
exp(-G, /1000k)  exp(-G; /300k) 1000K 300K
Oc
G
GS:k3(2)0_f(i_ 1 j: 30079 _x 7300023( 1 1 jPa:3.14><109Pa
b= k \300 1000/ (03x107)" 6.02x10

300 1000

11. X Oyz
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0

12.

0
13. () (111)[101]

(a)

(b)

(©) 5 a=0.36nm

[uvw]
(a)
[uvw] = [111] x [101] = [121]
(b) [uvw] = [101]
(© 5 5
Fq Fe F,=1.04x10%°Pa F, =0.85x10""Pa
0
ano=282_0817  0-3026°
104
14. 10°b 5x10°Pa
300K b=0.3nm
D,=0.009exp(—1.9eV/kT)cm?s?
\' Vj
D, ML
V=V =—eX
b P( KT )
300K

D,=0.009exp(—1.9eV/kT)cm?s1=0.009exp[-1.9/(8.61x10°x300)]=1.02x10**cm?2.s*

[ L102x10% (5 x10° x (03x107°)° x10°
03x107" 138 %107 x 300

] =864x10%cm-s*
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15.

16.

2 b 30° 2

6-5

6
6+30° 1 bsi1=bcosd be;=bsing 2
bsy=bcos(6+30°)  bg;=bsin(&+30°)
F
b? . 1 .. .
F cosdcos(6+30°) + singsin(6+30°)
1-v)
0,
cosé@cos(6+307)+ ! singsin(6+30°) | =
1-v)
o o oo SING . . ‘ ane
cosd[cos@cos30° —sindsin 30 ]+l—[sm 6#cos30° +cosHsin30°]=0
-0
cos® #cos30° — cosdsin Bsin 30° +1L[sin2 0cos30° +sindcosHsin30°]=0
-
2 N . 1 . o
cos” #cos30 +1—sm 6#cos30 +(1——1)5|necosesm30 =0
- -U
é00326?+ 3 sin2 @+ —2—sin@cosf =0
2 21-v) 21-v)
cos?@
£+i an’ 6+ tand=0
2 21-v) 2(1-0)
tan2 6+ (v/+/3)tan 6+ (1—v) =0
—(v/N3) £ 4/v?/3- 41~
g~V 3-40-0)
2
v 0.5 tan®
0 0
G=5x10""Pa
h=20nm b=0.35nm v=0.3
r/ %%E
F . =7 b—OZSG—b21 ¥
max max : 271_(1_ l)) h



10
— 02522107 x035 o _ 9 95,10°Pa

27(1-0.3)100

Gb

7>025——
27(1-v)

>

9.8x10°Pa
3.8x10''Pa

17. ( )
G 4x10'%Pa
ac,=0.36nm ar.5=0.28nm

3%Si-Fe

d T2 T d
d< Gb

" Anr

Tmax

1.5x10%Pa

0.36/+/2 = 0.255nm

d:

Gb  4x10" x0255x10°°

0.28+/3/2 = 0.242nm

=828x10"m

At

d- Gb

_38x 10" x 0.242 x107°

47 x98x10°

=488x10°%m

Arr

18.
b=0.3nm

1-10°%s7t
/4

47 x15x108

1~10%s? 10%cm2

<l

Py 7 =p,Vb 4

1 10°°

V=

19.
10%m™

01
10°

y =

v=L

pb 10°x03x107 10° x03x10~

=(033~0.33x107")cm -s™

10s
b=0.3nm

10%

10 10% v

=10°s7"

5
10 =3.3x10%cm-s*

b 100 x03x10~
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20. (100) 1 b=[010]
@ (001) 1 b=[010]
(b) (001) 1  b=[100]

(100) b=[010] A (001) b=[010] B (001)
b=[100] C
(@A B A [010] A (100)
[010]-[100] = 0O A B
[010] B (001) [010]-[001]=0 B
(b)A C A [100] A (100)
[100]-[100] = 0 A C
[010] C (001) [010]-[001]=0 B
21. (100) b=[001]
(a) (001) 1 b=[010] 2
(b) (001) b=[100] 2
(100) b=[001] A (001)
b=[010] B (001) b=[100] C
(@)A B A [010] A (100)
[010]-[100] =0 A B
[001] B (001) [001]-[001] 0 B
(b)A C A [100] A
(100)  [L00]-[L00] = O A (010)
C C [001] C
(001) [001]-[001] = O C (010)
C
22. 50pum G/10
b=0.3nm
n
n T L
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. z(l-v)Lz,

Gb
(G/10)
2
nr, = z(l-v)lLz, ZE
Gb 10
Y2 9

TOZG( b ] :G( 03x10 ;

107(1-v)L 107(1— 03) x50 x 10

23. p=10° 10’cm/cm®
Cu Al Ni
4x10'°Pa Pb 0.5x10°Pa Ni 7.9x10'°Pa
Pb 0.49nm Ni 0.35nm
|
Gb
T=—
|
Ps
| ~\1/p = (10°~102%)cm
b:a/\/i
Al b=0.283nm Cu b=0.255nm Pb b=0.346nm Ni
10 -9
Al T:G_b:2.6><10 x(i.5283><10 0736 x10° Pa
| 10
10 -9
cu =GR A0 X025x107 ) gy, 900pa
I 10
9 -9
Ph T:G_b:O.leo ><O_.;346><10 _ 0.173x10°Pa
| 10
10 -9
Ni T:G_b:7.9><10 ><0£47><10 _19x10°Pa
| 10
24, 2
F-R
@ 2 FR
(b) 2
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y2
J =522x107*G

Pb
Al 2.6x10%Pa Cu

Al 0.40nm Cu 0.36nm

1/ p

a b
b=0.247nm

AB CD X



(a) (b)

BC (d)

(b) (b)
(©)
P AC BD (d) AC
BD € 0 O
AB CD
()
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25. f.c.c 2 a[110]/2+a[101]/2 a[110]/2+a[110]/2

2 [121]
1/10 v=1/3
a[ 110]/2+a[101]/2—a[011]/2 a2/2
Frank
a[ 110 ]/2+a[110]/2—a[010]
a? Frank
[011] a[110]/2 a[110]/2  [011] 60°
(aﬁ/2)00560° = aﬁ/4 (aﬁ/Z)sin(SO“ = a\/€/4
2 2
GO | Ri2,0,8 1 02k 1
4r 16 16 (1-1/3) 4r r, 8
a[010] [011] 45°
acos4s’ = aﬁ/z
Ga’, R2 2 1 Ga’, R 5
In—[—+ 1= In—x—
4r ;4 4Q-13) 4z r, 4
11/8>5/4
26. a[100] a [110]/2+
a[110]/2—[100] a[110]/2
?
Frank a[110]/2+a[110]/2—a[100]
a’ [100]
[100]
{111}
a[110]/2+a[110]/2—[100] a[110]/2 (111)  a[110]/2 (111)
(111) (111) [011]
[100]
27. a[011]/2+a[211]/2
a[011 ]/2+a[211]/2—a[100] Frank
a’/2+a?3/2 =2a* a’ 2a’ >a’
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a[0111]/2 (111) a[211]/2 (111)

(111) (@111) [110] (001)
28. a[101]/2—a[112 |/6+a[211]/6 2 Shockley d
(a) a[101]/2 Shockley a[101]/2
(b) 7=10%J/cm? G=7x10'Pa 0.3nm 0=1/3
(c) 2nm
Shockley 120° [112] [101] 30°
(@ a[101]/2 @ 90°
d Shockley F
Gb®>2-v . 2vcos2
_ (1_ (p)

C8md 1-v 2-v

_ Gb? 2—0(1_ 2vcos(2><90°))_ Gb? 2—0(1+ 20 . Gb®2+v
8zd 1-v 2-v 8z 1-v 2-v° 8mgy l-v
a[1017]/2 P 0°
d Shockley F

~Gb?2-v 1 2vcosO°)_Gb2 2—0(1_ 20 )_sz 2-3

C87d 1-v 2-v  8xd 1-v° 2-v  8md 1-v

(b)
do
2 —
q _Gb" 2-v 1_21/C0$2(p)

0

B 8zy 1-v 2-v
b=a+v2/2=03J2/2nm=0.212nm  a[101]/2

d - Gb? 2+v  7x10" x(0.212x107°)* 2+1/3
° 8y 1-v 87 x1072 1-1/3
_ 7x10" x(0.212x10°)?

87 x1072

x3.5=4.38x10°m

a[101]/2
d - Gb® 2-3v _ 7x10% x(0.212x107°)* 2-1
° 8y 1-v 87 x1072 1-1/3
7x10% x(0.212x107%)?
- 87 x1072

x1.5=1.88x10"°m
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(©) d

do d AW
do 4, Gb?* 2—v 20C0S2¢
AW = ["(F =y)dd = 1- —y]dd
[(F-» j[gﬂdl 1-=—")-7]
Gb? 2-v, 2vc0s2¢p
= 1- In=2— »(d, —d
6, 1,05, Iy r(do—d)
a[101]/2 d0:4.38><10' m

2 -8
Aw=CP 2+Uln3'75Xlg ~102(4.38x10° —2x10°°)
87 1-v 2x10

10
7><10 x(0.212x107°)? 2+1/3| 375_10 (4.38x10° —2x10°)]]

87 1-1/3
=4.38x10"° x2.93-4.18x10°J =8.65x10°J
a[101]/2 d,=1.88x10®m

2 -8
AW _ Gb 2 3U In 25><109 _10—2 (188X10*8 _ 2 ><:I_O’Q)
87z 1-v 2x10°

10 9\2 o

_ 1107 x(0212x10) 271, 210 (1.88x10°* ~2x10°)]
8 1-13

~1.88x10 x2.53-1.68x10°) = 3.07 x10)

29. Al Ni  Cu 23
6.8.1

Gb® 2-v 1 ZUCOSZ(/))
8zy 1-v 2-v
p=0°
2 —
Gb*® 2 U(l— 20
87y 1-v 2-v

0:

)

0:

Al Ni Cu y 200x10%)/m?  400x1073)/m?  73x1073)/m? G
2.6x10%Pa 7.9x10'%Pa  4x10'°Pa 0.40nm 0.35nm  0.36nm
v 04 04 036 Al Ni Cu b=av2/2
0.283 0.247  0.255nm do
10
Al d - 2.6x10 x(0283><310 92 2- 041 2x04) oo 100m
87 x 200x10 1-04° 2-04
10 9\2 o5
i d0=7.9><10 ><(O.247>;Z’I.O )2 2 04 2x04) ¢ a9.00%m
87 x400x10 1-04° 2-04
10
U d - 4x10 ><(0255><1.0 92 2- 0.36 ) 2x038) 5 0310°m
87 x73x10 1-036 2-0.36
Al Ni
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30.

b,

bs~"]

B

bs+b,

by

b, =bs

—b,

B,

31.AB

[111]

(101)

(@)
(b)
(©)
(d)

a[111]/2

(101) b

B,

[101]

(a)(101)
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|
N
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N
—
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—
—
—
|
e
—
—
o
—
—
—~
|
N
—
~

...abcdefabcdef...

_HH
= mT:i--L_,::-:mfl--,i_::ii_
= e e T T =
"o e e e e
e RS et S CEEED 5
1 1
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(b) (121) (101) b=a[111]/2
() (101) b=a[111]/2

(d)
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