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[1] Fig.1.1(a)
DRAM TEM [23] () DRAM [4]

Fig.1.1 (a) TEM micrograph of silicon dislocation in DRAM structure[2]. (b)) DRAM
cell diagram [4] and schematic of generated dislocation.
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glide

_ shuffle

Fig.1.2 (a) Diamond cubic structure of Si lattice. (b) Glide and Shuffle set[20]

Fig.1.3 Weak beam micrograph of a dissociated and hexagonal loop in silicon. [20]
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Fig.1.4  Freidel-Escaig cross-slip model. [15]
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Fig.2.1 Geometry for computing the stress field about a straight segment of
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R,§,5, Schwarz

Differential Stress Methods
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Fig.2.2 The geometry of finite core treatment. The contributions from the two
displaced arcs shown as solid lines evaluated using Eq.2.5
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Schwarz [24]
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Fig.2.3 The method of computing the image force. Some of the symbols used Eq.2.6
are shown
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2.2.2

[30,31]
(2.7) [33]
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2.2.3

Fig.2.4
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Fig.2.4 The method of generating cross-slip.
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Fig.2.5 The treatment of point between different slip plane.
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Fig.2.6 The method of making partial dislocations.

20



2.3.2

2.2.1
A.Moulin[34] T
do 8
[11]
Fig2.7 Fet
I:int
d
(2.9)
o wh? | 2-3v
int ~ g 3(1—1/) (2.9)
Est d (2.10)
1b? {2—31/}
d= 2.10
87E., |3(1—v) (2.10)
Es =58 [mJ/m?] [35] d 3.38nm Fig.2.8
50nm 3.2

3.3nm

21



Partial dislocation

Stacldng fanle
A

Fig.2.7 Schematic of extended dislocation

- ;I].Slun

Fig.2.8 The extended width of straight screw dislocation.
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3.1

311
George[25]
Peierls-valley
Fig.3.1 George (2)800
[-410] 25MPa 2 650
[-1-10] 15MPa 1)
(2)
Peierls-valley

Fig.3.1 (a) Geometry of the specimen with two tensile axis. [25](b) The effect of the
surface on the dissociation width. [25]
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Fig.3.3 Initial geometry of dislocation
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3.1.3
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Fig.3.4 simulation result of tensile test. slip system partial dislocationred;[-2-11],
partial dislocation blue;[-112]
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Fig.3.5 simulation result of tensile test. slip system.partial dislocation red ;
[-112],partial dislocation blue;[-2-11]
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3.2 STI
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Fig.3.6 Example of STI structure [37]
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3.2.2
3.2.2.1
Fig.3.7

A

A

A

Fig.3.7 Flowchart of the analysis
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3.2.2.2

Fig.3.8 STI (a)
(b)
Active Area
SiO, STI Poly-Si  Gate
SiN  Side wall
(@) (b)
B B B
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== =7
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1 1
Il N E .
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I Active Area Si [_] STI(SiO,) [l GATE Poly-Si [] Side Wall SiN

Fig.3.8 Schematics of STI structure plane view and 3-D view of the unit cell
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3.2.3

3.231
Active Area STI
ANSYS FEM Fig.3.9 Fig.3.10
Fig.3.9 Fig.3.10 @) (b)
(c) [-110] STI
(c) Fig.3.9 STI
Fig.3.10 STI 45
STI
Fig.3.9 115692
93567 Fig.3.10 154984 117350
Xy z X z
STI
STI

[38]
Table 1
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Table 1 Material properties used in FEM analysis

Material Young ratio Poisson ratio Coefficient of thermal
[GPa] expansion [1/K]
Si 170 0.20 3.0><10°
Si0, 70 0.17 0.87><10°
Poly-Si 170 0.20 3.0=<10°
SiN 260 0.25 3.1><10°
Equivalent stiffness Si 1.48><10* 0.20 3.0=<10°
STI Fig.3.11 @
1000
(b) 500 CVD(Chemical Vapor Deposition)
SiO; 1000 (c)
570 Poly-Si (d) SID(
/ ) SiN
S/D 1000
SiO, Poly-Si  SiN
Poly-Si  SiN 1.5 GPa ,SI0;
1.2 GPa
Fig.3.12
Stepl 500 Step2  SiO;
SiO;
Poly-Si  SiN Step3
570 Step4  Stepb5 Poly-Si :
Step6 1000 SiO;
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Fig.3.11 Fabrication process of STI structure

(d)

Intrinsic stress

SiN
; ) A
Add SiO, Add SiN
/ ‘
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| | ‘
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step

Fig.3.12 Step of FEM analysis
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3.2.3.2

SiO;

Step6

35

Fig.3.13
ox OoY
Si



TVZ TZX

Fig.3.13 Stress distribution in STI structure.
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Step6 Fig.3.14
(1-11)[10-1] (1-11)[110] (111))[10-1] (111)[-120]
4 SIN Si SiO;

. <

Si

I ..

=00 3

(1-11)[10-1] (1-11)[110]

S — S——,
(111)[10-1] (111)[-110]

Fig.3.14 Resolved shear stress in STI structure.
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3.2.4
3241

SiO;

Table 2

(111)[10-1]

Fig.3.15 SiN

A) Si
50nm

(1-11)[10-1] (1-11)[110]

B)
50nm

Fig.3.16

B (LD[01-1] (1-11)[0-1-1]

A (LD[01-1] (1-11)[0-1-1]
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X (-110)

Fig.3.15 Initial dislocation position

Z (-110)

Table 2 Whether initial dislocation grew or not in each case of different slip system

Slip plane Slip direction
(111) [10-1] [01-1] [-110]
o o x
(1-11) [10-1] [0-1-1] [110]
(@) (@] o
(-111) [01-1] [-10-1] [110]
x x x
Initial position A
Slip plane Slip direction
(111) [10-1] [01-1] [-110]
x (@} x
(1-11) [10-1] [0-1-1] [110]
x (@} x
Initial position B
o Dislocation grew < Dislocation vanished
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Initial position A

(1-11)[0-1-1]

(1-11)[110]
Initial position B

(1-11)[0-1-1]

Fig.3.16 Initial dislocation loop and resolved shear stress
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3.24.2

3.24.1
Initial position A (111)[10-1] Initial position B (111)[01-1]
A (111)[10-1] B (111)[01-1]
Fig.3.17 (111)[10-1]
[11-2] [2-1-1]
B (111)[01-1] C
(111)[10-1] AC
0.8 0.9GPa
Fig3.18 (@)
(b) D,E
(a)
(b)
[2-1-1] D
[2-1-1] E

3 3 .

7 i A -0 o3 7 i A -0

(111)[11-2] (111)[2-1-1]
Fig.3.17 Resolved shear stress of partial dislocation of (111)[10-1] slip system
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(@) model 1  (b) model 2

Fig.3.18 Simulation result of dislocations whose slip system is (111)[10-1],and
generation position is Aand C .



A (1-11)[10-1]

Fig.3.19 (1-11)[10-1]
[1-1-2] [21-1]
A [1-1-2]
0.4GPa [21-1] 1.0GPa
[21-1] Fig3.20 (a)
(b) FG @@ 90
(b) 45 F

(1-11)[1-1-2] (1-11)[21-1]
Fig.3.19 Resolved shear stress of partial dislocation of (1-11)[10-1] slip system
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(a)

SiO,

-~ [1-1-2]
— [21-1]

(b)

~ SlOz SIOZ
L 2.3nm

- [21-1\]\ —[21-1]

-~ [1-1-2] / —[1-1-2]

Fig.3.20 Simulation result of dislocations whose slip system is (1-11)[10-1],
and generation positionisA. (a) model 1 (b) model 2
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A (1-11)[110]

Fig.3.21 (1-11)[110]
[21-1] [121]
A [21-1]
1.0GPa [121] 0.3GPa
[21-1] Fig3.22 H, I
STI STI
H, I

(1-11)[21-1] (1-11)[121]
Fig.3.21 Resolved shear stress of partial dislocation of (1-11)[110] slip system

R |

211 Surface

—[121] —

5.9nm

L/ —[21-1]
?—// 121

Fig.3.22 Simulation result of dislocations whose slip system is (1-11)[110],
and generation position is A.

45



B (1-11)[0-1-1]

Fig.3.23 (1-11)[0-1-1]
[1-1-2] [-1-2-1]
B [1-1-2]
0.9GPa [-1-2-1] 0.7GPa
[1-1-2] Fig3.24 (a)
(b) JK @ K (b
J STI @
STI J

(1-11)[1-1-2] (1-11)[-1-2-1]
Fig.3.23 Resolved shear stress of partial dislocation of (1-11)[110] slip system
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v l K
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J K
| SiO, N S0,
P - ~ \
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-2 ~[-1-2-1]

Fig.3.24 Simulation result of dislocations whose slip system is (1-11)[0-1-1],and
generation position is B .
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3.24.3

3.24.2
STI
(111)[10-1] D (111)[10-1] E
(1-11)[10-1] F (1-11)[10-1] J
Fig.3.25 Fig.3.26 Fig.3.27 Fig.3.28
Fig.3.26,Fig.3.27
STI Fig.3.25 Fig.3.28
STI Fig.3.29
Peierls-valley

Fig.3.26 (a),Fig3.27  (b)
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Fig.3.25 Simulation result of cross-slip which occurred at point D

49



t=1.0e-4

t=2.0e-4

Final shape

Fig.3.26 Simulation result of cross-slip which occurred at point E
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t=0.8e-4

t=1.6e-4

Final shape

Fig.3.27 Simulation result of cross-slip which occurred at point F
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t=3.0e-4

t=6.0e-4

Final shape

Fig.3.28 Simulation result of cross-slip which occurred at point J
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Fig.3.29 Sketch of experiment result
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