o

Joboottdbobobotgddood

p.1 ~ 41 [0

U0 14002080 U0

EpEgugn U ob o

00250 OO0 OO0




010
1.1
1.2

020
2.1

2.2

030
3.1
3.2
3.3

3.4

040
4.1
4.2
4.3

050
5.1
5.2
5.3
5.4

060

g
g ...
gogooodg ...

gogon

gogooo ...
211 0O0OOO ..
212 00O .. ..
gogooog ...
221 0DO0OOOO0OO0O
222 000000
223 0OO0OOOO

g

gogoo ... ..
gogooodg ...
gogbooogoon
3.3.1 ODO0OOOOO
332 0UO0OOOO
333 UO0OO0OO0
gogoo ... ..

g

gogooooag .
gogooo ...
ggoooogg ..

HRN

gogooodg ...
gogooog ...
gogoooogg ..
gogbobooogn

g

OO0 o
OO0 o

10
10
11
12
12
14
17
17

18
18
21
22

23
23
24
25
28

29



O0AD0O0O0OOOODOOO

Al OO
A2 OO

8 0 L
OO0 o

O0BOOOOOOOO

B.1 OO

B.1.1l 000000 ... e s

B2 OO

gooo

gooo
ago ..

OO0 e

30
30
31

33
33
34
36

38



10 Ui

1.1 OO

gogooobobbobbbbbbbbbbbbbbbobooooouououuaaagy
gboogobodbboobodgbboobuoouoooobbuoooobooboon
0000000000000000000 p=10°010"%20000000000p,00
0000000000000000000000000 [m/m3]=[m2 0000000
gbuogbobobobuodbooobuoobbooboobobobbooboobbon
goobodbooogbobuogbobobobuoobbuooboobbuoooobooboon
gbugbobobobodbobuoobbobobooboobbobbuooboobobon
gouogoboobodbogobuoudgbboobuoobobobbooboobobon
gboobodbboobuoobbuoobbodgbboobuoooboobbooboon
gbouogobogobodbooobboobuodgbboboboobuoobooobooon
goo

nN

Si substrate

Dislocation

Fig. 1.1: Schematic of an electric current leak by the dislocation on the semiconductor
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Fig. 3.2: The left picture is a Etch-pit image[2]. Black side lines are SiN thin-film and
black points are dislocations. TherRight picture is a TEM photograph from cross sectional
view of dislocations[2].
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Fig. 3.7: Graph of K-value finded from eq.(3.4). The horizontal axis is distance from
sterss singularity point and the vertical line is K-value [M Pam?®®].
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Fig. 4.13: Schematic of dislocation distribution of FZ wafer in different temperature.

T=85000 [ 90000 | 100000
FZ wafer (K=0.10) 2(3) 7(18) | 13(48)
CZ wafer (K=0.10) 1(9) 6(63) | 12(150)

Table. 4.1: Number of generated dislocation of different temperature. The value of () is
experimental data[2], dislocation density (mm™"') , counted from over view of wafer.
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Fig. 4.14: Cross sectional view of the dislocation in the FZ and CZ wafer in the case of
TEM photograph[2] and analysis.
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FZ wafer (K=0.10,900 0 ) || CZ wafer (K=0.075,1000 0 )

Experiment Analysis Experiment Analysis
Number of generated >4 7 1 4
dislocation
Distance from stress 0.2 1.3 0.6 12

singularity point (um)
Interval of 1st and 2nd 0.2 1.2 - 1.7
dislocation (pum)

Table. 5.1: Number of generated dislocation and its geometrical feature. Comparison of
analysis with experiment (TEM photograph).
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straight line. But if b/a isn’t so large, it can’t.
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FZ wafer (K=0.10,9000) || CZ wafer (K=0.075,1000 O )
Experiment | Analysis Experiment Analysis
Line tension - X o - X o)
Number of generated >4 7 5 1 4 3
dislocation
Distance from stress 0.2 1.3 0.62 0.6 1.2 0.40
singularity point (um)
Interval of 1st and 2nd 0.2 1.2 | 0.88 - 1.7 1.0
dislocation (pm)

Table. 5.2: Number of generated dislocation and its geometrical feature. Comparison of
line tension analysis with experiment (TEM photograph[2]).
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Fig. 5.2: Schematic of dislocation-oxygen interaction.
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Fig. 5.3: Cross sectional view of dislocation in CZ wafer[2] and schematic of force working
to dislocation.
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00000 Table.5.30 Fig.540 000

CZ wafer (K=0.075,10000)
Experiment Analysis

Line tension - X e o
Critical stress [MPa] - 1.25 | 1.25 | 19.0
Number of generated 1 4 3 1
dislocation
Distance from stress 0.6 1.2 1040 | 0.25
singularity point [pm)

Table. 5.3: Number of generated dislocation and its geometrical feature. Comparison of
analysis with experiment (TEM photograph|2]) in CZ wafer.
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Fig. 5.4: Cross sectional view of the dislocation in the CZ wafer in the case of TEM
photograph[2] and analysis (7., = 19[M Pal).
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