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Abstract

In this research, mechanical properties of Anodic Aluminum Oxide(AAO)
were measured by three-point bending test. This study was for understanding the
influence of asymmetric structure of AAO on material strength, and
investigating the fractography of AAO. The materials were aluminum films
which purity was 99.7%. Aluminum films were anodized by two-step process at
40V in 0.3M oxalic acid electrolyte at 293K. First, the anodization time of AAO
was controlled to research the influence of the thickness and pores on
mechanical properties. The: findings were the,different displacements of the
samples affected mechanical properties. Pores in .the samples reduced the
strength of the samples, but they enhanced the flexibilityiof AAO. Barrier layers
could sustain ‘the tensile stress-of the"bending test and enhance the bending
strength. The"AAO samples which the.anodization time was 12 hours and the
thickness was 79.3 1um had the highest bending strength as324.85MPa. Second,
the porosity was controlled:by . the-poreswidening process to study the influence
of the porosity on. mechanical properties. The results matched the character of
the large scale bulkmaterials. The higher AAOs had porosity, the lower their
bending strength and modulus were. ;The AAO samples which porosity was
51.7% and the thickness was 56.93um had the lowest bending strength as
47.67MPa. Third, removing barrier layers was controlled to research the
influence of barrier layers on mechanical properties. The consequences were that
barrier layers removed made the strength to be lowered. When barrier layers
were changed from the dense structure to have the porosity as 39.6%, the
bending strength was reduced from 263.08MPa to 140.44Mpa. Finally, the
fractography analysis by scanning electron microscope(SEM) was found that the
fracture type of AAO sample was brittle fracture. The fracture passed through
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the middle of the cell and the step layers were found. Mechanical properties of
AAOQO samples which the thickness was about 40 to 80um and the porosity was
about 19.6% to 51.7% could be calculated by the regress analysis. When the

porous layer was under compression stress, the bending strength was

o =53.74-413.60p + 4.83h and the bending modulus
was E =72.47-144.93p+0.54h. When the barrier layer was under compression

stress, the bending strength was o =292.65-496.27p+0.07h and the bending

modulus was E =70.54 19 ] was bending strength(MPa), E

was bending modulus(G ' im), and p was the porosity.
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% 2.1 % F AL ¥ AAO 34 B BB 3R

Pore interval |Reference
Anode voltage .
(Cell diameter)
pontics
_ﬁ& _ 25V 65nm [18]
(sulfuric acid)
% i . 40V 100nm [16]
(oxalic acid)
B
. 195V 500nm [28]
(phosphoric acid)
pontirdl 3R
ﬁ?f- B 36V 73nm [29]
PR
(malonic acid)
ol

(tartaric acid)
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500 v ¥ T T L y A | ' ¥ ¥ T ' .
®  sulfuric acid
. oxalic acid
phosphoric acid

— d=-1.7+2.81 U’ Z

Interpore distance d (nm)
ra
)

50 T 100 150
Anodic voltage U. (V)

Bl 2.2 = AR p iRk o 3V RS 3 0T 3R OB % B][32]
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Citric acid, 240V, 600nm

Phosphoric acid, Tartaric acid,
g 160-195V, 410-500nm 195V, 5000m
= Malonic acid, 120V, 300nm
-
o

Oxalic acid, 40V, 1mm
Sulfuric acid, 25V, 65nm

Formation voltage

[30]

—
OH™ -
A%t acid ﬂ'ﬂ_
aniwon
ek AT

Bl 2.4 HBiGaJ2pF > 1EfRk ¢ g3 § # 53)[15]
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L -

B 2.6 % 1484 XiFmY » T neanh HFA[15]
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04

03
02 As-received
0.1 -
D -
Annealed at 50°C
-0.1
2000 2500 3000 3500 4000

Wavenumbers (em™)

= 11

300
FEF
250 = [
S |
200 =

bt

50 - ﬂ ﬂ
{} 1 1
Bending Tension
PR 1 A
B 2.10 12 = BRS 0 PI3RE £ W PR Pl eh AAO BLETE 4 1E[48]
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F* 33 B 7" 7 B 4t FESEM(Field Emission Scanning Electron
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35 = B4 %

1295 ASTM 2845 C1161 » # AAO & % &3+ % £ 30mm % 9mm 5 & i
B A it 425 2 Bhieds 20mm( 3RS £ 30mm) < E 3 A
30mm 537 R B MY e = BEER SR S dnde (T ) 3 5

Bpicd AR R Ecat e b 2 BEES S Xk B R 2 5 4o [B] 3.8 froT o
e Befrs 4 NS 00 S s 0 g Daan S e € R K
BALARR Y TETAHIER o

2. Bpagiiedes > PR EFRETIRAET & 487 -

3. B AAO RS & B 1 AR N S L S

AAO 53 6 XRG4 LA LA X RIELA > 4oB® 3.9 #77 o
4 BB LT R B IR AR UERB RS AR R

e300 5570 BBl A R ER YR ALTH X B o aR BRI

FEWCZ BRGHW 35k 2 0 0 A B AE4r e 4 g e o
5. F T2 2280 o 2 (displacement) 5N He 17 0 245 ¢ R

10mm > F % PR 1000sec » 1§ 3| # i&:# 5 (crosshead speed)

0.0lmm/sec » = B4 d' R % 5 (strain rate) 5 e =—— 0ds HY 5 B%

LZ
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6. Bipit 7= B W RS B P BETER B RY -

7. F - fEiE Y R ER L 63 10 % 0 BT N2k B g 4

TLZ W Gific o 30 2 FESEM LR Y chat g o
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E’—f’)—%;\:l’bﬁi
2 AR R AR ’ﬁév\
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_7;._]?],%,;: 1E§$
B0 AAO 4 i g ‘gaﬁﬁﬁﬁ il et B o i BT AAO
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% 3.1 Medn 4 Rse AR [54]

MTS tytron 250

Orientation Horizontal
Displacement M?X lo_gmm
Min. 10" mm

Max. 50N

Load Min. 10°N

Frequency UP to 50Hz

Power 220 volts single phase
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TestStar
System Software
» User interface
» Test execution
» Development

environment
» Data storage
» Data analysis
» Networking

Tytron 250 Load Unit

TestStar lls
Digital Software
» DDC servo control

» Data acquisition

» Function generation
» Limit checking

» Digital /O

» Signal conditioning
» Valve driver

» Signal readout

Power Amplifier
+ Supplies DC current

) 3.5 MTS Tytron 250 %42 TestStar T1s7,s.54[54]

" L= ]

k

e o 1275 mm
— (s0.20im) —Mmm8m ——

500 mm

5 idstroke
e L {19.69in) ™ —= — £ .
2K w%; (stroke = = 50 mm /F L w%
n

T B f n’ A
190 mm _— FARY | &
Tasin :90 mrr: Wy
7.48 in b,
(3.94 in) ?5° i 416 mm
5.91in {16.38 in}

152 mm
(5.98 in}
i % =~ S %
76 mm +
(2.99 in) < | 2
T (14.76 in)
— ¥

Bl 3.6 MTS Tytron 250 4%+ 3 BI[54]
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# 4.1 AAO 3 7 @42 85| £

BRI | I eI 2 "/f Fefi Ry LM B R (um)
N1 S5hr 19.6% 39.93
N2 6hr 21.8% 50.70
N3 7hr 22.7% 56.93
N4 8hr 26.0% 66.31
N5 Ohr 27.2% 69.29
N6 10hr 30.2% 73.73
N7 11hr 31.9% 76.87
N 12hr 35.4% 79.31
N9 7hr 20min 23.9% 58.16
N10 7hr 40min 32:6% 54.75
N11 7hr 60min 51.7% 52.53
25.0%/19.7%
N12 7ht 8min g g pe 55.47
26.7%/25.5%
N13 7hr 12min 5 3L 5 /e 3 54.17
27.4%/39.6%
N14 7hr 16min 540 aYe 13 55.46

%042 3% NI(E A 39.93um 74 & 19.6%) 38 /& % | 12 & 3 i 1t B

Diameter |Pore Ratio
Min | 20.8814Inm | 0.02%
Max 53.91209nm | 0.14%

Range |33.03068nm | 0.12% | -, iF ik %55 SEM Bl a0 b > 3 B
Mean | 40.2364nm | 0.08%

Std.Dev | 8.805109 0.03% S04 3 BT L A R T L
Sum 9495.781 19.19%

Samples 236 236

Pore ratio 3+ & * ;% 5 :SEM 8- i+ H -
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@

4 4 (MPa)

o % #c(GPa)

4 4 (MPa)

$ 4 % #c(GPa)

N1
PUH % 19.6%
B & 39.93um

194.43+8.00

82.034+4.51

189.90+20.29

79.70£3.43

N2
IV F 21.8%
E & 50.70um

233.42+19.99

76.22+5.18

182.71+18.85

77.83+4.93

N3
IV E22.7%
E B 56.93um

263.08+5.06

81.89+2.09

182.38+18.80

82.70+2.92

N4
i W 26.0%
E B 66.31um

241.37£11.72

64.79+2.90

164.70+14:59

69.17+5.44

N5
PVH 27.2%
E A 69.29um

277.26+12.69

72.26+3.88

175.48+12.55

73.65+2.69

N6
i W 30.2%
E A 73.73um

291.73+6.95

72.63£2.17

143.48+2.57

76.15+3.05

N7
LM Z 31.9%
E & 76.87um

286.57+11.96

65.56+3.46

127.494+5.32

72.66+1.04

N8
% 35.4%
E & 79.31um

324.85+8.33

75.58+0.68

127.46+8.62

73.50+5.67

N9
L5 23.9%

217.87+13.88

69.84+4.24

164.17+8.09

72.51+4.29

N10
TV 32.6%

169.49+14.94

51.784+5.84

113.87£12.54

45.26+2.59

NI11
LM E51.7%

109.23+18.74

33.00+5.29

47.67+11.12

17.92+5.81

N12
PR
% 19.7%

220.30+26.36

56.65+7.48

230.04+4.86

59.46+2.98
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N13

FEfR A 3b | 178.95+£17.15 46.43+1.87 166.61+6.26 46.01+0.53
F 25.5%
N14
FEFak 3V | 140.44+32.46 34.02+6.90 133.70+21.89 35.09+6.09
¥ 39.6%
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244 2R WEF VA UZE D R ERETREES SEI PR 2
VNS 3]
AR/ pEE S 5N PCMF | B4 E(MPa) [#f X %#(GPa)| Ref.
194.43/189.90 | 82.03/79.70
BiEAST S s KA 39.93um/
s :}g%%j;' 3 19.6 (53 B/ | (53 R/ | *7 5%
e CRLEER) | IR £ R)
324.85/127.46 | 75.58/73.5
BiEAST S & B A& 79.31um/
B :g‘_hgiir 3 35.4 (53 SR/ | (53t R/ | 29 %
T fLre S R) | B LR)
S0um § 45k A /e 2 ]
! s i 25% %250 [59]
Atomic layer deposited(ALD) %
f iz B 3000y AP 12.3GPa(# &) 180.0 [60]
Atomic layer deposited(ALD) % e 181 60
47 0 BB 100nm/EE RE 0]
g L 4R A F 0l E LA A
¥ GRSl 20.7% 4180 (61]
/Resonant beam techmque
J‘%~,L 1% 5344 3 (L 4e/= 8L
K L. 25% % 200 [62]
F 43 5Nt 4m T 3§ 1 4B/
T ! H@;:‘E 1GPa(A & ) 122 [38]
BiaAdL = N > BB 90um/ 2
f f} . ;: Ly 5.2GPa(ALA&) 140 [44]
.6GPa/5.0GP
P B AR 8 (2L 8 1)/ 3 A 7 EG g OGﬁa 66/71( % 3t & /
B 10% (73 % /12 6 [45]
B 5
B )AL R
6.4GPa/10.2GP
B ABASE S 2 BT (B A 7 1/120( 5 3t 6
Y3 A AR 10% |a(%3ta/1em ) [45]
BE & —_
(R
2.5GPa/5.0GP
F B AR = 58 (228 1)/ 3 4 A 4 U 406305 3 @
B 25% (%35 /1nf e 16 4 ) [45]
B fa A
(R
£ 160/230( %
BEAST S 5% 5 B & 94um /= 47 - (%
- PGSR/ 40 [48]
T k= R)
A F AR R 99.9% 352 370 [50]
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%45 - g L H A A 3 BETEE 5 [63]

Material

Typical Fracture Behavior

Monolithic ceramics

Linear elastic

Ceramic composites

Linear elastic

Ceramics at high temperatures

Viscoplastic
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NCTU s 50KV NCTU

Bl 4.14 32 5% N14( 5 34 5 3 14 5 27.4% > Fefak 34 M 5 39.6%)7 SEM B

(a)% 7 & > (b)rgrﬁﬁll

40 +

Cmoo—o0o

20 +

=}

20.881407 27.487543 34.093679 40.699815 47.305951
Diameter (mean)

B 4.15 3% NI(B & 39.93um 3% I & 19.6%) 3t /&4 % ] > %dh 5 7% F #ic

£ g iS4 (H 2 nm)
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0.26 1

Force(N)

Bl 421 3% NI(E A 39.93um 3 Fi % 19.6%) ~ N3(5& B 56.93um 3 4
22.7%)~N5(E & 69.29um 3% I & 27.2%)% N8(BE A& 79.31um 3%} & 35.4%)

A 38 4 R RNCT SRR S A R LR N LR K R
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73



20 (degree)

Bl 4.24 ()i ¥ 4 5 R i A 45 BI[63] > (B)XRD 4 #5 AAO

74



NCTU NCTU

Bl 4.25 3% N8(E A& 79.31pum 3 M 5 35.4%) ek 5] i 4 » £ 56 o 4 chje i

'-'E-:! i

Ko @i 4 o O e

NCTU

NCTU

NCTU

B 4.26 &7 N8(E& & 79.31um % M 5 35.4%) L 2 62 o Bl > (a) B b L %7

Gz R (b)FAT 53V G HIRA 5 (ORE B F B ()T F B F B

75



Tl &

i

#9385 - (b)

76



e

NCTU SEI 150KV X15,000 Tum

Bl 428 35 #N3(5 & 56.930m' K PR A2 B - (a)

= 4] 7 3t 3% Fa n(b)dk e

77



NCTU

OB (a) § 3t @ e
5

#1532 ()R

SE| 150KV X80,000  100nm WD 11.6mm

Bl 4.30 35 N8(E A& 79.31um 3¢ M % 35.4%) e 7T & B> 5 [E1R A chpk

78



o l

0.30 4 ——N10
— N1

—we )T

0.20 N3

0.15 1

Force(N)

0.10 N10

0.05 WMWW N11

0.00 . ,

B 431 #+

22.7%) 4 -

0.20

0.18 1
0.16
0.14

0.12

Force(N)

0.10

0.08 1

10

0.06

0.04 ﬂ
N11

0.02

0.00 T T T T T T T T T T T T
0.0 0.5 1.0 1.5 2.0 25 3.0

Displacement(mm)

B 4.32 5 NOGU I % 23.9%) % NII(EE % 51.7%) 12 & $ P8 2 N33t |4 &

22.7%) 04 - M RE 0 PRk SRR

79



280
260 -
240
220
200 -
180
160
140 ]
120
1004

80

60

40

20

Bending Strength(MPa)

0.20

433 4

]

90
80—-
70—-
60—-
50—-
-

30+

Bending Modulus(GPa)

20+

T
0.25

0.30

T
0.40

T
0.45

T
0.50

1
0.55

T
0.30

—
0.35 0.
Porosity

T
40

LY R

T
0.45

80

0.50

1
0.55

53t s

R4 Bk %

SRA BB S

R

R



Bl 4.35 3 % NOGL M & 23.9%) 18 %75 SEM Bl @ (@)% 5 FoiF § 3¢ e

A0 (b) 53t G et

S ALETES 0 (0)F e LIRS 0 LA B X ()T A hrt A A gk

81



Bl 4.37 2% NII(3' M % 51.7%) 7 SEM B > (a) % 3¢ & sk 8 5 > (b) { 8
B (0)F - A8t o (IR PR ETE S 0 ()45 B > FiT 53t

o (D425 B> FiTrEmk

82



0.4

0.3

0.2
Porosity of Barrier Layer

0.1

¥
0.0

R

83

280 -
260

L
(=] o (=] [
N o [<°] ©

1 1 1

o o o o 1 1 ' 1 ' 1
< < AN (=] o o o o
N N N ~ \ . -~ ~ N~ © Yol <

(ed)yibuasg Buipuag (ed9)sninpoly Buipuag

20

B 4.39 3 £ |



NCTU

NCTU

NCTU

B 4.40 &% N12( % 3¢ Lk M % 25.0%: }‘.Ui%‘l}é; LM 19.7%) e %5 SEM
B0 ()53t o pk a8 50 (D)L # & F s 8l () fL g SRk 18 5 o

() Farefpk sér:f % o ()hiT it £ o T EE2 5

84



85



30.6%) <8k #7 5 SEM
B (a)fefiky o i 0 (0) 53t B g

R ST

86



N L
PSR W ANO BHEA L L RAL 0 2 B R B R
WREFTORE SEFR

RBIEA P AAO B RARE T etk g R B RARET

Pr—
e
«u
94

TR R PRER o E& 39.93um h AAO R Y R T
19443MPa > e 5B % & 3 79.31um @ % ¢ g+ + 2 3 324.85MPa -
2. IEfk X RGP oaX SRS e d at e B8 AAO g R 3V i AR
Box b BT BT 0 3L K 19.6% T AAQ R R Y 4 S
189.90MPa. 2 ¥ it .33 8 4 354% @ F35% & T *5% 127.46MPa -
3. I RSB RN IA S B SRR FOR 0 0 & S A HE el
PR RRREEY RS B e S SRS PF GISd
22.7%3#% B 2051:7% & diy i 4 #42263:08MPa 1'% 3 109.23MPa; @ $

% Hcfi_81.89GP4 T %5 33.00GPa o [ufil LR L4 & € 1 4p ke I %

4. A SRR RS IR Y B FR R R O AT R R
A o RAADIVFIT L ERF RTHEE - St L BREA B
PR A BV FHRL DIV F 39.6% 0 i @8 4 4 263.08MPa T
" 1 140.44MPa ; $* % #cd 81.89GPa ™ *4 3 34.02GPa -

5. pLETe A 478 R AAO LB IEp e BLETH G R R B 2 AT

87



Pae KRS PE T L AR TER Y

0 =53.74-413.60p+4.82h » 11 2 &4 (HHE =72.47-144.93p+0.54h o @ L[5
2B P ¥ MFERIEY B4 0=292.65-496.27p+0.07h » 141 & Fd %
#cE=70.54-199.10p+0.83h > if * *>* & & 40 T 80um = + ~3' M & 19.6%

% 51.7%% 4 hAAO Y ro 5§ o4 (MPa)~E 5 § ¢ 4 #(GPa)-h

88



7

L &

[1]A. Mews, A. V. Kadavanich, U. Banin, A. P. Alivisatos, Phys. Rev. B, 375
(1996) 207

[2] G. Springholz, V. Holy, M. Pinczolits, G. Bauer, Science, 282 (1998) 734

[3] H. P. D. Yang, Y. H. Chang, F. I. Lai, H. C. Yu, Y. J. Hsu, G. Lin, R. S. Hsiao,
H. C. Kuo, S. C. Wang, J. Y. Chi, Electronics. Letters, 41 (2005) 1130

[4] A. J. Shields, M. P. O’Sullivan, I. Farrer, D. A. Ritchie, R. A. Hogg, M. L.
Leadbeater, C. E. Norman, M. Pepper, Appl. Phys. Lett., 76 (2000) 3673

[5] A.M. Morales, C.M. Lieber, Science 279 (1998) 208.

[6] X.F. Duan, C.M. Lieber, Adv. Mater. 12 (2000) 298

[7]Y. H. Cheng, S. Y. Cheng, Nanotechnology, 15 (2004) 171

[8] B. A. Hernandez, K. S. Chang, E. R. Fisher, P. K. Dorhout, Chem. Mater., 14
(2002) 480

[9] X. F. Duan, Y. Huan, Y. Cui, J. F. Wang, C. M. Lieber, Nature, 409 (2001) 66
[10] M. H. Huang, S. Mao, H. Feick, H. Q.-Yan, Y. Y. Wu; H. Kind, E. Weber, R.
Russo, P. D. Yang, Science, 292 (2001) 1897

[11] H. Masuda, K. Yasui, K. Nishio, Adv. Mater., 12 (2000) 1031

[12]J. C. Hulteen, C. R. Martin, J. Mater-Chem., 7 (1997) 1075

[13] O. Jessensky, F. Miiller, U. Gosele, Appl. Phys. Lett. 72°(1998) 1173

[14] F. Keller, M. S. Hunter,; D. L Rebinson, J. Electrochem. Soc. 100 (1953)
411

[15] J. P. O’Sullivan, G. €. Wood, Proc-R:“Soc. London, Ser. A 317 (1970) 511
[16] H. Masuda, K. Fukuda, Science 268 (1995) 1466

[17] H. Masuda, M. Satoh, Jpn. J. Appl. Phys. Patt 2,35 (1996) L126

[18] H, Masuda, F. Hasegwa, S. Ono, J.-Electrochem. Soc. 144 (1997) L127
[19]Y. Park, P. C. Su, S. W. Cha, Y. Saito, F."B. Prinz, J. Electrochem Soc. 153
(2006) A431

[20] M. R. Maschmann, A. D. Franklin, P. B. Amama, D. N. Zakharov, E. A.
Stach, T. D. Sands, T. S. Fisher, Nanotechnology 17 (2006) 3925

[21] D. Crouse, Y. Lo, A. E. Miller, M. Crouse, Appl. Phys. Lett. 76 (2000) 49
[22] H. Masuda, K. Nishio, N. Baba, Jpn. J. Appl. Phys. 31 (1992) L1775

[23] iz &, [4 £ ##F+ P (Ceramic Technology Handbook)(*F )(F), ¥ #F &
B ® e &+ €, 1999

[24] M. Kern, V. P. Thompson, J. Prosthet. Dent., 73 (1995) 240
[25] H. Asoh, K. Nishio, M. Nakao, A. Yokoo, T. Tamamura, H. Musada, J. Vac.

89



Sci. Technol. B 19 (2001) 569

[26] C.C. Chen, J. H. Chen, C. G. Chao, Jpn. J. Appl. Phys. 44 (2005) 1529

[27] K. Huber, Z. Electrochem. 55 (1951) 165

[28] H. Masuda, K. Yada, A. Osaka, Jpn. J. Appl. Phys. 37 (1998) L1340

[29] S. Shingubara, K. Morimoto, H. Sakaue, T. Takahagi, Electrochem. Solid-St.
Lett. 7 (2004) E15

[30] S. Ono, M. Saito, H. Asoh, Electrochim. Acta 51 (2005) 827

[31] K. Yasui, K. Nishio, H. Masuda, Jpn. J. Appl. Phys. 44 (2005) L1181

[32] A. P. Li, F. Miiller, A. Birner, K. Nielsch, U. Gosele, J. Appl. Phys. 84 (1998)
6023

[33] H. Masuda, K. Takenaka, T. Ishii, K. Nishio, Jpn. J. Appl. Phys. 45 (2006)
L1165

[34] F. Li, L. Zhang, R. Metzger, Chem. Mater.. 10 (1998) 2470

[35] K. Shimizu, K. Kebayashi, G. E. Thompson, G. C. Wood, Philos. Mag. A66
(1992) 643

[36] V. P. Parkhutik; V. 1. Shershulsky, J. Phys. D: Appl. Phys. 25 (1992) 1258
[37] E. J. HearfiyMechanics of Materials 3™ ed.; Butterwotth-Heinemann, 1997
chap.4 p.62-88

[38] G. Alcalé,P. Skeldon, G. E. Thompson, A. B. Mann, HaHabazaki, K.
Shimizu, Nanetechnology 13 (2002).451

[39] Fischer-Cripps, C. Anthony,-Nanoindentation, Springer, (2004)

[40] G. M. Pharr, Mater. Sei..Eng. A, 253 (1998) 151

[41] G. Alcala,S. Mato. P.Skeldon, G. E. Thompson, A. B. Mann, H. Habazaki,
K. Shimizu, Surface and Coatings Technology, 173.(2003) 293

[42] P. Gu, H. Miao, Z. T: Liu, X. P. Wu, J. H. Zhao, J. Mater. Sci., 39 (2004)
3369

[43] H. Miao, P. Gu, Z. T. Liu, G Liu, X. P. Wu, J. H. Zhao, Opt. Laser Eng., 43
(2005) 885

[44] Z. Xia, L. Riester, B. W. Sheldon, W. A. Curtin, J. Liang, A. Yin, J. M. Xu,
Rev. Adv. Mater. Sci., 6 (2004) 131

[45] K. Gall, Y. Liu, D. Routkevitch, D. S. Finch, J. Eng. Mater. Tech. ASME,
128 (2006) 225

[46] S. H. Ko, D. W. Lee, S. E. Jee, H. C. Park, K. H. Lee, W. Hwang, Glass
Phys. Chem., 31 (2005) 356

[47] S. H. Ko, D. W. Lee, S. E. Jee, H. C. Park, K. H. Lee, W. Hwang, Thin
Solid Films, 515 (2006) 1932

[48] J. H. Jeon, D. H. Choi, P. S. Lee, K. H. Lee, H. C. Park, W. Hwang, Mech.
Compos. Mater., 42 (2006) 173

90



[49] S. E. Jee, P. S. Lee, B. J. Yoon, S. H. Jeong, K. H. Lee, Chem. Mater., 17
(2005) 4049

[50] Charles A. Harper editor-in-chief, Handbook of Ceramics, Glasses, and
Diamonds, The McGraw-Hill companies, 2001 chapter 4

[51] X.J. Xu, G. T. Fei, L. Q. Zhu, X. W. Wang, Mater. Lett., 60 (2006) 2331
[52] Y. Kanamori, K. Hane, H. Sai, H. Yugami, Appl. Phys. Lett., 78 (2001) 142
[53] ASTM standard B680-80

[54] http://www.mts.com/stellent/groups/public/documents/library/dev_003371.
pdf

[55] N. Suzuki, T. Uchida, K. Suzuki, Cryoganics, 38 (1998) 363

[56] I. Vrublevsky, V. Parkoun, V. Sokol, J. Schreckenbach, W. A. Goedel,
Microchim Acta, 156 (2007) 173

[57] Raymond Chang, “Chemistry” , McGraw-Hill Inc., 1991

[58] Reed-Hill, Robert’E.; Physical Metallurgy-Principles 3" Edition, PWS
Publishing Company.

[59] B. D. Flinn,R. K. Bordia, A. Zimmermann, J. Rédel, J. Euro. Cera. Soc., 20
(2000) 2561

[60] M. K. Tripp, C. Stampfer, D. C. Miller, T. Helbling, C. F. Herrmann, C.
Hierold, K. Gall, S."M. George, V. M. Bright,Sensors and Actuators A, 103
(2006) 419

[61] S. Puchegger, F. Dose, D. Loidl; K. Kromp, R. Janssen, D. Brandhuber, N.
Hiising, H. Peterlik, J. Euro..Cera. Soc., 27 (2007) 35

[62] T. Isobe, Y Kameshima,.A. Nakajima, K- Okada, /Y. Hotta, J. Euro. Cera.
Soc., 27 (2007) 53

[63] T. L. Anderson, Fracture Mechanics (fundamentals and applications) 31
edition, Taylor and Francis Group; 2005

[64] Inglis, C.E., “Stresses in‘a Plate Due to the Presence of Cracks and Sharp
Corners.” Transactions of the Institute of Naval Architects, 55 (1913) 219

[65] Griffith, A.A., “The Phenomena of Rupture and Flow in Solids.”
Philosophical Transactions, Series A, 221 (1920) 163

[66] D. H. Fan, G. Q. Ding, W. Z. Shen, M. J. Zheng, Microporous and
Mesoporous Mater., 100 (2007) 154

[67] H. Takahashi, K. Fujimoto, H. Konno, M. Nagayama, J. Electrochem. Soc.,
131 (1984) 1856

[68] J. Choti, Y. Luo, R. B. Wehrspohn, R. Hillebrand, J. Schilling, J. Appl. Phys.,
94 (2003) 4757

[69] R. W. Rice, J. Mater. Sci., 40 (2005) 983

[70] J. Kovacik, J. Mater. Sci. Lett., 18 (1999) 1007

91


http://www.mts.com/stellent/groups/public/documents/library/dev_003371.pdf
http://www.mts.com/stellent/groups/public/documents/library/dev_003371.pdf

[71] C. T. Herakovch, S. C. Baxter, J. Mater. Sci., 34 (1999) 1595

[72] C. Reynaud, F. Thévenot, T. Chartier, J. L. Besson, 25 (2005) 589

[73] M. Asmani, C. Kermel, A. Leriche, M. Ourak, J. Euro. Cera. Soc., 21 (2001)
1081

[74] Y. B. P. Kwan, D. J. Stephenson, J. R. Alcock, J. Mater. Sci., 35 (2000)

1205

92



