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A Study on the Fracture Behavior of Quartz Glass(II)
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<Abstract>

Glass—to-metal contact should be prevented in the design
of any structural glass component. Because glass is
extremely brittle and will fracture readily if even a small
point load is applied. If the assembly includes a glass
component supported by metallic structure, designers
should provide a pliable interface of some kind between the
two parts. But there happens high demand of glass—to
metal contact in semiconductor industries due to adoption
of dry cleaning process as one of the good solution to
reduce running cost - carry out equipments cleaning with
high corrosive and etching gas such as CF4 with keeping
process temperature as the same as high service
temperature. Therefore the quartz glass have to be
received compression by direct contact with metal as the
form of weight itself and vacuum pressure and fatigue by
vibrations caused by process during the process. In this
paper investigation will be carried out on fracture behavior
of quartz glass contacted with metal directly under local
load and fatigue given by process vibration with apparatus
which can give lox\cal load and vibration through PZT
ceramics to give guideline to prevent unintended fracture of
quartz glass.
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Fig. 1. Fracture surface of glass formed by
indentation.

Fig. 2. Scheme of typical Fracture surface of
formed by bending load.

Fig. 3. Fracture surface of quartz glass formed
by bending load.
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Fig. 4. Test apparatus including specimen.
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Table 4. Test results of compressive strength

Torque Force Area P P
2 9
Table 1. Test conditions to determine proper (kgf.cn) (kgf) (cn) ( kgffer) |( x10" Pa)
50 500 0.24 2,031 0.20
torque
50 500 0.24 2,031 0.20
Fused Quartz Glass 50 500 0.24 2,031 0.20
Specimen ) 45 450 0.24 1,828 0.18
0.56
of contact area cm 50 500 0.24 2,031 0.20
PZT received the pressure AE0505D16
32 AlEHY T BEE 4
Type of Torque Wrench DB Type § 1 :] - o o
1 g8 =3l Ansys WorkBench 10.0S ©]
goto] AZe e RES 43 23 Fig 5 %
Table 2. Physical properties of Fused Quartz Table 5 o] UEhd A3} 7ro] AlZo] 1 Fujst
glass 8KHz oldom mjs- ol A4 ¥4 Zof 2xlo|
Density 2.2x10° kg/m’ dojd FEL2 ¢ vt Zloz FAEATE
Hardness 5.576.4 Mohr's scale

570KHN; 00
4.8x10" Pa (N/m®)

Greater than ,
1.1x10° Pa (N/m%

7.2x10" Pa (N/m?)

Poisson’s ration 0.17

Design tensile strength

Design compressive
strength

Young’'s modulus

Coefficient of thermal

. ]
expansion 55x10 " cm/cme C

14 W/me C
670 J/kg e C

Thermal conductivity

Specific heat

Table 3. Characteristic of PZT

Model Number AE0505D16
Max drive voltage (V) 150
Displacement at 150V (1m) 17.4+2.0
Generated force (N) 580
Tensile strength (N) 100
Young’s modulus (N/m?) 4.4x10"

0o 20,00 fmem) }'\-—-
= 20
1060

Fig. 5. 1'st Frequency mode of the glass.

Table 5. Natural frequency of glass

First natural frequency 82,115 Hz
Second natural frequency 122,129 Hz
Third natural frequency 122,158 Hz

3392 ANg

g oo Agg hdAeb o] sl5 EAXE
Fig. 48x9] dAlgtde] Eod #AAE o]&3F
o] ¢t Ro] A1Z Edlo] a5 Folsle] Fig.

- 215 -



Hod w2l B9 Aol Bt

62 ek ez el A (DS =Fskieh

Output Voltage (mV)

= 90,6923 + 308440 x 3% Kgf. cm (1)
0 3% 2 AE 5 49 fae) s AR

< AR Hal Mg el Aol o] o] Fo
A2 o= el A ekl 40kgf.em®] SO
#¥ A (Crack)= A T F 7] 5A0] g4
AlEhel] AelolEle eAR Az FA
Fig. 76l vebd g=]o) -"J'SH Table 6.0 FAIE =
HAow S Folate] o] o3k o] X
S5 3lo] Table 79 @JJr::: Ak

hatt

Ouput Wolta = 50,8923 + 3.08440 Loscikarn)

S= 0316306 RSg= 1000%  FSoad)= 10.0%

00—

a0 —

Qutput Volta

100 —
T

i} 10 0 30 40 a0 &0 70

Load(kgf)

6. Output Voltage of PZT depending on
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Fig. 7. Scheme and view of experiment

apparatus.

7D

Table 6. Test Conditions

Volat
appﬁe%g&/')

2
4
82 Hz 6
3
10

Load Frequency applied

40 kgf

Table 7. Test Results

Voltage Time
applied(V) e oment(He
2 Above 72
4 Above 72
6 Above 72
3 Above 72
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Fig. 8. Macroscopic view of fracture specimen.
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20kV 58 x 2008

Fig. 10. Microscopic view of fracture surface
load

shows typical cleavage surface identified

formed by simple compressive

with section #1 in Fig. 9.

20.8ym B90S
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Fig. 11. Detail view on section indicated with
blue arrow shows river pattern.
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Fig. 12. Microscopic view of fracture surface
formed by vibration load shows a lot of
beach mark and cleavage steps identified
with section #2 in Fig.9.
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Fig. 13. Detail microscopic view of fracture surface
in Fig. 12 shows a lot of beach mark and
cleavage steps.

200rm 0937 B86-85 1'7:

Fig. 14 Microscopic view of fracture surface formed
by the additional simple compressive load
identified with section #3 shows crack
boundaries between mode of load.
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Fig. 15. Macroscopic view of fracture on Fused
Quartz Glass happened during process.

Fig. 16. Fracture surface shows fatigue fracture
on the surface.
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