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Deflection versus time for polyimide diaphragm
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Figure 3.4: Fabrication process for the diaphragm. (a) Release layer (2um silicon dioxide) is deposited
onto the silicon wafer. (b) Diaphragm material is deposited onto the wafer as diaphragm layer. (c)
Diameter hole is patterned by using deep reactive ion etching (DRIE). (d) Etching process using DRIE to
form cavity walls. (¢) 200A chromium and 1000A Titanium will be evaporated onto the whole wafer as a
reflective metal layer.
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Figure 3.5: Example of the masks for patterning process (a) Mask 1 (b) Mask 2 (c) Mask 3 (d) Mask 4

3.3 Micro-Diaphragm Performance Analysis

When the solid model of the micro-diaphragm was designed in the Inrellifab™
module, the performance of micro-diaphragm was further analyzed using the
Thermoelectromechanical™ module. Generally, there are three types of micro-
diaphragm namely circular, square and rectangular diaphragms. Due to the negligence of
residual stress at the edge of diaphragm surface, the circular shape has been chosen as

the micro-diaphragm for the optical pulse pressure sensor (Correia ef al., 1998).
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Figure 3.9: Vibration modes: (a) Symmetrical vibration modes (b) Asymmetrical vibration modes
(reproduce from Hong et al., 2006)

Table 3.3: Values of constant &, (reproduced from (Giovanni, 1982, Xu, 2005):

o n=0 n=] n=2
m=( 10.21 21.22 34.48
m=1 39.78 60.82 84.58
m=2 88.90 120.12 153.76
n=0m=0 n=0m=1 n=0 m=2

n=1m=0 n=2 m=0 n=1m=1

Figure 3.10: Nodal circles and nodal diameters

The micro-diaphragm vibration was analyzed in terms of free diaphragm

vibration and force diaphragm vibration analyses.

57




































Hence, based on analyses of S/N ratio and Pareto ANOVA, the optimum levels
for each control factor could be attained. In order to achieve adequate deflection and
sensitivity, the larger-the-better characteristic was employed for the diaphragm
deflection and diaphragm pressure sensitivity. Meanwhile, the smaller-the-better

characteristic was applied to obtain low vibration frequency of the diaphragm.
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4.2.1 Static Response Analysis
The analysis of static response is divided into three which are diaphragm’s
deflection, sensitivity and stress distribution.

(i) Diaphragm Deflection

Figures 4.1 (a) to (¢) show an exémple of deflection distribution from top,
bottom and side views respectively. The highest and lowest diaphragm deflections are
indicated by dark blue and red respectively. It can be seen from the figure that the micro-
diaphragm deflected from the outer surface and achieved its maximum deflection of 0.9

um at the centre of the micro-diaphragm.

(a) (b)

©

Figure 4.1: Diaphragm deflection from (a) top view (b) side view and(c) bottom view
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Figure 4.20: The mean signal-to-noise ratio graph for diaphragm deflection and diaphragm pressure

sensitivity
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Figure 4.21: The mean signal-to-noise ratio graph for resonance frequency


































In addition, a diaphragm based dual optical sensor can be designed for pulse
pressure measurements. This diaphragm based dual optical sensor can increase the
measurement linearity and avoid optical intensity loss (Dagang er al., 2006). This
proposed design can successfully measure the pulse pressure. Thus, the diaphragm based
dual optical sensor can be applied in designing the optical pulse pressure sensor.

5.2.2 Test & verification

This study only focused on the modelling of the micro-diaphragm structure. The
analysis of the micro-diaphragm performance was conducted on the simulation basis but
the actual fabrication was not conducted. Therefore, the realization of the actual micro-

diaphragm is still needed for test and verification.
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APPENDIX C

CALCULATION FORMULA IN TAGUCHI METHOD

Calculated S/N ratio
Experiment Run Factor Designation Calculated S/N Ratio
A B C Deflection Sensitivity Resonance
Frequency
1 1 - 3 AlBICI D1 El F1
2 g A2BICI D2 E2 F2
3 Ry o A1B2ClI D3 E3 F3
B 2 awdwd A2B2C] D4 E4 F4
5 1 U2 AlBI1C2 D5 ES F5
6 > (—] W, A2BIC2 D6 E6 F6
7 J PSR! R A1B2C2 D7 E7 F7
8 2.2 2 A2B2C2 D8 E8 F§
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