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Abstract — The analysis of the behavior of the
micro-diaphragm biosensor for human artery
pulse wave detection has been presented in
this paper. This includes the study of the effect
of the diaphragm structural parameters on
the static and dynamic performances such as
sensitivity and natural frequency. It can be
concluded that the modeled micro-diaphragm
with a radius of 175pm and thickness of 4um
respectively has satisfied the maximum
allowable deflection and operates in optimum
frequency response.

I. INTRODUCTION

The arterial pressure waveform can be assessed
noninvasively by using the technique of pulse
wave analysis. Pulse wave analysis is a
noninvasive method that measures small vessel
and large vessel compliance derived from the
radial artery. The shape of the arterial pressure
waveform provides a measure of the stiffness of
the artery [1]. Therefore, the pulse pressure
waveform can be used to diagnose
atherosclerosis. Atherosclerosis is the buildup of
fatty deposits (plaque) on the inside walls of the
arteries. Plaques will reduce the blood’s flow
through the artery [2].

Most of the atherosclerosis diagnosis
method, regardless of their cost and invasiveness
conditions, can present only the percentage of
arterial occlusions. There is no information about
the degrees of sclerosis and stiffness of the
arteries can be directly achieved by them. [3,4].
The study of arterial pulse wave analysis has
shown its potential to indicate physiological
changes due to the atherosclerosis or peripheral
vascular disease (PVD) [4,5]. The peripheral
vascular disease is a condition similar to the
coronary artery disease. People with PVD often
have fatty buildup in the arteries of the heart and
brain [5].

170 1-4244-2561-7/08/$20.00 ©2008 IEEE

Because of correlation between
atherosclerosis and PVD [5], some noninvasive
methods have been focused on blood pressure
and structures of peripheral arteries were
reviewed in [6]. The methods can partly inform
physicians about atherosclerosis conditions. For
severe atherosclerosis, the duplex
ultrasonography, which is a combination of
Doppler ultrasound and real-time brightness-
mode imaging is more accurate [5,6]. However
this technique is depended on operator and
location of diseased.

Angiography technique is also used in
diagnosis of the atherosclerosis. The angiography
is used to look inside the arteries to see if there is
any blockage in the wall of the arteries [5]. This
is the most accurate way to assess the presence of
severity of vascular diseases [5]. However
angiography is invasive and has relatively high
cost.

Nowadays, most of the sensor is designed by
using Micro-electro-mechanical- system
(MEMS) technology [6,7]. Sensing principles
such as capacitive [6], piezoresistive [7], and
optical [8,9] MEMS have a good potential in
biomedical application. The ability to guide
signals to and from a measurement site has made
the optical MEMS technology attractive in
designing of a biosensor.

In this paper, the radius and thickness of the
diaphragm were varied in order to investigate
their effect on natural frequency, deflection,
stress and sensitivity.

II. METHODOLOGY

Light emitting diode (LED) will be used as a
light source. Light from an LED will be
transmitted via optical fibers and reflected back
from a fixed surface of human wrist. A Sensor
consists of an elastic metal-coated silicon
diaphragm is fitted onto the end of a fiber optic
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cable. This silicon diaphragm sensor will deflect
under applied pressure [10].

The sensor is demodulated by detecting the
shift of the reflected or transmitted spectrum or
change in intensity of the light spectrum which
both results from changes in optical path length
[10,11]. The diffused components of the
reflected light will strike a diaphragm which is in
contact with the skin on a superficial artery.

Light source spectrum and reflected
interference pattern can be extracted from this
sensor [12]. From the reflected spectrum, the
locations where the interference is minimum,
will be used to calculate the cavity length of the
sensor and thereby the diaphragm deflection and
corresponding pressure [13]. The reflected
waveform would produce the information about
the stiffness and elasticity of the wall of the
artery.

Solid circular diaphragm and fabrication
process diaphragm were constructed and
modeled using MEMS design software,
(Intellisuite). The solid circular diaphragm has
been designed in “Intellifab” module. The
diaphragm was coated with chromium and
titanium to enhance reflection off the diaphragm
[10]. Silicon nitride has been chosen as the
material for the diaphragm since it is transparent
in optical range [13]. Further analysis on the
behavior of the diaphragm has been conducted in
“Thermoelectromechanical”  module. The
thickness and radius of the diaphragm were
varied to evaluate its behavior.

Load-deflection method is a well known
method for the measurement of elastic properties
of the diaphragm [14]. In this design, the load-
deflection relationship of a circular diaphragm is
applied [15]:
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where y. is deflection, P is applied pressure, u is
Poisson’s ratio, £ is Young’s Modulus, /# and a
are  diaphragm thickness, and effective
diaphragm radius respectively.

The Reyleigh-Ritz method is used to find the
frequency of the lowest mode of vibration [16].
The frequency of the circular diaphragm used in
this study is:
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where a,, and p are constants related to the
vibrating modes of the diaphragm and mass
density of the diaphragm material, respectively.

IIT. RESULTS & DISCUSSIONS

Simulation results for deflection, stress,
sensitivity and natural frequency of the
diaphragm are shown in Figures 1, 2 and 3. Fig.
1 illustrates that when the thickness and the
radius of the diaphragm are small and large
respectively, the deflection of the diaphragm will
increase. This happens due to the relative
increase in the diaphragm’s stiffness as
supported in Eq. (1).
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Fig. 1 Relationship between deflection, thickness and
radius of the diaphragm.

However, when the size of the diaphragm is
increased, the deflection and stress is also
increased as shown in Fig. 2. If the radius is
larger than 200 pm, the diaphragm will deflect
by more than lpm (Fig. 2). This phenomenon is
due to the diaphragm’s bending stress which has
been increased. Therefore, the range of the radius
of the diaphragm must be selected within 150 um
to 200 um in order to optimize the performance
of the diaphragm as shown in Fig. 2.

The result for the relationship between
sensitivity, natural frequency and radius of the
diaphragm is shown in Fig. 3. The result
illustrates that the sensitivity of the diaphragm
will be increased whilst the frequency will be
reduced when the radius of the diaphragm is
increased as in agreement with Eq. (2).
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Fig. 2 Deflection and stress versus radius of the
diaphragm
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Fig. 3 Sensitivity and natural frequency of the
diaphragm versus radius of the diaphragm

In this study, the thickness and radius of the
diaphragm are selected depending upon the pulse
pressure range (less than 300mmHg). According
to [17,18], the diameter of normal human artery
is between 2.5mm to 3mm. Since the sensor will
be attached externally to the surface of human’s
wrist, the sensor must be smaller than the size of
human artery. As a result, the pressure will not
cause any deflection to the diaphragm by more
than 1pm [19].

Therefore, referring to Figures 2 and 3, the
diaphragm with a thickness of 4um and radius of
175pm were selected. Previous research findings
by [20] has also shown that the diaphragm
achieved high sensitivity when these dimensions
(thickness and radius of 4pm 175pum
respectively) were selected. This diaphragm must
be capable to deflect linearly [14]. In order to
ensure the diaphragm operates in a linear range,
the natural frequency of the diaphragm should be
at least 2.5 times larger than the applied
frequency [15]. Since the sensor is designed for
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biomedical application, the diaphragm should be
able to operate in frequency range up to 50 kHz.
Therefore, the diaphragm should have a
minimum natural frequency of 0.IMHz (2.5
times larger than 50kHz). Due to these
requirements, the diaphragm with a thickness of
4pm and radius of 175pm was found to be the
optima and selected. These radius and thickness
of the diaphragm give maximum deflection and
sensitivity of 0.32um and 1.08nm/mmHg
respectively. It also shows that the stress and
frequency of the diaphragm are 36.5MPa and
0.63 MHz, respectively (as shown in Figures. 2
and 3).

IV. CONCLUSIONS

The analysis of the behavior of the micro-
diaphragm biosensor has been presented in this
paper. It was found that the deflection, stress and
sensitivity of the diaphragm increased when the
thickness and radius of the diaphragm are small
and large, respectively. However, any increased
in deflection and sensitivity of the diaphragm
will decrease the natural frequency of the
diaphragm. With the diaphragm’s radius of
175pm and thickness of 4um, the sensitivity and
the frequency of the diaphragm achieved and
optimized are 1.08nm/mmHg and 0.63MHz,
respectively. Thus, this modeled micro-
diaphragm satisfied the maximum allowable
deflection and operates in optimum frequency
response.
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