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(54) Title: A PRESSURE SENSOR

101~

; (57) Abstract: The present invention relates to a pressure sensor comprising:

Ittt ttstnn s

_«_«\ﬁﬁ

101

(a) (b)

figure 2

a diaphragm (101) as a mechanical deforming structure when pressure ap-
plied onto; a resistor (103) to measure the change in resistance and produce
electrical output due to the change in stress level upon the deformation of the
%2 diaphragm (101); characterized in that the diaphragm (101) comprising a hole
(105) etched on the diaphragm (101) configured to amplity and concentrate
the stress level on the diaphragm (101) upon the deformation, producing the
highest stress region at the edge of the diaphragm (101).
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Description

Title of Invention: A PRESSURE SENSOR
FIELD OF INVENTION

The present invention relates to a device that detects external pressure presents in
surroundings.

BACKGROUND OF THE INVENTION

Pressure sensor is one of the most successful MEMS/NEMS products and has
undergone a significant increase of demand in various types of application such as au-
tomotive, healthcare, biomedical, aquaculture and environmental monitoring ap-
plications. The pressure sensor works on the principle of mechanical deformation of
diaphragm when the pressure is applied at the surface diaphragm. During the de-
formation, the diaphragm would experience the surface stress difference which propor-
tionally with the magnitude of pressure applied. In common practice, the piezoresistor
that connected together in the form of Wheatstone Bridge Circuit would be used as a
sensing element to electrically translate the stress into meaningful pressure signal.
Therefore, based on this principle work, the diaphragm design that can give a high
stress difference during application of measurement is desirable especially applications

requiring very high sensitive pressure. At present, there are several available methods
is used to increase the pressure sensor sensitivity which are 1) Fabricate a thin film
diaphragm - Well known method to increase the pressure sensor sensitivity is by fab-
ricating the sensor diaphragm as thin as possible in order to maximize the load de-
flection response. However the thin diaphragm will result the nonlinear effect which
are not desirable for high accuracy applications. 2) Introduce of structures on
diaphragm - Deposit the structure on the diaphragm can amplify the stress that con-
centrates between the joining part (diaphragm part and structure part). However, ad-
ditional structure on diaphragm will increase the diaphragm stiffness properties which
in turn would make the diaphragm hard to deform. Thus it is not suitable for the low
pressure applications. 3) Fabricate a multi level thickness of diaphragm - Multi level
thickness of diaphragm would produce a multiple spot and wide range of high stress
level. However, the fabrication process for the multi level diaphragm is very complex.
Moreover, the piezoresistor need to attach from the centre to the pressure sensor edges
which (usually only at the edges of pressure sensor) would also increase the diaphragm
stiffness.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, the present invention provides a
pressure sensor comprising: a diaphragm (101) as a mechanical deforming structure

when pressure applied onto; a resistor (103) to measure the change in resistance and
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produce electrical output due to the change in stress level upon the deformation of the
diaphragm (101); characterized in that the diaphragm (101) comprising a hole (105)
etched on the diaphragm (101) configured to amplify and concentrate the stress level
on the diaphragm (101) upon the deformation, producing the highest stress region at
the edge of the diaphragm (101).

The above provision is advantageous as it introduces a Stress Concentration Region
(SCR) in the form of holes on diaphragm surface in order to increase the surface stress
difference when the pressure is applied. The hole introduced on the pressure sensor
diaphragm would create a discontinuity in surface pressure sensor diaphragm. Hence,
when a load pressure is applied on the diaphragm, the diaphragm would experience a
high stress difference that would concentrate in hole vicinity. Therefore, by proposing
this technique, the pressure sensor sensitivity can be increased without compromising
with the linearity, deflection response and the stiffness properties.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates stress distribution diagram of the diaphragm (101) of the present
invention.

Figure 2 illustrates (a) the location of the resistors (103), and (b) its location of the
present invention.

Figure 3 illustrates one of the embodiments of the present invention.

Figure 4 illustrates the simulation result that shows the SCR hole gives the highest
stress region at the edges of pressure sensor membrane.

Figure Sillustrates the simulation result that shows the stress comparison between
different depths of SCR hole on the diaphragm structure.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Generally, the present invention relates to a pressure sensor comprising: a diaphragm
(101) as a mechanical deforming structure when pressure applied onto; a resistor (103)
to measure the change in resistance and produce electrical output due to the change in
stress level upon the deformation of the diaphragm (101); characterized in that the
diaphragm (101) comprising a hole (105) etched on the diaphragm (101) configured to
amplify and concentrate the stress level on the diaphragm (101) upon the deformation,
producing the highest stress region at the edge of the diaphragm (101).

In view of that, the present invention tends to overcome the aforementioned issue by
using SCR technique where the hole (105) is introduced on the diaphragm (101). By
introducing the hole (105) on the diaphragm (101) it would result the discontinuity
thus amplifies the surface stress in the hole vicinity.The hole (105) can be round, or
square, or oval of shape. The hole (105) is etched at the depth of range of 10-90% of
the thickness of the diaphragm (101).The aforementioned SCR maybe only a simple

circle hole at any place of plate and the plate is subjected to uniform tensile load at the
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free ends as shown in Figure 1. Stress distribution at a section A-A passing through
the hole (105) and another section B-B away from the hole (105). Stress distribution
away from the hole (105) is uniform but at section A-A, there is a sharp rise in stress in
the vicinity of the hole. Sharp rise at section A-A is described as highest surface stress
region and denoted as where it can be expressed as followed (Joshi et al, 2007). So,
based on this potential concept, it shows that by introducing a hole on a diaphragm for
the pressure sensor application, it amplifies the stress at hole vicinity due to applied
pressure. Hence this approach is very beneficial to get a high sensitive pressure sensor.
Preferably, the present invention is incorporated with a group of resistors that
connected together in the form of Wheatstone Bridge circuit as shown in Figure 2.The
diaphragm (101) structure must be

encapsulated so it can measure the pressure from the top or bottom without pressure
leak.This resistor (103) is attached at the centre of the edge of the diaphragm (101)
where this region usually would have high stress region. Hence, in this invention, a
hole (105) would be introduced at each diaphragm edges in order to amplify this stress
region. Figure 3 shows the hole (105) that is introduced at the diaphragm (101). So
that, by attaching the resistor (103) in this high level stress concentration region, it pro-
portionally increases the electrical output voltage thus the increase the pressure sensor
sensitivity. Figure 4 is the simulation result that shows the SCR hole gives the highest
stress region at the edges of pressure sensor membrane while Figure 5 is simulation
result that shows the stress comparison between different depth of SCR hole on the
diaphragm structure.

Although the invention has been described with reference to particular embodiment,
it is to be understood that the embodiment is merely illustrative of the principles and
applications of the present invention. It is therefore to be understood that numerous
modifications may be made to the illustrative embodiment that other arrangements
may be devised without departing from the scope of the present invention as defined

by the appended claims.
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[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]
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Claims

A pressure sensor comprising:

a diaphragm (101) as a mechanical deforming structure when pressure
applied onto;

a resistor (103) to measure the change in resistance and produce
electrical output due to the change in stress level upon the deformation
of the diaphragm (101);

characterized in that

the diaphragm (101) comprising a hole (105) etched on the diaphragm
(101) configured to amplify and concentrate the stress level on the
diaphragm (101) upon the deformation, producing the highest stress
region at the edge of the diaphragm (101).

A pressure sensor as claimed in Claim 1, wherein the resistor (103) is
located at the highest stress region.

A pressure sensor as claimed in Claim 1, wherein the hole (105) is
etched at the depth of range of 10-90% of the thickness of the
diaphragm (101).

A pressure sensor as claimed in Claim 1, wherein the diaphragm (101)

is encapsulated.
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Stress comparison for SCR on different offset
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