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(54) Title: VERTICAL PRESSURE SENSOR

[Fig. 2]

(57) Abstract: Disclosed herein is a vertical pressure sensor. The
vertical pressure sensor includes a pressure application unit hav-
ing a diaphragm to which strain gauges are attached, a socket unit
surrounding a circumference of the diaphragm of the pressure ap-
plication unit, the socket unit having a through hole, first to fourth
electrode terminals provided at the upper end of the socket unit in
a Wheatstone bridge circuit pattern, one end of each of the elec-
trode terminals exposed through the through hole being electrical-
ly connected to a corresponding one of the strain gauges by wire
bonding, the other end of each of the electrode terminals protrud-
ing from the upper end of the socket unit to constitute an elec-
trode tip, a circuit board connected to the first to fourth electrode
terminals to convert a pressure value into an electrical signal, and
electrode rods connected to the circuit board to transmit the elec-
trical signal outside.
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Description

VERTICAL PRESSURE SENSOR
Technical Field

The present invention relates to a sensor that is capable of measuring pressure
transmitted to one end thereof, and, more particularly, to a vertical pressure sensor
wherein assembly efficiency of components constituting the vertical pressure sensor is
improved under conditions in which the sectional area for installation of the vertical

pressure sensor is limited.

Background Art

In a pressure measuring structure, a diaphragm is generally provided perpendicularly
to the direction in which pressure is applied such that the diaphragm can be finely
elastically deformed due to the pressure applied to the diaphragm, and four strain
gauges are attached to the top of the diaphragm so as to convert the elastic deformation
of the diaphragm into an electrical signal (generally, a voltage displacement
difference). At this time, the strain gauges are attached to the diaphragm such that the
strain gauges are provided in a pair symmetrical with respect to the center of the
diaphragm. A Wheatstone bridge circuit formed on a printed circuit board (PCB) ac-
curately calculates a pressure value applied to the diaphragm from the electric signal
obtained by the strain gauges.

Generally, a pressure sensor may include an input unit, having a diaphragm, to
receive external pressure, a first circuit board electrically connected to strain gauges of
the diaphragm to receive an electric signal from the strain gauges and processing the
received electric signal using a Wheatstone bridge circuit, and a second circuit board
electrically connected to the first circuit board, the second circuit board having a circuit
device to transmit a pressure value to a controller provided outside the sensor.

Meanwhile, the size of the pressure sensor may be restricted. For example, a pressure
sensor may be mounted to an external signal processing (ESP) module used in an
antilock brake system (ABS) for automobiles. As is well known, a solenoid valve, a
pump line and the like are densely disposed in the ESP module. The ESP module is
filled with a highpressure fluid, which is pulsated to perform braking when the ESP
module is driven. The components of the ESP module are disposed as densely as
possible so as to reduce the size of the device. In addition, it is necessary to configure a
pressure sensor provided to sense pressure of the fluid in the ESP module such that the
sectional area of the pressure sensor is limited.

Such a pressure sensor is schematically shown in FIG. 7, which is a sectional view il-

lustrating a conventional pressure sensor.
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A diaphragm 221 is formed at the upper end of an input unit 220, which is coupled to
the lower end of a cylindrical casing 210. Four strain gauges 222 are attached to the
top of the diaphragm 221. A socket 223, made of a metal material, is coupled to the
upper part of the input unit 220 such that the socket 223 surrounds the input unit 220.
A first circuit board 230 having a Wheatstone bridge circuit mounted therein is
securely coupled to the upper end of the socket 223.

The strain gauges 222 are electrically connected to the first circuit board 230 by wire
bonding such that influence on elastic deformation of the diaphragm 221 is minimized.
In this case, the distance between the top of the diaphragm 221, to which the strain
gauges 222 are attached, and the first circuit board 230 is restricted such that the
distance does not exceed a predetermined value, i.e., such that welding portions are not
separated from opposite ends of wires 240, which are inclined, when the relative
position between the strain gauges 222 and the first circuit board 230 is changed due to
elastic deformation of the diaphragm 221.

Meanwhile, a second circuit board 270 is coupled to the upper end of the cylindrical
casing 210. Electrode rods 250 disposed in the pressure sensor 200, such that the
electrode rods 250 protrude upward from the pressure sensor 200, to transmit a
pressure value to the outside are electrically connected to the top of the second circuit
board 270. The second circuit board 270 is provided with elastic terminals 260
protruding downward to receive the pressure value generated by the first circuit board
230.

The first circuit board 230 is provided at the center thereof with a hole through which
the strain gauges 222 are connected to the first circuit board 230 by wire bonding. It
may be assumed that a plurality of electrode rods are mounted around the hole of the
first circuit board 230 in order for the first circuit board 230 to be directly electrically
connected to contact points (not shown) of an ESP module. In this case, the distance
between the respective electrode rods is great due to the hole formed at the center of
the first circuit board 230, with the result that the electrode rods may not be aligned
with the respective contact points formed at the ESP module. For this reason, the
second circuit board 270 is further provided between the first circuit board 230 and the
contact points of the ESP module such that the first circuit board and the second circuit
board are electrically connected to each other via a plurality of electrode rods disposed
at great intervals, and electrical connection between the second circuit board and the
ESP module via a plurality of electrode rods densely disposed at the center of the
second circuit board. In the conventional pressure sensor, as described above, the hole
is formed in the first circuit board, and therefore, the first circuit board and the second
circuit board are necessary.

Also, each of the elastic terminals 260 includes an outer pipe body 261 having a
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spring (not shown) mounted therein, the outer pipe body 261 fixedly extending through
the second circuit board 270, and an inner pipe body 262 disposed in the outer pipe
body 261 such that the inner pipe body 262 can elastically slide upward. The outer pipe
body 261 and the inner pipe body 262 are made of a conductive material. When the
input unit 220 is inserted into the lower end of the cylindrical casing 210, the elastic
terminals elastically move upward to contact an electrical pattern (not shown) formed

on the first circuit board 230.
The elastic terminals 260 cannot be fixed to the first circuit board 230 because the

distance between the top of the diaphragm and the first circuit board is restricted. That
is, if the outer pipe body 261 is placed under the first circuit board 230 so as to
securely couple the elastic terminals 260 to the first circuit board 230, the distance
between the strain gauges 222 and the first circuit board 230 is excessively increased
due to the length of the outer pipe body 261 protruding from the lower end of the first
circuit board 230, with the result that welded portions of the wires may not be stably
maintained during a designed life span.

In the conventional pressure sensor, therefore, the first circuit board having the
Wheatstone bridge circuit and the second circuit board having a circuit device are
separated from each other in a state in which the second circuit board is disposed
above the first circuit board, and the upper and lower circuit boards are connected to
each other via the elastic terminals, due to a restricted area of the pressure sensor.

Since the elastic terminals are used in the conventional pressure sensor, the distance
between the first and second circuit boards is increased so as to provide a space
necessary for the elastic terminals to expand and contract, with the result that the
vertical length of the pressure sensor is increased.

Also, each of the elastic terminals includes a plurality of components, such as the
outer pipe body, the inner pipe body, and the spring, with the result that assembly ef-

ficiency is lowered, and manufacturing costs are increased.
Disclosure of Invention

Technical Problem

Therefore, the present invention has been made in view of the above problems, and it
is an object of the present invention to provide a vertical pressure sensor wherein the
sectional area for installation of the vertical pressure sensor is minimized, and
assembly efficiency of components of the vertical pressure sensor is improved.

It is another object of the present invention to provide a vertical pressure sensor
wherein an electrical signal measured by strain gauges is transmitted to an electric
circuit using a simple structure, whereby stability and safety of the vertical pressure

sensor are improved, and assembly of the vertical pressure sensor is easily achieved.



WO 2011/046302 PCT/KR2010/006248

[17]

[18]

[19]

[20]

It is a further object of the present invention to provide a vertical pressure sensor
having improved shielding performance.
Technical Solution

In accordance with an aspect of the present invention, the above and other objects
can be accomplished by the provision of a vertical pressure sensor including a pressure
application unit configured to be deformed by a fluid, which is an object to be
measured, contacting a back thereof, the pressure application unit being provided at the
upper end thereof with a diaphragm to which strain gauges are attached at the top
thereof, the pressure application unit being coupled to the lower part of a sensor
housing, a socket unit surrounding the circumference of the diaphragm of the pressure
application unit such that the socket unit is spaced apart from the diaphragm by a pre-
determined distance, the socket unit having a through hole corresponding to the upper
end of the diaphragm, first to fourth electrode terminals provided at the upper end of
the socket unit in a Wheatstone bridge circuit pattern, one end of each of the first to
fourth electrode terminals exposed through the through hole being electrically
connected to a corresponding one of the strain gauges by wire bonding, the other end
of each of the first to fourth electrode terminals protruding from the upper end of the
socket unit to constitute an electrode tip, a circuit board connected to the first to fourth
electrode terminals to convert a measured pressure value into an electrical signal, and
electrode rods connected to a top of the circuit board to transmit the electrical signal to
the outside.

Also, the through hole may be provided at an inner circumference thereof with first
and second exposure grooves. In addition, one end of each of the first and third
electrode terminals disposed opposite to each other may be exposed through a corre-
sponding one of the first and second exposure grooves, and one end of each of the
second and fourth electrode terminals may be exposed through a corresponding one of
the first and second exposure grooves.

Also, the strain gauges may be attached to the diaphragm on an imaginary line
passing through a center of the diaphragm, and the strain gauges may include a first
pressure resistance element, a second pressure resistance element, a third pressure re-
sistance element, and a fourth pressure resistance element attached to the diaphragm
such that the first and second pressure resistance elements and the third and fourth
pressure resistance elements are positioned symmetrically with respect to the center of
the diaphragm and such that the first pressure resistance element and the second
pressure resistance element correspond to each other, and the third pressure resistance
element and the fourth pressure resistance element correspond to each other. Fur-

thermore, the fourth pressure resistance element and the third pressure resistance
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element may be connected to the first electrode terminal and the third electrode
terminal exposed through the first exposure groove, respectively, and an electrode
located between the third pressure resistance element and the fourth pressure resistance
element may be connected to the second electrode terminal exposed through the first
exposure groove. In addition, the second pressure resistance element and the first
pressure resistance element may be connected to the first electrode terminal and the
third electrode terminal exposed through the second exposure groove, respectively, and
an electrode located between the first pressure resistance element and the second
pressure resistance element may be connected to the fourth electrode terminal exposed

through the second exposure groove.
Also, the vertical pressure sensor may further include a shielding shell coupled to the

circuit board so as to surround a top of the circuit board. The shielding shell may be
electrically connected to a ground wire of the circuit board at the bottom thereof. In

addition, the shielding shell may be electrically connected to the inside of the sensor
housing at an outer circumference thereof.

Advantageous Effects

As is apparent from the above description, the vertical pressure sensor according to
the embodiment of the present invention includes the first to fourth electrode terminals
connected to the circuit board while constituting the Wheatstone bridge circuit pattern.
Consequently, the present invention has the effect of reducing the vertical size of the
pressure sensor installed at a place having a limited sectional area.

Also, the structure of the vertical pressure sensor according to the present invention
is simplified as compared with the conventional pressure sensor, and therefore, it is
possible to easily assemble the vertical pressure sensor. Consequently, the present
invention has the effect of improving productivity. Furthermore, the socket unit and the
electrode terminals are manufactured in a simple rigid structure. Consequently, the
present invention has the effect of improving stability and safety of the vertical
pressure sensor.

In addition, the shielding shell is further provided to improve shielding performance
with respect to the circuit board. Consequently, the present invention has the effect of
reducing a possibility of malfunction due to interference with external electromagnetic
waves.

Brief Description of Drawings

The above and other objects, features and other advantages of the present invention
will be more clearly understood from the following detailed description taken in con-
junction with the accompanying drawings, in which:

FIG. 1 is a perspective view illustrating a vertical pressure sensor according to an
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embodiment of the present invention;
FIG. 2 is an exploded perspective view of the vertical pressure sensor shown in FIG.

15

FIG. 3 is a view illustrating a socket unit and first to fourth electrode terminals of the
vertical pressure sensor;

FIG. 4 is an exaggerated plan view illustrating wire bonding between strain gauges
and the first to fourth electrode terminals

FIG. 5 is a circuit diagram of a Wheatstone bridge corresponding to FIG. 4;

FIG. 6 is a sectional view of the vertical pressure sensor shown in FIG. 1; and

FIG. 7 is a sectional view illustrating a conventional pressure sensor.

Best Mode for Carrying out the Invention

Now, a preferred embodiment of the present invention will be described in detail
with reference to the accompanying drawings. In the following, a detailed description
of known functions and configurations incorporated herein will be omitted when it
may make the subject matter of the present invention rather unclear.

FIG. 1 is a perspective view illustrating a vertical pressure sensor according to an
embodiment of the present invention, and FIG. 2 is an exploded perspective view of
the vertical pressure sensor shown in FIG. 1.

In this embodiment, a vertical pressure sensor 100 is formed in a vertically long
shape with a circular cross section. The size of the circular section of the vertical
pressure sensor 100 is limited by a mechanical apparatus to which the vertical pressure
sensor 100 is mounted. The vertical pressure sensor 100 is provided at the lower end
thereof with a pressure application unit 2 to which pressure is applied. The vertical
pressure sensor 100 is provided at the upper end thereof with an electrode rod 61
protruding upward to transmit an electrical signal corresponding to the pressure
applied to the pressure application unit 2 to the outside. The vertical pressure sensor
100 is hermetically sealed to prevent an external fluid from permeating into a sensor
housing 1 of the vertical pressure sensor 100.

As shown in FIG. 2 of FIG. 3, the vertical pressure sensor 100 according to the
present invention includes a pressure application unit 2 having a diaphragm 21 to
which strain gauges 3, a socket unit 4 formed by insert injection molding such that first
to fourth electrode terminals 42a, 42b, 42¢, and 42d are mounted in the socket unit 4, a
circuit board 1 connected to the respective electrode terminals to process an electrical
signal, and electrode rods 61 connected to the circuit board 5 to transmit the electrical
signal to the outside.

The sensor housing 1 constituting the circumference of the vertical pressure sensor

100 is formed of a cylindrical pipe. The sensor housing 1 is made of a conductive
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material, such as metal, for shielding. Also, the upper end of the sensor housing 1 is
bent inward.

The electrode rods 61 mounted to a rod housing 6, which serves as an insulator, and
the circuit board 5 coupled to the lower end of the rod housing 6 constitute the upper
structure of the vertical pressure sensor 100. The lower ends of the electrode rods 61
are connected to an output electrode surface (not shown) formed at the top of the
circuit board 5. Meanwhile, a shielding shell 7 may be coupled to the lower end of the
rod housing 6, and the circuit board 5 may be coupled to the lower end of the shielding
shell 7, which will be described later.

The upper structure of the vertical pressure sensor 100 assembled as described above
is inserted into the sensor housing 1 from the lower end thereof in a state in which a
sealing member S is disposed between the upper structure of the vertical pressure
sensor 100 and the sensor housing 1. The upper ends of the electrode rods 61 protrude
from the top of the vertical pressure sensor 100 such that the upper ends of the
electrode rods 61 can be coupled to a connector (not shown) of another mechanical
apparatus.

Meanwhile, the pressure application unit 2 has a step formed at the outer cir-
cumference thereof. The pressure application unit 2 is coupled to the lower end of the
sensor housing 1. The diaphragm 21 is formed at the upper end of the pressure ap-
plication unit 2. The diaphragm 21 is formed of a flat disc. The pressure application
unit 2 is provided at the lower end thereof with an introduction hole 22 through which
an object, such as a fluid, pressure of which is to be measured, moves to the back of
the diaphragm 21. The fluid reaches the back of the diaphragm 21 through the in-
troduction hole 22, and the diaphragm 21 is finely elastically deformed due to the
increase in pressure of the fluid.

Meanwhile, as shown in FIG. 3, the strain gauges 3 are attached to the upper end of
the diaphragm 21 on an imaginary line L passing through the center 21a of the
diaphragm 21. A first pressure resistance element R1, a second pressure resistance
element R2, a third pressure resistance element R3, and a fourth pressure resistance
element R4 are attached to the upper end of the diaphragm 21 such that the first and
second pressure resistance elements R1 and R2 and the third and fourth pressure re-
sistance elements R3 and R4 are positioned symmetrically with respect to the center
21a of the diaphragm 21 and such that the first pressure resistance element R1 and the
second pressure resistance element R2 correspond to each other, and the third pressure
resistance element R3 and the fourth pressure resistance element R4 correspond to
each other.

Preferably, semiconductor type strain gauges exhibiting a high gauge rate are used as

the strain gauges 3. A pair of neighboring pressure resistance elements is provided at
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each of the s strain gauges 3 so as to constitute a single member, and electrodes 31 and
32 protrude between the respective neighboring pressure resistance elements. Existing
wellknown products may be used.

The strain gauges 3 are attached to the upper end of the diaphragm 21 such that the
strain gauges 3 are positioned symmetrically with respect to the center of the
diaphragm 21, and therefore, the strain gauges 3 have symmetric output values when
the diaphragm 21 is deformed. In this specification, the first to fourth pressure re-
sistance elements are sequentially arranged in one direction for the convenience of de-
scription.

Structurally, the first pressure resistance element R1 and the fourth pressure re-
sistance element R4 are attached to the upper end of the diaphragm 21 equidistant from
the center of the diaphragm 21 such that the first pressure resistance element R1 and
the fourth pressure resistance element R4 are positioned symmetrically with respect to
the center of the diaphragm 21. In the same manner, the second pressure resistance
element R2 and the third pressure resistance element R3 are attached to the upper end
of the diaphragm 21 equidistant from the center of the diaphragm 21, which are shorter
than in the first pressure resistance element R1 and the fourth pressure resistance
element R4, such that the second pressure resistance element R2 and the third pressure
resistance element R3 are positioned symmetrically with respect to the center of the
diaphragm 21.

Meanwhile, the socket unit 4 is an insulator to surround the circumference of the
diaphragm 21 of the pressure application unit 2 while being spaced apart from the
diaphragm 21 by a predetermined distance. The socket unit 4 has a through hole 41
corresponding to the upper end of the diaphragm 21.

That is, as shown in FIG. 6, the socket unit 4 is formed in a shape to surround the
upper part of the pressure application unit 2. Also, the socket unit 4 is spaced apart
from the circumference of the diaphragm 21 such that the inside of the socket unit 4
does not interfere with deformation of the diaphragm 21, which is elastically deformed
by external pressure.

The first to fourth electrode terminals 42a, 42b, 42¢, and 42d are disposed in the
socket unit 4. The socket unit 4 may be manufactured by insert injection molding.

Meanwhile, the first to fourth electrode terminals 42a, 42b, 42c, and 42d are elec-
trically connected to the corresponding strain gauges 3 by wire bonding to transmit
output values obtained from the strain gauges to the circuit board 5. The first to fourth
electrode terminals 42a, 42b, 42¢, and 42d are arranged in a Wheatstone bridge circuit
pattern.

Specifically, as shown in FIG. 3, the Wheatstone bridge circuit pattern of the first to
fourth electrode terminals 42a, 42b, 42c, and 42d is constituted by patterns of the re-
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spective electrode terminals disposed in the upper end of the socket unit 4. One end of
each pattern is exposed through the through hole 41 and is connected to a corre-
sponding one of the strain gauges 3 by the wire bonding.

An electrode tip 43 extending upward from each electrode terminal pattern protrudes
from the socket unit 4 and is connected to the circuit board 5 to transmit an output
value to the circuit board 5. As shown in FIG. 2, the upper end of each electrode tip 43
may be fixedly inserted into a corresponding connection hole 51.

The through hole 41 of the socket unit 4 provides a space in which a working tool of
an automated wire bonding machine (not shown) performs a welding operation during
wire bonding between the strain gauges 3 and the first to fourth electrode terminals
42a, 42b, 42¢, and 42d exposed through the through hole 41.

In order to sufficiently secure the working space of the working tool, first and second
exposure grooves 411 and 412 may be formed in the through hole. The inner cir-
cumference of the through hole is depressed to form the first and second exposure
grooves 411 and 412. One end of the electrode terminal is exposed through each of the
exposure grooves 411 and 412.

Therefore, the through hole, which is the working space of the working tool, may be
formed in a polygonal shape or in a circular shape, with the result that it is possible to
easily operate the wire boding machine.

Meanwhile, FIG. 4 is an exaggerated plan view illustrating wire bonding between the
strain gauges and the first to fourth electrode terminals, and FIG. 5 is a circuit diagram
of a Wheatstone bridge corresponding to FIG. 4.

Corresponding ends of the first and third electrode terminals 42a and 42c, positioned
opposite to each other so as to constitute a Wheatstone bridge circuit pattern, are
exposed through the first and second exposure grooves 411 and 412, respectively.
Also, corresponding ends of the second and fourth electrode terminals 42b and 42d,
positioned opposite to each other so as to constitute the Wheatstone bridge circuit
pattern, are exposed through the first and second exposure grooves 411 and 412, re-
spectively.

Also, the fourth pressure resistance element R4 and the third pressure resistance
element R3 are connected to the first electrode terminal 42a and the third electrode
terminal 42¢ exposed through the first exposure groove 411, respectively. The
electrode 32 located between the third pressure resistance element R3 and the fourth
pressure resistance element R4 is connected to the second electrode terminal 42b
exposed through the first exposure groove 411.

In the same manner, the second pressure resistance element R2 and the first pressure
resistance element R1 are connected to the first electrode terminal 42a and the third

electrode terminal 42c¢ exposed through the second exposure groove 412, respectively.
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The electrode 31 located between the first pressure resistance element R1 and the
second pressure resistance element R2 is connected to the fourth electrode terminal
42d exposed through the second exposure groove 412.

The first and third electrode terminals 42a and 42c are disposed in the upper end of
the socket unit 4 such that the first and third electrode terminals 42a and 42c¢ are
opposite to each other. Each of the first and third electrode terminals 42a and 42c is
formed in a horseshoe shape. Corresponding ends of the first and third electrode
terminals 42a and 42c¢ are exposed through the first and second exposure grooves 411
and 412, respectively. On the other hand, one end of the second electrode terminal 42b
is exposed through the first exposure groove 411. The second electrode terminal 42b is
formed independently of the other electrode terminals. In addition, one end of the
fourth electrode terminal 42d is exposed through the second exposure groove 412. The
fourth electrode terminal 42d is also formed independently of the other electrode
terminals.

The pressure resistance elements and the electrodes of the respective strain gauges 3
are connected to the corresponding ends of the respective electrode terminals through
the first and second exposure grooves 411 and 412 by wire bonding so as to constitute
the Wheatstone bridge.

A relationship between the electrode tips 43 of the respective first to fourth electrode
terminals 42a, 42b, 42¢, and 42d and the Wheatstone bridge circuit is indicated in
TABLE 1.

Table 1
[Table 1]
[Table ]
Electrode terminals Nodes of Wheatstone bridge
Electrode tip of first electrode terminal GND
Electrode tip of second electrode terminal INM
Electrode tip of third electrode terminal vVCC
Electrode tip of fourth electrode terminal INP

As described above, the first to fourth electrode terminals 42a, 42b, 42¢, and 42d and
the strain gauges 3 are connected to each other by wire bonding so as to constitute the
Wheatstone bridge circuit pattern.

Meanwhile, the circuit board 5 processes output values received from the respective
electrode tips 43 and transmits a pressure value measured by the electrode rods 61
contacting the top of the circuit board 5 to an external device.

Referring to FIGS. 2 and 6 again, the vertical pressure sensor may further include a
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shielding shell 7 to surround the top of the circuit board 5 so as to improve shielding
performance of the circuit board 5.

The shielding shell 7 is open at the lower end thereof. The shielding shell 7 is
provided at the upper end thereof with a passage hole having a diameter sufficient for
the respective electrode rods 61 to pass through the passage hole without contact
between the electrode rods 61 and the passage hole. Also, the bottom 71 of the
shielding shell 7 is electrically connected to a ground wire (not shown) of the circuit
board 5, and the outer circumference 72 of the shielding shell 7 is electrically
connected to the inside of the sensor housing 1, thereby protecting the circuit from
external electromagnetic waves.

Hereinafter, the operation of the vertical pressure sensor according to the em-
bodiment of the prevent invention will be described with reference to the ac-
companying drawings.

The vertical pressure sensor according to the present invention is assembled as
follows. The upper structure is constituted by coupling the circuit board 5, the
shielding shell 7, the electrode rods 61, and the rod housing 6 to one another, and the
lower structure is constituted by coupling the pressure application unit 2 and the socket
unit 4 to each other. The upper structure and the lower structure are sequentially
inserted into the sensor housing 1 such that the upper structure and the lower structure
are fixed in the sensor housing 1.

Mechanical coupling and electrical connection between the upper structure and the
lower structure are achieved by mechanically coupling and electrically connecting the
electrode tips 43 of the first to fourth electrode terminals 42a, 42b, 42¢, and 42d
protruding from the socket unit 4 to the circuit board 5.

As compared with the conventional pressure sensor, the present invention uses the
first to fourth electrode terminals in place of the first circuit board, which constitutes a
Wheatstone bridge, of the conventional pressure sensor, with the result that the first
circuit board and the elastic terminals may be removed from the vertical pressure
sensor. Consequently, a space defined between the upper end of the socket unit and the
circuit board is reduced, and therefore, it is possible to manufacture the vertical
pressure sensor in a compact structure.

Also, the structure of the vertical pressure sensor according to the present invention
is simplified as compared with the conventional pressure sensor, and therefore, it is
possible to reduce effort and time necessary to assemble the vertical pressure sensor,
thereby further improving productivity.

In addition, the shielding shell surrounds the upper end of the circuit board while
connecting the ground wire of the circuit board and the sensor housing to each other,

and therefore, it is possible to improve shielding performance of the circuit board,
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[72]

[73]

[74]

[75]

[76]
[77]

thereby further improving operation reliability.
Mode for the Invention

Various embodiments have been described in the best mode for carrying out the
invention.

Industrial Applicability

According to the present invention, the vertical pressure sensor includes the first to
fourth electrode terminals connected to the circuit board while constituting the
Wheatstone bridge circuit pattern. Consequently, the present invention has the effect of
reducing the vertical size of the pressure sensor installed at a place having a limited
sectional area.

Also, the structure of the vertical pressure sensor according to the present invention
is simplified as compared with the conventional pressure sensor, and therefore, it is
possible to easily assemble the vertical pressure sensor. Consequently, the present
invention has the effect of improving productivity. Furthermore, the socket unit and the
electrode terminals are manufactured in a simple rigid structure. Consequently, the
present invention has the effect of improving stability and safety of the vertical
pressure sensor.

In addition, the shielding shell is further provided to improve shielding performance
with respect to the circuit board. Consequently, the present invention has the effect of
reducing a possibility of malfunction due to interference with external electromagnetic
waves.

Therefore, the present invention has industrial applicability.

Although the preferred embodiment of the present invention has been disclosed for
illustrative purposes, those skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing from the scope and spirit of

the invention as disclosed in the accompanying claims.
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Claims

A vertical pressure sensor comprising:

a pressure application unit configured to be deformed by a fluid, which is an
object to be measured, contacting a back thereof, the pressure application unit
being provided at an upper end thereof with a diaphragm to which strain gauges
are attached at a top thereof, the pressure application unit being coupled to a
lower part of a sensor housing;

a socket unit surrounding a circumference of the diaphragm of the pressure ap-
plication unit such that the socket unit is spaced apart from the diaphragm by a
predetermined distance, the socket unit having a through hole corresponding to
an upper end of the diaphragm;

first to fourth electrode terminals provided at an upper end of the socket unit in a
Wheatstone bridge circuit pattern, one end of each of the first to fourth electrode
terminals exposed through the through hole being electrically connected to a cor-
responding one of the strain gauges by wire bonding, the other end of each of the
first to fourth electrode terminals protruding from the upper end of the socket
unit to constitute an electrode tip;

a circuit board connected to the first to fourth electrode terminals to convert a
measured pressure value into an electrical signal; and

electrode rods connected to a top of the circuit board to transmit the electrical
signal outside.

The vertical pressure sensor according to claim 1, wherein:

the through hole is provided at an inner circumference thereof with first and
second exposure grooves; and

one end of each of the first and third electrode terminals disposed opposite to
each other is exposed through a corresponding one of the first and second
exposure grooves, and one end of each of the second and fourth electrode
terminals is exposed through a corresponding one of the first and second
exposure grooves.

The vertical pressure sensor according to claim 2, wherein:

the strain gauges are attached to the diaphragm on an imaginary line passing
through a center of the diaphragm, the strain gauges comprising a first pressure
resistance element, a second pressure resistance element, a third pressure re-
sistance element, and a fourth pressure resistance element attached to the
diaphragm such that the first and second pressure resistance elements and the
third and fourth pressure resistance elements are positioned symmetrically with

respect to the center of the diaphragm and such that the first pressure resistance
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element and the second pressure resistance element correspond to each other, and
the third pressure resistance element and the fourth pressure resistance element
correspond to each other;

the fourth pressure resistance element and the third pressure resistance element
are connected to the first electrode terminal and the third electrode terminal
exposed through the first exposure groove, respectively, and an electrode located
between the third pressure resistance element and the fourth pressure resistance
element is connected to the second electrode terminal exposed through the first
exposure groove; and

the second pressure resistance element and the first pressure resistance element
are connected to the first electrode terminal and the third electrode terminal
exposed through the second exposure groove, respectively, and an electrode
located between the first pressure resistance element and the second pressure re-
sistance element is connected to the fourth electrode terminal exposed through
the second exposure groove.

The vertical pressure sensor according to any one of claims 1 to 3, further
comprising a shielding shell coupled to the circuit board so as to surround a top
of the circuit board, wherein the shielding shell is electrically connected to a
ground wire of the circuit board at a bottom thereof, the shielding shell is elec-
trically connected to an inside of the sensor housing at an outer circumference

thereof.
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