Improvements in Capacitance Sensors
Field

[0001] The present invention relates to capacitance sensors, and more
particularly to a low pressure capacitance manometer including a diaphragm
constructed so as to secure the diaphragm within the manometer housing so as to
eliminate buckling during welding, and isolate the diaphragm from welding induced

strains.

Background

[0002] Capacitance sensors usually include a housing which includes
two chambers, the first for receiving the gas or vapor whose pressure is to be
measured and the second for receiving a gas at a reference pressure. The reference
pressure is typically either determined from a reference source or ambient gas
reflecting ambient conditions.  The two chambers are separated by a flexible
diaphragm positioned therebetween. The diaphragm is fixed around its periphery so
that it seals one chamber from the other, and has an active portion that flexes as a
function of the difference between the measured pressure and the reference
pressure. In a capacitance manometer, the diaphragm is spaced from two
electrodes, one typically a ring electrode and the other a center electrode, both
axially aligned with the center axis of the active portion of the diaphragm. The
electrodes are positioned in one of the chambers, usually the chamber containing the
reference gas. When a differential pressure is applied to the diaphragm, the
diaphragm flexes relative to the two electrodes. By electrically connecting the
diaphragm so that it also functions as an electrode, the differential pressure can be
measured as a function of the difference in capacitance between the diaphragm and
the center electrode and the capacitance between the diaphragm and the ring
electrode. With the reference pressure known, the measured pressure can easily be
determined from the capacitance measurements.

[0003] The pressure measurement range of the capacitance manometer is
partly determined by the spacing between the diaphragm and the ring and center

electrodes. In the zero position, the surfaces of the diaphragm must be flat and as
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parallel as possible to the ring and center electrodes. Thus, the lower the values in
differential pressure that are to be measured, the closer the diaphragm needs to be
secured in the sensor housing relative to the ring and center electrodes to provide a
maximum signal dynamic range for the pressure range in question. This results in the
requirement of parallelism to be even greater. As a result great care is taken to lap the
surfaces of the diaphragm prior to securing the diaphragm within the housing so that
they are as planar as possible. Further, care must be taken to secure the diaphragm
within the housing so as to ensure the proper position and parallelism of the
diaphragm relative to the ring and center electrodes.  The diaphragm is usually
formed as a part of the pressure measurement subassembly of the sensor and is
subsequently welded to the reference subassembly containing the ring and center
electrodes. Welding the diaphragm in place, however, can cause the diaphragm to
buckle thereby shifting the gap due to stresses in the weld. Thus, buckling introduces
some non-parallelism since the diaphragm will no longer be completely planar. This
is particularly critical for sensors that are used to measure relatively low differential
pressures because of the very narrow gap required between the diaphragm and the
ring and center electrodes.

[0004] Various techniques, such as electron beam welding and laser
welding are known to provide welds having reduced stress, but such techniques are
relatively expensive to implement. Using a relatively less expensive technique, such
as Gas Tungsten Arc Welding (GTAW) or Plasma welding, results in greater stress
being placed on the diaphragm. Similarly, reducing the thickness of the diaphragm to
accommodate lower pressures is difficult because of the difficulty of securing the
diaphragm relative to the housing without the diaphragm distorting. Accordingly, it is
desirable to construct the sensor so that the diaphragm can be secured within the
sensor housing in which the flatness of the diaphragm and the gap spacing between
the diaphragm and each of the ring and center electrodes are satisfactorily maintained
after the sensor is assembled.

Summary

[0005] In accordance with one aspect, a sensor assembly comprises a

housing assembly; an electrode arrangement and a diaphragm having a fixed portion
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secured to the housing assembly and an active portion movable relative to the
electrode arrangement in response to a differential pressure applied to opposite sides
of the diaphragm. The fixed portion of the diaphragm is secured at one or more
locations relative to at least a portion of the housing assembly; and at least one groove
is formed in the fixed portion of the diaphragm between the locations at which the
diaphragm is fixed relative to the housing assembly and the active portion so as to
relieve any stress on the active portion of the diaphragm.

[0006] In accordance with another aspect, a capacitance sensor assembly
is arranged to measure a pressure relative to a reference pressure. The capacitance
sensor assembly comprises: a housing assembly; an electrode arrangement fixedly
secured relative to the housing assembly; and a flexible diaphragm having (a) an
active portion and (b) a fixed portion fixed at one or more locations relative to the
housing assembly. The housing assembly supports the diaphragm and electrode
arrangement in a spaced relationship with one another such that the active portion of
the diaphragm flexes relative to the electrode arrangement in response to a differential
pressure applied to opposite sides of the active portion of the diaphragm. The
diaphragm includes at least one groove between the locations at which the flexible
diaphragm is fixed relative to the housing assembly and the active portion so as to
relieve any stress on the active portion of the diaphragm.

[0007] In accordance with another aspect, a method is provided of
constructing a sensor assembly of the type including a housing assembly, an electrode
arrangement and a diaphragm having a fixed portion secured to the housing assembly
and an active portion movable relative to the electrode arrangement in response to a
differential pressure applied to opposite sides of the diaphragm. The method
comprises securing the fixed portion of the diaphragm at one or more locations
relative to at least a portion of the housing assembly; and forming at least one groove
in the fixed portion of the diaphragm between the locations at which the diaphragm is
fixed relative to the housing assembly and the active portion so as to relieve any stress

on the active portion of the diaphragm.

General Description of the Drawings
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[0008] Reference is made to the attached drawings, wherein elements
having the same reference character designations represent like elements throughout,
and wherein:

[0009] FIG. 1 is a cross-sectional view of one embodiment of a
capacitance sensor assembly incorporating the improved structure; and

[0010] FIG. 2 is a top view of one embodiment of a spacer utilized in the
FIG. 1 embodiment.

Detailed Description of the Drawings

[0011] Referring to FIG. 1, an embodiment of the capacitance sensor
assembly 10 is used to measure a pressure relative to a reference pressure. The
capacitance sensor assembly 10 comprises a housing assembly 12. Housing assembly
12 includes at least two subassemblies, measurement subassembly 14 and reference
subassembly 16. Subassembly 14 includes a cylindrical section 18 having an opening
20 at one end for receiving the gas whose pressure is to be measured, and the
diaphragm 22 at the other end. The space defined by the section 18, opening 20 and
diaphragm 22 defines a measurement chamber 24 for containing the gas whose
pressure is to be measured. The second, reference subassembly 16 includes a
cylindrical section 26 having an end plate 28 having a first opening 30 for receiving
the inlet tube 32, a second opening 34 for receiving the electrode arrangement that
includes a center electrode 36 and ring electrode 38, and a getter (shown in dotted
lines) 40. The cylindrical section 26 and end plate 28, when secured to the first
housing subassembly forms a reference gas chamber 42 closed at the opposite end by
the diaphragm 22. The inlet tube 32 is sealed within the end plate 28 so that gas can
be introduced into or removed from the reference gas chamber 38 through the tube.
The reference gas can be at a prefixed reference pressure, in which case the tube can
be sealed closed once the reference pressure is established. Alternatively, the
reference gas can be at ambient pressure in which case the tube is left open. The
electrodes 36 and 38 can be sealed in place with an appropriate electrically insulating
sealing material 44 (such as glass, ceramic,...) so that they are properly positioned
relative to the active portion of the diaphragm and each other. A spacer element 46 is

typically in the form of a ring disposed between the diaphragm and electrodes so that
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the electrodes 36 and 38 are each spaced a prefixed distance from one side of the
diaphragm 22.

[0012] The diaphragm 22 is secured in place so that the measurement gas
chamber 24 and reference gas chamber 42 are sealed from one another. Further, the
outer portion of the diaphragm 22 is fixed relative to the housing assembly 14, while
the center portion 48 of diaphragm 22 opposing the electrodes is an active portion that
flexes by an amount as a function of the differential pressure applied to opposite sides
of the diaphragm 22.

[0013] In operation, the differential pressure applied to the diaphragm can
be measured as a function of the difference in capacitance between the active portion
48 of the diaphragm 22 and center electrode 36 and the capacitance between the
diaphragm 22 and the ring electrode 38. For this reason the active region 48 of the
diaphragm, center electrode 36 and ring electrode 38 should be secured so that they
are coaxially aligned with one another, and the diaphragm 22 needs to be as flat as
possible so as to provide correct capacitive measurements relative to the two
electrodes.

[0014] During assembly, the diaphragm 22 is secured to the housing
assembly 12 so that the diaphragm is secured in place around its peripheral edges 50,
by any suitable means, such as welding. The same weld can be used to secure the
spacer element 46 and the two subassemblies 14 and 16. Diaphragm 22 should be
attached in such a way so as to insure that the measurement gas chamber 24 and the
reference gas chamber 42 are isolated from one another so that the chambers can be
maintained at pressures independent form one another. During the welding process,
mechanical stresses are usually introduced in the diaphragm causing active portion 48
of diaphragm 22 to have some distortion in its flatness. This, of course, can introduce
errors in capacitance measurements, and thus pressure measurements.

[0015] Accordingly, it is desirable to construct the sensor assembly 10 so
that the diaphragm 22 retains its flatness after it is secured relative to the housing
assembly 12. Specifically, the sensor assembly is constructed so as to include
structure for relieving the mechanical stress in the active portion 48 of the diaphragm
22 after the diaphragm is welded in place. In the embodiment shown, mechanical

stress is relieved by forming a groove 52 in the diaphragm 22 between the locations
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where the diaphragm is fixed relative to the housing assembly 10, and the active
portion 48 of the diaphragm 22. In the embodiment described, the entire periphera
portion of the diaphragm is fixed so the groove 52 is annular around the entire
diaphragm. The depth of the groove should be sufficient to ensure that any stresses
will be accommodated by the groove without affecting the active portion of the
diaphragm. It has been empirically determined that a depth to width aspect ratio of
the groove of at least (approximately) 5:1 provides the best results, although this can
vary. The groove 52 isin fluid communication with one of the chambers, with the
illustrated embodiment showing the groove in fluid communication with the reference
gas chamber 42. Thisresultsin a differential pressure between the gas in the groove
52 and the gas in the measurement chamber 24, when there is a differential pressure
present on opposite sides of the digphragm 22. Accordingly, the wall 54 between the
groove 52 and the measurement gas chamber 24 should be thick enough to remain
stiff when the differential pressure is at the maximum value of the range of
differential pressures for which the sensor is designed.

[0016] The spacing element 46 shown as aring is designed to ensure the
fluid communication between the groove 52 and the reference gas chamber 42. This
can be accomplished by either making the inner diameter of the ring larger than the
diameter of the groove, or forming apertures or grooves in the ring that are aligned
with one or more portions of the annular groove as illustrated in Fig. 2, where the
spacer is shown with grooves 56 formed on the inner portion of the ring.

[0017] It should be appreciated that by forming the capacitance sensor
assembly so as to relieve mechanical stresses on the diaphragm allows the diaphragm
to be secured relative to housing in accordance with any number of techniques
regardless of how much mechanical stress is initialy created. Accordingly, lower
cost technigques such as GTAW or Plasmawelding can be employed so as to lower the
cost of manufacturing of sensor.

[0018] The new and improved capacitance sensor assembly and method of
the present disclosure as disclosed herein, and all elements thereof, are contained
within the scope of at least one of the following claims. No elements of the presently
disclosed system and method are meant to be disclaimed, nor are they intended to

necessarily restrict the interpretation of the claims. In these claims, reference to an
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element in the singular is not intended to mean “one and only one” unless specifically
so stated, but rather “one or more.” All structural and functional equivalents to the
elements of the various embodiments described throughout this disclosure that are
known or later come to be known to those of ordinary skill in the art are expressly
incorporated herein by reference, and are intended to be encompassed by the claims.
Moreover, nothing disclosed herein is intended to be dedicated to the public,
regardless of whether such disclosure is explicitly recited in the claims. No claim
element is to be construed under the provisions of 35 U.S.C. §112, sixth paragraph,
unless the element is expressly recited using the phrase “means for” or, in the case of

amethod claim, the element is recited using the phrase “step for.”
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CLAIMS:

1. A capacitance sensor assembly arranged to measure a

pressure relative to a reference pressure, the capacitance sensor assembly comprising:

a housing assembly including an opening having an inner radial wall extending along a

radius from a longitudinal axis and defining a space within the housing;

an electrode arrangement disposed within the housing and fixedly secured relative to the

housing assembly; and

a flexible diaphragm disposed within the housing and defining a first surface and an
opposed second surface, the diaphragm further having (a) an active portion that is operative to
flex in response to a pressure differential between the first surface and the second surface, and
(b) a fixed portion having an outer radial perimeter that is fixed at one or more connections to

the inner radial wall of the housing assembly;

wherein the housing assembly supports the diaphragm and electrode arrangement in a
spaced apart relationship with respect to one another such that the active portion of the
diaphragm flexes relative to the electrode arrangement in response to a differential pressure

applied to the opposed first and second surfaces of the diaphragm; and

wherein the connections are configured to present a groove between the diaphragm and
the inner radial wall of the housing assembly, wherein the diaphragm is connected to the inner
radial wall of the housing assembly at an inner radial portion of the groove, wherein the groove
is operative to relieve any stress on the active portion of the diaphragm under a condition of

zero differential pressure.

2. A capacitance sensor assembly according to claim 1, wherein the groove is in fluid

communication with one side of the active portion of the diaphragm.

3. A capacitance sensor assembly according to claim 2, wherein the
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housing assembly is constructed so as to include a reference chamber on one side of the active
portion of the diaphragm for receiving a reference gas, and a measurement chamber on the
other side of the active portion for receiving the gas whose pressure is to be measured relative

to the reference gas.

4. A capacitance sensor assembly according to claim 3, wherein the reference gas is at
ambient pressure, and further including an inlet for introducing a gas at ambient pressure into

the reference chamber.

5. A capacitance sensor assembly according to claim 3, wherein the reference gas is at
a predetermined pressure, and further including an inlet for introducing a gas at a reference

pressure into the reference chamber.

6. A capacitance sensor assembly according to claim 3, wherein the reference chamber

and measurement chamber are sealed from one another.

7. A capacitance sensor assembly according to claim 6, wherein the electrode

arrangement is secured within the reference chamber.

8. A capacitance sensor assembly according to claim 7, wherein the electrode
arrangement includes a ring electrode and a center electrode, each spaced a predetermined

distance relative to the active portion of the diaphragm.

9. A capacitance sensor assembly according to claim 3, wherein the groove is in fluid

communication with the reference chamber.

10. A capacitance sensor assembly according to claim 1, further including a spacer ring
secured relative to the diaphragm and electrode arrangement so as to maintain the spacing
between the diaphragm and the electrode arrangement at a predetermined distance so that the
active portion flexes relative to the electrode arrangement through a predetermined range of

differential pressures applied to opposite sides of the active portion of the diaphragm.



11. A capacitance sensor assembly according to claim 10, wherein the spacer is formed
so as to allow at least a portion of the groove of the diaphragm to be in fluid communication with

one side of the active portion of the diaphragm.

12. A capacitance sensor assembly according to claim 11, wherein the groove of the

diaphragm and the one side of the active portion of the diaphragm receives a reference gas.

13. A capacitance sensor assembly according to claim 12, wherein the reference gas is

at ambient pressure.

14. A capacitance sensor assembly according to claim 12, wherein the reference gas is

at a reference pressure.

15. A capacitance sensor assembly according to claim 11, wherein the spacer
includes a matching groove that is aligned with the groove of the diaphragm, along the
longitudinal axis of the housing assembly, and configured so as to allow fluid communication

between the groove and a reference chamber defined on one side of the diaphragm.

16. A capacitance sensor assembly according to claim 1, wherein the diaphragm is
secured to the housing assembly entirely around the fixed portion of the diaphragm, and the

groove in the diaphragm is an annular groove.

17. A capacitance sensor assembly according to claim 16, further including a spacer
ring secured relative to the diaphragm and electrode arrangement so as to maintain the spacing
between the diaphragm and the electrode assembly at a prefixed distance so that the active
portion flexes relative to the electrode arrangement through a predetermined range of
differential pressures applied to opposite sides of the active portion of the diaphragm, the
spacer including a plurality of grooves, each aligned with the annular groove of the diaphragm
so as to maintain the groove of the diaphragm in fluid communication with one side of the

active portion of the diaphragm.
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18. A method of constructing a sensor assembly of the type including a housing
assembly, an electrode arrangement and a diaphragm having a fixed portion secured to the
housing assembly and an active portion movable relative to the electrode arrangement in
response to a differential pressure applied to opposite sides of the diaphragm, the method

comprising:

securing the fixed portion of the diaphragm at one or more locations relative to at least a

portion of the housing assembly; and

forming a groove between the diaphragm and the inner radial wall of the housing
assembly, wherein the groove is operative to relieve any stress on the active portion of the
diaphragm under a condition of zero differential pressure, wherein the diaphragm is connected

to the inner radial wall of the housing assembly at an inner radial portion of the groove.

19. The method according to claim 18, wherein securing the fixed portion of the
diaphragm includes welding the fixed portion of the diaphragm to a portion of the housing

assembly.

20. The method according to claim 18, wherein forming at least one groove includes
electro-discharged machining the groove in the fixed portion of the diaphragm after the
diaphragm is secured in place.

21. The method according to claim 18, further including securing a spacer ring
between the electrode arrangement and the diaphragm so as to fix the gap spacing between the

active portion of the diaphragm and the electrode arrangement.

22. The method according to claim 21, further including forming at
least one groove in the spacer so that the groove in the spacer is aligned with the groove in the
diaphragm so that the groove in the diaphragm is in fluid communication with one side of the

diaphragm.
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