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BACKGROUND OF THE | NVENTI ON |. FIELD OF THE I'NVENTION 5 Thi s
invention relates generally to pressure transducers. Mbre
particularly, this invention relates to a pressure transducer nodul es
whi ch may bwaevmset ed i n- line in a chemcally corr osveseshssesl f 1 ow
circuit, wherein the pressure sensor used therein is isolated fromthe
fluid 10 flow circuit within a non-contasi nati ng transducer body.
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PRESSURE SENSOR MODULE HAVING NON-CONTAMINATING BODY

~ BACKGROUND OF THE INVENTION
I. FIELD OF THE INVENTION

5 This invention relates generally to préssure
transducers. More particularly, this invention relates to
a pressure transducer modules which may be connected in-
line in a chemically corrosive fluid flow circuit, wherein
the pressure sensor used therein is isolated from the fluiad

10 flow circuit within a non-contaminating transducer body.
II. DISCUSSION OF THE RELATED ART

During the production of semiconductors, the
sensitivity to contamination of materials used to produce
them is a significant problem faced by semiconductor

15 manufacturers. Various processing systems have been
designed to reduce the amount of foreign particles and
vapors generated during the processing of these sensitive
materials. It is critical that the semiconductor wafers be
isolated from damaging particulate and chemicals.

20 In an attempt to eliminate all sources of damaging
contaminants, the equipment used to process the
semiconductor wafers has necessarily been designed with
this goal in mind. First, the various components of the
processing equipment are commonly designed to reduce the

25 amount of particulate generated and to isolate the
processing chemicals from contaminating influences. The
proceséing equipment commonly has monitoring and sensing
devices connected in a closed loop feedback which are used
in monitoring and controlling the equipment. These

30 monitoring and sensing devices must also be designed to
eliminate any contamination which might be introduced.

During the processing of semiconductor wafers, highly
corrosive hazardous chemicals are commonly used. When
these chemicals are used, extremely severe conditions

35 within or near the processing environment may be
encountered. Such corrosive atmospheric environments are
extremely hard on the monitoring and sensing equipment.
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highly corrosive environment may be created when

hazardous chemicals are delivered to the processing

10 eguipment. Liquid transporting systems carry these

chemicals from supply tanks through pumping and regulating

stations and through the processing equipment itself. The

liquid chemical transport systems, which includes pipes,

tubing, valves, and fittings and related devices, are

15 frequently made of plastics resistant to the deteriorating

effects of the toxic chemicals. Of course, anything

mechanical is subject to potential leakage and such leakage

can create extremely hazardous conditions both to the

processing of semiconductor wafers or other products and

20 also to personnel who may have to tend and maintain the

processing equipment. Hence, the chemical transport system

must be designed such that leakage is avoided. The

monitoring and sensing devices may incorporate sensors

which also must be designed to avoid the introduction of

25 particulate, unwanted ions, or vapors into the processing
steps.

An in-line mechanical fluid pressure responsive gauge
separated from the fluid flow by a protective membrane is
known in the art. The gauge is contained within a housing

30 having a cavity filled with a sensor fluid. The cavity is
formed adjacent the fluid flow and separated by the
protective membrane. The sensor fluid contained within the
cavity is typically a silicone o0il. A change in pressure
within the fluid flow affects the oil pressure within the

35 cavity. The oil pressure is detected by the mechanical
pressure responsive gauge.
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envi ronnent for
The fluid within the cavity typically has large

thermo—- expansions which cause large deflection changes in
the protective membrane. The large deflection changes in
the protective membrane increases the likelihood that the

5 fluid within the cavity will leak into the fluid flow,
contaminating the flow circuit. Also, the accuracy of the
pressure gauge is negatively affected by the large thermo-
expansions of the sensor fluid. Hence, a need exists for
an in-line pressure gauge that does not leak contaminating

10 fluids into the fluid flow circuit. Also, a need exists
for a pressure gauge, wherein the accuracy is not affected
by thermo- changes within the fluid flow circuit.

Collins et al., in U.S. Patent No. 5,316,035 (the '035
patent) describes the use of a capacitance proximity

15 monitoring device in corrosive atmosphere environments. 1In
one embodimént of the 1'035 patent, the capacitance
proximity device is described as being incorporated into a
functional apparatus, such as a valve or coupling for
tubing. The capacitance proximity device serves as a

20 functional portion of the apparatus and creates a sensing
field within a predetermined area. It is then used to
determine the change of electrical characteristics within
the predetermined area as various fluids flow past the
predetermined area. The current related to the sensing

25 field changes when the liquid target media is present,
versus air or gas in the tubing when the liquid target
media is absent, thereby producing an indication of the
presence or absence of the target media. The complex
valving often includes a fluid which may leak into and

30 contaminate the processing fluid flow.

The '035 patent does not disclose or even consider a
device capable of determining various pressures within the
chemical transport system of the processing equipment.
Monitoring the pressure within the chemical transport

35 system is useful for several reasons. First, a change in
pressure within the system may be indicate leakage within
the systen. Second, the pressure within the transport
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'S the pressure transducer determines either a gauge pressure
or absolute pressure of the fluid flow circuit. A need
10 also exists for a pressure transducer that avoids the
introduction of particulate, unwanted ions, or vapors into
the flow circuit. The present invention overcomes these
and other disadvantages of the related art.
SUMMARY OF THE INVENTION
15 The purpose of the present invention is to provide a
pressure transducer module that may be coupled in-line to
a flow circuit of corrosive fluid, wherein either the gauge
pressure or absolute pressure within the flow circuit may
be determined. The pressure transducer module includes a
20 pressure sensor within an non-contaminating body. In the
preferred embodiment, the components of the pressure
transducer module includes a housing, a cap, an electrical
connector, pressure fittings, an isolation 'membrane, a
pressure sensor, electronic circuitry, a spacer ring and a
25 hold down ring.
The cap of the housing is removably attached toc the
housing‘ by mating threads formed on an internal surface of
the cap and on the external surface of the housing. An
electrical connecter is mounted into the cover, allowing
30 electrical leads within the housing to mate with external
conductors when the cover is attached.
The housing has a bore extending therethrough, which
forms a passage or conduit through which fluids flow, when
the transducer is connected in-line within a fluid flow
35 circuit. Aligned and sealably connected to each open end
of the bore are pressure fittings. The pressure fittings
are constructed from a chemically inert material and are
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readily available and known to those skilled in the art.
The housing also has a cavity extending from an external
surface thereof in communication with the bore. A 1lip is
preferably formed in the housing at the intersection of the

5 cavity and bore. The lip has an inner dimension that is
less than the inner dimension of the housing. The
isclation membrane, pressure sensor, electronic circuit,
spacer ring and hold down ring are all contained within the
cavity of the housing.

10 The isolation membrane is sealed against the 1lip of
the housing within the cavity. In this manner, the cavity
of the housing is isolated from the fluid flow. The
isolation membrane is preferably constructed of an anti-
corrosive, chemically inert material with Teflon being

15 preferred. The pressure sensor is bonded, pressed, heat
welded or otherwise attached to the isolation membrane.
The pressure sensor may be of a capacitance or
piezoelectric type. A hybrid or fully integrated

_ electronic circuit disposed in the housing is operatively

20 coupled to the pressure sensor and to the aforementioned
connector. '

The electronic circuit develops a signal which is a
measure of the pressure within the flow circuit from
information sensed by the pressure sensor. This electronic

25 circuit may also be used in combination with temperature
sensitive components to adjust the pressure measurement
based upon temperature changes within the flow circuit. Aas
mentioned, the electronic sensor is coupled by electrical
leads to the electrical connector and power may be

30 transmitted to the electronic circuit through the
electrical leads mating at the connector with an external
pover supply. Further, an analog output such as a standard
4-20 mnilliamps signal proportional to the calculated
pressure may be transmitted through additional electrical

35 leads.

The isolation membrane and pressure sensor are
contained within the cavity by a combination of the spacer
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polymers reduce the amount of abraded particulate, are
10 chemically inert, and provide a non-contaminating pressure
transducer module.
OBJECTS
It is accordingly a principal object of the present
_ invention to provide a non-contaminating pressure
15 transducer adapted to be connected in-line in a fluid flow
circuit.

Another object of the present invention is to provide
a pressure transducer module wherein its pressure sensor
component is isolated from the fluid flow circuit by a non-

20 contaminating barrier.

Yet another object of the present invention is to
provide a pressure transducer module having an isolation
membér that is in direct contact with a pressure sensor,
the isolation member acting to isolate the sensor and

25 associated electronic circuitry from pofentially corrosive
processing chemicals and precluding introduction of
contaminating substances into the processing fluids being
transported. :

Still another object of the present invention is to

30 provide a pressure transducer wherein a gauge pressure or
absolute pressure of the flow circuit is measured non-
intrusively.

These and other objects, as well as these and other
features and advantages of the present invention will

35 become readily apparent'tb those skilled in the art from a
review of the following detailed description of the
preferred embodiment in conjunction with the accompanying
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DESCRIPTION OF THE DRAWINGS
Figure 1 is' a perspective view of the pressure
5 transducer;

Figure 2 is a side elevational view of the pressure
transducer of the type shown in Figure 1;

Figure 3 is a partial, sectioned side elevational view
of the pressure transducer module of the type shown in

10 Figure 1 having the cap removed:;

Figure 4 is an enlarged partial, sectioned view of the
pressure transducer module shown in Figure 3;

FPigure 5 is a perspective view of the flexible
membrane used in the assembly of Figures 1 through 3;

15 Figure 6 is a side view of an alumina ceramic
capacitive pressure abutting the isolation member;

Figure 7 is an enlarged, partial, sectioned side
elevational view of an alternate preferred pressure
transducer module in accordance with a further embodiment

20 of the invention; _ '

Figure 8 is an enlarged, partial, sectioned side
elevational view of another alternate preferred pressure
transducer module;

Figure 9 is an enlarged, partial sectioned side

25 elevational view of still another preferred pressure
transducer module:

Figure 10 is yet another enlarged, partial sectioned,
side elevational view of a still further alternate
preferred pressure transducer module;

30 Figure 11 is an enlarged, partial, sectioned side
elevational view of yet another pressure transducer module
constructed in accordance with the present invention:

Figure 12 is an enlarged, partial sectioned side
elevational view of yet a further alternate preferred

35 pressure transducer module.
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Figure 15 is an enlarged, partial sectioned side
elevational view of yet a further alternate preferred
pressure transducer module.

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring first to Figures 1 and 2, the pressure
transducer module is generally identified by numeral 10.
The pressure transducer is shown as having a base 12 which
is used in mounting the pressure transducer module 10 to

15 processing equipment (not shown). The module generally
includes a housing or body 14, pressure fittings 16 and 18
and a cover or cap 20. An electrical connector 22 of known
construction may be removably attached to the cover 20.
The pressure fittings 16 and 18 serve as a inlet and a

20 outlet to the transducer body 14 and are of Xknown
construction.

Those skilled in the art will recognize that the
préssure transducer housing may take on irarious shapes,
however a generally cylindrical shape as shown is

25 preferred. A cylindrical pressure transducer body is
easily manufactured and fluids flow more readily through a
cylindrical bore or cavity within the transducer. The
housing 14 and cover 20 are preferably manufactured from a
chemically-inert, non-contaminating polymer such as

30 polytetrafluoroethylene.

The cover may have threading formed on an internal
surface that mates with threading as at 24 in Figure 3
formed on an external surface of the housing. The cover
may thus be screwed to the housing and may further have a

35 suitable o~-ring seal (not shown) positioned therebetween to
allow the cover to be hermetically sealed to the housing.
A vent 26, shown in Figure 2, may be formed through the
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$ measured. The particular features of the various

components of pressure transducer will now be discussed.
Referring to PFigures 3 and 4, the internal

construction of the pressure transducer is shown. A bore

28 extends through the housing forming a conduit, whereby

10 when the pressure transducer module 10 is connected in-
line, with a fluid flow circuit, via pressure fittings 16
and 18, the bore 28 serves as a passage within the fluid
flow circuit. One end of the bore opening forms the inlet
and the other end of the bore forms an outlet to the fluid

15 flow circuit. The orientation of the pressure transducer
module within the fluid flow circuit may be reversed
without affecting the effectiveness of the pressure
transducer.

A cavity 30 extends all the way from an outer surface

20 of the housing 20 to the bore 28. Near the region within
the housing where the cavity 30 and bore 28 intersect, an
annular lip 32 is formed. The lip 32 further defines an
opening to the cavity from the bore. As further discussed
below, the lip may have various shapes.

25 A thin flexible polymer disk membrane 34 is positioned
on the lip 32 of the cavity. In the preferred embodiment
both the housing 14 and the flexible membrane 34 are
manufactured from tetrafluoroethylene fluorocarbon
polymers. one such tetrafluoroethylene fluorocarbon

30 polymer is sold under the TEFLON® trademark by E.I. duPont
Nemours. In the preferred embodiment, the disk membrane is
preferably molded rather than sprayed or manufactured by
some other process that may leave pinhole paths therein.
When the pressure transducer module is fully assembled, the

35 annular surface contact between the flexible membrane and
the housing 1lip 32 is such that a hermetic seal is formed
therebetween.
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The i sol ati on menbrane, pressure sensor, electronic circuit, spacer
ring and hold down ring are all contai@¢ within the cavity of the
housi ng. 10 The isolation nmenbrane is sealed against the lip of

ot o) 2% Lot CERSPEARE b o eiabin B ek, Aldihne, albion”
membrane 34 is shown in greater detail. Without
limitation, the membrane is preferably constructed to have
a thickness in a range between .001 and .040 inches. The
5 upper surface 36 is abraded so as to create a pattern of
grooves or channels. Now, when the upper surface 36 of the
membrane is pressed against the base 38 of the pressure
sensor 40, any air pockets that might otherwise have formed
between the sensor base 38 and the membrane are relieved,

10 allowing more intimate contact between the membrane and the
pressure sensor 40. The flange 52 of the spacer 50 and the
o-ring 54 are dimensioned to allow a slight gap between the
sensor 40, o-ring 54, and spacer 50. The inner surface of
the spacer 50 may also have a pattern of grooves or

15 channels formed thereon, thereby creating a passage for the
relieved air to escape into a central region of the cavity.

Referring again to Figures 3 and 4, the pressure
sensor 40 is positioned on top of the flexible membrane 34.
The pressure sensor may be of a capacitance type or

20 piezoelectric type known to those skilled in the art. The
base 38 of the pressure sensor is in direct contact with
the membrane and may be either in pressure contact with or
bonded to the membrane by an adhesive, thermal welding or
by other known means.

25 In one embodiment generally shown in Figure &6, an
alumina ceramic pressure sensor is comprised of a thin,
generally compliant ceramic sheet 42 having an insulating
spacer ring 44 sandwiched between a thicker, non-compliant
ceramic sheet 46. ‘The first thin ceramic sheet or

30 diaphragm is approximately .005 to .050 inches in thickness
with a typical thickness of .020 inches. The thicker
ceramic sheet has a thickness range between .100 to .200
inches. The spacer may be constructed of a suitable
polymer. The apposed faces of ceramic disks 42 and 46 are

35 metalized by metals such as gold, nickel or chrome to
create plates of a capacitor. A similar capacitive
pressure transducer is described by Bell et al. in U.S.
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chemcally inert material with Teflon being 15 preferred. The pressure
sensor i s bonded, pressed, heat wel ded or otherw se attached to the

i sol ati on nenbrane. The pressure sensor may be of a capacitance
or pi ezoel ectric type. A hybrid or fully integrated
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within the flowcircuit from |nformat|on sensed by the pressure sensor.
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of the ceramic pressure sensor. The electronic circuit
module 48 is also connected by suitable leads, not shown to
interval contacts of the connector 22 (Figure 1). In the
10 preferred embodiment the electrical connector 22 is made of

a chemically inert material and preferably may be of a type
available from Pneumatico, part number po3rsd-00004-24.
The electronic circuit module 48 develops a control
signal proportional to the pressure within the flow circuit
15 using analog information received from the pressure sensor
40 related to changes in its capacitance due to deformation
of member 42 by the fluid pressure acting on it. The
electronic circuit may also adjust the pressure as the
temperature within the flow circuit changes by including a
20 thermistor or like component therein.
In Figures 3 and 4, a cup shaped spacer member 50 is
disposed above the pressure sensor 40 so as to exert a
force on the upper surface of the pressure sensor 40,
- holding the sensor flat against the membrane 34. The
25 spacer 50 further has a circumferential flange 52 (Fig. 4)
which transfer a force against the membrane 34 and lip 32
of the cavity. An o-ring 54 may be positioned between the
flange 52 of the spacer and the membrane, wherein through
its elastomeric properties, the force may be transferred
30 from the spacer member 50 against the membrane to clamp it
against the annular and the cavity lip 32. A threaded hold
down ring 56 is rotated in mating relation with the inner
threads of the cavity of the housing or body 14, thereby
engaging the spacer member 50 and forcing it against the
35 pressure sensor 40 and membrane 34.
In order to reduce dead space, the distance “d" (Figure
4) that the flexible membrane is displéced from the lumen
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cavity by a conbination of the spacer WO 97/ 13132
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defini ng t hAVQEA3132. Wthout limtation, the housPEBUSI643108t i on
menbrane, 5 spacer ring, and hold down ring are constructed of the sane
pol ymer to avoi d | eakage when the tran38dcer is subject to t her ma
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of the bore 28 should be kept to a minimum. The decrease
in dead space reduces the chance of accumulation of debris
and contamination. The decrease in dead space also reduces
or eliminates the chance of air bubbles being trapped in
5 the dead space and then suddenly released back into the
flow circuit. The release of these air bubbles from the
dead space has a negative impact on the semiconductor
processing. The inner diameter of the lumen “D” should not
exceed 2*{d). Ideally, the dimension, 4, will be far less
10 than the dimension, D, in measurement. '
Figure 7 shows an alternative embodiment wherein the
spacer member 50 has rounded edges as at 58. The rounded
edges help focus the force of the spacer 50 against the
flexible membrane 34 and the lip 32 of the cavity. This
15 arrangement also eliminates the need for the o-ring 54.
However, o-ring 54 may be positioned between the membrane
and the lip 32 (see Figure 13). The flange 52 of the
spacer 50 and the o-ring 54 are dimensioned to allow a
slight gap between the sensor 40, o-ring 54, and spacer 50.
20 The inner surface of the spacer 50 may' also have a pattern
of grooves or channels formed thereon, thereby creating a
passage for the relieved air to escape. Further, the
spacer 50' may have a bore extending through a center
section, thereby extending the passage into the cavity of
25 the housing. '
Figure 8 illustrates another preferred embodiment
wherein the lip 32' of the cavity is stepped. The o-ring
54, when compressed by the spacer member 50, is made to
conform to the shape of the step and pushes or forces the
30 flexible membrane 34, causing it to bend and mold to the
shape of the stepped lip 32 to provide a seal against
ingress of fluid. In yet another embodiment, the o-ring 54
may be positioned between the membrane and the lip 32' (see
Figure 15).
s Figure 9 illustrates another preferred embodiment
having the end of the spacer member flange 52 rounded,
wherein the flange is forced against the o-ring 54 which,



tetrafl uoroet hyl ene fluorocarbon polyners are used. These

reduce the anount of abraded particulate, are 10 chemcally inert,
provi de a non-contam nati ng pressure t ransducer nodul e.
‘OBJECTS It is accordingly a principal object of the present

i nvention

Anot her object of the present invention is to provide a pressure
transducer nodul e wherein its pressure.ggpnsor conponent is isolated
fromthe fluid flowcircuit by a non- 20 contam nating barrier.
Yet anot her object of the present invention is to provi de a pressure

t ransducer

with a pressyge sensor,

pol ymer s

and

to provide a non-contam nating pressure 15 transducer

adapted to bwooessisgted in-line in a fluid flow Ci r cui PPCTMIS96/13705

miduftarhavifegcas thel atring agaimstethé hflexiblen membaainecont act
the isolation nmenber acting to isolate the

sensor and 25 assgciated el.ectronic circuitég frompotentially corrosive
&Mfi%

processi ng cheni c&

ques, G idipgtrakes yeroaneien pyeferred

subst ances i wheréiw thecegdnggséali S4' bis rpntainedawithis eah annular
anot her obj eghoglet ey PLaseRs igdYCRbhfMl | #1tR1A0 thdf OYigle 33 10T esuee

transducer

10

15

20

25

30

35

f?.re?cliglg %Jnaelxjn%%agree%szurfs OEorced against the o-ring 54°',
sealing the edges of the lip 32' thereby preventing the
fluid of the flow circuit from leaking into the cavity of
the housing. This shield arrangement is preferred in
circumstances where the fluid flow preséure is less than
the atmospheric pressure. In such a 'circumstance, the
shield arrangement eliminates the possibility of the o~-ring
being drawn into the fluid flow circuit.

Figure 11 illustrates yet another embodiment wherein
an annular ridge 62 is formed along the surface of the lip
32. When the membrane is compressed against the 1lip, the
membrane conforms to the shape of the ridge. In this
manner, an effective seal is formed between the membrane
sheet and the housing lip.

Figure 12 shows yet another embodiment wherein the lip
has a multiple step wherein the o-ring 54 is positioned on
the lower step below the membrane 32. An additional
annular sealing ring 64 having an external groove 66 for
receiving an o-ring 68 and an internal groove 70 for
receiving an o~-ring 72 provides an additional seal between
the housing 14 and the pressure sensor 40. The additional
annular sealing ring 64 is shown as being positioned
between a top step 74, and the first spacer ring 76. The
spacer member 50 is in direct contact with both the first
spacer ring 76 and the pressure sensor 40. In this manner,
the interior of the housing is sealed from the fluid
circuit independently of the seal created between the
membrane 32 and the pressure sensor 40. A drain channel 78
extends through the housing 14 to an external surface. The
drain channel 78 is positioned between the top step 74 and
the lower step to which the seal 54 is in contact. If
fluid from the flow circuit leaks past o-ring 54, the drain

thg

Still



absol ute pressure of the flow circuit is neasured non- i ntrusively.

These and ot her objects, as well as these and ot her features and

advant ages of the present invention will 35 becone readily apparent to
those skilled in the art froma review of the foll ow ng detail ed
description of the preferred enbodi nent in conjunction with the
acconpanyi ng¥o 9713132 WO 97/ 13132 PCT/US96/13705

PCT/ US96/ 13705 : -7- drawi ngs and cl ai s
and in which |ike nunerals in the <lkreral views refer to correspondi ng

parts. _
| channel 78 allows this fluid to drain out of the housing
without contaminating or affecting the sensor 40.

When the o-ring 54 is positioned on the fluid flow
circuit side (see Figures 10 and 12-15), the o-ring must be

5 manufactured from a chemically inert material. A
perfluoroeclastomer, such as KALREZ available from duPont
Nemours, Inc., is suitable for this purpose. oOther

materials such as CHEMRAZ, an elastomeric PTFE available
from Greene, Tweed & Co., Inc. is equally suitable.

10 Having described the constructional features of the
present invention the mode of use will now be discussed.
The user couples the pressure transducer module 10 into a
fluid flow circuit through pressure fittings 16 and 18. As
fluid flows through the flow circuit, the pressure distorts

15 the thin ceramic plate 38 of the pressure sensor 40 as a
function thereof, and thus changes the capacitance of the
ceranic pressure sensor. The change in capacitance is
related to the pressure within the flow circuit. This
change in capacitance is detected by the electric circuit

20 48 which, in turn, produces an analog signal proportional
to the pressure. The gauge pressure or absolute pressure
nay equally be determinegd.

| Those skilled in the art will recognize that the
transducer output may be calibrated so that minimum output

25 values are associated with minimum pressure and maximum
output pressures are associated with maximum pressure. For
example, a transducer intended to measure 0 to 100 psig
(pounds per square inch gauge) can be calibrated to read 4
mA (milliamps) at 0 psig and 20 mA at 100 psig.

30 By providing the inert Teflon membrane which is in
intimate contact with the ceramic diaphragm 38 of the
pressure sensor, the working fluid does not contact the
surfaces of the sensor which could lead to contamination.
The sealing arrangements disclosed insure that the working

35 fluid does not enter the cavity of the housing 14 and
adversely affect the electronic circuity.



DESCRI PTI ON OF THE DRAW NGS Figure 1 is a perspective view of the

pressure 5 transducer: : Eigure 2 is a side elevational. view of the
pressure transducer of the type shown in Figure 1; Figure 3 is
a partial, sectioned side elevational view of the pressure transducer

nodul e of the type shown in 10 Figure 1 having the cap renoved;
Figure 4 isvem9mii®arged partial, sectioned view of the POT/OSTBHERS

transducer nodul e shown in Figure 3; Figure 5 is a perspective
view of the flexible menbr ane usedjsd the assenbly of Figures 1 through
3; 15 Figure 6 is a side viewof an alumna ceramc capacitive
pressure abutting the isol ation nenber; Figure 7 is an enl arged,
partial, secti on&@®isi delnventdioa, athamal beerw dlesgribeder mi.pr efigrred
pressure  cdnsidedadle Hetidia ifh a&f&&zdaesec%bm avfi‘&h”\ﬁ-{ grent 20
of the inventi i

el evati onal s\ﬁag\ﬁtSF SHSt Fi@rpﬁ%£$$a§%ssﬁ?%ahgég&e§gﬁr%n Se%zggr st de

modul e; informatjanec neefdedatoc@ipplyetheparaviedl meictdiples sinde 26

el evati opal condtrabtStand ¥l NBhcR’ Ypeciad1RE8Stnponents as are
required. However, it is to be understood that the
invention can be carried out by specifically different
devices, and that various modifications, both as to the
equipment details and operating procedures, can be

10 accomplished without departing from the scope of the

invention itself.
What is claimed is:



transducer nodul e; Figure 10 is_yet another enlarged, partia
secti oned, si de el evati onal view of a still further alternate

pref erred pressure transducer nodul e; ““ln”mmmmﬂ" s an enl arged,
partial, sectioned side elevatlonal er pressure
transducer nodul e constructed in accortarfce ‘w fhe' present invention;
Figure 12 i sW8313%r ged, partial sectioned side el evat RGHE8964378%y of
yet a further alternate preferred 35 pressure transducer nodul e.
\/\18) 97/ 13132 -16- PCT/ US96/ 13705
CLAIMB
1. A chemically inert pressure transducer module

adapted to be connected in-line with a fluid flow circuit,

comprising:

5 (a) a housing having a bore extending through said
housing thereby forming a fluid flow conduit,
wherein an inlet end and an outlet end of the
conduit are connected in-line to the fluid flow
circuit, said housing further having a cavity

10 formed within said housing extending from an
outer surface of said housing into the bore of
said housing;

(b) a chemically inert flexible membrane contained
within the cavity, proximate the bore of said

15 housing, the membrane having first and second
opposed major surfaces, said first major surface
being exposed to fluid flowing in the conduit:

{(c) means for sensing a change in pressure within the
flow circuit, said means for sensing being
20 contained within said cavity adjacent to and in
contact with the second major surface of said
flexible membrane:;
(d) means for constraining the membrane and the means
for sensing in a fixed position within the cavity
25 of the housing: and
(e) an electronic circuit contained within the cavity
of the housing and coupled to the means for
sensing a change in pressure within the flow
circuit, whereby the electronic circuit produces

30 an electrical signal proportional to the pressure
within the bore.

2. The pressure transducer module as recited in
claim 1, wherein said means for constraining comprises a
spacer and a hold down ring, wherein the hold down ring has

35 threads formed on an external surface which mate with

threads formed on an internal surface of the cavity, said
spacer being positioned between said means for sensing and
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Figure 13 is an enlarged, partial _sectioned side . el evati onal vi ew of
yet a further alternate preferred pressure transducer nodul e;

Figure 14 is an enlarged, partial ” ﬁmﬂuﬂuﬂﬂm el evational view of yet
‘a further alternate preferred cer nodul e; and
Figure 15 is an enl arged, partial sec $idned sde”  elevational view of

yet a furthewoehssenate preferred pressure transducer p@Egudoensred

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBCODI MENT Referring first
to Figures 1 and 2, the pressure S Kpansducer nodule is generally

I dentified by nuneral 10. The pressure transducer is shown as having a
base 12 which Is used in nmounting. the pressure transducer nodule 10 to
15 processsaig chpldndown (ning,swvegeby Whemuthe cholahedown yring iscl udes a

housi ng or é&‘h&e&”rre?é@ﬁﬁé"t% Eh&tiﬂ&%nla‘i 30frd&e of ﬁildc%viﬁyeftﬂé cap 20.

An el ectri } lrfio nector 22 0 construc ma% be tenpvably

attached t SR TIRI pressﬁ‘%m%’%sﬁﬁ?%e’ﬂ??? 1%“ nea%s sEP¥e as a

inlet and ssé®ing.l et to the transducer body 14 and are of known

construglion. 3. rhellpadsste | farndtddis ahbawid | abCCAYR iRt the
claim 1, and further including a cap adapted to be attached

to the housing in covering relation to the cavity, the cap
including a chemically inert electrical connector
electrically coupled to the electronic circuit.

10 4. The pressure transducer module as recited in
claim 1, wherein said membrane is manufactured from a
tetrafluoroethylene fluorocarbon polymer.

5. The pressure transducer module as recited in
claim 1, wherein said housing and said means for

15 constraining are manufactured from a chemically inert
polymer.

6. The pressure transducer module as recited in
claim 5, wherein said chemically inert polymer comprises
polytetrafluoroethylene.

20 7. The pressure transducer module as recited in
claim 4, wherein said housing and said wmeans for
constraining are manufactured from a chemically inert
polymer.

8. The pressure transducer module as recited in

25 claim 1, wherein the means for sensing comprises a alumina
ceramic diaphragm capacitive sensor.

9. The pressure transducer module as recited in
claim 1, wherein the means for sensing comprises a
piezoelectric sensor.

30 10. The pressure transducer module as recited in
claim 1, wherein the electronic circuit includes a means
for adjusting the control signal to compensate for
fluctuations in temperature within the flow circuit.

11. The pressure transducer module as recited in

35 claim 1, wherein said membrane includes a plurality of
channels formed on an upper surface of said membrane, said

N



pressure transducer housi ng may t ake"on vari ous shapes, however a
general ly cylindrical shape as shown j M“‘“ML A cylindrical
pressure transducer body is easi |\“‘“m‘“m d fluids flow nore
readily through a cylindrical bore- orc cavity %ithin the transducer.

The housi ng 14 and cover 20 are preferably manufactured froma

cheni cal | y- iWW@P¥I3132non_ cont anmi nating pol yner such as 30PCT/US96/13708

pol yt etraf | uor oet hyl ene. The cover nmay have threading forned on an

i nt er nal surface that mates with t+¥8ading as at 24 in Figure 3
formed on an external surface of the housing. The cover may thus be

Shown) pos { PORBIETH o RBAPAERY (Aon “ong | 8P, St o RAY GSERPTAINe EPoal |y
seal ed to t henothex rgpaced apaysnedge, of makd imenBrgnee 2, may be forned
t hrough the 12. A chemically inert pressure transducer module
adapted to be connected in-line with a fluid flow circuit,
S comprising:

(a) a housing having a bore extending through said
housing thereby forming a conduit, wherein an
inlet end and an outlet end of the conduit are
connected in-line to the fluid flow circuit, said

10 housing further having a cavity formed within
said housing extending from an outer surface of
said housing into the bore of said housing:;

(b) a chemically inert flexible membrane contained
within the cavity, proximate the bore of said

15 housing;

(c) an alumina ceramic diaphragm capacitive sensor
contained within said cavity disposed with the
diaphragm adjacent to and in contrast with said
flexible membrane;

20 (d) means for constraining the membrane and the means
for sensing in a fixed position within the cavity
of the housing; and

(e) an electronic circuit contained within the cavity
of the housing and operatively coupled to the

25 means for sensing a change in pressure within the
flow circuit, whereby the electronic circuit
produces a control signal proportioned to the
pressure within the bore.

13. The pressure transducer module as recited in

30 claim 12, wherein said means for constraining comprises a

spacer and a hold down ring, wherein the hold down ring has
threads formed on an external surface which mate with
threads formed on an internal surface of the cavity, said
spacer being positioned between said capacitive alumina

35 c¢ceramic diaphragm sensor and said hold down ring, whereby

"when the hold down ring is screwed relative to the internal
surface of the cavity, the hold down ring presses the
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-9- housing wall, thereby venting an interior, of the housi ng. The
vent 26 allows a pressure sensor u " Im”“ . housing to
‘determi ne a gauge pressure. Wt ho m ﬂtumf Iml iabsol ute pressure
within the fluid flowcircuit is 5* méastrety. s *The particular features
of the vawioemasisz conponents of pressure transducer Wl bchg¥eAsros

di scussed. Referring to Figures 3 and 4, the internal
construction of the pressure transduc_e_rlg_s shown. A bore 28 ext ends
through the housing formng a conduit, whereby 10 when the pressure _
transducer nodule 10 is connected in- line, with a fluid flow circuit,

via pressur espacer nggaifist thensapacitieebanemifiaseeranias dlapagagge Within
the fluid gefddsw circuit. One end of the bore opening fornms the inlet
and the other end of the bore forms an outlet to the fluid 15 flow

circuit. The ori¥ht atiftfh BYessRFS,, LTapsduger  vadude as x¥egiked wiRhin t he
fluid fl ow ceXaimt 2y &dndr Enmxthedt including a cap adapted to be

5 attached to the housing in covering relation to the cavity,
the cap including a chemically inert electrical connector
electrically coupled to the electronic circuit.

15. The pressure transducer module as recited in
claim 12, wherein said membrane is manufactured from a

10 tetrafluoroethylene fluorocarbon polymer.

16. The pressure transducer module as recited in
claim 12, wherein said housing and said means for
constraining are manufactured from a chemically inert
polymer.

15 17. The pressure transducer module as recited in
claim 16, wherein said chemically inert polymer comprises
polytetratfluoroethylene.

18. The pressure transducer module as recited in
claim 15, wherein said housing and said means for

20 constraining are manufactured from a chemically inert
polymer.

19. The pressure transducer module as recited in
claim 12, wherein the electronic circuit includes a means
for adjusting the control signal to compensate for

25 fluctuations in temperature within the flow circuit.

20. The pressure transducer module as recited in
claim 12, wherein said membrane includes a plurality of
channels formed on an upper surface of said membrane, said
channels extending from one edge of said membrane to

30 another spaced apart edge of said membrane.

21. A chemically inert pressure transducer module
adapted to be connected in-line with a fluid flow circuit,
comprising:

(a) a housing having a bore. extending through said

35 housing thereby forming a fluid conduit having an -

inlet end and an outlet end adapted for

connection in-line to the fluid flow circuit,
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w thout affecting the effectiveness of the pressure transducer.

A-cavity 30 extends all the vvay—ﬁ‘crrﬁ‘an’(ﬁt‘g'r surface 20 .of the housing 20

to t'he bore 28. Near the regl on “E“]ousi ng where the cavity 30

‘and bore 28 intersect, an U“ “‘““I‘Hll\ ornmed. The lip 32 further
Ye

defines an opening to the ca rlom"t hé bbre.” As further discussed
bel ow, the 'r’fg‘;? 2have various shapes. A t hin fIRSTTUSPE1I3308 yer
di sk nmenbrane 34 is positioned on the lip 32 of the cavity. In the
preferred enbodi nent bot h the hous2®mg 14 and the flexible nenbrane 34
are manuf act ured from tetrafl uoroethyl ene fl uorocar bon

ol yners. such r af l,uor oet Iene fl,uorocar bo Iyner S
golé under the TEFL %ﬁ t't 405 g“ hayipg,a cav%g % the

preferred enbodi nent, Wi-hlelldl ﬁ@lﬂenmmg sextengiwerﬁm:lw anl d:m:l:e'zat her
t han sprayed or minUféﬁi'fEr%i &Y said SABHsPhGCinPHOERES Horat dfaysél ve

pi nhol e pat hs therei nh \Wen the pressure transducer nodul e ul ly

assenbl ed, the 35 an ﬁ'l'%’rn%'urface contact between the flexible merrbrane

and She housi(ky | apchemicakly hinéxt £léncilie i membrane scomaibd

t her ebet ween. within the cavity, proximate the bore of said
housing;

(c) a piezoelectric pressure sensor contained within
said cavity adjacent to and in contact with said

10 flexible membrane;

(d) means for constraining the membrane and means for
sensing in a fixed position within the cavity of
the housing; and

(e) an electronic circuit contained within the cavity

15 of the housing and coupled to the means for

sensing a change in pressure within the flow
circuit, whereby the electronic circuit produces
a control signal proportional to the pressure
within the bore.

20 22. The pressure transducer as recited in claim 21,
wherein said means for constraining comprises a spacer and -
a hold down ring, wherein the hold down ring has threads
formed on an external surface which mate with threads
formed on an internal surface of the cavity, said spacer

25 being positioned between said piezoelectric sensor and said
hold down ring, whereby when the hold down ring screwed
down relative to the internal surface of the cavity, the
hold down ring presses the spacer against the piezoelectric
sensor.

30 23. The pressure transducer module as recited in
claim 21, and further including a cap adapted to be
attached to the housing in covering relation to the cavity,
the cap including a chemically inert electrical connector
electrically coupled to the electronic circuit.

35 24. The pressure transducer module as recited in
claim 21, wherein said membrane is manufactured from a
tetrafluorocethylene fluorocarbon polymer.
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-10- Ref erring next —t—o-Fi-gw%’Tﬁ‘Tﬁ-i n, flexible, Teflon
menbrane 34 is shown in gre W t hout limtation,
the menbrane is preferably const mlkﬂmig l a thickness in a range
bet ween . 001 and . 040 inches. n sur ace 36 is abraded so as to
create a pawde;-pmpjz grooves or channel s. Now, when theptpigsnsiesf ace 36
of the menbrane i s pressed agai nst the base 38 of the pressure

sensor 40, any air pockets that mght_gfherw se have forned bet ween t he
sensor base 38 and the nenbrane are relteved, 10 allowing nore intinmate
contact between the nenbrane and the pressure sensor 40. The flange 52
of the spacer 50280d The pressure transducer module as recited in

claim 21, wherein said housing and said means for
constraining are manufactured from a chemically inert
polymer.

5 26. The pressure transducer module as recited in

claim 25, wherein said chemically inert polymer comprises
polytetrafluoroethylene.

27. The pressure transducer module as recited in
claim 24, wherein said housing and said means for

10 constraining are manufactured from a chemically inert
polyner. |

28. The pressure transducer module as recited in
claim 21, wherein the electronic circuit includes a means
for adjusting the control signal to compensate for

15 fluctuations in temperature within the flow circuit.

29. The pressure transducer module as recited in
claim 21, wherein said membrane includes a plurality of
channels formed on an upper surface of said membrane, said
channels extending from one edge of said membrane to

20 another spaced apart edge of said membrane.
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o-ring 54 are dinmensioned to allow a slight gap between the sensor 40,
o-ring 54, and spacer 50. The inner surfdce of t he spacer 50 nmay al so
have a pattern of grooves or 15 channels formed thereon, thereby creating
‘a passage for the relieved air to escape into a- central regi on of the
cavity. Referring again to Figures 3 and 4, the pressure

sensor 40 | swpogiaiizoned on top of the flexible rrenbrane 3dpeTrusesl $s
pressure sensor may be of a capacitance type or 20 piezoelectric type

known to those skiiled in the art. THY? base 38 of the pressure sensor
Is in direct contact with t he nenbrane and nmay be either in pressure
contact with or nded to the nenbrane by an adhesive, thermal wel ding
or by ot he[F‘ nmeans. 25 ' In o@@ enbodi nent generally shown in
Figure 6, an UTna ceram c pressyre sensor is conprised of a thin,
general |y conpliant ceranic sher ;?=??v g an insulating spacer ring

2%, o DIJEESE: geramc sheet 46
The first thin ceramc : I §m i sp approxi mately . 005 to

. 050 inches in thickness it gl vpid t i ckjess of 1020 inches. The
t hi cker ceramc S S ] .100 to . 200

I nches. The spacey pol ynmer. The
apposed faces of c¢

10
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35 netalized by netals such as gold, nickel or chrone to create
plates of a _capacitor, A_simlar capacitive pressure transducer is
described by Bell et al. in US. WO 97/ 13132

PCT/ US96/ 13705 -11- Patent 4,177,496
(the '496 patent). O her capacitive pressure transducers simlar to
t hat descri bedopmase ' 496 patent are available and knopgrieghBRsart -
Referring again to Figure 4, an electronic circuit 5 nodule 48 iIs

positi oned above the ceram c pressure s@hfor
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40 and is electrically coupled to the conductive surfaces of the
ceram C pressure Sensor. The electronic circuit modul e 48 is al so
connécted by suitable | eads, not shown to interval contacts of the
tonnector 22 (Figure 1). In the 10 preferred enbodi ment the electrical
connector 22 is nmade of a chemcally inert material and preferably may
be of a typevoerssdsai |l abl e from Pneumati co, part nunber popeftsdddsasd- 24.
The electronic circuit nodul e 48 devel ops a control si gnal proportional
to the pressure within the flow circui#715 using anal og i nformation
received fromthe pressure sensor 40 related to changes in its

capaci tance due-to deformation of nmenber 42 by the fluid pressure
acting onit. The el ectronic circuit may al so adjust the pressure as

t he tenperature within the flow circuit changes by including a 20
therm stor or |ike conponent therein. ' In Figures 3 and 4, a cup
shaped spacer nenber 50 is di sposed above the pressure sensor 40 so as
to exert a force on the upper surface of the pressure sensor 40,
hol di ng the sensor flat against the nenbrane 34. The 25 spacer 50
further has a circunf Nt flange 52 (Fig. 4) whi ch transfer a force
agai nst the nenbrane‘iisggEZtip 32 of the cavity. An o-ring 54 nmay be
posi ti.oned between tkie=—&>ange 52 of the spacer and the menbrane,
wher ei n t hrough

Fhiesea. ... ANt aran.. ————

i
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Its elastonmeric properties, the force may be transferred 30 fromthe

spacer _nenber 50 against the nmenbrane to clanp it agai nst the annul ar
and the cavity lip 32. A threaded hold down ring 56 is rotated in
mating relation with the inner threads of the cavity of the housing or
body 14, thereby engagi ng the spacer nenber 50 and forcing it against
the 35 presgodsmssensor 40 and nenbrane 34. | n orpefuésgnsnsuce
dead space, the distance "d" (Figure 4) that the flexible nenbrane is
di spl aced fromthe | unen &6 97/ 13132

PCT/ US96/ 13705 -12-

I,
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of the bore 28 should be kept to a mnimum The decrease I n dead space
reduces the chance of accunul ation of debris.. and contamnnation. The
decr éase i n dead space al so reduces or elimnates the chance of air
bubbl es being trapped in 5 the dead space and then suddenly rel eased back
into the flow circuit. The release of these air bubbles fromthe

dead space Rpgomsigati ve i npact on the sem conduct or PCTIUSTEABTNS. The

i nner di ameter of the lunen "D' shoul d not exceed 2*(d). ldeally, the
dimension, d, will be far less 10 than B/ dinension, D, in neasurenent.
Figure 7 shows an alternative enbodi nent wherein the spacer menber 50
has rounded edges as at 58. The rounded edges help focus the force of

t he spacer 50 agai nst the flexi ble menbrane 34 and the lip 32 of the
cavity. This rr ement also elimnates the need for the o-ring 54.
However, o-rijg‘ be positioned between the nmenbrane and the lip
32 (see FigﬂT@'ﬁg%g""The flange 52 of the spacer 50 and the o-ring 54
are dinmensioned to allow a . , slight gaﬁobet en the sensor 40, o-ring 54,
and spacer 50. 20 The inner ce of /the s r 50 may al so have a
pattern of grooves orszrtginel gg
passage for the relieygg

Fig.10
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spacer 50' may have a bore extending through a center section, thereby

ext endi ng the passage into the cavity of 25 the housing. @~ Figure 8
ilTustrates another preferred enbodi nent wherein the lip 32' of the
tavity is stepped. The o-ring 54, when conpressed by the spacer nenber
50, is made to conformto the shape of the step and pushes or forces
t he 30 fl exiblegisienbrane 34, causing it to bend and nol d grnigs€izies Shape
of the stepped lip 32 to provide a seal against ingress of fluid. In
yet anot her enbodinment, the o-ring 54 6/7 may be positioned between the
nmenbrane_and the lip 32' (see Figure 15). 35 Figure 9 illustrates
anot her 12;{]@! enbodi nent havi ng the end of the spacer nenber flange
52 rou =O——mnherein the flange is forced against the o-ring 54 which,
50
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-13- In turn, forces the o-ring against the flexible menbrane 34.
Figure 10 illustrates yet another preferred enbodi ment wherein the
o-ring seal 54' is contained within an annular 5 groove or recess 60
formed within the lip 32'. The flexi ble menbrane 32 is forced against
the o-ring 5wos9332seal ing the edges of the lip 32 there%msgyg%g ng the
fluid of the flowcircuit fromleaking into the cavity of t he housi ng.
This shield arrangenent is preferred i n7#0 circunstances where the fluid
flow pressure is | ess than t he at nospheric pressure. In such a
circunst ance, the shield arrangenent elimnates the possibility of the
o-ring being drawn into the fluid flow circuit. Figure 11
il lLustrates ygin@nother enbodi nent wherein 15 an annul ar ridge 62 is forned
al ong the sur i I lip 32. Wen the nenbrane is conpressed
agai nst t he=trpe= e

' 56

7 50
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menbrane conforns to the s _Dgpg_QL—Lhe—4|dge In this manner, an

effective seal is formed between the menbrane sheet and the housing -

i p. 20 I Fi gurem““ Mluﬁmm hgz enbodi mP{} \ mPOT/US g/t A) | YFO g

has a multiple ste is positio

step bel ow Itohe rren‘grane 3. Y  An &dditional annu’PaEAZ%pﬁbMQw
havi ng an external groove 66 for receiving an o-ring 68 and an internal
groove 70 for 25 receiving an o-ring-A%-provides an additional seal between
t he housing 14 and the pressure sensor 40. The additi onal annul ar
sealing ring 64 is shown as being pddikIMéned = between a top step 74, and

the first spacer ra Rhemfcalld 1ner§p€ﬁ@%.ﬁ¥5ﬁ¥¥aﬂghdé§f'ﬁdﬁuﬁ%?%g%%%E?Ctthls
8j figuid €

with both the first .3 ressure sensor ]
nanner , & e igen W:ﬁ?‘% dfpgﬁnﬁhglﬁgu eﬁl¥?¥ﬁﬁtrﬁ9ﬂnﬁﬁ§fng
circuit i ndep@idert | ghehicabl gedhertehpadingt Wearirighea boreerixtend@iag and

t hespressure sensq-_rl.uchQ1 gt ggﬁ%n %%rlp@l tgtﬁereb e§§§ﬂg§%t ropgl; & h%lhou5| ng

14 to an external surface. rai-n chann osi tToned befle
the top step 74 aff? duity hwhepedn an dples Rdcand an suriless end of &bet act

| f fluid fromddmiditowager CobhnéCbdd [Hasliliond | 88 Séhet AR Blow
circuit, said housing further having a cavity formed
within said housing extending from an outer surface of

10 said housing into the bore of said housing:;

(b) a chemically inert flexible membrane sealed within the
cavity, proximate the bore of said housing, the
membrane having first and second opposed majdr
surfaces, said first major surface being exposed to

15 fluid flowing in the conduit, wherein a sealing member
sealably engages said flexible membrane to said
housing;

(c) means for sensing a pressure within the flow circuit,
said means for sensing being contained within said

20 cavity adjacent to and in contact with the second
major surface of said flexible membrane and thereby
isolated from fluid flowing in the circuit;

(d) means for constraining the membrane and the means for
sensing in a fixed position within the cavity of the

25 housing; and

(e) an electronic circuit contained within the cavity of
the housing and coupled to the means for sensing a
change in pressure within the flow circuit, whereby
the electronic circuit produces an electrical signal

30 proportional to the pressure within the bore.

2. The pressure transducer module as recited in claim 1,
wherein said means for constraining comprises a spacer and a hold
down ring, wherein the hold down ring has threads formed on an
external surface which mate with threads formed on an internal

35 surface of the cavity, said spacer being positioned between said
' means for sensing and said hold down ring, whereby when the hold
down ring is screwed relative to the internal surface of the
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-14- channel78attews_this fluid to drain f t he houi

wi t hout contanlna affecting the sensor 40. -5|ng
54 is positioned m&i H”mn”m/ circuit si '
12-15), the o- r|ng ufactured from a chen1c |nert

mat eri al . perfluoroefastoner such as KALREZ avallable from duPont
Nenour s, Inc suitable for thizs purpose. Q her mat eri al s such
as CHEMRAZ, an elastonerlc PTFE avai |l abl e from Greene, Tweed & Co.,

Inc. i §a€qul,l fheuhodd| @owrlOring predmesdhie spaidesd agadne@ngheunbansal

f eat ur gp0lsehld@ng. Present invention the node of use will now be

di scussed.

3. The pressure transducer module as recited in claim 1,

and further including a'cap adapted to be attached to the housing

5 in covering relation to the cavity, the cap including a
chemically inert electrical connector electrically coupled to the
electronic circuit.

4. The pressure transducer module as recited in claim 1,
wherein said membrane is manufactured from a tetrafluoroethylene

10 fluorocarbon polymer. .

5. The pressure transducer module as recited in claim 1,
wherein said housing and said means for constraining are
manufactured from a chemically inert polymer.

6. The pressure transducer module as recited in claim 5,

15 wherein said chemlcally inert polymer comprises
polytetrafluoroethylene.

7. The pressure transducer module as recited in claim 4,
wherein said housing and said means for constraining are
manufactured from a chemically inert polymer.

20 8. The pressure transducer module as recited in claim 1,
wherein the means for sensing comprises an alumina ceramic
diaphragm sensor. _

9. The pressure transducer module as recited in claim 1,
wherein the means for sensing comprises a piezoelectric sensor.

25 10. The pressure transducer module as_recitéd in claim 1,
wherein the electronic circuit includes a means for adjusting the
electrical signal to compensate for fluctuations in temperature'
within the flow circuit.

11. The pressure transducer module as recited in claim 1,

30 wherein said membrane includes a plurality of channels formed on
an upper surface of said membrane, said channels extending from

" a first poéition along an edge of said membrane to a second
spaced apart position along said edge of said membrane.

12. A chemically inert pressure transducer module adapted

35 to be connected in-line with a fluid flow circuit, comprising:

(a) a housing having a bore extending through said housing

thereby formlng a conduit, wherein an inlet end and an
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The user coupl es LDQ_QL§§§HL§¢transducer nmodule 10 into a dMglui_ ow
circuit through pressure fittimgs—16-and 18. AsnngUSlgd f %&oﬁgh t he
flow circuit, the ?u i | 15 the thin Teramc plate Eﬁg¥g7the
pressure sensor 40! mﬂm,ﬁ' mmggagwthereof, and‘gENUSQr@etd
capacitance of the * fceramcs Ssure sensor. he change in capacitance
S related to the pressure mﬁthtg@%he flowcircuit. Thi s change

i n capacitance is detected by:the el ric circuit 20 48 which, in turn,

produces an anal %%[t%Q”QLdPSPp&Eé 'Ldit a {a%%ﬁl?eﬁe%si%ﬁ‘i"nlh%ogéﬂge
~pressure or absolute pressure may eqyaf y be de er m nea. Those
skilled in the arfluld | fle¥ogircaithatsate housingndprdderohaningmg be

calibrated so thajavity Negerd Dt ¥2d/eRodé EngSeRELAA By WeLEm MhAT MUM
pressure and maxi ressures _are associ d

m out put ed with XL pym
pressure. For °%a5§nﬁ?f%%§%r%ns%%% PP EIH TR ﬁ%%sﬁ?ﬁeooggsfgg psi g
(p8unds per squam®usiglgigauge) can be calibrated to read 4 mA

(mllianmps) @) 0 DThendBd12f et £00x151d) melftbrane cditained diksiihhe
i nert Tefl on nmenbrane isin ., intimate contact with the geramc

whi,.ch
di aphragm 38 of t cavﬁ%ESSUPE°§%WEﬁﬁ, theée REFRi ngt 1 1SR 98L8SABE cont act
t he sur f aces wiferelia sabd omenibrarie decllddesaa pluradrittymofaichannels The

sealing arrangem%@fhéHSSLO%%jﬁﬁﬁ%ﬁesﬁpéécéh%f“%&ﬁd“%mmbrane, said
10 channels extending from a first position along an edge
of said membrane to a second spaced apart position

along said edge of said membrane;
(c) a pressure sensor contained within said cavity
disposed with a portion of the pressure sensor in

15 contact with said flexible membrane:;

(d) means for constraining the membrane and the pressure
' sensor in a fixed position within the cavity of the
housing, the pressure sensor being isolated from a
fluid flowing in the fluid flow circuit; and
20 . (e) an electronic circuit contained within the cavity of
the housing and operatively coupled to the pressure
sensor, whereby the electronic'circuit produces a
control signal proportionate to the pressure within
, the bore. o .

25 13. The pressure transducer module as recited in claim 12,
wherein said means for constraining comprises a spacer and a hold
down ring, wherein the hold down ring has threads formed on an
external surface which mate with threads formed on an internal
surface of the cavity, said spacer being positioned between said

30 pressure sensor and said hold down ring, whereby when the hold
down ring is screwed relative to the internal surface of the
cavity, the hold down ring presses the spacer against the
pressure sensor.

14. The pressure transducer module as recited in claim 12,

35 and further including a cap adapted to be attached to the housing

in covering relation to the cavity, the cap including a et
This Sheet Has Been Replaced - | : THIS SHEET HAS BEEN
TR




35 fluid does'notoﬁglgi_gng,cayk%y~of the housing 14 and
affect the electr T clrcuity mvg&gz 1

adversely

hose skill ed

e . . eusn o e

order to conply mnt phtent statutes and to provide t
in the art wth the I nformati on needed to apply the novel
and to 5 construct and use such specrabirzed conponents as are

principles
requi red.

However,

it is_to be understood that the
chemlcally inert electrical connector electrically coupled to the

electronic circuit.
15. The pressure transducer module as recited in claim 12,
wherein said membrane is manufactured from a tetrafluoroethylene

5 fluorocarbon polymer.

16. The pressure tfansducer module as recited in claim 12,
wherein said housing, and said means for constraining are
manufactured from a chemically inert polymer.

17. The pressure transducer module as recited in claim 16,

10 wherein said chemically inert polymer comprises
polytetrafluoroethylene.

. 18. The pressure transducer module as recited in claim 15,
wherein said housing and said means for constraining are
manufactured from a chemically inert polymer.

15 19. The pressure ﬁransducer module as recited in claim 12,
wherein the electronic circuit includes a means for adjusting the
control signal to compensate for fluctuations in temperature
within the flow circuit.

20. A chemically inert pressure transducer module adapted

20 to be connected in-line with a fluid flow circuit, comprising:

(a) a housing having a bore extending through said housing
thereby forming a fluid flow conduit, wherein an inlet
end and an outlet end of the conduit are connected in-

. line to the fluid flow circuit, said housing further

25 having a cavity formed within said housing extending

from an outer surface of said housing into the bore of
said housing;

(b) means for sensing a pressure within the fluid flow
‘circuit, said means for sensing being contained within

30 said cavity:;

(c) a chemically inert flexible membrane sealably engaged
within said housing, proximate the bore of said
housing, said membrane having first and second opposed
major surfaces, said first major surface being exposed

35 to fluid flowing in the conduit and the second major

surface being exposed adjacent to and in communication
with said means for sensing, thereby operably
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i nvention can be-earried out by specifically d|fferent dﬂfeypgeFSh

that wvari ous nDdlflcatlons both as to the

oot oo, b UMM == g, & R @&?ﬂ?w‘“@we

- 16- : CLAI M5 _ . Achemcally
inert pressure transducer nodul e ada.mt(ﬁ.d to be conngcft ed to a fluid
flow circuit, said pressure transducer nodul e conpri si ng:

(a) a chenical | yisalattingosaidgnéens ripra seaséngxtesmlifihid flowing in
through at |east g, pstiQ¢af said housing, wherein an

(d) means for constraining the membrane and the means for
sensing in fixed positions within the cavity of the

5 housing; _

(e) "a sealing member to sealably engage said flexible
membrane to said housing:;

(f£) a drain channel extending from the cavity of said
housing to the outer surface of said housing. '

10 . 21. The pressure transducer module as recited in claim 20,
further comprising an electronic circuit contained within the
cavity of the housing and coupled to the means for sensing a
pressure within the flow circuit, whereby the electronic circuit
produces an electrical signal proportional to the pressure within

15 the bore of said housing.

22. The pressure transducer module as recited in claim 20,
wherein said housing further has a vent extending from the outer
surface of said housing into the cavity of said housing.

23. A chemically inert pressure transducer module adapted

20 to be connected in-line with a fluid flow circuit, comprising:

(a) a housing having a bore extending through said housing
thereby forming a fluid flow conduit, wherein an inlet
end and an outlet end of the conduit are connected in-
line to the fluid flow circuit, said housing further

25 . ' having a cavity formed within said housing extending

from an outer surface of said housing into the bore of
said housing:;

(b) means for sensing a pressure within the fluid flow
circuit, said means for sensing being contained within

30 said cavity;

(c) a chemically inert flexible membrane sealably engaged
within said housing, proximate the bore of said
housing, said membrane having first and second opposed
major surfaces, said first major surface being exposed

35 to fluid flowing in the conduit and the second major

surface being exposed adjacent to and in communication
with said means for sensing, thereby operably

This Sheet Has Been Replaced - . THIS SHEET HAS BEEN
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i"nl et end of said bore is connected to the fluid fl ow o
circuit, said tousing furrher fiaving a cavity forP@/USL &/ 18 T Qi hin

sai d housing ex ' _ t-er surface of  sgid si ng

tovar.the'bor o UMM (b o cIPEALISO2 JAL 198

flexible I sol'alTon vimembeyr = separating said cavity and

said bore, the isolation nenber hawu,jg first and second opposed najor

surf aces, said first major surface being exposed to

fluid flowi ng isdlatheg baie, medidl fore8eAding B fm INiA Flowing in

defining a | owner HR t'i%uq_q__,sal d cavity adjacent and

adj oi ni ng nmeans for sensing'a pressure within the flow

circuit; (d) means) foraranabraining thegienprans egslrthenmeans foe f | ow

circuit being isalensithd ron £1kddl poHIE16hd Nwifiein the cavity ofCicheuit;

(d means for cqnstr.aining the isolation nmenber and the _

means for sensi ng‘ %ii xed position within the cavity of

the housing;(einda first sealingn membéronts cdealibilyomingagred watbi n t he

cavity of flexivle iniAns 89 aRdacpupLedyl o the means for sensing a
il ' P SRene v P he

pressure wthin the ow _circuit, ) _
el ectroni c ciflcuia SRoRdcEs2hing| BeRPeE to FeflAably engage said means
proportional to tfior merrsee toi Eaia hbashAge. and

10 (g) a drain channel extending from the cavity of said

housing to the outer surface of said housing between
said first and second seal members.
24. The pressure transducer module as recited in claim 23,
further comprising an electronic circuit contained within the
15 cavity of the housing and coupled to the means for sensing a
pressure within the flow circuit, whereby the electronic circuit
produces an electrical signal proportional to the pressure within
the bore of said housing.
25. The pressure transducer module as recited in claim 23,
20 wherein said housing further has a vent extending from the outer
surface of said housing into the cavity of said housing.
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2. The pressure transducer nodul e as recited i n BERLAGEMENT SHEER®r SGh sa
nearfs. for constraining conprises a spacer and & Iudsetiption : pagedn...rfonpaged ...
wherein the hold down ring has threads formed @n @sim(s) :9sparibaio pagedale
which mate with threads formed on an internal B Drawi¥ (s)ace,aggd t&“@%&dﬂ%

ol d down ring. “mmmllmﬂﬁllﬂﬁﬂ ?Fdsa'li h ol 78 Al a2
t

the internal surfaee of ® rcavi OlBA'?EV&T Wﬁes?ges, e
t‘\r

D Q

tive
spacer against the neans : anﬁs
sensi ng. 3. The pressure transducer modul e as recited in clal 1, _and

further includi-ng & Chemigaddyy inenh Prassursy trgnsduqed, Jadyrte, %@F?ﬁg
rel ati ontbobkheofinéttyd tbeactuidcflsW tgreuit, said pressure transducer -

module comprising:

(a) a chemically inert housing having a bore extending
through at least a'portion of said housing, wherein an
inlet end of said bore is connected to the fluid flow
circuit, said housing further having a cavity formed
within said housing extending from-an "outer surface of"
said housing toward the h_ ' '

REPLACEMFNT SHEET hen
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said se_'_ond maj or surface
efining a lower portion of said cavity adjacent and
djoining means for sensing a pressure within the flow

circuit;

( e) said means for sensing a pressure within the flow
circuit being isolated from fluid flowing in <the
circuit;

(d) means for constraining the isolation member and the
means for sens1ng -in a fixed position within the

"cav1ty of the housing; and , .

(e) an electronic circuit contained within the cavity of
the housing and coupled to the means  for sensing a
pressure within the flow circuit, whereby the.
electronic circuit produces an electrical signal
propor_t-'io'nal to the pressure within the bore.

2. The pressure transducer module as recited in claim 1,
wherein said means for constraining comprises a spacer and a hold
down ring, wherein the hold down ring has threads formed on an
external surface which mate with threads formed on an internal
surface of the cavity, said spacer being positioned between said
means for sensing and said hold down ring, whereby when the hold
down ring is screwed relative to the internal surface of the
cavity, the hold down ring presses the spacer against the means



chemcally inert electrical connector electrically coupled to the
electronic circuit. 4. The pressure transducer nodule as recited in.
claiml, wherein said isolation menber is nanufa,ct-upeﬁP—f—r‘UrfT a

tetrafl uoroet hyl ene fluorocarbon pol yner. . The pre cer
module as recited in claiml, wherein said hou5| ng anﬂi “jﬂ!\mmm‘
constraining - are manufactured froma ohemcal ly inert

The pressure transducer nodule as recited in claimb5, wherein sai d

chem cal Ifor seémeing. pol ymer conpri ses pol ytetrafl uoroethyl ene. 7.

h
ind Psard mears T ol pETFaiEe EraREhhERy Rofliethd; sERLtER In SIS 1O
pol yner. and fugthePhdneladdmge a caps adepteduotial bea%tta;@ttqded:q the dionsing

wherein tihe r&wsriﬂé SPEPA £ HoR0MREI saea%ﬂmnaaﬁsa@a dwaiwrﬂlg a
sensor. . ..The pressure transducer nopdul € as recited in cI aim
wher ei n ﬂb@%@aﬂkl Jﬁ?%?ﬁi soung PEzG%?‘é’E’EJ#‘F%U%mP ed to the

The presﬁr@ﬁfmwﬁcﬁﬁﬁul e as recited in claiml1l, wherein the _
clectront ¢ CLUgU el MeieRe T BRSabatoRt YShUTH CrARERRA! 18, oA
wherein said isolation member is manufactured from a
tetrafluoroethylene fluorocarbon polymer.
| 5. - The pressure transducer module as recited in claim 1,
wherein said - housing and ‘said means for constraining are
manufactured from a 'chemically inert polymer.

6. The pressure ‘transducer mcdule as recited in claim 5,
'where"in said - chemically inert polymer comprises
polytetrafluoroethylene. ' '

7. The pressure transducer module as recited in claim 4,
wherein said housing and said means for constraining are
manufactured from a chemically inert polymer.

8. The pressure transducer module as recited in claim 1,
wherein the means for sensing comprises an alumina ceramic
diaphragm sensor.

9. The pressure transducer module as recited in claim 1,
wherein the means for sensing comprises a piezoelectric sensor.

10. - The pressure transducer module as recited in claim 1,
wherein the electronic circuit includes a means for adjusting the
electrical signal to compensate for fluctuations in temperature
within the flow circuit.
| 11. The pressure transducer module as recited in claim 1,
wherein said isolation member includes a plurality of channels
formed on an up'per surface of said isolation member, said
channels extending from a first position along an edge of said
isolation member to a second spaced apart position along said
edge of said isolation member.

12. A chemically inert pressure transducer module adapted
to be connected in-line with a fluid flow circuit, comprising:

(a) a housing having a bore extending through said housing

thereby forming a conduit, wherein an inl%pmmﬁ S%eT

30 MAR 1998 -




11. The pressure transducer nodule as recited in claim1, wherein said

i sol ation member includes a plurality of channels forited on an upper
surface of said isolation nenber, said channels l mmmﬂ ﬂmﬂ first
position along an edge of said isolation menber. En ““ d apart
position along said edge of said isolation nenber.* ¢ L12" A ¢henically
inert pressure transducer nodul e adaptedsgl-o be connected in-line with a
fluid flow circuit, conprising: (a) a housing having a bore extendi ng
t hrough sai d housi mputlet end off Hdreclopnmiti ageaconnettéd iMrelbne do thket

end and an flow circuit d hous1 f&&ther having a
outl et end of the condhlt ar e connec%ed i n- * I né PH 9

cavity formed within said hous1ng extending from an

outer surface of said housing into the bore of said
housing; .

(b) a chemically inert flexible membrane contained within

the cavity, proximate the bore of said housing,

. wherein said membrane includes a plurality of channels

formed on an upper surface of said‘membrane, said

ﬁEPLAG

(4a) means for constrainlng the membrane and the pressure
sensor in a fixed position within the cavity of the
housing, the Pressure ' sensor being isSolated from a
fluid flowing in the fluid flow circuit; and

(e) an electronic circuit contained within the cavity of

the housing and operatively coupled to the pressure
sensor, whereby the electronic c1rcu1t produces a
control s1gna1 proportionate to the pressure within
the bore. _

13. The pressure transducer module as recited in eiaim 12,
wherein said means for constraining comprises a spacer and a hold
down rimg, wherein the hold down ring has threads formed on an
external surface which mate with threads formed on.an internal
surface of the cavity, said spacer being positioned between said
pressure sensor and said hold down ring, whereby when the hold
down ring is screwed relative to the internal surface of the
cavity, the hold down ring presses the’ spacer against the
pressure sensor.

14. The pressure transducer module as recited in claim 12,
and further including a cap adapted to be attached to the housing

.in covering relation to the cavity, the cap including a
chemically inert electrical connector electrically coupled to the



fluid flow circuit, said housing further having a cavity

formed within said housing extending from an = . outer surface of
"said housing into the bore of said h_hou5|ng (b) a
chemcally inert flexible nmenbrane contained within ﬂu
cavity, proximate the bore of said housing, HIIlIIH"I’H‘“IMI“I Ild
menbrane includes a plurality of channelgg._ fror redton® arf upgper
surface of said nenbrane, said channel s extending froma
first posejketrahnied3r&adae of said nenbrane to a second
spaced apart posgiti aI o sal d,edge .of sai d_nenbrane; pressure
sensor cont ai gg b‘r(?aF 935 ucey; BOAILR| a5 mecd teg tﬁrbr?ld’\‘ll‘t He2 s

pressur e wharein saud membrane is mamifeituned frond af lketiraf usBetiylene
(d) nean‘gl{l?i.oggg Bhap%lﬁﬁné){‘e menbrane and t he pressure

sensor in the cavity of the housi ng,
the pressure séﬁsor Thei pyessuret tttansducer module as recitiedi dnf lchaimg ]121,

the flui dghbpwisl rSHh.H ABHsing and éﬁia HeLAEC LR Gt %Q tcno&%]e§

within the cavit ousi ng and operativ
t he press’ﬂ?’éufac%ured from ?er?glﬁml%ﬂehéliﬂﬁ% RQIFEEYoni ¢ circuit produces

a 17conthel pregsarePteafsdueen ifodild ¥ Reitede i Hdlaim 16,
the bore. oy erein said chemically inert ' polymer comprises-
polytetraf luoroethylene .

18. The pressure transducer module as recited in claim 15,
wherein said housing and said means for. constraJ.nJ.ng are
‘manufactured from a chemically 1nert polymer.

19. The pressure transducer module as rec:Lted in claim 12,
wherein the electronlc circuit includes a means for adjust:.ng the
control signal to compensate for fluctuatlons in temperature
within the flow circuit.

20. A chemically inert pressure transducer module adapted
to be connected in-line within a chemically corrosive ultra high
purity fluid flow circuit,. comprising:

(a) a chemically inert housing having a bore extending
through at least a portion of said housing, wherein an
inlet end of said bore is connected in-line to the

- fluid flow circuit, said housing further .ha_.v:mg a -
cavity formed therein and eictending from an outer
surface of sald hou51ng toward the. bore of said -
housing;

(b) a pressure sensor positioned within -said cavity |
adjacent said bore for sensing a pressure within the
fluid flow qircuit:

(c) a chemically inert isolation member separating said
cavity and said bore, said isolation member having
first and second opposed major surfaces, said first
major surface being exposed to fluid flow:Lng in the

REPLACEMENT SHEET Yore, said second major surface being adjacent to and
d301n1ng the pressure sensor, thereby isolating the
30 MAR 1998 pressure sensor from fluid communication with the
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ited in claim12, mherein
acer and

€
13. The pressure trans udﬁPlLAﬁB\&E:NT‘g,Sg‘s'gr
said nmeans for constraihi '
wherein the hold down r MAR med on an ernal surface
whi ch mate with threads)f i nal sur HHEIM‘“ M’
sai d spacer being positijon pressur hold
down ring, whereby when }t he hold dowediring is screwed rel atlve to the
i nternal surface of_ the Y—Tavity, the hold down ring presses the spacer
agai nst the pré% & sensor. 14. The pressure transducer
modul e as reci(d ian cfireatl2sealingndméumbehertoncéeaiagly capgadept sditlo
be attached to theiﬂﬁ&ﬁ%? meﬁge?o%grbgg r abakif ;t anghe cavity, the cap

hem ca

i ncluding a |nert e ectrlca connector electrically coupl_ed
to the a second sealing member to sealably engage said

pressure sensor to said nous1ng.

21. The pressure transducer module as recited in claim 47,
wherein the housing further has a drain channel extending from
the outer surface of the housing into the cavity between first
and second sealing members. .. - . g’

22. The pressure-ﬁ:transdu

to be connected in-lin : 1] it

(a) a housing ha#ing a:“ 5 _ﬁbﬁ sEidThcusing
thereby forming a fluid flow conduit, wherein an inlet
end and an outlet end of the conduit are connected in-
line to the fluid flow circuit, said housing further
having a cavity formed within said housing extending
from an outer surface of said housing into the bore of
said housing;

(b) means for sensing a pressure within the fluid flow
c1rcu1t, sa1d means for sensing belng contained within

~said cav1ty,

(c) a chemically inert flexible membrane sealably engaged
within said housing, proximate the bore of said
housing, said membrane having first and second opposed
major surfaces, said first major surface being exposed
to fluid flowing in the conduit and the second major
surface'being exposed adjacent to and in communication
with said means for sensing, thereby operably
isolating said means for sensing from fluid flow1ng in
the circuit;

]

(d) means for constraining .the membrane and the means for
sensing in fixed positions within the cavity of the
housing;

(e) a first sealing member to seaiably engage said



-19- el ectronic circuit. 15. The pressure transducer

nodul e as recited in claim 12, wherein said nenbrane i s manufactured
froma tetrafl uoroet hyl ene fl uorocar bon pol yner The
pressure transducer nodule as recited in claim12, IIIII“W'“"!}'I] la“h '
housi ng and said nmeans for constraining are manufcacrur e rom a
chemcally inert polyner. 17. The pressure transducer nodul e as
recited in claiml6, wherein sakd~- chemcally i nert pol yrer
conpri ses pol yt etr af | uor oet hyl ene. 18. The pressure

transducer nodul e S eddeemenbrinentassaid hoygilngin  sai d housi ng and

sai d means f Qif)CORSIdeiohdNGeadlithg memdEH HoAHdHIbIY Whgadd e 1@ myahsert
pol yrer . 9. The, pressure éransd cer module as recited in claim

12, wher ei n t FOTeISENSIIT i F1iR  hoYR lE%I'esa’?;l neans for adjusting the
~control signal{gho @npeasat eciamnél uetdanding ifromnpheateaeity ofwni shid
the flow circuit

nodul e adapt ed ' hotus:ibnegc gothé gﬂ%&cghﬂ"ab?efﬁ? Q §imﬁr&l%’ll@]corroél ve

onnéec in-lirne w hlnacemca

ultra high pusiaid tfiynst fandy second tseab menkersy. (a) a
chem cal l'y ineyt, hayy Eﬂe@@ﬁﬂgt%a%aﬁcﬁftﬁmm as recited in claim 23,

further comprising an electronic circuit contained within the.
cavity of the housing and coupled to the means for sensing a

pressure within the flow circuit, whereby the electronic circuit
produces an electrical signal proportional to the pressure within.
the bore of said housing. |
o ,25_._ The pressure transducer module as recited in claim 23,

i_wherein said housing further has a vent extending from the outer

surface of said housing into the cavity of said housing.
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through at | east a portion of said housing, wherein an I nl et

end of said bore is connected in-line to the fluid flow
circuit, said housing further having a cavity forned therein
and extending froman outer surface of said housing toward
the bore of said housi ng; : (b) a pressure sensor
positioned within said cavity 1/7 adj acent said bore for
sensing a pressure within the fluid flow circuit;

(c) a chenical{l;i gljsolation menber separating said

cavity and said oig. idisolation menber hadg first and
second opposed nmj or~ surfaces, said first maj or surface being

exposed to fluid flowing in the b
adj acent. to and
I solating the ressure sensor

ond maj or surface being
3 S Or t her eby
ith the

10
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bor e; (d) a

first

seal i ng nenber to

| sol ati on nmenber to said housing; and (e)
pressure sensor to said housing. - 21.

seal ably engage said
The pressure transducer
further has a drain channel

seal ably
a second sealing nenber to

engage said

nodul e as recited in claim47, wherein the housing
extending fromthe outer surface of the housing

into the cavity between first and secdid seal i ng nenbers. 22. The
nodul e as recited in claima47, wherein said isolation

pressure transducer
menber has a thichness dinmension rangi ng between
23. A chemcally inert pressure transducer

in-line wwth a fluid flow circuit, conprising:

bore extendi ng through

condui t, n
are coni ) AL
further

V%

nin end and a
t;a he fluid
havi orned mnth

. 001 and . 040 i nches.
nodul.e adapted to be connected

(a) a housing having a
ormng: a fluid fl ow
end opgqt he conduit
urts7 sai d housing
usi ng extendi ng

14

S |

_Fig 4

12

50

o ¥

= 8~

28

« i \\\\

! 38 40

18

REPLACEMENT SHEET

30 MAR 1998

14

52

54

N\



froman outer surface of said housing into the bore of sai d
housi'ng; (b) nmeans for sensing a pressure within the fluid fl ow
circuit, said means for sensing being contained within sai d
cavity; (c) a chemcally inert flexible nmenbrane seal ably engaged
wi thin said housing, proximte the bore of said housi ng, said
menbr ane having first and second oppo8&d maj or surfaces, said
first major surface being exposed to fluid flowing in the conduit
and the second mmaj or surface being exposed adjacent to and in
conmuni cati on wi th said neans for sensing, thereby operably
isolating said neans for sensing fromfluid flowng in t he
circuit; (d) neans for constraining the nmenbrane and the neans for
sensing in fixed positions within the cavity of the - housi ng;
(e) a first sealing nenber to sealably engage said

Fig.5
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- 21 - fl exi bl e menbrane to said housi ng; (f) a second sealing
mepber to seal ably engage said neans for sensing to said housi ng;
and (g) a drain channel extending fromthe cavity of said housing to
the outer surface of sai d housi ng between said first and second
seal nenbers. 24. The pressure transducer nodule as recited in claim23,
further conprising an electronic circ#i7t contained wthin the cavity of the
housi ng and coupled to the neans for sensing a pressure within the flow
circuit, whereby the electronic circuit produces an electrical signal
proportional to the pressure within the bore of the said housing- 25. -
The pressure transducer nodule as recited in claim23, wherein said housing
further has a jgrending fromthe outer surface of said housing into
the cavity of1§§§EL usi ng. 26. A chemically inert pressure transducer
nodul e adapteqd 1 e connected in-line m%hh a fluid flowcircuit,

conpr.i si ng: (a) a chemcally inert si ng. havi ng .a bore extending

t hrough at |east a portion ¢ ' i ng, wherein an inlet end of
said bore is connected iy o flOow circuit, said
housi ng further havina/f’ ’ XWsi ng

extendi ng froman outj# the bore of said
housi ng; -

-
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(b) a chemcally inert flexible isolation nenber separating said cavity and
sai d . bore, the isolation nenber having first. and second opposed
maj or surfaces, said first major surface being exposed to fluid
flowwng in the circuit, said second maj or surface adjacent and

adj oining non-fluid conducting means for sensing a pressure within
the flow circuit; (c) said non-fl®%¥d conducting neans for sensing a
pressure within the flow circuit being isolated fromfluid fl ow ng
in the circuit; (d) nmeans for constraining the isolation nmenber and the
non-fl uid conducti ng neans for sensing in a fixed position within
the cavity of the housing; and (e) an electronic circuit contained
within the cavity of the housing and coupled to the non-fluid
conducti ng nea nsing a pressure within the flowcircuit,

wher eby t he circuit.produces an electrical signal proportiona

to the pressure w thin the bore. §027. The pressure transducer
nodul e as recited in claim2guerein sard i sR

ald | sRdati on nenber is

bol yner . 29. The

constraining are nanufgy
ein said chem cal

pressure t ransducer

) ///>/\\ R
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/ ’/A '4//://;
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- 22 - 30. The pressure transducer nodule as recited in claim 26,

wherein the neans for sensing conprises a capacitive sensor. 31. The
pressure transducer nodule as recited in claim?26, wherein the nmeans for
sensi ng conprises a piezoelectric sensor. 32. The pressure transducer

nodul e as recited in claim26, wherein the electronic circuit includes a
nmeans for adlustin the control signad/7to conpensate for fluctuations in

t enper at UE !g hl!nit he flow circuit. 33. The pressure transducer nodul e
as reci | ih 26, wherein said isolation nmenber includes a plurality
of channels fornmed on an upper surfagg of said isolation nmenber, said.

channel s extendi ng from gaa edge of/said ber to anot her spaced apart
edge of said nenber. nodul e as recited in

Ry

claim 26, mhereinigé?: /jf N\ R, channel extending from

t he outer surfacegs ZA01SL 0041 aTSINN yet ween first and second
seal i ng nenbers. //4ga¢ é%%%%%ﬁ%%?’ % Q§&\3Kdyle as recited in claim
“001"and- . 040/ f/'*//// Bl NN\ mdul e ae recited in

- W77, ey 1 NN\ -
cl ai m 35, rei ////’///""’i— furth hasiZNR channel extending from
the outer surfa 7 OGT TG (T TTL O L 1 gﬁi§§§;§§§§; . :
| , L 520NN
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cavity between a sealing nenber which seals the pressure sensor to the
housi.ng and the isolation nenber. 37. A chemcally inert pressure
transducer nodul e adapted to be connected in-line within a chemcally
corrosive ultra high purity fluid flow circuit, conprising: (a) a
chem cally inert housing having a bore extending through at |east a portion
of sai d housing, wherein an imfet end of said bore is connected
in-line to the fluid flow circuit, said housing further having a
cavity fornmed therein and extending froman outer surface of said
housi ng toward the bore of said housing; (b) a non-fluid conducting
pressure sensor positioned wthin said cavity adj acent sai d bore
for sensing a pressure within the fluid flow circuit; (c) a chemcally
inert isolation nmenber separating said cavity and said bore, said
I sol ation ne aQ first and second opposed mmjor surfaces, said first
maj or surfac osed to fluid flowwng in the bore, said second ngjor
surface being adjacent to . and agsoininggthe pressure sensor to said
i sol ation menber, t Dy i sol aplng *&{ pressure sensor fromfluid
comuni cation with /i ;/) ; '§§ ]
i o7 G R Vi
coupl ed (o sard prospBAd 7 o P S
recited in clain137,£2~¢(“ ?2542%%Z§2§§%%2%%??

capaci tive sensor. 7//
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e ____\pes corl agualq)|  REPLACEMENT SHEETS SG
39. The pressure transducer nodule as recited i € Peloripfion Mpegedi.). thhRged .....
~ pressure segi ezoel ectric sensor}. Ch{},g The eg$3q5 ed 2
- transducer mmmgl"ﬂﬂmmm in claim37, whereijn ’B/ S) Hé Ebag :3
- an el ectrical gnat i*hclsudes a neans forz'adj ustji EI? tb n """""

nt A FIGw

eds ' QB agélcg

- conpensate for fluctuations in tenperature withi ui't”,

. The pressure tran%rémrémeﬂ@fuxe BSai Hebdifel 1 cl 3 m 37 V,r}egggg@ﬁggg.;rgﬂg

“isolation me i nclu es Iur I|t of -.channells

- surface of sar |§(§F%Rq ersfa.%salerrxrrﬁgr%e S@%’r E‘ﬁ%ﬂsrfgrﬁ‘r"lﬁ*ﬂgothléa@dge of

- said nenber to anrhbhsingsamaced apart edge of said nenber. 42. The -

| pressure tran cer '?[% he housi

. further has-a g’r a?rﬁirc f’;rélrll{lfllﬁ.feil en #Z%n*@g%rwg%a{ldmg P& tn%u%q ng
into the cavity beiddensing bgtrwesnaalé ustmmd%enndr@alrmembms, 43. The

- pressure tranggucqhe HRskihR tPnsdiRet iﬂsﬁureras%&remlﬁaamr %ﬂﬂ:e'i%bﬂlprﬁ?ﬂ afy on
menber has a_ t hi ckness, di nensi.on ra %& #@83&0 3 040 | nchg

44. A cheni Elepirgnic cacyit sppiaingd b, e BSlaaéB &ounled futhe msaes fery
~in-line wit bémsirg £prsiuraWithin tierfitsw viecuil, twherdébyathe plecirdnic icirouid ptddusecan cui t
conpri si ng: di-ng
ol sin Flgsg(c%%srgﬁ‘%l%@%é?rﬁ@l Yo brbsslA HIcR RBLAD AN B8 D

_ The pressure transducer module as recited in claim 23, wherein said housing
further has a vent extendmg from the outer surface of said housing into the cavity of said

housing.
26. A chemically inert pressure transducer module adapted to be connected m—lme
" with a fluid flow circuit, comprrsmg '

@ a chemically inert housmg having a bore extending through at least a portion of
said housing, wherein an inlet end of said bore is connected in-line to the fluid
flow circuit, said housing further having a cavity formed within said housing
extending from an outer surface of said housing toward the bore of said
housing; '

(b) achemically inert flexible rsolatlon member separating said cavity and said
bore, the isolation member having first and second opposed major surfaces, said
first major surface being exposed to fluid flowing in the circuit, said second '
.major surface ad_lacent and adjoining non-ﬂuld conductmg means for sensmg a

. pressure within the flow circuit;
(c). said non-fluid conducting means for sensing a pressure within the flow circuit
_ being isolated from fluid flowing in the circuit; '

(d) means for constraining the isolation member and the non-fluid conducting means

for sensing in a fixed position within the cavrty of the housing; and

| (e) an electronic circuit contained within the cav1ty of the housing and coupled to
the non-fluid conducting means for sensing a pressure within the flow circuit,
whereby the electronic circuit produces an electrical signal proportional to the
pressure w1thm the bore.

27. The pressure transducer module as recited in claim 26, wherem said isolation

member is manufactured from a fluorocarbon polymer. o

28. The pressure transducer module as recited in claim 26, wherein sa1d housing

and said means for constraining are manufactured from a chemically inert polymer.

29. The pressure transducer module as recited in claim 28, wherein said chemicall

inert polymer comprises polytetrafluoroethylene. " REPLACEMENT SHEET

30 OCT 1998




B S

sai d housi ng, wherein an inlet end of said bore s connected—in-+ine to the

fluid ' . flow circuit, said housing further or nmed '
therein and extending - froman outer surfaﬂﬂmﬂ l g‘i'&g toward
the bore of said housing; * (b). a non<gpuid cond ensor

positioned within sai d cavity adj acent sai d bore for sensing a

pressure w tgt ! ngﬂ% sshflelfr rn%&ui 3s 2 recﬁéd) in éﬁﬁ‘xef@ (@llnelre(m tP@ﬁ{eahsSﬂJrat i on

menber . separ cavi at1 on nmenber
havi ng fi rsensmwlcemplosnﬁ mpw@w mp‘@'r surfaces said first . maj or

surface bei ngexpag§itedsard irhhsﬁucf:ér%cﬁl% as'reb i ﬁQ:ﬂﬂm %6} wihes€iaqne nigahofor
surface being_.adjacent to and a 0|n|ng the pressure sensor, thereby

i sol ating tSARSING compnseﬁraeglg;ﬂe BT r om f | ui d communi cation with the
bo;ﬂe (d) 3§athHeS;iresaed iragpdoearheodulemassrecitesbinyclanmy2Gyevherein the eleatrpuip

.~ menber to sai ﬁr&nﬁﬁ:ﬂ m;@@'

' seal ably er%rzgag ggﬁ%eggarrggasngrfgrg ﬁggllg tPe E&)tro&%g?ﬁf gtgng tloTnQ m
" pressure t remperatwe withimthe flow ededit.-ed in clai m 44, wherein the hou5| ng

further has asdrapy ﬁ@é&‘ﬁ?@{m&ﬂh@é}%&ﬁﬁ EORCREInUMIRT 26, Uvhetei safd isblaub@usi ng

into the cavit bet en f t. d I
pressure t r‘B"ﬁg PE‘“&@[‘) angl G (fn'rsﬁelﬁ‘z‘tll’pegﬁ'g&néf) fzséfd ls?é@f’%t i on
- menber has rﬂerhl?er(,‘ kaids:hamheﬂmsemlmg fromi ong eﬂgﬂ: vbsaid n@tuben telan@ler spacsdeapart

' |4§ I ﬁnghemeﬁg‘[: ¥S‘J118eﬁém‘perressur e transducer nodul e adapted to be connected
' 34. The pressure transducer module as recited in claim 26, wherein the housing
further has a drain channel extending from the outer surface of the housing into the
cavity between first and second sealing members.
35.. The pressure transducer module as recited in claim 26, wherein said 1solat10n
member has a thickness dimension ranging between .001 and ,040 inches.
© 36. The pressure trarlsdueer module as recited in claim 35, wherein the housing
further has a drain cl_lahnel extending from the outer surface of the housing into the
cavity between a sealing member which seals the pressure sensor to the housing and the
) isolation member.

37. A chemically inert pressure transducer module adapted to be connected in-line

within a chemically corrosive ultra high purity fluid flow circuit, comprising:

(@) a chemically inert housing having a bore extending through at least a portion of
said housing, wherein an inlet end of said bore is connected in-line to the fluid’
flow circuit, said housing further having a cavity formed therein and extending
‘from an outer surface of said housing toward the bore of said housing;

(b) a non-fluid conductilllg'pressure sensor positioned within said cavity adjacent
said bore for sensing a pressure within the fluid flow circuit;

(c) a chemically inert isolation member separating said cavity and said bore, said
isolation member having first and second opposed major surfaces, said first
major surface being exposed to fluid flowing in the bore, said second major
surface being adjacent to and adjoining the pressure sensor to said isolation

h mernber thereby isolating the pressure sensor from fluid communication with
the bore; and , '
1(d) means for producing an electrical signal proportional to the pressure within the
" bore coupled to said pressure sensor.
38. The pressure transducer module as recited in claim 37, wherem the pressure

sensor comprises a capacitive sensor.
" 'REPLACEMENT SHEET
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- 24 - (a) a housing having a bore extendfng‘fﬁ?ﬁﬁ@ﬁaaf—reast a
portion of said housing, wherei n an |n |bore S
coupled in-line to a fluid flow ci I‘CUI t sai d \j“m““]l“a ﬁr“uﬂ urt her

. having a cavity fornmed therein; (b) :@8-isol'aiien renber® sé€parating the
. bore and cavity of said hou5|ng, (c) a non-fluid conducting pressure

- sensor at |easf ppgd br%ssul‘e ﬁﬁﬂgdﬁbé}%odﬂlé N Rcit&Pin cla1m 37 wﬁ&\éinttl‘le 9i'es§ﬁ’t'ed

. housing and in contact sal d i sol ati on nmenbe and (d) neans for
pr oduci ng ase§$‘§rﬁ§’|‘1135‘56$)6ﬂ"128ﬂ5‘it€° P -neasur ed pressure within the
bor e. 48. 4he ’pllieep&smm transducerancdul®akiteeited i elgint 87, whereinathemdeans ¥érer ei n

sai d hous! ol SciaRSTeRRL BB inctues F3pesh o AASING Snd LR UG 00Ul @ as

recited in C|n a Signal des a
means for au;mmatgfwnﬁumagnw m@mmnwﬂunﬂmﬂqwgupu&tuons |n

tenperature W hippd BRsfur® Wahdduest module a§f%c1t§d‘ﬁr HLBS gﬂr@héréﬁ{\si‘ihlfsﬁfatrﬁﬁdm e
as recited in clayj erein.s on nmenber cIu es.a plurality
of channel smF"&P%’d‘ e%ﬁwﬂ‘ﬁﬂéty @Gﬁ?‘!‘?& ?ia?’&ia%?ﬁfé'rs %‘I‘fia’r?'ﬂg’f
ext-endi ng fm@mbaﬂ%aﬂdgﬁnnfﬂs evaenﬂu@frbnroﬁecedgaof baad mmmmdo apather spdgeﬂ :qfaris aid
menber . edge of said member.
42. The pressure transducer module as reclted in claim 37, wherein the housing
further has a drain channel extending from the outer surface of the housing into the
cavity between first and second sealmg members. ‘ :
43. The pressure transducer module as recited in claim 37, wherem said isolation
member has a thickness dimension ranging between .001 and .040 inches.
44. A chemically inert pressure transducer module adapteid to be connected in-line
within a chemically corrosive ultra high purity fluid flow circuit, comprising: '
(@) a chemically inert housing baving a bore extending through at least a portion of
said housing, wherein an inlet end of said bore is comnected in-line to the fluid
flow circuit, said housing further having a cavity formed therein and extending
from an outer surface of said housing toward the bore of said housing;
(b) anon-fluid conductmg pressure sensor positioned within said cavity ad_]acent
said bore for sensing a pressure within the fluid flow circuit;
(c) achemically inert isolation member separating said cavity and said bore said
* isolation member having first and second opposed major surfaces, said first
major surface being exposed to fluid flowing in the bore, said second major |
surface being adjacent tu and adjoining the pressure sensor, thereby isolating the
pressure sensor from fluid communication with the bore; '
@ a first sealing member to sealably engage said isolation member to said housing;
(¢) a second sealing member to sealably engage said pressure sensor to said
_ housing.
- 45. The pressure transducer module as recrted in claim 44, wherein the housmg
further has a drain channel extendmg from the outer surface of the housing into the
cavity between the first and second sealing members
46. The pressure transducer module as recited in claim 44, wherem said isolation
- member has a thickness dnnensron ranging between .001 and .040 inches.
47. A chemically inert pressure transducer module adapted to be connected in-line

with a fluid flow circuit, comprising: . REPLACEMENT SHEET
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51. The pressure transducer nodule as recited in claim47, wherein the
non-flui d conducting pressure sensor is of a cap 52. The
pressure transducer nodule as recited in claim 4H"”1’Hﬁ}s",‘£@"4%n fluid
conducting pressure sensor is of a piezoe2eetric t pressure
transducer module as recited in c¢laima47, whereih the housi ng further has a
~drai n channel gxt gndusiflg he erbowéﬁémﬁngﬂﬂmlmt lédiea rtﬁimsamnodsh%

.cavity. 54. "The pressur nodul e 8s_reci cl ai.m
herern said i sol SEG A LY SHaert BrbuBled indfE s ﬁ%’é‘ﬂ&f’?’(gc‘ffé‘lu\a\é@ﬂ
. 001 and . 040 inchelssmg furﬂi&rhéfhﬁgpmaslgufoemeddmeiuper nmodul e as recited in

cl ai m 47, whe ﬁ%}}ﬁ%ﬁ%&ﬁb@r‘&%{a{lﬁﬁn@ﬁé bﬁred ' ﬁg%‘?@ﬁha@iﬁéﬁ@d' ng from an

.outer surface ousing Into henber which
seals the pr eécaur a noprfliud cmshlpmg RESSsre, gerﬁwaattlﬁ@t pgmaayucentan@ lin the 56

The pressure traném@%fﬁnﬂwﬁl@&nﬁ%@ﬂﬂcﬂvﬁu@&aﬁd E@oihlmnwﬁeﬁsérnaﬁ@ d

| at t .
oci ted i n ol Wm Bt TERIEITEA SRl RECRUR | £ EhRRe) Bt ROHiS tne or

said isolation nmebber and sai d housing.
48. The pressure transducer module as recited in claim 47, wherein said housing is

chemlcally inert. _

49. The pressure transducer module as recited in clann 47, wherein the means for
producing a signal includes a means for adjusting the signal to compensate for
fluctuations in temperature within the flow circuit. :

- 50. The pressure transducer module as recited in claim 47, wherein said isolation
member includes a plurality of channels formed on an upper surface of said member,
said channels  extending from one edge of said member to another spaced apart edge of
said member.

51. The pressure transducer module as recited in claim 47, wherein the non-ﬂuld
conducting pressure sensor is of a capacitive type. ' '

52. The pressure transducer module as recited in claim 47, wherein the non-ﬂuld
conducting pressure sensor is of a piezoelectric type.

53. The pressure transducer module as recited in claim 47, wherein the housing
further has a drain channel extendmg from an outer surface of the housing into the
cavity. . -

54. The pressure transducer module as recited in claim 47, wherein said isolation
member has a thickness dimension ranging between .001 and .040 inches.

55. The pressure transducer module as recited in claim 47, ‘wherein the housmg
further has a drain channel extending from an outer surface of the housing into the cavity
between a sealmg member which seals the pressure sensor to the housmg and the
isolation member.

'56. The pressure transducer module as recited in claim 47, wherein said isolation
member is removable. :

57. The pressure transducer module as recited in claim 56, further including a
sealing member positioned between said isolation member and said housing.
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