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Wth Ex Si tu“&‘kﬁ’i &Gﬁauge Monitor 5 BACKGROUND OF THE | NVENTI ON 1F/eBd2@b5
The Invention £ hvention relates to ex situ nonitoringPSFUSP4¥8re in a
cl osed vessel containing 10 fluid, and in a preferred aspect to ex-situ
nmonitoring of pressure in a fluid storage and di spensing system from whi ch
a gas or liquid can be dispensed for use in the manufacture of

sem conduct or devi ces and materials cription,of the Related Art 15 In
a wide variety of industrial I%Ir“%) eessée%ggtﬁgﬁ&mg%ﬁf"in%ﬁ?%ﬂ’ét?rthere is a need
“for areliable source of process fluid(s). For exanple, a safe, reliable

and efficient fluid supply source is desirable in the fields of 20

sem conduct ar nmanufacturing, | j j actuyre of flat panel

di spl ays, nghical interventio#gg%gggp§ﬁ§§$gﬁﬁg§$&&Eiggf ent systens,
energency breathing systens, wel ding operations, space-based delivery of

| i qui ds and gases, anong others, United States Patent No. 6,089, 027 issued
July 18, 2000 d ii.ed States Patent No. 25 6,101,816 issued August 15,
2000, both in SHHO® ng Wang and G enn M ;9154199354 V 7/ 7 WO
02/ 066366 PCT/ US02/ 04208 11/08/ 2005 Tom describe a fluid storage and gas
di spensi ng systemincluding a storage and

This invention relates to ex-situ monitoring of pressure in a closed vessel containing
10 fluid, and in a preferred aspect to ex-situ monitoring of pressure in 2 fluid storage and
J dispensing system from which a gas or liquid can be dispensed for use in the

manufacture of semiconductor devices and materials.

Description of the Related Art
15

In a wide variety of industrial processes and applications, there is a need for a reliable

source of process fluid(s).

: ) For example, a safe, reliable and efficient fluid supply source is desirable in the fields of
20 semiconductor manufacturing, fon implantation, menufacture of flat panel displays,
medical intervention and therapy, water treatment systems, emergency breathing

systems, welding operations, space-based delivery of liquids and gases, among others.

United States Patent No. 6,089,027 issued July 18, 2000 and United States Patent No.

25 6,101,816 issued August 15, 2000, both in the names of Luping Wang and Glenn M.
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di spensi ng vessel for holding a fluid, such as for exanple a pressurized

|'i qui d whose w/gEssgonstitutes the fluid to be dispensed, asveeby
a conpressed gas. The vessel includes an outlet port that Pﬁéf”@lézfﬂ"g%‘feéd to a

di spensi ng assenbly. The di spensing 5 assenbly nmay be of various forns,
e.g., including a valve head conprising a dispensing valve and an outl et
for selective dTewhdesgdboh fad dierega tlik guedispdnsingrsybthe W6hdingt 2 aloragsysidem
a fluid pressure regulator is associated with the outlet port and is

posi tioned upstdigmnsing vekisslnfon s6idingas il Ostick @ ForGxampla SpretsahzSiduliewhbke
af orenenti oned di spensing valve. The fluid pressure regulator is preferably

at |east part ivpbyconstifitdsOomhs ek &pB&%ﬂ;tpEﬂ}ed,hﬁ a&ma%w%%:&@%@@%. ]?Fh%bl y

is fully interiorly disposed therein, to mnimnmze the possi ity o

i npact and enviyeeRBRkdks ﬁf&ﬁﬁt’?ﬁt it is 'd&l?pledat% a"iﬁ%ﬂgn i éd%s‘ge:tﬁﬁg.%e ﬂisﬁé_n@%e.rh o

wel d or seamto be enployed at the -outlet port, vesse

regul ator i g a ]Pﬁua i et._at .. redet er.m ned .pressure,

|l evel , to gi sﬁag%g}gﬁgasﬁlﬁ%/gm i %e Y |’ﬁ%épcg¥d%gﬂﬁﬁﬁa d gPuppsiie.¢ disposing o
enbodi ment of renentioned. fl.uid stqragge and di spensing systens, a
set poi nt reguwé Srag(ii‘gnﬂfqﬁfofé@ec R liar%ﬁ(g’rggggmﬂt%ea"eﬁ gle set point prior
toits installation in the vessel. The pressure 20 | evel set point may be

super at nospheri c, subatnospheric or atnospheric pressure, depending on the

di spensi ng conﬂibti O\RYS’ and the node of gas discharge fromthe vessel. The
vessel may opt PoAY Wong eirdlatvites grid pressurrestlaionds spaeasteiwith e prgietport

sorptive affinity for the fluid contained in the vessel. o 0- Li ; a: 1 0
r@\ ;1w L fwhgs mesisnedsmpsiteam WO disr08€3g6s Hnv0SoI065 meRET suiB0 24 01208
Sucth "regulator in a bottle" designs, including arrangenments enploying a
doubl e- st afz  aforementioned dispensing valve. The fluid pressure regulator is preferably at least
partially interiorly disposed in the vessel, and most preferably is fully interforly
disposed therein, to minimize the possibility of impact and environmental exposure in
use, as well as to permit a single weld or seam to be employed at the outlet port, to seal
the vessel,
15
The regulator is a conirol device that is set at a predetermined pressure level, to
dispense gas from the cylinder at such pressure level. In one embodiment of the
) | aforementioned fluid storage and dispensing systems, a set point regulator is utilized
and is pre-set at a single set point prior to its installation in the vessel. The pressure
20 level set point may be superatmosphetic, subatmospheric or atmospheric pressure,
| depending on the dispensing conditions, and the mode of gas discharge from the vessel,

The vessel may optionally contain a physical adsorbent material having a sorptive

affinity for the fluid contained in the vessel.
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(or multi-stage) fluid pressure regulator, optionally with a particul ate.
filter assen‘g&qozmg vide an effective nmeans and net hod for storagg/a8d2005
di spensi ng of 1 74§P 88 and gases that are contained in the PGEUSEA0IZE
el evated pressure, e.g., at a pressure of fromabout 50 5 psig to about
5000 psig. The set pressure regulator is readily disposed in the interior
vol ume of the s$whdsguédis ifliaHIGRS |deggﬁée§§gmnﬁ%qnﬁﬂeﬁﬁte§g,%%ﬁ B#db?@&a%eo

ri e

regul ate the pressure and flow rate of disc arged gas ving fromt

cont ai ned f| ui [ N | his ' i j et
poi ntI pr essulr“eotlog ht{hg/tf)?%%%)l %&%gféggbéggé%ﬁ%’ 6@?’%@@ ﬁ}he a\];%gi—%?at% gﬂéye%%%éhl n

use, there is xRabi Ll W i fludr i.ni g i n the
vessel as the %gf?ggﬁié F%’%éﬁg%g}eg |ao%ﬁ§%%t%oc@g§t$ag%%€f%eéwg 0 il‘flgs q,:ﬁiegases
"regulator in i ¢ storage.and.di spensi ng, system rovides a
safe and eff ectq}] %%Eén%aoglﬁasl{%%eu 65’13?%&'3 Y %ﬁipﬁefgﬁ?’ S I%’“??&‘Fﬁ P%g"‘gfgﬁut%ﬁ

i ndustri al Rr ocess, %;Bglg hi ons, it would be desi r,ablaq% to proyvjde a neans
and method of Fitad wﬁgﬁfﬁ {PS}en afhe b RIS TS TBulptor s repdily dlippasefbinsthe inferorand
di spensi ng vesse{. Such internal pressure neasurenment would permt ready
det er mi nati on JPIeok, e shrage m‘Z]O‘?‘FIPeG?’ﬂE yeiele gnd gfectively wilized i regniste the
exhaustion of the vessel, but the fixed set point of the regulator in the
vessel port pr @shire angflewpate of distlrgedeges denving fromdhy egsaibed fddy ibdheafjuid
directly neasured exteriorly of the vessel. Although a pressure sensor or
transducer el ispensingoperatibe di sposed in the interior volume of the vessel,
in order to be functional, 3 n-U; *; 1ti FM | | IL ;9194199354 # 9/ 7
11408/ 2005 WD 021066366 PCT/ US02/ 04208 such el erent woul d have to be
celipled to exterior nonitoring neans. This in tum requires a feedthrough

in the val ¥® hEaregiiatod Set\ oS pressutdlisCbit AT BeloRS50 BIK Sihsthe 96341 iBBkaled in

use, there is an inability fo precisely measure the fluid remaining in the vessel as the

dispensing operation proceeds.

Accordingly, while the “regulator in a bottle” fluid storage and dispensing system
15  provides a safe and effective means for supplying fluids of widely varying typc in
industrial process applications, it would be desirable to provide a means and method of

| measuring internal pressure of the fluid in the storage and dispensing vessel.

Such internal pressure measurement would permit ready determination of the vessel’s
20 fluid content and the approach to exhaustion of the vessel, but the fixed set point of the
regulator in the vessel port prevents internal fluid pressure in the vessel from being
directly measured exteriorly of the vessel. | Although a pressure sensor or transducer

element could be disposed in the interior volume of the vessel, in order to be functional,

ars

T
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and creates an additional |eak path as a potential failure node of the
vessel. 5 In“{]&@z@%gnce of any means or nethod to determne intethal8/2005
pressure of the 1! urd in the sealed vessel of the fluid SFSF@[@%Z’%?PH 7

di spensing system there is corresponding concern on the part of the user
that the vessel may be underfilled or overfilled for a given fluid-

consum ng oper atuchrlemtt Foaldehairs tbs couphel fook&irhl chitoridpafneddde THRIn Wik
prematurely renove the fluid storage and dispensing vessel fromthe

process facil i trgquirs arfeditirsughtih kheoadadichd of Ge WdﬂélTUﬁrhi%H requite@Ral- 851t QBAlinEO
avoid "running dry," thereby underutilizing the fluid and wasting the Tluid

resi duumin t hemndeferh an hdifidiAl RAS Sl bs IBHMMA] ﬁﬁﬁ&%ﬁde%?ﬁ%‘v‘é@slﬂ reagents,

such as those wused in sem conductor fabrication, such underutilization
results in a severe econom c 15 penalty that may very markedly affect the
profitability of the industrial operation in which the dispensed fluid is

bei ng used. «In i & i -0 he £l uid storage i.spensi ng
vessel s occarsI%n ya%\ls/ﬁ@%d{wfgfﬂ%gggre gﬁlgé)éo%’b”" ftlgﬁeg;la@(ﬁgﬁgchgg%ﬁmaﬁgﬁc
original fluid i b hout reliabl.e 20 system.for, nonitorjng the
internal pr ess&%ﬂ@%ﬁ%ﬂ%ﬁ%@g?ﬁ%s %ﬁ%‘iﬁ@ stfpeli‘q”lﬁ st theks 1§ euZespondingconcern
significant |oss of pr % SS equi pnent uptime nay _occur, as the vessels in
the process s%f@rﬁa&fﬁ yser %ﬁ% yewehphemmdgdilled er pymalied for patvan fluidne
change-out of the exhausted vessel. This non-nonitored condition of the
vessel s is, paftiSBEINgOpgralioy 0-U.]; C 1bl'M INL WO 021066366 ; 9194199354
# 10/ 7; 11/08/2005 PCT/ USQ2/ 04208 problematic where a nunber of fluid
§gpply vessel s are enployed to sinmultaneously supply different gases to a
gas

-consum ng process unit. Such disruption of the gas
10 There is also the possibility that the user will prematurely remove the fluid storage and

—h

3

dispensing vessel from the process facility before its full capacity is exhausted, in an
effort to aveid “running dry,” thereby underutilizing the fluid and wasting the fluid
residuum in the vessel. In the case of many high-cost chemical reagents, such as those
used in semiconductor fabrication, such underutilization results in a severe economic
15 penalty that may very markedly affect the profitability of the industrial operation in

which the dispensed fluid is being used.

- ) , In addition, if change-out of the fluid storage and dispensing vessels occurs only when
the vessels are completely exhausted of the original fluid charge, without a reliable

20, system for monitoring the internal pressure and hence the amount of fluid in the vessel,

then significant loss of process equipment uptime may ocour, as the vessels in the

process system run dry. The system then must be idled to permit the change-out of the

exhausted vessel. This non-monitored condition of the vessels is particularly

s

7.
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supply incident to unexpectedly premature exhaustion of the fluid in the
cont ai nnent an have significant negative inpact on the eifi/edénegs
and profi tabi“?‘f‘tﬁ@géosﬁct he overall process facility in whi cRCURE%% 3P o
storage and di spensing systemis enployed, It would be a significant
advance in the art to provide a neans and nethod of non invasively

moni toring the problematitd where sstuigbenfof Fukbalpply weshedre Gapi@ieditd ginfdltahabusiwhi ch
is anenable to use with fluid storage and di spensi ng systens of the type

described in Ifphlpidiffeedit gisestoPa ptéonMafing @it 63 80th BishBliod $6the SYMARY
OF THE | NVENTI ON The present invention relates to a systemfor non

i nvasi vel'y monisuegli iebiddae td ﬁﬁe&?&ﬁédly PReRieS Sitfafistidh o ihd ﬁﬁﬁ%‘tﬁef écgn!tainment

containing fluid, e.g., in a storage and di spensing systemincluding a
seal ed fl ui d- cQRiR] iy | i i .
(Hl Tl S ioab Cho AP inipaBilor td! rciSily gﬂg?ﬁetgggg of the

manuf acture of sem conduct©or pro n one aspect, tu%l1

[ [ I | s i . dsing:. 20 I
conet ruct ed-and S Baee HHfy I HhRL TR BBREM RS BRI o

fromthe vessel in use or operation of the system 5 ~ - ti-UJ ; t': 1 5PM
;| PTL ;9194199354 Yt 11/ 7. W02/ 066356 11/08/ 2005 PCT/ US02/ 04208 ‘such
‘vessel includi gtgwa é@%sel. Il with an interior surface in contact with
fluid contain&dVPHdbfie Jgulesmt agyamee in theast fooprokids Romeans Aad methpdfaipre

monitor including a strain responsive sensor disposed on the exterior 5
surface and ouff¥BYYSyFronitpningsihe infernpl presaure vha penlgsovesss] eentsining dluids which is
di scharged fromthe vessel, wherein pressure of the fluid in the vessel
@] r espondi ngl ymetshleciesusei with Suidhstorage and dispensing systems of the type described in

10 United States Patent Nos, 6,089,027 and 6,101,816.
SUMMARY OF THE INVENTION

The present invention relates to a system for non-invasively monitoring the internal
15  pressure of a closed vessel contﬁining fluid, e.g., in a storage and dispensing system
including a sealed fluid-containing vessel for supplying fluid useful it the manufacture

of semiconductor products.

In one aspect, the present invention relates to a fluid conteinment sysiem, comprising:
20
a vessel constructed and arranged to retain a fluid therein and to discharge fluid

from the vessel in use or operation of the system;
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di scharge. In one enbodi ment of the present invention, the outputted
pressure-i ndj { esponse 10 is strain (or defornationé in thblﬂ&BSEDO5
wal | of said“&ﬁhbésééntalnlng vessel . Pressure of the flui §CUHREAHEY by

t he vessel applies stress on the vessel wall of the vessel and :
subsequent|ly causes strain/deformation in the vessel wall. The resulting
strain/deformation efch Vusel aadeling@ldssdl ivall GaEMN HhafRdomuidicd RecohfavOmii Biidi S
15 detected by a sensing device, such as an electrical resistance strain
gauge, a pi ezoajofkinel & Bk YERAL anPanxicfbsudBis bhd Ve colorinetric el enent, or
a strain-sensitive matrix that contains |atént strain-nediated chenica
reactants. A preferred strain detection device useful in the practice of
the present invention is an 20 electrical resistance strain gauge

el neeasur i ng or A e ABAGE m?ﬂﬁlﬁﬁétsfsf%%é‘e%mpﬁ%ﬁ?ﬁf it gh e caerisy

strain/ def otnma ssel wal el ectrical Si nce, change in
The strain g - putiegid i ?PIﬁSS‘Ee’méféﬁ%’é’é%"E 458 5ol ooBgRon hat

02/ 066366 PCT/ USQ §208 msasurlr?@ gﬁ er eb%/ enabl e npni toring _of the
strain and def 8Pkt MOFCILPESSUEL P P ’é‘ bl t‘iOH'ﬁsRSJP inely; wnges iWith w5k i ve
of pressure in_the vessel In a specific preferred enbodi nent of the
present i nventFlﬁ Jarge. \Wheat st one bridge circuit 5 is configured for
accurately detecting and neasuring el ectrical resistance change of the
above-descri bed strain-neasuring grid. The Weatstone bridge circuit
incorporates the strain measuring grid and achieves a balance of voltage

[y the o rcul L JShRYSEmA PG nl ?ﬁ%&ﬁth&%hu& P &ﬁ]ﬁ%dg:;esgtﬂ%rﬁdtica L0 ERSH T ng

d changes e to strain

the circul iO I Slg:éﬁglgéﬂr @%gﬁ%aélgﬁ I&f evz%séi a&la sai Ifjul con C%mglv%ssglc %lre%gmets 8f the

associ ated str

the fluid contained by the vessel applies stress on the vessel wall of the vessel and

subsequently causes strain/deformation in the vessel wall.

The resulting strain/deformation of the vessel wall in accordance with the invention is
15 detected by a sensing device, such as an eclectrical resistance strain gauge, a
piezoelectric element, a strain-sensitive colorimetric element, or a strain-semsitive

) matrix that contains latent strain-mediated chemical reactants.

A preferred sirain-detection device useful in the practice of the present invention is an
20 electrical resistance strain gauge assembly, which comprises one or more strain-.
measuring grids. The strain-measuring grid is subject to the same or proportional degree

of strain/deformation as the vessel wall. The electrical resistance change in the strain-
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Such Wheat stone bridge circuit can be variously configured in any suitable
manner. For pL.e t he Wheatstone bridge circuit can be_of a t%@éOS/ZOOS
i ncorporating a S'hgle strain-measuring grid and three st BRNEP®/O0RR
measuring resistors; alternatively, it can 15 incorporate two
strain-measuring grids in adjacent bridge arnms and two standard non-
measuring resi sheassring rgrid eadber eebles Onbhiteingt bORhe tshginVERRIBILNIdAL | Sde
device conprises a "full bridge-configuration,” wherein all four resistors
of such Weat stoonelatité ndgigtieg 64 ignaPiicaPdel of Bre3furaintheBas4! i ng grids,

Addi tionally, multiple (redundant sensor configurations, including but
not limted to thermstor and anplifier 20 conponentry, nay be enployed to
i nprove sensitivity, accuracy and reliability. is 6-03; 5:16PM I PTL
;9194199354 # 13/ 7. 11/08/2005 WD 02/066366 PCT/ US02/ 04208 I n anot her
aspect, the inygBkpQMdRERRES e%%cﬁm@ﬂt‘df&eg%éﬂgﬁﬁreﬁﬂ&,@Wﬁ’é%&?dn@%ﬁﬁ%’eoﬁfcﬂftus’

conprising: a fluid storage an I spensi ng vessel enclosing an interior

volune for Kol gi Mﬁgureé £ é&cﬁ-ate%eg{iﬂ% Wm%%gﬁﬁ\égfg%ﬁ%:ﬂ qgs?st&cé lcﬁ’ainge of the

di scharge port for discharging rom a’pressdare

regul ating ele i he Lnterior.vol of..the flui.d storage and

di spensi ng ves ggwe'dgr ‘?fg’ﬁgéhﬂf‘zﬁ“‘?ﬂ%gf&‘ﬁﬁhﬁ ﬁ@’?&?ﬁ?&ﬁaﬁgﬁ ﬂfﬁiﬁgﬂﬂﬂmﬁﬁes the

di scharge port ,_ at a set pressure, for djspensi thereqf; ,and 10 a pressure
moni tor 1 nel udFHREETCRRIE e SRbIve & bkt of iaRti B cifeule,Whprestr te
surface of the vessel and outputting a pressure-indicative response as
fluid is di scHastgend resitianoeiod heotitalt-mesgheng erid shanges e tof stiaive eYanUod Yo t he

vg};sel correspondi ngly changes with such discharge. 15 Yet another aspect
of’ t he i nvent i 8rell degrees ghe dalanceeofhthd cifcuioniupsst, angl preslingevalthge differinde

10 'scaled to the associafed strain can be measured,

Such Wheatstone bridge cirbuit can be variously configured in any suitable manner.
For example, the Wheatstone bridge circuit can be of a type incorporating a single
sirain-measuring grid and three standard non-measuring resistors; alternatively, it can
15  incorporate two sfrain-measuring grids in adjacent bridge arms and two standard non-
measuring resistors. In a preferred configuration, the Wheatstone bridge device
o ) comprises a “full bridge-configuration,” wherein all four resistors of such Wheatstone
bridge circuit are active strain-measuring grids. Additionally, multiple (redundant)
sensor configurations, including but not limited to thermistor and amplifier

20  componentry, may be employed to improve sensitivity, acouracy and reliability.
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in a vessel during use or operation involving discharge of fluid fromthe

vessel , such conprising: sensing strain on a wall of the Yes88/2005
and 20 generator?%éjgf%gﬁ output indicative of pressure of the PFUP¥20%he

vessel correlative to the sensed strain of said vessel. 8 tl- -03; o=
ItwmA; i'rL ;9194199354 WD 021066366 # 14/ 7. 1 PCTIUS02/ 042080 8/ 2 0 0 5

Astill furt her maspasr #pect, tBe VBTN Rktdseloa] ﬁﬁldt ﬁoﬁgérﬁﬂc{‘ﬁﬁ &Em& gﬂb&atus

managenent, conprising: confining a fluid in a flurd stora e ah

di spensi ng vess@mprigigt/di ng a vessel wall 5 encIOS|ng an i'nterior vol une
for holding the fluid, wherein the vessel includes a fluid discharge port
for discharging fluid fromthe vessel, and a pressure regqgulating el enent
inthe interior volune of the fluid storage and dispensing vessel ,

arranged to flow fl Yl h to the fl di schat ort set
pr essgre Ior di ?pen5|%j&?§£a%é &)&%Cfng'gﬁgf‘ﬁﬁ}c uir"ﬁfflﬁmbl q dl’(° sfglrafth}l;%pg 2t hat
is indicatiye of pr i.d i vessel ; and generatin
out put indiative o?lsub#é@? EU} ‘H#gﬂ fﬁ“@ﬂ@"%&%ﬁ“é@iﬂ#&ﬂ%ﬁﬁﬂﬂﬁ@é to
the sensed strain of, s &}h vessel vval | . Other aspects, features and
enbodi ments in the PRFEHEVEClNi |1 be more fully apparent

a pressure regulating element in the interior volume of the fluid storage and

dispensing vessel, arranged to flow fluid therethrough to the fluid discharge port

) at a set pressure for dispensing thereof: and

10 a pressure monitor including a strain-responsive sensor disposed on an exterior
- surface of the vessel and oufputting a pressure-indicative response as fluid is
discharged from the vessel, wherein pressure of the fluid in the vessel

correspondingly changes with such discharge.

15 Yet another aspect of the invention relates to a method of monitoring pressure of a flnid
in a vessel during use or operation involving discharge of fluid from the vessel, such

) method comprising:

sensing strain on a wall of the vessel; and
20
generating an output indicative of pressure of the fluid in the vessel correlative

to the sensed strain of said vessel.
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fromthe ensuing disclosure and appended clains. 20 BRI EF DESCRI PTI ON OF
THE DRAW NGSywf is an elevation view of a fluid storage andi1/08/2005
di spensi ng ap;gja(%{5;1‘]'[6‘%55'g according to one enbodi ment of the p? LER2 %308 ent i on.
n n-Ua; 5:15F M HPTL ;9494199354 # 15/ 7: WD 021066366 11/08/ 2005

PCT/ US02/ 04208 Figure 2 is a front elevation view of a strain responsive

sensor el ement AfstEll s wsgect wOthd Givenfion Fedatés gilhemdthed RATBHA Snankidkting 3A
is a schematic cross-sectional elevation view of a fluid storage and

di spensi ng systesanpaeizagr di ng t o anot her enbodi nent of the present invention,
showi ng the details of the internal structure thereof, including a pressure
regulator interiorly disposed in the vessel. Figure 3B i-s a schematic

cross-sectional elevation view of a fluid storage and 10 di spensi ng system

rding to yet an@hbhedin F . r . ] i howi ng,.a
gﬁ;gi clal gadso)r/bent (r%gt er i%lgﬁgl !slggsiﬁggp l{t%rggfaeﬂav‘%%géﬁt"?é %\é%tﬁ%&gglgia:ve Sl Wl
h ti tatl nin-wal | linder.with i nfernal ,pressure
SCresses onoihe val PhgPngen e Pl s hofiieg B8 Huidklehetein hShiseRl abioes - of
[ ti ial andg.adi,al, strains. on,the side, Il of the thin-walled
eyl i nder Jof Figur e SAT g8 Pord 2o dicligaie fuid i . veetrl 5 b SuAsEe 20

Figure 5 is a front el eyation view of a single strain neasuring grid
according to one enff&ﬂﬁﬁ%%fagmemt Wethp dnterien ‘?mFiOQEhceﬂ‘Gdiséof%es@% chging
representation of a Wieatstone bridge circuit.

vessel, arranged to flow fluid therethrough to the fluid discharge port at a set

__ ) _ pressure for dispensing thereof;

i0

sensing strain of such vessel wall that is indicative of pressure of the fluid in the

vessel; and

generating an output indicative of pressure of the fluid in the vessel correlative

15 to the sensed strain of such vessel wall.

) Other aspects, features and embodiments in the invention will be more fully appatent

from the ensuing disclosure and appended claims.

20 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an elevation view of a fluid storage and dispensing apparatus according to

one embodiment of the present invention, .
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PCT/ US02/ 042 igure 7 is a graph of pressure transducer and stralhogAnges
readi ngs as %@Qg#’iﬁ%n of time, for a fluid-containing ve¥SEUSEI4%Bped
with a strain gauge conprising a single strain neasuring grid. 5 Figure 8
is a graph of pressure transducer and strain gauge values as a function of
time ror a Il BigthoGi i Mo asd low bt RARFMRy sdidby clBbOf bl
gauge consisting of four strain-nmeasuring grids. Figure 9 shows

conpar ative pl ahsniRt oftht RighrdE 2B as a function of internal vessel 10
pressure (in psig), based on surenments by three strain-responsive
sensors di sposed on the exterior surface of a fluid vessel at three
different locations (i.e., respectively at the side wall, bottom and top

of such fluid I .Figure 10 is a gra f cycli.c measurenent of

i nt er nal vesse?ﬁﬁ%‘rﬁ gsg ur'e agﬁcbe?n?ﬁ\} a‘ir?ls-s's.g(‘?"ggls glaﬁ%f{’ee‘“gﬁng’gﬁ ﬂl’ﬁew&ﬁ Fhe
internal vesgsel,pressure incregses from atnospheric pressure (set at 0
psig) to 1060 ;S’éﬁ?’&‘w YHCHACER gi‘ﬂ@?@%ﬁé‘ﬁ’@@%@%@%% ipfraHon, ghowing hack
t o at nospheri Ct@{,\ﬁss‘ijre by successive decrenments of 100 psi. Figure 11 is
an el evation viteinAgifils,0k thg;igtemal smpsurg fherents pshsingge amsare regnlatervintegiodne

20 annul ar band circunferentially fitted around it, to which two electrical
resi stance stré%sﬂf’-“gé@gﬂleér@sﬁﬂees are closely attached, according to one
enbodi ment of the present invention. 11 8- 6-03; 5:16PM 1PTL ;9194199354 #

17/ 7

, _) Figure 3B is a schematic cross-sectional elevation view of a fluid storage and
10 dispensing system according to yet another embodiment of the present invention,

showing a physical adsorbent material disposed in the vessel.

Figure 4A is 2 schematic representation of a thin-walled cylinder with internal pressure
stresses on the wall thereof,

15
Figure 4B is a schematic representation of resulting axial and radial strains on the side
wall of the thin-walled cylinder of Figure 4A due to stress imposed by the internal

. ) pressure.

20 - Figwre 5 is a front elevation view of a siﬁgle strain-measuring grid according to one

embodiment of the invention.
Figure 6 is a schematic representation of 2 Wheatstone bridge eircuit.

10
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woazla66s66 11/08/ 2005 PCT/US02/04208 Figure 12 is an elevation view of a
fluid storag Lspensi ng apparatus having a harness-type bantll fegbee05s
fitted on itgmégggﬁ#ir surface, such harness-type band mehbEFSEMIEi sing
annul ar rings and elongated strip conponents, according to another

enbodi ment of the present invention. 5 DETAILED DES TI ON OF THE | NVENTI ON
AND PREFERRED HEHBODMENTgapiHmehuld gardinsel afldns glugbtbddntks 3k al MactBatgnt
No. 6,101,816 issued August 15, 2000 in the 10 nanes of Luping Wang and
Genn M Tom f aimé, Firlh BuilF€IRfGHn, N&sa%%;g? Bl NGra2Y SEENM ' es
Patent No. 6,089,027 issued Julyé18, 20 Pﬁﬁ t he nang%ﬁéﬂwTﬁ%%ﬁng§#gEand
denn M Tom f Qfrain 4ﬂﬁ§T AGE AND DI SPENSI NG SYSTEM', and United States
Pat ent No. 5,518,528 issued May 21, 1996 in the names of enn M Tom and
Janmes V. McManus for "STORAGE AND 15 DELI VERY SYSTEM FOR GASEOUS HYDRI DE,
HALI DE, AND ORGANOMVETALLI C GROUP V COVPOUNDS" are hereby incorporated

her ei n by ef .fo | |, purposes jn their .respectjve entireties.

Ref erri ng t(5) t%gg%gﬂf%ﬁan%%p?h ﬁ%ﬁ?@“ﬁ qngdu 1. ﬁé{ﬁﬁ?ig@?&?rvﬁb@ a%t ti’1°<¥|°%nme’

el evation view,of a. 20 fluid storage and, di nsi ng apparatus 10 accordi ng
to one embodi nkht? '@Fd'f’%mﬁ?’gsv«??ﬁe?e "SRPQ&IW@@. i%ﬁﬁgdgq 3 EuEe spesishipg of four

di spensi ng apparatus 10 includes a storage and di spensing vessel 12
conprising an STAMESEEHNEEithdrical sidewal | that together with the fl oor
16 12 o Ou . 0= 1C]-M i F 1 L ;9194199354 # 18/ 7

) ,,} Figure 9 shows comparative plots of sirain measured as a function of internal vessel
10 pressure (in psig), based on measurements by three strain-responsive sensors disposed
on the exterior surface of a fluid vessel at three different locations (i.e., respectively at

the side wall, bottom, and top of such flnid vessel),

Figure 10 is a graph of cyclic measurement of intemal vessel pressure by a sirain-
15  responsive sensor, in which the internal vessel pressure incresses from atmospheric
pressure (set at 0 psig) to 1000 psig by successive increments of 100 psi and then falls

back to atmospheric pressure by successive decrements of 100 psi.

Figure 11 is an elevation view of 2 fluid storage and dispensing apparatus having one
20 annular band circumferentially fitted around it, to which two electrical resistance strain
gange devices are closely attached, according to one embodiment of the present

invention.

11
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11/ 08/ 2005 WD 02/066366 PCT/ US02/ 04208 corporately encloses the interior
vol une of the vessel. The side wall and floor may be fornmed of ahy/08/2005
sui tabl e mat &A%G{%%6° construction, e.g., netal, gas-inper mBEHUSN2HMEL i c,
fiber-resin conposite material, or a conposite material such as

ni ckel -1ined carbon steel, etc., as appropriate to the gas to be contained
in the vessel, KigeandsumCelbvaBBY viANTED Bl stbhge aRP o he sure
| evel s to be naintained in the vessel in stor‘g%e aﬁ%ﬁ%sgeﬂggﬁﬁgl uaév‘reh.rlge t
its upper end, HiBfsdEPS bantCALMEES aRed 84 Kisl | BB AR 2]

bounded by the inne@ﬁwalalIl of the ngeé{: {fﬂ(fs %ﬁ%@éﬂﬁd&?&%ﬁf@ﬂ%ﬁ%ﬁ%ﬁ?@%ed
or ot herw se 1%&@@%@9- i I Qur a engage therein .a

val ve head 20 including a %I%ﬂg?ﬁg§y&gf%aﬁ%t%}1£$é c%‘%ﬁ?ﬂe %E%icgfi‘nﬁo'il%éded
or otherw se c i [ _matin engagenent with the inner wall. In such
manner, the va%\%oﬁicg%gg%ﬁ?gw«%% 4%t h the vessel 12 in a |eak-tight
manner, 15.to hold fluid therein in the interior volune at the desired

st orage conai tions, The valve head body 22 is formed with a passage therein
for dispensing of fluid _ deriving fromfluid in the vessel 12, such fluid
di spensi ng passagessathR OESCRIRITON O B INYVE ANI:EPREFERRE

fluid discharge port 28 is connedMb ERHO¥o 20 the fluid supply
conduit 32, as shown. Fluid supply conduit 32 in turn constitutes a
component of fluid flow circuitry that interconnects the fluid storage and
di spensing apphe disclesures of Uhital Biates Rateatri¥al 6,101 ,3160sw18d Avigedt 1852600 in the
sem conduct or manufacturing tool. 13 c- t-u:J; b:16PM |PTI_ ;9194199354
7@i 9/ 7. 10/ OBmABO& Luping Wang and Glenn M. Tom for “FLUID STORAGE AND GAS

DISPENSING SYSTEM”, United States Patent No. 6,089,027 issued July 18, 2600 in

the mames of Luping Wang and Glenn M, Tom for “FLUID STORAGE AND
DISPENSING SYSTEM”, and United States Patent No. 5,518,528 issued May 21, 1996

| in the names of Glenn M. Tom and James V. McManus for “STORAGE AND
15 DELIVERY SYSTEM FOR GASEQUS HYbRIDE, HALIDE, AND
ORGANOMETALLIC GROUF V COMPOUNDS” are hereby incorporated herein by

reference for all purposes in their respective entireties.

' ) Referring to the drawings, Figure 1 is a schematic cross-sectional elevation view of a
20 fluid storage and dispensing apparatus 10 according to one embodiment of the present

invention.

The fluid storage and dispensing apparatus 10 includes a storage and dispensing vessel

12 comprising an elongated cylindrical sidewall that together with the floor 16

12
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WD 02/ 066366 PCT/ US02/ 04208 The val ve head body 22 includes a fluid fill

port 24. Theyfd .l t in the view shown is capped by a closure bkrAberz065
after filli ngfdot#zmtsﬁgé vessel 12 with fluid has taken pl ace, PCT’HS‘W%’E"@M t he

fill port from contam nation or danmage. 5 The val ve head body contains a
val ve el ement coupled with the hand wheel 34, for selective manual opening
of the val ve t ccoipasstelyamciobesahgintetiof Valivde df thp ensseh dTHRatdeagdl idd fldofeayaeve
head fromthe vessel 12 to the fluid discharge port 28, or alternatively
for manual cl deumel of afyheitulslb \natdrial bEcoTsR@itonS &.o\Wnekalf fadiislpérinentlé PRishid Ui d
di spensi ng passage to the fluid discharge port. 10 In place of the hand

wheel valve actfitet-rth edBpoRNE matdRl, P ¥oiRfosRb QNAtSlRY sA8h AV hRRALHNEd MY ©
actuator, such as a pneunatic val ve actuat'or, an el ectronechanical valve

{uat or ! . _ . .
The val ve in the el b ™ nERpPE"G, he e IooRT chinty iBHRS el e SENGRY,
fluid | gt SR HR%’Q Ei t Qg . | | :

di glposreggiungt ﬁrgniﬁnt eri %?fg/lg%h%% 0 #e}mrpg%él[rgtl%@stéo%tnﬁaglftallflﬁjﬁ(r}ﬂg&?%gﬁﬁr ged

fromthe vesse fl hrough the internally disposed regulator and then
t hrough a val Vgtoéaéga%&;g%%%nﬁng&gﬁ ow passages in the valve head 22 to the

fluid discharge 20 port and into line 32. The fluid in the fluid storage
and di spensing apparatus 10 therefore is dispensed at a pressure
determ ned by the pressure set point of the requlator in the vessel 10,
when the f 1 ow &bt HBRer Fafnibe pesstlifestiya)  seakokods Wingfeprstiopenipg-bounded by the wi ;
Ir1L WD 02/ 066366 ;91941993%4 # 20/ 7:

“ inner wall of the neck 14. The inner wall may be threaded or otherwise

L

10 complementarily configured to matably engage therein a valve head 20 including a
valve body 22 which is complementarily threaded or otherwise configured for mating

engagement with the inner wall,

- In such manner, the valve head 20 is engaged with the vessel 12 in a leak-tight manner,

15 tohold fluid therein in the interior volume at the desired storage conditions,

The valve head body 22 is formed with a passage therein for dispensing of fluid

) deriving from fluid in the vessel 12, such fluid dispensing passage cbmmunicating with
the flnid discharge port 28. The fluid discharge port 28 is connected by coupling 30 to

20  the fluid supply conduit 32, as shown. Fluid supply conduit 32 in turn constitutes a

component of fluid flow circuitry that interconnects the fluid storage and dispensing

apparatus 10 with a fluid-consuming process such as a semiconductor manufacturing

tool.

13
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11/ 08/ 2005 PCT/ US02/ 04208 The fluid in the fluid storage and di spensing
vessel 12 obtﬁlogé}lfs suitable fluid nediumat any appropriate fl ubldos/2005
storage conditl1ons, e.g., a high pressure gas or alternat FGEP zé?":fﬂpqui d,
at the set point pressure determned by the internal- fluid pressure

regul ator, as the fluid to be dispensed. The fluid can for instance be a

hi gh- pressur e’ gag valvehedd Bd:c@‘@ﬁh&ﬂd&%sﬂuﬁ@ﬁﬂ port2Y. Tnp BRYRHE ,?%f;g‘é‘*’ QEBwAPQUL

50 psig to about 5000 psig or even higher. In a specific e I ment, the

fluid contai nedapidtye Jl&ﬂﬁn&ﬁ%:?g,eeff%? ﬁ%lgf%%? BILSIeBR YERAG l'}J‘.‘l‘],uéfé{aa Hﬁ%% place,

i nvention conprises a hydride f conductor man

operations. 10 &%Eﬁ%ﬂ'&&yﬁgﬁ%‘ﬁ’#ﬁ%&%@ type include arsine,

phosphi ne, sti bi nhe, oro ane, I borane. OQther fluids

useful in sem conductor manufacturing operations that can be stored in and
di spensed fromthe vessel, include, without Ilimtation, acid gases such as
hydrogen fl goride, boron,trichloride, boron trifluoride, hydrogen

chlori de, hal oégﬁa(e@a hepq i?ﬁ confaigs a Vé@&)e?%?ﬁf‘af grunlsdy ek the hapd W%ﬁ!zﬁéa) for
etc., 15 havi ng utjlity in sem conductor panufacturing operations as halide
etchants, cl eaRfiffjive ZjBRrlopening pifke velug tonilay g@tféfﬂ“ghé%@ asipgpassage in

di spensi ng vessel 12 shown in Figure 1 can be in an enpty condition in its
interior vol unfeprlvs haad fam fhengpsisl 12 He theoBuid| disohetge phe. 28f ou aleruadivbly for

di spensed. 20. Alternatively, the interior volune of the vessel can contain
sor bent mat er i &iegesg) clogure o thewelvi ipisriinate flowr ofdhid fromnbnfheid idispensidpepaidaps d
being stored in the vessel, or to sorptively retain the fluid being
stored, for sulbdkaihddidisckirgaget.(desorption) in the dispensing operation,
5. .+, u. lorll, 1r i L WD 021066366

10
In place of the hand wheel valve actuation element, there may be provided an automatic
valve actuator, such as a pneumatic valve actuator, an electromechanical valve actuator,
or other suitable means for automatically opening and closing the valve in the valve

head, |

15
The valve head body 22 is coupled with a fluid regulator assembly (not shown in Figure
1) that is internally disposed in the interior volume of the regulator, so that fluid
’ ) discharged from the vessel 12 flows through the internally disposed regulator and then
through a valve and associated flow passages in the valve head 22 to the ﬂlllid discharge
20 port and into line 32. The fluid in the fluid storage and dispensing apparatus 10
therefore is dispensed at a pressure determined by the pressure set point of the régulator

in the vessel 10, when the flow control valve in the valve head is opened.

14




et BT a, D TEFVE, THI LD 189194199354 # 207/ 7
H N

:9194799354 # 21/ 7 11/08/ 2005 PCT/ US02/ 04208 The vessel 12 in the Figure
1 enbodi nent yhpsdagpt ed on an exterior surface of the vessel wall/88/2005
pressure nonitor 36 ?ncluding a sensor nodule 38 and a disﬁFQ@sWﬂﬁﬂﬁe 40.
The sensor nodul e 38 conprises a strain-responsive sensor that neasures
pressure in the interior volume of the vessel by sensing mechanical strain
or deformation Tife fiti@ inSthe efi@|stonde! ardSdiSpehsiRE Ve8] O3 fCBS UhE shithbld Bluid
interior volume of the vessel. As used herein, the term"exterior surface"
in reference tanédinVARSER! apRbriatd M 6Braeb SonditibA b.&2YIHF i
operatively coupl ed, isﬁﬁtt%%$ed to be b?%adﬁ? conétr%bg £'5 %?%cra eséﬁy
surface that expRbtsldeletl bl ' e ' i . e

D VRS o 3 b p e R B9 Al FR AR b e

. §
change 10 in pressure of t permts an assocl a

sensor to provi i L CORT Y f th ressure aof the fluid in the
vessel . The i ntr%ﬁil\ag?r’ %%%E?H%@ggﬁgﬁsgé e@nﬂﬁmggﬁﬁf ’HR%P?G%&FIPE‘W?SW% ned
by the vessegl will. ¢ e nmechanical strain or deformation in the vessel

wal |, Such snt \e@F ﬁgﬂqu?t?‘%is S’pef'%fsgattﬁ%reﬁ e&fﬁ“’fﬂgﬁb@ﬁ?{’,p@g 199001 AP e e
strain of the LI and correlatively generating an output signal

i ndi cative of ®ressure of the fluid contents in the vessel, The
pressure- indicative signal then can then be converted to true pressure
value for the fluid in the vessel. The mechani sm of pressure induced
strain on the vessel wall of a thin-walled vessel and its quantitative
correl ati on w e spesifigmmbiodiingnt, dbsfinid conthinedin thx fiidi sherdgenmmdalisp2isitghasslighl y
hereinafter. Various strain-responsive sensor arrangenents can-be enpl oyed
f oy noni t or i ngofi the inveatisurompriseircipdire faidfonfentibmduassainfintringusegons.

vari ous strain neasuring .techniques, 16 ¢ - o-tJ:-~; !~ 1 UPM; | PTL,

; 9194189350 # Bmples of hydride fluids of such type include arsize, phosphine, stibine, silane,

chlorosilane, and diborane. Other fluids useful in semiconductor manufacturing
operations that can be stored in and dispensed from the vessel, inclide, without
limitation, acid gases such as hydrogen fluoride, boron trichloride, boron trifluoride,
hydrogen chloride, halogenated silanes {e.g., SiFs) and disilanes (e.g., SizFs), etc.,
15 having utility in semiconductor manufaciuring operations as halide etchants, cleaning

agents, source reagents, etc.

The storage and dispensing vessel 12 shown in Figure 1 can be in an empty condiﬁon in
its interior volume prior to filling of the vessel with the fluid to be dispensed.
20  Alternatively, the interior volume of the vessel can contain sorbent material(s) to
remove impurities or contaminants from the fluid being stored in the vessel, or to
sorptively retain the fluid being stored, for subsequent release (desorption) in the

dispensing operation.

15
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WD 021066366 11/08/2005 PCT/USQ2/ HA2038 including but not limted to

el ectrical r%(ﬁo £ st rai n gauges, piezoelectric elenents 11/08/2005
strain-sensitive eororimetric strips providing a col ori met FERUSNREE0E, o

| evel -specification, strain-sensitive matrices containing mnicroballoons
filled wth a chem cal reactant that wupon strain-induced rupture of the

m crobal | oons effeabdl 32 GO R FiERE 1 GnidHAe ne BBia on 2n BERALN AfcllCme | N 2

preferred enbodi nent of the préesent application, such stralin responsive

Sensor  Conpri SR§ePRa@ Ia‘iﬁés%ﬁ:? oSS 36 E@@?@gsat sreﬁé.oF RS Saaﬁﬁ%%ﬂ% hb@HL € 2

is a front elevation view of one suc trical resistance strdin gauge
sensor 200, co ey i I Tvpe. FAE4- AG2571 - 120- S6EL
Strai n Gauge narﬁﬁﬁf@%? %Arséﬁéé@hgéacgﬁl%gﬁ8%%15?5}45%86 Notuld gﬁ?mﬁﬁm%l%eﬁsug%nsor
i s of advantageousl.y, snall size, with .length and w dth, of r oxi |y
028 i noh O nat AR Rl 66 e Ve by ik metapitel e v BN en B huge
.sensors thah are u‘tsefiJIIy e Io¥ed in specific enbodi pents of the

i nvention ifcl J8¥° & 0f Piesguye ip therjnterior volwmenl fhe vers®luf act ur ed by

15 Hottinger Bal dwi n Measurenments, Inc. Marl boro, M A The sensor of the
type shown in Figure 2 is usefully enployed in a pressure nonitor assenbly
36 of the type shown in Figure 1 including a sensor nodul e 38 and a di spl ay
modul e 40. TheAsapxidrersindbt éerms egEiionaugface] it reftrankedo theevessed otallite svhich the

resi stance strain 20 gauge sensor elenent 200 (Figure 2) and the display

modul e i ncl udesirainstanget senspr is coppratieely cousled; his siateadedl &P baybreddgmentsirpedon di ng
a "visual read" capability for the pressure |evel sensed by the sensor,
aﬁoci ated i ntpglids atly QurfateltHat yxbitiRrdatectitié Y0 P éfHnation 3n r@pdhse tockhhiAM
I\PTL ;9194199354 4 23/ 7 11/08/2005

10 in pressure of the vessel, and permits an associated sirain-gauge sensor to provide a

signal correlative of the pressure of the fluid in the vessel.

The internal pressure exerted on the vessel wall by fluid contained by the vessel will

cause mechanical strain or deformation in the vessel wall. Such internal fluid pressure

15 can be measured by monitoring the strain of the wall and correlatively generating an

output signal indicative of the pressure of the fluid contents in the vessel, The pressure-

indicative signal then can then be converted to true pressure value for the fluid in the

; ) vessel. The mechanism of pressure-induced strain on the vessel wall of a thin-walled
vessel and its quantitative correlation with the applied pressure will be explained more

20  thoroughly hereinafier.

Various strain-responsive sensor arrangements can be employed for monitoring the

pressure-induced strain of the vessel wall, using various strain-measuring techniques,

16
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WO 021066366 PCT/ US02/ 04208 the sensor and the display elenment and a power
supply, such ftery or other electrochem cal power source,11/08/2005
phot ovol t ai c“@qzﬂ?gg? ot her power supply conponents. The dFSHUEMYEul e can
al so optionally, or alternatively, conprise a radio-frequency 5
transponder systemthat is arranged to transmt the pressure readout of the

sensor nodul e tmcRdhEBaE fof BEAL @%I?c&&afﬁﬁsﬁﬂc%céifahféa}rgésg?%ggﬁékgi% %19:9&11&3,

transponder systemcan conprise nultiple transmtt

respective indi s\{kﬂ%hs:%é’&(ﬁoﬂénﬁ?tﬁi?%@g% ﬁéviﬁmﬁ%ﬂgﬁésﬁéﬂﬁﬁ-sg@c .Rf, €ach

i ndi vidual fluid vessel asr ncy -si gna ransponder "System
al so conprises @Qne ar . iLvers at .r te | i s) for. 1

recei ving the rsgréﬁos?'ﬁlgﬁ%glﬁ{é%gsg?o %ﬁgg g’éﬂ%%%ﬁ‘ﬁ%rgﬁg%i%@c?l @6%?‘]“ that
receiver(s) may _be connected to a uter_ternminal of a computerized

i nf or mat i on syépgwtf%?'%c@ﬁ?‘f@?”i%%fc rQBBHLoE S FEES & Felommeiely ehanee disucal

information_ system may conprise a conputer network, with nultiple conputer
terminals at 1§EWP??’§F%M | ocations, i.e., an intranet, local area network,
wi de area network, a conmputer network interfaced with the world w de web
or other such network as known to those skilled in the art. Each conputer
termnal can be connected to one or nore receivers to collect inputted
data rel ating & 2 prefermd embodivent of thof presedi eppligationf [suéhd strms-sspansiviisetsor

net wor k- based informati on systemfacilitates systematic inventory

noni t ori ng andcoi@frisernnghotithl leyisiane: siiinotaue adsemblyt BlgyrcD iy & Gbntdlevatibi i pl e
renote | ocations. Alternatively, such receiver(s) may be connected to

pegsonal di gi t elewasongtsas ele@ificd) réi@ande Vit ghidle etk RoG CRlHMIB, Falldpgst | on
and managenent. 18 o v-Ua; n : 1tii-M II-'FL 9194199354 # 24] 7

11/ 08/ 200510 WQ:O 1086 39Fe PEAEKAGBSDIDOK6EL, Strain Gauge manufactured by BLH

Electronics, Inc. Canton, MA. Such sensor is of advantageously small size, with length
and width of approximately 0.25 inch.  Other commercially available electrical
resistance strain gauge sensors that are usefully employed in specific embodiments of
the invention include the HBM Type 1-LY11-6/350 Strain Gauge manufactured by
15 Hottinger Baldwin Measurements, Inc. Marlboro, MA.
The sensor of the type shown in Figure 2 is usefﬁlly employed in a pressure monitor
assembly 36 of the type shown in Figure 1 including a sensor module 38 and a display
module 40. The sensor module 38 (Figure 1) includes the electrical resistance strain
20  gauge sensor element 200 (Figure 2) and the display module includes outputting
components, such as a display element providing a *“visual read” capability for the

pressure level sensed by the sensor, associated integrated circuitry operatively coupling

17
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The transponder system may al so conprise a m croprocessor for independent
data interpr 65&&696@' anal yzing and a di splay neans for data outpLY08Kg005
Such nicroprocessor may also store in its nenory identifyiBd/ PSP Y2¥at i on
for each specific vessel, so that a worker in a“sem conductor

manuf acturing plant or other facility using a 5 multiplicity of such

moni tor ed vessek &Afr! SRCHY HidphH! elbhR ah&‘fa%d%'sﬂﬁplif,%ucﬁ%rh BireB¥r oftidfrDer
of vessels in the facility, with an identifi'cation of the vessel “in eac
case. Such ves ' L4 ' ' : ' ) ndi ci a
t hat specify thgﬁ{:/%dggg@&lg%@%% Fgl?ce%t @ﬁglug%%?[’%(rép sjﬂ?g gu;ﬁﬂ a%?gﬁe The
recei ver device, and/or the display in the nonitoring assenbly, may al so

i nclude hardware/software capability of extrapolating the declination of
the pressure ofthe. conta ned fluid in nonj.t ored. vessel.,, to prpvide a
read-out or ot her glﬁ?lﬁﬂtmogdfupet e alg}”eﬂﬁ’ioﬁﬁ’lﬁ’g OF, A{iitEveDy, camppise %Eadgﬁggcﬂﬁen?ﬁ 0
exhausti on g the ch rﬁe f fluid therein), the _estimted date/tjnme of
exhaust i on nEHRIE 3%53@31 t iy rarfapgedater ransent, thepregsiteqreadayt OF 4, ApsPion
rate, etc. Optionally, additionally or alternatively, the nonitoring
assembl y can bemﬁ‘gﬂ% %Eﬁ"é‘ﬂe?@at&%ﬁi@é Spepifig arramesueusuch franspanden gysiem can
predeternined approach to vessel exhaustion, of a visual, sonic, tactile
or ot her sensorYomprise redtipgbiransatiters aiteched Ao reapdchive dndividiialefl@0 esssehyp fer,
the alarmcan be an audible alarmat a first interval of repetition when a
vessel is apprisashitiing BG4suex data s icach, indivitiual Sleionetsd wdirbdie-fizbmnoy ciphale,
sane or different frequency/pitch) at a second interval of repetition when
trlg vessel is dipnmasgunder I5m stsohupiit@one b mvre eecklvirs abienbtdlocabon(sy Fdr
;-~9194199354 * 25/ 7 11/08/ 2005 WD 021066366 PCT/ US02/ 04208

10 receiving the radio-frequency signals sent by the transmitter.

Such receiver(s) may be comnected to a computer terminal of a computerized

information system for centralized data collection and amalysis. Such information

system may comprise a computer network, with multiple computer terminals at

15  different locations, i.e., an infranet, local area network, wide area network, a computer

network interfaced with the world wide web or other such network as known to those

skilled in the art. Bach computer terminal can be connected to one or more receivers to

) collect inputted data relating to internal pressures of individual fluid vessels. Such
network-based information system facilitates systematic inventoﬁ monitoring and

20  management by coordinating inventory control at multiple remote locations,

Alternatively, such receiver(s) may be connected to personal digital assistant, or other

device for small-scale data collection and management.

- 18
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The pressure nonitoring assenbly including the strain gauge sensor can be

arranged for ihuous nonitoring of the vessel to which the nobhlf68YRQ05

assenbly is 8%9@@#F§§|y coupl ed. Alternatively, the strai RCRSHL4208

sensor,can be arranged for intermttent or cyclic read-out of pressure of

the vessel, to mninize power consunption of the 5 nonitoring assenbly.

Figure 3A s a SEOGERIOAG 9SEmORE) bRD Vol 8 hRRpHED fofinkibth tort | AT
er i1l 0

and di spensing system 300 accordi'ng to anot her ustrative e I ment of

the present i i X%E‘[ﬁ | n S | or d

di spensi ng vesg%%?%%gﬁgofaﬁ aée erg]l ﬁ'g‘pcdyl (lﬁl?"}g?fcgﬁ@m{so#é’rr’? d\?’in}at h&g);%lﬂ?%drls%%
side wall 304 c - I r end.b f | oar nber,. 306. At the u r
end of the vessﬁej%&ﬁ)go%gsr?g(ﬁayfw SRR ML e, ?ﬁ?‘\gé’?ﬂ:’m&?ﬁ%e @e‘%ﬁ%
defining and circumscrd hin top opening of the vessel. The vessel wall,
f1 oor nenber an‘ffs%g‘cs,sR dﬂ“ﬁé‘r"g%?“fém@ﬁ?@sm&ﬁa?%m&%ﬁmwﬁ%913 er f%ﬁ‘é’ﬁ’éﬁ.a 15
At the neck of the vessel, a threaded plug 312 of the val ve head assenbly

Shadmnpriigshe

314 is thr Rnppiorgvesselssan geeetvg realdia infsenitiog ferreepinel a1y | ar
310. The valve head assenbly 314 includes a central fluid flow passage 320
joined in flui dbeueL vasealeiniteadaribity, withian ideatifieation ofBielviessgl insrelneess alichy i n
the val ve head assenbly. The central working volune cavity in tarn is

joi ned to out | &essgitlentifi¢ation may ibeudxbardodinzy of Otheh inditde thad speoifi dienyssecl
constructed for attachnent of a connector and associated piping, conduit,
etc. thereto. 2fsoviated withva given fresshrelrdddig. | N 1 L ; 9194759354 4 26/ 7. WO
021066366 PCT/ US02/ 04208 11/08/ 2005 Di sposed in the central working
V(ibume cavity is a valve elenent 322 that is joined to a:

10 The receiver device, and/or the display in the monitoring assembly, may also inclnde
hardware/software capabiiity of extrapolating the declination of the pressure of the
contained flnid in a monitored vessel, to provide a read-out or otﬁer output of the
remaining service life of the vessel (fo exhanstion of the charge of fluid therein), the
estimated date/time of exhaustion or needed change-out at the extrapolated fluid

15  consumption rate, ete.

Optionally, additionally or alternatively, the monitoring assembly can be constructed to

) ) . provide an alarm ouiput indicating a predetermined approach to vessel exhaustion, of a
visual, somic, tactile or other sensorily perceivable character. As an illustrative

20  example, the alarm can be an audible alarm at a first interval of repetition when a vessel

is approaching 80% exhaustion, and a second audible alarm (of a same or different

frequency/pitch) at a second interval of repetition when the vessel is approaching 95%

exhaustion.
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hand wheel 326 in the enbodi mrent shown, but alternatively may be joined to
an automati valve actuator or other controller or actuating neans/0&/Ithes
val ve head aSScHIF875314 al so features in the val ve bl ock aPSEES020828%
passage 316 joined to an over-pressure relief valve 318 and connunlcating
with the interior volune 328 of the vessel, for relief of gross

over-pressure C’Pl%r%és%%nérﬁtg{zﬁfas‘é&ﬁﬁf -Eklfg tﬁ@éﬁ'ﬁ?ﬁ%\ggls Héfgoxf éag Ve Q&%ﬁ%@@ for320

in the val ve bead "assenbl I's O Its

connect or {1 0w i 3%k fo g,,ewags@l toswwhggeemgg@g.g et O@gga%%el e

regulator is set to naintain ed press arg

f th | th .th | at ' t ub
fitt ngeségss%cguﬁfe%m%’Pﬁ%ﬁané:3 PRSP Gt ook b arafidctr G AGT 1o

a diffuser unit ng .a diffuser end cap 331 at |ts 15 | ower
extremty, The érF “ﬁ%ftpr#éveb%f ?hsﬂfﬁé%fﬁ E?‘&WH%E%”%‘@E*“‘“RH"PW%%
di f fuser bei. n%nformed of a sintered stainless steel such as 316L
stainless s eelmo grssPRklyr  unit has a wall porosity that pernits

removal of all particles greater than a predeterm ned dianeter, e.g.,
greater than 0.003 mcroneters at 30 standard liters per mnute flowrate
of gas fromthe system Filter diffuser units of such type are 20

comerci al | y aviguraldle if raowehvinhtié poose-s@diopalr elevaion (Bewlf af d, i) stoagke rand he
trademark WAFERGARD. 21 O U-VJr 0. IOMWI NIL ;9194199354 # 27/ 7

11/ 08/ 2005 WOAdBpei3GiGE35G6teRCTHISCAAL A8 ahothersBlustPativd i dhiboligncht df cha pReawt 1S
contained in the interior volunme 328 of the vessel 302, e.g., a high

p{r_jssur e gas Ofnventidrqueafhk &gstan S3000mcRHELH Flid \éﬁirégeaanﬂ%m.ls GRfsel 302 of
of ptively retained on a physical sorbent having sorptive aiffinity for the

S
gas,. whereghn gherdint @yunaﬁcal Yo RiCQMHnRHES sMebRsl 984 SbdPR!iR RRk! EadPBRse
phyS| cal sor bent mat er’i al
floor member 306. At the upper end of the vessel is a neck 308 including a cylindrical
collar 310 defining and circumseribing a top opening of the vessel, The vessel wall,

floor member and neck thereby enclose an interior volume 328, as shown.

15 At the neck of the vessel, a threaded plug 312 of the valve head assembly 314 is
threadably engaged with the interior threaded opening of the collar 310, The valve
head assembly 314 includes a central fluid flow passage 320 joined in fluid flow
communication with a central working volume cavity in the valve head assembly. ;I‘he
central working volume cavity in tum is joined to outlet 324, which may be exteriorly

20  threaded or otherwise constructed for attachment of a connector and associated piping,

conduit, etc. thereto,

20
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5 The fluid pressure regulator 332 is set to a selected set point to

provi de flow i.spensed fluid when the valve in the val ve headlas8e/bogs
314 is openefée\n/&hﬁghe fluid flow ng through the di f f use®CHASP2044E
fitting 336, regulator 332, connector flow tube 330, central fluid flow
passage 320 in the valve head assenbly 314, the central working 10 vol une
cavity, and out Dépodd4n thélventyad woskiteealune said iya valye démRi3nethat 13 jeihédo a

pi ping, conduits, flow controllers, nonitoring. neans, etc, as nay be
desirabl e or rebundrwhed 1326 ifi tHe RndOGMEEE siR, DaAki@RatRbly 1A YeveREit8hn 15
Mounted on the exterior surface of cylindrical side wall 304 is a pressure

moni toring aSSzﬁﬂ%ﬂﬁc&ﬁﬁr&:ia&u%?&rdiﬁé}%gnﬁ‘ﬂlfepuﬁa@%aﬂﬁﬁﬁ@d%. i nvention. Such

pressure nonitoring assenbly can be fabricated in any suitabl e nmanner,
e.g., in a manner shown and described with reference to Figures | and 2,
and operated to provide a dynam c 20. nonitoring of the pressure of the

S oo B eg8 i M Gy R85 A0S VSRS ol Hodose 16

11 2 .02 P 2(.042 Fi B, ) - [ I

ol cval i on vi ew AReL T ARG BEEPE e i B ML Formey e vidhibe SHETOF 8P AEL o
anot her enbodi t . .of the present_invention. The fluid vessel 362
conprises a wal*®8hBedstrh rﬁé‘e Af gRtsvepPreysyre rondigens 1fhe yeesehessel , and
containing a physical adsorbent material 350 therein. The upper end of the
fluid vessel 362 is joined 5 to a val ve head 364 coupled with a manual

val ve actuator wheel 366 for opening and :
N The central fluid flow passage 320 in the valve head assembly 314 is joined at its lower

L

i

10 end to a comnector flow tube 330, which in turn is joined to the regulator 332. The

regulator is set to maintain a selected pressure of the fluid discharged from the vessel.

At the lower end of the regulator is joined a fubular fitting 336. The tubular fitting 336

is joined, e.g., by butt welding, to a diffuser unit 334 having a diffuser end cap 331 atits

15 lower extremity, The diffuser unit may be formed of stainless steel, with the diffuser

wall being formed of a sintered stainless steel such as 316L stainless steel. The diffuser

unit has a wall porosity that permits removal of all particles greater than a

) predetermined diameter, e.g., greater than 0.003 micrometers at 30 standard liters per
minute flow rate of gas from the system. Filter diffuser units of such type arc

20 éommercially available from Millipore Corporation (Bedford, MA) under the trademark

WAFERGARD.
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cl osi ng such val ve head. A porous sintered tube 360, or other foram nous or
ot herw se 55?[{5 bI e structure serving to prevent entrai nnent11/08A2005
di spensed f|UId particul ate solids fromthe bed of the PLd #g
material, may be advantageously provided. 10 A pressure nonitoring
assenbly 370 is nounted on the exterior surface of the vessel wall 346.
General |y, the Iniserdwalitable emflbetzent Is%uﬁane@ﬁ%@ﬁ%rmf vblhRA 308 UE il ¥8S8802) S

at or bel ow at m)spherl c pressure, from about torr to about 1000 torr.

Because the pregsu
capabl e of rreasﬁgl %gngvﬂggsake%lg %{b&rﬁ%ﬁ&dﬁ?b%ﬁ& éé’ﬁ? ger%ﬁggé ﬁéﬂﬁﬁ%]g&oﬁhﬂt?’dy
accuracy, even when .t/ reas vel.s

pressure nonitori ngdasgaeﬁr#(?}%ﬁgllrg@beeg{g%iﬁ%rﬁ%?q’%g W]ﬁ-‘grﬁﬁw 2‘¥V0W/4 ﬁé’?%‘r é%tgrg

nmoni toring acc eloly t| on, w t [ I I |l uid vessel
described her (t,‘j‘:;on «% nli'—s goérs‘é‘ta}k P‘%}Pﬁfﬁ T‘f’é‘?ﬁi‘f resentation
illustrati n% how the internal fluid pressure generat es deformati onal
forces on the side mall of athin-walled cylindrical fluid vessel 400. 23
t~ o0-ua; 5 t E.M PTL ;9794199354 Y# 29/ 7 11/08/2005 WO 021066366
PCT/ US02/ 04208 17!?3"@‘1'111 REGRRIe ke eBlptor 37 18 46t (Pedswslected sseti ppink del pravids Howsofany
vessel of cylindrical shape having a vessel wall thickness of |ess than
one tenth of i tdéspersgd dluidorhdnghevalye i the valfhkeat peseniblyctidds oprayd, frith thx Bwigl e
be approximately cylindrical in shape, with a vessel 5 wall thickness that
is very small wireg duwbugb thé diffessulit 334¢ fidmng-336c tagolatdr 33adcammect@uiidw tube

\]

U

) 330, central fluid flow passage 320 in the valve head assembly 314, the central working
10 volume cavity, and outlet 324,

The valve head assembly may be joined to other pijJing, conduits, flow controllers,
monitoring. means, etc. as may be desirable or required in a given end use application of
the invention.
15
Mounted on the exterior surface of cylindrical side wall 304 is a pressure monitoring
assembly 340 in accordance with the present invention. Such pressure monitoring
) . assembly can be fabricated in any svitable mamner, e.g., in a manner shown and
described with reference to Figures 1 and 2, and operated to provide a dynamic
20  monitoring of the pressure of the fluid in the vessel 302 during fluid storage and

subsequent fluid dispensing operation.
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vessel can be conveniently approximated by a thin-walled cylindrical fluid
vessel in determning the quantitative relationship between interthad8/2005
pressure wit MH20pE% essel and the resulting strain on itBCHESBEI08a] |
i nduced by such pressure. 10 The internal pressure of fluid in the thin
wal | ed cylinder 400 inposes deformational forces upon the wall of such

cylinder int di | e 164 ' ' i A Q

circul ar (rad;I\f';)lﬂ:]%t“(rﬁ;a:,’(rﬁei(':st(:]'!l[1 (é)rﬁsstﬂf gt-u&n%ig& \I‘%{gl? gﬁ %’B&a{sﬁghss%ﬁaeééa%fi(@? ]g[fsgd%fs P(gt??lon
of resulting st Sprai ner at e t he thi.n- | 1.ed i nder. 400
by the above- ne%@?%ﬁ%@ﬂ‘ fe#‘)or ? e?%?ﬁ?%%‘%coggh%ggeﬁ%}t éﬂ?ﬂ%@ﬁ'tﬁetfﬁ%& V?Sg?eie% al
pressure in the vessel. T ongi tudi nal .and cir ar, _forces ipposed by

i nt er nal press‘i‘j’FE’“E%%&’“@gf‘%§§‘gW&ﬁ’em?§‘P’i’ H?}EWG%#P Bﬂevfﬁﬁ‘?ﬁaﬁ PRUHRIE 200
intw directi gjﬁg,aﬁ \geI%: axial _stress in directjon 412 (a) and .radial
stress in dire Aesorpept mpyeriabdpOriherein, Thg upper eikofihe Hwd vesssl 362 igioineds
Arad of a thin-walled cylinder can be quantitatively determned for a

gi ven set of5 cypidfabie kfedSadicovnied with 8 magbalgabisectuatos whepld3 Gonfoeppraing and
pressure, according to the follow ng equations: 24 ts- is-t); b: 16PM f
PTL ; 91 941 998Bigauck2Alvy healDAQR Q6 6BGGed tbe 860,00 BthePGiAIBORY AAERSwWisepr
wherein p is the internal pressure, r is the average of the internal and
ext ernal radi ugaspernichlei sttuetunalservingf @Cpreasd ethmieat isubhé aipeabd Shdd of
cylinder, respectively, and t is the thickness of the cylinder wall. There
are thus two ppumeulpe! ssidsefemSthetbes dfithé Aasdeldnk NAREral, Maf bt idVastagedngiti on
is known as a biaxial stress state. The application of stress causes strain
OD def or mat i onpid¥ided. €l astic material. In the

10
A pressure monitoring assembly 370 is mounted on the exterior surface of the vessel
wall 346, Generally, the internal pressure of such adsorbent-filled fluid vessel is at or
below atmospheric pressure, from about 1 torr to about 1000 torr. Because the pressure
monitoring assembly of the present invention is capable of measuring vessel internal

15 pressure with a high level of accuracy, even when the internal pressure decreases fo low
levels, such pressure monitoring assembly is especially useful for improving pressure-
monitoring accuracy in connection with the adsorbent-filled fluid vessel described

hereinabove.

20
Figurc 4A provides a schematic representation illustrating how the internal fluid
pressure generates deformational forces on the side wall of a thin-walled cylindrical

fluid vessel 400.
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cylinder under consideration, the axial stress u will cause axial strain
(E,,) on the | r wall, meking the cylinder wall |onger, andlihe8/2005
radi al st resg‘?&édé%gl | cause radial 10 strain (Eras), incF&3dSkPittie

di aneter of such cylinder wall. According to Hook's law, the axial strain
(Eax) and the radial strain (Erad) can be cal cul ated know ng correspondi ng
stresses, basedAofhinliealfed!dyRurel R i Wfined Befeid & bAHvE s YiHind 185% -
E 15 wherein v is Possi on'cg ratio characteristic of %g ?:yl an]enrdn\?\/%l 4
material, whi chpdygneopaker wal tﬁibﬁegsat}f'legs gﬁ;@%&feﬁ& o%$t5 @o@s—ée@ﬂénai thdius.

per pendi cul ar to applied stress cause y change o pressure]  _
[longitudinal strain that is parallel to such applied stress]), and E is
the nodulus of elasticity characteristic of the cylinder wall material,

equal to the rafj 0-25 ts-. b-16PM | PTL ;9194199354 #, 31/ 7. WD 02/066366
11/ 08/ 2005 PC’?%%S%‘%% JESshmey g%%?FPPIBPe éPW@%’?%E’b pylingries) g fhepethet veael |
[resulting rai ri h@athe %es_sel wal |]1). For a specific cylinder wall
material, both YohHekeess thatds xew sepspanted to tevgssehe cmpossstinabradis sSush
equations, the axial and radial stress on the wall of a 5 cylinder can be
readily express¥E&easan Ppeapvenisnidy ppmrexispted hy 2 fhiviwaled pylindsioal fluid vesselhin

cylinder, as follows: pr(l - 2y) 2tE Pr(2 - v)
determining the quantifative relationship between internal pressure within the vessel

and the resulting strain on its vessel wall induced by such pressure.

o

10 The internal pressure of fluid in the thin-walled cylinder 400 imposes deformational
forces upon the wall of such cylinder in two directions: the longitudinal direction 402

and the circular (radial) direction 404.

15  Figure 4B is a schematic illustration of resulting stress and strain generated on the thin-
“walled cylinder 400 by the above-mentioned deformational forces associated with the
internal pressure in the vessel. The longitudinal and circular forces imposed by internal
: ) ' pressure cause stress on the cylinder wall of such cylinder 400 in two directions as well:
axial stress in direction 412 (0,,) and radial stress in direction 414 (0yug).
| 20
The axial stress 0q. and radial stress 0,44 of a thin-walled cylinder can be quantitatively
determined for a given set of cylinder dimensions, material properties, and internal

- pressure, according to the following equations:
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E ad - 2tE 10 The present invention utilizes strain responsive device(s) to
quantitatively sense and/or neasure the strain response on the walkoe¥2a05
vessel . The Wé@ﬁ”ﬁ&ﬁf data is enployed to reversely conputPE€T{USe2/MABuNt of
internal pressure on the vessel wall. As discussed hereinabove, the strain
response can be neasured by-any suitable device(s), including, wthout
limtation, electrical resistance strain gauges, pi ezoel ectric el enents,
strain 15 sensitive colorineters, and stfa®f-sensitive matrices containing
a strain-responsive chemical reactant, Mrébver, the instrunentality that
is enployed for neasuring strain response_gan be pre-calibrated for the
fall pressure range applicable to the neaslurgd fluid vessel so that the
read-out of such instrunentality directly indicates the internal pressure

value. 20 One pgrréhAe ﬂﬁiﬁf&ﬂiaﬂﬁ@&su?& r id18e BYSRRTYE hd MRALL Al SHBLA¥sai@ of

el ectlri ca: I resi stance strain gauge for measuring the strain response of the
| o shec } i - £0-= : . | .

YS5a1005sy o o MSpAF G et ol e s il b

dvant ageous! y (aEeSy Btihe SR B 2 SR RRE BV PRRR Pe SR FTe TE one

preferred electrical resistance strain,gauge includes one or nore strain
measuring 5 graflﬁg}uﬁ UM W@I%?&TV“?@‘T $8taleont i guousl y) attached to the
exterior wall of the fluid vessel. By attaching such strain-neasuring grid
to the exterior surface of the wall of the fluid vessel, inintimte
contact therewith, the strain-nmeasuring grid will experience the sane
degree of st rallhe pplieation 1of strosssagases \gipin, orj deformatinn in tan lastio fmaterish Tyr the
4 | equal the
cylinder under consideration, the axial stress o, Will cause axial strain (e,) on the

cylinder wall, making the cylinder wall longer, and the radial stress 0,7 will cause radial
10 strain (6.4), increasing the diameter of such cylinder wall. According to Hook’s law, the
axial strain (€,:) and the radial strain (€.44) can be calculated knowing cormresponding

stresses, based on the following equation:

g =Uu_VUrad
“ E E

o £ —Eﬂ‘!._..v_oi'.‘_
rad =

15
wherein v is Possion’s ratio characteristic of the cylinder wall material, which is equal
to the ratio ([lateral strain that is perpendicular to applied stress caunsed by change of
pressure] + [longitudinal strain that is parallel to such applied siress]), and E is the

modulus of elasticity characteristic of the cylinder wéll material, equal to the ratio
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strain of the vessel wall of the fluid vessel. 10 The strain-neasuring grid
has an initi S’k ﬁﬂ@% el ectrical resistance Ra (before the strainimgasveonsg
grid is attach® fhe exterior surface of the fluid vess&CT/USHE3: he
strain measuring grid is attached to the vessel wall, the strain (E) it
experiences, which 1is essentially a change inits length (AL) divided by

its original |e([91519ur(t!e§¥tres¥‘ﬁaf>ﬂgjg&R)$o agrEsaneadl e ReUSEn B ADIELLGRAN). phange

inits electrical resistance ere ween strain

resi stance changy&&_&%%gwﬁg%&gpbbﬁ alggrt ERiSS fol |l ow ng

equation: dR=Kx- ereéin € gauge factor characteristic
of the strain-neasuring grid. 27 ti t--U5; 5 16PM |PTL ;9194199354 3 33/
7 11/08/ 2005 WO 021066366 PCT/ US02/ 04208 When such strain measuring grid

is affixed to t ter f f the fluid g dir ect
paral | el 1o ¢ neUHRE Bt Fiste gPcaghoot SonlalS, e el 58 kel st ok ehsl o o

experi enced _ by iihg‘gdevi ce will be axial strain c, , and the change of the
resi stance of tHENgRESRSetrMily Bersted 8 tincamiipctions Of the mtegpal grossurc of such
strain-nmeasuring grid is affixed to the surface of such 5 vessel in a

di rection paral9yérdeosdaligves: stress, the corresponding strain will be
radial strain E,.. d, with a proportional resistance change as well; if
such strain-nmeasuring grid is affixed i n__ap&l-oivﬂer directions, the strain
it experiences will be a conbination off=Xi alygstrain and radial strain,
such strain being readily determ nable. 10 The resi stance change of the
strain-neasuring gri-d is linearly correl at egrogi_gj) the strain

: \—) 8md 2UE

10 The present invention utilizes strain-responsive device(s) to quantitatively sense and/or
measure the strain response on the wall of a vessel. The resultant data is employed to
reversely compute the amount of internal pressure on the vessel wall. As discussed
hereinabove, the strain response can be measured by-any suitable device(s), inclnding,
without limitation, .;..Iectrical resistance strain gauges, piezoelectric elements, strain-

15 sensitive colorimeters, and strain-sensitive maitrices coniaining a strain-responsive
chemical reactant, Moreover, the instrumentality that is employed for measuring strain
response can be pre-calibrated for the full pressure range applicable to the measured
fluid vessel so that the read-out of such instrumentality directly indicates the internal
pressure value,

20
One preferred embodiment of the present invention employs an electrical resistance

strain gauge for measuring the sirain response of the vessel wall. In this respect, it will

26




eT o=uwos; DiIToHEMI IR L ;9184199354 . # 32/ 7

of the vessel wall to which the grid is attached, and the strain is

i ndi cative O&V&%@s Fg essure of the fluid inside the vessel -therefd1e08ybeos
resi stance chahgacdr® such strain- measuring grid is al so i REVES%®of t he
pressure of the fluid in the vessel. 15 Figure 5 is a front elevation view
of an illustrative strain-nmeasuring grid 500 that may be used in the
practice of th gocﬁﬁgei : | RS Ghal ok | I
P LYl 1-6/ 350 Stomn Gaugéﬁhﬁ%%f ?‘?‘ﬁger ‘%ié%ﬁﬁﬁa‘%@%%%%%‘?ﬁpﬂg%ﬁgé chH
Mar | boro, MA £ Lo (o ' [ raply.conpri ses a
conductive | ayg,\"%21 v&?%%%?gﬁggg%sﬂ%%%?gé}rgﬁt ?giﬁgfg.sgnéb%’%&éo&hducti ve | ayer
and base material |ayer can conprise any suitable conductive nmaterial and
base material, respectively, as will be apparent to those skilled in the
art, who wll %1 t he.basis of the disclosure herein be able to select, 28 0
.7 - | ornn; 1K rpreneq slpysalcasistanss Siin EpiBBrBABLONO WD Y SERB G ASIIng
PCT/ US02/ 04%08 desirable materials w thout undue experinmentati on according
to specificr edEids Bk 5a be clopelk ug-pyonsigaously) gHaghed b fhesmirsiar wallof the fluid
conditions, e.g., the properties of fluid contained in the vessel, the
properties of (vesel Byginchipg suchairain-mepsuring grid fethetekisgor wekpeofthewel] of te
sensitivity of the resistance neasuring device that is enployed, etc. 5
Preferably, suésiceserhdniinténitayentact tepmiithothe atrarmadaswingrpeidatillakpaientvatite ng
an electrical resistance that undergoes only minor or insignificant change
whi l e the surreamedepnee dfestrpior Btdosetht VesEUGIE $.c., tRateRYofShdBritekiINGuelthe
mnimzing potential bias in neasurenment by such strain-neasuring grid due

t _0) f 1 uct uat i onsiedin beip ERELWA of HE: fuid vessel,

10
The strain-measuring grid has aon initial known electrical resistance Ry (before the
strain-measuring grid is attached to the exterior surface of the fluid vessel). When the
- strain-measuring grid is attached to the vessel wall, the strain () it experiences, which
Is essentially a change in its length (AL) divided by its original length (L), will
15  correspondingly cause proportional change in its electrical resistance (AR). The relation
between strain and resistance change of the device then is represented by the following

equation:

ﬂ=1'<I><-3‘£=1T(><a
R, Ly

20  wherein K is the gauge factor characteristic of the strain-measuring grid.
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More preferably, such conductive |ayer is nade of copper-nickel all oy,

(e.g., Cons | oy) containing copper in the range from 45% % .60&026 &by
wei ght and &1@3‘%(220?63?’%1 the range of 40%to 55% by wei ght, bESEHSGH#43%e t ot al

wei ght of the alloy, 15 The base material |ayer of such strain measuring
grid preferably conprises a material having suitable high tenperature
resi stance and yoedl s@hafbinrCinbKuiORE] & afifed & &Q%kteﬁ&ﬁsurfggk?’&tﬁé‘huiﬂ%&@fiﬁ' es

are not subject to significant change when the operation tenperat ure

i b tl t O ; i I
vars o5 abrUpt 1 yu o pelalo WiSuesdh GRAFLESL 0 A REURK IS OARLS
base material  @0ntBEL saPuPabuELAE, TAMELERLILORL (LERLS AL

gauge assenbly of the present Inventi8h al’so conprisée ans e

or nonitoring the j: change of. such strai,n- Syri rid. 29 o-
VAVAPAREL - s R e B R L S
2005 Variéous cogventé;iontgl dev] eslr%ﬁ% be eg{)elro ed for measur| ng or_.

moni tori ng Such’®¥edt 8t UFERCT RafpigR o S cEpRvIREnRin Wil by, gadial
present invention, the electrical resistance strain gauge assenbly
conprises a WhEHESfondvikya prgRotEonal tpsistapprahangecas sl ifisuch gﬂﬂ@-@@ﬁﬂ@ﬂg grid is
mentioned strain nmeasuring grid for measuring its resistance change wth
high sensiti viafxeddg %e&p&%oﬂ%w@mige@egmmu be nepmbivstinnatf aainl of a
typi cal Weatstone bridge circuit 600 including four resistors, Rl, R2,

R3, and R4. A iwaimend pdiw stait, sudi stagebeing eadilgpiptenmiiatsle, 10 points A and C
illustrated in Figure 6. The initial resistances of resistors R, R2, R3,

an R4 are preset so that they bear a relation to one another as expressed
by  the follow ng equation:
10 The resistance change of the strain-measuring grid is linearly correlated with the strain

of the vesse! wall to which the grid is attached, and the strain is indicative of the
pressure of the fluid inside the vessel—therefore, the resistance change of such sirain-

measuring grid is also indicative of the pressure of the fluid in the vessel.

15  Figure 5 is a front elevation view of an illustrative strain-measuring grid 500 that may
be used in the practice of the present invention, commercially available in a HBM Type

1-LY11-6/350 Strain Gauge from Hottinger Baldwin Measurements, Inc. Marlboro,

) MA

20 The strain-measuring grid preferably comprises a conductive layer 510 and a base
material layer 512. Such conductive layer and base material layer can comprise any
suitable conductive material and base material, respectively, as will be apparent to those

skilled in the art, who will on the basis of the disclosure herein be able to select
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15 wherein R, R4, R, R4 are initial resistances of resistors R, R2, R3,
R4, respectiyg) such configuration, the Weatstone bridge clife8f2085
bal anced, si nceyz{oﬁ&eérg‘se is no electrical potential di fferen@‘é‘T’g@?%@ﬁ poi nts
B and D, and therefore neasured voltage Vo at points B and D equals to
zero. Wenever electrical resistance of one of the 20 resistors Rl, R2, R3,

and R4 then chafigesle bherb!vigeat aﬁdurefeﬁgémﬁeﬁﬁbﬁ %ﬁcd?dih%g@ speolffoteduitetnents
upset, i.e., the electrical potentials between points and D are no | onger

equal , and the j3QoQdVhy c%e}a%ﬁéﬂéﬂv\i/m?m%@%}%ﬁ%oﬁs, Séé't \?\%et #o%@ﬁi%?oo? )fhyl‘@

021066366 PCT/ US02/ 04208 "neasured voltage Vo at these ornts wl
deviate f i L Dot . .
TRt spogi £ rotinth i BelfRid %‘?[%rf’%ﬁ%ﬁéf %&nbng%| émalon%ﬁ]o;'fmi%g’gg{rgeéspge%ﬁgance

of that specific resistor. Accdr

invention utili taone bridge. 5 circui.t inclyding three standard
non- measur i ng rtég? e@%@?ﬁ%%%sa @?85@89%3%3%"%%&%% fi??’écegﬂ?tdgﬂﬂ@g%ﬁr @&j st ance
fluctuates with the strain it experiences. The fluctuation in electrical
resi stance 0f such strain-neasuring grid is reflected by the change in the
measur ed vol tagp Vo, and gan be conputed accordingly. 10 However, by using
only one such SFFERlynsh GPdugtivRlaye comprsare melplararntal sHpn hwdeg anselectrical
potentially unstable and bi ased since the inpact of tenperature fluctuation
on such neasuFeffianee ithpt jugdereess. oy waneraer ingignifiepnsrchangee whilé theesrroyndihg
measurenment of the strain-neasuring grid in tw ways. First, increasing
t enper at ur e catewsragoe h flubiwates | Itheséby tdlnibdtingd or e ssvimiting Wipbtetidl hdias in
measuring grid is attached and the neasuring grid itself to 15 expand. This
mansi on is i mdésusrientbyiuch siriamypasiringtghid doa tefnalatipn efrmperatofe.t he vessel ,
it should be reflected in the neasurenment by the neasuring grid as a
t enper at ur &0

More preferably, such conductive layer is made of copper-nickel alloy, (e.g.,
Constantan alloy) containing copper in the range from 45% to 60% by weight and

nickel in the range of 40% to 55% by weight, based on the total weight of the alloy.

15  The base material layer of such strain-measuring grid preferably comprises a material
having suitable high temperature resistance and good elasticity properties so that its
physical properties are not subject to significant change when the operational

"‘i) | temperature varies abrupily, and so that the grid can stretch or shrink synchronously
with the vessel wall it is attached 0. In a prefetred embodiment, such base material

20  comprises polyimide.

The electrical resistance strain gauge assembly of the present invention also comprises

means for measuring or monitoring the resistance change of such strain-measuring grid.
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bi as. Secondly, although the fluid vessel wall and the strain neasuring

grid both ex n tenperature increases, the inevitable diffelgoge2005
their therrnalw‘g Og%gon coefficients |leads to different effANSIH298at es of

the grid and the vessel wall, which 20 resultantly cause inaccurate
measurenent. In order to conpensate for potential tenperature effects,

anot her enbodi ngstoudfcohi&iBRAS eb Y [ I ' .
configuration, which c| ncor po?a‘?éé%c tm\éﬁsmf %ﬁbl%@& ﬁ‘%‘%ﬂ‘%"g?{"g@@%“"h
;9194199354 t# rg;igtagcggggggsozl 04208 11/08/ 2005 neasuring grids. One

Gi1d A"

measuring grid (" is closely mounted to the fluid vessel to be

measured and tRher i;S_subj.ect to.both strain and t erature chapges of
the vessel vvartﬁ,ae %g & erﬁgogga?qtnod‘o Fipaessxft@y@tgn,) &wvﬁi%"a?§esbﬁ?@ﬁ%5§%n
adj acent to the_active ., measur] nsg %d A, i.s.subject to.the sane_degree of
t enper at ure ch&Rge SFePRY SPmugises & Whetstane bedgy ciomt, that ipqogpoggites ffeed to
the fluid vessel |.oosely, e.g. at only one end, and is therefore not

subj ect to tré?%u%nﬁéa%fmqaﬂ‘guﬁ 8rd " {he smeasuring; ity resistance obmger miitht high
change of resistance of Gid A due to tenperature fluctuation is

conpensat ed by Segstiiyitygud agegsic¥t ance change, but the portion of resistance
change of Gid A caused by true strain is not affected by Gid B, and
resulting nmeasurenment will then reflect only change 10 due to true strain.
Anot her enbodi ment of the present invention enploys a full bridge '
configuration Tiguten6 is\theelieatatioaefreiedgtion iof GUiypicaBWHeafsttn Haidicel @@ronit 600
configuration incorporates four strain neasuring grids. Only one of the

four strain- neasludingdowr fesistots, &Y, iR, By, Jand B, MAURLRE, Scdstht {dhagd V}'is‘i})ﬁyﬁ%&%@' in
a-vay to undergo synchronous deformation with the fluid vessel wall,
10  points A and C illustrated in Figure 6. The initial resistances of resistors Ry, Ra, R, and
R4 are preset so that they bear a relation to one another as expressed by the following

equation;

15
wherein R;,R,,R;,R, are initial resistances of resistors Ry, Rz, Rs, Ry, respectively. In
) | | such conﬁguraﬁon, the Wheatstone bridge circuit is bf;tlanced, since there is no
| Aelectrical potentia] difference between points B and D, and therefore measured voliage
Vo at poinis B and D equals to zero, Whenever electrical resistance of one of the
20  resistors Ry, Ry, Ra, and Ry then changes, the balance of the Wheatstone bridge circuit is

upset, i.e., the electrical potentials between points B and D are no longer equal, and the
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The other three strain nmeasuring grids are disposed closely around Gid A

so that they__experience the sane degree of tenperature change asi(08/A005
and'thereforgv%%@qgate for any tenperature fluctuation. PHSRERN208t hese

three strain-neasuring grids are |oosely nounted to the fluid vessel and
do not experience strain of the vessel wall. Therefore, 20 the resulting
nmeasurement W | inefd@red vditagt 6F 68" thé@Stot pdif 1vafit aé?}ﬂaté)@oﬁ EérGCchCaaEevi tié.)n
resi stance change due to true strain of the vessel wall. 32 ts- Va . b:

16PM | PTL VO Q236630815 84 Shh8aistnd Y ohs JALAEHAA0S  PCT/ USO2/ 04208

Figure 7 is a graph of overnight pressure nedsurenent by an HBM single
gauge conprising a single strain-nmeasuring grid, with the neasured
pressure being preset at approximately 100 psig. A pressure transducer is
enpl oyed to indj e actual.. internal pressure of .the fluid vessel.
Three st andard é\%ﬁidi‘%é&guﬂ%nan ogiment (5’? eaPrgg) Inyention, ptilipeg g eg&t"nesgn‘:lge
strain-neasyrin ri.d.to forma conpl ete Weatstone bridge circuit. As .
shown by Fi &Lr e‘%‘/‘,glt é‘f‘il'ﬁﬁ?g ﬁ’é%?sﬂ?’“glﬁ’gﬁ‘fonﬂﬂaéw 1esipigsAndt Sngle AR TAREG, | d
denonstrates flugct ugti on during the initial three hours during which tine
the neasur enerid ¥heses; fosisEpes gﬁi’tﬁﬁﬁ%wﬁté thp strpiny i ¢rppricuces Bher Bygiuating tiar
three hours, the neasurenent diverges and is |less correlative to the
strain of the wlesticpl ysistanes of echf stigimmensoring gué|is rflagivddbysibieschanggr iapthe of
over ni ght pressure neasurenent by a BLH strain gauge of a full bridge
confi gur at i on, meaured vdlege®asut e bpcemputedadcerdidpdy.sane as that of Figure 7.
A pressure transducer is enployed to indicate the actual internal pressure
ofythe fluid 15 vessel. The strain gauge of the full bridge configuration
measures strain with

10 However, by using only one such strain-measuring gauge, the measurement obtained is

potentially unstable and biased since the impact of temperature fluctuation on such

measurement is ignored. Fluctuating temperature influences the measurernent of the

strain-measuring grid in two ways. First, increasing temperature causes both the wall of

the fluid vessel to which the measuring grid is attached and the measuring grid itself to

15  expand. This expansion is indicaiive of a change in the internal pressure in the vessel,

but it should be reflected in the measurement by the measuring grid as a temperature

bias. Secondly, although the fluid vessel wall and the strain-measuring grid both expand

) when temperature increases, the inevitable difference in their thermal expansion
coefficients leads to different expansion rates of the grid and the vcséel wall, which

20  resultantly cause inaccurate measurement.

In order to compensate for potential temperature effects, another embodiment of the

present invention employs a helf bridge configuration, which incorporates . two

31




B- o-wuR; LBII18PM; I PTL

substantially inproved accuracy and stability, and the nmeasurenment by such
strain gaugeydtistdeges detrinental inpacts of fluctuating er Bl {108/ 20015
accurately indicates the internal pressure of the fluid vgéﬁgﬂf"g} ich it
is exteriorly attached. 20 In instances where the thermal environnment of

the vessel being nonitored is isothermal in character, the single
strai n- measur i ngegyuiing giidsaOne gRRAGCng Srid G AYFLe Eisdly wRetcl & the @S FLE&
nonitoring of the vessel. If the. vessel is in an anbient environnment 33

[s- 6-U3; b: 15R¥e theaklired Wel %H&@%@@bj&ﬂ%ﬂo%%@ﬁn%n@%mp@rﬁg /cﬁjcxi%gs( 9{1%98
11/08 / 2 0 0 5 characterized by fluctuations in tenperature, the halt or

full brid t 1Rl | ' | : ks '
(i1, bri o 1 e S rdaaustp RO milhe Shot) Kyt 98 A0 ce
Can o 1t e Bl U o 365 oS Kol 3 Yoo

sui tabl e | ocati on. 'y a“loca [
attachnment af t 4 2l t.o th ssel...ln o enbodi nent,, the
vessel wal | gi s%@bar%i(%:rg# g‘tlb%g&%g]g 1%8‘,%%?‘%&}. & dt‘f’?lssr‘?ﬂgprosgﬁ et%??‘éﬁ%%“&ﬁ
attachnment of the.strajpn uge. ,Since the stress, _and strain .
characteri stic?n‘gfs ti‘?fgf"%g‘gtegﬁg’ﬁﬁlt? S?ﬁ%cﬁf’@ﬁ%\’f’f &@If&w k| A% ESHE e fekpdive
thi ckness 10 of the yessel wall at a given internal pressure, attaching the
strain gauge th%FgF(S’gﬁ‘TSFSEﬂ’?ce fhierid A e tpdemparatiten fluchuation isgesipensated byl Gddher e
wi |l produce a conparatively stronger (strain change) output when the
i nternal press8riercisianerechanyy, it thef nortéancef regstmigguihengs, oft Gid veswedd hyatrhe of
the fluid vessel 302 can be specified as 15 including three parts: the
C&i ndrical si sfeaimisinot 8fertedborGridiBf dnd resiBing encamireitiynt wilh theh reftoct onbydiang 806
(kereinafter "bottom'), and the neck 308 at the upper end of the vessel

‘ 10 due to true strain,

Another embodiment of the present invention employs a full bridge configuration of the

Wheatstone bridge circuit. Such full bridge configuration incorporates four strain-

measuring grids. Only one of the four strain-measuring gtids (“Grid A”) is mounted to

15  the fluid vessel in a way to undergo synchronous deformation with the_ﬂuid vessel wall,

The other three strain-measuring grids are disposed closely around Grid A so that they

experience the same degree of temperature change as Grid A and therefore compensate

- ) for any temperatur_e fluctuation. However, these three strain-measuring grids are loosely
mounted to the fluid vesse] and do not experience strain of the vessel wall. Therefore,

20  the resnlting measurement will be a “filtered” result reflecting only electrical resistance

change due to true sirain of the vessel wall.
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(hereinafter "top"). The thickness of the vessel wall at the side wall of a
typical gas _cylinder is characteristically thinner than the vessei/o&/boas
the bottom oPVE&¥06836 t op, and the side wall has a conpar aPCVEB4Z/HI0aL t er

surface for attachnment of the strain gauge. 20 Therefore, the strain gauge
I s advant ageously nmounted on the side wall of the fluid vessel. 34 a o-VJ;

t:"1bYM JPJIL ; Q% 3 0/.7 WO 02/ 066366 11/08/ 2005 1 US02/ 04208
Figure 9 is a gélgl%'%ggissgtg%éhno?83%%%%%13%85%%’83“5?%% AN i of & hETETal
pressure of the_vessel (in psi.g), based .gn %térai n rreaaurerren s, obt ai ned by
three separate SFPHFRE ars&é%%ﬁgﬁ"g' eAWRIE Ul Wit fegneasuigt DEEEMR bES PHSe3tde

wal | of the fluid vessel, 0E)he,b((’j)é.{;pom of the vessel, and the_top of the
vessel , respectiPPFORIpately 100 psig A Prosipigniransfucen i emploved be dadicate thenaghend,
the strain-responsive sensor di sposed on the side wall of the vessel
experiences a [HFRal ppsuEs of e fvik vessel. Thiee skpdasd son-messiriag gesiverg are used
pressure-indicative signal. The strain gauge nmay be directly attached to
exterior suff adathouch sraif-mgpsyripg gaéfo form 6 couplrissWheatstorstbridgncinmitsur i ng gri d
has to experience strain synchronously with the vessel wall, proper

al i gnment and Hentyeme by Figioat 7 ciralie tneeemerhdng ot siwhnsingla siminageasayingd gad d
the vessel wall of the fluid vessel is essential for accurate neasurenent

of strain anddembmsimats flctesion eduridy THee isikgletired oufd doenef white Mees@E can
be initially treated by any of various nethods to establish a "proper

attachnment reghefsutdfient i sifil GRprOxiSRAKOR GE itHhe falle SXARR, € AR MREAholil | e MY
be enpl oyed to renove any paint, bunps, pits or corrosion that may be

present on s Uﬁ@asﬁﬁn‘i‘%ﬂt Bfverged SRGE 1esfbdrRdlatha o BelsBEInUr tRi N dsii Sall 27 e g DEEN

prbcessed to achi eve
10 vessel,

Figure 8 is a graph of overnight pressure measurement by a BLH strain gauge of a full
bridge configuration, while the measured pressure is the same as that of Figure 7. A
pressure transducer is employed to indicate the actual internal pressure of the fluid
15 vessel. The strain gauge of the fill bridge configuration measures strain with
substantially improved accuracy and stability, and the measurement by such strain
gauge minimizes detrimental impacts of fluctuating temperature and accurately

indicates the internal pressure of the fluid vessel to which it is exterjorly attached.

20  In instances where the thermal environment of the vessel being monitored is isothermal
in character, the single strain-measuring grid strain gauge is advantageously used for

pressure monitoring of the vessel. If the vessel is in an ambient environment
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rel ati vely honbgeneous consi stency at the region of attachnent for the
strai n gauge i sandpaper or a Scotch Bright(r) pad e dg¥ouos
pol i shi ng it;“é@n ﬂi;ﬁléﬁﬁi?)vi ng any scratches left by the netal I;E#Ug?m#%’%form a
mrror |like surface. Such surface can be further rinsed with cleaning
solvents for cleaning of any remaining oil, dirt, or netal filings. 35 o-
o-ve; 5:1ti E M Gidtacteri9dd By TRMAtidhsdib/ temBerattrd) GHROS0 33 QY GEASY st20R Tatl® is
properly aligning the strain-neasuring grid to the prepared exterior
surface of the dehatlgempogad., a reference line can be scribed onto such
surface of the vessel, and a piece of tape nmay be applied to the grid to
put the grid loosely inits place and to allow further adjustnment of the
alignnment. A strain gauge adhesive may be applied on a side of such 5 grid

that directly U Toa ; ' face e el. tq. ;
effect secure Glg{lt achn‘ggl?%és?ﬁ% %gﬁ%? gg%—%%eg%bﬁ’igﬁ} %r\ré?esgﬁet%b?lhog léﬂu‘r?*%gucgf
t he vessel . Su i n.gauge dhesive may a co i [-curing adhesj.ve.
General |y, gonp%Psee?l tgiducﬁlll %8 ag[?‘Chteﬁé’n e T‘lg}éﬁe’{}% st’l’ﬁtt%‘éa%%ge?éﬁl B@s‘%ﬁ‘? gt B
heating to an el eyated, t rature at agbout 350F. for a period of about
three hours. lgocgﬁ?:“n ﬂ)ée i 'g’ ?i‘?fﬁ'i‘?”e’ﬁe sety, e craples ieﬁﬁog@hﬁf"gc‘gs@? Agein
difficulties because vtﬁssel hapdling in this instance is cunpbersone and
| ogi stical |y difPY8ecER (e Fisesehe| Juc ob% qythodinegt, thenyessal ywvell \is Sialicated  tsh bas
the val ve heads and the regul ator assenbly, cannot go through such heating
process, whi chCoiparateepls thinngp et hategon obstagonens of Heswrapagauge. Sthaerthé eress t he
15 strain gauge should be installed and curing of the adhesive should be
conduct ed bef ofrd stalire clidraritetistiesefdhe vasel sailnind aekativdly eavatuated with ahesthickieas
g’-af&ge fails, replacenment has to be <carried out after the fluid vessel is
di sassenbl ¢l aofithevessdbivall at @ ghah tistefmelfréSdre, afdchig IR I4in gaipela dilgkatigssel
is not only tinme-consum ng, but also increases the

where the vessel wall is thinner than elsewhere will produce a comparatively stronger

D

(strain change) output when the internal pressure changes.

With reference to Figure 3, the vessel wall of the fluid vessel 302 can be specified as

15  including three parts: the cylindrical side wall 304 (hereinafter “side wall”), the floor

member 306 (hereinafter “bottom”), and the neck 308 at the upper end of the vessel

(hereinafter “top”), The thickness of the vessel wall at the side wall of a typical gas

) o - cylinder is characteristically thinner than the vessel wall at the bottom or at the top, and
the side wall has a comparatively flatter surface for attachment of the strain gauge.

20  Therefore, the strain gauge is advantageously mounted on the side wall of the fluid

vessel,
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susceptibility of the systemto failure due to galled threads on the val ve
and the vessg\l[ﬁ%zzo after disassenbling. Therefore, as an alternatiVv£0862005
per manent |y 1%¢%f y binding the strain gauge to the vesZEN/URY42085
removabl e cl anp nay be enpl oyed to renpvably clanp such strain gauge 36 a-
c-V:3; S IBPM |IPTI_ ;9794199354 # 42/ 7 11/08/ 2005 WD 1/08/2005
PCT/ USQ2/ 04208 t; '

BBt 9 ?g gY%ﬁ rL; %ﬂ@?‘ésp?dg% Fégaﬁz}éﬂs%moh%?ﬂ%&ﬁ%%we S%trhe

di sassenbling the flul ng a strarn reove

strain gauge c%ge%ng%@e aLé’d tsgg elg;jimgh> aﬁm b‘*ﬂ,}%ﬁ%ﬁ g{eg s§ﬁ§% |caIIy,

5 the strain gauge ose y and pernanentl

band nenber v Wi h..ban er. fitt und the
ci rcunfer ence g %@ﬁsgve fel’uﬁqrae %‘%05 dis %r?nttﬂbmfl? YY?‘@D@E ﬁ:%id ‘ieéseggl?“’g’é’

def or med due t changes i nter fluid pre sure such el astic band
menber will str qgws%r %‘iea’&rtﬁi’ ﬁifglﬁoms?%nameyﬂv e Fox the ape amnyat %uﬁwé on
such el asti c band merrger w_ || responsively undergo strain 10 chang
proportionaP t FTSFFRICAISEp ke FAESERIPSIYh ecnsen digposeds e theviide waﬂ'wéﬂbfmsgel t he
strain gauge can still measure the fluid vessel strain through

correspondi ng @&Parisess @nlagger sitpin change and: thomiete wpipbisra, stibhgergiressuric dndicativie
menber may be formed of any suitable materials of construction, e.g., 15 a
met al or et al sightloy, or alternatively a polyneric material. The strain
sensing assenbly may conprise an annular ring circunferentially fitted
around the exterior surface of the fluid vessel, as shown by Figure 11. The
fluid vessel 700 conprises a cylindrical vessel body 710 and a val ve head

71} An el asti The@lryifitgduge may be directly attached to exterior surface of the fluid vessel,

10 Because the strain-measuring grid has to experience strain synchronously with the
vessel wall, proper alignment and homogeneous contact between the strain-measuring
grid and the vessel wall of the fluid vessel is essential for accurate measurement of

gtrain and internal pressure,

15 The exterior surface of the vessel can be initially treated by any of various methods to
establish a proper attachment region for the strain-gauge grid. For example, a metal file
may be employed to remove any paint, bumps, pits or corrosion that may be present on
such exterior surface. After the exterior surface has thus been processed to achieve 2
relatively homogeneous consistency at the region of attachment for the strain gauge,

20  fine sandpaper or a Scotch-BﬁghtG’ pad may be used for polishing it and removing any
scratches left by the metal file, to form a mitror like surface, Such surface can be further

rinsed with cleaning solvents for cleaning of any remaining oil, dirt, or metal filings.
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20 ring 716 is closely fitted around vessel body 710 through adjustnent of

adj ustment s BWedssé. Strain gauges 718 are pernmanently 08£2005
polymeric ring 716. When the cylindrical vessel body 710n§§%§%ﬁ%e to

increased internal fluid pressure, the elastic polyneric ring 716 wll

al so expand by the sane or proportional amount in 37 ta- 6-@Q3; 5:16PM I PTL
WO 02/ 066366 ; Ba4tQR8lyAliEnidg the/sthR@hhbistiddg A2DR0hS hreplred oRtchbBesurfAcd af the
direction, which is subsequently nmeasured by strain gauges 718 as an

i ndi cation of rfddabssell & iferemoellik ic@NBESHBYd &6 sldhlbuEadoTIRE vosed|andl U Bidc®
internal pressure change. 5 The el astic band nmenber may al so conprise both

annul ar rings aftRnaRdRtpalielh] Qo gicgrtgiél esﬂ@%éﬁﬁﬁsifsﬁ%a?i@ (:«:nzt?{olﬁ%wfﬁﬂbegzy

shown by Figure 12. Fluid vessel 0c a ‘cyli vesse
810 and a val vgifigeflnBlLine St LG, 'Iﬁlﬁgﬂ riSes: €l e
strips 824, top annular ri %gg”é%éé‘@ Amk%ﬁgﬁgﬁnu aﬂeﬁa%%éfé,ﬁeda??dag%%%gh
annul ar rinrg . l-ar .ri.ngs.and the el ate tri i rsect
with each o? he ,ﬁa&ﬁ%mgﬁé@g%{) %%?t‘gr' BT IL 8 aé’ﬁ,Ofgg‘? Hestgge?or &'&%ﬁy e%%‘?‘aﬁeﬁ‘rﬁnd
axial strain e Lienced, by the fluid vessel are reflected in the elastic
band. Ther ef or éﬁgcgﬂcgf%fi t&ﬁ%ﬁ%’%@“ﬁﬁﬁ ﬁ{eeﬂm%ﬁe ?ﬁ%e &pssel PSE'H‘ et shber
at two intersecalilons béjmechani cal, fasteners 820 so _that strain gauges 818
can measure boffEENE &Y% CompYn Bi-ginng; sdesite. o Wprallyn complRje chEng ofithe.
vessel 800. Wien any of the nultiple strain gagges needs repl acenent, the
ni ddl e annul ar 2diepige Beberisheane effested by beating dovaw elgvatediemphestie afi AbowtaS oSt
body 810 by | oosing adjustnment screw 814. The pressure nonitor including
the strain gaufpsapasiodofgboittbresbawrs. f or converting relative changes of
electrical resistance neasured by its sensor nodule into a direct
representai®on of internal pressure of the fluid vessel. For exanple, if
the el ectrical

Such heating requirement, however, imposes processing difficulties becanse vessel

handling in this instance is cumbersome and logistically difficult. The delicate parts of

the fluid vessel, such as the valve heads and the regulator assembly, cannot go through

such heating process, which will cause substantial damage to those parts. Therefore, the

15  strain gauge should be installed and curing of the adhesive should be conducted before

the fluid vessel is assembled. Moreover, if a strain gauge fails, replacement has to be

carried out after the fluid vessel is disassembled and the delicate paris removed.
) : Disassembling a fluid vessel is not only time-consuming, but also increases the

susceptibility of the system to failure due to galled threads on the valve and the vessel

20  after disassembling.

Therefore, as an alternative to permanently adhesively binding the strain gauge to the

vessel wall, a removable clamp may be employed to removably clamp such strain gauge
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20 resistance strain gauge sensor nodule is initially calibrated for a
"full" vessel condition and associated pressure, then the changelinog/2005
resi stance c¥® B&s@éhverted to an out put signal by suitabbermsgnados

processing in the logic unit (of the integrated circuitry) in the 38 5: i
tiF-'"M; | PTL ;9194199354 # 44/ 7 11/08/2005 WO 02/066366 PCT/ US02/ 04208

di spl ay nodul e of the pressure .nonitori assenbl y.. Thi s arrangenent

provi des an ol °Eﬁ“"§)381§‘€’?31§ f@g?%‘?é‘ﬁf?f nP?FéﬁVa‘?fLﬂésaﬁﬁemi%H’E‘%Thﬁgll%“g‘?eé%% fire.
The strai n-resporlsi.ve sensor of the present invention affords an econom c,
efficient and SPPERRPFYAR &M% nent ed sol ution to the probl em of nonitoring
fluid pressure in a closed vessel during discharge of fluid therefrom The
el ectrical resistance strain gauge assenbly disclosed herein is capable of
measuring a very broad range of vessel internal pressures, from

sub- at nospher i dMeeeiss ihe sGfin gauge capeduditsedy aftached to fhe duilivessedsSierigoalls
several thousands psi that is typical for conventional high pressure gas
cylinder. Mbredhastiain gaegeiney be losalesidyicanoently maiuted tomeelastis bavidl syeriins ba

hi gh | evel of neasuring accuracy (e.g., 1 psi), even when the internal
pressure decr eadmsiveowithwuble beldSméabg. rembOablyp fifted Glounb Qlie cieamraraideostathe
pressure-neasuring devi ces becone progressively nore susceptible to error.

The strain gaugeidayesMIWHENR theOfiuid REssEll i€ SREMsed BYEFHINRA dus ty %ﬁ‘&fﬂ?las in"internal
application to a fluid storage and di spensing vessel of the type having a

"regulator in gujaoirbdsBre, InEABIGSINENNd ARy ggll ﬁ%tcﬂ%?ﬁde@%lﬁ\?%fgﬁorg%ﬂg.s THe . ont

af orenenti oned United S’E ates Patent No. 6,089,027 an .
it{g%r 0, 101, 816, sl h6iflted B SEAPb1adl H3HE BHERRer Hin EBodFRFP n L EOSHEE ' S
10 change proportional to strain experienced by the fluid vessel wall, Therefore, the strain
gauge can still measure the fluid vessel strain through corresponding deflection of the

elastic band member.

The elastic band member may be formed of any suitable matetials of construction, e.g.,

15 ametal or metal alloy, or alternatively a polymeric material,

The strain sensing assembly may comprise an annular ring circumferentially fitted
around the exterior surface of the fluid vessel, as shown by Figure 11, The fluid vessel
700 comprises a cylindrical vessel body 710 and a valve head 712, An elastic polymeric
20  ring 716 is closely fitted around vessel body 710 through adjustment of adjustmeﬁt
screw 714. Strain gauges 718 are permanently mounted on the polymeric ring 716.
‘When the cylindrical vessel body 710 expands due to increased internal fluid pressure,

the elastic polymeric ring 716 will also expand by the same or proportional amount in
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39 0- o-ua, o IOYM; Ir IL-WD 021066366 ;9194199354 # 45/ 7 11/08/ 2005

PCT/ US02/ 042 atively, the invention is also useful for thei/08/2005
sor bent - baseﬁ%‘?ﬁjﬁgt orage and di spensing system di scl os&@¢TUF'AY4E8 pat ent

No. 5,518,528: It is also useful for conventional high-pressure fluid
cylinders, and the specific enbodi nents and features described herei nabove

shal | not be cofigt fagRtl @Schdn)iviadh ANSubsgAbMB! nhassl BPRhRARIdEd V18 Bs0fn t he

present invention. The strain gauge nonitoring systemof thé i'nvention can

al so be used t O ARAEIH 6F rallaESSHK E)lqﬁﬁéhcl?& sg%ﬁerﬁuiéwsaemaw&&% ﬁ@%g@gé%u%?;

process units such as particle filters, urifrers and dry scru

depl oynent of t{lﬁn rain gauge nonitoring system 10 elim nates the need for
ot her nechani cal of el ectronic pressure-nonitoring devices that may

i ncrease' contam nation susceptibility, overall facility size and purge
requirenents. Use of the ex-situ strain gauge nonitoring systemin these

applications regduces. .cost.,and, conpl.exity of  the overall arrangengnt of
process equisspme © eﬁfgc d {p@ﬁﬁ%ﬁ%%ﬁ@p&%@p@éﬂgﬂ@awgﬁﬁ Sﬁf‘g"ﬁgﬁpﬁo
determ ning internal, pressure of sealed vessels contajning fluid at
pressure that i &rHamsEtpe SEHEHSy 2% shaveby Figush 2. Ewiddiesieh 880 comprisepp
di spensing of fluid fromthe vessel deconposition of the contained fluid,
reaction of the&yigical yeseelbedy §1Qwndna valee kasd 817 Fap dastie hanskmemberivempeisssel |
outgassing of the walls of the vessel, etc. The vessel is thus
non-i nvasi vel y clnghtedsteigs 324, fiepr anprles g 822 middle afrular ding 1816, mad botten momlar
vol ume of the vessel during its storage, transport, and use, in a sinple,
ecii?nom' c and efingdi2énTheremmdar .ring® and the elongated strips intersect with each other, and at
10 their intersection, both the radial strain and axial strain experienced by the fluid vessel
are reflected in the elastic band, Therefore,'strain gauges 818 are mounied on the elastic
band member at two intersections by mechanical fasteners 820 so that strain gauges 818
can measure both the radial and axial strains experienced by the fluid vessel 800. When
any of the multiple strain gauges needs replacement, the middle annular ring 816 can be

15 easily removed from the fluid vessel body 810 by loosing adjustment screw 814.

The pressure monitor including the strain gauge may comprise means for converting

' :) relative changes of electrical resistance measured by its sensor module into a direct
representation of internal pressure of the fluid vessel. For example, if the electrical

20 resistance strain gauge sensor module is initially calibrated for a “fulf” vessel condition

and associated pressure, then the change in resistance can be converted to an output

signal by suitable signal processing in the logic unit (of the integrated circuifry) in the
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;9194199354 4 46/ 7 11/08/2005 WD 02/066366 PCT/US02/ 04208 The features
and advantages of the invention are nore fully understood with refgyesgeoos
to the fol | oWWhY%&H6 | i miti ng exanpl e. EXAMPLE 5. The behZeiaisoanf2oan

el ectrical resistance strain gauge assenbly arranged to nonitor the
internal pressure of a fluid-containing vessel was eval uated over an

i nternal pressuy; fr Q. to 1000. psig to.determne the strai auge
response over S%@a%?ﬁ@%@aoé‘?ﬁ% gﬁasg_re Wgtgﬂng?a&seggi%e%@aggw%ﬁgw ﬁgn
cylinder (Advanced ESC ol OQ%F terials,. 10 Inc., Danbury, CT), and the
fluid was heli Lﬂ’f\%’é FHE R %ﬁaﬁ p 2dugofdnigmal IYSI%der . The hi gh- pressure
hel i um cylinder and the JY SDS(r) gas cylinder were connected by a

comuni cation conduit containing a pressure regulator for controlling the
pressure of the heliumgas outflow fromthe high-pressure cylinder to the
JY SDS(r) cyl i idestrainrespopsivassensas of thepresei dnventien effufl adeconominesfivespsO gas
cylinder for neasuring the actual pressure of the gas inside such cylinder
to provide Pef aeadilydmglemented sdketion h thermgotilér of awamitpemgy floill esswsiin @ dosedut
generated by the strain gauge assenbly. The electrical resistance strain
gauge assenbl y veseldluring dischargxafifplidthiersfbmded a BLH 20 Type FAE4

A6257J- 120- S6EL strain gauge, having a full bridge configuration with four
active strain-neasuring grids. Qutput data generated by such strain gauge
was transmtted to a HBMDigital Strain Meter for read-out of the strain

val ue measur ed THY cleétiBalYhdistinRe S@HE BanglReiblAlifb14MBY RlreaS cRABie bR mbRAR L
for a full vessel condition and 417°0- o-v . O | OYIVf] 1 FITL. ;9194199354

#_ 7/\34'7/ 7 a very broad range of vessel internal pressures, from sub-atmospheric pressure of about

10 several psi fo pressure as high as several thousands psi that is typical for conventional

high pressure gas cylinder.

Moreover, the electric resistance strain gauge assembly has a high level of measuring
accuracy (e.g., & 1 psi), even when the internal pressure decreases to low levels (e.g., 50
| 15  psig) where conventional pressure-measuring devices become progressively more

susceptible to error.

The strain gauge arrangement of the present invention is useful in application to a fluid
storage and dispensing vessel of the type having a “regulator in a bottle” arrangement,
20  e.g., as described in the aforementioned United States Patent No. 6,089,027 and United
States Patent No, 6,101,816, where direct internal measurement of the vessel pressure is

impractical.
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11/ 08/ 2005 WD 02/ 066366 PCT/ US02/ 04208 associ ated pressure so that the
strain value_could be anplified to directly represent the internal/08/2005
pressure of P@e&?%ﬁsgbs(r) gas cylinder. The internal gas pPEHYSREIHEE the JY
SDS(r) gas cylinder was cyclically changed from 5 atnospheric pressure
(set at O psig) to 1000 prig in sequential increments of 100 psi and then
back to at msSphghdhafdfeBs SHE Snveltc HERS Bﬂéﬁlp?&r ﬁt@%&b@n?ﬁasg’&) P 'sﬁorégteg&ﬁ'ﬁe 10
is a graph of the pressure neasurenent data col[ecte romthe eleCtrical
resi stance str aj; d e t l.ected fr t he
pressure 10 trgdﬁgjggggg.%yﬁg Fjlgér}gse??%r [eﬁsgg?\%%ﬁlgrﬁ?ﬁes’g?ér’%sg algg Sodgfegﬁa d t he
line representi h r.essure trans r d approxi natel y overl ap,

t her eby i ndi cat(‘?’n él}tﬁ%%ﬁ?ﬁgprﬁs?l%ﬁ ﬁmﬁﬁ ersnﬁ%t@?éﬁ%ﬁ% %n@iﬁ‘ﬁ%/néﬁ 'S’lm{ ’%eétgkeéd

t he actual internal pressure dyrjng the stepw se. i.ncrease and, subsequent
st epwi se decr ea‘%@cwgﬁlf’@%h?‘@s s nsfﬁ‘?q GongtEe iaﬁi‘é‘fﬂa%‘?? agginstiuay applica C]gh‘:Y

illustrativ Iyrpgescri bed herein with reference to specifi-c elenents,
features and erfb& BIEIFALIVENEOR; | | be recogni zed that the invention is not

thus limted in structure or operation, but that the invention is to be
broadly construed 20 consistent with the disclosure herein, as
conpr ehendi ng vari ations, nodifications and enbodinents as will readily

suggest thenselThesstiain gings anofitopingispsieny afktht linventioth eampalso bewistdito mdasurs cope
of the appended clains, 42 11/08/ 2005 What is clained is: 1. A fluid

cont ai nnent sy ptessure emdmaesseiendrop af tharseslicof@rtce rocessanlits S6khnk @article filers,
renmovably coupled with a fluid-using process unit, said vessel being

ngst ructed angumfigraagedrf Gcribedd, 'Thiy ddpWiytheh6F BleNstrald EdhgBBARStolift RAGEr O

ttte vessel for

‘ 10  eliminates the need for other mechanical or electronic pressure-monitoring devices that
may increase contamination susceptibility, overall facility size and purge requirements.

Use of the ex-situ strain gauge monitoring system in these applications reduces cost and

complexity of the overall arrangement of process equipment.

15 The mvention thus provides a convenient means of determining internal pressure of
sealed vessels containing fluid at pressure that is variable depending on the ambient
conditions, rate of dispensing of fluid from the vessel, decomposition of the contained
fluid, reaction of the contained fluid with the confining surfaces of the vessel,
outgassing of the walls of the vessel, efc. The vessel is thus non-invasively monitored

20 for pressure of the fluid in the interior volume of the vessel during its ;storage, transport,

and use, in a simple, economic and efficient manner.
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H

selectively dispensing fluid fromthe vessel to the process unit for use in
said unit, W# aid vessel being adapted for uncoupling fromthelpoggesss
unit and change20Ut**6f the vessel when fluid in the vessel PCEUSIINAWSt ed:;
said vessel including a vessel wall with an interior surface in contact
with the fluid contained in the vessel, and an exterior surface; and a

pressure moni t ofhd REH A aBvaitdodd Or the BROARI\Ee %%ﬁﬁlggfsna&&&? h 5%1‘%\/%0&:

exterior surface of said vessel, for generating a pr ure-1 ndi

response correl %éfﬁpp : rﬁﬁﬁﬁﬁiﬁnﬁ&a&é@.d in the vessel, whereby pressure
as scharg

can be nonitore urdirs d fromthe vessel and pressure of the
flurd in the vessel correspondingly changes with such discharge. 2. .The
systemof claim1l, wherein the pressure-indicative response is related to
strain in the vessel- wall caused by thE gressure of the fluid in the

vessel, according to the foll ow ng equa#4 > IE pr(l-- 2v) sa_ 21E pr(2 --
v) ~'~ _ 2tE wherein: s~ = strain in an axial direction in the vessel
wal l; strai’n in a radial direction in the vessel wall; p = internal

pressure of fluid in the vessel; r = average of the internal and external
radi us of the \idgdehavigy of amelectumg| togigiance strain gaugé assamblyessepedialmhaonitahiheh
equals the ratio of (lateral strain that is perpendicular to applied
stress caused lstemhlaprgesuns opa dluilicomjaining ¢ésosl givisugliahated ivenhmintdrid tpréssure

parallel to .such applied stress); 43 11/08/ 2005 | = thickness of the vessel
wal | ; and range from O to 1000 psig to determine the strain gauge respouse over such pressure
) range. The fluid vessel was a JY SDS® gas cylinder (Advanced Technology Materials,

10 Inc., Danbury, CT), and the fluid was helium gas from a high-pressure gas cylinder.

The high-pressure helium cylinder and the JY SDS® gas cylinder were connected bya
communication conduit containing a pressure regulator for controlling the pressure of
the helium gas outflow from the high-pressure cylinder to the JY SDS® cylinder. A
15  pressure transducer was coupled to the JY SDS® gas cylinder for measuring the actual
pressure of the gas inside such cylinder to provide reference data in determining the

accuracy of pressure output generated by the strain gauge assembly,

The electrical resistance strain gauge assembly used in this example included a BLH
20  Type FAE4-A6257]-120-S6EL strain gauge, having a full bridge configuration with
four active strain-measuting grids. Output data generated by such strain gauge was
transmitted to a HBM Digital Strain Meter for read-out of the strain value measured by

the strain gauge. The strain meter was pre-calibrated for a full vessel condition and
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E = nodulus of elasticity of the vessel wall, which equals the ratio of the
applied stress to the resulting strain in the vessel wall. 3. Thei1gysreovs
of claim1, YHER2O6636¢ he strain-responsive sensor conpri sesPEL/UBIIHILNT
selected fromthe group consisting of electrical resistance strai.n gauges,
pi ezoel ectric elenments, strain- sensitive colorinetric elenents, and

strain-sensitiv j i nj train-activat.ed, chem cal reactant.
4. The system o%séq%gﬁanﬁ%%ﬁgééﬁpnﬁgggggg?%? ﬁoyggaﬁgwgﬁﬁ%d@eﬂrgg’g}y:@ i “r”? S an
electrical resis anage st ra'{ﬂ gﬁggswsseggl%. 5. The system of cl ai m 4,
wherei n the el eCYFTE BT EEPE t B4 W*d¥ye assenbly conprises one or
nore strain-neasuring grids. 6. The systemof claimb5, wherein each of said
one or nore strain-neasuring grids conprises a |ayer of conductive
material. 7. The systemof claim®6, whereip electrical resistance of said
conducti ve mat eFeainteraal gap pressure of e TY SBSpcas enlindss was grelisally ehangsd fom
surroundi ng tenperature. S. The system of claim®6, wherein each of said one
or nore strai n-deesphesiepregurcisetiatd psig)to 1080peig sesequentialinrreménthbafkd0mpsi audi al
underneath said | ayer of conductive material. 9. The system of claimb5,
wherei n the el dberbaghlto stewspiicdnpessata iaisequgatixl deasmentbbfy1 00@sipr i ses a

Wheat stone bridge circuit for neasuring resistance change of said one or
nore strain-nmeasuring grids. 10. The systemof claim9, wherein said
Wheat st one bridge circuit conprises one said strain- measuring grid. 1 |

The system of ®igirén1, is Whgtgh of SR HesieahsisPmeRt §HH Bolfdcfcad Ukdm QRTRELRES t WO
said strain- nmeasuring grids. 44 11/08/ 2005 12. The system of clalm?9,

Whjr ein sai d Viaaksbo Rl pHE mATRE bIRSmbAtferl ati ! dofbdled RERUWhb Hessure

10 transducer, The line representing the sirain gauge data and the line representing the
pressure transducer data approximately overlap, thereby indicating that the strain gauge
measurement accurately tracked the actual imternal pressure during the stepwise

increase and subsequent stepwise decrease of pressure.

15 Rk s e e e

While the invention has been illustratively described herein with reference to specific
elements, features and embodiments, it will be recognized that the invention is not thus
limited in structure or operation, but that the invention is to be broadly construed
20 consistent with the disclosure herein, as comprehending variations, modifications and
embodiments as will readily suggest themselves to those of ordinary skill in the art,

within the scope of the appended claims,
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grids. 13. The systemof claim1, wherein the pressure nonitor further
conpri ses neans for converting the pressure-indicative responsdlof084i2P05
strai n-responsi ve sensor into a quantitated value for pressure of fluid in
the vessel. 1MVhatigglaigedisem of claim 1, wherein the pressure nonitor
conprises a visual output display. 15. The systemof claim1l, wherein the
pressure nonitor conprises a power supply. 16. The system of claim 1,
wher ei n t he véghBridientsjement systemycompsisiagidi ng and the pressure monitor is

di sposed on the exterior surface of the vessel on a side wall thereof. 17.
The systemof claim1l, wherein the pressure nonitor is nounted to the
exterior surf&glesedisealefvesspladapted th e removablit donpledrwitins luid-Ssingljineces el said of

claim 17, wheygleMbekt QndRbiad i GO I vabl.e clapp. 19.. The
system of claim 1, %ﬂ_e?elﬁ%ﬁg pr pln s nnﬁlhltﬁgrr?mﬁ%wﬁ%ﬁf"esy%e@t%mggﬁsﬁgm
nenber, and t¥slectivglyrtispeasingdhuid feonr thervassebloytheymwansssantit for usehin said bty wibhi saglir f ace

of the vessel ; ‘ i er.el ai d menpe
conprises an \éﬁ%ﬁ?ﬁiﬁ'&ﬁaﬂq{?ﬁé{&@é{;@ﬁd@h ;?rro?)evr?\?'t"ﬁt:ang rc%ﬁ e'%“gﬁgﬁes‘ﬁs%w%@ net al s
and pol yner s.fluidin thervsssshis exdausted; ¢l ai m 19, wherein said band nenber
conprises an annular ring circunferentially extended around the exterior
surface of the vessel. 22. The system of claim 19, wherein said band nenber
conpri ses an sai gesgel inslidingaivpsselwaH giith al inteaibt sprfagun tahet with thefled tadined in

surface of tlhe . T /stem of claim 19, wherein said band nenber
corrpr-i%e one or%%gblfgdaaﬂﬁ%u réorrg'(rﬁ]fa%s?}"gi rcunferentially extended around the

exterior surface of the vessel; 45 11/08/ 2005 and one or nore el ongated
strips |ongi Lhal ly. ted to the exterior surface, of the vessel,,
wherein sai dag%%sﬂ%éé%rl%@"cﬁw %%WBP‘EH“&"F?"&E‘PP% @@éﬁe@éﬁﬁam?{é?’dat one
or nore i nt evesedforggnerating a pressure-indicative response correlative of pressure of fluid in the vessel,
whereby pressure can be monitored as fluid is discharged from the vessel and pressure of the fluid

in the vessel correspondingly changes with such discharge.

2, The system of claim 1, wherein the pressure-indicative response 1s related to strain in the vessel

wall caused by the pressure of the fluid in the vessel, according to the following equations;

_pr(i-2v)
“ UE
. _pri2-v)
D) “ UE

wherein:

£, = strain in an axial direction in the vessel wall;
£, = strain in a radial direction in the vessel wall;

p = internal pressure of fluid in the vessel;

r= average of the internal and external radius of the vessel wall;

v = Poisson’s ratio of the vessel wall, which equals the ratio of (lateral strain that is
perpendicular to applied stress caused by change of pressure) + (longitudinal strain
that js parallel to such applied stress);
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| ocations, and wherein the pressure nonitor is nmounted on the band nenber
at said one or more intersecting |ocations. 24. The system of dilaf@872005

further conprising a valve head assenbly nounted on the vessel and
| eak-tightly seal et~ thiekness of thowsseiwall; aydst em of clai m 24, wherein the val ve

head assenbly conpgk- W : '
wherein the val ve ﬁezlgﬁglgssgle y gﬁ#ﬁg‘{sgeég%nlgﬁh?ggq%yﬁﬁqﬁﬁogﬁh@ﬂgl?d%?ﬁgm
system of clai m 24, whkearesulting Hainigdhestesselovallai ns a regul at or assenbly
nmounted therein such that fluid discharged fromthe vessel flows through
the regul ator_assenbly, at a pressure deternmned by a pressure set point
of the regul al-dhe asisapbripim b whereinthe strainwespénsivh ecofir gprapristaracoiponentselected ve

head assenbl Ygorfhe gldif %%%@%g&ﬁéﬂe%ce% @Hﬁ“{j‘?&ﬂé@@“ﬁm" strhsi. forned

of a material selected fr group cons

gas- i nper meabicesitie galpiimeric ¢lpmruts, andstrain-suwitivsingtdcarrordaining sstraprutivated
conbi nations @& 515%&3&.”‘0 or nore of the foregoing. 29. The system of
claim1l1, joined In urd flow feed relationship with a fluid-consum ng
process unit. 30. The system of claim 29, wherein the fluid-consum ng

process unit Loyl SN o L facili s [
system of cl z;‘i9 m 1, kt?ﬁ?fﬂaé@qg%%??gﬁg%’g{%m%q \E}&gﬁ%}é%a“;aﬁg’sngn%b f/fe&rréﬁarl]?%'ga'gg t he
vessel and [steik gaigghssémblgeal ed thereto, wherein the val ve head assenbly
conprises a valve head body containing a flow control valve therein, and
means- for opening or closing said flow control valve. 46 11/08/ 2005 32. The

syst emf of cl &i Fhe3gstenwbfzlaim i, wieereh the elegridabresisten strain gitgecdsaemiblygconprisks bheow

control valv i.se an el.ement selected fromthe group consisting of
hand wheel vg @/%rsgtgﬁ%lﬁ?sgr geﬁ"g nts, pneumatic valve actuators, and

el ectromechani cal val ve actuators. 33. The systemof claim1, wherein the
vessel cont aj a fluid, . . . . . . .
b he sysicm ofccj:lanm 5, wherein each of said one or more strain-measuring grids comprises a

layer of conductive material.

7. The system of claim 6, wherein electrical resistance of said conductive material is substantialty

independent of fluctuation of surrounding temperature.

8. The system of claim 6, wherein each of said one or more strain-measuring grids further

comprises a layer of base material undemeath said layer of conductive material,

9. The systent of claim 5, wherein the electrical resistance strain gange assembly comprises a

Wheatstone bridge circuit for measuring resistance change of said one or more strain-measuring

grids.

10. The system of claim 9, wherein said Wheatstone bridge circuit comprises one said strain-

measuring grid,

11. The system of claim 9, wherein said Wheatstone bridge circuit comprises two said strain-

measuring grids.
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34. The systemof claim33, wherein the fluid conprises a |IC]UId 35. The
system of claim 33, wherein the fluid conprises a |iquefied gasl14388/2405
system of claim 33, wherein the fluid conprises a conpressed gas. 37. The
system of cl aigm133sysher it 9, Merbin diid WHRARbAcLEEgeolpiives fdar daldustrain-nRBsurifde
system of claim 37, wherein the hydride fluid conprises a fluid sel ected
fromthe grouﬁ“dsconsi sting of arsine, phosphine, stibine, silane,
hal ogenat ed sil anes and di borane 39. The system of clai m 33, vvherei n the
consi stl l_L)(dr ogen

fluid conpris n aC|d ected fromthe

1 uori de. " bor bh THF SYERRGF F1e, 1 WhTER S AreREPTIT Eﬂﬁ@%?%ﬂﬁﬁﬂ%ﬁ%ﬁ* ﬁ‘é’“""

hal ogenat ed st presstredhidicativd @@eﬁbabﬁﬁldbuainlradpa%mé&sorma guaatieed eftuectbrri m 1,
wherein the vessel contains a physical adsorbent material having sorptive

affinity for Bssstreofilyiginthevessghe” system of clai m 40, wherein said physical
adsorbent material is capable of selectively dispensing said gases by

pressure differential desqrption. 42. The system of, claj m40, \ghgrei n said
physi cal adsoFbdhg systerm &t slaim lswmgﬂ@grfasummwwwﬁ%?w@ﬂl&w FE®sur e

within the range fromabout 1 tort to about 1000 tort. 43. Afluid

cont ai nment system co rising: a closed, seal ed vessel adapt d to be
renovabl y couél &lap sypterp o l"i“Pl]fW%?W@PWW@"WWF‘P"%?EPWW bei ng
constructed and arranged to retain a fluid therein, with nmeans jOi ned to
the vessel for 47 11/08/ 2005 sel ectively di spenS| ng fluid fromthe yvessel
to the, pr ocesks. Theisystgnpef claira 1; wheesin the uessdl is varticallyginstanding aad by PISRITTINORHeIt ed

for undoupl | Nk B DERIPEERS Hldvellibn WEsAN fdeoll the vessel when

fluid in the vessel 1's ex austed sai d vessel including a vessel wall with
an interior surface in contact with the fluid contained in the vessel , and

an exterior Fﬁg&}gﬁ’iﬂe PARRA ic @g%}h}g?fr nins}gl HolinRg (P LR sirRePR Ve

sensor dlsposed on r’ior sur
vessel by a mounting means.

18. The system of claim 17, wherein said mounting means comprises a removable clamp.

19. The system of claim 1, wherein the pressure monitor is mounted on a band member, and the

band member is removably secured to the exterior surface of the vessel.

20. The system of claim 19, wherein said band member comprises an elastic material selected

: ) from the group consisting of metals and polymers.

21. The system of claim 19, wherein said band member comprises an annular ring

circumferentially extended around the exterior surface of the vessel.

22. The system of claim 19, wherein said band member comprises an elongated strip
longitudinaily mounted fo the exterior surface of the vessel.

23. The systemof claim 19, wherein said band member comprises:

one or more annular rings circumferentially extended around the exterior surface of the vessel;
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vessel, for generating a pressure-indicative response correlative of
pressure of fluid in the vessel, whereby pressure can be nonitdrlet08£2005
fluid is discharged fromthe vessel and pressure of the fluid in the
vessel corresgpndi ngly changes w th such di scharge, wherein said

strai n-responsi ve sensor conprises an electrical resistance stain gauge
assenbly conprising one or nore strain-gauge grids, wherein each of said
one or nore Stk RoffeRathdd}fips BhbRida B RN He HIYRF sdfacesTRliUREsely €
material, and wherein said conductive material conprises netal or netal
alloy. 44. The system of claim43, wherein said conductive materi al

conprises a CQRRGH sl mbir ribd £ elonPibdiips thtetsedc BB biHePRIVAE orxiiGre iikFecttmbo
ni ckel by wei ght, based on total weight of the alloy. 45. A

fluid
cont ai nnent  slpeations, and ykereindhepessyre propitas i moyaled ertthe band &e"E?B'aﬁSFaé‘g‘“le(?r Pare
removably couplcfdiinh folat@dnd | Ui d-using process unit, said vessel being
constructed and arranged to retain a fluid therein, with nmeans joined to
the vessel for selectively dispensing fluid fromthe vessel to the process
unit for use 4 nT&aslj', b i WM e j plbfsled sthdNessolball i ng
fromthe pr oc%és un%nygﬂnct[ %hh%@le?gg@prgﬁ?ﬁ%%gg%ﬁhﬂgn fluid in the
vessel is exHeakdighdy segled thergtessel including a vessel wall with an interior
surface in contact with the fluid contained in the vessel, and an exterior
surface; and a pressure nonitor including a strain-responsjive sensor
di sposed on tXeThexystani eficlain 24, adwereinftheealvs headasssmbly comprisgendipckpigs gork
pressupe-indi cati ve response correl ative of pressure of fluid in the
vessel, wherein pressure can be nonitored as fluid is discharged fromthe
vessel and présBusysteofofichim 25, whereitighelvalve @ @s8mbly further epmpeisgs a fill port.
correspondi ngly changes wth such di scharge, wherein the strain-responsive
sensor conprises an electrical resistance strain gauge assenbly that
conpri ses on@70The sytem ofclaim 24, whersiarthewgssgh donigins aregulatmassimbhomeuntedfthessdit d one

or nore strains- suri ng grlds conprises.a |l ayer o n i rial
and a | ayer cvﬂlchﬁlgg ulﬁﬁlﬁcg? ek hgm ggrv%gsgf[ WS throug[? the regu{atog 9559&1’51&, alf pl@[u%
determined by a pressure set point of the regulator assembly, prior to flow of the fluid through the

valve head assembly.

28. The system of claim 1, wherein the vessel wall is formed of a material selected from the
group consisting of metals, gas-impermeable plastics, fiber-resin composite materials, and

combinations comprising two or more of the foregoing.

) 29. The system of claim 1, joined in fluid flow feed relationship with a fluid-consuming process

unit.

30. The system of claim 29, wherein the fluid-consuming process unit comprises a semiconductor

manufacturing facility.
31. The system of claim 1, fusther comprising a valve head assembly mounted on the vessel and

leak-tightly sealed thereto, wherein the valve head assembly comprises a valve head body

containing a flow control valve therein, and means for opening or closing said flow control valve.
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said | ayer of conductive material, and wherein the base material is
tenperature-resi stant and elastic. 46. The system of claim 45, MWhéP8i/2QAMhe
base material conprises polyimde. 47. A fluid contai nment system

conpri sing: a3ziThsgetemeeahind 1y Rhdeh sAdReinethr bkniag of @sENEaRH flow @ortlobdive) th a
fl ui d-using process ue?Fit, s]gi d . vessel bein, _cogﬁtrg@t ?d and arranged to
retain a flui BPORST % ermep) spictim the groa porpitingpbhapd sdeq! vlys acuaqnetsmetts)

di spensi ng f | pieimbticoaivé Auattes; 5@ eldcBoh&BaridaDedRSctustbrs, for use in said unit,
with said vessel being adapted for uncoupling fromthe process unit and
change-out of the vessel when fluid in the vessel is exhausted; said

vessel incl udinghesysten sedlaimal, Whetéih theasstiRbiR4ihed fidir f ace in contact with the
fluid contained in the vessel, and an exterior surface; and a pressure
nonitor including a strain-responsive sensor disposed on the exterior

surface of sai4lThesgsas bf cldimr33geiasirihé faid SomprR&SUiqaidl ndi cati ve response
correlative of pressure of fluid in the vessel, wherein pressure can be

nonitored as fluid is discharged fromthe vessel and pressure of the fluid

in the vessel3schie/spsigoorkildg 3, VHRARORS AVl bénpri&h Iqusedgisge, Wherein the
pressure nonitor conprises an audible output display. 48. Afluid
contai nnent system conprising: a closed, seal ed vessel adapted to be

removably cougl B syddhoflaih 93, Getdiin e Mi&’éﬁﬁ)‘iiséé'&icbmpﬁékdj%asyes sel being
constructed and arranged to retain a fluid'therein, with nmeans joined to
the vessel for selectively dispensing fluid fromthe vessel to the process

uni t £8r use 37 Hsthm-tticlaim 94, Whed Rt APSHfHsR Shpdtid@Aaml ed for uncoupling
fromthe process unit and change-out of the vessel when 49 11/08/2005 fluid

in the vessel is exhausted; said vessel including a vessel wall with an

interior sur P@.%e b eg.%am 3Phhbrein ¥R HybtidethufPdhptie d il selbddid fi6RSHErouNd aN
exterior surface; "an
consisting of arsine, phosphine, stibine, silane, halogenated silanes and diborane.

39. The system of claim 33, wherein the fluid comprises an acid gas selected from the group
consisting of hydrogen fluoride, boron trichloride, boron trifluoride, hydrogen chloride,

halogenated silanes and halogenated disilanes.

40. The system of claim I, wherein the vessel contains a physical adsorbent material having

sorptive affinity for said fluid.

) 41. The system of claim 40, wherein said physical adsorbent material is capable of selectively
dispensing said gases by pressure differential desorption.

42. The system of claim 40, wherein said physical adsorbent material stores said fluid at an
internal pressure within the range from about 1 torr to about 1000 forr.

43, A fluid containment system, comprising:

a closed, sealed vessel adapted to be removably coupled with a fluid-using process unit, said

vessel being constructed and arranged to retain a fluid therein, with means joined to the vessel for
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a pressure nonitor including a strain-responsive sensor disposed on the
exterior surface of said vessel, for generating a pressure-indildaf08£2005
response correlative of pressure of fluid in the vessel, wherein pressure
can be noni t osaetiedy dibpensihgifRiddidpchav@sdoitherdeltnit &F 98 in ] WRIsIE of the
fluid in the ve?ﬁ‘gl orr ondi B[ggl# c@anges wi.t h such di scharge, wherein
the pressure KON Coms 08Pt ﬁ'g‘{"F?J‘B oh the gropest et and ghangesat PiTRYFESChftt or i ng
of pressure. A6idinAhé vesdellis exhatistidpnent system conprising: a cl osed, seal ed

vessel adapted to be renovably coupled with a fluid-using process unit,
said vessel being constructed and arranged to retain a fluid therein, with

means j oi ned #aid vieksel inehdie a vietEl waBSHRGH i@ lol suifaSellR Bt Owitt 8 Fuill Echided
vessel to the,process,unit .for use in said unit, with said vessel being
adapt ed for uﬂgﬁﬁ PR ARS8 ess unit and change-out of the vessel
when fluid in the vessel is exhausted; said vessel including a vessel wall
"with an interior surface.ilpl#,contact with the fluid contained in

t he
vessel , and dhPTERIrempeytor igluding 3 straygsponsiyesenspr GsprisH on Bie exteriqr sefaqg ofaid

strai n-r espongiseifod gansatingl HROARE IR AV MRp&Ne &ieRfivedfpleftRr B fle vasgssel
for generati rl&ééaeggressure-l ndi cative response correlative of pressure of

fluidin the pressusg iy bempniiored.as fluid g discharged,om the vessel aad pressyrg of the fluid

di schar ged fri;pmbt,éygblm&g@nd@gsacm@gwgu&fdisgﬂg%?jI uid in the vessel
correspondi ngly changes w th such di schar ge, erein the pressure nonitor

IS co&truct ed and arranged for intermttent nonitoring of pressure. 50. A

f1 ui d-Cont ai KB sAY StAiMesfoRIRY sbiisbf Gmpfises bR AErcaPR G iale MBT gﬁi§e ?s@gmgd to be
vesse el hg

renmovably coupled with a fluid-using process unit, said ] )
construct ed SYTRPTISING ARRYE norestipiatgayge srids, Migrein eanh o said ongjor monsstin-measuring] t o

the vessel f @hds2marstdBhedd | ' ﬁﬁé}ﬂaﬂ% Lohduldl Ectﬂﬁ:' ssel
to the proceglg Sunigms{?or aﬁégeﬁﬁoawscgfé A&%Hﬁagdwt sal B{l/%{sl%e'{mrt%é@ ng £y apt ed
for uncoupl | mgtakaraed dlloypr ocess unit and change-out of the vessel when

fluid in the vessel is exhausted;

44. The system of claim 43, wherein said conductive material comprises a copper-nickel alloy
including 45%-60% copper and 40%-55% nickel by weight, based on total weight of the alloy.

45. A fluid containment system, comprising;

a closed, sealed vessel adapted to be removably coupled with a fluid-using process unit, said

) _ vessel being constructed and arranged to retain a fluid therein, with means joined to the vessel for
selectively dispensing flvid from the vessel fo the process unit for use in said unit, with said
vessel being adapted for uncoupling from the process unit and change-out of the vessel when
fluid in the vessel is exhausted;

said vessel including a vessel wall with an interfor surface in contact with the fluid contained in

the vessel, and an exterior surface; and
a pressure monitor including a strain-responsive sensor disposed on the exterior surface of said

vessel, for generating a pressure-indicative response correlative of pressure of fluid in the vessel,

wherein pressure can be monitored as fluid is discharged from the vessel and pressure of the fluid
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sai d vessel including a vessel wall with an interior surface in contact .
with the fluid contained in the vessel, and an exterior surface;l4A8/2005
pressure nonitor including a strain-responsive sensor disposed on the
exterior surf acthe ehsebairdspondhgdedhanded with) arek dddhargg, a pressure-indi cative
response correlative of pressure of fluid in the vessel, wherein pressure
can be nonitored as fluid is discharged fromthe vessel and pressure of the
fluid in thewhesisele smn-ree@qmmdéen@k yoneiREGe slevtiidahresistatte girgic frmpgassemblyah2ei n

the pressure nonitor is con tructed and.arr ed fqr renpte out ttlng of
pressure nonftorng a%tae Wﬁ?q@{%eﬁf m@\ﬂ’éréf"r?"{) &™ressure

monitor is comaaomg(gnﬂﬂmpnadadnyhrcﬁ‘qmuam m‘al’eﬁﬂ&mbmﬂﬂt of BaRe mdthdal siydetneath of
claim51l, wherejn th o-fre t rapsponder .conpr | east one
transnitter at? 18’(?&8&[05@"?45 eé@’; dg ‘S’é? ‘B?’atFWg S\r}g‘épféﬁ rf’B‘?s'SF?téﬂil ating
t he pressure-elastii cati ve response outputted by the strain-responsive sensor
I nto radi o-frequency signals; and at |east one receiver for renotely

receiving the radio-frequency signals transmtted by the transmtter. 53.

The syst em of 46c Tind systém of iR 46 whekdirethe Btk frafefifl Qoifgys golyaidponder further
conprises at |east one mcroprocessor for interpreting the radio-frequency
signals received by the receiver. 54. The system of claim53, wherein the

radi o- f r equertyy A fluidReRsIREEit ssiehd, BiprBgPr i ses a  di spl ayi ng means connected
to said mcroprocessor for displaying the pressure-indicative response

transmtted by sai d radio-frequency transponder. 55. The systemof claim

whar ei N tatfosél, Solledyds Y adiBRN HeSeriGVay Lol W MR- GIng PRcsS B, §did Ng 51
11/ 08/ 2005 of a visual display and an augf’ﬁi’e di spl ay glﬂ The system of

clai m 52, \AhéfP%?lrl?e*P&‘émF‘H{ﬂf’éﬂ'F wrnesddg refainaiyid herein, ‘Wk‘!‘%ﬂ#ﬁ@&?ﬁﬂ t&%@%ﬂof. pl e

transm tters gefectively dispensing fluid from the vessel to the process unit for use in said unit, with said
vessel being adapted for uncoupling from the process unit and change-out of the vessel when

fluid in the vessel is exhausted;

said vessel including a vessel wall with an interior surface in contact with the fluid contained in

the vessel, and an exterior surface; and

a pressure monitor including a strain-responsive sensor disposed on the exterior surface of said
vessel, for generating a pressure-indicative response correlative of pressure of fluid in the vessel,
wherein pressure can be monitored as fluid is discharged from the vessel and pressure of the fluid

in the vessel correspondingly changes with such discharge,
wherein the pressure monitor comprises an audible output display.
48. A fluid containment system, comprising;
a closed, sealed vessel adapted to be removably coupled with a flnid-using process unit, said
vessel being constructed and arranged to retain a fluid therein, with means joined to the vessel for

selectively dispensing fluid from the vessel to the process unit for use in said unit, with said

vessel being adapted for uncoupling from the process unit and change-out of the vessel when
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57. The system of claim53, wherein the radi o-frequency transponder system
is connected to a conputerized information system 58. The systlehd 08/@G0 M
57, wherein said conputerized information system conprises a conputer
network wi t h iiuidtia the eestcbisextnadtal; and wherein each term nal receives data

I nputs fromat |east one radio-frequency transponder system 59. Afluid
contai nnment system conprising: a closed, seal ed vessel adapted to be

renmovabl y coupdidebss intluding d vessl widl wigh anrimteréos surfacd ih corgatt with the figid kcorvaaed gn
fluid therein, with neans joined to

constructed a rpanged tao retain
t he vessel foﬂgvgse l’g’gglg"vee §‘°faﬁ“5“§°n ng fluid fromthe vessel to the process

unit for use in said unit, with said vessel being adapted for uncoupling
fromthe process unit and ange-qut of .the vessel when l.uid.n th

vessel 1 exranerds moulineaBe Rt Su ot B Snd AR s o0, o
surface in cowdsst tforgederutivhepredsuriedndicatitearespobe coirelatieof\pesamd of finfildn the vesxdier i or
surface; and g pr.essure nitor including a strain-respgnsjve sensor. .

i sposed on t RIS PEHE etk momiared s o igdischamedffom o el g oL fuid
pressur e- i ndi inaleiveselcas@padngyehingbavithsacidiscpirgggsure of fluid in the
vessel, wherein pressure can be nonitored as fluid is discharged fromthe
vessel and pressure of the fluid in the vessel correspondi ngly changes

with such di swehesirghe predsae @ioRitdr icopstRaitdiind affRiged foF confinuoils MPSifeiny Gfprdsiuee.
exterior surface of the vessel at a | ocation where the vessel has a | owest

wal | thickness. 60. The system of claim59, wherein the vessel has a side

wal | -.aﬂd t he 4o oA covdihmdnbéyeleMesompribiagat i on is on said side wall. 61. A
fluid contai nnent system conprising: 52 11/08/ 2005 a cl osed, seal ed vessel

adapted to be renovably coupled with a fluid-using process unit, said

ngls ﬁgg ?gi ?%g@%bgs ’f;f"% gérdseamp@a 03R 8@sbvhly EqpRY Witka fihiiusing HOEE dhit, wid h means
vessel being constructed and arranged to retain a flvid therein, with means joined to the vessel for
selectively dispensing fluid from the vessel to the process unit for use in said unit, with said
vessel being adapted for uncoupling from the process unit and change-out of the vessel when

fluid in the vessel is exhausted;

said vessel including a vessel wall with an interior surface in contact with the fluid contained in

the vessel, and an exterior surface; and
_ ) a pressure monitor including a strain-responsive sensor disposed on the exterior surface of said
A vessel, for generating a pressure-indicative response correlative of pressure of fluid in the vessel,

wherein pressure can be monitored as fluid is discharged from the vessel and pressure of the fluid

in the vessel correspondingly changes with such discharge,
‘wherein the pressure monitor is constructed and arranged for intermittent monitoring of pressure.
50. A fluid containment system, comprising:

aclosed, sealed vessel adapted to be removably coupled with a fluid-using process unit, said

vessel being constructed and arranged to retain a fluid therein, with means joined to the vessel for
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selectively dispensing fluid fromthe vessel to the process unit for use in
said unit, with said vessel being adapted for uncoupling from tlhe/ ®BJEdH35
unit and change-out of the vessel when fluid in the vessel is exhausted;

sai d vessel i peléctiilydispansitFhed frorthle vidsdl bo thdprbdebsainit G usdink4id enit, with euit act
t he . vessel,, and an terior surface; and a

with the fluid cqntained j . e

oressure moni Ve PeiRs WO unep Pl o i sy Bt hpetout SEbe HESo Vi
exterior surf fladinke eadellis extptsel,, for generating a pressure-indicative
response correl ative of pressure of fluid in the vessel, wherein pressure
can be nmonitored as fluid is discharged fromthe vessel and pressure of the
fluid in thessieessel indadiigswentiviiDlvih Mlieterthe surfabd iR codtednwith the flaikdgentaiidddn ei n
the pressure nitor is mounted to the exterior surface of the vessel by an
adhesive nmat 8FY "’.’aéé".m%tef‘ﬂﬂ“ 26 ¥dage and di spensi ng appar at us, '
conprising: a closed, sealed fluid storage and di spensi ng vessel enclosing
an interior volune for.  holding a .fluid, wherein the vessel. includes.

Flui 0 di schar GEEHUP (O MaNGERA GRS PerCGiorR) op deaaerionsus oEEE
regul ating el eR®Nforigthefatify 4 feRireRidicattd rapoME coriefutild of presGir@sfAR iafd vessel,

di spensi ng veshsel,, arranqu to rov%uH,ui,d t her et hrough to, the fl&bd .

di schar ge por Yhesgin presse can-be nanjiered o5 ‘§B‘é“r‘i‘§‘igFFE)§°"EW€P’ Land pressure githeflyid o
moni tor i ncl UglitikGesel Sbricapdtd BHRAMGEMRAhSAESdcha#is; posed on an exteri or
surface of said vessel, for generating a pressure-indicative response

cor_reljti ve of pressure of fluid in the vessel, whereby pressure can be
noni tored as {Hekbinthd SresSire GloAHG A tohdtABed £ aH@RIEor ?eﬂﬁwuamm%eméssarhe fluid
in the vessel correspondi ngly changes with such discharge. 63. The

appar at us of MIuipHipEEiMa. wherein the strain-responsive sensor conprises an
el ectrical resistance strain gauge assenbly including one or nore
strain-nmeasuring grids. 53 11/08/2005 64. The apparatus of claim 63,
wherein the érleﬂisw@nmfﬁlamﬁmi\@e@mﬁhmssm moniter [sganngeted odueadiefrequency

transponder.
52. The system of claim 51, wherein the radio-frequency transponder comprises:

at least one transmitter attached to the pressure monitor of the vessel for translating the pressure-

indicative response outputted by the strain-responsive sensor into radio-frequency signals; and

at least one receiver for remotely receiving the radio-frequency signals transmitted by the
transmitter.

53. The system of claim 52, wherein the radio-frequency transponder further comprises at least

one microprocessor for interpreting the radio-frequency signals received by the receiver.
54, The system of claim 53, wherein the radio-frequency transponder further comprises a
displaying means connected to said microprocessor for displaying the pressure-indicative

response transmitted by said radio-frequency transponder.

55. The system of claim 54, wherein the displaying means is selected from the group consisting
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transponder for renote transm ssion of said pressure-indicative response of
sai d strain-responsive sensor. 65. A method of nonitoring pressik£08#/ 2005

fluid in a vessel during use or operation involving discharge of fluid

from the vessgl,videisplaP afindudiBie 88playcONPri ses a cl osed, sealed fluid
storage and dispensing vessel adapted to be renovably coupled with a
fluid-using process unit, with neans joined to the vessel for selectively

di spensi ng f 134 thd fyasm bhQaime2 sWllerdiPthé RGiofftediidicy Binbisbnddp EpeRE@mpHidel mbbipleuse
therein, and with said vessel being adapted for uncoupling fromthe process
unit and charff®s®¥Sof the vessel when fluid in the vessel is exhausted,
said nethod conprising: sensing strain of a wall of said vessel; and
generating an output indicative of pressure of the fluid in the éﬁiiﬁl

. e

correl ative tU- Thisysenetdamag wherpinghe adodrequancy nsponde] sYFOGIs Fonngs

net hod of cl alofphterizeifdrRhtionishferst ep of sensing strain of a wall of the
vessel conprises wuse of a conponent selected fromthe group consisting of

el ectrical resistance strain gauges, piezoelectric elenents, _

strail n-sensi tﬂsy'ﬁ'lec's?:!té?x‘i biBedith 59, vileRIBRIdT omAREHized InRirfiatioR Bstdni dompAEds & camsuter
containing a |atent strain-activated chem cal reactant, 67. }e miﬁ‘t@QOd of
clai m 65, whework vithemulfipip tegninal gaq Whereln pash ferminal fecriypy dafaringupsdrapat eayt one

conpri ses dirmﬁgfi,}gm?r&a@sgoﬁg,t@g&,g_r surface of the wall of the vessel an
el ectrical resistance stralin gauge assenbly. 68. The nethod of claim 67,

wher eis said electrical resistance strain gauge assenbly conprises one or
r

more sirain- @?.%Hﬁih%m&fsyséﬁ-m fsifet hod of claim 68, wherein said
strain-neasuring grid conpri'ses’ a l'ayetf of conductive material. 70. The

net hod of claim69, wherein electrical resistance of said conductive

material is a%ﬁ%,egeglm&s'eﬁ M&Qfﬁqﬁ pémov?fﬁy gu]c/pgﬁ(v?tg 9 ﬁuid-using process unit, said
vessel being constructed and arranged to retain a fluid therein, with means joined to the vessel for
selectively dispensing fluid from the vessel to the process unit for use in said unit, with said

vessel being adapted for uncoupling from the process unit and change-out of the vessel when

fluid in the vessel is exhausted;

said vessel including a vessel wall with an interior surface in contact with the flvid contained in

‘the vessel, and an exterior surface; and

a pressure monitor including a strain-responsive sensor disposed on the exterior surface of said
vessel, for generating a pressure-indicative response correlative of pressure of fluid in the vessel,
wherein pressure can be monitored as fluid is discharged from the vessel and pressure of the fluid
in the vessel correspondingly changes with such discharge, wherein the pressure monitor is

disposed on the exterior surface of the vessel at a location where the vessel has a lowest wall

thickness.

60. The system of claim 59, wherein the vessel has a side wall and the lowest wall thickness

Tocation is on said side wall.

61. A fluid containment system, comprising:
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71. The nethod of claim69, wherein the strain-neasuring grid further
conprises a |layer of base material beneath said |ayer of condudti{@8/2005
material. 72. The nmethod of claim®68, wherein the electrical resistance
strain gauge assenbly conprises a Weatstone bridge circuit for neasuring

resi stance change ,of .said e o re strain-neasurtng .grids. ..The

net hod of cl aF‘ﬁ%%sfﬂ’,s evreﬁsf’ffg?qﬁ%ft ‘&P’QY%’ emb‘fl%?dggl acd"r'cg‘fﬁ"% pf%asgélgssal ‘;l)-ne

st rai n- measur végel beliig dnstridted ahid arramptdodetgih a Clidithered withhrens joinddhethehesd &rone
bridge circuit  ipcludes t trai n- neasurj n rids. 75. The. h of

ol 75 | wherdie bRt RuRR 85 PauLe o ol B e s i Tl gt
measuring gri tssel Bdng adipgedtot dnoshphiig fedntithepfodess Wihainé thangdwet vixbsedssel when
vertical ly upst.anding and the electrical resistance strain gauge assenbly
i s mounted onﬁ'ﬁagﬁth%'%ﬁﬁwwusfeﬁe vessel . 77. The method of claim 67,
wherein the electrical resistance strain gauge assenbly is nounted to the
exterior surface of the.vessel by a nountin ans, 73.. The thod gf claim
77 Chor et n <SHreRELIBINS A1asHoveloftn SeroR iRl et e O sineed n, & 0
of claim67, thhessel andmexeliacficeaihdr esi stance strain gauge assenbly is

nounted on a band nmenber that is renovably secured to an exterior surface
of the vessel. 80. The nethod of claim 79, wherein said band nenber

conprises an Hirasiré oMk Rthdihg & 8ta@rle§Bnsitd Qifot dighogd bl the @RBSdr Sitrfaeg ofshidet al s
and polyners. 81. The nethod of c¢laim 79, wherej nwagi d ba?ﬂ% marrb@r

conpri ses an YarRkifongenerating a Rressyrerindicativgreshenss comelabiyrpl aressurest fid ke xsssely j o
surfaceg of tReheNSir@hure R bd MoRbredR Aufdds diddRS gD Pssel aridl plessiffe oftleluid N

sai d band nenber conprises _an el ongated stri l?a: | ongi tudinally nounted to
the exterior &thevesssh cosrespondingly shppges with such discharge,

wherein the pressure monitor is mounted to the exterior surface of the vessel by an adhesive

material.
62. A fluid storage and dispensing apparatus, comprising:

a closed, sealed fluid storage and dispensing vessel enclosing an interior volume for holding a

fluid, wherein the vessel includes a fluid discharge port for discharging fluid from the vessel;

) a pressure regulating element in the interior volume of the fluid storage and dispensing vessel,
- - arranged to flow fluid therethrough to the fluid discharge port at a set pressure for dispensing

thereof, and

a pressure monitor including a strain-responsive sensor disposed on an exterior surface of said
vessel, for generating a pressure-indicative response correlative of pressure of fluid in the vessel,
wherceby pressure can be monitored as fluid is discharged from the vessel and pressure of the fluid

* in the vessel correspondingly changes with such discharge.

63. The apparatus of claim 62, wherein the strain-responsive sensor comprises an ¢lectrical

resistance strain gauge assembly including one or more strain-measuring grids.
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83. The nethod of claim 79, wherein said band nenber conprises: one or nore
annul ar rings circunferentially extended around the exterior sudflac@8420Me
vessel ; and one or nore elongated strips longitudinally nounted to the
exterior surface of the vessel, wherein said annular rings and el ongated

strips intersect each other at_one or nore intersectin | ocations, and
wherei n the e@eﬁ%ﬁpeﬁ%wsr&{aa éan&éergmﬂmnﬁesg’aﬂa@lfage @%Fﬁ%ﬂ%tgar?@@fﬁ%eﬂ% t he
band menber @insgofded fop RthoftraliEhiiSsidn'UF Sdi® fedsirbindicabairespoiite oSdid sthilf repinkiodl of
claim 65, further conprising a step of converting the output correlative of

the strain o¥he wall of the vessel into a quantitative value of pressure
of fluid in the vessel. 85. The nethod of claim®65, wherein said output is
The_met hod of ¢l aim65, wherein the,vessel has a

visual ly di sgésa ed. 86 | 3 F

val ve head a e%m_eg}w prieringrnessehotaiyid in axrestl deine e XORFBUPNINGNEE. 87,
The met hod ofdischadedf 8id fioMahicTessel, Merdi 8 viieR onaRB @RI oded; SualRA NGiE StoRge

di scharge port., 88. -The nethod of claim87, wherein.the valve head assenbly

conpri ses a fa fispsasing vessl adanied tabe rrvvably copplpdither flujghusing progesidnyauthe |

contai NS a r qghdhsbiRéd 18 8% VBRI Yor ¥BILAIL 61 dishakiRs fluid B elvaasbl tb thdifdiddisiag har ged
fromthe vessel flaows through the regulator assenbly, at a pressure

|
det er m ned byProsess Pty yse theesn, and with said vesrel beiag adagied for yacouphie fromhe REpCessy | ow
of the flui duhfﬂmwmgmﬁofmabéé&:Madmﬁ&gﬁré%)deysel 19 OxhadsfQ, SARE ikbdRbmprisaigm 65,

wherein the wall of the vessel is forne a material selected from the
group consisting of nmetals, gas-inperneable plastics, fiber-resin conposite

mat erial s, aBdhsing QN oF 3 Wwa P BSsafdQEREE gn9 two or nore of the foregoing. 56
11/ 08/ 2005 91. e met hod of claim 65, wherein the vessel is joined in

fluid flow feed relationship with a fluid-consum ng process unit. 92. The

met hod of cl Qén@?agr?gan%@ﬁt%ﬁcahbeeotfpwétgé SR i heRE QGG S SelktVe to HOMHELSES 2

strain of said wall of said vessel.

66. The method of claim 65, wherein the step of sensing strain of a wall of the vessel comprises
use of a component selected from the group consisting of electrical resistance strain gauges,
piezoelectric elements, strain-sensitive colorimetric elements, and strain-sensitive matrices

containing a latent strain-activated chemical reactant.

67. The method of claim 65, wherein the step of sensing strain of a wall of the vessel comprises
disposing on an exterior surface of the wall of the vessel an electrical resistance strain gauge

assembly.

68. The method of claim 67, wherein said electrical resistance strain gauge assembly comprises

one or more strain-measuring grids.

69. The method of claim 68, wherein said strain-measuring grid comprises a layer of conductive

material,

70. The method of claim 69, wherein electrical resistance of said conductive material is

temperature-independent.
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sem conductor manufacturing facility. 93. The nethod of claim#65, wherein
the vessel has a val ve head assenbly nounted thereon and | eak-tlilghOBy 2005
seal ed thereto, and wherein the val ve head assenbly conprises a val ve head
body containing a flow control valve therein, and neans for opening or
closing said flow control . valve. 94. The nethad of, clai m 93, erein said
means for opem'rTgé?}P'EQ‘{QKI%G%&hWIWBﬂFWE@TW“Wé y&‘rf’fg?sérrent
sel ect ed fronmhiRal BérRAtR s&i®RGroF tonductile AanghiWheel val ve actuation el ements,
pneumatic val ve actuators, and el ectronechani cal valve actuators. 95. The
met hod of claim65, wherein the fluid conprises a liquid. 96. The net hod of

claim 65, whereirfe hétBod dfdialh 68) WREkR @R cfectricl vlisiafiid s@AH gaupd {ssenfilecdiphifed of
claim 65, wherein the fluid_conprises a, conpressed gas. 98. The net hod of

cl ai m 65, wheVafakstang bridge girepitdorpeasuing resisiges chasge of said gne gnore {RARNBAS of
claim98, wheggisn the hydride fluid conprises a fluid selected fromthe
group consisting of arsine, phosphine, stibine, silane, hal ogenated
sil anes and di borane. 100. The nethod of claim65, wherein-the fluid

conprises an Atk Mdod LR BYwhér@Mik Wheats B bridSOGR 1P InkRks Ohe ARG QIing
fluoride, boron trichloride, boron trifluoride, hydr ogen chl ori de,

hal ogenat ed #idanes and hal ogenat ed di silanes. 101. The nethod of. cl ai m 65,
wherein the vessel contains a physical adsorbent material having sorptive
affinity for said fluid. 102. The nethod of claim 101, wherein said

physi cal adsdftbBwmethed ef ¢laim T2swhesgimthe ¥hedtstens|beidgs ojreyit ingjydes twOwRRALR3sUring
dispen§ing S%Hgigases by pressure differential desorption. 103. The system

of claim101,” wherein said physical adsorbent material stores said fluid at
an internal pressure within the range fromabout 1 torr to about 1000

torr. 104. A AL Y9 R ALE NS a f g | during
use or operat7 ?gﬁpﬁg{l}%ﬁel né 7%1‘*5(1@ é%e o%Ht%ng?’laggfﬂrcg&nqlﬁﬁgﬁu\?gg%gﬁﬁvmerei n
sai d vessel oempringgiisa cl osed, sealed fluid storage

76. The method of claim 67, wherein the vessel is vertically upstanding and the electrical

resistance strain gauge assembly is mounted on a side wall of the vessel.

77. The method of claim 67, wherein the electrical resistance straint gauge assembly is mounted to

the exterior surface of the vessel by a mounting means.
78. The method of claim 77, wherein said mounting means comprises a removable clamp.

79. The method of claim 67, wherein the efectrical resistance strain gauge assembly is mounted

on a band member that is removably secured to an exterior surface of the vessel.

80. The method of claim 79, wherein said band member comprises an elastic material selected

from the group consisting of metals and polymers.

~ 81. The method of claim 79, wherein said band member comprises an annular ring

circumferentially extended around the exterior surface of the vessel.
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and di spensi ng vessel adapted to be renovably coupled with a fl uid-using
process unit, with neans joined to the vessel for selectively dilsp@8£i20P5
fluid fromthe vessel to the fluid-using process unit for use therein, and
Wi th said vessS2IThbeiethgd sitbiith 9] wheveinlsfid 84Hl mheitbed doRiftidel 5o dM6rRGESSrip UNi t  and
change- out of thﬁwve sel rl\/F\éiaen fluid in the vessel is exhausted, said nethod
conpri sing: sSREaly moynied &g the exferior sysfaceofithe vesselsel © and generating an

out put indicative of pressure of the fluid in the vessel correlative to the
sensed strai saj d | aid vessel, wherein the step of sensing
strain of a mgi-ﬁ{’%’iﬂ%%‘\’?%%ﬁWgﬁﬁ'ﬂﬁ?@@dm%aﬁoﬁg"%ﬁ an exterior surface
of the wall of the vessel an electrical resistance strain gauge assenbly

t hat conprises one or pore straipn-nmeasuring grids, wherein said

st rai n- measur f§" 5‘?7"&%%@8’%‘“&@?&‘?@? exjended-Eound dltejeteriorsuriace af the yaseel;

wherei n sai d sdnductive material conprises netal or netal alloy. 105. The
nmet hod of claim 104, wherein said conductive nmaterial conprises

copper-ni ckel alloy containing 45% 60% copper and 40% 55% ni ckel by

wei ght,  basecbnebr e slonieid 8tiips BhgitubMaly thQited I 4Re exferiBEhRL oPthe FRR4IL OF i NG
pressure of a fluid in a vessel during use or operation involving

di scharge of fluid fromthe vessel, wherein said vessel conprises a closed,

seal ed fl ui d vHeRmAgHE anis riﬂés%_ﬂ@aﬁﬁga?:ﬁ ¥iFipSiRlers8d 81h Sfllerd £ oftfor %mxfg{gk%ggoupl ed

with a fluid-using process unit, with feans joined to the vess
sel ectively docatinehandyherein thy cleptrieal resistancs steain gauge assembily igimeunted onghe bandcess

uni t £9r use nfelBEk fid HBSr Wirk ttchth 4638k, Dei ng adapted for uncoupl i ng
from tthe process unit and change-out of the vessel when fluid in the

vessel is exhausted, said nethod conprising: sensing strain of a wall of
sai d vessel ; santle Blhdd QB 09 Furthen SRk i BEL GRSl sur e
of the fluid in the vessel co’rr_e at ?@Igh{“%aﬁ%e&g%ﬁé%aé gf’@tﬁxg?lﬁ'svg?gﬁmll
of said vessérain afthervealliof the yessel into afuantitaiviervglus ofipméssuredf fhridialtie vedselt he vessel
conprises disposing on an exterior surface of the wall of the vessel an

el ectrical resistance strain gauge assenbly that conprises one or nore

st r ai n- meas ud. e ethatiof clalve6 s whersiaisald sttpaiisvisweibsdisplayed.

86. The method of claim 65, wherein the vessel has a valve head assembly mounted thereon and
leak-tightly sealed thereto.

87. The method of claim 86, wherein the valve head assembly comprises a discharge port.

)  88. The method of claim 87, wherein the valve head assembly comprises a fill port.
89. The method of claim 86, wherein the vessel contains a regulator assembly mounted therein
such that fluid discharged from the vessel flows through the regulator assembly, at a pressure

determined by a pressure set point of the regulator assefnbly, prior to flow of the fluid through the

valve head assembly.
90. The method of claim 65, wherein the wall of the vessel is formed of a material selected from

the group consisting of metals, gas-impermeable plastics, fiber-resin composite materials, and

combinations comprising two or more of the foregoing.
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grid conprises a layer of conductive material and a | ayer of base materi al
beneath said | ayer of conductive material, and wherein the basd lvh@8/i20105
has hi gh tenperature-resistance and elastic character. 107. The met hod of
cl aim 106, wherein the base material conprises polyimde. 108. A nethod of

nonitoring pr re of flud in a vessel, durin Se o5 operat.i.on,
"ol ving . i SE i Bee e 65 phiei e soausiaed fituiddon Tess R BRuR iha
conpri ses a clluidechsusiegprecksf dniti d st orage and di spensing vessel adapted to
be renovably coupled with a fluid-using processing unit, with neans joined
to the vessel for selectively dispensing fluid fromthe vessel to the
fluid-using ¢ Ohesahadifthiod], whaeih tRTRIdvonaREhgirdcBssani compes@al bei ng
adapted for uncou%}ig@g fr?m t.he &Eocess unit and change-out of the vessel
when fluid inPfie BufacuEng @ellileq  sai d method conprising: sensing
strain of a wall of said vessel; and generating an output indicative of
o.,the sensed train, of

pressure of the fluid.ip the vessel correlativ

sai d wal | of d@a?’bﬂ%@é@??‘%éﬂa ﬁﬁe*%ﬁ'ﬁaeﬁﬁbmvavgh%%da?sm y Gored Peon sty A

met hod of noredkaighthgseptedtisreto g ivhareinltht vivie Rezd a%eHBIP oriptiskd Wvalle BeAdibody

operation involming dischaégg of fluid fromthe, vessel, wherein sg

vessel conpr iGUAINREE flgw goptrobvalye dherain, gndjmeans for gpening Arelepingsaid Sow ool walye.

adapted to be renovably coupled with a fluid-using processing unit, with
fluid fromthe vesse

nmeans joined to the vessel for selectively dispensing flu

to the fluid Shdims g‘et"ﬁﬁ?e@@_yg 93miherefroid acans foeqpening orslgingait law pentrobuelyey

bei ng_xdapt edorhsHse nAahHRL delieted FroHTHHiciPoup/cBRRASE of hMid wiRBT a6 h aRERIPHEm&Hs, t he
vessel when fluid_ in the vessel is exhausted, said nethod conprising:

sensi ng st r aPRpuBAticyvalis aptuaigrs, and ¢lecremeetianical walvepstvalort i ng an out put
i ndi cative of pressure of the fluid in the vessel correlative to the sensed
59 11/08/ 2005 strain of said wall of said vessel, wherein the pressure of

the fluid i s?2tdhemetherleficlimbThwheneindhe fluid comprises a liquid.

96. The method of claim 65, wherein the fluid comprises a liquefied gas.
97. The method of claim 65, wherein the fluid comprises a compressed gas.
93. The method of claim 65, wherein the fluid comprises a hydride fluid.

99. The method of claim 98, wherein the hydride fluid comprises a fluid selected from the group

) consisting of arsine, phosphine, stibine, silane, halogenated silanes and diborane.
100. The method of claim 65, wherein the fluid comprises an acid gas selected from the group
consisting of hydrogen fluoride, boron trichloride, boron triflucride, hydrogen chloride,

halogenated silanes and halogenated disilanes.

101. The method of claim 65, wherein the vessel contains a physical adsorbent material having

sorptive affinity for said fluid.

102. The method of claim 101, wherein said physical adsorbent material is capable of sefectively
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110. A nethod of nmonitoring pressure of a fluid in a vessel during use or
operation involving discharge of fluid fromthe vessel, wherei A1ls408/2005

vessel conprises a closed, scaled fluid storage and dispensing vessel

adapt ed to be disperomgiaidgaced bp brsbu differéuiblldedofptig i Ng processing unit, with
means joined to the vessel tfor selectively dispensing fluid fromthe vessel
to the fluid-using process unit for use therein, and with said vessel

bei ng adapt ed 163 Thésysien pf éleih 101 OMetditsalphFsREFadsaiitht maathi abeogerMidataf t he
vessel when fluid.in the vessel is exhausted, ai? nmet hod conpri si ng:

sensi ng strai Mispel BrestiE Wit *&8°3@@§é99“é%‘°@€% QPG an out put

I ndi cative of pressure of the fluid in the vessel correlative to the sensed
strain of said wall of said vessel, wherein the pressure of the fluid is
internittent| g%éme#af‘@ monjipeng pressise AEHEY RISt MRS PreApEration ‘B‘f"l"’é"gr | ui d
in a vessel dyiséhage ofRiidFond e WasdlOWherdkVAldWeRE coflprievadiaed, abaldd Atidhidrigom t he
vessel , wherei said_vess? rises a closed, sealed fluid stqrage and

|, co . £a |
di spensi ng ve¥WHsPFIHYSE e@vﬁﬁq@ww ceuplsp Mt 2 Hpidrpsing progesyiunis
processi Ng UNinkans jiredito thREE] foPéeft@fivelyidpBRing T8 AT on tBE ve3 Rl RAhd fHifd-ising
di spensing fluid fromthe vessel to the f|UId_USIn%y process_unit for use

therein, and RHPYeFs WK foy urdberen, agd with saidvessebbringdantrd dorumrourting Fesmihe pRCSSY ocess
unit and chang@-afdidhatfe-cut 6 theARSBI widA SRlidlih thi desmisteigg‘aust@@ §44 mbthoeohpHSAL,

said nethod conprising: sensing strain of a wal said vessel; and

generating an output indicative of pressure of the fluid in the vessel

correjjt I ve tendndlirdeossehil ottdididdsdtfangai d wal | of said vessel, wherein the
out put indicative of pressure of the fluid is renmotely transmtted. 112.

The nethod of claim 111, wherein the output indicative of pressure of the

fluid is  traasmint Souie AdicAfle Of bleGHY SPEY ﬂl%i& MELAIAPLorreRilive!th HRAREQOS 113.

The nmethod of claim 111, wherein the radio-frequency transponder conprises:
at | east one sttinpispidovall of midvessebd to the pressure nmonitor of the vessel for

transl ating the pressure-

wherein the step of sensing strain of a wall of the vessel comprises disposing on an exterior
surface of the wall of the vessel an electrical resistance strain gauge assembly that comprises one
or more strain-measuring grids, wherein said strain-measuring grid comprises a layer of

conductive material, and wherein said conductive material comprises metal or metal alloy.

105. The method of claim 104, wherein said conductive material comprises copper-nickel alloy
containing 45%-60% copper and 40%-55% nicke! by weight, based on total weight of the alloy.

106. A method of monitoring pressure of a fluid in a vessel during use or operation involving
discharge of fluid from the vessel, wherein said vessel comprises a closed, sealed fluid storage
and dispensing vessel adapted to be removably coupled with a fluid-using process unit, with
means joined to the vessel for selectively dispensing fluid from the vessel to the fluid-using
process unit for use therein, and with said vessel being adapted for uncoupling from the process

unit and change-out of the vessel when fluid in the vessel is exhausted, said method comprising:

' sg:nsing strain of a wall of said vessel; and
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I ndi cative response of the strain-responsive sensor into radio-frequency
signals; and at |east one receiver for renotely receiving the 11/08/2005
radi o-frequency signals transmtted by the transmtter. 114. The net hod of

claim 113, wWhegRiding Moutfpabin@iedtive BHRRG e SR FRRPHR 8RN velsdl dohahtive RE icAd at
| east one m croprocessor for interpreting the radi o-frequency signals

recei ved by t K&} efeaif wall of spisresselnwheein the stepof sensiigisirain af a wlaf dieyesstle

radi o- f r eqUeNgymgrsAHBANEIn ah kbR SurBLIR theSH oRthe Fb381aR ¥eBicalREARME SARLCT €d
to the mcroprocessor for displaying the pressure-indicative response
transnitted bgaugapseerblythatompryenepr memsHtAgesHring s, WherinsaidsEn-peasunng m
115, wherein Fﬁ@coﬂipﬁ%ﬂﬂy&%f@&im&ivb&aﬁﬁi]%ﬂfgyefr bOEsE AterdHl BéhRath St YayeB b N9 Of
a visual display and an audi bl e display. 117." The nmethod of claim113,

wher ei n t he r sidestive weeriahapd wherpis thsbarsimatsyisihanhigly tlepipprature-resigianeg agd glastic
transmtters. ¢famadter>. The method of claim 113, wherein the radio-frequency
transponder systemis connected to a ‘conputerized information system 119.
The met hod of claim 118, wherein said conputerized information system

conprises a F@Uﬁi&%&&hoﬂ%&‘(‘!&ﬁho\ﬁé&ﬂlﬂﬂ‘ﬂm&?a@éﬁa&%ﬂ%ﬂﬁﬁ?gopomid&herei n each

termnal receives data inputs from at east one radi o-Trequency
transponder system 120. A nethod of nonitoring pressure of a fluid in a

vessel duringygds - ] ' i g sl r i O, .1 . he
vossel, wher el EaBhobBah b A preal i 8 SRR di e on S AHIAMATE g
di spensi ng v edisshdrgead fpiddipm the essal,ovhoreintshig vessal pbraptiswd 2 dlossd, isealad dluidstorage

rocess; unit,, s : | O] I | | I n
Pl G d 7 om ¢ Had e IEERR AbOPE oh Rl Iy S il AL IR NS 0
with said vesusshsjbietdtg thedapeldor sehetivalydipgbsing fuifl from théreesgst o dhedhiidasing

oxhaust ed, s BRHEEEAREGR dha Ghe LR VSRR L AdhoRA e b inllh ARFLIRREL (3,

and unit and change-out of the vessel when fluid in the vessel is exhausted, said method comprising:

sensing strain of a wall of said vesscl; and

generating an output indicative of pressure of the fluid in the vessel correlative to the sensed

strain of said wall of said vessel,
wherein said output is audibly outputted.

) 109. A method of monitoring pressure of a fluid in a vessel during use or operation involving
discharge of fluid from the vessel, wherein said vessel comprises a closed, sealed fluid storage
and dispensing vessel adapted to be removably coupled with a fluid-using processing unit, with
means joined to the vessel for selectively dispensing fluid from the vessel to the fluid-using

process unit for use therein, and with said vessel being adapted for uncoupling from the process

unit and change-out of the vessel when fluid in the vessel is exhausted, said method comprising:
. sensing strain of a wall of said vessel; and

generating an output indicative of pressure of the fluid in the vessel correlative to the sensed
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generating an output indicative of pressure of the fluid in the vessel
correlative to the sensed strain of said wall of said vessel, vikef@8d20@5
step of sensing strain of a wall of the vessel conprises disposing on an
exterior sur fsageobmidwall ofiesid veeskl, t he vessel an el ectrical resistance strain
gauge assenbly, at a location where said wall has a | owest wall thickness.
121. The nethod of claim 120, wherein the electrical resistance strain
gauge assenbl Whersinths piessute ofshe fluid ie xontinnaosly sioditoreda| | of the vessel. 122. A
met hod of nonitoring pressure of a fluid in a vessel during use or
operation involving discharge of fluid fromthe vessel, wherein said
vessel conpri $tsAgathadoéhoniteing pressint of difisd raagssel durisg W sppaaiicngnwobdne!

adapted to be ith a fluid-usin rqcess i i th
reans. | of ned {5 ARt M4 G BlcSEeol bitrdh fad elret SinRGheRs Aol e i R, e e
to the fl uid-andidigensing yesed sdapteil to Heaemavably torpiediwith adinid-using prosasing wdis e

bei ng adapt ed . L i [ . rocess, .unit and -put of the
vessel when f PE@(%" 0?Hr%8 '?(ﬁtgé J\’/%%ﬁé’f Ee:fggﬁ\g@ hdgslﬁ’ glfsgjg,sﬂuégffj op %Yﬁﬁggg%%ﬁ‘?@’éﬁ’%g :

sensi ng st r ai proefs witvier use héreip zind with sddVessehbuinggaingedrfon uagouplingofednpthik process

i ndi cative of, @ar e fluid in the vessel correlative o the sensed
strain of sai ‘gﬂ\i\ag¢@%0€e 'Og'g? c]ﬂ %‘é"%%ﬁ‘?‘}“&ﬂ‘ér"éﬁﬁ" é'ss"t"‘gaﬁﬂ s@iﬂ%‘ﬁ?&"?ﬂ’%ﬂ’&i of a
wal | of the vessel conprises nmounting onto an exterior surface of the wall

of the vessel an g&gﬁé@&%ﬁig%&gnc strain gauge assenbly, using an

adhesive nater: gr: £04 | ui d managenent, conpri sing:
confin¥kng a fluid in a closed, sealed, fluid storage and di spensi ng vessel

adapted to b ennvabl coupled.with a. fl yi.d-usin rocess unit, said

vessel incl u%?'%{:]a"gg Pyt ve gfprpssue P@L%ﬁ“'gﬁ‘c‘é? Y‘%"P@?"lﬂ‘l"(}% gesedy ol une
for hol di ng wfan &fshidavalloheidvessel, he vessel includes a fluid discharge port
for discharging fluid fromthe vessel, and a pressure regul ati ng el enent

in the interior volune of the fluid storage
wherein the pressure of the fluid is intermittently monitored.

111. A method of monitoring pressure of a fluid in a vessel during use or operation involving
discharge of fluid from the vessel, wherein said vessel comprises a closed, sealed fluid storage
and dispensing vessel adapted to be removably coupled with a fluid-using processing unit, with
means joined to the vessel for selectively dispensing fluid from the vessel to the fluid-using
process unit for use therein, and with said vessel being adapted for uncoupling from the process

unit and change-out of the vessel when fluid in the vessel is exhausted, said method comprising:
sensing strain of a wall of said vessel; and

generating an output indicative of pressure of the fluid in the vessel correlative to the sensed

~ strain of said wall of said vessel,
wherein the output indicative of pressure of the fluid is remotely transmitted.

112. The method of claim 111, wherein the output indicative of pressure of the fluid is

transmitted by a radio-frequency transponder.
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and di spensi ng vessel, arranged to flow fluid therethrough to the fluid

di scharge port at a set pressure for dispensing thereof, wth riebn88j/@0RS

to the fluid discharge port for selectively dispensing fluid to the

fluid-using process unit for use therein, mﬁth sai d vessel -bei ng adapt ed
out of the vessel when

for uncoupli f ni.t and C

FPuid i the VEaRERebbEoabhat h i ewterein eirasie- Srapeficr CORPs GOWRREE| wal | and
generating an output indicative of pressure of the fluid in the vessel
correlative tq,t nse rai,n of said vessel wall. 124,

confi nenent s?tslﬁqéﬁ?ne qfeé?%ﬁf‘edéo tﬁ? PrEgtUre g fior ofthp essy] F‘lﬁ?‘f“lﬂ"g“%@ﬁﬁ’iﬂf%"ng a
cl osed, seal emmchMed@pﬁmiagl&s&midqdpa{gmw@@ 1M@ﬁaﬁlﬁeq@dﬂ®p§@ﬁ]s$@dbe renovabl y

coupl ed with a fluid-usi ng process unit, said vessel including a vessel
wal | enclosing an interior volunme for hol di ng the fluid, wherein the vessel

i ncl udes a f|anlehsmiemﬁw:mmalylfe@aiwdgﬁﬁmrog}eq@m&ﬁﬁgﬁlsfuﬁﬁm;ﬁéamy\ﬂﬁssel

w th nmeans jowed o0 the fluid discharge port for selectively dispensing

fluid to the lisi ng process unit for use therein, with said vessel

bei ng adapted for uncoupling fromthe process unit and change-out of the
s, exhausted; said wall having a first

vessel when f in t V.es

surface in can‘tL‘i @1 '\'/ﬁﬂloﬂ of ¢lgim ﬁil"ﬂ‘ewmﬁ digefreguracyctartpander fiutfier cAmprTss aldeastyi t h
the fluid, saindnfigemodsseiiof ReMrdting e raRRRE@bRY sl PedehRd f;y the recdivérf ace by a
wal | thlckness t her ebet ween; and a pressure nonitor including a

strai n-responsi ve sensor dlsposed on said second surface of said wall and

arranged to OuSPHe mAtho@ SRMIE S 14 WhEeidhd rmojﬁgqlﬁﬁ%%%hgxgn&;ﬁ&tﬂ& chhplisds 4 N

contact with the first surface of said nmet hod of m)nltorl ng
pressure of &iPlayirgmeyromedediyth mispmporssertor disnlaying: b rressyrefndisntive response |

having a fir Slndtifididgaill dfoGRfmty ¥irktboile fluid, and a second surface not

in contact with the "fluid, saidseco d surface be| ng separated fromthe
first surface by a wall t hi ckness t her ebet ween, 63

116. The method of claim 115, wherein the displaying means is selected from the group

consisting of a visual display and an audible display.

117. The method of claim 113, wherein the radio-frequency transponder system comprises
multiple transmitters,

118. The method of claim 113, wherein the radio-frequency transponder system is connected to a
computerized information system.

119. The method of claim 118, wherein said computerized information system comprises a
computer network with multiple terminals, and wherein each terminal receives data inputs from at

least one radio-frequency transponder system.

120. A method of monitoring pressure of a fluid in a vessel during use or operation involving
discharge of fluid from the vessel, wherein said vessel comprises a closed, sealed fluid storage
and dispensing vessel adapted to be removably coupled with a fluid-using process unit, with
means joined to the vessel for selectively dispensing fluid from the vessel to the fluid-using

process unit for use therein, and with said vessel being adapted for uncoupling from the process
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11/ 08/ 2005 wherein said confinement structure includes a closed, sealed
fluid storage and di spensing vessel adapted to be renovably codjl /A8 Y2100 %
fluid-using process unit, said wall enclosing an interior volune for

hol di ng the fluditghd cmntgélotff%mﬁ vsSd1 Waen ARd inftfs WESEEL ng{edssgid‘?rﬁeiﬂo}{% prisin

di spensing fluid to the fluid-using process unit or use erein, %

sai d vessel being adapted for uncoupling from the process unit and
change-out of séddmg MRGMTEh wild61kafd vdbsdl byt t he vessel is exhausted, said nethod
conprising sensing strain of said mall at said second surface and
outputting a response correlative to pressure of the fluid in contact with
the first surfbareuisanipst lméabve éf?pﬁessu%e delthdl Rbich E{e%&%elfé&?elﬁﬁls'c MBE denRy St e
conprising: 3 a.closed, sealed fluid storage and di spensing vessel adapted
to be renmpvabFAiRessHd wal %S‘E'HVass‘fli ui d- using seniconductor manufacturing
process unit, said vessel being constructed and arranged to retain a fluid
therein for use i,n said sem conductor manufacturing process unit, with a
val ve head oWherpithy stepefisensing stsain pﬁw@bﬁﬂhecypssdabmmspmsmnym mxneqd f or
sel ectively diSRRRSIHEWail Bﬂhéivefsge?ﬁﬂ Ufrica gl%e?agsgrﬁﬁ’lg tlot'l %?rla‘

in said process unit, wth sald vesse elng a ap@ or nco pl'ing

the process uﬁﬂdtwaélhﬁﬁﬁih%ﬁ‘ig‘éalbihtcknﬁssthe vessel when fluid in the vessel is
exhausted; said vessel including a vessel wall with an interior surface in
contact with the fluid contained in the vessel , and an exterior surface; a
fluid regul at'dt The methpd gf claim ézmwhwmaheqmm risistagerl stia gage lassswbly Esoufitedii d
d|spen ed erﬂhﬁ%ﬁ?Pyﬁﬁéﬁﬂﬂd? Fprough the regul ator assenbly prior to

fl ow through sai ow contro and a pressure nonitor including a
strai n-responsi ve sensor disposed on the exterior surface of said vessel,

for generati |ve ponse ¢ rel ative of. pressure of
flurd int hquzes%s'g{tﬁ&%v# %“"“’5@3 gr esslrseu0 rlln s prES 8%‘”?‘108 fyoviee
di schar ged f dischatgaef fhédSah thervesspl, ehearein eald)v‘/esiehﬁmfpmhsd cloked, scaled Wgid sofage

Compr 8ing a RS Relopereily rieng S sP el s B e s,

means joined to the vessel for selectively dispensing fluid from the vessel to the fluid-using

process unit for use therein, and with said vessel being adapted for uncoupling from the process

unit and change-out of the vessel when fluid in the vessel is exhausted, said method comprising;
sensing strain of a wall of said vessel; and

) generating an output indicative of pressure of the fluid in the vessel correlative to the sensed
- strain of said wall of said vessel,

wherein the step of sensing strain of a wall of the vessel comprises mounting onto an exterior
surface of the wall of the vessel an electrical resistance strain gauge assembly, using an adhesive

material.
123. A method of fluid management, comprising:

confining a fluid in a closed, sealed, fluid storage and dispensing vessel adapted to be removably

coupled with a fluid-using process unit, said vessel including a vessel wall enclosing an interior
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conprising a first neasuring grid nounted to the exterior surface of said

vessel so as to be subject to both strain and tenperature changds/ ®8 /2005
vessel wall, and at |east one other nmeasuring grid nounted to the exterior
surface of saivdlumessabldm ﬂxaslumOwKB?exﬁﬂa):vébb@ln@ﬁ&esh%ﬁdlﬁscﬁé%@po}ﬁ

changes of th gssel1 l? as the fast measuring grid f) t suggj ect
to strain chaﬁ'ﬁ'@ O the yrgsel and prepsyro rrgulating slomentpihp meﬁ’éYféWQ the fluidistprage

measuring gri dntﬁdi@bri%inksfe@elrﬁﬁh%JdQ@ﬁ&wﬁh@ﬂﬁ%m%& {o%émﬁaﬂagc%gé Eonaft‘s'?e@ge t hat
is corrpensate gﬁ I‘fezilésgt ance change of said at | east one ot neasuri ng

grid, but wh&FEBY rebparsing thereeh yirh aess jined tq the Buid discheraciparg fog salestiveliused by
true strain i a:smimgafilﬁfeﬁttmhmuﬁ?g;ﬁoceﬁhmkﬁ»ﬂﬁ&ﬂ%?&n %th‘iénd VBT biddWa \}ﬂédtgr and

wher eby the pressure- |ng}cat|ve response of said strain- responsi sensor
reflects onl y“'t“ﬂ'éﬁi% etREOCES Bt @ﬂwame@mﬁ@eges&l “thﬁbﬂwfésls!bq vegealis . 127,
The fluid stoemgrtednd delivery systemof claim 126, wherein the strain
responsi ve sensor conprises two nmeasuring grids in a half bridge
configuration, 128. The fluid storage and delivery system of claim 126,

wherein the sdefistighiteiif SPRANSYSI wPaR conprises four neasuring grids in a
full bridge configuration. 129. fluid storage and delivery system

conprising: a closed, sealed fluid storage and di spensing vessel adapted to

be renovably g’é@dﬂ:ﬂh@% (‘Mtﬂdi' nﬁ:cﬁll:%'o‘fl pre&iiite 3BthS gﬁl‘l ﬁl&ﬂ%&%ﬁ%ﬁ?% B Yeds 0P

process unit, said vessel being constructe arrange retain a fluid
therein for (@npisaidapsselseath conduct or manuf act ur | ng process unit, with a
val ve}uead on the vessel and a flow control valve in the valve head for
selectively dispensing fluid fromthe vessel to the process unit for use
in said procddhAfid confipementerstomicomgridinghei ng adapt ed for uncoupling from
the process unit and change-out of the vessel when fluid in the vessel is
exhausted; said vessel including a vessel wall with an interior surface in
contact wit hatﬂhiéCtﬁﬂﬁutldemmucairemhpﬁsingaélesed/emlﬂuumﬂﬂa@rm@m;ehdmyvesurface; a

]:j: glpg n; gg u:c ?%‘ﬁ te%(%%@ m&(raf)l? E:Oeurp?e% wrt% aqllux%i ugi%g S'm'cerés 31%' 9at \?esssse?mclm%né Q %:tssei uid

wall enclosing an interior volume for holding the fluid, wherein the vessel includes a fluid
discharge port for discharging fluid from the vessel, with means joined to the fluid discharge port
for selectively dispensing fluid to the fluid-using process unit for use therein, with said vessel
being adapted for uncoupling from the process unit and change-out of the vessel when fluid in the

vessel is exhausted;

) said wall having a first surface in contact with the fluid, and a second surface not in contact with
the fluid, said second surface being separated from the first surface by a wall thickness
therebetween; and

a pressure monitor including a strain-responsive sensor disposed on said second surface of said
wall and arranged to output a response correlative to pressure of the fluid in contact with the first

surface of said wall.
123. A methed of monitoring pressure of a fluid confined by a confinement structure including a

wall having a first surface in contact with the fluid, and a second surface not in contact with the

fluid, said second surface being separated from the first surface by a wall thickness therebetween,
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vessel flows through the regul ator assenbly prior to flow through said flow
control valve; and a pressure nonitor assenbly disposed on the &xt£0B¢r2005
surface of said vessel, said pressure nonitor assenbly including a

st rai n- r esponsihu@in3&id Seifink:ént MARGIIACSTeS Délbked, ReHIRIF uidSorste alf ek vedsell | Ui d
in the vessel d a di s‘gkﬁy rrge\(aule peratlvely cqupled to the

strain-res pon§?”\? Loraepovably cpin |"Eﬁ‘ﬁ§m é‘s@ﬁPWé@ﬁB‘HH%Wﬂ'r%]ﬁﬂ?&aﬂdﬁt’W

wher eby pr ess usleme fon hélginghaihial ﬁﬁh B&né jokibdjtoltl& WS BAde et efy dPRnsil Auid &5 S el

and pressure 8}% @e fluid in.t ﬁ?; correspondi ngly changes with such
di schar ge. firddrimgrocesspnit ﬂ\r Ysp ’ET‘“SY‘TS‘? Ve&%%l"%l“ﬁ@éﬁdforwgctuéﬂ‘ﬂgaf@&br di ng

to claim 129 thelp@ias tnisaid dhdnkelingd oﬁ&@@@&ﬁwﬁéﬁ@mﬂh%@@%&ﬂﬂeﬁﬁﬁﬁ@|sa1li§1ethod
renmovably coupled with said,fl ui sem conduct or manuf acturing

process unit. ising\senpipg strain of say ‘ggﬂg aﬂ"éim’\ﬂéP'ﬁ“ﬁ?%i‘é'Fﬁuﬁ@ééﬁ‘dP%@e qogelativei m

129, wherein &3rdsud deididontat wilk @8 BHF rfislop Wid ai.a2 vi sual nuneri cal
pressure value. 132. A fluid storage and delivery systemaccording to claim

129, wherein said display nodule pressure output conprises a colorinmetric

out put i ndi cal26vA G s@fags eid Rlivedysbtem, dmpridhgt | Ui d storage and delivery
system according to claim 129, wheérein said display nodule pressure output

conprises an audible alarm 134. A fluid storage and delivery system

accordi ng t o adidéd)kehizd ﬂuiM%ﬁ:E & Bnddidpéhs Eg%@sé}ﬁddﬁ&q% be renHBx%ﬁﬁr%@léa%ﬂ‘étﬂund-

conprises a MAFE|ESS Si or renote nonitori ressur

vessel . 135. Upng pepigpndyc gﬁfatj@“féﬁwma ropeseujt, sajdy bmwmgted adarrenged 934,
wher ei. A sai d rekiis B tHERG FoPuselRf ?aﬁiss‘éﬁﬁoxﬂfd&% Ecﬁ;ﬁﬁ?ﬁr@éds JTI'Ii},nngﬁPz[ \?aﬂ/emglad

nDnltorlng means nDnltorlng a nmul tlp ICIt Ol vesse
vessel . 136. OAthevesse] and aflewyeonsralyvalye in ﬂ:@va}veshyaﬁc forselestivelyl dispgnsing fdﬂlthfrm tes5,

wher ei n sai dyggdiid Q8 hrBs ruséﬁxsgxekﬁ)g&?ﬁhl%t mré@?&s%@e}‘fﬁ; %%%i {Mng of

I ntranets, |ocal area networ area n b, and
per sonal di gbncaepliag Somithaprocessa@it andichangaiodt of thervasyel velied fldidlin the wgssed jsst em
accordi ng toeﬁgﬂe@ 135, wherein output fromthe display

said vessel including a vessel wall with an interior surface in contact with the fluid contained in

the vessel, and an exterior surface;

a fluid regulator assembly intemally disposed in said vessel so that fluid dispensed from the
vessel flows through the regulator assembly prior to flow through said flow control valve; and

a pressure monitor including a strain-responsive sensor disposed on the exterior surface of said
vessel, for generating a pressure-indicative response correlative of pressure of fluid in the vessel,
whereby pressure can be monitored as fluid is discharged from the vessel and pressure of the fluid

in the vessel correspondingly changes with such discharge;

said strain-responsive sensor comprising a bridge circuit including a plurality of measuring grids,
comprising a first measuring grid mounted to the exterior surface of said vessel so as to be subject
to both strain and temperature changes of the vessel wall, and at least one other measuring grid
mounted to the exterior surface of said vessel so as to be (i) subject to the same temperature

changes of the vessel wall as the first measuring grid but (if) not subject to strain changes of the
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nodul e includes an output of remaining service |ife of the vessel to
exhaustion of fluid therein, and/or estinmated date and/or tineldf/88/®005

exhaustion of fluid. 66
vessel wall, whereby the first measuring grid exhibits a resistance change due to temperature
change that is compensated by resistance change of said at least one other measuring grid, but
whereby resistance change of the first measuring grid caused by true strain is not affected by said
at least one other measuring grid, and whereby the pressure-indicative response of said strain-

responsive sensor reflects only change due to true strain changes of the vessel wall.

127. The fluid storage and delivery system of claim 126, wherein the strain-responsive sensor

comprises two measuring grids in a half bridge configuration.

128. The fluid storage and delivery system of claim 126, wherein the strain-responsive sensor

comprises four measuring grids in a full bridge configuration,

) 129. A fluid storage and delivery system, comprising:

a closed, sealed fluid storage and dispensing vessel adapted fo be removably coupled with a fluid-
using semiconductor manufacturing process unit, said vessel being constructed and arranged to
retain a fluid therein for use in said semiconductor manufacturing process unit, with a valve head
on the vessel and a flow control valve in the valve head, for selectively dispensing fluid from the

vessel to the process unit for use in said process unit, with said vessel being

adapted for uncoupling from the process unit and change-out of the vessel when fluid in the

vessel is exhausted;

said vessel including a vessel wall with an interior surface in contact with the fluid contained in

) the vessel, and an exterior surface;

a fluid regulator assembly intemally disposed in said vessel so that fluid dispensed from the
vessel flows through the regulator assembly prior to flow through said flow control valve; and

- apressure monitor assembly disposed on the exterior surface of said vessel, said pressure monitor
R assembly including a strain-responsive sensor for sensing strain indicative of pressure of fluid in
the vessel, and a display module operatively coupled to the strain-responsive sensor for providing
a corresponding pressure output, whereby pressure can be monitored as fluid is discharged from
~ the vessel and pressure of the fluid in the vessel correspondingly changes with such discharge.
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130. A fiuid storage and delivery system according to claim 129, wherein said flnid storage and

dispensing vessel is removably coupled with said fluid-using semiconductor manufacturing

process unit.

131. A fluid storage and delivery system according to claim 129, wherein said display module

pressure output is a visual numerical pressure value,

132. A fluid storage and delivery system according to claim 129, wherein said display module

pressure output comprises a colorimetric output indicative of pressure level.

133. A fluid storage and delivery system according to claim 129, wherein said display module

pressute output comprises an andible alarm.

134. A fluid storage and defivery system according to claim 129, wherein said display module

pressure output comprises a wireless signal for remote monitoring of pressure in the vessel.

135. A fluid storage and delivery system according to claim 134, wherein said display module
pressure output is remotely monitored by monitoring means monitoring a multiplicity of vessels

including said vessel,

136. A fluid storage and delivery system according to claim 135, wherein said monitoring means
is selected from the group consisting of infranets, local area networks, wide area networks, World

Wide Web, and personal digital assistants,

137. A fluid storage and delivery system according to claim 135, wherein output from the display
module includes an output of remaining service life of the vessel to exhaustion of fluid therein,

and/or estimated date and/or time of said exhaustion of fluid.
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