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WO 2007/031835 PCT/IB2006/002480 15 CHEMICAL. STORAGE
DEVICE WITH INTEGRATED LOAD CELL BACKGROUND A wide
variety of chemicals are used as precursors for chemical vapor deposition
Wi 88 Tonductor industry. In general, the precursors foPRETB2006/602480
production of films or layers 10 on 4 wafer are liquids with a relatively low
vapor pressure at room temperature (<500 Ton at room temperature).
Currently, the precursor materials are stored in steel (stainless, carbon, or
other specialty alloy depending upon the precursor characteristics)
canisters that are sealed and leak-tight. Canisters may be utilized either
close to the chemical vapor deposition chamber, where they are replaced

that prowdes a source for the automatic refill of canisters at thelr pomt of
use. There are at least two reasons Whﬁlt is_important to monitor the

chemical level in a storage cat?ﬁ% SR s to ensure that there is

adequatédprecistsaf chenimoil afethled(aa@l@t&ﬁ*sﬁ@rpﬁff@ﬁﬁﬂi’m@ld@ﬁﬁi&ﬁbposﬁion in

thg 8 rrﬁyc%%duat%r i th?f Itkgn gﬁgl%} Thee %eec%?src])d ! oitﬁct?eea?g e ?or% cc))tufslms Of layers
maximum amoun the [%’GCUI’éOI’ emica p]rocess prior to

on@prating tHisuidaigte e Ehisvsbelamdvppin psﬁse@ts Bveral tsygepiee 6500 Torr
2t H e ERESR DN R AGRISIEN ﬁ%&ﬁ%@ﬁ&ﬁ%@%@d%%&%ﬂi%

material Is discarded. Thus, if a canister is replaced before being
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technlqu s for reducing waste have been attempted, including the us

AeROSHGH AR A AP SE RS AG RRATII D e PR vesr it 2o, or
inselistacitiysinteacttial pperat anspheweee. abbedithdefibofahaikasbackdo

th(=f= t§chnologles that have been currently implemented is that they are
Prot unlversally applicable to all types of chemicals. For 30 example, float
switchbgrgasy/ah bresiperatessenexjucias iiftlesapdeifiogitayibe obthncal level in a

sbigRaanhemealhanarsnaddiien, levshaensaratypiaallidleinete

provide a visual indication of the contents of the canister. In order to

CEFHAT M ABRISA Ja5E CEIISRPAUAOD S DORHEBIEEP 1o Bifesefigpréfigbe able to
uRabinmentandihesignals frem-thedevalsensarsrauskeidnierriniethand

canister. This second point affects overall system cost effectiveness. Once a canister has
been disconnected, any remaining material is discarded. Thus, if a canister is replaced

before being maximally depleted, not onty are materials wasted, but additional costs are

incurred in disposing of the additional waste product.

Verious techniques for reducing waste have been attempted, mcluding the use of
float swiiches and level sensors. No method to date has proved entirely satisfactory in
actual operations, however.

The fundamental drawback to the technologies that have been currently
implemented is that they are not universally applicable to all types of chemicals, For
example, float switches may not operate as expected if the specific gravity of the precursor
chenical changes. In addition, level sensors typically do not provide a visual indication of
the contents of the canister. In order to obtain information, the canister must be connected
to the tiispensmg equipment and the signals from the level sensors must be interpreted and

displayed on the dispensing systems computer or a programmabie logic controller.



displayed on the dispensing systems computer or a programmable logic
controller. 2 Consequently, there is a need. for a method and a chemical
storage device that allows real-time monitoring of chemical ti sage
regardless of chemical type. or phasg. SUMMARY A chemical storage
device and a method for monitoring chemical usage are described herein.
The device and method address the problems above by integrating a
chenfiesissidnd sanisterand @1oanateidntslond transportatle dnite T Het
allol0adaeliis canable-of sompensating fortheadded weight of ¢ }E%hrgeee
dispensing devices used in the semiconductor ind:ustrv. Additionally, the
load. cell continuously displays the weight of the chemicals remaining in
the chemical storage device, Thgsgifungtionalities are included in the
control logic of the load cell, which is integrated into the load cell itself, In
accordurtsVith adi Sakseticor thelrédentinvention civere s pravided a

descehemicalistorage device for.use inyaanuection with a dispensi ﬂgeq?é%%% a

comprising: a canister; a load cell integral with said canister.; saidloa
cherg it CBRTpFSITG & prote sclor drial el i plaiyirasontron gl Exébatablesi s
capSAbPERSGSIRR NDETRiN Sait conEallogic.causes faidy\oad cell. 1os Q) Jare .

the empty weight of said canister in. response to a. user input;: b) display
semprdyeight e st Tedst GRAeHEnihsaloatiadtc o saiavsaristelsh tbaigeight of
the displRYiC)}salibrate saich load eell affersaid dispensipg, device jg;attached

. to said canister such that only said. weir=ht of said at feast one chemical
melyghiBuhcsimeaid ddpraiytaitrd)cebntiius diepisd thie Weightorsaiae!f
in a@bleasto a%&ﬁ%mcak&@z%@'@@b@@é&z@%ﬁh%ﬂ“&%@&ﬂ[@%&%@% Wemical

accordance with, a. second aspect of the preset' invention; there is
storggliaeE 427 stHb BCBRHEIBIg chammreal uidagecesmprsifg: &) taringT:
loadiB@WRIGhL 0L an <eMRhLEREMICAl storage device that includes.an, integial fy;

load cell; b) filligég the chemical storage device with at least one chemica
contigldomiGrsighiads attadkimgars chemieat siorayroaavidects wudispenbingd
celi gevicerdiicalibrating:the: load cell.10.0mpensaiedor the.weight ofthe 1.y the

_dispensing device such that only the fill weight of the at least one chemical
welgRl displayey °76) Commabily hig asiivivig e weight sfmievarieasttone said
load chemical semaining.indhe. chemieal starage devicsThe oregoing has

_outlined rather broadly' the features and technical advantages ’
weight of said at least one chemical is shown on said display; and d) continuously display
the weight of said at least one chemical as said at least one chemical is consumed.

In accordance with 2 second aspect of the present invention, there s provided a
method of monitoring chemical usage comprising: a) taring the weight of an empty
chemical storage device that includes an integral load cell; b) filling the chemical storage
device with at least one chemical to a fill weight: ¢) attaching the chemical storage device
to a dispensing device; d) calibrating the load cell 1o compensate for the weight of the
dispensing device such that only the fill weight of the at least one chemical is displayed:
&) continuously measuring the weight of the at least one chemical remaining in the
chemical storage device.

The foregoing has outlined rather broadly the features and technical advantages
of the present invention in order that the detailed description of the invention that follows
may be better undersiood. Additional features and advantages of the invention will be
described hereinafier that form the subject of the claims of the invention. Tt should be
appreciated by those skilled in the art that the concepls and the specific embodiments

disclosed herein may
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of the present invention in order that the detailed description of the
invention that follows may be better understood. Additional features and
advantages of the invention. will. be described . hereinafter that form the

WEL K BEthe claims of the invention. It should be appreciaf&df BiAHoga24s¢
skilled in the art that the concepts anhd the specific embodiments

pediSERpaiNIEIN I BaY NP R AEH/H3 18 3o R6il 4 BRAPSA0RAB D3 DEFRRUY the

utilized as a basis for modifying or de5|f)n|ng other structures for carryin

SaEGIERoLH AEtR PESERs o dstivniA wiindemronliasd by thrss Hdliekindlg art

thinstoRsquekilled donitaibnth & SHIGRRAUNHERE GERSIIMCTeNS ARt ARkE eRat:th
. from the %Qé)ge, of the invention as set forth in the appended claims. 5

In B8 FPRBIEE CRIBTION OF THE DRAWINGS For a detailed description of
the preferred embodiments of the invention, reference will now be made

to the accompanyi ' i ich: Fi ' atic of an
embodiment of ?ﬁ%ﬁ@%&ﬁ%ﬁ%@mmemaﬂc of
an effodiniindsicacsneam e4 s oralie dbvid fimentyatdee ievmpératoronce
wi@mwm&&%&ﬂwé&%ﬁg azq\sﬁégaqﬂweﬁzof a load cell sensor;
of a method f

Figure 4 is a flow diagram 10d for monitor_i‘?g chemical usage; and
Figufé®1ié hitaArpariabn Brpautasint e bhesnd fiRiast AR5 scale
valuggeudENQ HATHMN AN bh NOMEMNE: AT MR LRIt IR s REEMSAG ated

throu%?out 1e following description and claims to refer to particular
R MPEIEREs. This document does not intend to distinguish
betwEgnrhitiparmestaithatdiffern sanedotihetdioaction. 20 In the

following. discussi %i the cla he ter s."inﬂydin vand
o g SO o edne ATl AL A
inter PtesetiXés meampaitsetudinesdrslineiuimitechysrtigngloy g e values.
"couple” or "couples" is intended to mean either an indirect or direct

electrical connection. Thus, if a first device couples to a second
NOTATION AND NOMENCLATURE

Certain terms are used throughout the following description and claims to refer to
particular system components. This document does not intend to distinguish between
compeonents that differ in name but not function.

in the following discussion and in the claims, the terms “including” and
“comprising” are used in an open-ended fashion, and thus should be interpreted to mean
“including, but not limited to...”. Also, the term “couple” or “couples” is intended to mean
either an mdirect or direct electrical connection. Thus, if a first device couples to a second
device, that connection may be through a direct electrical connection, or through an indirect

electrical connection via other devices and connections.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 illustrates one embodiment of a chemical storage device 100. Generally,
chemical storage device 100 includes a canister 102 and a load cell 104. Load cell 104 is
integrated into the canister 102 and is used to measure initially how much chemical 106 is
filled nto the canister. This value may be stored by the load cell 104, Prior to any
chemical being used, a dispensing device is attached and chemical storage device 100 is
then re-tared to compensate for the increased or decreased downward force resulting from

the attached dispensing device such that the display continues to indicate the initial fill
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device, that connection may be through a direct electrical connection, or
through an indirect 25 electrical connection via other devices and
connections. DETAILED DESCRIPTION OF THE PREFERRED

WERIBUBWAENTS Figure 1 illustrates one embodiment of a Ed rieag /002480
storage device 100. Generally, chemical storage device 100 includes a

wesaisier h02irnf-a1load crlkdfdmtaanehesllch0didea30 dalew atedaigdbas
canister 102 and is used to measur initiaé%ggw much chemical 106 |

OPRTRLEIE P @RLFASHBRORAIS DATHOTHES BE S RS RIS PRI 84 Bifor
cati@hRAY TEB &ticalipei ngthis eekraidispdnsingdemiorcisi attactied @mtinuousty

. chemical storage,device 100 is then re-tared,to compensate for the
BB e S G AT SE R R R el e
chelispelnsinggd évidee dh0Nhithidtithraclisplapicondinues tOliemicaketokaedritivichlf 00

s V]\C/e%%g%ﬁér%%% %@&EQ&%S%%%Q&Q&Q 4 weight. As the chemicals 106

re con chemica evice 100 changes its operating mode

and EGRisRIGASIE pustRsAWHE Welightiafaheabeserie ldm Halefithe
inteiSiRh Hasdrusyeiatefidhe ehemicals hoBimihe canisterohdZistitiments,

continuously displa%g%d to the user. The logic for monitoring the content
theialRt RESMEYFSRH AP BB ARHTEAN Stor Sy FEUROETTHN AR IR She 120
anf@RvRierkievige ashemikdlstiragaidevide fbthdscpiefaiablysdesigdedite
.~be easily transportable. Canister 102 is equipped with a plurality of.valves
BE A e R b S
Geherdbnibteval 02. o soinélembodintents, ville halisarefdbatedigerthe top

Pr&fefga %gé%%&@%‘e%%g @&9@&&{@3&&0@&5 I Y2IVE A20; g(ﬁgy%&aigag%es

valve 122 are cou e canister. In further embodiments, a thir

usediveha semisendseleupisitsaae e dpidiais B tRer Bl oEssBIfe s

JidGEnRBLatkie MonItorRgLuGeRelal, dhecvaluesspie ik it commysdeation
with the interior of the canister. Preferably, the valves are easily

AQUSRHE SHSEF A S LR te AR e Sty hEp SHErg eve s e fr bgeevard

sysemigonciustesindusicy $oisstofacitaseitanspotiatiampixamples of 15
dispensing units include without limitation, the CANDI systems.from Air
pie ol S R RS O e

cylioiniATl MhetheoGlsertigu gfd:asgzstg b Irony therStmgnlac memgvislb notfgAirl,

wif QA OCAELHPRNEYS AN IR0 S M NNER B SHHRRIR, the cmpty

3
geometry, however canister s preferably
canister weighs from about 2000 g to about 6000 g. Generally, canister 102 is capable of

storing chemicals in the weight range from about 250 g to about 200 kg, more preferably
from about 250 g to about 3000 g and in some mstances up to 10,000 g or more.
Furthermore, the canister 102 is capable of storing Iiquids, powders, solids, gas, etc.

In preferred embodiments, canister 102 and load cell 104 are made of metal. Any
suitable metal may be utilized. The metal preferably is resistant to oxidation and corrosion
and is capable of containing liquids, gases and solids. Examples of suitable metals inciude
without limitation, stainless steel 304, 3161, carbon steel, Hastelloy, Monel, and other high
Ni containing alloys, Elgiloy, Aluminum, etc.

Referring now to Figure 2, an embodiment of chemical storage device 200 for
elevated temperature applications is shown comprising a heating jacket 203. Heating jacket
203 is typically capable of heating the canister contents to a temperature in the range from

about 20°C to about 350°C. Furthermore, heating jacket 203 may be heated by circulating
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cylindrical. The cross-section of canister 102 may be rectangular,
hexagonal, octagonal, 20 triangular, etc. Canister 102 maybe any suitable
size. In typical embodiments, the empty canister weighs from about 2000
Vix@3taneieen00 g. Generally, canister 102 is capable of stomrgchemicaisss
in the weight range from about 250 ¢g'to about 200 kg, more preferably

. out 3000 d jn some instances up to 10,000 g or

A eI SR T Rt TR T
eHRRAars, cootitpleg dsregtda2Shintprpkentec: eftkodintenisooalisiahdAR)ante

laad el 10 {Mﬁc : itab| tal. may be utilized. Th
temgggl prefef}ei%:i%is resisgt)an %%Iﬁ%?ﬁ# ﬁ%%o?rg%ggng%ﬁefféjlgggeé%fé%ﬁm
AR HRiR, (§3deey e detlbde Exaatisemenns sitapie fretadstinglde
caﬁiﬂf@@bﬂfﬁﬂ@ﬂ@ﬂ)ﬁ@éﬁlﬁﬁ%@fﬁéﬁi’:ﬁ%l1@(%%1%?%%%&&@%@&@%%%6

Mlon%larg%_other h_i{gh é\n %:ontalnlna%alloys, Elgiloy, Aluminum, etc.
VRE RGO B RiGErS ISR BB EHIRR Hcoeerbnhadvsts Fegtngasicavzamed
arfomdlevededtte bygigrature applications is shown comprising a heating

jack ting.jacket, 203 i ically capable of heating the canister
o A R B A esee oama ssein. Ao
infyiptingr mgrsiahwatifg fasriose@bGweay the bedteti bydaieulaiing Werevent or

20Q7% RCT/ id.or resistive heating elements, .
el e 00 2 oo o e Eo e e
mpfenadee freaain pva e Biennidiebo Aremme(ploteshiSpmy gy has a thickness

intenpaatuf ekcanirokendnay é@%@)&&%&? r!:‘ﬂ:?%ﬂrtﬂ A& b skl )@1&% Whre
ufse%ﬂto rﬁ%ula teﬁr)eé)erature. Canl‘s.ter 02 may a_lso include any otfier
PrEAEARY BLTTABIRBE RETRAY (HOWerehidkrEamiamiater e tesipmeprise any

sutmbipgmwms EK&mndﬁs@i,Qﬂhefhﬁuiﬁ@w %ﬁmﬂ%@ iﬂ@!ﬁ&‘i‘eﬁs with %tuki%"@éé%&s

r rs.inserted into the canister pody or heating tape wrappe

e B R AR S i LA ol P aengporens

mapEislralgnsutatétfebs. canidtert 82reA nuibsiitating, atesial T083s Beintained
dig) %ﬁﬁ% 0 the canister to prevent or 10 reduce

. the%g?%ngision [y tﬁgét%’f%%qgg C%ﬁ.uf?'l&cjﬂ é%ecific embodiment, the
insulaBitfhceh dfisiames GreblaimiceplhraR05 (Figireo2pe Theiveratliewplatsat the

aioRdHeiessbhehasA thickness,d out 1/16.inch to.abou
’ inches, preferably at least abouté O/tlg%]%ﬁ%nﬁo%g‘g%gfg?g%ﬁlgﬁefg%slf’%g%%ﬁ04

MG LARSE WS RreEPaths elepasnic (e tos healrdbnsprisledarioslitibl®4 may
be thiokleass cAliernatively .aihaesutablensuialipomiagials.maype used

Alg%saiggéy, load cell 104 may be removably attached to canister 102.

Figure 3 is a schematic illustration of an embodiment of a Ioad cell 104. As shown,
the load cell 104 generally includes a processor 210, a memotry module 235, a battery 240,
and a load sensor 250. Typically, the load cell also comprises a battery 240 as its primary
energy source. Battery 240 provides power to load cell 104. However, load cell 104 may
also be connected to an external power source if necessary. Preferably, battery 240 has a
capacity to last at least one year in normal operations without recharging or exchanging the
battery. Examples of battery 240 include without limitation, a lithium ion battery, a nickel
cadmium battery, etc.

Processor 210 is generally a low-power, mixed signal microprocessor. However,
load cell 104 may include any processor suitable for implementing the functionality of load

cell 104 as explained herein. Processor 210 preferably couples to 2 memory moduie and a
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15 ceramic. Examples of other suitable materials include without

limitation, nanoporous materials, polymers, fiberglass, etc. In preferred

embodiments, load cell 104 is maintained at a temperature ranging from
WALBIGT/48E3f0 about 60C. Load cell 104 is preferably integraPUkHRAOtMR2i50

to the canister 102 such that the cahister and load cell form a single

t it t
SRR lkdproms Enesients eadenl Lis 20200430 500
neneyolfd coapled tEheaisteslaide Byl man AR Hintarimgrbolting,

ASEHEWRBICHASIRAt el JRAd selbAdday ReramovablyratiachedeiQss

canister 102. F AZﬂure 3 is a schematic illustration of an embodiment of a

megarrdiAbg. Alarsymodue 19ads A esigEndR gt Aegb Logipidssor
axebicd mq&mmweﬂﬁﬁ conbRltRy 24y 2Dl i Bilear SeHSDE @DQuring

S R AR T e
eﬂMtadaiuealt;oﬂmﬁhamente@dﬂmmwymlqopwértcstimmeiafﬂwanesmyﬁoz -
ki) %%r battery £40.ha rﬁ‘erﬁ%%%é)é& L 1At gl least, é%'&‘%g&é:fe 0.eImaly, e

opera lons without recharging or anging the battery xamples o
irhaatenn2ie:dheiigs oithooatinbtathervaalsigtiovntint rddepdadiickel 30

cadmiym AN &lfnkr ﬁQ%%&%l? %94'% ?ﬁ%’é@'%’cﬁs{ﬁé@ BONVEoBeind 3).

signal mlcroprocessor However, load cell 104 mai; include any processor

DisabRGH RrSHAR R G saRarbR syt RSB Riaisw s pidiedo 01 8
pRefain. Rresesse 2dlprefeiablicouplesdaianeonymad dismenehboditents,

R .

dmﬁamd@{) e shon-olalke] nedin Myg'ﬂmy@bmﬁﬂﬁe Eilasht i meight Vaiu& in

ar'?‘c!%ﬁrp g}'Elve étgg aZU/J@ 1mer§b8v\(rl\q}@ﬁoa%m8f éﬁéﬁlta I*?e%& torg mode.

fandom aceess m emory mo is tised 16
Im@d@@re@&ﬁd@i}hﬂ@ic&ﬁﬁﬁ%@»@é@m@d w@m@m@mm@@hm evice
1iRgic may be loaded into load cell 104 during manufacturing. The control

logic may be loaded into non-volatile memory and either executed direct I

from fHeihSFHVNABRAFTEBNERBT S Fistrtdnine dotie e3P eiRbRAF foreypad.
k@y@@m m@mﬂ@ﬁm{@ﬁmrpﬂmm@ﬁdmﬁ@i@ia?ﬁmammme&&ﬁ@Fsﬁe

Qg dn e, intal compined weight of e SN er, S CNSIEL o
buttons. The keypad enables a user to manually tare and calibrate the load cell 1062. Other
functionalities may be operated by the keypad. Alternatively, user imput device 230 may be
a touch screen on display 220. In another embodiment, user input device 230 contains a
locking function such that inadvertent interaction with the device will not activate the load
cell.

In firther embodiments, the load cell 104 comprises a port that is capable of
transmitting data to an external monitoring device such as a computer (not shown).
Examples of ports include without limitation, a USB port, a serial port, an infrared port, a
Firewire port, an Ethernet port, etc. The external monitoring device may be any suttable
device capable of recording and storing data. Examples of external monitoring devices
include without limitation, a computer, 2 personal digital assistant (PDAJ, etc. In other _
embodiments, load cell 104 comprises a wireless receiver and transmitter. The wireless

receiver and fransmitter are capable of receiving and transmitting data wirelessly to an
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10 In further embodiments, load cell 104 comprises a display 220 (Figures
| and 3). Display 220 is preferably but not necessarily capable of
displaying weights with up to 0.1 g precision. Generally, display 220 is a

WGt ¢A8tal display (LCD). In some embodiments, display 220 AG#}02480
shows the different operating modes of load cell 104. For example,

exdlisniay 220 mavishew matieadiselh 04 s dorkesd with.the.qurient fillq cen

weight value. In. 15 another example, display 220 may show that load cell
10 722 TRARTeHSGU AP RSIERTIG SRS, 2 IR St odiments, display 220 is

locateehandhaegerianab ﬁiﬁﬁﬂﬁ%&%%éﬂﬁ&i“ﬁp&@@-I(()‘F@x%ics?%'_lﬁ_ﬁk%%ight

generally. comprises.a user input device such as a keypad. The
R e e b SRR
engrobodineg his] tees2Q Keypaghisiochlechisioms éciissadiRonSng WhakeMent

[ I jan:of. the, keypad buttons, The keypad enables a user

s B R o e R
copmgiserarett BlphireKesaistanobtidensisty, indépdal RIVEEHeA2BOMHRAY, fe. a
AllonehererpOR dispiay B2 AQhGEERRONIMeRL JHABEINRYT BEMICE 1 ce

230 contains a locking function such that inadvertent interaction with the

SRR FHEO R e tRBITgEM S5 ackiian S rotthe Membdenierits; thedisiagally,
wigRlldQKseamIivas ;@s&@fwﬁadaks&s@m*m@igﬁiﬂga{}@ %Iﬂgﬁﬁ;&g&ﬁﬁ‘sm}r tos
external. monitoring.device such as a computer (not shown). Examples o
PR RERTOE H TTT A DEo GTOH SN W TPt
ragikgrevriTelpait] ancdiverried porticptadier dienplinopiioningeryiee may
i ALAvBRledQdenios capable pliecordng and stornd data s veion
Examples of external monitoring devices -include withou lifitation, a
rengspliefceise reperifienyitaload sistnt2@Dyy)edtoitily othelearhbodiment &om
abiRRdseedl 0 COmBIaRR A W/iiglgsS receiver and transmitter. The wireless

receiver and transmitter are capable of receiving and transmitting data

wire <GS SRS DB 7R 5198% s q S5 G0 BTie A 80 couplad in gpnister 102

(ezﬂb@ﬂii@émga&&mﬁenﬁdﬂMe@hﬁéﬂﬂ!@iﬁé&ﬁ%ﬁ?&%&m@yiﬁ@lﬁt‘iif?{gtlt_l%ﬂgﬁcbzo,
N1 ia a remote user. jnput device such as a remote control, Loa _
e e e T TR AR e

Sensor
Thevithieutabominglinte physided contattanity #16 coitehtschbeanistar 198 In

wa?gﬁsfg r;fﬁaﬂjis disconnected when chemical storage device 100 is transported to a different
location.

Figure 4 iltustrates a method of monitoring real-time chemical usage by a user. For
ease of discussion, the following description of the method refers to the same reference
nurabers used to describe the embodiments of the apparatus as disclosed above. Generally,
the method initially comprises providing a chemical storage device 100 comprising a load
cell 104 integrated to a canister 102. Referring now to Figure 4, the method comprises
taring the empty chemical storage device 100 in block 301. After the weight of the empty
cenister 102 and load cell 104 is zeroed, a desired amount of at least one chemical is then
added to the canister. Generally, the chemical is added through inlet valve 120 or valve
124,

The weight of the empty chemical storage device 100 is typically tared via user
input through user input device 230. By way of example only, a button on a keypad is
depressed to tare the load cell 104. Afier taring, load cell 104 measures the weight of the

added chemical and displays the weight of the chemical contained in canister 102 on
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5 embodiments, load sensor 250 comprises a Wheatstone bridge sensor.
The Wheatstone bridge sensor may be manufactured in-house or
purchased commercially. An example of a commercially available
WIHHBAEER bridge sensor is Model PW2GC3 from ICBM, |XE:1/1B2006/002480
Alternatively, load sensor 250 comd‘rises a capacitance measurement

GisgERSn CEPRAIA0EF ARG Ok seRsOc AR YA AL ORI

>ensors, Inc. in California. Additionally, 10 while load sensor 250 is
candsistel @by capabn BrwRegHiRl theitortdhievahiny capistdhe AV §Srbtisibit- oF
120f @Ewmﬂmﬂ@@e?g@ agqg;aﬁ@ﬁéamﬁmpg%@@,frgwwé@rcbigﬁ ‘i%fﬁransported
recigion, ranging from about 1 g tg about 0. , depending on the
o AN TR A KA BT e e T L o e s e
nsssensing aceunatetyeacresssthecopirhtingalei Ghierrand etab haeleavcrl( is
Specifically, load.sensor 25Q is preferabl able of measuring from .1
e S A I RO R IERRR (0 Dt
mnfloadtsenisdeds0 & stnmgral bﬁ@@@lbﬂ@@maﬁ%téiemﬁﬁe@lbwmmf ot
car V¥R IS cRbedimeni. an xR alsRREli e ncliding, 9@9&@&3@%

processor 210, user input device 230, and memory 235 is connected to

SXIFREP CHIPEEH SUH IS AT PRlsRtes T aI B oRE B TP B fTER & e Tolig BB vegeht

an@RRIWhesithR waemicals are to be 20 weighed and is disconnected when
i laPto a different location. Figure
e

chemjcal storage device .1Q0 is transport

2 1ICIFHS E PR BF AL ARETRSG T ke BHASRTESF BB B gBRce:
by Heragasprofdikdugsionththe fodipivie paescfiptiomaf shénraetho dutefiersites

he.sa ref numbers used to.describe the embodiments of the
Billna b dptidto it et g Stk edd LS
sergigmmoristes mdwsitintyel witkdrivalastbdigendesstembols Smprésim eepnicrami uctsit

fabtoaiHCBAARY 102 GAUSIGE, 1ALmREMSISING IO fi8 H{%‘éx BAREINQh; ont

comprises taring the empty chemical storage device 100 in'block 301.

gain s ihEGRRIBROHHE & Bé;s watirstar an AR TGud festr rouldnedioed, a

applesireameuntotial daaskonerehemicaldathesmanges 10:4hs GARIsiel by the

. Generally, the chemical is added through inlet valve 120 or valve 30 124.
IS 0y BB L B SF L MG S TOME 0 RpTea ey
us@nmmllyﬁmﬁg Inotmgrﬁﬁap el e(;}:iir% aﬁcﬂ)vﬁy?wﬁ(?t@frief?}fn m&@ﬁiyc_tahe inlet

utto n ey | epressed to,tare t e lpad,ce . Aft arin
o O e B e R S W R B Bt
thetimelieitpmesksbrscive diftahsop thindeimaanBie pigdiohave a certain amount of

flexibility in order to adapt to slight variations in canister sizes and to make the exchange of
the chemical storage device easy. Due to the flexibilify that is required, the pigtails exert a
force on the chermical storage device (interpreted as weight) thereby changing the signal
that is read by load sensor 250.

In response to a user input, i.e. depression of a button, load sensor 250 is re-
calibrated to compensate for the added weight of the fittings in biock 309. Thus, only the
weight of the chenricals or materials i the canister 102 is displayed on display 220; the
weight from the added fittings is not displayed. Alternatively, load cell 104 automatically
compensates for any added weight from the dispensing device after the dispensing device
has been attached without the need for user input.

As camister 102 1s depleted of its contents, load cell 104 continuously measures and
dispiays the current weight of the remaining contents in block 311. Furthermore, an

external monitoring device {(not shown) may be connected to load cell 104 via a port such
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WO 2007/031835 PCT/IB2006/002480 8 display 220 (see Figure 1) in

block 305. One or more chemicals may be added to the canister 102.

Generally, the chemicals are added through any one of the valves 120,
WIB0HP3I24. Once chemical storage device 100 is filled withP€HélBzSiFO6R480

chemical, it is transported to the end user which is typically a

] ctor manufacturing facility. However, the 5 user may be an

B O R R G eordea
In gy pmbodistenti thelesteih sl sighitdisgldgece ot sptanh@aBalmsge over time.
ARmkadiyant dieweishhibiRireie B iRskEd ataednadselh,

‘memory 235. Generally, the weight of the canister contents is locked in
wirgepdhse to a user input from the user input device 230. For example,

anothateRuHon PRy SapIASSaSHR Aoy 861 IR HEMEsID s e 8l 13,
weight 10 and lqck the displayed wejght. The user receives chemica
the ey £5

I
& eVite" 160, Ahy"e PERsingrRAEC By RESIsAD ridte
10fitnigs:otm¢biedppt chipate painbthéisessuafasdnlband opteidmi@sntals
in hlo /. The,dispensing, device is typicall device or to
e B T S S B L SR e on
sitgFeirubisddingse ba dscoimontidctr s atmckeidinmeDiayfogd b dddnetifes 2
usENEMICAIARAM AP SO MDA EXBRUENES AMEION, ARSI HNEch as o
weight of the fittings, as well as any downward force resulting from
beeh plAn BT eHE IS 65 ARt amEta? PTomaatTRd Waigreconthe trohinme device
andorcacexerded Mﬁh@nﬁ@'gans of the dispensing units that are used in the
semijgconduyctor.industry. The pigtails are usee{ generically herein to
descrfb Li%\%} fﬁB%ﬁaf% DEIRAOS THATHRG- (R tPH et tHE e 3Rl are
praxtidudtlet valves of the chemical storage device to a fixed valve manifold
that performs the functions necessary for dispensing the chemical. The
pigtails have a. certain amount of flexibility in order to adapt to slight
EXAMEISNS in canister sizes and to make the exchange of the chemical

Loézzocrg%ézﬁwgﬁzgﬁ};x@%lgec&mﬁzﬂf%ip&l&% Ialisteayired, the pigtails exert

a force on the chemical storage device (interpreted as weight) thereby
charftyfigith Sidhan sueraies lnsd gl Tonmlawsser 280f mveighonde. td ke
catISer m@llb%“%mh lﬁﬁﬁd(ijgldlﬂfl B %E@?ﬁﬂﬂ?gléﬁﬂﬁo N %ﬁaﬁ%@%@? 180
compensate for the a weijght of the fittings in bloc . Thus, only

the it .éﬁ?‘eﬁgﬁ& Whebe %&Hﬁﬁ%&éﬁi%‘feﬁéwggrgyed

evapomisplay 226hdhes it passed through the container, Weigh scale readings and load

cell readings were taken at specified time intervals. Results of the load cell values and the
weigh scale readings are shown in Figtire 5. Results show that the load cell values
accurately match conventional weigh scale readings demonstrating the feasibility of the

chemical storage device,

BEXAMPLE 2
Chemical storage device for elevated temperature applications

A prototype chemical storage device comprising a heating jacket was built for high
temperature applications. The canister was constructed with an outer diameter of 4.5 inches
and a height of 6.5 inches. A heating jacket with a thickness of 3/4 inch surrounded the
canister. A 3/8 inch thick ceramic plate was disposed between the canister and the load

cell. Weight measurements taken at 170°C showed no change when compared to



weight from the added fittings is not displayed. Alternatively, load cell 104
automatically 30 compensates for any added weight from the dispensing
device after the dispensing device has been attached without the need for
Wisepiripte3As canister 102 is depleted of its contents, load cetlih®4eos00z486
continuously measures and display¥ the current weight of the remaining

ntents in block 311. Furthermore,.an external monitoring device (not = .
A NG TN LT Vb P FBRPSEH BFCeasiony of wing
the 0BG 8RB RGIENR2 00BH0RAe @uthat weight data is continuously

ransAtBhipd0G LA RIMAN LN RARE ANMIEE R Gt A 1y dorart 1
embodimenit, the' external monitoring device plots the ¢ emical usage Over
shgld benrndnginod Kratnerious Phansnositotiteidey ke ebemtiomicate davithdhe

hdRatheribdepatialesely. : ' .
) redete‘i%mine% set point ineﬁﬁgg?%gﬁg%ﬁ%%%gg E%rﬁamge ggéllgg?g’}%@ﬁ%ﬁms.

Lighile 1ot SMRBtalecrisrafiyeenanticalasrdg e évrased opraguire that the

stafisbopadoteddudishipnid dotanotbatiletation oy sefling:dydysresidual

o0 %QPIL%%%H{E?XIP 1gersrggved before refilling. In an alternative embodiment,
the canister 1S refilled ORe site without needing to be disconnected. In
further embodiments, load cell 104 notifies a 10 user that a predetermined
set point has been reached by emitting an audible sound such as a beep.
The predetermined set point may be programmed by a user via the user
input device and stored in load cell memory. To further illustrate the
present invention, the following non-limiting examples are provided: 15
EXAMPLE | Load cell measurements versus conventional scale
measurements A. canister with an integrated load cell was placed on top
of a weigh scale. The canister was filled with about 300 nrL. of isopropyl
alcohol. Nitrogen was introduced into 20 the canister through an inlet
valve and vented through the exit valve. The nitrogen evaporated the
alcohol as it passed through the container. Weigh scale readings and load
cell readings were taken at specified time intervals. Results of the load cell
values and the
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weigh scale readings are shown in Figure 5. Results show that the load
cell values accurately match conventional weigh scale readings
demonstrating the feasibility of the 25 chemical storage device.
VWIDANIPRIESD Chemical storage device for elevated tempera®Rf&/IB2006/002480
applications A prototype chemical stbrage device comprising a heating
jacket was built for high 30 temperature applications. The canister was
constructed with an outer diameter of 4.5 inches and a height of 6.5
CinsABE: A heating jacket with a thickness of 3/4 inch surrounded the
 canisiepy by3l5 H?SJ%Q k‘fé%&%@%%&l@&%&(@&ig!?%%dd%ﬁ%ﬁgg %@c%?n Ister
and the load cell. Weight measurements taken at 1/70C showed no
CERRIgEEWhen compared to WO 2007/031835 PCT/IB2006/002480 10
measuremendgqiaen at room temperature. These results demonstrate the
feasibility of using the chemical storage device at high temperatures.
Although the B8SE R RRAS AR & AT TAG B8 h AR 0BENRIHRS aRSRErTReT
detaibniél sstieplke e understood that various changes, substitutions and
alterations ma blel made 5 Qegfein vv_itl’g)ut departing from th Sco of the
invention as de Fne%gt?yeﬁ%uaapp%ﬂ%é% Ame: Oll_’il?év‘?ﬁ%léi, e %Cénq entrar causes
recitatigthierfdsteibsoin the claims is not intended to require that the steps be
performed sequeryiall. kgl &-RAVIEMIAESIe0 BE CORBIBISABGIONG o yoer
commencement of another step. 2007/031835 PCT/1B2006/00 488
11 CLAIMS: 1. A &#hnical storage device for use in connection with a
dispensing devicepycompkiging - aveanistes: fdeasheelldptedrabitnsaid
canister, said load cell comprising a processor and a display; control logic
executable on saiddHEERLESHHHSER said control logic causes said load

cell to: c) calibrate said load cell after said dispensing device is

attached to said canister such that only said weight of said at least
one chemical is shown on said digplay; and
d) continuously display the weight of said at least one chemical

as said at ieast one chemical is consumed.

2, The chemical storage device of claim 1, wherein a plurality of valves are coupled to
the canister, and wherein each of said valves is in fluid communication with the interior of

the canister,

3. The chemical storage device of claim 1, further comprising means for heating said
camister.
4. The chemical storage device of claim 1, further comprising an insulating layer

disposed between the load cell and the canister.

3. The chemical storage device of claim 4, wherein the insulating layer comprises a
ceramic plate.
6. The chemical storage device of claim 1, wherein the canister and the load cell are

made of stainless stesl.
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10 a) tare the empty weight of said canister in response to a user input; b)
display the weight of at least one chemical added to said canister on said
display; c) calibrate said load cell after said dispensing device is 15
WatheHeH ¥85said canister such that only said weight of said RUEAB¢r|E2450
chemical is shown on said display; ¥nd d) continuously display the weight
of said at least one chemical as said at least one chemical is consumed.
20 2. The chemical storage device of claim 1, wherein a plurality of valves

7. are cohpstertsatieeanidtsicoa e felhetsdn e sanistpaisesnatils Abid

coRPImmLRIgataNWilhiithe ingerior of the canister. 3. The chemical storage
device of claim I, further comprising means for heating said 25 canister.

4. The chemical storage device of claim 1, further comprising an insulating
8. layerTiispesed hetweeddties oadaell andidhenchpistar .30 forfibe cherhiasd
b‘ﬂg,ttf:ﬁorage device of claim 4, wherein the insulating layer comprises a

ceramic plate. 6. The chemical storage device of claim I, wherein the

canister and the load cell are made of stainless steel. WO 2007/031835

PCT : To i Hgl gﬂl e

7 Wherllé%g %%%c%%ﬁége%%s% %g%g rllggitgl%%tgzjﬁ%}n%’%gﬁquiéé, %aso id, o[:rqi'gl}l aggseé, ¢

mgnqHackainksaid fadee dewes ot claim 1, wherein the load cell further
comprises a battery. 9. The chemical storage device of claim I, wherein

the load cell further comprises a _memory module coupled to the

10procdleshonrpebsiamgcdrsirtcl ditmberaatitetin ahreh firfstdnmeses 2
ust@asheeflfaether comprises a

11.  The chemical storage device of clatm 10, wherein a) occurs in response to a user

input from the user input device.

12, The chemical storage device of claim 10, wherein c¢) occurs in response to a user

input from the user input device.

12, The chemical storage device of claim 10, wherein the user input device comprises &

keypad.

14, The chemical storage device of claim 9, wherein said control logic further causes
the load cell to store the weight of the at least one chemical added to the canister in the

memory module In response to a user input.

15.  'The chemical storage device of claim 1, wherein the load cell further comprises a

load sensor coupled to the processor.

16.  The chemical storage device of claim 15, wherein the load sensor comprises a

wheatstone bridge type sensor.

17.  The chemical storage device of claim 15, wherein the load sensor comprises a

capacitance fype measurement SEnsor.
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user input device. 11. The chemical storage device of claim 10, wherein a)
occurs in response to a user 15 input from the user input device. 12. The
chemical storage device of claim 10, wherein c) occurs in response to a
Wk implsfrom the user input device. 20 13. The chemical Storagesolesiesso
of claim 10, wherein the user input dévice comprises a keypad. 14. The
chemical storage device of claim 9, wherein said control logic further
causes the load cell to store the weight of the at least one chemical
13ddedhe thentedisterge tesicSinkemol{, wbelsle iniddspdrsadoinwmpealle of

a0t 08 SNEIERLeIRATB R ASe L olaim dowhetein the load cell

farther comprises a load sensor coupléd to the procesSor. 30 16. The
chemical storage device of claim 15, wherein the load sensor comprises a

1wheatsiopg.hrids:iyng seneobrLidne chepicAlsiarnaeseyice aholain:

15, wherein the load sensor comprises a capacitance type measurement
MEATEBIE WRFHG0 Hrs 898 PERPis%dd6/002480 13 19. The chemical
storage device of claim 15, wherein said load sensor is capable of
2 easkrzixqghvc\)? Q{hélgl]littgenr a.lc gee firco usaelbO%E)251leg11tq about 10,000 g. .5 19.
he chemical storage qevice of dam %%, Wheteirrsaid load sensor is
capable of arastinteighbighetosanpredisiviva bmbamst @i, (RE. Achdthad
of mQH{E%Eg!%ﬁB%QPfFal usage comprising: a) taring the weight of an empty
chemical storage device that includes an 10 integral load cell; b) filling the

chemli¢al stérdige Bevkenisrhstartaasievice wibmfitastoue filewisighio & fill
attackjpgihe chemical storage device to a dispensing device; d)
calibrating the Ic%lad cell to compensate for the weight of the dispensing 15

devic® suchRSPBSIPRRAHIGRRINEEE (ryist leadiBraTrersasaris
displalyed; calibrating the load cell to compensate for the weight of the dispensing

device such that only the fill weight of the at least one chemical is displayed;
e} continuously measuring the weight of the at least one chemical remaining in

the chemical storage device.

21, The method of claim 20, wherein the chemical storage device further comprises a

display, a memory module, and a user input device,

22. The method of claim 21, wherein (b) further comprises displaying the fill weight on
the display. '

23.  The method of claim 21, wherein (e) further comprises displaying on the display the

weight of the at least one chemical remaining in the chemical storage device.

24, 'The method of claim 21, further comprising storing the fill weight in the memory
module after (b).

25. The method of claim 20, further comprising transporting the chemical storage

device to a semiconductor manufacturing facility after (b).

26.  The method of claim 20, wherein (a) is performed in response to a user input.



e) continuously measuring the weight of the at least one chemical
remaining in the chemical storage device. 21. The method of claim 20,
wherein the chemical storage device further comprises a 20 display, a

VWaeMoiztidule, and a user input device. 22. The method oPClaiBe@®k;002480
wherein (b) further comprises displdying the fill weight on the display. 25
23. The method of claim 21, wherein (e) further comprises displaying on
the display the weight of the at least one chemical remaining in the

2Ghentitasetired ef dénio @0 24hdhie Mmpthped fofokadim 2Sphmsth er cosepinping
storing the fill weight in the memory module after (b). 30 25. The method
of claim 20, further comprising transporting the chemical storage device
to a semiconductor manufacturing facility after (b). 26. The method of
claim 20, wherein (a) is performed in response to a user input. WO
2007/031835 PCT/1B20061002480 14 27. The method of claim 20,
wherein (e) is performed in response to a user input.



