; MNe3eL@=Lh SSURE QUARTZ GLASS BUBBLER AMPOULE AND ASSEMBLY 5
BACKGROUND O%@W@‘“@M& 1. Field of the Invention This inventio
relates to a anpoul e and assenbly for contai nnent and shi ppgﬁﬁf?@?ﬂ?
toxi ¢ and corrosi*9¥®® quid chemicals; and nore |10 particularly to a bubbler
ampoul e and assenbly for containnment of ultra high purity liquid chemcals
that can develop relatively high vapor pressures. 2. Brief Description of
the Art 15 Many manufacturing processes utilize high-purity liquid
chemi cals which are entrained in a carrier gas for such procedures as
seni conduct or wat er dopi H@H\&&EﬁSUBEMAR'BgGLA@ﬁeBUBﬂLE&:e et chi ng and
cl eaning, and the like. These AMRObLE ANDIASSEMBLYeni cals are shipped in
and di spensed from high purity containers cormmonly known as "bubbl ers", due
to the 2 0 nature of the dispensing process. The bubbl er assenblies are
commonly forged from hi gh puBACKGRGUND OF PHE INYENTIONSi | i con, and
non-reactive polyners, anong other suitable materials. U S. Patents Nos.
4,140, 735 Schuracher; 4,851,821 Howard et al.; and 4,886,178 G af, all
descri be typicah, |i crjbld sfithgiwaintionbbl er assenblies and systens that use

g bbl er assenbl

liquid 2 5 chem cal bu i es. Li quid chem cal bubbl er

assembl i es are used THis inbéntion! reRYdste aBUBBRE ampolildtandl £88Mmblydsr Of
sem conductor wafers or other conponents. The liquid chem ¢al is disposed

in a sealed CO”E@ﬂtQiﬁg'reni afd shiéﬁlﬁg BreRk¥nd e’ Hquid'BhérickBCanddRsrean

anpoul e and inlet and outlet valVves. The anpoule Is provided wth an inlet

neck that | 5o CORRREEH o0 Bt belicmid esehiBl! oPBorBRHTbAdt'0 2 car e

gas to the anp whi ch di ortion ext ow t he surface of the
chem cal in the _— FeXcreToll) el : neck from

whi ch a gas strggwgﬂgﬁlqwg@geén Sgﬁﬁéﬁ@@ﬁ%@ﬁ%@ﬁ@%ﬁ&@hem_ cal is fed
to the wafer prpeessing 1 o station. The carrier gas streamis passed

t hrough the inléet neck and enters the liquid chenical below the surface of
the chem cal, where it bubbles its way to the top of the liquid chem cal.
The bubbling action creates an upper area in the bubbler assenbly that is

ol ut ron i thef ar peromerERBRBAREA 112 22 ol Th ough the out Fet
the chomi cat®i & oxpdtat)rafRELEhs bRoRiARTaH ipfPUfy gichbmical™. CTTCE,
val ves thai  ar oW N ke PAfaiied i eatife i SSE pROBRNISS FBridrkBel” {1
asSonbly. The plpter Sapas. el ot Eaiel SHplcRfednd BATHEATIRLTT, cai ¢
systens | ncl UdetheqﬁT(B.nQ'hgéé.'ﬁ‘lE;ﬁﬁpugﬂy Ii%quid]t:'htemié‘é@ 5}5%%};)%%9% aﬂd digpensed

from high purity containers commonly known as “bubblers”, due to the

20 nature of the dispensing process. The bubbler assemblies are commonly

formed from high purity quartz glass, glass, silicon, and non-reactive

polymers, among other suitable materials. U.S. Patents Nos. 4,140,735

Schumacher; 4,851,821 Howard et al.; and 4,886,178 Graf, all describe

typical liquid chemical bubbier assemblies and systems that use liquid

25 chemical bubbler assemblies.
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di chl or oet hyl ene; phosphorus oxychl opi de; boron tribrom de; and the_ydﬁﬁ. -
9 APR 2p0 Sone of these chem cals devel op high vapor pressures while¥i Vi)
<use, and hi gh- pressure vessels are needed for containnent. This is
particularly the case with the nore corrosive chem cals used for etching
and cl eani ng sem conductor wafers. One problem associated with the

di spensing of the aforesaid chenmicals relates to the strength of the
bubbl er assenblies 5 which house the chenmicals, and their ability to

wi thstand rel atively, hi degrees of pressurizatiqn w thout breaking. This
is a particular pr oﬁlq&lﬂg‘a)ﬁgHgﬂ'ﬁagﬁ%%%P@ﬁﬁmﬁe Lﬁggf'b%‘?étﬂﬁqw?ﬂn hi gh purity
quartz glass due to th naéﬁég of .t he chenicag? theﬁ w il be c?ntaining.
Typi cal fl at - bGPRBIFES BPS on\Af semigendusian wafers o RIhERCHIPINSMuart z gl ass
are capabl e of 10 bejng pressurized to pressures in the range of about
fifteen psi to d§diguidhemical sdisprsed ina serled catainer, ifodheibyrble ghl y
desirable to have a |iquid chem cal bubbler anpoul e and assenbly which
coul d wi t hst ancRSEeHRYr Whichdnalides aianmrayle sng istet and outitmpives TIMMVARY OF THE
I NVENTI ON This invention relates to a |liquid chem cal bubbler anpoule and
assenbl y whidch ampaidshisipgevides with ar inled neek st is copnegtethtn ahallaw diRer i nt er nal
pressures w thout bursting. Bubbler anpoul es and assenblies which are
formed in accortdegmpertion fof admitting aearfier gas tosthe empoulse whichdligtubei | i zed as
high 2 o vapor pressure chenical dispensing containers. Bubbl er anpoul es
fornmed i n accormddinneexignds hefow thersugface ofthe cbemibal inrthé ampoulkedkeand an
outl et neck, and a chem cal tenperature-nonitoring well. The walls of the
anpoul e are cordmppulecalss inchsles anautietmesk fiom whick agas streamhtbatd@senbl y so
that it can sustain the necessary higher internal pressures generated by
the 9 APR 2002 higen satutited 2t zhe liquid chemical is fed to the wafer processing
10 station. The carrier gas stream is passed through the inlet neck and enters
the liquid chemical below the surface of the chemical, where it bubbles its
way to the top of the liquid chemical. The bubbling action creates an upper
area in the bubbler assembly that is saturated with the chemical entrained
in the carrier gas. The saturated solution is then drawn out of the bubbler
15 assembly through the outlet neck and fed into a high temperature
processing zone, or the like, where the chemical is exposed to the
semiconductor wafers or other components to be treated. The inlet and
outlet necks of the ampoule are fitted with valves that are manipulated to
control the release of the chemical from the ampoule. The ampoule and
20 the valves combine to form the bubbler assembly.
The particular liquid chemicals which are used in the aforesaid
systems include, among others: 1, 1, 1-trichloroethane; 1, 2
dichloroethylene; phosphorus oxychloride; boron tribromide; and the like.

Some of these chemicals develop high vapor pressures while in use, and

2



chem cal s contained therein. In ordeg to, enhance the strength of the walls
in the ampoul es, the thickness of the anpoule wall is selectively vadiAFg, 200
.and the curvature of the corners and of the bottom surface of the anpoul e
wall is selectively controlled. In particular, the bottomwall of the
anpoule 5 is nmade thicker than the side walls, and the radius of curvature
of the upper and |l ower corners of the anpoule is enlarged so that the
transition fromthe side wall to the top and bottomwalls of the anpoule is
nore gradual than in the prigr art. Additionally, the bottomwall of the
anmpoul e may al g@%@%ﬁ%‘%@ﬁigﬁﬂ%%eg BW“’E%WV&B'S%ﬁﬁ'lt'ﬁ'l‘la‘i%'f?ﬁonent
which 1 o serves to strengthen the anpoule. It is therefore an object of
thi's inventi on 438 NHhe 81058 cormRsveeMicals usedfReaichiag apdsiBaBindanpoul e and
assenbly which is structurally nodified so as to provide increased wall
strength. It i ssemieqndustar wafgracOneprabign asseaiated with the disransing of thribbl er
anpoul e 15 and assenbly of the character described which is able to contain
| i qui d chemi calaforgsaidiaemicaly relates todhe strength of theibwbblenassemblies egrity of
chem cal s which have hi gh vapor pressures. It is another object of this
invention t& prwvchibousentheishemicalspand theiabilitystoavithistand frelativelcliigh act er
described which is configured so as to 2 o provide a nore controll able
carrier gas fl clegréasoofgiessudzatiogwithouttreaking.. THik éss@ panidulat prebleobj ect s and
advantages of the invention will becone nore readily apparent fromthe

foll owi ng det aiwhah tihe armpgolesonust be domeal feom diherudnitydquasztglast dukdo i nvent i on
when taken in conjunction with the acconpanying drawi ngs, in which: 4 -9
APR 2002 BRI EF thEfamiré’df (bl chemitals thEAWINETontdihind. Twpical flapbgttoaredvi ew of a

| i quid chem cal - saturated gasproduci ng bubbl er anpoul e which is fornmed in
accordance wi t hamhpowutes whiehtareomadé freinCRigiZpurity quartcglassare capadleof t he anpoul e
taken along line 2-2 of FIG 1; and FIG 3 is an expl oded side el evational
vi ew of anlionl dieirgpriessurizet \epresswred inthararngs ofaboaefiteen pepojaboat i on with
the anpoule of FIG 1. 10 DETAI LED DESCRI PTI ON FOR CARRYI NG QUT THE

| NVENTI ON Ref ertweniy psbbefore buretingr adwads be thiyhilyeddsirableemavena iqulb. 1 and 2,
an enbodi nent of an inproved anpoul e, which is denoted generally by the
numeral 2) and dneiidal babbler ampoule and ESSHTBIE whish cBuldWithstahd igheen. The
anpoule 2 has a circular side wall 4, a bottomwall 6, and a top wall 8.
The 15 side waldresureiwitthsut bamtig! | 8 are interconnected by a curvilinear
corner wall 10; and the side wall 4 and the bottomwall 6 are |ikew se

i nterconnected by a curvilinear corner wall 12. The bottomwall 6 is
essentially flat, and the top wall 8 is essentially curved upwardly and

outwardly. 1Ehe anpoul e 2 i rBRIEESUMMARY OB 'THE BAVENTIORt neck 14 that 20
connects with a gas inlet dip tube 15 which extends dowwardly into the

anpoul e 2, and t apemistifventibR Félatedto 4 9gAd eheRRAI HLibblhd ahipoplehdwhi ch t he
carrier gas streamis bubbled into the liquid chem cal contained in the

anpoul e 2. The gap@mbRyavHith isToRfiglRéd §0as o b&ablets Withéthid highériflerddie anmount
of carrier gas released into the liquid chemcal, and the size of the

carrier 5 9 AfRslERwiitsut BURBhE SBubbler ARAIBLard AsBmbliéCwhidearean | nt egr al
outl et neck 18 'through which the chemcally-saturated carrier gas streamis

expel | ed fr om iindtidoBrgancd Wi BRCHKertibn ad thf 14 Safll QMiAdRhaMigh seal i ng

and | ocking ring grooves 4 respectively, In seal ing and

| ocking ripgs ?v%(gﬁr ﬁ@es&gggsa&spaiwﬂs c%hfaiﬁa?ymaes'bnerT{rﬁ%mhﬁea alsois

provided with a cl ose-en tenperaturé€ nonitoring wel O in which a

thermal probe (iﬁﬁ&cérﬁem@wih?th 'ifiﬁ.gﬂoﬁ% gt@\'iﬁilei H&kﬁmérpédtﬁgné’ék.the

t enper at ure of e contents o anpou n or to strengthen the

| 2 i Jd i | i , 12
aroul e, 2 202t ity DUk LRemph SIS, TROMAEACARS rpadage 12 e

I [ 1 i.all i ded
ameul e are ol coSiaRah 8o bR LOURHIAPREARE AR e " Ouned

. hesu%{gl)rg) H\leene%%gseéry higher internal pressures generated by the
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The bubbl er anmpoule of this invention is sized and configured so 15 that

t he upper and .| ower corner radii of the anpoul e have a radius of cng%#¥r®
swhi ch is about thirty percent of the dianeter or width of the anpoul ﬁ /
anpoule will typically have a dianeter of up to about one hundred forty nm
The inclusion of the restricted annular radiused rib 5 in the bottomwall 6
allows the |lower corner to be maintained at the thirty 20 percent

radi us-to-anpoul e di anmeter ratio, while providing a maxi mum base wall area
so as to ensure proper support for the anpoule 2. The m ni numthickness T
of the bottom evhdrhichlsicentaineddhertinalio otded heertiahco fite §tednigth ofitRe walle i ni mum

t hi ckness of the side wall T, which is typically about two mm 6 9 APR

2002 Ref erri nginrthe/ahpokile®, thd.thisinessbpthensmsoutd wall laweltctivelpearaabl yseal i ng
val ve, which is denoted generally by the nuneral 30, is shown. It will be

under st ood t hahnd tHe divatereof &b cinérs lava lof Hetshtiom fdr@ce%f the diRptified on both
of the necks 14 and 18 to conpl ete the bubbler assenbly. The valve 5 30

will typicall YWEﬂflsféylé&idelil E6fonéd Ein ;Qé’rtlétﬂé?ettﬂtﬂ?ﬁbnﬁﬁélfmhéﬁ g@ﬁlet ant
plastic material. The valve 30 is a T-shaped val ve and i ncludes a nipple 32

whi ch ext engds jsithadd thekBemin i Q&e Gﬁusorénﬁ hiGe %@R@%f%u&aﬂ@@f fAkPpl e 32

includes a terminal portion 34 which tel escopes into the anpoul e neck 14 or
18, and an_ext ggalad 16\RAs BORS i Wbl Pt 16 vahdisgi | of 10
t he anpoul e necéﬁ%4 or 18. An inter na Eﬁe%gb ocﬁ nutt ggt'% fitted

onto. L he amoulemfe kidk o ih%dtop’&ﬂd'bétt%%ﬂg' fteﬁeghonl?&u?é’fs‘?ﬁ@% onto the

portion 36 of e va s al so operab engage

the. anpoul o 'nQ Shachgtifarth g oo o AP HE b orh D SEesiAtGTRe 02, P enea
down by the nujydSucifnd 8GaSERh 3R 1SASAGETRRY Mnbiar gg%&{sgag%h%nec.ks 14 or

18. The val ve conventi ona I nter whi ch can

be mani pulﬁf, edeemta%tot%%%éﬁ\eé%}% Q’gﬁg‘ﬂ?‘oor cl ose the valve 30 to fl ow of

carrier gas in open or close the valve 30 to flow

of chem cal - sat ur at'Fﬁtﬁ?fh“'géﬂgg ﬁiﬁigf}m{egﬁOWHV'& g? rg&?vé(@l ve 30 2 0

i ncl udes an externa rea 'S 'connec carrier gas

inlet |ine whep, mﬁ@@gal oBREmbluie W8 ds0e An 3T g AT o2 mxture

when nmounted omMeck OW ng manner.
N trogen gas bgesine 'sg%sqﬁﬁﬁ?%@&ﬁ%'s%%ﬁ’e@%‘f) G 1 ogen Sgsvﬂ .t Eeatn o the.
Eheout! ot Cﬁeiﬂ 1ot & KuBorihiot? ohRisIbiheh & BRvERE ohbrec Aol V7 < *oages
L
bt ent ai - axennas o) hiofer et R rE Rl M RER ST SrdieiEour o 5

during the fill [0 t he arrpoule2|sf|IIed with the
appropriate an’ﬁh'ﬁﬁ h§Y3§W§§‘FB prg?ﬁ‘l‘ée%al ve 30 on the neck 14 is closed, the

| f | 3
e L A P - o
|t Il b t b f thi
i nv\emntl onec:gp%'gé: SSep ' fatb?c ‘?rdﬁtéF '8?38&'&&3%? ass&ﬁstﬂﬁg/tgosi gn: fsi cant

danger of urstln I n cert nd- us 0 d o i ng and 15
cl osi ng of QhepR?é{%&mSW‘ 9% Equeogﬁrge %ﬁg@ﬁ édqggg%‘%lpaur\‘fg’?ﬂg'f’&pr essure
changes that excee resent facturer a oul e, stren ecifications,
but which can be a%‘?ﬁﬂ&g 85391?@’%95%"& e%pf ﬁl"ﬁveﬁﬁ%‘ﬁ ion. The
enhanced anpou] e stren hleved e .C f| ion of this invention
al so enhances é?ﬁ% WQ? ?‘?W’ﬁ%”bg@ fﬁ'&“@?@# %?cﬁ?t'%cpﬁtahe filled
anpoules with respect to the ultinmate use

preferred embodiment of the invention when taken in conjunction with the

accompanying drawings, in which:



Si nce many changes and variations of the disclosed enbodi nent of the
invention may be made wi thout departing fromthe inventive concept-%ﬁpRgm”
‘not intended to limt the invention otherwi se than as required by t
appended clains. 8 9 APR ~OOZ WHAT IS CLAIMED: 1. A glass ampoul e for
containing a high purity high vapor pressure |liquid chem cal, said anmpoule
having a side wall defining a wwdth 5 of said anpoule, a top wail and a
bottomwall, said top wall and said bottomwall being connected to said
side wall by radiused upper and | ower corners respectively, said upper and
| ower corners having a r aBRIEF DESORIPTION ORTHE DRAWINGSIt thirty percent of
the wdth of said anpoul e, wherein said bottomwall is formed with an

inwardly curved anniI@r1 fsidtop planview bf bdiqlig ehbRitapsatartangasef said | ower
corners, and wherel n said bottomwall is essentially flat except for said

annul ar ribs. g@mbutﬂﬁer ahipotile Whieh i’ﬂéﬂﬁé&m@cc@d@hé@ @ath"ﬂﬁé ein said

annul ar rib nerge h said | ower corner. 4. Cancelled. 2 5. The anpoul e
of Gaim1l wherigjdhtipai d top wall is essenti aI l'y curvilinear throughout its
entire extent. 6. The ampoule of Claim 1 wherein the glass is quartz gl ass.

9 - 9 APRZ002 7. P?Gg? Sa&ggﬁé{lv%v{gﬁngg bfé'tﬁﬁbé?alghﬂheoé‘ﬁ'otfy hi gh vapor

pressure I|qU| d chem C anpoul e havi a Ssi a top wall and a
bottom wal |, %‘ and said bottom vvaI | being connected to said
side wal | by radluse upper and | ower corners respectively, said anmpoule 5

Qalgg?t or SRR ﬁ@eﬂmﬁ%ﬂévﬁgﬁﬂ'ﬁ%fﬂh@%ﬂ*ZIQ';%Z;Sgllé’m:t "
and said inlet SSE@%& ‘&/’F‘%@sa&r?gg%{ g&’méﬁgﬁ@gl cgﬁbglfﬁpggfe@v\fﬁl ch trenr)m nat es

at a lower end of said inlet tube, said |ower end of said inlet tube being
formed with a |0 single carrier gas em ssion openi ng.

10 DETAILED DESCRIPTION FOR CARRYING OUT THE INVENTION
Referring now to the drawings, there is shown in FIGS. 1 and 2, an

embodiment of an improved ampoule, which is denoted generally by the
numeral 2, and which is formed in accordance with this invention. The
ampoule 2 has a circular side wall 4, a bottom wall 6, and a top wall 8. The

15 side wall 4 and the top wall 8 are interconnected by a curvilinear corner
wall 10; and the side wall 4 and the bottom wall 6 are likewise
interconnected by a curvilinear corner wall 12. The bottom wall 6 is
essentially flat, and the top wall 8 is essentially curved upwardly and
outwardly. The ampoule 2 includes an integral gas inlet neck 14 that

20 connects with a gas inlet dip tube 15 which extends downwardly into the
ampoule 2, and tapers to a terminal nozzle opening 16 through which the
carrier gas stream is bubbled into the liquid chemical contained in the
ampoule 2. The opening 16 is sized so as to accurately control the amount

of carrier gas released into the liquid chemical, and the size of the carrier

5



8. The anpoule of Caim7 wherein said anpoule is circular in plan vj ?Q&
wherein said side wall is connected to said top and bottom wal | s by uggg /
‘and | ower curvilinear corners which have a radius of 15 curvature which is
about thirty percent of the outer dianeter of said side wall. 9. The

anpoule of Caim8 wherein said top wall is curvilinear throughout its
entire extent. 20 10. The anpoule of Caim7 wherein the glass is quartz
glass. 11. A glass ampoule for containing a high purity high vapor pressure

l'iquid chemi cal, said anpoule having a side wall, a top wall and a 10 9
APR 2002 bot t ogas&HbPbles 5 ltp ampoyial2 alsminclydesiamintaasah auliet naski'8y connected to
said side wall by radi used upper and | ower corners respectively, said

bott om wal | hathraggwhichtheehenicallyrretsaigh icerier gasstream i expgliediiemone- hal f
times the thickness of said side wall, wherein said bottomwall is forned
with an 5 i nwathi gmpoule dd Theamerks 14 and WB atchprovided with éealing and leckdhf sai d

| ower corners, and wherein said bottomwall is essentially flat except for

sai d annul ar r iribg gracres 2R and 2P sespectivelyClirmwhich sealingrariddockanglrings®8 wal | has a
10 thickness of about two mm 13. The anmpoul e of Caim 12 wherein said
anmpoul e i s 6ir and 25 respegtivaly, aremoanttdwiTde@mposie 2lalso deprosided with@onnect ed t o
said top and bottomwalls by upper and | ower curvilinear corners which have
a radius of 15chseentied emgeratord monitarimg welli20tiy whithcethermél protse @ot er

di aneter of said side wall. 14. Cancell ed.

shown) is placed so as to allow monitoring of the temperature of the
contents of the ampoule 2. In order to strengthen the ampoule 2 against
bursting, its walls 4 and 6, and corners 10 and 12 are specially configured.

10 In an ordinary bubbier ampoule, the walls of the ampoule are all essentially
the same thickness and the corners are rounded with a relatively small
radius of curvature, i.e., about ten percent of the diameter of the ampoule
base.

The bubbler ampoule of this invention is sized and configured so

15 that the upper and lower corner radii of the ampoule have a radius of
curvature which is about thirty percent of the diameter or width of the
ampoule. The ampoule will typically have a diameter of up to about one
hundred forty mm. The inclusion of the restricted annular radiused rib 5 in
the bottom wall 6 allows the lower corner to be maintained at the thirty

20 percent radius-to-ampoule diameter ratio, while providing a maximum base
wall area so as to ensure proper support for the ampoule 2. The minimum

thickness T of the bottom wall 6 is at least about one and one half times

the minimum thickness of the side wall T', which is typically about two mm.



20 15. The anpoule of Caim 1l wherein said glass is quartz gl ass._g APR 200
.A. A{l. Ahl . AF. ANS. AY. Aa. Al . AA. Af. A" AL9; WZgDc} h *
@ wr mhc”™Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa] ca] ca] ca] ca] ca

Ul c”a] ca] ca] ca] ca] ca]ca U c™a]cal]ca]caU cal]cRa GHf h)t R/ p{\ _X

{vgkfa\ W ca] ca] ca] caU] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a] cal] ca] ca] ca]ca]ca] ca]ca]ca] ca]ca!l ! $&&R&Y()>+---/1333

4" 55C6266666X77777. 8v8} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

Ca] Cal/;ngiLgi]:S 2% 53@@;93@‘1&%@@5%@%@%%“& %g})@%ﬁgﬁg}ég‘? ?] Ea] cg] ca] cal
ek oL SN WA LAR A bEakaR PSRBT NBhg s L =
L 10%& () FLOTMADR y0digte RS aiye sich el rbtefio FIG &3 inmpepted onys
10%& () -F @ {3456 thd necks 1435 18 o cor}nplete the bubbler assembly. The valve
5 30 will typically be formed from PTFE, or some other corrosion-resistant
plastic material. The valve 30 is a T-shaped valve and inciudes a nipple 32
which extends into the neck 14 or 18 on the ampoule 2. The nipple 32
includes a terminal portion 34 which telescopes into the ampoule neck 14
or 18, and an externally threaded portion 36 which abuts the end wall of
10 the ampoule neck 14 or 18. An internally threaded lock nut 38 is fitted onto
the ampoule neck 14 or 18, and is operable to be screwed onto the portion
36 of the valve 30, and is also operable to engage the locking-sealing rings
23 or 25 which are mounted in the grooves 22 or 24 on the ampoule necks
14 and 18. In this fashion, the valve 30 can be tightened down by the nut
15 38 into sealing engagement with the ampoule necks 14 or 18. The valve
30 includes a conventional internal vaive stem 40 which can be
manipulated by a handle 42 to open or close the valve 30 to flow of carrier
gas into the ampoule 2; and to open or close the vaive 30 to fiow of
chemical-saturated carrier gas out of the ampoule 2. The valve 30
20 includes an externally threaded end 44 which is connected to a carrier gas
inlet line when mounted on neck 14, and to a carrier gas-chemical mixture
when mounted on neck 18.

The ampoule 2 is filled in the following manner. To commence the

filling operation, the ampoule 2 is filled with an inert nitrogen gas by
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connecting a nitrogen gas line to the ampoule neck 14 via the valve 30
mounted on the neck 14. The valve 30 on the outlet neck 18 is removed
from the neck 18, and the chemical is added to the ampoule 2 through the
neck 18. As the chemical fills the ampoule 2, the nitrogen gas is driven
5 from the ampoule 2 through the neck 18. The flow of nitrogen gas out of

the ampoule 2 through the neck 18 prevents ambient air and other ambient
contaminants from entering the ampoule 2 during the filling process. Once
the ampoule 2 is filled with the appropriate amount of chemical, the valve
30 on the neck 14 is closed, the nitrogen gas line disconnected therefrom,

10 and the vaive 30 is re-connected to the neck 18. The filled ampoule is then
ready for shipment.

It will be appreciated that the bubbler ampoule and assembly of this
invention can be operated at higher vapor pressures without a significant
danger of bursting. In certain end-use systems, automated opening and

15 closing of the valves on the ampoule can cause rapid internai pressure
changes that exceed present manufacturer ampoule strength
specifications, but which can be accommodated by the assembly of this
invention. The enhanced ampoule strength achieved by the configuration
of this invention also enhances shipping durability and operational safety of

20 the filled ampoules with respect to the ultimate user.

Since many changes and variations of the disclosed embodiment of
the invention may be made without departing from the inventive concept, it
is not intended to limit the invention otherwise than as required by the

appended claims.
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1. A glass ampoule for containing a high purity high vapor
pressure liquid chemical, said ampoule having a side wall defining a width
5 of said ampoule, a top wall and a bottom wall, said top wall and said
bottom wall being connected to said side wall by radiused upper and lower
corners respectively, said upper and lower corners having a radius of
curvature which is about thirty percent of the width of said ampoule,
wherein said bottom wall is formed with an inwardiy curved annular rib
10  which is located at an end of said lower corners, and wherein said bottom

wall is essentially flat except for said annular ribs.
2. Cancelled.

15 3. The ampoule of Claim 1 wherein said annular rib merges with

said lower corner.
4, Cancelled.

20 5. The ampoule of Claim 1 wherein said top wall is essentially

curvilinear throughout its entire extent.

6. The ampoule of Claim 1 wherein the glass is quartz glass.
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5 having a carrier gas inlet neck integral and in one piece with said top wall

and a carrier gas inlet tube which is integral and in one piece with said inlet

neck, said inlet tube extending downwardly into said ampoule, and said

inlet tube having an outer frustoconical surface which terminates at a lower

end of said inlet tube, said lower end of said inlet tube being formed with a

10  single carrier gas emission opening.

8. The ampoule of Claim 7 wherein said ampoule is circular in
plan view and wherein said side wall is connected to said top and bottom
walls by upper and lower curvilinear corners which have a radius of

15  curvature which is about thirty percent of the outer diameter of said side

wall.

9. The ampoule of Claim 8 wherein said top wall is curvilinear
throughout its entire extent.
20

10.  The ampoule of Claim 7 wherein the glass is quartz glass.

11. A glass ampoule for containing a high purity high vapor

pressure liquid chemical, said ampoule having a side wall, a top wall and a

10
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5 inwardly curved annular rib which is located at an end of said fower
corners, and wherein said bottom wall is essentially flat except for said

annular ribs.

12.  The ampoule of Claim 11 wherein said side wall has a

10 thickness of about two mm.

13.  The ampoule of Claim 12 wherein said ampoule is circular in
plan view and wherein said side wall is connected to said top and bottom
walls by upper and lower curvilinear corners which have a radius of

15  curvature which is about thirty percent of the outer diameter of said side
wall.

14. Cancelled.

20 15.  The ampoule of Claim 11 wherein said glass is quartz glass.

11



