CHEM CAL DELI VERY APPARATUS FOR CVD OR ALD BACKGROUND OF THE
I NVENTION Field of the Invention [0001] Enbodi ments of the invention

relate to %I\%ppﬁgﬁ%us and nethod used for the deliveryp,of &AL

precur sors. re particularly, the invention relates to an anpoule
configured with a valve manifold that includes a bypass |ine and a
bypass val ve. Description of the Related Art [0002] Chem cal vapor
deposition (CVD) and atom c | ayer deposition (ALD) are known

techni ques for foOCREMICALNBERIVERY APFRARADPES'FOR YD IR ALgRcti on of
vapor phase chemicals near the surface of a substrate. In general,

CvD and L. qu F—‘f I E delivery of gaseous reactants to
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heat ed oelveai ner, or anpoule, which contains a volatile liquid
precursor under conditions conducive to vaporize the precursor. In
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conponefiverglilexd ted ehermetghamitt ©fdes es4dtio. The type and composition of the
layers that may be formed using a CVD process or an ALD process are limited by
the ability to deliver a chemical reactant or precursor to the substrate surface.
Various liquid precursors have been successfully used during CVD and ALD
applications by delivering the liquid precursors within a carrier gas.

[0603] A carrier gas is in some cases passed through a heated container, or
ampoule, which contains a volatile liquid precursor under conditions conducive to
vaporize the precursor. In other cases, a carrier gas is passed through a heated
container containing a solid precursor under conditions conducive to sublimation of
the solid precursor. Some gases that may be produced through a sublimation
process include xenon difluoride, nickel carbonyl, tungsten hexa-carbonyl, and
pentakis dimethylamino tantalum (PDMAT) among others. In either case, the carrier
gas combines with the vaporized precursor and both are drawn from the container
via dedicated conduits or gas lines to a reaction chamber. Because the chemical
precursors for CVD and ALD applications are typically highly toxic and because the
heated container and chemical delivery components proximate thereto are generally
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at an el evated tenperature, precursor-containing anpoul es are _
typically located inside a protective housing, such as a gas cabi net

or gas panglgb#ASbA typi cal gas panel for CVD or ALD peplikfudtdedits
contai ns various valves, regulators, and flow controllers in addition

to one or nore precursor-containing anpoul es. For safety reasons, gas
panel s are al so generally equi pped with exhaust ventilation and are
| ocked and al arned to prevent possible exposure of personnel to the
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when they are being installed.

[0005] A typical ampoule replacement procedure includes a number of steps
including isolation, initial pump-purge, removal/replacement, leak check, final pump-

purge, and connection.

[0006] In the isolation step, the spent precursor ampoule is fluidly isolated from
the processing system, typically via manual shut-off valves located on the inlet and
outlet plumbing of the ampoule. This typically requires entry into the gas cabinet by
maintenance personnel despite proximity to gas panel components at elevated
temperatures and the presence of unpurged gas lines containing highly toxic

chemicals.

[0007] An initial pump-purge is then performed on any gas lines or valves that
have been exposed to toxic agents and which will also be exposed to atmosphere
during the ampoule change-out. The pump-purge may include pumping down the
appropriate conduits, valves, and other fittings one or more times with a rough,
medium, or high vacuum source, depending on the particular precursor used.
Between pump-downs, the lines and valves may be purged with a gas, such as an
inert gas. In some cases a liquid purge of conduits and valves may be performed to
more efficiently remove unwanted and toxic residues present therein, particularly
solid residues or residues with a very low vapor pressure. The removal of unwanted
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have been exposed to toxic agents and which will al so be exposed to
at mosphere during the anpoul e change-out. The punp-purge nmay include
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always be completely leak-tight—particularly after removal of a depleted ampoule
from a gas cabinet. This is due to the prolonged exposure of the shut-off valves’
sealing surfaces to the precursor chemical flowing therethrough during the lifetime of
the ampouie. Any leakage of the ampoule shut-off valve is a serious issue for two
reasons: the potential for contaminants to enter the ampoule and, more importantly,
the potential for a dangerous precursor chemical to leak out of the ampoule and
expose personnel to toxic chemicals.



performed on any fluid delivery connection points or other seals that
wer e broken during anpoul e renoval /repl acenent. This generally
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leakage into or out of the newly charged ampoule due fo the additional stresses
placed on the ampoule shut-off valve resuiting from alternately pressurizing and

evacuating a conduit fluidly coupled thereto.

[0012] Finally, after the above steps have been completed, the new ampoule is
fluidly connected to the fluid delivery system that terminates in the gas cabinet by
opening the manual shut-off valves located on the inlet and outlet plumbing of the
ampoule. As with the isolation step, this typically requires entry into the gas cabinet

by maintenance personnel.

[0013] Figure 2 is a simplified schematic of a conventional process gas delivery
system. Fluid delivery system 202 is suitable for producing a process gas
containing a chemical precursor and generally includes process chamber 206 and a
carrier gas source 205 coupled to gas panel 204, the components of the latter being
controlled by a controller 250. Gas panel 204 generally controls the rate and
pressure at which various process and carrier gases are delivered to process
chamber 206. Process chamber 206 may be a chamber to conduct vapor
deposition processes or thermal processes containing a vaporized chemical
precursor in liquid, gaseous or plasma state. Process chamber 206 is generally a
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controlled by a controller 250. Gas panel 204 generally controls the
rate and pressure at which various process and carrier gases are

delivered {0 RiPf ?"Q"ﬁ chanber 206. Process chanber 206 B & 0064276
chanber to conduct vapor deposition processes or thernal processes

contai ning a vaporized chem cal precursor in liquid, gaseous or
pl asma state. Process chanber 206 is generally a 4 chem cal vapor
deposition (CVD) chamber, an atom c | ayer deposition (ALD) chanber,

or a derdhenticalevaper ee osuﬁma ghaiBbecess &baidas &O@epaﬁiuwe(ALD)
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No. 6,916,398, filed Decenmber 21, 2001. n the con | gurat|
i 11 ust r daterinls, MogUpeated in SantaoClasa, Qaltfoinial ardarsAbBrihaaiber, such as that

described in commonly assigned U.S. Patent No. 6,916,398, filed December 21,
2001.

[0014] In the configuration illustrated in Figure 2, controiler 250 includes central
processing unit (CPU) 252, memory 254 and support circuits 256. Central
processing unit 252 may be one of any form of computer processor that can be used
in an industrial setting for controlling various chambers and subprocessors. Memory
254 is coupled to CPU 252 and may be one or more of readily available memory
such as random access memory (RAM), read only memory (ROM), flash memory,
compact disc, floppy disk, hard disk or any other form of local or remote digital
storage. Support circuits 256 are coupled to CPU 252 for supporting CPU 252 in a
conventional manner. These circuits include cache, power supplies, clock circuits,

input/output circuitry, subsystems and the like.

[0015] Fluid delivery circuit 236 is generally intended to fluidly couple carrier gas
source 205, ampoule 200, and process chamber 206 as necessary for operation of
process chamber 206. Carrier gas source 205 may be a local vessel, remote vessel
or a centralized facility source that supplies the carrier gas throughout the facility
(e.g., in-house gas supply). Carrier gas source 205 typically supplies a carrier gas
such as nitrogen, hydrogen, argon, helium or combinations thereof. Additional
purge fluid sources (not shown) may also be ﬂ'uidly coupled to fluid delivery circuit
236 when the use of specialized purge fluids, such as a purge liquid, is required.
Fluid delivery circuit 236 typically includes a flow controller 220 disposed between
carrier gas source 205 and junction 230 and is adapted to modulate the flow rate of
carrier gas or other fluids through fluid delivery circuit 236. Flow controller 220 may
be a proportional valve, a modulating valve, a needle valve, a regulator, a mass flow
controller (MFC) or the like. Junction 230 separates fluid delivery circuit 236 into



processing unit (CPU) 252, nenory 254 and support circuits 256.
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pr essur Anguled a_esemafggﬂ(g{ n'iayelgb\w ia:.@wme \gﬁpﬁbi;asrtcbeofaarmhuhﬁcal Phestrse
D et hyPEgInG: tanaarort ebPuf S Rl ARk RIS sypicably T Aboul kR o

( CAHAN: Abdist)4 L@'lﬁﬂnér@%pﬂé,aé}ﬁp&ﬂmsgérﬂﬁfy%whas atvolTRé RupadiaRee 3F ane

(Me3N: Al H3), triethylam ne:al ane (Et3N: Al , o
di net hyfhkemnigabpresersar ahabquieiel NnGhierrsal preeyraemsibatanayba withinrampoule
Me3AL) | .tdd | 1up it 3A1 i | i AL
it et hy Pferip o eI SolF g dandohis MrbtSoHET Bttty i duid or
( Et 2A1 dyid-lide aiateb st predeterrhined i tdmpeBi@ras Hind/oli presglmsunf ouexarhpler iade
Bu2A1CL) . ) hyd i i de (H202), h ine
(P Hrut B SR el ) B S ARG o PR Bl i
E E%Thlic%ﬁ% sfé)t%_li@bnttihea]tg abz%at'éﬂ db ;at ﬂéﬁéﬂ@l&imﬁed{tﬁm ' atn‘ﬁ WE%Et Cp;rtlgeRuampoule.
- 1- 1 S(e cycC nt adl en rutnent um , .
ot - nki I AHBeR S RARPIRY 14, AN FoRPATIC Bz ey reman 1o the sold

state in the ampoule, but is heated to an elevated temperature during processing
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[ 0020] During processing, a carrier gas flows fromcarrier gas source
205 through fluid delivery circuit 236 to anpoul e assenbly 200. The

carrier ga eated by heater 222, anpoule assenb
may be heat&d(;%%{o UHesi red tenperature, or in sonme appl #%%?%P@}Gﬁ

the carrier gas and anpoul e assenbly 200 may be heated. During
processi ng, valves 214 and 216 are closed, directing all carrier gas
flow to process chanber 206 via gas generation |ine 238 and anpoul e

assenbl ysmothag @aOQi:thwncnmt @ theisbliciprepurgbr ubliMmapssogiesbiiyenkevdgurmad
prior to reigo g%Ba]nd r% aci n& g})oul e asserrblﬁ?ZOO manual val ves

260, 2613%WSLERTRRIS, FHFEemIcy| IEEWsRE ARy 24t in Jhe gasequs stale iabambisent
238. Dur pags@rePUbit $ONWHeSSBEAL R RyuRd "Ratdd Wik Ft-.rémq%?%&&st ﬁ‘z%gg'tgr .

gas source 205 is also isolated fromfluid deliver
shut - of f PRegPiREMiNGst PEIRSWS Withimtlal apenamien Ghemical r;ga@rswr m@yZIOBIudad

fluid d t 6
s typi carle dabpleRs. saoR g PRGBS Ade DM MRS
!AIe'? confmurldlrm@aeats :EGflﬂngl AR of alkylamine assdame y ZGGmglﬁexes (e.g.,
erna i cate c urce e used, su
vacuum p ﬁ]%lt%f] %%%pl ed\(@'gwgﬁﬁﬁ del i \%gﬁ@mF@u"f‘ Ene3e, ?Et:@r‘%'h'é}’
case, ald|mrwmhgame:élaﬁéw MebEN\gIHY)),Ci frﬁnléthyla?%mbmt Wr@é\nOtMegAl)
punped down to a desired vacuum

| at th
:Z\?e? egﬂﬁ{ hy ﬁum&ﬁ% Cﬁl@iﬁ@}awmw (BysAdp efimathwiateminuagy chlride
b ocess B T R (A vV IR TS R Buzlth,
236, vaIdﬂéUfﬂ@BlmlﬁUGbéh'@ﬂdGo(Bﬂﬂzﬁicﬁl ywatenphydrpgen geroxstaniiO.) Ofydrazine

bypacs RNGHDL SHERTEH thiracfiondd (fRA ™ ARG ANEBLmBRE oo LIRMAT, o

val vesdzgtezg‘ii;f'ﬁflz aé?rakmmemylammbhl dl ycitamium e CENEMAT, segnﬁﬁtm)ﬂim

272 an condui t se tS 2 The de

PRl o e R SR B

pg\r/tGI 08|(IDMNID O(MéEN); )31 u@ﬁe@ééﬁ@ fha‘fﬁﬁﬂhon (‘IJII.’)EIl"@«!Ct E$2 }Hﬂw

as the va ressur rec sors and ot her resi dues renmoved
S idhocl) B

fluid dé? G}W%thb’@ﬁfaﬂ 'UnPt (TMEAR o r(MaRtNibThot Eer'ﬂ&ra@mwqug-
necessartus(apﬁetﬁﬁaﬁw)wmuﬁﬁ(mmAtgAﬁpfnﬁﬁa@m ANGherdld HRSPIL She

the presence of unpurged fluid delive es in rder to close

manual \igqtlae@n%.ro 5bh1-a@¢@ﬂk@4£-§(§é‘i;ﬁﬂ-9 deyiyatiyesotheneed or aormbrrgaons

segnent ;0f..gf PUNp- purge procedure, a purge fluid source,
[0020] During processing, a carrier gas flows from carrier gas source 205 through
fluid delivery circuit 236 to ampoule assembly 200. The carrier gas may be heated
by heater 222, ampoule assembly 200 itself may be heated fo a desired
temperature, or in some applications, both the carrier gas and ampoule assembly
200 may be heated. During processing, valves 214 and 216 are closed, directing all
carrier gas flow to process chamber 206 via gas generation line 238 and ampoule
assembly 200,

[0021] During an initial pump-purge procedure performed prior to removing and
replacing ampoule assembly 200, manual valves 260, 261 are closed. This isolates
body 270 from gas generation line 238. During a pump-down segment of a pump-

purge procedure, carrier gas source 205 is also isolated from fluid delivery circuit
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such as carrier gas source 205, is fluidly coupled to fluid delivery
circuit 236 and the desired purge fluid is introduced thereln The
desired pugge,ddHisghomdy be a gas, such as an inert gas @ﬁﬂﬁ%'ﬂf%
carrier gas, or a |qU|d i ncl udi ng sol vents such as te ra uran
(THF) or triglyme. Conposition of the purge fluid depends on the
physi cal state and chem cal make-up of the chem cal residues to be
purged, solid particles and | ow vapor pressure |iquids sonetines

r equi r i NEBEBEa ShulBif alvie qbicsHNN) ftatéd balk@en Eﬁfﬁé?%ﬁas sbhﬁ:eozﬂ%d hma d
may al sgd%tie heated during the purge segnent to aid in_the renoval of

unwant ec&NBM FEOUITZ8G: | VE?L!LHBI’SOHFQ or PEPasEs .cham@ena@a is Boicafly wisgd
del i ver Ho%dn%‘ﬂbwﬁ%ﬁud)ﬂemérg%ﬁ‘&l‘ﬁf ES?%%d?d')e‘éd !g&%oﬁﬁlgi ggélﬁ@msc’?qms g?ﬂb

as process chanber 206 in onhe exa be“iso rom
del i ver yof ampaile ESS@BbN@Q%gAkteréamﬁlsg@ de«ynﬁad vacuim somycehmalylhe aded,

©br Dugnatefii.e yhBulth dimd AR R Mo SRV RUGHE 280, sithec ose.
f1 ow of glucarapdnarnitsl of dicid Setb.rerylmirpatt msahmgr&y?lﬁge?tem?oaﬂ%du?¢um a
e fluid into ou

d Th f
P O P uResare numaad tae B o) dasiied Yosuul 60, i ViR edluygs high

sect i onsya@fiufhl by%p@ﬁlﬂg\f{ﬂé)feéulfsﬁélk/élvéé% Bas baﬁelli@d Bbt éxé%HPlaewhbH'tﬁle
at the beglnnlng of purge segnent. Hence, anpoul e inlet

and anpd@rdumusqLEee @gﬂrg%'f@ ghamber 336 i gpee fefepgmpiagsdewn sﬂuguh deliveant
| h
engt %Wéwp%%f‘_t\ﬁaﬁ)e' ¥ Bpguqf%%gauﬂaeﬁaﬂﬁl éé@i\éls :p‘?;%ég'sf a W&{ ?9@20 fluid

Furt her e regions o eltvery’crr
exposed debvwmwgpihéﬁé. dalves @ 1amol2 t6 aaobmdam that bypass link 240 ﬂmdly

segment " con 71 2b, are
likely t %Oaé %ﬁ%ﬁgﬂﬂ?ﬂ%ﬁ%ﬁgﬁoe&fﬂﬁ E‘ﬁq’%ﬁ‘&ﬁi’ ‘?8%%@(%8%"9
t hor ouglﬂhidly nopplep@crmltosegmmted!ﬁ , I v@eded deadnidyi corrinsatinserdd 1271b,
72 S Ve the SRR B Rony Baiea G bura o,
nost  di fsEFﬁiéhi desendy8n Wach! prficiiay cw@r ¥r ALDCébﬁllcat?*& bAd ﬁé”agﬂ‘;mctlon of
ef fective [ 0023] Duri ng renoval , valves 210 and 212 are closed to

f1uidl yf@@@lSa&L@hc%rtbaNﬁp@éeWéﬁv@ CﬁPIeCLEWSfWrﬁtWU%'d@@S|h¢é'|9yfemq\/@d| t
236, an i C g 6 2 S t I

of anpotl'e SEMMGTine IHGAOSCOR: e Ripaidnt CEPROR Bt f, R pRUsSRY 16!
263b i niAirtenance aatsounel mseheblgyssmehaﬂmmsprtemedesemeem urpurgest

e sl iR Sl o Rias? hehdf BB REE SR o i@ asEBmpiy

after proDonged exposure to the precursor chem cals contained in
anpoul e assenbly 200. Because a S|ngle p0|nt of isolation is used for

anpoul e nbly 200 at inl et Ilin | ine 265, Le.

manual WREdce 5652 Buble serftat ${E rhk-Allice ooy Bites i pource,

| eakagesu¢h Qs @érriéﬂba@fsoam{)& |§ﬁ§|ﬁl§?fdm#al&0todlwﬁd odiveRe cFO238 afd thd
reshl y-charged anpoule is

?gggﬁhggﬁga@f EL%GL lddd |INW@Q~‘%§| ﬂ%gflﬁ'@ e a%SfEﬁdsewsﬁef&'d fMay PR 9262,
i d dolgyery CoerEbgh chiatREy ariSt OB, BB AREHRYscllhis Bk as
during fﬂ?@dﬁ‘&fﬂ@flﬂféﬁdﬂ'&lﬁ) mﬁrrglwemcomp@sitlealofdhewm fluid dependeamthiee
di sconngfisidd) tetdtd%hd?8emiPmake-up of the chemical residues to be purged, solid
particles and low vapor pressure liquids sometimes requiring one or more liquid
solvent purges. Further, the purge fluid may also be heated during the purge
segment to aid in the removal of unwanted chemical residue, either prior to be
introduced into fluid delivery circuit 236 or by heaters 222,224, The vacuum source,

such as process chamber 206 in one example, may be isolated from fluid delivery
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Leak checki ng ensures that contam nants are not drawn into fluid
delivery circuit 236 and that toxic chem cal precursors do not |eak

out of anp |y 200 during processing. If eithe /
di sconnectaﬁ@??ﬁg@ﬂg&, 263 are not vacuumtight, onl yf'?ams'r|Szr(1mgpine64276

point of isolation is present between the chem cal contents of
anpoul e assenbly 200 and any contam nants that nmay have | eaked into
dead | eg conduit segnents 271b, 272b. [0025] Therefore, there is a

need f orcienit@3sedwingstheniirge eegdent or Puigebd Agidly diRpleabtherstif brdef tas
possi bl e, to perform punp-purge %rocedures with mniml entry into a
gas cabim'nughlfdvtr%me R P ﬂglﬁet piabolf the purge segmearte It i sNpertanto

; . _ . ‘
and'1 ot ST AR OB raiThRe 1R S Reb i s DRk Pl B o
[ 0026] Erbge peEonesiutd. The oplyeasdive fiowad purgailyid WD@mpm}!mbﬂﬁﬂm 238ajamﬂd
f th ' \ d_ a4 for . l.ng.. Sai
appar at (ATPAUIE U8 1 B Gkl hiLh Yt FIRCs B SR et B ity

| i ne, arbackfiled witmpurganitlic ﬁbyhmbegihhimg mfwhpe:geesledlﬁtwieelﬁfe?d:‘@ e‘irl‘ﬂbcﬂtle
i d. t t i i n avi.ng .a -0 val v

di SposedehBectdaa and ripanl e RS Za0t.A8 ArpeOTsite PRt et ol Taniipanke
outlet liemgth ah@ecientrilly erchsemith¥rous oiestiRting @/FdwsS FurHer ahe regions
shut -of f val ves di sposed in_the |n£ut and output lines and renotely

cont r ol 1951uid Heliverys ¢ircuil) 488 taats Wik Be $xposae tPratatosahere Huringanepoule
lines r@éﬂﬁ@émﬁi,xebs&mégﬁw{ewj £78 dtdk%dﬁag%hdéibeé%rﬂéﬁts 271b,
nmpoul e I nore

val ves. I'n one aspect, the _assenbly conprrses one
t her mal 1372bo aéednestelikehiato rgs comaminaipd aansl aree theniniest nimppriant to purge

t enper a | DS | 0 ' f e sent

[ mr/rg nt i gﬁérgf’g@?ﬁﬁ ?\1}%;5(}\2&1@5?@% o‘gpﬁgw%%e?g%ﬁ%dd&'@ﬁ ZZ ?b#gna'ﬁrg%#e

assenbl yeg mohduit mg:gmeritm@]tlb]d Qﬁﬁb @ Ioumpldt al 'tm?i_diswd?rﬂdsgmﬂab‘é dbove-
ti the i,n | i ne,an e .output |ine, net ho ccordin

o an e MBS RGh 1o8d leds B84 A heraStn e mps UIeuE refamn ot duthGeney

bypass lirogit 23@pege cHeobi val ves disposed in the inlet and outl et

| i nes, and punp-purgi ng the bypass line and other |ines and val ves

fluid y[o%gg}pl qulErPnegr l'eé[n?dval, valves 210 and 212 are closed to fluidly isolate conduit
segments 271, 272 from fluid delivery circuit 236, and disconnect fittings 262, 263
are separated to allow removal of ampoule assembly 200, wherein mating
disconnect fittings 262b, 263b inherent to ampoule assembly 200 and are removed
therewith. As noted above, it is known in the art that ampoule shut-off valves, i.e.
manual valves 260, 261, may not always be completely leak-tight after prolonged
exposure to the precursor chemicals contained in ampoule assembly 200. Because
a single point of isolation is used for ampoule assembly 200 at inlet line 264 and
outlet line 265, i.e. manual valves 260, 261, respectively, there is the potential of
leakage into or out of ampoule assembly 200 during the removal of a depleted
ampoule from gas panel 204, A freéh!y—charged ampoule is reconnected to fluid
delivery circuit 236 at disconnect fittings 262, 263.

[0024] After installation of a new ampoule assembly 200, any fluid delivery
connection points or other seals that were broken during ampoule
removal/replacement are leak-checked, in this example disconnect fittings 262, 263.
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0028] So that the manner in which
the above recited features of the present invention can be understood

in detail, rticular description of the inventi

sumari zed"a ovefal @gy be had by reference to enbodi mentlgs)‘r'nnUgﬂb_ﬁJﬁfuy76
whi ch are |IIustrated in the appended drawings. It is to be noted,
however, that the appended drawings illustrate only typical

enbodi nents of this invention and are therefore not to be consi dered
li mi ti ng ek dHeskingapsurdsahat dmtammnts are rivt Yirswiiinto fiGidfdies emuart g6

schonat | S MaR foste dosruichLRrequIsp Ry ngy bk AUk ok emoppicogssmbly 200 Guring
convent I;svraaéssﬁqvow éltl?éscﬁf@ké/onr{egf)ﬁﬁhﬁb 92626%%%@ ﬁéteYa%%h }C onh(a

di agranms of a uid delivery systemtd wh e asse

been f1 BiRgl9 RYObIoEdsolaims ig Fﬂrgaﬁf‘ésbeawesnaﬁh@ sfa,emwat n@nt@ntﬁgpémmute
chen cal adsBRfi) Dbh GriCHhPeBRanfivafts hatomb§ iV IBLE itd™RduBY corllit

the i nvent
segments 271b, 272b.
[0025] Therefore, there is a need for an apparatus and process to purge gas
lines as completely as possible, to perform pump-purge procedures with minimal
entry into a gas cabinet, and to decrease the possibility of leakage into or out of
precursor-containing ampoules before, during, and after removal and installation of

such ampoules.

SUMMARY OF THE INVENTION

[0026] Embodiments of the present invention provide an apparatus used for the

delivery of chemical precursors and a method for purging said apparatus. In one
embodiment, an ampoule assembly comprises an inlet line, an outlet line, and a
bypass line connected between the inlet line and the outlet line, the bypass line
having a shut-off valve disposed therein to fluidly couple or decouple the input line
and the outlet line. The ampoule assembly may further comprise manual shut-off
valves disposed in the input and output lines and remotely controllable shut-off
valves disposed in the inlet and the outlet lines respectively between the ampoule
and the manual shut-off valves. in one aspect, the ampoule assembly comprises
one or more thermally conductive coatings that improve the uniformity of

temperature inside the ampoule body.

[0027] Embodiments of the present invention also provide a method for purging
fluid lines of an ampoule assembly including an input line, an output line, and a
bypass line connecting the input line and the output line. The method according to
an embodiment includes remotely opening a valve disposed in the bypass line,
remotely closing valves disposed in the inlet and outlet lines, and pump-purging the
bypass line and other lines and valves fluidly coupled thereto.
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[0032] Figure 4A is a perspective view of the chem cal - cont ai ni ng
contai ner of Figure 3A. [0033]Figure 4B is a perspective view of the
chem cal - cQip Ahfi8shpcont ai ner of Figure 3B. [0034] Fi gur §cpysa007/064 76
illustrates a process sequence for punp-purging an arrpou?e assenbly

[ 0035] Fi gures 6A, 6B schematically illustrate one enbodi nent of an
anpoul e assenbly with easily serviceable shut-off val ves. [0036] For
clarity, identical reference nunerals have been used, where

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]) So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the invention,

briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to

other equally effective embodiments.

[0029] Figure 1 (Prior Art) is a simplified schematic of a process gas delivery

system that employs a conventional ampoule assembly.

[0030] Figures 2A-C are schematic diagrams of a fluid delivery system to which

an ampoule assembly has been fluidly coupled.

[0031] Figures 3A-F are schematic diagrams of a chemical-containing container

according to different embodiments of the invention.

[0032] Figure 4A is a perspective view of the chemical-containing container of
Figure 3A.

[0033] Figure 4B is a perspective view of the chemical-containing container of
Figure 3B.

[0034] Figure 5 illustrates a process sequence forrpump-purging an ampoule

assembly.

[0035] Figures 6A, 6B schematically illustrate one embodiment of an ampoule

assembly with easily serviceable shut-off valves.

[0036] For clarity, identical reference numerals have been used, where
applicable, to designate identical elements that are common between figures.

12



applicable, to designate identical elenents that are common between
figures. DETAILED DESCRI PTION [0037] Aspects of the invention

cont enpl at 1 cal - cont ai ni ng anpoul e or cont ai ner '
ﬁf.oazoﬁﬂng%ﬁ /h&?g@[&ﬁﬁg a

inl et condurt™and an outlet conduit and bei ng configure

bypass conduit and a renotely controllable valve fluidly connecting
the inlet and outlet conduits. Aspects also contenplate a pair of
shut-of f val ves configured in series on both the inlet and outl et

condui t spetAIlED PESCRPTIONE €i n each pair of valves includes a
positive seali ng manual val ve, such as a %turn ball valve, and a

renot el yowznt r oAbpdiite of dhy dnventioh cantemplaRuaashetnivacoptaifagfipoule or
further cont,enlphat_e chargin ‘?)"EOF[ Jback-filling some or all conponents
of a cheNEAReT BRYIRY AT SBoRA and rPrapUliosandyiisand Beinos Sonigurat: fo
one exarlﬁélﬁdetd‘ﬁyﬁ%gyc@\%it: ééHcPta l%ﬂﬁtft@lytéd?ﬁr |&IESy /e t?}lﬁid[gnconnectin gt;e

precur sor-cont al hi ng anpou assenb are charge I nert

above atiiet Engr ogtigh eerduils. 1ABRRAtS: Ao enatepipiatesagraintol sifutoffevalmest
and oul k6 QeroRl B HRT AL B: RERANCoPREHRbYB Goprei

charged 'w I'nert gas ove atnospheric pressure. A
of the ieachrpainof vavesinpludesa positivepsedliagboayud valvepsosh des Hetuen ball

uni form heating of i con vi.a one,or nore |layers of a the |1y
Conduct 52881 AEMIHR N BRI oIRbIE IR LB A LB RAs A S| AREcl fiher
nmechani eahtemhpiarg tchardhiglYor2 Beck-filing Ysoraa! by AmdenpbneA of 2 NiHwfical-
steel (316, SST). Chemcal inertness is an jinportant requirenent for
body 27@OBIHRA @ARPAE ¥ithi3n Bericgrsystah g5 ideurs ane exandle atbet hastyeand
li sted bl ' hal hal HGa

St engt hr s BUBot N of 4 PRk cOBlihg ohpopl 35 BHHIP A R Vi
assenbl yandoert gag abpee atraosphevia pregauceir imangihercpesipie, segmands obibe inlet

Fence. 805,030 fied oF 3 BAELKD-BORAG aiiould 3RSRAY ABLIELHR 3

chem calingst egas sabowehi dtenasphéricz epregsura. vadnaotherhaspbect af alse ainvention
|,. [ 0039] B 16 SST i ' for.th

Conduct COMEPRIRaE RERPGe, HE-EPL BFaH s Ferdd ordh Dpeing Rt It ESbi5as

200 dur vRgon Oc®Bed lagersFéTra tﬁéﬁﬁ@ﬂy%oﬂdh@@@cdaiﬁﬁ?i d chem cal precursor

i s contained inside body 200, nore and nore volune of body 200 is

vapor-filled as_ the |iqui recyrsor is. depleted, poor thernsgl

conduct 19REly o asdagsottpTRE oraatblcaRA achefidg) strergtn. bash 270

spots, " id ypiklly! hiddedof 316 stainless steel (316 SST). Chemical inertness is an
important requirement for body 270 since the majority of chemical precursors, such

as those listed above, are highly reactive materials. Substantial mechanical strength
is a requirement for body 270 since body 270 of ampoule assembly 200 may
operate at vacuum during processing yet may be pressurized above atmospheric
pressure for transport and storage. Hence, body 270 must act as a reliable
containment vessel for a toxic chemical precursor while utilized as a vacuum

chamber or as a pressure vessel.

[0039] Because 316 SST is a poor medium for thermal conductivity, undesirable
thermal gradients may develop inside body 200 during processing. For example,
when a liquid chemical precursor is contained inside body 200, more and more
volume of body 200 is vapor-filled as the liquid precursor is depleted, poor thermal
conductivity of body 200 may result in uneven heating, i.e., “hot spots,” in the liquid
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precursor later in the life of the anpoule. In another exanple, such
as when body 200 contains a solid chem cal precursor, poor thermal

conduct i vi 200 may create hot spots throughou f
t he anpoul{é% 0 eltﬂ'ﬁer case, a CVD or LD process may bef’%{lpgzow&gﬂﬁ

af fected by such tenperature non-uniformties. [00401ln order to
i nprove the tenperature uniformty of a chem cal precursor contained
i n anpoul e assenbly 200, aspects of the invention contenplate a

conf i gurpﬁet:orsoaiatbpmythaﬂﬁe \oh i Pb@@y IA78hdtReremni8 Osih &s @men body
t her nmal Imon uctive | ayer 270a of thermally conductive nateri al

i npr ove eoriging 56! %ciiermlsﬁlqwsqﬂrsgb@pozmrmah@@nﬁhqcnwtmfmzaﬂemay
layer 27Q8a@Hotb§pdits ShidRhRoRaR 'lﬁ&of’&qér%g%lea”ld Q%rﬂ%r Q48! a5¢ 05%.- lpsd

bet ween- an i nner 'and an outer | ayer tronger § "t hernal
conduct i Mrecesa mey de detiimantady aftect@@y sEiclhy tt&mp@atdre mehsutifesmiiepar t i aI
sectional schematic view of body 270, wherein thermally conductive

roenan ()¢ DRSS 8 AROIP TS |oMforBHaE rfibifiy. of aCcfimBRCpfoutter®

secéI i otnadormmm ampoele cassemuw 200, aspen'tel of the tln\mrﬁlohheonitefdpjate a
n r

5700- 276 gROTR of 3y 276 WERRN BERY 970 SRERH s ey fonducgve

| ayer ed |ayer@A0s of thEhﬁansabbnﬂlmw wedteNSl tbam‘%goA&rﬁ@aFt: @ﬁgb%%{ frﬁ%%nvogf

a coati m&% 270 of a %irrbll%/
t her mal ﬂﬁ) P(/Baﬁ'sém 83im3y Be 3 ﬂ&tﬂl%@aﬁ%or mey henan
enbodi MgRiefaldr sHridwAdIRY b@tv@eﬁ‘%r?%r%? and & oﬂfér'la)()&*ﬁ"ér%ltrbﬁ er_but less

conductive layer 270a may be applied to bod el ectroplating or

any ot hdherewllyi eqpdustive dnateriahpsiush a¢ 3]6@3§§\é1e ﬁxgurer B alllgstrates Zin)artlal
| ud I t
conduct oetond Sehefiefifhew o bR 278 Arei ndMall RROLLAR Bt bra s
t he mat eand‘lvlchedmatwea? twhdayeus 270D, Bmtyoﬂalﬁe oThmrbhmekhmﬁsalqusttoaMEf
L0041 1F PRSI aeh dBrpleiR sptch sEBre Sesutaicorisper body 270,
i nvent i evhergihengltipieahetmeallyaindaciivieaapera @ 70a1Ra lsan8Wwichied thidesn multiple
anpoul e asseg‘%%/ 3}89% is confi red wi th an i nherent bégass condui t
302 wi t 1AYETS eABEErYT ebARe oF mae %wadiwﬁe@%r meteriaieicefonm ariaygrad
4A s asﬁ@ét&i@whymm:y%nahcwmayéﬁzﬁmgmdra%ggfgba%bﬁﬁ%éﬂﬂo&ﬁi?d)sf

actuat ed pneunati cal Q{% an electric notor y any
r enot eI @mpcv@&s-has@#malm 300f dm Figuxapail bowevasnibesmalyo pondiytise Jayern2nia

302, vapyg Shdiang r.r@eggp@#g;]egfkn%sschg%%bc{u%?a{s i adpRt jgﬁ%ﬁg ;%gt:ta%fy

assenbly ur |"acene anpou
Anpoul ewedls Jmmam@mmv@mybr avoa yna;(hqnamdleﬁdoanongmabyeélecmmétlr@

and beaB Y qlnet SRofE Thethiu o EXTRRS ph DI TR isy b 9 ke
235A toamnnma&améresm«eﬁtdsﬁ 3P A rmne:bmeﬂnénwc@ﬂducﬂrolﬂnhﬁénaﬁhaﬂ&t

for the substl ution ouI e assenbl 300A for anpoul e assenb

200, {1 SHBPARIAIY argres fertambiiing e aateral ImATaNg thel buls of tanoty
del i ver y78yStra @RRknkss fdfnnsgéroa g’T 1% éaﬁérﬁn a3wd AfiGohs

in conjunction wth Figure spect aI ows the effec |ve
punp- pufyimetergas gener ati on I|ne 238

[0041] Figure 3A is a schematic diagram of one aspect of the invention, wherein
a chemical-containing ampoule or container, ampoule assembly 300A, is configured
with an inherent bypass conduit 302 with a remotely controllable valve disposed 301
therein. Figure 4A is a perspective view of ampoule assembly 300A. Valve 301
may be actuated pneumatically, by an electric motor, or by any other remotely-
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and its constituent parts via the active passage of purge fluid

t heret hrough. Referring to Figure 2A, during a punp-purge procedure,
val ves 214 be closed, forcing all purge f|UIdS

anpoul e |nP%t E%H§%38a, bypass conduit 302, and anpoul e oupgﬁﬁnﬁm”G
238b. During punp-purge procedures, the onIy remai ning dead legs in
fluid delivery circuit 236 are dead | eg conduit segnents 271b, 272b,
whi ch may be as short as 1 - 3 cmand, further, are w thout any

el bows otortolighlei rp&sE. mm;muieaafséemuyf:do@w bwé@sec@tﬂﬁﬁt @8 vaprdso1 and
segnent s 271b 272b mhlch in t i S asgect are short stralght dead

legs, canapEa\ese28% 461 e adapiedip Berovaitaly @ssembly dwingawaaval apd
| B f

Aot her 'SERREMeNt 8P Athpoules sy R0AC. AMpBURCAERINF SODATHATHE' Auidy

anpoul e euplashtaisaas aapdulsewhsa%rgﬂw pa3neiB204 sillesirafted)in elaigwret A, wia

el | ns R AR Szk ond 585 Mot pcR, A el B SldiSiupl 8 i

di sposedidihenyesysterfi 2pffetcdBhich ampeulsrastmbly 80@Avhak Bagnofilidlyasmeid, y

300B. V b t d
onoi el JEXCER e suns B o5 St Pecery A0Rfor praule gssembly 200,
conj unciuen deliichy SySien? 236 érsaeutariatsRBRldal 30 9Rid BYRSS syRAIR in

302, manual  val ves 260, , .and_val ves 301 7, 268 are adapted to
be a uni @@Gt@naag@ewsﬁylzamn ﬂ@d%qwawb&wa in ﬁ?J’FJ'é'@Cél@ér\’d'%FlQHFﬂ)%ul e
assenbly 300B. Anpoul e assenbly 300B may be fluidly coupled to gas

panel 2Qdosas | |TN§tafs§b§ldal|de: tHi Bfectie Bﬁhﬁb‘-"pﬁ V%Bof gad g%‘ﬁ@ﬁaﬁ%h' fhe 238
diagramof a fluid delivery system 235 npoul e assenbl
300B ha&Mdedn eongtitnapt coarts efcua the cagliver passage @b@tﬂrgeuﬂwdnﬂwetarm@ le
assenbl v, S

subst an%{?ez%qm g? '(%;th gaﬁﬁﬁdp‘%p%\ygé l}5&‘(5/135(%[& gh% 2\’(%%3 if deﬂtalzﬁ%@aé]%
or gani za:losed ﬁxcndgsadirptbgel ﬂalnis\ithraughwnpmuieunIMegaZ%angpa&s ¢éhnduit 302,

[ino baanoatiprge FhREISh el " parre AP Bl Ge e dR, A0 FoR

fluidt imeaetlbgs)ﬁ,rgnui@sd@mqr tibadt 286 wee ideat ey ROANIIDY8gMBARCET 1Y, I272b,
i nt enance per sonnel erforma rocedur

addi tion, pur

prior tc‘J"hé%Hlﬁy be éﬁl%\'&?&@%g WX WBLﬁrPderf'H'F@eﬁ ﬁf%wg;ﬁeutpa'%ép 2 ONRINGE
301 andjvpbdigfentbio ﬂ@@&loUﬁYHBﬁc:éH@ﬁG% @&"iﬁtﬂt‘ é’eQH‘n@n@Q‘?‘lbobfﬁf v?lﬁéh |n
fluidly coupling anmpoul e inl et a and anmpoule outlet Ie 38b
to a vadlismspeeirare Shgctcﬁtraghmm%g%m@@mcz@@ﬁeah‘calﬁppmegleb o @nd
sour ce, This is an inportant safety
advantaggggﬁﬁﬁgmgﬁ%ﬁOFE"%%EE%%%%ﬁﬁQfQ and mani pul ati on of manua
val ves therein is not required until fluid delivery circuit 236 has
been sal9#§l purhigyer Bds @rsehemeiic ydiagramoésaather rﬁﬁpgch@élthwever@nner
gas pan p

amp. puinerf & nnerodRatifly SRR of Sonteier PhindhE s g 2008, is

of isol abmﬁguréal evithetwloi a&:lthtmmhtmmma:mnrollablelsmuebﬁlmheszwvm%nmﬁaet

r\

li ne 265 ual val ve..268Q, | ve 7 an ual . val ve 261

vl 88 walgs Yl hufhss ‘BtGit i wi reGofily, o alE Saivt HotaRSosed
| eakagetigréif. Figatd 4Bfs amy;ba:tﬁéwwloy anfiBld Qséé?ﬁbl?\%OB tYatesreppal
val ves 260, 261 are not |eak-tight. As noted above here is

or di nar 26§ may Be actuated by @aumbeﬁpf reseotglyeamtroliable eeansrascdetailest above
anpoul e I ck n

[00as] Floh AIRg SHTPRL Lol BETNF it Bl 38T ANy s HE 9088, Bypass
anpoul ecenduind; nieooml valves 260, 2Ot andatanes 3Bl7 262626 aee adarted to be a

| cq 25t 4Rl ShpBolemd B Al MhintieR L st B Boh 2f0R
301 is Ammecb aﬁmamo«)laamgrﬁer mhnulgrcow&:d fd yasibgnelo2®! badimatsd i
inlet | Ig%u %% ErBDOU' %uéls% ema ic dS agbra%ngf ghfFUIdn%leP6ér§ysygIen% r3‘2|3%tB to
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In step 504, a purge fluid, such as a carrier gas or in sone cases a
l'iquid sol vent, |s then flowed through the evacuated |ines. Heater

222 may he ge fluid, if desired. Wen the purg
is conflgu?‘;gdi0 |E’ve to fluid delivery circuit 236 asslC JFrjguﬁlfate

in Figure 28, the purge fluid enters anpoul e assenbly 3008 via
anpoule inlet | eg 238a, flows through bypass conduit 302, and | eaves
anpoul e assenbly 300B via anpoule outlet leg 238b. In addition, the

pur gfeI fl \Cujlvh[d:htazmﬂa(euﬂaca]I laksermnbly mmﬁmwdbe@‘f fliidlyedoublede B&4ptiod tl?l?dl!tﬁtitdtidhe
265 ui | ed t s condyit 302, T ur |on an ow rate
of purge® gf%'ﬂ Fﬁ’llyo%gﬁ?%frﬁﬂﬁ?'ﬂeés‘;%m%%ib% qa clyEpeREiem 195 Ise
pur ge flsubttar&%qiy igSHtida to ﬂumedeiﬁ@%ﬂ‘s?siémcmﬂﬂddcﬂﬁn Ca‘nduar\@%mz%ﬂon as
resi dues, and guantlt t hereof present in the lines. In stép

conpl et i $98 @ﬁﬁy%m@%’mﬁ?(ﬁ'@éd’ﬂ%ﬁgﬁf&%ecked | f the purging of t he
desired Ilnes is conplete, the process continues to step 506, wherein

anpoul e pa&gnbl Yh%oé'%éc? aII&FJQ\fﬁ@ éfk@fﬂ&ﬁﬁn@aﬁlﬁée Hpas! erfe‘r‘é(ﬁ)cg}? f[q% 238

punp-purge steps are desired, the process retufns to s
nunber oANGitFpCHNStigENt tRarts mnﬁwedegm\fee@assegﬂapf mr@ ﬂdéb@mreﬂngomh as

ompos | (S Sxchiosd dbBie MITAE provibs 4SSt RMilon® rfntchiak BBlsonpel may
pr efﬁnt peffctm‘ealpumpu{geopﬁ)pﬁdgw pnd}(imh amposiehepmbemedt i&uj}:ham eﬁtry mto
anot her oul e asse

300C i s @a}pﬁﬁéﬂr 20 s VaNEC b1 Al Bvel 287, ai@i,%%%g? RlosSd B via

anpoul e contredl I50 Gy aauplingémp@hlednlleﬂldﬁ maeﬁaﬁ@anﬁbulébﬁﬂémé 238b
bypass conduit 302C that has a renptely controll able valve

di sposedOh¥UUR FPYCE| §U %P&CG&%&BW’@@Y BB a e flvig @mﬁ. spgiRh

as in thg C Qé‘im.%e
poi nts of ﬁi/@g&gﬁ%gggﬁieﬁﬁgzgﬁ{%gﬁ%gﬁ c'éergﬂritos‘%gé&??d %’3’2,@ et %[%W[H%b

are | oc&@sdPanel 2idandomanipuiation 1§, mamqie/@lwesdhyrelm isnaeti requisad untl fluid
di spose I 6 6

d: :Bo:egjeget gﬁc'ﬂgnua H\?%I &%QQ %a %j val g“é%é? A %ﬁ?@y’ag@@ﬁ% hce
300C mayesornelinillist entaplgad p?qjaﬁ)tpm]?jlos%?ﬁ\mgahwhlues ra80ed261n pﬁggwce
2C. Fi t i a ui V, m

o whi onERBLP B LN PP sButesn dx et epriti pcBur b BAS et w0

t he subsifigoldtionrfrerf aammeml contaRipatiby fF0A6t iy 264BpY |o@tlét5]ﬁ'@i85’ n%%ly
fluid dellver (éﬁ ssbstantlallyldentlcal to id

del i very" X(ﬁ{s‘é iY@ V@ i 8R zi"r‘ﬁf‘%‘ yaweZ2ti UHIVSSZ%%W%H‘?'&{)JUES
in conj u@@dddarr»cwrﬁrhmﬁtwﬂ% Ask Bp@éﬁ%;%@lrﬁo 8F Bacbf %PBMY@ ds3enithy §c§c§éz Yi¢

punp- pur ge of gas, gener ation |ine Its constituent parts
descri bélie gventehabmapyal yalves 36Q 28pare: B;Otdeak-h@tl e notedrabave, there is

ddi t

lui d areinaily SRS SpBI€ LLRE yisdBA05, 0] 4R thifhs BR3D.AtheRuifife
Referri amnwld:legmmat @, clBsckingalamd pafripchurghgval ves 267, 268 may be
closed renotely via controller 250, allow ng val ves 267, 268 to be

Tt 1 oot0R! il irafis & DrbEIR: Blauhos TRk tof pﬁinﬁéﬁ‘ﬁ tghogs amsioule’
proc e?ﬁ sesanblyﬂ@dBc dd stap 50(1)1? ;@gdglﬁé’g%@ awc'ﬁfﬁ?ﬁgwfﬁ% &Jerglrcgl?? I528(7)

and the's f?ﬁ@alhodéf?&%??m%'&%q %%ﬁm“’?ﬁg? GREMETRPUS BUtieldeg 2068 sbthe
Hence, &he SERthypads GaNSUBH1 REGPBITES refridiBly \25 %%nfrenertﬂfscﬁ fﬁxﬁf}& upfirfy

substantially reduced in | ength when con‘gare
segnent §Wm§ injef Jeg L3pay ﬂ@ppm@wlﬂlﬁ leg; ga8h asaﬁdm mworrtyg@inelmane 264

rﬁllg'n?:%ﬁd %Qtléﬁln% SR LSl 866k HiayPH M a RiRESSurdd ab0ciated with
process chamber 206. In step 503, fluid delivery circuit 236, bypass conduit 302,

inlet line 264, and outlet line 265 are pumped down to the desired level of vacuum.
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this aspect, anmpoul e assenbly 300D is configured with an inherent
val ve assenbly simlar to that of anpoul e assenbly 300C, as

I 1lustrat eg,&iaoﬂlg@iie 3C. An inherent bypass condui't 30?9[‘/[]%6‘1/@2?768‘

renotely contto e val ve 301D di sposed therein fluidly coup

dead | eg conduit segments 271b, 272b as in the previous two aspects,
but in this aspect there is a second bypass conduit 304D configured
with a renotely controllable valve 303D di sposed therein. Ampoul e

assenbl y|n398P508Ya P_Qrdd %Ud%“ Sch 4P EgrrifeP gaser Wg%gf?:?g dlpgig‘@y&gge

for ampoul e assenbli €s A-Cin Figure

i | | ust r dhen tfawed: theoudds fhecewicurtadhlingsny brates 222 mpy tleat & putge Bigd, if
200 o0 RS, BN TSV 06 s RG9S, 38 BBl et
Fi gure 336 as illustratesipiackigure 281 thet mdge flull goiees ampoblgpassentip300B via
202 an oA ke S90EB! ABE AR E05e LERR D SHE L e
connect efksbmblynBEOB Vi ampbdldoetitg asy Z8BLA! In\aiditRin2 @b pOReVRIY Hadkfills
and i's 1tﬁe portions of inlet line 264 and outlet line 265 fluidly coupled to bypass conduit
302. The duration and flow rate of purge fluid flow through ampoule assembly 3008
is dependent on the purge fluid used, conduit size, chemical composition of
unwanted residues, and quantity thereof present in the lines. In step 505,
completion of pump-purge procedure is checked. If the purging of the desired lines
is complete, the process continues to step 506, wherein ampoule assembly 300B is
removed from gas panel 204. If further pump-purge steps are desired, the process
returns to step 503. The number of pump-purge iterations desired is variable,
depending on such factors as the purge fluid used, conduit size, chemical
composition of unwanted residues, and quantity thereof that may be present in the

lines.

[0046] Figure 3C is a schematic diagram of another aspect of the invention. In
this aspect, ampoule assembly 300C is configured with an inherent valve assembly
similar to that of ampoule assembly 300B, as illustrated in Figure 3B. An inherent
bypass conduit 302C that has a remotely controflable valve 301C disposed therein
fluidly couples dead leg conduit segments 271b, 272b as in the previous two
aspects, but in this aspect, the connection points of bypass conduit 302C to dead
leg conduit segments 271b, 272b are located at junctions 315, 316, respectively.
Junction 315 is disposed between manual valve 260 and valve 267 and junction 316
is disposed between manual valve 261 and valve 268. Ampoule assembly 300C
may be fluidly coupled o gas panel 204 as illustrated in Figure 2C. Figure 2C is a
schematic diagram of a fluid delivery system 235C to which ampoule assembly
300C has been fluidly coupled. Except for the substitution of ampoule assembly
300C for ampoule assembly 200, fluid delivery system 235C is substantially identical
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connected to outlet |line 265 between nanual val ve 261 and di sconnect
fitting 263b. In the aspect illustrated in Figure 3F, bypass conduit

302F and rg;g)ﬁg[ control | abl e val ve 301F di sposed t hergi Mol
coupl e inlet ?}ﬁéa@g4 with outlet Iine 265. Bypass condﬁ‘?ﬁu%yﬂgf‘éﬁ
connected to inlet |line 264 between nmanual val ve 260 and di sconnect

fitting 262b and is connected to outlet |line 265 between manual val ve
261 and val ve 268. [0050] As noted above, in sone aspects of the

i nvent i o fgigN@elRerRkssteRMPOP AR fanSorR Rl CHhSAafR a1 JhdeAbSITRMIAVE in
are charged with an ihert gas, such as He. The advantages of this are

t wof ol d. Cqmjyration ¥y kjoHw®e 2-he anpoul e body with a pressuri zed
at nosphere of an inert gas chemcally protects the precursor

contain er efry; i I E@g}e L A
seal s o?ﬁ?/‘g_veswﬁﬁ t he 5@%%‘3?%?@% Iypg'?ﬁrgs&?%%g?rétgl u a?tﬁ{? @'5%338
for a sond itsr eenstisugntcpansiasi dgscrinedubbows Jentihg . predouvsdaspeats 0f the

e e e
| eak- chetbkiugh afdnesl velveansyl 261 rdutriab! at pump-purgw prasddure§ ReRaHag do

5. S SRRl 8 0, 9, 0, 8 i S SRl o
shut - of feongloer lzso,abmﬂh?t»bawéﬁ 26726864 BE et Hﬁiroég%ﬂr!}g p?]@g%d PH6P 18S

manual val ves 260, 261. Is inportant to note that ypi cal | eak
rate t hrigigakafiempoule, apearmbly -adnragsliian, \the \size obdeaddegs ipsesant h
hi gher t t h AV r ot

ext er nal &g@gl t@@ oémg%i%g"%éaﬁ\% se Fjal:iﬁﬁée(F&{:Lﬁgg ktl26 ntg bfcgeradl feeg k‘gdélgﬁ’# hst,rl%ur%%nts
manual \&ltbe@72B0ie.2be donduit segpent lnvatest bemaendunttion 343 andemlve 267

wherein jt, 4 i.rahl . the .amoul e 0 _be charged ,w th an
I nert gzidsn,Ej @%idéﬁgﬁgfeggeﬁﬁk%@%?gég?w&gﬁéwcé%ﬁd:ﬁstﬁ?cgv IV%%%S %r,lceoﬁip?,
a segnerdeadfley lh;en'duit ]§EQdetSOZK1tet27|2brfeg tﬁiﬁ)ﬂﬁb@cﬂé’t&@@éta?ﬂiéllyl iel@lﬁlcé@ﬁ t
gas. For_e e, referri to,Figure 2B, the s n inlet line
264 i SyRR TP AT doad (oS Sers Uiearments 94, ZAaRITaTBe sugio
of outl elspbttiEhodpoinFiguressl bet ween manual val ve 261 and val ve 268,
may be the only regi ons of anpoul e assenbly 300A charged with an

[ t . ] 0O A e detail ed descriptjon of a . ]
ot ecur SG048bnt RS 8 ADerTAle JRgABECk SiRtaPn 8epach of ssinvention. In
conf i gurigkizRPECO hrripold AP BOOBYs !asnﬁ%aa' Wi meﬁ@gérF XaRe %&gg}bw

United States Patent Application Serial N 246, 89 )
entit| egimigrge dhat afpampeuleassemplypRi.as ilustrated infigore @er An inkoest

extont DYPEShEhd ReRI Uk Hoo ¥ ROl BLle PUR SO T el i

above, fluiglyseaupley dead dege sooduit wegments \2711be 272bass dn ehexpresisds two
aspects, but in this aspect there is a second bypass conduit 304D configured with a
remotely controllable valve 303D disposed therein. Ampoule assembly 300D may
be fluidly coupled to gas panel 204 as illustrated for ampoule assemblies 300A-C in
Figures 2A-C.

[0049] Figures 3E, 3F illustrate two other aspects of the invention. Ampoule

assemblies 300E, 300F are each configured with an inherent valve assembly similar

to that of ampoule assembly 300C, as illustrated above in Figure 3C. In the aspect

illustrated in Figure 3E, bypass conduit 302E and remotely controllable valve 301E

disposed therein fluidly couple inlet line 264 with outlet line 265, Bypass conduit

302E is connected to inlet line 264 between manual valve 260 and valve 267 and is
18



to highly reactive chem cal precursors for extended periods, such as
manual val ves 260, 261 (shown in Figures 2A-2C), may be damaged and

fail to se espred. This is particularly true Wnen W
assenbl y cg)r(l)t%lﬁ’fr?;1 Gcobsol id precursor. Solid precursors drs¥l ved'hl'[%y a

heated carrier gas may subsequently precipitate out of the carrier
gas if not maintained at the necessary tenperature and condense onto
shut of f val ve sealing surfaces, hindering a vacuumtight seal and

requi ri ngprnecledl toanltiat Bne R65 bawmanaélv@wee@dsﬁﬁﬁmmcohﬁéctm@li&sb
assenbl i es occurs relativel freci__[ uently, ease of serviceabi

al so an N8 seaest ilustatekindtigers 3. Rysaps-renfulis3agk GWW@M%QIHWG
|11 ustr ajgyeo ﬂEHE??é éésiﬁ i é‘ﬁﬁ&%@?tﬁ%ﬁ%&fét? gidgs, Bypass

serviceable s ut 0 Fi ure A 'S ematl Cc Si e Vi ew
Fi gure Gmﬁdy!taS%%arammetctﬁsi 0 einlet Aingo 264  betweaebl ynagwal ivableu@68 and

val ve as u 0 7 cRNn 620

out 1 o - csuneet it BB oy REGnrebted \0"bBe HETEES LB el xapve
VCR conr&tt arahvalvel268it | et connection 621 is preferably a %I nch VCR
connection for ease of repeated installation and renoval of arrpoul e

nbl y Val 10 d
oo YodlP, (AT BBk SEREE " Dt heetes of IBS T tvbaliay BEPELLY g
reno\r/rte)ld .coBpaneafs %ﬂéaélc}ne?\tl@ltoﬁtamnﬁglan@\?gle]p%?f(fchl'aa?éc%/mlm%i@adrtt tsvgggrg
asse a itt] i it
o e a5 o bEiadvantaoes oh i orh MY neirsh Shati NG Smpoub pedy wih
assembl yreddir2Bd ~AABSPRSRe 35 ATHEY gﬁQ%heh%aﬂ?%rﬁé%ﬁh@ pré&lﬁ‘&orcgdcntamed

val ves 611 and 612 are positioned™3.25 inches teart to all ow adequate
access floereiner@yeal if rsopms dpakapaseceurathrough mnyaph theasedlairyvalues in the

[0054] WHrﬁﬁo %Ssgé?ﬁ gt ﬁllb?agﬁr%?agl lyafie Br E%Pﬁ g?@d?.ﬁéoroéon@r‘:ﬁngragﬁﬁﬂﬁe

i nventi on, ment's of nvent1 on
devi sed amsemnblyt &&qmdt dwg'ngadnakbcﬂmcbmglpu:osﬂdmne, duchrasdhat dasgribbd abowpe

;Prg{:)ﬁlora @?g%ﬁ%ﬁ: n Véﬁhl;‘q’ﬁg? Hga %gﬁ'ﬁsﬁg%&aeténfthe intet IlneC'TIows or Ieak-mecklng
after new ampoule installation of not only of leakage into disconnect fittings 262, 263
from outside fluid delivery system 202 (see Figure 2), but also of leakage through
the outermost shut-off valve located in inlet line 264 and outlet line 265, such as
manual valves 260, 261. It is important to note that the typical leak rate through
shut-off valves, such as manual valves 260, 261, is much higher than the typical
leak rate externally, ie., _through the external seals of said valves, hence, checking
for leakage through manual valves 260, 261 is an important procedure. In instances
wherein it is undesirable for the ampoule body to be charged with an inert gas,
which may be the case for certain liquid precursors, only a segment of the inlet and
outlet lines may be charged with the inert gas. For example, referring to Figure 2B,
the segment of inlet line 264 disposed between manual valve 260 and valve 267,
and the segment of outlet line 265 disposed between manual valve 261 and valve
268, may be the only regions of ampoule assembly 300A charged with an inert gas.

[0051] A more detailed description of a precursor-containing ampoule that may
be contained in some configurations of the invention may be found in commonly
assigned United States Patent Application Serial No. 11/246,890 [APPM 8895}
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an inlet line for the anpoule, the inlet Iine having a first shut-off
val ve di sposed therein between the anpoule and a first connection

poi nt of a“;‘d {Oﬁ'}:’ll? fgass line and the inlet |ine; ??Ugg;[u\[yg&ﬁd%ne

for the anpoule e outlet line having a second shut-ofT™

di sposed therein between the anpoul e and a second connecti on point of
the first bypass line and the outlet |ine; a third shut-off

val ve disposed in the inlet Iine between the first shut-off valve and

t he anpoettitedatiimpoule Spla$io Gudrd sApparefus, "vﬂ!bdeordicm‘b@b?adY\iAkB]OlD?ﬂewﬁhw iet
i ne betyeen the sec t-off.v, e oul e, erein the
[ rst byleiBBy ITepmareted by Etreton i airetido 1 eRoni it Tsrsetentoyity e
line, thgamddinhvdmiass | i ne having a bypass shut-off val ve di sposed
therein to fluidly couple or decouple the input |ine and the out | et

line. 2. The anpoul e a senb of claiml1, wherein the byp
Shut - of 0 ve. A8 RSt 250G Jhe sRelg PUTICES A MubeT \Akesdhbbareprposed

anpoul e té%?lﬂ?'ré‘a&fve‘ﬂh@hﬂbaﬁ préfIREGs Fot &&eﬁ@&?ﬁéﬁo@é’ E0ER %@ﬁnaﬁﬂal lvﬁl%%

one Iayer first material; and at least o | ayer a secon
mat er i al260, 261 (shpwpdn FigwestdA-2€), ﬂaayerbeacﬂamag%d guds‘avhm seéll 35 desieed.

arpoul ¢ TS ShESEAHAy P Wl Aol B STBR bR kol plbouip, ot
first nywreciradrs dissolvasbby aqneatect d:mrnmgamrmay sbibseuahtly beetmjltalteamtofdh@
layer Ofcatrner Exig Hgt main?amed at the necessary temperature and condense onto shut-
off valve sealing surfaces, hindering a vacuum-tight seal and requiring valve
replacement. Because valve replacement for ampoule assemblies occurs relatively

frequently, ease of serviceability is also an important consideration.

[0053] Figures 6A, 6B schematically illustrate one embodiment of ampoule
assembly 600 with easily serviceable shut-off valves. Figure 6A is a schematic side
view and Figure 6B is a schematic top view. Ampoule assembly 600 includes valve
assembly 610, ampoule body 270, inlet connection 620, and outlet connection 621.
Inlet connection 620 is preferably a % inch VCR connection and outlet connection
621 is preferably a ¥z inch VCR connection for ease of repeated installation and
removal of ampoule assembly 600 from a processing system. Valve assembly 610
includes shut-off valves 611 and 612, which are also configured to be easily
removed. Shut-off valves 611 and 612 are preferably mounted to valve assembly
610 via VCR fittings {not shown for clarity) and positioned to have a convenient
clearance from other components of valve assembly 610 and ampoule assembly
600. In one example, shut-off valves 611 and 612 are positioned 3.25 inches apaﬁ
to allow adequate access for removal from and installation in valve assembly 610.

[0054] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that
follow.
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5. The anpoul e assenbly of claim3, wherein the first materi al
conprises a thermally conducting material selected fromthe group of
netal s consisting of alum num copper, silver, brass, and

conbi nati ons thereof. 6. The anpoul e assenbly of claim4, wherein
the coating of the outer surface has a thickness within a range from
about 1 mcroneter to about 5 mllinmeters. 7. The anpoul e assenbly
of claim1, further conprising: a second bypass |ine connected
between the inlet line and the out| &LAMSe, the second bypass line
havi ng a second bypass shut-off valve disposed therein to fluidly

couple or d ' | d the outlet line, wherein:

t he fiﬂét s%ﬁﬁﬁﬁpﬁméa 3EH?®£3FQE@§e "between the first connection
poi nt of thanfampauleypass line and the inlet line and a first
connection poi.n f the,second bypass, l,ine and the.inlet |ine: and

the second aubissfine e (B SERGHE RIS field PR Eng, 4 Tusl it st Hilke Hippsed
poi nt  afereliebétiveh thepassoullé RRdad frst tBnRsdtiodt pdintef & fitktdypasoHNe and the
connection point of the second bypass |ine and the outlet |ine. 8.

An anpdIEEiNgsenbl y, conprising: an anmpoul e, conpri sing:
an outlet line for the ampoule, the outlet line having a second shut-off valve

disposed therein between the ampoule and a second connection point of the first
bypass line and the outlet line;

a third shut-off valve disposed in the inlet line between the first shut-off valve and
the ampoule; and

a fourth shut-off valve disposed in the outlet line between the second shut-off
valve and the ampoule, wherein the first bypass line is connected between the inlet line
and the outlet line, the first bypass line having a bypass shut-off valve disposed therein

to fluidly couple or decouple the input line and the outlet line.

2. The ampoule assembly of claim 1, wherein the bypass shut-off valve is a

remotely controllable shut-off valve.

3. The ampoule assembly of claim 1, wherein the ampoule comprises:
at least one layer of a first material; and
at least one layer of a second material,
wherein the first material is a substantially more thermally conductive material

than the second material.
4. The ampoule assembly of claim 3, wherein the at least one layer of the first

material is a coating on the outer surface of the at least one layer of the second

material.
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at least one layer of a first material; and at |east one | ayer of a
second material; an inlet line for the anpoule; an outlet line for

t he anpoul e; a bypass |line connected between the inlet |ine
and the outlet line, the bypass |ine having a bypass val ve di sposed
therein to fluidly couple or decouple the input |ine and the outl et
line; a first shut-off valve disposed in the inlet |ine between the
anpoul e and_a first connection point of the bypass |line and the inlet

line; % sed®®dagmauleiasseabhe ofi SptRed Mheraid Bgt et MpiRsiabcafgises a
the amﬁ%%lﬁ%nauﬁ@@%%@@gs%eyg@ﬂ'tﬂé gg&]pltmn Wénﬁ'rﬁiét{h:ﬁntg%rwﬁ%m,

outlet Trne;  a thi | SPO nthei1n
bet weercopher, Isitpers brdssnandndmbmatiang thdreof. and

6. The ampoule assembly of claim 4, wherein the coating of the outer surface has a

thickness within a range from about 1 micrometer to about 5 millimeters.

7. The ampoule assembly of claim 1, further comprising:

a second bypass line connected between the inlet line and the outlet line, the
second bypass line having a second bypass shut-off valve disposed therein to fluidly
couple or decouple the input line and the outlet line, wherein:

the first shut-off valve is disposed between the first connection point of the first
bypass line and the inlet line and a first connection point of the second bypass line and
the inlet line; and

the second shut-off valve is disposed between the second connection point of the
first bypass line and the outlet line and a second connection point of the second bypass

line and the outlet line.

8. An ampoule assembly, comprising:
an ampoule, comprising:
at least one layer of a first material; and
at least one layer of a second material;

an inlet line for the ampoule;

an outlet line for the ampoule;

a bypass line connected between the inlet line and the outlet ling, the bypass line
having a bypass valve disposed therein to fluidly couple or decouple the input line and
the outlet line;

a first shut-off valve disposed in the inlet line between the ampoule and a first

connection point of the bypass line and the inlet ling;
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a fourth shut-off valve disposed in the outlet |ine between the
bypass |ine and the anpoul e, wherein the first material is a
substantially nore thermally conductive material than the second
material. 9. The anpoul e assenbly of claim@8, wherein the bypass,
third shut-off, and fourth shut-off valves are renotely controll able
shut-of f valves. 10. The anpoul e assenbly of claim9, wherein the
first shut-off valve is disposed in the inlet Iine between the

renot el y @ceceof | dmteff valve disnasediin tha oetlelning hetwsaihdhe ampoulmand a

t he secon t- ' ' ol . Line between the
renotely %%%[ﬁ?oﬁoﬁ%?ﬂéﬂ %ﬁpitﬁftghz’??%%hd‘/é;?@g&fg@mteﬁgn%’ypass line. 11.
The anpoud dhiad sbobbif \dve ldapes8d ih uhehielet diorpbeteiery:the lsyasadinzy pad she

| i ne connect eﬁl be'jt]%{\een the inlet line and the outlet line; and
a rem)tel?“BB €r31Y abl e second bypass val ve di sposed in the second

bypass | iagoiirth hut-6Hf yakeufbsosed idepeuiltiet 1ihe betleén khdeygask M and the
outlet line, wherein: the first shut-off valve is disposed

bet ween t#EPPYlEs WhenpiRethe Arst Jpaieriabis @, substartiallyymese themmealyneondistive
inlet Ii %F@pg| f’ha‘i‘n&ﬁé%aﬁ&ﬁﬂ"ﬁ%‘téﬁl poi nt of the second bypass |ine and
t he

the inlet Tine; an second shut-off valve is disposed
bet ween the second connection point of the first bypass |line and the

out I et of | N d £ 7 U0a B GbAN 8P RhBleind BoRRC G VR ahkMBurth

shut-off valves are remotely controllable shut-off valves.

10. The ampoule assembly of claim 9, wherein the first shut-off valve is disposed in
the inlet line between the remotely controllable third shut-off valve and the bypass line
and the second shut-off valve is disposed in the outlet line between the remotely

controllable fourth shut-off valve and the bypass line.

11.  The ampoule assembly of claim 8, further comprising:

a second bypass line connected between the inlet line and the outlet ling; and

a remotely controllable second bypass valve disposed in the second bypass line
to fluidly couple or decouple the input line and the outlet line,

wherein:

the first shut-off valve is disposed between the first connection point of the first
bypass line and the inlet line and a first connection point of the second bypass line and
the inlet line; and

the second shut-off valve is disposed between the second connection point of the
first bypass line and the outlet line and a second connection point of the second bypass

line and the outlet line.

12. The ampoule assembly of claim 8, wherein the ampoule contains a chemical.
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12. The ampoul e assenbly of claim@8, wherein the anpoule contains a
chem cal . 13. The anpoul e assenbly of claim 12, wherein the
chemcal is aliquid or solid precursor used in CVD or ALD
processing. 14. The anpoul e assenbly of claim 12, wherein the
anpoul e i s pressurized above atnospheric pressure with a gas that is

chemcally inert to the chem' cal . 15 The anpoul e assenbl y of claim
14, V\/nerel néih as |s hel i eCi, rrpoul assenp of g:l aim 8,
wher ei nf enfropoienas Yl ai 1 4“{ EE iSof: liquigh or solid
out | et réaﬁsg,quggdl RESVD ot /ALD @@,@eg% connectl on; and the 1/4

inch VCR connection and the 1/2 inch VCR connection are spaced about
3.5 inches apart.

14. The ampoule assembly of claim 12, wherein the ampoule is pressurized above

atmospheric pressure with a gas that is chemically inert to the chemical.

15.  The ampoule assembly of claim 14, wherein the gas is helium.

16.  The ampoule assembly of claim 8, wherein:
the inlet line comprises a % inch VCR connection;
the outlet line comprises a ¥z inch VCR connection; and
the % inch VCR connection and the 12 inch VCR connection are spaced about

3.5 inches apart.
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