CHEM CAL DELI VERY APPARATUS FOR CVD OR ALD BACKGROUND

OF THE I NVENTION Field of the Invention [0001]
wanatwadisvent s of the invention relate to an appBCBUSR07/064276

and nethod used for the delivery of chemni cal

precursors. More particularly, the invention relates

to an anpoul e configured with a valve nmanifold that

i ncludes a bypass |ine and a bypass val ve. Description

of theCHEMICAL PELIVERYAPPARATIIS FORE@VD QR ALD on

(CVD) and atom c Iayer deposition (ALD) are known

f material on a substrate by

1. ‘
prase chenicals near the surface

Fleld%fftﬁ?w e In general, CVD and ALD techni ques
ve e delivery of gaseous reactants to the

[0001]S UDEhBb@infetd BEtheR0ERGh RIS t6an 4555k (}%"aﬁdih?e‘ihod used for

pl ace under tenperature and pressure conditions
the deliveny iblchemicalherechrsonsdyhene partictilarlye thee irsfeintion relades to an

ampol PGSR TRFCA LGB ook b kA B BT oypass

valvethe ability to deliver a chem cal reactant or
precursor to the substrate surface. Various liquid
precursors have been successfully used during CVD and

Desc'AEWﬁrﬂfﬁhBﬁ?'éF%’ At del i vering the Iiquid precursors

rrier, qgas. arrier S ip so
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knoer“ﬂé&’fhr&@ég frorRin aaiiatstidl '(ﬂP'adstch]s‘ith'ésogf tHénPé‘éctlon of vapor
condi tions conduci've to vaporize the precursor
phaseoichemicails gwgaratheaisuiface gefs ai sulpsirated ﬂnnrgm@mala Gr\élt add ALD
ntain ontaining.a _solid under
technigffia MojtSYe, FREAGIEN B Ba3Sens 1ehekaith 1oehe fibagte purface where
a chdmhralr@attiorPoResapeet DatieénRratupsiused blisauah c’bndrtrons
subl i mati on process include xenon difluoride, nickel

favorablg toithe tharmegynamigrenbthearaashon. 'Iamjty@@na@qkpgmposrtron of the
oyers BE ), B0l BN PB4 o e ffea by

the abiliycto sialivend bhémical aedetant drr pracutsdrciontiad Rabsirae surface
degr cated conduits or gas lines to a reacti on chanbe

Varioyse digyie RreeHrefsHinexe B %'&u$lé<§$>re§SMV W £hing VD and ALD
applrctaﬁ@lré 65ty theligRid Bldcurddrd Withid Q¥hfrigthsbecause

[0003] 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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heat ed contai ner and chem cal delivery conponents
proxi mate thereto are generallyat an el evated
WO eovpgarbur e, precursor-contai ni ng anpoul es arBCT/US2007/064276

typically located inside a protective housing, such as

a gas cabi net or gas panel. [0004] A typical gas panel

for CVD or ALD applications contains various val ves,
ulators, and flow controllers in addition to one or

at anpgleyafad temperatdien tRIEaUSgr-eaptaining . ampeuleaf aney typically located

s GRRABE RS DT B ReBERTLP Bt B 00,

prevent possi bl e exposure of personnel to the toxic

[0004]pr eAltygiica gasdpdresitfed CYOpp AL applivatibad coRelies Rarious valves,
use tlhe rempval and install ati on of

reg“'fgigé‘-‘mﬁ%rf %ﬁpatrﬁl?wg Wnpgaities to-Qner e& negrer pracurgpreontaining
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ventllalmmamdaare\med tmyd alagméd rtcm gre\mmbpedSI_blredeipawré of gggonnel to
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and u'i%tﬁﬂ&fonoéf ﬁﬁe%ﬂ%drft%'ntéihlﬂg érﬁﬁb@bb%qﬂir%bh% into a gas cabinet

unp- purge, renoval/repl acenment eck
by mqsimheppuc@ perspnaet dhisdmposiant ’Emum@]nlzenthehposstblllfatofdaakage from

dopetCAnphlls U581 LPYESHS S0k SFEB iy HobL il ooues

when $theyt aef bein@lingtsliddocat ed on the |nI et and outl et
pI urrbl ng of the anpoule. This typically requires entry
as cablnet by mai nt enance personnel despite

[000s;], pr ofs ﬁam@aqt ampayle, seriacepapb REgesiuge iB¢ledes ey number of steps
d
RS A, i R W B DR o OB B SRt pu-

purgepangcpangetions t hen perfornmed on any gas |ines or
vaI ves that have been exposed to toxic agents and

190061 40 (SRR S18P: TSRO RRSHIE HHEgo P dUE, irHiAteg fom

the pr@@é@snﬁ@%y%ﬁ‘ QPﬂSlbéﬂyﬁvFéOrﬁh‘éHUéﬁshl)’cfHﬂfﬁélveé'F&a@é@%h the inlet and
fittings one of nore_tines wth a rough, nmedium or

outlet mltgﬁbmgcthe sowpade. dbjsehygioady aseqmre@ @rairy indaiithe gas cabinet by

i B BRHRE BB P 108 pehlE soueBlY o slvate

temperatusegeaarcadies prekence obfpur\?@rg@ﬁ gaBdlindss cdnthiMiagY Afghly toxic
be perforned to nore efficiently renove unwant ed

chemigﬁlé. toxi c residues present therein, particularly

[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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solid residues or residues with a very | ow vapor
pressure. The renoval of unwant edchem cal residues
w0 e@mgsoeondui t or val ve via punp/ purging i s nMeCEUS2007/064276

effective when the gas or liquid used for purging can

be actively passed through the conduit or valve. This

IS not possible wherever a "dead | eg" is present,

i.e., a section of pipe or conduit that does not form
chemigal fesidues romsa ganduit o yakvei va payrp/puiging és ewde effective when

the o4 PRTLER LB HE R0 B LS S B, A8 el poncut o
valve.babis ibirldt ipogsible whefever agdehd ledt. is Wesdht| Se.ka@ebtibm of pipe or

the art to be less effective than the active passage
conduirthgt,fges notferm raBwfia soegaatsircwatian systag. Imstpad, ynwanted
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non-linegr filtiegeent is installed. The anpoule is typically
separated fromthe gas cabi net by neans of quick

di sc t fitti or,.reseal abl.e v mti ght
rooce1 {1+ RRGIRE AT Rt e RGET CRmBERFA VRS replhe number
of puinppergeetydles Yors Yiné edadiredt cord s the drénfoll ISIREEMBNADf the
a result of the anpoule replacenent is slightly

ampoglecRiayr be exeripimiedy |0 HBisy siepv dhe rasppeidenismemaved fiimthe gas
cabindohd S 87 Shatic rSPREnol] 35 bldl o Tl AhRE™i tpicaly

separatedt faomnthet gas Labnedbyomezes eingliok distdsinect typenfittings or re-
repl acenent anpoul e is, then con?,e_ct ed to the fluid )
sealabjg| yaium-8g8t dHinGsa SUek appY P fiEiNGst i 0| $Ry8ei ¢Agage the fluid
; LN 0 u d jAL IS0
comefy S it OB st o8B RESS oL, o
replacemend i& nslightly rprebsurized dbeing ahp ordneovelioeplatément step with an

et B 25 A SRt Bt R bt o

unwartad! BShitamifdrits! SUZHE ak0 ok{§erP SHAPHY GHoRBURES UT Bheéf reblitement

shut-of f valves' sealing Surfaces to the precursor _
ampouyrdsrithen connedted to the Buidrdaliyarydsyster viadhe apprapriatefittings in

oul e. Any | eakage of the anpoul e shut-off valve
the ga}s%%ﬁigiﬂ ous issue for two reasons: the potential for

contanmi nants to enter the anpoul e and, nore
[oo09] i npBetamded YCVD and ALD precursors are typically highly reactive and in

some cases corrosive, it is known in the art that ampoule shut-off valves may not
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 ampoule. 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.



the potential for a dangerous precursor chemcal to
| eak out of the anpoul e and expose personnel to toxic
web@niicabe. [ 0010] After the replacenent anpoul BCT/BS2007/064276

installed, a helium|eak check is typically perforned

on any fluid delivery connection points or other seals
that were broken during anpoule renoval / r epl acenent.

This generally invol ves down the connection

[0010]0j ifterithe peplaeement @mpauleelsams akted; abhelium dgak chgck is typically

perforfdéd! 4yl aliyp g&ﬁ cri]%fp)%% %hn@&%eg{aﬂnﬁér ﬁﬂu?er d@%aﬁ? %62t {8k broken

checki punp- pur ge ivery

dunngs;asmmulas’emvat/mwlanementheTbnsngeheraMyami\mé\ﬂ?emmmg down the
e |ls Intended to

Connﬁpﬂt%mstmgédﬁ%tﬁaa’}ﬂ.%ﬁﬁ%wg& vabfevah ehvaguimgel i ver ed

to a processing chanber after exposure of the fluid

del i Vi [
o) MR Rl 5400 8B Ak SR Bimo-pre o

the fluidi delivery siptepuragsociatas withathepampopler g@lac@pent is performed.

The IR PuEE o Eneb e Bt ob® e L iRl afgnemicats

deliveh& @o e pRoceesAfe 8hambat HheP ebbsurobt #iB fiaif selivdt | K/stem to
final punp-purge step ensures a cleaner fluid delivery

awbor@%@éﬁammané% sishuRs MaiMDre endiaxypenc Ass idegeribad ahagve Tor the

v B35 B, 30 530 25 1y S At qmoing

down @ndt fnddigmeging conduitsfahdvetheefittiags lthatn@al/ hezive been exposed to
alternately, pressurl Zi ngf and evacuating a conduit
i

atmosphgrig| GPrEyNinaBEs- 1 NEhil a e GHpP-pHIYS $§?P USRS teh@leaner fluid

sovef Y57 95 SN SRTCIETEE 0 prbBd TRAY iy Bropte

leakageiimtonait eat oh thmmegms chalgetcanmpput enenty thecadditiondl stresses

placed i, grioLf snuia.rave xesuifion rsfe ALSTatas Preswyizing and

evacubafih§ atdﬂ?io‘iﬂflu?{dlf/%@ublb@&héfétéy into the gas cabinet by
mai ht enance personnel. [0013] Figure 2 is a sinplified

schematic of a conventional process gas delivery
[0012] sy sFénallyrefied threpboe ptepsshava peenicompietedbtie hew ampoule is

riaBEMELR S BGRSTaNED A0 BT AR oo, goint b

openlr@gﬂtﬂh@ nediUal shufoff \eCidcaitl @@Lmé étlet angasutie@ PRIMBIAG, of the
e conponents of the latter being controlled b

ampoelsnASerﬂasFhezmlat'easstganws W@mgweﬂwms/eemmeﬂgemé cabinet

by malrﬁéﬁaﬁ&d er%ﬁﬁé'lre at which various process and carrier
gases ar% 3 I'vered to process

[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
4



chanber 206. Process chanber 206 may be a chanber to
conduct vapor deposition processes or thernal
wEe@ces®eE containing a vaporized chem cal preRCr/E82007/064276

l'iquid, gaseous or plasma state. Process chanber 206

is generally achem cal vapor deposition (CVD) chanber,

an atom c | ayer deposition (ALD) chanber, or a

derivative thereof. Exanples of process chanber 206
chemlqablmrpd@mmm ((vaj\/[ohanmw,eram atominz Xgyer @eposition (ALD)

onamSBETBE 7 AHELR e SEPhbed MBS ik 2, e

PROBUCERSS ov[atcnée@tfdrsb@m le)@@VD'dha&ﬁﬁérgné%le% from Applied
nt No. 6,916,398, filed Decenber 2 1,

Mater[acb%ﬂmp locatad it Santa Garei Salifarnias of ancALD rchlan@hﬂfesaqh as that
descr@%@t |hg%&nﬁb1)?%§g2ls§ﬁhgg% CHUBA! NBT %Cﬁ’@%-@g,cﬂlﬁfirlaégepﬁer 21,

support circurts
2001.processing unit 252 nmay be one of any form of conputer
processor that can be used in an industrial setting

100141 o S0 SRTIGUT AR TP RS EPUE K530 cn PR I 25 dnuces central
proceg@hﬁ Qﬁltr(@ﬁw aH@%rﬁE%@%%ﬁ)&%}Bp@ Ei Lﬁtgmz%ceséentral

read onl
proceesjng mt zsﬁZSmay folecxpm/ofda rs;;kforlhmfcborummneoprmysm ﬂtnat cém) beused

. f, | I tal st t t

inan SiysEf seBprtevErait Wi Rhaiiers g Rapasprs.n Memory

254 i< @ONSIBYI t8N@PUMBER@hd rhBYSe Bhé GOt thdrd BE retilycardi@ble memory
power supplies, clock circuits, input/output

such gs rr@raﬁqmwccgagwgm@rts(%w)t read PRly. MPOOIBIRAM), dlash memory,

comp%%h%u%@rﬁ%%)? %b‘ékg arﬁa?l’g ?lé%?z%y Q’iﬁ{ ﬁ'@ngﬁgycagﬁ)& remot¥ digital

storages. 0Saport lcaoliey 220 @resoupledteaTHU ZB2 fip uggbﬁtrhgotPU 252 in a
process chanber 206, Carrier gas source 2
conventjenal magael . TheseCircyis GlUds Cache RQWaT, SURPIISGCPIPEK gircuits,

inputFRBLESTIRY, sme%tb iReRAIG er gas throughout the

ouse gas supply). Carrier gas
source 205 typlcally supplies a carrier gas such as
[0015] ni t Fbud delivgryraigeit, 236 igagenenallyi imberatedcionfiuidigtcoupte carrier gas

e 5B 2o A AR A 38 Bl o
proce@sgéhd)’ﬂﬁér 206 Bfriey gaPsEirak '20%%99' 'b@ea focei #Sssef, %Fho@é vessel

purge liquid, is Tequired. Fluid delivery circuit
or a czesyatlwi tagility sovecaidieat sudnliew tbercarder gas 2hmughopbhe facility

(e.g., P]eﬁ%f g%% %@I&/ a?:Zarﬁ%Jé%e géﬁg:gag&% yuprl]ccatll'yosnupzp gs %ngarrler 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



carrier gas or other fluids through fluid delivery
circuit 236. Flow controller 220 may be a proportiona

wo adove1s0e0 nodul ati ng val ve, a needl e val ve, a PCT/US2007/064276
regul ator, a mass flow controller (MFC) or the Iike.
Junction 230 separates fluid delivery circuit 236
i ntogas generation |line 238 and bypass |ine 240.
Junction 232 rejoins gas generation |line 238 and _

gas geppeation inee233 @ngebynassdinend4Q.i Rynetiorp282geivinhgadgeneration

in 238 Snpl 336158 EARICA LSS ol HiERATBELL

210, 212, sensors 226, 228, disconnect fittings 262,
[0016]263,Gasdehewmttion [R2223Ainuviudes ampetld intet288238ayatipoule outlet

o i B A R it b 50 0 55, o
heatef 1221201 Y\fSSRL &Ik NEg %Cﬁafglugiz)fp @HHBllgBeth@Sﬁl?fbég iaﬁ‘@)@ufep 200 to

process chanber 206~ an ass |1 ne 240.
carriep@@s sawcarkD® apdatoebypassc e Y40e mdinepgule anttieblleéq238b fluidly

coupl§3 e 8leti Rt aPadlF Fostibiced 1S pidess ShEmas 208 andto bypass
line 249 edal/es 0B 280 l‘é?w'd)’21' p3 Qf@fy‘b_ida'ﬂg 35%@‘5%&? ToRRBPBIE hat-off valves

within fluid delivery circuit acilitate

that seateotpadivert dpe dewvneifiuids within feidvdelivenf ciscuit 236 andtbr are used

e ' ' S I 6, .228, heatgr 222 n
to sefe P Ibete M el "G BhReASs vyl BbMlary (drautigas to
facilitate! reersoval, replicemeht Gar{dies semvivedob ah dgolated 88mpdaEhY Nncluding
W t h b%é?gss line 240) are generall ¥y]5neunat| cally

SeNsOEs 8ePr & MRAGT 24 @NG! ArBROUIRASSREND @Q-n‘éﬁilYﬂ%t?QSdZ? 0,212, as
well a%t){fﬁqul)\gétéle%? 4,781 1 & destABEY HRIGH il EBRLRBIGH Ythoypass line 240)

process and o
are gepefdllyi gnel@hatieally or relactroriddlly Toptrokdd yandv shey date?f@, wetted

21 212, 214, 216, and 218 are actuated in response to
Surfacgsghawﬁ o1¢ Bbrigalashiom MalerBlsocaBpadlp avinine RRGess and other
i Hiear fi : ; Ity [y bI &y t
ics SShIGE, MaCpgan AR IR bl Laloey 2081 240 (20514, 21
and 218 ape patuated of resppnse ¢ 9, sigrmalrfiam a contraller 260de cobrdidate the

el B G SRR SRR B 2T 8815 1238 oo gencraly
adapt@@ e 'Rié&nthki tBMpehdturd ¥F b7 brddkBaSearrichearddlOr BARRY AlildYflowing
i ncl udes val ves 214, 216 and heater 224 and Serves to

through gasiggnesetien éne 238e suclt Aagiibermoeoupiel disposed agginst a conduit

- S . 206 wWhthout the use of gas generation |line 238
Ofgaso(féh[ieﬁg%u Enél\agég'nbl y 200. Valve 218 is generally

coupl ed between junction 232 and process chanber 206
[0017] andBypgshéne4d genérally acudeoalyes Ganixae 2 heatsn 224 and

serve§f {pl;ﬁllgglgl\%u\é er ro%lersg %hgmzbeé? '20Ié|e a‘rj}ltdecgasrrigr2 gzés ggérc%r2%5 without the
use of gas generation line 238 or ampoule assembly 200. Valve 218 is generally
coupled between junction 232 and process chamber 206 and may be used to isolate
process chamber 206 from fluid delivery circuit 236. Heaters 222, 224 are resistive
heating elements or other heat sources adapted to heat a ﬂowvof fluid, such as a
carrier gas, flowing through gas generation line 238 and bypass line 240,

respectively.



heating el enents or other heat sources adapted to heat
a flowof fluid, such as a carrier gas, flow ng

wo boooagtogas generation |ine 238 and bypass | i PET/BEDN7/064276
respectively.[0018] Anpoul e assenbly 200 generally
contai ns an anpoul e, or body 270, an inlet |ine 264,
an outlet |ine 265, disconnect fittings 262b, 263b,

and nmanual shut-off val ves, manual val ves 260, 261 ,
[0018]d| spyBReulprassemily |209egmallm§entaar&99camw19 opbady 270, an

it B NTAZRS, Pk 3RE28% AR b bl shtor

valves Ghanual vddash P6Q, 201 disgoseadnaniet R 2645265 sm@dtweny Dead
outlet Iine 265 between manual val ve 261 and

leg canduiloseament 2¢ 1 iy dispasedvip dnlekling 26Aphsiween maypual wyve 260
t

ana RchRERr A 202 gEHB PP A LAY 27201 BBton i oute

line 265 detween muamiabwalvetzamapdrd]scmrMedt Btting#63e Ahgoutetbssembly

200 PGSR EafefiPd do, arct PuPPIr A 65DBEraARS GURTEETE Kosssin the

art tol §e§t9i53|; REninBP@edignavtdRt used t%3§f€>ré‘t tr@h§ﬁé’r@n§r&¥ qlstrlbute
fitting 263. Disconnect fitting 2 3 are typi cal

chem@abmrewnsors‘ aclnlett line Z@mswom rtepaatpamwtmlet leg 238a at

dscoffR Y282 e o 5B 458 33583 bhiie AL TGy 2cem o

discoritfedd Aiftirge 263 .2 Disbrrndte fikivg 26w Zﬁiﬁa@wgtda“?%ﬂfap% i facilitate
To this end, disconnect fittings 262

ca
removah @ndderlasement of soepmide @ssembhngeo isgas mgbaﬁdvhlle leaving

I
ot Smeg i FAPREHANA A0 L By h SO 206 ana
its constlmeapcpad'sngml em@rmm;td|§¢drtner¢géltt&@’sa2626:263aty©|cally include
contained in fluid delivery circuit 236. Dep endlI ﬁ owhereln

mating hdisgopnectafiitings dP2aomiett and: 363gs 23, respes!
dlscor?rfg?i‘ fnﬁﬁé? BBYh DO dHY d'grﬁfe‘?gﬁ‘te% 2 g—ié t%ﬁ%@ﬁbly 200 and

re-sea e vacuumtight fittings, su
correspondinggdisconnexttHidtings1262b) 2682 sreroontainéd tin iflugs delivery circuit

206, ERRObTBE S AR IR, R B NS Fo4aL Ay ol s, 260

ARSEfi GHI-BEH fitfiddy
ey U S , S SSRGS a0 VO

fittings, mucxtlaﬂzngulwblmdlawmeciﬁnirlgmo about 4 L. In one
exanpl e, anpoul e assenbly 200 has a vol une capacitance

oot 07 Ao “Festhlf AEE il HBRG A pFesy o Bl sy geometries.

Ampoulec bsskmbiiy 2 al mai,ohlade @dol@&ﬁ@@aﬁa@t&h@ér@baschemlcal precursor
within %r %fn%%a%‘trjcl)r%/) alb%ult IOQ’SUL to about 10 L and more typically from about 1.2 L to
about 4 L. In one example, ampoule assembly 200 has a volume capacitance of a
chemical precursor of about 2.5 L. Chemical precursors that may be within ampoule
assembly 200 include liquid, solid and gaseous precursors, preferably in liquid or
fluid-like states at predetermined temperatures and/or pressures. For example, a
chemical precursor may exist in the solid state at room temperature, but melts to the
liquid state upon being heated to a predetermined temperature within the ampoule.
In another example, the majority of a chemical precursor may remain in the solid

state in the ampoule, but is heated to an elevated temperature during processing
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fluid-like states at predeterm ned tenperatures and/ or

pressures. For exanple, a chem cal precursor nay exist
WO poovhesosdl i d state at room tenperature, but nRCT/ES1007/064276

the liquid state upon being heated to a predeterm ned

tenperature within the anpoule. In another exanple,

the mapjority of a chemcal precursor nmay remain in the

solid state in the anmpoule, but is heated to an

such dhatyaseeplt amesnhofitke ¢olid mjegirserseblirgateshdirendly into vapor. In
: ' . | .
anot e e 4Ll oAl B BOE B0 I S S8 st ambint

presspre&C us otondensdsi 1o ithe t iguigasenys upbat defig apfessivized to a
pressure, but condenses to the |iguid state upon being
predelermaingd | pregsyie Withinedee Ampede. p ical Wregursorshmay include
a Lcak . Ph ¢ 1 e e .
slan TR Exc 1L b PSR SRS IR ABEIANE BIAC wign-ar)
pyridive@latieeNi Al ({R2)H4N:AlH4),di nealkylaméné C4Hébind H3) complexes (e.g.,

eS|t r (EERSIAIRhe. o JHEUIATREARIS)  (EGNAIH),
i otfl . i nay 2t :

L i e e T )

triethytatlgminumt (TEAt Btz Al)u tribuiylaiuBuism) (ButiAe idipetdylatuminam chloride

eSS EIGRALE, bt AR BSLLRGR: rvorce (uoar)
. 1 " | | 3 - 2 . .

SRS L e oo sty cifycrazno
(N2Ha) e ttitaniumo tetgachiatidg 4(TiCls), eteteakis(dametbylamiaed ritgnium (TDMAT,

(MeN) T um %giefrﬁ?%ﬁinﬂ: gg : titaFhdAk S (HrEMM, am Nee N, Ti)),
bis(etflylsyabpehtaydiér?ﬁenl‘lﬁla@hiamy lr(](EftCP)zF@?,iT Wﬁﬁ?@th&%i;\o) hafnium
rakKlL s | am no ar nt um !
(TOMAEL 1 SIMEN D hy | ShakiS)dinteiaTing) rORARIETY { BREAM) ) (ELN)HD),
' t ' ' , -
g B BP0, Ut o
tris(di(rTEMWNTIAI0 ) ahtaiutN  TAINMNEA )(AmyINGT 2(NMéy )ity Whisseib Hamyl is the

ety B BB et R Shrdirgssomoinatons

theredfur i ng processing, a carrier gas flows fromcarrier
gas source 205 through fluid delivery circuit 236 to
anpoul e assenbly 200. The carrier gas may be heated by
[0020] he att¥iringRprocessing @ caries gas flonsdromgerierrgas saurhe208dhrough

. L [.e ' | i cations
i B SRAIEH S STREHRM Sesdipl 2SR BRI i g et
by héetet e222 Dampulil®r asSsablpg 200alitéel Abg ded hdbled’'® a desired
cl osed, directing all. _
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

8



carrier gas flow to process chanber 206 via gas

generation |line 238 and anpoul e assenbly 200. [0021]
w@enoragsoem i nitial punp-purge procedure perforr@€dUR0D064276

to renoving and repl aci ng anpoul e assenbly 200, nanua

val ves 260, 261 are closed. This isolates body 270

fromgas generation |ine 238. During a punp-down

segnent of a punppurge procedure, carrier gas source
236 by@sshui-oif walve gnotshown) lenatéd betivers cardey gas souiceZZ5 ayd fluid

ceivel SR, 256 S Tolih IR oy RBG S o HEE 8RS M Bty use
to puMQCdeﬂ I0idr §6liviedy cREGIES36 SHAPHERT 1egPBonduit yégrﬁéhﬂsyzﬂb 272b
ed to punp down fluid delivery circuit 236 and dead

of amp@glecmmbly @@ere/r\ltemewelb a gledicatgd wagLm @oammyybe used,
suh 8%y Bt Rty St S50 SPG4UL R 555 g case.

all codnioln\eatsyof: fluidudelivasg. C|rbn|t aﬁﬁhﬂfat ceenotaibblatsimrone thes vacuum
of quion/I[illver circuyit 236 that are not isol ated
SOUrce (35 RUBPEA SQWR Koardasingdevanimga ievebud: ot doudhedpdibwn, or high

vacuu‘ﬁ?O%Pngﬁnglthe erg&wsfté’ '\‘/thesrTﬁ(Qa‘én&ar%l é@Mg thrag%fﬁglebWhen the

I'site valves
vacuuex sopraee ofvpeocassecharoben286us afsenlf fqmr pnﬂnpmgcdimmh) dlui® @elivery

o SR Pt ) G Hi o T
deliveAP Birét QBG' %Id@é '2‘1ﬂré’nd32‘16LHré o%%ﬁedvs"ﬁ Wt b%és@ﬂﬁe 249 fluidly

are opened so that bypass line 240 fluidly couple
couplegrpowloyle mlettlege'@Szewavawwracanﬂwalaasl 218 mz:maarampened to

2 e ed to flu y condui t se nts 271
iy “S38 SRRt sonily 272 e a0 9 TR qRés 271
272b taorHotum. hEheegddird |ei’/\éﬁ|of0sfadu@ﬁwtmq$@é(9€d@ﬁ1 gdthd %mp -down

the punp-down segnent depends on eac articul ar

segmet m%@n @achopartigelar §\éD folirfs P cﬁppbﬁamcattaadgs fufunction of
factor%‘élubrtl1 Bs\tRE Q/EBBF ﬁ%lgg 3 1{ pr%rcﬁ %{rsc’ 9hd o@ﬁ& r%ts,lzl% rbeq%’ﬁéj }'eqﬁoved

ng renovedq, ivery Tine I'ength, ete
fluid deljvery dime tengtbhf eté.hiit ig tumpertaatetesaotp ftioat itaiswtrmessazry for

. .personnel to enter panel 4 despite the reseP
maintepange,petseanel 1 an |9%P9n¢.f% desPip 429 Presencssel unpurged
fluid Vé‘rgl linedl ¥esrde? o Rlan@BPO4hves 35685 'ﬁ@ﬂofzgﬂpoueogggembly

purge segnent a punp- purge procedur e, urge

200. fluid source, such as carrier gas source 205, is
fluidly coupled to fluid delivery circuit 236 and the

[0022] SﬁfErQF% ﬁgé,glgrﬁ'gntaoé g'sé‘ﬁr{u‘%gp%?&é’ ptrggéaeljrg,' aT&?rggef?di(ri es‘gl)urce,
such as carrier gas source 209, is fluidly coupled to fluid delivery circuit 236 and the
desired purge fluid is introduced therein. The desired purge fluid may be a gas,
such as an inert gas or other carrier gas, or a liquid, including solvents such as
tetrahydrofuran (THF) or triglyme. Composition of the purge fluid depends on the
physical state and chemical make-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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such as an inert gas or other carrier gas, or a
iquid, including solvents such as tetrahydrofuran
w@ TidF1mn0 tri gl yne. Conposition of the purge fPai/tis2007/064276
depends on the physical state and chem cal make-up of
the chem cal residues to be purged, solid particles
and | ow vapor pressure |liquids sonetines requiring one
or nore liquid solvent purges. Further, the purge
circuif 236 dunng the porgr saganestioditrmay betfwlcﬂjwogepka@bﬂnemtotm order to

cont g SRR SR TSRS g1 S oot
note thiat adiive ASW dfpubye HaRt &@r@%ﬁn@%lly "a'hﬁ'ngVWpéﬁ@ IWQW during a

such as process chanber 206 in one exanple ¥
purge; reradwe.  hmpnlyacive diowel gupe did intsempauletpletieg 238a and

ampoBHar 8&@%@‘2@?@6&” WR%nfield kG ls%cﬁ(ﬁ@é?ﬁwﬁ@h@%& Lifeuit are

Pruoust Y Tenbve pur ge rough
back-flllud mthgwrgeg‘mmm the biegirinip of anpurge segmerﬁthaHeﬁcé I meouIe

e e e b 5 36 Lo S o ECE st
Iengtrf éﬁé!"geferﬂ'éﬂ?ﬁ'\dclql 5@%@&@%’%& |bmgfﬁlblo% FBthet"the regions
anpoul et

e out occurs ese two sections
of fluidlf delivery clesuitv236 tbat ovill tbeaegpbsark 16 i dthedpheteh dpringeampoule

| h . _He, ,
replacgiitth 0 catiiuty SetDaB 2 2230008 S8HPG condt SSaments 271b,
272b,28reE X SIikeR, 46 ask 'c@ﬁﬁanﬁ’iﬁaﬁédgﬁhﬁ' &hthd %ﬁb’gthmﬁﬁ?tant to purge

potentially ‘include nunerous flowrestricting e
thoroughly ire prepafatiore thesaef. oHoveved demteaejgmﬂn’te @, 232 and dead

g el Bk 2BSA kel TRAALE'S B4 Ry2IRELLS e above

descrived deuttitids SRAERB! thetdford, the’ Alost @ﬁfﬁcmﬂp%gth@fWLﬁdJ delivery
be contami nated and are the nost i nportant to purge

circuit; 236 touHo® affeciy’lpar ati on t hereof . However, conduit
segnents 271 , 272, and dead | eg conduit segnents 271

[0023] ©; ﬁu?'*ﬁ e\ga? a\trélg $g1bh§ndj Q?Eaéreeﬂg%cffto Elnﬁjthﬁ isolate. conduit

abovede crlb 'dead s and are ere
segmetsf2 &yl 272 ﬁgmﬂmdcﬂelrﬁ/bm dirclél 28@r gna idisconnedi3fittings 262, 263

f Du , | 210 -
are Biaed i AlbSENE {biapodIdorsramBln 2D " Shgii, mating
discorfyekt fitthGs 26‘25“2@35' |F|h€|‘§n't Y&%ﬁdtﬂé ‘é‘s&er%%@ 260 AN are removed

di sconnect fittings 262, 263 are separat to allow

therewithoésl nated ahsvel d iadaemn in theoart whair npoulet shuj-off valves, i.e.

] G558H 26,554, 4 08 SR8 P B 6 A protoes

expos@hﬁttﬁthe' fbrebﬁrsk)rﬁ @WBniichl$ Benined MPamponrelAsseriBl 200f Because
val ves, i.e. manual val ves 260, 261 may not al wa

a singig p@mﬁqfelﬁglpyom daksed gt ampaie @sgemb@ea 0 at inlet Iln)e/ 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 freshly-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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exposure to the precursor chem cals contained in
anpoul e assenbly 200. Because a single point of
w0 s@atioon i s used for ampoul e assenbly 200 atPCTIUS1007/064276
line 264 and outlet line 265, i.e. manual val ves 260,
261 , respectively, there is the potential of |eakage
into or out of anpoule assenbly 200 during the renoval
of a depleted anpoule from gas panel 204. A
Leak chegfing eppuiegdbategiaminanis ae poldrenedntaoflgiddelivery circuit 236

liver L.r cul ' ittinas. 262, 2 .
and 8BHE hephpatyepdibee i A0 Rt oL B 98887 30 curng
procegifg. alfyeifHeniaf distoruricy fitinyse262,006P airdt fotoFacdiufetight, only a

. . seals that were broken during anpoule
single, PRIIaPh isghatiare i fregent  bebyee ik ghemigal gpatesis g ampoule
. . S .
ssserfbREATD Sl 4] Lot FBP P hafb AR B0 conau
segmentscii ttb, 238band t hat toxic chem cal precursors do not
| eak out of anpoul e assenbly 200 during processing. If

eit[ﬁ}rﬂoff dif?]connect fittings 262 ?63 ar,e not
[0025]y 4. JJIRFEHOG BRI SNEPA JPE FPoPPRATGIUS 8BH RTPERSS o purge gas
lines BEasoiblefd ‘é%eﬁoésmﬁeﬁ@'ﬁe?@!rmcﬁu%ﬁfﬁﬁgé‘;%@mg with minimal

assenbly 200 and any contam nants tha y have | eaked
entry iimpoa @esdcakigetc @nduior deergasa ttbe oBsibility 7f deakamee §ito or out of

r et [ ed f. r s_and. . .
precufsRSBrliifipoliibduigs So%e dulfb. By PRBE rSiRaCEi ngtaaton of
such amppalelsor m punp- purge procedures with mnimal entry

into a gas cabinet, and to decrease the possibility of

| eakage into or out of precursor-containing anpoul es

hef Qr e ing..and.after renoval and installation of
SOMMARY OF THE | NVENTI ON [ 0026]

oze] 2o ErBGA R of B BRERBEInVBNEN sr8daB e abSarBliaupsed for the
delivePn &f hBRTi¢H CredlirsBEY 8ha%h HRdtRod AR pafdirsg shidl 8PpSaratus. In one
enbodi nent, an anpoul e assenbly conprises an Inl et

embodimant, an npprule assrRMblYRPMAPTHSAsags inlefdingo @neeulist line, and a

bypaﬁgflﬁ{i@ﬁenﬁgﬁeb %%tekaia][‘tﬁe\fiﬁ ttll?‘% 8H3|tﬁ% éqqt(é‘?'un%f‘?%@%%és line

aving a s al ve di spose er el

having laushilityoft valpe elisposeelciberdin to Hizidiyrolple oredacsupglié¢he input line
and tigulet it Toer STRPY B aSITRY TR UK ForpaRSREBUal Shutoff
vlvef el R TIESRY ShIpCRIE0Eh 3l oShFolkte Shutor
valves dispesed e ltlye lidetvapd théoutieh ok 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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and the manual shut-off valves. In one aspect, the

anpoul e assenbly conprises one or nore thermally
w@ondaciodwve coatings that inprove the uniformPgr/u§2007/064276

tenperature inside the anpoul e body. [0027]
Enbodi ments of the present invention also provide a
met hod for purging fluid |ines of an anpoul e assenbly
including an input line, an output |ine, and a bypass

SE EION OQF T AWINGSe and t he out put |ine.
he et hod accordlng to an enbodi ment incl udes
[0028]; enuc-ﬁ‘éltpabﬁ‘@wm?@n&r\}al‘&i@cﬂltBBo@&j/ei feaited feppures afithe, present
I

invenfiSRaf' e GhasisRibd B detai, 2 BRAS Harlilion dedpfha ¥ e invention.
brieflpsllmmménzeelsamé lvrﬂiy\/r&s hédj lbydéﬁereme)toeehbbdrnﬁlm BerEE of which

OF THE W NGS [ So that the mann
are "PE§®FE"£ SBI@ T‘i"é‘ﬂgﬁea{tulse? oe f‘ﬁte%rr%%’é?]‘(er that the
appehcﬁ%‘«"@x‘ré\ﬁfr‘wrg%aiﬂugﬁat@ngﬂgstgpf%?h'e'?n&?btn"f‘l'ehts Bf 'ﬂ?i%elpventlon and are

articul ar descriptio e i nvention,
there&nmmxt itod edwsidereddimibiog hafdtsogcopef, efoet’rtealrtventlon may admit to

BRIE

of which are illustrated in the
Ot“e%ﬂﬂ@ﬂ)ﬂgﬁe%‘f"gv&'ﬂged'"ﬁm?s to be noted, however, that
t he appended draw ngs illustrate only typical

[0029]€ Mh GRiguweNt S(Folor tAY)Sisi 8 Vhitiplifie BBHematic tdfes efreesssN ghs tdelivery
be considered limting of its scope, for the invention

systepgliiahamploysa @@m@nt@qabampoghefaﬁﬁembéy embodi ment s.
[0029] Figure 1 (Prior Art) is a sinplified schematic

oosol®f FififREAE COaR dahdrigtid d Wﬁ@gﬁ[@o@gg&gﬁ BBeIRER System to which

conventi onal anpoul e asse I gure

an angzhierassembiydwrsapeerofiuidlyfdauptediel i very system to whi ch
an anpoul e assenbly has been fluidly coupled. [0031]

S re s di a of a, - .
1003111, 0 HiGT ST oy SO ABFTH 28 ey g -goPiainiag container
accor@imgasidifsrent @hbbamﬁtgwh@mveh@&am Figure 4Ais a

perspective view of the chem cal-containing container
of Figure 3A. [0033] Figure 4B is a persggct|ve Vi ew
[0032] of tﬁf@ir@h%ﬂﬁaa pesinestivie ew aift thenehereicakeentaimirgB container of
Fi égﬂ34] Figure 5 illustrates a process sequence for
gur
punp- purgi ng an anpoul e assenbl y.

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

Figure 3B.

[0034] Figure 5 illustrates a process sequence for pump-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.
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[0035] Figures 6A, 6B schematically illustrate one
enbodi nent of an anpoul e assenbly with easily
waegviicwabl e shut-of f val ves. [0036] For cl ari®gT/Us2007/064276

i dentical reference nunerals have been used, where
applicable, to designate identical elenents that are
common between figures. DETAI LED DESCRI PTI ON [ 0037]
Aspects of the invention contenplate a

DETAILERD BESCRIRTHONI ng anpoul e or contai ner having an
inlet conduit and an outlet conduit and being

[0037]c onfAsp@ctsd of he mwamﬂi@nacmt%\@!at@cﬁwabemimoatairéngta;hpoule or

contafPHEIGE A Landlt e SAREF ERH S, Befl Bifrurea 1o
includehdtbyplaiss vedndest amhfa esmerély BoAkdlidtie vaNMROTIbIdeohméding the
and outlet conduits of the ‘anpoul e, wherein each pair

inlet gnd \@utlatsconyitsde APqsES i 3lsQ cCordemplaie rrRall of ashwt-off valves
conﬂg%‘r’&? n?%eﬁgf/ cHJVg tl"lbfff',e| ind! Ay oGt @oﬁcﬁﬂ@t&l e anguIe wherein

ol T"able such as a pneunmat1 c val ve.
each barrtdfa/ralxcasnmelmplleataepohar/@ |segl|mg niattial K/alvbl Bgcls @sta M-turn ball

vawe,ﬁéﬂggrgg@”eﬁgggﬂt?ggmgheﬁgca' "853 B UkD Ay NabeetS urther

contehpiftk %ngsg‘?rﬁtirb ybla'cﬂf?ﬂ"l rgegﬂé’ e(fruraﬂof:oﬁ@%@h&' 2 chemical-

armpoul e asse arec h an | rt gasaove
conta'mung)ammuimvmﬂwmmmrt gas, sum:h asri-leexdmrplne exarplenthe bbdy and

nd outlet |ine recur sor-cant ai nin .
inlet gl SneSdtit Preciisarmialing eRP2il Ao gieratirioed with
an inet GBS BBEVé GtrR6SSHEHcPreSs\HeNah amdRRG lexal Jflé‘eség?ﬁ@tﬂk'cﬁ'ﬂ\e inlet

contenpl ates an anpoul e body that provides nore

and oytlet nes 10é & prﬂg:uosorrqogwtajnmwm@oul%awblv afgr@wara%rthh an

nert st AT R TR RO Bbof o B nter

contelnpibted éh ampbuled bedy Yhét&ﬂ@v@lfas&ﬁﬁréshﬂiféﬂne&%aﬂhgeif its3ddhtents
SST). Chemical inertness is an inportant requirenent

via onegr rB@E?y'W?@ efj hthermgdy ﬁﬁ]‘@lﬁttvﬁ Qﬂat'ﬂﬁem cal

precursors, such as those |listed above, are hi ghly .

rea ;
ose] °7 £t ¥EaTHI0h Brcipicat BaRaLibilly JTRE RERLERIcaF SLERGh by 270
is typawymhmayleZOD 3téy staidess estesl «ﬂ@l&swurl@@mmabmﬂ;s is an

impor A ram ROt DU ATD FERS E1S BRI 25 CHeBtcalregwgrs, such

as thds@lisf] 8b&)lané NqHAf ré’a%ﬁ*?@ IméteFiald. {SUtistarif MccManical strength
precursor while U I zed as a vacuum chanber or as a

is a neauremest fes 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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[ 0039] Because 316 SST is a poor nediumfor thernal
conductivity, undesirable thermal gradients may
wa@lewel1o00 nsi de body 200 during processi ng. FOPCT/US2007/064276

exanpl e, when a liquid chem cal precursor is contained

i nsi de body 200, nore and nore volune of body 200 is

vapor-filled as the liquid precursor is depleted, poor

thermal conductivity of body 200 may result in uneven
PrecursQft liatb;; injthe life ofithe spwosle. imanother ieyampe,esuohsas when body

200 o8 R o) APREROEOFORA 200 may

creat® et $pety thr@@g*ﬁodtftﬁéﬂﬁé of ahdwmhpotiley 161 eitfetYcad@0 a"BYD or LD
create hot spots throughout the life of the anpoule.

process rey hedetriygentally effected hysyahdesperatye pen-uniformities.
detrinentally affected by such tenperature

[0040]non IH%IH%F%W\%?OVG[ W@é b@ra‘i’ t‘éeﬁnff@'rﬁ@%f’\éecﬁé}ﬁlcal precursor

tenperature uniformt ecur
contain@at an rmdponleaapseﬂnblyaﬁ@éntﬂgpe@tﬁ) ofaﬂ'reecm\aambnt bontemplate a

confldM?Vii?(g% h]p E%%EZ(s legctalg ﬁg&?g&) l%uq:ﬁtalgggqj, g\glwg) ﬁ{prr%"l?a?y conductive
layer Q¢0§ l&tthéﬁnélﬁb’ 8bndiic¥ide hatdial fBiﬁrh '}g%‘éétdo\fﬁgl’fﬁéﬁrthr%bghout

rove heat conduction thr oug out
body ?ﬁ@r %gemalbbmmduq*tlve laysre? 7 Qe owyntesy abﬂn‘@les cn@ﬂlrtg or may be an

e T S e I I e

thermiahhe raomiduitive negtetial esuet @i 816 SSTh $=$glfré6351§ﬁ]'stréib§ué Sartial
3 illustrates a partial_sectional schematic view of

Sectloaab§cf2erroatlwe%|qﬁ boslyr 2&0.| whessitd tharmadly | copgluctive dayies 270a is
sandvﬁ@ﬁé’ﬂ“b“eﬂﬁéierp% %"?]dbayﬁrO% & &gef 8?%8 r{nggg%\ &hlly stronger

mechan ca r'onger- nat er

matendl$ uskigate 3G |Ilmltrtatei:i asparttleblsebtlmdl%mfematw @lewobf ey 270,
conductive | ayers 270a

I ti rmal |
wherelj @%’i@g&ﬁép %fay@ﬁ) pL0p AR s3ngwished Antwgen multiple
Iayersog)s%c%lggﬁg{)faﬁ gﬂgﬁb dh?ﬁlbg%ﬁgﬂﬁ% F’éarsa(leslr; ?%E}g'grlhzayered
structurel. uEhermally mdactwmtayeg 260a kmdljasﬁa’@dcﬂs arqmaluhg of body 270 of

ACTY %
ampofli ARRATION Sy n FgFer 2R hewaeY dhefmialhf Bopductive: yer 270a
may ééﬁly%@%d?ﬁ@ﬁa‘fedl l ﬁtﬁsﬁbaé%odﬁné;htgqul?sﬁrafigd 35 elﬂﬁur‘@%l 5B-3F as

Thermal |y conductlve | ayer 270a be appl i to body

well. Zher mgllsec@miuc@pe dayer@76a may b@tanpileddathqoig a7 lhy)electroplatlng

or anfﬁ %ﬁlaﬁ@%%ﬁéﬁo@slel Fn%l%%gzssgséll %?{?)atﬁrc' u(;rior 270a include

alumlrilhﬁr pepper, GiNeEH Girass; Jredsyf btﬂertth@imalﬁy §®|rﬁk§iddmb| rﬂb’téﬁal that is
re heat conducting than the materi al nprisin
su bstamlaﬂy dnorxfhgab ?@ndm}gﬁ@gt hapiihesmatgrial a:;@@nprzsm tmg)ulk of body

270. "R9GhIckABLE drelyBl DRSS & $445E FHom a few microns to several

millimeters.

[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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mllimeters. [0041] Figure 3Ais a schematic di agram
of one aspect of the invention, wherein a
W@ bh@mitcabe cont ai ni ng anmpoul e or cont ai ner, anpPCi/8S2007/064276

assenbly 300A, is configured with an inherent bypass

conduit 302 with a renotely controll able val ve

di sposed 301 therein. Figure 4A is a perspective view

of arrpoul e assenbly 300A. Valve 301 nay be actuated
contrgjleblermeanst | fmpoyleaaseeblyr 3Q0AvyrassarorisyitadfR, otatver 301 and

BB ER0ER SBT3 TR ASEFROL % gmove o

replactment’ 6f anppurRdasserisly BOOA.t Arvpdiis &Esknbily BDDA may be fluidly
renpval and replacenent of anpoul e assenbl’y 300A

COUPImp'@u Be Ja8 sRARE!y SBGD Aasegahdaneli 24y Ilttwglt@h in oFigugm A, via
I t [
dlscoﬁﬁélﬁ dﬁttlﬁ%ér:] 26 6@? ?ﬁ’(f t%%%gg @%e Adli'g é%&ﬁ%ﬂbﬁc d'%&s %ﬁ a fluid

dellvesy: isgswm (236:%@ wtnog]; ?nnpbglga dshs&hblye:%(}(}ﬁshsg etme?ﬁﬂmldtygcoupled
jch a ul e.ass A ha ui oupe
Excopbog s EBBSWBO%QE ¥9ﬁ¢ SRs8m bl SO0AoR sqaNG S5sembly 200,
i QAN 5O BBl 041 0 S8 22
functialmandmrganmlzammnaadesmlgeﬂnalz(me inrcamjurtbdiso witheBigabm2e i n

conjunction with Figure 2. [0042] This aspect allows

o421 ng This E5beC R £ EFBNe BEEBBE o1 6s sBufih tne 238

and |EBchEﬁ‘|sfliu<Hnd pdred alidir iedRctief sadsage be 2pﬁlrgldf1E!uiaAtherethrough
during a pu purge procedure, valves

3:1 anguang & QHEW-PYigedRrocaduley Valvasoal 4 51@ gnay be

Refergngde d;igwrsr
cesed g0 BLIFENAL eey MBS0 i iy 0
and angaulile @utlet fed DB8Il dmllringepun'tpl-purgetpraaédmbe treadnlyeg@maining

conduit segnments 271 272b, which may be as short as
dead {egs 1 Hwidgrlivery Fireigt 23@%!%’@%&9 sAQduit segrests 3f her 272b,
[ t [qui d
which (BT 888! hoDas UL 1s bhf i eRtHRr'8RLWHAGLCARY Widows or other
mpechﬂneatsgimt fluid dhbw. eghanceaieadelegmmduitfmgmerﬁs;??pbr gédb, which in

this agirsare angll. straeht 8853 J6qRmten e Ttke EiReivaymurgrd belore and

after rRPRREMeMt of Bmpolkeasd<bly\JoeRei n a chem cal - cont ai ni ng
anpoul e or container, anpoule assenbly 300B, is

configured with two addi ti onal renot el y controllable
[0043] shufigiire 3B ises, sahemalic diggrameef asotheriaspechiafthe invention,

whord} RPSReGRAINbhaARg WrhbbdEBY EbrkaER SAbbaR! Ssddthif§ 3008, s

i Spose
configured with two additional remotely controllable shut-off valves, valves 267, 268

as well as with bypass conduit 302 with remotely controllable valve 301 disposed
therein. Figure 4B is a perspective view of ampoule assembly 300B. Valves 267,
268 may be actuated by a number of remotely-controllable means as detailed above
for valve 301 in conjunction with Figure 3A. Ampoule assembly 300B, bypass
conduit 302, manual valves 260, 261, and valves 301, 267, 268 are adapted to be a
unitary assembly during removal and replacement of ampoule assembly 300B.
Ampoule assembly 300B may be fluidly coupled to gas panel 204 as illustrated in
Figure 2B. Figure 2B is a schematic diagram of a fluid delivery system 235B to
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therein. Figure 4B is a perspective view of anpoul e

assenbly 300B. Val ves 267, 268 nay be actuated by a
woeovharsood renot el y-control | abl e means as det aP¢BUS2007/064276

above for valve 301 in conjunction with Figure 3A

Ampoul e assenbly 300B, bypass conduit 302, nmanual

val ves 260, 261 , and valves 301 , 267, 268 are

adapted to be a unitary assenbly during renoval and

which ampaé@memblya’w@&m@s heeR fiyidly couped AlE}X@anefoaih% gubstitution
of e, BENerHE{ 408 YRk hesfhel 200705 AleRipyetem 2068 i

substdntiglhaidentical fd fluid d@liwevplsystemmm in3faRctiominghorganization as

ul e assenbl y 300B h s been fluidly coupl ed. cept
descwﬂﬁ)dp?*h%veswbcmw{ﬁﬂpaﬁm @Hﬁ%al e assenbly 300 for
anpoul e assenbly 200, fluid deli very system 235B i s

[oo4418ubsnﬂ§tds@bbv alloRE tthé adffdclvé ';}Unﬁ*pg %\; ?aglé%évrgé??ﬁ&? line 238

in function and organization as d
and ig»gonstiueoh partshviai the active [mesagemﬁ pumo@utd dalhéreﬂnough as

i i f |
ey SV} e BTG5, I BAREL P Ahabdd il my
perfoftirg) puiripipargehproeeliu s Bllopfo @Rsduld #Eplabement ‘Wlt‘hB@t entry into

previ ous aspect. |n addition, maintenance personnel

gas H’F’H}ﬁ' ped4. or\fﬁb{epﬁ% e gelveso26durs8pmay beoclespduramotely via

comv SRy YL 5k, M3 2BgRERL ey LA o0 208

to a muhmkémeZﬁﬁbh as wro&esscmwhbémmd & pungefluidegburce, such
238a and anp |l eg 238b to_a vacuum sour ce,

as cagiiRngas SBF@@%@S ﬁﬁ%@r an@poatﬁat gataly gevantage sibee gatry into
gas p%xH@hZ@@ il flafil M%@Qﬂﬁ\%ﬁugp%lvg@'ﬁer‘eﬁ %”?6%31{1 8[ggtuntll fluid

safety advantage since entry Into gas pane
dehvemnmpmultatzaﬁn hefs riweemal safelly v pamiphpurged. | sOrdmarilgquhamenance

persoffiad, myst tle" @, Ratel 20% i HDSRAMBBUBCF MR EFOU2E1 prior to
mﬂmtﬁ@ﬁﬁ[mﬂ@ﬁré@?%ce&f‘eé OFGHASE dMPBLAE a%3bNB 3608 h%@]two points

rior to initiating punp-purge procedures.” Furth
of isolaitipo dram geatient gorﬂammai@g fommlgidlnet 264 and soltlet hram 265,omme|y

manuB VP8 200 VoRE 987 afnShurifia g0 e 28 diecivery. Thi

redundaﬁuy’s\inlnmhm@s Bl risk balem(agéantor 6506 ymbwuleTé%s%mbl¥ 300B in
redundancy mnimzes the risk of |eakage into or ou

the e\tﬁntéh%mﬁeua%%m ¢680861 ﬁﬁi teb l%a}%mhtt Ha$ natasuabove, there is
Ordméfp:ye;‘bzﬁxll §6gr g?@i) teop%to)llétg?‘sr(ﬁg e pOI np&o%)?dasna%ﬁq%&he durmg

ampobiler renierat, dedle oheckirig, aamdapgrap!ptirgingi ng anpoul e renoval ,
| eak checki ng, and punp-purgi ng.

[0045] Figure 5 illustrates a process sequence 500 for pump-purging ampoule
assembly 300B. In step 501, valves 267, 268 are closed remotely via controller 250,
isolating body 270 from ampoule inlet leg 238a and ampoule outlet leg 238b. In the
step 502, bypass valve 301 is opened remotely via controller 250, fluidly coupling
ampoule inlet leg 238a, ampoule outlet leg 238b and the majority of inlet line 264
and outlet line 265. The vacuum source may be the vacuum source associated 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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[0045] Figure 5 illustrates a process sequence 500 for
punp- pur gi ng anpoul e assenbly 300B. In step 501 ,
wo 2007850267, 268 are closed renotely via cont redT/882007/064276
250, isolating body 270 from anpoul e inlet |eg 238a
and anpoul e outlet leg 238b. In the step 502, bypass
val ve 301 is opened renotely via controller 250,
fluidly coupling anpoule inlet |eg 238a, anpoul e
In steplildeta pwgedRdh such asha canjerrgasyordh sometasesa lid6itl soldent, is
utlet, lin 65. The, v uum rce be t he vacuum
then BQued doudB g epcted INGT  HPRtRLABemabhes ﬁh%pabge fluid, it
deS|réiP3WfﬁéN'tH’e g@ fé’ 04 é‘ddr@é“lé c%ﬁﬁgur‘@ﬂﬁ%ﬁa‘hv%% éiﬂae{y circuit
inlet line , and outlet |ine 265 are punpe own
236 asniusteatedda Higurel 2Bf theapuige: ﬁlmdﬁrégrSSMpoalepaﬁsynbly 3OOB via

ompcll o, B 3o, AR e BBl HRuSONSEE Red bout

asserhbl?ttiﬂIOBZQI% anwob@buﬂé’telegtzm) f \niiadditibh, €S puRE fIMGechck-ﬂlls
purge fluid source is configured rel ative to fluid

the pgrélpnmfyntﬁtrhe@. 269 apdutlet|linet 26 duidiy, crupglgdtonipypasseconduit

s02. RS S58R6 EBPBYE 410900 AP AB Ry 00

is dependerst anpthd gurge eftdit y usé&d)Bcunduitngize| ehemidaiatcdrﬁgosmon of
e fluid back-fi]ls th

238b. I.n addition, the pu
unwanf&g; .r%ﬂaU%? ARA e AUARTHY E‘@ig%fntﬂ)r%ﬁﬁrltet” Ith‘?lel"ﬁ% flrhlsdPQ 505,

compBHE 5 BURSSERDE s il 04 o, e g s

is completis flaa gheoessrcantiauesi ta stepl 506 \Mlsmbm ampoula ammbly 300B is

oo 64a€ RERSHC D oS SEPhS o Sh5HE e By proces

return§ofP sl 8030f ménﬁuﬁ%éﬁ%fpﬁmﬁﬁcbmge'|€er§f'@§d‘%‘éswé8 i5 N@ariable,
purging of the desired lines is conplete, the process

depensting | olesuch feciops 586, thah@uege tigoused.asopduit ysizepRhemical

compl it RV 98, 42" 608} LU BATBEYa8rt n e
lines. The nunber of punp-purge iterations desired is

varlable dependi ng on such factors as the purge fluid
cond i,t size, chenical co osi tion of unwanted

[00461r eS| % AgRrllmatlc dingraspof anatheragsrest of dhe inventon.
I
v 4 5 A e B S

similanigp thdteofaspatieyasdea®ly S00Bnas gllustdted i FigureBBr éut inherent

oypash R STE et N oot bl N a3 hhec rerei
fIdeyC@cBl%cl:é% | ci’ébgngé dcj"f&og??ﬁﬂ@egrﬁéﬁ&ebﬂ 5.0pY2B! hsbh etheabk&ious two
aspects, but in thls 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 to 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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fluidly couples dead | eg conduit segnments 271b, 272b
as in the previous tw aspects, but in this aspect,
W0 b@7acinect i on poi nts of bypass conduit 302C poI/tismd7/064276
| eg conduit segments 271 b, 272b are |ocated at
junctions 315, 316, respectively. Junction 3 15 is
di sposed between manual val ve 260 and val ve 267 and
junction 316 is di sposed between nanual valve 261 and
to fluichidetivaryssystemo202 inskmctivly 800 Grgemjzationf bsi ddscribed above in

. coupl ed t as, panel 204 as illustrated in Figure 2C
°°“J“ﬁF§‘§)H &'ﬂa(rfqg@rezz'schenati c diagramof a fluid delivery
system 235C t o whi ch anpoul e assenbly 300C has been

00471 | Ui Thiy axpept alowsthe Rffdctive igns-pordd biigag éﬁeratlon llne 238
[ If npoul e assenbly 300C for an'pd;ulg-%a?senbtg p%

and a@wmlwws@@m 25 deseribeh abavei for jhe duaviobal a%pects of the
mvenf BH' ¢ g?#fg%ﬁ ﬂb%ééﬁé?dpp?g\%dég aﬁi(@)%ﬁéw Bfﬁ&[g%&? ﬁ%?sﬁﬁ& atd 28 fluid

des inrconjunc
throu@l@%éhué’lhwalvesp%@ 261 overiidhe puhgspunge Ipvcb‘ﬁbdmlﬂé gRe@érrlng to

onk i A Sl e 1 Wit s S
contrd())l{é\f%o OQHO\Allﬂga\?’é“/éé %7 tiﬁSS r@r f?ﬁﬂh&‘g@ g a:ﬂﬁ'@@& prior to

acti'vel ssin urge UId t rou
removal| evfeambeole aeaenjblryl 800@. plnmpadditioge time cmmjof elead legs present

curinShE SR phiae b HeGRes e T 15 A0 e FomSEF segments
271b, 20720 N9 tHe! cmeluR Sbgrediit 1beatka b’&%ehgeﬁ&i&hh% RINOGslve 267

prior to renoval of "anpoul e assenbly
and theigpnduih segment iguated bebreen pustion ééémndjualwag?&fheHence the

et BTSSR 4155 28 RS obd 5 G auce

lengt mmahea)rhpmeerroJde@atlegrcoaaﬁu@é@m@itwﬂﬁ?zaﬂs féNthe previous
condui t. segnent_| ocat ed between junction 316 and val ve

aspeci §BoWARdR FdguremB.dead | eg conduit segments 271 b, 272b
for this aspect are substantially reduced in |ength

[0048]""29%@%% 68 ot SorisRskd 8& Fé’rﬂddf'ér]gi HE .t%ﬁéﬁ%ér]?\@ﬁion. In

r the previous aspect Hown 11
this a§p@mr ampbulesassesublg raOlx |sdc<mfrgamd)fmtarmt mherestpeatve afsembly

st B e SRBEC e, RO SERBTR 4o ko
bypasfsocdrfb@ﬁt SUZ@M%& aSeRivily c%(ﬁ%ll @1% vd \Lé@bﬁﬁt(ﬁgﬂbébd therein

Fi gure 3C. I nherent bypass con
fluidlyy émleSdeﬁﬂwtlﬁ%@IGCmdlud s%mentsoﬂﬂbdlﬂﬁbsasi inhtheeiprevious two

aspedid, Bt 158 l‘oégbgﬁt 8RSl ie § 46BN BYPas EORALita64D cBhrigired 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



aspects, but in this aspect there is a second bypass
conduit 304D configured with a renotely controll abl e

WO 200021908D di sposed therein. Ampoul e assenbl ypGDOER0EY64276
be fluidly coupled to gas panel 204 as illustrated for
anpoul e assenblies 300A-C in Figures 2A-C [0049]
Figures 3E, 3F illustrate two other aspects of the

i nvention. Anpoul e assenblies 300E, 300F are each
connegied it outiet ne R62 hetwern manuahvalve 26deand dissonnectfitting 263b.

i tne 0o BPRRAY  BGTIE YoHARE coP g E R O o
valve I3y &sdispesutiihersin Hidiy dousienniet line 284 vatH aliet inal265. Bypass
301 E di sposed therein f|UId|é couple inlet line 264

condyjf 13025ut$ eqonnestedbdg . inigtphine detwegn2manyiat oralvec 1269 and
. ! C b
ciscol iy 2078 AR KD EPHRECTIB luct U2 A0 Bebldbr i vave

261 andlvatve2d8.and di sconnect fitting 263b. In the aspect

illustrated in Figure 3F, bypass conduit 302F and

o £ 81 35 SR T 88 S S or

comp%ﬁ?ﬁt%%f@@ﬁéﬂnﬁca@%ﬁtdirﬁn AUPSSUIE Giré Q:hiagﬂg&t with'ih #Heft gas, such

et ween manual val ve 260 and di sconnect fitting 262 _
as Heanthe edvamntages ofi this aseitwelold. i hisst2 eBangingthenampaulgl body with a

I 8 05 {ed.ab ' .
prossff fftue 19 Akt AR 7o REbEE, ARG pataines
thereiff evemhiersondd 1sakgRi BtEgs ahpsugre ady cofcthr gedlisvort RaRB8s in the

i nert gas, such as He. The advant alci;es of this are

ampoylgoassemnbly §is isqastieniady tHe femp salid pragysetreantaining ampoule

assen%lgswc'oﬁﬁ Ay 59@3{-&8&@@{)}&%{1@&@ Fuch r?a%'fhﬁf"bé%’cribed above
protects the precursor contalne érein, even i1 Ssomne

in corijtﬁaiti@gm/iﬂrﬁiguse Qtrlta)fhm@hn'ﬁd:hergé in thee 'mmlliael@rllowalfuel?akmhecking
t he anpoul e asse . This i articul ar true. for

after ngyy uw&%la-t'ear% achPRly of 9¢ IR disg @r’?eoég'gm,zasz’ 263

' | il ' Cc
from Gislden g G oy Btena0s RE6E Fiure D) BuBBidd 8t leakage through
the owteamgst shuttdfé valveelochiadeinainletvidhef 864 | arak outheiclineng65, such as

B TR TRl AL v
shut-dfeVaNes Y sotp a8 aRdall $4%e$1260r ©64) is PalickehRMeplthan the typical

| eakage through the outernost shut-off valve |ocated _
leak rate exiesallyi he., erpughdhe extermnal serls Zé®aid valveashereriahecking

for tea o aArotitmédelytos 2o b B DR Brddfhd o nstances
whereifituRl uraésieslGor thd ampdute Doy toi BEethdriéd Witte an inert gas,
whichtnxg)l/ %%l 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‘ZB,
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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| eak rate externally, i.e., through the external seals
of said val ves, hence, checking for |eakage through
worawoalsovml ves 260, 261 is an inportant procedeCBUSI0N7/064276
i nstances wherein it is undesirable for the anpoule
body to be charged with an inert gas, which nay be the
case for certain liquid precursors, only a segnent of
inlet and outlet Iines may be charged with the

ent'tlec{: efRQE Sﬂl@sr‘e@fﬁiﬂeAPP%fﬁ&Sr fied @nFOgtaber 2B, 200% which is

rore RGP Sl 8 P o PSR ert i

claiméd ireve@ibndi sposed bet ween manual val ve 261 and val ve
268, may be the only regions of anpoule assenbly 300A

oot Bl S s Q0B b AL e gyposer

to highfy Fé@ichh% %ﬁemmﬂal%ﬁgﬁjr‘é@%fﬂoglé&ﬁido‘é@fg)é%fodsh;e,ubﬁ“é@%éﬁunal valves
ound in commonly assigned Ited States Patent

260, 2@%|(sl¢@wn dim qureammaC),lmaxm s!gmqmupamwls}cenealt agdesired.

This is ERBL i R0 eft PR sttty by B 8 afid BrGrdar, Sole

precuestrs Igspivied e hexstentarriet g\g@ mrysstmsya;hem réchﬁtate out of the
cl ai ned i nventi on. %0052 not ed above, e sealing

carrieg gap dfcrat painixned gt h@aev@%satrmﬁmae@ttaﬁp@ybqomc&ﬁnﬁegwty shut-
off vél@é‘céééﬂﬁ nugFevdl Vé‘@%giégoﬁ g%&[ 'ﬁﬁ%ﬁpd&%ﬁgﬁ or%ﬁwrmg valve

replac%hq@(t) Bet&ausbevai\ae‘raegﬂdcandnt‘ for lanipouie alssemblies bbe@ks relatively
%’Z%{ grtl cul rJy true when an a ouI e assenbly
frequ t§?ﬁ§° selyfGed Hmébﬁﬁ@%ran IgpOrgnhrensideration ssol ved

by a heated carrier gas nmay subsequently precipitate

[0053]0Ut FRjureBecnargs eéc%atid‘alliﬂo'ﬂu%t@t BhBegnﬂfodﬁﬁ§nt of ampoule
necessary tenperature and condense onto shutoff val ve

assenglefy|60QgvEh eaaﬂysservmeﬁb@r $hme-ff valws;rrthtgmGPseaa seimematic side

: t. B

vew JEfEHRRE Y SR ARAACEIE Ny, SEPHTR VS BOTRFTRES vave

assen@t&l§€61@f apRjolls eah |Z70ymlét @drireclibn IGZ0Bhdbutlet connectlon 621.
consi deration. [005 I] Fi gures 6A, 6B schemati cal

Inlet ganngstien 200 Prefasabiyn@ v ingh YEFgpanediosnany ogUe%/ gpnmection
621 |§?§éﬂe}’?lﬁ§“’“ﬁm ?/Cﬁ%&nﬁéétlo\?ﬁ%’eéasé: oglr‘éﬁe%ég lﬁs@gﬁtlon and

S|devewa ure oB'1TSs a scC

removal eﬁvanmmw bssmbmm@frﬁ&()almobem gydtem. aVaR'EtésSembly 610
270, inlet connection 620, and

'nC|Ud8§t§|'§ﬁn‘%gﬁ’ &Si %ﬁ%qu 614 wh'%ﬁﬁ%cql%rp%ﬁ@ur%d to be easily
removice’ Shafbif \anks! 61 ali ?%f%?ﬂ?g?%/fgfb %éc?tto valve assembly

connection 621 is prefe connect
610 vimVCGRdittings (rgiestiayeh |fmrsclahty$tam1h pasdiloned to have a convement
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 apart

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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renoval of anpoul e assenbly 600 from a processing
system Valve assenbly 610 includes shut-off valves 6
wdaooandoed2, which are al so configured to be eSI/U§2007/064276
renmoved. Shut-off valves 6 11 and 612 are preferably
nmounted to val ve assenbly 610 via VCR fittings (not
shown for clarity) and positioned to have a conveni ent
cl earance from ot her conponents of valve assenbly 610
Claimgid anpoul e assenbly 600. In one exanple, shut-off
valves 6 11 and 612 are positioned 3.25 inches apart
1. tﬁnémwlﬁﬁéﬁ@lbé’ S6BWEIINGr renoval from and
i 0§ oddﬂ gon in valve assenbly 610. [0054] Wile the
foregoingis directed to enbodinents of the present
| an énied lne footine ampodid, the et limettealingatfisstahahlis shut-off valve
nyenti on may be devi sed w thout departing fromthe
d'Spoﬁ%éﬁl,er@@ope thereof, and the scope thereof is
dgh %Uﬂbﬂﬁﬂa ¥ tﬁ@ﬁn@oﬁléﬁhé Batiet Ifle! 1R Q's%on& mﬁ{hal shut-off
anpoul e assenb onprising: an anpoui e; In
valve [disposedtheredn; andoul e, the inlet |line havi ng a first

T B G BB A BB o e
bypasféﬂﬁiéﬂﬁa\ﬁﬁgibﬂs@lhf offdlaWR @ibﬁ@ﬁ?ﬂ\efrélﬁrté *ﬂUldI)F‘B@hﬁefdr rd%?:ouple the

ypass |ine connected between the inlet 1ine and
input tm pad the autletiline. fi r st bypass |ine having a shut- off
val ve di sposed therein to fluidly couple or decouple
the input line and the outlet line. 2. The anpoul e

2. a$l$@ld®|hp/omé assahibiyl of \shimet hwhbreis iké shilt-offalalge i agremotely
nptely controll abl e shut- of f valve. 3. The anpoul e

CO””‘H'@QM% offvalyai m 2, wherein the first manual shut - of f
val ve i s disposed betmeen t he anpoul e and the
connection point of the first bypass line and the
3. i'ﬁhetanhpcndae asaembheofkelaim @, ivererain ttieuthrsbhfanwll \slaui-eff valve is
osed tE](H\Neen t he appoul e angd the co nec

. di ? B
dispogg Bﬁ‘é“’eﬁnr Ppals and e srnnestor Rojrd o It|‘?1 rst by fFﬁ% ine and
the wﬂéﬂ'—’ﬂh‘éeaﬂasﬁ’l@'séc%d %QPH%IBShU%t o qgfpdilbﬁbékﬂi b%tween the

second renotely control val ve di sposed
ampoille antbthemwmebtlm point of the first bypass line and the outlet line.

4, The ampoule assembly of claim 3, further comprising:

a second remotely controllable shut-off valve disposed in the inlet line
between the first manual shut-off valve and the ampoule; and

a third remotely controllable shut-off valve disposed in the outlet line between

the second manual shut-off valve and the ampoule.

5. The ampoule assembly of claim 2, further comprising:

a second remotely controllable shut-off valve disposed in the inlet line
between the first manual shut-off valve and the ampoule; and

a third remotely controllable shut-off valve disposed in the outlet line between
the second manual shut-off valve and the ampoule,

wherein the connection point of the first bypass line and the inlet line is

disposed between the second remotely controllable shut-off valve and the first
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between the first manual shut-off valve and the
anpoule; and a third renotely controll abl e shut-off
wo adve1sdeposed in the outlet |ine between thePGEUSNIT/064276

manual shut-off valve and the anpoule. 5. The anpoul e

assenbly of claim2, further conprising: a second

renotely controll able shut-off valve disposed in the

inlet Iine between the first manual shut-off valve and
manuahtéalaﬁp@m wheesin the cannertiosrasiel of the firstdypass éine and the outlet

ine EMhR 614 YAy FROFFE, b, S el Sp A TaRe B o

secoridmaaganeiivé.on point of the first bypass Iine and the
inlet line is disposed between the second renotely
control | able shut-off valve and the firstmnual val ve,

6. TR QbR BTRAILP T i Ein o ArBotlk SntRRT"
r ahlebst qne:tayerofhﬁmtenaﬂeuat ahtl val ve and the second

| | | nbl f cl 1
\Aﬂ@gg%&?@]\éiﬁﬁﬁgﬂlsgcﬁrb%# ;i aszs Iegts? oﬁea: ;nyer of a

fWhéFenﬁrmeeF tstinatérsl igh é&%ﬁénti‘éﬂf rﬁo?%‘fl:i%rﬂgalﬁr SSifceve material

material, wherein the first materia

than talsscand mﬂtByalrmre thermal |y conductive material than
the second nmaterial. 7. The anpoul e assenbly of claim
6, wherein the at |east one |layer of the first

7. RRETEn#olls a%séﬁh@w BﬂcI@nnt61G/vr€é+‘bﬁfth%Ue§tf l@&St Ohe 1d\Rrasf the first
| east one |ayer of the second naterial. 8. The anpoul e

materigl 48 @orgatisio enathem eutenstrface of e fatrleasthenedayer afsthe second
materﬁfl ected fromthe group of nmetals consisting of

al'um num copper, silver, brass, and conbi nations

thereof. 9 . The anpoul e assenbly of claim?7, vvherei n

nfe t hi ckness of the coating is between about

B¢ GMRQUle as8emBYLRT Baim B Wheraipshe fisst mateélaéaﬁoéﬁpeted from
the gr@ﬁg ta@c cSisith gSOf dé Eﬁﬁﬁlﬁﬁ Eﬁpﬁ?{ i'l’r\)e h ra%ssﬁﬁé}"%gﬂ\blnatlons

ass |ne conne et weeh |ne and t
thereafutl et line, the second bypass |ine having a renptely
control |l abl e shut-off val ve di sposed therein to
9. The ampoule assembly of claim 7, wherein the thickness of the coating is

between about 1 micrometer and about 5 millimeters.

10.  The ampoule assembly of claim 5, further cormprising:

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

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

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

bypass line and the outlet line.
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fluidly couple or decouple the input line and the
outlet line, wherein: the first manual shut-off valve
w0 gooditsposed bet ween the connection point of tPer/i52081/064276
bypass |line and the inlet Iine and the connection
poi nt of the second bypass |line and the inlet Iine;
and the second manual shut-off valve is disposed
bet ween the connection point of the first bypass |ine
11.  aAd ampeowe@seembiyrior arfdVDrehagbrarecemprisipgi nt of t he

sggg% ass line and the outlet line.11. An anpoul e
a 'or a CVD chanber, conprising: an anpoul e; an

| 8h iled lirkefor @fe hipoangoul e; an outlet line for the
npoul e; a bypass |ine connected between the inlet

a .
| aneutlatlinentor g pEouigie, the bypass |ine having a
fin : ' [ fih U 0 r
B EYRarE g ChREABAbINEER Uk hfetyld A UL e e bypass
line hawingad fiest wiahvef dispasedt thbireipolecilidly douple of decouple the input line
bet ween. t he anpoul e and the connection point of the
and thg,outiat linehe and the inlet line: a second manual

sh Lffr'i]oﬁmfan}ﬂgl' YutdP RRRE Db PosdifirP e ﬂeﬁl |ir§ebé’t€¢e‘é’ﬁ%et£‘rﬁpoule
anpoul e and the connection point of the bypass Iine
and thenconrectiontpodnt dfitine bypasslirenand tevinlatilisppsed i n t he

inlet line bet n.the bypass line.a t he oul e;

AcSeront et Pl ualB SRPoRaT It e onsle i ikugen the
ampobilteay #tScoririedBoR PBirit BE tIRITBAMES link2and tHe ARRAYKE;

assenbly of claim 11, whereln the anmpoul e conpri ses:

a@ decand \ahee (digposedfingheiinkat lingt betwelen thedbypagseling and the

ope.layer of a second material, wherein the first
ampOH&, gpﬁal is a substantially nore thermally conductive

NAttAIrd alalvd s pgdsedsc tied onBételinélbetdeen The yReE! the and the
assenbly of claim1l, wherein the first, second, and

ampoulgi.rd val ves are renotely control | abl e shut-of f
val ves.

12.  The ampoule assembly of claim 11, 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.

13. The ampoule assembly of claim 11, wherein the first, second, and third valves

are remotely controllable shut-off valves.

14. The ampoule assembly of claim 12, wherein the first manual shut-off valve is
disposed in the inlet line between the second remotely controllable shut-off valve
and the bypass line and the second manual shut-off valve is disposed in the outlet
line between the third remotely controllable shut-off valve and the bypass line.

156.  The ampoule assembly of claim 12, wherein the bypass line is connected to

the input line at a point that is between the first manual shut-off valve and the
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14. The anpoul e assenbly of claim 12, wherein the
first manual shut-off valve is disposed in the inlet
wo 2ove/1b®dmeen t he second renotely control | abl epGHUS2007/664276
val ve and the bypass line and the second manual
shut-off valve is disposed in the outlet |ine between
the third renotely controllable shut-off valve and the
bypass |ine. 15. The anpoul e assenbly of claim 12,
amp rafichwhakeim Jhmbypassiing is canmestacetd the outpui kpruat aipoint that

T T e IR

connected to the output line at a point that is

bet ween the second manual shut-off valve and the
ﬁb@lﬂnéoo ue asserablyrRicirie 43 JuRBEy CoMPEsiagm 15, furt her

c .

| %l'ggf:bﬁb 'ngan s 7 g&@;ﬁf@@ﬁﬁ@é&ﬁ%ﬁﬂﬁ%ﬁ%pﬁ%ge\ﬁ@pgﬁtI!}u%, and
carourtth rembtelysmntrcnifablelsthwteofﬂvalmsitsﬂ)osedﬁﬂnmesge?w‘mﬂ bypass

. b pass i fluidly cou ecou Ie t he i nput
line tq i’{wa p??]@" 8%?9%&'6 Fl'?leh'é'Pum'ﬂ:‘? @T‘ﬁil q Auletilings ranual
shierahf val ve is di sposed between the connection

point of the first bypass line and the inlet line and
t he connect then figei rmaotalt rshut-offorvalvey das disposed abétwéden the

inlet Line: ,.and t.h on nual hut of f. val [ S

di spos‘é%m}?é:tt'ﬁgeﬂo'{‘ﬁéﬁgﬁ @éﬁyﬂaﬁ% ine 8rd (the ‘Prﬁsline and the
by passconrttisApoirtef e bééoﬁd Bﬂ)a'ﬁ%q"fe'%d?@iéﬂﬁre‘thﬁ@ and
poi nt of the second bypass |ine and the outlet |ine.

17. The anph@ secesdenanyal shutpHivelvels dignasedrbeatween the

anpoul Sse

o ol afoERiBhi & (R b huprte e End R s TRl e

pr ecur sarinegsied point@ftheseddrid bymasedmienthd the. ouflet line.

anpoul e assenbly of claim 17, wherein the anpoule is

pressuri zed above atnospheric pressure with a gas that

[ t chem T u
17. a§2§ n_ﬁmp%![ sLs.B biy9 &m%fé\?rg ﬁqt h\?e&ﬁ‘érelrgothe Bfnﬁﬂ}?@ (I:c%tams a
chemitCak arrpoul e asserrbl y of claim11, wher ein: the inlet

l'ine conprises a % inch VCR connection; the outl et

line conprises a L inch VCR connection; and

18.  The ampoule assembly of claim 17, wherein the chemical is a liquid or solid

16.

precursor used in CVD or ALD processing.

19. The ampoule assembly of claim 17, wherein the ampoule is pressurized
above atmospheric pressure with a gas that is chemically inert to the chemical.

20. The ampoule assembly of claim 19, wherein the gas is helium.

21.  The ampoule assembly of claim 11, 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 %2 inch VCR connection are spaced 3.5
inches apart.
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the V inch VCR connection and the 1/ 2 inch VCR
connection are spaced 3.5 inches apart.22. A nethod of
w@eogitnyod | uid |ines inherent to an ampoul e asBEmE2007/064276

wherei n the anpoul e assenbly includes an anpoul e, an
inlet line for the anpoule, an outlet Iine for the
anpoul e, and a bypass |ine connected between the inlet
line and the outlet |ine, the method conpri sing:

22. rArmetod afpumging fid lines inherent tdiasparspdulerassemtiy, p/alwem the

armpo}le 34 T oSh B RuBeEE Mt Br S BRRERA ot Rt e
for th@Wnhigdulé, 88 aabaReTiePsrtidtted Betipenfe Imétqmnahd the outlet
ot her lines and valves fluidly coupled thereto. 23.

line, theengtaed 6amprisigai m 22, wherein said punp- purgi ng

CRIRSIERE o A SRRV Bl BAB0 PR Rg kb O | nto

nd pu a vac e and the

Oi.'dmmtely aflesmglmdsetﬁirrde\tal\fé dispbged ifHecidiet fine eind. a &rd remotely
he net hod of | ai m 22, wherein said punp-purging

valvepmgg i Higy dinet apg ng a purgl ng fluid into the
b t §
NGRS, 8P S S ity oo

theretbhe bypass line and the ot her i nes and vaI ves fI ui dly
coupl ed thereto, via the outlet line. 25. The nethod
of claim 24, further conprising heating the purging

23. fTHé thdlthb@bf ERirh 'ﬂ“Wh@r&H%aRin@HnB%eriﬂgdcdrﬁ‘éﬁ’séshe

bypass |ine and the other Iines and Vvalves Tluidly
caltgrnately flewiega purging fluid into and pumping down to a vacuum the

bypass line and the other lines and valves fluidly coupled thereto.

24. The method of claim 22, wherein said pump-purging further comprises:
flowing a purging fluid into the bypass line and the other lines and valves
fluidly coupled thereto, via the inlet line; and
pumping down the bypass line and the other lines and valves fluidly coupled

thereto, via the outlet line.
25. The method of claim 24, further comprising heating the purging fluid prior to

flowing the purging fluid into the bypass line and the other lines and valves fluidly

coupled thereto.
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