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AND PROCESS The present invention relates to atomc | ayer deposition. I\/bre(/f' <
speci fi cHQ43/033762 5 present invention relates to an appaP&XAFS0ABRI4Pprocess \ /[ 5/
for inmproving the performance of an atom c | ayer deposition chanber. e

A
met hod of depositing very thin tilnms is atomc |ayer deposit| S
nmet hod has several advantages over tradition chem cal vapor: Wﬂﬁm m\mﬂlt
can be perfornmed at | ower tenperatures, uses a w de range of ors,
produces very thin | o filnms, inherently obtains 100% step cover 4§¥*"and
can be used to "ni cRGENES RAEER' DERHITERN APPARARES ANBERROCESS ALD, i ndi vi dual
precursors are pulsed onto the surface of a wafer in a sequential manner,
Wi t hout m xing the precursors in the gas phase. Each individual precursor
reacts with the surface to forman atomc layer in a way that only one

| ayer can format a time. 15 The surface reaction occurs such that the
reaction i s chbeppreseat inypetionaelates so plomimlagen deppsiions Mayespeaifically,ithee to be

cur T ate PR T AR TRes R B p et b, "ohor

bursts odtom@siager depssifivrichapbees. According to recognitions of the present
i nventors, two problens occur with the 20 ALD nmet hod. One probl em concerns
t he di ver si onAdnethotbofidegositing yarythia tijpeswtepicdayendernsitivad ALP)a Thipor phase.
Duri ng ' ' L QL | Ve S Y cessary to
keep anﬁg@thggﬁ?&gﬁzga? ?%b\?vh{égesﬁ%} P%Hdﬁ?rgalpelr"égﬂ)r(’géér/r 4e§8§éné\)/%p‘lct)?arg ‘ase. In order
to keep pérforfnedut lavkt iempetaheed, osy anwigle range dif prctnadrs] produdesveryl thive of the

ALD cha r en the |iquid precursor is not needed_ in the deposition
pr océgsm%?e%%tlﬁﬁbﬁm%nggﬁa%eﬂ ovemae, and san be H@ﬂaﬂr@mwr@ﬁem cal is
m xed i Nedgphiflef Al nlatdt@sW th the diverted chem cal and reacts causing a
build up in the fore-line. The build up can be severe and clogs the
foreline. A skcAhB, pdoiduahpreosrses ae puteed ostcthe serfask of hevajerse 8 seqreotials s

gases are_introduced.i.ndi.vidual |y f t he  ALD process. and di sposed of

Phrough PREREANESirRE R nioh iy e eEs iR b BB one
anot her . wilh tlcsuefacl 10gbim ah BOfric iageifinaSRs) ther ondy ofé-ldyaiiaafadny & Pee Pr ocess
that mnimzes clogging of the fore-line of the diverted |liquid precursor.

Ther d5i sThg Rustage Fraglipn gecprgsuelt that the paviQuSE ZoRpitiq, and permits no more than

one layer at a time to be deposited. This occurs no matter how many molecules are
applied to the surface in an overdosing mode. The films are built up by introducing short
bursts of gases in rapid cycles.
According to recognitions of the present inventors, two problems occur with the

20 ALD method. One problem concerns the diversion of the flow of liquid precursors
introduced in a vapor phase. During ALD processing using a liquid delivery system, it is
necessary to keep an established flow of the liquid precursor in a vapor phase. In order to
keep the flow active, the flow must be diverted to a fore-line of the ALD chamber when
the liquid precursor is not needed in the deposition process. When the opposing gas is

25  pulsed, the unreacted chemical is mixed in the fore-line with the diverted chemical and
reacts causing a build up in the fore-line. The build up can be severe and clogs the fore-
line. A second problem concerns the reaction of the gases. Process gases are introduced
individually for the ALD process and disposed of through the same fore lines causing the
gases or vapors to react with one another.

30 Accordingly, there is a need for an ALD apparatus and process that minimizes

clogging of the fore-line of the diverted liquid precursor. There is also a need in the art to
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WO 03/033762 -2 PCT/ US02/ 32741 control any area that is common to the
reactive gases or vapors in a way to mnimze any unwanted reaction. These
needs ar WO@H03B362t he present invention wherein an i nprov@dTAISD/aIpar at us
and process are provided. The present invention fulfills the first need of
mnimzing 5 clogging of the fore-line by providing an ALD apparatus and
process that allows separate chemcals.to only m x when and where desired
by installing and nonitoring a second formline. The present invention
fulfills the second need of mnimzing the reaction of the gases in the
punp | i neatrobanyairéantatig common eatheirvaztigageses of vapapihs w4y toanihiARyedy f rom t he
process reactqr chanber wi thout comng in contact with one another in an
area t hat"™WABIFddeat 188t e to an unwanted reaction of the process gases or

vapors. This fiRs@r&ANRl rﬁ&%ﬁy tP?g&§&YfWth90rL@ﬁ@r@ﬁ%%{pr&@g A;Lq?g,g@at%ﬁgs punpi ng

| i nes and corresponding 1 sofation valves that are activate
speci f i candasoasbeare pewaked. Thepresepanemneaop tutfills thedistalebdof inirdmizsg t 0 be

exhauste(il in a tnﬁnger that m n‘im ze ;bgssi bl e uravvant ed réﬂCti on of the

r eact pve QLo e 5P in By providing & AL shnapatusand iresess wadllows seetteon t o
provi de aRmidil ©\aE MbBvikdh AR 8&ird Iy HPARSSarkiSh DSt Hing RERSIRA%ore.
fore-lines and a second exhaust path in order to prevent Cloggling of the

exhaust lingr dheipresentiineention figdilinthe seeamidInger! e niinjringothe ofactitreoihe aves ed

enbodi ne f p nt. i nventi.on n be best .under st pod en read in
coni unct g e 1esEby 3 ink R TP s on arE®fo G FEREP T BobR cat e
W th |i keadt@f chambeewihoi tamingdh dontActWhitiCdlie adothet Hidntarda (AAES&NH Sredfe
illustration of an ALD a&gar atus accordi ng to one enbodi nent of the present

i nved®i g unwagtedaeactign ef thepsocgss gasestviapens oA hisris agromphiskaddwrmevidingc cor di ng

to anoth [ : t, ] LRl gur S an
T T T e R
of the pacasaed farnhespetifio;gas-ivhen seededir Elsestparatpunp livsdsratibahe gds tabe ALD
apparatus,according to %gt anot her eq;iodi ment. of the present invention; and
Fi gure SXBREteHPS manney habmmimizsnpessibinunyantedysastion o theteeityr 8450 yet
anot her Ledaadh Gt is%dn dujéet BE (e PRlsent RALbR T pravidBah ?’F‘E’ e Wi ially to Fig.
|, an ALD apparatus 2 according to one enbodi ment o e present invention
i s i I1f usAppanatig andprpcess ysingudispeaties faaerlinesindppsecantd sxhust patprin eidegtoa VWO
03/ 03376&e\7e§1t clogging of the exhaust fore-line.
The following detailed description of the preferred embodiments of the present
invention can be best understood when read in conjunction with the following drawings,
where like structure is indicated with like reference numerals and in which:
20 Figure 1 presents an illustration of an ALD apparatus according to one
embodiment of the present invention;
Figure 2 presents an illustration of an ALD apparatus according to another
embodiment of the present invention;
Figure 3 presents an illustration of an ALD apparatus according to still another
25 embodiment of the present invention;
Figure 4 presents an illustration of an ALD apparatus according to yet another
embodiment of the present invention; and
Figure 5 presents an illustration of an ALD apparatus according to yet another
embodiment of the present invention.
30 Referring initially to Fig. 1, an ALD apparatus 2 according to one embodiment of

the present invention is illustrated. Fig. 1 illustrates an ALD apparatus 2 comprising a



PCT/ US02/ 32741 process reactor chanber 10, a first dispensing valve 4, a
second di spensing value 8, an isolation valve 24, an exhaust fore-line 22,
an exhauwo @W3p7620, and a di spensing fore-line 26. The prrerassysgact or
chanber 10 includes a first precursor inlet 14, a second precursor inlet

16, and a first chanber outlet 17. The first dispensing valve 4 is coupled
to the first 5 precursor inlet 14 of {he process reactor chanber 10. The
second di spensing valve 8 is coupled to the second precursor inlet 16 of
sai d process reactor chanber 10. The isolation valve 24 is directly coupl ed
to the fprbedss edaaabekiantber 181a firkt Gifpenbiag REINE ASS sécBAE HRperd e8@n The
exhaust punp 20 is coupled to the isoFation val ve 24 by the exhaust

f or e- | i rigcloipon vabyq 34, ap exbpustdersiline 32a am exhpyst pMHh #nd g dispeesing fose-lige

conpris i ]%Pg: : The fir nd 25 is coupled
to the 1‘6?6 r gltﬂel |r§%gsﬁl[sélg%t§]5%a vgﬁhpgﬁgﬁg ggﬁgég Bnérsgrn@?eé‘)"i fggeé:g'&%wg TY the
exhaust iplenp6,2d aTrst chambér clitlspEhSThedfirstedispending vhiowd ischiplad tophiefitdt Sor 6 to
flowinto the process. reactor chanmber 10 thr_[%ugh a first precursor inlet

14. A3 cOMESUREAS iRet A0k the Progesseactar charabai8orThe Sehesd dispensingvalyades
Ther ef or Il i | I . J i ST
directi oér:?ugf‘ea'? %gllefsié(tfogg pzéfbggbyr‘ g(gﬁtvlg 0¥§al§ﬁz§éf ?S?Jg%&gﬂr%ﬁgﬂ{rbéggé'i E?ee"? Ol%ﬁgnof t he
process vabac2dois dobahyb@upled to Wedirsttdhember sittlept Beofiths processi readi@tchdinger t ed i nt o
t he proc reactor changper 10, it is sent to the exhaust np,.20_via a
di spensi gS]ftl?reég?‘isﬁgmﬁ%?Bﬁ‘é’“megﬁ%ﬂ‘fi'ﬁgatf%‘_r" ‘ier?éet%thf?dﬂf‘:’:@g%f%]"éﬁ Zpard the
first pregmiedh Rh¥epath! The dﬁgénsﬁig\/fgfetl% A6 R rfi6s 4 KiftEndbSaM SOr 1 nl et

ma

14. The dispensing fore-line 2 e used toisolate the first precursor

6 frdfh 2gcedrad 27h dhie dastend 3F écemupled 40 therfitstadisnensing valvad and thedseoorider wi se

mx wt g1 potentially cause clogging of the first
exhaust h?"té‘p?-‘% Fé\@ﬁ?@wﬁﬁ%@?ﬁsﬁt%‘%‘g%’aust fore-line 22 remains clean and fl ow

remai ns st ablEhedfitst dispensing ealve 4 hllowph Get peeciV/IEL & 16WINBRRe BOc&KONPr i ses a
first precursor inlet 14, a second precursor inlet 1 a heater 13, a wafer

11, and "sadprrhambeictithgagh adirsigrecprsor inletdd. 25 contiswonsBow iofithetfirgt4 and second
precurs I n e 2 nati yel.y have
Cepar ot & g 6 sl EhaFRARG *rEQUBREHREH Fbpisnf Lot 4 SERANA oY S

pr ecus s ahe Birediioo vf thedirstyremnsdréad tiibefirstgredBsdrigitt T of the pricess rédveorf | 1 st
precursor, i ess reactor chanber . 10. Once in theggrocess

6 .
react or c&‘ﬁg'r'?'lﬁre ¢ 1%'??1&{% ISt PreGuFSOr A SRRt diverted e thejuacesniegctonghamher ace of a

vaf er 1110, fihesebictthe eRsdust piitnP20'Gia Hisperking Re-TROPE" ThOdi3PenMigGhrebsor pti on
of the precursor is achieved is beyond the scope of the present invention

WO 03/ 0388 is ysedtr dissord /o fivst prgentsors whe it isrnefdivierted irdo thetfirstireqwesor be
| d ; ' ing to atomic |
Cbponte i P A58 Oy TarIs SRR R S SRS B S

unr eact esdhdrichemicplsgprecassrs, mdpuhaet thirtwonld stherpseompswith gadirer  chanber 10
5 valve 7 into_the chanber outl et

1%, Unr GHERE 61 2p 8 poisn el spe Hiogeint ol e Arsexhpisbormine 2. This, e

exhaust fore-line 22 remains clean and flow remains stable and consistent.
The process reactor chamber 10 comprises a first precursor inlet 14, a second
precursor inlet 16, a heater 13, a wafer 11, and a shower head device 18. The first
25  precursor inlet 14 and second precursor inlet 16 can share a common opening 12 or

alternatively have separate openings. The first precursor inlet 14 may direct the first
precursor 6 through a shower head device 18 that distributes the first precursor 6 into the
process reactor chamber 10. Once in the process reactor chamber 10 the first precursor 6

is absorbed onto the surface of a wafer 11. The wafer rests on a heater 13. The manner in

30 which absorption of the precursor is achieved is beyond the scope of the present invention



i sol ation val ve 24 where unreacted first precursor is transferred to the
exhaust punp ZU via the exhaust fore-line 22. The first precursor 6 and
second pwecasrosme29 are introduced in separate intervals. p@pggoirEact ed
first precursor is purged fromthe process reactor chanber 10 through use
to of the purging valve 7, the second dispensing valve $ allows for the

i ntroduction of the second precursor Q into the second precursor inlet 16
and ultimately into the process reactor chanber 10. The second precursor
inlet 16 directs the second precursor 9 through a shower head device 18
that di sindiibwelt kndeiste and IMACLE gledned fiom Bny Hite Fra0nMser bERGEHMgC hanber

10. The second precursor. 9 then reacts with the |ayer forned on the wafer
11 | s fielghng eatemicdayssdepefitédy 6, creating a nonol ayer of filmon the
wafer 11. Unr ' 0 react or
chamber 10, | derd TRCERRIR L baIbad b s’ [0 ThiciePhREREy56!

Unr eact ad psigednut gfiteeprosess rdactonshainbes 40 by intndducinges pusgd gdsivitheplige 24 where
unr eact ed, second,. precursor .is transferred to the exhayust punp. .20 via the
exhaudt ‘fab‘fegfllnf%%’gﬁ%m OYH?ts”p&%?ddcﬁsﬁmsc‘irwma’ﬁa‘ieeﬂﬁ nfeet i on, and
pur gi ng gdihfsmalve I Whe LinfeldtePTiRE Pret@Solis WahdTelr &0 REORR LA LRI Nia © 18
performed at a high rate of speed with continuous successions. For the

pur posesheexhaugtdpiedine2and defining the present invention, it is noted that
t he precise cganti sm b%) gné:qﬁh thg nol ecu) es .of éhedfi rst pr.ecursor adhere
to the surface 25> dFeHhEr STPAH LIPS 8te8radyced HiePRRK WgHaket of t he
present Oroéamtdagied it HretRFOAR pulddFro IR prodlas fdattBEEhanfef 1 0 ti?Sugh use
‘absorption.' The generic term'absorption' is intended to cover

absorpt i ¥ithe prrsieyelver, thesecond dispersing wilve $ alowefon thel inwedustiomhf s t he
precurs Y, : .Of fer 11. The
enbodi mce)srr?%d@fp r%%é%?é‘é@ﬁ% ?e\égréd igtﬁsér:? Sgﬁr %@g@tlﬁ‘ﬁteb?gl.to C4YFE s fromFi g.
:c in 30 Igdm;dsr dh?mbéni 10'(.121@& sacaiidqm?msiohlgﬂallmzﬂéﬂts tlhmsetzililxh&apxeeﬁmﬁiqgfﬁught he

irst en 5 of the dispensing. fore-line is coupled to the dispensing
val ve 4.2 *Hé’%’é“é&i%‘”&ﬁggﬁiﬁt grttitges thagecers praesmens 9L itopy prosess reazior

di spensi | i t Wl i

i Sponsi oo e P T e Bad B RGPS BEPHIBNER L TE 0 (e
undi V&r tfea therfgst prearsor Socredtingsa ingndlayerdf fitnwnobdeafectieni cal s, precursors,

and exhausts hatct\g)ul d ot herw se m x ,Evr\n tQ the first prﬁcubr?%cir 6 .and
potential |y cat§¥ € EHYIM ersqrppyrgrdsirom plgiargf:es!s(g?aégqrf: ambges 10;3y5ing ‘the 5
exhaust theperginghalvéZ, imoBiethambaautieNty. faeadtelScoid slealisst el consi stent.
The enbodi nent of Flg? 3 differs fromthat illustrated in Fig. 2 because

the secdhigctiyiitatiedsolationaalve24 whese wareantell sexprdiprecirenrds transéergd, to shed t he
second ee&ﬁgl% 'urﬂg?ﬁv;"thQEﬂ)aﬁa Qi s defining a second exhaust path. This
pat

second exhaus I's constructed to keep the unreacted first precursor
and ehe unr eddteproses ofithepntesiuctat, reetion,ahd purbiwy sitvynating the faduci ng t he
gg'SSI bi l;;ret:chrs%]; 6%&&1‘ t?ng sg:r(])(rjld %Le%gglarn gistpré?foghcta aetra h(i);h Ea?ee otE s)l()ggduv%itthf ore-lines 22,
continuous successions.
For the purposes of describing and defining the present invention, it is noted that
the precise mechanism by which the molecules of the first precursor adhere to the surface
25  of the semiconductor substrate is not the subject of the present invention. The mechanism
is merely described herein as 'absorption.’ The generic term ‘absorption' is intended to
cover absorption, adsorption, and any other similar mechanisms by which the precursor
may form a monolayer upon the surface of the wafer 11.
The embodiment of the present invention illustrated in Fig. 2 differs from Fig.1 in
30 that it utilizes a dispensing pump 28. In this embodiment, the first end 25 of the

dispensing fore-line 26 is coupled to the dispensing valve 4. The second end 27 of the



The second isolation valve 34, the second exhaust fore-line 36, and the
second exhaust punp 30 operate in a simlar manner as the first isolation
val ve 24wotda®33762 st exhaust foreline 22, and the first ertobBwso/zaap 20.
After the second precursor 9 is absorbed onto the wafer 11, the unreacted
second precursor is purged out of the process reactor chanber 10 15 by

i ntroducing a purge gas via the purgesvalve 7 into the second chanber

outl et 29. The unreacted second precursor flows directly into the second
i sol ation val ve 34 where the unreacted second precursor is transferred to
the sec Qngbeﬁséh@ﬂﬁé-hﬂelmlﬁ&uplea té the dispenyinl puohps.t Thodiepdnsing paghp 2Bhe
enbodinment. in Fig differs fromthat |I%Hstrated in Fig. 2 because

the 20 cﬁoélﬁ%iﬁgier\’@dfvéﬁ%d f TSthGQ‘ES‘P@ sdhwidhe wediyest rfgstfnr?%lrwéﬁnwglateﬁat h.
Speci f i C@%%thgm%nﬂbﬁ?g;?va 91';(??)!51' Eﬁ?% fat ¢V§ul fss%milﬁ]gﬁ?h fg st exhaust

punp I Spensi i ’cou erna e cou o the first
ex haust precuesadr ibraad patential b craee& tlygggiog af e Sipe reshamgt ﬁ;mnnezxz abhus| thestrated in

Fig. 2. The t of Fi ffers fro t of, Fig. 3 because a
gt AOREERina 3 respaint ¢1fin 456 okt BRI LIS T HOBHERE o d apens: ng
valve 8 to t hfheSafR Gﬁné?%'@ﬁld@t 3B?ﬁ°é?s fr&HEtﬁétflllﬁsﬁla{eH ih F’?g Q%Qﬂgeﬁ%&%émd

fore-line 33. The second di spensing fore-line 36 can alternatively be

di r ect | yisgJatiwred exB4; therseeorslanbaust Sxirdine 86,pudhe3@corsd enhaust pumptMerrenbodi ment
of Fig. or ted to a,s d ensm mlar.to

erbod ! mete By R BT n oR ERE ael, R RE SRR R AP b bR el B i it ar
manner  agep the iieacied FirstPredesds hithe witkad8d Sk@sad pRetrsab@yperate] MhefdyoNnd

di spensi ngupunp coll ects the undiverted second precursor 9 so that the

undi V@r t1& @@&@ﬁ@owl@bm@‘@m@gua@dp@agmgéble ¢ithenot thpexlpmpifosrlines 23, 36.
PCT/ Usozfr?ezs%ééndq%ﬂs‘t %RFL‘NE 3£ J& eQJn%Celiﬁﬁﬁgﬁyre-gHQ3fxa“?ll'ﬁf fec&ﬂ?‘éxh‘éﬁ 4! d
cond pr en

ot herwi se m X se ecur sor cause cl oggi ng of

t he secomnine3hepesite froa sinlilanmaiifer aﬂ'ﬁmstirsttlktﬂat&mmm B h&lﬁl’st dxhagst foree 36
remai ns ¢l ean nd conS|stent The second di spensing

fl bl
fore-|ininedg, @ggﬂ.atfé@!ﬁﬁﬁgﬁéﬂﬁﬁ ‘ia e %ﬁecag preeumser Lis abserbedienieithy
fore-1ing,Rb1 Tﬁ@mﬁ@&%c&eédrﬁ%mﬁmlsfﬁfrged' du'?%fff\@ tﬂr&cekksu%gctBPc}Qhﬁ)Qlaiﬁj the

second precursor 9 when it 1s not diver into the second precursor inlet
16. The memtmdudiigsppwrge ggs Yie the-purgevadé himo the serond chamba@utet® Hhesecond
precur sor r.om ot.her chemi cal.s r.e sors .exh hat., woul d

bt hor i SwrceiR e BRE BRb S el 86HhE iehnn BEBUREPAVE T wneBnE! oggi ng of
t he secogfeRrddadedndipRéRrdor Htrandferrtll USthe sERnd eLIRIEE puntp SX Diaukd se‘c@xﬁda line 33
remai ns clean and flow remains stable and consistent. Fig. 5 differs from

the prevexbasstforglingd6pecause it does not show the first di spensing
fore-1ine 26 e LiRIRAEANIF SAEPHAG: honiturifed ilHE S Rbfuse A Y the two

separ at e exhaust paths are depict
20 dispensing fore-line 26 is connected to the first exhaust path. Specifically, the dispensing

fore-line 26 is connected to the first exhaust pump 20. The dispensing valve could
alternatively be coupled to the first exhaust fore-line 22 or directly to a dispensing pump
28 as illustrated in Fig. 2.
The embodiment of Fig. 4 differs from that of Fig. 3 because a second dispensing
25  fore-line 36 is extended from the second dispensing valve 8 to the second exhaust path,
specifically the second exhaust fore-line 33. The second dispensing fore-line 36 can
alternatively be directly connected to the second exhaust pump 30, similar to the
embodiment of Fig. 1 or connected to a second dispensing pump, similar to the
embodiment of Fig. 2. The second dispensing pump would operate in a similar manner as
30 the first dispensing pump 28 described above. The second dispensing pump collects the

undiverted second precursor 9 so that the undiverted second precursor 9 is isolated from



Havi ng described the invention in detail and by reference to preferred 15
enbodi nents thereof, it wll be apparent that nodifications and vari ations
are possM§) @/0aBishout departing fromthe scope of the invegtriusoshzii ned in
t he appended clains. Mre specifically, although sone aspects of the
present invention are identified herein as preferred or particularly
advant ageous, it is contenplated that_g he present invention is not
necessarily limted to these preferred aspects of the invention. 20 WO
031033762 _7_ CLAIMS 5 1. An atomi c |ayer deposition apparatus conprising:

PCT/ US024tB&7chémicals] preessors, @mdteaha\shan?ﬂ evoutdotheiva s @iaw th i segdRIC Ur sor
inlet, a second precursor inle a first chanber outlet; 10 a first
di spensi M§CWsAneand popstig 1y ‘Ef‘ué%lFlH%'PS §f thesecond syhayshioge-lipg 3¢ aT‘EPSpﬂ’GC ess

react 0r15e€91ﬁf@§15ust mq@e@a r%éﬂ?&%éﬂ‘&d"f% r;gdgﬁboé%ge 5@&%' tegecond

precursor inlet of said process reactor TSt exhaust pat h
coupl ed to salke qycmrdahwensjagfme-liohaﬁbperatemnfagunkadmannebes ﬂﬁ:|ﬁi€ﬁl vely

i sol a edfroms reactqr cha nsi ng

f or e- %I & %8%5 rlnﬁ‘ 28 ﬁ?‘gfe@ﬂéigﬁﬂﬂ‘sg‘gsfe E"olllﬂfngﬁrfa Cﬁfdé e seepad £ i r st
end is coealrest dwhendt @ nbt Aistreéli ﬁaaﬁnésé&nagie\é@rsaﬁmedeﬁég&eﬂd end of said
first dispensing fore-line is coupled to one of said first exhaust path or

a first Qljﬁmljélﬁg Wg-hp\ﬁﬁﬁ may. beme@ppmlaneube second prieewrsbriSfrathaiher |, wher ei n

sai d secqn id fi i S ore-|li is cou Ied t sai d
T ot ormRimigite preuR Bl bd AR PRRE RiHat e Wi T e SR ReRsar e o
first eximiystendiallyicdude tlagping el se€shd@xhadssfor@kR@sSt TRWhe séednld” St

i solation valve, and_a first exhaust fore-line, wherein said first exhaust

punp 10s exbapt deredige 33remaing elean and flaw emajng sieblpgndsepngistent: st exhaust 30

fore-line.  fig 5 differs from the previous figures because it does not show the first

dispensing fore-line 26 or the second dispensing fore-line 36. Therefore, only the two
separate exhaust paths are depicted.
Having described the invention in detail and by reference to preferred

15 embodiments thereof, it will be apparent that modifications and variations are possible
without departing from the scope of the invention defined in the appended claims. More
specifically, although some aspects of the present invention are identified herein as
preferred or particularly advantageous, it is contemplated that the present invention is not
necessarily limited to these preferred aspects of the invention.

20



WO 03/ 033762 PCT/ US02/ 32741 _g_ 4. An apparatus as clainmed in claim3,
wherein said first exhaust path is isolated fromsaid process reactor
chanber wuoes/saicd first isolation valve is in a closed stparasohs274n
apparatus as clainmed in claim3, wherein said first isolation valve is
directly s coupled to a first chanmber outlet of said process reactor
chanber. 6. An apparatus as clained ip claim3, wherein said second end of
said first dispensing fore-line is coupled to said first isolation valve of
said first exhaust path. to 7. An apparatus as clainmed in claim3, wherein
said second end of said first dispensing fore-line is coupled to said first
exhaust punp of said first exhaust path. 8. An apparatus as clained in
claim 3, wherein said second end of said first dispensing fore-line is
coupled to said first exhaust forekhkgﬁﬂgf said first exhaust path. 1S 9.
An apparatus as clainmed in claim1, in said apparatus further

conpri ses a second exhaust path coupled to a second chanber outlet. 10. An
apparatus as clainmed in claim9, wherein said second exhaust path conprises
a 20 8ecbnd eXmalgayc lByefslepasidanparatussiomprisigyval ve, and a second exhaust
fore-line, wherein said second exhaust punp is coupled to said second

i solation valve by said second exhaust fore-1 ine. 11. An apparatus as

cl ai med in cl ai m % progess siactos ehathtee canprigxda tisst prratisor mldt,sodeadreld 25 from
sai d process reactor chqggfé mqen said isolation valve is in a closed
state. 12. APTEQEriielsa pSLEEber futlatai m 9, wherein said second
isolation valve is directly coupled to a second chanber outlet of said
process reactor chanber. 30 13. An apparatus as clainmed in claimt, wherein
sai d 18econd end ofa &raf disensigg valive peupédnty shidrfast pre@irses indetugfi seid processi d fir st
di spensi ng pung. ]y§%03/033762 PCT/ US02/ 32741 -9 14. An apparatus as
claimed in cl'§ ‘ilr?rf, MWRrein said apparatus further conprises a second

di spensing fore-line conprising a first end and a second end, wherein said
first end is coupled to said second dispensing val ve and said second end of
sai d second di sperfsiepdalisnspaing value peupled toisaid seepnd psequsted indstredsaid pat h.  15.
An appar at ussﬁﬁce%?éaﬁﬁpcﬂa tel-ai m 14, wherein said second exhaust path
conpri ses a second exhaust punp, a second isolation valve, and a second
exhaust fore-line, wherein said second exhaust punp is coupled to said

second isol ation valve sai d second exhaust
a #irst ex Xust pat coupcletg| to sauJ1 process reactor chamber configured to

be selectively isolated from said process reactor chamber; and

a first dispensing fore-line comprising a first end and a second end, wherein
20 said first end is coupled to said first dispensing valve and said second end of said
first dispensing fore-line is coupled to one of said first exhaust path or a first

dispensing pump.

2. An apparatus as claimed in claim 1, wherein said second end of said first

25  dispensing fore-line is coupled to said first exhaust path.

3. An apparatus as claimed in claim 1, wherein said first exhaust path further
comprises a first exhaust pump, a first isolation valve, and a first exhaust fore-line,
wherein said first exhaust pump is coupled to said first isolation valve by said first exhaust

30 fore-line.



10 fore-line. 16. An apparatus as clainmed in claim15, wherein said second
end of said second dispensing fore-line is coupled to said second isolation
val ve of Wa033W2ond exhaust path. 15 17. An apparatus aPcalusomszi4i n cl ai m
1 S, wherein said second end of said second dispensing fore-line is coupled
to said second exhaust punp of said second exhaust path. 18. An apparatus
as clained in claim 15, wherein said gecond end of said second di spensing
fore-line is coupled to said second exhaust fore-line of said second
exhaust 20 path. 19. An apparatus as clained in claiml, wherein said

appar at ug. f ur Ahepp£atuPis dsimed i elaimd, Whep@naidTyst cxheust bih iSRERIISHAE a
first end and a second end, wherein said first end is coupled to said
second dfAGRIVSEss feagtor ghambry whin gaid dsgnselation valvedaing desedritpteli spensi ng 25
fore-line is coupled to a second di spensing punp. 20. An apparatus as
claimed in claim1l1, wherein said process reactor chanber conprises a second
chanber 6ut | eAn aBghr@is ashlaiapddn alairs 3a®hﬁbiaisﬁiﬂd}rkﬁs@ht$c?ﬁ1@aalve Mﬂégl}? said
apparatus further copprjses a first vapor supply coupled to sai i rst

pr ecursso?o‘iprﬂdé??ﬁm magredeie saifl prenesy igagion ehamber. 2> An appar at us as
claimed in claiml, wherein said apparatus further conprises a second vapor
supply coupled to said second precursor inlet. 5 23. An apparatus as

cl ai med 6én cl Ahapparatwhay @daimedan dlaim B swhereieceidsecoridrendtof aaid fissti d second

precursor. inl et share.a co n a in 24. An ratus. as claimed in
Ol ai m 1 dishhsiig reding i squpled 1o sall i ation ae e e Sed s SEbaRtP R ecur sor

i nl et have separate openings. to 25. An apparatus as clainmed in claiml,
wherei n sai d apparatus conprises a purging valve. 26. An apparatus as

cl ai n8d 7n cl Anapparatyhasdaimed an elajm gc\éb,@emémdtsmondmd@ésaiﬂlﬁmther 15

compr i o1 ApTaE e IR Ableiio AL e B s SRR BEPEMelH TR V0 ol r oot

coupled to a first chanber outlet of said process reactor; a first exhaust
punp coug)l ed to said fi r?t, isolation valve by a first exhaust 25 fore-line;
a second®i sol af ABRArAEY ecldimed st ehping dupbesgingsgidgegandend ehsgiBdirstout | et of sai d

process §iginsig fordifiie is coupled to said first exhaust fore-line of said first exhaust path.
15
9. An apparatus as claimed in claim 1, wherein said apparatus further comprises a

second exhaust path coupled to a second chamber outlet.

10.  An apparatus as claimed in claim 9, wherein said second exhaust path comprises a
20 second exhaust pump, a second isolation valve, and a second exhaust fore-line, wherein
said second exhaust pump is coupled to said second isolation valve by said second exhaust

fore-line.

11.  An apparatus as claimed in claim 9, wherein said second exhaust path is isolated

25 from said process reactor chamber when said isolation valve is in a closed state.

12, An apparatus as claimed in claim 9, wherein said second isolation valve is directly

coupled to a second chamber outlet of said process reactor chamber.

30 13.  Anapparatus as claimed in claim 1, wherein said second end of said first

dispensing fore-line is coupled to said first dispensing pump.



30 a second exhaust punp coupled to said second isolation valve by a second
exhaust fore-Iline. WO 03/033762 PCT/ US02/ 32741 28. An apparatus as

cl ai ned WO @V@@B3MR27, wherein said apparatus conprises a PBaTgiSaz3274l ve. 5
29. An apparatus as clainmed in claim27, wherein said process reactor
chanber further includes a shower head device. 30. An apparatus as clai ned
in claim27, wherein said process reagtor chanber conprises a first
precursor inlet, a second precursor inlet, a first chanber outlet, and a
second chanber outlet. to 31. An apparatus as clainmed in claim30, wherein
sai d apparatus further conprises a first vapor supply coupled to said first
precursor inlet. 32. An apparatus as clainmed in claim30, wherein said
appar at ub4-f urAnapPEYRHS daimed in gaige ¢ owberoiaseid appypiuy furthepcemprisesgai d second
precur Sofe b &peniiy rARIABRANANYRE 3%\l TRFa Labofib BhIARreil 058 Bl 54T

first precursor i nl8 and sai d second precursor | nlet share a comionh

openi ng. iszougéd tovaidepaidadisiensing ©hlae amdisdidsecbad end6l saldhec@iddigRinsingi r st
precursor iplet anq Eaid second precyrsor inlet have separate openings. 35.
A proées Y?QPeﬁﬁHH?E foR Econbs b8t corpri sing: 25 introducing a first
precursor into a first precursor inlet of a process reactor chanber;
controlling said process reactor chanber for absorption of said first

pr ecur sot5.ont Anappuitss astlamedin glaing il hgvisatio said sedvad eplhaushpdils corbpdseki r st
precursor ; 03/,033762 -12. PCT/.US02/ 32741 i ntroduci ng a..second .precursor
o ohisshed EXBUHALONP. £ yieahd (3P1auan dnyy G osortud Bl RufiBr, HGHR s ol 11 ng
sai d prog@psechbRP&IHAGst PAAPREEoPRI th 8RAsbQIAd FolftRInd/aRRBY i dNeBGHH SHhust T h
said first precursor; and purging said process reactor chanber of unreacted
secon@ pfoselingor. 0 36. A process as clained in claim35, wherein said
process further conprises controlling a first dispensing valve to alternate
between a first inlet state and a first bypass state, wherein said first
inlet stpd.e iAnappdratas & dzie@dd by cidiny @5 Siiidcifkaid 3bcbntliehd bf fHi@setoa®r to said
first precursor inlet of said process reactor chanber and wherein said
first byfiaRessiggdors-ling ixepupledite said seropg isplajiop yplys obsaid seeend exkausipatibur sor to
a first fore-line coupled to said first ~ 5 dispensing valve. 37. A process
as claimed in claim36, wherein said controlling of said first dispensing
val vesf utt.her Apepparatseas daimed dn oliaing 18, wlean¢in naid secontl end of sadisatohd r st

recur sor,.. : o . .
P dispensing fore-line is coupled to said second exhaust pump of said second exhaust path.

18.  An apparatus as claimed in claim 15, wherein said second end of said second
dispensing fore-line is coupled to said second exhaust fore-line of said second exhaust

20 path.

19.  An apparatus as claimed in claim 1, wherein said apparatus further comprises a
second dispensing fore-line comprising a first end and a second end, wherein said first end
is coupled to said second dispensing valve and said second end of said second dispensing

25 fore-line is coupled to a second dispensing pump.

20.  An apparatus as claimed in claim 1, wherein said process reactor chamber

comprises a second chamber outlet.

30 21.  Anapparatus as claimed in claim 1, wherein said apparatus further comprises a

first vapor supply coupled to said first precursor inlet.



20 38. A process as clainmed in claim36, wherein said process further

i ncludes the step of enptying said first precursor diverted to said first
fore-1i nWQ@®/0a83M2r st exhaust punp coupled to said fore-| PABUSEII27TA process
as claimed in claim36, wherein said process further includes the step of
25 enptying said first precursor diverted to said fore-line to said first
exhaust path coupled to said first foyg-line. 40. A process as clainmed in
claim 36, wherein said process further includes the step of enptying said
first precursor diverted to said first fore-line to a first dispensing punp
30 coupled to said first fore-line. WO 031033762 PCT/US02132741 -!'3 41. A
process as clained in claim35, wherein said process further conprises
control 132ng 2A® eprsriutRssimed Hycloim .evheseiniseid apparatup Sirthse poraprisse end i nl et
state a in i.di.second inlet state is

char act (r;s(rg F‘g“é’z‘%ﬁpﬁ‘ﬂ’ gﬁ’c:oﬁglﬁﬁtgfgagd gégggélﬁreﬁ?rggdﬁls%r to a second precursor
inlet of a process reactor chanber and wherein said 5 second bypass state
is characterized by diversion of said second precursor tQ a second

t or e- P i n- couph arpaf ussas dpimed shelain Loehesein gaid dirstrecussor mlgtapd said as cl ai ned

in clai 4l lyyp&frggr@nlgttaghgre%o%ginqgé]{oww f said first dispensing valve

further conprises malntalnin ous flow of said second precursor.
to 43. A process as clainmed in claimd4l, wherein said process further

i ncludes, t he step of enptying.said second pr. rsor diverted.to said second
fore-li n?e"'t't 0 §“ é&@&%ﬁ W§8 "b%ﬁ‘ﬂ‘ i’o‘mﬂr@H S?‘g%‘gﬁipﬁccé’ésebﬁﬁetfaﬁipé@‘pi ne. ~ s
44. A prResrBprédursdrahlBBhve Sepfatdé @Aingsymg ein said process further includes
the step of enptying said second precursor diverted to said second

fore-Pine to said second exhaust path coupled to said second fore-line. 45.
A process. as ¢l ai rreq i n rfl.ai g14]1 . \Mger ei n sai.d ﬁ)r ocess further i.ncludes the
step of erfg? apnelptus;ss slamed inclgim, L witerein §pid appargfuy SOmprises 3 DUEEIRE t or e- | i ne
to a secwnk. di spensing punp coupled to said second fore-line. 46. A process
as claimed in claim 35, wherein said process further includes diverting
selectively said first precursor into said first precursor inlet of said

process 4gac LRk agp}sﬁm%im\é@ '1rl 8a#¥§?}1 m/l‘?érﬂh @Qd%r&cggkt Hggé{gtj\ﬁxa;nlbgy\[fu?tfhms ai d
first precursor. . Aprocess as clainmed in arm 35; erern sard process
furt her inclodexdeshodievheatlidegiceel ectivel y said second precursor into said
second precursor inlet of said process reactor chanber while maintaining a

continuous flow of said second precursor. 30
27.  Anatomic layer deposition apparatus comprising:

a process reactor chamber;
20
a first isolation valve directly coupled to a first chamber outlet of said

process reactor;

a first exhaust pump coupled to said first isolation valve by a first exhaust

25 fore-line;

a second isolation valve directly coupled to a first chamber outlet of said

process reactor; and

30 a second exhaust pump coupled to said second isolation valve by a second

exhaust fore-line,



WO 03/ 033762 PCT/ US02/ 32741 -14 48. A process as clainmed in claim 35,
wherein said purging said process reactor chanber of said unabsorbed first
pr ecur soWOra3f08¥é? conpri ses opening a first isolation vaPC®USeFIE€d to a
first exhaust outlet in said reactor chanber. 5 49. A process as clainmed in
claim48, wherein said first isolation valve and said first exhaust outl et
define said first exhaust path. 50. Ajprocess as clainmed in claim 35,
wherein said purging said process reactor chanmber of said unreacted second
precursor further conprises opening a second isolation 10 valve coupled to
a second exhaust outl et in said reactor chanber. 51. A process as cl ai ned
in claimb50, wherein said second |solat|on val ve and sai d_second exhaust
outl et i ne maRRIRSPRASSIHmGE n ¢lainh27.(ehesn soud BPRAERINS CREPISEAR PREEINS cl ai m
35, wherein sgjf purging said process reactor chanmber of said unabsorbed
first precursor further conprises opening a first isolation valve coupled
to a first exhaust outlet |n sai d reactor chanber and said purging said
process eact chanber i, d unrz?cted secqnd precursor f rt@Fh

conprps ARPAEATHRS mue 81 deimyn/-weiesein sy prosgss Tsaciorsbe WAsust

out | et Mcﬁabgiﬁﬁa@;g%dqgaqper 20 53. A process as clained in claimb52,
wherein said first isolation valve is opened while said second |solat|on
val ve i s3&| os@niap;ﬁmatuséasmla)mém csinc 2 aiwledein aaldlpmqesmactwmambar sai d second
i sol ati on val ve e said flr i sol afi val ve is cl osed.
55 A projeltisc iy BRREEOT AR Aaesind e per e & B Sherm Spu g valve i s
opened wﬁuhﬁhm@mam&ﬁﬁﬁﬂd isolation valve is closed and said second

i solation valve is opened while said first isolation valve is closed. 30
WO 032033762 PCT/ US02/ 32741 -15 56. A process as clained in cIa|n152
wherein gai d sol ati on
val ve. 53?! Mo@%ééstésggssacg 1%@%%@&]?@1 I23:? ‘Mwﬁggﬂg?jgéar%s g‘g{lhg ?l r's e?(haust
outl et ifirsi vu;bepmml%ouﬁledfto sad firs peengoebaust outlet. 58. A process as
clainmed in claim35, wherein said purging said process reactor chanber by
opening a first exhaust path to renove unabsorbed first precursor from said
process act MUThE ﬁ@§§ ly wher ei n
sai d pur%?ng §gf@£br00%§%&ﬁggg}g§“pﬁg ermﬁémgpgﬁgﬁgsgng%tgﬁﬁhggﬁaust pat h
t o r éfovescemi epot sypbewopktdpe saidiseond preomnssmintet.pr ocess react or chanber.

33.  Anapparatus as claimed in claim 30, wherein said first precursor inlet and said

second precursor inlet share a common opening.

20 34.  Anapparatus as claimed in claim 30, wherein said first precursor inlet and said

second precursor inlet have separate openings.
35. A process for atomic layer deposition comprising:

25 introducing a first precursor into a first precursor inlet of a process reactor

chamber;

controlling said process reactor chamber for absorption of said first
precursor onto a substrate;
30

purging said chamber of unabsorbed first precursor;



15 60. A process as clained in claim35, wherein said purging said process
reactor chanber by opening a first exhaust path to renove unabsorbed first
precur soWa 93§8®ai d process reactor chanmber and sai d pur @CEQSeABXI4pr ocess
react or chanber by opening a second exhaust path to renobve unreacted second
precursor from said process reactor chanber. 20 61. A process as clained in
claim60, wherein said first exhaust path is opened while said second
exhaust path is closed. 62. A process as clained in claim®60, wherein said
second exhaust path is opened 25 while said first exhaust path is closed.
63. A process as clainmed in claim60, wherein said first exhaust path is
opened while said second exhaust path is closed and said second exhaust
path is opened whimroduging § jecend @fﬁa&rﬂntﬁm@w@ RIFGEEY inlgirf saidmroess$ 33762
PCT/ US02/ 32741,z tgnﬁJQ A process as clainmed in claim60, wherein said first
exhaust path is In endent of said second exhaust path.
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40. A process as claimed in claim 36, wherein said process further includes the step of
emptying said first precursor diverted to said first fore-line to a first dispensing pump

30 coupled to said first fore-line.
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5 second bypass state is characterized by diversion of said second precursor to a second

fore-line coupled to said second dispensing valve.

42. A process as claimed in claim 41, wherein said controlling of said first dispensing
valve further comprises maintaining a continuous flow of said second precursor.

10
43. A process as claimed in claim 41, wherein said process further includes the step of
emptying said second precursor diverted to said second fore-line to a second exhaust pump

coupled to said second fore-line.

15 44. A process as claimed in claim 41, wherein said process further includes the step of
emptying said second precursor diverted to said second fore-line to said second exhaust

path coupled to said second fore-line.

45. A process as claimed in claim 41, wherein said process further includes the step of
20 emptying said second precursor diverted to said second fore-line to a second dispensing

pump coupled to said second fore-line.

46. A process as claimed in claim 35, wherein said process further includes diverting
selectively said first precursor into said first precursor inlet of said process reactor

25 chamber while maintaining a continuous flow of said first precursor.

47. A process as claimed in claim 35, wherein said process further includes diverting
selectively said second precursor into said second precursor inlet of said process reactor
chamber while maintaining a continuous flow of said second precursor.

30
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51. A process as claimed in claim 50, wherein said second isolation valve and said

second exhaust outlet define a second exhaust path.

15 52. A process as claimed in claim 35, wherein said purging said process reactor
chamber of said unabsorbed first precursor further comprises opening a first isolation
valve coupled to a first exhaust outlet in said reactor chamber and said purging said
process reactor chamber of said unreacted second precursor further comprises opening a
second isolation valve coupled to a second exhaust outlet in said reactor chamber.

20
53. A process as claimed in claim 52, wherein said first isolation valve is opened while

said second isolation valve is closed.

54. A process as claimed in claim 52, wherein said second isolation valve is opened

25 while said first isolation valve is closed.

55. A process as claimed in claim 52, wherein said first isolation valve is opened while
said second isolation valve is closed and said second isolation valve is opened while said
first isolation valve is closed.
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59. A process as claimed in claim 35, wherein said purging said process reactor
chamber by opening a second exhaust path to remove unreacted second precursor from

said process reactor chamber.

15 60. A process as claimed in claim 35, wherein said purging said process reactor
chamber by opening a first exhaust path to remove unabsorbed first precursor from said
process reactor chamber and said purging said process reactor chamber by opening a
second exhaust path to remove unreacted second precursor from said process reactor
chamber.

20
61. A process as claimed in claim 60, wherein said first exhaust path is opened while

said second exhaust path is closed.

62. A process as claimed in claim 60, wherein said second exhaust path is opened

25 while said first exhaust path is closed.

63. A process as claimed in claim 60, wherein said first exhaust path is opened while
said second exhaust path is closed and said second exhaust path is opened while said first
exhaust path is closed.
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