, 2 2 APR 2004 -1 APPARATUS AND PROCESS OF | MPROVI NG _ATOM C LAYER DEPGCSI Tl ON
CHAMBER PERFORMANCE 5 Thé present invention relates Y0 atomic la APR 70

deposi.tion. Mre specifically, the present invention relates toy&l 0

apparatus and process for inproving the performance of an atomc |ayer

deposition chanber. A nmethod of depositing very thin filns is atomc | ayer

deposition (ALD). This nethod has several advantages over tradition

chem cal vapor deposition. It can be 10 performed at | ower tenperatures,

uses a wide range of precursors, produces very thin filnms, inherently

obt ai ns 100% step coverage, and can be used to "m croengi neer” conpl ex

filmmatrices. The fol M;@A%ﬁ% Fﬁb&%@fq pﬁ@gﬂqcnt ernat i onal

pat ent application dis a reaction or processing thin filns

used in the sem cAMOMIOLAYERDEBOSITION ¢CHARMBER PRRFORMANCIS3 to Tar ui
et al., European Patent Application Publication No. EP 0 651 432 A, and

U S. Patent No. 6,270,572 B1 to Kimet al. In ALD, individual precursors
are pul sed onto the surface of a wafer in a sequential manner, wthout
m xi ng the precursors in the gas phase. Each individual precursor reacts

Wi th the surfagg besdnifVeAfiontdiitstd AWRic laferdiepo¥itibhaMRB kyecificallyaitry can
format a tine. 20 The surface reaction occurs such that the reaction is

conpl et e presenit ineentiarsrelatestorap apharatusend pregess faxtimpraving:theperfermantssefiaad .
This occurs nq matter .how lgrar% nol ecul es are applied to the surface in an
over dosi APHGIEYSTAFROFPPHEPPE ™ hui It up by introduci ng short bursts of

gases in rapi da GYGhEPof Apesititp Vert Bid SFAORIatdRRYa Rl depesitPHEID).| TNt Or S,
two problens occur wth the 1 55 LDl met hod.a_Che p)ﬁagbl gfrs)l.concer n)s t he
di ver si omashod hes fevensl edvantapes dvesrteasitiggoehemital tvaperudepgsitiana Ihegpdie phase.

D g A Rl 0C P Slondr e harles! (hdk 4 WIGE FarBe % pYethiBks, blodules very thin
films, inherently obtains 100% step coverage, and can be used to “microengineer”
cornpléx film matnces.

The following U.S. patents and published intemational patent application disclose
a reaction chamber for processing thin films used in the semiconductor industry: U.S.

15 Patent No. 5,674,563 to Tarui et al., European Patent Application Publication No.

EP 0651 432 Al, and U.S. Patent No. 6,270,572 Bl to Kim et al.

In ALD, individual precursors are pulsed onto the surface of a wafer in a sequential
manner, without mixing the precursors. in the gas phase. Each individual precursor reacts
with the surface to form an atomic layer in a way that only one layer can form at a time.

20 The surface reaction occurs such that the reaction is complete, 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. ' B

According to recognitions of the present inventors, two problems occur with the

25 ALD method. One problem concems 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 liguid precursor is not needed in the deposition process. When the opposing gas is

30 pulsed, the unreacted chemical is mixed in the fore-line with the diverted chemical and
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ngcessary to keep an established flow of the |iquid.precursor in a vapor
phase. I'n order to keep)the flow active, the flow nust be di verteg 0 a
fore-line of the ALD chamber when the |iquid precursor is not needédtratll
t he deposition process. Wen the opposing gas is 30 pul sed, the unreacted
chemcal is mxed in the fore-line with the diverted chem cal and A
0C7XIhCn CLICC T 2 2 ArK 0004 -1A reacts causing a build up in the -
fore-line. The build up can be severe Snd clogs the fore- Iine. A second
probl em concerns the reaction of the gases. Process gases are introduced
individually for the ALD process and di sposed of through the sane fore

| ines causing the 5 gases or vapors to react with one another.
Accordingly, there is a need for an ALD apparatus and process that

m ni i z ! rd-Ij ) B BeosbvbreGiatd dldlsahe forer .
There |§% tgc(); a n%gggf]%hiaﬁ%hgft%r%gﬁ@v%ﬁ%%?g% 762 -2 PCT/ USOZCI‘%ZMI control
any ar ealind)as sesongioproblert cortchs tleaxcnctien oftbegases. Prqsessgdses areupifodused

m nim ze, any unwant ed action. ese ar.e resent

[ nvent | R m@waékyﬁoaﬂwq AbPaveeesazn! dsparai droRk g el SFROPRAE The
presept | S idr need of mnimzing 5 clogging of the
fore- n%a@é? |%fbln;ebét Xigﬁea%)ﬂc{ir atus and process that allows separate
chem cal sto Q,rabo'rdmgly viherie ign deedhfor an dds apperhtys and prickssithatamhimizest or i ng a
second fore- line. The pre ent_inventiop fulfills the second need of

i ni mi zi #988HE OffélycfQT%HﬂE)P theeliyerteddiqus P’Eeﬁ\éfs%r{g’qf? w@iso He waﬂf A P he
reactive gases or vapors to be renoved fromthe process reactor chanber

Wi t hout coming in contact with one another in an area that would create




10 an unwanted reaction of the process gases or vapors.” This is s
acconpl i shed by providing independent and dedicated punping |inest BACR 100

correspong ' tion valves that are activated for thepspaRoisGspas
when needgﬁdﬁgallk%%szgpar ate punp lines allow the gas to be exhausted in a

manner that mnimzes possible unwanted reaction of the reactive gases.
Accordingly, it is an object of the present invention to provide an

i nproved ALD 15 apparatus and process Usi ng di spensing fore-lines and a
second exhaust path in order to prevent clogging of the exhaust fore-line.

The follow ng detailed description of the preferred .enbodi en f e
present ?W@h?ﬁlbhfeéél'ﬁ“ Hecqhws DWB%F‘?PQB%%%%W Y36 N %%’nﬂolﬁ?]'té'frp%ﬁ aw}t h the

foll owi n cti n\/_vhere like structure is indicated with |ike reference

nuneral s and I'n Ich? 20 Figure 1 presents an illustration of an ALD
appar at us accoTHés@thebds 278 enet bpiediresent invEntidnewherememtimproysd tiLdP appargiyf e 2
presents an illustration of _an ALD ap\gar_at gﬁ ﬁc&grg.di Ql%ﬂiof anot her

embodi menandoprocess apy prexed; Theprese nvention Blfls the figineed g mimmuging, ; on of
an ALD_apparatu cecar di: i ﬁﬁ; | fout saesent
I nvent Pon&c’%ﬂﬁ?’ga’f %?nglg‘%?)gs&g%}dllﬁ atljrgut&?at i gﬁr%'f% @Mﬁlﬁ%&%ﬁé’t usrs}Qgccor di ng
to yet angidngtals &OKIYiniRWhepfant Mheterdesived by mseallingand raonfidFingursscandofoss ent s

an illustration of an ALD apparat us accgrdi(r to_léet anot he{. ephodi nent of
t he presehne.i Fhepresent invptiomnfublills the seqopg inge ?gfff‘a" 1Zng the reaclion FAFSt us 2

oo e B R o B R Lgpsk ngd aeihen
) 02801694rehctor chdreberdlithoirt Eomidg i Gorfidet 200B01R adiofieRinXO0atea that would create
10 an unwanted reaction of the process gases or vapors. This is accomplished by providing
independent and dedicated pumping lines and corresponding isolation valves that are
activated for the specific gas when needed. The separate pump lines allow the gas to be
exhausted in a manner that minimizes possible unwanted reaction of the reactive gases.
Accordingly, it is an object of the present invention to provide an improved ALD
15 apparatus and process using dispensing fore-lines and a second exhaust path in order to
prevent 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 &



.= 3..pr.ocess reactor chanmher 10, a first dispensing valve 4, a second .

PhteekBG052008 BB 8, an ' i)kol at i ODESCPAMB, -an exhauP02BOt 69k imeP( ?%ﬁpm
“exhaust “'punp 20, and a di spensi ng“fore~tine 26_ The proagsg,kqagi9r

chanber 10 includes a first precursor inlet 14, a second precursor ,.inlet
16, and a first chanber outlet 17. The first dispensing valve 4 iszdbﬁﬁﬂﬂﬂ
to the first 5 precursor inlet 14 of the process reactor zﬁaMBBWEho. The
second di spensing valve 8 is coupled to the second precursoL_inlet 16 of
sai d process reactor chanmber 10. The isolation valve 24 is@ectly
coupled to the first chanber outlet 17 of the process reactOor~chanber 10.

Th haust 20, i led tp the i i - haust
o o Mo YR e St a st RypenSink YahRY, §Rerkl HRpeitilvaiREs SH)AUS
conpris ei§01§ti§1ﬁ 5@% 88 hr25hand fére IfheS2C @R dxinnsk Pifnp TWand ardidpensidg reilme

e

coupled to t irst” dispensing valve 4 and the second end 27 is coupled
to the eMhdlistprpoess re@torAbainber 10 insiudas afirst pracuggor mlet d, & 8a50nd REGCHTSOEX haust

f -1 i.sts, bet t he |, saql.at. . '
bot et IR dpcane Histommbel opldl U7b  BréfiverSpe At WIS ol oRemET |
coupl gd Oéﬁ%ﬁr?@' iﬂ& k&bt %%-pr%&@s fdabfot cHABPEND Mhetadond dispehiingwalye Biis st

precurs ow into the process 15 reactor chanber 10 through a first
pr ecur socouptedat tHelsecond precussomindet 16 @f saifl propess tepeer chepden 8ol he 1lpdionpe

mai nt ai neq. Therefore, the,first. di spensin v el ect.i Lverts

The G STy Broerny ppmled f e EruhREBEL el 17 ¥Fug pREEECHRUSH haflibef’ S
the procqp Sty Eaggs uﬁgﬁf@%rco&ﬂed Yhede isditidn vave Pf BF Weshaist fredink 2d] vert ed
into the process regtt r chanmber 10, it is sent to the exhaust punp 20 via

a di spendsfiming en exHaustepatts . THhd spinsingrforarhing 2fr eomprives pdirsiend 538 @ t o

di scard the fir cursor when it..is. not. diver it |

precdfs O?ecoi]é] iﬂfé‘f ilgﬁﬁ'ﬁﬁ 6rd g% S| i‘="Idc}'lf" Z"ﬁ ﬁrﬁtegilli%&ﬁ%@q%yguﬁ%& SEJF‘{S%P ate the
first pregdspalcofpled @thetxRRst 9hﬂ?imh%,is DISEAted i1 Big. B stisktantsd] exhauat
woul d otherwise mx wth the firs precursor 6 and potentially cause
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The first dispensing valve 4 allows a first precursor 6 to flow into the process

15 reactor chamber 10 through a first precursor inlet 14. A continuous flow of the first
precursor 6 must be maintained. Therefore, the first dispensing valve 4 selectively diverts
the direction of the first precursor 6 to the first precursor inlet 14 of the process reactor
chamber 10. When the first precursor 6 is not diverted into the process reactor chamber
10, it is sent to the exhaust pump 20 via a dispensing fore-line 26. The dispensing fore-

20 line 26 is used to discard the first precursor 6 when it is not diverted into the first precursor
inlet 14. The dispensing fore-line 26 may be used to isolate the first precursor 6 from
other chemicals, precursors, and exhausts that would otherwise mix with the first
precursor 6 and potentially cause clogging of the first exhaust fore-line 22. Thus, the
exhaust fore-line 22 remains clean and flow remains stable and consistent.

25 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
precursor inlet 14 and second precursor inlet 16 can share a common opening 12 or
altematively haw;re 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
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precursor inlet 16, a heater 13, a wafer 11, and a shower head device 18.
‘Phinted:30905-2008¢Br sor i nl &t 14 andyESCPAUDT Ecur sor | FeeRo] 698 POIUS e 32741
- ‘common-openihg 12 or alternatively have separate openi*ngs:*The-ftrst

. precursor inlet 14 may direct the first precursor 6 through a shower head
"dewice IS that distributes the first precursor 6 into the AVENDED?3HHPRTN

28- 04- 2003 - Frinted: 30-05-2003 PB _: DESCPAMD P0280.1694.7 ~- PCTUS 02

32741 6 2 2 APR 20U - 3A process reactor chamber 10. Once in the process
reactor chanmber 10 the first precursory% i s absorbed onto the surface of a
wafer 11. The wafer rests on a heater 13. The manner in which absorption.

of the precursor is. achieved.is .beyond the scop ntlon
VENDED, BREET it Ehaons 15 Qiein T oss0 5o i3 chy reliSh B g ot 8

wel | knOMbk&FH@nt@Qﬁe surfac8BYa %f&'l‘ia%@ W@ Teafiyn @heatef 13 mbﬂbﬁhntﬁf]n

t eachi ngs ating to atomc | ayer deposition. After the first precursor 6
i s absor bhithabtarptitreofitht erectsor inachievedis beyond thyseengrefdhe presergunyfaioBuUt  of

t he process reactor chanber 10 by introducing a purge gas via the purge 5
valve 7 into the chanber outlet 17. Unreacted first precursor flows
directly into the isolation valve 24 where unreacted first precursor is
transferred to the exhaust punp 20 via the exhaust fore-line 22.
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The first precursor 6 and second precursor 9 are introduged in sep ﬁiﬁ’ﬁ
intervals. Once unreacted fitst precursor is purged fromthe proc Julid

reactor chaghepssh through use 10 of the purging valve 7, gcdieyu®esond
di spensing valve 8 allows for the introduction of the second precursor 9

I ntso the second precursor inlet 16 and ultimately into the process reactor
chanber 10. The second precursor inlet %6 directs the second precursor 9
through a shower head device 18 that di'stributes the second precursor 9
into the process reactor chanber 10. The second precursor 9 then reacts

with the |ayer rmed o th fer. 1 15f

creating &" %fflg'%’rwrb‘fn% r{"‘@h%eé& aﬁﬁggggfgémgé%on %ir:nélgursor i s
pur ged fr%t&%qogq@,q,@qgéggﬁgsmorphanber 10 u5| ng the purging valve 7,

into the ch er outlet” 17. Unreacted second precursor flows directly into

the isol ati on wWileytheXirsiprecwssarr s abswbedsento the wafeclnl,smreaﬁ:@dtfﬂarmwwd to

the exhaust p via the exhaust for ss of the
|t oduct ForBebsof 8iF DIaGe prFr hipmabe b eipfgfiing ¥ pyide o R TR0 RuR 6 ¢
the seqond,RL 9GHLSRE citiniber Bﬁfl%}tqr?”ﬁﬂn@écte@ fsOPreb @S MdwSHaRdy Witblthe

conti nuous successli ons. e purposes of describing and defining the
present i mmmbnmalvelm w}mmomedcted]ﬁrst pteicerspr sarapeferned hathie swhaust pymp B0 vive

nol ecul es. of the fir precursor adhere to the surface 25 of the

seni condu8tedxhawb &re- ’c"ézlzs not the subject of the present invention. The

mechani smis nmggelg lf¥st%?x§:glf§opﬁ%nﬁ @E&)‘nﬂ ufBF 9%aP¢ inBBducelNR sERPAE irfterv@EM

"absorption' is inte cover absorption, adsorption, and any other
simlar nﬁnhanmmed)ﬁm/lpr@hrsbhfs murgerUfran the pragess oeatto chmnbftral)ﬂdhramgb s¢ he

SR CERT TR T T NS T M VN
T Sl ) ISP 11O et el 0 19
2 2 APR 2adactorhflabétAD7 TheRETund30 BT drlet 16 directs the second precursor 9 through

a shower head device 18 that distributes the second precursor 9 into the process reactor

chamber 10. The second precursor 9 then reacts with the layer formed on the wafer 11

15 from the first precursor 6, creating a monolayer of film on the wafer 11.

Unreacted second precursor is purged from the process reactor chamber 10, using
the purging valve 7, into the chamber outlet 17. Unreacted second precursor flows
directly into the isolation valve 24 where unreacted second precursor is transferred to the
exhaust pump 20 via the exhaust fore-line 22.

20 This process of the introduction, reaction, and purging alternating the first
precursor 6 with the second precursor 9 is performed at a high rate of speed with
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



-5 di spensing fore- Ilnq 26 is coupled to the di spe}:m ng punp 28. ZEEQ’R
di spensi ng purrp 28 colFlects the undiverted first precursor 6 so Whe

undi vert egy 374y ecursor 6 is isolated from other chem gal gsoR2®[Ur SOrS,
and exhausts t at woul d otherwise mx with the first precursor 6 and
pot-enti ally cause clogging of the first exhaust fore-line 22. Thus, the 5
exhaust fore-line 22 remains clean and flow remains stable and consi stent.
The enbodinent of Fig. 3 differs fromtfat illustrated in Fig. 2 because
the second isolation valve 34, the second exhaust fore-line 36, and the

second exhaust . pu 30 a us definin nd exhaust path.
Thi s secolaPaKingere- #ﬁsyeﬂﬁim q@egaaews 24, e i emsng gump 23,
" precursor t g iﬁ,ﬁﬁ?@a predd Y ehgeduci ng
t he possi %&}[}I ttsﬁg hﬁrz?él?eﬁg ar@ea?%gg%gﬁ%{hgp@ er gf‘rﬁt ﬁe g{??gu?sltSé@:)re | i nes
22, 36. frbm @kheehemicals piecomsorspandoexBdystd thet wmﬂdmthcamaum witbrtke filshe 36,
i and t he second exhaust punp 30 gperate . in _a siml Z{r nﬁqeﬂ? the first
i sol at i onPgapve Gand R"r‘@“ﬁ?lb’é’f‘u%ﬁ%@g ¢ighe first pxhavstior s ®E exhaust

punp 2?6 é{htaﬁgt r@é 1&%91a%s%?&5%95 é]%g)u%nﬁpﬁgﬁgﬁdang%ﬂmgt% wafer 11, the

unreacted 'second precursor I's purge e process reactor chamber 10
15 by i ntroducThgembidimgat efEigV3 a:ffel?safnpmrtlgee:]mtmed T Figt @bbd:wssﬁmcsmbndhanber
outlet 29. The unreacted second precursor flows rect into hge second

i sol ati onlSO’aF‘QQV@ECﬁMh%S%QQéd eﬁ’?ﬁ*@h@[@ﬂ“%%@ﬂ@i"ﬁﬁéw a‘?% P¥IR F’éer red to

t he secon h t o] %CP’P
enbodi men%11 % aHl% deﬁHrﬁB a%gc er 2‘%@9‘% tFIﬁ"S s ﬁb?‘%?éﬁhl &ﬁ;st’f’@ct ecause
the 20 dké‘elp&ﬁéhxﬂ@ad‘t&i ﬁrsi pﬂz&ur%&r arkl the oneadtedisecond jaecﬂrkuirsdepmhaﬂilbrebm h.

Specifically, the dispensing. fore-line 26 is conpected to the first
exhaudf pwdﬁngthemﬂ@m iliky ehanxige oad ¢lesging the cithex of the exhaustyfors 'fﬁéaé@d to

P S TR e R e it e e ERSI Rl 05
because aplﬁﬁp eo dpekh&riﬁ ASimar Ménnep aethk ifinst @ﬁhtma vakvie@ddthd firstexhadsefesecond
di spens| n]g nevl?Zl \ggd 3tghet f?rstt ehx?xagsg %?131% 2%)( haf"'ljer the second precursor 9 is absorbed onto the
wafer 11, the unreacted second precursor is purged out of the process reactor chamber 10
15 by introducing a purge gas via the purge valve 7 into the second chamber outlet 29. The
unreacted second precursor flows directly into the second isolation valve 34 where the
unreacted second precursor is transferred to the second exhaust pump 30 via the second
exhaust fore-line 36.
The embodiment in Fig. 3 also differs from that illustrated in Fig. 2 because the
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



specifically the second exhaust fore-line 33. The secon'd'\)di spensi &%
fore-line 36 can alternatively be directly connected to‘the seco AR Alks t

punp 30, %61051353739 the enbodinment of Fig. | or connectedPtq.ﬂ%G?ﬁmpd

di spensi ng puhp, Simlar to the enbodinent of Fig. 2. The secon

di spensi ng punp woul d operate in a simlar manner as 30 the first

di spensi ng punp 28 descri bed above. The second di spensing punp collects the
undi verted second precursor 9 so that t#e undiverted second precursor 9 is
isolated from2 2 APR 200 WO 03/ 033762 PCTI US02/ 32741 -6 other chem cal s,
precursors, and exhausts that woul d otherw QQ second

] ix wWth t
pr ecur sor othes pemisels Mreeuriars. @ag sahausts deat W"ﬁf°$W‘§@B%H’ M9 ore- 1 i ne
36. Thus, ; =1 i ; f i
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simlar nmpeydnl erbaushford-1ineB6 Penthispaem and flow endimestdie andenssennd
di spensing fore-line 36 is used to discard the second precursor 9 when it
i s not di vert edhesecond @ispsesingfPrertine 39 epgrates ot sirglar mapnes @s dhedfirshi spensi ng

fore-line,36 ma e used to, i sol , . f

chem A1 S B H5€ 26, Pad S20R] SsblSpRisANP IR, dhcafdifl RhRl
second pr preéhz8r 9 Yhan st ipabedilértdd ittoaBeIsRoRd ?@@hﬂ%@r iafet 16 Theeamndd exhaust
fore-line 33. Thus, the second 10 exhaust fore-line 33 remains clean and

f1 ow r enaiispensingbiore-hinel3¢ oy betused to islate e secondprecurseyf frore gthasvi ous

figures because it does not, show t fihst j - S| ore-1i t he
second di g‘ﬁ‘aﬂﬁe\ﬁgﬂw 01 40d €% ."S‘Fﬁﬁﬁéﬁl%’r}i?thsfé’r'égﬁhq%{”? \B\A’f‘e %gglzlladr é}?g%g?(%ust
paths ar e g@pbehgdlly ddavé 88888 6f ihe@econd@xhalsefirt-fife B Thisatle seoshdy
reference to preferred 15 enbodi nents thereof, it will be apparent that

modi f i10at ximustiode-ling 3hirempins dean gpddlavoremaing stakdeandiegasistenhg from t he scope
R L At

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 10 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



preferred or particularly advantageous, it is contenplated that the present
I nvention is not necessarily limted to these preferred aspects of the
invention. 20 2 2 APR 2004 -7 CLAIMS 1. An atonmic |ayer depOSitiQPZAPRZM&
apparatus (2) conprising: 5 a process reactor chanber (10) conprising a
first precursor inlet (14), a second precursor inlet (16), and a first
chanber outlet (17); a first dispensing valve (4) coupled to said first
precursor inlet (14) of said process reactor chanber (10); a second

di spensi ng valve (8) coupled to sai d-’second precursor inlet (16) of 10
sai d process reactor chanber (10); a first exhaust path coupled to said
process reactor chanber (10) configured to be selectively isolated from
sai d process reactor chanber (10) by a first isolation valve (24) directly
coupled to said chanber outlet (17) such that no substantial exhaust
fore-line exists between said is ! val ve (24) and said chanber outl et
15 (17); and a first dispensing fore-line (26) conprising a first end (25)
and a second end (27), wherein said first end (25) is coupled to said

first gispengi ag i,ﬁgé(%zr(g@pogﬂﬁ,,ﬁgéﬁbraﬁgcmcéoﬁwisﬁﬁg;) of said first

di spensi ng ftore- ) is coupled to said first exhaust path or a first
di spensi ng puprpcessyeaqor chamhenpiyreroprisieg & firshpeaurse inleh(14), vher ei n

sai d reaLRIRPonER (18) Snd 4Tt BRI PRI FEE 1o S 1 wherein
said first gxfapgispBating Vi) coupled to said first precursor inlet (14) of said
process reactor chamber (10);
a second dispensing valve (8) coupled to said second precurscr inlet (16) of
10 said process reactor chamber (10); _

a first exhaust path coupled to said process reactor chamber (10) configured
to be selectively isolated from said process reactor chamber (10) by a first isoiation
valve (24) directly coupled to said chamber outlet (17) such that no substantial
exhaust fore-line exists between said isolation valve (24) and said chamber outlet

15 (17); and

a first dispensing fore-line (26) comprising a first end (25) and a second end
(27), wherein said first end (25) is coupled to said first dispensing valve (4) and said
second end (27) of said first dispensing fore-line (26) is coupled to said first exhaus_t
path or a first dispensing pump (28).

, 20
2. An apparatus as claimed in claim 1, wherein said second end (27) of said first

dispensing fore-line (26) is coupled to said first exhaust path.

3. An apparatus as claimed in claim 1, wherein said first exhaust path further
25 comprises a first exhaust pump (20), said first isolation valve (24), and a first exhaust
fore-line (22), wherein said first exhaust pump (20) is coupled to said first isolation

valve (24) by said first exhaust fore-line (22).

4. An apparatus as claimed in claim 3, wherein said first exhaust path is isolated
30 from said process reactor chamber (10) when said first isolation valve (24)is in a

closed state.
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25 comprises a first exhaust punp (20), said first . solation valve (24),
and a first exhaust deé-Iine (22), wherein said fifst exhaust punmp §20)
~is coupled to said first isolation valve (24) by said first exhaﬁgﬂP 2004
fore-line (22). 4. An apparatus as clainmed in claim3, wherein said first
exhaust path is isolated 30 fromsaid process reactor chanmber (10) when
said first isolation valve (24) is in a closed state. 2 2 APR 2004 -8 5.
(cancel ed) 6. An apparatus as clainmed in claim3, wherein said second end
(27) of said first 5 dispensing foredline (26) is coupled to said first

i sol ation valve (24) of said first exhaust path. 7. ‘An apparatus as
claimed in claim 3, wherein said second end (27) of said first dispensing
fore-line (26) is coupled to said first exhaust punp (20) of said first 10
exhaust path. 8. An apparatus as clainmed in claim3, wherein said. second
end (2B) of (sanceleédyst dispensing fore-line (26) is coupled to said first
exhaust fore-line (22) of said first exhaust path. 15 9. An apparatus as
claimed in claim1, wherein said apparatus further conprises a second
exhausg pat 'ﬁr?gﬁgéi%d%as%@%mﬁ ahaTBewhersih gbid 29dondledd (2ANobsaidrRsts as
claimed in clarm?9, erein: said first exhaust path conprises a first

exhaus tigpemsiniyre-linei (26} is soupled tasaishiirsy inolatiqorvgive §24) of saiddistexhaust

fore-line (22), wherein said first exhaust pu 20) is
exhalgst 3ath. punp (20)

7. An apparatus as claimed in claim 3, wherein said second end (27) of said first
dispensing fore-line (26) is coupled to said first exhaust pump (20) of said first

10 exhaust path.

8. An apparatus as claimed in claim 3, wherein said second end (27) of said first
dispensing fore-line (26) is coupled to said first exhaust fore-line (22) of said first

exhaust path.

15
8. An apparatus as claimed in claim 1, wherein said apparatus further comprises
a second exhaust path coupled to a second chamber outlet (29).
10.  An apparatus as claimed in claim 9, wherein:

20 said first exhaust path comprises a first exhaust pump (20), said first isolation

valve (24), and a first exhaust fore-line (22), wherein said first exhaust pump (20) is
coupled to said first isolation vaive (24) by said first exhaust fore-line (22); and

said second exhaust path comprises a second exhaust pump (30), a second
isolation valve (34), and a second exhaust fore-line (32), wherein said second

25 exhaust pump (30) is coupled to said second isclation valve (34) by said second

exhaust fore-line (32).

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

isolated from said process reactor chamber (10) when said isolation valve (34) is in a

30 closed state.
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coupled to said first ispolation valve (24) by said_first exhaust fore-line
(22); and said second ékhaust path conprises a seconl exhaust punmp (30), a
second isolation valve (34), and a second exhaust fore-Iline (322 ﬁﬁ&éﬁin
sai d second 25 exhaust punp (30) is coupled to said second isol @ ?& fve
(34) by said second exhaust fore-line (32). 11. An apparatus as clained in
claim9, wherein said second exhaust path is isolated fromsaid process
react or chanber (10) when said isolation valve (34) is in a 30 closed
state. nn'nC~frl Tf c¢T 2 2 APR 2004 =% 12. An apparatus as clainmed in claim
9, wherein said second isolation valve (34) is directly coupled to said
second chanber outlet (29) of said process reactor chanber (10) such that
no substantial exhaust fore-line exists between said second 5 isolation

val ve (34) and said second chanber outlet (29). 13. An apparatus as_cl| ai med
in claitth 1, Athappanatsaiad caireddnaiaing 87whefeinsiaid seeend isgiatjpanalkg (34)

RO NET NS T N NI S A
a Secogﬁaﬂibﬁgﬁ‘g} 8cH ﬂfda?ﬁd Abt3Nal EXFRULEi0rE-Ivel éxists ttdebR BhidBEcangecond

end (3 n sal Irst end (31) is coupled to said second di spensing
val ge [(sd)atiordvsized34yandsaiceecqrdBrhambeabdtieb@d di spensing fore-1ine
(36) is coupled to a second exhaust path. 15 15. An apparatus as clai ned
in claim14 wherein: said first exhaust path conprises a first exhaust punp

(20), g3id fp'lr{ ?@g#%@(ﬁkk%m@ i\ﬁf‘czléi;r’ﬁ"i)l L whBfbiA did Sbosrdang(2f persaidmst 22)

wherein said aust punp
dispensing fore-line (26) is coupled to said first dispensing pump (28).

10 14. An apparatus as claimed in claim 1, wherein said apparatus further comprises
a second dispensing fore-line (36) comprising a first end (31) and a second end (33),
wherein said first end (31) is coupled to said second dispensing valve (8) and said
second end (33) of said second dispensing fore-iine (36) is coupled to a second

exhaust path.

15
156.  An apparatus as claimed in claim 14 wherein:
said first exhaust path comprises a first exhaust pump (20), said first isolation
valve (24), and a first exhaust fore-line (22}, wherein said first exhaust pump (20} is
coupled to said first isolation valve (24) by said first exhaust fore-line (22); and ‘
20 said second exhaust path comprises a second exhaust pump (30), a second

isolation valve {34), and a second exhaust fore-line (32), wherein said second
exhaust pump (30) is coupled to said second isolation vaive (34) by said second

exhaust fore-line (32).

25 16. An apparatus as claimed in claim 15, wherein said second end (33) of said
second dispensing fore-fine (36) is coupled to said second isolation valve (34) of said

second exhaust path.

17.  An apparatus as claimed in claim 15, wherein said second end (33) of said
30 second dispensing fore-line (36) is coupled to said second exhaust pump (30) of said

second exhaust path.
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coupled to said first isglation valve (24) by said-4jirst exhaust fore-line
(22); and 20 said secondj}exhaust path conprises a séhond exhaust punp (30),
a second isolation valve (34), and a second exhaust fore-line (32)

wherein said second exhaust punp (30) is coupled to said second .3& AER B
val've (34) by said second exhaust fore-line (32). 25 16. An apparatus as
claimed in claim 15, wherein said second end (33) of said second

di spensing fore-line (36) is coupled bo said second isolation valve (34) of
said second exhaust path. 17. An apﬂ ratus as clained in claim15, wherein
said second end (33) of said 30 second dispensing fore-line (36) is coupled
to said second exhaust punp (30) of said second exhaust path. Ar-Kr'rl
c'iirr-T 2 2 APR 2004 -10 18. An apparatus as clainmed in claim15, wherein

said second end (33) of said secaond dispensing fore-linpe éig& i c%upl ed
Lo sai dBecdh apRRealys asclaimechi qam) 151 wheesin Seikseerncked {83 )af $aids 10,
A ) lai med i : , . . ; _
corpr| seeoddsEShsiig Terlieris® B echniBd® Seft S ERmm el ttie (59 of
and a caffoBcbsdexha3dst.patherein said first end (31) is coupled to said

second di spensing valve (8) and said second end (33) of said second
di sgensing fore-line (36) is 10 coupled to a second di spensi ng punp. 20.

(canceled) 21. An_apparatus. as, cl aj. in | . [ | f appar at us
furt her@co i 9893%{@3 gsfql'l?'E'{aeq/@pcg%'ﬁgﬂSpwygt%h pr£| Fédda%%g?%ﬂ’?ﬁéit pr ecur sor
inl et Gbfprises a second dispensing fore-line (36) comprising a first end (31) and a

second end (33), wherein said first end (31) is coupled to said second dispensing

valve (8) and said second end {(33) of said second dispensing fore-line (36) is

10 coupled to a second dispensing pump.

20. (canceled)

21.  An appai’atus as claimed in claim 1, wherein said apparatus further comprises

15 a first vapor supply coupled to said first precursor inlet (14).

22.  An apparatus as claimed in claim 21, wherein said apparatus further

comprises a second vapor supply coupled to said second precursor inlet (16).

20 23. An apparatus as claimed in claim 1, wherein said first precursor inlet (14) and

said second precursor inlet (16) share a common opening.

24; An apparatus as claimed in claim 1, wherein said first precursor inlet (14) and
said second precursor iniet (16) have separate openings.

25
25. An apparatus as claimed in claim 1, wherein said apparatus comprises a

purging valve (7).

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

30 (10) further includes a shower head device (18).

AR



22.. An apparatus as claijyjred in claim21, wherein said apparatus further
conpri ses a second vapOr‘)suppI y coupled to said second precursor inlet
(16).. 20 23. An apparatus as clained in claiml1, wherein said first
precursor inlet (14) and said second precursor inlet (16) share izcmﬂﬁ
opening. 24. An apparatus as claimed in claim1, wherein said first
precursor inlet (14) and said second precursor inlet (16) have separate
openi ngs. 25 25. An apparatus as clainmed in claim1, wherein said apparatus
conprises a purging valve (7). 26. Ad-apparatus as clained in claim 1,
wherein said process reactor chanber 30 (10) further includes a shower
head device (18). U C\IMIX1LT 2 2 APR 2004 -11 27. An atom c | ayer

deposi 270N apPatdhi¢dayd) desHeHids apparatas PR PE@DPrisipget or chanber (10); a
first isolation valve (24) direct é coupled to a first chanber outlet (17)
of said prdceesessdeneiorchambar ((8h) such that no substantial exhaust
fore-line exists.b between pd first isalation.valve (24 n id first
chanber out 1501t ISyt Fabe2a s ehiefso F rdphanbes bulpt A said *

i sol at i%té’s?sl MRcterOndmibér (10) Suchenbess subSiaptibl ghdut Forealife it | sol ation
valve (34) directly coupled to a second chanber outlet (-29) of said

pr oGes between saidficstisalatioroyalve {84} and said fiisbshambiealoutiehélSt fore-1ine 10

et C ot 3 e aSER T AL BROSRAN KR el e PR Y AT
i sol at iggRaual Mpedidd)2by: 2
a second isolation valve (34) directly coupled to a second chamber outlet (29)
of said process reactor chamber (10) such that no substantial exhaust fore-line
10 exists between said second isolation valve (34) and said second chamber outlet
(29); and
a second exhaust pump (30) coupled to said second isolation valve (34) by a

second exhaust fore-line (32).

15 28. (cancéled)
29. (canceled)
30. {canceled)

20

31. (canceled)
32. (canceled)

25 33. (canceled)
34. (canceled)
35. A process for atomic Iayer deposition comprising:

30 introducing a first precursor into a first precursor inlet (14) of a process reactor
chamber (10);
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second exhaust fore-lineg (32). 15 28. (canceled) 29. (canceled) 30.
(cancel ed) 20 31. (canc@led) 32. (canceled) 25 33. (cancel ed) 34.
(cancel ed) 35. A process for atom c |ayer deposition conprising: 30
introducing a first precursor into a first precursor inlet (14) cif %ZUU&
process reactor chanber (10); 71AACIclrCr=i CL.ICGI 2 2 APR 208 _&
controlling said process reactor chanber (10) for absorption of said first
precursor onto a substrate; purging j?l d chanber (10) of unabsorbed first
precursor by opening an isolation vaFve directly coupled to a chanber
outl et such that no. substantial exhaust 5 fore-line exists between said
i sol ation valve and said chanmber outlet; introducing a second precursor
into a secomgnfroding said proteds ebGjorathasribver (10) foreaissarptien of saiddinser (10) ;
controlling said process reactor chanber (10) for reaction of said second
precurﬁfﬁc'-uﬁ@hoﬁfél@ISPEﬁE'?t%recursor; and 10 purging said process reactor

chanmber (10 : r | | hon val ve
ooy o AR e PusatiReq Bt ASEUIBI L LA o
isolation valve directly coupled to a chamber outlet such that no substantial exhaust
5 fore-line exists between said isolation valve and said chamber outlet;
introducing a second precursor into a second precursor inlet (16) of said

process reactor chamber (10);
controlling said process reactor chamber (10} for reaction of said second
) precursor with said first precursor; and
10 purging said process reactor chamber (10) of unreacted second precursor by
opening an isolation valve directly coupled to a chamber outlet such that no
substantial exhaust fore-line exists between said isolation valve and said chamber

outlet.
15 36. (canceled)
37. (canceled)
38. (canceled)
20
| 39. (canceied)
40. (canceled)
25 41. (canceled)
42. (canceled)
43. (canceled)

30
44, (canceled)
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substantial exhaust fore-line exists between said isolation valve and said
chamber outlet. 15 36. ’Qcancel ed) 37. (canceled) 38 (canceled) 20 39.
(cancel ed) 40. (canceled) 25 41. (canceled) 42. (canceled) 43. (cancel ed)
30 44. (canceled) Lrll=f~ _NFT 2 2 APR 2004 -13 45. (cancel ed) 246APR 2004
(canceled) 5 47. (canceled) 48. (canceled) ] 0 49. (canceled) 50.
(canceled) 51. (canceled) 15 52. A process as clained in claim 35,

wher ei n: '

-13-

45.  (canceled)
48. | (panceled)
47. (canceled)
48. (canceled)
10 498. (canceled)
50. (canceled)

51. (canceled)

15
52. A process as claimed in claim 35, wherein:
said process reactor chamber (10) is purged of said unabsorbed first
precursor by opening a first isolation valve (24) directly coupled to a first exhaust
outlet in said reactor chamber (10); and
J ﬁO said process reactor chamber (10) is purged of unreacted second precursor

by opening a second isolation valve (34) directly coupled to a second exhaust outlet

in said reactor chamber (10).
53. (canceled)

25
54. (canceled)

55. (canceled)

30 56. (canceled)
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sai d process reactor chanber (10) is purged of saié.unabsorbed first
precursor by opening a fﬁrst I sol ation valve (24) dilrectly coupled to a
first, exhaust outlet in said reactor chanber (10); and 20 said_ process
reactor chanber (10) is purged of unreacted second precursor 5& éB%ﬂth a
second isol ation valve (34) directly coupled to a second exhaust outlet in
said reactor chanmber (10). 53. (canceled) 25 54. (canceled) . 55.
(cancel ed) 30 56. (canceled) 2 2 APR 2004 -14 57. (cancel ed) 58.

(canceled) 5 59. (canceled) 60. (caﬂ el ed) 61. (canceled) 10 62.
(cancel ed) 63. (canceled) 15 64. (canceled) 65. An atom c |ayer deposition
apparatus (2) conprising: a process reactor chanber (10) conprising a first
precur §gr i pbahcéléd), a second precursor inlet (16), and a first chamber
outlet (17); 10 a first dispensing valve (4) coupled to said first
precursor inlet (14) of said

58. (canceled)
5 59. (canceled)
60. (canceled)

; 61.. (canceled)
10
62. (canceled)

63. (canceled)
15 €4. (canceled)

65. An atomic layer deposition apparatus (2) comprising:
a process reactor chamber (10) comprising a first precursor inlet (14), a
second precursor inlet (16), and a first chamber outlet (17);
20 a first dispensing valve (4) coupled to said first precursor iniet (14) of said
process reactor chamber (10);
‘a second dispensing valve (8) coupled to said second precursor inlet (16) of
said process reactor chamber (10); '
a first exhaust path coupled to said first chamber outlet (17) of said process
25 reactor chamber (10} and configured to be selectively isolated from said process
reactor chamber (10}, wherein said first exhaust path comprises a first isolation vaive
(24), a first exhaust fore-line (22), and a first exhaust pump (20) coupled to said first
isolation valve (24) by said first exhaust fore-line (22);
a second exhaust path coupled to a second chamber outlet (29) of said
30 process reactor chamber (10) and configured to be selectively isolated from said

process reactor chamber (10), wherein said second exhaust path comprises a
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process reactor chanber_(10); a second dispensing, V%Ive (8) coupled to sald
second precursor inlet (16) of said process reactort chanber (10); a flrst
exhaust path coupled to said first chanber outlet (17) of said process
reactor chamber (10) and configured to be selectively isolated fidﬁﬂ%%ﬁd
process reactor chanber (10), wherein said first exhaust path conprises a
first isolation valve (24), a first exhaust fore-line (22), and a first
exhaust punp (20) coupled to said first isolation valve (24) by said first
exhaust fore-line (22): a second exhdist path coupled to a second chanber
outlet (29) of said 30 process reactor chanber (10) and configured to be
selectively isolated fromsaid process reactor chanber (10), wherein said

Secondsgﬁgf}g%%%@@éa VERB343. 2 §8cohd ERhAGRNTEM. - finé (311 A% sedond eSRBMst

i sol ati exhaust "fore- |ne 2), and a second exhaust
punp (3R BB) esluied s@isdidsssond isslatiahivaives(34)by( Sl sepoadiakimusbfare-
exhaust fore- line (32); a first dispensing fore-line (26) conprising a

first dné(B2B) and a second end 5 (27), wherein said first -end (25) is

Card first d Upnelikpg RAETRETRS TS Ror T A o pieta SBEopd e 1,

(22)5 O, ), MHeteirtbaigeael &ed msams(cz»@plecmoksaMMsbmspgmamg(ﬁ)m saide
mprising a first end 1 id first

and a second__end Séa in Sﬁ
end (BS)ecoed enh(259 of saighiirst 6@@@#?&"‘& fopenige g6 & GruRleq to %'d gt exhaudecond
end (33 ai d o) s ine (36) is coupled to said second
exhaus ?‘2)0? Q?E%tcdig%ed'ﬁ%%@‘g@ﬁs.wﬁgdﬂuﬁ%b ANAK-r -, nl-lrrT
a second dispensing fore-line (36) comprising a first end (31} and a second
) end (33), wherein said first end (31) is coupled to said second dispensing valve (8)
10 and said second end (33) of said second dispensing fore-line (36) is coupled to said

second exhaust path or a second dispensing pump.
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