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PROCESS The present invention relates to atomc | ayer deposition. Mre
speci fi cawloy3/osite2 5 present invention relates to an appar CaTgUSaz627pr ocess
for inmproving the performance of an atomc |ayer deposition chanber. A

met hod of depositing very thin filns is atomc |ayer deposition (ALD). This
nmet hod has several advantages over tradition chem cal vapor deposition. It
can be perforned at |ower tenperatures, uses a w de range of precursors,
produces very thin 10 filns, inherently obtains 100% step coverage, and can
be used to "m cr oengPREEC LAERRNPEROSITIANNR PRARAT B2 SND | RROSEES | 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 wth the surface to forman atomc layer in a way that only one

| ayer can format a tinme. 15 The surface reaction occurs such that the
reaction is ccﬁﬁleS@nt lamhtpelrcﬂmestm@iomm]@ytrl‘mosmm Mayeespeatficallit.ithe to be
dep05|5te matt er ecu es. ar t he
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bursts ofatgRisesydr depRRich dymbas. According to recognitions of the present
i nventors, two problens occur with the 20 ALD nethod. One probl em concerns

the diversi on Amethod of dsppsging Vegu thin fhatisrasanis layenderpsiivad ALP)a Wapor
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necessary an esta oW 0 e | recursor In a vapor

phase. | rpefbtred zﬁtc)owk:etempt:ﬂa&lrésl, osesaoctidy eangk hépfdcomom@bdb@s@emhned to a
fore-line of the ALD chamber when the |I8UI d precursor is not needed in

the d&bodiTEoRhprRCeeaingdelyorste Y8t 1gd gas ?gseésso pRMERENEIRRE unr eact ed
chemi cal C'Oﬁ)p x)ggg“lngtr;cgﬁ fore-line with the diverted chem cal and reacts
causing a build up rn the fore-line. The build up can be severe and cl ogs
the fore- 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.

15  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.

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



line. A second problemconcerns the reaction of the gases. Process gases
are introduced individually for the ALD process and di sposed of through

t he sane WoOrog/08i7ees causi ng the gases or vapors to react Pairtusonse4anot her.
30 Accordingly, there is a need for an ALD apparatus and process that

m nimzes clogging of the fore-line of the diverted liquid precursor.
There is also a need in the art to WD 03/033762 PCT/ US02/ 32741 -2 control
any area that is comon to the reactive gases or vapors in a way to
mnimze any unwanted reaction. These needs are net by the present

i nvent i ogomhdra@y Breanhatipcan@dn Al the agotivagases oavapopy in@essy @rminpnzeaded. The
present invention fulfills the first need of mnim zing 5 clogging of the
fore-1i n8MEYntEd BRAFWPhg an ALD apparatus and process that allows separate

chem cals to qfiky rmeﬁse m@%@ggw{s}@g&t ﬂﬁfém&ﬂwp?efeimtia;pwge A ag@m&g@ri ng a

second fore- line. The prese invention fulfills the second nee
m ni m zi agd phecsseacpiovidedf Thheregas @svention filBllpthedirbtinced of iynimidiogv ng t he

reactive gases qr, vapor.s 1o be.renov romthe process ct or chanber

W thout - chReRg it BREEs bpR GREm AL ar et hal SHS PP Eac e 10
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by providing independent and dedi cated punping Iines and correspondi ng

i sol at i ofing.allhepres¢nainvgnton hdfillythe secondmeechel mpemidngthgagciibent egasd. The
separat e érp Elgg)éllpiﬂqgnsea%ﬁfgéﬁge 2 3Racti%e ggsets ﬁ%‘d\} puosré[ oq)el r@m%véﬁaﬂgl%kh C@?’t ess

mnimze eaction e reactli ve ‘gases. C mgly,
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apparatus and process using dispensing fore-lines and a second exhaust path
i n or Her apygnwpnted srpction BlHE REPCSTs gapes @RSt Thisrie agqopwlisheddy ripyigiieng

et | AR LR A PSSO RS S REEDRDl, | nvent o
dr awi ngs actiwsingl fer thelopedific gad when needed dTloadepdravd v likes alletvehegasstobener al s
and in m@i(l(l:amsted 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 S 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



20 Figure 1 presents an illustration of an ALD apparatus according to one

enbodi nent of the present invention; Figure 2 presents an illustration of
an ALD apweroawsssemccordi ng to another enbodi nent of the pcedasnt/3i7mventi on;
Figure 3 presents an illustration of an ALD apparatus according to stil

anot her 25 enbodi nent of the present invention; Figure 4 presents an

Il lustration of an ALD apparatus according to yet another enbodi nent of
the present invention; and Figure 5 presents an illustration of an ALD
apparatus according to yet another enbodi ment of the present invention. 30
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8, an isolation valve 24, an exhaust ore I ne , an exhaust punp 20, and
a di spensmlngl(f anea [firstehar@ber olilet It. clestErstr dispeneing ghlxrdas cdiplédiol thalbst a first
precursor i nl et }4 a .second grecurs

inlet. 16, a chambe
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coupled to the second precursor inlet 16 of said process reactor

c hanber 1volvePHas flisedtlatdogpled yathedirstahpmberi qutlst l'glofctbg prcecdssv[rsa(ttmchﬁmbglt

chanber tlet 17 of the FOcess ct.o cha 10, T np 20
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10 second end 27. The first end 25 is coupled to the first di spensing val ve
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The first dispensing valve 4 allows a first precursor 6 to flow into the process

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

15 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-
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

20 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.

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



reactor chanmber 10 through a first precursor inlet 14. A continuous flow of
the first precursor 6 nust be maintained. Therefore, the first dispensing
val ve 4 swbacisirety diverts 15 the direction of the first pomasoz/3on 6 to
the first precursor inlet 14 of the process reactor chanber 10. Wen the
first precursor 6 is not diverted into the process reactor chanber 10, it
is sent to the exhaust punp 20 via a digspensing fore-line 26. The

di spensing fore- line 26 is used to discard the first precursor 6 when it
is not diverted into the first precursor inlet 14. The di spensing
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precursor 6 through a shower head device 18 that distributes the first

pr ecur sorth®exhapsy fergdinegdocess reactor chamber 10. Once in the process
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waf er 11. The wafer ‘Tests on a he manner in i ch absorption
of the pr@aesusmacticd fias prevedr ispubgadainsn teprocep ecanfor chanixrddelmbughuent i on
WO 03/ 033762 PCT/US02/ 32741 -4 and i.s well knomm in the art. It may be
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unr eact e precursor is purged out of the process reactor chanmber 10
by i nt r odesctoxghambperife Tesecwird freeirpainet 16diveatsbe Fecond prechsochtmizegh out | et
rsor,. fl.ows direct j,sol ati on val ve 24

wher e unPoLEYEd R Aebien i B i P TEReS Prstieor § e ERREGS B 20 via
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



t he exhaust fore-line 22. The first precursor 6 and second precursor 9 are
I ntroduced in separate intervals. Once unreacted first precursor is purged
from t he Wwo®s®3s¥6r eact or chanber 10 through use 10 of thecparsg/say4val ve 7
t he second dispensing valve 8 allows for the introduction of the second
precursor 9 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 distributes the
second precursor 9 into the process reactor chanber 10. The second

precurs Ordl@)ehéi@’lfdre-ﬁﬁé 36 W dolnpleigo t}&mpeﬁﬁﬁgwpdnp 281t e dizbpersirglpubip 28 om t he
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22. 20 Thi rocess the introd 0 eaction and ging alternating
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and defining the present invention, it is noted that the precise nechani sm

by which mdiethmab@tﬂ%ﬁlecsfecqrtdeexmwssforpﬂleeaﬁ,szmri thelsreped exhapsioummrIbae 25 of
t he sem conduc bstrate not ubj ect ; of t res ntion.
The rrechaf’ ?‘gﬂﬂﬁ érfgya HELT ’glél Stl?gll}'el 12 econ(})esxohra‘ﬁ aﬁl 52 %témﬁ{;eﬁgrl c term
' absor pt iR8p tHelinkdateaded preursopued th%bﬁ‘aﬁtraﬂﬁeﬂ @m)na@s@mbr @aparaw dTiesmsbyot her
simlar nmechanisns by which the precursor y form a nonol ayer upon the

surf ate dpducng thepessibility ofixiagiodiclagatngghe @lﬁ@r Bf theenhayshipseriines22, 36.
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Vo 03/ 0331?1?:222P§1:;r tl}{es ??s/t %)%}Za‘\l]%t pump 20. After 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



-5 dispensing fore-line 26 is coupled to the dispensing punp 28. The

di spensing punp 28 collects the undiverted first precursor 6 so that the
undi ver t eatofoBist76pr ecursor 6 is isolated from other chemPcalGsp2/precur sors,
and exhausts that would otherwise mix with the first precursor 6 and
potentially cause clogging of the first exhaust fore-line 22. Thus, the 5
exhaust fore-line 22 remains clean andgfl ow remains stable and consi stent.
The enbodi nent of Fig. 3 differs fromthat illustrated in Fig. 2 because
the second isolation valve 34, the second exhaust fore-line 36, and the
second exlitsd Sherpidalp, pFBcuasaes, adl exipustshhis vabaild othagvise mecwithl tteyskenrsit pat h.

Thi s second exhaust path js constructed to keep, the unreacted first
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reactor chanber 10 15 by introducing a purge gas via the purge valve 7 into
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directly into the second i,s0]ati val 4 wher e unr eqpnd
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illustrated in Fig. 2 because the 20 dispensing fore-line 26 is connected
to t heo f jexBauspianerdiae 33 samppinged anddiaw remainsestahle preheansigtent.or e- 1ine 26 i s
connected to t {; fg%p I ' oul d
alternativelylﬁgf%%ﬁgﬁe tgHE gﬂ |r§%93¥%§%§%1¢%$§?F¢%2&§ ¥?F&directly to a
di spensi nijgspensipg foz8lias 26 bt thetseanddispendthgfor@lind Be. Ehdrofbretonty the tkog. 4
differs fromthat of Fig. 3 hecause a second dispensing 25 fore-line 36 is
ext ended SEPBAFERRASRPraleNERLi ng val ve 8 to the second exhaust path,

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



specifically the second exhaust fore-line 33. The second di spensing
fore-line 36 can alternatively be directly connected to the second exhaust
punp 30, wWDmMBlz761 0 the enbodi ment of Fig. | or connecte@Crasa2/zseond

di spensing punp, simlar to the enbodinent of Fig. 2. The second

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 the undiverted second precursor 9 is
i solated from WD 03/033762 PCT/ US02/ 32741 -6 other chem cals, precursors,
and exhausts that would otherwise mx with the second precursor 9 and
potentially cause clogging of the second exhaust fore-line 36. Thus, the
second exhaust fore-line 36 remains clean and fl ow renmains stable and

consi stent. The second dispensing fgheshyge 36 operates in a simlar manner
as the first 5 dispensing fore-line 26. The second di spensing fore-line 36
is used to discard the second precursor 9 when it is not diverted into the
second precursor inlet 16. The second dispensing fore-line 36 may be used
to isolatle t he\SUeBHd2}T dEPIUEIN PPAIAN OIRES"Ee herri cal s, precursors, and
exhausts that would otherwise mx with the second precursor 9 and
potentially cause clogging of the second exhaust fore-line 33. Thus, the
second 10 exhaust afppeagsy icagoBchamdeniomepridiegin fizsharecpisar méated sesond abl e and
consi stent. Fig. 5 d%@fer ffOp]th% pn@yLous figures because it does not
show t he fi rsPTeUISOpINE; 478 & eehambst 98k "t he second di spensing fore-1ine
36. Therefore, only the two separate exhaust paths are depicted. Having
described the invention in detail and by reference to preferred 15
emboditrent s t her eofa firtdisgiensing salxp geynded torsaigk firsigrpeursostplenefl sadProesss at i ons
are possible i parting fromthe scope of the invention defined in
t he appended é%%&%%ﬂ&ﬂﬂgé specifically, although sone aspects of the
present invention are identified herein as preferred or particularly
advant ageous, it is contenplated that the present invention iaﬁ%%%

a second dispensing valve coupled to said second precursor inle
process reactor chamber;
15
a first exhaust path coupled to said 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.



necessarily limted to these preferred aspects of the invention. 20 WO

03/ 033762 PCT/US02/ 32741 -7 CLAIMS 5 1. An atom c | ayer deposition

appar at uswomnsizel ng: a process reactor chanber conpri si ngCa/isn?/31741
precursor inlet, a second precursor inlet, and a first chanber outlet; 10
a first dispensing valve coupled to said first precursor inlet of said
process reactor chanber; a second disgensing valve coupled to said second
precursor inlet of said process reactor chanber; 15 a first exhaust path
coupled to said process reactor chanber configured to be selectively

i sol at ed 4 r om phghaRi@CRTRaimed et Slhine BaNRREn saiddira dxhigst psth3pRERieddrom
fore-line conprising a first end and a second end, wherein 20 said first

end i s coaidinsecespreseiprichiamber whies paid dirfidsolatiopeyaliigds Wen ol end of sai d
first dispensing fore-line is coupled to one of said first exhaust path or
a first dispensing punp. 2. An apparatus as clained in claim1, wherein
said secand enth gfpasdisthsidldigied ir28aith 3 peRatinGaildiret-ikéladon walvoivdirec!t o sai d
first exhaust path. 3. An apparatus as clained. in claiml, wherein said
first exiaurled it Arst gha 0“6@@6@?@&00&5? [epder RARESt punp, a first
isolation valve, and a first exhaust fore-line, wherein said first exhaust
punp is coupled to said first isolation valve by said first exhaust 30
fore-line. WO ABAHRABNIG2sREIMUSOLEIBRY 3, Iwherein said second end of said first

dispensing fore-line is coupled to said first isolation valve of said first exhaust path.

10 7 An apparatus as claimed in claim 3, wherein said second end of said first

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

8. An apparatus as claimed in claim 3, wherein said second end of said first

dispensing fore-line 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.  An apparatus as claimed in claim 1, wherein said second end of said first

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



-8 4. An apparatus as clainmed in claim3, wherein said first exhaust path
is isolated from said process reactor chanber when said first isolation
val ve i s wpoa/ogid7esed state. 5. An apparatus as clai med i nPclraiSn/&74wher ei n
said first isolation valve is directly 5 coupled to a first chanber outl et
of said process reactor chanber. 6. An apparatus as clained in claimS3,
wherei n said second end of said first gdispensing fore-line is coupled to
said first isolation valve of said first exhaust path. 10 7. An apparatus
as claimed 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 clainmed in claim3, wherein said second end of said
first dildpendimappretus-dsichempd inceaip) bavhaseisapid apparaus xhen spmpasesa i ne of
sal dfir Ssgco%)é%u%}l i%%o@é-liné?ox%'riﬁrq Q%Psqreg& Hid %?ec%k\@&m? QVHeFEiﬁ; Fzﬁ‘% [ﬁrs]t ’enéi\’ner en
sai d apparatus art her conprls%s & 2 e ond “exhaus path coupled to a second
chanber qutdupled tdBaidABcomapivpahditg aslve hiad sidisdcond bl ofisQid ssberdedispensind second
exhaust path. conprises a 20 second exhaust punp, a second isolation valve,
and a Seddifdineihseed grserondexhgpst Pain  sai d second exhaust punp is
coupled to said second isolation valve by said second exhaust fore-line.
11. An apparatus as clained in claim9, wherein said second exhaust path is
i sol at ed 1525 fAromppasith gsrobdesd i daiot o4, vaieaerb eaid weend sahast paoh avmpnsesal ve i s

in a closed state. 12. An apparatus as clained in claimy9, erein said
second | OPSIGHNFAT DEmpe: HEPRLEP oL St FgesondeeB BireiBer isitiPet o
said pr OQ%%eE&ﬂ%ﬁﬁus?gﬁgP%rcougfé{ﬁg’ saie RRB XA 6D vafeUyaaBdcdill Shahdh 1,

wherein said second en sai irst dispensing fore-line is coupled to

sai d t4 r doredirspensi ng punp. WO 03/ 033762 PCT/ US02/ 32741 -9

16. An apparatus as claimed in claim 15, wherein said second end of said second

dispensing fore-line is coupled to said second isolation valve of said second exhaust path.

15 17. An apparatus as claimed in claim 15, wherein said second end of said second

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.



14. An apparatus as clainmed in claim1l, wherein said apparatus further
conprises a second dispensing fore-line conprising a first end and a
second emap oadga7el n said first end is coupled to said seecmdsd/3yensi ng
val ve and said second end of said second dispensing 5 fore-line is coupled
to a second exhaust path. 15. An apparatus as clained in claim 14, wherein
sai d second exhaust path conprises a_ﬁgcond exhaust punp, a second

i solation valve, and a second exhaust fore-line, wherein said second
exhaust punp is coupled to said second isolation valve by said second
exhaust 10 fore-line. 16. An apparatus as clained in claim15, wherein
sai d second end of said second dispensing fore-line is coupled to said
second i 28| at iAohappataius asfclamed isdeiond, wharein seidgaparatus furthey comprisgsgar at us as
clainmed in claimi15 wherein sajd s nd end of .said second di spensing
fore-|inée?§“e3a%r%8p¥6”8qf “%%%gﬁﬁggg Eﬁg?grgk% of said second exhaust
path. 18. An apparatus as clained in claim115, wherein said second end of

said second dispensing fore-line is coupled to said secggd exhaust
fore-13 n@3of <Y1 PPaEEERY Cangd &t cloin havhereingaid AFstapprarser iletyandspidi ned i n

Clai"‘l’s&ﬂﬁﬁg%&mﬁ% qﬂaggg%gggﬁggga%ﬁﬁhggonprises a second dispensing

fore-line co ISIHB afirst e econd 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 g second dispensing punp. 20.
An appar dflus &Y %Hpéf%oasicf?l@le‘é\?’}ﬁlil,m 3#1‘2?%?‘?1 Sg‘giafHSt[PFSC&‘é%% "?Slg‘aaé‘géP‘%c hamber

CONpri Sege@nAgrlitsor HAOHRVe Sfal#l opedthgdl- An apparatus as claimed in claim
1, wherein said apparatus further conprises a first vapor supply coupled

to said first precursor inlet. WO 03/033762 PCT/US02/32741 -10 22. An

appar at us,as o ol wed, [0, chal oy 1, uhet L0, 52l AppALALUS FULLNSY, cogpri ses a

valve,

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

15 includes a shower head device.
27. An atomic 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.



second vapor supply coupled to said second precursor inlet. 5 23. An
apparatus as clained in claim1, wherein said first precursor inlet and
said secwpd3psxeursor inlet share a comon opening. 24. AROCTASPASABUS as
claimed in claiml, wherein said first precursor inlet and said second
precursor inlet have separate openings. 10 25. An apparatus as clained in
claim 1, wherein said apparatus conprig$gs a purging valve. 26. An
apparatus as clainmed in claim1l1l, wherein said process reactor chanber
further 15 includes a shomer head device. 27. An atomi c |ayer deposition
apparatus conprising: a process reactor chanber; 20 a first isolation
valve directly coupled to a first chanber outlet of said process reactor;
a first e¥hausin spantesasplamed & daing? ?wlzqremwﬂépp%xﬁtu\%a?%ﬂw APUFGIRG ¢
exhaust 25 fqrg,line; a second isolation valve directly coupled to a first
chanber outl et OF said process reactor; and 30 a second exhaust punp
coupled to said second isolation valve by a second exhaust fore-line. WO

03/ 03376 PCT/U802/32741 11 28. An aratus. as claine | aj.m, 27,
wherei 2 d dIpATHS SEHRELBLclaT 4 ohHGan TP paoce oGP ML s
cl ai med naﬂ&h§hqhg@crmggggh@&sald process reactor chanber further

30. An apparatus as claimed in claim 27, wherein said process reactor chamber
comprises a first precursor inlet, a second precursor inlet, a first chamber outlet, and a
second chamber outlet.

10
31. An apparatus as claimed in claim 30, wherein said apparatus further comprises a

first vapor supply coupled to said first precursor inlet.

32. An apparatus as claimed in claim 30, wherein said apparatus further comprises a

15 second vapor supply coupled to said second precursor inlet.

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

second precursor inlet share a common opening.

20 34, An apparatus 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;



i ncl udes a shower head device. 30. An apparatus as clained in claim27,
wherein said process reactor chanber conprises a first precursor inlet, a
second prwouws®s7ei nl et, a first chanber outlet, and a seecmdSohsaTiver
outlet. 10 31. An apparatus as clainmed in claim30, wherein said apparatus
further conprises a first vapor supply coupled to said first precursor
inlet. 32. An apparatus as clained in_¢glaim 30, wherein said apparatus
further conprises a 15 second vapor supply coupled to said second
precursor inlet. 33. An apparatus as clainmed in claim30, wherein said
first precursor inlet and said second precursor inlet share a comon
opening. 20 34. An apparatus as clained.in claim 30, wherein said first
precursor inlet and“%%hﬁ”@§€ﬁﬁﬁwIﬁ?@ﬁﬂFé@Paﬁﬁﬁgp1H3§%“§@H§ﬁ§§€%dﬁ%ﬁ?%gs.
35. A processléggmq%%ghgulayer deposition conprising: 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

precursor onto a substrate; .30 purgi ng sai d,chanber .of unabsorbed first
precursor; WO 03/03§V%§ﬁﬁ%$?%35§f§%?ﬁ%9rg@ﬁmFﬁ%?BﬁﬁH?mﬁp 1G¥E pr ecur sor
into a second PEREE $Qh safdl bt REcuF@rdadr ocess  reactor chanber; 5
controlling said process reactor chanber for reaction of said second

precursor with said first precursor; and

purging said process reactor chamber of unreacted second precursor.

10 36. A process as claimed in claim 35, wherein said process further comprises
controlling a first dispensing valve to alternate between a first inlet state and a first bypass
state, wherein said first inlet state is characterized by diversion of said first precursor to
said first precursor inlet of said process reactor chamber and wherein said first bypass state
is characterized by diversion of said first precursor to a first fore-line coupled to said first

15 dispensing valve.

37. A process as claimed in claim 36, wherein said controlling of said first dispensing

valve further comprises maintaining a continuous flow of said first precursor.

20 38. 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 exhaust pump coupled

to said fore-line.

39. A process as claimed in claim 36, wherein said process further includes the step of
25 emptying said first precursor diverted to said fore-line to said first exhaust path coupled to

said first fore-line.

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.



purgi ng said process reactor chanber of unreacted second precursor. 10 36.
A process as clained in claim35, wherein said process further conprises
control | iwg 0a/083765t di spensi ng val ve to alternate betweenPaTfiSeys27inl et
state and a first bypass state, wherein said first inlet state is
characterized by diversion of said first precursor to said first precursor
inlet of said process reactor chanber .gnd wherein said first bypass state
is characterized by diversion of said first precursor to a first fore-line
coupled to said first 15 dispensing valve. 37. A process as clained in

cl ai m 364iwher Ripfocess ak dainied o Llaing 36f wisaeid sﬁiidr}mbcedfi Bphascangpriseal ve furt her

conpri ses nai ntaining contlnu us flow of said first ecursor,. 20 38. A
process &8¢! HP%aeqoﬁdngQF?ﬁ‘%va Vhioradierate bV gt g g‘ﬁect [t A udes t he

step of  LoRlHyPsSHkd VJHe;e?ﬁ B0 8&ohd mletds&af@rst&qrauen%@d sly fiivestonfd¥rae-1 i ne to
a first exhaust punp coupled to said fore-line. 39. A process as cl ained
i n cl ai ms8&ndwpheueion t(sasﬁntoml pmesrsorflm}eﬁ héa prmcﬂsud@@rtdlernbcra@dovhereaﬁ sadpt yi ng
sai d first(Pr cursoF rted tob % g 043 {st exq?ust pat h
coupl etl 8N4 DYEPSIALe lsfC T Verﬂ“’B 58%} §e‘i~£§‘ é’f %“Fﬁ% | h>EPAT m 36,
wher ei n g8fedid @ap1ea td sHid B&Ond BRpédaS dane 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 03/033762 PCT/US02/ 32741 -13 41. A
PrOCEssS g5 cl %{ o%e %ia%ngd 1:?1 1a1¥1\{” ! %Jh{ére?r?%; qd %Igfo?ﬁxﬁ%éfjsra}ohﬁlrst &9 1*&12
controlling a $BCGH |s ensing va Yerna ween
state andabve fsﬂmmdmlpyip@sﬁalﬁtamlﬁg a vhamabus Bew df sed sednd preetirssi. at e is
characteri zed by diversion of a second precursor to a second precursor
inlet!®df a process reactor chanmber and wherein said 5 second bypass state
| s characgeri %fg §Q¥ssdis\éﬁaﬁ AbPh it AIRAGORH] fo%géérfﬁlqﬁertlf?cl@de%%é)ﬁgp of
fore-line coup said second di Spensing v

emptying said second precursor diverted to said second fore-line to a second exhaust pump

i nl et

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



42. A process as clained in claim41l, wherein said controlling of said
first dispensing valve further conprises maintaining a continuous flow of
sai d secowo optosyer sor. 10 43. A process as clained in claPerTAK)2/3d1er ei n
said process further includes the step of enptying said second precursor
diverted to said second fore-line to a second exhaust punp coupled to said
second fore-line. 15 44. A process as g¢lained in claim4l, wherein said
process further includes the step of enptying said second precursor
diverted to said second fore-line to said second exhaust path coupled to

sai d secaRd fof grdckdis chmedinIARESS whercéh SdidPekgidy saldprovesd reasloer ei n sai d
process further includes the step of 20 enptying said second precursor

di ver t ed chamberi of seidawabborkaddirsti precursyr durghes sprIPHseSPERENAE firgusalatiasupl ed t o

e s Rl RS I E sl Bap R RSB R ARLLD, S 21 M 35, whereln sa) o

process fartHerP e uges J}vertln selective said first precursor into

said first precursor inlet of said process reactor 25 chanber while
mai ntai ni ng a continuous flow of said first . recurfor. 47. ess as
a

A pr.
cl ai med i49- cl  piogess asglimedingchie 45 gtwedn said fiFt psofatiop yaks %&‘Fﬁg
Se'ECtiVQ&KmE?BQk§ﬂgﬁ%Qwﬂaﬁ&f&ﬁﬁﬁmkﬁﬂP sai d second precursor inlet of said
er whi

process reactor cha e mai ntaining a continuous flow of said second
precursor. 30 WO 03/033762 PCT/ US02/ 32741 -14 48. A process as clainmed in

cl aim 35, wherein said purgjng,sai rocess .reactor .chanber of said
unabsor bed fi r%pf%ﬁﬁg@ﬁ,ﬁ%gp% W?Ctlﬂg‘r%eg"rlﬂﬁf‘?%%aé BYEHER BPPFFS e8! at i on

val ve couyph@fed & s@idfunt&ilkte@%OR4Ma prQUtdof turter 86thptide Bpéiihg & b&IRE isolofA9. A
process as claimed in claim48, wherein said first 1solation valve and said

first 10 exhiuesouplad tes saohd exhavsticatlef inseidgrdvsershaphemh.

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.

30



50. A process as clained in claim35, wherein said purging said process
reactor chanber of said unreacted second precursor further conprises
openi ng aweasoste: sol ati on 10 val ve coupled to a second exmawser/3vutlet in
said reactor chanber. 51. A process as clained in claimb50, wherein said
second isolation valve and said second exhaust outlet define a second
exhaust path. 15 52. A process as clai.pgged in claim35, wherein said purging
sai d process reactor chanber of said unabsorbed first precursor further
conprises opening a first isolation valve coupled to a first exhaust

outl et igesai th peaedsas chirasb@rclamdb2s aihdrepusayd Agst saladion palve ésmdegademr
chanber of said unreacted second precursor further conprises opening a
second i 9&paiflserondagalationdidpiced to a second exhaust outlet in said reactor
chanmber. 20 53. A process as clained in claim52, wherein said first
isolation valve is opened while said second isolation valve is closed. 54.
A process7as A\ pioress as klached m ddm Sherherein sad firss exlomst duslet mtindapendenve i s
opened 2 wgile aaig firsf isolation valve is closed. 55. A process as

cl ai med % SUFSPIAPE SXDWSEPEIh said first isolation valve is opened while
sai d second isolation valve is closed and said second isolation valve is
opened while said first isolation valve is closed. 30 WO 03/ 033762

PCT/ US02/58274 1A prot&ss36 clammerd wodam s whiersimeadd pwrgtigaid BRcespescirn sai d

first isogat'o val ve is.independent of said s I sol at val.ye. 57. A
process 429BPsttperiea Trtpaaist pile ekttt G n e e fnt Bl
i ndependepécesdreétoseiathbeecond exhaust outlet. 58. A process as clained in
claim 35, wherein said purging said process reactor
10
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.

30



chanmber by opening a first exhaust path to renove unabsorbed first
precursor fromsaid process reactor chanber. 10 59. A process as cl ai ned
in clai m86,03ms3Isei n said purging said process reactor cirarhse2/r4ppeni ng
a second exhaust path to renpove unreacted second precursor from said
process reactor chanber. 15 60. A process as clained in claim35, wherein
said purging said process reactor chamer by opening a first exhaust path
to renmove unabsorbed first precursor fromsaid process reactor chanber and
said purging said process reactor chanber by opening a second exhaust path
t o r enpveé4unr gapiloechs ae claimedinetamsdy, wheein sad Arspexdewestpatteacidependshaober. 20
61. A process as clainmed in claim®60, wherein said first exhaust path is
opened whpidgecandiedhaistpi exhaust path is closed. 62. A process as cl ai med
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 cl osed
and said second exhaust path is opened while said first exhaust path is

cl osed. 30 WD 03/033762 PCT/ US02/ 32741 -16 64. A process as clainmed in
claim 60, wherein said first exhaust path is independent of said second
exhaust pat h.



