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METHODS AND ATOM C LAYER DEPCSI TION TOOLS 5 Techniical Field This invention
relates to atom c | ayer deposition nethods and to atom c |ayer deposition

t ool s. Back@rYdMd*APt 10 Seni conductor processing in t hfGTASRPEBNBA of
integrated circuitry typically includes the deposition of |ayers on

sem conduct or substrates. One such nethod is atomc |ayer deposition (ALD),
whi ch involves the deposition of BESCRIPTV®Nonol ayers over a substrate

within a deposition chamber_ _ typicall intain t subat nospheric
pressure. Wth typical AL ,°@d€@¥gﬁ)i5€§smﬁyﬁgﬁﬁ9qsayers are adsorbed to
a substrate and/or reactgdpidmideAYEREHEPOBYRONCTODNE substrate, typically
by the successive feeding of different deposition precursors to the

substrate surface. An exenplary ALD nethod includes feeding a single

vapori zgd TQEtﬁﬁHélﬁ%ldto a deposition chanber effective to forma first

nonol ayer ubstrate received therein. Thereafter, the flow of the
first depositi ofhisrisventioor relates dassdminthyan depesitionp mefieodgasand dof atomeel

t hrough th o ef tive to renove any remaining first precursor which
I S not adh%rylgﬂggpgé'y%rgtéog%bstrate fromthe chanber. Subsequently, a second
vapor deposition precursor, different fromthe first, is flowed to the

chanber ef Eecki'yoe tf- Efg)r m a 25 second nonol ayer on/with the first nonol ayer.

The second ght react with the first nonol ayer. Additi onal

precursors can SemBontdoeegsossssingimthedyisicationosf intgratdabsiupryocess can be
repeat ed upti

epeat el Uil 5SS e oS of B AR Sl e S O Y,
deposi ti onsuctB3eneARed ndllatdniit dayeaf espod@tfpns(ALD)nwhichi ingbleesaherdepoBitippst ens
suffer frominherent limtations of t I’Ol.{gl‘mﬂ‘tm calu&::tc;‘i %no%grgggrsi tion rate
of the prog}assgccesswe monolayers over a substra posit
typically maintained at subatmospheric pressure. With typical ALD, successive
15 monoatomic layers are adsorbed to a substrate and/or reacted with the outer
layer on the substrate, typically by the successive feeding of different
deposition precursors to the substrate surface.
An exemplary ALD method includes feeding a single vaporized
precursor to a deposition chamber effective to form a first monolayer over a
20 substrate received therein. Thereafter, the flow of the first deposition
precursor is ceased and an inert purge gas is flowed through the chamber
effective to remove any remaining first precursor which is not adhering to the
substrate from the chamber. Subsequently, a second vapor deposition
( precursor, different from the first, is flowed to the chamber effective to form a
25 second monolayer on/with the first monolayer. The second monolayer might
react with the first monolayer. Additional precursors can form successive
monolayers, or the above process can be repeated until a desired thickness
and composition layer has been formed over the substrate.
Present ALD tools and methods include both single wafer depositions
30 and multiple wafer depositions. Single wafer ALD systems suffer from
inherent limitations of throughput due to slow deposition rate of the process
and in single wafer processing. Mulitiple wafer depositions employ furnace-
type tools which typically retain 200 or more wafers therein for deposition.
Accordingly, such have very large reactor volumes typically requiring very long
35 deposition precursor pulse times, as well as purge gas puise times, which

can negate a significant part of the throughput gain in processing multiple



and in.single wafer processing. Miltiple wafer depositions enploy furnace-

type tools which typically retain 200 or nore wafers therein for deposition.
Accordi ngly, such have very | arge reactor volunmes typically requiring very

| ong 35 depOMHHhprecursor pulse tines, as well as pur #ETYHINEFWBYE2 t i nes,
whi ch can negate a significant part of the throughput gain in processing

mul tiple WO 21) 1) 4/1) 34443 PCT/ L15201) 3/030732 2 wafers at a tine. Further,

such | ar ge w6t 8 ahelNEsurfHegabéch Mt é&@bcto@'ﬁﬁiﬂh@g cPEAB|iRRBreAnd short
cleaning intervals to prevent t he | material fromthe |devvalls of
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above-descri bed drawbacks, it is in no so limted, The invention is only

limited by the J¥eismianinvegtien w%magvatpfiénawq;ema@éae gh@ve Heswes and

i nter pr &f athNRviAg Upbh Bhe ABdVEIdeBeiellRARRARs [ iPis!iR PoaVS IRdar ound art
description, remaining portions of the speci fication, or the draw n and

in accor ddMEeinKenton ﬁeoﬂ'a}dtmltqfi’ebbfth%cﬂﬁwmpéﬁvls‘g Q'@"Tﬁmﬁdl"?falwh@rﬂﬁ ent i on
incl udes aymihsut! RIFpretiRRSHL b@u‘%r hﬂjj%@%c%t Wite ab@V@rba@Eg&thH'é}f‘ tools.

In one inpl'ementation, an atomc ayer deposi tion I nc es providing
a cluster @ﬁ@@@@mnngem@mlnmaoﬁwgsapfshhsasnﬁysfmé!pnc on 3he rdiawings), canthiier, a

subat nosphef i Srd%ﬂééj‘vﬁbﬁfﬂéeﬁoftﬂﬁ@%?t%%iwlé sthe transfer chanber, and a
p

plurality St at nospheric atom c eposi tion chanbers connected with
the tramsfer chanmber. A plurality’'of sem conductor wafers are placed onto a
waf er carri the wafer carrier is provided within the |oad chanber.
The waf er céfrql&g'glvmth wafers thereon is noved fromthe | oad 20 chanber into
the transfer charheemveiiion imfudlescaztoniiceﬂamftdepmftbnsmehmdeoand atorniced from

t he transf the at ﬂcﬁq gqeelo tion chanbers.

A materi al ?%%eggfe%%@ioﬁg 8 négnpgg‘fetg' rﬂ?re)ta 8P§'t'°Pece| ved by
t he waf er aaethoérincludés prdviding rae clastam mobegsemg de:pioisa\mg)ra stitzatbveispheric
15 transfer chamber, a subatmospheric load chamber connected with the transfer
chamber, and a plurality of subatmospheric atomic layer deposition chambers
connected with the transfer chamber. A plurality of semiconductor wafers are
placed onto a wafer carrier and the wafer carrier is provided within the load
chamber. The wafer carrier with wafers thereon is moved from the load
20 chamber into the transfer chamber. The wafer carrier with wafers thereon is
moved from the transfer chamber and into one of the atomic layer deposition
chambers. A material is atomic layer deposited onto the individual wafers
received by the wafer carrier within the one atomic layer deposition chamber.
{ In one implementation, an atomic layer deposition method includes
25 positioning a plurality of semiconductor wafers into an atomic layer deposition
chamber. Deposition precursor is emitted from individual gas inlets
associated with individual of the wafers received within the chamber effective
to form a respective monolayer onto said individual wafers received within the
chamber. After forming the monolayer, purge gas is emitted from individual
30 gas inlets associated with individual of the wafers received within the
chamber.
In one implementation, an atomic layer deposition tool includes a
subatmospheric load chamber configured to receive a wafer carrier holding a
plurality of semiconductor wafers. A subatmospheric transfer chamber is
35 connected with the load chamber and configured to receive the wafer carrier
holding the plurality of semiconductor wafers. A plurality of subatmospheric

atomic layer deposition chambers are connected with the transfer chamber



I n. one inplenmentation, an atom c | ayer deposition nethod includes 25
positioning a plurality of sem conductor wafers into,an atom c | ayer
deposition chanber. Deposition precursor is enmtted fromindividual gas
inlets as®EtU{8HY4 th individual of the wafers recei ve@CTUSHO3OINAE chanber
effective to forma respective nonol aye§ onto said individual wafers
received within the chanber. After form ng the nonol ayer, purge gas is
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collectively atomc | ayer depositing onto individual of said wafers. In one
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charber conf i gur Ghe: Qs EAEhNFrbithatialdns roLoragbaRAduct or wafers in a

batch. A plurality of deposition precursor i1nlets are received within the
chanber 101 ndi vi dual of the deposition precursor inlets are associated with

respective Rpdi W f received within the deposition
chanber. O Hg#‘ﬁe@}é tftn BF Shd Hralutn ions are contenplated. 10 Brief

g)escr! ption of tReforediemdmerterafethecinbentiomeates describhe hetovemtithon ar e _
e e et 1B, RGP B AR, ocoary 19 o e nos. o
Fig. 1 is a diagrammatic top plan view of an atomic layer deposition
15 tool in accordance with an aspect of the invention.
Fig. 2 is a perspective view of a wafer carrier usable in accordance
with aspects of the invention.
Fig. 3 is a diagrammatic sectional view as would be taken positionally
through line 3-3 in Fig. 1.
20 Fig. 4 is a diagrammatic top elevational plan view of an exemplary
horizontal section taken through an atomic layer deposition chamber in
accordance with an aspect of the invention.
Fig. 5 is an alternate embodiment depiction of Fig. 4.
Fig. 6 is an alternate embodiment depiction of Fig. 4.
25 Fig. 7 is an alternate embodiment depiction of Fig. 4.
Fig. 8 is an alternate embodiment to that depicted by Fig. 3, and is a
diagrammatic sectional view as would be taken positionally through line 3-3 in

Fig. 1 for such alternate embodiment.

30 Best Modes for Carrying Out the Invention and Disclosure of Invention
Referring to Fig. 1, an atomic layer deposition tool configured in

accordance with an aspect of the invention is indicated generally with
reference numeral 10. Preferred embodiment tool 10 is in the form of a
cluster processing tool having a subatmospheric transfer chamber 12 and a

35 plurality of subatmospheric atomic layer deposition chambers 13, 14 and 15
connected therewith. A subatmospheric load chamber 16 is also provided in
connection with transfer chamber 12,



15 tool. in accordance with an aspect of the invention. Fig. 2 is a
perspective view of a wafer carrier usable in accordance wth aspects of
t he inventi on. 3 is a diagrammatic sectional view as woul d be taken
posi ti onal |\y02t"Hﬂ'gtﬂgP. line 3.3 in Fig. 1. 20 Fig. 4 is a PTAf28md0132 t op
el evational plan view of an exenplary hdgrizontal section taken through an
atom c | ayer deposition chanber in accordance with an aspect of the

i nvention. Fig. dqsz A pithd %hr@@mmqﬂafap%rﬁtems:hwmeqﬁ ddcBrdathce Witl). 6 s
an al ternate enbodi nent depiction of FI? is an alternate
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positionally through line 3- such al t ernate enbodi nent. 30
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Fig. 2 depicts an exe er carrier e 1n accordance with
certai n tspdeking off. t‘\neexenmany preferrepmedteriat ésosikaob cdidmtWalgf er carrier 18 is

depi cted i f |
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hold no more than 200 wafers; in another embodiment, no more than 100

15 wafers; and in yet another embodiment, no more than 50 wafers. In a most
preferred embodiment, the wafer carrier is configured to hold no more
than 25 wafers, with from 20 to 25 wafers being but one preferred example.
In the illustrated preferred embodiment, the semiconductor wafers are
held within the slots 30 and are entirely retained within the volume of the
20 illustrated carrier. Alternately, of course, the wafers could project outwardly
from the carrier. The illustrated wafer carrier with the plurality of wafers
received thereby will occupy a loaded volume defined by a product of three
maximum external linear dimensions of the carrier with the wafers which, in
( the illustrated preferred embodiments, would be the product of dimensions A,
| 25 BandC. By way of example only, for a 25-wafer carrier for eight inch wafers, an
exemplary product of A, B and C is 450 in®.
Referring to Fig. 1, subatmospheric load chamber 16 of atomic layer
deposition tool 10 is configured to receive a wafer carrier 18 holding a
plurality of semiconductor wafers. The depicted preferred embodiment load
30 chamber 16 is shown as having an internal volume sized to receive a
plurality of such wafer carriers. Further, subatmospheric transfer chamber 12
is configured to receive a wafer carrier 18 holding the plurality of
semiconductor wafers. Subatmospheric atomic layer deposition chambers 13,
14 and 15 are individually configured to receive a wafer carrier 18 holding
35 the plurality of semiconductor wafers for collectively atomic layer depositing
onto individual of such wafers within the respective chambers. A transfer

robot 20 is diagrammatically shown for moving respective wafer carriers 18



t he vari ous processing chanbers when depositing occurs on wafers received
t'hereby. Preferably, carrier 18 is nade of a material having a very | ow
thermal coefficient of expansion to prevent material deposited thereon from
i o flaki ngv@bfosnfsexenplary preferred material is silieowusanbusias2 Waf er
carrier 18 is nerely exenplary, and anygpossible wafer carrier, whether

exi sting or yet-to-be developed, is contenplated in the various aspects of
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respective individual wafers 24 received by carrier 18 and which is received
for deposition processing within chamber 15. In one aspect, the invention
contemplates an atomic layer deposition tool comprising a deposition chamber
20 configured to receive a plurality of semiconductor wafers in a batch, wherein
a plurality of deposition precursor inlets are included within the chamber, with
individual of the deposition precursor inlets being associated with respective
individual of the wafers as received within the deposition chamber. Therefore,
such aspect is independent of any cluster processing tool aspects and
25 methods associated therewith, and accordingly, is independent of constructions
inciuding load chambers and transfer chambers and regardiess of whether any
wafer carrier is utilized.
In the depicted and preferred embodiment, at least one individual
deposition precursor gas inlet 25 is associated with each individual wafer 24
30 thatis received within carrier 18 when carrier 18, loaded with wafers, is
received within the atomic layer deposition chamber. Individual deposition
precursor gas inlets 25 are diagrammatically shown as connecting through
suitable piping 28 to externally of chamber 15 for connection with one or
more suitable deposition precursor sources.
35 Individual deposition precursor gas outlets 31 are also shown in the
preferred embodiment as being associated with respective individual wafers 24

received by carrier 18 when carrier 18 is received within the depicted atomic



robot 20 is diagrammatically shown for noving respective wafer carriers 18
WO 2 017 4/113 4 4 4 3 PCT/US2 003 /113 0 7 3 2 5 fromload chanber 16 into
transfer chanber 12 and into and out of the respective atom c |ayer
deposi ti onVERYHAEIL3 13 14 and 15. Referring to Fig. 3, aariust@smairsyvol ume
20 of an exenplary atomic |ayer deposigion chanber 15 is diagrammatically
depicted. Preferably, internal 5 volune 20 is no greater than 125% of the

| oaded volisns £y o@,%hlaﬁarﬂ&r aBHERr 1 awfs%wal YonTedH §Efat gan 110% of

such | oaded vol urre Preferably, the internal urres 0 e atom c
| ayer depdRifg ¢i? taiaamhausting P&%ﬁ%randppﬁ‘@és%q%?@ frem| theochamkern: hese

respective rraxwre&%mw cBFheGrfBatv?éfeH“QQ ca?BY Qdnsid?eh s ﬁé\ﬁng# oaded

vol ume of carrier 18, and nmay be configured to to have a common 1 nternal

vol ume in reenemvgfglm@lrﬂenoyltlomﬁf@pw B4t withier teuckambenandloveoiwhicle2, such
as heat ANt | ume 20 of chanber
15 for Ferf%girréafr&ragernglo%t rgps%a b&%?o?@)f?‘agle%émsfﬁld& 'ﬁ*fe’@lplscé ogl ternately, such
coils couIMef&e‘edeerebvélmwktIMMthalyga;f inféte 2taece reblownvibgingrecopliguredrtoi al |y or

cOm! et el v Theig i LU 0oL AROGHHELES ol 195 DEFAEAe V1 U

dep05|t|on p cursor” gas OWn™ assocl ective
I ndi vi dual depatiios 2ffaceseéddved by carrier 18 and whi ch I's received for

e oot SRSl S RRERRo BT 9o P8 5 B6F s BRI 0 caver
20 confio guensitipurge as éiev ghmuph suitdble pipiod and velvingdhssbaatedaditer s in a bat ch,
R R e S
associ at edsepatdie rf&ﬁpetbbld/epositlbdlpteduabr oﬂettshermm‘sebaam witic eeymsttivet hi n t he
Oepos o HATRE e S et 0 B0t St FRSPRR! i e et o
accor di ngl e subjdondizpesitiontchambeonRreterhbignss wmcthwldegoshttnad pedvrder s and
transf 612 Cﬂl%{m dmdﬁlljafiofr tﬁg%trjr%eeg%g In?fts \gpeegssocna ec}/ W|tr\lmﬁwerrespce{%:%\r/eI er is : uti i _zed.
individual of the wafers as received within the deposition chamber.
By way of examples only, various exemplary embodiments are depicted
diagrammatically with Figs. 4-7. By way of examples only, each
diagrammatically depicts, in horizontal section, one of wafers 24 retained by a
20 carrier 18 within an atomic layer deposition chamber. Fig. 4 depicts a single
deposition precursor inlet 40 associated with individual wafer 24. Such could
be configured for emitting both deposition precursor and purge gas, for
example as described above.
( Fig. 5 depicts a deposition precursor inlet 40 and a purge gas inlet 42
25 associated with individual wafer 24, with such inlets being diagrammatically
opposed across a respective individual wafer 24. Alternately by way of
example only, each of inlets 40 and 42 could be configured for emitting both
deposition precursor and purge gas as selected by the operator. Accordingly
in one aspect, the invention contemplates the provision of a plurality of
30 deposition precursor inlets associated with respective individual of the wafers
when received within the chamber in a batch of wafers being processed.
Fig. 6 depicts additional deposition precursor and/or purge gas inlets
46 and 48. In one implementation, precursor inlets 40, 42, 46 and 48
constitute a plurality of deposition precursor inlets which are equally spaced
35 about the respective perimeters of the respective individual of the wafers 24
when received within the chamber in a batch of wafers being processed.

Likewise, Fig. 5 can be considered as depicting a plurality of deposition
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res pectfﬁ vEOHPERAY °B\¥F§W§ WP%‘H"%\R’F%%@ '@ﬂts\ﬁot%dr‘ﬁab A_d WRiSHiRE NAnd over whi ch

5 desiredeqBa®y sphcdd aHEMOtHe BEpibRdAIIdtet BY Wafel@Pgpi tion. The depicted
preferred enbodi nent individual gas inlets 25 are shown beln?ﬁconflgured to
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15 of the mvennon is shown in Fig. 8. Like numerals from the first described :
embodiment are utilized where appropriate, with differences being indicated
with the suffix "a". Chamber 15a includes, by way of example only,
externally received temperature control coils 22a which provide temperature
control from the sides. Further, a precursor and/or inert gas inlet 28a
20 introduces gas from the top, and an exhaust gas outlet 32a exhausts gas
from the chamber.
Certain aspects of the invention include atomic layer deposition
methods. The exemplary depicted and claimed apparatus enables practice of
( aspects of the invention in accordance with the method aspects. However,
25 the methodical aspects of the invention are in no way limited by apparatus
aspects unless literally included in the claims. Likewise, the tool/apparatus
aspects of the invention are not limited by any methodical aspects unless
literaily claimed.
In accordance with one aspect of an atomic layer deposition method, a
30 plurality of semiconductor wafers is placed onto a wafer carrier and the wafer
carrier is provided within the load chamber. The placing of the plurality of
the wafers onto the wafer carrier could occur within the load chamber, or
externally thereof. Regardless, the wafer carrier with wafers thereon is
moved from the load chamber into the tvransfer chamber. Further, the wafer
35 carrier with wafers thereon is moved from the transfer chamber into one of
the atomic layer deposition chambers of a cluster processing tool having a

plurality of such atomic layer deposition chambers. A material is then atomic



diagrammatically depicts, in horizontal section, one of wafers 24 retained
by a 20 carrier 18 within an atom c | ayer deposition chanber. Fig. 4 depicts
a single deposition precursor inlet 40 associated with individual wafer 24.
Such coul dW¥¢BHA{ured for enitting both deposition pPETUSIGBOATA2 pur ge
gas, for exanple as described above. Figg. 5 depicts a deposition precursor
inlet 40 and a purge gas inlet 42 25 associated w th individual mafer 24,

wi th such i t YA I p
ndi vt dual e o e B, e RS CERREE RN ot 40

and 42 coulte waecatemigaven deppsi ﬁﬁ‘tthaﬁ@eb@ﬁ/hanldéw&%q'?|e<3<h?t';39e@'u¥€§d@ b@nd pur ge
gas as sel geleldphy rﬁ@ﬁo&@erﬂrﬁfer pfﬁ%c%ghtfbw reféﬂagggéorﬂﬁrf?@e“st lakfﬁgr' nvention

conterrplates the prOVISIOI’]O raltyo ositlon rec sor inlets
associ at ed anptherrrég@étyt oﬂ/éemmnwm@wa&ﬂs tondo \eapthes W&flﬁé@aff@deaﬂﬂed W t hin

the chanper,} Fh%t%n%f wiRdr 2tiePGARA trﬁﬁ’ ngéﬁ%%er a;ﬁ-ﬁ% coﬁd&‘ﬁﬂg(:t s additional

deposi tion prec sor or purge gas inlets n on
i npl ement athermbope-cleacrsmd Atoiie dayen, deppsiting. akiteragy, pmsssmgutbroagbpw ality

of depost tican BE Seuiaka Mk RBeBt e RUAldcaPREGE(Ls. 35 1RDRNEGY

respective perlneters respective in
recei ved withéiprefelredcéatantiedayien dapbatmgl emﬁtsvxdém&mdmprag:umoodmed. L| kevm' se,

Fig. 5 can er, as_depi.cti 0 .

2004/ 034443 PR 5001 30 0, bURCofl o e BRI kR, are
equal | y1os paxechptnpot the bovessmtiriatamic teyer dm@n&n@humhent,mawﬂ ve i ndi vi dual
of the wafers Wnen r ceive t hi,n- the chanber for batch processing.
Further by e\?\ﬂﬂ'nSf Tb§ gﬁ% peIgrg 7 depicts an alternate exanple 5
gonprising only |hvm1ajamm:ttthenmpem:tmn scrrtemplamés dépositich 48 matedawbmtoh ar e not

caual |y SPaGE 8P by ARE ' HeRGLATEL o Fusl UBhReRde oG TEE, 2 e ©
inlets 40 a:ml;té;meulssin@easprdnedd Shwef faraéﬂaynpael,dtheninyenm deposi ti-on
precur sor Ic%ln Iaates cle inﬁé ﬁ1e4v9afgrngar#e8r \A(l:it(gl%jn adn l%glwdgglcolffﬂl'l Catl | c and
layer deposition chambers. Typically and preferably, no wafers are received
by the carrier during such cleaning.
After atomic layer depositing, certain methodical aspects of the
invention further contemplate moving the carrier with wafers into the transfer
20 chamber and into another of the atomic layer deposition chambers, and
atomic layer depositing a material onto the individual wafers received by the
wafer carrier within the another atomic layer deposition chamber. Of course,
the materials deposited and the precursor and inert gases utilized in this or
any aspect of the depositions can be the same or different from one another.
25 In accordance with one implementation, an atomic layer deposition
method positions a plurality of semiconductor wafers into an atomic layer
deposition chamber. Such a chamber can be an existing or a yet-to-be
developed chamber, and independent of use of a cluster-type processing tool
or any other tool utilizing load chambers and transfer chambers, and
30 independent of use of a wafer carrier. Regardless, a deposition precursor is
emitted from individual gas inlets associated with individual of the wafers
received within the chamber effective to form a respective monolayer onto
such individual wafers received within the chamber. After forming the
monolayer, a purge gas is emitted from individual gas inlets associated with
35 individual of the wafers received within the chamber. Any of the above-
described processings and apparatuses associated therewith can be utilized
as described above in each of the other embodiments. Typically, in a



10 only plunbed as purge gas inlets, whereby the purge gas inlets and the
deposition precursor inlets alternate about the perineter of the respective
i ndi vidual wafer. By way of exanple only, an alternate enbodi nent atom c

| ayer depB&¥P¥¥+tHanber 15a usable in accordance w th r@Erusimasetskodi cal
aspects 15 of the invention is shown ig Fig. 8. Like nunerals fromthe
first described enbodiment are utilized where appropriate, with differences
bei ng i ndi cghRrdrcidty bia%rﬁaﬁmié!li!yé}adégogﬂanpﬁ\r adddres! Hﬂt@_sﬁn Qéz'oé@f"}()f of
exanple only, externally received tenperature control coils Z2a which
provi de t elfigeinyenlien, susht a anethed mill remprige conpuetingeanotherpderasitiodr and/ or

i nert gas | #hd t ; st gas

out | et 32ab?§ﬁ§lﬁ?§“§ag %é %ﬁgr gﬁ%ﬁ%’gfm%ehﬁfaﬁﬁwaég%gg?ﬁ “E?Qﬁe i nvention
i ncl ude at anotber sgapectvy dxinoiayar (thet sarde .or Tterent aplthe Virste minte de and cl ai med
appar at ys (e iy e | J i ordance with
t he net %odﬁggyggf gWe%ﬁc@%@%&fgﬁ?ﬁe&%@}bﬁgf Qgphg)éggﬁc%rg&%%r%.ﬁ%eci nvention are
in no way pasrenutlingy Ajfipenatalyconsigereds ausiassssive tdepedilign iohaharddayers t he
claims. Likew La f W) i.on are not
limted by}ga%éﬁn%:{%dg?l ggﬂ gs%g%{ §F ﬁaﬁlle{aszép%%l&?eeér)é'ltwﬁ%Itﬁl?égr@é S-1'n accor dance
W th one aspect Bgfway ofiteaempld aplgr nibdtpmiicdl iamd aprdnatds aspe8i3 ¢f theal ity of

sem conductor wafers s placed onto a f.er, carrier t fer carrier is
ot doq e ReiEH RaR e yRiAE SRR SRR HyeR Wb Lfiol HyERs Tl
waf er s 1ont and pefereddlamirar gaefloveiolthe mspectiveividfera fdrldepositiooh arfdanber, or.

th wafers_thereon is

external ly_thereaof. Regardl ess. the wafer carrjer, w ]

moved 11 onPYRI SHECEh SUEF ThiehB i CarEndr e Hiniarersr p BidEShE at or 35
garrier w vélumaf ef the btomiorayes dapositiohr chantbees tcaarikbeisecharitaize i nt o one of
the atom c Iabé_er glgl{)omti on, chanbers o[ a‘.cl uster processing tool having a
plurality BI9WEIAERSHOD P BH9SeB2% PLISENIPRSinbers. A material is then

atom c WD 21) 1) 4/ 034443 PCT/t1S2003/ 030732 8



| ayer deposited onto the individual wafers received by the wafer carrier
within the one atom c | ayer deposition chanber by any suitable existing or
yet-to-be devel oped nethods. Further, the invention preferably conprises
pl acing another plurality of sem conductor wafers onto another wafer
carrier and 5 providing the another wafer carrier within the | oad chanber
whi | e conducting the above-described atom c | ayer depositing. Thereby,
processi ng throughput can be maxim zed. In certain aspects of nethodical
features of the invention, the preferl@ed atonic layer depositing enits
deposition precursor from individual gas inlets, and emts purge gas from
i ndi vidual gas inlets, utilizing toChAdMS ary of the above or other atonic
| ayer deposition equi pnent, whether existing or yet-to-be devel oped. In one
aspect, the invention contenpl ates deposition of nmaterial onto the wafer
carrier. Afterl.a plAnalontiyla9ér ddpostiion maghed ceieprising:i ngs within the cluster
processi ng as descri bed above, for exanple, the invention 15 contenpl ates
cl eani ng the wefP¥idinga3 Fluger RIOCE4AO) HRIng: 2ebpeRasphetis fam%r&ﬁina%f a

deposi ti ofBRAPBRER: 108 Rh&fbérYcaRRebi® FART RO instOHARILRE, Sandl £ plupdfy bed Dy
the carrier during such cleaning. After atomic |ayer depositing, certain
met hodi cabubagpesphericaftormicdayer demnsitioo chdrabarheannedied with [tz wanstey chagnbiene carri er
with wafers into.the transfer .20 chamber and int not the om ¢
ayer "deposi t | BRCRRE ABERLS offem et R Palrar il Sl TR B Plovldlfe G400 ©he
i ndi vi dualvaatarier wakiaitiveldadyhanter; waf er carrier within the another atomnic
| ayer deposition chanpber. O course, the materials jeposited and t he
precursor and MA¥NE the seder qarmigrowigh jwafgrstherepn frgmy ths Jpd: chagpber fto 8% 0si ti ons
can be thg;sagRnhedi fferent fromone another. 25 In accordance with one

i npl ement ation, an atomic |ayer deposition method positions a plurality of
sem conduct or maiegshd wafsr earriat with ovalfay thereod dipws thtei toamsfoh ahdveber agdiotio a
chanber can %ﬁhan esttiQﬁﬂgr,a qet-to-be devel oped chanber, and

i ndependeft® AN APOFIOL hIMRFRAN y be processing tool or any other tool
utilizing | oadatehesThges depiditing o afabitial bab@e Sndididdal3Waferd apeinde by thé use of

a wafer carrier., Re%ardless, a deposition precursor is
wafer carrier within the one atomic layer deposition chamber.

2. The method of claim 1 wherein the placing of the plurality of wafers onto

the wafer carrier occurs within the load chamber.

3. The method of claim 1 wherein the wafer carrier with the plurality of
wafers received thereby occupies a loaded volume defined by a product of three
maximum external linear dimensions of the carrier with the wafers, the one deposition

chamber having an internal volume which is no greater than 125% of the loaded volume.

4. The method of claim 1 wherein the wafer carrier with the plurality of
wafers received thereby occupies a loaded volume defined by a product of three
maximum external linear dimensions of the carrier with the wafers, the one deposition
chamber having an internal volume which is no greater than 110% of the loaded volume.

5. The method of claim 1 wherein the wafer carrier with the plurality of
wafers received thereby occupies a loaded volume defined by a product of three

maximum external linear dimensions of the carrier with the wafers, all of the deposition



emtted fromindividual gas inlets associated with individual of the wafers
received within the chanber effective to forma respective nonol ayer onto
such individual wafers received within the chanber. After formng the

nonol ayer, a purge gas is emtted fromindividual gas inlets associated with
3s individual of the wafers received within the chanber. Any of the above
descri bed processi ngs and apparatuses associated therewith can be utilized
as descri bed above in each of the other enbodinments. Typically, in a WO

24) W 034443 PCT/ US2003/ 030732 9 comérlcially viabl e atonic |ayer
deposition, in accordance with an aspect of the invention, such a nethod
will corrpplilas@emohmrag rqsgecangtih@mahepgmesiwnch preenw gswter ghan 100§ qfithe same or
dlfferentl (p]ﬁﬁg first) effective to form another respective nonol ayer
(the sane or “QYFTeFent as the first) onto the 5 individual wafers received
wi thin the chanber, and conducti ng anot her purge gas enlttlng Alternately

consi der ed uccessi ve dep05|t|on of non i,.S CQ d to forma

| ayer or | ayeré F’Fglfl’ ute sl & ‘f’lPﬁr?:‘RﬁE%é’Va By CASF Wtﬁéﬁ%ﬁﬁ’@‘%n’fy,

met hodi caly,fpd r@eQR@H %H@b?s&%ﬁﬁés Qf 1bB&I vbRURNHEMRICBY ab%rd!fubﬂ bZ QRket O
provide very fast atom c Tayer deposition cycles, to and preferred |am nar

gas flows rrtaetrmuneexteelpbbmavélmm@ns of the Cdem)s‘imm the) wafeds, plrafithgydepopidion .
Further i nhamsogn%a%l oA nJD mzﬂ leurrPre \Y/\ﬁ"lcﬁ{s 1o ezﬂerrﬂlgﬂ pﬂ)} Q?theg&lg%m of the

atom c | ayer deposi requi eposi tion
and purgevgamepulse tlnes. 10 CLAINB 1. An atonlc Iayer depositi on net hod
conprising: providing a cluster processing tool having a subatnospheric
transfer chanber, a subatnospheric | oad chanber connected with the transfer

chamber, and a, pI urghd iRl ofSUAR! mﬁi%ﬂ,‘?ﬁ e ﬁlh&ﬂ‘i't)ﬁ of %é?érs AeREs bhioORe Chamber s
connected with the transfer chanber; placing a plurality of sem conductor

waf ers onM@ﬁmCmuﬁemnoaﬁmmeﬂuaﬁwoprOV|d|ng the wafer carrier within the | oad
chanber;

8. The method of claim 1 wherein the plurality of wafers placed onto the

wafer carrier is no greater than 100.

9. The method of claim 1 wherein the plurality of wafers placed onto the

wafer carrier is no greater than 50.

10.  The method of claim 1 wherein the plurality of wafers placed onto the

wafer carrier is from 20 to 25.

11. The method of claim 1 wherein,
the wafer carrier with the plurality of wafers received thereby occupies a loaded volume
defined by a product of three maximum external linear dimensions of the carrier with the
wafers, the one deposition chamber having an internal volume which is no greater than
110% of the loaded volume; and

the plurality of wafers placed onto the wafer carrier is no greater than 50.



nmoving the wafer carrier wth wafers thereon fromthe | oad chanber into the
transfer chanber; noving the wafer carrier wwth wafers thereon fromthe
transfer chanber and into one of the deposition chanbers; and atom c | ayer
depositing a material onto the individual wafers received by the wafer
carrier within the one atom c | ayer deposition chanber. 2. The nethod of
claim1 wherein the placing of the plurality of wafers onto the wafer
carrier occurs within the | oad chanber. 3. The nethod of claim| wherein the
wafer carrier with the plurality of wafers received thereby occupies a

| oaded vol une defined by a product of three rmaxi mum external |inear

di mensi ons of {he Cpid mBthoWidfitidiMel WatiRE %ombhﬁn%ﬁﬁul@%ﬁ&h@tin@ﬂhe afeafiber
having an internal volunme which is no greater than 125% of the | oaded

vol une. 4layamdepagiting doleafing a%nthquplvmbﬁyeqfrﬁemh@ndmt@rr walgry prip afpthar WasT

prural i tYe gl MALESARERING! NSELINASENRR AR 18:d GafSE: VOl ume defined by a
product o max| rum ext er na I'near dinenstons of the carrier with the
waf ers, the one dep03|t|on chanber havi ng an i nternal volune mhich is no

o1 T S o AR B,

| oaded VOWféesaﬁéth@eaﬂothyr@afewd%@tocgirsmhﬁﬁhe maalcmeexternal Ilnear
di rensions of the carrier with the wafers, all of the deposition 11

chanbers havi ng respective internal volunes whi ch are no greater than 110%

of the | Oaded}lym € mgth Jhgclgﬂ tﬂ?\ﬂ’t}%{ ﬁ&l‘?ﬂeﬁ}lyé a{%?ea h@llﬁogﬁ'ﬁgﬁe\l}% rrier

with the plurali'ty o ers receive occu
defi ned byemsxpngsjmmlmfthet blueer prECessingMiELt elemdhg Ithmmrferdcmmmhm o the

carrier with al | t he deposition chanbers having a conmon

i nternal Vﬂpﬁﬁﬁfﬁﬁgﬁﬁqf§“W8CBWBQ?%r than 110% of the | oaded volunme. 7. The
nmet hod of claim1 wherein the plurality of wafers placed onto the wafer
carrier is no greater than 200. 8. The nethod of claim1l wherein the
plurality of -er sThsl methgd oritcdrimh4 wherein no wafers are received by the carrier

during the cleaning.

16.  The method of claim 1 wherein the atomic layer depositing comprises
emitting deposition precursor from individual gas inlets associated with respective

individual of the wafers as received by the carrier within the one deposition chamber.

17.  The method of claim 16 wherein the atomic layer depositing comprises

emitting purge gas from said individual precursor gas inlets.

18.  The method of claim 16 wherein the atomic layer depositing comprises
emitting purge gas from different individual gas inlets associated with respective

individual of the wafers as received by the carrier within the one deposition chamber.

19.  The method of claim 16 wherein the emitting from the individual gas
inlets is along respective lines which are parallel with respective global deposition
surfaces of the respective individual wafers as received by the carrier within the one

deposition chamber.



wafer carrier is no greater than 100. 9. The nethod of claim 1l wherein the
plurality of wafers placed onto the wafer carrier is no greater than 50.
10. The method of claim 1l wherein the plurality of wafers placed onto the
wafer carrier is from20 to 25. 11. The nethod of claiml wherein, the wafer
carrier with the plurality of wafers received thereby occupies a | oaded

vol unme defined by a product of three nmaxi mum external |inear dinensions of
the carrier with the wafers, the one deposition chanber having an internal
vol ume which is no greater than 110%48f the | oaded vol une; and the
plurality of wafers placed onto the wafer carrier is no greater than 50. 12

12. The nmet hogeof cihai Methofl Ustt BRIM CITHVhiid SheMehditting OB dfésrhi g lehdieod om C
| ayer depositing, placing another plurality of sem conductor wafers onto

anot her viadizidualcgasr indgt aspreigtedo Wil eagh tindividue: water afreceivedy by dire 6atHiR6 n t he

| oad cha . - claim 12 wherein the placing of the another
pIuralitCp@pnﬂ&é?%EEE%ﬂﬁ%nﬁﬁgBéﬁother wafer carrier occurs within the | oad

chanber. 14. The nethod of claim1 further conprising after a plurality of
atom c | ayer epositin i t.hin t | uster processing,tool,. .cleaning the
waf er carrier 2\% t h?ﬂﬁ‘edﬂg&?w&i \ﬁ!kﬂ‘ﬂagoe eﬁeﬂbﬁﬁegﬂ‘g‘i‘% g‘ﬁ"‘cﬂ‘ﬁnﬁgirvé&aﬁg.as The

net hod ofinfetsaisThldAg Wope&ive NResWAhRh Sard RArdIRE &ithe ebsPattitv exl 6l rdeBésitishur i ng t he
cl eaning. 16. The nethod of claim| wherein the atom c |ayer depositing

conpr i sessurfaegstafi they rerppeibiet indiyiduab vafesops Fecsired iyl the gamier guthin theopre
associ at e e tive individual of the wafers as received by the
carrier ﬁ#?ﬁ$%&%ﬂ§ﬁgﬁg deposition chanber. 17. The nethod of claim 16
wherein the atom c | ayer depositing conprises entting purge gas fromsaid
i ndi vi dual pregurs gas,inlets, .18, The nmethod.of cl.aim 16 wherein the
atoni ¢ | ayer deposi nﬁleﬂ‘é’ﬁp?’%t §L?ém_ i ’gfq“?{g C?)‘HPrdjsén%ga@ef r'Bfn a&?’?‘l"efaé’ﬁrt
i ndi vi d!JadepG:ﬁﬁn%, MRSy B8 aFlca Wil WALR KB IREFAAYS chhmBérvindualo Mbiheher waf er s
as received by the carrier within the one deposition chanber.

the deposition chambers and atomic layer depositing a material onto the individual wafers

received by the wafer carrier within the another deposition chamber.

23.  An atomic layer deposition method, comprising:

positioning a plurality of semiconductor wafers into a deposition chamber;

emitting deposition precursor from individual gas inlets associated with individual
of the wafers received within the chamber effective to form a respective monolayer onto
said individual wafers received within the chamber; and

after forming the monolayer, emitting purge gas from individual gas inlets

associated with individual of the wafers received within the chamber.

24. The method of claim 23 wherein the deposition precursor and the purge
gas are emitted from the same individual gas inlets associated with individual of the
wafers.

25.  The method of claim 23 wherein the deposition precursor and the purge
gas are emitted from different individual gas inlets associated with individual of the

walfers.



19. The method of claim 16 wherein the emtting fromthe individual gas
inlets is along respective lines which are parallel with respective gl obal
deposition surfaces of the respective individual wafers as received by the
carrier within the one deposition chanber. 13 20. The nethod of claim 16
wherein the emtting is fromat |east one individual gas inlet associated
with each individual wafer as received by the carrier wthin the one
deposition chanber. 21. The nethod of claim 20 wherein the emtting fromthe
individual gas inlets is along respeddive |ines which are parallel with
respective global deposition surfaces of the respective individual wafers
as recei ved by2& he Ber meghodwiof hilainmt 28 coraprisikez @sndiicting cinathize r depagitiomrhe

met hod of claim 16 further. c rising after the atomc |ayer,.depositing,
Tovi ng ¢ eEstsdt ey iy € R R arofhet spesttf dnchontiies bR IniES Rhot har o
t he deposihfeRtesdivbabitin erEhamBer snd AYictdg RAGthEH figgcdgdiRiting] onto the

i ndi vidual wafers received by the wafer carrier within the another
deposition chanber. 23. An atom c | ayer deposition nethod, conprising:

posi tioning a pj ur afyid eflby SETHANAUGHALI BEPDSslicHed RatPRASAILAP gFhamDer
emtting deposition precursor fromindividual "gas 1nlets associated with

i ndi vi duaindivaduat éepovitibe pecuscreiniecassodisthd with hitefrarh avhider depbfition precursa i§ or m a
respective nono{rfa(ﬁer Oﬁ-‘f 0 sai q i ndi vi gual. .vvafd;srs received within the
chamber ; SRECAFHEHIVE &Y IR PRIOIANSHER S3FRPOSIERISAWHES nur ge gas from i ndi vi dual
gas inlets associated with individual of the wafers received within the
chanber. 24. The nethod of claim 23 wherein the deposition precursor and the

purge gas are2feni tthedmethom efhelaim® fustey comarisipas phrdity ofsdepesitiend with
i ndi vi duai)re d'sc;rhﬁletsv\?sg(gcriaﬁed aith r-g]a%ctri%t f‘ﬁgg?d?lfal 6 ﬁ#e%gt‘grs%?eﬁlﬁdwgﬂﬁ gHeposi tion

precursor and the purg gas are emtte romditferent ual gas
i nl ets asdwmaibat.ed with individual of the wafers. 14

29.  The method of claim 28 wherein the plurality of deposition precursor
inlets are equally spaced about respective perimeters of the respective individual of the

wafers received within the chamber.

30.  The method of claim 28 wherein the plurality of deposition precursor
inlets are not equally spaced about respective perimeters of the respective individual of

the wafers received within the chamber.

31.  The method of claim 23 wherein the deposition precursor and the purge
gas are emitted from different individual gas inlets associated with respective individual
of the wafers; at least one deposition precursor gas inlet and at least one purge gas inlet

being diametrically opposed across the respective individual wafers.

32.  The method of claim 23 wherein the deposition precursor and the purge
gas are emitted from different individual gas inlets associated with respective individual
of the wafers; and further comprising a plurality of deposition precursor inlets and a
plurality of purge gas inlets associated with respective individual of the wafers received

within the chamber.



26. The nmethod of claim 23 conprising conducting another deposition
precursor emtting effective to form anot her respective nonol ayer onto said
i ndi vidual wafers received within the chanber, and conducti ng anot her purge
gas emtting. 27. The method of claim23 wherein each positioned wafer has
at | east one individual deposition precursor inlet associated with it from
whi ch deposition precursor is emtted effective to forma nonol ayer on each
positioned wafer. 28. The method of claim23 further conprising a plurality
of deposition precursor inlets associt#ed with respective individual of the
wafers received within the chanber. 29. The nethod of claim 28 wherein the
plurality of deposition precursor inlets are equaIIy spaced about

respective per of e e in of the eceived
W thin the chatber - TBomerid SheRBa el i Sebivrtie BRITER 6o
deposi ti OBurge ‘gﬁsllfn&@d’ alteki¥t@ifoudtte pafilneRfUfdhk Yesﬁ@@ﬁ@dncﬂbﬂuil vraﬂ‘aﬁe@teivw
perineters of the respective individual of e wafers received wthin the

chanber. Withimthechashgsd of cl ai m 23 wherein the deposition precursor and the
purge gas are emtted fromdifferent individual gas inlets associated with
respective individual of the wafers; at |east one deposition precursor gas
inlet and at |2hst ®memptodef ghsmi2d|etereib¢hengmidtinged the dapdsitionppesiesr acr oss
the respective individyal fers. 3 The net hod of, claim

deposi & off BrEtsHEsivE i HEC R R qeraigh SG EPEe e PR R of

I ndi vi duakhegaspettieahdividasiosdfas adl paditidhed @atGChE ¥eambed vi dual  of the wafers;
and further conprising a plurality of deposition precursor inlets and a

plurality of purge gas |nIets associated with respective individual of the

waf ers receivegs mngpﬁgnhp &ﬂ@ﬁfcnﬁélc Borisihg method of claim 32 wherein
t he deposition precursor | Vet 's d e gas inlets alternate about the

peri met er of tmeubaemp@dnbrwdaoadmhambduednﬁ\gmeérte re@dei v @dferwiatridr hotdieg ahanber .
34. The rreél g% f ; 4$ % reln the emtting of the deposition precursor
is along P &ﬁ P S5 B%Oﬁﬁ? ¢R>are parallel with respective gl obal
deposi tion surjag®stntfspheric transfer chamber connected with the load chamber and

configured to receive the wafer carrier holding the plurality of semiconductor wafers; and

a plurality of subatmospheric atomic layer deposition chambers connected with
the transfer chamber and respectively individually configured to receive the wafer carrier
holding the plurality of semiconductor wafers for collectively atomic layer depositing

onto individual of said wafers.

36.  The tool of claim 35 wherein the wafer carrier with the plurality of wafers
received thereby occupies a loaded volume defined by a product of three maximum
external linear dimensions of the carrier with the wafers, at least some of the atomic layer
deposition chambers having respective internal volumes which are no greater than 125%
of the loaded volume.

37.  The tool of claim 35 wherein the wafer carrier with the plurality of wafers
received thereby occupies a loaded volume defined by a product of three maximum
external linear dimensions of the carrier with the wafers, at least some of the atomic layer
deposition chambers having respective internal volumes which are no greater than 110%

of the loaded volume.



the respective individual wafers as positioned within the chanber. 35. An
atom c | ayer deposition tool, conprising: a subatnospheric | oad chanber
configured to receive a wafer carrier holding a plurality of sem conductor
waf ers; a subatnospheric transfer chanber connected with the | oad chanber
and configured to receive the wafer carrier holding the plurality of

sem conductor wafers; and a plurality of subatnospheric atom c |ayer
deposition chanbers connected with the transfer chanber and respectively

i ndividually configured to receive t hd®wafer carrier hol ding the plurality

of sem conductor wafers for collectively atom c |ayer depositing onto

i ndi vi dual of 3%id Theftepkof Q%m 3phwhereintheowalet edrrier3Bithwiherpdirality pé Wakirer
carrier w il dd"%&éb?zré‘écgé LS umb SRRh%EY ta[]gfo%ﬁ%’t &Cﬁh’&' axf?ndn?aded

vol une defi hed by a-“pro ree  maxinum & i near di nmensi ons of
t he carri externalt hnédﬂedlmﬁﬁbﬁs oﬁtthé easter Switle thd vidiersatlbnofc tHeagtemic dgposi ti on
chanbers aV|n re ectjve internal. vol whi ¢ch are no greater than 125%
of the | og bersshavingEsResHY® BYorRal AOMMSS WK BF MO dha 1104F 11 or
with the Qhﬂéﬁhﬂ&ng&n@@fers recei ved thereby occupies a | oaded vol une
defined by a product of three maxi num external |inear dinensions of the
carrier with the wafers, at |east sonme of the atomc |ayer deposition
chanbers having,re ec i r i 1 n 110%
of the | oaded %%Iui@l %@Ygﬁégkﬁﬁg t%¥?hq$?§?ﬁy(ﬁgﬁﬁﬁﬁg?gpﬁg 1%&1?@? carrier
with the phfteaal ity of wafers received thereby occupies a | oaded vol une
defined by a product of three maxi num external |inear dinensions of the
carrier with the wafers, all of the atom c |ayer deposition chanbers having
respective intgj ”a|Tﬁ’e0ioHF8§ it 38 @He@elﬂ%eg(v%&tr %ﬁrrieh%ld%]f@‘yﬁlo&fthhrhﬁ?oé oaded
vol une. 39. The tool of claim35 wherein the wafer carrier ds no nore

t han 200 wakfsers. 40. The tool of claim 35 wherein the mafer carrler hol ds
no nore than 100 wafers.

41. The tool of claim 35 wherein the wafer carrier holds no more than 50
wafers.

42. The tool of claim 35 wherein the wafer carrier holds no more than 25
wafers.

43, The tool of claim 35 wherein,

the wafer carrier with the plurality of wafers received thereby occupies a loaded
volume defined by a product of three maximum external linear dimensions of the carrier
with the wafers, at least some of the atomic layer deposition chambers having respective
internal volumes which are no greater than 125% of the loaded volume; and

the wafer carrier holds no more than 50 wafers.

44.  The tool of claim 35 further comprising within at least one of the atomic
layer deposition chambers, individual deposition precursor gas inlets associated with
respective individual of wafers received by the carrier when the carrier is received within

the one atomic layer deposition chamber.



41. The tool of claim35 wherein the wafer carrier holds no nore than 50
wafers. 42. The tool of claim35 wherein the wafer carrier holds no nore
than 25 wafers. 43. The tool of claim35 wherein, the wafer carrier with
the plurality of wafers received thereby occupies a | oaded volune defined
by a product of three maxi mum external |inear dinmensions of the carrier
with the wafers, at |east sone of the atom c | ayer deposition chanbers

havi ng respective internal volumes which are no greater than 125% of the

| oaded vol ume; and the wafer carrier Aélds no nore than 50 wafers. 44. The
tool of claim35 further conmprising within at |east one of the atomc |ayer
deposi ti on chatbber shheitoali oficthiral 44delxoein theomdjpyidalgaanlegase alsb evsfigissbei at ed
with respective individual of wafers received by the carrier when the
carrier i PRI EE i thin the one atonic |ayer deposition chanber. 17 45.
The tool of claim44 wherein the individual gas inlets are also configured
to emt purge gas. 46. The tool of claim44 further conprising different

i ndi vi dual pur‘%e gade topl ef slaim ddclugthergcemprrisingedifieeant vedividualpgameaof waf ers
recei ved fy..d : ' . e [ [ ' Lt hd atom c
| ayer deplg)s/ellst %g%&%%%%%‘r%g&#ﬁg“&g%{ Iog:‘;)v az%%%%n%%x\%géﬁ}cgﬂr?hymrﬁ I vi dual
gas i nl et@rrarés ©oeifédywitieid theooneawonicdasr dposigion espatstri ve | i nes which are
parallel with respective gl obal deposition surfaces of the respective

i ndi vidual wafers as received by the carrier within the one atomc |ayer
deposi tion chagber .Tid8oolTéeclhifPh4 Shefdin® iftdividdal HRT inkeREicOhfiguréd td east one
i ndi vi dual deposition precursor gas inlet associated wth each individual
waf er whesnif 1gas @langi wppagtivh lines avhich are pasallel weith vgspentivet glebabrdepesiinn ¢ | ayer
_depOSI ti Osri'lrﬁ&%rg}et'he r ds%ectmeinhﬂl?cluap(Vafelrsahmé:givw%Slet'h@ chn%r'\ﬂ i yllgle 9as
inlets are configured'to emt gas along respectrve |1nes Ich are parallel
W t h r espeahicdayegdejaaltiodepanbdri on surfaces of the respective individual
wafers as received by the carrier within the one

48.  The tool of claim 44 further comprising at least one individual deposition

precursor gas inlet associated with each individual wafer when the carrier with wafers is

received within the one atomic layer deposition chamber.

49.  The tool of claim 48 wherein the individual gas inlets are configured to
emit gas along respective lines which are parallel with respective global deposition
surfaces of the respective individual wafers as received by the carrier within the one

atomic layer deposition chamber.

50.  The tool of claim 35 further comprising within at least one of the atomic
layer deposition chambers, individual deposition precursor gas outlets associated with
respective individual of wafers received by the carrier when the carrier is received within

the one atomic layer deposition chamber.

51. The tool of claim 35 wherein the load chamber has an internal volume

sized to receive a plurality of said wafer carriers.

52.  An atomic layer deposition tool, comprising:



atom c | ayer deposition chanber. 50. The tool of claim35 further conprising
within at | east one of the atomc |ayer deposition chanbers, individual
deposition precursor gas outlets associated with respective individual of
waf ers received by the carrier when the carrier is received wwthin the one
atom c | ayer deposition chanber. 51. The tool of claim35 wherein the |oad
chanber has an internal volunme sized to receive a plurality of said wafer
carriers. 52. An atom c |layer deposition tool, conprising: ICl 18 a
deposition chanber configured to receil® a plurality of sem conductor wafers
in a batch; and a plurality of deposition precursor inlets within the
chamber, i ndi viedepasitioh chhmbergroptigired tnrepgivcupkiality af semicandneigr welsesdhat ed

W th respégﬁk gnhndividual of the wafers as received within the deposition
chanber . . e tool of claim52 wherein the deposition precursor inlets

are al so conf aguurelityt &f dgpositipi(peseugas inl&id withire tHeocHantbler, Ghdividudl2of thet her

conprising a plurality of rge gas.in|et separate. fro e deposition
precursor%Fl?ﬂsg’coé‘ REPRURIOR "t‘lﬁéut@ gpciated, yil iraﬁPSE“V(?f‘nﬁWéJ“ﬁE]Pga‘e Sidl et s
bei ng asse&leptgdithd fe g HitoatReabdrve i ndividual of the wafers when received
wi thin the deposition chanber in the batch. 55. The tool of claim52 ‘

conprising at |east one individual deposition precursor inlet associated

Wi th e?‘Ch waf e%?.\/\’he?hé %;(ﬁ' gfeaaf% tSBi Qhér?ﬁ t%Qac{éBanléd“PEéEﬁrs&ahﬁQs aré ngOThe t ool
of claimb52 further conprising a“plurality o eposftron precursor I1nlets
associ at edomfigufed te epgiciurgeegdsndi vi dual of the wafers when received within the
chanber in the batch. 57. The tool of claim56 wherein the plurality of

deposition precursor inlets are equally spaced about respective perineters

of the respectisye ifgi Yddua!cih SRt @bSpriihen pieaSty 8f piigk fg'fagl illbg chanber
in the batch. 58. The tool of claim56 wherein the plurality of deposition
precur sor s¢pdrase §om the deposition precursor inlets within the chamber, individual of the purge

gas inlets being associated with said respective individual of the wafers when received

within the deposition chamber in the batch.

55. The tool of claim 52 comprising at least one individual deposition

precursor inlet associated with each wafer when received within the chamber in the batch.

56.  The tool of claim 52 further comprising a plurality of deposition precursor
inlets associated with respective individual of the wafers when received within the

chamber in the batch.

57.  The tool of claim 56 wherein the plurality of deposition precursor inlets
are equally spaced about respective perimeters of the respective individual of the wafers

when received within the chamber in the batch.

58.  The tool of claim 56 wherein the plurality of deposition precursor inlets
are not equally spaced about respective perimeters of the respective individual of the

wafers received within the chamber.



are not equally spaced about respective perineters of the respective

i ndi vidual of the wafers received within the chanber. 19 59. The tool of
claim52 further conprising a plurality of purge gas inlets separate from

t he deposition precursor inlets within the chanber; individual of the purge
gas inlets being associated with said respective individual of the wafers
when received wthin the deposition chanber in the batch; and at | east one
deposition precursor gas inlet and at |east one purge gas inlet being

di anetrical |y opposed across the respd®ive individual wafers when received
wi thin the deposition chanber in the batch. 60. The tool of claimb52 further
conprising a p¥r al Theytoot opglatre Falirther eampristngpa mdurelityr afnpurie gaepdess t i on
precursor_jnl et i hi . a . LU {:Si lity of
Gepos < 1 onPReBctlah ddholin BRETRSL Wil e o BRERATIN oraPblted | Y g

W th respgstihles bath wdsotiaded afitht fad vaperise Wiktvidis efitvedatbrd hen tdeeivehanber in
the batch.  61. The tool of claim 60 erein the deposition precursor inlets
and the phita th@‘é@OF‘HP'éP%a“étrefé‘}Wﬁ?’étc%Gtat lept OBégFIFPé{t&“ REFCUFOB BiBl5bet i ve

i ndi vi duabndhaf §last M@fﬁufg%c oV iffet Wit idnidAGcafiDasEpeted Berblie tRatshectif2. The

tool of claimb52 wherein the precursor inlets are configured within the
chanber t mdimidual whsrsoelensieedivad withde theslspositiarahambernia dhd basch. i nes which are
parallel with respective global deposition surfaces of the respective

i ndi vi dual wafers when received positioned within the chanber in the batch.
63. The tool o060.cl altie dl bbklahfrs2cfurthed somygrisingdh pldrhlidyyofopurge gass inlléton
precursor gas outlets within the chanber,. individual gf t he depqsition

pr ecur sor SHaRIcTaN phg drpositen grscuseiinigty Withinhg ehamber;iapd fher SPARHTNSF ¢ he

waf ers as, LeERiyoF debddMidh blaurdSPRRkd hRiNa pARATH - pubith gANinRkOMsEeibiBy er
deposition nmethod conprising: providing a cluster processing tool having a
transf er withmspectiva indveidual loh theevafers vhae taceiredvivithintthe chanzhes frethe bételvber, and a
plurality of deposition chanbers connected wth the transfer chanber; 20
placing a plurality of sem conductor wafers onto a wafer carrier and

providing the 61. The tool of claim 60 wherein the deposition precursor inlets and the purge
gas inlets alternate about the perimeter of the respective individual wafers when received

within the chamber in the batch.

62.  The tool of claim 52 wherein the precursor inlets are configured within the
chamber to emit the deposition precursor along respective lines which are parallel with
respective global deposition surfaces of the respective individual wafers when received

positioned within the chamber in the batch.

63.  The tool of claim 52 further comprising a plurality of deposition precursor
gas outlets within the chamber, individual of the deposition precursor outlets being
associated with the respective individual of the wafers as received within the deposition

chamber.

64.  An atomic layer deposition method comprising:
providing a cluster processing tool having a transfer chamber, a load chamber
connected with the transfer chamber, and a plurality of deposition chambers connected

with the transfer chamber;



wafer carrier wwthin the | oad chanber; noving the wafer carrier with wafers
thereon fromthe | oad chanber into the transfer chanber; noving the wafer
carrier with wafers thereon fromthe transfer chanber and into one of the
deposition chanbers; and atom c | ayer depositing a material onto the
i ndi vidual wafers received by the wafer carrier within the one deposition
chanber. 65. An atom c | ayer deposition tool, conprising: a |load chanber
configured to receive a wafer carrier holding a plurality of sem conductor
wafers; a transfer chanber connected WOth the | oad chamber and configured to
receive the wafer carrier holding the plurality of sem conductor wafers;
and a pl ural i tplagfg apbmilsy bbsesricahepatei watsrs witaatvafes camienand pravidingthe he
transfer _chanmber and respectively individually configured to receive the
fé ar i lheZlBa ?h&%ng)rey

a
waf er car??e?crgﬁafﬁdn% 'ty of sem conductor wafers for

collectively ahovihg thayeferdapsiwithvafend therdvdi frodunt logf clambar uabans.
transfer chamber;
moving the wafer carrier with wafers thereon from the transfer chamber and into
one of the deposition chambers; and
atomic layer depositing a material onto the individual wafers received by the

wafer carrier within the one deposition chamber.

65.  An atomic layer deposition tool, comprising:

a load chamber configured to receive a wafer carrier holding a plurality of
semiconductor wafers;

a transfer chamber connected with the load chamber and configured to receive the
wafer carrier holding the plurality of semiconductor wafers; and

a plurality of atomic layer deposition chambers connected with the transfer
chamber and respectively individually configured to receive the wafer carrier holding the
plurality of semiconductor wafers for collectively atomic layer depositing onto individual

of said wafers.





